WO 03/ 048162 PCT/1B02/ 04948 1 Novel Crystalline Conmpound Background of
the Invention This invention relates to a novel crystallline form of
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[ met hyl - (7H-pyrrol o[ 2, 3-d] pyri m di n-44yl ) -am no] - pi peri di n- 1-yl } - 3- oxo- prop
ionitrile 5 nmono citrate salt and to its nethod of preparation.

3-{(3R 4R)-4-nmet hyl - 3-[ net hyl - (7H pyrrol o[ 2, 3-d] pyri mi di n-4-yl)-am no] -

pi peridin-1-yl}-3-o0xo-propionitrile has the chem cal forml a CL6H20N60 and
the followi ng structural formula HH H3C- N N CNO N 10 N N H Its
synthesis is described in co-pending United States patent application
serial nunber 09/732,669, filed Decenber 8, 2000 and United States

provi si onal patent applicati oNovebeivairling Gemapousd/ 294, 775, filed May 31,
2001, commonly assigned to thgaakgsusihehhvédiien present invention and which

are incorporated herein b reference in their Lr .
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d] pyri m di n- fnethy)-(7ad¥pymo]of)3-pleyrinaldin-434)ydnfinc-pipecdipn-gpH3ano-proplosifriland it s

correspondin ci.trat [ i nhibitors of protein kinases,

such as the %ﬁ??‘%&atggﬁlh%%]tkftﬁggeoggﬁ%%a& ﬁgffter also referred to as JAK3)

and as such are u$HBRHRY-Aenepy3-leeth-tirbpislofhd-dipyindindgdramindior or gan

transpl ants, ,xenmh.§.5R83RbBldpPRitild hHRYSe cHEHidal 128, SENES G%i the T heumat oi d

arthritis, psoriasis, Type I diabetes and conplications from diabetes,

cancer, ast hfowiag Sfpiclrdé&rmeBi ti s, aut oi mune thyroid di sorders,

ul cerative colitis, Crohn's disease, Al zheiner's disease, Leukem a and

ot her indications where innugg§uppression woul d be desirable. The

crystalline formof 3-{(3R 4R)-4=p&t hyh- 3-[ net hyl - (7H pyrrol o[ 2, 3- 25

d] pyri m di n-4-yl)-am no] - pi peridin-1-yl}}-3-oxo-propionitrile nono citrate

salt was determ ned to hawecsol i.é st r rties which are acceptable to
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Its synthesis is described in co-pending United States patent application serial

number 09/732,669, filed December 8, 2000 and United States provisional patent

application serial number 60/294,775, filed May 31, 2001, commonly assigned to

the assignee of the present invention and which are incorporated herein by

15 reference in their entirety. 3-{(3R,4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-

d]pyrimidin-4-yl)-amino]-piperidin-1-yl}-3-oxo-propionitrile, and its corresponding

citrate salt, are useful as inhibitors of protein kinases, such as the enzyme Janus

Kinase 3 (hereinafter also referred to as JAK3) and as such are useful therapy as

immunosuppressive agents for organ transplants, xeno transplation, lupus, multiple

20  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 crystalline form of 3-{(3R,4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-

25  d]pyrimidin-4-yi)-amino]-piperidin-1-yl}-3-oxo-propionitrile mono citrate salt was

determined to have solid state properties which are acceptable to support tablet

development.



devel opment. WO 03/048162 PCT/1B02/04948 2 The present invention is also
directed to processes for preparing crystalline

3-{ (3R, 4Rvod3utibyl - 3- [ net hyl - (7H pyrrol o[ 2, 3-d] pyri m di nPE&IyB)2/@BIN0] - pi pe
ridin-1- yl}-3-oxo-propionitrile nono2citrate salt. 5 Summary of the

I nvention This invention relates to a novel crystalline form of

3-{(3R 4R) - 4-net hyl -3- [methyl - (7H pyrrol o[ 2, 3-d] pyri m

i din-4-yl)-am ridin- rate salt
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mul tiple 3,@ F?Qﬁ%@“ler"%‘ﬂ%%@&“a” hritis, psoriasis, Type | diabetes and
conpl i cat 0 I abet es, cancer, ast hrra atopi c dernatiti s, aut oi mmune
thyroid di sorders, ul cerative colitis, Crohn's disease, Al zheiner's

di seasg, | eukem a and ot her astjm'mdsf&h@linsaa@ as or (b) the inhi bition of

tein ki J h :
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in FIG 1. I ' SCUSSI on power diffraction patterns
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t enpengt Ukgnheitnresr ahart2030 % bBorbowtCc2eRE erbibis as canyr @ffactdh 5C per
m nute. The invention also relates to an
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30 The pr %%ac‘norﬁ Bé/tﬁapl%s c%'ﬂ b%lfgﬁdﬁé?otu?§ JErQse% ?'@aﬁl@ﬁ%k‘ [S:é’:iém;l aﬁl%)s' tion for

(a) treafl prevent TtT On Serected from organ
transpl ana_Ff;_e_,;m;gt_ﬁii_p)_d_r MachHan Co., New York, N Y (1968) which is mcorporated by

20 reference in its entirety.
This invention also relates to the crystalline form of 3-{(3R,4R)-4-methyl-3-
[methyl-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amino]-piperidin- 1-yl}-3-oxo-propionitrile
mono citrate salt with a differential scanning calorimetry thermogram, as depicted in

Fig. 2, having a characteristic peak at a temperature between about 203°C to about

25  210°C, having an onset at a temperature between about 199°C to about 206°C at a
scan rate of 5°C per minute.

The invention also relates to an amorphous form of 3-{(3R,4R)-4-methyl-3-
[methyl-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amino]-piperidin-1-yl}-3-oxo-propionitrile
mono citrate salt.

