(12) STANDARD PATENT (11) Application No. AU 2019299666 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)
(44)
(71)

(72)

(74)

(56)

Title
Manufacturing process and intermediates for a pyrrolo(2,3- d)pyrimidine compound
and use thereof

International Patent Classification(s)

AG61P 1/00 (2006.01) A61P 17/06 (2006.01)
AG61K 31/4196 (2006.01) A61P 37/00 (2006.01)
A61K 31/519 (2006.01) CO07D 249/08 (2006.01)
AG61P 17/00 (2006.01) CO07D 487/04 (2006.01)
Application No: 2019299666 (22) Date of Filing:  2019.07.03

WIPO No: WO20/008391

Priority Data

Number (32) Date (33) Country
62/694,698 2018.07.06 us
62/776,642 2018.12.07 us
62/855,071 2019.05.31 us
Publication Date: 2020.01.09

Accepted Journal Date: 2024.07.11

Applicant(s)
Pfizer Inc.

Inventor(s)
ARORA, Kapildev Kashmirilal;DEFOREST, Jacob Cole;HILLS, Andrew Kevern;JONES,
Brian Patrick;JONES, Kris Nicole;LEWIS, Chad Arthur;RANE, Anil Mahadeo

Agent / Attorney
Spruson & Ferguson, GPO Box 3898, Sydney, NSW, 2001, AU

Related Art

WO 2016/024185 A1

US 2014/0243312 A1

MICHAEL L. VAZQUEZ ET AL: "Identification of N -{ cis -3-[Methyl(7 H -
pyrrolo[2,3- d ]pyrimidin-4-yl)amino]cyclobutyl}propane-1-sulfonamide
(PF-04965842)", JOURNAL OF MEDICINAL CHEMISTRY, vol. 61, no. 3, 23 January
2018, pages 1130 - 1152




w0 2020/008391 A1 |0 0000 KO0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 January 2020 (09.01.2020)

(10) International Publication Number

WO 2020/008391 Al

WIPO I PCT

(51) International Patent Classification:

A61P 1/00 (2006.01) CO7D 249/08 (2006.01)
A61P 17/00 (2006.01) CO7D 487/04 (2006.01)
A61P 17/06 (2006.01) A61K 31/519 (2006.01)
AG61P 37/00 (2006.01) A61K 31/4196 (2006.01)

(21) International Application Number:
PCT/IB2019/055683

(22) International Filing Date:
03 July 2019 (03.07.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/694,698 06 July 2018 (06.07.2018) UsS
62/776,642 07 December 2018 (07.12.2018) US
62/855,071 31 May 2019 (31.05.2019) UsS

(71) Applicant: PFIZER INC. [US/US]; 235 East 42nd Street,
New York, New York 10017 (US).

(72) Inventors: ARORA, Kapildev Kashmirilal;, c/o Pfizer
Inc., 445 Eastern Point Road, Bldg. 98, Groton, Connecticut
06340 (US). DEFOREST, Jacob Cole; c/o Pfizer Inc., 445
Eastern Point Road, Bldg. 98, Groton, Connecticut 06340
(US). HILLS, Andrew Kevern; c/o Pfizer Limited, Rams-
gate Road, Sandwich Kent CT13 9NJ (GB). JONES, Bri-
an Patrick; c/o Pfizer Inc., 445 Eastern Point Road, Bldg.
98, Groton, Connecticut 06340 (US). JONES, Kris Nicole;
c/o Pfizer Inc., 445 Eastern Point Road, Bldg. 98, Groton,
Connecticut 06340 (US). LEWIS, Chad Arthur; ¢/o Pfizer
Inc., 445 Eastern Point Road, Bldg. 98, Groton, Connecticut
06340 (US). RANE, Anil Mahadeo; c/o Pfizer Inc., 445
Eastern Point Road, Bldg. 98, Groton, Connecticut 06340
(US).

Agent: ZIELINSKI, Bryan C., Pfizer Inc., 235 East 42nd
Street, MS 235/9/820, New York, New York 10017 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,

(54) Title: MANUFACTURING PROCESS AND INTERMEDIATES FOR A PYRROLOJ2,3- D]JPYRIMIDINE COMPOUND AND

USE THEREOF

40?00

Counts
20(])00 so?oa
i 3

1 U(‘)OO

Figure 1

N S O L WVl

{ b ?
20 32 34

(57) Abstract: The present invention relates to a manufacturing process and intermediates for preparing a crystalline or non-crystalline
form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobuty)propane-1-sulfonamide. The present invention also
relates to salt forms and pharmaceutical compositions comprising the crystalline form, and to methods for use of the compound prepared

from a crystalline form in the treatment of various diseases.

[Continued on next page]



WO 20207008391 A1 |11} 00P 0000 O TS0 0

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

— in black and white; the international application as filed
contained color or greyscale and is available for download
Jrom PATENTSCOPE



10

15

20

25

30

35

WO 2020/008391 PCT/IB2019/055683

MANUFACTURING PROCESS AND INTERMEDIATES FOR A PYRROLOI2,3-
D]JPYRIMIDINE COMPOUND AND USE THEREOF

FIELD OF THE INVENTION
The present invention relates to a manufacturing process and intermediates for

preparing a crystalline or non-crystalline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-sulfonamide. The present invention also
relates to pharmaceutical compositions comprising the crystalline form, and to methods

for use of the crystalline form in the treatment of various diseases.

BACKGROUND OF THE INVENTION
N-((1S,3S)-3-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl) prop-ane-

1-sulfonamide has the chemical formula C14H21NsO2S and the following structural

formula;

N NN
S

A preparative synthesis of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)cyclobutyl)propane-1-sulfonamide is described in commonly assigned
US9,035,074, the contents of which are incorporated herein by reference in their entirety.
The crystalline form of N-((1S,35)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)cyclobutyl)propane-1-sulfonamide free base, is useful as an inhibitor of protein
kinases, such as the enzyme Janus Kinase (JAK) and as such is useful therapeutically
as an immunosuppressive agent for organ transplants, xenotransplantation, lupus,
multiple sclerosis, rheumatoid arthritis, psoriasis, Type | diabetes and complications from
diabetes, cancer, asthma, atopic dermatitis, autoimmune thyroid disorders, ulcerative
colitis, Crohn's disease, Alzheimer's disease, Leukemia and other indications where

immunosuppression would be desirable. The present invention relates to a
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manufacturing process and intermediates for preparing a crystalline or non-crystalline
form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)cyclobutyl)propane-1-sulfonamide, whereby the crystalline form provides
certain improved properties for use in manufacture of a pharmaceutical dosage form,
particularly for oral and topical dosage forms.

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of the
common general knowledge in the field.

Unless the context clearly requires otherwise, throughout the description and
the claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the

sense of “including, but not limited to”.

SUMMARY OF THE INVENTION
The present invention is directed to a process for preparing a crystalline or

noncrystalline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)cyclobutyl)propane-1-sulfonamide free base. The invention is also directed
to compositions, including pharmaceutical compositions, containing the crystalline 3-
((3R,4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amino]-piperidin-1-yl)-

3-oxopropionitrile free base. The present invention also provides a method of treating
a disease in a mammal, comprising administering to a mammal in need thereof a
therapeutically effective amount of crystalline N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amin-o)cyclobutyl)propane-1-sulfonamide or a pharmaceutically
acceptable salt thereof or a pharmaceutical composition, said disease being selected
from rheumatoid arthritis, lupus, psoriasis, atopic dermatitis, vitiligo and inflammatory

bowel disease.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts a powder X-ray diffraction pattern of the crystalline form of N-

((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-
sulfonamide.

Figure 2 depicts a Raman spectrum of the crystalline form of N-((1S,3S)-3-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-sulfonamide.
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Figure 3 depicts a FT-IR spectrum of the crystalline form of N-((1S,3S)-3-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-sulfonamide.

Figure 4 depicts a solid state '3C nuclear magnetic resonance spectrum of the
crystalline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amin-
o)cyclobutyl)propane-1-sulfonamide. Spinning sidebands are noted with an asterisk.

Figure 5 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((1S,3S3)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)cyclobutyl)propane-1-
sulfonamide Form A, mono HCI anhydrous.

2a
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Figure 6 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-
sulfonamide Form B, mono HCI monohydrate.

Figure 7 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-
sulfonamide Form C, mono HCI anhydrous.

Figure 8 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-
sulfonamide Form E, mono HCI dihydrate.

Figure 9 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-
sulfonamide Form G, mono HCI anhydrous.

Figure 10 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-
sulfonamide hemisulfate salt.

Figure 11 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-
sulfonamide mesylate.

Figure 12 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-
sulfonamide p-tosylate.

