PYRROLJ 2, 3- D] PYRI M DI NE COVMPOUNDS FI ELD OF THE | NVENTI ON The present

i nvention provides pharmaceutically active pyrrolo[2,3-d]pyrimdine 5
conpoundswendiiznasioogues. Such conpounds are useful for ipolmitB2od/ng4danus
Kinase (JAK). This invention also is directed to conpositions conprising
met hods for maki ng such conpounds, and nethods for treating and preventing
condi tions nedi ated by JAK. BACKGROUND OF THE | NVENTI ON 10Pr ot ei n ki nases
are famlies of enzynmes that catal yze the phosphorylation of specific
residues in proteins, broadly classified into tyrosine and serine/threonine
ki nases. |nappropriate kinase activit arising fromnutation,

over expr essi on, or i napB?’BBﬂ'—Q@%%ﬁﬂMMHE MPOYNDR i on or deregul ati on,
as well as over or under production of growmh factors or cytokines has been
inplicated in many di seases, 15including but not limted to cancer,
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Thus, protein kinases have energed as an inportant class of enzynes as
targets for therapeutic intervention articular, the JAK famly of

n
cellular protein tyrosine QAQMQUQIQFT{%ERQVENE@ and Tyk2) play a
centrab rol e pPotehykipkdddars FgnRdd dS’fganQ%hé§mb€&ﬁalg,’§@ﬂ1e¢ihosmﬁatlcﬂ{m2_ 285, 1,
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receptor, khaﬁsebyap‘dr@@talté\gn@@cé@nw siising frbArmetagaialoveexprekaetlgs, notably,
menbers of the signal tran ducer and activator of transcrllptlon ( STAT)
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Formula 1:, or a pharmaceutically acceptable salt thereof; 10wherein the A
ring i s haBeassyclyl wherein the Aring is optionally
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TPO), receptor tyrosine kinases (EGF, PDGF, CSF-1, HGF), and G-protein coupled
35 receptors (AT1).



R2 is selected fromthe group consisting of hydrogen, (Cl-C8)alkyl, aryl,
aryl (C1C8) al kyl, and (C3-C8)cycl oal kyl (C1-C8) al kyl ; R23 is sel ected
from t he woaop/@smgi sting of hydrogen, (Cl-C8)alkyl, arpCI/1B2010/054447

het er ocycl yl (C1- C8) al kyl , and (C3-C8)cycl oal kyl (C1-C8) al kyl ; 5R29 is
selected fromthe group consisting of hydrogen and heterocyclyl; and

R3 is selected fromthe group consisting of hydrogen, (Cl-C8)alkyl, and
(C3- C8)cycloal kyl (G -C8) al kyl ; wherein aryl, wherever it occurs,
is optionally substituted with one or nore substituents selected fromthe

group consi st 0 al o, ano, (Cl1- al kyl, 10hal o( C1- C8) al kyl,
and (Cl-C8) al?@g?fema'”sa”%%&’é ngﬁé‘ﬂ (-,er“(%%?l{’ fis %%%ﬁ%%é‘?‘yi’% A s,

opt i onal | gna/acksl, ndRBRGIARY | yApsybmket siic@ér Wkbh one or nore substi tuent S

sel ected fromthe group consisting of oxo, cyano, (Cl-C8)alkyl,

(C3-C8) cycl oal kyl am nocar bonyl, and (C1-C8)al kyl sul f onyl (C1C8) al kyl . 15
DETAI LED DESCRI PTI ON ‘@m\nm\\m{n@i:mmal\mleNmonnre careful |y under st ood

fromthe foll description ven of exa The present

i nventfon is %%8‘%’@3'0{‘63 '”?9%% At ;S?/?—[?'BP%L[@?éhﬁpgg?r?M@s ﬁ‘%thlf‘orrpounds I n
parti cul athestrfi@uriergtsent invention is directed to 20pyrrol o[ 2, 3-d] pyri m di ne
conmpounds usef uL as inhibitors of JAK. Wile the present |nvent| on i s not
solimte ppreci ation of various aspects of the invention will be

gai ned thr ough the foll ow ng d ssion and the exanpl es provi ded bel ow
Definitions 25The foI | owi ng |!I\| st of definitions of various terms used

herein: The synbol "Pr represen u nt of attachment. The term
"alkyl" refers to a hydrocar bon radf caI W-#1g§ a straight or branched chain
or conbi nations thereof. Al kyl radicals ca be a univalent, a bivalent or a
cyclic radical. Exanples of univalent al k?\ cal's are met hyl , ethyl,

n- propyl, isopropyl, n- 30butyl, isobutyl, butyl, t-butyl, pentyl,
neopentyl, hexyl, isohexyl, and thg"4'ke. H2 H2.1 -“CH2-1 1-c-1 1

- CH2- OH2- CH2 Ex b | ud CH3 H2I 1 -C
-CH 1, and th:rrlpl Eg pﬂé;?pdcgﬁ{ %P%é;%%bléegﬁtﬁ@e%}c’ggfcglg i ncl ude

cycl op@opyl cycl olherdin tf@y‘\:l‘ll@p@rheidrocycybl ohexyl, and the Iike. The

term *al koxy" mean%v@elﬁylhe%r.nq;@%@ﬁbﬁgu?épgg%u@d@ﬁh@ﬁébpﬁn%r@aﬂ)\sﬁmeﬁeéa”p' es

of such a substituent 1nclude hox N- pr opoxy,
i sopr opoxyele@ﬁd FamdRky grdupacobsisitngyf hatee carbboxk wyance oo, auyloxsteranycly HE1t i ke.

The term/ M apsy 18 te oC 138 1gent_ cont ai ni ng
from3 to a%&gpa(gw%)gr bonEZl%to 6@(6&% egé(gﬁ@coﬁgﬁl nEE )trNoFsm to 8 carbon
atoms. A MRCIRAI-KRIHO)RE, A (R oﬁjoézazycwoczr.a@-sozwﬁ R Mdrecsim ther(Sed

rings.sSugh, %ﬁgg?&%lﬂ gutSQt'iRﬁ?d \Wﬁ%UH@ r A% st‘?{Lerﬂé@gBEt‘é fr%hﬂﬂ}egrcgdpng

structures su cyc opr opy cyc utzg cycl opent é/ cyc %g
the |ike, conrsisingof pdle, avang asylr hrteroceayl s Qi a@%@éﬁmn{\@ﬁﬁ -SHONRIER lke

The term ¥l an r ey I ;|mg from6 to 14
carbon ri nsaiat cs)r(rjlsrR Tsse@Zt eFr@nI?a;?u(ﬁ ?Zg@'@ ghhcyotm Si n§)$and nmul tiple rings.
Exanpl es of aryls |RnclISl§§@C}§IdéW1 thergaipit ¢raisisting of udcoxyrRad{Gl-Colalk@xy:he | i ke.
15The term "aryl al HndTEAID: al kyl substituted with aryI wherei n al kyl and
aryl are as define ﬁgove The term al kyl am no" neans an al kyl

subst 20ut ed ani no. Rthie selecieddion theasownednsistindal Rygrogsnd(CGi Gd) gy,

substi tut hhox fBRCLENIG, sRRTEREKaIkRRA BN RE -co il £l b saramche depi cted
Cs)alkyl, (C4-Cs)alkoxycarbonyl(C1-Ce)alkyl, halo(C1-Ce)alkoxy(C1-Cs)alkyl,
heterocyclylcarbonyl(C1-Ce)alkyl, and aminocarbonyl(C1-Ce)alkyl;
R12, R13, RM, R15, R16, R17, R18, R21, R22, R24, R25, R26, R27, R28, R31, R32, R33, R34
25 , R® and R*are independently selected from the group consisting of hydrogen and
(Cq-Cp)alkyl;
R' is selected from the group consisting of hydrogen, (C1-Cs)alkoxy, halo(C-

Cs)alkyl, and aryl(C¢-Cg)alkoxy;



20 The synbol "C(0)" represents carbonyl which also nmay be depicted as: o
The term "oxo" nmeans a doubl e bonded oxygen, and may be depicted as =0. The
term " hydwoxyit/m@s7o2hydr oxyl " neans OH . 25The term "hydPoIyBRidgh3444m2aNS

al kyl substituted with one nore hydroxy, wherein hydroxy and al kyl are as
defined above. The term "halo" refers to brono, chloro, fluoro or iodo. The
term"oxy" neans an ether substituent, and may be depicted as -0-. The
term"sul fonyl" means SQ2-. The term "thi 0" nmeans HS-. The term "al kyl t hi o"
is an al kyl substituted thio, which is al so depicted as: aIkyI S-1, wherein
thio and al kyl_gre as defined above. 5The term "hydroxyal k hydr oxy
SUbst 1 ut od uIRaTS SORAFHBIRE enGPURCOMRINGE TG, (hy Erayberyiarufs T ne

li ke. CG)a'Rbeah@(még)@lcQailﬂyl(u oﬁgn@n aI kyI substituted with one or nore
hal o, exanpl es_j,ncl ude f] uorone

é ﬁy thrlf|& ron?thy and the
li ke. The ternﬁi fret ?%%@/E?'Vihe %9‘51 §°'&"‘rﬁs"lﬁ‘ﬁ§£f‘m 99 (CsSelid 8yl or part| ally
sat ur at edhd#Frdc gy|§¢1r@(ggmweammaggguya@amyp(@p@g)amﬁ 3 to 14 ring atons. At

| east one of t toms is a heterogato ni trogen, or
sulfury, with &%ﬁﬁ%ﬁf%”ﬁ 9{8“%?95}??t'8%i"ﬂ]@5§4r?ﬂfé‘ rP9y°§’élaé‘9t ed from

t he group consia@tg delectdd mﬁlﬂwgroopﬂymtmglot hg6gen, a0ACHHkYIUaRd (-

het erocyclyl Ie ring, which typica Iy contains from3 to 7
ring 15at Gﬁ)&y%‘ﬁ&%%g ly from3 to 6 ring atoms, and even nore

typically 5 twrﬁeréuh@gylahmraverﬂ deetiel @Q)X)ﬁbﬁ/dlly%awstﬂijté@whﬁ oRe ©f mdrd used ri ngs.

oo e BRI ok e ot b Ra P DR oo 1

benzofigr anxbCEcy)akyl, an @abamoxyi soxazol yl, oxadi azol yl, pyridazinyl,

pyrimdinyl, pyrrol opyridinyl, razolyl, pyrazinpyl, pyridinyl, quinolinyl,
D et t arol vl WD RSP wreleRe SR (S pbitr e atg libodnaBtty
2, 7di azasglhwsmtwecﬁﬂvmecﬁ@w maRrGubbituéhts eelected fron the et donsisigsofaixe, descri bed

o1 oct od PTGy Brtenika Coriea RalyEERERaEing: sid Eatca ARt ord iy be

identical chalkgr. different fromthe other substituent(s). The term
"lI'ivestock" refers to aninmals reared or raised in an agricultural setting
to 25hake products such as food or fiber, or for its labor. In sone

enbodi ments, livestock are sui[bEfbMeEanEsonmmui on by mammal s, for exanple

humans. Exarrpl s .of livestock an| such as,. cattle,
Gonts. hor sea. T Beerioh SaHSS Tl Wl VifEoSaam o pleEnS JeSTfnn as i r ds,
such as Cbiv@nkagn&/,ayd)ﬂémmﬂdnlfyurl'he]bﬁesent invention isTiesctea tona" daygAni on ani mal "

f t h | d
o ude. aETASE AU RE Za el un oadRlEr e Sesdn Rt Ro ATy
gui neaopi gﬁrrolqerﬂgd]bwlrﬁamtcbmpbum usreabbsﬁmbubwdsfejm anmdndathé@sesent

The phrase "therapeutically-e e" indi apabi ity of an agent

to preventVeon 'ﬁﬁ?to%'“ﬂ'l‘?g %%9%9%’3?'9“%“ V?H%“%??&P{ﬁé%? Y?’E'Oax‘hyﬂl

adver se spéiae@tHreaihsthé fdllppingadidoussiss and aleakawiplds mbligddiedlowe t her ap| es. The

phrase "therapeuti cally-effective" is to be understood to be equi val ent to

the phrase "effective for the treatnent, prevention, or anelioration", and

bot h are Defigitisidd to qualify the ampbunt of each agent for use in the
rovenment in the

nmbi
Cover B2, of oo Bl Bt bbadFlb Bl ek R e S | o ang
t he frequency -ﬂ; ésy?rﬁiogw rgé'%%e']g%??ﬁt ;ngﬂtof%ta&%& agent by itself, while

avoi di ng adver se e eff associ at e with alternative
t her api es. The term "alkyl" refers to a hydrocarbon radical having a straight or branched

chain or combinations thereof. Alkyl radicals can be a univalent, a bivalent or a cyclic
radical. Examples of univalent alkyl radicals are methyl, ethyl, n-propyl, isopropyl, n-

30  butyl, isobutyl, sec-butyl, t-butyl, pentyl, neopentyl, hexyl, isohexyl, and the like.

Examples of bivalent alkyl radicals include f—or— E §—c - —§ o CHZ_CHZ_E



"Treating"” or "treatnment” neans an alleviation of synptons associated with
a di sease, disorder or condition, or halt of further progression or

wor seni ngwof2otimgsm®210synpt ons. Dependi ng on t he di seasePamdBmadoisttdon of
the patient, the term"treatnent” as used herein may include one or nore of
curative, palliative and prophylactic treatnent. Treatnent can al so include
adm ni stering a pharmaceutical formulation of the present invention in
conbi nation with other therapies. The conpounds of the invention can al so
be adm nistered in conjunction with other drugs and/or therapies. 15
Conpounds of the Invention Anong its many enbodi nents, the present

i nvention in cI des conpounds or pharnaceutlcally acceptable salts t her eof ,
havi ng a $t+rcledrb Eﬁ gls

het er ocycléyl %ae},%qggﬁ@g%%%&ggmgaw a”8/p ona §In%% Ctlébptr{;f%}};d wi th one
or nore subﬁ@huttyhe]ycbpsmylecyoﬁmekyloanotﬂhe lige.oup consisting of hal o, carboxy,

: : t ycl - .
Te(0) Rz, - o oS AEGYSatns altie, iRt s e T 80 ST ruo,
- N( R18) S( 0f) R %, subSHRER6nCletedm e BORNRM:RRY), etivreyr eipnopaxe, i6@Iop@&C8) al kyl is
ti | ti i t | ected f th
oroup. sontitLl PRy ePb Ry b BRRG, LIRSS BHMELFT) * S0r0s, °~ 00t 0) Red.
-NR25R26, - C( O)HeRRMRAYCloaBR Biean$e 2RB6ated mms;&m@bsnm@m)tm@y meh and

- N(R35) S( g)tg%&]t 20%2”3',(])% a?trﬁjng&%_ rafbryoéHnE%ﬁri@frgM% dﬁr# é"tgmgf hydroxy and

(C1-C8)al nts romt e group
consi sti ngydﬂallfwma@@em anglﬂcmpaihg}br mun@mmyem@amsszh ayoydalkyl

(C1-cC8)al kyl, (C1-

C8) al koxy %’g onyﬁ@%iap(ﬁgy E%ﬁ% %}ruﬁ} %ﬁ%ﬁ%@clﬁ@oﬁ%

het er d@ycbmlm%mlbpemmswlmtyl a@ddh@hhmgcmnltphey'ln(g&ruclayw dughasbR12, R13,

R14 R15 @%ﬁ Eg%ﬁ andife iR21, R22, R24, R25, R26, R27, R28, R31, R32, R33,
, are | ndependent ly selected fromthe group consisting of

hydr ogen and (Cie-tedh adrkly means an ardRigicicartmey eyl tceatainingirarh € tgiégprboonsi st i ng

of "y oaggl oeA: GRLALIKPIY oHBLRLCL Gkl AHRIHBL T ke 1082 T

sel ect ed group consistin rogen
aryl (Cl- ©8ludklppenylareph{h@lngs poy tideaylkand toelies) al kyl ; R23 is sel ected

from tbe grou 0} c Y, Y-
het er ocycl yl (g”%%%lirwgyl fng'g}{%él‘kg%&g?/tg og%laé(@l\l-w&')g{gl%lw ;and anyl are R29
i s sel ect esld¢firemhaboee.gr oup consi sting of hydrogen and heterocyclyl; and

LSRG s sel cotfih LEREIARAL HnEAG] bRy BledURBIPe W ClEihaldy ! . and

(C3- C8)cycloa eln ary erever occurs, is
opti onal | ?Otbub@tqatkuta;w dii Sdh@ltldtonrmr e substituents selected fromthe

t ‘ h I I Cl1- C8) al kyl ,
gr oup Sons! ot i1, @ Aok s K11 G ?h.&%erevgb@e'e piclRAl )al ky

and (C1l-C8)al kox 0 er eteroc y it occurs, is
optionally and independently substitut wi th one or nore substltuents
selected fromthe group consisting of ¢xo, cyano, (Cl-C8)alkyl,

(C3-@8) cycl oal kyl am nocar bonyl, and,{€1- al kyl sul fonyl (C1C8) al kyl . In
sone éfbodi nents, the present invention ifncl udes conpounds or

25phar maceut i C15He| éeylnﬁﬁtﬁ?ﬁgbz Ere%éﬁt%%artdaﬁi}lex‘mmh Q?Nhﬁg b8 Rblcikitdy e according

to formula | wher ring is selected fromthe group consisting of
optionally substituted piperidinyl, pyProlldlnyI azetidinyl, and

pi perazinyl. In sone enbodi nents, the jlresent invention includes conpounds
or pharmaceutically acceptable salt hexgof , having a structure according
to formula I 30wherein the Aring is?selécted fromthe group consi sting of

< apt i onal |y RIS (arPLmeals f BHe B el o BaR R ia e EurBE PR a0t T om t ho
group consi st iTg tefm tadbaxyyor ‘Gydoryl” means OHuor o, (G - C8) al kyl, phenyl ,
25 The term “hydroxyalkyl” means alkyl substituted with one more hydroxy, wherein
hydroxy and alkyl are as defined above.
The term "halo" refers to bromo, chloro, fluoro oriodo.

The term “oxy” means an ether substituent, and may be depicted as -O-.
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oxadi azolyl, pyridinyl, pyrimdinyl, tetrazolyl, pyrrolidinyl,
-0P(0) (R10)n, -OR11, - OC(0)R12, -C(0)OR12, -C(0)R13, -C(0)NR14R18,
- NR18R17,WwON(R1B}©0e0) R19, - N(R18) S(0) 2R19, -S02R20, an@CTSBRANMRAURP?;
wherein the (Cl-C8)alkyl is optionally substituted with one or nore
substituents selected fromthe group consisting of fluoro, 5cyano, phenyl,
pyridinyl, piperazinyl, pyrazinyl, pyrazolyl, pyridazinyl, isoxazolyl,
pyrimdinyl, pyrrolidinyl, -0R23, -0C(0)R24, NR25R26, _C(0)NR27R28, _sR29,
_s02R30, SOZNR31R32 and -N(R33)C(0)R34; Rl is selected fromthe group
consi sting of r%aotroxy ?nd (C él koxy; n is one or two; 10Rl11l is selected
from the group! EIREY sHYRYY! o’f‘eﬁ]ﬁ)‘% gen, nethyl, ethyl, isopropyl,
tert-butyl, amm@aﬁ tqm@yhféah@},qs et hoxyet hyl , di et hyI am nocar bonyl ani no,

di et hyl am noc rbon t phen , and rrolldln carbon Irrethyl R12,
R13, R14, RI5, IIQfBYm%'?V' é‘an@%" S#@Sé',t“t%ﬁ"o g& eF@s R31,

--.32, 33 K R - R34 are i ndependently sel ect ed fromthe group
consi sting of ?wydroge , wire tefiry thjo amjalkyllayd as A&Re8 absvesel ected fromthe group

consi sting of tert - but tr| net ho and
heny! et hoy: THE A HharagabauP s iiroesube e PR SeamBB TR Eor hydr ogen,
et hyl , phghwgkymdieyiztwldroxybthgldret thy like.and cycl opr opyl net hyl ; R23

IR 6 T e R 0 K
consi st i ngpchie fiydmoogphyl, aundnpyleihgli tIyIquoramdatrRB and tiselikect ed from the group

consi sting of A 0 y I ein
phenyl , wher evﬂ%/eqfa?nggrc%é%rrggcr&%{sm%p |agr¥n%qsﬁ'§d?%8§ g étﬁ ODA’,J\A[}%A’% ﬁgtu\é\gr.{gémr e
255ub§0| t uemsisumﬁbe:omamlrfga)mtalbmgm Mpng:etmmsstAtrlrgasbbné bilibe aing etcarsois aand

et hoxy; ei 0 I I a2|nyl and
oyr i das nyPer gl B oD i or e A sera LD P RSPt R

substi t uemﬁdspmddantlhsael&ﬁ@d fommgbhe groeptcsnsisting coipﬁrbonad)ﬁygeranultrogedem@dent |y
substi t ut WI th one or nore substituents selected fromthe group

consi sting o{ oxo, cyano, nethyl, ethyl, nethylsulfonyl nethyl, and

30cyc| opr opy| ahetecaytpingdy be a singlel imgoweick mypoctillyeontaint frenmpd &sernbg | nvent i on
i ncl udes 0 t | e ving a
St uet tr e anRo ey PleaRp TR gt Horko. 26 ERERBicke BRlsby § REBARL oot o
from pi peAlhsIaltetyd:yclypmay(alsodJer%/br 3 tuzed ridgsyiExangies @leETaQMCIyIsI lncI\MIrer ein the A

ring is OBEé %ra '%Z%&gﬁ?/ h&)l%h%q m%@er%l 3aaperf@£| 1tuwents 5sel ect ed Egim

t he group cons het er ocycl yl ,
C8) al kyl , tett@P(lﬁ))IéRaﬁ)})I rhenzo@aeAqlyl- Iﬁl{D(zOl)JI%l@j furgy (Dr)ldmmyl |s@(a®9)IR13xad|azolyl

%ghﬂﬂ%@%amgyﬁ n ?‘3' %5&@%%5&%@“/”% I g%\@I( S%r%ﬁygsqtu;n? Et edovm ? Edone

or nore stﬂ@@zolylum'razolweyletbtaewrmhcmnyltInezcgylo&ﬁdiemmiirst4151@eaahylmlddhe tkeano,

|, het 38 S R29,

" S02R36. ?ISSZBIF%IFI%QF%?W%%Q 5? é@'”g Nﬁg‘%%%?%%‘%%é%@ 2 g, S
sel ect ed Badnsubistitugniosipelednd irsiepertdent otipdothey. Bach §udbtCBMEh&refore mayi s one
or two; gg | j)rs i gt edy r SRt rﬁSstﬂﬂé)rH@ consi sting of hydrogen,

c1- ) al R§1"RSa1% i ‘Ik'Ie, ﬁ, )
ECI C6g gl kyl ant h);adreg;( )I;%yaytlg(?)mﬁefe)és)talaigrzals (e@iredDB) ralskd iy ¢Cag o8 talak setiing 101 -
ot or gty ol Y AR BaksI<pED o0 (LAY et 8L It A K A od i Evestock
%g %g aRlsijtalRe Sor drnEyMRION, byROGN TR | forlezampIRqumaRBS Exmelesmnfvestws R31,
consi st ng%m@ré%%@% angs’?’é% b%?i%ﬁ?%%&t %ﬁ%g Fﬁ% %{i??dfdhﬁol%ﬁ]t e group
consi st i ngndfablbiielrasyeat, aS(tmﬂst)caIals@hg@kemrioQﬁland%%aWyI and

| (C1-C6) al rm f
e |y somogo k| B4R ROUAn G2 "EL 00

( C3- C8Y cy codroparken e@natsemdmkq/but are not limited to dm&% cats, deeistireaidingom t he group
consi st ngarﬂgtemgﬁmgggigsg é%rbig%rﬁnl tKgllike,%Qﬂits, ferrets and birds.

The phrase "therapeutically-effective” indicates the capability of an agent

to prevent, or improve the severity of, the disorder, while avoiding adverse side effects
5



25het erocycl yl (C1- C6) al kyl , and (C3-C8)cycl oal kyl (G - C6) al kyl ; R29 is
sel ected fromthe group consisting of hydrogen and heterocyclyl; and R3 is
sel ect ed wpamtdag7ogr oup consi sti ng of hydrogen, (Cl-C6) &ChkyB201a/n4447C3-

C8) cycl oal kyl (C1-C6) al kyl ; wherein aryl, wherever it occurs, is
optionally substituted with one or nore substituents selected fromthe
group consisting of hal o, hydroxy, cyano, (Cl-C6)alkyl, hal o(Cl-C6)al kyl,
and (Cl-C6)al koxy; wherein heterocyclyl, wherever it occurs in the Aring
substituents, the R23 5substituents and the R29 substituents” is optionally
and |ndependentl%ﬁsubstltuted wi th one or_nore substltuenﬂi sel ected from

the group typisady @ Oﬁl@t%WlMterw%ﬁH}eI’?mﬂs @eaq)mﬁe ‘therapeutica ective" Is
(C3- C8) cyd] malikderaod oy dinlent We(oﬁfas@%@édﬁyé whﬁ@mﬁtm&r @%)/@htt@hl In

sone enbodi nents, the present invention jncludes congoun

phar maceubt %’BP'I%/até’é‘cé;S‘f’é’Slﬂba@é”tFB BTy Ay ter @‘F'Iﬁﬁ%‘rt E’réfé%lﬁ‘r ding to
forml a | eelddniiion thdigoy wWhich Qill SchRik itngdd) Bf mﬂa@\xdntem& pth®iséVerner or nore
substi tuent s selected fromthe grouy Istin %ar boxg cf%/ano 0Xxo,
f1uoro? @ﬂ”“@é)"éf(ﬁ%awﬂﬂ Hyaseg étﬁ"g%’&ﬂ?ﬁamﬂ‘ﬂ“&d R/ ine HeaERRYAT ny | |
tetrazol and@Méé &\ drdieBivhent oﬂ@idﬁ)a@@ﬂaﬂbﬂtsdf%ﬂa avoﬂﬂgpécﬁb?se siddé@cR12,

-C(0)R1 ,C%&NRMRlS, -NR18R17, g C(0) R19, -N(R18)S(0)2R19, -
S02R20, aW(EI"C- m'ﬁ@ﬂ'”\/@{@f@“ﬁef% F('%?l C8)al kyl is optionally substituted
}N:th one or 15’rémh§ c&ubééthﬁuem@ns@h%mé\ﬁglnd‘nlr&@ymbﬁmwéﬁs@cigt@asmltai lng of

uor o, ano, n ridin i_perazin razinyl, razo

by § dazi nyeosies BRGRET or Eohssen e RS pbress Ry ior wotkoise ™ 1EEE0] Roa,
- NR25F@6t s;&rﬁﬁt@hﬁR&)ﬁaB@ﬁdmg_&R&% dls_ée{%'é%ﬁﬁ ,C]E)n(ﬁ@&id \lﬁi&ﬂ&ﬁataermﬁﬂe thﬁRlﬁﬁét@(eQ) R34; R1
is selecte m t he consisting .0 roxy..an OXy; nis
oneor & wBs VIO GRS ENs PP N FRURITS TG OB G ogen
(rjret h%/lh | etrbytment. S'mééfhmﬂt cait 8lsb 1rmmladnarmsteﬂlg@é lpﬁﬁmteﬁiﬁtjméh fﬁ)rmtnlhm;ryeré hyl,

i me api nocar am.no, m nocar bon an

rrol o R eE R Ry EnE § Romfnstions BT o RerMerepiee. fihs Compslnged thep ro,
R24, R25, mRBl@tlon%ﬁ ald2& adﬁﬂu,stdrecﬁﬁ?conﬁlﬂctl@nl?rvlth otaaddrigtad/er thedpeendent | y
sel ect gd fromthe group consisting of hydrogen, nethyl, and ethyl; 25R19 is

sel ectled fromthe group consi sting of hydrogen, tert-butoxy,
trifluoroge hﬁxﬂndgeﬁhmxyweandnphenylnethoxy, R2 is selected fromthe

group consi sti hydr oge hen enz henyl et h and

cycl opr opyl met/gfa?”g ts thany &Boaithen SRE@ Fﬁgsegl |”(¥8‘f %/‘PI%CH%) pQPB?J% consi sting
of hydr ogpharntetitidally advepidble g yidréofnydvires Mpfruct@adcesrdingps epmunst hyl ;

R29 is selected fromthe group Insi sting of hydrogen and pyridinyl; and R3

is selected fromthe group con i ng of hydrogen, nethyl, propyl, and
cycl opropyl net hyl ; wher & X wherever it occurs, is optionally
substituted with one or more substitle selgected fromthe group
consi sting of fluoro, cyano, and nethoxy; wher ei n i soxazol yl,
oxadi azolyl, pyridinyl, piperazinyl, and pyN-eQzinyl, wherever they occur
in the Aring substituents, the R23 substilt s and the R29 substituents,
are 5optionally and i ndependent |y eslast i tuted Wi th one or nore substituents
sel ected fromthe group consisting of oxo, cyand, nethyl, ethyl,
nethyP@uIfonyhﬂﬁﬂh@ﬂheANGQGWQ@©®$W$#1aninocarbonyl In one
embodi ment,  t hg, &L Stﬁ@AfranYéa&&StloﬂQI 3) QpsHaRs vﬁﬁ'ﬁ?%%%r@%u@&@féﬁ%ce““ cally
acceptable salts t ereo structure accordin romula |'b: 10
wher ei n tﬁ@le@ta%&pmtth@gtcypaqoes'atylgd@hal@edanb@xy rcasarrmpamaryl heterocyélylolfe-
enbodi meng,, ; e.®p ) | Nt by Fﬂ@|6@§ §@n@ggggs @<3ﬁn?n§uceutlcally
acceptable §a ;s tﬁgﬁﬂ 19haV|nS@aO stgu E)rg ac di ng]t2 ornula |1l
)C(O)R -N(R ()JS(O)ZR -SO,R%, and -SO,NR*'R Whereln the (Cq-
25  Cgalkyl is optionally substituted with one or more substituents selected from the group
consisting of halo, cyano, aryl, heterocyclyl, -OR??, -OC(O)R*, -NR*R%*, -C(O)NR*"R?,
-SR*, -S0,R*, -SO,NR*'R*, -N(R*)C(O)R*, and -N(R**)S(0),R%;
R'is selected from the group consisting of hydroxy and (C1-Cs)alkoxy;

nis one or two;



R2a R2b Formula Il H 15wherein R a, R113, R2a, R2b, R3a, R3b, Rd4a, R4b,
R5a, and r-sbb a K are independently selected fromthe group consisting of
hydr ogen,woantaadyio2cyano, hal o, (C -C8)al kyl, aryl, het ecoapuiighia447

-0P(0) (R16)n, -OR11, -0C(0)R12, -C(0)R13, -C(0)N R14R15, -NR16R17, and -
N(R18) C(0) R19; wherein the (Cl1-C8)al kyl is optionally substituted with one
or nore substituents selected fromthe group consisting of halo,

het erocycl yl, -0R23, -NR25R26, - 20 C(0) NR27R28, -SO02R36, and - SO2NR31R32;
Rl is selected fromthe group consisting of hydroxy and (Cl-C6)al koxy; nis
one or two;

, R11 |s selected fromthe grou onsi stjng, of hydrogen,
(C1- CB) al kyl , RS wSiSrkisay fes S5 SPRYFING 1 BYGRGSTD St boRYY BHAre8y ST ky!
R12, Ré?», cBgnwlt,lBﬁW,,(clﬂa;@)talkd%fﬁ]ind&foﬁn%rcﬁaﬁyl, R%Yc@)m&yf(@ﬁ@ Alkyll (€1ang R32
are i ndependen sel e romthe grou nsi sting .o rogen an
(C1- 8) al By PIkORGP S s DU s bl SR GY R pCoRNY: S Piogy Y Caemgan and
ﬁrél (C1- C@;%)glflygg})g{d a?ifiocarbon{|@13cei)§§<)ﬂ9| eétg;ad from 'ltéhezeg.roup9 coér;si sti ng of
ydr ogen, - . _arvl. ) y ) vl
R3 is select eoﬁf’r'ngsn %ﬁeRgr upR?g%;i’gtg}’r%’(ﬁ% zg?%gé%,’%zé%é@%al Jligle,%‘fmand
(C3- C8) cyrPoahkRPYd mdepaidently sdionbefremnth@gtup cORSIERGES hylirogeGHhG, 1S

optional | il sggski tuted wth one or nore hal o; wherein heterocyclyl,
wher ever (&roodlt¥s, is optionally and independently substituted with one or

more subst it UERT ss scded Remithdgolp eomkisting cﬁﬁg&bgéﬁ,'wr@fs)a(k@iy, hel)el-kyl and
(C1- Co) al Eyl @&Lfongl 3%06 alkyl. I n sone enpodi nents, the present
i nvent i on“PREVLERS 2RY M GEIRIOXEr  15phar maceutical |y acceptabl e sal ts
tﬂge; qué havi rgz"as sdlédied fior tl@élgl@tjﬂicﬁgsiétmggﬁhwbged,|(C\éVG€)©RzDaR:I,®,ryIR%b, Réa,
13, a 13, Rda, R413, R5a, and r-s5b r< are independently selecte
fromthe Sﬁ)gﬁ%" 66%&‘?%?@%0?%1’@&%:02)&@?([’ fluoro, carboxy, cyano,
( 8( - )C8) al kyl , mAensdiectexmehazelmup coﬁﬁ’ét&b(dﬂﬂ:@drﬁger;, che)\?hrk?@éﬂ/),mﬁ,
-C(O)R13, -C(0 4 - NRL 7, .and - R 0) R19; erein the
(C1- C8) al R?tgchfcwgg;q1?%53”‘1’@”&@@@@?@8'Wﬁ%ﬁégﬁlg’ lor more 20substituents
sel ected frompHe gty femn HesdromgcHsistihg of Bydreyen dhaizictarbeydpy:randi nyl ,
pyri m di nyl, wrolidinyl, -0R23, -C(0)NR2 Yfg S 0, -S0 &L@R?,lRSZ, and
PN RES) & o) R e et ira e obe BRSIBO 6F BUAEOUBn e SErAY 0P E e oy and
et hoxy; nCkBy&cRkyNC1OMEIky25R11 is sel ected fromthe group consisting of
hydrogen, nmethyl, ethyl, tert-butyl, isqpropyl d am nocar bonyl net hyl ;
Rl2, R13, Ria,WHEIEH sl ahhagver iasclingip bty Rusties Wk 806 of B8 r om t he
group consitsstituegtsadeldrysty fage the grethydnsistiing oehiy] HydRE, ¢yanse(Caaalkyi,r om t he
group consi stin hydr nd phenyl net hoxy; 30R23 is selected fromthe
group con ?'8{¢1h(85)%bl’h%}ﬂjr(g%§)f?aﬂf%¥’hyI , cycl opropyl methyl, and phenyl; and
20 wherein heterocyclyl, wherever it occurs, is optionally and independently
substituted with one or more substituents selected from the group consisting of oxo,
cyano, (C4-Cg)alkyl, (Cs-Cs)cycloalkylaminocarbonyl, and (C4-Cg)alkylsulfonyl(Cq-
Ce)alkyl.
In some embodiments, the present invention includes compounds or
25  pharmaceutically acceptable salts thereof, having a structure according to formula |
wherein the A ring is selected from the group consisting of optionally substituted
piperidinyl, pyrrolidinyl, azetidinyl, and piperazinyl.
In some embodiments, the present invention includes compounds or
pharmaceutically acceptable salts thereof, having a structure according to formula |
30  wherein the A ring is selected from the group consisting of piperidinyl, pyrrolidinyl,
azetidinyl, and piperazinyl;
wherein the A ring is optionally substituted with one or more substituents

selected from the group consisting of carboxy, cyano, oxo, fluoro, (C4-Cs)alkyl, phenyl,

7



R3 is selected fromthe group consisting of hydrogen, nethyl, propyl, and
cycl opropyl nethyl; wherein phenyl, wherever it occurs, is optionally
substi t utwo 2ei ttdasmre or nore fl uoro; wher ei n oraditB200/93440r

pyri dazi nyl, wherever they occur, are optionally and independently
substituted with one or nore substituents selected fromthe group

5consi sting of nethyl and nethyl sul fonyl nethyl. In sone enbodi nenst, the
present invention includes conpounds or pharnaceutically acceptable salts
t hereof, having a structure according to forrmula Il wherein RL a, Ri b,

,-,5a, I-K apd R5b are hydraogen; ... R2a_an b are, i ndependently
el ect ed PIEIRANE PyRATY. EOHINED) Iyeeynguralgian. QIR0 BB hoxy. —and
benzyl oxyo@(ORY | -aiDIBR'?, -C(O)R'RIT(QNR'MRY, ARESRYideprfoeanRY, sel ected from
t he group sistin f rogen, , hydroxy, hydroxynet hyl ,

iy oxypr B ISRy SO Ao SOEN B B MR O B eGPy |

net hyl ani passHtdeith okl 6t MleatibBRaEto eBbted HdhEe gAdtipvdRaIBIR A fluoro,

am nocar bonyl et hr%/‘ , ﬁ@eﬂyl,, nmet le sul f qn | met hyl O,Eadl azol yl,

pyri mi di nw%& AR, PrPy RIRSAT AW PG FINY &wwﬁs«hoﬁw AEhIRPREEMY 1, and

Cyfl opr gp]gsi/rrmitji‘rh I, Bytrdliamyl, n@RFi’ylo_c:@)et]f“, F]NI(?:IZ‘LSRFQ,ZJ«(B?(O%Ng”RZq, bsraqg,e—goaeté‘p?rdent ly
sel ected from.ths, gr G t, ng of hydrogen, hydroxy, carboxy, uor o,
trifl uoro%ﬂblt %gaagﬁ(%ﬁﬁzéﬁ? ‘et hoxy, met hyl carbonyl,

met hyl car bony|Rifigsbledi@d Mythaiss HrR largistogesr Rydroxy@idya scH)diksxyl met hyl

di met hyl am nosul f onyl net hyl , propyl sul fonyl net hyl, hydroxynet hyl,
ani nocar bonyl ," $@RRI%H%r bonyl net hoxy, ami nosul f onyl met hyl |

PFt hylloﬁadi azqwlﬁs Téhe’dtédifrm|tﬂi@%ﬂ§)dgcomgtrng|df di/drpyére tinthyl, @R, isopropyl, ' ud
uor ophepo t . In sone, e iments, tre resent invention includes
compounds B¢ BYHF HERERIPPEATF Y EDEII Y S BS WM iNe Y BRIRA ng a struct ure
accor di ngdiethyfaorinddadbdnlyinvdigylephenRl agd pfrdidinytcafb@dnylmethygnd RSb are hydrogen;
25R2a and R2b ane.selacted {4 om Lhe ar Qup 6onsi sth 785228 fdrogen,; et hyl,
met hoxy, and _nz§|0 yc%rbgny awknofg’ga’Faﬁgg’jidq%%’ ar sglégtéﬂmfrom
t he gr oupR&ansirslepattcdtly byldsted@om thy arsup doysismgyof ysigex ety hnd ethyl;
hydr oxypr opyl , @€t hyl , hyl , et hoxy,. Jret hoxymet hyl, nethoxyet hyl
ot hy 15 nos iR, 1oy e PTRUE SPRRE of BB ArA-REGAH SRGTOm gy o -
30am nocameeiixl nefdpHenylplegivkly; Vci-- and0; and Rzia and R4b are
sel ected fromthe gro ons] sting of hydrogen, hydr , .car box fl uoro,
rE 1 uor oty TsHetEd Ry SrobS Byt Ay eamh gl pHeny. By
met hyl car peenyanglrend dyelopsdpgiardioyny| am monet hyl , met hyl sul f onyl net hyl
di met hyl am nosysf onyl E | ,. propyl sul.fonyl hyl ., hydr oxynet hyl,
a nocar bony! e reE BunyEERY 5 eiSie s BTt rode TR AEN: and
20  pyridinylmethyl, and cyclopropylmethyl;
R? is selected from the group consisting of hydrogen and pyridinyl; and
R¥® is selected from the group consisting of hydrogen, methyl, propyl, and
cyclopropylmethyl;
wherein phenyl, wherever it occurs, is optionally substituted with one or more
25  substituents selected from the group consisting of fluoro, cyano, and methoxy;
wherein isoxazolyl, oxadiazolyl, pyridinyl, piperazinyl, and pyridazinyl, wherever
they occur in the A ring substituents, the R? substituents and the R?® substituents, are
optionally and independently substituted with one or more substituents selected from
the group consisting of oxo, cyano, methyl, ethyl, methylsulfonylmethyl, and
30  cyclopropylaminocarbonyl.
In one embodiment, the present invention includes compounds or

pharmaceutically acceptable salts thereof, having a structure according to formula la:



In sonme enbodi nents, the present invention includes conmpounds or

phar maceutical ly acceptable salts thereof, having a structure according to
fornmul a Iwowhew@sm2Rl a, Rlb, R2a, R213, R3a, R313, R4a, PR4AB201RBH447and
r-sbb r< are independently selected 10fromthe group consisting of
(C1-C8)al kyl, -0P(0)(R10)n, -OR11, -0C(0)R12, and - C(0)NR14R15; wherein
the (C1l-C8)alkyl is optionally substituted with -OR23'" Rl is selected from
the group consisting of hydroxy and (G -C6)al koxy; n is one or two; Rl1 is
sel ected fromthe group consisting of hydrogen (G -C6)al kyl, and (Cl-

15C6) al koxy(C1-Co6) al kyl ; R12, R14, hydrogen and (Cl-C6)al kyl; R23 is

sel ected fromthe group consj \g of hydrogen and (Cl-C6)al kyl. In one
enbodi ment, the present inve SfpJud s conmpounds or 20pharnaceutically
acceptabl e salts thereof, seleeted group consisting of
N-(trans-4-{[(3-met hoxypiperidi n-P _CHs

yl ) sul fonyl ] net hyl | cycl ohexyl ) - N- net hyl - rroIo[2 3-d] pyri m di n-4-am ne;

-1 -[({trans- 4[nethy|(7H—pyrroIo[23d]pyr| -4-
yl)anlno]cyclohexylInethyl)sulfonyl]plperl ; 25(3R)- 1

[ ({trans-44net hyl (7H pyrrol of 2, 3d]pyr|md <
yl ) am no] cycl ohexyl | met hyl ) sul foﬁy"lﬂ}l'pl'aperl din-3 Fbl

3R) - 14({ (1S, 4S5 H | i di n- 4-
1) mai o) Gyl SN YSEAF ST st BV, g iofyh 26 fafi, Bnd "

trans- (R) pibefazihy( met hyl (7H pyrrol of 2, 3- d]pyr|n1d|n 4-

098 2T (O s LoueiSnd RTo % Sulop Al BB ot oty STohdeins
%/g%??mlm?]( ??dﬁgg&gmﬁggdﬁgzﬁﬁwihbw b%nbgiyg ym?&wcofkﬁ(o aéryl, heteddcpdy(C -
mir alkyhat 1 sul P P QONR'R™ -
)5/:'331??1&2%] N&‘{F{@eNZTﬁ)EI(EJ&VeNOJR%S%)ié? E):S'@ERZi add]-rzzaizlf\laﬁw(é? meiehyin Jrey(Ch-ohexyl |
: t
(1 rans. iy BS oRBuTR SRR WhOAor 88 FByk e RGPPA EIRE . N et ny

|-7prrrob@{szst|ag@}pg4mcyadorary« meterveyclyl, -OR??, -OC(0O)R*, -NR*®R?*, -C(O)NR*R?,

ﬁ(agggrr(‘%—% §92% ﬁ’cﬁ%ﬁlgﬁﬁl %;ﬁ-sxclé()ojlgw (}/IP\](E@J)Q(H)IF@;CI ohexyl ) - N- et hyl -

{14({trans-4- [W@tlshsdléd’éd} foyrnitid gfodp Sendigtnyiofhgdroxyand (C4-Ce)alkoxy;

yl ) am no] cycl ohexyl | m;t hyl ) sul fonyl ] pi peridin-3-yl | nmethanol;

Ngt r ans- 4- ({[ZP (s Fi%)?’i’/?‘ret hyl ) pi peri di n-1-yl]sul fonyl | met hyI ) cycl ohexyl ] -Nm
et hyl - 7H pyr r dR'O[2se3ealdpirori nhalgroud cansisting of Bydro¢nT(@nSsyaikyraydrpky(C:-
(7Hpyrro

J1 ani no) E9BlghaR) eIV T Ber et (5P REPRGEPI. Grag) - 1
- [ ({(15S, BRakEkycaroat/H@- Cé)a[kmehhle(ﬁCd?wa!y(@d-@é)ﬁlkﬁ,— laktproicyatylcarboryd(C:-
(3R 4Ry - 1CPERE B “%ﬁﬁbﬁt%@%éla%ﬁi o2, 3 Gl pyr 1 di n-4-
20yl ) am no] cydR'6rRRyRI*net°hRI®) &, REhRA, bazi‘ dizgeRzg R R8I RY, R*, R* R¥,
R* and R* are independently selected from the group consisting of hydrogen and (C-
Cs)alkyl;
20 R' is selected from the group consisting of hydrogen, (C1-Cs)alkoxy, halo(C-
Cs)alkyl, and aryl(C¢-Cg)alkoxy;
R? is selected from the group consisting of hydrogen, (C1-Ce)alkyl, aryl, aryl(C+-
Cs)alkyl, and (Cs-Cs)cycloalkyl(Cq-Cg)alkyl;
R? is selected from the group consisting of hydrogen, (C1-Cs)alkyl, aryl,
25  heterocyclyl(C1-Cs)alkyl, and (Cz-Cs)cycloalkyl(C1-Ce)alkyl;
R?is selected from the group consisting of hydrogen and heterocyclyl; and
R¥*is selected from the group consisting of hydrogen, (C-Cg)alkyl, and (Cs-
Cs)cycloalkyl(C4-Ce)alkyl;



l4({trans-4-[ nmet hyl (7H pyrrol o[ 2, 3-d] pyri m di n- 4-

yl ) am no] cycl ohexyl | net hyl ) sul f onyl ] pi peri di n-4-ol ;

(3R, 4S) - WpEptwveasm24- [ net hyl (7H- pyrrol o[ 2, 3-d] pyri m di nPET/IB2010/054447

yl ) am no] cycl ohexyl | met hyl ) sul f onyl ] pi peri di ne- 3, 4-di ol ;

254- (2-met hoxyethyl)-1 -[({trans-4-[nmethyl (7 Hpyrrolo[2,3-d]pyri md in-4-
yl ) am no] cycl ohexyl | net hyl ) sul f onyl ] pi peri di ne- 4-car boxam de; and
N-(trans-4-{[(4-nmet hoxypiperidi n-1 -yl)su

| fonyl ] met hyl I cycl ohexyl ) -N-net hyl -7 Hpyrrol of 2, 3- d]pyrlnldln 4-amne. In
one enbodi nent, the present invention includes co

30phar maceut i c"éhqr9'”é'63ée‘%'feéBYeé itooeprs. isopHely SHERA ngé)&"tgpf‘ﬁé’f U8 accordi ng
to fornul gubdiidienwhicidy frdie tHugstp Eoriting aF Baldshydedxynenborc fayamyia | 1.

I n one enpodi pen the present invention includes conpounds or
pharnacegpﬂeghﬂ§5%5ﬂéﬁFﬁghéEEQVV¥ t hereof, having a structure according to

formula Ilb: Wr@hfhetdﬂ@c}@lyb&meféwﬂ&60@Jr§|n8tﬁe%G‘fdg@@sﬂctgéntEthRP?a 1.

