WO 2011/ 1348311PCT/ EP2011/ 056158 PYRAZOLE COMPOUNDS AS JAK I NHI BI TORS 5 The
present invention relates to a novel class of kinase inhibitors, including
phar macewocalVyg4ssecept abl e sal t s, prddrugs and net abol iPCegEPeé1d08@58 whi ch
are useful for nodul ating protein kinase activity for nodul ating cellular
activities such as signal transduction, proliferation, and cytokine
secreti i i i i

i nhibit, 10 regul ate and/or nodul ate kinase activity, in particular JAK3
activi ty, and si gnabgﬁﬁ&@émﬁpﬁq}ﬁﬁgy@ JekaNi@Iros! ular activities
as nmentioned above. Furthernore e present invention relates to
pharmaceutical conpositions conprising said conpounds, for exanple for the
tregtnment or prevention of an i mmunol ogical, inflammtory, autoinune, or
all ergic disorder or disease or a trans | ant rejection or a Gaft-versus
host dildePsescanvyrivadslels te anoyy ghss ﬁéﬁﬁnﬁgf ighibiorse MsHifsPhagmAgeuigally

CaL aly Za@ﬁpﬂfbld?mpbﬁfdﬂg%tdn@f’m@tfabdlft@é e, \lvhlléh dige u§df@lafo$ mdtiddtReSirdesm and
ot her ellu

bol.it ts,.of k t
Ce " s i TRERg fiRe SRy BB B a8 Sighfl Pinsa ARRR BB b oA B Dt
int he cgiofymel bavgeteme ri‘ﬂerev\/spectﬁctaﬁmtmel intbresioac prowadels ocym@Aings omibly inhibit,
di flt):[ g@%ﬂlﬁ% 'aﬂ{i‘/ofiﬂﬂdﬁfé{evl%ﬁﬁﬁe a%{wltlf\f ?3 {Egia?%ﬂ%f%%}fﬁ gﬁﬁg;ﬁ%ﬁ tr'ef s‘%l{lctlon
gener alpathyyags elictating ntps esllype a@ﬂlastss fas ethentionedo a@w@u ggirtherpaese. tthfatpresent

pr ef er gifdnabh YclRRO 6 HAEMRE@idaY COSHOG 6 RSEFAMRRIRNGhid ROSSOLNAL for exarnple
preferentially phosphoryl at eﬂﬁe” ne and/.or t%@ ni ne resj dues. g? yr osi ne

ki nasedol HeItiraEnTR 96 PEYELAYLAN h FUgHBUPHOHa lt W%&@p?‘&f’gn@ﬁ% %4
epi der riidordpt @mtdisch@cdrod traepept adjcatioh b ran dersyst 1080 discaso @nd peepded Ifor
Ki ﬁsses such as ,Janus rﬁi nases (JAK) | nappropriately high protein kinase
actrivi tprepaglngﬁ'\l}gl vagey many di seases including cancer, netabolic diseases,
aut oi nmune or inflammatory disorders. This effect can be caused either
di r ect IKinases bxtdliyzeﬁielpylomhot;haldraiﬂ rwoteinef hpnds’;tsugrirs,nmcleaan'dmdduksertcellular
mut at i on, llerex ssion or .30j nappro&zrl ate act |11 ti.on of _the
t

al | of Ngfdoditgsiad pliydey reles drall gpertml sRargeS silogasEsegialyy e&e'ga to
have a henaf e abicekingsds: pa%pe% QHRhOKsidah RS %%ﬁti‘%&hlélﬁ%mﬁf‘cﬁ QH® aftivRBANt
focus of drug discovery i's the Janus kinase (JAK) fam |y of non-receptor
t y20si rgeowkihn ddtesentianomandradrsivat hecdlbnmirgspoass fooentrane hibarmedi@BrsJdkiimulAK?2

JAK3 and T Ki ch a, ki d d
oat ol yorents GOPE SIS Suditss G chumREt ok Sl Pl Kire fie SBrcd B¢
cyt oki RRor gﬁﬁp& Oflfosk hfheuqhefreﬁehauw@n@@pﬁ&ymena&roﬁEBMe@flaa@sﬂ ahd 1 thoB& T ih\s

radi xi n, noesin) donmmins. After the binding of cytokines to their

r ecept oreferepially phasphetyiaje sertncarndl/ ghdugsmateyteaidacs Héiertét%pmolﬁlgases Weslude

2011/ L3 BZRCILARRALAL IR0 IR ISLEEN SLRALI N0 APBKMIGSLIPTASL abgne! |1 ng

nol ecul es, Cla Por er He s gnal transducer” ahd actiVat or of

trassc r(EGiFR() @nd &t&o)lcf@mrbqep(oYadMMueh aelanus Ridades (JA). Janus ki nases

(Jaks). Cenone Biology 5(12): 253). 5 In manmals, JAK1, JAK2 and TYK2 are

ubi qui t ousl y expressed By contrast t he expressi on of JAK3 is

pr edom,nant ietic cel and it re d wi.th cell

Gevel ophamrontiatfty MORBRI it 5HS Aiholgbln ”fgx(diﬁea FaBe kbt

of JAKmiedhiodic elntcasas| autbmmmwmdln@emmatmgmoe@rm Hes bidsct roen dalcedsct] eather

essent i g;{;}d@ ﬁﬁscm t AK1

knockodit%] e%l%gr @?gé‘ﬁ etefarulmr1ll§t8 g GF?GCH n%)?%coﬁeb Iﬁlgtlrag a%lvg[% Illeg%m{]o t he
nedPol deAPPERPTIBES @‘étve iehat ther enzame. IrheHnOffrt JoeiiRy chetvy 1r&1tlblaq>n of flomg.

CeII 93{6&)56&7&p§@’iédtODelIVetalb@ﬂefQﬁalteﬁectJAKz gene results in enbryonic

lethality at enbryonic day 12.5 as a result of a defect in erythropoiesis

(Neubauer et al., 1998. Cell 93(3):397-409). Interestingly, JAK3 deficiency

was fi rate grdemboif kiradesi thatlbashiheceims avxﬁebdsntafutlmsafrﬂrhg rdecessiy i tikelaane kmasdi ned

| o RERSY of Soh Pl bMRSERLElher 1198 MR HESHATE(BR4A), RSaBEL JAKC

knocko oo ex ay non-i

suggestiitig, ﬂAK@ SMKP ranil B ylrmneolim@w@(ﬁéKéh Eianlimmb@u hos e dease domaincandzy e
restri %ﬁﬁrtr%&lflﬁ%a%uw pyéu‘de @Héietdb%@ﬁ Ofl?e PAﬁsgt%EénsabﬁﬁotW SHAGn 4G ploy

i Munosuppr essi.on gl ou and Trends_in Phar macol og| cal
Sci encdlroygl {hg 5@8106@5111111210 ERM \(/%%r}dn@lne%rgb iradiEing FOCIAKYORAS. Ptk th

obser veghdifl 8f tjtkiNegakackabtpsdrs,clAIRMKeNcav4odMshd phaipheRlide (Mblcgitorset

al ., 2006. Cancer Cell 10(1):65-75). These nutated forns of JAK3 can
transformBa/ F3 cells to factor-independent growth and i nduce features of
megakar yobl astic | eukemia in a nouse nodel. 25 Di seases and di sorders
associated with JAK3 are further described, for exanple in WD 01/ 42246 and
WO 2008/ 060301.




Several JAK3 inhibitors have been reported in the literature which may be
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vari abl e or substituent occurs nore than once the respective variants can
be the sane or different. Wthin the rreani ng of the present invention the
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30  or a pharmaceutically acceptable salt, prodrug or metabolite thereof, wherein

R' is H; C(O)OR’; C(O)R’; C(O)N(R’R™); S(0),N(R’R™); S(O)N(R’R™); S(O),R’; S(O)R;
T'; Cy alkyl; Cy alkenyl; or C, alkynyl, wherein C; alkyl; C, alkenyl; and C,. alkynyl

are optionally substituted with one or more R”, which are the same or different;



"Al kyl" means a straight-chain or branched hydrocarbon chain. Each hydrogen
of an al kyl carbon nmay be replaced by a substituent as further specified.

" Al kenyl "woeansi3#3st r ai ght - chai n or brfanched hydr ocar boRCth22011005@58
contains at |east one 15 carbon-carbon doubl e bond. Each hydrogen of an
aIkenyI carbon may be replaced by a substituent as further specified.
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(i ncludin ) 2-), oxygen and nitrogen (including =N(0)-) and
mherelﬁwﬁﬁ%SW%ﬁé ﬁ@kﬁ%ﬁked to the rest of the nolecule via a carbon or
nitrogen atom Exanples for a 4 to 7 nenbered heterocycles are azetidine,
oxetane, thietane, furan th|o§hepe yrrole,. pyrroli
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dlhydr8ﬁ§¥5K 985}856 gBj)almdazolldlne pyri di ne, pyridazine,

pyrazi ne, pyrimdine, plpera2|ne pi peridi ne, norpho line, 30tetrazole,
trlazole trlazolldlne tetrazolidine, diazepane, azepine or
hoﬁﬁplﬂér82|dé aﬂheukpﬂmmﬁﬁyBde@eméhmmnmﬁgmmpemm&WmﬁnyHbﬂg‘Erﬂb4ﬁﬂhﬂnbered
het er ocycl e" fined accordin 2011/1348 [EP2011/ 056158

£ ot At G B o iR o AT o B b Tiagg A o it thate [y SEoP i ne,
pyrazolgigipg; oxazolidine, isoxazolidine, thiazolidine, isothiazolidine,
thladlazolldlne sul fo |l ane, tetrahydropyran, imdazolidine, pyrimdine,

pi perazi ne, piperidine, norpho line, triazolidine, tetrazolidine or

honopi perazine. 5 Preferred conmpounds of fornula (1) are those compounds in
whi ch one or nore of the residues contained therein have the nmeani ngs given
below, with all conbinations of preferred substituent definitions being a
subj ect of the present invention. Wth respect to all preferred conpounds
of the formula (1) the present invention also includes all tautoneric and
10st ereoi sonmeric fornms and m xtures thereof in all ratios, and their
pharnaceutlcally acceptable salts In preferred enbodi nents of the
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Preferably, R is Cl_6 alkyl, wherein C1_6 alkyl is optionally substituted
with one or nore hal ogen or O—| which are the sane or different. Mre

pref erablwp 2Ri1/i3¢83Ci 6 al kyl, wherein3Cl_ 6 alkyl is opPComRRoN/0SUBSt It ut ed
wi th one or nore hal ogen, whi ch are the same or dlfferent 20 More

pr ef er ahl. E 2 CH 2F CH 3;
G F) o Ceney Bt or 1) LS erodd) Bl Moy GliES | P B cstigen
nor e prafiesitrmorRR*, svhidiBare Bicafagical differBit; | S CH2CH2OH. Preferably, Ria,
Rib are H 25 Preferably, R2is T2; or G _6 alkyl substituted with at |east
1 R6. Preferably, R2 is T2; CH2- T2 CH( CHB) - T2; CH( CH2CHB) - T2;

C( CH3) %%I% ]19_%%@1 LH3) 2) T2. Preferably R2 is CH2CH2T2. More

pr ef er abl ¥ e 30preferably, R2 is CH2T2. WO

2013/ 1348319PCT/ EP2011/ 056158 Pr ef er abl y, T2 is p| peri di ne;

t et rahydropyr an; oheptyl; cycl ohexyl; or cycl opent wherein T2 is
unsubs%ﬁr tigt %ailﬁ’éot # ttat b ancmbcrrdosdiiated hstoys e é#%ﬁ@tehéﬁmr@nowﬁ ch

are th I 5
oner o SRl oo B HHE VpoTE T gl St eriralbtge,
t he sammreR’ gwhickrerthe séndoediffeadnl;y, RO is N(R1) S(0) 2Rla; C(0)Rl; S(0)2R1;
or C1 4 alkyl, wherein Cl1_4 alkyl is optionally substituted with one or

mre R', which are the sanme or different. Preferably, R9 is N(R1)C(O)Rith;

C( G)ORK? iQha Q)h&ﬁlﬂoyoRWbbRWFb% P'cy(O)B@ t%o 10@0@)% RI9R!%)
C( 0) CH2OCH3. o nore prefera &NHCH’S 10
g cza)sm;rmr Rl ,Sg@jﬁeﬁzseo)lt&ﬁzmg(b@e@bm%%@ rsg@@éﬂm
NHO( ) é@"?%&% gc&?@%l ool el o) ﬁéﬁ%&g% o Bl

0) T3; aTHY IN@H( 1055 3,C| CHIBin C, 4
g((og OOa\Izgng: ?0%42%4200128%)% Ng@(): ))N(Rg((Rg?p C|—|2CCIC—;(BQH(25 C(0) IliII—FI'3
Pr ef er &by is 01p310n%1 st%fos%rﬁgfdr\wﬂy@@pr repred o Vapelowa ke samcetr@lifhient; R6 i s
N( I?}) S(0)2Rla; C(0)R1l; or S(0)2R1. 20 Compounds of formula (1) in which
sone or all of the above menti oned groups have the preferred neanings are
al so amR &UR]éttRl&f art liedgpeedearly seRvedtftamn the group Fontikrarg of Bf €15 atkytoorpdunds
R (e B gl etk ot bty o forounebon B byl )1
Hpyr az ofi@f3n¢4- d] pyri m di n- 6-ami ne; N-(3

-(6-(1-nmet hyl- 1H pyrazol-4-yl ami no) - 1H-pyrazolo [3 , 4-d] pyrimdin-1- 30
yI ) propyl ) net hanesul f onam de;

653”% hé] p%&h%r azol dgpf%f%)éelect&il frgrn tLQ érosulf)lcfoggll 13gp 0 olg%b neN: &L()))'&[th pyrazo
N— (1- (HR-did( U)RBOG@{U)&\%RQQJ%)/ r gg@ij(R%@h)l ﬁ@])N(Pﬂ’éRWW soldhoey) )Roper di n- 3

-yl t -1H
T RSSO ESR0 0L DB SBIOR LRSI N(ROR™): NOs: OC(OR™
N;1( é] m(ﬁn%gﬂ@@yar :rzn OLIéIf‘Rly)@(O} R(lgr per 'ﬁ 1{"'3)%(%5[9@1 hyl ) NJ(EBBJéj/((ﬂﬁ?kQal{lsb

N-(1- mey Ryij)cq(bj(nylﬁaaw(oﬁle)*lea)(aﬁa et hyl pi peri di n-3-yl) net hyl ) - 1H pyrazol o
[ 3, 4- d]pyrlmdln 6- am ne
5Raé-trans- N-(l met hy 1- 1H pyrazol - 4-y1)-1-(2-met hyl cycl ohexyl)-1H pyrazol o

[3,4- dBpyr

i- oyl ohay TN TRTDAT R iy A3 df mEmpEyedy begiorscheh atpsin ™7 i optionaly
, 4- d] pyobstitatedwethant bemore R', which are the same or different;

N- (1-met hyl1- 1H pyrazol -4-y1)-1-(tetrahydro-2H pyran-4-yl)-1H pyrazolo [3
, 4-d] pyri m di n- 6- am ne;

191Nd]( ; ﬁ?% ﬁﬁ?‘nﬁ%ﬁ% Eﬁ&@énd%nﬁ})ser%cwlfpaﬁltﬂé Qi donsisHnR oL k3., alkyl,
30  wherein C,4 alkyl is optionally substituted with one or more halogen, which are the same or

different;

R is halogen, CN, OR"; or Cy¢ alkyl, wherein C; alkyl is optionally substituted with one

or more halogen, which are the same or different;



Rac-cis-N-(1-nethyl-1H pyrazol-4-yl1)-1-(2-nethylcyclohexyl)-1H pyrazolo [3
, 4-d] pyri m di n6-am ne ;
N-(1 et y0-20H/PBys3azol - 4-y1) - 1- (pi per ifdi n- 4- y1) - 1H pyr aPOIrEPR@ 1/056158
, 4-d] pyri m di n- 6- am ne;
N- (1-met hyl- 1H pyrazol - 4-y1)-1-(3- net hyl cycl ohexyl ) - 1H pyrazolo [3
, 4-d] pyri m di n-6- 15am ne;
Ni( é] Nﬂlths]lélé‘i- «éw ARG, wheiehn €15 GikyMRIIPibAAG! @BSRuUdY)wilibRY 6:8@6tChalGhen,
pyri m -6- am ne
N-(1- N@Ylhgllarzlthwﬂmldlﬁerym) 1- (3- et hyl cycl openty1) - 1H pyrazol o [3
, 4-d] pyri m di n- 6- am ne;
201- (Cycl ohexyl met hyl ) - N- (1- et hy1- 1H pyrazol -4-y1l)-1H pyrazolo [3
, 4- d] pynicadedi Rarfebddn@ibstituent can be selected from a group of different variants and such
1-(1-Cycl ohexyl et hyl)-N-(1-nmet hyl- 1H pyrazol -4-y1)-1H pyrazolo [3
, 4-d] pyilapﬁl? 805 -5 g}ﬂlﬁ;{g .occurs more than oncé the respective’ variants”can be the same or
1- (1- Cygkghgxyl propyl) - N- (1- et hyl- 1H pyrazol - 4-y1) - 1H pyrazolo [3
, 4-d] pyri mdi n-6- ani ne;
Rac trans N (1-nethyl- 1H pyrazol -4-y1l)-1-(3-nethyl cycl ohexyl)-1H pyrazol o

[3 4- i m di.n- 6:

- oycl SREBYhe Reinggf 7 preobatyronsion e tys s asBllony s

44@] pyri m di n-6-am ne ;
2 met hoxy-1-(3-((6-((l-nmethyl-1H pyrazol -4-yl)am no)-1H pyrazolo [3
, 4- d] pyAllmildinrsans aystprabt-hiydin pir[brzmch@ti hydiroyalr))em lkkhaionBach hydrogen of an alkyl
N-(4-(6- met.hyl-1H pyra 1) am . no razolo [3 , 4-d rimdin-1-
30§/| ) ((;féﬁ(bgﬁ éw 3%8%161%%% %stltueﬁ/t a)s%urther spec &Y [ I'py
1-(3-((6-((lI-methyl- 1H—pyrazo| 4-yl)am no)-1H pyrazolo [3 , 4-d] pyri m din-1-
yl)nethyl eridin-I-yl)-3-(nethyl sul fonyl) propan-I -one;

3- (4- ( 6. l%qn_y mﬁg&g_s_ag_p{.rgglptacg@m ar p@)lghﬁdnl@)dr trp}lr%{@m thaE gontalns at least one

2011?/ 1%5%’%%?@8#/ ‘ﬁﬁ%ﬁ?ﬁ‘gﬁi‘@ _d-r%(%e)h 3 Qi WP &b "hhf b refffeed by «

- (6- ((Isubeeitind ad fdrthyr gecified- y1) am no) - 1H-pyrazolo [3
,4-d] pyrimdin-1-yl)pip eridin-1- yl1)-3 -oxoprop anenitrile ; 3 -(3
-((6-((l-methyl- 1H-pyrazo| 4-yl)am no)-1Hpyrazo lo [3 ,4-d] pyrimdin-1-
yl') met ) '

/) e PHILBP, ekl Dk GREREORPIEMGIEclP Ryt TERURON dekone |
yI ) met kgtbppicprbeni atiphe Iboydl)Eacdnp hadrokeroé an lBynyl carbon may be replaced by a

razal -4-yl)am no)-1H pyrazolo [3 ,4-d] pyrimdin-1-

;Zﬁ'et %9‘?%”%?66@%%18‘# pe %“‘%t etrahydro - 2H pyran- 4-yl ) met hanone :
(di met hyl am no)-1-(3-((6-((l-nmethyl-1H pyrazol -4-yl)am no)-1H pyrazo |l o

4- 10d] pyrimdin-1-yl)nmethyl)pip eridin-I|-yl)ethanone ;

1- meChy iKY pyaazal amyyd@aimh@\ang ni P carom-atdmsl ket lifypreschHaptheand| of 4 3

d] p

{“[“ilgaﬁq 31"‘% F@h e PR hisgpop ttﬁl{?@ ISRPLg?(l et Ely L AR5 By 1) - 1
raz@fﬂzo, {Qﬁg&,CHd—} -5 HB)CLI #-16-GHi ﬁféiy -CH(C,Hs)-, -C(CHz3),-, When two moieties

y
2
[ ,
(
WY
- py
;iés( ( Jef(al ﬁQREﬂBWréﬂhIE&W h{y ﬂﬁﬁhg(bﬁ%%eh)ﬁg%w@éh)oﬂ\k €L ARy Ddvdiinlyr gzol - 4-
(
) -
(
|

I
3

1H g rrm am née ;
(1- (&R} %‘Ie %W@WP?‘EW chERCHI eﬁ 3-yl ) met hyl ) - N- (1- met hyl - 1H pyr azol - 4-
1H pyrazo lo [3 , 4d]pyr|md|n6amne;

1-methyls1 razol | sul f onyl eri

)eth amﬁ- % %]ﬁyly]liagn hélw%é é (%rm(]ﬁ gon}fmey )P pI%SGIlt ag ![he end of a
rnolecule Cia alkyl methyl, ethyl, n-propyl, isopropyl, n-butyl, 1sobuty1 sec-butyl; tert-butyl,

30  n-pentyl, n-hexyl, or e.g. -CH,-, -CH,-CH,-, -CH(CHs)-, -CH,-CH,-CH,-, -CH(C,Hs)-, -
C(CH3);-, when two moieties of a molecule are linked by the alkyl group. Each hydrogen of a

1-

yl
N-
-y

Ci alkyl carbon may be replaced by a substituent as further specified.

“Cy6 alkenyl” means an alkenyl chain having 2 to 6 carbon atoms, e.g. if present at the end of

35 a molecule: -CH=CH,, -CH=CH-CH;, -CH,-CH=CH,, -CH=CH-CH,-CH;, -CH=CH-



1- ((1- (2- net hoxyet hyl ) pi peri di n-3-yl) nethyl)-N-(1-nethyl-1H pyrazol-4-y1)-1
H pyrazo lo [3 ,4-d] pyrim din-6- anlne ; ethyl3
(6- ((I\Neuhwﬁwiﬁnpyrazol 4-y1) am no)-1H pyrazo | o [3 PeTaPRyIiond1ds n- 1-
)

yI met hyl ) pi p eridi ne-1-carboxyl at e;
25 1- 1-1H 1)-1-((.1- th I t hi 1
Chyl ) - i 955 o & B5CHG APt RC STt Hiedie oy Y BRE Flfip ) e
- ((6- ( HachBydsdenldt PY. oaamaényqlca/r@mﬁiap%)eTéﬂ‘fhdéwb%osubgn{l&t ad fitHRY Epoaifibidn- 1-
yl)nmet hyl ) pi p eridine-|-carboxyl at e;
2-(4-((1-((1-(nethylsul fonyl) pi peridin-3- yI)nethyI) 1H pyrazo lo [3
, 4- d] py 6-
(1 o et SRR VLB et FHARN R s atthe P 95
, 4- d] pyar diceilB:- =CHn 4081,-C=3CH( GHz-CHz-C CH, CHz-C C-CH;, or e.g. -C C- when two
-((6-((l-methyl- 1H—pyrazo| 4-y1l)am no yrazo lo [3 ,4-d] pyrimdin-1-
I

6-
yl ) met mlytgﬁsrpfeq: ingfjleeule 91[6) biksgd tan i qu(quyé grouppdach hydrogen of a C,.¢ alkynyl

2011/ 134

1-((1- f%‘??ejdlﬁ “jbgét“e%* & T RO 094 ( 1- et hyl - 1+ pyr azol - 4-y1) -1
H-pyrazo Io [3 4- d] pyr|n1d|n 6- anlne

1- I I f I | i din-3-yl t hy (1-net hyl - 1H | -4
R ool B e S G oA

- thyl- a 1-

1 Tt BT prerTabReb i e et SRR FYIGRRN Iy ietailh PE B

- I( (6- ((Plreﬂ&mﬂbh'y1€>ﬂblalﬂiyr azdirs Atoy Jgyvatvprupyt, 1Hyciybwb Icsbcl{)ﬁentyl déymyaticryldi oe 1-

e R B Beiross P p TR srbansay b TPVSAY Py asHyI b 2SR EFR- 3

yI)rre ficdl Hh k 1I<1” < 1631613 ly
z-ISI?I’/IH%%roeI&WC??%yI?I oty TR o o e A ey azo o 13

4 d]pyrlnldln 1- yl)nethyl)plp er|d|n | -yl ) et hanone ;

1 Hfl% p;? gﬂjg I_I_I[nanstﬁtﬂr%ﬁhY ﬁ% CHI‘RS]% ]Oéﬁ,ﬂ@;ﬂ% ;%I?raﬁ@é)rgp Hed 9nat galogen ror% hyl) -

-((6-( OrchBthyl- 1H pyrazol -4-yl)am no)-1H pyrazo o [3 , 4-d] pyri m din-1-
yl)methyl )az etidin-1-yl)propanenitrile ;
Rac-trans-2-(4-((1-(2-nethyIcyclohexyl) 1H pyrazolo [3

- d] v miedi ne g : ‘
) Y A RS ANy i 4.
, 4- d] pyr 7l Btoins tﬁﬁm)ﬁ%MMh)@ tpeﬁhb (ilmamnhmc:rarnlﬂm( @Iﬁlddeble bonds (aromatic or

N-cycl opropyl- 3-46- ((1-nethyl- 1H pyrazol -4-yl)ami no)-1Hpyrazo o [3
é] pylppﬁ@nﬁlqrmgj wéltlﬁgﬁIII pprtigr Y af He=pUE? oXagitipet | lcaSCone ring atofn up

to 4 ring atoms are replaced by a heteroatom selected from the group consisting of sulfur
(including -S(O)-, -S(O),-), oxygen and nitrogen (including =N(O)-) and wherein the ring is
linked to the rest of the molecule via a carbon or nitrogen atom. Examples for a 4 to 7
membered heterocycles are azetidine, oxetane, thietane, furan, thiophene, pyrrole, pyrroline,
25 imidazole, imidazoline, pyrazole, pyrazoline, oxazole, oxazoline, isoxazole, isoxazoline,
thiazole, thiazoline, isothiazole, isothiazoline, thiadiazole, thiadiazoline, tetrahydrofuran,
tetrahydrothiophene, pyrrolidine, imidazolidine, pyrazolidine, oxazolidine, isoxazolidine,
thiazolidine, isothiazolidine, thiadiazolidine, sulfolane, pyran, dihydropyran, tetrahydropyran,
imidazolidine, pyridine, pyridazine, pyrazine, pyrimidine, piperazine, piperidine, morpholine,
30 tetrazole, triazole, triazolidine, tetrazolidine, diazepane, azepine or homopiperazine. The term

“5 to 6 membered heterocyclyl” or “5 to 6 membered heterocycle” is defined accordingly.