Figure 13 depicts a powder X-ray diffraction pattern of the crystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-

sulfonamide hemifumaric acid co-crystal.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a compound useful in the manufacture of N-

((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane- 1-sulf-

onamide having the structure:

(”)\
W\, -OR
oy
M ~p ™
e N H
m

-

N
NTOH
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wherein R1 is selected from: hydrogen, substituted or unsubstituted phenyl, substituted
or unsubstituted pyridyl, substituted or unsubstituted imidazolyl, (C-Ce)alkyl, (Cs-
C1o)cycloalkyl, which may optionally be substituted with 1, 2 or 3 groups independently
selected from halo, (C+-Cs)alkyl, and (C+-Cs)alkyloxy, or a salt thereof selected from a
group consisting of sodium, potassium, lithium, magnesium and calcium. In a particular
aspect, the invention provides the compound wherein R4 is hydrogen, or a salt thereof.
The present invention also provides a compound (1s,3s)-N-hydroxy-3-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutane-1-carboxamide having the structure:

i
\J\N/OH

Me. D H

N
N™ S\
@Q
H

N

or a salt thereof.

The present invention further provides a compound having the structure:

wherein Rz is selected from (Cs-Cs)alkyl and (Cs-Ca4)cycloalkyl; and, X and Y are
independently selected from CR3 and N, wherein R3 is selected from: hydrogen, and (C1-
Ce)alkyl. In certain aspects, the invention provides the compound wherein X and Y are
both N; and, Rz is (Cs-Cs)alkyl. In certain other aspects, the invention provides the
compound wherein Rz is a linear or branched chain propyl group. In yet certain other
aspects, the invention provides the compound wherein Rz is linear propyl group. In
certain other aspects, the invention provides the compound wherein X is CR3, wherein
Rs is hydrogen; and, Y is N, and further, wherein Rz is a linear or branched chain propyl
group. In a particular aspect, the invention provides the compound wherein Rz is linear
propyl group. Accordingly, the invention provides the compound 1-(propylsulfonyl)-1H-
1,2,4-triazole having the structure:
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The present invention further provides a salt of a compound having the structure:

Me< D

N

O

N

wNH

Iz

said salt selected from the group consisting of the hydrochloric acid salt, phosphoric
(mono, bis, tris) acid salt, (1S)-(+)-10-camphor sulfonic acid salt, 1,2-ethanedisulfonic
acid salt, dibenzoyl-L-tartaric acid salt, dibenzoyl-D-tartaric acid salt, citric acid sailt,
succinic acid salt, fumaric acid salt, maleic acid salt, oxalic acid salt, p-toluenesulfonic
acid salt, L-(+)-tartaric acid salt, D-(-)-tartaric acid salt, hydrobromic acid salt, acid salt,
mesylate salt and malonic acid salt. In a particular aspect, the present invention provides
the phosphoric acid salt of the compound.

The present invention also provides an acid salt of a compound having the

structure:
HO
NNIPe
oo L]
e\N“‘ Pr
m
o
N
NTH

wherein said acid salt is selected from the group consisting of a hydrochloride salt, a
phosphate salt, a succinic acid salt, a citrate salt, a p-toluenesulfonic acid salt, a mesylate
salt, a hemisulfate salt, a hemifumarate salt and a malonic acid salt. In a certain aspect,

the present invention provides an acid salt of a compound having the structure:

H o

N0
vee LT ¥
e\N“‘ Pr
O
~Z

N
N©H
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wherein the acid salt is a hydrochloride salt.

The present invention further provides a compound having the structure:

H
o N \9//0

(T3
Me\ o Pr

N

O
l/

N

Iz

prepared from an acid salt selected from the group consisting of a hydrochloride salt, a
phosphate salt, a succinic acid salt, a p-toluenesulfonic acid salt, a mesylate salt, a
hemisulfate salt, a citrate salt, a hemifumarate salt and a malonic acid salt. |n a particular
aspect, the present invention provides the compound prepared from the hydrochloride
salt of said compound under suitable basic conditions. More particularly, the present
invention provides the compound, having a powder X-ray diffraction pattern comprising
peaks, in terms of 26, at 13.0°, 14.8° and 23.3° 26 £ 0.2 ° 26.

The invention also provides a compound having the structure:

wherein Ra is selected from hydrogen, (C1-Cg)alkyl, (C3-C1o)cycloalkyl, and substituted or
unsubstituted phenyl, where said alkyl and cycloalkyl may optionally be substituted with
1, 2 or 3 groups independently selected from halo, (C4-Cs)alkyl, and (C4-Cs)alkyloxy, or
a salt thereof. In a particular aspect, the invention provides the above compound
wherein Ra is hydrogen. In another particular aspect, the invention provides the above
compound wherein Ra is methyl or isopropyl.

In addition, the present invention provides a process for preparing a compound

having the structure:

N0
NI
i
Me\N\\\D Pr
m
~
N
N" H
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which comprises (a) preparing the hydrochloric acid salt of said compound under suitable
conditions, and thereafter (b) reacting said salt with a suitable base under suitable
conditions to form the compound, wherein said suitable base is selected from sodium
carbonate, potassium carbonate, sodium bicarbonate, potassium bicarbonate, sodium
hydroxide, potassium hydroxide, or triethylamine. In a certain aspect, the present
invention provides the process, wherein said suitable base is sodium or potassium
bicarbonate.

The present invention also provides a process for preparing a compound having
the structure:

H O

\N\II/O

[T %

Me\N\\\ Pr
W%
kN/ \

H

which comprises (a) preparing a hydroxylamine compound having the structure:

L
Me< \\\D\\‘

NHOH

N
X
o0
NT N

(b) reacting said hydroxylamine compound under suitable conditions to prepare an amino
compound having the structure:
\‘NH2

Me . \\\D

N

|
L Ay
H

N

and thereafter (c) treating said amino compound with a suitable n-propylsulfonation
reagent under suitable conditions to form the compound. In certain aspects, the present
invention provides the process, wherein the n-propylsulfonation reagent is a compound
having the structure:
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wherein Rz is n-propyl; and, X and Y are independently selected from CRz and N, wherein
Rs is selected from: hydrogen, and (C+-Ce)alkyl. In particular aspects, the present
invention provides the process, wherein X and Y are both N. In other aspects, the
present invention further provides the process, wherein the n-propylsulfonation reagent

is a compound 1-(propylsulfonyl)-1H-1,2 4-triazole having the structure:

In yet another aspect, the present invention provides the process wherein the compound
having the structure:

N30
N
veo [T 3
ey Pr
'ﬁ%
PN

is a crystaline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)cyclobutyl)propane-1-sulfonamide, having a powder X-ray diffraction pattern
comprising peaks, in terms of 28, at 13.0°, 14.8° and 23.3° 20 + 0.2° 26.

The present invention additionally provides a process for preparing a compound
having the structure:

NS0
NI
I
Me\N\\‘D Pr
m
~
N
N" O H

which comprises (a) preparing an amino compound having the structure:
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\‘NH2

Me. \\\D

N

0

N"H

and thereafter (b) treating said amino compound with a suitable n-propylsulfonation
reagent under suitable conditions to form the compound. In certain aspects, the present
invention provides the process, wherein the n-propylsulfonation reagent is a compound
having the structure:

N\Y/4

/S\
v7NTTR,
\=X

wherein Rz is n-propyl; and, X and Y are independently selected from CRz and N, wherein
Rs is selected from hydrogen and (C4-Ceg)alkyl. In certain aspects, the present invention
provides the process, wherein X and Y are both N. In other certain aspects, the present
invention provides the process, wherein the n-propylsulfonation reagent is a compound

1-(propylsulfonyl)-1H-1,2 4-triazole having the structure:

The present invention further provides the process wherein the compound having the

structure:

H o
N0
N S/

(T3
Me< o Pr

N
N\
'63
kN/H

is a crystaline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)cyclobutyl)propane-1-sulfonamide, having a powder X-ray diffraction pattern
comprising peaks, in terms of 28, at 13.0°, 14.8° and 23.3° 20 £ 0.2° 26.

In addition, the present invention provides a pharmaceutical composition of a

compound having the structure:
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Z
Iz

wherein said composition is prepared from said compound having a crystalline form
having a powder X-ray diffraction pattern comprising peaks, in terms of 28, at 13.0°, 14.8°
and 23.3° 20 £ 0.2° 26; and further comprises a pharmaceutically acceptable carrier. In
certain aspects, the present invention provides a pharmaceutical composition,
comprising a topical formulation selected from a cream, transdermal patch, ointment,
ophthalmic drops, lotion and gel. In particular, the present invention provides the
pharmaceutical composition wherein the topical formulation contains from about 0.1% to
about 5.0% (Wiv) N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)cyclobutyl)propane-1-sulfonamide.

The present invention further provides a method of treating a disease in a
mammal, comprising administering to a mammal in need thereof a therapeutically
effective amount of a pharmaceutical composition disclosed hereinabove, wherein the
disease is selected from the group consisting of lupus, rheumatoid arthritis, 1BD,
ulcerative colitis, Crohn’s Disease, vitiligo, alopecia, psoriasis and atopic dermatitis.

The present invention also provides a method of topically treating a disease in a
mammal, comprising administering by a topical mode of administration to a mammal in
need thereof a therapeutically effective amount of a pharmaceutical composition
disclosed hereinabove, wherein the disease is selected from the group consisting of
vitiligo, alopecia, psoriasis and atopic dermatitis.

