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What is claimed is:
1.

A compound having the structure:

HN (0] OH
\C\N\/\/F
B

having an X-ray powder diffraction pattern comprising peaks at 19.32, 20.26, 21.63,
23.28, or 24.81 £0.1° 260 (£ 0.1 °20).
3.

The crystal form of claim 2, wherein the crystal form of Compound B has an X-
ray powder diffraction pattern one, two, three, four, five, six, seven, eight, nine, ten, eleven,

X-ray powder diffraction peaks as set forth in Table 16.
4.

twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty, characteristic

The crystal form of claim 2, wherein the crystal form of Compound B has an X-
ray powder diffraction pattern substantially as shown in FIG. 1.
5.

The crystal form of any one of claims 2-4, wherein the crystal form of Compound
B has a TGA thermograph corresponding substantially to the representative TGA thermogram as
depicted in FIG. 2.

6.

The crystal form of any one of claims 2-5, wherein the crystal form of Compound
B has a DSC thermogram substantially as depicted in FIG. 3.
7.

A crystal form comprising Compound B
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Me

QN

T\N\/\/F

o

having an X-ray powder diffraction pattern comprising peaks at 11.49, 12.54, 19.16,
19.42, or 24.67 0.1° 260 (£ 0.1 °20).

8. The crystal form of claim 7, wherein the crystal form of Compound B has an X-
ray powder diffraction pattern one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty, characteristic

X-ray powder diffraction peaks as set forth in Table 11.

9. The crystal form of claim 7, wherein the crystal form of Compound A has an X-

ray powder diffraction pattern substantially as shown in FIG. 4.

10. The crystal form of any one of claims 7-9, wherein the crystal form of Compound
A has a TGA thermograph corresponding substantially to the representative TGA thermogram as
depicted in FIG. 5.

11. The crystal form of any one of claims 7-10, wherein the crystal form of

Compound A has a DSC thermogram substantially as depicted in FIG. 5.

12. A crystal form comprising Compound B

Me
FF

QN

\E\N\/\/F

@

having an X-ray powder diffraction pattern substantially as shown in FIG. 10.

13. A crystal form comprising Compound B
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Me

QN

T\N\/\/F

o

having an X-ray powder diffraction pattern comprising peaks at 11.31, 15.70, 16.54,
19.10, or 22.76 +0.1° 26.

14. The crystal form of claim 13, wherein the crystal form of Compound B has an X-
ray powder diffraction pattern one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty, characteristic

X-ray powder diffraction peaks as set forth in Table 13.

15. The crystal form of claim 13, wherein the crystal form of Compound B has an X-

ray powder diffraction pattern substantially as shown in FIG. 12.

16. The crystal form of any one of claims 13-15, wherein the crystal form of
Compound B has a TGA thermograph corresponding substantially to the representative TGA
thermogram as depicted in FIG. 13.

17. The crystal form of any one of claims 13-16, wherein the crystal form of

Compound B has a DSC thermogram substantially as depicted in FIG. 13.

18. A crystal form comprising Compound B

Me
FF

QN

\E\N\/\/F

@

having an X-ray powder diffraction pattern substantially as shown in FIG. 14.

19. A crystal form comprising Compound B
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Me

QN

T\N\/\/F

o

having an X-ray powder diffraction pattern comprising peaks at 12.52, 15.90, 19.66,
20.65, or 24.99 +0.1° 26.

20. The crystal form of claim 19, wherein the crystal form of Compound B has an X-
ray powder diffraction pattern one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty, characteristic

X-ray powder diffraction peaks as set forth in Table 14.

21. The crystal form of claim 19, wherein the crystal form of Compound B has an X-

ray powder diffraction pattern substantially as shown in FIG. 16.

22. The crystal form of any one of claims 19-21, wherein the crystal form of
Compound B has a TGA thermograph corresponding substantially to the representative TGA
thermogram as depicted in FIG. 17.

23. The crystal form of any one of claims 19-22, wherein the crystal form of

Compound B has a DSC thermogram substantially as depicted in FIG. 18.

24, A crystal form comprising Compound B

Me
FF

QN

\E\N\/\/F

@

having an X-ray powder diffraction pattern comprising peaks at 11.46, 12.51, 19.29,
19.42, or 20.23 +0.1° 26.

25. The crystal form of claim 24, wherein the crystal form of Compound B has an X-

ray powder diffraction pattern one, two, three, four, five, six, seven, eight, nine, ten, eleven,
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twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty, characteristic

X-ray powder diffraction peaks as set forth in Table 15.

26. The crystal form of any one of claims 24-25, wherein the crystal form of

Compound B has an X-ray powder diffraction pattern substantially as shown in FIG. 19.

27. The crystal form of any one of claims 24-26, wherein the crystal form of
Compound A has a TGA thermograph corresponding substantially to the representative TGA

thermogram as depicted in FIG. 20.

28. A crystal form comprising Compound C
Me
N T \)S
F F OH o]
. HONOH

HN
\E\N\/\/F
A

having an X-ray powder diffraction pattern comprising peaks at 16.09, 18.92, 19.69,
19.86, or 23.16 £0.1° 26 0.

29. The crystal form of claim 28, wherein the crystal form of Compound C has an X-
ray powder diffraction pattern one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty, characteristic

X-ray powder diffraction peaks as set forth in Table 30.

30. The crystal form of claim 28, wherein the crystal form of Compound C has an X-

ray powder diffraction pattern substantially as shown in FIG. 27.

31. An amorphous solid comprising Compound A

Me
@x—/lCrF "
N NQS
H
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32. The amorphous solid of claim 31, wherein the amorphous solid of Compound A

has an X-ray powder diffraction pattern substantially as shown in FIG. 32.