“4 to 7 membered saturated heterocyclyl” or “4 to 7 membered saturated heterocycle” means

a saturated 4 to 7 membered heterocyclyl or heterocycle. Examples are azetidine, oxetane,



3 - -((6-((l-methyl-1H pyrazol -4-yl)am no)-1H pyrazo lo [3
rimdin-1- yl)nmethyl)pyrrolidin-I-yl)propanenitrile ;

( (WOQ01/13es3my 1- 1H pyrazol - 4- y1)8arri no) - 1H pyrazo [POT[EP2011/056158
»

i mdin-1- yI)nethyI)pl p eridin-I- yI)ac etonitrile ;
t'h%l $ ! ﬁ? [ Ihgildlg)f% %&h@&r&thloplge%e olhdlne PYT&ED 1d1ney11)yra20118¥1r azol o

(
d] py
-d] py
(
3- ( (Ratdlilide2, Zs&da&élwﬁ@et ydzbtidile PY i@aahzodditle) arth@hzdiidify r agofollde] 3
(

3
,4-d] p
252- ( 3-
,4-d] p
1-((1
[ 3,
1-(
, 4

- ( t@rahydropyrap, emlfdlawmeeﬂoﬁynydlmﬁmp@ra@m,-mpgrlcyleﬁn Theyphalingg yrizzedding, [ 3
4 lp pip eridin-l-yl)prop anenitrile ;
1-( 1- %@&a@oﬁﬁﬂe&h&h@f?&?&é&%l di n-3-yl)methyl)-N-(1- et hyl - 1H pyrazol - 4-y1) -
1H Spyrazo lo [3 ,4-d]pyrimdin-6-amne ; WO

2011/ 13483113PCT/ EP2011/ 056158 . .
1- ( 3- ( Peeferrad compownds| efofsawiy (H)- amtbwampwngqi Y e oIy mesxoPhthe 4- d] p

o di h _
AERT e bR s b T A o ey D L N S
yrim dlsnbslljldc)lnﬂbﬂin}dh@l}m peng dlsnbjtety(piéthemmmmtrlntfmtlon With respect to all preferred _

SN-(1- (2,201 1 uprpel iy |11 pyr azolf-xd s (01 G sopropy sl fomyl ) pj peri d

é W%%&a&so%kéreyfbﬁﬁmn&mﬂaregﬂ(eééof(lé 2l TRIJRY ARINE R Y hohRIcORYdal 1P laB&ipt i - 3- V]
) met hyl ) - 1Hpyr azol o[ 3, 4-d] pyri m di n- 6- am ne;

N-i sopmseltyy| - 2- ( 3- 46- ((1- met hy1- 1H pyrazol - 4-y1) ami no) - 1H-pyrazol o [3

, 4-d] pyrimdin-1- 10yl ) et hyl) pi peridin-1-yl)acetan de;

N- et hyl - 2- (3-46- ((1-met hyl- 1H pyrazol - 4-y1) am no) - 1Hpyrazolo [3

, 4-d] pyAi %Efﬂrﬂ’édlembd)dlﬁﬁhﬁ@)’bf Rh® (Rédedi Nnienyibn,aeR! isEBients mentioned below
N, N- di net hy1- 3- 46- met hyl- 1H pyrazol - 4- yl) am no)-1Hpyrazo lo [3

, 4-d] pymde@pmeﬁtlxhag,q thedelippying irxﬁ:a@mlgdﬂg]@ce; opr@yBNEMl deose substituents can have

15 3- r 1H pyrazolo [3
233 o s B P B AR L o
1-((2-(2,2-difl uoroet hyl ) pi peri di n- 3- yI)met hyl ) - N-(l nmet hyl - 1H pyrazol - 4-y1l
1H razol 3.4 ri m din-6-amnine;

?\H sﬁéas pfyral le (Ps 1& xyé( 3l "\r‘lﬂel&ﬁlﬁyﬁ’léﬁdﬁ ptignsliuRssitded pythas1 & gre

, 4- d] pypj ogbﬁibf‘Oi-l' Wit BB Wk r(ﬁf?él‘blﬁ[ Nroke %ﬂe}&% an de Uér'l roter@h &F €7 1 ed
group of onmpounds are conpoun own i1 h exanples 1t and a second
gr oup asligh owaplienadly ssapitéste@ 2vithooiBor @briPhddgang svhadh atheh@ sarpo ond#faéntt he

e Bar o aEt i i e R Hre " CBr B AT SR k8t ng to

the pr@@(‘F‘)CHEF’GOH(p)@ﬁEé acmg*r;epg m(p%emzmmﬁgm @2etr) éy CE\@nOﬁloFehe

i ke under a p y3|olo gi cal ondition in t living e.g. by

oxi dat ipoeferablyd B ts Ol Pm«yfdl’ablyy& $s QL€ HO/ ke, each of Whl ch is carried out
enzymatical ly. Exanples of a prodrug are conpounds, wherein the am no group
in a conpound of the present invention is acylated, alkylated or
phosphqrryfe@bgdm“oRf“bareH e.g., eicosanoylam no, alanylam no,

pi val oyl oxynmet hyl ami no or wherein the hydroxyl group is acyl ated,

al §I ated, phosphorylated or converted into the borate, e.g. acetyl oxy,

pal m oyl iy, R EOLHCSABHIARCTILERARI 08518 bi val oyl oxy, succl nyl oxy,
f umar yl oxy anyl oxy of e car group is esterified or

am dat ed. These conpounds can be produced from conpounds of the present

t di t Il -k S5N\et abol j t ds of
For mul ARIFROG € 1 95 Wt ﬁﬂz”q““&)tfg,é,cﬁ W GHELBRH: FRent (G- The ver m
" met abah g CHeHeLLE T OP?éf%]ra | gou Hse%PE@HZT@dMJrQrBr@RYa @mgf th? CPPOIRAS

according to the present vention in or organis preferably
madfral preferably, R? is CHzT

4-

(
d]pyrlmdln 1- 30 I)nethyl)pl peridin-1-yl)-3- (nethylthlo)propan | -one; 3
d

Preferably, R? is Cy. alkyl substituted with at least 1 R®, provided that R® is other than T*.



10 Preferably the termrelates to nol ecules which differ fromany nolecul e
which is present in any such cell or organi smunder physi ol ogical

condi t i o0 20tie13ss3nuct ure of the metatolites of the CoMPOU/ER301A08@stli ng t o
the present invention will be obvious to any person skilled in the art,

usi ng ous .ap ro i at taut S to eno
Faut o r e JRrB RN R BRER ey fur aRoy ey R Or, Risongilr abal
forms, vehegoin tTAes kRtBstRANEd 8P QlbsTiREIHD with BnEOMRbIcSPEISERR0ALERY, “qh@h dreges her
as mxtures in any ratio. The same applies for stereoisgners,

enant i 6ARe o1 diffeente Braferablyndr 45 azetidingt A pyreliding. Hehqreip el lzmnwbséteétd ed,
Sorer SufluBeERALSL AN REIPAS MELIdRAALR, the art. e g. by |iquid
chromat’ ogr a Or enantioners by using e.g. chiral
staBionary phases Addltlonally, enantloners may be isolated by converting
theminto diastereoners, €10,C0UPI g Wi thoan enantionerically p

aUX|I|a??&ﬁ@Hbéﬁnﬂnghh§éatht § at $Eh2bot @h@lﬂgﬂﬁésﬁh@Pﬁgcdtaﬁéeﬂ%oners
and cl & Yl lfy%fubétpﬁte?'x!\gi{h' dtf%r% erﬁc%%'l@”%v déﬂ L RMAGLINYE Vi, PRABLLRIRP 1Of @

COITpOUﬂ tal'ne rom stereose ECt Ive syn hesi s

usi ng @ﬂhl‘ba(q)»z Bur&O30RI't |mgC(®)N(R|1 R'E). Wvee porfpatiydR’ofs €omS(@).CHy; may

Cryst alOREHROR e ofse redFormnaay of b i 1) ChegHEx: LALORNEHst phs,

whirgh atie.cOSNHESHCH }zh'@H%ﬁz@Hféﬁzef{ db.peASCALSEY P IDNPh ©

forms of conpounds of formula (I aracteri zed and fferentlated
usi ng éﬁhﬁﬁh§ﬂibCHbon&@ﬁhk@ﬁ&k,ad@i&bﬂﬁébcﬂechnl@Mé&CFancCGEKHQPKGE%hnot

cpoct 1 A RIS CETAR R o AORHIGESTLr  nel Ol glstORtn:

2011/ 13483¢USECT/ EPZDTL/ 0SROPRH,OBG) , t hefOpgHAVHE! r |s@oazrral yi(®)0T8d) and

solid state nucl ear (3net|c resonance (ssNVR). In case the conpounds

accordlq(@)@@HszHBmpéol §¢HeH1Hi Q@K ac@@?)@(@&baﬁ(@)@ﬂ@&bgfl% t he
|nqent| §0 conprises their correspondi ng pharmaceutically or
OXICO| Iy acceptable salts, in particular their pharmaceutically

utlllzable salts. Thus, the conpounds of the formula (1) which contain

acidic _grou can be used according to the invention, for exanple, as

al kal i Pg %fysglgtsstetratm@éﬁﬂyﬁaélo SLFYYOIHRRAE: salts or as anmoni um salts. More

precise exanples of such salts include sodiumsalts, potassiumsalts,

calciumsalts, magnesiumsalts 10 or salts with anmmonia or organi c am nes

such aPrefeoblpRAMPNR 'S OyRAH] GE))REE bakdBrRI’ne, tri et hanol ami ne or ani no

aC|8s Compounds of the fornmula (1) which contain one or nore basic groups,
groups whi ch can be protonated, can be present and can be used

accor didigngoand6f ifEPeM (9 rln'th&l'i‘%oﬁt@rdf‘ Af of BRI SbREGh &t B 8ldups Wald the

inorganic or organic acids. Exanples for suitable acids include hydrogen

chl or i desfetigdimegangsiropisden opicoseitibe prssentimbengen.f uri c 15 acid, nitric acid,

met hanesul foni c acid, p-toluenesulfonic acid, naphthalenedisulfonic aci ds,

oxalic acid, acetic acid, tartaric acid, lactic acid, salicylic acid,

benzoi @u&ﬁbﬂpref@@ﬂeﬁ‘c@nﬁ})@hﬁhs ETRP bR inGdndion Rl @llicte@fb, the gﬁtuhydoaaettﬁgc

aC|d mal oni ¢ acid, succinic acid, pinelic acid, fumaric acid, naleic acid,
pc & d, sul fam ni ¢ aci d, phenylproplonlc aC|d gl uconi c aC|d ascorbic

aC|d i soni cotinic acid, citric acid, adipic acid, and ot her acids known to

the person 20 skilled in the art. If the conpounds of the fornula (1)

si mul t ahebidtlyyldehpaiarolads i/ 16(( dtctethgBukto gy ypupsidim 3 tylenatip pcHl e, t he

i nvention aki %ﬁpludes, in.addition to the salt fornms nentioned, inner

salts OVTBRPA AP UMY @RMERS) . The respectlve salts according to the

f or mul t re known to the

personqsﬁ %?gﬁﬁmﬁﬁ%ﬁgﬁ r&&@4EMmﬁH% qgﬁ%%%ﬂ§6 %&hg%?Pﬁg these with an

or §éni ghpropyhoregmnesilfacadider base in a solvent or 25 di spersant, or by

s i R e - o AT TR P o PP AR eh,  ow ng o

| ow phygpRiR@icéant@ypatibility, are not dlrectly suitable for use in

phar maceuti cal s but whi ch can be used, for exanp as internediates for
chemi ca¥-(}- é%%—tdllfbwsoﬁlﬁyli SH-pytezoprie it € i- Wtbilslﬁm%wéudmc%Vl)meﬁl@BeﬁabI e
salts. SOZTP ou%n%ﬂg |nvent|on the term "pharmaceutically acceptabl e”
means tHat~ h esponglng Conpound carrier or nolecule is suitable for
adm ni stration to humans. Preferably, this term means approved by a
regul at ory agency such as the EMEA (Europe) WO

2011/ 13483116PCT/ EP2011/ 056158 and/ or the FDA (US) and/or any ot her

nati onal regulatory agency for use in aninmals, preferably in humans.

The present |nvent|on furthernDre |ncludes aII solvates of the conpounds

b o — g, o b T



15 According to the present invention, the expression "JAK3" or "JAK3

ki nase" nmeans "Janus kinase 3". The gene encoding JAK3 is |ocated on human
chr onosor029piB34881and it is predom nafit | y in hemat opoi @CITEPe@1056159 AK3 i s
a cytoplasm c protein tyrosine kinase that associates with the ganma-chain

of thednterleukin 2 (lL- receptor, Thi hai n al serves a conponent
Por ' nv LEEEG Hopetar il GRS BHE st b Bl e BTG Gt ) Buki ns
IL-4, 2hihd:-7, I1L-9, IL-15 and IL-21 (Schindler et al., 2007. J. Biol.
Chem 282(28):20059-63). JAK3 Pl ays a key role in the response of imune
cel | s N (byctwil-dEspyragdeeylal H( ! -methdriperedn3syDmsthphd Eypeazadeld . 4racr ophages

I nhi bi tjhon. of.. J .has shown beneficial effects in the prevention of
transpld lrlglg}né@'ltéﬁlgbne’( Changelian et al., 2003, Science 302(5646):875-888).
25 Bbr @aaransasConmdthydr | Hopyirive 14 @5 AR-mdth @i dleiexyl) hidl-pxaresE,on " JAK3" or
"JAK3 ki nase" includes nmutant forns of JAK3, preferably JAK3 nutants found
i n acutBPYfBdRaP¥BM%Asti c | eukenia (AMKL) patients. More preferred, these

mut ant ' ' ' tati ' [ -] Al ions were

b er vad o v L P P B e e

al ., 2006l-nttnd-eH-BahtolHeyI)) :(6Fralipiro-ZFheyehel-g)- |HapwaprieBet-dperiBddin-6-
enbodi nent, the expression "JAK" also includes a JAK3 protein having a
V7221 SMBE32T nut ati on. According to the present invention, the

eXPHes N-2Nm: ol Ki SIH- b 4L i NEinkd- .2" . The
R L e Y

r es pectRagelisyN-(1weethplt IM-p3188 14-FDSFH(ERROi¢y0 B LSS )-AB - haato [B -d Ineriesdinp| es,
conpounds of the invention were tested for their selectivity for JAK3 over
JAK2 kind¥8& As shown, all tested conmpounds bind JAK3 nore selectively
than, MKEn(c888 1HaPYr8z03-4bgh-0w) 'peﬁﬂlh%??uﬂb%]@ézolbW-@Wﬂﬁ@i@l%-%ﬁebe present
invention are considered to be useful for the prevention or treatnent of

di seaséS(bmgthyildbrpiapepldsyod r@traethwicydoliax))- Fbpywgelap. & dinywmmendyi cal |

i nflkamm{ﬁ? .y, autoinmune, or allergic disorders, transplant rejection,

G aftversus-Host-Di sease or proliferative diseases such as cancer. 10 In a
pr ef er nedl-andindi 1B pirazélve ylg-drRematislcoélopdieylpi Eiseyrhzdledeird porimadie-csel ecti ve
JAK3 inhibitors. Equally preferred are dual JAKL/JAK3 inhibitors. 15 The
conpourd¥lGf the present invention may be further characterized by

act i 0y T e P e gt P R o B e ot e

suppl ermentg; Yang et al., 2007. Bioorg. Med. Chem Letters 17(2): 326-331).

20 Brief]y, JAK3 kin ctivity can be red usj reconbj nant
v A G SN e T e R R R A B TS
domai n)1.(1dAt KexPRER/ 1 BRL (11 Mhéthy L BH ?a%blf-@ﬁll)bMi%Ha%o?ﬁ,ﬂd%ﬂrﬁHﬁin—@hﬁﬁ&% are
coat ed overni ght "with a random L-glutam ¢ "aci d and tyroSine co-pol yner
(4:1; 160-Cydshrekylpaepyd)-Neldgnethylel H-Pheazpl-4iyds! Bupgrazalobbd-ddmdintidinetrbi nant
JAK3 JHLGST protein (100 ng/well) with or wthout inhibitors is incubated
at roor?fntné?‘rper ature 25 for 30 mnutes. The a HPR-conjugated PY20

ant i - plrasphebIN-0shithydn Hipeeho 14l IN) -(B snapdegl aingydeneb ppeslo By4-TVB

(3,3 ,5,5 -tetranet hyl benzi di ne) (Changelian et al., 2003, Science

3020 5648)yrimigyE6-8881GNd onl i ne suppl ement). A cel | -based assays (TF-1

cell proki (e A [} _A0on8$s i iR ) Lvity of 30
el 1 o SR LA AR R L M ARE RT3 LR A6 AR Y, O
(Chen eétmathoxy-2Q0&(6-Ril ansthyl- Mbgyragbledny | h@irdod181-fGa 2019 [3,56pIribbdB)1- WO
2011/ 13 8311)3PCT/ .EPzglb/ 56158 pharnmaceutically acceptable carrier,

opt i ondDmethp) Thatt/6ha®1% one or nore ot her pharmaceuti cal

cormosiﬁ-nggi((lL&E&ﬁﬂﬂﬁ@ﬁ%&%@gﬁg@? 1H- Pz dTBANB PR AlintIEr & act i ve

i ngredie and one or “nore redi e t make up the carrier,
as 30el lyDagclamxypradarsidewhi ch results, directly or indirectly, from

conbi nat j.0 o] e i on or  aggregation of a t or. . noye of the
i ngredﬁé@f@?'(@fgﬁk%éﬁ&pﬁ%{?{'é’tyl%g 1&%—%@y@;elﬂ&¥%dﬁprﬁg@- gredi ents, or
from otyngdetity rfn-1 SACY-(ABGy RO AN Prdahl 0fs; of one or nore of the
i ngredi'ents.” Accordingly, the pharrmaceuti cal c%n&osi tions of the present

i nvent idold-@ri€ bimsthyd- LEhpyresrigoghamion)- M deranplad d dpyrgmidintdodpreuidin-bf  t he
pr esent I)E_Q_vgntri on e%ft‘r(illea pharmaceutically acceptable carrier. The term
"carri @’ PerEPEEe A | uent, adj uvant, excipient, or vehicle with which
the therapeutic is adm ni stered. Such pharnaceutical carriers can be
sterile liquids, such as water and oils, including those of petrol eum

ani mal, vegetable or synthetic origin, including but not 15 limted to
peanut oil, soybean oil, mneral oil, sesane oil and the like. Water is a
preferred carrier when the pharnmaceutical conposition is adm nistered

o o o Y



The conpounds of the present invention or pharmaceutically acceptable
salt(s) thereof and the other pharnmaceutically active agent(s) may be

adm ni st ewedotigigessmer or separately ahH, when adni ni st ePel/EPepaisg1ss y, this
may occur separately or sequentially in any order. Wen conbined in the

St o el oab e e SRR} Famir el Sl o RSN BI (e

f or mul gijnoxopbpahchifilul at ed separately they nmay be provided in any
conveni ent formulation, conveniently in such nmanner as are known for such

conpourdS-i(er(tihacthyt1Hipyraze -fullameno): Epyigeelold. 4 dinyrintdinpk-esent i nventi on
t hat t&%n&ﬂﬁﬁﬂf 9wﬂ£l§ﬁﬁ§3¥ﬁxgg%mnﬁﬁ$a 15 pharnmaceutically acceptable salt
,, or ‘a t conp

t her eo ar mac i ca osition conprising a conpound of fornula
(1) 51 s 3amsihok gt &B€h-((M-rea@hl Madplyero M-yhaaimoe-el-p daudo[Grd-gparinadieuti cal |y
active agent and/or that the pharmaceutical conposition of the invention

f ur t heyDawstpiIngRssidi by DRIQPRDY -1 phar maceutical |y active agent. 20In this
cont extx_thet "q¥ p Sy t i : ;" includes a drug
or phai(?ngiégﬁtl itngegwlalg{eﬁ?ra?ﬁat p%wﬁggllfﬁcﬁﬁt&h%[g% %]Pgré@ggﬁ lor medi cal response
of a tiydsethylpystiedm-1-ami(teahhyeiro-Btrpyrat-Hat) mehdmenerg sought, for instance, by

a researcher_ or clinigian. "Conbined" or "in canhipation” "conbi nati on"
shoul d 6@iTaEkevyd -Bs (& (aReiy bR ysgoldatimira [Hpverololidr ci n some. or
al |1()CO@@H{Hﬁgimx,l)%t@@mﬁyﬁgiﬁl_%egﬁgﬁ)@}{egﬂt ely, in different fornulations,

di fferent” nodes Of admnistration (for exanple subcutaneous, intravenous or

oral ) anhdl-dicfifyérl Bapyraiatdsylpfl -@epipaiidine ayhethy)-Thepyrazhlof3dtdlpyoongotnds of
such conbi nati ons may be admi nistered either sequentially in separate

phar mad8UtS’cal conpositions as wel |l as sinultaneously in combi ned

phar magel i &aY1saIROBIpeti@ms3-yBhehen) - amxByl- IH-phsIinRy DL IH-piiabs b3, 5

t herapy, conbination with ot Ker chenot herapeutic or antibody agents is

envi sagdRyringdin-éisméngsxanpl es of pharmaceutical |y active agents which may be

enpkoyed i n: [ ' 1.5k th hey | nt_j\nyention and
enarr” aai SRR Da s i ) R PR R R R et s
such agyed ol 3retd]pyriaidt-6-amid® 2011/ 13483120PCT/ EP2011/ 056158 mi zori bi ne
and rimexol one; anti-TNFa agents such et anercept, infliximb,

Adal i rrdn(éb-,(cylsﬁmmﬂ%l}fomima%r ?:3-$@m%f§ﬁ§r%,(l-f%?myiw'lhfepxzmééeyl?-ﬁﬁr bitors such
as |efl i @€ L dar ef | .agoni sts such as subreum interleukin 11
agoni stp 581(:0 ggsd@lﬁirﬂé]llag/lg iaﬁl?&lt’nt erferon beta 1 agonists; hyaluronic acid
agoni sthe(kuethydd HNRDaAdd-#- Y1 gB+(il nethytdudfiohdykperidin-Bed ggtyd- 18- ant agoni st s
su B as ana@k‘?rgﬁ CD8. ant agoni sts such as am pril ose hydrochl ori de; beta
an; oi ®YFFREOLH-&HPBIBEE-raHSgoni st s such as reumacon; matri x

net al | qp(r(PK%%dx@Bﬂh??%ﬁdiﬁ%ﬂ)ﬁ&h‘}l)@@—'{fﬁ%{eﬂ{ylﬁPﬂpﬁ’faﬂﬁM- haepse nodifying
anti-rheumatic drugs RDs) such as nethotrexate, sul phasal azi ne,

cycl osporazalofd. 4ifpiroryohGraodud;ne, aurano fin, aurothiogl ucose, gold sodi um

t hi omal gt e and penicj |l am ne In parnticul ar etre ng,_define

or o1 n B8y be-appl t entG2AEVE B BRI Rhor IS VSRR TR, ¢ he
conpouRdsn @yl jperidiieentarBoxylg@nvent i onal surgery or raqi ot herapy or

chenot her apy. Accord conmpounds of the invention can al so be used

ingly, the ] 1.
i n2&ont¥ -ﬁ%rmetiwlx&ﬁw&aqﬁrylkré-(( hér-apehylthiokgehpiperigin-iomethyar lnt
prolif i i S: SKCh - cancer. 15Suitable agents to be used in
combi n &?a%h%i%glda@gﬁﬁlﬁﬁ?%g% I'proliferativel/antineoplastic drugs and
conbi nahdtiyls t her eof3-((89(4archyl-nHrpdhadld-drethegyH $yedro v$3,alHyyrahidingl-agent s
(for exanple cis-platjn, carboplatin, cyclophospham de, nitrogen nustard,
mel phalyg)l‘?]eﬂé}mp&?eé]ﬁﬁl?d'F?rbﬁﬁéﬁ%han and nitrosoureas); antinetabolites (for
20 examplse  ppti (R §3foRYOipaSdih | P5 ARy HITHhRaSo b K& dRsylinfi@haur aci | and
t egaf ur d ‘re(zgl {e(it t@(@é,ﬁﬁﬁem@ﬁ%}gat%@c% ggi nebg[r%a%%)[r%(’)sidg)é%1 hgid%xyur ea and
gendti t athama)o)- ldhpitapmeliy])ethanddi ot i cs (for exanple anthracyclines like

adri a in, Nl ci n, .doxor ubi cin,. dauno i epi rubj cin, idarubpicin,

it omy A e TP R B i b s s b ort Vit B et e
vinca ahkgd:0i ds |ike vincristine, vinblastine, vindesine and vinorel bine
and taxoids |ike 25 Hgad itaxel and taxotere); and topoi sonerase inhibitors

