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KRAS G12C INHIBITORS

FIELD OF THE INVENTION

[0001] The present invention relates to compounds that inhibit KRas G12C. In particular, the 

present invention relates to compounds that irreversibly inhibit the activity of KRas G12C, 

pharmaceutical compositions comprising the compounds and methods of use therefor.

BACKGROUND OF THE INVENTION

[0002] Kirsten Rat Sarcoma 2 Viral Oncogene Homolog (“KRas”) is a small GTPase and a member 

of the Ras family of oncogenes. KRas serves a molecular switch cycling between inactive (GDP- 

bound) and active (GTP-bound) states to transduce upstream cellular signals received from multiple 

tyrosine kinases to downstream effectors to regulate a wide variety of processes, including cellular 

proliferation (e.g., see Alamgeer et ah, (2013) Current Opin Pharmcol. 13:394-401).

[0003] The role of activated KRas in malignancy was observed over thirty years ago (e.g., see 

Santos et ah, (1984) Science 223:661-664). Aberrant expression of KRas accounts for up to 20% of 

all cancers and oncogenic KRas mutations that stabilize GTP binding and lead to constitutive 

activation of KRas and downstream signaling have been reported in 25 -30% of lung 

adenocarcinomas, (e.g., see Samatar and Poulikakos (2014) Nat Rev Drug Disc 13(12): 928-942 

doi: 10.1038/nrd428). Single nucleotide substitutions that result in missense mutations at codons 12 

and 13 of the KRas primary amino acid sequence comprise approximately 40% of these KRas 

driver mutations in lung adenocarcinoma, with a G12C transversion being the most common 

activating mutation (e.g., see Dogan et ah, (2012) Clin Cancer Res. 18(22):6169-6177, published 

online 2012 Sep 26. doi: 10.1158/1078-0432.CCR-J 1-3265).

[0004] The well-known role of KRAs in malignancy and the discovery of these frequent mutations 

in KRas in various tumor types made KRas a highly attractable target of the pharmaceutical 

industry for cancer therapy.

[0005] Despite many failed efforts to target KRas, compounds that inhibit KRas activity are still 

highly desirable and under investigation, including those that disrupt effectors such as guanine 

nucleotide exchange factors (e.g., see Sun et ah, (2012) Agnew Chem Int Ed Engl. 51 (25):6140- 

6143 doi: 10.1002/anie201201358) as well target KRas G12C (e.g., see Ostrem et ah, (2013) Nature

i



WO 2020/146613 PCT/US2020/012906

503:548-551). Clearly there remains a continued interest and effort to develop inhibitors of KRas, 

particularly inhibitors of activating KRas mutants, including KRas G12C.

[0006] Thus, there is a need to develop new KRas G12C inhibitors that demonstrate sufficient 

efficacy, stability and/or safety for treating KRas G12C-mediated cancer. The compounds and 

compositions of the present invention advantageously overcome one or more of the previous 

shortcomings by providing selective KRas Gl2C inhibitors.

SUMMARY OF THE INVENTION

[0007] In one aspect of the invention, compounds are provided that inhibit KRas G12C activity. In 

certain embodiments, the compounds are represented by Formula (I):

R

Formula (!)

[0008] or a pharmaceutically acceptable salt thereof, wherein:

[0009] X is a 4-12 membered saturated or partially saturated monocyclic, bridged, spirocyclic or 

fused bicyclic ring, wherein the saturated or partially saturated monocyclic ring is optionally 

substituted with one or more R8;

[0010] Y is a bond, O, Sor NR5;

[0011] R1 is-C(O)C(Ra) =C(Rb)p or-SO2C(Ra) =C(Rb)p;

[0012] R2 is hydrogen, alkyl, alkoxy, hydroxyalkyl, dihydroxyalkyl, alkylaminylalkyl, 

dialkylaminylalky 1, -Z-NR5SO2Cl-CB alkyl, haloalkyl, -Z-NR5R10, cycloalkyl, heterocyclyl, 

heterocyclylalky 1, aryl, aralkyl, heteroaryl, or heteroarylalkyl, wherein each of the Z, heterocyclyl,
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heterocyclylalkyl, aryl, heteroaryl, and heteroarylalkyl may be optionally substituted with one or 

more R9;

[0013] Z is Cl - C4 alkylene;

[0014] R3 is independently hydrogen, halogen, Cl - C3 alkyl, oxo, CN, -O-haloalkyl or -OR5; 

[0015] L is a bond, -C(O)-, or Cl - C3 alkylene;

[0016] R4 is hydrogen, cycloalkyl, heterocyclyl, aryl, aralkyl or heteroaryl, wherein each of the 

cycloalkyl, heterocyclyl, aryl, aralkyl and heteroaryl may be optionally substituted with one or more 

substituents independently selected from R6, R7 and R9;

[0017] each R5 is independently hydrogen or Cl - C3 alkyl;

[0018] R6 is cycloalkyl, heterocyclyl, heterocyclylalkyl, aryl, or heteroaryl, wherein each of the 

cycloalkyl, heterocyclyl, aryl, or heteroaryl may be optionally substituted with one or more R7;

[0019] each R7 is independently halogen, hydroxyl, Cl - C6 alkyl, C2-C4 alkynyl, cycloalkyl, 

alkoxy, haloalkyl, amino, cyano, heteroalkyl, hydroxyalkyl or Q-haloalkyl, wherein Q is O or S;

[0020] each R8 is oxo, Cl - C3 alkyl, C2 - C4 alkynyl, heteroalkyl, cyano, -C(O)OR5, - 

C(0)N(R5)2, -N(R5)2, or haloCl-C3 alkyl, wherein the Cl - C3 alkyl may be optionally substituted 

with cyano, halogen, -OR3, -N(R5)2, or heteroaryl;

[0021] each R9 is independently hydrogen, oxo, acyl, hydroxyl, hydroxyalkyl, cyano, -N(R3)2, 

halogen, Cl - C6 alkyl, aralkyl, haloalkyl, heteroalkyl, cycloalkyl, heterocyclyl, heterocyclylalkyl, 

alkoxy, dialkylaminy 1, dialkylamidoalkyl, or dialkylaminylalkyl, wherein the Cl - C6 alkyl may be 

optionally substituted with cycloalkyl;

[0022] each R10 is independently hydrogen, acyl, Cl - C3 alkyl, heteroalkyl or hydroxyalkyl;

[0023] RAis absent, hydrogen, deuterium, cyano, halogen, Cl - C-3 alkyl, haloalkyl, heteroalkyl, - 

C(O)N(R5)2, or hydroxyalkyl;

[0024] each Rb is independently hydrogen, deuterium, cyano, Cl - C3 alkyl, hydroxyalkyl, 

heteroalkyl, Cl - C3 alkoxy, halogen, haloalkyl, -ZNR3R11, wherein R11 is haloalkyl; -C(0)N(R3)2,
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-NIIC(O)Cl - C3 alkyl, -CkhNHC(O)Cl - C3 alkyl, heteroaryl, heteroarylalkyl, 

dialkylaminylalkyl, or heterocyclylalkyl wherein the heterocyclyl portion is substituted with one or 

more substituents independently selected from halogen, hydroxyl, alkoxy and Cl - C3 alkyl, 

wherein the heteroaryl or the heteroaryl portion of the heteroarylalkyl is optionally substituted with 

one or more R7;

[0025] p is one or two; and wherein,

[0026] when--------  is a triple bond then Ra is absent, Rb is present and p equals one,

[0027] or when ... is a double bond then Ra is present, Rb is present and p equals two, or Ra,

Rb and the carbon atoms to which they are attached form a 5-8 membered partially saturated 

cycloalkyl optionally substituted with one or more R7.

[0028] Also included are compounds of Formula I having the Formula I-A:

R1

Formula I-A

[0029] where R1, R3, R4, R8, and L are as defined for Formula I, R2 is heterocyclylalkyl optionally 

substituted with one or more R9, and the piperazinyl ring is optionally substituted with one or more 

R8, where R8 is as defined for Formula I.

[0030] In another aspect of the invention, pharmaceutical compositions are provided comprising a 

therapeutically effective amount of a compound of the present invention or a pharmaceutically 

acceptable salt thereof and a pharmaceutically acceptable excipient.

[0031] In yet another aspect of the invention, methods for inhibiting KRas Gl 2C activity in a in a

4



WO 2020/146613 PCT/US2020/012906

cell, comprising contacting the cell with a compound of Formula I and Formula I-A. In one 

embodiment, the contacting is in vitro. In one embodiment, the contacting is in vivo.

[0032] Also provided herein is a method of inhibiting cell proliferation, in vitro or in vivo, the 

method comprising contacting a cell with an effective amount of a compound of Formula I and 

Formula I-A, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition thereof 

as defined herein.

[0033] Also provided are methods for treating cancer in a patient comprising administering a 

therapeutically effective amount of a compound or pharmaceutical composition of the present 

invention or a pharmaceutically acceptable salt thereof to a patient in need thereof.

[0034] Also provided herein is a method of treating a KRas G12C-associated disease or disorder in 

a patient in need of such treatment, the method comprising administering to the patient a 

therapeutically effective amount of a compound of Formula I and Formula I-A, or a 

pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical composition thereof as 

defined herein.

[0035] Also provided herein is a compound of Formula I and Formula I-A, or a pharmaceutically 

acceptable salt or solvate thereof, or a pharmaceutical composition thereof as defined herein for use 

in therapy.

[0036] Also provided herein is a compound of Formula I and Formula I-A, or a pharmaceutically 

acceptable salt or solvate thereof or a pharmaceutical composition thereof as defined herein for use 

in the treatment of cancer.

[0037] Also provided herein is a compound of Formula I and Formula I-A, or a pharmaceutically 

acceptable salt or solvate thereof for use in the inhibition of KRas Gl 2C.

[0038] Also provided herein is a compound of Formula I and Formula I-A, or a pharmaceutically 

acceptable salt or solvate thereof or a pharmaceutical composition thereof as defined herein, for use 

in the treatment of a KRas G12C-associated disease or disorder.

[0039] Also provided herein is the use of a compound of Formula I and Formula I-A, or a 

pharmaceutically acceptable salt or solvate thereof, as defined herein in the manufacture of a
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medicament for the treatment of cancer.

[0040] Also provided herein is a use of a compound of Formula I and Formula I-A, or a 

pharmaceutically acceptable salt or solvate thereof, as defined herein in the manufacture of a 

medicament for the inhibition of activity of KRas G12C.

[0041] Also provided herein is the use of a compound of Formula I and Formula I-A, or a 

pharmaceutically acceptable salt or solvate thereof, as defined herein, in the manufacture of a 

medicament for the treatment of a KRas G12C-associated disease or disorder.

[0042] Also provided herein is a method for treating cancer in a patient in need thereof, the method 

comprising (a) determining that the cancer is associated with a KRas G12C mutation (e.g., a KRas 

G12C-associated cancer); and (b) administering to the patient a therapeutically effective amount of 

a compound of Formula I and Fomiula I-A, or a pharmaceutically acceptable salt thereof, or a 

pharmaceutical composition thereof.

[0043] Also provided herein is a process for preparing a compound of Formula I and Formula I-A, 

or a pharmaceutically acceptable salt or solvate thereof.

[0044] Also provided herein is a compound of Formula I and Formula I-A, or a pharmaceutically 

acceptable salt thereof obtained by a process of preparing the compound as defined herein.

DETAILED DESCRIPTION OF THE INVENTION

[0045] The present invention relates to inhibitors of KRas Gl2C. In particular, the present 

invention relates to compounds that irreversibly inhibit the activity of KRas G12C, pharmaceutical 

compositions comprising a therapeutically effective amount of the compounds and methods of use 

therefor.

DEFINITIONS

[0046] Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as is commonly understood by one of skill in the art to which this invention belongs. All 

patents, patent applications, and publications referred to herein are incorporated by reference.

[0047] As used herein, “KRas G12C” refers to a mutant form of a mammalian KRas protein that
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contains an amino acid substitution of a cysteine for a glycine at amino acid position 12. The 

assignment of amino acid codon and residue positions for human KRas is based on the amino acid 

sequence identified by UniProtKB/Swiss-Prot POl 116: Variant p.Glyl2Cys.

[0048] As used herein, a “KRas Gl 2C inhibitor” refers to compounds of the present invention that 

are represented by formulae (I) as described herein. These compounds are capable of negatively 

modulating or inhibiting all or a portion of the enzymatic activity of KRas Gl 2C. The KRas G12C 

inhibitors of the present invention interact with and irreversibly bind to KRas G12C by forming a 

covalent adduct with the sulfhydryl side chain of the cysteine residue at position 12 resulting in the 

inhibition of the enzymatic activity of KRas Gl 2C.

[0049] A "KRas G12C-associated disease or disorder" as used herein refers to diseases or disorders 

associated with or mediated by or having a KRas G12C mutation. A non-limiting example of a 

KRas G12C-associated disease or disorder is a KRas G12C-associated cancer.

[0050] As used herein, the term “subject,” "individual," or "patient," used interchangeably, refers 

to any animal, including mammals such as mice, rats, other rodents, rabbits, dogs, cats, swine, 

cattle, sheep, horses, primates, and humans. In some embodiments, the patient is a human. In some 

embodiments, the subject has experienced and/or exhibited at least one symptom of the disease or 

disorder to be treated and/or prevented. In some embodiments, the subject has been identified or 

diagnosed as having a cancer having a KRas G12C mutation (e.g., as determined using a regulatory 

agency-approved, e.g., FDA-approved, assay or kit). In some embodiments, the subject has a 

tumor that is positive for a KRas G12C mutation (e.g., as determined using a regulatory agency- 

approved assay or kit). The subject can be a subject with a tumor(s) that is positive for a KRas 

Gl2C mutation (e.g., identified as positive using a regulatory agency-approved, e.g., FDA- 

approved, assay or kit). The subject can be a subject whose tumors have a KRas Gl 2C mutation 

(e.g., where the tumor is identified as such using a regulatory agency-approved, e.g., FDA- 

approved, kit or assay). In some embodiments, the subject is suspected of having a KRas Gl 2C 

gene-associated cancer. In some embodiments, the subject has a clinical record indicating that the 

subject has a tumor that has a KRas G12C mutation (and optionally the clinical record indicates that 

the subject should be treated with any of the compositions provided herein).

[0051 ] The term “pediatric patient” as used herein refers to a patient under the age of 16 years at the
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time of diagnosis or treatment. The term “pediatric” can be further be divided into various 

subpopulations including: neonates (from birth through the first month of life); infants (1 month up 

to two years of age); children (two years of age up to 12 years of age); and adolescents (12 years of 

age through 21 years of age (up to, but not including, the twenty-second birthday)). Berhman RE, 

Kliegman R, Arvin AM, Nelson WE. Nelson Textbook of Pediatrics, 15th Ed. Philadelphia: W.B. 

Saunders Company, 1996; Rudolph AM, et al. Rudolph’s Pediatrics, 21st Ed. New York: McGraw- 

Hill, 2002; and Avery MD, First LR. Pediatric Medicine, 2nd Ed. Baltimore: Williams & Wilkins; 

1994.

[0052] In some embodiments of any of the methods or uses described herein, an assay is used to 

determine whether the patient has KRas Gl2C mutation using a sample (e.g., a biological sample or 

a biopsy sample (e.g., a paraffin-embedded biopsy sample) from a patient (e.g., a patient suspected 

of having a KRas G12C-associated cancer, a patient having one or more symptoms of a KRas 

G12C-associated cancer, and/or a patient that has an increased risk of developing a KRas G12C- 

associated cancer) can include, for example, next generation sequencing, immunohistochemistry, 

fluorescence microscopy, break apart FISH analysis, Southern blotting, Western blotting, FACS 

analysis, Northern blotting, and PCR-based amplification (e.g., RT-PCR and quantitative real-time 

RT-PCR). As is well-known in the art, the assays are typically performed, e.g., with at least one 

labelled nucleic acid probe or at least one labelled antibody or antigen-binding fragment thereof.

[0053] The term “regulatory agency” is a country’s agency for the approval of the medical use of 

pharmaceutical agents with the country. For example, a non-limiting example of a regulatory 

agency is the U.S. Food and Drug Administration (FDA).

[0054] The term “amino” refers to -NH2;

[0055] The term "acyl" refers to -C(0)CH3.

[0056] The term "alkyl" as employed herein refers to straight and branched chain aliphatic groups 

having from 1 to 12 carbon atoms, 1-8 carbon atoms 1-6 carbon atoms, or 1-3 carbon atoms which 

is optionally substituted with one, two or three substituents. Examples of alkyl groups include, 

without limitation, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, and 

hexyl.
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[0057] The term “haloalkyl” refers to an alky] chain as defined herein above, in which one or more 

hydrogen has been replaced by a halogen. Examples of haloalkyls are trifluoromethyl, 

difluoromethyl and fluoromethyl.

[0058] The term “haloalkyloxy” refers to -O-haloalkyl.

[0059] An "alkylene," group is an alkyl group, as defined hereinabove, that is positioned between 

and serves to connect two other chemical groups. Exemplary alkylene groups include, without 

limitation, methylene, ethylene, propylene, and butylene.

[0060] The term “alkoxy” refers to -OCl - C6 alkyl.

[0061] The term "cycloalkyl" as employed herein includes saturated and partially unsaturated cyclic 

hydrocarbon groups having 3 to 12 carbons, for example 3 to 8 carbons, and as a further example 3 

to 6 carbons, wherein the cycloalkyl group additionally is optionally substituted. Examples of 

cycloalkyl groups include, without limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, 

cyclohexyl, cyclohexenyl, cycloheptyl, and cyclooctyl.

[0062] The term "heteroalkyl" refers to an alkyl group, as defined hereinabove, wherein one or : 

more carbon atoms in the chain are replaced by a heteroatom selected from the group consisting of 

O, S,and N.

[0063] As used herein, the term “hydroxyalkyl” refers to an alkyl chain, as defined herein above, 

wherein one hydrogen atom is replaced with a hydroxyl group.

[0064] The term “dihydroxyalkyl” refers to an alkyl group as defined herein wherein two carbon 

atoms are each substituted with a hydroxyl group.

[0065] The term “alkylaminyl” refers to -NRx-alkyl, wherein Rx is hydrogen.

[0066] The term “dialkylaminyl” refers to -N(Ry)2, wherein each Ry is independently Cl - C3 

alkyl.

[0067] The term “alkylaminylalkyl” refers to -alkyl-NRx-alkyl, wherein Rx is hydrogen.

[0068] The term “dialkylaminylalkyl” refers to -alkyl-N(Ry)2, wherein each Ry is independently Cl 

- C4 alkyl, wherein the alkyl of the—alkyl-N(Ry)2 is an alkyl group as defined hereinabove and may
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be optionally substituted with hydroxy or hydroxy alkyl.

[0069] An "aryl" group is a C6-C14 aromatic moiety comprising one to three aromatic rings, which 

is optionally substituted. As one embodiment, the aryl group is a C6-C10 aryl group. Examples of 

aryl groups include, without limitation, phenyl, naphthyl, anthracenyl, fluorenyl, and 

dihydrobenzofuranyl. An “aryl” group may be optionally include one aromatic ring fused to a 

heterocyclyl.

[0070] An "aralkyl" or "arylalkyl" group comprises an aryl group covalently linked to an alkyl 

group as defined herein above, either of which may independently be optionally substituted or 

unsubstituted. An example of an aralkyl group is (Ci- C6)alkyl(C6-Cio)aryl, including, without 

limitation, benzyl, phenethyl, and naphthylmethyl. An example of a substituted aralkyl is wherein 

the alkyl group is substituted with hydroxy alkyl.

[0071] A "heterocyclyl" or "heterocyclic" group is a ring structure having from about 3 to about 12 

atoms, for example 4 to 8 atoms, wherein one or more atoms are selected from the group consisting 

of N, O, and S, the remainder of the ring atoms being carbon. The heterocyclyl may be a 

monocyclic, a bicyclic, a spirocyclic or a bridged ring system. The heterocyclic group is optionally 

substituted with R7 on carbon or nitrogen at one or more positions, wherein R7 is as defined for 

Formula I. The heterocyclic group is also independently optionally substituted on nitrogen with 

alkyl, aryl, aralkyl, alkylcarbonyl, alkylsulfonyl, arylcarbonyl, arylsulfonyl, alkoxycarbonyl, 

aralkoxycarbonyl, or on sulfur with oxo or lower alkyl. Examples of heterocyclic groups include, 

without limitation, epoxy, azetidinyl, aziridinyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, 

pyrrolidinonyl, piperidinyl, piperazinyl, imidazolidinyl, thiazolidinyl, dithianyl, trithianyl, 

dioxolanyl, oxazolidinyl, oxazolidinonyl, decahydroquinolinyl, piperidonyl, 4-piperidinonyl, 

thiomorpholinyl, thiomorpholinyl 1,1 dioxide, hexahydrofuro[3.2-b]furanyl, (3R, 3aR, 6R, 6aR)- 

hydroxyhexahydrofuro[3.2-b]furanyl, morpholinyl, oxazepanyl, and azabicyclohexanes, 

azabicycloheptanes and oxa azabiocycloheptanes, including diazabicyclo[3.2.0]heptan-6-yl, 

diazabicyclo[3.2.0]heptan-2-yl, diazabicyclo[3.2. l]octan-8-yl or diazabicyclo[3.2.1]octan-3-yl. 

Specifically excluded from the scope of this term are compounds having adjacent annular O and/or 

S atoms.

[0072] The term “heterocyclylalkyl” refers to a heterocyclyl group as defined herein covalently
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linked to an alkyl group as defined hereinabove wherein the radical is on the alkyl group, wherein 

the alkyl group of the heterocyclylalkyl may be optionally substituted with hydroxy or 

hydroxy alkyl.

[0073] As used herein, the term "heteroaryl" refers to groups having 5 to 14 ring atoms, preferably 

5, 6, 9, or 10 ring atoms; having 6, 10, or 14 π electrons shared in a cyclic array; and having, in 

addition to carbon atoms, from one to three heteroatoms per ring selected from the group consisting 

of N, O, and S. Examples of heteroaryl groups include acridinyl, azocinyl, benzimidazolyl, 

benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyl, 

benztetrazolyl, benzisoxazolyl, benzisothiazolyl, benzimidazolinyl, carbazolyl, 4aH-carbazolyl, 

carbolinyl, chromanyl, chromenyl, cinnolinyl, furanyl, furazanyl, imidazolinyl, imidazolyl, IH- 

indazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl, isochromanyl, 

isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, methylenedioxyphenyl, 

naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5- 

oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl, 

phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl, piperonyl, 

pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, 

pyridooxazole, pyridoimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolinyl, 2H- 

pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl, 

tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrazolyl, 6H-l,2,5-thiadiazinyl, 1,2,3-thiadiazolyl,

1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl, 

thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,4- 

triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl, and xanthenyl.

[0074] A "heteroarylalkyl" group comprises a heteroaryl group covalently linked to an alkyl group, 

wherein the radical is on the alkyl group, either of which is independently optionally substituted or 

unsubstituted. Examples of heteroarylalkyl groups include a heteroaryl group having 5, 6, 9, or 10 

ring atoms bonded to a C1-C6 alkyl group. Examples of heteroaralkyl groups include 

pyridylmethyl, pyridylethyl, pyrrolylmethyl, pyrrolylethyl, imidazolylmethyl, imidazolylethyl, 

thiazolylmethyl, thiazolylethyl, benzimidazolylmethyl, benzimidazolylethyl quinazolinylmethyl, 

quinolinylmethyl, quinolinylethyl, benzofuranylmethyl, indolinylethyl isoquinolinylmethyl, 

isoinodylmethyl, cinnolinylmethyl, and benzothiophenylethy 1. Specifically excluded from the scope

11



WO 2020/146613 PCT/US2020/012906

of this term are compounds having adjacent annular O and/or S atoms.

[0075] As used herein, “an effective amount” of a compound is an amount that is sufficient to 

negatively modulate or inhibit the activity of KRas Gl 2C. Such amount may be administered as a 

single dosage or may be administered according to a regimen, whereby it is effective.

[0076] As used herein, a "therapeutically effective amount" of a compound is an amount that is 

sufficient to ameliorate, or in some manner reduce a symptom or stop or reverse progression of a 

condition, or negatively modulate or inhibit the activity of KRas G12C. Such amount may be 

administered as a single dosage or may be administered according to a regimen, whereby it is 

effective.

[0077] As used herein, treatment means any manner in which the symptoms or pathology of a 

condition, disorder or disease are ameliorated or otherwise beneficially altered. Treatment also 

encompasses any pharmaceutical use of the compositions herein.

[0078] As used herein, amelioration of the symptoms of a particular disorder by administration of a 

particular pharmaceutical composition refers to any lessening, whether permanent or temporary, 

lasting or transient that can be attributed to or associated with administration of the composition.

[0079] As used herein, the term “about” when used to modify a numerically defined parameter 

(e.g., the dose of the KRAS inhibitor detailed herein or a pharmaceutically acceptable salt thereof, 

or the length of treatment time described herein) means that the parameter may vary by as much as 

10% below or above the stated numerical value for that parameter. For example, a dose of about 5 

mg/kg may vary between 4.5 mg/kg and 5.5 mg/kg. “About” when used at the beginning of a 

listing of parameters is meant to modify each parameter. For example, about 0.5 mg, 0.75 mg or 

1.0 mg means about 0.5 mg, about 0.75 mg or about 1.0 mg. Likewise, about 5% or more, 10% or 

more, 15% or more, 20% or more, and 25% or more means about 5% or more, about 10% or more, 

about 15% or more, about 20% or more, and about 25% or more.

COMPOUNDS

[0080] In one aspect of the invention, compounds are provided represented by formula (I):
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R1

Formula (I)

[0081] or a pharmaceutically acceptable salt thereof, wherein:

[0082] X is a 4-12 membered saturated or partially saturated monocyclic, bridged, spirocyclic or 

fused bicyclic ring, wherein the saturated or partially saturated monocyclic ring is optionally 

substituted with one or more R8;

[0083] Y is a bond, O, S or NR5;

[0084] R1 is-C(O)C(Ra) ^^="c(Rb)p or-SO2C(Ra) == C(Rb)p;

[0085] R2 is hydrogen, alkyl, alkoxy, hydroxyalkyl, dihydroxyalkyl, alkylaminylalkyl, 

dialkylaminylalkyl, -Z-NR5SO2C1-C3 alkyl, -Z-NR3R1o5 Cycloalkyl, heterocyclyl, heterocyclyIalkyl, 

aryl, aralkyl, hetcroaryl, or heteroarylalkyl, wherein each of the Z, heterocyclyl, heterocyclylalkyl, 

aryl, heteroaryl, and heteroarylalkyl may be optionally substituted with one or more R9;

[0086] Z is Cl - 04 alkylene;

[0087] each R3 is independently Cl - C3 alkyl, halogen, CN, -O-haloalkyl or -OR3;

[0088] L is a bond, -C(O)-, or Cl - C3 alkylene;

[0089] R4 is hydrogen, cycloalkyl, heterocyclyl, aryl, aralkyl or heteroaryl, wherein each of the 

cycloalkyl, heterocyclyl, aryl, aralkyl and heteroaryl may be optionally substituted with one or more 

substituents independently selected from R6, R7 and R9;
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[0090] each R3 is independently hydrogen or Cl - C3 alkyl;

[0091] R6 is cycloalkyl, heterocyclyl, heterocyclylalkyl, aryl, or heteroaryl, wherein each of the 

cycloalkyl, heterocyclyl, aryl, or heteroaryl may be optionally substituted with one or more R7;

[0092] each R7 is independently halogen, hydroxyl, Cl - C6 alkyl, C2-C4 alkynyl, cycloalkyl, 

alkoxy, haloalkyl, amino, cyano, heteroalkyl, hydroxyalkyl or Q-haloalkyl, wherein Q is O or S;

[0093] each R8 is oxo, Cl - C3 alkyl, C2 - C4 alkynyl, heteroalkyl, cyano, -C(O)OR3, - 

C(0)N(R5)2, -N(R5)2, or haloCl-C3 alkyl, wherein the Cl - C3 alkyl may be optionally substituted 

with cyano, halogen, -OR5, -N(R5)2, or heteroaryl;

[0094] each R9 is independently hydrogen, oxo, acyl, hydroxyl, hydroxyalkyl, cyano, -N(R3)2i 

halogen, Cl - C6 alkyl, aralkyl, haloalkyl, heteroalkyl, cycloalkyl, heterocyclyl, heterocyclylalkyl, 

alkoxy, dialkylaminyl, dialkylamidoalkyl, or dialkylaminylalkyl, wherein the Cl - C6 alkyl may be 

optionally substituted with cycloalkyl;

[0095] each R10 is independently hydrogen, acyl, Cl - C3 alkyl, heteroalkyl or hydroxyalkyl;

[0096] RAis absent, hydrogen, deuterium, cyano, halogen, Cl - C-3 alkyl, haloalkyl, heteroalkyl, - 

C(O)N(R5)2, or hydroxyalkyl;

[0097] each Rb is independently hydrogen, deuterium, cyano, Cl - C3 alkyl, hydroxyalkyl, 

heteroalkyl, Cl - C3 alkoxy, halogen, haloalkyl, -ZNR5R11, wherein R11 is haloalkyl, -C(O)N(R5)2, 

-NHC(O)Cl - C3 alkyl, -CH2NHC(O)Cl - C3 alkyl, heteroaryl, heteroarylalkyl, 

dialkylaminylalkyl, or heterocyclylalkyl, wherein the heterocyclyl portion is substituted with one or 

more substituents independently selected from halogen, hydroxyl, alkoxy and Cl - C3 alkyl, and 

wherein the heteroaryl or the heteroaryl portion of the heteroarylalkyl is optionally substituted with 

one or more R7;

[0098] p is one or two; and wherein,

[0099] when--------  is a triple bond then Ra is absent, Rb is present and p equals one;

[0100] or when = is a double bond then Ra is present, Rb is present and p equals two, or Ra,

Rb and the carbon atoms to which they are attached form a 5-8 membered partially saturated
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cycloalkyl optionally substituted with one or more R7. 

[0101] In certain embodiments, R1-X is:

R1

[0102] wherein R1 is as defined for Formula I and the piperazinyl ring is optionally substituted with 

one or more R8, where R8 is as defined for Formula I. In certain embodiments, R8 is Cl - C3 alkyl 

wherein the alkyl is optionally substituted with cyano or OR3, or -C(O)N(R5)2, wherein each R5 is 

independently hydrogen or Cl - C3 alkyl. In certain embodiments, R8 is heteroalkyl, C2-C4 

alkynyl, or Cl - C3alkyl optionally substituted with -OR3, cyano or heteroaryl. In certain 

embodiments, R8 is C1-C3 alkyl optionally substituted with cyano. In certain embodiments. R8 is 

cyano.

[0103] In one embodiment, R1 is -S02C(RA) ...- C(Rb)p, wherein = is a double bond, p is

two, and Ra, Rb and p are as defined for Formula I.

[0104] In particular embodiments, R1 is -C(O)C(Ra) — C(Rb)p where RA, Rb and p are as

defined for Formula I. In one embodiment, R1 is -C(O)C(Ra) — C(Rb)p, wherein == is a 

triple bond and Ra is absent, p is one and Rb is as defined for Formula I. In one embodiment, R1 is

-C(O)C(Ra) == C(Rb)p, wherein .- ■ is a triple bond and Ra is absent, p is one and Rb is

hydroxy alkyl.

[0105] In one embodiment, R1 is-C(O)C(Ra) C(Rb)p, wherein is a double bond, p

is two, and Ra, Rb and p are as defined for Formula I. In one embodiment, R1 is -C(O)C(Ra)

zzzzz^ C(Rb)p, wherein ■— is a double bond, Ra is hydrogen or Cl - C3 alkyl, p is two, and at

least one Rb is deuterium, cyano, Cl - C3 alkyl, hydroxyalkyl, heteroalkyl, Cl - C3 alkoxy, 

halogen, haloalkyl, -ZNR5R11, -C(O)N(R5)2, -NHC(O)Cl -C3 alkyl, -CH2NHC(O)Cl -C3 alkyl,
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heteroaryl, heteroarylalkyl, dialkylaminylalkyl, or heterocyclylalkyl wherein the heterocyclyl 

portion is substituted with one or more substituents independently selected from halogen, hydroxyl, 

alkoxy and Cl - C3 alkyl, wherein the heteroaryl or the heteroaryl portion of the heteroarylalkyl is 

optionally substituted with one or more R7. In one embodiment, when - is a double bond, 

the double bond is in the E configuration. In one embodiment, the double bond is in the Z 

configuration.

[0106] In certain embodiments, R1 is -C(O)C(Ra)......  - C(Rb)p, wherein ...... ..is a double

bond, p is two, one Rb is heterocyclylalkyl substituted with one or more substituents independently 

selected from halogen, hydroxyl, alkoxy or Cl - C3 alkyl and the other Rb is hydrogen. In one 

embodiment, the heterocyclyl portion of the heterocyclylalkyl is azetidinyl substituted with a 

halogen. In certain embodiments, the halogen is fluorine. In one embodiment, the heterocyclyl 

portion of the heterocyclylalkyl is pyrrolidinyl substituted with one or more halogen. In certain 

embodiments, the halogen-substituted pyrrolidinyl is fluoropyrrolidinyl or difluoropyrrolidinyl.

[0107] In certain embodiments, R1 is -C(O)C(Ra) —..— C(Rb)p, wherein ...... is a double bond

and p is two, wherein one Rb is halogen and the other Rb is hydrogen. In one embodiment, the 

halogen is chlorine.

[0108] In certain embodiments, R1 is -C(O)C(Ra) ....... - C(Rb)p, wherein = is a double bond

and p is two, wherein one Rb is haloalkyl and the other Rb is hydrogen. In one embodiment, the 

haloalkyl is chloromethyl, fluoromethyl, difluoromethyl or trifluoromethyl.

[0109] In certain embodiments, R1 is -C(O)C(Ra) - C(Rb)p, wherein -.—..is a double bond

and p is two, wherein one Rb is heteroalkyl and the other Rb is hydrogen. In one embodiment, the 

heteroalkyl is methoxymethyl.

[0110] In certain embodiments, R1 is -C(O)C(Ra) ......  - C(Rb)p, wherein ..... ......is a double bond

and p is two, wherein one Rb is -ZNR5R11, wherein Z is methylene, R5 is methyl and R11 is 

trifluoromethyl or 2,2,2-trifluoroethyl, and the other Rb is hydrogen.

[0111] In certain embodiments, R1 is -C(O)C(Ra) - C(Rb)p, wherein = is a double 

bond and p is two, wherein one Rh is hydroxyalkyl and the other Rb is hydrogen.
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[0112] In certain embodiments, R1 is -C(O)C(Ra) == C(Rb)p, wherein — is a double 

bond and p is two, wherein one Rb is heteroaryl optionally substituted with one or more R7 and the 

other Rb is hydrogen. In one embodiment, the heteroaryl is pyrrolyl, imidazolyl, pyrazolyl, 

triazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl or triazinyl, each substituted with one or more 

R7.

[0113] In certain embodiments, R1 is -C(O)C(Ra) ....C(Rb)p, wherein — — is a double

bond and p is two, wherein one Rb is heteroarylalkyl optionally substituted with one or more R7, 

and the other Rb is hydrogen. In one embodiment, the heteroary l portion of the heteroarylalkyl is 

pyrrolyl, imidazolyl, pyrazolyl, triazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl or triazinyl, 

each optionally substituted with one or more R7. In one embodiment, the one or more R7 is Cl - C3 

alkyl.

[0114] In certain embodiments, R1 is -C(O)C(Ra) — C(Rb)p, wherein .... is a double

bond and p is two, wherein one Rb is -C(0)N(R5)2 and the other Rb is hydrogen. In one 

embodiment, each R5 is hydrogen. In one embodiment, each R3 is Cl - C3 alkyl.

[0115] In certain embodiments, R1 is-C(O)C(Ra) C(Rb)p, wherein -- — is a double

bond and p is two, wherein one Rb is -NHC(O)Cl - C3 alkyl or -CHiNHC(O)C 1 - C3 alkyl and the 

other Rb is hydrogen. In one embodiment, the Cl - C3 alkyl is methyl.

[0116] In one embodiment, R1 is -C(O)C(Ra) =C(Rb)p wherein = is a double bond, wherein 

Ra is deuterium, cyano, halogen, Cl - C-3 alkyl, haloalkyl, heteroalkyl, -C(0)N(R5)2, or 

hydroxyalkyl, p is two, and each Rb is hydrogen. In one embodiment, Ra is halogen, in one 

embodiment, the halogen is fluorine or chlorine. In one embodiment, Ra is haloalkyl. In one 

embodiment, the haloalkyl is trifluoromethyl. In one embodiment, Ra is cyano. In one 

embodiment, Ra is heteroalkyl. In one embodiment, the heteroalkyl is methoxy. In one 

embodiment, Ra is hydroxyalkyl.

[0117] In one embodiment, R1 is -C(O)C(Ra) ..— C(Rb)p, wherein = is a double bond,

and Ra is deuterium, p is two and at least one Rb is deuterium.

[0118] In one embodiment, R1 is -C(O)C(Ra) = C(Rb)p, wherein = is a double bond, p
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is two, Ra is hydrogen, p is two and each Rb is hydrogen.

[0119] In one embodiment, R1 is -C(O)C(Ra) C(Rb)p, wherein == is a double bond and

p is two, one Rb is hydrogen and Ra and one Rb and the carbon atoms to which they are attached 

form a 5-8 membered partially saturated cycloalkyl substituted with oxo.

[0120] In one embodiment, R1 is -C(O)C(Ra) —...—..- C(Rb)p, wherein == is a double bond and

p is two, one Rb is hydrogen, the second Rb is dialkylaminylalkyl, and Ra is halogen.

[0121] In one embodiment, Y is O or NR5 and R2 is selected from the group consisting of alkyl, 

hydroxyalkyl, dihydroxyalkyl, alkylaminylalkyl, dialkylaminylalkyl, heterocyclyl, 

heterocyclylalkyl, -NR5SOaCl-CS alkyl, haloalkyl and heteroaryl. In one embodiment, Y is O and 

R2 is hydroxyalkyl, dihydroxyalkyl, alkylaminylalkyl, or dialkylaminylalkyl, wherein the 

alkylaminylalkyl or dialkylaminylalkyl is optionally substituted with one or more R9. In one 

embodiment, the optionally substituted alkylaminylalkyl or dialkylaminylalkyl is independently 

selected from methylaminylpropan-2-yl, dimethylaminylethyl, methylethylaminylethyl, 

dimethylaminylpropanyl, dimethylaminylpropan-2-yl, dimethylaminylbutanyl, 

dimethylaminylbutan-2-yl, 2-dimethylaminylpropanol, or diethylaminylethyl. In one embodiment, 

Y is O or NR5 and R2 is heterocyclyl or heterocyclylalkyl optionally substituted with one or more 

R9. Nonlimiting examples of one or more R9 when R2 is heterocyclyl or heterocyclylalkyl include 

Cl - C3 alkyl, acyl, oxo, cyano, alkoxy, cycloalkyl, cycloalkylmethyl, halogen, and hydroxyl. 

Nonlimiting examples of the heterocyclyl portion when R2 is heterocyclyl or heterocyclylalkyl each 

optionally substituted with one or more R9 include azetidinyl, C1-C4 alkyl-substituted azetidinyl 

(e.g., methylazetidinyl, ethylazetidinyl, isopropylazetidinyl, or tert-butylazetidinyl), halo-substituted 

azetidinyl (e.g., difluoroazetidinyl), dimethylaminyl-substituted azetidinyl, cycloalkyl-substituted 

azetidinyl (e.g., cyclopropyl), C1-C4 alkyl-disubstituted azetidinyl (e.g., dimethylazetidinyl), 

azetidinyl substituted with two Cl - C4 alkyl and alkoxy, oxetanyl, C1-C4 alkyl-substituted oxetanyl 

(e.g., methyloxetanyl), tetrahydropyran, pyrrolidinyl, Cl-CS alkyl-substituted pyrrolidinyl (e.g., 

methylpyrrolidinyl, dimethylpyrrolidinyl, and isopropylpyrrolidinyl), cycloalkylpyrrolidinyl (e.g., 

cyclopropylpyrrolidinyl and cyclobutylpyrrolidinyl) cycloalkylalkylpyrrolidinyl, 

hydroxypyrrolindinyl, halo-substituted pyrrolidinyl (e.g., fluoropyrrolidinyl and 

difluoropyrrolidinyl), haloalkyl-substituted pyrrolidinyl (e.g., fluoroethylpyrrolidinyl and
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difluoroethylpyrrolidinyl), pyrrolidinyl substituted with one or more substituted independently 

selected from halogen and C1-C6 alkyl (e.g., N-methyl-3,3-difluoropyrrolidinyl, N-methyl-3- 

fluoropyrrolidinyl, methoxyethylpyrrolidinyl, (N-methyl)methoxypyrrolidinyl, piperazinyl, 

dimethylaminylpyrrolidinyl, morpholinyl, methylmorpholinyl, 1,4-oxazepanyl, 1,4-oxazinyl, 

piperdinyl, C1-C3 alkyl-substituted piperidinyl (e.g., methylpiperidinyl), acylpiperdinyl, 

cyanopiperdinyl, cycloalkylpiperdinyl, halopiperdinyl (e.g., fluoropiperdinyl), dihalopiperdinyl 

(e.g., difluoropiperdinyl), alkoxypiperdinyl, heterocyclyl-substituted piperdinyl (e.g., 

tertrahydropyranyl), piperidonyl, thiomorpholinyl-1,1 -dioxide, hexahydrofuro[3.2-b]furanyl, (3R, 

3aR, 6R, 6aR)-hydroxyhexahydrofuro[3.2-b]furanyl, 3-azabicyclo[3.1.0]hexanyl (e.g., (IS, 2S, 5R)- 

azabicyclo[3.1.OJhexanyl and (IR, 2S, 5S-azabicyclo[3.1.0]hexanyl), oxa-5- 

azabicyclo[2.2. l]heptan-5-yl, and 2-methyl-azabicyclo[2.2.1]heptan-2-yl, azabicyclo[2.2.1 Jheptan-

2-yl.

[0122J In one embodiment, the heterocyclyl portion when R2 is heterocyclyl or heterocyclylalkyl is 

tetrahydropyrazinyl optionally substituted with one or more R9. In one embodiment, the 

tetrahydropyrazinyl is substituted with one R9, wherein R9 is halogen, hydroxyalkyl or haloalkyl.

[0123] In one embodiment wherein R2 is heterocyclylalkyl optionally substituted with one or more 

R9, the alkyl portion of the heterocyclylalkyl is C1-C3 alkyl. In one embodiment the alkyl portion 

is methylene. In one embodiment the alkyl portion is ethylene. In one embodiment the alkyl 

portion is propylene.

[0124J In one embodiment, Y is O and R2 is heteroarylalkyl optionally substituted with one or more 

R9. In one embodiment, the heteroaryl portion of the heteroarylalkyl is pyridinyl, imidazolyl, 

pyrazolyl, pyrrolopyrimdinyl and tetrahydroisoquinolinyl, each optionally substituted with one ore 

more R9.

[0125J In one embodiment, Y is O and R2 is aralkyl optionally substituted with one or more R9. In 

one embodiment, the aryl portion of the aralkyl is phenyl. In one embodiment, the phenyl is 

substituted with a single R9, wherein R9 is amino.

[0126] In one embodiment, Y is O and R2 is -ZR5R10. In one embodiment, R5 is Cl - C3 alkyl and 

R10 is independently selected from acyl, hydroxyalkyl or alkoxy.
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[0127] In one embodiment, Y is O and R2 is -NR5SOaC 1-C3 alkyl. In one embodiment, R5 is 

hydrogen and the Cl C3 alkyl is methyl.

[0128] In one embodiment, Y is O and R2 is haloalkyl. In one embodiment, the haloalkyl is 1,1,1 - 

trifluoropropyl

[0129] In one embodiment, Y is a bond and R2 is hydrogen, alkyl, haloalkyl, alkoxy, cycloalkyl, - 

NR5SOaC 1-C3 alkyl, heterocyclyl or aryl, wherein said heterocyclyl and aryl are optionally 

substituted with one or more R9.

[0130] In one embodiment, Y is a bond and R2 is hydrogen.

[0131] In one embodiment, Y is a bond and R2 is alkyl. In one embodiment, the alkyl is a Cl - C3 

alkyl. In one embodiment, the Cl - C3 alkyl is methyl.

[0132] In one embodiment, Y is a bond and R2 is haloalkyl. In one embodiment, the haloalkyl is 

trifluormethyl.

[0133] In one embodiment, Y is a bond and R2 is alkoxy. In one embodiment, the alkoxy is 

methoxy.

[0134] In one embodiment, Y is a bond and R2 is cycloalkyl. In one embodiment, the cycloalkyl is 

cyclopropyl. In one embodiment, Y is a bond and R2 is heterocyclyl optionally substituted with one 

or more R9. In one embodiment, Y is a bond and R2 is heterocyclyl optionally substituted with 

methyl, halogen or dimethylamino. Nonlimiting examples of R2 heterocyclyls include azetidinyl, 

piperidinyl, piperazinyl, morpholinyl, and pyrrolidinyl.

[0135] In one embodiment, Y is a bond and R2 is aryl optionally substituted with one or more R9.

In one embodiment, the aryl is phenyl substituted with heterocyclylalky 1.

[0136] In certain other embodiments when X is a monocyclic ring, R4 is aryl. In one embodiment, 

R4 is selected from the group consisting of phenyl and naphthyl and is optionally substituted with 

one or more R6, R7 or R9. Examples of R7 substituents include halogen, hydroxyl, C1- C6 alkyl 

(e.g., Cl - C3 alkyl), cycloalkyl, haloalkyl, Q-haloalkyl, amino, cyano, hydroxyalkyl and alkoxy. In 

one embodiment, the aryl is phenyl substituted with one or more R7 groups independently selected 

from halogen, hydroxyl, Cl - C3 alkyl, haloalkyl, Q-haloalkyl, and alkoxy. In one embodiment, the
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aryl is phenyl substituted with one or more R7 groups independently selected from halogen, 

haloalkyl, methyl, isopropyl, methoxy, Q-haloalkyl and hydroxyl. In one embodiment, the aryl is 

phenyl substituted with one or more R7 groups independently selected from methyl, trifluoromethyl, 

2,2,2-trifluoroethyl, hydroxyl, trifluoromethoxy, hydroxyl, fluoro, chloro, isopropyl, amino, 

cyclopropyl and trifluoromethylthio. In one embodiment, the aryl is phenyl substituted with one to 

three R7 groups independently selected from amino, hydroxyl, cyclopropyl, fluorine and chlorine.

In one embodiment, the aryl is phenyl substituted with hydroxyl and Cl - C3 alkyl or two Cl - C3 

alkyl. In one embodiment, the aryl is phenyl substituted with chloro and cyclopropyl. In one 

embodiment, the aryl is phenyl substituted with Q-haloalkyl and hydroxyl or fluorine. In one 

embodiment, the aryl is phenyl substituted with amino, two chlorines and fluorine.

[0137] In one embodiment, R4 is aryl wherein aryl is naphthyl optionally substituted with one or 

more R7. In one embodiment, the aryl is naphthyl substituted with one or more R7 groups 

independently selected from halogen, hydroxyl, Cl - C3 alkyl, C2-C4 alkynyl, haloalkyl, Q- 

haloalkyl, and alkoxy. In one embodiment, the aryl is naphthyl substituted with one or more R7 

groups independently selected from halogen, haloalkyl, methyl, isopropyl, methoxy, Q-haloalkyl 

and hydroxyl. In one embodiment, R4 is naphthyl optionally substituted with one or more R7 

substituents independently selected from hydroxyl, halogen, Cl - C3 alkyl, C2-C4 alkynyl, amino, 

and haloalkyl. In one embodiment, R4 is naphthyl optionally substituted with one to three R7 

substituents independently selected from difluoromethyl, methyl, hydroxyl, amino, ethynyl, 2- 

propynyl, fluoro, and chloro.

[0138] In one embodiment, the aryl is naphthyl optionally substituted with one or more halogen. In 

one embodiment, the aryl is naphthyl optionally substituted with chloro. In one embodiment, the 

aryl is naphthyl substituted with chloro and fluoro. In one embodiment, the aryl is naphthyl 

substituted with C1-C6 alkyl. In one embodiment, the aryl is naphthyl substituted with C2-C4 

alkynyl. In one embodiment, the aryl is naphthyl substituted with hydroxyl. In one embodiment, 

the aryl is naphthyl substituted with hydroxyl and trifluoromethyl or Cl - C3 alkyl. In one 

embodiment, the aryl is naphthyl substituted with hydroxyl. In one embodiment, the aryl is 

naphthyl which is unsubstituted.

[0139] In one embodiment, R4 is heteroaryl optionally substituted with one or more R7. In one 

embodiment, R4 is heteroaryl optionally substituted with one or more R7 independently selected
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from halogen, hydroxyl, Cl - C3 alkyl, haloalkyl, Q-haloalkyl, alkoxy and amino. In one 

embodiment, R4 is indoyl, indazolyl, quinolinyl, isoquinolinyl, pyridinyl or benzo[d]thiazolyl 

optionally substituted with one or more R7. In one embodiment, R4 is indoyl, indazolyl, quinolinyl, 

isoquinolinyl, pyridinyl or benzo[d]thiazolyl optionally substituted with one or more R7 

independently selected from halogen, hydroxyl, Cl - C3 alkyl, C2-C4 alkynyl, haloalkyl, Q- 

haloalkyl, alkoxy and amino.

[0140] In yet other embodiments, R4 is heteroaryl, optionally an indoyl or an indazolyl, each of 

which may be substituted with one or more R7. In one embodiment, R4 is heteroaryl optionally 

substituted with one or more R7 substituents independently selected from the group consisting of 

halogen, hydroxyl, Cl- C3 alkyl, C2-C4 alkynyl, haloalkyl, Q-haloalkyl and alkoxy. In one 

embodiment, the R4 heteroaryl is indazolyl optionally substituted with one or two R7 independently 

selected from alkoxy, haloalkyl, halogen and C1-C6 alkyl. In other embodiments, the R4 heteroaryl 

is a quinolinyl or isoquinolinyl, each optionally substituted with one or more R7. In one 

embodiment, the R4 heteroaryl is a quinolinyl or isoquinolinyl, each optionally substituted with one 

or more R7 independently selected from amino, Cl - C3 alkyl, halogen and hydroxyl. In one 

embodiment, the R4 heteroaryl is a quinolinyl or isoquinolinyl, each optionally substituted with one 

or more R7 independently selected from methyl, chlorine, hydroxyl and amino. In one embodiment, 

the R4 heteroaryl is a quinolinyl or isoquinolinyl, each optionally substituted with methyl or 

chlorine. In one embodiment, the R4 heteroaryl is a pyridinyl optionally substituted with one or 

more R7. In one embodiment, the R4 heteroaryl is pyridinyl optionally substituted with one or more 

R7 independently selected from Cl - C3 alkyl, halogen and haloalkyl. In other embodiments, the 

R4 heteroaryl is benzo[d]thiazolyl optionally substituted with one or more R7, such as hydroxyl, one 

or two Cl - C3 alkyl, or hydroxyl and one or two Cl - C3 alkyl. In one embodiment, the R4 

heteroaryl is indolyl optionally substituted with one or more R7. In one embodiment, the R4 

heteroaryl is indolyl optionally substituted with one or two R7 independently selected from hydroxyl 

and C l - C3 alkyl.

[0141] In one embodiment, where X is a monocyclic ring, R4 is aralkyl. In certain embodiments, 

the aralkyl is benzyl. In other embodiments, the alkyl of the benzyl group is optionally substituted 

with hydroxy alkyl.

[0142] In one embodiment, L is a bond.
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[0143] In one embodiment, R3 is Cl - C3 alkyl. In one embodiment, the Cl - C3 alkyl is methyl. 

[0144] In one embodiment, R3 is halogen. In one embodiment, the halogen is fluorine or chlorine. 

[0145] In one embodiment, R3 is -OR5, wherein R5 is hydrogen.

[0146] In one embodiment, R3 is -O-haloalkyl. In one embodiment, the haloalkyl is 1,1,1- 

trifluroethyl.

[0147] In one embodiment, R8 is heteroalkyl, C2-C4 alkynyl or Cl - C3 alkyl optionally substituted 

with -OR3, cyano or heteroaryl. In one embodiment, R8 is methyl, cyanomethyl, methoxymethyl, or 

hydroxymethyl. In one embodiment, R8 is methyl. In one embodiment, R8 is cyanomethyl. In one 

embodiment, R8 is hydroxymethyl.

[0148] In one embodiment, Formula I includes compounds having the Formula I-A:

R1

R3

Formula I-A

and R1, R3, R4, R9, and L are as defined for Formula I, R2 is heterocyclylalkyl optionally substituted 

with one or more R9, and the piperidinyl ring is optionally substituted with one or more R8, where 

R8 is as defined for Formula I. In one embodiment, the hcterocyclyl portion of the R2 

heterocyclylalkyl is a monocyclic, bicyclic, or bridged ring system having one or two ring 

heteroatoms independently selected from N and O. In one embodiment, R2 heterocyclyl is 

azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, oxetanyl, 1,4-oxazepanyl, 

tetrahydropyrazinyl, thiomorpholinyl-1,1-dioxide, hexahydrofuro[3.2-b]furanyl, (3R, 3aR, 6R, 

6aR)-hydroxyhexahydrofuro[3.2-b]furanyl, 3-azabicyclo|3.1.0]hexanyl, 2-oxa-5-
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azabicyclo[2.2.1 jheptan-5-yl, and azabicyclo[2.2. l]heptan-2-yl, optionally substituted with one or 

more R9. In one embodiment, each R9 is selected from acyl, oxo, halogen, cyano, Cl - C3 alkyl, 

alkoxy, hydroxyalkyl, heteroalkyl, cycloalkyl, aralkyl and dialkylamidoalkyl. In one embodiment,

L is a bond. In one embodiment, R4 is aryl or heteroaryl, each of which is optionally substituted 

with one or more R6 or R7. In one embodiment, R4 is aryl or heteroaryl, each of which is optionally 

substituted with one or more R7. In one embodiment, each R7 is independently selected from 

hydroxyl, amino, halogen, Cl - C3 alkyl, C2-C4-alkynyl, haloalkyl, Q-haloalkyl, cycloalkyl and 

alkoxy. In one embodiment, the aryl is phenyl substituted with one or more R7 groups 

independently selected from halogen, hydroxyl, Cl - C3 alkyl, haloalkyl, Q-haloalkyl, and alkoxy.

In one embodiment, the aryl is phenyl substituted with one or more R7 groups independently 

selected from halogen, haloalkyl, methyl, isopropyl, methoxy, Q-haloalkyl and hydroxyl. In one 

embodiment, the aryl is phenyl substituted with one or more R7 groups independently selected from 

methyl, trifluoromethyl, 2,2,2-trifluoroethyl, hydroxyl, trifluoromethoxy, hydroxyl, fluoro, chloro, 

isopropyl, cyclopropyl and trifluoromethylthio. In one embodiment, the aryl is phenyl substituted 

with one to three R7 groups independently selected from hydroxyl, fluorine and chlorine. In one 

embodiment, the aryl is phenyl substituted with hydroxyl and Cl - C3 alkyl or two Cl - C3 alkyl.

In one embodiment, the aryl is phenyl substituted with Q-haloalkyl and hydroxyl or fluorine. In one 

embodiment, the aryl is naphthyl substituted with one or more R7 groups independently selected 

from halogen, hydroxyl, Cl - C3 alkyl, C2-C4-alkynyl, haloalkyl, Q-haloalkyl, and alkoxy. In one 

embodiment, the aryl is naphthyl substituted with one or more R7 groups independently selected 

from halogen, haloalkyl, methyl, isopropyl, methoxy, Q-haloalkyl and hydroxyl. In one 

embodiment, R4 is naphthyl optionally substituted with one or more R7 substituents independently 

selected from hydroxyl, halogen, Cl - C3 alkyl, C2-C4-alkynyl, amino, and haloalkyl. In one 

embodiment, R4 is naphthyl optionally substituted with one to three R7 substituents independently 

selected from difluoromethyl, methyl, hydroxyl, amino, fluoro, and chloro. In one embodiment, the 

aryl is naphthyl optionally substituted with one or more halogen. In one embodiment, the aryl is 

naphthyl substituted with hydroxyl and trifluoromethyl or Cl - C3alkyl. In one embodiment, the 

aryl is naphthyl substituted with hydroxyl. In one embodiment, the aryl is naphthyl substituted with 

ethynyl or 2-propynyl. In one embodiment, R4 is heteroaryl, wherein the heteroaryl is indazolyl 

optionally substituted with one or two R7 independently selected from alkoxy, haloalkyl, and C1-C6 

alkyl. In one embodiment, R4 is heteroaryl, wherein the heteroaryl is quinolinyl or isoquinolinyl,
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each optionally substituted with one or more R7. In one embodiment, R4 is heteroaryl, wherein the 

heteroaryl is quinolinyl or isoquinolinyl, each optionally substituted with one or more amino, Cl- 

C3 alkyl, C2-C4 alkynyl, halogen or hydroxyl. In one embodiment, the R4 heteroaryl is a pyridinyl 

optionally substituted with one or more R7. In one embodiment, the R4 heteroaryl is pyridinyl 

optionally substituted with one or more R7 independently selected from Cl - C3 alkyl, halogen and 

haloalkyl. In one embodiment, the R4 heteroaryl is benzo[d]thiazolyl optionally substituted with 

one or more R7, such as hydroxyl, one or two Cl - C3 alkyl, or hydroxyl and one or two Cl - C3 

alkyl. In one embodiment, the R4 heteroaryl is indolyl optionally substituted with one or more R7. 

In one embodiment, the R4 heteroaryl is indolyl optionally substituted with one or two R7 

independently selected from hydroxyl, halogen and Cl - C3 alkyl. In one embodiment, R11 is 

trifluoromethyl. In one embodiment, the piperidinyl ring is unsubstituted. In one embodiment, the 

piperidinyl ring is substituted with one R8. In one embodiment, R8 is Cl - C3 alkyl optionally 

substituted with cyano, hydroxyl or methoxy. In one embodiment, R8 is methyl, cyanomethyl, 

hydroxymethyl or methoxymethyl. In one embodiment, R8 is cyano.

[0149] In particular embodiments, R1 is -C(O)C(Ra) .....C(Rb)p where Ra, Rb and p are as

defined for Formula I. In one embodiment, R1 is -C(O)C(Ra) = C(Rb)p, wherein == is a 

triple bond and Ra is absent, p is one and Rb is hydroxyalkyl.

[0150] In one embodiment, R1 is -C(O)C(Ra) · C(Rb)p, wherein =^= is a double bond, p 

is two, and Ra, Rb and p are as defined for Formula I. In one embodiment, R1 is -C(O)C(Ra) 

= C(Rb)p, wherein = is a double bond, Ra is hydrogen or C1 - C3 alkyl, p is two, and at 

least one Rb is deuterium, cyano, Cl - C3 alkyl, hydroxyalkyl, heteroalkyl, Cl - C3 alkoxy, 

halogen, haloalkyl, -ZNR5R11, -C(O)N(R5)2, -NHC(O)Cl - C3 alkyl, -CH2NHC(O)Cl - C3 alkyl, 

heteroaryl, heteroarylalkyl, dialkylaminylalkyl, or heterocyclylalkyl wherein the heterocyclyl 

portion is substituted with one or more substituents independently selected from halogen, hydroxyl, 

alkoxy and Cl - C3 alkyl, wherein the heteroaryl or the heteroaryl portion of the heteroarylalkyl is

optionally substituted with one or more R7. In one embodiment, when is a double bond,

the double bond is in the E configuration. In one embodiment, the double bond is in the Z 

configuration.

[0151] In certain embodiments, R1 is -C(O)C(Ra) = C(R8)p, wherein ..— is a double
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bond, p is two, one Rb is heterocyclylalkyl substituted with one or more substituents independently 

selected from halogen, hydroxyl, alkoxy or Cl - C3 alkyl and the other Rb is hydrogen. In one 

embodiment, the heterocyclyl portion of the heterocyclylalkyl is azetidinyl substituted with a 

halogen. In certain embodiments, the halogen is fluorine. In one embodiment, the heterocyclyl 

portion of the heterocyclylalkyl is pyrrolidinyl substituted with one or more halogen. In certain 

embodiments, the halogen-substituted pyrrolidinyl is fluoropyrrolidinyl or difluoropyrrolidinyl.

[0152] In certain embodiments, R1 is -C(O)C(Ra) = C(Rb)p, wherein == is a double bond 

and p is two, wherein one Rb is halogen and the other Rb is hydrogen. In one embodiment, the 

halogen is chlorine.

[0153] In certain embodiments, R1 is -C(O)C(Ra) —..—..C(Rb)p, wherein --------- is a double bond

and p is two, wherein one Rb is haloalkyl and the other Rb is hydrogen. In one embodiment, the 

haloalkyl is chloromethyl, fluoromethyl, difluoromethyl or trifluoromethyl.

[0154] In certain embodiments, R1 is -C(O)C(Ra) . C(Rb)p, wherein — is a double bond

and p is two, wherein one R0 is heteroalkyl and the other Rb is hydrogen. In one embodiment, the 

heteroalkyl is methoxymethyl.

[0155] In certain embodiments, R1 is -C(O)C(Ra) —.■■·— C(Rb)p, wherein = is a double bond

and p is two, wherein one Rb is -ZNR5R11, wherein Z is methylene, R5 is methyl and R11 is 

trifluoromethyl or 2,2,2-trifluoroethyl, and the other Rb is hydrogen.

[0156] In certain embodiments, R1 is -C(O)C(Ra) C(Rb)p, wherein .. is a double

bond and p is two, wherein one Rb is hydroxyalkyl and the other Rb is hydrogen.

[0157] In certain embodiments, R1 is -C(O)C(Ra) —..— C(Rb)p, wherein - is a double

bond and p is two, wherein one Rb is heteroaryl optionally substituted with one or more R7 and the 

other Rb is hydrogen. In one embodiment, the heteroaryl is pyrrolyl, imidazolyl, pyrazolyl, 

triazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl or triazinyl, each substituted with one or more 

R7.

[0158] In certain embodiments, R1 is -C(O)C(Ra) =: C(Rb)p, wherein .. is a double

bond and p is two, wherein one Rb is heteroarylalkyl optionally substituted with one or more R7,
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and the other Rb is hydrogen. In one embodiment, the heteroaryl portion of the heteroarylalkyl is 

pyrrolyl. imidazolyl, pyrazolyl, triazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl or triazinyl, 

each optionally substituted with one or more R7. In one embodiment, the one or more R7 is Cl - C3 

alkyl.

[0159] In certain embodiments, R1 is -C(O)C(Ra) = C(Rb)p, wherein — is a double 

bond and p is two, wherein one Rb is -C(0)N(R5)2 and the other Rb is hydrogen. In one 

embodiment, each R5 is hydrogen. In one embodiment, each R5 is Cl - C3 alkyl.

[0160] In certain embodiments, R1 is -C(O)C(Ra) C(Rb)p, wherein is a double

bond and p is two, wherein one Rb is -NHC(O)Cl - C3 alkyl or -QHNHC(O)Cl - C3 alkyl and the 

other Rb is hydrogen. In one embodiment, the Cl - C3 alkyl is methyl.

[0161] In one embodiment of Formula I-A, R1 is -C(O)C(Ra) =C(Rb)p, wherein Ra is deuterium, 

cyano, halogen, Cl - C-3 alkyl, haloalkyl, heteroalkyl, -C(0)N(R5)2, or hydroxyalkyl, p is two, each 

Rb is hydrogen. In one embodiment, Ra is halogen. In one embodiment, the halogen is fluorine or 

chlorine. In one embodiment, Ra is haloalkyl. In one embodiment, the haloalkyl is trifluoromethyl. 

In one embodiment, Ra is cyano. In one embodiment, Ra is heteroalkyl. In one embodiment, the 

heteroalkyl is methoxy. In one embodiment, Ra is hydroxyalkyl.

[0162] In one embodiment of Formula I-A, R1 is -C(O)C(Ra) == C(Rb)p, wherein = is a 

double bond and Ra is deuterium, p is two and at least one Rb is deuterium.

[0163] In one embodiment of Formula I-A, R1 is -C(O)C(Ra) = C(Rb)p, wherein = is a 

double bond and p is two, one Rb is hydrogen and Ra and one Rb and the carbon atoms to which 

they are attached form a 5-8 membered partially saturated cycloalkyl substituted with oxo.

[0164] In one embodiment of Formula I-A, R1 is -C(O)C(Ra) - C(Rb)p, wherein = is a 

double bond and p is two, one Rb is hydrogen, the second Rb is dialkylaminylalkyl, and Ra is 

halogen.

[0165] In one embodiment of Formula I, X is a saturated bridged ring system. Nonlimiting 

examples of bridged ring systems include diazabicycloheptanes and diazabicyclooctanes. In certain 

embodiments, when X is a saturated bridged ring system, R1 is -C(0)CH=CH2. In one
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embodiment, the bridged ring system is substituted with one or two groups independently selected 

from R8, where R8 is as defined for Formula I. In one embodiment, the bridged ring system is 

unsubstituted. In one embodiment, the bridged ring system is diazabicyclo[3.2.0]heptan-6-yl, 

diazabicyclo[3.2.0]heptan-2-yl, diazabicyclo[3.2.1]octan-8-yl or diazabicyclo[3.2.1]octan-3-yl.

[0166] In one embodiment of Formula I, R1-X is:

[0167] wherein A and B are a spirocyclic ring system, wherein A and B are the same or different 

and independently represent a 4-6 membered saturated ring system, wherein the rings are optionally 

substituted with one or more independently selected R8, wherein R8 is as defined for Formula I. In 

certain embodiments, rings A and B are unsubstituted.

[0168] In certain embodiments when A and B represent a spirocyclic ring system, R1 is - 

C(O)CH-CH2.

[0169] In one embodiment when A and B represent a spirocyclic ring system, R1 is -C(O)C(Ra)

= C(Rb)p, wherein = is a double bond and Ra is hydrogen or Cl - C3 alkyl, p is two and 

at least one Rb is deuterium, cyano, Cl - C3 alkyl, hydroxyalkyl, heteroalkyl, Cl - C3 alkoxy, 

halogen, haloalkyl, -ZNR5R11, -C(O)N(R5)2, -NHC(O)Cl - C3 alkyl, -CH2NHC(O)Cl - C3 alkyl, 

heteroaryl, heteroarylalkyl, dialkylaminylalkyl, or heterocyclylalkyl wherein the heterocyclyl 

portion is substituted with one or more substituents independently selected from halogen, hydroxyl, 

alkoxy and Cl - C3 alkyl, wherein the heteroaryl or the heteroaryl portion of the heteroarylalkyl is

optionally substituted with one or more R7. In one embodiment, when ..... is a double bond,

the double bond is in the E configuration. In one embodiment, the double bond is in the Z 

configuration.
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[0170] In one embodiment when A and B represent a spirocyclic ring system, R1 is -C(O)C(Ra) 

-C(Rb)p, wherein Ra is deuterium, cyano, halogen, Cl - C-3 alkyl, haloalkyl, heteroalkyl, - 

C(0)N(R:,)2, or hydroxyalkyl, p is two, each Rb is hydrogen. In one embodiment, Ra is halogen. In 

one embodiment, the halogen is fluorine or chlorine. In one embodiment, Ra is haloalkyl. In one 

embodiment, the haloalkyl is trifluoromethyl. In one embodiment, Ra is cyano. In one 

embodiment, Ra is heteroalkyl. In one embodiment, the heteroalkyl is methoxy. In one 

embodiment, Ra is hydroxyalkyl.

[0171] In one embodiment, the spirocyclic ring system is unsubstituted. Non-limiting examples of 

spirocyclic ring systems include:

[0172] In one embodiment of Formula I when A and B represent a spirocyclic ring system, R2 is 

selected from the group consisting of hydrogen (wherein Y is a bond), hydroxyalkyl, 

dialkylaminylalkyl, heterocyclyl and heterocyclylalkyl, wherein each of the heterocyclyl or 

heterocyclylalkyl are independently optionally substituted with R9. In another embodiment, R2 is 

heterocyclyl and heterocyclylalkyl, wherein each of the heterocyclyl or heterocyclylalkyl are 

independently optionally substituted with one or more R9. In certain embodiments, R2 is 

dialkylaminylalkyl optionally substituted with one or more R9. Non-limiting examples include 

dimethylaminylethyl, dimethylaminylpropanyl, dimethylaminylpropan-2-yl,
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dimethylaminylbutanyl, dimethylaminylbutan-2-yl, 2-dimethylaminylpropanol, or 

diethy laminy iethyl.

[0173] In one embodiment when A and B represent a spirocyclic ring system, Y is O and R2 is 

selected from the group consisting of hydroxyalkyl, dialkylaminylalkyl, heterocyclyl, 

heterocyclylalkyl, and -ZR5R10, wherein R5 and R10 are as defined for Formula I. In one 

embodiment, the heterocyclyl is piperdinyl substituted with one R9, wherein R9 is heterocyclyl.

[0174] In one embodiment when A and B represent a spirocyclic ring system, Y is O and R2 is 

selected from the group consisting of hydroxyalkyl, dialkylaminylalkyl, heterocyclyl and 

heterocyclylalkyl, wherein each of the heterocyclyl or heterocyclylalkyl are independently 

optionally substituted with R9. In another embodiment, R2 is heterocyclyl and heterocyclylalkyl, 

wherein each of the heterocyclyl or heterocyclylalkyl are independently optionally substituted with 

one or more R9. Non-limiting examples of R9 include acyl, oxo, halogen, cyano, Cl - C6 alkyl, 

alkoxy, hydroxyalkyl, heteroalkyl, heterocyclyl, cycloalkyl, aralkyl or dialkylamidoalkyl. In certain 

embodiments, R2 is dialkylaminylalkyl optionally substituted with one or more R9. Non-limiting 

examples include dimethylaminylethyl, dimethylaminylpropanyl, dimethylaminylpropan-2-yl, 

dimethylaminylbutanyl, dimethylaminylbutan-2-yl, 2-dimethylaminylpropanol, or 

diethylaminylethyl.

[0175] In one embodiment of Formula I when A and B represent a spirocyclic ring system, R4 is 

aryl optionally substituted with one or more R6 or R7. In one embodiment, R4 is phenyl or 

naphthyl optionally substituted with one or more R6 or R7. In one embodiment, R4 is phenyl or 

naphthyl optionally substituted with one or more R7. In one embodiment, R4 is phenyl or naphthyl 

optionally substituted with one or more R7 substituents independently selected from halogen, 

hydroxyl, Cl - C3alkyl, cycloalkyl, alkoxy, haloalkyl, or Q-haloalkyl wherein Q is O or S. In one 

embodiment, R4 is phenyl or naphthyl optionally substituted with one or more R7 substituents 

independently selected from methyl, trifluoromethyl, hydroxyl, trifluoromethoxy, hydroxyl, fiuoro, 

chloro, isopropyl, cyclopropyl and methylthio.

[0176] In one embodiment when A and B represent a spirocyclic ring system, R4 is isoquinolinyl 

which is optionally substituted with amino, Cl - C3 alkyl or halogen. In one embodiment, R4 is 

aralkyl. In certain embodiments, the aralkyl is benzyl. In one embodiment, the aralkyl is benzyl
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wherein the alkyl portion is substituted with hydroxyl or hydroxy alkyl.

[0177] In one embodiment, X is a fused bicyclic ring system. In one embodiment, R1-X is:

[0178] Nonlimiting examples of compounds of Formula I and Formula I-A are selected from the 

group consisting of:

OH N ^

/'.,(S)
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and pharmaceutically acceptable salts thereof.

[0179] The compounds of Formula (I) and Formula I-A may be formulated into pharmaceutical 

compositions.

PHARMACEUTICAL COMPOSITIONS
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[0180] In another aspect, the invention provides pharmaceutical compositions comprising a KRas 

G12C inhibitor according to the invention and a pharmaceutically acceptable carrier, excipient, or 

diluent. Compounds of the invention may be formulated by any method well known in the art and 

may be prepared for administration by any route, including, without limitation, parenteral, oral, 

sublingual, transdermal, topical, intranasal, intratracheal, or intrarectal. In certain embodiments, 

compounds of the invention are administered intravenously in a hospital setting. In one 

embodiment, administration may be by the oral route.

[0181] The characteristics of the carrier will depend on the route of administration. As used herein, 

the term "pharmaceutically acceptable" means a non-toxic material that is compatible with a 

biological system such as a cell, cell culture, tissue, or organism, and that does not interfere with the 

effectiveness of the biological activity of the active ingredient(s). Thus, compositions according to 

the invention may contain, in addition to the inhibitor, diluents, fillers, salts, buffers, stabilizers, 

solubilizers, and other materials well known in the art. The preparation of pharmaceutically 

acceptable formulations is described in, e.g., Remington's Pharmaceutical Sciences, 18th Edition, 

ed. A. Gennaro, Mack Publishing Co., Easton, Pa., 1990.

[0182] As used herein, the term pharmaceutically acceptable salt refers to salts that retain the 

desired biological activity of the above-identified compounds and exhibit minimal or no undesired 

toxicological effects. Examples of such salts include, but are not limited to acid addition salts 

formed with inorganic acids (for example, hydrochloric acid, hydrobromic acid, sulfuric acid, 

phosphoric acid, nitric acid, and the like), and salts formed with organic acids such as acetic acid, 

oxalic acid, tartaric acid, succinic acid, malic acid, ascorbic acid, benzoic acid, tannic acid, pamoic 

acid, alginic acid, polyglutamic acid, naphthalenesulfonic acid, naphthalenedisulfonic acid, and 

polygalacturonic acid. The compounds can also be administered as pharmaceutically acceptable 

quaternary salts known by those skilled in the art, which specifically include the quaternary 

ammonium salt of the formula —NR+Z-, wherein R is hydrogen, alkyl, or benzyl, and Z is a 

counterion, including chloride, bromide, iodide, -O-alkyl, toluenesulfonate, methyIsulinnate, 

sulfonate, phosphate, or carboxylate (such as benzoate, succinate, acetate, glycolate, maleate, 

malate, citrate, tartrate, ascorbate, benzoate, cinnamoate, mandeloate, benzyloate, and 

diphenylacetate).

[0183] The active compound is included in the pharmaceutically acceptable carrier or diluent in an
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amount sufficient to deliver to a patient a therapeutically effective amount without causing serious 

toxic effects in the patient treated. In one embodiment, a dose of the active compound for all of the 

above-mentioned conditions is in the range from about 0.01 to 300 mg/kg, for example 0.1 to 100 

mg/kg per day, and as a further example 0.5 to about 25 mg per kilogram body weight of the 

recipient per day. A typical topical dosage will range from 0.01-3% wt/wt in a suitable carrier. The 

effective dosage range of the pharmaceutically acceptable derivatives can be calculated based on the 

weight of the parent compound to be delivered. If the derivative exhibits activity in itself, the 

effective dosage can be estimated as above using the weight of the derivative, or by other means 

known to those skilled in the art.

[0184] The pharmaceutical compositions comprising compounds of the present invention may be 

used in the methods of use described herein.

METHODS OF USE

[0185] In yet another aspect, the invention provides for methods for inhibiting KRas G12C activity 

in a cell, comprising contacting the cell in which inhibition of KRas G12C activity is desired with 

an effective amount of a compound of Formula I and Formula I-A, pharmaceutically acceptable 

salts thereof or pharmaceutical compositions containing the compound or pharmaceutically 

acceptable salt thereof. In one embodiment, the contacting is in vitro. In one embodiment, the 

contacting is in vivo.

[0186] As used herein, the term "contacting" refers to the bringing together of indicated moieties in 

an in vitro system or an in vivo system. For example, "contacting" a KRas G12C with a compound 

provided herein includes the administration of a compound provided herein to an individual or 

patient, such as a human, having KRas G12C, as well as, for example, introducing a compound 

provided herein into a sample containing a cellular or purified preparation containing the KRas 

G12C.

[0187] In one embodiment, a cell in which inhibition of KRas G12C activity is desired is contacted 

with an effective amount of a compound of Formula I and Formula I-A to negatively modulate the 

activity of KRas G12C. In other embodiments, a therapeutically effective amount of 

pharmaceutically acceptable salt or pharmaceutical compositions containing the compound of 

Formula I and Formula I-A, may be used.
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[0188] By negatively modulating the activity of KRas G12C, the methods described herein are 

designed to inhibit undesired cellular proliferation resulting from enhanced KRas Gl 2C activity 

within the cell. The cells may be contacted in a single dose or multiple doses in accordance with a 

particular treatment regimen to effect the desired negative modulation of KRas G12C. The degree 

of covalent modification of KRas Gl 2C may be monitored in vitro using well known methods, 

including those described in Example A below. In addition, the inhibitory activity of exemplary 

compounds in cells may be monitored, for example, by measuring the inhibition of KRas G12C 

activity of the amount of phosphorylated ERK, including those described in Example B below, to 

assess the effectiveness of treatment and dosages may be adjusted accordingly by the attending 

medical practitioner.

[0189] In another aspect, methods of treating cancer in a patient in need thereof, comprising 

administering to said patient a therapeutically effective amount of a compound of Formula I and 

Formula I-A, phannaceutically acceptable salts thereof or pharmaceutical compositions comprising 

the compound or pharmaceutically acceptable salts thereof are provided.

[0190] The compositions and methods provided herein may be used for the treatment of a KRas 

G12C-associated cancer in a patient in need thereof, comprising administering to said patient a 

therapeutically effective amount of a compound of Formula I and Formula I-A, pharmaceutically 

acceptable salts thereof or pharmaceutical compositions comprising the compound or 

pharmaceutically acceptable salts thereof are provided. In one embodiment, the KRas Gl 2C- 

associated cancer is lung cancer.

[0191] The compositions and methods provided herein may be used for the treatment of a wide 

variety of cancers including tumors such as lung, prostate, breast, brain, skin, cervical carcinomas, 

testicular carcinomas, etc. More particularly, cancers that may be treated by the compositions and 

methods of the invention include, but are not limited, to tumor types such as astrocytic, breast, 

cervical, colorectal, endometrial, esophageal, gastric, head and neck, hepatocellular, laryngeal, lung, 

oral, ovarian, prostate and thyroid carcinomas and sarcomas. More specifically, these compounds 

can be used to treat: Cardiac: sarcoma (angiosarcoma, fibrosarcoma, rhabdomyosarcoma, 

liposarcoma), myxoma, rhabdomyoma, fibroma, lipoma and teratoma; Lung: bronchogenic 

carcinoma (squamous cell, undifferentiated small cell, undifferentiated large cell, adenocarcinoma), 

alveolar (bronchiolar) carcinoma, bronchial adenoma, sarcoma, lymphoma, chondromatous
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hamartoma, mesothelioma; Gastrointestinal: esophagus (squamous cell carcinoma, adenocarcinoma, 

leiomyosarcoma, lymphoma), stomach (carcinoma, lymphoma, leiomyosarcoma), pancreas (ductal 

adenocarcinoma, insulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma), small bowel 

(adenocarcinoma, lymphoma, carcinoid tumors, Kaposi's sarcoma, leiomyoma, hemangioma, 

lipoma, neurofibroma, fibroma), large bowel (adenocarcinoma, tubular adenoma, villous adenoma, 

hamartoma, leiomyoma); Genitourinary tract: kidney (adenocarcinoma, Wilm's tumor 

(nephroblastoma), lymphoma, leukemia), bladder and urethra (squamous cell carcinoma, 

transitional cell carcinoma, adenocarcinoma), prostate (adenocarcinoma, sarcoma), testis 

(seminoma, teratoma, embryonal carcinoma, teratocarcinoma, choriocarcinoma, sarcoma, interstitial 

cell carcinoma, fibroma, fibroadenoma, adenomatoid tumors, lipoma); Liver: hepatoma 

(hepatocellular carcinoma), cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatocellular 

adenoma, hemangioma; Biliary tract: gall bladder carcinoma, ampullary carcinoma, 

cholangiocarcinoma; Bone: osteogenic sarcoma (osteosarcoma), fibrosarcoma, malignant fibrous 

histiocytoma, chondrosarcoma, Ewing's sarcoma, malignant lymphoma (reticulum cell sarcoma), 

multiple myeloma, malignant giant cell tumor chordoma, osteochronfroma (osteocartilaginous 

exostoses), benign chondroma, chondroblastoma, chondromyxofibroma, osteoid osteoma and giant 

cell tumors; Nervous system: skull (osteoma, hemangioma, granuloma, xanthoma, osteitis 

deformans), meninges (meningioma, meningiosarcoma, gliomatosis), brain (astrocytoma, 

medulloblastoma, glioma, ependymoma, germinoma (pinealoma), glioblastoma multiform, 

oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal cord neurofibroma, 

meningioma, glioma, sarcoma); Gynecological: uterus (endometrial carcinoma), cervix (cervical 

carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian carcinoma (serous cystadenocarcinoma, 

mucinous cystadenocarcinoma, unclassified carcinoma), granulosa-thecal cell tumors, Sertoli- 

Leydig cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell carcinoma, 

intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell carcinoma, 

squamous cell carcinoma, botryoid sarcoma (embryonal rhabdomyosarcoma), fallopian tubes 

(carcinoma); Hematologic: blood (myeloid leukemia (acute and chronic), acute lymphoblastic 

leukemia, chronic lymphocytic leukemia, myeloproliferative diseases, multiple myeloma, 

myelodysplastic syndrome), Hodgkin’s disease, non-Hodgkin's lymphoma (malignant lymphoma); 

Skin: malignant melanoma, basal cell carcinoma, squamous cell carcinoma, Kaposi's sarcoma, 

moles dysplastic nevi, lipoma, angioma, dermatofibroma, keloids, psoriasis; and Adrenal glands:
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neuroblastoma. In certain embodiments, the cancer is non-small cell lung cancer.

[0192] The concentration and route of administration to the patient will vary depending on the 

cancer to be treated. The compounds, pharmaceutically acceptable salts thereof and pharmaceutical 

compositions comprising such compounds and salts also may be co-administered with other anti

neoplastic compounds, e.g., chemotherapy, or used in combination with other treatments, such as 

radiation or surgical intervention, either as an adjuvant prior to surgery or post-operatively.

[0193] Also provided herein is a compound of Formula I and Fonnula I-A, or a pharmaceutically 

acceptable salt or solvate thereof, or a pharmaceutical composition thereof as defined herein for use 

in therapy.

[0194] Also provided herein is a compound of Formula I and Formula I-A, or a pharmaceutically 

acceptable salt or solvate thereof or a pharmaceutical composition thereof as defined herein for use 

in the treatment of cancer.

[0195] Also provided herein is a compound of Formula I and Formula I-A, or a pharmaceutically 

acceptable salt or solvate thereof for use in the inhibition of KRas G12C.

[0196] Also provided herein is a compound of Formula I and Formula I-A, or a pharmaceutically 

acceptable salt or solvate thereof or a pharmaceutical composition thereof as defined herein, for use 

in the treatment of a KRas G12C-associated disease or disorder.

[0197] Also provided herein is the use of a compound of Formula I and Formula I-A, or a 

pharmaceutically acceptable salt or solvate thereof, as defined herein in the manufacture of a 

medicament for the treatment of cancer.

[0198] Also provided herein is a use of a compound of Formula I and Formula I-A, or a 

pharmaceutically acceptable salt or solvate thereof, as defined herein in the manufacture of a 

medicament for the inhibition of activity of KRas G12C.

[0199] Also provided herein is the use of a compound of Formula I and Formula I-A, or a 

pharmaceutically acceptable salt or solvate thereof, as defined herein, in the manufacture of a 

medicament for the treatment of a KRas G12C-associated disease or disorder.

[0200] Also provided herein is a method for treating cancer in a patient in need thereof, the method
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comprising (a) determining that cancer is associated with a KRas Gl 2C mutation (e.g., a KRas 

G12C-associated cancer) (e.g., as determined using a regulatory agency-approved, e.g., FDA- 

approved, assay or kit); and (b) administering to the patient a therapeutically effective amount of a 

compound of Formula I and Formula I-A, or a pharmaceutically acceptable salt thereof, or a 

pharmaceutical composition thereof.

[0201] One skilled in the art will recognize that, both in vivo and in vitro trials using suitable, 

known and generally accepted cell and/or animal models are predictive of the ability of a test 

compound to treat or prevent a given disorder.

[0202] One skilled in the art will further recognize that human clinical trials including first-in- 

human, dose ranging and efficacy trials, in healthy patients and/or those suffering from a given 

disorder, may be completed according to methods well known in the clinical and medical arts.

REACTION SCHEMES AND EXAMPLES

[0203] The compounds of the present invention may be prepared from commercially available 

reagents using the synthetic methods and reaction schemes described herein, or using other reagents 

and conventional methods well known to those skilled in the art.

[0204] For instance, compounds of the present invention may be prepared according to the General 

Reaction Schemes I and II.

GENERAL REACTION SCHEMES

SCHEME I
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4 Formula 1,1, = Bond, Y = Bond, R2 = H

[0205] Compounds of Formula 1 where L and Y are bonds and R2 is hydrogen can be prepared 

according to general Scheme 1. A suitably substituted compound 1 is reacted in Step A with a 

heterocycle, wherein one of the nitrogen atoms is protected with a suitable nitrogen protecting 

group PG, such as a carboxybenzyl group. This reaction proceeds in a solvent such as 

dichloromethane in the presence of a base such as diisopropylethylamine. In Step B, coupling of an 

R4 group is accomplished by using a suitably functionalized R4, for example a boronic acid or 

boronate ester, in the presence of a palladium catalyst and a base such as potassium phosphate in a 

solvent such as dioxane. In Step C, the protecting group is removed under standard conditions. For 

example, if the protecting group is a carboxybenzyl group, it can be removed upon treatment with 

hydrogen in the presence of a palladium catalyst and ammonia, in a solvent such as methanol. The 

R1 group is introduced, for example by treatment of intermediate 4 with an acid chloride in the 

presence of a base such as diisopropylethylaine in a solvent such as dichloromethane.

[0206] Compounds (1), (2), (3), and (4) (5) as shown and described above for Scheme 1 are useful 

as intermediates for preparing compounds of Formula I and are provided as further aspects of the 

invention.

SCHEME II
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R2-YH

Formula 1, where L is a bond

[0207] Compounds of Formula 1 where L is a bond can be prepared according to general Scheme 2. 

A suitably substituted compound 5 is reacted in Step A with a heterocycle, wherein one of the 

nitrogen atoms is protected with a suitable nitrogen protecting group PG, such as a carboxybenzyl 

group. This reaction proceeds in a solvent such as dichloromethane in the presence of a base such 

as diisopropylethylamine. In Step B, addition of a Y-R2 group is accomplished either by a 

transition metal-mediated coupling or an aromatic substitution. As an example, the aromatic 

substitution can be achieved by heating a mixture of HY-R2 in a solvent such as dioxane in the 

presence of a base such as diisopropylethylamine. In Step C, coupling of an R4 group is 

accomplished by using a suitably functionalized R4, for example a boronic acid or boronate ester, in 

the presence of a palladium catalyst and a base such as potassium phosphate in a solvent such as 

dioxane. In Step D, the protecting group is removed under standard conditions. For example, if the 

protecting group is a carboxybenzyl group, it can be removed upon treatment with hydrogen in the 

presence of a palladium catalyst and ammonia, in a solvent such as methanol. Finally, in Step E,
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the R1 group is introduced, for example by treatment of intermediate 9 with an acid chloride in the 

presence of a base such as diisopropylethylaine in a solvent such as dichloromethane.

[0208] Accordingly, also provide is a process for preparing a compound of Formula 1, comprising:

[0209] (a) for a compound of Formula I where Y is a bond and R2 is hydrogen, reacting a 

compound of formula 5

H

5

[0210] where X, R3, R4 and L are as defined for Formula 1, wherein and -Y-R2 is other than 

hydrogen, with an acid chloride having the formula CI-C(O)C(Ra) ... C(Rb)p or CI-SCCC(Ra)

..... - C(Rb)p or an anhydride having the formula C(Rb)p-------- C(Ra)C(O)OC(O)C(Ra) ==

C(Rb)P; where Ra, Rb and p are as defined for Formula I, in the presence of a base; and

[0211] optionally forming a salt thereof.

[0212] Accordingly, also provide is a process for preparing a compound of Formula I, comprising:

[0213] (a) for a compound of Formula 1 where L is a bond, and -Y-R2 is other than hydrogen, 

reacting a compound of formula 5
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H

5

[0214] where X, R3, R4, as defined for Formula I, wherein L is a bond and -Y-R2 is other than

hydrogen, with an acid chloride having the formula CI-C(O)C(Ra) .... C(Rb)p or C1-S02C(RA)

• C(Rb)p or an anhydride having the formula C(Rb)p- C(Ra)C(O)OC(O)C(Ra) = 

C(Rb)p. where Ra, Rb and p are as defined for Formula I, in the presence of a base; and

[0215] optionally forming a salt thereof.

[0216] The compounds of the present invention may have one or more chiral centers and may be 

synthesized as stereoisomeric mixtures or atropisomers, isomers of identical constitution that differ 

in the arrangement of their atoms in space. The compounds may be used as mixtures or the 

individual components/isomers may be separated using commercially available reagents and 

conventional methods for isolation of stereoisomers and enantiomers well-known to those skilled in 

the art, e.g., using CHIRALPAK® (Sigma-Aldrich) or CFIIRALCET® (Diacel Corp) chiral 

chromatographic HPLC columns according to the manufacturer’s instructions. Alternatively, 

compounds of the present invention may be synthesized using optically pure, chiral reagents and 

intermediates to prepare individual isomers or enantiomers. Unless otherwise indicated, all chiral 

(enantiomeric and diastereomeric) and racemic forms are within the scope of the invention. Unless 

otherwise indicated, whenever the specification, including the claims, refers to compounds of the 

invention, the term “compound” is to be understood to encompass all chiral (enantiomeric and 

diastereomeric) and racemic forms.
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[0217] The following intermediates may be used to synthesize compounds of Formula I and 

Formula I-A.

Intermediate 1

3 -(methoxymethoxy)naphthalen-1 -yl trifluoromethanesulfonate

OH

Tf20, Hunig
MOM-CI1 DCM

MOMO

[0218] 3-Hydroxynaphthalen-l-yl triIluoiOmethanesulfonate (13.101 g, 44.831 mmol) was 

dissolved in dichloromethane (100 mL) and stirred at O °C. To this solution was added 

chloro(methoxy)methane (3.7456 ml, 49.315 mmol) and Flunig's base (11.745 mL, 67.247 mmol). 

The reaction was stirred at O °C for 4 hrs. The reaction was partitioned with IM HCl and washed 

with saturated sodium bicarbonate. The combined organic layers were dried over magnesium sulfate 

and concentrated under vacuum. The concentrated material was loaded onto a 120 g RediSep® gold 

silica gel column with dichloromethane and purified by normal phase chromatography 

(CombiFlash®, 0%-20% ethyl acetate/hexanes as the eluent) to give 3-

(methoxymethoxy)naphthalen-l-yl trifluoromethanesulfonate (11.785 g, 35.045 mmol, 78.171 % 

yield).

Intermediate 2

2-bromo-7-(methoxymethoxy)naphthalene
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HO Br
MOM-CI----

DMA, 0s2CO3 MOMO Br

[0219] To a solution of 7-bromonaphthalen-2-ol (2.0 g, 9.0 mmol) in dimethyl acetamide (40 mL) 

was added chloro(methoxy)methane (1.4 g, 18 mmol) and cesium carbonate (5.8 g, 18 mmol) and 

the reaction mixture was stirred overnight at room temperature. The reaction was diluted with water 

and the aqueous layer washed with ethyl acetate. The combined organic layers were washed with 

water and brine, dried over magnesium sulfate and concentrated under vacuum. The crude material 

was purified by normal phase chromatography using 5-50% ethyl acetate/hexanes as the eluent to 

give 2-bromo-7-(methoxymethoxy)naphthalene (1.0 g, 3.7 mmol, 42 % yield).

Intermediate 3

2-bromo-1 -fluoro-3-(methoxymethyl)benzene

MOM
MOM-CI1NaH1THF /-WvZ8r

-------- " CCf
[0220] To a stirred solution of 2-bromo-3-fluorophenol (1422 mg, 7.445 mmol) in 22 mL 

tetrahydrofuran at room temperature under nitrogen was added NaH (327.6 mg, 8.190 mmol) neat 

as a solid portion wise. After 15 minutes, a solution had formed. Chloro(methoxy)methane (678.6 

pL, 8.934 mmol) was added by syringe. After stirring for 2 hours, the reaction was quenched with 

saturated ammonium chloride solution and then partitioned between ethyl acetate (30 mL) and 

water (30 mL). The combined organic layers were isolated, washed with brine, dried over MgSCL, 

filtered and concentrated. The crude product was loaded in a minimum of dichloromethane onto a 

40 gram RediSep® column pre-wet with hexanes and eluted with an ethyl acetate/hexanes gradient 

(0% to 20% ethyl acetate). Fractions containing the product were combined and concentrated to 

provide the product as a clear oil (1.45g, 83%).
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Intermediate 4

Br

F

2-bromo-1 -fluoro-4-(methoxymethoxy)benzene

MOM-CI1 NaH1 THF MOMO Br
HO

F
F

[0221] To a stirred solution of 3-bromo-4-fluorophenol (327 mg, 1.71 mmol) in 5.1 mL 

tetrahydrofuran at room temperature under nitrogen was added NaH (75.3 mg, 1.88 mmol) neat as a 

solid portion wise. After 15 minutes, a solution had formed. Chloro(methoxy)methane (156 pL, 

2.05 mmol) was added by syringe. After stirring for 2 hours, the reaction was quenched with 

saturated ammonium chloride solution and partitioned between ethyl acetate and water. The 

combined organic layers were washed with brine, dried over MgSCU, filtered and concentrated. The 

crude product was loaded in a minimum of dichloromethane onto a 24 gram RediSep® column pre

wet with hexanes and eluted with an ethyl acetate/hexanes gradient (0% to 20% ethyl acetate). 

Fractions containing the product were combined and concentrated to provide the product as a clear 

oil (120 mg, 29.8%)

Intermediate 5

Br

OJ

-Si 
/ '

4-bromo-5-methyl-l-((2-(trimethylsilyl)ethoxy)methyl)-lH-indazole

Br Br

N
N
H

DMA, NaH, SEM

SEM
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[0222] To a solution of 4-bromo-5-methyl-lIl-indazole (0.7 g, 3.3 mmol) in dimethyl acetamide 

(30 mL) cooled to O 0C was added NaH (0.19 g, 4.6 mmol) in portions and the reaction mixture was 

purged with nitrogen. The reaction was stirred for 20 minutes, and then (2-

(chloromethoxy)ethyl)trimethylsilane (0.83 g, 5.0 mmol) was added and the reaction was stirred for

2 hours while warming to room temperature. The reaction was quenched by pouring into water and 

the aqueous layer was extracted into ethyl acetate. The combined organic layers were washed with 

water and brine, dried over MgS04 and concentrated under vacuum. The crude material was 

purified by chromatography using 10-50% ethyl acetate/hexanes as the eluent to give 4-bromo-5- 

methyl-l-((2-(trimethylsilyl)ethoxy)methyl)-lH-indazole (0.87 g, 79%).

Intermediate 6

(R)-1-(pyrrol i din-1-yl)propan-2-ol

[0223] In a sealed tube, R-(+)-Propylene oxide (3.69 mL, 52.7 mmol) was cooled to -78°C and then 

sparged with anhydrous dimethyl amine for a few minutes. The reaction mixture was heated to 

70°C for 16 hours. The reaction was cooled and concentrated in vacuo for 20 minutes to provide 

(R)-l-(pyrrolidin-l-yl)propan-2-ol (5.35 g, 41.4 mmol, 98.2% yield).

Intermediate 7

(R)-l-morpholinopropan-2-ol

[0224] In a sealed tube, R-(+)-Propylene oxide (2.111 mL, 30.13 mmol) and morpholine (1.490 

mL, 17.22 mmol) were heated to 70°C for 20 hours. The reaction was cooled and concentrated in 

vacuo to provide (R)-l-morpholinopropan-2-ol (2.47 g, 17.01 mmol, 98.80 % yield).

Intermediate 8
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N
\HO

(R)-l-(dimethylamino)butan-2-ol

[0225] In a sealed tube, R-(+)-Propylene oxide (4.00 g, 55.5 mmol) and dimethylamine (1.00 g, 

22.2 mmol), were heated to 65°C for 18 hours. The reaction was cooled and concentrated in vacuo. 

The resulting residue was purified by silica gel (0-12% MeOH in DCM) to provide (R)-I- 

(dimethylamino)butan-2-ol (1.38 g, 11.8 mmol, 53.1 % yield).

Intermediate 9

(R)-I -((R)-3-methoxypyrrolidin-l -yi)propan-2-ol

[0226] In a sealed tube, (R)-3-methoxypyrrolidine hydrochloride (1.00 g, 7.27 mmol), TEA (2.03 

mL, 14.5 mmol) and R-(+)-Propylene oxide (1.27 mL, 18.2 mmol) were heated to 65°C for 18 

hours. The reaction was cooled and concentrated in vacuo. The resulting residue was purified by 

silica gel (0-12% MeOH in DCM) to provide (R)-l-((R)-3-methoxypyrrolidin-l-yl)propan-2-ol 

(775 mg, 4.87 mmol, 67.0 % yield).

Intermediate 10

(R)-l-((S)-3-methoxypyrrolidin-l-yl)propan-2-ol

[0227] In a sealed tube, (S)-3-methoxypyrrolidine hydrochloride (1.00 g, 7.27 mmol), TEA (2.03 

mL, 14.5 mmol) and R-(+)-Propylene oxide (1.27 mL, 18.2 mmol) were heated to 65°C for 18 

hours. The reaction was cooled and concentrated in vacuo. The resulting residue was purified by 

silica gel (0-12% MeOH in DCM) to provide (R)-l-((S)-3-methoxypyrrolidin-l-yl)propan-2-ol (781 

mg, 4.90 mmol, 67.5 % yield)
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Intermediate 11

HO

(R)-I-((S)-3-((tert-butyldimethylsilyl)oxy)pyrrolidin-l-yI)propan-2-ol

[0228] In a sealed tube, R-(+)-Propylene oxide (0.609 mL, 8.69 mmol) and (S)-3-((tert- 

butyldimethylsilyl)oxy)pyrrolidine (1.00 g, 4.97 mmol) were heated to 70°C for 20 hours. The 

reaction was cooled and concentrated in vacuo to provide (R)-I-((S)-3-((tert- 

butyldimethylsilyl)oxy)pyrrolidin-l-yl)propan-2-ol (1.29 g, 4.20 mmol, 84.6 % yield).

Intermediate 12

Boc

tert-butyl 2-(hydroxymethyl)-4-methy!piperazine-1 -carboxylate

[0229] To a suspension of lithium chloride (246 mg, 5.81 mmol) and Lithium Borohydride (126 

mg, 5.81 mmol) in ethanol (9 mL), at O0C under nitrogen, a solution of 1-(tert-butyl) 2-methyl 4- 

methylpiperazine-1,2-dicarboxylate (750 mg, 2.90 mmol) in dry THF (6 mL) was added dropwise. 

The reaction was stirred overnight forming a white precipitate. The precipitate was filtered and 

washed with ethanol. The combined filtrate and organic extracts were concentrated to provide a 

white residue which was extracted with ethyl acetate. The combined organic layers were washed 

with saturated sodium chloride solution, dried over sodium sulfate and concentrated in vacuo. The 

residue was purified by chromatography with isocratic 10% MeOH in DCM with 0.2% NH4OH to 

provide tert-butyl 2-(hydroxymethyl)-4-methylpiperazine-l-carboxylate (104 mg, 0.452 mmol, 15.6 

% yield).

Intermediate 13
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(S)-2-(2-methylpiperidin-1 -yl)ethan-1 -ol

[0230] A mixture of (S)-2-methylpiperidine (100 mg, 1.01 mmol), 2-bromoethanol (78 pL, 139 mg, 

1.11 mmol, 1.1 eq.), sodium iodide (151 mg, 1 eq.), potassium carbonate (418 mg, 3 eq.) and 

acetonitrile (1 mL) in a 4-mL vial was purged with nitrogen, sealed and stirred at room temperature 

for 2 days. The reaction mixture was partitioned between diethyl ether (15 mL) and water (2 mL). 

The ether layer was washed with brine (2 mL), acidified with TFA and dried under high vacuum for 

2 days. The residue was washed with ether (3 mL), diluted with water (0.5 mL) and basified with 

IOM NaOH (0.2 mL). The layers were separated and the upper layer was carefully dried over 

NaOH. The ether solution was evaporated under nitrogen to yield crude (S)-2-(2-methylpiperidin-l- 

yl)ethan-l-ol (100 mg, 0.698 mmol, 69.24% yield) as colorless oil.

Intermediate 14

Illi

HO
N

(R)-2-(2-methy lpiperidin-1 -yl)ethan-1 -ol

[0231] Synthesized according to the method of Intermediate 13, using (R)-2-methylpiperidine (99 

mg, 1 mmol) in place of (S)-2-methylpiperidine.

Intermediate 15

(S)-2-(3-methoxypiperidin-1 -yl)ethan-1 -ol

[0232] Synthesized according to the method of Intermediate 13, using (S)-3-methoxypiperidine
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(173 mg, 1.50 mmol) in place of (S)-2-methylpiperidine.

Intermediate 16

O'

HO

(R)-2-(3 -methoxypiperidin-1 -yl)ethan-1 -ol

[0233] Synthesized according to the method of Intermediate 13, using R-3-methoxypiperidine (173 

mg, 1.50 mmol) in place of (S)-2-methylpiperidine.

Intermediate 17

O

3-(1,4-oxazepan-4-y l)propan-1 -ol

[0234] To a vial was added homomorpholine (0.250 g, 2.472 mmol), Acetonitrile (4.943 mL, 2.472 

mmol) and 3-Bromo-I-propanol (0.2459 mL, 2.719 mmol). Potassium carbonate (0.6832 g, 4.943 

mmol) was added and the mixture was warmed to 50 °C and stirred for 6 hours. The mixture was 

cooled to ambient temperature, diluted with DCM, filtered and the collected solids were washed 

with DCM. The filtrate was concentrated in vacuo and the crude oil was purified via column 

chromatography (Biotage Isolera, 12g Isco RediSep Gold, 10-20% MeOH/DCM with 0.2% 

NH4OH) to afford 3-(1,4-oxazepan-4-yl)propan-l-ol (0.272 g, 1.708 mmol) as a colorless oil.

Intermediate 18

.0

3-((lS,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)propan-l-ol

[0235] Synthesized according to the method of Intermediate 17, using (1 S,4S)-2-Oxa-5-
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azabicyclo[2.2.1 Jheptane (0.250 g, 2.522 mmol) in place of homomorpholine.

Intermediate 19

HO

2-(4-methoxypiperidin-1 -yl)ethan-1 -ol

[0236] Synthesized according to the method of Intermediate 13, using 4-methoxypiperidine (173 

mg, 1.50 mmol) in place of (S)-2-methylpiperidine.

Intermediate 20

HO

2-(4,4-difluoropiperidin-l-yl)ethan-l-ol

[0237] Synthesized according to the method of Intennediate 13, using 4,4-difluoropiperidine 

hydrochloride (173 mg, 1.50 mmol) in place of (S)-2-methylpiperidine.

Intermediate 21

HO

(S)-2-(3-fluoropiperidin-l-yl)ethan-l-ol

[0238] Synthesized according to the method of Intermediate 13, using S-3-fluoropiperidine 

hydrochloride (209 mg, 1.50 mmol) in place of (S)-2-methylpiperidine.

Intermediate 22
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O

(R)-1 -(4-(2-hydroxypropy l)piperazin-1 -yl)ethan-1 -one

[0239] Step A: l-[4-r(27?)-2-hvdroxvpropyl]piperazin-l-yl]ethanone: (2//)-2-methyJoxirane (1.00 g. 

17.2 mmol, 1.20 mL, 1.00 eq) and 1-piperazin-l-ylethanone (8.00 g, 62.4 mmol, 3.62 eq) were

taken up into a microwave tube. The sealed tube was heated at 150 °C for 1 hour under microwave.

The mixture was dissolved in DCM (80.0 mL), added (ΒοφΟ (3.62 eq,13.6 g) and stirred at 20 °C 

for 1 hour. The residue was purified by column chromatography (DCM/MeOH 100/1 to 10/1) to 

give l-[4-[(2R)-2-hydroxypropyl]piperazin-l-yl]ethanone (3.80 g, 13.5 mmol, 78.2 % yield, 66.0 

% purity) as a yellow oil.

Intermediate 23

l-(benzyloxy)-3-bromo-5-cyclopropylbenzene

[0240] Step A: l-benzvloxy-3,5-dibromo-benzcne: To a mixture of 3,5-dibromophenol (1.50 g,

5.95 mmol, 1.00 eq) and K2CO3 (2.47 g, 17.9 mmol, 3.00 eq) in MeCN (30.0 mL) was added 

benzyl bromide (1.07 g, 6.25 mmol, 742 pL, 1.05 eq), the reaction mixture was stirred at 80 0C for 

2 hours. The reaction mixture was filtered and concentrated. The residue was purified by column 

chromatography (S1O2, Petroleum ether/Ethyl acetate = 1:1 to give 1-benzyIoxy-3,5- 

dibromobenzene (1.60 g, 4.68 mmol, 78.6 % yield) as colorless oil.

[0241] Step B: l-benzyloxv-3-bromo-5-cvclopropylbenzene: To a mixture of l-benzyloxy-3,5- 

dibromobenzene (1.20 g, 3.51 mmol, 1.00 eq) and cyclopropylboronic acid (392 mg, 4.56 mmol, 

1.30 eq) in H2O (4.00 mL) and dioxane (20.0 mL) was added Pd(dppf)Cl2 (513 mg, 702 pmol, 0.20 

eq) and CS2CO3 (2.29 g, 7.02 mmol, 2.00 eq). The reaction mixture was stirred at 90 °C for 12 

hours under N2. The reaction mixture was added to water (20 mL) and extracted with ethyl acetate 

(2x15 mL). The combined organic layers were dried over Na2S04, filtered and concentrated. The
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residue was purified by column chromatography (S1O2, Petroleum ether/Ethyl acetate = 1:1 to give 

l-benzyloxy-3-bromo-5-cyclopropyl -benzene (270 mg, 890 pmol, 25.4 % yield) as colorless oil.

Intermediate 24

4-(benzyloxy)-2-bromo-1 -fluorobenzene

[0242] To a solution of 3-bromo-4-fluorophenol (4.00 g, 20.9 mmol, 1.00 eq) and K2CO3 (8.68 g, 

62.8 mmol, 3.00 eq) in ACN (80.0 mL) was added benzyl bromide (3.65 g, 21.4 mmol, 2.54 mL, 

1.02 eq) and the reaction mixture was stirred at 60 °C for 2 hrs. The reaction mixture was filtered 

and concentrated in vacuum. The residue was purified by silica gel chromatography (petroleum 

ethenethyl acetate; gradient from 1:0 to 10:1) to give 4-benzyloxy-2-bromo-l-fluoro-benzene 

(5.02 g, 17.0 mmol, 81.0 % yield, 95 % purity) was obtained as white solid.

Intermediate 25

F

2-(3 -fluoropy rrolidin-1 -y l)ethan-1 -ol

[0243] Step A: tert-butyl 3-fluoronvrrolidine-l-carboxvlate: To a solution of tert-butyl 3- 

hydroxypyrrolidine-l-carboxylate (10.0 g, 53.4 mmol, 1.00 eq) in DCM (150.00 mL) was added 

diethylaminosulfur trifluoride (DAST) (12.9 g, 80.1 mmol, 10.6 mL, 1.50 eq) at -40 °C under a 

nitrogen atmosphere. After stirring at - 40 0C for 2 hours, the mixture was warmed to 20 °C and 

stirred for 16 hours. The mixture was poured into 5% aqueous sodium bicarbonate (200 mL) and 

extracted with dichloromethane (2 x 100 mL). The organic layer was dried over sodium sulfate, 

filtered and concentrated under vacuum. The residue was purified by column chromatography over 

silica gel (petroleum ether/ethyl acetate 100:1 to 5:1). The desired fractions were collected and 

concentrated under vacuum to give tert-butyl 3-fluoropyrrolidine-l-carboxylate (4.30 g, 22.7 mmol,

42.6 % yield) as a colorless oil. 1H NMR (400 MHz, Chloroform-d) 6 = 5.27 (t, J = 3.6 Hz, 0.5H), 

5.13 (t, J= 3.6 Hz, 0.5H), 3.77 - 3.38 (m, 4H), 2.26 - 2.15 (m, 1H), 2.08 - 1.85 (m, 1H), 1.46 (s, 9H).
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[0244] Step B: 3-fluoropyrrolidine: To a solution of tert-butyl 3-fluoropyrrolidine-l-carboxylate 

(4.30 g, 22.7 mmol, 1.00 eq) in DCM (50.00 mL) was added HCl/dioxane (4 M, 35.0 mL, 6.16 eq) 

dropwise at 0 °C. The mixture was warmed to 20 °C and stirred for 1 hour. The mixture was 

concentrated under vacuum. The residue was triturated with diisopropyl ether (20 mL) and the 

precipitate was filtered and dried under vacuum to provide 3-fluoropyrrolidine (2.70 g, 21.5 mmol,

94.6 % yield, HC1) as a white solid. 1H NMR (400 MHz, MethanoLd4) δ = 5.51 (t, J= 3.6 Hz, 0.5H), 

5.38 (t, J-3.6 Hz, 1H), 3.66 - 3.27 (m, 5H), 2.45 - 2.12 (m, 2H).

[0245] Step C: methyl 2-(3-fluoropyrrolidin-l-vDacctatc: A suspension of 3-fluoropyrrolidine (2.70 

g, 21.5 mmol, 1.00 eq, HC1) in DCM (27.00 mL) was cooled to 0° C. Triethylamine (5.44 g, 53.8 

mmol, 7.45 mL, 2.50 eq) and methyl 2-bromoacetate (3.62 g, 23.7 mmol, 2.23 mL, 1.10 eq) were 

added and the reaction mixture was stirred at 20 °C for 16 h. The reaction mixture was diluted with 

CH2Ch(100 mL) and water (50 mL). The organic layer was washed with 5% aqueous citric acid 

solution (1 x 50 mL). The water layer was basified by saturated aqueous sodium carbonate solution 

(20 mL) and extracted with ethyl acetate (3 x 100 mL). The combined organic layers were dried over 

sodium sulfate and concentrated in vacuo to give methyl 2-(3-fluoropyrrolidin-1 -yl)acetate (2.20 g,

13.7 mmol, 63.5 % yield). 1H NMR (400 MHz, Chloroform-d) δ = 5.22 - 5.02 (m, 1H), 3.66 (s, 3H), 

3.35 (s, 2H), 3.07 - 2.93 (m, 1H), 2.91 - 2.77 (m, 2H), 2.67 (dt, J- 5.2, 8.4 Hz, 1H), 2.21 - 1.93 (m, 

2H).

[0246] Step D: 2-(3-fluoropvrrolidin-l-yl)ethanol: To a solution of LiAlH4 (706 mg, 18.6 mmol, 

1.50 eq) in THF (20 mL) was added a solution of methyl 2-(3-fluoropyrroIidin-l-yl)acetate (2.00 g, 

12.4 mmol, 1.00 eq) in THF (10 mL) dropwise at 0 °C. The mixture was warmed up to 20 °C and 

stirred for 3 hours. The mixture was quenched with saturated aqueous sodium sulfate solution (1 

mL). The mixture was filtered and the filtrate was concentrated under vacuum. The product was 

purified by silica gel chromatography using 5% MeOH in DMC. The desired fractions were 

collected and concentrated under vacuum to give 2-(3-fluoropyrrolidin-l -yl)ethanol (1.20 g, 9.01 

mmol, 72.6 % yield) as a colorless oil. 1H NMR (400 MHz, Chloroform-d) δ - 5.28 - 5.05 (m, 1H), 

3.68 - 3.61 (m, 2H), 2.99 - 2.73 (m, 4H), 2.72 - 2.67 (m, 2H), 2.58 - 2.45 (m, 1H), 2.28 - 1.97 (m, 

2H).

Intermediate 26

69



WO 2020/146613 PCT/US2020/012906

l-(tert-butyl) 3-methyl piperazine- 1,3-dicarboxylate

[0247] Step A: methyl piperazine-2-carboxvlate: To a mixture of 1-tert-butyl 2-methyl piperazine- 

1,2-dicarboxylate (5.0 g, 22.6 mmol, 1.00 eq) in MeOH (50.0 mL) was added HCl/dioxane (4.0 M, 

134 mL). The reaction mixture was degassed and purged with nitrogen 3 times, and the mixture 

was stirred at 25 °C for 12 hours under a nitrogen atmosphere. The reaction mixture was 

concentrated under reduced pressure to dryness to give methyl piperazine-2-carboxylate (4.89 g, 

2HC1, crude) as a white solid, which was used directly in the next step without further purification.

[0248] Step B: l-(tert-butvl) 3-methyl piperazine-1,3-dicarboxylate: To a solution of methyl 

piperazine-2-carboxylate (4.30 g, crude) and TEA (8.02 g, 79.2 mmol, 11.0 mL) in MeOH (50.0 

mL) was added di-tert-butyl dicarbonate (4.32 g, 19.8 mmol, 4.55 mL). After stirring at 25 °C for 

12 hours, the reaction mixture was filtered and concentrated under reduced pressure to dryness. 

The residue was purified by column chromatography (S1O2, DCM / MeOH = 1:0 to 20:1) to give 

1-(tert-butyl) 3-methyl piperazine-1,3-dicarboxylate (4.80 g, 19.7 mmol, two steps, 99.0 % yield) 

as a colorless Oif1H NMR (400 MHz, chloroform-d) δ = 4.10 - 3.85 (m, HI), 3.73 (s, 3H), 3.71 - 

3.65 (m, 1H), 3.47 - 3.38 (m, 1H), 3.10 - 2.98 (m, 2H), 2.78 - 2.66 (m, 1H), 2.17 (s, 1H), 1.46 (s, 

9H).

Intermediate 27

Br

4-bromonaphthalen-2-ol

[0249] Step A: 2,4-dibromonaphthalen-1 -amine: To a solution of Br2 (246 g, 1.54 mol, 79.3 mL,
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2.18 eq) in AcOH (750 mL) was added a solution of naphthalen-1-amine (101 g, 705 mmol, 99.0 

mL, 1.00 eq) in AcOH (500 mL) at ambient temperature, and the reaction was stirred at 70 0C for 1 

hour. The reaction mixture was cooled at room temperature and filtered. The filter cake was 

washed with AcOH (300 mL), then added to 20 % aqueous of NaOH (1.2 L). The mixture was 

stirred for 20 min and filtered. The isolated solid was washed with water (1 L) and dried under 

vacuum to provide 2,4-dibromonaphthalen-l-amine (200 g, 664 mmol, 94.2% yield) as gray solid. 

ESI MS m/z 301. 9 [MLH]+.

[0250] Step B: 4-bromo-1 -diazonio-naphthalen-2-olate: To a solution of 2,4-dibromonaphthalen-l- 

amine (60.0 g, 199 mmol, 1.00 eq) in AcOH (900 mL) and propionic acid (150 mL) was added 

NaN02 (16.5 g, 239 mmol, 13.0 mL, 1.20 eq) portionwise at 5-8 °C over 30 min, and then the 

reaction mixture was stirred at 5-8 °C for 30 min. The reaction mixture was poured into ice-water 

(4000 mL), and the resulting solid was collected and washed with water (2 x 50 mL) to provide A- 

bromo-l-diazonio-naphthalen-2-olate (150 g, wet crude) as gray solid which was used directly in 

the next step. 1H NMR (400 MHz, CDCl3) δ 8.12 - 8.10 (d, ./=8.4 Hz, III), 7.62 - 7.58 (t, ./=7.6 Hz, 

1H), 7.41 - 7.37 (t, J=I.6 Hz, 1H), 7.31 -7.29 (d, .7=8.0 Hz, 1H), 7.20 (s, 1H).

[0251] Step C: 4-bromonaphthalen-2-ol: To a solution of 4-bromo-l-diazonio-naphthalen-2-olate 

(100 g, 402 mmol, 1.00 eq) in EtOH (2.00 L) was added portionwise NaBH4 (30.4 g, 803 mmol, 

2.00 eq) at 13-15 0C over 1 h, and the reaction mixture was stirred at 15-18 °C for 3 hrs. The 

reaction was filtered and concentrated to dryness. The residue was dissolved in DCM (1000 mL) 

and washed with water (500 mL x 2). The organic phase was dried over Na2S04 and concentrated 

to dryness. The residue was purified by silica gel column chromatograph, eluting with diethyl 

ether/ethyl acetate (60:1 to 10:1). The isolated product was further purified by reversed phase 

EIPLC to provide 4-bromonaphthalen-2-ol (40.0 g, 139 mmol, 17.3 % yield, 77.4% purity) as a 

gray solid. 1H NMR (400 MHz, CDCl3) δ 8.07 - 8.05 (d, J= 8.0 Hz, 1H), 7.60 - 7.58 (d, J=I.6 Hz, 

1H), 7.41 - 7.36 (m, 3H), 7.07 (s, 1H).

[0252] Step D: 3-benzyloxy-l-bromo-naphthalene: A mixture of 4-bromonaphthalen-2-ol (30.0 g, 

134 mmol, 1.00 eq), benzyl bromide (25.3 g, 148 mmol, 17.6 mL, 1.10 eq) and K2CO3 (55.7 g, 403 

mmol, 3.00 eq) in MeCN (500 mL) was heated at 80 °C for 1 hr. The reaction mixture was filtered 

and concentrated to dryness. The residue was purified by silica gel column chromatography, 

eluting with diethyl ether/ethyl acetate (100:1 to 60:1) to provide 3-benzyloxy-l-bromo-
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naphthalene (40.0 g, 128 mmol, 95 % yield) as yellow oil. 1H NMR (400 MHz, CDCR) δ 8.19 - 

8.17 (d, J=8.0 Hz, 1H), 7.75 - 7.32 (d, J=8.8 Hz, 1H), 7.64 - 7.63 (d, J=2.4 Ηζ,ΙΗ), 7.52 - 7.37 

(m, 7H), 7.23 - 7.21 (d, ./=2.0 Ηζ,ΙΗ), 5.2 (s, 2H).

Intermediate 28 

OTf

O'""

3-methoxynaphthalen-1 -yl trifluoromethanesulfonate

[0253] Step A: 3 -methoxynaphthalen-1 -ol : To a solution of naphthalene-1,3-diol (3.00 g, 18.7 

mmol, 1.00 eq) in MeOH (60.0 mL) was added HCl/MeOH (4 M, 60.0 mL, 12.8 eq) at 0 0C. The 

mixture was stirred at 25 °C for 60 hours. The solvent was removed under vacuum. The residue 

was purified by silica gel chromatography (diethyl ethenethyl acetate=10:l to 5:1) to give 3- 

methoxynaphthalen-l-ol (2.10 g, 12.1 mmol, 64.4% yield) as a brown solid. 1H NMR (400 MHz, 

CDCl3-d6) δ = 8.10 - 8.08 (d, J=8.4 Hz, 1H).7.73 - 7.71 (d, ./=8.4 Hz, 1H), 7.47 - 7.45(m, 1H), 7.38 

- 7.35(m, 1H), 6.80 - 6.79 (d, J= 2.0 Hz, 1H), 6.56 - 6.55 (d, J=2.4 Hz, 1H), 3.92 (s, 3H).

[0254] Step B: (3-methoxv-l-naphthyl) trifluoromethanesulfonate: To a solution of 3- 

methoxynaphthalen-l-ol (2.10 g, 12.0 mmol, 1.00 eq) in DCM (40.0 mL) was added DIEA (7.79 g, 

60.3 mmol, 10.5 mL, 5.00 eq) and trifluoromethanesulfonic anhydride (5.10 g, 18.1 mmol, 2.98 

mL, 1.50 eq) at 0 °C. The mixture was stirred at 25 °C for 1 hour. The mixture was diluted with 

DCM (30 mL) and water (10 mL) and extracted with DCM (20 mL). The combined organic layers 

were washed with brine (5 mL), dried over Na3SCb and concentrated under vacuum. The residue 

was purified by silica gel chromatography (diethyl ethenethyl acetate=20:l to 10 :1) to give (3- 

methoxy-1-naphthyl) trifluoromethanesulfonate (3.00 g, 8.52 mmol, 70.7 % yield, 87.0 % purity) 

as a brown oil. ESI MS m/z 307.1 [M+H]f.

lntenuediate 29

72



WO 2020/146613 PCT/US2020/012906

Br

tert-butyl (1 -bromoisoquinolin-3-yl)carbamate

[0255] Step A: A mixture of l-bromoisoquinolin-3-amine (400 mg, 1.79 mmol, 1.00 eq) and tert- 

butoxycarbonyl tert-butyl carbonate (3.91 g, 17.9 mmol, 4.12 mL, 10.0 eq) was stirred at 70 °C for 

16 hours. The residue was purified by column chromatography (S1O2, diethyl ether/ethyl acetate = 

5:1) to give tert-butyl N-(l-bromo-3-isoquinolyl) carbamate (400 mg, 1.24 mmol, 69.2 % yield) as 

a yellow solid. ESI MS m/z 322.1, 324.1 [M+H]+.

Intermediate 30

3-methoxy-6-methylnaphthalen-1 -yl trifluoromethanesulfonate

[0256] Step A: 3-methoxynaphthalen-l-oI: To a solution of naphthalene-1,3-diol (40.0 g, 250 

mmol, 1.00 eq) in MeOH (800 mL) was added HCl (4 M, 750 mL, 12.0 eq, 4 M in MeOH) at 0 0C. 

The mixture was warmed up to 18 °C and stirred for 30 hours. The mixture was concentrated under 

vacuum. The residue was purified by column chromatography over silica gel (petroleum 

ether/ethyl acetate 100/1 to 1/1). The desired fractions were collected and concentrated under 

vacuum to give 3-methoxynaphthalen-l-ol (17.7 g, 96.5 mmol, 38.6 % yield, 95 % purity) as a red 

oil. 1H NMR (400MHz, Chloroform-d) 6 = 8.17 (d, J= 8.4 Hz, 1 H), 7.74 (d, J= 8.0 Hz, III), 7.50 

(ddd, J= 1.2, 6.8, 8.0 Hz, 1H), 7.38 (ddd, J=I .2, 6.8, 8.0 Hz, 1H), 6.81 (d, J=2.0 Hz, 1H), 6.76 (br 

s, 1H), 6.62 (d, J=2.4 Hz, 1H), 3.91 (s, 3H).

[0257] Step B: /er/-butyl-[(3-methoxy-1 -naphthyl)oxy]-dimethyl-silane: To a solution of 3- 

methoxynaphthalen-l-ol (20.0 g, 115 mmol, 1.00 eq) and imidazole (23.5 g, 344 mmol, 3.00 eq) in 

THF (400 mL) was added TBSCl (26.0 g, 172 mmol, 21.1 mL, 1.50 eq) dropwise at 0 °C. The
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mixture was warmed up to 25 0C and stirred for 16 hours. The mixture was diluted with petroleum 

ether (600 mL) and ethyl acetate (200 mL), and then washed with water (1 x 200 mL) and brine (1 

x 200 mL). The separated organic layer was dried over sodium sulfate, filtered and concentrated 

under vacuum. The residue was purified by column chromatography over silica gel (petroleum 

ether/ethyl acetate 100/1 to 10/1). /e77-butyl-|( 3-methoxy-l-naphthy I )oxy [-dimethyl-silane (28.0 g,

97.1 mmol, 84.6 % yield) was obtained as a colorless oil. ]H NMR (400MHz, Chloroform-d) δ = 

8.01 (d, J= 8.4 Hz, 1H), 7.61 (d, J= 8.0 Hz, 1H), 7.35 (dt,./ = 1.2, 7.6 Hz, 1H), 7.24 (dt, J= 1.2, 

7.6 Hz, 1H), 6.71 (d, J = 2.0 Hz, 1H), 6.48 (d, J= 2.4 Hz, 1H), 3.82 (s, 3H), 1.02 (s, 9H), 0.23 (s, 

6H).

[0258] Step C: fer/-butyl-[T3-methoxy-6-(4.4,5,5-tetramethvl-l,3,2-dioxaborolan-2-vl)-l- 

naphthvlloxvl-dimethyl-si 1 ane and tert-bLitvKO-methoxv-7-(4.4.5,5-tetramethvl-1,3,2-

dioxaborolan-2-vl)naphthalen-1 -v 1) o xv) d imethv 1 si 1 ane: A mixture of /er/-butyl-[(3-methoxy-1 - 

naphthyl) oxy]-dimethyl-silane (26.0 g, 90.1 mmol, 1.00 eq), 4,4,5,5-tetramethyl-2-(4,4,5,5- 

tetramethyl-l,3,2-dioxaborolan-2-yl)-l,3,2-dioxaborolane (45.8 g, 180 mmol, 2.00 eq), (1Z,5Z)- 

cycloocta-l,5-diene;2,4-dimethyl-BLAHbicyclo[l .1 .OJbutane (2.39 g, 3.61 mmol, 0.04 eq) and 4- 

/er/-butyl-2-(4-/er/-butyl-2-pyridyl)pyridine (1.45 g, 5.41 mmol, 0.06 eq) in hexane (500 mL) was 

stirred at 100 °C under nitrogen atmosphere for 16 hours. The mixture was diluted with water (500 

mL) and ethyl acetate (1000 mL). The separated organic layer was washed with brine (1 x 500 

mL), dried over sodium sulfate, filtered and concentrated under vacuum. The residue was purified 

by column chromatography over silica gel (petroleum ether/ethyl acetate 100/1 to 10/1). The 

desired fractions were collected and concentrated under vacuum to give a mixture of /er/-butyl-[[3- 

methoxy-6-(4,4,5,5-tetramethyl-l ,3,2-dioxaborolan-2-yl)-l -naphthyl]oxy]-dimethyl-silane and 

/er/-butyl((3-methoxy-7-(4,4,5,5-tetramethyl-l,3,2- dioxaborolan-2-yl)naphthalen-l- 

yl)oxy)dimethylsilane (38.0 g, 85.3 mmol, 94.6 % yield, 93 % purity) as a light yellow oil. ESI 

MS m/z 415.5 [M+H]f

[0259] Step D: 8-[/er/-butyl(dimethyl)silylloxy-6-methoxy- naphthalen-2-oh To a solution of 

mixture (36.0 g, 86.9 mmol, 1.00 eq) of /erf-butyl-[[3-methoxy-6-(4,4,5,5- tetramethyl-1,3,2- 

dioxaborolan-2-yl)-l- naphthyl]oxy]-dimethyl-silane and /er/-butyl((3-methoxy-7-(4,·4,5,5- 

tetramethyl-1,3, 2-dioxaborolan-2-yl)naphthalen-l-yl)oxy)dimethylsilanein in acetone (400 mL) 

was added a solution of Oxone (58.7 g, 95.6 mmol, 1.10 eq) in H2O (400 mL) at 0 °C. The mixture
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was stirred at O 0C for 1 hour. The mixture was quenched with 5% aqueous sodium thiosulfate 

solution (50 mL) and extracted with ethyl acetate (2 χ 300 mL). The extracts were combined and 

washed with water (lx 200 mL), brine (1 χ 200 mL), dried over magnesium sulfate, filtered and 

the filtrate was concentrated under vacuum. The residue was purified by column chromatography 

over silica gel (petroleum ether/ethyl acetate 200/1 to 20/1). The desired fractions were collected 

and concentrated under vacuum to give S-[iert-bu Ly 1 (di methy 1) si 1 y 1 ] ο xy-6-meIhoxy- naphthalen-2- 

ol (9.00 g, 28.4 mmol, 32.7 % yield, 96 % purity) as a colorless oil and 5-[tert- 

butyl(dimethyl)silyl]oxy-7-methoxy-naphthalen-2-ol (9.00 g, 29.0 mmol, 33.4 % yield, 98 % 

purity) as a white solid. ESI MS m/z 305.2 [M+H]+

[0260] Step E: |5-|/er/-butvl(dimethvllsilvl|oxv-7-methoxv-2-naphthvl] trifluoromethanesulfonate: 

To a solution of 5-[/er/-butyI(dimethyi)silyl |oxy-7- methoxy-naphthalen-2-ol (11.0 g, 36.1 mmol, 

1.00 eq) and DIEA (14.0 g, 108 mmol, 18.9 mL, 3.00 eq) in DCM (150 mL) was added TfiO (12.2 

g, 43.4 mmol, 7.15 mL, 1.20 eq) dropwise at - 40 °C. The mixture was stirred for 1 hour. The 

mixture was diluted with dichloromethane (200 mL) and washed with water (1 χ 200 mL) and 

brine (1 x 200 mL). The separated organic layer was dried over sodium sulfate, filtered and 

concentrated under vacuum. The residue was purified by column chromatography over silica gel 

(petroleum ether/ethyl acetate 100/1 to 10/1). The desired fractions were collected and 

concentrated under vacuum to give [5-[/er/-butyl(dimethyl)silyl]oxy-7-methoxy-2-naphthyl] 

trifluoromethanesulfonate (13.0 g, 29.8 mmol, 82.4 % yield, 100 % purity) as a white solid. ESI 

MS m/z 436.9 [M+Hf

[0261] Step F: /er/-butylT(3-methoxv-6-methyl-l-naphthvl)oxy]-dimcthyl-silane: To a solution of 

[5-[/er/-butyl(dimethyl)silyl]oxy-7-methoxy-2- naphthyl]trifluoromethanesulfonate (12.5 g, 28.6 

mmol, 1.00 eq) and K2CO3 (11.9 g, 85.9 mmol, 3.00 eq) in dioxane (160 mL) was added Pd(PPh3)4 

(3.31 g, 2.86 mmol, 0.10 eq) and trimethylboroxine (14.4 g, 57.3 mmol, 16.0 mL, 2.00 eq) under 

nitrogen atmosphere. The reaction was heated to 100 °C for 16 hours. The mixture was diluted 

with ethyl acetate (200 mL) and then washed with water (1 χ 200 mL) and brine (1 χ 200 mL). The 

separated organic layer was dried over sodium sulfate, filtered and concentrated under vacuum.

The residue was purified by column chromatography over silica gel (petroleum ether/ethyl acetate 

100/1 to 5/1). The desired fractions were collected and concentrated under vacuum to give tert- 

butyl-[(3-methoxy-6-methyl-l-naphthyl)oxy]-dimethyl-silane (8.00 g, 24.6 mmol, 85.9 % yield, 93
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% purity) as a colorless oil as red solid. ESI MS m/z 303.2 [MTH]+

[0262] Step G: 3-methoxv-6-mcthvl-nanhthalen-1 -ol: To a solution of ter/-butyl-[(3-methoxy-6- 

methyl-1-naphthyl) oxy]-dimethyl-silane (8.00 g, 26.5 mmol, 1.00 eq) in THF (100 mL) was added 

TBAF (10.4 g, 39.7 mmol, 1.50 eq) at 0 °C. The mixture was stirred at 0 °C for 3 hours. The 

mixture was diluted with water (100 mL) and ethyl acetate (200 mL). The separated organic layer 

was washed with brine (1 χ 100 mL), dried over sodium sulfate, filtered and concentrated under 

vacuum. The residue was purified by column chromatography over silica gel (petroleum 

ether/ethyl acetate 50/1 to 5/1). The desired fractions were collected and concentrated under 

vacuum to give 3-methoxy-6-methyl-naphthalen-l-ol (4.70 g, 25.0 mmol, 94.4 % yield) as a red 

solid. ESI MS m/z 188.4 [M+FI]+

[0263] Step H: 3-methoxy-6-methyl-l-naphthyl trifluoromethanesulfonate: To a solution of 3- 

methoxy-6-methyl-naphthalen-l-ol (4.70 g, 25.0 mmol, 1.00 eq) and DIEA (9.68 g, 74.9 mmol,

13.1 mL, 3.00 eq) in DCM (3.00 mL) was added Tf2O (8.45 g, 30.0 mmol, 4.94 mL, 1.20 eq) 

dropwise at - 40 °C. The mixture was stirred for 1 hour. The mixture was diluted with 

dichloromethane (200 mL) and washed with water (1 χ 200 mL) and brine (lx 200 mL). The 

separated organic layer was dried over sodium sulfate, filtered and concentrated under vacuum.

The residue was purified by column chromatography over silica gel (petroleum ether/ethyl acetate 

100/1 to 10/1). 3-methoxy-6-methyl-l-naphthyl trifluoromethanesulfonate (7.70 g, 24.0 mmol,

96.2 % yield, 99.9 % purity) was obtained as a colorless oil. ESI MS m/z 320.7 [M+H]+.

[0264] The following intermediates were prepared according to the preparation for Intermediate 3, 

substituting the appropriate phenol for 2-bromo-3-fluorophenol.