I n one_enbodi nent, the i nvention inpclude oun
phar rraéeu?'i‘t??tgp’ie?tsaﬂf@éﬁ? %bl %ﬁ’éBtIUF%tst Ieprligrallyiang! r}tUcSPE?tEUtSHMPdl ng to

formul a | bhé or more SRbatittéhts B8aRea floatiRe R rép Jonagbrhlj)obeXBOéy“édba(d 1dg)dtkyl,

10wherein , 1 R7a, R713 13, a,  an b are I ndependently

sel ect ed f&gﬁﬁ)?ﬁga&y&%“% nyh @ﬁg?gr§§9'§v'a§%qyl<€y§ﬁ§%v'ha| o0, (Cl-C8)alkyl,

aryl, heter OCYIﬁ|s}9$h13 embBIA(rRr{(t&10 Breserﬁl%ﬂantlo@%@gzé’%ao%@rﬂ)sNR;L?;R15
rein.the

(cN:?l?:sR)lgl RE}‘? g@%ﬁ%&‘%ﬂewb&ﬁﬂtﬁ?ﬁ% gh%'s'%e"\l SR a6 dng (e farntil3dat

sel ectigd {vhersirt it Qriog B GRIBRAIBtIUBSLtOled WYRNDe cﬁlrmdre simuaremsywledted fréfR23, -
and (C1- o ﬁ&%@onsw g obraby” Biggo. oo, MRy I e BT B BRH: PRARDIE of pup
ﬁogflo )s(tl( g gyriafinyn ) é: féﬁzo%)@rrgh’dmyl AOP(0)(R&h 0 (GRTB)BE(O)R.?, -

st %&&ﬁf}% @%&1 N R B R EIR ENRESp 2R, -

(C1- Co) al S%R@aadnp:adz(u@ F@G)vaidﬂyh,th@@ﬁ@h@zﬂkﬁwwdtlb@b@béﬂltkmb witrghe or

heterocycl | carb and

r 6 5L e PR SRISC b oo e9RSHas §f Bisko GRS SheRY. HHORYHr ogen
and (G - Cpipatdgifyl, pyrazinyl, pyrazolyl, pyrlab9|nyl$|ssﬁz©€yll Qﬁrlfhfdlrml tyEoioP-OR3Hsi st i ng

7 om the. GRAAIKCONE: 2t G IR oot SO Gupaehi Rt ol RSB S ky1 -

R23 is sel ect elzzl‘ofsrmdtérﬁfr@ﬁom)g:@opsbﬁmtmg Dhydredy age(C,-CAke®) al kyl , aryl,
and heterocyc“ﬁ1&$ ﬁﬁéalkyl; and 15R29 is selected fromthe group

consi sting of nd heterocyclyl; wherein aryl, wherever it occurs,
i s optoonally Fs1uln§§elédﬂéd3ﬁomﬁthélgl©[]§ comsumg@agmsgért uesih e, seyleisd@dpylr om t he

group Con?eirts t}r/.\gamlnocart)ohyl&ghyl ePhoxye?ﬁ()X dim %y%%lnocarbonylamlno
diethylaminocarbonylmethyl, phenyl, and pyrrolidinylcarbonylmethyl;
R12, R13, RM, R15, R16, R17, R18, R21, R22, R24, R25, R26, R27, R28, R31, R32, R33, and
R* are independently selected from the group consisting of hydrogen, methyl, and ethyl;
25 R' is selected from the group consisting of hydrogen, tert-butoxy, trifluoromethyl,
methoxy, and phenylmethoxy;
R? is selected from the group consisting of hydrogen, methyl, phenyl, benzyl,
phenylethyl, and cyclopropylmethyl;
R? is selected from the group consisting of hydrogen, methyl, phenyl,
30  pyridinylmethyl, and cyclopropylmethyl;
R? is selected from the group consisting of hydrogen and pyridinyl; and
R¥® is selected from the group consisting of hydrogen, methyl, propyl, and

cyclopropylmethyl;

10



wherein heterocyclyl, wherever it occurs, is optionally and independently
substituted with one or nore substituents selected fromthe group

consi sti nyoah11(odiz0220C6) al kyl and oxo. I n sonme enbodi meRCT/IBH@0FIM€S ent

i nvention includes conpounds or pharmaceutically acceptable salts thereof,
having a structure according to fornula Il wherein R6a, R6b; R7a; R7b;
R8a; R8b; R6a, and r-s9b r< are independently selected fromthe group

consi sting of hydrogen, cyano, fluoro, (C -C8)al kyl, phenyl, pyridinyl,
pyrimdinyl, - 25 ORl1, -0C(0)R12, C(O)NR14R16 -NR16R17, -N(R18) C(0) R16,
- SO2R26, and - SO2NR21 wherein t he 4% Kk ptlonall substituted
with one or no¥RETENMHSENYIGEhRrevardy Fréd'sf B%‘%Héuﬁ?’%‘ﬂﬁd YRN8 OF R9%f cyano,

phenyl, i s@etigehyl seléuémerfc&m ltHéngrou@MdSr%Zdtlﬁgbf flud6.a%ahy,landivétheyny|
pyrrolldlnyl -0R23, -NR2 and - . R11 is selected fron1the gr oup

consi sti ng of "thd?'Bg%)ﬁfaZ%t ?fgﬁd'aZPlé(lﬂtpy%(MMlpm%"é?'@ﬂp%jp@/}f” AW HRIEKSTT
di met hyl afe @@alﬁrb@mélmﬁh@s{ubstldleﬂtshﬂe&ms@Ql@ﬁlﬂtmlfé/éﬁmﬂwbﬂzg sixatughts, ard

pyrrolidi n R16, R17, R25, and
R26 ar & | AGKSD Sehoa '|n§E Salbbery IR ﬁ}eo%rpsn%ﬁgg%tttv%ﬁs %%'ewﬁffe

net hyl, amzl,» by bonsisting of i3] Bydr, FRUBE b)), niemiduien ginetnyl, eaasi sting Of
hydrogen rt- b t 0X and tr| fl uor onet hyl ; R2 selected fromthe
group con§Y QW?@’ %%P‘Eﬂj’ &n, et hyl, benzyl , and phenylethyl; 5R23 is

sel egt edI from|Ff¢ae@maun¢@mahelbie@lntgﬁ¥dmdm Q%Qlles e&hpyindsphenyl ?ng g
pyridiny sel ected fromthe group consistin ydr ogen
boa byt aptgaceutcdfl gieplabie BHEBArEo i R R TG ceoranate [5elRghal 1 y
substituted with one or nore substituents i ndependently selected fromthe
group consisting of fluoro at hoxy; 10 wherein isoxazolyl, pyridinyl,
or piperazinyl, wherever the ¢ g7 tionally and independently
substituted vmth one or nore substld‘ae el ected fromthe group

consi sting of oxo, nmethyl, and ethyl. “N“Min sone enbodiments, the
present invention includes conpounds or pharjpaceutically acceptable salts
t hereof, having a structure according to f 11 15wherein R6a, RG6b,
and R6b are hydrogen; RThand R7b are inde E o~® sel ected fromthe group
consi%i ng of hydrogen, fluoro, RydlLa%. cyahHo Hret hyl , met hoxy,

met hoxynet hyl , hydroxynet hyl, phenyl, HCCH3 0 CH3'H C pyri di nyl, and-9 |
R8a and R8b ar\mgreldelpeeslﬁsnwleytsgeéeebleﬂhe‘drfoml?drhﬂulaglr oup consi sting of

hydr ogen, 20fl uaro, anm n et hyl am noet hyl ,

et hoxyet hoxy, BEREERVERAGASS BisngiBaR0R0 Meegy FPEMMS 2ar bonyl et hoxy
met hyl am poatiacemidally aiepidotudalte thdreoff havidgum siounatdre lccerd ing iy Faumulzdl:
hydroxynet hyl, cyanonethyl, phenyl .. benzyl, fluorophenyl, pyrimdinyl,
pyridinyl, nethylisoxazol yI et byl , \/pyr gzol yI met hyl , pyri m di nyl net hyl ,
benzyl sul fonyl, benzyl et hyl %u Jret hoxybenzyl sul fonyl ,
25pyridiny|thionethy| f | uor ophénox nethyl, cyanophenoxy,

pyri di nyl met hoxymet hyl , CH O "
|‘\O
R R O/\O\N,CH3
N7 N\
Formula I kN/ '
15 wherein R', R'™, R, R?® R* R*®, R® R*, R®, and R*® are independently

selected from the group consisting of hydrogen, carboxy, cyano, halo, (C4-Cg)alkyl, aryl,
heterocyclyl, -OP(O)(R"%),, -OR", -OC(O)R"?, -C(O)R'?, -C(O)NR™R", -NR'"°R"", and -
N(R'®)C(O)R'?; wherein the (C;-Csg)alkyl is optionally substituted with one or more
substituents selected from the group consisting of halo, heterocyclyl, -OR%, -NR*R%, -
20  C(ONR?R%,-SO,R*, and -SO,NR*'R*?;
R is selected from the group consisting of hydroxy and (C1-Cs)alkoxy;
n is one or two;
11



et hyl pyri di nyl met hoxynet hyl , pyrrolidinyl carbonyl net hoxy, o NOH3 | , and
R6a is selected fromthe group consisting of hydrogen, nethyl,

met hoxynewbybiv/dayweoxymet hyl , met hl ypyridi nyl, and pyrr ®@CraBzjd/054447

In sonme enbodi nents, the present invention includes conmpounds or
pharmaceutically acceptable salts thereof, having a structure according to
formula I'll 5S5wherein R6a, R6b, and R6b are hydrogen; RThand R7b are

i ndependently selected fromthe group consisting of hydrogen, fluoro,

hydr oxy, cyano, nethyl, nethoxy, nethoxynethyl, hydroxynethyl, phenyl, HCCH
CH3c N, and R8a,and R8b are independent]ly selected fraomthe group

consi sting of ﬁvﬁ%%ﬂ%ﬁ?d @Pﬂ%b@@ﬁpﬁ9@?%%§fﬁaw$ﬁg?méﬁrﬁ@@gwbsﬁ

g_t h%'Lalm ng@y‘ermkgcwdlawt Htah@ém%diﬂﬁrawwmm)lagw@r lbonyl ?ﬁti]ox?/% |

i et hyl am nocaron X n nme sul f on
trifluorometh Ed?%o%?l%%i g;RhyB?oE%%@%i%f;%%ﬁéﬁgﬁﬁp I?“ﬁﬂ&ﬁ%ﬁ?eﬁ@h is
ﬁelject ed %dﬂ@dlﬁb@ gmhggmu@?@agiiﬁdm?r@aro@yﬁlbﬁ@@@rcmr:@yli met hoxyrrft hyl, .

ydr oxynet hyl , c : - A n sqonme enbodi ments resent invention
i ncl udés conpd%1néss396?0t‘ff1a1g?’ﬁéa]%9e91&°Pe&PW‘%}StQSé’ZBY(g’BQ%P ay @@Dﬁﬁ&»@ XY:havi ng a
structure accRAiiggléded Pomihaiglolp caMMIRG I Rydiegen, RBPCo)BIkRI, afyl ind R8s, R3D,

ROa, and r-s9h r< are {ndependently selected fromthe group consisting of
hal o, (019@8)(‘3%4%'(%1:%@1@% d -N(RL8) C(0)R16: wherein the (Cl- C8)alkyl is
optional |y sulmPigd#letedtdm thdddtdap consisting BLAydrsgsrel@ctedikir ema {dye group

consi sting of hydroge nd (Cl-CB)aIkoxy?ClCB)a?kyl; 25R18 is selected from
t he group é%ﬁ@?%ﬂ'%'%?aﬁf@drogen and (Ci-Ce)alkyl; RI19 is selected from

tEe gnoup C0nS@/h:‘ér@aiﬁ@rﬁ{wﬁﬁéﬁ@@%ca@gis(&éﬁo@%%h%ﬂ?ﬁ)‘te(lj 76 ohs osmb?hﬁd froLn

t he group consi stin ogen an - al, . n.one e I ment, the

o esont P avenctien derea b SHERIALE GFUsa Rl ARRIT e abl o sal 1<

E ?‘ﬁ[ eof , ls@dsmﬁaﬂwftm ona bhao®r UBBLItAOTSs selettad frofm the Broub-donsidtisy &-(Cret hyl
pyrrol.o

2, 3- rimdin-4-
yl ) ani no) 99)@[%@9&/(?%1'r?@i’e}‘lvl'%’ﬂ?“ryé@ﬁﬁ?ﬁ}‘fyﬂ-o| i din-3-0l ;
{l(s?r , 4r) ] 4- rfrltIE)sbmlé/éﬁn{ﬂcﬁ&ﬁ@wté[tlgémﬁe}@yht(iﬂ\}énpyrg ﬁm@lu@b@;:?’md}ﬂtdéiom di n-4-
yl ) am_ no] cycl ohexyl | net ul f.o yrrolidin-3- met hanol, :
! (5 ARy L Brarroh topl Faoebiablagt et e 2 pBrclird sCapBges et
10yl ) am nahewal RPeRY| RifeRAY RPS R, &5, IH DR, aniddR P a-ibidd peati&stiydelected
from the group consisting of hydrogen, fluoro, carboxy, cyano, (C1-Cs)alkyl, phenyl,
oxadiazolyl, -OP(O)(R"), -OR", -OC(O)R™, -C(O)R™, -C(O)NR™R', -NR™R"", and -
N(R'®)C(O)R'®; wherein the (Cs-Cg)alkyl is optionally substituted with one or more

20  substituents selected from the group consisting of fluoro, pyridazinyl, pyridinyl,
pyrimidinyl, pyrrolidinyl, -OR??, -C(O)NR*R?, -SO,R¥, -SO,NR*'R*, and -
N(R*)C(O)R*;

R'is selected from the group consisting of hydroxy and ethoxy;
n is one or two;

25 R" is selected from the group consisting of hydrogen, methyl, ethyl, tert-butyl,
isopropyl, and aminocarbonylmethyl;

R R"™ R" R, R R' R'" R¥, R® R* R* R%®, and R* are independently
selected from the group consisting of hydrogen, methyl, and ethyl;
R' is selected from the group consisting of hydrogen and phenylmethoxy;

30 R? is selected from the group consisting of hydrogen, methyl, cyclopropylmethyl,

and phenyl; and
R¥® is selected from the group consisting of hydrogen, methyl, propyl, and

cyclopropylmethyl;

12



3-nmet hyl -14({trans-4-[nethyl (7 Hpyrrolo[2, 3-d]pyrimd in-4-

yl ) am no] cycl ohexyl | net hyl ) sul fonyl ] pyrrolidi n-3-o0l; (3

R, 4S) - 14(Worang4d7pmet hyl (7 H pyrrol o[ 2, 3-d] pyrim d i nPEI/1B2010/054447

yl ) am no] cycl ohexyl | met hyl ) sul fonyl ] pyrrolidi ne-3, 4-di ol ;

15N4trans-4- ({[ (2R) - 2- (et hoxynet hyppyrrol i din-1-yl]su

| fonyl | net hyl ) cycl ohexyl]-N- nmethyl -7 H pyrrol o[ 2, 3-d] pyri m di n-4-am ne;
((3S)-1-((3-nethyl-4-(methyl (7 Hpyrrolo[ 2, 3-d] pyrimdi n-4-

yl ) am no) cycl ohexyl ) met hyl suI fonyl)pyrrolidin-3-yl)net hanol

3R 4R) - 1- ({t 4-[ et h 1 o[ 2, 3-d
(20yl )aZn no][ fzgc"{’@]ﬁ%'ﬂ;ﬂ fgﬁt‘ﬁ %‘éﬁfl'%ﬁrw%] %ﬁp 'W%"&pﬁest@“ad H"tBP”eﬂﬂmoéﬁws 4- ({[(3

R) - 3- ( 2- etiisrgyet hoxy) pyrrol i din-1-yl] su I fonyl | met hyl ) cycl ohexyl ] - N

h
ge ﬁre%”hyr ZZ?{{"L%{(%)'LAZPXP%%@V Irol( g;’rl'iaﬁw b 29’!“8'[92’er BEYPRSH: 3FF @Plionally and

%/I(ég;n 20][ RepattRxyY élﬁ'ﬁ%‘hhu!!éd)\ﬁlﬁ bt r]166érsfug‘stg]déﬁIs 3eI@J(:jted %gtrﬁhéglewpyl

rans rrmadil n-4-
yl ) am noj ééfﬁ %‘H@)@{/Tn%% %}Hé“ U‘D’Eé&?ﬂﬂ%‘%}"ol i d% 3-yl Il carbanate ;
NAt rans- 4- ({[ (18 sBaréRmbbdindertbt, ithé prRsemYIfivedtion Mclirdds ¥bhssunds or
T Koo X eb i st P’ b 2B T Pt £ "
|3 87&; yl'] swlhias[éwgagatbhwa) e e Ré%wwydrobbrnet hyl -

rrolo

Nt e Ol R R 4 R Ty G ecle o e KA S9RSISHR SO RBy 1] - N e

thyl - 76+  pwr, me@{o&y%rd]u@mzylmydamoéylarmmg In one errbodl ment, the

present invent g;n I, ngl udes, co nds or har ceuticall table salts
Phercof . hai s AR Re driebeuaineaigoies To8 e B SRS el oS Mo oRBarca Rab

R9a\c//, E%}aimoohﬁﬁbiw hydrbkymethylymwr@yprdplye nﬁaluﬁ&tdtlﬁyueﬁétﬁow fneftsoxgiebthygd for
Formula 111, 5I n, ane @é/ B) B tr{)resent l!) ntion incl uq{??" Icorrpounds
or - phar maEE¥ENYy s RO BgaE syt HE DR Borero i P 2B EPY. ac cor di ng
to formnul amidobbrbolememK/b phb@ﬂ ah@thylbafcwmétwlmtaao@r @yn&ﬁldd'@fnhmﬁﬂ for
Formul a 11 nbodl re ent in |nc udes
compods MBI RYHE M EPE RN R A B PRd SH oD EP LR DY oo
structure accaRdiang R'varkoidepeaddnyy smereelfmwﬁhé@;omsism@aﬁhyman R39a and
R39b are 'ﬁe(irgf(:yt %grbfogqg)mu%rré)?trﬁlhgrlél)%ethyl, cyano, methyl, ethoxy, methylcarbonyl,
methylcarbonylamino, methylcarbonylaminomethyl, methylsulfonylmethyl,
dimethylaminosulfonylmethyl, propylsulfonylmethyl, hydroxymethyl, aminocarbonyl,
20  aminocarbonylmethoxy, aminosulfonylmethyl, methyloxadiazolyl, pyridinylmethyl,
pyrrolidinylmethyl, and fluorophenoxymethyl.
In some embodiments, the present invention includes compounds or
pharmaceutically acceptable salts thereof, having a structure according to formula Il
wherein R', R'™, R® and R*® are hydrogen;
25 R? and R?" are selected from the group consisting of hydrogen, ethyl, methoxy,
and benzyloxycarbonylamino;
R* and R*® are selected from the group consisting of hydrogen, cyano, hydroxy,
hydroxymethyl, hydroxypropyl, methyl, ethyl, methoxy, methoxymethyl, methoxyethyl,

methylaminocarbonyl, diethylaminocarbonyl, amino, aminocarbonyl,

o, CHj

L3, D

30 aminocarbonylmethyl, phenyl,
AN
2
o0/\V; and
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consi sting of hydrogen, halo, hydroxy, heterocyclyl,

(C3-C8) cycl oal kyl (C1C6) al kyl sul fonyl, arylsul fonyl, and

( Cl1- C6) alwoxytianbmay| ani no. I n sonme enbodi nent s, PCINEBIM@83IAL7

i nvention includes conpounds or pharmaceutically acceptable salts thereof,
having a structure according to fornula IV wherein R37a, R3713, R38a,
R3813, R39a and R39b are independently selected fromthe group consisting
of hydrogen, hydroxy, fluoro, pyrimdinyl, pyridinyl, tetrazolyl,

5cycl opr opyl net hyl sul f onyl phenylsulfonyl and mnet hoxycar bonyl am no.

In sone enbodi ngnts, ,the present invention includes conmpounds or
phar maceut i ca|ﬁ5qsaa€<%‘%@rseﬁl@0tse&| Trogn g @i congipling gfhyd Qggﬁc?Wf@(yaccor ding to

formul a | Yambey, ﬂu&o%ﬂaorom%?rﬂ/&cyﬁ&%%thwm am@trﬁ%ah)oaple hydr ogen; and
R38a is sel ected fron1the¢gm8ﬁ$ consi stin 6dro en oro, hydroxy,

10net hoxyE‘ﬁltrB( {RomiaRtNO BWI%FWW ylsul Héﬁlﬂ r§’u| fonyl,

pyrim di ngimeti®yrhidbsyHonylaehy, eérb@?léhlﬁbhylmethyl hydaomr&hﬁn‘gmmombﬁyl t he
present invention includes conpounds or p arnaceutlcally acceptable salts

t hereof, having a structure according to ﬁﬁg Ia IV rei 7a, R3713,
5

R3813, RBQ%"F@ﬁmﬁﬁﬁggﬂﬁ&?‘ﬁMHBQﬂ%HVm@HQ'1 a Ps ted m t he group

consisting o rogen, tluoro I n one enbodi ment, the
present inveniion incl ounds or pharmaceutically acceptable salts
t her eof 9T€§>d=str et ur ccording to fornula | Va: R38b R388 20
R39a..."..,,,, R39le0d' 0 O Forfula IVa  wherein the substituents are as
e e O oot cntbodiments, thepRAENSRRANLITRI oL BEpRARRER, | Avent | on

i ncl udes conpoun s or harnaceutPca 'y accept abl e s ereof havi ng a

st r uct ur epbayowceitivglix @core@tabiﬂ @Itsmreofmm@mg @Sm'ur@urelﬂ@swrdmé@fcsmataél as
defi ned f%eFﬂLﬁ”' ﬂ“" MZa hIZb Rempgdl rﬁsa ?;'RSE’ r%ﬁﬁ&l%pehﬁ&ﬂ@tée%tédnd udes

conpounds of pharhacéutical |y acdept'a e sa ere avi'ng a structure
accor df ngfrem thegmupa;ovs'stmmf (Crimialief.n-GR(O) (R, -OR2 ;OC(QIRY’, and< and R44

(5 o TR S eB o (RARR SRR e oo
is selected from the group conS|st|ng of hydroxy and (C+-Cs)alkoxy;
n is one or two;
R'" is selected from the group consisting of hydrogen (C1-Ce)alkyl, and (C1-
15  Ceg)alkoxy(Cq-Ceg)alkyl;
R'2, R™ and R' are independently selected from the group consisting of
hydrogen and (C+-Cg)alkyl;
R? is selected from the group consisting of hydrogen and (C4-Cs)alkyl.
In one embodiment, the present invention includes compounds or
20  pharmaceutically acceptable salts thereof, selected from the group consisting of
N-(trans-4-{[(3-methoxypiperidin-1-yl)sulfonyllmethyl}cyclohexyl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}methyl)sulfonyl]piperidin-3-ol;
25 (3R)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]Jpyrimidin-4-
yhamino]cyclohexyl}methyl)sulfonyl]piperidin-3-ol;
(3R)-1-[({(1S,3R,4S)-3-methyl-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}methyl)sulfonyl]piperidin-3-ol;
trans-(R)-1-((4-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
30  ylhamino)cyclohexyl)methylsulfonyl)piperidin-3-yl pivalate;
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wherein heterocyclyl, wherever it occurs, is optionally substituted with
one or nore substituents selected fromthe group consisting of cyano,

(G - Co) alwpl2p11z2me70¢ C3- 10C8) cycl oal kyl am nocar bonyl . | nPsomB20aobidinent s,
the present invention includes conpounds or pharmaceutically acceptable
salts thereof, having a structure according to fornula V R41, R42, .-, 43,
wherein R40, 1-< and R44 are independently selected fromthe group

consi sting of hydrogen, nethyl, pyridinyl, and pyridinyl nethyl; and
15wherein pyridinyl, wherever it occurs, is optionally substituted with one
or nore substit ents selected fromthe_group consjsting of cyano, nethyl,
and cycl opr opyP ﬁﬂﬁ%@ﬁpﬁb&WmW“7Hpy"ddz%ﬂﬁ EHENgbodi ment's, the present

i nventi onyn)mﬁ.hg]@@@omm%mglt)m%nﬂwemmwbn cally acceptabl e salts thereof,

having a structure a wherein R40, R41l, and R43 are
hydr ogen; 'emmwﬁﬁﬁ [83?%%%38 ﬁv%ﬁ#Ph@@aﬁéhﬁpwHH@r@%.ng of nethyl,

el ot apy e e Y ]W'““L$“'p“°§“'@“@p¥r' ot hear oup

consi sfing of '}'@‘Eﬁfﬁgdea%a(% ’f%elthoxy piperidin-{- ]ngﬁ a}?gey@m@?n%y' he pr esent
|nvent|onnmﬂ@hMH%@nﬁ@ﬂp@ungﬁnmfn?h@mﬁ@ceut|caIIy accept abl e salts thereof,
having a structure according to, formu rein R40, R4 and R43 are
hydr ogen; R42 '?E-étr%r%ﬁf?’é'aotrlﬁ%ptﬁ?ad'aroﬂkaEwilﬂ?myH@yfgqhwg- Ny’?‘?ﬁl‘yl'ﬂ%44 is

sel ect ed bympt@d]gymgmwaﬁm@tl ng of hydrogen and nmet hyl . I n one
enmbodi nent , res vention, i hc es co har ticall
oot abl'e’ s aNePinet D R binegtin. Lo e E IR ey BPTHEL Las Rix

For nuha ngrH_)|d[Q)meya1m|dmheamu{é$ti tuents are as defl ned for Fornula V.
Lﬂafﬂgcgﬂ??g;F?Q{E@%QﬁﬁﬁéﬁiﬁﬁﬁPQQMﬁﬂ @gﬁh%a%$?ﬁ3 gogPﬁﬂggﬁrgraccordlng to
forml a Vhjamwbeyaotexheesyhsilifohypiesidar®ypactighdined for Fornula V. 15
phar maceut cal Tyratscbiapt @sredyDer Bl VR rREY IR o o
I n one enh@&wnenqwnbmgz@ﬂg@ﬁnmmmnyﬁmh¢on includes a pharmaceuti cal
OO O TPl e VBN A Ao, 2 Dror mceut feal by e
A pharnac@mﬁmaacyaaﬂp@smbﬂgmu&ﬂ@ﬂpbbmmﬂg3mw&Mmeund of Formula la or a
DD e PR AR A LS bR oS - he present
yhamino]cyclohexyl}methyl)sulfonyl]piperidin-3-ol;
(3R,4R)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
20 yhamino]cyclohexyl}methyl)sulfonyl]piperidine-3,4-diol;
1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}methyl)sulfonyl]piperidin-4-ol;
(3R,48)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}methyl)sulfonyl]piperidine-3,4-diol;
25 4-(2-methoxyethyl)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}methyl)sulfonyl]piperidine-4-carboxamide; and
N-(trans-4-{[(4-methoxypiperidin-1-yl)sulfonyllmethyl}cyclohexyl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine.
In one embodiment, the present invention includes compounds or

30 pharmaceutically acceptable salts thereof, having a structure according to formula lla:

15



conprising the conpound or pharmaceutically acceptable salts thereof,
havi ng the structure: 10ln one enbodi nent, the present invention includes
a nmet hod wonotiasteeat mnent of a Janus Ki nase nedi at ed c@Q@iIB2036r034a47a

subj ect in need of such treatnent, wherein the nethod conprises

adm nistering to the subject an amount of a conpound of Fornmula | or a

phar maceutically acceptable salt thereof, wherein the anount of the
conpound is effective for the treatnment of the Janus Ki nase nedi at ed
condition. 151 n one enbodi nent, the present invention includes a nethod for
the treatment of a Janus Kinase nediated condition in a subject in need of
such treatnent, wherein the nethB RConqyr i ses adm ni stering to the subject
an amount of a conpound of Fo Qr a pharmaceutical |y acceptable salt
t hereof, wherein the anmount of the conpound is effective for the treatnent
of the Janus Ki nase nedi at ed %o ! 'NN%/,ZD!n one enbodi nent, the present

i nvention includes a net hod fo? t a Janus Klnase medi at ed

condition in a subject in need o?asuch tr-. wherei n the met hod
conprises adm nistering to the subject an a of t he conpound or
pharmaceutically acceptable salts thereof, RKawlng the structure:

N---->TP"  25wherein the anount rpfutihe conp&un& is effective for the
treatment of the Janus Kinase nedi ated condition. I n one enbodi nent,

t he Janus Ki nadteraipdhesestivignisiare andepined fonkermaia b di sease, arthritis,

aut oi mmune t hypgjd emb%efnﬁiﬁﬁ She Bl%@@@trmvé#l‘tlérb%ﬁl%es k&MESIHAR or T- Cel |

prol ynphocytic | eukem a, % nyl eoproliferation disorders, |upus,

mul tipl e AYdMesautically @@Cﬁpba ?(,\"raétﬁ&qrgo‘c rMingo piryatyrejascording 4o §0rmﬁ§dfq atic
arthritis, prostate cancer, T- 5gell autoi nmune di sease, inflanmmatory

di seases, chronic and acute akk ogl/af t reranspl ant rejection, bone marrow
transpl ant, stroke, asthma, gh i tructive pul nonary di sease, allergy,
bronchitis, viral diseases, of | di abetes and conplications from

di abetes. In one enbodi nent, Hug. ' e nmediated condition is

sel ected fromthe 10group consi stiing 6P ma, Crohn's disease, dry eye,
uveitis, inflammatory bowel disease, orga tWQn% | ant rejection, psoriasis,

rheurmtoid arthritis and ul cerative colitis. Phar maceutical ly
acceptabl e salts of the conpounds of fornul%; | ude the acid addition
i OFF a

and base salts thereof. Suitable &ir#'&ddit ts are formed from acids
whi ch form non-toxic salts. 15Exanpl es i ncl ude t he acetat e, adi pat e,
aspartate, bentuatie thdadslitests die eadbivreatfef Eamuiniat e, bi sul phat e/ sul phate,
]?or ate, cansyl Iﬁt ﬁe e?r{bod ot tﬁ%{é e%gﬁttlﬁ\Ien?gﬁ ?%lu%%gbo é’dn%ts formate,

umar at e, gl uceptatte, ucan Iucurona exa uorop osphate

hi benzat ephdryaiceativaty admbtﬂblaxaltd@;eréxyfdh%g)arsmwtthmmddLng to formula 11

hydr oi odi de/ i odi de, isethionate, ] agtate, nalate, naleate, nalonate,

nesyl ate, 20methyl sul phate, napht ate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmtate, FQbhosphate/hydrogen
phosphat e/ di hydr ogen phosphate, pyrpglutamate, saccharate, stearate,
succi nate, tannate, tartrate, ogylate i fl uoroacetate and xi nof oate
salts. Suitable base salts areRfor mefof bases which form non-toxic
salts. Exanpl es 25i ncl ude the al um ni um>afgi-fitne, benzat hine, cal ci um
chol i ne, diethylam ne, diolamne, glycine, sine, magnesi um neglum ne,
ol am ne, potassium sodium trometham ne and ih salts. Hem sal ts of
aci ds and bases may al so be forn®#;""for exa heni sul phat e and

hem cal ci um sal ts. For a reV|em10n SU|tabIe salts see Handbook of
Phar md@eut i calwisgeis® t. R Mgt REsR™ B "eand BN arfamepﬁéiebw Slegied foa

Vermut h- (el lg%fup}/g%‘rsw%ﬂgg? hyoptg%rn %t h&@l @-@@Sﬁﬁa@ﬂ] et @O%:?yl()f Corrpounds

of formulal i

reacting DH?éOMBnmoth”ofOﬁ(@r)Rul eC(D)MR{“REtH‘éRﬁBSL rl‘é(cﬁimé@((al)l:’or, -bas 2)0 a(rid ) by
renmovi ng 20522 i r bl e
precursorQﬂ?Qﬁ%chgﬁg%Eﬁghéﬁ?f%ﬁa@w%gﬁ& fﬂ&ﬁﬁgk%a@ﬁpﬂg(gq@%?table cyclic
pr ecur sor sulistiueaiegfscéed fsorn thet eraep @@nSIailag ahpyansi anyl. hateratyelyk QREci d or

base; ;or NFF¢¥6Q%dcgﬂmertlng one salt of the compound of formula I to

anot her by reaction with an appropriate acid or base or by neans of a

sui tabl e i on exchange colum. All threi3




S5reactions are typically carried out in solution. The resulting salt may
precipitate out and be collected by filtration or may be recovered by
evapor at w0 20ft/ab®2sol vent. The degree of ionisation i nPChaBrae/d4ti4mg sal t
may vary from conpletely ionised to al nbst non-ioni sed. The conpounds of
the invention may exist in a continuumof solid states ranging 10fromfully
anorphous to fully crystalline. The term'anorphous' refers to a state in
which the material |acks |ong range order at the nol ecular |evel and,
dependi ng upon tenperature, may exhibit the physical properties of a solid

or a liquid. Typicall ch materials do n ive djistinctive X-ray
diffraction p 1?&?%‘*%‘?\‘5?"%?9 %rOHRﬁPTﬁ'ﬁtI”ﬁgj)%Wgob\f %’Hkﬁq1f%§al'§)qué solid, are
Irrpre_ Lormal I ytrqig&ﬁ@iobmb;aaha Ihi _qui dh Upo? h_eatidng, a cEange 1]§f romsolid to
i quid propertigs occur ich is characterijs apge of state,
typically seccﬁ"ﬁ %% effj@'ﬁ%*ée gHRSPRYIg g )of hxfﬁeg?%@-gewgk am',ihﬁf@(éref ers
t;) a tsol [ @@?fk?@ﬂydrﬁxﬂbil-lda)alk:?@ (O?C@él}j@lbnﬂﬂb%_ i afbogﬂg%h!-@eo?IWIQ@&?{;)dIK%)@ﬁ,‘\a' y
structure e r v n ives a disti iV -ray diffraction
ot tor B weoRiC ReRR Gk & e i e S EHPRE IR o ent 1y i1
%ls_o exgi _binﬁnobbﬁboﬁﬂ@ﬂ_e@é)aﬁ)ﬂ, &id rﬂatélbgydlﬁhar&hﬁyl(bme)éhﬁlﬁgeffVO[n solid E 0 .
iquid is char erj,s Y, a,phase ahge, ically fir order (nelting
point'). q%%ﬁg c%r;pgun 5" %fz ’Eheapﬁi\%erﬂg’i?dﬂf}e}l?g'ﬁ%]t@8e|89tf3§tfroﬁhtﬂ9nsol vat ed
anld so: vagggpfcghmﬁngTdmya@ggm ?E@tcﬁa@@éwla usedhhe_rel n t_o desc(rjl be a
nmol ecul ar conplgx ¢ risin e conpoun e inyenti on and one or nore
Ty ancaut - oa I EIaRtd Bom tas pouR CoRgTBg o Bdrogert 15 Bake atanal " The
term 'thydhabee,-Cgalyrpl oyed when said solvent is 25 water. A currently
accepted classification stem for organic rates i s ope, that fines
o P od o o R 0 B R e ot s G Rt a1 Loy, SegantlE-
Pol ynor phicgankyn Phar maceutical Solids by K R Mrris (Ed. H G Brittain,
Mar cel Dekker,_,1995). Isplated site hydrat re ones_in ich the water
ol coll os ar e Fal sHecied PRt o i Cartin et Db oe eG R BHE PR Pt orveni ng
oLgani?: naﬁt@mg/aﬁlr(ch@@an@n@ab hydrﬁt es, the walt er Irml EC:J| es | iF | nlattice
channel s ere_ihey are next to other water ecules. In tal -ion
coor dilpat ed_hyRir 4 SRECHEMAReHToHB CRRYINEY oL hUIBasIReH BeIe Wt al i on.
V\hleln fj hfe_ soljvemgr@iﬂ_a\mt\eﬂier'e_@ergti@budgyisb@u?muytsbgs_tma@hﬂx om'aﬁf mdgy/e a ]
wel | -defi ned st oj chi one i ndependent .0 ty en, however, the
ool vent | oPISRRPis IR BB RD SES17G LRt (Gl S, aERUG bseoni ¢
conmpounds, thewiaéiamesebsyelt, wherdventt ovédrs, ideptitepnaanindesendeniydi ty and

A Lo ncl s HithOoR e oot TR o RoBAC P Oh Be AT PG Rent

conpl esesCtratkpedndidx@n salts and sol vates) wherein the drug and at |east one
ot her conponer]t are present ti stoic i.oma}.ri C @Ej non-stoidchi onetric
amounts. Conpl BREXES Mo nae @BEGP?‘?éF”d%Veé‘ '3 MCAPES CQBPAUGURESt i ncl usi on
conpl e?(Fsbhaﬁﬁcélﬁﬂdaﬂwséc@b&bleﬂ‘ﬁs lttedré &y havirgy 4 yipictarkelagcdramhgfto rechuksli

crystalli

ne conpé.exes -of _Reuks Lecyl gr constituents whij are bound
Coet her BRPBUGR moe: BovB ehe Rur B actf Gheare BEPEbty 2pEGeAdoR 6npl ox of
a neut r al groabeonsisting df hyarogah, teyafi-flaones (G-Gs) iRy, freenpl, epddied, gyyimnashyi, -
by PR R B RS0 ALIRT, S gy
gri ndi‘ng ’6% nt ther - € n',of,’i’%- , by 0.
Al mar ssonwaairMhe JC1-Zaatkyloit optidr20P4)bstiftted it bgeoemnate subgiitegntebelected
mul ti-co onemt conpl exes ee J Pnar m.Sci_, 64 . 8|) . 1269-1288. by Hal eblian
(August 1898)iNS 9roupCoRyRING ALGYN0 0 8’?y"t'?f8‘aizﬂ'¥'eﬂ‘g)?@ﬁ'”%ﬁ?yr&F'EéS" B%?g?'y'i n a
mesonor phpgriditydtegrrohisoplowsd -NR*IR*Guind -8R3’st al ) when subj ected to suitable
conditions. T mes rphic . state is internediate bet n.the true
crystal e st SRR L5 e hod Sl P PPt 3P s ol ut i on)
Mesono6 phissproayl, sthoryetisyl td@ethglainocafboayletetingeliethylaimpedrdbuyl@einhgl, descri bed
as ‘therrmﬁegrloygi c' and.aih?t 6est§1lgtbﬂg fromthe addition of a second
corrponent',o ﬁ”&&ym‘i GO ANRFHY s of vent, is described as "lyotropic'.
Conpounds t hatRRaRE RHeRPoRENRFAR?:, and Rf°rrd indtpapicatysdepbates the e

descri bed _as " a i phi.lic' and Si S f. mol ecul es whi ch possess an ionic
(such as 968B° n_?ﬁ%r{%%y%_g?erbrm_ctéﬂggr@eﬁylm non- 25ionic (such as

-N-Nr (CH3) 3) polar head group. For nore information, see Crystals and the
Pol ari zing M croscope by N. H. Hartshothe and A. Stuart, 4th Edition
(Edward Arnol d, 1970). Hereinafter all references to conpounds of
formula I include references to salts, solvates, multi-conponent conpl exes
and liquid crystals thereof and to solvates, nulti- 30conponent conpl exes
and liquid crystals of salts thereof. The conpounds of the invention

i ncl ude conmpounds of formula | as hereinbefore defined, including all

oy -, " Y o o Y



or onto the body, be converted into conpounds of formula | having the
desired activity, for exanple, by hydrolytic cleavage. Such derivatives are
ref erred wo 2as1/04pr00dr ugs' . Further informati on on the u®eTaB2po/esnags nay
be found in Pro-drugs as Novel Delivery Systens, Vol. 14, ACS Synposium
Series (T. Hguchi and W Stella) and Bioreversible 10 Carriers in Drug
Desi gn, Perganon Press, 1987 (Ed. E. B. Roche, Anerican Pharnaceuti cal
Associ ation). Prodrugs in accordance with the invention can, for
exanpl e, be produced by replacing appropriate functionalities present in

t he conpounds . formula | with certain noieties known to those skilled in
the art as Hﬁ)?eé?qt%(gfroﬁéh%%@HP|CB%%S“”Bc9f hydrgagl: dert-pion5888i gn of
Prodrugs meﬁDnﬁmﬂmgaard (El sevier, 1985). Sone exanpl es of prodrugs
in accordance\gﬁr1the |nv%nt|on i nc|] ude: conmpoynd of formula

| cont ai ns a Far B8iegied {rogting oreHRtansising W“g/(j ethé(h%%%yera”fjher eof, for

exanpl e, eind wher ei n t he hydrogen of the carboxyllc acid

functiona |ty th ound of formula ( is repl (C1-C8)al kyl ;

(| |) wher e thefg;z %Fﬁ?fé‘%fﬂgo'ﬁf %ﬁOHBICQ”ﬁ'StE‘Sr?FéY $89¢h f@aﬁ ¥1f/'uf"\%(il onality
, anpfkhamn§Margmj for exanple, a conpound wherein the hydrogen of

the al coho tionali of the co und formula, | | s replaced by
(C1- Ce)al kano ﬁy%?é?%?fi %FO'HN&P% oHp o %F’@ O?Bgdreg%e%wr@fny¥ ormul a |

Cont ains a p“vwvé’rym@heﬁ}ﬂc\ﬁh&@‘vef iteBciS, | %wwbmampgh%wutéd Nlthi%n@lb[] mohd-R wggre R
an a e e conpoun er as t case may

e B e sne s et siatng of tbre BRY tthsStng of

forlrrullal i s/ ameeréuamécaemlylbyyr(d(alﬁ G_iifanﬁa}dﬁm@?ydherd\‘vurﬂubyzbcaxamlo@ﬁ%rm‘ny |

repl acenen rou W t t he ol Nn Xa es. an exanpl es

oo Do aais bl SHRSLEE T Me rimers BrEaHE dep St Rordn e Pibes.

Mor eover, C@ﬁmﬂmg@f@ﬁﬂmﬁmﬂmgn@bﬂWQrnula I nay t hensel ves act as prod rugs of

ot her conpounqs of form i.ncl in the scope of the

t hi
i nvention are H@PQS&W“F@gn%FS&@hﬁ@ﬁﬁﬂemﬁpygbmﬁwpﬁsFomPﬂﬁp Si%, conpounds
formed i npNarRacuipiallpetepiably St teredf, hdvengli Bguctie e ceymand &ﬁrrrmfa 1l
netabolite C gd tg(%he i nvention include: (i) where the
conpodnd Y e?ﬁ}ﬁﬁ g %ﬁtéVh YHOMEY hyl group, an hydroxynethyl derivative
t her |e(|2f (- CH™amx R@dgé)r&jep%ddehtly\b@éaetﬂ Eemcuarérgmuqad;oﬁé|sfirﬁgr<fnumly¢:1rot;e|;$o\rll\;1 ai ns
an al kox 0 r ox erivyative ther : i ere
the compolRIOGNAGY nfﬁaaom E el Fere RS Fs ekt ohaar y

am no derivative therepf j(-NRLR2 -> -NHR1L or - NHR2); (iv) where the

conmpound of formula,l aks a secondary ami no group, a 5Sprimary
derivativgy mﬂgneg@ ( NHRl b -NH2) ; (v) where the conpound of fornula
contains a phqu noi,et henol derivative thereof (-Ph -> -PhOH); and

(vi) where theR caﬁ%&rﬁiemdepemdﬁmﬁlasweeteﬁﬂ‘ranh@eafpuarﬁoaélswr%quﬁwd@gear boxyl i ¢
aci d dgri Ha@drbVig/drdi§! §8fno( arkidcaBonyt, ddhtthoepMBGUREShGY, formul a |

contai ning one or nore asymretric carbon atonms can 10 exist as two or nore
st er eoi so %hy'wlépféaraowdm%eﬁd dipthyiaspippsasdenyiaeth axym S i lamiresiionyr

al kenyl en%eﬂM&ﬁonﬂQﬁﬂifﬁirér’n@th?lb&lobﬁyﬂ%|n60lﬁyd36>§/}nétr$ﬂf’&%ﬁorﬁétﬁylPQ%yb' e. Were
structural iSoners are interconvertible via a | ow energy barrier,

t aut omer i BeNaYbREPioRReTYt RIUAHEY BYA NV arctdisprazotylqtizy!. FFpzolleet e form of

proton tafiyrﬂﬁfarnwrﬁethw 1 SePEPOURSAS, eénzfymﬁawlamongaomwoaymzylémfonwarrpl e, an
|n1no or oxil ne g{ou of so-call ed 15vaience tautonerismin

corrpo@?nds PyiiinsthioBIethyl. USWF’BPWEWGPPVWV@T%PWP@XW QYWd(H‘vVém?WS’éy”éPt@Y'hgl e
conpound may exhibit nore than one type of isomeri, ncl uded within the
scope of the present invention are all stereoisong ovetric i somers and
t aut oner i 0 : i'ncl uding c ounds
exhibitingm%@& @gﬁ%ﬁgﬁ Hﬂ' mg%ﬁé&%ﬂﬂh%ﬂ, n1xture§gofq%ﬁe or nore

20t hereof. Als |ncluded are aC|d addition or base salts wherein the
counterion | e;;pfycally active, for exanple, d-lactate or /-lysine, or
racem c, for'exanple, d/-tartrate or dlarginine. CGs/trans isoners may be
separated "Gy convenﬁﬁ@nal techni ques well known to those skilled in the
art, for exanple, chromatography and fractional crystallisation.
25Cbnventiona| techni ques for the preparation/isolation of individual
enantionmers include chiral synthesis froma suitable optically pure
precursor or resolution of the r acemat &3 (or the racemate of a salt or
derivative) using, for exanple, chiral high pressure |liquid chromatography
(HPLC). Alternatively, the racemate (or a racem c precursor) nay be reacted
with a 30suitable optically active conpound, for exanple, an al cohol, or,
in the case where the compound of fornmula I contains an acidic or basic
nDiety, a base or aC|d such as. 1 phenylethylanlne or tartarlc aC|d The

oy o T Y 1 o



5an asymmetric resin with a nobile phase consisting of a hydrocarbon,
typically heptane or hexane, containing fromO to 50% by vol une of

i sopropameD20ty@smal |y from2%to 20% and fromO to 5%Poy/IBmiUn®40f an

al kyl am ne, typically 0.1%di et hyl am ne. Concentration of the eluate
affords the enriched m xture. Wen any racemate crystallises, crystals of
two different types are possible. The 10 first type is the racem c conpound
(true racemate) referred to above wherei n one honogeneous form of crystal

i s produced containing both enantiomers in equinolar amunts. The second
type is the ra mc m or congl onerate wherein two forns of crystal
are produced i é?q%ﬁ %‘F%&O’Hﬁ%ﬂﬁ%p QQ%StE‘QrPEPY%rP%P @%Mgr%thewﬁ Mnrer .

Whi | e bot hyd}BX}Irﬁ&h}flrM§ﬂ1@Jp .fd)ﬁyrsarmrgg@@mmym a racem c m xture have identical
physi cal properties may have different ysi cal properties
conpared to tHB SP?‘Gé*”Pbé’é’%{% th%ﬁ@éﬁﬁ“&”‘fﬁ”ﬁ? inelid anaeoug@ﬁér ated by
conventi obaérnraeahlraiawr@a:ebfwmatg tdieGehSkid 4 Sudtiretddoraing to f¥@@la Iflor

exanpl g, bereog Str %%m c Conpounds by E. L. Eliel and S. H

Wl en WY" greim 94?B R rESat9%vent i on includes all pharnmaceutically
accept abl e ISQﬂa?GérrocraTblaYe mepé@mw @éie@t@dfﬂ@hhrtﬁégﬂfupfc@hﬂblﬁr@ df hvb@gehn one or
nore ato are r aced b g}tom; havi ng t he s atom nllrrcg)] but an
atomi ¢ maS¥rgry Vb sthayy: 1 @F?Wﬂ%t @fﬁﬂ&xy%%v ®R¥ss nunber
whi ch predom nat es H;n o ure Exanpl es of isotopes suitable for inclusion
in the co ds of)(h KNpvention include isotopes of hydrogen, such as 2H
and 3H, c@B n%uch as 11C, . 13C and 14C, chlorine, such as 38Cl, fluorine,
r.-, 25such as 18 iodine, such as 1231 and 1251, ni trogen, such as 13N and
15N, oxygen, SRicANGE a5 independandy selected ifogpihepiaip ensktingsofdyprogsnd

sul phyp, #sH, mréé%m%réarnacér%eﬁﬂpétgﬂmﬁobmpelerh%séyaﬁmrounds of fornula 1,
for exanple, those’incorporating a ra active isotope, "are useful in drug
and/ or suB%ﬂﬁ%ﬁ'@nPP%Q@WQWPﬂbGteitfd/r'ﬁf%'ﬂ%ﬁr@@W'”T‘htBOWameda/&m'V@Slﬂf@BYlopes
tritium hreﬁwy%'difor%nerﬁtﬁfr&ﬁé‘th}léarbbnﬁamﬂa@)%yo@é@n’%‘ﬁﬁl'(S/Hh@rﬁet}ﬁyluﬁﬁ‘édﬁ for 30
this purpose’in view of their ease of incorporation and ready nmeans of
detection. SubstiyUt]on w heavr er isotopges such as d er| um e.

may afford cert 1J\ir’ape g;\)}ahté\es | resful M at\l/\(r?ét aboI i
st abi | i t yperayl, exanpl e, |r'fcreés Nin WWo.halt=dife dr re ged\d bsage
requi renents, @md hence may be preferred in sone circunstances.
Substitutio osrtr(pn emttr ng ig pes, such as 1%C, 18F, 150 and
13N, can be e uI ogit r mi s ol QpP¥gr PET)@@ es for

exam ni ngH;{ubstrate ept or Lrpcanc;ydo | sot o’pr y\—r‘eb d eehpounds of
formula | can generally be 'prepared by conventronal t echni ques Known to
those skiljyed in the art 5 or by processes anal ogous to those described in

t he acconpan ozg Ies and aj\atl ons us§ ng an appropriate
i sot opi ca bel e Npl ac€ of abel ed reagent previously
enpl oyéd. NZ Phar mace*dtr cal ly aceept I e sélnamdes in accordance with

the i nventi on gag s RS § 0I5 ot i3 KEBbadl, MNALAREbARARY, TRy be

i sotopically sub

within the scope of tMentro re internedi ate conpounds of forrrula I
as her ei npgf Y11 A Sblvates and conpl exes thereof and all
sol vat es and corrpl exes of sal ts thereof as defined hereinbefore for
conmpounds of flBsAMESMbodiRRNts. e RSO INYROLioR BSIUARS COBPQURSEPRs of t he

af or enent b%ﬁ%cé@%|lﬁ§co@ﬂ%b@§aﬂg%er@&bha\ﬁmgfégt}&ﬁﬁ@@faccordmg to YeIaRneparing
conpounds of for qul Aaceordance W t he i nvention, it IS open to a

per soROskWheein R, R%eR?er % & T Bt ﬁqelay‘d&i’@@t'”(i%”‘ﬁ%"rﬂmsélec@érf&%
formila | oibeBnasy oi9sid 5. @sakyrc‘arﬂi" AR O (EFREUIRSoh Bie (1S pur pose.