(for exa@plie(epnpbrbptyiyrarpbstivhiemindel lepppaslothed-dindringdinpbsi de, ansacri ne,
t opot ecan and, campt ot hecins); . (ii) cytostatic agents such as

ant i oeé'?)rmoegh g)splliefm%%n% @ rqukl?nétr?g% fen, toreni fene, ral oxifene, droloxifene
and i odoxyfene), oestrogen receptor down regulators (for exanple

ful vestrant), 30 antiandrogens (for exanple bicalutam de, flutam de,

ni | utam de and cyproterone acetate), LHRH antagonists or LHRH agonists (for
exanpl e goserelin, leuprorelin and buserelin), progestogens (for exanple
megestrol acetate), aromatase inhibitors (for exanple as anastrozol e,

o o o o o o oy o -, — 5 M o N o




30 by other nechanisns (for exanple |inomde, inhibitors of integrin avl33
function and angi ostatin); WD 2011/ 13483122PCT/ EP2011/ 056158 (vii)

ant i sensewbOheriagisss, for exanpl e t hosé2whi ch are direct @dTiEP201h05¢158 gets

| i sted above, such as ISIS 2503, an anti-ras antisense agent; 5(viii) gene

aber 1 e Raar e bR BB SRR ket P BTV RS °

pr o- dr WgpyrigidaPryam@Rpr oaches such as those using cytosine deam nase,
thym di ne kinase or a bacterial nitroreductase enzyne and approaches to

i ncr eade((payckapronydiubioayioryrradidghdrybmeaindbiN-Grmethul Ol terapl4-sillc HHas

mul ti - ©S gepe therapy;, and (ix) immunotherapeutic 10
approagjﬁ%%,ofoﬁiéI&&@?ﬁgldglxeépé%’and i n-vivo approaches to increase the

i mmano@eflicoéthiylof pa-((6A11-tndthylin Heglrhsyl-4sylpdinias)- 1 H-ayedze o 3,0l [piritidn1-oki nes
such as inter|eukin 2, interleukin 4 or granul ocyte-nmacrophage col ony

st i mul é’tlmf?&lﬁl)i’éﬁe@td}neakﬁﬁ“@a@ﬂ%3 to decrease T-cell anergy, approaches using
t ransf ec i e celks(s 13 11C f 661 [N 8,
appr oacre el R L MRS PR RLORIRY R BT

usi ng ammethyd)piteyipire- LbahoxWatdj es. Further conbi nation treatnents are

descri in 2009/ 00 2 WO- 07/107318, .i ncorporated herein by
refer eg\@gl. mfgl\g’\gc} 5 56?%1493,%{3 ﬁéﬁ%@?h@ﬁ‘é onéz&e;%@f}ﬁa)gr@p-%— Y We@]ﬁﬁfﬂﬂﬂati ons
may gbe p?gﬂ{'bf(l,i[ﬁhg{]ﬁqiﬁidh{]@janﬁl%}uenti ally in separate pharmaceuti cal
conpositions as well as sinultaneously in conbined pharnmaceuti cal
conposi23,stsflucrpd -FHES-iE emethiy e Bl -pyorrp b4 iythiaomw ) ofH-phrazeploBsedipyrimidint i-on

i ncl ude con Eﬁ)i.tigns sll)i able for 25 oral, rectal, topical, parenteral

(i ncl udPRF IR SHESYY M A anus cul ar, and intravenous), ocul ar

(‘opht haly1-gethypu Hﬂpﬁaioy-zl(—ﬂ?& al(1-AhethyiG i@ nyil PRAbALILBY ) methy ashl

adm ni stration, although the nost suitable route in any given case wl|
depend Parze lof3. Aty emidido-gevesi ty of the conditions being treated and on

t hg nature of 1t CE Ve edy ent . Fh 3 vepi ently presented in
uniqé dc?s 39%8{%%&%25}%@{)%8 g% a&géld)) lﬁ]ﬁyﬁga égtt’)%gﬁ)g'pl\\f\reﬁﬁn-ﬂnom in the art
of 30 phatetiad)azetldinpragiroakbnitge, the conpounds of fornmula (1) can be
conmbi ned as the active ingredient in intimte adm xture with a

phar mad8§tTas2- @ Hemedyiarphayy 1-dHodmiaRlP éh pyr@lw&ﬁ?récsé 18k 1”onpoundi ng
t echni @%ﬁ& 1_1[% gargi er may take a wide variety of forns depending on the
form 2811 13483123PCT/ EP2011/ 056158 of preparation desired for

adm ni N-ethtyl-d+(6-€ 1 gnsthydr 1 -pprazplad-ghtmmal)- 1 H-pywhzedo [Bgt-d pyriavdndus) . I n
prepari the conpositions for oral dosage form any of the usual

phg mac’ qﬂb}'i]pm%ﬁf%-ffﬁyggg@ﬂﬁ oyed, such as water, glycols, oils,

al cohohgcydlbm¥pYIL NG 6APE Rethyl-RHESEREMAUL MGminS Rl RIpyRGoRYS A Sp@ididide- | i ke in

the case of oral |iquid preparations, such as, for exanple, suspensions, 5
el i xi r yDarathydwipgridorest-caoboxramideier s such as starches, sugars,

m crocrystalline ce | ose iluent s, . granul aty agents,, lubricants,

b1 nder S HPBEBE | HiySRGaks M OH P PR Bl PRRRERIL S ori ool T

pr epar aintisy | Hyedlidin- PO p@nenhﬁre(;j and soft capsules and tablets, with the
solid oral preparations being preferred over the |iquid preparations.
10Béc audse-¢9-(¢1hapthy Hdwysszo gmlhﬁlﬂcr)altﬂ'ﬁﬁf,az‘?laﬁﬂfé@}wélﬁ&d@absuI es represent

t he m@&%ﬁ@eﬁ@%zﬁgg&oﬁgﬁgge unit formin which case solid

phar ma are Viously enpl oyed. |If desired, tablets nay be
coat ed 1by 1-stsidpdritiaqguepnshyd)-Nadrmathy e oHsp reohdi iy ed-pytirolo[8drposi t i ons and
preparations should contain at |east 0.1 percent of active conmpound. The
per centdi@@“%‘ﬁma TIV®: conpound in these conpositions may, of course, be

vari ed ient : t 60
R e G i

t hép apebmatiailipjpanslef- IHyebtmody thiosopam-koeh) t hat an effective dosage will

be obt aji ne h tive co nds c | so dm ni ste i.ntr.anasally,
For Coxarr e G, EfimiroaigTE NP ves B Dl e EbmaraS gt Medifaa o5, and
the | keynfey | plis@ide Mydpfopan@iftder such as gumtragacanth, acacia, corn
starch or gelatin; excipients such as dical cium phosphate; a disintegrating

agent duh-(Zanctrxypepabpinerigiotdaylomsthah o¥r(1-acgiyhilel-pweepl-4ayl)db-i cant such as
magnesi quzgtxﬁ?ﬁgdt 8. 2nd _a.sweeteni ng agent such as sucrose, |actose or
sacchaii: en z;p%ros ge dit’formis a capsule, it may contain, in
addition to materials of the above type, a liquid carrier such as fatty
oil. 25 Various other materials may be present as coatings or to nodify the
physi cal form of the dosage unit. For instance, tablets my be coated with
shel l ac, sugar or both. A syrup or elixir may contain, in addition to the
active ingredient, sucrose as a sweetening agent, nethyl and propyl parabens

o e




10wat er, ethanol, polyol (e.g., glycerol, propylene glycol and liquid
pol yet hyl ene glycol), suitable m xtures thereof, and vegetable oils. Any
sui t abl e wouva/3#83adm ni strati on may bhé enpl oyed for procirdirag1asenasnal |
especially a human, with an effective dose of a conpound of the present

pul rond?o- 0P P TRSioR AP Do S S P ise BSRE SRl toSe

tabl et %,J)rﬂdﬂgqmﬁdﬂ{_$.@@L§.'(ﬁ&§?zlsﬁllﬂ§rg@i§§¢'@ﬁ51,_0§@| utions, capsules, creans,
oi ntnments, aerosols, and the like. Preferably conpounds of fornula (1) are

adni ni StEr&er(Qr@i3-gifluppethyd- B-parezp b ybewime- 16F-pyeralols.4-apyedidntl-enpl oyed
may vargfp&m@ﬁe’?‘hinqyﬁggﬁtgﬁ{&l%;cul ar conpound enpl oyed, the node of
rati’on, I

adm ni e c Ion being treated and the severity of the

condi t N1-UERdiflvoreale i | HSuehrolldsaye-((gisdpeopssudohal)pipetidieddylhnicthyl)-a per son
skilled in the art. 25 A therapeutically effective anount of a conpound of
the prd&bprraztiolest-ABuriglidin-hyrivsl | y depend upon a nunber of factors

i ncl udi t ' LAl Fse

condi 108 e R O e AL P Y B RLER - B

f or mul atyraznlo[ Zddl|pshrenidoué-@made; adm ni strati on. However, an effective anpount

of ac ound a (1) for th r eat e of an inflammatory .di sease,
For “exTDPBMPH Bt drsbls ey (PO B8 el Py BBV  ange. of
0. 3ot 0 1Rt Ay veighthigef recipient (manmmal ) per day and nore usually
in theyr)g%gﬁeggép;ﬁgal to flg%ng/ klg body wei ght per day. Thus, for a 70 kg adult
mamal N-ntethydet@al(6-&temethy b Bi-paeazo b yiDdmirs) alH-pytseo b PPotrdigrinodindle ng and
this a un& 39@595\' n ig]m%l singl e dose per day or nore usually in a
nunber YR RIS PR MM Sur Tfive or six) of sub-doses per day such

t hat t heNt@hRthyl3i6L(dasehyS1Hpsrasane-y] Ami)f 18Lhindgo 18848 pydinidin- MO

2011/ 13483125PC /‘E(EZ(()(lll 05%158%& nage)ﬁ?lilggl I yb%’argcept abl epygal t, prodrug or
met abolyDetihipipesidinenlrgarbexageider mi ned as a proportion of the effective

a nt ~0 C f . i i saged that simlar
dglsigtges2 -%@?—3(15@9%’1 %ggﬁ)%aazto gﬁ&gjﬁ ﬁ}“&d‘gé}t}%&‘iﬁ@f) [jt’iﬁéﬂp?{%g%ﬁnf:%ndi tions referred
t 0o abow®mdhyWpipesidih-het)eihanolt he term "effective amount” neans that anount
of a drug. or pharmaceutical agent that will elicit the bialogical or

mech call-f bebaRUG P Ey IR gk oy brelhy ANt et oot 8 bel ng sought
for in \V AF . clinician. Furthernore, the term
"thera%ﬁ?%ﬁ’lﬁyd]@ﬂ@%gﬁgﬁr%aﬁ%" means any anount which, as 10 conpared
to a cov-iseppeyt2+id-(&ull] entthylkdl-haszalet-yhaomoy-éH-suedo g frludipyrimgBoHlt s i n

i oved treatnent.,. healing, .prevention, or anelioration of a disease,

ding r dePmegy QEIWEﬂ)?Cegﬁmlgedecr ease in the rate of advancenent of a

di sease or disorder. The termalso includes within its scope anounts
effective to enhance normal physiol ogical function. 15 Another aspect of

t he présénit irefewnd igooupi &f eontmpduag efimpronadpaesiovn imeemplenl ¢e 24 and a

phar maceuti,cal | agcegtabl e ﬁali i reof for use as a nedicanent. Anot her
aspect SS?OHF%O‘B%/%? R VERER B % 9 "conpound of the present invention or a
pharmaceutically acceptable salt thereof for use in a nethod of treating or
preventing a 20di sease or disorder assocjiated with JAK. In the context of

t hé3pr é’gecgvgs pl/datcosmoundsdr fstba Pecsent igybionare alse adthin & spphof ik nresedef i ned
as a diiﬁ\ge?,ﬁgnor di sorder where JAK is involved. 25In a preferred

enbodi nent, wherein the diseases or disorder is associated with JAK is an

i mrunol ogi cal , inflammtory, autoimmune, or allergic disorder or disease of

a transplant rejection or a Graft-versus host disease. Consequently,

anot hefga)éiﬁ%tms%n%éermwéyéﬁbaﬁ ey e no & W&Bﬁi&cmrdalgptﬁa &bt cal Iy
30 acceptabbg @ﬂhtrew%e%h% bREIRE €280 Ay @O lndtF & ily@oBEichPd Of
treating or préventing an I munological, inflammtory, autol rIr)n’ﬁne, or

al Bér giconditiso e livmegicslzase. nf oxaddtioansghetn, hpjrelysison therlike, Grchfaf wheels us
host di.sease WO 2011/#3@%%3PCT%EP2 11/ 056158 | r&f I a%mrat i pn of tissues
and_or gafTEL R D7y R NGO ot PR S tie PRI ot RSB NSO T ¢ ai n
vari at ij® Q%_om;p@tiﬂﬁ 65tht HRIFEAGHTMRbh QaGAatbNRLISHIOKbNShdsPRB Mt toTBEERL O S
Exenpl ary inflammatory disorders associ ated with activation of JAK include,
i n a netrobineytanngo.nalamdamingk iphvalovlexymeshyiloninguer wheicar thenhyslgrad igreup ast hna,

al ler gla(c:ylla{ya,l M%eld,o prllo%&gorglg{e(ano'r%ogxlferllgeld%%%e' ‘t())or}ate, ¢.g. acetyloxy, palmitoyloxy,



According to the present invention, an autoi mune di sease is a disease
which is at |east partially provoked b% an i nmune reaction of the body
agai nst ow0 20om3es3ent s, for exanple p teins, |ipids or PDREP2B1AMIS®S oOf
or gan-speci fi ¢ autoi mmune di sorders are | nsul i n- 10 dependent di abetes

(Type | ibch affects t th r0|d tis and (} s'

it 3 bas AN AP Re TTRPE BTG ” GRaMAE gDt BRI LLRP ah P BEES « ne
st omachy agghbd Il tesélic6 & @ﬁld@mdn% rS@ccd {715 RRBEPHOMMCHT AbfBedent IRvcadsLnal

gl ands, chronic active epatltls ich affects the liver; polycystic ovary
syndr omecqriingd) welldinowa raithedsse, psoriasis, inflammatory bowel disease

(1 BD) and ankyl osi ng spondylitis. Exanples of non-organ- 15specific
aut oi nmune di sorders are rheumatoid arthritis, nultiple sclerosis, systemc
| upas avielalpiast dfebhoghiidvofTornTylp ) hredil@beitkia tensidps of the Prdsber isedneiohl ve
aggression of autoreactive T-cells against insulin secreting beta-cells of
the islets of Langerhans. Targeting JAK3 in this disease is based on the 20
0bSer v, Qm} bt Bt AL RO AR R 0AL Hdt0h ahPPHAN B RBIRY are
known to participate int nedlate aut ol truction o

bet a- cebﬂ&InhndEBdmuanAK$eﬂnho@ynmnyp&ﬁNﬂXybummﬁdshomn to pr event

spont aneous aut oi nmune di abet es devel opnent in the NOD nouse nobdel of type
| diabetes. 25 In a preferred enbodi nent, the autoi mune di sease is

Se|l§Ct q‘:‘i’efﬁfa@f? hB i@ ARYRECRNSbRELIEY v@lﬁchr(h?f@frﬁbﬁf £hyBkb RELIE ivehi€IRR) present in

i nflammat ory "bowel di sease (IBD, Crohns's disease and ulcerative colitis),
psor i aghy suchyasilemocganispuendsr phyrentagioslieondi8b®., and nul tiple sclerosis (M).
Rheunmatoid arthritis (RA) is a chronic progressive, debilitating
inflanmmatory di sease that 30 affects approximtely 1% of the world's

popul atTihentrubibrd &f the SYMABRNifds G R yAhpdulds adcoddih§kd tHeSrédaat inREAtRAWllybe
affects the small joints of the hands and feet. In addition to inflammuation
in t he obyiegy iuany nokenjskilled in theiang using theaggovsamyerriatometherist i ssue cal | ed
pangus i nvades and destroys local articular structures (Firestein 2003,
Nature 423:356-361). WD 2011/13483127PCT/ EP2011/ 056158 | nfl anmat ory bowel
di seasevidrBRutbsedimar agt Edftb-kﬁdl tfayitodnetivmg if Cofmpb@pisi dTogenbiad $drindd (1) may

i nfl anmati on. ’@ED i s subdivi |nto Cr?hn s di sease and uI?era ive colitis
phenot PFEL: theyipfinidyilferes e.%n ool for gy gisrfompris S@p@fae‘ﬁ Yand fogeths and
col on, aF SmixbES LA A6 T'hé%&’rﬂ&' gﬂﬁéksfor et%&@ hest e, ﬁﬁﬁ LivengRlitis,
the inflanmmation i s’ conti nuous an imte rect oni ¢ mucosa

| ayer s.isonrerappnfoxinemtaed yhelljds of cases conflned to the rectun1and col on
deghgitive cl assification of Crohn' s di sease or ulcerative colitis cannot
be de and are designated 'indeterm nate colitis.' Both diseases include
extrai nf ggiitdaalisdridrt 2ANBld Qpatited DG KINBds SWEIS kn®hn JiRI tAE Sart, c.g. by hquld
hbutrophll-lnduced injuries may be prevented by the use of neutrophi

mi gr at ichrenatbgrbpltyorRe(sagekamdice tforabnantioEm, bywsing <Jg. Glst e@h@mlphases
13(15) 10 Psoriasis ks a chropic_ inf tor er.mat 0si st hat

atf oot SUBPBIY witan §V5E 5 S BeBliabY GehVor RE SRR R By B,

scal y skiflipatvahes thatioatacasualtYaknand compbiiel, aBlcRuerl opmationnd tknees,
and may be associated with severe arthritis. The | esions are caused b

abRér rrﬁPsquté}gdilﬁW§W@fs ghéclcreresiof die apdiarnrosidue A tanatarely, any W@W&O%el l's
into t d

352: 1899° %@f%‘a 2'}9{%@“931 | ﬁﬁ% sb%ecgr %afqﬁéé(ﬁng?hls gt!m{’%%%&e S%Weﬁp%%% ity
|anannw&@mmﬂdgsm&&ekgenerated by T cell- nediated B-cell activation, which
results in glonerul onephritis and renal failure. Human SLE is characterized
at early stages by the expansion of |ong-Ilasting autoreactive CD4+ nenory

20cel | m: in3 ot APNO olth!
(I\/(é)e th@[zog n@st opkormu%pglgde &ﬁﬁt &%tg@lﬁé) 5:1%71’?(%3])5 folf! thngrmgker osi s

is an inflammatory an el ati ng” neurol ogi ca I sease. It has bee
consfi deomd (sttharcrmalbmerrfmns di thoraderponedl af &dninja GIMHaYL ypet ds ffolbimbgms
cells, recent tud| indicated .a.rol e of other ne c He r et
o0 gt i edd R o oftle 3531 2Bt Fvioa ot Eier fub g

and JAP&%H!p@ulﬁiskﬁy @8 J1PmMa9f b NPalaeferin®fliaald e&iff%ﬁha‘c@@'ﬁsﬂ %pf?ﬂﬁﬁﬁ'& of
including the release of inflammatory nediators. JAK3 was shown to be a

val i d tcanygationsd acnraéftlpalet@@lrmmesmncm11g,d@t Inohélm1@tiet@|, Ertagrmgivaler daitrartim

Al |l ergi IS as d w mast ce | tlon |nc de T I
mear SFEPE) SRR, EGR PEE st F R Pt BRI R LT )
allergic urticaria (hives), angi oedens, aIIerglc ast hma and anaphyl axi s,
for exanpl e anaphyl atic shock. These di sorders nay be treated or prevented
by inhibition of JAK3 activity, for exanple, by admnistration of a JAK3

i nhi bitor according to the present invention. WO

2011/ 13483128PCT/ EP2011/ 056158



Transpl ant rejection (allograft transplant rejection) includes, wthout
limtation, acute and chronic allograft rejection follow ng for exanple
t ranspl arwat2oom3ad31ki dney, heart, Ii vér, | ung, bone mar POWEP3KIlO5ERS]

cornea. It is known that T cells play a central role in the specific 5

L anopl GREy ArERORHA): o bPEa o gL ee s aplel aRfRfers ity o O

m nut egs®fMRY.anspl antation. Acute rejection generally occurs within six to
t wel ve nont hs of the transplant. Hyperacute and acute rejections are
typically reversible where treated with immunosuppressant agents. Chronic
(el et Iy PR ALK 0l BB OB R PHACE: TACHLRN or 1R RG0! N0
concern Fansprant Lorecrpren ause can occur

tr asspltﬁmtlawmkm asaf boM@ﬁﬁ:ﬂStﬁ&ﬁStcoﬂb@eﬁd;lﬁg( @@hi)acmﬁlcallymmono;ﬁafmgmgt ion
in all ogeneic bone marrow transpl antation GVYDH is caused by dopor T
cel | s PREPIOEC A Ppasticplarehet @’H}aé%litﬁﬁﬂmltllﬁefbﬂee?aétﬁc@%usr ghet gpanpounds of

hi st oc Y. i i ty. and
15 mor £ (e (A BRSBTS R B Rire Rl RN o o
Wi th ac3#dle] ahalkilt mexalsﬂNE)(Hdlinewamlsmewh sdlo atdsemmdBumsalts eMerei irgcioed  GVHD

(reviewed in tk Vi CVrI en, 2004 r ef rred enbodi nent ,
Uhe. 1 e of yuch wliseutd SRy s R sahuih satpegicBHE Simarane TDEae & so
knagn s Kgy @Jlt%cﬁﬂﬂnHﬁﬁtdrvéfghtﬁc SRR such £n?oroéxahﬁb?e RSl ark RO R 18RI TS

treated by eye physicians. Sonetimes DES is referréd to as dysfunctional
t ear symthmoéarmmacms?@mno 2@@9 C@aneufidarnfXbe rfmulmhtmlabhmbmgm (@) more

385- ects up 10% o 0 tlon f 20 to
25 yoarhsic Bty v & Rl G berolet R Rty B bRl G B phTRfASS

vari et Yo efe @k értfonGhahe fRAr ofRhOiE WgdisioRkAtsavh irpbMic bms‘g@nlb ra01dly CE)Sanﬂﬂ@é/I de
only tranS|tory relief of (%nptons As such, there is a need for agents,
conposifel sHEbnecidhachyseuydsogrnt Hersde dydragar baemidsy phosmboiie ggidhspldinic " dry

e di d i e in 30
R L R i D e T
eye as oxalidrutitl] ﬁmlbwrcualtaldaraeme attid heid; edicsliandidpduhmic acidf &emid had,

results in synptons fodi Vi S i sturbance, .and tear film

i nst abiPFPRIGNIG; A ;%Y it 364> %@e%a%l enﬁgml Acidy pyoginic apid, ipimglic a¢ifani ed
by inc e ?&@Rﬁﬁ f ar
surfacgﬁﬁ%?gaaa?H%%%%EMgTﬁmﬁgb?Pn???%hhg] ﬂplg§%$’ atﬁgﬁngfg%gﬁm%gah

Di seaseascdieiparctd, afontdognidefcidqicitiio tamd)/\mhﬁﬁlalcﬁcﬂ, 348 3119 RCiHS kR3O 1 16 @Eﬁﬁpﬁﬁomn d

oo aPar “SER 4R the 5t 55 v ngSy s o il ) i Boprptel et B P bkt

ker at 0GR nﬁtthé/mble%u@ fednvditiof AR RERALY, Rl ot RetHer QAUHEN mehtidhg, dry
eye disorder involves aneliorating a particular synmptom of dry eye

di sor denner saltshorketanes @Mst@@mme)r fThevespaetivediadis aedpadiog to theaformitlangl) can be

instabilit ot ear. h ero y nd i nflammation I rface

et ¢ Pl RLe S REROR M are APl F FeteF aklcet Bt PP

si gni fleﬁ@(ﬁbleCB}U%ﬁnt@Etlﬂg ﬂtb@é vhqsan deaienr nbRAhEMNIS Jrobastigi 4 Is@lveﬁfpbloys

systenlc medi cati ons that have severe side effects and are globally.
nogipesaR's Py &y aglonriixebangy or cAioFechargy el Nithes salts. rdcapssent mvend Y s of

non |nf t: e d

Cor1 conpar Qe flabd 36 HertohipBBh AL Brktly 7L ARAC LR b siolgaica

r aparrymbmpamlﬁhqs act, na@ndircttly swit®lcs @sc typloinaédtiage rbtlswﬁld:hh:aﬁ$)e used, for

cycl ophospham de and chl oranpucil, and antinetabolites such as i

azat hi GSMPRK; ahBtsedies: far "E Cﬁleqerlm?@moaefm( ge) RrsRaration %‘ff pharmaceyigally

LNeltl%c“¥%%ﬂggh§ns and recent advances in therapy. Clinic a Chimc a

Acta, dol:10.1016/) .cca.2010.04.017). 15 Further eye di seases, conbination

trétments and route of administration are described for exanple in WO A

2010/ 039939, which is hereby incorpgrated h in by referen In a
fur t o TEsubalt ofi ciftitontic HRGh o RBkBRecRcpS JEHEr S s oBrdisednti ¢ JaK
i's a 2Qpredpoh&hat éotepdiind e 8Ricr TPRBIRLILYisCANGSIe I sBARGSaaod tdi BRRAR S
associ at ed especi al | y with JAK are proliferative disorders or diseases,
especi Ar¢fprabhndkis terpb Misene ppnreyedabp hiegulaope egensy suple apites BMEA (empebn i s
a conpound or a pharmaceutically acceptable salt thereof of the present

invention for use in a nethod of treating or preventing a proliferative
di sease, especially cancer.