Intermediate No. Structure Name

Intermediate 31

O
7 > O Q

-? O 4 CO

2-bromo-4-(methoxymethoxy)-1 - 
(trifluoromethoxy)benzene

Intermediate 32
Br

2-bromo-4-(methoxymethoxy)-1 - 
(trifluoromethyl)benzene
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Intermediate 33

CO
LlO\

O)O\ 2-bromo-1 -(methoxymethoxy)-4- 
(trifluoromethoxy)benzene

Intermediate 34 O
 

a-
)O\ 2-bromo-4-fluoro-3 - 

(methoxymethoxy)-1 - 
methylbenzene

Intermediate 35

CO
LLO\O<O/

1 -bromo-3-(methoxymethoxy)-5- 
(trifluoromethoxy)benzene

Intermediate 36
Br

iV°x 2-bromo-1 -methoxy-4- 
(methoxymethoxy)benzene

Intermediate 37
Br

2-bromo-l-(methoxymethoxy)-3- 
methylbenzene

Intermediate 38
Br

2-bromo-4-(mcthoxymethoxy)-1 - 
methylbenzene

Intermediate 39

Br

0I

1 -bromo-4-(methoxymethoxy)-2- 
(trifluoromethoxy)benzene

Intermediate 40

O

Br

F

2-bromo-3-fluoro-1-(methoxymethoxy)-4-methylbenzene
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[0265] Step 1: 3-fluoro-4-methylphenol (1.016 g, 8.055 mmol) was placed in Cs2 (3.9 mL, 64.44 

mmol) and was cooled to O0C. Br2 (0.4150 mL, 8.055 mmol) was added and the mixture was 

stirred at room temperature for 2 hrs. 10% Na2S2C>2 was added and the mixture was extracted with 

DCM. The organic layers were combined, dried and filtered to provide 2-bromo-3-fluoro-4- 

methylphenol (1.389 g, 6.775 mmol, 84.10 % yield) which was used directly in the next step.

[0266] Step 2: 2-bromo-3-fluoro-l-(methoxymethoxy)-4-methylbenzene was prepared according to 

the procedure for Intermediate 8 using 2-bromo-3-fluoro-4-methylphenol in place of 2-bromo-3- 

fluorophenol.

Intermediate 41

2-bromo-1 -isopropoxy-4-(methoxymethoxy)benzene

[0267] Step 1: 4-isopropoxyphenol (1.00 g, 6.57 mmol) and TEA (1.83 mL, 13.1 mmol) were 

placed in DCM (25 mL). Acetyl chloride (7.56 mL, 7.56 mmol) was added dropwise and the 

reaction was stirred at room temperature for 2hr. Water was added and the mixture was extracted 

with DCM. The organic layer was dried, filtered and concentrated to provide 4-isopropoxyphenyl 

acetate (1.24 g, 6.38 mmol, 97.2 % yield) which was directly in the next step.

[0268] Step2: 4-Isopropoxyphenyl acetate (1.24 g, 6.585 mmol) was placed in ACN (20 mL) and 

N-bromosuccinimide (1.173 g, 6.590 mmol) was added. The mixture was stirred for 18 hr. Water 

was added and the mixture was extracted with ether. The organic layers were combined, dried, and 

concentrated to provide 3-bromo-4-isopropoxyphenyl acetate (1.584 g, 5.800 mmol, 88.00 % 

yield) which was directly in the next step.

[0269] Step 3: 3-Bromo-4-isopropoxyphenyl acetate (500 mg, 1.83 mmol) was placed in MeOH (7 

mL). A solution of KOH (111 mg, 1.98 mmol) in water (2 mL) was added to mixture and was 

stirred for 1 hr at room temperature. The reaction mixture was adjusted to pH 3 by the addition of 

IN HC1. The mixture was extracted with DCM. The extracts were combined, dried, filtered and 

concentrated to provide crude 3-bromo-4-isopropoxyphenol which was used directly the next
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reaction.

[0270] Step 4: 2-Bromo-l-isopropoxy-4-(methoxymethoxy)benzene was prepared according to the 

procedure for Intermediate 8 using 3-bromo-4-isopropoxyphenol in place of 2-bromo-3- 

fluorophenol

Intermediate 42

xO .

l-bromo-3-chloro-2-isopropyl-5-(methoxymethoxy)benzene

[0271] Step 1: l-bromo-3-chloro-2-isopropyl-5-methoxybenzene (952 mg, 3.61 mmol) was placed 

in DCM (3 mL) and was cooled to O0C. BBr3 (9030 pL, 9.03 mmol) was added and the reaction 

was stirred at O0C for 2 hr. Water was added and the mixture was extracted with DCM. The 

extracts were combined and concentrated. The resulting residue was purified by silica gel (0-20% 

EtOAc in hexane) to provide 3-bromo-5-chloro-4-isopropylphenol (575 mg, 2.30 mmol, 63.8 % 

yield)

[0272] Step 2: l-bromo-3-chloro-2-isopropyl-5-(methoxymethoxy)benzene was prepared 

according to the procedure for Intermediate 8 using 3-bromo-5-chloro-4-isopropylphenol in place 

of 2-

lntermediate 43

l-iodo-3-(methoxymethoxy)naphthalene

[0273] To a solution of 4-iodonaphthalen-2-ol (0.80 g, 3.0 mmol) in DCM (20 mL) was added N- 

ethyl-N-isopropylpropan-2-amine (1.1 mL, 5.9 mmol) and chloro(methoxy)methane (0.29 g, 3.6 

mmol) and the reaction stirred at room temperature for 4 hours, with additional
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chloro(methoxy)methane (0.15 g) being added after 2 hours. The reaction was washed with brine 

and concentrated in vacuo. The material was purified by chromatography using a gradient of O to 

10% EtOAc/hexanes as the eluent to give l-iodo-3-(methoxymethoxy)naphthalene (0.80 g, 2.5 

mmol, 86 % yield).

Intermediate 44

3-benzyloxy-1 -bromo-naphthalene 

Br

Br

Br2, AcOH

70 0C, 1 h 
94,2 %

[0274] Step A: 2.4-dibromonaphthalen-1 -amine: To a solution of Br2 (246 g, 1.54 mol, 79.3 mL) in 

AcOH (750 mL) was added a solution of naphthalen-1 -amine (101 g, 705 mmol, 99.0 mL) in 

AcOH (500 mL) at room temperature and the reaction stirred at 70 °C for 1 hour. The reaction 

mixture was cooled to room temperature and filtered. The filter cake was washed with AcOH (300 

mL). The solid was next suspended in 20 % aqueous of NaOH (1.2 L). The mixture was stirred for 

20 minutes and filtered. The solid was washed with water (1 L) and dried under vacuum to give

2,4-dibromonaphthalen-l -amine (200 g, 664 mmol, 94.2% yield) as gray solid. ES+APCI MS m/z 

301.9 [M+H]+.

Br

NaNO2, propionic acid 

AcOH, 5-8 0C, 1 h

NH2

[0275] Step B: 4-bromo-l-diazonio-naphthalen-2-olate: To a solution of 2,4-dibromonaphthalen-l- 

amine (60.0 g, 199 mmol) in AcOH (900 mL) and propionic acid (150 mL) was added NaN02 

(16.5 g, 239 mmol, 13.0 mL) portionwise at 5-8 °C over 30 minutes and the reaction mixture
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stirred at 5-8 °C for 30 minutes. The reaction mixture was poured into ice-water (4000 mL), the 

slurry filtered and the solid washed with water (2 x 50 mL) to give 4-bromo-l-diazonio- 

naphthalen-2-olate (150 g, wet crude) which was used crude in the next step immediately. 1H NMR 

(400 MHz, CDCl3) δ 8.12 - 8.10 (d, 7=8.4 Hz, Hi), 7.62 - 7.58 (t, 7=7.6 Hz, 1H), 7.41 - 7.37 (t, 

7=7.6 Hz, 1H), 7.31 - 7.29 (d, 7=8.0 Hz, 1H), 7.20 (s, 1H).

NaBH4, EtOH 
--------------------- »

13-18 0C1 4 h 
two steps 17.3 %

[0276] Step C: 4-bromonaphthalen-2-ol: To a solution of 4-bromo-l-diazonio-naphthalen-2-olate 

(100 g, 402 mmol) in EtOH (2.00 L) was added portion-wise NaBH4 (30.4 g, 803 mmol) at 13-15 

°C over 1 hour and the reaction stirred at 15-18 °C for 3 hours. The reaction was filtered and 

concentrated to dryness. The residue was dissolved in DCM (1000 mL) and washed with water 

(500 mL x 2). The organics were dried over Na2S04 and concentrated to dryness. The residue was 

purified by chromatography eluting with petroleum ether/EtOAc (60/1 Ά 10/1) and material re- 

purified by reversed phase EIPLC to give 4-bromonaphthalen-2-ol (40.0 g, 139 mmol, 17.3 % 

yield, 77.4% purity) as a gray solid. 1H NMR (400 MHz, CDCl3) δ 8.07 - 8.05 (d, 7=8.0 Hz, 1H), 

7.60 - 7.58 (d, 7=7.6 Hz, 1H), 7.41 - 7.36 (m, 3H), 7.07 (s, 1H).

[0277] Step D: 3-benzyloxy-l-biOmo-naphthalene: A mixture of 4-bromonaphthalen-2-ol (30.0 g, 

134 mmol), BnBr (25.3 g, 148 mmol, 17.6 mL) and K2CO3 (55.7 g, 403 mmol) in MeCN (500 mL) 

was heated at 80 0C for 1 hr. The reaction mixture was filtered and concentrated to dryness. The 

residue was purified by silica gel column eluting with PE/EA (100/1 to 60/1) to give 3-benzyloxy- 

1 -bromo-naphthalene (40.0 g, 128 mmol, 95 % yield). ]II NMR (400 MEIz, CDCl3) δ 8.19 - 8.17 

(d, 7=8.0 Hz, 1H), 7.75 - 7.32 (d, 7=8.8 Hz, 1H), 7.64 - 7.63 (d, 7=2.4 Ηζ,ΙΗ), 7.52 - 7.37 (m,

7H), 7.23 - 7.21 (d, 7=2.0 Ηζ,ΙΗ), 5.2 (s, 2H).
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Intermediate 45

4-bromo-5-methyl-l-tetrahydropyran-2-yl-indazole

[0278] Step A: 4-bromo-5-methyl-l-tetrahvdropyran-2-vl-indazole: To a mixture of 4-bromo-5- 

methyl-l/7-indazole (3 g, 14.2 mmol) and 3,4-dihydro-2//-pyran (2.39 g, 28.4 mmol, 2.60 mL) in 

DCM (30 mL) was added TsOHDLLO (270 mg, 1.42 mmol) and the mixture stirred at 15 °C for 2 

hours. After completion, the reaction mixture was concentrated under vacuum and the residue 

purified by column chromatography using 5~>20& EtOAc/Petroleum Ether as eluent to give 4- 

bromo-5-methyl-l-tetrahydropyran-2-yl-indazole (4 g, 13.6 mmol, 95.3% yield) as white solid. 1H 

NMR (400 MHz, chloroform-d) δ 8.01 (s, 1H), 7.47 (d, J=8.4 Hz, 1H), 7.25 (d, J=8.4 Hz, 1 H), 

5.70 (dd, J= 2.8, 9.2 Hz, 1H), 4.05 - 3.96 (m, 1H), 3.79 - 3.70 (m, 1H), 2.66 - 2.44 (m, 4H), 2.25 - 

2.04 (m, 2H), 1.84 - 1.56 (m, 3H).

Intermediate 46

4-bromo-5-methoxy-l -(tetrahydro-2H-pyran-2-yl)-1 H-indazole

[0279] 4-bromo-5-methoxy-l-(tetrahydro-2H-pyran-2-yl)-l H-indazole was prepared following 

Intermediate 51 substituting 4-bromo-5-methoxy-l H-indazole for 4-bromo-5-methyl-l//-indazole 

in Step A. 1H NMR (400 MHz, chloroform-d) δ 8.00 (s, 1H), 7.53 (d, ./=9.2 Hz, 1H), 7.16 (d, ./=9.2 

Hz, 1H), 5.70 (dd, J= 2.8, 9.2 Hz, 1H), 4.04 - 3.98 (m, 1H), 3.96 (s, 3H), 2.55 - 2.49 (m, 1H), 2.23 - 

2.05 (m, 2H), 1.83 - 1.69 (m, 3H).
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Intermediate 47

3-(benzyloxy)-l-bromo-2-methylnaphthalene

HCI/MeOH (2 M)Con. H2SOiNaH1 THF, CH3I

63.2% 43.5%84.3%

Pd2(dba)3, t-BuBrettphos 
KBr, 2-butanone, PEG 200Tf2O, Py. DCM BCI3, TBAI

/-Bu3AI1 toluene, 100 0C 

64.1%
•78 0C- O 0C

91.3%95.5%

BnBr1 K2CO:

31.0%

[0280J Step A: ethyl 2-methvl-3-oxo-4-phenvl-butanoate. To a dried 250 ml three-neckcd flask was 

added ethyl 3-oxo-4-phenyl-butanoate (4.00 g, 19.4 mmol.), THF (50.0 mL), sodium hydride (931 

mg, 23.3 mmol) and the reaction stirred for 0.5 hours at 0°C. A solution of methyl iodide (3.03 g, 

21.3) was next added drop-wise. After addition was completed, the reaction mixture was warmed 

to 20 °C and stirred for two hours at 20°C. The reaction mixture was quenched by addition of water 

(10.0 mL) at 20 °C and then diluted with ethyl acetate (20.0 mL) and the layers separated. The 

aqueous layer was next extracted with ethyl acetate (20.0 mL x 3). The combined organic layers 

were washed with brine (30.0 mL), dried over anhydrous sodium sulfate, filtered and concentrated 

under reduced pressure to give a residue. The residue was purified by column chromatography 

(Si()2, Petroleum ether : Ethyl acetate 20:1 to 10:1) to give ethyl 2-methyl-3-oxo-4-phenyl- 

butanoate (3.60 g, 16.3 mmol, 84.3% yield) as a colorless oil. 3H NMR (400 MHz, CDCI3) □ =
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7.38 - 7.28 (m, 3H), 7.25 - 7.19 (m, 2H), 4.22 - 4.15 (m, 2H), 3.87 (d, J = 2.0 Hz, 2H), 3.65 (q, J = 

7.2 Hz, 1H), 1.34 (d,J= 7.2 Hz, 3H), 1.30 - 1.26 (m, 3H).

[0281] Step B: 2-methylnaphthalene-L3-diol. A solution of ethyl 2-methyl-3-oxo-4-phenyl- 

butanoate (3.60 g, 16.3 mmol) in concentrated sulfuric acid (19.9 g, 203 mmol) was stirred at 15 

°C for 12 hours. The reaction mixture was poured into ice-water (30.0 mL) and the resulting solid 

collected by filtration and dried under vacuum to afford 2-methylnaphthalene-1,3-diol (1.80 g, 10.3 

mmol, 63.2% yield) as a red solid. iH NMR (400 MHz, CDCl3) □ = 8.02 (d, J= 8.0 Hz, 1H), 7.65 

- 7.54 (m, 1H), 7.41 (t ,J= 12 Hz, 1H), 7.36 - 7.31 (m, 1H), 6.80 (s, HI), 4.29 - 4.20 (s, 2H), 2.41 - 

2.24 (s, 3H).

[0282] Step C: 3-methoxv-2-methvl-naphthalen-l-ol. 2-methy lnaphthalene-1,3-diol (1.70 g, 9.76 

mmol) was added to HCl/MeOH (2 M, 35.0 mL) and the result mixture was stirred at 30 °C for 3 

days. The reaction was concentrated in vacuo and the residue purified by Prep-TLC (Petroleum 

ether : Ethyl acetate 1:1) to give 3-methoxy-2-methyl-naphthalen-l-ol (800 mg, 4.25 mmol, 43.5% 

yield) as a white solid. 1H NMR (400 MHz, CDCl3) □ = 8.02 (d, J= 8.4 Hz, 1H), 7.69 (d, J= 8.4 

Hz, 1H), 7.44 - 7.38 (m, IH), 7.37 - 7.31 (m, 1H), 6.79 (s, 1H), 5.14 (s, 1H), 3.94 (s, 3H), 2.29 (s, 

3H).

[0283] Step D: (3-methoxy-2-methvl-l-naphthyl)trifluoromethanesulfonate. To a mixture of 3- 

methoxy-2-methyl-naphthalen-l-ol (800 mg, 4.25 mmol.) and pyridine (504 mg, 6.38 mmol) in 

DCM (10.0 mL) was added trifluoroacetic anhydride (1.44 g, 5.10 mmol) dropwise at O0C under 

N2 atmosphere. The mixture was warmed to 20°C and stirred for an additional 5 hours. The solvent 

was removed under vacuum and the residue purified by Prep-TLC (Petroleum ether : Ethyl acetate 

1:1) to give (3-methoxy-2-methyl-l-naphthyl)trifluoromethanesulfonate (1.30 g, 4.06 mmol,

95.5% yield) as a white solid. 1H NMR (400 MHz, CDCl3) D = 7.97 (d, J= 7.6 Hz, 1H), 7.79 - 

7.74 (m, 1H), 7.52 - 7.43 (m, 2H), 7.14 (s, 1H), 3.99 (s, 3H), 2.42 (s, 3H)

[0284] Step E: l-bromo-3-methoxy-2-methvl-naphthalene : In a sealed tube was added (3-methoxy- 

2-methyl-l-naphthyl)trifluoromethanesulfonate (466 mg, 1.45 mmol), t-Bu-Brettphos (154 mg,

290 pmol), potassium bromide (259 mg, 2.17 mmol), PEG-200 (175 mg), 2-butanone (157 mg,

2.17 mmol) and Pd2(dba)3 (133 mg, 145 pmol) in toluene (10.0 mL) and the mixture de-gassed 

with N2 for 5 minutes. Next, triisobutylaluminum (431 mg, 2.17 mmol) was added drop-wise at 20

84



WO 2020/146613 PCT/US2020/012906

°C. The mixture was heated to 100 °C for 24 hrs. The reaction mixture was poured into water (30.0 

mL) and the aqueous layer extracted with ethyl acetate (20.0 mL x 3). The combined organics 

were washed with brine (30.0 mL), dried over anhydrous sodium sulfate and concentrated in 

vacuo to give a residue which was pre-purified by column chromatography (Petroleum ethenEthyl 

acetate 10:1) and then by Prep-TLC (Petroleum ether : Ethyl acetate 10:1) to give l-bromo-3- 

methoxy-2-methyl-naphthalene (700 mg, 2.79 mmol, 64.1% yield) as a white solid. 1H NMR (400 

MHz, CDCl3) □ = 8.26 - 8.17 (m, 1H), 7.73 - 7.69 (m, 1H), 7.47 - 7.40 (m, 2H), 7.09 (s, IH), 3.98 

-3.95 (m, 3H), 2.56 (s, 3H).

[0285] Step F: 4-bromo-3-methyl-naphthalen-2-ol: To a solution of l-bromo-3-methoxy-2-methyl- 

naphthalene (580 mg, 2.31 mmol) and tetrabutylammonium iodide (2.13 g, 5.78 mmol) in DCM 

(11.0 mL) cooled to -78 °C was added a solution of BCl3 (1 M, 5.78 mL) dropwise over a period 

of 10 minutes while under N2. The reaction mixture was warmed to 0 0C and stirred for 2 hours at 

room temperature. Next the solvent was removed under vacuum and the residue was purified by 

Prep-TLC (Petroleum ether : Ethyl acetate 5:1) to give 4-bromo-3-methyl-naphthalen-2-ol (500 

mg, 2.11 mmol, 91.3% yield) as a white solid. 1H NMR (400 MHz, CDCl3) □ = 8.26 - 8.15 (m, 

1H), 7.63 (dd, J- 3.6, 6.0 Hz, 1H), 7.45 - 7.38 (m, 2H), 7.11 (s, 1H), 5.09 (s, 1H), 2.60 (s, 3H), 

1.56 (s, 3H).

[0286] Step G: 3-benzyloxv-l-bromo-2-methyl-naphthalene. To a mixture of 4-bromo-3-methyl- 

naphthalen-2-ol (265 mg, 1.12 mmol) and benzyl bromide (201 mg, 1.18 mmol) in acetonitrile 

(3.00 mL) was added potassium carbonate (310 mg, 2.24 mmol) in one portion at 20 °C under N2. 

The mixture was next stirred at 60°C for two hours. The solvent was removed under vacuum and 

the residue purified by Prep-TLC (Petroleum ether : Ethyl acetate 5:1) to give the 3-benzyloxy-1- 

bromo-2-methyl-naphthalene (250 mg, 695 pmol, 31.0% yield, 91.0% purity) as a white solid. 

ES+APCI MS m/z 327.0, 329.0 [M+H]+.

Intermediate 48

/cr/-butyl-2-(cyanomethyl)-4-[2-[[(2lS)-l-methylpyrrolidin-2-yl]methoxy]-5,6,7,8-

tetrahydropyrido[3,4-d]pyrimidin-4-yl]piperazine-l-carboxylate
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Br

OPiv

PivCI1 DIEA

O 0C110 min

[0287] Step A: (4-bromo-2-naphthyl) 2.2 - cl i m ct h y 1 pro pa no ale. To a solution of 4- 

bromonaphthalen-2-ol (10 g, 44.8 mmol) and TEA (9.07 g, 89.7 mmol) in DCM (200 mL) was 

added 2,2-dimethylpropanoyl chloride (8.11 g, 67.2 mmol) at 0°C. The reaction mixture was 

stirred at O °C for 10 min. T reaction mixture was quenched by addition of water (50 mL) and the 

layers separated. The organic layer was washed with brine (30 mL), dried over NaaSCL filtered and 

concentrated under vacuum. The residue was purified by silica gel chromatography (PE: EA =1:0 

to 100:1) to give (4-bromo-2-naphthyl) 2,2-dimethylpropanoate (9 g, 29.3 mmol, 65.4% yield) as a 

red oil. 1H NMR (400MHz, CHLOROFORM-d) δ = 8.22 (d, J= 8.0 Hz, 1H), 7.83 - 7.77 (m, 1H), 

7.63 - 7.49 (m, 4H), 1.41 (s, 9H).

Intennediate 49

[0288] Naphthalen-I-yl trifluoromethanesulfonate. alpha-Naphthol (4 g, 27.74 mmol) was 

dissolved in DCM (200 mL) in a 3 neck flask. The reaction was cooled to 10°C in a water bath. N- 

ethyl-N-isopropylpropan-2-amine (4.846 ml, 27.74 mmol) and trifluoromethanesulfonic anhydride 

(4.668 ml, 27.74 mmol) were added to the solution dropwise. The reaction was stirred at 10°C for 2 

hours. TLC (25% EtOAc, UV vis) showed reaction complete. The organics were with water (2X) 

and brine (2X). The organics were dried over MgS04 and concentrated in vacuo. The concentrate 

was purified using normal phase chromatography on the CombiFlash (0%-12% EtOAc:Hexanes). 

All fractions containing clean product were combined and concentrated in vacuo to give
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naphthalen-l-yl trifluoromethanesulfonate (6.77 g, 24.51 mmol, 88.34 % yield).

Intermediate 50

Tert-butyl (S)-2-(hydroxymethyl)-4-methylpiperazine-1 -carboxylate

ΗΝ^Α.,^ΟΗ

NaBH(OAc)3, AcOH1 CH2O
/N^'v/OHDCE

[0289] To a solution of (S)-l-Boc-2-hydroxymethylpiperazine (1.0 g, 4.62 mmol) in DCE (92.47 

ml, 4.624 mmol) was added formaldehyde (3.474 ml, 46.24 mmol) (37% in water) followed by 

sodium triacetoxyborohydride (4.9 g, 23.12 mmol). The mixture was stirred vigorously at room 

temperature for 2.5hours. The mixture was treated with saturated sodium bicarbonate (30 mL), 

stirred for 10 min then extracted with DCM (3x10 mL). The combined organic phases were dri 

over sodium sulfate, filtered and concentrated. ES+APCI MS m/z 231.1 [M+H]+.

Intermediate 51

Tert-butyl (R)-2-(hydroxymethyl)-4-methylpiperazine-l-carboxylate

[0290] Title compound was prepared as in Intermediate 57, substituting tert-butyl (R)-2- 

(hydroxymethyl)piperazine-1 -carboxylate for (S)-I-Boc-2-hydroxymcthylpiperazine. ES+APCI MS 

m/z 231.1 [Μ+ΙΤΓ

Intermediate 52
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Br

Ό O

.F

Cl

l-bromo-3-chloro-2-fluoro-5-(methoxymethoxy)benzene

Br

HO

CIxxOx

NaHJHF

Br

\O Ό

F

Cl

[0291 j To a round bottom flask was added THF (8.87 ml, 4.44 mmol) followed by sodium hydride, 

60 % dispersion in mineral oil (0.213 g, 5.32 mmol). The mixture was cooled to O °C then 3- 

bromo-5-chloro-4-fluorophenol (1.0 g, 4.44 mmol) was added portionwise. Once the bubbling had 

ceased the resulting dark mixture was stirred at O °C for 30 min. Then chloromethyl methyl ether 

(0.421 ml, 5.54 mmol) was added and the mixture was warmed to ambient temperature where it 

was stirred for 2 hr. A saturated aqueous ammonium chloride solution was added and the mixture 

was extracted with DCM. The organic layer was dried over sodium sulfate, filtered and 

concentrated. Crude material was chromatographed (0-15% EtOAc in hexanes) to provide product 

as clear oil.

Intermediate 53

4-bromo-l-tetrahydropyran-2-yl-5-(trifluoromethyl)indazole

F Br

[0292] Step A: 4-bromo-1 -tetrahvdropvran-2-vl-5-(trifluoromethyl)indazole: To a solution of 4- 

bromo-5-(trifluoromethyl)-lH-indazole (500 mg, 1.89 mmol, 1 eq) in DCM (10 mL) was added

3,4-dihydro-2H-pyran (476 mg, 5.66 mmol, 517 uL, 3 eq) and TsOHTkO (35.9 mg, 188 pmol, 0.1
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eq). The mixture was stirred at 15 °C for 1 hour. The mixture was concentrated. The residue was 

purified by column chromatography (S1O2, PE:EA=10:1 to 1:1) to give 4-bromo-l- 

tetrahydropyran-2-yl-5-(trifluoromethyl)indazole (480 mg, 1.37 mmol, 72.9% yield) as yellow 

oil.lTf NMR (400 MHz, chloroform-d) δ 8.20 (s, 1H), 7.69 - 7.63 (m, 2H), 5.70 (dd, J= 2.8, 8.8 Hz, 

1H), 4.05 - 3.96 (m, 1H), 3.79 - 3.70 (m, 1H), 2.56 - 2.50 (m, 1H), 2.27 - 2.04 (m, 2H), 1.80 - 1.74 

(m, 2H), 1.60- 1.54 (m, 1H).

Intermediate 54

[0293] 8-bromo-6-(methoxvmethoxy)quinoline: A stirred suspension of 8-bromoquinolin-6-ol (1.00 

g, 4.46 mmol) in DCM (20 mL) was cooled to O0C and diisopropylethylamine (1.2 mL, 6.7 mmol, 

1.5 eq.) was added followed by chloro(methoxy)methane (0.41 mL, 5.4 mmol, 1.2 eq.) dropwise 

and the reaction mixture was warmed to room temperature overnight. Concentrated aqueous 

ammonia (0.5 mL, ~5 mmol) was next added and the resulted mixture was stirred for lhour at 

room temperature. The mixture was evaporated in vacuo and chromatographed on silica gel, 

Redisep 40g, using 20% EtOAc/hexane as eluent to give a colorless powder (0.52 g, 44%). 

ES+APCI MS m/z 268.0, [M+H]+.

Intermediate 55

Br2-----------------►
f-BuOH, PE,

10 0C1 4 h

Bn ^ H
TEA, toluene

,Bn

HO0C1 2 h

Meps

Bn

NC
N

N

Bn

1, ACE-CI1 DCE1
15-850C,48h--------------------- >

2, MeOH1 70 0C1 1 h 
86.7%

NC

N
2 HCI H
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[0294] To a solution of but-3-enenitrile (80.0 g, 1.19 mol, 96.4 mL, 1.00 eq) in /er/-butanol (130 

mL) and petroleum ether (480 mL) was added a solution of Br2 (191 g, 1.19 mol, 61.5 mL, 1.00 

eq) in /e/7-butanol (130 mL). The mixture was stirred at 10 °C for 4 hours. The mixture was used 

into next step without any workup.

[0295] To the above mixture (274 mL) was added a solution of iV,iV-dibenzylethane-l,2-diamine 

(160 g, 445 mmol, 157 mL, 2 HOAc) and FdsN (178 g, 1.76 mol, 245 mL) in toluene (300 mL). 

After was stirred at 110 °C for 2 hours, the mixture was filtered and the filtrate was concentrated 

under vacuum. The residue was purified by column chromatography (S1O2, petroleum ether/ethyl 

acetate = 3/1) to give 2-(1, 4-dibenzylpiperazin-2-yl)acetonitrile (75.0 g, 246 mmol, two steps 55.7 

% yield) as a yellow solid. LCMS [ESI, M+l]: 306.

[0296] 1H NMR (400MHz, chloroform-d) δ = 7.37 - 7.23 (m, 10H), 3.80 (d, J = 13.2 Hz, 1H), 3.60 

- 3.42 (m, 3H), 3.06 - 2.96 (m, 1H), 2.95 - 2.83 (m, 1H), 2.69 - 2.53 (m, 4LI), 2.52 - 2.35 (m, 3H).

[0297] To a solution of 2-(1,4-dibenzylpiperazin-2-yl)acetonitrile (160 g, 524 mmol, 1.00 eq) in 

dichloroethane (1.50 L) was added 1-chloroethyl carbonochloridate (300 g, 2.10 mol, 4.00 eq) at 

15 °C. After stirred at 85 °C for 48 h, the mixture was concentrated under vacuum. The residue 

was then taken up into methanol (1.50 L) and heated to reflux for 1 hour. The mixture was 

concentrated. The solid was treated with methyl tert-butyl ether (1.00 L), 2-piperazin-2- 

ylacetonitrile (Intermediate 62, 90.0 g, 454 mmol, 86.7 % yield, 2HC1) was obtained as a white 

solid and used in the next step without further purification.

[0298] 1H NMR (400MHz, DMSO-d6) δ = 10.19 (br s, 2H), 4.01 - 3.73 (m, 1H), 3.69 - 3.41 (m, 

4H), 3.32 (dt, J= 2.8, 13.2 Hz, 1H), 3.27 - 3.10 (m, 3H).

Intermediate 56
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HO'

I
Boc

CbzCI, NaHCO3

EtOAc, H2O 
yield : 64%

CbzI

I
Boc

MsCI, TEA MsO' 

2-MeTHF, rt, 1 hr

CbzI

Boc

NaCN
NC'""((S)

CbzI
N,

DMA, 60 0C, 12 hrs 
two steps yield: 72%

NI
Boc

HCbDioxane

rt, 4 hrs 
yield: 95%

NC"'"'

CbzIN.LO
[0299] To a solution of /ert-butyl (3i?)-3-(hydroxymethyl)piperazine-l-carboxylate (80.0 g, 370 

mmol, 1.0 eq) in Ethyl acetate (1400 mL) was added NaHCCE (93.2 g, 1.11 mol, 43.2 mL, 3.0 eq), 

H2O (700 mL) and benzyl carbonochloridate (82.0 g, 481 mmol, 68.4 mL, 1.30 eq). The mixture 

was stirred at 25 °C for 12 hour. After completion, the organic phase was separated, washed with 

water (500 mL x 2) dried over NaiSCC and filtered. The solvent was removed under vacuum to 

give a residue. The residue was purified by column chromatography (SiCE, Petroleum ether/Ethyl 

acetate=40/l to 1/1). The product 1-benzyl 4-/ert-butyl (2/?)-2-(hydroxymethyl)piperazine-l,4- 

dicarboxylate (85.0 g, 235 mmol, 64% yield, 96% purity) was obtained as a yellow oil. LCMS 

[ESI, M-99]: 251.

[0300] To a solution of 1-benzyl 4-/ert-butyl (2i?)-2-(hydroxymethyl)piperazine-l,4-dicarboxylate 

(20.0 g, 57.1 mmol, 1.0 eq) in 2-Methyltetrahydrofuran (240 mL) was added TEA (17.3 g, 171.23 

mmol, 23.8 mL, 3.0 eq) and methanesulfonyl chloride (7.74 g, 67.6 mmol, 5.23 mL, 1.18 eq). The 

mixture was stirred at 20 °C for 1 hour. The reaction mixture was quenched by addition ΓΙ2Ο 150 

mL at 20 °C. The reaction mixture was extracted with Ethyl acetate (300 mL x 2). The organic 

layers were washed with H2O (100 mL), dried over Na2SC>4, and filtered. The solvent was removed 

under vacuum. 1-benzyl 4-/ert-butyl (27?)-2-(methylsulfonyloxymethyl)piperazine-l,4- 

dicarboxylate (22.0 g, crude) was obtained as a yellow oil. The crude product was used directly to 

the next step without further purification.

[0301] To a solution of 1-benzyl 4-tert-butyl (2i?)-2-(methylsulfonyloxymethyl)piperazine-l,4- 

dicarboxylate (22.0 g, 51.3 mmol) in DMA (150 mL) was added NaCN (10.4 g, 211 mmol). The 

mixture was stirred at 60 0C for 12 hour. The solvent was removed under vacuum to give a oil 

residue. The residue was diluted with H2O (40.0 mL) and extracted with Ethyl acetate (50.0 mL χ
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3). The combined organic layers were washed with saturated brine (80.0 mL), dried over Na2SCfi, 

filtered and concentrated under reduced pressure to give a residue. The residue was purified by 

column chromatography (SiCfi, Petroleum ether/Ethyl acetate=40/l to 5:1) The product 1-benzyl 4- 

tert-butyl (25)-2-(cyanomethyl)piperazine-l,4-dicarboxylate (18.5 g, 46.4 mmol, two steps yield 

72%) was obtained as a yellow oil. LCMS [ESI, M+1J: 360.

[0302] To a solution of 1-benzyl 4-tert-butyl (2S)-2-(cyanomethyl)piperazine-l,4-dicarboxylate 

(18.5 g, 43.3 mmol, 1.00 eq) in dioxane (40.0 mL) was added HCEdioxane (4 M, 54.1 mL, 5.0 eq). 

The mixture was stirred at 20 °C for 1 hour. Then the reaction mixture was added NaHCCfi to 

pH>7, and concentrated under reduced pressure to remove dioxane. The residue was diluted with 

H2O (50.0 mL) and extracted with Ethyl acetate (50.0 mL χ 3). The combined organic layers were 

washed with H2O (20.0 mL), dried over Na2SCfi, filtered and concentrated under reduced pressure 

to give a residue. The product benzyl (2S)-2-(cyanomethyl)piperazine-l-carboxylate (Intermediate 

63, 11.5 g, 91.8% purity, 95% yield) was obtained as a yellow oil. LCMS [ESI, M+l]: 260.

[0303] 1H NMR (400MHz, CHLOROFORM-d) δ = 7.37 - 7.31 (m, 5H), 5.14 (s, 2H), 4.49 (br, s, 

1H), 3.93 (br, s, 1H), 3.07 - 2.81 (m, 5H), 2.78 - 2.54 (m, 2H).

Intennediate 57

LiMe1 THF1 Mel

O - 25 0C1 3.5 h

1 -bromo-8-methylnaphthalene

[0304] Step A: 1 -bromo-8-methyl-naphthalene. To a solution of 1,8-dibromonaphthalene (1 g, 3.50 

mmol, 1 eq) in THF (20 mL) was added MeLi (1.6 M in diethyl ether, 2.62 mL, 1.2 eq) at O0C 

dropwise. After stirring for 30 minutes at 0°C, iodomethane (3.38 g, 23.8 mmol, 1.48 mL, 6.81 eq) 

was added dropwise. The mixture was warmed up to 25°C and stirred for another 3 hours. The 

reaction mixture was quenched with water (20 mL) and extracted with ethyl acetate (20 mL x 3). 

The combined organic layers were washed with brine (20 mL), dried over Na2SCfi, filtered and 

concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC 

(column: Phenomenex Gemini Cl8 250*50mm*10 urn; mobile phase: [water (0.05% ammonia
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hydroxide v/v) - ACN]; B%: 45% - 70%, 28 MiN; 40% min). Title compound l-bromo-8-methyl- 

naphthalene (340 mg, 1.49 mmol, 43% yield, 97% purity) was obtained as a yellow solid after 

lyophilisation.

[0305] 1H NMR (400MHz, chloroform-d) δ - 7.75 (dd, .7-0.8, 7.2 Hz, 1H), 7.69 (dd, J= 0.8, 8.0 

Hz, 1H), 7.66 - 7.59 (m, 1H), 7.30 - 7.22 (m, 2H), 7.13 (t, J = 8.0 Hz, 1H), 3.05 (s, 3H).

Intermediate 58

NH9 NH9

isoamyl nitrite-------------- ►
AcOH1 EtOH 

18 - 25 0C118 h 

79%

Cu, cone. HCI 
--------------------►

25 "C, 12 h 

52%

NaNO2, CuBr

TsOH-H2O1 MeCN 
-5 - 25 0C112 h 

72%

Br Cl

1 -bromo-8-chloronaphthalene

[0306] Step A: 1 //-naphthol 1,8-deHl .2.31triazine. To a solution of naphthalene-1,8-diamine (100 

g, 632 mmol, 1 eq) in AcOH (200 mL) and EtOH (1000 mL) was added isoamyl nitrite (72.6 g,

619 mmol, 83.4 mL, 0.98 eq) dropwise over a period of 2 h with temperature controlled between 

18 and 21 °C under a cold-water bath. After the addition, the resulting red suspension was stirred at 

25 °C for 16 hours. The solid was collected by filtration, washed with ethanol (2 x 500 mL) and 

dried under vacuum. Compound 17/-naphtho[l ,8-de][l,2,3]triazine (84 g, 496 mmol, 79% yield) 

was obtained as a red crystalline solid and directly used next step without purification. LCMS 

[ESI, M+l]: 170.

[0307] Step B: 8-chloronaphthalen-1 -amine. To a solution of l/7-naphtho[l,8-de][l,2,3]triazine (84 

g, 496 mmol, 1 eq) in HCl (1.5 L) was added Cu (2.10 g, 33.1 mmol, 234 pL, 0.0665 eq). The 

mixture was stirred at 25 °C for 12 hours. The resulting mixture was diluted with water (500 mL) 

and heated at 85 °C for 30 mins. The resulting almost clear aqueous solution was filtered, cooled, 

basified with aqueous ammonia (until blue to litmus paper) and the solution was extracted with 

ether acetate (2 x 1000 mL). The combined extracts were dried over Na2S04, filtered and 

concentrated under vacuum. The residue was purified by column chromatography (SiCh,

Petroleum ether/Ethyl acetate = 200/1 to 5/1). Compound 8-chloronaphthalen-1-amine (57 g, 259 

mmol, 52% yield, 81% purity) was obtained as a red solid. LCMS [ESI, M+l]: 178.
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[0308] Step C: 1 -bromo-8-chloro-naphthalene. To a solution of 8-chloronaphthalen-l-amine (57 g, 

320 mmol, 1 eq) and TsOHHLO (219 g, 1.16 mol, 3.6 eq) in MeCN (1000 mL) was added a 

solution ofNaN02 (39.8 g, 577 mmol, 1.8 eq) and CuBr (138 g, 963 mmol, 29.3 mL, 3 eq) in H2O 

(120 mL) at - 5 °C, then the reaction mixture was stirred at 25 °C for 12 hours. The reaction 

mixture was added saturated Na2S03 solution (100 mL) and stirred for 15 mins, then extracted with 

ethyl acetate (1000 mLx3). The combined organic layers were washed with brine (500 mL), dried 

over NaaSCL, filtered and concentrated under reduced pressure to give a residue. The residue was 

purified by column chromatography (SiCb. Petroleum ether). Title compound l-bromo-8-chloro- 

naphthalene (56 g, 229 mmol, 72% yield, 99% purity) was obtained as white solid.

[0309] 'H NMR (400MHz, chloroform-d) δ = 7.93 (dd, J = 1.2, 7.6 Hz, 1H), 7.82 (dd, J= 1.2, 8.4,

1 H), 7.79 (dd, J= 1.2, 8.4, 1H), 7.67 (dd, J= 1.2, 7.6 Hz, 1H), 7.37 (t, J= 8.0 Hz, 1H), 7.28 (t, J= 

8.0 Hz, 1H).

Intermediate 59

Pin2B2, KOAc. 
Pd(Clppf)CI2

MeOH/H20, 30 
°C, 3 hrs

DMF, 80 °C, 12 hrs

Intermediate 59

Potassium (8-chloronaphthalen-1 -yl)trifluoroborate

[0310] Step A: A mixture of l-bromo-8-chloro-naphthalenc (20.0 g, 82.8 mmol, 1.00 eq), Pin2B2 

(52.6 g, 207 mmol, 2.50 eq), KOAc (48.8 g, 497 mmol, 6.00 eq), Pd(dppf)Cl2 (6.06 g, 8.28 mmol, 

0.10 eq) in DMF (400 mL) was stirred at 80 °C for 12 hours under N2. The mixture was diluted 

with ethyl acetate (60.0 mL) and water (60.0 mL), the mixture was separated. The water phase was 

extracted with ethyl acetate (50.0 mL). The combined organic layer was washed with brine (2 x 

50.0 mL), dried over Na2S04, filtered and concentrated under vacuum. The residue was 

purification by column chromatography (S1O2, PE/EA=10/1) to give 2-(8-chloro-l- naphthyl)- 

4,4,5,5-tetramethyl-l,3,2-dioxaborolane (210 g, 72.8 mmol, 88% yield) as a yellow solid.

[0311] 1H NMR (400MHz, chloroform-d) δ = 7.87 (dd, J=1.2, 8.0 Hz, 1H), 7.76 (dd, J=1.2, 8.0 Hz, 

1H), 7.68 (dd, J=I .0, 6.8 Hz, 1H), 7.59 (dd, J=I .2, 7.2 Hz, 1H), 7.51 (dd, J=6.8, 8.0 Hz, 1H), 7.40 -
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7.35 (m, 1H), 1.46 (s, 12H).

[0312] Step B: To a mixture of 2-(8-chloro-l-naphthyl)-4,4,5,5-tetramethyl -1,3,2-dioxaborolane 

(2.00 g, 6.93 mmol, 1.00 eq) in methanol (20.0 mL) was added a solution of KHF2 (4.87 g, 62.4 

mmol, 2.06 mL, 9.00 eq) in BhO (7 mL). After stirring at 30 °C for 3 hours, the mixture was 

concentrated under vacuum to removed methanol and filtered, the filtered cake was collected to 

give potassium [(8-chloro-l-naphthyl)-trifluoro-boranyl] (2.6 g, crude) as a yellow solid and used 

into next step without further purification.

Intermediate 60

Cl

O
Cl

Cl

NH5

(COCI)2, 1,2,4- 
trichlorobenzene ----------------------------- 1
70 -140 °C, 49 hrs

A

O.
O

ΐ» A
N CCI3

Cl COOH

DPPA, f-BuOH, Et3N 
--------------------------------- )

4A molecular sieve 
toluene, 25 -110 °C, 
5.5 hrs

B

HCI/dioxane
NHBoc

MeCN, 25 °C, 2 
hrs F

NIS, TsOH-H2 

MeCN
70 0C, 16 hrs 

D

Pd(PPh3)2CI2, CO

EtOH1 Et3N 
80 0C1 15 hrs

NH3-MeOH

MeOH 
25 °C, 1 h

NH OTHF1 25 °C, 10 min
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POCI3, DIEA

O-HO0C1 3 hrs

Intermediate 60

/er/-butyl(2S)-2-(cyanomethyl)-4-(2,7-dichloro-8-fluoro-pyrido[4,3-i/]pyriniidin-4-yl)piperazine-l-

carboxylate

[0313] Step A: A reaction mixture of 2,2,2-trichloroacetamide (100 g, 616 mmol, 1.0 eq) in 

(COCl)2 (725 g, 5.71 mol, 500 mL, 9.28 eq) was heated to 70 °C for 24 hrs. The reaction mixture 

was concentrated under vacuum. To the mixture was added 1,2,4-trichlorobenzene (500 mL) and 

(COCl)2 (116 g, 914 mmol, 80 mL, 1.48 eq). The reaction mixture was stirred at 100 °C for 5 

hours. The warmed to 125 °C for 15 hours. Then the mixture was warmed to 140 0C for 5 hours. 

The reaction mixture was distilled under water pump (72 °C- 76 0C fractions) to give 2,2,2- 

trichloroacetyl isocyanate (60 g, 319 mmol, 52 % yield) as a colourless oil which was used in the 

next step without further purification.

[0314] Step B: A mixture of 2-chloro-3-fluoro-pyridine-4-carboxylic acid (180 g, 1.03 mol, 1.0 eq), 

4A molecular sieve (300 g) and EtsN (311 g, 3.08 mol, 428 mL, 3.0 eq) in toluene (1.3 L) and t- 

BuOH (1.01 kg, 13.6 mol, 1.3 L, 13.3 eq) was stirred at 110 °C for 0.5 hour under nitrogen, then 

the mixture was cooled to 25 °C and added diphenylphosphoryl azide (423 g, 1.54 mol, 333 mL,

1.5 eq). The mixture was stirred at 110 °C for 5 hours. Upon completion, the mixture was diluted 

with water (2000 mL) and extracted with ethyl acetate (2 x 2000 mL). The combined organic 

layers were washed with brine (1 x 2000 mL), dried over sodium sulfate, filtered and concentrated 

under vacuum. The residue was purified by column chromatography (S1O2, Petroleum ether/Ethyl 

acetate = 100/1 to 5/1). /er/-butyl N-(2-chloro-3-fluoro-4-pyridyl)carbamate (197 g, 799 mmol, 

78% yield, 100% purity) was obtained as a white solid. LCMS [ESI, M+l]: 247; LCMS [ESI, M- 

55]: 191.

[0315] 1H NMR (400 MHz, methanol-d4) δ = 8.11 (t,. /=5.6 Hz, 1H), 7.99 (d, Jr= 5.6 Hz, 1H), 1.52 

(s, 9H).

[0316] Step C: To a solution of tert-butyl N-(2-chloro-3-fluoro-4-pyridyl)carbamate (199 g, 807

96



WO 2020/146613 PCT/US2020/012906

mmol. 1.0 eq) in MeCN (250 mL) was added HCl/dioxane (4 M, 796 mL, 3.95 eq). The mixture 

was stirred at 25 °C for 2 hours. Upon completion, the mixture was filtered and the fdter cake was 

diluted with saturated NaHCOs solution (2000 mL) and extracted with ethyl acetate (2 x 2000 

mL). The combined organic layers were dried over sodium sulfate, filtered and concentrated under 

vacuum. 2-chloro-3-liuoro-pyridin-4-amine (107 g, 731 mmol, 91% yield, 99.9% purity) was 

obtained as a yellow solid and used in the next step without further purification. LCMS [ESI, 

M+l]: 147.

[0317] 1H NMR (400 MHz, methanol-d4) δ ==7.61 (d, J= 5.6 Hz, 1H), 6.67 (t, J= 6.0 Hz, 1H).

[0318] Step D: To a solution of 2-chloro-3-fluoro-pyridin-4-amine (107 g, 730 mmol, 1.0 eq) and 

NIS (197 g, 876 mmol, 1.2 eq) in MeCN (550 mL) was added j>-toluene sulfonic acid monohydrate 

(6.94 g, 36.5 mmol, 0.05 eq). The mixture was stirred at 70 °C for 16 hours. Upon completion, the 

mixture was diluted with water (300 mL) and ethyl acetate (2000 mL), The organic layer was 

washed with saturated Na2CC>3 solution (2 χ 1500 mL), saturated NaiSOs (1 x 2000 mL) solution 

and brine (1 x 1500 mL), dried over NaiSO4, filtered and concentrated under vacuum. 2-chloro-3- 

fluoro-5-iodo-pyridin-4-amine (190 g, 676 mmol, 93% yield, 97.2% purity) was obtained as a 

yellow solid and used in the next step without further purification. LCMS [ESI, M+l]: 273.

[0319] Step E: To a solution of 2-chloro-3-fluoro-5-iodo-pyridin-4-amine (78.4 g, 288 mmol, 1.0 

eq) in EtOH (1500 mL) was added Pd(PPhs)2Cl2 (20.2 g, 28.8 mmol, 0.1 eq) and Et3N (105 g, 1.04 

mol, 144 mL, 3.61 eq) under nitrogen. The suspension was degassed under vacuum and purged 

with nitrogen several times. The mixture was stirred under CO (15.0 psi) at 80 °C for 15 hours. 

Upon completion, the mixture was filtered and the filtrate was concentrated under vacuum to 

remove 70% of MeOH and the residue was filtered. The combined filter cakes were concentrated 

under vacuum, ethyl 4-amino-6-chloro-5-fluoro- pyridine-3-carboxylate (142 g, crude) was 

obtained as a yellow solid. LCMS [ESI, M+l]: 219.

[0320] 1HNMR (400 MHz, dmso-d6) δ = 8.36 (s, 1H), 7.49 - 7.42 (m, 2H), 4.31 (q,J= 7.2 Hz,

2H), 1.31 (t, J= 12 Hz, 3H).

[0321] Step F: To a solution of ethyl 4-amino-6-chloro-5-fluoro-pyridine-3-carboxylate (20.3 g, 

73.2 mmol, 1.0 eq) in THF (60 mL) was added 2,2,2-trichloroacetyl isocyanate (20.7 g, 110 mmol, 

13.0 mL, 1.5 eq) at 25 0C. The mixture was stirred at 25 0C for 10 min. Upon completion, the

97



WO 2020/146613 PCT/US2020/012906

mixture was concentrated under vacuum. The crude product was triturated with MTBE (200 mL) 

at 25 0C for 5 min. ethyl 6-chloro-5-fluoro-4-[(2,2,2-trichloroacetyl) carbamoylamino]pyridine-3- 

carboxylate (29.3 g, 67.74 mmol, 92% yield, 94.1% purity) was obtained as a gray solid. LCMS 

[ESI, M+l]:408.

[0322] Step G: To a solution of ethyl 6-chloro-5-fluoro-4-[(2,2,2-trichloroacetyl) 

carbamoylamino]pyridine-3-carboxylate (29.3 g, 63.1 mmol, 1.0 eq) in MeOH (290 mL) was 

added NH3iMeOII (29 mL, 20% purity) at 25 °C. The mixture was stirred at 25 °C for 1 h. Upon 

completion, the mixture was concentrated under vacuum. The crude product was triturated with 

MTBE (200 mL) at 25 0C for 10 min. 7-chloro-8-fluoro-pyrido[4,3-<7] pyrimidine-2,4-diol (18 g, 

crude) was obtained as a brown solid. LCMS [ESI, M+l]: 216.

[0323] Step H: To a mixture of POCL (165 g, 1.08 mol, 100 mL, 23.2 eq) and DIEA (30.0 g, 232 

mmol, 40.4 mL, 5.0 eq) was added portionwise 7-chloro-8-fluoro-pyrido[4,3-<i] pyrimidine-2,4- 

diol (10 g, 46.4 mmol, 1.0 eq) at 0 °C. Then the mixture was warmed to 110 0C and stirred for 3 

hours. Upon completion, the mixture was concentrated under vacuum and the oil was dried by 

azeotroping with CHCL. 2,4,7-trichloro-8-fluoro-pyrido [4,3-r/]pyrimidine (11.7 g, crude) was 

obtained as a black oil and used in the next step without further purification.

Intermediate 61

KNO3, con.H2SO4
----------------------►

0-25 °C, 1 hr
A

SnCI2*H20, HCI aq

EtOH1 80°C, 0.5 hr

NaNO2, CuCI 
-------------------------- ►
HCI aq, 0-25°C, 12hrs 

C

Br Pd(PPh3)4l Sn2Me6 
----------------------------►

toluene.30-100 °C, 36 hrs 
D

Intermediate 61

(5-chloro-4-isoquinolyl)-trimethyl-stannane

[0324] Step A: KNO3 (26.3 g, 260 mmol, 1.08 eq) was added to H2SO4 (188 g, 1.88 mol, 102 mL, 

98% purity, 7.81 eq) and slowly dissolved by careful heating. The resulting solution was added
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dropwise to a solution of 4-bromoisoquinoline (50 g, 240 mmol, 1.0 eq) in H2SO4 (375 g, 3.75 

mol, 204 mL, 98% purity, 15.6 eq) at 0°C. After removal of the cooling bath, the solution was 

stirred for 1 hour at 25 °C. The reaction mixture was then poured onto crushed ice (1000 g) and 

made basic (pH ~ 8) with NaOH solution (2 N). The mixture was extracted with ethyl acetate (3 x 

2000 mL), dried over Na2S04, filtered and concentrated under reduced pressure to give a residue. 

The residue was triturated with ethyl acetate (500 ml). 4-bromo-5-nitro-isoquinoline (50 g, 197 

mmol, 82% yield, 100% purity) was obtained as a yellow solid. LCMS [ESI, M+2]: 255.

[0325] Step B: 4-bromo-5-nitro-isoquinoline (25 g, 98.7 mmol, 1.0 eq) and SnCl2*2H20 (111 g, 493 

mmol, 5.0 eq) were suspended in EtOH (600 mL), added with HCl (12 M, 57.5 mL, 6.98 eq) and 

stirred at 80° C for 30 minutes. The reaction mixture was poured onto crushed ice (1000 g) and 

adjusted to pH~12 with 2 N of aqueous sodium hydroxide. Then the mixture was extracted with 

ethyl acetate (3 x 2000 mL). The combined organic layers were washed with brine (1000 mL), 

dried over Na2S04, filtered and concentrated under reduced pressure to give 4-bromoisoquinolin-5- 

amine (36 g, 150 mmol, 76% yield, 93% purity) as a brown solid and used to next step without 

further purification.

[0326] 1HNMR (400MHz, chloroform-d) δ = 8.99 (s, 1H), 8.51 (s, 1H), 7.47 - 7.32 (m, 2H), 6.93 

(dd, J=1.2, 7.6 Hz, 1H), 5.24 (s, 211).

[0327] Step C: To a solution of 4-bromoisoquinolin-5-amine (33 g, 147 mmol, 1.0 eq) in aqueous 

HCl (2 M, 1000 mL, 13.5 eq) cooled to 0 °C was added a solution of NaNCL (13.3 g, 192 mmol, 

806 pL, 1.3 eq) in H2O (400 mL). The reaction was stirred to 0 °C for 30 min and a solution of 

CuCl (19.0 g, 192 mmol, 4.60 mL, 1.3 eq) in con. HCl (400 mL) at 0 °C, the reaction mixture was 

stirred at 25 °C for 12 hours. The reaction mixture was poured onto crushed ice (1000 g) and 

adjusted to pH ~ 8 with 2 N of aqueous sodium hydroxide. Then the mixture was extracted with 

ethyl acetate (3 χ 1000 mL). The combined organic layers were washed with brine (500 mL), dried 

over Na2S04, filtered and concentrated under reduced pressure to give a residue. The residue was 

purified by column chromatography (SiCh, ethyl acetate /methano]=100/l to 10/1). 4-bromo-5- 

chloro-isoquinoline (17 g, 69.4 mmol, 47% yield, 99% purity) was obtained as a yellow solid.

[0328] 1H NMR (400MHz, chloroform-d) 5 = 9.11 (s. 1H), 8.79 (s, 1H), 7.91 (dd, J-1.2, 8.0 Hz, 

1H), 7.84 (dd, J= 1.2, 7.6 Hz, 1H), 7.53 (t, J=I.6 Hz, III).
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[0329] Step D: To a solution of 4-bromo-5-chloro-isoquinoline (5 g, 20.6 mmol, 1.0 eq) in toluene 

(100 mL) was added Pd(PPh3)4 (2.38 g, 2.06 mmol, 0.1 eq) and

trimethyl(trimethylstannyl)stannane (22.0 g, 67.2 mmol, 13.9 mL, 3.26 eq) at 30 °C. The mixture 

was stirred at 100 °C for 36 hours. The reaction mixture was diluted with water (100 mL) and 

extracted with ethyl acetate (3 x 100 mL). The combined organic layers were washed with brine 

(100 mL), dried over NaaSCL, filtered and concentrated under reduced pressure to give a residue. 

The residue was triturated with ethyl acetate (50 mL) and further purified by reversed phase flash 

[water (0.1% formic acid)/acetonitrile)]. The mixture was concentrated under reduced pressure to 

give (5-chloro-4-isoquinolyl)-trimethyl-stannane (1.7 g, 5.16 mmol, 25% yield, 99% purity) was 

obtained as a colourless oil. LCMS [ESI, M+l]: 328.

[0330] 1H NMR (400MHz, chloroform-d) δ = 9.21 (s, 1H), 8.72 (s, 1H), 7.98 - 7.87 (m, 1H), 7.82 

(dd, J= 1.2, 7.6 Hz, 1H), 7.53 (t, J=8.0 Hz, 1H), 0.55 - 0.40 (s, 9H).

[0331] In addition to the foregoing Intermediates 1-61 above, the following exemplary 

Intermediates A-I - A-10 may be used to couple -Y-R2 to the azaquinazoline core of Formula (I).

INTERMEDIATE A-I

o
'O

N
Bn

1. LAH
2. TBDPSCI

3. Pd(OH)2, H;

O-BOH

OH
4. Cu(OAc)
5. TBAF

[0332] To a solution of LiAfiH (5.55 g, 146 mmol, 2.0 equiv) in THF (180 mL) was added methyl 

l-benzylazetidine-2-carboxylate (15.0 g, 73.1 mmol, 1.0 equiv) at -20 °C under N2. The reaction 

mixture was stirred at -20 0C for 1 h and was subsequently quenched with water (5.55 mL), 15 % 

NaOFI aqueous solution (5.55 mL) and water (16.6 mL). The mixture was filtered and the solid 

was washed with THF (20 mL). The filter cake was slurried in THF (50 mL) at 25 °C for 5 minutes 

and was filtered. The combined filtrate was dried over anh Na2S04, filtered and concentrated under 

reduced pressure to afford (l-benzylazetidin-2-yl)methanol (12.1 g, 64.8 mmol, 89% yield) as a 

yellow oil. LCMS [M+l]: 178.
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[0333] To a mixture of (l-benzylazetidin-2-y])methanol (12.1 g, 68.3 mmol, 1.0 equiv) in THF 

(80.0 mL) was added DMAP (834 mg, 6.83 mmol, 0.1 equiv), imidazole (13.9 g, 205 mmol, 3.0 

equiv) and TBDPSC1 (20.6 g, 75.1 mmol, 19.3 mL, 1.1 equiv) at 0 °C. The reaction mixture was 

stirred at 25 °C for 1 h and was subsequently concentrated under reduced pressure. The residue 

was diluted with water (50 mL) and extracted with ethyl acetate (2 χ 200 mL). The combined 

organic layer was dried over anhydrous NmSCL, filtered and concentrated under reduced pressure 

to provide the crude residue. The residue was purified by column chromatography (SiCfi, 

petroleum ether/ethyl acetate, 20:1 to 5:1). This material was further purified by reversed-phase 

flash chromatography [water (0.1% FA)/acetonitrile] to give (1 - benzy l aze ti di n-2-y Ijmetho xy-tert- 

butyl-diphenyl-silane (20.0 g, 47.6 mmol, 70% yield) as a yellow oil. LCMS [M+l]: 416.1H NMR 

(400 MHz, chloroform-d) δ 7.73 - 7.65 (m, 4H), 7.48 - 7.35 (m, 6H), 7.34 - 7.22 (m, 5H), 3.98 (br 

d,./= 12.4 Hz, 1H), 3.84 -3.25 (m, 5H), 3.03 - 2.75 (m, 1H),2.00 (brd,T= 1.6 Hz, 2H), 1.07 (s, 

9H).

[0334] To a solution of (1 -bcnzylazetidin-2-yl)methoxy-/e/-/-butyl- diphenyl-silane (19.0 g, 45.7 

mmol, 1.0 equiv) in methanol (570 mL) was added IIOAc (1.10 g, 18.3 mmol, 1.05 mL, 0.4 equiv) 

and Pd(OH)2/C (13.0 g, 20 wt%) under N2. The suspension was degassed under vacuum and 

purged with H2 several times. The mixture was stirred under H2 (50 psi) at 50 °C for 48 hours. The 

mixture was filtered and the solid was washed with methanol (100 mL). The filtrate was 

concentrated under reduced pressure to dryness. The crude product was purified by reversed-phase 

flash chromatography [water (0.1% FA)/acetonitrile] to afford azetidin-2-yI methoxy-/er/-butyl- 

diphenyl-silane (5.7 g, 15.2 mmol, 33 % yield) as a yellow oil. LCMS [M+l]: 326. 1H NMR (400 

MHz, chloroform-d) δ 7.72 - 7.54 (m, 4FI), 7.48 - 7.31 (m, 6H), 4.00 - 3.86 (m, 1H), 3.79 - 3.41 

(m, 4H), 2.31 (ddd, J= 2.8, 5.2, 10.8 Hz, 1H), 2.17 - 2.00 (m, 1H), 1.16-0.99 (m, 9H).

[0335] To a mixture of azetidin-2-ylmethoxy-n?r/-butyl-diphenyl-silane (2.8 g, 7.48 mmol, 1.0 

equiv) and cyclopropylboronic acid (2.57 g, 29.9 mmol, 4.0 equiv) in 1,2-dichloroethane (30.0 mL) 

was added Na2CC>3 (1.59 g, 15.0 mmol, 2.0 equiv), Cu(C)Acfi (1.36 g, 7.48 mmol, 1.0 equiv) and 

2,2’-bipyridine (1.17 g, 7.48 mmol, 1.0 equiv) at 25 °C. The mixture was stirred at 70 0C under O2 

(15 psi) for 2 hours. The mixture was cooled to room temperature and was filtered and washed 

with ethyl acetate (50 mL). The filtrate was diluted with water (40 mL) and then extracted with 

ethyl acetate (2 χ 50 mL). The combined organic layer was washed with brine (80 mL), dried over
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anh Na2S04, filtered and concentrated to provide the crude material. The residue was purified by 

column chromatography (S1O2, petroleum ether/ethyl acetate, 1:1 to 0:1) and then by reversed- 

phase flash chromatography [water (0.1% FA)/acetonitrile] to give /er/-butyl-[(l- 

cyclopropylazetidin-2-yl)methoxy]-diphenyl- silane (1.48 g, 4.01 mmol, 54 % yield) as a yellow 

oil. LCMS [M+l]: 366.

[0336] To a solution of /<?r/-butyl-[(l-cyclopropylazetidin-2-yl)methoxy]-diphenyl-silane (880 mg, 

2.41 mmol, 1.0 equiv) in THF (5.0 mL) was added TBAF (1.0 M, 2.89 mL, 1.2 equiv) at 0 °C. The 

mixture was stirred at O °C for 12 hours. Subsequently, the mixture was diluted with water (10 mL) 

and extracted with ethyl acetate (8 x 20 mL). The combined organic layer was dried over anh 

Na2S04, filtered and concentrated under reduced pressure to provide crude (1-cyclopropylazetidin- 

2-yl)methanol (910 mg) as a yellow oil.

INTERMEDIATE A-2

o'

1. Raney-Ni

2. Boc2O 
3- HCI H2N

[0337] To a solution of 1 -cyclopropylpiperidin-4-one (2.0 g, 14.4 mmol, 1.0 equiv) in MeOH (40 

mL) was added Raney-Ni (167 mg) and 4 M NH3*MeOFI (14.4 mmol, 20 mL, 1.0 equiv) under N2. 

The suspension was degassed under vacuum and purged with H2 several times. The mixture was 

stirred under H2 (15 psi) at 15 °C for 1 hour. The mixture was filtered and concentrated under 

reduced pressure to afford 1-cyclopropylpiperidin-4-amine (1.7 g, crude) as a green solid.

[0338] A mixture of l-cyclopropylpiperidin-4-amine (1.3 g, 9.27 mmol, 1.0 equiv) in tert- 

butoxycarbonyl tert-butyl carbonate (2.85 g, 13.1 mmol, 3.0 mL, 1.4 equiv) was stirred at 40 °C 

for 3 hours. The residue was purified by column chromatography (S1O2, petroleum ether/ethyl 

acetate, 10:1 to petroleum ether/ethyl acetate, 2:1) to afford /c/7-butyl Ai-(1 -cyclopropyl-4- 

piperidyl) carbamate (1.7 g, 7.07 mmol, 76% yield) as a white solid. 1H NMR (400 MHz, 

chloroform-d) δ 4.40 (br s, 1H), 3.47 (br s, 1H), 2.95 (d, J= 12.0 Hz, 2H), 2.35 - 2.21 (m, 2H),

1.90 (d, J= 11.6 Hz, 2H), 1.63 - 1.52 (m, 1H), 1.44 (s, 9H), 1.35 (br dd, J= 3.2, 12.0 Hz, 1H), 0.47 

- 0.41 (m, 2FI), 0.40 - 0.35 (m, 2H).

[0339] To a solution of/cr/-butyl N-(l-cyclopropyl-4-piperidyl)carbamate (500 mg, 2.08 mmol, 1.0
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equiv) in methanol (2.0 mL) was added HCl (4 M in dioxane, 5.0 mL, 9.6 equiv) at O °C. The 

mixture was stirred at O °C for 1 hour. The mixture was concentrated, diluted with saturated NaOH 

aqueous solution (25 mL) and extracted with dichloromethane (3 χ 10 mL). The combined organic 

layer was washed with brine (20 mL), dried over anh Na2S04, filtered and concentrated under 

reduced pressure to give 1 -cyclopropylpiperidin-4-amine (120 mg, crude) as a yellow oil. 1H NMR 

(400 MHz, chloroform-d) δ 2.98 (d, J = 12.0 Hz, 2H), 2.71 (br s, 1H), 2.22 (td, J= 2.0, 11.6 Hz, 

2H), 1.79 (brd, J= 12.0 Hz, 2H), 1.59-1.51 (m, 1H), 1.38 - 1.25 (m, 2H), 0.48 - 0.34 (m, 4H).

INTERMEDIATE A-3

^Boc 2.

[0340] To a solution of Ol-tert-butyl 02-methyl pyrrolidine-1,2-dicarboxylate (58.0 g, 253 mmol, 

1.0 equiv) in THF (1000 mL) was added LiFIMDS (1 M, 379 mL, 1.5 equiv) at -65 °C. The 

mixture was stirred at -65 °C for 1 hour prior to the addition of l-bromo-3-chloro-propane (199 g, 

1.26 mol, 124 mL, 5.0 equiv) at -65 °C. The solution was warmed to room temperature while 

stirring over 2 h. The mixture was diluted with satd aq NH4CI (500 mL) and then extracted with 

ethyl acetate (1200 mL). The organic layer was dried over anh Na2SC>4, filtered and concentrated 

under vacuum to provide the crude material. The residue was purified by column chromatography 

(S1O2, petroleum ether/ethyl acetate, 50:1 to 5:1) to afford 1 -(/cr/-butyl) 2-methyl 2-(3- 

chloropropyl)pyrrolidine-l,2-dicarboxylate (50.0 g, 60% yield) as a yellow oil.

[0341] To a solution of 1 -(fer/-butyl) 2-methyl 2-(3-chloropropyl)pyrrolidine-l,2-dicarboxylate 

(11.7 g, 38.3 mmol, 1.0 equiv) in dichloromethane (300 mL) was added TFA (117 g, 1.02 mol, 

75.8 mL, 26.7 equiv) at 25 °C. The mixture was stirred 25 °C for 0.5 hour. Subsequently, the 

mixture was concentrated under vacuum to provide methyl 2-(3-chloropropyl)pyrrolidine-2- 

carboxylate (12 g, crude, TFA salt) as a colorless oil.

[0342] To a solution of methyl methyl 2-(3-chloropropyl)pyrrolidine-2-carboxylate (12.0 g, 37.5 

mmol, 1.0 equiv, TFA) in MeOH (250 mL) was added K2CO3 (15.6 g, 113 mmol, 3.0 equiv) and 

KI (623 mg, 3.75 mmol, 0.1 equiv) at 25 0C. The mixture was stirred at 35 °C for 1.5 hours. The
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mixture was filtered and ~8Q% of the filtrate was removed under reduced pressure. The remaining 

filtrate was diluted with ethyl acetate (400 mL) and filtered. The filtrate was concentrated under 

vacuum to provide the crude material, which was purified by column chromatography (AhO3, 

dichloromethane/methanol, 10:1) to afford methyl tetrahydro-1//-pyrrol izine-7a(5//)-carboxv late 

(5.40 g, 85% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 3.70 (br s, 3H), 3.22-3.08 (m, 

2H), 2.71-2.56 (m, 2H), 2.36-2.22 (m, 2H), 1.87-1.73 (m, 4H), 1.72-1.59 (m, 2H); LCMS [ESI, 

M+l]: 170.

[0343] To a solution of methyl tetrahydro-l//-pyrrolizine-7a(5//)-carboxylate (11.8 g, 69.7 mmol,

1.0 equiv) in THF (250 mL) was added LiAlBi (7.94 g, 209 mmol, 3.0 equiv) at-10 0C. The 

mixture was stirred at this temperature for 30 min prior to being quenched with water (7 mL) and 

15% NaOH solution (8 mL). The mixture was filtered and the filtrate was concentrated under 

vacuum to provide (tetrahydro-l//-pyrrolizin-7a(5//)-yl)methanol (8.70 g, 88% yield) as a yellow 

oil. 1HNMR (400 MHz, CD3OD) δ 3.31 (s, 2H), 3.00-2.91 (m, 2H), 2.67-2.57 (m, 2H), 1.96-1.80 

(m, 4H), 1.78-1.68 (m, 2H), 1.62-1.52 (m, 2H).

INTERMEDIATE A-4

Pd/C, H2(45 Psi),

[0344] To a solution of ((25,4/?)-4-fluoropyrrolidin-2-yl)methanol (5.23 g, 33.6 mmol, 1.0 equiv, 

HCl salt) in MeOH (50 mL) was added acetone (25.5 g, 439 mmol, 32.3 mL, 13 equiv) and Pd/C 

(600 mg, 10% w/w) under N2. The suspension was evacuated under vacuum and purged with H2 

several times. The mixture was stirred under H2 (45 psi) at 25 °C for 12 hours. Subsequently, the 

mixture was filtered and the filtrate was concentrated to provide the crude material. The crude 

material was purified by flash chromatography (S1O2, petroleum ether/ethyl acetate, 5:1 to 

DCM/MeOH, 5:1) to afford ((2S,4R)-4-fluoro-l-isopropylpyrrolidin-2-yl)methanol (2.7 g, 50% 

yield) as a colorless oil. Rf= 0.30 (10:1, dichloromethane/methanol). 1H NMR (400 MHz, CDCl3) 

δ 5.25-4.99 (m, 1H), 3.81-3.70 (m, 1H), 3.51-3.44 (m, 1H), 3.40-3.24 (m, 2H), 3.18 (s, 1H), 3.13- 

2.98 (m, 1 H), 2.20-2.03 (m, 2H), 1.18 (d, T= 6.8 Hz, 3H), 1.05 (d, J= 6.4 Hz, 3H).

INTERMEDIATE A-5
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Pd/C, H2{45 Psi)

[0345] To a solution of ((25,47?)-4-methoxypyrrolidin-2-yl)methanol (2.5 g, 14.9 mmol, 1 equiv, 

HCl salt) in MeOH (30 mL) was added acetone (19.1 g, 328 mmol, 24.1 mL, 22 equiv), Pd/C (500 

mg, 10% w/w) under N2. The suspension was evacuated under vacuum and purged with H2 several 

times. The mixture was stirred under H2 (30.1 mg, 14.9 mmol) (45 psi) at 25 °C for 12 hours. 

Subsequently, the reaction mixture was filtered and concentrated under reduced pressure. The 

residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 5:1 to 

DCM/MeOH, 5:1) to afford ((2,9.4/?)-1 -isopropyl-4-methoxypyrrolidin-2-yl)methanol (1.1 g, 43% 

yield) as a yellow oil. 1HNMR (400 MHz, CDCl3): δ 3.89-3.79 (m, 1H), 3.56 (d, J= 4.0 Hz, 1H), 

3.35-3.29 (m, 1H), 3.27 (s, 3H), 3.19-3.06 (m, 2H), 2.97 (s, HI), 2.64-2.57 (m, 1H), 2.02-1.94 (m, 

1H), 1.88-1.77 (m, III), 1.09 (d, J= 6.8 Hz, 3H), 0.96 (d, J= 6.4 Hz, 3H).

INTERMEDIATE A-6

Pd/C, H2(45 Psi),

[0346] To a solution of (5)-(4,4-difluoropyrrolidin-2-yl)methanol (3.00 g, 17.3 mmol, 1.0 equiv, 

HCl salt) in methanol (50 mL) was added Pd/C (400 mg, 10% w/w) and acetone (39.5 g, 680 

mmol, 50.0 mL, 39 equiv). The reaction mixture was stirred at 25 °C under H2 (45 psi) for 24 

hours. The reaction mixture was filtered and the filtrate was concentrated under reduced pressure. 

The residue was added to a solution OfNH3 in methanol (50 mL, NH3 was bubbled through 

methanol at —40 °C for 10 min) and concentrated. The residue was purified by column 

chromatography (AfO3, petroleum ether/ethyl acetate, 3:1 to 0:1) to afford (5)-(4,4-difluoro-l- 

isopropylpyrrolidin-2-yl)methanol (2.50 g, 81% yield) as a colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 3.73-3.66 (m, HI), 3.38 (br d, J= 11.2 Hz, 1H), 3.29-3.15 (m, 2H), 3.11-2.95 (m, 2H), 

2.65-2.48 (m, 1H), 2.46-2.20 (m, 211), 1.12 (d, J= 6.8 Hz, 311), 0.97 (d, J= 6.4 Hz, 3H). LCMS 

[ESI, M+l]: 180.

INTERMEDIATE A-7
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M O'"
(Boc)2O1 TEA, DCM

K
O O

HO'

Boc 
,N /

'/ΛO O

[0347] To a solution of JV-(2-hydroxyethyl)methanesulfonamide (3.00 g, 21.6 mmol, 1.0 equiv) in 

dichloromethane (40.0 mL) was added (Boc)3O (5.17 g, 23.7 mmol, 5.45 mL, 1.1 equiv), TEA 

(3.27 g, 32.3 mmol, 4.50 mL, 1.5 equiv), and then DMAP (527 mg, 4.31 mmol, 0.2 equiv) at O °C. 

The mixture and stirred at O °C for 1 hour. The mixture was filtered and concentrated under 

reduced pressure to provide the crude residue. The residue was purified by column 

chromatography (S 1()2, petroleum ether/ethyl acetate, 1:0 to 4:1) to afford tert-butyl (2- 

hydroxyethyl)(methylsulfonyl)carbamate (1.01 g, 20% yield) as a colorless oil. Rf = 0.25 

(dichloromethane/methanol, 1:1). 1H NMR (400 MHz, CDCb): δ 4.27-4.16 (m, 2H), 3.48-3.38 (m, 

2H), 3.00 (s, 3H), 1.50 (s, 9H).

INTERMEDIATE A-8

Acetone, 10% Pd/C,
H2 (45 psi)

Bn

[0348] To a solution of (1 -benzylazetidin-2-yl)methanol (1.50 g, 8.46 mmol, 1.0 equiv) and acetone 

(11.8 g, 204 mmol, 15.0 mL, 24 equiv) in MeOH (15 mL) was added Pd/C (1.60 g, 10% w/w) 

under N2 atmosphere. The suspension was evacuated and purged with H2 three times. The mixture 

was sthred under H2 (45 psi) at 25°C for 36 hours. The mixture was filtered and the filtered cake 

was washed with EtOH (10 mL) and THF (10 ml). The combined filtrate was concentrated under 

vacuum to dryness. The residue was purified by column chromatography (AI2O3, dichloromethane 

/methanol, 1:0 to 10:1) to afford (l-isopropylazetidin-2-yl)methanol (800 mg, 73 % yield) as a 

white solid. 1H NMR (400 MHz, CDCl3): δ 3.67-3.57 (m, III), 3.50-3.33 (m, 3H), 2.92 (dt, J = 7.6, 

9.2 Hz, 1H), 2.54 (td, J= 6.4, 12.8 Hz, 1H), 2.25-2.11 (m, 2H), 1.93 (dtd, J= 3.2, 8.4, 10.8 Hz,

1H), 0.98 (d, J= 6.4 Hz, 3H), 0.94 (d, J= 6.4 Hz, 3H).

INTERMEDIATE A-9
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OH
CH3CHO, Pd/C, H2 (50 psi)

N\
Bn EtOH1 40 0C, 48 hrs

[0349] To a solution of (l-benzylazetidin-2-yl)methanol (2.00 g, 11.3 mmol, 1.0 equiv) and 

acetaldehyde (5 M, 9.03 mL, 4.0 equiv) in EtOH (20.0 mL) was added Pd/C (1.00 g, 10% wt/wt) 

under N2 atmosphere. The suspension was evacuated and purged with II2 several times. The 

mixture was stirred under H2 at 40 °C for 48 hours. The mixture was filtered and the filtrate was 

concentrated under vacuum. The residue was purified by column chromatography (AI2O3, 

petroleum ether/ethyl acetate, 3:1 to 0:1) to afford (l-ethylazetidin-2-yl)methanol (330 mg, 25% 

yield) as a yellow oil. ‘HNMR(400 MHz, CDCl3): δ 3.60 (dd,. /=3.2, 11.6 Hz, 1H), 3.46-3.34 

(m, 2H), 3.34-3.26 (m, 1H), 2.87-2.77 (m, 1H), 2.70-2.58 (m, 1H), 2.46-2.35 (m, 1H), 2.26 - 2.11 

(m, 1H), 1.99 - 1.86 (m, 1H), 0.97 (t, J = 7.2 Hz, 3H).

INTERMEDIATE A-IO

Pd/C, H

[0350] To a solution of (5)-pyrrolidin-2-ylmethanol (1.50 g, 14.8 mmol, 1.44 mL, 1.0 equiv) in 

methanol (50.0 mL) was added cyclobutanone (3.12 g, 44.5 mmol, 3.32 mL, 3.0 equiv) and Pd/C 

(150 mg, 10% wt/wt) under a nitrogen atmosphere. The suspension was evacuated under vacuum

and purged with H2 (15 psi) several times. The mixture was stirred under H2 (15 psi) at 25 0C for 

12 hours. The mixture was filtered and the filter cake was washed with methanol (40.0 mL). The 

filtrate was concentrated under reduced pressure to provide the crude residue. The residue was

purified by column chromatography [SiCh, petroleum ether/ethyl acetate, 0:1 to 5:1 to petroleum 

ether/ethyl acetate/ethanol (2%NH40LI), 4:3:1] to afford (5)-(1 -cyclobutylpyrrolidin-2- 

yl)methanol (890 mg, 38.7% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3): δ 3.52 (dd, J =

4.4, 10.4 Hz, 1H), 3.34 (dd, J= 3.2, 10.4 Hz, 1H), 3.16-3.06 (m, III), 3.01-2.95 (m, HI), 2.67 (dt, 

J= 4.4, 8.8 Hz, 1H), 2.41-2.33 (m, 1H), 2.11-2.03 (m, 1H), 2.03-1.91 (m, 4H), 1.90-1.81 (m, 1H), 

1.76-1.60 (m, 5H).

INTERMEDIATE A-11
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EtO2C,,

Boc

1.
0

LiAIHa BnOs'),

2. BnBr, Ag2O
3. TEMPO, TCCA
4. HWE
5. PtO2, H2 (15 psi)

Boc'

CO2Et 1· LiAIH4

3. TsCI
2. TFA
3. Ns2COg
4. Pd/C H2 (15 psi)

N^J

[0351] To a mixture of 1 -(/ert-butyl) 2-ethyl (S)-4-oxopyrrolidine-l,2-dicarboxylate (25.0 g, 103 

mmol, 1.0 equiv) in THF (300 mL) at -40 0C was added L1AIH4 (7.80 g, 205 mmol, 2.0 equiv).

The mixture was stirred at this temperature for 30 min prior to the slow dropwise addition of water 

(7.8 mL), 15% aq NaOH (7.8 mL) and water (23.4 mL). The mixture was dried over anh sodium 

sulfate and filtered. The filtrate was concentrated under reduced pressure to afford tert-butyl (25)- 

4-hydroxy-2-(hydroxymethyl)pyrrolidine-l-carboxylate (21.0 g, crude) as a yellow oil.

[0352] To a mixture of tert-butyl (25)-4-hydroxy-2-(hydroxymethyl)pyrrolidine-l-carboxylate 

(30.0 g, 138 mmol, 1.0 equiv) and BnBr (26.0 g, 152 mmol, 18.0 mL, 1.1 equiv) in MeCN (500 

mL) was added Ag2O (96.0 g, 414 mmol, 3.0 equiv). The mixture was stirred at 85 °C for 12 h. 

Subsequently, the reaction mixture was filtered and concentrated under reduced pressure. The 

resultant residue was purified by column chromatography (SiO2, petroleum ether/ethyl acetate,

30:1 to 1:1) to provide /c/7-butyl (25)-2-((benzyloxy)methyl)-4-hydroxypynOlidine-l-carboxylate 

(18.0 g, 42% yield) as a yellow oil.

[0353] To a mixture of tert-butyl (2<S)-2-((benzyIoxy)methyl)-4-hydroxypyrrolidine-l-carboxylate 

(17.0 g, 55.3 mmol, 1.0 equiv) in ethyl acetate (160 mL) at -5 °C was added trichloroisocyanuric 

acid (19.3 g, 83.0 mmol, 1.5 equiv) and TEMPO (13.0 g, 83.0 mmol, 1.5 equiv) in ethyl acetate (50 

mL). The mixture was stirred at that temperature for 30 min and was then warmed to room 

temperature and stirred for 1 h. Subsequently, the mixture was diluted with satd aq NaS2O;? (100 

mL) and extracted with ethyl acetate (100 mL x 3). The combined organic layer was washed with 

brine (50 mL x 1), dried over anh sodium sulfate and filtered. The filtrated was concentrated under 

reduced pressure to provide the crude residue. The residue was purified by reversed phase Hash 

chromatography [water (0.1% FA)/acetonitrile] to afford tert-butyl (S)-2-((benzyloxy)methyl)-4- 

oxopyrrolidine-l-carboxylate (7.08 g, 37 % yield) as a yellow oil. LCMS [ESI, M-99]: 206.

[0354] To a solution of ethyl 2-diethoxyphosphorylacetate (11.0 g, 49.1 mmol, 9.75 mL, 2.0 equiv) 

in THF (120 mL) at 0 0C was added NaH (1.18 g, 29.5 mmol, 60% purity, 1.2 equiv). The mixture

108



WO 2020/146613 PCT/US2020/012906

was stirred at this temperature for 0.5 hour prior to the addition of /er/-butyl (S)-2- 

((benzyloxy)methyl)-4-oxopyrrolidine-l-carboxylate (7.50 g, 24.6 mmol, 1.0 equiv) in THF (50 

mL). The resulting mixture was allowed to warm to room temperature and was stirred for 30 min. 

The mixture was diluted with ice-cold water (50 mL) and then extracted with ethyl acetate (50 mL 

x 3). The combined organic layer was washed with brine (30 mL), dried over anh sodium sulfate 

and filtered. The filtrate was concentrated under reduced pressure to provide the crude residue. The 

residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 20:1 to 1:1) 

to afford /er/-butyl (5f)-2-((benzyloxy)methyl)-4-(2-ethoxy-2-oxoethylidene)pyrrolidine-l- 

carboxylate (7.50 g, 80% yield) as a yellow oil. LCMS [ESI, M-99]: 276.

[0355] A mixture of tert-butyl (S)-2-((benzyloxy)methyl)-4-(2-ethoxy-2-oxoethylidene)pyrrolidine- 

1-carboxylate (1.50 g, 4.00 mmol, 1.0 equiv), PtCb (907 mg, 4.00 mmol, 1.0 equiv) and Na2C03 

(423 mg, 4.00 mmol, 1.0 equiv) in THF (2.00 mL) and ethyl alcohol (2.00 mL) was purged with 

hydrogen gas and then was stirred at 25 0C for 3 h under H2 (15 psi). The system was flushed with 

nitrogen and was filtered through a plug of Celite. The filtrate was concentrated under reduced 

pressure to provide the crude residue. The residue was purified by column chromatography ( SiO2. 

petroleum ether/ethyl acetate, 20:1 to 5:1) to afford Iert-butyl (25)-2-((benzyloxy)methyl)-4-(2- 

ethoxy-2-oxoethyl)pyrrolidine-l-carboxylate (1.00 g, 60% yield) as a colorless oil. LCMS [ESI, 

M+l]: 378.

[0356] To a solution of /e/7-butyl (2S)-2-((benzyloxy)methyl)-4-(2-ethoxy-2-oxoethyl)pyrrolidine- 

1-carboxylate (1.50 g, 3.97 mmol, 1.0 equiv) in THF (20.0 mL) at -40 °C was added L1AIH4 (452 

mg, 11.9 mmol, 3.0 equiv) and the mixture was stirred at this temperature for 1 h. The mixture was 

cautiously diluted with H2O (0.45 mL), 15% aq NaOH (0.45 mL), and H2O (1.35 mL). The 

reaction mixture was filtered and concentrated under reduced pressure to dryness. The residue was 

purified by column chromatography (Si02, petroleum ether/ethyl acetate, 20:1 to 0:1) to afford 

/e/7-butyl (25)-2-((benzyloxy)methyl)-4-(2-hydroxyethyl)pyrrolidine-l-carboxylate (1.00 g, 75% 

yield) as a colorless oil.

[0357] To a solution of Iert-butyl (2S,)-2-((benzyloxy)methyl)-4-(2-hydroxyethyl)pyrrolidine-l- 

carboxylate (1.00 g, 2.98 mmol, 1.0 equiv) in THF (10.0 mL) at 0 °C was added NaII (238 mg, 

5.96 mmol, 60% purity, 2.0 equiv) and TsCl (1.14 g, 5.96 mmol, 2.0 equiv). The mixture was 

stirred at room temperature for 12 h prior to being diluted with H2O (10 mL). The mixture was
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concentrated to give residue. The residue was diluted with II2O (20 mL) and extracted with ethyl 

acetate (30 mL x 3). The combined organic layer was washed with brine (30 mL), dried over 

anhydrous sodium sulfate and filtered. The liltrate was concentrated under reduced pressure to 

dryness. The residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 

50:1 to 0:1) to afford tert-butyl (2S)-2-((benzyloxy)methyl)-4-(2-(tosyloxy)ethyl)pyrrolidine-l- 

carboxylate (600 mg, 41% yield) as a colorless oil. LCMS [ESI, M-99]: 390.

[0358] A mixture of tert-butyl (25)-2-((benzyloxy)methyl)-4-(2-(tosyloxy)ethyl)pyrrolidine-l- 

carboxylate (590 mg, 1.21 mmol, 1.0 equiv), TEA (1.65 g, 14.5 mmol, 1.07 mL, 12 equiv) in 

dichloromethane (5.0 mL) was stirred at 25 °C for 0.5 hour under a nitrogen atmosphere. 

Subsequently, the mixture was concentrated, diluted with saturated aq NaHCCL and extracted with 

ethyl acetate (5 mL x 3). The combined organic layer was dried over anh Na2S04 and filtered. The 

filtrate was concentrated under reduced pressure to afford 2-((55)-5-

((benzyloxy)methyl)pyrrolidin-3-yl)ethyl 4-methylbenzenesulfonate (600 mg, crude) as a colorless 

oil. LCMS [ESI, M+l]: 390.

[0359] To a solution of 2-((55)-5-((benzyloxy)methyl)pyrrolidin-3-yl)ethyl 4- 

methylbenzenesulfonate (600 mg, 1.54 mmol, 1.0 equiv) in MeCN (30.0 mL) was added NaiCCL 

(816 mg, 7.70 mmol, 5.0 equiv). The mixture was stirred at 25 0C for 1.0 h prior to being 

concentrated. The residue was diluted with saturated aq NaHCCL then extracted with ethyl acetate 

(50 mL x 3). The combined organic layer was dried over anh NaaSCfi and filtered. The filtrate was 

concentrated under reduced pressure to provide the crude residue. The residue was purified by 

column chromatography [AI2O3, petroleum ether/ethyl acetate, 10:1 to ethyl acetate/ethanol (0.1% 

NH4OH), 3:1] to provide (25)-2-((benzyloxy)methyl)-l-azabicyclo[2.2.1]heptane (250 mg, 93% 

yield) as a yellow oil.

[0360] A mixture of (25)-2-((benzyloxy)methyl)-l-azabicyclo[2.2.1]heptane (100 mg, 460 pmol, 

1.0 equiv) and Pd/C (100 mg, 10 wt.%) in methyl alcohol (4.0 mL)/NH3 (1.0 mL, 20% in MeOI I) 

was purged with hydrogen (3 x) and then was stirred at 25 °C for 8 h (15 psi IT2). The mixture was 

filtered and concentrated under reduced pressure to dryness. The residue was purified by column 

chromatography (AI2O3, petroleum ether/ethyl acetate, 10:1 to ethyl acetate/ethanol (0.1% 

ΝΗ4ΌΗ), 3:1) to afford ((25)-l-azabicyclo[2.2.1]heptan-2-yl)methanol (50.0 mg, 85% yield) as a 

yellow oil.
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INTERMEDIATE A-12

COoEt

[0361] To a mixture of compound ethyl 5-oxopyrrolidine-2-carboxylate (1.50 kg, 9.54 mol, 1.00 

equiv) and 3-chloro-2-(chloromethyl)prop-l-ene (1.91 kg, 15.3 mol, 1.77 L, 1.60 equiv) in THF 

(7.50 L) at -40 °C under nitrogen was added dropwise LiHMDS (1 M, 19.1 L, 2.00 equiv). The 

mixture was stirred at room temperature for 20 h. TLC (petroleum ether/ethyl acetate, 0:1) 

indicated compound 5-oxopyrrolidine-2-carboxylate was consumed (Rf = 0.05) and three new 

major spots had formed (Rf = 0.40, 0.35, 0.27). The reaction mixture was poured into aq HCl (1 M, 

2.50 L) at 0 °C and the pH was adjusted to 7 with aq HCl (2 M). The resultant mixture was 

extracted with EtOAc (4.50 L χ 3). The combined organic layer was washed with brine (4.50 L), 

dried over anh Na2S04, filtered and concentrated under reduced pressure to afford a residue. The 

residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 10:1 to 1:1) 

to afford ethyl 2-methylene-5-oxotetrahydro-l//-pyrrolizine-7a(5//)-carboxylate (898 g, 4.29 mol, 

45% yield, 82% purity) as a yellow oil. LCMS [ESI, M+l]: 210.1. 1H NMR (400 MHz, CDCl3): δ 

5.02-5.07 (m, 2H), 4.28 (d, J = 15.6 Hz, III), 4.16-4.22 (m, 2H), 3.71 (dd,J= 15.6, 1.6 Hz, 1H), 

3.04 (d, J= 15.6 Hz, 1H), 2.73-2.80 (m, 1H), 2.57-2.64 (m, 1H), 2.41-2.49 (m, 2H), 2.03-2.17 (m, 

2H), 1.24-1.30 (m,3H).

[0362] Ozone was bubbled through a mixture of ethyl 2-iuethylenc-5-oxotetrahydro-1H- 

pyrrolizine-7a(577)-carboxylate (165 g, 788 mmol, 1.00 equiv) in DCM (1650 mL) and MeOH 

(165 mL) at -70 °C. After the solution became pale blue, excess O3 was purged with nitrogen for 

30 min. The mixture was treated with MdS (80.4 g, 1.29 mol, 95.0 mL, 1.6 equiv) at -70 °C and 

was allowed to warm to room temperature and stir for 16 h. TLC (petroleum ether/ethyl acetate, 

0:1) indicated the consumption of 2-methylene-5-oxotetrahydro-177-pyrrolizine-7a(577)- 

carboxylate (Rf = 0.55) and the formation of one major spot (Rf = 0.50). The reaction mixture was 

concentrated under reduced pressure to give a residue. From six identical reactions the combined 

residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 10:1 to 1:1) 

to afford ethyl 2,5-dioxotetrahydro-l//-pyrrolizine-7a(57/)-carboxylate (821 g, 3.89 mol, 82% 

yield, 93% purity) as a yellow oil. LCMS [ESI, M+l]: 212.1. 1H NMR (400 MFIz, CDCl3): δ 4.23

Cl Cl

2.
3.

O3
NaBH4

EtO2C

ο

sOH
1. DAST

2. SFC Separation
3. LiAIH4
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(q, J = 7,2 Hz, 2H), 4.12 (d, J= 18.8 Hz, 1H), 3.56 (d, J= 18.4 Hz, 1H), 2.96=3.01 (m, 2H), 2.77- 

2.86 (m, 1H), 2.43-2.50 (m, 2H), 2.14-2.22 (m, 1H), 1.28 (t, J= 12 Hz, 1H).

[0363] To a solution of ethyl 2,5-dioxotetrahydro-l//-pyrrolizine-7a(5//)-carboxylate (257 g, 1.22 

mol, 1.00 equiv) in EtOH (1300 mL) at O °C was added slowly NaBH4 (13.8 g, 365 mmol, 0.30 

equiv) under nitrogen. The mixture was stirred at 0 °C for 10 min. TLC (ethyl acetate) indicated 

the consumption of ethyl 2,5-dioxotetrahydiO-l //-pyiTol izine-7a(5/7)-carboxylate (Rf = 0.55) and 

the formation of two major spots (Rf = 0.30, 0.20). The reaction was diluted with satd aq NH4CI 

(65.0 mL) at 5 °C and stirred at that temperature for 30 min. The mixture was concentrated under 

reduced pressure to give a residue. The crude product from three identical reactions were 

combined. The combined crude material was purified by column chromatography (S1O2, 

petroleum ether/ethyl acetate, 10:1 to 1:1) to afford rac-ethyl (26',7a/?)-2-hydroxy-5-oxotetrahydro- 

l//-pym>lizine-7a(5/7)-carboxylate (450 g, 2.11 mol, 57% yield) as a yellow oil. 1H NMR (400 

MHz, CDCl3): δ 4.65 (s, 1H), 4.14 (q, J= 7.2 Hz, 2H), 3.95 (dd, J= 12.8, 6.0 Hz, 1H), 3.10 (d, J = 

12.8 Hz, 1H), 2.75-2.84 (m, 2H), 2.49-2.49 (m, 211), 2.39-2.45 (m, 1H), 2.02-2.10 (in, 1H), 1.84 

(dd, J= 13.6, 6.0 Hz, 1H), 1.30 (t, J =7.2 Hz, 1H).

[0364] To a solution of raoethyl (2.S’,7a/7)-2-hydroxy-5-oxotetrahydro-1//-pyrrolizlne-7a(5//)- 

carboxylate (100 g, 469 mmol, 1.00 equiv) in DCM (500 mL) -70 °C was added dropwise a 

solution of DAST (113 g, 703 mmol, 82.9 mL, 1.50 equiv) under nitrogen. The reaction mixture 

was warmed to 25 °C and stirred for 16 h. TLC (petroleum ether/ethyl acetate, 1:1) indicated the 

consumption of the starting material and the formation of one spot (Rf = 0.30). The reaction 

mixture was cooled to 10 °C and was diluted with MeOH (25.0 mL), water (1000 mL) and 

extracted with DCM (500 mL x 3). The combined organic layer was washed with brine (500 mL), 

dried over anh Na2S04, filtered and concentrated under reduced pressure to give a residue. The 

residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 1:0 to 0:1) to 

afford rac-ethyl (25,,7a/?)-2-fluoro-5-oxotetrahydro-l//-pyrrolizine-7a(5//)-carboxylate (55.0 g,

251 mmol, 49% yield) as a yellow oil. LCMS [ESI, M+l]: 216.0. 1H NMR (400 MHz, CDCl3): δ 

5.30 (dt, J= 52.4, 4.0 Hz, 1H), 4.17-4.25 (m, 3H), 3.11-3.24 (m, HI), 2.59-2.83 (in, 3H), 2.41-2.47 

(m, 1 H), 2.09-2.30 (m, 2H), 1.29 (t, J= 7.2 Hz, 1H).

[0365] The raoethyl (25,,7a/?)-2-fluoro-5-oxotetrahydro-l//-pyrrolizine-7a(5//)-carboxylate (30.0 

g, 139 mmol) was first purified by prep-IIPLC [Welch Ultimate XB-NH2 250 mm x 50 mm x 10
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Lirn; heptane-EtOH (0.1% NH4OH); B%: 10%, IOmin). The mixture was concentrated under 

reduced pressure to give a residue (28.0 g, 130 mmol). The residue was purified by prep-SFC 

(DAICEL CHIRALPAK IC 250 mm x 50 mm x 10 pm; 0.1% NH4OH in IPA; CO2 %: 40%, 

4.7min; desired product: peak 2, Rt= 1.959 min). The fractions were concentrated under reduced 

pressure to afford ethyl (2.SV7aP)-2-fhioro-5-oxotetrahydro-l//-pyrroh/ine-7a(5//)-carboxylate 

(12.0 g, 55.4 mmol, 40% yield, 99% purity, ee > 99%) as a yellow oil.

[0366] To a suspension Of LiAlH4 (4.81 g, 127 mmol, 1.50 equiv) in THF (90.0 mL) at 0 °C under nitrogen 

was added dropwise a solution of ethyl (2.S',7a/%2-fhioro-5-oxotetrahydro~ 1 A-pyrrolizinc-7a(5//)- 

carboxylate (18.2 g, 85.6 mmol, 1.00 equiv) in THF (55.0 mL). The reaction mixture was heated at 70 °C 

for 3 h at which time TLC analysis (petroleum ether/ether, 1:1) indicated the consumption of starting 

material (Rf = 0.30) and the formation of one new spot (Rf = 0.01). The mixture was cooled to O °C and was 

slowly diluted with water (5.00 mL), 15% aq NaOFl (15.0 mL) and water (15.0 mL). The mixture was 

stirred at 0 °C for 5 min and was filtered. The filter cake was washed with EtOAc (80.0 mL x 4) and the 

filtrate was dried over anh MgSO4, filtered and concentrated under reduced pressure to give a residue. The 

residue was purified by column chromatography (S1O2, dichloromethane/methanol, 100.T to 10:1) to afford 

((2R,7a6)-2-fluorotetrahydro-li7-pynOlizin-7a(5i7)-yl)methanol (10.8 g, 67.3 mmol, 99%, purity, 80.0% 

yield) as a yellow oil. 1H NMR (400 MHz, CDCl3): δ 5.13-5.28 (m, 1H), 3.26 (s, 2H), 3.13-3.19 (m, 2H), 

2.91-3.10 (m, 2H), 2.02-2.12 (m, 2H), 1.76-1.94 (m, 4H).

[0367] In addition to the foregoing Intermediates 1-61 and A-12 above, the following exemplary 

Intermediates B-I - B29 may be used to couple -Y-R2 to the azaquinazoline core of Formula (I).

INTERMEDIATE B-I

LiAlH4, THFSEMCI, NaH
,N-% ❖

N--A 2HN-/ 2·

[0368] To a mixture of ethyl l/7-pyrrolo[3,2-6]pyridine-2-carboxylate (1.9 g, 9.99 mmol, 1.0 equiv) 

in DMF (20 mL) was added NaFI (599 mg, 15.0 mmol, 60% purity, 1.5 equiv) at 0 °C. The mixture 

was stirred at 15 °C for 30 min prior to the addition of SEMCl (2.50 g, 15.0 mmol, 2.65 mL, 1.5 

eq). The mixture was stirred at 15 0C for an additional 30 min and was diluted with saturated aq 

NH4Cl (30 mL) and extracted with ethyl acetate (3 χ 30 mL). The combined organic layer was 

washed with brine (80 mL), dried over anh Na2SO4, filtered and concentrated under reduced
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pressure to give a residue. The residue was purified by column chromatography (Si Cf. petroleum 

ether/ethyl acetate, 20:1 to 5:1) to afford ethyl l-((2-(trimethylsilyl)ethoxy)methyl)-l/7- 

pyrrolo[3,2-6]pyridine-2-carboxylate (2 g, 6.05 mmol, 60% yield) as a colorless oil. 1H NMR (400 

MHz, CDCl3): δ 8.58 (dd, J = 1.6, 4.4 Hz, 1H), 7.90-7.85 (m, 1 H), 7.47 (d, J = 0.8 Hz, 1H), 7.25 

(dd, J = 4.8, 8.4 Hz, 1H), 6.01 (s, 2H), 4.40 (q, J = 7.2 Hz, 2H), 3.54-3.48 (m, 2H), 1.42 (t, J= 7.2 

Hz, 3H), 0.88-0.81 (m, 2H), -0.093 (s, 9H).

[0369] To a solution of l-((2-(trimethylsilyl)ethoxy)methyl)-l J/-pyrrolo[3,2-Z>]pyridine-2- 

carboxylate (1.9 g, 5.93 mmol, 1.0 equiv) in THF (20 mL) was added LiAlFH (450 mg, 11.9 mmol, 

2.0 equiv) at -10 °C. The mixture was stirred at -10 °C for 30 min prior to the addition of satd aq 

Na3SCL (6 mL) at 0 °C. The suspension was filtered and the filtrate was concentrated to afford (1- 

((2-(trimethylsilyl)ethoxy)methyl)-li7-pyrrolo[3,2-Z>]pyridin-2-yl)methanol (1.5 g, 91% yield) as a 

colorless oil. LCMS [ESI, M+l]: 279.

INTERMEDIATE B-2

NH2

[0370] To a solution of (R)-1-phenylethan-1 -amine (10 g, 82.5 mmol, 1 equiv) in toluene (120 mL) 

was added ethyl 2-oxoacetate (13.5 g, 66.0 mmol, 0.8 equiv). The mixture was stirred at 25 0C for 

1 hour and was concentrated under reduced pressure to provide ethyl (R,£)-2-((1- 

phenylethyl)imino)acetate (20 g, crude) as a yellow oil.

[0371] To a solution of ethyl (R,£)-2-(( 1-phenylethyl)imino)acetate (20 g, 97.4 mmol, 1.0 equiv) in 

DMF (200 mL) was added freshly cracked cyclopenta-1,3-diene (13.5 g, 205 mmol, 2.1 equiv) and 

TFA (14.4 g, 127 mmol, 9.38 mL, 1.3 equiv). The mixture was stirred at 25 °C for 12 h and was 

diluted with satd aq NaHCO3 (200 mL). The aqueous layer was extracted with ethyl acetate (50 

mL x 3). The combined organic layer was washed with brine (50 mL χ 3), dried over anh sodium 

sulfate and filtered. The filtrate was concentrated under reduced pressure to provide the crude 

residue. The residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 

100:1 to 3:1) to afford ethyl (lR,37?,4A)-2-((R)-l-phenylethyl)-2-azabicyclo[2.2.1]hept-5-ene-3-

1. CHOCO2Et
2. cyclopentadiene

3. H2, Pd/C
4. Boc2O
5. LAH

"OF
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carboxylate (8.5 g, 32% yield) as a colorless oil. 1H NMR (400 MHz, CDCl3): 5 7.39-7.23 (m, 5H), 

6.49-6.38 (m, 1H), 6.35-6.16 (m, 1H), 4.34-4.28 (m, NI), 3.92-3.71 (m, 2H), 3.12-3.00 (m, 1H),

2.96- 2.84 (m, 111),2.22 (s, 1H), 2.18-2.10 (m, 1H), 1.47-1.39 (m, 4H), 0.97 (t, J= 6.8 Hz, 311).

[0372] To a solution of ethyl (17/,37/,45)-2-((7/)-1-phenylethyl)-2-azabicyclo[2.2.1]hept-5-ene-3- 

carboxylate (1.80 g, 6.63 mmol, 1 eq) in EtOH (50 mL) was added Pd/C (300 mg, 10% wt/wt) 

under N2. The suspension was evacuated under vacuum and purged with IE several times. The 

mixture was stirred under H2 (15 psi) at 25 °C for 1 hour. The reaction mixture was filtered and 

concentrated under reduced pressure to afford ethyl (bS'. 3 //. 47/) - 2 - a zab i c y c 1012.2.1 ] h e p t an e - 3 - 

carboxylate (1.1 g, crude) as a yellow oil which was used in next step without any purification.

[0373] To a solution of ethyl (15,37/,47/)-2-azabicyclo[2.2.1]heptane-3-carboxylate (1.10 g, 6.50 

mmol, 1.0 equiv) in DCM (15 mL) was added (Boc)3O (2.84 g, 13.0 mmol, 2 equiv) and TEA 

(3.29 g, 32.5 mmol, 5 equiv). The mixture was stirred at 25 °C for 1 hour. Subsequently, the 

reaction mixture was diluted with water (30 mL) and extracted with ethyl acetate (30 mL x 3). The 

combined organic layers were washed with brine (30 mL), dried over anh sodium sulfate, filtered 

and concentrated under reduced pressure. The resultant residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 100:1 to 3:1) to afford 2-(/ez/-butyl) 3-ethyl 

(15,37/,47/)-2-azabicyclo[2.2.1]heptane-2,3-dicarboxylate (960 mg, 50% yield) as a yellow oil. 1H 

NMR (400 MHz, CDCl3): δ 4.22 (s, 1H), 4.21-4.09 (m, 2H), 3.85-3.64 (m, 1H), 2.71-2.62 (m, 1H),

1.97- 1.88 (m, 1H), 1.79-1.72 (m, 1H), 1.69-1.58 (m, 2H), 1.49-1.38 (m, 10H), 1.28-1.26 (m, 4H).

[0374] To a solution of 2-(/er/-butyl) 3-ethyl (15,37/,47/)-2-azabicyclo[2.2.1]heptane-2,3- 

dicarboxylate (2 g, 7.43 mmol, 1 equiv) in THF (5 mL) was added L1AIH4 (845 mg, 22.3 mmol, 3 

equiv) at -20 °C and the mixture was stirred at this temperature for 1 h. Subsequently, the reaction 

mixture was diluted with H2O (0.85 mL), 15% NaOH (2.55 mL), and H2O (2 mL). The suspension 

w?as filtered and the filtrate was concentrated in vacuum to afford ((15,37/,47/)-2-methyl-2- 

azabicyclo[2.2.1]heptan-3-yl)methanol (1.1 g, crude) as a light yellow oil. 1H NMR (400 MHz, 

CDCl3): δ 4.15-4.08 (m, 1H), 3.59-3.46 (m, 2H), 2.37-2.27 (m, 1H), 1.76-1.70 (m, 211), 1.63-1.57 

(m, 3FI), 1.48 (s, 9H), 1.29-1.24 (m, 2FI).

INTERMEDIATE B-3
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1.

2. m-CPBA 
^Cbz 3. H2, Pd/C

4. TBSCI
5. LAH

[0375] To a solution of 1-benzyl 2-methyl (5)-pyrrolidine-l,2-dicarboxylate (5.00 g, 19.0 mmol, 1.0 

equiv) in THF (10.0 mL) was added dropwise a solution of LiHMDS (1 M, 22.8 mL, 1.2 equiv) at 

-78 °C. The mixture was allowed to stir at this temperature for 1 h prior to the addition of 4- 

bromobut-l-ene (5.13 g, 38.0 mmol, 3.86 mL, 2.0 equiv). The mixture was stirred at 25 °C for 12 

hours, !'he mixture was quenched by addition of saturated aq NH4CI (25.0 mL and was extracted 

with ethyl acetate (3 x 50 mL). The combined organic layer was washed with saturated brine (2 x 

25 mL), dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under 

reduced pressure to provide the crude material. The residue was purified by column 

chromatography (SiO2, petroleum ether/ethyl acetate, 10:1 to ethyl acetate/methanol, 5:1) to afford 

1-benzyl 2-methyl 2-(but-3-en-l-yl)pyrrolidine-l,2-dicarboxylate (3.75 g, 62% yield) as a colorless 

oil.

[0376] To a solution of 1-benzyl 2-methyl 2-(but-3-en-l-yl)pyrrolidine-l,2-dicarboxylate (3.75 g,

11.8 mmol, 1.0 equiv) in dichloromethane (50.0 mL) was added m-CPBA (6.37 g, 29.5 mmol, 80% 

purity, 2.5 equiv). The mixture was stirred at 25 °C for 5 hours. Subsequently, the mixture was 

quenched by the addition of saturated aq NaS2O2 (35.0 mL). The aqueous layer was extracted with 

dichloromethane (3 x 65 mL). The combined organic layer was washed with brine (2 x 30 ml,), 

dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced 

pressure to provide the crude residue. The residue was purified by column chromatography (SiO2, 

petroleum ether/ethyl acetate, 10:1 to ethyl acetate/methanol, 3:1) to afford 1-benzyl 2-methyl 2- 

(2-(oxiran-2-yl)ethyl)pyrrolidine-l,2-dicarboxylate (3.15 g, 80% yield) as a colorless oil. 1HNMR 

(400 MHz, CDCl3): δ 7.40-7.29 (m, 5H), 5.17-5.04 (m, 2H), 3.70 (d, J- 4.0 Hz, 3H), 3.52-3.46 

(m, 2H), 2.97-2.66 (m, 2H), 2.50-2.21 (m, 211), 2.18-1.78 (m, 5H), 1.71-1.40 (m, 2H).

[0377] To a solution of 1-benzyl 2-methyl 2-(2-(oxiran-2-yl)ethyl)pyrrolidine-l,2-dicarboxylate 

(3.10 g, 9.30 mmol, 1.0 equiv) in methanol (1.0 mL) was added Pd/C (0.31 g, 9.30 mmol, 10% 

wt/wt) under a nitrogen atmosphere. The suspension was evacuated under vacuum and purged with 

H2 several times. The mixture was stirred at 25 °C under H2 (15 psi) for 4 hours. After completion,

OTBS
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the mixture was filtered. The filtrate was concentrated under reduced pressure to afford methyl 3- 

(byxlroxymeUiy Ijtctrahydro-1 //-pyrrol izine-7a(5//)-carboxy late (1.90 g, crude) as a colorless oil.

[0378] To a solution of methyl 3-(hydroxymethy])tetrahydro-l//-pyrrolizine-7a(5//)-carboxylate 

(1.85 g, 9.28 mmol, 1.0 equiv) in dichloromethane (20.0 mL) was added TBSCl (2.10 g, 13.9 

mmol, 1.71 mL, 1.5 equiv) and imidazole (1.90 g, 27.9 mmol, 3.0 equiv). The mixture was stirred 

at 25 °C for 1 hour and was poured into ice-water (20.0 mL) and stirred for 5 min. The 

dichloromethane layer was separated and the aqueous phase was extracted with ethyl acetate (3 x 

35 mL). The combined organic phase was washed with saturated brine (2 x 20 mL), dried over 

anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to 

provide the crude residue. The residue was purified by silica gel chromatography (petroleum 

ether/ethyl acetate, 100:1 to 8:1) to afford methyl 3-(((tert-

butyldimethylsilyl)oxy)methyl)tetrahydro-l//-pyrrolizine-7a(5//)-carboxylate (750 mg, 26% yield) 

as a colorless oil. 1H NMR (400 MHz, CDCl3): δ 3.89 (dd, J= 4.4, 10.4 Hz, 1H), 3.78 (dd, J= 6.0, 

10.4 Hz, 1H), 3.74-3.67 (m, 3H), 3.36-3.25 (m, 1H), 2.95 (td, J= 4.4, 9.2 Hz, 1H), 2.83 (q, J= 8.4 

Hz, 1H), 2.51-2.40 (m, HI), 2.25-2.13 (m, 1H), 1.94-1.86 (m, 1H), 1.84-1.78 (m, 3H), 1.75-1.67 

(m, 1H), 1.65-1.56 (m, 1H), 0.90 (s, 9LI), 0.13-0.01 (s, 6H).

[0379] To a mixture of LiAlfL (484 mg, 12.8 mmol, 2.0 equiv) in THF (20.0 mL) was added 3- 

(((/crr-butyldimethylsilyl)oxy)mcthyljtctrahydro-1 //-pyrrolizine-7a(5//[-carboxylate (2.00 g, 6.38 

mmol, 1.0 equiv) at -20 °C. The mixture was stirred at this temperature for 1 h. Subsequently, the 

reaction mixture was quenched with water (0.5 mL), 15% NaOH (0.5 mL) and water (1.5 mL) at 0 

°C. The resultant suspension was filtered and the filter cake was washed with THF (50 mL). The 

filter cake was dispersed in THF (30 mL) and stirred at 25 °C for 5 minutes prior to filtration. The 

combined filtrate was concentrated under reduced pressure to provide the crude material. The 

residue was diluted with ethyl acetate and dried over anhydrous sodium sulfate and filtered. The 

filtrate was concentrated under reduced pressure to afford (3-(((tert-

butyldimethylsilyl)oxy)methyl)tetrahydro-l J7-pyrrolizin-7a(5//)-yl)methanol (1.70 g, 93% yield) 

as a yellow oil. 1H NMR (400 MHz, CDCl3): δ 3.85 (dd, J= 6.0, 10.4 Hz, III), 3.72 (dd, J = 6.0, 

10.4 Hz, 1H), 3.38-3.21 (m, 2H), 3.18-3.05 (m, 1H),2.85 (ddd, J= 2.4, 6.0, 8.8 Hz, 1H),2.72 (dt, 

J= 6.4, 9.6 Hz, 1H), 1.97 (ddd, J= 2.8, 7.2, 12.4 Hz, 1H), 1.83-1.46 (m, 7H), 0.90 (s, 9H), 0.07 (s, 

6H). LCMS [ELSD, M+l]: 286.
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INTERMEDIATE B-4

o
H MeOjSr

N"
Boc

LiAIH4, THF HQ
Me

Me

[0380] To a solution of l-(/er/-butyl)-2-methyl 2-methylazetidine-l,2-dicarboxylate (300 mg, 1.31 

mmol, 1.0 equiv) in THF (4 mL) was added LiAlH4 (124 mg, 3.27 mmol, 2.50 equiv) at -40 0C. 

The mixture was stirred at this temperature for 1 h and was then heated to 70 °C and stirred for an 

additional hour. The mixture was cooled to room temperature and quenched with saturated aq 

Na2SC>4 (0.1 mL). The suspension was filtered and the filter cake was washed with 

dichloromethane (3 χ 5 mL). The mixture was adjusted to pLI ~ 3 with 4 M HChdioxane and 

concentrated to afford (l,2-dimethyIazetidin-2-yl)methanol (200 mg, crude HCl salt) as a yellow 

oil. 1H NMR (400 MHz, CD3OD): δ 3.88-3.80 (m, 2H), 3.69-3.64 (m, 1H), 3.62-3.56 (m, 1H), 2.72 

(s, 3H), 2.71-2.60 (m, 1H), 2.19-2.10 (m, 1H), 1.57 (s, 3H).

INTERMEDIATE B-5

Ό

o
X LiAlH4, THF

"F

Boc

■"F

[0381] To a solution of l-(/er/-butyl)-2-methy 1-(25,45)-4-fluoropyrrolidine-l,2-dicarboxylate (5.00 

g, 20.2 mmol, 1.0 equiv) in THF (10.0 mL) was added LiAfflU (2.30 g, 60.7 mmol, 3.0 equiv) 

portionwise at 0 °C. The mixture was stirred at this temperature for 1 h and then at 65 0C for 30 

min. The mixture was cooled to room temperature and quenched with H2O (2.30 mL), 15% of aq. 

NaOH (2.30 mL) and H2O (5.00 mL). The suspension was filtered and the filtrate was concentrated 

under reduced pressure to afford ((25,45)-4-fiuoro-l-methylpyrrolidin-2-yl)methanol (2.30 g, 

crude) as a light yellow oil. 1H NMR (400 MHz, CDCl3): δ 5.22-4.93 (m, 1 H) 3.73 (dd, J=I 1.2,

3.2 Hz, 1 H) 3.47 (brd,J=11.2 Hz, 1 H) 3.33 (br dd, J=I 8.0, 11.2 Hz, 1 H) 2.52-2.06 (m, 8 H).

INTERMEDIATE B-6
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O F F
1. Mel

HO
2. LAH

HO

Boc^ /

[0382] To a solution of (21<?,3i?)-l-(/er/-butoxycarbonyl)-3-fluoropyrrolidine-2-carboxylic acid (400 

mg, 1.72 mmol, 1.0 equiv) in DMF (4.0 mL) was added K2CO3 (355 mg, 2.57 mmol, 1.5 equiv) 

and MeI (1.46 g, 10.3 mmol, 641 qL, 6.0 equiv). The mixture was stirred at 25 0C for 1 hour and 

was then diluted with saturated aq NH4CI (10.0 mL) at O °C. The aqueous layer was extracted with 

ethyl acetate (15 mL). The organic layer was washed with brine (3x15 mL), dried over anhydrous 

sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to afford 1 -(tert- 

butyl) 2-methyl (25',3i?)-3-fluoropyrrolidine-l,2-dicarboxylate (420 mg, crude) as a yellow oil. Rf 

= 0.80 (petroleum ether/ethyl acetate, 1:1). 1H NMR (400 MHz, CDCl3): δ 5.28-5.07 (m, 1H), 

4.66-4.40 (m, 1H), 3.77 (s, 3H), 3.75-3.65 (m, 1H), 3.62-3.50 (m, 1H), 2.29-2.00 (m, 2H), 1.49- 

1.42 (m, 9H).

[0383] To a mixture of LiAfiTt (193 mg, 5.10 mmol, 3.0 eq) in THF (4.0 mL) was added l-(/er/- 

butyl) 2-methyl (26',37?)-3-fluoropyrrolidine-l,2-dicarboxylate (420 mg, 1.70 mmol, 1.0 equiv) in 

THF (4.0 mL) at -20 °C. The mixture was stirred at this temperature for 30 min and was then 

stirred at 66 °C for an additional hour. The mixture was cooled to 0 °C and was quenched with 

water (0.1 mL), 15% aq NaOH (0.1 mL) and water (0.3 mL). The suspension was filtered and the 

filter cake was dispersed in THF (15 mL) and stirred at 25 °C for 5 minutes prior to filtration. The 

combined filtrate was dried over anhydrous sodium sulfate and filtered. The filtrate was 

concentrated under reduced pressure to afford ((26\3i?)-3-fluoro-l-methylpyrrolidin-2-yl)methanol 

(200 mg, crude) as a yellow oil. Rf= 0.50 (dichloromethane/methanol, 5:1). 1H NMR (400 MHz,

CDCl3): δ 5.15-5.06 (m, 1H), 3.91-3.75 (m, 2H), 3.10-3.06 (m, 1H), 3.03-2.79 (m, 2H), 2.42 (s, 

3H), 1.70 (td, J = 2.8, 6.0 Hz, 2H).

INTERMEDIATE B-7

1 r.M„n Pd/n ι-u bocBoc

2. TFA

[0384] To a solution of toy-butyl 3-aminoazetidine-l-carboxylate (5.00 g, 29.0 mmol, LO equiv) in
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MeOH (100 mL) was added Pd/C (5.00 g, 10% wt/wt) and formaline (109 g, 1.34 mol, 100 mL, 

37% in water, 46.2 equiv). The mixture was stirred at 20 °C for 18 h under H2 (15 psi). The 

mixture was filtered and the filter cake was washed with MeOH (3 x 50.0 mL). The filtrate was 

concentrated under vacuum to provide the crude material. The crude product was purified by 

column chouromatography (SiO2, petroleum ether/ethyl acetate, 10:1 to 0:1) to afford /tr/-bulyl 3- 

(dimethylamino)azetidine-l-carboxylate (6.00 g, 83% yield) as a colorless oil. 1H NMR (400 MHz,

DMSO-de): δ 3.83-3.78 (m, 2 H), 3.62-3.59 (m, 2 H), 3.00-2.87 (m, 1 H), 2.04 (s, 6 H), 1.37 (s, 9

H).To a solution of ieri-butyl 3-(dimethylamino)azetidine-1 -carboxylate (2.00 g, 9.99 mmol, 1.0 

equiv) in DCM (18.0 mL) at 0 °C was added TFA (6.00 mL). The mixture was stirred at room 

temperature for 2 h and was concentrated under reduced pressure and lyophilized to afford N,N- 

dimethylazetidin-3-amine (3.50 g, 96% yield, δΑ-TFA salt) as a yellow solid. 1H NMR (400 MHz, 

D2O): 5 4.50-4.41(m, 5H), 2.84 (s, 6 FI).

INTERMEDIATE B-8

CH3CHO (5 M),
Pd/C, H2 (50 psi)

[0385] To a solution of (R)-azetidin-2-ylmethanol (1.32 g, 10.7 mmol, 1.0 equiv, HCl salt) and 

acetaldehyde (5 M in THF, 8.55 mL, 4.0 equiv) in EtOH (20.0 mL) was added Pd/C (0.500 g, 10% 

wt/wt) under a N2 atmosphere. The suspension was evacuated and purged with H2 several times. 

The mixture was stirred under H2 at 50 °C for 36 h. Subsequently, the mixture was filtered and the 

filtrated was concentrated under vacuum to afford (7/)-( 1 -ethylazetidin-2-yl (methanol (1.00 g, 

crude, HCl salt) as a brown oil. The same procedure was used for (5)-(1-ethylazetidin-2- 

yl)methanol.

INTERMEDIATE B-9

1. CH3NHOCH3
BrMg

3. BF3OEt2, Ph3SiH
4. Oxone
5. H2, Pd/C
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[0386] An oven-dried three-necked flask equipped with a reflux condenser was charged with Mg 

(584 mg, 24.0 mmol, 1.20 equiv) and h (507 mg, 2.00 mmol, 0.1 equiv) was heated with a heat 

gun until the iodine vapors were evenly distributed inside the flask. A solution ofhomoallyl 

bromide (2.70 g, 20.0 mmol, 2.03 mL, 1 equiv) in THF (20 mL) was added portionwise until 

gentle refluxing had intiated. The solution was then added dropwise over the course of 30 minutes 

maintaining a constant reflux. The dark reaction mixture was subsequently cooled to room 

temperature was used without filtration.

[0387] To a solution of 4-(((benzyloxy)carbonyl)amino)butanoic acid (5.00 g, 21.1 mmol, 1 equiv) 

in DCM (150 mL) at 0 °C was added TEA (6.40 g, 63.2 mmol, 8.80 mL, 3.0 equiv) followed by 

T3P (16.1 g, 25.3 mmol, 15.0 mL, 50% in EtOAc, 1.2 equiv) and A-methoxymethanamine (3.08 g, 

31.6 mmol, 1.5 equiv, HCl salt), the mixture was stirred at 25 °C for 16 hours. The mixture was 

extracted with DCM (3 x 100 mL) and concentrated in vacuo. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 1:0 to 1:1) to afford benzyl (4- 

(methoxy(methyl)amino)-4-oxobutyl)carbamate (5.50 g, 19.6 mmol, 93% yield) as a yellow oil. 1H 

NMR (400 MHz, CDCl3): δ 7.33-7.23 (m, 511), 5.04-4.98 (m, 3H), 3.58 (s, 3H), 3.18 (q, J= 6.4 

Hz, 2H), 3.09 (s, 3H), 2.41 (br t, J= 6.8 Hz, 2H), 1.82-1.73 (m, 2H). LCMS [ESI, M+l]: 281.2.

[0388] To a solution of benzyl (4-(methoxy(methyl)amino)-4-oxobutyl)carbamate (2.00 g, 7.13 

mmol, 1.0 equiv) in THF (10 mL) at 0 °C was added the Grignard reagent (0.500 M in THF, 42.8 

mL, 3.0 equiv) under N2. The mixture was stirred at 25 °C for 1 h and then the pH was adjusted to 

3- -4 with IM aq HC1. The mixture was extracted with ethyl acetate (5 χ 50 mL). The combined 

organic layer was washed with satd aq NaHCO3, brine (50 mL), dried over anh Na2S04, filtered 

and concentrated under the reduced pressure to give the crude residue. The residue was purified by 

column chromatography (S1O2, petroleum ether/ethyl acetate, 10:1 to 5:1) to afford benzyl (4- 

oxooct-7-en-l-yl)carbamate (1.50 g, 5.45 mmol, 38% yield) as a yellow oil. 1H NMR (400 MHz, 

CDCl3): 5 7.36-7.22 (m, 5 H), 5.75-5.65 (m, 1 FI), 5.12-4.69 (m, 5 H), 3.10 (q,./= 6.4 Hz, 2 H), 

2.43-2.32 (m, 4 H), 2.22 (q, J= 6.80 Hz, 2 FI), 1.75-1.62 (m, 2 H). LCMS [ESI, M+l]: 276.1.

[0389] To a solution of triphenylsilane (2.38 g, 9.15 mmol, 1.8 equiv) in DCM (10 mL) at 20 °C 

was added BF3*Et20 (2.64 g, 18.6 mmol, 2.30 mL, 3.66 equiv). The mixture wras stirred for 10 min 

prior to cooling to -78 °C followed by the addition of a solution of benzyl (4-oxooct-7-en-l- 

yl)carbamate (1.40 g, 5.08 mmol, 1 equiv) in DCM (10 mL). The mixture was stirred for 30 min at
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this temperature and then allowed to warm to 20 °C with continued stirring for 2 h. The mixture 

was diluted with satd aq NaHCOs and extracted with ethyl acetate (3 x 50 mL). The combined 

organic layer was washed with brine (50 mL), dried over anh Na2SOzt, filtered and concentrated 

under the reduced pressure to give a residue. The residue was purified by column chromatography 

(SiO2, petroleum ether/ethyl acetate, 30:1 to 3:1) to afford benzyl 2-(but-3-en-l-yl)pyrrolidine-l- 

carboxylate (1.10 g, 4.24 mmol, 83% yield) as a colorless oil. 1H NMR (400 MHz, CDCb): δ 7.41- 

7.22 (m, 5 H), 5.85-5.59 (m, 1 H), 5.12-4.82 (m, 4 H), 3.79 (br s, 1 H), 3.46-3.27 (m, 2 H), 2.03- 

1.95 (m, 1 H), 1.89-1.71 (m, 4 H), 1.62-1.57 (m, 1 H), 1.39-1.28 (m, 1 H), 1.25-1.15 (m, 1 H).

[0390] To a mixture of benzyl 2-(but-3-en-l-yl)pyrrolidine-l-carboxylate (1.00 g, 3.86 mmol, 1 

equiv), NaHCOs (2.59 g, 30.9 mmol, 8.0 equiv) in acetone (25 mL) and H2O (25 mL) at 0 °C was 

added dropwise a solution of Oxone (11.9 g, 19.3 mmol, 5.0 equiv) in H2O (25 mL). The mixture 

was stirred at 0 0C for air additional 2 h prior to being diluted with H2O (50 mL). The mixture was 

extracted with ethyl acetate (3 χ 30 mL). The combined organic layer was washed with brine (50 

mL), dried over anh Na2S04, filtered and concentrated under the reduced pressure to give a 

residue. The residue was purified by column chromatography (SiO2, petroleum ether/ethyl acetate, 

10:1 to 1:1) to afford benzyl 2-(2-(oxiran-2-yl)ethyl)pyrrolidine-l-carboxylate (800 mg, 2.91 

mmol, 75% yield) as a yellow oil.

INTERMEDIATE B-10

1. benzaldehyde
2. PhSeBr
3. f-BuOOH

H OH 4. Ph2Se2, NaBH4 
5 BH3-DMS

[0391] To a mixture of (5)-5-(hydroxymethyl)pyrrolidin-2-one (7.26 g, 63.1 mmol, 1.0 equiv) in 

toluene (150 mL) was added benzaldehyde (7.36 g, 69.4 mmol, 7.01 mL, 1.1 equiv), TsOH»H20 

(163 mg, 946 pmol, 0.015 equiv) UnderN2. The mixture was stirred at 125 °C for 48 h and was 

then diluted with water (100 mL) and extracted with ethyl acetate (300 ml,). The combined organic 

layer was washed with saturated aq NaLICOs (300 mL), dried over anh sodium sulfate, filtered and 

concentrated under vacuum to provide the crude residue. The residue was purified by column 

chromatography (SiO2, petroleum ether/ethyl acetate, 20:1 to 1:1) to afford (7a*S)-3-

DH

N
1
Bn OH

1. H2, Pd/C, Boc2O
2. MsCI1 TEA

3. BnNH2
4. H2, Pd/C

H
NH

N H 
Boc
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phenyltetrahydro-3f7,5//-pyrrolo[l,2-c]oxazol-5-one (5.70 g, 33% yield) as a brown oil. LCMS 

[ESI, M+l]: 204.

[0392] To a solution of (7aS)-3-phenyltetrahydro-3//,5//-pyrrolo[l,2-c]oxazol-5-one (5.00 g, 24.6 

mmol, 1.0 eq) in THF (50.0 mL) at - 65 °C was added LiHMDS (1 M, 49.2 mL, 2.0 eg). The 

mixture was stirred at this temperature for 30 min prior to the dropwise addition of PhSeBr (6.39 g, 

27.1 mmol, 1.1 equiv) in THF (15.0 mL). The mixture was stirred at - 65 0C for 1 h and was 

diluted with satd aq NH4CI (100 mL) and extracted with ethyl acetate (200 mL). The combined 

organic layer was dried over anh sodium sulfate, filtered and concentrated under vacuum. The 

resultant residue was dissolved in DCM (120 mL) at 0 0C and to this solution was added H2O2 

(16.7 g, 148 mmol, 14.2 mL, 30% in water, 6.0 equiv). The mixture was stirred at 25 °C for 3 h 

and was then diluted with DCM (50 mL) and washed with HCl (150 mL, 1 M), satd aq NaHCCL 

(150 mL), satd and aq Na2S203 (150 mL). The organic layer was dried over anh sodium sulfate, 

filtered and concentrated under vacuum. The resultant residue was purified by column 

chromatography (81()2, petroleum ether/ethyl acetate, 20:1 to 1:1) to afford (7a,S')-3-phenyl -1,7a- 

dihydro-3//,5//-pyrrolo[l,2-c]oxazol-5-one (3.30 g, 63% yield) as a yellow solid. 1HNMR (400 

MHz, CDCl3): δ = 7.45 (d, J = 7.2 Hz, 2H), 7.35-7.24 (m, 3H), 7.19 (dd, J= 1.6, 5.6 Hz, 1H), 6.17- 

6.04 (m, 2H), 4.61-4.49 (m, 1H), 4.19 (t, J= 7.6 Hz, 1H), 3.35 (t, J= 8.0 Hz, 1H). LCMS [ESI, 

M+l]: 202.

[0393] To a solution of (7aS)-3-phenyl-l,7a-dihydro-37/,5//-pyrrolo[l,2-c]oxazol-5-one (2.80 g, 

13.9 mmol, 1.0 equiv) in DMF (50.0 mL) was added K2CO3 (1.92 g, 13.9 mmol, 1.0 equiv) and 

70% /-butyl hydroperoxide (5.52 g, 61.2 mmol, 5.87 mL, 4.4 equiv) in portions under N2. The 

mixture was stirred at 25 °C for 30 min prior to the addition of BmNFMHhO (13.2 g, 41.7 mmol, 

3.0 equiv). The mixture was stir at room temperature for 1 h prior to being diluted with satd aq

NH4CI (50 mL) and extracted with MTBE (2 x 100 mL). The organic layer was washed with water
\

(3 x 100 mL), dried over anh Na2SC>4, filtered and concentrated under vacuum. The resultant 

residue was purified by column chromatography (S1O2, petroleum ethcr/ethyl acetate, 20:1 to 1:1) 

to afford (la/Clbi?,6a/?)-4-phcnyltetrahydro-4/7,6J7-oxireno[2',3':3,4]pyrrolo[l ,2-c]oxazol-6-one 

(1.20 g, 38% yield, 94.8% purity) as a brown solid. 1H NMR (400 MHz, CDCl3): δ = 7.42-7.31 (m, 

5H), 6.34 (s, 1H), 4.29-4.17 (m, 2H), 4.06 (d, J= 2.4 Hz, 1H), 3.81 (d, J= 2.0 Hz, HI), 3.56 (dd, J 

= 7.6, 8.4 Hz, 1H). LCMS [ESI, M+l]: 218.
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[0394] To a solution of PhSeSePh (2.09 g, 6.70 mmol, 1.5 equiv) in EtOH (20.0 mL) at O °C was 

added NaBH4 (506 mg, 13.4 mmol, 3.0 equiv) and the mixture was stirred for 15 min prior to the 

addition of HOAc (1.21 g, 20.1 mmol, 1.15 mL, 4.5 equiv). The resultant solution was added to 

(lai?,lbi?,6ai?)-4-phenyltetrahydro-4/7,6//-oxireno[2',3':3,4]pyrrolo[l,2-c]oxazol-6-one (1.20 g, 

4.46 mmol, 1.0 equiv) in EtOH (12.0 mL) and stirred at 25 °C for 30 min. The reaction mixture 

was diluted with EtOAc (150 mL) and oxygen gas was bubble through for 5 min. The residue was 

concentrated under vacuum and the resultant residue was purified by column chromatography 

(SiCfi, petroleum ether/ethyl acetate, 3:1 to 0:1) to afford (71S’,7a/?)-7-hydroxy-3-phenyltetrahydro- 

3/7,577-pyrrolo[l,2-c]oxazol-5-one (1.06 g, crude) as a brown solid. LCMS [ESI, M+l]: 220.

[0395] To a solution of (7,S'.7a/i)-7-hydroxy-3-phenyltctfaliydro-3//,5/7-pyrrolo[L2-c]oxazol-5-one 

(1.39 g, 6.34 mmol, 1.0 equiv) in THF (25.0 mL) was added BH3-Me2S (10 M, 6.34 mL, 10 

equiv). The reaction mixture was stirred at 70 0C for 2 h and then cooled to room temperature. The 

reaction mixture was quenched with HCl (4 M, 12 mL) and stirred at 70 °C for 1 h. The mixture 

was diluted with saturated aq NaaCCfi and was extracted with ethyl acetate (3 x 100 mL). The 

combined organic layer was dried over anh Na3SCfi, filtered and concentrated under vacuum to 

afford (2i?,36)-l-benzyl-2-(hydroxymethyl)pyrrolidin-3-ol (1.55 g, 70% yield) as a colorless oil. 