30 The present invention also relates to a pharmaceutical composition for (a)
treating or preventing a disorder or condition selected from organ transplant rejection,
xeno transplation, lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type |
diabetes and complications 'from diabetes, cancer, asthma, atopic dermatitis,
autoimmune thyroid disorders, ulcerative colitis, Crohn’s disease, Alzheimers



xeno transplation, lupus, nmultiple sclerosis, rheumatoid arthritis,
psoriasis, Type | diabetes and conplications' from di abetes, cancer,
asthma, awopBo4siez matitis, autoi mune thyroid di sorders, PaiTaBoxzidpise
colitis, Crohn's disease, Al zheiner's3W 03/048162 PCT/|1B02/ 04948 3

di sease, Leukem a, and ot her autoi nmmune di seases or (b) the inhibition of
protein kinases or Janus Kinase 3 (JAK3) in a manmal, including a human,

conprisin unt of Q f such
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conpri sing adm niste to sald nmanmal an effective anount of a conpound
of for nupl@@rmacqwéa"pﬁé@@ifﬁb'ei%v@ﬁtl on also relates to a nethod for treating

or preyenting fhe plesélitSVeHfdn ko Esiish fol ®metioderor ed |ﬁrﬁ|bimroofgadsteihr anspl ant
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ul cerat | ve I%ngl tis, Cohn's disease, Alzheiner's disease, Leukem a, and
ot her aut0|nnune dlseases in a manmml, including a human, conprising 15

admi ni steering The Sebentrieventian alfo EIRYHNE Q)f“eﬁ‘oé(fﬂ‘pté‘?ﬂtlﬂg 8F PIEYFTEY 2 |,
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- 0X0- pr Opbrﬁﬁllcéﬁdnlséroﬁ‘omebelest cateer, sathtmacatopic idsinmagitis, @@Jtmmmgne thyroid

3-{(3R 4 }jgorg tm&ra vé E@ﬁ.@yizro&? yd%?ase Alzhel(Ter’s dlsease Leukemla and

pyrrol o[ 2, pi peridin-1-yl}-3-o0xo- groplonltrlle
with citr pttleacﬂLtHOlmeBﬂe eﬁ'5¢3é§%r'i‘p?| greMsralt fslugingwen Emep.g coprsiig,

Ch?Lalol%gr 'aér’hlnféte%n? Y sRaWRAmA drf drasiint 6Ma Rahp&NE df Grmdital K Sffbofhfe) ind -
met hyl - 3-

H-pyrrol o%@at@gé]’ﬁ‘ﬁ FRRCEiPR- 4- yl ) -am no] - pi peridin-1-yl}-3-o0xo- propionitrile
mono citrate saihd pre¢ertinverdiah alk redated thaenwiess/fof oopreparing 3HEIR AVt al Axis: Two

25 Thet a &:l%‘ﬁﬁ/[ﬁﬁﬁ%t% s ¥rro§o[2§dﬁayﬁrhiﬂfn-%@&l)eédn.ﬁé]lpﬁpe(i'ihfinheﬁ}eil&loa| scanni ng

{C ?lgg ng;st propiepitjje mBD? AisetR Rl corMipie FSPBIES SRRV MEEHIEBY Hani noj - pi peri
di n-1 29yl byrdslo[2X% @Flﬁhﬁ)jlr@ﬂl&ll)-étnﬁr@] pipatidinCi-fi-abo-mrapibnitrileSeitutititadot. SC per
mnute; Vertical 'S agrlef Description of the Drawings
Fig. 1 is a characteristic X-ray powder diffraction pattern for 3-{(3R,4R)-4-
methyl-3-[methyl-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amino]-piperidin-1-yl}-3-oxo-
propionitrile mono citrate salt. (Vertical Axis: Intensity (counts); Horizontal Axis: Two
25  Theta (Degrees)).
Fig. 2 is a characteristic differential scanning calorimetry thermogram of 3-
{(3R 4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-d]pyrimidin-4-yi)-amino]-piperidin-1-yl}-3-
oxo-propionitrile mono citrate salt. (Scan Rate: 5°C per minute; Vertical Axis: Heat

Flow (w/g); Horizontal Axis: Temperature (°C)).
30 Detailed Description of the Invention
The crystalline form of the compound of this invention 3-{4-methyl-3-[methyl-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amino]-piperidin-1-yl}-3-oxo-propionitrile mono

citrate salt is prepared as described below.



Flow (w g); Horizontal Axis: Tenperature (C)). 30 Detail ed Description of
the I nvention The crystalline formof the conpound of this invention
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(7H pyrrol o[ 2, 3-d] pyri m din-4-yl)-am o] - pi peridin-1-yi}-3-o0xo-propionitril
e nono citrate salt is prepared as described bel ow. WD 03/048162
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is converted to



correspondi ng

3-{(3R 4R) - 4-net hyl - 3-[ met hyl - (7H pyrrol o[ 2, 3-d] pyri m di n-4-yl ) -

am no] - piwermaisieéd- yl } - 3- oxo- propi onitril e conpound of fomramiBoA/d4948y
reacting Il with 5 cyano-acetic acidé62,5-di oxo-pyrrolidin-1-yl ester in
the presence of a base, such as triet hyI am ne. The reaction mxture is
stirred, at roomterrperature for a tine period between about 15 m nutes

to about 2 hourr:ﬁ,ea&{oﬁf1 Q.L eaﬁg.?ét( §qun@m§,|e(a_méﬂ?| pipaddin-g9)-&rHef Schene I,
P

the 3-{(3R 4R)-4-
d] pyri mi d.nyrrqlo@zla’)d]mﬁmﬂy}-é Faipe G?WQH”W{“O@“’(B%(' 'Sp‘?OBIS“i"'&?ﬁlt? M€l e conpound of