33. The amorphous solid of claim 31, wherein the amorphous solid of Compound A

has a TGA and a DSC thermogram substantially as depicted in FIG. 33.

34. A pharmaceutical composition comprising the solid form of any one of claims 1

to 33 and at least one pharmaceutically acceptable excipient.

35. A method for treating lung cancer, ovarian cancer, endometrial cancer, prostate
cancer, uterine cancer, or breast cancer in a patient having said cancer, said method comprising
administering an effective amount of a compound of any one of claims 1 to 33 or the

pharmaceutical composition of claim 34 to the cancer patient.

36. A method for treating breast cancer in a breast cancer patient, said method
comprising administering an effective amount of a compound of any one of claims 1 to 33 or the

pharmaceutical composition of claim 34 to the cancer patient.

37. The method of claim 36, wherein said breast cancer is hormone receptor positive

breast cancer, HER2-positive breast cancer, triple negative breast cancer,
38. The method of claim 36, wherein the breast cancer is metastatic breast cancer.

39. The method of any one of claims 36-38, wherein the compound or pharmaceutical

composition is administered as a component of adjuvant therapy.

40. The method of any one of claims 36-38, wherein the compound or pharmaceutical

composition is administered as a component of neoadjuvant therapy.

41. The method of any one of claims 36-40, wherein the breast cancer is stage 0, I, II,
III, or IV.

42. The method of claim 37, wherein the hormone receptor positive breast cancer is
HER?2 negative.

43. The method of any one of claims 36-42, wherein the patient has had previous

treatment with one or more anti-cancer agents or radiation therapy.

44. The method of any one of claims 36-43, wherein the patient has had surgery prior

to treatment with a compound of any one of claims 1 to 33.

45. The method of any one of claims 36-44, wherein the compound of any one of
claims 1 to 33 is administered in combination with one or more of radiation therapy, hormone

therapy, or an anti-cancer agent.
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46. The method of claim 45, wherein anti-cancer agent comprises administration of
one or more of doxorubicin, pegylated liposomal doxorubicin, epirubicin, paclitaxel, albumin-
bound paclitaxel, docetaxel, S-fluorouracil, cyclophosphamide, cisplatin, carboplatin, vinorelbine,
capecitabine, gemcitabine, ixabepilone, eribulin, olaparib, methotrexate, anastrozole, exemestane,
toremifene, letrozole, tamoxifen, 4-hydroxy tamoxifen, raloxifene, droloxifene, trioxifene,
keoxifene, ftutamide, nilutamide, bicalutamide, lapatinib, vinblastine, goserelin, leuprolide,

pegfilgrastim, filgrastim, venetoclax,

47. The method of claim 45, wherein the anti-cancer agent comprises one or more of

an AKT inhibitor, a CDK4/6 inhibitor, a PARP inhibitor, an aromatase inhibitor

48. The method of claim 45, wherein the anti-cancer agent is abemaciclib, ribociclib,
or palbociclib.

49. The method of claim 45, wherein the anti-cancer agent is ipatasertib.

50. The method of claim 45, wherein the anti-cancer agent is everolimus or
fulvestrant.

51. The method of claim 45, wherein the anti-cancer agent is ado-trastuzumab

emtansine, trastuzumab, pertuzumab, atezolizumab

52. The method of claim 45, wherein the anti-cancer agent is alemtuzumab,

bevacizumab, cetuximab, panitumumab, rituximab, tositumomab, or a combination thereof

53. The compound or solid form of any one of claims 1 to 33 for use in a method for
treating breast cancer, said method comprising administering an effective amount of the

compound or solid form to a patient having breast cancer

54. A process for preparing a compound of formula (IV) or a salt thereof, the process
comprising:
(a) reacting a reaction mixture comprising a compound of formula (I), an organic

solvent and thionyl chloride to form a compound of formula (Ila) according to step 1 below, and
reacting a reaction mixture comprising the compound of formula (IIa), a catalyst, an oxidant and

a solvent to form a compound of formula (II) according to step 2 below

Rt 1 NP
SOCl, 7/ \ Catalyst / N\
HO OH Solvent Oy 4O Oxidant o, O
n Solvent
Em—— n —_— n
R Step 1 R1@ R0 Step 2 Rl Rib
Formula (1)
Formula (lla) Formula (I1)
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wherein

each of R'® and R'® is independently hydrogen, halogen, Ci.3 alkyl, Ci.3 haloalkyl, Ci.3
alkoxy, -CN, Cs.s cycloalkyl, or Cs spirocycloalkyl, and

nis an integer of 2 or 3; and
b) reacting a reaction mixture comprising the compound of formula (IT) and a
compound of formula (III) in an organic solvent to form a compound of formula (IV) or a salt

thereof according to step 3 below

RZa
RSa
RSb
%
NH, )
a
R2b R R
Formula (111) @ | R% cia
Formula (II) > < )
solvent HN nOH
R2b
Step 3 R15
Formula (IV)

wherein

B is substituted or unsubstituted indolyl, benzofuranyl, benzothiophenyl, indazolyl, aza-
indolyl, benzimidazolyl, pyrrolopyridinyl, furopyridinyl, thienopyridinyl, pyrrolopyridazinyl,
pyrrolopyrimidinyl, pyrrolopyrazinyl, thienopyridazinyl, thienopyrimidinyl, thienopyrazinyl,

furopyridazinyl, furopyrimidinyl, or furopyrazinyl,

each of R and R? is independently hydrogen, halogen, -OH, Ci.3 alkyl, Ci.3 haloalkyl,
Ci3 alkoxy, C13 hydroxyalkyl, -CN, Cs¢ cycloalkyl, or Cs¢ spirocycloalkyl,

R and R*® are independently hydrogen, Cy alkyl, Cy.3 haloalkyl, Cy3 hydroxyalkyl, -
CN, Cs cycloalkyl, Cs heterocycloalkyl, phenyl, Cs.¢ heteroaryl, or Cs. spirocycloalkyl, and

the asterisk represents a chiral center when R* and R* are different.

