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METABOLI TES OF THE JANUS KI NASE | NHI BI TOR

(R -3-(4-(7H PYRROL] 2, 3-d] PYRM DI N- 4- YL) - | H PYRAZCOL- |
W0 Y1084 3720 CYCLOPENTYLPROPANENI TRI LE FI ELD OF THECT/US2008/066658

I NVENTI ON The present invention provides active

metabolites of (R)-3-(4-(7H pyrrolo[2, 3-

d] pyrimdin-4-yl)-1H pyrazol -1-yl)-3-cycl opentyl propan

enitrile that nodulate the activity of Janus ki nases

and are useful in the treatnent of diseases related to

acti vi ty METHEMLTES QIS EHE HeYUYKYASEINHIRERQRe,

i IT(RJIBEmt@haP?ﬂR@LiﬂQ%QﬂPYﬁKMiDﬁwO{/ [H:-PYREZOLA-YL)-3-

proliferative di sorders, cancer, ot her dlseases

BACKGROUND OF MLWEWY@FWB@EEHIWH&% (PKs) are

a group of enzymes that regulate diverse, inportant

bi ol ogi cal processes including cell growth, survival

and differentiation, organ formation and

IqﬁgﬁQﬁpgﬁﬁqﬁvﬁNfﬁﬁwascularlzatlon ti ssue repair and

regener ation, anong others. Protein kinases exert
t hefhe preyait ol!nmtl@al providest kghs thrabelges oft @) BaKAGH tplyerolo[2,3-

f ol subst. S
d]p?ﬁxgﬁ’r[;@ ry)r%l%f# zogé A g E Ccé nt& ropan nllt%}:l’eatﬁl I)l%(ﬁlli]{{;[l%gie activity of
Jansubsaaeamlsare msafalrin ohestrdatroénd gf daéasmrataeemns activity ad daruls Gdhases
th functlons in n tlssue
R L A e R T
mmhastcmkehumnﬂmduﬁﬁa&es i ncl udi ng cancer. A subset of

protein kinases (also referred to as oncogenic protein
ki nases), when dysregul ated, can cause tunor fornmation

BAEGKGROUNDNOFIHE INVERFIORONt ri bute to tunor
nalntena ce ang rogression (Blume-Jensen P et a
Nat'GPiEmn2kipases 4 Ii@( 835 )ErBpsoRgIAYmeT i Fegplateodizere rimportant

biolBLi0d19irétekse ) AR REing @M @R, sBASVaPind Merel-AkARAL orgzﬂ'fjfoﬁﬂz?ﬁon and

aftractive groups of protein targets for canc
MOTPHREEPSAEN FRASAHEIZH g LG SRS mARAL regeTRtiom rampni| atlzsse  Protein

kindsde¥sebrt R ﬂh¥/5191|0§‘1¥§1 f@nc‘h@hsethf&ﬂ%ﬁn gﬁ‘?l%‘t&%%k ﬁﬁosﬂﬁ&g{aﬁ&pgf proteins

regul ation of proliferation
(or P‘Fhﬁﬁiit?@cﬁnﬂrfh‘?fﬁ‘?mﬁ’@dvlé@moﬁps ecell@arr pasivitley of tthee swbstiates frouarious

blolgﬁmoﬂﬁwl I'n%dﬂé? i E}Mxtcﬂﬁlbﬁrr‘?‘onngﬂ(ssu%s%r%ans rrxllany protein

Janus ki nase- known as
klnng:snzglgoeplg mOﬂ@AK&C(ahtesl(IOIcnm hagt ofdmumn ldiseasse including cancer. A

subée?mgt)éhlekmﬁjs%lso ITefgrré% t% as oncogenic protein kinases), when dysregulated,
can cause tumor formation and growth, and further contribute to tumor maintenance and
progression (Blume-Jensen P et al, Nature 2001, 41 1(6835):355-365). Thus far, oncogenic
protein kinases represent one of the largest and most attractive groups of protein targets for
cancer intervention and drug development.

The Janus Kinase (JAK) family plays a role in the cytokine-dependent regulation of
proliferation and function of cells involved in immune response. Currently, there are four
known mammalian JAK family members: JAK] (also known as Janus kinase-1), JAK2 (also
known as Janus kinase-2), JAK3 (also known as Janus kinase, leukocyte; JAKL; L-JAK and
Janus kinase-3) and TYK2 (also known as protein-tyrosine kinase 2). The JAK proteins range
in size from 120 to 140 kDa and comprise seven conserved JAK homology (JH) domains;

one of these is a functional catalytic kinase domain, and another is a pseudokinase domain
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Janus ki nase-3) and TYK2 (al so known as

protein-tyrosine kinase 2). The JAK proteins range in
waews/1$120m 120 to 140 kDa and conpri se seven CPRCIHER20081066658

JAK honol ogy (JH) domains; one of these is a

functional catalytic kinase domain, and another is a

pseudoki nase donmi npotentially serving a regul atory
potémfhd:lyisaﬂm@md/ﬁ@tlﬂat‘égf thlftg)n%g/gr sociki B)gasfbfl@nék site forl S\TATls (Scott,

t sha et a , supra). Blocking signa

Cb%%%ﬁ Hﬁdﬁﬁgﬁmﬁﬁ the level of the JAK kinases hol ds

pr omoslang Qignslewalsewitiog d rtBaldeNbs tHeOTARUARL S ama@rp%emlse for

hibition of the JAK ki nases is al so envi sioned t
de%&?é‘gttﬁéma&f?ﬁ humga saircerss Inhibifion pldht SAK ffrpess iisyfsa emamoned to

ha\/%lihdiaﬂemmﬁkﬁleﬂ!ﬁ&bg%hﬁ sﬁﬂé}hlg%nf?%@ﬁ iBSlSe 4i88HderS KidA as psoriasis,
sensitization. Accord %é , inhibitors of Janus
B

and skipssagtigtion. eﬁﬁ«t%‘éjﬂw idorg pelappglenases errglated dingses are widely

souR VA AbvepH kﬂhblﬁ%ﬁc’nﬂ Q%&megweetflis%tdf Y:Smgé)tﬂﬁ§ eﬁoxfgxample certain
conmpounds. For exanple, certain JAK inhibitors,
JAK nwhibgpisg including (R)-3-(4-(7H-pyrrolo[2, 3 d]pynm1d1n—4-y1) lH-pyrazol -1-yl)-3-

y - I
cyc d%%xllt?rpgofiaxgeglc %p%}%%f)%?%vg a%lé ﬁlxédr{é}i nﬂé ge% eIILIA(;I- PMgsa?ZﬁS filed
Deqegppor 122@00n U. S. Ser. No. 11/637,545, filed Decenber
12, 2006. Thus, new or inptroved agents which inhibit
ki nases such as Janus Ki es are continually needed
for devel opi ng new and nord eférecti ve pharnmaceutical s
to treat cancer and ot her eases. The netabolites,
conposi tions and nethodsﬂ scribed herein are directed
toward these needs and o r ends. SUMVARY OF THE
I NVENTI ON The present invention provides a conmpound
sel ected from N™ Y
3-(4-(7H pyrrol o] 2, 3- d]ﬁyr' in-4-yl)-IH pyrazol -1-yl
)-3-(3- hydroxycyclopentJ?)pHopanenltrlIe

_ y|’|)4‘ éﬂ{f—%&p %L Iﬁ 1%[%2(1 % nlSD ¥Vli‘l Cfln L)nlugltAlQXasgs th%r ?aélﬁa kinases are

oxycy o ent aneni t
conﬁm(akly mFddep )fmr mdve[oﬁl,ng -M}vaylﬂl Im)rd ieffectivg | phainkdcpyticalz @b teatydancer
) oxegycl o opanenitrile: or . : .
and iy sty TELFr ‘ﬁg‘ﬁueﬁ%‘ﬁ%ﬂs BRE s SFSCripFLheseiB St ftivected
towmﬂWhmtmmﬂs&mmﬁhﬁEmnrOV|des one or nore of the above
conpounds, or

SUMMARY OF THE INVENTION

The present invention provides a compound selected from:

3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-3-(3-
hydroxycyclopentyl)propanenitrile;

- 3-(4-(7TH-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-yl)-3-(2-

hydroxycyclopentyl)propanenitrile; and

3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-3-(3-
oxocyclopentyl)propanenitrile;

or pharmaceutically acceptable salt thereof.

The present invention further provides one or more of the above compounds, or

pharmaceutically acceptable salts thereof, in substantially isolated form.
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pharmaceutically acceptable salts thereof, in
substantially isolated form The present invention

WO e00BhER20Dr ovi des conposi tions conpri sing a coPEDURM0%666658
the invention, or pharmaceutically acceptable salt
thereof, and at | east one pharnmaceutically acceptable
carrier. The present invention further provides

met Mbdlpresdnt Mveltioat fufer iovadss i cBinbysititns TOKpEORPE icSinP&ind of the
. contacti ﬁg JAK wi th a coqgoulngk1 of the %r esent )
PRI OF SHTTBFSRUPCERITR e o't JPeEObetitlatil lgat grg pharmaceutically

acdepi@ble@irrierlne present invention further provides
nmet hods of treati n%léta di sease in a patient, conprisin

adni B grleéeinf fRycRien: eheraprwides methady %@Q@qlgg]g! qp activity of JAK
corfprishfpl donRcARPIK vath AchERAY B R fprisbf ih%‘ﬁﬁ@ﬁ,'o@@)haﬂ{ac?utically

phar maceutically acceptable salt thereof. The presen
accepigldp 3 loheeRf t her provi des the conpounds of the

| NV hiREbnt HveRRAT RRAEGUSLGALS HoREGLDE ARG $Pitise i i

thereo?, for 'Vﬁse In a_@rz%t hod 01?. treat ?nél %%e&&%ﬁeaﬁn grpatlent’
corgpiisingl adpristening to g paygnt aTtherapgudicadiytefieemeranioont dfiar dokgound of
the RERUEGIE Sr SHAfm &R | tion, or

ephar rlmce{éﬂlaca%l g@g%g%?ﬁ%qlée&?ath{%&?her eof, for use in

a nmEicheesoft invertionndurthe pwovidesr ¢heotomp@inds sefagies invention, or

J: In. resent .invepti,op further .
o FRSDA00 s18E1R, IOE BETEL i PYERLARR L IR g o aima
bodytbarthageut i cal |y acceptable salts thereof, in the
preparation of a. nmedi canent .for use in a net
Mgy B e

. hqod of .
FogHenyFn T {PRQVIdes s s s Samppyads ioﬁeg‘eh dyventpen, or

treali ﬁ’g one
phaBEARLtiday PESHRDIPTAIGNhGEES, P @sCinta hauans t&fdtiﬂ% 604 @8Sore of the
di i nter albicﬁlp.ﬁ conpounds that are active netabolites of
SPRE GERCT DBl or
( R'Fh3- frdset/ ivition Fh@lle? ,plovidedisé F Ghdcdinpbluhdd & M¥Tig4lion, or
| - I?l-, 3- cyclopentyl propanenitrile. These netabolites
pha%%?ﬁ teplly perspiablesglty @e@fﬂ‘l dh Eheghrepppmtion phrasmegiepman for use in a

metH8@biUteatiAgdine Ok ORI &ithd Aseb g dbdRBEIRRL Of di seases
associ ated with JAK expression or activity. The

met abolites of the invention are indicated in Table 1

DEPRIOMD DEJCHGPY 6K are i ntended to enconpass al |
possi bl e stereol soners. Table 1 The netabolites of the

| nvidatrresentieeations priozidesd rfzeromfia aemprundothatare netiveanghltedites of
the COTARCY ffnibitor  (R)-3-(4-(7H-pyrrolo[2,3-d]pyrimidin-d-yl)-1H-pyrazol-1-yl)-3-
cyclopentylpropanenitrile. These metabolites modulate the activity of one or more JAKs and
are useful, for example, in the treatment of diseases associated with JAK expression or
activity.  The metabolites of the invention are indicated in Table 1 below. Structures are

intended to encompass all possible stereoisomers.



from phar macoki neti c and t oxi coki netic studies of the
JAK inhibitor (R)-3-(4-(7Hpyrrol of

wWQ@2®8d3729Ti m di n-4-yl)- 1H pyrazol- 1-yl)-3  PCT/US2008/066658
-cycl opentyl propanenitrile (Conpound 1) As shown in
Table 2 and detailed in Exanple A the netabolites are
active and potent JAK inhibitors, and have
advant ageous properties rghplead to significantly

olic stabhilitv

Stygcture Thi s

e fractions-and-higher netab
Referencgran niN#®&ones conpared with Conp

MIRER IUGTESL - TG PR £ Bl YRR AARIALES TRp_dest rabty
have a lornger elimnation half-l1ife in|hu t han
does ConpdutiPyrazold-ydohe-enbodi ments, Ihe abgly tes
at ed.

of the 'nvq&a;oszg?@{g rﬁ%mﬁ&ﬁﬂsdlehé y iso

"substantijally I's neant that
at least partially or substantially se
environment in which it was formed or
Partial separation caninclude, for exa
conpositign enriched in the conmpound o
Substantidl separation can incl ude conp05|ﬂion

cont-al l.aact oLt L—\nO/n at | eas

Mefaé‘é;l abou3 (Z}dg/ﬁ pﬁfm\‘a APy éﬂ’% at
90% at | eampﬁmm-ygfgoh at | east abou 8
| east about 99% by melq t of the met abol'tt e.
present |r@¥WPF%WC%P QPRSI har nelceuNiial | y

thd*@bnpound IS

acceptabl @ salts of the conmpounds desclri herein. As
used hereiln, "pharnaceutically acceptable "
refers to|derivatives of the disclosed cg S
wherein the parent conpound is nodifiegd Hy erting

an eX|st|ng aC|d or base nnlety to |ts

N ACC D

MBS o nge- i (I R O, T T L g

of basic e §1§ygn(§s am nes; al k3
salts of dCI |c reS|dues such as car bqg
the |ike. | TREYPRRGBRIPEWRIGHTISy accept 3

present invention include the conventi
salts of {he parent conpound forned, f

non-toxi c|inorgani c or organic acids.
phar maceutical ly acceptable salts of t
i nvention|can be synthesized fromthe

whi ch con

ains a basic or acidic npiet

conventi onal chenical met hods. General 'y, such salts

b t h d
BRI N YL

fronof phiahigacabipétp ahdit @xibsldRetor stagied dfn tHUalLQK Ahillifdr a(R)-3-(4-(7H-

sol vent in a mxture of the two;
Pyrfalrggzea? gf midisd- é’auﬁ‘i)agazol 1-yD- 3—cyclopentylpropanen1tr11e (Compound 1).

As shown in Table 2 and detailed in Example A, the metabolites are active and potent JAK
inhibitors, and have advantageous properties related to significantly higher free fractions and
This data

suggests the present metabolites may desirably have a longer elimination half-life in humans

higher metabolic stability in human microsomes compared with Compound 1.

than does Compound 1.
In some embodiments, the metabolites of the invention are substantially isolated. By
“substantially isolated” is meant that the compound is at least partially or substantially

separated from the environment in which it was formed or detected. Partial separation can
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media |like ether, ethyl acetate, ethanol, isopropanol,

or acetonitrile are preferred. Lists of suitable salts
w@e@sfisod i n Remi ngton' s Pharmaceuti cal Sci enP€BUSDTS/066658

ed., Mack Publishing Conpany, Easton, Pa., 1985, p.