formula | |coh§spoﬁ<ﬂn @ R"4'R$d nﬁeﬂhyﬂ BemethyHA$ PRTHb[2\8-d]pyrimidin-4-yl)-
3-{(3R, 4R) - 4-

d] pyri m dlef'i"'QPJyIp? i 'Hh‘}geoﬁ‘f’ﬁé‘mod’ft'ﬂglilorﬂ}ﬁ’%”ngo%é%nma oy aeneM WM ono citrate
sal t c@Tpayatb-adetlic ddd 2Bidxd- pbryohdlaeﬂcyl ester ih thewiredenegpi@dese.sierdsc acid. In

reacti 0” .q%%%. “@w %e%ﬁzﬂr?n{ﬁ A[edl ?:%B%Xéméer&ﬁﬁehﬁbkamhae‘éémd&' n-3-yl)

nmet hyl - rem am ne conmpound of fornul a IV
converted be@&en@boutﬁé rrumtqsetglgbtpmfz uqsm;eferably about 30 mlnutes
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stirred at ,a te [ rably about
60C, under " 'B?JT@SM'? H‘ ]p' %r&!}ﬁggl}-g%%émé%&rieﬂg ab yat%%%ucto gurgsi, 1¥or a

time peri adfctnmtﬂmeweabtmgt" wmixﬁquacw qt@?%ut four days, preferably about
three days. Iny r%%@tfohqrbf 8ciimeg, fﬂ%"@Sl@#R L 16enzyl-4-methyl-piperidin-3-yl)-

éif{rgr?)[rzm fg‘?t ! ¥H°dﬂ[ﬂ¥| 1%9 eErQIWI“{iQ) %'B'ﬁf)%)ﬂﬁ?f”lﬂ? ofigrHiT Y ' PP % onver ted to

the cmr etﬁﬂﬁélddrfegpondlng the (3R 4R)-methyl-(4-methyl-piperidin-3-yl)-(7H-pyrrolo[2,3-
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reaction |presenie of 20tyRatiedivn &y f@X'@ﬁ:ﬁ>fUC32b°39 (3% x8tehhY W%'F’ij’“i‘p 3G ester in the

presence gérotﬁ: BREAT sueh @k bﬂ%ancﬂ OfrNErbetios Hivura & Kitrb@ad tempbrtureeact | On m xture
is stirre roomte

1
m nut es t BPeRRSHEDAUIAS T © bBﬁ‘t&i%e? %%9’@58{)1?” 0 ?G%rF%? S:@%? f %%Bg of Sc heme
2, thexd- {403, 6B}aéblmdmy$a (3, [Foreet tinye pe(nwbepiweemam{urztwg dag®to about

d] pyrim d'#aurdaa}/@ é;em@gébto t dyggl 1-yl}-3-0xo0-propionitrile conmpound of

formula I1 nver orrespondi n
3-{(3R 4R) 4 e Wpﬂogqq@plpgme «% g mrgl- -methyl-piperidin-3-yl)-(7H-
d] P%/r IC(T d'oél}/rr]rélbbél ?)-d]?iﬂnﬂ@]ﬂﬂ@l)@rﬂfnb@bﬂﬁpdmﬁ lo}foanm?h@c@pem totiel e o ?ﬁ citrate
of & pol arcgBHREHEY SHHEH e TR g RE N SRR, O B e
t enper 28 ur smibajtpigesdin-d b0 HaitNO cOBp@HE DERMRET NI DBO@P’@IQHE/““
cyano-acetic acid 2,5-dioxo-pyrrolidin-1-yl ester in the presence of a polar protic
solvent, such as ethanol. The reaction mixture is stirred, at room temperature, fora
time period between about 30 minutes to about 3 hours, preferably about 1 hour.
In reaction 3 of Scheme 2, the 3-{(3R,4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-
30  d]pyrimidin-4-yl)-amino}-piperidin-1-yl}-3-oxo-propionitrile compound of formula Il is
converted to the corresponding 3-{(3R,4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-
djpyrimidin-4-yl)-amino]-piperidin-1-yl}-3-oxo-propionitrile mono citrate salt compound
of formula | by reacting Il with citric acid in the presence of a polar solvent, such as
acetone. The reaction mixture is stirred at a, temperature between about 30°C to



7 about 50C, preferably about 40C, for a tine period between about 1 hour
to about 3 hours, preferably about 2 hours. The resulting reaction m xture
may opti oweloByp4dae2 further stirred at a tenperature betweeaTabaui49B0C t o
about 40C, preferably about 30C, for7a time period between about 3 hours
to about 5 hours, preferably about 4 5 hours, followed by additional
stirring, at roomtenperature, for a tinme period between about 16 hours to
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azat hi opri ne %%a%%smd%é@of tl‘ijeagétlb%g%uﬁﬁs Theagoamam of K Parehfera-

Ort hocol one), irin, acc upr of en, napr oxen,
pi r oxi cam orahmtcalammlnlﬁwtnﬁetpoih? aMeEadsi 't('é"‘@)a“ it teestraent Qbrthe
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e

separate dosage forns, via er ent ut e
adni ni st r aNPERENtASHUYHAGSHYY E‘rbed?%'@f’tgrﬁf’ ffgﬁlﬁ{aﬁnpﬁ A |43tH'9 “dehedul es

accor dzmg #@4y. st andard pharnmaceutical practice. FK506 (Tacrol imus) is given

orally at 0.10-0 cén%oﬂpé KBroRAHY | YehilBeredSY & PHarfaceutically acceptable form

either alone or in combination with one or more additional agents which modulate a

mammlian immune system or with antiinflammatory agents, agents which may

include but are not limited to cyclosporin A (e.g. Sandimmune® or Neoral®,

25  rapamycin, FK-506 (tacrolimus), leflunomide, deoxyspergualin, mycophenolate (e.g.

