[6007] The substituents R and R’ are independently selected from the group consisting of
hydrogen and straight or branched C,.s-alkyl, or R and R’ together represent a straight or
branched C,.g-alkylene, Csg-cycloalkylene, or Ce.p-arylene.

[0008] Any alkyl, alkylene, cycloalkylene, or arylene as defined herein is optionally
substituted with one or more substituents selected from the group consisting of C;¢-alkyl,
-C(O)N(C¢-alkyl),, and -C(O)O(C_¢-alkyl).

[0009] More specific embodiments are described below.

10009%9al In one aspect. there is provided a process for making a compound of formula 1;

O
N H
w; i
N

N
ﬁl‘“‘\ﬁN/ Q O O {\'oél j}o/o\ W

or a pharmaceutically accepntable salt thereof, comprising

(A) coupline a compound of formula (1)

s
N
Y N PG
(i)

with a compound of formula (ii)

FI’G R F
N H
q@‘\gz ..
(i)

in the presence of a metal catalvst and base to vield a compound of formula (iii) or

a salt thereof:

PG R F g H
I N
N @ -
S igeaanaci
N (iii);




(B) deprotecting a compound of formula (i11) to vield a compound of formula (iv):

A S Y

or a salt thereof:

(CY contacting the compound of formula (iv) with (3)-2-(methoxyearbonvlamino)-

3-methylbutanoic acid:

2 H
e
o

to vield a compound of formula I; wherein

each PG independently is an amine protecting sroup:

Y and 7 are independently selected from Br and -B(OR)YOR’) wherein when
Y is =B(ORYOR”), then Z is Br and
Y is Br. then Z is —-B(ORYOR’): and

R and R’ arc independently selected from the group consisting of hvdrogen and straight
or branched C,s-alkyl,

or R and R’ together represent a straight or branched C,g-alkvlene, Cs.¢-

cycloalkylene, or Cq 1o-arvlene,

wherein any alkyl, alkylene, cycloalkylene, or arvlene is optionally substituted with one or

more substituents selected from the group consisting of C;.¢-alkyl, -C(OIN(C).6-alkyl)s, and
‘C(O)O( C, mé"alk\d).

[6009b] In one aspect, there is provided a compound of formula (i1i’):

Q'Q Q

(iii")




......

or an oxalate thereof according to formula (iii*"):

I aeavaig Hof*f"”

[0009¢] In one aspect, there is provided a compound of formula (iv’):

)

I ats 2P

[0009d] In one aspect, there is provided a crvstalline compound of formula iv’ (Form 1) as

described herein characterized by an X-ray powder diffractogram comprising the following

peaks: 7.1. 8.2, 10.8 926 £ 0.2 “20. as determined on a diffractometer using Cu-K,, radiation
at a wavelength of 1.54060 A,

16009e] In one aspect, there is provided a crystalline compound of formula iv° (Form 1) as

described herein characterized by an X-rav powder diffractogram comprising the following

peaks: 7.4, 9.4, and 11.6 26 + 0.2 °206 as determined on a diffractometer at 25 °C using Cu-

K, radiation at 1.54060 A,

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGURE 1 is an X-ray powder diffractogram of Form 1, a crystalline polymorph of
compound 30 as described hereinbelow.
{6611} FIGURE 2 is an X-ray powder diffractogram of Form 11, a crystalline polymorph of

compound 30 as described hereinbelow.
DETAILED DESCRIPTION

[6012] Definitions
[0013] As used in the present specification, the following words and phrases are generally
intended to have the meanings as set forth below, except to the extent that the context in

which they are used indicates otherwise.



[0014] The term “alkyl” as used herein refers to a straight or branched chain, saturated
hydrocarbon having the indicated number of carbon atoms. For example, (C;-Cg)alkyl is
meant to include, but is not limited to methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-
butyl, pentyl, isopentyl, neopentyl, hexyl, isohexyl, and neohexyl. An alkyl group can be

unsubstituted or optionally substituted with one or more substituents as described herein

throughout.
[0615] The term “substituted alkyl” refers to:
D an alkyl group as defined above, having 1, 2, 3, 4 or 5 substituents, (in some

embodiments, 1, 2 or 3 substituents) selected from the group consisting of alkenyl, alkynyl,
alkoxy, cycloalkyl, cycloalkenyl, cycloalkoxy, cycloalkenyloxy, acyl, acylamino, acyloxy,
amino, substituted amino, aminocarbonyl, alkoxycarbonylamino, azido, cyano, halogen,

hydroxy, keto, thiocarbonyl, carboxy, carboxyalkyl, arylthio, heteroarylthio, heterocyclylthio,
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WE CLAIM:
1. A process for making a compound of formula I:
X
~ o {:{ O £ oE g H
i N
\ 7

or a pharmaceutically acceptable salt thereof, comprising

(A)  coupling a compound of formula (i)