The present invention further provides a pharmaceutical composition disclosed
hereinabove for use as a medicament.

The present invention additionally provides a pharmaceutical composition
disclosed hereinabove for use in the treatment of a disorder selected from the group
consisting of lupus, rheumatoid arthritis, IBD, ulcerative colitis, Crohn’s Disease, vitiligo,
alopecia, psoriasis and atopic dermatitis.

The present invention also provides for the use of the pharmaceutical composition
disclosed hereinabove for the preparation of a medicament for the treatment of a disorder
selected from the group consisting of lupus, rheumatoid arthritis, IBD, ulcerative colitis,

Crohn’s Disease, vitiligo, alopecia, psoriasis and atopic dermatitis.

10
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Instrument and Analysis Methods:

Calculated Powder Patterns: Powder patterns were calculated from single crystal X-
ray data using the SHELXTL package of programs, including XFOG (SHELXTL, Bruker
AXS, XFOG, Version 5.100, 1997) and XPOW (SHELXTL, Bruker AXS, XPOW, Version
5.102, 1997-2000). The appropriate wavelength needed for overlay graphics was added
using the XCH file exchange program (SHELXTL, Bruker AXS, XCH, Version 5.0.4, 1995-
2001).

Powder X-Ray Diffraction:

Powder X-ray diffraction analysis was conducted using a Bruker AXS D8 Advance
diffractometer equipped with a Cu radiation source, equipped with a twin primary utilizing
a gobel mirror. Diffracted radiation was detected by a LYNXEYE_EX detector with
motorized slits. Both primary and secondary equipped with 2.5 soller slits. The X-ray
tube voltage and amperage were set at 40kV and 40 mA respectively. Data was collected
in the Theta-Theta goniometer in a locked couple scan at Cu K-alpha wavelength from
3.0 to 40.0 degrees 2-Theta with 1204 steps using a scan speed of 0.50 seconds per
step. Samples were prepared by placement in a silicon low background sample holder
and rotated during collection. Data were collected using Bruker DIFFRAC Plus software.
Analysis performed by EVA diffract plus software. The PXRD data file was not processed
prior to peak searching. Using the peak search algorithm in the EVA software, peaks
selected with a threshold value of 1 were used to make preliminary peak assignments.
To ensure validity, adjustments were manually made; the output of automated
assignments was visually checked and peak positions were adjusted to the peak
maximum. Peaks with relative intensity of = 2% were generally chosen. The peaks which
were not resolved or were consistent with noise were not selected. A typical error
associated with the peak position from PXRD stated in USP up to +/- 0.2° 2-Theta (USP-
941).

PXRD Reflection Assignments: Eva Application 9.0 software was used to visualize and
evaluate PXRD spectra. Peak values were assigned at the maximum intensity of a given
reflection. All reflections exhibiting a relative intensity of greater than 10% are included
within the following tables.

The present invention provides a pharmaceutical composition prepared from a
crystaline form  of  N-((1S,39)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-
cyclobutyl)propane-1-sulfonamide which can be identified by one or more solid state
analytical methods.

PXRD peak list for the crystalline form at 23°C is shown in Table 1.

11
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Table 1: PXRD peak list for Form 1. Peak positions represent of characteristic peaks of

N-((1S,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobut-yl)propane-1-

sulfonamide, Form 1

anhydrous free base.

Angle (2 theta) | Relative Intensity (%) | Angle (2 theta) | Relative Intensity (%)
12.6 6 243 4

13.0* 34 25.0 21

13.4 2 254 13

14.8* 100 26.0 7

15.9 2 26.5 2

16.6 2 26.9 3

17.6* 9 27.3 3

18.0* 14 29.9 2

18.6 4 30.3 2

19.5* 13 31.9 2

20.3 8 325 2

20.6* 11 349 2

21.6 4 35.3 2

223 2 37.5 2

231 6 37.7 2

23.3* 34 39.5 2

b) Defined as peak heights. Intensities can vary depending on the actual setup of the

CPMAS experimental parameters and the thermal history of the sample. CPMAS

intensities are not necessarily quantitative. *Peak shoulder

Accordingly, the present invention provides pharmaceutical compositions
prepared from a crystalline form, and to methods for preparing such forms, as well as
pharmaceutical compositions for use in medicine and for use in treating such diseases
as lupus, rheumatoid arthritis, IBD, ulcerative colitis, Crohn’s Disease, vitiligo, alopecia,
psoriasis and atopic dermatitis. The present invention also provides the use of such
pharmaceutical compositions in the manufacture of a medicament for treating such
diseases as lupus, rheumatoid arthritis, IBD, ulcerative colitis, Crohn’s Disease, vitiligo,
alopecia, psoriasis and atopic dermatitis.

Methods of treating the diseases and syndromes listed herein are understood to
involve administering to an individual in need of such treatment a therapeutically effective
amount of a pharmaceutical composition of the polymorph prepared in accord with the
process of the invention. As used herein, the term “treating” in reference to a disease is

meant to refer to preventing, inhibiting and/or ameliorating the disease.
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As used herein, the term “individual” or “patient,” used interchangeably, refers to
any animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats,
swine, cattle, sheep, goats, horses, or primates, and most preferably humans. As used
herein, the phrase “therapeutically effective amount” refers to the amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response in a
tissue, system, animal, individual or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician, which includes one or more of the
following:

(1) preventing the disease; for example, preventing a disease, condition or
disorder in an individual that may be predisposed to the disease, condition or disorder
but does not yet experience or display the pathology or symptomatology of the disease;

(2) inhibiting the disease; for example, inhibiting a disease, condition or disorder
in an individual that is experiencing or displaying the pathology or symptomatology of the
disease, condition or disorder (i.e., arresting or slowing further development of the
pathology and/or symptomatology); and

(3) ameliorating the disease; for example, ameliorating a disease, condition or
disorder in an individual that is experiencing or displaying the pathology or
symptomatology of the disease, condition or disorder (i.e., reversing the pathology and/or

symptomatology).

Dosage and Formulation
The invention also includes pharmaceutical compositions as described herein

including one or more pharmaceutically acceptable carriers, excipients, vehicles, etc.
The pharmaceutical composition of the invention is administered in an amount effective
to treat a condition as described herein, and can be prepared from the crystalline
compound per se, or alternatively, as a pharmaceutically acceptable salt thereof.

The pharmaceutical composition of the invention is administered by any suitable
route in the form of a composition adapted to such a route, and in a dose effective for the
treatment intended. The compounds of the invention may be administered orally, rectally,
vaginally, parenterally, or topically.

The pharmaceutical composition of the invention may be administered orally. Oral
administration may involve swallowing, so that the compound enters the gastrointestinal
tract, or buccal or sublingual administration may be employed by which the compound
enters the bloodstream directly from the mouth.

In another embodiment, the pharmaceutical composition of the invention may also

be administered directly into the bloodstream, into muscle, or into an internal organ.
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Suitable means for parenteral administration include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular, intraurethral, intrasternal, intracranial,
intramuscular and subcutaneous. Suitable devices for parenteral administration include
needle (including microneedle) injectors, needle-free injectors and infusion techniques.

In another embodiment, the pharmaceutical composition of the invention may also
be administered topically to the skin or mucosa, that is, dermally or transdermally. In
another embodiment, the pharmaceutical composition of the invention can also be
administered intranasally or by inhalation. In another embodiment, the compounds of the
invention may be administered rectally or vaginally. In another embodiment, the
pharmaceutical composition of the invention may also be administered directly to the eye
or ear.

The dosage regimen for the pharmaceutical compositions of the invention is based
on a variety of factors, including the type, age, weight, sex and medical condition of the
patient; the severity of the condition; the route of administration; and the activity of the
particular compound employed. Thus, the dosage regimen may vary widely. In one
embodiment, the total daily dose of a compound is typically from about 0.01 to about 100
mg/kg (i.e., mg compound of the invention per kg body weight) for the treatment of the
indicated conditions discussed herein. In another embodiment, total daily dose of the
compound is from about 0.1 to about 50 mg/kg, and in another embodiment, from about
0.5 to about 30 mg/kg.

For oral administration, the compositions may be provided in the form of tablets
containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 75.0, 100, 125, 150,
175, 200, 250 and 500 milligrams of the active ingredient for the symptomatic adjustment
of the dosage to the patient. A medicament typically contains from about 0.01 mg to about
500 mg of the active ingredient, or in another embodiment, from about 1 mg to about 100
mg of active ingredient. Intravenously, doses may range from about 0.01 to about 10
mg/kg/minute during a constant rate infusion.

Suitable subjects according to the invention include mammalian subjects.
Mammals according to the invention include canine, feline, bovine, caprine, equine,
ovine, porcine, rodents, lagomorphs, primates, and the like, and encompass mammals in
utero. In one embodiment, humans are suitable subjects. Human subjects may be of
either gender and at any stage of development.