55. The process of claim 54, wherein B is a substituted or unsubstituted indolyl,
benzofuranyl, or benzothiophenyl.

56. The process of claim 55, wherein B is a substituted or unsubstituted indolyl.

57. The process of claim 54, wherein B is a substituted or unsubstituted

pyrrolopyridazinyl, pyrrolopyrimidinyl, or pyrrolopyrazinyl.
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58. The process of any one of claims 54 to 57, wherein B is substituted with one or
two substituents independently fluorine, chlorine, Ci.3 alkyl, Ci.3 haloalkyl, -CN, -OH, Ci.3
alkoxy, or Ci3 hydroxyalkyl.

59.  The process of any one of claims 54 to 58, wherein each of R!® and R'® is

independently hydrogen, F, -Cl, -OH, -CN, -CHjs, -CF3, -CHF,, -CH:F, or spirocyclopropyl.

60. The process of any one of claims 54 to 59, wherein n is 3.
61. The process of any one of claims 54 to 60, wherein:

R’Ia FE

is of the formula W
R’Ib .
n
62. The process of any one of claims 54 to 61, wherein each of R*® and R* is
hydrogen.

63.  The process of any one of claims 54 to 62, wherein R* and R* are independently

hydrogen or -CHs.

64. The process of any one of claims 54 to 63, wherein the step 1 and step 2 organic

solvent is a non-polar solvent.

65. The process of any one of claims 54 to 64, wherein the step 2 catalyst is redox

active metal catalyst .

66. The process of any one of claims 54 to 65, wherein the step 3 organic solvent is a

polar aprotic solvent.

67. The process of any one of claims 54 to 66, wherein step 3 further comprises an

acid catalyst.

68. The process of any one of claims 54 to 67, wherein the compound of formula (I)
is:
OH HOYOH HO OH HO OH HO
e S G S
OH HO H HO/X\OH Ho/\K\OH HO
/><C;3 /\(\ o /\(\

s s
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HO™ > oH  HO™ Y oH HO/X\OH HO oH HO/X OH
CFs , CHyF , NC F , /X\ , FF |
OH OH
Ho/\( HO/>< Ho/§(CH
F CHs , or HsC 3, including stereoisomers thereof.

69. 16. The process of any one of claims 54 to 68 wherein the compound of
formula (II) is:

SN o) O:\ /:O Oy P OO0 OO0 Oy P 0. 0 O\\S//O O:‘ ’:O
SXOYO Uws&“’ O/S\OOQ &
FF 2 FCHs F Foc o ¢  C CHg . C  HsC CHs
0.0 Oy.°
L AL A L AL o0 o0 0P O
O 7N N T SN
\)H)\)V Qo:, > P Y
F ok HaC
CHjz , , CF3 , CHJ.F NCF FF F , CH; o CHg3 ,
including stereoisomers thereof.
70. The process of any one of claims 54 to 69 wherein the compound of formula (III)
is:
CHj;
*
NH
N\ 2
X
wherein X is -NH-, -N-C;-Cs unsubstituted alkyl, -O- or -S- .
71. The process of claim 70, wherein the compound of formula (III) is:
NH,
A\
X
72. The process of any one of claims 54 to 71, wherein the compound of formula (IV)

is:
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CH, K<CH3 /<CH3 CHs
* * ﬁk<
e A A e I e
HoFF , F CHy F , F Cl ,
CHs CHs CHs CHa
ﬁ‘< * % ﬂ<
0 IO o S o
B B H . B B H
Hol G Cl' CHy Ho ¢ , HeC CHs

s s

CH, CHj

ﬂ(
g H/Y\OH
CHs

CHj CHs

CHs CHg

OH ﬂ< OH
¢ N ¢ N K
F CH3 or Cl CI

73. The process of any one of claims 54 to 72, wherein:

HO OH

the compound of formula (I) is F F ;

O

O

N?”
SS3
0]

Q

the compound of formula (IM)is F F

CHs

NH,

the compound of formula (III) is

the compound of formula (IV) is

Bﬂ<N/\(\OH BA”/\/\O
Hoen CFs

ﬁ( ﬂ< OH
N OH N
B H/X\ BH Y

CHs;

CH,F

. BAH/\(\OH

CHj;

/( O
’ *H/\F/H

, or salt thereof, including stereoisomers thereof.

74. A process for preparing a compound of formula (VIII) or a salt thereof, the

process comprising:
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(a) reacting a reaction mixture comprising a compound of formula (IV), a compound
of formula (V) or a compound of formula (X), and an organic solvent to form a compound of

formula (VI) according to step 1 below

CH-PG
s R4
s
LG CHO
R2a LG
R3a or
e R Ria Formula (V) Formula (X)
*
HN OH »
R2> n solvent
R1b Step 1
Formula (IV) Formula (V)
wherein

B is substituted or unsubstituted indolyl, benzofuranyl, benzothiophenyl, aza-indolyl,
indazolyl, benzimidazolyl, pyrrolopyridinyl, furopyridinyl, thienopyridinyl, pyrrolopyridazinyl,
pyrrolopyrimidinyl, pyrrolopyrazinyl, thienopyridazinyl, thienopyrimidinyl, thienopyrazinyl,
furopyridazinyl, furopyrimidinyl, or furopyrazinyl;

each of R' and R is independently hydrogen, fluorine, chlorine, -OH, Ci.3 alkyl, C1.3
haloalkyl, C;3 alkoxy, Ci3 hydroxyalkyl, and —CN, Cs. cycloalkyl, or Cs.¢ spirocycloalkyl,

n is an integer of 2 or 3,

each of R and R? is independently hydrogen, halogen, -OH, C1.5 alkyl, Ci.5 haloalkyl,
Ci3 alkoxy, Cis hydroxyalkyl, -CN, Cs.¢ cycloalkyl, or Cs.6 spirocycloalkyl,