Cellcept®, azathioprine (e.g. Imuran®), daclizumab (e.g. Zenapax®), OKT3 (e.g.

Orthocolone®), AtGam, aspirin, acctaminophen, ibuprofen, naproxen, piroxicam, and

antiinfimmatory steroids (e.g. prednisolone or dexamethasone); and such agents may

be administered as part of the same or separate dosage forms, via the same or

30 different routes of administration, and on the same or different administration
schedules according to standard pharmaceutical practice.

FK506 (Tacrolimus) is given orally at 0.10-0.15 mg/kg body weight, every 12

hours, within first 48 hours postoperative. Does is monitored by serum Tacrolimus

trough levels.



hours, within first 48 hours postoperative. Does is nonitored by serum
Tacrolinmus trough levels. WO 03/048162 PCT/|1B02/ 04948 8 Cyclosporin A

( Sandi mmuwe oafoad16nr i ntravenous formul ati on, or Neoral O @cCaliBox@b4st i on or
capsules) is given orally at 5 ng/kg Body wei ght, every 12 hours within 48
hours postoperative. Dose is nonitored by bl ood Cycl osporin A trough

| evel s. The active agents can be fornul ated for sustained delivery

according to %%déﬁ% (§?Mimm9¥"8ra O i?@%ﬁou_gfforﬁfuﬁitimroy Nebfald, ofap the art.

Exanpl es of suc Irons can be found in United States Patents
3, 538, 214, solia60, BoBIles) i, alved oealig at B mpikg bpdypweight geverythhaygsrwithihdd api | ity of

the COWDO%quQJOS{OP‘%rQWeg Dose isPndritBleB by bdadOycidshorseréughnélels. consequent | y,
denonstrate 1ts e

ectiveness for tr a%é]%g di sorgaf or con ititons 10
characterized DyeRgH(Es 28§88 8¢if8 yUPRReY SN AG°IAY"Y r o assay
tests. $Bi ghogb@AlvelKBawn IAKRosel bl o@BR)y Ekik yitie ertAs Eagmilee of AkKGh ki nase
assay utiljzes a protein egxpressed.i | vl Lpf oot e cells (a
f usi on prJP'?é'i“ﬁat'(‘}Pgég"f' bﬁdf%f”ﬁ 'Ca gﬁt@d?isgﬁ(gs(u)n%yéﬁqyog’i%ﬁ%%’JA?(GSE’ purified 15
by affini t41tdB26ndt Y74 brd dA9YBYE.at hi one- Sepahar ose. The substrate for the

reaction is poly | 0%t iUk RGE b )anS iR at alpg # P0275)
coated onto NJ%‘S%?@ 'gﬂﬁﬁ%%ggﬁigﬁd?@%'ogﬁrgé% g,\/ee?ni ghtsat .37C. The
h

i So pl .
nor ni ng afgaspequediiyt idﬁ@,on%t'ﬁg? B$ gftestivapessyio BrdersHEks CAMiOIRK3 s added
t o t hejgvel drardeRRtadi vyl aBus Hifderd is efiows byasefolinwifgan vifrb @sseI e#RES, pH 7.3, 125
mM NaCdl , 24 nM MgC12)+ 0.2 20 uM.ATE aTAéLagM Na orthovanadate.) The reaction

proceeds for 30 m nutes at room re and the plates is washed three

nore times. The level of phCSHlidT G5} ErrymelirAssanie in a given well is
R gt SR e T s
T-Cel | Bl 289 @ilp(a ugipmpiotn of>Therd becaghineardi gshyma M& BIISYy effect of
conpouils QN affkity? cABRRIERMPHy ohr GRidthidHesGdpakarode. f eTrmt sawstrate fortthe. Si nce
ot 5ok L hBPAY hGhi A G Sond Mcpo #pbrnshie i ors
celI's for aro Nuasdmyi Sore plated at 460 figlorholeraight #uFFaR. bIomomist &fer separ at i on
coating, the plates are washed three times and JAK3 is added to the wells containing
100 pl of kinase buffer (50 mM HEPES, pH 7.3, 125 mM NaCl, 24 mM MgCI2)+ 0.2
20 uM ATP + 1 mM Na orthovanadate.) The reaction proceeds for 30 minutes at room
temperature and the plates is washed three more times. The level of phosphorylated
tyrosine in a given well is quantitated by standard ELISA assay utilizing an anti-
phosphotyrosine antibody (ICN PY20, cat. #69-151-1).
Inhibition of Humén IL-2 Dependent T-Cell Blast Proliferation
25 This screen measures the inhibitory effect of compounds on IL-2 dependent
T-Cell blast proliferation in vitro. Since signaling through the IL-2 receptor requires
JAK-3, cell active inhibitors of JAK-3 should inhibit IL-2 dependent T-Cell blast

proliferation.
The cells for this assay are isolated from fresh human blood. After separation

30 of the mononuclear cells using Accuspin System-Histopaque-1077 (Sigma # A7054),
primary human T-Cells are isolated by negative selection using Lympho-Kwik T (One
Lambda, Inc., Cat # LK-50T). T-Cells are cultured at 1-2 x 10%ml in Media (RPMI +
10% heat-inactivated fetal calf serum (Hyclone Cat # A-1111-L) + 1%
Penicillin/Streptomycin (Gibco)) and induce to proliferate by the addition of 10ug/ml