1418 and Journal of Pharmaceutical Science, 66, 2

(1977), each of which is incorporated herein by
includé, oesH@mpleNa icblﬁp@mdnreahwéafi'ﬁh ﬂlep:bﬂl@&ﬁld of thehinven_tion. Substantial

"pharnmaceutically acceptahl e” erein to
Sepf“gf‘%“r c3ionEldE g O gg‘m‘ﬂ’ﬁg ét ?%th% e:sﬁt tigaghapout 60%, at

leaﬁTAG(SLQWO%J%N}Qstfa‘BBmOW ia€ RagraBoutWobA) iah 1eb i QbSRABS:, Qf least about
und. nedi cal gnent, suitable for use in contact

9Tﬁﬂ¥ﬁtFﬁ%a?w%g%éQY&Fﬁﬁbwahe6@?H@§eand ani mal s wit hout

EXCHRS pkBerlt O¥hvErtiod albd Iihd1Adds OPhar@hdcBl GG 5&5@9&1@ esalt@ Fof the
robl em or conplication, comensurate Wt

ot her
COWI@%%%&@GB%@M sy yse herginy ophapzcenticallp asqepiable a;ralés refers to
der@%?{mff i€ diSo1Ged DAL VAL HPBrest %Bﬁs&aatﬁrﬁzdlﬁed by

st ereoi soners, such as enantionmers and
cong¢réing en ewiviigsacid e basatresiels do ity sels orot. Hispmplse of pharmaceutically

acc Ml&?a t?%eldﬂ@tﬁh? n%phJﬂ% ltoom efalP Bf grg?xﬁ Ecqg‘L 1% o?gzjlsllc fesidues
il

rom op 'y active’ starting
suck me‘mlmesr, atlhaél (arqrgamedlts as$ abigic rressdueatsuahnasoiarhoaylmcmds and the

hkeml"ﬁe arfia eutlca}llgl%c%}r)gg[% sal? C&f' ﬁ\llﬁiep %n{ 1nven o fchng{ng g]%e conventlonal

f he T nventi on i ncl™u F50

nonaomu rsalltsngf tha phieet e minod |fdir&$d flos @kamﬂe, feane Invateoxidh ®&anic or
di fferent  mass

ha at om
orgfliBEe th brapfeSEE’ s ThanE S (oo bR gn con be
synihéstliddu fromn thed patttr tatiipolin@ WIEIEIM con@EPH Washe " oragcilis ekloiety by
her ei s meant t |ncI ghéall t ereoi soners

congertiteal PEmCPaBHar S < sl gy i brgpsed By reapine the free

acidBdraed foras oCie Q:bfhgoungy Rith @Skt HiSARAY SR b thB @ppropriate base
i nvention, . including salts thereof, can be prepared

or agid;ig QVW&\MP B Br8ATiE SAyFILHEER & MisRFhPlffie svaigenerally, Benaqueous

medty ik 8k %%yﬂg&%&g'eﬁgmxﬂo 156?136p81‘01 W%Et@h‘@nlp QRShRlefred. Lists of
Sy nthet|C routes he reacti ons prepar

Smt@}&fr‘rf?éf@ rEEsfognd tlh’ée"i"ﬁg/@'hf npéﬁrn@awt@él uicaqnWSe 47 oéﬁg Mack Publishing
Con%éh& @Jsﬁnsﬂl VERS Sp Wik § B LA, 08 of Pﬁgjﬁilayezﬁﬂzlgﬁ e?zgeb %, P1®77),

inthe art of organic synthesis
eacls@ﬁ W/}Eﬁt 1§ inegrporéeddgestt yefeadnicy imtsrentimtt i ve with t he

o 35 B LG AL, i Bl LSO O s
comaplglds,amauee:ds owmpostigns, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The metabolites are asymmetric (e.g., having one or more stereocenters). All
stereoisomers, such as enantiomers and diastereomers, are intended unless otherwise
indicated. Methods on how to prepare optically active forms from optically active starting
materials are known in the art, such as by resolution of racemic mixtures or by stereoselective
synthesis.

Compounds of the invention also include all isotopes of atoms occurring in the
metabolites. Isotopes include those atoms having the same atomic number but different mass

numbers. For example, isotopes of hydrogen include tritium and deuterium.
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t enperatures which can range fromthe solvent's
freezing tenperature to the solvent's boiling
W@ 209pasadUre. A given reaction can be carried RPCUE/UBI908/066658
one solvent or a mxture of nore than one sol vent.
Dependi ng on the particular reaction step, suitable
solvents for a particular reaction step can be
sel egd edmby- c&tﬁﬁou%ﬁ Pl dedsaar hérsiaNis MefRAHoAlHcRBe Al stereoisomers,
conpounds of t i nvention can involve the protection
2T S LU TH AN 5ptPRATOT BISSHIG RS garisigss. The need
for protection and deprotection, and the selection of
appropriate protecting groups, can be readily
€rnmined by one skilled in the art. The chemistry of

pr Ot &fbduns Qf ﬁ’ﬂz’ Qﬁveﬁ@& k?x?chfcf?r@gﬂts tl%?e&?x&meepre@ed uswcg known

G eene and P. Wit s, Protective
orggyn sYiksis, tqulpmuewd cay\bp eyntiges@oh gceotding tO aNg wi \mmkrous possible

syngh]caggc)utesvm' ch is incorporated herein by reference in
I'ts entirety. Reactions can be nonitored according to

anyltwuractibhsefonpiepaythg kenmppurnids of the naaetxtxonl—'c(an bexamnipd eyt in suitable
t
sol&:n%%%h Jag rbn?éadm seﬁ %?ed 5 orr{% gt skgllf 1rn h %réﬂg 2&?{5 O3 B‘g’%’& O%li)table

sol‘(eatsg can Zblel arbstad@)ly n(m‘refaaﬁﬁﬂ vmhe chier @&amgy materlals (reactants),
o ophot onet ry

I, bl e
iRt PR P b eHPHRIFa gt S b e g farid out, ez,
temperafueds reEecahi Irzﬂigb drofhthe @ VYs apdrhe(tbifpdedturdto tHd B1veAoiling

chr omat ogr aph ounds .of the invention can be
femBrIaN é\osq‘ée@cfs%/c&f%a CATIE CBUS oB? eP¥maPiHr ixtgepe@ore than one

solVeAO WRpérdidghd thé batiallst BactibX 3@P) KB tdIRInkCrolE %Qx@i@lﬁalf fhction
preparin co ounds of the invention are provid

step; 438 besd] Pilledagisamown in Scheme 1, synt heS| s of

th@réyaﬂﬁ;lbﬁr&o%ﬁ]b&mm XgfUtiee QIfxveBh(% Gh ﬁllVGIQQ Offy brotection and
starts with cycl opentene carboxylic acid

deprojestion ehvaioes elgnbet grques. aldiechedd fos petentioh aod deprgtection, and the

selef:ﬁ’cH @Wp&t@%@%ﬁﬁg é?oﬂ)% S&h 'bQ ?Qﬁg)?ﬁétérﬁﬁnegm?%gg %(ﬂled in the art.

Jason;
Thex@emﬁm' 06pr0¢q¢éng:b@npsc:@m tedoirst for emnpdﬁ,runw Wh$aenk and P.G.M.

[ 9
o RN PSRN T B sl e o v
(199, M¢Manm0@ta@emeMedl ivientiretyhe use of a
de ting a Me3Sj)3SiH to
Thz{%%&%ﬁg%e l% ) grg{r%e acgo 8&“8%‘”% Elgtiai;l)ggxb%l?ﬂﬂil lﬂ@ n m the art. For
exalhpim ketladt foinhdtioh han Lt&emeﬁltoaed 89 UptoUBsAPRNEearBUEILhA% nuclear

BAL-H t he hemke g)ﬂlstreated directly with
magf’ﬁ%c 5‘7?%“8“%&??80’@%0% %e Tot OhiHFFIdeSPERioRiPRY; SPectipphatpetry

(e.gNIUV-Visidled, dradss spatibmeity, td? By @At EE MBS Sach Bs hidf performance
liquid chromatography (HPLC) or thin layer chromatography.

Compounds of the invention can be prepared according to numerous preparatory
routes known in the literature. Example synthetic methods for preparing compounds of the
invention are provided in the Schemes below. ‘

As shown in Scheme 1, synthesis of the diastereomeric mixture of the cis alcohols I
starts with cyclopentene carboxylic acid 1.  Cyclopentene carboxylic acid 1 is
bromolactonized following a procedure described earlier (Hodgson, David M.; Witherington,
Jason; Moloney, Brian A., Journal of the Chemical Society, Perkin Transactions 1: Organic

and Bio-Organic Chemistry , 1994 | 23, 3950) to give the corresponding bromolactone 2.
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presence of a base such as DBU to give 6 as a m xture

of diastereoners, which is converted to the al cohols I
w@tiognsrenoval of the SEM group. The indi vi duaPCT/US2008/066658

stereoi soners of this mxture (1) can be separated by

chiral chromatography to give the enantionerically

pure al cohols (4 total stereoisoners). Schene 1
ThOBe#rhdtatMe 0L 1A€deBdbﬁMhtddnw83 he¢rese of tah&%tﬁkfgél’(hﬁﬁg E‘agélft such as

the dl astere

ans. al.c S starts wt
MR S ddR G 3 i e B PR e G i the us
of @lcatdifd Sgeht, bischtas GABAU-NY thohSRIR&BI fornddd il trodietirdc e with the ylid
Mtsughebu con |t| ons to ghve a mxture of the trans

32 [egiy tesgotoni ?He%\@ﬂﬁfr &t e pirdled BRn repris Withdhe peagtle S in the

prebdge @ﬁﬁgﬁé‘%ﬁ& az DBU hy g0k %E & thiliire SreRdsRDneYd, Which iDaRSerted
such as Li give a mxture of the trans al cohol s

to the aﬂ«?éolsémfgfr cs‘apow chite P gipwvbhdihe imliyidual stereoisemgtpeef this
mu@t&e Q{I)V@ant lkkese‘ghl@&tiq{yeaﬂﬁr Eﬁoﬂh%gﬁﬁlﬁl Rf gltVQ &hd Et?aﬂtc'lomerlcally pure

al cohol s , _Whi chi's separated by ch
alc@w&sdﬁmt@igfemﬁpm@)m ve | nd| vi dual st er e0| soners (4

total stereoisoners). Sche 111 mixture of

di astereoners The synt heS| S o the ketones 111l is

describeddn A m3 re of S ohols 6
can @ g 7'@ B e §O Jig sShe f%ﬁ
Fo

corre ondjmg(:szNEucmlg)f ke on 9 AFBhIeASEM

wthin the ketsiges 9 is rem)vedOto Ve a m xt r@of
the ketone 111, which can be geparat ed by chi raI

chr onat ography to give the individual skeigpEgONErs (4
total stereoisaners). Schene 3Met hod t he

i nvent PGA-EUrfrsdul tivity of one oryigre Janus

Ki nase%qa(,\lfh@ PS)TIE te dul ate" is to refer

to an crease or décrease theactivity of
one or magL nenbers of the JAK famly of i
Accordi ngly, conpounds of

';“/N 1 .LiBF4,ACH3CN/H20
-
> 2. (CH,NH,),
L N 58%
NN
SEM

~ As shown in Scheme 2, the synthesis of the trans alcohols II starts with the
diastereomeric mixture of alcohols 6. The diastereomeric mixture of alcohols 6 is treated
with benzoic acid under the Mitsunobu conditions to give a mixture of the trans benzoates 7
with complete inversion. The mixture of the benzoates 7 is hydrolyzed by treatment with a
base such as LiOH to give a mixture of the trans alcohols 8. The SEM group within the

alcohols 8 is then removed to give the diastereomeric mixture of the trans alcohols II, which
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the invention can be used in nmethods of nodul ating a
JAK by contacting the JAK with any one or nore of the
W@ 09p0smas or conpositions described herein. |PCHUS®08/066658
enbodi nents, conpounds of the present invention can
act as inhibitors of one or nore JAKs. In sone
enbodi nents, conpounds of the present invention can
is aepardted sby nabiral echidigat@giphyi ty gite ORGividualNdt@eclifers | @ total
further enbodi nents, the conmpounds of the invention
steRegifoBEShsed to nodul ate activity of a JAK in an
i ndi vidual in need of nodiha&hé #n of the receptor by
adm ni stering a nodul ati ng amount of a conpound of the

[ ion. JAKs to which the present conpouR S blnd
and Hpgdul ate |nclude‘q;%&g?nber of the J

I n sone~senbodi nents, the icg JAKI, JAK2, JA QQW
TYKZN I n i ments e JAK is JAKI or J 7 In
soffesenb §%”Eon%nph%gdm S JAI&) ?l réeon.e N—N

enbadi menfi;, the JAK |s 3. TM@Oﬁowpounds 0 he

in énll n can be selectiyk By "selective” is ant

t haty cogIvund blndsNto|oh inhibits a JAKNM N
greaterSeMfinity or potehey Nrespectively, com 8d to
at | éast one other JAK Inm s@ﬁﬁ enbodi nents, thg SEM
conpounds of the |nvent|on are selective |nh|b|tors of
JAKI or JAK2 ovef© 3 and/or TYK2. In sone

enbodi nents, the c s of the invention are

sel ective inhibitors AK2 (e.g., over JAKI, JAK3
andL@NKQ%CNM%ihoutN
becausé_thLbhiors
I MPUBBIMPPr essi ve €

shing to be bound by theory,

JAK3 can lead to

fects11aw@0ﬂ£ound which is

sel ectgge for JAKD™ RESAG=whi ch is useful in

the treatnent of cC (such as multiple nyeloma, for
exanpl e) can offer theadditional advantage of having

f ewer imunosuppreskive side effects. Selectivity can

be at |east about 5-fold, 10-fold, at |east about
20-fold, at |east about 50-fold, at |east about 100-

f olThe smuth¢seaeft thabetonePD-i§ désdribait inl $hsie Bbout mE@Qe foblikk cis

el B, Oy MBh e Pt Fesci o it (e i Spgi@ing mivure of

ketcmﬂdoﬁd iImaSEM, grew] eithih et lyatcgﬁiw bsﬁretn@ﬁéclﬁld gite 4 Jﬂ&u&%ﬁfhe ketone
cn enzymne. odal nmen se CtIVIt

L, §ichsan e ool 5 e SR EAPYS HB o Uirn i froisemers (4

totall@dredisonives). by the cellular ATP concentration. Another

aspect of the present invention pertains to nethods of
treati ng a JAKassoci at edScheme3

HO., o o
%EH CN CN CN

(COCl)z NN L|BF4. CH3CN/H20 NN
/ /
DMSO 2. (CHyNH,),
80% \ | A\ 58% \
SEM

6 9 ]
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di sease or disorder in an individual (e.g., patient)

by adm nistering to the individual in need of such
W e@ausent a therapeutically effective anbunt RPCT/UB288/066658

of a conpound of the present invention or a

phar maceuti cal conposition thereof. A JAKassoci ated

di sease can include any di sease, disorder or condition
Methodt is directly or indirectlylinked to expression or

act jvit e JAK,. i ncluding overexpressi on and/ or

briotgondt el e P nign ten Mooy HELE BLRE b muBaduni dipases
(JARIs$ 0 ThaGéridemadiyatéll Baasat tdlteSQrdan MilitG ah Ghdrdadd ot Bédrease the

e prevented, or. cured by npdul ating

[ I t
soi ol SFirgre "Bz&ﬁﬁngéﬁe%a% iy U 4o ched S Gompoumds of

the liMEhti6lEcA LRORAGER heHEs\Gf %bdhﬁﬁng AMAR S ySYata€ifg the JAK with any
i ncl udi n for exanple, %an transpl ant rejection
one( & jgore o the GPEPIUNFL PR EYTRASIUARY deserred Reeginudn ferae embodiments,

corfHoRB&SED the FpdstliShveaxaiRALSctofs MRKRAS 0 Q)h@to? %0% FERSCR some
i'ncl ude autoi mune di seases such as nul

embqdiraerds icempeunds piathe PEpset frventiqnscan jaghie mmne a@rth«h pqtivity of one or
mot?/ P@KJ qh qgﬁﬁe‘?semﬂoﬁm S, RO Eé@&uﬁds 'of]g}k am@ﬁt%ﬁycagoﬁ%e Lsed to

i sease, ulcerative co itis
mognjais tahéwtyaofg p aiks in iapmindivghdbio| head rd ph«vcblyhmoh i afsthe receptor by

adn@%%ﬁ%&%d&l&{xﬁ%m%a?ﬂ oty glﬁ‘lrgglgld 3 %etnl?veenllcl)nk e. In sone

I'sease 1's an autoi nmune
bulJAKsgo sthiah the pesahe corspmindsalsing enjibr rgodulatel inghude any Renber of

o 50 BRI R FO ] JRBTIAER P i, 0 ome

emtmduinems treJnlkna JAKood JAKD elhgb@s emdbdipicts, dRé NBK iid JAKBNE some

I Ni f“girtgglr%exanples of JAK-associ ated di seases
ﬂnW>B?%le ases such as Epstein Barr Virus

( EBWE, cohi@&ﬁridls of ﬂleandﬂﬁ@ﬁibdlﬂ bes sellectitll. VBy MId1détite™ is meant that the
Varlcel a- Zos r Vi rus g and Hurman Papill oma Virus

P PR éﬁé%ﬁéﬁ lbgfe&ﬁﬂéf%@gfdmpateé%% Hispechirdy, qgmpared

to eﬁqeﬂst toh@ Rhek NAKUAR sDkdeNerfboaRhad@y, StheS B6RpARAPL IO he@ Rlvention are
(for, exanpl atopic dermatitis,

e soriasis vul r's
Selegfk‘ierfnma%s o kART pr Iakaorgda %@quxd/os dNdi% | Incoimg rembedignents, the
confpBiidd f tﬁ’eefrﬁ'@ﬁtioh'a% et %1961$r309pf1ﬁ@ éjéer IR 7kS) JAK3 and

or exan'p e, certal n substances 1 nclud |n sone
TYI5har Watbeuitwishing tcmme houndpiycthbory, aspise eulhlb,lams oaw@ shi fead to

lmnﬁﬁas%ggﬂezs% et | oS ROE SRS g@@&fw &3 Q) U hich is

or sequential adm nrstration one

usefuhn thettoatnadnt of earicaw Gnth en mubigpédt hryelonmai fortelxanp\lg)wdn offer the
AT PRI 0 MR Bhs 58 355 LAY S co e o
leassdpt 5- fold 10-fold, at least about 20-fold, at least about 50-fold, at least about 100-
fold, at least about 200-fold, at least about 500-fold or at least about 1000-fold. Selectivity
can be measured by methods routine in the art. In some embodiments, selectivity can be
tested at the Km of each enzyme. In some embodiments, selectivity of compounds of the
invention for JAK2 over JAK3 can be determined by the cellular ATP concentration.