R and R*® are independently hydrogen, Cy3 alkyl, Cy.3 haloalkyl, Cy.3 alkoxy, -CN, Cs.6
cycloalkyl, Cs.6 heterocycloalkyl, phenyl, Cs.¢ heteroaryl, or Cs¢ spirocycloalkyl,

J is phenyl or pyridinyl;

each R* is independently hydrogen, halogen or C.5 alkyl,

s is an integer from 0 to 2,

LG is a leaving group,

LG and CHO are located in the para position with respect to each other on J on the
compound of formula (V),

PG is an aldehyde protecting group,

LG and CH-PG are located in the para position with respect to each other on J on the

compound formula (X), and
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each asterisk independently represents a chiral center wherein the carbon bearing R* and
R is a chiral center when R* and R*® are different; and

b) reacting a reaction mixture comprising the compound of formula (VI), an organic
solvent, and a compound of formula (VII) or a salt thereof to form a compound of formula (VIII)

or a salt thereof according to step 2 below

Rza R2b
RSa

5
N \J R3b
10_ 6
R HN%Gk@%R G N/R'?\ _OH
Vi

Formula (VII ( * R0/
R4 5
Formula (VI) » s R
solvent
R“’—N«(G)—@Q—}F@
p v

Step 2
(Formula VIII)

wherein

G is Cys alkyl,

pisOorl,

E is substituted or unsubstituted azetidinyl or pyrrolidinyl,

each R? is independently hydrogen, halogen, -OH, -CN, C\.s alkoxy, or Ci.s hydroxyalkyl,
v is an integer from 1 to 5, and

RS is halogen or -CN;

R'%is hydrogen or C .3 alkyl.

75. The process of claim 74, wherein B is a substituted or unsubstituted indolyl,

benzofuranyl, or benzothiophenyl.
76. The process of claim 75, wherein B is a substituted or unsubstituted indolyl.

77. The process wherein 74, is a substituted or unsubstituted pyrrolopyridazinyl,

pyrrolopyrimidinyl, or pyrrolopyrazinyl.

78. The process of any one of claims 74 to 77, wherein B is substituted with one or
two substituents independently fluorine, chlorine, Cy.3 alkyl, Cy.3 haloalkyl, -CN, -OH, Ci3
alkoxy, orCi.3 hydroxyalkyl.

79. The process of any one of claims 74 to 78, wherein each of R'* and R'® is

independently hydrogen, -F, -Cl, -OH, -CN, -CH3s, -CF;, -CHF,, -CH:F, or spirocyclopropyl.

80. The process of any one of claims 74 to 79, wherein n is 3.
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81. The process of any one of claims 74 to 80, wherein:

R1a FE

is of the formula
" Ao
n
82.  The process of any one of claims 74 to 81, wherein each of R? and R? is
hydrogen.

83. 30. The process of any one of claims 74 to 82, wherein R* and R* are

independently hydrogen or -CHs.

84. The process of any one of claims 74 to 83, wherein each R* is fluorine.

85. The process of any one of claims 74 to 84, wherein s is 2.

86. The process of any one of claims 74 to 85, wherein the leaving group is bromine.
87. The process of any one of claims 74 to 86, wherein p is 0.

88. The process of any one of claims 74 to 87, wherein E is azetidinyl of the

following structure:

RS
+Orf e
v .

89. The process of any one of claims 74 to 88, wherein each R” is hydrogen.

90. The process of any one of claims 74 to 89, wherein v is 3.

91. The process of any one of claims 74 to 90, wherein R is fluorine.

92. The process of any one of claims 74 to 91, wherein the compound of formula
(VII) is a salt of an acid.

93. The process of any one of claims 74 to 92, wherein the step 1 organic solvent is a

polar protic solvent, a non-polar solvent, or a combination thereof.

94. The process of any one of claims 74 to 93, wherein step 1 further comprises an

acid catalyst.

95. The process of any one of claims 74 to 94, wherein the step 2 organic solvent is a

polar aprotic solvent.

96. The process of any one of claims 74 to 95, wherein step 2 further comprises a

transition metal catalyst.
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97. The process of any one of claims 74 to 96, wherein the compound of formula (IV)
is:
CHs K<CH3 CHs CHs
K( OH ﬁ< ﬁc<
N on & TN RO TN Y on T o
E F CH E F H F CI £
CHs CHs CHj CHj
*
/< /(N/Y\OH ﬁ‘<N OH AN/Y\OH
B . B
/Y\ Ho'en, + B H/\g/\ Mhad tH,
CH; CH, CHj CHy
5 H/\l/\oH 5 H/\(\OH 5 H/\K\OH g H/\(\OH
CH3 CN CF3 CH2F
/(CHg CH, CH, CHs
* ﬁ‘< OH ﬂ< OH
LW e R Y
FCN B H , FF o F ,
/<CH3 CHs
OH ﬁ(
N
N YR
CHz o Cl | or salt thereof, including stereoisomers thereof.
98. The process of any one of claims 74 to 97, wherein the compound of formula (V)
is:
F< i _F i F i i .C i .C i .CN CI i .C
CHO CHO CHO CHO CHO CHO
ClFl\Fl\FCII\CII\CI N H\'
N~ N =~ \NZ N~ N = \f
Br , Br , Br , Br , bBr , Br _  Br _or
CHO
N)\
I ~-N

Br |, or a salt thereof.