Cancer conprises a group of diseases characterized by uncontrolled growh
and spread of 30 abnormal cells. tgpes of cancers generally involve
sone abnowombitty483m t he contr ol of cell growt h, divi si oRCAAP261/05615%| |,
resulting in the nalignant growth of cells. Key factors contributing to

said malign eIIs are nden from h SI al.s
hsensrptdr e (BRNGS Sinsfifady 3 S ODEL TG oL P abk e P

repl i cyirdf¥RbROhNhdaad., V[)2011/13483130PCT/EP2011/056158 sust ai ned

angi ogenesi s, tissue invasion and netastasis, and genone instability
(Hanahan and Wi nberg, 2000. The Hal | marks of Cancer. Cell 100, 57-70).
Typi cal e i l.ogigal . e
om0 rEGRERNGRBEREIRRTY G805 IERNLACEEER (SARRIS eRlpg o™

car 61 namesatigh.or exanpl e cancers of the brain, breast, |ung, colon, stomach,
| i ver, pancreas, prostate, ovary). The JAK inhibitors of the present

i nvent iogordiye & 8e preehtlinventién EAKNGoo@ribai 41l WahibgnasCibeSIAK fahilgi(ag. skin
cancer t i cal i gnancy such as | ynphonmas and | eukem as. 10
EspeC|§%3§ Eggge?gggn %ﬁqgi%he JAK- STAT signal transduction pathway is
activated, for exanple due to activation of JAK3 are expected to respond to
tr eat Moo id Mol MErd 2 §9n CTARGNGLFFAR LR Ehed A¥<Sy
nutatlonsoarébacu §T§EQa aryéﬁfégﬁ??ﬂ% eﬁ?a '§ ?&ﬁﬁ%erse aﬁn?SZOOG.
Cader kapse 3.0(he\hugnzsye gigdimed, O(HJ‘@WBOW% p31.32008. 15Q i n.
Cancer Res. 14, 3716-3721). Prollferatlve di seases or di sorders conprise a

group of d ease characterized by incr.eas: ell . i cation
Oboor v PP B PO REr I, HRLGPasren oy Ctc kS iss iR Be By o
(PV). %ﬂuﬁéﬁ”Ehehmﬁmlg&mﬁﬂ&o@ﬁgﬁhﬁszReemdonnManmmme9924he use of a

conpound of the present invention or a pharnmaceutically acceptable salt
thereof for the manufacture of a nedicanment for the treatnment

or
pr dphy 14sepiling togihg Paesat MNeNtiping HiconEcssies odfkde @ WA K3 Japese2mess “Janpt her
aspect 0 [
|nventﬁg%w%P a@% ﬁ%ggufﬁ&%ﬂggsaégégﬁaﬂﬁglghzﬁ’?ﬁere%ﬁﬂ?Q§p%ﬂgaﬁgﬁﬁ?acture
of a mpdtdvamenttlyf mr hd:rnz&apmetg: oasllsp HAKSnisi mgytoplasmiupaltagi tyedsinei kihhsantimat or y,

aut oi rmune, | | ergi c disord a trangpl ant. rejection or a
Gaft- @é%%t?%esﬁt‘}gt thy; ’é‘&éaeChaB‘bOf\e?é? ?Fg?“i%‘raf g‘%p@éﬁce@fort i@l ISEaél%é SPGeft i on
is the a%%%lp%he@c ﬁPiEEQb'&gtd?i of &R %%ﬁﬁﬁotrbﬁféed%dk@r{bsofncﬁtdﬁﬁﬂhﬁ%%hé pakly
acceptabl e salt thereof for the manufacture of a nedicanent for treating or

pr &0entlLag Ia-9plloi15fapd 4L 1216 Sdhipdlas ef ale@@@%ﬂalﬂl(yl Cheroe?82(28)30059-63). JAK3

2011/13 83131PCT/ EP2011/ 056158 | h f h
v ent PN ke R oty GRenRe of ool 3 e et b Pl esisanove.

Yet aanrrﬂﬁlﬁoo@@@e{ﬁid efactdpBagels © 3@HIbitioAVEMIARD hf ﬁldmt beskfcil dffRat iMdhe
controlling, delaying or 5 preventing in a mamali a atient in need

t her eofPreyisatign ohsnsplenigicctioheChaapdmey ak r 2999« me@pé@&s&mﬁ&n@. of

di seases and di sorders associated with JAK wherein the nethod conprises
the admnistration to said patient a therapeutically effective amount of a
coapoundmasﬁﬁrdbmgmh@tpnﬁsqm&mhnwemhhmntﬁéeﬁpﬂﬁ@bﬂaﬂeﬁBraﬁltyua;&ﬁpnable
salt thereof. 10Yet another aspect of the present |nvent|on is a nethod for
treati Aecludssinyiany forys of Pk REFTerbly HVehmupts foua ﬁamte.ra?gabatyp@ﬁtth n
need tﬁ&ﬂﬁ%ﬁﬁa @QJI%IGE s CRIOHL bfe?&?ed? %e%&hﬁf?axf@ 9{95%’% @Edtéﬁdng.g of
an i nmunol ogi cal , i amrat ory, aut oi mmune, a sor er or disease
or at rﬁa:m]s/pﬂiragttIAKéj paitations (Wera dﬁseffvtd VIE ras uls ﬂnegetkaq;obetatse leuMaenaeKAMKlb)

met hod co the admnjsitration to sai t' nt_.a therapeutical

Tt oot IR BRuIREIET - Chmpoi GCHEE0r g 10Dt Se cHE T enth dn PoieRtd

phap MaGaiHokGAdnt yth@%ﬁﬁets@&l ey A&t hish hed@Rk - ak3 @m&mfavﬁtgnﬁvtmf of he3pr esent
invention is a method for treating, controlllng, del aying or preventing in
a manmahutaiiompat i ent in need thereof a proliferative disease, especially
cancer, wherein the nethod conprises the admnistration to said patient a
therapeutically effective 20 anbunt of a conpound according to present
|nvent|on [ maceuti.ca agcept abl e s hereo n the,context of
these oeRging of Bhamrit if Falitn aREC BT bng "B ke der e o g AR 5
are as “Befteinetyratioy kinags 85T hes SAKA earal A YKhecner are’ clusttddngh drorthpsosat nent "
I s 3knt Q@?Fﬁlta{?d €580 tQpald Ve@r ocesses, wherein there may be a sl ow ng,
inferrupting, arresting, toppi ng of the progression of a disease, but
does not necessarily |nd|cate a total elimnation of all synptons. 30 Al
enbodi nents di scussed above with respect to the pharmaceutical conposition
of the invention also apply to the above nentioned first or second nedical
uses or nethods of the invention.



WO 2011/ 13483132PCT/ EP2011/ 056158 I n general, conmpounds of the present

I nvention may be prepared according to_a nethod conprising the step of
react i ng wocompcussd of fornmula (11) Wherein R1, R a, RiPOThH2e@E 1/0b@ 5$reani ng
as indicated above, with a conpound of formula R2-X, wherein R2 has the

meani ng, as i ndi cated above and X is sui tabl e | eavi ng. grou o,vield a
Comoums Bevor SRR et e Re i harS B R o Rl o

| nvent ijaK 33¢@r PARR A RAeACGNhdivngall &sRdBhpedndsObind NRKBIBR@Iselet@vtlE eHaR! | Si ng
the step of reacting a conmpound of formula (I1l) r----- NN \NINC R2

wher ei AAKZ (sesstablse brbewil ng as i ndi cated above, with a conpound of fornula
(v 20 wherein Rl, R a, R b have the neaning as indicated above to
yield a conpound of formula (1). Exenpl ary routes for the preparation of
conpourtissafuchihg the esmpbundiviehthe geheirdesdsn bedcdnsidemwd tbtbd sse€llefar theo a
practitioner. in the art to conbine or adjust such routes especially in
25conbiPRRENEN ATt Heatpsnt of  digeases did ofliseidersy aisorigtedr Withod &Ks i i0E BT al

gr oups i i RGich( %ﬁﬁeﬁ%ﬁét%?&%ﬁ? Qe ORCARE: A BBRREAlirah QHAR LG Graft-

preparé??bnoog conpounds adcoré%hg to preggnt inveﬁt?%ﬂﬁésr&utﬂﬁﬁeda?n

Scheme versuRHost-Dide®RE or prolH8ahesrdisdasGosyobundancef. t he present invention can

al so be prepared according to a general route outlined in Schene 2 x 'R2
10 In a preferred embodiment, the compounds of the present invention are selective JAK3

inhibitors.
Equally preferred are dual JAK1/JAK3 inhibitors.

15  The compounds of the present invention may be further characterized by determining whether
they have an effect on JAK3, for example on its kinase activity (Changelian et al., 2003,
Science 302(5646):875-888 and online supplement; Yang et al., 2007. Bioorg. Med. Chem.
Letters 17(2): 326-331).

20  Briefly, JAK3 kinase activity can be measured using a recombinant GST-JAK3 fusion protein
comprising the catalytic domain (JH1 catalytic domain). JAK3 kinase activity is measured by
ELISA as follows: Plates are coated overnight with a random L-glutamic acid and tyrosine
co-polymer (4:1; 100 ug/ml) as a substrate. The plates are washed and recombinant JAK3
JH1:GST protein (100 ng/well) with or without inhibitors is incubated at room temperature

25  for 30 minutes. The a HPR-conjugated PY20 anti-phosphotyrosine antibody (ICN) is added
and developed by TMB (3,3’,5,5 -tetramethylbenzidine) (Changelian et al., 2003, Science
302(5646):875-888 and online supplement).

A cell-based assays (TF-1 cell proliferation) was described to assess the inhibitory activity of
30  small molecule drugs toward JAK?2 or JAK3-dependent signal transduction (Chen et al., 2006.
Bioorg. Med. Chem. Letters 16(21): 5633-5638).

The present invention provides pharmaceutical compositions comprising a compound of

formula (I) or a pharmaceutically acceptable salt thereof as active ingredient together with a



Ns NaH, DMF or K2CO3, DMFR2 Ns NNCIl R2 RRb NFRL HZN Rla Rib Ns' N-RlL R2HRI a
HCl, i PrOH 140C 10Schene 2 It wll be appreciated that novel

i nt er nedisiDes1idisststi bed herein form ahdt her enbodi ment PCTIERROIPOEEENT

i nvention. 15 Exanples Anal ytical Methods WO

2011/ 13%83134PCT EP2011[/ 56158 NMR s& Ftr.a wer, e ?.bt ai ﬁd on a Brukeé

dpx 400 PIHEHGEMIESY cHFPRRYC ot ign Ah© 33Y| ShtCOPRHFTGR; WY LFRBAN'F) O8E c18,
4.6 x LaBmiteutcalt&Ehsotitidsumm or a ZORBAX(r) SB-C18, 4.6 x 75 mm 3.5

m cron colum or a enonmenex Gemni-NX C18, 4.6 x 150 nm 5 micron 5
colum. Columm flow was I nL/mn and sol vents used were water and

acet onid,f | ; CV%)C[ k€ &C] ' LN.ect | I -
evel ongrRETaGRIcORRE ol et oh Bt BB RIS T Rhe MR e 10
Col amm:inggeditmts t6di8 maRe Xup3 themparridr, ndsc iveh sasFhywprddu’t mtich mesus,adirésly: ofabl e
1 Table 1 Tinme (mn) Water ) )
indirectly, from combination, complexation or aggregation of any two or more of the
ingredients, or from dissociation of one or more of the ingredients, or from other types of
reactions or interactions of one or more of the ingredients. Accordingly, the pharmaceutical

compositions of the present invention encompass any composition made by admixing a

10 compound of the present invention and a pharmaceutically acceptable carrier.

The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle with which the
therapeutic is administered. Such pharmaceutical carriers can be sterile liquids, such as water
and oils, including those of petroleum, animal, vegetable or synthetic origin, including but not
15  limited to peanut oil, soybean oil, mineral oil, sesame oil and the like. Water is a preferred
carrier when the pharmaceutical composition is administered orally. Saline and aqueous
dextrose are preferred carriers when the pharmaceutical composition is administered
intravenously. Saline solutions and aqueous dextrose and glycerol solutions are preferably
employed as liquid carriers for injectable solutions. Suitable pharmaceutical excipients
20  include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium
stearate, glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene,
glycol, water, ethanol and the like. The composition, if desired, can also contain minor
amounts of wetting or emulsifying agents, or pH buffering agents. These compositions can
take the form of solutions, suspensions, emulsions, tablets, pills, capsules, powders, sustained-
25  release formulations and the like. The composition can be formulated as a suppository, with
traditional binders and carriers such as triglycerides. Oral formulation can include standard
carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate, etc. Examples of suitable pharmaceutical
carriers are described in "Remington's Pharmaceutical Sciences" by E.W. Martin. Such
30  compositions will contain a therapeutically effective amount of the therapeutic, preferably in
purified form, together with a suitable amount of carrier so as to provide the form for proper

administration to the patient. The formulation should suit the mode of administration.
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A pharmaceutical composition of the present invention may comprise one or more additional
compounds as active ingredients like one or more compounds of formula (I) not being the
first compound in the composition or other JAK inhibitors. Further bioactive compounds may

be steroids, leukotriene antagonists, cyclosporine or rapamycin.

The compounds of the present invention or pharmaceutically acceptable salt(s) thereof and the
other pharmaceutically active agent(s) may be administered together or separately and, when
administered separately, this may occur separately or sequentially in any order. When
combined in the same formulation it will be appreciated that the two compounds must be
10  stable and compatible with each other and the other components of the formulation. When
formulated separately they may be provided in any convenient formulation, conveniently in

such manner as are known for such compounds in the art.

It is further included within the present invention that the compound of formula (I), or a
15  pharmaceutically acceptable salt thereof, or a pharmaceutical composition comprising a
compound of formula (I) is administered in combination with another drug or
pharmaceutically active agent and/or that the pharmaceutical composition of the invention

further comprises such a drug or pharmaceutically active agent.

20 In this context, the term “drug or pharmaceutically active agent” includes a drug or
pharmaceutical agent that will elicit the biological or medical response of a tissue, system,

animal or human that is being sought, for instance, by a researcher or clinician.

“Combined” or “in combination” or “combination” should be understood as a functional
25  coadministration, wherein some or all compounds may be administered separately, in
different formulations, different modes of administration (for example subcutancous,
intravenous or oral) and different times of administration. The individual compounds of such
combinations may be administered either sequentially in separate pharmaceutical
compositions as well as simultaneously in combined pharmaceutical compositions.
30
For example, in rheumatoid arthritis therapy, combination with other chemotherapeutic or
antibody agents is envisaged. Suitable examples of pharmaceutically active agents which may
be employed in combination with the compounds of the present invention and their salts for

rheumatoid arthritis therapy include: immunosuppresants such as amtolmetin guacil,
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mizoribine and rimexolone; anti-TNFo agents such as etanercept, infliximab, Adalimumab,
Anakinra, Abatacept, Rituximab; tyrosine kinase inhibitors such as leflunomide; kallikrein
antagonists such as subreum; interleukin 11 agonists such as oprelvekin; interferon beta 1
agonists; hyaluronic acid agonists such as NRD-101 (Aventis); interleukin 1 receptor

5  antagonists such as anakinra; CD8 antagonists such as amiprilose hydrochloride; beta amyloid
precursor protein antagonists such as reumacon; matrix metalloprotease inhibitors such as
cipemastat and other disease modifying anti-theumatic drugs (DMARDs) such as
methotrexate, sulphasalazine, cyclosporin A, hydroxychoroquine, auranofin, aurothioglucose,
gold sodium thiomalate and penicillamine.

10
In particular, the treatment defined herein may be applied as a sole therapy or may involve, in
addition to the compounds of the invention, conventional surgery or radiotherapy or
chemotherapy. Accordingly, the compounds of the invention can also be used in combination
with existing therapeutic agents for the treatment proliferative diseases such as cancer.

15  Suitable agents to be used in combination include:

(1) antiproliferative/antineoplastic drugs and combinations thercof, as used in medical
oncology such as alkylating agents (for example cis-platin, carboplatin, cyclophosphamide,
nitrogen mustard, melphalan, chlorambucil, busulphan and nitrosoureas); antimetabolites (for
20  example antifolates such as fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed,
methotrexate, cytosine arabinoside, hydroxyurea and gemcitabine); antitumour antibiotics (for
example anthracyclines like adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin,
idarubicin, mitomycin-C, dactinomycin and mithramycin); antimitotic agents (for example
vinca alkaloids like vincristing, vinblasting, vindesine and vinorelbine and taxoids like
25  paclitaxel and taxotere); and topoisomerase inhibitors (for example epipodophyllotoxins like

etoposide and teniposide, amsacrine, topotecan and camptothecins);

(1) cytostatic agents such as antioestrogens (for example tamoxifen, toremifene, raloxifene,
droloxifene and iodoxyfene), oestrogen receptor down regulators (for example fulvestrant),
30  antiandrogens (for example bicalutamide, flutamide, nilutamide and cyproterone acetate),
LHRH antagonists or LHRH agonists (for example goserelin, leuprorelin and buserelin),
progestogens (for example megestrol acetate), aromatase inhibitors (for example as
anastrozole, letrozole, vorazole and exemestane) and inhibitors of Sa-reductase such as

finasteride;
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(ii1) anti-invasion agents (for example c-Src kinase family inhibitors like 4-(6-chloro- 2,3 -
methylenedioxyanilino)-7- [2-(4-methylpiperazin- 1 -yl)ethoxy] -5 -tetrahydropyran- 4-yloxy-
quinazoline (AZD0530) and N-(2-chloro-6-methylphenyl)-2-{6-[4-(2-
5 hydroxyethyl)piperazin-l-yl]-2-methylpyrimidin- 4-ylamino }thiazole-5-carboxamide
(dasatinib, BMS-354825), and metalloproteinase inhibitors like marimastat and inhibitors of

urokinase plasminogen activator receptor function);

(iv) inhibitors of growth factor function: for example such inhibitors include growth factor
10  antibodies and growth factor receptor antibodies (for example the anti-erbB2 antibody
trastuzumab [Herceptin™] and the anti-erbBl antibody cetuximab [C225]); such inhibitors
also include, for example, tyrosine kinase inhibitors, for example inhibitors of the epidermal
growth factor family (for example EGFR family tyrosine kinase inhibitors such as N-(3-
chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy)quinazolin-4-amine  (gefitinib,
15 ZD 1839), A/-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib,
OSI-774) and  6-acrylamido-A/-(3-chloro-4-fluorophenyl)-7-(3-  morpholinopropoxy)-
quinazolin-4-amine (CI 1033) and erbB2 tyrosine kinase inhibitors such as lapatinib),
inhibitors of the hepatocyte growth factor family, inhibitors of the platelet-derived growth
factor family such as imatinib, inhibitors of serine/threonine kinases (for example Ras/Raf
20  signalling inhibitors such as farnesyl transferase inhibitors, for example sorafenib (BAY 43-

9006)) and inhibitors of cell signalling through MEK and/or Akt kinases;

(v) antiangiogenic agents such as those which inhibit the effects of vascular endothelial
growth factor, for example the anti-vascular endothelial cell growth factor antibody
25  bevacizumab (Avastin™) and VEGF receptor tyrosine kinase inhibitors such as 4-(4-bromo-
2-fiuoroanilino)-6-methoxy-7-( 1 -methylpiperidin-4-ylmethoxy)quinazoline (ZD6474;
Example 2 within WO 01/32651), 4-(4-fluoro-2-methylindol-5-yloxy)-6-methoxy-7-(3-
pyrrolidin-l-ylpropoxy)quinazoline (AZD2171; Example 240 within WO 00/47212), vatalanib
(PTK787; WO 98/35985) and SUI 1248 (sunitinib; WO 01/60814), and compounds that work
30 by other mechanisms (for example linomide, inhibitors of integrin avp3 function and

angiostatin);

(vi) vascular damaging agents such as combretastatin A4 and compounds disclosed in

International Patent Application WO 99/02166;
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(vii) antisense therapies, for example those which are directed to the targets listed above, such

as ISIS 2503, an anti-ras antisense agent;

5  (viil) gene therapy approaches, including approaches to replace aberrant genes such as
aberrant p53 or aberrant BRCAl or BRCA2, GDEPT (gene-directed enzyme pro-drug
therapy) approaches such as those using cytosine deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy or
radiotherapy such as multi-drug resistance gene therapy; and (ix) immunotherapeutic

10  approaches, including ex-vivo and in-vivo approaches to increase the immunogenicity of
patient tumour cells, such as transfection with cytokines such as interleukin 2, interleukin 4 or
granulocyte-macrophage colony stimulating factor, approaches to decrease T-cell anergy,
approaches using transfected immune cells such as cytokine-transfected dendritic cells,
approaches using cytokine-transfected tumour cell lines and approaches using anti-idiotypic

15  antibodies.

Further combination treatments are described in WO-A 2009/008992 and WO-A
2007/107318, incorporated herein by reference.

20  Accordingly, the individual compounds of such combinations may be administered either
sequentially in separate pharmaceutical compositions as well as simultaneously in combined

pharmaceutical compositions.

The pharmaceutical compositions of the present invention include compositions suitable for
25  oral, rectal, topical, parenteral (including subcutancous, intramuscular, and intravenous),
ocular (ophthalmic), pulmonary (nasal or buccal inhalation), or nasal administration, although
the most suitable route in any given case will depend on the nature and severity of the
conditions being treated and on the nature of the active ingredient. They may be conveniently
presented in unit dosage form and prepared by any of the methods well-known in the art of

30  pharmacy.

In practical use, the compounds of formula (I) can be combined as the active ingredient in
intimate admixture with a pharmaceutical carrier according to conventional pharmaceutical

compounding techniques. The carrier may take a wide variety of forms depending on the form
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acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a disintegrating agent
such as corn starch, potato starch, alginic acid; a lubricant such as magnesium stearate; and a
sweetening agent such as sucrose, lactose or saccharin. When a dosage unit form is a capsule,

it may contain, in addition to materials of the above type, a liquid carrier such as fatty oil.

25
Various other materials may be present as coatings or to modify the physical form of the
dosage unit. For instance, tablets may be coated with shellac, sugar or both. A syrup or elixir
may contain, in addition to the active ingredient, sucrose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and a flavoring such as cherry or orange flavor.

30

Compounds of formula (I) may also be administered parenterally. Solutions or suspensions of
these active compounds can be prepared in water suitably mixed with a surfactant such as

hydroxypropyl-cellulose. Dispersions can also be prepared in glycerol, liquid polyethylene
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(1 eq) and potassium carbonate (2eq) in DV (3nL) was stirred at 80C for
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M N.  2Qheumatoid arthritis (RA) is a chronic progressive, debilitating inflammatory disease that
30  affects approximately 1% of the world’s population. RA is a symmetric polyarticular arthritis
that primarily affects the small joints of the hands and feet. In addition to inflammation in the
synovium, the joint lining, the aggressive front of tissue called pannus invades and destroys

local articular structures (Firestein 2003, Nature 423:356-361).
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collected and dried using a 30 hydrophobic fit then concentrated i n vacuo
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(3nmL) was stirred at 80C for 50h. LC-Ms indicated that the reaction was not
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25 6 8.77 (s, 1H), 7.92 (s, 1H), 7.87 (s, 1H), 7.67 (s, 1H), 7.38 (s, 1H),
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(d6-DVB0) .6.9.74 (s, .1 .88 (,s, .1H),.7,99-8. 0 2H) . 7.60 (s, 1H),
557 ¢ ooy gt Suensh pycloriulimidhoa Fupetoufy Y gfibpalodd bin 17
%:93961 -aZR_Zrth{o@'tsinés-,;ﬂlet_h&tréﬁnéL- H@ lefnokhlde (Sriddstdvdl, ot ) ;206> Mocifie! RROh&hisrhESH)
Exanpl éné racepiadypetes dytheepbiyChinisg Chimie hgta, fpiphd HA611 c42. A0 1040y azol of 3, 4-
25 ¢l ipyrimdin-6-amne WO 2011/13483150PCT/ EP2011/ 056158 A suspension of
internediate A (50ng, 0.23mmol ), potassium carbonate (2eq) and

cycl oh@uytheetyey dibeassd, denmblnatigh treatrhidvits Zdrkjutwas adiniistedioatar8ASsdrided 8.
After cooling to rt, the mxture s diluted with Et OAc and washed with H20
and th@ﬁafBP]ieﬁ’éW%Zm%%ﬂ%%‘i‘ig@%\{\ﬁ%e dnFrepBird hersin gy (NgsesS and
concentrated in vacuo. The resultant residue was 5 purified by col um
chromat ography (petroleumether: EtOAc) to give the title product. 1H NWR

( CDC13)In 6a &uither( prefdidd, eBbO@in(ent, thel) disdas82o1( disofddy ,asFoctded syithlHAK 4s 10 (d,

2 3.95.(s,. 3H), 2,65-2.78 (m 4H), 2.03-2.09 (m 1H), 1.73-1.76 (m 2H),
1%9- 1.p6<§1f%ﬁﬂ1V%EgS?aSia f‘f@@%@}@f%ﬁﬁr- 2H), 1.03-1.10 (m 2H): LC-MS nethod B,
(ES+) 312.2, RT = 9.18 mn. 10

Exanpl el7:1-(1- gcl ohexyl et hyl ) - N- ( 1- net hyl - M pyr azol - 4- A-11-/-pyrazol o[ 3, 4
- cl i py?ibaiseh andalisorilers asspBiatPd capeddliyt with JOK @y pradHertne diserdosxal dsshyade

(0. 40g,_ 3. 6I’1YTYD| in THF (20nmL) at OC was added net hyl magnesi um brom de

(1. 2eq eg?ecé?@l\?la Stution in diet hyl ether) and the reaction stirred at rt
for 2h. The reaction was then quenched with H20 and extracted i nto EtOAc.