In another embodiment, the invention comprises pharmaceutical compositions
containing a compound along with a pharmaceutically acceptable carrier. Other

pharmacologically active substances can also be present. As used herein,
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"pharmaceutically acceptable carrier" includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents,
and the like that are physiologically compatible. Examples of pharmaceutically
acceptable carriers include one or more of water, saline, phosphate buffered saline,
dextrose, glycerol, ethanol and the like, as well as combinations thereof, and may include
isotonic agents, for example, sugars, sodium chloride, or polyalcohols such as mannitol,
or sorbitol in the composition. Pharmaceutically acceptable substances such as wetting
agents or minor amounts of auxiliary substances such as wetting or emulsifying agents,
preservatives or buffers, which enhance the shelf life or effectiveness of the antibody or
antibody portion.

The compositions of this invention may be in a variety of forms. These include, for
example, liquid, semi-solid and solid dosage forms, such as liquid solutions (e.g.,
injectable and infusible solutions), dispersions or suspensions, tablets, pills, powders,
liposomes and suppositories. The form depends on the intended mode of administration
and therapeutic application.

Typical compositions are in the form of injectable or infusible solutions, such as
compositions similar to those used for passive immunization of humans with antibodies
in general. One mode of administration is parenteral (e.g. intravenous, subcutaneous,
intraperitoneal, or intramuscular). In another embodiment, the antibody is administered
by intravenous infusion or injection. In yet another embodiment, the antibody is
administered by intramuscular or subcutaneous injection.

Oral administration of a solid dose form may be, for example, presented in discrete
units, such as hard or soft capsules, pills, cachets, lozenges, or tablets, each containing
a predetermined amount of at least one compound recited herein. In another
embodiment, the oral administration may be in a powder or granule form. In another
embodiment, the oral dose form is sub-lingual, such as, for example, a lozenge. In such
solid dosage forms, the crystalline compound is ordinarily combined with one or more
adjuvants. Such capsules or tablets may contain a controlled release formulation. In the
case of capsules, tablets, and pills, the dosage forms also may comprise buffering agents
or may be prepared with enteric coatings.

In another embodiment, oral administration may be in a liquid dose form. Liquid
dosage forms for oral administration include, for example, pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents commonly
used in the art (e.g., water). Such compositions also may comprise adjuvants, such as

wetting, emulsifying, suspending, flavoring (e.g., sweetening), and/or perfuming agents.
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In another embodiment, the invention comprises a parenteral dose form.
"Parenteral administration" includes, for example, subcutaneous injections, intravenous
injections, intraperitoneally, intramuscular injections, intrasternal injections, and infusion.
Injectable preparations (i.e., sterile injectable aqueous or oleaginous suspensions) may
be formulated according to the known art using suitable dispersing, wetting agents,
and/or suspending agents.

In another embodiment, the invention comprises a topical dose form. "Topical
administration" includes, for example, transdermal administration, such as via
transdermal patches or iontophoresis devices, intraocular administration, or intranasal or
inhalation administration. Compositions for topical administration also include, for
example, topical gels, sprays, ointments, and creams. A topical formulation may include
a crystalline compound which enhances absorption or penetration of the active ingredient
through the skin or other affected areas. When the crystalline compound of this invention
is administered by a transdermal device, administration will be accomplished using a
patch either of the reservoir and porous membrane type or of a solid matrix variety.
Typical formulations for this purpose include gels, hydrogels, lotions, solutions, creams,
ointments, dusting powders, dressings, foams, films, skin patches, wafers, implants,
sponges, fibers, bandages and microemulsions. Liposomes may also be used. Typical
carriers include alcohol, water, mineral oil, liquid petrolatum, white petrolatum, glycerin,
polyethylene glycol and propylene glycol. Penetration enhancers may be incorporated -
see, for example, B. C. Finnin and T. M. Morgan, J. Pharm. Sci., vol. 88, pp. 955-958,
1999.

Accordingly, topical formulations prepared from the crystalline or noncrystalline
form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)prop-ane-
1-sulfonamide in accord with the process of the invention may be administered using
such preparations encompassing all conventional methods of administration across the
surface of the body and the inner linings of body passages including epithelial and
mucosal tissues, including transdermal, epidermal, buccal, pulmonary, ophthalmic,
intranasal, vaginal and rectal modes of administration.. Typical carriers include alcohol,
water, mineral oil, liquid petrolatum, white petrolatum, glycerin, polyethylene glycol and
propylene glycol. Such topical formulations may be prepared in combination with
additional pharmaceutically acceptable excipients. An excipient which may be essential
to clinical efficacy is one or more penetration enhancer such as be one or more saturated
or cis-unsaturated C10-C18 fatty alcohols. Such fatty alcohols include C16-C18 fatty

alcohols, and most preferably, are a C18 fatty alcohol. Examples of cis-unsaturated C16-
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C18 fatty alcohols include oleyl alcohol, linoleyl alcohol, y-linolenyl alcohol and linolenyl
alcohol. Saturated C10-C18 fatty alcohols useful as penetration enhancers include decyl
alcohol, lauryl alcohol, myristyl alcohol, cetyl alcohol and stearyl alcohol. Alternatively,
other penetration enhancers which may be used to prepare the topical formulations
include C10-C18 fatty acids, which when saturated may include capric acid, lauric acid,
myristic acid, palmitic acid, stearic acid and arachidic acid. Alternatively, the penetration
enhancer may usefully be a cis-unsaturated fatty acid, such as palmitoleic acid (cis-9-
hexadecenoic acid), oleic acid (cis-9-octadecenoic acid), cis-vaccenic acid (cis-11-
octadecenoic acid), linoleic acid (cis-9,12-octadecadienoic acid), y-linolenic acid (cis-
6,9,12-octadecatrienocic acid), linolenic acid (cis-9,12,15-octadecatrienoic acid) and
arachidonic acid (cis-5,8,11,14-eicosatetraenoic acid). The penetration enhancers, for
example, one selected from C10-C18 fatty alcohols, are used in amounts ranging from
about 0.1 to about 5% (w/v), more preferably, from 1 to about 4%, more preferably still,
1 to about 3% (w/v).

Topical formulations contain N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)cyclobutyl)propane-1-sulfonamide in therapeutically effective amounts that can
be given in daily or twice daily doses to patients in need. These amounts range from
about 0.1% to about 5.0% (w/v), more preferably, from about 0.1% to about 3.0% (w/v).
Among other excipients which enhance the stability of these formulations include
aldehyde scavengers, such as glycerine and propylene glycol, and antioxidants, such as
butyl hydroxyanisole (BHA), butyl hydroxytoluene (BHT), propyl gallate, ascorbic acid
(Vitamin C), polyphenols, tocopherols (Vitamin E), and their derivatives.

Formulations suitable for topical administration to the eye include, for example,
eye drops wherein the compound of this invention is dissolved or suspended in a suitable
carrier. A typical formulation suitable for ocular or aural administration may be in the form
of drops of a micronized suspension or solution in isotonic, pH-adjusted, sterile saline.
Other formulations suitable for ocular and aural administration include ointments,
biodegradable (i.e., absorbable gel sponges, collagen) and non-biodegradable (i.e.,
silicone) implants, wafers, lenses and particulate or vesicular systems, such as niosomes
or liposomes. A polymer such as crossed linked polyacrylic acid, polyvinyl alcohol,
hyaluronic acid, a cellulosic polymer, for example, hydroxypropylmethylcellulose,
hydroxyethylcellulose, or methylcellulose, or a heteropolysaccharide polymer, for
example, gelan gum, may be incorporated together with a preservative, such as

benzalkonium chloride. Such formulations may also be delivered by iontophoresis.
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For intranasal administration or administration by inhalation, the crystalline
compound of the invention is conveniently delivered in the form of a solution or
suspension from a pump spray container that is squeezed or pumped by the patient or
as an aerosol spray presentation from a pressurized container or a nebulizer, with the
use of a suitable propellant. Formulations suitable for intranasal administration are
typically administered in the form of a dry powder (either alone, as a mixture, for example,
in a dry blend with lactose, or as a mixed component particle, for example, mixed with
phospholipids, such as phosphatidylcholine) from a dry powder inhaler or as an aerosol
spray from a pressurized container, pump, spray, atomizer (preferably an atomizer using
electrohydrodynamics to produce a fine mist), or nebulizer, with or without the use of a
suitable  propellant, such as 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-
heptafluoropropane. For intranasal use, the powder may comprise a bioadhesive agent,
for example, chitosan or cyclodextrin.

In another embodiment, the invention comprises a rectal dose form prepared from
the crystalline or noncrystalline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-
4-yhamino)cyclobutyl)propane-1-sulfonamide in accord with the process of the invention.
Such rectal dose form may be in the form of, for example, a suppository. Cocoa butter is
a traditional suppository base, but various alternatives may be used as appropriate.