®)

H ' N, N
HCO-CA

(C)  contacting the compound of formula (iv) with (§)-2-(methoxycarbonylamino)-

or 4 salt thereof}

3-methylbutanoic acid:
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2 H
HO)ELN \n/o\
o)

to yield a compound of formula I; wherein

each PG independently is an amine protecting group;
Y and Z are independently selected from Br and -B(OR)(OR’) wherein w '-
Y is ~B(OR)OR”), then Z is Br and
Y 18 Br, then Z 1s -B(OR)OR’}); and
R and R’ are independently selected from the group consisting of Hydrogen and straight
or branched Cy.g-alkyl, |
or R and R’ together represent a straight or branched C, 4-alkylene, Cs5-
cycloalkylene, or Cg.jp-arylene,
wherein any alkyl, alkylene, cycloalkylene, or drylene is optionally substituted
with one or more substituents selected fybm the group consisting of Ci.¢-alkyl,
-C(O)N(C,¢-alkyl),, and ~-C(O)YO(C, £-alkyl).
2. The process according to claim 1, whereif' Y is ~B(OR)(OR”) and Z 1s Br.
3. The process according to claim 2, furtier comprising the step of in situ generation of

the compound of formula (1),

()

comprising sequentially contacting a compound of formula (a)

with a sofirce of palladium and then a borylation agent comprising the moiety
" RO,
ok
RO
in the p esence of a second base, whereby the compound of formula (1) is formed in situ, and

X 18/ halide selected from Cl, Br, and L.
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4. The process according to claim 3, wherein the step of in situ generation of the
compound of formula (i) and step (A) are carried out sequentially in one pot.

5. The process according to claim 3, where the borylation agent is selected from
bis(pinacolato)diboron and bis(ncopentylglycolato)diboron.

6. The process according to claim 5, where the borylation agent is
bis(pinacolato)diboron.

7. The process according to claim 5, where the borylation agent is

bis(neopentylglycolato)diboron

8. The process according to claim 4, wherein X is Br and PG is tgf-butoxycarbonyl.
9. The process according to claim 2, wherein the metal catalyst is a Pd(0) or Pd(II)
compound.

10.  The process according to claim 9, wherein the metal gétalyst is PACL[P(z-Bu),Ph]s.

11.  The process according to claim 9, wherein the metgl catalyst is Pd(OAc),/2-
dicyclohexylphosphino-2’-methylbiphenyl.

12.  The process according to claim 9, wherein thé metal catalyst is dichloro[1,1°-
bis(diphenylphosphjno)ferrocene]pailédi (II) dichloromethane adduct.

13.  The process according to claim 3, whepéin the second base is a propionate salt.

14.  The process according to claim 13, wherein the propionate salt is potassium

propionate.

15. A process for making a compgund of formula I:

(27)
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with a catalytically effective amount of PdCL[P(#-Bu),Ph]; and
bis(neopentylglycolato)diboron in the presence of potassium propionate to yield a reactio

mixture comprising a compound of formula (ia):

Q roo
><: /B N Boc
0 (ia);

(2) contacting the reaction mixture from step (1) with a compound of formula (ii’):

LD

and potassium phosphate to yield a compound of formula (iiy/):

N vy
(4) gontacting the compound of formula (iv’) with (S)-2-(methoxycarbonylamino)-3-

methylbutanoic acid:

61
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T
Ho)j/\N\n’o\
o}

to yield a compound of formula I,
wherein Boc in each instance represents ferf-butoxycarbonyl.

16.  Aprocess for making a compound of formula I

,
’
’r

(2) contacting the péaction mixture from step (1) with a compound of formula (ii’):
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L \(ﬁ .

optionally contacting the compound of formula (111”) with oxalic acid to yield an oxdlate salt

of formula (111"}

(3) contacting the compound of formula (iii”) or formula (#i*") with HCI to yield a

compound of formula (iv’):

wherein PG is ayf amine protecting group.
18.  The ¢gmpound according to claim 17, wherein PG is fert-butoxycarbonyl.

19.  Ag ompouhd of formula (i11’):
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o 4 7)@
LH-CO-C+ =
1

or an oxalate thereof according to formula (iii""):

foe N &‘ﬁ j\(
N H N OH
) ®
N |
<J ‘:\W / Q.Q O Voo 7
N (iii*”).