Another aspect of the present invention pertains to methods of treating a JAK-
associated disease or disorder in an individual (e.g., patient) by administering to the
individual in need of such treatment a therapeutically effective amount or dose of a

compound of the present invention or a pharmaceutical composition thereof. A JAK-

associated disease can include any disease, disorder or condition that is directly or indirectly
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enbodi nents, the skin disorder is treated by topica
adm ni stration of at |east one JAK inhibitor of the
WO poognsizon. I n further enbodi ments, the JAK- asRODUS10881066658
di sease is cancer including those characterized by
solid tunors (e.g., prostate cancer, renal cancer
hepati c cancer, pancreatic cancer, gastric cancer,

linkede@Séxpedsioeror dctivigy ofneeIAKC antding Werdxlpfhssh&ﬂdn@’ﬂﬂ abnormal
stqgae Kaposi ' s .sarco

neck, thyroid cance liob
sctRiiE et R SRREED st RO e DE e SHEIRR S Yifdaor conditon
thaCan &e pfevéed) ameliotipd) @i Bured BrkedilaingUBR RGviac ut e
acute

hobl ast.i c. | eukem a el ogenous_ | eukem a
(A@jﬂm@ <5 i KK GRS mehie® SN Rot A BmEdhE Frgyne system
mcﬁlldin@nﬁ@ é8a g(l@ edr{gaﬂ ARPIRRBrefeSiidal ). @%oéﬂdft&éﬁ@&ﬂﬁ a%d(‘g%iﬂ versus

nmphaona. anpl e cutaneous T-cell |ynphonas incl ude
2%?? syndrone and nycosi s fungO|des JAK- associ at ed

d' SRABES exafples WrTARL asb R idid&isdaBQ SR 16 ML AG R ng Qﬁjseg’s)és such as
ression of a nutant JAK2 such as those having at
mulﬂ@g‘sﬁcle@%@ puEnafosh athyitish avpleya ik naee | daabeten 1prusgpsoriasis,

mﬂgrﬁlﬁgt\‘ 73:0\%1 Jcﬁ&a?egsﬁ)lgér%\%d cghése aél%ﬁn’g?lf\iﬂg%}ég hﬁfa%ﬂlema gravis,

Inclu myel oprol Tferative disorders
‘m"@‘mogbwlne micphropatisies; Pvjoimmyse ihyreid diserderboeyd Ibmrilke. In some

eméqﬁiﬁent“ﬁé 2 ﬂuﬂﬁﬁl%p&?esalsf 1s\Mar‘i Il mu?rte Eul?o Issskl(n%rder such as

roni ¢ o enous
penm}@u@mgaw;(PWOﬂtmlﬂbmmpb@MWBP) hyper €osi noph| lic

* b U ARCo Rt YR e e dr QU 2P ihonson s

asthn’[at tf@’drmletg:im atnpic idefrhaitisahd fyinids. S Fases cxmXpBPbLIAK-associated
dlsetaf]eé 1%{11? t(vgrrag dgéqségﬁasfwgé aé Eg%%'llg %grrrg n&%{\g %/Iegaltltslg S Sépeglftls C,
HI\Q qm]wm L tVarictliasZos®F Virgh arad Adsrane Paplllﬁﬁlh azm&mw)
es of Fhe respiratory ftract rg t he upper
ety Seprles Akrssasdtisy d o g raitians S iy dorders
suclﬁ&s }fsbhzﬂ;hg & eQimpSik "PdsiidsisSuBarid) NRopi® WenatifS Rkih 4RI kin irritation,
tract. i ncl udi ng bronchitis, chronic obstructive

sk SNSRI (@igs R8Ot deTenatitie of @u@;lc qoffact Aeratis).  For example,
certi¥ QRB eSS HENIRS smﬁ@ %ﬁgﬁatcétﬁvcalg %egttgﬁéallgrﬁctpgﬁﬁ%oéa)ﬂﬁe skin

di seases. Qther "inflammtory diseases tr
sengiiéaiefun & seine embodimoetat joorintinisiraige osyssquential admlmstratlon of at
least ¥k BYRTRLiMH¥itd:® 5P ULS Sn U @ wRﬁ? NGoent R
eaSs hock. The JAK i nhibitors d @%ﬁ%ﬁ g?é? gé%h§ﬂ%fﬂg?nwd
sensifezatiereernt by helpfil inj teetiegriush neprentedi sinsitization or dermatitis. In some

embodiments, the skin disorder is treated by topical administration of at least one JAK

et

inhibitor of the invention.

In further embodiments, the JAK-associated disease is cancer including those
characterized by solid tumors (e.g., prostate cancer, renal cancer, hepatic cancer, pancreatic
cancer, gastric cancer, breast cancer, lung cancer, cancers of the head and neck, thyroid
cancer, glioblastoma, Kaposi’s sarcoma, Castleman’s disease, melanoma etc.), hematological
cancers (e.g., lymphoma, leukemia such as acute lymphoblastic leukemia, acute myelogenous
leukemia (AML) or multiple myeloma), and skin cancer such as cutaneous T-cell lymphoma
(CTCL) and cutaneous B-cell lymphoma. Example cutaneous T-cell lymphomas include

Sezary syndrome and mycosis fungoides.

10
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injuries or a disease or condition related to an

i nflammatory i schem ¢ event such as stroke or cardiac
wW@e0845720Mhe JAK i nhi bitors descri bed herei n CBEI/US2008/066658

further be used to treat anorexia, cachexia, or

fatigue such as that resulting fromor associated with

cancer. The JAK inhibitors described herein can

f urtAhehssbeattd @iledses tanctthéreiatieMOtbse, ctﬁedc&h@aiebyrbiﬂr&sion of a

or rosis. The JAK inhibitors described herein
mugagf {“’h‘%r SyGh ag dhage baying %‘g‘?ask B?Fd’?’PﬁaB?f%ma%% geende- g'ﬂ‘a%’l Oﬁnam (eg.,
JAm;yman or astrogli 03| s such as, for exanple, diabetic
retinopathy, cancer, neur, ode eneration. See,

md’wégra%%l@ed SeFS D HET el obge Oggb%WIVQ)dlS@WrSsMDs)
uc |e enl 1a W
s ﬁ@g 3;@1 gﬁ‘i@ﬂmal(verz?g\? sdentiBi Q}Or?le&?%%l}l%g?ﬁ tngyrzgﬁcﬂ-%)etaplas a with
my%lefélarmlb éMMi‘éP e¢hﬁ0%rﬁnyrdﬂg?wﬁ Ipgkeppase CMb ).t ehaertic gwglompngceytic

1eu1£e%£ eavRA ) Pﬁ@}%{e%ﬁopﬁhé%yﬁwsm& ?HEﬁy stteni?@%& Reip Bﬁéats@gs&icn),

é?ert r ophy beni'gn pfostatic per pl asi a.
and{ the term "contacting"” refers to the bringing

t o%hﬂﬁf J&’L&-aks%%&é‘%‘?&a%?'1§Jlﬁ£%n?ﬂ£‘m§19u&{‘ atd EJfﬁmf‘&é?otrg%geases

or an In vivo system contactin
Exampﬂdwmﬂammlnpcwdldea@efs indhgde; mﬂzemtmtorry diseades déﬂxetehe(eg iritis, uveitis,
of C 0 the present.jnvention
scle?lqig' a)n '[%1 du%zf\ Iro:—:la%d S{Tgsex 1nﬂ%ra%1ﬁto  diseases n%fn{he € \;nratory tract

(e.g A& upmsr ms;hfatcatﬁ tradt mtrcllﬁkrg’lthé e¢seiand sinddes und aa rmmnrp Otlfldusms or
a_ cel

t into.a s l e containin
the s FPHTER Fiebmsl AR R B a TG L ARG b ficase and
the htkbﬁllﬁﬂan’(ﬂil&o@erhmpaihy@u\ﬂl dbl &hyocﬁlﬂms,pﬂltd ehtr, inﬂgﬁlﬂﬁtory diseases.
ani_na i.ncludin

g&%& g" b‘%i%/%sbqres?t t%ie &P pOLB]flﬁ of theda\g_qx}flgn 1nclude systemic

mﬂirﬂ;hbtbfy&esp@ﬁ@%yn&&h& (SIRmﬁﬂsemtshb@o sheep, horses, or
pri_mates,. and preferably humans. As used hereln

t héfhﬁ%gsléhlbkt%é P%Fﬁ’é‘%ﬁdl hexgin ?nefflfﬂé"étbF vieeddppigaitischerafagererfusion

injuliBs &redi AR cofiti@flela¥eR 16 Qm%a%ry %@ﬁénﬁ@@?éﬁt bieftlas stroke or
agent that elicits the biological nmedi ci nal

cardigCsaessis e Then JAK jishibjgary dessprghitergip can fu@gube uspddp drept anorexia,
cactdi ar@lj fatléu@ Ao églfl?ﬁt e ltlg FBR o ¥ss@ci5tﬁ§ &fh 9%51’ .The JAK inhibitors

veterinari an, ctor or other clinrcian
desquibedi héreingim furthhebe @emtd' treag aastenegis, ovlerodermitismenfibrosief EresIAK
e i
R0t TBE, O, e BE SN0 08 LR IS8R o o
astroghiosip siahdasy fadteahmplbodinteyic betinppably, sposedort r@utodegeneration.  See,

ox ORI HoO0Y. hACSARE LR TE, 1 ho
Chemf 2(1(143279(15%&9%6 472 EputndtiobiMadrng t he

The JAK inhibitors described herein can further be used to treat gout and increased
prostate size due to, e.g., benign prostatic hypertrophy or benign prostatic hyperplasia.

As used herein, the term “contacting” refers to the bringing together of indicated
moieties in an in vitro system or an in vivo system. For example, “contacting” a JAK with a
compound of the invention includes the administration of a compound of the present
invention to an individual or patient, such as a human, having a JAK, as well as, for example,
introducing a compound of the invention into a sample containing a cellular or purified

preparation containing the JAK.



10

15

20

25

30

di sease; for exanple, inhibiting a disease, condition

or disorder in an individual who is experiencing or
waele®phsiedhg t he pat hol ogy or synpt omat ol ogy of PETIES2008/066658

di sease, condition or disorder; and (3) aneliorating

t he di sease; for exanple, aneliorating a disease,

condition or disorder in an individual who is

eXpas 1RO GERG, M teHnShayilng’ &h@atﬁbﬂt,h_@ﬂe_ﬁ Wer@ﬁanggably, refers to any
ogy of the disease, condition or disorder

| .
ani?’%@lq u%?lfh_%\?@wgwa@ Efﬁ@m&g% HEEOYLF ahEn BReds TpRtbifvedasr o@ip) swine,

catd) 6hbepShodkRE lof ﬁﬁxh[ﬂtgs bhemsapesrihdly Bimsissease.
Combi nat i on, Therapi es One or nore additiona

phalﬁﬁ%g @inegltheé@@ﬁ@ sthergpaytigally effsptiveamppnte refers to the amount of
activh 66MRPJNRE BPSHALh &S uti@Dident tﬁgtleﬁmfﬁ@lgibﬂxgﬁﬁ% ShedRial 1%%__;%?156 that
. i munosuppressants, as well as Bcr- I, FI't-3, RAF
is baig spumkt {4 f HEsEe, SPGB anbnad, isdieidual o1 hirpen sxanepiaechet, Mets@narian,

nwﬁéﬁgﬁ&gﬁﬂrﬁ%rwgh&996/056399’ or other agents can be

used In compination wth the conmpounds of the present
i nvAanusednhefron, the demméeating” IAKresseau! atfed ©i seasesiore of (1)
' : conditions. The.one or nore additianal :
pre SR R 3P P B ore B Fraorfufi & FPregnen an
indyidual Whoeoy deypradisipegiuenthe distase, donditiph @r disorder but does not yet

oo RS SRSHRBS L B R OPRT L B i
diseagge rfos exsugite, Eiﬁhihiﬁ'h@ _hadliﬁﬁase, _d:@ﬁcﬁﬁchib bt Hi@prder in an individual who is
orEiGLORNRSPhAT ey, e Stine, el opocide. carmisting.
disaddurj 41id0@ ireéliralimg SKC Nisaase; FXXAMPRAGANRrAng Ar BAeS O Rlition or
. Exanpl e. cr-A$I inhibitors include the conpounds, and
dlsogs%%@ V1dual YRP ia RepE e Siplaying R Ragologyor sraptomatology
of tH& BRERe,a0ddisEHE 6+ 880rdbSEL D Wrsiﬂg th Pathélfy alor s/ymptomatology)
5,521,184, WD 04/005281, EP2005/ 009967, "EP2005/0

such gndygreasipgthe segeritgof dissgse. 60/ 578, 491. Exanpl e suit abl e
FIt-3 inhibitors include conpounds, and their
phar maceutically acceptable salts, as disclosed in WO
Congryayign Sherapigd 03/ 099771, and WO 04/ 046120. Exanpl e

S Lt el ookl Py dFyC MRV R C0E T Ggoot
cheipOihGOPECs ALt-ND2 051028 Agbdts, Eximit) imsuriobupptessafibKas well as Bor-

R N A T N ———
20094339998 @theY\igefith/ @b 6¢ 8&d iNEdHEALDA IGih, th¥\Empounds of the present
invention for treatment of JAK-associated diseases, disorders or conditions. The one or more
additional pharmaceutical agents can be administered to a patient simultaneously or
sequentially.

Example chemotherapeutics include proteosome inhibitors (e.g., bortezomib),
thalidomide, revlimid, and DNA-damaging agents such as melphalan, doxorubicin,
cyclophosphamide, vincristine, etoposide, carmustine, and the like.

Example steroids include coriticosteroids such as dexamethasone or prednisone.

Example Ber-Abl inhibitors include the compounds, and pharmaceutically acceptable
salts thereof, of the genera and species disclosed in U.S. Pat. No. 5,521 , 184, WO 04/005281,
EP2005/009967, EP2005/010408, and U.S. Ser. No. 60/578,491.
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01/ 064655, WO 00/ 053595, and WO 01/014402. In sone
enbodi nents, one or nore of the netabolites of the
WO pop8nsizoh can be used in conbinati on Wit h onePCF/URINE066658
ot her kinase inhibitors including imatinib,
particularly for treating patients resistant to
imatinib or other kinase inhibitors. In sone

en@ﬁmwelﬁtab@nﬂt-@ rm]iliﬁft&s Jﬁ&(udenmxﬁpomﬁass aaﬁ thchﬁ pharmaceutically
nventi on can used i n_conbi nati

accy f%@éﬁ@ﬁ’?ﬁ%‘ ip gVQ HQO%PéthWanyQ?PU:]aﬁ’&%WO Q4612

mul gaplp® BUBbRNRAF alﬁﬁibﬁ&y 1hdmc[60¥(ﬁnﬁo|ﬂﬁdst raﬁ@ttﬂﬁf“pharmaceutxcally
response as, conp ared t he response to the

Eﬁ@%f%raéﬂéﬁlf’ﬁeé “&@6?190/9?%@“‘1 @ Ayl84tacer bati on of

| t spampleC sfabRCEAK RXBARS elﬁclﬁ’cfe @tggﬁo‘hh@ﬁ @hd their pharmaceutically
phar maceuti cal agents used the treatnent of

accepiplle spls, @y elissipaed ﬂ%lW@x%ﬁQﬂ()%gO C‘H@ PHEP g6, WP tIRE3H967, WO
01/664'6‘55 %b%/osﬁﬁjspé}ﬂ\% o1fRLagRl an plus predni sone [MP],

doxor’'ubi ci n, dexamet hasone, and Vel cade (bortezom b).
Furlnlseme ammdlm@nalonagemm afi shecmétabotlites of frednveation esh be used in

I I n
cofiel bR FUPHE B Rol Theti bt o il SR A Oy o
treadegpztabiseesmsmncwnmsthdb oc«zthmkmanegmhlb&m [ nh| bitor of the
present invention with an
Furt R Eoa Rl s I bhBES o EFiniensian can pyvsed in
condijreuibs wth airhamotiexpiuet hiageneammyit btcaney.esush b Aultipnmyeloma,

t r eat nent JAK i nhi bitor of the present
and, A UTBIYE THE SGRAFE! GEPOBE GG B TEhdeppusedy (e

chememaﬁpadﬁ hdenB aBbnBgh@hOlt SQBdrbAHAUSE BOSaPE dfRICR) BRhmples of
ents can be adm nlﬁ tered sinultaneously or
o

addg@a%}@ﬁ%mwc SEFUHUFAhe Beatyent PO FIHIPIq Myaleshs for example, can

inc1886) OKlitHER N tBmitaBof, O e lphIaH, € in@lpHal ! Cﬂl‘u@?re@ﬁ%@{@ LM@{S Ofx ohfélcm
admi ni stered to a patient in conbi nation wt | east

dexgpihasppe. 7ih Y poadsr P RIDY arhes e ispn $8MES ssd in the treatment of

mul@PIe i e3drld ﬁdeQtB%EJth 1803, | N ARSIn@RRAE RfFaleCinhibitors.  Additive or
continuously. In sone further enbodi nents,

syngigittn REedtoRE fsirale ayicompy of JARbins biJAK: snhiffitor 106 the present
1nvénﬂ¥1? %ﬂhoth éﬁth)nglt ht. tﬁﬁﬁﬁé’r&%&@ L Gsi A0 n‘ﬁﬁﬂ)lp ?nar/eloma cells to

adnministered to a patient prior to, dur i
ageni$ sush ag dproursthasame owythean'eqmlun upar tretreent @\eﬂhl a JAK inhibitor of the

AR R FUBATREPL LERLERLITY RO A BRREA g o
conipfuotihéoshgevient,i @rthecapantyean be administered simultaneously or sequentially as
separate dosage forms.