Other carrier materials and modes of administration known in the pharmaceutical
art may also be used. Pharmaceutical compositions of the invention may be prepared by
any of the well-known techniques of pharmacy, such as effective formulation and
administration procedures. The above considerations in regard to effective formulations
and administration procedures are well known in the art and are described in standard
textbooks. Formulation of drugs is discussed in, for example, Hoover, John E.,
Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pennsylvania,
1975, Liberman et al., Eds., Pharmaceutical Dosage Forms, Marcel Decker, New York,
N.Y., 1980; and Kibbe et al., Eds., Handbook of Pharmaceutical Excipients (3rd Ed.),
American Pharmaceutical Association, Washington, 1999.

The crystalline or noncrystalline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-sulfonamide in accord with the process of
the invention can be used alone, or in combination with other therapeutic agents. The
invention provides any of the uses, methods or compositions as defined herein wherein
the crystalline or noncrystalline form herein, or pharmaceutically acceptable solvate of
said compound, is used in combination with one or more other therapeutic agent

discussed herein.
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The administration of two or more compounds “in combination” means that all of
the compounds are administered closely enough in time that the presence of one alters
the biological effects of any other compound(s). The two or more compounds may be
administered simultaneously, concurrently or sequentially. Additionally, simultaneous
administration may be carried out by mixing the compounds prior to administration or by
administering the compounds at the same point in time but as separate dosage forms at
the same or different site of administration.

»oou

The phrases “concurrent administration,” “co-administration,” “simultaneous
administration,” and “administered simultaneously” mean that the compounds are
administered in combination.

In another embodiment, the invention provides methods of treatment that include
administering the crystalline or noncrystalline form of N-((1S,3S)-3-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-sulfonamide in accord with the
process of the invention in combination with one or more other pharmaceutical agents,
wherein the one or more other pharmaceutical agents may be selected from the agents
discussed herein.

These agents and the crystalline or noncrystalline form of N-((1S,3S)-3-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl) propane-1-sulfonam-ide in
accord with the process of the invention can be combined with pharmaceutically
acceptable vehicles such as saline, Ringer’s solution, dextrose solution, and the like. The
particular dosage regimen, i.e., dose, timing and repetition, will depend on the particular
individual and that individual’s medical history.

Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the
dosages and concentrations employed, and may comprise buffers such as phosphate,
citrate, and other organic acids; salts such as sodium chloride; antioxidants including
ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium
chloride; phenol, butyl or benzyl alcohol; alkyl parabens, such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin,
gelatin, or Igs; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose, mannose, or dextrins;
chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol;

salt-forming counter-ions such as sodium; metal complexes (e.g., Zn-protein complexes);
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and/or non-ionic surfactants such as TWEEN™ PLURONICS™ or polyethylene glycol
(PEG).

Liposomes containing these agents and/or compounds of the invention are
prepared by methods known in the art, such as described in U.S. Pat. Nos. 4,485,045
and 4,544,545. Liposomes with enhanced circulation time are disclosed in U.S. Patent
No. 5,013,556. Particularly useful liposomes can be generated by the reverse phase
evaporation method with a lipid composition comprising phosphatidylcholine, cholesterol
and PEG-derivatized phosphatidylethanolamine (PEG-PE). Liposomes are extruded
through filters of defined pore size to yield liposomes with the desired diameter.

These agents and/or the crystalline or noncrystalline form of N-((1S,3S)-3-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl) propane-1-sulfonamide in
accord with the process of the invention may also be entrapped in microcapsules
prepared, for example, by coacervation techniques or by interfacial polymerization, for
example, hydroxymethylcellulose or gelatin-microcapsules and poly-
(methylmethacrylate) microcapsules, respectively, in colloidal drug delivery systems (for
example, liposomes, albumin microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington, The
Science and Practice of Pharmacy, 20th Ed., Mack Publishing (2000).

Sustained-release preparations may be used. Suitable examples of sustained-
release preparations include semi-permeable matrices of solid hydrophobic polymers
containing the antibody/compound of the invention, which matrices are in the form of
shaped articles, e.qg., films, or microcapsules. Examples of sustained-release matrices
include polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
'poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid
and 7 ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as those used in LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate),
sucrose acetate isobutyrate, and poly-D-(-)-3-hydroxybutyric acid.

The formulations to be used for intravenous administration must be sterile. This is
readily accomplished by, for example, filtration through sterile filtration membranes. The
crystalline or noncrystalline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)cyclobutyl)propane-1-sulfonam-ide in accord with the process of the invention
is generally placed into a container having a sterile access port, for example, an
intravenous solution bag or vial having a stopper pierceable by a hypodermic injection

needle.
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Suitable emulsions may be prepared using commercially available fat emulsions,
such as Intralipid™, Liposyn™, Infonutrol™, Lipofundin™ and Lipiphysan™. The active
ingredient may be either dissolved in a pre-mixed emulsion composition or alternatively
it may be dissolved in an oil (e.g., soybean oil, safflower oil, cottonseed oil, sesame aill,
corn oil or almond oil) and an emulsion formed upon mixing with a phospholipid (e.g., egg
phospholipids, soybean phospholipids or soybean lecithin) and water. It will be
appreciated that other ingredients may be added, for example glycerol or glucose, to
adjust the tonicity of the emulsion. Suitable emulsions will typically contain up to 20% oil,
for example, between 5 and 20%. The fat emulsion can comprise fat droplets between
0.1 and 1.0 ym, particularly 0.1 and 0.5 um, and have a pH in the range of 5.5 to 8.0.

The reagents used in the preparation of the crystalline or noncrystalline form of N-
((18,38)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobut-yl)propane-1-
sulfonamide in accord with the process of the invention of these teachings can be either
commercially obtained or can be prepared by standard procedures described in the
literature. For example, the crystalline or noncrystalline form of the present invention can
be prepared according to the methods illustrated in the following examples.

The description of this invention utilizes a variety of abbreviations well known to
those skilled in the art, including the following:
ag.: aqueous
CH3CN: Acetonitrile
DCM: Dichloromethane
DMF: N,N-Dimethylformamide
DMSO: Dimethylsulfoxide
EtOAc: Ethyl acetate
EtOH: Ethanol
FT-IR: Fourier Transform-Infrared
HOAc: Acetic acid
MeOH: Methanol
PXRD: powder X-ray diffraction
ss *C NMR: solid state *C nuclear magnetic resonance
THF: Tetrahydrofuran
TLC: Thin Layer Chromatography

EXAMPLES

21



10

15

20

25

30

35

WO 2020/008391 PCT/IB2019/055683

The following non-limiting example is presented merely to illustrate the present
invention. The skilled person will understand that there are numerous equivalents and

variations not exemplified but which still form part of the present teachings.

Example 1

Preparation of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-
cyclobutyl)propane-1-sulfonamide Form |

The Title compound is prepared according to Example 2 of US Patent No. 9,035,074.
The crude material is warmed in 10 vol (100mg/ml) 2:1 EtOH/water to 80°C (until entirely
dissolved), and then passed through a polishing filtration, and slowly cooled until the

product crystallises. After filtration, the material is dried under vacuum at 45-55°C.

Example 2
Alternative Preparation of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)cyclobutyl)propane-1-sulfonamide

Isopropyl 3-oxocyclobutane-1-carboxylate (A)

The commercially available 3-cyclobutanone carboxylic acid (175 g) was dissolved in 2-
propanol (1050 mL) and p-toluenesulfonic acid monohydrate was added (11.85 g, 4
mol%). The solution was heated to 80°C and stirred for 19 hours. The reaction was
deemed complete by UPLCMS and cooled. The reaction was concentrated to a light
yellow oil and diluted with 1000 mL of MTBE. The solution was washed with 300 mL of
saturated sodium bicarbonate and separated. The aqueous layer was discarded and
washed with an additional 200 mL of saturated sodium bicarbonate. The layers were
separated, and the aqueous layer discarded. The MTBE layer was dried with 200 mL of
brine and then magnesium sulfate. The MTBE solution was then concentrated to a pale
yellow oil. "H NMR (400 MHz, DMSO-ds) 5 4.95 (hept, J =6.3 Hz, 1H), 3.38-3.18 (m, 5H),
1.22 (d, J =6.3 Hz, 6H).