99. The process of any one of claims 74 to 98, wherein the compound of formula (X)

is:
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CH-PG CH-PG CH-PG CH-PG CH-PG CH-PG
Br Br Br Br Br ; Br ;
CH-PG CH-PG CH-PG CH-PG CH-PG CH-PG
Cl Cl Cl F | X F | X F Ci | X Cl | o Cl
N~ N~ N~ N~
Br ; Br ; Br ; Br ; Br ; Br ;
CH-PG CH-PG CH-PG

B h N)\

N~ NW¢N %N'

Br Br ;or r

100.  The process of any one of claims 74 to 99, wherein the compound of formula (VI)

is:
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, or a salt thereof, including

stereoisomers thereof.

101.  The process of any one of claims 74 to 100, wherein the compound of formula

(VII) is:

H2N<>N\/F | H2N{>N\/\F ’ H2N<>N\/\/F , HzN_<>N\/\/\F ,
HzN_<>N\/CN 7 H2N{>N\/\CN , H2N_<>N\/\/CN ,or
H2N_<>N\/\/\CN , or a salt thereof.

102.  The process of any one of claims 74 to 101, wherein the compound of formula

(VIID) is:
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No~F No~F No~F
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CH, CHs
CHy O CHy CHy

mn IZ
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!

acceptable salt thereof including stereoisomers thereof.

T

~~F  or ~~F  ora pharmaceutically

103.  The process of claim 102, further comprising contacting the compound of formula

(VII) with (2R-3R)-tartaric acid in the presence of an organic solvent.

104.  The process of any one of claims 74 to 103, wherein the compound of formula

(VII) is:

CHs
| R F
NN PN OH
Ho
Fa~F

HN

!

or a pharmaceutically acceptable salt thereof.

~~F

105.  The process of claim 104, wherein the compound of formula (VIII) is:

H
. HO,C OO

HN H
\C\N\/\/F

106.  The process of any one of claims 74 to 105, further comprising crystallizing the

Ye)

Qm

compound of formula (VIII) as the tartaric acid salt thereof.

107. A process for preparing a compound of formula (VIII) or a salt thereof, the

process comprising reacting a reaction mixture comprising a compound of formula (IX) or a
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compound of formula (XI), a compound of formula (IV) and an organic solvent to form the
compound of formula (VIII) or a salt thereof according to step 1 below

CHO

RZa
(R4 R33R3b R22 R2b
Q1
R1O—N—G R6 HN OH R3b
v R2b n
p Nﬁ%w
R1b n
or s RS
solvent 0 5
CH-PG Step 1 RENTC R
p v

(R4 (Formula VIII)

S RS
R1°—N—<G>—@-Q%—RG
P \4

Formula (XI) .

Rﬂb

Formula (IX
(1) Formula (IV) <R4

Y

wherein:

B is substituted or unsubstituted indolyl, benzofuranyl, benzothiophenyl, aza-indolyl,
indazolyl, benzimidazolyl, pyrrolopyridinyl, furopyridinyl, thienopyridinyl, pyrrolopyridazinyl,
pyrrolopyrimidinyl, pyrrolopyrazinyl, thienopyridazinyl, thienopyrimidinyl, thienopyrazinyl,
furopyridazinyl, furopyrimidinyl, or furopyrazinyl;

each of R'® and R'" is independently hydrogen, halogen, -OH, C\.3 alkyl, Ci.3 haloalkyl,
Ci alkoxy, Ci3 hydroxyalkyl, and —CN, Cs.¢ cycloalkyl, or Cs. spirocycloalkyl;

n is an integer of 2 or 3;

each of R? and R? is independently hydrogen, halogen, -OH, Ci.3 alkyl, Ci.3 haloalkyl,
Ci alkoxy, Cis hydroxyalkyl, -CN, Cs.¢ cycloalkyl, or Cs.6 spirocycloalkyl;

R* and R® are independently hydrogen, halogen, -OH, C.3 alkyl, Ci.; haloalkyl, C1.3
alkoxy, Ci hydroxyalkyl, -CN, Cs. cycloalkyl, or Cs.¢ spirocycloalkyl;

J is phenyl or pyridinyl;

each R* is independently hydrogen, halogen or C.3 alkyl;

s is an integer from 0 to 2;

G is Cy3 alkyl;

pisQor1;

E is substituted or unsubstituted azetidinyl or pyrrolidinyl;

each R® is independently hydrogen, halogen, -OH, -CN, C .5 alkoxy or Ci.5 hydroxyalkyl;

v is an integer from 1 to 5;
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RS is halogen or -CN;

R'%is H or Cy.5 alkyl,

the CHO moiety and the nitrogen atom linking J and G are located in the para position
with respect to each other on J on the compound of formula (IX);

PG is an aldehyde protecting group,

CH-PG and the nitrogen atom linking J and G are located in the para position with respect
to each other on J on the compound of formula (XI); and

each asterisk independently represents a chiral center wherein the carbon bearing R* and

R is a chiral center when R* and R*® are different.

108.  The process of claim 107, wherein B is a substituted or unsubstituted indolyl,

benzofuranyl, or benzothiophenyl.
109.  The process of claim 108, wherein B is a substituted or unsubstituted indolyl.

110.  The process of claim 107, wherein B is a substituted or unsubstituted

pyrrolopyridazinyl, pyrrolopyrimidinyl, or pyrrolopyrazinyl.

111.  The process of any one of claims 107 to 110, wherein B is substituted with one or
two substituents independently fluorine, chlorine, Ci.3 alkyl, Ci.3 haloalkyl, -CN, -OH, Ci3
alkoxy or C1.3 hydroxyalkyl.

112.  The process of any one of claims 107 to 111, wherein each of R'* and R™ is

independently hydrogen, F, -Cl, -OH, -CN, -CH3, -CF, -CHF>, -CH:F, or spirocyclopropyl.
113.  The process of any one of claims 107 to 112, wherein n is 3.