In some embodiments, a corticosteroid such as dexamethasone is administered to a
patient in combination with at least one JAK inhibitor where the dexamethasone is
administered intermittently as opposed to continuously.

In some further embodiments, combinations of one or more JAK inhibitors of the
invention with other therapeutic agents can be administered to a patient prior to, during,

and/or after a bone marrow transplant or stem cell transplant.

Pharmaceutical Formulations and Dosage Forms
When employed as pharmaceuticals, the compounds of the invention can be

administered in the form of pharmaceutical compositions. These compositions can be
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adm nistered in the form of pharmaceutica
conpositions. These conpositions can beprepared in a
woresas720kl | known in the pharmaceutical art, BCUS208/066658
be adm nistered by a variety of routes, dependi ng upon
whet her | ocal or systemc treatnent is desired and
upon the area to be treated. Adm nistration may be
preb&Bd Gah nfanfid| Wi Bibwinl ianBel ghaihceutil deJ 4l can ARdh@lisf€d by a
and to mucous _menbr anes. i ncl udi ng i ntranasal i na
Varzfﬁao rTeE s dersarling wpsp) whether IRgalgr yy gnig treatpgnt; lﬁﬁ%sl"a‘? pslppon the

are®'to | B dbdtbAt | QdnBfstPRMIGHLS Q) tPRP$RLRdink W%nb’di:'nﬂgl R¥idermal,
nebul i zer; intratracheal or intranasal), ora

ophihalmie wdafo, mpegua resrbirnes dnqlwding fnilenasal. ivaging g rectal delivery),

pulli3har (£ R ObS inhhIRGSrB@ih@Flafibn oBpREdAEPIIGLMSols, including by nebulizer;
|ntraper|t0nea| i ntranmuscul ar |nJeCt|On or i1 nfusion;

intrgiracheal og mytapdsal). orzgl o pareqtgatal. Xprgaterl adpinistration includes intravenous,
mtxja e_rnﬁye@&lfchﬁ%oﬂg ’ 1@1&2&9&:{1{0%{1 at; P@zﬂnus@?ﬁre nl&lﬁ%% r 1nfu51op or

m ni'stration can ormo ol us
Hmdqwgﬂ og- nﬁyﬂb@ﬂOfamaﬁwawpheadmynamnomﬂhnmwuéamnmwumumcan

O G N R TR ——

purtm d’hsldepmﬂbalpamhasqns @hdh farmntaﬁonsl fot iopiasl, adrm'x&istrmipn gely snclude

dr.ops ositori S
o e SRR ot PAGHS ey Mt SorBicBEE piap anc
povatersoi d:mvbmsl, pHabhrh&l¢etivart Sarﬁﬂd, thbeoulsJ Ib’(ﬁvdéﬁyir bidy bases, thlckeners
ssary, or desirable. %I Ioves nd th

and i R b e B BRI TGOS Bl oG8 T v be

usefillar maceut i cal conp05|t|ons mhlch contain, as the
active ingredient, one or nore of the conpounds of the

- VRSER PUTTEE B e IEHRBTFRSER 1L SRMPRS BT SURCTYgpgin, as the active

ingRBRAIBRLH DI GTALE the ERHRINADLANE B E R 366 RXNE LBhBRL TN witone or
maki ng the conpositions of the invention, the active

more RprERAcetiicali aqcgpiplia cpmyictsi (REapigitDh Immaksing ithsi eqmpositions of the
invéibM B addie Ribr&Xé&Gk R @?Eal&mﬁ@@ lwf?tﬁ%q W ibiah dﬁ#gd1b)aan excipient

carrier in the form or exanple, a capsu
or cogloprdt withinsagh a earrign inethe dornt efy fsrexamplena pmubchmtemer or

othe?%BrYtQigean}én @He ! g}%nt lefve€ Qéqa Eﬁleﬂt ﬁ%hﬁ gé[ a §'qu se%n soﬁid T flquld

IQUI mat eri al acts as a ve
matergadi which @rtstdsen a@uqlmecarrmg roedn@mm faihtlns actl‘haemgredlent Thus the
com%gé\]g&ﬁlctdﬁ %ﬁ]etﬁg‘g%r}% n{hﬁet? gnl géom efs oze %es s? g'lp ets, cachets elixirs,

suqsuspmn$mmhsm&enmhmmengmqsobmbumngm sybmpsrlﬁarﬁ@ﬁhSnamnm
L nt ment s

sol i d ui
o SoRinist: B Buliptrd 57 BEERH o8B o soft and
hardagtlatie @psgdsy dppoSiddries a@ﬁnhahﬂecgfbleatsd)lﬁtl&ﬁPQHJi €ferile packaged
p03|tor|es sterile injectable solutions, and

pow§ t8ri|l e packaged powders.
In preparing a formulation, the active compound can be milled to provide the

appropriate particle size prior to combining with the other ingredients. If the active compound
is substantially insoluble, it can be milled to a particle size of less than 200 mesh. If the active
compound is substantially water soluble, the particle size can be adjusted by milling to
provide a substantially uniform distribution in the formulation, e.g. about 40 mesh.

The compounds of the invention may be milled using known milling procedures such
as wet milling to obtain a particle size appropriate for tablet formation and for other

formulation types. Finely divided (nanoparticulate) preparations of the compounds of the
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In preparing a fornulation, the active conmpound can be
mlled to provide the appropriate particle size prior
W@ 200805M20Mi ng with the other ingredients. |f tPEI/HSI008/¢56658
compound i s substantially insoluble, it can be mlled
to a particle size of |less than 200 nesh. If the
active conpound is substantially water soluble, the
inveiohicard Be ﬁkﬁa&e&%rb@s@dﬂ(ﬂﬁhﬁiﬁ thyarf]ifdd ex Mg ple Qe @viiaéiénaA Patent

subst N rmdistribution in the fornul ati on,
Applicgtion; %u Oi%O#Q@Hg %The conpounds of the invention may

be SBnld ehnipddsner KNaMI etiblehtd dndliRC REWES UeRidssd, aRrddel sorbitol,
mlling to obtain a particle size appropriate for
magrigl YATHSPng AFACEnGAIFYM BtosRRRlG glatiiicat Iragrctpetglatin, calcium

sﬂuFa'tep %{IM‘O@H’MMQ@C&H&I&)@@ PRI InG Iy AbEdonb! @RAILEL WARS, sYfupt 5 methyl

npounds of theinvention can be prepared by processes
Cellmé@mﬂl% forruilagiops cppyradditigngllve ingbide| hthsieaiigi agrals Fuchept talc,

mafRBlmCalan Ha. ml\ﬁgal’zgﬁz(xfg&gé%g ntss%l ﬁ@pz!rﬁssu%endmg agents;

Sul tabl e eXcl pi ents include ct ose, xtrose
presgidn ggentss giich| asgnethylaand tpmpylhs’tl@mhgyoatgm raweetaning, agents; and

ﬂavgglug %1%& ph%s h‘&%ﬁtlorﬁlog 'ttﬁ:quee%l?rf ga%g)%cf@rﬁuﬂﬁt%cgsg)l’ a@ttd &bwde quick,

mcrocrystalline ce
sustamkey wi dylayadr reshsedeintbe actilel ingredient afet edmingsymatign toathd patient by

emg@?F%%Dg§+k% mthe, formlations can additionally

ca |ng agents such as talc, magnesi um
st éﬁieabmpoamdls rcamée ddrmmoildted et tnindpsagpefoin,; eemdbsigh ybitgining

B SR DRBIET, B o A SRR o e e

ingradient She taﬁxd "fritadosdge rfgnag effidrs to phiySicAIBNIREté mﬁmuﬁ&bld AR&mitary
on can .be fo ated sqQ as to provide quick

oSty e 104 HORS Sohiis, s STheF speonals. s vahL PSR A cf s

quadtity ®F a@NBinfitctHal @lldubied 9 ptdiRcPAE ldediled PHerfRMi 0T in association
procedures known in the art. The conpositions can be

W“#%?ﬂ%?5?@%“?ﬁmﬁaﬁﬁﬂﬁmﬂ@sage form each dosage

conthaiaBindedniRih@ At be eftQivaRQL a w&odé'ﬁggé rahe@hnd {5 nerally
usual |y about 100 to about 500 ng, he acglve

admyinigiered irenhpharmprsutiefline ffeqtive aeowude Wﬁlbbwrders@roér@we@er that the
am A f ﬁ@lcbﬁapmna%ﬁlaﬁy yamlﬁlﬁsh ol &ﬁpﬁsﬁfl@sby Bt &gxeddaﬁégﬁfsman

for human sub ] ects and eac
accqr@ing 49 thentgleaaraidemstanties enlclufuwthet gbnd\rhoram b ¢reated,ethé @hosen

routg %k’ g&%lﬂkﬁgtlotnotlg ﬂ & |3§ (fj ihi§ re%ht%r q el%ve %t eafngl %:spbnse of
M Gn i RpLAS ol

N assoclatlon wi ar hace
the mﬂmégalmatlent,'ﬁheseaantvwéﬂw q»aqmmdmdrnmnda endthé 6ké.i ve over a

o 56 BRRARE MR I5uAid BANGT Bklet, AR b REAGRe erltient is
mlxed’mm}n sbhnmiacehﬁMVmiplertt la@forihi lAGolid preformulation composition containing
a homogeneous mixture of a compound of the present invention. When referring to these
preformulation compositions as homogeneous, the active ingredient is typically dispersed
evenly throughout the composition so that the composition can be readily subdivided into
equally effective unit dosage forms such as tablets, pills and capsules. This solid
preformulation is then subdivided into unit dosage forms of the type described above
containing from, for example, about 0.1 to about 1000 mg of the active ingredient of the
present invention.

The tablets or pills of the present invention can be coated or otherwise compounded to

provide a dosage form affording the advantage of prolonged action. For example, the tablet or
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anmount of the conpound actually adm nistered wl |
usual Iy be determ ned by a physician, according to the
WO 20084151207 ci r cunst ances, i ncludi ng the condit i PCI/US20E066658
treated, the chosen route of admi nistration, the
actual conpound adm ni stered, the age, weight, and
response of the individual patient, the severity of
pllltchlﬁB ccgﬂﬁr'ise ah irheSJoIRicQns ﬁn auter ddgiﬁgel cbfﬁ@orﬁlﬁo thefltep aélhg th the form
solid conposjtions ch as tablets e pringc
of SoPTGIoT AUl BRmer AT G dOWPEH T R AF SR B enteric layer

whiel Géméseidtredif disitdBrationah itk J6rRdcaraf padnliOfhe GRHFPOSthAdnet to pass
cont ai ni ng.a honogenequs m xture of a conpound of the

intaG} Wehe dPadraRT; B0 oy dr sflvash g Feyiopgatenals can be used for

sucRleffeAt MYeAl drafdaGREIPRRh hiARR1s88cI0ANP AeRERES of pd1Emast AN and
ingredient is typically dispersed evenly throughout

mixtHes ebRPBICHF @rids ovithhgich tmucrabnpo shalirg rFeéb’ériﬂ@éOlF andlicpNulose
acempdi vided into equally effective unit dosage forns

such as tablets, pills and capsules. This solid

pr eFhsrligyidaformanin whieththn cembelins edicamrositions of thiopragpat invention

canf & R forat efo*rya & rﬁﬁr%ﬁ& %ﬁﬁhy foln} f?' Alaﬁ {488 §Rltions,
ipipbraled or g fnjrtts of e 8

out act
su1tabig rﬂedcrredl Syrqfs amown&@dmﬂsmm@m andrﬂavmhé etnabioes gitbredible oils

i resent, | nventi,on can.b COoa
sucﬁJ ta% cgttongeghg)glhgegﬁrﬁ% 01& %oconurt 8{/11 %r epeam&oS agse w]g:ﬁ as C{IXII'S and similar

phaaﬁzfoeuwhahg:htcﬂte advant age of pr ol onged action. For

tablet.orpill can co |se i nner . )

oS aresiira oo RS s ERfo MERE “PhESraARE Fupersings in

phatmiackiteafip aecephblamqesone b prgativ eslvérie of i TREs thEheef, tam) powders.
arated b enteri.c | ayer

onents can he se
ThedBRE S <EGosHhorn T KB b GH PR THE AP Sxciients
as QRSUTIBEd sipr@ hRBAE eMBOPABEEthé CorRiSRiohdAre GlminKi&ed BEthe oral or

duodenum or to be del a%ed in release. A variety of
nasggespptgIysropty oacal gesystenic eifich Comnepifiens g be sebylized by use of

iner€ @&kd. NEBuliRH %Bluﬂ&{s%é@esbrbﬁﬁéd@fe’ag}{ FoRUAP &L ing device or the
pol yneric acids and m xtures of meric acids wth

nebulizite Aeicer saa1 b atachadeto] adace guashs tealr dswetenmatﬁr@t positive pressure
breact‘lﬁhé Hllag’rﬁﬁ‘e @.Sﬁh@ﬁ Sus Iltf's‘;r’od bﬂbﬂv&hetﬁ Iﬁ‘ﬁ)siu'anmln% ahﬁﬁustered orally

conpoun s and COﬁp sitlons e present I nvent
or nasaHy remi degisepohich ediveghe fdmiatien inan appropniagd iynner. by

| NRGt I %?'c%q, OISR Y3 geAIH&A QWinisR4 g&# fa?'av LAY UifYyary
syrups, aqueo ol I sus ons, ofP &
depeﬁuigsu;mnswhattlh bemgbzl@lmsdesrds thehpuapose atfttha&émdnsnnahon such as

pord§ RSP O SRERR ot D P G BB, o e 1
therapeutlc apphcatlons, compositions can be admmlstered to a patient already suffering from
a disease in an amount sufficient to cure or at least partially arrest the symptoms of the
disease and its complications. Effective doses will depend on the disease condition being
treated as well as by the judgment of the attending clinician depending upon factors such as
the severity of the disease, the age, weight and general condition of the patient, and the like.
The compositions administered to a patient can be in the form of pharmaceutical
compositions described above. These compositions can be sterilized by conventional
sterilization techniques, or may be sterile filtered. Aqueous solutions can be packaged for use
as is, or lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier

prior to administration. The pH of the compound preparations typically will be between 3 and
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Compositions for inhalation or insufflation include
sol uti ons and suspensions in pharmaceutically

w@ewepsaht e, aqueous or organi c solvents, or NMPEI/USE8/066658
t hereof, and powders. The liquid or solid conpositions
may contain suitable pharmaceutically acceptable
exci pients as described supra. In sone enbodi nents,

11,1t GRIREANY NS (R0 Bn@HBLIHELAEHTrdY 74H8. BhAll bOhnfARE8d that
respiratory route for |local or systemc effect.

usec Rt of tBﬁ&"?ﬁﬁH‘glﬁémﬁ’éB‘éJ caitisgs. By Stapalezerstwil mesuft inyths dermation of
phaNaRiehiiZeshigol utions may be breathed directly fromthe
nebul i zi ng device or the nebulizing device can be
at t Hrertbeaneytia dgsagceofitbes kagnnosnds, of ghe nrmeetrlnvqmem gan vary according
to, 88 ekdnffle,PHRS EH’{I&llégr £t R NGniPRGH rh%am%ﬂt e, the , manner of
suspension, of powder compositions can mni stere
adngipigirgtipnet thf;a@mpbyldf therheadlévindeconditiore of thebatv:et, andhthe Judgment of

o RS, 80 SARE AR TRODGEr ORIl fon
a pham}acmlpdn@hmr@smmmwan\/maty ldg)ebéhglglpanim numbeerca‘dfactok'semcludmg
dosF QfPe%%cﬁ girac% I'lSquS g:cgs,:}%/ rorgg{)]bl ?Y da}g Eoélg‘{:%g 61%(1}11%&&81011 For

ate

exaa:qu, the&bmp«bundm of tha thveit®nlcak be pﬂonldéch & ApguEdue physiological buffer
osi ti.ons I stered. t

sol B, EARRT ctpag” ToF o R + R, W PL oot it hpeencrs

adnShikirdtoh €8¢md @/ﬁﬁﬁf 8oselrarbes hRaFdm RB&t 18)d/Np & §iR%E 11N& of body
the di sease and its conplications.