30 of the nononucl ear cells using Accuspin System Hi stopaque-1077 (Sigma #
A7054), primary human T-Cells are isolated by negative sel ection using
Lynpho- Kwwk 03/0§dhez  Lanbda, Inc., Cat # LK-50T). T-Cells a&ca/1Bou/do4sed at
1-2 x 106/m in Media (RPM + 10% he&t-inactivated fetal calf serum
(Hyclone Cat # A-1111-L) + 1% Penicillin/Streptonycin (G bco)) and induce
to proliferate by the addition of 10ug/m WD 03/048162 PCT/|1B02/ 04948 9
PHA (Mur ex, s%t@@‘i@maﬁ%@ édlis 2P C02, cell's
are mashecli—%a‘fml?gni&b@%sf\fgabaf# ﬁ?sﬂés;?o@ﬁélceé @éy g U; x 106

cel Is/m iwasheds3 times ip Yediaprgsygpepdgdip a&F”%ﬁfah %éﬁ ?/%é'ﬁthdf? RS ReD
Systens, Gab Lf’ﬁnts?&?of'hh%anMd‘oﬁ‘nbmént\/@ekR&D@s@mbI@at#mzﬂu.) 2ftdepeealent and can

be mai ntained for up.to 3 eks b eedi n K| equal

vol umes ofth%?i\sér%ﬁl%éemfj%@/%a C8¥ bIeLm?nta%e)d f?sfs or a tbésf%\got"gbrrpounds

abi ity t awicalvieblily with eqaldejvered @hbedia EOD Unrba/rnquﬂle?- ation, |L-2 dependent

cells are wash S S di & (50, 000
¢4 %ssg%q@r a & & Wﬂ}&‘é’ gb@%”{{é hRbiRndo &éb%ﬂdemt at.esl

cells/well/0.12'm mcrotlter Bate Flcon#
353075). Fradifarativo, i @QR@aﬂer@peHSe%rﬁ veasherb 8 fines nrepyiRendeddpmgdiayand,| g

di lutions of, &Qe&%@'@@@'@é‘lsﬂeﬁmaﬂﬂbﬁﬁal%t bbtiopl 9c@éiEmicrtilesplstedFaltang? at 10 uM
After one hour

s/im S I Pl ates are
then i nculeBetP) afrosyal0 Bdj) egk ?fc}?sle?mpﬂ‘gﬁr'ngﬁt(% Snéigrf}e’lgt IU%% o sed with
3Hthym dldamp()ﬁhd&ruajdeaem triplidaEMelSatarthg ETO ulg2 Afer or@ﬁ@ur,ﬁ@&bas/@u an

addi tional i|18 ho%ﬂgd t[ohecﬁ 'l’gs?wgl aﬁ’l@%ﬁ@F&h&hﬁ&b@%ﬁ‘é@ﬁ@SW é% for7H6- wel |

pl at e har\Pé amoun I ne I ncorporated into 15
prol i f er athonrg. cRleles ares thgatrsisad él Whﬁﬁ'd‘ﬁ?l 4T U&‘{WQ")F(’ ERGF# #riF Tcount

scintill atdeR) aﬁ@meﬁr%'fed dpdRitibsal 8B &biiré e Culie plattkstardet hervestédwittbi ti on of
(i i o dea SPeloniot: BVERSS O oo RO o) SrgeRRangr el ey o e e
preparg i Qﬂolﬂ)érattnbeceas)lﬁpwadmm byt beunting es enPadkardeFap GﬂurﬁLﬂClnt"laWs not
limted tq thte dﬁt %‘ u'ssan%P%oePsf plo%%ttkn@g’o gﬂbﬂﬂbﬁ R ?oli?e@atiéH%Fslée%&d- NMVR dat a

are reporté’H are reference ? the deuterium

| ock si gnadoncwmqnhét%tﬂwp@u%l&’b'ﬁ%o velve ey is dtamineskTrtins%ss ot her wi se
speci fied). ExmlfcﬁioWInéEﬁérﬁpﬁéﬁlﬁ)stréteﬁﬁﬁ prparatich of the compounds of the

nmet hyl - (7H pyrrol o
pi pe)rll dl( n- pIep%/ﬂ“}'”?”g%bb%ftbﬁ%éhﬁ‘#t?)g’e%%s @’efepgt“ée“‘s?n PPN #8nol (13 liters),
(3R, 48 - nieichiydctddd NR dath afei rpmoried impaBts k) millidid) wnd are o¢fereBeed to the

deuterium lock signal from the sample solvent (deuteriochloroform unless otherwise

specified).
Example 1
3-{(3R,4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-aminoj-
25 piperidin-1-yl}-3-oxo-propionitrile mono citrate salt

Ethanol (13 liters), (3R, 4R)-methyl-(4-methyl-piperidin-3-yl)-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)-amine (1.3 kg), cyano-acetic acid 2,5-dioxo-pyrrolidin-1-yl ester (1.5
kg), and triethylamine (1.5 liters) were combined and stirred at ambient temperature.
Upon reaction completion (determined by High Pressure Liquid Chromotography

30 (HPLC) analysis, approximately 30 minutes), the solution was filtered, concentrated
and azeotroped with 15 liters of methylene chloride. The reaction mixture was
washed sequentially with 12 liters of 0.5 N sodium hydroxide solution, 12 liters of
brine and 12 liters of water. The organic layer was concentrated and azeotroped with

3 liters of acetone (final pot temperature was 42°C). The resulting solution was



d] pyrimdin-4-yl)-amne (1.3 kg), cyano-acetic acid

2,5-di oxo-pyrrolidin-1-yl ester (1.5 kg), and triethylamne (1.5 liters)
wer e conmbwoeaed/ossie2 stirred at anmbi ent tenperature. Upon r eadtiBamw4g4npl eti on
(determ ned by Hi gh Pressure Liquid O onotography 30 (HPLC) anal ysi s,
approximately 30 m nutes), the solution was filtered, concentrated and
azeotroped with 15 liters of nethylene chloride. The reaction m xture was

washed SCA5Es 2 {O%Lé’ 5’“’1%8 fén%wlea w;&dn% 18 %Lﬁg#s%?g&é{&é"h‘ﬁé%bﬁﬁm we ution, 12

liters of ani c | ayer was concentrat ed
and azeot lflbepe@law fhﬁn a(BJeIDiJQ @iﬂ§ agifl (&8 &9 M"t?fﬁpﬁ‘ﬁﬁt‘te@étjdqdéfﬁ@r"ﬁ?ﬂ'lteé was 42C).