Such featur es inclu ity, processability and

It n , sol ubi
yi el d of nélkyhis eptirndllysebstistied ‘é(%?d Q'ﬁe 20resul ting ease with which the
product may bexPwy idid&sy ﬁ&n't@br%b%8nsr§ﬂ@rorffﬁ9&65ér?§fﬁd ?f@a‘?ﬁkéﬂ yeES
Al so provr ded are conpositions which can be prepared m Xi ng one or nore
conmpounds CdB&¥k i bed herein, or pharmaceutically accept abI e salts or
taut opers 25t e eodeiebd ﬂorﬁ"t‘ﬁ’é @%ﬁs%h§§'nb)bfﬁ?&r@&é@?ﬁ@((ﬁ%é}él% exci pients,
bi nders, diluents or the lik to treat or aneliorate a varrety of JAK
rel ated conditions. The phar rraceutl cal conpositions of the instant
i nvention can be manufactured by mnet ho#d well known in the art such as
conventional granul ating, m xing, dissolving, encapsul ating, |yophilizing,
emul sifying or levigating processes, anong others. The conpositions can be
in the 30formof, for exanple, granules, powders, tablets, capsule syrup,
supposi tories, injections, enulsions, elixirs, suspensions or solutions.
The |nstant corrposr t| ons can be for rrul at ed f or varr ous routes of

o, 4= o o o



forms can contain other ingredients to aid in adm nistration, such as an

i nactive diluent, or lubricants such as nagnesi um stearate, or

pr eser vatwoesligdstezas par aben or sorbic acid, or anti-oPCcaanigo/sisesr as
ascorbic acid, tocopherol or cysteine, a disintegrating agent, binders,

t hi ckeners, buffers, sweeteners, flavoring agents or perfum ng agents.
20Additionally, dyestuffs or pignments can be added for identification.
Tablets and pills can be further treated with suitable coating naterials
known in the art. Liquid dosage forns for oral adm ni stration can be in the

form of phar gutically acceptable erruIS| ups, elixirs,

suspensi ons, s'%uﬁ? %Ct%%ﬁo@éh‘ggr%ﬂ@”%ﬂi”@ Woﬂ%’h@ (Crdre)dl2¥t i ve dil uent,
such as wat er .RPhagdsedfrobahe Q@UQhﬁh@lﬁh@%ﬁy&agerb@nd)(@@é)éﬂﬁylaS liquid
suspensi ons or solutions usinhg a sterile I| such as, but not limted

to, an oil, wdf@e eqogim&thdie p?ﬁﬂ”d%‘f%‘f“ﬂ%ﬂ E‘H%s 6PMPHEE O Phar naceut i cal | y

sui tabl e §hﬁrﬁ%@é@m‘aﬁy ammredsamg tRGEST §elecﬁéﬂlfr§mftb(é Hdup@emdistingedn be added
for oral or are ter dnr’rylnl trati t) (@5 not ed above, suspensions can
e 2, 314 P

i ncl udé oil st )§u RN r(§‘ ARy T WoPid80f nited to, peanut oil,
sesane oi |y|)aﬁﬁﬁd)@ﬂﬁﬂ@dylghéthylgmfd‘r\yl%}]rrol|@]h13\1@ oil and m xtures of oils.

Suspension p tio cont |n este s fatty acids such as ethyl
ol eate, i sop{(@p‘ﬁ 2‘ 'i“é’t@f{ga”? gt[‘?‘ﬁthé{ {fdreyirole r:? 8%&"8%%/ “cetylated fatty
acid gl yce;ﬂ)adﬁﬁo]c@ml@ﬁmhanyljs@rfmyl]pymum Tammethahslide al cohol s, such as, but

not limted I hol e aI cohol gl ycer oI
and propyl en&g%ﬁgégrmetlﬁ'lh@:@ Rg&ﬁ%eﬁy\(gﬂtpyﬁgpﬁ gﬁ?&ya dt'rb' -
P B et Tormi s
conpounds na ”\.i\)@ gétr%ﬁﬁ‘ ?{P%‘Bé‘?ﬁﬁp%‘gf’ﬂ?gi &193"]0'“(‘:‘] ‘fa) dermally, or 5
jtralnsgerrrw:)drmnb]@yéldﬂﬁaxglfme’ih(y?sumﬁﬂmrrol'@rpeml formul ati onts fo[ thijs Fyrpose
i ncl ude gels ro otio S cr oi ntnents usting
powders, dreS& %% H&@Q?ﬂf‘ [”ﬁtnyﬂzﬁ'@’ﬁpﬁ dpg'a@a@'de’\‘/\gser i npl ant's, sponges,
fibres, bgr;tdags]@y@a@xwmemgnsulfshpmrrommsarma may al so be used. Typi cal

cot ronac um  Wilieset-RICBRyEE PR g Ee Sk Sy FaBE iR ©

10Penet r atriethyl- enr@ﬂee[as-ﬂmynbﬁjm acoiipgr at ed-see, for exanple, J Pharm Sci,

88 (10), 955- ober. . 1999). O her neans of
t opi cal adm “?éﬂ g |'“6‘?1th Fmﬁ%ﬂggbﬁ’@ cﬂé ghjh%W'éTE?'Popor ation, iontophoresis,
phonophorelsarﬁlno)wdﬂOrpéi@nmetrﬁlsamdwympmdmee:uylaneﬂhaﬁkﬂedI e-free (e.g.

i i St at | O ey Bu A SRS Rl b B 4R or o 11 00 el case.

Modi fizlefl gl@érﬂn&é]@yél@rﬁdml}ra‘eihw@Ifonyd]plydel|d1h:‘é -ayetiol, sust EI ned-, loul sed-,
t .
aam ni st rat | W AR e Eraan DT A oHs a5y BRI Y aer oso

cont ai ni negedtyil7Byrop(2, adpysamidieAtsniagd optional | y ot her conpounds such as,
20but not ligmted t sta ant i m. crobi al ents, antioxidants, pH
nodi fi ers, sg']megrbytj'éﬂ {Ea”%‘?é’a@tﬁ %EJPYWJO% ?]PY%(P'Q'” 'd conbi nations of these.
A propel | 9J|7§m|ﬁorcy<aﬂ1atyl}methlyl)§me0ﬁ3d]p§trblwh gain i nclude conpressed air,

Comotha or EORBBLAS -on Rt TR KRB a By EBRGeni ont 1y del i ver od

in the foylr)armﬁomblamxgmbthspgwfmyd}p@eemr&B+yt}Darbammea 25nebul i zer or the

or o1 suspeATaR P HPRRT S gLS PR Gl ARk st Sor

wetting ageemwylaﬂﬂiparrsluﬁnem]dymgld&g@atnmel nj ect abl e for ns can be in solution

G Toent . oot e ARy RIS e DRE0GY Beihola e

Ri ngenbs st-pyirda2, Bd]parimidied-amire; agdieous sal i ne sol ution. Alternatively,

the oi & or 1410 2E R G SRR EET TadiabRE PRSI s RERHE ol <.

fatty aci dsyrroia28-djpydimidiodd-dminegl yceri des. For injection, the
pharmaceutical fornulation can be a powder suitable for reconstitution with
an appropriate solution as described above. Exanples of these include, but
are not limted to, freeze dried, rotar% dried or spray dried powders,

anor phous powders, granules, preC|p|ta s, or particulates. For injection,
the 5fornul ati ons can optionally contain stabilizers, pH nodifiers,
surfactants, bioavailability nodifiers and conbi nati ons of these. The
conpounds can be formul ated for parenteral adm nistration by injection such
as by bolus injection or continuous infusion. A unit dosage form for
|nject|on can be |n anpoules or |n nultl-dose contalners For rectal

. o o, . o - R Y o



10 suppository, an ointnent, an enema, a tablet or a creamfor rel ease of
conpound in the intestines, signoid flexure and/or rectum Rectal

supposi t owpes11aue70pr epar ed by m xi ng one or nore conpoumld3/IBIo10/KH44MSt ant

i nvention, or pharnaceutically acceptable salts or tautonmers of the
conpound, wi th acceptable vehicles, for exanple, cocoa butter or

pol yet hyl ene glycol, which is present in a solid phase at nornmal storing
tenperatures, 15and present in a liquid phase at those tenperatures
suitable to release a drug inside the body, such as in the rectum G |s can

al so be enployed in the reparation of forpulations of the soft gelatin
type and suppd8iogembedi ”&ﬁ?épep@ﬁ?ﬁd@*mﬁa%Eﬁﬁgeﬁ@%Ppﬂggséﬁd rel ated sugar

sol uti onsphanfhceliteary Qé(fef)fé@fé £fts Pe STy Rlinga bligstireeieasraingad feuRuagensi on
fornul ati ons which can also contgin suspendlng agents such as pectins,

20car boners, methyl cellul ose, HV r%xygropyl cel l ul ose or carboxynet hyl
cellul ose, as well as buffers re§érvati ves. Besi des those
representative dosage forms o8scTfi ’bove, pharnaceutically acceptable
excipients and carries are gengrathy known to those skilled in the art and
are thus included in the instagh invg@i?ﬁﬁp Such excipients and carriers
are described, for 25exanple, In "Refi ng Poar maceuti cal Sci ences" Mack
Pub. Co., New Jersey (1991). The fornuwatlons of the invention can be
deS|gned for to be short-acting, fast-rele Al ong-acting, and
sust ai ned-rel easi ng. Thus, the phamwameutldhl/ mul ati ons can al so be
fornul ated for controlled release or for sloW rel ease. The instant

conposi ti ons Gl ah 30 SRR ard 98 oEXAMLEEQUREN! €5 or | iposomes, 30 or
sone ot her encapsul ate orm or can be adni hi stered in an extended rel ease
formtd prOV|deoae@ndmdmgﬂdtbepmagﬁlaanQmW@éweveomp@mﬁbcr Therefore, the
phar maceu I jijpders and
|nplantedbhgufg%@L§5% (%gﬁ% bcu%gﬂﬁ%ﬁgfig%%9%§5@§$ Pi%?ﬁ@ﬁ%'ﬁ? as

i npl ants such as stents. Such |ﬁﬁ &®its can enploy known materials such as
silicones and bi odegradabl e paf _R% The conpositions may contain,
for exanple, from about 0. 1%H R® t o about 90% or nore by wei ght, of
the active material, dependin nmet hod of 5 admi nistration. Were

t he conpositions conprise dos h unit can contain, for exanple,

fromabout 0.1 to 500 ng or nore of Phe Jve hngredlent The dosage as
enpl oyed for adult human treatnment can rangeN for exanpl e, fromabout 0.1
to 1000 ng per day, depending on the route equency of adm nistration.
Specific dosages can be adj ust edFdepelrdi ng n_tondi tions of the JAK rel ated
10condi ti on, the age, body melght gener al héalﬂh conditions, sex, and diet
of the subject dos |nte adm nj st r.at tes, excretion rate, and
conbi nati ons o mﬁ?ﬂgg &KWQMSP St 284 OEMJ8%%63“&%InB contai ning effective

anounts are wehlonaietitiotinteme, the predsntdhventiot intfidex pehpommisatri on and
therefore, well n th cope . of the inst i nventi.on t he
tota far PoArascaliell PossPBRRT RS iksed FoiifEs Shtck® siPgRas FERROYLY " so0
15ng/ kg/day in single or in w%V|deﬁa oses. Typically, dosages for humans

can range fromabout 5 ng t& g R0 ng per day, in a single or multiple
doses. A therapeutical ly|efifecti ve dose or anmount can vary dependi ng
upon the route of adnlnlstraﬁﬂan X e form Sone conpositions of the

instant invention is a fornﬂ?atlon(iﬁat ibits a high therapeutic index.
The therapeutic index is the dose 20rat Mo~beww€én toxic and therapeutic
effects which can be expressed as the ratio hetween LD50 and ED50. The LD50
is the dose lethal to 50% of the popul ati on”a e ED50 is the dose
therapeutically effective in 50% of the po&QLa . The LD50 and ED50 can
be determined by standard phar &8l cal prodeduHes in animal cell cultures
or experinental nndela Phgrgg& J.cal g&eparatlons of the JAK

i nhi bi tors, suherais R'heRco % apfl Fherare sglecigr dioe e drebrconbi nat i on
with one @6nsr§¥ih§ oﬂﬁ%régéﬂ‘%loaﬂﬁﬂé@ H@ﬂeFd&yH?{}’(Gsf@J)é%ﬁ)aWRC?-re not limted to

cyclosporln , tapanycin, tacrolinu mus, everolinus, mcophenol ate
(e.g. Cel FoafsylsrfonyMpndsufopylpnd @&e}alk%%rh@wﬂﬁm'ﬁ@ br equi nar,
deoxyspergual i n, |eflunom de, sphingosine-1-phosphate receptor agoni st

(e.g. 30fingolinod, KRP-203, etc.), LEA-29Y, anti-IL-2 receptor antibody
(e.g. daclizunab, etc.), anti-CD3 antl%bdy (e.g. OKT3, etc.), Anti-T cel

i mmunogl oblin (e.g. AtGam etc.), aspirin, CD28-B7 bl ocking nolecules (e.qg.
Bel at acept, Abatacept, etc.), CD4O CD154 bl ocking nol ecules (e.g. Anti-CD40
anti body, etc.), protein kinase Cinhibitor (e . g . AEB-071, etc.),
acet am nophen, ibuprofen, naproxen, piroxicam nethotrexate, an anti

i nfl ammat ory ster0|d (e.g. prednlsolone or dexanet hasone) or those
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I n one enbodi ment, the invention provides nethods of treating or preventing
a condition associated with JAK in a subject, such as a mammal, i.e., a
human or wonre1ilERweran manmal , conpri sing adm ni stering &OTABLr@/HINE anount
of one or nore conpounds described herein to the subject. The JAK
associ ated condition can be related to JAKlL, JAK2, JAK3, and/or Tyk2.
Sui t abl e non-human subj ects that can be treated include donestic or wld
ani mal s, companion ani mals, such as dogs, cats and the like; |ivestock,
i ncl udi ng horses, cows and other rum nants, pigs, poultry, rabbits and 20
the like; primates, for exanple nonkeys, such as macaques incl udi ng rhesus
monkeys and cyﬁéﬁwpéﬁgxpévﬁg’QWBWWS@§X@F§BQ%5FWHSS6?mP@H@§F§iIed) monkeys,
mar mostet Sphér&i&éétﬁtfbﬁll%ﬁ&eb%ldbédﬁg,the'i?@‘,sha\):iﬁylé gmijdmg_elcalabdsmm_@wﬂﬁmmdv .
orangut ans; an S r m ce, gerbils, guinea pigs an e
Ui Ke. In BRECENBOGI TR ™t Re  Comsara"; & RARPRNLLY SHIoiod dogn BemEed i cal | y
accept abl gorfswtifly oPR}dregH, hydroy, Aubldapyragiemyl, pptding, 2omeoaRt abl e carrier.
JAK/ STAT si nallqg has ?ser E | i atﬁd in the nediation of nmany abnor mal
i mune’r e$ yIragibKisyliony}, p ﬁg’gﬁ' ONY AN FEtNGNMCEIIMYIARING: seases such as
transpl ant (allh@gmafdmbddeh&s,ited presBeumRin@bslindliiibs cérmpourdgwet r ophi ¢ | at er al
sclerosis and nultiple sclerosis, as |1 as in solid gnd h?natologic
mal i gnancPRIYMAGEHICLY peagREAR S-SR deseof| Araluctigacorpingtaiprowiar e
phar maceutvhe®in Rt &*PeRPP ®i*0hnd RE" B &DHEn;Ridhway see Frank, (1999), Mol
Med. 5:432:45§?§pd Seidﬁl et al., (2000}, qngpgene 9:22#3- 2656. JAK3 in
particul ar has? be@§eieRlsOioqt B grePrcansisting of yArages BipredYip¥cesses. For
exanplig, Hieehayedrbdreimin® oydldgropyimstivaduliohyl pHenRuIRGS, pg@hidinyi, pltded, by
IL-4 and IL-F have been shown to be dependent on JAK3 and ganma
chai n- si gABY S¥§2°™uzuki et al., (2000), Blood 96:2172-2180. JAK3 al so pl ays
<(a Nglruci al rol elnismegagbtgcﬂMtQﬁhé@@b%@twr?ﬁmhcmeé%g@ﬁmﬁﬂggat i889 rigfonseg
aviya et al ., \ oche i ophys. Res. mun. : - , an
hi bt 1 oA eSS Y Aot S AlS et o1 TR ey B o FyBeRstne 11 vi ty
react i onswheri RUF, RIaREh IR FPaxnsRTMMeavipgeetandl ., (1999), J. Biol. Chem
274:27%28-270 a. JAK3 iqhib'tion has al.so been shown tgwresult in imune
suppr d2sion fd¥ afISEEFEA AR ine AP UhCQRISIRE AT NYCERSE UCR.JWSIMXY: Proc.
33:3268-3270) . JAK3 10ki nases have al so been i {,cat N the nechani sm
involved in early and | ate stages of r pijd arthrLtis/(NMIIer-Ladner et
al., (2000), J. Imune!. 164: 38949490 fam | @Pia\ 0 c lateral
scl erosi s (TrimBethexycarbonylapise) | Bi othen Bi ophys. Res. ComfurB"d267: 22- 25) ;
| eukem a (Sudbegk et al., (1999), din. Cancer Res. 5:1569-1582); nycosis
fungoi des, a fRQrmof T-cell |ynphoma (Nielsen et al., (1997), Prac. Natl.
Acad. Sci. USA :6764-6769); and abnormal cell growmh (Yu et al.,
(1997), J. Immunol. 159:;:5206-5210; Catlett-Falcone et al., (1999), Imunity
10: 105-115) . Inone empedimgat.khe gegsgnt inyRation Nl dgRRaMPRYEISABundant | y
expr essedphfnRicbifRaNy hQSKRIFICsaMS it ete b RMitdh sRI@MTeWckdramgub Srivimlabl asti c
| eukenia, the npst common form of childhood cancer, and Studies have
correl ated STAT activation irgertRim cells with 20signals regul ating

apoptosis (Demoulin et al., (1 , Mol. Cell. Biol. 16:4710-6; Jur!ander
et al., (1997), Blood 89:4146:5Rk-NKapeko gt al., (1997), Cdin. Exp. |nmun
109: 185-193; and Nakamura et ., (1996) Biol. Chem 271: 19483-8). They
are al so known to be inportant to I?nph N{W%ferentiation, function and

survival. JAK-3 in particular plays an essential role in the function of

| ynphocyt es, nmacrophages, and 25 mast cel NS™y&en the inportance of this
JAK ki nase, conpounds whi ch nodul ate the JAK t Mway, i ncludi ng those

sel echjjve for JAK3, can be usef ™o treatiMg dbnditions where the

function of |ynphocytes crophages, .. or t cel is invol ved (Kudlacz et
al ., (2004) ahegein eaﬁ%bﬁﬂg‘ﬁf‘tszﬂr%.gé39‘?”96#%mu§n'k’?2003) Sci ence

30(21: I875-878)].c Iﬁﬁndietﬂb@dﬁnkérm tM@b:é@ehtanmti?mglcmﬂeé bemgdkadgair hway or | ]
nodul ation_of the JAK 30k]j nase art.icular JAK3, are.conte d to be
her apeur PEmayPisarcRlaBRoRes sRoten B3 & bl aefi GGt eI UES o
cancers or tunors, diabetes, certain eye diseases, disorders or conditions,
i nfl ammation, intestinal inflammuations, allergies or conditions,

neur odegenerati ve di seases, psoriasis, transplant rejection, and viral

i nfection. Conditions which can benefi#2for inhibition of JAK3 are

di scussed in greater detail bel ow Accordi ngly, the described
conpounds, pharmaceutically acceptable salts and pharmaceuti cal
conpositions can be used to treat a variety of conditions such as the

5f ol | owi ng. I n sone enbodi nents, the nmethods and conpositions of the
present invention enconpass the treatnent of the connective tissue and

.



15di sease, anyotrophic lateral sclerosis, Huntington's disease, cerebral

i schem a, neurodegenerative di sease caused by traumatic injury, the

neur ol ogiweal2otcigmapiozcat i ons of AIDS, spinal cord injury, pamdBzooes4per i pher al
neur opat hi es and neur odegenerati ve disorders. In other enbodi nents, the

met hods and conpositions of the present invention 20 enconpass the
treatnent of autoi mmune di seases or disorders, including those designated
as single organ or single cell-type autoi mmune disorders, for exanple
Hashinoto's thyroiditis, autoi mune henolytic anem a, autoinmune atrophic
gastritis of pernicious anem g, aut0|nnune encephal onyel itis, autoi mmune
orchitis, Goodpasture's dlsei§% uﬁmlnnune t hronmbocyt openi a, synpathetic

ophthal m a, nyasthenia gravis, aves' disease, primary biliary
cirrhosis, chronic aggressi vasgqnp{mu | cerative colitis and nenbranous
gl onerul opat hy, Sjogren's symdrone, ns syndr one,

pol ynyositi s-dernmatonyositis, syst efi ¢ en@sis, polyarteritis nodosa,

mul tiple sclerosis and bul | ous penph|g0|d ahd additional autoi mune
di seases, which can be 0-cell (hunoral) bas \\T-cell based, including
Cogan' s syndrorre Vegener' s 30granyl one tosLs,/ oi mune al opeci a, and

thyroiditis. I n ot her enbodl nent s, theN net ods and conpositions of
the present iny er}tlln cg{rga S, t Qe t]{neeg ent. of IQ/ abet es, including Type |
di abetes, | uvenlq &"o b&tEs 388 n‘BI gﬁl bris from di abet es.

| n ot her enbodnmnatemboﬂhmnlxﬂh@pdaseatnnhemﬂmpmlukjesnsmp(burtdlsa)rpr esent invention

enconpass r/t\a.'r%acél?t%ta[vgéceﬁ bl el ﬁéUrnD 3 Ftrué?&re%%cgrgln .to formula V: .

al i ment ary/gastroi ntes &P G YARt Cancer, oron cancer iver cancer, skin

cancer, breast cancer, ovarian cagicer, prostate cancer, |ynphons, Ieukerri a,

i ncl udi ng acute nyel ogenous | QEJB;R“and 5chroni ¢ nyel ogenous | eukem a,

T-cell prolynphocytic | eukem a, |k Iney cancer, | ung cancer, nuscle cancer,

bone cancer, bl adder cancer, w% metastatic mel anonma, Kaposi's
sarcong, nyel omas including nmultigle Ony <Hgyel oproliferative disorders,

proliferative diabetic retinopathy, and angi genl c-associ at ed di sorders

including solid tunors 10l n other enbodi mefi ts he nmet hods and conpositions

of the.present invention enconpassronbie t rea respiratory disorders

such ad ast hma, bronchitis, chronic obstructive pul nonary di sease (COPD),

ai rway hyper - rﬂsqmanﬂ“%@f‘ési%“ Fb‘}soamfﬁi‘alarasdm;jeaﬂy sl qgited #@erh teagroupt ri nsi ¢

asthma, extrinsic cystic, fibraosi nary, edens,

pul monary QIO P Sh R o= Nonery e B gePRiG R ant

15pul nonary fivaressinetares/piyt, aﬂmrqx/ef gioteure,is aptitnally edgstituéddorivh @hesmrr ess

syndronme and. enph enbodi ment.s and ositions
of "the- or 0L SR BRER sl e B e TR, ol 36P G Bl dBB e such
as Epsoei Ggﬁmloalkﬂlammocab@aﬂl t| s B, Hepatiti s C, HV, HTLV1,

Varicel |l a- Zost y Hyman Papi.l | o her enbodi nments,
t he net hods an 88@%@% o%né gﬁgg rl%gg resen nmﬁ é%%l onp%unnc%rcr)gass t he

treat nent phﬁrntaheutubahymd:aebtaa@lecﬁlts dhesemfdbar\mgsmsﬂmcalsrea«:n@dmgmformlas\/ eczenn,
bur ns, , RPOR#OR40A de £Q rjtus and

POL881Y | 40, RRORSOR:O3KY EL IR Sccdl SBEGCA TR Ul o BhUELHfq1S

scl er oder ia odi rren rrp05|
pr esent |nﬁ/ha/raimgm ﬁfémytpmuhrss& dntdepytidiegtating; ambl t he surgical disorders such

as paig and sugld LGB OMRARE SELY o BREELL A LALLANAG S Y Ty and

i nfl anfrati on fOI1 gerfy. I'nO he e and
conpositi smtsstutnfentsmelq@t@isfm thewg/remp corrsmlngofrms miathyt, eedt nent of transpl ant
rejection as islet transplant rejection, bone marrow

t ranspl anFyélé«;&Wél%'ﬁogagir}(g :[? ver sus- host di sease, organ and cell 30

transpl ant rejlesbmerensaocimerss, blnmarelsamtnmmntlcrarrmlukiageompcmmdea),r heart,

i ntervert I n bI ast,
nerve, ﬁf%r%acgut?c%";hacsceﬁaalble éaﬂg Wetre(gf mmg %é’t?u%ure%'ag%rdmﬁ%g o?m lga«gu te

al | ogQaf t Whamlnslﬁ‘foai"lf1 amgj Bttarehydmgenxeno transpl anti on. I n ot her

enbodi nent s, t ' LQn
encompass the Xy cortenet SANGESBRROM ARG nehh HESRACh Ry

i nf | ammat owejhylmyvidinyldoyseapwjdin, randa:bbleprbommlrwyardbpomyrldmymhands di sease,
gastritis, irrkd i.arr { ion, dysentery,

ul cerative coIF:{t ?sgée%é?g J)m?t)(@@ro é@@fﬂtﬂﬁz‘?r"g@g%ﬁ @g&ﬁﬁcer S, gastric
varices, ulcers, heart burn, coel [ ac di dbases, proctitis, eosinophilic
gastroenteritis, and rrastocyt osi s. I n ot her enbodi nents, the nethods
and conpositions of the present invention enconpass the treatnent of the
opht hal m ¢ di sorders such as retinopathies, uveitis, ocular photophobi a,
acute injury to the eye tissue, conjunctivitis, age-related nacul ar
10degener ati on di abet| C ret| nopat hy, det ached ret| na, o] aucoma, vitelliform

I I - ~ o, Y I [ - N



kerat oconjunctivitis sicca (dry eye), phlyctenule, iridocyclitis,

sarcoi dosi s, endocrine ophthal nopat hy, synpathetic ophthalmtis, allergic
conj unct iwDbsl/0481d ocul ar neovascul ari zati on. 201 n ot hecTartoddimsnt s, t he
nmet hods and conpositions of the present invention enconpass the treatnent
of pain, including but not limted to chronic pain, acute pain, joint pain,
noci ceptive pain, neuropathic pain, allodynia, hyperal gesia, burn pain,
menstrual cranps, kidney stones, headache, m grai ne headache, sinus
headaches, tension headaches, dental pain, myasthenia gravis, nmultiple
sclerosis, sarcoidosis, . 25 Behcet's sxndnone, nzositis, pol ynyositis,
gingivitis, hypEPIEFERadmens. R RIESEHGNEALRR INCECRFeBROYNHE®F y, ¢l osed head
injury, epegRcEiRSiBacieptbl ddits SherSEPRAVing O bliArBLRcHEIMGAb RFinGialy OF
hypoxi a; |Echenngrgperfﬂ§;on Iqué¥ in stroke, myocardial ischem ca, renal
i schem a, A% Rat RacRd Rstargk¥drogeftdi ac hypertrophy, coronary artery

di sease, atherosclerosis and arteriosclerosis, org ypoxi a_~and pl at el et
aggregation, stroke, and the |ike. 30Additi onal exgggﬂgé of l{ hg di seases
and di sorder s R sosxlettedifromtiie Jralkp icosidingicdmetind t hat” can "5e "t r @at ed

i ncl ude those disclosed in WD 2007/ 077949, . S. patent publication nos. US

2007/ 0259904, US 2007/ 0207995, AJS,2007/02(0316R, and US 2006/ 0293311.
The conpo@j\de | bed herei n al so
r ant

ed prophylactically for the
preventi o

an tn@ﬁgﬁf t rlejection. F r_gﬁﬁnple, t he conpounds and
pharnaéeutical f ornulat'i ons of rhe’%Vbsent“?hv ion can be adm nistered

before, duri ngr* angd|&tedfré@ithéig@uUp bRAtINRIDBRIBHEN asdiGbthgs an organ
transpl ant surgery. 5Anot her, enbodi nment prov %es a method of inhibiting a
IAK onzyre, | HECOREADOIRIEN. S ARRsent Gygeth Maligs cTPROIRhat | ncl udes

cont act i nghirhricdiisaMnaoueBtabic sulte tidRest, Raviiia binGt@RIdEdEingN® FitinuRIVa
therapeutically effective anount of one or nore of the present conpounds.
Such nethods can occur in vivg,offin vitro. In vitro contact can involve a
screening assay to determ ne th@Je%iW%acy of the one or nore conpounds 10
agai nst a selected enzyne at vayiogs anounts or concentrations. In vivo
contact with a therapeutical IRF € eEt.S.rd/' punt of the one or nore
conpounds can invol ve treatment af a°dessciied%ondition or prophyl axis of

organ transplant rejection in the animal in ich the contact occurs. The
effect of the one or nore conpounds on the d zynme and/ or host ani nmal
can al so be deternined or measureduaWwet hods Uf eterm ning JAK 15activity

i ncl ude those described in the Exanples as wel | Has those disclosed in WO

99/ 65908, WO ; 02/ 096909, WO

2004/8@6112 osaggégg%%?g%%g%éégﬁﬁgﬁﬁgﬁ%gééﬁf g&?%VKEORepresentative

procedur es f orlnone epiegdiarcat.iton pisesidnyratine i ceides Rempewngstoron are outl i ned

bel ow in hﬁ'ﬁnﬁ%@ﬁ’tmﬁﬁya Eta%?easra{gb S8 BVIRY 8 sERturdScP %p%%}' @l Va5 epar ed
ods I'l'ed i m

usi ng net nown to those ski In the art. arl'y, the preparation

of the various internediates ggnRﬁe achi eved usi ng nethods known in the

art. The starting materials nay tied and additional steps enployed to
N . .

produce conpounds enconpassed by 2%t he invention, as denonstrated by the

exanpl es below In addition, ref Meg ents and reagents can typically

be used to achi eve the above tragsf oPmat s, Fagthernore, in certain

reactions are perforned. Protection of reacg roups may al so be
necessary to achi eve the above trangéar mati §nsl_Vn general, the need for
protecting groups, as well as the conditionsN ijnecessary to attach and
remove such argunsy i LdieARNSE SOkeAfy'BOSE kLY  ed Tn the art of organic
synt hesis. When a pro eé%lng group 1's enp oye51 deprotection will generally
be redfiired. Suitable protecting groups and net hodol ogy for protection and
deprotection t i i n..Prot ' ip Organic

Synt hesi s by 2ﬁgﬁﬁ%agﬁgaﬁﬁ%gﬁgﬁémgﬁgﬂﬁﬁgﬁﬁRQE@%%gﬂﬁ%%@%ﬁﬁdPhe art.

The conpophatmadestoalbactehtab salts theréef, saunditbsisfreduss set forth in the
exanpl es of the present application. The cyclic amnes of the Aring can be
obt ai ned 5froma comercially avail abl e source such as Sigma Al drich
CGeneral Synthetic Procedure 1 The conpounds descri bed herein can

al so be synthesized according to the foll owi ng general Schene I: 10l n
sone synthetic nethods, functional gro&bs may need to be protected and
deprotected during synthesis of a conpound of the invention. In the present
application protecting groups are indicated by the letters Pg alone or with
a nunerical designation, such as Pg or Pgl. Those skilled in the art
recogni ze that protection and deprotection of compounds can be achi eved by
conventional nethods, for exanple as described in 15 "Protective Goups in

e ~ L1 " - AT -~ 1 r~RK A 'R - A 7! ~ o~ o L OA NN NN\

situations, it may be advantageous to alter qhe order in which the



5agent, such as lithium al um nium hydride, which can occur in an aprotic,
anhydrous sol vent, such as tetrahydrofu ran. Conversion of (a) to (b) can
occur at worangas®k tenperatures, typically between aboRCTOB2000/68Et7and
conpletion of the reaction can take up to several hours. As shown in Schene
I, a conpound of structure (c) can be synthesized by the 10reaction of
4-chl oro-7Hpyrrol o[ 2, 3-d] pyrimdine (a) with 4-[(nethyl am no) -

cycl ohexyl ] met hanol (b) in a suitable solvent, such as a polar, aprotic

sol vent, for exanple N, N-di net hyl fornmam de, aqueous di oxane and/ or

di met hyl sul foxi de, in the prese ce of a suitable base, such as

triethylam ne and/ or potassiu ggnz.Th'i s reaction can occur at

el evated tenperatures up to g n90C tion can 15occur for up
to a few hours or |onger. A/Cbrsrpound cture (d) can be

synt hesi zed from a conpound of structure (c)\_@ shown above. For exanple, a
conpound of structure (d) can be synthesized by using a broninating
reagent, such |B9neRMORYIMent.dhe aesent iprradpmBicbidss amhpregaeyiical ceamaopéInar |
aprotic S@J)Mﬁr”érn §HSr‘ﬂp&§rdr@th6Ynt@Q¢OPQ|pﬂér'n%euﬁ(%ll?5E(Eerp@atﬁ’é‘sé!ﬂﬂér%b?ct ed 20
cycl ohexyl me rom de, and which can 9| ve the protected conpound of
structure (d) 'B)P”ﬂ&mqoﬂm?”éfth%p%%tdb\r%‘ o Bekides AdPheeagentical sg@rogtion osyl
chl ori de. comprisinga Q%P&EMf(Fforrﬁﬁléll'&BHé ?hérﬁ)ac@@t&aﬁﬁaéﬁe%%[@é%ltqmﬂéef ng
protection processes froma conpound structur § For exa Ie when Pg
and Pgl are bdPRne&sipodinesy. tb%tﬁreﬁ@”trj?‘ée@étﬁ'éd‘cluﬁeﬁ r@@@;ﬁ't'?%&@tnpéﬁ 'RIpon
treat ment oghphdiey HERORIBGHESK &%rﬂﬂaﬁé%célfy a%'ééétéb!@%ﬁft@th(a@of\/Mawngttl@éyl

chloride in ?he presence of a polar, aprotic solvent, such as nethyl ene

chl ori de, SU@¢e€al yst, such as DMAP, and a weak base, such as triethyl ani ne.
A conpound of structure (f) c e synj-hesi zed from a conpound of structure
(e) by S-alkylation using a s |t Qe paphi | Thus conpounds of
structure (e), wherein the ptro {19 H-€ is a suitabl e hydroxyl
protecting group such as tosyl or o30rresy| "“reacted with potassium

t hi oacetate in a polar solvent, such as d| rre | sul f oxi de or

N- et fyl pyrro'rh%ﬂ@%mbtoe.r@nrqh&%gem o8 Rl HES Uiifethdd fo mtﬁeatrﬁéntdfon can
occur at el evat tenperatures up t can t ake plrace ror to 2
hours or Pdanes Kinase mediagdaprgigomin a)sutseqtumﬂdeof(sgyh redtmeat, sr\ghnfernaﬁrezed by
an oxi dat rrerhdarc%me%@aérﬁmr&érng t&mr&tertamnmfa ofpouldr @tk on step
is not critical tot resent “schene, " and oxi di zing conditions are
known to ph@@éargrercewte“@"y acaeRtably galt th@rﬁoewaﬁrtﬂlre hepgyrindeldbe comboynd isHandbook
of - Reagenkfiodife idni@ARbAmBKILIRS bahus @%éé'rﬁé&l&teéggncﬁﬁ&’r‘c' ng 5 Agents" edited
by S.D. Burke and R el ser. In some enbodi ments, a conpound of
structldre (f),Inopeieorpadimenidbe BEesanttipvaRipr inclugdasn atseethodior the trdatments ni ¢
acid foll ﬁ%ﬁu@%nﬁsé)me@igfgdtdoﬁertr% ity 988 h rﬁl,ferood?'s%’n tr%t%n@vrfh%?éfﬁ {Hen can
occur wit tirring at roomtenperatur for atine up t bout 15 hours or
nore, to me&*@déoﬁlﬂﬁ'ﬁ@%ﬁ@“@ﬁ@mu@thﬂ%’b@g) an Nﬂpérﬁtmiram@é]ppun@m(w)a laDuPont )
may be_enp} gKastiaRofidat HoohRlokSt el AheRRPbGrIRAbLine kimpathd is

enbodi nment, he reaction 1Is per ormed in th presence of pot assi um acet at e

and the p@ﬁ%ﬂ—‘élw iﬁhtfs%ﬂr@at(’ﬁlﬁntWéh%é@m@dﬂ@a&@fmwj@tﬁdlcanq@9” i s produced. A
conpoypd of StiRYREWHoLMertaRe BRsEXNENESLE BlidEs § Hidtiod toPtﬂeatréé%P&L!ﬁd of

structure (e) upon treatment wth a suitable sulfur nucl eoE e, such as
sodi um suPippes Kipgseymgdiatad coppiienin a pykjeqt irapeadafpuchtreaimestmineesin &er uct ur e
(g) can bﬁre%@“&?rﬁin%@aérﬁﬂ@@m%Q&ﬂ%]&t o ar%bﬁ%f‘t’rfeeccﬁﬁﬁour\e%‘? nucl eophi lic
substitution wi th sodi um sul Treat ment of sul'phonic acids of
formul a (gYarmachutisabhacserivata saifs dpseef, hadinnthastrueiieayl chloride, in a

pol ar, aprotic solvent, such thyI eng chloride, with a polar cosolvent,
Te 2h b (i dpmithe
EN

such as N, N—drnethylfornanlde ropriate chlorinated
conpounds. This reaction cam™0 ref conditions. The chlorinated
20conpound can then react in an ap(ofrc anhyd s“solvent such as
tetrahydrofuran, with a suitable am ne, whic be in neat gaseous form
or digsol ved I%@@.nw@mb@ntoaﬂrey&rnw&néwérfé&trvesréehreaﬁeatrﬂérrtanwﬁnugan to
produce a co ound of structure (h). In sone enbodinents, this reaction can
occur at ‘%@HW@D”Cptronally an anhydrous, weak base, such as
triethylanlne may be used to nop up hégrochloric acid 25generated in the
reaction. Compounds of fornula | & of the present invention can be
prepared from conpounds of forrmula (h), wherein Pg is a suitable protecting
group, by deprotection procedures known to those skilled in the art. For
exanpl e, when the protecting group (Pg) is tosyl, suitable deprotection
conditions involve reaction with a base, such as 30lithium hydroxi de or
potassrunthydroxrde |n a protrc solvent such as nethanol or |sopropanol and

o oy o v o



,S 0-- LiOH THF, MeOH H20, rt 5Ts In the Exanples, Ts refers to a
tosyl group, having the follow ng structure where .-A-A-nr indicates the
poi nt of woOtathemwe: Step 1: To a 250mL round bottom f | ask/1BHA0/gRHd4T t h
((1r, 40-4-(nmethyl (7-tosyl- 107H pyrrolo [2, 3-d]

pyri m di n-4-yl)am no)cycl ohexyl ) net hanesul fonic acid (4.2g, 8. 75mol) ,

di chl oronet hane (80 nlL) and N, N -di net hyl formam de (300pL), thionyl
chloride (10 nL) was added slowly over 10 minutes at 22-28C (the reaction
was exotherm c and gas evol ved duri ng addition). The reaction m xture was
heated to reflux for 3 hours. The r}?actlon was co(ﬁl ed to roomtenperature

and stirred ovBIAPGAIOHIRFEL: th%éa RSt Medialel CORMIQN R =D elVelSdrSHase at

reduced ppes&idl sutdiRtieRymld mscgber\éa@aman fdiybeﬁa% legRshiaZTROMrS to give a dry
brown solid which vgguused i medi atel%/ofor t he next, step w thoyt any

puri fi cat POMRROEICeuksgiia, IYHBRRRF MAFORTPIEERION HPHEIelPERPYIRIE chi ori de

from St epmy ebﬂwaoﬁ%ﬁMe sdl‘er@ﬂﬁ}ﬁéféw&hN;steﬁbls{Y@b&Yaltf:@PtﬁﬁﬂB @ﬁbsms catdedr-t o vi al
charged wi t[; 200 20p riate am ne, RIR2N | owed by 100pL

ro
of trieth§# ?Htﬂ'g‘m%ret ?eaﬁﬁé aé%.’éﬁp IR73se s AroRls 2uhardn 2 gr? BAPAber at ur e

f?rzlgi_ hO?U‘éé%t/lohhﬂ)n%Qha/rﬁiWtrﬁW@l@V%ﬂ@k@ta%dmhm@ﬁfonic%ﬂés@ﬁ&lvgrpﬁlﬁﬁ(gﬁaﬁ?y A solution
(0] (0] 0

2L of h tate were ded to the_vial. The
m xture WSSy ?i@(@ﬂ brepehdignyiral f“ﬁ@%%? ¥hB/PSH &'&}ﬂe&es;ﬂg [<attogP "8t ed and
concent r atigdetes. dryness under reduced pressure. 25 Step 3: Sanples were
re-dissolved in 1nlL MeOH THF/ H2 /2/1, viviv). 0.1 0 i thium
hydr oxi de (200" SRBIE" ?\%tgﬂ%daﬂ o ﬁaes rfaa@?ﬁeeﬁ%&%@é@%@#ém& !hﬁr ed at
(r]I o:)m tlgnpgfoﬁblfbgsumrmlagmna E@éhtﬂldflsmg Y el ettiddinfi ramatipbeseiver e
iluted wt t oxi de, pur
2011/ 0457658RSE P@?@f@/‘éfgﬁﬁtﬁleé%Pﬁ?”%&ﬁnff}‘?&ma&"'%ﬁgwém@ “gaerat"’e colitifh g
conpounds deshdiedcdricgliiyaceaptablesaltd of thy RbMBSHTRDT AsHauldiinguddtheheid
fol |l owi ng &@ eral Sche ﬁ’_ EXAMPLE 1 OHs ¢c7 b H
(R) - 1- (t r 3AdLON nehasg sa nﬁ% efAirol o [2, 3-d]
gyri hm di n- 4fy|9tﬂﬁblé®c€ty£ddillm>¢s)ﬁlté areH@ﬂ‘ﬁéde)rﬁlalcfd@m\midhﬁ%frﬁ abm-gixic-shitel  Step 1:
ynt hesi s _o . trans rrolo -
T i nER PR O RS b R P AR PRSP be i 1 3- o
Tlr ?HS 4- §M%b|:bxbhaté%atmyfﬁ- EHUID}VI?té@um)hb% Borf(é%)e gyﬂhby]l-hl@illﬂtré’fei cyclamate, dod |
yl ) am no) cycl ohex nmet hanesul f oni ¢ aci , L. nmo was suspended in
a 5sol uti 8%'38?@(1? Srigh qﬁafH@a(aAe rﬂ_ﬂceB%&e’ﬂ]%%U%*Pn@PWP%%mm de (50 pL).
TheI )systeﬁemaoﬁogb&mdte(mmbﬂmté rrq@mh@ﬁde/blﬂbﬂde/Ihydd@bwnhldﬁb(cﬂu&% m., CSfZZ ,
nmo was, a . dropwi se, . T ction xture wa ate t 40-45 or
nour 2. e R RBHLELERS, Fetnidtte LRl MiRF e o8 Tea ™ onl o of orm (5
ETL)) 'EOI et‘dewlywmm@][e( ﬁaﬁlthjdéltey\a&aaﬂﬂhid, ﬁumtuhatmedutrb’%e arcﬁz?b,uma(’dﬂe analr?]ltate
3R) - 3-pyrrolidino 38 4,18 Mo chl or.of or 51 The reaction
o e waeeEy PesehREN oot BRatrale iR Rl s ag  The
reaction sacthurate, s&mrate] suceidatsi tdnneatehiartraie abafigte arifluoresdeedte whil kinsfiaty at ed
aqueous NaH . The organic |ayer was washed with brine and concentrated in
vacuo. Th&Pesidue was dissolved in a mxture of tetrahydrofuran (3 ni),

met hanol ( BM)SmnadleVWSersal(ts’Larmiﬁbrmdd fedmh basdsywiichxiotie nphQoxigsald. Bfampies) was

aded 20 ST B MBS, ERahS oEth ol RORHSIRTAZ SR ST

glycine, lysine, magnesium, meglumine, olamine, potassium, sodium, tromethamine and
zing salts.
Hemisalts of acids and bases may also be formed, for example, hemisulphate
and hemicalcium salts. For a review on suitable salts, see Handbook of Pharmaceutical
30  Salts: Properties, Selection, and Use by Stahl and Wermuth (Wiley-VCH, 2002).
Pharmaceutically acceptable salts of compounds of formula | may be prepared
by one or more of three methods: (i) by reacting the compound of formula | with the

desired acid or base; (ii) by removing an acid- or base-labile protecting group from a
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was added. The resulting precipitate was filtered and washed with water.
The product was isolated as a white solid (210 ng, 51%. 1H NMR (400 MHz,
DVSO- c/ 6)wW6 2p1m437029-1.45 (m 2 H) 1.63-1.99 (m 7 H) 2pr0%/1810/03a47. 27 Hz,
2 H 2.90-3.06 (m 2 H 3.08- 3.23 (m 4 H) 3.25-3.46 (m 3 H) 4.29 (br s,
1H 4.68 (br s, 1 H 5.06 (d, J=3.07 Hz, 1 20H) 6.53 (br s, 1 H 7.01-7.29
(m 1 H 809 (s, 1 H 11.60 (br s, 1 H. LCVMs mz 394.1 (M+H cal cd for
C18H27N5035 is 394.18). LCMs (C-18 colum, gradient elution 10 m nute
chromat ograph, 95:5 to 5:95 water/acetonitrile, retention tine 3.02 mn).

EXAMPLE 2 1-((Trans-4-(nmethyl (7/Hpyrrolo [2, 3-d , ,

pyrim di n-Slﬂl'!%Pfﬁa?Fg f@’wt%%%m%&‘dﬁéf%v%dw BWFS'BPB@P% gisHitaRls e¥RE hanol
Step _1:OI _ SMIZ&:DT%SF,SFQKHxahb’re( éTé(ﬂ(B*r%l R d’liédfﬁrh{lﬁéirlmg(t?ﬁdé}ﬁrﬁ)é&d bzpads,%: dﬂ4 (iii)lb{ hanol
pyrimdin-4- ani no) - cycl ohex me sul fon pi peri di n-4-yl ) met hano
28 AP PRI AL MSIoPTROGId WS | B hquRer s S S i 4.

yl)am n|0) ?p@bﬁﬂiféggsild'o} BBEdaNBsHEAR GG AftbBle (6h S&hadgddoliPl )AIMBResuspended
In a solution o

i.chl oronet hane (4, nL nd N, N -di et hyl formam de (50 pL).
The syst eFﬁa\%@"Sﬁr%WﬂW@rﬁ'eﬂiof”r'8(%8"1‘“%’%1&%@?{?%%9 ey rgfgmp@atgguw]d( 5.22
ol ) was b@d@l@éte’ﬂ%gﬁm BA-or T HerdEdvielst 1) didpbratibASf theabrenBrhdAedleC for 2
hour s, conﬁen,t rated i nd the residue was dissol \gqqgé{r%&ghl oroform (5

t
n vacuo dl.
m) . Tri ePHPPISAIGNEN the @Sﬂﬂﬁg SMaRUY 8] PRI EyorisecHip
4- (hydr oxarkhy! ) piperidine (507nmg, 4.18 mol) in chloroform (5 nL). The

reaction mxture was stirr under nitrogen at roomte raf ure overnight.
e eatt | on MGG panes 46he MEatPinen SRty P cob BRI TaY artdsdani g n °

sat ur ab edfralgauelwan&l@hﬁmﬁ fmty@rwctj@m. Thé aefﬁf‘affhaﬁohwg h@l@rs)/‘fbtaf‘st&éii?ﬂ/hﬁﬁd
concentrated in vacyo. The residue s dissolved in a mxture o
Cet r anyclr BRUPARTEGHS JonarandBAbIeT cuiie st arseerd SBeghais ¥um hydr oxi de
(50 ng, 2ihipemnaie) megexpibi @t sydichhsrop&aed bmsdnb&urliqma’swﬁ&duy&gdu at room
tenmperature overnight, The reaction m xture was 1l5evaporated and was
bur 11 e BRPBG el RREEE tHDC eI e L M PRI GRS DY . The
conbi ned bTo@QttieQ@Sawlroe aﬁ?c/mlbﬁffatrg‘éil,y drBeriddaeasrLifuld. iupgn&@bﬂir@,ma@@hésol ved
i n nmet han an s then filtered through a bicarbonate co . The
Fosul 0 g TBeRlbE ek WaEe e Se B Selereter R BY AATEPSS FHREB oduct was
i sol ated ggpicallydedoad 9eder ¢gladd trampition) HTINMBri A Dsttitie’ rébQo dicgoli® phase ih. 04-
(d. 3210, yoephe fiafiamiass (oflieg ordpraginprigd isSoty® cnoymppodagiave e (m 2" by
3.17 (s, giveh adistifictive X-byJifitactdn, pateir) with &8lined pedisl Bubd nidzaria® wherd. 53 (br
s, 1H 4.6 br..s .55 (br,. s, 1 H 7,13 (d, J=2.73 Hz, 1 .10 (s,
T 1y 11, eboqiey Swncinit ooyl ngroperitn ff € ik rob TR chdnce safsbis
422.22). ligidbis(dbalddterisbdi b a phags aitingel typictilyl fdst ct@erinmaitirey gdimtymat ogr aph,
95:5 to 5:95 ter/acet&nift ile, retenti an ti ﬂE 3. 3|7 tm' né. The
compounds i n @MPE %Ostbﬁfwsgﬁ%'a%eé&eéhs g WaolvRe AAf seyelet i ¢
Pr ocedur efotms3the é&n 20hbtd) 2052d Reldin B2d:s0/i0o4 Afbleclithlcomplelkxanplisingtieuct ur e
Conpound ygrﬁ%ou%%‘%f%é inéen-ti\on and one or more pharmaceutically acceptable solvent

molecules, for example, ethanol. The term ‘hydrate’ is employed when said solvent is

25  water.
A currently accepted classification system for organic hydrates is one that

defines isolated site, channel, or metal-ion coordinated hydrates - see Polymorphism in

Pharmaceutical Solids by K. R. Morris (Ed. H. G. Brittain, Marcel Dekker, 1995).