LCMS [ESI, M+l]: 208.

[0396] To a solution of (2Z?,3S)-l-benzyl-2-(hydroxymethyl)pyrrolidin-3-ol (500 mg, 1.43 mmol, 

1.0 equiv) and tert-butoxycarbonyl tert-butyl carbonate (933 mg, 4.28 mmol, 982 uL, 3.0 equiv) in 

MeOH (50.0 mL) was added Pd/C (500 mg, 334 umol, 10% wt/wt). The mixture was stirred at 40 

°C for 16 h under H2 (50 psi). The system was flushed with nitrogen, the mixture was filtered and 

the filtrate was concentrated under vacuum. The resultant residue was purified by column 

chromatography (SiCfi, petroleum ether/cthyl acetate, 5:1 to dichloromethane/methanol, 10:1) to 

afford tert-butyl (27?,3.S)-3-hydroxy-2-(hydroxymethyl)pyrrolidine-l-carboxylate (380 mg, crude) 

as a yellow oil. 1H NMR (400 MHz, CDCl3): δ 4.56 (br s, 1H), 4.20 (br s, 1H), 3.85-3.62 (m, 2H), 

3.44-3.03 (m, 2H), 2.12-1.94 (m, 1H), 1.92-1.79 (m, 1H), 1.46 (s, 9H).

[0397] To a solution of /e/7-butyl (2/L35')-3-hydroxy-2-(hydroxymethyl)pynOlidine-l-carboxylate 

(380 mg, 1.75 mmol, 1.0 equiv) in DCM (10.0 mL) at 0 °C was added TEA (708 mg, 7.00 mmol, 

974 pL, 4.0 equiv) and MsCl (501 mg, 4.37 mmol, 338 uL, 2.5 equiv). The mixture was stirred at 0 

0C for 4 h and was then concentrated under vacuum. The resultant residue was diluted with ethyl
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acetate (20 mL) and washed with satd aq NaIICCb (10 mL). The organic layer was dried over anh 

Na2S04, filtered and concentrated under vacuum. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 20:1 to 1:1) to afford tert-butyl (2R,3S)-3- 

((methylsulfonyl)oxy)-2-(((methylsulfonyl)oxy)methyl)pyrrolidine-l-carboxylate (680 mg, crude) 

as a colorless oil. 1H NMR (400 MHz, CD3OD): δ = 5.24 (br s, 1H), 4.46-4.27 (m, 2H), 4.19 (br s, 

1H), 3.59-3.45 (m, 2H), 3.19-3.09 (m, 6H), 2.44-2.30 (m, 1H), 2.29-2.18 (m, 1H), 1.49 (br s, 9H). 

LCMS [ESI, M-99]: 274.

[0398] To a solution of tert-butyl (2i?,3S)-3-((methylsulfonyl)oxy)-2-

(((methylsulfonyl)oxy)methyl)pyrrolidine-l-carboxylate (680 mg, 1.82 mmol, 1.0 equiv) in toluene 

(10.0 mL) was added benzyl amine (611 mg, 5.70 mmol, 621 μΐ,, 3.13 equiv). The mixture was 

stirred at 110 °C for 16 h and then cooled to room temperature. The mixture was concentrated 

under vacuum and the residue was diluted with DCM (20 mL). The organic layer was washed with 

1 N NaOH, was dried over anh Na2SC>4, filtered and concentrated under vacuum. The resultant 

residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 20:1 to 3:1) 

to afford fer/-butyl (li?,5/?)-6-benzyl-2,6-diazabicyclo[3.2.0]heptane-2-carboxylate (320 mg, 58% 

yield) as a colorless oil. 1H NMR (400 MHz, CDCl3): δ 7.25 - 7.14 (m, 5H), 4.27-4.07 (m, 1H),

3.81 (t, J= 4.8 Hz, 1H), 3.73-3.51 (m, 4H), 3.29-3.11 (m, 1H), 3.10-2.95 (m, 1H), 1.60-1.44 (m, 

2H), 1.37 (br d, J= 16.8 Hz, 9H). LCMS [ESI, M+l]: 289.

[0399] To a solution of /er/-butyl (li?,5R)-6-benzyl-2,6-diazabicyclo[3.2.0]heptane-2-carboxylate 

(320 mg, 1.11 mmol, 1.0 equiv) in EtOH (10.0 mL) was added Pd/C (150 mg, 10% wt/wt). The 

mixture was stirred at 60 0C for 36 h under a hydrogen atmosphere (50 psi). The system was 

flushed with nitrogen and the mixture was filtered. The filtrate was concentrated under vacuum to 

provide the crude residue. The residue was purified by column chromatography (AfiO3, petroleum 

ether/ethyl acetate, 5:1 to 1:1 to ethyl acetate/methanol, 100:1 to 10:1) to afford /ert-butyl (1//,5/6)- 

2,6-diazabicyclo[3.2.0]heptane-2-carboxylate (80.0 mg, 36% yield) as a colorless oil. 1H NMR 

(400 MHz, CDCl3): δ 4.63 (br t, J= 5.2 Hz, HI), 4.57-4.34 (m, 1H), 3.95-3.59 (m, 3H), 3.32-3.05 

(m, 2H), 1.95-1.71 (m, 2H), 1.48-1.43 (m, 9H).

INTERMEDIATE B-11
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1. HCI H ,Boc
2. TFAA

3. H2, B0C2O [\j
4. CS2CO3, MeOH |-|

[0400] To a solution of tert-butyl (l/?,57?)-6-benzyl-2,6-diazabicyclo[3.2.0]heptane-2-carboxylate 

(500 mg, 1.73 mmol, 1.0 equiv) in MeCN (8.00 mL) was added HCl in dioxane (4 M, 16.0 mL, 

36.9 equiv). The mixture was stirred at 25 0 C for 30 min and then was concentrated under vacuum 

to afford (li?,5i?)-6-benzyl-2,6-diazabicyclo[3.2.OJheptane (1.00 g, crude, Zus-HCl salt) as a yellow 

solid. LCMS [ESI, M-99]: 189.

[0401] To a solution of (li?,5i?)-6-benzyl-2,6-diazabicyclo[3.2.OJheptane (900 mg, 4.00 mmol, 1.0 

equiv, Zu's-HCl) in DCM (15.0 mL) at 0 0C was added TEA (1.01 g, 10.0 mmol, 1.39 mL, 2.5 

equiv) followed by TFAA (1.01 g, 4.81 mmol, 668 pL, 1.2 equiv). The mixture was warmed to 25 

0C and stirred for 1 h prior to the addition of satd aq NH4CI (15 mL) and water (20 mL). The 

organic layer was separated and the aqueous phase was extracted with ethyl acetate (30 mL). The 

combined organic layer was dried over anh Na2S04, filtered and concentrated under vacuum. The 

residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 10:1 to 3:1) 

to afford (l/?,5i?)-6-benzyl-2,6-diazabicyclo[3.2.0]heptane (180 mg, 36% over two steps) as a 

yellow oil. LCMS [ESI, M+l]: 285.

[0402] To a solution of (l/?,5i?)-6-benzyl-2,6-diazabicyclo[3.2.0]heptane (180 mg, 633 umol, 1.0 

equiv) and (Boc)20 (414 mg, 1.90 mmol, 436 pL, 3.0 equiv) in MeOH (10.0 mL) was added Pd/C 

(200 mg, 10% wt/wt). The mixture was stirred at 40 °C for 16 h under an atmosphere of hydrogen 

(50 psi). The mixture was filtered and the filtrate was concentrated under vacuum to afford 1- 

((l/?,5/?)-6-benzyl-2,6-diazabicyclo[3.2.0]heptan-2-yl)-2,2,2-trifluoroethan-l-one (412 mg, crude) 

as a colorless oil.

[0403] To a solution of l-((l^,5/?)-6-benzyl-2,6-diazabicyclo[3.2.0]heptan-2-yl)-2,2,2- 

trifluoroethan-l-one (412 mg, 1.40 mmol, 1.0 equiv) in MeOH (20.0 mL) was added CS2CO3 (456 

mg, 1.40 mmol, 1.0 equiv) and H2O (0.5 mL). The reaction mixture was stirred at 40 0C for 30 min 

and was then concentrated under reduced pressure to remove the methanol. The residue was 

diluted with ethyl acetate (20 mL) and was dried over anh sodium sulfate, filtered and concentrated

H Bn

Boc
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under vacuum to afford tert-butyl (17^57^)-2-(2,2,2-trifluoroacetyl)-2,6-diazabicyclo[3.2.0]heptane- 

6-carboxylate (210 mg, crude) as a colorless oil.

INTERMEDIATE B-12

LiAlH4, THFDAST, DCM

[0404] To a solution of 1-{ter/-butyl) 2-methyl (2S',3R)-3-hydroxypyrrolidine-l,2-dicarboxylate (3.0 

g, 12.2 mmol, 1.0 equiv) in dichloromethane (30 mL) was added DAST (5.91 g, 36.7 mmol, 4.85 

mL, 3.0 equiv). The mixture was stirred at 0 °C for 1 h prior to being diluted with O °C water (20 

mL). The aqueous phase was extracted with ethyl acetate (3x10 mL). The combined organic layer 

was dried over anh Na2SC>4, filtered and concentrated. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 30:1 - 5:1) to afford 1-(/e/T-butyl) 2-methyl 

(27i,,31S)-3-fluoropyrrolidine-l,2-dicarboxy]ate (1.60 g, 53% yield) as a colorless oil. 1H NMR (400 

MHz, chloroform-d): δ 5.25-5.06 (m, 1H), 4.64-4.46 (m, 1H), 3.76 (s, 3H), 3.71-3.62 (m, 1H), 

3.60-3.49 (m, 1H), 2.28-1.97 (m, 2H), 1.47-1.41 (m, 9H).

[0405] To a solution of 1 -(/er/-butyl) 2-methyl (27?,3Sf)-3-fluoropyrrolidine-l,2-dicarboxylate (1.50 

g, 6.07 mmol, 1.0 equiv) in TITF (20 mL) at -40 °C was added LiAlIE (576 mg, 15.2 mmol, 2.50 

equiv). The mixture was stirred at this temperature for 1 h and was then heated to 70 °C and stirred 

for 1 h. The mixture was cooled to room temperature and was quenched with saturated aq Na2SC>4 

(1.5 mL), filtered and concentrated to afford ((27?,3S)-3-fluoro-l-methylpyrrolidin-2-yl)methanol 

(800 mg, crude) as a colorless oil.

INTERMEDIATE B-13

1 Mel F

2. DAST
3. LAH

Boc

[0406] To a mixture of (27?,37?)-l-(te/-i-butoxycarbonyl)-3-hydroxypyrrolidine-2-carboxylic acid 

(3.00 g, 13.0 mmol, 1.0 equiv) in DMF (75.0 mL) at 0 °C was added K2CO3 (5.38 g, 38.9 mmol, 

3.0 equiv) in one portion under nitrogen. The mixture was stirred at 0 0C for 5 min prior to the
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addition of methyl iodide (9.21 g, 64.9 mmol, 4.04 mL, 5.0 equiv). The mixture was stirred at 25 

0C for 4 h and then was concentrated under reduced pressure. The resultant residue was adjusted to 

pH = 4 using hydrochloric acid (0.5 M) and then was extracted with ethyl acetate (3 x 50 mL). The 

combined organic layer was washed with brine (3 x 50 mL), dried over anh NaaSCH and filtered. 

The filtrate was concentrated under reduced pressure to afford I-(ZerLbutyl) 2-methyl (2R,3R)-3- 

hydroxypyrrolidine-l,2-dicarboxylate (3.8 g, crude) as a brown oil. 1H NMR (400 MHz, CDCl3): δ 

4.44 (br s, 1H), 4.32-4.16 (m, III), 3.75 (s, 3H), 3.70-3.56 (m, 2H), 2.48 (br d, J= 7.6 Hz, 1H), 

2.1/7-2.07 (m, 1H), 1.97-1.85 (m, 1H), 1.50-1.39 (m, 9H).

[0407] To a solution of I -(rerLbutyl) 2-methyl (2/?,3/?)-3-hydroxypyrrolidinc-1,2-dicarboxylate 

(1.17 g, 4.77 mmol, 1.0 equiv) in dichloromethane (50.0 mL) at 0 °C was added DAST (769 mg, 

4.77 mmol, 630 pL, 1.0 equiv). The mixture was stirred at 0 °C for 30 min and was subsequently 

concentrated under reduced pressure. Then the residue was diluted with satd aq NaHCOa and was 

extracted with ethyl acetate (3 x 10 mL). The combined organic layer was washed with brine (10 

mL), dried over anh Na3SO4 and filtered. The filtrate was concentrated under reduced. The residue 

was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 1:0 to 7:1) to afford 

41712-C (204 mg, crude); Black brown oil; 1H NMR (400 MHz, CDCl3) 5 5.45-5.27 (m, 1H), 

4.62-4.45 (m, 1H), 3.78 (s, 3H), 3.76-3.58 (m, 2H), 2.31-1.96 (m, 2H), 1.49-1.42 (m, 9H).

[0408] To a solution of 41712-C (320 mg, 1.29 mmol, 1.0 eq) in THF (10.0 mL) was added LiAlH4 

(98.2 mg, 2.59 mmol, 2.0 eq) at -40 0C under N2, the mixture was stirred at -40 °C for 30 minutes, 

then warm to 50 °C and the mixture was stirred at 50 °C for 30 minutes. After completion, the 

mixture was quenched by water (100 uL) at 0 °C, and then added NaOH aqueous solution (15%, 

100 uL) and water (300 uL). The mixture was stirred at 0 °C for 5 minutes, then the mixture was 

filtered and washed with THF (20 mL), the filtrate was concentrated under reduced pressure at 40 

°C to dryness affording 41711-D (170 mg, crude); Black brown oil.

INTERMEDIATE B-14 

O
LiAIH4, THF

[0409] To a solution of (LV,2S',5R)-3-(/er/-butoxycarbonyl)-3-azabicyclo[3.L0]hexane-2-carboxylic
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acid (1.20 g, 5.28 mmol, 1 equiv) in THF (20.0 mL) at -20 °C was added LiAfflU (601 mg, 15.8 

mmol, 3 equiv). The mixture was allowed to stir at this temperature for 2 h and then heated at 55 

0C for 2 h. The mixture was quenched at O °C with H2O (0.60 mL), 15% of NaOH aqueous (0.6 

mL), and water (1.8 mL). The suspension was filtered and concentrated under reduced pressure to 

afford ((lS^^i^-S-methyl-S-azabicycloll.l.OJhexan-^-y^methano] (420 mg, 3.14 mmol, 59% 

yield) as a colorless oil. 1H NMR (400 MHz, CDCl3): δ 3.66-3.56 (m, 1H), 3.55-3.44 (m, III), 

3.36-3.25 (m, 1H), 2.75-2.60 (m, 2H), 2.54-2.44 (m, 1H), 2.37 (s, 3 H), 1.55-1.34 (m, 2H), 0.82- 

0.69 (m, 1H), 0.30-0.20 (m, 1H).

INTERMEDIATE B-15

HO

O
X. .'C LiAIH4, THF HO"

.N /
Boc

[0410] Using the method depicted for Intermediate B-13, ((17?,2<S',5JS)-3-methyl-3- 

azabicyclo[3.1.0]hexan-2-yl)methanol was prepared: Yellow oil; 1HNMR (400 MHz, CDCl3) δ 

3.81-3.74 (m, 1H), 3.70-3.63 (m, HI), 3.11 (d, J= 8.8 Hz, 1H), 2.62-2.55 (m, 1H), 2.52 (dd,J = 

4.0, 8.8 Hz, 1H), 2.29 (s, 3H), 1.51-1.42 (m, 1H), 1.37-1.27 (m, III), 0.82-0.79 (m, 1H), 0.39-0.34 

(m, III).

INTERMEDIATE B-16

[0411] To a solution of ((liSl,3Z?,4/i,)-2-azabicyclo[2.2.1]heptan-3-yl)rnethanol (0.4 g, 2.44 mmol, 1 

equiv, HCl salt) in MeCN (2 mL) was added KiCO3 (1.01 g, 7.33 mmol, 3 equiv) and l-fluoro-2- 

iodo-ethane (850 mg, 4.89 mmol, 2 equiv). The mixture was stirred at 50 °C for 12 h and then was 

filtered and concentrated in vacuum. The residue was purified by prep-TLC (PE/EA, 0:1) to afford 

((LS’,3R,4R)-2-(2-fluoroethyl)-2-azabicyclo[2.2.1]heptan-3-yl)methanol (0.2 g, 1.15 mmol, 47% 

yield) as a light yellow oil. 1H NMR (400 MHz, CDCl3): δ 4.66-4.35 (m, 2H), 3.53-3.29 (m, 3H), 

3.04-2.50 (m, 4H), 2.17 (hr d, J= 4.0 Hz, 1H), 2.14 (t, J= 5.6 Hz, 1H), 1.93-1.83 (m, 1H), 1.80- 

1.74 (m, 1H), 1.64-1.55 (m, 1H), 1.43-1.32 (m, 1H), 1.31-1.26 (m, 1H).

K,CO
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INTERMEDIATE B-17

KpCO

[0412] Using the method depicted for Intermediate B-16, ((1 S,3R,4R)-2-(l,2-difluoroethy 1)-2- 

azabicyclo[2.2.1]heptan-3-yl)methanol was prepared: Light yellow oil; 1H NMR (400 MHz, 

CDCl3) δ 6.01-5.59 (m, 1H), 3.52-3.27 (m, 3H), 3.10-2.74 (m, 2H), 2.23-2.18 (m, 1H), 2.15 (br t, J 

= 5.20 Hz, 2H), 1.88-1.75 (m, 2H), 1.69-1.57 (m, 1H), 1.46-1.35 (m, III), 1.33-1.27 (m, 1H).

INTERMEDIATES B-18 & B-19

O

HO

1. BH3-THF
2. SFC Separation

N 3. H2, Pd/C (CHO)n 

Cbz

HO'

F

N
\

F

HO
N
\

[0413] To a solution of cA-racemic l-((benzyloxy)carbonyl)-4-fluoropyrrolidine-3-carboxylic acid 

(3.70 g, 13.8 mmol, 1 equiv) in THE (40 mL) at 0 °C was added BH3*THF (1 M, 41.5 mL, 3 

equiv). The mixture was stirred at 25 °C for 16 h and was subsequently quenched with MeOH (20 

mL) and concentrated in vacuum. The residue was purified by column chromatography (S1O2, 

PE:EA, 2:1 to 1:1) to afford cA-racemic benzyl 3-lluoro-4-(hydroxymethyl)pyrrolidine-l- 

carboxylate (2.6 g, 10.3 mmol, 74% yield) as a colorless oil. 1H NMR (400 MHz, CDCl3): δ 7.40- 

7.28 (m, 5H), 5.31-5.09 (m, 3H), 3.95-3.69 (m, 4H), 3.68-3.50 (m, 1H), 3.27 (td, J= 2.8, 10.8 Hz, 

1H), 2.57-2.37 (m, 1H). LCMS [ESI, M-I]: 252.0.

[0414] cA-racemic benzyl 3-fluoro-4-(hydroxymethyl)pyrrolidine-l-carboxylate (2.6 g, 10.3 mmol) 

was separated by SFC chromatography [column: DAICEL CHIRALPAK AD (250 mm*50 mm, 10 

pm)]; mobile phase- A: CO2, B: [0.1% NH4OII in MeOH], B%: 35%, 4 min; to afford benzyl 

(3R,45)-3-fluoro-4-(hydroxymethyl)pyrrolidine-l-carboxylate (1.00 g, 3.95 mmol, 77% yield, 

99.8% e.e.) as light yellow oil and benzyl (35,4^)-3-11 uoro-4-(hydroxymethyl)pyrrolidine-l- 

carboxylate (1.00 g, 3.95 mmol, 77% yield, 99.1% e.e.) as light yellow oil. The absolute 

stereochemical configuration of these two compounds was arbitrarily depicted.
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[0415] To a solution of (3i?,45)-3-fluoro-4-(hydroxymethyl)pyrrolidine-l-carboxylate (1 g, 3.95 

mmol, 1 equiv) in MeOH (6 mL) was added Pd/C (70 mg, 10% wt/wt) and formalin (2.56 g, 31.59 

mmol, 2.35 mL, 37% in water, 8 equiv). The mixture was stirred at 25 °C for 16 h under H2 (15 

psi). The system was purged with nitrogen and the mixture was filtered and concentrated in 

vacuum. The residue was purified by column chromatography (AI2O3, EA:PE, 1:1 to EA:EtOH, 

6:1) to afford ((3S',4/?)-4-fluoro-l-methylpyrrolidin-3-yl)methanol (110 mg, 826 umol, 21% yield). 

Yellow oil; 1H NMR (400 MHz, CDCl3) δ 5.36-5.04 (m, 1H), 3.94-3.57 (m, 2H), 2.92-2.82 (m, 

1H), 2.67-2.49 (m, 3TI), 2.47-2.26 (m, 4H).

[0416] The same reductive amination procedure was used to obtain ((3i?,45)-4-fluoro-l- 

methylpyrrolidin-3-yl)methanol: Yellow oil; 1H NMR (400 MHz, CDCl3): δ 5.36-5.04 (m, 1H), 

3.94-3.57 (m, 2H), 3.11-2.71 (m, 2H), 2.67-2.49 (m, 2H), 2.47-2.20 (m, 4H).

INTERMEDIATE B-20

TBDPSO

B(OH)2
<f

NazCO3, Cu(OAc)2, 2,2' - 
bipyridine, O2 (15 psi)

TBDPSO'
/"

<f
CsF1 DMF HO'

[0417] To a mixture of (5)-2-(((/er/-butyldiphenylsilyl)oxy)methyl)pyrrolidine (3 g, 8.84 mmol, 1.0 

equiv) and cyclopropylboronic acid (3.17 g, 36.9 mmol, 4.18 equiv) in DCE (40 mL) was added 

Na3CO3 (1.95 g, 18.4 mmol, 2.08 equiv), Cu(OAc)3 (1.67 g, 9.19 mmol, 1.04 equiv) and 2-(2- 

pyridyl)pyridine (1.44 g, 9.22 mmol, 1.04 equiv). The mixture was stirred at 70 °C under 03(15 

psi) for 2 h prior to being filtered. The filtrate was diluted with water (40 mL) and extracted with 

ethyl acetate (2 x 50 mL). The combined organic layer was washed with brine (80 mL), dried over 

anh Na3S04 and filtered. The filtrate was concentrated under reduced pressure. The residue was 

purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 10:1 to 4:1) to afford (5)- 

2-(((/ert-butyldiphenylsilyl)oxy)methyl)-l-cyclopropylpyrrolidine (1.5 g, 44% yield) as a colorless 

oil. 1H NMR (400 MHz, CDCl3): δ 7.75-7.70 (m, 4H), 7.47-7.38 (m, 6H), 3.95 (dd, J= 4.0, 9.6 Hz, 

1H), 3.47 (dd, J- 8.8, 10.0 Hz, 1H), 3.10-3.02 (m, 1H), 2.88-2.80 (m, 1H), 2.57-2.49 (m, 1H), 

2.12-2.03 (m, 1H), 1.84-1.64 (m, 4H), 1.11 (s, 9H), 0.39-0.25 (m, 4H).

[0418] To a solution of (5)-2-(((/er/-butyldiphenylsilyl)oxy)methyl)-l-cyclopropylpyrrolidine (1.5 

g, 3.95 mmol, 1.0 equiv) in DMF (15 mL) was added CsF (1.75 g, 11.5 mmol, 2.9 equiv). The

131



WO 2020/146613 PCT/US2020/012906

mixture was stirred at 50 °C for 20 h. The reaction mixture was cooled to room temperature and 

diluted with ThO (20 mL) and extracted with ethyl acetate (3 x 30 mL). The combined organic 

layer was washed with brine (80 mL), dried over anh Na2S04, filtered and concentrated under 

reduced pressure to give a residue. The residue was purified by column chromatography (S1O2, 

petroleum ether/ethyl acetate, 10: 1 to 1: 1) to afford (5)-(l-cyclopropylpyrrolidin-2-yl)methanol

(380 mg, 68% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3): δ 3.74 (dd, J = 3.6, 10.4 Hz,

1H), 3.42 (dd, J= 2.4, 10.8 Hz, 1H), 3.13-3.04 (m, 1H), 2.82-2.75 (m, 1H), 2.60-2.52 (m, 1H), 

2.48-2.30 (m, 1H), 1.98-1.88 (m, 1H), 1.80-1.60 (m, 4H), 0.53-0.39 (m, 3H), 0.38-0.30 (m, 1H).

INTERMEDIATE B-21

1. TBDPSCI

2. SFC Separation
3. CsF

F 2. HCI
3. NaHCO;
4. LAH

[0419] To a solution of (2S,4R)-\-tert-buty\ 2-methyl 4-fluoropyrrolidine-l,2-dicarboxylate (5.0 g, 

20.2 mmol, 1.0 equiv) and HMPA (4.71 g, 26.3 mmol, 4.62 mL, 1.30 equiv) in THF (20 mL) at- 

70 °C was added LiHMDS (1.0 M, 26.3 mL, 1.3 equiv). The mixture was stirred at this 

temperature for 1 h prior to the addition of l-bromo-3-chloro-propane (15.9 g, 101 mmol, 9.95 mL, 

5.0 equiv). The mixture was allowed to warm to room temperature over 1 h and was quenched with 

satd aq NH4CI (50 mL) and then diluted with H2O (30 mL). The mixture was extracted with ethyl 

acetate (3 x 50 mL). The combined organic layer was dried over anh Na2SC>4, filtered and 

concentrated under vacuum. The residue was purified by column chromatography (S1O2, petroleum 

ether/ethyl acetate, 20:1 to 5:1) to afford 1-(/er/-butyl) 2-methyl (4P)-2-(3-ch 1 oropropyl)-4- 

fluoropyrrolidine-l,2-dicarboxylate (2.7 g, 37% yield) as a yellow oil. LCMS [ESI, M-99]: 224.

[0420] To a solution of 1-(/<?r/-butyl) 2-methyl (4R)-2-(3-chloropropyl)-4-fluoropyrrolidine-l,2- 

dicarboxylate (2.70 g, 8.34 mmol, 1.0 equiv) in CH3CN (6 mL) was added HCl in dioxane (4 M,

20 mL). The mixture was stirred at 20 °C for 2 h and then was concentrated under reduced pressure 

to afford methyl (4R)-2-(3-chloropropyl)-4-fluoropyrrolidine-2-carboxylate (2.2 g, crude, HCl salt) 

as a yellow oil.

[0421] To a solution of methyl (4R)-2-(3-chloiOpiOpyl)-4-fluoropyrrolidine-2-carboxylate (2.0 g,
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7.69 mmol, 1.0 equiv, HCl salt) in CH3CN (20 mL) was added NaHCCb (3.23 g, 38.4 mmol, 5.0 

equiv) and KI (128 mg, 769 pmol, 0.10 equiv). The mixture was stirred at 50 0C for 12 h prior to 

being filtered and concentrated under reduced pressure. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 10/1 to 1/1) to afford methyl (2 R )-2- 

fluorotetrahydro-1 //-pyrrolizine-7a(5T/)-carboxyIatc (1.10 g, 76% over two steps) as a yellow oil. 

1HNMR (400 MHz, CDCl3): δ 5.37-5.08 (m, 1H), 3.74 (s, 3H), 3.60-3.45 (m, 1H), 3.29-3.17 (m, 

1H), 2.95-2.74 (m, 2H), 2.73-2.63 (m, 1H), 2.20-2.09 (m, 1H), 2.03-1.72 (m, 5H). LCMS [ESI, 

M+l]: 188.

[0422] To a solution methyl (2i?)-2-fluorotetrahydro-17/-pyrrolizine-7a(5//)-carboxylate (1.10 g, 

5.88 mmol, 1.0 equiv) in THF (15 mL) at -40 °C was added LiAlN (669 mg, 17.6 mmol, 3.0 

equiv). The mixture was stirred at this temperature for 1 h prior to being quenched with saturated 

Na2SC>4 (1.7 mL) at 0 °C. The mixture was diluted with THF(15 mL) and was filtered and 

concentrated under reduced pressure to afford ((2i?)-2-fluorotetrahydro-17/-pyrrolizin-7a(57/)- 

yl)methanol (950 mg, 90% purity, 91% yield) as a yellow oil. 1H NMR (400 MLIz, CDCI3): δ 5.36- 

5.08 (m, NI), 3.51-3.29 (m, 3H), 3.25-3.10 (m, 1H), 3.04-2.93 (m, NI), 2.90-2.73 (m, 1H), 2.71- 

2.59 (m, 1H), 2.28-2.12 (m, 1H), 1.95-1.73 (m, 4H), 1.65-1.53 (m, 1H).

[0423] To a mixture of ((2i?)-2-fluorotetrahydro-177-pyrrolizin-7a(5/7)-yl)methanol (600 mg, 3.77 

mmol, 1.0 equiv) and TBDPSC1 (2.07 g, 7.54 mmol, 1.94 mL, 2 equiv) in DMF (10 mL) was 

added imidazole (1.03 g, 15.1 mmol, 4.0 equiv). The mixture was stirred at 20 0C for 2 hours. The 

mixture was poured into water (20 mL) and the aqueous phase was extracted with ethyl acetate (3 

x 20 mL). The combined organic phase was washed with brine (2 χ 20 mL), dried with anhydrous 

Na2SC>4, filtered and concentrated in vacuum. The residue was purified by prep-HPLC (column: 

Phenomenex Iuna C18 150*40 mm*15pm; mobile phase: A: [water (0.1% TFA)]; B% (ACN): 

30%-60%, 10 min) and then by SFC-column: DAICEL CHIRALPAK IC (250 mm*30 mm, 10 

pm); mobile phase: B: [0.1% NH4OH in MeOH]; B%: 30%-30%, 2.4 min; 60 min; to afford 

(2/i,7ai?)-7a-(((/er/-butyldiphenylsilyl)oxy)methyl)-2-fluoiOhcxahydro-li7-pynOlizine (660 mg, 

1.58 mmol, 42% yield) as a colorless oil. 1H NMR (400 MHz, DMSO-d6): δ 7.64-7.59 (m, 4H), 

7.49-7.37 (m, 6H), 5.40-5.20 (m, 1H), 3.46 (d, J= 9.2 Hz, NI), 3.31-3.27 (m, 1H), 3.23-3.15 (m, 

1H), 2.85-2.82 (m, 1H), 2.81-2.65 (m, 1H), 2.54-2.51 (m, 1H), 2.28-2.23 (m 1H), 1.97-1.92 (m, 

1H), 1.87-1.52 (m, 411), 1.00 (s, 9H).
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[0424] To a solution of (2R,7aR)-7a-(((/er/-butyldiphenylsilyl)oxy)methyl)-2-fluorohexahydro-l//- 

pyrrolizine (580 mg, 1.46 mmol, 1.0 equiv) in DMF (3 mL) was added CsF (665 mg, 4.38 mmol, 

161 pL, 3.0 equiv). The mixture was stirred at 50 °C for 20 h prior to being cooled to room 

temperature and being directly purified by column chromatography (SiCh, petroleum ether/ethyl 

acetate, 2:1 to ethyl acetate/methanol, 5:1) to afford ((2i?,7ai?)-2-fluorotetrahydro-l//-pyrrolizin- 

7a(5//)-yl)methanol (210 mg, 90% yield) as a colorless oil. 1H NMR (400 MFIz, CDCh): δ 5.32- 

5.14 (m, 1H), 3.55-3.49 (m, 1FI), 3.45-3.31 (m, 2H), 3.06-2.84 (m, 2H), 2.81-2.63 (m, 2H), 2.27- 

2.16 (m, 1H), 1.98-1.76 (m, 4H), 1.67-1.57 (m, 1H).

INTERMEDIATE B-22

HO'
HN

HO

K2CO3, MeCN

[0425] To a solution of (S)-pyrrolidin-2-ylmethanol (5 g, 49.4 mmol, 4.81 mL, 1 equiv) in MeCN 

(50 mL) was added K2CO3 (7.52 g, 54.38 mmol, 1.1 equiv). The mixture was cooled to 0 °C and 1- 

fluoro-2-iodo-ethane (8.94 g, 51.41 mmol, 1.04 equiv) was added dropwise and the resultant 

mixture was warmed to room temperature and stirred for 16 h. The mixture was filtered and 

concentrated under vacuum. The residue was purified by column chromatography (S1O2, 

DCM:MeOH, 20:1) to afford (6)-(1-(2-fluoroethyl)pyrrolidin-2-yl)methanol (4 g, 27.2 mmol, 55% 

yield) as a yellow oil. 1H NMR (400MHz, CDCI3): δ 4.65-4.53 (m, 1H), 4.52-4.41 (m, 1H), 3.61 

(dd, J= 3.6, 10.8 Hz, 1H), 3.41 (dd, ./=2.8, 10.8 Hz, 1H), 3.33-3.18 (m, 1H), 3.14-2.97 (m, 1H), 

2.76-2.58 (m, 2H), 2.44-2.32 (m, 1H), 1.95-1.69 (m, 4H).

INTERMEDIATE B-23

HO"

HO"
HN

.N

CS2CO3, MsGN

[0426] The procedure used to prepare Intermediate B-22 was used to prepare (5)-(1-(2,2- 

difhioroethyl)pyrrohdin-2-yl)methanol. Yellow oil; 1HNMR (400 MHz, CDCb): δ 6.17-5.83 (m, 

1H), 3.38-3.31 (m, 1H), 3.29-3.12 (m, 2H), 3.08-3.00 (m, 1H), 2.77-2.52 (m, 2H), 2.32 (td, J = 7.2,
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9.2 Hz, 1H), 1.83-1.56 (m, 3H), 1.49-1.37 (m, 1H).

INTERMEDIATE B-24

1. HCl
2. DAST

3. LAH
OTBS

[0427] To a solution of methyl 3-(((/er/-butyldimethylsilyl)oxy)methyl)tetrahydro-li7-pyrrolizine- 

7a(5H)-carboxylate (1.00 g, 3.19 mmol, 1.0 equiv) in CH3CN (10.0 mL) was added HCl in dioxane 

(4.0 M, 10.0 mL, 12.5 equiv). The mixture was stirred at 0 0C for 0.5 hour. Subsequently, the 

reaction mixture was concentrated under reduced pressure. The residue was diluted with methanol 

(30.0 mL) and adjusted to pH 8 using solid Na2CC>3. The mixture was concentrated under reduced 

pressure to provide a residue. The residue was diluted with dichloromethane (30.0 mL) and 

filtered. The filtrate was concentrated under reduced pressure to afford methyl 3- 

(hydroxymethyl)tetrahydro-17/-pyrrolizine-7a(5//)-carboxylate (700 mg, crude) as a yellow oil. Rf 

= 0.20 [petroleum ether/ethyl acetate/ethanol (2% NH4OLI), 4:3:1], 1HNMR (400 MHz, CDCL): δ 

3.90-3.84 (m, 1H), 3.75 (dd, J = 5.2, 11.2 Hz, 1H), 3.71 (s, 3H), 3.37 (tdd, J= 5.2, 8.0, 10.8 Hz, 

1H), 3.11-2.95 (m, 1H), 2.79-2.60 (m, 2H), 2.54-2.45 (m, 1H), 2.20 (ddd,J=8.0, 10.4, 13.2 Hz, 

1H), 1.88-1.73 (m, 4H), 1.67-1.49 (m, 2H).

[0428] To a solution of methyl 3-(hydroxymethyl)tetrahydro-l//-pyrrolizine-7a(57/)-carboxylate 

(700 mg, 3.51 mmol, 1.0 equiv) in dichloromethane (7.0 mL) at 0 0C was added DAST (1.70 g, 

10.5 mmol, 1.39 mL, 3.0 equiv). The mixture was stirred at 0 0C for 0.5 hour. Subsequently, the 

reaction mixture was diluted with satd aq NaiCCh (5.0 mL) and water (5.0 mL). The mixture was 

extracted with ethyl acetate (3 x 10 mL). The combined organic layer was dried over anhydrous 

sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to afford methyl 

3-(fluoromethyl)tetrahydro-17/-pyrrolizine-7a(57/)-carboxylate (700 mg, 99% yield) as a yellow 

oil. Rr= 0.50 (petroleum ether/ethyl acetate, 1:1). 1H NMR (400 MHz, CDCL): δ 4.82-4.61 (m, 

111), 3.71 (s, 3H), 3.28-3.05 (m, 4H), 2.18-2.00 (m, 411), 1.92-1.75 (m, 4H).

[0429] To a mixture of LiAlHr (264 mg, 6.96 mmol, 2.0 equiv) in THF (10.0 mL) at -20 °C was 

added methyl 3-(fluoromethyl)tetrahydro-l//-pyrrolizine-7a(5//)-carboxylate (700 mg, 3.48 mmol, 

1.0 equiv) and the mixture was .stirred at this temperature for 1 h. Subsequently, the reaction
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mixture was quenched with water (0.3 mL), 15% NaOH (0.3 mL) and water (0.9 mL). The 

suspension was filtered and the THF was collected. The filter cake was dispersed in THF (30.0 

mL) and stirred at 25 °C for 5 minutes and filtered. The combined filtrate was concentrated under 

reduced pressure to provide a residue. The residue was diluted with ethyl acetate and dried over 

anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to 

afford (3-(fluorometh\i)tetrahydro-l //-pyrrolizin-7a(5//)-\i)methanol (400 mg, 66% yield) as a 

yellow oil. 1H NMR (400 MHz, CDCl3): δ 4.76-4.66 (m, 1H), 4.63-4.54 (m, HI), 3.80-3.69 (m, 

1FI), 3.40-3.26 (m, 2H), 3.22-3.17 (m, HI), 3.15-3.09 (m, 1H), 2.07-1.85 (m, 8H).

INTERMEDIATE B-25

1. BzCl

2. HCI
OTBS

[0430] To a solution of (3-(((/er/-butyldimethylsilyl)oxy)methyl)tetrahydro-177-pyrrolizin-7a(5//)- 

yl)methanol (1.30 g, 4.55 mmol, 1.0 equiv) in dichloromethane (10.0 mL) at 0 °C was added TEA 

(921 mg, 9.11 mmol, 1.27 mL, 2.0 equiv) and benzoyl chloride (960 mg, 6.83 mmol, 793 pL, 1.5 

equiv). The mixture was stirred at 25 °C for 0.5 hour. Subsequently, the reaction mixture was 

diluted with water (40.0 mL) and extracted with ethyl acetate (3 x 50 mL). The combined organic 

layer was dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under 

reduced pressure to dryness. The crude product was purified by reversed-phase flash 

chromatography to afford (3-(((/er/-butyldimethylsilyl)oxy)methyl)tetrahydro-l J/-pyrrolizin- 

7a(5i7)-yl)methyl benzoate (1.10 g, 62% yield) as a yellow oil. Rf= 0.50 (petroleum ether/ethyl 

acetate, 3:1). 1HNMR (400 MHz, CDCl3): δ 8.10-8.04 (m, 2H), 7.54-7.52 (m, 1H), 7.46-7.40 (m, 

2H), 4.42-4.26 (m, 2H), 3.94 (d, ./= 4.8 Hz, 2H), 3.57-3.42 (m, III), 3.22 (br s, 1H), 3.09-2.93 (m, 

111),2.15 (ddd, J= 2.4, 6.8, 12.4 Hz, 1H), 2.02-1.79 (m, 6H), 1.66 (ddd, J= 7.2, 11.2, 12.4 Hz, 

1H), 0.90 (s, 9H), 0.08 (s, 6H); LCMS [ESI, M+l]: 390.

[0431] To a solution of (3-(((/er/-butyldimethylsilyl)oxy)methyl)tetrahydro-177-pyrrolizin-7a(5//)- 

yl)methyl benzoate (1.10 g, 2.82 mmol, 1.0 equiv) in CH3CN (10.0 mL) at 0 0C was added HCl in 

dioxane (4 M, 10.0 mL, 14.2 equiv). The mixture was stirred at 0 0C for 0.5 hour. Subsequently, 

the reaction mixture was diluted with water (20 mL) and adjusted to pH 8 using solid NaHCO3. 

The mixture was extracted with ethyl acetate (3 x 30 mL). The combined organic layer was dried
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over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to 

afford (3-(hydroxymethyl)tetrahydro-l//-pyrrolizin-7a(577)-yl)methyl benzoate (800 mg, 95% 

yield) as a yellow oil. 1HNMR (400 MHz, CDCl3): δ 8.10-8.01 (m, 2H), 7.61-7.53 (m, 1H), 7.49- 

7.41 (m, 2H), 3.92-3.75 (m, 2H), 3.46-3.33 (m, HI), 3.13-3.04 (m, 1H), 2.83-2.55 (m, 3H), 2.19- 

2.11 (m, 1H), 1.93-1.72 (m, 5H), 1.70-1.53 (m, 2H). LCMS [ESI, M+l]: 276.

INTERMEDIATE B-26

I 1. BnNH2
,CL X. 2. MeOCH2COCI

Si ^-^O __________ ,
7 v 3. LAH1AICI3 "O

4. H2, Pd/C. CH2O

[0432] A mixture of 1 -((/er/-butyldimethylsilyl)oxy)propan-2-one (25.0 g, 133 mmol, 1.0 equiv), 

phenylmethanamine (14.2 g, 133 mmol, 14.5 mL, 1.0 equiv), and 4 A MS (25.0 g) in 

dichloromethane (100 mL) was stirred at 45 °C for 12 h. To this suspension at -78°C was added 

dropwise a mixture of 2-methoxyacetyl chloride (18.3 g, 168 mmol, 15.4 mL, 1.3 equiv) and TEA 

(30.6 g, 302 mmol, 42.1 mL, 2.3 equiv) in dichloromethane (20.0 mL). The mixture was allowed 

to warm to room temperature and stirred for 12 h and then filtered. The filtrate was diluted with 

saturated aq NH4CI (100 mL) and concentrated under reduced pressure to remove the volatiles.

The remaining aqueous phase was extracted with ethyl acetate (100 mL x 2). The combined 

organic layer was washed with brine (100 mL x 1), dried over anh Na3SCL and filtered. The filtrate 

was concentrated under reduced pressure to provide the crude residue. The crude product was 

purified by reversed-phase flash chromatography to afford 1 -benzyl-4-(((/er/- 

butyldimethylsilyl)oxy)methyl)-3-methoxy-4-methylazetidin-2-one (7.00 g, 13.4% yield) as a 

brown oil. 1H NMR (400 MHz, CDCl3): δ 7.35-7.28 (m, 5H), 4.46-4.33 (m, 2H), 4.11 (s, 1H), 

3.68-3.59 (m, 2H), 3.51 (s, 3H), 1.25-1.22 (m, 1H), 1.24 (s, 2H), 0.89-0.87 (m, 9LI), 0.00 (d, J =

8.0 Hz, 6H).

[0433] To a mixture OfAlCl3 (916 mg, 6.87 mmol, 1.2 equiv) in THE (20.0 mL) at -IO0C was 

added L1AIH4 (434 mg, 11.4 mmol, 2.0 equiv) and the mixture was warmed to 25 0C and stirred 

for 3 hours. To this mixture at -IO0C was added dropwise a solution of l-benzyl-4-(((/erf- 

butyldimethylsilyl)oxy)methyl)-3-methoxy-4-methylazetidin-2-one (2.00 g, 5.72 mmol, 1.0 equiv) 

in TLIF (10 mL) and the mixture was stirred at 25 °C for 30 minutes. Subsequently, the mixture
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was diluted with water (434 uL) at O °C, 15% aq NaOH (434 pL) and water (1.30 mL). The 

suspension was filtered, washed with THF (20.0 mL) and the filtrate was concentrated under 

reduced pressure to provide the crude residue. The crude product was purified by reversed-phase 

flash chromatography to afford l-benzyl-2-(((/c/7-butyldimethylsilvl)oxy)methy 1)-3-methoxy-2- 

methylazetidine (700 mg, 35.7% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3): δ 7.34-7.27 

(m, 4H), 7.25-7.20 (m, 1H), 3.84-3.69 (m, 4H), 3.62 (br d,J = 12.8 Hz, 1H), 3.41 -3.31 (m, 1H), 

3.30 (s, 3H), 3.06 (br s, 1H), 1.30 (s, 3H), 0.91 (s, 9H), 0.07 (d, J = 2.8 Hz, 6H).

[0434] To a solution of l-benzyl-2-(((/er/-butyldimethylsilyl)oxy)methyl)-3-methoxy-2- 

methylazetidine (700 mg, 2.09 mmol, 1.0 equiv) in MeOH (20.0 mL) was added formalin (2.18 g, 

2.00 mL, 37% in water) and Pd/C (300 mg, 10% wt/wt) under N2. The suspension was evacuated 

under vacuum and purged with H2 several times. The mixture was stirred under H2 (15 psi) at 25 

°C for 12 hours. Subsequently, the mixture was adjusted to pH 4 with HCl in dioxane (4 M) and 

recharged with hydrogen (45 psi). The mixture was continued to stir at 25 °C for 16 hours. The 

mixture was flushed with nitrogen, filtered and the filtrate was concentrated. The residue was 

purified by column chromatography [S1O2, petroleum ether/ethyl acetate, 1:0 to 0:1 to ethyl 

acetate/ethyl alcohol (1% NH4OH), 3:1] to afford (3-methoxy-l,2-dimethylazetidin-2-yl)methanol 

(454 mg, crude) as a light yellow solid. 1H NMR (400 MHz, CDCl3): δ 4.18 (d, J= 12.8 Hz, 1H), 

3.91 (dd, J= 4.4, 6.8 Hz, 1FI), 3.62-3.57 (m, 2H), 3.56 (d, J= 6.8 Hz, 1H), 3.32 (s, 3H), 2.53 (s,

3H), 1.41 (s, 3H).

INTERMEDIATE B-27

H
,__Dnh

N '
1
Boc

H

1. PhCHO, NaBH3CN

2. Chirai SFC
3. HCI

H Bn
N

N' N 
H H

1. TFAA

2. Pd/C, H2
3. Cs2CO3, MeOH

Boc
N

[0435] To a mixture of tert-butyl 2,6-diazabicyclo[3.2.0]heptane-2-carboxylate (412 mg, 2.08 mmol, 1.0 

equiv) and benzaldehyde (661 mg, 6.23 mmol, 630 pL, 3.0 equiv) in MeOH (10.0 mL) was added AcOH 

(249 mg, 4.16 mmol, 238 pL, 2.0 equiv). The mixture was stirred at 25 °C for 10 min and then cooled to 0 

°C. To this solution was added NaBH3CN (392 mg, 6.23 mmol, 3.0 equiv) and the mixture was stirred at 0 

0C for 1 h and then was concentrated under reduced pressure. The residue was taken up in ethyl acetate (20 

mL) and washed with satd aq NaHCO3. The organic layer was separated, dried over anh sodium sulfate, 

filtered and concentrated at reduced pressure. The residue was purified by prep-HPLC [Phenomenex lima
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C18 150 x 40 mm x 15 pm; A: water (0.225%FA), B: ACN, B%: 2-32%, 11 min]. The enantiomers were 

separated by chiral SFC [daicel chiralpak AD-H (250 mm x 30 mm x 5 pm); A: 0.1% NH4OH in MeOH, B: 

CO2, B%: 20%] to provide /er/-butyl (IS,5S)-6-benzyl-2,6-diazabicyclo[3.2.0|heptane-2-carboxylaLe (239 

mg, 25% yield) as a white solid. Analytical SFC conditions: [Chiralpak AD-3 50 x 4.6 mm I.D., 3 pm, A: 

CO2, B: MeOH (0.05%DEA), B: 5% to 40%, 3mL/min, column temp: 35 0C, back pressure: 100 Bar, tR = 

0.724 min, isomer = 0.607 min], LCMS [ESI, M+lj: 289.

[0436] To a solution of /«7-butyl (lS,5S)-6-benzyl-2,6-diazabicyclo[3.2.0]beptane-2-carboxylate (239 mg, 

829 pmol, 1.0 equiv) in MeCN (5.00 mL) was added HCl (4 M in dioxane, 10.0 mL, 48.3 equiv). The 

mixture was stirred at 25 0 C for 0.5 hour and was subsequently concentrated at reduced pressure to afford 

(lS,5S)-6-benzyl-2,6-diazabicyclo[3.2.0]heptane (186 mg, Zus-HCI salt).

[0437] To a solution of (lS,55)-6-benzyl-2,6-diazabicyclo[3.2.0]heptane (186 mg, 828 pmol, 1.0 equiv, bis- 
HC1) in DCM (5.00 mL) at 0 °C was added TEA (335 mg, 3.31 mmol, 461 pL, 4.0 equiv) and TFAA (209 

mg, 993 pmol, 138 pL, 1.2 equiv). The reaction was stirred at this temperature for 1 h prior to being diluted 

with water (5 mL). The aqueous layer was extracted with ethyl acetate (10 mL x 3). The combined organic 

layer was dried over anh sodium sulfate, filtered and concentrated at reduced pressure. The resultant residue 

was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 20:1 to 3:1) to afford 1- 

((lS,5S)-6-benzyl-2,6-diazabicyclo[3.2.0]heptan-2-yl)-2,2,2-trifluoroethan-l-one (80.0 mg, 34% over two 

steps) as a yellow oil. LCMS [ESI, M+l]: 285.

[0438] To a solution of l-((lS,5S)-6-benzyl-2,6-diazabicyclo[3.2.0]heptan-2-yl)-2,2,2-trifluoroethan-l-one 

(80.0 mg, 281 pmol, 1.0 equiv) and B0C2O (184 mg, 844 pmol, 194 pL, 3.0 equiv) in MeOH (10.0 mL) 

under nitrogen was added Pd/C (40.0 mg, 10 wt. %). The mixture was stirred at 50 °C for 16 h under FL (50 

psi). The system was flushed with nitrogen and the suspension was filtered through a plug of Celite and 

concentrated at reduced pressure. The residue was purified by column chromatography (S1O2, petroleum 

ether/ethyl acetate, 20:1 to 3:1) to afford /«'/-butyl (lS,5S)-2-(2,2,2-trifluoroacetyl)-2,6- 

diazabicyclo[3.2.0]heptane-6-carboxylate (60.0 mg. 71% yield) as a yellow oil. LCMS [ESI, M-55]: 239.

[0439] To a solution of /«7-butyl (IS,55)-2-(2,2,2-trifluoroacetyl)-2,6-diazabicyclo[3.2.0]heptane-6- 

carboxylate (60.0 mg, 204 pmol, 1.0 equiv) in MeOH (5.00 mL) at room temperature was added CS2CO3 

(66.4 mg, 204 pmol, 1.0 equiv) and H2O (0.200 mL). The reaction mixture was stirred at 40 °C for 30 min 

and was subsequently concentrated under reduced pressure. The residue was diluted with ethyl acetate (10 

mL), dried over anh sodium sulfate, filtered and concentrated at reduced pressure to afford /«7-butyl 

(IS,55^)-2,6-diazabicyclo[3.2.0]heptane-6-carboxylate (41.0 mg, crude) as a colorless oil.
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INTERMEDIATE B-28

NH 1.TFAA N-TFA

I
Boc

[0440] To a solution of tert-butyl l,6-diazaspiro[3.3]heptane-6-carboxylate (500 mg, 2.06 mmol,

1.0 equiv, 0.5 oxalic acid) in DCM (10 mL) at 0 °C was added TEA (520 mg, 5.14 mmol, 715 pL, 

2.5 equiv) followed by TFAA (518 mg, 2.47 mmol, 343 qL, 1.2 equiv). The reaction was warmed 

to 25 °C and stirred for 1 h. An additional portion of TEA (312 mg, 3.08 mmol, 429 qL, 1.5 equiv) 

and TFAA (647 mg, 3.08 mmol, 429 qL, 1.5 equiv) was added and the reaction was stirred at 25 

°C for an additional hour. The mixture was diluted with water (10 mL) and the aqueous phase was 

extracted with ethyl acetate (3 x 10 mL). The combined organic layer was dried over anhydrous 

Na2SC>4, filtered and concentrated at reduced pressure. The resultant residue was purified by silica 

gel chromatography (petroleum ether/ethyl acetate, 5:1 to 1:1) to afford tert-butyl 1-(2,2,2- 

trifiuoroacetyl)-l,6-diazaspiro[3.3]heptane-6-carboxylate (390 mg, 64%) as a yellow solid. Rf = 

0.98 (10:1, dichloromethane/methanol); 1H NMR (400 MHz, CDCl3): δ 4.69-4.67 (d, J = 10.0 Hz, 

2H), 4.31-4.24 (m, 2H), 3.98-3.95 (d, J= 9.6 Hz, 2H), 2.63-2.59 (t, J= 7.6 Hz, 2H), 1.44 (s, 911).

[0441] To a solution of /erf-butyl l-(2,2,2-trifluoroacetyl)-l,6-diazaspiro[3.3]heptane-6-carboxylate 

(390 mg, 1.33 mmol, 1.0 equiv) at 0 °C in ACN (3.0 mL) was added HCl (4 M in dioxane, 4.97 

mL, 15 equiv). The mixture was stirred at this temperature for 1 h and was concentrated at reduced 

pressure to afford 2,2,2-trifluoro-l-(l,6-diazaspiro[3.3]heptan-l-yl)ethan-l-one (400 mg, crude, 

HCl salt) as a yellow solid.

INTERMEDIATE B-29

TFA TFA

Bn

[0442] To a solution of l-((lR,5R)-6-benzyl-2,6-diazabicyclo[3.2.0]heptan-2-yl)-2,2,2- 

trifluoroethan-l-one (1.50 g, 5.28 mmol, 1.0 equiv) in MeOH (100 mL) was added Pd/C (1.00 g, 

10 wt. %). The mixture was stirred at 40 °C for 16 h under hydrogen (50 psi). The system was

140



WO 2020/146613 PCT/US2020/012906

purged with nitrogen and the mixture was filtered through a plug of Celite. The filtrate was 

concentrated at reduced pressure to afford l-((lf?,5R)-2,6-diazabicyclo[3.2.0]heptan-2-yl)-2,2,2- 

trifluoroethan-l-one (1.00 g, crude) as a colorless oil.

[0443] In addition to the foregoing Intermediates above, the following exemplary Intermediates C-I 

- C-16 may be used to couple -L-R4 to the azaquinazoline core of Formula (I).

INTERMEDIATE C-I

Br^/N^NHBoc Pd(PPh3)4, Sn2Me6 

CF

^Sn ,N. ,NHBoc 

Cl^

[0444] A mixture of trimethyl(trimethylstannyl)stannane (12.6 g, 38.4 mmol, 7.97 mL, 3.7 equiv), 

tert-butyl iV-(6-bromo-5-chloro-2-pyridyl)carbamate (3.2 g, 10.4 mmol, 1.0 equiv), Pd(PPli3)4 

(1.20 g, 1.04 mmol, 0.1 equiv) in toluene (60 mL) was purged with N2 and then the mixture was 

stirred at 100 °C for 12 h. The reaction mixture was filtered and concentrated. The residue was 

purified by reversed phase flash chromatography [water (0.1% formic acid)/acetonitrile)]. The 

mixture was concentrated under reduced pressure to give /677-butyl A;-(5-chloro-6- 

trimethylstannyl-2-pyridyl)carbamate (2.5 g, 6.39 mmol, 61% yield) as a brown solid. LCMS [ESI, 

M+l]: 393.

INTERMEDIATE C-2

Cl 1. n-BuLi, furan OTf Cl

[0445] To a mixture of 1 -bromo-3-chloro-2,4-difluorobenzene (250 g, 1.10 mol, 1.00 equiv) and 

furan (150 g, 2.20 mol, 160 mL, 2.00 equiv) in toluene (2.50 L) at -15 °C was added n-BuLi (2.50 

M, 528 mL, 1.2 equiv) dropwise over 0.5 hour. The mixture was allowed to warm to room 

temperature and stirring continued for 12 h. Subsequetly, the mixture was quenched with water (2 

L) and was filtered. The organic layer was collected and the aqueous layer was extracted with ethyl 

acetate (2 L χ 2). The combined organic layer was dried over anh Na2SCri and filtered. The filtrate 

was concentrated under vacuum. The residue was purified by reversed phase flash [Cl 8, 0.1% FA
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in water, O - 80% MeCN] to afford 5-chloro-6-fluoro- 1,4-dihydro- 1,4-epoxynaphthalene (81.0 g, 

37% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3): δ 7.11-7.06 (m, 2H), 7.06-7.01 (m, 1H), 

6.73 (dd, J= 7.6, 9.6 Hz, 1H), 5.88 (s, 1H), 5.74 (s, III).

[0446] A mixture of 5-chloro-6-fluoro-l,4-dihydro-l,4-epoxynaphthalene (162 g, 824 mmol, 1.00 

equiv) in concentrated hydrochloric acid (1.02 kg, 10.1 mol, 1.00 L, 12.2 equiv) and ethyl alcohol 

(1.20 L) was heated at 80 °C with stirring for 6 h. Subsequently, the reaction mixture was 

concentrated under vacuum. The residue was adjusted to pH ~ 7 with saturated aq NaHCO3 and 

then extracted with ethyl acetate (2 L x 2). The combined organic layer was dried over anh 

Na2S04, and filtered. The filtrate was concentrated under vacuum. The residue was triturated with 

petroleum ether (100 mL), and then filtered; the filter cake was dried under vacuum to afford 8- 

chloro-7-fluoronaphthalen-l-ol (124 g, 76% yield) a white solid. 1H NMR (400 MHz, CDCl3): δ 

7.92 (s, 1H), 7.75 (dd, J = 5.2, 8.8 Hz, 1H), 7.44 -7.36 (m, 2H), 7.33 -7.26 (m, 1H), 7.12 -7.06 (m, 

1H).

[0447] A mixture of 8-chloro-7-fluoronaphthalen-l-ol (124 g, 631 mmol, 1.00 equiv), DIEA (489 g, 

3.78 mol, 659 mL, 6.00 equiv), 4 A MS (120 g) in dichloromethane (1.5 L) was stirred for 10 

minutes at 20 °C. To this suspension cooled to -40 °C was added dropwise trifluoromethylsulfonyl 

trifluoromethanesulfonate (231 g, 820 mmol, 135 mL, 1.30 equiv). After 20 min the reaction 

mixture was diluted with water (1 L) and the organic layer was collected. The aqueous layer was 

then extracted with ethyl acetate (1 Lx 2). The combined organic layer was dried over anh NaaSO3 

and filtered. The filtrate was concentrated under vacuum. The residue was purified by silica gel 

chromatography (petroleum ethenethyl acetate, 1:0 to 20:1) to afford 8-chloro-7-fluoronaphthalen- 

1-yl trifluoromethanesulfonate (196 g, 92% yield). Yellow solid; 1H NMR (400 MLIz, CDCl3) δ 

7.86 (d, J= 8.0 Hz, 1H), 7.83-7.76 (m, 1H), 7.57 (d, J= 8.0 Hz, 1H), 7.53 -7.44 (m, 1H), 7.43 - 

7.35 (m, 1H).

INTERMEDIATE C-3

F 1. n-BuLi, furan BPin F
2. HCI

Tf2O
B2Pini

[0448] To a mixture of l-bromo-2,3,4-trifluorobenzene (10.0 g, 47.4 mmol, 5.62 mL, 1.0 equiv)
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and furan (6.45 g, 94.8 mmol, 6.89 mL, 2.0 equiv) in toluene (130 mL) -15 °C was added «-BuLi 

(2.50 M, 22.7 mL, 1.2 equiv) in one portion under N2. The mixture was stirred at -15 °C for 30 

minutes and was then warmed to room temperature and stirred for 12 hours. Subsequently, the 

reaction mixture was diluted with water (100 mL) and filtered. The aqueous layer was extracted 

with ethyl acetate (3 x 100 mL). The combined organic layer was dried over anhNa2S04, filtered 

and concentrated under reduced pressure. The residue was purified by reversed-phase flash [Cl 8, 

0.1% FA in water, 0-65% MeCN]. The fractions were concentrated under vacuum and extracted 

with ethyl acetate (3 x 100 mL). The combined organic layer was dried over anh NaiSCfi, filtered 

and concentrated under vacuum to afford 5,6-difluoro-1,4-dihydro-1,4-epoxynaphthalene (1.6 g, 

19% yield) as a yellow oil. 1H NMR (400 MHz, CDCI3): 5 7.11-7.06 (m, 2 H), 6.93 (dd, J= 3.2,

7.6 Hz, 1H), 6.77-6.74 (m, 1H), 5.98 (s, 1H), 5.72 (s, 1H).

[0449] To a solution of 5,6-difluoro-1,4-dihydro-l,^4-epoxynaphthalene (4.30 g, 23.9 mmol, 1.0 

equiv) in EtOH (90.0 mL) was added cone HCl (40.6 g, 334 mmol, 39.8 mL, 14.0 equiv) at 25 °C. 

The mixture was stirred at 80 °C for 2 hours. The mixture was cooled to room temperature and was 

concentrated under vacuum. The residue was purified by reversed phase flash chromatography 

[Cl 8, 0.1% FA in water, 0-80% MeCN]. The fractions were adjusted to pH 8 withNa2C03 

extracted with ethyl acetate (2 x 100 mL). The combined organic layer was dried over anh Na2SC>4, 

filtered and concentrated under vacuum to give 7,8-difluoronaphthalen-l-ol (3.8 g, 88% yield) as a 

black solid. 1H NMR (400 MHz, CDCl3): δ 7.51-7.49 (m, 1H), 7.31-7.29 (m, 2H), 7.20-7.17 (m, 

1H), 6.95-6.93 (m, 1H), 6.59-6.53 (m, 1H).

[0450] A mixture of 7,8-difiuoronaphthalen-l-ol (3.30 g, 18.3 mmol, 1.0 equiv), DIEA (11.8 g,

91.5 mmol, 16.0 mL, 5.0 equiv) and 4A MS (3.00 g, 18.3 mmol, 1.0 equiv) in dichloromethane 

(10.0 mL) was stirred for 10 minutes at 20 °C. The mixture was cooled to -40 °C followed by the 

addition OfTf3O (6.72 g, 23.8 mmol, 3.93 mL, 1.3 equiv) and continued stirring at this temperature 

for 30 min. The reaction mixture was diluted with H2O (10 mL) and extracted with ethyl acetate (3 

x 15 mL). The combined organic layer was washed with brine (40 mL), dried over anh Na3S04, 

filtered and concentrated under reduced pressure to give a residue. The residue was purified by 

column chromatography (S1O2, petroleum ether/ethyl acetate, 1:0 to 50:1) to afford 7,8- 

difluoronaphthalen-1-yl trifluoromethanesulfonate (5.58 g, 98% yield) as a red oil. 1H NMR (400 

MHz, CDCl3): δ 7.89-7.87 (m, 1H), 7.73-7.67 (m, 1H), 7.52-7.46 (m, 3H).
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[0451] To a mixture of 7,8-difluoronaphthalen-1 -yl trifluoromethanesulfonate (1.50 g, 4.80 mmol, 

1.0 equiv) and 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-l,3,2- 

dioxaborolane (3.05 g, 12.0 mmol, 2.5 equiv) in dioxane (15.0 mL) was added Pd(dppf)Cl2 (352 

mg, 480 pmol, 0.1 equiv) and KOAc (1.41 g, 14.4 mmol, 3.0 equiv) under N2. The mixture was 

stirred at 25 °C for 5 minutes and then heated to 100 0C and stirred for 16 h. Subsequently, the 

reaction mixture was diluted with H2O (40 mL) and extracted with ethyl acetate (3 x 30 mL). The 

combined organic layer was washed with brine (80 mL), dried over anh Na2S04, filtered and 

concentrated under reduced pressure to give a residue. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 1:0 to 100:1) to afford 2-(7,8- 

difluoronaphthalen-l-yl)-4,4,5,5-tetramethyl-l ,3,2-dioxaborolane (1.28 g, 92% yield) as a white 

solid. 1H NMR (400 MHz, CDCl3): δ 7.86-7.84 (m, 1H), 7.73-7.71 (m, 1H), 7.61-7.58 (m, 1H), 

7.49-7.45 (m, 1H), 7.37-7.32 (m, 1H), 1.46 (s, 12H).

INTERMEDIATE C-4

BPin Cl
B2Pin2 

Pd(dppf)CI2

[0452] A mixture of 8-chloro-7-fluoronaphthalen-l-yl trifluoromethanesulfonate (27.0 g, 82.1 

mmol, 1.00 equiv), (PinB)2 (41.7 g, 164 mmol, 2.00 equiv), KOAc (40.3 g, 411 mmol, 5.00 equiv) 

and Pd(dppf)Cl2 (6.01 g, 8.22 mmol, 0.10 equiv) in DMF (300 mL) was purged with nitrogen and 

then the mixture was stirred at 80 0C for 12 h. The mixture was cooled to room temperature and 

was diluted with ethyl acetate (500 mL) and water (400 mL). The organic layer was separated and 

the aqueous layer was extracted with ethyl acetate (400 mL χ 2). The combined organic layer was 

washed with brine (800 mL), dried over anh Na3SCL and filtered. The filtrate was concentrated 

under vacuum. The residue was purified by column chromatography (S1O2, petroleum ether/ethyl 

acetate, 1:0 to 50:1) to afford 2-(8-chloro-7-fluoronaphthalen-l-yl)-4,4,5,5-tetramethyl-l,3,2- 

dioxaborolane (19 g, 74% yield) as a white solid. 1H NMR (400 MHz, CDCl3): δ 7.86 (dd, J = 1.2, 

8.4 Hz, 1H), 7.76 (dd,J=5.6, 9.2 Hz, 1H),7.71 (d, J =6.8 Hz, 114), 7.49 (dd, J=7.2, 8.0 Hz, 1H), 

7.33 (t, J= 8.8 Hz, 1H), 1.46 (s, 12H).

OTf Cl

INTERMEDIATE C-5
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OTf Cl

[0453] A mixture of (8-chloro-7-fluoro-l-naphthyl) trifluoromethanesulfonate (80.0 mg, 243 pmol, 

1.0 equiv), trimethyl(trimethylstannyl)stannane (360 mg, 1.10 mmol, 228 pL, 4.5 equiv),

Pd(PPli3)4 (28.1 mg, 24.3 μηιοί, 0.1 equiv), LiCl (61.9 mg, 1.46 mmol, 6.0 equiv) in toluene (1 

mL) was purged with N2 and then the mixture was stirred at 100 °C for 16 h. The reaction mixture 

was cooled to room temperature and filtered. The filtrate was diluted with water (5 mL) and 

extracted with ethyl acetate (2x10 mL). The combined organic layer was dried over anh Na2SC>4 

and concentrated under vacuum. The residue was purified by column chromatography (S1O2, 

petroleum ether/ethyl acetate, 1:0 to 10:1) to afford (8-chloro-7-fluoro-l-naphthyl)-trimethyl- 

stannane (50.0 mg, 96.1 pmol, 39 % yield) as a colorless oil. 1H NMR (400 MHz, chloroform-d) δ 

7.88 (d, J= 6.8 Hz, 1H), 7.83 (dd, J= 1.2, 8.0 Hz, 1H), 7.78 (dd, J= 6.0, 9.2 Hz, 1H), 7.45 (dd, J= 

6.8, 8.0 Hz, 1H), 7.35 (t, J= 8.8 Hz, 1H), 0.44 (s, 9H).

INTERMEDIATE C-6

Me3Sn
Sn2Me,

Pd(PPh3)4

OTf Cl

[0454] A mixture of 7,8-dichloronaphthalen-l-yi trifluoromethanesulfonate (200 mg, 579 pmol, 1.0 

equiv), trimethyl(trimethylstannyl)stannane (522 mg, 1.59 mmol, 330 pL, 2.7 equiv), Pd(PPh3)4 

(67.0 mg, 57.9 pmol, 0.1 equiv), LiCl (98.3 mg, 2.32 mmol, 4.0 equiv) in toluene (5 mL) was 

purged with N2 and then stirred at 100 °C for 16 h. The reaction mixture was filtered and 

concentrated under vacuum. The residue was purified by column chromatography (81()2, petroleum 

ether/ethyl acetate, 1:0) followed by reversed phase flash to afford (7,8-dichloronaphthalen-l- 

yl)trimethylstannane (80.0 mg, 36% yield) as a colorless oil. 1H NMR (400 MHz, CDCL): δ 7.89 

(dd, J= 1.2, 6.8 Hz, 1 H), 7.82 (d, J= 8.0 Hz, III), 7.72 (d, J= 8.8 Hz, HI), 7.53 (d, J= 8.8 Hz, 

1H), 7.48 (dd, J= 7.2, 8.0 Hz, 1H), 0.44 (s, 911).

INTERMEDIATE C-7

Me3Sn
Sn2Meg

Pd(PPh3)4
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CHo 1. π-BuLi, furan OTf C H;

F

[0455] To a mixture of l-bromo-2,4-difluoro-3-methyl-benzene (20.0 g, 96.6 mmol, 1.0 equiv) and 

furan (13.1 g, 193 mmol, 14.0 mL, 2.0 equiv) in toluene (300 mL) at -20 °C was added dropwise 

n-BuLi (2.5 M, 46.4 mL, 1.2 equiv). The mixture was allowed to warm to room temperature and 

stirred at for 16 hours. Subsequently, the mixture was diluted with satd aq NLUCl (200 mL) and 

then extracted with ethyl acetate (150 mL x 3). The combined organic layer was concentrated 

under reduced pressure to provide a crude residue. The residue was purified by reversed-phase 

flash chromatography [C 18, 0.1% FA in water, 0-65% MeCN] to afford 7-fluoro-5-methyl-l 1- 

oxatricycloundeca-l,3,5(7),6(8)-tetraene (5.0 g, 27.8 mmol, 28.8 % yield) as a yellow oil. LCMS 

[ESI, M+l]: 177.

[0456] To a solution of 7-fhioro-5-methyl-ll-oxatricycloundeca-l,3,5(7),6(8)-tetraene (5.0 g, 28.4 

mmol, 1.0 equiv) in ethanol (80.0 mL) was added cone hydrochloric acid (30.7 mL, 13.0 equiv). 

The mixture was stirred at 80 °C for 3 h and was cooled to room temperature. The mixture was 

concentrated under reduced pressure to provide the crude residue. The residue was puri fied by 

reversed-phase flash chromatography [C 18, 0.1% FA in water, 0-65% MeCN] to afford 7-fluoro-8- 

methyl-naphthalen-l-ol (5.0 g, 28.4 mmol, 100 % yield) as a brown oil. 1H NMR (400 MHz, 

chloroform): δ 7.60 (dd, /= 5.6, 8.8 FIz, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.25 - 7.18 (m, 2FI), 6.75 (d, 

J = 7.6 Hz, HI), 5.26 (s, 1H), 2.84 (d, J= 2.8 Hz, 3H).

[0457] A mixture of 7-fluoro-8-methyl-naphthalen-l-ol (5.0 g, 28.4 mmol, 1.0 equiv), DIEA (11.0 

g, 85.1 mmol, 14.8 mL, 3.0 equiv) and molecular sieve 4A (500 mg) in dichloromethane (100 mL) 

was stirred at -40 °C under nitrogen for 20 minutes prior to the addition of Tf20 (8.81 g, 31.2 

mmol, 5.15 mL, 1.1 equiv). The mixture was stirred at-40 °C for 40 min and was then 

concentrated under reduced pressure to provide the crude residue. The residue was purified by 

column chromatography (81()2, petroleum ether/ethyl acetate, 1:0 to 100:1) to afford (7-fluoro-8- 

methyl-1-naphthyl) trifluoromethanesulfonate (7.4 g, 24.0 mmol, 84.6% yield) as a white solid. 1H 

NMR (400 MHz, chloroform-d): 5 = 7.84 (dd, J= 1.2, 8.4 Hz, 1H), 7.74 (dd, J= 5.6, 8.8 Hz, 1H), 

7.54 (d, J= 7.6 FIz, 1H), 7.45 - 7.40 (m, 1H), 7.34 (t, J= 9.2 Hz, 1H), 2.78 (d, J= 2.8 Hz, 3H).
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INTERMEDIATE C-8

OTf CH; KF3B CH3
p 1. B2Pin2

Pd(dppf)CI2 
2. KHF2

F

[0458] A mixture of (7-fluoro-8-methyl-1-naphthyl) trifluoromethanesulfonate (2.0 g, 6.49 mmol, 

1.0 equiv), PimEh (3.30 g, 13.0 mmol, 2.0 equiv), KOAc (1.91 g, 19.5 mmol, 3.0 equiv) and 

Pd(dppf)Cl2 (949 mg, 1.30 mmol, 0.2 equiv) in dioxane (30.0 mL) was heated at 90 °C for 10 h. 

Subsequently, the mixture was concentrated under reduced pressure to provide the crude residue. 

The residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 1:0 to 

30:1) to afford 2-(7-fluoro-8-methyl-l-naphthyl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane (1.4 g, 

4.89 mmol, 75.4 % yield) as a yellow oil. 1El NMR (400 MHz, chloroform-d) δ = 7.85 (dd, J = 1.2, 

8.0 Hz, 1H), 7.74 - 7.66 (m, 211), 7.41 (dd, J= 6.8, 8.0 Hz, 1E1), 7.27 - 7.20 (m, III), 2.66 (d, J = 

2.4 Hz, 3H), 1.45 (s, 12H).

[0459] To a solution of 2-(7-fluoro-8-methyl-l-naphthyl)-4,4,5,5-tetramethyl-l ,3,2-dioxaborolane 

(1.4 g, 4.89 mmol, 1.0 equiv) in methanol (21.0 mL) and H2O (7.0 mL) was added KHF2 (3.82 g, 

48.9 mmol, 10.0 equiv) at 10 °C. The mixture was stirred at this temperature for 30 min prior to 

being concentrated under reduced pressure to give a white solid. The solid was slurried in acetone 

(100 mL) for 30 min and was filtered. The filtrate was concentrated under reduced pressure at 40 

°C to afford potassium (8-chloro-7-fluoronaphthalen-l-yl)trifluoroborate (1.7 g, 2.62 mmol, 53.5% 

yield) as a yellow oil.

INTERMEDIATE C-9

1. LDAtDMF N_n7F

4. B2Pin

Br

[0460] To a mixture of 2-bromo-l-fluoro-3-methyl-benzene (30 g, 158 mmol, 1.0 equiv) in TEIF 

(300 mL) at -70 °C under nitrogen was added dropwise LDA (2 M in THF, 119 mL, 1.5 equiv). 

The mixture was stirred at -70 °C for 0.5 hour prior to the dropwise addition of DMF (34.8 g, 476 

mmol, 36.6 mL, 3.0 equiv). The reaction mixture was stirred at -70 °C for an additional 2 h and
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was then poured into satd aq NH4CI solution (400 mL). The mixture was extracted with ethyl 

acetate (3 x 200 mL). The combined organic layer was washed with brine (200 mL), dried over 

anhydrous sodium sulfate and concentrated in vacuo. The residue was purified by column 

chromatography (SiCf, petroleum ether/ethyl acetate, 10:1). The material was then triturated with 

petroleum ether (50 mL) and the solid was collected and dried in vacuum to afford 3-bromo-2- 

fluoro-4-methyl-benzaldehyde (9.2 g, 42.4 mmol, 27% yield) as a white solid. 1H NMR (400 MHz, 

chloroform-d): 5 = 10.31 (s, 1H), 7.72 (t, J = 7.2 Hz, 1H), 7.18 (d, J= 8.0 Hz, 1H), 2.51 (s, 3H),

[0461] A solution of 3-bromo-2-fluoro-4-methyl-benzaldehyde (9.2 g, 42.4 mmol, 1.0 equiv) and 

ΝΗ2ΝΗ2·Η2θ (42.4 g, 848 mmol, 41.2 mL, 20 equiv) in DMSO (150 mL) was stirred at 60 °C for 

2 h and then at 130 °C for 16 h. Subsequently, the solution was cooled to 20 °C and poured into 

brine (600 mL) and filtered. The white solid was collected, washed with water (100 mL) and dried 

under reduced pressure to afford 7-bromo-6-methyl-l//-indazole (6.2 g, 29.4 mmol, 69% yield) as 

a light yellow solid. 1H NMR (400 MHz, chloroform-d): δ 10.69 (br s, 1H), 8.15 (s, 1H), 7.59 (d, J 

= 8.0 Hz, 1H), 7.06 (d, J= 8.4 Hz, 1H), 2.55 (s, 3H).

[0462] A mixture of 7-bromo-6-methyl-lJ/-indazole (7.9 g, 37.4 mmol, 1.0 equiv) in CH3CN (250 

mL), CS2CO3 (15.9 g, 48.7 mmol, 1.3 equiv) and CH3I (15.9 g, 112 mmol, 6.99 mL, 3.0 equiv) was 

heated at 80 °C for 1.5 hour. Subsequently, the mixture was cooled to room temperature and 

filtered. The filtrate was concentrated to provide the crude residue. The residue was diluted with 

water (200 mL) and extracted with ethyl acetate (60 mL x 3). The combined organic layer was 

washed with brine 200 mL, dried over anh Na2SC>4, filtered and concentrated under reduced. The 

residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 10:1 to 2:1) 

to afford 7-bromo-l,6-dimethyl-indazole (4.9 g, 21.8 mmol, 58% yield) as a yellow solid.

[0463] To a mixture of 7-bromo-l,6-dimethyl-indazole (2.00 g, 8.89 mmol, 1.0 equiv), 4,4,5,5- 

tetramethyl-2-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-l,3,2-dioxaborolane (6.77 g, 26.7 

mmol, 3.0 equiv) and KOAc (2.62 g, 26.7 mmol, 3.0 equiv) in DMF (40 mL) was added 

Pd(dppf)Cl2 (325 mg, 444 umol, 0.05 equiv) under N2. The mixture was heated at 80 0C for 15 

hours under N2. Subsequently, the mixture was cooled to room temperature and diluted with ethyl 

acetate (50 mL) and water (200 mL). The aqueous phase was extracted with ethyl acetate (40 mL). 

The combined organic layer was washed with brine (3 x 40 mL), dried over anh Na2S04, filtered 

and concentrated to provide a residue. The residue was purified by column chromatography (S1O2,
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petroleum ether/ethyl acetate, 30:1) to afford l,6-dimethyl-7-(4,4,5,5-tetramethyl- 1,3,2- 

dioxaborolan-2-yl)indazole (1.46 g, 4.98 mmol, 56% yield, 92.9% purity) as a white solid. LCMS 

[ESI, M+lj: 273. 1H NMR (400 MHz, chloroform-d) 5 = 7.89 (s, 1H), 7.61 (d,J = 8.0 Hz, III), 

6.97 (d,J = 8.4 Hz, 1H), 4.15 (s, 3H), 2.60 (s, 3H), 1.46 (s, 12H).

INTERMEDIATE C-IO

Sn2Me6, Pd(PPh3)4Pd(PPh3)CI2, Cul1 PPh3
SnMe·

[0464] A mixture of 1,8-dibromonaphthalene (7 g, 24.5 mmol, 1.0 equiv), 

ethynyl(triisopropyl)silane (4.91 g, 26.9 mmol, 6.04 mL, 1.1 equiv), CuI (466 mg, 2.45 mmol, 0.1 

equiv), PPI13 (642 mg, 2.45 mmol, 0.1 equiv) and Pd(PPh3)2Ch (859 mg, 1.22 mmol, 0.05 equiv) in 

TEA (100 mL) was stirred at 80 °C for 3 h under N2. The mixture was cooled to room temperature 

and was diluted with water (50 mL) and extracted with ethyl acetate (2 x 50 mL). The combined 

organic layer was washed with brine (50 mL), dried over anh Na2SC>4, filtered and concentrated 

under vacuum. The residue was purified by column chromatography (S1O2, petroleum ether) to 

afford ((8-bromonaphthalen-l-yl)ethynyl)triisopropylsilane (7 g, 18.1 mmol, 74% yield) as a 

yellow solid. 1H NMR (400 MHz, chloroform-d): δ = 7.87 (dd, J = 1.2, 7.2 Hz, 1H), 7.82 - 7.73 

(m, 3H), 7.41 - 7.34 (m, 1H), 7.24 (t, J= 7.6 Hz, 1H), 1.19 - 1.16 (m, 21H).

[0465] A mixture of ((8-bromonaphthalen-l-yl)ethynyl)triisopropylsilane (6.5 g, 16.8 mmol, 1.0 

equiv), trimethyl(trimethylstannyl)stannane (27.5 g, 83.9 mmol, 17.4 mL, 5.0 equiv) and Pd(PPli3)4 

(1.94 g, 1.68 mmol, 0.1 equiv) in toluene (100 mL) was stirred at 110 °C for 48 h under N2. 

Subsequently, the mixture was diluted with water (100 mL) and the mixture was extracted with 

ethyl acetate (2 x 100 mL). The combined organic layer was washed with brine (100 mL), dried 

over anh Na2S04, filtered and concentrated under vacuum. The residue was purified by column 

chromatography ( SiC)?. petroleum ether) and then reversed phase flash chromatography [water 

(FA, 0.1 %)/acetonitrile] to afford triisopropyl((8-(trimethylstannyl)naphthalen-l-yl)ethynyl)silane 

(0.65 g, 1.37 mmol, 8.1% yield, 99% purity) as a colourless oil. 1H NMR (400 MHz, chloroform- 

d) δ = 7.90 (dd, J= 1.2, 7.2 Hz, 1H), 7.86 - 7.79 (m, 3H), 7.47 - 7.39 (m, 2H), 1.25-1.18 (m,

21 H), 0.54- 0.44 (m, 9H).
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INTERMEDIATE C-11

1. PinBH

2. H2O2
3. MOMCI
4. B2Pin2

[0466] To a solution of ((8-bromonaphthalen-l-yl)ethynyl)triisopropylsilane (1.50 g, 3.87 mmol, 

1.00 equiv) in THF (15.0 mL) was added dtbbpy (125 mg, 465 pmol, 0.12 equiv), (1,5- 

cyclooctadiene)(methoxy)iridium(I) dimer (257 mg, 387 pmol, 0.10 equiv) and 4,4,5,5- 

tetramethyl-l,3,2-dioxaborolane (1.24 g, 9.68 mmol, 1.40 mL, 2.50 equiv) under an atmosphere of 

argon. The mixture was stirred at 60 °C for 10 h and was concentrated under reduced pressure to 

afford a mixture of two borylation isomers (15.0 g, crude).

[0467] To a solution of the crude mixture of borylation isomers (15.0 g, 29.2 mmol, 1.00 equiv) in 

EhO (20.0 mL) and THF (60.0 mL) was added H2O2 (29.8 g, 263 mmol, 25.3 mL, 9.00 equiv) and 

acetic acid (121 g, 2.02 mol, 115 mL, 69.0 equiv), the mixture was stirred at 10 °C for 1 h prior to 

being diluted with satd aq NaFIS03 (300 mL). The mixture was extracted with ethyl acetate (3 x 

200 mL). The combined organic layer was washed with brine (200 mL), dried over anhydrous 

Na2S04, filtered and concentrated under reduced pressure. The mixture was purified by column 

chromatography (SiCh, petroleum ether/ethyl acetate, 1:0 to 20:1), then by prep-HPLC [column: 

Phenomenex Iuna C18 (250*70 mm,10 pm); mobile phase: water (0.225% F A)-ACN]; ACN: 

70%-99%, 40 min], and then by SFC separation [column: DAICEL CHIRALPAK AD (250 

mm*30 mm, 10 pm); mobile phase: (0.1% NH4OH in IPA)] to afford 4-bromo-5- 

((triisopropylsilyl)ethynyl)naphthalen-2-ol (3.00 g, 7.44 mmol, 13% yield) as a light yellow solid. 

1H NMR (400 MHz, CDCl3): δ 7.73-7.72 (m, 1H), 7.64-7.51 (m, 1H), 7.49 (d, J= 2.8 Hz, 1H), 

7.35-7.32 (m, 1H), 7.12 (d, J= 2.8 Hz, 1H), 1.20-1.16 (m, 21H).

[0468] To a solution of 4-bromo-5-((triisopropylsilyl)ethynyl)naphthalen-2-ol (2.90 g, 7.19 mmol, 

1.00 equiv) and DIEA (2.79 g, 21.6 mmol, 3.76 mL, 3.00 equiv) in DCM (3.00 mL) at 0 °C was 

added dropwise MOMCl (1.10 g, 13.7 mmol, 1.04 mL, 1.90 equiv). The mixture was stirred at 0 

°C for 0.5 h prior to being diluted with H2O (40 mL). The mixture was extracted with DCM (90 

mL). The organic layer was washed with brine (20 mL ), dried over anh Na2S04, filtered and 

concentrated under reduced pressure to give a residue. The residue was purified by column
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chromatography (SiCK petroleum ether/ethyl acetate, 1:0 to 50:1) to afford ((8-bromo-6- 

(methoxymethoxy)naphthalen-l-yl)ethynyl)triisopropylsilane (2.00 g, 4.47 mmol, 62% yield) as a 

light yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.75 (dd, J = 1.2, 7.2 Hz, 1H), 7.72-7.65 (m, 1H), 

7.60 (d, J= 2.4 Hz, 1H), 7.39-7.30 (m, 2H), 5.27 (s, 2H), 3.52 (s, 3H), 1.21-1.15 (m, 21 H).

[0469] To a mixture of ((8-bromo-6-(methoxymethoxy)naphthalen-l-yl)ethynyl)triisopropylsilane 

(400 mg, 893 umol, 1.00 equiv), 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2- 

yl)-l,3,2-dioxaborolane (454 mg, 1.79 mmol, 2.00 equiv) and KOAc (263 mg, 2.68 mmol, 3.00 

equiv) in toluene (8.00 mL) was added Pd(dppf)Cl2 (196 mg, 268 umol, 0.30 equiv) under an 

atmosphere of nitrogen. The mixture was stirred at 80 °C for 12 h and then cooled to room 

temperature. The mixture was filtered and the filtrate was concentrated in vacuo. The residue was 

purified by prep-TLC (petroleum ether/ethyl acetate, 5:1, RMO.5) to afford triisopropyl((8- 

(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)naphthalen-l-yl)ethynyl)silane (390 mg, 787 pmol, 

88% yield) as a light yellow solid. 1H NMR (400 MHz, CDCl3): δ 7.69 (dd, J= 3.2, 7.6 Hz, 2H), 

7.47 (d, J= 2.8 Hz, 1H), 7.40-7.31 (m, 2H), 5.29 (s, 2H), 3.51 (s, 3H), 1.44 (s, 12H), 1.20-1.12 (m, 

21 H).

INTERMEDIATE C-12

Cl SnMe-
Pd(PPh3)4, Sn2Me6, LiCIMOMCI1 DIEA

ΌΜΟΜOMOM

[0470] To a solution of 4-bromo-5-chloronaphthalen-2-ol (0.90 g, 3.49 mmol, 1.0 equiv) and DIEA 

(1.36 g, 10.5 mmol, 1.83 mL, 3.0 equiv) in DCM (20.0 mL) at 0 °C was added dropwise MOMCl 

(422 mg, 5.24 mmol, 398 pL, 1.5 equiv). The mixture was stirred at 0 0C for 0.5 h and was then 

diluted with H2O (40.0 mL) and extracted with DCM (60.0 mL). The organic layer was washed 

with brine (20.0 mL ), dried over anh Na2S04, filtered and concentrated under reduced pressure to 

give a residue. The residue was purified by column chromatography (S1O2, petroleum ether/ethyl 

acetate, 1:0 to 20:1) to afford 1-bromo-8-chloro-3-(methoxymethoxy)naphthalene (2.00 g, 5.97 

mmol, 85% yield) as a light yellow solid. 1H NMR (400 MHz, CDCl3): δ 7.73-7.62 (m, 2H), 7.50 

(dd, J= 1.2, 7.6 Hz, 1H), 7.38 (d, J= 2.50 Hz, 1H), 7.33-7.26 (m, 1H), 5.27 (s, 2H), 3.52 (s, 3H).

[0471] To a solution of l-bromo-8-chloro-3-(methoxymethoxy)naphthalene (1.60 g, 5.31 mmol, 1.0
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equiv) in toluene (30.0 mL) was added trimethyl(trimethylstannyl)stannane (7.82 g, 23.9 mmol, 

4.95 mL, 4.5 equiv), Pd(PPh3)4 (613 mg, 530 pmol, 0.1 equiv), and LiCl (1.35 g, 31.8 mmol, 6.0 

equiv). The mixture was stirred at 110 0C for 12 hours under N2. Subsequently, the mixture was 

filtered and concentrated to give the crude residue. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 1:10 to 20:1) to afford (8-chloro-3- 

(methoxymethoxy)naphthalen-l-yl)trimethylstannane (1.50 g, 3.89 mmol, 73% yield) as a 

colorless oil. 1HNMR (400 MHz, CDCl3): δ 7.71-7.66 (m, 1H), 7.57 (d, J= 2.4 Hz, 1H), 7.49-7.43 

(m, 1H), 7.39-7.37 (m, 1H), 7.35-7.30 (m, 1H), 5.31 (s, 2H), 3.54 (s, 3 H), 0.42 (s, 9 H).

INTERMEDIATE C-13

1. MOMCl

2. B2Pin2

OMOM

[0472] To a mixture of l-bromonaphthalen-2-ol (1.5 g, 6.72 mmol, 1.0 equiv) in DCM (15 mL) at - 

40 °C was added DIEA (2.61 g, 20.2 mmol, 3.51 mL, 3.0 equiv) followed by MOMCl (704 mg, 

8.74 mmol, 664 pL, 1.3 equiv) in DCM (0.5 mL). The solution was stirred at O °C for 30 minutes 

and was subsequently diluted with water (5.0 mL). The aqueous phase was extracted with ethyl 

acetate (3x10 mL) and the combined organic phase was washed with brine (15 mL), dried over 

anhydrous Na2S04, filtered and concentrated at reduced pressure. The resultant residue was 

purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 1:0 to 10:1) to afford 1- 

bromo-2-(methoxymethoxy)naphthalene (1.55 g, 86% yield) as a yellow solid.

[0473] To a mixture of 1 -bromo-2-(methoxymethoxy)naphthalene (1.55 g, 5.80 mmol, 1.0 equiv), 

KOAc (1.71 g, 17.4 mmol, 3.0 equiv) and 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-l,3,2- 

dioxaborolan-2-yl)-l,3,2-dioxaborolane (2.95 g, 11.6 mmol, 2.0 equiv) in dioxane (16 mL) was 

added Pd(dppf)Cl2 (424 mg, 580 pmol, 0.1 equiv) under nitrogen. The mixture was stirred at 110 

°C for 1.5 h. The reaction mixture was cooled to room temperature and diluted with water (10 mL). 

The aqueous phase was extracted with ethyl acetate (3x15 mL) and the combined organic phase 

was washed with brine (15 mL), dried over anhydrous Na2S04, filtered and concentrated at 

reduced pressure. The resultant residue was purified by column chromatography (SiC)3, petroleum 

ethcr/ethyl acetate, 1:0 to 20:1) to afford 2-(2-(methoxymethoxy)naphthalen-l-yl)-4,4,5,5-

152



WO 2020/146613 PCT/US2020/012906

tetramethyl-l,3,2-dioxaborolane (1.7 g, 93% yield) as a white solid. 1H NMR (400 MHz, CDCb): 

5 = 7.94 (d, ./=8.4 Hz, 1H), 7.82 (d, ./=8.8 Hz, 1H), 7.8-7.74 (m, 1H), 7.47-7.41 (m, 1H), 7.37- 

7.3 (m, 2H), 5.26 (s, 2H), 3.54 (s, 3H), 1.52-1.46 (m, 12H).

INTERMEDIATE C-14

1. Cul1 f-BuONa, acetone

Tf2O
B2Pin2

[0474] A sealed tube was charged with a mixture of CuI (387 mg, 2.03 mmol, 0.1 equiv), 1,10- 

phenanthroline (732 mg, 4.06 mmol, 0.2 equiv) and /-BuONa (11.7 g, 122 mmol, 6.0 equiv). The 

system was evacuated and recharged with nitrogen three times followed by the addition of a 

solution of l-(2-iodophenyl)ethan-l-one (5 g, 20.3 mmol, 1.0 equiv) and acetone (3.54 g, 61.0 

mmol, 4.48 mL, 3.0 equiv) in toluene (50 mL) at -20 °C. The mixture was allowed to warm to 

room temperature and stirred for 2 h. The mixture was diluted with water (50 mL) and layers were 

separated. The aqueous phase was extracted with ethyl acetate (50 mL) and the combined organic 

layer was dried over anh Na2SC>4, filtered and concentrated under reduced pressure. The resultant 

residue was purified by reversed phase flash chromatography [water (0.1% FA)/acetonitrile], The 

desired fractions were collected and concentrated at reduced pressure to remove MeCN and then 

extracted with ethyl acetate (2 x 20 mL). The combined organic layer was dried over anh Na2SC>4 

and concentrated at reduced pressure. The crude residue was purified by silica gel chromatography 

(petroleum ether/ethyl acetate, 20:1 to 5:1) to afford 3-methylnaphthalen-l-ol (1.12 g, 33%) as a 

brown solid; Rf= 0.60 (5:1, petroleum ether/ethyl acetate); 1H NMR (400 MHz, CDCL): 5 8.15- 

8.09 (m, 1 H), 7.73 (d,J= 7.6 Hz, 1H), 7.50-7.39 (m, 2H), 7.26-7.21 (m, 1H), 6.70-6.66 (m, III), 

5.38 (s, III), 2.46 (s, 3H); LCMS [ESI, M-I]: 157.

[0475] To a solution of 3-methylnaphthalen-l-ol (0.1 g, 632 pmol, 1.0 equiv) in DCM (2.0 mL) at - 

40 0C was added TEA (160 mg, 1.58 mmol, 220 pL, 2.5 equiv) and Tf20 (232 mg, 822 pmol, 135 

pL, 1.3 equiv). The mixture was stirred at this temperature for 15 min prior to being diluted with 

water (2.0 mL). The aqueous phase was extracted with ethyl acetate (3 x 2.0 mL) and the combined 

organic layer was dried over anh Na2SC>4, filtered and concentrated at reduced pressure. The
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residue was purified by silica gel chromatography (petroleum ether/ethyl acetate, 100:1 to 20:1) to 

give 3-methylnaphthalen-l-yl trifluoromethanesulfonate (120 mg, 64%) as a yellow oil; Rf= 0.70 

(10:1, petroleum ether/ethyl acetate); LCMS [ESI, M-I]: 289.

[0476] A mixture of 3-methy lnaphthal en-l-yl trifluoromethanesulfonate (120 mg, 413 μ mol. 1.0 

equiv), Pd(dppf)Cl2 (30.2 mg, 41.3 pmol, 0.1 equiv), 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl- 

l,3,2-dioxaborolan-2-yl)-l,3,2-dioxaborolane (315 mg, 1.24 mmol, 3.0 equiv) and KOAc (122 mg, 

1.24 mmol, 3.0 equiv) in dioxane (2.5 mL) was purged with nitrogen and then heated at 80 °C for 6 

h. The mixture was cooled to room temperature and was diluted with water (4.0 mL). !'he aqueous 

layer was extracted with ethyl acetate (2 x 5.0 mL). The combined organic layer was dried over 

anh Na2S04 and concentrated at reduced pressure. The resultant residue was purified by silica gel 

chromatography (petroleum ether/ethyl acetate, 1:0 to 50:1) to afford 4,4,5,5-tetramethyl-2-(3- 

methyInaphthalen-l-y 1)-1,3,2-dioxaborolane (100 mg, 81%) as a yellow solid; Rf= 0.43 (3:1, 

petroleum ether/ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 8.74-8.69 (m, 1H), 7.94-7.91 (m, 

1H), 7.78-7.74 (m, 1H), 7.72-7.69 (m, 1H), 7.49-7.41 (m, 2H), 2.52 (s, 3H), 1.44 (s, 12H).

INTERMEDIATE C-15

, 1 [>-B(OH)2
Qyi-Br ____________^

2. B2Pin2

[0477] To a solution of l-bromo-3-chloro-2-iodobenzene (2.50 g, 7.88 mmol, 1.00 equiv) in 1,4- 

dioxane (18.0 mL) and H2O (6.0 mL) was added K3PO4 (6.02 g, 28.4 mmol, 3.60 equiv), 

Pd(dppf)Cl2 (288 mg, 394 μπιοί, 0.05 equiv) and cyclopropylboronic acid (880 mg, 10.2 mmol, 

1.30 equiv). The mixture was stirred at 100 °C for 18 h and was then cooled to room temperature 

and diluted with water (30 mL). The mixture was extracted with ethyl acetate (30 mL χ 3). The 

combined organic layer was dried over anhydrous sodium sulfate and filtered. The filtrate was 

concentrated under reduced pressure to dryness. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 1:0) and then reversed phase flash 

chromatography [water (0.1% FA)/acetonitrile] to afford l-bromo-3-chloro-2-cyclopropylbenzene 

(1.18 g, 40% yield) as a yellow solid. 1HNMR (400 MHz, CDCl3): δ 7.46 (dd,./= 1.2, 8.0 Hz,

1H), 7.30 (dd, J= 1.2, 8.0 Hz, 1H), 6.99 (t, J= 8.0 Hz, 1H), 1.88-1.73 (m, 1H), 1.23-1.14 (m, 2H),
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0.80-0.74 (m, 2H).

[0478] To a solution of l-bromo-3-chloro-2-cyclopropylbenzene (0.980 g, 4.23 mmol, 1.00 equiv) 

in 1,4-dioxane (30.0 mL) was added KOAc (1.25 g, 12.7 mmol, 3.00 equiv), PimE^ (2.15 g, 8.47 

mmol, 2.00 equiv) and Pd(dppf)Cl2 (310 mg, 423 pmol, 0.100 equiv). The mixture was stirred at 

110 °C for 6 h. The mixture was cooled to room temperature and was diluted with water (30 mL). 

The mixture was extracted with ethyl acetate (30 mL χ 3). The combined organic layer was dried 

over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to 

dryness. The residue was purified by column chromatography (SiCb, petroleum ether/ethyl acetate, 

1/0), reversed-phase flash chromatography [water (0.1% FA)/acetonitrile] and finally prep-HPLC 

(Phenomenex Iuna Cl8 150 x 40 mm x 15 pm; A: water (0.225% FA), B: ACN; B%: 68% - 98%,

11 min) to afford 2-(3-chloro-2-cyclopropylphenyl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane (320 

mg, 27% yield) as a yellow solid. 1H NMR (400 MHz, CDCL): δ 7.45 (dd, J = 1.2, 7.2 Hz, 1H), 

7.37 (dd, J= 1.2, 8.0 Hz, 1H), 7.17-7.06 (m, 1H), 2.07 (tt, J= 5.6, 8.4 Hz, 1H), 1.39 (s, 12H), 1.08- 

0.97 (m, 2H), 0.62-0.53 (m, 2H).

INTERMEDIATE C-16

1. KOAc SnMe-

2. DHP, TsOH
3. SnoMeg

2. Fe, HOAc
3. HBF4, NaNO2

[0479] To a solution of l-chloro-2,5-dimethyl-4-nitrobenzene (6.50 g, 35.0 mmol, 1.0 equiv) in 

TFA (50 mE) and H2SO4O2.O g, 122 mmol, 6.50 mL, 3.5 equiv) 40 °C was added portionwise 

NBS (6.86 g, 38.5 mmol, 1.1 equiv). The mixture was stirred at 40 °C for 8 h and was cooled to 

room temperature. The mixture was diluted with water (300 mL) at 0 °C and then filtered. The 

filter cake was washed with water (50 mL) and dried under reduced pressure to give a solid. The 

crude product was purified by reversed-phase flash chromatography [water (0.1% 

TFA)/acetonitrilej to afford 3-bromo-2-chloro-l,4-dimethyl-5-nitrobenzene (6.25 g, 19.8 mmol, 

57% yield) as a white solid. 1H NMR (400 MHz, CDCI3): δ = 7.65 (s, HI), 2.60 (s, 3H), 2.49 (s, 

3H).

[0480] To a flask containing 3-bromo-4-chloro-2,5-dimethylaniline (500 mg, 2.13 mmol, 1.0 equiv)
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was added HBF4 (3.86 g, 17.6 mmol, 2.74 mL, 40 wt % in water, 8.2 equiv) followed by the 

dropwise addition of a satd aq solution of NaNCL (221 mg, 3.20 mmol, 1.5 equiv) at 0 °C. The 

mixture was stirred at O °C for 1 h and then room temperature for 30 min. The mixture was cooled 

to O °C and an additional satd aq NaNCh (147 mg, 2.13 mmol, 1.0 equiv) solution was added. The 

mixture was stirred at O 0C for 0.5 h prior to filtration. The filter cake was washed with i-?nO (30 

mL) to afford 3-bromo-4-chloro-2,5-dimethylbenzenediazonium tetrafluoroborate (700 mg, crude) 

as a white solid.

[0481] To a stirred mixture of KOAc (412 mg, 4.20 mmol, 2.0 equiv) and 18-Crown-6 (27.8 mg, 

105 prnol, 0.05 equiv) in CHCb (15 mL) was added 3-bromo-4-chloro-2,5- 

dimethylbenzenediazonium tetrafluoroborate (700 mg, 2.10 mmol, 1.0 equiv) in one portion at 25 

°C under nitrogen. The mixture was stirred at room temperature for 30 min prior to being filtered. 

The filtrate was concentrated under reduced pressure. The resultant residue was purified by silica 

gel chromatography (petroleum ether/ethyl acetate, 1:0 to 3:1) to afford 4-bromo-5-chloro-6- 

methyl- 1/7-indazole (270 mg, 52% yield) as a yellow solid. 1H NMR (400 MHz, CDCl3): δ 8.02 (s, 

1H), 7.35 (d, J = 0.8 Hz, 1H), 2.57 (d, J= 0.8 Hz, 3H). LCMS [ESI, M+l]: 247.

[0482] To a solution of 4-bromo-5-chloro-6-methyl-l/7-indazole (1.00 g, 4.07 mmol, 1.0 equiv) in 

DCM (40 mL) was added TsOH*H20 (77.5 mg, 407 pmol, 0.1 equiv) followed by DHP (685 mg, 

8.15 mmol, 2.0 equiv). The reaction mixture was stirred at 25 °C for 15 h prior to being 

concentrated under vacuum. The resultant residue was purified by silica gel chromatography 

(petroleum ether/ethyl acetate, 1:0 to 4:1) to afford 4-bromo-5-chloro-6-methyl-l-(tetrahydro-2//- 

pyran-2-yl)-1 //-indazole (1.30 g, 93% yield) as a yellow solid. LCMS [ESI, M+l]: 329.

[0483] A mixture of trimethyl(trimethylstannyl)stannane (656 mg, 2.00 mmol, 2.7 equiv), 4-bromo-

5-chloro-6-methyl-l-(tetrahydro-2//-pyran-2-yl)-l//-indazole (240 mg, 728 pmol, 1.0 equiv), 

Pd(PPh3)4 (84.1 mg, 72.8 pmol, 0.1 equiv) and LiCl (123 mg, 2.91 mmol, 4.0 equiv) in toluene (5 

mL) was purged with nitrogen and then was stirred at 100 °C for 16 h. The mixture was cooled to 

room temperature the and was filtered. The filtrate was concentrated under reduced pressure to 

dryness. The residue was purified by column chromatography (S1O2, petroleum ether) followed by 

reversed-phase flash chromatography [water (0.1% FA)/acetonitrile] to afford 5-chloro-6-methyl-

l-(tetrahydro-2/f-pyran-2-yl)-4-(trimethylstannyl)-l/Z-indazole (190 mg, 444 pmol, 61% yield) as 

a colorless oil. LCMS [ESI, M+l]: 415. 1H NMR (400 MHz, CDCl3): δ 8.00 (s, 1H), 7.43 (s, 1H),
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5.67 (dd, J = 2.8, 9.2 Hz, 1H), 4.07-3.95 (m, 1H), 3.81-3.68 (m, 1H), 2.63-2.53 (m, 1H), 2.50 (s,

3H), 2.22-2.01 (m, 2H), 1.80-1.64 (m, 3H), 0.59-0.41 (m, 9H).

[0484] In addition to the foregoing Intermediates above, the following exemplary Intermediates D-I 

to D-10 may be used to prepare substituted azaquinazoline core intermediates suitable for 

synthesizing compounds of Formula (I).

INTERMEDIATE D-I

Cl

[0485] A solution of 2-chloropyridin-3-ol (20 g, 154 mmol, 1.0 equiv) in II2SO4 (40 mL) was 

cooled to 0 °C and a mixture of cone H2SO4 (36.8 g, 368 mmol, 20 mL, 2.4 equiv) and cone FINO3 

(28 g, 311 mmol, 20 mL, 70% purity, 2.0 equiv) was added slowly. After the addition was 

complete, the mixture was stirred at 0 °C for 1 h and then at room temperature for an additional 

hour. The reaction mixture was poured onto crushed ice (800 g) and extracted with ethyl acetate (2 

x 300 mL). The combined organic layer was washed with brine (300 mL), dried over anh Na2SC>4, 

filtered and concentrated under reduced pressure. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 10:1) to afford 2-chloro-4-nitro-pyridin-3-ol 

(10.4 g, 59.6 mmol, 39% yield) as a yellow solid. LCMS [ESI, M+l]: 175.

[0486] A mixture of 2-chloro-4-nitro-pyridin-3-ol (12 g, 68.8 mmol, 1.0 equiv) in acetonitrile (200 

mL) and methanol (30 mL) was added TMSCIIN2 (2.0 M in hexane, 85.9 mL, 2.5 equiv) over 1 h. 

After stirring at room temperature for 12 h the mixture was quenched with AcOH (20 mL). The 

mixture was extracted with ethyl acetate (2 χ 200 mL), the combined organic layer was washed 

with brine (100 mL), dried over Na2S04, filtered and concentrated under vacuum. The residue was 

purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 1:1) and reversed phase 

flash chromatography [water (FA, 0.1 %)/acetonitrile] to afford 2-chloro-3-methoxy-4-nitro- 

pyridine (6.46 g, 34.3 mmol, 50% yield) as a yellow solid. LCMS [ESI, M+l]: 189.

[0487] A mixture of 2-chloro-3-methoxy-4-nitro-pyridine (6.0 g, 31.8 mmol, 1.0 equiv) and Fe 

(10.7 g, 191 mmol, 6.0 equiv) in AcOH (60 mL) was stirred at 40 °C for 1 h. Subsequenlty, the

1. Pd(PPh3)2Cl2, CO
2. OCNCCI3

NH3, MeOH 
POCI3, DIEA

1. HNO3lH2SO4
2. TMSCHN2l MeOH

3. Fe, HOAc
4. NIS1 TsOH
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mixture was diluted with water (10 mL) and ethyl acetate (20 mL). The biphasic mixture was 

filtered and the organic and aqueous layers were separated. The aqueous phase was extracted with 

ethyl acetate (2 x 20 mL). The combined organic layer was washed with brine (20 mL), dried over 

anh Na3SCU, filtered and concentrated under reduced pressure to afford the crude residue. The 

residue was purified by column chromatography (SiCh, petroleum ether/ethyl acetate, 1:1) to afford

2-chloro-3-methoxy -pyridin-4-amine (4.9 g, 30.6 mmol, 96% yield) as a yellow solid. LCMS 

[ESI, M+l]: 159.1HNMR (400 MHz, CDCl3) 6 7.81-7.73 (m, 1H), 6.60-6.52 (m, 1H), 4.66 (br s, 

2H), 3.89-3.80 (m, 3H).

[0488] A mixture of 2-chloro-3-methoxy-pyridin-4-amine (5.2 g, 32.8 mmol, 1.0 equiv), NIS (11.1 

g, 49.2 mmol, 1.5 equiv) and TsCOdTbhO (624 mg, 3.28 mmol, 0.1 equiv) in acetonitrile (50 mL) 

was allowed to stir at 70 °C for 12 h. The mixture was cooled to room temperature and was 

concentrated under vacuum. The residue was dissolved in water (50 mL) and the mixture was 

extracted with ethyl acetate (2 x 50 mL). The combined organic layer was washed with brine (50 

mL), dried over anh Na2S04, filtered and concentrated at reduced pressure to afford the crude 

residue. The residue was purified by column chromatography (SiO3. petroleum ether/ethyl acetate,

1:1) to afford 2-chloro-5-iodo-3-methoxy-pyridin-4-amine (7.9 g, 26.9 mmol, 82% yield) as a 

yellow solid. LCMS [ESI, M+l]: 285.

[0489] A mixture of 2-chloro-5-iodo-3-methoxy-pyridin-4-amine (8.0 g, 28.1 mmol, 1.0 equiv), 

Pd(PPh3)3Ch (1.97 g, 2.81 mmol, 0.1 equiv) and TEA (10.2 g, 101 mmol, 14.1 mL, 3.6 equiv) in 

ethanol (100 mL) was stirred at 80 °C for 12 h under CO (50 psi). The mixture was concentrated 

under vacuum. The residue was diluted with water (50 mL) and extracted with ethyl acetate (2 x 

50 mL). The combined organic layer was washed with brine (50 mL), dried over anh Na3SO i, 

filtered and concentrated under vacuum to provide the crude resiude. The residue was purified by 

reversed phase flash chromatography [water (FA, 0.1 %)/acetonitrile] to afford ethyl 4-amino-6- 

chloro-5-methoxy-pyridine- 3-carboxylate (6.0 g, 16.7 mmol, 59 % yield) as a yellow solid. LCMS 

[ESI, M+l]: 231.

[0490] A mixture of ethyl 4-amino-6-chloro-5-methoxy-pyridine-3-carboxylate (1.0 g, 4.34 mmol, 

1.0 equiv) and trichloro(isocyanato)methane (1.39 g, 8.67 mmol, 2.0 equiv) in THF (10 mL) was 

stirred at room temperature for 30 min. The mixture was concentrated under vacuum and the 

resultant residue was triturated with petroleum ether (10 mL) to afford ethyl 6-chloro-5-methoxy-
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4-[(2,2,2-trichloroacetyl)carbamoylamino]pyridine -3-carboxylate (2 g, crude) as a yellow oil and 

used in next step without purification. LCMS [ESI, M+l]: 420.

[0491] A mixture of ethyl 6-chloro-5-methoxy-4-[(2,2,2- trichloroacetyl)carbamoylamino]pyridine-

3-carboxylate (2.0 g, crude) in NHsrMeOiI (4 mL, 10% purity) was stirred at 15 °C for 10 minutes. 

After completion, the mixture was concentrated under vacuum. The residue was triturated with 

MTBE (10 mL) and concentrated under vacuum to give 7-chloro-8-methoxy-pyrido[4,3- 

djpyrimidine -2,4-diol (0.6 g, 2.64 mmol, two steps 61% yield) as a white solid and used into next 

batch without further purification. LCMS [ESI, M+l]: 228.

[0492] Amixture of 7-chloro-8-methoxy-pyrido[4,3-d]pyrimidine- 2,4-diol (0.6 g, 2.64 mmol, 1.0 

eq) and DIEA (1.70 g, 13.2 mmol, 2.30 mL, 5.0 eq) in POCL (14.1 g, 92.2 mmol, 8.57 mL, 35 eq) 

was stirred at 110 °C for 2 hours. After completion, the mixture was concentrated under vacuum to 

give 2,4,7-trichloro- 8-methoxy-pyrido[4,3-d]pyrimidine (0.7 g, crude) as a yellow oil and used 

into next batch without further purification LCMS [ESI, M-7]: 256.

INTERMEDIATE D-2

Cl
OH

1. Fe1HOAc

2.

TfO CF3 

3. NIS, TsOH

1. Pd(PPh3)2CI2lCO
2. OCNCCI3

3. NH3, MeOH
4. POCI3, DIEA

Cl

CF3

[0493] A mixture of 2-chloro-4-nitro-pyridin-3-ol (9.0 g, 51.6 mmol, 1.0 equiv) and Fe (17.3 g, 309 

mmol, 6.0 equiv) in AcOH (90 mL) was stirred at 40 °C for 2 h. The mixture was cooled to room 

temperature and was diluted with H2O (100 mL) and ethyl acetate (150 mL). The aqueous phase 

was extracted with ethyl acetate (2 χ 100 mL) and the combined organic layer was washed with 

brine (150 mL), dried over anh Na2S04, filtered and concentrated under reduced pressure to 

provide the crude residue. The residue was purified by column chromatography (S1O2, petroleum 

ether/ethyl acetate, 1:1) to afford 4-amino-2-chloro-pyridin-3-oI (4.5 g, 31.1 mmol, 60% yield) as a 

yellow solid. LCMS [ESI, M+l]: 145.

[0494] A mixture of 4-amino-2-chloro-pyridin-3-ol (1.5 g, 10.4 mmol, 1.0 equiv), 2,2,2- 

trifluoroethyl trifluoromethanesulfonate (2.89 g, 12.5 mmol, 1.2 equiv) and K2CO3 (2.87 g, 20.8
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mmol, 2.0 equiv) in DMF (30 mL) and acetonitrile (3.0 mL) was stirred at 60 °C for 30 min. The 

mixture was cooled to room temperature and was diluted with HhO (100 mL). The aqueous layer 

was extracted with ethyl acetate (2 x 100 mL). The combined organic layer was washed with brine 

(2 x 150 mL), dried over anh Na2S04, filtered and concentrated under reduced pressure to provide 

the crude residue. The residue was purified by column chromatography (Si02, petroleum 

ether/ethyl acetate, 1:1) to afford 2-chloro-3-(2,2,2-trifluoroethoxy)pyridin-4-amine (1.75 g, 7.65 

mmol, 74% yield, 99% purity) as a yellow solid. LCMS [ESI, M+l]: 227. 1H NMR (400 MHz, 

DMSO-drf) 6 7.66 (d, J = 5.6 Hz, 1H), 6.66 (d, J= 5.6 Hz, 1H), 6.26 (br s, 2H), 4.52 (q, J= 8.8 Hz, 

2H).

[0495] A mixture of 2-chloro-3-(2,2,2-trifluoroethoxy)pyridin-4-amine (5.3 g, 23.4 mmol, 1.0 

equiv), NIS (6.32 g, 28.1 mmol, 1.2 equiv) and TsOH*H20 (445 mg, 2.34 mmol, 0.1 equiv) in 

acetonitrile (50 mL) was stirred at 70 °C for 2 h. The mixture cooled to room temperature and was 

concentrated at reduced pressure. The resultant residue was diluted with water (20 mL) and the 

mixture was extracted with ethyl acetate (2 x 30 mL). The combined organic layer was washed 

with brine (30 mL), dried over anh Na2SOzt, filtered and concentrated under reduced pressure to 

afford the crude residue. The residue was purified by column chromatography (Si(¾, petroleum 

ether/ethyl acetate, 3:1) to afford 2-chloro-5-iodo-3-(2,2,2-trifluoroethoxy)pyridin-4-amine (6.2 g,

17.4 mmol, 74% yield, 99% purity) as a yellow solid. LCMS [ESI, M+l]: 353.

[0496] A mixture of 2-chloro-5-iodo-3-(2,2,2-trifluoroethoxy)pyridin-4-amine (1.0 g, 2.84 mmol,

1.0 equiv), Pd(PPh3)2Cl2 (199 mg, 284 pmol, 0.1 equiv) and TEA (1.03 g, 10.2 mmol, 1.42 mL, 3.6 

equiv) in ethanol (20 mL) was heated at 80 °C for 12 h under CO (50 psi). The mixture was cooled 

to room temperature and concentrated at reduced pressure. The residue was diluted with water (10 

mL) and the mixture was extracted with ethyl acetate (2 x 10 mL). The combined organic layer 

was washed with brine (20 mL), dried over anh Na2SOzt, filtered and concentrated at reduced 

pressure to provide the crude residue. The residue was purified by column chromatography (SiO2, 

petroleum ether/ethyl acetate, 3:1) to afford ethyl 4-amino-6-chloro-5-(2,2,2- 

trifluoroethoxy)pyridine-3-carboxylate (700 mg, 2.32 mmol, 82% yield) as a yellow solid. LCMS 

[ESI, M+l]: 299.

[0497] A mixture of ethyl 4-amino-6-chloro-5-(2,2,2-trifluoroethoxy)pyridine-3-carboxylate (0.2 g, 

669 pmol, 1.0 equiv) and 2,2,2-trichloroacetyl isocyanate (189 mg, 1.00 mmol, 119 pL, 1.5 equiv)
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in THF (2 mL) was allowed to stir at room temperature for 30 min. The mixture was concentrated 

at reduced pressure and the resultant residue was triturated with MTBE (10 mL). The residue was 

dried at reduced pressure to afford ethyl 6-chloro-4-[(2,2,2- trichloroacetyl)carbamoylamino]-5- 

(2,2,2-trifluoroethoxy)pyridine-3-carboxylate (350 mg, crude) was obtained as a yellow solid. 

LCMS [ESI, M+l]: 488.

[0498] A mixture of ethyl 6-chloro-4-[(2,2,2-trichloroacetyl)carbamoylamino]- 5-(2,2,2- 

trifluoroethoxy)pyridine-3-carboxylate (0.35 g, crude) in 10% NHb'MeOH (5 mL) was allowed to 

stir at room temperature for 10 min. Subsequently, the mixture was concentrated at reduced 

pressure and the residue was triturated with MBTE (5 mL). The residue was dried at reduced 

pressure to afford 7-chloro-8-(2,2,2-trifluoroethoxy)pyrido[4,3-d]pyrimidine-2,4-diol (0.2 g, crude) 

as a white solid. LCMS [ESI, M+l]: 296.

[0499] A mixture of 7-chloro-8-(2,2,2-trifluoroethoxy)pyrido[4,3-if]pyrimidine-2,4-diol (700 mg, 

crude) and DIEA (1.53 g, 11.8 mmol, 2.06 mL) in POCI3 (11.6 g, 75.3 mmol, 7 mL) was allowed 

to stir at 110 °C for 2 h. Lhe mixture was cooled to room temperature and was concentrated at 

reduced pressure to afford 2,4,7-trichloro-8-(2,2,2-trifluoroethoxy)pyrido[4,3-i/]pyrimidine (2.0 g, 

crude) as a yellow oil.

INTERMEDIATE D-3

N ^1. CuCN 2. OCNCCI;

2. NIS, TsOH
3. Pd(PPh3)2CI2, CO
4.

I BPin

3. NH3, MeOH
4. POCi3, DIEA

Pd(PPh3)4

[0500] A mixture of 3-bromo-2-chloro-pyridin-4-amine (3.0 g, 14.5 mmol, 1.0 equiv), CuCN (3.89 

g, 43.4 mmol, 3.0 equiv) in DMSO (30 mL) was stirred at 130 °C for 12 h. The mixture was 

concentrated under vacuum. To the residue was added NH4OH (100 mL) and the mixture was 

stirred at 15 °C for 10 min prior to being extracted with ethyl acetate (2 χ 200 mL). The combined 

organic layer was washed with brine (200 mL), dried over anh Na2S04, filtered and concentrated
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under vacuum to afford 4-amino-2-chloro-pyridine-3-carbonitrile (1.0 g, 5.93 mmol, 41% yield) as 

a yellow solid. LCMS [ESI, M+l]: 154. 1HNMR (400MHz, DMSO-d6): δ 7.92 (d, J = 6.0 Hz,

1H), 7.43 (br s, 2H), 6.67 (d,J = 6.0 Hz, 1H).

[0501] A mixture of 4-amino-2-chloro-pyridine-3-carbonitrile (3.2 g, 20.8 mmol, 1.0 

equiv), TsOH*H20 (198 mg, 1.04 mmol, 0.05 equiv) and NIS (7.03 g, 31.3 mmol, 1.5 equiv) in 

acetonitrile (30 mL) was stirred at 70 °C for 12 h prior to being concentrated under vacuum. The 

resultant residue was diluted with H2O (50 mL), extracted with ethyl acetate (2 χ 50 mL), and the 

combined organic layer was washed with brine (50 mL), dried over anh Na2SC>4, filtered and 

concentrated under vacuum to provide the crude residue. The residue was purified by column 

chromatography (SiCh5 PE/EA, 3/1). The solid was triturated with acetonitrile (20 mL) and dried 

under vacuum to afford 4-amino-2-chloro-5-iodo-pyridine-3-carbonitrile (3.0 g, 10.7 mmol, 52% 

yield) as a yellow solid. LCMS [ESI, M+l]: 280. 1H NMR (400MHz, chloroform-d): δ 8.45 (s,

1H), 5.56 (br s, 2H).

[0502] A mixture of 4-amino-2-chloro-5-iodo-pyridine-3-carbonitrile (2.8 g, 10 mmol, 1.0 equiv), 

TEA (3.65 g, 36.1 mmol, 5.02 mL, 3.6 equiv) and Pd(PPh3)2Ch (703 mg, 1.0 mmol, 0.1 equiv) in 

ethanol (30 mL) was stirred at 80 0C for 12 h under CO (50 psi). The mixture was concentrated 

under reduced pressure. The resultant residue was triturated with methanol (20 mL) and the solid 

was collected and dried under vacuum to afford ethyl 4-amino-6-chloro-5-cyano-pyridine-3- 

carboxylate (2.0 g, 8.78 mmol, 88% yield) as a yellow solid. LCMS [ESI, M+l]: 226. 1H NMR 

(400MHz, DMSO-d6): δ 8.63 (s, 1H), 8.11 (br s, 2H), 4.32 (q, J = 7.2 Hz, 2PI), 1.32 (t, J = 12 Hz, 

3H).

[0503] A mixture of ethyl 4-amino-6-chloro-5-cyano-pyridine-3-carboxylate (1.7 g, 7.53 mmol, 1.0 

equiv), (8-methyl-l-naphthyl)boronic acid (1.82 g, 9.79 mmol, 1.3 equiv), Pd(PPh3)4 (871 mg, 753 

μιηοΐ, 0.1 equiv) and CS2CO3 (7.36 g, 22.6 mmol, 3.0 equiv) in dioxane (30 mL) and II2O (10 mL) 

was stirred at 100 °C for 6h under N2. The mixture was cooled to room temperation and diluted 

with water (10.0 mL). The mixture was extracted with ethyl acetate (2x10 mL). The combined 

organic layer was washed with brine (10 mL), dried over anh Na2SC>4, filtered and concentrated 

under vacuum. The residue was purified by column chromatography (S1O2, PE/EA, 3/1) and then 

by reversed phase flash chromatography [water (FA, 0.1 %)/acetonitrile] to afford ethyl 4-amino-5- 

cyano-6-(8-methyl-l-naphthyl)pyridine-3-carboxylate (450 mg, 1.29 mmol, 17% yield) as a yellow
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oil. LCMS [ESI, M+l]: 332.

[0504] A mixture of ethyl 4-amino-5-cyano-6-(8-methyl-l-naphthyl)pyridine -3-carboxylate (0.45 

g, 1.36 mmol, 1.0 equiv) and trichloro(isocyanato)methane (436 mg, 2.72 mmol, 2.0 equiv) in THF 

(4 mL) was stirred at 15 °C for 10 min. The mixture was concentrated under vacuum to provide a 

residue. The residue was triturated with MBTE (10 mL) and dried under vacuum to afford ethyl 5- 

cyano-6-(8-methyl-l-naphthyl)-4-[(2,2,2- trichloroacetyl)carbamoylamino]pyridine-3-carboxylate 

(0.7 g, crude) as a white solid. LCMS [ESI, M+2]: 521.

[0505] A mixture of ethyl 5-cyano-6-(8-methyl-l-naphthyl)-4-[(2,2,2- 

trichloroacetyl)carbamoylamino]pyridine-3-carboxylate (0.7 g, crude) in NH3 (1 mL, 30% in 

MeOH) was stirred at 15 °C for 10 min and was then concentrated under vacuum. The residue was 

washed with MTBE (10 mL) and dried under vacuum to afford 2,4-dihydroxy-7-(8-methyl-l- 

naphthyIjpyrido[4,3-c/|pyrimidine-8-carbonitriIe (0.41 g, 1.25 mmol, 91% over two steps) as a 

white solid. LCMS [ESI, M+l]: 329.

[0506] To a mixture of 2,4-dihydroxy-7-(8-methyl-l-naphthyl)pyrido[4,3- (7]pyrimidine-8- 

carbonitrile (200 mg, 609 pmol, 1.0 equiv) in POCL (6.60 g, 43 mmol, 4.0 mL, 70.7 equiv) at 0 °C 

was added DIEA (236 mg, 1.83 mmol, 318 pL, 3.0 equiv). The mixture was heated for 2 h at 110 

0C at which time an additional portion of DIEA (157 mg, 1.22 mmol, 212 pL, 2.0 equiv) was 

added and heating was continued for 3 h. The mixture was cooled to room temperature and was 

concentrated under reduced pressure to provide 2,4-dichloro-7-(8-methyl-l-naphthyl)pyrido[4,3- 

<i]pyrimidine-8-carbonitrile (0.4 g, crude) as a yellow oil. LCMS [ESI, M-8]: 357.

INTERMEDIATE D-4

4. Mel. NaOMe
5. POCI3, DIPEA

CO2B 1. NaOH, THF/H20 
2. POCI3 N^

NH4SCN

[0507] To a solution of ethyl 4-amino-6-chloro-5-fluoro-pyridine-3-carboxylate (100 g, 457 mmol,

1 equiv) in THF (900 mL) was added a solution of NaOH (73.2 g, 1.83 mol, 4 equiv) in H2O (450 

mL). The mixture was stirred at 25 °C for 16 h and then was concentrated under vacuum to remove 

THF. The residue was acidified to pH 2 with 2M HCl and was filtered. The filter cake was dried
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under vacuum, triturated with DCM and dried under vacuum to provide 4-amino-6-chloro-5- 

fluoro-pyridine-3-carboxylic acid (67 g, 352 mmol, 77% yield) as a gray solid. LCMS [ESI, M+l]:

191.

[0508] To a flask containing 4-amino-6-chloro-5-fluoro-pyridine-3-carboxylic acid (15 g, 78.7 

mmol, 1.0 equiv) was added slowly POCb (248 g, 1.61 mol, 150 mL, 20.5 equiv). The mixture 

was gradually warmed to 90 °C and stirred for 2 h. Then the mixture was cooled to 25 °C and 

concentrated under reduced pressure. The residue was dissolved in anhydrous THF (100 mL) and 

added dropwise to a solution of NH4SCN (11.9 g, 157 mmol, 12.0 mL, 2.0 equiv) in THF (200 

mL) and stirred at 25 °C for 16 h. The reaction mixture was diluted with water (500 mL) at 20 °C 

and was extracted with ethyl acetate (300 mL x 3). The combined organic layer was washed with 

brine (200 mL), dried over anh Na2S04, filtered and concentrated under reduced pressure to give a 

residue. The residue was triturated with ethyl acetate (50.0 mL) and dried under vacuum to afford 

7-chloro-8-fluoro-2- thioxo-177-pyrido[4,3-<7]pyrimidin-4-one (12 g, 50.2 mmol, 64% yield) as a 

yellow solid. LCMS [ESI, M+l]: 232.

[0509] To a solution of 7-chloro-8-fluoro-2-thioxo-lT7-pyrido[4,3-ii]pyrimidin-4-one (55 g, 237 

mmol, 1.0 equiv) in DMF (500 mL) was added NaOMe (12.8 g, 237 mmol, 1.0 equiv). The 

mixture was allowed to stir for 10 min prior to the dropwise addition of CH3I (33.7 g, 237 mmol, 

14.8 mL, 1.0 equiv). The resultant suspension was stirred at 25 °C for 2 h prior to being poured 

into ice water (500 mL). The yellow precipitate was filtered, washed with ice water (100 mL x 3) 

and dried under reduced pressure to afford 7-chloro-8-fluoro-2-methylsulfanyl-pyrido[4,3- 

d\pyrimidin-4-ol (42.2 g, 172 mmol, 72% yield) as a yellow solid. LCMS [ESI, M+l]: 246. 1H 

NMR (400MHz, DMSO-r/6) δ = 13.23 (s, 1H), 8.78 (s, HI), 2.60 (s, 3H).

[0510] To a suspension of 7-chloro-8-fluoro-2-methylsulfanyl-pyrido[4,3-r7]pyrimidin-4-ol (20 g,

81.4 mmol, 1 equiv) in POCb (275 g, 1.79 mol, 167 mL, 22.0 equiv) was added DIPEA (21.0 g, 

163 mmol, 28.4 mL, 2.0 equiv) and the reaction was heated to 90 °C and stirred for 6 h. The POCb 

was removed under reduced pressure. The residue was diluted with ethyl acetate (500 mL), poured 

into ice (1000 g) and was extracted with ethyl acetate (300 mL x 3). The combined organic layer 

was washed with brine (500 mL x 2), dried over anh Na2SOr and concentrated to afford 4,7- 

dichloro-8-fluoro-2-methylsulfanyl-pyrido[4,3-rf]pyrimidine (22 g, crude) as a brown solid. LCMS 

[ESI, M+l]: 264.
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INTERMEDIATE D-5 

o Cl

F

POCI3, DIEA

[0511] To a mixture of POCb (165 g, 1.08 mol, 100 mL, 23.2 equiv) and DIEA (30.0 g, 232 mmol,

40.4 mL, 5.0 equiv) at O °C was added portionwise 7-chloro-8-fluoro-pyrido[4,3-<i] pyrimidine-

2,4-diol (10 g, 46.4 mmol, 1.0 equiv). The mixture was stirred at 110 °C for 3 hours. Subsequently, 

the mixture was cooled to room temperature and concentrated under vacuum. The resultant oil was 

azeotroped with CHCL to afford 2,4,7-trichloro-8-fluoro-pyrido [4,3-<7jpyrimidine (11.7 g, crude) 

as a black oil.

INTERMEDIATE D-6

1. Zn(CN)2, Pd(PPh3)4
N'^V^N

2- H2SO4 Jl ! I
3. (MeO)3CH, HOAc
4. POCI3, DIEA jL

[0512] To a mixture of 2-chloro-3-fluoro-5-iodopyridin-4-amine (10.0 g, 36.7 mmol, 1.0 equiv), 4A 

molecular sieve (3.00 g) and Zn(CN)2 (5.60 g, 47.7 mmol, 3.03 mL, 1.3 equiv) in DMF (200 mL) 

was added Pd(PPh3)4 (2.12 g, 1.84 mmol, 0.05 equiv). The mixture was stirred at 100 °C for 3 h 

prior to being diluted with H2O (30 mL) and extracted with ethyl acetate (3 χ 30 mL). The 

combined organic layer was dried over anh Na2SC>4, filtered and the filtrated was concentrated 

under reduced pressure to afford 4-amino-6-chloro-5-fluoronicotinonitrile (6.00 g, 32.5 mmol, 88.6 

% yield) as a yellow solid. LCMS [ESI, M+l]: 172.

[0513] A mixture of 4-amino-6-chloro-5-fhioronicotinonitrile (6.00 g, 35.0 mmol, 1.0 equiv) in 

cone H2SO4 (20 mL) was stirred at 60 °C for 1 hour. The reaction mixture was cooled to room 

temperature and was diluted with LbO (50mL) at 25°C. The pH was adjusted to 8 using solid 

Na2C03 and the mixture was extracted with ethyl acetate (100 mL χ 5). The combined organic 

layer was washed brine (200 mL χ 2) and concentrated under reduced pressure to afford 4-amino-

6-chloro-5-fluoronicotinamide (6.50 g, 33.1 mmol, 95 % yield, 96.4 % purity) as white solid. 

LCMS [ESI, M+l]: 190.
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[0514] To a mixture of 4-amino-6-chloro-5-fluoronicotinamide (6.00 g, 31.7 mmol, 1.0 equiv) in 

acetic acid (60.0 mL) was added trimethoxymethane (67.2 g, 633 mmol, 69.4 mL, 20 equiv). The 

mixture was stirred at 135°C for 4 h and was cooled to room temperature. The mixture was diluted 

with KhO (50 mL) and then extracted with ethyl acetate (100 mL x 3). The combined organic layer 

was washed brine (300 mL x 1), filtered and the filtrate was concentrated under reduced pressure 

to give a residue. The crude product was triturated with acetonitrile to afford 7-chloro-8- 

fluoropyrido[4,3-ri]pyrimidin-4(3/i)-°ne (2.80 g, 14.0 mmol, 44 % yield) as yellow solid. LCMS 

[ESI, M+l]: 200. 1H NMR (400 MHz, chloroform-d): δ 8.94 (s, 1H), 8.41 (s, 1H).

[0515] A mixture of 7-chloro-8-fluoropyrido[4,3-ri]pyrimidin-4(3K/)-one (2.80 g, 14.0 mmol, 1.0 

equiv) in DIEA (3.63 g, 28.1 mmol, 4.89 mL, 2.0 equiv) and POCh (99.0 g, 646 mmol, 60.0 mL, 

46 equiv) was stirred at 110 °C for 3 h. The mixture was cooled to room temperature and was 

concentrated under reduced pressure to give 4,7-dichloro-8-fluoropyrido[4,3-ri]pyrimidine (5.00 g, 

crude) as a black oil.