The resul t*rﬂwre%eﬁdﬁtﬂngfmé/%s\/g@o@éé Q&%mbt%cwrhmmr@%coaéu eePled to 20C to
25C fol | oned by di tion_of

10 rs of ac hi I
filtered &H'&?C’E"Wethe sejide By dtratiops | Ee ﬁ‘gp%lwfr@d% ‘Eé eﬁd kglkg ?7@?/&3 (g‘% Aﬁt er) added
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slurry was _coo
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3- { 4- Met hy#tiodf [etrehdiiplatef 2RE frersiutyopss, Ritetpe pvarmighdi The sqlids weaie flisfedi peri di n- 1-

yl}-3-0x04 rdﬂBél‘EH”'éfFer he l@@@%cﬂr&ﬁ%é@ 4RFJMe%yrIﬁtrﬁéthﬂlpldéﬁ§nI3 hgn7igonbi ned with

15 liters o et hanol / wat er a%(g the slurr gitated

over ni ght PYW@[2§CQ]WYG§"%4 ¥)-emines plthe titecPreporetas 6“5?“? S{ds aineis‘?la (63% from
(3R, 4B) - MAtNIR (dob-MEL) D) BiHTE: ich2n28; &)= ﬂh-ﬂ-z) 096 (1H, d, J = 7.6 Hz),

Y ystall 2 el Tl R B Mgt ey Arae S0 B9 o % 37117

Hz) 0. 96 ARGH) =d54 Biz)=3.23 @HHE), 3.2511166),(3133H1 Hirn), 326&0H, (M), BI8TMH. M. 37 (1 H,

(it o). $miEeyth g B3t gt e o (o T, “ss

(1Hrr)665(1HdJ 3.2 HzZ), 7.20 (1 H, t, 32Hz)809(1H
m. 15sExanple 2 3-{(3R Example 2

4R) - 4- et hyl - 3f|nth | - r [7Tf I_I)mnao'nol

pi peri di n- 1- A4E +e- | ution of 79
grams of ((3R 4R) Mammmmmw

met hyl - (7H pyr é) %glaéo?dlap¥§ 'r%%ﬁ% L 383\’% )@m%ﬁmﬁé}ﬁw %Q)ehdﬂn 3 y|)J ters of

et hanol was al I'adi um hydr oxi de on arbon (50%

wat er by \mﬁﬂ@f'rﬂ" M@'Oizrféd]ﬁvrﬂ‘ﬁ'ﬂé lé)gﬁnﬁ'%f Sigselyfdeln %ﬂteéﬁ RbSHRaR!| ‘ﬁaspr essure of
50 psizohy daagemo fiamstdnbe® ;Séﬂétﬁum hodroddcth egbdr@othyataganetiyls) sncat el evat ed

ther oat al Y MG FAB SO ATAP L e PO, gﬁgs?&#rg%%tfbﬁﬂfeéfg‘gsémALE 3
cyano- acet(ccmdammd 10 Eydmgandyqaryatr @e\@hdriempy’aw&lﬁé?c t0a80°ah siecifican
decreases reaction times). After the catalyst was removed by filiration through
Celite®, 51 grams of cyano-acetic acid 2,5-dioxo-pyrrolidin-1-yl ester was added to
25  the ethanolic solution and the resulting mixture stirred at room temperature for 1 hour,
at which time the ethanol was removed under reduced pressure. The residue was
redissolved in 1.0 liters of dichloromethane and the solution sequentially washed with
0.6 liters of saturated aqueous sodium bicarbonate and 0.4 liters saturated sodium
bicarbonate. The combined aqueous layers were backwashed with 0.4 liters of
30 dichloromethane, the dichloromethane layers combined, dried over magnesium
sulfate, filtered and concentrated in vacuo affording 61 grams of amber oil. This
material was then redissolved in 2.1 liters of acetone and the solution heated to 40°C.
Finely ground citric acid (37 grams) was added slowly (as a solid) to the solution.
The mixture continued stirring at 40°C for two hours (granulation was complete).



25 the ethanolic solution and the resulting m xture stirred at room
tenperature for 1 hour, at which tinme the ethanol was renoved under
reduced pwesuusas2 The residue was redissolved in 1.0 |it@C3/1862/04948

di chl oronet hane and the solution sequantially washed with 0.6 liters of
sat urated aqueous sodi um bi carbonate and 0.4 liters saturated sodi um

bi carbonate. The conbi ned aqueous | ayers were backwashed with 0.4 liters of

30 di chl Orﬁ[@[&?oﬁﬁito r%:gl'ﬁ 1P t|9'5 HEEB@Q%L@M&&%W&%H,wéyhb@d.twver

nmagnesi um’ su tere concen rated in vacuo affording 61 grans
of anber cicetonglang drigrhineacd aﬁf@émg HE8® $rans é@"‘di’ e (@R AR)-11Beng¥4- of acet one

and the S%%M%eh@ﬁ-h%n{éﬂwyﬂ@ﬁ pynBl Np@HrAiRd-yidniihe) asfi dhé 3Titlgr ans) was

added slowy (as a sol t 8 The m xture continued stirring
at 40C forcqﬂﬁeumfb%ﬁ%s"e'gﬂyé’ﬁu’vhaiﬁ@ﬁt gsql npl ete). WO 03/ 048162
PCT/ 1 B&2/ 04948 11 After cooling E m@m tenperature, the solids were

col l ected by é:ﬂlré rﬂrgﬁ_h_ |! \@@jhegwwmpvrg&gbo‘p@lpw d‘ﬂ{-h%ﬁ dnfinyg@cuo af fording