114.  The process of any one of claims 107 to 113, wherein:

1a
R RF

is of the formula W

R‘Ib
n

115.  The process of any one of claims 107 to 114, wherein each of R? and R® is

hydrogen.

116.  The process of any one of claims 107 to 115, wherein R* and R* are

independently hydrogen or -CHs.
117.  The process of any one of claims 107 to 116, wherein J is phenyl.

118.  The process of any one of claims 107 to 117, wherein E is azetidinyl of the

following structure:
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%—CNAQ%—VRG |

119.  The process of any one of claims 107 to 118, wherein each R* is fluorine.
120.  The process of any one of claims 107 to 119, wherein s is 2.

121.  The process of any one of claims 107 to 120, wherein p is 0.

122.  The process of any one of claims 107 to 121, wherein each R is hydrogen.
123.  The process of any one of claims 107 to 122, wherein v is 3.

124.  The process of any one of claims 107 to 123, wherein R® is fluorine.

125.  The process of any one of claims 107 to 124, wherein the organic solvent is a

polar protic solvent.

126.  The process of any one of claims 107 to 125, wherein the compound of formula

V) is:

CH, /f”s CH CHs
K< OH ﬂ< ﬁ‘<
NXon N O TN o T TR o
, F CHy | F , F ClI ,
CHs; CHs CH; CHs
K /< /< /<
N OH NR oA
5 H/c?g , CHy /\A H3C cHy
/(CHS /<CH3 /(CHS /(CHS
/Y\ CHQF
/<CH3 CHs CHs o
ﬁc< OH ﬁ‘< OH
N R oH f< N o N N
E F F £l F £l
/(CHs CHs
* OH /,& OH
N
WK, dNK
F CH; o Cl Cl | or salt thereof, including stereoisomers thereof.

127.  The process of any one of claims 107 to 126, wherein the compound of formula

(IX) is:
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CHO CHO CHO
Fo i F Fo i
HN\C\ HN\C\ HN\E\
NoF No~F or N~F or a salt thereof.

128.  The process of any one of claims 107 to 127, wherein the compound of formula

(XI) is:

CH-PG CH-PG CH-PG
F< i F F< i
HNT\ HN\C\ HNY\
N F N F N F
~~F T ~N
' or a salt
thereof.

129.  The process of any one of claims 107 to 128, wherein the compound of formula

(VII) is:
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CHs CHs
I CHe,F . Q CHBF .
N NWOH |
H

mn IZ

!

acceptable salt thereof including stereoisomers thereof.

!

~~F , or ~~F , or a pharmaceutically

130.  The process of any one of claims 107 to 129, further comprising contacting the

compound of formula (VIII) with (2R-3R)-tartaric acid in the presence of an organic solvent.

131.  The process of any one of claims 107 to 130, wherein the compound of formula

(VIID) is:
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CHs
l R F
NN PN OH
H
Fa ~_F

HN
T

~~F
or a pharmaceutically acceptable salt thereof.

132.

The process of claim 131, wherein the compound of formula (VIII) is

133.

The process of any one of claims 107 to 132, further comprising crystallizing the
compound of formula (VIII) as the tartaric acid salt thereof

134.

A process for preparing a compound of formula (IX) or a salt thereof, the process
comprising:

)]

reacting a reaction mixture comprising a compound of formula (X), a compound

of formula (VII) or a salt thereof, an organic solvent and a catalyst to form a compound of
formula (XI) according to step 1 below

CH-PG CH-PG
solvent,
talyst 4
R4 B ; S ( ) ca (R
< S + R NA( S RS
Step 1
LG R19—N }{:}MRG
Formula (VII) 4<G
p v
Formula (X)
Formula (XI)
wherein
J is phenyl or pyridinyl;

each R* is independently hydrogen, halogen or C.; alkyl
s is an integer from 0 to 2,

LG is a leaving group,
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PG is an aldehyde protecting group,

LG and CH-PG are located in the para position with respect to each other on J,

G is Cys alkyl,

pisQorl,

E is substituted or unsubstituted azetidinyl or pyrrolidinyl,

each R? is independently hydrogen, halogen, -OH, -CN, C\.s alkoxy or Cy.s hydroxyalkyl,

v is an integer from 1 to 5,

RS is halogen or —CN, and

R is hydrogen or C;-Cs alkyl; and

2) deprotecting the compound of formula (XI) to form the compound of formula
(IX) according to step 2 below

CHO

s
solvent R®
B
Formula (XI) Step 2 RWO—N—<G ’ < : ) ‘ ' RS
P v

Formula (IX)

135.  The process of claim 134, wherein J is phenyl.
136.  The process of claim 134or claim 135, wherein each R* is fluorine.
137.  The process of any one of claims 134 to 136, wherein s is 2.

138.  The process of any one of claims 134 to 137, wherein the leaving group is

bromine.
139.  The process of any one of claims 134 to 138, wherein p is 0.

140.  The process of any one of claims 134 to 139, wherein E is azetidinyl of the

141.  The process of any one of claims 134 to 140, wherein each R is hydrogen.

following structure:

142.  The process of any one of claims 134 to 141, wherein v is 3.

143.  The process of any one of claims 134 to 142, wherein R® is fluorine.
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144.  The process of any one of claims 134 to 143, wherein the compound of formula

(VII) is a salt of an acid.

145.  The process of any one of claims 134 to 144, wherein the aldehyde protecting

group is a trialkylorthoformate.

146.  The process of any one of claims 134 to 145, wherein the step 1 organic solvent is

a non-polar solvent.

147.  The process of any one of claims 134 to 146, wherein the step 1 catalyst is a

transition metal catalyst.

148.  The process of any one of claims 134 to 147, wherein the step 2 organic solvent is

a non-polar solvent.

149.  The process of any one of claims 134 to 148, wherein the compound of formula

(XI) is deprotected by contact with an acid.