The organi c phase was collected, dried (MJSO) and concentrated in vacuo to
gi ¥é 1-Thetedoreo apethen atpeinefl theopreaens onygntion isfa tompeyshex phasaaesuticgly g,

3. 36nD I \Y/ ] l: i J

di chl orseatAE MBS AE Be AR RELRRISRE A GRtanGb At banBlulelt . o
t hen diprelifedtivé tReade cdsbevidiyetdnagre and washed with H20 and then brine. The
organi ¢ phase was collected, dried (MgSO4) and concentrated in vacuo to

gi ve 1-cycl ohexyl et hyl 25 nethanesul fonate. A suspension of internediate A
(50ny, NORhori t i - I vl ei

ot hancenl T onagiaisg 4208 WMARes tihReAnd) b2 M hioREE RNV ARE Dl ok

i ndDcatabdomntmateltshallr typest afaanewms geretrallyonpédlee sorsoabnorinhkety i -ty odndieér /¢t hy|

et haneg%gvlvtfh? n(f?\tfi(saion and survival, resulting in the malignant growth of cells. Key factors

contributing to said malignant growth of cells are independence from growth signals,

insensitivity to anti-growth signals, evasion of apoptosis, limitless replicative potential,



30(2eq) and potassium carbonate (2eq) were added and the reaction stirred
at 80C for 24h. After cooling to rt, the mxture was diluted with Et 0Ac and
washed wiwh 2pP03a83d t hen brine. WO 2034/ 13483151PCT/ EP20CT/RP36188 Fhe

or gani ¢ phase was col | ect ed dried (MgS™) and concentrated in vacuo. The

| tant d.b | h t hy (.pet 0l t ;
Er onc) i e B IS bReY «SEiRpRRIEL CERE« o B iR 4T
1H), 7\8@1116 nglﬂ)o Tife Biéllfngrks biCandor 58elt160% 5¢m0).1H), 3.95 (s, 3H), 1.93-1.96

(m 2H), 79 (m 2H), 1.65-1.68 (m 2H), 1.56 (d, 3H) 51.11-1.20 (m
3H), 084091(m 2H); LC-MS nethod B, (ES+) 326.2, RT = 9.82 nmin.

Ex I 1- I | of 3,
4- ag}J ip 103&[1 C%Q}SOQ%XX%SJ f%)&ll'(glg aﬂ\é_sn(() o 1E)ct'r{:lyo Il\étezl%y g%)((gn e][%Joxaa%éd ydg[

(0. 409 lyrﬁplﬁfmb hnd Bolidanc&@mligh ad se@@rﬁ@sanﬂddﬁdncﬁhisy(lfdil’e@daﬁﬁ)ﬂmmnbé@ roif diee

(1. 2eq of a 3Msolution in diethyl ether) and the reaction stirred at rt
for 2h.brapereahding solRasstomach, éfﬁ@fnewaeaw RIBSREE0OERY- ext ract ed i nto Et OAC.
The 15o0rgani ¢ phase was col |l ected, dried (MJSO4) and concentrated in vacuo
to give 1- cycl ohexyl propan-1-ol. A solution of 1-cyclohexyl propan-1-ol

(0. 479, Th3.J2doihjhitors béﬂhhptaaﬁhavérﬂteq)m@ndsmral;dfmlriaswaﬁmg\yd:rtad:m hetigoenc(ck, 5eq)

in dichl met hane was stirred at rt The esul t ant

it ur ANETE HER L RS R OBIcEH 6 ek S A RisRe ek SRS and t hen
brijpe. The organi c phase was collected, dried (MySO4) and concentrated in
vacuo to give 1- cycl ohexyl propyl nethanesul fonate. A suspension of

inter nédpe@tidlyACf(@@mgin ®hizBntiro| JAK-S3AS sigosh trarsmﬁ'amep%ﬂm@) imadivated? or

cyclohex r o net hapesu s.stirre t. 80C for
Ton L Sl SRUARREN RS S be g B o Bl N g kel

1- Cycl ahaxiplst by |can®@ird anesodnkonaKe retdbndnde PAJuds shépakagbblefat ecukéed were
added and the reaction stirred at 80C for 24h. After cooling to rt, the

m xt ur sAMISLYW eltesgictils RO Gaaceiablneds hekp-wh r andipepshercerdeprngrat k. 209K e
orqgnl a%r%ﬁhgggres clq‘l g:f:ét g:gn)drl ed (MgJSM) and concentrated in vacuo. The

result due” nas purified by col um chromatography (petrol eum
ether: EtOAc) to give the title product 1H NWVR (CDC13) 6 8.79 (s, 1H),

7.96 (s 7.87 (s, 7.69 (s,
2011/ 1% 1@@%@@#8@% PI/%D%@SB compgise 3 %@umotﬁéwe%ﬁs ghyractarizsd Yy incaggped
1.98-2.06 i By @by o B2 P8 fa i 5H.
0. 68 (t I-“{nlp LC-IR/B met hod B, ‘?[EGS 340, 2, :erég}'\/lgﬁ)msurc]. g%ol:'yc%e
Exanpl eﬁbﬁl(IRé[c) trans- N-(1- net hyI M pyrazol - 4-y1)-1-(3-net hyl cycl ohexyl ) - 1H
pyr2820I o[ 3, 4-clipyrimdin-6-am ne

Yet another aspect of the present invention is the use of a compound of the present invention

or a pharmaceutically acceptable salt thereof for the manufacture of a medicament for the

treatment or prophylaxis of diseases and disorders associated with JAK.

25  Yet another aspect of the present invention is the use of a compound of the present invention
or a pharmaceutically acceptable salt thereof for the manufacture of a medicament for treating
or preventing an immunological, inflammatory, autoimmune, or allergic disorder or disease or

a transplant rejection or a Graft-versus host disease.

30  Yet another aspect of the present invention is the use of a compound of the present invention
or a pharmaceutically acceptable salt thereof for the manufacture of a medicament for treating

or preventing a proliferative disease, especially cancer.



A sol ution of cis-3-nethylcycl ohexanol (0.40g, 3.57mvl) and

nmet hanesul fonyl chloride 10 (1.5eq) in dichloronethane (7nL) and pyridine
(3mL) waswebtwedssat rt for 18h. The Pbsul tant ni xture Ra3/EPREN/08615%It ed
wi t h di chl oronet hane and washed with H20 and then brine. The organi c phase

was col ] ected ri.ed SA4),, and concentrated,i.,n vacuo to give,cjSs 3-

ot hy | 4D SO ot oS T bR aT IR TRERS S gRaiRr XAk A1 som,
0. 37mmuk HefiRQta564 UM car bonate (2eq) and ci s-3- net hyl cycl ohexyl

met hanesul fonate (leq) in DVWF (2nL) was stirred at 80C for 18h. LC- M

i ndi cated that the reaction was not conplete so further

o3 . - . 2
vere agabdtand HRES L PAATIRY LT € st e P35 O ATLEREREL Sy £ 2o
t hesm »irdveatigih &ianiredian fabieiitt i Aeed tidravdoine dr wdrd cbiZdtid3 satedted fesin blig ne.

The organi c phase was collected, dried (MJSOX) and concentrated in vacuo.
The reSPYPafONTRERIAE direasssupnd idisoranys Aspasmtct Y ghedgr WperFin pos mesthesn

et her: ' [ & : - : :

2 06 (Sompfiieh hOughutFy td ERIa Gaaptights Ik Byt of§ chmoddd
2. 13- 2.a2dor{img t@phcserdt idEntlodr { phar@kqutital§bactemoblemalt Bidjeof.1. 42-1. 45 (m 1H),
1.15 (d, 3H); LC-M nethod B, (ESt+) 312.2, RT = 9.44 mn. 25 Exanple 20:

1- Cycl oheptyl - N- (1- et hyl - M pyr azol - 4-y1) - 1H-pyrazol o[ 3, 4-di pyri m di n- 6-
ampe Nl ahWhYY asp¥l) AARd hA348IARIBEA I EPERUI LR 1Ry, 28h#d11iRE. Riaying or
cycl oheptanol (0.34g, 3.57mol) and net hanesul fonyl chloride (1. geq n

di chl omvenhege { Treymaliad nayientdin meed Bretgofwas os miare eondationst sefegred 1f8im ththe
resul t ant m'xtuE.e was t hen dil ut d.#jaath d[i chl ogoomat hane and washed with H20
and t hOBr FHBSURR T G R R SBHET e U TREP e AL IO ?’1\%@64 SERY ©F
concentdib&briantramdplddt defc@o 6r £ eafoReRtyhosiaisbabeshitRNGE ehetibdSdosipensd on of
internediate A (80ng, 0.37mmol), potassium carbonate %Zeq) and cycl oheptyl
met handbuddronistration toewg)d paicmivrtherapeyticadly offertiveameint @@ cpmpourghacepdings 10

i ndica - ' - cl oheptyl
ne?%angggfe%%ﬁg?‘;eegﬁgéfgﬁﬁa 60 alscg%arlﬁ%g r lgtﬁglttgl%fe?gq) wer e added and the
reaction stirred at 80C for 24h. After cooling to rt, the m xture was
diluted with Et0Ac and washed with H20 and then brine. The organi ¢ phase
was colYdapeder anrePithg B@ﬁiyntaﬂ@n@eﬁé%m%lwggir ﬁr%%&.onfm@n&@éﬂw%?r
residu : i fi : : : : ) t
g ve t R TURE T bR RIRTRRSPR SR SRRl aReq),
7. 88 ( syhetdih ,the7 n@thodsqondptlises thel@infigistratif)n tod sB8Opati@B o therapklticaBy BAfetSye 3H) ,

2.19-2.27 (m .2H), 2.05-2. m 2H), .1.87-1.94 (m 2H), 1.55-1. 5H),
1. %@ 1.%“%’h?f igé?lpﬂ‘@dgﬁcﬂéat%“ré)ﬁ’ B OSELReNEqH 04 2 P&f@cg%%ﬁ?ﬁaﬁ?epé%)z%gfg]hpl 2)
21: 2- mehpessy- 1- (3- ((6- (0-net hyl - M pyrazol - 4- yDam no) - 1H pyr azol o[ 3, 4-

di pyri m di n- 1- Arret hyl ) pi peri di n- 1- Aet hanone 25 A sol ution of
N- Boc- pi peri di ne- 3-nmet hanol (1.0g, 4.65mmvl), triethylam ne (2eq) and

nmet hanesul fonyl .chl,ori de .5 in _dichloronet hane (,7m) wa tLrr at rt
for 2o e hee S BN Tl BEHeulerhloR RF GRE GRSt i ahros BB R g
washed avé §dUcifid8d asslet hen brine. The organi ¢ phase was col |l ected, dried
(MgS™4) and concentrated in vacuo to give tert- 30butyl 3 -(((nethylsulfo
nykPoxy) met hyl ) pi p eridine-1 -carboxylate. WO

2011/ 1 . h 158 Ay 8] i i 2 :

0. oammatyooed B, MO Rk S0y SUSRERT ARl d B P PRI AN RABRIn

3- ( ( ( mehdry haybearydwiag yinteeitupyihg, preetiig] oneeopping af thexyd@tsionl «fg)discasdbht (2m)
was stirred at 80C for 18h. After .co.olir%g tort, the mxture was diluted
Wwith Etd@%noo{ﬁ]acmﬂggld‘mattq]a m@e imination of all symptoms.

30  All embodiments discussed above with respect to the pharmaceutical composition of the
invention also apply to the above mentioned first or second medical uses or methods of the

invention.



5 and then brine. The organi c phase was collected, dried (MgS®™) and
concentrated in vacuo. The resultant residue was purified by colum

chr omat ogwephy/Bgestr ol eum et her: Et 0A8} to give tert - buPgii/ER2011/056158
-((6-((1- nethyl-lH—pyrazoI 4- yl)anino) 1Hpyrazo 1o [3 ,4-d]pyrimdin-1 -

yl) met ip eridin arboxyl.ate.. 10To.a sol utj f tert-hutyl

Y oe ey St B R Yo P Rt §p Gingl 8 mabd
d] pyri woghpHsing YAJ 183 &y| ) pi peri di ne- 1-carboxyl ate (5nL) was added an excess
of trifluoroacetic acid and the m xture was stirred at rt for 2 h. The

m xture was then diluted with dichloronethane then washed with saturated
aqueous SOdI The organi c phase was collected, dried
(MgS™®) and enéggégg&%{ hH%h acuo to give N-(1-

15nmet hyl - 1H pyrazol - 4-y1) - 1- (plperldln 3-yl nethyl)-1H pyrazolo [3

, 4-d] pyri m di n-6-am ne. To a sol ution of

N-(1-met hyl- 1H pyrazol -4-y1)-1- d|nN3 -yl methyl) - 1H pyrazo lo [3, 4-
d] pyri m di n-6-am ne (40 ;
di chl or onet hane (5nL)
reaction stirred at rt foby ture was then diluted with
di chl or omet hane and washed with wat ed. The\organi ¢ phase was col | ect ed,
dried (MySH) and concentrated in vacuo. The& resultanpt residue was purified
by prep. HPLC ,to,,0i Me the title product 1H NVR (d6-DVSO, run at 70C) 6

9. 49 (svhergiy R'gRggR ("dava fiye mepngy qedndigytpd abovgswith a cpppound gpfogigul al% 4.23

(5 2 ol 6 Sy o A 5 (7
2H), 1.cBBwdurkl¢fforid(LC- MS net hod B, (ES+) 385. 1, RT = 6.21 min. The

folbomﬁng conpounds were synthesized by procedures anal ogous to those
ded®ribed above: Structure Nane Exanpl e nunber LCMS Met hod ES+ RT (m ns)

Purity 14 % firthbk waﬁwpc%%ﬁds Not- the Nréstnd Brvehdod Blchydpakl according to a
pyrazol - 4- ylg am no) - 1H-
method for the preparation comprising the step of

reacting a compound of formula (IIT)

15
/7
N | am
N\, >
| N cl
R2
wherein R” has the meaning as indicated above, with a compound of formula (IV)
R1b
——— N\
N—-R' V)
\
HN
R1a
20

wherein R', R™ R'* have the meaning as indicated above to yield a compound of formula ().

Exemplary routes for the preparation of compounds of the present invention are described
below. It is clear to a practitioner in the art to combine or adjust such routes especially in

25  combination with the introduction of activating or protective chemical groups.



pyrazol o[ 3,4- d]pyrimdin-1- yl)cycl ohexyl)acetam de 22 C 355.4 6.02 >85

WO 2011/ 13483155PCT/ EP2011/ 056158 Struct ure
Met hod ES¥ORW1(13is3s) Purity (%9 1 gl A3z.

(\ z Nvz z

Name Exanpl e nunber LCVS
PCT/EP2011/056158

1-(3-((6-((21-methyl-1H pyrazol -4-yl)am no)-1H pyrazol o[ 3, 4-

d] pyri mdin-1-

A general route for the preparation of compounds according to present invention is outlined in

1b
RION

=
HoN

R1a

HCI, iPrOH
140°C

_R?
X

NaH, DMF
or K,COs, DMF

Scheme 1

1b
2 | SN AN
N\ N\R1
N N/)\N
H H R1a
1b
N =N i =N,
\ N~R!
N N/)\N \
R2 H R1a

Compounds of the present invention can also be prepared according to a general route

.R?
X

oy

NaH, DMF
or K,COs, DMF

1b
RXON

=
H,N

R1a

-

Scheme 1.
7 ~N
N AL
N o
H N Cl
1b
e
N N\R1
b N
oy
H R1a
5
outlined in Scheme 2
7 ~N
N AL L
N _
H N Cl
7 ~N
N |
N N/)\CI
R>
10

HCI, iPrOH
140°C

Scheme 2

NG |\N
‘[\l N/)\CI

R>

It will be appreciated that novel intermediates described herein form another embodiment of

the present invention.

15  Examples

Analytical Methods




yl ) met hyl ) pi peridin-1-y1)- 3- (nethylsulfonyl)propan- 1-one 23 C 447.5 6. 23
>95 N. 6 01.0 3-(4-(6-((1-nethyl-1H4 pyrazol-4-yl)am no)-1H

pyr azol o[\8p4e11d{38ani m di n-1- yl) pi per?’i‘ji n-1-yl) - 3- oxopPOparenilsilte 24 C
366.4 6.16 >95 \IN di CHNOrii .,,,,, N----- 3-(3-(6-0-nethyl-1H

NMR spectra were obtained on a Bruker dpx400. LC-MS was carried out on an Agilent 1100
using a ZORBAX® SB-C18, 4.6 x 150 mm, 5 micron column or a ZORBAX® SB-C18, 4.6 x
75 mm, 3.5 micron column or a Phenomenex Gemini-NX C18, 4.6 x 150 mm, 5 micron
5 column. Column flow was ImL/min and solvents used were water and acetonitrile (0.1%
formic acid) with an injection volume of 10uL. Wavelengths were 254 and 210 nm. Methods

are described below.

Method A

10 Column: Gemini C18, 3 x 30 mm, 3 microns Flow: 1.2 mL/min. Gradient: Table 1

Table 1
Time (min) | Water | Acetonitrile
0 95 5
3 5 95
4.5 5 95
4.6 95 5
5.00 STOP
Method B
15 Column: ZORBAX® SB-C18, 4.6 x 150 mm, 5 microns. Flow: 1 mL/min. Gradient: Table 2
Table 2
Time (min) | Water | Acetonitrile
0 95 5
11 5 95
13 5 95
13.01 95 5
14.00 STOP
Method C
20  Column: Phenomenex Gemini-NX C18, 4.6 x 150 mm, 5 microns. Flow: 1 mL/min. Gradient:




pyrazol - 4-yl)am no)-1H pyrazol o[ 3,4- d]pyrimdin-1- yl)piperidin-1-y1)-3-
oxopropanenitrile 25 C 366.4 6.56 >85 N'N\./ NO O1.,NONHN""...... N
----- 3- (8OQ(B/13¢8B1 et hy1- 1H pyrazol 3- yl)am no) - 1H ppcasrral®s56158

d] pyri mdin-1- yl)nethyl)piperidin-1-yl)- 3-oxopropanenitrile 26 C 380.4
6.43 >90 1.------- ",N\1

Table 3
Time (min) | Water | Acetonitrile
0 95 5
11 5 95
13 5 95
13.01 95 5
16.00 95 5
16.01 STOP
Abbreviations
5 Table 4
Boc Tert-Butoxycarbonyl
d Doublet
dd Doubledoublet
DMF N,N‘-Dimethylformamide
DMSO N,N*-dimethylsulfoxide
DP Drug pulldown
DTT Dithiothreitol
EDTA Ethylenediaminetetraacetic acid
EtOAc Ethyl acetate
eq Equivalents
g Grams
h Hours
HCI Hydrochloric acid
H20 Water
HPLC High performance liquid chromatography
1C50 50% Maximium inhibition concentration
L Litres
LC-MS Liquid chromatography mass spectroscopy
m Multiplet
M Molar
mg Milligrams




H/ ---- 3-methoxy-1-(3-((6-((1- nethyl-1H pyrazol-4- yl)am no)-1H
pyrazol o[ 3,4- d]pyrimdin-1- yl)nethyl)piperidin-1- yl)propan-1-one 27 C
399.5 6. 480290/13¥¥312011/ 13483156PCT/ EP2011/ 056158 St r ucPGTEP2NAIB61IEX anpl e

nunber LCMS Method ES+ RT (mins) Purity (%9 /7----- *-N 1,11
MgSO4 Magnesium Sulphate
min Minutes
mL Millilitres
mm Millimetres
mmol Millimoles
uL Microlitres
nm Nanometres
NMR Nuclear magnetic resonance
PBS Phosphate buffered saline
rpm Revolutions per minute
rt Room temperature
RT Retention time
s Singlet
t Triplet
td Triplet of doublets
tert Tertiary
wt Weight
Intermediates

Intermediate A: N-(I-methyl-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-amine

\N N/)\N NS
H

5 A solution of 4-nitropyrazole (300mg, 2.65mmol), potassium carbonate (2eq) and methyl
iodide (1.1eq) in acetonitrile (10mL) was heated at 60°C for 18h. After cooling to rt the
mixture was diluted with EtOAc¢ and washed with H,O. The organic phase was collected,
dried (MgSO.) and concentrated in vacuo. The crude residue was dissolved in methanol
(10mL), palladium on carbon (50mg, 10%wt) was added and the reaction was stirred under a

10 balloon of hydrogen for 18h. The resulting mixture was filtered through Celite and the filtrate

concentrated in vacuo to give 1-methyl-1H-pyrazol-4-amine.

A suspension of 1-methyl-1H-pyrazol-4-amine (320mg, 3.2mmol), 6-chloro-1H-pyrazolo|3,4-
d]pyrimidine (500mg, 3.2mmol) and HCl (25uL, 4M solution in dioxane) in isopropanol



H------ (3-((6-((1-methyl-1H pyrazol-4-yl)am no)-1H pyrazol o[ 3, 4-
d] pyri mdin-1- yl)methyl)piperidin-1- %/I ) (t et rahydro-2H pyr an-

4-yl) met hwoannnzma: 425.5 6.59 >95 ----***_N 1' 11 NRCHEP2011/056158
CHNO. .........N\ ------ 2-(din'ethylamno) 1(3- ((6-((2-nethyl-1H

5%;? ﬁgk%%ﬁ%a Eﬂeg‘@é %Hﬁ Er%élgv%%tg ;{ﬂoocd FRYT R elrnc_o%l_ing id mat[hey LHRLReLLd n-1-
filtered and the resulting solid washed with cold isopropanol and diethyl ether to give the title
product. '"H NMR (dg-DMSO) & 9.72 (s, 1H), 8.95 (s, 1H), 8.05 (s, 1H), 7.96 (s, 1H), 7.58 (s,

1H), 3.83 (s, 3H); LC-MS method B, (ES+) 216.1, RT = 4.85 min.

Example 1: N-(I-Methyl-1H-pyrazol-4-yl)-1-((1-(methylsulfonyl)piperidin-3-yl)methyl)- 1 H-
pyvrazolo[3,4-d]pyrimidin-6-amine

10 A solution of 3-piperidinemethanol (500mg, 4.35mmol) and methanesulfonyl chloride (3eq)
in dichloromethane (10mL) and pyridine (5SmL) was stirred at rt for 18h. The resultant
mixture was then diluted with dichloromethane and washed with H,O and then brine. The
organic phase was collected, dried (MgSO4) and concentrated in vacuo to give (1-
(methylsulfonyl)piperidin-3-yl)methyl methanesulfonate.

15
A suspension of intermediate A (80mg, 0.37mmol) and sodium hydride (1.1eq) in DMF
(3mL) was stirred at rt for 30min. Then, (1-(methylsulfonyl)piperidin-3-yl)methyl
methanesulfonate (1.1eq) was added and the reaction stirred at rt for 18h. The mixture was
then diluted with EtOAc and washed with H,O and then brine. The organic phase was

20 collected, dried (MgSO4) and concentrated in vacuo. The resultant residue was purified by
column chromatography (petroleum ether: EtOAc) to give the title product. '"H NMR (de-
DMSO) 6 9.87 (br s, 1H), 8.91 (br s, 1H), 8.05 (s, 1H), 8.03 (s, 1H), 7.58 (s, 1H), 4.29 (s, 2H),
3.84 (s, 3H), 3.34-3.46 (m, 2H), 2.79 (s, 3H), 2.66-2.75 (m, 2H), 2.23-2.28 (m, 1H), 1.74-1.80
(m, 1H), 1.63-1.67 (m, 1H), 1.39-1.50 (m, 1H), 1.07-1.13 (m, 1H); LC-MS method B, (ES+)

25  391.0,RT = 6.76 min.



\NN HNHN\V N----- N (1-nmethyl- 1H pyrazol - 4-y1)-1-(2-(piperidin-3-

ypet hyl)-1H pyrazol o[ 3,4- d]pyrimdin-6-amne 30 C 327.4 4.51 >90 | zg z.
\Lz) LA NW®2p11/1B4834 1- (et hyl sul f onyl )é$ peridin- 3-yl) nmePoyIEP2044(036158

met hyl- 1H pyrazol - 4-yl)- 1H pyrazol o[ 3,4- d] pyrimdin-6-amne 31 C 405.5

7. 14 >%&ample 2:  N-(3-(6-(I-methyl-1H-pyrazol-4-ylamino)-1H-pyrazolo[3,4-d]pyrimidin-1-
vl)propyl)methanesulfonamide

T A

\ ,NH
07y

5 A solution of 3-chloropropylamine hydrochloride (500mg, 4.31mmol) and methanesulfonyl
chloride (1.5¢q) in pyridine (5SmL) was stirred at rt for 18h. The resultant mixture was then
diluted with dichloromethane and washed with H,O, then aqueous 1M HCI solution and then
saturated aqueous sodium hydrogen carbonate solution. The organic phase was collected,
dried and concentrated in vacuo to give N-(3-chloropropyl)methanesulfonamide.

10
A suspension of intermediate A (80mg, 0.37mmol) and sodium hydride (1.1eq) in DMF
(3mL) was stirred at rt for 30min. Then, N-(3-chloropropyl)methanesulfonamide (1.1eq) was
added and the reaction stirred at rt for 18h. The resultant mixture was then diluted with
EtOAc and washed with H,O and then brine. The organic phase was collected, dried (MgSQO4)

15  and concentrated in vacuo. The resultant residue was purified by column chromatography
(petroleum ether: EtOAc) to give the title product. "H NMR (ds-DMSO) & 9.84 (br s, 1H),
8.90 (s, 1H), 8.09 (br s, 1H), 8.04 (s, 1H), 7.56 (s, 1H), 7.10-7.14 (m, 1H), 4.36-4.40 (m, 2H),
3.85 (s, 3H), 2.99-3.04 (m, 2H), 2.86 (s, 3H), 2.03-2.07 (m, 2H); LC-MS method B, (ES+)
351.0, RT = 5.67 min.

20

Example 3: N-(I-methyl-1H-pyrazol-4-yl)-1-(1-(methylsulfonyl)piperidin-4-yl)- 1 H-
pyvrazolo[3,4-d]pyrimidin-6-amine

g

*z@

~U
o4

25



NNHOs i cl,H26N,02s 1-((21- (isopropylsulfonyl)piperi
din-3-yl)nethyl)-N(1- nethyl-1H pyrazol -4-yl)- 1H pyrazol o[ 3, 4-

d] pyri mi dwp-26HzusUsse 32 C 419.5 7.49 >8% WO 2011/ 13483 1BTPEPLEPASUSS 056158
Structure Nanme Exanpl e nunmber LCMS Method ES+ RT (mins) Purity (% Nr-r"
\N---*---NN H

A solution of 4-hydroxypiperidine (400mg, 4.0mmol), triethylamine (3eq) and
methanesulfonyl chloride (3eq) in dichloromethane (10 mL) was stirred at rt for 4h. The
resultant mixture was then diluted with dichloromethane and washed with H,O and then
5  brine. The organic phase was collected, dried (MgSO4) and concentrated in vacuo to give 1-

(methylsulfonyl)piperidin-4-yl methanesulfonate.