INTERMEDIATE D-7

Cl

F F

1. (EtO)3CH1Ac2OCONH

[0516] To a mixture of 4-amino-6-chloro-5-fluoronicotinamide (3.50 g, 18.5 mmol, 1.0 equiv) in 

acetic anhydride (70.0 mL) was added 1,1,1-triethoxyethane (65.9 g, 406 mmol, 74.5 mL, 22.0 

equiv). The mixture was stirred at 185 °C for 36 h. The reaction mixture was cooled to room 

temperature , diluted with IKO (50.0 mL) and extracted with ethyl acetate (100 mL x 3). The 

combined organic layer was washed with saturated brine (300 mL χ 1), dried over anhydrous 

sodium sulfate and filtered. The filtrate was concentrated under reduced pressure. The resultant 

residue was adjusted to pH 3 with aq 1 M HCl and the mixture was extracted with ethyl acetate 

(100 mL x 3). The combined organic layer was washed with brine (300 mL x 1), dried over 

anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to 

afford 7-chloro-8-fluoro-2-methylpyrido[4,3-ri]pyrimidin-4-ol (800 mg, 20% yield) as a white 

solid. 1HNMR (400 MHz, DMSOri6): 5 13.27-12.47 (m, HI), 8.89 (s, III), 2.43 (s, 3H). LCMS 

[ESI, M+l]: 214.
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[0517] A mixture of 7-chloro-8-fluoro-2-methylpyrido[4,3-J]pyrimidin-4-ol (0.40 g, 1.87 mmol, 

1.0 equiv), DIEA (726 mg, 5.62 mmol, 979 μι, 3.0 equiv) and POCE (861 mg, 5.62 mmol, 522 

μΕ, 3.0 equiv) in toluene (30.0 mL) was stirred at 110 °C for 3 h. Subsequently, the POCb was 

removed under vacuum to afford 4,7-dichloro-8-Il uoro-2-methy lpy rido [4,3-JJpyrimidine (800 mg, 

crude) as a black oil.

INTERMEDIATE D-8

Cl
F

CN

NH2

1. TFAA

2. H2SO4
3. POCI3

CF3

[0518] To a solution of 4-amino-6-chloro-5-fluoronicotinonitrile (100 mg, 583 umol, 1.0 equiv) in 

DCM (3 mL) at O °C was added TFAA (184 mg, 874 pmol, 122 pL, 1.5 equiv) and TEA (118 mg, 

1.17 mmol, 162 pL, 2 equiv). The mixture was stirred at 20 °C for 20 h, diluted with satd aq 

NaIICCL and extracted with ethyl acetate (3 >' 10 mL). The combined organic layer was washed 

with brine (10 mL), dried over anh Na2S04, filtered and concentrated in vacuo to afford N-(2- 

chloro-5-cyano-3-iluoropyridin-4-yl)-2,2,2-trifluoroacetamide (100 mg, crude) as a brown oil. 

LCMS [ESI, M-I]: 265.8.

[0519] Concentrated H2SO4 (1 mL) was added to jV-(2-chloro-5-cyano-3-fluoropyridin-4-yl)-2,2,2- 

trifluoroacetamide (100 mg, 374 pmol, 1.0 equiv) and the mixture was stirred at 60 °C for 8 h. The 

mixture was cooled to room temperature and poured into ice water. The pH was adjusted to 7-8 

with satd aq NaHCCb and then the mixture was extracted with ethyl acetate (3x10 mL). The 

combined organic layer was washed with brine (10 mL), dried over anh Na2SCb, filtered and 

concentrated under the reduced pressure to give the residue. The residue was purified by prep-TLC 

(SiCb, DCM:MeOH, 5:1) to afford 7-chloiO-8-fluoro-2-(trifluoromethyl)pyrido[4,3-J|pyrimidin-4- 

ol (30.0 mg, 30% yield) as a brown solid. 1H NMR (400 MHz, DMSO-J6): δ 8.75 (s, 1H). LCMS 

[ESI, M-1J: 265.8.

[0520] To a solution of 7-chloro-8-fluoiO-2-(trifluoromethyl)pyrido[4,3-J]pyrimidin-4-ol (30.0 mg, 

112 pmol, 1.0 equiv) in toluene (1 mL) at 0 °C was added POCb (51.6 mg, 336 pmol, 31.2 uL, 3.0 

equiv) and DIEA (43.5 mg, 336 pmol, 58.6 pL, 3.0 equiv). The mixture was stirred at 110 °C for 3
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h and was concentrated under reduced pressure to afford 4,7-dichloro-8-fluoro-2- 

(triflLUiromethyI)pyrido14.3-c/]pyrimidine (30.0 mg, crude) as a brown oil.

INTERMEDIATE D-9

1. NlS
2. Zn(CN)4. Pd(PPh3)41. DPPA, f-BuOH

3. HCI

[0521] A mixture of 2-bromo-3-fluoroisonicotinic acid (90.0 g, 409 mmol. 1.00 equiv), 4Ά MS 

(50.0 g, 1.00 equiv) and TEA (124 g, 1.23 mol, 171 mL, 3.00 equiv) in toluene (50.0 mL) and t- 

BuOH (182 g, 2.45 mol, 235 mL, 6.00 equiv) was stirred at 110 °C for 0.5 hour under nitrogen.

The mixture was cooled to 15 0C and DPPA (135 g, 491 mmol, 106 mL, 1.2 equiv) was added 

thereto. The mixture was stirred at 110 °C for 5 h prior to being diluted with water (300 mL) and 

extracted with ethyl acetate (300 mL x 3). The combined organic layer was washed with brine (300 

mL), dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced 

pressure. The residue was purified by column chromatography (SiCh, petroleum ether/ethyl 

acetate, 50:1 to 5:1) to afford /ert-butyl (2-bromo-3-fluoropyridin-4-yl)carbamate (53.0 g, 39.4% 

yield) as a yellow solid. LCMS [ESI, M+l]: 291.

[0522] To a mixture of /er/-butyl (2-bromo-3-fluoropyridin-4-yl)carbamate (40.0 g, 137 mmol, 1.00 

equiv), 2-(8-chloro-7-fluoronaphthalen-l-yl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane (63.2 g, 206 

mmol, 1.50 equiv), K3PO4 (87.5 g, 412 mmol, 3.0 equiv) in 1,4-dioxane (800 mL) and H2O (160 

mL) was added Pd2(dba)3 (12.6 g, 13.7 mmol, 0.10 equiv) and Ataphos (7.29 g, 27.5 mmol, 0.20 

equiv). The mixture was purged with N2 and then stirred at 70 °C for 2 h. Subsequently, the 

reaction mixture was diluted with water (200 mL) and extracted with ethyl acetate (200 mL χ 3). 

The combined organic layer was washed with brine (300 ml,), dried over anhydrous sodium sulfate 

and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by 

column chromatography (SiCb, petroleum ether/ethyl acetate, 50:1 to 5:1) to afford tert-butyl (2- 

(8-chloro-7-fluoronaphthalen-l-yl)-3-fluoropyridin-4-yl)carbamate (55.0 g, 81.9% yield) as a 

yellow solid. LCMS [ESI, M+l]: 391.
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[0523] To a mixture of tert-butyl (2-(8-chloro-7-fluoronaphthalen-l-yl)-3-fluoropyridin-4- 

yl)carbamate (72.0 g, 147 mmol, 1.00 equiv) in MeCN (500 mL) was added dropwise HCl in 

dioxane (4 M, 368 mL, 10.0 equiv). The mixture was stirred at room temperature for 5 h was 

concentrated. The residue was diluted with satd aq NaHCCb and was extracted with ethyl acetate 

(400 mL x 3). The combined organic layer was dried over anhydrous sodium sulfate and filtered. 

The filtrate was concentrated under reduced pressure to afford 2-(8-chloro-7-fluoronaphthalen-l- 

yl)-3-fluoropyridin-4-amine (45.0 g, 99.8% yield) as a yellow solid. LCMS [ESI, M+l]: 291.

[0524] To a mixture of 2-(8-chloro-7-fluoronaphthalen-l-yl)-3-fluoropyridin-4-amme in glacial 

acetic acid (270 mL) was added NIS (27.9 g, 124 mmol, 2.00 equiv). The reaction mixture was 

stirred at 80 °C for 5 hours. The mixture was cooled to room temperature and was concentrated 

under reduced pressure to remove most of acetic acid. The mixture was poured into ice water (200 

mL) and this mixture was extracted with ethyl acetate (400 mL x 3). The combined organic layer 

was washed with saturated aq sodium carbonate (300 mL x 3) , brine (300 mL x 3), dried over 

anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to 

afford 2-(8-chloro-7-fluoronaphthalen-l-yl)-3-fluoro-5-iodopyridin-4-amine (21.0 g, 77.3% yield) 

as a yellow solid. LCMS [ESI, M+l]: 417.

[0525] To a mixture of 2-(8-chloro-7-fluoronaphthalen-l-yl)-3-fluoro-5-iodopyridin-4-amine (30.0

g, 72.01 mmol, 1.00 equiv), Zn(CN)2 (25.4 g, 216 mmol, 13.7 mL, 3.00 equiv) and 4A MS (9.00 g) 

in DMF (400 mL) was added Pd(PPh3)4 (8.32 g, 7.20 mmol, 0.10 equiv). The mixture was purged 

withN2 and stirred at 120 °C for 12 h. Subsequently, the reaction mixture was quenched by the 

addition of water (200 mL) and was extracted with ethyl acetate (200 mL x 3). The combined 

organic layer was washed with brine (300 mL), dried over anhydrous sodium sulfate and filtered. 

The filtrate was concentrated under reduced pressure. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 50:1 to 5:1) to afford 4-amino-6-(8-chloro-7- 

fluoronaphthalen-l-yl)-5-fhioronicotinonitrile (19.6 g, 83 % yield) as a yellow solid. LCMS [ESI, 

M+l]: 316.

[0526] Amixture of 4-amino-6-(8-chloro-7-fluoronaphthalen-l-yl)-5-fluoronicotinonitrile (32.6 g, 

103 mmol, 1.00 equiv) in H2SO4 (50.6 g, 516 mmol, 27.5 mL, 5.0 equiv) was stirred at 45°C for 1

h. Subsequently, the reaction mixture was diluted with H2O (500 mL) and the pH was adjusted to 8 

with solid Na2C03. The mixture was extracted with ethyl acetate (500 mL * 5). The combined
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organic layer was dried over anhydrous Na2SC>4 and filtered. The filtrate was concentrated under 

vacuum to afford 4-amino-6-(8-chloro-7-fluoronaphthalen-l -yl)-5-fluoromcotinamide (34.0 g, 

96.7% yield) as a white solid. LCMS [ESI, M+1J: 334.

[0527] To a solution of 4-amino-6-(8-chloro-7-fluoronaphthalen-l-yl)-5-fluoronicotinamide (23.0 

g, 68.9 mmol, 1.00 equiv) in DMF (500 mL) at 0 0C was added NaH (5.51 g, 138 mmol, 60% 

purity, 2.00 equiv) in portions. The mixture was stirred at 0 °C for 1 hour. To this mixture was 

added CDI (16.8 g, 103 mmol, 1.50 equiv) and the mixture was stirred at 75 0C for 12 h. 

Subsequently, the reaction mixture was poured into ice water (200 mL) and the pH was adjusted to 

7 with aq hydrochloric acid (2 M). The mixture was extracted with ethyl acetate (500 mL x 3). The 

combined organic layer was washed with brine (500 mL), dried over anh Na2SC>4 and filtered. The 

filtrate was concentrated under reduced pressure to afford 7-(8-chloro-7-fluoronaphthalen-l-yl)-8- 

fluoropyrido[4,3-<flpyrimidine-2,4(li7,3i/)-dione (20.9 g, 76.7% yield) as a yellow solid. LCMS 

[ESI, M+l]: 360.

[0528] To a mixture of 7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoropyrido[4,3-i/]pyrimidine- 

2,4(17/,377)-dione (24.0 g, 66.7 mmol, 1.00 equiv) and DIEA (25.9 g, 200 mmol, 34.9 mL, 3.00 

equiv) in toluene (200 mL) at 0 0C was added POCb (61.4 g, 400 mmol, 37.2 mL, 6.0 equiv). The 

mixture was stirred at 110 °C for 2 h. The reaction mixture was concentrated under reduced 

pressure to afford 2,4-dichloro-7-(8-chloro-7-fiuoronaphthalen-l-yl)-8-fluoropyrido[4,3- 

cfjpyrimidine (40.0 g, crude) as a brown oil.

INTERMEDIATE D-10

o o

H7SO,
POCk DIEA

[0529] To a solution of 4-amino-6-chloro-5-fluoronicotinonitrile (150 mg, 874 pmol, 1 equiv) in 

DCM (5.00 mL) at 0 0C was added (2,2-difluoroacetyl)2,2-difluoroacetate (228 mg, 1.31 mmol, 

1.5 equiv) and TEA (177 mg, 1.75 mmol, 243 pL, 2 equiv). The mixture was warmed to room 

temperature and stirred for 16 h. The mixture was diluted with satd aq NaHCOi (20 mL) and 

extracted with DCM (3><10 mL). The combined organic layer was washed with brine (10 mL),
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dried over anh NaiSCM, filtered and concentrated at reduced pressure to afford A'-(2-ch]oro-5- 

cyano-3-fluoropyridin-4-yl)-2,2-difluoroacetamide (155 mg. crude) as a brown oil.

[0530] A flask containing JV-(2-chloro-5-cyano-3-fluoropyridin-4-yl)-2,2-difluoroacetamide (155 

mg, 621 pmol, 1 equiv) in H2SO4 (1.84 g, 18.3 mmol, 1 mL, 29.6 equiv) was stirred at 60 °C for 1 

h prior to being cooled to room temperature. The mixture was poured into ice water (10 mL) and 

neutralized with satd aq NaHCCb. The mixture was extracted with EtOAc (3 x 10 mL) and the 

combined organic layer was washed with brine (10 mL), dried over anh Na2S04, filtered and 

concentrated under reduced pressure to afford 7-chloro-2-(difluoromethyl)-8-fluoropyrido[4,3- 

<7]pyrimidin-4-ol (100 mg, crude) as a yellow solid. LCMS [ESI, M+l]: 250.0.

[0531] To a solution of 7-chloro-2-(difluoromethyl)-8-fluoropyrido[4,3-c/]pyrimidin-4-ol (100 mg, 

401 umol, 1 equiv) in toluene (1 mL) at 0 °C was added POCL (184 mg, 1.20 mmol, 112 pL, 3 

equiv) and DIEA (155 mg, 1.20 mmol, 209 pL, 3 equiv). The mixture was stirred at 110 °C for 3 h 

prior to being cooled to room temperature. The mixture was concentrated under reduced pressure 

to afford 4,7-dichloro-2-(difluoromethyl)-8-fluoropyrido[4,3-£f]pyrimidine (107 mg, crude) as a 

brown oil.

[0532] In addition to the foregoing Intermediates above, the following exemplary Intermediates E-I 

- E-29 may be used to couple -Y-R2, -L-R4 and/or R1 to the azaquinazoline core of Formula (I).

INTERMEDIATE E-I

Boc

N ^

Dl EA, DCM
-40 °C, 10 min

[0533] To a solution of 2,4,7-trichloro-8-fluoro-pyrido[4,3-<7]pyrimidine (5.8 g, 23.0 mmol, 1.0 

equiv) and Iert-butyl piperazine- 1-carboxylate (5.56 g, 29.9 mmol, 1.3 equiv) in DCM (50 mL) 

was added DIEA (8.91 g, 68.9 mmol, 12 mL, 3.0 equiv). The mixture was stirred at -40 °C for 10 

min. The reaction mixture was diluted with saturated aq NaHCOs (200 mL) and extracted with 

ethyl acetate (200 mL x 3). The combined organic layer was dried over anh Na2SOr, filtered and
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concentrated under reduced pressure to give a residue. The residue was purified by column 

chromatography (S1O2, petroleum ether/ethyl acetate, 10:1 to 1:10). The resultant solid was 

triturated with petroleum ether/ethyl acetate (1:5, 50 mL) to afford butyl 4-(2,7-dichloro-8- 

fluoro-pyrido[4,3-(:i]pyrimidin-4-yl)piperazine-l-carboxylate (3.34 g, 8.30 mmol, 36% yield) as a 

red solid. LCMS [ESI, M+l]: 402. 1HNMR (400 MHz, chloroform-d): δ 8.88 (s, 1H), 4.09 - 4.04 

(m, 4H), 3.73 - 3.66 (m, 4H), 1.51 (s, 9H).

INTERMEDIATE E-2

Boc

N^
DIEA, DCM 

-40 °C, 0.5 h. 61%

[0534] To a solution of 4,7-dichloro-8-fluoro-2-methylsulfanyl-pyrido[4,3-t/]pyrimidine (900 mg, 

3.41 mmol, 1.0 equiv) and tert-butyl piperazine-1-carboxylate (666 mg, 3.58 mmol, 1.05 equiv) in 

dichloromethane (18 mL) was added DIEA (1.10 g, 8.52 mmol, 1.48 mL, 2.5 equiv). The mixture 

was stirred at -40 °C for 0.5 hour. The mixture was diluted with water (10 mL) and extracted with 

dichloromethane (2 x 20 mL). The combined organic layer was dried over anh Na2S04 and 

concentrated at reduced pressure to provide the crude residue. The residue was purified by silica 

gel chromatography (petroleum ether/ethyl acetate, 5:1 to 0:1) to afford tert-butyl 4-(7-chloro-8- 

fluoro-2-methylsulfanyl-pyrido[4,3-iZ]pyrimidin-4-yl)piperazine-l-carboxylate (950 mg, 2.08 

mmol, 61% yield) as a yellow solid. LCMS [ESI, M+l]: 414.

INTERMEDIATE E-3

Boc

[0535] To a mixture of 2,4-dichloro-7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoropyrido[4,3- 

r/]pyrimidine (40.0 g, 101 mmol, 1.00 equiv) in dichloromethane (500 mL) was added DIEA (65.2
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g, 504 mmol, 87.8 mL, 5.00 equiv) and /er/-butyl (5)-2-(cyanomethyl)piperazine-l-carboxylate 

(27.3 g, 121 mmol, 1.20 equiv). The mixture was stirred at room temperature for 1 h prior to being 

diluted with NaHCOs (100 mL). The organic layer was separated and the aqueous layer was 

extracted with ethyl acetate (200 mL x 3). The combined organic layer was dried over anhydrous 

sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to dryness. The 

residue was purified by column chromatography (SiO?. petroleum ether/ethyl acetate, 50:1 to 0:1) 

to afford tert-butyl (.S')-4-(2-chloro-7-(8-chloro-7-Iluoronaphthalen- I -yl)-8-fluoropyrido[4,3- 

r/]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (36 g, 79% yield) as a yellow solid. 

LCMS [ESI, M+l]: 585.

[0536] Following the teachings of the General Reaction Schemes and Intermediates El - E3, 

Intermediates E-4 to E-29 were prepared as shown in Table 1.

Table 1

Intermediates E-4 to E-29

Int. # Structure Characterization Data
E-4 Boc

6
aJL a. /

cr γ N s
F

fe/t-butyl 7-(7-chloro-8-fluoro-2- 
(methylthio)pyrido[4,3-c/]pynmidin-4-y!)-2,7- 

diazaspiro[3.53nonane-2-carboxylate

LCMS [ESI, M+l]: 454

E-5 Boc

CKN S
F

tert-butyl (S)-4-(7-chloro-8-fluoro-2- 
(methylthio)pyrido[4,3-c/jpyrimidin-4-yl)“2- 

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 453

173



WO 2020/146613 PCT/US2020/012906

E-6 Boc
X

cr N s
F

tert-butyl (S)-4~(7-chloro-8-fluoro-2- 
(methylthio)pyrido[4,3-c/]pyrimidin-4-yl)-3- 

methylpiperazine-1-ca rboxylate

LCMS [ESI, M+l]: 428

E-7 Boc
Jd

N
n-Xn

F

fert-butyl (f?)-4-(7-chloro-8-fluoro-2- 
(methylthio)pyrido[4,3-d]pynmidin-4-yl)-3- 

methylpiperazine-1-ca rboxylate

LCMS [ESI, M+l]: 428

E-8 Cbz

""''O

N—>7—N
ci^V^nX

cJ
CF3

benzyl (S)-2-(cyanomethyl)-4-(2,7-dichloro-8- 
(2,2,2-trifluoroethoxy)pyrido[4,3-cr]pyrimidin-4- 

yl)piperazine-1-ca rboxylate

LCMS [ESI, M+l]: 555

E-9 Boc

O

JL Jl Jf
cr —|—"'ν''ίξι

F
iert-butyl 5-(2,7-dichloro-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)- 
2,5-diazabicyclo[2.2.1]heptane-2- 

carboxylate

LCMS [ESI, M+l]: 414

E-IO Boc

8

CI —CI
F

ferf-butyl 5-(2,7-dichloro-8- 
fluoropyrrdo[4,3- 

cf]pynmidin-4- 
yl)hexahydropyrrofo[3,4- 

c]pyrrole-2( 1 H)-ca rboxylate

LCMS [ESI, M+l]: 428
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E-Il . ^C/n_boc

N

Cl lV^CI

F

fe/t-butyl 3-((2,7-dichloro-8- 
fluoropyrido[4,3- 

cf]pyrimidin-4- 
yl)(methyl)amino)az:etidine- 

1 -carboxylate

LCMS [ESI, M+l]: 402

E-12 BocI

NO 'C HN

F
fe/T-buty! (S)-4-(7-chloro-8- 
fluoro-2-methyipyrido[4,3- 

cy]pyrimidin-4-yl)-2- 
(cyanomethyl)pipera2ine-1 - 

carboxylate

LCMS [ESI, M+l]: 421

E-13 Boc

,6
N

NiViiNvl ^cr Y N
F

fert-butyl (R)-4-(7-chloro-8- 
fluoropyrido[4,3-c0pynmidin-4-yl)-3- 

methylpiperazine-1-carboxylate

LCMS [ESI, M+l]:382

E-14 Boc

Λ
V

Λ
F

fert-butyl 4-(7-chloro-8-fluoropyrido[4,3- 
d|pyrimiclin-4-yl)piperazine-1-carbaxylate

LCMS [ESI, M+l]: 368

E-15 Boc
NC^.N^

N

Cl-VYl
F

fert-butyl 4-(7-chloro-8-fiuoropyrido[4,3- 
d]pyrimidin-4-yl)-2-cyanopiperazine-1- 

carboxylate

LCMS [ESI, M+l]: 393
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E-16 Boc

S

N

a-V1^

F

/erf-butyl 2-(7-chloro-8-fluoropyrido[4,3- 
rf)pyrimidin-4-yl)-2,6- 

diazaspiro[3.4]octane-6-carboxylate

LCMS [ESI, M+l]: 394

E-17 Boc

..Λ
N

AJl Acr Y N ci
F

ferf-butyl (S)-4-(2,7-dichloro-8- 
f!uoropyrido[4,3-d]pyrimidin-4-yl)-2- 

methylpiperazine-1 -carboxylate

LCMS [ESI, M+l]: 416

E-18 Boc

Ό

LJL a
cr N ci

F
fert-butyl (R)-4-(2,7-dichloro-8- 

fluoropyrido[4,3-cf]pyrimidin-4-yl)-2- 
methylpiperazine-1 -carboxylate

LCMS [ESI, M+l]: 416

E-19 Boc
ό

N

N
CI

F

fert-butyl 4-(7-chloro-8- 
fluoro-2-methylpyrido[4,3- 

c/Jpyrim id in-4-y l)piperazi ne- 
1-carboxylate

LCMS [ESI, M+l]: 421

E-20 BocI
N
8

N

c,+yVj

F
fe/t-butyl 6-(7-chloro-8-fluoropyrido[4,3- 

d]pyrimidin-4-yl)-2,6- 
diazaspiro[3.3]heptane-2-carboxylate

1H NMR (400 MHz, CDCl3) δ

8.76 (s, 1H), 8.72 (s, 1H), 4.71

(br s, 4H), 4.22 (s, 4H), 1.46 (s,

911)
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LCMS [ESI, M+l]: 396

H NMR (400 MHz, CDCl3-d) δ

ferf-butyl (2S,6S)-4-(7-chloro-8- 
fluoropyrido[4,3-c/]pyrimidin-4-yl)-2,6- 

dimetbylpiperazine-1 -carboxylate

LCMS [ESI, M+l]: 434

iert-butyl 4-(2,7-dichloro-8-fluoropyrido[4,3-d]pyrimidin-4-yl)-2-
(fluoromethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 452

N Cl

iert-butyl 4-(2,7-dichloro-8-fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 
(difluoromethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 380

ferf-butyl (1R,5R)-6-(7-chloro-8- 
fluoropyrido[4,3-(i]pyrimidin-4-yl)-2,6- 

diazabicyclo[3.2.0]heptane-2-carboxylate
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LCMS [ESI, M+l]: 432

fed-butyl (S)-4-(7-chloro-8- 
fluoropyrido[4,3-c(]pyrimidin-4-yl)-2- 

(2,2-difluoroethyl)piperazine-1 - 
carboxylate

LCMS [ESI, M+l]: 441

fed-butyl (S)-2-(cyanomethyl)-4-(2,7- 
dichloro-8-fluoropyrido[4,3- 

d]pyrimidin-4-yl)piperazine-1- 
carboxylate

H NMR (400 MHz, CDCl3) 5

fed-butyl (S)-4-(7-chloro-8- 
fluoropyrido[4,3-d]pyrimidin-4-yl)-3- 

methylpiperazine-1-carboxylate

1.48 (m, 12H)

LCMS [ESI, M+l]: 396

fed-butyl (2R,5S)-4-(7-chloro-8- 
fluoropyrido[4,3-Cfjpyrimid in-4- 
y 1)-2,5-dimethyl piperazine-1- 

carboxylate
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Boc

/erf-butyl (S)-4-(7-chloro-8- 
fluoro-2-

(trifluoromethyl)pyrido[4,3-
d]pyrimidin-4-yl)-2-

(cyanomethyl)piperazine-l-
carboxylate

LCMS [ESI, M+l]: 475

[0537] In addition to the foregoing Intermediates above, the following exemplary Intermediates F-I 

- F-165 may be used to couple R1 to the azaquinazoline core of Formula (1).

INTERMEDIATE F-I

Pd(PPh3)4, Cs2CO3 
dioxane/water, 95 °C, 6 h

Boc

f-BuONa, toluene 
0-25 °C, 0.5 h, 76%

MOM

OMOM
BF3K

[0538] To a mixture of /er/-butyl (S)-2-(cyanomethyl)-4-(2,7-dichloro-8-fluoropyrido[4,3- 

</]pyrimidin-4-yl)piperazine-l-carboxylate (700 mg, 1.59 mmol, 1.0 equiv) in dioxane (10.0 mL) 

was added DIEA (615 mg, 4.76 mmol, 829 pL, 3.0 equiv) and [(25)-1-methylpyrrolidin-2- 

yl]methanol (365 mg, 3.17 mmol, 377 pL, 2.0 equiv) at 25 °C. The mixture was stirred at 80 °C for 

8 h and was then concentrated under reduced pressure to provide the crude residue. The crude 

product was purified by reverse phase flash chromatography [water (0.1% FA)/acetonitrile] to 

afford /e/7-butyl (5)-4-(7-chloro-8-fluoro-2-(((5)-l-methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 

</]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (550 mg, 1.04 mmol, 66% yield) as a 

yellow solid. LCMS [ESI, M+l]: 520.

[0539] To a mixture of tert-butyl (5)-4-(7-chloro-8-fluoro-2-(((5)-l-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-£/]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (500 mg, 961
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μιτιοί, 1.0 equiv) and potassium trifluoro(2-fluoro-6-(methoxymethoxy)phenyl)borate (378 mg,

1.44 mmol, 1.5 equiv) in dioxane (12.0 mL) and H2O (4.0 mL) was added CS2CO3 (940 mg, 2.88 

mmol, 3.0 equiv) and Pd(PPli3)4 (222 mg, 192 pmol, 0.2 equiv) at 10 °C. The mixture was stirred at 

100 °C for 14 h and then was concentrated under reduced pressure at 40 °C to provide a crude 

residue. The residue was purified by column chromatography (S1O2, petroleum ether/ethyl acetate, 

3:1 to petroleum ether/ethyl acetate/ethanol (2% NH4OH v/v), 4:3:1). The product was further 

purified by reverse phase flash chromatography [water (0.1% FA)/acetonitrile] to afford tert-butyl 

(25)-2-(cyanomethyl)-4-(8-fluoro-7-(2-fluoro-6-(methoxymethoxy)phenyl)-2-((( iS)-l- 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3-<f]pyrimidin-4-yl)piperazine-l-carboxylate (210 mg,

294 pmol, 31% yield, 90% purity) as a yellow solid. LCMS [ESI, M+l]: 640. 1H NMR (400 MHz, 

CDCl3) δ 9.11 (s, NI), 7.40 (dt, J = 6.8, 8.4 Hz, NI), 7.09 (d, J= 8.4 Liz, 1H), 6.90 (t, J= 8.8 Hz, 

1H), 5.25-5.16 (m, 1H), 5.15-5.05 (m, NI), 4.70-4.55 (m, 2H), 4.50^1.33 (m, 3H), 4.19-4.13 (m, 

1H), 3.93-3.77 (m, 1H), 3.74-3.62 (m, 1H), 3.57 - 3.44 (m, NI), 3.40 (d, J= 2.4 Hz, 3H), 3.11 (br 

t, J= 7.2 Hz, 1H), 2.90 -2.68 (m, 3H),2.51 (s, 3H), 2.30 (dt, J= 7.2, 9.2 Hz, 1H), 2.11 -2.05 (m,

1H), 1.93 - 1.69 (m, 311), 1.53 (s, 9H).

INTERMEDIATE F-2
Boc

Cl O"

SnMe:

Pd(dppf)CI2, Cul 
BINAP, tol.

95 0C, 6 h, 6 h

Boc
1

[0540] To a mixture of /Prt-butyl (S)-4-(7-chloro-8-fluoro-2-(((iS)-l-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (500 mg, 962 

pmol, 1.0 equiv), (5-chloro-4-isoquinoly])-trimethyl-stannane (628 mg, 1.92 mmol, 2.0 equiv), CuI 

(54.9 mg, 288 pmol, 0.3 equiv) and BINAP (120 mg, 192 umol, 0.2 eq) in toluene (10 mL) was 

added Pd(Oppf)CL (70.4 mg, 96.2 pmol, 0.1 equiv) under nitrogen. The mixture was heated at 90 

0C for 6 h under nitrogen, filtered and diluted with ethyl acetate (13 mL) and water (13 mL). The 

aqueous phase was extracted with ethyl acetate (2x10 mL). The combined organic layer was 

washed with saturated brine (12 mL), dried over anh NaiSCfi, filtered and concentrated under 

reduced pressure to provide the crude residue. The residue was purified by reverse phase flash 

chromatography [water (FA, 0.1%)/acetonitrile] to afford tert-bv&y\ fS)-4-(7-(5-chloroisoquinolin-
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4-yl)-8-fluoro-2-(((5)-l-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-ri]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate (377 mg, 574 pmol, 60% yield) as a yellow solid. LCMS 

[ESI, M+l]: 647.

INTERMEDIATE F-3

Pd(PPh3)4, Cs2CO3

m-CPBA, O X, 1 h

ί-BuONa, toluene 
0-25 °C, 0.5 h, 76%SMe

B(OH)2

dioxane/water, 95 °C, 6 h

[0541] To a solution of /er/-butyl (5)-4-(7-chloro-8-fluoro-2-(methylthio)pyrido[4,3-ri]pyrimidin-4- 

yl)-3-methylpiperazine-l-carboxylate (1.0 g, 2.34 mmol, 1.0 equiv) in ethyl acetate (20 mL) was 

added m-CPBA (854 mg, 4.21 mmol, 85%, 1.8 equiv) at O °C. The mixture was stirred at O 0C for 

30 min prior to the addition of another portion of m-CPBA (237 mg, 1.17 mmol, 85% purity, 0.5 

equiv). The mixture was stirred at O 0C for an additional 30 min and then was diluted with satd aq 

NaHCCh (30 mL) and extracted with ethyl acetate (2 x 20 mL). The combined organic layer was 

dried over anh NaiSCh, filtered and concentrated under reduced pressure to provide the crude 

residue. The residue was purified by reversed phase flash chromatography [water (0.1% 

FA)/acetonitrile] to afford /er/-butyl (.5,)-4-(7-chloro-8-fluoro-2-(methylsulfbnyl)pyrido[4.3- 

<7]pyrimidin-4-yl)-3-methylpiperazine- 1-carboxylate (0.62 g, 1.17 mmol, 50% yield, 87% purity) 

as a yellow solid. LCMS [ESI, M+l]: 460.

[0542] To a solution of Iert-butyl (5)-4-(7-chloro-8-fluoro-2-(methylsulfonyl)pyrido[4,3- 

ri]pyrimidin-4-y])-3-methylpiperazine- 1-carboxylate (570 mg, 1.24 mmol, 1.0 equiv) and [(25)-1- 

methylpyrrolidin-2-yl]methanol (285 mg, 2.48 mmol, 294 pL, 2.0 equiv) in toluene (12 mL) was 

added 4Ά molecular sieve (200 mg). The suspension was stirred at 10 °C for 30 min followed by 

the addition of /-BuONa (238 mg, 2.48 mmol, 2.0 equiv). The mixture was stirred at O °C for 10 

minutes, diluted with water (10 mL) and extracted with ethyl acetate (2 x 40 mL). The combined 

organic layer was dried over anh Na2S04, filtered and concentrated at reduced pressure to provide 

the crude residue. The residue was purified by reversed phase flash chromatography [water (0.1%
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FA)/acetonitrile] to afford /er/-butyl (5)-4-(7-chloro-8-fluoro-2-(((5)-l-methy]pyrrolidin-2- 

yl)methoxy)pyrido[4,3-Jlpyrimidin-4-yl)-3-methylpiperazine-l-carboxylate (320 mg, 646 pmol, 

52% yield) as a yellow solid. 1H NMR (400 MIIz, CDCl3): δ 8.72 (s, 1H), 4.85-4.74 (m, 1H), 4.53 

(dd, J= 4.4, 10.4 Hz, HI), 4.40M.27 (m, 2H), 4.18-3.80 (m, 2H), 3.69-3.57 (m, 1H), 3.30-3.18 

(m, 1H), 3.16-2.99 (m, 2H), 2.76-2.68 (m, 1H), 2.53-2.48 (m, 3H), 2.35-2.25 (m, 1H), 2.12-2.04 

(m, 1H), 1.91-1.74 (m, 3H), 1.50 (s, 9H), 1.47 (d, J= 6.8 Hz, 3H).

[0543] To a solution of tert-butyl (S)-4-(7-chloro-8-fluoro-2-(((5)-l-methylpynOlidin-2- 

yl)methoxy)pyrido[4,3-J]pyrimidin-4-yl)-3-methylpiperazine-l-carboxylate (300 mg, 606 pmol, 

1.0 equiv) and (5-methyl-l//-indazol-4-yl)boronic acid (213 mg, 1.21 mmol, 2.0 equiv) in dioxane 

(6 mL) and H2O (1.2 mL) was added Pd(PPh3)4 (70.0 mg, 60.6 pmol, 0.1 equiv) and CS2CO3 (395 

mg, 1.21 mmol, 2.0 equiv). The mixture was heated at 95 °C for 6 h under nitrogen. The mixture 

was diluted with water (5 mL) and extracted with ethyl acetate (3^10 mL). The combined organic 

layer was dried over anh Na2S04, filtered and concentrated under reduced pressure to provide the 

crude residue. The residue was purified by reverse phase flash chromatography [water (0.1% 

FA)/acetonitrile] to afford fert-butyl (3.9)-4-(8-11 uoro-7-(5-methy 1-1 /7-indazol-4-y 1)-2-(((.9)-1 - 

methy lpyrrolidin-2-y l)melhoxy)py rido[4.3-J|pyri midi n-4-y 1)-3-methy !piperazine-1 -carboxylate 

(280 mg, 474 pmol, 78% yield) as a yellow solid. 1H NMR (400 MHz, CDCl3) δ 10.23 (br s, 1H), 

9.09 (s, 1H), 7.82 (s, 1FI), 7.54-7.47 (m, 1H), 7.38 (d, J= 8.4 Hz, HI), 4.99-4.81 (m, 1H), 4.58 

(dd, J= 4.4, 10.8 Hz, 1H), 4.50-4.32 (m, 211), 4.30-4.14 (m, 1H), 4.05-3.91 (m, 1H), 3.75-3.62 

(m, 1H), 3.33-3.07 (m, 3H), 2.79-2.68 (m, 1H), 2.51 (s, 3H), 2.39 (d, J= 0.8 Hz, 3H), 2.34-2.27 

(m, 1H), 2.13-2.06 (m, 1H), 1.92-1.76 (m, 3H), 1.51 (s, 12H).

INTERMEDIATE F-4

Cl BPin

N ^Pd(PPh3)4, Cs2CO3 
dioxane/water, 95 °C, 6 h

2. m-CPBA, 0 0C1 1 h

[0544] To a solution of h?r/-butyl (2S)-4-(7-chloro-8-fluoro-2- methylsulfanyl-pyrido[4,3- 

J]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (2.1 g, 4.64 mmol, 1.0 equiv) and 2-
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(8-chloronaphthalen-l-yl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane (1.87 g, 6.95 mmol, 1.5 equiv) 

in dioxane (50.0 mL) and H2O (10 mL) was added CS2CO3 (4.53 g, 13.9 mmol, 3 equiv) and 

Pd(PPh3)4 (2.68 g, 2.32 mmol, 0.5 equiv). The system was flushed with nitrogen and then heated to 

100 °C for 5 h. The reaction mixture was diluted with water 50.0 mL and extracted with ethyl 

acetate (30.0 mL x 3). The combined organic layer was washed with brine (30.0 mL x 2), dried 

over anh Na2SC>4, filtered and concentrated under reduced pressure. The residue was purified by 

column chromatography (S1O2, petroleum ether/ethyl acetate, 5:1 to 3:1) to afford tert-butyl (25)- 

4-[7-(8-chloro-l-naphthyl)-8-fluoro- 2-methylsulfanyl-pyrido[4,3-ii]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (1.00 g, 1.62 mmol, 35% yield) as a light yellow solid. 

LCMS [ESI, M+l]: 579.

[0545] To a solution of teri-butyl (25)-4-[7-(8-chloro-l-naphthyl)- 8-fluoro-2-methylsulfanyl- 

pyrido[4,3-i/Jpyrimidin-4-yl|-2-(cyanome(liyI jpiperazine-l-carboxylate (2.4 g, 4.14 mmol, 1.0 

equiv) in ethyl acetate (40.0 mL) at 0 °C was added portionwise ra-CPBA (2.68 g, 12.4 mmol, 80% 

purity, 3.0 equiv). The mixture was stirred at 0 °C for 2 h and was diluted with satd aq NaITSCb 

(30.0 mL) at and ethyl acetate (60.0 mL). The combined organic layer was washed with satd aq 

NaHCCb (30.0 mL x 2), dried over anh Na2SCb, filtered and concentrated under reduced pressure 

to give a residue. The crude product was purified by reversed-phase HPLC (0.1% FA in ACN) to 

afford tert-butyl (25)-4-[7-(8-chloro-l-naphthyl) -8-fluoro-2-methylsulfonyl-pyrido[4,3- 

r/]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (2.1 g, 3.41 mmol, 82% yield) as a 

yellow solid. LCMS [ESI, M+l]: 611.

INTERMEDIATE F-5

Boc Boc

f-BuONa, toluene 
0-25 °C, 0.5 h, 76%

[0546] To a mixture of tert-butyl (5)-4-(7-(8-chloronaphthalen-l-yl)-8-fluoro-2- 

(methylsulfonyl)pyrido[4,3-<7]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l -carboxylate (270 mg, 

442 pmol, 1.00 equiv) and ((2A,4/?)-4-methoxy-l-methylpyrrolidin-2-yl)methanol (192 mg, 1.33
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mmol, 3.00 equiv) in toluene (6.00 mL) was added /-BuONa (127 mg, 1.33 mmol, 3.00 equiv) in 

one portion at 0 °C under an atmosphere of nitrogen. The mixture was stirred at room temperature 

for 30 min and was subsequently diluted with ethyl acetate (30.0 mL). The pH was neutralized to 

8 with 2 M HCl at 0 °C and the mixture was extracted with ethyl acetate (10.0 mL x 2). The 

combined organic layer was washed with water (10.0 mL), dried over anh sodium sulfate, filtered 

and concentrated under reduced pressure to afford a crude residue. The residue was purified by 

reversed phase flash chromatography [water (0.1% FA)/acetonitrile], The desired fractions were 

collected, neutralized with saturated NaHCCfi solution (5.00 mL) and extracted with ethyl acetate 

(50.0 mL x 2). The separated organic layer was dried over anh sodium sulfate, filtered and 

concentrated under reduced pressure to afford /er/-butyl (.S')-4-(7-(8-ch 1 oronapht h a 1 en -1 -y 1) - 8 - 

Π uoro-2-(((2,S',4/()-4-methoxy-l-mcthylpyrrohdin-2-yl)mcthoxy)pyrido[4,3-i7|pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate (227 mg, 336 pmol, 76% yield) was obtained as a yellow 

solid. LCMS [ESI, M+l]: 676.

INTERMEDIATE F-6

Boc Boc

i-BuONa, toluene 
10 °C, 45 min, 52%

[0547] To a solution of /<?r/-butyl (5i)-4-(7-(8-chloronaphthalen-] -yl)-8-fluoro-2- 

(methylsulfonyl)pyrido[4,3-</]pyrimidin-4-yl)-3-methylpiperazine-l-carboxylate (570 mg, 1.24 

mmol, 1.0 equiv) and (.7)-( I -me th y I py rro lidin-2-y 1) m e t h ano I (285 mg, 2.48 mmol, 294 pL, 2.0 

equiv) in toluene (12 mL) was added 4 A molecular sieve (200 mg). The suspension was stirred at 

10 0C for 0.5 hour. Subsequently, /-BuONa (238 mg, 2.48 mmol, 2.0 equiv) was added to the 

mixture at 0 °C and stirring was continued for 10 min. The mixture diluted with water (10 mL) and 

extracted with ethyl acetate (2 χ 40 mL). The combined organic layer was dried over anh Na2S04, 

filtered and concentrated under reduced pressure to provide the crude residue. The residue was 

purified by reversed phase flash chromatography [water (0.1% FA)/acetonitrile] to afford toT-butyl 

(LS)-4-(7-(8-chloronaphthalen-l-yl)-8-fluoro-2-(((5)-l-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-
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J]pyrimidin-4-yl)-3-methy lpiperazine-1-carboxylate (320 mg, 646 μιηοΐ, 52% yield) as a yellow 

solid.

[0548] 1H NMR (400 MHz, CDCl3) δ - 8.72 (s, 1H), 4.85-4.74 (m, 1H), 4.53 (dd, J= 4.4, 10.4 Hz, 

1H), 4.40-^4.27 (m, 2H), 4.18-3.80 (m, 2H), 3.69-3.57 (m, 1H), 3.30-3.18 (m, 1H), 3.16-2.99 (m, 

2H), 2.76-2.68 (m, 1H), 2.53-2.48 (m, 3H), 2.35-2.25 (m, 1H), 2.12-2.04 (m, 1H), 1.91-1.74 (m, 

3H), 1.50 (s, 9H), 1.47 (d, J= 6.8 Hz, 3H).

[0549] Following the teachings of the General Reaction Schemes and Intermediates Fl - F3, 

Intermediates F-7 to F-137 were prepared as shown in Table 2.

Table 2

Intermediates F-7 to F-137

Characterization DataStructureInt. #
LCMS [ESI, M+l]: 716

tert-butyl (S)-4-(7-(8-chloronaphthalen-1-yl)- 
8-fluoro-2-((1-(tetrahydro-2H-pyran-4- 

yl)piperidin-4-yl)oxy)pyrido[4,3-d]pyrimidin- 
4-yl)-2-(cyanomethyl)piperazine-1- 

carboxylate

LCMS [ESI, M+l]: 662

tert-butyl (2S)-4-(7-(8-chloronaphthalen-1 - 
yl)-8-fluoro-2-((4-methylmorpholin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate
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LCMS [ESI, M+l]: 620

ie/l-butyl (S)-4-(7-(8-chloronaphthalen- 
1-yl)-2-(2-(dimethylamino)ethoxy)-8- 
fluoropyrido[4,3-c(]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 646

tert-butyl (S)-4-(7-(8-chloronaphthalen-1- 
yl)-8-fluoro-2-((1-methylpiperidin-4- 
yl)oxy)pyrido[4,3-c(]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 632

ferf-butyl (2S)-4-(7-(8-chloronaphthalen-1-yl)-8- 
fluoro-2-((1 -methylazetidin-2- 

yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate
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LCMS [ESI, M+l]: 818

ferf-bufyl (S)-4-(7-(8-chloronaphthaIen-1-yl)-2-(3-((2,4- 
dimethoxybenzyl)amino)phenethoxy)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 658

ferf-butyl (2S)-4-(7-(8-chloronaphthalen-1-yl)-2- 
((1-cyclopropylazetidin-2-yl)methoxy)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 620

fe/f-butyl (S)-4-(7-(8-chIoronaphthaIen- 
1 -yl)-2-(((R)-1 -(dimethylamino)propan-2- 
yl)oxy)-8-fluoropyrido[4,3-c/]pyrimidin-4- 

yl)-2-(cyanomethyl)piperazine-1 - 
carboxylate

LCMS [ESI, M+l]: 621

fe/t-butyl (R)-4-(7-(8-chloronaphthalen-
1- yl)-8-fluoro-2-(((S)-1 -methylpyrrolidin-
2- yl)methoxy)pyrido[4,3~c/]pyrimidin-4- 
yl)-3-methylpiperazine-1-carboxylate
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LCMS [ESI, M+l]: 717

ie/t-butyl 7-(7-(8-chloronaphthalen-1 -yl)- 
8-fluoro-2-((1-(tetrahydro-2H-pyran-4- 

yl)piperidin-4-yl)oxy)pyrido[4,3- 
d]pyrimidin-4-yl)-2,7- 

diazaspiro[3.5]nonane-2-carboxy!ate

LCMS [ESI, M+l]: 647

fert-butyl (S)-7-(7-(8-chloronaphthalen-1-y!)- 
8-fluoro-2-((1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2,7- 
diazaspiro[3.5]nonane-2-carboxylate

ierf-butyl (S)-4-(7-(8-ch Ioronaphthalen- 
1 -yl)-8-fluoro-2-((tetrahydro-1H- 

pyrrolizin-7a(5/-/)-yl)methoxy)pyrido[4,3- 
d]pyrimidin-4-yl)-2-

(cyanomethyl)piperazine-l-carboxylate

H NMR (400 MHz, CDCl3) δ

feri-butyl (3S)-4-(8-fluoro-7-(5-methyl-1 H- 
indazol-4-yl)-2-(((S)-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-c0pynmidin-4-yl)-3- 

methylpiperazine-1-carboxylate
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(m, 1H), 3.33-3.07 (m, 3H), 2.7-

2.68 (m, 1H), 2.51 (s, 3 H), 2.39 (d,

J = 0.8 Hz, 3H), 2.34-2.27 (m, 1H),

2.13-2.06 (m, 1H), 1.92-1.76 (m,

3 H), 1.51 (s, 12H)

F-20

Boc

N
MOMv

O N (I N

F /N-V

tert-butyl (2S)-2-(cyanomethyl)-4-(8-fluoro- 
7-(2-fluoro-6-(methoxymethoxy)phenyl)-2- 

(((S)-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-c/]pyrimidin-4- 

yl)piperazine-1 -carboxylate

LCMS [ESI, M+l]: 672

F-21

Boc
nc""x4

N

TTt

fe/t-butyl (S)-4-(7-(5-chloroisoquinolin-4- 
yl)-8-fluoro-2-(((2S,4R)-4-methoxy-1- 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 
c/]pyrimidin-4-yl)-2-

(cyanomethyl)piperazine-l -carboxylate

LCMS [ESI, M+l]: 677

F-22

Boc
NC^0

N

YJi'.
F N

ierf-butyl (S)-4-(7-(8-chloronaphthalen-1- 
yl)-2-(3-(dimethylamino)azetidin-1-yl)-8- 

fluoropyrido[4,3-c/]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 631
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F-23

Boc

■ηΛ
F N

ΎΥτ "^''O
1W F N-V

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-((( S)-1- 

methylpyrrolidin-2-
yl)methoxy)pyrido[4,3- d]pyrimidin-4-yl)- 

2-(cyanomethyl)piperazine-1 - 
carboxylate

LCMS [ESI, M+l]: 664

F-24

Boc

Λ
N

ViVr-0' NiiVviiN

U I L Jl AYyYnVvo
V F

ie/t-butyl (S)-4-(7-(5-chloroisoquinolin-4- 
yl)-8-fluoro-2-(( 1 -methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3- d]pyrimidin-4- 

yl)piperazine-1 -carboxylate

LCMS [ESI, M+l]: 608

F-25

Boc

C1)
N

N-N7 NiirViiN

Wr“Ao-o
VvjV F N—/

/erf-butyl 4-(7-(1,6-dimethyl-1 H-indazol- 
7-yl)-8-fluoro-2-((( S)-1 -methylpyrrolidin- 
2-yl)methoxy)pyrido[4,3-c(]pyrimidin-4- 

yl)piperazine-1 -carboxylate

LCMS [ESI, M+l]: 591

F-26

Boc

O
(Pi xprS

lVp F —/

OH

ferf-butyl (S)-4-(8-fluoro-7-(3- 
hydroxynaphthalen-1-yl)-2-((1- 

methy Ipyrrolid i n-2- 
yl)methoxy)pyrido[4,3-cf|pynmidin-4- 

yl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 608
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F-27

Boc

Λ

|r^rCI
WYnXoxvA

1V f V

ferf-butyl (S)-4-(7-(5-chIoroisoquinolin-4- 
yl)-8-fluoro-2-(((S)-1-methyIpyrrolidin-2- 
yI)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 

3-methylpiperazine-1-carboxylate

LCMS [ESI, M+l]: 622

F-28

Boc

NC"X

1 A

U ί H

/e/f-butyl (S)-4-(7-(8-chloronaphthalen-1-yl)-2- 
((1-cyclopropylpiperidin-4-yl)amino)-8- 

fluoropyrido[4,3-c/]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 671

F-29

Boc

ή
N

rj^Y'01

V F /N'

tert-butyl 5-(7-(5- 
chloroisoquinolin-4-yl)-8-fluoro-2- 

(((S)-1 -methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-c(]pynmidin- 

4-yl)-2,5-
diazabicyclo[2.2.1 ]heptane-2- 

carboxylate

LCMS [ESI, M+l]: 620
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F-30

Boc
^'0

N
N-N7 Ni5ixIiiN

UU\ F N—/

fe/t-butyl (2S)-2-(cyanomethyl)-4-(7- 
(1,6-dimethyl-1 H-indazol-7-yl)-8-fluoro- 

2-(((S)-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4- 

yl)piperazine-1 -carboxylate

LCMS [ESI, M+l]: 630

F-31

Boc

/)
F H-J

tert-butyl (S)-4-(8-fluoro-7-(2- 
fluorophenyl)-2-(((S)-1-methylpyrrolidin- 
2-yl)methoxy)pyrido[4,3-d]pyrimidin-4- 
yl)-3-methylpiperazine-1-carboxylate

LCMS [ESI, M+l]: 555

F-3 2

Boc

N-t)

N

CF3 N5irNiiN

F ui nA°t9
ferf-butyl (S)-2-(cyanomethyl)-4- 

(8-fluoro-7-(3-fluoro-2- 
(trifluoromethyl)phenyl)-2- 

((tetrahydro-1H-pyrrolizin-7a(5/7)- 
yl)methoxy)pyrido[4,3-c/]pyrimidin- 

4-yl)piperazine-1 -carboxylate

LCMS [ESI, M+l]: 674
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LCMS [ESI, M+l]: 551

fe/t-butyl 4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)_S-fluoro-2- 
((tetrahydro-1H-pyrrolizin-7a(5A7)- 
yl)methoxy)pyrido[4,3-c/]pyrimidin- 

4-yl)piperazine-1 -carboxylate

LCMS [ESI, M+l]: 608

NHBoc

tert-butyl (S)-4-(7-(6-((ferf- 
butoxycarbonyl)amino)-3-chioropyridin- 
2-yl)-8-fluoro-2-((1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4- 

yl)piperazine-1 -carboxylate

LCMS [ESI, M+l]: 663

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-(3,3,3- 
trifIuoropropoxy)pyrido[4,3-c(]pyrimidin-4- 

yl)-2-(cyanomethyl)piperazine-1- 
carboxylate
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LCMS [ESI, M+l]: 634

fert-butyl 5-(7-(5- 
chloroisoquinolin-4-yl)-8- 

fluoro-2-(((S)-1- 
methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3- 
d]pyrimidin-4- 

yl)hexahydropyrrolo[3,4- 
c]pyrrole-2(1 H)-carboxylate

LCMS [ESI, M+l]: 533

fe/i-butyl (S)-4-(7-(8- 
chloronaphthalen-1 -yl)-8- 

fluoropyrido[4,3-c/]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l- 

carboxylate

LCMS [ESI, M+l]: 828

H NMR (400 MHz, CDCl3): δ 9.16

ferf-butyl (S)-4-(7-(3-(bis(iert- 
butoxycarbonyl)amino)isoquinolin-1-yl)- 

8-fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-ci]pyriniidin-4-yl)- 

2-(cyanomethyl)piperazine-1 - 

carboxylate
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LCMS [ESI, M+l]: 672

fe/t-butyl (S)-4-(7-(8- 
chloronaphthalen-1-yl)-8-fluoro-2- 
((tetrahydro-1 /-/-pyrrolizin-7a(5H)- 
yl)methoxy)pyrido[4,3-d]pyrimidin- 
4-yl)-2-(cyanomethyl)piperazine- 

1-carboxylate

LCMS [ESI, M+l]: 551

teri-butyl (S)-4-(7-(8-chloro- 
7-fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3- 
c/]pyrimidin-4-yl)-2- 

(cyanomethyl)plperazine-l - 
carboxylate

LCMS [ESI, M+l]: 513

fe/t-butyl (S)-2- 
(cyanomethyl)-4-(8-fluoro- 
7-(8-methylnaphthalen-1- 

yl)pyrido[4,3-c/]pyrimidin-4- 
yl)piperazine-1-carboxylate
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F-42

Boc

F N
YVci Ν^γ^Ν
YyV1'na°''" r>o

kV F /N -/ x

fe/i-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2S,4R)-4-methoxy-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3- c/]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 694

F-43

Boc
NcV'YNY

F
VYci N

Yt-aY
ferf-butyl (S)-4-(7-(8-chloro-7- 

fluoronaphthalen-1-yl)-8-fluoro-2- 
((tetrahydro-1H-pyrrolizin-7a(5/-/)- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 
2-(cyanomethyl)piperazine-1- 

carboxylate

LCMS [ESI, M+l]: 690

F-44

. /V

N
~ π - 1

YY F N-/

feri-butyl (S)-3-((7-(8-chloronaphthalen- 
1 -yl)-8-fluoro-2-{(1 -methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pynmidin-4- 

yl)(methyl)amino)azetidine-1 -carboxylate

LCMS [ESI, M+l]: 507
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LCMS [ESI, M+l]: 710

terf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2S,4R)-4-fluoro-1-isopropylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 722

N' O

ferf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2S,4/?)-1-isopropyl-4-methoxypyrroiidin- 
2-yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 
2-(cyanomethyl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 728

ierf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-2-(((S)-4,4-difluoro- 

1-isopropylpyrrolidin-2-yl)methoxy)-8- 
fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate

197



WO 2020/146613 PCT/US2020/012906

LCMS [ESI, M+l]: 639

/erf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-(((S)-1- 
methylpyrro!idin-2-yl)methoxy)pyrido[4,3- 
c/]pyrimidin-4-yl)-3-methylpiperazine-1- 

carboxylate

LCMS [ESI, M+l]: 788

ferf-butyl (S)-4~(2-(2-(N-(tert- 
butoxycarbonyl)methylsulfonamido)eth 
oxy)-7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoropyrido[4,3-ci]pyrimidin-4-yl)- 

2-(cyanomethyl)piperazine-1 - 
carboxylate

LCMS [ESI, M+l]: 692

tert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-8-fluoro-2-(((S)-1 - 

isopropylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yi)-2- 

(cyanomethyl)piperazine-l-carboxylate
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F-51

Boc

F N

fe/t-butyl (S)-4-(7-(8-chloro- 
7-fluoronaphthalen-1 -yl)-8- 
fluoro-2-methylpyrido[4,3- 

d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l - 

carboxylate

LCMS [ESI, M+l]: 565

F-52

Boc

F

F

fe/t-butyl (S)-4-(7-(8-chloro- 
7-fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3- 
c/]pyrimidin-4-yl)-3- 
methylpiperazine-1 - 

carboxylate

LCMS [ESI, M+l]:426

F-53

Boc

F N

VyV''^W>F sem-N'n

fe/t-butyl (S)-4-(7-(8-chloro- 
7-fluoronaphthalen-1 -yl)-8- 

fluoro-2-((1-((2- 
(trimethylsilyl)ethoxy)methyl 

)-1 /t-pyrazol-5- 
yl)methoxy)pyrido[4,3- 

d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l - 

carboxylate

LCMS [ESI, M+l]: 777
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/erf-butyl (S)-4-(7-(8-chloronaphthalen-1- 
yl)-8-fluoro-2-(((S)-1-isopropylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-cflpyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 650

N' O

tert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-((1- 

methylazetidin-3'yl)methoxy)pyrido[4,3- 
d]pyrimidin-4-yl)-2-(cyanomethyl)piperazine- 

1-carboxylate

LCMS [ESI, M+l]:678

ie/t-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-2-(((S)-1- 
ethylpyrrolidin-2-yl)methoxy)-8- 

fluoropyrido[4,3-c/]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate
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LCMS [ESI, M+l]: 706

fert-butyl (S)-4-(2-(3-((1 S,4S)-2-oxa-5- 
azabicyclo[2.2.1]heptan-5-yl)propoxy)-7- 

(8-chloro-7-fluoronaphthalen-1-yl)-8- 
fluoropyrido[4,3-c/]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 578

fert-butyl (2S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-((1- 

isopropylazetidin-2-yl)methoxy)pyrido[4,3- 
c/]pyrimidin-4-yl)-2-

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 586

terl-butyl (S)-4-(2-(((S)-1-(ferf- 
butoxycarbonyl)-4,4-difluoropyrrolidin-2- 

yl)methoxy)-7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 

d]pyrimidin-4-yl)-2-
(cyanomethyl)piperazine-l-carboxylate
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LCMS [ESI, M+l]: 438

/erf-butyl (1R,5S)-3-(7-(8- 
chloro-7-fluoronaphthalen- 

1-yl)-8-fluoropyrido[4,3- 
d]pyrimidin-4-yl)-3,8- 

diazabicyclo[3.2.1 ]octane- 
8-carboxylate

LCMS [ESI, M+l]: 675

teri-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-(2-(1- 

methyl-1 /7-imidazol-2-yl)ethoxy)pyrido[4,3- 
c/]pyrimidin-4-yl)-2-

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 526

H NMR (400 MHz, CDCl3) δ 9.12

te/f-butyl (R)-4-(7-(8-chloro-7- 

fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-3- 

methylpiperazine-1 -carboxylate

9H), 1.46 (s, 3H)
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LCMS [ESI, M+l]: 512

tert-butyl 4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3-c/]pyrimidin-4- 
yl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 536

ferf-butyl 4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3-c/]pyrimidin-4-yl)-2- 
cyanopiperazine-1 -carboxylate

LCMS [ESI, M+l]: 581

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

methoxypyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l -carboxylate

203
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LCMS [ESI, M+l]: 494

fert-butyl 4-(7-(8-chloronaphthalen-1-yl)- 
8-fluoropyrido[4,3- d]pyrimidin-4- 

yl)piperazine-1 -carboxylate

LCMS [ESI, M+l]: 664

fert-butyl (2S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-2-((1-ethylazetidin- 

2-yl)methoxy)-8-iluoropyndo[4,3- 
rt]pyrimidin-4-yl)-2-

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 704

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-2-(((S)-1 - 

cyclobutylpyrrolidin-2-yl)methoxy)-8- 
fluoropyrido[4,3-c(]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate

204
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LCMS

N-J/

ferf-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8- 
fluoro-2-((1-((2-(trimethylsilyl)ethoxy)methyl)-1H- 

pyrrolo[3,2-b]pyridin-2-yl)methoxy)pyrido[4,3-c/]pyrimidiri- 
4-yl)-2-(cyanomethyl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 690

iert-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)- 
8-fluoro-2-(((1 S, 3/?,4/?)-2-methyl-2- 

azabicyclo[2.2.1]heptan-3-yl)methoxy)pyrido[4,3- 
c/]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-1- 

carboxylate

LCMS [ESI, M+l]: 706

ferf-butyl (2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-fluoro-2- 
((tetrahydro-1 H-pyrrolo[2,1 -c][1,4]oxazin-8a(6H)- 

yI)methoxy)pyrido[4,3-c(ipyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate
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LCMS [ESI, M+l]: 768

iert-butyl (S)-4-(2-(((2S,4fl)-1-(ferf-butoxycarbonyl)- 
4-fluoropyrrolidin-2-yl)methoxy)-7-(8-chloro-7- 

fluoronaphthaien-1 -yi)-8-fluoropyrido[4,3-cf]pyrimidin- 
4-yl)-2-(cyanomethyl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 780

N 'O'

/erf-butyl (S)-4-(2-(((2S,4/?)-1 -(ierf-butoxycarbonyi)- 
4-methoxypyrrolidin-2-yl)methoxy)-7-(8-chloro-7- 

fluoronaphthalen-1 -yl)-8-fiuoropyrido[4,3-d]pyrimidin- 
4-yl)-2-(cyanomethyl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 708

/erf-butyl (2S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((2/:?)-2-fluorotetrahydro-1/7-pyrrolizin- 

7a(5/-/)-yl)methoxy)pyrido[4,3-a']pyrimidin-4-yl)-2- 
(cy anomethy ![piperazine-1 -carboxylate
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LCMS [ESI, M+l]: 540

te/f-butyl (2S,6S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-S-fluoropyrido[4,3- 
d]pyrimidin-4-yl)-2,6-dimethylpiperazine-1- 

carboxylate

LCMS [ESI, M+l]: 680

fe/i-butyl (S)-2-(cy a no m ethyl )-4-(7-(7,8- 
dichloronaphthalen-1-yl)-8-fluoro-2-(((S)-1- 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3-d]pyrimidin- 
4-yl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 540

tert-butyl (3S,5S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl) 
8-f!uoropyrido[4,3-c/]pyrimidin-4-yl)-3,5- 

dimethylpiperazine-1-carboxylate
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LCMS [ESI, M+l]: 499

ferf-butyl 3-((7-(8-chloro-7-fluoronaphthalen-1 - 
yl)-8-fluoropyrido[4,3-d]pynmidin-4- 

yl)oxy)azetidine-1 -carboxylate

LCMS [ESI, M+l]: 551

ierf-butyl 4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoropyrido[4,3-c/]pyrimidin-4-yl)-3- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 513

ferf-butyl 3-((7-(8-chloro-7-fluoronaphthalen-1 - 
yl)-8-fluoropyrido[4,3-c(]pyrimidin-4- 

yl)oxy)pyrrolidine-1-carboxylate

LCMS [ESI, M+l]: 637
NC''"'''

/erf-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)- 
8-fluoro-2-(oxetan-3-ylmethoxy)pyridot4,3- 

c/]pynmidin-4-yl)-2-(cyanomethyl)piperazine-1- 
carboxylate
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LCMS [ESI, M+l]: 639

fert-butyl (R)-4-(7-(8-chloro-7-fluoronaphthalen-1 -yl)- 
8-fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)-2- 
methylpiperazine-1-carboxylate

fe/t-butyl 4-(7-(8-chloronaphthalen-1 - 
yl)-8-fluoro-2-methylpyrido[4,3- 
d]pyrimidin-4-yl)piperazine-1 - 

carboxylate

LCMS [ESI, M+l]:651

iert-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)- 
8-fluoro-2-((3-methyloxetan-3-yl)methoxy)pyrido[4,3- 

c/]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-1- 
carboxylate

LCMS [ESI, M+l]:639

ferf-butyl (R)-4-(7-(8-chloro-7-fluoronaphthalen-1 -yl)- 
8-fIuoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-3- 
methylpiperazine-1 -carboxylate
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LCMS [ESI, M+l]: 637

iert-butyl (2S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(oxetan-2-ylmethoxy)pyrido[4,3- 
d]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-1- 

carboxylate

LCMS [ESI, M+l]: 648

1H NMR (400 MHz, CDCb-d) δ

tert-butyl (S)-2-(cyanomethyl)-4-(7-(7,8- 
difluoronaphthalen-1-yl)-8-fluoro-2-(((S)-1- 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3-d]pyrimidin- 
4-yl)piperazine-1-carboxy!ate

LCMS [ESI, M+l]: 692

1H NMR (400 MHz, CDCb-d) δ

iert-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1 -yl)- 
8-fluoro-2-(((S)-1-isopropylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-rt]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

31 (br s, III),
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LCMS [ESI, M+l]: 680

1H NMR (400 MHz, CDCb-d) δ

ferf-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)- 
8-fluoro-2-(((f?)-4-methylmorpholin-2- 

yl)methoxy)pyrido[4,3- cT]pyrimidin-4-yt)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 524

fe/t-butyl 6-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-2,6- 
diazaspiro[3.3]heptane-2-carboxylate

LCMS [ESI, M+l]: 540

tert-butyl (2S,6S)-4-(7-{8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 
c/]pyrimidin-4-yl)-2,6-dimethylpiperazine- 

1-carboxylate

211
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F-92

Boc

F N

TTT'"V’T>f
F N--/

/erf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2S,4R)-4-fluoro-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3- c/]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 682

F-93

~.n-boc

ΛF N

WV-^'-o
F N-—/

iert-butyl (S)-(1-(7-(8-chloro-7-fluoronaphthalen-1-yl)- 
8-fluoro-2-((1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)azetidin-3- 
yl)(methyl)carbamate

LCMS [ESI, M+l]: 625

F-94

rN'B°C
F

F N—J

fe/7-butyl (S)-3-((7-(8-chloro-7-fluoronaphthalen-1-yl)- 
8-fluoro-2-((1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-c/]pyrimidin-4- 
yl)(methyl)amino)azetidine-1-carboxylate

LCMS [ESI, M+l]: 625

F-95

Boc

NC O
F N

fl N (I N
YYY'n^o^

Ll A F N"^
/

fert-butyl (2S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-2-((1,2-dimethylazetidin-2-yl)methoxy)-8- 

fluoropyrido[4,3-c/]pynmidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 664
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LCMS [ESI, M+l]: 515

/ert-butyl (S)-2-(cyanomethyl)-4-(8-fluoro-7-(3- 
hydroxynaphthalen-1-yl)pyrido[4,3-d]pyrimidin-4- 

yl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 693

ierf-butyl 4-(7-(8-chloro-7-fluoronaphthalen-1 -yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(trifluoromethyi)piperazine-l-carboxylate

LCMS [ESI, M+l]: 657

terf-butyl 4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(fluoromethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 675

ferf-butyl 4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)meihoxy)pyrido[4,3- c/lpyrimidin-4-yl)-2- 
(difluoromethyl)piperazine-l-carboxylate
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F-100

Boc
!

N

NC 'O
F N
1 Pl _ 1

lpV'

WVnaO"'^.,,
F /N—/

ferf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2S,4S)-4-fluoro-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]:682

F-IOl

Boc

nc^A
F N
i Π Λ 1

YYVA'Yy.F
F N-J

iert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2R,4R)-4-fluoro-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 682

F-102

Boc

nc^A
F N

Λγ nAi N F
γΑΑγ^Ν^Αγγ
vA F N-V

tert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2S,3R)-3-fluoro-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 682

214



WO 2020/146613 PCT/US2020/012906

F-103

Boc

F N
[Αγ'01

KJ F N

\

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-(((R)-1- 
methylpyrrolidin-3-yl)methoxy)pyrido[4,3- 

d]pyrimidin-4-yl)-2-
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 664

F-104

Boc

F N

F
I

/erf-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-2-(3-(dimethylamino)azetidin-1-yl)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

1H NMR (400 MHz, CDCl3) 5 8.83

(d, J = 1.2 Hz, 1H), 7.97 (br d,J =

7.6 Hz, 1H), 7.87 (dd, J = 5.6, 8.8

Hz, 1H), 7.69-7.50 (m, 2H), 7.38

(td, J = 8.4, 1.6 Hz, 1H), 4.78-4.72

(m, 1H), 4.56-4.41 (m, 1H), 4.39-

3.95 (m, 6H), 3.70-3.44 (m, 2H),

3.42-3.10 (m, 2H), 2.93-2.61 (m,

2H), 2.24 (s, 6H), 1.52 (s, 9H)

F-105

Boc

ή
F N
1 π Λ JL
γγτ»Α»Λο

F N —/

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-((1- 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 
c/]pyrimidin-4-yl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 625
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LCMS [ESI, M+l]: 664

fe/t-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-2-(((R)-1 - 

ethylazetidin-2-yl)methoxy)-8- 
fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylateF-106

LCMS [ESI, M+l]: 664

terf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-2-(((S)-1 - 

ethylazetidin-2-yl)methoxy)-8- 
fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylateF-107

LCMS [ESI, M+l]: 690

/erf-butyl (2S)-4-(7-(8-chloro-7-fluoronaphthalen- 
1-yl)-8-fluoro-2-((hexahydro-1 H-pyrrolizin-3- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylateF-108
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F-109

Boc
NC^"0

F N

YyY-NVvA

Pp f /n-v

terf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2F?,3S)-3-fluoro-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

1H NMR (400 MHz, CDCl3) δ 9.08

(d, J = 0.8 Hz, 1H), 8.05-7.97 (m,

1H), 7.90 (dd, J = 5.6, 9.2 Hz, 1H),

7.65-7.56 (m, 2H), 7.41 (td, J = 2.4,

8.8 Hz, 1H), 5.30-5.05 (m, 1H),

4.76-4.57 (m, 2H), 4.54-4.33 (m,

3H), 4.21-4.13 (m, 1H), 3.97-3.82

(m, 1H), 3.78-3.64 (m, 1H), 3.63-

3.36 (m, 1H), 3.14-2.91 (m, 2H),

2.90-2.70 (m, 2H), 2.69-2.58 (m,

1H), 2.56 (d,J = 1.2 Hz, 3H), 2.18-

2.06 (m, 1H), 2.05-2.00 (m, 1H),

1.53 (s, 9H)

F-IlO

BocI
,N.

NC O

F N

CvP F /N-V

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2S,3S)-3-fluoro-1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrirriidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 682

F-Ill

Boc

ΛN

IvP F
OMOM

tert-butyl 4-(7-(8-chloro-3- 
(methoxymethoxy)naphthalen-1-yl)-8- 

fluoropyrido[4,3-Gi]pynmidin-4- 
yl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 554
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F-112

Boc

F N

FYCIN^[PN F p
VVv»AoV;

F W
\

iert-butyl (2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)- 
2-((4,4-difluoro-1-methylpyrrolidin-3-yl)methoxy)-8- 

fluoropyrido[4,3-d]pynmidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 700

F-113

Boc

F N

Xl As F
N ]\ ___/

XTTvP?

tert-butyl (2S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-(((2f?)- 
2-fluorotetrahydro-1/7-pyrrolizin-7a(5H)- 
yl)methoxy)pyrido[4,3-c(|pyrimidin-4-yl)- 

2-(cyanomethyl)piperazine-1 - 
carboxylate

LCMS [ESI, M+l]: 708

F-114

Boc

NC O
F N
JL π 1
VWnVa

F

ferf-butyl (S)-4-(7-(8-chloro-7- 
f I uoron a ph tha Ien-1 -y l)-8-f I uoro-2-(( (S)-1-(2- 

fluoroethyl)pyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 697
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LCMS [ESI, M+l]: 576

fe/f-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3-c/]pyrimidin-4-yl)- 
2-(2,2-difluoroethyl)piperazine-1- 

carboxylate

LCMS [ESI, M+l]: 541

fe/f-butyl (S)-4-(8-fluoro-7-(2- 
fluorophenyl)-2-((1- 
methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin- 
4-yl)piperazine-1 -carboxylateF-1I6

LCMS [ESI, M+l]: 714

ferf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-2-(((S)-1-(2,2- 

difluoroethyl)pyrrolidin-2-yl)methoxy)-8- 
fluoropyrido[4,3-c/]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylateF-117
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LCMS [ESI, M+l]: 442

iert-butyl (S)-4-(8-fluoro-7-(2- 
fluorophenyl)pyrido[4,3-d]pyrimidin-4- 
yl)-3-methylpiperazine-1-carboxylateF-118

LCMS [ESI, M+l]: 606

ierf-butyl (S)-4-(2-(azetidin-1-yl)-7-(8- 
chloro-7-fluoronaphthalen-1-yl)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylateF-119

LCMS [ESI, M+l]: 722

tert-butyl (2S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-((3- 

(fluoromethyl)tetrahydro-1/-/-pyrrolizin- 
7a (5/-/)-yl) m ethoxy) py rido [4,3- 

d]pyrimidin-4-yl)-2-
(cyanomethyl)piperazine-l-carboxylateF-120
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LCMS [ESI, M+l]: 540

tert-butyl (2/?,5S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 
d]pyrimidin-4-yl)-2,5-dimethylpiperazine-1- 

carboxylateF-121

LCMS [ESI, M+l]: 524

Zerf-butyl (1 R,5R)-2-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 

d]pyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptane-6-carboxylateF-122

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((1R2S,5S)-3-methyl-3- 
azabicyclo[3.1.0]hexan-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate
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F-124

Boc

NC"V0
F N

WtnvON=+ F ^~N
\

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((3F?,4S)-4-fluoro-1-methylpyrrolidin-3- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 682

F-125

Boc

ν<^"Λ
F N

Ij5Ncl NiiNjiN F

Yjn^n')
\n F N

\

fe/7-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((3S,4F?)-4-fluoro-1-methylpyrrolidin-3- 
yl)methoxy)pyrido[4,3-c(|pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 682

F-126

Boc

nc^C")
F N

IjNcl NiiNj5N

Syr-^coj
/erf-butyl (S)-4-(7-(8-chloro-7- 

fluoronaphthalen-1-yl)-8-fluoro-2- 
(((1S,3S,4F?)-2-(2-fluoroethyl)-2- 

azabicyclo[2.2.1]heptan-3- 
yl)methoxy)pyrido[4,3-c(|pyrimidin-4-yl)- 

2-(cyanomethyl)piperazine-1- 
carboxylate

LCMS [ESI, M+l]: 722
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LCMS [ESI, M+l]: 517

tert-butyl (S)-2-(cyanomethyl)-4-(8- 
fluoro-7-(7-fluoronaphthalen-1 - 

yl)pyrido[4,3-c/]pyrimidin-4- 
yl)piperazine-1 -carboxylateF-127

LCMS [ESI, M+l]: 562

terf-butyl 4-(7-(5,6-dimethyl-1-(tetrahydro- 
2H-pyran-2-yl)-1 H-indazol-4-yl)-8- 

fluoropyrido[4,3-c(]pyrimidin-4- 
yl)piperazine-1-carboxylateF-128

LCMS [ESI, M+l]: 619

fe/t-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(trifluoromethyl)pyrido[4,3-c/]pyrimidin-4- 
yl)-2-(cyanomethyl)piperazine-1- 

carboxylateF-129
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F-130

Boc
I

N
G

N

GG nGGn
VVtG

VfG F

OMOM

tert-butyl 4-(8-fluoro-7-(3- 
(methoxymethoxy)naphthalen-1-yl)-2- 

methylpyndo[4,3-d]pyrimidin-4- 
yl)piperazine-1 -carboxylate

LCMS [ESI, M+1]: 534

F-131

Boc
nc"'"6

F N

GGci GG
GGGnGG^
G F Gn-.

fe/f-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-((2- 

methyl-1,2,3,4-tetrahydroisoquinolin-5- 
yl)oxy)pyrido[4,3-d]pynmidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+1]: 712

F-132

Boc
NC^^G

F
G^GCI N^Y^N nM

I l OMe

V-G F IG
v /

(2SJ-tert-butyl 4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-((3- 

methoxy-1,2-dimethylazetidin-2- 
yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)- 

2-(cyanomethyl)piperazine-1 - 
carboxylate

LCMS [ESI, M+1]: 694
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LCMS [ESI, M+l]: 690

ferf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-2-((( S)-1 - 

cyclopropylpyrrolidin-2-yl)methoxy)-8- 
fluoropyrido[4,3-c/]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylateF-133

H NMR (400 MHz, CD3OD): δ

ferf-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-2-(((S)-4,4- 

difluoro-1-methylpyrrolidin-2- 
yl)methoxy)-8-fluoropyrido[4,3- 

c/]pyrimidin-4-yl)-2-
(cyanomethyl)piperazine-l-carboxylate

F-134
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F-135

Cbz
NC~0

F N
1 Pl _ I

lpV'
Vyt-Vo

/n-v

CF3

benzyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-2-((( S)-1 - 

methylpyrrolidin-2-yl)methoxy)-8-(2,2,2- 
trifluoroethoxy)pyrido[4,3-c/]pyrimidin-4- 

yl)-2~(cyanomethyl)piperazine-1- 
carboxylate

LCMS [ESI, M+l]: 740

F-136

Boc

./TIPS N

F N—/

tert-butyl (S)-2-(cyanomethyl)-4-(8- 
f!uoro-2-(((S)-1 -methylpyrrolidin-2- 

yl)methoxy)-7-(8-
((triisopropylsilyl)ethynyl)naphthalen-1-

yl)pyrido[4,3-c/]pyrimidin-4-
yl)piperazine-1-carboxylate

LCMS [ESI, M+l]: 792

F-137

Boc

F N

Ppci

BzO

tort-butyl (2S)-4-(2-((7a- 
((benzoyloxy)methyl)hexahydro-1 H- 

pyrrolizin-3-yl)methoxy)-7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8- 

fluoropyndo[4,3-rt]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylate

LCMS [ESI, M+l]: 824
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LCMS [ESI, M+l]: 524

terf-butyl (1 R.SRLe-C-iS-chlonM- 
fluoronaphthalen-l-yO-e-fluoropyrido^.S- 

d]pyrimidin-4-yl)-2,6-
diazabicyclo[3.2.0Jheptane-2-carboxylateF-138

LCMS [ESI, M-M]: 452

fert-butyl 4-(8-fluoro-7-(2- 
isopropylphenyl)pyrido[4,3-d]pyrimidin-4- 

yl)piperazine-1-carboxylateF-139

LCMS [ESI, M+l]: 460

fe/t-butyi 4-(8-fluoro-7-(naphthalen-1- 
yl)pyrido[4,3-d]pyrimidin-4-yl)piperazine-1- 

carboxylateF-140

LCMS [ESI, M+l]: 450

ferf-butyl 4-(7-(2-cyclopropylphenyl)-8- 
fluoropyrido[4,3-c/]pyrimidin-4-yl)piperazine- 

1-carboxylateF -141
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LCMS [ESI, M+l]: 520

iert-butyl 4-(8-fluoro-7-(2- 
(methoxymethoxy)naphthalen-l - 

yl)pyrido[4,3-d]pyrirnidin-4-yl)piperazine-1- 
carboxylateF-142

LCMS [ESI, M+l]: 474

ferf-butyl 4-(8-fluoro-7-(3-methylnaphthalen- 
1-yl)pyrido[4,3-c(]pyrimidin-4-yl)piperazine- 

1-carboxylateF-143

fert-butyl 3-((7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 
c(lpyrimidin-4-yl)(methyl)amino)pyrrolidine- 

1-carboxylateF-144
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LCMS [ESI, M+l]: 663

fert-butyl (1R,5R)-6-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 
((tetrahydro-1 H-pyrrolizin-7a(5H)- 

y])methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptane-2-carboxylateF-145

LCMS [ESI, M+l]: 637

fert-butyl (1R,5R)-2-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-(((S)-1- 
methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 

djpyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptane-6-carboxylateF-146

LCMS [ESI, M+l]: 708

1H NMR (400 MHz, CDCl3): δ 9.08-

fert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(((2R,7aS)-2-fluorotetrahydro-1/-/-pyrrolizin- 
7a(5/-/)-yl)methoxy)pyrido[4,3-cf]pyrimidin-4- 

yl)-2-(cyanomethyl)piperazine-1- 
carboxylate

F-147 (s, 9H)
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LCMS [ESI, M+l]: 680

ie/t-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)- 
8-fluoro-2-(2-isobutyramidoethoxy)pyrido[4,3- 
d]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-1- 

carboxylateF-148

LCMS [ESI, M+l]: 538

H Boc

fert-butyl (1R, 5/?)-2-(7-(8-ch loro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

methylpyrido[4,3-d]pyrimidin-4-yl)-2,6' 
diazabicyclo[3.2.0]heptane-6-carboxylateF-149

LCMS [ESI, M+l]: 524

fe/i-butyl (1 S,5S)-2-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 

c/]pyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptane-6-carboxylateF-150
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LCMS [ESI, M+l]: 552

ie/f-buty! 7-(7-(8-chloro-7-fluoronaphthalen- 
1-yl)-8-fluoropyrido[4,3-d]pyrimidin-4-yl)- 
1,7-diazaspiro[4.4]nonane-1 -carboxylateF-151

LCMS [ESI, M+l]: 552

ferf-butyl 7-(7-(8-chloro-7-fluoronaphthalen-
1-yl)-8-fluoropyrido[4,3-d]pyrimidin-4-yl)-
4,7-diazaspiro[2.5]octane-4-carboxylateF-152

LCMS [ESI, M+l]: 538

1HNMR (400 MHz, CDCl3): 8 9.36 (s,

= 5.2.

(m, 1H), 2.48-2.18 (m, 3H), 1.40 (br s,

tert-butyl 6-(7-(8-chloro-7-fluoronaphthalen- 
1-yl)-8-fluoropyrido[4,3-d]pyrimidin-4-yl)- 
1,6-diazaspiro[3.4]octane-1-carboxylate
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LCMS [ESI, M+l]: 520

1-(6-(7-(8-chloro-7-fluoronaphthalen-1-yl)- 
8-fluoropyrido[4,3-cf]pyrimidin-4-y!)-1,6- 

diazaspiro[3.3]heptan-1-yl)-2,2,2- 
trifluoroethan-1-oneF-154

LCMS [ESI, M+l]: 538

feri-butyl 2-(7-(8-chloro-7-fluoronaphthalen- 
1-yl)-8-fluoropyrido[4,3-c(]pyrimidin-4-yl)- 
2,5-diazaspiro[3.4]octane-5-carboxylateF-155

tert-butyl (S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-2-(difIuoromethyl)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylateF-156

LCMS [ESI, M+l]: 538

fert-butyl (1 R.SfTJ-e-^-Ce-chloro^- 
fluoronaphthalen-l -yl)-8-fluoro-2- 

methylpyrido[4,3-{/|pynmidin-4-yl)-2,6- 
diazabicyclo[3.2 0]heptane-2-carboxylateF-157
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LCMS [ESI, M+l]: 695

1H NMR (400 MHz, CDCl3): δ 9.09 (s,

tert-bulyl (S)-4-(7-(8-chloro-7-fluoronaphthalen-1 - 
yl)-8-fluoro-2-(((3R,3aR,6R,6aR)-6- 

hydroxyhexahydrofuro[3,2-fo]furan-3- 
yl)oxy)pyrido[4,3-d]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate
F-158

LCMS [ESI, M+l]: 523

fe/t-butyl (S)-4-(7-(3-chloro-2- 
cyclopropylphenyl)-8- 

f Iuoropyrido [4,3-cf\ pyrimidin-4-yl)- 
2-(cyanomethyl)piperazine-1 - 

carboxylateF-159

LCMS [ESI, M+l]: 621

fe/t-butyl (2S)-4-(7-(5-chloro-6-methyl- 
1 -(tetrahydro-2H-pyran-2-yl)-1 H- 
indazol-4-yl)-8-fluoropyrido[4,3- 

d]pyrimidin-4-y!)-2~
(cyanomethy!)piperazine-1 -carboxylateF-160

LCMS [ESI, M+l]: 482
1H NMR (400 MHz, CDCl3): 5 9.22 (s,

fert-butyl (2S)-4-(7-(2-amino-6- 
f Iuorop heny l)-8-fluoropy rido[4,3- 

d] pyrimid ίη-4-y 1)-2-
(cya nomethyl) piperazine-1 -carboxylateF-161
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LCMS [ESI, M+l]: 676

/e/t-butyl (2S)-4-(2-(((2S)-1- 
azabicyclo[2.2.1 ]heptan-2-yl)methoxy)- 
7-(8-chloro-7-fluoronaphthalen-1-yl)-8- 

fluoropyrido[4,3-d]pynmidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylateF-162

LCMS [ESI, M+l]: 652

1H NMR (400 MHz, CDCl3): δ 9.37-

TIPS N i

ferf-butyl (1 R,5R)-2-(8-fluoro-7-(8- 
((triisopropylsilyl)ethynyl)naphthalen-1- 

yl)pyrido[4,3-d]pyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptane-6-carboxylate

F-163

LCMS [ESI, M+l]: 550

1H NMR (400 MHz, CDCl3): δ 9.24 (s,

NH2 N

feri-butyl (2S)-4-(7-(2-amino-3,5- 
dichloro-6-fluorophenyl)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-2- 
(cyanomethyl)piperazine-l-carboxylateF-164
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Prepd from Intermediate B-29 (TFA 

hydrolysis during Suzuki coupling) 

M+l]: 552LCMS
-TIPS N H

4-((1R,5R)-2,6-diazabicyclo[3.2.0]heptan-6-
yl)-8-fluoro-7-(8-

((triisopropylsilyl)ethynyl)naphthalen-1-
yl)pyrido[4,3-d]pyrimidineF-165

[0550] The following Examples are intended to illustrate further certain embodiments of the 

invention and are not intended to limit the scope of the invention.

EXAMPLE 1

N ^

l-(4-(7-(3-hydroxynaphthalen-l-yl)pyrido[4,3-d]pyrimidin-4-yl)piperazin-l-yl)prop-2-en-l-one

cu,o

Cl

[0551] Step A: tert-butyl 4-(7-chloropyrido[4,3-d]pvrimidin-4-vl)piperazine-l-carboxvlate: To a 

solution of 4,7-dichloropyrido[4,3-d]pyrimidine (0.36 g, 1.8 mmol) in DCM was added N-ethyl-N- 

isopropylpropan-2-amine (0.23 g, 1.8 mmol) and tert-butyl piperazine-1-carboxylate (0.37 g, 2.0 

mmol) and the reaction stirred at room temperature for 2 hrs. The reaction was next concentrated in
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vacuo and the material chromatographed using 0—>100% EtOAc/DCM as eluent to give tert-butyl 

4-(7-chloropyrido[4,3-d]pyrimidin-4-yl)piperazine-l-carboxylate (0.60 g, 1.7 mmol, 95 % yield).

N

[0552] Step B: tert-butyl 4-(7-(3-hvdroxvnaphthalen-l-vl)pvrido[4,3-d]pyrimidin-4-yl)piperazine-

1-carboxylate: To a solution of tert-butyl 4-(7-chloropyrido[4,3-d]pyrimidin-4-yl)piperazine-l-

carboxylate (0.3 g, 0.86 mmol) in dioxanes was added potassium carbonate (2.1 ml, 4.3 mmol) and 

(3-hydroxynaphthalen-l-yl)boronic acid (0.24 g, 1.3 mmol) and the reaction sparged with N2 for

15 minutes followed by addition of 150 mg each of X-phos and Pd2DBA3 and the reaction heated

to 80°C for overnight. The reaction wa:StVz=iVt rltln+orl T7ti~\/\.
UVAL SJ-IlVltV--VU VVlLll LvLV_/z\'

A +U1/ί OtnzH +Ua /μάλιλ 1 Λη urnnUan im + UV uiiu ijijLv^ \jigainv-o vvctaii^u. wim

water, brine, dried over MgSCb and concentrated in vacuo. The material was next 

chromatographed using 0—>20% MeOH/DCM as eluent to give tert-butyl 4-(7-(3- 

hydroxynaphthalen-l-yl)pyrido[4,3-d]pyrimidin-4-yl)piperazine-l-carboxylate (0.23 g, 0.50 mmol, 

59 % yield). ES+APC1 MS m/z 458.2 [M+H]+.

[0553] Step C: 4-(4-(niperazin-l-vl)pvrido[4,3-d]pyrimidin-7-vl)naphthalen-2-ol ^3(2.2,2- 

trifluoroacetate): To a solution of tert-butyl 4-(7-(3-hydroxynaphthalen-l-yl)pyrido[4,3- 

d]pyrimidin-4-yl)piperazine-l-carboxylate (0.22 g, 0.48 mmol) in DCM was added 2,2,2- 

trifluoroacetic acid (0.55 g, 4.8 mmol) and the reaction stirred at room temperature for 1 hr. The 

reaction was next concentrated in vacuo and the material used crude in the next reaction.
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N

[0554] Step D: 1 -(4-(7-(3-hydroxynaphthalen-1 -yllpvrido [4.3-d]pvrimidin-4-y Dpiperazin-1 - 

yl)prop-2-en-l-one: To a solution of 4-(4-(piperazin-l-yl)pyrido[4,3-djpyrimidin-7-yl)naphthalen- 

2-ol bis(2,2,2-trifluoroacetate) (0.288 g, 0.492 mmol) in DCM/ACN was added N-ethyl-N- 

isopropylpropan-2-amine (0.318 g, 2.46 mmol) followed by acryloyl chloride (0.0445 g, 0.492 

mmol) and the reaction stirred at room temperature for 20 minutes. The reaction was next 

concentrated in vacuo an the material purified by Gilson reverse prep HPLC (0—>95% ACN/water 

with 0.1% TEA modifier as eluent) to give l-(4-(7-(3-hydroxynaphthalen-l-yl)pyrido[4,3- 

d]pyrimidin-4-yl)piperazin-l-yl)prop-2-en-l-one (0.050 g, 0.122 mmol, 24.7 % yield). ES+APCI 

MS m/z 412.2 [M+H]+.

EXAMPLE 2

l-acryloyl-4-(7-(3-hydroxynaphthalen-l-yl)pyrido[4,3-d]pyrimidin-4-yl)piperazine-2-carbonitrile

[0555] l-acryloyl-4-(7-(3-hydroxynaphthalen-l-yl)pyrido[4,3-d]pyrimidin-4-yl)piperazine-2- 

carbonitrile was prepared following Example 1 substituting tert-butyl 2-cyanopiperazine-l- 

carboxylate for tert-butyl piperazine-1-carboxylate in Step A. ES+APCI MS m/z 437.1 [M+H]+.

EXAMPLE 3
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OH N ^ N

(4-(7-(2-iluoro-6-hydroxyphcnyl)pyndo[4,3-cljpyriinidin-4-yl)pipeiaz,iii-1 -yl)prup-2-en-1 -one 

[0556] l-(4-(7-(2-fluoro-6-hydroxyphenyl)pyrido[4,3-d]pyrimidin-4-yl)piperazin-l-yl)prop-2-en-l- 

one was prepared following Example 1 substituting (2-hydroxy-6-fluorophenyl)boronic acid for 

(3-hydroxynaphthalen-l-yl)boronic acid in Step B. ES+APCI MS m/z 380.1 [M+H]+.

EXAMPLE 4

l-(4-(7-(3-hydroxynaphthalen-l-yl)-2-(2-morpholinoethoxy)pyrido[4,3-d]pyrimidin-4-yl)piperazin-

1 -yl)prop-2-en-1 -one

o
N

[0557] Step A: ethyl 4-amino-6-(3-(methoxvmethoxy)naphthalen-l-yl)nicotinate: To a solution of 

ethyl 4-amino-6-chloronicotinate (0.85 g, 4.2 mmol) in dioxanes was added potassium carbonate 

(11 ml, 21 mmol), 2-(3-(methoxymethoxy)naphthalen-l-yl)-4,4,5,5-tetramethyl-l,3,2- 

dioxaborolane (2.0 g, 6.4 mmol) and the reaction degassed with N2 for 15 minutes followed by 

addition 0.15g each of Xphos and PdiDBAs and the reaction heated over night at 80°C. The 

reaction was diluted with EtOAc and the organics washed with water, brine, dried over MgS04 and 

concentrated in vacuo. The material was next chromatographed using 0->100% EtOAc/DCM as
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eluent to give ethyl 4-amino-6-(3-(methoxymethoxy)naphthalen-l-yl)nicotinate (0.70 g, 2.0 mmol, 

47 % yield). ES+APCI MS m/z 353.1 [M+H]+.

N ^

[0558] Step B: ethyl 6-(3-(mcthoxyrocthoxyjnaphLhalen-1 -yl)-4-ureidonicotinate: To a solution of 

phosgene (1.2 g, 2.4 mmol) diluted in DCM and cooled to O0C was added a solution of ethyl 4- 

amino-6-(3-(methoxymethoxy)naphthalen-l-yl)nicotinate (0.70 g, 2.0 mmol) and N-ethyl-N- 

isopropylpropan-2-amine (0.71 ml, 4.0 mmol) in DCM. The reaction was stirred for 1 hr while 

warming to room temperature. LCMS (dilution with MeOH to see methyl carbamate) confirms 

isocyante formation. To the reaction was next added ammonia (7.9 ml, 4.0 mmol) (in dioxanes) 

and the reaction stirred an additional 1 hour. The reaction was next concentrated in vacuo and the 

residue partitioned between EtOAc and water. The organics were separated and washed with brine, 

dried over MgS04 and concentrated in vacuo to give ethyl 6-(3-(methoxymethoxy)naphthalen-l- 

yl)-4-ureidonicotinate (0.69 g, 1.7 mmol, 88 % yield). ES+APCI MS m/z 396.1 [M+H]+.

[0559] Step C: 7-(3-(methoxvmethoxy]naphthalen-l-vl)pyrido[4.3-d1pyrimidine-2,4(lH.3HVdione: 

To the solid ethyl 6-(3-(methoxymethoxy)naphthalen-l-yl)-4-ureidonicotinate (0.68 g, 1.7 mmol) 

in MeOH was added sodium 2-methylpropan-2-olate (0.17 g, 1.7 mmol) and the reaction stirred at 

60°C for 1 hour. The reaction was next concentrated in vacuo and the residue taken up in water the 

aqueous layer was acidified to pH 3. The resulting solid was filtered and washed with ether. The 

solid was next dried in vacuo to give 7-(3-(methoxymethoxy)naphthalen-l-yl)pyrido[4,3- 

d]pyrimidine-2,4( 111,311)-dione (0.60 g, 1.7 mmol, 100 % yield). ES+APCI MS m/z 350.0[M+II]+.
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[0560] Step D: 2.4-dichioro-7-f3-(methoxymethoxy)naphfhalen-1 -vi lpyrido[4.3-d]pyrimidine: To 

the solid 7-(3-(methoxymethoxy)naphthalen-l-yl)pyrido[4,3-d]pyrimidine-2,4(lEl,3H)-dione (0.60 

g, 1.7 mmol) was added phosphoryl trichloride (7.9 g, 52 mmol) and N-ethyl-N-isopropylpropan- 

2-amine (0.62 ml, 3.4 mmol) and the reaction degassed with Ar twice and the reaction heated to 

IOO0C for 1 hour. LCMS (dilute only with ACN otherwise the product hydrolyzes) shows product. 

The reaction was concentrated in vacuo and the oil chased with toluene 3x. The thick oil was next 

concentrated under high vac until the oil solidified. The solid was chromatographed using 10% 

EtOAc/DCM as eluent to give 2,4-dichloro-7-(3-(methoxymethoxy)naphthalen-l-yl)pyrido[4,3- 

d]pyrimidine (0.30 g, 0.78 mmol, 45 % yield).

[0561] Step E: tert-butyl 4-(2-chloro-7-t3-(inethoxymethoxv)naphthalen-l-vl)pvridor4,3- 

d1nvrimidin-4-yl)piperazine-1 -carboxylate: To a solution of 2,4-dichloro-7-(3- 

(methoxymethoxy)naphthalen-l-yl)pyrido[4,3-d]pyrimidine (0.30 g, 0.78 mmol) in DCM was 

added tert-butyl piperazine-1-carboxylate (0.14 g, 0.78 mmol) and N-ethyl-N-isopropylpropan-2- 

amine (0.15 ml, 0.85 mmol) and the reaction stirred at room temperature tor 1 hour. The organics 

were next washed with brine, dried over MgSCb and concentrated in vacuo and the material used 

crude in the next reaction, tert-butyl 4-(2-chloro-7-(3-(methoxymethoxy)naphthalen-l- 

yl)pyrido[4,3-d]pyrimidin-4-yl)piperazine-l-carboxylate (0.37 g, 0.69 mmol, 89 % yield). 

ES+APCI MS m/z 536.2[M+H]+.
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[0562] Step E: tert-butyl 4-(7-(3-(methoxymethoxy)naphthalen-1 -yl)-2-(2- 

morpholinoethoxy)pyrido[4.,3-d|pvrimidin-4-vl)piperazine-l-carboxylate: To a solution of tert- 

butyl 4-(2-chloro-7-(3-(methoxymethoxy)naphthalen-l-yl)pyrido[4,3-d]pyrimidin-4-yl)piperazine- 

1 -carboxylate (0.40 g, 0.75 mmol) in dioxanes (10 mL) was added N-ethyl-N-isopropylpropan-2- 

amine (0.96 g, 7.5 mmol), 2-morpholinoethan-l-ol (0.69 g, 5.2 mmol), and CS2CO3 (0.73 g, 2.2 

mmol) and the reaction heated to 150°C in a sealed tube in the microwave. The material was next 

diluted with EtOAc and fdtered through gff paper. The organics were next concentrated in vauco 

and the material chromatographed using 0—>15% MeOH/DCM as eluent to give tert-butyl 4-(7-(3- 

(methoxymethoxy)naphthalen-l-yl)-2-(2-morpholinoethoxy)pyrido[4,3-d]pyrimidin-4- 

yl)piperazine-l-carboxylate (0.37 g, 0.59 mmol, 79 % yield). ES+APCI MS m/z 631.30[M+H]+.

[0563] Step F: 4-(2-(2-morpholinoethoxy)-4-(piperazin-l-yl)pyridof4.3-dlpyrimidin-7- 

yl)naphthalen-2-ol: To a solution of tert-butyl 4-(7-(3-(methoxymethoxy)naphthalen-l-y 1)-2-(2- 

morpholinoethoxy)pyrido[4,3-d]pyrimidin-4-yl)piperazine-l-carboxylate (0.18 g, 0.285 mmol) in 

DCM (10 mL) was added 2,2,2-triiluoroacetic acid (6.51 g, 57.1 mmol) and the reaction stirred at 

room temperature for 1 hr. The reaction was next concentrated in vacuo and the material used 

crude in the next reaction. 4-(2-(2-morpholinoethoxy)-4-(pipcrazin-l-yl)pyrido[4,3-d]pyrimidin-7- 

yl)naphthalen-2-ol (0.14 g, 0.288 mmol, 101 % yield). ES+APCI MS m/z 487.20[M+H]+.
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HO
N ^

[0564] Step G: 1 -(4-(7-(3-hydroxynaphthalen-1 -Yl)-2-(2-murpholmoeihoxy ipvridoi4.3 

dlpyrimidin-4-yl)piperazin-1 -vl)prop-2-en-1 -one: To a solution of 4-(2-(2-morpholinoethoxy)-4- 

(piperazin-l-yl)pyrido[4,3-d]pyrimidin-7-yl)naphthalen-2-ol (0.14 g, 0.29 mmol) in DCM (10 mL) 

and ACN (2 mL) cooled to O0C was added Hunig's Base (0.30 ml, 1.7 mmol) and acryloyl chloride 

(0.026 g, 0.29 mmol) and the reaction stirred at room temperature for 1 hr. The organics were 

concentrated in vacuo and the material purified by Gilson reverse prep LICPL (5->95%

ACN/water with 0.1% TFA as modifier ) to give l-(4-(7-(3-hydroxynaphthalen-l-yl)-2-(2- 

morpholinoethoxy)pyrido[4,3-d]pyrimidin-4-yl)piperazin-l-yl)prop-2-en-l-one (0.031 g, 0.052 

mmol, 18 % yield). ES+APCI MS m/z 541.20[M+H]+.

EXAMPLE 5

2-[(2S)-4-[2-[[(2..S)-l-methylpyrrohdin-2-yl]methoxy]-7-(l-naphthyl)pyrido[4,3-<i]pyrimidin-4-yl]-

1 -prop-2-enoy 1- piperazin-2-y 1 ] ace Ioni lrile.
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Cl

H2SO4BnNH2, TEA N

0-25 0C, 0.75 h
25 0C1 4 h

NH POCI3, DIEA

120 0C1 6 h DIEA1 DCM
-40 0C1 0.5 h

25 eC11 h 
95%
C

N

NH3-MeOH

Ό MeOH

Cbz

25 0C1 3 h 
97%

D

DIEA, MeCN Cl 
40-80 °C, 8 h 

54%

DIEA1 DCM
-40 0C1 0.5 h

Example 5

Cbz

NC"'",''|

Pd/C, H2

[0565] Step A: The mixture of ethyl 4,6-dichloropyridine-3-carboxylate (19.5 g, 88.6 mmol, 1.0 

eq), BnNfh (10.4 g, 97.5 mmol, 10.6 mL, 1.1 eq) and TEA (26.9 g, 266 mmol, 37.0 mL, 3.0 eq) in 

DMF (200 mL) was stirred at 25 °C for 4 hours. To the reaction mixture was added water (600 

mL) and EtOAc (100 mL). To the mixture was added NaCl solid (20 g), the mixture was stirred for 

0.5 hour. The mixture was extracted with EtOAc (2X 100 mL). The combined organic layers were 

washed with brine (80 mL). The combined organic layers were dried over anhydrous Na2S04, 

filtered and concentrated under vacuum to give ethyl 4-(benzylamino)-6-chloro- pyridine-3- 

carboxylate (28 g, 77.0 mmol, 87 % yield, 80 % purity) as a white solid which was used in the next 

step without further purification. LCMS [ESI, M+l]: 291.

[0566] Step B: The mixture of ethyl 4-(benzylamino)-6-chloro-pyridine-3- carboxylate (27 g, 74.3 

mmol, 1.0 eq) and H2SO4 (146 g, 1.49 mol, 79.2 mL, 20.0 eq) was stirred at 0 - 5 °C for 15 mins. 

Then the mixture was stirred at 25 °C for 0.5 hour. The mixture was poured into ice-water (600 

mL) while stirring. Then solution was adjusted with solid K2CO3 to pH = 8. The precipitate was 

filtered off and the residue was extracted with ethyl acetate (2 x 500 mL). The combined organic 

layers were dried over anhydrous Na2S04, filtered and concentrated under vacuum to give ethyl 4- 

amino-6-chloro-pyridine-3-carboxylate (15 g, 67.3 mmol, 90 % yield, 90 % purity) as a brown 

solid which was used in the next step without further purification. LCMS [LSI, M+l]: 201.
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[0567] Step C: To the solution of ethyl 4-amino-6-chloro-pyridine-3-carboxylate (14 g, 69.8 mmol, 

1.0 eq) in TIIF (280 mL) was added 2,2,2-trichloroacetylisocyanate (26.3 g, 140 mmol, 16.5 mL, 

2.0 eq) at 25 °C, the mixture was stirred at 25 °C for 1 hour. The reaction mixture was 

concentrated under vacuum. The crude product was triturated with MBTE (50 mL). The mixture 

was filtered and the filter cake was collected to give ethyl 6-chloro-4-[(2,2,2- 

trichloroacetyl)carbamoylamino]pyridine-3- carboxylate (25.7 g, 66.1 mmol, 95 % yield, 100 % 

purity) as a white solid. LCMS [ESI, M+l]: 390.

[0568] Step D: To the solution of ethyl 6-chloro-4-[(2,2,2-trichloroacetyl) 

carbamoylamino]pyridine-3-carboxylate (23.7 g, 60.9 mmol, 1.0 eq) in MeOH (400 mL) was 

added Mb'MeOH (18 mL, 40 % purity), the mixture was stirred at 25 °C for 3 hours. The reaction 

mixture was concentrated under vacuum. The crude product was triturated with MeOH (50 mL). 

Then the mixture was filtered and the filter cake was collected to give 7-chloro-1 //-pyrido[4.3- 

H|pyrimidine-2,4-dione (13 g, 59.2 mmol, 97 % yield, 90 % purity) as a white solid. LCMS [ESI, 

M+l]: 198.

[0569] StepE: The mixture of 7-chloro-l//-pyrido[4,3-</]pyrimidine-2,4-dione (3 g, 15.2 mmol, 1.0 

eq), DIEA (5.89 g, 45.6 mmol, 7.93 mL, 3.0 eq) and POCb (82.5 g, 538 mmol, 50 mL, 35.4 eq) 

was heated to 120 °C and stirred for 6 hours. The reaction mixture was concentrated under 

vacuum. The residue was purified by silica gel chromatography (PE: EtOAc = 40:1) to give 2,4,7- 

trichloropyrido[4,3-<i] pyrimidine (1 g, 3.84 mmol, 25 % yield, 90 % purity) as a yellow solid.

[0570] Step F: To the solution of 2,4,7-trichloropyrido[4,3-</]pyrimidine (995 mg, 4.24 mmol, 1.1 

eq) in DCM (20 mL) was added DIEA (1.50 g, 11.6 mmol, 2.02 mL, 3.0 eq) at -40 °C, the mixture 

was stirred at -40 °C for 15 mins. Then to the mixture was added benzyl (25)-2- 

(cyanomethyl)piperazine-l-carboxylate (1 g, 3.86 mmol, 1.0 eq), the mixture was stirred at -40 °C 

for 15 mins. Water (30 mL) was added into the mixture. The mixture was extracted with DCM (2 x 

20 mL). The combined organic layers were washed with brine (30 mL). The combined organic 

layers were dried over anhydrous Na2S04, filtered and concentrated under vacuum. The residue 

was purified by silica gel chromatography (PE: EtOAc = 10:1 ~ 1:1) to give benzyl (25)-2- 

(cyanomethyl)-4-(2,7-dichloropyrido[4,3-ii]pyrimidin-4-yl)pipera zine-1-carboxylate (1.4 g, 2.91 

mmol, 75 % yield, 95 % purity) as a yellow solid. LCMS [ESI, M+l]: 457.
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[0571] Step G: The mixture of benzyl (2S)-2-(cyanomethyl)-4-(2,7- dichloropyrido[4,3- 

<i]pyrimidin-4-yl)piperazine-l-carboxylate (800 mg, 1.75 mmol, 1.0 eq), [(2,S)-l-methylpyrrolidin- 

2-yl]methanol (242 mg, 2.10 mmol, 249 pL, 1.2 eq) and DIEA (678 mg, 5.25 mmol, 914 pL, 3.0 

eq) in MeCN (16 mL) was heated to 40 °C and stirred for 5 hours. The mixture was heated to 80 

°C and stirred for 3 hours. The reaction mixture was concentrated under vacuum. The residue was 

purified by reversed-phase flash [water (0.1 % formic acid/acetonitrile] to give benzyl (2.S')-4-[7- 

chloro- 2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-<i]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (510 mg, 951 pmol, 54 % yield, 100 % purity) as a yellow 

solid. LCMS [ESI, M+l]: 536.

[0572] Step H: To the mixture of benzyl (2S)-4-[7-chloro-2-[[(2S)-l- methy !pyrrol idin-2- 

yl]methoxy]pyrido[4,3-<f]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (200 mg, 373 

umol, 1.0 eq), 1-naphthylboronic acid (128 mg, 746 umol, 2.0 eq) and CS2CO3 (365 mg, 1.12 

mmol, 3.0 eq) in dioxane (5 mL) was added Pd(dppf)Ch (54.6 mg, 74.6 pmol, 0.2 eq) under N2. 

The suspension was degassed under vacuum and purged with N2 several times. The mixture was 

stirred under N2 at 90 °C for 3 hours. Water (15 mL) was added into the mixture. The mixture was 

diluted with EtOAc (10 mL) and filtered, the filtrate was extracted with EtOAc (2x15 mL). The 

combined organic layers were washed with brine (20 mL). The combined organic layers were dried 

over anhydrous Na2S04, filtered and concentrated under vacuum. The residue was purified by 

reversed-phase flash [water (0.1% formic acid)/acetonitrile]. Then the residue was purified by 

AI2O3 chromatography (EtOAc: MeOH = 1:0 ~ 30:1) to give benzyl (2S)-2-(cyanomethyl)-4-[2- 

[[(2,8)-1- methylpyrrolidin-2-yl]methoxy]-7-(l-naphthyl)pyrido[4,3-c/]pyrimidin-4-yl]piperazine-l- 

carboxylate (180 mg, 272 pmol, 73 % yield, 95 % purity) as a yellow solid. LCMS [ESI, M+l]: 

628.

[0573] 1H NMR (400 MLIz, chloroform-d) 5 = 9.34 (s, 1H), 8.17 (br d, J = 8.0 Hz, HI), 7.95 (br t, J 

= 8.4 Hz, 2H), 7.80 (s, 1H), 7.70 (d, J= 6.4 Hz, 1H), 7.62 - 7.56 (m, 1H), 7.55 - 7.47 (m, 2H), 7.42 

- 7.35 (m, 5H), 5.22 (s, 2H), 4.74 (br s, 1H), 4.56 (dd, J= 4.8, 10.8 Hz, 1H), 4.44 (br t, J= 12.4 Hz, 

2H), 4.36 (dd, J= 6.0, 10.8 Hz, 1H),4.21 (br s, 1H),3.87 (br s, 1H), 3.75 - 3.47 (m, 2H), 3.12 (br t, 

J= 7.6 Hz, 1H), 2.87 (br s, 1H), 2.82 - 2.70 (m, 2H), 2.51 (s, 3H), 2.36 - 2.24 (m, 1H), 2.13 - 2.06 

(m, 1H), 1.92 - 1.79 (m, 3H).

[0574] Step I: To the solution of benzyl (25)-2-(cyanomethyl)-4-[2- [[(26)-1-methylpyrrolidin-2-
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yl]methoxy]-7-(l-naphthyl)pyrido[4,3-J]pyrimidin-4-yl]piperazine-l-carboxylate (160 mg, 255 

pmol, 1.0 eq) and Ntb'MeOH (2 mL, 20 % purity) in MeOH (2 mL) was added Pd/C (80 mg, 10 

% purity) under N2. The suspension was degassed under vacuum and purged with H2 several times. 

The mixture was stirred under H2 (15 psi) at 25 °C for 1.5 hour. The reaction mixture was 

concentrated under vacuum. The residue was purified by prep-HPLC (column: Waters Xbridge 

150*25 5u;mobile phase: [water (0.05 % ammonia hydroxide v/v)-ACN];B %: 35% - 59%,10min). 

The desired fractions were collected and lyophilized to give 2-[(25)-4-[2-[[(25)-l- 

methylpyrrolidin-2-yl]methoxy]-7-(l- naphthyl)pyrido[4,3-J]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (5.10 mg, 10.3 pmol, 4 % yield, 100 % purity) as a white solid. LCMS [ESI, M+l]: 

494.

[0575] 1HNMR (400 MHz, CHLOROFORM-d) δ = 9.31 (s, 1H), 8.21 - 8.16 (m, 1H), 7.95 (t, J = 

8.0 Hz, 2H), 7.78 (s, 1H), 7.70 (dd, J= 1.2, 7.2 Hz, 1H), 7.59 (dd, J= 7.2, 8.0 Hz, 1H), 7.56 - 7.47 

(m, 2H), 4.59 - 4.49 (m, 2H), 4.43 (br dd, J= 1.6, 13.2 Hz, 1H), 4.36 (dd, J= 6.4, 10.8 Hz, 1H), 

3.56 (ddd, J= 3.2, 10.4, 13.2 Hz, NI), 3.41 - 3.33 (m, 1H), 3.26 - 3.18 (m, 2H), 3.17 - 3.09 (m, 

2H), 2.77 - 2.69 (m, 1H), 2.68 - 2.54 (m, 2H), 2.51 (s, 3H), 2.30 (dt, J= 7.2, 9.6 Hz, NI), 2.13 - 

2.02 (m, 1H), 1.91 - 1.79 (m, 3H).

[0576] Example 5: To the solution of 2-[(25)-4-[2-[[(2S)-l-methylpyrrolidin-2- yl]methoxy]-7-(l- 

naphthyl)pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (80 mg, 162 pmol, 1.0 eq) and 

DIEA (62.8 mg, 486 pmol, 84.7 pL, 3.0 eq) in DCM (2 mL) was added prop-2-enoyl chloride 

(22.0 mg, 243 pmol, 19.8 pL, 1.5 eq) at -40 °C, the mixture was stirred at -40 °C for 0.5 hour. The 

reaction mixture was quenched by water (5 mL) and extracted with DCM (2x5 mL). The 

combined organic layers were dried over anhydrous Na2S04, filtered and concentrated under 

vacuum. The residue was purified by silica gel chromatography (EtOAC: MeOH = 1:0 ~ 30:1).

The residue was purified by prep-HPLC (column: Xtimate Cl8 150*25mm*5pm;mobile phase: 

[water (0.05% ammonia hydroxide v/v)-ACN];B%: 48% - 78%,lmin). The desired fractions were 

collected and lyophilized to give 2-[(2S)-4-[2-[[(2S)-l-methylpyrrolidin-2-yl]methoxy]-7-(l- 

naphthyl)pyrido[4,3-J]pyrimidin-4-yl]-l-prop-2-enoyl-piperazin-2-y]]acetonitrile (29.3 mg, 53.4 

pmol, 33 % yield, 99.8 % purity) as a white solid. LCMS [ESI, M+l]: 548.

[0577] 1H NMR (400 MHz, chloroform-d) 6 = 9.35 (s, III), 8.16 (d, J= 8.0 Hz, 1H), 7.95 (t, ,/=8.8 

Hz, 2H), 7.80 (s, 1H), 7.69 (dd, J= 1.2,7.2 Hz, 1H), 7.58 (dd, J= 7.2, 8.0 Hz, 1H), 7.55 -7.46 (m,
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2H), 6.68 - 6.53 (m, 1H), 6.47 - 6.37 (m, 1H), 5.89 - 5.80 (m, 1H), 5.03 (br s, 1H), 4.61 (dd,./ =

5.2, 10.8 Hz, 1H), 4.53 -4.43 (m, 2H), 4.39 (dd, J= 6.0, 10.9 Hz, 1H), 4.17 - 3.57 (m, 4H), 3.17 

(br t, J = 7.2 Hz, 1H), 2.98 (br dd, J= 6.8, 16.4 Hz, 1H), 2.89 - 2.73 (m, 2H), 2.54 (s, 3H), 2.40 -

2.29 (m, 1H), 2.15 - 2.08 (m, 1H), 1.92 - 1.75 (m, 3H).

EXAMPLE 6

1 -[4-|7-(3-hydiOxy-l-naphthyl)-2-[|(21S')-l-mcthylpyrrolidin-2-yljmethoxy]pyrido|4,3-6/|pyriinidin-

4-yl]piperazin-1 -y l]prop-2-en-1 -one.

BocI

A

DIEA, MeCN

80 °C, 5 hrsDIEA, DCM 
■40 °C, 0.5 hr 

77%

,/¾?J

TFA, DCM
*- HO.

25 °C, 0.5 hPd(Clppf)CI2 
Cs2CO3, dioxane 

90 0C, 2 h 
23%
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NaOH (2 N), THF

DIEA, DCM 
-40 °C, 10 min

25 "C, 1 h
two steps 38%

Example 6

[0578] Step A: To the solution of 2,4,7-trichloropyrido[4,3-i/jpyrimidine (1.8 g, 7.68 mmol, 1.0 eq) 

in DCM (40 mL) was added DIEA (2.98 g, 23.0 mmol, 4.01 mL, 3.0 eq) at -40 °C, the mixture was 

stirred at -40 0C for 15 min. Then to the mixture was added tert-butyl piperazine-1-carboxylate 

(1.43 g, 7.68 mmol, 1.0 eq), the mixture was stirred at -40 0C for 15 min. Water (50 mL) was 

added into the mixture. The mixture was extracted with DCM (2 x 30 mL). The combined organic

IUj v-x o vvv-iv vv ashed with brine (40 mL). The combined organic layers were dried over anhydrous

Na2SC>4, filtered and concentrated under vacuum. The residue was purified by reversed-phase flash 

[water (0.1% formic acid)/acetonitrile]. The desired fractions were collected and basified with solid 

NaHCCb, concentrated under vacuum to remove MeCN and extracted with ethyl acetate (2 x 30 

mL). The organic layers were dried over NaiSCL and concentrated under vacuum to give /er/-butyl 

4-(2,7-dichloropyrido [4,3-<i]pyrimidin-4-yl)piperazine-l-carboxylate (2.4 g, 5.93 mmol, 77% 

yield, 95% purity) as a brown solid. LCMS [ESI, M+l]: 384.

[0579] Step B: The mixture of /er/-butyl 4-(2,7-dichloropyrido[4,3-i/] pyrimidin-4-yl)piperazine-l- 

carboxylate (500 mg, 1.30 mmol, 1.0 eq), [(25)-l-methylpyrrolidin-2-yl]methanol (180 mg, 1.56 

mmol, 185 pL, 1.2 eq) and DIEA (504 mg, 3.90 mmol, 680 pL, 3.0 eq) in MeCN (10 mL) was 

heated to 80 °C and stirred for 6 hours. The reaction mixture was concentrated under vacuum. The 

residue was purified by reversed-phase flash [water (0.1% formic acid)/acetonitrile]. The desired 

fractions were collected and basified with solid NaHCCL, concentrated under vacuum to remove 

MeCN and extracted with ethyl acetate (2 x 40 mL). The organic layers were dried over Na2SC>4 

and concentrated under vacuum to give /erf-butyl 4-[7-chloro-2-[[(2S")-l -methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazine-l-carboxylate (360 mg, 739 pmol, 57% yield, 

95% purity) as a yellow solid. LCMS [ESI, M+l]: 463.
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[0580] 1H NMR (400MHz, chloroform-d) δ = 8.92 (s, 1H), 7.48 (s, I H), 4.48 (dd, J= 4.8, 10.8 Hz, 

1H), 4.29 (dd, ./=6.8, 10.8 IIz, 1H), 3.97 - 3.88 (m, 4H), 3.64 (dd, J=4.0, 6.0 Hz, 4H), 3.10 (br t, 

,/=7.6 Hz, III), 2.73 - 2.64 (m, 1H), 2.48 (s, 3H), 2.34 - 2.23 (m, 111), 2.10 - 2.00 (m, 1H), 1.85 - 

1.69 (m, 3H), 1.49 (s, 9H).

[0581] Step C: To the mixture of tert-butyl 4-[7-chloro-2-[|(25')-1 - methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazme-l-carboxylate (200 mg, 432 pmol, 1.0 eq), 4- 

(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl) naphthalene-2-ol (233 mg, 864 pmol, 2 eq) and 

CS2CO3 (422 mg, 1.30 mmol, 3.0 eq) in dioxane (4 mL) was added Pd(dppf)Cl2 (63.2 mg, 86.4 

pmol, 0.2 eq) under N2. The suspension was degassed under vacuum and purged with N2 several 

times. The mixture was stirred under N2 at 90 °C for 3 hours. Water (15 mL) was added into the 

mixture. The mixture was diluted with ethyl acetate (10 mL) and filtered, and the filtrate was 

extracted with ethyl acetate (2x15 mL). The combined organic layers were washed with brine (20 

mL). The combined organic layers were dried over anhydrous Na2S04, filtered and concentrated 

under vacuum. The residue was purified by reversed-phase flash [water (0.1% formic 

acid)/acetonitrile]. Then the residue was purified by prep-HPLC (column: Phenomenex Synergi 

Cl8 150*25*10pm;mobile phase: [water (0.1%TFA) - ACN]; B%: 17% - 44%, 10 min). The 

desired fractions were collected and basified with solid NaHCCfi, concentrated under vacuum to 

remove MeCN and extracted with ethyl acetate (3x15 mL). The organic layers were dried over 

Na2SC>4 and concentrated under vacuum to give Ieri-butyl 4-[7-(3-hydroxy-l-naphthyl)-2-[[(25)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-</]pyrimidin-4-yl]piperazine-l-carboxylate (60 mg, 100 

pmol, 23% yield, 95% purity) as a yellow solid. LCMS [ESI, M+l]: 571.

[0582] Step D: To the solution of /ert-butyl 4-[7-(3-hydroxy-l-naphthyl)-2- [[(25)-1- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-</]pyrimidin-4-yl]piperazine-l-carboxylate (60 mg, 105 

pmol, 1.0 eq) in DCM (0.05 mL) was added TFA (180 mg, 1.58 mmol, 117 pL, 15 eq), the 

mixture was stirred at 25 °C for 0.5 hour. The reaction mixture was concentrated under vacuum. 

The reaction mixture was diluted with DMF and adjusted with saturated NaHCOa to pH = 7 ~~

8.The mixture was purified by prep-PIPLC (column: Xtimate Cl 8 150*25mm*5pm;mobile phase: 

[water (0.05% ammonia hydroxide v/v)-ACN];B%: 25%-55%,lmin). The desired !factions were 

collected and lyophilized to give 4-(2-(((25)-l-methylpyrrolidin-2-yl]methoxy]-4- piperazin-l-yl- 

pyrido[4,3-<i]pyrimidin-7-yl]naphthalen-2-ol (17 mg, 36.0 pmol, 34% yield, 99.7% purity) as a
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yellow solid. LCMS [ESI, M+l]: 471.

[0583] 1H NMR (400MHz, methanol-d4) δ - 9.26 (s, 1H), 7.76 (d, /=8.4 Hz, 1H), 7.66 (d, /=8.4 

Hz, 1H), 7.60 (s, HI), 7.34 (t, ./=7.6 Hz, 1H), 7.22 (d, /=2.4 Hz, 1H), 7.18-7.12 (m, 2H), 4.47 (dq, 

/=6.0, 11.2 Hz, 2H), 4.11 - 4.03 (m, 4H), 3.12 - 3.08 (m, 1H), 3.07 - 3.03 (m, 4H), 2.83 - 2.74 (m,
1 T TN ·Λ C-T OTT\ -T -T^ /. Tin;, z.jz ^s, jnj, zjo (q, J- Λ N TT-v.z nz, 1H), 2.17 - 2.06 (m, 1H), 1.89 - 1.68 (m, 3H).

[0584] Step E: To the solution of 4-[2-[[(2.S')-l -methylpyrrolidin-2-yl]methoxy |- 4-piperazin-l-yl- 

pyrido[4,3-/]pyrimidin-7-yl]naphthalen-2-ol (45 mg, 95.6 pmol, 1.0 eq) and DIEA (74.2 mg, 574 

pmol, 99.9 pL, 6.0 eq) in DCM (1 mL) was added prop-2-enoyl chloride (8.66 mg, 95.6 pmol, 

7.80 pL, 1.0 eq) at -40 °C, the mixture was stirred at -40 0C for 10 min. Water (3 mL) was added 

into the mixture. The mixture was diluted with DCM (2 mL) and extracted with DCM (2x3 mL). 

The combined organic layers were dried over anhydrous NaaSO4, filtered and concentrated under 

vacuum to give [4-[2-[[(2Sf)-l-methylpyrrolidin-2-yl]methoxy]-4-(4-prop-2- enoylpiperazin-1- 

yl)pyrido[4,3-/]pyrimidin-7-yl]-2-naphthyl] prop-2-enoate (60 mg, crude) as a yellow solid which 

was used in the next step without further purification.

[0585] Example 6: To the mixture of [4-[2-[[(2S)-l-methylpyrrolidin-2-yl] methoxy]-4-(4-prop-2- 

enoylpiperazin-l-yl)pyrido[4,3-i/]pyrimidin-7-yl]-2-naphthyl] prop-2-enoate (50 mg, crude) in 

THF (0.5 mL) was added NaOH (2 M, 173 pL) , the mixture was stirred at 25 °C for 1 hour. Water 

(3 mL) was added into the mixture. The mixture was diluted with ethyl acetate (2 mL) and 

extracted with ethyl acetate (3x5 mL). The combined organic layers were dried over anhydrous 

Na2S04, filtered and concentrated under vacuum. The residue was purified by prep-HPLC 

(column: Waters Xbridge 150*25 5p;mobile phase: [water (0.05% ammonia hydroxide v/v)- 

ACN];B%: 32%-53%,10min). The desired fractions were collected and lyophilized to give l-[4-[7- 

(3-hydroxy-l-naphthyl)-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-r/]pyrimidin-4- 

yl]piperazin-l-yl]prop-2-en-l-one (17.5 mg, 32.7 pmol, two steps 38% yield, 97.9% purity) as a 

yellow solid. LCMS [ESI, M+l]: 525.

[0586] 1H NMR (400MHz, chloroform-d) δ = 9.08 (s, 1H), 8.00 (d, /=8.4 Hz, 1H), 7.63 - 7.58 (m, 

2H), 7.35 (t, /=7.2 Hz, 1H), 7.26 - 7.20 (m, 2H), 7.15 (d, /=2.4 Hz, 1H), 6.59 - 6.50 (m, 1H), 6.42 - 

6.34 (m, 1H), 5.82 - 5.75 (m, 1H),4.60 (dd,/=6.4, 11.2 Hz, 1H), 4.35 (dd,/=5.2, 11.2 Hz, 1H), 

3.92 (br s, 4H), 3.86 - 3.64. (m, 4H), 3.21 (br t, /=7.6 Hz, 1H), 2.86 - 2.82 (m, 1H), 2.65 (s, 3H),
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2.39 (dt, J=I2, 9.6 Hz, 1H), 2.16 - 2.06 (m, 1H), 2.00 - 1.93 (m, 3H).

EXAMPLE 7

2-[(2S)-4-[8-fluoro-2-[[(25)-l-methylpyrcolidin-2-yl]methoxy]-7-(l-naphthyl)pyrido[4,3-

<f]pyrimidin-4-yl]-l-prop-2-enoyl-piperazin-2-yl]acetonitrile

'"CSj

DIEA, dioxane

DIEA, DCM 
-40 °C, 0.5 h 

49%

80 °C, 1 h 
77%

B(OH)2

Pd/C, H;Pd(dppf)CI2, Cs2CO3

NH3-MeOH 

25 0C1 1 h 
88%

dioxane/H20 

90 °C, 2.5 h 
72%

DIEA, DCM

40 °C, 1 O min
37%

Example 7

[0587] Step A: To a solution of 2,4,7-trichloro-8-fluoro-pyrido[4,3-iir|pyrimidine (500 mg, 1.98 

mmol, 1 eg) in DCM (10 mL) was added DIEA (640 mg, 4.95 mmol, 862 pL, 2.5 eg), benzyl (2S)-
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2-(cyanomethyl)piperazine-l-carboxylate (359 mg, 1.39 mmol, 0.7 eq) at -40 °C. The reaction 

mixture was stirred at -40 °C for 0.5 hour. Upon completion, the mixture was added water (10 mL) 

and layers were separated. The aqueous phase was extracted with EtOAc (20 mL). Combined 

organic layers were dried over Na2SO/t, filtered and concentrated under vacuum. The residue was 

purified by reversed phase flash [water (0.1% formic acid/ acetonitrile]. The desired fractions were 

collected and neutralized with solid NaHC03, concentrated under vacuum to remove MeCN and 

extracted with EtOAc (2 x 30 mL). The organic layers were dried over Na2S04 and concentrated 

under vacuum to give benzyl (2.S')-2-(cyanomcthy] )-4-(2.7-dichloro-8-:fluoro-pyrido[4,3- 

J]pyrimidin-4-yl)pipcraxine-l -carboxyl ate (460 mg, 968 pmol, 49% yield, 100% purity) as a 

yellow solid. LCMS [ESI, M+l]: 475.

[0588] Step B: To a solution of benzyl (2,S}-2-(cyanomethyl)-4-(2,7-dichloro-8-fluoro -pyrido[4,3- 

J]pyrimidin-4-yl)piperazine-l-carboxylate (420 mg, 884 pmol, 1 eq) and DIEA (343 mg, 2.65 

mmol, 462 pL, 3 eq) in dioxane (8 mL) was added [(2S)-l-methylpyrrolidin-2-yl]methanol (509 

mg, 4.42 mmol, 525 pL, 5 eq). The reaction mixture was stirred at 80 °C for 1 hour. Upon 

completion, the mixture was diluted with water (10 mL) and extracted with EtOAc (2 χ 40 mL). 

The organic layers were dried over Na2S04 and concentrated under vacuum. The residue was 

purified by reversed phase flash [water (0.1% formic acid/acetonitrile]. The desired fractions were 

collected and neutralized with solid NaHC03, concentrated under vacuum to remove MeCN and 

extracted with EtOAc (2 χ 40 mL). The organic layers were dried over Na2S04 and concentrated 

under vacuum to give benzyl (2S)-4-[7-chloro-8-fluoro-2-[[(2S)-l-methylpynOlidin-2- 

yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (420 mg, 682 

pmol, 77% yield, 90% purity) as a yellow solid.

[0589] 1H NMR (400 MHz, chloroform-d) δ = 8.79 (s, 1H), 7.48 - 7.32 (m, 511), 5.20 (s, 2H), 4.72 - 

4.62 (m, III), 4.55 (dd, J = 4.8, 10.8 Hz, 1H), 4.38 (dd, J- 5.6, 10.8 Hz, 2H), 4.30 (br d, J= 12.0 

Hz, 1H), 4.25 -4.11 (m, 1H), 3.97 (br s, 1H), 3.75 - 3.51 (m, 2H),3.11 (br t, J= 7.6 Hz, 1H),2.86 

(br s, 1H), 2.75 - 2.64 (m, 211), 2.49 (s, 311), 2.35 - 2.24 (m, 1H), 2.10 - 1.97 (m, 1H), 1.92 - 1.78 

(m, 3H).

[0590] Step C: To a solution of benzyl (2S)-4-[7-chloro-8-fluoro-2-[[(2N)-l -methyl pyrrolidin-2- 

yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (230 mg, 415 

pmol, 1 eq) and 1-naphthylboronic acid (143 mg, 830 pmol, 2 eq) in dioxane (4 mL) and ILO (0.8
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mL) was added CS2CO3 (271 mg, 830 μιηοΐ, 2 eq), Pd(dppf)Cl2 (30.4 mg, 41.5 pmol, 0.1 eq). The 

mixture was de-gassed and then heated to 90 °C for 2.5 hours under N2. Upon completion, the 

mixture was concentrated under vacuum. The residue was purified by reversed phase flash [water 

(0.1% formic acid/acetonitrile]. The desired fractions were collected and neutralized with solid 

NaHCCb, concentrated under vacuum to remove MeCN and extracted with EtOAc (2 x 20 mL). 

The organic layers were dried over Na2S04 and concentrated under vacuum to give benzyl (25)-2- 

(cyanomethyl)-4-[8-fluoro-2-[[(2S)-l- methylpyrrolidin-2-yl]methoxy]-7-(l-naphthyl)pyrido[4,3- 

</]pyrimidin-4-yl]piperazine- l -carboxvlate (210 mg, 299 pmol, 72% yield, 92% purity) as a yellow 

solid.

[0591] 1H NMR (400 MHz, chloroform-d) δ = 9.15 (s, 1H), 8.00 (d, J= 8.0 Hz, 1H), 7.95 (d, J =

7.6 Hz, 1H), 7.80 (br d, J= 8.4 Hz, 1H), 7.71 - 7.67 (m, 1H), 7.64 - 7.58 (m, 1H), 7.55 - 7.47 (m, 

2H), 7.43 - 7.37 (m, 5H), 5.22 (s, 2H), 4.71 (br s, 1H), 4.61 (dd, J= 4.8, 10.8 Hz, 1H), 4.50 - 4.35 

(m, 3H), 4.33 - 4.09 (m, 1H),3.94 (br s, 1H), 3.72 (dt, J= 3.7, 11.7 Hz, 1H), 3.59 (br s, 1H), 3.18- 

3.07 (m, 1H), 2.87 (br s, 1H), 2.75 (br dd,J=6.0, 17.2 Hz, 2H), 2.51 (s, 3H), 2.35 - 2.26 (m, 1H), 

2.11 - 2.01 (m, 1H), 1.94 - 1.79 (m, 3H).

[0592] Step D: To a solution of benzyl (25)-2-(cyanomethyl)-4-[8-fluoro-2- [[(2S)-1- 

methylpyrrolidin-2-yl]methoxy]-7-(l-naphthyl)pyrido[4,3-J]pyrimidin-4-yl]piperazine-l- 

carboxylate (90 mg, 139 pmol, 1 eq) in MeOH (1 mL) was added NHs'MeOH (1 mL, 20% purity), 

Pd/C (45 mg, 10% purity) under N2. The suspension was degassed under vacuum and purged with 

H2 several times. The mixture was stirred under H2 (15 psi) at 25 °C for 1 hour. Upon completion, 

the catalyst was removed by filtering through a plug of celite. The solvent was removed under 

reduced pressure to give 2-[(2S)-4-[8-fluoro-2-[[(2S)-l-methylpyrrolidin -2-yl]methoxy]-7-(l- 

naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (80 mg, 78.2 pmol, 50% purity) 

as a yellow solid. Taking 40 mg of impure product was purified by prep-HPLC (column: Xtimate 

CIS 150*25mm*5pm; mobile phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 36%- 

66%, lmin). The desired fractions were collected and lyophilized to give 2-[(25)-4-[8-fluoro-2- 

[[(25)-1-methylpyrrolidin-2-yljmethoxy]-7-(l- naphthyl)pyrido[4,3-J]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (17.8 mg, 34.6 pmol, 88 % yield, 99.5% purity) as a white solid.