150.  The process of any one of claims 134 to 149, wherein the compound of formula

(IX) is:

CHO CHO CHO
Fs i F F< i
HN\C\ HN\C\ HN\C\
N\/\/F, No~F , or No~F or a salt thereof.

151. A process for preparing a compound of formula (IIT) or a salt thereof, the process
comprising:
6 reacting a reaction mixture comprising a compound of formula (XII), a compound

B and an organic solvent to form the compound of formula (XIII) according to step 1 below

QO PG
O:/S'—N Ro R28 .
O R3b R
Camwl
*)
R2a R2b —_— NH-PG
solvent R2D
Step 1
Formula (XII) Formula (XIII)

wherein:
B is selected from substituted or unsubstituted indolyl, benzofuranyl, benzothiophenyl,

aza-indolyl, indazolyl, benzimidazolyl, pyrrolopyridinyl, furopyridinyl, thienopyridinyl,
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pyrrolopyridazinyl, pyrrolopyrimidinyl, pyrrolopyrazinyl, thienopyridazinyl, thienopyrimidinyl,
thienopyrazinyl, furopyridazinyl, furopyrimidinyl, and furopyrazinyl,

each of R* and R is independently selected from hydrogen, halogen, -OH, C).3 alkyl,
Ci3 haloalkyl, Cy.3 alkoxy, C1.3 hydroxyalkyl, -CN, Cs. cycloalkyl, and Cs.s spirocycloalkyl,

R* and R™ are independently selected from hydrogen, halogen, -OH, C3 alkyl, Cy.3
haloalkyl, Ci.3 alkoxy, C1.3 hydroxyalkyl, -CN, Cs cycloalkyl, and Cs.s spirocycloalkyl,

PG is an amine protecting group, and

each asterisk represents a chiral center when R* and R® are different; and

2) deprotecting the compound of formula (XIII) to form the compound of formula

(II) according to step 2 below

RZa
R3a
R3b
%!
Formula (XIll) ——— NH,
solvent o
Step 2 R
Formula (I11)

152.  The process of claim 151, wherein B is a substituted or unsubstituted indolyl,

benzofuranyl, or benzothiophenyl.
153.  The process of claim 152, wherein B is a substituted or unsubstituted indolyl.

154.  The process of claim 151, wherein B is a substituted or unsubstituted

pyrrolopyridazinyl, pyrrolopyrimidinyl, or pyrrolopyrazinyl.

155.  The process of any one of claims 151 to 154, wherein B is substituted with one or
two substituents independently selected from fluorine, chlorine, Cy.3 alkyl, Cy.3 haloalkyl, -CN, -
OH, C.; alkoxy and Ci.3 hydroxyalkyl.

156.  The process of any one of claims 151 to 155, wherein each of R? and R? is

hydrogen.

157.  The process of any one of claims 151 to 156, wherein R* and R*® are

independently selected from hydrogen and -CHs.

158.  The process of any one of claims 151 to 157, wherein the step 1 organic solvent is

a non-polar solvent.

159.  The process of any one of claims 151 to 158, wherein the step 1 reaction mixture

further comprises a catalyst.
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160.  The process of any one of claims 151 to 159, further comprising preparing the
compound of formula (XII) or a salt thereof, the process comprising:
€)) reacting a reaction mixture comprising a compound of formula (XIV), thionyl

chloride, and an organic solvent to form a compound of formula (XV) according to step 3a below

Q PG

N\ ;

\/S—N .
R
2b
R% R Thionyl Choride, 0 R3b
NH-PG solvent
HO > R2a R2b
R3a R3b Step 3a
Formula (XIV) Formula (XV) - and
2) reacting a reaction mixture comprising the compound of formula (XV), a catalyst,

an oxidizing agent, and an organic solvent to form the compound of formula (XII) according to

step 3a below

Q Ppe
O0=8—N

/ RSa
catalyst, o
solvent, R3®
oxidizing agent

Formula (XV) > R2a R2b
Step 3b
Formula (XII)

161.  The process of any one of claims 151 to 160, wherein the compound of formula
(III) is:
CHs

NH,
N\
X

wherein X is selected from -NH-, -N-C;-C3 unsubstituted alkyl, -O- and —S-.

162.  The process of any one of claims 151 to 161, wherein the compound of formula
(III) is of the structure:
CH3

NH,
A\

H 3).

163. A compound of formula (XVI)
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wherein:

each R* is independently selected from hydrogen, halogen and Ci.5 alkyl;

s is an integer from 0 to 2;

G is Ci.3 alkyl;

pisQor1;

each R™ and R™ is independently selected from hydrogen, halogen, Ci.3 alkyl, Ci3
haloalkyl, Ci3 hydroxyalkyl, and —-CN;

each R* and R® is independently selected from hydrogen, halogen, Cy.3 alkyl, Cy.3
haloalkyl, Ci.3 hydroxyalkyl, and —-CN;

R'® is hydrogen or Ci.; alkyl;

y is an integer selected from 1 and 2, x is an integer selected from 1 and 2, and the total of
x and yis 2 or 3;

M is substituted or unsubstituted Ci_5 alkyl;

risOor1; and

R’ is halogen or -CN.

164.  The compound of claim 163, wherein each R* is independently selected from

hydrogen, fluorine and -CHs.
165.  The compound of claim 163 or claim 164, wherein each R* is fluorine.
166.  The compound of any one of claims 163 to 165, wherein s is 1 or 2.
167.  The compound of any one of claims 163 to 166, wherein p is 0.

168.  The compound of any one of claims 163 to 167, wherein each of R, R R% and

R™ is independently selected from hydrogen, fluorine, -CHs, and -CN.

169.  The compound of any one of claims 163 to 168, wherein each of R, R7°, R® and

R® is hydrogen.