S tonms_of
Weiéltfr}’gb@%@ wosesmbpimenigethe desearnge iefrom gbews €.0d ovrikg fobout 100
mg/lﬁg 'opgod)f @ﬁéﬁ%e?&y\’\@” hé d@sﬁg@ﬁé HkBE th UE‘&'HE 3 sQh ¥4 Eﬁbles as tﬁe type

tendi'ng clinician depending upon factors su
andggigat ofipjossession ef the slisazse or diserdary éle onerial) ealthrith tegeafeheaparticular

patl%n%et !ré?gﬁlvgf blBQ%cBa{:ff%&g dofal?}gz E&ﬁ cldnhesde-ggﬁ fonnulattlﬂn of the

Conp08|t|ons ni ster Ient can b
excipggnmand ifshravtrmt @dminisitation rﬁfﬁigtllfel cmgs desbe ektegohlzdvieom dose-

resp-gns%sc%f\% g%}g)gh h' an vz?r%rbr Qt%m% 1%5('19!1 Ite% systte%ls convent i onal

steri n tec gues, le filtered.

Aq Ude u®npokitidtisons thea mvblﬁlopa&ina gﬁtﬂexf drtcluds eor@S o $nor®radditional
aration_bein

phaizkEBllcal A6 ni el SPGB kPR TR Speompound, o

1mrrmdmupp1$§slaﬂt examplef bewhich afe 1ista@ heefpsuyved pr epar ati ons
typically will be between 3 andll, nore preferably
from5 to 9 and nost preferably from7 to 8. It wll

Labbled Ubglps st ool Askatmersadsof certain of the foregoing
exci pients, carriers, or stabilizers will result in

t hé\nf’@?fnaé??% Af e PRRelt invertinni Telates fonlpbaled cpmpopndsiod thenyention
(rad BOIERIS, ﬂﬁoﬁ:&@ntqmu&g§ it whing b@rugecf@lrﬁot b XQ{P ﬁxh%l]%gg@ mques

vary accordlng for exanpl e, parti
but alse &hassps, bothax m:jzfﬂ andsin rpide fort lh@allmg r@gfi quéntitating JAK in tlssue

samples, including human, and for identifying JAK ligands by inhibition binding of a labeled
compound. Accordingly, the present invention includes JAK assays that contain such labeled
compounds.

The present invention further includes isotopically-labeled compounds of the
invention. An “isotopically” or “radio-labeled” compound is a compound of the invention
where one or more atoms are replaced or substituted by an atom having an atomic mass or

mass number different from the atomic mass or mass number typically found in nature (ie,
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adm ni stration of the conmpound, the health and

condition of the patient, and the judgnent of the
wW@e@sasi2bl ng physi ci an. The proportion or concRCE/D81008/066658

of a conmpound of the invention in a pharmaceutica

conposition can vary dependi ng upon a nunber of

factors including dosage, chem cal characteristics

natx(r@llyg occuﬂiﬁ‘éz OQE%ﬁ&iaﬁ%huclﬁE‘sdthﬁthﬁaf BdtRoPbrated in compounds of the
adm ni stration. For exanpl e, the conpounds of

preseRyiaHiention inside but ¢ Bef Iatedity Iéfﬁl%’q‘tﬁ‘étéﬁﬁ‘sas Bhips ﬁ@}twﬂamfl (also

wn{?éhf Isef fo? %tHIn&)OHCC Uﬁt HCH”N?”ﬁbUét 79, Bot Opabgutc|10% Wy gy,
. 1n 15 gg oqg arenteral adm ni stration. Sone
B ph.cal, én@@fsradweuqlad@ thahisougorporated inghe mstapioadiodabeled

cong{olﬁgds%lllb@é&n h 9 s @{ﬁc da%}ﬁéca'hgn %E "t %ﬁ? o Ed tcgmﬁgljl?lg For

ose range IS rom gto aout
exagipleh doty zwqug)hmepapprdtagse rﬁb@lﬂdcﬁsﬁg@mmtltwrkedisyyss cotppend that

mcorPorﬁééC’pI gl *ng llﬁﬁ agi b §' Br WH% %Qﬂge]%trg&tt eful For rald}o imaging

essi O0h sease 0 e overa
appheﬂulonsh”@l ‘5& USL &F1 e "Hal Bi, (Wrar 77BaWnlbgm1¢:ratlh be mebtaséfule

cac th ,GOIDO d sel e
?l#ﬁﬁ%gg r%t%o t$1 ttah éXdég(labﬁlecg nf ctompP%ndi: ?ompound that has
@ﬁmmd at teasti @ . radabietidé. ven dﬁﬁ@&n&&iﬁnhﬁs adxtmdipalcitied selected
r.om doser espon G Vg deri w fromin vitro or
ﬁo’ﬁmer%?“prfﬁﬂ%?tpnggi%{ S eelgrorrposi tions of the
| VI8 tpirédBnt Gaventio Edﬁeﬁmhéiﬁhdlﬁh% HhBey mbBb@ @ dicbipondhg radio-
phar maceuti cal ﬁgents such as chenD her apeut.i c,

isotgpes Ayp aomwfis ofthe WBT n&g%g@}l‘,}a f incorporating radio-isotopes

intol SYPHROSHRRIUBSESAD Lell SRBNR Iuealecah W £ Be Iﬁoﬂ érain@@ skill in the art
her ei nabove. Label ed Conpounds and Met hods

will xpashily agcogripratbe methodhapppeabledfat the ﬁ%?ﬂ”inéﬁOfrlé‘fe’&P@S to
| abeliggliconpapisds of tﬁeh%deﬂt‘i/&mcéxpfbe(ﬁég' fr | aEL%e%ng assay to

~ fluorescent-labeled, etc.) that would be usef Ul ot
idensify/gvaluatel apmgiowiglst E@mquglesa vy siinghesized ergdenyised grmpoundi(i.c.,

' It
test?é%&f)cl%ggﬂg'hfscg r1]§p F%Qed %aﬁ %F egaq@té Bﬁgsn Wﬂxg&?ﬂh Jgﬁd lﬂgmt}ﬁa%nng
its dogeamiratign vegiatgkKwhérgemmtkstihgy wnth tieb] AKX athraoin dawgng)cbf the labeling.
For e%%%l des%%;{ﬁ%g&gnd );ﬁ %glg@déalg %L%é‘éallﬁatgdu@’ et? eﬁ 1 Itg\fg uce 81nd1ng of
anoﬁnelrmxmmdml wHihlmqunewem bindh toenIAI@(I ef, wtahdhed cmn‘ﬁpliuudi)e SAccordingly,

IS ed compounds of, the inv on,.
the abl Eﬁl&é LG ourbcf to, cpgla?tgglltgnlé séz}ﬂl.darg § 8 g I, bnédlnéag?) the JAK
dlreettl}l‘rcmteﬂuﬂesth) 1tshﬁnd1ﬁg/ eﬁﬁihitjbn Oshesre g e sGhe Bhee scﬁ&eﬁiﬂ@ BEAs, the
reglaced o ituted by an aton1haV|q) n atomc
fagd ccqppoun abe ed and test “compounds are unlabeled. Accordmgly, the
concentration of the labeled standard compound is monitored in order to evaluate the
competition between the standard compound and the test compound, and the relative binding

affinity of the test compound is thus ascertained.

Kits

The present invention also includes pharmaceutical kits useful, for example, in the
treatment or prevention of JAK-associated diseases or disorders, such as cancer, which
include one or more containers containing a pharmaceutical composition comprising a
therapeutically effective amount of a compound of the invention. Such kits can further

include, if desired, one or more of various conventional pharmaceutical kit components, such
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mass nunber different fromthe atom c nmass or nmass
nunber typically found in nature (i.e.,naturally
wW@ewansi2og) . Sui tabl e radi onuclides that nmay bRCT/US2008/066658
i ncorporated in conpounds of the present invention
include but are not limted to 2H (also witten as D
for deuteriunm), 3H (also wi t. ten as T fr-or
as, ?orrekaxﬁ;ble %ﬂame}s Wik onbdr nfere phatfladeutically 4dtabl1d 2xMess, dfditional
O 17/ 10 | F1 35SC , 36C |, 82Br,
corrpa‘;negr, e];c a§3\Bl‘l be 7e;agrly appamgnt tql_tilgﬁe skg_lh:gpn gﬁ:aan Irgtqyptlons, yiber as
mspfré‘yr QQHEJ:I!; qlt?dléalﬁﬁé qha%tlhémrﬂ&ocfoﬁ{p%gedtﬁotbg Q4 @, guidelines for
radi o-1 abel ed conpounds will depend on the specific
admipistratiogt ngfpr ﬂldﬁlﬁm‘ for aixing rha [sempeneasngs8 @lsd be mgfuded in the kit.
ex [ : Is [ r
o T A P B b e Jhfmples. The
follow®g Gamples §@5qffqred1f3)1 illustrat®eopurpesty, ag@ ater mulytem@drtgslhnit the

o) - [ [ i 1 : .
mv%glg)& Lﬁh 1a£§ xt;ma &oig%g I 8?917 ggrm’e %’23{18 :}?éa%]%/Bxfétﬁﬁ a variety of
nongetncai adrhn}etbr@ wrhnmcam befhahged|dr niodifigd deyisidesentidiptthasame results.

“radi o-l abel ed " or "l abel ed conpound” is a compound
that has incorporated at |east one radionuclide. In
EXAMBLEShodi nents the radionuclide is selected fromthe
E lgu consisting of 3H, 14C, 1251 , 35S and 82Br. The

x%ﬁ i nvention can further include synthetic

3- [(M&BRW&yﬁwxybfwﬁfeﬂ@l]ai-[m HH@}d’kﬁlO[Z@ﬂ@@ﬁﬁllﬂlEiWyl) lH-pyrazol-l-
t he invention. { ti.c nethod

VI REBBT ik AT (P O £ Bty SPRER sty B rAards
d]pfFimidieldly1 K Ry raZe1-1 hEpAdpanediislea person of ordinary
skill in the art will readily recognize the methods
appl i cable for the conpounds of invention. A |abeled
conpound of the gdyvention can g sed in a screening
assay to identify/ uat e conpo . For exanple, a
new y synthesized orttientified C umd (i.e., test
Ied can be luated for its

conpound) which is_ |

ability to bind a i t o) its concentration
vari ati on when con ctlng MAth t JAK, through
tracki ng of the | ing. For ex e, a test conpound
(1 abel ed) can be ngju ed for Lﬁsla ility to reduce
bi ndi ng of N NT N

Step 1. 6-bromo-2-oxabicyclof2.2.1]heptan-3-one

R
O
0

Bromotrimethysilane (3.1 mL, 0.023 mol) was added dropwise to a solution of
dimethyl sulfoxide (1.6 mL, 0.023 mol) in chloroform (38.0 mL) in a round-bottom flask at 0
°C . The resulting mixture was stirred at 0 °C for 2 hours. To the reaction mixture was
added dropwise a solution of cyclopent-3-ene-1-carboxylic acid (2.00 g, 0.0178 mol) in
chloroform (12 mL) over a period of 15 minutes and the reaction mixture was stirred at 0 °C
for 10 minutes. N,N-diisopropylethylamine (4.0 mL, 0.023 mol) was then added and the

resulting mixture was stirred at 0 °C. After 10 minutes, the mixture was heated to reflux for

16 hours. The reaction mixture was diluted with chloroform, washed with water, brine, dried
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anot her conpound which is known to bind to a JAK

(i.e., standard conpound). Accordingly, the ability of
WwW@24084572¢bnpound to conpete with the standard PORP820081066658

for binding to the JAK directly correlates to its

bi nding affinity. Conversely, in sone other screening

assays, the standard conpound is |abeled and test
(Mg8OpOatiddsippee inivdcabe TBe resitige 06 pigiied, byt dh€omatography on silica gel

.concent t tjon of tre | abel ed standard conpound is
il GHQAE P Fliee ‘e it dh o oMU WHzHERGkEA 458
(brd, Nen sk andar tacorpqu)dugnded {}&t st 3¢ P ouNd.ozamg 1‘}43,ﬁ1.83 (m,

relative binding affinity o he test conmpound I's thus

IHjscertained. Kits The present invention also includes
phar maceutical kits useful, for exanple, in the
treatnment or prevention of JAK-associ ated di seases or

SteplP s grodetieclod g/ hagtagdreer , whi ch incl ude one or nore
cont ai ners containing a pharmaceutical conposition
conprising a therapeuti cal gffective anount of a
conpound of the invention: ch kits can further
include, if desired, one or more of various

co | - iC ' . sychas, ..
CoRER I PR il ST P s
broplarerabiept1o[2 2l lheptancepteahio6 gc 0.3 mmrad), and@gll'-z@bialisobutyronitrile

t alnar. . i1l be.readily .a ent t.o those
LR FLBBR oI PR 8 (Fr AR ShRBRLE Nl 0GR ves
stirgd at b &C dor 5 halire aTheugagioamhiktureesasofont ditraea iy @Oy Sevidration

adm ni st ,..quidelines fo dm ni stration, .and/ or
anadf FEMORE TR BT e s iurt MrEe: gl (Biso,,
andi suippedeal viafué)t h&hdk 'rdsidua'h@sil?mﬁed ibg ]Ebhi/&rﬁakogb@lhg eﬁlcm’ri]daeg%l using

L reater .detajl of specjfic exanples. The )
100}t Les FPp#Jaé %‘P&%ﬁ*@é@é@ew ot O A Perangsas eluents to give
the PrOURAS €8 NMRGB08MHA DAt §298¢mt P}, 1) tm! mﬁ?,lznme(m, !1%1 1.60-

I n any manner. Those of skill in the art wil readi
1.99 @i ze a variety of noncritical paraneters which

can be changed or nodified to yield essentially the

same results. EXAMPLES Exanple 1
StepSi. f @EBMRE S el B3R ek dpemtygloperay MEH pnjtr okl (2£)-dngd y22)-3-

b ez - -;yl.jpropanenitril e and
[(IR;}_;?PT ) §0§§%%§'§f@f¢&n& tgepent yl]1-3-[4-(7H pyrrol of 2, 3-
d] pyri m di n-4-HdQ -1 H pyrazol - | -yl ] pto enitrile Step
1. 6-brono- 2- oxa o[ 2. 29 1Ljhegiﬁﬁ?g-one
NC

CN

1.00 M of diisobutylaluminum hydride in toluene (8.0 mL) was added dropwise to a
solution of 2-oxabicyclo[2.2.1]heptan-3-one (600 mg, 5 mmol) in methylene chloride (20
mL) in a round-bottom flask at -78 °C. The resulting mixture was stirred at -78 °C for 45
minutes. The reaction mixture was treated with saturated Rochelle's salt solution. After
stirring for 15 minutes, the reaction mixture was extracted with ethyl acetate and the
combined organic extracts were washed with water, saturated NaCl, dried (MgSOy), and
stripped in vacuo. The crude product was used in the next reaction without further
purification.

A solution of the crude 2-oxabicyclo[2.2.1]heptan-3-0l (400 mg, 4 mmol) and
(triphenylphosphoranylidene)acetonitrile (1.2 g, 3.8 mmol) in toluene (12 mL) in a round-
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Bronotrimethysilane (3.1 nL, 0.023 nol) was added
dropwi se to a solution of dinethyl sulfoxide (1.6 ni,
w@2@®8351201) in chloroform (38.0 nmL) in a roundP@DUS29A8/066658
flask at 0 OC . The resulting m xture was stirred at 0O
OC for 2 hours. To the reaction m xture was added
dropwi se a sol ution of cyclopent-3-ene-I-carboxylic
bottad Hagk2whiOnhegied At 84 78 DD hold. Clfhk qefion MiXlid wis)theV purifd by
chrggxgt;agrg@x%;cfnlghweﬁ Bl?i%&gn %he gh%ggels ?on glI\T/]e )élseurracem\l\{g products. 'H

NW&%@MPQO@D@E)”S@G ’m/#dammes 68(& 11, 5.5b @2311701 47 M@S H&hﬁﬁb (m,
add irred

and the resulting mxture was s
THW ¢8rl PdmePHUt es, the mixture was heated to refl ux for
16 hours. The reaction mxture was diluted wth
chl oroform washed with water, brine, dried(MSO),
Sf%uﬁd3%’(1613|Bpédzydrwxyﬁadwnlyﬂhé[ 4651 2dremagsiplieihbiydaety-7H-

pyrrgoq g&ﬂgr%%zt}zyai gln 1?1' %%gg g,mg gﬁ I\/% 569@%&? anes

hydrom}cﬂ:laﬁ&tﬂb{?s’ 4-(T4B- (trmeﬂzélzls(lyfjetﬂobc&]me&ygNl{pmrodofﬁ 3- dﬁzyﬁzﬁndm#-
| 2,31 H, 1.93 (m IH, 1.83 (m IH).
yl)'g}lé’ﬁmg%l"léylém%&%}"é"l’%[ 2. 2. 1] hept an- 3- one

Tris(trinmethyl sihgl)silane (4.Hb 15 mmol ) was added
dropwi se to a sol ut of 6-
br onp- 2- oxabi cycl of 2. hept an- 3-§iiecg1. 96 g, .10.3

mol ) and 2, 2' - azo; /5° |sobutyrq\gu rile (0.2 g, 1

mol ) in t ol uene (400 ni) ip,a rloynd-bottom flask and
the resulting mxtufe was stirred at 80 OC for 5

hours. The reacti ntrated by

rotoary evaporatidh the residu s diluted with

et hyl acetate, washid % }wh sat ur at ed\ D ad, dried
(MySO ), and stripped i'n vacuo. The resi due was
purli§-Padathsyctohf. @ﬁhmé@rbmwoéﬁ mdi, Bibgamgle vasiadded tolD@Aation of a

w0 A0S SR SIS ANd M 7 T  w
3-[(WSBMYMW@?@;&)U&&W%H@EKO(ZW g, 2282 &gﬁﬂ) 41133 44(1'H-gyrazol -4-
. . 60- ..St.ep..3. - .
- ER ey b oSt SRy TelT b aeRs BAT 17E T i
acetgﬁlﬁislc () (rQ.'Z)ouﬁd—bl[)tﬁdm flask. The resultmg mlxtlllre Wfs (s)tcl)rred at 25 °C for 2
, yc ent crylonitrile M. of
oyl S 1) LS. ATy T 00 QB (BTGB Crils bad been
confuatbad ﬂfeot@wti%ﬁ n‘ithuﬁb &&d pldfa lﬁffchromatography on sﬂlca gel usmg 1:1
2- oxabi c cl. o[ 2. pﬂé} hept an one 00
EtOﬁﬁﬂlﬁWéfn W Beirgeduc0 WR(ﬂO%%Jﬁ@Em ¢ §r?pf(ﬁa§ﬂ<) &89 (m,
2H); Z.?e Q:g 1HNE 86 BRYUH 9193 (0 P USRS 28§, 3909, 8k, 3B TH), 3.02
(m, 1H), 2.78 (m, 1H), 2.3 (m, 1H), 1.30-1.90 (m, 6H), 0.99 (m, 2H), 0.08 (s, 9H). LC/MS:
453 (M+H)".