Isolated site hydrates are ones in which the water molecules are isolated from direct

30  contact with each other by intervening organic molecules. In channel hydrates, the
water molecules lie in lattice channels where they are next to other water molecules. In

metal-ion coordinated hydrates, the water molecules are bonded to the metal ion.
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N-(trans-4-{[(3- ethoxypiperidin-1- yl)sulfonyl]nethyllcycloh
exyl)-N-nethyl-7H pyrrolo[2,3-d]pyrimdin-4- amne 436.2 4 NONNH. N, 1
410 benzywo{28tidabyk- 1-[ ({trans- 4-[net hyl (7H pyrrol o[ 2, B€TABINO/H T N- 4-

yl ) am no] cycl ohexyl I meth yl)sul fonyl ] pi pendi n-3- yllcarbamate 569.3 5 "N ,0
0" b kN 1-{1-[({trans-4- [nmethyl (7H pyrrol o[ 2, 3- d] pyri mdin-4-yl)am no] -
cycl ohexyl | met hypsul fon yl ] pi pendi n-3-yl | ethanone 434.2 6 -N Nk
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When the solvent or water is tightly bound, the complex will have a well-defined
stoichiometry independent of humidity. When, however, the solvent or water is weakly
bound, as in channel solvates and hygroscopic compounds, the water/solvent content
will be dependent on humidity and drying conditions. In such cases, non-stoichiometry

5  will be the norm.

Also included within the scope of the invention are multi-component complexes
(other than salts and solvates) wherein the drug and at least one other component are
present in stoichiometric or non-stoichiometric amounts. Complexes of this type include
clathrates (drug-host inclusion complexes) and co-crystals. The latter are typically

10  defined as crystalline complexes of neutral molecular constituents which are bound
together through non-covalent interactions, but could also be a complex of a neutral
molecule with a salt. Co-crystals may be prepared by melt crystallisation, by
recrystallisation from solvents, or by physically grinding the components together - see
Chem Commun, 17, 1889-1896, by O. Almarsson and M. J. Zaworotko (2004). For a

15  general review of multi-component complexes, see J Pharm Sci, 64 (8), 1269-1288, by
Haleblian (August 1975).

The compounds of the invention may also exist in a mesomorphic state
(mesophase or liquid crystal) when subjected to suitable conditions. The mesomorphic
state is intermediate between the true crystalline state and the true liquid state (either

20 melt or solution). Mesomorphism arising as the result of a change in temperature is
described as ‘thermotropic’ and that resulting from the addition of a second component,
such as water or another solvent, is described as ‘lyotropic’. Compounds that have the
potential to form lyotropic mesophases are described as ‘amphiphilic’ and consist of
molecules which possess an ionic (such as -COO'Na*, -COOK", or -SOz'Na") or non-

25  ionic (such as -N'N*(CHs)3) polar head group. For more information, see Crystals and
the Polarizing Microscope by N. H. Hartshorne and A. Stuart, 4™ Edition (Edward
Amold, 1970).

Hereinafter all references to compounds of formula | include references to salts,
solvates, multi-component complexes and liquid crystals thereof and to solvates, multi-

30 component complexes and liquid crystals of salts thereof.

The compounds of the invention include compounds of formula | as hereinbefore

defined, including all polymorphs and crystal habits thereof, prodrugs and isomers
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thereof (including optical, geometric and tautomeric isomers) as hereinafter defined and
isotopically-labeled compounds of formula I.

As indicated, so-called ‘prodrugs’ of the compounds of formula | are also within

the scope of the invention. Thus certain derivatives of compounds of formula | which
5 may have little or no pharmacological activity themselves can, when administered into

or onto the body, be converted into compounds of formula | having the desired activity,
for example, by hydrolytic cleavage. Such derivatives are referred to as ‘prodrugs’.
Further information on the use of prodrugs may be found in Pro-drugs as Novel Delivery
Systems, Vol. 14, ACS Symposium Series (T. Higuchi and W. Stella) and Bioreversible

10 Carriers in Drug Design, Pergamon Press, 1987 (Ed. E. B. Roche, American
Pharmaceutical Association).

Prodrugs in accordance with the invention can, for example, be produced by
replacing appropriate functionalities present in the compounds of formula | with certain
moieties known to those skilled in the art as ‘pro-moieties’ as described, for example, in

15  Design of Prodrugs by H. Bundgaard (Elsevier, 1985).

Some examples of prodrugs in accordance with the invention include: (i) where
the compound of formula | contains a carboxylic acid functionality (-COOH), an ester
thereof, for example, a compound wherein the hydrogen of the carboxylic acid
functionality of the compound of formula (1) is replaced by (C¢-Cs)alkyl; (ii) where the

20  compound of formula | contains an alcohol functionality (-OH), an ether thereof, for
example, a compound wherein the hydrogen of the alcohol functionality of the
compound of formula | is replaced by (C4-Cg)alkanoyloxymethyl; and (iii) where the
compound of formula | contains a primary or secondary amino functionality (-NH; or -
NHR where R # H), an amide thereof, for example, a compound wherein, as the case

25  may be, one or both hydrogens of the amino functionality of the compound of formula |
is/are replaced by (C4-Cqo)alkanoyl. Further examples of replacement groups in
accordance with the foregoing examples and examples of other prodrug types may be
found in the aforementioned references. Moreover, certain compounds of formula | may
themselves act as prodrugs of other compounds of formula 1.

30 Also included within the scope of the invention are metabolites of compounds of
formula I, that is, compounds formed in vivo upon administration of the drug. Some
examples of metabolites in accordance with the invention include: (i) where the

compound of formula | contains a methyl group, an hydroxymethyl derivative thereof (-
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CHj; -> -CH,0H): (ii) where the compound of formula | contains an alkoxy group, an
hydroxy derivative thereof (-OR -> -OH); (iii) where the compound of formula | contains
a tertiary amino group, a secondary amino derivative thereof (-NR'R? -> -NHR" or -
NHR?); (iv) where the compound of formula | contains a secondary amino group, a

5  primary derivative thereof (-NHR'-> -NH,); (v) where the compound of formula |
contains a phenyl moiety, a phenol derivative thereof (-Ph -> -PhOH); and (vi)  where
the compound of formula | contains an amide group, a carboxylic acid derivative thereof
(-CONH; -> COOH).

Compounds of formula | containing one or more asymmetric carbon atoms can

10  exist as two or more stereoisomers. Where a compound of formula | contains an alkenyl
or alkenylene group, geometric cis/trans (or Z/E) isomers are possible. Where structural
isomers are interconvertible via a low energy barrier, tautomeric isomerism
(‘tautomerism’) can occur. This can take the form of proton tautomerism in compounds
of formula | containing, for example, an imino, keto, or oxime group, or so-called

15  valence tautomerism in compounds which contain an aromatic moiety. It follows that a
single compound may exhibit more than one type of isomerism.

Included within the scope of the present invention are all sterecisomers,
geometric isomers and tautomeric forms of the compounds of formula I, including
compounds exhibiting more than one type of isomerism, and mixtures of one or more

20  thereof. Also included are acid addition or base salts wherein the counterion is optically
active, for example, d-lactate or Fysine, or racemic, for example, dl-tartrate or dF
arginine.

Cisltrans isomers may be separated by conventional techniques well known to
those skilled in the art, for example, chromatography and fractional crystallisation.

25 Conventional techniques for the preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically pure precursor or resolution of the
racemate (or the racemate of a salt or derivative) using, for example, chiral high
pressure liquid chromatography (HPLC).

Alternatively, the racemate (or a racemic precursor) may be reacted with a

30 suitable optically active compound, for example, an alcohol, or, in the case where the
compound of formula | contains an acidic or basic moiety, a base or acid such as 1-
phenylethylamine or tartaric acid. The resulting diastereomeric mixture may be

separated by chromatography and/or fractional crystallization and one or both of the

30



yl ] pi peridine-3,4-diol 424.2 14 ,"OH - N"'""""'")ri 0 0 Nk -
(39)-1-[({trans-4-[nethyl - (7H pyrrolo[2,3-d]- pyrimdin-4-yl)am no] -

cycl ohexywbreetiiosbjogul f on yl ] pi peri di n-3-0l 408.2 15 "- NPCTAB20MD/RIM447.
N-{trans-44({3-[(4-fluoro- phenoxy)nethyl]piperidin -1-yllsulfonyl)nethyl]-
cycl ohexyl | -N-met hyl-7H pyrrolo[2,3-d] pyrimdin-4- amne 516.2 16 OH N N

| 14({trans-4-[nmethyl (7H pyrrol o[ 2, 3-d] pyri m di n-4-

yl ) am no] cycl ohexyl | met h yGsul f onyl ] pi peri di ne-3- carboxylic acid 436.2 WO
2011/ 045702PCT/ 1 B2010/ 054447 Exanpl e Structure Conpound Nane

diastereoisomers converted to the corresponding pure enantiomer(s) by means well
known to a skilled person.

Chiral compounds of the invention (and chiral precursors thereof) may be
obtained in enantiomerically-enriched form using chromatography, typically HPLC, on

5 an asymmetric resin with a mobile phase consisting of a hydrocarbon, typically heptane

or hexane, containing from 0 to 50% by volume of isopropanol, typically from 2% to
20%, and from 0 to 5% by volume of an alkylamine, typically 0.1% diethylamine.
Concentration of the eluate affords the enriched mixture.

When any racemate crystallises, crystals of two different types are possible. The

10  first type is the racemic compound (true racemate) referred to above wherein one
homogeneous form of crystal is produced containing both enantiomers in equimolar
amounts. The second type is the racemic mixture or conglomerate wherein two forms of
crystal are produced in equimolar amounts each comprising a single enantiomer. While
both of the crystal forms present in a racemic mixture have identical physical properties,

15 they may have different physical properties compared to the true racemate. Racemic
mixtures may be separated by conventional techniques known to those skilled in the art
- see, for example, Stereochemistry of Organic Compounds by E. L. Eliel and S. H.
Wilen (Wiley, 1994).

The present invention includes all pharmaceutically acceptable isotopically-

20 labelled compounds of formula | wherein one or more atoms are replaced by atoms
having the same atomic number, but an atomic mass or mass number different from the
atomic mass or mass number which predominates in nature. Examples of isotopes
suitable for inclusion in the compounds of the invention include isotopes of hydrogen,
such as ?H and °H, carbon, such as ''C, '*C and *C, chlorine, such as *°Cl, fluorine,

25  such as '®F, iodine, such as 'l and '®I, nitrogen, such as ®N and '®N, oxygen, such as
%0, 70 and "0, phosphorus, such as **P, and sulphur, such as *°*S. Certain
isotopically-labelled compounds of formula |, for example, those incorporating a
radioactive isotope, are useful in drug and/or substrate tissue distribution studies. The
radioactive isotopes tritium, i.e. *H, and carbon-14, i.e. '*C, are particularly useful for

30  this purpose in view of their ease of incorporation and ready means of detection.
Substitution with heavier isotopes such as deuterium, i.e. ?H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example,

increased in vivo half-life or reduced dosage requirements, and hence may be preferred
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in some circumstances. Substitution with positron emitting isotopes, such as ''C, '°F,
'®0 and "N, can be useful in Positron Emission Topography (PET) studies for
examining substrate receptor occupancy. Isotopically-labeled compounds of formula |
can generally be prepared by conventional techniques known to those skilled in the art

5  orby processes analogous to those described in the accompanying Examples and
Preparations using an appropriate isotopically-labeled reagent in place of the non-
labeled reagent previously employed.

Pharmaceutically acceptable solvates in accordance with the invention include
those wherein the solvent of crystallization may be isotopically substituted, e.g. DO, des-

10 acetone, de-DMSO.

Also within the scope of the invention are intermediate compounds of formula |
as hereinbefore defined, all salts, solvates and complexes thereof and all solvates and
complexes of salts thereof as defined hereinbefore for compounds of formula I. The
invention includes all polymorphs of the aforementioned species and crystal habits

15  thereof.

When preparing compounds of formula | in accordance with the invention, it is
open to a person skilled in the art to routinely select the form of compound of formula |
which provides the best combination of features for this purpose. Such features include
the melting point, solubility, processability and yield of the intermediate form and the

20 resulting ease with which the product may be purified on isolation.

Pharmaceutical Compositions

Also provided are compositions which can be prepared by mixing one or more

compounds described herein, or pharmaceutically acceptable salts or tautomers

25  thereof, with pharmaceutically acceptable carriers, excipients, binders, diluents or the
like, to treat or ameliorate a variety of JAK related conditions. The pharmaceutical
compositions of the instant invention can be manufactured by methods well known in
the art such as conventional granulating, mixing, dissolving, encapsulating, lyophilizing,
emulsifying or levigating processes, among others. The compositions can be in the

30 form of, for example, granules, powders, tablets, capsule syrup, suppositories,
injections, emulsions, elixirs, suspensions or solutions. The instant compositions can
be formulated for various routes of administration, for example, by oral administration,

transmucosal administration, rectal administration, topical administration or
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subcutaneous administration as well as intrathecal, intravenous, intramuscular,
intraperitoneal, intranasal, intraocular or intraventricular injection. The compound or
compounds of the instant invention can also be administered in a local rather than a
systemic fashion, such as injection as a sustained release formulation. The following

5 dosage forms are given by way of example and should not be construed as limiting the
instant invention.

For oral, buccal, and sublingual administration, powders, suspensions, granules,
tablets, pills, capsules, gelcaps, and caplets are acceptable as solid dosage forms.
These can be prepared, for example, by mixing one or more compounds of the instant

10 invention, or pharmaceutically acceptable salts or tautomers thereof, with at least one
additive or excipient such as a starch or other additive. Suitable additives or excipients
are sucrose, lactose, cellulose sugar, mannitol, maltitol, dextran, sorbitol, starch, agar,
alginates, chitins, chitosans, pectins, tragacanth gum, gum arabic, gelatins, collagens,
casein, albumin, synthetic or semi-synthetic polymers or glycerides, methyl cellulose,

15 hydroxypropylmethyl-cellulose, and/or polyvinylpyrrolidone. Optionally, oral dosage
forms can contain other ingredients to aid in administration, such as an inactive diluent,
or lubricants such as magnesium stearate, or preservatives such as paraben or sorbic
acid, or anti-oxidants such as ascorbic acid, tocopherol or cysteine, a disintegrating
agent, binders, thickeners, buffers, sweeteners, flavoring agents or perfuming agents.

20  Additionally, dyestuffs or pigments can be added for identification. Tablets and pills can
be further treated with suitable coating materials known in the art.

Liguid dosage forms for oral administration can be in the form of
pharmaceutically acceptable emulsions, syrups, elixirs, suspensions, slurries and
solutions, which can contain an inactive diluent, such as water. Pharmaceutical

25  formulations can be prepared as liquid suspensions or solutions using a sterile liquid,
such as, but not limited to, an oil, water, an alcohol, and combinations of these.
Pharmaceutically suitable surfactants, suspending agents, emulsifying agents, can be
added for oral or parenteral administration.

As noted above, suspensions can include oils. Such oils include, but are not

30 limited to, peanut oil, sesame oil, cottonseed oil, corn oil, olive oil and mixtures of oils.
Suspension preparation can also contain esters of fatty acids such as ethyl oleate,
isopropyl myristate, fatty acid glycerides and acetylated fatty acid glycerides.

Suspension formulations can include alcohols, such as, but not limited to, ethanol,
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isopropyl alcohol, hexadecyl alcohol, glycerol and propylene glycol. Ethers, such as but
not limited to, poly(ethyleneglycol), petroleum hydrocarbons such as mineral oil and
petrolatum; and water can also be used in suspension formulations.

The compounds may also be administered topically, (intra)dermally, or

5 transdermally to the skin or mucosa. Typical formulations for this purpose include gels,
hydrogels, lotions, solutions, creams, ointments, dusting powders, dressings, foams,
films, skin patches, wafers, implants, sponges, fibres, bandages and microemulsions.
Liposomes may also be used. Typical carriers include alcohol, water, mineral oil, liquid
petrolatum, white petrolatum, glycerin, polyethylene glycol and propylene glycol.

10  Penetration enhancers may be incorporated-see, for example, J Pharm Sci, 88 (10),
955-958, by Finnin and Morgan (October 1999).

Other means of topical administration include delivery by electroporation,
iontophoresis, phonophoresis, sonophoresis and microneedle or needle-free (e.g.
Powderject™, Bioject™, etc.) injection.

15 Formulations for topical administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release.

For nasal administration, the pharmaceutical formulations can be a spray or
aerosol containing and appropriate solvents and optionally other compounds such as,

20 but not limited to, stabilizers, antimicrobial agents, antioxidants, pH modifiers,
surfactants, bioavailablity modifiers and combinations of these. A propellant for an
aerosol formulation can include compressed air, nitrogen, carbon dioxide, or a
hydrocarbon based low boiling solvent. The compound or compounds of the instant
invention are conveniently delivered in the form of an aerosol spray presentation from a

25  nebulizer or the like.

Injectable dosage forms generally include aqueous suspensions or oil
suspensions which can be prepared using a suitable dispersant or wetting agent and a
suspending agent. Injectable forms can be in solution phase or in the form of a
suspension, which is prepared with a solvent or diluent. Acceptable solvents or vehicles

30 include sterilized water, Ringer's solution, or an isotonic aqueous saline solution.
Alternatively, sterile oils can be employed as solvents or suspending agents. Generally,
the oil or fatty acid is non-volatile, including natural or synthetic oils, fatty acids, mono-,

di- or tri-glycerides.
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For injection, the pharmaceutical formulation can be a powder suitable for
reconstitution with an appropriate solution as described above. Examples of these
include, but are not limited to, freeze dried, rotary dried or spray dried powders,
amorphous powders, granules, precipitates, or particulates. For injection, the

5 formulations can optionally contain stabilizers, pH modifiers, surfactants, bioavailability
modifiers and combinations of these. The compounds can be formulated for parenteral
administration by injection such as by bolus injection or continuous infusion. A unit
dosage form for injection can be in ampoules or in multi-dose containers.

For rectal administration, the pharmaceutical formulations can be in the form of a

10 suppository, an ointment, an enema, a tablet or a cream for release of compound in the
intestines, sigmoid flexure and/or rectum. Rectal suppositories are prepared by mixing
one or more compounds of the instant invention, or pharmaceutically acceptable salts or
tautomers of the compound, with acceptable vehicles, for example, cocoa butter or
polyethylene glycol, which is present in a solid phase at normal storing temperatures,

15 and present in a liquid phase at those temperatures suitable to release a drug inside the
body, such as in the rectum. Qils can also be employed in the preparation of
formulations of the soft gelatin type and suppositories. Water, saline, aqueous dextrose
and related sugar solutions, and glycerols can be employed in the preparation of
suspension formulations which can also contain suspending agents such as pectins,

20  carbomers, methyl cellulose, hydroxypropyl cellulose or carboxymethyl cellulose, as
well as buffers and preservatives.

Besides those representative dosage forms described above, pharmaceutically
acceptable excipients and carries are generally known to those skilled in the art and are
thus included in the instant invention. Such excipients and carriers are described, for

25 example, in “Remingtons Pharmaceutical Sciences” Mack Pub. Co., New Jersey (1991).

The formulations of the invention can be designed for to be short-acting, fast-
releasing, long-acting, and sustained-releasing. Thus, the pharmaceutical formulations
can also be formulated for controlled release or for slow release.

The instant compositions can also comprise, for example, micelles or liposomes,

30 or some other encapsulated form, or can be administered in an extended release form
to provide a prolonged storage and/or delivery effect. Therefore, the pharmaceutical

formulations can be compressed into pellets or cylinders and implanted intramuscularly
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employ known materials such as silicones and biodegradable polymers.
The compositions may contain, for example, from about 0.1% by weight, to about
90% or more by weight, of the active material, depending on the method of
5 administration. Where the compositions comprise dosage units, each unit can contain,
for example, from about 0.1 to 500 mg or more of the active ingredient. The dosage as
employed for adult human treatment can range, for example, from about 0.1 to 1000 mg
per day, depending on the route and frequency of administration.
Specific dosages can be adjusted depending on conditions of the JAK related

10  condition, the age, body weight, general health conditions, sex, and diet of the subject,
dose intervals, administration routes, excretion rate, and combinations of drugs. Any of
the above dosage forms containing effective amounts are well within the bounds of
routine experimentation and therefore, well within the scope of the instant invention.
Generally, the total daily dose can typically range from about 1 mg/kg/day to about 500

15 mg/kg/day in single or in divided doses. Typically, dosages for humans can range from
about 5 mg to about 100 mg per day, in a single or multiple doses.

A therapeutically effective dose or amount can vary depending upon the route of
administration and dosage form. Some compositions of the instant invention is a
formulation that exhibits a high therapeutic index. The therapeutic index is the dose

20  ratio between toxic and therapeutic effects which can be expressed as the ratio
between LDsy and EDsg. The LDsg is the dose lethal to 50% of the population and the
EDso is the dose therapeutically effective in 50% of the population. The LDsy and EDsg
can be determined by standard pharmaceutical procedures in animal cell cultures or
experimental models.

25 Pharmaceutical preparations of the JAK inhibitors, such as the compound (l),
either from alone or in combination with one or more additional agents which may
include but are not limited to cyclosporin A, rapamycin, tacrolimus, sirolimus,
everolimus, micophenolate (e.g. Cellcept(R), Myfortic(R), etc.), azathioprine, brequinar,
deoxyspergualin, leflunomide, sphingosine-1-phosphate receptor agonist (e.g.

30 fingolimod, KRP-203, etc.), LEA-29Y, anti-IL-2 receptor antibody (e.g. daclizumab, etc.),
anti-CD3 antibody (e.g. OKT3, etc.), Anti-T cell immunogloblin (e.g. AtGam, etc.),
aspirin, CD28-B7 blocking molecules (e.g. Belatacept, Abatacept, etc.), CD40-CD154
blocking molecules (e.g. Anti-CD40 antibody, etc.), protein kinase C inhibitor (e . g .
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AEB-071, etc.), acetaminophen, ibuprofen, naproxen, piroxicam, methotrexate, an anti
inflammatory steroid (e.g. prednisolone or dexamethasone) or those disclosed in PCT
application no. PCT/IB2007/002468. These combinations can be administrated as part
of the same or separate dosage forms, via the same or different routes of

5 administration, and on the same or different administration schedules according to
standard pharmaceutical practice.

Also provided is an article of manufacture comprising a pharmaceutical

composition comprising a provided compound contained within a packaging material
and a label or package insert which indicates that said pharmaceutical composition can

10 be used for treating a JAK related condition, as described herein.

Methods of Treatment

In one embodiment, the invention provides methods of treating or preventing a
condition associated with JAK in a subject, such as a mammal, i.e., a human or non-

15  human mammal, comprising administering an effective amount of one or more
compounds described herein to the subject. The JAK associated condition can be
related to JAK1, JAKZ2, JAK3, and/or Tyk2. Suitable non-human subjects that can be
treated include domestic or wild animals, companion animals, such as dogs, cats and
the like; livestock, including horses, cows and other ruminants, pigs, poultry, rabbits and

20  the like; primates, for example monkeys, such as macaques including rhesus monkeys
and cynomolgus (also known as crab-eating or long-tailed) monkeys, marmosets,
tamarins and the like, apes, including chimpanzees and orangutans; and rodents, such
as rats, mice, gerbils, guinea pigs and the like. In one embodiment, the compound is
administered in a pharmaceutically acceptable form, optionally in a pharmaceutically

25 acceptable carrier.

JAK/STAT signaling has been implicated in the mediation of many abnormal
immune responses such as allergies, asthma, autoimmune diseases such as transplant
(allograft) rejection, rheumatoid arthritis, amyotrophic lateral sclerosis and multiple
sclerosis, as well as in solid and hematologic malignancies such as leukemia and

30 lymphomas. For a review of the pharmaceutical intervention of the JAK/STAT pathway
see Frank, (1999), Mol. Med. 5:432:456 and Seidel et al., (2000), Oncogene 19:2645-
2656.
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sul fonyl Jet hyjﬁ!}gyiﬁlpgpti%ﬁlar has been implicated in a variety of biological processes. For
example, the proliferation and survival of murine mast cells induced by IL-4 and IL-9
have been shown to be dependent on JAK3 and gamma chain-signaling. Suzuki et al.,
(2000), Blood 96:2172-2180. JAK3 also plays a crugial role in IgE receptor-mediated
5 mast cell degranulation responses (Malaviya et al., (1999), Biochem. Biophys. Res.
Commun. 257:807-813), and inhibition of JAK3 kinase has been shown to prevent type |
hypersensitivity reactions, including anaphylaxis (Malaviya et al., (1999), J. Biol. Chem.
274:27028-27038). JAKS inhibition has also been shown to result in immune
suppression for allograft rejection (Kirken, (2001), Transpl. Proc. 33:3268-3270). JAK3
10 kinases have also been implicated in the mechanism involved in early and late stages of
rheumatoid arthritis (Muller-Ladner et al., (2000), J. Immunal. 164:3894-3901); familial
amyotrophic lateral sclerosis (Trieu et al., (2000), Biochem Biophys. Res. Commun.
267:22-25); leukemia (Sudbeck et al., (1999), Clin. Cancer Res. 5:1569-1582); mycosis
fungoides, a form of T-cell lymphoma (Nielsen et al., (1997), Prac. Natl. Acad. Sci. USA
15 94:6764-6769); and abnormal cell growth (Yu et al., (1997), J. Immunol. 159:5206-5210;
Catlett-Falcone et al., (1999), Immunity 10:105-115).
The JAK kinases, including JAK3, are abundantly expressed in primary leukemic
cells from children with acute lymphoblastic leukemia, the most common form of
childhood cancer, and studies have correlated STAT activation in certain cells with
20  signals regulating apoptosis (Demoulin et al., (1996), Mol. Cell. Biol. 16:4710-6;
Jurlander et al., (1997), Blood 89:4146-52; Kaneko et al., (1997), Clin. Exp. Immun.
109:185-193; and Nakamura et al.,(1996), J. Biol. Chem. 271: 19483-8). They are also
known to be important to lymphocyte differentiation, function and survival. JAK-3 in
particular plays an essential role in the function of lymphocytes, macrophages, and
25 mast cells. Given the importance of this JAK kinase, compounds which modulate the
JAK pathway, including those selective for JAK3, can be useful for treating conditions
where the function of lymphocytes, macrophages, or mast cells is involved (Kudlacz et
al., (2004) Am. J. Transplant 4:51-57; Changelian (2003) Science 302:875-878).
Conditions in which targeting of the JAK pathway or modulation of the JAK
30 kinases, particularly JAK3, are contemplated to be therapeutically useful include,
arthritis, asthma, autoimmune diseases, cancers or tumors, diabetes, certain eye
diseases, disorders or conditions, inflammation, intestinal inflammations, allergies or

conditions, neurodegenerative diseases, psoriasis, transplant rejection, and viral
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8¢ AReil{dvB disease, multiple sclerosis (MS), Parkinson's disease, motor neuron
disease, amyotrophic lateral sclerosis, Huntington's disease, cerebral ischemia,
neurodegenerative disease caused by traumatic injury, the neurological complications
of AIDS, spinal cord injury, and some peripheral neuropathies and neurodegenerative
disorders.

In other embodiments, the methods and compositions of the present invention
encompass the treatment of autoimmune diseases or disorders, including those
designated as single organ or single cell-type autoimmune disorders, for example
Hashimoto's thyroiditis, autoimmune hemolytic anemia, autoimmune atrophic gastritis of
pernicious anemia, autoimmune encephalomyelitis, autoimmune orchitis, Goodpasture's
disease, autoimmune thrombocytopenia, sympathetic ophthalmia, myasthenia gravis,
Graves' disease, primary biliary cirrhosis, chronic aggressive hepatitis, ulcerative colitis
and membranous glomerulopathy, Sjogren's syndrome, Reiter's syndrome,
polymyositis-dermatomyositis, systemic sclerosis, polyarteritis nodosa, multiple
sclerosis and bullous pemphigoid, and additional autoimmune diseases, which can be
O-cell (humoral) based or T-cell based, including Cogan's syndrome, Wegener's
granulomatosis, autoimmune alopecia, and thyroiditis.

In other embodiments, the methods and compositions of the present invention
encompass the treatment of diabetes, including Type | diabetes, juvenile onset diabetes

and complications from diabetes.
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In other embodiments, the methods and compositions of the present invention
encompass the treatment of cancers or tumors, including alimentary/gastrointestinal
tract cancer, colon cancer, liver cancer, skin cancer, breast cancer, ovarian cancer,
prostate cancer, lymphoma, leukemia, including acute myelogenous leukemia and

5 chronic myelogenous leukemia, T-cell prolymphocytic leukemia, kidney cancer, lung
cancer, muscle cancer, bone cancer, bladder cancer, brain cancer, metastatic
melanoma, Kaposi's sarcoma, myelomas including multiple myeloma, myeloproliferative
disorders, proliferative diabetic retinopathy, and angiogenic-associated disorders
including solid tumors

10 In other embodiments, the methods and compositions of the present invention
encompass the treatment of respiratory disorders such as asthma, bronchitis, chronic
obstructive pulmonary disease (COPD), airway hyper-responsiveness, bronchial
asthma, allergic asthma, intrinsic asthma, extrinsic asthma, dust asthma, cystic fibrosis,
pulmonary edema, pulmonary embolism, pneumonia, pulmonary sarcoisosis, silicosis,

15  pulmonary fibrosis, respiratory failure, acute respiratory distress syndrome and
emphysema.

In other embodiments, the methods and compositions of the present invention
encompass the treatment of viral infections such as Epstein Barr Virus, Hepatitis B,
Hepatitis C, HIV, HTLV1, Varicella-Zoster Virus, and Human Papilloma Virus.

20 In other embodiments, the methods and compositions of the present invention
encompass the treatment of the dermatological disorders such as acne, psoriasis,
eczema, burns, poison ivy, poison oak, dermatitis, atopic dermatitis, pruritus and
scleroderma.

In other embodiments, the methods and compositions of the present invention

25 encompass the treatment of the surgical disorders such as pain and swelling following
surgery, infection following surgery and inflammation following surgery.

In other embodiments, the methods and compositions of the present invention
encompass the treatment of transplant rejection, including pancreas islet transplant
rejection, bone marrow transplant rejection, graft-versus-host disease, organ and cell

30 transplant rejection such as bone marrow, cartilage, cornea, heart, intervertebral disc,
islet, kidney, limb, liver, lung, muscle, myoblast, nerve, pancreas, skin, small intestine,

or trachea, chronic and acute allograft transplant rejection and xeno transplantion.

40



pyrrolo[2,3-d]pyrimdin-4- amne 436.6 44\ /NP o O N 4-ethyl-14({trans-4-
[ met hyl (7H pyrrol o[ 2,3-d]- pyrimdin-4-yl)am no]-
cycl ohexywbreetitoabjogul f onyl ] pi peri di ne-4-car boxam de 46BCHIBH1OMH44MN , H
4- (2-met hoxyet hyl )-1- R{trans-4-[nmethyl (7H pyrrolo[2, 3-d] pyrimdin-4-
yl ) am no] cycl ohexyl | - net hyl ) sul fonyl ] pi peri di ne- 4-carboxam de 493.3 46
I'NN NNHNnmthyl-N[trans-4-({[4- (pyri mdin-2-ylnethyl)-
pi peridin-1-yl]sulfonyll- methyl)cyclohexyl]-7H pyrrolo[2,3-d]pyrim din-4-
am ne
In other embodiments, the methods and compositions of the present invention
encompass the treatment of the gastrointestinal disorders such as inflammatory bowel
disease, irritable bowel syndrome, Crohn's disease, gastritis, irritable bowel syndrome,
diarrhea, constipation, dysentery, ulcerative colitis, gastric esophageal reflux, gastric
5 ulcers, gastric varices, ulcers, heartburn, coeliac diseases, proctitis, eosinophilic
gastroenteritis, and mastocytosis.
In other embodiments, the methods and compositions of the present invention
encompass the treatment of the ophthalmic disorders such as retinopathies, uveitis,
ocular photophobia, acute injury to the eye tissue, conjunctivitis, age-related macular

10 degeneration diabetic retinopathy, detached retina, glaucoma, vitelliform macular
dystrophy type 2, gyrate atrophy of the choroid and retina, conjunctivitis, corneal
infection, fuchs’ dystrophy, iridocorneal endothelial syndrome, keratoconus, lattice
dystrophy, map-dot-fingerprint dystrophy, ocular herpes, pterygium, myopia, hyperopia,
cataracts, keratoconjunctivitis, vernal conjunctivitis, keratitis, herpetic keratitis, conical

15  keratitis, corneal epithelial dystrophy, keratoleukoma, ocular premphigus, Mooren's
ulcer, scleritis, Grave's ophthalmopathy, Vogt-Koyanagi-Harada syndrome,
keratoconjunctivitis sicca (dry eye), phlyctenule, iridocyclitis, sarcoidosis, endocrine
ophthalmopathy, sympathetic ophthalmitis, allergic conjunctivitis, and ocular
neovascularization.

20 In other embodiments, the methods and compositions of the present invention
encompass the treatment of pain, including but not limited to chronic pain, acute pain,
joint pain, nociceptive pain, neuropathic pain, allodynia, hyperalgesia, burn pain,
menstrual cramps, kidney stones, headache, migraine headache, sinus headaches,
tension headaches, dental pain, myasthenia gravis, multiple sclerosis, sarcoidosis,

25 Behcet's syndrome, myositis, polymyositis, gingivitis, hypersensitivity, swelling occurring
after injury, closed head injury, endometriosis, vasculitis, sepsis, glutamate neurotoxicity
or hypoxia; ischemic/reperfusion injury in stroke, myocardial ischemica, renal ischemia,
heart attacks, stroke, cardiac hypertrophy, coronary artery disease, atherosclerosis and
arteriosclerosis, organ hypoxia, and platelet aggregation, stroke, and the like.

30 Additional examples of the diseases and disorders associated with JAK inhibition
and that can be treated include those disclosed in WO 2007/077949, U.S. patent
publication nos. US 2007/0259904, US 2007/0207995, US 2007/0203162, and US
2006/0293311.
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The compounds described herein can also be used prophylactically for the
prevention of organ transplant rejection. For example, the compounds and
pharmaceutical formulations of the present invention can be administered before,
during, and/or after a surgical procedure, such as an organ transplant surgery.

S Another embodiment provides a method of inhibiting a JAK enzyme, including

JAK-1, JAK-2, JAK-3 and/or Tyk-2, that includes contacting the JAK enzyme with either
a non-therapeutic amount or a therapeutically effective amount of one or more of the
present compounds. Such methods can occur in vivo or in vitro. In vitro contact can
involve a screening assay to determine the efficacy of the one or more compounds

10  against a selected enzyme at various amounts or concentrations. In vivo contact with a
therapeutically effective amount of the one or more compounds can involve treatment of
a described condition or prophylaxis of organ transplant rejection in the animal in which
the contact occurs. The effect of the one or more compounds on the JAK enzyme
and/or host animal can also be determined or measured. Methods for determining JAK

15  activity include those described in the Examples as well as those disclosed in WO
99/65908, WO 99/65909, WO 01/42246, WO 02/00661, WO 02/096909, WO
2004/046112 or WO 2007/012953.

Chemical Synthesis

20 Representative procedures for the preparation of compounds of the invention are
outlined below in the Schemes. The starting materials can be purchased or prepared
using methods known to those skilled in the art. Similarly, the preparation of the various
intermediates can be achieved using methods known in the art. The starting materials
may be varied and additional steps employed to produce compounds encompassed by

25 theinvention, as demonstrated by the examples below. In addition, different solvents
and reagents can typically be used to achieve the above transformations. Furthermore,
in certain situations, it may be advantageous to alter the order in which the reactions are
performed. Protection of reactive groups may also be necessary to achieve the above
transformations. In general, the need for protecting groups, as well as the conditions

30 necessary to attach and remove such groups, will be apparent to those skilled in the art
of organic synthesis. When a protecting group is employed, deprotection will generally

be required. Suitable protecting groups and methodology for protection and
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deprotection such as those described in Protecting Groups in Organic Synthesis by
Greene and Wuts are known and appreciated in the art.
The compounds described herein can be synthesized as set forth in the
examples of the present application. The cyclic amines of the A ring can be obtained
5 from a commercially available source such as Sigma Aldrich.

General Synthetic Procedure 1

The compounds described herein can also be synthesized according to the

following general Scheme I:

~
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10 In some synthetic methods, functional groups may need to be protected and
deprotected during synthesis of a compound of the invention. In the present application
protecting groups are indicated by the letters Pg alone or with a numerical designation,
such as Pg or Pg1. Those skilled in the art recognize that protection and deprotection
of compounds can be achieved by conventional methods, for example as described in

15  “Protective Groups in Organic Synthesis” by TW Greene and PGM Wuts, John Wiley &

Sons Inc (1999), and references therein.
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In Scheme |, 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine (a) can be obtained
commercially (GL Synthesis, Inc., Worchester, MA). 4-[(Methylamino)-
cyclohexyllmethanol (b) can be obtained from the corresponding carboxylic acid, 4-
[(tert-butoxycarbonyl)amino]cyclohexanecarboxylic acid, by treatment with a reducing

5 agent, such as lithium aluminium hydride, which can occur in an aprotic, anhydrous
solvent, such as tetrahydrofuran. Conversion of (a) to (b) can occur at a range of
temperatures, typically between about 0 to 60°C and completion of the reaction can
take up to several hours.

As shown in Scheme |, a compound of structure (¢) can be synthesized by the

10 reaction of 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (a) with 4-[(methylamino)-
cyclohexyllmethanol (b) in a suitable solvent, such as a polar, aprotic solvent, for
example N,N-dimethylformamide, aqueous dioxane and/or dimethylsulfoxide, in the
presence of a suitable base, such as triethylamine and/or potassium carbonate. This
reaction can occur at elevated temperatures up to about 90°C and the reaction can

15 occur for up to a few hours or longer.

A compound of structure (d) can be synthesized from a compound of structure
(c) as shown above. For example, a compound of structure (d) can be synthesized by
using a brominating reagent, such as thionyl bromide or phosphorous tribromide, in a
polar, aprotic solvent, such as methylene chloride, to afford an unprotected

20  cyclohexylmethylbromide, and which can give the protected compound of structure (d)
by addition of a suitable protecting reagent, such as tosyl chloride.

A compound of structure (e) can be prepared by using protection processes from
a compound of structure (¢). For example, when Pg and Pg1 are both tosyl, (e) can be
prepared in a one step reaction upon treatment of the unprotected compound of

25  structure (c) with tosyl chloride in the presence of a polar, aprotic solvent, such as
methylene chloride, a catalyst, such as DMAP, and a weak base, such as triethylamine.

A compound of structure (f) can be synthesized from a compound of structure (e)
by S-alkylation using a suitable nucleophile. Thus compounds of structure (e), wherein
the protecting group (Pg1) is a suitable hydroxyl protecting group such as tosyl or

30  mesyl, can be reacted with potassium thioacetate in a polar solvent, such as
dimethylsulfoxide or N-methylpyrrolidine, to give compounds of structure (f). This
reaction can occur at elevated temperatures up to 75 °C and can take place for up to 2

hours or longer.

44



Exanpl e

Structure Conmpound Nane Low Resolution LCM5 54 NHO N, NH

N- et hyl - 14({trans-4- [nethyl (7H pyrrol o[ 2, 3-d]- pyrimdin-4-yl)am no]-
cycl ohexywbreetiiosbjogul f onyl ] pi peri di ne-4-car boxam de 449CA/1BH100544N H
2-{14({trans-4-[nethyl (7H pyrrol o[ 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl I -
met hyl ) su I fonyl ] pi pendi n-4- yll-acetam de 449.4 56 z=

10

15

20

25

30

A compound of structure (g) can be synthesized by an oxidation procedure from
the compound of formula (f). The oxidation step is not critical to the present scheme,
and many oxidizing conditions are known to those skilled in the art, for example those
described in “Handbook of Reagents for Organic Synthesis — Oxidising and Reducing
Agents” edited by S.D. Burke and R. L. Danheiser. In some embodiments, a compound
of structure (f), optionally wetted with water, can be treated with formic acid followed by
slow addition of hydrogen peroxide. Such a reaction can occur with stirring at room
temperature, for a time up to about 15 hours or more, to give a compound of structure
(g9). Alternatively, Oxone® (DuPont) may be employed in a polar solvent such as acetic
acid. In one embodiment, the reaction is performed in the presence of potassium
acetate and the potassium salt of the compound of formula (g) is produced.

A compound of structure (g) can be synthesized directly from a compound of
structure (e) upon treatment with a suitable sulfur nucleophile, such as sodium sulfite, in
a polar solvent. Alternatively, a compound of structure (g) can be synthesized from a
compound of structure (d) upon nucleophilic substitution with sodium sulfite.

Treatment of sulphonic acids of formula (g) with a chlorinating agent, such as
thionyl chloride, in a polar, aprotic solvent, such as methylene chloride, with a polar
cosolvent, such as N,N-dimethylformamide, can provide the appropriate chlorinated
compounds. This reaction can occur under reflux conditions. The chlorinated
compound can then react in an aprotic, anhydrous solvent, such as tetrahydrofuran,
with a suitable amine, which can be in neat, gaseous form, or dissolved in an aprotic,
anhydrous solvent such as tetrahydrofuran, to produce a compound of structure (h). In
some embodiments, this reaction can occur at room temperature. Optionally an
anhydrous, weak base, such as triethylamine, may be used to mop up hydrochloric acid
generated in the reaction.

Compounds of formula la of the present invention can be prepared from
compounds of formula (h), wherein Pg is a suitable protecting group, by deprotection
procedures known to those skilled in the art. For example, when the protecting group
(Pg) is tosyl, suitable deprotection conditions involve reaction with a base, such as
lithium hydroxide or potassium hydroxide in a protic solvent such as methanol or
isopropanol and optionally miscible cosolvents such as tetrahydrofuran and water. This
deprotection reaction can occur at about room temperature for several hours or more

and thereby produce the deprotected amine of formula la.
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0=0 N-{trans-4-[({4- [(cycl opropyl -nethoxy)- nethyl]pipend in-1-yll-

sul fonyl ynet hyl] - cycl ohexyl | -N-net hyl-7H pyrrol o[ 2, 3- Qoyri m di n-4- am ne
476.5 57 we201120450Q0z O cri z- N, N-dinethyl-1-{14({tran®CTABor@biayd7

(7H pyrrol o[ 2,3- d]pyrimdin-4-yl)am no]- cycl ohexyl | nethyl)sul fonyl]

pi pendi n-3-yl | - net hanesul fonam de 513.5 58 HONO N N,

1-[({trans-4-[nmethyl (7H pyrrol o[ 2, 3-d] pyri mdin-4- yl)-am no]cycl ohexyl |l -
met hyl )su | fonyl ] pi pendi n-3- ol 408.5 59 H

General Synthetic Procedure 2

The compounds described herein were synthesized according to the following

general Scheme 2

W No-OH . ( :)
//S\\ RGN /@ wNg
~ O O /,S\\ O’/ W

N N ©0 SN °

1. SOCl,

LiOH
N 2. R{R,NH, Ee——
L N EtsN, CH,Cl, NS THE MeOH N
NN (P> = L~ N
Ts NN "H
5 Ts

In the Examples, Ts refers to a tosyl group, having the following structure where
v indicates the point of attachment:
(0]
)
Step 1: To a 250ml round bottom flask charged with ((1r, 4r)-4-(methyl(7-tosyl-

10 7H-pyrrolo [2,3-d] pyrimidin-4-yl)amino)cyclohexyl)methanesulfonic acid (4.2g,
8.75mmol) , dichloromethane (80 mL) and N,N’-dimethylformamide (300uL), thionyl
chloride (10 mL) was added slowly over 10 minutes at 22-28°C (the reaction was
exothermic and gas evolved during addition). The reaction mixture was heated to reflux
for 3 hours. The reaction was cooled to room temperature and stirred overnight under

15  Nz. Most of solvents were evaporated at reduced pressure and then at high vacuum for
at least 2 hours to give a dry brown solid which was used immediately for the next step
without any purification.

Step 2: 2mL (125umol) of freshly prepared sulfonyl chloride from Step 1
(0.0625M) in anhydrous N,N’-dimethylformamide was added to vial charged with 200

20 umol of the appropriate amine, R{RyNH, followed by 100L of triethylamine. After the
reaction mixture was shaken at room temperature for 16 hours, the solvent was
evaporated under reduced pressure. A solution of 2 mL of 5% Na,CO3; and 2mL of
ethyl acetate were added to the vial. The mixture was vortexed and centrifuged. The
organic phase was collected and concentrated to dryness under reduced pressure.

25 Step 3: Samples were re-dissolved in 1mL of MeOH/THF/H20 (2/2/1, viviv).
0.1mL of 2N lithium hydroxide (200 ymol) was added and the reaction mixtures were
stirred at room temperature overnight. Solvent was removed and the samples were
diluted with 1.5 mL of dimethylsulfoxide, purified by HPLC.
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ON, 1-[({trans-4-[nmethyl(7H pyrrolo[2, 3-d]pyrim din-4-

yl ) am no] cycl ohexyl | net hyl )sul fonyl ] pi pendi ne-3- carboxam de 435.5 WO
2011/ 045WORCATI/04BDQ10/ 054447 Exanpl e Structure ConpoundPRamB20100s4Reso0l uti on
LCM5 60 N N, KN H N-(trans-4-{[(3-nethoxy- piperidin-1-yl)sulfonyl]-

met hyl | cycl ohexyl )-N- met hyl- 7H pyrrol o[ 2, 3-d] - pyrimdin-4-am ne 422.4 61
N- \ HNnmethyl-N(trans-4-{[(3- nethyl pi pendi n-1-

General Synthetic Procedure 3

The compounds described herein can also be synthesized according to the
following general Scheme 3.

o
o (0]
oH  benzyl chloroformate o) OH Mel, NaH )OJ\ OMe
it Ahatihshehebioinnd
Bn\o)k Mo N
H,N N |

2

l (@]

H
0 |
O° o DIPEA & o P
Rh/Al, Hy OoMe S o o
- o
HT N

| o]
o. o~
DBU [eNg¥e} o Ij”\o/ NaBH, o] jij o) HOAc, nBUOH
- . [
cl
i T Nz
| 0
Lavs

o

~J
e

“™Ss04H NN H
N /\S/N\
~N [oye} //\b

~
HoOs, formic acid Q 1.S0Cl LioH ~\
E—— N 2. MeNH2 N H.O
”\ P m N 2 N7 X \
NN Z N |
\ N \ k P
075 = N N
5 S H
o d
5

N™ S
lN/ H
(R)-1-(trans-4-(methyl (7H-pyrrolo [2, 3-d] pyrimidin-4-yl)amino)cyclohexyl)-
10 methylsulfonyl)pyrrolidin-3-ol
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yl)sul fonyl ] met hyl I cycl ohex yl)-7H pyrrol o[ 2, 3-d]- pyrimdin-4-am ne 406.5
62 OHNOO N NH{14({trans-4-[nethyl (7H pyrrol o[ 2, 3-d] pyri m di n-4-

yl ) am no]wochohaziwkl - met hyl ) sul f onyl ] pi peri di n-3- yl | meCnapzhod2474 63 g0
N El {3-methyl-14({trans-4- [methyl (7H pyrrol o[ 2, 3-d] -

pyri m di n-4-yl)am no] - cycl ohexyl | nmethyl)sul fonyl] pipendin-3-yl| nethanol
436.6 64 NO N NH 1-[({trans-4-[nethyl (7H pyrrol o[ 2, 3-d] pyri m di n-4-

yl ) am no] cycl ohexyl | -

Step 1: Synthesis of (R)-1-(trans-4-(methyl (7H-pyrrolo [2, 3-d] pyrimidin-4-yl)amino)-
cyclohexyl)methylsulfonyl)pyrrolidin-3-ol
Trans-4-(Methyl (7-tosyl-7H-pyrrolo [2,3-d] pyrimidin-4-
yl)amino)cyclohexyl)methanesulfonic acid (0.5g, 1.04 mmol) was suspended in a
5 solution of dichloromethane (4 mL) and N,N’-dimethylformamide (50 yL). The system

was flushed with nitrogen and thionyl chloride (0.38 mL, 5.22 mmol) was added
dropwise. The reaction mixture was heated at 40-45 °C for 2 hours, concentrated in
vacuo and the residue was dissolved in chloroform (5 mL). Triethylamine (0.3 mL) was
added followed by a solution of (3R)-3-pyrrolidinol (383mg, 4.18 mmol) in chloroform (5

10 mL). The reaction mixture was stirred under nitrogen at room temperature overnight.
The reaction mixture was diluted with ethyl acetate and washed with saturated aqueous
NaHCO;. The organic layer was washed with brine and concentrated in vacuo. The
residue was dissolved in a mixture of tetrahydrofuran (3 mL), methanol (3mL) and water
(1 mL). Lithium hydroxide (50 mg, 2.08 mmol) was added and the reaction mixture was

15  stirred at room temperature overnight. The reaction mixture was evaporated and water
was added. The resulting precipitate was filtered and washed with water. The product
was isolated as a white solid (210 mg, 51%). '"H NMR (400 MHz, DMSO-ds) & ppm
1.19-1.45 (m, 2 H) 1.63-1.99 (m, 7 H) 2.05 (d, J=11.27 Hz, 2 H) 2.90-3.06 (m, 2 H) 3.08-
3.23 (m, 4 H) 3.25-3.46 (m, 3 H) 4.29 (brs, 1 H) 4.68 (br s, 1 H) 5.06 (d, J=3.07 Hz, 1

20 H)6.53 (brs, 1H)7.01-7.29 (m, 1 H) 8.09 (s, 1 H) 11.60 (br s, 1 H). LCMS m/z 394.1
(M+H calcd for C1gH27N503S is 394.18). LCMS (C-18 column, gradient elution 10

minute chromatograph, 95:5 to 5:95 water/acetonitrile, retention time 3.02 min).