A suspension of intermediate A (80mg, 0.37mmol), potassium carbonate (2eq) and 1-
(methylsulfonyl)piperidin-4-yl methanesulfonate (1eq) in DMF (3mL) was stirred at 80°C for
10 18h. The resultant mixture was then cooled to rt, diluted with EtOAc and washed with H,O
and then brine. The organic phase was collected, dried (MgSQ4) and concentrated in vacuo.
The resultant residue was purified by column chromatography (petroleum ether: EtOAc) to
give the title product. '"H NMR (dg-DMSO) & 9.83 (s, 1H), 8.91 (s, 1H), 8.04 (s, 1H), 7.97 (s,
1H), 7.62 (s, 1H), 4.76 (br s, 1H), 3.85 (s, 3H), 3.73-3.76 (m, 2H), 2.97-3.06 (m, 2H), 2.97 (s,
15 3H), 2.22-2.28 (m, 2H), 2.06-2.09 (m, 2H); LC-MS method B, (ES+) 377.0, RT = 6.57 min.

Example 4: N-(I-(2,2-difluoroethyl)-1H-pyrazol-4-yl)-1-((1-(methylsulfonyl)piperidin-3-
20 yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-6-amine

F
/Y~ N =N \)\F
L
N N/)\N AN

D

A solution of 2,2-difluoroethanol (0.38mL, 6.Immol), methanesulfonyl chloride (2eq) and
25  pyridine (5SmL) in dichloromethane (10mL) was stirred at rt for 16h. The mixture was then
diluted with dichloromethane and washed with H,O and then brine. The organic phase was

collected, dried (MgSQ4) and concentrated in vacuo to give 2,2-difluoromethane sulfonate.



0 \ co,z4Nozs 1-((1- (cyclopropylsulfonyl)pipe ridin-3-yl)nmethyl)-N(1-

nmet hyl - 1H pyrazol - 4-y1)- 1H pyrazol o[ 3,4- d]pyrimdin-6-amne 33 C 417.5

7.22 >95 WID20N/134831 CHNOS H  N- (1- et Y1 - 1H pyr azol - PCT/EP2011/056158

(et hyl sul fonyl ) pi peridin -3-ypethyl)-1H pyrazol o[ 3, 4- d] pyri m di n-6-am ne

34 C 40A5'sglu§i'01914of> %-Snitcrjo_{')\ly%(l)zolﬂe (300mg, 2.65mmol), potassium carbonate (2eq) and 2,2-
difluoromethane sulfonate (1.1eq) in acetonitrile (10mL) was heated at 60°C for 18h. After
cooling to rt the mixture was diluted with EtOAc and washed with H,O. The organic phase
was collected, dried (MgSOs) and concentrated in vacuo. The crude residue was dissolved in

5  methanol (10mL), palladium on carbon (50mg, 10%wt) was added and the reaction was
stirred under a balloon of hydrogen for 18h. The resulting mixture was filtered through Celite

and the filtrate concentrated in vacuo to give 1-(2,2-difluoroethyl)-1H-pyrazol-4-amine.

A suspension of 6-chloro-1H-pyrazolo[3,4-d]pyrimidine (0.10g, 0.70mmol), 1-(2,2-
10  difluoroethyl)-1H-pyrazol-4-amine (leq) and HCl (25uL of a 4M solution in dioxane) in
isopropanol (2mL) was heated in the microwave at 140°C for 1h. After cooling to rt, the
mixture was filtered and the resulting solid washed with cold isopropanol and diethyl ether to

yield N-(1-(2,2-difluoroethyl)-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-d ]pyrimidin-6-amine.

15 A suspension of N-(1-(2,2-difluoroethyl)-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-
amine (60mg, 0.23mmol), potassium carbonate (2eq) and (1-(methylsulfonyl)piperidin-3-
yl)methyl methanesulfonate (leq) in DMF (3mL) was stirred at 80°C for 18h. LC-MS
indicated reaction that the reaction was not complete so further (1-(methylsulfonyl)piperidin-
3-y)methyl methanesulfonate (2eq) and potassium carbonate (2eq) were added and the

20  reaction stirred at 80°C for 18h. The resultant mixture was then cooled to rt, diluted with
EtOAc and washed with H,O and then brine. The organic phase was collected, dried (MgSQO4)
and concentrated in vacuo. The resultant residue was purified by column chromatography
(petroleum ether: EtOAc) to give the title product. 'H NMR (ds-DMSO) 3 9.91 (s, 1H), 8.93
(s, 1H), 8.17 (s, 1H), 8.06 (s, 1H), 7.70 (s, 1H), 6.20-6.50 (m, 1H), 4.62 (td, 2H), 4.28-4.32

25  (m, 2H), 3.37-3.45 (m, 2H), 2.78 (s, 3H), 2.61-2.76 (m, 2H), 2.07-2.12 (m, 1H), 1.62-1.77 (m,
2H), 1.47-1.52 (m, 1H), 1.09-1.17 (m, 1H); LC-MS method B, (ES+) 441.0, RT = 7.49 min.

Example 5: N-(1-methyl-1H-pyrazol-4-yl)- 1-(piperidin-3-ylmethyl)- 1 H-pyrazolo[3,4-

ap o

30  d]pyrimidin-6-amine

Iz



1- ((1-(2- nethoxyethyl)piperidin- 3-yl)nmethyl)-N(1-

nmet hyl - 1H pyrazol - 4-y1)- 1H pyrazol o[ 3,4- d]pyrimdin-6-amne 35 C 371.5
4.26 >90 WO2q11/134881 ( 2z06- ethyl 3-((8l((1-methyl- 1H ppramezeidogésani no) -
1H pyrazol o[ 3, 4- d] pyrimdin-1- yl)nethyl)piperidine-1- carboxylate 36 C

28§| ;1 7? 571 t?%?o%%oc plpem&lS ne-3- methlanoi—(ﬁﬂg\g,(llléﬁm mglxlan& e?lYa{n%szu%ohyl chloride
(2eq) in pyridine (8mL) was stirred at rt for 48h. The mixture was treated with H,O and
extracted with dichloromethane. The organic phase was collected, dried using a hydrophobic
frit then concentrated in vacuo to give tert-butyl-3-(((methylsulfonyl)oxy)methyl)piperidine-

5  l-carboxylate.

A suspension of 6-chloro-1H-pyrazol[3,4-d]pyrimidine (0.12g, 0.78mmol), tert-butyl-3-
(((methylsulfonyl)oxy)methyl)piperidine-1-carboxylate (1eq) and potassium carbonate (2eq)
in DMF (3mL) was stirred at rt for 16h. The mixture was treated with H,O and extracted with

10 dichloromethane. The organic phase was collected, dried using a hydrophobic frit then
concentrated in vacuo to give tert-butyl-3-((6-chloro-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)piperidine-1-carboxylate.

To a solution of tert-butyl-3-((6-chloro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)piperidine-

15  1-carboxylate in dichloromethane (5mL) was added an excess of trifluoroacetic acid. The
mixture was stirred at rt for 2h. The mixture was diluted with dichloromethane then washed
with saturated aqueous sodium bicarbonate. The organic phase was collected, dried using a
hydrophobic frit then concentrated in vacuo to give 6-chloro-1-(piperidin-3-ylmethyl)-1H-
pyrazolo[3,4-d]pyrimidine.

20
A suspension of 6-chloro-1-(piperidin-3-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidine (0.13g,
0.51mmol), I-methyl-1H-pyrazol-4-amine (1.5eq) and HCl (1.6eq of a 4M solution in
dioxane) in isopropanol (2mL) was heated in the microwave at 140°C for 1h. The mixture
was filtered and the filtrate concentrated in vacuo. The resultant residue was purified by prep.

25  HPLC to give the title product. 'H NMR (CD;OD) & 8.84 (s, 1H), 8.05 (s, 1H), 7.97 (s, 1H),
7.70 (s, 1H), 4.28 (d, 2H), 3.91 (s, 3H), 2.97-3.02 (m, 2H), 2.49-2.58 (m, 2H), 2.31-2.35 (m,
1H), 1.75-1.83 (m, 2H), 1.48-1.55 (m, 1H), 1.26-1.35 (m, 1H); LC-MS method B, (ES+) 313,
RT =4.13 min.

30
Example 6: N-(I-methyl-1H-pyrazol-4-yl)-1-((1-methylpiperidin-3-yl)methyl)- 1 H-
pyvrazolo[3,4-d]pyrimidin-6-amine



(et hyl t hio)ethyl)piperid in-3-yl)nmethyl)-1H pyrazol of 3, 4-
dlpyrimdin-6-amne 37 C 387.5 4.51 >90 Nr-rN/ H nethyl 3-((6-((1-nethyl-
1H pyr azoWoaeulisassiino) - 1H pyrazol o[ 3%4- d] pyri ni di n- 1- PCT/EP2011/056158

yl ) met hyl ) pi peri di ne-1- carboxylate 38 C 371.4 7.14 >95 WO

2011/ 13483158PCT/ EP2011/ 056158 /tr \t,\tljre Nae Exanpl e nunber LCMS Met hod

ES+ N \
N | A AN
H

A suspension of intermediate A (75mg, 0.35mmol), 3-(chloromethyl)-1-methylpiperidine
hydrochloride (1eq) and potassium carbonate (2eq) in DMF (3mL) was stirred at 50°C for 18h

5  then at 80°C for 6h. LC-MS indicated that the reaction was not complete so further 3-
(chloromethyl)-1-methylpiperidine hydrochloride (1eq) was added and the mixture stirred at
80°C for 18h. After cooling to rt, the mixture was treated with H,O and extracted with
dichloromethane. The organic phase was collected and dried using a hydrophobic frit then
concentrated in vacuo. The resultant residue was purified by prep. HPLC to give the title

10  compound. 'H NMR (ds-DMSO) 3 9.79 (s, 1H), 8.89 (s, 1H), 8.02 (s, 2H), 7.61 (s, 1H), 4.23
(d, 2H), 3.83 (s, 3H), 2.51-2.54 (m, 2H), 2.18-2.22 (m, 1H), 2.08 (s, 3H), 1.90-1.95 (m, 1H),
1.79-1.84 (m, 1H), 1.62-1.66 (m, 1H), 1.54-1.57 (m, 1H), 1.37-1.46 (m, 1H); LC-MS method
B, (ES+) 327, RT = 4.09 min.

15

Example 7: Rac-trans-N-(1-methyl-1 H-pyrazol-4-yl)- 1-(2-methylcyclohexyl)- 1 H-
pyvrazolo[3,4-d]pyrimidin-6-amine

20
A solution of cis-2-methylcyclohexanol (0.25g, 2.19mmol) and methanesulfonyl chloride
(2eq) in pyridine (8mL) was stirred at rt for 16h. The mixture was treated with H,O and
extracted with dichloromethane. The organic phase was collected and dried using a
hydrophobic frit then concentrated in vacuo to give cis-2-methylcyclohexyl methanesulfonate.
25
A suspension of intermediate A (0.1g, 0.47mmol), cis-2-methylcyclohexyl methanesulfonate
(leq) and potassium carbonate (2eq) in DMF (3mL) was stirred at 80°C for 50h. LC-MS

indicated that the reaction was not complete so further -cis-2-methylcyclohexyl



RT (mns) Purity (%9 NMrN- \7---" , /0 0,---s- \ cOH2.N.oss 2-(4-((1-((1-
(met hyl sul fonyl ) pi peridin -3-yl)nmet hyI%/ 1H pyrazol of 3, 4-

d] pyri m dwQ-26tyi3¥ssmi no) - 1H- pyrazol | ) et hanol 39 C 4PCTAPZ011/05G68 N(I N- N
NN HNHN(1-nethyl- 1H-pyrazo| 4-yl)-1-(pyrrolidin-3- ylmethyl)-1H

pyrazol Oétgdnesulgolngye dl Q) anrzi potassmrn cargonate (leq) was added and the mixture stirred at
80°C for 24h. Further cis-2-methylcyclohexyl methanesulfonate (leq) and potassium
carbonate (leq) was then added and the mixture stirred at 80°C for a further 24h. After

cooling to rt, the mixture was filtered and the solid washed with dichloromethane. The filtrate

5  was washed with H,O. The organic phase was collected and dried using a hydrophobic frit
then concentrated in vacuo. The resultant residue was purified by prep. HPLC to give the title

product. '"H NMR (dg-DMSO) & 9.83 (s, 1H), 8.92 (s, 1H), 8.06 (s, 1H), 7.94 (s, 1HO, 7.64 (s,

1H), 4.17-4.22 (m, 1H), 3.84 (s, 3H), 2.13-2.15 (m, 1H), 2.00-2.02 (m, 1H), 1.85-1.88 (m,

3H), 1.74-1.78 (m, 1H), 1.46-1.49 (m,1H), 1.35-1.41 (m, 1H), 1.18-1.24 (m, 1H), 0.57 (d,

10 3H); LC-MS method B, (ES+) 312, RT = 9.06 min.

Example 8: [-cyclohexyl-N-(I-methyl-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-

T
15 O

A solution of cyclohexanol (0.25¢g, 2.50mmol) and methanesulfonyl chloride (2eq) in pyridine

amine

(8ml) was stirred at rt for 16h. The mixture was treated with H,O and extracted with
dichloromethane. The organic phase was collected and dried using a hydrophobic frit then

20 concentrated in vacuo to give cyclohexyl methanesulfonate.

A suspension of intermediate A (0.1g, 0.47mmol), cyclohexyl methanesulfonate (leq) and
potassium carbonate (2eq) in DMF (3mL) was stirred at 80°C for 50h. LC-MS indicated that
the reaction was not complete so further cyclohexyl methanesulfonate (1eq) and potassium
25  carbonate (leq) was added and the mixture stirred at 80°C for 24h. Further cyclohexyl
methanesulfonate (1eq) and potassium carbonate (1eq) was then added and the mixture stirred
at 80°C for a further 24h. After cooling to rt, the mixture was filtered and the solid washed
with dichloromethane. The filtrate was washed with H,O. The organic phase was collected
and dried using a hydrophobic frit then concentrated in vacuo. The resultant residue was
30  purified by prep. HPLC to give the title product. 'H NMR (dg-DMSO) & 9.94 (s, 1H), 8.96 (s,
1H), 8.09 (s, 1H), 7.98 (s, 1H), 7.65 (s, 1H), 4.56-4.62 (m, 1H), 3.86 (s, 3H), 1.86-1.95 (m,



C299.3 3.88 >95 1.------- "N AVL----- H# N 3-(3-((6-((1-nmethyl-1H
pyrazol - 4-yl)am no) - 1H pyrazol o[ 3,4- d]pyrimdin-1- yl)nethyl)piperidin-1-
yl ) pr opan0i2bri/13e8341 C 366. 4 4. 01 >95%ri vi----- N NN HPOTEPeo11405€158

co, 22N, 02s 1-((21- (ethylsulfonyl)pyrrolidin- 3-yl)nmethyl)-N(1-

met hy - PY5AZA it i¥h) 1 485 V25001 344 3 ALY L& s Ch b B, (s +) 208,

RT = &.61 min.

5 Example 9: N-(I-methyl-1H-pyrazol-4-yl)-1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazolo[3,4-

T
o

A suspension of intermediate A (0.1g, 0.47mmol), 4-chlorotetrahydro-2H-pyran (leq) and
10 potassium carbonate (2eq) in DMF (3mL) was stirred at 80°C for 18h. LC-MS indicated that

d]pyrimidin-6-amine

the reaction was not complete so further 4-chlorotetrahydro-2H-pyran (leq) and potassium
carbonate (leq) were added and the mixture stirred at 80°C for 24h. Further 4-
chlorotetrahydro-2H-pyran (2eq) and potassium carbonate (2eq) were again added and the
mixture stirred at 80°C for 72h. After cooling to rt, the mixture was treated with H,O and

15  extracted with dichloromethane. The organic phase was collected and dried using a
hydrophobic frit then concentrated in vacuo. The resultant residue was purified by prep.
HPLC to give the title product. "H NMR (ds-DMSO) & 9.77 (s, 1H), 8.90 (s, 1H), 8.02 (s, 1H),
7.61 (s, 1H), 4.84 (s, 1H), 4.02 (dd, 2H), 3.84 (s, 3H), 3.58 (t, 2H), 2.20 (td, 2H), 1.90 (dd,
2H); LC-MS method B, (ES+) 300, RT = 6.36 min.

20

Example 10: N-(I-methyl-1H-pyrazol-4-yl)-1-(piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-

T LN\
e

25 A solution of tert-butyl-3-hydroxypiperidine-1-carboxylate (0.35g, 1.74mmol) and

6-amine

methanesulfonyl chloride (2eq) in pyridine (8mL) was stirred at rt for 16h. The mixture was
treated with H,O and extracted with dichloromethane. The organic phase was collected and
dried using a hydrophobic frit then concentrated in vacuo to give tert-butyl-3-
((methylsulfonyl)oxy)piperidine-1-carboxylate.



C 391.5 6.67 >95 N\rIN N--NNH O] L c17,-,22Nozs 1-((1-
(cycl opropyl sul fonyl ) pyrr olidin-3-yl)nmet hyI )-N-(1-
met hy1- 1Fvpyeouzigis34-yl) - 1H pyrazol o[é 4- d] pyri m di n- 6PamiEPe014856€358103. 5
6.92 >95 'N\1 NNN H bN---( ---\---F 2-fluoroethyl 3-((6-((1-
met hyl- 1H pyrazol - 4- yl)am no)-1H pyrazol o[ 3,4- d] pyrimdin-1-
yl ) met hyl ) pi peri di ne- 1-
A suspension of intermediate A (0.1g, 0.47mmol), tert-butyl-3-

((methylsulfonyl)oxy)piperidine-1-carboxylate (1eq) and potassium carbonate (2eq) in DMF
(3mL) was stirred at 80°C for 18h. LC-MS indicated that the reaction was not complete so

5  further tert-butyl-3-((methylsulfonyl)oxy)piperidine-1-carboxylate (leq) and potassium
carbonate (leq) were added and the mixture stirred at 80°C for 24h. Further tert-butyl-3-
((methylsulfonyl)oxy)piperidine-1-carboxylate (2eq) and potassium carbonate (2eq) were then
added and the mixture stirred at 80°C for 72h. After cooling to rt, the mixture was treated
with H,O and extracted with dichloromethane. The organic phase was collected and dried

10 using a hydrophobic frit then concentrated in vacuo. The resultant residue was purified by
prep. HPLC to give tert-butyl-3-(6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate.

To a solution of tert-butyl-3-(6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-

15  d]pyrimidin-1-yl)piperidine-1-carboxylate in dichloromethane (5SmL) was added and excess
of trifluoroacetic acid. The mixture was stirred at rt for 2h and then diluted with
dichloromethane and washed with saturated aqueous sodium bicarbonate solution. The
organic phase was collected, dried using a hydrophobic frit and then concentrated in vacuo to
give the title product. "H NMR (CD:OD) & 8.88 (s, 1H), 8.05 (s, 1H), 7.97 (s, 1H), 7.73 (s,

20 1H), 5.16 (m, 1H), 3.91 (s, 3H), 2.19-2.33 (m, 4H), 2.04-2.08 (m, 2H), 1.89-1.96 (m, 2H);
LC-MS method B, (ES+) 299, RT = 4.18 min.

Example 11: Rac-cis-N-(1-methyl-1H-pyrazol-4-yl)-1-(2-methylcyclohexyl)- 1 H-

TLN\
Q &=

A solution of trans-2-methylcyclohexanol (0.35g, 3.07mmol) and methanesulfonyl chloride

25  pyrazolo[3,4-d]pyrimidin-6-amine

(2eq) in pyridine (8mL) was stirred at rt for 16h. The mixture was treated with H,O and
extracted with dichloromethane. The organic phase was collected and dried using a
30  hydrophobic frit then concentrated in vacuo to give trans-2-methylcyclohexyl

methanesulfonate.



carboxylate 44 C 403.4 7.34 >95 WD 2011/13483159PCT/ EP2011/ 056158
Structure Nanme Exanpl e nunber LCVS Method ES+ RT (mns) Purity (% , N \NNN
. H b( "WOCPANGH1/ 1 2- met hoxyet hyl 80((6-((1- net hyl - PERpPeeIa05614s
yI )am no) - 1H pyrazol o[ 3, 4- d] pyrimdin-1- yl)nmethyl)piperidine-1-
car boxyl at s%sﬁle?ls%n of intermediate A (0.1g, 0.47mmol), trans-2-methylcyclohexyl
methanesulfonate (1eq) and potassium carbonate (2eq) in DMF (3mL) was stirred at 80°C for
50h. LC-MS indicated that the reaction was not complete so further trans-2-methylcyclohexyl
methanesulfonate (leq) and potassium carbonate (1eq) was added and the mixture stirred at
5 80°C for 24h. Further trans-2-methylcyclohexyl methanesulfonate (leq) and potassium
carbonate (leq) was then added and the mixture stirred at 80°C for a further 24h. After
cooling to rt, the mixture was filtered and the solid washed with dichloromethane. The filtrate
was washed with H,O. The organic phase was collected and dried using a hydrophobic frit
then concentrated in vacuo. The resultant residue was purified by prep. HPLC to give the title
10  product. '"H NMR (ds-DMSO) & 9.74 (s, 1H), 8.90 (s, 1H), 8.00 (s, 1H), 7.96 (s, 1H), 7.60 (s,
1H), 4.88 (s, 1H), 3.83 (s, 3H), 2.29 (m, 1H), 2.14-2.18 (m, 1H), 1.99 (m, 1H), 1.86 (m, 1H),
1.74-1.78 (m, 1H), 1.63-1.66 (m, 2H), 1.49 (m, 2H), 0.66 (d, 3H); LC-MS method B, (ES+)
312, RT =9.50 min.

15
Example 12: N-(I-methyl-1H-pyrazol-4-yl)-1-(piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-
6-amine
/4 N N /N\
N —_
;\AQ\NL/N
6 H
N
H
20

A suspension of intermediate A (0.1g, 0.47mmol), tert-butyl-4-
((methylsulfonyl)oxy)piperidine-1-carboxylate (1eq) and potassium carbonate (2eq) in DMF
(3mL) was stirred at 80°C for 50h. LC-MS indicated that the reaction was not complete so
further tert-butyl-4-((methylsulfonyl)oxy)piperidine-1-carboxylate (leq) and potassium
25  carbonate (1eq) was added and the mixture stirred at 80°C for 24h. Again, further tert-butyl-4-
((methylsulfonyl)oxy)piperidine-1-carboxylate (leq) and potassium carbonate (leq) was
added and the mixture stirred at 80°C for a further 24h. After cooling to rt, the mixture was
filtered and the solid washed with dichloromethane. The filtrate was washed with H,O. The
organic phase was collected and dried using a hydrophobic frit then concentrated in vacuo.
30  The resultant residue was purified by prep. HPLC to give tert-butyl-4-(6-((1-methyl-1H-
pyrazol-4-yl)amino)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate.



415.5 7.09 >95 N,1 bN H ----\33 % c. Hz6Nozs N-(1-nethyl-1H pyrazol -
(met hyl sul fonyl )ethyl)pip eridin-3-yl)nethyl)-1H pyrazol o[ 3, 4-
d] pyri m dwQ-26t1z2u3u83¢ 46 C 419.5 4.1 >9871V,\1 H--NN PCT/EP2011/056158
2,2,2-trilluoro-1-(3-((6- ((1-nethyl-1H pyrazol-4- yl)am no)-1H
pyrazol o[ 3, 4- d] pyri mdin-1- yl)nethyl)piperidin-1- yl)ethanone 47 C 409.4
7.97 >95 \.

To a solution of tert-butyl-4-(6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo|[3,4-

d]pyrimidin-1-yl)piperidine-1-carboxylate in dichloromethane (SmL) was added an excess of
trifluoroacetic acid and the mixture was stirred at rt for 2 h. The mixture was then diluted with

5  dichloromethane then washed with saturated aqueous sodium bicarbonate solution. The
organic phase was collected, dried using a hydrophobic frit and then concentrated in vacuo to
give the title product. '"H NMR (CD;OD) & 8.87 (s, 1H), 8.04 (s, 1H), 8.02 (s, 1H), 7.73 (s,
1H), 5.07-5.11 (m, 1H), 3.92 (s, 3H), 3.60-3.64 (m, 2H), 2.45-2.49 (m, 2H), 2.27-2.32 (m,
2H), 2.17-2.20 (m, 1H), 2.11-2.12 (m, 1H); LC-MS method B, (ES+) 299, RT =4.15 min.

10

Example 13: N-(I-methyl-1H-pyrazol-4-yl)-1-(3-methylcyclohexyl)-1 H-pyrazolo[3,4-

\N N/)\N \

O

A solution of 3-methylcyclohexanol (0.25g, 2.19mmol) and methanesulfonyl chloride (2eq) in

d]pyrimidin-6-amine

15

pyridine (8mL) was stirred at rt for 16h. The mixture was treated with H,O and extracted with
dichloromethane. The organic phase was collected and dried using a hydrophobic frit then
concentrated in vacuo to give 3-methylcyclohexyl methanesulfonate.