Step 5. 3-[(18,3R)-3-hydroxycyclopentyl]-3-[4-(7H-pyrrolo[2,3-d] pyrimidin-4-yl)-1 H-
pyrazol-1-yljpropanenitrile and 3-[(IR,3S)-3-hydroxycyclopentyl]-3-[4-(7H-pyrrolo[2,3-
dfpyrimidin-4-yl)-1H-pyrazol-1-yl]propanenitrile

Lithium tetrafluoroborate (0.176 g, 1.88 mmol) was added to a solution of 3-[(1S,3R)-
3-hydroxycyclopentyl]-3-[4-(7-[2-(trimethylsilyl)ethoxy]methyl-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)-1H-pyrazol-1-yl]propanenitrile and 3-[(1R,3S)-3-hydroxycyclopentyl]-3-[4-(7-[2-
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m nutes. The reaction m xture was treated with
saturated Rochelle's salt solution. After stirring for

WA ositsmdes, the reaction m xture was extract eBCTHUS1008/066658
ethyl acetate and the conbi ned organic extracts were
washed with water, saturated Nad, dried (MSO4), and
stripped in vacuo. The crude product was used in the

(mlﬂ@thf,'lsxﬂﬁﬁﬂfokﬂﬂleVMyl hHLﬁyn{)w[z h&y yﬂhhﬁdlﬁu@aw-m@ raeolaol ut i on
rude 2-oxabic

yl] Wym'a&lﬁd@é OrrpRERT F‘B‘Pﬂ%‘ﬁﬁﬁ?t%m%l? Geﬁn@%bfe@t%?rﬁ? .lﬁ%ml) ina

viall ThreSultinh: RixbIF®whs hddteli @l 8210k 28 hélx). Afler@hd RENBR KO was
fl ask was heated at 80 OC for 2 hours. The reaction

allowied tupae! WS “Chethylprpadiamieg( 6B yLehPbmatoblgy agsrdedand dhel resudting
. a
oL AP L ERSIGH 083 R 060 6y L
givethg roddgt ab Hie, triflud@acftmacidishlf. Thigwag diysolvel] in BetRehol and
. 4, 3-
Al 4 66k Tl By g8l et e et e
contchmxyt]i ertehydldueXprnmﬁ)dddiy chiral chromatography to give 4 major peaks and 4
mlng%%ca (>(f 13355‘52(;111@493‘4'1& '?)l-xp é’sro%zn?'s mlcy pgﬁl‘c’fé?‘ﬂ%ﬂhé Igﬂalsee 30%
Ethimodl rxﬂ)exmee |RI@€R|EV:I ¢.8 &Mnﬁn-éﬂalftﬂsg(, Coluiat h?}dirﬁlPJilylA) eb thxyﬂ'xm 5
7 ol o[ 2, ri,mdin razo

mickR sl Sichin PRS0 B i ety oy B 3 yibiberepoaiie

(0. ”Ifhé nﬂhorfp@al@ \iﬂi@i%b\ﬁ@ﬂ tfe @tdofbadet O ksték MMichfarédvery mobile

m xture o

and @zezfeazeq qn %a@r-@&l@ m%glw@@a?e%ﬁem%q Hedhglsoni trile and

(2@1 K § Ztention time: 18.56 minutes]: 'H NMR(400 CD:0OD): & 8.66
aIUR 3S) - § enlrogxlilmceycl oprélhntuflsljacr o(th‘fZe P@ )5

(brSng)18$2 (&m}rﬂl) RB-r(el 1A)(1.H @y rldlzdi. 974m, lH) 4.57 (m, 1H), 4.20 (m 1H)

o 2 P20 Y Er LT T a2

i N Majordenkl2 pRétémion hhmsk’i 88Thimutes]s L NIMRY400 MHz €TV@D): 6 8 66

o R D ST e

3.180@€ENHY,erEUrE UH), Dirs (fneam i10-1M80X(kl) 5 H). \m;qullrsumz)fq1
chromato hy on silica gel usinp : 1 Et QAc/ exanes
el Lot fme 4 KuReuGol: NPRMRGER BFZ; CBGDD 8.6

( 7
(brs(ﬁ{) kk&(s ?Hg% 3(8'(& 1?1:137 50/(nf @HE '@962@; mg 489 ({n"”q{[%t 3ogmogﬁ)
3.18((m, 2HH)2 61;1m7sH1 231 1 130(1rﬁ0 (m—|)3H) Lcmsmml\w) 6H)

0. 9

5 i Pea ool e ARmnlrEl T y Rl a0 opihgP 5 %o
(brs 3tH] R4 {spri ), 838y 1115, HAyea zH), 697 (m, 1H), 4.57 (m, 1H), 4.20 (m, 1H),
3.16 (m, 2H), 2.65 (m, 1H), 1.64-2.00 (m, 5H), 1.28 (m, 1H). LC/MS: 323 (M+H)".

Example 2:
3-[(18,3S)-3-hydroxycyclopentyl]-3-[4-(7TH-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-
yl]propanenitrile trifluoroacetic acid salt and 3-[(1R,3R)-3-hydroxycyclopentyl]-3-[4-
(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]|propanenitrile trifluoroacetic acid

salt
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| -yljpropanenitrile and 3-[ (I
walp@ensmnt di n- 4-yl ) - 1H pyrazol -1 -yl ] pr opaneni R€T/U82008/066658
Lithiumtetrafl uoroborate (0.176 g, 1.88 mmol) was
3- hydroxycycl opentyl]-3-[4-(7-[2-(trinmethylsilyl)ethox
y] met hyl - 7H pyo. o[ 2, 3-d] pywi nidi n- 4-yl)-
opanenitri Ind 3-1¢(
1R, 3S) - 3- hydr oxyc pentyl ]-3-TdE(CR[2-(trimethylsily
| ) et hoxy] net hyl o7
propanenitrile . 188° mmIT)F in acetonitrile
(1.5 nL) and wg vial. The resulting
reaction nixturé¥wal al | owed tB caol to 25 0C,
et hyl enedi ami ne (63 niL, 0.94 mml) was added and the
StepT e (1S58 B1{@rmyarioxt-[H-€ - (e impathildily Sethipy | metly-7 He 3 rtado [Gidv e
d]p}/ rz]réezzs m gg% aﬁ‘aztoa QF}hyllécgzg[ é; tb'e;?z?c(z:tjﬁ gn%@lslet,,?éid%g@cyyf\%ose—]-ﬁ-
filtered d concentrated. The residue was purified
yl]af(lﬂ)'l} GI?PSPW?%% {t ography to give 4 major peaks and 4
art i g ase: exanes.
G RePEs T  GE orecath ahorketeh P kpraRo 2
d]pﬁﬂmd&m yl)zﬁo;smzoﬁlm]gfogiheaﬂzﬁkl gl 3 [MJ@BS.)ES -RR&ScycdFétyl]-3-
-l s B M e PN cpsadin A1) T pyrazot
yl] pwaﬁérﬁk%o(@csqtgaﬁ © n§fdIe rrﬁtemy%ﬁasﬁ(svﬁﬁlz) fRbiolfd-BRE ALK at 0
°C. a*hwﬁ'drlgg mpgire wapggkedforl Maniantes el henpaic aa@ (0584 g, 1.9 mmol) was
addgﬁ Pﬂ'lt: erée]ctloﬂ- Iﬁ‘uﬂM%( \%QsostM%Ia l_zi)t Mr 2 ﬂomﬁf EE“&%BSU}“J IT‘LC analysis
w1t‘r§ﬁg\lia@0%1w9tér tth teg ﬁaggif%ﬁ? fM%SC{E f) rQnd Is%%p%fgg%%ﬁmt gtéf residue
was 1¢HrouvRo gt @theVHn, mmmgib)usmg B)%SEEt@br:/ﬁmxahH) to 8ive4hd product. 'H
lH)Z’Z 283(nﬁ B 16 (nd,- 140; 4.8BEn (F), 557|21|)(s 211=§/5MB) 53@%11(1\1@)&#0 (m, 1H),
Peak 3 h&tentl on tine m nut e
0088(53)31)(§0/M3L0557@15ﬁ*(m IH), 6.96 (m IH, 4.60 (m
H) (m IH, 3.18 (m 2H), 2.61 (m IH, 2. 23
|_2~ 40- 1. 80 (m :
Step 2.' 3-{(1 ,3S)-3-hydr0xycyclopentyl]—3-[4-(7—[2-(trimethylsilyl)ethoxy]methyl—7H-
pyrrolo[2,3-d]pyrimidin-4-yl)- 1 H-pyrazol-1-yl]propanenitrile and 3-{(IR,3R)-3-

R, 3S) - 3- hydr oxycycl opentyl ]-3-[4-(7H pyrrol o[ 2, 3-
added to a solution of 3-[(IS, 3R)-
1H pyrazol - 1-yl
Py
trol o[ 2, 3-d] pyr¢{ d|n4yI - yrazoI-IyI]
m xture was hedte hours. After the
resulting mxture was stirred at 25 0OC for 3 hours.
(7-[2esihdthyigly bty eetkya s Hspyirfol ofd, 3f-djpyrl‘zﬂdim4qy1) @H-pyrazol-1-
M Mifsoprepy SazodiCabanyiute @38 allPalo h1A101)4wﬁs Xd(ﬁ&ﬁﬂm sofution of 3-
arati ve?
I'eaved on standing I n nmethanol to the correspondi ng
showq;q) no 4ta5mg(mtemq-l-|) The4reg@‘10@rm1xpkg was dﬂ@te@ rmthzwyl aget@®, washed
3 , 7. I : ., 4.60
nvREoo s Gy b s g8 Tl opf Aimy o8 0 B, s iy Y 761 m,
A0S RA4T. UBBGRY (g TH)GEE RN LpO-TS0Ga 640 .99 (m, 28D,
5H). LG Ms: 323 (MtH) +
hydroxycyclopentyl]-3-[4-(7-[2-(trimethylsilyl)ethoxy]methyl-7H-pyrrolo[ 2, 3-d] pyrimidin-4-

yl)-1H-pyrazol-1-yl]propanenitrile

Lithium hydroxide (22.7 mg, 0.000948 mol) was added to a solution of (18,3S)-3-{2-
cyano-1-[4-(7-[2-(trimethylsilyl)ethoxy]methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-
pyrazol-1-yllethyl} cyclopentyl benzoate and (1R,3R)-3-{2-cyano-1-[4-(7-[2-
(trimethylsilyl)ethoxy]methyl-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-1H-pyrazol-1-
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Maj or Peak 4 [Retention tine: 51.48 mnutes]: 1H
NVR(400 MHz, CD3OD): d 8.66 (brs, IH), 8.64 (s, IH),
W@2®8/1§297 1 H), 7.51 (m IH, 6.97 (m IH), 4.5FCT/H$2008/066658
IH, 4.20 (m IH), 3.16 (m 2H), 2.65 (m IH),
1.64-2.00 (m 5H), 1.28 (m IH. LOM: 323 (M+H) +.
Exanpl e 2:
yl]edhll (dyslogeatyl Be S QXULHE | PRRY Yol Bssbrbed A Rt o[ 24-Froxane
dl’pyri mdin-4-yl)-1H pyrazol -1yl] propanenitrile
(100 ;i Bd2 %D aeds methanpld4dank, AP mol), and water (4.0 mL, 0.22 mol) in a

o B B R PN RL XU, D o g yhich ime LM
analysisrshowéd »o startiig yotevak dhe ceaqderdmsdure Stae pxttacted|@th ethyl acetate

an 3_§)e'7%:g%§c; %x?%[}’s'zlv;é{e“v'vés?@& Fifet G REAYDR! Lo¥ted SR TRENYdried
(MgH(py ranttisttippedtiny Vapuo. ehpyresidiel was-uskd et thy Inptyre havipe mtighbut further
nzoa LR, -3-{2-cyano-1|-[ 4-
pu “ffit];ﬁfl-' %@Wtsg)(ﬁgl %/I ) ei hoxz] nmet hyl[ -7Hpyrrol o[ 2, 3-d] p
yrimdin-4-yl)-1Hpyrazol-lyl] ethyljcyclopentyl
Sty oS SR e B B g egiol2 3 i o) Tt
pyr{zfof-)ﬁytaﬁaapar]zéwﬂ]eofﬂ%ﬁmﬁealfzvl[sdzzr %rd[%f(m3&)234@&5@@&&7&5@&1]—3-
et ho - rrolo -
[ 4-@%’- Wﬂé%ﬁ”’éﬂg‘??’l‘?iﬂmlgz’.’fé’mqurl-y/mr&%aﬁgﬁ riforeacgifpcid
salt3-[ (I R, 3S) - 3- hydr oxycycl opentyl ] - 3-
[4-(7-[2-(trimethylsilyl)ethoxy]nethyl-7H pyrrolo
[ 2, e A i 60 riyirospeysiapbanll - -2
(i RS ARl P2 o2 ISR DN PYFI Lk ot o
yllpogpanepifgileraad G iRagRmd-hydiexycy@depestyllr - B(7f[@r 10 mi nut es

. ' ' iy 2l ol ) 4 VRS 1A 1 1The
(i AR DERLE BELG- 1 Stollo By R D AR T2
yllprépauenitrilereas Te@otentatl yades thelsave donddioss dastiireg imBkaenplal, Step 5.
eact i I Xture. ijuted wi.th, et acet at e
e FASEEREL LR ST GRS b0 B o B g

the {rifly&60adetatasaits.sColuppeChiraiPakdayd.6 xT@mne Si mlidenwasicle. Mobile

ch ogr.aphed on.silica gel, using 20% Et QAc/ hex
phagi S TR Bt e R P ey Fegfighia, 2
x 250dum) $njcréh [BOtidienMobi Phae: 08%(BthandHh hexané® F(dW ratd) 2 ml/min
7.61 (m IH, 7.48 (m 2H), 7.46 (m IH), 6.87 (mIH)),
premaraiye) s oh) 5.40-5.50 (m IH), 4.40 (m IH), 3.60
(mpid Iiﬁeten%oz HmeM6.I8hinuBsOH gsm) MI), DMSG-7,) 58121 Dss, 1H), 8.07
1. 30- .90M§Im 6H), 0.99 (m 2H), 0.08 (s, 9H). LC M
(brs5ED), AHE) 1), §108 60, AH) 346 (m, 1H), 3.80 (m, 1H), 3.43 (m, 1H), 2.20 (m, 2H),

- r l.op leh 030l 4 I si |yl
2.08)§g§> ?é%ﬁﬁ?’é?‘h ;fﬁi)’ g 2‘8 éxgr g@% fi.d) ool 4y, b eiisT 3Rhmhs

Pk2[Retention time: 18.68 minutes]: 'H (500 MHz, CD;0D): 6 8.91 (s, 1H), 8.087 (s,
1H), 8.51 (s, 1H), 7.84 (d, 1H), 7.28 (m, 1H), 4.60 (m, 1H), 4.34 (m, 1H), 3.20 (m, 2H), 2.91
(m, 1H), 1.92 (m, 2H), 1.60 (m, 3H), 1.35 (m, 1H). LC/MS: 323 (M+H)".