EXAMPLE 2

OH
WOKs
N

N7
éﬁ

25 NN

(1-((Trans-4-(methyl (7H-pyrrolo [2, 3-d] pyrimidin-4-yl)amino)cyclohexyl)-
methylsulfonyl)piperidin-4-yl)methanol

Step 1: Synthesis of (1-((Trans-4-(methyl (7H-pyrrolo [2, 3-d] pyrimidin-4-yl)amino)-
30  cyclohexyl)methylsulfonyl)piperidin-4-yl)methanol
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met hyl ) sul fonyl ] pi peri dine- 3-carbonitrile 417.6 65 HO O ON

3-nethyl -14({trans-4- [nethyl (7H pyrrolo[ 2, 3-d]- pyrimdin-4-yl)am no]-
cycl ohexywbreetitoabjogul f onyl ] pi peri di n-3-o0l 422.4 66 ONHPCIWIBROW/bE4447
1-{14({trans-4-[nmethyl (7H pyrrol o[ 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl I -
met hyl ) sul f onyl ] pi peri di n-3- yl ynet hanesul f onam de 485.4 WO

2011/ 045702PCT/ 1 B2010/ 054447 Exanple Structure Conpound Nane Low

Resol ution LCVS 67 0 g' N,

Trans-4-(Methyl (7-tosyl-7H-pyrrolo [2,3-d] pyrimidin-4- yl)amino)-
cyclohexylmethanesulfonic acid (0.5g, 1.04 mmol) was suspended in a solution
of dichloromethane (4 mL) and N,N’-dimethylformamide (50 yL). The system
was flushed with nitrogen and thionyl chloride (0.38 mL, 5.22 mmol) was added

5 dropwise. The reaction mixture was heated at 40-45 °C for 2 hours,
concentrated in vacuo and the residue was dissolved in chloroform (5 mL).
Triethylamine (0.3 mL) was added followed by a solution of 4-(hydroxymethyl)
piperidine (507mg, 4.18 mmol) in chloroform (5 mL). The reaction mixture was
stirred under nitrogen at room temperature overnight. The reaction mixture was

10 diluted with ethyl acetate and washed with saturated aqueous NaHCO3;. The
organic layer was washed with brine and concentrated in vacuo. The residue
was dissolved in a mixture of tetrahydrofuran (3 mL), methanol (3mL) and water
(1 mL). Lithium hydroxide (50 mg, 2.08 mmol) was added and the reaction
mixture was stirred at room temperature overnight. The reaction mixture was

15 evaporated and was purified by prep reverse phase HPLC (product was collected
at 210 nm). The combined fractions were evaporated, and the resulting solid
was dissolved in methanol and was then filtered through a bicarbonate column.
The resulting precipitate was filtered and washed with water. The product was
isolated as a white solid (81 mg). 'H NMR (400 MHz, DMSO-dj) & ppm 1.04-

20 1.21 (m, 2 H) 1.23-1.39 (m, 2 H) 1.48 (br s, 1 H) 1.65-1.80 (m, 6 H) 1.87 (d,
J=10.92 Hz, 1 H) 2.03 (br s, 2 H) 2.65-2.82 (m, 2 H) 2.85-3.01 (m, 2 H) 3.17 (s, 3
H) 3.28 (d, J=3.76 Hz, 2 H) 3.60 (d, J=11.95 Hz, 2 H) 4.53 (br s, 1 H) 4.66 (br s,
1H)6.55 (brs, 1 H)7.13 (d, J=2.73 Hz, 1 H) 8.10 (s, 1 H) 11.66 (br s, 1 H).
LCMS m/z 422.1 (M+H calcd for C2oH31NsO3S is 422.21). LCMS (C-18 column,

25 gradient elution 10 minute chromatograph, 95:5 to 5:95 water/acetonitrile,

retention time 3.37 min).
The compounds in Table 1 were synthesized according to General Synthetic

Procedure 1.
30
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El N-nethyl-N{trans-44({3- [(nethylsulfonyl)methyl]pip

endi n-1-yl I sul fonyl)- nethyl]cycl ohexyll-7H pyrrol o[ 2, 3-d] pyri m di n-4-
am ne 484w0 268/M870Bl N Ngt rans-4- ({[ (3R) - 3- net hoxypyr r olPCa®iIR2016/054447

yl ] sul fonyl | met hyl ) cycl ohex y1]-N-rnethyl-7H pyrrol o[ 2, 3-d]pyrimdin-4-
am ne 408.5 69 z z=/ z ,n=0 Ngtrans-4-({[(2R) - 2-

(met hoxynet hyppyrrolidin- 1-yl]sulfonyll nethyly cycl ohexyl]-N nethyl-7H
pyrrolo[2,3-d]pyrimdin-4- amne 422.5 70 a s 0 O N N Ndtrans-4-({[(3S)- 3-
fl uoropyrrolidin-1-

Table 1
Example Structure Compound Name Low
Q N-(trans-4-{[(3-
HC’/"\;,\\/” T ethoxypiperidin-1-
3 h °° yDsulfonyl]methylicycloh 436.2
fj\} exyl)-N-methyl-7H-
R pyrrolo[2,3-d]pyrimidin-4-
amine
@ benzyl {3-ethyl-1-[({trans-
Q"‘(}s\%“ N 4-[methyl(7H-pyrrolo[2,3-
4 o = d]pyrimidin-4- 569.3
Nl%; b yhamino]cyclohexyllmeth
v yhsulfonylpiperidin-3-
yl}carbamate
Q"\ OYO 1-{1-[({trans-4-
LK [methyl(7H-pyrrolo[2,3-
5 B¢ d]pyrimidin-4-ylyamino]- 434.2
Ly cyclohexylymethyl)sulfon
yl]piperidin-3-yl}ethanone
N-methyl-N-[trans-4-({[3-
,O.‘ SS“O\KE (trifluoromethyl)piperidin-
6 Y ° T 1-ylJsulfonylimethyl)- 460.2
Nl)j/\§ cyclohexyl]-7H-
NN pyrrolo[2,3-d]pyrimidin-4-
amine
CL 2-({1-[({trans-4-[methyl-
QSSN o (7H-pyrrolo[2,3-d]-
7 N ° ° pyrimidin-4-ylyamino]- 465.2
“Hjﬁ e cyclohexylymethyl)sulfon
NTH yllpiperidin-3-yl}oxy)-
acetamide
N-methyl-N-[trans-4-({[3-
,O-“‘\,IS\\N (pyrrolidin-1-ylmethyl)-
8 N o0 ) piperidin-1-yl]sulfonyl}- 475.3
N,ij\§ methyl)cyclohexyl]-7H-
NTTR pyrrolo[2,3-d]pyrimidin-4-
amine
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yl ] sul fonyl | met hyl ) cycl ohex y1]-N-nmethyl-7H pyrrol o[ 2, 3-d] pyri m di n-4-
amne 396.3 71 HO HOsO N N *
[ r net hyl (Wok2pywvadstoo| 2, 3-d] -
cycl ohexyl | met hyl ) sul f onyl ]
H (3R 4R) - 14({trans-4-

N LI

pyrimdin-4-yl)am noj -

N H (3R 4S)-14({trans-4-
pyrim di n-4-yl)am no] -
pyrrolidine-3, 4-diol
[ met hyl (7H pyrrol o[ 2, 3-d] -
cycl ohexyl | net hyl ) sul fonyl] pyrrolidine-3, 4-di ol
410.5 WD 2011/045702PCT/ 1 B2010/ 054447 Exanpl e

Structure

PCT/IB2010/054447
410.5 72 HOHC C N ,"',d

Example Structure Compound Name Low
o]
OIn Hon 1-[({trans-4-[methyl(7H-
9 - pyrrolo[2,3-d]pyrimidin-4- 408.2
. N\ yl)amino]cyclohexyl}meth
L N ylhsulfonyl]piperidin-4-ol
Q O\ N-(trans-4-{[(3-fluoro-
4.\‘\S,N F . T
- a8y piperidin-1-yl)sulfonyl]-
10 A methyl}cyclohexyl)-N- 410.2
')NI} methyl-7H-pyrrolo[2,3-d]-
A pyrimidin-4-amine
O/”“? N-(trans-4-{[(4-amino-
11 OSSON piperidin-1-yl)sulfonyl]- 407 2
N methyl}cyclohexyl)-N- '
Nij\§ methyl-7H-pyrrolo[2,3-d]-
N A pvrimidin-4-amine
OH
(3R,4R)-1-[({trans-4-
QSSOOO“ [methyl(7H-pyrrolo[2,3- 424.2
12 y dJpyrimidin-4-ylyamino}-
“Hj/} cyclohexylymethyl)sulfon
W yl]piperidine-3,4-diol
qo” (3S,4R)-1-[({trans-4-
SO [methyl(7H-pyrrolo[2,3-
13 oL dJpyrimidin-4-yl\amino]- 424.2
“f)jr} cyclohexyl}methyl)sulfon
Vo yl]piperidine-3,4-diol
O (3S)-1-[({trans-4-[methyl-
o (7H-pyrrolo[2,3-d]-
~ o )
14 N:O ° pyrimidin-4-yl)amino]- 408.2
NI)NI} cyclohexylymethyl)sulfon
. yl]piperidin-3-ol
O\/ N-{trans-4-[({3-[(4-fluoro-
Qgs“ O\@\ phenoxy)methyl]piperidin
15 \N ° f | -1-yl}sulfonyl)methyl]- 516.2
Nl)jfxy cyclohexyl}-N-methyl-7H-
NTR pyrrolo[2,3-d]pyrimidin-4-
amine
-k o 1-[({trans-4-[methyl(7H-
SO pyrrolo[2,3-d]pyrimidin-4-
16 " N\ yl)amino]cyclohexyl}meth 436.2
l)NI} yhsulfonyl]piperidine-3-
A carboxylic acid

51

N



Compound Name Low Resolution LCMS 73 zx \\ z z=/ 6-0

NAtrans-4- ({[ 3- (met hoxy- nethyl)pyrrolidin-1-yl]- sul fonyllnmethyly

cycl ohexywp-2newvmastogl - 7H pyrrol o[ 2, 3-d] pyri m di n-4- am RETABRR140544HO N
1,1, NH {3-ethyl-1-[({trans-4- [nethyl (7H pyrrol o[ 2, 3-d]

pyri m di n-4-yl)am no] - cycl ohexyl } net hyl ) sul fonyl]py rrolidin-3-yl}nethanol

436.6 75 F F F HN , _,

Example Structure Compound Name Low
N-methyl-N-{trans-4-[({3-
«O\SO\\ [(propylsulfonyl)methyl]pi
[es) 0=8 T
17 ~N i peridin-1-yl}sulfonyl)- 512.2
Nm)ﬁ:\> \ methyl]-cyclohexyl}-7H-
NN pyrrolo[2,3-d]pyrimidin-4-
amine
N-methyl-N-[trans-4-({[3-
,O..»\,IS\:N o (5-methyl-1,3,4-
18 ~\ COo Ny oxadiazol-2-yl)piperidin- 4742
O 1-yl]sulfonyl}methyl)-
NN cyclohexyl]-7H-pyrrolo-
[2,3-d]pyrimidin-4-amine
3-[(3-fluorophenoxy)-
O\SQO\/OQ methyl]-1-[({trans-4-
19 s OO " | [methyl(7H-pyrrolo[2,3- 532.2
O d]pyrimidin-4-yl)amino]-
NN cyclohexyl}methyl)sulfon
yl]piperidin-3-ol
N-({1-[({trans-4-[methyl-
«OSSQ (7H-pyrrolo[2,3-d]-
20 N ° My pyrimidin-4-yl)amino]- 463.2
Nl)\j:\§ ° cyclohexyllmethyl)sulfon
NN yllpiperidin-3-yl}methyl)-
acetamide
/ N-methyl-N-[trans-4-({[3-
,O‘,\\\I,S\:N S (pyridin-2-
21 e ylmethyl)piperidin-1- 483.2
Nl)\jf\> yllsulfonyl}methyl)cycloh
NN exyl]-7H-pyrrolo[2,3-
d]pyrimidin-4-amine
OO (3R,48)-1-[({trans-4-
. X, on [methyl(7H-pyrrolo[2,3-
22 \’O ° dJpyrimidin-4-yl)amino]- 424.2
”|)Nij\§ cyclohexylimethyl)sulfon
A yl]piperidine-3,4-diol
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N,

LN El

2,2,2-trifluoro-N-{(3S)-1-
pyrrol o[ 2, 3-d] pyri m di n-4- yham no] cycl ohexyl } net hyhs ul fonyl ] pyrrolidi n- 3-

yl } acet amvOeotidRs®276

(et hyl sul fonyl ) pyrrolidin-
cydl ohexyl]-7H pyrrol o[ 2,3- d]pyrimdin-4-amne 456.5 77 0 00 NH

s 00 Nk N -

N H N nethyl - N- PCTaBRIHd034473-
1-yl]sul fonyll nethyly

[ ({trans-4-[nmethyl (7TH

Example Structure Compound Name Low
OéoH 4-methyl-1-[({trans-4-
R L [methyl(7H-pyrrolo[2,3-
23 LI dJpyrimidin-4-yl)amino]- 422.2
(DS cyclohexylimethyl)sulfon
: yl]piperidin-4-ol
Cfci'@ 1-[({trans-4-[methyl(7H-
et pyrrolo[2,3-d]pyrimidin-4-
24 \N’O eo yl)amino]cyclohexylimeth 484.2
N.% yl)sulfonyl]-4-
NTR phenylpiperidin-4-ol
Sion (3S)-1-[({trans-4-
Wer: [methyl(7H-pyrrolo[2,3-
25 )T\\ d]pyrimidin-4-ylyamino}- 394.2
Ly cyclohexyl}methyl)sulfon
yllpyrrolidin-3-ol
‘ tert-butyl {(3S)-1-[({trans-
Q \\,,s\;D\ T | 4-methyl(7H-pyrrolo[2,3-
26 ~ o d]pyrimidin-4-yl)amino]- 493
@3 cyclohexyl}methyl)sulfon
R yllpyrrolidin-3-
yl}carbamate
N-{trans-4-[({(3R)-3-
e [(1S)-1-(ethylamino)-
JET T ethylJpyrrolidin-1-yl}-
27 N% sulfonyl)methyl]cyclohex 449.3
Ly yl}-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine
N-[trans-4-({[(3R)-3-(2-
/XD\OH ethoxyethoxy)pyrrolidin-
28 \H@ oo b 1-ylJsulfonylimethyl)- 466.2
m cyclohexyl]-N-methyl-7H-
N pyrrolo[2,3-d]pyrimidin-4-

amine
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N, N- di met hyl-2- ({(3R) - 1-
nmet hyl ) sul fonyl ] pyrrol i di n-

yl ) am no] cycl ohexyl | -
FO Nval2o1asTans- 4- ({[ (3R 4R) - 3, 4- di fl uoropyrrol i #CmAR2010/054447
yl ]sul fonyl | net hyl ) cycl ohex y1]-N-nethyl-7H pyrrol o[ 2, 3-d] pyri m di n-4-

78

[({trans-4-[nmethyl (7H pyrrol o[ 2, 3-d] pyri m di n-4-

3-yl I oxy)acetam de 479.5

am ne 414.5 WD 2011/ 045702PCT/ 1 B2010/ 054447 Exanple Structure Conpound
Nanme Low Resolution LCMS 79 HO_ CH NN
Example Structure Compound Name Low
éD (3S,4R)-1-[({trans-4-
~h Don [methyl(7H-pyrrolo[2,3-
29 JJ% d]pyrimidin-4-yl)aminol- 470.2
NN cyclohexyl}methyl)sulfon
L N yl]-4-phenylpyrrolidin-3-ol
oH {(BR)-1-[({trans-4-
OASD‘/ [methyl(7H-pyrrolo[2,3-
30 S 90 d]pyrimidin-4-ylyamino}- 408.2
DR Cyclohexyl}r.m.athyl)sulfon
NTR yllpyrrolidin-3-yl}-
methanol
o {(3S)-1-[({trans-4-
sc’;‘Q [methyl(7H-pyrrolo[2,3-
31 S © d]pyrimidin-4-yl)amino]- 408.3
Nl)j:\§ cyclohexyl}methyl)sulfon
NTR yllpyrrolidin-3-yl}-
methanol
O' {(BR)-1-[({trans-4-
O/\,,S;N "\ [methyl(7H-pyrrolo[2,3-
32 S 90w d]pyrimidin-4-ylyamino}- 4172
Nl)m cyclohexyl}methyl)sulfon
NN yllpyrrolidin-3-yl}-
acetonitrile
"oy 5 [(3R,4S)-1-[({trans-4-
- D% [methyl(7H-pyrrolo[2,3-
33 R Q X d]pyrimidin-4-ylYamino]- 486.2
N)Nj/§ cyclohexylymethyl)sulfon
Py yl]-4-(methylsulfonyl)-
i pyrrolidin-3-ylJmethanol
N-[trans-4-({[(3R)-3-
Q““)%:'D—F fluoropyrrolidin-1-
34 N oo yllsulfonyl}methyl)cycloh 306.2
q% exyl]-N-methyl-7H-
NN pyrrolo-[2,3-d]pyrimidin-
4-amine
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{(3R 4S)-3,4-dinethyl-1- [({trans-4-[nmethyl (7H pyrrolo[2, 3-d] pyri m din-4-

yl ) am no] cycl ohexyl | net hyl

80 H s OOWONO0I1/045703R, 4R) - 4- net hyl - 1-

)sul fonyl ] pyrrolidine-3,4- diylldinmethanol
[ ({trans-4-[ net hyl PTIHAB2010/054447

466. 5

pyrrol o[ 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl I -

met hyl ) sul fonyl ] pyrrolidin- 3-ylI nethanol
N- et hyl - 14({trans-4- [nethyl (7H pyrrol o 2, 3-d] -

cycl ohexyl | met hyl ) sul f onyl

422.5 81 -NHgg NN"
pyrimdin-4-yl)am no] -
] pyrrolidine-3-sul fonam de 471.5

Example

Structure

Compound Name

Low

35

N

~ O—\
N \\

\N“'O/; o N

N7
m)jﬁ
NN

{(3S)-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-
yhamino]cyclohexyllmeth
yDsulfonyl]pyrrolidin-3-
yl}acetonitrile

417.2

36

(3S,4S)-4-hydroxy-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyllmeth
yDsulfonyl]pyrrolidine-3-
carbonitrile

419.1

37

{1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yl)amino]cyclohexyl}meth
yDsulfonyl]pyrrolidin-2-
yl}methanol

408.5

38

N-(trans-4-{[(3,4-
dimethylpiperazin-1-yl)-
sulfonyllmethyl}cyclohex
yh)-N-methyl-7H-pyrrolo-
[2,3-d]pyrimidin-4-amine

421.2

39

1-[({cis-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyllmeth
yDsulfonyl]piperidine-3-
carbonitrile

417.4

EXAMPLE 40

\\\‘\S/ O\OH

7\
L%
N

55



82 g N Nqgtrans-4-({[3-(benzyl - sulfonyl)pyrrolidin-1-

yl ] sul fonyl | -nmethyly cycl ohexyl]-Nnethyl-7H pyrrol o[ 2, 3-d] pyri m di n-4-
am ne 532w0 288/045%2 go N N k N H N-net hyl - N-{t rans- 4[ ({ BcTIBZMphEayl et hyl ) -
sul fonyl ] pyrrolidin-1- yllsulfonyl)nmethyl]cyclohex yl1l1l-7H pyrrol of 2, 3-

dl pyrimdin-4-amne 546.5 84 N g N\ LNE 3-[(3-fluorophenoxy)-

(3R)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]piperidin-3-ol

((1r, 4r)-4-(Methyl (7-tosyl-7 H-pyrrolo [2, 3-d] pyrimidin-4-

5 ylhamino)cyclohexyl)methanesulfonic acid (250 mg, 0.52 mmol) was suspended in a
solution of dichloromethane (4 mL) and N,N-dimethylformamide (100 L). The system
was flushed with nitrogen and thionyl chloride (0.15 mL, 2.1 mmol) was added
dropwise. The reaction mixture was heated at 40-45 °C for 2 hours, concentrated in
vacuo and the residue was dissolved in chloroform (10 mL). Diisopropylethylamine

10 (0.25 mL, 1.4 mmol) was added followed by a solution of (R)-3-hydroxy piperidine
hydrochloride (100 mg, 0.727 mmol). The reaction mixture was concentrated in vacuo.
The residue was dissolved in a mixture of tetrahydrofuran (3 mL) and methanol (3mL).
Lithium hydroxide (10 mg, 0.4 mmol) was added and the reaction mixture was stirred at
room temperature overnight. The reaction mixture was evaporated and water was

15 added. The resulting precipitate was filtered and washed sequentially with water and
diethyl ether. The product was isolated as a white solid (58mg, 85%). 'H NMR (400
MHz, DMSO-ds) ppm 1.09-1.36 (m, 2 H)1.37-1.53 (m, 1 H) 1.60 - 1.75 (m, 4 H)
1.78-1.93 (m, 2 H) 2.04 (d, J=10.92 Hz, 2 H) 2.60 (dd, J=10.75, 8.36 Hz, 1 H) 2.72 -
282 (m,1H)2.75-2.84 (m, 1 H)2.95 (t, J=6.49 Hz, 2 H) 3.16 (s, 3H) 3.26 - 3.41 (m, 2

20 H)3.44-3.62(m,2H)4.58-4.75(m, 1 H) 5.01 (d, J=4.10 Hz, 1 H) 6.53 (d, J=2.73 Hz,
1H)7.12 (d, J=3.07 Hz, 1 H) 8.09 (s, 1 H) 11.60 (br. s., 1 H)

The compounds in Table 2 were synthesized according to General Synthetic

Procedure 2.

25 Table 2
Low
Example Compound Name Resolution

Structure LCMS

5 N-(trans-4-{[(4-methoxy-

O@ piperidin-1-yl)-sulfonyl]-
41 ° W methyl}cyclohexyl)-N- 422.5

NSQ methyl-7H-pyrrolo[2,3-d]-

on pyrimidin-4-amine

56



met hyl ] - 14({trans- 4-
cycl ohexyl | met hyl ) sul f onyl ]
2011/ 045 WORQTI/04BD010/ 054447 Exanpl e Structure
Resol ution LCMS 85 N
ypet hyl] - 14({trans- 4-
cycl ohexyl | met hyl ) sul f onyl ]
N-net hyl -N-(trans-4-{[(2- nethyl pyrrolidin-1-yl)-
sul fonyl ] met hyl I cycl ohexyl)

,N NN HE

[ met hyl (7H pyrrol o[ 2, 3-d] -
pyrrolidin-3-ol

518.3 WO

pyrim di n-4-yl)am no] -

Conpoun@CRaB® 10/054447
342- ( 3- met hyl i soxazol - 5-
[ met hyl (7H pyrrol o[ 2, 3-d] -
pyrrolidin-3-ol

pyrim di n-4-yl)am no] -
503.4 86 2 go N EN,

Example

Structure

Compound Name

Low
Resolution
LCMS

42

N
\©\$
N
T
NN

1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]piperidine-
4-carbonitrile

417.4

43

N-[trans-4-({[4-(methoxy-
methyl)piperidin-1-yl]-
sulfonyl}methyl)-
cyclohexyl]-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

436.6

44

4-ethyl-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexylimethyl)sulfonyl]
piperidine-4-carboxamide

463.5

45

4-(2-methoxyethyl)-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]piperidine-
4-carboxamide

493.3

46

N-methyl-N-[trans-4-({[4-
(pyrimidin-2-ylmethyl)-
piperidin-1-yl]sulfonyl}-
methyl)cyclohexyl]-7H-

pyrrolo[2,3-d]pyrimidin-4-

amine

484 .4

47

2-{1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yh)amino]cyclohexylimethyl
)sulfonyl]piperidin-4-
yl}propan-2-ol

450.5

57




-7Hpyrrolo[2,3-d]- pyrimdin-4-amne 392.5 87 cNNN NSo O N H

N-nmet hyl -N-(trans-4-{[(3- pyrimd in-2-ylpyrrolid in-1-

yl ) sul f onyD]20|ttdaytocycl ohex yl)-7H pyrrol o[ 2, 3- d] pyri nmpdirnBzMeni4ne 456. 3
88 \ NNk 2-({(3S)-14({trans-4- [nethyl (7H pyrrol o[ 2, 3-d] -

pyri m di n-4-yl)am no] - cycl ohexyl | nmethyl)sul fonyl] pyrrolidin-3-ylloxy)-

benzonitrile 495.5 89 0 111, N H N{trans-44({3-]
met hoxybenzyl ) sul fonyl ] py rrolidin-1-yllsul fonyl)-

met hyl- 7H pyrrol of 2,

3-d] -

(2-

met hyl ] cycl ohexyl | - N-

Example

Structure

Compound Name

Low
Resolution
LCMS

48

=N N

~87
21,
‘N
NQJ\I%
)
N
NTOH

N-methyl-N-{trans-4-[({4-
[(6-methylpyridazin-3-
yl)methyl]piperidin-1-

yl}sulfonyl)methyl]cyclohex
yl}-7H-pyrrolo[2,3-d]-
pyrimidin-4-amine

498.8

49

N-(trans-4-{[(4-
{[(cyclopropylmethyl)sulfon
yllmethyl}piperidin-1-
yhsulfonyllmethyl}-
cyclohexyl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

524.5

50

N-methyl-N-(trans-4-{[(4-
{3-[(methylsulfonyl)-
methyl]-1,2,4-oxadiazol-5-
yl}piperidin-1-yl)sulfonyl]-
methyl}cyclohexyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

552.8

51

N-methyl-N-(trans-4-{[(4-
methylpiperidin-1-
yhsulfonylmethyl}cyclohex
yl)-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

406.6

52

N,N-diethyl-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexylimethyl)sulfonyl]
piperidine-4-carboxamide

491.5

53

1-{1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]piperidin-4-
yl}propan-1-ol

450.4

58




pyrimdin-4-amne 562.3 90 NN N N N 11

1-[({trans-4-[ et hyl (7Hpyrrol o[ 2, 3-d] pyri m di n- 4-

yl ) am no]wochoimaxiwkl net hyl ) sul fonyl]-3-(1H pyrazol - 1- PCT/IB2010/054447

yl met hyl ) pyrrolidin-3-ol 474.5 WD 2011/045702PCT/ 1 B2010/ 054447 Exanpl e
Structure Conpound Nanme Low Resolution LCM5 91 , NNH
1-[({trans-4-[nmet hyl (7H pyrrol o[ 2, 3-d] pyri m di n-4- yparni no] cycl ohexyl | -
met hyl ) sul fonyl]-3- phenyl pyrrolidin-3-ol 470.4 92 N -\

Example

Structure

Compound Name

Low
Resolution
LCMS

54

N-methyl-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexylimethyl)sulfonyl]
piperidine-4-carboxamide

449.4

55

2-{1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]piperidin-4-
yl}-acetamide

449.4

56

N-{trans-4-[({4-
[(cyclopropyl-methoxy)-
methyl]piperidin-1-yl}-
sulfonyl)-methyl]-
cyclohexyl}-N-methyl-7H-
pyrrolo[2,3-d]-pyrimidin-4-
amine

476.5

57

N,N-dimethyl-1-{1-[({trans-
4-[methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]
piperidin-3-yl}-
methanesulfonamide

513.5

58

1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yl)-amino]cyclohexyl}-
methyl)sulfonyl]piperidin-3-
ol

408.5

59

1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yh)amino]cyclohexylimethyl
)sulfonyl]piperidine-3-
carboxamide

435.5




El tert-butyl nmethyl {(3S)-1- [({trans-4-[nethyl (7H

pyrrol o[ 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl | net hyl

) sul f onylWwpyntial4s2n- 3- yl | carbamate 507.3 93 * N N H RernBrae/ds441 3- ( 2-
fl uor ophenyl ) pyrrolidin-1- yl]sul fonyll nmethyl)cycl ohex y1]-N nmethyl-7H
pyrrolo[2,3-d]pyrimdin-4- amne 472.8 94 \ z 6-0 O N-(trans-4-{[(3-{[ (5-
et hyl pyri di n-2-yl ) net hoxy]- nethyllpyrrolidin-1-yl)- sul fonylynethyll-
cycl ohexyl )-N-net hyl- 7H pyrrol o[ 2, 3-d] pyri mi din-4- amne 527.5 95 H HO N

Example

Structure

Compound Name

Low
Resolution
LCMS

60

el

N7 Sy
PR
Ly

N-(trans-4-{[(3-methoxy-
piperidin-1-yl)sulfonyl]-
methyl}cyclohexyl)-N-
methyl-7H-pyrrolo[2,3-d]-
pyrimidin-4-amine

422.4

61

N-methyl-N-(trans-4-{[(3-
methylpiperidin-1-
yhsulfonylmethyl}cyclohex
yh)-7H-pyrrolo[2,3-d]-
pyrimidin-4-amine

406.5

62

{1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]piperidin-3-
yl}methanol

422.4

63

{3-methyl-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]
piperidin-3-yl}methanol

436.6

64

1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]piperidine-
3-carbonitrile

417.6

65

3-methyl-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]
piperidin-3-ol

422.4

66

1-{1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]piperidin-3-
yl}-methanesulfonamide

485.4

60




N H 2-{3-(hydroxynet hyl)-1-

[ ({trans-4-[nmethyl (7TH

pyrrol o[ 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl | -

met hyl ) suwoaenyigspyoer ol i di n- 3-yl | - et hanol
2011/ 045702PCT/ | B2010/ 054447 Exanpl e Structure
oz / z z=l to

Resol uti on LCVS 96 z.

[ (pyridin-3-yl met hoxy) -

452.5 WO

cycl ohexyl y7H pyrrol o[ 2, 3- d] pyri m di n-4-am ne 499.5 97 /

PCT/IB2010/054447
Conmpound Nanme Low

z N-nmethyl -N-{trans-44({3-

met hyl ] pyrrolidin-1-yly sul fonyl)nethyl]-

S HCQ N N

Example

Structure

Compound Name

Low
Resolution
LCMS

67

(O\LS‘/\O
20
S o o
o> N
[P
P
N
NTH

N-methyl-N-{trans-4-[({3-
[(methylsulfony)methyl]pip
eridin-1-yl}sulfonyl)-
methyl]cyclohexyl}-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

484.5

68

N-[trans-4-({[(3R)-3-
methoxypyrrolidin-1-
yllsulfonyl}methyl)cyclohex
yl]-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

408.5

69

N-[trans-4-({[(2R)-2-
(methoxymethyl)pyrrolidin-
1-yllsulfonyl}methyl)-
cyclohexyl]-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

422.5

70

N-[trans-4-({[(3S)-3-
fluoropyrrolidin-1-
yllsulfonyl}methyl)cyclohex
yl]-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

396.3

71

(3R,4S)-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]
pyrrolidine-3,4-diol

410.5

72

(3R,4R)-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]
pyrrolidine-3,4-diol

410.5

61




Il 14({trans-44net hyl (7H pyrrol o[ 2, 3-d] pyri m di n-4-

yl ) -am no] cycl ohexyl | - nethyl)sul fonyl]-3- [(pyridin-2-ylthio)-

met hyl | pywoabidi4s703- ol 517.5 98 0 N kN N-net hyl - N4t r ar€TABL0{1 (/834447
(2-o0ox0-2-pyrrolidin-1- ylethoxy)pyrrolidin-1- yl]sulfonyllnethyl)cycl ohex
yl]-7H pyrrol o[ 2,3- d] pyrimdin-4-amne 505.5 99 OCH N k H

3-net hyl -14({trans-4-
yl ) am no] cycl ohexyl | met hyl

) sul fonyl | pyr

[ met hyl (7H pyrrol o[ 2, 3- d] pyri m di n-4-
408.5 100 I'IP

rolidin-3-ol

Example

Structure

Compound Name

Low
Resolution
LCMS

73

N-[trans-4-({[3-(methoxy-
methyl)pyrrolidin-1-yl]-
sulfonyl}methyl)-
cyclohexyl]-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

422.4

74

{3-ethyl-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-ylyamino]-
cyclohexylimethyl)sulfonyllpy
rrolidin-3-yl}methanol

436.6

75

2,2 2-trifluoro-N-{(3S)-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}methyl)s
ulfonyl]pyrrolidin-3-
yllacetamide

489.5

76

=z )
z

W/ \

Iz

N-methyl-N-[trans-4-({[3-
(methylsulfonyl)pyrrolidin-
1-yllsulfonyl}methyl)-
cyclohexyl]-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

456.5

77

N,N-dimethyl-2-({(3R)-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]pyrrolidin-
3-yltoxy)acetamide

479.5

78

N-[trans-4-({[(3R,4R)-3,4-
difluoropyrrolidin-1-
yllsulfonyl}methyl)cyclohex
yl]-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

414.5

62




go N 11 N-nethyl-N(trans-4-{[(3- phenyl pyrrolidin-1-

yl )sul fonyl ] met hyl | cycl ohex yly7H pyrrol o[ 2, 3- d] pyri m di n-4-am ne 454. 3
101 00 r wiw20n/04870B> k N, N-di et hyl-2-({(3R)-1- [ ({tran®cFARBIbYI44TH-

pyrrol o[ 2, 3-d] pyri mi di n-4- yl)am no] cycl ohexyly met hyl)sul fonyl ] pyrrolidin-
3-yl |l oxy)acetam de 507.4 WO 2011/ 045702PCT/ 1 B2010/ 054447 Exanple Structure
Conmpound Nanme Low Resol ution LCVS 102 N, --/NN

Example

Structure

Compound Name

Low
Resolution
LCMS

79

HO N
7.
L)

NSy

|
L7 "

{(3R,4S)-3,4-dimethyl-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yh)amino]cyclohexylimethyl
)sulfonyl]pyrrolidine-3,4-
diyl}dimethanol

466.5

80

{(3R,4R)-4-methyl-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]pyrrolidin-
3-ylimethanol

422.5

81

N-methyl-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]
pyrrolidine-3-sulfonamide

471.5

82

N-[trans-4-({[3-(benzyl-
sulfonyl)pyrrolidin-1-
yllsulfonyl}-methyl)-

cyclohexyl]-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

532.5

83

N-methyl-N-{trans-4-[({3-
[(2-phenylethyl)-
sulfonyl]pyrrolidin-1-
yl}sulfonyl)methyl]cyclohex
yl}-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

546.5

84

3-[(3-fluorophenoxy)-
methyl]-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]
pyrrolidin-3-ol

518.3




NH Nnmethyl-N[trans-4-({[3- (pyrazin-2-ylnethyl)
pyrrolidin-1-yl]sulfonyll- methyl)cycl ohexyl]-7H

pyrrol o[ 2vB8-2dipssioni di n-4- amne 470.5 103 N H NO N 11PCT/1B2010/054447
1-[({trans-4-[nmethyl (7H pyrrol o[ 2, 3-d] pyri m di n-4- yl)-am no] cycl ohexyl | -
met hyl ) sul fonyl1] -3-pyridin- 2-ylpyrrolidin-3-ol 471.5 104 lkg %
N-(trans-4-{[(3-benzyl- pyrrolidin-1-yl)sulfonyl]- nethyllcycl ohexyl)-N
met hyl - 7H pyrrol o[ 2, 3-d] - pyrimdin-4-amne 468.6 105 :,"N-1: 7-ONc NH

Low

Compound Name Resolution
Structure LCMS

% 3-[2-(3-methylisoxazol-5-
° ylethyl]-1-[({trans-4-
H N )

Example

) [methyl(7H-pyrrolo[2,3-d]-

O?O " pyrimidin-4-yl)amino]-

N‘% cyclohexyllmethyl)sulfonyl]
- pyrrolidin-3-ol

85 503.4

N-methyl-N-(trans-4-{[(2-
Q”gﬁ@ methylpyrrolidin-1-yl)-
w sulfonyllmethyl}cyclohexyl) 392.5
N&% -7H-pyrrolo[2,3-d}-
pyrimidin-4-amine

86

N N-methyl-N-(trans-4-{[(3-
an@*s:o“o pyrimidin-2-ylpyrrolidin-1-
N yhsulfonyllmethyl}cyclohex 456.3
U Ay yl)-7H-pyrrolo[2,3-
"’ dJpyrimidin-4-amine

87

N 2-({(3S)-1-[({trans-4-
<\jg [methyl(7H-pyrrolo[2,3-d]-
. pyrimidin-4-yl)amino]-
88 O?O " cyclohexyl}methyl)sulfonyl]
N‘% pyrrolidin-3-yl}oxy)-
o benzonitrile

495.5

N-{trans-4-[({3-[(2-
methoxybenzyl)sulfonyl]py
» rrolidin-1-yl}sulfonyl)-
N‘% methyl]cyclohexyl}-N-

- methyl-7H-pyrrolo[2,3-d]-
pyrimidin-4-amine

89 562.3

0 1-[({trans-4-[methyl(7H-

§@N pyrrolo[2,3-d]pyrimidin-4-

90 SO SN yl)amino]cyclohexylimethyl 474.5

% )sulfonyl]-3-(1H-pyrazol-1-
o ylmethyl)pyrrolidin-3-ol

64



l-ethyl-4-({1-[({trans-4- [nmethyl (7H pyrrol o[ 2, 3- d] pyri m di n-4-

yl ) am no] cycl ohexyl | net hyl )sul fonyl ] pyrrolidin-3-

yl | met hylwpizpavezione- 2, 3- di one 532.5 106 00 - NN LIRCEITB2010/054447

N-nmet hyl - N-{trans-4[ ({2- [(6-nmethyl pyridin-2- yl)nethyl]pyrrolidin-1-

yl I sul fonyl ) met hyl ] cycl ohex y11-7H pyrrol o[ 2, 3- d] pyri m din-4-am ne 483. 4
107 NN NH Nnethyl-N(trans-4-{[(3- pyridin-2-ylpyrrolidin-1-

yl ) sul fonyl ] met hyl I cycl ohex y1)-7H pyrrol o[ 2,3- d]pyrimdin-4-amne 455.1
WO 2011/ 045702PCT/ 1 B2010/ 054447 Exanpl e

Example

Structure

Compound Name

Low
Resolution
LCMS

91

Hg :N\ -
N
N7 SRy
[

1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]-3-
phenylpyrrolidin-3-ol

470.4

92

tert-butyl methy{(3S)-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yh)amino]cyclohexylimethyl
)sulfonyl]pyrrolidin-3-
yl}carbamate

507.3

93

N-[trans-4-({[3-(2-
fluorophenyl)pyrrolidin-1-
yllsulfonyl}methyl)cyclohex
yl]-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

472.8

94

N-(trans-4-{[(3-{[(5-
ethylpyridin-2-yl)methoxy]-
methyl}pyrrolidin-1-yl)-
sulfonyllmethyl}-
cyclohexyl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

527.5

95

2-{3-(hydroxymethyl)-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]pyrrolidin-
3-yl}-ethanol

452.5




Structure

N-met hyl - N-[trans- 4-

109 N NN

yl'I-N-methyl -7H pyrrolo[ 2, 3-d] pyri mdin-4- amne 364.5 110

Conmpound Nanme Low Resolution LCVS 108 CN - -

N El

({[(2S)-2-(pyrrolidin-1- ylmethyl)pyrrolidin-1-
yl ] sul f onyDI20Ettdaytopcycl ohex yl]-7H pyrrol o[ 2, 3- d] pyri nmpdirnBZMeni4ne 461. 5

N-{trans-4-[(azetidin-1- ylsulfonyl)nethyl]cycl ohex

Example

Structure

Compound Name

Low
Resolution
LCMS

96

N-methyl-N-{trans-4-[({3-
[(pyridin-3-ylmethoxy)-
methyl]pyrrolidin-1-yl}-

sulfonyl)methyl]-
cyclohexyl}-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

499.5

97

1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yl)-amino]cyclohexyl}-
methyl)sulfonyl]-3-
[(pyridin-2-ylthio)-
methyl]pyrrolidin-3-ol

517.5

98

N-methyl-N-[trans-4-({[3-
(2-oxo-2-pyrrolidin-1-
ylethoxy)pyrrolidin-1-

yllsulfonyl}methyl)cyclohex
yl]-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

505.5

99

3-methyl-1-[({trans-4-
[methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-
yh)amino]cyclohexylimethyl
)sulfonyl]pyrrolidin-3-ol

408.5

100

N-methyl-N-(trans-4-{[(3-
phenylpyrrolidin-1-
yhsulfonylmethyl}cyclohex
yl)-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

454.3

101

N,N-diethyl-2-({(3R)-1-
[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]pyrrolidin-
3-yltoxy)acetamide

507.4

66




N NN NNI11 Nnethyl-N(trans-4-{[(3- pyrimdin-2-ylazetidin-1-

yl )sul fonyl ] met hyl | cycl ohex yl)-7H pyrrol o[ 2,3- d]pyrimdin-4-amne 442.5
111 N~ gwO 2bii4570Bl  N-net hyl - N-(trans-4-{[ (3- pyri di n- BCylBaao/H a4 1-
yl')sul fonyl ] net hyl I cycl ohex yl)-7H pyrrol o[ 2, 3- d] pyri m din-4-amne 441.5

112 F

N LN

Example

Structure

Compound Name

Low
Resolution
LCMS

102

N,
N/ ’

N
L

N
S
>

N

N
N
H

N-methyl-N-[trans-4-({[3-
(pyrazin-2-ylmethyl)-
pyrrolidin-1-yl]sulfonyl}-
methyl)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

470.5

103

1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yl)-amino]cyclohexyl}-
methyl)sulfonyl]-3-pyridin-
2-ylpyrrolidin-3-ol

471.5

104

N-(trans-4-{[(3-benzyl-
pyrrolidin-1-yl)sulfonyl]-
methyl}cyclohexyl)-N-
methyl-7H-pyrrolo[2,3-d]-
pyrimidin-4-amine

468.6

105

1-ethyl-4-({1-[({trans-4-
[methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-
yh)amino]cyclohexylimethyl
)sulfonyl]pyrrolidin-3-
ylimethyl)piperazine-2,3-
dione

532.5

106

N-methyl-N-{trans-4-[({2-
[(6-methylpyridin-2-
yhmethyl]pyrrolidin-1-
yl}sulfonyl)methyl]cyclohex
yl}-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

483.4

107

N-methyl-N-(trans-4-{[(3-
pyridin-2-ylpyrrolidin-1-
yhsulfonylmethyl}cyclohex
yl)-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

455.1




N-(trans-4-{[(3- fluoroazetidin-1-yl1)- sulfonyl]-nethyll-

cycl ohexyl)-N-net hyl-7H pyrrolo[2,3-d]pyrimdin-4- amne 382.4 113 N,P 'NH
.v,, 0 Nwo20N/@stobyl -N-[trans-4-({[3- (1Htetrazol - 5- ylPraasroioiis447
1-yl]sul fonyl |l nethyly cycl ohexyl]-7H pyrrol o[ 2,3- d] pyrimdin-4-amne 432.4
114 VI N - HNnmethyl-N[trans-4-({[3- (phenylsul fonyl)azetidin-1-

yl ] sul fonyl | met hyl ) cycl ohex yl]-7H pyrrol o[ 2,3-d]- pyrimdin-4-am ne 504.4

Low

Compound Name Resolution

Example
P Structure LCMS

N-methyl-N-[trans-4-
({l(2S)-2-(pyrrolidin-1-
ylmethyl)pyrrolidin-1-
\ yllsulfonyl}methyl)cyclohex
H yl]-7H-pyrrolo[2,3-
d]Jpyrimidin-4-amine

B \g‘o
108 O e

461.5

N-{trans-4-[(azetidin-1-

gOAO ylsulfonyl)methyl]cyclohex
i yl}-N-methyl-7H- 364.5

m pyrrolo[2,3-d]pyrimidin-4-

) amine

109

[y N-methyl-N-(trans-4-{[(3-
v pyrimidin-2-ylazetidin-1-
110 D0 w yhsulfonyllmethyl}cyclohex 442.5
Nu% yh-7H-pyrrolo[2,3-
NOH d]pyrimidin-4-amine

NQ\@ N-methyl-N-(trans-4-{[(3-
g pyridin-3-ylazetidin-1-
111 O?O w yhsulfonylmethyl}cyclohex 441.5
N‘% yh-7H-pyrrolo[2,3-
H d]pyrimidin-4-amine

N-(trans-4-{[(3-

. fluoroazetidin-1-yl)-
?‘?O,N, sulfonyl]-methyl}-
N% cyclohexyl)-N-methyl-7H-
T pyrrolo[2,3-d]pyrimidin-4-

amine

112 382.4

vy N-methyl-N-[trans-4-({[3-
’%‘ (1H-tetrazol-5-yl)azetidin-
113 AO e 1-yl]sulfonyl}methyl)- 432.4
)\I§ cyclohexyl]-7H-pyrrolo[2,3-
=y d]Jpyrimidin-4-amine

N-methyl-N-[trans-4-({[3-
@ \C‘ (phenylsulfonyl)azetidin-1-
114 AO e yllsulfonyl}methyl)cyclohex 504.4
Nl)j/\> yl]-7H-pyrrolo[2,3-d]-

- pyrimidin-4-amine
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WO 2011/ 045702PCT/ 1 B2010/ 054447 Exanple Structure
Resolution LCVS 115 " ' 1-[({trans-4-[nethyl (7H
pyrrol o[ 2vB8-2diypssioni di n- 4- yl)am no] cycl ohexyl | - PCT/IB2010/054447
met hyl ) sul fonyl ] azeti di n-3- ol 380.35 116 ,V k-, N{trans-4-[({3-
[ (cycl opropyl net hyl )sul fon yl]azetidin-1- yllsulfonyl)nethyl]cycl ohex
yl I -N-nmet hyl -7H pyrrol o[ 2, 3-d] pyri m di n-4- am ne 482.25 117 ,,,," ,,,

Conmpound Name Low

Example

Structure

Compound Name

Low
Resolution
LCMS

115

1-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]lazetidin-3-
ol

380.35

116

N-{trans-4-[({3-
[(cyclopropylmethyl)sulfon
yllazetidin-1-
yl}sulfonyl)methyl]cyclohex
yl}-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

482.25

117

methyl {1-[({trans-4-
[methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino]-
cyclohexyl}methyl)sulfonyl]
azetidin-3-yl}carbamate

437.55

118

N-methyl-N-[trans-4-({[4-
(6-methylpyridin-2-
yhpiperazin-1-yl]sulfonyl}-
methyl)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

484.5

119

N-methyl-N-[trans-4-({[4-
(6-methylpyridin-2-
yhpiperazin-1-yl]sulfonyl}-
methyl)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

484 .4

120

N-methyl-N-(trans-4-{[(4-
pyridin-2-ylpiperazin-1-
yhsulfonylmethyl}cyclohex
yh)-7H-pyrrolo[2,3-d]-
pyrimidin-4-amine

470.5




p. p)" nmethyl {14({trans-4- [nethyl (7H pyrrol o[ 2, 3-

d] pyri m di n-4-yl)am no] - cycl ohexyl | nmet hyl ) sul fonyl ]

azeti di n-8oybigasmamate 437.55 118 N Ns 00 NN, E 1 PCT/IB2010/054447

N- et hyl - Ndtrans-4- ({[4- (5-nethyl pyridin-2- yl)piperazin-1-yl]sulfonyll-
met hyl ) cycl ohexyl ]-7H pyrrolo[ 2, 3-d] pyrimdin-4- amne 484.5 119 1 NP o N
Nk N N-net hyl - Ndtrans-4-({[4- (6-nethyl pyridin-2-

yl) pi perazin-1-yl]sul fonyll- methyl)cycl ohexyl]-7H

pyrrol o[ 2, 3-d] pyri m din-4- am ne 484.4

Example

Structure

Compound Name

Low
Resolution
LCMS

121

N-cyclopropyl-2-{4-[({trans-
4-[methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino]-
cyclohexylimethyl)sulfonyl]
piperazin-1-yl}nicotinamide

5563.65

122

2-{4-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]piperazin-
1-yl}nicotinonitrile

495.55

123

N-methyl-N-[trans-4-({[4-
(pyridin-2-ylmethyl)-
piperazin-1-yl]sulfonyl}-
methyl)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

484.45

124

N-methyl-N-{trans-4-[(1,3-
thiazolidin-3-ylsulfonyl)-
methyl]cyclohexyl}-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

396.0

125

N-[(1R,2S)-2-ethyl-
cyclohexyl]-1-{trans-4-
[methyl(7H-pyrrolo[2,3-d]-
pyrimidin-4-yl)amino]-
cyclohexylimethanesulfon
amide

434.65

126

N-(trans-4-{[(1,1-
dioxidothiomorpholin-4-
yhsulfonylmethyl}cyclohex
yh)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-
amine

4424

127

7-[({trans-4-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-
yhamino]cyclohexyl}-
methyl)sulfonyl]-2,7-
diazaspiro[4.5]decan-3-
one

461.2

70




120 N N N-nethyl-N(trans-4-{[(4- pyridin-2-yl pi perazin-1-

yl ) sul fonyl ] net hyl | cycl ohex yl)-7H pyrrol o[ 2,3-d]- pyrimdin-4-am ne 470.5
WO 2011/ Wb 200RAET70 B2010/ 054447 Exanpl e Structure Conpo®raa/IBEre/0i4a4v

Resol ution LCMS 121 " "N ,.:0 ,N, N k, N-cycl opropyl-2-{44({trans-

4-[met hyl (7H-pyrrol o[ 2, 3- d] pyri m di n-4-yl)am no] -

cycl ohexyl | net hyl ) sul fonyl] piperazin-1-yllnicotinamde 553.65 122 e-i
--.N..-) N Noi.,,r) ........ , N,

EXAMPLE 128
0
0 D)LOH
©/\OJI\N
H

4-Benzyloxycarbonylamino-3-methyl-benzoic acid

Step 1: Synthesis of 4-Benzyloxycarbonylamino-3-methyl-benzoic acid
A mixture of 4-amino-3-methylbenzoic acid (35.1 g, 232 mmol) in water (400 mL)
was treated with 2.5N NaOH (200 mL, 500 mmol) and benzyl chloroformate (37.0 mL,
259 mmol). After 1 h, 150 mL water was added, the resulting mixture was treated with
10 glacial acetic acid (15 mL) and the solids collected by filtration. The filter cake was
rinsed with water and the resulting solid taken up in ethyl acetate/2-methyl
tetrahydrofuran. The organic was washed with brine, dried over MgSQy,, filtered and
concentrated. The resulting solid was dried under vacuum to give 45.1 g of the title
compound. LCMS m/z = 307.9 MH", Rt = 2.508 min.
15  Step 2: Synthesis of 4-(Benzyloxycarbonyl-methyl-amino)-3-methyl-benzoic acid methyl

To a chilled (ice/water bath) slurry of 60% Sodium hydride (13.1 g, 330 mmol) in

N,N-dimethyl formamide (150 mL) was added drop wise a solution of 4-

ester

20 benzyloxycarbonylamino-3-methyl-benzoic acid (45.1 g, 168 mmol) in N,N-dimethyl
formamide (250 mL). The addition was complete over ~ 1h. After 2h, the ice bath was
removed and the mixture was stirred to ambient temperature. After 1 h, iodomethane
(44 ml, 680 mmol) was added. The mixture stirred for 16 h, glacial acetic acid (1.0 mL)
was added and the mixture concentrated. The resulting suspension was treated with

25  water and extracted with diethyl ether (3 x 250 mL). The combined organics were
washed with brine, dried over MgSQOy, filtered and concentrated. The resulting oil was
chromatographed (SiO;) using 0>35% Ethyl acetate/heptane to afford 45.2 g of the title
compound. LCMS m/z = 313.9 MH", Rt = 3.134 min.