Isopropyl (1s,3s)-3-(methylamino)cyclobutane-1-carboxylate (free base) (B)

An aqueous solution of methyl amine (75 mL, 40 wt%) was charged to a reactor followed
by phosphate buffer (700 mL, pH 7.2, 100 mM) composed of mono- and dipotassium
phosphate. The pH of the solution was adjusted to 8.8 by slow addition of concentrated
hydrochloric acid. NADP+ (700 mg), GDH (350 mg), and glucose (150 g) were then
added. The IRED enzyme (50 mL lysate) was charged to the reactor. The isopropyl 3-
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oxocyclobutane-1-carboxylate ester substrate (100 g) was diluted with DMSO (25 mL)
and charged. The reaction was warmed to 30 °C and the pH maintained at 7.5 by use of
a pH probe and dosing unit (2N sodium hydroxide). The reaction was monitored by GC
and UPLC analysis. When the reaction was deemed complete, the mixture was filtered
through Celite™ (50 g) and the Celite™ cake washed with water (100 mL). The aqueous
solution was added to a separatory funnel and MTBE (500 mL) was charged and shaken.
The MTBE layer was separated and discarded. The aqueous layer was then basified with
sodium hydroxide (50% aqueous solution) to a pH of 12. MTBE (1 L) was then added
and the funnel shaken. The phases were split, and the MTBE collected and set aside.
The aqueous layer was extracted once more with additional MTBE (700 mL) and the
layers split. The aqueous was discarded and the MTBE solutions were each filtered over
additional Celite™ (36.5 g). The MTBE solutions were then combined and dried over
anhydrous sodium sulphate. "H NMR (400 MHz, DMSO-ds) 5 4.86 (hept, J = 6.3 Hz, 1H),
2.96 (tt, J=8.7, 7.0 Hz, 1H), 2.67 (tt, J= 9.7, 8.1 Hz, 1H), 2.41 - 2.26 (m, 2H), 2.15 (s,
3H), 1.78 (dtd, J = 9.8, 8.8, 2.6 Hz, 2H), 1.17 (d, J= 6.2 Hz, 6H).

Isopropyl (1s,3s)-3-(methylamino)cyclobutane-1-carboxylate (succinate salt) (B
succinate)

The crude biocatalytic reaction (1125 mL) was concentrated to approximately half volume
(530 mL). A separate reactor was charged with succinic acid (75.6 g) and 2MeTHF (1100
mL) and heated to 60 °C to dissolve the acid. The solution was cooled to 50°C and the
approximately half the amine solution was added. The resulting turbid solution was held
for 30 minutes and was a thin slurry. The rest of the amine solution was then charged in.
The solution was cooled to 20 °C and then warmed up to 50 °C resulting in a slurry. The
slurry was held for 30 minutes at 50 °C and then cooled to 20 °C and stirred overnight.
The slurry was filtered and washed with two portions of 2-MeTHF (100 mL each) and the
material dried in an oven. 95.7 g isolated (52% yield).

"H NMR (400 MHz, DMSO-ds) 0 4.88 (hept, J = 6.2 Hz, 1H), 3.30 (it, J= 8.8, 7.3 Hz, 1H),
2.82 (it, J=9.8, 8.2 Hz, 1H), 2.43 — 2.34 (m, 2H), 2.31 (d, J = 2.5 Hz, 7H), 2.13 - 2.00
(m, 2H), 1.18 (d, J = 6.3 Hz, 6H).

Isopropyl (1s,3s)-3-(methylamino)cyclobutane-1-carboxylate (B HCI salt)
The crude amine (8 g) was dissolved in MTBE (80 mL) and heated to 50 C.
Hydrochloric acid in dioxane was then added (11 mL, 4M). A stirrable slurry was

observed and the reaction held at 50 °C for 1 hour. The slurry was cooled to 20 C and
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then filtered and washed with two portions of MTBE (20 mL each). The material was
then dried under vacuum. 8.7 g isolated (96% yield). "H NMR (400 MHz, DMSO-d6) &
9.26 (s, 2H), 4.89 (hept, J = 6.3 Hz, 1H), 3.52 (tt, J = 9.0, 7.5 Hz, 1H), 2.92 (it, J = 9.8,
8.2 Hz, 1H), 2.45-2.35 (m, 5H), 2.34 — 2.24 (m, 2H), 1.18 (d, J = 6.3 Hz, 6H).

Isopropyl (1s,3s)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclo-butane-1-
carboxylate (C; CSNAr)

The succinate salt of the amine (B succinate, 75.4 g) and the chloropyrrolopyrimdine
(40.0 g) were combined in a reactor. 2-Propanol (200 mL) was charged resulting in a
slurry. Diisopropylethylamine (114 mL) was charged resulting in a thin slurry. The
reaction was heated to 80 °C which resulted in a solution. The reaction was held at 80 °C
until the reaction was deemed complete by UPLCMS (approximately 48 hours). The
reaction was cooled to 20 °C and became a slurry. The solids were filtered and washed
with two portions of 2-propanol (80 mL each). 61 g of material isolated (81%). 'H NMR
(400 MHz, DMSO-d6) 5 11.64 (s, 1H), 8.11 (s, 1H), 7.16 (dd, J = 3.6, 2.4 Hz, 1H), 6.62
(dd, J =3.6, 1.9 Hz, 1H), 5.24 (tt, J = 9.4, 8.0 Hz, 1H), 4.91 (hept, J = 6.3 Hz, 1H), 3.25
(s, 3H), 2.87 (tt, J=9.2, 8.0 Hz, 1H), 2.48 — 2.35 (m, 4H), 1.20 (d, J = 6.3 Hz, 6H).

(1s,3s)-N-Hydroxy-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclo-butane-
1-carboxamide (D; hydroxamic amide)

To a reactor was charged methanol (500 mL) and sodium methoxide in methanol (93.7
mL, 25 mass %) under nitrogen. Hydroxylamine hydrochloride (15.1 g) was charged to
the room temperature reaction resulting in a slight endotherm. Iso-propyl (1s,3s)-3-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobut-ane-1-carboxylate (C; 50 g) was
then added resulting in a white slurry. The reaction was warmed to 40 °C and stirred
overnight and deemed complete by UPLCMS. The thick slurry was then charged with
hydrochloric acid (1M) until a pH of 7.0 is achieved. The slurry is then filtered and rinsed
with methanol (100 mL). The material was dried in a vacuum oven overnight resulting in
42.7 g of white solids (94% yield). "H NMR (400 MHz, DMSO-d6) 5 11.63 (s, 1H),
10.46 (s, 1H), 8.75 (s, 1H), 8.10 (s, 1H), 7.15 (dd, J = 3.6, 1.9 Hz, 1H), 6.61 (dd, J = 3.7,
1.4 Hz, 1H), 5.21 (p, J = 9.6 Hz, 1H), 3.28 (s, 3H), 2.60 (p, J = 8.3 Hz, 1H), 2.49 - 2.37
(m, 2H), 2.35-2.26 (m, 2H).
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(1s,3s)-N1-Methyl-N1-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)cyclobutane-1,3-diamine (E;
phosphate salt)

Hydroxamic amide D (19.4 g) was charged to a reactor followed by 2-MeTHF (388 mL)
resulting in a white slurry. The slurry was warmed to 30 °C and carbonyl diimidazole (16.1
g) was added. The reaction was stirred overnight. The reaction was deemed complete
by UPLCMS. A solution of phosphoric acid (14.7 M in water, 25.5 mL) was diluted with
water (78 mL) was prepared and added slowly to the slurry. The slurry dissolved and the
reaction was heated to 60 °C and held for several hours. The reaction was deemed
complete and sodium hydroxide (20 mass% in water, 16.4 m) was added to obtain a pH
of approximately 6. The reaction was then warmed to 80 °C and then cooled to 25 °C. 2-
Propanol (58 mL) was added slowly and the solids filtered. The cake was washed with 2-
propanol/water (1:1, 40 mL) and dried in a vacuum oven resulting in 19.1 g (81% yield).
"H NMR (600 MHz, Deuterium Oxide, 35 °C) 5 8.08 (s, 1H), 7.20 (d, J= 3.6 Hz, 1H), 6.66
(d, J=3.6 Hz, 1H), 4.81 (tt, J= 9.6, 7.4 Hz, 1H), 3.67 (it, J = 8.9, 7.3 Hz, 1H), 3.28 (s,
3H), 2.96 — 2.73 (m, 2H), 2.47 (qd, J = 9.4, 2.9 Hz, 2H). *'P NMR (243 MHz, Deuterium
Oxide, 35C) 6 0.31.

(1s,3s)-N'-Methyl-N'-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)cyclobutane-1,3-diamine
(free amine)

Amino phosphate E (10 g) was dissolved in HO (30 mL). Hydrochloric acid (6N) was
added until the pH was 2, resulting in a clear solution. The pH was raised to 12 using
sodium hydroxide (50 wt%) resulting in a thick suspension. The slurry was purified using
reverse-phase chromatography (10:90 CHsCN:H2O 2CV, gradient to 40:60 CH3CN:H-O
over 4CV). The appropriate fractions were collected, combined, and concentrated in
vacuo, affording the amine free-base E as a white solid (6.05 g, 88% vyield). 'H NMR
(400 MHz, Deuterium Oxide) 6 7.78 (s, 1H), 6.91 (d, J = 3.6 Hz, 1H), 6.24 (d, J= 3.6 Hz,
1H), 4.25 (ddd, J=9.7, 7.4, 2.3 Hz, 1H), 3.08 (td, J=7.9, 7.1, 1.8 Hz, 1H), 2.95 (s, 3H),
2.58 - 2.39 (m, 2H), 1.86 (dd, J = 9.4, 2.8 Hz, 2H).