Pk3 and Pk4 eluted together (23.13 minutes).

Example 3:
3-[(1S)-3-oxocyclopentyl]-3-[4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-
yl]propanenitrile trifluoroacetate salt and 3-[(1R)-3-oxocyclopentyl]-3-[4-(7H-
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2, 3-d]pyrimdin-4-yl)-I Hpyrazol-I-yljpropanenitrile
and 3-[ (1R 3R) - 3-

whgasosxeycl opentyl J-3-[4-(7-[2-(trinmethyl sil yPQBURIREP66658
met hyl - 7H pyrrol o[ 2, 3-d] pyri m di n-4- yl)-I
H pyrazol -1 -y I] 'propanenitrile Lithium hydroxide
(22.7 ng, 0.000948 nol) was added to a sol ution of

pyrrblo[ 35N i{nﬁdin-4-yl)-1H_-pyrazol-l-yl]pro anenitrile trifluoroacetic acid salt
cyano-1-[4-(7-[2-(trinmethylsilyl s)et hoxy] met hyl - 7H pyrr

ol o[ 2, 3-d] pyr?r ™ n-4-yl ) -1 H ol -
| -yl]ethyl }cyc%cw benzoat nrdCN
R 3R)-3-{2-cya -[4-(7-[ 2-
- pyrrol o[ 2,3-d] pyrimd

(1

(trinethylsily}y

in-4-yl)- 1Hp ] cyci@pentyl benzoate
(440 ng, 0.0007R nol) dissolved in a m xture of
1, 4- di oxane (yg. L, 0.128 NBl t hanol (4.0 niL,
0.099 nol), andywater (4.0 nlL, 30~ nmol) in a

round- bottom flaskt! The resulting i xture was stirred
for 20 hours at which tine LCMS anal ysis showed no

z . ¢ c n:
ste,gm _9.?g-@sﬂs{g@&@%ﬁé’nyz]-9.24.V§?ﬁh;,9,9fhws%Ié))%{hr%%thggffg@%sﬂ[z,3-

acetate and the organic
d] pwars e 4-wh+ W -paezol-Nathoopananiti&rand Sal{ L) ek exdeNédDenty i3 fefel 7-/ 2-

. i ' Tk i d
R s s et e S P
Vipr@dv&ritrds3 (MyH) +. Step 3: 3-[ (I

S, 39) - 3- : - 32 [ 4- | o[ 2..3- .

5 S B AR Mo L P b P
(0.20rmE) Lomoadpin metglede shlbtidea(®d mL) -78 °C in a round-bottom flask. The

-[ (I R,3R) - 3- hyd [].- 3- .
res e RS TTDI Ol oG AUy r Al B and e sghion ot PR
hydﬂfx@%&[t@leﬁstyl]JéL[e-év-lr[]i-tthﬂﬁﬂ@aﬂlﬁwtﬁbx?}h:ldﬂhygafﬁpy?;%[[gﬁDQ‘]]i{U’riﬂlidin-4-
- , - 3- roxycycl open
Y1>-f‘{‘-rerf%‘g*lhly‘Y‘iqf%lgﬂn?@f?ﬂ%xyfaﬁét hyﬁﬁ%ﬁéé%-Pas%rarwslpaquﬁ-élﬂ-
irt si oxs -4 hAyOiH- -
ST ’_ée‘}?%%b-QE“E“Z???&Z‘;%*F?%%]?&F@?E“XW ekl
Yllprepanspstifs P Sp |gy¥-§ @t%‘am%{f)ﬂww 85 kI anle) wasaddedyirepwisel The

it mikhore hvaltsBYEREOL78 & fo¥ lob REQRBOSRY el
" degf%lt ected under the same conditions 5@%’?‘#’?“@%&97.2% mL, 5.18

mmeh aigppdded. AReresing arhd i far 9P eninetss, seprarciive ahix@iengas warmed

to O_G’@ dndlstibrCa ARG Holt F'P‘F:rre&lt‘ilbh frﬂi)?tgreb%a%'ﬁﬂtgd \g|ﬂ¥ gthgllha%etate, washed
_isomers as the trifluoroacetate salts. Columm:

withCivtem sivaiated AaCl, dgiest (RI5OOW) arsl stiipgped in pavubi THearesiebivdsepurified

o R L ol SR L i o
MH5 CDCIr0B 8per(, ¢Hg.8 4000 119PRa8 &, 1B £t (@ang, 6.95 (1, 1H), 5.74 (s,
210" $3P0S S5 QY Bh5 3,005 30 (o 31, 1.50-2.70 (m, 6H), 0.98 (¢, 251), 0.00 (s,
9H). LC/MS: 451 (M+H)".

Step 2: 3-[(1§)-3-oxocyclopentyl]-3-[4-(7H-pyrrolof2, 3-d] pyrimidin-4-yl)- 1 H-pyrazol-1-
yiJpropanenitrile trifluoroacetate salt and 3-[(1R)-3-oxocyclopentyl]-3-[4-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)-1H-pyrazol-1-yl]propanenitrile trifluoroacetic acid salt

The mixture of 3-[(1 S)-3-oxocyclopentyl]-3-[4-(7-[2-(trimethylsilyl)ethoxy Jmethyl-
7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]propanenitrile and 3-[(1R)-3-
oxocyclopentyl]-3-[4-(7-[2-(trimethylsilyl)ethoxy]methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-
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preparative). Pkl [Retention tine: 16.98 mnutes]: 1H
(500 MHz, DVMBO- ) : d 8.1 1 (brs, IH), 8.07 (brs, IH),
W@ 200818297 1 H), 7.03 (d, IH), 6.46 (m I|H), 3.8BCT/H$2008/066658
IH, 3.43 (m IH, 2.20 (m 2H), 2.08 (m IH, 1.29
(m IH, 1.20 (m IH), 0.60-0.90 (m 4H). LC Ms: 323
(M+H) +. Pk2[ Retention tinme: 18.68 mnutes]: 1H (500
1Hstaz01ADBI0EbpaneniBil® dag Seprdtbdted $hd@BdondRiond $inilaStoTkafnple 1, Step

5, tl? E?v’e |t}'7_qjt\8x/g§l d@relc)[:?eﬁ%]zétgnseé gvgxlfhl(vf?ré qeﬁérgt%i {’)g] Ehilfah_!%;ﬁrg%%graphy and
purkic@Oby( MC &Hkive lthe Yidstreoieds. aﬂdcémloxﬁé)rg a(s'\@ibbtﬁﬂuol?&%e@ﬁdsalts
Pk4 e| ut ed toget her &%3 13 m nut es)

Colympy ﬁé)ra@alb%cﬂ& eyt P- B ?aﬁl%l?)yMPB‘ eop@sg WhFhapel in

hexafdsNFHwyRAte: 0% Q)Y/ﬁﬁ?@ﬂa‘l)ltﬁélﬂl; PORBANERIAIPAN B, 20 x 250 mm, 5 micron
trifluoroacetate salt and

particle. (lgbileBhase sy Bnoniniexanss [Foy migy? mingp Prapagfipgk i ni

di npi4 1RdidrmibiitRg! AZO Jnuﬁég] propanenitrile
trifluoroacetic acid salt Step 1:

3- [RK2Byet@ion Gy cl 3oieninyted): H (300 (HZ, ZOGL)i Sréd. 0 (bss, 1), 8679

rdy B Rl o316 132 85 1070 oAb 40 1 2 2 10
2.9B¢h,(2H) 2.85- @X@Qypﬂ@p&ﬂt yh] HB- L@/MS? 3pR2¢MEH)".

met hyl si | l et hox
TrrR ARee b kit b P H IO MHEE Gk R dPT Cors, 1D, 8.3
(brsY'lﬂ{{)'SQ)ﬂQQQPﬂ)tgw(@ m)n’ﬁww 1ﬁylsf7@>(h1dmm 3%% {iip), 34081% 1H),
ded sol ution of oxaég lorid %
2.90dm, 2%*)42 ) Hn2. ﬁ%ﬁﬁy@n%l%m dtDdkd O 1)) 1.847@n,d8) 1n60 (m,
flask. The resulting m xture was

IHE%F??Q?E?W '0C for 15 minutes and a sol ution of

3- [P(k|4 g}gﬂ)tmg_tlme 20.31 minutes] .

hydr oxycycl opentyl ]-3-[4-(7-[2-(trinmethylsilyl)ethoxy]

nmet hyl - 7H pyrrol o[ 2, 3-d] pyri m di n-4- yl)- 1H pyrazol -
Exampl¢ Apr opanenitrile and 3-[( 1R 3S)-3

- hydroxycycl opentyl]-3 - ,{4 7 [ 2-

(trinmethylsilyl)ethoxy]ne ‘f 7H pyrrolo[ 2, 3-d] pyrimd
iin-4-yl) -1 HippikazolJAK/2 | Jaﬂ@pdnenFt:rcltxbe (0,84 Humdn 8
mmatompoundet hyCsne pddoor i HEs0( 17 wibounad$vaddehtrinsic CL
dropwi se. ThemMpUl Mg | inM)UT Ehi@sn Séruin) €Y afLAnA&)0C
floCofowAdnut/escignd tnpet hgj@m ne (0<322 ni] 5. Igggmol)
VesMehaRe 1 ALeN2S 073 51§. 345 | /8 Uss8or 60| M NUH&H,
Ne1diARRE20T)_ALPST T ELWas MeggTed T0 50 0C amt stipepd
foﬁ\deﬁab@ﬁfér} HE3 F3GLL G llll_4X1[ 0T e “’94?56“ tuted—wi Q5

ethyt—acetat e;—washed—wth—water—satturated—NaC;

dried (MgSO ), and stripped in vacuo. The resi due was
puMetdbetites 1, 2, and 3 were isolated from rat or dog urine after administration of

L (L

Compound 1 in connection with pharmacokinetic and toxicokinetic studies. Activity data for
Metabolites 1, 2, and 3, along with free fraction and intrinsic clearance data, was compared
with that for the parent compound, Compound 1. JAK activity assays, free fraction assays,
and intrinsic clearance assays are described below. Data points were obtained for some
individual stereoisomers of Metabolites 1, 2, and 3, and the numerical range provided above
reflects the highest and lowest values obtained for all the stereoisomers tested. As can be
seen in Table 1, the metabolites are potent inhibitors of JAK1, JAK2, and JAK3, like
Compound 1. However, the free fractions obtained for the metabolites are unexpectedly

higher and the intrinsic clearance desirably lower than for Compound 1.
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by chromat ography on silica gel using 40%
Et OAc/ hexanes to give the product. 1H NVR(300 MHz,
w@poB337207d 8.91 (m IH), 8.40 (d, IH), 8.38 (BCT/USH008/066658
7.47 (m 1H), 6.85 (t, IH, 574 (s, 2H), 4.51 (m
IH, 3.60 (t, 2H), 3.00-3.30 (m 3H), 1.50-2.70 (m
6H), 0.98 (t, ZFD, 0.00 (s, 9H). LC/ Ms: 451 (MtH) +.
Step 2: 3-[(I9S)- oxocyclopentyl]-3-[4-(7kbpyrro|o[F,
3-d]’ in-4-yl)- 1H pyrazol-1- yl]propanenitrile
In ‘t”f?f’i“g%r%’é% ¥4 e salt and

3- [€drPouBdseasy edeme.aéd/fo} 1r3nt{1t6r}( %HVWMD\[KJ [a2ge®s according to the
rimdin-4- azol propaneni t

i |
rolp b s s cioed BT e sl Bshomin 1999, 569, 94-104.
Thelcadiy ) dohamsasmifhianankyl (11333174n@2> Uk (afal BBL N5 bhY Yk (a0

t hoxy] meth ﬁrrolo prlmdln-4- ) -
7811H28 w&& an ienylnjag Bpan BT %Wreésegwamg Tbpgul q_\pg)us 30 insect cells and

purg?eegsrﬁé easl%a/ Ialm?fty[ &6 Sl d, 2ray bﬁ?,&iﬁy | ygds! b2yl fwxlylmsltntg the

Hpyrrolo[2,3-d] pyrimdin-4-yl)-I1Hpyrazol -l -yl]

phogmiméﬁmr pf & higimylaesdr pRnside. eBheuh}éfé‘P eyaEi teptide gfnamdpfasated by
hox{.(%em@ﬁ@m Iel%lvéi ﬁQor@sceﬁé% (?i’[g@%tﬁe téﬁo O%g%ﬁltl&r\?&g‘%éa red for

t ones wer e separate I ra hr omat ogr apny
each Kuhaggun itlfeireagtipnys th@cwalglﬂweenmee i Tsandr5€0 mdt peptidedin 50 mM Tris

B L . e
conpdndration 308 Etdedmn waSWQMaX/BftﬁSIakFI}D)V\pMafoE Jal. ﬁld 3 ;,LM for Jak3.

m./ m n-anal ytical ; um: Chiral Pak I A 20 X mm
Reagtions sesmcasgd qut F“ewo%?jmi’f‘é‘ﬁhrﬁ%‘ I byl émémspeq wth %0 KL 45 mM

EDPEX30EsM Bhoxpe a@QrM B pgizbmhrhspa&emfe@t(pé&ﬁm Efiet, Boston, MA),
Retention time: 82 mnutes| . Pk2[Retention tine

Bindigg dor thej Fgerien labflqd(asebpdmieok WX oy 40 minutey, 4yl HIBRIS signal was
meé(sgped oft: aTF%S&Q Jeliﬁe'r (18erlgxz Egrﬁe(*r b'S?tﬂ; %\4.%)5 f%)ﬁ?polu@ 'f‘)azmg %n ICsg

of 19 107 oy lays f@iHny 02 t@@b@ve&ﬁer(ﬂwne(ﬁlﬂ)li taflgeGIwvererponsidpred bGIWB:
321 (M+tH)+. Pk3 [Retention tinme: 17.61 mnutes]: 1H
(500 MHz, CDCI3) : d 10.70 (brs, IH, 8.83 (brs, IH,

FreBﬁBAzoézstsaM-I) 8. 30 (S IH), 7.35 (d IH) 6.73 (m

H)ThF Pﬁotenz gxzu}mgrs_# Fqgﬁ comLp(ngd YV%D delthﬁnmei g)g fqltlﬁlﬁ))nqrﬁ)ilalysm using

a Dihn&fh &Btem! frdm HhnGR ApPardtid (HolifstdMBEMAI2 rne Mi'all'i)sm"'was%éf‘formed at
o%F%etentlontlme 20,3 1 m nutes] . rED A Tabl e

37 or 2 hrs in human serum. The metabolites were incubated at 3 pM and Compound 1

at 3 and 10 pM. The compound concentrations in serum and buffer post-dialysis were

determined by LC/MS/MS analysis. Free fraction is defined as the ratio of the buffer versus

serum concentration.