71



N kN 2-{4-[({trans-4-[nethyl (7H pyrrol o[ 2, 3-d] pyri m di n- 4-

yl )am no] cycl ohexyl | - nethyl)sul fonyl]piperazin- 1-yllnicotinonitrile

495. 55 1280p0N/(4By02. .. N i Nmethyl-N[trans-4-({[4- (pycirdBm@oissret hyl) -
pi perazin-1-yl]sul fonyll- methyl)cycl ohexyl]-7H pyrrol o[ 2, 3-d] pyri m din-4-
am ne 484.45 124 ON N N-nethyl -N-{trans-4-[(1, 3- thiazolidin-3-ylsulfonyl)-
nmet hyl ] cycl ohexyl11l-7H pyrrol o[ 2, 3-d] pyrimdin-4- amne 396.0 125 , 0. 50N.
N NNJ[(1R 2S)-2-ethyl- cycl ohexyl]-1-{trans-4-

Step 3: Synthesis of (cis, cis)-3-Methyl-4-methylamino-cyclohexanecarboxylic acid

IYLO/
HN

methyl ester hydrochloride

S A mixture of 4-(Benzyloxycarbonyl-methyl-amino)-3-methyl-benzoic acid methyl

ester (45.0 g, 144 mmol), glacial acetic acid (250 mL), and 5% Rhodium on alumina
was stirred under 48 PSI H; for 2 h. The reaction was purged with N, and the H,
pressure was again adjusted to 48 PSI. The mixture heated using a 60 °C heating
mantle and stirred 48h. The mixture was cooled, filtered through celite, and the

10 filtercake rinsed with methanol. The filtrate was treated with conc. HCI (14 ml, 168
mmol) and the mixture was concentrated. toluene and methanol were added and the
mixture again concentrated. The resulting orange/brown oil was treated with 45 mL
Methanol and 250 mL diethyl ether. The resulting solid was filtered, washed with 10%
methanol/diethyl ether (100 ml), diethyl ether (100 mL), and dried to give 16.9 g of the

15 title compound. MS m/z = 186.1 MH".
Step 4: Preparation of (cis, cis)-N-(4-Methoxycarbonyl-2-methyl-cyclohexyl)-N-methyl-

phthalamic acid methyl ester

20 3-methyl-4-methylamino-cyclohexanecarboxylic acid methyl ester hydrochloride
(16.8 g, 75.8 mmol) was treated with dichloromethane (175 mL) and N,N-
diisopropylethyl amine (34 mL, 200 mmol). The mixture was chilled using an ice/water
bath and a solution of 2-chlorocarbonyl-benzoic acid methyl ester (18.1 g, 90.9 mmol) in
75 mL dichloromethane was added over 20 min. The cooling bath was removed and

25  the mixture stirred for an additional 1 h. Water was added, the layers separated, the
organic concentrated and the resulting oil chromatographed (SiO;) using 0->60% ethyl
acetate/heptane to give 22.6 g of the title compound. LCMS m/z = 347.9 MH", 2.543

min.

72



[met hyl (7H pyrrol o[ 2,3-d] - pyrimdin-4-yl)amno]- cycl ohexyl | nmet hanesul f on
am de 434.65 126 ocsH N g0 N kKN H N-(trans-4-{[(1, 1-

di oxi dot Wworeoripglasiozn- 4- yGsul f onyl ] net hyl | cycl ohex y1) - RCRaBIg Qo447

pyrrol o[ 2,3-d] pyrimdin-4- amne 442.4 127 Nk H 7-[ ({trans-4-[nethyl (7H
pyrrol o[ 2, 3-d] pyri mi di n-4- yl)am no] cycl ohexyl |- nethyl)sul fonyl]-2,7-

di azaspiro[ 4. 5] decan-3- one 461.2 EXAMPLE 128

4- Benzyl oxycar bonyl am no- 3- met hyl - benzoic acid 5

10

15

20

Step 5: Preparation of (cis, trans)-N-4-Methoxycarbonyl-2-methyl-cyclohexyl)-N-methyl-

phthalamic acid methyl ester

A solution of (cis, cis)-N-(4-Methoxycarbonyl-2-methyl-cyclohexyl)-N-methyl-
phthalamic acid methyl ester (20.0 g, 57.6 mmol) in methanol (65 mL) was treated with
1,5-diazabicyclo(5,4,0)undec-5-ene (4.0 mL, 26 mmol). The solution was partitioned
into 5 nearly equal portions that were individually heated in sealed tubes using
microwave irradiation to 95 °C. After 6 h, the mixtures were combined, concentrated,
and the resulting oil chromatographed (SiO;) using 0>75% Ethyl acetate/heptane to
give 17.71 g of the title compound. LCMS m/z = 347.9 MH", 2.537 min.

Step 6: Preparation of (cis, trans)-2-Hydroxymethyl-N-(4-hydroxymethyl-2-methyl-

cyclohexyl)-N-methyl-benzamide

0 .
X
N

A mixture of (cis, trans)-N-4-Methoxycarbonyl-2-methyl-cyclohexyl)-N-methyl-
phthalamic acid methyl ester (0.540 g, 1.5 mmol) in 2-propanol (14 mL) and water (3
mL) was treated with sodium borohydride (0.312 g, 5.3 mmol). After 21 h, glacial acetic
acid (0.5 mL) was carefully added and the resulting mixture adsorbed onto SiO; and
chromatographed (SiO,) 0> 10% methanol/dichloromethane to give 0.384 g of the title
compound. LCMS m/z = 292.0 MH", 1.840 min.

Step 7: Preparation of (trans, trans)-3-Methyl-4-{methyl-[7-(toluene-4-sulfonyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl]-amino}-cyclohexyl)-methanol
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Step 1: Synthesis of 4-Benzyl oxycarbonyl am no- 3-net hyl - benzoic acid A
m xture of 4-am no-3-nethyl benzoic acid (35.1 g, 232 mmol) in water (400
m.) was tweavad4sioth 2. 5N NaOH (200 ni, 500 nmol) and beaxyB20atvbzamer or nat e
(37.0 nmL, 259 mmol). After 1 h, 150 nL water was added, the resulting

m xture was treated with 10gl acial acetic acid (15 nL) and the solids
collected by filtration. The filter cake was rinsed with water and the
resulting solid taken up in ethyl acetate/2-nethyl tetrahydrofuran. The
organi ¢ was washed with brine, dried over My504, filtered and concentrat ed.
The resulting solid was dried under vacuumto give 45.1 g of the title

conpound. LCMS mz = 307.9 M+, Rt 508+ n. 15Step 2: Synthesis of

4- (Benzyl oxycar bonyl - net hyl - am na) - t hyl - benzoic acid nmethyl ester

To a chilled (ice/water bath) sl urWy of 60% Sodi um hydride (13.1 g, 330
mmol) in N, Ndi methyl formam de ) was added drop wi se a solution of
4- 20benzyl oxycar bonyl am no- 3- ne lhyl- penzoic acid (45.1 g, 158 mmmol) in

N, N-di met hyl formam de (250 nL). eO:and' =hon was conplete over - | h. After
2h, the ice bath was renoved and t hey g.was stirred to anbi ent

tenperature. After 1 h, iodonethane (44 7 680 nmmol ) was added. The

mxture stirr ednfatie (g, 132 AyaRaghbyRRIdn|drofyritdy MEmeaied and the
m Xture concentrated. The resulti ng sugg@ejnm on was treated with 25 water

and ext r agyeRMexy-A-meibyinganzamige(1(78 g dE5nmel)) in ity @aebPiHed ™ny4a8i cs were

washed W trBatB Witk gladidl G6etRVRId f, 1fg hienedhantxtaRNe A LGsing he
resulting oil was chronmatogr aP ed (5i02) using 0435% Et hyl acet at e/ hept ane

to aff Or dmigsowayg 'Hfad'?h%n if‘iatgfeé’_eéjotH%@n@ Cemdterh. N Apiseprapylethyamines 134
mn. St e@.@'mL,S)’(ﬂ]hhﬁéi? SndPéonksdund 4-chloro-7-tosyl- 7H-pyrrolo[2,3-dlpyrimidine (2.00 g,

ci s)-3-Met hyl - 4- met hyl am no- cycl ohexanecarboxyl'ic acid methyl ester
hydr ochl oPidgBmob wers addgde Thye mixture was again heated using microwave irradiation to

4- (Benzyl gxyear Rasyd h e Mikto RI00cokdTBditehtre 8 ZeHdCchérstogRiphyd (sieter (45. 0
g, 144 mml_)é 1al acial acetic acid (250 rr[dri and 5% Rhodi um on al um na was

0T e g 185 2R B R einsndn SIS Gr'oed ff PR e and the H2

pressyne WeHpEGR oM it 828 6 MH482B8b midhe m xture heated using a 60 C
heating mantl e and stirred 48h. The m xture was coagled, filtered through

celite, ar®Pthe reppiatiorpdres. tiang s folypRgrd wefaninetid-SrRghyi4-imeled-llias t r eat ed
wi t h conc gollehe-45hiIfdRvi )- A8y FaIBIL )3- Pitmidies I S kiiHa-cpaishs@eaRyi leated. tol uene

and net hanol were added and the m xture again concentrated. The resulting
orange/ brown oil was treated witfp 45 nL | ?hanol and 250 nlL diethyl ether.
The resulting solid was filter ed'heG 0% met hanol / di et hyl et her

(100 m), diethyl ether (100 nm)wand dri ed~#0~give 16.9 g of the 15title

conpound. Ms nfz = 186.1 MH+. St 4. Preparation of (cis,
ci s) - N- (4- Met hoxycar bony1- 2- netjhyl[- 8ycl ohexyl ) - N- met hyl pht hal ani ¢ aci d

met hyl ester 203- net hyl - 4- met hyd?ami no- cycl ohexanecar boxyl i ¢ aci d met hyl
ester hydrochloride (16.8 g, 75.8 @W@Qs treated with dichl oronet hane
(175 mL) and N, Ndi i sopr opyl et hyl affi ne 4 m., 200 mmol ). The m xture was
chilled using an.i.ce/ water path d | ut i of 2-chl aro onyl - benzoi c
2t d et hyl "adk BBl B i i-F insbiaP Bl arutefiEHE was added
over 20 npyrroldRe-dippinidip-4ai-amivad-cy@onexerastichn2b{1he2 gni4xd omeolsihi rred for an
additional, 1 h. ter added, .the. |l ayers separated, .t organi c

concent r atisome PHE eI PG s i SR BoP BRI faris 2 2l g 0ac00 et hyi
acet at e/ heptand-dirnetyyramiripybdige (F.06thg 5 trineol catpmtonteneb@idsyindhtorde347. 9 M+,

o M 8y i o AR RS nefleBin 8957 SatRrA 01 e AN ESac

met hyl esthen chiled aking iaaricedivatecbath and additional N,N-diisopropylethyl amine (2.2 mL,

cis)- 4-Met h carbonyl-2- et hyl - | xyl ) N- | - ht hal am ¢ acid

ety PO s TSP g pSRGHGERY .6 b ip i kB ogresPREY i

1, 5- di azabi.8§/ gl D mrdoID\vasdddeds-Tdeanikiirdstitted Wit wamnling toldmebiet| ut i on was
artition i 5 ti. a L hdi Vi I ed in

Cenl ed tupoweafe b ARG P4 pOAE HRDR bR tBh oty bt Bl U e

wer e conb(Si6g), ustgn-2ind Yoatted acataid/Helpianeds gliveiint! @t the hitle nerhpgurrap &M 5i 02)

usi ng 04759 C .heptane to 10give 17.71 g of the title conpound.

LCVS m z E‘/%%%W ?E%%Q?ﬂ mn. Step 6: Preparation of (cis,

trans) - 2- Hydr oxymnet hyl - N- (4- hydr oxynet hiy1- 2- met hyl cycl ohexyl ) - N- et hyl - benz

am de 15



A mxture of (cis,

trans) - N- 4- Met hoxycar bony1- 2- net hyl - cycl ohexyl ) - N- net hyl pht hal am ¢ aci d

met hyl eswero(1@45%@ g, 1.5 mml) in 2-propanol (14 nl) a@od/IB20er5448 nl) was
treated with sodi um borohydride (0.312 g, 5.3 mml). After 21 h, gl acial
acetic acid (0.5 nL) was carefully added and the resulting m xture adsorbed
onto 5i 02 and 20 chromat ographed (5i02) 0410% net hanol / di chl or onet hane to
give 0.384 g of the title conpound. LCMS mz = 292.0 M-1+, 1.840 min. Step
7: Preparation of (trans,

trans) - 3- Met hyl - 4- { net hyl 47- (t ol uene-4-sul fonyl)-7Hpyrrol o[ 2, 3-d] pyri m di n-
4-y1Fam nol - cycl ohexyl ynet hanol A mxture of (cis,

trans)- 2- l%éf@xw hiayibn br(&rén@yt@rn@)wméébya;aardrBE(énmbthyl4{methy| -[7-(toluene-
cycl ohexyl butyl al cohol (20

m_de
Ty vas | FeuleR iR g ae P REuth e yE b R RS The. i xtut o
was heated using 5 mcrowave irradiation i a sealed tube to 120 C. After 1
h, N, N-diisopropylethyl amne (2.5 14 | ) and conpound
4-chl oro-7-tosyl-7H pyrrol of 2, 3- d]\ﬁ idine (2.00 g, 6.5 mmol) were added.
The m xture was again heated usingjm crowave irradiation to 120 C. After 8
h, the m xture was cool ed, conce , and chromat ogr aphed (Si 02) using
10450% ( 10% et hanol in ethyl ace ) heptane to give 1.92 g of the title
10 conpound. LCVS miz 428.9 M+, 2.56%.1 Step 8: Preparation of (trans,
trans) - Tol uene- 4-sul foni ¢ aci d- 3- rrethyl -\ et hyl 47-
(tol uene-4- sulfon yl)-7H pyrrol o 2 3-] pyrimdin-4-ylFam nol - cycl ohexyl net hyl

ester O\\ L, C) m@durf of (tremsrﬁrg(qq)-r u(epe-flfqugﬁglc acid 3-methyl-4-{methyl-[7-

trans)- 3- F(BIUQNJ} 4%U{f<5f%/‘|)hm p&r?olé[?@'—]}i?ﬂﬂrdﬂr&- faﬁfhbpcyabhexylmethyl ester (1.10
15pyrrol o }-cycl ohexyl ynet hanol (1 4.5

nmol ) in Hi EﬁlW@ﬁ@trﬂ%m\é'S‘{'%'dﬁL@ m\)ndyvatsrt@afe@dmm RHAFUP H]"P%b?t%ﬁ& thyl

am ne (2. 2. 1fhmof.3 AfEDt)rin \xélr thﬂﬁ|sas¥BILﬂi@Hst(Hdﬂéd {Ps260a19co9sSutmmef1y and
p-t ol uenesul fonyl chlori H) The m xture was heated in a
50 C bath™orT '@e?SH't'ns‘ﬁ@“W%Uteéeca/é{%ast'%w't% bP138d chiemajogiaPhedkiSidaer bat h
and addi t LRG0 M0k élmylsé%@fé?é?bf%@éﬁe’io FHdE. 7@2 g%f We 1itRGbApFIRY.) LCMS m/z

4-di met hyl am nopyrl dine (0.08 0.7 mmol) and p-toluenesul fonyl chloride
(1.86 g, 8862 M 53 &dniadded. The m xture stirred with warnmng to anbient
tenperature overnight. After 24 h, the m xture was concentrated and
chromat ographed ( Si OZWI ng 0475%&'{4& acet at e/ he tane to %nve 1.11 g of
t he t|tIeS ngrarg frifrgns; grang)- ethyl-gdmefiyhl’ (%‘f%“& Gsul é'MHatl on of
(trans, d[Qw]pmmtﬂnm ﬂ?bﬁhlr@}—@?cléfﬁixbl}ﬂme‘ihdﬁé@&lfﬁhhc“a?md t ol uene-

4- sul fonyl -7H-pyrrol o[ 2, 3-d] pyri m di n- ylFam nol - cycl ohexyl net hyl ) ester
0 5A mixture of (trans, trans)-TolY @ Ao fonic aci d

3-nmethyl -4-{nmet hyl -[7-

(tol uene-4-sul fonyl)-7H pyrrol of 2 -] pyri m di n-4-ylFam nol - cycl ohexyl net hyl
ester (1.10 g, 1.9 mmol) in neth xide (8 nL) was treated with

pot assi um t hi oacetate (0.237 g, i ). After stirring overnight, this
sol ution was added to sat. NaHCGO3 so(g_L},u gt=\(15 nL). The resulting solid was
filtered, washed with H20 and chromatoogriapped (5i 02) 10 usi ng 0450% et hyl
acetaté/heptane to afford 0.747 g of the title conpound. LCVS mz 487.2
M, 3. 778 m nA nSkiepe dtrak, efaas BT hicacedt atiti ISa@smethylehifethyl-[7-(toluene-4-

o et L R SO S Bt U a1
mmol) in formic acid (4 mL) was treated with ~ 30% H2O. dropwise. After 1 h, this
mixture was added to a mixture of sodium metabisulfite (0.540 g, 2.8 mmol) in water (9
20 mL). The pH of the resulting mixture was then adjusted to ~5 using 50% NaOH soln. (~
5.0 mL). The liquid was decanted and the solid was chromatographed (SiO,) using
0->15% methanol/dichloromethane to afford 0.658 g the title compound. LCMS m/z
492.9 MH", 2.029 min.
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A m xture of (trans, trans)-Thioacetic acid

S-(3-net hyl -4-{met hyl 47- (t ol uene- 4-

sul f ony1)wWolenpyasmR o[ 2, 3- d] pyri m di n-4- y1Fam nol - cycl ohexylismiigidaest er
(0.740 g, 1.5 mmol) in formc acid (4 nL) was treated with - 30% H202
dropwi se. After 1 h, this mxture was added to a m xture of sodium
netabisulfite (0.540 g, 2.8 mol) in water (9 20 nL.). The pH of the
resulting m xture was then adjusted to -5 using 50% NaCH soln. (- 5.0 nL).
The Iiquid was decanted and the solid was chromat ogr aphed (51 02) usi ng
0415% et hanol /d| chl oronet hane to aff 658 npound. LCMS
7492 9O Epa SOl o Vens MR ooty (et 7-(RIRe

trans) - N- Matonyl)-76=dydroms2, BébijpyﬁnﬁdTﬁ*—M%ﬂLﬂlné]f—@)c%@WI)4methanesuIfonamlde
sul fonyl) - 7H pyrrol of 2, 3-d] pyri m di n-4-y1Fgm nol - cycl ohexyl ymet hanesul f onam

ide Step 11 a: Amxture of (trane L N
trans)-(3-Methyl-4-{methyl-[7- (toI Ds\blfonyl)
S7H-pyrrol of 2, 3-d] pyrim di n- 4- ylFa?h nol - cycl ohexyl ynet hanesul foni ¢ aci d

(0.519 g, 11mm|) i n di chl or omgg (5.0 nL), was treated with

N, N- di met hyl formami de (0.1 nmL) ahdJtfyf onyl chloride (0.30 nL, 4 nmol). The
m xture was heated using a 40 C al lnj nu ock. After 30 min, the reaction
was concentrated to give a residue that reated wi th dichl oronet hane,

concentrated again and dried under high vacuumto give 10763 ng of a crude
solid that wasStagddavh trirdure of (fransetramsH(3-Mettat-#methyl-[7-(tolStrepd-sWfonyl: porti on

2.0 M 201 CCTUROSTE RO 2 MR b Ry b IR et ipBagp 818G 0 "
added. Thmnml)ohtdrodalonmemeaeéﬁdoum)rvgasatre@meoONﬂﬁ OiV-diomatiol] dorknamide €0.1 L5 h t he
et N MARURINEANSARN 40T 4 ARl ThENBR ALY ag5d bl ucen o hyi

acetate 1 organi c er ‘was se coO centrat ed, and the
resul ti ngaiuemmmmbloclhrAﬂm&ﬁynmpth\edeétﬁloﬁMaswn@t@@ﬂ%gmdwtesmetﬂmtwdsept ane

to give g&%d Qit ﬁfdlc%n)??r%%{ngﬁe c%ﬁ@é)r{‘fr%ged A‘g%arm &ne%otﬁm%r Miﬁ’va&lu@r?% éﬂx

St 12:
tr :Es YO N- K/é@éhglrtg G- quﬁiamIIHWatMsmehwltthﬂﬁhrﬁw potififaftors-
20d d an - I - 1% |f i H---S"..-N//
o ]Ogyr 'Amm Ix'[]uérlte gbﬂg\ﬁén 48! RS sTRHAANSRYI QYT 1S et with
t rans) - N- MeotojdrmGa 0 3alyeint 2l 0 M-sohdivh pf dgthytanlineingeuahydrofuran (5.0 mL, 10
| fony1 2, Fagipok- | f
i Co BRI 2 oAl PhChndy WEREARL s aRay b st L cnam
was treat the reagtioniwasi qaqlcem&teﬁ anyl th@ residoepivys partitidgp@d (oeivieemigthyl Abetete stirring

ht / P / 4 i.al: ti
ove g b P S EIARARY BTl oot
chr omat ogrliphetbgf Bihea ) Sitk) ngin@2PTEnethilacelatebéntinaioativet @ 30 bg gf the tillesol i d

t hat was {] df, 4+di ether to afford 0.082 g of the
title co%%ﬁh@n%LW§@Q@W$%?¥g%'g mn. 5The isoners of this
material were purified using a Chiral pak AD-H 30 x 250 mm col um. El ution
with 40% 5 3 were
s nee <SP M BLEPELAD 148 B o ORIl

St r uc2Qr ed]pyrimidin-4-yl)-amino]-cyclohexyl}- methanesulfonamlde

0
N
A mixture of (trans, trans)-N-Methyl-C-(3-methyl-4-{methyl-[7-(toluene-4-
sulfonyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl]l-amino}-cyclohexyl)-methanesulfonamide
(0.295 g, 0.58 mmol) in tetrahydrofuran (3.5 mL) and methanol (3.5 mL) was treated
25  with LiOH (38.4 mg, 1.6 mmol) in H2O (1.0 mL). After stirring overnight, 1 drop of
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Conmpound Name Low Resolution 129 N1 s- oi, (3R -14({(1S, 3R 49)-3-

met hyl -4-[ met hyl (7H pyrrol o[ 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl | net
hyDsul f ornyD]2pipsiodi n- 3-ol 422.2 130 ,,,, NN O \ H CHP{CTABI(U/&43R, 4S) - 3-
met hyl -4-[ met hyl (7H pyrrol o 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl | net

hyl ) sul f onyl ] pi peridi n-4- yllmethanol 436.3 131 \ (3S)-14({(1S, 3R 459)- 3-
nmet hyl -4-[ met hyl (7H pyrrol o[ 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl | net

hyl ) sul f onyl ] pi peri di n- 3- ol

glacial acetic acid was added and the mixture concentrated. The residue was
chromatographed (SiO,) using 0> 15% methanol/ethyl acetate to give a solid that was
filtered from methanol/diethyl ether to afford 0.082 g of the title compound. LCMS m/z
352.0 MH", 1.639 min.

5 The isomers of this material were purified using a Chiralpak AD-H 30 x 250 mm
column. Elution with 40% MeOH/60% CO, @ 70 ml/min.
The compounds in Table 3 were synthesized according to General Synthetic
Procedure 3.
Table 3
Example Structure Compound Name Low
Resolution
CK) (BR)-1-[({(1S,3R,4S)-3-
DO methyl-4-[methyl(7H-
129 T pyrrolo[2,3-d]pyrimidin-4- 422.2
Ly yhamino]cyclohexylimet
hyl)sulfonyl]piperidin-3-ol
OAOH {1 _[({(1 S,3R,4S)'3'
~ methyl-4-[methyl(7H-
130 \mo pyrrolo[2,3-d]pyrimidin-4- 436.3
@ yl)amino]cyclohexyl}met
W hyl)sulfonyl]piperidin-4-
yl}methanol
. @ (3S)-1-[({(1S,3R,4S)-3-
NOL Y methyl-4-[methyl(7H-
131 I pyrrolo[2,3-d]pyrimidin-4- 422.2
NIJNI,} yhamino]cyclohexyl}met
i hyl)sulfonyl]piperidin-3-ol
" {(BR)-1-[({(1S,3R,4S)-3-
50 methyl-4-[methyl(7H-
132 S © pyrrolo[2,3-d]pyrimidin-4- 422.2
NH:I% yhamino]cyclohexyl}met
N hyl)sulfonyl]pyrrolidin-3-
yl}methanol
10

Example 133




422.2 132 "- -Ns' N1 .--,s-,~ 0-10H 6" \ {(3R)-14({(1S, 3R 4S5)-3-

met hyl -4-[ met hyl (7H pyrrol o[ 2, 3-d] pyri m di n-4- yl)am no] cycl ohexyl | net
hyl ) sul f omngl2ppywswmki di n-3- yl | met hanol 422.2 10 ExamrpiraBAB@ 05400

2011/ 045702PCT/ 1B2010/ 054447 0, o 0 m N

((3S)-1-((3-nmethyl-4-(methyl (7H pyrrol o[ 2, 3-d] pyri m di n- 4-

yDam no) cycl ohexyl ) nmet hyl sul f onyl ) pyrrolidi n-3-yOret hanol 5Step A:
Preparation of (3-nethyl-4-(methyl (7-tosyl-7H pyrrol o[ 2, 3-d]pyrimdin-4-
yl ) am no) cycl ohexyl ) met hanesul fonyl chloride A m xture of

(3-nethyl -4-(methyl (7-tosyl-7H pyrrol o[ 2, 3- d] pyr| m di n- 4-

yl ) am no) cycl ohexyl ) net hanesul fonic acid ( 90, g 0.81 mmol ), CH2A 2 (10

m.), and DMF (50 ulL) was treated. il -0 chI oride and warned to 40 C
After 1.5 h, the 10m xture was cor@ated with toluene (5 nm) and
concentrated. The resulting nateri was triturated with Et20 and dried to
afford
(3-nethyl -4-(methyl (7-tosyl- 7Mp>?r oNo[ 2, 3-d] pyri m di n-4-y1)am no) cycl ohexyl
) met hanesul f onyl chl oride t hatl Jised i nmedi ately without additional
mani pul ation. MS for C22H27Cl nibasa (ESI) (M)+ mz = 512,

((38)-1-((3-methyl-4- (methyl(7H-pyrro|o[2,3-d]pyrimidin-4-

yl)amino)cyclohexyl)methylsulfonyl)pyrrolidin-3-yl)methanol

5  Step A: Preparation of (3-methyl-4-(methyl(7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yh)amino)cyclohexyl)methanesulfonyl chloride
A mixture of (3-methyl-4-(methyl(7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yh)amino)cyclohexyl)methanesulfonic acid (0.400 g, 0.81 mmol), CH>Cl2 (10 mL), and
DMF (50 uL) was treated with thionyl chloride and warmed to 40 °C. After 1.5 h, the

10 mixture was cooled, treated with toluene (5 mL) and concentrated. The resulting
material was triturated with Et20 and dried to afford (3-methyl-4-(methyl(7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclohexyl)methanesulfonyl chloride that was used
immediately without additional manipulation. MS for CysH27CIN4O4S; (ESI) (MH)+ m/z =
512.

15
Step B: Preparation of ((3S)-1-((3-methyl-4-(methyl(7-tosyl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)cyclohexyl)methylsulfonyl)pyrrolidin-3-yl)methanol

A mixture of (S)-pyrrolidin-3-ylmethanol (0.150 g, 1.5 mmol), CHCI3 (56 mL) and
DIEA (0.5 mL, 3 mmol) was treated with a mixture of (3-methyl-4-(methyl(7-tosyl-7H-

20 pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclohexyl)methanesulfonyl chloride (0.208 g, 0.41
mmol), CHCI3 (3.0 mL), and DMF (1.5 mL). After 1 h, the mixture was concentrated and
the resulting residue was chromatographed using 0>8% MeOH in CH,Cl,. The product
fractions were pooled and concentrated to give ((3S)-1-((3-methyl-4-(methyl(7-tosyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclohexyl)methylsulfonyl)pyrrolidin-3-yl)methanol

25 (0.126 g (54 %). MS for C27H37NsOsS; (ESI) (MH)" m/z = 576.

Step C: Preparation of ((3S)-1-((3-methyl-4-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yh)amino)cyclohexyl)methylsulfonyl)pyrrolidin-3-yl)methanol
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15 Step B: Preparation of

((3S)-1-((3-nmethyl-4-(methyl (7-tosyl-7H pyrrol o[ 2, 3-

d] pyri m dwvo-2dtyd43y @i no) cycl ohexyl ) net hyl sul f onyl ) pyr r ol ipdirnBBH¢/034a%t hanol

A mxture of (S)-pyrrolidin-3-ylnmethanol (0.150 g, 1.5 nmol), CHCI 3 (5 nl)

and DIEA (0.5 m., 3 nmmol) was treated wth a m xture of

(3-methyl -4-(nmethyl (7-tosyl-7H

20pyrrol o[ 2, 3-d] pyri m di n-4-yl ) am no) cycl ohexyl ) met hanesul fonyl chl oride

(0.208 g, 0.41 mmol), CHCI3 (3.0 n.), and DV (1.5 nL). After 1 h, the

m xture was concentr at and the resulting residue was_chromatographed

Usi g 0485% NEOMTHUCHE G817 B Y e Bl R U r o o e a4

??gg)enar ?wgﬂn.h?)cgum%x )methylsulfor][yl)pyrrol|%j|£ -3- yI)mtlathanoI (0.050 g, 0.09 crianI) L|01IS| )
e - pyrrol o rimdin-4-yl)am no)c

S ohenyt (hatg We;gay s e N LD R B8 L DS e 57 2\

for C27H3gMrhighL 'I(fﬁ&hb(tLﬁ’Whé‘tHHnZtreat&j?\ﬁlth PR As0M ap@ it hturef

((3S)-1-((3-net rrol o[ 2, rlmdln- -

yl ) ani fo) é%qeaﬁa 91)% réa%%w%v WPy 'PPdI’?'ﬁ‘]Qé §%@?ﬁ3r~?8romatography;\

m xt ur e ofo afford the title compound. MS for CyoH3{Ns03S (ESI) (MH)" m/z = 422.
((3S)-1-((3-nmethyl-4-(nmethyl (7-tosyl-7H pyrrol oiz, 3-d] pyrim di n-4-

y1l) am no) cycl ohexyl ) net hyl sul f onyl ) pyrroli di n-3-y1) met hanol (0.050 g, 0.09
mmol ), LiOH (0.009 g, 0.4 mmol), MOHxampglenBd, THF (1.5 nL), and H20 (1.0
m.) was stirred overnight. The m xture wa hen treated with 1 drop AcCH
and the m xture 5concentrated. The resulfting njxture was purified using
reverse phase chronmatography to m\d/t orrpound M5 for

C201- 131N5035 (ESI) (MH)+ rrlz @(arrpl e 13 0 01 N
10trans- (R -1-((4-(met hyl (7H n 0[2 3-d] pyrim d| n- 4-

yl ) am no) cycl ohexyl ) net hyl sul ) pi peridin-3-yl pival ate A m xture
of trans-(R)-1-((4-(methyl (7 prr I o[ 2, 3-d] pyrim di n-4-
yl ) am no) cycl ohexyl ) met hyl su pi peridin-3-ol (0.400 g, 0.98 mmol), DW

10 d DIEA (0.2 t th | oyl chl d
(0,101 2087 oot Sl e mﬁpﬂ%x'“@?.pwrre B2 dritelitBrmer ature
overni ght. The m xylyEneinofsyclohexgninediyesulfonyl)plperidas8iyl praldtesi due

h t he e d d duct
fract fona. war & ottt yaastRRERAXParMi sVl ST RimHiEr e Compound (0. 182
g, 38% . WMharhiao)cG@dtdkyNnethyls(iEsly))piobtifin-3ndl ZO.#O@@,Z).QQGE&@WW tB5mL),

S B0E PRR 75 e R Eoh PR VPR ATEINA A NS BHRLB S ey

4r) - | 4ﬁ6 I\/Elbhkythe(n—n’l-)(ﬂmytélrre?jl'&t[ayﬂqi?t tteorﬁ;garataliej%\fﬁryigIhtrﬁT(thiel’nﬁiﬂturQ/\PvéQm no) -
S utt on” BVENERRS Ay eRu RS st Hipriaoite MLt ey S i (e oo)  The

syst em wak CHiGheTheddsited btodageffactions hieqityledcandaion dentlxled3® afford the22 mmmol )

hour o, colEeitviaed @i B iR b IS Cr Rl REWFL e 2dPn chl or of orm (5

m.). Diisopropyl ethylamne (5 nL) was added foll owed by a sol ution of
((3r, 4r)-4-methyl pyrrolidin-3-yl) nethanol (241 ng, 2.09 nmol) in
chlorghorm (5 nL). The reaction m Exdmpleveds stirred under nitrogen at room
tenperature overnight. The reaction m xture was diluted with ethyl acetate
and washed 10 with saturated aqueous NaHCO3. The organic |ayer was washed
with brine and concentrated in vacuo. Thd res| due was dissolved in a

m xture of tetrahydrofuran (10 ni) T | ©#OnL) and water (2 nL).

Li t hi um hydroxi de (100 ng) was a A;;ﬁg%dothe reaction mxture was stirred
at roomtenperature overnight. The reaction m xture was evaporated and

wat er was added. The resulting \pitate was filtered and 15 washed
sequentially with water and die yether. The product was isolated as a
white solid (273 ny, 62@@ 1H Nwﬁ ﬁOO VHz, DNBC)dG) ppn10 98 (d, J=6.59

e, 3 M) 122 -4 53 g}}? g 185&%2J476Hz

2 H 1.88 (br. W5 - I p rralol L 1 H 2. 98

(d,H)J=6. 22(H; 2%3"3 '%eﬂ' gﬁ‘ 'éy z¥"(°§§%g Q‘?q“%'p? 3. 41 (H)m 1 H)

3.42 - 3.49 (m 2 H 4.68 (t. J=5.12 Hz,
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20(br. s., 1 H 7.08 -7.13 (m 1 H 8.07 (s, 1 H 11.58 (br. s., 1 H. LCVS

mz 423.1 (MtH cal cd for C201-131N603S requires 423). LCMS (C 18 col um,

gradi ent wbrobilgms®2m nut e chromat ograph, 95:5 to 5: 95 waCenBzuedmitril e,

retention time 1.77 mn). Exanple 136 rNNO// b N k, mN H

25N- et hyl - N- (trans-4-{[ (4- et hyl pi perazi n-1-yl ) sul fonyl ] met hyl | cycl ohexyl)

-7H pyrrol o[ 2, 3-d] pyri m di n-4-am ne ((1r, 4r)-4-(Methyl

(7-tosyl-7Hpyrrolo [2, 3-d] pyrimdin-4- yl)an no)cyclohexyly

met hanesul fonic acid (1 g, 2.09 muol) was suspended in a sol ut| on of

di chl or onet han Ifor m de (50@)p The system
ol

was flushed wi f(p' r‘hr)f‘g %@Hg'éhaostyw?’drwrm'eﬁ Frg- yamin ) was added

dr opwi se. cﬂ'dwelkﬁ?fﬁéthﬁﬂibsmféfﬁlél BEd\@sgheed ﬁﬁncﬂ}wé’@s%ﬁeﬁbé&h asNBidh f
concentrated in vacuo and t si due was djssolved_in chloroform gg m.) .

Tri et hyl afficAle"qmeRtaans (¢ ’%?sa”é?d}ﬁéédmthyéfﬁ}éﬂa’ﬁ@e55%Blf)utTh8r?y6thlW?r%fﬂ

Spi per azi @gh brogeMand thichl m@e (orssahl .24 mwal)(\/éagﬁadedﬁh@mg@c‘rh@n m xture
was stirred ynder nitro en éﬁon1tegpféature over ni The reaction

m xt ur & wWERSCHIhREMP a8 e? @0 PrE' £ 88YguP\RaRIAP 5’0‘(‘5&%63[‘?\ m xture

gf dt etr ghb@iidﬂlfal#va%rdlis%l\ﬁéb)ln cfﬁl’@ﬂoftﬂmti ntI3MDiis@itdpyattgiantide (B-nl) Waé Bidsn
ydr oxi de

o at uIUoHG PR P AL TOTHEI 1 AP R HPNE Rl il M AP T ASeec s

purified bychreform &y LS. eTié asetidiPtalxturd hs@amrbd Dedbrinitasgeh @bfoner e
evapor at e | id was dis i thanol s then

and the res I S i
T o e e s ot Tha fecCah TG e it B Ao Reerl: tre Boses
filtened Wﬁﬂs%ﬁdl@(ﬂadwddnsmﬂ-@% Tihe dpgarsialem@ss washedtve®h iseandghi te solid

105 400 NHz 5 1.74
th 4”?3 g gl Josadsp. Tipe ras'citse%4° §8fiettin gamiitie oy diaiied 16 15 5. 45
(dt, 3. ifh), rﬂetaéndﬁzmra_)ld)ndava@ér (@ehL)J £hhidm Hydrox@ieH 08 nf3 was 3dd&d érﬁﬂd 7 H
ﬁz,” ( é’g’)ga?t@” ”1'X‘H$e ‘ﬂ!ﬁs é@r%?ﬁ%m‘i tﬁﬁpwturﬂoﬁ’”'gﬁﬁﬁﬁ%ygf'@? mixtute 7 }] R
4|rg 4- (I\/)Ewaybveﬁﬂorét@wﬂx% M@Warscddlﬂ?{i 2Th§r&hltlﬁgl§)rdﬁpﬂbt‘af\ﬂas f||te|r<§d and ded

am_no . nesu 0 was suspende
) S LS ity M a0 e £ B TRE o RPN AL [ 50
pL) . The sylrit@ns wias 62doisheNMR @00 Mz, ansoand tohromys (d;hEesbde, 6¢)75 nL, 10

our &, coneentr i BA b VAL b Ahd2 e P deb AareZHELaBier o AFbr of or m

(5 nL). Tnjost-teydeagm, BeH ) B8 frit) J¥as5 Heded) £.oB I(@we:d dHA 250) 3102 08.10fm24

Teacti on Farie SHES aBncanPLidy T4 R 3Rl uRedl 68 e aMe Cea i n

mi xt upe ofbri@l f By DBGIUTRMm, (118) 8L (s, e )NiAred (bf JstLm) ACMPat/2n28.2 (W),

Li t hi um hydr oxi de was he reaction m xture . was stirred
2t foom « BABLE Careomihaes 458 TSI ah S e ALl s P ER an

wat er was cladahatbgrdghe 96 50 btasngatpi sszitgniittial estevaidn fiilet €72 ehind washed
sequentially with water and di ethyl ether. The product was isolated as a
white solid (200nmg, 23% . 1H NVR ( &E30mplz13@OMSO-d6) ppm 1.21 -1.29 (m 5 H)
1.62 - 1.70 (m 4 H 1.74- 1.82(m 2 H 1.83 -.1.87 (m 1 H 2. 01 (ddd,
J=10.30, 6.73, 103.30 Hz, 2 H) 2.46 (br m} H 2.94 (qd, J=13.92, 6.05
Hz, 2 H 3.06 - 3.09 (m 1 H 3.10 33N 3 327-336(m2|—|)
4.79 (s, 1 H 6.48 (d, J=2.20 Hg, (3”‘5-708(m1H)8.04(s,1H)
11.49 (br. s., 1 H. LOVE mz 40978~(M+H cal cd for CL6H26NG03S requires
409). LCOVB (C-18 colum, gradieng elution 5 mnute chromatograph, 95:5 to
5:95 water/acetonitrile, retenth o?r thne 1.36 mn).