20
A suspension of intermediate A (0.1g, 0.47mmol), 3-methylcyclohexanol methanesulfonate
(leq) and potassium carbonate (2eq) in DMF (3mL) was stirred at 80°C for 50h. LC-MS
indicated that the reaction was not complete so further 3-methylcyclohexanol
methanesulfonate (1eq) and potassium carbonate (1eq) was added and the mixture stirred at

25  80°C for 24h. Again, further 3-methylcyclohexanol methanesulfonate (1eq) and potassium
carbonate (1eq) was added and the mixture stirred at 80°C for a further 24h. After cooling to
rt, the mixture was filtered and the solid washed with dichloromethane. The filtrate was
washed with H,O. The organic phase was collected and dried using a hydrophobic frit then
concentrated in vacuo. The resultant residue was purified by prep. HPLC to give the title

30 compound. 'H NMR (ds-DMSO) & 9.76 (s, 1H), 8.89 (s, 1H), 7.99 (s, 1H), 7.95 (s, 1H), 7.60
(s, 1H), 4.68 (s), 4.60 (s), 3.83 (5), 3.82 (5), 2.01-2.09 (m), 1.85-1.90 (m), 1.61-1.74 (m), 1.49-



[TV F F C 711F, N, O NFN AN 1----- NNHo, N /-,----- 0
cl.HzoNozs N (1-nethyl-1H pyrazol- 4-yl)-1-((1- (nethylsulfonyl)pyrrolidi
n- 3-yl ) mewbyb) 1/ 1Bks31 48 PCT/EP2011/056158

1.53 (m), 1.29-1.34 (m), 1.07-1.09 (m), 0.96 (d), 0.91 (d); LC-MS method B, (ES+) 312, RT
=9.43 min.

Example 14:  N-(I-Methyl-1H-pyrazol-4-yl)-1-(2-methylcyclopentyl)-1 H-pyrazolo[3,4-

L
%

10 A solution of 2-methylcyclopentanol (0.3g, 3.0mmol), triethylamine (2eq) and

d]pyrimidin-6-amine

methanesulfonyl chloride (1.5¢q) in dichloromethane (10mL) was stirred at rt for 18h. The
resultant mixture was then diluted with dichloromethane and washed with H,O and then
brine. The organic phase was collected, dried (MgSO4) and concentrated in vacuo to give 2-
methylcyclopentyl methanesulfonate.

15
A suspension of intermediate A (50mg, 0.23mmol), potassium carbonate (2eq) and 2-
methylcyclopentyl methanesulfonate (1eq) in DMF (2mL) was stirred at 80°C for 18h. LC-
MS indicated that the reaction was not complete so further 2-methylcyclopentyl
methanesulfonate (2eq) and potassium carbonate (2eq) were added and the reaction stirred at

20  80°C for 24h. Again, further 2-methylcyclopentyl methanesulfonate (2eq) and potassium
carbonate (2eq) were added and the reaction stirred at 80°C for 24h. After cooling to rt, the
mixture was diluted with EtOAc and washed with H,O and then brine. The organic phase was
collected, dried (MgSQO4) and concentrated in vacuo. The resultant residue was purified by
column chromatography (petroleum ether: EtOAc) to give the title product. 'H NMR (CDCls)

25 06 8.77 (s, 1H), 7.92 (s, 1H), 7.87 (s, 1H), 7.67 (s, 1H), 7.38 (s, 1H), 5.19-5.24 (m, 1H), 3.95
(s, 3H), 2.29-2.42 (m, 3H), 2.10-2.13 (m, 1H), 1.65-1.77 (m, 2H), 0.86-0.88 (m, 1H), 0.61 (d,
3H); LC-MS method B, (ES+) 298.1, RT = 8.83 min.

30 Example 15:  N-(I-Methyl-1H-pyrazol-4-yl)-1-(3-methylcyclopentyl)-1 H-pyrazolo[3,4-
d]pyrimidin-6-amine



pyrazol o[ 3, 4- d] pyri mdin-6-amne 48 C 377.4 6.29 >95

3-(3-((6-((1-methyl-1H pyrazol-4-yl)am no)-1H pyrazol o[ 3, 4-

d] pyri m dwo-20t1/p3483met hyl ) azeti di n- 1- §}?) propanenitril e 20TEP3®3/086168 14 >95
J

\N N/)\” AN

jo

A solution of 3-methylcyclopentanol (0.3g, 3.0mmol), triethylamine (2eq) and

methanesulfonyl chloride (1.5¢q) in dichloromethane (10mL) was stirred at rt for 18h. The
resultant mixture was then diluted with dichloromethane and washed with H,O and then
5  brine. The organic phase was collected, dried (MgSO4) and concentrated in vacuo to give 3-

methylcyclopentyl methanesulfonate.

A suspension of intermediate A (50mg, 0.23mmol), potassium carbonate (2eq) and 3-
methylcyclopentyl methanesulfonate (1eq) in DMF (2mL) was stirred at 80°C for 18h. LC-

10 MS indicated that the reaction was not complete so further 3-methylcyclopentyl
methanesulfonate (2eq) and potassium carbonate (2eq) were added and the reaction stirred at
80°C for 24h. After cooling to rt, the mixture was diluted with EtOAc and washed with H,O
and then brine. The organic phase was collected, dried (MgSQ4) and concentrated in vacuo.
The resultant residue was purified by column chromatography (petroleum ether: EtOAc) to

15  give the title product as a 3:2 mixture of two isomers which were inseparable. Isomer 1
(60%): 'H NMR (ds-DMSO) & 9.74 (s, 1H), 8.88 (s, 1H), 7.99-8.02 (m, 2H), 7.60 (s, 1H),
5.29 (s, 1H), 2.34-2.42 (m, 1H), 2.23-2.31 (m, 1H), 2.01-2.16 (m, 3H), 1.69-1.77 (m, 1H),
1.25-1.35 (m, 1H), 1.06 (d, 3H); Isomer 2 (40%): '"H NMR (ds-DMSO) & 9.74 (s, 1H), 8.88 (s,
1H), 7.99-8.02 (m, 2H), 7.60 (s, 1H), 521 (s, 1H), 2.23-2.31 (m, 1H), 2.01-2.16 (m, 3H),

20 1.86-1.95 (m, 1H), 1.69-1.77 (m, 1H), 1.46-1.56 (m, 1H), 1.11 (d, 3H); LC-MS method B,
(ES+) 298.0, RT = 8.87 min.

Example 16: 1-(Cyclohexylmethyl)-N-(1-methyl-1H-pyrazol-4-yl)- 1 H-pyrazolo[3,4-

N N/)\N NS

25  d]pyrimidin-6-amine



\---- NcO Rac-trans-2-(4-((1-(2- methylcycl ohexyl)-1H pyrazol o[ 3, 4-
dl pyri m di n-6-yl)am no)- 1H pyrazol-1-yl)ethanol 50 C 342.4 7.9 >95
1----"--"WO2DUIH3M8H- -4 | N H CHZNO N- &P hy1- 3- ((6- ((1- mePRYIEP2011/056158
1H pyrazol - 4-yl)am no)- 1H pyrazol o[ 3,4- d]pyri mdin-1-

(et N AR Lo Ao 05, S5 0 0 B8Pl o o
cyclohexylmethylbromide (1eq) in DMF (2mL) was stirred at 80°C for 18h. After cooling to
rt, the mixture was diluted with EtOAc and washed with H,O and then brine. The organic
phase was collected, dried (MgSO4) and concentrated in vacuo. The resultant residue was

5 purified by column chromatography (petroleum ether: EtOAc) to give the title product. 'H
NMR (CDCls) ¢ 8.75 (s, 1H), 8.02 (s, 1H), 7.82 (s, 1H), 7.76 (s, 1H), 4.19 (d, 2H), 3.95 (s,
3H), 2,65-2.78 (m, 4H), 2.03-2.09 (m, 1H), 1.73-1.76 (m, 2H), 1.62-1.65 (m, 2H), 1.11-1.27
(m, 2H), 1.03-1.10 (m, 2H); LC-MS method B, (ES+) 312.2, RT = 9.18 min.

10
Example 17: 1-(1-Cyclohexylethyl)-N-(1-methyl-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-amine

15 To a solution of cyclohexane carboxaldehyde (0.40g, 3.6mmol) in THF (20mL) at 0°C was
added methylmagnesium bromide (1.2eq of a 3M solution in diethyl ether) and the reaction
stirred at rt for 2h. The reaction was then quenched with H,O and extracted into EtOAc. The
organic phase was collected, dried (MgSQO4) and concentrated in vacuo to give 1-
cyclohexylethanol.

20
A solution of 1-cyclohexylethanol (0.43g, 3.36mol), triethylamine (2eq) and methanesulfonyl
chloride (1.5¢q) in dichloromethane (10mL) was stirred at rt for 18h. The resultant mixture
was then diluted with dichloromethane and washed with H,O and then brine. The organic
phase was collected, dried (MgSO,4) and concentrated in vacuo to give 1-cyclohexylethyl

25  methanesulfonate.

A suspension of intermediate A (50mg, 0.23mmol), potassium carbonate (2eq) and 1-
cyclohexylethyl methanesulfonate (1eq) in DMF (2mL) was stirred at 80°C for 18h. LC-MS
indicated that the reaction was not complete so further 1-cyclohexylethyl methanesulfonate
30  (2eq) and potassium carbonate (2eq) were added and the reaction stirred at 80°C for 24h.
After cooling to rt, the mixture was diluted with EtOAc¢ and washed with H,O and then brine.



Exanpl e nunber LCMS Met hod ES+ RT (mins) Purity (%9 /7------ """N HO NJ( NH
CHNO N-cycl opropyl1-3-((6-((1- methyl-1H pyrazol-4- yl)am no)-1H

pyr azol o[\8p4e11d{38ani m di n- 1- yl ) net hyﬁ} pi peri di ne-1- caPbo&R201d®5@28 C 396. 5
6.57 >95 1 zql / z. ( N,z zc5

The organic phase was collected, dried (MgSO4) and concentrated in vacuo. The resultant

residue was purified by column chromatography (petroleum ether: EtOAc) to give the title

product. '"H NMR (CDCl:) & 8.77 (s, 1H), 7.93 (s, 1H), 7.86 (s, 1H), 7.67 (s, 1H), 4.58-4.61

(m, 1H), 3.95 (s, 3H), 1.93-1.96 (m, 2H), 1.76-1.79 (m, 2H), 1.65-1.68 (m, 2H), 1.56 (d, 3H),
5 1.11-1.20 (m, 3H), 0.84-0.91 (m, 2H); LC-MS method B, (ES+) 326.2, RT = 9.82 min.

Example 18: 1-(1-Cyclohexylpropyl)-N-(1-methyl-1H-pyrazol-4-yl)-1 H-pyrazolo[3,4-
d]pyrimidin-6-amine

10

To a solution of cyclohexane carboxaldehyde (0.40g, 3.6mmol) in THF (20mL) at 0°C was
added ethylmagnesium bromide (1.2eq of a 3M solution in diethyl ether) and the reaction
stirred at rt for 2h. The reaction was then quenched with H,O and extracted into EtOAc. The
15 organic phase was collected, dried (MgSO4) and concentrated in vacuo to give 1-

cyclohexylpropan-1-ol.

A solution of 1-cyclohexylpropan-1-ol (0.47g, 3.36mol), tricthylamine (2eq) and
methanesulfonyl chloride (1.5¢q) in dichloromethane (10mL) was stirred at rt for 18h. The
20 resultant mixture was then diluted with dichloromethane and washed with H,O and then
brine. The organic phase was collected, dried (MgSO4) and concentrated in vacuo to give 1-

cyclohexylpropyl methanesulfonate.

A suspension of intermediate A (50mg, 0.23mmol), potassium carbonate (2eq) and 1-
25  cyclohexylproyl methanesulfonate (1eq) in DMF (2mL) was stirred at 80°C for 18h. LC-MS
indicated that the reaction was not complete so further 1-cyclohexylethyl methanesulfonate
(2eq) and potassium carbonate (2eq) were added and the reaction stirred at 80°C for 24h.
After cooling to rt, the mixture was diluted with EtOAc¢ and washed with H,O and then brine.
The organic phase was collected, dried (MgS0O4) and concentrated in vacuo. The resultant
30  residue was purified by column chromatography (petroleum ether: EtOAc) to give the title
product. "H NMR (CDCL) & 8.79 (s, 1H), 7.96 (s, 1H), 7.87 (s, 1H), 7.69 (s, 1H), 7.23 (s,



3-(3-((6-((1-nmethyl-1H pyrazol -4-yl)am no)-1H pyrazol o[ 3, 4-

d] pyri mdin-1- yl)nethyppyrrolidin-1- 3/1) propanenitrile 53 C 352.4 4.11 >95
ymmmmm - WO' 20N/ 194831 N """ bNH-92--"\N CHzN 2- ( 3- PCEAPLAM8t18Y 1- 1H-
pyrazol - 4-yl)am no)-1H pyrazol o[ 3,4- d]pyrimdin-1- yl)nethyl)pipendin-1-

3H), 0.92-1.32 (m, 5H), 0.68 (t, 3H); LC-MS method B, (ES+) 340.2, RT = 10.42 min.

5 Example 19: Rac-trans-N-(1-methyl-1H-pyrazol-4-yl)- 1-(3-methylcyclohexyl)- 1 H-
pyvrazolo[3,4-d]pyrimidin-6-amine

A solution of cis-3-methylcyclohexanol (0.40g, 3.57mmol) and methanesulfonyl chloride
10 (1.5¢q) in dichloromethane (7mL) and pyridine (3mL) was stirred at rt for 18h. The resultant
mixture was then diluted with dichloromethane and washed with H,O and then brine. The
organic phase was collected, dried (MgSO4) and concentrated in vacuo to give cis-3-

methylcyclohexyl methanesulfonate.

15 A suspension of intermediate A (80mg, 0.37mmol), potassium carbonate (2eq) and cis-3-
methylcyclohexyl methanesulfonate (1eq) in DMF (2mL) was stirred at 80°C for 18h. LC-MS
indicated that the reaction was not complete so further  cis-3-methylcyclohexyl
methanesulfonate (2eq) and potassium carbonate (2eq) were added and the reaction stirred at
80°C for 24h. After cooling to rt, the mixture was diluted with EtOAc and washed with H,O

20  and then brine. The organic phase was collected, dried (MgSQ4) and concentrated in vacuo.
The resultant residue was purified by column chromatography (petroleum ether: EtOAc) to
give the title product. "H NMR (CDCL) & 8.78 (s, 1H), 7.96 (s, 1H), 7.89 (s, 1H), 7.62 (s,
1H), 4.90-4.97 (m, 1H), 3.93 (s, 3H), 2.13-2.27 (m, 3H), 1.95-2.01 (m, 2H), 1.66-1.79 (m,
3H), 1.42-1.45 (m, 1H), 1.15 (d, 3H); LC-MS method B, (ES+) 312.2, RT = 9.44 min.

25

Example 20: [-Cycloheptyl-N-(I-methyl-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-

amine



1-((1-ethyl piperidin-3- yl)nmethyl)-N(1-nethyl- 1H pyrazol-4-yl)-1H

pyrazol o[ 3,4- dlpyrimdin-6-amne 55 C 341.4 4.18 >95 "' / \ | [/

c". 26F2NsWO 201 B4K316- ((1- (2, 2- di fl uoPdet hyl )- 1H pyr az@CTAPRINAKISD) - 1H-

pyrazol o[ 3, 4- d] pyrimdin-1- yl)nethyl)piperidin-1-yl)-

3- (nmet hyl t hi o) propan-1- one 56 C 465.5 7.72 >95 F NNNN \ NN
A solution of cycloheptanol (0.34g, 3.57mmol) and methanesulfonyl chloride (1.5eq) in
dichloromethane (7mL) and pyridine (3mL) was stirred at rt for 18h. The resultant mixture
was then diluted with dichloromethane and washed with H,O and then brine. The organic

5 phase was collected, dried (MgSO4) and concentrated in vacuo to give cycloheptyl

methanesulfonate.

A suspension of intermediate A (80mg, 0.37mmol), potassium carbonate (2eq) and
cycloheptyl methanesulfonate (leq) in DMF (2mL) was stirred at 80°C for 18h. LC-MS

10  indicated that the reaction was not complete so cycloheptyl methanesulfonate (2eq) and
potassium carbonate (2eq) were added and the reaction stirred at 80°C for 24h. After cooling
to rt, the mixture was diluted with EtOAc¢ and washed with H,O and then brine. The organic
phase was collected, dried (MgSO4) and concentrated in vacuo. The resultant residue was
purified by column chromatography (petroleum ecther: EtOAc) to give the title product. 'H

15 NMR (CDCL) ¢ 8.77 (s, 1H), 7.90 (s, 1H), 7.88 (s, 1H), 7.65 (s, 1H), 7.19 (s, 1H), 4.80-4.85
(m, 1H), 3.94 (s, 3H), 2.19-2.27 (m, 2H), 2.05-2.12 (m, 2H), 1.87-1.94 (m, 2H), 1.55-1.77 (m,
5H), 1.26-1.28 (m, 1H); LC-MS method B, (ES+) 312.1, RT = 9.26 min.

20
Example 21:  2-methoxy-1-(3-((6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)piperidin-1-yl)ethanone
NTN =N,
\N N/)\N/E/N\
H
N
\/QO
25

A solution of N-Boc-piperidine-3-methanol (1.0g, 4.65mmol), tricthylamine (2eq) and
methanesulfonyl chloride (1.5eq) in dichloromethane (7mL) was stirred at rt for 18h. The
resultant mixture was then diluted with dichloromethane and washed with H,O and then
brine. The organic phase was collected, dried (MgSQ4) and concentrated in vacuo to give tert-

30 butyl 3-(((methylsulfonyl)oxy)methyl)piperidine-1-carboxylate.



Hiii cl,H23F2N, 3-(3-((6-((1-(2,2- difluoroethyl)-1H

pyrazol -4-yl)am no)-1H pyrazol o[ 3, 4- d]pyrimdin-1- yl)nethyl)piperidin-1-
yl ) pr opar0i2briyi3es3s7 C 416.4 4.53 >9554WD 2011/ 13483161 PCT/HPPRONIG1656158
Structure Nanme Exanpl e nunber LCVMS Method ES+ RT (mins) Purity (%

B L %WN 1,11 H/ CHNO

A suspension of intermediate A (200mg, 0.93mmol), potassium carbonate (2eq) and tert-butyl
3-(((methylsulfonyl)oxy)methyl)piperidine-1-carboxylate (1eq) in DMF (2mL) was stirred at
80°C for 18h. After cooling to rt, the mixture was diluted with EtOAc and washed with H,O

5 and then brine. The organic phase was collected, dried (MgSO,4) and concentrated in vacuo.
The resultant residue was purified by column chromatography (petroleum ether: EtOAc) to
give tert-butyl  3-((6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)piperidine-1-carboxylate.

10 To a solution of tert-butyl 3-((6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)piperidine-1-carboxylate (5mL) was added an excess of
trifluoroacetic acid and the mixture was stirred at rt for 2 h. The mixture was then diluted with
dichloromethane then washed with saturated aqueous sodium bicarbonate solution. The
organic phase was collected, dried (MgSQO4) and then concentrated in vacuo to give N-(1-

15 methyl-1H-pyrazol-4-yl)-1-(piperidin-3-ylmethyl)- 1H-pyrazolo[3,4-d]pyrimidin-6-amine.

To a solution of N-(1-methyl-1H-pyrazol-4-yl)-1-(piperidin-3-ylmethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-amine (40mg, 0.13mmol) and triethylamine (2eq) in dichloromethane (5mL)
was added 2-methoxyacetyl chloride (leq) and the reaction stirred at rt for 30min. The
20  mixture was then diluted with dichloromethane and washed with water. The organic phase
was collected, dried (MgSO4) and concentrated in vacuo. The resultant residue was purified
by prep. HPLC to give the title product. 'H NMR (ds-DMSO, run at 70°C) 3 9.49 (s, 1H), 8.88
(s, 1H), 8.00 (s, 1H), 7.95 (s, 1H), 7.60 (s, 1H), 4.23 (d, 2H), 3.94-3.97 (m, 2H), 3.84 (s, 3H),
3.76-3.79 (m, 1H), 3.19-3.21 (m, 2H), 3.07 (s, 3H), 2.91-2.95 (m, 1H), 2.14-2.17 (m, 1H),
25  1.67-1.74 (m, 2H), 1.25-1.41(m, 2H); LC-MS method B, (ES+) 385.1, RT = 6.21 min.

The following compounds were synthesized by procedures analogous to those described

above:
Structure Name Example LCMS ES+ RT Purity
number | Method (mins) | (%)
ahe
@\/Q/‘ N-(4-(6-((1-methyl-1H-
pyrazol-4-yl)amino)-1H-
pyrazolo|[3,4- 22 C 3554 | 6.02 >85
X d]pyrimidin-1-
° yl)cyclohexyl)acetamide
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4.39 >95 WONMIVISkS3IH / O 550, \ c201126F2NS@BS/EP2011/056158
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23 C 4475 | 6.23 >95

24 C 3664 | 6.16 >95

25 C 3664 | 6.56 >85
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di n- 3- yI)n'ethyI) 1H

oL 2o~
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Name
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Example

number

Llcms -

Method

ES+

I Z-

\fZ

e
(mins)

Purity
(%)

2t

C1HasNs Oy

(3-((6-((1-methyl-1H-
pyrazol-4-yl)amino)-1H-
pyrazolo|[3,4-
d]pyrimidin-1-
yl)methyl)piperidin-1-
yl)(tetrahydro-2H-pyran-
4-yl)methanone

28

425.5

6.59

>05

Txi)

N

O%
/N

C19H27N90

2-(dimethylamino)-1-(3-
((6-((1-methyl-1H-
pyrazol-4-yl)amino)-1H-
pyrazolo|[3,4-
d]pyrimidin-1-
yl)methyl)piperidin-1-
yl)ethanone

29

398.5

4.45

>05

D~

ClsH22N8

N-(1-methyl-1H-pyrazol-
4-yl)-1-(2-(piperidin-3-
yl)ethyl)-1H-
pyrazolo|[3,4-
d]pyrimidin-6-amine

30

327.4

4,51

>90

LD~

Cy7Hp4N50,8

1-((1-
(ethylsulfonyl)piperidin-
3-yl)methyl)-N-(1-
methyl-1H-pyrazol-4-yl)-
1H-pyrazolo[3,4-
d]pyrimidin-6-amine

31

405.5

7.14

>05

L D~

N

043\

o)

C1gH2sNgO,5

1-((1-
(isopropylsulfonyl)piperi
din-3-yl)methyl)-N-(1-
methyl-1H-pyrazol-4-yl)-
1H-pyrazolo[3,4-
d]pyrimidin-6-amine

32

419.5

7.49

>05




N-(1-net hyl- 1H pyrazol -

4-yl)-1-((21-(3- (nethylsul fonyl)propyl)pi
pendi n- 3-yl ) et hyl )-1H pyrazol o[ 3,4- dlpyrimdin-6-amne 62 C 433.5 4.12
>95 WD 2000 1LBMEB162PCT/ EP2011/ 0561587 Struct ure Nane ErampiPeonosiss LCVS

Met hod ES+ RT (mins) Purity (%9 N/1 \l------ NN H N
N i sopropyH—2-—(3—({(6-((1t—rethyl-—tHpyrazol—4—yiamno)riH—pyrazot o34
Structure ame txamplé ils ES+ KT urity
number | Method (mins) | (%)
\N N)\N ~ 1_((1_
" (cyclopropylsulfonyl)pipe
ridin-3-yl)methyl)-N-(1-
N methyl-1H-pyrazol-4-yl)- 33 C 4175 | 7.22 | >95
=\ 1H-pyrazolo[3,4-
° d]pyrimidin-6-amine
‘ahe
\N/IN;\N/Q/“\ N-(1-methyl-1H-pyrazol-
" A-yl)-1-(2-(1-
(methylsulfonyl)piperidin
34 C 405.5 6.94 >95
-3-yl)ethyl)-1H-
N pyrazolo|[3,4-
0//340 d]pyrimidin-6-amine
NN, WS methoxyethyl)piperidin-
3-yl)methyl)-N-(1-
methyl-1H-pyrazol-4-yl)- 35 C 3715 | 4.26 | >90
[ 1H-pyrazolo[3,4-
C\H% d]pyrimidin-6-amine
/ \N =N
(L D
N N N ethyl 3-((6-((1-methyl-
1H-pyrazol-4-yl)amino)-
1H-pyrazolo[3,4- 36 c 3854 | 7.57 | >95
! d]pyrimidin-1-
oé'( yl)methyl)piperidine-1-
; carboxylate
/ﬁ /EN/\N\ N-(1-methyl-1H-pyrazol-
SN A-yl)-1-((1-(2-
(methylthio)ethyl)piperid
37 C 387.5 | 4.51 >90
in-3-yl)methyl)-1H-
/N pyrazolo|[3,4-
C\H% d]pyrimidin-6-amine
N/ \N /N\
mNL/“\ methyl 3-((6-((1-methyl-
"’ 1H-pyrazol-4-yl)amino)-
1H-pyrazolo[3,4- 38 c 3714 | 7.14 | >95
' d]pyrimidin-1-
o% yl)methyl)piperidine-1-
/o carboxylate
C17H22N802




cl]pyrimdin-1- yl)nethyl)piperidin-1- yl)acetam de 63 C 412.5 4.46 >95
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~-Z-\---NN'H N ---111 \ CHZNO N net hy1- 2- (3- ((6- (( 1-

met hy1- 1FWPROHZIGHS34- y1) ami no) - 1H pyPazol o[ 3, 4- d] pyri RCHIER2MH/056158

yl ) et hyl ) pi peridin-1- yl)acetam de 64 C 384.5 4.16 >95 ,----..... -- Nil-
INH-CHNONN-—direthy1-—3-({(6-((1-
“Structure 4 Name * Example LCMS ES RT Purity
number | Method * (mins) | (%)
O PN 2-(4-((1(1-
Y \)\u ~ (methylsulfonyl)piperidin
-3-ylmethyl)-1H- 39 C 4215 | 61 | >90
pyrazolo|[3,4-
4/4 d]pyrimidin-6-yl)amino)-
ot 1H-pyrazol-1-yl)ethanol
4 /J\ /N\N\ N-(1-methyl-1H-pyrazol-
TN N ~ 4-yl)-1-(pyrrolidin-3-
ylmethyl)-1H- 40 C 299.3 3.88 >95
pyrazolo|[3,4-
. NH d]pyrimidin-6-amine
/7
I -
y )\ ~ 3-(3-((6-((1-methyl-1H-
pyrazol-4-yl)amino)-1H-
pyrazolof3,4- 41 C 366.4 | 4.01 | >95
N d]pyrimidin-1-
yl)methyl)piperidin-1-
yl)propanenitrile
/
CgHy3Ng
2
Q@/Q/\\ 1-((1-
§ (ethylsulfonyl)pyrrolidin-
3-yl)methyl)-N-(1-
N methyl-1H-pyrazol-4-yl)- 42 C 3915 | 6.67 | >95
°§\S§o 1H-pyrazolo[3,4-
< d]pyrimidin-6-amine
C16HpoNg 0,8
Zndh
Q@/Q/\\ 1-((1-
i (cyclopropylsulfonyl)pyrr
olidin-3-yl)methyl)-N-(1- 43 C 4035 | 6.92 | >95
" methyl-1H-pyrazol-4-yl)-
°§\s§o 1H-pyrazolo[3,4-
% d]pyrimidin-6-amine
2-fluoroethyl 3-((6-((1-
‘S j‘\ EN/\N\ methyl-1H-pyrazol-4-
N 7Ny yl)amino)-1H-
o pyrazolo|[3,4- 44 C 4034 | 7.34 >95
N/( d]pyrimidin-1-