[0593] 1H NMR (400 MHz, chloroform-d) δ = 9.12 (s, 111),7.99 (d, J= 8.4 Hz, 1H), 7.95 (d,J =

8.0 Hz, 1H), 7.81 (br d, J= 8.0 Hz, 1H), 7.71 - 7.67 (m, 1H), 7.64 - 7.58 (m, III), 7.56 - 7.50 (m,
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1 H), 7.50-7.45 (m, 111),4.60 (dd, J= 4.4, 10.8 Hz, 111), 4.56 (br d, J = 12.8 Hz, 1H), 4.47 - 4.37 

(m, 2H), 3.57 (ddd,./=3.2, 10.8, 13.2 Hz, 1H), 3.40 - 3.31 (m, 111), 3.27 - 3.18 (m, 2H), 3.16- 

3.06 (m, 2H), 2.77 - 2.68 (m, 1H), 2.68 - 2.53 (m, 2H), 2.50 (s, 3H), 2.29 (dt, J = 7.2, 9.2 Hz, 1H), 

2.10 - 2.04 (m, 1H), 1.93 - 1.81 (m, 3H). LCMS [ESI, M+l]: 512.

[0594] Example 7: To a solution of 2-[(2S)-4-[8-fhioro-2-[[(2S)-l-methylpyrroIidin-2- yI jmethoxy]-

7-(1-naphthyI)pyrido [4,3-</Jpyrimidin-4-yl]piperazin-2-yl]acetonitrile (50 mg, 97.7 pmol, 1 eq) 

and DIEA (37.9 mg, 293 μιηοΐ, 51.1 pL, 3 eq) in DCM (1 mL) was added prop-2-enoyl chloride 

(13.3 mg, 147 pmol, 12.0 pL, 1.5 eq) dropwise at - 40 0C. The mixture was stirred at -40 °C for 10 

minutes. Upon completion, the mixture was quenched with saturated aqueous sodium bicarbonate 

(0.5 mL) and layers were separated. The aqueous phase was extracted with DCM (3 mL). 

Combined organic layers were dried over NaiSCb, filtered and concentrated under vacuum. The 

residue was purified by prep-HPLC (column: Xtimate Cl 8 150*25mnr:5urn; mobile phase: [water 

(0.05% ammonia hydroxide v/v)-ACN]; B%: 40%-70%, lmin). The desired fractions were 

collected and lyophilized to give 2-[(26)-4-|8-iiuoro-2-||(2>S')- i -methyipyrrolidin-2-yi]methoxy |-7- 

{1 -naphthyl)pyrido[4,3-</]pyrimidm-4-yl]-l-prop-2-enoy]-piperazin-2-y I Jacetonitrilc (21.5 mg,

36.2 pmol, 37% yield, 95.2% purity) as a white solid.

[0595] 1H NMR (400 MHz, chloroform-d) δ - 9.17 (s, 1H), 8.00 (d, J= 8.0 Hz, 1H), 7.95 (d, J =

7.6 Hz, 1H), 7.80 (br d, J= 8.4 Hz, 1H), 7.72 - 7.66 (m, 1H), 7.65 - 7.58 (m, 1H), 7.56 - 7.44 (m, 

2H), 6.67 - 6.49 (m, 1H), 6.48 - 6.36 (m, 1H), 5.92 - 5.80 (m, 1H), 5.00 (br s, 1H), 4.61 (dd,./ =

4.8, 10.8 Hz, 1H), 4.54 - 4.38 (m, 311), 4.04 (br s, 211), 3.91 - 3.54 (m, 2H), 3.19 - 3.07 (m, 1H), 

3.02 - 2.89 (m, 1H), 2.87 - 2.66 (m, 2H), 2.51 (s, 3H), 2.30 (dt,./= 7.2, 9.2 Hz, 1H), 2.16 - 2.02 (m, 

1H), 1.95 - 1.76 (m, 3H). LCMS [ESI, M+l]: 566.

EXAMPLE 8
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2-[(25)-4-[8-nuoiO-2-[[(2tS)-l-methylpyrrolidin-2-yl]methoxy]-7-(l-naphthyl)pyrido[4,3 - 

T]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

N' ^

T3P, TEA, EA
0-25 °C, 0.5 h

Example 8

[0596] Example 8: To a solution of 2-[(2S)-4-[8-fhioro-2-[[(2iS)-l-methylpyrrolidin-2-yl] methoxy]- 

7-(l-naphthyl)pyrido[4,3-T]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (50 mg, 97.7 pmol, 1 eq), 

T3P (187 mg, 293 pmol, 174 pL, 50% purity in EtOAc, 3 eq) and TEA (79.1 mg, 782 pmol, 109 

pL, 8 eq) in EtOAc (1 mL) was added 2-fluoroprop-2-enoic acid (17.6 mg, 195 pmol, 2 eq) at 0 

°C. The mixture was stirred at 25 °C for 0.5 hour. Upon completion, the mixture was diluted with 

water (2 mL) and extracted with EtOAc (3x5 mL). The organic layers were dried over Na2S04 

and concentrated under vacuum. The residue was purified by prep-IIPLC (column: Waters Xbridge 

150*25 5p;mobile phase: [water (0.05% ammonia hydroxide v/v)-ACNj; B%: 35%-65%, lOmin). 

The desired fractions were collected and lyophilized to give 2-[(2X)-4-[8-fluoro-2-[[(2S,)-l- 

methylpyrrolidin-2-yl]methoxy]-7-(l- naph thyl)pyrido[4,3-T]pyrimidin-4-yl]-l -(2-fluoroprop-2- 

enoyl)piperazin-2-yl]acetonitrile (10.0 mg, 16.8 pmol, 17% yield, 97.7% purity) as a off-white 

solid.

[0597] 1H NMR (400 MHz, chloroform-d) δ = 9.17 (s, 1H), 8.00 (d, T= 8.0 Hz, 1H), 7.95 (d, T =

7.6 Hz, 1H), 7.80 (br d, T= 8.0 Hz, HI), 7.72 - 7.66 (m, 1 H), 7.64 - 7.58 (m, 1H), 7.56-7.51 (m, 

1H), 7.50 - 7.44 (m, 1H), 5.57 - 5.39 (m, 1H), 5.29 (dd, T= 4.4, 16.8 Hz, 1H), 4.87 (br s, 1H), 4.61 

(dd,T= 4.8, 10.8 Hz, 1H), 4.54 - 4.40 (m, 3H), 4.34 - 4.13 (m, 1H), 4.04 (br s, 1H), 3.78 (br s, 2H), 

3.17-3.08 (m, 1H), 3.07 - 2.97 (m, 1H), 2.92 - 2.79 (m, 1H), 2.79 - 2.65 (m, 1 H), 2.51 (s, 3H),

2.36 - 2.24 (m, 1H), 2.14 - 1.99 (m, 1H), 1.96 - 1.76 (m, 3H). LCMS [ESI, M+lj: 584.

EXAMPLE 9
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l-[3-[8-fluoro-7-(3-hydroxy-l-naphthyl)-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-

ri]pyrimidin-4-yl]-3,8-diazabicyclo[3.2.1]octan-8-yl]prop-2-en-l-one

Pd(PPh3)4. Cs2CO3DIEA1 dioxane TFA1 DCM
N ^

Dioxane, HjO 

90 0C1 6 h 
60%

80 0C1 1 h 25 0C1 1 h
.'"'PL

DIEA1 DCM 
-40 X1 0.33 h 
two steps 15%

Example 9

[0598] Step A: To a solution of /<?r/-butyl 3-(2,7-dichloro-8-fluoro-pyrido[4,3-<i] pyrimidin-4-yl)- 

3,8-diazabicyclo[3.2.1]octane-8-carboxylate (400 mg, 934 pmol, 1 eq) and DTEA (362 mg, 2.80 

mmol, 488 pL, 3 eq) in dioxane (8 mL) was added [(25)-1-methyl pyrrolidin-2-yl]methanol (538 

mg, 4.67 mmol, 554 μΐ^, 5 eq). The reaction mixture was stirred at 80 °C for 1 hour. Upon 

completion, the mixture was diluted with water (10 mL) and extracted with EtOAc (2 χ 40 mL). 

The organic layers were dried over Na2S04 and concentrated under vacuum. The residue was 

purified by silica gel chromatography (Petroleum ether/Ethyl acetate 3/1 to Ethyl acetate /Methanol 

5/1) to give /<?r/-butyl 3-[7-chloro-8-fluoro-2-[[(2.S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

ri]pyrimidin-4-yl]-3,8-diazabicyclo[3.2.1]octane-8-carboxylate (440 mg, 781 μπιοί, 84% yield,

90% purity) as a yellow solid.

[0599] 1H NMR (400 MHz, chloroform-d) δ = 8.73 (s, 1 H), 4.55 (dd,J=4.8, 10.8 Hz, 1H),4.48 (br
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dd, J = 7.2, 11.6 Hz, 2H), 4.35 (br dd, J = 6.4, 10.8 Hz, 3H), 3.77 - 3.56 (m, 2H), 3.16 (br t, J= 7.2 

Hz, 1 H), 2.77 (td, J= 6.4, 13.2 Hz, 1 H), 2.52 (s, 3H), 2.39 - 2.29 (m, HI), 1.95 - 1.74 (m, 6H),

1.73 - 1.65 (m, 2H), 1.52 (s, 911).

[0600] Step B: To a solution of /er/-butyl 3-[7-chloro-8-fhioro-2-[[(2S)-l-methyl pyrrolidin-2- 

yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]-3,8-diazabicyclo[3.2.1]octane-8-carboxylate (420 mg, 

828 pmol, 1 eq) and 4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl) naphthalene-2-ol (403 mg, 

1.49 mmol, 1.8 eq) in dioxane (12 mL) and H2O (3 mL) was added CS2CO3 (540 mg, 1.66 mmol, 2 

eq), Pd(PPh3)4 (95.7 mg, 82.8 pmol, 0.1 eq). The mixture was de-gassed and then heated to 90 °C 

for 6 hours under N2. Upon completion, the mixture was diluted with water (10 mL) and extracted 

with EtOAc (2 x 40 mL). The organic layers were dried over Na2S04 and concentrated under 

vacuum. The residue was purified by reversed phase flash [water (0.1% formic acid/acetonitrile]. 

The desired fractions were collected and neutralized with solid NaHC03, concentrated under 

vacuum to remove MeCN and extracted with EtOAc (2 x 40 mL). The organic layers were dried 

over Na2S04 and concentrated under vacuum to give tert-butyl 3-[8-fluoro-7-(3-hydroxy-l- 

naphthyl)-2-[[(2S)-l-methy]pyrrolidin- 2-yl]methoxy]pyrido[4,3-i7]pyrimidin-4-yl]-3,8- 

diazabicyclo[3.2.1]octane-8-carboxylate (340 mg, 498 pmol, 60% yield, 90% purity) as a yellow 

solid.

[0601] 1H NMR (400 MHz, chloroform-d) δ = 8.95 (s, 1H), 7.67 - 7.58 (m, 2H), 7.36 (t, J= 7.6 Hz, 

1H), 7.27 - 7.17 (m, 3H), 4.57 (dd, J= 5.2, 10.8 Hz, 1H), 4.51 - 4.41 (m, 2H), 4.41 - 4.20 (m, 3H), 

3.59 (br s, 2H), 3.17 (br t, J= 7.6 Hz, 1H), 2.86 - 2.74 (m, 1H), 2.56 (s, 3H), 2.40 - 2.34 (m, III), 

1.97 - 1.74 (m, 6H), 1.62 (br d, J= 7.6 Hz, 2H), 1.52 (s, 9H).

[0602] Step C: To a solution of /er/-butyl 3-[8-fluoro-7-(3-hydroxy-l-naphthyl)-2- [[(25)-1- 

methylpyrrolidin-2-ylJmethoxy]pyrido[4,3-i/]pyrimidin-4-yl]-3,8-diazabicyclo[3.2.1]octane-8- 

carboxylate (100 mg, 163 pmol, 1 eq) in DCM (0.1 mL) was added TFA (278 mg, 2.44 mmol, 181 

pL, 15 eq). The mixture was stirred at 25 0C for 1 hour. Upon completion, the mixture was 

concentrated under vacuum to give 4-[4-(3,8-diazabicyclo[3.2.1]octan-3-yl) -8-fluoro-2-[[(25)-l- 

methylpyiTolidin-2-yl]methoxy]pyrido[4,3-r/]pyrimidin-7-yl]naphthalen-2-ol (100 mg, 90% purity, 

TFA) as a yellow oil. 4-[4-(3,8-diazabicyclo[3.2.1]octan-3-yl)-8- fluoro-2-[[(25)-l- 

methylpyrrolidin-2-yl]mcthoxy]pyrido[4,3-if]pyrimidin-7-yl]naphthalen-2-ol (60 mg, TFA) was 

used directly in the next step without further puri fication. The rest of the TFA salt was diluted with
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DCM (1 mL) and neutralized with saturated NaHCCh solution. The separated aqueous layer was 

extracted with DCM (6x2 mL). Combined organic layers were dried over Na2SC>4 and 

concentrated under vacuum to give 20 mg of impure product. The impure product was purified by 

prep-HPLC (column: Xtimate Cl 8 150*25mm*5pm; mobile phase: [water (0.05% ammonia 

hydroxide v/v)-ACN]; B%: 22%-52%, lmin). The desired fractions were collected and lyophilized 

to give 4-[4-(3,8- diazabicyclo[3.2.1]octan-3-yl)-8- fluoro-2-[[(2iS)-l-methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-J]pyrimidin-7-yl]naphthalen-2-ol (7.92 mg, 99.4% purity) as a yellow 

solid.

[0603] 1H NMR (400 MHz, chloroform-d) δ = 9.00 (s, 1H), 7.65 (t, J= 8.0 Hz, 2H), 7.38 (t, J = 7.6 

Hz, 1H), 7.30 (d, J= 2.4 Hz, 1H), 7.26- 7.20 (m, 2H), 4.56 (dd, J= 5.2, 10.8 Hz, 1H), 4.48 (br d, J 

= 12.0 Hz, 2H), 4.35 (dd, J= 6.0, 10.8 Hz, 1 H), 3.62 - 3.48 (m, 4H), 3.14 (br t, J= 8.0 Hz, 1H), 

2.82 - 2.72 (m, 1H), 2.53 (s, 3H), 2.39 - 2.27 (m, 1H), 2.12 - 1.82 (m, 8H). LCMS [ESI, M+l]:

515.

106041 Examnle 9: To a solution of 4-[4-(3,8-diazabicyclo[3.2.1]octan-3-yr)-8-fluoro-2-[[(2iS')-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin-7-yl]naphthalen-2-ol (60 mg, 95.5 pmol, 1 

eq, TFA) and DIEA (493 mg, 3.82 mmol, 665 pL, 40 eq) in DCM (1.5 mL) was added prop-2- 

enoyl prop-2-enoate (9.63 mg, 76.4 pmol, 0.8 eq) dropwise at - 40 °C. The mixture was stirred at - 

40 °C for 10 minutes. Then prop-2-enoyl prop-2-enoate (5 mg) was added. The mixture was stirred 

at -40 °C for another 10 minutes. Upon completion, the mixture was quenched with MeOH (0.1 

mL), added water (2 mL) and layers were separated. The aqueous phase was extracted with EtOAc 

(5 mL). Combined organic layers were dried over Na2S04, filtered and concentrated under 

vacuum. The residue was purified by chromatography (AI2O3, Ethyl acetate/Methanol 15/1 to 5/1) 

followed by prep-HPLC (column: Xtimate Cl8 150*25mm*5pm; mobile phase: [water (0.05% 

ammonia hydroxide v/v)-ACN|; B%: 22%-52%, lmin). The desired fractions were collected and 

lyophilized to give l-[3-[8-fluoro-7-(3-hydroxy-l-naphthyl)-2-[[(25)-l-methylpyrrolidin -2- 

yi]methoxy]pyrido[4,3-J]pyrimidin-4-yl]-3,8-diazabicyclo[3.2.1]octan-8-yl]prop-2-en-l-one (10.4 

mg, 17.8 pmol, two steps 15% yield, 97.0% purity) as a white solid.

[0605] 1H NMR (400 MHz, chloroform-d) δ = 8.92 (br s, 1H), 7.68 (d, J= 8.4 Hz, 1H), 7.61 (br d, 

J= 8.4 Hz, 1H), 7.38 (t, J= 7.6 Hz, 1H), 7.29 (s, 1H), 7.26 - 7.20 (m, 2H), 6.46 (br d, J= 4.8 Hz, 

2H), 5.79 (t, J= 6.0 Hz, 1H), 4.84 (br s, 1H), 4.57 (br dd, J= 5.2, 10.8 PIz, 2LI), 4.47 (br s, 1H),
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4.39 (dd, J= 5.6, 10.8 Hz, 1H), 4.28 (br s, 1H), 3.69 (br s, 1H), 3.50 - 3.35 (m, 1H),3.18 (brt,.7 =

7.6 Hz, 1H), 2.87 - 2.75 (m, 1H), 2.56 (s, 311), 2.42 - 2.32 (m, 1H), 2.17 - 1.91 (m, 8H). LCMS 

[ESI, M+l]: 569.

EXAMPLE 10

/'4¾

2-[(25)-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-

J]pyrimidin-4-yl]-l-prop-2-enoyl-piperazin-2-yl]acetonitrile

Pd(PPh3)4, Cs2CO3 Pd/C, H:
NH3-MeOH, 
25 0C1 2 hrs 

9%

dioxane/H20, 
105 °C, 6 hrs

43%

/".m

DlEA1 DCM 
-40 °C, 10 min

17%
Example 10

[0606] Step A: To a solution of benzyl (25)-4-[7-chloro-8-fluoro-2-[[(2S")-l-methyl pyrrolidin-2- 

yl]methoxy]pyrido[4,3-J|pyrimidin-4-ylJ-2-(cyanomethyl)piperazine-i-carboxylate (70 mg, 126 

pmol, 1.0 eq) and 4,4,5,5-tetramethyl-2-(8-methyl-l-naphthyl)-l,3,2-di oxaborolane (50.8 mg, 190 

pmol, 1.5 eq) in dioxane (1.5 mL) and H2O (0.3 mL) was added CS2CO3 (82.3 mg, 253 μηιοί, 2.0 

eq), Pd(PPh3)4 (14.6 mg, 12.6 pmol, 0.1 eq). The mixture was de-gassed and then heated to 105 0C 

for 6 hours under N2. Upon completion, the mixture was concentrated under vacuum, diluted with 

water (4 mL) and extracted with EtOAc (2x10 mL). The organic layers were dried over Na2S04
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and concentrated under vacuum. The residue was purified by reversed phase flash [water (0.1% 

formic acid/acetonitrile]. The desired fractions were collected and neutralized with solid NaHCCfi, 

concentrated under vacuum to remove MeCN and extracted with EtOAc (2 x 10 mL). The organic 

layers were dried over Na2S04 and concentrated under vacuum to give benzyl (25)-2- 

(cyanomethyl)-4-[8-fluoro-7-(8-methyl -1 -naphthyl)-2-[[(2S)-l-methylpyrrolidin-2- 

yI]methoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazine-l-carboxylate (40 mg, 54.6 pmol, 43% yield, 

90% purity) as a yellow solid. LCMS [ESI, M+1J: 660.

[0607] Step B: To a solution of benzyl (2S)-2-(cyanomethyl)-4-[8-fluoro-7- (8-methyl-l-naphthyl)- 

2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazine-l-carboxylate 

(90 mg, 136 pmol, 1 eq) in MeOH (1.0 mL) was added NH3*MeOH (1.5 mL, 20% purity), Pd/C 

(45 mg, 10% purity) under N2. The suspension was degassed under vacuum and purged with H2 

several times. The mixture was stirred under PL (15 psi) at 25 °C for 2 hours. Upon completion, the 

catalyst was removed by filtering through a plug of Celite®. The solvent was removed under 

reduced pressure to give 60 mg of impure product. Taking 20 mg of the residue was purified by 

prep-HPLC (column: Xtimate Cl8 150*25mm*5pm; mobile phase: [water (0.05% ammonia 

hydroxide v/v)-ACN]; B%: 46%-76%, lOmin). The desired fractions were collected, concentrated 

under vacuum to remove MeCN and extracted with DCM (2 x 5 mL). The organic layers were 

dried over Na2SC>4 and concentrated under vacuum. The crude product was purified by prep-HPLC 

(column: Phenomenex Iuna Cl8 150*25 10μ; mobile phase: [water (0.225% formic acid)-ACN]; 

B%: 10%-40%, 7.8min). The desired fractions were collected and neutralized with solid NaHCCfi, 

concentrated under vacuum to remove MeCN and extracted with DCM (2*10 mL). The organic 

layers were dried over Na2SC>4 and concentrated under vacuum to give 2-[(25)-4-[8-fluoro-7-(8- 

methyl-l-naphthyl)-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin-4- 

yl]piperazin-2-yl]acetonitrile (2.07 mg, 3.92 pmol, 9% yield, 99.5% purity) as a white solid.

[0608] 1H NMR (400MHz, chloroform-d) δ = 9.02 (s, 1H), 7.98 (dd, ./=1.2, 8.4 Hz, 1H), 7.82 (d,

J= 8.0 Hz, 1H), 7.57 - 7.51 (m, 1H), 7.45 (d, J=6.8 Hz, 1H), 7.41 (t, J=I.6 Hz, 1H), 7.29 (br d,

J=I.2 Hz, 1H), 4.64 - 4.49 (m, 2LI), 4.47 - 4.33 (m, 2H), 3.64 - 3.48 (m, 1H), 3.40 - 3.30 (m, 1H), 

3.28 - 3.18 (m, 2H), 3.17 - 3.05 (m, 2H), 2.79 - 2.68 (m, 1H), 2.68 - 2.53 (m, 2H), 2.50 (d, J=1.6 

Hz, 3H), 2.35 - 2.26 (m, HI), 2.12 - 2.05 (m, 4H), 1.86 - 1.76 (m, 3H). LCMS [ESI, M+l]: 526.

[0609] Example 10: To a solution of 2-[(2S)-4-[8-fluoro-7-(8-rnethyl-l-naphthyl)-2- [[(25)-1-
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methylpyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (40 mg, 

76.1 μηιοί, 1.0 eq) and DIEA (29.5 mg, 228 pmol, 39.8 pL, 3.0 eq) in DCM (1.0 mL) was added 

prop-2-enoyl chloride (10.3 mg, 114 μηιοί, 9.31 pL, 1.5 eq) dropwise at - 40 °C. The mixture was 

stirred at -40 °C for 10 minutes. Upon completion, the mixture was quenched with saturated 

aqueous sodium bicarbonate (0.5 mL) and layers were separated. The aqueous phase was extracted 

with DCM (5x3 mL). Combined organic layers were dried over Na2SC>4, filtered and concentrated 

under vacuum. The residue was purified by prep-TIPLC (column: Waters Xbridge 150*25 5μ; 

mobile phase: [water (IOmM NH4HCC>3)-ACN]; B%: 35%-65%, IOmin). The desired fractions 

were collected and lyophilized to give 2-[(25)-4-[8- fluoro-7-(8-methyl-l-naphthyl)-2-[[(2*S)-l- 

mcthylpyrrolidin-2-yl]methoxyjpyrido[4,3-c/|pyrimidin-4-yl]-l -prop-2-enoyl-piperazin-2- 

yl]acetonitrile (7.41 mg, 12.6 μηιοί, 17% yield, 98.6% purity) as a white solid.

[0610] 1H NMR (400MHz, chloroform-d) δ = 9.09 (d, ./=2.4 Hz, 1H), 7.99 (dd, J=1.2, 8.4 Hz, 1H), 

7.82 (d, J=8.0 Hz, 1H), 7.54 (dt, J= 3.6, 7.6 Hz, 1H), 7.48 - 7.39 (m, 2H), 7.30 (br d, J=4.4 Hz, 1H), 

6.66- 6.50 (m, 1H), 6.48 - 6.36 (m, 1H), 5.86 (brd,J=10.4 Hz, 1H), 5.02 (br s, 1H), 4.65-4.57 

(m, 1H), 4.55 - 4.38 (m, 3H), 4.29 - 3.56 (m, 4H), 3.19 - 3.08 (m, 1H), 3.06 - 2.91 (m, 1H), 2.87 - 

2.66 (m, 2H), 2.52 (d, J= 1.6 Hz, 3H), 2.38 - 2.25 (m, 1H), 2.10 - 2.02 (m, 4H), 1.94 - 1.78 (m, 3H). 

LCMS [ESI, M+l]: 580.

EXAMPLE 11

o.
F

N ^

2-[(2S)-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[[(2S)-l-methylpynOlidin-2-yl]methoxy]pyrido[4,3-

d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile
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T3P, TEA, EA

4A molecular sieve, 
O- 25 0C1 1 h 

22%

[0611] Example 11: To a solution of 2-[(25)-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2- [[(25^-1 - 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (80 mg,

152 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (27.4 mg, 304 pmol, 2.0 eq) in ethyl acetate (1.6 mL) 

was added 4A molecular sieve (40 mg). After stirring at 25 °C for 0.5 hour, T3P (291 mg, 457 

pmol, 272 pL, 50% purity in ethyl acetate, 3.0 eq) and TEA (123 mg, 1.22 mmol, 169 μΕ, 8.0 eq) 

was added at 0 °C. The mixture was stirred at 25 °C for 0.5 hour. Upon completion, the mixture 

was diluted with water (2 mL) and extracted with ethyl acetate (4><5 mL). The organic layers were 

dried over Na2SC>4 and concentrated under vacuum. The residue was purified by chromatography 

(ΛΙ2Ο3, petroleum ether/ethyl acetate 10/1 to ethyl acetate/methanol 10/1) followed by prep-HPLC 

(column: Waters Xbridge 150*25 5μ; mobile phase: [water (0.05% ammonia hydroxide v/v)- 

ACN]; B%: 42%-72%, IOmin). The desired fractions were collected and lyophilized to give 2- 

[(2S)-4-[8-fhioro-7-(8-methyl-l- naphthyl)-2-[[(2S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (20.1 mg, 33.2 pmol, 22% 

yield, 98.5% purity) as a white solid.

[0612] 1H NMR (400 MHz, chloroform-d) 5 = 9.08 (d, J = 2.0 Hz, 1H), 8.02 - 7.96 (m, 1H), 7.82 

(d, J= 8.0 Hz, III), 7.58 - 7.50 (m, 1H), 7.49 - 7.38 (m, 2H), 7.32 - 7.28 (m, 1H), 5.58 - 5.37 (m, 

1H), 5.34 - 5.23 (m, 1H), 4.98 - 4.71 (m, 1H), 4.65 - 4.56 (m, 1H), 4.55 - 4.35 (m, 3H), 4.34 - 3.91 

(m, 211), 3.90 - 3.56 (m, 211), 3.16 - 3.08 (m, 1H), 3.07 - 2.95 (m, 1H), 2.91 - 2.79 (m, 1H), 2.78 - 

2.67 (m, HI), 2.54 - 2.47 (m, 3LI), 2.36 - 2.26 (m, 1H), 2.13 - 2.00 (m, 4H), 1.93 - 1.73 (m, 3H). 

LCMS [ESI, M+l]: 598.

EXAMPLE 12
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F

2-[(25)-l-[(77)-4-fluorobut-2-enoyl]-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[[(25)-l-

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-<7]pyrimidin-4-yl]piperazin-2-yl]acetonitrile

NC

Ό ''/S)
T3P, TEA, EtOAc, 

4A molecular sieve, 
-60-25 °C, 1.5 h

A

Example 12

[0613] Example 12: To a solution of 2-[(25)-4-[8-fhioro-7-(8-methyl-l-naphthyl)-2- [[(25)-1- 

methy lpyrrol idin-2-y I |mcthoxy]pyrido [4,3-i/|pyrimidin-4-yl]piperazin-2-y IJacetonitri Ic (80 mg, 

152 pmol, 1.0 eq), (77)-4-fluorobut-2-enoic acid (31.7 mg, 304 pmol, 2.0 eq) in ethyl acetate (1.6 

mL) was added 4A molecular sieve (40 mg). After stirring at 25 °C for 0.5 hour, TEA (123 mg,

1.22 mmol, 169 μΤ, 8.0 eq) and T3P (291 mg, 457 pmol, 272 pL, 50% purity in ethyl acetate, 3.0 

eq) were added at -60 °C. The mixture was stirred at -60 °C for 0.5 hour. Then (77)-4-fluorobut-2- 

enoic acid (31.7 mg, 304 pmol, 2.0 eq), T3P (291 mg, 457pmol, 272uL, 50% purity in ethyl 

acetate, 3.0 eq), TEA (123 mg, 1.22 mmol, 169uL, 8.0 eq) w'ere added at -60 °C. The mixture was 

stiiTcd at -60 °C for 0.5 hour. Upon completion, the mixture was diluted with water (3 mL) and 

extracted with ethyl acetate (4><5 mL). The organic layers were dried over Na2SC>4 and 

concentrated under vacuum. The residue was purified by chromatography (AI2O3, petroleum 

ether/ethyl acetate 10/1 to ethyl acetate/methanol 10/1) followed by prep-HPLC (column: Xtimate 

Cl 8 150*25mm*5um; mobile phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 43%- 

73%, lOmin). The desired fractions were collected and lyophilized to give 2-[(25)-l-[(/7)-4- 

fluorobut-2-enoyl]-4-[8-fluoro-7-(8-methyl-l - naphthyl)-2-[[(25)-l-methylpyrrolidin-2-
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yl]methoxy]pyrido[4,3-i/|pyrimidin-4-yl]piperazin-2-yl]acetonitrile (32.5 mg, 53.0 pmol, 35% 

yield, 99.8% purity) as a white solid.

[0614] 1H NMR (400 MHz, chloroform-d) δ = 9.09 (d, J = 2.8 Hz, 1H), 7.99 (dd, J= 1.2, 8.4 Hz, 

1H), 7.82 (d, J= 8.0 Hz, 1H), 7.54 (dt, J= 3.6, 7.6 Hz, 1H), 7.49 - 7.38 (m, 2H), 7.33 - 7.27 (m,
1 T T\in), l .1 l 6.95 (rn, 1H), 6.65 - 6.52 (m, 1H), 5.30 - 4.85 (m, 3H), 4.65 - 4.56 (m, 1H), 4.55 - 4.36

(m, 3H), 4.26 - 3.25 (m, 4H), 3.18 - 3.07 (m, 1H), 3.05 - 2.91 (m, 1H), 2.89 - 2.65 (m, 2H), 2.55 -

2.45 (m, 3H), 2.36 - 2.25 (m, 1H), 2.12 - 2.00 (m, 4H), 1.94 - 1.77 (m, 3H). LCMS [ESI, M+l]: 

612.

EXAMPLE 13

/',.ψΐ

2-((6)-4-(2-(((6)-4,4-difluoro-l-methylpyrrolidin-2-yl)methoxy)-8-fluoro-7-(8-methy lnaphthal en-1-

yl)pyrido[4,3-i/]pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

Pd(PPh3)4, Cs2CO3DIEA, dioxane

90 °C, 12 hrs dioxane/H20, 
100 °C, 6 hrs 

69%

Pd/C, H-

NH3-MeOH 
25 °C, 1 hr 

25%
/'"/S

T3P, TEA, EA,
0 "C, 0.5 hr

Example 13
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[0615] Step A: To a solution of [(25)-4,■4-difluoro-l-methyl-pyrrolidin-2-yl] methanol (954 mg,

6.31 mmol, 3.0 eq) in dioxane (10 mL) was added DIEA (816 mg, 6.31 mmol, 1.1 mL, 3.0 eq) and 

benzyl (2S)-2-(cyanomethyl)-4-(2,7-dichloro-8- fluoro-pyrido[4,3-<f]pyrimidin-4-yl)piperazine-l- 

carboxylate (1 g, 2.10 mmol, 1.0 eq). The mixture was stirred at 90 °C for 12 hours. The reaction 

mixture was diluted with water (30 mL) and extracted with ethyl acetate (3 x 50 mL). The 

combined organic layers were washed with brine (20 mL), dried over NaiSCL, filtered and 

concentrated under reduced pressure. The residue was purified by reversed phase flash [water 

(0.1% formic acid)/acetonitrile)]. The mixture was adjusted pH ~ 7 with saturated NaHCCb 

aqueous solution and extracted with ethyl acetate (3 χ 20 mL). The combined organic layers were 

washed with brine (20 mL), dried over Na2SC>4, filtered and concentrated under reduced pressure to 

give the product, benzyl (2S)-4-[7-chloro-2-[[(2iS)-4,4-difluoro-l-methyl-pyrrolidin-2-yl]methoxy]-

8-fluoro-pyrido[4,3-J]pyrimidm-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (550 mg, 848 

pmol, 40% yield, 91% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 590.

[0616] 1H NMR (400MIIz, chloroform-d) δ = 8.82 (s, 1H), 7.45 - 7.32 (m, 5H), 5.20 (s, 2H), 4.73 - 

4.58 (m, 2H), 4.56 - 4.48 (m, 1H), 4.45 - 4.27 (m, 211), 4.25 - 4.11 (m, 1H), 4.00 (br s, 1H), 3.78 - 

3.52 (m, 2H), 3.44 (dt, J-5.6, 11.6 Hz, III), 3.07 - 2.97 (m, 1H), 2.96 - 2.62 (m, 3H), 2.59 - 2.44 

(m, 4H), 2.39 - 2.24 (m, III).

[0617] Step B: A mixture of benzyl (2N)-4-[7-chloro-2-[[(2S)-4,4-difluoro-l- methyl-pyrrolidin-2- 

yl]methoxy]-8-fluoro-pyrido[4,3-c/]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (500 

mg, 847 pmol, LO eq), (8-methyl-l-naphthyl) boronic acid (236 mg, 1.27 mmol, 1.5 eq), CS2CO3 

(552 mg, 1.69 mmol, 2.0 eq), Pd(PPha)-I (97.9 mg, 84.7 pmol, 0.1 eq) in dioxane (10 mL) and H2O 

(2 mL) was degassed and purged with N2 for 3 times, and then the mixture was stirred at 100 °C 

for 6 hours under N2 atmosphere. The reaction mixture was diluted with water (20 mL) and 

extracted with ethyl acetate (3 χ 50 mL). The combined organic layers were washed with brine (20 

mL), dried over NaaSCL, filtered and concentrated under reduced pressure to give a residue. The 

residue was purified by column chromatography (S1O2, Petroleum ether/Ethyl acetate=20/l to 1/1). 

benzyl (2S)-2-(cyanomethyl)-4-[2-[[(2S,)-4,4-difluoro-l-methyl-pyrrolidin-2-yl]methoxy]-8-fluoro- 

7-(8-methyl-l-naphthyl)pyrido[4,3-J]pyrimidin-4-yl]piperazine-l-carboxylate (450 mg, 588 pmol, 

69% yield, 91% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 696.

[0618] Step C: To a solution of benzyl (2S)-2-(cyanomethyl)-4-[2-[[(2S)-4,4-difluoro-l-methyl-
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pyrroiidin-2-yl]mcthoxy|-8-fluoro-7-(8-incthyl-1 -naphthyT)pyrido[4,3-i/|pyrimidin-4- 

yl]piperazine-1-carboxylate (30 mg, 43.1 pmol, 1.0 eq) in methanol (2 mL) was added dry Pd/C 

(10 mg, 10% purity) and NKb'MeOH (1 mL, 20% purity) under N2. The suspension was degassed 

under vacuum and purged with Th several times. The mixture was stirred under Lh (15 psi) at 25 

°C for 1 hour. The reaction mixture was concentrated under vacuum. The residue was purified by 

prep-HPLC (column: Waters Xbridge 150*25 5μ; mobile phase: [water (0.05% ammonia 

hydroxide v/v) - ACN]; B%: 35% - 65%, 10 min). The desired fraction was collected and 

lyophilized. 2-[(25)-4-[2-[[(25)-4,4-difluoro-l-methyl-pyrrolidin-2-yl]methoxy]-8-fluoro-7-(8- 

methyl-l-naphthyl)pyrido[4,3-7]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (6.23 mg, 11.0 μιηοΐ, 

25% yield, 99.2% purity) was obtained as white solid. LCMS [ESI, M+l]: 562.

[0619] 1H NMR (400MHz, chloroform-d) δ = 9.04 (s, 1H), 7.99 (dd, ./=1.2, 8.0 Hz, 1H), 7.82 (d, 

7=8.0 Hz, 1H), 7.62 - 7.51 (m, 1H), 7.49 - 7.38 (m, 2H), 7.29 (br d, 7=7.2 Hz, 1H), 4.69 - 4.61 (m, 

III), 4.60 - 4.48 (m, 2H), 4.43 (br d, 7=14.0 Hz, 1H), 3.66 - 3.53 (m, 1H), 3.44 (dt, 7=5.6, 11.6 Hz, 

1H), 3.39 - 3.30 (m, 1H), 3.28 - 3.19 (m, 2H), 3.18 - 3.00 (m, 2H), 2.79 - 2.65 (m, 1H), 2.64 - 2.46 

(m, 6H), 2.44 - 2.26 (m, 1H), 2.07 (s, 3H).

[0620] Example 13: Toasolution of 2-[(2S)-4-[2-[[(25)-4,4-difluoro-l-methyl-pyrrolidin-2- 

yl]methoxy]-8-fluoro-7-(8-methyl-l-naphthyl)pyrido[4,3-7]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (80 mg, 142 pmol, 1.0 eq) and 2-fluoroprop-2-enoic acid (38.5 mg, 427 pmol, 3.0 

eq) in ethyl acetate (2 mL) was added T3P (272 mg, 427 μιηοΐ, 254 μΐ., 50% purity in ethyl 

acetate, 3.0 eq) and TEA (115 mg, 1.14 mmol, 158 pL, 8.0 eq). The mixture was stirred at 0 °C for 

30 min. The reaction mixture was diluted with water (20 mL) and extracted with ethyl acetate (3 χ 

30 mL). The combined organic layers were washed with brine (20 mL), dried over NaaSCfi, filtered 

and concentrated under reduced pressure to give a residue. The residue was purified by column 

chromatography (S1O2, Ethyl acetate/Methanol=! 00/1 to 10/1) and further purification by prep- 

HPLC (column: Waters Xbridge 150*25 5μ; mobile phase: [water (0.05% ammonia hydroxide v/v) 

- ACN]; B%: 38% - 68%, 10 min). The desired fraction was collected and lyophilized. 2-[(2S)-4- 

[2-[[(2S')-4,4-difluoro-l-methyl-pyrrolidin-2-yl]methoxy] -8-fluoro-7-(8-methyl-l- 

naphthyl)pyrido[4,3-7]pyrimidin-4-yl]-l-(2-fIuoroprop-2-enoyl)piperazin-2-yl]acetonitrile (25 mg, 

39.4 pmol, 28% yield, 100% purity, 100% ee) was obtained as a white solid. LCMS [ESI, M+l]: 

634.
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[0621] 1H NMR (400MHz, chloroform-d) δ = 9.10 (d, ./=2.4 Hz, III), 8.00 (dd, ./=1.2, 8.0 IIz, 1H),

7.83 (d, ./=8.0 Hz, 1H), 7.55 (dt, J=2.4, 7.6 Hz, 1H), 7.49 - 7.39 (m, 2H), 7.32 - 7.27 (m, 1H), 5.49 

(dd, 7=2.8, 47.2 Hz, 1H), 5.36 - 5.23 (m, 1H), 4.86 (s, 1 H), 4.71 -4.61 (m, 1H), 4.59 - 4.38 (m,

3H), 4.35 - 3.55 (m, 4H), 3.45 (dt, ./=5.6, 11.6 Hz, 1H), 3.11-2.95 (m, 2H), 2.92 - 2.79 (m, 1H),

2.71 (dt, J=I 1.2, 16.4 Hz, 1H), 2.63 - 2.45 (m, 4H), 2.43 - 2.26 (m, 1 H), 2.06 (d, J=8.0 Hz, 3H).

EXAMPLE 14

O.
F

NC 'ffs)

/".,(S) O Y
N

P'F

[0622] 2-[(25)-4-[8-fluoro-2-[[(2S,4R)-4-fluoro-l-methyl-pyrrolidin-2-yl]rnethoxy]-7-(8-methyl-l- 

naphthyl)pyrido[4,3-d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

B(OH)2

Pd(PPh3)4, Cs2CO3,DIEA1 dioxane, 
80 0C1 5 h ,/MS)

dioxane/H20, 100 nC, 5 h

Pd/C, H2 (15 psi)

T3P-EA, TEA, DMFNH3-MeOH, 25 °C
0°C, 0.5 h,/-"-is;

,/"-is;

Example 14

[0623] Step A: To a mixture of benzyl (25)-2-(cyanomethy 1)-4-(2,7-dichloro- 8-fluoro-pyrido[4,3- 

d]pyrimidin-4-yl)piperazine-l-carboxylate (700 mg, 1.5 mmol, 1.0 eg) in dioxane (7.0 mL) was
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added DIEA (571 mg, 4.4 mmol, 769 μι, 3.0 eq) and [(2S,4.ft)-4-fluoro-l-methyl-pyrrolidin-2- 

yljmethanol (392 mg, 2.9 mmol, 2.0 eq) at 25 °C. The mixture was stirred at 80 °C for 5 hrs. The 

mixture was diluted with saturated NH4CI aqueous solution (100 mL), and then extracted with 

ethyl acetate (100 mL x 2), the combined organic layers were concentrated under reduced pressure 

at 45 °C. The crude product was purified by reversed-phase HPLC (0.1% formic acid conditions). 

The desired fractions were collected, concentrated to remove acetonitrile and adjusted to pH 9 ~

10 using Na2C03 solid. Then the mixture was extracted with ethyl acetate (60 mL χ 3), the organic 

layers were dried over anhydrous NaiSCL, filtered and the filtrate was concentrated under reduced 

pressure at 45 °C to give compound benzyl(25)-4-[7-chloro-8-fluoro-2-[[(25’,4i?)-4-lluoro-l- 

methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (400 mg, 699 pmol, 47.5% yield, 100% purity) as a yellow solid. LCMS [M+l]: 572.

[0624] Step B: To a mixture of benzyl (2S)-4-[7-chloro-8-fluoro-2-[[(25,4i?)-4- fluoro-l-methyl- 

pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate 

(250 mg, 437 pmol, 1.0 eq), (8-methyl-1 -naphthyl) boronie acid (122 mg, 655 μηιοί, 1.5 eq) , 

Pd(PPli3)4 (101 mg, 87.4 μηιοί, 0.2 eq) in dioxane (5.0 mL) and H2O (1.0 mL) was added CS2CO3 

(427 mg, 1.3 mmol, 3.0 eq) at 25 °C. The mixture was stirred at 100 °C for 5 hrs. The mixture 

was diluted with water (100 mL), and then extracted with ethyl acetate (80 mL x 2), the combined 

organic layers were concentrated under reduced pressure at 40 °C. The residue was purified by 

column chromatography (MgO, Petroleum ether/Ethyl acetate=5/l to 1:1,). The obtained product 

was further purified by reversed-phase HPLC(0.1% FA condition), then the mixture was 

concentrated to remove acetonitrile and extracted with ethyl acetate (100 mL χ 3), the organic 

layers were dried over anhydrous NaaSCL, filtered and the filtrate was concentrated under reduced 

pressure at 45 °C to give compound benzyl (25)-2-(cyanomethyl)-4-[8-fluoro-2-[[(25,4i?)-4- 

lluoro-1-methyl- pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-d]pyrimidin-4- 

yljpiperazine-1 -carboxylate (173 mg, 245 pmol, 56.1% yield, 96% purity) as a yellow solid. 

LCMS [M+l]: 678.

[0625] Step C: To a solution of benzyl (25)-2-(cyanomethyl)-4-[8-fluoro -2-[[(25’,47?)-4-fluoro-l- 

methyl-pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazine- 

1-carboxylate (30 mg, 44 pmol, 1.0 eq) in methyl alcohol (3.0 mL) and NHs'MeOII (0.5 mL, 10% 

purity) was added Pd/C (100 mg, 10% purity) under N2. The suspension was degassed under
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vacuum and purged with Hh several times. The mixture was stirred under Hh (15 psi) at 25 °C for 2 

hours. The mixture was filtered, washed with methyl alcohol (20 mL), the filtrate was 

concentrated under reduced pressure at 40 °C. The residue was purified by prep-HPLC (FA 

condition; column: Phenomenex Synergi C18 150 * 30 mm * 4 pm; mobile phase: [water (0.225% 

formic acid) - ACN]; B%: 5% - 35%, 10 min.). The desired fraction was collected and 

concentrated under reduced pressure at 40 0C to removed acetonitrile, and the residual aqueous 

solution was adjusted to pH 9 ~ 10 using Na2CC>3 solid, then extracted with dichloromethane (20 

mL x 3), the combined organic layers was dried over anhydrous Na2SC>4, filtered and the filtrated 

was concentrated under reduced pressure at 40 °C. The residue was lyophilized to give 

compound 2-[(2S)-4-[8-fluoro-2-[[(21S',4/?)-4-fluoro-l-methyl-pynOlidin-2-yl]methoxy]-7-(8- 

methyl-l-naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (9 mg, 16.3 pmol, 

36.8% yield, 98.4% purity) as a white solid. LCMS [M+l]: 544.

[0626] 1H NMR (400 MHz, chloroform-d) δ = 2.01 - 2.14 (m, 4 H), 2.25 - 2.41 (m, 1 H), 2.54 (d, 

J==O.8 Hz, 3 H), 2.55 - 2.69 (m, 3 H), 3.05 - 3.17 (m, 2 H), 3.18 - 3.28 (m, 2 H), 3.35 (ddd, ./=7.2,

5.2, 2.4 Hz, 1 H), 3.50 - 3.66 (m, 2 H), 4.37 - 4.45 (m, 1 H), 4.48 (ddd, ./=11.2, 5.6, 2.4 Hz, 1 H),

4.51 - 4.58 (m, 1 H), 4.59 - 4.66 (m, 1 H), 5.05 - 5.32 (m, 1 H), 7.29 (d, J=6.8 Hz, 1 FI), 7.39 - 7.47 

(m, 2 H), 7.51 - 7.57 (m, 1 H), 7.82 (d, J=8.0 Hz, 1 H), 7.98 (dd, J=8.0, 1.2 Hz, 1 H), 9.03 (s, 1 H).

[0627] Example 14: To a mixture of 2-[(25)-4-[8-fluoro-2-[[(25,4/?)-4-fluoro-l- methyl-pyrrolidin- 

2-yl]methoxy]-7-(8-methyl-l~naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(100 mg, 184 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (166 mg, 1.8 mmol, 10 eq) in DMF (2 

mL) was added T3P (585 mg, 920 pmol, 547 pL, 50% purity, 5.0 eq) and TEA (186 mg, 1.8 

mmol, 256 pL, 10 eq) at 0 0C. The mixture was stirred at 0 °C for 1 hour. The mixture was 

diluted with saturated NH4CI aqueous solution (30 mL), then extracted with ethyl acetate (20 mL >' 

2), the combined organic layers were washed with brine (30 mL x 3) and concentrated under 

reduced pressure at 40 °C. The crude product was first purified by reversed-phase HPLC (0.1% FA 

condition). The desired fraction was collected and concentrated under reduced pressure at 40 °C to 

removed acetonitrile, and the residual aqueous solution was adjusted to pH 9 ~10 using 

NajCCL solid, then extracted ethyl acetate (20 mL x 3), the combined organic layers were dried 

over anhydrous Na2SC>4, filtered and the filtrated was concentrated under reduced pressure at 40 

°C. The residue was then purified by prep-HPLC (basic condition, column: Xtimate Cl 8 150 * 25
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mm* 5 pm; mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%: 40% - 70%, 10 

min) and lyophilized to give compound 2-[(25)-4- [8-fluoro-2-[[(25,47?)-4-fluoro-l-methyl- 

pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-d]pyrimidin-4-yl]-l-(2-fluoroprop-2- 

enoyl)piperazin-2-yljacetonitrile (19 mg, 30.2 pmol, 16.4% yield, 97.8% purity) as a white solid. 

LCMS [M+l]: 616.

[0628] 1H NMR (400 MHz, chloroform-d) δ = 2.06 (d, J=7.2 Hz, 3 H), 2.25 - 2.39 (m, 1 H), 2.54 

(d, J=0.8 Hz, 3 H), 2.56 - 2.70 (m, 1 H), 2.79 - 2.91 (m, 1 H), 2.97 - 3.05 (m, 1 H), 3.06 - 3.14 (m,

1 H), 3.51 - 3.64 (m, 1 H), 3.80 (br s, 2 H), 3.96 - 4.35 (m, 2 H), 4.41 - 4.55 (m, 3 H), 4.59 - 4.67 

(m, 1 H), 4.86 (br d, J=1.6 Hz, 1 H), 5.07 - 5.36 (m, 2 H), 5.38 - 5.64 (m, 1 H), 7.30 (br dd, ./=6.8, 

3.6 Hz, 1 H), 7.39 - 7.49 (m, 2 H), 7.55 (td, J=7.6, 2.8 Hz, 1 H), 7.83 (d, J=8.0 Hz, 1 H), 7.99 (dd, 

J=8.0, 1.2 Hz, 1 H), 9.09 (d, J=2.0 Hz, 1 H).

EXAMPLE 15

V 'F

2-[(2S)-4-[8-fluoro-2-[[(25,4i?)-4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-

naphthyl)pyrido[4,3-J]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

Cbz Cbz

B(OH)2

DIEA. dioxane, 
25 - 80 °C, 1 h

Cs2CO3l Pd(PPh3)4, 
dioxane, H2O1 90 °C, 
16 h

H

NH3-MeOH

N %
Pd/C, H2, MeOH 

25 0C1 0.5 h
,/-ms;,/'-/si
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N^
4A molecular sieve 
T3P. Et3N1 EA1 O - 25
»c, ih

,/■ms;

Example 15

[0629] Step A: To a mixture of benzyl (2,S')-2-(cyanoniethyl )-4-(2.7-dicliioro-8-(l uoro- pyrido[4,3- 

r(]pyrimidin-4-yl)piperazine-l-carboxylate (1.00 g, 2.10 mmol, 1 eq) and [(2S',4i?)-4-methoxy-l- 

methyl-pyrrolidin-2-yl]methanol (916 mg, 6.31 mmol, 3 eq) in dioxane (25 mL) was added DIEA 

(816 mg, 6.31 mmol, 1.10 mL, 3 eq) at 25 °C. The mixture was stirred at 80 °C for 1 hour. After 

that, 400 mg of [(25',4i?)-4-methoxy-l-methyl-pyrrolidin-2-yl]methanol was added to the mixture 

and the mixture was stirred at 80 0C for 0.5 h. Upon completion, the residue was diluted with 

water (10 mL) and extracted with ethyl acetate (1 x 40 mL). The organic layer was washed with 

brine (1 χ 30 mL), dried over sodium sulfate, filtered and concentrated under vacuum. The residue 

was purified by reversed phase flash [water (0.1% formic acid / acetonitrile]. The desired fractions 

were collected and neutralized with saturated NaHCCft solution and extracted with ethyl acetate (1 

x 40 mL). The separated organic layer was dried over sodium sulfate, filtered and concentrated 

under vacuum, benzyl (21S)-4-[7-chloro-8-fluoro-2-[[(25',4i?) -4-methoxy-l-methyl-pyrrolidin-2- 

yl]methoxy]pyrido[4,3-ft]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (760 mg, 1.28 

mmol, 61% yield, 98.6% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 584.

[0630] Step B: To a solution of benzyl (25)-4-[7-chloro-8-fiuoro-2-[[(25',4i?)-4-methoxy -1-methyl- 

pyrrolidin-2-yl]methoxy]pyrido[4,3-ci]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate 

(630 mg, 1.08 mmol, 1 eq) and (8-methyl-1-naphthyl)boronic acid (401 mg, 2.16 mmol, 2 eq) 

in dioxane (20 mL) and IhO (4 mL) was added Pd(PPli3)4 (125 mg, 108 pmol, 0.1 eq), CS2CO3 

(703 mg, 2.16 mmol, 2 eq). The mixture was degassed and then heated to 90 °C for 16 hours under 

N2. Upon completion, the residue was diluted with water (15 mL) and extracted with ethyl acetate 

(1 x 50 mL). The organic layer was washed with brine (1 x 40 mL), dried over sodium sulfate, 

filtered and concentrated under vacuum. The residue was purified by reversed phase flash [water 

(0.1% formic acid) / acetonitrile]. The desired fractions were collected and neutralized with 

saturated NaHCCft solution and extracted with ethyl acetate (1 χ 100 mL). The separated organic
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layer was dried over sodium sulfate, filtered and concentrated under vacuum, benzyl (25)-2- 

(cyanomethyl)-4-[8-fluoro-2-[[(25',4/?) -4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]-7-(8- 

methyl-l-naphthyl)pyrido[4,3-J]pyrimidin-4-yl]piperazine-l-carboxylate (314 mg, 317 pmol, 29% 

yield, 69.6% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 691.

[0631] Step C: To a solution of benzyl (25)-2-(cyanomethyi)-4-[8-fluoro-2- [j(2.V,4/f)-4-methoxy- 

1 -methyl-pyrrol idin-2-yl]methoxy ]-7-(8 -methyl-1 -naphthyl)pyrido [4,3 -TJpyri mid in-4- 

yl]piperazine-l-carboxylate (50.0 mg, 72.5 pmol, 1 eq) in MeOH (2 mL) was added ME’MeOH 

(1 mL, 20% purity) and Pd/C (30.0 mg, 10% purity) under N2. The suspension was degassed under 

vacuum and purged with H2 several times. The mixture was stirred under 1¾ (15 psi) at 25 °C 

for 0.5 hour. Upon completion, the mixture was filtered and the filtrate was concentrated under 

vacuum. The residue was purified by prep-HPLC (column: Waters Xbridge 150 * 25 5p; mobile 

phase: [water (0.05% ammonia hydroxide v / v) - ACN]; B%: 30% - 60%, lOmin), The residue 

was concentrated under reduced pressure to remove ACN, and then lyophilized. 2-[(25)-4-[8- 

fiuoro-2-[[(2o,4A’)-4-methoxy-i -methyl-pyrrolidin -2-yi]mefhoxy]-7-(8-methyl-l - 

naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (13.9 mg, 24.5 pmol, 34% yield, 

98.2% purity) was obtained as a white solid. LCMS [ESI, M+l]: 556.

[0632] 1H NMR (400 MHz, chloroform-d) δ - 9.03 (s, 1H), 7.98 (dd, J= 1.2, 8.4 Hz, 1H), 7.82 (d, 

J= 8.4 Hz, 1H), 7.57 - 7.50 (m, 1H), 7.48 - 7.38 (m, 2LI), 7.29 (d, J= 6.8 Hz, 1H), 4.67 - 4.50 (m, 

2H), 4.48 - 4.35 (m, 211), 4.04 - 3.92 (m, 1H), 3.65 - 3.50 (m, III), 3.46 (dd, J= 6.0, 10.0 Hz, 1H), 

3.40 - 3.28 (m, 4H), 3.27 - 3.18 (m, 2H), 3.17 - 3.04 (m, 1H), 3.00 - 2.90 (m, 1H), 2.69 - 2.53 (m, 

2H), 2.50 (d, J= 1.2 Hz, 3H), 2.39 - 2.30 (m, 1H), 2.12 - 1.98 (m, 5H).

[0633] Example 15: To a solution of 2-[(25)-4-[8-fluoro-2-[[(21S’,4J,)-4-methoxy-l-methyl - 

pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-J]pyrimidin-4-yl]piperazin-2- 

yljacetonitrile (80.0 mg, 144 pmol, 1 eq), 2-fluoroprop-2-enoic acid (104 mg, 1.15 mmol, 8 eq) in 

EA (16 mL) was added 4A molecular sieve (400 mg). The mixture was stirred at 25 °C for 0.5 

hour. After that, the mixture was cooled to 0 °C and added EtsN (131 mg, 1.30 mmol, 180 pL, 9 

eq) and T3P (366 mg, 576 pmol, 342 pL, 50% purity, 4 eq) at 0 °C. The mixture was stirred at 

0 °C for 0.5 hour. Upon completion, the residue was diluted with water (10 mL) . The organic 

layer was separated, washed with brine (20 mL), dried over sodium sulfate, filtered and 

concentrated under vacuum. The residue was purified by prep-HPLC (column: Waters Xbridge
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150 * 25 5μ; mobile phase: [water (0.05% ammonia hydroxide v / v) - ACN]; B%: 35% - 65%,

1 Omin). The residue was concentrated under reduced pressure to remove ACN, and then 

lyophilized. 2-[(25)-4-[8-fluoro-2-[[(25,4i?)-4-methoxy-l-methyl-pyrrolidin -2-yl]methoxy]-7-(8- 

methyl-1 -naphthyl)pyrido[4.3w/jpyrimidin-4-yl |-1 -(2-fluoroprop-2-enoyl)piperazin-2- 

yl]acetonitrile (37.4 mg, 58.6 pmol, 41% yield, 98.4% purity) was obtained as a white solid. 

LCMS [ESI, M+l]: 628.

[0634] 1H NMR (400 MHz, chloroform-d) δ = 9.08 (d, J = 2.4 Hz, 1H), 7.99 (dd, ./= 1.2, 8.4 Hz, 

1H), 7.82 (d,J= 8.4 Hz, 1H), 7.54 (dt, J= 2.8, 6.8 Hz, 111), 7.49 - 7.38 (m, 2H), 7.32 - 7.28 (m, 

1H), 5.64 - 5.39 (m, 1H), 5.36 - 5.23 (m, 1H), 5.02 - 4.75 (m, 1H), 4.70 - 4.56 (m, 1H), 4.55 - 4.36 

(m, 3H), 4.32 - 3.92 (m, 3H), 3.89 - 3.65 (m, 2H), 3.53 - 3.42 (m, 1H), 3.31 (s, 3H), 3.08 - 2.78 (m, 

3H), 2.50 (s, 3H), 2.40 - 2.29 (m, 1H), 2.13 - 2.00 (m, 5H).

EXAMPLE 16

2-((5)-4-(8-fluoro-7-(8-methylnaphthalen-l-yl)-2-(((/i)-l-methylpyrrolidin-2-

yl)methoxy)pyrido[4,3-i7]pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile
Cbz

B(OH)2
Cbz

r j

DlEA1 dioxane, 
80 °C, i h

A

N
Pd(dppf)CI2, Cs2CO3

dioxane/H20, 
90 0C1 3 h

B

F
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Pd/C, H2(15psi)

N xNH3-MeOHj 25 "C, 1 h TEA, T3P, EAj
O - 25 °C, 0.5 h

Example 16

[0635] Step A: To a mixture of benzyl (25)-2-(cyanomethyl)-4-(2,7-dichloro-8- fluoro-pyrido[4,3- 

</|pyrimidin-4-yl)piperazine-l-carboxylate (1.00 g, 2.10 mmol, 1.00 eq) in dioxane (25.0 mL) was 

added DIEA (816 mg, 6.31 mmol, 1.10 mL, 3.00 eq) and [(25)-1-methylpyrrolidin-2-yl]methanol 

(1.21 g, 10.5 mmol, 1.25 mL, 5.00 eq) in portion under N2. The mixture was heated to 80 °C and 

stirred for 1 hour. The reaction mixture was diluted with water (15 mL) and extracted with ethyl 

acetate (20.0 mL χ 3). The combined organic layers were washed with brine (20.0 mL x 1), dried 

over sodium sulfate, filtered and concentrated under reduced pressure to give a residue. The 

residue was purified by column chromatography (AI2O3, Petroleum ether/Ethyl acetate=3:l to 0:1). 

Compound benzyl (25)-4-[7-chloro-8-fluoro-2-[[(2i?) -l-methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-<i]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (1.00 g, 1.79 

mmol, 85% yield, 99.3% purity) was obtained as a yellow solid. LCMS [ESI, M+1J: 554.

[0636] Step B: To a mixture of benzyl (25)-4-[7-chloro-8-fluoro-2-[[(2/?)-l- methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-if]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (450 mg, 812 

pmol, 1.00 eq) and (8-methyl-1-naphthyl)boronic acid (302 mg, 1.62 mmol, 2.00 eq) in dioxane 

(8.00 mL) was added H2O (1.60 mL), CS2CO3 (529 mg, 1.62 mmol, 2.00 eq), Pd(dppf)Cl2 (59.4 

mg, 81.2 pmol, 0.10 eq) under N2. The mixture was stirred at 90 0C for 3 hours. The reaction 

mixture was diluted with water (10.0 mL) and extracted with ethyl acetate (10.0 mL >< 3). The 

combined organic layers were washed with brine (10.0 mL χ 1), dried over sodium sulfate, filtered 

and concentrated under reduced pressure to give a residue. The residue was purified by reversed 

phase flash [water (0.1% formic acid)/acetonitrile]. The desired fractions were collected and 

neutralized with solid NaHCCL, concentrated under vacuum to remove acetonitrile and extracted 

with ethyl acetate (20.0 mL χ 2). The organic layers were dried over NaiSOr and concentrated 

under vacuum to give residue. Compound benzyl (2<S)-2-(cyanomethyl)-4-[8-fluoro-7-(8-methyl-l-
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naphthyl) -2-[[(2/?)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-£(]pyrimidin-4-yl]piperazine-l- 

carboxylate (270 mg, 409 pmol, 50% yield) was obtained as a yellow solid.

[0637] Step C: To a solution of benzyl (2tS)-2-(cyanomethyl)-4-[8-fluoro-7- (8-methyl-1-naphthyl)- 

2-[[(2i?)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazine-l -carboxylate 

(100 mg, 152 pmol, 1.00 eq) in MeOH (5.00 mL) was added Pd/C (30.0 mg, 10% purity), 

NH3*MeOH (2.00 mL, 20% purity) under N2. The suspension was degassed under vacuum and 

purged with H2 several times. The mixture was stirred under H2 (15 psi) at 25 0C for 1 hours. The 

reaction mixture was filtered and concentrated under reduced pressure to give a residue. The 

residue was purified by prep-HPLC (column: Waters Xbridge 150 x 25 5 μ; mobile phase: [water 

(0.05% ammonia hydroxide v/v)-ACN]; B%: 32% - 62%, 10 min). Compound 2- [(25)-4-(8- 

fluoro-7-(8-methyl-l-naphthyl)-2-[[(2/?)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

<Z]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (36.0 mg, 67.8 pmol, 45% yield, 99% purity) was 

obtained as a yellow solid. LCMS [ESI, M+l]: 526.

[0638] 1HNMR (400 MHz, chlorofoim-fiQ 6 ppm 1.83 - 1.96 (m, 3 H) 2.01 - 2.12 (m, 4 H) 2.27 - 

2.36 (m, 1 H) 2.48 - 2.53 (m, 3 H) 2.54 - 2.67 (m, 2 H) 2.71 - 2.81 (m, 1 H) 3.05 - 3.16 (m, 2 H) 

3.17 - 3.27 (m, 2 H) 3.29 - 3.41 (m, 1 H) 3.49 - 3.61 (m, 1 H) 4.36 - 4.45 (m, 2 H) 4.49 - 4.66 (m, 2 

H) 7.29 (d, J=I2 Hz, 1 H) 7.38 - 7.47 (m, 2 H) 7.50 - 7.58 (m, 1 H) 7.82 (d, .7-8.0 PIz, 1 H) 7.98 

(dd, J=8.0, 1.2 Hz, 1 H) 9.02 (s, 1 H)

[0639] Example 16: To a mixture of 2-[(2S)-4-[8-fluoro-7-(8-methyl-l-naphthyl) -2-[[(2i?)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-if]pyrimidin-4-yl]piperazin-2-ylJacetonitrile (60.0 mg, 

114 pmol, 1.00 eq) and 2-fluoroprop-2-enoic acid (82.2 mg, 913 pmol, 8.00 eq) in ethyl acetate 

(3.00 mL) was added TEA (185 mg, 1.83 mmol, 254 pL, 16.0 eq) ,T3P (726 mg, 1.14 mmol, 679 

pL, 50% purity, 10.0 eq) in portion at 0 °C under N2. The mixture was stirred at 25 °C for 30 min. 

The reaction mixture was quenched by addition water (3.00 mL) at 0 °C and then extracted with 

ethyl acetate (10.0 mL χ 3). The combined organic layers were washed with brine (3.00 mL), dried 

over sodium sulfate, filtered and concentrated under reduced pressure to give a residue. The 

residue was purified by prep-HPLC (column: Waters Xbridge 150 χ 25 5 μ; mobile phase: [water 

(0.05% ammonia hydroxide v/v)-ACN]; B% : 40% - 70%, 10 min). Compound 2-[(25)-4-[8- 

fluoro-7-(8-methyl-l-naphthyl)-2-[[(27?)-l- methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

i/]pyrimidin-4-yl|-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acctonitrile (13.4 mg, 22.2 pmol, 19%
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yield, 99.3% purity) was obtained as a white solid. LCMS [ESI, M+l]: 598.

[0640] 1HNMR (400 MHz, chloroform-ί/) δ ppm 1.78 - 1.91 (m, 3 H) 2.00 - 2.12 (m, 4 H) 2.26 - 

2.35 (m, 1 H) 2.47 - 2.53 (m, 3 H) 2.69 - 2.79 (m, 1 H) 2.80 - 2.90 (m, 1 H) 2.96 - 3.07 (m, 1 H) 

3.09 - 3.17 (m, 1 H) 3.47 - 3.88 (m, 2 H) 3.91 - 4.34 (m, 2 H) 4.37 - 4.54 (m, 3 H) 4.55 - 4.64 (m, 1 

H) 4.73 - 4.99 (m, 1 H) 5.23 - 5.35 (m, I H) 5.38 - 5.58 (m, 1 H) 7.27 - 7.31 (m, 1 H) 7.38 - 7.48 

(m, 2 H) 7.54 (td, ./=6.8, 2.0 Hz, 1 H) 7.82 (d, J=8.4 Hz, 1 H) 7.99 (dd, /=8.0, 1.2 Hz, 1 H) 9.06 - 

9.09 (m, 1 H).

EXAMPLE 17

rli^/

2-[(2S)-l-[(£)-4-fluorobut-2-enoyl]-4-[8-fluoro-2-[[(25',4i?)-4-fluoro-l-methyl-pynOlidin-2-

yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile

T3P, TEA. EA -60 °C

,/^.(Si-

Example 17

F

[0641] Example 17: To amixtureof2-[(25)-4-[8-fluoro-2-[[(25,,4R)-4-f[uoro-l-methyl-pyrrolidin- 

2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (60 

mg, 110 pmol, 1.0 eq), (£)-4-fluorobut-2-enoic acid (172 mg, 1.66 mmol, 15.0 eg) in ethyl 

acetate (2 mL) was added T3P (1.05 g, 1.66 mmol, 985 pL, 50% purity, 15.0 eq) and TEA (167 

mg, 1.66 mmol, 230 μΤ, 15.0 eq) at -60 0C. The mixture was stirred at -60 °C for 2 hours. The 

mixture was diluted with saturated NH4CI aqueous solution (50 mL), and then extracted with ethyl 

acetate (50 mL x 3), the combined organic layers were concentrated under reduced pressure at 40
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°C. The residue was purified by prep-HPLC (basic condition, column: Xtimate Cl 8 150 * 25 mm 

* 5pm; mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%: 40%-70%,10min) to 

give compound 2-((2^)-l-[(£)-4-fluorobut-2- enoyl]-4-[8-fluoro-2-[[(2S',4i?)-4-fiuoro-l-methyl- 

pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (20 mg, 30.6 pmol, 27% yield, 89.5% purity) as a white solid. LCMS [M+l]: 630.

[0642] 1H NMR (400 MHz, chloroform-d) δ = 2.06 (d, ./=6.00 Hz, 3 H), 2.22 - 2.41 (m, 1 H), 2.54 

(d, 7=1.32 Hz, 3 H), 2.73 - 2.89 (m, 1 H), 2.90 - 3.04 (m, 1 H), 3.10 (br dd, 7=2.00, 5.36 Hz, 1 H),

3.50 - 3.65 (m, 1 H), 3.67 - 3.99 (m, 2 H), 4.00 - 4.25 (m, 1 H), 4.41 - 4.57 (m, 3 H), 4.63 (ddd, 

7=11.08, 6.48, 4.34 Hz, 1 H), 4.94 - 5.31 (m, 4 H), 6.59 (br d, 7=15.20 Hz, 1 H), 6.97 - 7.10 (m, 1 

H), 7.30 (br dd, 7=6.80, 3.79 Hz, 1 H), 7.39 - 7.50 (m, 2 H), 7.54 (td, 7=7.60, 3.85 Hz, 1 H), 7.82 

(d, 7=8.32 Hz, 1 H), 7.99 (dd, 7=8.12, 1.16 Hz, 1 H), 9.10 (d, 7=2.44 Hz, 1 H).

EXAMPLE 18

/!.(S)

2-((S)-4-(7-(8-chloronaphthalen-l-yl)-8-fluoro-2-(((S)-l-methylpyrrolidin-2-

y])methoxy)pyrido[4,3-<7|pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile
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Cs2CO3, Pd(PPh3), TMSCI, Nal

dioxane/H2Or 
100 0C1 12 hrs

MeCN1 O - 25 °C, 
14 hrs

T3P, TEA, EA1
O °C, 0.5 hr

Example 18

[0643] Step A: A mixture of (8-chloro-l-naphthyl)-trifluoro-boranuide; potassium hydride (1.65 g, 

6.14 mmol, 2.0 eq), benzyl (2LSy4-[7-chloro-8-fluoro-2-[[(2,S)-l-methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (1.7 g, 3.07 

mmol, 1.0 eq), Pd(PPh3)4 (354 mg, 306 pmol, 0.1 eq), CS2CO3 (2.00 g, 6.14 mmol, 2.0 eq) in 

dioxane (30 mL) and H2O (6 mL) was degassed and purged with N2 for 3 times, and then the 

mixture was stirred at 100 0C for 12 hours under N2 atmosphere. The reaction mixture was diluted 

with water (20 mL) and extracted with ethyl acetate (3><50 mL). The combined organic layers 

were washed with brine (20 mL), dried over Na2SC>4, filtered and concentrated under reduced 

pressure to give a residue. The residue was purified by column chromatography (S1O2, Ethyl 

acetate /Methanol=I 00/1 to 10/1) and further purified by reversed phase flash [water (0.1% formic 

acid)/acetonitrile)]. The mixture was adjusted pH ~ 7 with saturated NaHCCb aqueous solution and 

extracted with ethyl acetate (3 x 200 mL). The combined organic layers were washed with brine 

(50 mL), dried over Na2SC>4, filtered and concentrated under reduced pressure to give the product, 

benzyl (2iS)-4-[7-(8-chloro-l -naphthyl)-8-fluoro-2-[[(2>S')-l- methylpyrrolidin -2- 

yl]methoxy]pyrido[4,3-t/Jpyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (600 mg, 820 

pmol, 27% yield, 93% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 680.

[0644] Step B: To a solution of TMSCl (119 mg, 1.10 mmol, 139 pL, 15.0 eq) and 4A 

MOLECULAR SIEVE (50 mg) in MeCN (500 pL) was added NaI (176 mg, 1.18 mmol, 16.0 eq) 

in portions at 0 0C. Stirring was continued for a period of 2 hours at 0 °C. Then a solution of
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benzyl (2J)-4-[7-(8-chloro-l-naphthyl)-8-fluoro- 2-[[(25r)-l-methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l -carboxylate (50 mg, 73.5 

μηιοί, 1.0 eq) in MeCN (500 pL) was added to the above mixture. After addition, the mixture was 

stirred at 25 °C for 12 hours. The mixture was added 1 M HCl aqueous (5 mL) and concentrated 

under vacuum. Then the mixture was added MTBE (10 mL) and filtered. The mother liquor was 

separated and the aqueous layer was washed with MTBE (3 χ 10 mL), the organic layer was 

discarded. The aqueous layer was adjusted with saturated Na2CC>3 aqueous to pH ~ 8 and extracted 

with dichloromethane (3 >' 20 mL). The combined organic layers were washed with brine (20 mL), 

dried over Na2S04, filtered and concentrated under reduced pressure to give the residue. The 

residue was purified by prep-HPLC (column: Waters Xbridge 150*25 5μ; mobile phase: [water 

(0.05% ammonia hydroxide v/v) - ACN]; B%: 35% - 65%, 10 min). The desired fraction was 

collected and lyophilized. 2-[(2S)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(2iS)-l methylpyrrolidin- 

2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (5.08 mg, 9.27 μιηοΐ, 13% 

yield, 99.6% purity) was obtained as a white solid. LCMS [ESI, M+l]: 546.

[0645] 1H NMR (400MHz, chloroform-d) 5 = 9.01 (s, 1H), 8.01 (dd, J= 1.6, 7.6 Hz, 1H), 7.89 (dd, 

J=0.8, 8.0 Hz, 1H), 7.66 - 7.53 (m, 3H), 7.43 (t, J=8.0 Hz, 1H), 4.65 - 4.33 (m, 4H), 3.64 - 3.47 (m, 

1H), 3.42 - 3.28 (m, 1H), 3.27 - 3.04 (m, 4H), 2.79 - 2.53 (m, 3H), 2.51 (s, 3H), 2.36 - 2.23 (m,

1H), 2.13 - 2.02 (m, 1 H), 1.91 - 1.80 (m, 3H).

[0646] Example 18: To a solution of 2-[(2J)-4-[7-(8-chloro-l-naphthyl)-8-fluoro- 2-[[(2X)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (20 mg, 

36.6 μιηοΐ, 1.0 eq), 2-fluoroprop-2-enoic acid (9.90 mg, 109 pmol, 4.48 pL, 3.0 eq) and TEA (29.6 

mg, 293 pmol, 40.8 pL, 8.0 eq) in ethyl acetate (1 mL) was added T3P (69.9 mg, 109 pmol, 65.3 

pL, 50% purity in ethyl acetate, 3.0 eq) at O0C. The mixture was stirred at 0 °C for 30 min. The 

reaction mixture was diluted with water (20 mL) and extracted with ethyl acetate (3><30 mL). The 

combined organic layers were washed with brine (20 mL), dried over Na2SC>4, filtered and 

concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC 

(column: Waters Xbridge 150 * 25 5μ; mobile phase: [water (0.05% ammonia hydroxide v/v) - 

ACN]; B%: 35% - 65%, 10 min). The desired fraction was collected and lyophilized. 2-[(2J)-4-[7- 

(8-chloro-l-naphthyl)-8-fiuoro-2-[[(2S)-l- methylpyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin- 

4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (7.5 mg, 12.0 pmol, 33% yield, 99.3%
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purity) was obtained as a white solid. LCMS [ESI, M+l]: 618.

[0647] 1H NMR (400MHz, chloroform-d) 5 = 9.07 (s, 1H), 8.02 (dd, J= 1.6, 7.6 Hz, 1H), 7.90 (d, 

J=8.4 Hz, 1H), 7.67 - 7.51 (m, 3H), 7.44 (dt, J=2.4, 8.0 Hz, 1H), 5.48 (dd, J= 3.2, 47.6 Hz, 1H),

5.29 (dd, J=3.6, 16.8 Hz, 1H), 4.86 (s, 1H), 4.68 - 4.56 (m, 1H), 4.55 - 4.37 (m, 3H), 4.35-3.53 

(m, 4H), 3.15 (t, ./=7.2 Hz, 1H), 3.08 - 2.95 (m, 1H), 2.94 - 2.69 (m, 2H), 2.53 (s, 3H), 2.38 - 2.25 

(m, 1H), 2.15 - 2.00 (m, 1H), 1.95 - 1.79 (m, 3H).

EXAMPLE 19

t

2-((6)-1 -acryloyl-4-(7-(8-chloronaphthalen-1 -yl)-8-fluoro-2-(((,S)-1 -methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-i/]pyrimidm-4-yl)piperazin-2-yl)acetonitrile

DIEA, DCM,
40 0C1 0.5 h

Example 19

[0648] Example 19: To a solution of 2-[(26)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(25)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (20 mg, 

36.6 pmol, 1.0 eq) and DIEA (14.2 mg, 110 pmol, 19.1 pL, 3.0 eq) in dichloromethane (1 mL) was 

added prop-2-enoyl chloride (4.97 mg, 54.9 pmol, 4.48 pL, 1.5 eq) at - 40 0C. The mixture was 

stirred at - 40 °C for 30 min. The reaction mixture was diluted with water (20 mL) and extracted 

with dichloromethane (3 x 30 mL). The combined organic layers were washed with brine (20 mL), 

dried over Na2SC>4, filtered and concentrated under reduced pressure. The residue w'as purified by 

column chromatography (S1O2, Ethyl acetate/Methanol=! 00/1 to 10/1) and further purification by 

prep-HPLC (column: Waters Xbridge 150 * 25 5p; mobile phase: [water (0.05% ammonia 

hydroxide v/v) - ACN]; B%: 35% - 65%, 10 min). The desired fraction was collected and 

lyophilized. 2-[(2LS)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(2S)-l-methylpyrrolidin-2-
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yl]methoxy]pyrido[4,3-7jpyrimidin-4-yl]-l-prop-2-enoyl-piperazin-2-yl]acetonitrile (7.63 mg, 

12.4 μηιοί, 34% yield, 97.3% purity) was obtained as a white solid. LCMS [ESI, M+l]: 600.

[0649] 1H NMR (400MHz, chloroform-d) δ - 9.07 (s, 1H), 8.07 - 7.97 (m, 1H), 7.89 (d, 7=8.4 Hz, 

1H), 7.67 - 7.52 (m, 3H), 7.44 (dt, 7=2.4, 7.6 Hz, 1H), 6.70 - 6.53 (m, 1H), 6.43 (d, J=12.8 Hz, 

1H), 5.86 (d, 7=10.4 Hz, 1H), 5.03 (br s, 1H), 4.67 - 4.55 (m, 1H), 4.53 - 4.28 (m, 3H), 4.24 - 3.43 

(m, 4H), 3.11 (t, 7=7.6 Hz, 1H), 3.05 - 2.91 (m, 1H), 2.89 - 2.65 (m, 2H), 2.50 (d, 7=1.2 Hz, 3H),

2.36 - 2.23 (m, 1H), 2.12 - 1.98 (m, 1H), 1.94 - 1.70 (m, 3H).

EXAMPLE 20

Nal1 TMSCI, 4A 
molecular sieve

ACN, 0 -15 0C,toluene, 90 °C 
6 hrs 18 hrs

DCM, -40-10 
"C, 1 hr

2-[(25)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(25i)-l-methylpyrrolidin-2-

yl]methoxy]pyrido[4,3-7]pyrimidin-4-yl]-l-prop-2-enoyl-piperazin-2-yl]acetonitrile

[0650] Step A: To a solution of benzyl (27)-4-[7-chloro-8-fluoro-2-[[(2S)-l-methyl pyrrolidin-2- 

yl]methoxy]pyrido[4,3-7]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (100 mg, 181 

pmol, 1.0 eq) and (5-chloro-4-isoquinolyl)-trimethyl-stannane (118 mg, 361 pmol, 2.0 eq) in 

toluene (3.0 mL) was added CuI (10.3 mg, 54.2 pmol, 0.3 eq), Pd(dppf)Cl2 (13.2 mg, 18.1 pmol, 

0.1 eq) and BINAP (22.5 mg, 36.1 pmol, 0.2 eq), the reaction mixture was stirred at 90°C for 6 

hours under N2. The mixture was diluted with ethyl acetate (8.0 mL) and water (7.0 mL) then 

separated. The aqueous phase was extracted with ethyl acetate (3 x 9.0 mL) and the organic layer 

was washed with saturated brine (10.0 mL), dried over Na2S04, filtered and concentrated under
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vacuum. The residue was purified by prep-TLC (SiCh, dichloromethane: methanol = 10:1) to give 

benzyl (25)-4-|7-(5-chloro-4-isoquinolyl)-8-fluoro -2-[[(25)-l-methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (50 mg, 66.8 

pmol, 37% yield, 91% purity) as a yellow solid. LCMS [ESI, M+l]: 681.

[0651] 1H NMR (400 MHz, chloroform-d) δ = 9.39 (br s, 1H), 9.09 (s, 1H), 8.59 (br d, J = 11.6 Hz, 

NI), 8.05 (d, J= 8.0 Hz, IN), 7.77 (br d, J= 7.2 Hz, 1H), 7.64 - 7.56 (m, 1H), 7.44 - 7.33 (m, 5H), 

5.22 (s, 2H), 4.78 - 4.67 (m, 1H), 4.60 (td, J= 5.6, 10.8 Hz, 1H), 4.51 - 4.36 (m, 3H), 4.28 - 4.17 

(m, 1H), 3.97 (br d, J= 12.4 Hz, 1H), 3.79 - 3.52 (m, 2H), 3.12 (br t,J= 12 Hz, 1H), 2.95 - 2.69 

(m, 3H), 2.51 (s, 3H), 2.36 - 2.25 (m, 1H), 2.08 - 2.01 (m, 1H), 1.94 - 1.82 (m, 3H).

[0652] Step B: To a solution of benzyl (2S')-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(2S')-l- 

methyipyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (75.0 mg, 110 pmol, 1.0 eq) and 4A MOLECULAR SIEVE (35.0 mg, 110 pmol, 1.0 

eq) in ACN (2.0 mL) was added TMSCl (179 mg, 1.65 mmol, 210 pL, 15 eq), the mixture was 

stirred at 0°C for 0.5 hour. Then NaI (264 mg, 1.76 mmol, 16 eq) was added to the above mixture 

at 0°C. After addition, the mixture was stirred at 15°C for 17.5 hours. The mixture was purified by 

column chromatography (AI2O3, ethyl acetate: methanol = 0:1). The desired fraction was collected 

and concentrated under vacuum. The residue was purified by reversed phase flash [water (FA, 

0.1%)/acetiontrile], The desired fractions were collected and neutralized with NaHCCb solid and 

extracted with ethyl acetate (3 χ 8.0 mL). The combined organic phase was washed with saturated 

brine (5.0 mL), dried over anhydrous Na2SC>4, filtered and concentrated under vacuum to give 2- 

[(2V)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-  

i/]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (22.0 mg, 36.6 pmol, 33% yield, 91% purity) as a 

yellow solid. LCMS [ESI, M+l]: 547.

[0653] Example 20: To a solution of 2-[(25}-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(2S)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-ri]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (22.0 mg, 

40.2 pmol, 1.0 eq) and TEA (20.4 mg, 201 pmol, 28.0 pL, 5.0 eq) in dichloromethane (1.0 mL) 

was added prop-2-enoyl prop-2-enoate (7.61 mg, 60.3 pmol, 4.92 pL, 1.5 eq) in dichloromethane 

(1.0 mL) at - 40°C. After stirring at 0 - 10°C for 1 hour, the mixture was diluted with 

dichloromethane (4.0 mL) and H2O (4.0 mL) then separated. The aqueous phase was extracted 

with dichloromethane (2 χ 4.0 mL) and the organic layer was washed with saturated brine (5.0
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mL), dried over NaiSCL, filtered and concentrated under vacuum. The residue was purified by 

prep-HPLC (column: Waters Xbridge 150*25 5μ; mobile phase: [water (0.05% ammonia 

hydroxide v/v) - ACN]; B%: 25% - 55%, IOmin). The desired fraction was collected and 

concentrated under vacuum to remove acetonitrile. The residue was lyophilized to give 2-((25)-4- 

[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

cf]pyrimidin-4-yl]-l-prop-2-enoyl-piperazin-2-yl]acetonitrile (5.85 mg, 9.54 pmol, 24% yield, 98% 

purity) as a yellow solid. LCMS [ESI, M+l]: 601.

[0654] 1H NMR (400 MHz, chloroform-d) δ - 9.39 (s, lH),9.10(s, 1H), 8.59 (d, J = 11.6 Hz, 1H), 

8.06 (d, J = 8.4 Hz, 1H), 7.81 - 7.76 (m, 1EI), 7.61 (dt, J= 2.4, 7.8 Hz, 1H), 6.66 - 6.55 (m, 1H),

6.47 - 6.39 (m, 1H), 5.87 (br d, J= 10.4 Hz, 1H), 5.13 - 4.76 (m, 1H), 4.60 (ddd, J= 4.8, 6.2, 10.8 

Hz, 1H), 4.54 - 4.38 (m, 3H), 4.32 - 3.43 (m, 4H), 3.15 - 3.09 (m, 1H), 3.07 - 2.91 (m, 1H), 2.88 -

2.68 (m, 2H), 2.50 (s, 3H), 2.35 - 2.24 (m, 1H), 2.12 - 2.00 (m, 1H), 1.93 - 1.73 (m, 3H).

EXAMPLE 21

o,
F

2-((5f)-4-(7-(8-chloronaphthalen-l-yl)-2-(((5')-4,4-difluoro-l-methylpyrrolidin-2-yl)methoxy)-8- 

ITuoro py rido[4,3-r./]pyrim idi n-4-y 1)-1-(2-11 uoroacryloyl)pipcrazin-2-yl [acetonitrile

TMSCI1 NalCs2CO3, Pd(PPh3)4
N

dioxane/H20, 
F 100°C, 12 hrs

4A MS1 MeCN1 0- 
25 °C, 12.5 hrs/MS)
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N ^¾-
T3P, TEA, EA1

O °C, 0.5 hr

ΕΧ5ιιιμ$€ 21

[0655] Step A: A mixture of [(8-chloro-l-naphthyl)-trifluoro-boranyl] potassium(l+) (319 mg, 1.19 

mmol, 1.0 eq), benzyl (2S)-4-[7-chloro-2-[[(21S)-4,4-difluoro-l-methyl-pyrrolidin-2-yl]methoxy]-8- 

fluoro-pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (700 mg, 1.19 

mmol, 1,0 eq), Pd(PPh3)4 (137 mg, 119 pmol, 0.1 eq), CS2CO3 (775 mg, 2.38 mmol, 2.0 eq) in 

dioxane (15 mL) and H2O (3 mL) was degassed and purged with N2 for 3 times, and then the 

mixture was stirred at 100 °C for 12 hours under N2 atmosphere. The reaction mixture was diluted 

with water (20 mL) and extracted with ethyl acetate (3 x 50 mL). The combined organic layers

were washed with brine (20 mL), dried over Na2SC>4, filtered and concentratcid under reduced

pressure to give a residue. The residue was purified by column chromatography (SiCfi, Ethyl 

acetate /Methanol = 100/1 to 10/1) and further purified by reversed phase flash [water (0.1% 

formic acid)/acetonitrile)]. The mixture was adjusted pH ~ 7 with saturated NaHCCL aqueous 

solution and extracted with ethyl acetate (3 x 200 mL). The combined organic layers were washed 

with brine (50 mL), dried over Na2SCfi, filtered and concentrated under reduced pressure to give 

benzyl (2iS)-4-[7-(8-chloro-l-naphthyl)-2-[[(2<S)-4,4-difluoro -l-methyl-pyrrolidin-2-yl]methoxy]- 

8-fl uoro-py rido[4,3-c/|pyrimidm-4-yl]-2-(cyanomethyl)piperazine-l -carboxylate (390 mg, 522 

pmol, 44% yield, 96% purity) as a yellow solid. LCMS [ESI, M+l]: 716.

[0656] Step B: To a solution of benzyl (2ri)-4-[7-(8-chloro-l-naphthyl) -2-[[(25')-4,4-difluoro-l- 

methyl-pyrrohdin-2-yl]methoxy]-8-fluoro-pyrido[4,3-i/]pyrirnidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (40 mg, 55.8 pmol, 1.0 eq) and 4A molecular sieve (100 

mg) in MeCN (1 mL) was added NaI (134 mg, 894 pmol, 16.0 eq). Stirring was continued for a 

period of 0.5 hour at 0 °C. Then TMSCl (91 mg, 838 pmol, 106 pL, 15.0 eq) was added to the 

above mixture. After addition, the mixture was stirred at 25 0C for 12 hours. The reaction mixture 

was filtered and the filter was purified by reversed phase flash [water (0.1% formic 

acid)/acetonitrile)] directly. The mixture was adjusted pH ~ 7 with saturated NaHCCfi aqueous
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solution and extracted with ethyl acetate (3 x 100 mL). The combined organic layers were washed 

with brine (50 mL), dried over TNhiaSCL, filtered and concentrated under reduced pressure to give 

the residue. The residue was further purified by prep-HPLC (column: Waters Xbridge 150*25 5μ; 

mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%: 32% - 62%, 10 min). The 

desired fraction was collected and lyophilized. 2-[(2S)-4-[7-(8-chloro-l-naphthyl)-2-[[(2,S)-4,4- 

difluoro-1-methyl- pyrrolidin-2-yl]methoxy]-8-fluoro-pyrido[4,3-7]pyrimidin-4-yl]piperazin-2- 

yljacetonitrile (7.51 mg, 12.8 pmol, 23% yield, 99.3% purity) was obtained as a yellow solid . 

LCMS [ESI, M+l]: 582.

[0657] 1H NMR (400MHz, chloroform-d) δ = 9.03 (s, 1H), 8.02 (dd, 7=1.6, 7.6 Hz, 1H), 7.90 (dd, 

J=1.2, 8.0 Hz, 1 H), 7.66 - 7.52 (m, 3H), 7.44 (t, 7=8.0 Hz, 1H), 4.71 - 4.60 (m, 1H), 4.59 - 4.37 (m, 

3H), 3.64 - 3.49 (m, 1H), 3.44 (dt, 7=5.2, 11.6 Hz, 1H), 3.38 - 3.31 (m, 1H), 3.28 - 2.98 (m, 4H), 

2.79 - 2.46 (m, 711), 2.43 - 2.25 (m, 1H).

[0658] Example 21: To a solution of 2-[(2X)-4-[7-(8-chloro-l-naphthyl)-2-[[(25') -4,4-difluoro-l- 

methyl-pyrrolidin-2-yl]methoxy]-8-fluoro-pyrido[4,3-<i]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(70 mg, 120 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (32.5 mg, 361 pmol, 4.48 pL, 3.0 eq) and 

TEA (974 mg, 962 pmol, 134 pL, 8.0 eq) in ethyl acetate (1 mL) was added T3P (229 mg, 361 

pmol, 214 uL, 50% purity in ethyl acetate, 3.0 eq) at 0 °C. The mixture was stirred at 0 °C for 30 

minutes. The reaction mixture was diluted with water (20 mL) and extracted with ethyl acetate (3 x 

30 mL). The combined organic layers were washed with brine (20 mL), dried over NaiSCfi, filtered 

and concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC 

(column: Waters Xbridge 150*25 5p; mobile phase: [water (0.05% ammonia hydroxide v/v) - 

ACN]; B%: 38% - 68%, 10 min). The desired fraction was collected and lyophilized. 2-[(2S)-4-[7- 

(8-chloro-l-naphthyl)-2-[[(2>S) -4,4-difluoro~l-methyl-pyrrolidin-2-yl]methoxy]-8-fluoro- 

pyrido[4,3-d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (14.3 mg, 21.8 

pmol, 18% yield, 99.7% purity, 100% ee) was obtained as a white solid. LCMS [ESI, M+l]: 654.

[0659] 1H NMR (400MHz, chloroform-d) δ = 9.09 (s, 1H), 8.03 (dd, 7=1.6, 7.6 Hz, III), 7.90 (d, 

7=8.0 Hz, 1H), 7.67 - 7.53 (m, 3H), 7.44 (dt, 7=2.0, 7.6 Hz, 1H), 5.60 - 5.38 (m, III), 5.29 (dd, 

7=3.6, 16.8 Hz, 1H), 4.86 (br s, 1H), 4.71 - 4.61 (m, 1H), 4.59 - 4.40 (m, 3H), 4.37 - 3.53 (m, 4H), 

3.44 (dt, 7=5.6, 11.6 Hz, 1H), 3.12 - 2.95 (m, 211),2.93 - 2.79 (m, 1H),2.71 (td, 7=11.2, 16.4 Hz, 

III), 2.62 - 2.45 (m, 411), 2.44 - 2.25 (m, 1H).
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EXAMPLE 22

ο.
F

NC

Cl ,
N

/-,.(S)
Ό

\

2-[(2iS,)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(2)S,,4/?)-4-methoxy-l-methyl-pyrrolidin-2-

yl]methoxy]pyrido[4,3-<f]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

CbzI
N

NC' Ys) vI

p

Cbz

N
Cs2CO3, dioxane, H2O 

100 °C, 12 h

TMSCI, Nal, 4A 
molecular sieve

MeCN, O - 25 °C. 
5.5 h

B

N ^

,--'Ms; T3P, Et3N1 4A 
molecular sieve, EA1 
O-25 °C, 1 h

Example 22

S °\

[0660] Step A: A mixture of benzyl (2X)-4-[7-chloro-8-fluoro-2-[[(25’,4-^)-4-methoxy-l- methyl- 

pyrrolidin-2-yl]methoxy]pyrido[4,3-ii]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (1 

g, 1.71 mmol, 1.0 eq), [(8-chloro-l-naphthyl)-trifluoro-boranyl]potassium(l+) (2.76 g, 10.3 mmol, 

6.0 eq), Pd(PPh3)4 (198 mg, 171 pmol, 0.1 eq), CS2CO3 (1.12 g, 3.42 mmol, 2.0 eq) in dioxane (20 

mL) and H2O (4 mL) was degassed and purged with N2 for 3 times, and then the mixture was 

stirred at 100 0C for 12 hours under N2 atmosphere. Upon completion, the residue was diluted with 

water (15 mL) and extracted with ethyl acetate (1 χ 60 mL). The organic layer was washed with 

brine (1 x 40 mL), dried over sodium sulfate, filtered and concentrated under vacuum. The residue
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was purified by reversed phase flash [water (0.1% formic acid) / acetonitrile]. The desired fractions 

were collected and neutralized with saturated NaIICCb solution and extracted with ethyl acetate (1 

x 100 mL). The separated organic layer was dried over sodium sulfate, filtered and concentrated 

under vacuum, benzyl (2,S')-4-[7-( 8-cbloro-1 -naphthyl)-8-fluoro-2-[[(2,S',4/?)-4-methoxy-1 -mcthyl- 

pyrrolidin-2-yl]methoxy]pyrido[4,3-c/]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate 

(770 mg, 774 pmol, 45% yield, 71.4% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 

710.

[0661] 1H NMR (400 MHz, chloroform-d) δ = 9.02 (s, 1H), 8.00 (dd, J= 1.2, 8.0 Hz, 1H), 7.88 (d, 

J= 8.0 Hz, 1H), 7.81 - 7.72 (m, 1H), 7.64 - 7.57 (m, 2H), 7.57 - 7.51 (m, 2H), 7.49 - 7.40 (m, 2H), 

7.38 - 7.32 (m, 2H), 5.20 (s, 2H), 4.78 - 4.62 (m, 1H), 4.60 - 4.50 (m, 1H), 4.45 - 4.29 (m, 3H),

4.02 - 3.86 (m, 1H), 3.86 - 3.77 (m, III), 3.72 - 3.62(m, 1H), 3.61 - 3.43 (m, 1H), 3.37 - 3.26 (m, 

1H), 3.24 (d, J= 2.0 Hz, 3H), 2.94 - 2.66 (m, 4H), 2.40 (s, 3H), 2.27 - 2.20 (m, 1H), 2.02 - 1.98 

(m, 1H), 1.97- 1.88 (m, 1H).

[0662] Step B: A mixture of benzyl (25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2- [[(25,4^)-4- 

methoxy-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-i7]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (60 mg, 84.5 pmol, 1.0 eq), NaI (203 mg, 1.35 mmol, 16.0 

eq) and 4A molecular sieve (60 mg, 70.4 pmol) in MeCN (1.5 mL) was stirred at 0 °C for 30 min. 

Then to the mixture was added TMSCl (138 mg, 1.27 mmol, 161 pL, 15.0 eq) at 0 0C. The mixture 

was stirred at 25 °C for 5 hours. Upon completion, the mixture was filtered and the filtrate was 

purified directly. The residue was purified by column chromatography (AI2O3, petroleum 

ether/ethyl acetate = 10/1 to 0/1 and dichloromethane/methanol = 10/1 to 3/1). The residue was 

purified by prep-HPLC (column: Xtimate Cl 8 150 * 25mm * 5pm; mobile phase: [water (0.05% 

ammonia hydroxide v / v) - ACN]; B%: 28% - 58%, IOmin). The residue was concentrated under 

reduced pressure to remove MeCN, and then lyophilized. 2-[(2X)-4-[7-(8-chloro-l-naphthyl)-8- 

fluoro-2-[[(25,,4i?)-4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-£i!pyrimidin-4- 

yl]piperazin-2-yl]acetonitrile (4.06 mg, 7.02 pmol, 8% yield, 99.6% purity) was obtained as a 

white solid. LCMS [ESI, M+l]: 576.

[0663] 1H NMR (400 MHz, chloroform-d) δ = 9.02 (br s, 1H), 8.01 (br d, J= 6.8 Hz, 1H), 7.89 (br 

d, J= 6.8 Hz, 1H), 7.67 - 7.50 (m, 3H), 7.48 - 7.38 (m, 1H), 4.67 - 4.48 (m, 2H), 4.48 - 4.34 (m, 

2H), 3.97 (br s, 1H), 3.63 - 3.50 (m, HI), 3.49 - 3.41 (m, 1H), 3.40 - 3.03 (m, 8H), 2.94 (br s, 1H),
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2.69 - 2.56 (m, 2H), 2.50 (s, 3H), 2.33 (br s, 1H), 2.14 - 2.00 (m, 2H).

[0664] Example 22: A mixture of 2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2- [[(25,4/^)-4- 

methoxy-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazin-2- 

yljacetonitrile (40 mg, 69.4 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (50.0 mg, 555 pmol, 8.0 eq) 

in Ethyl acetate (1 mL) was added 4A molecular sieve (25 mg). The mixture was stirred at 25 °C 

for 0.5 hour. After that, the mixture was cooled to 0 °C and added Et3N (63.2 mg, 625 pmol, 87.0 

pL, 9.0 eq) and T3P (177 mg, 278 pmol, 165 pL, 50% purity, 4.0 eq) at 0 °C. The mixture was 

stirred at O °C for 0.5 hour. Upon completion, the residue was diluted with water (2 mL) and ethyl 

acetate (3 mL). The organic layer was separated, washed with brine (1x5 mL), dried over sodium 

sulfate, filtered and concentrated under vacuum. The residue was purified by prep-HPLC (column: 

Waters Xbridge 150 * 25 5p; mobile phase: [water (0.05% ammonia hydroxide v / v) - ACN]; B%: 

32% - 62%, IOmin). The residue was concentrated under reduced pressure to remove MeCN, and 

then lyophilized. 2-[(25)-4-[7-(8-chloro-l - naphthyl)-8-iluoro-2-[[(25,4R)-4-methoxy-l-methyl- 

pyrroiidin-2-yi]methoxy]pyrido[4,3-rf]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyi)piperazin-2- 

yl]acetonitrile (11.1 mg, 17.1 pmol, 25% yield, 100% purity) was obtained as a white solid.

LCMS [ESI, M+l]:648.

[0665] 1H NMR (400 MHz, chloroform-d) δ = 9.07 (s, 1H), 8.02 (d, J = 7.6 Hz, 1H), 7.90 (d, J=

8.4 Hz, 1H), 7.67 - 7.51 (m, 3LI), 7.44 (dt,./= 2.4, 8.0 Hz, 1H), 5.60 - 5.38 (m, 1H), 5.29 (dd, J = 

3.6, 16.8 Hz, 1H), 4.99 - 4.76 (m, 1H), 4.68 - 4.56 (m, 1H), 4.55 - 4.39 (m, 3H), 4.35 - 4.14 (m, 

HI), 4.11 -3.91 (m, 2LI), 3.89 - 3.65 (m, 2H), 3.55- 3.40 (m, 1H), 3.31 (br s, 3H), 3.11 - 2.79 (m, 

3H), 2.50 (br s, 3H), 2.40 - 2.27 (m, 1H), 2.18 - 1.95 (m, 2H).

EXAMPLE 23

F

2-((5)-4-(7-(8-chloronaphthalen-l-yl)-8-fluoro-2-(((S)-l-methylpyrrolidin-2-
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yl)methoxy)pyrido[4,3-/]pyrimidin-4-yl)-l-((E)-4-fluorobut-2-enoyl)piperazin-2-yl)acetonitrile
F

TEA, T3P, EA, I I
-70 "C, 1 hr

Example 23

[0666] Example 23: To a solution of 2-[(2iS)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(26)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-/]pyrimidin-4-yl]piperazin-2-y]]acetonitrile (20 mg, 

36.6 pmol, 1.0 eq), (£)-4-fluorobut-2-enoic acid (11.4 mg, 109 pmol, 4.48 pL, 3.0 eq) and TEA 

(29.6 mg, 293 pmol, 40.8 pL, 8.0 eq) in ethyl acetate (1 mL) was added T3P (69.9 mg, 10 pmol, 

65.3 pL, 50 % purity in ethyl acetate, 3.0 eq) at -70 °C. The mixture was stirred at -70 °C for 1 

hour. The reaction mixture was quenched with HCl (1 M, 1 mL). Then the mixture was adjusted 

pH ~ 7 with saturated NaHCCb aqueous solution and extracted with ethyl acetate (3 x 20 mL). The 

combined organic layers were washed with brine (10 mL), dried over Na2SC>4, filtered and 

concentrated under reduced pressure to give the residue. The residue was purified by prep-HPLC 

(column: Waters Xbridge 150 * 25 5μ; mobile phase: [water (0.05% ammonia hydroxide v/v)- 

ACN]; B%: 35% - 65%, 10 min). The desired fraction was collected and lyophilized. 2-[(25)-4-[7- 

(8-chloro-l-naphthy])-8-fluoro-2-[[(25)-l-methylpynOlidin-2-yl]methoxy]pyrido[4,3-<f]pyrimidin- 

4-yl]-l-[(£)-4-fluorobut-2-enoyl]piperazin-2-yl]acetonitrile (6.62 mg, 9.95 pmol, 27% yield, 95% 

purity) was obtained as a white solid. LCMS [ESI, M+l]: 632.

[0667] 1H NMR (400MHz, chloroform-d) δ = 9.08 (s, NI), 8.02 (d, J=I.6 Hz, 1H), 7.90 (d, /=8.0 

Hz, 1H), 7.67 - 7.52 (m, 3H), 7.44 (dt, /=2.0, 7.6 Hz, 1H), 7.13 - 6.94 (m, 1H), 6.60 (brd,/=15.6 

Hz, 1H), 5.25 - 4.59 (m, 4H), 4.56 - 4.37 (m, 3H), 4.27 - 3.52 (m, 411), 3.43 - 3.11 (m, 1H), 3.08 -

2.72 (m, 3H), 2.58 (s, 3H), 2.38 (s, 1H), 2.19 - 2.01 (m, 1H), 1.97 - 1.80 (m, 3H).

EXAMPLE 24
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F

:

2-((5j-4-(2-(((5)-4,4-difhroro-l-methylpyrrohdin-2-yl)methoxy)-8-fluoro-7-(8-methylnaphthalen-

l-yl)pyrido[4,3-ii]pyrimidin-4-yl)-l-((£)-4-fluorobut-2-enoyl)piperazin-2-yl)acetonitrile

T3P, TEA,
^"AS)EA1- 60 0C1

Example 24

[0668] Example 24: To a solution of 2-[(25)-4-[2-[[(25)-4,4-difluoro-l-methyl- pyrrolidin-2- 

yl]methoxy]-8-fluoro-7-(8-methyl-l-naphthyl)pyrido[4,3-<f]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (90 mg, 160 pmol, 1.0 eq) and (£)-4-fluorobut-2-enoic acid (50 mg, 481 pmol, 3.0 

eq) in ethyl acetate (2 mb) was added T3P (305 mg, 481 pmol, 286 pL, 50% purity in ethyl 

acetate, 3.0 eq) and TEA (129 mg, 1.28 mmol, 178.45 pL, 8.0 eq). The mixture was stirred at - 60 

°C for 30 minutes. The reaction mixture was quenched with HCl (1 M, 1 mL). The mixture was 

separated and the aqueous layer was adjusted pH ~ 8 with saturated NaIICCb aqueous solution. 

Then the mixture was extracted with ethyl acetate (3x10 mL). The combined organic layers were 

washed with brine (10 mL), dried over Na2S04, filtered and concentrated under reduced pressure to 

give the product. The residue was purified by column chromatography (SiCh, ethyl 

acetate/methanol 100/1 to 10/1) and further purification by prep-HPLC (column: Waters Xbridge 

150 * 25 5μ; mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%: 40% - 70%, 10 

min). The desired fraction was collected and lyophilized. 2-[(25)-4-[2-[[(25)-4,4-difluoro-l- 

methyl-pyrrolidin-2-yl] methoxy]-8-fluoro-7-(8-methyl-l-naphthyl)pyrido[4,3-i/]pyrimidin-4-yl]- 

l-[(£)-4-fluorobut-2-enoyl]piperazin-2-yl]acetonitrile (54 mg, 83.1 pmol, 52% yield, 89.6% 

purity) was obtained as a white solid. LCMS [ESI, M+l]: 648.
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[0669] ]H NMR (400MHz, chloroform-d) δ = 9.11 (d, J= 2.8 IIz, 1H), 7.99 (dd, J= 1.2, 8.0 Hz, 1H),

7.83 (d, J-8.0 Hz, 1H), 7.54 (dt, J=3.86, 7.6 Hz, 1H), 7.50 - 7.38 (m, 2H), 7.34 - 7.28 (m, 1H), 

7.11-6.93 (m, 1H), 6.59 (br d, J=14.8 Hz, 1H), 5.27 - 4.75 (m, 3H), 4.70 - 4.60 (m, 1H), 4.59- 

4.38 (m, 3H), 4.35 - 3.58 (m, 4H), 3.44 (dt, J=5.78, 11.6 Hz, 1H), 3.10 - 2.90 (m, 211), 2.88 - 2.64 

(m, 2H), 2.61 - 2.45 (m, 4H), 2.44 - 2.26 (m, 1H), 2.06 (d, J=I.2 Hz, 3H).

EXAMPLE 25

F

2-((ri)-4-(7-(8-chloronaphthalen-l-yl)-2-(((5)-4,4-difliioro-l-methy]pyrrolidin-2-yl)methoxy)-8-

fluoropyrido[4,3-ri]pyrimidin-4-yl)-l-((fr)-4-fluorobut-2-enoyl)piperazin-2-yl)acetonitrile
F

TEA, T3P, EA,,/',(S!
-70 “C, 1 h

Example 25

[0670] Example 25: To a solution of 2-[(25)-4-[7-(8-chloro-l-naphthyl)-2-[[(2X) -4,4-difluoro-l- 

methyl-pyrrolidin-2-yl]methoxy]-8-fluoiO-pyrido[4,3-ri]pyrimidin-4-yl]piperazm-2-yl]acetonitrile 

(100 mg, 172 pmol, 1.0 eq), (£)-4-fluorobut-2-enoic acid (53.6 mg, 515 μητοί, 4.48 pL, 3.0 eq) 

and TEA (139 mg, 1.37 mmol, 191 pL, 8.0 eq) in ethyl acetate (1 mL) was added T3P (328 mg, 

515 pmol, 306 pL, 50% purity in ethyl acetate, 3.0 eq) at - 70 °C. The mixture was stirred at - 70 

°C for 1 hour. The reaction mixture was quenched with HCl (1 M, 1.5 mL). Then the mixture was 

adjusted pH ~ 7 with saturated NaHCO;, aqueous solution and extracted with ethyl acetate (3 x 20 

mL). The combined organic layers were washed with brine (10 mL), dried over Na2S04, filtered
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and concentrated under reduced pressure to give the residue. The residue was purified by prep- 

HPLC (column: Waters Xbridge 150 * 25 5μ; mobile phase: [water (0.05% ammonia hydroxide 

v/v) - ACN]; B%: 38%-68%, 8 min). The desired fraction was collected and lyophilized. 2-[(2S)-4- 

[7-(8-chloro-l-naphthyl)-2-[[(25f)-4,4-difluoro-l-methyl-pyrrolidin-2-yl]methoxy]-8-fluoro- 

pyrido[4.3-c/|pyrimidin-4-yl |-1 -[(C)-4-fTuorobiit-2-eno\Tjpiperazin-2-yl]acetonitrile (33 mg, 48.8 

pmol, 28% yield, 98.9% purity) was obtained as a white solid. LCMS [ESI, M+l]: 668.

[0671] 1H NMR (400MHz, chloroform-d) 5 = 9.10 (s, 1H), 8.09 - 7.96 (m, 1H), 7.90 (d, J=8.4 Hz, 

1H), 7.69 - 7.50 (m, 3H), 7.44 (dt, J= 2.0, 7.6 Hz, 1H), 7.13 - 6.95 (m, 1H), 6.60 (d, .Ml 5.2 Hz,

1H), 5.26 - 4.85 (m, 3H), 4.72 - 4.60 (m, 1H), 4.58 - 4.39 (m, 3H), 4.38 - 3.57 (m, 4H), 3.56 - 3.36 

(m, 1H), 3.15 - 2.64 (m, 4H), 2.62 - 2.45 (m, 4H), 2.44 - 2.24 (m, 1H).

EXAMPLE 26

/

2-[(2X)-l-[(£)-4-fluorobut-2-enoyl]-4-[8-fiuoro-2-[[(25',4R)-4-methoxy-l-methyl-pynOlidin-2-

yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-c(|pyrimidm-4-yl]piperazin-2-yl]acetonitrile

T3P. Et3Nf EA

68 0C1 0.5 h

Example 26

[0672] Example 26: To a solution of2-[(2S)-4-[8-fluoro-2-[[(2R4R)-4-methoxy-l-methyl- 

pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-cf]pyrimidin-4-yl]piperazin-2-  

yl]acetonitrile (85.0 mg, 153 μηιοί, 1.0 eq), (£)-4-fluorobut-2-enoic acid (95.5 mg, 918 μιηοΐ, 6.0 

eq) and FMN (92.9 mg, 918 μηιοί, 128 gL, 6.0 eq) in Ethyl acetate (9 mL) was addedT3P (389 mg,
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612 pmol, 364 \xL, 50% purity, 4.0 eq) at - 68 °C. The mixture was stirred at - 68 °C for 0.5 hour. 

Upon completion, the mixture was acidified with aqueous HCl solution (1 mol/L) to pH = 3 ~ 4.

To the separated water layer was added ethyl acetate (60 mL) and basified with saturated aqueous 

NaHCCb solution to pH = 7 ~ 8. The organic phase was separated, dried over sodium sulfate, 

filtered and concentrated under vacuum. The residue was purified by prep-HPLC (column: Xtimate 

C18 150 * 25mm * 5pm; mobile phase: [water (0.05% ammonia hydroxide v / v) - ACN]; B%: 

35% - 65%, IOmin). The residue was concentrated under reduced pressure to remove ACN, and 

then lyophilized. 2-[(2S)-l-[(£)-4-fluorobut-2- enoyl]-4-[8-fluoro-2-[[(2S,4i?)-4-methoxy-l- 

methy]-pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-<7]pyrimidin-4-yl]piperazin-2- 

yljacetonitrile (24.1 mg, 36.5 pmol, 24% yield, 97.2% purity) was obtained as a white solid.

LCMS [ESI, M+l]: 642.

[0673] 1HNMR (400 MHz, chloroform-d) 5 = 9.09 (d, .7-2.8 Hz, 1H), 7.99 (d, J= 8.0 Hz, 1H), 

7.82 (d, J= 8.0 Hz, 1H), 7.57 - 7.37 (m, 3H), 7.34 - 7.27 (m, 1 H), 7.17 - 6.92 (m, 1H), 6.59 (br d, J 

= 14.4 Hz, 1H), 5.19 (br s, 1H), 5.07 (br s, 2H), 4.76 - 4.55 (m, 1H), 4.55 - 4.35 (m, 3H), 4.23 - 

3.61 (m, 5H), 3.49 - 3.37 (m, 1H), 3.31 (s, 3H), 3.04 - 2.88 (m, 2H), 2.87- 2.67 (m, 1H), 2.49 (s, 

3H), 2.34 (dd, J= 5.6, 9.6 Hz, 1H), 2.10 - 1.98 (m, 5H).

EXAMPLE 27

N ^

2-[(2S)-4-[7-(8-chloro-l-naphthyl)-8-fIuoro-2-[[(2S',47?)-4-methoxy-l-methyl-pyrrolidin-2- 

yl]methoxyjpyrido[4,3-<7]pyrimidin-4-ylJ-l-[(£)-4-11 uorobut-2-enoyl]piperazin-2-yl]acetonitrile
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OH

T3P, Et3N1 4A molecular 
sieve, EA1 - 68 0C1 0.5 h

A

Example 27

[0674] Example 27: To a solution of 2-[(2X)-4-[7-(8-chloro-l -naphthyl)-8-fluoro-2- [[(25,4.^)-4- 

methoxy-1 -methyl-pyrrolidin-2-y] Jmethoxy Ipyrido [4,3-i/|pyrimidin-4-y l]piperazin-2- 

yljacetonitrile (40.0 mg, 69.4 pmol, 1.0 eq), (iT)-4-fluorobut-2-enoic acid (43.4 mg, 417 pmol, 6.0 

eq), 4A molecular sieve (100 mg) and Et3N (42.2 mg, 417 pmol, 58.0 pL, 6.0 eq) in Ethyl acetate 

(1 mL) was added T3P (177 mg, 278 pmol, 165 pL, 50% purity, 4.0 eq) at - 68 °C. The reaction 

mixture was stirred at - 68 °C for 0.5 hour. Upon completion, the mixture was acidified with

aqueous HCl solution (1 mol/L) to pH = 3 ~ Λ rTr, fKee mixture was added ethyl acetate (20 mL) and

basified with saturated aqueous NaHCOs solution to pH = 7 ~ 8. The organic phase was separated, 

dried over sodium sulfate, filtered and concentrated under vacuum. The residue was purified by 

prep-HPLC (column: Waters Xbridge 150 * 25 5p; mobile phase: [water (0.05% ammonia 

hydroxide v / v) - ACN]; B%: 32% - 62%, 1 Omin). The residue was concentrated under reduced 

pressure to remove ACN, and then lyophilized. 2-[(2,S')-4-[7-(8-chloro-1 -naphthyl)-8-fluoro-2- 

[[(25',4R)-4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-<7]pyrimidin-4-yl]-l-[(.E')-4- 

fluorobut-2-enoyl]piperazin-2-yl]acetonitrile (8.78 mg, 12.0 pmol, 17% yield, 90.8% purity) was 

obtained as a white solid. LCMS [ESI, M+l]: 662.

[0675] 1H NMR (400 MHz, chloroform-d) δ = 9.08 (s, 1H), 8.02 (br d,J = 8.0 Hz, 1H), 7.90 (d, J =

8.4 Hz, 1H), 7.67 - 7.50 (m, 3TI), 7.44 (td, J= 2.0, 8.0 Hz, 1H), 7.11 - 6.93 (m, HI), 6.60 (br d, J =

15.2 Hz, 1H), 5.28 - 4.91 (m, 3H), 4.68 - 4.56 (m, 1H), 4.54 - 4.34 (m, 311), 4.20 - 3.60 (m, 5H), 

3.53 - 3.39 (m, 1H), 3.31 (s, 3H), 3.06 - 2.69 (m, 3H), 2.51 (s, 3H), 2.39 - 2.29 (m, 1H), 2.16 - 1.93 

(m, 211).

EXAMPLE 28
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ο.
F

N %

2-[(25r)-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[3-[(15’,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5-

y]]propoxy]pyrido[4,3-i7]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

B(OH)2

Pd(PPh3)4, Cs2CO3NaH1 THF

dioxane/H20, 
100 °C, 6hrs

■5 -25 0C1 1 hr

N 'V N NH3iMeOH1
25 0C11 hr

N O'

/S) HATU1 DIEA1 DCM1'N O' 0-25-0 0.67 hr N O'

Example 28

[0676] Step A: To a solution of 3-((15,45)-2-oxa-5-azabicyclo[2.2.l]heptan-5-yl] propan-l-ol (1.98 

g, 12.6 mmol, 2.0 eq) in THF (60 mL) was added NaII (757 mg, 18.9 mmol, 60% purity, 3.0 eq). 

After stirring at 25 °C for 0.5 hour, benzyl (25)-2-(cyanomethyl)-4-(2,7- dichloro-8-fluoro- 

pyrido[4,3-ci]pyrimidin-4-yl)piperazine-l-carboxylate (3 g, 6.31 mmol, 1 eq) was added to the 

mixture at -5 °C, then the mixture was stirred at -5 °C for 0.5 hour. Upon completion, the mixture 

was diluted with water (50 mL) and extracted with ethyl acetate (2 x 50 mL). The organic layers 

were dried over Na2SC>4 and concentrated under vacuum. The residue w'as purified by reversed 

phase flash [water (0.1% formic acid)/acetonitrile]. The desired fractions were collected and 

neutralized with solid NaHCCb, concentrated under vacuum to remove acetonitrile and extracted 

with ethyl acetate (2 χ 100 mL). The organic layers were dried over Na2SC>4 and concentrated 

under vacuum to give benzyl (25)-4-[7-chloro-8-fluoro- 2-(3-((15,45)-2-oxa-5-
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azabicy clo[2.2. l]heptan-5-yl]propoxy]pyrido[4,3-i/]pyrimidin-4-yl]-2-(cyanomethy l)piperazine-l- 

carboxylate (2.2 g. 3.32 mmol, 53% yield, 90% purity) as a yellow solid.

[0677] 1H NMR (400 MHz, chloroform-d) δ = 8.80 (s, 1H), 7.44 - 7.33 (m, 5H), 5.24 - 5.14 (m, 

2H), 4.72 - 4.62 (m, 1H), 4.61 - 4.52 (m, 2H), 4.47 - 4.07 (m, 5H), 4.04 (d, J = 7.6 Hz, 1H), 4.01 - 

3.82 (m, 1H), 3.74 - 3.52 (m, 3H), 3.50 (s, 1H), 2.97 - 2.92 (m, 1H), 2.91 - 2.65 (m, 4H), 2.53 (d, J 

= 10.0 Hz, IH), 1.99 (quin, J= 6.8 Hz, 2H), 1.85 (dd, J= 2.0, 10.0 Hz, 1H).

[0678] Step B: To a solution ofbenzyl(26)-4-[7-chloro-8-fluoro-2-[3-[(lS',45)-2-oxa-5- 

azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-i/]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (450 mg, 755 pmol, 1.0 eq) and (8-methyl-l-naphthyl)boronic acid (211 mg, 1.13 

mmol, 1.5 eq) in dioxane (9 mL) and H2O (1.8 mL) was added CS2CO3 (738 mg, 2.26 mmol, 3.0 

eq), Pd(PPh3)4 (87.2 mg, 75.5 pmol, 0.1 eq). The mixture was de-gassed and then heated to 100 °C 

for 6 hours under N2. Upon completion, the mixture was diluted with water (10 mL) and extracted 

with ethyl acetate (2 x 20 mL). The organic layers were washed with brine (20 mL), dried over 

NaiSCL and concentrated under vacuum. The residue was purified by chromatography (AI2O3, 

petroleum ether/ethyl acetate = 2/1 to ethyl acetate/methanol = 10/1) to give benzyl(25')-2- 

(cyanomethyl)-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[3-[(15',45) -2-oxa-5- 

azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-<7]pyrimidin-4-yl]piperazine-l-carboxylate (460 

mg, 524 pmol, 69% yield, 80% purity) as a yellow solid.

[0679] Step C: To a solution of benzyl(26’)-2-(cyanomethyl)-4-[8-fluoro-7-(8- methyl-l-naphthyl)- 

2-[3-[(15,,41S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-i/]pyrimidin-4- 

yl]piperazine-l-carboxylate (460 mg, 655 pmol, 1.0 eq) in MeOH (10 mL) and MU'MeOH (5 mL, 

20% purity) was added Pd/C (230 mg, 10% purity) under N2. The suspension was degassed under 

vacuum and purged with H2 several times. The mixture was stirred under H2 (15 psi) at 25 °C for 1 

hour. Upon completion, the catalyst was removed by filtering through a plug of Celite®. The 

solvent was removed under reduced pressure. The residue was purified by reversed phase flash 

[water (0.1% formic acid/acetonitrile]. The desired fractions were collected and neutralized with 

solid NaHCCfi, concentrated under vacuum to remove MeCN and extracted with ethyl acetate (2 x 

20 mL). The organic layers were dried over Na2SC>4 and concentrated under vacuum to give desired 

product (175 mg) as a yellow solid. Taking 20 mg of it was purified by prep-HPLC (column: 

Xtimate Cl8 150*25mm*5pm; mobile phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%:
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27%-57%. 10 min). The desired fractions were collected and lyophilized to give 2-[(25)-4-[8- 

fluoro-7-(8-methyl-l- naphthyl)-2-[3-[(15',45)-2-oxa-5-azabicyclo[2.2.1]heptan-5- 

yl]propoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (4.36 mg, 7.64 pmol, 22% 

yield, 99.5% purity) as a white solid. LCMS [ESI, M+l]: 568.

[0680] 1H NMR (400 MHz, chloroform-d) 5 = 9.03 (s, 1H), 8.01 - 7.96 (m, 1H), 7.85 - 7.79 (m, 

1H), 7.57 - 7.51 (m, 1H), 7.48 - 7.44 (m, 1H), 7.44 - 7.39 (m, 1H), 7.31 - 7.28 (m, 1H), 4.64 - 4.57 

(m, 2H), 4.57 - 4.50 (m, 1H), 4.45 - 4.36 (m, 2H), 4.05 (d, Jr= 7.6 Hz, 1H), 3.64 - 3.60 (m, 1H),

3.60 - 3.49 (m, 2H), 3.43 - 3.30 (m, 1H), 3.28 - 3.08 (m, 3H), 2.98 - 2.92 (m, 1H), 2.88 - 2.70 (m, 

2H), 2.68 -2.50 (m,3H), 2.10-2.06 (m, 3H), 2.05 - 1.98 (m, 2H), 1.88 - 1.83 (m, 1H), 1.75-1.71 

(m, 1H).

[0681] Example 28: To a solution of 2-fluoroprop-2-enoic acid (19.0 mg, 211 pmol, 2.0 eq) in 

dichloromethane (2 mL) was added DIEA (54.6 mg, 423 pmol, 73.6 pL, 4.0 eq) and HATU (60.3 

mg, 159 pmol, 1.5 eq) at 0 0C. After stirring at 0 °C for 20 minutes, 2-[(2S)-4-[8-fluoro-7-(8- 

methyl-l-naphthyl)-2-[3-[(lS',4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]piOpoxy]pyrido[4,3- 

J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (60 mg, 105.70 pmol, 1.0 eq) was added into the 

mixture. The mixture was stirred at 25 °C for 20 minutes. Upon completion, the mixture was 

diluted with water (2 mL) and extracted with dichloromethane (3><5 mL). The organic layers were 

dried over NaiSO i and concentrated under vacuum. The residue was purified by chromatography 

(AI2O3, ethyl acetate/methanol 1/0 to 10/1) followed by prep-HPLC (column: Xtimate Cl8 

150*25mm*5pm; mobile phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 38%-68%,

10 min). The desired fractions were collected and lyophilized to give 2-[(25)- 4-[8-fluoro-7-(8- 

methyl-1-naphthyl) -2-[3-[(LS',41S')-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3- 

<TJpyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (30.4 mg, 47.1 pmol, 45% 

yield, 99.1% purity, 100% ee) as a white solid. LCMS [ESI, M+l]: 640.

[0682] 1H NMR (400 MHz, chloroform-d) δ = 9.08 (d, J= 1.6 Hz, 1H), 8.02 - 7.96 (m, 1H), 7.85 -

7.79 (m, 1H), 7.57 - 7.51 (m, 1H), 7.49 - 7.39 (m, 2H), 7.32 - 7.28 (m, HI), 5.60 - 5.38 (m, III),

5.37 - 5.23 (m, 1H), 4.98 - 4.73 (m, 1H), 4.67 - 4.57 (m, 2H), 4.56 - 4.42 (m, 2H), 4.40 (s, III),

4.35 - 4.13 (m, HI), 4.12 - 3.94 (m, 2H), 3.93 - 3.67 (m, 2H), 3.62 (dd, J = 1.6, 7.6 Hz, 1H), 3.52

(s, 1H), 3.07 - 2.93 (m, 2H), 2.91 - 2.71 (m, 3H), 2.54 (d,J= 10.0 Hz, 1H), 2.09 - 2.05 (m, 3H), 

2.04 - 1.98 (m, 2H), 1.89 - 1.83 (m, 1H), 1.76 - 1.70 (m, III).
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EXAMPLE 29

ο.
F

NC

Cl .

(S)

(S)k  ̂°

2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[3-[(15',4X)-2-oxa-5-azabicyclo[2.2.1]heptan-5-

yl]propoxy]pyrido[4,3-<7]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

TMSCIt Nal, 4A 
molecular sievePd(PPh3)4, Cs2CO3

N V^N
MeCN, O - 25 "C,dioxane/H20, 

100 0C, 6 h

N^
HATU1 diea, dcm, 

O - 25 °C, 1 h

Example 29

[0683] Step A: To a solution of benzyl (2,S)-4-[7-chloro-8-fluoro-2-[3-[(15',45)-2-oxa-5- 

azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-<i]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (900 mg. 1.51 mmol, 1.0 eq) and potassium;(8-chloro-l-naphthyl)-trifluoro- boranuide 

(1.62 g, 6.04 mmol, 4.0 eq) in dioxane (18 mL) and H2O (3 mL) was added CS2CO3 (1.48 g, 4.53 

mmol, 3.0 eq), Pd(PPh3)4 (174 mg, 151 pmol, 0.1 eq). The mixture was de-gassed and then heated 

to 100 °C for 6 hours under N2. Upon completion, the mixture was diluted with water (10 mL) and 

extracted with ethyl acetate (2 χ 40 mL). The organic layers were dried over NaaSCri and 

concentrated under vacuum. The residue was purified by reversed phase flash [water (0.1% formic 

acid)/acetonitrile]. The desired fractions were collected and neutralized with solid NaHCCri, 

concentrated under vacuum to remove MeCN and extracted with ethyl acetate (2 χ 30 mL). The
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organic layers were dried over NaiSCfi and concentrated under vacuum to give benzyl (25)-4-[7-(8- 

chloro-l-naphthyl)-8-fluoro-2-[3-[(LS',4S,)-2-oxa-5- azabicyclo[2.2.1]heptan-5- 

yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (440 mg, 445 

pmol, 29% yield, 73% purity) as a yellow solid.

[0684] Step B: Amixture of benzyl (2^-4-[7-(8-chloro-1 -naphthyl)-8-fluoro-2- [3-[(15,45)-2-οχη-

5-a/.abicyclo[2.2.1 ]heptan-5-y IJpropoxy |pyrido[4,3-J]pyrimidin-4-yl]-2-(cyanomethyl)piperazine- 

1-carboxylate (360 mg, 498 pmol, 1 eq), NaI (1.20 g, 7.98 mmol, 16 eq) and 4A molecular sieve 

(300 mg) in MeCN (11 mL) was stirred at O °C for 30 minutes. Then to the mixture was added 

TMSCl (812 mg, 7.48 mmol, 949 pL, 15 eq) at O °C. After stirring at 25 °C for 5 hours, the 

mixture was filtered and the filtrate was purified by reversed phase flash [water (0.1 % formic 

acid)/acetonitrile]. The desired fractions were collected and neutralized with solid NaHCCfi, 

concentrated under vacuum to remove MeCN and extracted with ethyl acetate (3 x 30 mL). The 

organic layers were dried over Na2S04 and concentrated under vacuum to give 110 mg of impure 

desired product, 30 mg of which was further purified by prep-HPLC (column: Waters Xbridge 

150*25 5μ; mobile phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 25%-55%, lOmin). 

The desired fractions were collected and lyophilized to give 2-[(2S)-4-[7-(8-chloro-l-naphthyl)-8- 

fluoro-2-[3-[(15',45)-2-oxa-5- azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-d]pyrimidin-4- 

yl]piperazin-2-yl]acetonitrile (4.16 mg, 7.06 pmol, 5.2% yield, 99.8% purity) as a white solid. 

LCMS [ESI, M+1J: 588.

[0685] 1H NMR (400 MHz, chloroform-d) δ = 9.02 (s, 1H), 8.02 (dd, J= 1.6, 7.6 Hz, 1H), 7.89 (dd, 

J= 1.2, 8.4 Hz, 1H), 7.64 - 7.54 (m, 3H), 7.46 - 7.40 (m, 1H), 4.63 - 4.56 (m, 2H), 4.56 - 4.47 (m, 

III), 4.45 - 4.36 (m, 2H), 4.07 - 4.02 (m, 1H), 3.64 - 3.60 (m, 1H), 3.59 - 3.49 (m, 2H), 3.41 - 3.32 

(m, 1H), 3.28 - 3.09 (m, 3H), 2.98 - 2.92 (m, 1H), 2.88 - 2.70 (m, 2H), 2.68 - 2.51 (m, 3H), 2.06 - 

1.98 (m, 2H), 1.88 - 1.84 (m, 1H), 1.74- 1.71 (m, 1H).

[0686] Example 29: To a solution of 2-fluoroprop-2-enoic acid (12.3 mg, 136 pmol, 2.0 eq) in 

DCM (1.0 mL) was added DlEA (35.2 mg, 272 pmol, 47.4 pL, 4.0 eq) and HATU (38.8 mg, 102 

pmol, 1.5 eq) at 0 °C. After stirring at 0 °C for 0.5 hour, 2-[(2J)-4-[7-(8-chloro-l- naphthyl)-8- 

fluoro-2-[3-[( 15)45()-2-oxa-5-azabicyclo[2.2. ljheptan-5-yl]propoxy]pyrido[4,3-J]pyrimidin-4- 

yl]piperazin-2-yl]acetonitrile (40 mg, 68.0 pmol, 1.0 eq) was added into the mixture. After stirring 

at 25 °C for 0.5 hour, the mixture was diluted with water (2 mL) and extracted with
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dichloromethane (3x5 mL). The organic layers were dried over Na2SC>4 and concentrated under 

vacuum. The residue was purified by chromatography (AI2O3, ethyl acetate/methanol 1/0 to 10/1) 

followed by prep-HPLC (column: Waters Xbridge 150*25 5μ; mobile phase: [water (0.05% 

ammonia hydroxide v/v)-ACN]; B%: 32%-62%, lOmin). The desired fractions were collected and 

lyophilized to give 2-[(2S)-4-[7-(8-chloro-l-naphthyl)- 8-ί1υοΓθ-2-[3-[(15,45)-2-οχη-5- 

azabicvclo|2.2.1 lhentan-5-vllnronoxvlnvridor4.3-Jlnvrimidm-4-yn-l -(2-fluoroprop-2- 

enoyl)piperazin-2-yl]acetonitrile (13.5 mg, 19.9 iimol. 29% yield, 97.3% purity) as a white solid. 

LCMS [ESI, M+l]: 660.

[0687] 1H NMR (400 MHz, chloroform-d) δ = 9.06 (s, 1H), 8.02 (dd, J- 1.6, 8.0 Hz, 1H), 7.89 (d, 

J= 8.4 Hz, 1H), 7.65 - 7.51 (m, 3H), 7.43 (dt, J= 2.0, 7.8 Hz, 1H), 5.57 - 5.37 (m, 1H), 5.28 (dd, J 

= 3.6, 16.4 Hz, 1H), 4.98 - 4.73 (m, 1H), 4.67 - 4.55 (m, 2H), 4.45 (brt, J= 12.4 Hz, 2H), 4.39 (s, 

1H), 4.33 - 4.10 (m, 1H), 4.08 - 3.88 (m, 2H), 3.88 - 3.65 (m, 2H), 3.64 - 3.58 (m, 1H), 3.53 - 3.47 

(m, 1H), 3.07 - 2.70 (m, 5H), 2.57 - 2.49 (m, 1H), 2.06 - 1.97 (m, 2H), 1.85 (dd, J= 1.6, 9.6 Hz, 

1H), 1.73 - 1.71 (m, 1H).

EXAMPLE 30
F

2-[(2X)-l-[(£)-4-fluorobut-2-enoyl]-4-[8-iluoro-7-(8-methyl-l-naphthyl)-2-[3-[(LS',41S)-2-oxa-5-

azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile

N ^

F

T3P, TEA, EA,
-60 0C, 0.5 h

Example 30
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[0688] Example 30: To a solution of 2-[(25)-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[3- [(15,45)-2- 

oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazin-2-  

yl]acetonitrile (60 mg, 106 pmol, 1.0 eq), (£)-4-fluorobut-2-enoic acid (22.0 mg, 211 pmol, 2.0 eq) 

and TEA (85.6 mg, 846 pmol, 118 pL, 8.0 eq) in EtOAc (2 mL) was added T3P (202 mg, 317 

pmol, 189 pL, 50% purity in ethyl acetate, 3.0 eq) at -60 °C. The mixture was stirred at -60 °C for 

0.5 hour. Upon completion, the mixture was quenched by IM HCl (0.2 mL), diluted with water (2 

mL) and extracted with ethyl acetate (3 x 5 mL). The organic layers were dried over Na2S04 and 

concentrated under vacuum. The residue was purified by chromatography (AI2O3, ethyl 

acetate/methanol 1/0 to 10/1) followed by prep-HPLC (column: Xtimate C18 150*25mm*5pm; 

mobile phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 35%-65%, lOmin). The desired 

fractions were collected and lyophilized to give 2-[(25)-l-[(£)-4-fluorobut-2-enoyl]-4-[8-fluoro-7- 

(8-methyl-l-naphthyl)-2-[3-[(15,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-

d]pyrmiidin-4-yl]piperazin-2-yl]acetonitrile (23.0 mg, 33.9 pmol, 32% yield, 96.5% purity) as a

white solid. LCMS [ESI, M+l]: 654.