~
N
NTOH

25 N-methyl-N-(trans-4-{[(4-methylpiperazin-1-yl)sulfonyllmethyl}cyclohexyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine

((1r, 4r)-4-(Methyl (7-tosyl-7 H-pyrrolo [2, 3-d] pyrimidin-4- yl)amino)cyclohexyl)-
methanesulfonic acid (1 g, 2.09 mmol) was suspended in a solution of dichloromethane
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15 Exanpl e 138
N-(trans-4-{[ (3-isobutoxypi peridin-1-yl)sul fonyl]nmethyllcycl ohexyl)-N nethy
| - 7H pyrwol20{124370d] pyri m di n- 4- am ne 20( (1r, 4r)-4-( MePRYB2010/054447
(7-tosyl-7Hpyrrolo [2, 3-d] pyrimdin-4-yl)am no)cycl ohexyl) -
met hanesul fonic acid (1 g, 2 nmol) was suspended in a solution of
di chl oronet hane (100 nL) and N, Af-di net hyl formam de (100 pL). The system
was flushed with nitrogen and oxal yl chloride (0.73 nm_., 8.36 mml) was added
dropwi se. The reaction mxture was stirred at roomtenperature for 1 hour,
concentra e o.and the residuye 25di ssol ved .in chl orof orm (100

i 1 sbmbbeRiy R haloraamin 68 561 S Themisioramas duted itk 16wt DY sol | d

3 I sobut O¥iidHyPERIbritien®. 7(565L7 1Emél) bisEaaakad dro’ﬁkwser aah@tre@dmomnmktweewws
concentrated in vy e resi due was djssolved in a. m xtur

tetrahydr ?ﬂ?%ﬁ“t%gf’n@)for%M%%ﬁSPCG(’E’GFﬂd)’”é(ﬁGJ%I‘tdéPe(@' FHe)was ﬁ? %?ﬂ'\(%'”

Pydr oxi ?eclﬁlw%mﬂa)mmasrn@mm“@ét\@ 4 he) W?@@Hdélﬂfomb\kféd%ﬁa ?@Iﬁtl(ﬁ{ i mtdthzyt room
enperature over nl e reacti on xture ev orate an Wa er was
added. ? ThB'pPE’&lﬂet(P% 6e£ '%CWQ?%W @é?@m%ﬁdea‘g@ﬁé@ix@@q‘ﬁ%% 89 y wi t h
wat er anduh@f&ﬂﬁﬁgenﬁhﬁ)oﬁf %Hé?atmsovbﬁﬁﬁrﬂt errde aéacﬁod @iiire YRs| owcstats (831

mg, 90% . 1H NVR (400 O d6) PPm5 0 1.25 (d,
J=4. 39 Hz’” ‘@CWNRI %eSJJHZ Vﬁasglvs Ivagl in g mixturg %fzie”a ydr r("m%3 @mmefh%' 1. 75

(2m866( o @Jn&?ﬁggvatgr (1 niL)H)_ltHw&W]yﬁhTXIdeS(%O Ehgb‘l)/vag a@ded &nd tﬁgl@acglbrzlgz( 2 E') H
- m

3. 44 (dd, MHYE VeI, St'fe §t TQ?m tfrr:i?’e aéurgfvemlgh? Tﬁe iea‘qﬁlcl)_%m@%ure WES12 (m 1 H

8.07 (18, @&vdfordidd 88d (vas puﬁﬂed By drbp rdveMe gHazge ‘ﬂ-Md? 'I(Hlé“ddnﬂ:ﬁ{&jd’ra‘cﬂbns

C23H37N503S requir ent elution 5 mnute

ohr ot oQNEIHEVABBIAST, GN3 skrenlieg P eaonied T Pettiiol SH ¥aTe 5 mi )

E_Xgrmﬂ e iﬁl%remzr@t}ghthhblcarborﬁate column. The resultlng preC|p|tate Was flltered and I 1N
ans- net hoxyet ho i y c exy

srmet hyl - WRURR T Bp8r.T o R Iseeae an e Wi solif i g AN )

( 7; L 0sy 1- KirzpPMSD-G6)[ 2pprd-1cH2 m/.nr )(m,oh; Ay 4:58|-)1am mmw @m@xwks 52 Hz, 1

met hanesu i,C S n n ol utian

di chl g?ongs ﬁgﬂé %@b&%%ﬁé(m)Mnﬁ% rdlrggl"!fe?’?@ 1p@) 3=6I’%é:H§yst em

WSZ L I gshecﬁ)\a.aeh MY (MYeR) 327a8d laxakgl alrisqm, de1)(60477@, 043.58H361 ABI0B }Nas .

adde ro S e, reactlon tirr room tenperature for

hour , conwr(ts'g'gﬂ LE ﬂﬁﬁéaf@u(@ Eﬁbﬁﬁﬁé?ﬁj%ﬁ& d| ssol ved in chloroform

(100 nL). Diisopropylethylamne (3.7 nL, 20. 9 nmol ) was added fol | owed by

3- (2- met hoxyet hoxy) pi peridine (637 ng, 4.0 mmol ). The reaction m xture was

concentrated in vacuo. The resi duepwamptl g0/ ved in a m xture of 25
tetrahydrofuran (20 nlL), nethanol (20n1F_) and water (5 mL). Lithium

hydr oxi de (500 ng) was added and the react xture was stirred at room
tenperature overni ght. The reactiop ity S evaporated and water was
added. The resulting preci pitat\(’aW@f t%ered and washed sequentially with
wat er and hexanes. The product soI sted as a light yellow solid
(735ng, 75% . 1H NWR (400 MHz, O-d6) ppm1.25 (br. s., 1 H) 1.25 - 1.33
(m 2 H 1.42 (d, J=6.95 Hz, 2N 5 (br. s., 1 H 1.64- 1.76 (m 5 H
1.83 (br. s., 1 H 1.85 (d, J=d, , 1 H 2.02 (d, J1098Hz 2 H 2.89

2 3.000(m 4 H 3.15 (s, 3 H 3.%0H 3.28 (m 4 H 3.37 - 3.46 (m 4 H)

3.51 - 3.60 (m 2 8.07 (s, 1 H
11.58 (br. s., I%_'}n ﬁ@ﬁ/gw%i ['Ee‘?‘mg’zﬁ%ﬂ? Jié%é@%’h&sﬁs requires
466.2). LCMVS (C— 18 cuylaminolgycidhexw ineethyhefahyhipyroidioi-ohat ogr aph, 95:5 to
5:95 water/acetonitrile, retention tine 1.5 mn). Exanple 140 Di et hyl
(3R)-1-Rftrans-4-[nethyl (7Hpyrrol of 2, 3-d] pyrim di n-4-

y1) ani no] cycl dh@x?ﬂ)%rtb’teﬁwl §7s@sylorhy Pyl B Bd:ﬂ Ry 3nign-phdieptneyclohexyl)-
(3R) - 34({ i exyl | -
amt Pyl ) T ey TRk ot (i 2O Py g s S Soladt BT R iR
di chl or on&t mehand N -dimethylformamide (50 uL). The system Was flushed Wlth nitrogen and
thionyl chloride (0.75 mL, 10 mmol) was added dropwise. The reaction mixture was

heated at 40-45 °C for 2 hours, concentrated in vacuo and the residue was dissolved in
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(5m). Diisopropylethylamne (0.05 nL, 0.3 mvol) was added foll owed by
di et hyl chl oro phosphate (0.036 nL, 0.24 mmol ). The reaction m xture was
stirred uwOenimi4sTo0gen overni ght. Methanol (1nlL) was adaeu/1Bw10/b441 ask and
the reaction m xture was concentrated in vacuo and the resulting residue
was purified by preperative reverse 20 phase HPLC. (100ng, 75% 1H NVR (400
MHz, DMBO d6) ppm 1.19 (t, J=6.95 Hz, 6 H 1.23 - 1.29 (m 3 H) 1.40 - 1.49
(m 1H 1.64 - 1.76 (m 5 H) 1.80 (d, J=12.81 Hz, 1 H 1.87 (d, J=3.66 Hz,
1 H 202(d J1098Hz 2H) 258(dd J=10. 98, 842Hz 1H) 2.73 - 2.81
(m 1M 288, o Biefhu é @doj oyt g oh) 4 05
4.12 (m § Pl)o%ml(ém )4 T5i¢ (Yl?f“'@e%m ) s qpefedy K’W?@'WSOI Fn“é 79 (br. s., 1
H 7.27 (d@ihylsyaofidin-325 (24120g,HZ09 ihrT\'(BI) .8<;B|%rc(f@rm(5rhil) 'Itlr@'\@adiﬂoﬁ Bidthred (MrH
cal cd for C23H38N506PS requi rc[?] %Se Cl\g np gr adi ent el ution
5 ninute WAP SARCOYRIZAHT v 6 residus \as dis \ieé%'Bﬁ‘l ’T“uXFUIFPeO PEERMIOBIRN i me
1.81 mn) (10 rEKﬁﬁﬂtfﬁanbﬂ@OmL) and water (2 mL) Lithium hydrOX|de (100 mg) was added
(3R) - 1- thr ns- 4%5 g éﬂ fg%/rrol o% r}“g%/
y1) ani fo] 69‘? hGHERSHON FRIKHIA W3 ?ﬁ"ﬁé‘? rﬁtufseS’/‘TFWEWyJPSd%?P“BHosphate 5
(3R) - 14({ tibauive-whrs] 6V pbaked7aTrapy4ite ol 2ddddd [TRMIreslilHgprécipilate WaB @itérge | ohexyl I m

et hyl ) sul fon ridin-3-0 4 ). was suspended i
di chl or ondf% g&ﬁé%(‘gsrﬂ e”tlﬁ”}’ygbr"‘éﬁ ngﬁkﬂt@ﬁieﬂg?( %h%groﬁﬂct Vga%s?*ﬁtﬁfj)as\ﬁas added
fol |l oned Qyitels&idnebomll 23°9). PROSMIRAEE0 M@izOBﬁISﬂj—d@)O Bémmmal )1 20 e, 5 gact i on

e eSS B JCeE A0S0t e ot Nl gl s, v 1o

was dilgsoBsedi, n Hiz4d @F asTe3 RpRe4 (dd) 13 .92r8l0h He D HY BIoet-IBydgsin, ane) (2 i,

" oom temparii o 1 HESBoR o A2t hen e’ oReBr s T VAl he

resi due wapsgh i fH)sdh4oy, 1 eyeange (phase HjIPlLCMs{ 40 DREIM+H aldyRor( 400 MHz,

186 (- b uBRRtiS Peduiis Bob s (15 Bolgini grdipnf plihongs Siuite 17 /7 (m942(f%

J=14. 46, b6hrothatdyraph, B:530 595(Wate?addtondril/ retdrtion sime R3éHnird3. 52 (br s., 11 H
6.51 (br. s., 1 H 7.09 (d, J=2.93 Hz, 1 H. LCVMS miz 488.8 (M+H cal cd for
C16H30B606PS requires 487.5). LCVM5 (C- 18 colum, gradient elution 5 mnute
chromat ograph, 95:5 to 5:95 water/acetonitrile, retention time 201.23 mn).
Bi ol ogi cal Eval uation JAK Enzymat F€aR@1P8mterials 25Reconbi nant JAK1
(Cat al og Nunmber PV4775), JAK2 (Catal og Nupher PV4210) and JAK3 (Catal og
Nunber PV3855) were purchased from (I nvi @n Cor poration, Mdison, W).
Tyk2 (His-Tyk2 (888-1182, (C936S, €IN1223) ) Used in this study was expressed
and purified at Pfizer Laboratorj Ad&nosi n -triphosphate (ATP) was
obt ai ned from (Si gma Chem cal npany, St. Louis, M) . The JAKti de peptide
(pepti de sequence, FI TC KGGEE VKK) used for the JAK2 and JAK3 assays
and the IRS-1 peptide (peptid dence, 5- FAM KKSRGDYMTMQ G used for the
JAK1 and Tyk2 assays were purc from (American Peptide Conpany,

Sunnyval e, CA). Coating Reagent 3 s purchased from (Caliper Life

Sci ences, MdisansddH(3-isglutozypipetidins! -yisyltomyllmetidlsyiclahexyhiN-methd-a¥1-was
used to quantify the phosph JAhIe (JAK2 and JAK3) or the
| RS-1 peptide &JAKl and T k%?WO%«Jg?n?]gggh\Ahgpe calrr% ed out in a 384-well

pl at e 20 Mat ri cak1nvn ;‘}EIMetthUatOﬂJ NH-pytade A, gtdlperimidiratvaninaicyeloh@y!)cont ai ned

a1 bur - ( B B S5 s e 9000 WA P RiE S 3 R for S ARG 70T Tt
and 7 M f 6Y00Tylkizand, NMlmlfaﬁelarmdm(wbmh)défhgﬁmt@mafw fluphed wifle ntiggen AK2 and
JAK3 and LR$ol,| @rn&ﬂ.&ée@f m Ads ﬁﬁ%ly dde%%t%g@%% feScfitin Hixgfle Serial ly

in 100% di net hyl sulft e and tested 1 n an ol nt se response in

dupl i cat ewss stifietiatuppindemeerao®fai|1 holur, conpriliats ery@ blibgeesiguarway L
react hon) gisddlGedlin AR (%fbl?ﬁ‘ﬁldﬁﬁﬁl%z'ml'sgbr?fﬁ glﬁénﬁ%eﬁaidﬂui@@nﬁﬁolﬁﬂéé’”e to the
final concentration o M Tyk2 or 20" nM JAK1. The
assay wasaddad folbpwezldoy sflifl GtisebUteyyppaRdine (657 fﬁﬂrﬂ;i%@”f%)r Thareactioo mi nut es

for JAK3 apg,£Qydd &HE@rﬁraft&f /nT\)éEtgo 'Fﬁl?re@%ﬁ@%%s%s@lvé& Wé’ﬁﬁkt% drhe specified
times with 20 uL of 15% Coat | n?SOReagent 3.

The pl at egatr@éy@o%qra;{b@@ r@lp) @et_f@pgji-(?@mgmm Water (5 mL) L|th|um hydroxide
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20(LC3000) instrunent from (Caliper Life Sciences) to neasure the formation
of phosphoryl ated peptide. Data was anal yzed using Hts Well Analyzer

Sof t war e Woami(o@stozper Life Sciences) to obtain the anorat/iBio1pniuderct

f or med. Data was then inported into an internal application where
each data point is expressed as % inhibition based on uninhibited and no
enzynme controls. Dose- 25response data is then fit using a 4 paraneter

| ogi stic equation (Equation 1) to determ ne an |1 C50. Equation 1. max- mn +
mnyY=r x ), 1+ IC5" Where max is the fitted uninhibited
value, mn is the fitte | ete inhibitjon 30value, and s is the slope

factor. USI9YagRALEHAR %66?3 toR @iXtHYe R $Htrered (RS tefesatyeRyieqtigh:
Exanpl e JAKS rekchéh (idlre IA¥SZva S Aty Wl ddEdliednMhe tedfihgiffedpitatd4 2 453

43.8 11 3W§%ﬁ|¥er‘eld ggd %v'aghedfd s8eAEq%ethileiII§ Wéiltﬁ'v?ateSr a%%ghexanes. The product was

isolated as a light yellow solid (831mg, 90%). 'H NMR (400 MHz, DMSO-ds)  ppm

5 0.85(d, J=6.59 Hz, 7 H) 1.25 (d, J=4.39 Hz, 1 H) 1.28 (d, J=6.95 Hz, 1 H) 1.34 - 1.45
(m,2H)1.65-1.75 (m, 6 H) 1.83 (br.s., 1 H) 1.87 (br.s., 1 H) 2.02 (d, J=12.81 Hz, 2
H) 2.86 (dd, J=11.53, 7.50 Hz, 1 H) 2.90 - 3.01 (m, 3 H) 3.13 - 3.25 (m, 6 H) 3.44 (dd,
J=10.98, 2.93 Hz, 1 H)6.51 (br. s., 1 H) 7.08 - 7.12 (m, 1 H) 8.07 (s, 1 H) 11.58 (br. s.,
1 H). LCMS m/z 464.9 (M+H calcd for Cp3H37N503S requires 463.2). LCMS (C-18

10 column, gradient elution 5 minute chromatograph, 95:5 to 5:95 water/acetonitrile,

retention time 2.2 min).

Example 139

AT
0" o
“ .

N

N™ X
(P
N"H
N-[trans-4-({[3-(2-methoxyethoxy)piperidin-1-yl]sulfonyl}methyl)cyclohexyl]-N-
15 methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine

((1r, 4r)-4-(Methyl (7-tosyl-7 H-pyrrolo [2, 3-d] pyrimidin-4-yl)amino)cyclohexyl)-

methanesulfonic acid (1 g, 2 mmol) was suspended in a solution of dichloromethane
(100 mL) and N,N-dimethylformamide (100 pL). The system was flushed with nitrogen

20  and oxalylchloride (0.73 mL, 8.36 mmol) was added dropwise. The reaction mixture
was stirred at room temperature for 1 hour, concentrated in vacuo and the residue was
dissolved in chloroform (100 mL). Diisopropylethylamine (3.7 mL, 20.9 mmol) was
added followed by 3-(2-methoxyethoxy)piperidine (637 mg, 4.0 mmol). The reaction
mixture was concentrated in vacuo. The residue was dissolved in a mixture of

25  tetrahydrofuran (20 mL), methanol (20mL) and water (5 mL). Lithium hydroxide (500
mg) was added and the reaction mixture was stirred at room temperature overnight.
The reaction mixture was evaporated and water was added. The resulting precipitate

was filtered and washed sequentially with water and hexanes. The product was
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isolated as a light yellow solid (735mg, 75%). 'H NMR (400 MHz, DMSO-ds) ppm
1.25 (br.s., 1H)1.25-1.33 (m, 2H) 1.42 (d, J=6.95 Hz, 2 H) 1.45 (br. s., 1 H) 1.64 -
1.76 (m, 5 H) 1.83 (br. s., 1 H) 1.85 (d, J=6.22 Hz, 1 H) 2.02 (d, J=10.98 Hz, 2 H) 2.89 -
3.00 (m, 4 H) 3.15 (s, 3H) 3.20 - 3.28 (m, 4 H) 3.37 - 3.46 (m, 4 H) 3.51 - 3.60 (m, 2 H)
5 6.51(br.s.,1H)7.06-7.12(m, 1 H)8.07 (s, 1 H)11.58 (br. s., 1 H). LCMS m/z 466.3
(M+H calcd for CpsH3a7NsO3S requires 466.2). LCMS (C-18 column, gradient elution 5

minute chromatograph, 95:5 to 5:95 water/acetonitrile, retention time 1.5 min).

Example 140

O
1l
K \,/S o P\OO\/
O ) e
\N o

N7\
.
N
10 N'OH
Diethyl (3R)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

ylh)amino]cyclohexyl}methyl)sulfonyl]piperidin-3-yl phosphate

(3R)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino]cyclohexyl}-

15 methyl)sulfonyl]piperidin-3-ol (100mg, 0.24mmol) was suspended in dichloromethane
(5mL). Diisopropylethylamine (0.05 mL, 0.3 mmol) was added followed by diethyl
chloro phosphate (0.036 mL, 0.24 mmol). The reaction mixture was stirred under
nitrogen overnight. Methanol (1mL) was added to the flask and the reaction mixture was
concentrated in vacuo and the resulting residue was purified by preperative reverse

20 phase HPLC. (100mg, 75%) "H NMR (400 MHz, DMSO-cs) ppm 1.19 (t, J=6.95 Hz,
6H)1.23-129(m,3H)1.40-1.49 (m, 1 H)1.64-1.76 (m, 5 H) 1.80 (d, J=12.81 Hz, 1
H) 1.87 (d, J=3.66 Hz, 1 H) 2.02 (d, J=10.98 Hz, 2 H) 2.58 (dd, J=10.98, 8.42 Hz, 1 H)
273-281(m,1H)2.88-2.99 (m, 2H)3.15(s,3H)3.44-3.55(m,2H)4.05-4.12
(m,2H)4.14-4.21 (m, 2 H) 5.00 (d, J=4.03 Hz, 1 H) 6.79 (br. s., 1 H) 7.27 (dd, J=3.66,

25 2.20Hz,1H)8.23 (s, 1 H). LCMS m/z 544.8 (M+H calcd for C23H3sNsO6sPS requires
543.2). LCMS (C-18 column, gradient elution 5 minute chromatograph, 95:5 to 5:95

water/acetonitrile, retention time 1.81 min).
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Example 141

o8
o~ N _P—OH
L%
N

N™ R\
mJIQ
H

N

(3R)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yh)amino]cyclohexyl}methyl)sulfonyl]piperidin-3-yl dihydrogen phosphate

(3R)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino]cyclohexyl}-
methyl)sulfonyl]piperidin-3-ol (100mg, 0.24mmol) was suspended in dichloromethane
(5mL). Diisopropylethylamine (0.05 mL, 0.3 mmol) was added followed by diethyl
chloro phosphate (0.036 mL, 0.24 mmol). The reaction mixture was stirred under

10 nitrogen overnight. Methanol (1mL) was added to the flask and the reaction mixture was
concentrated in vacuo. The residue was dissolved in dichloromethane (10 mL) and
bromotrimethylsilane (2 mL, 14.4 mmol) was added. The reaction mixture was stirred
under nitrogen at room temperature for 18 hours and then was concentrated in vacuo.
The residue was purified by reverse phase HPLC. (2mg, 5%). 'H NMR (400 MHz,

15 DMSO-as) ppm 1.28 (br.s., 1 H)1.50 (br.s., 1H)1.63-1.72 (m, 2 H) 1.86 (d, J~2.56
Hz, 1 H)2.02 (d, J=10.98 Hz, 1 H) 2.83 (s, 1 H) 2.94 (td, J=14.46, 6.59 Hz, 2 H) 3.14 (s,
2 H)3.47 (br.s., 9H)3.52 (br.s., 11 H)6.51 (br.s., 1 H) 7.09 (d, J=2.93 Hz, 1 H).
LCMS m/z 488.8 (M+H calcd for C1gH30Ns06PS requires 487.5). LCMS (C-18 column,
gradient elution 5 minute chromatograph, 95:5 to 5:95 water/acetonitrile, retention time

20 1.23 min).

Biological Evaluation

JAK Enzymatic Assay
Materials

25 Recombinant JAK1 (Catalog Number PV4775), JAK2 (Catalog Number PV4210)
and JAK3 (Catalog Number PV3855) were purchased from (Invitrogen Corporation,
Madison, WI). Tyk2 (His-Tyk2 (888-1182, C936S, C1142S)) used in this study was
expressed and purified at Pfizer Laboratories. Adenosine 5’-triphosphate (ATP) was

obtained from (Sigma Chemical Company, St. Louis, MO). The JAKtide peptide
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(peptide sequence, FITC-KGGEEEEYFELVKK) used for the JAK2 and JAKS3 assays
and the IRS-1 peptide (peptide sequence, 5-FAM-KKSRGDYMTMQIG) used for the
JAK1 and Tyk2 assays were purchased from (American Peptide Company, Sunnyvale,
CA). Coating Reagent 3 was purchased from (Caliper Life Sciences, Hopkinton, MA).
5  Methods
A peptide mobility shift assay was used to quantify the phosphorylation of the

JAKtide (JAK2 and JAK3) or the IRS-1 peptide (JAK1 and Tyk2). Reactions were
carried out in a 384-well plate (Matrical MP-101) ina 10 L total volume. Reaction
mixtures contained 20 mM HEPES, pH 7.4, 10 mM magnesium chloride, 0.01% bovine

10 serum albumin (BSA), 0.0005% Tween-20, ATP (4 M for JAK2 and JAKS, 40 M for
JAK1 and 7 M for Tyk2)), 2% DMSO and 1 M peptide substrate (JAKtide for JAK2
and JAK3 and IRS-1 peptide for JAK1 and Tyk2). Compounds were diluted serially in
100% dimethyl sulfoxide and tested in an 11 point dose response in duplicate or
gquadruplicate (200 nl of compound/DMSO was added per 10 L reaction). The

15 reactions were initiated by the addition of enzyme to the final concentration of 2 nM
JAKZ, 1 nM JAKS, 12 nM Tyk2 or 20 nM JAK1. The assay was run for 240 minutes for
JAK1, 150 minutes for JAK2, 90 minutes for JAK3 and 70 minutes for Tyk2. The
assays were stopped at the specified times with 20 uL of 140 mM HEPES, 22.5 mM
EDTA and 0.15% Coating Reagent 3. The plates were placed on a LabChip 3000

20 (LC3000) instrument from (Caliper Life Sciences) to measure the formation of
phosphorylated peptide. Data was analyzed using Hits Well Analyzer Software from
(Caliper Life Sciences) to obtain the amount of product formed.

Data was then imported into an internal application where each data point is

expressed as % inhibition based on uninhibited and no enzyme controls. Dose-

25 response data is then fit using a 4 parameter logistic equation (Equation 1) to determine
an ICso.
Equation 1:

max— min .
y=———+min

1+ x
IC,,

Where max is the fitted uninhibited value, min is the fitted complete inhibition

30 value, and sis the slope factor.

Using this protocol, the following results were generated:
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JAK1: 1C50 (nM 32 355 27.3 3.76 33 275 32.2 10.4 34 217 16.7 7.35 35 447
52.6 11.1 36 123 18.7 5.35 38 1920 126 11.4 39 393 75.4 23.4 40 105 8.04
1.44 41 680 200/042021 PCT/IB2010/054447

Example | JAK3:1C50 (nM) | JAK2:IC50 (nM) | JAK1:IC50 (nM)
1 163 18.1 5.84
2 453 438 11
3 31.7 4.09 1.2
4 846 717 446
5 339 21.9 7.07
6 604 54.3 7.25
7 173 18.3 2.96
8 3280 125 148
9 342 342 9.18
10 234 26.2 5.3
11 2270 97.5 423
12 119 138 4.28
13 275 32 6.99
14 169 16.2 5.41
15 10000 32 5.91
16 743 7.71 2.13
17 745 54.7 6.06
18 210 195 9.75
19 492 46.8 14.8

20 190 15.2 1.66
21 592 33 11.3
22 138 325 115
23 243 421 7.74
24 374 7.42 5.03
25 335 447 13.3
26 230 484 1.44
27 1190 62.5 111
28 249 16.8 6.31
29 151 15 5.22
30 112 8.36 3.06
31 200 144 2.88
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Example | JAK3:1C50 (nM) | JAK2:IC50 (nM) | JAK1:IC50 (nM)
32 355 273 3.76
33 275 322 104
34 217 16.7 7.35
35 447 52.6 111
36 123 187 5.35
38 1920 126 114
39 393 75.4 234
40 105 8.04 1.44
41 634 107 22.1
42 431 66.9 165
43 434 71 12.8
44 353 61.1 8.01
45 39.6 8.97 1.59
46 167 17.7 5.98
47 397 68.4 135
48 753 84.9 227
49 491 88.6 17
50 581 65.8 8.33
51 781 85.1 16.4
52 1240 115 226
53 673 90.6 228
54 377 449 22
55 681 84.8 20.1
56 170 59.8 4.07
57 453 50.8 7.7
58 175 18 3.2
59 222 20.6 6.45
60 203 237 1.7
61 851 722 10.8
62 233 20.1 2.4
63 554 50.7 8.88
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Example | JAK3:1C50 (nM) | JAK2:IC50 (nM) | JAK1:IC50 (nM)
64 263 32.1 2.71
65 431 40.9 7.6
66 128 22 3.1
67 573 922 20.6
68 468 418 1.9
69 370 56.2 9.55
70 319 36.4 20.8
71 80.8 8.54 2.52
72 173 39.6 5.92
73 138 225 1.69
74 495 55.2 17.3
75 399 62.2 19.1
76 125 272 2.98
77 644 50.2 10.1
78 275 343 138
79 580 55.6 144
80 205 185 3.03
81 90.6 248 2.78
82 146 174 7.34
83 133 16.7 4.79
84 132 26.2 3.12
85 286 46.2 10.5
86 457 4238 6.47
87 55.7 5.72 3.27
88 413 234 6.73
89 96.6 175 4.45
90 823 9.3 1.8
91 76.6 10.8 1.92
92 488 81 6.91
93 286 374 5.5
94 678 63.6 175
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23.7 1.7 61 851 72.2 10.8 62 233 20.1 2.4 63 554 50.7 8.88 Exanpl e
JAK3: 1C50 (nM JAK2: 1C50 (nM JAK1:1C50 (nM 64 263 32.1 2.71 65 431 40.9
7.6 66 128028113437087 573 92.2 20.6 68 PCT/IB2010/054447

Example | JAK3:1C50 (nM) | JAK2:IC50 (nM) | JAK1:IC50 (nM)
95 612 458 125
96 462 32.1 19.3
97 85.6 13.1 1.36
98 386 296 4.37
99 322 39.2 8.34
100 414 40.7 6.89
101 584 35.9 4.86
102 283 286 19.9
103 294 35.8 106
104 721 65.4 18
105 755 90.4 17.8
106 322 243 3.6
107 36.3 6.22 2.54
108 813 40.6 473
109 289 39.4 143
110 294 226 164
111 346 35.6 227
112 143 20 125
113 111 9.99 155
114 63 9.2 3.05
115 303 34.4 10.7
116 298 49.9 10.7
117 382 324 11
118 255 50.8 16.7
119 88.9 13.7 6.48
120 208 223 8.43
121 595 431 10.4
122 271 176 12.1
123 323 498 13.7
124 122 295 8.8
125 1490 59.3 144
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468 41.8 11.9 69 370 56.2 9.55 70 319 36.4 20.8 71 80.8 8.54 2.52 72 173
39.6 5.92 73 138 22.5 1.69 74 495 55.2 17.3 75 399 62.2 19.1 76 125 27.2
2.98 77 OW0 2011/045702 PCT/IB2010/054447

Example | JAK3:IC50 (hnM) | JAK2:IC50 (nM) | JAK1:IC50 (nM)
126 587 44.6 19.4
127 1000 62.5 14.4
129 19.4 6.89 1.7
130 42.9 32.5 7.41
131 32.5 12 5.28
132 51.2 17.8 6.5
133 0.0421 0.0199 0.00508
134 3.89 0.129 0.0227
135 0.198 0.0165 0.00199
136 1.29 0.109 0.0245
137 0.302 0.0366 0.00777
138 0.132 0.00767 0.00133
139 0.0368 0.00405 0.00125
140 1.8 0.116 0.0235
141 0.768 0.106 0.0263

Mouse Collagen Induced Arthritis Model

Male DBA/1 mice, 8-10 weeks of age (18-22 g), are obtained from Harlan
Laboratories (Indianapolis, IN) and provided food and water ad /ibitum. Mice are
5 immunized subcutaneously with 50 g of chicken type Il collagen (Dr. Marie Griffiths,
University of Utah) emulsified in complete Freund’s adjuvant (Sigma, St. Louis, MO),
and boosted 21 days later with 50 g of the same antigen in incomplete Freund’s
adjuvant (Sigma). The compound is resuspended in 0.5% methylcellulose/0.025%
Tween-20 (Sigma) containing 50 mM citric acid monohydrate, pH 3 (Fisher Scientific;
10  Pittsburgh, PA). Mice are administered vehicle or varying doses of the compound by
oral gavage, and disease is monitored daily beginning on day 35 post-immunization.
Severity is scored on a scale of 0-3 in each paw (maximum score of 12/mouse), where
0 = no symptoms, 1 = redness or swelling of digits of the paw, 2 = gross swelling or
deformity of the whole paw, 3 = ankylosis of the joint, and is expressed as the average
15  severity score for each treatment group. Area under the curve (AUC) from a time course
of disease severity is calculated for each dose of compound and percent of control

activity is used as a measure of efficacy.
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As used herein, reference to “a” or “an” means “one or more.” Throughout, the
plural and singular should be treated as interchangeable, other than the indication of
number.

As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof as
well as the individual values making up the range, particularly integer values. Any listed
range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a
non-limiting example, each range discussed herein can be readily broken down into a
lower third, middle third and upper third, etc. For example, the range C4-Cs, includes
the subranges C,-Cg, C3-Cg, C3-Cs, C4-Cg, etc., as well as Cy (methl), C, (ethyl), Cs
(propyl), C4 (butyl), Cs (pentyl) and Cg (hexyl) individually. As will also be understood by

one skilled in the art, all language such as “up to,” “at least,” “greater than,” “less than,”

“‘more than,” “or more” and the like include the number recited and refer to ranges which
can be subsequently broken down into subranges as discussed above. In the same
manner, all ratios disclosed herein also include all subratios falling within the broader
ratio.

One skilled in the art will also readily recognize that where members are grouped
together in a common manner, such as in a Markush group, the present invention
encompasses not only the entire group listed as a whole, but each member of the group
individually and all possible subgroups of the main group. Additionally, for all purposes,
the present invention encompasses not only the main group, but also the main group
absent one or more of the group members. The present invention also envisages the
explicit exclusion of one or more of any of the group members in the claimed invention.

As will be understood by the skilled artisan, all numbers, including those
expressing guantities of ingredients, properties such as molecular weight, reaction
conditions, and so forth, are approximations and understood as being modified in all
instances by the term “about.” These values can vary depending upon the desired
properties sought to be obtained by those skilled in the art utilizing the present
teachings of the present invention. Itis also understood that such values inherently
contain variability necessarily resulting from the standard deviations found in their

respective testing measurements.
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The above detailed description of embodiments is intended only to acquaint
others skilled in the art with the invention, its principles, and its practical application so
that others skilled in the art may adapt and apply the invention in its numerous forms, as
they may be best suited to the requirements of a particular use. This invention,

5  therefore, is not limited to the above embodiments, and may be variously modified.
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JAK2: 1C50 (nM) JAKL: 1C50 (nM) 95 612 45.8 12.5 96 462 32.1 19.3 97 85.6
13.1 1.36 98 386 29.6 4.37 99 322 39.2 8.34 100 414 40.7 6.89 101 584 35.

4.86 102 wB62023467029. 9 103 294 35.8 PCT/IB2010/054447
CLAIMS
1. A compound of formula |

®\§%\O\
0 §CHs

Formula |

or a pharmaceutically acceptable salt thereof;

wherein the A ring is heterocyclyl;

wherein the A ring is optionally substituted with one or more substituents
selected from the group consisting of halo, carboxy, cyano, oxo, aryl, heterocyclyl, (C+-
Cg)alkyl, -OP(O)(R'),, -OR™!, -OC(0)R'?, -C(O)OR", -C(O)R™?, -C(O)NR' R, -
NR'®R"", -N(R'®)C(O)R", -N(R'®)S(0);R"®, -SO,R?, and -SO,NR?*'R?; wherein the (C;-
Cs)alkyl is optionally substituted with one or more substituents selected from the group
consisting of halo, cyano, aryl, heterocyclyl, -OR??, -OC(O)R*, -NR*R%*, -C(O)NR*"R?,
-SR®, -SO,R¥, -SO,NR*'R*, -N(R*®)C(0)R*, and -N(R*)S(0),R*;

R' is selected from the group consisting of hydroxy and (C1-Cs)alkoxy;

n is one or two;

R" is selected from the group consisting of hydrogen, (C1-Ce)alkyl, hydroxy(C1-
Cs)alkyl, aryl, (C4-Ceg)alkylaminocarbonyl(C¢-Cg)alkyl, (C4-Cg)alkoxy(C4-Ce)alkyl, (C+-
Cs)alkoxycarbonyl(C+-Ce)alkyl, halo(C+-Cs)alkoxy(C1-Cs)alkyl, heterocyclylcarbonyl(C+-
Cs)alkyl, and aminocarbonyl(C+-Cg)alkyl;

R12, R13, RM, R15, R16, R17, R18, R21, R22, R24, R25, R26, R27, R28, R31, R32, R33, R34
, R® and R¥* are independently selected from the group consisting of hydrogen and
(C1-Co)alkyl;

R' is selected from the group consisting of hydrogen, (C1-Cg)alkoxy, halo(C+-
Cs)alkyl, and aryl(C¢-Cg)alkoxy;

R? is selected from the group consisting of hydrogen, (C1-Ce)alkyl, aryl, aryl(C+-
Cs)alkyl, and (Cs-Cs)cycloalkyl(Cq-Cg)alkyl;

R? is selected from the group consisting of hydrogen, (C1-Ce)alkyl, aryl,
heterocyclyl(C-Cg)alkyl, and (Cs-Cs)cycloalkyl(C1-Cg)alkyl;

R?is selected from the group consisting of hydrogen and heterocyclyl; and
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R¥*is selected from the group consisting of hydrogen, (C-Ceg)alkyl, and (Cs-
Cs)cycloalkyl(C4-Ce)alkyl;

wherein aryl, wherever it occurs, is optionally substituted with one or more
substituents selected from the group consisting of halo, hydroxy, cyano, (C1-Ce)alkyl,
halo(C+-Ceg)alkyl, and (C4-Cg)alkoxy;

wherein heterocyclyl, wherever it occurs, is optionally and independently
substituted with one or more substituents selected from the group consisting of oxo,
cyano, (C4-Ce)alkyl, (C3-Csg)cycloalkylaminocarbonyl, and (C+-Cs)alkylsulfonyl(C;-
Ce)alkyl.

2. The compound of claim 1, wherein the A ring is selected from the group

consisting of optionally substituted piperidinyl, pyrrolidinyl, azetidinyl, and piperazinyl.

3. The compound of claim 2, wherein the A ring is selected from the group
consisting of piperidinyl, pyrrolidinyl, azetidinyl, and piperazinyl;

wherein the A ring is optionally substituted with one or more substituents
selected from the group consisting of carboxy, cyano, oxo, fluoro, (C4-Cs)alkyl, phenyl,
oxadiazolyl, pyridinyl, pyrimidinyl, tetrazolyl, pyrrolidinyl, -OP(O)(R'°),, -OR"", -
OC(O)R', -C(O)OR™, -C(O)R™?, -C(O)NRR'®, -NR"°R"", -N(R"®)C(O)R, -
N(R'®)S(0),R", -SO,R?, and -SO,NR?*'R%; wherein the (Ci-Cg)alkyl is optionally
substituted with one or more substituents selected from the group consisting of fluoro,
cyano, phenyl, pyridinyl, piperazinyl, pyrazinyl, pyrazolyl, pyridazinyl, isoxazolyl,
pyrimidinyl, pyrrolidinyl, -OR??, -OC(0)R?*, -NR?*°R?®, -C(O)NR*R?, -SR?°, -SO,R™, -
SO,NR*'R*, and -N(R**)C(O)R*;

R is selected from the group consisting of hydroxy and (C1-Cs)alkoxy;

n is one or two;

R" is selected from the group consisting of hydrogen, methyl, ethyl, isopropyl,
tert-butyl, aminocarbonylmethyl, ethoxyethyl, dimethylaminocarbonylamino,
diethylaminocarbonylmethyl, phenyl, and pyrrolidinylcarbonylmethyl;

R12, R13, RM, R15, R16, R17, R18, R21, R22, R24, R25, R26, R27, R28, R31, R32, R33, and
R* are independently selected from the group consisting of hydrogen, methyl, and ethyl;

R' is selected from the group consisting of hydrogen, tert-butoxy, trifluoromethyl,
methoxy, and phenylmethoxy;

R? is selected from the group consisting of hydrogen, methyl, phenyl, benzyl,
phenylethyl, and cyclopropylmethyl;
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R? is selected from the group consisting of hydrogen, methyl, phenyl,
pyridinylmethyl, and cyclopropylmethyl;

R? is selected from the group consisting of hydrogen and pyridinyl; and

R¥® is selected from the group consisting of hydrogen, methyl, propyl, and
cyclopropylmethyl;

wherein phenyl, wherever it occurs, is optionally substituted with one or more
substituents selected from the group consisting of fluoro, cyano, and methoxy;

wherein isoxazolyl, oxadiazolyl, pyridinyl, piperazinyl, and pyridazinyl, wherever
they occur in the A ring substituents, the R? substituents and the R?® substituents, are
optionally and independently substituted with one or more substituents selected from
the group consisting of oxo, cyano, methyl, ethyl, methylsulfonylmethyl, and

cyclopropylaminocarbonyl.

4. A compound of formula la

1,
®\s( :
N-CHs

Formula la

or a pharmaceutically acceptable salt thereof;

wherein the A ring is selected from piperidinyl, pyrrolidinyl, azetidinyl, and
piperazinyl;

wherein the A ring is optionally substituted with one or more substituents
selected from the group consisting of halo, carboxy, cyano, oxo, aryl, heterocyclyl, (C+-
Cg)alkyl, -OP(O)(R'),, -OR'!, -OC(0)R'?, -C(O)OR", -C(O)R™?, -C(O)NR' R, -
NR'™R', -N(R'®)C(O)R?, -N(R'®)S(0),R", -SO,R?, and -SO,NR?*'R?*; wherein the (C-
Cs)alkyl is optionally substituted with one or more substituents selected from the group
consisting of halo, cyano, aryl, heterocyclyl, -OR??, -OC(O)R*, -NR*R%*, -C(O)NR*"R?,
-SR%, -S0O,R¥®, -S0,NR¥'R*, -N(R*)C(O)R*, and -N(R*)S(0).R*;

R'% is selected from the group consisting of hydroxy and (C4-Cs)alkoxy;

n is one or two;

R' is selected from the group consisting of hydrogen, (C4-Cs)alkyl, hydroxy(C-
Cs)alkyl, aryl, (C4-Ceg)alkylaminocarbonyl(C¢-Cg)alkyl, (C4-Cg)alkoxy(C4-Ce)alkyl, (C+-

96



271 17.6 12.1 123 323 49.8 13.7 124 122 29.5 8.8 125 1490 59.3 14.4 WO
2011/ 045702PCT/ | B2010/ 054447 Exanpl e JAK3: 1C50 (nM JAK2:1C50 (nM

JAKL: 1C50WOnM1/@2®2587 44.6 19.4 127 1000 62.5 14.4 129PC9/1B200/83447. 7 130
42.9 32.5 7.41

Cs)alkoxycarbonyl(C+-Ce)alkyl, halo(C+-Cs)alkoxy(C1-Cs)alkyl, heterocyclylcarbonyl(C+-
Cs)alkyl, and aminocarbonyl(C+-Cg)alkyl;

R12, R13, RM, R15, R16, R17, R18, R21, R22, R24, R25, R26, R27, R28, R31, R32, R33, R34,
R* and R¥ are independently selected from the group consisting of hydrogen and (C-
Cs)alkyl;

R' is selected from the group consisting of hydrogen, (C1-Cs)alkoxy, halo(C-
Cs)alkyl, and aryl(C1-Cs)alkoxy;

R? is selected from the group consisting of hydrogen, (C1-Ce)alkyl, aryl, aryl(C+-
Cs)alkyl, and (Cs-Cs)cycloalkyl(Cq-Cg)alkyl;

R? is selected from the group consisting of hydrogen, (C1-Ce)alkyl, aryl,
heterocyclyl(C-Cg)alkyl, and (Cs-Cs)cycloalkyl(C1-Cg)alkyl;

R?is selected from the group consisting of hydrogen and heterocyclyl; and

R¥*is selected from the group consisting of hydrogen, (C-Cg)alkyl, and (Cs-
Cs)cycloalkyl(C4-Ce)alkyl;

wherein aryl, wherever it occurs, is optionally substituted with one or more
substituents selected from the group consisting of halo, hydroxy, cyano, (C1-Cs)alkyl,
halo(C1-Ce)alkyl, and (C4-Cs)alkoxy;

wherein heterocyclyl, wherever it occurs in the A ring substituents, the R*
substituents and the R?® substituents,, is optionally and independently substituted with
one or more substituents selected from the group consisting of oxo, cyano, (C1-Ce)alkyl,

(Cs-Csg)cycloalkylaminocarbonyl, and (C+-Ce)alkylsulfonyl(C4-Ce)alkyl.

5. The compound of claim 4,

wherein the A ring is optionally substituted with one or more substituents
selected from the group consisting of carboxy, cyano, oxo, fluoro, (C4-Csg)alkyl, phenyl,
oxadiazolyl, pyridinyl, pyrimidinyl, tetrazolyl, pyrrolidinyl, -OP(O)(R'°),, -OR"", -
OC(O)R', -C(O)OR", -C(O)R"®, -C(O)NRR'®, -NR"°R"", -N(R"®)C(O)R, -
N(R'®)S(0),R", -SO,R?, and -SO,NR?*'R%; wherein the (Ci-Cg)alkyl is optionally
substituted with one or more substituents selected from the group consisting of fluoro,
cyano, phenyl, pyridinyl, piperazinyl, pyrazinyl, pyrazolyl, pyridazinyl, isoxazolyl,
pyrimidinyl, pyrrolidinyl, -OR??, -OC(0)R?*, -NR?*°R?®, -C(O)NR*R?, -SR?°, -SO,R™, -
SO,NR*'R*, and -N(R**)C(O)R*;

R'is selected from the group consisting of hydroxy and (C1-Cs)alkoxy;

nis one or two;
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R" is selected from the group consisting of hydrogen, methyl, ethyl, isopropyl,
tert-butyl, aminocarbonylmethyl, ethoxyethyl, dimethylaminocarbonylamino,
diethylaminocarbonylmethyl, phenyl, and pyrrolidinylcarbonylmethyl;

R12, R13, RM, R15, R16, R17, R18, R21, R22, R24, R25, R26, R27, R28, R31, R32, R33, and
R* are independently selected from the group consisting of hydrogen, methyl, and ethyl;

R' is selected from the group consisting of hydrogen, tert-butoxy, trifluoromethyl,
methoxy, and phenylmethoxy;

R? is selected from the group consisting of hydrogen, methyl, phenyl, benzyl,
phenylethyl, and cyclopropylmethyl;

R? is selected from the group consisting of hydrogen, methyl, phenyl,
pyridinylmethyl, and cyclopropylmethyl;

R? is selected from the group consisting of hydrogen and pyridinyl; and

R¥® is selected from the group consisting of hydrogen, methyl, propyl, and
cyclopropylmethyl;

wherein phenyl, wherever it occurs, is optionally substituted with one or more
substituents selected from the group consisting of fluoro, cyano, and methoxy;

wherein isoxazolyl, oxadiazolyl, pyridinyl, piperazinyl, and pyridazinyl, wherever
they occur in the A ring substituents, the R* substituents and the R?® substituents, are
optionally and independently substituted with one or more substituents selected from
the group consisting of oxo, cyano, methyl, ethyl, methylsulfonylmethyl, and

cyclopropylaminocarbonyl.

6. A compound of Formula Il

RZa R2b
R3a R1a
R3b R1 b

F lall
ormuia k — H

or a pharmaceutically acceptable salt thereof;

wherein R R'™®, R?? R, R* R*® R* R*, R* and R® are independently
selected from the group consisting of hydrogen, carboxy, cyano, halo, (C1-Cg)alkyl, aryl,
heterocyclyl, -OP(O)(R"%),, -OR", -OC(O)R"?, -C(O)R'?, -C(O)NR™R", -NR'"°R"", and -
N(R18)C(O)R19; wherein the (C4-Cg)alkyl is optionally substituted with one or more
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ankylosis of the joint, and is expressed as the average 15 severity score
for each treatﬁ%s%‘?‘ﬁ%ﬁo'ﬂﬁ%gﬁ% 89”%‘?{@96’3F‘W%%@é“&ﬁ@&fybf@rrre course of
di seas?a seg)_@rkioky(cy@&myglahataﬁﬁhcf(;@rboaw@d)1f.gg)]§?y|pf conpound itgd pe;ccﬁnt _of
control activity I8 Used,asa._measure I ca . used herein,
reference to éi %r’ ﬁangwnééng "%neho?’%gr%%ez:'R Tﬁ%&ﬁﬂd@ﬁz?ra{'ﬂ e&ﬂ”ﬂ?%f[y and
si ngul ar sélested fom the gRsuRoasistiny simgbeeahl ec.-of)bryl; t han the indication of
nunmber. As wil 19bee:ftn e fto d 5%) one séill?ﬂ in the rtr fgr ng_and al |
bur poses,  Spart | ALTRTISA (om des BRRUBLORFEROA Ryirasst rd el(GeCerkghion, al |
ra%_es di scl 054??@ i e Edted ﬁbrﬁﬁh@@r@?ﬁﬁ@ﬁéﬁstﬂ@)@f&?&g@éd, (8p%jgmyfagmltamamg§skand
conbi nati gns supr s thereof as well as the individual val ues naking
AR i

up the ra 4"t eger val ues. Any listed range can be easily
oo S5 et g e ot e 12
roken down i equal halves, thirds, quarters, fifths, tenths,
etc. As a%)’n‘g%ﬂ*ﬁgﬁ(ﬁﬁky&gml e, each range di sgussed herein can be

readi |y brokenvigpwn arfii wheteledWeicclild| isdptiohlidIisabdtinited wandne ppeiord als;d, etc.
For exanpl e, thne r.an%%CLCF, i ncl udes the subranges C2- C6, -C6, C3-05,
C4- 06, etc., aXNGRINNCIRLOQYPIV: WOEMRVPT Isescyrg, ifyPionaty apd ndspendend (putyl), ©s
(pentyl) aamsktitdbed Witk phe of Moitevudstitlénts séisctet iflorbths @rdup aondietisd 6fqad-by one

skilled in the art | anguage. s s "up to," "at least," "greater
than, " "I gé)érkﬁ/m,(:c1%l@'&%?sé’%?wg®1dgag‘fy'm)re" and the like include the

nunber recited and refer to ranges which can be subsequently broken down

i nto subranges, as dj scussed aboye. In the sane manner, all ratios disclosed
herein al so includ ﬁlcpmgﬁlﬂ"rog‘ffi‘:&m@ai""lh?‘f?ﬁ‘ within the broader ratio. One
skilled in theRErrR"™WRY| R¥| R, R&aE, R*T RHant R sbatdepbadentiysolketcs ar e

grouped 20 tqgether in_.a.co n manner, such as in rkush group, the

r esont | No@ts BB AEBNAIGSE Y oBoD g : RTOENG LY Mty GUEIFNEL BEPTEE A whol e,
but each oerdienlydf-OPI®)(BFRUDRNIOCMIRIY yCaaalC(@NRSIRIP, eNrRIARYf, @ups of the
mai n group, itignal l or_all r.poses, . th resent invention
encorrpassg‘éRﬁg‘ﬂbgﬂﬁl yw?ﬂérnﬁé? 5054;8@83?1 'gﬁ‘?t'oﬁﬂyos”?’ﬁgtuf?giV?‘l'hb(?rk?u?f "AY¥Eent one or
nore of t bebsftuents seriey fiom THeegrpu e s@isting vemMioropyabaong pyridiages t he
25explicit exclusion of pne_ar e of.a t 5} nmenbers in the
ohar med 1 RUEHESh PR FORe RhETh o h SDeRI B Fomn, i
nuntﬁers, le‘Rﬁsmi'Or)I@s“t _hoEe expref_si ng qua_n:i ties of OIi ngrfedi teﬂt S, properties
such as nol ecular i reacti on conditions, an o, forth, are

Sppr ot mati ondt e GoBIEE Wl ePRinb il Ve rdfoBhst ances by the
term "about." nfikewe ovalayes can vary dependi ng upon the desired 30properties
sought to be tai ned by .those skilled in e.art utilizi t resent
Ceachi ngs of e sk o ineR cofgeird o PEuBhin b u s AR SBLR VAl ves
i nher ent | isop@pylabnd s@amoatbbhyiyethgessarily resulting fromthe standard

devi ations fo L3 theiLls Les 1sVE€2rt €8t LOOBRASUI ENeBt S. . The above
detail ed descmt%{ohkof hgn%od %tg’sﬁ?sﬁi h engedﬁonrag)g%o %rgdnudaﬁpﬁf]d%lﬂﬁers

ski | | ed i seletted &bin the glouplwensistirgndfihgdrogeb,smethyinengétey; and its practi cal

application so,bhat others skilled in.the t . may adapt anpd ly the
"mvention in iRs mrerelhon I erotn sopyRyo Ryt A BV R e he
requi renent s R* & geediédidrartheigeup Tonssting\oé hydrogen, Dhdileyl sdyolopropyBneatiofl,

limted tQ éhe abhove enbodi nents, and may be variously nodified.
and phenyl; an
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CLAI M5 1. A compound of formula | or a pharmaceutically acceptable salt
thereof; wherein the Aring is heterocyclyl; wherein the Aring is
opt i onal Iwo=otisstoat ed with one or nore substituents selpectuBzd1b/nTI1 he
group consi sting of hal o, carboxy, cyano, oxo, aryl, heterocyclyl, (Cl-
C8) al kyl, -0P(0)(R10)n, -OR11, -0C(0)R12, -C(0)OR12, -C(0)R13,

- C(0) NR14R15, - NR16R17, -N(R18)C(0)R19, -N(R18)S(0)2R19, -S02R20, and

- S02NR21R22; wherein the (Cl- C8)al kyl is optionally substituted with one
or nore substituents selected fromthe group consisting of hal o, cyano,

aryl, heterocyclyl, -0R23, -0C(0)R24, -NR25R26, -C(0)NR27R28, - SR29,

- S02R30, - S02 Of%ei?ct@q\ﬁf%éﬁ%@gi%aﬁs'ﬁwa of W‘%@S‘}&@%@ﬂaﬁ?p ands sel ect ed
fromthe gydo gthgt i ng of hydroxy and (G -C6)al koxy; n is one or two;
Rl is selected fromthe ﬂroup consistjn%_of hydroqen, Cl- C6 alﬁyl,

hydr oxy( C106) aV'k§ffin PREYY!, Whergverdhoacksst isiaPHoraly sypsityted we pas |9£|“,0r

(C1- Co) al Heory( C1- Co) al kyl , (Cl- C6)al koxycar bonyl ( Cl- C6) al kyl ,

hal o( C1- C6) al koxy(.Cl- C6) al kyl , heterocycl yl carbonYl (C1C6) al kyl , and

am nocar bonyl ("@1‘% x:ia 9?9'35 or pyridagyl, wigreve %33,’ Oﬁa%,arpzfe?wrr@lﬁ angg, Rol,
R22, R24, inddpenddafly si®titutdd@Bith &iblor Mo, subsuertS delectBd Fromnte Gasupar e

i ndependently sel ected fromthe gro consi sting of hydrogen and

( C1- CB) al Rgsisting o me&ybaqumggygeﬁcgyﬂﬁqtgyh t he group consisting of hydrogen,
(G -Co6) al koxy, hal o(C1C6) al kyl, and aryl (Cl-C6) al koxy; R2 is selected
fromthe group, congjsting of rogen Cl- C6) al kyl, aryl, aryl (C1C6) al kyl
and (C3- 8) cyctoal ?("@Tg@g)daqt}ylﬁ%'mg] W’hege"’l?% is selected fromthe group
consi sting of RYORBIRN, aldR* @6 Rydtyden; aryl , heterocyclyl (Cl- C6)al kyl, and

C3-C8) cycl oal | al | ; 9 | | ected fromthe qgro consi sti ng of
o oo o P Y b SR dhehadty oo oL e st er st R R
\(/:\gnsi sti nthfyf, nieytetx9 Ee i, be b &yloXya @okythminand (C3|- C8) gyc! oal kyl (.CthG) al kyl ;
erein ar , er I1{ occurs, IS option substituted w t one or
e st |t udh Shd Bt ingRp Sk 5B T e BB e ) Py
Gyano, (Cayda) By, hfatoofoanfiohabisypropgieheh G <O ahitsy. methoxymhg ei 1
eterocyc , reve t .occ rs,. 1,.s.O t1.ona na .l naepen nt
Cobet | s ue iy meey iy, PR e e G A PR Ay
= Gl o K O B O ot o
- a S .Qn a . . coO ou 0 Cl al ereln
ORI B bl BN R Pt R S R PR
pi peri di:lny:‘ , Icm_araag iFd'Pmlinde@é&?}érﬂlyIﬁyl_ectea_ﬁ@npihleejr@m'd(ﬂ)fﬁlslsting of hydragen,The
co oun clalm ere t he rrn | S eclre rgmtnhe ou
Comerars Blaspeieluputieto: hybiietyl,ind. @ eehor, Moo, |

wher ei n t hethildarigyiasing theimaddryorsAdrsinoriethgld matHyisutdoeylmethgior e substi tuents

selected fromthe gr consi stin f carboxy, cyan oxo, fluoro,

(G <Gy al KBRS ISBURIRL avob R Br R Yot g notasbiilor 1

p}& r§)l i di aminocaﬁbBﬁﬁbr@Hﬁlﬁ?,eriﬂ&)%ﬂfﬂmylmeM ﬁw)ell‘k%/ﬂ)xa?iﬁ(é@%IOWrﬂj,inwﬁ‘étﬁlel& .