C1gHa3FNgO;

yl)methyl)piperidine-1-
carboxylate




met hyl- 1H pyrazol -
yl ) met hyl ) pi peri di ne- 1-
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C1gH,6N:05

2-methoxyethyl 3-((6-((1-
methyl-1H-pyrazol-4-
yl)amino)-1H-
pyrazolo|[3,4-
d]pyrimidin-1-
yl)methyl)piperidine-1-
carboxylate

45

415.5

7.09

>05

/ Sy ="
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C1gHz6N50,8

N-(1-methyl-1H-pyrazol-
4-yl)-1-((1-(2-
(methylsulfonyl)ethyl)pip
eridin-3-yl)methyl)-1H-
pyrazolo|[3,4-
d]pyrimidin-6-amine

46

419.5

4.1

>05

IO~

O

Cy7H;9F3NsO

2,2,2-trifluoro-1-(3-((6-
((1-methyl-1H-pyrazol-4-
yl)amino)-1H-
pyrazolo|[3,4-
d]pyrimidin-1-
yl)methyl)piperidin-1-
yl)ethanone

47

409.4

7.97

>05

N-(1-methyl-1H-pyrazol-
4-yl)-1-((1-
(methylsulfonyl)pyrrolidi
n-3-yl)methyl)-1H-
pyrazolo|[3,4-
d]pyrimidin-6-amine

48

377.4

6.29

>05

CieH1oNg

3-(3-((6-((1-methyl-1H-
pyrazol-4-yl)amino)-1H-
pyrazolo|[3,4-
d]pyrimidin-1-
yl)methyl)azetidin-1-
yl)propanenitrile

49

338.4

6.14

>05

A N,

Cy7Has;0

Rac-trans-2-(4-((1-(2-
methylcyclohexyl)-1H-
pyrazolo|[3,4-
d]pyrimidin-6-yl)amino)-
1H-pyrazol-1-yl)ethanol

50

342.4

7.9

>05
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O

C1gHpsNgO

N-ethyl-3-((6-((1-methyl-
1H-pyrazol-4-yl)amino)-
1H-pyrazolo[3,4-
d]pyrimidin-1-
yl)methyl)piperidine-1-
carboxamide

51

384.5

6.52

>05




di fl uoroet hyl)pi peridin-3- yl)methyl)-N(1-nethyl- 1H pyrazol-4-yl)-1H
pyrazol o[ 3,4- dlpyrimdin-6-amne 67 C 377.4 4.39 >95 WO
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number | Method S (mins) | (%)
7 i X /N\N N-cyclopropyl-3-((6-((1-
N\ N)\N ~/ methyl-1H-pyrazol-4-
o yl)amino)-1H-
/( pyrazolo[3,4- 52 C 396.5 | 6.57 | >95
4'“ d]pyrimidin-1-

yl)methyl)piperidine-1-
CogHasNs0 carboxamide

\ N=——
NSNS 3-(3-((6-((1-methyl-1H-

pyrazol-4-yl)amino)-1H-
pyrazolo|[3,4-
Y d]pyrimidin-1-
yl)methyl)pyrrolidin-1-
yl)propanenitrile

53 C 3524 | 411 >95

1

N
Ci7Hz1No

ST 2-(3-((6-((1-methyl-1H-
N )\ ~/ | pyrazol-4-yl)amino)-1H-
pyrazolo[3,4- 54 C 3524 | 6.16 | >95
y d]pyrimidin-1-
/\\\N yl)methyl)piperidin-1-

CuHuN, yl)acetonitrile
N\/i\m“\ EN/\N\ 1-((1-ethylpiperidin-3-
TN NS yl)methyl)-N-(1-methyl-
1H-pyrazol-4-yl)-1H- 55 C 3414 | 4.18 >95
N\ pyrazolo|[3,4-
d]pyrimidin-6-amine

Cy7H4Ng

Van T . 1-(3-((6-((1-(2,2-

@L\)\ difluoroethyl)-1H-

pyrazol-4-yl)amino)-1H-
pyrazolo|[3,4-

\ dlpyrimidind- 56 C 4655 | 7.72 | >95
°¢i yl)methyl)piperidin-1-yl)-
. 3-(methylthio)propan-1-
CogH,F,N;08 O n e
e ols O~ 3622
NN TS difluoroethyl)-1H-
pyrazol-4-yl)amino)-1H-
pyrazolo|[3,4- 57 C 416.4 | 4.53 >95

d]pyrimidin-1-
yl)methyl)piperidin-1-
I

yl)propanenitrile

C1oH 33Ny




pyrazol o[ 3,4- d]pyrimdin-1- yl)nmethyl)pyrrolidin-1- yl)acetam de 68 C
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5 Biology Assavs

Determination of the effect of the compounds according to the invention on JAK

The compounds of the present invention as described in the previous examples were tested in

10 a Kinobeads™ assay as described for ZAP-70 (WO-A 2007/137867). Briefly, test
compounds (at various concentrations) and the affinity matrix with the immobilized
aminopyrido-pyrimidine ligand 24 were added to cell lysate aliquots and allowed to bind to
the proteins in the lysate sample. After the incubation time the beads with captured proteins
were separated from the lysate. Bound proteins were then eluted and the presence of JAK2

15 and JAK3 was detected and quantified using specific antibodies in a dot blot procedure and
the Odyssey infrared detection system. Dose response curves for individual kinases were
generated and ICsy values calculated. Kinobeads™ assays for ZAP-70 (WO-A 2007/137867)
and for kinase selectivity profiling (WO-A 2006/134056) have been previously described.

20  Protocols

Washing of affinity matrix

The affinity matrix was washed two times with 15mL of 1x DP buffer containing 0.2% NP40
(IGEPAL® CA-630, Sigma, #13021) and then resuspended in 1xDP buffer containing 0.2%
NP40 (3% beads slurry).

25  5xDP buffer: 250mM Tris-HCI pH 7.4, 25% Glycerol, 7.5mM MgCl,, 750mM NaCl, 5SmM
NazVOy; filter the SXxDP buffer through a 0.22um filter and store in aliquots at -80°C. The
5xDP buffer is diluted with H,O to 1xDP buffer containing ImM DTT and 25mM NaF.
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Preparation of test compounds

Stock solutions of test compounds were prepared in DMSO. In a 96 well plate 30uL solution
of diluted test compounds at SmM in DMSO were prepared. Starting with this solution a 1:3
5  dilution series (9 steps) was prepared. For control experiments (no test compound) a buffer

containing 2% DMSO was used.

Cell culture and preparation of cell lysates

Molt4 cells (ATCC catalogue number CRL-1582) and Ramos cells (ATCC catalogue number

10 CRL-1596) were grown in 1L Spinner flasks (Integra Biosciences, #182101) in suspension in
RPMI 1640 medium (Invitrogen, #21875-034) supplemented with 10% Fetal Bovine Serum
(Invitrogen) at a density between 0.15 x 10° and 1.2 x 10° cells/mL. Cells were harvested by
centrifugation, washed once with 1 x PBS buffer (Invitrogen, #14190-094) and cell pellets
were frozen in liquid nitrogen and subsequently stored at -80°C. Cells were homogenized in a

15 Potter S homogenizer in lysis buffer: 50mM Tris-HCI, 0.8% NP40, 5% glycerol, 150mM
NaCl, 1.5mM MgCl,, 25 mM NaF, 1mM sodium vanadate, ImM DTT, pH 7.5. One
complete EDTA-free tablet (protease inhibitor cocktail, Roche Diagnostics, 1873580) per
25mL buffer was added. The material was dounced 10 times using a mechanized POTTER S,
transferred to 50mL falcon tubes, incubated for 30 minutes on ice and spun down for 10

20  minutes at 20,000 g at 4°C (10,000 rpm in Sorvall SLA600, precooled). The supernatant was
transferred to an ultracentrifuge (UZ)-polycarbonate tube (Beckmann, 355654) and spun for
Thour at 100.000g at 4°C (33.500 rpm in Ti50.2, precooled). The supernatant was transferred
again to a fresh 50mL falcon tube, the protein concentration was determined by a Bradford
assay (BioRad) and samples containing 50mg of protein per aliquot were prepared. The

25  samples were immediately used for experiments or frozen in liquid nitrogen and stored frozen

at -80°C.

Dilution of cell lysate

Cell lysate (approximately 50mg protein per plate) was thawed in a water bath at room
30  temperature and then stored on ice. To the thawed cell lysate 1xDP 0.8% NP40 buffer
containing protease inhibitors (1 tablet for 25mL buffer; EDTA-free protease inhibitor
cocktail; Roche Diagnostics 1873580) was added in order to reach a final protein

concentration of 10mg/mL total protein. The diluted cell lysate was stored on ice. Mixed
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Molt4/Ramos lysate was prepared by combining one volume of Molt4 lysate and two

volumes of Ramos lysate (ratio 1:2).

Incubation of lysate with test compound and affinity matrix

To a 96 well filter plate (Multiscreen HTS, BV Filter Plates, Millipore #MSBVN1250) were

added per well: 100uL affinity matrix (3% beads slurry), 3uL. of compound solution, and
50uL of diluted lysate. Plates were sealed and incubated for 3 hours in a cold room on a plate
shaker (Heidolph tiramax 1000) at 750rpm. Afterwards the plate was washed 3 times with
230uL washing buffer (1xDP 0.4% NP40). The filter plate was placed on top of a collection
plate (Greiner bio-one, PP-microplate 96 well V-shape, 65120) and the beads were then
cluted with 20uL of sample buffer (100 mM Tris, pH 7.4, 4% SDS, 0.00025% bromophenol
blue, 20% glycerol, 50 mM DTT). The ecluate was frozen quickly at -80°C and stored at
-20°C.

Detection and quantification of eluted kinases

The kinases in the eluates were detected and quantified by spotting on nitrocellulose
membranes and using a first antibody directed against the kinase of interest and a
fluorescently labelled secondary antibody (anti-rabbit IRDye™ antibody 800 (Licor, # 926-
32211). The Odyssey Infrared Imaging system from LI-COR Biosciences (Lincoln,
Nebraska, USA) was operated according to instructions provided by the manufacturer
(Schutz-Geschwendener et al., 2004. Quantitative, two-color Western blot detection with

infrared fluorescence. Published May 2004 by LI-COR Biosciences, www.licor.com).

After spotting of the eluates the nitrocellulose membrane (BioTrace NT; PALL, #BTNT30R)
was first blocked by incubation with Odyssey blocking buffer (LICOR, 927-40000) for 1 hour
at room temperature. Blocked membranes were then incubated for 16 hours at the
temperature shown in table 4 with the first antibody diluted in Odyssey blocking buffer
(LICOR #927-40000). Afterwards the membrane was washed twice for 10 minutes with PBS
buffer containing 0.2% Tween 20 at room temperature. The membrane was then incubated
for 60 minutes at room temperature with the detection antibody (anti-rabbit IRDye™ antibody
800, Licor, # 926-32211) diluted in Odyssey blocking buffer (LICOR #927-40000).
Afterwards the membrane was washed twice for 10 minutes each with 1 x PBS buffer
containing 0.2% Tween 20 at room temperature. Then the membrane was rinsed once with

PBS buffer to remove residual Tween 20. The membrane was kept in PBS buffer at 4°C and
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then scanned with the Odyssey instrument. Fluorescence signals were recorded and analysed

according to the instructions of the manufacturer.

Table 5: Sources and dilutions of antibodies

5

Target kinase | Primary antibody Temp of Primary | Secondary antibody
(dilution) incubation (dilution)

Jak2 Cell signaling #3230 | Room Licor anti-rabbit 800
(1:100) temperature (1:15000)

Jak3 Cell signaling #3775 | 4°C Licor anti-rabbit 800
(1:100) (1:5000)

Results

10 Table 6: Inhibition values (ICso in uM) as determined in the Kinobeads™ assay (Activity
level: A<0.1uM<B<1uM <C<10uM <D).

Example JAK2 JAK3
IC50 (uM) IC50 (uM)
1 C A
2 C B
3 C B
4 C A
5 C B
6 C A
7 C A
8 D B
9 D B
10 D C
11 C B
12 D C
13 D B
14 D B
15 C B
16 C A
17 D B
18 D B
19 C A
20 C A
21 D A
C B

N
(\e]
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Patent Claims

1. A compound of formula (I)

@

or a pharmaceutically acceptable salt, prodrug or metabolite thereof, wherein

10 R' is H; C(O)OR’; C(O)R?; C(ON(R'R*); S(0):N(R’R™); S(O)N(R’R*™); S(O).R’;
S(O)R3; Tl; Ci6 alkyl; C,¢ alkenyl; or C,6 alkynyl, wherein C,5 alkyl; C,6 alkenyl;
and Cp alkynyl are optionally substituted with one or more R*, which are the same or

different;

15 R R'™ are independently selected from the group consisting of H; halogen, CN,
OR'®; C, alkyl; wherein Ci¢ alkyl; is optionally substituted with one or more

halogen, which are the same or different;

R'® is H or Ci alkyl; wherein C, alkyl; is optionally substituted with one or more

20 halogen, which are the same or different;

R’, R* are independently selected from the group consisting of H; T'; Ci alkyl; Cy
alkenyl; and C,s alkynyl, wherein C;¢ alkyl; C,s alkenyl; and C,s alkynyl are
optionally substituted with one or more R*, which are the same or different;

25
R* is halogen; CN; C(O)OR’; OR’; C(O)R’; C(ON(R’R™); S(O)N(R’R>);
S(ONR’R™); S(0):R’; S(O)R’; N(R)S(OLN(R™R™); N(R*)S(O)N(RR™); SR’;
NRR™); NOz; OCOR’; NRER)ICOR™, NER)IS(O)R™;, N(R’S(OR™;
N(R)C(O)N(R™R™); N(R*)C(0)OR™; OC(O)N(R’R™); or T';

30



60 CB61 CAB2 CAB3IDB64 CAB5 CAGBE6SCAB7T CAB8B8DB W
2011/ 13483168PCT/ EP2011/ 056158 Patent Clains 1. A conpound of fornula (1) 5
WO 2011/134831 69 PCT/EP2011/056158

R’, R®, R are independently selected from the group consisting of H; T'; Cy. alkyl;
Cy6 alkenyl; and C, alkynyl, wherein C; alkyl; C, alkenyl; and C,¢ alkynyl are

optionally substituted with one or more halogen, which are the same or different;

5 R’ is T%; or Cy alkyl, wherein C . alkyl is optionally substituted with one or more R®,

which are the same or different;

R® is T% halogen; CN; C(O)OR’; OR’; C(O)R’; C(ON(R'R™); S(O),N(R'R™);
S(ONR'R™); S(0):R"; S(O)R”; N(R")S(0)2N(R™R™); N(R)S(ON(R™R™); SR’;

10 NR'R™); NO;; OCOR’; NRHCOR™;, NRHS(O)R™;, NRHS(OR™;
N(RNC(ON(R™R™); N(R")C(0)OR™; or OC(O)N(R'R");

R’, R™ R are independently selected from the group consisting of H; T or C4
alkyl, wherein C)_ alkyl is optionally substituted with one or more R®, which are the

15 same or different;

T' is Cs35 cycloalkyl; or 4 to 7 membered heterocyclyl, wherein T' is optionally

substituted with one or more R*, which are the same or different;
20 R is Ci alkyl or halogen;
T is Cis cycloalkyl; 4 to 7 membered saturated heterocyclyl; 1,2,3,4-

tetrahydroquinoline 1,2,3,4-tetrahydroisoquinoline or indoline, wherein T is

optionally substituted with one or more R®, which are the same or different;

25
R’ is halogen; CN; C(O)OR'; OR'; oxo (=0); C(O)R'; C(ONR'R'™;
S(O)N(R'"R'™); S(ONR'R'™); S(0)R'; SOR'; NR'")S(0),NR'*R'®);
NR'DYS(ONR'™R'P®);  SR'; NR'R'™);, NO, OCO)R'Y; NR')CO)R'";
NR'DS(0)R'™;  NR'H)SOR'™;,  NR'DYCONR'™R'™),  NR'HC(O)OR';

30 OC(O)N(R'R'™); T%; C,4 alkyl, wherein C;_4 alkyl is optionally substituted with one

or more R, which are the same or different;



or a pharmaceutically acceptable salt, prodrug or netabolite thereof,
wherein 10R is H C(0)0R3; C(0)RS; 0(70)N(R3R3a); S(0) 2N( R3R3a) ;
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same or difflerien€;s SREloalsylT2nhenyl; Gir 6 2] IZymemhmdehQ’ieI@py lal\’ki;elrelnsT is

opti onal | su stl e or are the.
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N( R7) S( 0) N( R7aR7 %2 R? 10N(R7R7a) : NO2; OC(0)R7: N R7) C(0) R7a;

N( R7) S( 0) 2RRa:; N? R 'Sew) RapeneRty) @tlmtmt KpaRYS) grweF@P}l@é@}@Rt&I e Cia

)N( R7R7 ol 0 roup
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G _6 al kyl ¢n4
het er ocycl yl; 1%?1%9%& tcgr(gﬁydr oqw ﬁ{y??t\gﬁél%lﬁlg é&’lkgt ra(ﬁj%ﬁﬁlg]g’s%%%o I ne or
i ndo |ine, \m‘élrcmemrﬁbrehaloga:n @«ﬂna?dlieyeﬁwtmtnetantdefdermtth one or nore R9, which
arg the sane or different; 25 R9 is halogen; CN, C(0)OR1l; ORl; oxo (=0);

9R1 C(0) N(R1R1la); S(0)2N(R1Ri Ca); S(0)N(R1R1a); S(0)2R10; S(0)R10;
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al kyl, wherein Cl_4 alkyl is optionally substituted with one or nore R',
whi ch are the sanme or different;

2. A compound of claim 1, wherein R' is Cy alkyl, wherein C, alkyl is optionally
25 substituted with one or more halogen, which are the same or different.

3. A compound of claim 1 or 2, wherein R, R are H.

4. A compound of any of claims 1 to 3, wherein R? is T?; or C1 alkyl substituted with at
30 least 1 RC.

5. A compound of any of claims 1 to 4, wherein R? is T% CH,-T% CH(CH3)-T2;
CH(CH,CH3)-T%; C(CHs),-T*; CH(CH,CH(CH:),)-T%; or CH,CH,T>.
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N-(1-(2,2-difluoroethyl)-1H-pyrazol-4-yl)-1-((1-(methylsulfonyl)piperidin-3-
yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-6-amine;

25 N-(1-methyl-1H-pyrazol-4-yl)-1-(piperidin-3-ylmethyl)-1H-pyrazolo[ 3,4-d]pyrimidin-
6-aming;
N-(1-methyl-1H-pyrazol-4-yl)-1-((1-methylpiperidin-3-yl)methyl)-1H-pyrazolo[ 3,4-
d]pyrimidin-6-amine;
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30 d]pyrimidin-6-amine;
I-cyclohexyl-N-(1-methyl-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-amine;
N-(1-methyl-1H-pyrazol-4-yl)-1-(tetrahydro-2H-pyran-4-yl)-1H-pyrazolo[3,4-

d]pyrimidin-6-amine;
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conposi tion conprising a conpound or a pharnaceutically acceptable salt
t her eof of abyetydipieridinbybhecateyetléier wi th a pharmaceutical |y 20acceptabl e

carrier, optiopally.in cophbinati i,th on r _nore oth har uti cal
conposi ti On;1j@q-ﬁéhyélgeg%gg%@%e&hyiﬂ%r- @Xﬁiﬁapa’nfﬁzﬁﬁéb‘/i)éﬁ" agogofig’tﬁ'thereof
of any cl ai @Bpytinki@inl@ah@ic; use as a nedi canent. 25 13. A conpound or a
pharmaceutically acceptable salt thereof of any clainms 1 to 10 for use in a

nehod of trle(ét'(Pré(ldlz,zpﬁiiﬂ%ﬁ??ﬁhﬁa'HT'@V@@&%YB?mmOQﬂWWE@%@é'a]E ed Wt P JAK.
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a transplant_rejection or a (aft-versus host disease. WO

2011/ 134831 fémemigmobyDmstybemeiidin- ky hpioRarenttsie:t r eat i ng, control | i ng,

del ayi ng or oy eyeaf ] ) HBBREhI 32 REh{ BN -(1-h q L PRhAAT-PRgpor nore
condi tions se(egfegk@g%ﬁpﬁgﬁgr@%%p 32%1%5?5%’?2{:1(0f egiglzeaslgf %ﬁd % sorders
as$0ci at ed \piytazo WEK4-digyemeidm-¢-hmimet hod conprises the adm nistration to

sai d patien ut.i.cal | ffective unt of conpound according to

any of 5cl aitl n@ (igf(ga(?gé)lﬂuﬁmﬁﬁliﬁrgﬁBW@af%m%@g&gw Zr@%djtﬂt her eof .
d]pyrimidin-1-yl)methyl)piperidin-1-yl)-3-(methylsulfonyl)propan-1-one;
2-(3-((6-((1-(2,2-difluoroethyl)-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)piperidin-1-yl)acetonitrile;



16. A method for the preparation of a conpound of any of clains 1 to 10
conprising the step of 10reacting a corrpound of formula (11) -1 a/h
wher ei n RO 2611RBE83Mave t he neani ng as’f?ndicated in any @®CTEHPaII®S@SE0 10,
with a conmpound of formula R2-X, wherein R2 has the neaning as indicated in

f clai d
ot ormil a OHf o atieBid - B ri g3 G e BBt - any of
clains 1 tongglqu,mp[p{%ymotdpgﬁ(qu@ﬂ‘dlﬂ saalihddg a conpound of formula (111)
ff.----- NN ((ITT)y \NC wherein R2 has the meani ng as

i ndi cated i élngrleﬁryl éHaﬁ’WOi 4ryd)-16(1-(d- (metbyleldqu@n@pﬁi)pwslfl@mrﬁal a(lV) Rb
\\,---N\ N-ﬁgh yﬁsni:lr?glmggogz‘d—@lﬁdﬂwaﬁmé a, wherein Rl, KR b

have the nmea any o Ifis 1 to 10 to yield a conmpound
of formula (N- )sopropyl—2 (3-((6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-

d]pyrimidin-1-yl)methyl)piperidin-1-yl)acetamide;
N-methyl-2-(3-((6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-d]pyrimidin-
1-y)methyl)piperidin-1-yl)acetamide;
N,N-dimethyl-3-((6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-

10 d]pyrimidin-1-yl)methyl)piperidine-1-carboxamide;
2-(3-((6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)piperidin-1-yl)ethanol;
1-((1-(2,2-difluoroethyl)piperidin-3-yl)methyl)-N-(1-methyl-1H-pyrazol-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-amine; and

15 N-isopropyl-2-(3-((6-((1-methyl-1H-pyrazol-4-yl)amino)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)pyrrolidin-1-yl)acetamide.

11. A pharmaceutical composition comprising a compound or a pharmaceutically
acceptable salt thereof of any claims 1 to 10 together with a pharmaceutically
20 acceptable carrier, optionally in combination with one or more other pharmaceutical

compositions.

12. A compound or a pharmaceutically acceptable salt thercof of any claims 1 to 10 for

use as a medicament.

25
13. A compound or a pharmaceutically acceptable salt thercof of any claims 1 to 10 for
use in a method of treating or preventing a disease or disorder associated with JAK.
14. A compound or a pharmaceutically acceptable salt thereof of any of claims 1 to 10 for
30 use in a method of treating or preventing an immunological, inflammatory,

autoimmune, or allergic disorder or disease of a transplant rejection or a Graft-versus

host disease.
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15.

16.

17.
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A method for treating, controlling, delaying or preventing in a mammalian patient in
need thereof one or more conditions selected from the group consisting of diseases and
disorders associated with JAK, wherein the method comprises the administration to
said patient a therapeutically effective amount of a compound according to any of

claims 1 to 10 or a pharmaceutically acceptable salt thereof.

A method for the preparation of a compound of any of claims 1 to 10 comprising the

step of

reacting a compound of formula (II)

\ /N
N / | | \ 1
\ N—R (ID
N P =
H

R1a
wherein R', R, R'® have the meaning as indicated in any of claims 1 to 10,
with a compound of formula R*-X, wherein R? has the meaning as indicated in
any of claims 1 to 10 and X is a suitable leaving group to yield a compound of

formula (I).

A method for the preparation of a compound of any of claims 1 to 10 comprising the

step of

reacting a compound of formula (III)

(1)

2

wherein R” has the meaning as indicated in any of claims 1 to 10, with a compound of

formula (IV)
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wherein R', R, R'® have the meaning as indicated in any of claims 1 to 10 to yield a

compound of formula (I).