1-(Propylsulfonyl)-1H-1,2,4-triazole (triazole reagent)

1,2,4-Triazole (11.98 g) and THF (40 mL) were charged to a reactor equipped with
overhead stirring. The suspension was stirred for 10 minutes, then 1-propanesulfonyl
chloride (7.89 mL, 68.0 mmol) was added at 20 °C. The resulting slurry was stirred at 20

°C until the starting material was consumed as judged by '"H NMR. Once complete, the
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reaction was filtered, and the filtrate transferred to a separatory funnel where it was
diluted with water (20 mL) and extracted with dichloromethane (50 mL). The layers were
separated, and the DCM layer was washed with water (2 x 20 mL) and brine (1 x 20 mL).
The organic layer was dried with MgSOQOs, filtered, and concentrated in vacuo, affording
the sulfonyl triazole as a viscous, clear colorless oil (10.66 g, 89% yield). '"H NMR (400
MHz, Chloroform-d) & 8.67 (s, 1H), 8.13 (s, 1H), 3.55-3.46 (m, 2H), 1.76 (h, J=7.5 Hz,
2H), 1.03 (t, J = 7.5 Hz, 3H).

Example 3
Alternate Preparation of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-

amino)cyclobutyl)propane-1-sulfonamide

Sulfonylation using triazole reagent 1-(Propylsulfonyl)-1H-1,2,4-triazole

Water (18 mL) and the amine phosphate salt E (3 g) were charged to a reactor followed
by sodium hydroxide in water (19M, 1.5 mL). The reaction exothermed slightly and was
cooled to 25 °C. 1-(Propylsulfonyl)-1H-1,2,4-triazole (4.3 g) was dissolved in THF (12 mL)
and added to the hydroxide reaction. Once the reaction was deemed complete, water
(18 mL) was added and the material was filtered and dried. 2.57 g (84% yield) was

obtained.

In-situ preparation of reagent

The lithium salt of 1,2 4-triazole (1.0 g) and THF (8 mL) was charged to a reactor at 20
°C. The 1-propanesulfonyl chloride (1.47 mL) was then charged. The slurry was stirred
at 20 °C until the sulfonyl chloride has been consumed as judged by H NMR. In a separate
flask, the amino-phosphate (2.0 g) was dissolved in H.O (12 mL) at 20 °C, and then
sodium hydroxide (1.0 mL, 50 wt %) was added keeping the temperature below 30 °C.
The aqueous solution was cooled to 10°C, then the THF solution of the 1-
propanesulfonyl-triazole reagent was added maintaining the temperature below 20 °C.
The resulting suspension was stirred until <5% of the amine is remaining according to
UPCLMS, then sodium hydroxide (0.67 mL, 50 wt%) was added and the reaction heated
to 50 °C. Once the sulfonyl triazole reagent was consumed by UPLC, the reaction was
cooled to 20 °C, and the pH adjusted to 5-6 using hydrochloric acid (6N). The resulting
slurry was cooled to 10 °C and held for 30 minutes and filtered. The cake was rinsed with
75:25 HO:THF (10 mL), and the solids dried at 50 °C in a vacuum oven, affording the

desired product as an off-white solid.
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Sulfonylation using 1-propanesulfonyl chloride

Amine phosphate salt E (3.07 g) was charged to a reactor followed by water (18 mL).

Sodium hydroxide (2.9 mL, 10M) was then added to the slurry and the mixture stirred at
5 room temperature. 2-MeTHF (12 mL) was added and the mixture cooled to 10 C. The 1-

propanesulfonyl chloride (1.6 mL) was added resulting in an exotherm. The reaction was

monitored and deemed complete. Water (18 mL) was then added and the slurry

granulated at 10 °C. The slurry was filtered, washed with water (5 mL), and dried under

vacuum. 3.0 g of pale yellow solid were isolated (96% yield).
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Example 4

15 Alternative Preparation of (1s,3s)-N'-Methyl-N'-(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)cyclobutane-1,3-diamine

I I L L
JL om NH,
N R" " OH N NH. v N .
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N R" = OH, NHy, NHOH N N N —— N
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kN/ N R' = H, other group (tosyl, etc) kN/ N kN/ N kN/ N kN/ N
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Preparation of (1s,3s)-3-(methyl-(7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)cyclobutane-1-carboxamide

o
0 D“JLNHz
L DBU, iProH e

N

" NH,
R _—

W BN
H cl L
-HCl N ¥S

N7
l & N

N Ts

To a 20 mL Schlenk tube, charge the amino-amide hydrochloride (500 mg, 3.04 mmol

5 1.0 equiv) and isopropanol (4 mL), followed by the chloro-pyrrolopyrimidine (1.03g, 3.34
mmol, 1.1 equiv) and DBU (0.97 g, 6.38 mmol, 2.1 equiv). Heat the resulting mixture to
85 °C, and stir until the reaction is complete by UPLC. Once complete, cool the mixture
to 40 °C, at which point water (20 mL) is added, resulting in a clear solution. Continue
cooling to 20 °C, resulting is solids precipitating from the reaction. Filter the solids and

10 rinse the filter cake with H2O (30 mL). The crude solids (1.18 g) were purified by reverse-
phase chromatography (gradient 4:6 MeOH:H2O to 100% MeOH, 20 CV). The desired
fractions were combined, and the methanol removed in vacuo, resulting in solids
precipitating. The solids were filtered, rinsed with H>O (10 mL), and dried in a vacuum
oven at 50 °C, affording the desired SnAr product as a white solid (686 mg, 57% yield).

15 "H NMR (400 MHz, DMSO-ds) 8 8.24 (s, 1H), 7.97 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 4.1
Hz, 1H), 7.43 (d, J = 8.6 Hz, 2H), 7.31 (s, 1H), 6.96 (d, J = 4.1 Hz, 1H), 6.82 (s, 1H), 5.07
(p, J=8.6 Hz, 1H), 3.22 (s, 3H), 2.70 (p, J = 8.6 Hz, 1H), 2.40 — 2.26 (m, 7H). *C NMR
(101 MHz, DMSO-ds) & 175.6, 157.1, 152.8, 151.7, 146.2, 134.9, 130.4, 128.2, 122.0,
106.9, 104.8, 47.3, 32.2, 31.7, 31.0, 21.6.

20 Preparation of (1s,3s)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)cyclobutane-1-carboxylic acid

Cl

DS
o N o)
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MeHN™ —_— 2
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The chloropyrrolopyrimidine (10.0 g), and amino-amide oxalate salt (18.7 g) were

charged to a reactor. IPA (100 mL) was added and the slurry stirred. DBU (39 mL) was
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added and the mixture heated to 80 °C. Once the reaction was deemed complete, water
and sodium hydroxide were added, and the reaction stirred at 80 °C until it became a
thick slurry. IPA (60 mL) was added and the slurry was stirred and filtered. 26.39 g of the
acid-DBU adduct was isolated. 10.0g of the DBU adduct was dissolved in water (125 mL)
at 45 °C. Hydrochloric acid (4 mL, 6M) was added and the resulting precipitate was stirred
and filtered. The solids were washed with water (10 mL). The solids were dried (2.47Q).
"H NMR (400 MHz, DMSO-ds) 8 2.44 (d, J = 8.8 Hz, 4H), 2.44 (d, J = 8.8 Hz, 4H), 2.77-
2.91 (m, 1H), 3.26 (s, 3H), 3.31-3.41 (m, 1H), 5.23 (t, J = 8.7 Hz, 1H), 6.54-6.72 (m, 1H),
7.08-7.26 (m, 1H), 8.12 (s, 1H), 11.65 (br s, 1H), 12.13-12.43 (m, 1H).

i i
| )\ 4
D\\\‘ko D\\ J\O/
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N N N"7a
H ) H7

Preparation of methyl (1s,3s)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)cyclobutane-1-carboxylate

The isopropyl ester isopropyl (1s,3s)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)cyclobutane-1-carboxylate, 15.03g) was charged to a reactor with methanol (75
ml) and stirred at 25 °C. Sodium methoxide (25 mass % in methanol, 15 mL) was added
dropwise and the reaction stirred until deemed complete by UPLCMS. The solids were
filtered, washed with methanol (20 mL), and dried in a vacuum oven to yield 11.27g of
white solids. "H NMR (400 MHz, Chloroform-d) d 11.48 (s, 1H), 8.33 (s, 1H), 7.09 (d, J =
3.6 Hz, 1H), 6.58 (d, J = 3.6 Hz, 1H), 5.58 — 5.23 (m, 1H), 3.72 (s, 3H), 3.39 (s, 3H), 2.88
(dg, J=10.0, 8.1 Hz, 1H), 2.69 — 2.52 (m, 4H). *C NMR (101 MHz, CDCls) & 175.36,
157.64, 152.11, 150.87, 120.46, 103.41, 102.02, 52.06, 47.38, 32.03, 31.80, 31.20.