[0689] 1H NMR (400 MHz, chloroform-d) δ = 9.09 (d, J = 2.0 Hz, 1H), 7.99 (dd, J = 0.8, 8.0 Hz, 

1H), 7.82 (d, J = 8.0 Hz, 1H), 7.58 - 7.51 (m, 1H), 7.49 - 7.38 (m, 2H), 7.34 - 7.28 (m, 1H), 7.12 -

6.96 (m, 1H), 6.66 - 6.54 (m, 1H), 5.26 - 5.16 (m, 1H), 5.14 - 4.83 (m, 2H), 4.64 - 4.57 (m, 2H), 

4.55 - 4.42 (m, 2H), 4.41 - 4.37 (m, 1H), 4.33 - 3.96 (m, 3H), 3.97 - 3.68 (m, 2H), 3.65 - 3.59 (m, 

1H), 3.54 - 3.48 (m, 1H), 3.06 - 2.90 (m, 2H), 2.88 - 2.70 (m, 3H), 2.54 (d, J = 10.0 Hz, 1H), 2.07 

(d, J= 5.6 Hz, 3H), 2.04 - 1.98 (m, 2H), 1.89 - 1.82 (m, 1H), 1.73 (br d, J= 10.8 Hz, 1H).

EXAMPLE 31
F

N ^

2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[3-[(15,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5- 

yl]propoxy]pyrido[4,3-t/]pyrimidin-4-yl]-l-[(£)-4-11 uorobut-2-enoyl]piperazin-2-yl]acetonitrile
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T3P, TEA, EA,
- 60 0C, 0.5 h

Example 31

[0690] Example 31: To a solution of 2-[(2S)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2- [3-^15,45)-2- 

oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazin-2- 

yljacetonitrile (40 mg, 68.0 pmol, 1 eq), (£)-4-fluorobut-2-enoic acid (14.16 mg, 136.04 pmol, 2 

eq) and TEA (55.1 mg, 544 pmol, 75.7 pL, 8 eq) in ethyl acetate (1 mL) was added T3P (130 mg, 

204 pmol, 121 pL, 50% purity in ethyl acetate, 3 eq) at -60 °C. After stirring at -60 °C for 0.5 hour, 

the mixture was quenched by IM HCl (0.2 mL), diluted with water (2 mL) and extracted with ethyl 

acetate (3><5 mL). The organic layers were dried over ISfeSCL and concentrated under vacuum. 

The residue was purified by chromatography (AI2O3, ethyl acetate/methanol 1/0 to 10/1) followed 

by prep-HPLC (column: Waters Xbridge 150*25 5p; mobile phase: [water (0.05% ammonia 

hydroxide v/v)-ACN]; B%: 30%-60%, IOmin). The desired fractions were collected and 

lyophilized to give 2-[(25)-4-[7-(8-chloro-l- naphthyl)-8-fluoro-2-[3-[(15’,4S)-2-oxa-5- 

azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]-l-[(£')-4-fluorobut-2- 

enoyl]piperazin-2-yl]acetonitrile (6.53 mg, 9.34 pmol, 14% yield, 96.4% purity) was obtained as a 

white solid. LCMS [ESI, M+l]: 674.

[0691] 1H NMR (400 MHz, chloroform-d) δ = 9.07 (s, 1H), 8.02 (dd, J = 1.6, 8.0 Hz, 1H), 7.90 (d, 

J= 8.0 Hz, 1H), 7.66 - 7.54 (m, 3H), 7.47 - 7.40 (m, 1H), 7.10-6.95 (m, 1H), 6.59 (brd, J= 14.8 

Hz, III), 5.22 - 5.15 (m, 1H), 5.15 - 4.94 (m, 2H), 4.66 - 4.55 (m, 2H), 4.48 (br d, J= 12.2 Hz,

2H), 4.39 (s, 1H), 4.24 - 3.65 (m, 5H), 3.62 (dd, J= 1.6, 8.0 Hz, 1H), 3.55 - 3.48 (m, 1H), 3.05 - 

2.92 (m, 2H), 2.89 - 2.71 (m, 3H), 2.54 (d, J= 10.0 Hz, 1H), 2.06 - 1.98 (m, 2H), 1.86 (br d, J =

9.6 Hz, 1 H), 1.74-1.71 (m, 1H).

EXAMPLE 32
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NC' /S)

F

"(¾

N-V

2-[(25)-4-[8-chloro-7-(8-methyl-l-naphthyl)-2-[[(2.S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-

d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile.

Cl

NIS, TsOH-H2O

NH2 MeCN1 70 Xi 12 hrs q 

A Cl

Pd(PPh3)2Ct2, 
CO (15 psi)

NH2 EtOH, TEA1 
80 X1 15 hrs 

B
Cl

O

NH2

o
A.

THF, 25 X, 0.25 hr 

C

NH O

N CCI3

NH3-MeOH

MeOH. 25 X, 
0.25 hr 

D

B(OH)2

Pd(PPh3)4, Cs2CO3DIEA1 POCI; DIEA1 dioxane

80 X1 1 h-QH 110 X, 6 hrs DIEA1 DCM,-40 dioxane/H20, 80 0C, 
2 hrs, microwave

,/'./S)
X, 0.25 h

HCI/dioxane

T3P, TEA1 4Adioxane/MeCN, 
0.5 hr, OX MS. EA1 O

25 X1 1 h

Example 32

[0692] Step A: To a solution of 2,3-dichloropyridin-4-amine (9 g, 55.2 mmol, 1.0 eq) in CH3CN 

(150 mL) was added NIS (14.9 g, 66.3 mmol, 1.2 eq) and TsOH-H3O (525 mg, 2.76 mmol, 0.05 

eq) at 25 0C, the reaction mixture was stirred at 70 °C for 12 hours. The reaction mixture was 

concentrated under reduced pressure to remove CH3CN. The residue was diluted with ethyl acetate 

(200 mL) and washed with water (50 mL), saturated aqueous solution Na3CO3 (3 x 50 mL) and 

saturated aqueous SolutionNa3SO3 aqueous (2 χ 50 mL). The combined organic layers were 

washed with brine (2 x 100 mL), dried over Na3SO4 solid, filtered and the filtrate was concentrated 

under reduced pressure to give compound 2,3-dichloro-5-iodo-pyridin-4- amine (14.3 g, 47.5 

mmol, 86.1% yield, 96% purity) as a yellow solid. LCMS [M+l]: 289.

[0693] Step B: To a solution of 2,3-dichloro-5-iodo-pyridin-4-amine (14.3 g, 49.5 mmol, 1.0 eq)
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and TEA (17.5 g, 173 mmol, 24.1 mL, 3.5 eq) in ethanol (270 mL) was added Pd(PPh3)2Cl2 (3.47 

g, 4.95 mmol, 0.1 eq) under N2. The suspension was degassed under vacuum and purged with CO 

several times. The mixture was stirred under CO (15 psi) at 80 °C for 15 hours. The mixture was 

concentrated under reduced pressure to remove ethanol. The residue was purified by column 

chromatography (S1O2, Petroleum ether/Ethyl acetate = 20/1 to 10/1). The desired fractions were 

collected and concentrated to give compound ethyl 4-amino-5,6-dichloro-pyridine-3- carboxylate 

(13 g, 48.1 mmol, 97.2% yield, 87% purity) as a yellow solid. LCMS [M+l]: 235.

[0694] Step C: To a solution of ethyl 4-amino-5,6-dichloro-pyridine-3- carboxylate (12.5 g, 46.3 

mmol, 1.0 eq) in THF (100 mL) was added 2,2,2- trichloroacetyl isocyanate (10.5 g, 55.5 mmol, 

6.58 mL, 1.2 eq) at 25 °C, the reaction mixture was stirred at 25 °C for 0.25 hour. The reaction 

mixture was concentrated under reduced pressure to remove TLIF. The crude product was triturated 

with methyl tert-butyl ether (100 mL) at 25 0C for 20 minutes. The mixture was filtered with 

methyl /er/-butyl ether (10 mL) and washed with methyl /cr/-butyl ether (2 x 30 mL). The filter 

cake was dried under reduced pressure to give compound ethyl 5,6-uichloro -4-[(2,2,2- 

trichloroacetyl)carbamoylamino]pyridine-3-carboxylate (17.3 g, 40.4 mmol, 86.5% yield, 98% 

purity) as a red solid. LCMS [M+l]: 422.

[0695] Step D: To a solution of ethyl 5,6-dichloro-4-[(2,2,2-trichloroacetyl) 

carbamoylamino]pyridine-3-carboxylate (0.55 g, 1.30 mmol, 1.0 eq) in methanol (5.0 mL) was 

added NH3*methanol (0.5 mL, 15% purity) at 0 °C, the reaction mixture was stirred at 25 °C for 

0.25 hour. The mixture was filtered with methanol (5 mL) and washed with methyl /er/-butyl ether 

(2x10 mL). The filter cake was dried under reduced pressure to give compound 7,8- 

dichloropyrido[4,3-d]pyrimidine-2,4-diol (320 mg, crude) as a white solid. LCMS [M+l]: 232.

[0696] Step E: To a solution of DIEA (1.67 g, 12.9 mmol, 2.25 mL, 5.0 eq) in POCI3 (7.89 g, 51.5 

mmol, 4.78 mL, 19.9 eq) was added 7,8-dichloropyrido[4,3-d] pyrimidine-2,4-diol (600 mg, 2.59 

mmol, 1.0 eq) at 0 °C, the reaction mixture was stirred at 110 °C for 6 hours. The reaction mixture 

was concentrated under reduced pressure to remove POCI3. Compound 2,4,7,8- 

tetrachloropyrido[4,3-d]pyrimidine (695 mg, crude) was obtained as a yellow oil. LCMS [M+l]: 

267.

[0697] Step F: To a solution of 2,4,7,8-tetrachloropyrido[4,3-d]pyrimidine (370 mg, 1.38 mmol, 1.0
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eq) in dichloromethane (4.0 mL) was added DIEA (444 mg, 3.44 mmol, 599 pL, 2.5 eq) at -40 °C, 

then a solution of ?er/-butyl (2A)-2-(cyanomethy 1) piperazine-1-carboxylate (310 mg, 1.38 mmol,

1.0 eq) in dichloromethane (0.5 mL) was added at -40 °C, the reaction mixture was stirred at -40 

°C for 0.25 hour. The reaction mixture was quenched by addition water (10 mL) at 0 °C, and then 

extracted with dichloromethane (3x10 mL). The combined organic layers were washed with brine 

(2x10 mL), dried over Na2S04 solid, filtered and the filtrate was concentrated under reduced 

pressure to give a residue. The residue was purified by column chromatography (SiCb, Petroleum 

ether/Ethyl acetate = 5/1 to 2/1). The desired fractions were collected and concentrated to give 

compound /ert-butyl (25)-2- (cyanomethyl)-4-(2,7,8-trichloropyrido[4,3-d]pyrimidin-4- 

yl)piperazine-1-carboxylate (450 mg, 983 pmol, 71.4% yield, 100% purity) as a yellow solid. 

LCMS [M+l]: 457.

[0698] 1H NMR (400 MHz, chloroform-d) δ = 9.01 (s, 1H), 4.64 - 4.58 (m, 1H), 4.50 (dd, /=4.4, 

14.0 Hz, 1H), 4.37 (td, /=3.6, 12.4 Hz, 1H), 4.05 (br d, /=12.4 Hz, 1H), 3.88 - 3.78 (m, 1H), 3.70 - 

3.40 (m, 1H), 3.01 -2.77 (m, 1H),2.68 (dd,/=5.6, 17.2 Hz, 1H), 1.52 (s, 8LI).

[0699] Step G: To a solution of Iert-butyl (2S)-2-(cyanomethyl)-4-(2,7,8- trichloropyrido[4,3- 

d]pyrimidin-4-yl)piperazine-1-carboxylate (450 mg, 983 pmol, 1.0 eq) in dioxane (10 mL) was 

added DIEA (381 mg, 2.95 mmol, 514 pL, 3.0 eq) and [(2,9)-l-methylpyrrolidin-2-yl]methanol 

(340 mg, 2.95 mmol, 350 pL, 3.0 eq) at 25 °C, the reaction mixture was stirred at 80 0C for 1 hour. 

The reaction mixture was quenched by addition water (10 mL) at 25 0C, and then extracted with 

ethyl acetate (3 x 20 mL). The combined organic layers were washed with brine (2x10 mL), dried 

over Na2SC>4 solid, fdtered and the filtrate was concentrated under reduced pressure to give a 

residue. The crude product was purified by reversed-phase HPLC (0.1% FA condition). The 

desired fractions were collected and the mixture was added Na2C03 solid to pH = 7 - 8. Then the 

mixture was extracted with ethyl acetate (3 x 50 mL), The combined organic layers were washed 

with brine (2 χ 40 mL), dried over Na2SC>4 solid, filtered and the filtrate was concentrated under 

reduced pressure to give /e/+-butyl(25)-2-(cyanomethyl)-4-[7,8-dichloro-2-[[(25)-l - 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazine-l-carboxylate (350 mg, 

646 pmol, 65.7% yield, 99% purity) as a yellow solid. LCMS [M+l]: 536.

[0700] 1H NMR (400 MHz, chloroform-d) δ = 8.87 (s, 111), 4.65 - 4.58 (m, 2H), 4.44 - 4.36 (m, 

2H), 4.33 - 4.26 (m, 1H), 4.31 - 4.02 (m, 3H), 3.92 - 3.84 (m, 1H), 3.70 - 3.61 (m, 1H), 3.56 - 3.39
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(m, 1H), 3.12 (br t, 7=7.2 Hz, 1H), 2.87 - 2.65 (m, 3H), 2.51 (s, 3H), 2.35 - 2.25 (m, 1H), 2.10 - 

2.06 (m, 1H), 1.89 - 1.74 (m, 3II), 1.52 (s, 9H).

[0701] Step H: To a solution of tert-butyl (2S)-2-(cyanomethyl)-4-[7,8-dichloro- 2-[[(25)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazine-1 -carboxylate (930 mg,

1.73 mmol, 1.0 eq) in uioxane (40 mL) and H2O (10 mL) was added CS2CO3 (1.69 g, 5.20 mmol, 

3.0 eq), Pd(PPh3)4 (401 mg, 347 pmol, 0.2 eq) and (8-methyl-1-naphthyl)boronic acid (484 mg,

2.60 mmol, 1.5 eq) at 25 °C, the reaction mixture was added to a microwave tube and stirred at 80 

0C under microwave (12 bar) for 2 hours. The reaction mixture was diluted with water (20 mL), 

and then extracted with dichloromethane (3 χ 60 mL). The combined organic layers were washed 

with brine (2 χ 60 mL), dried over Na2S04 solid, filtered and the filtrate was concentrated under 

reduced pressure to give a residue. The residue was purified by column chromatography [S1O2, 

Petroleum ether/Ethyl acetate = 1/1 to Ethyl acetate/ethanol (0.5% ΝΗ3·Η2θ) = 3/1]. The desired 

fractions were collected and concentrated to give a residue. The residue was purified by prep- 

HPLC (basic condition, column: Phenomenex Gemini Cl 8 250 * 50 mm * 10 pm; mobile phase: 

[water (0.05% ammonia hydroxide v/v) - ACN]; B%: 64%-89%, 31 min/60% min). The desired 

fractions were collected and concentrated to remove CH3CN. The mixture was extracted with ethyl 

acetate (3 x 60 mL). The combined organic layers were washed with brine (2 χ 60 mL), dried over 

Na2SC>4 solid, filtered and the filtrate was concentrated under reduced pressure to give compound 

tert-butyl (25)-4-[8-chloro-7- (8-methyl-1 -naphthyl)-2-[[(25)-1 -methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (270 mg, 416 

pmol, 24.0% yield, 99% purity) as a yellow solid. LCMS [M+l]: 642.

[0702] 1H NMR (400 MHz, methanol-d4) δ = 9.19 (s, 1H), 8.02 (d, 7=8.0 Hz, 1H), 7.85 (d, J= 8.0 

11/. 111). 7.56 (dt, 7=2.0, 7.6 Hz, 1H), 7.45 - 7.38 (m, 1H), 7.37 - 7.32 (m, 1H), 7.29 (br d, 7=7.2 

Hz, III), 4.75 - 4.66 (m, 1H), 4.63 - 4.44 (m, 4H), 4.07 - 4.01 (m, 1H), 3.94 - 3.71 (m, 2H), 3.63 -

3.43 (m, 1H), 3.20 - 3.07 (m, 1H), 2.94 (br d, 7=6.4 Hz, 2H), 2.89 - 2.79 (m, 1H), 2.54 (s, 3H),

2.39 (q, 7=8.8 Hz, 1 H), 2.19 - 2.07 (m, 1H), 1.99 (d, 7=7.2 Hz, 3H), 1.92 - 1.72 (m, 3H), 1.52 (s, 

9H).

[0703] Step I: To a solution of /<?r/-butyl (25)-4-[8-chloro-7-(8-methyl-l- naphthyl)-2-[[(25')-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (70 mg, 98.1 pmol, 1.0 eq) in dioxane (3 mL) and MeCN (1 mL) was added
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HCbdioxane (4.0 Μ, 4.0 mL) at O °C, the reaction mixture was stirred at O °C for 0.5 hour. The 

reaction mixture was quenched by addition Na2COs solid to pH = 8 ~ 9 at 0 0C, and then diluted 

with water (10 mL) and extracted with ethyl acetate (3 x 20 mL). The combined organic layers 

were washed with brine (2 x 20 mL), dried over Na2S04 solid, filtered and the filtrate was 

concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC 

(basic condition, column: Xtimate Cl8 150 * 25 mm * 5 pm; mobile phase: [water (0.05% 

ammonia hydroxide v/v) - ACN]; B%: 48% - 78%, 10 min). The desired fractions were collected 

and concentrated to remove CH3CN, the water layers were lyophilized to give compound 2-((25)- 

4-[8-chloro-7-(8-methyl-l-naphthyl) -2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (12.8 mg, 23.5 pmol, 24.0% yield, 99.7% purity) as a 

white solid. LCMS [M+l]: 542.

[0704] 1H NMR (400 MHz, methanol-d4) δ = 9.13 (s, 1H), 8.01 (d, J= 7.6 Hz, 1H), 7.85 (d, 7=8.0 

Hz, 1H), 7.56 (t, J=7.6 Hz, 1H), 7.41 (t, J= 7.6 Hz, 1H), 7.34 (d, J=I.2 Hz, 1H), 7.29 (d, 7=7.2 Hz, 

1H), 4.72 - 4.39 (m, 5H), 3.69 - 3.56 (m, 1H), 3.30 - 3.26 (m, 1H), 3.19 - 2.97 (m, 3H), 2.87 - 2.67 

(m, 3H), 2.53 (s, 3H), 2.45 - 2.30 (m, 111), 2.19 - 2.05 (m, 1H), 1.99 (s, 3II), 1.92 - 1.73 (m, 3H).

[0705] Example 32: To a mixture of 2-[(2S)-4-[8-chloro-7-(8-methyl-l-naphthyl)- 2-[[(2S)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (230 mg, 

424 pmol, 1.0 eq) and 2-flouroacrylic acid (76.4 mg, 848 pmol, 2.0 eq) was added 4A 

MOLECULAR SIEVE (10.0 mg) at 25 °C, the reaction mixture was stirred at 25 °C for 0.5 hour. 

Then the mixture was added TEA (644 mg, 6.36 mmol, 886 pL, 15.0 eq) and T3P (1.08 g, 1.70 

mmol, 1.01 mL, 50% purity, 4.0 eq) at 0 °C, the reaction mixture was stirred at 0 °C for 0.5 hour. 

The reaction mixture was quenched by addition NH4Cl aqueous (10 mL) at 0 0C, and then diluted 

with water (10 mL) and extracted with ethyl acetate (3 x 40 mL). The combined organic layers 

were washed with brine (2 x 40 mL), dried over Na2S04 solid, filtered and the filtrate was 

concentrated under reduced pressure to give a residue. The residue was purified by column 

chromatography (AI2O3, Petroleum ether/Ethyl acetate = 1/1 to ethyl acetate/Methanol = 3/1). The 

desired fractions were collected and concentrated to give a residue. The residue was purified by 

prep-HPLC (basic condition, column: Xtimate Cl 8 150 * 25 mm *5 pm; mobile phase: [water 

(0.05% ammonia hydroxide v/v) - ACN]; B%: 53% - 83%, 10 min). The desired fractions were 

collected and concentrated to remove CH3CN, the water layers were lyophilized to give compound
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2-[(2S)-4-[8-chloro-7-(8-methyl-1 -naphthy 1)-2-[[(2S) -1 -methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (62 

mg, 100 pmol, 23.6% yield, 99.1% purity) as a white solid. LCMS [M+l]: 614.

[0706] 1HNMR (400 MHz, methanol-d4) δ = 9.20 (s, 1H), 8.01 (dd, J=L2, 8.4 Hz, 1H), 7.85 (d, 

./-8.4 Hz, 1H), 7.56 (t, J= 7.6 Hz, 1H), 7.41 (t, J= 7.6 Hz, 1H), 7.37 - 7.32 (m, 1H), 7.28 (br d, 

J=Il Hz, 1H), 5.45 - 5.33 (m, 1H), 5.31 (s, 1H), 4.73 - 4.46 (m, 5H), 4.31 - 3.68 (m, 4H), 3.08 (br 

dd, J= 2.8, 6.8 Hz, 3H), 2.92 - 2.73 (m, 1H), 2.53 (s, 3H), 2.42 - 2.30 (m, 1H), 2.18 - 2.05 (m, HI), 

1.99 (d, /=8.0 Hz, 3H), 1.83 (br dd, J= 4.0, 8.8 Hz, 3H).

EXAMPLE 33

2-[(25')-l-(2-fluoroprop-2-enoyl)-4-[8-methyl-7-(8-methyl-l-naphthyl)-2-[[(2tS)-l-methylpyrrolidin-

2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile
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Example 33

[0707] Step A: A mixture of 3-bromo-2-chloro-pyridin-4-amine (10 g, 48.2 mmol, 1.0 eq), 2,4,6- 

trimethyl-l,3,5,2,4,6-trioxatriborinane (12.1 g, 96.4 mmol, 13.5 mL, 2.0 eq), Pd(dppf)Cl2 (3.53 g, 

4.82 mmol, 0.1 eq) and K2CO3 (20.0 g, 145 mmol, 3.0 eq) in dioxane (200 mL) and H2O (40.0 mL) 

was stirred at 80 °C for 8 hours under N2. Upon completion, the mixture was filtered and 

concentrated in vacuum. The residue was diluted with water (40.0 mL) and extracted with ethyl 

acetate (3 x 50.0 mL). The organic layers were dried over Na2SCL and concentrated under vacuum. 

The residue was purified by reversed phase flash [water (0.1% NH3»H20)/acetonitrile]. The desired 

fractions were collected and concentrated under vacuum to give 2-chloro-3-methyl-pyridin-4- 

amine (3.49 g, 22.0 mmol, 46% yield, 90% purity) as a yellow solid.

[0708] Step B: To a solution of 2-chloro-3-methyl-pyridin-4-amine (3.26 g, 22.9 mmol, 1.0 eq) and 

NlS (6.17 g, 27.4 mmol, 1.2 eq) in MeCN (16.0 mL) was added TsOLbH2O (217 mg, 1.14 mmol, 

0.05 eq). The mixture was stirred at 70 °C for 16 hours. The mixture was diluted with water (10.0 

mL) and ethyl acetate (70.0 mL), washed with saturated Na2CO2 solution (2 x 50.0 mL) and
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saturated Na2S03 solution (70.0 mL). The organic layer was dried over Na2SO/t, filtered and 

concentrated under vacuum. The residue was purified by reversed phase flash [water (0.1% formic 

acid)/acetonitrile]. The desired fractions were collected and neutralized with solid NaHCCb, 

concentrated under vacuum to remove MeCN and extracted with ethyl acetate (2 x 100 mL). The 

organic layers were dried over Na2SC>4 and concentrated under vacuum to give 2-chloro-5-iodo-3- 

methyl-pyridin-4-amine (4.80 g, 17.9 mmol, 78% yield, 100% purity) as a yellow solid. LCMS 

[ESI, M+l]: 269.

[0709] 1HNMR (400 MHz, DMSOd6) 5 = 8.11 (s, 1H), 6.21 (s, 2H), 2.19 (s, 3H).

[0710] Step C: To a solution of 2-chloro-5-iodo-3-methyl-pyridin-4-amine (4.8 g, 17.9 mmol, 1.0 

eq) in EtOH (120 mL) was added Pd(PPh3)2Cl2 (1.25 g, 1.79 mmol, 0.1 eq) and TEA (6.53 g, 64.5 

mmol, 8.98 mL, 3.6 eq) under argon. The suspension was degassed under vacuum and purged with 

argon several times. The mixture was stirred under CO (15 psi) at 80 °C for 16 hours. The mixture 

was added Pd(PPh3)2Ch (1.25 g, 1.79 mmol, 0.1 eq) and TEA (6.53 g, 64.5 mmol, 8.98 mL, 3.6 

eq). The suspension was degassed under vacuum and purged with argon several times. The mixture 

was stirred under CO (50 psi) at 80 °C for 16 hours. Upon completion, the mixture was 

concentrated under vacuum, diluted with ethyl acetate (100 mL) and extracted with water (3 χ 40.0 

mL). The organic layers were dried over Na2S04 and concentrated under vacuum to give ethyl 4- 

amino-6-chloro-5-methyl-pyridine-3- carboxylate (3.78 g, 17.6 mmol, 98% yield) as a yellow solid 

which was used directly in the next step without further purification.

[0711] 1H NMR (400 MHz, chloroform-d) δ = 8.63 (s, 1H), 4.37 (q, J = 7.2 Hz, 2H), 2.23 (s, 3H),

1.43 - 1.38 (m,3H).

[0712] Step D: To a solution of ethyl 4-amino-6-chloro-5-mcthyl-pyridine-3- carboxylate (4.08 g, 

19.0 mmol, 1.0 eq) in THF (10.0 mL) was added 2,2,2-trichloroacetyl isocyanate (3.22 g, 17.1 

mmol, 2.03 mL, 0.9 eq) at 25 °C for 10 minutes. Upon completion, the mixture was concentrated 

under vacuum. The residue was triturated with MTBE (10.0 mL) at 25 °C for 5 minutes. Ethyl 6- 

chloiO-5-methyl-4-[(2,2,2-trichloroacetyl)carbamoylamino] pyridine-3-carboxylate (6.7 g, 15.8 

mmol, 83% yield, 95% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 404.

[0713] Step E: A solution of ethyl 6-chloro-5-methyl-4-[(2,2,2-trichloroacetyl) 

carbamoylamino]pyridine-3-carboxylate (6.7 g, 16.6 mmol, 1.0 eq) in NFL'MeOH (14 mL, 20%
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purity) was stirred at 25 °C for 0.5 hour. Upon completion, the mixture was concentrated under 

vacuum. The residue was triturated with MTBE (20.0 mL) at 25 °C for 10 minutes. 7-chloro-8- 

methyl-pyrido[4,3-£i]pyrimidine-2,4-diol (4.52 g, crude) was obtained as a yellow solid. LCMS 

[ESI, M+l]: 212.

[0714] 1H NMR (400 MHz, DMSOd6) δ = 8.47 (s, 1H), 7.08 - 6.65 (m, 2H), 2.28 (s, 3H).

[0715] Step F: A solution of POCh (8.6 g, 56.1 mmol, 5.21 mL, 23.7 eq) and DlEA (916 mg, 7.09 

mmol, 1.23 mL, 3.0 eq) was stirred at O °C, followed by 7-chloro-8-methyl- pyrido[4,3- 

cf|pyrimidine-2,4-diol (0.5 g, 2.36 mmol, 1.0 eq). The suspension was stirred at 110 °C. Then 

DIEA (611 mg, 4.73 mmol, 823 pL, 2.0 eq) was added until the suspension clarified. The mixture 

was stirred at 110 °C for 6 hours. Upon completion, the mixture was concentrated under vacuum to 

give 2,4,7-trichloro-8-methyl-pyrido[4,3-tsf]pyrimidine (1.5 g, crude) as a black oil which was used 

directly in the next step without further purification.

[0716] Step G: To a solution of 2,4,7-trichloro-8-methyl-pyrido[4,3-i/]pyrimidine (587 mg, 2.36 

mmol, 1.0 eq) in DCM (12 mL) was added DIEA (1.51 g, 11.7 mmol, 2.04 mL, 4.9 eq) at - 40 °C 

until the pH of the resulting mixture was adjusted to 8 followed by benzyl (25)-2- 

(cyanomethyl)piperazine-l-carboxylate (368 mg, 1.42 mmol, 0.6 eq) in DCM (1.00 mL). Then 

mixture was stirred at -40 °C for 0.5 hour. Upon completion, the mixture was added water (10.0 

mL) and layers were separated. The aqueous phase was extracted with ethyl acetate (2 χ 20.0 mL). 

Combined organic layers were dried over Na2SC>4, filtered and concentrated under vacuum. The 

residue was purified by silica gel chromatography (petroleum ether/ethyl acetate 10/1 to 1/1). The 

desired fractions were collected and concentrated under vacuum to give benzyl (25)-2- 

(cyanomethy 1)-4-(2,7-dichloro-8-methyl-pyrido[4,3-£/]pyrimidin-4-yl) piperazine-1-carboxylate 

(470 mg, 878 pmol, three steps 48% yield, 88% purity) as a yellow solid. LCMS [ESI, M+l J: 471.

[0717] Step H: To a solution of benzyl (25)-2-(cyanomethyl)-4-(2,7-dichloro-8-methyl- pyrido[4,3- 

i/]pyrimidin-4-yl)piperazine-l-carboxylate (420 mg, 891 pmol, 1.0 eq) and DlEA (345 mg, 2.67 

mmol, 466 pL, 3.0 eq) in dioxane (9.00 mL) was added [(25)-l-methylpyrrolidin- 2-yl]methanol 

(513 mg, 4.46 mmol, 529 pL, 5.0 eq). The reaction mixture was stirred at 80 °C for 1 hour. Upon 

completion, the solvent was removed under reduced pressure. The residue was diluted with water 

(10 mL) and extracted with ethyl acetate (2 χ 20 mL). The organic layers were dried over Na2SC>4
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and concentrated under vacuum. The residue was purified by reversed phase flash [water (0.1 % 

formic acid/acetonitrile]. The desired fractions were collected and neutralized with solid NaIICO;;, 

concentrated under vacuum to remove MeCN and extracted with ethyl acetate (2x30 mL). The 

organic layers were dried over Na2S04 and concentrated under vacuum to give benzyl (25)-4-(7- 

chloro-8-methyl-2-[[(25)-l-methy lpyrrolidin-2-yr] methoxy]pyrido[4,3-£/]pyrimidin-4-yl]-2- 

(cyanomethy Dpiperazine-1 -carboxylate (304 mg, 531 μ mol. 60% yield, 96% purity) as a yellow 

solid.LCMS [ESI, M+l]: 550.

[0718] 1HNMR (400 MHz, chloroform-d) δ - 8.84 (s, 1H), 7.44 - 7.33 (m, 5H), 5.25 - 5.15 (m, 

2H), 4.73 - 4.65 (m, 1H), 4.57 (dd, J = 4.8, 10.8 Hz, 1H), 4.40 - 4.25 (m, 3H), 4.22 - 4.06 (m, 1H),

3.92 - 3.72 (m, 1H), 3.65 - 3.41 (m, 2H), 3.17 - 3.07 (m, 1H), 2.96 - 2.77 (m, 1H), 2.76 - 2.68 (m, 

2H), 2.62 (s, 3H), 2.51 (s, 3H), 2.35 - 2.25 (m, 1H), 2.13 - 2.00 (m, 1H), 1.92 - 1.75 (m, 3H).

[0719] Step 1: To a solution of benzyl (25)-4-[7-chloro-8-methyl-2-[[(25)-l- methylpyrrolidin-2- 

yl]methoxy |py rido [4,3-</]pyrimidin-4-yl J-2-( cyanomcthyl !piperazine-1 -car boxy late (310 mg, 564 

μιηοΐ, 1.0 eq) and (8-methyl-l-naphthyl)boronic acid (157 mg, 845 pmol, 1.5 eq) in dioxane (7.00 

mL) and H2O (1.40 mL) was added Pd(PPli3)4 (65.1 mg, 56.4 pmol, 0.1 eq), CS2CO3 (367 mg, 1.13 

mmol, 2.0 eq). The mixture was de-gassed and then heated to 100 °C for 8 hours under N2. Upon 

completion, the mixture was concentrated under vacuum, diluted with water (5.00 mL) and 

extracted with ethyl acetate (2 χ 10.0 mL). The organic layers were dried over Na2SC>4 and 

concentrated under vacuum. The residue was purified by reversed phase flash [water (0.1% formic 

acid/acetonitrile]. The desired fractions were collected and neutralized with solid NaHCCb, 

concentrated under vacuum to remove MeCN and extracted with ethyl acetate (2 χ 20.0 mL). The 

organic layers were dried over Na2SC>4 and concentrated under vacuum to give benzyl (25)-2- 

(cyanomethyl)-4-[8-methyl-7-(8-mcthyl-l -naphthyl)-2- [[(25)-1 -methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-t/]pyrimidin-4-yl]piperazine-l-carboxylate (227 mg, 277 μηιοί, 49% yield, 

80% purity) as a yellow solid.LCMS [ESI, M+l J: 656.

[0720] Step J; To a solution of benzyl (25)-2-(cyanomethyl)-4-[8-methyl-7-(8- methyl-l-naphthyl)- 

2-(((25)-1 -methy Ipy rrolidin-2-yl |methoxy]pyndo|4,3-t/|pyrimidin-4-yl]piperazinc-l -carboxylate 

(50 mg, 61.0 μηιοί, 1.0 eq) in MeOH (1.00 ml.) was added NH3»MeOH (1.00 mL, 20% purity), 

Pd/C (25 mg, 10% purity) under N2. The suspension was degassed under vacuum and purged with 

H2 several times. The mixture was stirred under H2 (15 psi) at 20 °C for 1 hour. Upon completion,
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the catalyst was removed by filtering through a plug of Celite®. The solvent was removed under 

reduced pressure. The residue was purified by prep-HPLC (column: Xtimate Cl8 

150*25mm*5pm; mobile phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 46%-76%, 

lOmin). The desired fractions were collected and lyophilized to give 2-[(2Α')-4-[8-methy 1-7-(8- 

methyl-l-naphthyl)-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy] pyrido[4,3-d]pyrimidin-4- 

yl]piperazin-2-yl]acetonitrile (11.5 mg, 21.7 pmol, 36% yield, 98.5% purity) as a off-white solid. 

LCMS [ESI, M+l]: 522.

[0721] 1H NMR (400 MHz, chloroform-d) δ = 9.10 - 9.05 (m, 1H), 7.94 (dd, J= 1.2, 8.0 Hz, 1H), 

7.81 (d, J = 8.0 Hz, 1H), 7.51 (t, J= 7.6 Hz, 1H), 7.42 - 7.36 (m, 1H), 7.31 -7.28 (m, 1H), 7.24 (d, 

J= 6.8 Hz, 1H), 4.61 (td, J= 5.2, 10.4 Hz, 1H), 4.50 - 4.42 (m, 1H), 4.41 - 4.31 (m, 2H), 3.57 -

3.45 (m, 1H), 3.43 - 3.30 (m, 1H), 3.25 - 3.09 (m, 4H), 2.78 (br d, J= 1.2 Hz, 1H), 2.68 - 2.56 (m, 

2H), 2.52 (s, 3H), 2.36 - 2.27 (m, 4H), 2.14 - 2.03 (m, III), 1.96 - 1.91 (m, 3H), 1.87 - 1.77 (m,

3 H).

[0722] Example 33 To a solution of 2-[(2S)-4-[8-methyl-7-(8-methyl-l-naphthyl)- 2-[[(2S)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (100 mg, 

192 pmol, 1.0 eq), T3P (488 mg, 767 pmol, 456 pL, 50% purity in ethyl acetate, 4.0 eq) and TEA 

(233 mg, 2.30 mmol, 320 pL, 12.0 eq) in ethyl acetate (3 mL) was added 2-fluoroprop-2-enoic acid 

(51.8 mg, 575 pmol, 3.0 eq) at 0 °C. The mixture was stirred at 20 °C for 0.5 hour. Upon 

completion, the mixture was added water (3.00 mL) and extracted with ethyl acetate (2 χ 5.00 

mL). The organic layers were dried over Na2SC>4 and concentrated under vacuum. The residue was 

purified by reversed phase flash [water (0.1% formic acid/acetonitrile]. The desired fractions were 

collected and neutralized with solid NaHCCb, concentrated under vacuum to remove MeCN and 

extracted with ethyl acetate (2x10 mL). The organic layers were dried over Na2S04 and 

concentrated under vacuum. The residue was further purified by prep-HPLC (column: Xtimate 

Cl8 150*25mm*5pm; mobile phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 52%- 

82%, lOmin). The desired fractions were collected and lyophilized to give 2-[(25)-l-(2-fluoroprop- 

2-enoyl)-4-[8-methyl-7-(8-methyl-l-naphthy 1)-2- [[(25’)-l-methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-JJpyrimidin-4-yl]piperazin-2-yl]acetonitrile (29.2 mg, 48.9 pmol, 25% 

yield, 99.3% purity) as a white solid.

[0723] 1HNMR (400 MHz, chloroform-d) δ = 9.12 (d, J= 1.2 Hz, 1H), 7.97 - 7.91 (m, IH), 7.81
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(d, J = 8.0 Hz, 1H), 7.52 (ddd, J = 4.4, 7.2, 8.0 Hz, 1H), 7.40 (dt, J= 3.2, 7.6 Hz, 1H), 7.33 - 7.27 

(m, 1H), 7.26 - 7.22 (m, 1H), 5.59 - 5.36 (m, 1H), 5.28 (dd,./= 3.2, 16.8 Hz, 1H), 5.04 - 4.71 (m, 

Hi), 4.65 - 4.56 (m, 1H), 4.53 - 4.34 (m, 3H), 4.32 - 4.03 (m, 1H), 4.01 - 3.81 (m, 1H), 3.80 - 3.44 

(m,2H), 3.13 (br t, J= 7.6 Hz, 1H), 3.06 - 2.95 (m, 1H), 2.94 - 2.82 (m, 1H), 2.82 - 2.71 (m, 1H),

2.52 (s, 3H), 2.36 - 2.27 (m, 4H), 2.14 - 2.03 (m, 1H), 1.93 (d,J= 14.8 Hz, 3H), 1.89- 1.74 (m, 

3H).

Example 34

o
\

2-[(2S)-4-[8-fluoro-2-[[(25,,4i?)-4-methoxy-l-methyl-pynOlidm-2-yl]methoxy]-7-(5-methyl-4-

isoquinolyl)pyrido[4,3-if)pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

.SnMe;

Pd/C, H2l NHyMeOH
N ^

Pd(dppf)CI2, Cul, 
^ BINAP, toluene 
\ 90 nC1 6 hrs

MeOH1 25 0C, 0.5 h/',,(S).

T3P, Et3N1 4A 
molecular sieve

EA1 0 - 25 0C1 1 h

Example 34

[0724] Step A: To a solution of benzyl (26)-4-[7-chloro-8-fluoro-2-[[(2S,4JR)-4-methoxy -1-methyl- 

pyrrolidin-2-yl]methoxy]pyrido[4,3-cf|pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate 

(230 mg, 394 pmol, 1.0 eq) and trimethyl-(5-methyl-4-isoquinolyl)stannane (241 mg, 788 pmol,
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2.0 eq) in toluene (10 mL) was added Pd(dppf)Ch (28.8 mg, 39.4 pmol, 0.1 eq), CuI (22.5 mg, 118 

pmol, 0.3 eq), and BINAP (49.0 mg, 78.8 pmol, 0.2 eq). The reaction mixture was stirred at 90 °C 

for 6 hours. Upon completion, the mixture was diluted with water (15 mL) and extracted with ethyl 

acetate (2 x 20 mL). The combined organic layers were washed with brine (25 mL), dried over 

Na2S04, filtered and concentrated under vacuum. The residue was purified by reversed phase flash 

[water (0.1% formic acid)/ acetonitrile]. The desired fractions were collected and neutralized with 

saturated NaHCCL solution and extracted with ethyl acetate (50 mL). The separated organic layer 

was dried over sodium sulfate, filtered and concentrated under vacuum, benzyl (25)-2- 

(cyanomethyl) -4-[8-fluoro-2-[[(25',4i?)-4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]-7-(5-  

methyl-4-isoquinolyl)pyrido[4,3-i7]pyrimidin-4-yl]piperazine-l-carboxylate (157 mg, 227 μτηοΐ, 

58% yield, 100% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 691.

[0725] Step B: To a solution of benzyl (25)-2-(cyanomethyl)-4-[8-fluoro-2- [[(25,4/?)-4-methoxy-l- 

methyl-pyrrolidin-2-yl]methoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3-i/Jpyrimidin-4- 

yl]piperazine-l-carboxylate (30 mg, 43.4 pmol, 1.0 eq) in MeOH (1 mL) was added NH3*MeOH 

(0.5 mL, 50% purity) and Pd/C (10 mg, 10% purity) under N2. The suspension was degassed under 

vacuum and purged with H2 several times. The mixture was stirred under H2 (15 psi) at 25 °C for 

0.5 hour. Upon completion, the mixture was filtered and the filtrate was concentrated under 

vacuum. The residue was purified by prep-HPLC (column: Waters Xbridge 150 * 25 5μ; mobile 

phase: [water (0.05% ammonia hydroxide v / v) - ACN]; B%: 15% - 45%, 1 Omin). The residue 

was concentrated under reduced pressure to remove ACN, and then lyophilized. 2-[(2S)-4-[8- 

fluoro-2-[[(25,4i?)-4-methoxy-l-methyl-pyrrolidin-2 -yl]methoxy]-7-(5-methyl-4- 

isoquinolyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-y]]acetonitrile (10.0 mg, 17.9 pmol, 41% 

yield, 99.5% purity) was obtained as a white solid. LCMS [ESI, M+l]: 557.

[0726] 1H NMR (400 MHz, chloroform-d) δ = 9.33 (s, III), 9.05 (s, 1H), 8.46 (s, 1H), 7.95 (d, J = 

8.0 IIz, 1H), 7.59 - 7.48 (m, 2H), 4.64 - 4.50 (m, 2H), 4.48 = 4.37 (m, 2H), 4.02 - 3.92 (m, 1H),

3.66 - 3.51 (m, 1H), 3.49 - 3.41 (m, 1H), 3.40 - 3.28 (m, 4H), 3.28 - 3.05 (m, 3H), 2.99 - 2.89 (m, 

1H), 2.69 - 2.53 (m, 2H), 2.49 (s, 3H), 2.33 (dd, J= 5.6, 9.6 Hz, HI), 2.09 (s, 3H), 2.07 - 1.98 (m, 

2H).

[0727] Example 34: To a solution of 2-[(2S)-4-[8-fluoro-2-[[(2*S,4/?)-4-methoxy-l-methyl- 

pyrrolidin-2-yl]methoxy]~7-(5-methyl~4-isoquinolyl)pyrido[4,3-i/]pyrimidin-4-yl]piperazin-2-
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yl]acetonitrile (45 mg, 80.8 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (58.2 mg, 647 pmol, 8.0 eg) 

in ethyl acetate (5 mL) was added 4A molecular sieve (200 mg). The mixture was stirred at 25 °C 

for 0.5 hour. After that, the mixture was cooled to 0 °C and added Et3N (73.6 mg, 727 pmol, 101 

pL, 9.0 eq) and T3P (206 mg, 323 pmol, 192 pL, 50% purity, 4.0 eq) at 0 °C. The mixture was 

stirred at 0 0C for 0.5 hour. Upon completion, the residue was diluted with water (4 mL) and ethyl 

acetate (3 mL). The organic layer was separated, washed with brine (5 mL), dried over sodium 

sulfate, fdtered and concentrated under vacuum. The residue was purified by prep-HPLC (column: 

Waters Xbridge 150 * 25 5p; mobile phase: [water (0.05% ammonia hydroxide v / v) - ACN]; B%: 

22% - 52%, IOmin). The residue was concentrated under reduced pressure to remove ACN, and 

then lyophilized. 2-[(2X)-4-[8-fluoro-2-[[(25’,4i?)-4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]-7- 

(5-methyl-4-isoquinolyl)pyrido[4,3-<i]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2- 

yl]acetonitrile (16.8 mg, 26.2 pmol, 32% yield, 98.3% purity) was obtained as a white solid.

LCMS [ESI, M+l]: 629.

[0728] H NMR (400 MHz, chloroform-d) 6 = 9.34 (s, 1H), 9.11 (hr s, 1H), 8.47 (br d, J= 7.6 Hz,

1H), 7.96 (br d, J = 7.2 Hz, 1H), 7.63 - 7.45 (m, 2H), 5.60 - 5.38 (m, 1H), 5.29 (br d, J= 16.0 Hz, 

1H), 4.94 - 4.76 (m, 1H), 4.68 - 4.56 (m, 1H), 4.55 - 4.38 (m, 3H), 4.32 - 4.17 (m, 1H), 4.15 - 4.04 

(m, 1H), 4.03-3.71 (m, 3H), 3.53 - 3.39 (m, 1H), 3.31 (br s, 3H), 3.11 -2.79 (m, 3H), 2.50 (br s,

3H), 2.39 - 2.26 (m, 1H), 2.17 - 1.95 (m, 5PI).

Example 35

o.
F

T>
/

2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(2R)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-

c/]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

[0729] Step A: A mixture of DIEA (8.99 g, 69.6 mmol, 12.1 mL, 5.00 eq) in POCL (100 g, 654 

mmol, 60.8 mL, 47.0 eq) was added 7-chloro-8-flu
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POCI3, DIEA

lYV^NxxOH 0-110 0C16 hrs α DIEA1 dioxane, 80 
0CMhr

'Cl DIEAiDCM1 -40 0C1

'N Cl

WIeCN1 HCI/dioxane

25 0C10.5 hr
25 0C10.5 hr

Example 35

K BF3 C!

Pd(PPh3)4l Cs2CO3l 
dioxane, H2O1 80 0C1 6 hrs

oro-pyrido[4,3- T]pyrimidine-2,4-diol (3.00 g, 13.9 mmol, 1.00 eq) in portion at O °C under N2. 

The mixture was stirred at 110 0C for 6 hours. The reaction mixture was concentrated under 

reduced pressure to give a crude product. Compound 2,4,7-trichloro-8-fluoro-pyrido[4,3- 

r/]pyrimidine (3.51 g, crude) was obtained as a brown oil which was used in the next step directly 

without further purification.

[0730] Step B: To a mixture of 2,4,7-trichloro-8-fluoro-pyrido[4,3- <7]pyrimidine (3.51 g, 13.9 

mmol, 1.00 eq) in DCM (50.0 mL) was added DIEA (18.0 g, 139 mmol, 24.2 mL, 10.0 eq) and 

/eD-butyl (2S)-2-(cyanomethyl)piperazine-l- carboxylate (2.19 g, 9.73 mmol, 0.70 eq) in portion at 

-40 °C under N2. The mixture was stirred at -40 °C for 30 min. The reaction mixture wras diluted 

with saturated NaHCCb solution (150 mL) and extracted with DCM (100 mL χ 2). The separated 

organic layer was dried over sodium sulfate, filtered and concentrated under vacuum. The residue 

was purified by column chromatography (SiCb, Petroleum ether/Ethyl acela(e-20:l to 1:1). 

Compound /er/-butyl (2S)-2-(cyanomethyl)-4-(2,7-dichloro-8- fluoro-pyrido[4,3-<i]pyrimidin-4- 

yl)piperazine-l -carboxylate (2.57 g, 5.82 mmol, 42% yield) was obtained as a yellow solid.

LCMS [ESI, M+l]: 441.

[0731] Step C: To a mixture of /e/7-butyl (2,5i)-2-(cyanomethyl)-4-(2,7-dichloro- 8-fluoro- 

pyrido[4,3-Y|pyrimidin-4-yl)piperazine-l-carboxylate (500 mg, 1.13 mmol, 1.00 eq) and [(27?)-1 - 

methylpyrrolidin-2-yl]methanol (652 mg, 5.67 mmol, 5.00 eq) in dioxane (10.0 mL) wras added
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DIEA (439 mg, 3.40 mmol, 592 μι, 3.00 eq) in portion under N2. The mixture was stirred at 80 0C 

for 1 hour. The reaction mixture was diluted with water (5.00 mL) and extracted with ethyl acetate 

(10.0 mL x 3). The combined organic layers were washed with brine (10.0 mL x 1), dried over 

sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by 

column chromatography (S1O2, Petroleum ether : Ethyl acetate = 5 : 1 to Ethyl acetate : 

methanol = 5 : 1). Compound Iert-butyl (9,S')-4-[7-ch 1 oro-8-Πuoro-2-j [(2R) l-mcthylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-<i]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (400 mg, 769 

pmol, 68% yield) was obtained as a yellow solid.

[0732] Step D: To a mixture of tert-butyl (25)-4-[7-chloro-8-fluoro-2-[[(2i?)-l- methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (200 mg, 385 

pmol, 1.00 eq) and [(8-chloro-l-naphthyl)-trifluoro- boranyl]potassium(l+) (413 mg, 1.54 mmol, 

4.00 eq) in dioxane (6.00 mL) and H2O (1.50 mL) was added CS2CO3 (376 mg, 1.15 mmol, 3.00 

eq) and Pd(PPbt3)4 (133 mg, 115 pmol, 0.30 eq) under N2. The mixture was stirred at 80 °C for 6 

hours. The reaction mixture was diluted with diluted with water (5.00 mL) and extracted with ethyl 

acetate (10.0 mL χ 3). The combined organic layers were washed with brine (10.0 mL), dried over 

sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by 

prep-HPLC (column: Waters Xbridge 150 x 25 5 p; mobile phase: [water (0.05% ammonia 

hydroxide v/v)-ACN]; B%: 50% - 80%, 10 min). Compound /c/7-butyl (25)-4-[7-(8-chloro-l- 

naphthyl)-8-fluoro-2-[[(27i)-l- methylpyrrolidin-2-yl]methoxy]pyrido[4,3-£flpyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (32.0 mg, 49.5 pmol, 13% yield, 100% purity) was 

obtained as a yellow solid. LCMS [ESI, M+l]: 646.

[0733] Step E: To a mixture of tert- butyl (25)-4-[7-(8-chloro-l-naphthyl)-8 -fluoro-2-[[(2/?)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (20.0 mg, 31.0 pmol, 1.00 eq) in MeCN (1.00 mL) was added HCl/dioxane (4 M, 667 

pL, 86.2 eq) under Na. The mixture was stirred at 25 °C for 30 min. The reaction mixture was 

concentrated under reduced pressure. Then the residue was dissolved with ethyl acetate and 

adjusted pH to 8 with saturated NaIICOa solution and extracted with ethyl acetate (10.0 mL χ 3). 

The combined organic layers were washed with brine (5.00 mL), dried over sodium sulfate, filtered 

and concentrated under reduced pressure. The residue was purified by prep-HPLC (column:

Waters Xbridge 150 χ 25 5 μ; mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%:
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38% - 68%, 10 min). Compound 2-[(25)- 4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(2R)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-y]]acetonitrile (10.0 mg,

18.1 pmol, 59% yield, 99% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 546.

[0734] 1H NMR (400 MHz, chloroform-d) δ - 9.01 (s, 1H), 8.04 - 7.98 (m, 1H), 7.91 - 7.87 (m,

NI), 7.64 - 7.53 (m, 3H), 7.46 - 7.40 (m, 1H), 4.61 - 4.54 (m, 1H), 4.54 - 4.47 (m, 1H), 4.46 - 4.35 

(m, 2H), 3.61 - 3.47 (m, 1H), 3.40 - 3.30 (m, 1H), 3.27 - 3.18 (m, 2H), 3.17 - 3.06 (m, 2H), 2.77 -

2.70 (m, 1H), 2.68-2.61 (m, 1H), 2.61 - 2.53 (m, 1H), 2.51 -2.48 (m, 3H), 2.34 - 2.25 (m, 1H), 

2.11-2.03 (m, 1H), 1.93 - 1.80 (m, 3H)

[0735] Example 35: To a mixture of 2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro -2-[[(2R)-l- 

methylpyrrolidin-2-yl]methoxy [pyrido[4.3-i/Jpyrimidin-4-yl]piperazm-2-yl jacetonitrile (40.0 mg,

73.3 pmol, 1.00 eq) and 2-fluoroprop-2-enoic acid (19.8 mg, 220 pmol, 3.00 eq) in ethyl acetate 

(1.00 mL) was added TEA (59.3 mg, 586 pmol, 81.6 pL, 8.00 eq) and T3P (140 mg, 220 pmol,

131 pL, 50% purity, 3.00 eq) in portion at 0 °C under N2. The mixture was stirred at 25 °C for 30 

min. The reaction mixture was diluted with water (2.00 mL) and extracted with ethyl acetate (5.00 

mL x 3). The combined organic layers were washed with brine (3.00 mL), dried over sodium 

sulfate, filtered and concentrated under reduced pressure. The residue was purified by prep-HPLC 

(column: Waters Xbridge 150 x 25 5 p; mobile phase: [water (0.05% ammonia hydroxide v/v)- 

ACN]; B%: 38% - 68%, 10 min). Compound 2-[(25’)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(2i?)-

1- methylpyrro]idin-2-yl]methoxy]pyrido[4,3-<f]pyrimidin~4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-

2- yl]acetonitrile (5.20 mg, 8.33 pmol, 11% yield, 99% purity) was obtained as a yellow solid. 

LCMS [ESI, M+l]: 618.

[0736] 1H NMR (400 MHz, chloroform-d) δ - 9.09 - 9.03 (m, 1H), 8.05 - 7.98 (m, 1H), 7.93 - 7.86 

(m, 1PI), 7.65 - 7.54 (m, 3H), 7.47 - 7.40 (m, 1H), 5.42 (br s, 1H), 5.34 - 5.24 (m, 1H), 4.96 - 4.77

(m, 1H), 4.62 - 4.55 (m, 1H), 4.51 - 4.39 (m, 3H), 4.31 - 3.94 (m, 2H), 3.86 - 3.65 (m, 211), 3.17 -

3.08 (m, 1H), 3.07 - 2.94 (m, 1H), 2.92 - 2.80 (m, 1H), 2.78 - 2.65 (m, 3 H), 2.54 - 2.47 (m, 3H),

2.36 - 2.25 (m, HI), 2.12 - 2.01 (m, 1H), 1.92 - 1.78 (m, 3H).

Example 36
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F

2-[(25)-l-[(ii)-4-fluorobut-2-enoyl]-4-[8-fluoro-2-[[(21S,,4i?)-4-methoxy-l-methyl-pyrrolidin-2-

yl]methoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3-</|pyrimidin-4-yl]piperazin-2-yl]acetonitrile
F

Example 36

I T3P, Et3N, 4A molecular 
\ sieve

EA1 - 68 - 25 0C1 1 h
>"\(R!

[0737] Example 36: To a solution of 2-[(2S)-4-[8-fhioro-2-[[(2S,4/?)-4-methoxy-l-methyl - 

pyrrolidin-2-yl]methoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3-ii]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (45 mg, 80.8 pmol, 1.0 eq), (ii)-4-fluorobut-2-enoic acid (50.5 mg, 485 pmol, 6.0 

eq) in ethyl acetate (5 mb) was added 4A molecular sieve (200 mg). The mixture was stirred at 25 

0C for 0.5 hour. After that, the mixture was cooled to - 68 °C and added EtsN (49.1 mg, 485 pmol, 

67.5 pL, 6.0 eq) and T3P (206 mg, 323 pmol, 192 pL, 50% purity, 4.0 eq) at -68 °C. The mixture 

was stirred at - 68 °C for 0.5 hour. Upon completion, the mixture was acidified with aqueous HCl 

solution (1 mol/L) to pH = 3 ~ 4. To the mixture was added ethyl acetate (20 mL) and basified with 

saturated aqueous NaHCOs solution to pH = 7 ~ 8. The organic phase was separated, dried over 

sodium sulfate, filtered and concentrated under vacuum. The residue was purified by prep-HPLC 

(column: Waters Xbridge 150 * 25 5p; mobile phase: [water (0.05% ammonia hydroxide v / v) - 

ACN]; B%: 22% - 52%, lOmin). The fractions were concentrated under reduced pressure to 

remove ACN, and then lyophilized. 2-[(2.9)-1-[(£)-4- fluorobut-2-enoyl]-4-[8-fluoro-2-[[(25',47?)-4- 

methoxy-l-methyl-pyrrolidin-2-yl]methoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3-i/]pyrimidin-4- 

yl]piperazin-2-yl]acetonitrile (4.12 mg, 6.01 pmol, 7% yield, 93.7% purity) was obtained as a
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white solid. LCMS [ESI, M+l]: 643.

[0738] 1H NMR (400 MHz, chloroform-d) δ = 9.34 (s, 1H), 9.12 (s, 1H), 8.47 (br d, J = 10.0 Hz, 

1H), 7.96 (br d, J= 8.0 Hz, 1H), 7.62 - 7.47 (m, 2H), 7.13 - 6.95 (m, 1H), 6.60 (br d, J= 15.6 Hz, 

1H), 5.24 - 4.97 (m, 3H), 4.66 - 4.39 (m, 4H), 4.23 - 3.71 (m, 5H), 3.51 - 3.41 (m, 1H), 3.32 (s,

3H), 3.09 - 2.73 (m, 3H), 2.50 (s, 3H), 2.39 - 2.30 (m, 1H), 2.13 - 1.98 (m, 5H).

Example 37

O;
F

(Si O

2-[(2S)-4-[7-(5-chloro-4-isoquinolyl)-8~fluoro-2-[3-[(lS,,4S')-2-oxa-5-azabicyclo[2.2.1]heptan-5-

yl]propoxy]pyrido[4,3-i/]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

Cui, Pd(dppf)CI2

BINAP, toluene, 
90 °C, 6 hrs

T3P, TEA, EA, 
O - 25 °C. 0.5 h

Cbz

Nal, TMSCI, 4A 
molecular sieve

ACN, O - 15 "C, 
12.5 hrs

B

Example 37

[0739] Step A: To a solution of benzyl (2S)-4-[7-chloro-8-fluoro-2-[3-[(LS',4LS')-2-oxa-5- 

azabicyclo[2.2.1]heptan-5-yl]piOpoxy]pyrido[4,3-i/jpyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (300 mg, 503 pmol, 1.0 eq), (5-chloro-4-isoquinolyl)-trimethyl-stannane (493 mg,

1.51 mmol, 3.0 eq), CuI (28.8 mg, 151 pmol, 0.3 eq), BINAP (62.7 mg, 101 pmol, 0.2 eq) in 

toluene (10.0 mL) was added Pd(dppf)Ch (36.8 mg, 50.3 pmol, 0.1 eq) under N2. The mixture was
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de-gassed and then heated to 90 °C for 6 hours under N2. Upon completion, the mixture was 

filtered and the filtrate was concentrated under vacuum. The residue was diluted with water (10.0 

mL) and extracted with ethyl acetate (2 x 20.0 mL). The organic layers were dried over Na2SC>4 

and concentrated under vacuum. The residue was purified by reversed phase flash [water (0.1% 

formic acid/acetonitrile]. The desired fractions were collected and neutralized with solid Nal ICC)3, 

concentrated under vacuum to remove MeCN and extracted with ethyl acetate (2 χ 20.0 mL). The 

organic layers were dried over Na2SC>4 and concentrated under vacuum to give benzyl (25)-4-(7-(5- 

chloro-4-isoquinolyl)-8-fluoro-2-[3-[(15,45)-2-oxa- 5-azabicyclo[2.2.1]heptan-5- 

\T| propoxyjpy rido[4,3-i/]pyrimidin-4-ylJ-2-(cyanomethyl)piperazine-l -carboxyl ate (240 mg, 297 

pmol, 59% yield, 90% purity) as a yellow oil. LCMS [ESI, M+l]: 723.

[0740] Step B: A mixture of benzyl (25)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2- [3-((15,45)-2- 

oxa-5-azabicyclo[2.2. r|heptan-5-yl]propoxy]pyrido[4,3-i/|pyrimidin-4-yl|-2- 

(cyanomethyl)piperazine-l-carboxylate (140 mg, 194 pmol, 1.0 eq), NaI (464 mg, 3.10 mmol, 16 

eq) and 4A molecular sieve (90 mg) in MeCN (5.0 mL) was stirred at 0 °C for 30 minutes. Then to 

the mixture was added TMSCl (315 mg, 2.90 mmol, 369 pL, 15 eq) at 0 °C. The mixture was 

stirred at 15 °C for 12 hours. Upon completion, the mixture was filtered and the filtrate was 

purified by reversed phase flash [water (0.1% formic acid)/acetonitrile]. The desired fractions were 

collected and neutralized with solid NaHCCfi, concentrated under vacuum to remove MeCN and 

extracted with ethyl acetate (3 x 20.0 mL). The organic layers were dried over Na2SC>4 and 

concentrated under vacuum to give 45 mg of crude product. Taking 10 mg of it was purified by 

prep-HPLC (column: Waters Xbridge 150*25 5p; mobile phase: [water (0.05% ammonia 

hydroxide v/v)-ACN]; B%: 15%-45%, IOmin). The desired fractions were collected and 

lyophilized to give 2-[(25)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[3-[(15, 45)-2-oxa-5- 

azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-if|pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(1.01 mg, 1.63 pmol, 9.6% yield, 95.2% purity) as a white solid. LCMS [ESI, M+l]: 589.

[0741] 1H NMR (400 MHz, chloroform-d) δ = 9.39 (s, 1H), 9.05 (s, 1H), 8.59 (s, 1H), 8.08 - 8.03 

(m, 1H), 7.78 (d, J= 7.2 Hz, HI), 7.64 - 7.58 (m, 1H), 4.63 - 4.58 (m, 2H), 4.57 - 4.52 (m, 1H),

4.46 - 4.38 (m, 2H), 4.07 - 4.02 (m, 1H), 3.64 - 3.55 (m, 2H), 3.51 (br s, III), 3.42 - 3.33 (m, 1H),

3.28 - 3.19 (m, 2H), 3.18 - 3.10 (m, 1H), 2.97 - 2.92 (m, 1H), 2.86 - 2.71 (m, 2H), 2.69 - 2.58 (m, 

2H), 2.53 (d, J= 10.0 Hz, 1H),2.01 (t, J= 6.8 Hz, 211), 1.87 - 1.84 (m, 1H), 1.72 (brd,J=10.0
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IIz, 1H).

[0742] Example 37: To a solution of 2-[(2S)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[3- [(1//,4/?)- 

2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-c(|pyrimidin-4-yl]piperazm-2- 

yljacetonitrile (27.0 mg, 45.8 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (12.4 mg, 138 pmol, 3.0 eq) 

in ethyl acetate (1.0 mL) was added TEA (55.7 mg, 550 pmol, 76.6 pL, 12 eq) and T3P (117 mg, 

183 pmol, 109 pL, 50% purity in ethyl acetate, 4.0 eq) at 0 0C. The mixture was stirred at 25 °C 

for 0.5 hour. Upon completion, the mixture was diluted with water (3.0 mL) and extracted with 

ethyl acetate (4 x 5.0 mL). The organic layers were dried over Na2SC>4 and concentrated under 

vacuum. The residue was purified by chromatography (AI2O3, petroleum ethcr/ethyl acetate 1/1 to 

ethyl acetate/methanol 10/1) followed by prep-HPLC (column: Waters Xbridge 150*25 5p; mobile 

phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 20%-50%, lOmin). The desired 

fractions were collected and lyophilized to give 2-[(2S)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2- 

[3-[(l/?,4/?)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-<i]pyrimidin-4-yl]-1-(2- 

fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (5.74 mg, 7.95 pmol, 17% yield, 91.6% purity) as a 

white solid.

[0743] 1H NMR (400 MHz, chloroform-d) δ - 9.40 (s, 1H), 9.13 - 9.07 (m, 1H), 8.59 (d,J = 9.2 

Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.78 (br d, J= 7.6 Hz, 1H), 7.66 - 7.57 (m, HI), 5.59 - 5.38 (m, 

1H), 5.35 - 5.23 (m, HI), 4.98 - 4.75 (m, 1H), 4.65 - 4.58 (m, 2H), 4.54 - 4.43 (m, 2H), 4.42 - 4.38 

(m, 1H), 4.34 - 4.06 (m, 2H), 4.05 (d, J= 8.0 Hz, 1H), 3.92 - 3.68 (m, 2H), 3.65 - 3.60 (m, 1H),

3.52 - 3.47 (m, 1H), 3.09 - 2.93 (m, 2H), 2.91 - 2.72 (m, 3H), 2.57 - 2.50 (m, 1H), 2.02 (quin, J =

6.8 Hz, 2H), 1.86 (br d, J= 8.4 Hz, 1H), 1.73 (br d, J= 10.0 Hz, 1H).

Example 3 8

2-[(2,S)-4-[8-iluoro-7-(5-methy]-4-isoquinolyl)-2-[3-[(l/?,4/?)-2-oxa-5-azabicyclo[2.2. IJheptan-
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5-yl]propoxy]pyrido[4,3-^|pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

Cbz .SnMe-:

Cul1 Pd(Cippf)CI2

BINAP, toluene, 
90 0C1 6 hrs

A

Cbz

Pd/C, H2

NH3-MeOH, 20 
"C,1 hr

T3P, TEA, EA,
O - 25 0C, 0.5 h

Example 38

[0744] Step A: To a solution of benzyl (21S)-4-[7-chloro-8-fluoro-2-[3-[(lS',41S)-2-oxa-5- 

azabicy clo [2.2.1 Jheptan- 5 -y IJpropoxy jpyrido [4,3 ■-</]py rimidin-4-yl]-2-(cy anomethy l)piperazine-1 - 

carboxylate (300 mg, 503 Limo]. 1.0 eq), trimethyl-(5-methyl-4-isoquinolyl)stannane (462 mg, 1.51 

mmol, 3.0 eq), CuI (28.8 mg, 151 pmol, 0.3 eq), BINAP (62.7 mg, 101 pmol, 0.2 eq) in toluene 

(10.0 mL) was added Pd(dppf)Cl2 (36.8 mg, 50.3 pmol, 0.1 eq) under N2. The mixture was de

gassed and then heated to 90 °C for 6 hours under N2. Upon completion, the mixture was filtered 

and the filtrate was concentrated under vacuum. The residue was diluted with water (10.0 mL) and 

extracted with ethyl acetate (2 χ 20.0 mL). The organic layers were dried over NaaSCfi and 

concentrated under vacuum. The residue was purified by reversed phase flash [water (0.1% formic 

acid/acetonitrile]. The desired fractions were collected and neutralized with solid NaHCCfi, 

concentrated under vacuum to remove MeCN and extracted with ethyl acetate (2 x 20.0 mL). The 

organic layers were dried over NaaSCfi and concentrated under vacuum to give benzyl (2S)-2- 

(cyanomethyl)-4-[8-fluoro-7-(5-methyl-4-isoquinolyl)-2- [3-[(lS’,4ST)-2-oxa-5- 

azabicyclo[2.2.1]heptan-5-yl]propoxyJpyrido[4,3-(7]pyrimidin-4-yl]piperazine-l-carboxylate (260 

mg, 360 pmol, 71% yield, 97.2% purity) as a yellow oil. LCMS [ESI, M+l]: 703.

[0745] Step B: To a solution of benzyl (25)-2-(cyanomethyl)-4-[8-fluoro-7-(5- methyl-4- 

isoquinolyl)-2-[3-[(lS’,4,S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-fiT]pyrimidin- 

4-yl]piperazine-l-carboxylate (60.0 mg, 85.4 pmol, 1.0 eq) in MeOLI (1.0 mL) and NLL'MeOH 

(1.0 mL, 25% purity) was added Pd/C (30.0 mg, 10% purity) under N2. The suspension was
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degassed under vacuum and purged with H2 several times. The mixture was stirred under hh (15 

psi) at 20 °C for 1 hour. Upon completion, the catalyst was removed by filtering through a plug of 

Celite®. The solvent was removed under reduced pressure. The residue was purified by prep- 

HPLC (column: Waters Xbridge 150*25 5μ; mobile phase: [water (0.05% ammonia hydroxide 

v/v)-ACN]; B%: 18%-48%, IOmin). The desired fractions were collected and Iyophilized to give 

2-[(25)-4-[8-fhioro-7-(5-methyl-4-isoquinolyl)-2- [3-((15',45)-2-oxa-5-azabicyclo[2.2.1]heptan-5- 

yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (6.44 mg, 11.3 pmol, 13% 

yield, 99.6% purity) as a white solid. LCMS [ESI, M+l]: 569.

[0746] 1H NMR (400 MHz, chloroform-d) δ = 9.34 (s, 1H), 9.06 (s, 1H), 8.47 (s, 1H), 7.96 (d, J = 

7.6 Hz, 1H), 7.60 - 7.54 (m, 1H), 7.53 - 7.48 (m, 1H), 4.65 - 4.58 (m, 2H), 4.58 - 4.49 (m, 1H),

4.47.4.37 (m5 2H), 4.04 (d, J= 7.6 Hz, 1H), 3.66 - 3.53 (m, 2H), 3.52 - 3.48 (m, 1H), 3.44 - 3.31 

(m, 1H), 3.30 - 3.20 (m, 2H), 3.19 - 3.06 (m, 1H), 2.95 (dd, J= 1.6, 10.0 Hz, 1H), 2.88 - 2.69 (m, 

2H), 2.68 - 2.56 (m, 2H), 2.56 - 2.51 (m, 1H), 2.12 - 2.08 (m, 3H), 2.06 - 1.97 (m, 2H), 1.87 - 1.83 

(m, 1H), 1.74-1.71 (m, 1H).

[0747] SFC condition: Column: Chiralpak IC-3 50x4.6mm I.D., 3pm, Mobile phase: Phase A for 

CO2, and Phase B for MeOH +ACN (0.05%DEA); Gradient elution: 60% MeOH +ACN (0.05% 

DEA) in CO2, Flow rate: 3mL/min; Wavelength: 220nm, Column Temp: 35C; Back Pressure: 

IOOBar.

[0748] Example 38: To a solution of 2-[(25)-4-[8-fluoro-7-(5-methyl-4-isoquinolyl)-2 -[3-[(lS’,4S')- 

2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (60.0 mg, 106 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (28.5 mg, 317 pmol, 3.0 eq) 

in ethyl acetate (2.0 mL) wras added TEA (128 mg, 1.27 mmol, 176 pL, 12 eq) and T3P (269 mg, 

422 pmol, 251 pL, 50% purity in ethyl acetate, 4.0 eq) at 0 °C. The mixture was stirred at 25 °C 

for 0.5 hour. Upon completion, the mixture was diluted with water (3.0 mL) and extracted with 

ethyl acetate (4 χ 5.0 mL). Fhe organic layers were dried over Na2SC>4 and concentrated under 

vacuum. The residue was purified by chromatography (AI2O3, petroleum ether/ethyl acetate 1/1 to 

ethyl acetate/methanol 10/1) followed by prep-HPLC (column: Waters Xbridge 150*25 5p; mobile 

phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 20%-50%, IOmin). The desired 

fractions were collected and lyophilized to give 2-[(2Sr)-4-[8-fluoro-7-(5-methyl-4-isoquinolyl)-2- 

[3-[(15,,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]-l-(2-
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fluoroprop-2-enoyl)piperazin-2-yl]aeetonitrile (22.2 mg, 34.5 iimol. 33% yield, 99.7% purity) as a 

white solid. LCMS [ESI, M+l]: 641.

[0749] 1HNMR (400 MHz, chloroform-d) δ = 9.34 (s, 1H), 9.11 (d, J = 1.6 Hz, 1H), 8.46 (d, J = 

8.0 Hz, 1H), 8.00 - 7.92 (m, 1H), 7.62 - 7.54 (m, 1H), 7.53 - 7.47 (m, 1H), 5.63 - 5.39 (m, HI),

5.30 (br dd, J = 2.8, 17.2 Hz, 1H), 4.98 - 4.79 (m, 1H), 4.66 - 4.58 (m, 2H), 4.55 - 4.42 (m, 2H),

4.39 (s, 1H), 4.35 - 4.06 (m, 2H), 4.04 (d, J= 7.6 Hz, 1H), 3.95 - 3.70 (m, 2H), 3.62 (dd, J= 1.2,

7.6 Hz, 1H), 3.54 - 3.48 (m, 1H), 3.09 - 2.92 (m, 2H), 2.90 - 2.71 (m, 3H), 2.53 (d, J= 10.0 Hz, 

1H), 2.09 (d, J= 5.2 Hz, 3H), 2.02 (quin, J= 6.8 Hz, 2H), 1.88 - 1.82 (m, 1H), 1.74 (br d, J= 0.8 

Hz, 1H).

Example 39

F

2-[(25)-l-[(£)-4-fluorobut-2-enoyl]-4-[8-fluoro-7-(5-methyl-4-isoquinolyl)-2-[3-[(15',41S)-2-oxa-5-

azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile

T3P, TEA, EA1
-60 °C, 0.5 h

Example 39

[0750] Example 39: To a solution of 2-[(2S')-4-[8-fluoro-7-(5-methyl-4-isoquinolyl)-2- [3-[(15>,4,ν)- 

2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (60.0 mg, 106 pmol, 1.0 eq), (£)-4-fluorobut-2-enoic acid (33.0 mg, 317 pmol, 3.0 

eq) in ethyl acetate (2.0 mL) was added TEA (128 mg, 1.27 mmol, 176 pL, 12 eq) and T3P (269
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mg, 422 μιηοΐ, 251 pL, 50% purity in ethyl acetate, 4.0 eq) at -60 °C. The mixture was stirred at - 

60 °C for 0.5 hour. Upon completion, the mixture was diluted with water (3.0 mL) and extracted 

with ethyl acetate (4 x 5.0 mL). The organic layers were dried over NajSO4 and concentrated under 

vacuum. The residue was purified by chromatography (AI2O3, petroleum ether/ethyl acetate 1/1 to 

ethyl acetate/methanol 10/1) followed by prep-HPLC (column: Waters Xbridge 150*25 5μ; mobile 

phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 20%-50%, IOmin). The desired 

fractions were collected and lyophilized to give 2-[(25)- 1 -[(7/)-4-Π uorobut-2-enoyl]-4-[8-fl uoro-7- 

(5-methyl-4-isoquin olyl)-2-[3-[(15',4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3- 

J]pvrimidin-4-yl |pipcrazin-2-yl]acetonitrilc (22.3 mg, 31.9 μ mol. 30% yield, 93.6% purity) as a 

white solid. LCMS [ESI, M+l]: 655.

[0751] ‘HNMR(400 MHz, chloroform-d)5 = 9.38-9.31 (m, 1H), 9.12 (s, 1H), 8.47 (d, J = 10.4 

Hz, 1H), 7.96 (d, J= 8.0 Hz, 1H), 7.62 - 7.54 (m, 1H), 7.53 - 7.47 (m, 1H), 7.12 - 6.96 (m, 1H), 

6.65 - 6.54 (m, 1H), 5.26 - 5.17 (m, 1H), 5.16 - 4.92 (m, 2H), 4.65 - 4.58 (m, 2H), 4.56 - 4.43 (m, 

2H), 4.40 (s, HI), 4.26 - 4.01 (m, 3H), 4.00 - 3.75 (m, 2H), 3.62 (dd, J= 1.2, 7.6 Hz, 1H), 3.54 -

3.48 (m, 1H), 3.10-2.92 (m, 2H), 2.89 - 2.71 (m, 3H), 2.58 - 2.51 (m, 1H), 2.10 (d, J= 3.2 Hz, 

311),2.02 (quin, J =6.8 Hz, 2H), 1.86 (br d, J= 8.4 Hz, 1H), 1.74 (br s, HI).

Example 40

(S)-2-(l-acryloyl-4-(7-(8-methylnaphthalen-l-yl)pyrido[4,3-J]pyrimidin-4-yl)piperazin-2-

yl)acetonitrile
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NH2 NH
SOCI2NaOH

MeOH, H2O1 20 °C, 12 h 80 °C, 12 h

NH3-H2O

20 °C, 4 h 150 °C

ο. „ο

DIEA1 4 AhWl SPOCI3, DIEA

120 0C1 12 h Pd(PPh3)4, C2CO3, 
dioxane, 100 °C, 5 h

DCM1 -40 5C, 1 h

HCI/dioxane
DCM, -40 cC1 1 h

20 °C, 0.5 h

Example 40

[0752] Step A: To a solution of methyl 4-amino-6-chloro-pyridine-3-carboxylate (1.00 g, 5.36 

mmol, 1.00 eq) in methyl alcohol (12.0 mL) and water (6.00 mL) was added sodium hydroxide 

(643 mg, 16.1 mmol, 3.00 eq). The mixture was stirred at 20 °C for 12 hrs. The reaction mixture 

was concentrated under reduced pressure. The residue was dissolved in water (0.50 mL) and 

acidified with hydrochloric acid (1.00 M) to pH=6. The solid was filtered and concentrated under 

reduced pressure to give 4-amino-6-chloro-pyridine-3-carboxylic acid (630 mg, 3.65 mmol, 68.1% 

yield,) as a white solid which used for the next step without further purification.

[0753] Step B: A mixture of 4-amino-6-chloro-pyridine-3-carboxylic acid (630 mg, 3.65 mmol,

1.00 eq) and thionyl chloride (16.4 g, 138 mmol, 10.0 mL, 37.8 eq) was stirred at 80 °C for 12 hrs. 

The reaction mixture was concentrated under reduced pressure to give a residue. Compound 4- 

amino-6-chloro-pyridine-3-carbonyl chloride (697 mg, crude) was obtained as a yellow solid, 

which was used into next step directly without further purification.

[0754] Step C: A mixture of 4-amino-6-chloro-pyridine-3-carbonyl chloride (697 mg, 3.65 mmol,

1.00 eq) and ammonium hydroxide (9.10 g, 72.7 mmol, 10.0 mL, 19.9 eq) was stirred at 20 °C for 

4 hr. The reaction mixture was extracted with ethyl acetate (12.0 mL χ 3). Combined organic phase 

was washed with brine (12.0 mL), dried, filtered and concentrated to give a residue. The residue
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was purified by prep-TLC (dichloromethane: methyl alcohol=10:l) to give 4-amino-6-chloro- 

pyridine-3-carboxamide (490 mg, crude) as a yellow solid. LCMS [M+l]: 172.1.

[0755] Step D: A mixture of 4-amino-6-chloro-pyridine-3-carboxamide (0.44 g, 2.56 mmol, 1.00 

eq) in was added triethyl orthoformate (8.00 g, 54.0 mmol, 8.98 mL, 21.1 eq) was stirred at 150 °C 

for 5 hours. The reaction mixture was concentrated under reduced pressure to give a residue. 

Compound 7-chloropyrido[4,3-i/]pyrimidin-4-ol (465 mg, crude) was obtained as a brown solid, 

which was used into next step directly without further purification.

[0756] Step E: To a solution of 7-chloropyrido[4,3-</]pyrimidin-4-ol (465 mg, 2.56 mmol, 1.00 eq) 

in phosphorus oxychloride (15.4 g, 100 mmol, 9.30 mL, 39.1 eq) was added diisopropylethylamine 

(993 mg, 7.68 mmol, 1.34 mL, 3.00 eq). The mixture was stirred at 120 °C for 12 hrs. The reaction 

mixture was concentrated under reduced pressure to give a residue. Compound 4,7- 

dichloropyrido[4,3-</]pyrimidine (512 mg, crude) was obtained as a brown oil, which was used into 

next step directly without further purification.

[0757] Step F: To a solution of 4,7-dichloropyrido[4,3-<i]pyrimidine (512 mg, 2.56 mmol, 1.00 eq) 

in dichloromethane (10.0 mL) was added diisopropylethylamine (992 mg, 7.68 mmol, 1.34 mL, 

3.00 eq), 4A MS (100 mg, 2.56 mmol, 1.00 eq) and tert-butyl (2A)-2-(cyanomethyl)piperazine-l- 

carboxylate (577 mg, 2.56 mmol, 1.00 eq). The mixture was stirred at -40 °C for 1 hr. The reaction 

mixture was filtered and quenched with water (20.0 mL). The mixture was extracted with 

dichloromethane (20.0 mL χ 3). Combined organic phase was washed with brine (10.0 mL), dried, 

filtered and concentrated to give a residue. The residue was purified by reversed-phase HPLC 

(0.1% formic acid condition) to give teri-butyl (2iS)-4-(7-chloropyrido[4,3-i/]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate (0.40 g, 1.03 mmol, 40.2% yield) as a brown solid.

[0758] 1H NMR (400 MHz, CDCl3) δ = 9.13 (s, 1H), 8.76 (s, 1H), 7.75 (s, 1H), 4.69 (s, 1H), 4.51 

(dd, ./=3.6, 13.6 Hz, 1 H), 4.33 (br d, J= 12.8 Hz, 1H), 4.19 - 4.05 (m, 1H), 3.95 - 3.83 (m, 1H), 

3.78 - 3.68 (m, 1H), 3.52 - 3.37 (m, 1H), 2.89 - 2.76 (m, III), 2.72 - 2.63 (m, 1H), 1.52 (s, 9H)

[0759] Step G: A mixture of tert-butyl (2S')-4-(7-chloropyrido[4,3-ci]pyrimidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate (270 mg, 694 pmol, 1.00 eq), 4,4,5,5-tetramethyl-2-(8- 

methyl-l-naphthyl)-l,3,2-dioxaborolane (279 mg, 1.04 mmol, 1.50 eq), Pd(PPh3)4 (80.2 mg, 69.4 

pmol, 0.10 eq) and cesium carbonate (452 mg, 1.39 mmol, 2.00 eq) in dioxane (4.50 mL) and
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water (1.50 mL) was degassed and purged with nitrogen atmosphere for 3 times, and then the 

mixture was stirred at 100 °C for 5 hrs under nitrogen atmosphere. The reaction mixture was 

concentrated under reduced pressure to give a residue. The residue was diluted with water (5.00 

mL) and extracted with ethyl acetate (5.00 mL x 3). Combined organic phase was washed with 

brine (5.00 mL), dried, filtered and concentrated to give a residue. The residue was purified by 

column chromatography (SiCL, petroleum ether/ethyl acetate=!0/1 to 1:2) to give fcr/-butyl (25)-2- 

(cyanomethy I)-4-[7-(8-methyl-1 -naphthyl)pyrido[4.3-J| pyrimidin-4-yl] piperazi ne-1 -carboxylate 

(134 mg, 262 pmol, 37.7% yield, 96.6% purity) as a brown oil. LCMS [M+l]: 495.1.

[0760] Step H: To a solution of terZ-butyl (2S)-2-(cyanomethyl)-4-[7-(8-methyl-l- 

naphthyl)pyrido[4,3-d]pyrimidin-4-yl]piperazine-l-carboxylate (30.0 mg, 60.7 pmol, 1.00 eq) in 

acetonitrile (0.60 mL) was added hydrochloric acid/dioxane (4.00 M, 0.60 mL, 39.6 eq). The 

mixture was stirred at 20 °C for 0.5 hrs. The reaction mixture was neutralized with triethylamine 

(1.00 mL) to pH=8 and concentrated under reduced pressure to give a residue. The residue was 

purified by prep-HPLC (neutral condition) to give 2-[(2S)-4-[7-(8-methyl-l-naphthyl)pyrido[4,3- 

d]pyrimidin-4-yrjpiperazin-2-yl]acetonitrile (7.70 mg, 19.3 pmol, 31.8% yield, 98.7% purity) as a 

white solid. LCMS [M+l]: 395.4.

[0761] 1H NMR (400 MHz5MeOD) δ = 9.35 (s, 1H), 8.72 (s, 1H), 8.01 (dd, J= 1.2, 8.0 Hz, 1H), 

7.85 (d, J= 8.0 Hz, 1H), 7.75-7.71 (m, 1H), 7.56-7.51 (m, 1H), 7.47 -7.40 (m, 2H), 7.34 - 7.29 

(m, 1H), 4.71 (brd, J = 12.4 Hz, 1H), 4.53 (brd, J= 13.2 Hz, 114),3.69- 3.57 (m, III), 3.39-3.32 

(m, 1H), 3.29- 3.22 (m, 1H), 3.20 - 3.13 (m, 1 H), 3.02 (dt, J= 3.2, 11.6 Hz, 1H), 2.80 - 2.65 (m, 

2H), 2.00 (s, 3H).

[0762] Example 40: To a solution of 2-[(25)-4-[7-(8-methyl-l-naphthyl)pyrido[4,3-Jjpyrimidin-4- 

yl]piperazin-2-yl]acetonitrile (103 mg, 261 pmol, 1.00 eq) in dichloromethane (10.0 mL) was 

added triethylamine (79.3 mg, 783 pmol, 109 pL, 3.00 eq) and prop-2-enoyl prop-2-enoate (65.9 

mg, 522 pmol, 2.00 eq). The mixture was stirred at -40 °C for 1 hr. The reaction mixture was 

concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC 

(neutral condition) to give 2-[(2»S’)-4-[7-(8-methyl-l-naphthyl)pyrido[4,3-J]pyrimidin-4-yl]-l-prop- 

2-enoyl-piperazin-2-yl]acetonitrile (25.6 mg, 57.2 pmol, 21. 9% yield, 100% purity) as a white 

solid. LCMS [M+l]: 449.4
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[0763] 1H NMR (400 MHz, MeOD) δ = 9.44 (s, 1H), 8.76 (s, 1H), 8.02 (d, J = 8.4 Hz, 1H), 7.86 (d, 

J= 8.4 Hz, 1 H), 7.77 (s, 1H), 7.59 - 7.51 (m, 1H), 7.48 - 7.41 (m, 2H), 7.32 (br d, J= 7.6 Hz, 1H),

6.96 - 6.75 (m, 1H), 6.31 (br d, J= 17.2 Hz, 1H), 5.84 (br d, J= 9.6 Hz, 1H), 5.12 - 4.93 (m, 1H),

4.79 - 4.67 (m, 1H), 4.66 - 4.46 (m, 2H), 4.25 - 4.00 (m, 1H), 3.97 - 3.70 (m, 2H), 3.09 - 2.93 (m, 

2H), 2.01 (br s, 3H).

Example 41

(5)-2-(1 -acryloyl-4-(8-fluoro-7-(8-methylnaphthalen-l-yl)pyrido[4,3-J]pyrimidin-4-yl)piperazin-2-

yl)acetonitrile

o
NH3ZMeOH

35 °C, 12 hrs

Pd(PPh3)4, Na2CO3, 
dioxane, H20, 150 0C, 
3 hrs

Boc

POCi3, DIEA

120 0C112 hrs DIEA, DCM:150 0C1 3 hrs
•40 0C11 h

HCI/dioxane

MeCN, r.t., 1 h DCM, DIEA,
40 sC1 0.5 h

Example 41

[0764] Step A: ammonia was bubbled into a solution of methyl alcohol (10 mL) was added ethyl 4- 

amino-6-chloro-5-fluoro-pyridine-3-carboxylate (500 mg, 2.29 mmol, 1.00 eq) and the mixture 

was stirred at 35 0C for 12 hours. The reaction mixture was concentrated under reduced pressure to 

give crude product 4-amino-6-chloro-5-fluoro-pyridine-3-carboxamide (391 mg, crude) as a yellow 

solid and used into the next step without further purification.
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[0765] 'H NMR (400MHz, DMSOd6) δ = 8.32 (s, 1H), 8.10 (br s, 1H), 7.56 (br d, J= 5.6 Hz, 2H),

7.48 (br s, 1H).

[0766] Step B: To a solution of 4-amino-6-chloro-5-fluoro-pyridine-3-carboxamide (270 mg, 1.11 

mmol, 1.00 eq.) in triethyl orthoformate (1.00 mL) was stirred at 150 °C for 3 hours. The reaction 

mixture was filtered and the filter cake concentrated under reduced pressure to give crude product 

7-chloro-8-fluoro-pyrido[4,3-fi]pyrimidin-4-ol (505 mg, crude) as a gray solid and used into the 

next step without further purification.

[0767] 1H NMR (400MHz, DMSO-J6) 6-13.0 (br s, 1H), 8.94 (br s, 1H), 8.40 (br s, 1H).

[0768] Step C: To a solution of 7-chIoro-8-fluoro-pyrido[4,3-J]pyrimidin-4-ol (500 mg, 2.51 mmol, 

1.00 eq.) in phosphorus oxychloride (8.25 g, 53.8 mmol, 5.00 mL, 21.5 eq.) was added 

diisopropylethylamine (971 mg, 7.52 mmol, 1.31 mL, 3.00 eq.). The mixture was stirred at 120 °C 

for 12 hours. The reaction mixture was concentrated under reduced pressure to give a residue. The 

crude product 4,7-dichloro-8-iluoro-pyrido[4,3-J]pyrimidine (550 mg, crude) as a brown gum and 

used into the next step without further purification.

[0769] Step D: To a solution of 4,7-dichloro-8-fluoro-pyrido[4,3-fijpyrimidine (540 mg, 2.48 mmol, 

1.00 eq) in dichloromethane (10.0 mL) was added diisopropylethylamine to adjust PH to 10. After 

added, the mixture was stirred at -40 °C for 0.5 hour and /er/-butyl (25)-2-

(cyanomethyl)piperazine-1-carboxylate (558 mg, 2.48 mmol, 1.00 eq) was added and the resulting 

mixture was stirred at -40 °C for 0.5 hour. The reaction mixture was concentrated under reduced 

pressure to give a residue. The residue was purified by column chromatography (S1O2, Petroleum 

ether : Ethyl acetate - 10:1 to 0:1) to give /<?r/-butyl (25)-4-(7-chloro-8-fluoro-pyrido[4,3- 

d]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (603 mg, 1.48 mmol, 59.8 % yield) as 

a yellow solid.

[0770] 1HNMR (400MHz, CDCl3) δ - 8.96 (s, 1H), 8.81 (s, 1H), 4.67 - 4.59 (m, HI), 4.53 (dd, J = 

4.0, 13.6 Hz, 1H), 4.34 (td, J= 3.2, 12.8 Hz, 1H), 4.12 (q, J= 7.2 Hz, 111),3.97 (br d, J= 10.8 Hz, 

1H), 3.76 (ddd, J= 4.0, 10.8, 12.8 Hz, 1H), 3.56 - 3.37 (m, 1H), 2.89 - 2.76 (m, 1H), 2.71 -2.64 

(m, 1H), 1.50 (s, 9H).

[0771] Step E: A mixture of /cr/-butyl (2,S)-4-(7-chloro-8-fluoro-pyrido[4,3-fi]pyrimidin-4-yl)-2-
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(cyanomethyl)piperazine-l-carboxylate (105 mg, 258 pmol, 1.00 eg.), 4,4,5,5-tetramethyl-2-(8- 

methyl-l-naphthyl)-l,3,2-dioxaborolane (104 mg, 387 pmol, 1.50 eq.), Pd(PPh3)4 (29.8 mg, 25.8 

pmol, 0.100 eq.) and sodium carbonate (54.7 mg, 516 pmol, 2.00 eq.) in dioxane (1.00 mL) and 

water (0.20 mL) was degassed and purged with nitrogen for 3 times, and then the mixture was 

stirred at 105 °C for 5 hours under nitrogen atmosphere. The reaction mixture was concentrated 

under reduced pressure to give a residue. The residue was purified by prep-TLC (S1O2, Petroleum 

ether : Ethyl acetate = 1:1) to give /+/'/-butyl (25')-2-(cyanomethyl)-4-[8-fluoro-7-(8-methyl-l- 

naphthyl)pyrido[4,3-i/]pyrimidin-4-yl]piperazine-l-carboxylate (71.0 mg, 95.4 pmol, 37.0 % yield, 

68.9 % purity) as a yellow oil. LCMS [M+l] = 513.4.

[0772] Step F: To a solution of tert-butyl (25)-2-(cyanomethyl)-4-[8-fluoro-7-(8-methyl-l- 

naph thy l)pyri do[4,3-r/Jpyri midin-4-y IJpiperazine-1 -carboxy late (70.0 mg, 94.1 pmol, 1.00 eq.) in 

acetonitrile (0.50 mL) was added dioxane hydrochloride (4.00 M, 0.50 mL). The mixture was 

stirred at 20 °C for 1 hour. The reaction mixture was adjust pH to 8 with triethylamine and 

concentrated under reduced pressure to give crude product 2-[(25)-4-[8-fluoro-7-(8-methyl-l- 

naphthyl)pyrido[4,3-r/]pyrimidin-4-yrjpiperazin-2-yljacetonitrile (41 mg, crude) as a yellow solid 

and used into the next step without further purification. LCMS [M+l] = 413.3.

[0773] 1H NMR (400MHz, MeOD) δ = 9.23 (s, 1H), 8.75 (s, 1H), 8.05 (d, ./=8.0 Hz, 1H), 7.87 (d, 

J=8.0 Hz, 1H), 7.58 (t, ./=7.6 Hz, 1H), 7.49 - 7.41 (m, 2H), 7.32 (br d, J=I.2 Hz, 1H), 4.76 (br d,

J= 12.8 Hz, 1H), 4.57 (br d, ./=12.8 Hz, 1H), 3.69 - 3.59 (m, 1H), 3.43 - 3.33 (m, 1H), 3.28 (br s, 

1H), 3.17 (br d, J=\2A Hz, 1H), 3.07 - 2.97 (m, HI), 2.81 - 2.68 (m, 2H), 2.01 (s, 3H).

[0774] Example 41: To a solution of 2-[(2N)-4-[8-fluoro-7-(8-methyl-l-naphthyl)pyrido[4,3- 

r/]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (40.0 mg, 97.0 pmol, 1.00 eq.) and prop-2-enoyl prop- 

2-enoate (24.5 mg, 194 pmol, 2.00 eq.) in dichloromethane (1.00 mL) was added 

diisopropylethylamine (25.1 mg, 194 pmol, 33.9 pL, 2.00 eq.). The mixture was stirred at -40 °C 

for 0.5 hour. The reaction mixture was concentrated under reduced pressure to give a residue. The 

residue was purified by prep-IIPLC (neutral condition) to give 2-[(2S)-4-[8-fluoro-7-(8-methyl-l- 

naphthyl)pyrido[4,3-i/]pyrimidin-4-yl]-l-prop-2-enoyl-piperazin-2-yl]acetonitrile (17.3 mg, 35.9 

pmol, 37.0 % yield, 96.6 % purity) as a yellow solid. LCMS [M+l] = 467.3.

[0775] 1H NMR (400MHz, MeOD) δ = 9.32 (s, 1H), 8.79 (s, 1H), 8.06 (d, J=8.0 Hz, 1H), 7.88 (br
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d, J= 8.0 Hz, 1H), 7.59 (br t, J=I.2 Hz, 1H), 7.50 - 7.40 (m, 2H), 7.33 (br d, /=6.4 Hz, 1H), 6.82 (br 

s, 1H), 6.31 (brdd,/=17.2 Hz, 1H), 5.85 (brd,/=9.6 Hz, 1H), 5.06 (br s, 1H), 4.80 - 4.68 (m, 2H),

4.61 (br s, 1H), 4.24 - 3.78 (m, 3H), 3.01 (br s, 2H), 2.01 (br d, J= 5.6 Hz, 3H).

EXAMPLE 42

NC

N '''

1F

2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoiO-2-[[(2jS,47?)-4-iluoro-l-methyl-pyrrolidin-2-

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

mCPBA

Cs2CO3, Pd(PPh3)4, 
dioxane/H20, 90 iC, 16 hrs

DCM1O0C10.75 hr t-BuONa, 4A MS1 
toluene, O 0C, 0.5 hr

HCi/dioxane

dioxane/MeCN, 
O 0C10.5 hr

T3P, TEA, EA1 
O0C1 0.5 hr 

E

Example 42

[0776] Step A: To a mixture of tert-butyl (2LS)-4-(7-chloro-8-fIuoro-2- methylsulfanyl-pyrido[4,3- 

d]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (4.5 g, 9.93 mmol, 1.0 eq) and [(8- 

chloro-l-naphthyl)-trifluoro-boranyl]potassium (1+) (4.0 g, 14.9 mmol, 1.5 eq) in dioxane (75.0 

mL) and H2O (15.0 mL) was added CS2CO3 (9.71 g, 29.8 mmol, 3.0 eq) and Pd(PPh3)4 (5.74 g,

4.97 mmol, 0.5 eq) at 25 °C, the reaction mixture was stirred at 90 °C for 16 hours. The reaction 

mixture was concentrated under reduced pressure to remove dioxane. The residue was diluted with 

water (5 mL) and extracted with metliyl-/m-buty] ether (60 mL). The combined organic layers 

were filtered and the filtrate was dried over Na2SC>4 solid, filtered and the filtrate was concentrated
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under reduced pressure to give a residue. The residue was purified by column chromatography 

(SiCh, Petroleum ether/Ethyl acetate = 5/1 to 2/1). The desired fractions were collected and 

concentrated under reduced pressure to give a residue. The crude product was purified by reversed- 

phase flash (0.1% FA condition). The desired fractions were collected and concentrated to remove 

CH3CN. The combined water layers were added NaiCCb solid to pH = 9 ~ 10, the mixture was 

extracted with ethyl acetate (2 x 100 mL). The combined organic layers were washed with brine 

(80 mL), dried over NaaSCb solid, filtered and the filtrate was concentrated under reduced pressure 

to give compound /cv/-butyl (2,S')-4-[7-(8-chloro-1 -naphlhy 1)-8 -fluoro-2-methylsulfanyl- 

pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (1.6 g, 2.76 mmol, 27.8% 

yield, 100% purity) as a yellow solid. LCMS [M+l]: 579.

[0777] 1H NMR (400 MHz, chloroform-d) δ = 9.06 (s, 1H), 8.02 (dd, ./=1.2, 8.0 Hz, 1H), 7.89 (d,

J= 8.0 Hz, 1H), 7.66 - 7.53 (m, 3H), 7.43 (dt, J=2.4, 8.0 Hz, 1H), 4.76 - 4.62 (m, 1H), 4.57 - 4.47 

(m, 1H), 4.46 - 4.34 (m, III), 3.89 - 3.62 (m, 2H), 3.41 (dt, J=1.6, 4.8 Hz, 1H), 2.90 - 2.70 (m, 2H), 

2.65 (s, 3H), 1.53 (s, 9H).

[0778] Step B: To a solution of tert-butyl (2S)-4-[7-(8-chloro-l-naphthyl)-8- fluoro-2- 

methylsulfanyl-pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (1.18 g, 

2.04 mmol, 1.0 eq) in dichloromethane (10.0 mL) was added mCPBA (396 mg, 1.83 mmol, 80% 

purity, 0.9 eq) at 0 °C, the mixture was stirred at 0 °C under N2 for 0.25 hour. Then mCPBA (220 

mg, 1.02 mmol, 80% purity, 0.5 eq) was added, the mixture was stirred at 0 °C for 0.25 hour. Then 

mCPBA (176 mg, 815 pmol, 80% purity, 0.4 eq) was added, the mixture was stirred at 0 °C for 

0.25 hour. The reaction mixture was quenched by addition NaaSOi saturate aqueous solution (20 

mL) at 0 0C, and then diluted with water (20 mL) and extracted with ethyl acetate (2 x 80 mL).

The combined organic layers were dried over Na2S04 solid, filtered and the filtrate was 

concentrated under reduced pressure to give a residue. The crude product was purified by reversed- 

phase HPLC (0.1% FA condition). The desired fractions were collected and concentrated to 

remove CII3CN. The water layers were added NaHC03 solid to pH - 7 - 8 and extracted with 

ethyl acetate (2 χ 300 mL). The combined organic layers were dried over NaiSCb solid, filtered 

and the filtrate was concentrated under reduce pressure to give compound /<?r/-butyl (2S)-4-[7-(8- 

chloro-l-naphthyl)-8-fluoro-2-methylsulfonyl-pyrido[4,3-d]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (820 mg, 1.33 mmol, 65.3% yield, 99% purity) as a yellow
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solid. LCMS [M+l]: 611.

[0779] Step C: To a mixture of tert--butyl (2,S)-4-[7-(8-chloro-l-naphthyl)-8- fluoro-2- 

methylsulfonyl-pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (890 mg,

1.46 mmol, 1.0 eq) and [(2S,4R)-4-fluoro-l-methyl-pyrrolidin-2- yljmethanol (291 mg, 2.18 mmol,

1.5 eq) in toluene (10.0 mL) was added 4A molecular sieve (900 mg) at 0 °C, the mixture was 

stirred at 0 °C for 0.25 hour, then NaOtBu (280 mg, 2.91 mmol, 2.0 eq) was added, the reaction 

mixture was stirred at 0 °C for 0.25 hour. The reaction mixture was filtered with ethyl acetate (40 

mL), and the filtrate was diluted with water (30 mL) and extracted with ethyl acetate (2 χ 40 mL). 

The combined organic layers were washed with brine (40 mL), dried over Na2S04 solid, filtered 

and the filtrate was concentrated under reduced pressure to give a residue. The crude product was 

purified by reversed-phase flash (0.1% FA condition). The desired fractions were collected and 

concentrated to remove CH3CN, the water layers were added Na2CO:; solid to pH = 9 ~ 10 and 

extracted with ethyl acetate (3 χ 100 mL). The combined organic layers were washed with brine 

(80 mL), dried over Na2SC>4 solid, filtered and the filtrate was concentrated under reduced pressure 

to give compound /ert-butyl(21S)-4-[7-(8-chloro-l-naphthyl)-8-fluoiO-2- [[(2N,4R)-4-fluoro-l- 

methyl-pynOlidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (590 mg, 886 pmol, 60.8% yield, 99.7% purity) as a yellow solid. LCMS [M+l]: 664.

[0780] 1H NMR (400 MHz, chloroform-d) 5 = 9.08 (s, 1H), 8.06 - 7.99 (m, 1H), 7.90 (d, J=8.0 Hz, 

1H), 7.66 - 7.53 (m, 311), 7.44 (dt, ./=2.4, 8.0 Hz, 1H), 5.34 - 5.04 (m, 1H), 4.80 - 4.56 (m, 2H), 

4.55 - 4.36 (m, 3H), 3.97 - 3.79 (m, 1H), 3.78 - 3.64 (m, 1H), 3.63 - 3.41 (m, 2H), 3.17 - 3.02 (m, 

1H), 2.94 - 2.59 (m, 3H), 2.54 (s, 3H), 2.41 - 2.25 (m, 1H), 2.09 (br dd, J= 5.2, 9.6 Hz, 1H), 2.04 - 

1.95 (m, 1H), 1.53 (s, 9H).

[0781] Step D: To a solution of tert-butyl (25)-4-[7-(8-chloro-l-naphthyl)-8 -fluoro-2-[[(2N,4/?)-4- 

tluoro-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (580 mg, 873 pmol, 1.0 eq) in dioxane (15.0 mL) and 

CH3CN (5.0 mL) wras added HChdioxane (4.0 M, 20.0 mL) at 0 °C, the reaction mixture was 

stirred at 0 °C for 0.5 hour. The reaction mixture was quenched by addition Na2CO?, solid at 0 °C 

to pH = 9 ~ 10, and then diluted with water (20 mL) and extracted with ethyl acetate (3 χ 50 mL). 

The combined organic layers were dried over Na2S04 solid, filtered and the filtrate was 

concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC
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(basic condition, column: Waters Xbridge 150 * 50 10 μ; mobile phase: [water (0.05% ammonia 

hydroxide v/v) - ACN]; B%: 32% - 62%, 11.5 min). The desired fractions were collected and 

concentrated to remove CITCN, the water layers were lyophilized to give compound 2-[(27)-4-1 7- 

(8-chloro-l-naphthyl)-8-fluoro-2-[[(25,,4i?)-4-fluoro-l- methyl-pyrrolidin-2- 

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (28.7 mg, 50.6 pmol, 5.79% 

yield, 99.3% purity) as a white solid. LCMS [M+l]: 564.

[0782] 1H NMR (400 MHz, chloroform-d) δ = 9.03 (s, 1H), 8.02 (dd, J=I .6, 7.6 Hz, 1H), 7.90 (d, 

7=7.6 Hz, 1H), 7.67 - 7.52 (m, 3H), 7.48 - 7.39 (m, 1H), 5.35 - 5.05 (m, 1H), 4.71 - 4.35 (m, 4H), 

3.67 - 3.48 (m, 2H), 3.43-3.31 (m, HI), 3.29 - 3.05 (m, 4H), 2.70 - 2.56 (m, 3H), 2.54 (s, 3H), 

2.41 - 2.26 (m, 1H), 2.13-1.96 (m, 1H).

[0783] Example 42: To a mixture of 2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro- 2-[[(27,4^)-4- 

fluoro-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(100 mg, 177 pmol, 1.0 eq) and 2-fluoroprop-2-enoic acid (31.9 mg, 354 pmol, 2.0 eq) in ethyl 

acetate (5.0 mL) was added 4A molecular sieve (100 mg) at 0 °C, the mixture was stirred at 0 °C 

for 0.25 hour. Then TEA (269 mg, 2.66 mmol, 370 pL, 15.0 eq) and T3P (451 mg, 709 pmol, 422 

pL, 50% purity, 4.0 eq) was added at 0 °C, the reaction mixture was stirred at 0 °C for 0.25 hour. 

The reaction mixture was quenched by addition saturate NH4CI aqueous solution (5 mL) at 0 0C, 

and then diluted with water (5 mL) and extracted with ethyl acetate (2x15 mL). The combined 

organic layers were dried over Na2SC>4 solid, filtered and the filtrate was concentrated under 

reduced pressure to give a residue. The residue was purified by prep-HPLC (basic condition, 

column: Waters Xbridge 150 * 50 10 p; mobile phase: [water (0.05% ammonia hydroxide v/v) - 

ACN]; B%: 42% - 72%, 11.5 min). The desired fractions were collected and concentrated to 

remove CH3CN, the water layers were lyophilized to give compound 2-[(27)-4-[7-(8-chloro-l- 

naphthyl)-8-fluoro-2- [[(27,4R)-4-fluoro-l -methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3- 

d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (36.2 mg, 56.9 pmol, 32.1% 

yield) as a white solid. LCMS [M+l J: 636.

[0784] 1H NMR (400 MHz, chloroform-d) δ = 9.07 (s, 1H), 8.06 - 8.00 (m, 1H), 7.90 (d, ./=8.0 Hz, 

1H), 7.66 - 7.53 (m, 3H), 7.44 (dt, 7=2.4, 8.0 Hz, 1H), 5.59 - 5.38 (m, 1H), 5.36 - 5.07 (m, 211),

4.97 - 4.76 (m, 1H), 4.63 (dt, 7=4.4, 10.8 Hz, 1H), 4.56 - 4.41 (m, 3H), 4.37 - 4.14 (m, HI), 4.13 -

3.93 (m, 1H), 3.92 - 3.65 (m, 2H), 3.64 - 3.49 (m, 1H), 3.14 - 2.96 (m, 2H), 2.93 - 2.78 (m, 1H),
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2.70 - 2.57 (m, 1H), 2.54 (s, 3H), 2.43 - 2.23 (m, 1H), 2.17 - 1.91 (m, 1H).

EXAMPLE 43

F

NC

N^

1F

2-[(25)M-[7T8-chloro4maphthyl)-8dluoro-2T[(2S,,47<,)-4-fluoro-l-mcthyl-pyrrolidin-2-

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-l-[(iT)-4-fluorobut-2-enoyl]piperazin-2-yl]acetonitrile

T3P, TEA, EA,
60 0C1 1.25 hrs

Example 43

[0785] Example 43: To a mixture of 2-[(2S)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2 -[[(25)4.^)-4- 

fluoro-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(100 mg, 177 pmol, 1.0 eq) and (£)-4-fluorobut-2-enoic acid (184 mg, 1.77 mmol, 10.0 eq) was 

added 4A molecular sieve (150 mg) at - 60 °C, the mixture was stirred at - 60 °C for 0.25 hour. 

Then TEA (269 mg, 2.66 mmol, 370 pL, 15.0 eq) and T3P (903 mg, 1.42 mmol, 843 pL, 50% 

purity, 8.0 eq) was added, the reaction mixture was stirred at - 60 °C for 1 hour. The reaction 

mixture was quenched by addition saturate NH4CI aqueous solution (5 mL) at - 60 0C, and then 

diluted with water (5 mL) and extracted with ethyl acetate (2x15 mL). The combined organic 

layers were dried over Na2SC>4 solid, filtered and the filtrate was concentrated under reduced 

pressure to give a residue. The residue was purified by prep-HPLC (basic condition, column: 

Waters Xbridge 150 * 50 10 μ; mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; 

B%: 40% - 70%, 11.5 min). The desired fractions were collected and concentrated to remove
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CHbCN, the water layers were lyophilized to give compound 2-[(2.S')-4-[ 7-( 8-chloro-l-naph thy 1)-8- 

fluoro-2-[[(25',4i?)-4-fluoro-l- methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-l- 

[(is)-4-fluorobut-2-enoyl]piperazin-2-yl]acetonitrile (13.3 mg, 20.4 μιηοΐ, 11.5% yield, 99.7% 

purity) as a white solid. LCMS [M+l]: 650.

[0786] 1HNMR (400 MHz, chloroform-d) δ = 9.09 (s, 1H), 8.07 - 7.99 (m, 1H), 7.90 (d, ./=8.0 Hz, 

1H), 7.67 - 7.53 (m, 3H), 7.44 (dt, J= 2.0, 8.0 Hz, 1H), 7.11 - 6.95 (m, III), 6.60 (br d, ./=15.2 Hz, 

1H), 5.34 - 4.91 (m, 4H), 4.73 - 4.61 (m, 1H), 4.58 - 4.43 (m, 311), 4.24 - 3.25 (m, 5H), 3.22 - 3.07 

(m, 1H), 3.05 - 2.91 (m, 1H), 2.90 - 2.77 (m, 1H), 2.64 (br s, 1H), 2.58 (br s, 3H), 2.42 - 2.27 (m, 

1H), 2.19- 1.92 (m, 1H).

EXAMPLE 44

2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2-[[(25’,4i<’)-4-fluoro-l-methyl-pyrrolidin-2-

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-l-[(/r)-4-methoxybut-2-enoyl]piperazin-2-

yl]acetonitrile

T3P, TEA, EA,
O cC1 0.5 hr

Example 44

[0787] Example 44: To a mixture of 2-[(25)-4-[7-(8-chloro-l-naphthyl)-8-fluoro-2 -[[(2S,4R)-4- 

fluoro-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(100 mg, 177 μηιοί, 1.0 eq) and (7s)-4-methoxybut-2-enoic acid (41.2 mg, 354 μιηοΐ, 2.0 eq) in
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ethyl acetate (5 mL) was added 4 A molecular sieve (100 mg) at O °C, the mixture was stirred at O 

°C for 0.25 hour. Then TEA (269 mg, 2.66 mmol, 370 μΤ, 15.0 eq) and T3P (451 mg, 709 μηιοί, 

422 μι, 50% purity, 4.0 eq) was added, the reaction mixture was stirred at O °C for 0.25 hour. The 

reaction mixture was quenched by addition saturate NHUCl aqueous solution (5 mL) at 0 °C, and 

then diluted with water (5 mL) and extracted with ethyl acetate (2><15 mL). The combined 

organic layers were dried over Na^SCL solid, filtered and the filtrate was concentrated under 

reduced pressure to give a residue. The residue was purified by prep-HPLC (basic condition, 

column: Waters Xbridge 150 * 50 10 u; mobile phase: [water (0.05% ammonia hydroxide v/v) - 

ACN]; B%: 36% - 66%, 11.5 min). The desired fractions were collected and concentrated to 

remove CLHCN, the water layers were lyophilized to give compound 2-[(2S)-4-[7-(8-chloro-l- 

naphthyl)-8-fluoro-2- [[(25',4i?)-4-fluoro-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3- 

d]pynmidin-4-yIj-1 -[(E)-4-methoxybut-2-enoyl]piperazin-2-yl !acetonitrile (41.2 mg, 62.2 pmol, 

35.1% yield) as a white solid. LCMS [M+l]: 662.

[0788] 1H NMR (400 MHz, chloroform-d) δ = 9.08 (s, 1H), 8.09 - 7.98 (m, 1H), 7.90 (d, ./-8.0 Hz, 

1H), 7.68 - 7.53 (m, 3H), 7.44 (dt, /=2.4, 8.0 Hz, 1H), 7.02 (br d, /=14.4 Hz, 1H), 6.55 (br d, 

/=14.8 Hz, 1H), 5.34 - 4.93 (m, 2H), 4.63 (dt, /=4.4, 10.4 Hz, 1H), 4.55 - 4.41 (m, 3H), 4.26 - 3.65 

(m, 6LI), 3.63 - 3.51 (m, 1H), 3.44 (s, 3H), 3.16 - 2.73 (m, 3H), 2.71 - 2.56 (m, 1H), 2.54 (s, 3H),

2.43 - 2.22 (m, 1H), 2.17 - 1.90 (m, 1H).

EXAMPLE 45

N ^

2-((S’)-4-(2-(((5)-4,4-difluoro-l-methylpyrrolidin-2-yl)methoxy)-8-fluoro-7-(5-methylisoquinolin-4-

yl)pyrido[4,3-Z]pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile
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Boc Boc

Pd(dppf)CI2, Cul1 
F BINAP, Toluene, 
•p 90 °C, 5 hrs FP

HCI-dioxane

dioxane, 
25 °C, 1 hr 

B
T3P, TEA, EA, ,/Μ?)

O °C, 0.5 hr

Example 45

P

[0789] Step A: A mixture of trimethyl-(5-methyl-4-isoquinolyl)stannane (275 mg, 899 pmol, 2.0 

eg), /er/-butyl (25)-4-(7-0111010-2-(((25)-4,'4-difluoro-l- methyl-pyriOlidin-2-yl]methoxy]-8-fluoro- 

pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (250 mg, 449 pmol, 1.0 

eg), CuI (25.6 mg, 134 pmol, 0.3 eg), Pd(dppf)Ck (32.9 mg, 44.9 pmol, 0.1 eg) and BINAP (56.0 

mg, 89.9 pmol, 0.2 eg) in toluene (5.00 mL) was degassed and purged with N2 for 3 times, then the 

mixture was stirred at 90 °C for 5 hours under N2 atmosphere. The reaction mixture was diluted 

with water (20.0 mL) and extracted with ethyl acetate (3 x 30.0 mL). The combined organic layers 

were washed with brine (20.0 mL), dried over Na2SC>4, filtered and concentrated under reduced 

pressure to give a residue. The residue was purified by reversed phase flash [water (0.1% formic 

acid)/acetonitrile)]. The mixture was adjusted pH 7 with saturated NaHCCT aqueous solution and 

extracted with ethyl acetate (3 x 50.0 mL). The combined organic layers were washed with brine 

(50.0 mL), dried over Na2SC>4, filtered and concentrated under reduced pressure to give lert-butyl 

(25)-2-(cyanomethyl)-4-[2-[[(25)-4,·4-difluoro-l -methyl-pyrrolidin-2- yl]methoxy]-8-fluoro-7-(5- 

methyl-4-isoquinolyl)pyrido[4,3-i/]pyrimidin-4-yl]piperazine-l-carboxylate (230 mg, 340 pmol, 

76% yield, 98% purity) was obtained as a white solid. LCMS [ESI, M+l]: 663.

[0790] Step B: To a solution of tert-butyl (2<S)-2-(cyanomcthyl) -4-[2-[[(26)-4,4-difluoro-l-methyl- 

pyrrolidin-2-yl]methoxy] -8-fluoro-7 -(5 -methyl-4-isoquinolyl)pyrido [4,3 -h]pyrimidin-4- 

yl]piperazine-l-carboxylate (30 mg, 45.2 pmol, 1.0 eq) in dioxane (200 pL) was added 

HCPdioxane (4 M, 169 pL). The mixture was stirred at 25 °C for 1 hour. The mixture was 

concentrated under vacuum. The reaction mixture was diluted with water (20.0 mL). Then the
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mixture was adjusted pH ~ 8 with saturated NaIICOs aqueous solution and extracted with ethyl 

acetate (3 χ 20.0 mL). The combined organic layers were washed with brine (20.0 mL), dried over 

Na2S04, filtered and concentrated under reduced pressure to give the residue. The residue was 

purified by prep-HPLC (column: Waters Xbridge 150*25 5μ; mobile phase: [water (0.05% 

ammonia hydroxide v/v) - ACN]; B%: 25% - 55%, IOmin). The desired fraction was collected and 

lyophilized. 2-[(25)-4-[2-[[(25j-4,4-difluoro-l-methyl- pyrrolidin-2-yl]rnethoxy]-8-iluoro-7-(5- 

methyl-4-isoquinolyl)pyrido[4,3-J]pyrimidm-4-yl]piperazin-2-yl]acetonitrile (10.1 mg, 17.4 pmol, 

39% yield, 97% purity) was obtained as a off-white solid. LCMS [ESI, M+l]: 563.

[0791] 1H NMR (400MHz, chloroform-d) 5 = 9.34 (s, 1H), 9.07 (s, 1H), 8.46 (s, III), 7.96 (d, J =

7.6 Hz, 1H), 7.61 - 7.47 (m, 2H), 4.78 - 4.36 (m, 4H), 3.65 - 3.51 (m, 1H), 3.50 - 3.31 (m, 2H),

3.30 - 2.97 (m, 4H), 2.79 - 2.46 (m, 7H), 2.43 - 2.22 (m, 1H), 2.19-1.90 (m, 4H).

[0792] Example 45: To a solution of 2-[(25)-4-[2-[[(25)-4,4-6ϊίΕιθΓθ-1- methyl-pyrrolidin-2- 

yl]methoxy]-8-fluoro-7-(5-methyl-4-isoquinolyl)pyrido[4,3-J]pyrimidin-4-yl]piperazin-2- 

yi]acetonitriie (50 mg, 88.8 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (24.0 mg, 266 pmol, 4.48 uL, 

3.0 eq) and TEA (71.9 mg, 711 pmol, 98.9 pL, 8.0 eq) in ethyl acetate (1.00 mL) was added T3P 

(169 mg, 266 pmol, 158 uL, 50% purity in ethyl acetate, 3.0 eq) at 0 0C. The mixture was stirred at 

0 0C for 30 minutes. The reaction mixture was diluted with water (20.0 mL) and extracted with 

ethyl acetate (3 x 30.0 mL). The combined organic layers were washed with brine (20.0 mL), dried 

over Na2S04, filtered and concentrated under reduced pressure to give a residue. The residue was 

purified by prep-HPLC (column: Xtimate Cl8 150*25mm*5um; mobile phase: [water (0.05% 

ammonia hydroxide v/v) - ACN]; B%: 34% - 64%, lOmin). The desired fraction was collected and 

lyophilized. 2-[(25)-4-[2-[[(25)-4,4-difhioro-l-methyl-pyrrolidin-2-yl]methoxy]-8-fluoro-7-(5- 

methyl-4-isoquinolyl)pyrido[4,3-J]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2- 

yljacetonitrilc (21.6 mg, 34.0 pmol, 38% yield, 99.8% purity) was obtained as a white solid.

LCMS [ESI, M+l]: 635.

[0793] 1H NMR (400MHz, chloroform-d) δ = 9.35 (s, 1H), 9.13 (d, J= 1.2 Hz, III), 8.47 (d, J =

47.6 Hz, 1H), 7.97 (d, J= 8.0 Hz, 1H), 7.62 - 7.48 (m, 2H), 5.50 (dd,J=3.6, 17.1 Hz, 1H), 5.30 

(dd, J= 3.6, 17.2 Hz, 1H), 4.86 (br s, 1H), 4.71 - 4.61 (m, III), 4.59 - 4.39 (m, 3H), 4.38 - 3.94 (m, 

2H), 3.83 (br s, 2H), 3.54 - 3.34 (m, 1H), 3.15 - 2.93 (m, 2H), 2.92 - 2.63 (m, 2H), 2.61 - 2.46 (m, 

4H), 2.44 - 2.24 (m, 1H), 2.10 (d, J= 5.6 Hz, 3H).
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EXAMPLE 46

2-((5)-4-(7-(5-chloroisoquinolin-4-yl)-2-(((5)-4,4-difluoro-l-methylpyrrolidin-2-yl)methoxy)-8-

fluoropyrido[4,3-i/]pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

Example 46

Pd(Clppf)CI2, Cul, 
BINAP, toluene, 

90 eC1 5 hrs

DIEA1 dioxane, 90 
0C, 12 hrs

,N—/ F

HChdioxane

dioxane. 
25 0C11 hr

N ^

T3P, TEA, EA1
O °C, 0.5 hr

[0794] Step A: To a solution of [(25)-4,4-difluoro-l-methyl-pyrrolidin-2-yl] methanol (1.34 g, 8.84 

mmol, 3.0 eg) in dioxane (20.0 mL) was added DIEA (1.14 g, 8.84 mmol, 1.54 mL, 3.0 eg) and 

/er/-butyl (25)-2-(cyanomethyl)-4- (2,7-dichloro-8-fluoro-pyrido[4,3-<7]pyrimidin-4-yl)piperazine- 

1-carboxylate (1.3 g, 2.95 mmol, 1.0 eg). The mixture was stirred at 90 °C for 12 hours. The 

reaction mixture was diluted with water (30.0 mL) and extracted with ethyl acetate (3 x 50.0 mL). 

The combined organic layers were washed with brine (20.0 mL), dried over ISfeSCb, Hltered and 

concentrated under reduced pressure to give a residue. The residue was purified by reversed phase 

flash [water (0.1% formic acid)/acetonitrile)]. The mixture was adjusted pH ~ 7 with saturated 

NaHCCh aqueous solution and extracted with ethyl acetate (3 χ 200 mL). The combined organic 

layers were washed with brine (100 mL), dried over Na2SCh, filtered and concentrated under 

reduced pressure to give tert-butyl (25)-4-[7-chloro-2-[[(25)-4,'4-difluoro-l-methyl-pyrrolidin -2- 

yl]methoxy]-8-fluoro-pyrido[4,3-</]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (600
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mg, 1.07 mmol, 36% yield, 99% purity) as a yellow solid. LCMS [ESI, M+l]: 556.

[0795] Step B: A mixture of (5-chloro-4-isoquinolyl)-trimethyl-stannane (293 mg, 899 pmol, 2.0 

eq), tert-butyl (25)-4-[7-chloro-2-[[(25)-4,4-difluoro-l - methyl-pyrrolidin-2-yl]methoxy]-8-fluoro- 

pyrido[4,3-i/]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (250 mg, 449 pmol, 1.0 

eq), CuI (25.7 mg, 134 pmoi, 0.3 eq), Pd(dppf)Cl2 (32.9 mg, 44.9 pmol, 0.1 eq) and BINAP (56.0 

mg, 89.9 pmol, 0.2 eq) in toluene (5.00 mL) was degassed and purged with N2 for 3 times, then the 

mixture was stirred at 90 °C for 5 hours under N2 atmosphere. The reaction mixture was diluted 

with water (20.0 mL) and extracted with ethyl acetate (3 x 30.0 mL). The combined organic layers 

were washed with brine (20.0 mL), dried over Na2S04, filtered and concentrated under reduced 

pressure to give a residue. The residue was purified by column chromatography (S1O2, ethyl 

acetate /methanol=100/1 to 10/1) and further purified by reversed phase flash [water (0.1% formic 

acid)/acetonitrile)]. The mixture was adjusted pH ~ 7 with saturated NaHCOs aqueous solution and 

extracted with ethyl acetate (3 x 20.0 mL). The combined organic layers were washed with brine 

(20.0 mL), dried over Na2S04, filtered and concentrated under reduced pressure to give /erf-butyl 

(2>S)-4-[7-(5-chloro-4-isoquinolyl)-2-[[(2iS)-4,4-difluoro -l-methyl-pyrrolidin-2-yl]methoxy]-8- 

fluoro-pyrido[4,3-if|pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (230 mg, 319 pmol, 

71% yield, 95% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 683.

[0796] Step C: To a solution of /er/-butyl (2S)-4-[7-(5-chloro-4-isoquinolyl) -2-[[(2S)-4,4-difluoro- 

l-methyl-pyrrolidin-2-yl]methoxy]-8-fluoro-pyrido[4,3-<f]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (30 mg, 43.9 pmol, 1.0 eq) in dioxane (200 pL) was added 

HChdioxane (4 M, 164 pL). The mixture was stirred at 25 °C for 1 hour. The mixture was 

concentrated under vacuum and diluted with water (20.0 mL). Then the mixture was adjusted pH ~ 

8 with saturated NaHCOi aqueous solution and extracted with ethyl acetate (3 x 20.0 mL). The 

combined organic layers were washed with brine (20.0 mL), dried over Na2S04, filtered and 

concentrated under reduced pressure to give the residue. The residue was purified by prep-IIPLC 

(column: Xtimate Cl 8 150*25mm*5pm; mobile phase: [water (0.05% ammonia hydroxide v/v) - 

ACN]; B%: 27% - 57%, 10 min). The desired fraction was collected and lyophilized. 2-[(2S)-4-[7- 

(5-chloro-4-isoquinolyl)-2-[[(25')-4,4-diiluoro-1 -methyl -pyrrolidin-2-yl]methoxy]-8-fluoro- 

pyrido[4,3-if|pyrimidin-4-yl]piperazin-2-yl]acetonitrile (12.1 mg, 19.8 pmol, 45% yield, 95.4% 

purity) was obtained as a white solid. LCMS [ESI, M+l]: 583.
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[0797] 1H NMR (400MHz, chloroform-d) δ = 9.39 (s, 1Η), 9.06 (s, 1Η), 8.59 (d, J = 0.8 Hz, 1Η), 

8.06 (dd, J = 1.2, 8.0 Hz, 1H), 7.78 (dd, J= 1.2, 7.6 Hz, 1H), 7.61 (t, J= 8.0 Hz, 1H), 4.74 - 4.38 

(m, 4H), 3.65 - 3.53 (m, 1H), 3.51 - 3.31 (m, 2H), 3.29 - 2.98 (m, 4H), 2.79 - 2.48 (m, 7H), 2.43 - 

2.24 (m, 1H), 2.04 (br s, 1H).

[0798] Example 46: To a solution of 2-[(2S)-4-[7-(5-chloro-4-isoquinolyl) -2-[[(25)-4,4-difluoro-l- 

methyl-pyrrolidin-2-yl]methoxy]-8-fluoro-pyrido[4,3-<7]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(50 mg, 85.7 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (23.2 mg, 257 μιηοΐ, 4.48 pL, 3.0 eq) and 

TEA (69.4 mg, 686 μτηοΐ, 95.5 pL, 8.0 eq) in ethyl acetate (1.00 mL) was added T3P (163 mg, 257 

μιηοΐ, 153 pL, 50% purity in ethyl acetate, 3.0 eq) at 0 °C. The mixture was stirred at 0 °C for 30 

minutes. The reaction mixture was diluted with water (20.0 mL) and extracted with ethyl acetate (3 

x 30.0 mL). The combined organic layers were washed with brine (20.0 mL), dried over Na2S04, 

filtered and concentrated under reduced pressure to give a residue. The residue was purified by 

prep-HPLC (column: Xtimate Cl8 150*25mm*5pm; mobile phase: [water (0.05% ammonia 

hydroxide v/v) - ACN]; B%: 27%-57%, 1 Omin). The desired fraction was collected and 

lyophilized. 2-[(2iS)-4-[7-(5-chloro-4-isoquinolyl)-2-[[(25)-4,4-difluoro-l-methyl-pyrrolidin-2- 

yl]methoxy]-8-fluoro-pyrido[4,3-c/]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2- 

yl]acetonitrile (11.5 mg, 16.3 μιηοΐ, 19% yield, 92.8% purity) was obtained as a white solid.

LCMS [ESI, M+l]: 655.

[0799] 1H NMR (400MHz, chloroform-d) δ = 9.40 (s, 1H), 9.11 (s, 1H), 8.60 (d, J= 9.2 Hz, 1H), 

8.06 (d, J= 8.4 Hz, 1H), 7.79 (td, J= 1.2, 6.2 Hz, 1H), 7.62 (dt, J= 2.4, 7.6 Hz, 1H), 5.49 (d, J =

47.6 Hz, 1PI), 5.30 (dd, J= 3.6, 16.8 Hz, 1H), 4.87 (br s, 1H), 4.65 (ddd, J= 4.4, 7.2, 11.2 Hz, 1H), 

4.60 - 4.40 (m, 3H), 4.38 - 3.93 (m, 2H), 3.82 (br s, 2H), 3.51 - 3.41 (m, III), 3.13 - 2.96 (m, 2H),

2.93 - 2.65 (m, 2H), 2.63 - 2.44 (m, 4H), 2.43 - 2.25 (m, 1H).

EXAMPLE 47
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2-((5)-4-(7-(5-chloroisoquinolin-4-yl)-2-(((.S)-4,4-difluoro-l-methylpynOlidin-2-yl)methoxy)-8-
fluoropyrido[4,3-<i]pyrimidin-4-yl)-l-((ii)-4-fluorobut-2-enoyl)piperazm-2-yl)acetonitrile

T3P, TEA, EA,
■70 “C, 1 hr,/'-e

Example 47

/

[0800] Example 47: To a solution of 2-[(2<S)-4-[7-(5-chloro-4-isoquinolyl) -2-[[(2iS)-4,4-difluoro-l- 

methyl-pyrrolidin-2-yl]methoxy]-8-fluoro-pyrido[4,3-i/]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(80 mg, 137 pmol, 1.0 eq), (£)-4-fluoiObut-2-enoic acid (142 mg, 1.37 mmol, 4.48 pL, 10.0 eq) 

and TEA (111 mg, 1.10 mmol, 152 pL, 8.0 eq) in ethyl acetate (1.0 mL) was added T3P (261 mg, 

411 pmol, 244 pL, 50% purity in ethyl acetate, 3.0 eq) at - 70 °C. The mixture was stirred at - 70 

°C for 1 hour. After completion, the reaction mixture was quenched with HCl aqueous (1 M, 1.5 

mL). Then the mixture was adjusted pH ~ 7 with saturated NaHCCb aqueous solution and 

extracted with ethyl acetate (3 x 20 mL). The combined organic layers were washed with saturated 

brine (10 mL), dried over Na2SC>4, filtered and concentrated under reduced pressure to give the 

residue. The residue was purified by prep-HPLC (column: Waters Xbridge 150*50 10p; mobile 

phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%: 33% - 63%, 11.5 min). The desired 

fraction was collected and lyophilized to give the compound 2-[(25)-4-[7-(5-chloro-4-isoquinolyl)- 

2-[[(2,S)-4,4-difluoro-l-methyl-pyrrolidin-2-yl]methoxy]-8-fluoro-pyrido[4,3-i/]pyrimidin-4-yl]-l- 

[(£)-4-fluorobut-2-enoyl]piperazin-2-yl]acetonitrile (26.8 mg, 40.0 pmol, 29% yield, 99.7% purity, 

100% ee) as a white solid. LCMS [ESI, M+l]: 669.
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[0801 ] 1H NMR (400 MHz, chloroform-d) δ = 9.40 (s, 1H), 9.12 (s, 1H), 8.60 (d, J = 12.0 Hz, III), 

8.06 (d, J= 8.4 Hz, 1H), 7.82 -7.75 (m, 1H), 7.61 (dt,J=2.4, 7.6 Hz, 1H), 7.13-6.92 (m, 1H), 

6.60 (br d, J= 14.8 Hz, 1H), 5.30 - 4.88 (m, 3H), 4.74 - 4.60 (m, 1H), 4.59 - 4.40 (m, 3H), 4.34 - 

3.57 (m, 4H), 3.44 (dt,J=5.6, 11.6 Hz, 1H), 3.12 - 2.89 (m, 2H), 2.88 - 2.63 (m, 2H), 2.61 -2.45 

(m, 4H), 2.43 - 2.24 (m, 1H).

EXAMPLE 48

NC

(S)

2-[(25)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[3-[(15,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5- 

yl [propoxy|pyrido[4,3-J]pyrimidin-4-yl j-1 - | (/2)-4-0 no robut-2-enoyl |pipcrazin-2-yl]acctonitrile

T3P, TEA, EA,
■60 °C, 0.5 h

Example 48

[0802] Example 48: To a solution of 2-[(25)-4-[7-(5-chloro-4-isoquino]yl)-8-fluoro-2-[3- [(15,45)- 

2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2- 

yljacetonitrile (30 mg, 50.9 pmol, 1.0 eq), (£)-4-fluorobut-2-enoic acid (15.9 mg, 153 pmol, 3.0 

eq) in ethyl acetate (1.0 mL) was added TEA (61.8 mg, 611 pmol, 85.1 pL, 12.0 eq) and T3P (130 

mg, 204 pmol, 121 pL, 50% purity in ethyl acetate, 4.0 eq) at -60 0C. The mixture was stirred at - 

60 °C for 0.5 hour. Upon completion, the mixture was diluted with water (3 mL) and extracted 

with ethyl acetate (4x5 mL). The organic layers were dried over Na2SC>4 and concentrated under 

vacuum. The residue was purified by chromatography (AI2O3, ethyl acetate to ethyl
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acetate/methanol 10/1) followed by prep-HPLC (column: Waters Xbridge 150*25 5μ; mobile 

phase: [water (0.05% ammonia hydroxide v/v)-ACN]; B%: 18%-48%, 10 min). The desired 

fractions were collected and lyophilized to give 2-((25)-4- [7-(5-chloro-4-isoquinolyl)-8-fluoro-2- 

[3-[(15,45)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl]propoxy]pyrido[4,3-<i]pyriniidin-4-yl]-l-[(//)-4- 

fluorobut-2-enoyl]piperazin-2-yl]acetonitrile (7.31 mg, 10.6 pmol, 21% yield, 98.1% purity) as a 

white solid. LCMS [ESI, M+l]: 675.