20. A compound of formula (iv’):

't
s RS iy /
N H
PP -G e
N \ /
N iv).
21, The compound according to claim 20, wherein the compound of formula (iv’) is a

hydrate according to the formula:

H N H\,H)@
F COATE = e e
N

wherein q is a number, fractional or otherwisc, between O and 7.

2

22.  The compound according tof claim 21, wherein q is a number between 0 and 6
inclusive.

23, Crystalline compoung’of formula iv’ (Form 1) according to claim 20 characterized by
an X-ray powder diffractogram comprising the following peaks: 7.1, 8.2, 10.8 20 £ 0.2 28,
as determined on a difffactometer using Cu-K,, radiation at a wavelength of 1.54060 A.

24,  Crystalline Porm I according to claim 23, wherein the diffractogram further comprises
peaks at 11,1, 1248, 14.1, 14.8, 16.1, 18.9, 24.5, 24.9, and 25.9 ©26 + 0.2 °26.

25.  Crystaline Form I according to claim 23, wherein the diffractogram is substantially as

shown in Bigure 1.

64



WO 2013/184702 PCYT/US2013/044148

26.  Crystalline compound of formula iv’ (Form II) according to claim 20 characterized by,
an X-ray powder diffractogram comprising the following peaks: 7.4, 9.4, and 11.6

20+ 0.2 °20 as determined on a diffractometer at 25 °C using Cu-K, radiation at 1.54060 A.
27.  Crystalline Form Il according to claim 26, wherein the diffractogram further
comprises peaks at 7.5, 14,9, 15.2, 22.5, 23.2, and 26.3 20 £ 0.2 °26.

28.  Crystalline Form II according to claim 26, wherein the diffractogram iy/substantially

as shown in Figure 2.




WE CLAIM:

1. A process for making a compound of formula I:

S saais eI

or a pharmaceutically acceptable salt thereof, comprising

(A)  coupling a compound of formula (i)

H

N
N
Y N PG _
(¥

with a compound of formula (ii)

PG RF
LD,
1

in the presence of a metal catalyst and base to yield a compound of formula (iii) or a

salt thereof:

PG RF H
N H N
o~ OQ &
= \ /
N (iii);

(B)  deprotecting a compound of formula (iii) to yield a compound of formula (iv):

' FOF ’
N H N
O~
ST
N/

or a salt thereof;

(iv)

58




(C)  contacting the compound of formula (iv) with (S)-2-(methoxycarbonylamino)-3-

Sun
O

to yield a compound of formula I; wherein

methylbutanoic acid:

each PG independently is an amine protecting group;
Y and Z are independently selected from Br and ~-B(OR)(OR’) wherein when
Y is -B(OR)YOR"), then Z is Br and
Y is Br, then Z is -B(OR)}OR”); and
R and R’ are independently selected from the group consisting of hydrogen and straight or
branched C;_ g-alkyl,
or R and R’ together represent a straight or branched C, s-alkylene, C;g-cycloalkylene, or
Ce.1z-arylene,
wherein any alkyl, alkylene, cycloalkylene, or arylene is optionally substituted with
one or more substituents selected from the group consisting of Cy.4-
alkyl, -C(O)N(C,¢-alkyl),, and -C(O)O(C, ¢-alkyl).
2. The process according to claim 1, wherein Y is ~B(OR)(OR’) and Z is Br.
3. The process according to claim 2, further comprising the step of in sifu generation of the

compound of formula (i),

H

N
v N PG
®

comprising sequentially contacting a compound of formula (a)

H

N
ir N
X N PG
(a)

with a source of palladium and then a borylation agent comprising the moiety

RO,
ot
RO ¢,
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in the presence of a second base, whereby the compound of formula (1) is formed in situ, and X

is a halide selected from Cl, Br, and 1.

4.

10.
11.

12,

13.

14.
15.

The process according to claim 3, wherein the step of in situ generation of the compound
of formula (i) and step (A) are carried out sequentially in one pot.

The process according to claim 3, where the borylation agent is selected from
bis(pinacolato)diboron and bis(neopentylglycolato)diboron.

The process according to claim 5, where the borylation agent is bis(pinacolato)diboron.
The process according to claim 5, where the borylation agent is
bis(neopentylglycolato)diboron,

The process according to claim 4, wherein X is Br and PG is ferf-butoxycarbonyl.

The process according to claim 2, wherein the metal catalyst is a Pd(0) or Pd(Il)
compound.