-C(0) NR14R18,.. - 7, ~N(RL 0)R19, - N(R18)S(0)2R19, -S02R20, an
-SOZNRZlREWdIWQI%qE%EVJLtWf%iqp%g%ﬁy@ﬁ ¥'s optionally substituted with one or
nore substituents selected fromthe group consisting of fluoro, cyano,
phenyl, pyridinyl, _piperazinyl, razinyl . pyrazolyl, pyridazinyl,

i soxazol yl, pytim JFﬁ;?PE"DBVﬁI‘EJﬁ'ag%r@P’V,heE/%s, -0C(0) R24, - NR25R26.

_C(0) NR27R28, RSRRY, R™s&RRV are hyhaddR31R32, and -N(R33)C(0)R34; Rl is
selected fromthe greup copnsjsting,.of hydroxy..and 1- C6) al koxy: n is one
or o, * oo FE e eBlepled PR e f AR s ery! ShR e

met hyl , ethybenzyeeysaoydylanties;t - but yl , am nocar bonyl net hyl , et hoxyet hyl,

di met hyl am nocag,bonykam no, diet hyl anmi nocar bopyl net hyl , phenyl,, and

oyrrol Lyl o8 O ot hypecReFom S Bl EsngtiNe kB hees R Bl ro.
R24, R25, hR&oxynifyl, IRBoxyPibyl, eBR/, eB3/l, ImdiRoxy, matttbxiRdéthal, enctikgpttpident | y
sel ected fr t he group, consi stin f hydr.ogen.. nethyl and ethyl; R19 is
sel ect od MEAMAHEGT IR cltbQrPagBemi AR G @ ne@roli oxy,
trifluoronethyl, nethoxy, and ’\Q@thl\rret hox R2 is selected fromthe
group consi sting of hydrogen, ?p%et_hq S

y:
L p A" beﬂzy%@peq,yio , and

cycl opr opyimcBwonylmethyl, phef@3 1S s“b)lxe’(;t fFomt he=gr oup *‘consi gt i ng of

hydrogen, methyl . phenyl, pyridinylnethyl, and cyclopropylmethyl; R29 is

selected fr d@e QUR consisting of hydrogen and pyridinyl; and R3
is select8 fron1thea5 oup consi sting of hydrogen, nethyl, propyl, and

cycl opropyl net hyl ; wher ei n phenyly, wherever it occurs, is optionally
substituted with one or nore substituents selected fromthe group

consi sting of fluoro, cyano, and net hoxy; wher ei n i soxazol yl,

oxadi azol yl, pyridinyl, piperazinyl, and pyridazinyl, wherever they occur

. N - e - . o N - .



, or a pharmaceutically acceptable salt thereof; wherein the Aring
is selected from piperidinyl, pyrrolidinyl, azetidinyl, and pi perazinyl;
wherei n twe 2Mwi4sm2i s optionally substituted with one oPCFIBE1&/033847 t uent s
selected fromthe group consisting of halo, carboxy, cyano, oxo, aryl,

het erocyclyl, (Cl- C8)al kyl, -0P(0)(R10)n, -OR11, -0C(0)R12, -C(0)O0OR12,
-C(0)R13, -C(0)NR14R15, - NR16R17, -N(R18)C(0)R19, -N(R18)S(0)2R19,

- S02R20, and - SO2NR21R22; wherein the (Cl- C8)al kyl is optionally
substituted with one or nore substituents selected fromthe group

consi sting of | o, ano, aryl terocycly|, -0R23, OC(O - NR25R26,
- C(0) NR27R28, h%@@ RQN%GER@Gted f@@?ﬁl %gconsﬁ 'rregf)ftzémgn@zr ya&

- N( R35) S( 83335 Aubib, 1rmu@relreqrye@yérrcomettﬂr5¢ éitﬁ@rypmeonﬁ:bﬂddn 9 Of hydroxy and
(C1-Co) al ko%mn i S one or i s selec romthe group

consi sti ng'"® RANYGEINO, ("@ihﬁ%'“)r%?rﬂ/ﬁm'WW&ﬂ%ﬁ%}@PK‘Wethy& yl,
(C1-C6) al UWe@rﬁVlélﬁm@ﬁh@ﬁg/ln(e C@rb@*lﬂfonylﬁ@lh@hﬁir&%ﬁtm Q@)n@bgﬂbbnyr( Cl1-
C8) al koxycar bonyl (C1- C8) al kyl, hal o( Cl- C8) al koxy( Cl-C8) al kyl ,

het er ocycl yI car bonyl (C1C8) al kyl, and am 0@@ bon IW) al@ R12
R13, R14, Cmgﬁﬁﬁsg&h mﬁ%& ﬁW' 8, R31,

R33, R34, re I n epen sel ect ed from the group consi stl ng
of hydrogen a (C1- ? R16 is selected fromthe group

consi st gg oger~(CM38) al koxy, hal o(C1C8)al kyl, and

aryl (G - C8) al koxy;, and R2 i's. sel ected fromthe group consisting of

hydr ogen, (G -C8)al kyl, aryl, aryl (G C8)al kyl, and

(C3-C8) cycl oal kyl (C1-C8) al kyl ; R23 is selected fromthe group

consi sting of Wydr dgesompainds)cidimd, whareyn , het er ocycl yl (C1- C8) al kyl, and
(C3- C8) cycl oal gy fﬁlR%ﬁia’l k¥ R Rt %2‘6 I‘-\’_5s aﬁg %&%%Jdg@ﬂdé%g gfeﬁféﬁ
r clyl; I's S

consi sting of hydrogen’ and hét erocy l'ecte romthe group
consi st i ngovfthtgmupgensisinglof G dlskafiy]. é?R(OO(& nCORCY PGP (@od —C8) al ky! ;
wherein a 1 t d with one or
nor e substq/dt) L[I\lel:\:l‘fg g\)gﬁéergftn ﬂdé)?é 5alh§gssg§@y89§g$lds¥gtt%|}éﬁ3’hm Ethgl o, hydroxy,
cyano, (G - C6)RIlig/seledied oeraithecaoap kgnsistag df irowsyred G@y@e)alkoxy wher ei n
het er ocycl yl , eheVekwd:t occurs in the Aring substituents, the R23
substituents and the R26 substituents,, is optionally and i ndependent |y

substituted wiRhissriedted fiomdheaioup consisting of bydregert(GrCaallheangr Gup
consrstln@ ﬁﬁ (C1- C8)a|ky| (C3-C8) cycl oal kyl am nocar bonyl, and
(C1- CB)aIkyﬁsu onyl%@%— )al kyl . 5. The conmpound of claim4, wherein
the Aring is %ptRon%ﬂd rji s@n@sm erp@ﬂ@@tmselect@déromthmreursm@tsrlrﬂmefnts sel ect ed
fromthe t f carboxy, cyano, oxo, fluoro, (Cl-C8)alkyl,
phenyl , 05%%? £F?ﬂ§(§(h$£k i'nyl, pyrinidinyl, tetrazol pyrrolidinyl,
-0P(0) ( R16)n, R r%lqelectectmero)ﬂmqroup Comi SRy Df hy@ee&;m@ XCrthh'NRMRlS
-NR16R17, -N(R18)C(0)R16 - N(R18) S(0) 2R16, -S02R26, and - SO2NR21R22;
wherein the (Cl-C8)alkyl is optionally substituted with one or nore
substituents e@Iecﬁe@”ﬂK@ﬁﬁpngmﬁﬂﬁuw consi sting of fluoro, cyano, phenyl,
pyridinyl, piperazinyl, pyrazinyls:
pyrimdinyl, pyrrolidinyl, -O0R23,
_s02R30, SOZNR31R32 and - - N(
consi sting of hydroxy and (G - C8 OoXy; n i s one or two; R11 is
sel ected fromthe group consrst@ g dﬁg%ifzgﬁen, nmet hyl , ethyl, isopropyl,
tert-butyl, ami nocarbonyl nethyl, ethdxy | «cdi met hyl am nocar bonyl am no,
diethylaninocarbonylnethyl, phenyl, and pyriolidi nyl car bonyl net hyl ;

pyrazolyl, pyridazinyl, isoxazolyl,
0C&0) R24, - NR25R26, _C(O) NR27R28, _sR29,
A34; Rl is selected fromthe group

R12, R13, R14, R15, R16, R17, R18, R21, R2¥, , R25, R26, R27, R28, R31,
R32, R33, and R34 are i ndependentty*'sel ect fom the group consisting of
hydr ogen, nethyl, and ethyl; R19 is selected fromthe group

consustungr@pharmcegtma"ya@reptabiﬁwtyheﬂeoi ha®onet hyl , et hoxy, and

phenyl met hoxy;Rrea ré> r7aRR7I {8s pbegbe hydr ogen.,
met hyl , phenyl, benz?l I:ﬁphgny etﬁ g”gﬁ“‘%c e%ﬁ) tl%@l%bﬁ%&kﬂ&%tﬂg ydr oge

sel ect ed BIQYMCORESINISY Hydeaen. ﬁ/iarrg f@fo k@d@dg‘éﬂ; w@%a@rocyglmbrgﬁ’qo)(Rm)n

pyridi nyl r@lﬁh |OC @ﬁﬁrzc;@(bwﬁepyd rmia‘rmhr _,ﬂw)c&))ﬁﬂ esbgeof4m t he group
consistin en and pyridin R3 1s selected fromthe
group con psNRné Whetain Bgdk;- %ﬁ'ﬂé{ij/lls LOopBensdy subsditided with epe epyeret hyl ;

wher ei n phenyl, wherever it occurs, is optionally substituted with one or
nore substituents sel ected fromthe group consisting of fluoro, cyano, and
met hoxy; wherei n i soxazol yl, oxagyazolyl, pyridinyl, piperazinyl, and
pyri dazi nyl, wherever they occur in the Aring substituents, the R23
substituents and the R29 substituents, are optionally and independently
substrtut ed vvrth ~one or nore substrtuents sel ect ed fromthe group

-, = B Y o - . - o



R12, R13, R14, R15, R16, Rl17, R18, R25, R26, R27, R28, r-s31l, 1-< and R32
are independently selected fromthe group consisting of hydrogen and

(G - C6) alwol2p11RUS702s sel ected fromthe group consi sti ngPofi/IRyde/ofyesy and
aryl (C1- C6) al koxy; R23 is selected fromthe group consisting of

hydr ogen, (Cl1-C6)al kyl, aryl, and (C3- C8)cycl oal kyl (G -C6) al kyl; and

R3 is selected fromthe group consisting of hydrogen, (Cl-C6)alkyl, and
(C3- C8)cycloal kyl (G -C6)al kyl; wherein aryl, wherever it occurs, is

optional Iy substituted with one or nore hal o; wher ei n heterocyclyl,
wherever is occurs i onal | ndependent |y substituted,.wth one or
more subsPRYRIEHS %C&ﬁ‘gﬂnfwgmow%' E%PS%WKBGGFOCQ’@VL &,%25' kyl and

(G -Co)al NRP%;}PfgmaySRG CG) al kyl . 7. The corrpound of claim®6, wherein
Rla, Rib, R2a, R5a are independent|y

R5b
sel ect ed fromehéS @%J%q&%d tseméh%emHaCB@SW@&SB&%OW PRI CalkBYxy, cyano,
(C1-C8)al kyl, mpiRemglortxadi azol yl, -0P(0)(R10)n, -OR11, -0C(0)R12,

-C(0) R13, 0)NR14R15, -NRI6R17, d - (R R t

(g(l %;s) al kyIC(i " sprslemed irvné'aﬁag&owg?%s wptqﬂ%}s@fcé%% ﬁﬁb?@m@%@wm@z?s

sel ect Sd Cramyt, h@drgr( RO RNGI, 3¢ - Og)amillaﬁild&éﬁbonﬂ]i/@ﬂ-d@élkﬂy Ci- %%%%d{%z .
rimadin an -

R Rom) o oL st RaI G ki Er o o e e A ooy, and

et hoxy; nainsno@a@oﬁyl(ctw@e)alkyl and H%lérobﬁ:lﬁ@rqum fosmyt; he group conS| sting of

hydr ogen, rret , @t Yl . st €5t = Bu opr and am nocar.bonyl net hyl ;
R12, R13, Rl4, 2 gRRE7 ﬁlSkyR??diRzaé &?PG”MVS%QGSQHH‘ 4 are
[ ndependegtduys c@ﬁé@m{geﬂ hiygreged bed gT.oChalk@nsi sting of hydrogen, nethyl, and

ethyl; R19 i ecte omthe gro con tn n a
honyi met hoxy R 1S SeSqesbios i 5ol SastBRG! ABH e SCConeISRTAgor hydr ogen,

nmet hyl , cy@bqpt@@mky‘mt hyI and phenyl; and R3 is sel ect ed fromthe
group consi stl n, methyl, p and cl op | met hyl ;

Sher 6 n_ phenyl <2 e FHE e Gk CoraSogRY birphon. S5 RRISE Bl Bl one or
more fl uocgalkyl; V\,her ei n oxadi azol yl or pyri da2| nyl, wherever they occur,

are optionally_ and independ ntI substltut eor stituents
Seleoted T romTad SO CORISIOHS Corobbi) Nvdheehab Ry el By gt hy| 6.
R 323"%2‘8‘@;“"0'?'%?1‘@676"'””'““e' ol ccted 110y {8, gr oup GonSSting of o
ydr ogen ot nyR SRRy ToH e SEHB SPER A LBy basH A0 Sy HRga and Rab
ﬁrg independenhﬁerelﬁﬁlrﬁmm?iWermcth@ Fro@uonallgllﬁabﬁituté@mh oh%dr eQeN, cyano,

ydr oxy, Lo . et t net ho ]

et oy e PSR SRRESL AT by P08 2F Boye GHUkaRyi 2 488 bony!
amt Rol, almf nocwmﬁmlh,eteamy@tyﬁau‘nme met:dngé Jis Pﬂi&{mﬁlly and m;j(ra]pendently 5

met hyl su ny| net hyl oxadi azol i m di nme e ridazi ny

Cycl opr opsit Yo o Mamptbsufdis SHbr Rl Stioruontehid o i

R4a and Rébjakiyraridwkependent|y sel ected fromthe group consi sti ng of

hydr ogen, hydroxy, carboxy, fluoro, trifluoronethyl, cyano, nethyl, ethoxy,

met hyl car bonyl , net hyl car bonyl am no, net hyl car bonyl am nonet hyl ,
net hyl sul f onyl1get hithe cdlinpemr’iwéfaﬂn'lmdsw{/vﬁemyi met hyl, propyl sul fonyl met hyl ,

hydr oxynet hyl , @ ggo ﬂl‘ ﬁ,n ba, BOC enyl net hox am n | met hyl ,
nmet hyl oxadi azoﬁa nﬂ{ 6 ngt l/:zl a P cﬁf?mdﬁwrﬁﬁe{”ﬂ)ﬁele ﬁ{jj romn[Xe
fl uor ophegmmysmehhgting (ﬂhya'dogemcnypmmldomt (C-@4d)atkgd, phengl, eyndisyl, @rimikiny, - - 5a,
1-< and 1ar 199 1415 1@an 19S bed fr group
consi st i né%n ‘ﬁ%ﬁ% EWIR n'e\‘ﬁﬁq ﬁ&%%@?ﬁg %@ rﬁ%yﬁg}%ﬁ'gol;t :
R3a and R@be@ﬁretheeed:ecg)eukylfls optidriady gmtmﬁmtemwsrn shé ognoﬁe sh:jodﬂtogﬁa seleytado,
hydr oxy, dr.oxymnet r.OXypro
et oy PRGNS HEBRARyetA & ST, PRen. sEBiaruno et V2R Buar ey
ami no, anbyrmqn,lwnpludm;a,rromﬁﬁaNR&ﬁ&? met hk§R?; phenyl, V(- and ic V; and o
N---0 R" is selected from the group consisting of hydrogen, methyl, tert-butyl,
isopropyl, ethoxyethyl, dimethylaminocarbonylmethyl, diethylaminocarbonylmethyl,
phenyl, and pyrrolidinylcarbonylmethyl;

R'2, R'® R, R'® R?', R??, R, and R are independently selected from the

group consisting of hydrogen, methyl, and ethyl;
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0,-,S\ _...1, N'---.7, N",",/11- /Cl1l13 9V 9 N=N R4da and Rzib are
sel ected fromthe group consisting of hydrogen, hydroxy, carboxy, fluoro,
trifl uor owetzhylosswgano, nethyl, ethoxy, methyl carbonyl, PCT/IB2010/054447

met hyl car bonyl am no, net hyl car bonyl am nonet hyl, mnet hyl sul f onyl et hyl ,

di met hyl am nosul f onyl et hyl , propyl sul fonyl net hyl, hydroxynet hyl ,

am nocar bonyl , 10. The conpound of claim6, wherein Rla, Rib, Ra, R2b,
R3a, R3b, Rzia, R4b, R6a, and R6b are independently selected fromthe group
consi sting of (Cl-C8)alkyl, -0P(0)(R16)n, -OR11l, -0C(0)R12, and -

C(0) NR14R16; whgrein the 1- C8) al k o] nal ly substituted with -0R23
R is select ecﬁ r'%?ﬁ"i%%d Ejﬁg’ﬁﬁrﬁ)e &%H@Péfﬂﬁ'ﬁ@g&%h%%& HRYONEANE6) al koxy: n is

one or tV\mﬂu&bﬂndﬂsﬂsel ected fromthe group consisting of hydrogen

(G -06)al kyl C6 R12, R14, and Rl16 are
i ndependent | y F?&Sgl% Hfﬂ%‘gﬁtgﬁ pg‘?%‘ﬁﬁ“%%ﬂ@%@fqgﬁﬁ ’BPtthvéP gr‘f‘”&nd

(C1-Co) al Eb{én yidtds i s selected fromthe group consisting of hydrogen and
(C1- Co) al und of Forrmula 111 a R7b 6 FebR6b N R66\
V)t O For rrul a '%Z%I'S %ﬁ‘efér%ﬁ%‘?“ﬁ%%ﬁ?ﬁ’88”?'%}'”&@68}5‘?8%% ”éeg%?R?WQV'eé‘F, wher ei n
R6a, R6b, pyfimylfithyl; B&p, R8b, R6a, and R6éb are |ndependently sel ect ed from
t he group cons 2gtl

dr ogen, ano, al k
het er ocycl yl R %99? %4;? thepgepip b @pp@?gydm %é ﬁi%‘ -NR16R17
- N§ R18) ICI( 0) RlaNher&ﬂ%R@ﬁyl mevermlmtlor\l{)mlt?rst@bﬁltfztb@vvﬁtﬁbn@()jﬁioké/| It ?]
optiona u e or. nore subsfituents selected fromthe
P oup consyaRRg IR Gl s it ar sy B forsisRg o 1 RSB RBE e Sroo:
Rl is select elefd’r@lmlédiéz@y’IOledﬁgng)rfﬁipbﬂﬂlnﬁf vdhﬁdiv@%&e@ﬁdcdr%@@?@ihdﬂgxy nis
one or two; ed fromthe group consi 0 rogen,
(Ca &) al B indgpencetzpupebiasiineons orya dupPedcin SapRps romhe brolh
( C1- C6) al kyswiting o€ axd)onuthyi, Ghdethyal kyl , (Cl- C6) al koxy( ClCG) al kyl ,
hal o( G - C6) al koxy( G -C6)al kyl, (G - CG) al koxycar bonyl (G - C6) al kyl
am nocar bonyl (G - C6) al kyl, and het erocycl yl carbonyl (G - C6) al kyl ;
R12, R16, R17,13R18ThEémpbad ofilm 12n@héRMm are independently selected from

the group consigtigg o J;gydro n and (Cl-C6)al kyl ; R19 is sel ected
fromthe grou% 0‘% @a[({lﬁ 6% ﬁﬁeﬁ%en (Cl- C6) al koxy, and hal o( C1- C6) al kyl

R"and R7b are independently selected from the group consisting of hydrogen,

fluoro, hydroxy, cyano, methyl, methoxy, methoxymethyl, hydroxymethyl, phenyl,
S -
pyridinyl, and 3 L ;

R® and R® are independently selected from the group consisting of hydrogen,
fluoro, hydroxy, amino, aminocarbonyl, ethylaminoethyl, ethoxyethoxy,
dimethylaminocarbonylmethoxy, diethylaminocarbonylmethoxy, methylaminosulfonyl,
methylsulfonyl, trifluoromethylcarbonylamino, hydroxymethyl, cyanomethyl, phenyl,
benzyl, fluorophenyl, pyrimidinyl, pyridinyl, methylisoxazolylethyl, pyrazolylmethyl,
pyrimidinylmethyl, benzylsulfonyl, benzylmethylsulfonyl, methoxybenzylsulfonyl,
pyridinylthiomethyl, fluorophenoxymethyl, cyanophenoxy, pyridinylmethoxymethyl,

ethylpyridinylmethoxymethyl, pyrrolidinylcarbonylmethoxy, L , and

07//(N /\/

ch ; and
R* is selected from the group consisting of hydrogen, methyl, methoxymethyl,

hydroxymethyl, methlypyridinyl, and pyrrolidinyl.
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R2 is selected fromthe group consisting of hydrogen, (Cl-C6)alkyl, and
aryl (C1Co) al kyl ; R23 is selected fromthe group consisting of

hydr ogen,wOCH1@@5mkkyl , aryl, and heterocycl yl-(Cl- C6) alPkyNB20a6va54REO | s
selected fromthe group consisting of hydrogen and heterocyclyl;
wherein aryl, wherever it occurs, is optionally substituted with one or
nore substituents selected fromthe group consisting of halo,
(C1- C6) al koxy, and cyano; wherei n heterocyclyl, wherever it occurs,
is optionally and independently substituted with one or nore substituents
selected fromthe group consisting of (Cl- C6)al kyl and oxo. 12.The
conpound of claim 11, wherein R6a, R6b, R7a, R7b, R8a, R8b, R9a, and ?-s9b
K are independﬂhtlyhéebmgb@dj&nmmmh@ewgéﬁmp consi sting of hydrogen, cyano,
fluoro, &@Jk%l h@n ridinyl, pyrimdinyl, - OR11, -0C(0)R12,

- C(0) NR14R15 NF86R’1 {%’1@? R19, -S02R20, and - SC2NR21R22; wher ein
the (Gi-C8)al kyFanEROpé Qﬂebéweﬁuhgére&tea egmwthé §roupeonsisting & h?dﬁ@@brht uents

selected from¢the group con |st| ano, n |sox
pi perazin rorophwrd ?Manop@r/‘?'i‘ OXMWP%‘PWet Q P%Jéwm éﬁQB -N R25

R26, and - SR29; 1 |s selected fromthe group consrstlng of

hydr ogen, yl, i sopropyl, ethoxyethyl,

dlnethylaéfé’ qﬁgonylnethyl diethylaninocarbonylnethyl phenyl , and
pyrrolidinylcarbonyl gethyl; ° R12, R16, Rl7, R18, R21, R22. R26, and

R26 are |ndepe'ﬁdéh<ﬂR %@I"‘é’@?@@ﬁ%ﬁ'bﬁ?'@ﬁt@dg’pm}be@m@ﬂﬁ'ﬁ@%@f frygimg@gen

met hyl,  apghr6t fpskoxy18ino, am.nocﬂanyrsetﬁﬁ%{ﬁrnbedyr Bk oup_consi sting. of
hydrogen tert-butoxy, and | uor onet I"'ected fromthe
group condiﬂﬁthW@nopcarpmydjgethoxmetqﬂwlamIberrazwnylraﬁa%hemyéqupsulfonyl R23 is
sel ect ed hrewsruhenﬂrtmr&ﬁ@rﬁy|65rbegyr%.ncyﬁvo@e%etmtdwh@m@hg%en ygnd

pyridi nyl met hyl ; and is Selected fromthe group consisting of hydrogen

and pyridinyl; ™ mher phen , mhereuer I occurseys optlon 1y
substi t ut ed mnmh:gﬁe q g; p ntlﬁcgel &arffom the
group conbemstyl,ng of fhuord add T hox “wher ei i, |soka'oﬂ§¢
pyridinyl, or giperazinyl, wherever the occur are optionally and
independentp ,\llr_hgtltutedﬁ]e W th onehgr e substltuents isel ected fromthe
group consi sgin t aid e > goNpo f claim12,
wher ei n Red, \/g .61 < an & e droge# <ﬁ?%— gggrgﬁ&B are
|ndependently selected fromthe group consi sti'ng of hydrogen fl'uor o,

hydr oxy, ano, nethyl, methoxy, methoxynethyl, hydroxymnethyl, phenyl,

HCCH3 0 p‘rldgmy and HCrcH _R8a and Rgb are |ndependently selected
fromthe @ p cﬁs}ﬁq/ﬁg’ of rogen’ ér oxy, am no,

am nocar bon et hyl am noethyl , ethoxyendgg; Kmvlaninocarbonylnethoxy,

it PﬁL?B"ngi’ﬁiﬁ‘f‘?é“%%%@%iﬁn&ﬁghé*ﬁroﬂr‘o'é‘“@n%ﬁﬁ‘h”Wé S PR oy
fl uor ophenyl , pyrlmdl\T;j fyrldl NI, met hyl i soxazol yl et hyl

pyrazolylﬁﬁhg%hmﬂgw nzyl sul fonyl, benzyl met hyl sul fonyl,
met hoxybenzyl sul f onyl , pyrldlnylthlonethyl f I uor ophenoxynet hyl ,

cyanophenoxy, pyridinylnethoxynethyl CHO HC ,cH3

Fon) i & Sel et o ?E’ﬁ??g@%?”%M%WSFSW“‘*‘??? byt ogen et byl o C 1T AN
met hoxynet hyl ,R qh%@%o@yn@fh?? 8%1?B?R@%ﬂﬁyﬂep@Wd”ﬁyﬁ?@P@éﬂﬁVHhewo

2011/ 04578%Pg5/0,;§gt%%%|‘&>4€d1 -Cg)alkyl, -OR"", and -N(R'®)C(O)R"®; wherein the (C+-

Cg)alkyl is optionally substituted with -OR?*

R" is selected from the group consisting of hydrogen and (C4-Cs)alkoxy(C-
Cs)alkyl;

R'8 is selected from the group consisting of hydrogen and (C4-Cs)alky!;

R' is selected from the group consisting of hydrogen and (C4-Cs)alkoxy;

R? is selected from the group consisting of hydrogen and (C4-Cs)alkyl.
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14. The conpound of claim 13, wherein R6a, r-s6b, K and ROb are hydrogen;
RThand R713 are independently selected fromthe group consisting of

hydr ogen,wbl20owms7obydr oxy, cyano, methyl, nethoxy, et hexymsiotgybia447

hydr oxynet hyl , phenyl, HCCH . H3 0----1HCON N, andl R8a and R8b are
i ndependently selected fromthe group consisting of hydrogen, fluoro,

hydr oxy, am no, am nocarbonyl, ethylam noethyl, ethoxyethoxy,

di met hyl am nocar bonyl net hoxy, di et hyl am nocar bonyl net hoxy,

met hyl am nosul f onyl , nethylsulfonyl trifluoromethyl carbonyl am no,

hydr oxynet hyl , yanoneth hen R9a is selected fromthe group
consi sting of 1r’i3ydr q}:@? HEFomﬁ’kﬁ Woxynet hyl , hydroxynet hyl, H3c N, and
ONIA. \ 15. The corrpound of meheal MR¥d, wherein R6a, R6b, R7a, R7b, Rsa, R8b,
R9a, and r-s9b R%ﬂ__jb Ro7b K
are independently selected fro he group consi sting of halo, (Cl1-C8)alkyl,
-0R11, and - N(R18) C(0) R19; \RF?ereTNﬁ\g ’ C8)alkyl is optionally
substituted with -0R23' R¥R11 |'§Os ed fromthe group consisting of
hydr ogen and ( Cl-C6) al koxy( C1C6) al kyl ; » s-Sel ected fromthe group

consi sting of hydrogen and (Cl-C6)al kyl; R19]is selected fromthe group
consi sting of hydrogen and (Cl-C6)al koxy; N\ el ected fromthe group
consi sting of hydrogen and (G -C6) al kyI 1@ npound of Fornula |V R38b
R38..\R3R7a37b R3R391 9abN's, | oY (! aﬁpharnaceutically
acceptable salt thereof; wherein R37a, R3713 R38a R3813, R39a and R39Db
are sel ecbeapharoracetiisally acasptablessalithergobivhaeir BYarRh &S, R R Sxand
het er ocychkyd, I ( , and
(G oy a1 Rowacs Rca 1 BB ol s PR 0. ry Bl B, B35,
R3713, R38z-CHaviwr|kyREo&skahylskiforyB @ihylsuifoayli amb(@efﬁzbéaikdxycarbowremf romthe
group consisting of hydrogen, hydroxy, fluoro, pyrimdinyl, pyridinyl,
tetrazolyl, cyclopropyl nethyl sul fonyl, phenylsul fonyl, and
nethoxycarbonyﬁhniﬁbeComeowmhéctﬂmﬂ@um@e@WWclain117 wherein R37a, R3713,
R3813, R39a, Bbas g3y gregy 3 om t he
group consi sting 53 hRdrngnggsf I ﬁgrRow% &rdegendéﬁﬁ?%l%lgégg?%onb?grgur

cycl oprop9¢ﬂﬁmtlhgloéw¢r©@%ﬂ hycpmémlugr@t pyfmylﬁlnylppyridiﬁydjﬁﬁtyazolyﬂ)yr| di nyl , and

tetrazoly R3713, R3813
R39a, andh%%%gg Qtﬁ%}%r ogngqerﬁfdsu%gh r%ngoqg%tr@ct eﬁpﬁgrﬁnﬂ{ he group consisting
of hydrogen, fluoro, hydroxy,

18.  The compound of claim 17, wherein

R37a, R37b, R38b, R39a R39b

, and are hydrogen; and
R4 is selected from the group consisting of hydrogen, fluoro, hydroxy,
methoxycarbonylamino, cyclopropylmethylsulfonyl, phenylsulfonyl, pyrimidinyl, pyridinyl,

and tetrazolyl.
19.  The compound of claim 18, wherein

R%¥2 R¥" R*®" R*2 and R*"are hydrogen; and

R4 is selected from the group consisting of hydrogen, fluoro, hydroxy,

ol
K Q O\
0\| N
methoxycarbonylamino, A\/\f O/ Y

and

20. A compound of Formula V
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20. A conmpound of Forrmula V R41 or a pharmaceutically acceptable salt
thereof; wherein Rzl, R41, R42, r-s43, 1-< and R44 are independently

sel ect ed wpamtdag7ogr oup consi sti ng of hydrogen, (C - C8) aChkygB201vessa@s0cycl yl ,
and heterocyclyl (G -C8)al kyl; and wherein heterocyclyl, wherever it
occurs, is optionally substituted with one or nore substituents sel ected
fromthe group consisting of cyano, (Cl-C8)al kyl, and (C3-

C8) cycl oal kyl am nocar bonyl . 21. The conpound of claim 20, wherein Rzl, R41l,
R42, R43, and r-s44 1-< are independently selected fromthe group

consi sting of hydrogen, methyl, pyridinyl, and pyridinylmethyl; and
wherei n pyridinyl, wherever |%ro urs, is optionally substltuted w th one
or nore substituents sel ected Pn Re group consi sting of cyano, nethyl,
and cycl opropyl am nocar bonyl . he_coppound of claim 21, wherein R40,

,41, 1-< and R43 are hydrog@n §o 2 is selected fromthe group
consistlng of nethyl, pyridinyl, %&rldln ﬂ?l nmet hyl pyri di nyl ,
cyanopyri di nyl, and cyclopropylanlnocarbonx d|nyI; and R44 is selected
fromthe group conS|st|ng of hydrogen and . 23. The conpound of claim
22, wherein R40, .--,41, 1 < and 23Rt e hdeodbn R42 is selected fromthe
group consi sting of neth H3C '...N 9 INN/ 1% VNO and ,, -

. and R440f @ phamacegicatly 6%99??@'99‘?%9%6@%9 St ng of hydrogen and methyl. WO
2011/ 045702PCTHBATP G447 R* and R*™ are independently selected from the group

consisting of hydrogen, (C+-Cg)alkyl, heterocyclyl, and heterocyclyl(C1-Ce)alkyl; and
wherein heterocyclyl, wherever it occurs, is optionally substituted with one or
more substituents selected from the group consisting of cyano, (C4-Ce)alkyl, and (Cs-

Cs)cycloalkylaminocarbonyl.

21.  The compound of claim 20,

wherein R?°, R*", R*2, R*, and R* are independently selected from the group
consisting of hydrogen, methyl, pyridinyl, and pyridinylmethyl; and

wherein pyridinyl, wherever it occurs, is optionally substituted with one or more
substituents selected from the group consisting of cyano, methyl, and

cyclopropylaminocarbonyl.

22.  The compound of claim 21, wherein

R*, R*, and R*® are hydrogen;

R*? is selected from the group consisting of methyl, pyridinyl, pyridinylmethyl,
methylpyridinyl, cyanopyridinyl, and cyclopropylaminocarbonylpyridinyl; and

R* is selected from the group consisting of hydrogen and methyl.

23. The compound of claim 22, wherein
R*, R*, and R*® are hydrogen;

H,C

L
NN TN

R*? is selected from the group consisting of methyl, , ,

Q@\v@ p

4 is selected from the group consisting of hydrogen and methyl.
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24. A conpound or pharmaceutivcally acceptable salt thereof, having the
structure: 25. The conpound of claim1, wherein the conpound is

sel ect ed wpamtdag7ogr oup consi sti ng of: PCT/IB2010/054447
N-(trans-4-{[ (3-nmet hoxypi peridi n-1-yl)sul fonyl ] net hyl | cycl ohexyl ) - N net hyl -
7H pyrrol o[ 2, 3-d] pyri m di n-4-am ne;

l4({trans-4-[ met hyl (7H pyrrol o[ 2, 3-d] pyri m di n-4-y1) am no] cycl ohexyl | net hyl
)- sul fonyl ] pi peridin-3-ol;

(3R)-14({trans-4- [rret hyl (7H—pyrro| o[ 2, 3-d] pyri m di n-4-y1) am no] cycl ohexyl | -
met hyl ) sul f onyl eridin-

(3R) - 14({ (1S, G?”PP@HH&PF thftrPPéPﬁ@MVG?'M%?PtBP'S[52”@%Tcﬁyﬁqvﬂﬂ%‘f‘ﬁ 4-yl)amn
o] - cycl ob@@fuﬂenet hyI ) sul fonyl ] pi peri di n- 3- ol

trans- (R)-1-((4-(nethyl (7Hpyrral of 2, 3-d pyrl m di n- 4- yl ) am no) cycl ohexyl) -
met hyl sul f onyl ) pi peri di n- 3-yl |v Iate

(35)-14({trans-4-[nethyl (7H @
i n-4-yl)am no] cycl ohexyl | - met hyI )//S\Erlafonyl]- | «di n-3-o0l; D ethyl
(3R -1-[({trans-4-[met hyl (7H pyrrol o[ 2, 3-d] pX(__le di n- 4- yl)am noj -

cycl ohexyl | met hyl ) sul f onyl ] pi peri di n-3-yl phosphat e;

Ngt r ans- 4- ({[ 3- ( 2- net hoxyet hoxy) pi peri di n- 1-yl ] sul fonyl | net hyl ) cycl ohexyl ] -
N- et hyl - 7H- g1 ol teZoodnfbluRY o BhiH N-vhéd8h M8 compound is selected from the
N-(trans-4-{[(3-isobutoxypi peridin- 1-yl) sul fonyl ] met hyl I cycl ohexyl ) - N- net hy
| - 7H  pyr POUB[CENSISHIGRfT i mi di n- 4- ami ne;

N-(trans-4-{[ (& ét%r{%%%{(y rl%fh'oﬁyﬁbéfrdw 15 iRV nhetRyIlRY bR MLEEy)-7 N met hyl -

H pyrrol o] 2, 3ﬁ€]r rimdin-4-

{14({t r anBYA] ﬂgyr(w#mp‘yammeo[ 2 3 d] pyri m di n-4-yl ) ani no] cycl ohexyl | net hy

|')- sul fonyl ] pi-pgfi (7

e a1 ARG A ASRE S apumdr dyperingrscotesney

net hyl - 7H5Y V'J)QIBEEF 'rB‘G’]pyrlmdln4amne (1-((Trans-4- (nethyl

(7H pyrr 0| o [ 23R4} {tréW:JJf gﬂ@kh?(ﬂﬁ Ei/r}(ﬂém@Oa]ﬁyrﬁﬁ|@m%§’lbe)m|no]cyclohexyl}

met hyl sul f onyl )p| perl di n- 4-

(3S) - 14({ (MY IVHRUI K’Q}’JFBDQF@W?P-4 [ met hyl (7H-pyrrol o] 2, 3-d] pyri mi di n-4-yl)anin

o] - cycl ohexylhRreY 1§3Rf19 YInddhpaneiein®7Alsyrrolo[2,3-d din-4-yl

(3R 4R) - 1- [ﬁ{t(r gﬁs{!%- f] pﬂjrag[ol o[ 27 pé/rrgfr[l m lfygma '@1)y§?nmhn§]] cycl ohex

yl | met hyl $¥IPTesHyT$HY! }fP'(‘:M']ﬁ@-eBd'ﬂ 3d‘i"o|

)14({t Ir?ns |4 [W%H&X§§ Wf(lgmbhﬁéml(?ﬂ—ﬁpy?rrdﬁ][@wd]mmMﬂln41 -yl bhafd)BRdisheslighexyl | net hyl
- sul fony peridi n-4-

(3R 49) - 12(“(9%’113%@”3’4)9[9%9'!’15}3 I PY¥aR®r ol of 2, 3-d] pyri mi di n- 4- y1) ani no] cycl ohexy

| 1 et hyl ) sul f qegh-higpeisAimehAH-BrRdio[2,3-d din-4-yl lohexy

4- ( 2- met hox ghy? *Ni tr!ins %([rr?a}z y@[(7I—|-]Fp)){/nrr?lollno[sé)a?Tlr&c])]B})//Cr? n(?lxgh}n 4-yl)amn

o] - cycl oR¥; PW&”MWP%U@'P@W! ] pi pendl ne- 4- car boxami de;

N-(trans-4- {[ (Bietpf BRMALPENL-[Methyl 3H-bfriolo[2,3-d din-4-yl
Ifonyl]rret IIce Q’f-q({ [e yxi raf cc))[l ]p%rlrgl]gyrygﬁrglpg]4am ne;

R LT fdonsy ety iron BErgh G-y 2hbtrate:

pyrim di n- 4- yll\) mn@ab- QhExNYkyeth ;pmél gL f- IRy Edmypyretia) o gdisheky pN-
{(3r,4r)-4- n'eth trans- 4%1 %/(? ?I—I—py?%ﬂ 0”34% @J)g&. mgillgln 4-yl)amn
di

o] - cycl oRE¥ ny§? %ﬂdi%/ﬁ?‘l"j i n-3-yl | net hanol ;

{(3R 4R) - 4- rretth Ytranbd4-{[t [3.@@t&néxy{prmhwh(Wdunemw]meﬂ{y%cﬁj&ie&w N gihpE7A4y 1) am no
]- cycloheryllmethl sul fonyl ] pyrrolidin-3-yll nethanol ;

3- met hy 1- RYTQI9IE3sHRY [j‘r’?é‘{'ﬁ%‘!”@ﬂ—l- pyrrol o[ 2, 3-d] pyri mi di n- 4- y1) ani no] cycl ohe
xyl | met hyl ) sul N-@weHs]4-a-&tabxy@igeridnoi-yl)sulfonylimethylicyclohexyl)-N-methyl-7H-

(3R 49)-1-[ {trans 4- 6r?éth 7dl?|-pyrr)(l)?o[2y3] ]gy}rll/m d|¥1)4 yl)gm no] cycl ohex
yl | met hy| PEEReEIPYiingt- g'&i‘i”ﬁe 3, 4-diol;

Nt rans-4- ({[ ({Zl?b{né’ns(m&aylwmbwp@[wstqbyrdh.amM-ylbdrﬁuub]Ew&dembmwcycI ohexy

] - Nrrethylz lEfrroloZS rimdin-4-am ne;

((3S) - 1- { 399R¥ Fﬁ@ﬂr' '%'ﬁ(g'ﬁ‘ﬁ&{ %H— pyrrol o[ 2, 3-d] pyri m di n- 4-y1) ani no) cycl ohex
yl)- nethyl SU| I‘ﬂ-‘{l%#—({mﬂ r‘rQJtHl(ﬂdyﬁre?ny}’)blbgﬁdlﬁlally])]lsulfonyl}methyl)cyclohexyl] N-

(3R, 4R) - 14 % erI o[ 2, 3-d] pyri m di n-4-y1) am no] cycl ohexy
| 1 met hyl ) *fyb rF]y”B @”H'i‘%|

Ngt r ans- 4- ({{1(@ﬂhn§4((21eﬂ{yhm@trhﬂb<w) 2% | lerhldlnm ¥hathihs)ey élemasyl)met hyl ) cycl ohe

xyl]-Nneth rrola d ri mdin-4-amne;

3- et hy1- Ty Z fg%é)f’l?e['&ﬂ@t“hv F%QKEWHOI o[ 2, 3-d] pyri mi di n-4-y1) am no] cycl ohe
xyIIrrethyI)squonyI] pyrrolidin-3-ol; tert-butyl

{(3S)-14({trans-4-[ et hyl (7H pyrrol o[ 2,03- d] pyri m di n-4-y1l)am no] -

cycl ohexyl | met hyl ysul fonyl ] pyrrolidin-3-yllcarbamate ;

Ngtrans-4- ({[ (3R 4R) -3, 4-difluoropyrrolidin-1-yl]sul fonyll nethyl)cycl ohexyl
] - Nret hyl - 7H- pyrrol o[ 2, 3-d] pyri m di n-4- am ne;



Ngt rans- 4- ({[ 3- (et hoxynet hyppyrrol i di n-1-yl]sul fonyl | met hyl)cycl ohexyl]-Nm
et hyl - 7H pyrrol o[ 2, 3-d] pyri m di n-4-am ne; and

Ngt r ans- W02 (13R5703- net hoxypyrrol i di n-1-yl ] sul f onyl | met irgr)iB30ab/edexy| | - N- ne
t hyl 7H pyrrol o[ 2, 3-d] pyri m di n-4-am ne; or a pharmaceutically acceptable
salt thereof. 26. A pharmaceutical conposition conprising a conpound
of Fornmula | or a pharmaceutically acceptable salt thereof as clained in
any one of claims 1 to 25 and a pharnaceutically acceptable carrier.

27. A pharmaceutical conposition conprising a conpound of Forrmula la or a
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treat nent meVMWé@fdﬁyﬂ] @ermﬁ{eh@ql denpri ses ﬁdm ni steri ng to the SuE{ ect ian
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ibnf | ammat oygfordixgifrastag)-sefongmoyerotidia-3agethaidi;ogr af t transpl ant rej ection,
one marrow tr str i Cc. ahstr
di sease, aIIer:g1 waéfh@tfﬁft&‘gt(m‘%}hﬁwm%igés p}gm% ﬂfa”bﬁ@@é# Q?
conpl i cat h@lﬂﬁ/l)fatﬂlmiﬂiylt}ipgalb@td&ﬁs ol; 33. The nethod of C aim29, wherein the
Janus Ki nase onditiopn |S, Selecte romth rou nsi sting of
e A N A R e e
or gan tr angfHy@silfongl-egtrolidime-fgaidiasi s, r heumat oi d art hr| tis and ul cerative
colitis. N-[trans-4-({[(2R)-2-(methoxymethyl)pyrrolidin-1-ylJsulfonylimethyl)cyclohexyl]-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine;
((3S)-1-((3-methyl-4-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)cyclohexyl)-
methylsulfonyl)-pyrrolidin-3-yl)methanol;
(3R,4R)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl Jamino]cyclohexyl}-
methyl)sulfonyl]-pyrrolidine-3,4-diol;
N-[trans-4-({[(3R)-3-(2-ethoxyethoxy)pyrrolidin-1-yl]sulfonyl}methyl)cyclohexyl]-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine;
3-methyl-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino]cyclohexyl}-
methyl)sulfonyl]-pyrrolidin-3-ol;
tert-butyl {(3S)-1-[({trans-4-[methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino]-
cyclohexyllmethyl)-sulfonyl]pyrrolidin-3-yl}carbamate ;
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N-[trans-4-({[(3R,4R)-3,4-difluoropyrrolidin-1-yl]sulfonyl}methyl)cyclohexyl]-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine;

N-[trans-4-({[3-(methoxymethyl)pyrrolidin-1-yl]sulfonyl}methyl)cyclohexyl]-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine; and

N-[trans-4-({[(3R)-3-methoxypyrrolidin-1-yl]sulfonyl}methyl)cyclohexyl]-N-methyl-
7H-pyrrolo[2,3-d]pyrimidin-4-amine; or

a pharmaceutically acceptable salt thereof.

26. A pharmaceutical composition comprising a compound of Formula | or a
pharmaceutically acceptable salt thereof as claimed in any one of claims 1 to 25 and a

pharmaceutically acceptable carrier.

27. A pharmaceutical composition comprising a compound of Formula la or a
pharmaceutically acceptable salt thereof as claimed in any one of claims 1 to 26 and a

pharmaceutically acceptable carrier.

28. A pharmaceutical composition comprising the compound or

pharmaceutivcally acceptable salt thereof, having the structure:

i~ N =
HO' //S\o >—_—_.—QH
7 .

N

29. A method for the treatment of a Janus Kinase mediated condition in a
subject in need of such treatment, wherein the method comprises administering to the
subject an amount of a compound of Formula | or a pharmaceutically acceptable salt
thereof as claimed in any one of claims 1 to 25, wherein the amount of the compound is

effective for the treatment of the Janus Kinase mediated condition.

30. A method for the treatment of a Janus Kinase mediated condition in a
subject in need of such treatment, wherein the method comprises administering to the
subject an amount of a compound of Formula la or a pharmaceutically acceptable salt
thereof as claimed in any one of claims 1 to 25, wherein the amount of the compound is

effective for the treatment of the Janus Kinase mediated condition.
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31. A method for the treatment of a Janus Kinase mediated condition in a
subject in need of such treatment, wherein the method comprises administering to the

subject an amount of the compound or pharmaceutivcally acceptable salt thereof,

O TO/ ~
Ho\\\‘“" " >=Q

//S\O NH
o N\_N/

wherein the amount of the compound is effective for the treatment of the Janus

having the structure:

Kinase mediated condition.

32. The method of Claim 29, wherein the Janus Kinase mediated condition is
Alzheimer's disease, arthritis, autoimmune thyroid disorders, cancer, diabetes,
leukemia, T-cell prolymphocytic leukemia, lymphoma, myleoproliferation disorders,
lupus, multiple myeloma, multiple sclerosis, osteoarthritis, sepsis, psoriatic arthritis,
prostate cancer, T-cell autoimmune disease, inflammatory diseases, chronic and acute
allograft transplant rejection, bone marrow transplant, stroke, asthma, chronic
obstructive pulmonary disease, allergy, bronchitis, viral diseases, or Type | diabetes and

complications from diabetes.

33. The method of Claim 29, wherein the Janus Kinase mediated condition is
selected from the group consisting of asthma, Crohn's disease, dry eye, uveitis,
inflammatory bowel disease, organ transplant rejection, psoriasis, rheumatoid arthritis

and ulcerative colitis.
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