EXAMPLE 49

IM

2-[(2X)-4-[8-fluoro-2-[[(2S,,4i?)-4-fluoro-l-methyl-pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-

naphthyl)pyrido|4.3-r/jpyrimidin-4-yl]-l-[(L)-4-mcthoxybut-2-enoyl]piperazin-2-

yljacetonitrile

T3P, Et3N, EA1N ^
0 °C, 0.5 h

/'4?l

Example 49

[0803] Example 49: To a solution of 2-[(2S)-4-[8-fhioro-2-[[(25,,4.ft) -4-fluoro-l-methyl-pyrrolidin- 

2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-<7]pyrimidin-4-yl]piperazin-2-yljacetonitrile (53 

mg, 97.5 pmol, 1.0 eq) and (fZ)-4-methoxybut-2-enoic acid (33.9 mg, 292 μιηοΐ, 3.0 eq) in ethyl 

acetate (3 mL) was added T3P (186 mg, 292 pmol, 173 pL, 50% purity in ethyl acetate, 3.0 eq) 

and TEA (78.9 mg, 779 pmol, 108 μΕ, 8.0 eq). The mixture was stirred at 0 °C for 30 minutes. The 

reaction mixture was diluted with water (20 mL) and extracted with ethyl acetate (3 χ 30 mL). The 

combined organic layers were washed with brine (20 mL), dried over Na2SC>4, filtered and
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concentrated under reduced pressure to give a residue. The residue was purified by column 

chromatography (AI2O3, ethyl acetate/methanol=100/1 to 10/1) and then further purified by prep- 

HPLC (column: Xtimate Cl8 150*25 mm*5 um; mobile phase: [water (0.05% ammonia hydroxide 

v/v) - ACN]; B%: 43% - 62%, 10 min). The desired fraction was collected and lyophilized 

overnight. 2-[ (2N)-4-[8-fluoro-2-[[(26/4//)-4-111101-0-1 -methyl-pyrrolidin-2-yljmethoxy]-7-(8- 

methyl-l-naphthyl)pyrido[4,3-i/]pyrimidin-4-yl]-l-[(/r)-4-methoxybut-2-enoyl]piperazin-2- 

yljacetonitrile (8 mg, 12.3 pmol, 13% yield, 99% purity, 100% ee) was obtained as a white solid. 

LCMS [ESI, M+1J: 642.

[0804] 1H NMR (400 MHz, chloroform-d) δ = 9.09 (d, ./=2.2 Hz, 1H), 7.99 (d, /=8.0 Hz, 1H), 7.82 

(d, J= 8.0 Hz, 1H), 7.54 (dt, J= 4.0, 7.6 Hz, 1H), 7.49 - 7.33 (m, 2H), 7.33 - 7.27 (m, 1H), 7.14 - 

6.90 (m, 111), 6.56 - 6.52 (m, 1H), 5.44 - 4.84 (m, 2H), 4.63 (td, J= 5.4, 11.0 Hz, 1H), 4.57 - 4.36 

(m, 3H), 4.36 - 3.66 (m, 6H), 3.65 - 3.50 (m, 1H), 3.48 - 3.34 (m, 3H), 3.10 (dd, J= 5.2, 9.6 Hz,

1H), 3.04 - 2.88 (m, III), 2.88 - 2.71 (m, 1H), 2.71 - 2.57 (m, 1H), 2.57 - 2.40 (m, 3H), 2.40 - 2.21 

(m, 1H), 2.16- 1.91 (m, 4H).

EXAMPLE 50

/-''/sI

2-[(215')-4-[8-iluoro-2-[[(25',4/?)-4-fluoro-l-methyl-pyrrolidin-2-y]]methoxy]-7-(5-methyl-4-

isoquinolyl)pyrido[4,3-d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

CN

Br

BMS

THF. 25-60 
°C,18.5 hrs

A

TosCI

TEA, DCM, 25 
°C, 16 hrs

B

NHTs

Ot-Bu

O
NaH

THF, 0-25 
°C, 3 hrs

C
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Ot-Bu

HCI-dioxane

dioxane, 25 
"C, 16 hrs

D

NaHCO3

ttuH, H2O, 25 ~ 
100 °C,16 hrs

F

1) (COCI)2, DMF, DCM, 
O ~ 20 °C, 1.5 hrs

2) AICI3l DCM, O ~ 
20 °C, 15 hrs

H2, Pd/C (15 psi)

MeOH, 25 °C, 45 hrs

Py1Tf2O F -°Tf
hexamethyldistannane, 
Pd(PPh3)4 i LiCI

DCM, -40 ~ 20 0C1 T F toluene, 25 ~
2.5 hrs TM ^ 110 °C, 24 hrs

H I

SnMe3

DIEA, dioxane, 25 
~ 80 °C, 8 hrs

HChdioxane

OH

TEA, T3P, EA, 
O °C, 0.5 hrs

M

Example 50

[0805] Step A: To a solution of 2-bromo-5-methyl-benzonitrile (34.7 g, 177 mmol, 1.0 eq) in TIIF 

(250 mL) was added BMS (10 M, 70.7 mL, 4.0 eq) at 25 0C and stirred for 0.5 hour, then the 

reaction mixture was warmed to 60 0C and stirred for an additional 18 hours, then the mixture was 

cooled to 25 0C and stirred for 0.5 hour. The reaction mixture was quenched by addition methanol
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(400 mL) and HCl (4 Μ, 90 mL) at O °C and stirred for 0.5 hour; the mixture was warmed to 50 °C 

and stirred for 3 hours. After that, the reaction mixture was concentrated under reduced pressure to 

remove methanol. The residue was adjusted to pH about 8 using Na2CC>3 solid, then the mixture 

was diluted with water (120 mL) and extracted with dichloromethane (40 mL x 3). The combined 

organic layers were washed with brine (40 mL x 3), dried over anhydrous NaiSCfi, filtered and the 

filtrated was concentrated under reduced pressure to give (2-bromo-5-methyl-phenyl)methanamine 

(36 g, crude) as a white solid which was used in the next step without further purification.

[0806] Step B: To a solution of (2-bromo-5-methyl-phenyl)methanamine (36 g, 180 mmol, 1.0 eq) 

in dichloromethane (150 mL) was added TosCl (41.2 g, 216 mmol, 1.2 eq) and TEA (27.3 g, 270 

mmol, 37.6 mL, 1.5 eq) at 25 °C, the mixture was stirred at 25 °C for 16 hours. After completion, 

the reaction mixture was concentrated under reduced pressure to give a residue. The residue was 

added to a saturated NH4CI aqueous solution (120 mL), then extracted with ethyl acetate (30 mL x 

3). The combined organic layers were washed with brine (40 mL x 3), dried over NaiSCfi, filtered 

and the filtrate was concentrated under reduced pressure to give a residue. The residue was purified 

by column chromatography (S1O2, Petroleum ether/Ethyl acetate = 1:0 to 5:1) to give A'-[(2-bromo- 

5-methyl-phenyl)methyl]-4-methyl-benzene sulfonamide (33.0 g, 86.8 mmol, 48.2% yield, 93.2% 

purity) as a white solid. LCMS [ESI, M+l]: 354, 356.

[0807] 1HNMR (400 MHz, chloroform-d) δ = 7.71 (d, J = 8.0 Hz, 2H), 7.32 (d, J= 8.0 Hz, 1H), 

7.25 (d, J= 8.0 Hz, 2H), 7.04 (d, J= 1.6 Hz, 1H), 6.91 (dd, J= 1.6, 8.0 Hz, 111),4.91 (brt, J =6.4 

Hz, 1H), 4.20 (d, J= 6.4 Hz, 2H), 2.41 (s, 3H), 2.22 (s, 3H).

[0808] Step C: To a solution of A-[(2-bromo-5-methyl-phenyl)methyl]-4- methyl- 

benzenesulfonamide (33.0 g, 93.1 mmol, 1.0 eq) in THF (150 mL) was added NaH (4.47 g, 112 

mmol, 60% purity, 1.2 eq) at 0 °C with N2 . After addition, the mixture was stirred at 0 0C for 0.5 

hour, and then tert-butyl 2-bromoacetate (21.8 g, 112 mmol, 16.5 mL, 1.2 eq) was added at 0 0C. 

The resulting mixture was stirred at 25 °C for 2.5 hours. The reaction mixture was quenched by 

addition saturated NH4CI aqueous solution (60 mL) at 25 °C, and extracted with ethyl acetate (40 

mL x 3). The combined organic layers were washed with brine (30 mL), dried over anhydrous 

Na2SC>4, filtered and the filtrate was concentrated under reduced pressure to give a residue. The 

residue was purified by triturated with petroleum ether (60 mL) to give /e/7-butyi 2-[(2-bromo-5- 

methyl-phenyl)methyl-(p-tolylsuliOnyl)amino]acetate (37.7 g, 78.7 mmol, 84.6% yield, 99.7%
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purity) as a white solid. LCMS [ESI, M+23]: 490, 492.

[0809] 1HNMR (400 MHz, chloroform-d) δ = 7.77 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.0 Hz, 1H),

7.32 (d, J= 8.0 Hz, 2H), 7.26 (d, J= 1.6 Hz, 1H), 6.96 (dd, J= 1.6, 8.0 Hz, 1H), 4.63 (s, 2H), 3.89 

(s, 2H), 2.44 (s, 3H), 2.28 (s, 3H), 1.34 (s, 9H).

[0810] Step D: To a solution of /e/7-butyl 2-[(2-bromo-5-methyl-phenyl) methyl-(p- 

tolylsulfonyl)amino]acetate (37.7 g, 80.5 mmol, 1.0 eq) in dioxane (100 mL) was added 

HCEdioxane (4 M, 200 mL, 9.9 eq) at 25 °C and the mixture was stirred at 25 °C for 16 hours. The 

reaction mixture was concentrated under reduced pressure to give 2-[(2-bromo-5-methyl- 

phenyl)methyl-(p-tolylsulfonyl)amino] acetic acid (35 g, crude) as a yellow solid which was used 

in the next step without further purification. LCMS [ESI, M+l]: 412, 414.

[0811] 1HNMR (400 MHz, chloroform-d) δ = 7.75 (d, J= 8.4 Hz, 2H), 7.38 (d, J= 8.0 Hz, 1H),

7.31 (d, J= 8.0 Hz, 2H), 7.17 (s, 1H), 6.96 (dd, J= 1.6, 8.0 Hz, 1H), 4.58 (s, 2H), 4.01 (s, 2H),

2.44 (s, 3H), 2.26 (s, 3LI).

[0812] Step E: To a solution of 2-[(2-bromo-5-methyl-phenyl)methyl- (p-tolylsulfonyl)amino]acetic 

acid (35 g, 84.9 mmol, 1.0 eq) in dichloromethane (90.0 mL) was added (COCl)2 (16.2 g, 127 

mmol, 11.1 mL, 1.5 eq) and DMF (620 mg, 8.49 mmol, 653 pL, 0.1 eq) at 0 °C. The mixture was 

stirred at 20 °C for 1.5 hours. Then the mixture was concentrated under reduced pressure at 40 0C. 

The residue was dissolved in dichloromethane (120 mL), then AlCh (45.3 g, 340 mmol, 18.6 mL, 

4.0 eq) was added thereto at 0 0C. The mixture stirred at 20 °C for 15 hours under N2. The reaction 

mixture was quenched by addition H2O (300 mL) at 0 °C, and then concentrated under reduced 

pressure at 40 0C5 the mixture was diluted extracted with ethyl acetate (300 mL χ 2). The 

combined organic layers were washed with brine (180 mL), dried over anhydrous Na2S04, filtered 

and the filtrate was concentrated under reduced pressure to give 8-brom0- 5 -mct h y I - 2 -(p- 

tolylsulfony 1)- 1,3-dihydroiso quinolin-4-one (26.8 g, 59.5 mmol, 70.1% yield, 87.6% purity) as a 

yellow solid which was used in the next step without further purification. LCMS [ESI, M+l]: 394, 

396.

[0813] 1HNMR (400 MHz, chloroform-d) δ = 7.58 (dd, J= 8.0, 13.2 Hz, 311), 7.19 (d, J= 8.0 Hz, 

2H), 6.97 (d, J= 8.0 Hz, 1H), 4.61 (s, 2H), 4.05 (s, 2H), 2.44 (s, 3H), 2.36 (s, 3H).
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[0814] Step F: To a solution of 8-bromo-5-methyl-2-(p-tolylsulfonyl)-l,3- dihydroisoquinolin-4- 

one (26.8 g, 59.5 mmol, 1.0 eq) in ethanol (180 mL) was added saturated NaHCCb aqueous 

solution (100 mL) at 25 °C. The mixture was stirred at 100 °C for 16 hours. The reaction mixture 

was concentrated under reduced pressure to give a residue. The residue was diluted with FkO (120 

mL) and extracted with ethyl acetate (30 mL x 4). The combined organic layers were washed with 

brine (40 mL x 3), dried over anhydrous Na2S04, filtered and the filtrate was concentrated under 

reduced pressure to give a residue. The residue was purified by triturated with ethyl acetate (30 

mL) to give 12.1 gram of 8-bromo-5-methyl-isoquinolin-4-ol as a yellow solid and the mother 

liquid was purified by column chromatography (SiCk, Petroleum ether/Ethanol/Ethyl acetate =

5/0/1 to 4/1/3) give 4.5 gram of 8-bromo-5-methyl- isoquinolin-4-ol as a yellow solid.

[0815] 1FlNMR (400 MHz, DMSO-d6) δ = 8.83 (s, 1H), 8.11 (s, 1H), 7.75 (d, J=7.6 Hz, 1 H), 7.26 

(d, ./=7.6 Hz, 1H), 2.85 (s, 3H).

[0816] Step G: To a solution of 8-bromo-5-methyl-isoquinolin-4-ol (16.6 g, 69.7 mmol, 1.0 eq) in 

methanol (300 mL) was added Pd/C (1.0 g, 10% purity) under N2. The suspension was degassed 

under vacuum and purged with H2 several times. The mixture was stirred under H2 (15 psi) at 25°C 

for 45 hours. The mixture was filtered and the filtrate was concentrated in vacuum to give 5- 

methylisoquinolin-4-ol (15.6 g, crude, HBr) as a yellow solid. LCMS [ESI, M+l]: 160.

[0817] 1HNMR (400 MHz, DMS(Td6) δ = 9.24 (s, 1H), 8.21 (dd, ./= 2.4, 7.2 Hz, 1H), 8.00 (s, 1H),

7.84 - 7.77 (m, 2H), 2.92 (s, 3H).

[0818] Step H: To amixturc of 5-methylisoquinolin-4-ol (13.6 g, crude, HBr) in ethyl acetate (180 

mL) and FkO (180 mL) was added Na2C03 solid to adjust pH about 7 ~ 8. The organic phase was 

separated, washed with brine (40 mL x 3), dried over Na2S04, filtered and the filtrate was 

concentrated under reduced pressure to give 5-methylisoquinolin-4-ol (9.67 g, crude, 94.5% purity) 

as a white solid. To a solution of 5-methylisoquinolin-4-ol (7.17 g, 45.0 mmol, 1.0 eq) in 

dichloromethane (20.0 mL) was added pyridine (17.8 g, 225 mmol, 18.2 mL, 5.0 eq) and Tf20 

(25.4 g, 90.1 mmol, 14.9 mL, 2.0 eq) at -40 °C. The mixture was stirred at -40 °C for 1.5 hours 

under N2, the mixture was warmed to 20 0C and stirred at 20 0C for 1 hour under N2. The mixture 

was concentrated under reduced pressure at 40 °C to give a residue. The residue was purified by 

column chromatography (S1O2, Petroleum ether/Ethyl acetate = 1:0 to 50:1) to give (5-methyl-4-
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isoquinolyl) trifluoromethanesulfonate (6.86 g, 23.3 mmol, 51.7% yield, 98.9% purity) as a yellow 

solid. LCMS [ESI, M+l]: 292.

[0819] 1HNMR (400 MHz, chloroform-d) δ = 9.22 (s, 1H), 8.56 (s, 1H), 7.97 - 7.89 (m, IH), 7.72 - 

7.54 (m, 2H), 2.92 (s, 3H).

[0820] Step I: To a solution of (5-methyl-4-isoquinolyl) trifluoromethane sulfonate (3.6 g, 12.4 

mmol, 1.0 eq) in toluene (140 mL) was added trimethyl (trimethylstannyl)stannane (12.1 g, 37.1 

mmol, 7.7 mL, 3.0 eq) and Pd(PPh3)4 (714 mg, 618 μηιοί, 0.05 eq) and LiCl (3.14 g, 74.2 mmol,

I. 52 mL, 6.0 eq) under N2 atmosphere at 25 °C. The suspension was degassed and purged with N2 

for 3 times. The mixture was stirred at 110 °C for 24 hours. The mixture was diluted with water 

(200 mL), and then filtered, the filtrate was extracted with ethyl acetate (150 mL x 2), the 

combined organic layers were dried over anhydrous NaiSCh, filtered and the filtrate was 

concentrated under reduced pressure at 45 0C. The residue was purified by column 

chromatography (S1O2, Petroleum ether/Ethyl acetate = 100:1 to 40:1) to give trimethyl-(5-methyl- 

4-isoquinoiyl)stannane (1.2 g, 3.92 mmol, 31.7% yield, 100% purity) as a yellow oil. LCMS [ESI, 

M+l]: 308.

[0821] 1HNMR (400 MHz, chloroform-d) 5 = 9.16 (s, 1H), 8.61 (s, 1H), 7.82 (br d, J= 7.8 Hz, 1H), 

7.59 - 7.54 (m, 1H), 7.53 - 7.45 (m, 1H), 2.81 (s, 3H), 0.56 - 0.41 (m, 9H).

[0822] Step J: To a mixture of /erf-butyl (2S)-2-(cyanomethyl)-4-(2,7- dichloro -8-fluoro- 

pyrido[4,3-d]pyrimidin-4-yl)piperazine-l-carboxylate (1.5 g, 3.4 mmol, 1.0 eq) in dioxane (15.0 

mL) was added DIEA (1.32 g, 10.2 mmol, 1.8 mL, 3.0 eq) and [(25,4R)-4-fluoro-l-methyl- 

pyrrolidin-2-yl]methanol (905 mg, 6.8 mmol, 2.0 eq) at 25 0C. The mixture was stirred at 80 °C 

for 8 hours. The mixture was concentrated under reduced pressure at 40 °C. The crude product was 

purified by revcrscd-phase IIPLC (0.1% formic acid condition) to give tert-butyl (2N)-4-[7-chloro - 

8-fluoro-2- [[(2iS',4/?)-4-fluoro-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (820 mg, 1.51 mmol, 44.5% yield, 99.2% purity) as a 

yellow solid. LCMS [ESI, M+l]: 538.

[0823] 1HNMR (400 MHz, chloroform-d) δ = 8.82 (s, 1H), 5.33 - 5.06 (m, IH), 4.59 (br dd, J= 4.4,

II. 2 Hz, 2H), 4.52 - 4.46 (m, IH), 4.42 (br dd, ./=3.6, 14.0 Hz, IH), 4.31 (brd, J= 12.4 Hz, IH), 

4.14-4.01 (m, IH), 3.97 - 3.86 (m, IH), 3.76 - 3.65 (m, 1 H), 3.63 - 3.42 (m, 2H), 3.08 (qd, J =
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5.2, 10.4 Hz, 1H), 2.91 - 2.78 (m, 1H), 2.75 - 2.57 (m, 2H), 2.54 (s, 3H), 2.39 - 2.23 (m, 1H), 2.13 

- 1.97 (m, 1H), 1.52 (s, 9H).

[0824] Step K: To a mixture solution of tert-butyl (25)-4-[7-chloro-8-fluoro-2- [[(25,4/?)-4-ί1ηοΓθ-

1- methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (350 mg, 651 pmol, 1.0 eq) and trimethyl- (5-methyl-4-isoquinolyl)stannane (398 mg,

1.3 mmol, 2.0 eq) in toluene (20.0 mL) was added CuI (37.2 mg, 195 pmol, 0.3 eq), Pd(dppf)Cl2 

(47.6 mg, 65.1 pmol, 0.1 eq), and BlNAP (81.0 mg, 130 pmol, 0.2 eq), the reaction mixture was 

stirred at 90°C for 10 hours. The mixture was quenched by water (100 mL), and then the mixture 

was extracted with ethyl acetate (100 mL x 3), the combined organic layers were concentrated 

under reduced pressure 40 0C. The residue was purified by column chromatography (SiCb, 

Petroleum ether/Ethyl acetate = 3:1 to Petroleum ether/Ethyl acetate/EtOH = 4:3:1 added 2% 

NH3HI2O), then the desired fraction was collected and concentrated under reduced pressure at 40 

°C. The obtained product was further purified by reversed-phase LIPLC (0.1 % formic acid 

condition). The desired fractions were collected and concentrated to remove acetonitrile and then 

adjusted to pH about 9 ~ 10 using NaiCO3 solid. Then the mixture was extracted with ethyl acetate 

(100 mL x 3), the organic layers were dried over anhydrous Na3SOr, filtered and the filtrate was 

concentrated under reduced pressure at 45 °C to give /er/-butyl (2S)-2-(cyano methyl)-4-[8-fluoro-

2- [[(26,,47?)-4-fluoro-l-methyl-pyrrolidin-2-yl]methoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3- 

d]pyrimidin-4-yl]piperazine-l-carboxylate (318 mg, 494 pmol, 75.9% yield, 100% purity) as a 

yellow solid. LCMS [ESI, M+l]: 645.

[0825] 1HNMR (400 MHz, chloroform-d) δ = 9.34 (s, 1H), 9.12 (s, 1H), 8.47 (d, J = 9.2 Hz, 1H), 

7.96 (d,J= 8.4 Hz, 1H), 7.61 - 7.49 (m, 2H), 5.37 - 5.05 (m, 1H), 4.73 - 4.36 (m, 6H), 4.02 - 3.90 

(m, 1H), 3.79 - 3.71 (m, 1H), 3.65 - 3.48 (m, 2H), 3.21 - 3.07 (m, 1H), 2.95 - 2.57 (m, 4H), 2.55 (s, 

311), 2.39 - 2.27 (m, 1H), 2.10 (br d, J= 5.6 Hz, 3H), 1.53 (s, 9H).

[0826] Step L: To a solution of te/7-butyl (2.S)-2-(cyanomethyl)-4-[8- fluoro-2-[[(25',4R)-4-fluoro-l- 

methyl-pyrrolidin-2-yl]methoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3-d]pyrimidin-4- 

yl]piperazine-l-carboxylate (50 mg, 77.5 pmol, 1.0 eq) in acetonitrile (1.0 mL) was added 

HChdioxane (4 M, 1 mL, 51.6 eq) at 0 °C. The mixture was stirred at 0 °C for 0.5 hour. The 

mixture was concentrated under reduced pressure at 40 °C to give was residue, after that, 20 mL of 

water was added thereto, the mixture was adjusted to pH about 10 using Na3CO3 solid, then the
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mixture was extracted with ethyl acetate (15 mL x 3), the combined organic layers were dried over 

anhydrous Na2SC>4, filtered and the filtrate was concentrated under reduced pressure at 40 °C. The 

residue was purified by prep-HPLC (formic acid condition; column: Xtimate Cl 8 150 * 25mm * 5 

pm; mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%: 22% - 52%, 10 min) and 

lyophilized to give 2-[(25)-4-[8-fluoro-2- [[(21S',4i?)-4-fluoro-l-methyl-pyrrolidin-2-yl]methoxy]-7- 

(5-methyl-4-isoquinolyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (14 mg, 25.0 

μιηοΐ, 32.3% yield, 97.4% purity) as a white solid. LCMS [ESI, M+l]: 545.6.

[0827] 1IINMR (400 MHz, chloroform-d) δ = 9.34 (s, 1H), 9.06 (s, 1H), 8.46 (s, 1H), 7.96 (d, J=

7.6 Hz, 1H), 7.64 - 7.47 (m, 2H), 5.34 - 5.03 (m, 1H), 4.69 - 4.37 (m, 4H), 3.68 - 3.49 (m, 2H),

3.42 - 3.31 (m, 1H), 3.30 - 3.04 (m, 4H), 2.72 - 2.56 (m, 3H), 2.54 (s, 3H), 2.45 - 2.23 (m, 1H),

2.13 - 1.95 (m,5LI).

[0828] Example 50: A mixture of 2-[(2S)-4-[8-fhioro-2-[[(2iS,4/?)-4-fluoro-l- methyl-pyrrolidin-2- 

yl]methoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(100 mg, 184 pmol, 1.0 eq), molecular sieve 4A (200 mg) and 2-fluoroprop-2-enoic acid (49.6 mg, 

551 pmol, 3.0 eq) in ethyl acetate (10.0 mL) was stirred at 0 °C for 10 min, then T3P (467 mg, 734 

pmol, 437 pL, 50% purity, 4.0 eq) and TEA (74.3 mg, 734 pmol, 102 pL, 4.0 eq) were added 

thereto at 0 °C. The mixture was stirred for 20 min. After completion, the mixture was quenched 

by saturated NH4CI aqueous solution (80 mL), and then extracted with ethyl acetate (50 mL χ 3), 

the combined organic layers were dried over anhydrous NaiSCfi, filtered and the filtrate was 

concentrated under reduced pressure at 40 °C. The residue was purified by prep-HPLC (formic 

acid condition; column: Xtimate Cl8 150 * 25 mm * 5 pm; mobile phase: [water (0.05% ammonia 

hydroxide v/v) - ACN]; B%: 31% - 61%, 10 min) and lyophilized to give 2-[(25)-4-[8-fluoro-2- 

[[^SM/PM-fluoro-l-methyl- pyrrolidin-2-yl]mcthoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3- 

d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (42.0 mg, 67.8 pmol, 36.9% 

yield, 99.5% purity) as a white solid. LCMS [ESI, M+l]: 617.6.

[0829] 1PINMR (400 MHz, chloroform-d) δ = 9.34 (s, 1H), 9.12 (s, 1H), 8.47 (d, J= 7.6 Hz, 1H), 

7.96 (br d, J= 7.6 Hz, 1H), 7.63 - 7.47 (m, 2H), 5.62 - 5.41 (m, 1H), 5.35 - 5.10 (m, 211), 4.98 -

4.74 (m, 1H), 4.69 - 4.59 (m, 1H), 4.57 - 4.40 (m, 3H), 4.36 - 3.95 (m, 2H), 3.94 - 3.67 (m, 2H), 

3.65 - 3.50 (m, HI), 3.17 - 2.96 (m, 2H), 2.91 - 2.78 (m, 1H), 2.71 - 2.57 (m, 1H), 2.55 (s, 3H), 

2.40- 2.25 (m, 1H), 2.09 (br d, ./=5.2 Hz, 3H), 2.08 - 1.94 (m, 1H).
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EXAMPLE 51

',,(S)

2-[(2S)-l-[(7)-4-fluorobut-2-enoyl]-4-[8-fluoro-2-[[(2S,,4i?)-4-fluoro-l-methyl-pyrrolidin-2-

yl]methoxy]-7-(5-methy]-4-isoquinoly])pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile

TEA, T3P, EA1
60 “ C, 0.5 hrs

N ^

Example 51

[0830] Example 51: A mixture of 2-[(25)-4-[8-fluoro-2-[[(25',4i?)-4-fluoro-l- methyl-pyrrolidin-2- 

yl]methoxy]-7-(5-methyl-4-isoquinolyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (90 

mg, 165 pmol, 1.0 eq), molecular sieve 4A (200 mg) and (£)-4-fluorobut-2-enoic acid (51.6 mg, 

496 pmol, 3.0 eq) in ethyl acetate (10.0 mL) was stirred at -60 °C for 10 min, then T3P (421 mg, 

661 pmol, 393 pL, 50% purity, 4.0 eq) and TEA (66.9 mg, 661 pmol, 92.0 pL, 4.0 eq) was added 

thereto at -60 °C. The mixture was stirred at -60 °C for 20 min. After completion, the mixture was 

quenched by saturated NILCd aqueous solution (90 mL), and then extracted with ethyl acetate (60 

mL x 3), the combined organic layers were dried over anhydrous Na2SC>4, filtered and the filtrate 

was concentrated under reduced pressure at 40 0C. The residue was purified by prep-HPLC (formic 

acid condition; column: Xtimate Cl 8 150 * 25 mm * 5 pm; mobile phase: [water (0.05% ammonia 

hydroxide v/v) - ACN]; B%: 32% - 62%, 10 min) and lyophilized to give 2-((25)-1- [(7)-4- 

fluorobut-2-enoyl] -4-[8-fluoro-2-[[(25,,47’)-4-fluoro-l-methyl-pyrrolidin-2-yl]methoxy]-7-(5- 

methyl-4-isoquinolyl)pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (19 mg, 30.0 pmol, 

17.5% yield, 95.9% purity) as a white solid. LCMS [ESI, M+l]: 631.
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[0831] 1IINMR (400 MHz, chloroform-d) δ = 9.34 (s, 1H), 9.13 (s, 1H), 8.47 (d, J = 10.8 Hz, 1H),

7.97 (d, J= 7.6 Hz, 1H), 7.67 - 7.45 (m, 2H), 7.14 - 6.96 (m, III), 6.60 (br d, J= 15.2 Hz, 1H),

5.34 - 4.94 (m, 4H), 4.73 - 4.39 (m, 4H), 4.37 - 3.61 (m, 4H), 3.60 - 3.35 (m, 1H), 3.17 - 2.90 (m, 

2H), 2.90 - 2.74 (m, 1H), 2.73 - 2.43 (m, 4H), 2.41 - 2.26 (m, 1H), 2.17 - 1.93 (m, 4H).

EXAMPLE 52

o.

V,,(S)

N

2-[(25)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(25',4R)-4-fluoro-l-methyl-pyrrolidin-2-

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile

.SnMe;

4 M HCPdioxane

N ^MeCN1 O0C, 0.5 hrCul, Pd(dppf)CI2. 
BINAP, toluene, 

90 0C, 12 hrs

N ^

i/MSI

TEA, T3P, EA1
0 °C, 0.5 hr

N ^

Example 52

[0832] Step A: To a mixture solution of tert-butyl (2S)-4-[7-chloro-8-fluoro-2- [[(25,,4R)-4-fluoiO- 

l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-ylj-2-(cyanomethyl)piperazine-l- 

carboxylate (370 mg, 688 pmol, 1.0 eq) and (5- chloro-4-isoquinolyl)-trimethyl-stannane (449 mg, 

1.38 mmol, 2.0 eq) in toluene (20.0 mL) was added CuI (39.3 mg, 206 pmol, 0.3 eq), Pd(dppf)Cl2 

(50.3 mg, 68.8 pmol, 0.1 eq), and BINAP (85.6 mg, 137 pmol, 0.2 eq), the reaction mixture was 

stirred at 90°C for 6 hours, then 5-chloro-4-isoquinolyl)-trimethyl -stannane (150 mg) was added, 

the reaction mixture was stirred at 90°C for 6 hours. The mixture was quenched by water (100

358



WO 2020/146613 PCT/US2020/012906

mL), and then the mixture was extracted with ethyl acetate (100 mL χ 3), the combined organic 

layers were concentrated under reduced pressure at 40 °C. The residue was purified by column 

chromatography (S1O2, Petroleum ether/Ethyl acetate = 3:1 to Petroleum ether/Ethyl 

acetate/Ethanol = 4:3:1 added 2% NLLHRO), the desired fraction was collected and concentrated 

under reduced pressure at 40 °C. The obtained product was further purified by reversed-phase 

HPLC (0.1% formic acid condition). The desired fractions were collected and concentrated to 

remove acetonitrile and then adjusted to pH about 9 ~ 10 using NaaCCb solid. Then the mixture 

was extracted with ethyl acetate (100 mL χ 3). the organic layers were dried over anhydrous 

NaaSCb, filtered and the filtrate was concentrated under reduced pressure at 45 °C to give tert- 

butyl (2X)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2- [[(25',4fi)-4-fluoro-l-methyl-pyrrolidin-2- 

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (190 mg, 271 

pmol, 39.5% yield, 95% purity) as a yellow solid. LCMS [ESI, M+l]: 665.

[0833] Step B: To a solution of tert-butyl (25)-4-[7-(5-chloro-4-isoquinolyl) -8-fluoro-2-[[(2S’,47?)- 

4-fluoro-l-methyl-pynOlidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (40.0 mg, 60.1 pmol, 1.0 eq) in acetonitrile (1.0 mL) was 

added HCbdioxane (4 M, 1.0 mL, 66.5 eq) at 0 °C. The mixture was stirred at 0 0C for 0.5 

hour. The mixture was concentrated under reduced pressure at 40 0C to give was residue, after 

that, 30 mL of water was added thereto, the mixture was adjusted to pH about 10 using Na2CC>3 

solid. Then the mixture was extracted with ethyl acetate (20 mL χ 3), the combined organic layers 

were dried over anhydrous Na2SC>4, filtered and the filtrate was concentrated under reduced 

pressure at 40 °C. The residue was purified by prep-HPLC (FA condition; column: Xtimate C18 

150 * 25 mm * 5 pm; mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%: 22% - 

52%, 10 min) and lyophilized to give 2-[(2S)- 4-[7-(5-chloro-4-iso quinolyl)-8-fluoro-2-[[(25',4i?)- 

4-fluoro-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-dJpyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(13.0 mg, 22.2 pmol, 36.9% yield, 96.4% purity) as a white solid. LCMS [ESI, M+l]: 565.

[0834] 1HNMR (400 MHz, chloroform-d) δ = 9.39 (s, 1H), 9.05 (s, 1H), 8.59 (s, IH), 8.05 (d, J = 

8.0 Hz, 1H), 7.78 (dd, J= 0.8, 7.6 Hz, 1H), 7.61 (t, J= 7.6 Hz, 1H), 5.34 - 5.08 (m, 1H),4.71 -

4.35 (m, 4H), 3.72 - 3.48 (m, 2H), 3.42 - 3.31 (m, III), 3.30 - 3.19 (m, 2H), 3.18 - 3.02 (m, 2LI),

2.70 - 2.56 (m, 3H), 2.54 (s, 3LI), 2.40 - 2.26 (m, 1 H), 2.14 - 1.95 (m, 2H).

[0835] Example 52: A mixture of 2-[(26>4-[7-(5-chloro-4-isoquinolyl)-8-fluoro -2-[[{2S,AR)A-
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fluoro-l-methyl-pyrrolidin-2-yl]methoxy|pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile 

(60.0 mg, 106 μηιοί, 1.0 eq), molecular sieve 4A (100 mg) and 2-fluoroprop-2-enoic acid (28.7 

mg, 319 μηιοί, 3.0 eq) in ethyl acetate (6.0 mL) was stirred at 0 °C for 10 min, then T3P (270 mg, 

425 μηιοί, 252.6 pL, 50% purity, 4.0 eq) and TEA (43.0 mg, 425 μηιοί, 59.1 μΐ,, 4.0 eq) was 

added thereto at 0 °C. The mixture was stirred at 0 °C for 20 min. After completion, the mixture 

was quenched by saturated NH4CI aqueous solution (80 mL), and then extracted with ethyl acetate 

(50 mL x 3), the combined organic layers were dried over anhydrous Na2SC>4, filtered and the 

filtrate was concentrated under reduced pressure at 40 °C. The residue was purified by prep-HPLC 

(formic acid condition; column: Waters Xbridge 150 * 50 10 u; mobile phase: [water (0.05% 

ammonia hydroxide v/v) - ACN]; B%: 25% - 55%, 11.5 min) to give 2-[(25)-4-[7-(5-chloro-4- 

isoquinolyl)-8-11001-0-2-(((25,47?)-4-iluoro>-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3- 

d]pyrimidin-4-yl]-l-(2-fluoiOprop-2-enoyl)piperazin-2-yl]acetonitrile (16.0 mg, 24.5 μηιοί, 23.1% 

yield, 97.6% purity) as a white solid. LCMS [ESI, M+l]: 637.

[0836] 1IdNMR (400 MHz, chiuuroform-d) δ = 9.40 (s, 1H), 9.10 (s, 1H), 8.59 (d, J - y.J. JHLZ, 111),

8.06 (d, J- 8.0 Hz, 1H), 7.85 - 7.73 (m, 1H), 7.61 (dt, J= 2.4, 7.6 Hz, 1H), 5.61 - 5.38 (m, 1H),

5.34 - 5.09 (m, 2H), 4.98 - 4.79 (m, 1H), 4.63 (ddd, J- 4.4, 7.6, 11.2 Hz, 1H), 4.57 - 4.41 (m, 3H),

4.35 - 3.95 (m, 2H), 3.93 - 3.68 (m, 2H), 3.64 - 3.49 (m, 1H), 3.16 - 2.94 (m, 2H), 2.93 - 2.78 (m,

1H), 2.72 - 2.56 (m, 1H), 2.54 (s, 3H), 2.41 - 2.25 (m, 1H), 2.17 - 1.94 (m, 1H).

EXAMPLE 53
F

2-[(25)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoiO-2-[[(25,4/?)-4-fluoro-l-methyl-pynOlidin-2-

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-l-f(E)-4-fluorobut-2-enoyl]piperazin-2-yl]acetonitrile
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T3P, TEA, EA1
-60 0C, 0.5 hr

Example 53

[0837] Example 53: Λ mixture of 2-[(2S)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro -2-[[(2S,4R)-4- 

iluoro-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-y]]piperazin-2-yl]acetonitrile 

(70.0 mg, 124 pmol, 1.0 eq), molecular sieve 4A (200 mg) and (E)-4-fluorobut-2-enoic acid (38.7 

mg, 372 pmol, 3.0 eq) in ethyl acetate (10.0 mL) was stirred at -60 °C for 10 min, then T3P (394 

mg, 619 pmol, 368 pL, 50% purity, 5.0 eq) and TEA (62.7 mg, 619 pmol, 86.2 pL, 5.0 eq) was 

added thereto at -60 °C. The mixture was stirred at -60 °C for 20 min. After completion, the 

mixture was quenched by saturated NH4CI aqueous solution (100 mL), and then extracted with 

ethyl acetate (70 mL x 3), the combined organic layers were dried over anhydrous Na2S04, fdtered 

and the filtrate was concentrated under reduced pressure at 40 0C. The residue was purified by 

prep-HPLC (formic acid condition; column: Xtimate Cl8 150 * 25 mm * 5 pm; mobile phase: 

[water (0.05% ammonia hydroxide v/v) - ACN]; B%: 29% - 59%, 10 min) and lyophilized to give 

2-[(2S)-4-[7- (5-chloro -4-isoquinolyl)-8-fluoro-2-[[(21S',4f?)-4-fluoro-l-methyl-pyiTolidin-2- 

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-]-[(£)-4-fluorobut-2-enoyl]piperazin-2-yl]acetonitrile 

(15 mg, 22.0 pmol, 17.8% yield, 95.5% purity) as a white solid. LCMS [ESI, M+l]: 651.

[0838] 1HNMR (400 MHz, chloroform-d) δ = 9.40 (s, 1H), 9.11 (s, HI), 8.59 (d, J = 12.0 Hz, Hi), 

8.06 (d, J = 8.0 Hz, HI), 7.87 - 7.74 (m, 1H), 7.61 (dt, J = 2.4, 7.6 Hz, 1H), 7.14 - 6.96 (m, 1H), 

6.60 (br d, J= 14.4 Hz, 1H), 5.61 - 4.75 (m, 4H), 4.63 (ddd, J= 4.4, 6.8, 11.2 Hz, HI), 4.57 - 4.39 

(m, 3H), 3.61 (br d, J= 5.6 Hz, 4H), 3.59 - 3.42 (m, 1H), 3.20 - 2.73 (m, 3H), 2.72 - 2.44 (m, 4H), 

2.41 - 2.25 (m, 1H), 2.15 - 1.95 (m, 1H).

EXAMPLE 54
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2-((5)-4-(7-(5-chloroisoquinolin-4-yl)-8-fluoiO-2-(((5)-l-methylpyrrolidin-2-

yl)methoxy)pyrido[4,3-</jpyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

HOdioxane
MeCN, 25 °C, 1 hr [|Pd(dppf)CI2, Cul1 

BINAP, toluene, 
90 °C, 5 hrs

V N
T3P, TEA, EA1

O 0C, 0.5 hr

Example 54

[0839] Step A: A mixture of (5-chloro-4-isoquinolyl)-trimethyl-stannane (470 mg, 1.44 mmol, 3.0 

eq), fer/-butyl (2S)-4-[7-chloro-8-fluoro-2- [[(2.S')-l-methylpyrrolidin-2-yl|mcthoxy]py]'ido[4,3- 

r/]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (250 mg, 480 pmol, 1.0 eq), CuI (27.4 

mg, 144 pmol, 0.3 eq), Pd(dppf)Cl2 (35.1 mg, 48.1 pmol, 0.1 eq) and BINAP (59.8 mg, 96.1 pmol, 

0.2 eq) in toluene (5 mL) was degassed and purged with N2 for 3 times, and then the mixture was 

stirred at 90 °C for 5 hours under N2 atmosphere. The reaction mixture was diluted with water (20 

mL) and extracted with ethyl acetate (3 x 30 mL). The combined organic layers were washed with 

brine (30 mL), dried over NaaSCfi, filtered and concentrated under reduced pressure. The residue 

was purified by reversed phase flash [water (0.1% formic acid)/acetonitrile)]. The mixture was 

adjusted pH - 7 with saturated NaHCCfi aqueous solution and extracted with ethyl acetate (3^30 

mL). The combined organic layers were washed with brine (30 mL), dried over Na2SCfi, filtered 

and concentrated under reduced pressure to give /er/-butyl (2S)-4-[7-(5-chloro-4-isoquinolyl)-8-
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fluoro-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-</]pyrimiclin-4-yl]-2-

(cyanomethyl)piperazine-l-carboxylate (170 mg, 233 pmol, 49% yield, 89% purity) as a yellow 

solid. LCMS [ESI, M+l]: 647.

[0840] Step B: To a solution of tert-butyl (2S)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(2<S)-l- 

methylpyrrohdin-2-y][methoxy|pyrido[4.3-ri]pyrimidin-4-yl]-2-(cyanomethyl)pipera/ine-1 - 

carboxylate (40 mg, 61.8 pmol, 1.0 eq) in MeCN (100 uL) was added HCbdioxane (4 M, 231 pL, 

15.0 eq). The mixture was stirred at 25 0C for 1 hour. The mixture was concentrated under 

vacuum. The reaction mixture was diluted with water (20 mL). Then the mixture was adjusted pH 

~ 8 with saturated NaHCCh aqueous solution and extracted with ethyl acetate (3 χ 20 mL). The 

combined organic layers were washed with brine (20 mL), dried over Na2SC>4, filtered and 

concentrated under reduced pressure to give the residue. The residue was purified by prep-IIPLC 

(column: Waters Xbridge 150*50 10μ; mobile phase: [water (0.05% ammonia hydroxide v/v) - 

ACN]; B%: 28% - 58%, 10 min). The desired fraction was collected and lyophilized. 2-[(26)-4-[7- 

(5-chloro-4- isoquinolyl)-8-fluoro-2-[[(2S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

<f]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (7.88 mg, 14.3 pmol, 23% yield, 99.5% purity) was 

obtained as a white solid. LCMS [ESI, M+l]: 547.

[0841] 1H NMR (400MHz, chloroform-d) δ - 9.39 (s, HI), 9.04 (s, 1H), 8.59 (d, J = 0.8 Hz, 1H), 

8.05 (dd, J= 0.8, 7.2 IIz, 1H), 7.78 (dd, J= 0.8, 6.8 Hz, 1H), 7.6 ((t, J= 8.0 Hz, 1H), 4.67 - 4.50 

(m, 2H), 4.48 - 4.34 (m, 2H), 3.66 - 3.51 (m, 1H), 3.43 - 3.31 (m, 1H), 3.29 - 3.19 (m, 2H), 3.18 - 

3.05 (m, 2H), 2.81 - 2.54 (m, 3H), 2.51 (s, 3H), 2.35 - 2.23 (m, III), 2.15 - 1.98 (m, 1H), 1.92 -

1.79 (m, 3H).

[0842] Example 54: To a solution of 2-[(26)-4-[7-(5-chloro-4-isoquinolyl) -8-fluoro-2-[[(2S)-l- 

methyjpyrroiidin-2-yl]meUioxy |pyrido[4,3-T]pyrimidin-4-yr]]riperazin-2-yl(acetonitrile (50 mg, 

91.4 pmol, 1.0 eq), 2-fluoroprop-2-enoic acid (24.6 mg, 274 pmol, 4.48 pL, 3.0 eq) and TEA (73.9 

mg, 731 pmol, 101 pL, 8.0 eq) in ethyl acetate (1 mL) was added T3P (174 mg, 274 pmol, 163 pL, 

50% purity in ethyl acetate, 3.0 eq) at 0 °C. The mixture was stirred at 0 0C for 30 minutes. The 

reaction mixture was diluted with water (20 mL) and extracted with ethyl acetate (3 x 30 mL). The 

combined organic layers were washed with brine (20 mL), dried over NarSCh, filtered and 

concentrated under reduced pressure to give a residue. The residue was purified by prep-HPLC 

(column: Waters Xbridge 150*50 10p; mobile phase: [water (0.05% ammonia hydroxide v/v) -
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ACN]; B%: 28% - 58%, 10 min). The desired fraction was collected and lyophilized. 2-[(25)-4-[7- 

(5-chloro-4-isoquinolyl) -8-fluoro-2-[[(2S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

J]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yr|acetonitrile (17.4 mg, 27 pmol, 31% 

yield, 99.0% purity) was obtained as a white solid. LCMS [ESI, M+l]: 619.

I~AQ /t Ql ItJXTA /TH //ΙΑΛΛίΤΤ- 9.39 (s, 1H), 9.09 (s, 1H), 8.59 (d, J= 9.2 Hz, 1H),

8.06 (d, J= 8.2 Hz, 1H), 7.81 - 7.75 (m, 1H), 7.61 (dt, J= 2.4, 8.0 Hz, 1H), 5.62 - 5.38 (m, 1H),

5.29 (dd, J= 3.6, 16.8 Hz, 1H), 4.87 (brs, 1H), 4.65 - 4.55 (m, 1H), 4.55 - 4.37 (m, 3H), 4.35-

3.52 (m, 4H), 3.18 - 2.95 (m, 2H), 2.92 - 2.80 (m, 1H), 2.77 - 2.67 (m, 1H), 2.51 (s, 3H), 2.38 - 

2.22 (m, 1H), 2.14 - 2.03 (m, 1H), 1.93 - 1.73 (m, 3H).

EXAMPLE 55

.-,(S)

2-((5)-4-(2-(((5)-4,4-difluoro-l-methylpyrrolidin-2-yl)methoxy)-8-fluoro-7-(5-methylisoquinolin-4-

yl)pyrido[4,3-JJpyrimidin-4-yl)-l-((£)-4-fluorobut-2-enoyl)piperazin-2-yl)acetomtrile

N'
T3P, TEA, EA,

Example 55

[0844] Example 55: To a solution of 2-[(25i)-4-[2-[[(25)-4,4-difluoro-l-methyl -pyrrolidin-2- 

yl]methoxy]-8-fluoro-7-(5-methyl-4-isoquinolyl)pyrido[4,3-J]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (80 mg, 142 pmol, 1.0 eq), (£)-4-fluorobut-2-enoic acid (148 mg, 1.42 mmol, 4.48
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pL, 10.0 eq) and TEA (115 mg, 1.14 mmol, 158. μΤ, 8.0 eq) in ethyl acetate (1 mL) was added 

T3P (271 mg, 426 μιηοΐ, 253 pL, 50% purity in ethyl acetate, 3.0 eq) at - 70 °C. The mixture was 

stirred at - 70 °C for 1 hour. The reaction mixture was quenched with HCl (1 M, 1.5 mL). Then the 

mixture was adjusted pH ~ 7 with saturated NaHCCh aqueous solution and extracted with ethyl 

acetate (3 x 20 mL). The combined organic layers were washed with brine (10 mL), dried over 

Na2SC>4, fdtered and concentrated under reduced pressure to give the residue. The residue was 

purified by prep-HPLC (column: Waters Xbridge 150*50 10μ; mobile phase: [water (0.05% 

ammonia hydroxide v/v) - ACN]; B%: 33% - 63%, 11.5 min). The desired fraction was collected 

and lyophilized. 2-[(2,S')-4-[2-| | (2lS’)-4,4-dinuoiO-] -methyl-pyrrolidin-2-yl] methoxy]-8-fluoro-7- 

(5-m ethyl-4-isoquinolyl)pyrido[4,3-c/]pyrimidin-4-yl]-1 -[(ir)-4-fluorobut-2-enoyl]piperazin-2- 

yl]acetonitrile (13.2 mg, 20.2 μιηοΐ, 14% yield, 99.7% purity) was obtained as a white solid.

LCMS [ESI, M+l]: 649.

[0845] 1H NMR (400MHz, chloroform-d) 5 = 9.35 (s, III), 9.14 (s, HI), 8.47 (d, J = 10.8 Hz, 1H),

7.97 (d, J= 7.6 Hz, 1H), 7.64 - 7.48 (m, 2H), 7.15 - 6.93 (m, 1H), 6.60 (br d, J= 15.2 Hz, 1H), 

5.28 - 4.93 (m, 3H), 4.73 - 4.61 (m, 1H), 4.60 - 4.41 (m, 3H), 4.37 - 3.60 (m, 4H), 3.45 (dt, J= 6.0,

11.8 Hz, 1H), 3.11 - 2.90 (m, 2H), 2.88 - 2.65 (m, 2H), 2.61 - 2.45 (m, 4H), 2.44 - 2.27 (m, 1H), 

2.10 (d, J=4.0 Hz, 3H).

EXAMPLE 56

/.,/S)

2-[(2N)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(2S',4/?)-4-methoxy-l-methyl-pyrrolidin-2-

yl]methoxy]pyrido[4,3-if]pyrimidin-4-yl]-l-(2-fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile
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Boc Boc Boc

Cul. Pd(dppf)CI2, BINAP1 
Iq toluene, 90 0C1 10 hrs

DIEA1 dioxane, 
25 - 80 eC1 7 h

MeCN

25 °C, 15 min T>cN-V

°Vf

T3P, Et3N1 4A 
molecular sieve, EA1 O 

- 25 eC. 40 min

Example 56

[0846] Step A: To a mixture of /er/-butyl (2S)-2-(cyanomethyl)-4-(2,7-dichloro-8-fluoro - 

pyrklo [4,3-T[pyrimklin-4-y [!piperazine-1-carboxy late (1.50 g, 3.40 mmol, 1.0 eq) and [(2,7,4//)-4- 

methoxy-l-methyl-pyrrolidin-2-yl]methanol (1.48 g, 10.2 mmol, 3.0 eq) in dioxane (40 mL) was 

added DIEA (1.32 g, 10.2 mmol, 1.78 mL, 3.0 eq) at 25 °C. The mixture was stirred at 80 °C for 7 

hours. Upon completion, the mixture was diluted with water (50 mL) and extracted with ethyl 

acetate (100 mL). The combined organic layers were washed with brine (50 mL), dried over 

sodium sulfate, filtered and concentrated under vacuum. The residue was purified by reversed 

phase flash [water (0.1% formic acid) / acetonitrile]. The desired fractions were collected and 

neutralized with saturated NaHCO3 solution and extracted with ethyl acetate (100 mL). The 

separated organic layer was dried over sodium sulfate, filtered and concentrated under vacuum. 

/er/-butyl (2,7)-4-[7-chloro-8-fluoro-2-[[(25’,4/?)-4- methoxy-l-methyl-pyrrolidin-2- 

yl]methoxy]pyrido[4,3-ii]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l -carboxylate (1.21 g, 2.18 

mmol, 64% yield, 99.0% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 550.

[0847] 1H NMR (400 MHz, chloroform-d) δ = 8.80 (s, 1H), 4.67 - 4.50 (m, 2H), 4.48 - 4.36 (m, 

2H), 4.35 - 4.24 (m, 1H), 4.18 - 4.02 (m, 1H), 4.01 - 3.84 (m, 2H), 3.74 - 3.62 (m, 1H), 3.59 - 3.39 

(m, 2H), 3.35 - 3.26 (m, 3H), 2.97 - 2.77 (m, 2H), 2.75 - 2.63 (m, 1H), 2.54 - 2.45 (m, 3H), 2.37 - 

2.28 (m, 1H), 2.10 -2.01 (m, 2H), 1.51 (s, 9H).

[0848] Step B: To a solution of tert-butyl (2,7)-4-[7-chloro-8-fhioro-2-[[(2,7,47/)-4- methoxy-1- 

methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-(i]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (400 mg, 727 pmol, 1.0 eq) and (5-chloro-4-isoquinolyl)-trimethyl- stannane (712 mg, 

2.18 mmol, 3.0 eq) in toluene (35 mL) was added CuI (41.5 mg, 218 ,umol, 0.3 eq), Pd(dppf)Cl2 

(53.2 mg, 72.7 prnol, 0.1 eq) and BINAP (90.6 mg, 145 pmol, 0.2 eq). The reaction mixture was
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stirred at 90 °C for 6 hours. After that, 237 mg of (5-chloro-4-isoquinolyl)-trimethyl- stannane, 10 

mg of CuI, 15 mg of Pd(dppf)Ch and 25 mg of BINAP were added to the mixture and the mixture 

was stirred at 90 0C for 4 hours. Upon completion, the mixture was diluted with water (20 mL) and 

extracted with ethyl acetate (2 x 40 mL). The combined organic layers were washed with brine (40 

mL), dried over NasSCb, filtered and concentrated under vacuum. The residue was purified by 

reversed phase flash [water (0.1 % formic acid) / acetonitrile]. The desired fractions were collected 

and neutralized with saturated NaHCCb solution and extracted with ethyl acetate (100 mL). The 

separated organic layer was dried over sodium sulfate, filtered and concentrated under vacuum. 

/er/-butyl (2S)-4-[7-(5-chloro-4-isoquinolyl)-8-fluoro-2-[[(2S',4R)-4-methoxy-l-methyl-pyrrolidin-  

2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (340 mg, 

496 pmol, 68% yield, 98.8% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 677.

[0849] 1H NMR (400 MHz, chloroform-d) δ = 9.38 (br s, 1H), 9.09 (s, 1H), 8.58 (br d,J = 10.4 Hz, 

NI), 8.04 (d, J= 8.0 Hz, NI), 7.84 - 7.70 (m, 1H), 7.59 (dt, J= 2.4, 8.0 Hz, 1H), 4.72 - 4.54 (m, 

2H), 4.53 - 4.35 (m, 311), 4.02 - 3.83 (m, 2LI), 3.78 - 3.66 (m, NI), 3.57 - 3.41 (m, 2H), 3.30 (s,

3H), 3.05 - 2.67 (m, 4H), 2.49 (s, 3IT), 2.33 (br dd, J= 5.6, 10.0 Hz, 1H), 2.19 - 2.04 (m, 2H), 1.52 

(s, 9H).

[0850] Step C: To a solution of tert-butyl (2S)-4-[7-(5-chloro-4-isoquinolyl)-8- fluoro-2-[[(2S',4JR')- 

4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]-2- 

(cyanomethyl)piperazine-l-carboxylate (290 mg, 428 pmol, 1.0 eq) in MeCN (3 ml,) was added 

IlCl/dioxane (4 M, 9 mL, 84.1 eq) at 25 °C. The mixture was stirred at 25 °C for 15 min. Upon 

completion, the mixture was concentrated under vacuum and the residue was basified with 

saturated NaIICOs solution to pH = 8. The residue was extracted with ethyl acetate (2 χ 30 mL). 

The combined organic layers were dried over sodium sulfate, filtered and concentrated under 

vacuum. The residue was purified by prep-HPLC (column: Waters Xbridge 150 * 50 10μ; mobile 

phase: [water (0.05% ammonia hydroxide v / v) - ACN]; B%: 22% - 52%, 1 Omin). The residue 

was concentrated under reduced pressure to remove ACN, and then lyophilized. 2-[(2Χ)-4-[7-(5- 

chloro-4-isoquinolyl)-8-fluoro-2-[[(2S',4R)-4- methoxy-l-methyl-pyrrolidin-2- 

yl]methoxy]pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (120 mg, 205 pmol, 48% 

yield, 99.1% purity) was obtained as a white solid. LCMS [ESI, M+l]: 577.

[0851] 1H NMR (400 MHz, chloroform-d) 5 = 9.38 (s, 1H), 9.04 (s, 1H), 8.58 (s, 1H), 8.04 (d, J =
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8.0 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H), 7.65 - 7.55 (m, 1H), 4.64 - 4.48 (m, 2H), 4.47 - 4.35 (m, 2H), 

4.01 - 3.92 (m, 1H), 3.64 - 3.52 (m, 1H), 3.44 (dd, J= 6.0, 9.6 Hz, 1H), 3.40 - 3.28 (m, 4H), 3.27 - 

3.18 (m, 211), 3.17 - 3.05 (m, 1H), 3.00 - 2.87 (m, 1H), 2.70 - 2.53 (m, 2H), 2.48 (s, 3H), 2.33 (dd, 

J= 5.6, 9.6 Hz, 1H), 2.14 - 1.97 (m, 3H).

[0852] Example 56: To a solution of 2-[(2/rj-4-[7-(5-chioro-4-isoquinoIyl)-8-fIuoro-2- [[(25,4^)-4- 

methoxy-1-methyl-pyrrolidin-2-ylJmethoxy]pyrido[4,3-ri]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (50.0 mg, 86.6 pmol, 1.0 eg), 2-fluoroprop-2-enoic acid (23.4 mg, 260 pmol, 3.0 eg) 

in ethyl acetate (10 mL) was added 4A molecular sieve (50 mg). The mixture was stirred at 25 °C 

for IOmin. After that, the mixture was cooled to 0 °C and added EtsN (78.9 mg, 780 pmol, 108 pL, 

9.0 eg) and T3P (220 mg, 346 pmol, 206 pL, 50% purity, 4.0 eg) at 0 °C. The mixture was stirred 

at 0 °C for 0.5 hour. Upon completion, the mixture was diluted with water (3 mL) and extracted 

with ethyl acetate (2 χ 10 mL). The combined organic layers were washed with brine (30 mL), 

dried over NaaSCfi, filtered and concentrated under vacuum. The residue was purified by column 

chromatography (SiCL, dichloromethane/methanol = 50/1 to 10/1). The residue was purified by 

prep-HPLC (column: Xtimate Cl8 150 * 25mm * 5pm; mobile phase: [water (0.05% ammonia 

hydroxide v / v) - ACN]; B%: 25% - 55%, IOmin). The residue was concentrated under reduced 

pressure to remove ACN, and then lyophilized. 2-[(2.ST)-4-[7-(5-chloro-4-isoquinolyl)-8-tluoro-2- 

[[(25’,4/?)-4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]pyrido [4,3-<i]pyrimidin-4-yl]-1-(2- 

fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (44.9 mg, 69.1 pmol, 80% yield, 99.9% purity) was 

obtained as a white solid. LCMS [ESI, M+l]: 649.

[0853] 1H NMR (400 MHz, chloroform-d) 6 = 9.40 (s, 1H), 9.10 (s, 1H), 8.59 (d, J= 9.2 Hz, 1H), 

8.06 (d, J= 8.4 Hz, 1H), 7.81 -7.74 (m, 1H), 7.61 (dt, J= 2.4, 7.6Ήζ, 1H), 5.59 - 5.39 (m, 1H),

5.29 (dd, J= 3.6, 16.8 Plz, 1H), 4.99 - 4.79 (m, 1H), 4.66 - 4.55 (m, 1H), 4.53 - 4.39 (m, 3H), 4.37 

- 3.63 (m, 5H), 3.52 - 3.38 (m, 1H), 3.31 (s, 3H), 3.13 - 2.78 (m, 3H), 2.50 (s, 3H), 2.34 (dd, J = 

5.6, 9.6 Hz, 1H), 2.15 - 1.96 (m, 2H).

EXAMPLE 57
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2-[(2<S')-4-[8-fluoro-2-[[(2lS',4J?)-4-methoxy-l-methyl-pyrrolidin-2-yl]methoxy]-7-(8-methyl-l-

naphthyl)pyrido[4,3-t/]pyrimidin-4-yl]-l-[(£')-4-methoxybut-2-enoyl]piperazin-2-yl]acetonitrile

B(OH)2
HCI/dioxane

Pd(PPh3)4, Cs2CO3, 
dioxane, H2O1 100 0C1 
6 hrs

,/MS)MeCN1 25 0C1 15 
min,--MS),/MS)

OMe

T3P, Et3N1 4A 
molecular sieve, EA1 

O - 25 0C1 40 min

Example 57

[0854] Step A: A mixture of tert-butyl (2LS)-4-[7-chloro-8-fluoro-2-[[(25,,4ii)-4-methoxy -1-methyl- 

pyrrolidin-2-yl]methoxy]pyrido[4,3-ifjpyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate 

(300 mg, 545 pmol, 1.0 eq), (8-methyl-1-naphthyl)boronic acid (203 mg, 1.09 mmol, 2.0 eq), 

Pd(PPh3)4 (63.0 mg, 54.5 pmol, 0.1 eq), CS2CO3 (355 mg, 1.09 mmol, 2.0 eq) in dioxane (20 mb) 

and H2O (4 mL) was degassed and purged with N2 for 3 times, and then the mixture was stirred at 

100 °C for 6 hours under N2 atmosphere. Upon completion, the residue was diluted with water (20 

mL) and extracted with ethyl acetate (50 mL). The combined organic layers were washed with 

brine (30 mL), dried over sodium sulfate, filtered and concentrated under vacuum. The residue was 

purified by reversed phase flash [water (0.1% formic acid / acetonitrile]. The desired fractions were 

collected and neutralized with saturated NaHCCfi solution and extracted with ethyl acetate (80
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mL). The separated organic layer was dried over sodium sulfate, filtered and concentrated under 

vacuum, tert-butyl (25)-2-(cyanomethyl)-4-[8-fluoro-2-[[(25',4i?)-4-methoxy-1 -methyl-pyrrolidin- 

2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-ii]pyrimidin-4-yl]piperazine-l-carboxylate (335 

mg, 319 pmol, 58% yield, 62.5% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 656.

[0855] Step B: To a solution of /er/-butyl (2iS)-2-(cyanumethyl)-4-[8-fIuoro-2- j [(2.8,4/7)-4- 

methoxy-i-methyi-pyrroiidin-2~yi]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-if|pyrimidin-4- 

yl]piperazine-l-carboxylate (285 mg, 272 pmol, 1.0 eq) in MeCN (3 mL) was added HCl/dioxane 

(4 M, 9 mL, 132 eq) at 25 0C. The mixture was stirred at 25 °C for 15 min. Upon completion, the 

mixture was concentrated under vacuum and the residue was basified with saturated NaHCCL 

solution to pH = 8. The residue was extracted with ethyl acetate (2 x 30 mL). The combined 

organic layers were dried over sodium sulfate, filtered and concentrated under vacuum. 2-((2.9)-4- 

[8-fluoro-2-[[(2S',4/?)-4-methoxy-l-methyl-pyrrolidin -2-yl]methoxy]-7-(8-methyl-l- 

naphthyl)pyrido[4,3-<i]pyrimidin-4-yl]piperazm-2-yl]acetonitrile (230 mg, crude) was obtained as 

a yellow solid and used in the next step without further purification. LCMS [ESI, M+l]: 556.

[0856] Example 57: To a solution of 2-[(2l9)-4-[8-fhroro-2-[[(25',4./?)-4-methoxy-l-methyl- 

pyrrol idiri-2-yI]methoxy]-7-(8-metliyl- 1 -naphlhyl)pyndo[4,3-i/jpyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (100 mg, 180 pmol, 1.0 eq), (£)-4-methoxybut-2-enoic acid (62.7 mg, 540 pmol,

3.0 eq) in ethyl acetate (15 mL) was added 4A molecular sieve (200 mg, 90.0 pmol). The mixture 

was stirred at 25 °C for 10 min. After that, the mixture was cooled to 0 °C and added T3P (458 mg, 

720 pmol, 428 pL, 50% purity, 4.0 eq) and Et3N (164 mg, 1.62 mmol, 225 pL, 9.0 eq) at 0 °C. The 

mixture was stirred at 0 °C for 0.5 hour. Upon completion, the residue was diluted with water (20 

mL) and ethyl acetate (25 mL). The organic layer was separated, washed with brine (30 mL), dried 

over sodium sulfate, filtered and concentrated under vacuum. The residue was purified by column 

chromatography (SiCL, dichloromethane/methanol = 50/1 to 10/1). The residue was purified by 

prep - HPLC (column: Waters Xbridge 150 * 50 IOp; mobile phase: [water (0.05% ammonia 

hydroxide v / v) - ACN]; B%: 37% - 67%, 1 Omin). The residue was concentrated under reduced 

pressure to remove ACN, and then lyophilized. 2-[(2N)-4-[8-fluoro-2-[[(2L8,4i?)-4-methoxy-l- 

methyl-pyrrolidin -2-yl]methoxy]-7-(8-methyl-l-naphthyl)pyrido[4,3-r/]pyrimidin-4-yl]-l-[(£)-4- 

methoxybut-2-enoyl]piperazin-2-yl]acetonitrile (16.7 mg, 25.5 pmol, 14% yield, 99.9% purity) 

was obtained as a white solid. LCMS [ESI, M+l]: 654.
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[0857] 1H NMR (400 MHz, chloroform-d) δ = 9.09 (d, J = 2.4 IIz, 1H), 7.99 (d, J = 8.0 Hz, III), 

7.82 (d, J= 8.4 Hz, 1H), 7.58-7.51 (m, 1H), 7.49 - 7.38 (m, 2H), 7.33 - 7.28 (m, HI), 7.09 - 6.93 

(m, 1H), 6.55 (br d, J= 15.2 Hz, 1H), 5.16 - 4.92 (m, 1 H), 4.67 - 4.57 (m, 1H), 4.55 -4.37 (m, 3H), 

4.24 - 3.69 (m, 7H), 3.51 - 3.40 (m, 411), 3.31 (s, 3H), 3.06 - 2.88 (m, 2H), 2.85 - 2.72 (m, 1H),

2.50 (d, J= 1.2 Hz, 3H), 2.34 (dd,J=5.6, 10.0 Hz, 1H), 2.16 - 1.97 (m, 5H).

EXAMPLE 58

4-[(3S,)-3-(cyanomethyl)-4-(2-fluoroprop-2-enoyl)piperazin-l-yl]-7-(8-methyl-l-naphthyl)-2-[[(2S')-

l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-ii]pyrimidine-8-carbonitrile
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Cl
Br

NH2
CuCN

DMSO1 130 °C, 12 h 
A

cr v
CN

NH2

NIS1 TsOHeH2O

MeCN, 70 0C1 12 h 
B

Pd(PPh3)2CI2, CO1 50 psi

EtOH1 SO 0C1 12 h 
C

, B(OH)2

Pd(PPh3)4, Cs2CO3 

dioxane/H20, 100 "C, 6 h 

D

ΓΤ ϊ!
C--fVcl

NH2

CN
THF115 "C, 10 mins 

E

N ^

WM3. MeQH

15 “C, 10 mins

POCI3, DIEA DIIEA1 dioxaneN ^ DIEA

O-110 °C, 3 h DCM1 - 40 "C, 0.5 h 90 °C, 1 h

Pd/C, H2l 15 psi

ENvNH3eMeOH1 
15 0C1 1 h

OH

HATU1 DIEA 

DCM1 15 °C, 0.5 h 

K

Example 58

Cbz

N^

[0858] Step A: A mixture of 3-bromo-2-chloro-pyridin-4-amine (3.0 g, 14.5 mmol, 1.0 eq), CuCN 

(3.89 g, 43.4 mmol, 9.48 mL, 3.0 eq) in DMSO (30 mL) was stirred at 130 °C for 12 hours. The 

mixture was concentrated under vacuum. The residue was added NILHLO (100 mL) and stirred at 

15 °C for 10 mins, the mixture was extracted with ethyl acetate (2 x 200 mL) and the combined 

organic layer was washed with brine (200 mL), dried over NaiSO i. filtered and concentrated under 

vacuum to give 4-amino-2-chloro-pyridine-3-carbonitrile (1.0 g, 5.93 mmol, 41% yield, 91% 

purity) as a yellow solid and used into next step without further purification. LCMS [ESI, M+1J: 

154.

[0859] 1H NMR (400MHz, DMSO-d6) δ = 7.92 (d, J = 6.0 Hz, 1H), 7.43 (br s, 2H), 6.67 (d, J= 6.0 

Hz, 1H).

[0860] Step B: A mixture of4-amino-2-chloro-pyridine-3-carbonitrile (3.2 g, 20.8 mmol, 1.0 eq), 

TsOHHLO (198 mg, 1.04 mmol, 0.05 eq) and NIS (7.03 g, 31.3 mmol, 1.5 eq) in acetonitrile (30 

mL) was stirred at 70 0C for 12 hours. The mixture was concentrated under vacuum. The residue 

was diluted with ILO (50 mL), extracted with ethyl acetate (2 χ 50 mL), the combined organic
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layer was washed with brine (50 mL), dried over Na2S04, filtered and concentrated under 

vacuum. The residue was purified by column chromatography (SiCfi, PE/EA=3/1). The fraction 

was collected and concentrated under vacuum. The residue was triturated with acetonitrile (20 

mL), the residue was dry under vacuum to give 4-amino-2-chloro-5-iodo-pyridine-3-carbonitrile 

(3.0 g, 10.7 mmol, 52% yield, 100% purity) as a yellow solid. LCMS [ESI, M+l]: 280.

[0861] 1H NMR (400MHz, chloroform-d) δ = 8.45 (s, 1H), 5.56 (br s, 2H).

[0862] Step C: A mixture of 4-amino-2-chloro-5-iodo-pyridine-3-carbonitrile (2.8 g, 10 mmol, 1.0 

eq), TEA (3.65 g, 36.1 mmol, 5.02 mL, 3.6 eq) and Pd(PPh3)2Cl2 (703 mg, 1.0 mmol, 0.1 eq) in 

ethanol (30 mL) was stirred at 80 °C for 12 hours under CO under 50 psi. The mixture was 

concentrated under vacuum. The residue was triturated with methanol (20 mL), the solid was 

collected and dried under vacuum to give ethyl 4-amino-6-chloro-5-cyano -pyridine-3-carboxylate 

(2.0 g, 8.78 mmol, 88% yield, 99% purity) as a yellow solid which was used into next step without 

further purification. LCMS [ESI, M+l]: 226.

[0863] 1H NMR (400MHz, DMSO-d6) δ = 8.63 (s, 1H), 8.11 (br s, 2H), 4.32 (q, ./= 7.2 Hz, 2H),

1.32 (t, J- 7.2 Hz, 3II).

[0864] Step D: A mixture of ethyl 4-amino-6-chloro-5-cyano-pyridine-3-carboxylate (1.7 g, 7.53 

mmol, 1.0 eq), (8-methyl-1-naphthyl)boronic acid (1.82 g, 9.79 mmol, 1.3 eq), Pd(PPh3)4 (871 mg, 

753 pmol, 0.1 eq) and CS2CO3 (7.36 g, 22.6 mmol, 3.0 eq) in dioxane (30 mL) and H2O (10 mL) 

was stirred at 100 °C for 6 hours under N2. The mixture was diluted with water (10.0 mL), 

extracted with ethyl acetate (2x10 mL), the combined organic layer was washed with brine (10 

mL), dried over Na2SCfi, filtered and concentrated under vacuum. The residue was purified by 

column chromatography (SiC)?, PE/EA=3/1), the desired fraction was collected and concentrated 

under vacuum. The residue was purified by reversed phase flash [water (FA, 0.1 %)/acetonitrile]. 

The desired fraction was collected and basified by NaHCCfi (1.0 g). The mixture was concentrated 

under vacuum to removed acetonitrile. The mixture was extracted with ethyl acetate (3 xlO mL), 

the combined organic layers were washed brine (10 mL), dried over Na2S04, filtered and 

concentrated under vacuum to give ethyl 4-amino-5-cyano-6-(8-methyl-l-naphthyl)pyridine-3- 

carboxylate (450 mg, 1.29 mmol, 17% yield, 95% purity) as a yellow oil. LCMS [ESI, M+l]: 332.

[0865] Step E: A mixture of ethyl 4-amino-5-cyano-6-(8-methyl-l-naphthyl)pyridine -3-
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carboxylate (0.45 g, 1.36 mmol, 1.0 eq) and trichloro(isocyanato)methane (436 mg, 2.72 mmol, 2.0 

eq) in THF (4 mL) was stirred at 15 °C for 10 mins. The mixture was concentrated under vacuum. 

The residue was washed with MBTE (10 mL), the residue was dried under vacuum to give ethyl 5- 

cyano-6-(8-methyl-l-naphthyl)-4-[(2,2,2- trichloroacetyl)carbamoylamino]pyridine-3-carboxylate 

(0.7 g, crude) as a white solid which was used into next step without further purification. LCMS 

[ESI, M+2]: 521.

[0866] Step F: A mixture of ethyl 5-cyano-6-(8-methyl-l-naphthyl)-4-[(2,2,2- 

trichloroacetyl)carbamoylamino]pyridine-3-carboxylate (0.7 g, crude) in NHrMeOH (1 mL, 30% 

purity) was stirred at 15 °C for 10 mins. The mixture was concentrated under vacuum. The residue 

was washed with MTBE (10 mL), dried under vacuum to give 2,4-dihydroxy-7-(8-methyl-l - 

naphthyl)pyrido[4,3-<i]pyrimidine-8-carbonitrile (0.41 g, 1.25 mmol, two steps 91% yield) as a 

white solid and used into next step without further purification. LCMS [ESI, M+l]: 329.

[0867] Step G: To a mixture of 2,4-dihydroxy-7-(8-methyl-l-naphthyl)pyrido[4,3- J]pyrimidine-8- 

carbonitrile (200 mg, 609 pmol, 1.0 eq) in POCb (6.60 g, 43 mmol, 4.0 mL, 70.7 eq) was added 

DIEA (236 mg, 1.83 mmol, 318 pL, 3.0 eq) at 0 0C5 then the mixture was heating to 110 °C, then 

DIEA (157 mg, 1.22 mmol, 212 pL, 2.0 eq) was added into the mixture. After stirring at 110 °C 

for 3 hours, the mixture was concentrated under vacuum. The residue was dissolved in 

dichloromethane (5.0 mL) and concentrated under vacuum to give 2,4-dichloro-7-(8-methyl-l- 

naphthyl)pyrido[4,3-<fJpyrimidine-8-carbonitrile (0.4 g, crude) as a yellow oil and used into next 

step without further purification. LCMS [ESI, M-8]: 357.

[0868] Step H: To a mixture of 2,4-dichloro-7-(8-methyl-l-naphthyl)pyrido[4,3- t/jpyrimidine-8- 

carbonitrile (0.4 g, crude) and 4A MOLECULAR SIEVE (0.1 g) in dichloromethane (4 mL) was 

added DIEA (566 mg, 4.38 mmol, 763 pL) at - 40 °C, then benzyl (25)-2- 

(cyanomethyl)piperazinc-l-carboxylate (284 mg, 1.10 mmol) was added into the mixture. After 

stirring at - 40 °C for 0.5 h, the mixture was diluted with H2O (4.0 mL), the water phase was 

extracted with dichloromethane (2 χ 5.0 mL), the combined layer was dried over NaaSCfi, filtered 

and concentrated under vacuum. The residue was purified by column chromatography (S 1()2, 

PE/EA=T/1) to give benzyl (2S)-4-[2-chloro-8-cyano-7-(8-methyl-l-naphthyl)pyrido[4,3- 

<7]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (0.2 g, 340 pmol, two steps 56% 

yield, 100% purity) as a yellow solid. LCMS [ESI, M+l]: 588.
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[0869] Step I: A mixture of benzyl (25)-4-[2-chloro-8-cyano-7-(8-methyl-l- naphthyl)pyrido[4,3- 

£f]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (0.2 g, 340 pmol, 1.0 eq), [(25)-1- 

methylpyrrolidin-2-yl]methanol (58.8 mg, 510 pmol, 60.6 pL, 1.5 eq) and DIEA (132 mg, 1.02 

mmol, 178 pL, 3.0 eq) in dioxane (2 mL) was stirred at 90 °C for 1 hours. The mixture was 

concentrated under vacuum. The residue was purified by reversed phase flash [water (FA, 0.1 

%)/acetonitrile]. The desired fraction was collected and basified by NaHCCb (2 g). The mixture 

was concentrated under vacuum to removed acetonitrile, the residue was extracted with ethyl 

acetate (3><10 mL), the organic layers were washed brine (10 mL), dried over NaiSCfi, filtered and 

concentrated under vacuum to give benzyl (25)-2-(cyanomethyl)-4-[8-cyano-7-(8-methyl-l- 

naphthyl)-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-ri]pyrimidin-4-yl]piperazine-l- 

carboxylate (158 mg, 237 pmol, 70% yield, 100% purity) as a yellow solid. LCMS [ESI, M+l]: 

667.

[0870] Step J: A mixture of benzyl (25)-2-(cyanomethyl)-4-[8-cyano-7-(8-methyl -l-naphthyl)-2- 

[[(25)-1-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-ri]pyrimidin-4-yl]piperazine-l-carboxylate (50 

mg, 75 pmol, 1.0 eq), Pd/C (10% purity) in methanol (5 mL) and NlbvMeOH (5 mL, 20% purity) 

was stirred at 15 °C for 1 hour under LL at 15 psi. The mixture was filtered and concentrated under 

vacuum to give 4-[(35)-3- (cyanomethyl)piperazin-l-yl]-7-(8-methyl-l-naphthyl)-2-[[(25)-l- 

methy]pyrrolidin-2-yl]methoxy]pyrido[4,3-i/]pyrimidine-8-carbonitrile (44 mg, crude) as a blue 

solid and used into next batch without further purification. LCMS [ESI, M+l]: 533.

[0871] Example 58: To a solution of 4-[(35)-3-(cyanomethyl)piperazin-l-yl]-7- (8-methyl-l- 

naphthyl)-2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-ri]pyrimidine-8-carbonitrile (100 

mg, 188 pmol, crude), 2-fluoroprop-2-enoic acid (33.8 mg, 375 pmol) and DlEA (97.1 mg, 751 

pmol, 131 pL) in dichloromethane (2 mL) was added HATU (143 mg, 375 pmol) at 15 °C. After 

stirring at 15 °C for 0.5 h, the mixture was washed with water (2.0 mL) and brine (2.0 mL), dried 

over Na2S04, filtered and concentrated under vacuum. The residue was purified by prep-HPLC 

(column: Xtimate C18 150*25mm*5pm; mobile phase: [water (0.05% ammonia hydroxide v/v) - 

ACN]; B%: 40% - 70%, IOmin). The desired fraction was collected and concentrated under 

vacuum to removed acetonitrile. The residue was lyophilized to give 4-[(35)-3-(cyanomethyl)-4- 

(2-fluoroprop-2-enoyl)piperazin-l-yl] -7-(8-methyl-l-naphthyl)-2-[[(25)-l-methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-ri]pyrimidine-8-carbonitriJe (15.9 mg, 23.9 pmol, two steps 13% yield,
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91.2% purity) as a white solid. LCMS [ESI, M+1J: 605.

EXAMPLE 59

2-[(26)-4-[2-[(l-/er/-butyhj/etidin-2-y])methoxy|-7-(8-chloro-Lnaphthyl)-8-fluoro-pyrido[4,3- 

i/]pyrimidin-4-yl]-l-(2-fluoiOprop-2-enoyl)piperazin-2-yl]acetonitrile

m-CPBA

ί-BuONa, toluene, 0 
25 °C, 0.5 h

EA, 0 - 25 °C, 0.5 h

MeCN, HCI/dioxane

25 °C, 0.5 h
TEA, T3P, EA,
0 - 25 °C, 0.5 hr

Example 59

[0872] Step A: To a mixture of tert-butyl (25)-4-[7-(8-chloro-l-naphthyl)-8- fluoro-2- 

methylsulfanyl-pyrido[4,3-</|pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (950 mg, 

1.64 mmol, 1.00 eq) in ethyl acetate (15.0 mL) was added m-CPBA (999 mg, 4.92 mmol, 85% 

purity, 3.00 eq) in portion at 0 °C under N2. The mixture was stirred at 25 °C for 30 min. The 

reaction mixture was diluted with ethyl acetate (100 mL) and washed with saturated Na2S2C>3 

solution (30.0 mL) and saturated NaHCOi solution (20.0 mL), brine (20.0 mL), dried over sodium
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sulfate, filtered and concentrated under reduced pressure. The crude product was used in the next 

step directly without further purification. Compound tert-butyl (25)-4 -[7-(8-chloro-l-naphthyl)-8- 

fluoro-2-methylsulfonyl-pyrido[4,3-ii]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate 

(1.00 g, crude) was obtained as a yellow solid.

[0873] Step B: To a mixture of tert-butyl (25)-4-[7-(8-chloro-l-naphthyl)-8- fluoro-2- 

inethylsul Ibny 1-pyrido[ 4,3-r/]pyrimidin-4-yl]-2-(cyanomcthyl)piperazine-l -carboxyl ate (500 mg, 

818 pmol, 1.00 eq) and (l-/<?7'7-butylazetidin-2-yl)methanol (352 mg, 2.45 mmol, 3.00 eq) in 

toluene (25.0 mL) was added /-BuONa (236 mg, 2.45 mmol, 3.00 eq) in portion at O °C under N2. 

The mixture was stirred at 25 0C for 30 min. The reaction mixture was diluted with ethyl acetate 

(30.0 mL) and adjusted pH to 8 - 9 with 2 M HCl at 0 °C, then extracted with ethyl acetate (20.0 

mL x 2). The combined organic layers were washed with water (15.0 mL), dried over sodium 

sulfate, filtered and concentrated under reduced pressure. The residue was purified by reversed 

phase flash [water (0.1% formic acid/acetonitrile]. The desired fractions were collected and 

neutralized with saturated NafIC03 solution (10.0 mL) and extracted with ethyl acetate (30.0 mL x 

3). The separated organic layer was dried over sodium sulfate, filtered and concentrated under 

vacuum. Compound /er/-butyl (2,S*)-4-[2-[( 1 - /er/-butylazetidin-2-yl)methoxy]-7-(8-chloro-l- 

naphthyl)-8-fluoro-pyrido[4,3-if|pyrimidm-4-yl]-2-(cyanoniethyl)piperazine-l-carboxylate (290 

mg, 381 pmol, 47% yield, 88.6% purity) was obtained as a yellow solid. LCMS [ESI, M+l]: 674.

[0874] Step C: To a mixture of/er/-butyl (25)-4-[2-[(1 -/c/7-butylazetidin-2- yl)methoxy]-7-(8- 

chloro-l-naphthyl)-8-fluoro-pyrido[4,3-i7]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l- 

carboxylate (80.0 mg, 119 pmol, 1.00 eq) in MeCN (1.50 mL) was added HCl/dioxane (4 M, 3.00 

mL, 101 eq) under N2. The mixture was stirred at 25 0C for 30 min. The reaction mixture was 

concentrated under reduced pressure to give a residue. Then the residue was dissolved with ethyl 

acetate (5.00 mL) and adjusted pH to 8 with saturated NaHCCL solution and extracted with ethyl 

acetate (10.0 mL x 3). The combined organic layers were washed with brine (5.00 mL), dried over 

sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by 

prep-HPLC (column: Waters Xbridgc 150 x 50 10 p; mobile phase: [water (0.05% ammonia 

hydroxide v/v) - ACN]; B%: 47% - 77%, 10 min). Compound 2-[(25)-4-[2-[(l-/e;T-butylazetidin- 

2-yl)methoxy]-7-(8-chloro-l-naphthyl) -8-fluoro-pyrido[4,3-cf]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (36.0 mg, 62.5 pmol, 53% yield, 99.7% purity) was obtained as a white solid.
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LCMS [ESI, M+l]: 574.

[0875] 1HNMR (400 MHz, chloroform-d) δ = 9.09 - 8.95 (m, 1H), 8.03 - 7.98 (m, 1H), 7.91 - 7.87 

(m, 1H), 7.64 - 7.53 (m, 3H), 7.46 - 7.40 (m, 1H), 4.73 - 4.64 (m, 1H), 4.57 - 4.36 (m, 3H), 3.95 -

3.85 (m, 1H), 3.60 - 3.47 (m, 1H), 3.40 - 3.30 (m, 1H), 3.27 - 3.06 (m, 5H), 2.69 - 2.51 (m, 2H), 

2.18 - 1.99 (m, 3H), 1.12 - 0.99 (m, 9H).

[0876] Example 59: To a mixture of 2-[(26)-4-[2-[(l-/er/-butylazetidin-2- yl)methoxy]-7-(8-chloro- 

l-naphthyl)-8-fluoro-pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acctonitrile (60.0 mg, 105 pmol,

1.0 eq) and 2-fluoroprop-2-enoic acid (28.2 mg, 314 pmol, 3.00 eq) in ethyl acetate (3.00 mL) was 

added T3P (266 mg, 418 pmol, 249 pL, 50% purity, 4.0 eq) in portion at 0 °C under N2. The 

mixture was stirred at 25 °C for 30 min. The reaction mixture was quenched by addition water 

(2.00 mL) at 0 °C and then extracted with ethyl acetate (5.00 mL x 3). The combined organic 

layers were washed with brine (3.00 mL), dried over sodium sulfate, filtered and concentrated 

under reduced pressure. The residue was purified by prep-HPLC (column: Waters Xbridge 150 χ 

25 5 p; mobile phase: [Water - ACN]; B%: 33% - 63%, 10 min). Compound 2-[(25)-4-[2-[(l-/er/- 

butylazetidin-2-yl)methoxy]-7-(8- chloro-l-naphthyl)-8-fluoro-pyrido[4,3-<i]pyrimidin-4-yl]-l-(2- 

fluoroprop-2-enoyl)piperazin-2-yl]acetonitrile (6.15 mg, 9.52 pmol, 9% yield, 96% purity) was 

obtained as a white solid. LCMS [ESI, M+l]: 646.

[0877] 1H NMR (400 MHz, chloroform-d) δ = 9.12 - 9.00 (m, 1H), 8.04 - 7.99 (m, 1H), 7.91 - 7.86 

(m, 1H), 7.65 - 7.52 (m, 3H), 7.46 - 7.40 (m, 1H), 5.56 - 5.37 (m, 1H), 5.33 - 5.24 (m, 1H), 4.96 - 

4.77 (m, 1H), 4.75 - 4.65 (m, 1H), 4.52 - 4.37 (m, 3H), 4.33 - 3.58 (m, 5H), 3.26 - 3.14 (m, 2H), 

3.08 - 2.94 (m, 1H), 2.92 - 2.76 (m, 1H), 2.19 - 2.03 (m, 2H), 1.07 - 1.00 (m, 9H).

EXAMPLE 60
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2-[(2S)-4-[8-fluoro-7-(2-fhiorophenyl)-2-[[(2S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-

d]pyrimidin-4-yl]-l-prop-2-enoyI-piperazin-2-yl]acetonitrile

Boc

Dl EA, dioxane, 
80 °C, 5 h 

A

Boc Boc

Pd(PPh3)4lCs2CO3

dioxane/H20, 90 "C, 
16 h

HCPdioxane

MeCN,15 
'C, 0.5 h

C

-,. ,N
0Yjj

Cl
TEA

DCM,- 40 0C1 
0.5 h

D

Example 60

[0878] Step A: A mixture of tert-butyl (2S)-2-(cyanomethyl)-4-(2,7-dichloro-8-fluoro- pyrido[4,3- 

d]pyrimidin-4-yl)piperazine-l-carboxylate (290 mg, 657 pmol, 1.0 eq), [(2S)-l-methylpyrrolidin- 

2-yl]methanol (151 mg, 1.31 mmol, 156 pL, 2.0 eq), DIEA (255 mg, 1.97 mmol, 343 pL, 3.0 

eq) in dioxane (3.0 mL) was degassed and purged with N2 for 3 times, and then the mixture was 

stirred at 80°C for 5 hours under N2 atmosphere. After completion, the mixture was added H2O (3 

mL), the liquor was extracted with ethyl acetate (3 x 3 mL). The combined organic layers were 

dried over anhydrous Na2SC>4, filtered and the filtrated was concentrated under reduced pressure to 

give tert-butyl (25)-4-[7-chloro-8-fluoro-2- [[(25)-1-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (330 mg, crude) as a yellow solid 

which was used in the next step without further purification. LCMS [ESI, M+l]: 520.

[0879] Step B: To a solution of tert-butyl (2S)-4-[7-chloro-8-fluoro-2-[[(2S)-l-methylpy rrolidin-2- 

yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l -carboxylate (300 mg, 577 

pmol, 1.0 eq) and (2-fluorophenyl)boronic acid (161 mg, 1.15 mmol, 2.0 eq) in dioxane (2.5 mL) 

and H2O (0.5 mL) was added Pd(PPh3)4 (66.7 mg, 57.7 pmol, 0.1 cq), CS2CO3 (376 mg, 1.15 

mmol, 2.0 eq). The mixture was degassed and then heated to 90 °C for 16 hours under N2. After 

completion, the mixture was added II2O (3 mL), the liquor was extracted with ethyl acetate (3 χ 5 

mL). The residue was purified by column chromatography (AI2O3, Petroleum ether/Ethyl acetate =
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1/1 to Ethyl acetate/ethanol (0.1% ΝΗ3·Η20) = 3:1). The desired fractions were collected and 

concentrated to give a residue. The crude product was purified by reversed-phase HPLC (C 18, 0.1 

% FA in water, 0-100 % MeCN) to give /er/-butyl(2S)-2-(cyanomethyl)-4-[8-fluoro-7-(2- 

fluoropheny l)-2-[[( 26)-1 -methyl pyrrolidin-2-yl]methoxy Ipyrido [4,3-d]pyrimidin-4-yl Ipiperazinc-

1- carboxylate (300 mg, 505 μηιοί, 87.6% yield, 97.7% purity) as a yellow solid. LCMS [ESI, 

M+l]: 580.

[0880] Step C: To a solution of tert-butyl (2S)-2-(cyanomethyl)-4-[8-fluoro-7- (2-fluorophenyl)-2- 

[[(26)-1 -methylpynOlidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazine-1 -carboxylate 

(290 mg, 500 pmol, 1.0 eq) in dichloromethane (3.0 mL) were added HCbdioxane (4 M, 2.50 mL, 

20.0 eq) at 15°C. After addition, the mixture was stirred at 15 °C for 0.5 hour. After completion, 

the mixture was concentrated, the residue was added to a saturated NaHCOs solution at 25 °C until 

pH ~ 8, and then extracted with ethyl acetate (3><3 mL). The combined organic layers were dried 

over NasSOs, filtered and concentrated under reduced pressure to give residue. The residue was 

purified by prep-HPLC (column: Xtimate Cl8 150 * 25 mm * 5 pm; mobile phase: [water (0,05% 

ammonia hydroxide v/v) - ACN]; B%: 30% - 60%, 10 min). The fraction was lyophilized to give

2- [(25)-4-[8-fluoro-7-(2-fluorophe nyl)-2-[[(25)-1 -methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (37.1 mg, 76.1 pmol, 15.2% yield, 98.3% purity) as a 

white solid. LCMS [ESI, M+l]: 480.

[0881] 1HNMR (400 MHz, chloroform-d) δ = 9.03 (d, J= 2.8 Hz, 1H), 7.72 - 7.64 (m, 1H), 7.52 - 

7.43 (m, 111), 7.34-7.27 (m, 1H), 7.21 (brt, J= 9.2 Hz, 1H), 4.62 - 4.55 (m, 1H), 4.50 (br d, J =

12.8 Hz, 1H), 4.42 - 4.32 (m, 2H), 3.57 - 3.46 (m, 1H), 3.31 (br s, 1H), 3.25 - 3.14 (m, 2H), 3.14 - 

3.03 (m, 2H), 2.72 (br d, J= 4.8 Hz, 1H), 2.66 - 2.51 (m, 2PI), 2.50 (d, J= 2.4 Hz, 3H), 2.34 - 2.2 

(m, III), 2.11 - 1.96 (m, 211), 1.91 - 1.70 (m, 3H).

[0882] Example 60: To a solution of 2-[(2S)-4-[8-fluoro-7-(2-fluorophenyl)-2-[[(2S)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-d]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (120 mg, 

250 pmol, 1.0 eq) and TEA (76.0 mg, 751 pmol, 104 pL, 3.0 eq) in dichloromethane (3.0 

mL) were added prop-2-enoyl chloride (45.3 mg, 501 pmol, 40.8 pL, 2.0 eq) at -40°C. After 

addition, the mixture was stirred at -40 °C for 0.5 hour. After completion, the mixture was added 

H2O (3 mL), the liquor was extracted with ethyl acetate (3x3 mL). The combined organic layers 

were dried over anhydrous NasSCfi, filtered and the filtrate was concentrated under reduced
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pressure to give a residue. The residue was purified by prep-HPLC (column: Xtimate Cl8 150 * 25 

mm * 5 pm; mobile phase: [water (0.05% ammonia hydroxide v/v) - ACN]; B%: 30% - 60%, 10 

min). The fraction was lyophilized to give 2-[(25)-4-[8-fluoro-7- (2-lluorophenyl)-2-[[(2,S)-l- 

methylpyrrolidin-2-y]]methoxy]pyrido[4,3-d]pyrimidin-4-yl]-l-prop-2-enoyl-piperazin-2- 

yljacetonitrile (49.1 mg, 91.5 pmol, 39.9% yield, 99.6% purity) as a off-white solid. LCMS [ESI, 

M+l]: 534.

[0883] 1H NMR (400 MHz, chloroform-d) δ = 9.10 (s, 1H), 7.68 (br t,J = 7.2 Hz, 1H), 7.54 - 7.44 

(m, 1H), 7.35 - 7.28 (m, 1H), 7.23 (br t, J= 9.2 Hz, 1H), 6.66 - 6.52 (m, 1H), 6.47 - 6.36 (m, NI),

5.85 (br d, J= 10.4 Hz, 1H), 5.14 - 4.87 (m, 1H), 4.60 (br dd, J= 4.6, 10.8 Hz, 1H), 4.52 - 4.34 (m, 

3H), 4.19-3.84 (m, 2H), 3.74 (br d, J= 4.8 Hz, 1 H), 3.11 (br t, J= 7.6 Hz, 1H), 3.05 - 2.90 (m, 

1H), 2.87 - 2.64 (m, 2H), 2.55 - 2.47 (m, 3H), 2.36 - 2.23 (m, 1H), 2.14 - 1.99 (m, 1H), 1.94 - 1.57

(m, 4H).

EXAMPLE 61

OMe

/''1¾

2-[(25)-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[[(2X)-l-methylpynOlidin-2-yl]methoxy]pyrido[4,3-

i/]pyrimidin-4-yl]-l-[(E)-4-methoxybut-2-enoyl]piperazin-2-yl]acetonitrile
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Pd(PPh3)4, Cs2CO3 H2, Pd/C, NH34MeOH

MeOH1 15 0C1 -4 hrs 
B

T3P, 4A molecular 
sieve, TEA

N ^

/'..φΐ EA1 O DC, 30 mins

Example 61

[0884] Step A: To a solution of benzyl (2S)-4-[7-chloro-8-fluoro-2-[[(25)-l- methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-ri]pyrimidin-4-yl]-2-(cyanomethyl)piperazine-l-carboxylate (300 mg, 542 

pmol, 1.0 eq), 4,4,5,5-tetramethyl-2-(8-methyl-l-naphthyl)-l,3,2- dioxaborolane (174 mg, 650 

pmol, 1.2 eq) and CS2CO3 (353 mg, 1.08 mmol, 2.0 eq) in dioxane (3.0 mL) and H2O (1.0 mL) was 

added Pd(PPh3)4 (62.6 mg, 54.2 pmol, 0.10 eq) under N2, after stirring at 100 °C for 8 hours under 

N2. The mixture was diluted with ethyl acetate (7.0 mL) and water (8.0 mL) then separated. The 

aqueous phase was extracted with ethyl acetate (2 x 8.0 mL) and the combined organic layers were 

washed with saturated brine (10.0 mL), dried over Na2S04, filtered and concentrated under 

vacuum. The residue was purified by reversed phase flash [water (FA, 0.1%)/acetonitrile]. The 

desired fractions were collected and neutralized with NaHCO3 solid and extracted with ethyl 

acetate (2 x 15.0 mL). The combined organic phase was washed with saturated brine (15.0 mL), 

dried over anhydrous Na2S04, filtered and concentrated under vacuum to give ben xyl (25)-2- 

(cyanomethyl)-4-[8-fluoro-7-(8- methyl-1-naphthyl)-2-[[(2S)-l-methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-i/]pyrimidin-4-yl]piperazine-l-carboxylate (82 mg, 104 pmol, 19% yield, 

84% purity) as a yellow solid. LCMS [ESI, M+l]: 660.

[0885] Step B: 'Fo a solution of benzyl (IS)-I--(cyanomethyl)-4-[8-fluoro-7-(8- methyl-l-naphthyl)- 

2-[[(25)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-<7]pyrimidin-4-yl]piperazine-l-carboxylate 

(82.0 mg, 124 pmol, 1.0 eq) in methanol (6.0 ml.) was added Pd/C (15.0 mg, 10% purity) and 

NH34MeOH (6.0 mL, 20% purity), after stirring at 15 °C under H2 at 15 psi for 4 hours. The 

reaction mixture was filtered through a pad of Celite® and concentrated in vacuum to give 2-((25)-
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4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[[(2S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

<i]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (62.0 mg, crude) as a yellow solid which was used into 

next step without further purification. LCMS [ESI, M+1J: 526.

[0886] Example 61: To a solution of 2-[(2S)-4-[8-fluoro-7-(8-methyl-l-naphthyl)-2-[[(25)-l- 

methylpyrrolidin-2-yl]methoxy]pyrido[4,3-c7]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (62.0 mg, 

crude), (£)-4-methoxybut-2-enoic acid (41.5 mg, 354 pmol), TEA (95.5 mg, 944 pmol, 131 uL) 

and 4A MOLECULAR SIEVE (15 mg) in ethyl acetate (3.0 mL) was added T3P (225 mg, 354 

pmol, 210 pL. 50% purity in EtOAc) at 0 °C, after stirring at O °C for 30 mins. The mixture was 

filtered, diluted with ethyl acetate (8.0 mL) and water (7.0 mL), then separated. The aqueous phase 

was extracted with ethyl acetate (3 χ 8.0 mL) and dried over Na2S04, filtered and concentrated 

under vacuum. The residue was purified by column chromatography (AI2O3, ethyl acetate / 

methanol =T 0/1). The desired fraction was collected and concentrated under vacuum. The residue 

was purified by prep-HPLC (column: Xtimate Cl 8 150*25mm*5pm; mobile phase: [water (0.05% 

ammonia hydroxide v/v) - ACN]; B%: 40% - 70%, IOmin). The desired fraction was collected and 

concentrated under vacuum to remove acetonitrile. The residue was lyophilized to give 2-[(2S)-4- 

[8-fIuoro-7-(8-methyl-l-naphthyl)-2-[[(21S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3- 

<f|pyrimidin-4-yl |-1 -|(Zf)-4-methoxybut-2-enoyl]piperazin-2-yl |acctonitrile (4.28 mg, 10.5 Limol. 

two steps 5.5% yield, 96% purity) as a white solid. LCMS [ESI, M+l]: 624.

[0887] 1HNMR (400 MHz, chloroform-d) δ = 9.15 - 9.05 (m, 1H), 8.06 - 7.95 (m, 1H), 7.87 - 7.79 

(m, HI), 7.59 - 7.37 (m, 4H), 7.07 - 6.98 (m, 1H), 6.61 - 6.50 (m, 1H), 5.16 - 4.78 (m, 1H), 4.74 - 

4.26 (m, 4H), 4.24 - 3.59 (m, 6H), 3.52 - 3.33 (m, 3H), 3.31 - 2.62 (m, 4H), 2.59 - 2.40 (m, 3H),

2.36 - 2.24 (m, 1 H), 2.15 - 2.00 (m, 4H), 1.86 - 1.73 (m, 3H).

EXAMPLE 62

N ^

2-((S)-4-(7-(8-chloronaphthalen-l-yl)-8-fluoro-2-(((2S,4R)-4-methoxy-l-methylpyrrolidin-2-

383



WO 2020/146613 PCT/US2020/012906

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-l-((E)-4-methoxybiit-2-enoyl)piperazin-2-yl)acetonitrile

Boc
1

A.

B.

HCI, dioxane 
CH3CN, 30 min

O

■0 HU

T3P, TEA, 4A MS 
EtOAc, 0-25 0C, 30 min 

23% over two steps Example 62

O

[0888] Step A: To a solution of Iert-butyl (5)-4-(7-(8-chloronaphthalcn-l -y 1)-8-11 uoro-2-(((25',4R)- 

4-mcthoxy-l -mcthy lpyrro hfiin-2-y l)methoxy)py rido|4.3-7] pyrirnidin-4-yl)-2- 

(cyanomethyl)piperazine-l-carboxylate (30 mg, 41.9 pmol, 1,0 equiv) in MeCN (1.5 mL) was 

added HCl (4 M in dioxane, 4.5 mL, 430 equiv) at 25 °C and the mixture was stirred for 30 min. 

Concentration under reduced pressure provided the crude residue. The residue was diluted with 

saturated NaHCOs solution and was extracted with ethyl acetate (2x10 mL). The combined 

organic layer was dried over sodium sulfate, filtered and concentrated under reduced pressure. The 

residue was purified by prep-HPLC ; Xtimate C18 150 * 25mm * 5um, A: [water (0.05% ammonia 

hydroxide v / v)], B: ACN, B%: 32%-62%. The desired fractions were combined and concentrated 

under reduced pressure to remove ACN and then lyophilized to afford 2-((5)-4-(7-(8- 

chloronaphthalen-1 -yl)-8-fluoro-2-(((25,4f?)-4-methoxy-1 -methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-<f]pyrimidin-4-yl)piperazin-2-yl)acetonitrile (4.75 mg, 7.49 pmol, 18% 

yield, 97% purity) was obtained as a white solid. LCMS [ESI, M+1J: 616. Ή NMR (400 MHz, 

CDCl3) δ = 9.01 (s, HI), 8.04-7.99 (m, 1H), 7.89 (d, J = 8.0 Hz, III), 7.65-7.53 (m, 3H), 7.47-

7.40 (m, 1H), 5.29-5.16 (m, 1H), 4.61-4.34 (m, 2H), 4.10-3.97 (m, 211), 3.65-3.47 (m, 1H), 3.45- 

3.31 (m, 3H), 3.29-3.06 (m, 3H), 3.02-2.86 (m, 2H), 2.68-2.57 (m, 2H), 2.57 -2.42 (m, 3H), 

2.23-2.12 (m, 2H), 2.06-1.85 (m, 3H), 1.85-1.73 (m, 3H).

[0889] Example 62: To a solution of2-((5,)-4-(7-(8-chloronaphthalen-l-yl)-8-fluoro-2-(((25,4i?)-4- 

methoxy-l-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-7]pyrimidin-4-yl)piperazin-2-yl)acetonitrile 

(55 mg, 89.3 pmol, 1.0 equiv), 2-fluoroprop-2-enoic acid (24.1 mg, 268 pmol, 3.0 equiv) in ethyl 

acetate (10 mL) was added 4Ά molecular sieve (10 mg) and the mixture was stirred at 25 °C for 10 

min. The mixture was cooled to 0 0C and was added Et3N (81.3 mg, 803 pmol, 112 pL, 9.0 equiv)
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and T3P (227 mg, 357 pmol, 212 μι, 50% purity it EtOAc, 4.0 equiv) and the mixture was stirred 

at O °C for 30 min. The mixture was diluted with water (5 mL) and extracted with ethyl acetate (2 

x 10 mL). The combined organic layer was washed with brine (30 mL), dried over anh Na2SC>4, 

filtered and concentrated under reduced pressure. The residue was purified by prep-HPLC ; Waters 

Xbridge 150 * 50 10 pm; A: [water (0.05% ammonia hydroxide v / v)], B: ACN, B%: 42%-72%, 

over 1 Omin. The desired fractions were concentrated under reduced pressure to remove ACN and 

then were lyophilized to afford 2-((5)-4-(7-(8-chloronaphthalen-l-yl)-8-fluoro-2-(((25,,4i?)-4- 

methoxy-l-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-ii]pyrimidin-4-yl)-l-((£)-4-methoxybut-2-  

enoyl)piperazin-2-yl)acetonitrile (17.6 mg, 24.9 pmol, 28% yield, 98% purity) was obtained as a 

white solid. LCMS [ESI, M+l]: 689. 1HNMR (400 MHz, CDCl3) δ = 9.06 (s, HI), 8.09-7.98 (m, 

1LI), 7.90 (d, J= 8.0 Hz, 1H), 7.67-7.52 (m, 3H), 7.48-7.38 (m, 1H), 5.59-5.38 (m, 1H), 5.34- 

5.17 (m, 2H), 4.98-4.74 (m, 1H), 4.55^1.35 (m, 2H), 4.35-4.14 (m, HI), 4.12-3.90 (m, 3H), 3.89-

3.61 (m, 2H), 3.39 (br t, J = 11.6 Hz, 2H), 3.10-2.80 (m, 4H), 2.60-2.39 (m, 3H), 2.3-2.1 (m, 2H), 

2.02-1.87 (m, 2H), 1.83-1.72 (m, 2H), 1.70-1.61 (m, 211).

EXAMPLE 63

2-((S)-1 -(2-fluoroacryloy l)-4-(7-(8-methy lnaphthalen-1 -y l)-2-(((S)-1 -methylpyrrolidin-2- 

yl)methoxy)-8-(2,2,2-trifluoiOethoxy)pyrido[4,3-d]pyrimidin-4-yl)piperazin-2-yl)acetonitrile
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Cbz

A. H2, Pd/C

B.

HO-V
o

F

Example 63

[0890] Step A: A mixture of benzyl (2S)-2-(cyanomethyl)-4-[7-(8-methyl-l- naphthyl)-2-[[(2.S}-l-

methylpyrro]idin-2-yl]methoxy]-8-(2,2,2-trifluoroethoxy)pyrido[4,3-d]pyrimidm-4-yljpiperazine-

1-carboxylate (50 mg, 67.6 pmol, 1.0 equiv), Pd/C (0.01 g, 10% wt/wt) in NHb (3 mL, 20% in 

MeOH) and methanol (3.0 mL) was stirred at 15 °C for 0.5 hour under Lb (15 psi). The system was 

flushed with nitrogen and was filtered and concentrated under vacuum. The residue was purified 

by prep-HPLC [column: Waters Xbridge 150*50 10 pm; water (0.05% ammonia hydroxide v/v) - 

ACN]; ACN: 27% - 57%, IOmin] to afford 2-[(25)-4-[7-(8-methyl-l-naphthyl)-2-[[(2,S)-l- 

methylpyrrolidin-2-yl]methoxy]-8-(2,2,2-trifluoroethoxy)pyrido[4,3-c/]pyrimidin-4-yl]piperazin-2- 

yl]acetonitrile (15.3 mg, 25.2 umol, 37% yield, 99.6% purity) as a white solid. LCMS [ESI,

M/2+1, M+l]: 304, 606. 1H NMR (400 MHz, chloroform-d): δ 9.01 (s, 1H), 7.95 (d, J = 8.0 Hz, 

1H), 7.80 (d, J= 8.0 Hz, III), 7.51 (t, J= 7.6 Hz, 1H), 7.44 - 7.36 (m, 211), 7.26-7.23 (m, 1H), 

4.73 - 4.59 (m, 2H), 4.58 - 4.45 (m, 2H), 4.45 - 4.30 (m, 2H), 3.62 - 3.46 (m, 1H), 3.35 (m, 1H), 

3.26 - 3.05 (m, 4H), 2.77 - 2.68 (m, 1H), 2.67 - 2.53 (m, 2H), 2.49 (s, 3H), 2.35 - 2.26 (m, 1H),

2.13 - 2.04 (m, 1H), 2.01 (s, 3H), 1.93 - 1.75 (m, 3H).

[0891] Example 63: To a mixture of2-[(25)-4-[7-(8-methyl-l-naphthyl)-2-[[(26T)-l- 

methylpyrrolidin-2-yl]methoxy]-8-(2,2,2-trifluoroethoxy)pyrido[4,3-i7]pyrimidin-4-yl]piperazin-2- 

yljacetonitrile (100 mg, 165 pmol, 1.0 equiv), 2-fluoroprop-2-enoic acid (44.6 mg, 495 pmol, 3.0 

equiv) and DIEA (128 mg, 991 pmol, 173 pL, 6.0 equiv) in dichloromethane (3.0 mL) was added 

HATU (188 mg, 495 pmol, 3 equiv). After stirring at 15 0C for 0.5 h the mixture was diluted with 

water (5.0 mL) and the mixture was extracted with dichloromethane (2 x 5.0 mL). The combined 

organic layer washed with brine (5.0 mL), dried over anh Na2SC>4, filtered and concentrated under 

vacuum. The residue was purified by prep-HPLC [column: Waters Xbridge 150*50 10 pm; water 

(0.05% ammonia hydroxide v/v); ACN: 48%-78%, IOmin] to give 2-[{2S)~ l-(2-fluoroprop-2-
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enoyl)-4-[7-(8-methyl-l -naphthyl)- 2-[[(2<S)-l-methylpyrrolidin-2-yl]methoxy]-8-(2,2,2- 

trifluoroethoxy)pyrido[4,3-J]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (15.7 mg, 22.5 pmol, 14% 

yield, 97.1% purity) as a yellow solid. LCMS [ESI, M/2+1, M+l]: 340, 678. 1H NMR (400MHz, 

chloroform-d) δ = 9.06 (d, J = 3.2 Hz, 1H), 7.96 (d, J= 8.4 Hz, 1H), 7.81 (d, J= 8.4 Hz, 1H), 7.52 

(dt, J= 2.8, 7.6 Hz, 1H), 7.43 - 7.37 (m, 2H), 7.26 - 7.24 (m, 1H), 5.56 - 5.40 (m, 1H), 5.34 - 5.25 

(m, 1H), 4.88 (br s, 1H), 4.69 - 4.22 (m, 7H), 4.04 (m, 1H), 3.76 (m, 2H), 3.15 (br s, 1H), 3.07 -

2.98 (m, 1H), 2.85 (m, 1H), 2.75 (br s, 1H), 2.51 (s, 3H), 2.33 (m, 1H), 2.13 - 2.05 (m, 1H), 2.00 

(d, J= 7.6 Hz, 3H), 1.89 - 1.77 (m, 3H).

[0892] Following the teachings of the General Reaction Schemes and Example 1-63 and using 

intermediates 1-61, A-I to A-10, Bl to B26, Cl to C12 and Dl to D9, El to E29 and Fl to F137, 

Examples 64-211 were prepared and listed in Table 3.

Table 3

Examples 64 to 211

Characterization DataStructure

LCMS [ESI, M+l]: 689

HNMR (400 MHz, CDCl3) δ = 9.06 (s, H I), 8.09

(S)-2-(4-(7-(8-chloronaphthalen-1-yl)-8-
fluoro-2-((1-(tetrahydro-2H-pyran-4-

yl)piperidin-4-yl)oxy)pyrido[4,3-c(]pyrimidin-
4-yl)-1-(2-fluoroacryloyl)piperazin-2-

yl)acetonitrile

1.61 (m, 2H).
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LCMS [ESI, M+l]: 634

H NMR (400 MHz, CDCl3) δ = 9.07 (s, 1H), 8.02

2-((2S)-4-(7-(8-chloronaphthalen-1-yl)-8-
fluoro-2-((4-methylmorpholin-2-

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 660

1H NMR (400 MHz, CDCl3) δ = 9.06 (s, 1H),

66-6.47 (rn, 1H), 5.21-4.95 (m, 3H), 4.75-4.61

2-((2S)-4-(2-((1-(feri-butyl)azetidin-2-
yl)methoxy)-7-(8-chloronaphthalen-1-yl)-8-
fluoropyrido[4,3-d]pyrirmdin-4-yl)-1-((E)-4-
fluorobut-2-enoyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 660

1H NMR (400 MHz, CD3CO2D) δ = 9.66-9.47 (m,

2-((S)-4-(7-(5-chloroisoquinolin-4-yl)-8-fluoro-2-
(((2S.47?)-4-methoxy-1-methylpyrrolidin-2-

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-1-((E)-4-
fluorobut-2-enoyl)piperazin-2-yl)acetonitrile
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LCMS [ESI3M+!]: 592

H NMR (400 MHz, CDCl3) δ = 9.07 (s, 1H), 8.02

(S)-2-(4-(7-(8-chloronaphthalen-1-yl)-2-
(2-(dimethylamino)ethoxy)-8-

fluoropyrido[4,3-d]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 575

H NMR (400 MHz, CDCl3) δ = 9.01 (s, 1 H),

1 -((S)-4-(7-(8-chloronaphthalen-1 -yl)-8- 
fluoro-2-(((S)-1 -methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 
3-methylpiperazin-1 -yt)prop-2-en-1 -one

LCMS [ESI, M+l]: 618

H NMR (400 MHz, CD3CO2D) δ = 9.59-9.47 (m,

(S)-2-(4-(7-(8-chloronaphthalen-1-yl)-8- 
fluoro-2-((1 -methylpiperidin-4- 

yl)oxy)pyrido[4,3- c/]pyrimidin-4-yl)-1 -(2- 
fluoroacryloyl)piperazin-2-yl)acetonitrile
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71

2-((2S)-4-(7-(8-chloronaphthalen-1-yl)-8-fluoro-
2-((1-methylazetidin-2-yl)methoxy)pyrido[4,3-

d]pyrimidin-4-yl)-1-(2-fluoroacryloyl)piperazin-2-
yl)acetonitrile

LCMS [ESI, M+l]: 604

1H NMR (400 MHz, CDCl3) δ = 9.07 (s, 1 H), 8.02 

(del, J = 1.6, 7.6 Hz, 1H), 7.90 (d, J= 8.4 Hz, 1H),

7.65-7.55 (m, 3H), 7.44 (dt, J= 2.0, 7.6 Hz, 1H), 

5.59-5.37 (m, HI), 5.29 (dd, J= 3.6, 16.8 Hz, 1H),

5.08-4.75 (m, 1H), 4.61-4.43 (m, 4H), 4.36-3.92

(m, 2H), 3.89-3.61 (m, 2H), 3.45 (br d, J= 5.6 Hz, 

2H), 3.09-2.96 (m, 1H), 2.94-2.81 (m, 2H), 2.41

(d, J = 1.6 Hz, 3H), 2.20-2.05 (m, 2H)

72
O.

LCMS [LSI, M+l J: 630

1H NMR (400 MHz, CDCl3) δ = 9.07 (s, 1H), 8.02 

(dd, J= 1.6, 8.0 Hz, III), 7.90 (d, J= 8.0 Hz, 1H), 

7.69-7.52 (m, 3H), 7.49-7.39 (m, 1H), 5.60-5.38 

(m, 1H), 5.29 (dd, J= 3.6, 16.8 Hz, 1H), 5.02-4.77

2-((2S)-1-acryloyl-4-(7-(8-chloronaphthalen-1-
yl)-2-((1-cyclopropylazetidin-2-yl)methoxy)-8-
fluoropyrido[4,3-d]pyrimidin-4-yl)piperazin-2-

yl)acetonitrile

(m, I H), 4.65-4.41 (m, 411), 4.35-3.93 (m, 2H), 

3.77 (br d, J= 5.2 Hz, 3H), 3.42 (br t,J = 6.8 Hz, 

1H), 3.16-2.95 (m, 2H), 2.94-2.81 (m, 1H), 2.23- 

2.05 (m, 2H), 1.91 (br d, J= 3.6 Hz, 1H), 0.54-0.28

73 o.

(m, 4H)

LCMS]eSLM+1]: 606

F

2-((S)-4-(7-(8-chloronaphthalen-1-yl)-2-
(((F?)-1-(dimethylamino)propan-2-

yl)oxy)-8-fluoropyrido[4,3-tf]pyrimidin-4-
yl)-1-(2-fluoroacryloyl)piperazin-2-

yl)acetonitrile

1H NMR (400 MHz, CDCl3): δ 9.08-9.05 (m, 1H), 

8.05-7.99 (m, 1H), 7.90 (d, J= 8.4 Hz, 1H), 7.66- 

7.54 (m, 3H), 7.44 (dt, J= 2.8, 7.6 Hz, 1H), 5.68- 

5.57 (m, 1H), 5.57-5.39 (m, IH), 5.35-5.23 (m, 

1H), 4.95-4.75 (m, 1H), 4.54-4.40 (m, 2H), 4.35- 

4.11 (m, 1 H), 4.10-3.91 (m, 1H), 3.91-3.59 (m, 

2H), 3.10-2.96 (m, 1H), 2.94-2.71 (m, 2H), 2.46- 

2.39 (m, IH), 2.34 (br d, J= 4.8 Hz, 6H), 1.46-1.40

(m, 311)
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LCMS [ESI. M+l]: 671

1H NMR (400 MHz, CDCl3): δ 9.00 (s, HI), 8.01

1 -(7-(7-(8-chloronaphthalen-1 -yl)-8- 
fluoro-2-((1-(tetrahydro-2H-pyran-4- 

yl)piperidin-4-yl)oxy)pyrido[4,3- 
c/]pyrimidin-4-yl)-2,7- 

diazaspiro[3.5]nonan-2-yl)prop-2-en-1- 
one

LCMS [ESI, M+l]: 593

H NMR (400 MHz, CDCl3): δ 9.01 (s, 1H), 8.05 -

1 -((S)-4-(7-(8-chloronaphthalen-1 -yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)- 
3-methylpiperazin-1-yl)-2-fluoroprop-2- 

en-1-one

LCMS [ESI, M+l]: 593

H NMR (400 MHz, CDCl3): δ = 9.00 (s, 1H), 8.02

7.62-7.55 (m, 3H), 7.46-7.42 (m, 1H), 5.47-5.34

1 -((/7)-4-(7-(8-chloronaphthalen-1 -yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 
3-methylpiperazin-1-yl)-2-fluoroprop-2- 

en-1-one
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LCMS [ESI, M+l]: 644

H NMR (400 MHz, CDCl3): δ = 9.05 (s, 1H), 8.01

(S)-2-(4-(7-(8-chioronaphthaien-1-yl)-8- 
fluoro-2-((tetrahydro-1 H-pyrrolizin- 

7a(5/-/)-yl)methoxy)pyrido[4,3- 
c/]pynmidin-4-yl)-1 -(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 646

H NMR (400 MHz, CDCl3): δ 9.09 (s, 1H), 8.06 -

2-((S)-4-(7-(8-chloronaphthalen-1- 
yl)-8-fluoro-2-(((S)-1 - 

methylpyrroiidin-2- 
yl)methoxy)pyrido[4,3-c(lpyrimidin-4- 

yl)-1 -((E)-4-methoxybut-2- 
enoyl)piperazin-2-yl)acetonitrile

H NMR (400 MHz, CDCl3): δ

1-((3S)-4-(8-fluoro-7-(5-methyi-1H-
indazol-4-yl)-2-(((S)-1-methylpyrrolidin-2-
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-3-

methylpiperazin-1-yl)prop-2-en-1-one
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LCMS [ESI, M+l]: 53

HNMR (400 MHz, CDCl3): δ 10.35 (brs, I H), 9.15

1 -(4-(8-fluoro-7-(5-methyl-1 H-indazol-4- 
yl)-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4- 
yl)piperazin-1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l J: 568

H NMR (400 MHz, CDCl3): δ 9.01 (s, 1H), 7.34

OH N

2-((2S)-4-(8-fluoro-7-(2-fluoro-6- 
hydroxyphenyl)-2-(((S)-1-methylpyrrolidin- 
2-yl)methoxy)pyrido[4.3-ci]pyrimidin-4-yl)- 

1 -(2-fluoroacryloyl)piperazin-2- 
yl)acetonitrile

LCMS [ESI, M+l]: 640

H NMR (400 MHz, CDCl3): δ 9.06 (s, 111), 8.02

(S)-2-(4-(2-(3-aminophenethoxy)-7-(8-
chloronaphthalen-1-yl)-8-fluoropyrido[4,3-(3]pyrimidin

4-yl)-1-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile
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LCMS [ESI, M+l]: 571

HNMR (400 MHz, CDCI3): δ 10.10 (br s, I H), 9.11

1-(7-(8-fluoro-7-(5-methyl-1 H-indazol-4- 
yl)-2-(((S)-1 -methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 
2,7-diazaspiro[3.5]nonan-2-yl)prop-2-en- 

1-one

LCMS [ESI, M+l]: 588

H NMR (400 MHz, CDCl3): 8 9.14 (s, 1H), 8.08 (s,

2-((S)-4-(8-fluoro-7-(1 -methyl-1 H-indazol- 
7-yl)-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyndo[4,3-d]pyrimidin-4-yl)-1- 
(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

(m, 3H)
LCMS [ESI, M+l]: 601

H NMR (400 MHz, CDCl3): δ 9.03 - 8.98 (m, 1 H),

6.42 - 6.35 (m, 1H), 6.28 - 6.19 (m, 1H), 5.72 (dd,J

(S)-1-(7-(7-(8-chloronaphthalen-1-yl)-8-
fluoro-2-((1-methylpyrrolidin-2-

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-2,7-
diazaspiro[3.5]nonan-2-yl)prop-2-en-1-one
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LCMS [ESI, M+l]: 616

H NMR (400 MHz, CDCl3): δ 9.09 (d, J = 2.4 Hz,

6.4 Hz,

2-((S)-4-(8-fluoro-7-(7-fluoro-8- 
methylnaphthalen-1 -yl)-2-((( S)-1 - 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 
d]pyrimidin-4-yl)-1-(2-fluoroacryloyl)piperazin- 

2-yl)acetonitrile

Method C

LCMS [ESI, M+l]: 552

H NMR (400 MHz, CDCl3): δ 9.10 (s, 1H), 7.69

2-((S)-4-(8-fluoro-7-(2-fluorophenyl)-2-(((S)-1-
methylpyrrolidin-2-yl)methoxy)pyrido[4,3-

d]pyrimidin-4-yl)-1-(2-fluoroacryloyl)piperazin-
2-yl)acetonitrile
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LCMS [ESI, M+l]: 645

1H NMR (400 MHz, CDCl3): δ 9.39 (s, 1H), 9.10 (s,

2-((S)-4-(7-(5-chloroisoquinolin-4- 
yl)-8-fluoro-2-(((S)-1- 
methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4- 
yl)-1 -((E)-4-methoxybut-2- 

enoyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 649

H NMR (400 MHz, CDCl3): 6 9.39 (s, 1H), 9.09

2-((S)-4-(7-(5-chloroisoquinoIin-4-yl)-8-
fluoro-2-(((2S,4R)-4-methoxy-1-

methylpyrrolidin-2-yl)methoxy)pyrido[4,3-
c/]pyrimidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [E

'H NMR (400 MHz, CDCl3): δ 9.39 (s, 1H), 9.10 (s,

2-((S)-4-(7-(5-chloroisoquinolin-4-yl)-8-
fluoro-2-(((S)-1-methylpyrrolidin-2-

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-1-
((£)-4-fluorobut-2-enoyl)piperazin-2-

yl)acetonitrile

396



WO 2020/146613 PCT/US2020/012906

LCMS [ESI, M+l]: 603

H NMR (400 MHz, CDCl3): δ 8.83 (d, J = 1.2 Hz,

(S)-2-(4-(7-(8-chloronaphthalen-1-yl)-2-(3-
(dimethylamino)azetidin-1-yl)-8-

fluoropyrido[4,3-d]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 636

H NMR (400 MHz, CDCl3): δ 9.06 (s, 1H), 8.04 -

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-
1- yl)-8-fluoro-2-(((S)-1-methylpyrrolidin-
2- yl)methoxy)pyrido[4,3-c(]pyrimidin-4- 

yl)-1-(2-fluoroacryloyl)piperazin-2-
yl)acetonitrile

LCMS [ESI, M+l]: 562

1H NMR (400 MHz, CDCl3): δ 9.39 (s, 1H), 9.08 (s,

(S)-1-(4-(7-(5-chloroisoquinolin-4-yl)-8- 
fluoro-2-((1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4- 
yl)piperazin-1 -yi)prop-2-en-1 -one

1.93 - 1.74 (m, 3H)

397
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LCMS [ESI, M+l]: 562

H NMR (400 MHz, CDCl3): δ 9.39 (s, 1H), 9.08 (s,

1-(4-(7-(1,6-dimethyl-1 H-indazol-7-yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4- 
yl)piperazin-1-yl)prop-2-en-1-one

1.93 - 1.74 (m, 3H)
LCMS [ESI, M+l]: 600

HNMR (400 MHz, CDCl3): δ 8.92 (s, HI), 7.73 -

2-((S)-4-(8-fluoro-7-(3-
hydroxynaphthalen-1-yl)-2-(((S)-1-

methylpyrrolidin-2-
yl)methoxy)pyrido[4,3-c(]pyrimidin-4-yl)-

1-(2-fluoroacryloyl)piperazin-2-
yl)acetonitrile

LCMS [ESI, M+l]: 576

H NMR (400 MHz, CDCl3): δ 9.39 (s, 1H), 9.03 (s,

1-((S)-4-(7-(5-chloroisoquinolin-4-yl)-8- 
ffuoro-2-(((S)-1 -methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 
3-methylpiperazin-1 -yl)prop-2-en-1 -one

2.35 - 2.25 (m, 111),2.13-2.00 (m, HI), 1.89- 1.72

398
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LCMS [ESI, M+l]: 643

I I NMR (400 MHz, CD3CN): δ 8.88 (d, J= 5.2 Hz,

(S)-2-(4-(7-(8-chloronaphihalen-1-yl)-2-((1-
cyclopropylpiperidin-4-yl)amino)-8-

fluoropyrido[4,3-c/]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 574

'H NMR (400 MHz, CDCl3): δ 9.37 (s, 1H), 9.14 -

1-(5-(7-(5-chloroisoquinolin-4-yl)- 
8-fluoro-2-(((S)-1- 
methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3- d]pyrimidin- 
4-y 1)-2,5-

diazabicyclo[2.2.1]heptan-2-
yl)prop-2-en-1-one

LCMS [ESI, M+l]: 602

I I NMR (400 MHz, CDCl3): δ 9.17 (d, J= 2.0 Hz,

2-{(2S)-4-(7-(1,6-dimethyM W-indazol-7- 
yl)-8-fluoro-2-((( S)-1 -methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 

1-(2-fluoroacryloyl)piperazin-2- 
yl)acetonitrile

399
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LCMS [ESI, M+l]: 509

1H NMR (400 MHz, CDCl3): δ 9.03 (s, 1H), 7.72 -

1-((S)-4-(8-fluoro-7-(2-fluorophenyl)-2- 
(((S)-1 -methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)- 
3-methylpiperazin-1-yl)prop-2-en-1-one

LCMS [ESI, M+l]: 646

H NMR (400 MHz, CDCl3): δ 9.03 (s, 1H), 7.68-

(S)-2-(4-(8-fluoro-7-(3-fluoro-2-
(trifluoromethyl)phenyl)-2-

((tetrahydro-1H-pyrrolizin-7a(5H)-
yl)methoxy)pyrido[4,3-d]pyrimidin-
4-yl)-1-(2-fluoroacryloyl)piperazin-

2-yl)acetonitrile

H NMR (400 MHz, CDCl3): δ 9.04 (s, 1H), 8.00

1-(4-(7-(8-chloro-/- 
fiuoronaphthalen-1-yl)-8-fluoro-2- 
((tetrahydro-1H-pyrrolizin-7a(5/7)-· 
y!)meihoxy)pyrido[4,3-c/]pyrimidin- 

4-yl)piperazin-1 -yl)prop-2-en-1 - 
one

400
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LCMS [ESI, M+l]: 527

H NMR (400 MHz, CDCl3): δ 9.08 (s, 1 H), 7.57 (d,

(S)-1 -(4-(7-(6-am ino-3-ch loropyridin-2- 
yl)-8-fluoro-2-((1-methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-cf]pyrimidin-4- 

yl)piperazin-1-yl)prop-2-en-1-one

LCMS [ESI, M+l]: 635

1HNMR (400 MHz, CDCl3): δ 9.10 (s, 1H), 8.05 -

(S)-2-(4-(7-(8-chloro-7-fluoronaphthalen-
1-yl)-8-fluoro-2-(3,3,3-

trifluoropropoxyJpyrido^.S-dlpyrimidin^-
yl)-1-(2-fluoroacryloyl)piperazin-2-

yl)acetonitrile

1H NMR (400 MHz, CDCl3): δ 9.38 (s, 1H), 9.23 (s,

1 -(5-(7-(5-chloroisoquinolin- 
4-yl)-8-fluoro-2-(((S)-1- 

methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3- 

odpyrimidin-4- 
yl)hexahydropyrrolo[3,4- 

c]pyrrol-2( 1 H)-yl) prop-2-en- 
1-one

401
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LCMS [ESI, M+l]: 505

II NMR (400 MHz, CDCl3): δ 9.21 (s, 1H), 8.92

(S)-2-(4-(7-(8-chloronaphthalen-1-yl)-
8-fluoropyrido[4,3-d]pyrimidin-4-yl)-1-

(2-fluoroacryloyl)piperazin-2-
yl)acetonitrile

LCMS [ESI, M+l]: 600

H NMR (400 MHz, CDCl3): δ 9.17 (s, 1H), 7.63 (d,

2-((S)-4-(7-(3-aminoisoquinolin-1-yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 
1 -(2-fluoroacryloyl)piperazin-2- 

yl)acetonitrile

H NMR (400 MHz, CDCl3): δ 9.16 (s, 1H), 8.87 (s,

(S)-2-(1-acryloyl-4-(7-(8-
chloronaphthalen-1-yl)-8-

fluoropyrido[4,3-d]pyrimidin-4-
yl)piperazin-2-yl)acetonitrile

402
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LCMS [ESI, M+l]: 505

1H NMR (400 MHz, CDCl3): δ 9.22 (s, 1H), 8.92 (s,

(S)-2-(1-acryloyl-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3-d]pyrimidin-4- 
yl)piperazin-2-yl)acetonitrile

OMe LCMS [ESI, M+l]: 549

1HNMR (400 MHz, CDCl3): 5 9.22 (s, 1H), 8.92 (s,

(S,£)-2-(4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3-d]pyrimidin-4-yl)-1-(4- 
methoxybut-2-enoyl)piperazin-2- 

yl)acetonitrile 2.85-2.70 (m, 1H)

LCMS [ESI, M+l]: 485

H NMR (400 MHz, CDCl3): δ 9.23 (s, 1H), 8.93 (s,

(S)-2-(4-(8-fluoro-7-(8- 
methylnaphthalen-1 - 

yl)pyrido[4,3-c(]pyrimidin-4- 
yl)-1 -(2-

fluoroacryloyl)piperazin-2-
yl)acetonitrile 1.62 (br s, 1H)

403
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LCMS [ESI, M+l]: 537

H NMR (400 MHz, CDCl3): 5 9.22 (s, 1H), 8.92 (s,

(S,£)-2-{4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-8-

fluoropyrido[4,3-cf|pyrimidin-4-yl)-1-(4-
fluorobut-2-enoyl)piperazin-2-

yl)acetonitrile

LCMS [ESI, M+l]: 666

1H NMR (400 MHz, CDCl3): δ L98 - 2.13 (m, 2 H)

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((2 S,4R)-4-methoxy-1 - 

methylpyrroiidin-2-yl)methoxy)pyrido[4,3- 
d]pyrimidin-4-yl)-1 -(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+11: 662

II NMR (400 MHz, CDCl3): δ 9.05 (s, 1H), 8.00

(S)-2-(4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 
((tetrahydro-1 /-/-pyrrolizin-7a(5H)- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)- 
1-(2-fluoroacryloyl)piperazin-2- 

yl)acetonitrile

404



WO 2020/146613 PCT/US2020/012906

LCMS [ESI, M+l]: 555

HNMR (400 MHz, CDCl3): δ 9.21 (br s, 1H), 8.91

(S,£)-2-(4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-8-

fluoropyrido[4,3-d]pyrimidin-4-yl)-1-
(4,4-difluorobut-2-enoyl)piperazin-2-

yl)acetonitrile

LCMS [ESI, M+l]: 682

H NMR (400 MHz, CDCl3): δ 9.06 (d, J= 1.2 Hz,

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-8-fluoro-2-(((2S,4R)-4-fluoro-1-

isopropylpyrrolidin-2-
yl)methoxy)pyrido[4,3-c/lpyrimidin-4-yl)-1-
(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l J: 694

H NMR (400 MHz, CDCl3): δ 9.05-9.04 (m, 1H),

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((2 S,4R)-1 -isopropyl-4- 

methoxypyrrolidin-2-yl)methoxy)pyrido[4,3- 
d]pyrimidin-4-yl)-1-(2- 

fluoroacry!oyl)piperazin-2-yl)acetonitrile

405
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LCMS [ESI, M+l]: 700

H NMR (400 MHz, CDCl3): δ 9.07 (s, 1H), 8.04-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-2-(((S)-4,4-difluoro-1-

isopropylpyrrolidin-2-yl)methoxy)-8-
fluoropyrido[4,3-d]pyrimidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 593

H NMR (400 MHz, CDCl3): 6 9.01 (s, 1H), 8.03-

1-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-3- 
methylpiperazin-1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 660

H NMR (400 MHz, CDCl3): δ 9.10 (s, HI), 8.05-

(S)-W-(2-((7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-4-(3- 

(cyanomethyl)-4-(2- 
fluoroacryloyl)piperazin-1 -yl)-8- 
fluoropyndo[4,3-c/]pyrimidin-2- 

yl)oxy)ethyl)methanesulfonamide
3.09-2.96 (m, 4H), 2.93-2.79 (m, 1H)

406



WO 2020/146613 PCT/US2020/012906

LCMS [ESI, M+l]: 664

H NMR (400 MHz, CDCl3): δ 8.86-8.70 (m, 1H),

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((S)-14sopropylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-y I)-1 - 
(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 519

H NMR (400 MHz, CDCl3): δ 9.15 (d, J = 2.8 Hz,

(S)-2-(1-acryloyl-4-(7-(8-
chloro-7-fluoronaphthalen-

1- yl)-8-fluoro-2- 
methylpyrido[4,3-

d]pyrimidin-4-yl)piperazin-
2- yl)acetonitrile

LCMS [ESI, M+l]: 480

H NMR (400 MHz, CDCl3): δ 9.17-9.12 (m, 1H),

(S)-1-(4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8- 

fluoropyrido[4,3- 
d]pyrimidin-4-yl)-3- 

methylpiperazin-1 -yl)prop- 
2-en-1-one

407
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LCMS [ESI, M+l]: 619

H NMR (400 MHz, CDCl3): δ 9.09 (s, 1H), 8.08-

(S)-2-(4-(2-((1 H-pyrazol-5- 
yl)methoxy)-7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3- 
dJpyrimidin-4-yl)-1 -(2- 

fluoroacryloyl)piperazin-2- 
yl)acetonitrile

LCMS [ESI, M+l]: 646

H NMR (400 MHz, CDCl3): δ 9.06 (s, 1H), 8.07-

2-((S)-4-(7-(8-chloronaphthalen-1-yl)-8-
fluoro-2-(((S)-1-isopropylpyrrolidin-2-

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-1-
(2-fluoroacryloyl)piperazin-2-yI)acetonitrile

LCMS [ESI, M+l]: 654

'H NMR (400 MHz, CDCl3): δ 9.07 (s, 1H), 8.03-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-8-fluoro-2-(((2S,4/?)-4-fluoro-1-

methylpyrrolidin-2-yl)methoxy)pyrido[4,3-
cf]pyrimidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitrile

2.15-1.95 (m, 1H)

408
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LCMS [ESI, M+l]: 622

H NMR (400 MHz, CDCl3): δ 9.10 (s, HI), 8.05-

(S)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-
8-fluoro-2-((1-methylazetidin-3-

yl)rnethoxy)pyrido[4,3-c/]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

2.66 (br s, 311)
LCMS [ESI, M+l]: 650

H NMR (400 MHz, CDCl3): δ 9.10 (s, 1H), 8.05-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-2-(((S)-1-ethylpyrrolidin-2-yl)methoxy)-
8-fluoropyrido[4,3-d]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 678

1H NMR (400 MHz, CDCl3): δ 9.07 (s, HI), 8.05-

2-((S)-4-(2-(3-((1S,4S)-2-oxa-5-
azabicyclo[2.2.1]heptan-5-yl)propoxy)-7-

(8-chloro-7-fluoronaphthalen-1-yl)-8-
fluoropyrido[4,3-d]pyrimidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitrile

409
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LCMS [ESI, M+l]: 650

H NMR (400 MHz, CDCl3): δ 9.06 (s, 1 H), 8.01 (br

2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-
1-yl)-8-fluoro-2-((1-isopropylazetidin-2-

yl)methoxy)pyrido[4,3-cf]pyrimidin-4-yl)-1-
(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 492

H NMR (400 MHz, CDCl3): δ 9.11 (s, 1H), 8.87-

1 -((1 R,5S)-3-(7-(8-chloro-7- 
1luoronaphthalen-1 -yl)-8- 

fluoropyrido[4,3- 
d]pyrimidin-4-yl)-3,8- 

diazabicyclo[3.2.1 ]octan-8- 
yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 647

H NMR (400 MHz, CDCl3): δ 9.07 (s, 1H), 8.06-

(S)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(2-(1 -methyl-1 /-/-imidazol-2- 
yl)ethoxy)pyrido[4,3-c/]pyrimidin-4-yl)-1-(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

410
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LCMS [ESI, M+l]: 480

H NMR (400 MHz, CDCl3) δ 9.18-9.11 (m, 1H),

(f?)-1-(4-(7-(8-chloro-7-fluoronaphthalen- 
1-yl)-8-fluoropyrido[4,3-d]pyrimidin-4-yl)-3- 
methy lpiperazin-1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 466

H NMR (400 MHz, CDCl3) δ 9.18-9.11 (m, 1H),

1 -(4-(7-(8-chloro-7-fluoronaphthalen-1 -yl)-
8-fluoropyrido[4,3-d]pyrimidin-4-
yl)piperazin-1-yl)prop-2-en-1-one

LCMS [ESI, M+l]: 491

H NMR (400 MHz, CDCl3) δ 9.31 (d, J= 10.4 Hz,

1 -acryloyl-4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3-
o'|pyrimidin-4~yl)piperazine~2-carbonitrile

H NMR (400 MHz, CDCl3) δ 9.09 (s, J H), 8.01 (br

6.55 (m, 1 H), 6.50-6.38 (m, 1H), 5.87 (brd, J= 10.4
(S)-2-(1-acryloyl-4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-8-fluoro-2-
methoxypyrido[4,3-c/]pyrimidin-4-

yl)piperazin-2-yl)acetonilrile

411
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LCMS [ESI, M+l]: 448

H NMR (400 MHz, CDCl3) δ 9.19 (s, 1H), 8.89 (s,

1-(4-(7-( 8-chloronaphthalen-1-y!)-8- 
fluoropyrido[4,3-c0pyrimidin-4-yl)piperazin- 
1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 492

1HNMR (400 MHz, CDCl3) δ 9.04 (s, 1H), 8.81 (d,

1 -(2-(7-(8-chloro-7-fluoronaphthalen-1 -yl)- 
8-fluoropyrido[4,3-d]pyrimidin-4-yl)-2,6- 

diazaspiro[3.4]octan-6-yl)prop-2-en-1~one

LCMS [ESI, M+l]: 636

H NMR (400 MHz, CDCl3) δ 9.12 (d, J = 3.2 Hz,

2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-
1-yl)-2-((1-ethylazetidin-2-yl)methoxy)-8-
fluoropyrido[4,3-dlpyrimidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitrile

412
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LCMS [ESI, M+l]: 676

H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 8.02-

2-((S)-4-(7-(8-chloro-7-fluoronaphihalen-1-
yl)-2-(((S)-1-cyclobutylpyrrolidin-2-

yl)methoxy)-8-fluoropyrido[4,3-c(]pyrimidin-
4-yl)-1-(2-fluoroacryloyl)piperazin-2-

yl)acetonitrile

LCMS [ESI, M+l]: 593

HNMR (400 MHz, CDCl3) δ 9.07 (d, J= 4.4 Hz,

1-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fjuoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-c/]pyrimidin-4-y])-2- 
methylpiperazin-1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 669

H NMR (400 MHz, CDCl3) δ 9.77 (br s, 1 H), 9.13

(S)-2-(4-(2-(( 1 /-/-pyrrolo[3,2-i)]pyridin-2-yl}methoxy)-7-(8- 
chloro-7-fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 

d]pyrimidin-4-yl)-1-(2-fluoroacryloyl)piperazin-2- 
yl)acetonitrile

413
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LCMS [ESI, M+l]: 662

H NMR (400 MHz, CDCl3) δ 9.12-9.00 (m, 1H),

N O7Wi

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-fluora- 
2-(((1 S,3R,4/?)-2-methyl-2-azabicyclo[2.2.1]heptan-3- 

yl)methoxy)pyrido[4,3-c(|pyrimidin-4-yl)-1-(2-  
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 678

H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 8.04-

2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-fluoro-2 
((tetrahydro-17/-pyrroio[2,1-c][1,4]oxazin-8a(6H)- 

yl)methoxy)pyπdo[4,3-cflpyrimidin-4-yl)-1-(2- 
fluoroacryloyl)piperazin-2-yl)acetonitrile

M+l]: 680LCMS

'H NMR (400 MHz, CDCl3) δ 9.18 (s, 1H), 8.34-

2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-
fluoro-2-(((2R)-2-fluorotetrahydro-1H-pyrrolizin-

7a(5H)-yl)methoxy)pyrido[4,3-c/|pynmidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

414
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H NMR (400 MHz, CDCl3) δ 9.27 (d, J= 10.4 Hz,

1-((2S,6S)-4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3-
d]pyrimidin-4-yl)-2,6-dimethylpiperazin-1-

yl)prop-2-en-1-one

LCMS [ESI, M+l]: 652

H NMR (400 MHz, CDCl3) 5 9.06 (s, 1H), 8.02-

2-((S)-4-(7-(7,8-dichloronaphthalen-1-yl)-8-fluoro-2-
(((S)-1-rnethylpyrrolidin-2-yl)methoxy)pyrido[4,3-
a]pyrimidin-4-yl)-1-(2-fluoroacryloyl)piperazin-2-

yl)acetonitrile

LCMS [ESI, M+l]: 494

H NMR (400 MHz, CDCl3) δ 9.32 (d,J= 1.2 Hz,

1-((3S,5S)-4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3-
d]pyrimidin-4-yl)-3,5-dimethylpiperazin-1-

yl)prop-2-en-1-one

415
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LCMS [ESI, M+l]: 494

H NMR (400 MHz, CDCl3) 6 9.23 (s, 1H), 8.86 (s,

1-((3R5S)-4-(7-(8-chloro-7-
fluoranaphthalen-1-yl)-8-fluoropyrido[4,3-
d]pyrimidin-4-yl)-3,5-dimethylpiperazin-1-

yl)prop-2-en-1-one

LCMS [ESI, M+l]: 505

H NMR (400 MHz, CDCl3) δ 9.21 (s, 1H), 8.97 (d,

2-(4-acryioyi-1-(7-(8-cnioro-7-
fiuoronaphthaien-1-yl)-8-fluoropyrido[4,3-
cflpyrirnidin-4-yl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 609

H NMR (400 MHz, CDCl3) δ 9.09 (s, 1H), 8.06-

(S)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-
fluoro-2-(oxetan-3-ylmethoxy)pyrido[4,3-d]pyrimidin-

4-yl)-1-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

416
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LCMS [ESI, M+l]: 593

H NMR (400 MHz, CDCl3) δ 9.07 (d, J = 4.4 Hz,

1-((R)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)-2- 
methylpiperazin-1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 462

H NMR (400 MHz, CDCl3) 5 9.13 (s, 1H), 8.02 (dd,

1 -(4-(7-(8-chloronaphthalen-1 -yl)-8- 
fluoro-2-methylpyrido[4,3-d]pyrimidin-4- 

yl)piperazin-1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 623

H NMR (400 MHz, CDCl3) 5 9.08 (s, 1H), 8.06-

(S)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-
fluoro-2-((3-methyloxetan-3-yl)methoxy)pyrido[4,3-

c/]pyrimidin-4-yl)-1-(2-fluoroacryloyl)piperazin-2-
yl)acetonitrile
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LCMS [ESI, M+l]: 593

1H NMR (400 MHz, CDCl3) δ 9.01 (s, 1H), 8.03-

1 -((R)-4-(7-(8-chloro-7-fluoronaphthalen-1 -yl)-8- 
fluoro-2-(((S)-1-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-cflpyrimidin-4-yl)-3- 
methylpiperazin-1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 609

H NMR (400 MHz, CDCl3) δ 9.07 (s, HI), 8.08-

2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8- 
fluoro-2-(oxetan-2-ylmethoxy)pyrido[4,3-cflpyrimidin- 

4-yl)-1-(2-fluoroacryloyl)piperazin-2-yl)acelonitrile

LCMS [ESI, M+l]: 620

1H NMR (400 MHz, CDCl3) δ 9.