170.  The compound of any one of claims 163 to 169, wherein M is -CH>CH>CHz-, p is

1, and R’ is fluorine.
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171.  The compound of any one of claims 163 to 170, wherein compound formula

(XVI) is selected from:

CHO CHO CHO
Fx i F Fx i i

HN HN HN
t\N\/\/F i \C\N\/\/F i \C\N\/\/F )

CHO CHO CHO
C|\©/CI CI\© HSC\©/CH3

HN HN HN
\C\N\/\/F . T\N\/\/F i \C\N\/\/F )
CHO CHO CHO
HsC NC N
ISR SR
HN HN HN
\C\N\/\/F . T\N\/\/F . \E\N\/\/F .

CHO CHO CHO
NN F Fl\F Fl\
l N~ N~

HN HN HN
\C\N\/\/F ) Y\N\/\/F . Y\N\/\/F )

CHO CHO
s B
N~ N~
HN HN
\C\N\/\/F ,or Y\N\/\/F , or a salt thereof.
172. A process for preparing a compound having formula (XX):
CH,

OH
\ \ HNM (XX)
H
R1a R1b n

contacting a compound of formula (XXI)

the process comprising:
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H (XXI)

with a protein transaminase to form a compound of formula (3):

: | | NH;
N

H (3); and
contacting the compound of formula (3) with a compound of formula (II) to form

compound formula (XX)

O\\S//O
O/ \O
n
R1é R1b
Formula (Il) .
wherein
nis 3; and

each of R'* and R is independently selected from hydrogen, halogen, -OH, Cj.3 alkyl,
Ci haloalkyl, Ci.3 alkoxy, Ci.3 hydroxyalkyl, -CN, Cs.6 cycloalkyl, and Cs.6 spirocycloalkyl.

173.  The process of claim 172, wherein the protein transaminase is selected from a (S)-
enantioselective transaminase of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, and SEQ ID
NO:4.

174.  The process of claim 171 or claim 172, wherein compound formula (XX) is of the
structure:

F
| HN\F>/\/OH

N
H

175. A process for the preparation of Compound B,
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Me
QA
N
N
- OH
F F OH
A_COH
.« HO,C Y T2
HN OH
\E\N F
~N (B),
wherein the process comprises the steps of:
CHO CH(OEY),
F. F PTsOHH0  F F
(Et0)2CH
toluene CH(OEt),
Br Br F
i. BrettPhos Pd G3, NaOt-Bu

Step 1 toluene i. HOAc, H,0, toluene

i(@). DBU -

CHaCN ii. 0 HN ii. NaOH
« HO5SCH,CH,SO3H or iii. Si-Thiol Y\N\/\/F
HoN i(b) KsPO4
\D CH.Clp, H,0O Step 3 Step 4
N~F
i. toluene
Step 2

Me Me
GHO N &S N ¢
OH F F OH OH
(2R 3R)-Tartaric Acid Q . HOQC/-\:/ CoH

HN\C\ EtOH HNY\ OH
N F N F
NN Step 5 NN

176. A process for the preparation of Compound B,

OH
. Ho,o” L0

HN
\E\N\/\/F

wherein the process comprises the steps of:

(B).
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CHO

+ HO3SCH,CH,SO3H
H,N

Me
B Me \C\N\/\/F | RS
G w O 4% LI
N HO
Me N™ \)S F FOH
[ HN\F)Q . ACOH, PhMe H 2 ;. OH I Pd175DBU, MeCN Q
Oy o Ry

H ii. Charcoal ii. MTBE ) N
OH iii. Heptane iii. SiliaMetS Thiol t\
Br iv. EtOH N ~_F
Step 1 Step 2
Me Me
N7 N\)S H Y
H = i. MTBE 2 OH
(2R3R)-Tartaric Acid F FooOH oy i NaOH F F OH
- - . : - A_COH
EtOH - o UM T e © HOCTY
HN OH iv. (2R,3R)-Tartaric Acid HN OH
Step 3 t\N\/\/F Step 4 Na~F

177.  The process of claim 175 or 176, wherein the process further comprises

recrystallization of Compound B in methanol and ethanol;

Y N7 \)S
i HoE
1 FoOOH o F FOH oy
Q - HoC OO i meoH - Ho,c N O
HN OH i, EtOH HN OH
N~F t\N\/\/F

178.  The process of claim 175 or 176, wherein the process further comprises

recrystallization of Compound B in MTBE, water, NaOH and ethanol;

b N7 Qﬂ
Hof Ao
F. FOOH oy F FoooH oy
? i. MTBE, H,0, NaOH :
. HOZC/\_/COZH ii. Charcoal . HOzC/\:/COZH
F JiCharcoal :
HN\C\ OH iii. EtOH, (2R 3R)-Tartaric Acid HN\C\ oH
Ne~F Na~F

Step 6

179.  The process of any one of claims 175-178, wherein the indolyl intermediates are

synthesized according to the steps:
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Option 1 OH CDI, MeCN, then MeMgBr

Me(MeOINH-HCI N‘OMe _THF
L o] ©\_/(\\( @nase

Iz

_¢,§-

e

Option 2 Boc ';3'84
3 go
_~_-NHBoc Ostl 0.2 mol% N HCl
HO™ ™Y SOCly §\) (0.2 mol%) O NHBoc
o}

MeMgCI/CuCI
DCM, -10 °C

: NaCIO (5 eq) g
: 9 9 SOCH NiClz *6H,0 |
H NaBH O 9 0 H
: MeOMOMe aBH, HO/Y\OH DCM o=¢ :><F (2.8 mol%) O:\S, :><F i
! FF k F 0 % F ;
: FF Step 1 e 2 0 Bep 3 :

I=z

2. pTsOH*H0
MeCN

: . 0
' o F. OH '
: § NH HN\%/ :
; 2 KCO4ACN ! ;
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