78.5 grams ( —1= DUIILy o

met hyl - pi peri di n- 3- \diferidin-r isgltdi n- 4-yl ) - ami ne) of

the title co u ht dsy evi&th _'gtlg{ eHS9hbIER2,3> Exanple 3
3-{(3R 4R) - 4- ﬁhy &P, ?Sr??t“b'& -$f7H%ﬁ?%§fz yg&%%rh?lnrg P aninol -

pi peri di n-dpyimidinaylgmiobpiperdin t-yi-d- %H@ptf’i’“fr}leat I tm ‘f‘l r'P%‘B sol ution of
(3R 4R)o 3-didsolVed y3 it bnedebork was Hepied tohOFC2, T this solution was added 155

d m di n- 4- eridin-1-yl3-3- /0.74
n1]TIF))I>/§ I 0 g¢ é(iéf WE‘%]) Oﬁanfg'l ﬁfunlgfc l't?a%% '%r;rée\?efasgmﬂ%arﬂgé gmeﬁ?(r)é(tj4@°1c'f)fgf i gg sol ution
was added HcBibs, rtigen( 6t FXCrimo k) hoots fallpwedd, by stitingl at rqom éererergiurefRe@R esul ti ng
m xture Stécfd':‘tf%ﬁal% HaRS fAP{hls?poH?QHé Solidh gﬁ‘el‘b @Jue@t&ﬁw mfratiﬂm hﬁé@h&d fvth | owed by

stirring at roomtenperature for a i s point,

t he sol i dsa&fane 866FT'Q§’GE‘(¥?PWﬁP'i r%%%g%ﬁa\%@a t'&ﬁ ???‘pOéﬂB%?%ﬁé” Q‘ﬁd dried in
vacuo ¢ f ogrdtaigheddfM. My (75% of the title conpound as a white 15
crystalline solid. Exanple 4 Method ;,[(%E quI ecting powder X-ray diffraction
for 3-{(3R 4R) - 4rrethy| 3- flnethyl ol of 2

3-dl pyri m di Methg geting

G ) ffKa 2 a4 - E J
citrate salt ﬁr trol "1 3. rfnﬁ@ﬂ-ﬁ!)-%%ﬁb!@riﬁmﬁ ~yl}-3-0x0-
3-{(3R 4R) - 4- yI- met hyl - ] it
pyrrol o[ 2, 3-d] pyri mi di n- 4- ipRittlleimono.citratg.salt 1y} - 3- oxo-propionitrile
mono c2d r at e sabdwder x-ray diffraction patterns for 3-{(3R,4R)-4-methyl-3-[methyl-(7H-

pyrrolo[2,3-d]pyrimidin-4-yl)-amino]-piperidin-1-yl}-3-oxo-propionitrile mono citrate salt
were collected using a Bruker D5000 diffractometer (Madison, Wisconsin) equipped
with copper radiation, fixed slits (1.0, 1.0, 0.6mm) and a Kevex solid state detector.
Data was collected as follows: Cu anode; wavelength 1: 1.54056; wavelength 2:

25  1.54439 (rel. intensity: 0.500); from 3.0 to 40.0 degrees in 2 theta using a step size of
0.04 degrees and a step time of 1.0 seconds. The results are summarized in Table

1.




were col l ected using a Bruker D5000 diffractoneter (Madison, Wsconsin)
equi pped w th copper radiation, fixed slits (1.0, 1.0, 0.6mm and a Kevex
solid staweodetsetor. Data was collected as follows: Cu acadso2/wmassel engt h
1. 1.54056; wavelength 2: 25 1.54439 1rel. intensity: 0.500); from3.0 to
40.0 degrees in 2 theta using a step size of 0.04 degrees and a step tine
of 1.0 seconds. The results are sunmarized in Table 1. WO 03/048162
PCT/ 1 B02/ 04948 12 Table | List of RPowder X-ray Diffraction Peaks ( 0.2
degrees) Angl e d-val ue IntenS| ty d-value Intensity* 2-theta
angstrom (rel.) % 2ishdts ifroetion Pealgg (- 02 dgaregsly 62.4 25.5 3.5 21.5

7.7 11.5 7.5-262 341678 9lm%n§t 618 2T 3 383 O Hndy8]0 7.7 27.5
3.2 15.1 11.52_{’;1'2?37 91 7 2 Bwein 3| 2 (@D0oh | 1%-$etb. 3 ddstdrm28. (eBoA 12.6 13.9 6.4
19.6 29.4 3014 857148 648458 30. 24 U 13285 15: 2350 42 #50.3 2.9 11
16.1 5.5 878 311789 23 415[6.6 5. 3511. 4 %20 2.8 348 17/163|5.1 50.8 32.8
2.7 14.1 187 4 7. 7 33.6gl. 7 22. 88 20. 2270|4 100 334.4 2.86[. 7 20.5 4.3
59.4 34.8 2I6 5.7 11A[. 1T 4. 2abb. 7 35.3A7|2. 5 8246 21.43R|1 24 BH|9 2.5 16.3
22.0 4.0 46[5 36. 51155 9.2 748.0 3.99.7. 5 37281|2. 4 8.32 23.4323|8 12.8 38.5
2.3 6.8 24[0 3.7 B69.2 2.35.1. 1 137 28.7 3.1 12.6