Intrinsic clearance assay

Intrinsic clearance was determined by incubating 1 pM of test compound in human
mixed gender liver microsomes (0.5 mg/mL protein) at 37 °C in the presence of | mM
NADPH. The disappearance of the test compound was monitored by LC/MS at 0, 5, 10, 20
and 30 min. The slope of decline in compound concentration was used to calculate the

human intrinsic clearance by employing standard methods reported in the literature.
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Metabolites 1, 2, and 3 were isolated fromrat or dog
urine after adm nistration of Conpound 1 in connection
wWowRaoR/112ar macoki neti ¢ and t oxi coki neti c st udi eBCT/US2008/066658
Activity data for Metabolites 1, 2, and 3, along with

free fraction and intrinsic clearance data, was
conpared wth that for the parent conpound, Conpound
1. VaAKuaaiddifichifora s sheSinvdntieg ih additioron thAss alySribadhhkrein, will be
intrinsic clearan e descri bhed bel qw. Dat a.
SPBEI s S 5 B ot RRT O JRreEHa Grafuions Sutbpoddfiogs are
als®fintdidb @O Fillt @Bhid ,the? scopf df The @ﬁéhd%ﬁl RlafthEat K ddfere@ddBited in the
ov&%ed,aboye reflgﬁts the hest and | owest val ues
pre EIOp 3} INgRTPOTRif %rF‘é‘rbécS“r‘ §’8 181t gdtrely.  As can be
seen in Table 1, the netabolites are potent inhibitors
of JAKI, JAK2, and JAK3, |ike Conpound 1. However, the
free fractions obtained for the netabolites are
unexpectedly higher and the intrinsic clearance
desirably lower than for Conpound 1.In vitro JAK
Ki nase Assay Conpounds herein were tested for
inhibitory activity of JAK targets according to the
following in vitro assay described in Park et al,
Anal ytical Biochem stry 1999, 269, 94-104. The
catal yti c domains of human JAKI (a.a. 837-1 142), Jak2
(a.a. 828-1 132) and Jak3 (a.a. 781-1124) with an
N-termnal H's tag were expressed using baculovirus in
insect cells and purified. The catalytic activity of
JAKI , JAK2 or JAK3 was assayed by neasuring the
phosphoryl ation of a biotinylated peptide. The .
phosphoryl at ed pepti de was detected by honogenous tine
resol ved fluorescence (HTRF). |1C50S of conpounds were
measured for each kinase in the reactions that contain
the enzyne, ATP and 500 nM peptide in 50 M Tris (pH
7.8) buffer with 100 MM NaCl, 5 nM DTT, and 0.1 ng/nL
(0.01% BSA. The ATP concentration in the reactions
was 90 mM for Jakl, 30 mMfor Jak2 and 3 nM for Jak3.
Reactions were carried out at roomtenperature for 1
hr and then stopped with 20 nL 45 mM EDTA, 300 nM
SA- APC, 6 nM Eu-Py20 in assay buffer (Perkin El ner,
Boston, MA). Binding to the Europium | abel ed anti body
took place for 40 m nutes and HTRF signal was neasured
on a Fusion plate reader (Perkin El nmer, Boston, M).
Compounds having an 1C50 of 10 mM or less for any of
t he above-nentioned JAK targets were consi dered
active. Freefraction assay
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The protein binding of a test conpound was determ ned
by equilibriumdialysis using a D anorm system from
woHa00sastoAppar at us (Hol li ston, MA). The di al ysPGI/Waz)08/066658
performed at 37 OC for 2 hrs in human serum The
net abolites were incubated at 3 mMM and Conpound 1 at
3 and 10 mMM The conpound concentrations in serum and
Wlhufsfceanmp@sgt -dialysis were deternmined by LC M5/ MS
anal ysi s. e fraction is defined as the ratio of the
© buf 8@“@%? %i ‘concentration. Intrinsic clearance
assam (7Rt yirid%d[ 2,3 @l B einadie & - WA SH et Ini-figd-(By i ncubati ng
f te%t co ound in human m xed gender |iver
hydmw&im‘y Ierepfslewwm protein) at 37 0Cin the
pres B-Hrolo[ 2BAdNYRRIHIn-BOE)- Ciif peiar-angg20f the test
npgﬂﬁdlﬁgé énnltored hﬁ) N%§ﬂ ﬂz qu 20 and 30
hydfﬁxb{cyqqi’én‘é’])ﬁﬁéalﬁ?m&@(ﬂnﬁne | n corrpound concentration
was; usem gyeoﬁ@ 54 J%ﬁn&lna IRy R mbs‘(s cl earance by
enploylng st and thods repoited in
OH¥Y@@ﬁBWDP@PMEﬂW@95 modi fi cations of the |nvent|on in

adQﬁhgank_mﬁ$@ %ﬁ%ﬁﬁs@ﬁngSfe|n will be apparent

to those s e art fromthe foregoing
description. Such nodifications are also intended to
fal t n I
2. fe f]lehf\gﬁ%gédglfj togglm oﬁgfg L té%@tl?&?lﬁ%ﬁ%?%g eisgl H%reo? "inch 15
substmglipoplatedd herei n by reference inits entlrety.V%at
is clained is: 1. A conpound selected from
3-(4-(7H pyrrolo[ 2,3-d] pyrimdin-4-yl)-1H pyrazol -1 -yl
3. )-3 «ﬁcﬁnpobiyldﬁ coryiristrlgepenipylydufepan @ Nerta phagnaceutically acceptable

oA ity Bripiifee | o i "1

3-(4- (7FprrroIo[2 3-d] pyri mdin-4- yI)-IFprrazoI-I-yI
)-3-(3- oxocycl opentyl)propanenitrile
4. phdPRERRASIHeRIof Glae ¢ &btcgbq BHAF for b AUBRSIptonT he
conpound of claim 11, or pharmaceutically acceptable
salt thereof, which is substantially isolated. 3. A
5. corpdethed efmedwiating an agivty ebHYe coraprestnecdiontaping, JAg with a

compB@dBFe Rth Il C&H ph¥mAEGRRLIRREeptable salt thereof.
6. The method of claim 5 wherein said modulating is inhibiting.
7. A method of treating a disease in a patient, wherein said disease is associated with

JAK activity, comprising administering to said patient a therapeutically effective amount of a

compound of claim 1, or a pharmaceutically acceptable salt thereof.

8. The method of claim 7 wherein said disease is allograft rejection or graft versus host
disease.
9. The method of claim 7 wherein said disease is an autoimmune disease.

10.  The method of claim 9 wherein said autoimmune disease is a skin disorder, multiple

sclerosis, theumatoid arthritis, juvenile arthritis, type I diabetes, lupus, inflammatory bowel
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salt thereof, and at |east one pharnmaceutically
acceptable carrier. 4. The conposition of claim3
waokioshsi2g7 sui tabl e for oral adm nistration. 5.PEI/DE1008eh6658
of nodul ating an activity of JAK conprising contacting
JAK wi th a conpound of claim11, or pharmaceutically
acceptable salt thereof. 6. The nethod of claim5
dis¥Rer@blh’ s dikdhsd Rt tAd i Galis imMh&IEBuNE nephropHi®t ROskaRitis, or
treating a disease in a patient, wherein said di sease
autpignmune hyroid digotfet h JAK activity, conprising
adm nistering to said patient a therapeutically
effective anmpunt of a conpound of claiml, or a
H.phatheeehed oflaig Sacheesin %@gf aitejgymung Rispase fs buflouspkia disorder.
met hod of claim7 wherein said disease is allograft
rejection or graft versus host disease. 9. The method
12.0f Eneanathor osaimailh whatein sidadioes skin diprdsuissiemphiges vulgaris
[ : thod of claim9 wherein said
a“?ﬁ?%@ﬁﬁﬁﬁéggrggglg%is a skin disorder, nmultiple
sclerosis, rheumatoid arthritis, juvenile arthritis,
ty I di abet I i pf.l apmat or.y .bowel di sease,
13, Efhs R LRl 7Bl PO BETE S a1 b n
nephr opat hi es, myocarditis, or autoimune thyroid

disgrder,. 11.. Th thod of claim9.wherejn said . . .
14, S e e o elei S VRerti e R stE el st Es: psorigsis, skin
sensigtation skin itrltation) skin iaktg centict darntdtitisidd allegicSdohac e SN 86n.

i s penphigus vulgaris (PV) or bullous penphigoid (BP).

13. The nmethod of claim7 wherein said disease is a
15. SKiThe GheBidAE Elaind 4 whleeh ARE 5iReseqf a ¢hraidieds3. Wherei n said

skin disorder is atopic dermatitis, psoriasis, skin

sensitization, skin irritation, skin rash, contact
16. derRiiditicd oPblamh | £h/BLEinGRALAGT1iRERSE Ep4at BRY vid® fE]ﬂ?)?
met hod of claim7 wherein said disease Is a vira
HepgfigeRiepaties CHY . HdLiold Viericdl-Zosiar Virug £ ¥) or Hyamank Rapillaina
virgh B@g5e is Epstein Barr Virus (EBV), Hepatitis B,

Hepatitis C, H'V, HILV 1, Varicell-Zoster Virus (VzZV)

or Human Papilloma Virus (HPV). 17. The net hod of

17. cl qihmn%th%%?%ﬁl ?.@/jhgregl!sgﬁ%%s%agesfs &AOGe" - 18. The net hod

of claim17 erein said cancer 1S a solid tunor
18. The method of claim 17 wherein said cancer is a solid tumor
19. The method of claim 18 wherein said cancer is prostate cancer, renal cancer, hepatic

cancer, breast cancer, lung cancer, thyroid cancer, Kaposi’s sarcoma, Castleman’s disease or

pancreatic cancer.

20.  The method of claim 18 wherein said cancer is prostate cancer.

21.  The method of claim 17 wherein said cancer is hematological.

22. The method of claim 21 wherein said cancer is lymphoma, leukemia, or multiple
myeloma.
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19. The nethod of claim 18 wherein said cancer is

prostate cancer, renal cancer, hepatic cancer, breast
wW@2008@57201 ung cancer, thyroid cancer, Kaposi' sPGHUSZA)66658

Castl eman's di sease or pancreatic cancer. 20. The

met hod of claim 18 wherein said cancer is prostate

cancer. 21. The nethod of claim 17 wherein said cancer
231 s Tematthddefl ot 1 7 2herehaid@bbo ks Ddkircdaaten 2 1 wherein

said cancer is |ynphoma, |eukenmia, or multiple

nyel oma. 23. The nethod of claim 17 wherein said cancer
241 s Thesliéthod@teh 23 AthereiQid @i QdcR s ditaabdis A3camhefifhdina or

sai d skin cancer is cutaneous T-cell |ynphona or
m“@ﬁpﬁhéﬁ@éwgﬁ@@mﬁ | ynphoma. 25. The nethod of claim2 1

wherein said cancer is multiple nmyeloma. 26. The

met hod of claim 7 wherein said disease is
25.c habhscrehediglai) 24 whetesnridxapeer isapultigig eygloriod of

claim 26 wherein at | east one nutation of said nutant

JAK2 resides in the pseudo-kinase domain of said JAK2.
26.28. Thereethrsk t{slpim {7 vWhiersihsaid difrepecis phasagitatized Beagetant)AK2.

nmyel oproliferative disorder. 29. The nmethod of claim

28 wherein said nyel oproliferative disorder (MPD) is
27.pol Theyndiead o clagm 36 (vbefein a¢ desstroné ajutatinn ofdasloyotastiAK 2 resides in
the biellio- KIS Rl BLARLARLA W th myel ofibrosis (M,

roni ¢ myel ogenous "1 eukem a (CM.), chronic
nmyel ononocytic | eukemia (CMW), hypereosinophilic

H tem t ] di. SNED) .
28,30 PRI i 7 R Giedar uaen iREIRE dpeg

i nflammat ory di sease. 31. The method of claim 30

wherei n sai i sease is an inflammtory di sease of the
29,y e il ek TS RFese o okl HGr Do o0 (A O
polycythemiid vesa (PWY Sdstdntial throlnBbdyltiethia QIT) CATISIA GlekaplasiaSyith3 3.

he nethod of claim 30 wherein said disease is an .
mygﬁtﬁrf %‘Wﬁ’ dreaauzelggenpydeykeayin (o ghronig atyelogipnocytie

leulBRED@MPIL), Uy BérBastdpHiie ERIdFonRAHES), Y L ARTRL Bla¥ il 3RERE

concerns thé upper

(SMCD)

30. The method of claim 7 wherein said disease is an inflammatory disease.

31. The method of claim 30 wherein said disease is an inflammatory disease of the eye.
32. The method of claim 31 wherein said disease is iritis, uveitis, scleritis, or
conjunctivitis.

33.  The method of claim 30 wherein said disease is an inflammatory disease of the
respiratory tract.

34. The method of claim 33 wherein said inflammatory disease concerns the upper

respiratory tract.
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respiratory tract.35. The nmethod of claim33 wherein
said inflammat ory di sease concerns the | ower
wo e@pitsavory tract. 36. The method of clai m 7 RIBEUS1008/066658
said inflammatory disease is an inflammtory mnyopat hy.
37. The nethod of claim 36 wherein said inflamuatory
di sease is nyocarditis. 38. The nethod of claim?7
35.wheTled metiad 6 otlihSasehetesn daglinfathRatoBischitSioaseriy the lower
elated to an ischem c event. 39. The nethod of claim
“”W“ﬁﬂ@gﬁfn sai d disease is anorexia or cachexia
resultlng fromor associated with cancer. 40. The
cla n17 erein said disease is fatjgue
r es et’P‘ﬁ F 4, (9 g7 e fad @gamwryccgmggrls ap pfla@narn o g
an&nﬁ eating cancer in a patient, conprising
adn1n|ster|ng to said patient a therapeutically
ef fective anmount of a compound of claiml1, or a
37.PhafBREMd SFRlalin 39%@1@‘1@3]@&@&&1&5&%5@9& is ﬁlgocaéhﬁ'éet hod
of treating rheumatoid arthritis in a patient
conprising adm nistering to said patient a
38.t hefl@%éfﬁddc(ﬁ lclay Qf\}Jh%&tlﬂ 51 AIRUNG isglfxen‘ﬁa g%@ﬂ&lﬂﬁfor%lated to an
claiml, or IRarmaceutlca y acceptaﬁ e sa
wdﬁh@r@@ﬁt 43. A nmet hod of treating prostate cancer in a
patient conprising admnistering to said patient a
therapeutically effective amount of a conpound of
39. CI éﬂmniethocdrof alaph @ whaceuhidodidehse inammeptiad cactealatresulting from or
assdd %dew h Cancer A nmethod of treating psoriasis in a
% nt conpri sing adm nistering to said patient a
therapeutlcally ef fective annunt of a conpound of

r rnpaceut i c ceptabl e salt
-+ heEangdor Refa? R Brok Bipst 5 B i et vassacinied
wnmaﬁm@nt conprising admnistering to said patient a

therapeutically effective amount of a conmpound of
claim1, or a pharnaceutically acceptable salt

41.they ﬁl@ﬂlocli Gftregﬁng"@inbﬁdn Phatleh€ %ﬂlﬁf’su@’a%hgﬁlgeﬁﬁgtt@fgéléﬁht?ent a
el or|1 brosi s in a patient
therapeutlcan?}/f effective amount osra compound of Elalm 1, or a pharmaceutically acceptable

salt thereof.

42. A method of treating rheumatoid arthritis in a patient comprising administering to said
patient a therapeutically effective amount of a compound of claim 1, or a pharmaceutically

acceptable salt thereof.

43. A method of treating prostate cancer in a patient comprising administering to said
patient a therapeutically effective amount of a compound of claim 1, or a pharmaceutically

acceptable salt thereof.
44. A method of treating psoriasis in a patient comprising administering to said patient a

therapeutically effective amount of a compound of claim 1, or a pharmaceutically acceptable

salt thereof.
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conprising adm nistering to said patient a

therapeutically effective anount of a conpound of
W@R@BMsR97 or a pharnmaceutical ly accept abl e sal PCT/US2008/066658

thereof. 47. A nethod of treating polycythem a vera

(PV) in a patient conprising admnistering to said

patient a therapeutically effective anount of a
45.compaetiddof tredtmig multiplomyeomh ar npcient domalibiyg admiaiteaibg & said

sal t .t hereof ...A nethod of treati.ng. essentjal .
Pl 4B ey F v R iR PRRUN T pSprbAB el gt Liokg Phimaceuticaly
accaglnblebAttheresty t 0 said patient a therapeutically

ef fective anmount of a compound of claiml1, or a

pharmaceutically acceptable salt thereof. 49. A nethod
46.0f A heHold @ tréatiag siyslol A eeplses with nieldablosie MEMPhiaSiafiéht

admnistering to said patient a therapeutically
ComiTISIERI P LeTgHe SB PalicRighiBeraprytiely Sfigrthie pmogpt of a compound of
claiaha,ro@a9@44mageah&amyae&?abgkameth%@bf. thereof. 50. A method

of treating a hematol ogi cal cancer in a patient

conprising admnistering to said patient a

47.theg ﬁﬁ%‘éﬁ io?ﬁ*.l:éti)ﬂ% Bl &7hdnYie vﬁ'Wt in gfé)al?eng l%gﬁ’;g%ﬂ% a‘afninistering to

claim1, or a pharfraceutica accept abl e
saiq préieeioftherapeutionlipe ffbrsire amownt bt tergpavhd ofélainnis et mgenous
habfAK e gg;%‘g il i ent conprising admnistering
PhAo sgtlgggﬁ]‘[’)ati en?égal?tﬁggég{peutl cally effective amount of

a conpound of claim11, or a pharmaceutically

. . . d of i ng.
. 2B AR 1 20k 0SB0 R PTG P S

em a

adnomstpringiorsgid pdtidning geenpeutigaliyoefatict ga@tunesita @mpound of claim 1, or

t her apeut.ically effective amount of a conpound of
a phapac! tic,ah%?ccgp%l?‘}%ﬁﬂ’atggﬁ?fiecaI |y acceptabl e salt

thereof.53. A nethod of treating chronic

nyel onpnocyti ¢ | eukem a ( in a patient conprising .
49. S8 PPRPEPY gt TSR (BN P QBB PR Blering 0 aid
patiéiitfa@Rdrapeati @Iy Bitéctiol amo® BPPetMbohd 64 @i 11 or PPphadmaceutically

har maceuti cal | acceptabl e salt thereof.
acce%table salt thereof. y P

50. A method of treating a hematological cancer in a patient comprising administering to
said patient a therapeutically effective amount of a compound of claim 1, or a

pharmaceutically acceptable salt thereof.

51. A method of treating chronic myelogenous leukemia (CML) in a patient comprising
administering to said patient a therapeutically effective amount of a compound of claim 1, or

a pharmaceutically acceptable salt thereof.
52. A method of treating acute lymphoblastic leukemia (ALL) in a patient comprising

administering to said patient a therapeutically effective amount of a compound of claim 1, or

a pharmaceutically acceptable salt thereof.
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53. A method of treating chronic myelomonocytic leukemia (CMML) in a patient
comprising administering to said patient a therapeutically effective amount of a compound of

claim 1, or a pharmaceutically acceptable salt thereof.
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