Example 5
General Procedure for Salt formation for Compound E:

Compound E was dissolved in various solvents listed in Table 1 then added up to 4
equivalents of counterions/co-formers listed in Table 2. All samples were temperature

cycled and solids were isolated for characterization.
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Table 1 Table 2
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Example 6

Alternate Preparation of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)cyclobutyl)propane-1-sulfonamide from aminocyclobutane

O\\//

HO
«NH> 1. KOH — N//\I’\l Pr wN<g-0
\N\ \N Pr
Nl)\jf% *HPO, 2. HCI Nu)\jf% 2 H,O
7 ~
N N «HCI
N NT g

Preparation of Sulfonyl Triazole:

In a 250 mL flask, charge water (75 mL) and 1,2,4-triazole (37.24 g, 1.7 equiv), and stir
until dissolved. Once the solution is homogenous, transfer it to a 2L vessel containing
THF (400 mL) and equipped with overhead stirring. Warm the solution to 35 °C, then
charge anhydrous LiOH powder (13.18 g, 1.7 equiv). Stir the resulting suspension for 30
minutes, or until all solids have dissolved. Once homogenous, add 1-propanesulfonyl

chloride (58.84 mL, 1.6 equiv) slowly, keeping the internal temperature below 40 °C.
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Once addition is complete, continue stirring the solution at 35 °C for 30 minutes, then

cool to 0 °C and hold until the free-basing of amine phosphate salt E is complete.

Formation of Free Base E from Phosphate Salt E:

In a 1L vessel equipped with overhead stirring, charge water (300 mL) and THF (200
mL), followed by aq. 11.5M KOH (82.75 mL, 3.0 equiv) and warm to 25 °C. Charge amine
phosphate salt E (100 g, 1.0 equiv) in 5 portions, and continue stirring until all solids have
dissolved. Stop agitation and allow phases to separate. Discard aqueous (bottom) phase.

Continue stirring the organic phase while cooling to 8 °C.

Primary Procedure:

Charge the cooled amine (free base) solution to the sulfonyl triazole solution, maintaining
the internal temperature below 10 °C. Rinse the amine containing vessel with a minimal
amount of THF, if necessary. Once the transfer is complete, warm the resulting solution
to 20 °C at 1 °C/min. Stir for 90 minutes, then charge aq. 11.5 M KOH (13.8 mL, 0.5
equiv). Continue stirring until <5% of amine E remains. WWhen complete, add water (1.14
L) followed by aq. 11.5M KOH (110.3 mL, 4 equiv). Heat the mixture to 40 °C and hold
for 4 hours, then cool to 10 °C. Once cool, begin vacuum distillation (100 mbar), warming
slowly to an internal temperature of 45-50 °C, at which point the final solution volume is
between 1.65-1.70 L, indicating the distillation is complete. Cool the mixture to 40 °C,
then add conc. HCI (149 mL, 5.7 equiv), targeting a pH between 2.0-3.0, maintaining an
internal temperature between 40-45 °C. Warm the mixture to 65 °C, hold for 15 minutes,
then cool at 0.5 °/min to 53 °C. Once reached, charge N-((1S,3S)-3-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)-cyclobutyl)propane-1-sulf-onamide HCI seed (500
mg, 0.005 g/g). Cool to 50 °C and stir for 30 minutes, followed by cooling to 10 °C at a
rate of 0.1 °C/min. Stir at 10 °C for 1 hour, then filter through a 600 mL coarse fritted
Buchner funnel. Rinse the filter cake with H>O chilled to 10 °C (200 mL). Dry the solids
on the funnel, targeting a final water content of 9.5% by Karl Fisher titration. '"H NMR (400
MHz, DMSO-ds) © 12.81 (s, 1H), 8.34 (s, 1H), 7.64 (d, J = 9.3 Hz, 1H), 7.52 = 7.43 (m,
1H), 7.00 (dd, J = 3.7, 1.8 Hz, 1H), 4.75 (t, /= 8.3 Hz, 1H), 3.63 (h, J= 8.4 Hz, 1H), 3.00
—2.90 (m, 2H), 2.73 (dtd, J=10.0, 7.4, 2.9 Hz, 2H), 2.35 (qd, J = 9.1, 2.7 Hz, 2H), 1.68
(h, J = 7.5 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, DMSO-ds) d 152.2,
146.3, 143.2, 124.5, 105.0, 102.2, 54.2, 47.2, 41.3, 36.6, 34.0, 17.3, 13.2.
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N-((1S,3S)-3-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-

sulfonamide

N-((1S,3S)-3-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-sulf-
onamide HCI (8 g) was charged to a reactor followed by isopropanol (56 mL) and water
(20 mL). The mixture was heated to 60 °C. A solution of potassium bicarbonate (2.4 g) in
water (8 mL) was prepared and added to the heated mixture. The mixture was heated to
80 °C, then cooled to 65 °C. Seed crystals of the title compound (70 mg) were charged.
The reactor was then cooled to 20 °C and then milled. The material was vacuum-filtered
and washed with two 2/1 isopropanol/water washes (14 mL each). The cake was dried
under vacuum to yield 6.09 g (87% yield) of the title compound. 'H NMR (400 MHz,
DMSO-ds) 6 11.65 (s, 1H), 8.13 (s, 1H), 7.50 (d, J = 9.2 Hz, 1H), 7.15 (dd, /= 3.6, 1.6
Hz, 1H), 6.63 (d, J = 3.5 Hz, 1H), 4.91 (tt, J= 9.6, 7.4 Hz, 1H), 3.70 — 3.47 (m, 1H), 3.26
(s, 3H), 3.04 —2.87 (m, 2H), 2.61 (ddd, J = 11.7, 8.9, 5.2 Hz, 2H), 2.24 (dt, J = 11.8, 9.1
Hz, 2H), 1.79 — 1.55 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H).

Example 7

General Preparation of Salts of N-((1S,3S)-3-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)cyclobutyl)propane-1-sulfonamide

N-((1S,38)-3-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclobutyl)propane-1-

sulfonamide was dissolved in acetone, ethanol, isopropanol, water, or blends thereof. An
amount of the acid (hydrochloric acid, methanesulfonic acid, p-toluenesulfonic acid,
fumaric acid or sulfuric acid) was added and the samples were temperature cycled. Solids

were isolated for characterization.

Variations, modifications, and other implementations of what is described herein
will occur to those skilled in the art without departing from the spirit and the essential
characteristics of the present teachings. Accordingly, the scope of the present teachings
is to be defined not by the preceding illustrative description but instead by the following
claims, and all changes that come within the meaning and range of equivalency of the
claims are intended to be embraced therein.

Each of the printed publications, including but not limited to patents, patent
applications, books, technical papers, trade publications and journal articles described or
referenced in this specification are herein incorporated by reference in their entirety and

for all purposes.
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We claim:

1. A compound having the structure:
0]
D\\\‘“\N/OR1
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N
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~
N
N© R

wherein R1 is selected from: hydrogen; substituted or unsubstituted phenyl; substituted
or unsubstituted pyridyl; substituted or unsubstituted imidazolyl; (C1-Ces)alkyl; (Cs-
C1o)cycloalkyl, which may optionally be substituted with 1, 2 or 3 groups independently
selected from halo, (C1-Cs)alkyl, and (C+-Cs)alkyloxy; or a salt thereof selected from a

group consisting of sodium, potassium, lithium, magnesium and calcium.
2. The compound of claim 1 wherein R+ is hydrogen, or a salt thereof.

3. The compound (1s,3s)-N-hydroxy-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)cyclobutane-1-carboxamide having the structure:

0
\\\\”\N,OH

Me\ ‘\‘D H

N

N)jj\>
L Ay
H

N
or a salt thereof.
4. A process for preparing a compound having the structure:

H
(N N \9/10

(T3
Me ~p gt Pr

N
N™ S\
'53
LAy

which comprises (a) preparing a hydroxylamine compound having the structure:

33



19 Jun 2024

2019299666

”\
\‘\‘ h" IOI I
Me. D

N
N™ X
@Q

N"

(b) reacting said hydroxylamine compound under suitable conditions to prepare an

amino compound having the structure:

W
Me. D

N

N)ﬁ/\/%

!

k/N
H

NH,

N

and thereafter (c) treating said amino compound with a suitable n-propylsulfonation
reagent under suitable conditions to form the compound.

5. The process of claim 4, wherein the n-propylsulfonation reagent is a compound
having the structure:

wherein Rz is n-propyl; and,

X and Y are independently selected from CR3 and N, wherein Rs is selected from:
hydrogen, and (C1-Cs)alkyl.

6. The process of claim 4, wherein X and Y are both N.

7. The process of claim 4, wherein the n-propylsulfonation reagent is a compound
1-(propylsulfonyl)-1H-1,2,4-triazole having the structure:
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8. The process of claim 4 wherein the compound having the structure:

H
N2.o

(7%
Me ~poat Pr

N
N™ S\
@Q

H

N

is a crystaline form of N-((1S,3S)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)cyclobutyl)propane-1-sulfonamide, having a powder X-ray diffraction pattern
comprising peaks, in terms of 26, at 13.0°, 14.8° and 23.3° 26 + 0.2° 26.
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