2-((S)-4-(7-(7,8-difluoronaphthalen-1-yl)-8-fluoro-2-
(((S)-1-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-
<flpyrimidin-4-yl)-1-(2-fluoroacryloyl)piperazin-2-

yl)acetonitrile
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LCMS [ESI, M+l]: 652

H NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 8.04-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-
fluoro-2-(((R)-4-methylmorpholin-2-

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 478

H NMR (400 MHz, CDCl3) δ 9.04 (s, 1H), 8.82 (s,

1 -(6-(7-(8-chloro-7-fluoronaphthalen-1 -yl)-
8-fluoropyrido[4,3-cTJpynmidin-4-yl)-216-
diazaspiro[3.3]heptan-2-yl)prop-2-en-1-

LCMS [ESI, M+l]: 494

H NMR (400 MHz, CDCl3) δ 9.27 (d, J= 10.4 Hz,

1-((2S,6S)-4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3-
c/]pyrimidin-4-yl)-2,6-dimethylpiperazin-1-

yl)prop-2-en-1-one

LCMS [ESI, M+l]: 636

H NMR (400 MHz, CDCl3) δ 9.13-9.07 (m, 1H),

2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-2- 
((1 ;2-dimethylazetidin-2-yl)methoxy)-8- 
fluoropyrido[4,3-ci]pyrimidin-4-yt)-1-(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

419
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162

νεΎ)
N

P?0

OH

(o)-2-(4-(8-fiuoro-7-(3-nydroxynaphthaien-1-
yl)pyrido[4,3-c(]pynmidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 487

1H NMR (400 MHz, CDCl3) δ 9.24 (s, 1H), 8.94 (s,

1H), 7.74 (d, J= 8.4 Hz, 1H), 7.66 (br d, J= 8.4 Hz,

HI), 7.47-7.41 (m, 1H), 7.31-7.28 (m, 2H), 7.25 (br

s, 1H), 5.56-5.36(171, 1H), 5.28 (dd, J=3.o, 16.8 Hz,

1H), 4.89-4.71 (m, 1H), 4.57-4.34 (m, 2H), 4.22-

3.37 (m, 4H), 3.04-2.90 (m, 1H), 2.85-2.68 (m, 1H)

163 V
fscYh)

F ^ FT
P -Cl ^ P

k6VH^p

1 -(4-(7-(8-chloro-7-fluoronaphthalen-1 -yl)-8-fluoro-2- 
(((S)-1-methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 
c(lpyrimidin-4-yl)-2-(trifliioromethyl)piperazin-1- 

yl)prop-2-en-1-one

LCMS [ESI, M+l]: 647

1H NMR (400 MHz, CDCl3) 5 9.04 (d, J= 10.4 Hz,

1H), 8.04-7.97 (m, 1H), 7.90 (dd, J = 5.6, 8.8 Hz,

1H), 7.69-7.56 (m, 2H), 7.46-7.36 (m, 1H), 6.72-

6.52(171, 1 H), 6.51-6.37(m, 1H), 5.95-5.80 (m, 1H),

5.62-5.44 (m, 1H), 4.94-4.70 (m, 1H), 4.66-4.50 (m,

2H), 4.48-4.35 (m, 1H), 4.16-3.27 (m, 4H), 3.23-

3.11 (m, 1 H), 2.80-2.68 (m, 1H), 2.50 (s, 3H), 2.36-

2.26 (m, 1H), 2.15-1.98 (m, 1 H), 1.94-1.76 (m, 3H)

164 V
FH2C N

F ^lP

P, ,Cl P
if V N Tf N

Pyj f N-/

1-(4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-fluoro-2-
(((S)-1-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-

d]pyrimidin-4-yl)-2-(fluoromethyl)piperazin-1-yl)prop-
2-en-1-one

LCMS [ESI, M+l]: 611

1H NMR (400 MHz, CDCl3) δ 9.23-9.00 (m, 1H),

8.08-7.97 (m, 1H), 7.90 (dd, J= 9.2, 5.6 Hz, 1H),

7.71-7.56 (m, 2H), 7.40 (t, J= 8.8 Hz, 1H), 6.62 (br

dd, J= 16.0, 10.8 Hz, 1H), 6.41 (br d, J= 16.8 Hz,

1H), 5.83 (br d, J= 10.4 Hz, 1H), 5.35-4.35 (m, 8H),

4.19-3.33 (m, 6H), 2.91 (br s, 3H), 2.87-2.75 (m,

1H), 2.35-2.18 (m, 3H)
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LCMS [ESI, M+l]:629

H NMR (400 MHz, CDCl3) δ 9.16-9.00 (m, 1H),

1-(4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-ftuoro-2-
(((S)-1-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-
cf]pyrimidin-4-yl)-2-(difluoromethyl)piperazin-1-

yl)prop-2-en-1-one

LCMS [ESI, M+l]: 654

H NMR (400 MHz, CDCl3) δ 9.07 (s, 1 H) 8.06-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-8-fluoro-2-(((2S,4S)-4-fluoro-1-

methylpyrrolidin-2-yl)methoxy)pyrido[4,3-
d]pyrimidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 654

H NMR (400 MHz, CDCl3) δ 9.07 (s, 1 H) 8.12-

2-((S)-4-(7-(8-chloro-7-fluoronaphthaleiv1~
yl)-8-f]uoro-2-(((2R,47?)-4-fluoro-1-

methylpyrrolidin-2-yl)methoxy)pyridof4,3-
d]pyrimidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitri!e

421



WO 2020/146613 PCT/US2020/012906

LCMS [ESI, M+l]: 654

H NMR (400 MHz, CDCl3) δ 9.08 (s, 1H), 8.08-

2-i (S)-4-(7-(8-chloro-7-f!uoronaphtha!en-1 
" yi)-8-fIuoro-2-(((2 S.3R)-3-fluoro-1 - 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 
cfJpyrimidin-4-yl)-1-(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

H NMR (400 MHz, CDCl3) δ 9.07 (s, 1 H), 8.07-

2-((S)-4-(7-(8-ch!oro-7-fluoronaphtha!en-1-
yl)-8-fluoro-2-(((R)-1-methylpyrroiidin-3-

yl)methoxy)pyrido[4,3-c0pyrimidin-4-yl)-1-
(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

H NMR (400 MHz, CDCl3) δ 8.83 (s, I H) 7.97 (br

(S)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-2-(3-
(dimethylamino)azetidin-1-yl)-8-fluoropyrido[4,3-
c(]pynnnidin-4-yl)-1-(2-fluoroacryloyl)piperazin-2-

yi)acetonitrile

422



WO 2020/146613 PCT/US2020/012906

LCMS [ESI, M+l]: 579

H NMR (400 MHz, CDCI3) δ 9.17-9.09 (m, 1 H)

(S)-1-(4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-((1 -methylpyrrolidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4- 

yl)piperazin-1-yl)prop-2-en-1-one

LCMS [ESI, M+l]: 636

H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 8.07-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-2-(((R)-1-ethylazetidin-2-yl)methoxy)-8-

fluoropyrido[4,3-d]pynmidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 636

H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 8.03-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
y!)-2-(((S)-1-ethy!azetidin-2-y!)methoxy)-8- 

fluoropyrido[4,3-djpyrimidin-4-yl)-1 -(2- 
fluoroacryloyl)piperazin-2-yl)acetonitrile
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LCMS [ESI, M+l]: 662

H NMR (400 MHz, CDCl3) δ 9.07 (s, IH), 8.04-

2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-
fluoro-2-((hexahydro-1H-pyrrolizin-3-

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 478

H NMR (400 MHz, CDCl3) 5 9.04 (s, 1H), 8.88-

1-((1 R,5R)-6-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 

d]pyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptan-2-yl)prop-2-en- 

1-one 2.12 (m, HI)

LCMS [ESI, M+l]: 654

H NMR (400 MHz, CDCl3) 5 9.08 (s, 1H), 8.08-

2-((.S)-4-(7-(8-chloro-7-fluoronaphthalen-1 - 
yl)-8-fluoro-2-(((2R,3S)-3-fluoro-1- 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 
d]pynmidin-4-yl)-1-(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile
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LCMS [ESI, M+l]: 654

H NMR (400 MHz, CDCI3) δ 9.08 (s, 1H), 8.05-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((2S,3S)-3-fluoro-1- 

methylpyrroiidin-2-yl)methoxy)pyrido[4,3- 
d]pyrimidin-4-yl)-1 -(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 464

H NMR (400 MHz, DMSO-afc) δ 10.27 (br s, 1H),

1 -(4-(7-(8-chloro-3-hydroxynaphthalen-1 - 
yl)-8-fluoropyrido[4,3-odpyrimidin-4- 
yl)piperazin-1 -yl)prop-2-en-1 -one

1st eluting isomer by chiral SFC

LCMS [ESI, M+l]: 672

H NMR (400 MHz, DMSWi) δ 9.08 (s, 1H),

2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-2-
((4,4-difluoro-1-methylpyrrolidin-3-yl)methoxy)-8-

fluoropyrido[4,3-d]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

425
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2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-2-
((4,4-difluoro-1-rnethylpyrrolidin-3-y!)methoxy)-8-

fluoropyrido[4,3-cdpyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

2nd eluting isomer by chiral SFC 

LCMS [ESI, M+l]: 672

1H NMR (400 MHz, DMSOrZ6) δ 9.08 (s, 111), 

8.04-7.98 (m, 1H), 7.90 (dd, J = 5.6, 9.2 Hz, 1H), 

7.66-7.57 (m, 2 H), 7.40 (td, J= 2.0, 8.8 Hz, 1H), 

5.44-5.37 (m, 1H), 5.29 (dd, J = 3.2, 16.8 Hz, 1H), 

4.98-4.72 (m, 2H), 4.62-4.40 (m, 3H), 4.36-3.94 (m, 

2H), 3.93-3.62 (m, 2H), 3.26-2.97 (m, 4H), 2.96-

181

2.78 (m, 2H), 2.69-2.62 (m, HI), 2.39 (s, 3H) 

LCMS [ESI, M+l]: 680
F

1H NMR (400 MHz, CDCl3): δ 9.06 (s, 1H), 8.03- 

7.97 (m, 1 H), 7.93-7.86 (m, 111), 7.65-7.56 (m, 211), 

7.44-7.36 (m, 1H), 5.57-5.23 (m, 3H), 4.91-4.85 (m, 

1 H), 4.57-4.41 (m, 3H), 4.30 (d, J = 10.4 Hz, 1H),

2-((2 S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-(((2 R)- 
2-fluorotetrahydro-1 H-pyrrolizin-7a(5H)- 
yl)methoxy)pyrido[4,3- d]pyrimidin-4-yl)- 

1 -(2-fluoroacryloyl)piperazin-2- 
yl)acetonitrile

4.20-3.95 (m, 1 H), 3.84-3.78 (m, 2H), 3.53 (br dd, J 

= 12.0, 19.6 Hz, 1H), 3.21-3.12 (m, 1H), 3.08-2.97 

(m, 1H), 2.93-2.76 (m, 2H), 2.69-2.54 (m, 2H),

182

2.21-2.12 (m, 1H), 2.03-1.69 (m, 5H)

LCMS [ESI, M+l]: 668

1H NMR (400 MHz, CDCl3): δ 9.06 (s, 111),8.01 (br 

d, J= 7.2 Hz, 1H), 7.90 (br dd, J= 6.0, 8.4 Hz, 1H), 

7.68-7.54 (m, 2H), 7.41 (br t, J= 8.8 Hz, 1H), 5.59-

5.37 (m, 1H), 5.29 (brd,J= 16.8 Hz, 1 H), 4.89-4.76

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-
y])-8-fluoro-2-(((S)-1-(2-
fluoroethyl)pyrrolidin-2-

yl)methoxy)pyrido[4,3-c/]pyrimidin-4-yl)-1-
(2-fluoroacryloy!)piperazin-2-yl)acetonitrile

(m, 1H), 4.64-4.29 (m, 7H), 4.28-3.93 (m, 211), 

3.87-3.72 (m, 1H), 3.39-3.18 (m, 2H), 3.13-2.96 (m, 

2H), 2.94-2.71 (m, 2H), 2.47-2.34 (m, 1H), 2.04-

1.93 (m, 1H), 1.92-1.77 (m, 3H)

426



WO 2020/146613 PCT/US2020/012906

H NMR (400 MHz, CDCl3): δ 9.71-9.50 (m, 1H),

(S)-1-(4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8- 

fluoropyrido[4,3-c/]pyrimidin-4-yl)- 
2-(2,2-difluoroethyl)piperazin-1- 

yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 495

H NMR (400 MHz, CDCl3): δ 9.08 (s, 1H), 7.69

(S)-1-(4-(8-fluoro-7-(2- 
fluorophenyl)-2-((1 - 
methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-d]pyrimidin- 
4-yl)piperazin-1-yl)prop-2-en-1- 

one

LCMS [ESI, M+l]: 686

NCy'''',
H NMR (400 MHz, CDCl3): δ 9.07 (s, 1H), 8.07-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-2-(((S)-1-(2,2-difluoroethyl)pyrrolidin-2-
yl)methoxy)-8-fluoropyrido[4,3-ci]pyrimidin-

4-yl)-1-(2-fluoroacryloyl)piperazin-2-
yljacetonitrile

427
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LCMS [ESI, M+l]: 396

H NMR (400 MHz1CDCl3): 5 9.17 (s, 1Η), 8.87 (s,

(S)-1-(4-(8-fluoro-7-(2-
fluorophenyl)pyrido[4,3-d]pyrimidin-4-
yl)-3-methylpiperazin-1-yl)prop-2-en-1-

one

LCMS [ESI, M+l]: 560

'H NMR (400 MHz, CDCl3): δ 8.83 (d, J= 1.6 Hz,

(S)-2-(1-acryloyl-4-(2-(azetidin-1-yl)-7-
(8-chloro-7-fiuoronaphthalen-1-yl)-8-

fluoropyrido[4,3-cflpyrimidin-4-
yl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 694

H NMR (400 MHz, CDCl3): 5 9.07 (s, 1H), 8.06-

2-((2S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-((3- 

(fluoromethyl)tetrahydro-IH^pyrrolizin- 
7 a (5H)-yl)methoxy)pyrido[4,3- 

d]pyrimidin-4-yl)-1-(2- 
fluoroacryloyl)piperazin-2-yl)acetonitrile
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LCMS [ESI, M+l]: 694

H NMR (400 MHz, CDCl3): 5 9.07 (s, 1H), 8.06-

1 -((2R,5S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoropyrido[4,3- 
d]pyrimidin-4-yl)-2,5-dimethylpiperazin-1- 

yl)prop-2-en-1-one

LCMS [ESI, M+l]: 478

H NMR (400 MHz, CDCl3) δ 9.38-9.11 (m, 1H),

1-((1R,5R)-2-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-8-fluoropyrido[4,3-d]pyrimidin-4-yl)-2,6-

diazabicyclo[3.2.0]heptan-6-yl)prop-2-en-1-one

LCMS [ESI, M+l]: 648

H NMR (400 MHz, CDCl3): δ 9.07 (s, 1 I I), 8.07-

2-({S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((1S,2S,5R)-3-methyl-3- 

azabicyclo[3.1.0]hexan-2- 
yl)methoxy)pyrido[4,3- d]pyrim idin-4-yl)-1 -(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

0.47 (in, 1H)
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LCMS [ESI, M+l]: 648

H NMR (400 MHz, CDCl3): δ 9.07 (s, 1H), 8.04-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((1R,2S,5S)-3-methyl-3- 

azabicyclo[3.1.0]hexan-2- 
yl)methoxy)pyrido[4,3-c(]pyrimidin-4-yl)-1-(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 654

H NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 8.05-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((3R,4S)-4-fiuoro-1- 

methylpyrrolidin-3-yl)methoxy)pyrido[4,3- 
c/jpyrimidin-4-yl)-1 -(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 654

1H NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 8.04-

2-((S)-4-(7-(8-chloro-7fluoronaphthalen-1- 
yl)-8-fluoro-2-(((3S,4R)-4-fluoro-1- 

methylpyrrolidin-3-yl)methoxy)pyrido[4,3- 
d]pyrimidin-4-y!)-1 -(2- 

fluoroacryloyl)piperazin-2-yl)acetonitri!e
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LCMS [ESI, M+l]: 694

H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 8.05-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen- 
1 -yl)-8-fluoro-2-(((1 S,3R,4R)-2-(2- 

fluoroethyl)-2-azabicyclo[2.2.1]heptan-3- 
yl)methoxy)pyndo[4,3-d]pyrimidin-4-yl)- 

1-(2-fluoroacryloyl)piperazin-2- 
yl)acetonitrile

LCMS [ESI, M+l]: 712

H NMR (400 MHz, CDCl3) δ 9.06 (s, 1H), 8.06-

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen- 
1-yl)-2-(((1S,3R,4R)-2-(2,2- 

difiuoroethyl)-2-azabicyclo[2.2.1 Jheptan- 
3-yl)methoxy)-8-fluoropyrido[4,3- 

d]pyrimidin-4-yl)-1 -(2- 
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 471

H NMR (400 MHz, CDCl3) δ 9.37-9.29 (m, 1H),

(S)-2-(1-acryloyl-4-(8-fluoro-7-(7-
fluoronaphthalen-1-yl)pyrido[4,3-

d]pyrimidin-4-yl)piperazin-2-
yl)acetonitrile
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LCMS [ESI, M+l]: 432

H NMR (400 MHz, CDCl3) δ 9.31 (s, 1H), 8.91 (s,

1 -(4-(7-(5,6-dimethyl-1 H-indazol-4-yl)-8- 
fluoropyrido[4,3-c/]pynmidin-4-yl)piperazin- 

1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 573

1H NMR (400 MHz, CDCl3) δ 9.31 (d, J= 2.4 Hz,

(5)-2-( 1 -acryloyl-4-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

(trifluoromethyl)pyrido[4,3-cf]pynmid!n-4- 
yl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 521

HNMR (400 MHz, CDCl3) δ 9.18 (s, 1H), 8.91 (s,

1-(4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-
fluoropyrido[4,3-c(]pyrimidin-4-yl)piperazin-1-yl)-

4-(dimethylamino)but-2-yn-1-one

LCMS [ESI, M+l]: 478

H NMR (400 MHz, CDCl3) δ 9.18 (s, 111),8.91 (s,

1 -(4-(7-(8-chloro-7-fluoronaphthalen-1 -yl)-8- 
fluoropyrido[4,3-d]pyrimidin-4-yl)piperazin-1- 

yl)but-2-yn-1-one
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LCMS [ESI. M+l]: 516

H NMR (400 MHz, CDCl3) δ 9.24-9.13 (m, 1H),

(S,E)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoropyrido[4,3-d]pyrimidin-4-yl)-1 -(4,4- 
difluorobut-2-enoyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 498

H NMR (400 MHz, CDCl3) δ 9.19 (s, 1H), 8.92-

(S,E)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-8-fluoropyrido[4,3-0]pyrimidin-4-yl)-1-(4-
fluorobut-2-enoyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 534

HNMR (400 MHz, CDCl3) δ 9.19 (s, 1H), 8.92 (s,

(S,E)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1-
yl)-8-fluoropyndo[4,3-d]pyrimidin-4-yl)-1-
(4,4,4-trifluorobut-2-enoyl)piperazin-2-

yl)acetonitrile

LCMS [ESI, M+l]: 502

HNMR (400 MHz, CDCl3) δ 9.14 (s, 1H), 8.90 (s,

7-(8-chloro-7-fluoronaphthalen-1-yl)-8-fluoro-
4-(4-(vinylsulfonyl)piperazin-1-yl)pyrido[4,3-

djpyrimidine
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LCMS [ESI, M+l]: 444

1H NMR (400 MHz, CDCl3) δ 9.28 (s, 1H), 7.77 (d,

1-(4-(8-fluoro-7-(3-hydroxynaphthalen-1- 
yl)-2-methylpyrido[4,3-d]pyrimidin-4- 

yl)piperazin-1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 684

H NMR (400 MHz, CDCl3) δ 9.07 (d, J = 3.2 Hz,

,S)-2-(4-(7-(8-chloro-7-fluoronaphthalen-1 
yl)-8-fluoro-2-((2-methyl-1,2,3,4- 

tetrahydroisoquinolin-5-yl)oxy)pyrido[4,3- 
c(]pyrimidin-4-yl)-1 -(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 666

'H NMR (400 MHz, CDCl3) δ 9.05 (s, I H), 8.02-

2-((2 S)-4-(7-(8-chloro-7 - 
fluoronaphthalen-1-yl)-8-fluoro-2-((3- 

methoxy-1,2-dimethylazetidin-2- 
yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl) 

1-(2-fluoroacryloyl)piperazin-2- 
yl)acetonitrile

.6 Hz, 3H)
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LCMS [ESI, M+l]: 662

H NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 8.03-

2-((S)-4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-2-(((S)-1-

cyclopropylpyrrolidin-2-yl)methoxy)-8-
fluoropyrido[4,3-c0pyrimidin-4-yl)-1-(2-

fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 672

H NMR (400 MHz, CDCl3) δ 9.09 (s, 1H), 8.07-

2-((S)-4-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-2-((( S)-4,4- 

difluoro-1 -methylpyrrolidin-2- 
yl)methoxy)-8-fluoropyrido[4,3- 

d]pyrimidin-4-yl)-1 -(2- 
fluoroacryloyl)piperazin-2-yl)acetonitrile

EXAMPLE 211

o.
F

2-((S)-1 -(2-fluoroacryloyl)-4-(8-hydroxy-7-(8-methylnaphthalen-1 -yl)-2-(((S)-l -methylpyrrolidin- 

2-yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)piperazin-2-yl)acetonitrile
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CbzI

T3P, TEA,

Example 21 1

[0893] Step A: To a solution of benzyl (2S)-2-(cyanomethyl)-4-[8-methoxy-7- (8-methyl-l- 

naphthyl)-2-[[(2S)-l-methylpyrrolidin-2-yl]methoxy]pyrido[4,3-<2]pyrimidin-4-yl]piperazine-l- 

carboxylate (0.1 g, 149 umol, 1.0 equiv) and AlCh (119 mg, 893 pmol, 48.8 pL, 6.0 equiv) in 

toluene (2.0 mL) was stirred at 60 °C for 2 h. Subsequently, the mixture was diluted with water 

(5.0 mL), neutralized with NaHCCb (200 mg), and was extracted with ethyl acetate (3 x 5.0 mL). 

The combined organic layer was washed with brine (5.0 mL), dried over anh Na2SC>4, filtered and 

concentrated under vacuum. The residue was purified by reversed phase flash chromatography 

[water (FA, 0.1 %)/acetonitriie] and prep-HPLC [column: Xtimate Cl 8 150 * 25mm * 5pm; water 

(0.05% ammonia hydroxide v/v); ACN: 30% - 60%, IOmin] to afford 2-[(26)-4-[8-hydroxy-7-(8- 

methyl-l-naphthyl)-2-[[(26)-1 -methylpyrrolidin-2-yI]methoxy]pyrido|4,3-t7|pyrimidin-4- 

yl]piperazin-2-yl]acetonitrile (3.43 mg, 6.53 pmol, 4.4% yield, 99.7% purity) as an off-white solid. 

LCMS [ESI, M+l]: 524. 1H NMR (400MHz, chloroform-d): δ 8.96 (s, 1H), 7.91 (d, J = 8.0 Hz, 

1H), 7.83 (d,J= 8.4 Hz, 1H), 7.66 (dd, J= 1.2, 7.2 Hz, 1H), 7.56 - 7.51 (m, 2H), 7.34 (dd, J= 1.6,

8.4 Hz, 1H), 4.65 - 4.50 (m, 3H), 4.35 (dd, J= 6.8, 10.4 Hz, 1H), 3.62 - 3.53 (m, 1H), 3.40 - 3.32 

(m, 1H), 3.28 - 3.21 (m, 2H), 3.18 - 3.09 (m, 2H), 2.78 (br s, 1H), 2.68 - 2.56 (m, 2H), 2.52 (s, 3H),

2.44 (s, 3H), 2.37-2.29 (m, 1H), 2.14 - 2.07 (m, 1H), 1.93 - 1.81 (m, 3H).

[0894] Example 211: To a mixture of 2-[(2S)-4-[8-hydroxy-7-(8-methyl-l-naphthyl)-2 -[[(26)-1- 

mcthylpyrrolidin-2-yl]melhoxy]pyrido[4,3-<7]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (30 mg, 

57.3 pmol, 1.0 equiv), 2-fluoroprop-2-enoic acid (10.3 mg, 115 pmol, 2.0 equiv), and TEA (46.4 

mg, 458 pmol, 63.8 pL, 8.0 equiv) in ethyl acetate (2.0 mL) was added T3P (219 mg, 344 pmol, 

204 pL, 50% solution in ethyl acetate, 6.0 equiv). After stirring at room temperature for 0.5 h, the 

mixture was diluted with ELO (5.0 mL) and was extracted with ethyl acetate (2 x 5.0 mL). The 

combined organic layer was washed with brine (5.0 mL), dried over anh Na2SO/t, filtered and 

concentrated under vacuum. The residue was purified by reversed phase flash chromatography
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[water (FA, 0.1 %)/acetonitrile] andprep-HPLC [column: Xtimate C18 150 * 25mm * 5pm; water 

(0.05% ammonia hydroxide v/v); ACN: 30% - 60%, IOmin] to give 2-[(2S)-l-(2-fluoroprop-2- 

enoyl)~4-[8-hydroxy-7-(8-methyl-l-naphthyl)-2-[[(2S)-l- methylpyrrolidin-2- 

yl]methoxy]pyrido[4,3-<7]pyrimidin-4-yl]piperazin-2-yl]acetonitrile (5.75 mg, 9.49 pmol, 17% 

yield, 98.3% purity) as a yellow solid. LCMS [ESI, M+l]: 596. 1H NMR (400MFlz, chloroform-d): 

δ 9.00 (s, 1H), 7.92 (d, J = 8.4 FIz, 1H), 7.83 (d, J= 8.4 Hz, 1H), 7.66 (d, J= 6.8 Hz, NI), 7.57 -

7.51 (m, 2H), 7.34 (d, J= 8.0 Hz, 1H), 5.59 - 5.40 (m, 1H), 5.30 (dd, J= 3.6, 16.8 Hz, 1H), 4.87 

(br s, 1H), 4.64 - 4.47 (m, 3H), 4.37 (dd, J= 6.4, 10.4 Hz, 1H), 4.14 (br s, 1H), 3.84 (br s, 2H),

3.21 - 2.98 (m, 211), 2.96 - 2.61 (m, 3H), 2.53 (s, 3H), 2.43 (s, 3FI), 2.39 - 2.30 (m, 1H), 2.15 - 2.08 

(m, 1H), 1.96-1.81 (m, 3H).

EXAMPLE 212

2-((S)-4-(7-(8-ethynylnaphthalen-l-yl)-8-fluoro-2-(((S)-l-methylpyrrolidin-2-

yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile

CsF, DMF

-TIPS N

T3P, TEA. 4A MS

O. F

Example 212

[0895] Step A: A mixture of 2-((S^-4-(8-fluoro-2-(((iS)-l-methylpyrrolidin-2-yl)methoxy)-7-(8- 

((triisopropylsilyl)ethynyl)naphthalen-l-yl)pyrido[4,3-ί7|pyrimidin-4-yl)piperazin-2-yl)acctonitrile 

(100 mg, crude) and CsF (110 mg, 723 pmol, 26.6 pL) in DMF (2 mL) was stirred at room 

temperature for 3 h. Subsequently, the mixture was diluted with ethyl acetate (5.0 mL), washed
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with brine (2.0 mL), dried over anh Na2SC>4, filtered and concentrated under vacuum. The residue 

was purified by column chromatography (AI2O3, ethyl acetate/methanol, 10:1) and prep-HPLC 

[column: Xtimate C18 150 * 25mm * 5pm; water (0.05% ammonia hydroxide v/v); ACN: 32% - 

52%, lOmin] to give 2-((1S)-4-(7-(8-ethynylnaphthalen-l-yl)-8-fluoro-2-(((S)-l-methylpyrrolidin-2- 

yl)methoxy)pyrido[4,3-<i]pyrimidin-4-yl)piperazin-2-yl)acetonitrile (16.2 mg, 30.1 pmol, 24% 

yield over two steps) as a yellow solid. LCMS [ESI, M+1J: 536.1H NMR (400 MHz, chloroform- 

d): δ 9.01 (s, 1H), 7.99 (br dd, J= 7.6, 12.4 Hz, 2H), 7.77 (br d,J= 6.8 Hz, 1H), 7.68 - 7.57 (m, 

2H), 7.54 - 7.43 (m, 1H), 4.66 - 4.49 (m, 2H), 4.46 - 4.34 (m, 2H), 3.63 - 3.47 (m, 1H), 3.36 (br s, 

1H), 3.28 - 3.04 (m, 4H), 2.77 - 2.54 (m, 4H), 2.50 (br s, 3H), 2.36 - 2.23 (m, 1H), 2.05 (br s, 2H),

1.93 - 1.74 (m, 3H).

[0896] Example 212: To a mixture of2-((5)-4-(7-(8-ethynylnaphthalen-l-yl)-8-fluoro-2-(((S)-l- 

methy]pyrrolidin-2-yl)methoxy)pyrido[4,3-<i]pyrimidin-4-yl)piperazin-2-yl)acetonitrile (40 mg, 

74.7 pmol, 1.0 equiv), 2-fluoroprop-2-enoic acid (20.2 mg, 224 pmol, 3.0 equiv), TEA (90.7 mg, 

896 pmol, 125 pL, 12 equiv) and 4Ά molecular sieve (20 mg) in ethyl acetate (2 mL) was added 

T3P (285 mg, 448 pmol, 266 pL, 50% in ethyl acetate, 6.0 equiv). After stirring at 15 °C for 0.5 

hour, the mixture was diluted with ethyl acetate (5.0 mL), washed with water (3.0 mL), dried over 

anh Na2S04, filtered and concentrated under vacuum. The residue was purified by prep-HPLC 

[column: Xtimate Cl 8 150 * 25mm * 5pm; water (0.05% ammonia hydroxide v/v); ACN: 43% - 

73%, lOmin] to afford 2-((.S)-4-(7-(8-ethynylnaphthalen-l -yl)-8-fluoro-2-(((5)-1 -methyl pyrrol i din- 

2-yl)methoxy)pyrido[4,3-£/|pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile (3.35 

mg, 5.47 pmol, 7.3% yield, 99.2% purity) as an off-white solid. LCMS [ESI, M+l]: 608. 1H NMR 

(400 MHz, chloroform-d): δ 9.06 (d, J= 10.8 Hz, 1H), 8.03 - 7.96 (m, 2H), 7.77 (d, J= 7.2 Hz,

III), 7.66 - 7.57 (m, 2H), 7.48 (t, J= 7.6 Hz, 1H), 5.56 - 5.39 (m, III), 5.28 (dd, J= 4.0, 16.8 Hz, 

1H), 4.85 (br s, 1H), 4.60 (dt, J= 4.8, 10.8 Hz, 1H), 4.54 - 4.38 (m, 3H), 4.16 (br s, 2H), 3.82 (br s, 

2H), 3.13 (br s, 1H), 3.09 - 2.93 (m, 1H), 2.91 - 2.84 (m, NI), 2.73 - 2.60 (m, 2H), 2.52 (d J= 3.6 

Hz, 3H), 2.31 (br d, J= 8.8 Hz, 1H), 2.12 - 2.01 (m, 1H), 1.92 - 1.70 (m, 3H).

EXAMPLE 213
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(S)-l-(4-(7-(8-ethynylnaphthalen-l-yl)-8-fluoro-2-((l-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-

d]pyrimidin-4-yl)piperazin-1 -yl)prop-2-en-1 -one

CsF, DMF

-TIPS N O O

Example 213

[0897] Step A: To a solution of terl-butyl (S)-4-(8-fluoro-2-((l-methylpyrrolidin-2-yl)methoxy)-7- 

(8-((triisopropylsilyl)ethynyl)naphthalen-l-yl)pyrido[4,3-<7]pyrimidin-4-yl)piperazine-l-  

carboxylate (80.0 mg, 106 pmol, 1.00 equiv) in DMF (2.0 mL) was added cesium fluoride (80.7 

mg, 531 pmol, 19.6 pL, 5.00 equiv). The mixture was stirred at 25 °C for 0.5 hours. The reaction 

mixture was diluted with water (2.0 mL) and was extracted with ethyl acetate (3 x 2 mL). The 

combined organic layer was washed with brine (2 x 2 mL), dried over anh magnesium sulfate and 

filtered. The solvent was removed in vacuo to give tert-butyl (6)-4-(7-(8-ethyny 1 naphtha 1 en-1 -y 1)- 

8-fluoro-2-((l-methylpyrrolidin-2-yl)methoxy)pyrido[4,3-<7]pyrimidin-4-yl)piperazine-l- 

carboxylate (70 mg, crude) as a yellow solid. LCMS [ESI, M+l]: 597.3.

[0898] Step B: To a solution of /erl-butyl (S)-4-(7-(8-ethynylnaphthalen-l-yl)-8-fluoro-2-((l- 

methylpyrrolidin-2-yl)methoxy)pyrido[4,3-ii]pyrimidin-4-yl)piperazine-l-carboxylate (70.0 mg, 

117 pmol, 1.00 equiv) in MeCN (0.5 mL) was added HCl in dioxane (4 M, 0.5 mL). The mixture 

was stirred at 25 °C for 10 min prior to dilution with satd aq sodium bicarbonate (3.0 mL). The 

mixture was extracted with ethyl acetate (3 x 5 mL) and the combined organic layer was washed 

with brine (2><5 mL), dried over anh magnesium sulfate and filtered. The solvent was removed in
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vacuo to give (5)-7-(8-ethynylnaphthalen-l-yl)-8-fluoro-2-((l-methylpyrrolidin-2-yl)methoxy)-4- 

(piperazin-l-yl)pyrido[4,3-Jjpyrimidine (50 mg, crude) as a yellow solid. 1H NMR (400 MHz, 

CDCl3) δ = 9.01 (s, 1H), 8.02-7.94 (m, 2H), 7.78-7.75 (m, III), 7.64-7.59 (m, 2H), 7.49-7.44 (m, 

1H), 4.63-4.56 (m, 1H), 4.43-4.34 (m, 1H), 4.10-3.96 (m, 4H), 3.18-3.06 (m, 5H), 2.82-2.73 (m, 

1H), 2.58 (d, J= 2.4 Hz, 1 H), 2.52 (s, 3H), 2.36-2.28 (m, 1H), 2.13-2.01 (m, 1H), 1.89-1.78 (m, 

4H).

[0899] Example 213: To a solution of (.S')-7-(8-ethynylnaphthalen-l-yi)-8-fluoro-2-((l- 

methylpyrrolidin-2-yl)methoxy)-4-(piperazin-l-yl)pyrido[4,3-d]pyrimidine (47 mg, 94.6 iimoi.

1.00 equiv) in ethyl acetate (1.0 mL) at 0 °C was added TEA (28.7 mg, 284 pmol, 39.5 pL, 3.00 

equiv) and prop-2-enoyl prop-2-enoate (17.9 mg, 142 μιηοΐ, 1.50 equiv). The mixture was stirred 

at this temperature for 15 minutes and was then concentrated under reduced pressure to give a 

residue. The crude product was purified by prep-HPLC [column: Xtimate Cl8 150 * 25mm * 5μιη; 

water (0.05% ammonia hydroxide v/v); ACN: 28% - 58%, 10min] to afford (5)-1-(4-(7-(8- 

cthyny Inaphthalen-i -yl)-8-fiuoro-2-((l -mcthy ipyriOlidin-2-yl)niethoxy)pyri do[4,3-Jlpyrimidi n-4- 

yl)piperazin-l-yl)prop-2-en-l-one (18.4 mg, 35% yield) as a yellow solid. 1HNMR (400 MHz, 

CDCl3): δ 9.05 (s, 1H), 8.02-7.95 (m, 2H), 7.80-7.75 (m, 1H), 7.65-7.58 (m, 2H), 7.50-7.44 (m, 

1H), 6.66-6.57 (m, 1H), 6.44-6.36 (m, 1H), 5.84-5.78 (m, 1H), 4.64-4.55 (m, 1H), 4.45-4.37 (m, 

1H), 4.10-4.04 (m, 4H), 3.99-3.84 (m, 4H), 3.18-3.10 (m, IH), 2.81-2.71 (m, 1H), 2.57 (d, J =2.8 

Hz, 1H), 2.52 (s, 3H), 2.37-2.25 (m, 1H), 2.13-2.01 (m, 1H), 1.91-1.81 (m, 3H); LCMS [ESI, 

M+l]: 551.3.

EXAMPLE 214

V

l-(4-(7-(8-ethynylnaphthalen-l-yl)-8-fluoropyrido[4,3-d]pyrimidin-4-yl)piperazin-l-yl)prop-2-en-

1-one
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Boc

-TIPS N
A. CsF1 DMF
B. AICI3

O O
C-

Example 214

[0900] Step A: To a mixture of tert-butyl 4-(8-fluoro-7-(8-((triisopropylsilyl)ethynyl)naphthalen-l- 

yl)pyrido[4,3-<i]pyrimidin-4-yl)piperazine-l-carboxylate (230 mg, 359 pmol, 1 equiv) in DMF (5 

mL) was added CsF (546 mg, 3.59 mmol, 10 equiv) in one portion at 25 °C. The mixture was 

stirred at 25 °C for 30 minutes. The mixture was poured into water (20 mL) and was extracted with 

ethyl acetate (3 χ 30 mL). The combined organic phase was washed with brine (30 mL), dried with 

anhydrous Na2S04, filtered and concentrated in vacuum. The residue was purified by prep-FIPLC 

[column: Phenomenex Gemini-NX Cl 8 75*30 mm*3 pm; water (0.1%FA); ACN: 55%-85%, 10 

min] to afford tert-butyl 4-(7-(8-ethynylnaphthalen-l-yl)-8-fluoropyrido[4,3-ci]pyrimidin-4- 

yl)piperazine-l-carboxylate (140 mg, 261 pmol, 73% yield) as a yellow solid. LCMS [ESI, M+l]: 

484.

[0901] Step B: To a mixture of 4-(7-(8-ethynylnaphthalen-l-yl)-8-fluoropyrido[4,3-<f]pyrimidin-4- 

yl)piperazine-l-carboxylate (40 mg, 82.7 pmol, 1 equiv) in MeCN (2 mL) was added AlCfi (33.1 

mg, 248 pmol, 3 equiv) in one portion at 25 0C. The mixture was stirred at 25 °C for 30 minutes. 

The mixture was filtered and concentrated in vacuum. The residue was purified by prep-HPLC 

[column: Waters Xbridge 150*25 mm* 5 pm; water (0.05% ammonia hydroxide v/v); ACN: 23%- 

50%, 10 min] to afford 7-(8-ethynylnaphthalen-l-yl)-8-fluoro-4-(piperazin-l-yl)pyrido[4,3- 

<7]pyrimidine (14.7 mg, 37.6 pmol, 20% yield) as a yellow solid. 1H NMR (400 MFlz, DMSO-dr,): 

δ 9.16 (s, 1H), 8.70 (s, III), 8.19-8.13 (m, 2H), 7.75-7.69 (m, 2H), 7.65-7.62 (m, 1H), 7.61-7.55 

(m, 1H), 4.01-3.92 (m, 4H), 3.69 (s, 1H), 3.32 (br s, 1H), 2.92 (t, J = 4.8 Hz, 4H); LCMS (ESI, 

M+l): 384.

[0902] Example 214: To a mixture of 7-(8-ethynylnaphthalen-l-yl)-8-fluoro-4-(piperazin-l- 

yl)pyrido[4,3-<7]pyrimidine (65 mg, 170 pmol, 1 equiv) and prop-2-enoyl prop-2-enoate (64.1 mg, 

508 pmol, 3 equiv) in DCM (1 mL) at 0 °C was added TEA (51.5 mg, 509 pmol, 70.8 pL, 3 equiv)
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in one portion. The mixture was stirred at O °C for 10 min and was concentrated in vacuum. The 

residue was purified by pre-TIPLC [column: Waters Xbridge 150*25 mm* 5 pm; water (0.05% 

ammonia hydroxide v/v); ACN: 26%-56%, 10 min] to afford l-(4-(7-(8-ethynylnaphthalen-l-y 1)-8- 

Ihioropyrido[4.3w/]pyrimidin-4-v])piperazin-1 -yl)prop-2-cn-1 -one (22.1 mg, 49.6 pmol, 29% 

yield) as a yellow solid. 1H NMR (400 MHz, DMSO-de): δ 9.25 (s, 1H), 8.76 (s, 1H), 8.18-8.13 

(m, 2H), 7.75-7.69 (m, 2H), 7.64 (dd, J = 1.2, 6.8 Hz, 1H), 7.60-7.55 (m, 1H), 6.84 (dd, J= 10.4,

16.8 Hz, 1H), 6.19 (dd, J= 2.4, 16.8 Hz, 1H), 5.78-5.73 (m, 1H), 4.17-4.05 (m, 4H), 3.94-3.75 (m, 

4H), 3.68 (s, 1H). LCMS (ESI, M+l): 438.

EXAMPLE 215

V 'V V 'N

l-(4-(7-(8-ethynyl-3-hydroxynaphthalen-l-yl)-8-fluoropyrido[4,3-d]pyrimidin-4-yl)piperazin-l-

yl)prop-2-en-1 -one

Bocl

-TIPS N

O.

CsF, DMF

O O

Example 215

[0903] Step A: To a mixture oftert-butyl 4-(8-fluoro-7-(3-(methoxymethoxy)-8- 

((triisopropylsilyI)ethynyl)naphthalen-l-yl)pyrido[4,3-<f]pyrimidin-4-yl)piperazine-l-carboxylate  

(120 mg, 172 pmol, 1.00 equiv) in DMF (3.00 mL) was added CsF (234 mg, 1.54 mmol, 9.00 

equiv). The mixture was stirred at 20 °C for 1 h and was diluted with H2O (30 mL) and extracted 

with ethyl acetate (60 mL). The organic layer was washed with brine (20 mL), dried over anh
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Na2SC>4, filtered and concentrated under reduced pressure to give a residue. The residue was 

purified by prep-TLC (S1O2, petroleum ether/ethyl acetate, 1:1, Rf= 0.24) to afford tert-butyl 4-(7- 

(8-ethynyl-3-(methoxymethoxy)naphthalen-l-yl)-8-fluoropyrido[4,3-J]pyrimidin-4-yl)piperazine- 

1-carboxylate (90.0 mg, 166 pmol, 96% yield) a light yellow solid. LCMS [ESI, M+l]: 544.2.

[0904] Step B: To a mixture of /erZ-butyl 4-(7-(8-ethynyl-3-(methoxymethoxy)naphthalen-l-yl)-8- 

fluoropyrido[4,3-c/]pyrimidin-4-yl)piperazine-l-carboxylate (50.0 mg, 91.9 pmol, 1 equiv) in ethyl 

acetate (0.5 mb) was added HCl in ethyl acetate (4 M, 23.0 pL. 1.0 equiv). The mixture was stirred 

at 20 °C for 1 h and was concentrated under reduced pressure afford 5-ethyny 1-4-(8-11 uoro-4- 

(piperazin-l-yl)pyrido[4,3-J]pyrimidin-7-yl)naphthalen-2-ol (40.0 mg, crude, 50% purity, HCl 

salt) as a light yellow solid. LCMS [ESI, M+l]: 400.1. LCMS [ESI, M+l]: 436.1 (impurity).

[0905] Example 215: To a mixture of 5-ethynyl-4-(8-fluoro-4-(piperazin-l-yl)pyrido[4,3- 

J]pyrimidin-7-yl)naphthalen-2-ol (40.0 mg, 55.1 pmol, 1.00 equiv, HCl salt) in DCM (2 mL) at 0 

°C was added TEA (22.3 mg, 220 pmol, 30.7 pL, 4.0 equiv) and 5-prop-2-enoyl prop-2-enoate 

(10.1 mg, 79.8 pmol, 1.45 equiv). The mixture was stirred at 0 °C for 0.5 hour and was then 

diluted with H2O (10 mL) and extracted with DCM (30 mL). The organic layer was concentrated 

under reduced pressure to give a residue. The residue was purified by prep-HPLC [column: YMC- 

Actus Triart Cl8 100*30 mm*5 pm; water (IOmM NH4HCO3); ACN: 15%-45%, 10 min] to afford 

l-(4-(7-(8-ethynyl-3-hydroxynaphthalen-l~yl)-8-fluoiOpyrido[4,3-i/]pyrimidin-4-yl)piperazin-l- 

yl)prop-2-en-l-one (7.82 mg, 16.62 pmol, 30% yield, 96.4% purity) as a light yellow solid. 1H 

NMR (400 MHz, CDCl3) δ 9.14 (s, 1H), 8.87 (s, 1H), 7.76 (hr d, J = 8.4 Hz, 2H), 7.57 (d, J= 6.8 

Hz, 1H), 7.43-7.34 (m, 1H), 7.29 (d, J= 2.4 Hz, 1H), 7.24 (d, J= 2.4 Hz, 1 H), 6.63-6.57(m, 1H),

6.41 (dd, J= 1.6, 16.8 Hz, 1H), 5.82 (dd, J= 1.2, 10.4 Hz, HI), 4.11 (br t, J= 5.2 Hz, 4H), 4.02-

3.75 (m, 4H), 2.46 (s, 1H). LCMS [ESI, M+l]: 454.1.

EXAMPLE 216

o^tAf
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2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoro-2-((3-(hydroxymethyl)tetrahydro-lH-

pyrrolizin-7a(5H)-yl)methoxy)pyrido[4,3-d]pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-

yl)acetonitrile

Boc

TBSO

A. TFA

B. ^γ002Η
F

C. CsF, DMF

Example 216

[0906] Step A: To a solution of terf-butyl (25)-4-(2-((3-{{{tert-

butyldimethylsilyl)oxy)methyl)tetrahydro-l//-pyrrolizin-7a(577)-yl)methoxy)-7-(8-chloro-7- 

fluoronaphthalen-l-yl)-8-fluoropyrido[4,3-<7]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-  

carboxylate (50.0 mg, 53.3 μ mol. 1.0 equiv) in dichloromethane (1.0 mL) at O °C was added TFA 

(1.54 g, 13.5 mmol, 1.0 mL, 253 equiv). The mixture was stirred at 0 °C for 0.5 hour and was then 

diluted with water (4.0 mL). The pH was adjusted to about 8 using solid NaHCCb and the mixture 

was extracted with ethyl acetate (3 χ 5 mL). The combined organic layer was dried over anhydrous 

sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to afford 2-((25)- 

4-(2-((3-(((/eri-butyldimethylsilyl)oxy)methyl)tetrahydro-17/-pyrrolizin-7a(5H)-yl)methoxy)-7-(8- 

chloro-7-fluoronaphthalen-l-yl)-8-fluoropyrido[4,3-i/]pyrimidin-4-yl)piperazin-2-yl)acetonitrile 

(40.0 mg, crude) as a yellow solid. Rf= 0.20 [petroleum ether/ethyl acetate/ethanol (2% NH4OH), 

4:3:1], LCMS [ESI, M+l]: 734.

[0907] Step B: To a mixture of2-((25)-4-(2-((3-(((/er/-butyldimethylsilyl)oxy)methyl)tetrahydro- 

1 H-pyrrol izin-7a(5T/)-yl)methoxy)-7-(8-chloro-7-fluoronaphthalen-1-y 1)-8-fluoropyrido [4,3 - 

i/Jpyrimidin-4-yl)piperazin-2-yl)acetonitrile (40.0 mg, 41.9 μηιοί, 1.0 equiv) and 2-fluoroprop-2- 

enoic acid (11.3 mg, 126 μητοί, 3 equiv) in ethyl acetate (1.0 mL) at 0 °C was added TEA (63.7 

mg, 629 pmol, 87.6 pL, 15.0 equiv) and T3P (107 mg, 168 pmol, 99. 8 pL, 50% in EtOAc, 4.0 

equiv). The mixture was stirred at O °C for 0.25 h and then was diluted with water (5.0 mL) and 

extracted with ethyl acetate (3x8 mL). The combined organic layer was dried over anhydrous 

sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to afford 2-((25)-
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4-(2-((3-(((/e7-/-butyldimethylsilyl)oxy)methyl)tetrahydro-l//-pyrrolizin-7a(5/7)-y])methoxy)-7-(8- 

chloro-7-fluoronaphthalen-l-yl)-8-fluoropyrido[4,3-ii]pyrimidin-4-yl)-l-(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile (34.0 mg, crude) as a yellow solid. Rf= 0.30 [petroleum 

ether/ethyl acetate/ethanol (2% NH4OH), 4:3:1], LCMS [ESI, M+l]: 80.

[0908] Example 216: To a solution of 2-((25)-4-(2-((3-(((/677-

buty ldimethy lsily l)oxy)mcthyl)tetrahydro-l//-pyriOlizin-7a(5/7)-yl)methoxy)-7-(8-chloro-7- 

fluoronaphthalen-l-yl)-8-fluoropyrido[4,3-if|pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2- 

yl)acetonitrile (34.0 mg, 42.2 pmol, 1.0 equiv) in DMF (0.5 mL) was added CsF (19.2 mg, 126 

umol, 3.0 equiv). The mixture was stirred at 25 °C for 10 h. Subsequently, TFA (770 mg, 6.75 

mmol, 0.5 mL, 160 equiv) was added and the mixture was stirred at 25 °C for 0.5 hour. The 

mixture was diluted with water (4.0 mL) and the pH was adjusted to about 8 using solid NaI lCOs. 

The resulting mixture was extracted with ethyl acetate (3x5 mL). The combined organic layer 

was dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced 

pressure. The residue was purified by prep-FIPLC [column: Waters Xbridge Cl8 150 * 50 mm *

10 pm; water (10 InMNII4PICO3); ACN: 24% - 54%, 10 min] to affordo 2-((2S)-4-(7-(8-chloro-7- 

fluoronaphthalen-1 -yl)-8-fluoro-2-((3-(hydroxymethyl)tetrahydro-l//-pyrrolizin-7a(57/)- 

yl)methoxy)pyrido[4,3-<7]pyrimidin-4-yl)-l-(2-fluoroacryloyl)piperazin-2-yl)acetonitrile (4.59 mg, 

15% yield) as a white solid. Rr= 0.05 [petroleum ether/ethyl acetate/ethanol (2% NH4OH), 4:3:1]. 

1H NMR (400 MHz, CDCl3) δ 9.05 (s, 1H), 8.01 (dd, J = 2.4, 7.2 Hz, 1H), 7.90 (dd, J= 5.6, 8.4 

Hz, 1H), 7.67-7.56 (m, 2H), 7.40 (dt, J= 2.0, 8.8 Hz, 1H), 5.58-5.38 (m, 1H), 5.29 (dd, J= 3.2,

16.4 Hz, 1H), 5.01-4.74 (m, 1H), 4.73-4.54 (m, 1H), 4.52-4.44 (m, HI), 4.43-4.13 (m, 311), 3.93-

3.69 (m, 4H), 3.55-3.35 (m, 1FI), 3.15-2.98 (m, 2H), 2.94-2.81 (m, 1H), 2.79-2.69 (m, 1H), 2.32-

2.18 (m, 111), 2.08-1.87 (m, 5H), 1.67-1.56 (m, 3H). LCMS [ESI, M+lj: 692.

EXAMPLE 217
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2-((2S)-4-(7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoro-2-((7a-(hydroxymethyl)hexahydro-lH- 

pyrrolizin-3 -yl)methoxy)pyrido [4,3 -d]pyrimidin-4-yl)-1 -(2-fluoroacryloyl)piperazin-2-

yl)acetonitrile

NC Y

B. NaOH
C. .CO2H

Example 217

[0909] Step A: To a solution of tert-butyl (21S)-4-(2-((7a-((benzoyloxy)methyl)hexahydro-177- 

pyrrolizin-3 -yl)methoxy)-7-(8-chloro-7-fluoronaphthalen-1 -y 1)-8 -fluoropyrido [4,3 -d\ pyrimidin-4- 

yl)-2-(cyanomethyl)piperazine-l-carboxylate (93.0 mg, 113 pmol, 1.0 equiv) in CH3CN (1.0 mL) 

at O °C was ci cl dec! HCl in dioxane (4 M, 1.0 mL, 35.4 equiv). The mixture was stirred at O 0C lor 

0.5 hour and was then diluted with water (5.0 mL) and the pH was adjusted to 10 using solid 

Na2C03. The resulting mixture was extracted with ethyl acetate (3x8 mL). The combined organic 

layer was dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under 

reduced pressure to afford (3-(((7-(8-chloro-7-fluoronaphthalen-l-yl)-4-((5)-3- 

(cvanomethyl)piperazin- l-yl)-8-(luoropyrido[4,3-</lpyrimidin-2-yl)oxy)methyi)tetrahydro-l //- 

pyrrolizin-7a(5//)-yl)methyl benzoate (75 mg, 92% yield) as a yellow solid. Rf= 0.20 

(dichloromethane/methanol, 10:1).

[0910] Step B: To a solution of (3-(((7-(8-chloro-7-fluoronaphthalen-l-yl)-4-((5)-3- 

(cyanomethyl)piperazin-l-yl)-8-fluoropyrido[4,3-<i]pyrimidin-2-yl)oxy)methyl)tetrahydro-l//- 

pyrrolizin-7a(5/7)-yl)methyl benzoate (50.0 mg, 69.0 pmol, 1.0 equiv) in CH3CN (2.0 mL) was 

added NaOH (27.6 mg, 690 pmol, 10.0 equiv) in H2O (2.0 mL). The mixture was stirred at 25 °C 

for 1 h and was then diluted with water (8.0 mL) and extracted with ethyl acetate (3x15 mL). The 

combined organic layer was dried over anhydrous sodium sulfate and filtered. The filtrate was 

concentrated under reduced pressure to afford 2-((25)-4-(7-(8-chloro-7-fluoronaphthalen-l-yl)-8- 

fluoro-2-((7a-(hydroxymethyl)hexahydro-l/7-pyiTolizin-3-yl)methoxy)pyrido[4,3-£/]pyrimidin-4- 

yl)piperazin-2-yl)acetonitrile (50.0 mg, crude) as a yellow solid. LCMS [ESI, M+l]: 620.
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[0911] Example 217: To a solution of2-((2X)-4-(7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoro-2- 

((7a-(hydroxymethyl)hexahydro-l//-pyrrolizin-3-y])methoxy)pyrido[4,3-J]pyrimidin-4- 

yl)piperazin-2-yl)acetonitrile (50.0 mg, 80.6 pmol, 1.0 equiv) and 2-fluoroprop-2-enoic acid (21.8 

mg, 242 pmol, 3.0 equiv) in ethyl acetate (1.0 mL) at 0 °C was added T3P (205 mg, 322 pmol, 192 

pL, 50% in EtOAc, 4.0 equiv) and TEA (122 mg, 1.21 mmol, 168 pL, 15.0 equiv). The mixture 

was stiiTed at 0 °C for 10 min and was then diluted with water (10.0 mL) and extracted with ethyl 

acetate (3x15 mL). The combined organic layer was dried over anhydrous sodium sulfate and 

filtered. The filtrate was concentrated under reduced pressure to dryness. The residue was purified 

by prep-HPLC [column: Waters Xbridge C18 150 * 50 mm * 10 pm; water (10 mM NH4HCO3); 

ACN: 24% - 54%, 10 min] to afford 2-((2S')-4-(7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoro-2- 

((7a-(hydroxymethyl)hexahydro-l//-pyrrolizin-3-yl)methoxy)pyrido[4,3-i/]pyrimidin-4-yl)-l-(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile (5.90 mg, 9.9% yield) as a yellow solid. Rf= 0.20 

(dichloromethane/methano 1, 10:1); 1HNMR (400 MHz, CDCl3): δ 9.08 (s, 1H), 8.07-7.98 (m, 1H), 

7.90 (dd,./= 5.6, 8.8 Hz, 1H), 7.71-7.57 (m, 2H), 7.41 (dt, J= 2.0, 8.8 Hz, 1H), 5.61-5.39 (m, 1H),

5.29 (dd, J= 3.6, 16.8 Hz, 1H), 5.02-4.81 (m, 1H), 4.79-4.65 (m, 2H), 4.62-4.41 (m, 2H), 4.34-

3.94 (m, 2H), 3.90-3.54 (m, 311), 3.47-3.34 (m, 2H), 3.20-3.00 (m, 2H), 2.94-2.78 (m, 2H), 2.06 

(ddd, J= 3.2, 6.4, 9.2 Hz, 2H), 1.85-1.57 (m, 6H). LCMS [ESI, M+l]: 694.

EXAMPLE 218

OH

l-(4-(8-fluoro-7-(3-hydroxynaphthalen-l-yl)pyrido[4,3-d]pyrimidin-4-yl)piperazin-l-yl)prop-2-en-

1-one

447



WO 2020/146613 PCT/US2020/012906

^Λ0Λ^ N NaOH, THF, H2O

TEA, DCM1 -40 "C,
0.5 hr

Example 218

[0912] Step A; To a solution of 4-(8-fluoro-4-(piperazin-l-yl)pyrido[4,3-J]pyrimidin-7- 

yl)naphthalen-2-ol (130 mg, 346 pmol, 1.0 equiv), 4Ά MS (200 mg) and TEA (140 mg, 1.39 

mmol, 4.0 equiv) in DCM (10 mL) at -40 °C was added prop-2-enoyl prop-2-enoate (48.0 mg, 381 

pmol, 1.1 equiv). The reaction mixture was stirred at -40 0C for 0.5 h and was quenched with 

water (10 mL) at -40°C, diluted with DCM (15 mL) and separated. The aqueous layer was 

extracted with DCM mL (15 mL χ 2). The combined organic layer was dried over anh Na3SO4 and 

concentrated under reduced pressure to dryness. The residue was purified by prep-HPLC [column: 

Waters Xbridge C18 150*50 mm* 10 pm; water (IOxnM NH4HCO3); ACN: 30%-60%,10min] to 

afford 4-(4-(4-acryloylpiperazin-l-yl)-8-fluoropyrido[4,3-JJpyrimidin-7-yl)naphthalen-2-yl 

acrylate (45 mg, 63.29 pmol, 18% yield) as a white solid. LCMS [ESI, M+l]: 484.

[0913] Example 218: To a solution of 4-(4-(4-acryloylpiperazin-l-yl)-8-fluoropyrido[4,3- 

<7]pyrimidin-7-yl)naphthalen-2-yl acrylate (30.0 mg, 62.0 pmol, 1.0 equiv) in THF (5 mL) was 

added a solution of NaOH (4.96 mg, 124.10 pmol, 2.0 equiv) in H2O (1 mL) at 25 0C. The reaction 

mixture was stirred at 25 °C for 0.5 h and was then diluted with water (5 mL) at 25 °C. The 

mixture was extracted with ethyl acetate (5 mL χ 2). The combined organic layer was dried over 

Na2S04 and concentrated under reduced pressure to give a residue. The residue was purified by 

prep-HPLC [column: Waters Xbridge Cl 8 150*50 mm* 10 pm; water (IOmM NH4HCO3); ACN:

18%-48%,10min] to give l-(4-(8-fluoro-7-(3-hydroxynaphthalen-l-yl)pyrido[4,3-J]pyrimidin-4- 

yl)piperazin-l-yl)prop-2-en-l-one (6.50 mg, 15.1 pmol, 24% yield) as a white solid. 1H NMR (400 

MHz, CDCl3): δ 9.21 (s, 1H), 8.86 (s, 1H), 7.72 (d, J- 8.4 Hz, 1H), 7.65 (d, J= 8.4 Hz, 1H), 7.45 - 

7.39 (m, 1H), 7.36 (d, J= 2.0 Hz, 1H), 7.29 (d, J= 2.8 Hz, 1H), 7.27 - 7.24 (m, 1H), 6.62 - 6.52 

(m, 1H), 6.44 - 6.36 (m, III), 5.84 - 5.78 (m, 1H), 4.12 - 4.04 (m, 4H), 3.95 - 3.71 (m, 4H). LCMS 

[ESI, M+l]: 430.
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EXAMPLE 219

(S)-2-(l-acryloyl-4-(7-(8-chloro-7-fluoronaphthalen-l-yl)-2-cyclopropyl-8-fluoropyrido[4,3-

d]pyrimidin-4-yl)piperazin-2-yl)acetonitrile

A. cylopropyl boronic acid
B. HCI

C. acryloyl chloride

Example 219

[0914] Step A: To a solution of tert-butyl (S)-4-(2-chloro-7-(8-chloro-7-fhioronaphthalen-l-yl)-8- 

fluoropyrido[4,3-<i]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (300 mg, 512 pmol, 

1.0 equiv) and cyclopropylboronic acid (264 mg, 3.07 mmol, 6.0 equiv) in dioxane (2 mL) was 

added K3PO4 (326 mg, 1.54 mmol, 3.0 equiv) and Pd(Oppf)CL (56.2 mg, 76.9 pmol, 0.15 equiv). 

The mixture was stirred at 90 °C for 3 h and was concentrated under reduced pressure to provide a 

residue. The residue was diluted with H2O (10 mL) and extracted with ethyl acetate (3 χ 10 mL). 

The combined organic layer was washed with brine (50 mL), dried over anh Na2SC>4, filtered and 

concentrated under vacuum. The residue was purified by reversed phase flash chromatography 

(Cl8, 0.1% FA in water, 0-40% ACN) to afford tert-butyl (S)-4-(7-(8-chloro-7-fluoronaphthalen- 

l-yl)-2-cyclopropyl-8-fluoropyrido[4,3-t7]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l- 

carboxylate (180 mg, 55% yield) as a yellow solid. LCMS [ESI, M+l]: 591.1.

[0915] Step B: To a solution of /«'/-butyl ()S)-4-(7-(8-chloro-7-iluoronaphthalen-l-yl)-2- 

cyclopropyl-8-fluoropyrido[4,3-i/]pyrimidin-4-yl)-2-(cyanomethyl)piperazine-l-carboxylate (140
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mg, 237 pmol, 1.0 equiv) in MeCN (0.5 mL) was added HCl in dioxane (4 M, 1.5 ml). The 

mixture was stirred at O °C for 1 h and was then diluted with H2O (10 mL) and the pH was adjusted 

to 7 with solid NaHCO3. The mixture was extracted with ethyl acetate (3><10 mL). The combined 

organic layer was washed with brine (20 mL), dried over anh Na2SC>4, filtered and concentrated 

under reduced pressure to afford (5)-2-(4-(7-(8-chloro-7-fluoronaphthalen-l-yl)-2-cyclopropyl-8- 

fluoroDyridoM.S-i/lOvrimidinM-vIlninerazin^.-vnacetonitnle (120 mg, crude) as a yellow solid. 

LCMS [ESI, M+l]: 491.1.

[0916] Example 219: To a solution of (S)-2-(4-(7-(8-chloro-7-fluoronaphthalen- 1-y 1)-2- 

cyclopropyl-8-fluoropyrido[4,3-r/]pyrimidin-4-yl)piperazin-2-yIjacctonitriIe (120 mg, 244 umol 

1.0 eq) in DCM (2 mL) at -40 0C was added TEA (74.2 mg, 733 pmol, 102 pL, 3.0 equiv) and 

prop-2-enoyl chloride (44.2 mg, 489 pmol, 39.9 pL, 2 equiv). The mixture was stirred at -40 °C for 

0.5 hour. Subsequently, the reaction mixture was concentrated under reduced pressure. The residue 

was diluted with II2O (10 mL) and extracted with ethyl acetate (3x10 mL). The combined organic 

layer was washed with brine (50 mL), dried over anh Na3S04, filtered and concentrated under 

reduced pressure to give a residue. The residue was purified by prep-HPLC [column: Waters 

Xbridge 150*25 mm*5 pm; water (10 mM NH4HCO3); ACN: 34%-64%, 10 min] to afford (5)-2- 

(l-acryloyl-4-(7-(8-chloro-7-fluoronaphthalen-l-yl)-2-cyclopropyl-8-fluoropyrido[4,3- 

<i]pyrimidin-4-yl)piperazin-2-yl)acetonitrile (30.8 mg, 23% over two steps) as a white solid. 1H 

NMR (400 MHz, CDCl3): δ 9.09 (d, J = 0.8 Hz, 1H), 8.05-7.97 (m, 1H), 7.90 (dd, J= 5.6, 8.8 Hz, 

1H), 7.66-7.56 (m, 2H), 7.40 (td, J= 2.0, 8.8 Hz, 1H), 6.71-6.52 (m, 1H), 6.50-6.36 (m, 1H), 5.86 

(br d, J= 10.0 Hz, 1H), 5.28-4.74 (m, 1H), 4.63-4.38 (m, 2H), 4.32-3.45 (m, 4H), 3.07-2.90 (m, 

1H), 2.88-2.73 (m, 1H), 2.48-2.31 (m, 1H), 1.32-1.23 (m, 2H), 1.22-1.10 (m, 2H). LCMS [ESI, 

M+l]: 545.1.

EXAMPLES 220

450



WO 2020/146613 PCT/US2020/012906

(S)-2-(l-acryloyl-4-(8-fluoro-7-(3-hydroxynaphthalen-l-yl)pyrido[4,3-d]pyrimidin-4-yl)piperazin-

2-yl)acetonitrile

A. acryloyl chloride

B. NaOH

Example 220

[0917] Step A: To a solution of (5)-2-(4-(8-fluoro-7-(3-hydroxynaphthalen-l-yl)pyrido[4,3- 

i/]pyrimidin-4-yl)piperazin-2-yl)acetonitrile (140 mg, 338 pmol, 1.0 equiv) and TEA (273 mg,

2.70 mmol, 376 pL, 8.0 equiv) in dichloromethane (2 mL) at 0 °C was added prop-2-enoyl 

chloride (61.2 mg, 676 pmol, 55.1 pL, 2.0 equiv). The mixture was stirred at O °C for 0.5 h and 

was diluted with water (5 mL) and extracted with ethyl acetate (3 χ 5 mL). The combined organic 

layer was dried over anh NaiSCL, filtered and concentrated to afford (.S')-4-(4-14-acry 1 oy 1-3- 

(cyanomethyl)piperazin-l-yl)-8-fluoropyrido[4,3-i/|pyrimidin-7-yl)naphthalen-2-yl acrylate (180 

mg, crude) as a yellow solid. LCMS [ESI, M+l]: 523.2.

[0918] Example 220: To a solution of (S)-4-(4-(4-acryloyl-3-(cyanomethyl)piperazin-l-yl)-8- 

fluoropyrido[4,3-(f|pyrimidin-7-yl)naphthalen-2-yl acrylate (180 mg, 345 pmol, 1.0 equiv) in THE 

(3 mL) was added a solution of NaOH (27.6 mg, 689 pmol, 2.0 equiv) in fLO (1 mL). The mixture 

was stirred at 20 0C for 0.5 h and was diluted with water (5 mL) and extracted with ethyl acetate (3 

χ 5 mL). The organic layer was dried over anh Na2S04, filtered and concentrated. The residue was 

purified by prep-HPLC [column: Waters Xbridge Cl 8 150*50 mm* 1 pm; water (10 mM 

NH4HCO3); ACN: 20%-50%, 10 min] to afford (S)-2-(l-acryloyl-4-(8-fluoro-7-(3- 

hydroxynaphthalen-l-yl)pyrido[4,3-d]pyrimidin-4-yl)piperazin-2-yl)acetonitrile (35 mg, 22% yield 

over three steps) as an off-white solid. 1H NMR (400 MHz, CDCb): δ 9.20 (s, 1 H), 8.91 (s, HI),

7.71 (d, J = 8.4 Hz, 1H), 7.65 (br d, J = 8.0 Hz, 1H), 7.42 (t, J= 12 Hz, 1H), 7.27-7.22 (m, 3H), 

6.56-6.44 (m, 1H), 6.43-6.33 (m, 1H), 5.83 (brd, J= 10.4 Hz, 1H), 5.12-4.71 (m, 111),4.62-3.21 

(m, 6H), 3.03-2.82 (m, 1H), 2.68 (br dd, J= 4.4, 16.8 Hz, 1H). LCMS [ESI, M+l]: 469.2.

[0919] Examples 221-245 were prepared following the teachings of the General Reaction Schemes,
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Examples 1-220 above and the Intermediates disclosed herein. Examples 221 - 245 are listed in 

Table 4.

Table 4

Examples 221 -244

Structure Characterization Data

LCMS [ESI, M+l]: 510

1HNMR (400 MHz, CDCl3): δ 9.05 (s, 1H), 8.84

(E)-1-((1R,5R)-6-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-8-fluaropyrido[4,3-

cf)pyrimidin-4-yl)-2,6-
diazabicyclo[3.2.0]heptan-2-yl)-4-fiuorobut-

2-en-1-one

LCMS [ESI, M+l]: 406

1HNMR (400 MHz, CDCl3): δ 9.20 (s, 1H), 8.86

1-(4-(8-fluoro-7-(2-
isopropylphenyl)pyrido[4,3-c/]pyrirnidin-4-

yl)piperazin-1-yl)prop-2-en-1-one

LCMS [ESI, M+l]: 414

1H NMR (400 MHz, chloroform-ί/): δ = 9.30 (s,

1-(4-(8-fluoro-7-(naphthalen-1-yl)pyrido[4,3-
d]pyrimidin-4-yl)piperazin-1-yl)prop-2-en-1-

one
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LCMS [ESI, M+l]: 404

1H NMR (400 MHz, CDCl3): δ 9.22 (s, 1H), 8.86

1-(4-(7-(2-cyclopropylphenyl)-8- 
fluoropyrido[4,3-d]pyrimidin-4-yl)piperazin- 

1 -yl)prop-2-en-1 -one

LCMS [ESI, M+l]: 430

'H NMR (400 MHz, CDCl3): δ = 9.91 (s, 1H), 9.23

1-(4-(8-fluoro-7-(2-hydroxynaphthalen-1-
yl)pyrido[4,3-d]pyrimidin-4-yl)piperazin-1-

yl)prop-2-en-1-one

LCMS [ESI, M+l]: 428

1H NMR (400 MHz, CDCl3): δ 9.30 (s, 1H), 8.90

1-(4-(8-fluoro-7-(3-methylnaphthalen-1- 
yl)pyrido[4,3-d]pyrimidin-4-yl)piperazin-1- 

yi)prop-2-en-1 -one

LCMS [ESI, M+l]: 617

1H NMR (400 MHz, CDCl3): δ 8.86 (s, 1H), 8.00-

1-((1 R,5R)-6-(7-(8-ch loro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 
((tetrahydro-1 /7-pyrrolizin-7a(5/-/)- 

yl)methoxy)pyrido[4,3- d]pyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptan-2-yl)prop-2-en-1-
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LCMS [ESI, M+l]: 591

1H NMR (400 MHz, CDCl3): δ 9.34-8.92 (m, 1H),

1-((1 R,5R)-2-(7-(8-chloro-7- 
fluoronaphthalen-1 -yl)-8-fluoro-2-((( S)-1 - 
methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 

d]pyrimidin-4-yl)-216-
diazabicyclo[3.2.0]heptan-6-yl)prop-2-en-1-

LCMS [ESI, M+l]: 680

1H NMR (400 MHz, CDCl3): δ 9.06 (s, 1H), 8.04-

AJZ.--+.-+ I yill

2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1- 
yl)-8-fluoro-2-(((2R,7aS)-2-fluorotetrahydro- 
1H-pyrrolizin-7a(5/-/)-yl)methoxy)pyrido[4,3- 

d]pyrimidin-4-yl)-1 -(2- 
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 652

lHNMR (400 MHz, CDCl3): δ 9. IO (s, 1H), 8.11-

(S)-W-(2-((7-(8-chloro-7-fluornnaphthalen-1-yl)-4-(3-
(cyanomethyl)-4-(2-fluoroacryloyl)piperazin-1-yl)-8-

fluoropyrido[4,3-d]pyrimidin-2-
yl)oxy)ethyl)isobutyramide

44 (d, J= 6.8 Hz, 6H)
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LCMS [ESI, M+l]:492

'H NMR (400 MHz, CDCl3): δ 9.20 (br d, ./= 14.0

1-((1 R,5R)-2-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2- 

methylpyrido[4,3-cQpyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptan-6-yl)prop-2-en-1-

2.36-2.16 (m, 1H)

LCMS [ESI, M+l]: 478

1H NMR (400 MHz, CDCl3): 6 9.38-9.12 (m, 1H),

1-((1S,5S)-2-(7-(8-chioro-7-fluoronaphtha!en-
1-yl)-8-fluoropyrido[4,3-c/]pyrimidin-4-yl)-2,6-
diazabicycloj3.2.0]heptan-6-yi)prop-2-en-1-

LCMS [ESI, M+l]: 506

1HNMR (400 MHz, CDCl3): δ 9.35 (d,J= 15.6

1 -(7-(7-(8-chloro-7-fluoronaphthalen-1 -yi)- 
S-fluoropyrido^.S-dlpyrimidin^-yl)-!,?- 
diazaspiro[4.4]nonan-1 -yl)prop-2-en-1 -one (m, 114),2.23-1.82 (m, 511)

LCMS [ESI, M+l]: 492

1H NMR (400 MHz, CDCl3): δ 9.11 (s, 1H), 8.85

1-(7-(7*(8-chloro-7-fluoronaphthalen-1-yl)-
8-fluoropyrido[4,3-dJpyrimidin-4-y!)-4,7-
diazaspiro[2.5]octan-4-yl)prop-2-en-1-one
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H NMR (400 MHz, CDCl3): δ 9.40-9.37 (br d, J=

1-(6-(7-(8-chloro-7-fluoronaphthalen-1-yl)-
8-fluoropyrido[4,3-cf]pyrimidin-4-yl)-1,6-
diazaspiro[3.4]octan-1-yl)prop-2-en-1-one

LCMS [ESI, M+l]: 492

1HNMR (400 MHz, CDCl3): δ 9.05 (s, 1H), 8.79

1 -(2-(7-(8-chloro-7-fluoronaphthalen-1 -yl)- 
8-fl uoropyrido[4,3- d]pyri midi n-4-yl)-2,5- 

diazaspiro[3.4]octan-5-yl)prop-2-en-1-one

LCMS [ESI, M+l): 555

1H NMR (400 MHz, CDCl3): δ 9.27 (d, J= 3.6 Hz,

(S)-2-(1-acryloyl-4-(7-(8-chloro-7-
fluoronaphthalen-1-yl)-2-

(difluorornethyl)-8-fluoropyrido[4,3-
d]pyrimidin-4-yl)piperazin-2-

yl)acetonitrile
2.94 (m, 1H), 2.90-2.72 (m, I H)

LCMS [ESI, M+l): 492

1H NMR (400 MHz, CDCl3): δ 9.01-8.94 (m, 1H),

1-((1 R,5R)-6-(7-(8-chloro-7- 
fluoronaphthaten-1-yl)-8-fluoro-2- 

methylpyrido[4,3-d]pyrimidin-4-yl)-2,6- 
diazabicyclo[3.2.0]heptan-2-yl)prop-2-en-1-
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4.00-3.68 (m, 1H), 2.70 (s, 4H), 2.32-2.08 (m, 1H)

239

0==(

1 Vh

rVcl n VVn
1 1 L I J
yyY^nV^a

F /N-V

1 -((1R,5R)-6-(7-(8-chloro-7- 
fluoronaphthalen-1-yl)-8-fluoro-2-(((S)-1- 
methylpyrrolidin-2-yl)methoxy)pyrido[4,3- 

d]pyrimidin-4-yl)-2,6-
diazabicyclo[3.2.0]heptan-2-yl)prop-2-en-1-

one

LCMS [ESI, M+l]: 591

1H NMR (400 MHz, CDCl3): δ 8.95-8.83 (m, 1H),

8.03-7.95 (m, 1H), 7.88 (dd, J = 5.6, 8.8 Hz, 1H),

7.63-7.55 (m, 2H), 7.39 (t, J = 8.8 Hz, 1H), 6.62-

6.34 (m, 2H), 5.81 (brd,J= 10.4 Hz, 1H), 5.70-

5.49 (m, 1H), 5.19-4.74 (m, 211), 4.63 (dd, ./=4.8,

10.8 Hz, 1H), 4.50-4.10 (m, 3H), 4.00-3.67 (m,

1 H), 3.15 (br t, J= 7.6 Hz, 1H), 2.84-2.59 (m, 2H),

2.53 (s, 3H), 2.39-2.26 (m, 2H), 1.91-1.71 (m, 4H)

240

0Y1-F

-V
F N

VVci NiVi N r°\/HVV
2-((S)-4-(7-(8-chloro-7-fluoronaphthalen-1-yl)-8-

fluoro-2-(((3R,3aR,6R,6aR)-6-
hydroxyhexahydrofuro[3,2-6]furan-3-

yl)oxy)pyrido[4,3-d]pyrimidin-4-yl)-1-(2-
fluoroacryloyl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 667

1H NMR (400 MHz, CDCl3): 5 9.09 (s, 1H), 8.10-

7.96 (m, 1H), 7.91 (ddd,./= 1.2,5.6,9.2 Hz, 1H),

7.66- 7.57 (m, 2H), 7.41 (dt, J= 2.0, 8.8 Hz, 1 H),

5.67- 5.58 (m, 1H), 5.57-5.41 (m, 1 H), 5.29 (dd,J =

3.2, 16.8 Hz, 1 H), 5.06-4.98 (m, 1H), 4.96-4.74 (m,

1H), 4.60 (td, J = 5.2, 7.2 Hz, 1H), 4.54-4.41 (m,

211), 4.33 (ddd, J= 6.8, 9.2, 12.8 Hz, 3H), 4.15-

3.94 (m, 3H), 3.91-3.62 (m, 311), 3.11-2.95 (m,

111), 2.94-2.78 (m, 1 H), 2.69 (br d, J =8.0 Hz, 1H)
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LCMS [ESI, M+l]: 477

1H NMR (400 MHz, CDCl3): δ 9.23 (s, 1H), 8.90

(3)-2-( 1 -acryloyl-4-(7-(3-chloro-2- 
cyclopropylphenyl)-8- 

fluoropyndo[4,3-d]pynmidin-4- 
yl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 491

1H NMR (400 MHz, CDCl3): δ 10.38-10.09 (m,

2-((2S)-1 -acryloyl-4-(7-(5-chloro-6- 
methyl-1 H-indazoi-4-yl)-8- 

fluoropy rido[4,3- d}pyrimidin-4- 
yl)piperazin-2-yl)acetonitrile

LCMS [ESI, M+l]: 504

1H NMR (400 MHz, CDCl3): δ 9.25 (s, 1H), 8.92

2-((2S)-1-acryloyl-4-(7-(2-amino-3,5-
dichloro-S-f!uorophenyl)-8-

fluoropyrido[4,3-dlpynmiclin-4-
yl)piperazin-2-yl)acetonitri!e

lHNMR (400 MHz, CDCl3): δ 9.07 (s, I H), 8.04-

2-((2S)-4-(2-(((2S)-1- 
azabicycio[2.2.13heptan-2-yl)methoxy>- 
7-(8-chloro-7-fluoronaphthaien-1-yl)-S- 
ffuoropyndo[4,3-c/|pyrimidin-4-yl)-1 -(2- 

fluoroacryloyl)piperazin-2-yl)acetonitrile
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EXAMPLE 245

CsF, DMF

-TIPS N O O

[0920] To a mixture of /erZ-butyl (li?,5i?)-2-(8-fluoro-7-(8-((triisopropylsilyl)ethynyl)naphthalen-l- 

yl)pyrido[4,3-<7]pyrimidin-4-yl)-2,6-diazabicyclo[3.2.0]heptane-6-carboxylate (180 mg, 276 μ mol. 

1.0 equiv) in DMF (3.0 mL) was added CsF (419 mg, 2.76 mmol, 10.0 equiv). The mixture was 

stirred at 25 °C for 30 min and was then diluted with water (5.0 mL). The aqueous phase was 

extracted with ethyl acetate (3><10 mL). The combined organic phase was washed with brine (15 

mL), dried with anhydrous Na2SC>4, filtered and concentrated at reduced pressure. The crude 

product was purified by reversed-phase flash [water (0.1% FA)/acetonitrile] to afford /er/-butyl 

(l^,57?)-2-(7-(8-ethynylnaphthalen-l-yl)-8-fluoropyrido[4,3-cf]pyrimidin-4-yl)-2,6- 

diazabicyclo[3.2.0]heptane-6-carboxylate (90 mg, 65% yield) as a yellow solid. LCMS [ESI,

M+l]: 496.

[0921] To a mixture of tert-butyl (li?,57?)-2-(7-(8-ethynylnaphthalen-l-yl)-8-fluoropyrido[4,3- 

£/Jpyrimidin-4-yl)-2,6-diazabicyclo[3.2.0]heptane-6-carboxylate (80 mg, 161 pmol, 1.0 equiv) in 

MeCN (4.0 mL) was added HCl (4 M in dioxane, 8.00 mL, 198 equiv). The mixture was stirred at 

0 0C for 30 min and was diluted with said aq Na2CO;? (0.5 mL) and further neutralized with solid 

sodium bicarbonate. The resultant mixture was purified directly by reversed-phase flash
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chromatography [water (0.1% FA)/acetonitrile] to provide 4-((1//,5//)-2,6- 

diazabicyclo[3.2.0]heptan-2-yl)-7-(8-ethynylnaphthalen-l-yl)-8-fluoropyrido[4,3-</]pyrimidine (40 

mg, 61% yield) as a yellow solid. LCMS [ESI, M+l]: 396.

[0922] To a mixture of 4-((1/?,5//)-2,6-diazabicyclo[3.2.0]heptan-2-yl)-7-(8-ethynylnaphthalen-l- 

yl)-8-fiuoropyrido[4,3-i/jpyrimidine (30 mg, 75.9 pmol, 1.0 equiv) in DCM (1.5 mL) at-40 °C 

was added Et3N (61.4 mg, 607 pmol, 84.5 pL, 8.0 equiv) followed by prop-2-enoyl prop-2-enoate 

(28.7 mg, 228 pmol, 3.0 equiv) in DCM (0.5 mL). The solution was stirred at this temperature for 

30 min prior to being diluted with water (3.0 mL). The aqueous phase was extracted with DCM (3 

x 5 mL). The combined organic phase was washed with brine (5.0 mL), dried over anhydrous 

Na2SC>4, filtered and concentrated at reduced pressure. The residue was purified by prep-HPLC 

[Waters Xbridge 150 x 25 mm x 5 pm; A: water (0.05% ammonium hydroxide),B: ACN, B%: 

22%-52%] to afford 1-((1/?,5/Z)-2-(7-(8-ethynylnaphthalen-l-yl)-8-fluoropyrido[4,3-</]pyrimidin- 

4-yl)-2,6-diazabicyclo[3.2.0]heptan-6-yl)prop-2-en-l-one (13 mg, 38% yield) as a yellow solid. 1H 

NMR (400 MHz, CDCl3): δ 9.38-9.16 (m, 1H), 8.85 (s, 111), 8.08-7.98 (m, 2H), 7.79 (d, J = 7.2 

Hz, 1H), 7.69-7.61 (m, 2H), 7.53-7.43 (m, 1H), 6.59-6.39 (m, 1H), 6.38-6.15 (m, 1H), 5.88-5.72 

(m, 1H), 5.44-5.12 (m, 2H), 4.94-4.53 (m, 2H), 4.39-4.13 (m, 1H), 4.13-3.91 (m, 1H), 2.91 -2.57 

(m, 1H), 2.53 (d, J = 6.4 Hz, 1H), 2.36-2.21 (m, 1H). LCMS [ESI, M+l]: 450.

EXAMPLE 246

N-TFA
CS2CO;

O O

[0923] To a solution of l-(6-(7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoropyrido[4,3-i/]pyrimidin- 

4-yl)-l,6-diazaspiro[3.3]heptan-l-yl)-2,2,2-trifluoroethan-l-one (50 mg, 96.2 pmol, 1.0 equiv) in 

MeOH (2.5 mL) was added CS2CO3 (31.3 mg, 96.2 pmol, 1.0 equiv) and water (0.063 mL) at 25 

°C. The mixture was stirred at 40 0C for 2.5 h and was subsequently concentrated at reduced 

pressure. The residue was taken up in ethyl acetate and was dried over anh Na2S04, filtered and 

concentrated at reduced pressure to provide 7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoro-4-(l,6-
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diazaspiro[3.3]heptan-6-yl)pyrido[4,3-J]pyrimidine (55 mg, crude) as a yellow solid. LCMS [ESI, 

M+l]: 424.

[0924] To a solution of 7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoro-4-(l,6-diazaspiro[3.3]heptan-

6-yOpyrido[4,3-tfjpyrimidine (55 mg, 130 pmol, 1.0 equiv) in DCM (1.0 mL) at -40 °C was added 

TEA (39.4 mg, 390 pmol, 54.2 pL, 3.0 equiv) followed by the dropwise addition of a solution of 

prop-2-enoyl prop-2-enoate (24.5 mg, 195 pmol, 1.5 equiv) in dichloromethane (0.2 mL). Stirring 

was continued at this temperature for 30 min prior to the addition of methanol (0.2 mL) and water 

(2.0 mL). The aqueous phase was extracted with ethyl acetate (3 x 2.0 mL). The combined organic 

layers were dried over anh NazSCL, fdtered and concentrated at reduced pressure. The resultant 

residue was purified by prep-HPLC [Waters Xbridge Cl 8 150mm x 50mm x 10 pm, A: water 

(IOmM NH4HCO3), B: ACN; B%: 30%-60%). The desired fractions were lyophilized to provide 

l-(6-(7-(8-chloro-7-fluoronaphthalen-l-yl)-8-fluoropyrido[4,3-J]pyrimidin-4-yl)-l,6-  

diazaspiro[3.3 Jheptan-1-yl)prop-2-en-1 -one (12.6 mg, 18% over two steps) as a yellow solid. 

LCMS [ESI, M+l]: 478. 1H NMR (400 MHz, CDCL): δ 9.04 (s, 1H), 8.80 (s, 1H), 8.01-7.99 (dd, J 

= 2.8, 6.4 Hz, 1H), 7.87-7.91 (dd, J = 5.6, 9.2 Hz, 1H), 7.63-7.59 (m, 2H), 7.42-7.40 (t, J = 8.8 Hz, 

1H), 6.45-6.40 (dd, J = 1.6, 16.8 Hz, 111),6.23-6.15 (m, 1H), 5.78-5.75 (dd, J= 1.6, 10.4 Hz, 1H), 

5.70-5.14 (m, 2H), 4.88-4.46 (m, 2H), 4.26-4.22 (t, J= 7.2 Hz, 2H), 2.74-2.70 (t, J= 7.6 Hz, 2H).

EXAMPLE 247

CsF, DMF

-TIPS N η O O

[0925] To a solution of 4-((17?,5i?)-2,6-diazabicyclo[3.2.0]heptan-6-yl)-8-fluoro-7-(8- 

((triisopropylsilyl)ethynyl)naphthalen-l-yl)pyrido[4,3-J]pyrimidine (430 mg, 779 pmol, 1.0 equiv) 

in DMF (20.0 mL) was added CsF (1.18 g, 7.79 mmol, 10 equiv) at 25 °C. The mixture was stirred 

at 25 °C for 1 h prior to being diluted with water (20 mL) and extracted with DCM (3 x 30 mL). 

The combined organic layer was separated, dried over anh sodium sulfate, filtered and 

concentrated at reduced pressure to afford 4-((1/?,5i?)-2,6-diazabicyclo[3.2.0]heptan-6-yl)-7-(8-
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ethynylnaphthalen-l-yl)-8-fluoropyri do [4,3-Jjpyrimidine (417 mg, crude) as a yellow solid. 

LCMS [ESI, M+l]: 396.

[0926] To a solution of 4-((1/?,5f?)-2,6-diazabicyclo[3.2.0]heptan-6-yl)-7-(8-ethyny lnaphthalen-1- 

yl)-8-fluoropyrido[4,3-JJpyrimidine (417 mg, 1.05 mmol, 1.0 equiv) in DCM (40.0 mL) at-40 °C

idded r»TC λ tenoJ-ZlJ-^TV I ~8 mg, 5.25 mmol, 914 pL, 5.0 equiv) and prop-2-enoyl prop-2-enoate (265

mg, 2.10 mmol, 2.0 equiv). The mixture was stirred for 30 min at this temperature prior to being 

diluted with water (30 mL). The organic layer was separated, dried over anh sodium sulfate, 

filtered and concentrated at reduced pressure. The resultant residue was purified by prep-HPLC 

(Waters Xbridge 150 mm x 25 mm x 5 pm, A: water (0.05% ammonium hydroxide), B: ACN, B%: 

24%-54%) to afford 1-((1/?,5i?)-6-(7-(8-ethynylnaphthalen-l-yl)-8-fluoropyrido[4,3-J]pyrimidin- 

4-yl)-2,6-diazabicyclo[3.2.0]heptan-2-yl)prop-2-en-l-one (75.9 mg, 22% over two steps) as a 

yellow solid. LCMS [ESI, M+l]: 450. 1H NMR (400 MHz, CDCl3): δ 9.09-9.00 (m, 1H), 8.82- 

8.74 (m, 1H), 8.00 (dd, J= 8.0, 16.4 Hz, 2H), 7.80-7.71 (m, 1H), 7.66-7.55 (m, 2H), 7.48 (t, J =

7.6 Hz, 1H), 6.62-6.33 (m, 2H), 5.86-5.77 (m, 1H), 5.75-5.51 (m, 1H), 5.26-4.88 (m, 2H), 4.57-

4.10 (m, 2H), 4.06-3.70 (m, 1H), 2.86-2.57 (m, 2H), 2.41-2.11 (m, 1H).

EXAMPLE A

KRas G12C Modification Assay

[0927] This Example illustrates a procedure that may be employed to demonstrate that exemplary 

compounds of the present invention covalently bind to KRas G12C using a LCMS assay to detect a 

covalent adduct of the exemplary compound and KRAS G12C.

[0928] The protein concentration of GDP-loaded K-Ras (1-169) G12C, C51S,C80L,C118S and 

GTP-Ioaded K-Ras (1-169) G12C,C51S,C80L,C118S,Q61H is adjusted to 2 pM in K-Ras Assay- 

Buffer (25 mM HEPES,150 mM NaCl, 5 mM MgCh, and 10 mM Octyl β-glucopyranoside at pH 

7.5). A 10 pL aliquot of each protein solution is then transferred to a 384 well microtiter plate. 

Initial compound stocks are generated at fifty times their desired final assay concentration in 

DMSO.

[0929] Exemplary compounds of Formula (I) are diluted 25-fold into K-Ras Assay Buffer to a final 

of two times their final concentration. A 10 pL aliquot of each diluted compound solution is then
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added to each of the protein solutions in the microtiter plate to initiate reaction. Typical final 

compound concentrations are 3.0, 5.0 and 25.0 μΜ. At each time point, the reactions are quenched 

with 20 pL of a 25 mM acetic acid solution. Usual assay endpoints are 15, 180 and 1440 minutes. 

Once all reactions are quenched, the plates are heat sealed and the samples were injected into a 

LC/MS system for data acquisition.

[0930] Data collection may take place on an Agilent 6520 Q-TOF Accurate Mass Spectrometer. 

Samples are injected in their liquid phase onto a C-3 reverse phase column to remove assay buffer 

and prepare the samples for mass spectrometer. The proteins are eluted from the column using an 

acetonitrile gradient and fed directly into the mass analyzer. Initial raw data analysis may take 

place in Agilent MasslTunter software immediately post data acquisition.

[0931 ] Raw data analysis of the intact protein is exclusively a deconvolution of the multiple charge 

states of each protein in solution using a maximum entropy deconvolution provided in Mass 

Hunter. To minimize complexity, only the data over limited mass ranges are considered for 

analysis, with a minimum of one Dalton mass step intervals. The heights of all masses identified 

during raw data analysis are exported to be further analyzed in Spotfire® data analysis software.

[0932] Final data analysis is a multistep process in the Spotfire® data analysis software package. 

Briefly, each protein mass is calculated as a percent of the total signal of that sample, that 

percentage is then normalized to the percentage of signal of the protein in the absence of reactive 

compounds. Those normalized signals are reported as normalized percent of control (POC). An 

increased POC value indicates a compound that displays a higher degree of modification at a given 

condition compared to other compounds under the same conditions. The exemplary compounds of 

Fonnula (!) are tested at 5 μΜ concentration for 3 hours.

EXAMPLE B

Inhibition of KRas G12C-dependent Cell Growth

[0933] This Example illustrates that exemplary compounds of the present invention inhibit the 

growth of tumor cell lines that express KRas Gl 2C.

[0934] The cellular inhibition of KRAs Gl 2C by exemplary compounds of the present invention 

was determined by measuring the amount of a downstream marker of KRas activity,
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phosphorylated ERK (“Phospho-ERK”).

[0935] NCI-H358 cells (ATCC CRL-5807) express KRas G12C and were grown in RPMI medium 

supplemented with 10% fetal bovine serum, penicillin/streptomycin and 10 mM HEPES. Cells 

were plated in poly-D-Lysine coated 96-well plates at a concentration of 50,000 cells/well and 

allowed to attach for 8-12 hours. Diluted compounds were then added at a final concentration of
n s o/„ rarcn

.w/ /uj_/rviUV7.
A ί+ΛΙ· ^ Ιλλιιι·ο nnvi iwuiJ, +Un W-Λ ,-1 , , ,-1-1 «Λ^ιΛ,τΛ-Ι t CA ..T

tuc, iiiLuiuiii was icmu vcu, i ju ul,

and the plates were incubated for 20 minutes. The plates were washed with PBS, and 

permeabilized using 150 pL of ice cold 100% methanol for 10 minutes. Non-specific antibody 

binding to the plates was blocked using 100 pL Licor Blocking Buffer (Li-Cor Biotechnology, 

Lincoln NE) for 1 hour at room temperature. Positive control samples and samples lacking cells 

were parallel processed with test samples as standards.

[0936] The amount Phospho-ERK was determined using an antibody specific for the 

phosphorylated form of ERK and compared to the amount of GAPDH. Primary antibodies used 

for detection were added as follows: Phospho-ERK (Cell Signaling cs9101) diluted 1:500 and 

GAPDH (Millipore MAB374) diluted 1:5000 in Licor block + 0.05% Tween 20. The plates were 

incubated for 2 hours at room temperature. The plates were washed with PBS + 0.05% Tween 20.

[0937] Secondary antibodies used to visualize primary antibodies were added as follows: Anti

rabbit-680 diluted 1:1000 and Anti-mouse-800 diluted 1:1000 in Licor Block + 0.05% Tween 20 

and incubated for 1 hour at room temperature. The plates were washed with PBS + 0.05% Tween 

20. A 100 pL aliquot of PBS was added to each well and the plates were read on a LICOR 

AERILfS plate reader.

[0938] The pERK(Thr202/Tyr204) signal was normalized with the GAPDH signal and percent of 

DMSO control values were calculated. IC50 values were generated using a 4 parameter fit of the 

dose response curve. The results for exemplary compounds of Formula (!) are shown in Table 1.

Table 1

Inhibition of KRas G12C-mediated Cell Proliferation by Exemplary Compounds
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Example No. ICso Example No. ICso

1 1917 124 1766

2 325 125 42

3 16000 126 15

4 3430 127 243

5 45 128 15

6 300 129 73

7 7 130 26

8 132 131 10000

9 142 132 145

10 2 133 10000

Π 84 134 10000

12 31 135 6050

13 127 136 92

14 119 137 3350

15 50 138 7171

16 118 139 37

17 59 140 14

18 50 141 50

19 2 142. 1251

20 3 143 13

21 105 144 35

22 38 145 2

23 18 146 10000

24 109 147 23

25 13 148 6283

26 55 149 10000

27 30 150 10000

28 260 151 256

29 85 152 322
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30 131 153 10000

31 33 154 221

32 137 155 585

33 79 156 134

34 45 157 23

35 27 158 /TO
UO

36 44 159 10000

37 168 160 10000

38 338 161 11

39 544 162 590

40 496 163 110

41 216 164 153

42 18 165 158

43 Λ
‘-t 166 Λ A

ZO

44 15 167 60

45 205 168 65

46 94 169 60

47 30 170 19

48 270 171 22

49 62 172 18

50 53 173 31

51 19 174 20

52 23 175 134

53 17 176 30

54 14 177 51

55 90 178 63

56 28 179 224

57 58 180 362

58 330 181 4

59 60 182 27
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60 127 183 10000

61 70 184 10000

62 18 185 145

63 2845 186

64 376 187 74

65 36 189 10000

66 12 190 10000

67 21 191 15

68 86 192 38

69 58 193 67

70 456 194 64

71 13 195 31

72 31 196 1727

73 593 197 165

74 1352 198 8000

75 1186 199 3396

76 3000 200 410

77 2 201 10000

78 13 202 10000

79 675 203 10000

80 2522 204 10000

81 1101 205 10000

82 618 206 1685

83 3500 207 6847

84 765 208 4

85 519 209 46

86 14 210 49

87 4376 211 2

88 77 212 7

89 28 213 62
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90 26 214 2108

91 29 215 31

92 Il 216 I2l

93 3 66 217 Il

94 360 218 711
DC
yj

1 A Ί 1 Λ
Aiy 538

96 200 220 22

97 2519 221 1931

98 IOOOO 222 IOOOO

99 444 223 IOOOO

100 IOOOO 224 IOOOO

101 43 225 4927

102 12 226 IOOOO
1 f\
IUJ

1 ΛΛΑΑ
IUUUU 227 5

104 699 228 230

105 IOOOO 229 I

106 1541 230 1848

107 156 231 4283

108 37 232 IOOOO

109 21 233 IOOOO

IlO 725 234 IOOOO

111 3918 235 IOOOO

ll2 218 236 IOOOO

113 13 237 230

ll4 2 238 379

ll5 76 239 5

ll6 31 240 IOOOO

ll7 18 241 111

ll8 329 242 187

ll9 39 243 1205
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120 976 244 88

121 63 245 4044

122 32 246 6470

123 3963 247 105

[0939] While the invention has been described in connection with specific embodiments thereof, it 

will be understood that it is capable of further modifications and this application is intended to 

cover any variations, uses, or adaptations of the invention following, in general, the principles of 

the invention and including such departures from the present disclosure as come within known or 

customary practice within the art to which the invention pertains and as may be applied to the 

essential features hereinbefore set forth, and as follows in the scope of the appended claims.
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CLAIMS

WE CLAIM:

1. A compound of formula (I):

R1

Formula (I)

or a pharmaceutically acceptable salt thereof: 

wherein:

X is a 4-12 membered saturated or partially saturated monocyclic, bridged, spirocyclic or fused 

bicyclic ring, wherein the saturated or partially saturated monocyclic ring is optionally substituted 

with one or more R8;

Y is a bond, O, S or NR5;

R1 Is-C(O)C(Ra) C(Rb)p or-SO2C(Ra) ^=C(Rb)p;

R2 is hydrogen, alkyl, alkoxy, hydroxyalkyl, dihydroxyalkyl, alkylaminylalkyl, dialkylaminylalkyl, 

-Z-NR5S02C1-C3 alkyl, haloalkyl, -Z-NR3R1ojCycloalkyl, heterocyclyl, heterocyclylalkyl, aryl, 

aralkyl, heteroaryl, or heteroarylalkyl, wherein each of the Z, heterocyclyl, heterocyclylalkyl, aryl,
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heteroaryl, and heteroarylalkyl may be optionally substituted with one or more R9; 

each Z is Cl - C4 alkylene;

R3 is independently hydrogen, Cl - C3 alkyl, halogen, CN, -O-haloalkyl or -OR3;

L is a bond, -C(O)-, or Cl - C3 alkylene;

R4 is hydrogen, cycloalkyl, heterocyclyl, aryl, aralkyl or heteroaryl, wherein each of the cycloalkyl, 

heterocyclyl, aryl, aralkyl and heteroaryl may be optionally substituted with one or more 

substituents independently selected from R6, R7 and R9;

each R5 is independently hydrogen or Cl — C3 alkyl;

R6 is cycloalkyl, heterocyclyl, heterocyclylalkyl, aryl, or heteroaryl, wherein each of the cycloalkyl, 

heterocyclyl, aryl, or heteroaryl may be optionally substituted with one or more R7;

each R7 is independently halogen, hydroxyl, Cl - C6 alkyl, C2-C4 alkynyl, cycloalkyl, alkoxy, 

haloalkyl, amino, cyano, heteroalkyl, hydroxyalkyl or Q-haloalkyl, wherein Q is O or S;

each R8 is oxo, Cl - C3 alkyl, C2 - C4 alkynyl, heteroalkyl, cyano, -C(O)OR5, -C(O)N(R5)2, - 

N(R5)2, or haloCl -C3 alkyl, wherein the Cl - C3 alkyl may be optionally substituted with cyano, 

halogen, -OR5, -N(R3)2, or heteroaryl;

each R9 is independently hydrogen, oxo, acyl, hydroxyl, hydroxyalkyl, cyano, -N(R3)2, halogen, Cl 

- C6 alkyl, aralkyl, haloalkyl, heteroalkyl, cycloalkyl, heterocyclyl, heterocyclylalkyl, alkoxy, 

dialkylaminyl, dialkylamidoalkyl, or dialkylaminylalkyl, wherein the Cl - C6 alkyl may be 

optionally substituted with cycloalkyl;

each R10 is independently hydrogen, acyl, Cl - C3 alkyl, heteroalkyl or hydroxyalkyl;
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RAis absent, hydrogen, deuterium, cyano, halogen, Cl - C-3 alkyl, haloalkyl, heteroalkyl, - 

C(O)N(Rs)2, or hydroxyalkyl;

each Rb is independently hydrogen, deuterium, cyano, Cl - C3 alkyl, hydroxyalkyl, heteroalkyl, Cl 

- C3 alkoxy, halogen, haloalkyl, -ZNR5Rn, wherein Rn is haloalkyl;

-C(O)N(R5)2, -NHC(O)Cl - C3 alkyl, -CH2NHC(O)Cl - C3 alkyl, heteroaryl, heteroarylalkyl, 

dialkylaminylalkyl, or heterocyclylalkyl, wherein the heterocyclyl portion is substituted with one or 

more substituents independently selected from halogen, hydroxyl, alkoxy and Cl - C3 alkyl, and 

wherein the heteroaryl or the heteroaryl portion of the heteroarylalkyl is optionally substituted with 

one or more R7;

when--------- is a triple bond then Ra is absent, Rb is present and p equals one,

or when == is a double bond then Ra is present, Rb is present and p equals two, or Ra, Rb and 

the carbon atoms to which they are attached form a 5-8 membered partially saturated cycloalkyl 

optionally substituted with one or more R7; and

p is one or two.

2. The compound of claim 1, wherein R1-X is:

wherein the spirocycle ring A or ring B is optionally substituted with one or more R8.

3. The compound of claim 2, wherein the spriocycle is selected from the group consisting of:
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4. The compound of claim 1, wherein X is a saturated bridged ring system optionally 

substituted with one or more R8.

5. The compound of claim 4, wherein the saturated bridged ring system is 

diazabicyclo[3.2.0]heptan-6-yl, diazabicyclo[3.2.0]heptan-2-yl, diazabicyclo[3.2.1]octan-8-yl or 

diazabicyclo[3.2.1 ]octan-3-yl.

6. The compound of claim 1, wherein R1-X is:

wherein the piperazinyl ring is optionally substituted with one or more R8.
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7. The compound of claim 6, wherein R1 is -C(O)C(Ra)--------- C(Rb)p.

8. The compound of claim 7, wherein — is a double bond and Ra is hydrogen, p is two 

and at least one Rb is independently deuterium, cyano, halogen, haloalkyl, hydroxyalkyl, 

heteroalkyl, heteroaryl, heteroarylalkyl, -ZNR3R11, -C(O)N(R5)2, -NHC(O)Cl - C3 alkyl or 

heterocyclylalkyl wherein the heterocyclyl portion is substituted with one or more substituents 

independently selected from halogen, hydroxyl, alkoxy or Cl - C3 alkyl.

9. The compound of claim 8, wherein the at least one R0 is haloalkyl.

10. The compound of claim 9, wherein one Rb is haloalkyl and the other Rb is hydrogen.

11. The compound according to claims 9 or 10, wherein the haloalkyl is fluoromethyl, 

difluromethyl or trifluromethyl.

12. The compound according to any one of claims 7-11, wherein the double bond is in the E 

configuration.

13. The compound according to any one of claims 7-11, wherein the double bond is in the Z 

configuration.

14. The compound of claim 7, wherein ..— is a double bond and p is two, each Rb is

hydrogen, and Ra is deuterium, cyano, halogen, haloalkyl, heteroalkyl, -C(0)N(R3)2, or 

hydroxyalkyl.

15. The compound of claim 14, wherein Ra is halogen.

16. The compound of claim 15, wherein the halogen is JTuorine or chlorine.

17. The compound of claim 16, wherein the halogen is fluorine.
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18. The compound according to any one of claims 2-17, wherein Y is a bond and R2 is 

hydrogen.

19. The compound according to any one of claims 2-17, wherein Y is O.

20. The compound according to claim 19, wherein R2 is selected from the group consisting of 

alkyl, alkoxy, hydroxyalkyl, alkylaminylalkyl, dialkylaminylalkyl, cycloalkyl, -ZNR5R10 

heterocyclyl, aralkyl and heterocyclylalkyl, wherein each of the Z, heterocyclyl cycloalkyl, aryl or 

heterocyclylalkyl are independently optionally substituted with R9.

21. The compound of claim 20, wherein R2 is heterocyclylalkyl optionally substituted with one 

or more R9.

22. The compound of claim 21, wherein the heterocyclyl of the heterocyclylalkyl is 

independently azetidinyl, methyl azetidinyl, ethylazetidinyl, isopropylazetidinyl, difluoroazetidinyl, 

dimethylaminylazetidinyl, cycloalkylaztidinyl, dimethylazetidinyl, dimethylmethoxyazetidinyl, 

tetrahydropyranyl, pyrrolidinyl, methylpyrrolidinyl, diemethylpyrrolidinyl, isopropylpyrrolidinyl, 

cycloalkylpyrrolidinyl, cycloalkylalkylpyrrolidinyl, hydroxypyrrolindinyl, fluoropyrrolidinyl, 

difluoropyrrolidinyl, (N-methyl)fluoropyrrolidinyl, (N-methyl)difluoropyrrolidinyl, 

methoxyethylpyrrolidinyl, (N-methyl)methoxypyrrolidinyl, fluoroethylpyrrolidinyl, 

difluoroethylpyrrolidinyl, piperazinyl, dimethylaminylpyrrolidinyl, morpholinyl, 

methylmorpholinyl, oxetanyl, methyloxetanyl, 1,4-oxazepanyl, 1,4-oxazinyl, piperdinyl, 

methylpiperidinyl acylpiperdinyl, cyanopiperdinyl, cycloalkylpiperdinyl, halopiperdinyl, 

dihalopiperdinyl, fluoropiperdinyl, difluoropiperdinyl, alkoxypiperdinyl, heterocyclylpiperdinyl, 

pyrrolidonyl, piperidinonyl, thiomorpholinyl-1,1-dioxide, hexahydrofuro[3.2-b]furanyl, (3R, 3aR, 

6R, 6aR)-hydroxyhexahydrofuro[3.2-b]furanyl, tetrahydropyrazinyl,

hydroxyethyltetrahydropyrazinyl, 3-azabicyclo[3.1.0Jhexanyl, oxa-5-azabicyclo[2.2.1]heptan-5-yl, 

or 2-methyl-azabicyclo[2.2.1]heptan-2-yl, azabicyclo[2.2.1]heptan-2-yl.

23. The compound of claim 22, wherein the heterocyclyl is 3,3-difluoro-l-methylpyrrolidinyl.
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24. The compound of claim 22, wherein the heterocyclyl is N-methylpyrrolidinyl.

25. The compound of claim 22, wherein the heterocyclyl is 3-fluoro-l-methylpyrrolidinyl.

26. The compound of claim 22, wherein the heterocyclyl is 3-methoxy-l-methylpyrrolidinyl.

27. The compound of claim 22, wherein the heterocyclyl is morpholinyl or oxa-5-

azabicyclo[2.2.1 Jheptanyl.

28. The compound of claim 22, wherein the heterocyclyl is tetrahydropyrazinyl or 

hydroxyethy ltetrahy dropyrazinyl.

29. The compound of any one of claims 22-28, wherein the alkyl portion of the 

heterocyclylalkyl is methylene, ethylene or propylene.

30. The compound of claim 20, wherein R2 is dialkylaminylalkyl optionally substituted with one 

or more R9.

31. The compound according to any one of claims 2-30, wherein R4 is aryl optionally 

substituted with one or more R7.

32. The compound of claim 31, wherein the aryl is selected from the group consisting of phenyl 

and naphthyl optionally substituted with one or more R7.

33. The compound of claim 32, wherein the phenyl and the naphthyl are each optionally 

substituted with one or more R7 selected from the group consisting of amino, halogen, hydroxyl,

Cl - C6 alkyl, C2-C4 alkynyl, haloalkyl, Q-haloalkyl, and alkoxy.

34. The compound of claim 33, wherein R7 is halogen.

35. The compound of claim 34, wherein the halogen is chlorine or fluorine
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36. The compound of claim 33, wherein R7 is Cl - C6 alkyl.

37. The compound of claim 36, wherein the C l - C6 alkyl is methyl.

38. The compound according to any one of claims 2-30, wherein R4 is heteroaryl optionally

substituted with one or more R7.

39. The compound according to claim 38, wherein the heteroaryl is indoyl, indazolyl, 

quinolinyl, isoquinolinyl, pyridinyl or benzo[d]thiazolyl optionally substituted with one or more R7.

40. The compound according to claim 39, wherein the heteroaryl is isoquinolinyl, each 

optionally substituted with one or more halogen, hydroxyl, Cl - C3 alkyl, haloalkyl, Q-haloalkyl, 

alkoxy or amino.

41. The compound according to claim 39, wherein the heteroaryl is a quinolinyl or 

isoquinolinyl, each optionally substituted with one or more amino, hydroxyl, Cl - C3 alkyl, and 

halogen.

42. The compound according to any one of claims 2-30, wherein R4 is aralkyl optionally 

substituted with one or more R7.

43. The compound according to any one of claims 2-42, wherein R3 is hydrogen, cyano, Cl- 

C3 alkyl, -O-haloalkyl, -OR5 or halogen.

44. The compound of claim 43, wherein R3 is Cl - C3 alkyl.

45. The compound of claim 44, wherein the Cl - C3 alkyl is methyl.

46. The compound of claim 43, wherein R3 is halogen.
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47. The compound of claim 46, wherein the halogen is fluorine or chlorine.

48. The compound of claim 43, wherein R3 is -O-haloalkyl.

49. The compound of claim 48, wherein the haloalkyl is fluoroethyl.

50. The compound of claim 43, wherein Rj is -ORT wherein R3 is hydrogen.

51. The compound according to any one of claims 2-50, wherein R8 is cyano, heteroalkyl, C2- 

C4 alkynyl, or Cl - C3 alkyl optionally substituted with -OR3, cyano or heteroaryl.

52. The compound of claim 51, wherein R8 is Cl - C3 alkyl optionally substituted with cyano.

53. The compound of claim 51, wherein R8 is cyanomethyl.

54. The compound of claim 51, wherein R8 is cyano.

55. The compound according to any one of claims 51 -54, wherein X is substituted with one R8.

56. The compound according to any one of claims 2-50, wherein X is unsubstituted.

57. The compound of claim 1, wherein X is diazabicyclo[3.2.0]heptan-6-yl, 

diazabicyclo[3.2.0]heptan-2-yl, diazabicyclo[3.2.1]octan-8-yl or diazabicyclo[3.2.1]octan-3-yl.

58. The compound of claim 1, wherein the compound is:

HO OH N ^ N HO- N 0
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and pharmaceutically acceptable salts thereof.

59. The compound of claim 1, wherein the compound is of Formula I-A:

Formula I-A

where the piperazinyl ring is optionally substituted with one or more R8. R2 is 

heterocyclylalkyl optionally substituted with one or more R9, and R15 R3, R4, R8, and L are as 

defined in claim 1.

60. The compound of claim 59, wherein R1 is -C(O)C(Ra) =^= C(Rb)p and is a

double bond and Ra is hydrogen, p is two and at least one R8 is independently deuterium, cyano, 

halogen, haloalkyl, hydroxyalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, -ZNR3R11, -C(0)N(R5)2, 

-NFIC(O)Cl - C3 alkyl or heterocyclylalkyl wherein the heterocyclyl portion is substituted with 

one or more substituents independently selected from halogen, hydroxyl, alkoxy and Cl - C3 alkyl.
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61. The compound of claim 60, wherein R1 is -C(O)C(Ra) = C(Rb)p and ........ is a

double bond, each Rb is hydrogen, and Ra is deuterium, cyano, halogen, Cl - C-3 alkyl, haloalkyl, 

heteroalkyl, -C(O)N(R5)2, or hydroxyalkyl.

62. The compound of claim 59, wherein the heterocyclyl portion of the heterocyclylalkyl is 

azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, oxetanyl, 1,4-oxazepanyl, 

tetrahydropyrazinyl, pyrrolopyrimidinyl, thiomorpholinyl-1,1-dioxide, 3-azabicyclo[3.1.0]hexanyl, 

2-oxa-5-azabicyclo[2.2.1 ]heptan-5-yl, or azabicyclo[2.2.1]heptan-2-yl, each optionally substituted 

with one or more R9.

63. The compound of claim 62, wherein each R9 is independently acyl, alkoxy, oxo, halogen, 

cyano, Cl - C6 alkyl, hydroxyalkyl, heteroalkyl, haloalkyl, cycloalkyl, aralkyl, heterocyclyl, - 

N(R5)2, or dialkylamidoalkyl.

64. The compound of claim 63, wherein each R9 is independently C1-C6 alkyl, heteroalkyl, or 

halogen.

65. The compound according to claim 62, wherein the heterocyclyl is pyrrolidinyl optionally 

substituted with one or more R9.

66. The compound of claim 65, wherein the pyrrolidinyl optionally substituted with one or more 

R9is N-methylpyrrolidinyl, N-ethylpyrrolidinyl, N-isopropylpyrrolidinyl, 3-methoxy-l- 

methylpyrrolidinyl, 3-fluoro-l-methylpyrrolidinyl, 1-fluoroethylpyrrolidinyl, 1-

difluoroethy!pyrrolidinyl, 1 -cyclobutylpyrrolidinyl, or 3,3-difluoro-l-methylpyrrolidinyl.

67. The compound of claim 59, wherein R8 is heteroalkyl, C2-C4 alkynyl, or Cl - C3alkyl 

optionally substituted with -OR5, cyano or hetcroaryl.

68. The compound of claim 67, wherein R8 is C1-C3 alkyl optionally substituted with cyano.
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69. The compound according to any one of claims 59-68, wherein L is a bond and R4 is aryl or 

heteroaryl, each optionally substituted with one or more substituents independently selected from 

R6, R7 and R9.

70. The compound of claim 69, wherein the aryl or heteroaryl are each optionally substituted 

with one or more \substituents independently selected from hydroxyl, amino, halogen, Cl - C3 

alkyl, C2-C4 alkynyl, haloalkyl, Q-haloalkyl, cycloalkyl and alkoxy.

71. The compound according to claim 70, wherein R4 is aryl optionally substituted with one or 

more substituents independently selected from R6 and R7.

72. The compound according to claim 71, wherein R4 is phenyl or naphthyl, each optionally 

substituted with one or more substituents independently selected from R6 and R7.

73. The compound according to claim 72, wherein the phenyl or naphthyl is optionally 

substituted with one or more substituents independently selected from hydroxyl, halogen, C1-C6 

alkyl, C2-C4 alkynyl, and haloalkyl.

74. The compound according to claim 69, wherein the heteroaryl is isoquinolinyl, each 

optionally substituted with one or more substituents independently selected from halogen, hydroxyl, 

Cl - C3 alkyl, C2-C4 alkynyl, haloalkyl, Q-haloalkyl, alkoxy and amino.

75. The compound according to claim 69, wherein the heteroaryl is a quinolinyl or 

isoquinolinyl, each optionally substituted with one or more substituents independently selected from 

amino, hydroxyl, Cl - C3 alkyl, C2-C4 alkynyl, and halogen.

76. A pharmaceutical composition, comprising a therapeutically effective amount of a 

compound of Formula I or Formula I-A according to any one of claims 1-75, and a 

pharmaceutically acceptable excipient.

77. A method for inhibiting KRas Gl2C activity in a cell, comprising contacting the cell in

496



WO 2020/146613 PCT/US2020/012906

which inhibition of KRas G12C activity is desired with an effective amount of a compound of 

Formula T or Formula I-A according to any one of claims 1-75, pharmaceutically acceptable salts 

thereof or pharmaceutical compositions containing the compound of Formula I or Formula I-A, or 

pharmaceutically acceptable salt thereof.

78. A method for treating cancer comprising administering to a patient having cancer a 

therapeutically effective amount of a compound of Formula I or Formula I-A, or a pharmaceutically 

acceptable salt thereof according to any one of claims 1-75, alone or combined with a 

pharmaceutically acceptable carrier, excipient or diluents.

79. The method of claim 78, wherein the therapeutically effective amount of the compound is 

between about 0.01 to 100 mg/kg per day.

80. The method of claim 79, wherein the therapeutically effective amount of the compound is 

between about 0.1 to 50 mg/kg per day.

81. The method of claim 80, wherein the cancer is selected from the group consisting of 

Cardiac: sarcoma (angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma), myxoma, 

rhabdomyoma, fibroma, lipoma and teratoma; Lung: bronchogenic carcinoma (squamous cell, 

undifferentiated small cell, undifferentiated large cell, adenocarcinoma), alveolar (bronchiolar) 

carcinoma, bronchial adenoma, sarcoma, lymphoma, chondromatous hamartoma, mesothelioma; 

Gastrointestinal: esophagus (squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, 

lymphoma), stomach (carcinoma, lymphoma, leiomyosarcoma), pancreas (ductal adenocarcinoma, 

insulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma), small bowel (adenocarcinoma, 

lymphoma, carcinoid tumors, Kaposi's sarcoma, leiomyoma, hemangioma, lipoma, neurofibroma, 

fibroma), large bowel (adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, 

leiomyoma); Genitourinary tract: kidney (adenocarcinoma, Wilm's tumor (nephroblastoma), 

lymphoma, leukemia), bladder and urethra (squamous cell carcinoma, transitional cell carcinoma, 

adenocarcinoma), prostate (adenocarcinoma, sarcoma), testis (seminoma, teratoma, embryonal 

carcinoma, teratocarcinoma, choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, 

fibroadenoma, adenomatoid tumors, lipoma); Liver: hepatoma (hepatocellular carcinoma),
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cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatocellular adenoma, hemangioma; Biliary 

tract: gall bladder carcinoma, ampullary carcinoma, cholangiocarcinoma; Bone: osteogenic sarcoma 

(osteosarcoma), fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma, Ewing's sarcoma, 

malignant lymphoma (reticulum cell sarcoma), multiple myeloma, malignant giant cell tumor 

chordoma, osteochronfroma (osteocartilaginous exostoses), benign chondroma, chondroblastoma, 

chondromyxofibroma, osteoid osteoma and giant cell tumors; Nenmus system: skull (osteoma, 

hemangioma, granuloma, xanthoma, osteitis deformans), meninges (meningioma, 

meningiosarcoma, gliomatosis), brain (astrocytoma, medulloblastoma, glioma, ependymoma, 

germinoma (pinealoma), glioblastoma multiform, oligodendroglioma, schwannoma, retinoblastoma, 

congenital tumors), spinal cord neurofibroma, meningioma, glioma, sarcoma); Gynecological: 

uterus (endometrial 'carcinoma (serous cystadenocarcinoma, mucinous cystadenocarcinoma, 

unclassified carcinoma), granulosa-thecal cell tumors, Sertoli-Leydig cell tumors, dysgerminoma, 

malignant teratoma), vulva (squamous cell carcinoma, intraepithelial carcinoma, adenocarcinoma, 

fibrosarcoma, melanoma), vagina (clear cell carcinoma, squamous cell carcinoma, botryoid sarcoma 

(embryonal rhabdomyosarcoma), fallopian tubes (carcinoma); Hematologic: blood (myeloid 

leukemia (acute and chronic), acute lymphoblastic leukemia, chronic lymphocytic leukemia, 

myeloproliferative diseases, multiple myeloma, myelodysplastic syndrome), Hodgkin's disease, 

non-Hodgkin's lymphoma (malignant lymphoma); Skin: malignant melanoma, basal cell carcinoma, 

squamous cell carcinoma, Kaposi's sarcoma, moles dysplastic nevi, lipoma, angioma, 

dermatofibroma, keloids, psoriasis; and Adrenal glands: neuroblastoma.

82. The method of claim 80, wherein the cancer wherein the cancer is a KRas G12C-associated 

cancer.

83. The method of any one of claims 78-82, wherein the cancer is non-small cell lung cancer.

84. A method for treating cancer in a patient in need thereof, the method comprising (a) 

determining that the cancer is associated with a KRas G12C mutation (e.g., a KRas G12C- 

associated cancer); and (b) administering to the patient a therapeutically effective amount of a 

compound of Formula I or Formula I-A or a pharmaceutically acceptable salt thereof according to 

any one of claims 1-75, or a pharmaceutical composition thereof.
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