13.9 6.4 19.6 294 3.0 14.8

14.8 6.0 38 30.1 3.0 13.8

15.2 5.8 42.4 30.3 2.9 11

16.1 5.5 87.8 311 2.9 23.4

16.6 53 1.4 32.0 2.8 6.8

17.3 5.1 50.8 32.8 2.7 14.1

18.7 4.7 49.7 33.6 2.7 22.9

20.2 44 100 34.4 2.6 77

20.5 4.3 59.4 34.8 2.6 57

21.1 42 46.7 35.3 2.5 8.5

21.4 4.1 24 35.9 2.5 16.3

22.0 4.0 46.5 36.5 2.5 9.2

23.0 3.9 7.5 37.8 2.4 8.5

23.4 3.8 12.8 38.5 2.3 6.8

24.0 3.7 6 39.2 2.3 11.1

25.0 3.6 28.3

* The peak intensities may change depending on the crystal size and habit.



25.0 3.6 28.3 * The peak intensities may change depending on the crystal
size and habit. 5 WD 03/048162 PCT/1B02/04948 13 dCains 1. A crystalline
form of 3wDAsmetihy! - 3-[ net hyl - (7H pyrrol o] 2, 3-d] pyri m di nPCT/IB02/04948
4-yl)-am no]-piperidin-1-yl}-3-oxo-propionitrile nmono citrate salt. 2. A
crystalline formof 3-{4-nethyl-3-[nmethyl-(7Hpyrrolo[2,3-d]pyrimdin- 5
4-yl)-amino]-piperid in-1 -yl}-3-oxo-pro pionitrile nono citrate salt
according to claim1, conprising an xid;ay powder diffraction pattern

havi ng characteristic peaks expr essed—Wde%r ees two-theta at

approxi mately 517, vscrystaling formyof $-Bmefhyi-g-mahdd (Hpyraieltd-dRyFmidiscor di ng t o
claim 2, coypansio}giparidiewiiBB-oxepicbloaitilé mbn@élrdtes4it. havi ng characteristic

k d.in d .of. 2-1 0 i mat A Angl
peaks crorseed! OBl hyBlods ke RO g 70,
26.2 3356 48)enp®]-Ripertlirol-g3dxo-propniile Hody cibatd4aligaccdrting tediaim 8. 1 35. 3
13.6 21.4 . 35, : a4 m 5.2 23. 4
30 3 35,5 CqniEtY e criypohogPatlebibnbaiin havidgoiprapbriicteals cifrdbsed 2 =5
3- {( 3R, 4R) infleggaeh pra-Betp ghanpyexinately 5y 1% 1.702 and 295.

d] lo%/ri m di n- 4- yj;_% - aru} &9§ta||iﬂeﬁﬁhi SticBrdingitd Llaia{@,&a}]tp{;sq@im\nt et | te m)nof th { at e
Sa accorglrLng.. 0.C I m ayl n an, onse I N erature o et ween
about 199 COITEFHILRAEMgRed Charatier St BeHR SIREeSFET dgeree of 2thela st

3-{ (3RI&R) agpraxnhtely: 3- [ net hyl - (7H pyrrol o[ 2, 3-

Angle Angle Angle Angle
2-theta 2-theta 2-theta 2-theta
57 17.3 25.5 32.8
7.7 18.7 26.2 33.6
8.9 20.2 27.0 34.4
11.0 20.5 27.5 34.8
11.5 21.1 28.1 35.3
13.6 21.4 28.7 35.9
13.9 22.0 29.4 36.5
14.8 23.0 30.1 37.8
15.2 23.4 30.3 38.5
16.1 24.0 31.1 39.2

16.6 25.0 32.0

4, A crystalline form of 3-{(3R,4R)-4-methy}-3-methyl-(7H-pyrrolo[2,3-

15  d]pyrimidin-4-yl}-amino]-piperidin-1-yi}-3-oxo-propionitrile mono citrate salt according
to claim 1, having an onset melting temperature of between about 199°C to about
206°C.

5. An amorphous form of 3-{(3R 4R)-4-methyl-3-[methyl-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)-amino]-piperidin-1-yl}-3-oxo-propionitrile mono citrate salt

20 6. A pharmaceutical composition for (a) treating or preventing a disorder
or condition selected from organ transplant rejection, xeno transplation, lupus,
multiple sclerosis, rheumatoid arthritis, psoriasis, Type | diabetes and complications
from diabetes, cancer, asthma, atopic dermatitis, autoimmune thyroid disorders,
ulcerative colitis, Crohn's disease, Alzheimers disease, leukemia and other

25 autoimmune diseases or (b) the inhibition of protein kinases or Janus Kinase 3

(JAK3) in a mammal, including a human, comprising an amount of a compound of
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20 Crohn’s disease, Alzheimer's disease, leukemia and other autoimmune diseases in a

mammal, including a human, comprising administering to said mammal an amount of
a compound of claim 1, effective in treating such a condition.
10. A method for the inhibition of protein kinases or Janus Kinase 3
(JAK3) in @ mammal, including a human, comprising administering to said mammal
25  an effective amount of a compound of claim 1, alone or in combination with one or
more additional agents which modulate a mammalian immune system or with
antiinflammatory agents.
11. A method for treating or preventing a disorder or condition selected
from organ transplant rejection, xeno transplation, lupus, multiple sclerosis,
30 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 autoimmune diseases in
a mammal, including a human, comprising administering to said mammal an
amount of a compound of claim 1, alone or in combination with one or more
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nono citrate salt 5 conprising reacting

3-{(3R 4R)-4-nmet hyl - 3-[ net hyl - (7H pyrrol o[ 2, 3-d] pyri m di n-4-yl) -

am no] - pi peridin-1-yl }-3-oxo-propionitrile with citric acid.