The process according to claim 9, wherein the metal catalyst is PdCL[P(z-Bu),Ph],.
The process according to claim 9, wherein the metal catalyst is Pd(OAc),/2-
dicyclohexylphosphino-2’-methylbiphenyl.

The process according to claim 9, wherein the metal catalyst is dichlorof1,1’-
bis(diphenylphosphino)ferrocene]palladium(Il) dichloromethane adduct.

The process according to claim 3, wherein the second base is a propionate sait.

The process according to claim 13, wherein the propionate salt is potassium propionate.

The process according to claim 1 for making a compound of formula I:

\uf

Q'QQ .

or a pharmaceutically acceptable salt thereof, comprising

(1) sequentially contacting a compound of formula (a’)

60




with a catalytically effective amount of PdCIz[P(t-Bﬁ)gPh}z and
bis(neopentylglycolato)diboron in the presence of potassium propionate to yield a reaction

mixture comprising a compound of formula (ia):

H H
Q ron
>< B N Boc
0 (ia);

(2) contacting the reaction mixture from step (1) with a compound of formula (ii’):

Boc RF
D
Br

and potassium phosphate to yield a compound of formula (iii’):

(ii")

R F H
. N
O O O (iii”) and

optionally contacting the compound of formula (iii”) with oxalic acid to yield an oxalate salt of

formula (iii”’):

(3) contacting the compound of formula (iii’) or formula (iii°*) with HCI to yield a

compound of formula (iv’):

w*@-

(4) contacting the compound of formula (iv’) with (S)-2-(methoxycarbonylamino)-3-

methylbutanoic acid:
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to yield a compound of formula I;
wherein Boc in each instance represents terf-butoxycarbonyl.

16. The process according to claim I for making a compound of formula I:

S atais (I

or a pharmaceutically acceptable salt or solvate thereof, comprising

(1) sequentially contacting a compound of formula (a”)

H

N
N
Br N Boc
(@)

with a catalytically effective amount of PACly[P(+-Bu),Ph], and bis(pinacolato)diboron in
the presence of potassium propionate to yield a reaction mixture comprising a compound of

formula (ib):

g H
N
i[o\ :j I
/B w
© (ib);

(2) contacting the reaction mixture from step (1) with a compound of formula (ii’):

SIS 0
Br

and potassium phosphate to yield a compound of formula (1ii’):

Boc

@ir’)
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0
Q Q O (iii’) and

optionally contacting the compound of formula (iii”) with oxalic acid to yield an oxalate salt of

formula (iii”):

vﬁ Y
PO ey

(3) contacting the compound of formula (iii’) or formula (iii’*) with HCI to yield a

compound of formula (iv’):

Apr i,

(4) contacting the compound of formula (iv’) with (S)-2-(methoxycarbonylamino)-3-

2 H
pes
)

to yield a compound of formula ;

methylbutanoic acid:

wherein Boc in each instance represents ferf-butoxycarbonyl.

17. A compound of formula (iii’):

Q'Q o

or an oxalate thereof according to formula (iii*"):

(iii")
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18. A compound of formula (iv’):

A O0 o

19. The compound according to claim 18, wherein the compound of formula (iv’) is a

hydrate according to the formula:

Py DT o v

wherein q is a number, fractional or otherwise, between 0 and 7.

20. The compound according to claim 19, wherein q is a number between 0 and 6 inclusive.
21. Crystalline compound of formula iv’ (Form I) according to claim 18 characterized by an
X-ray powder diffractogram comprising the following peaks: 7.1, 8.2, 10.8 °20 + 0.2 °20, as
determined on a diffractometer using Cu-K,, radiation at a wavelength of 1.54060 A.

22. Crystalline Form I according to claim 21, wherein the diffractogram further comprises
peaks at 11.1, 12.8, 14.1, 14.8, 16.1, 18.9, 24.5, 24.9, and 25.9 °26 + 0.2 °20.

23.  Crystalline Form I according to claim 21, wherein the diffractogram is substantially as
shown in Figure 1. |

24.  Crystalline compound of formula iv’ (Form II) according to claim 18 characterized by an
X-ray powder diffractogram comprising the following peaks: 7.4, 9.4, and 11.6 20 = 0.2 °20 as
determined on a diffractometer at 25 °C using Cu-K, radiation at 1.54060 A.

25.  Crystalline Form I1 according to claim 24, wherein the diffractogram further comprises
peaks at 7.5, 14.9,15.2,22.5,23.2, and 26.3 °26 = 0.2 °28.

26. Crystalline Form II according to claim 24, wherein the diffractogram is substantially as

shown in Figure 2.
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