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I NHI BI TORS OF TGFP Rel at ed Applications [OOOlh TEE%

ication clainms priority to U S PrOV|S|onI gﬂﬂ?
“%88 f’@é’h %on No. 60/409, 870, filed Septenber PCH/USADHBR28590
Field of the Invention [0002] The invention relates to
met hods of treating various disorders associated with
enhanced activity of transform ng gromh factor beta
(TGFI13). Mre specifically, it concerns derivatives
of pyrimdine and tri grggridRs oprgpseful in these
nmet hods. Background Art [0003]. Transtorm ng growh
factor-beta (TG-fi) denotes a superfam |y of proteins
t hat |ncI udes, for exanple, TGF[31, TG-(32, and

sare pleiotropi c nodul ators of cell

gr fM? opnentpglllcé{l(ﬁcg{% ?rﬁ(i gynt’o 58 ern%l%x}alng tent E.pphcauon No.
ﬁ@ﬁ%&?@oﬁleﬁ@lembmﬂ@n@%nd i nfl amTatory responses
(Roberts and Sporn Handbook of Experi nent al
PRAariraeahReion( 1990) 95:419-58; Massague, et al., Ann.
Rev. Cell. Biol. (1990) 6:597-646). O her nenbers of
t hi9802J  Fhsripvention relatse foupRshads pf Wearing Varibussliserdepomeciated with
BRMaRREG&
SOERADANSof SR 80 A BLAOET YL Dy oo
fisftvatives Pf Ryrigviding agd siazing thabarhwaefid inl thesd mgmas timately to
the expression of genes that regulate the «cell cycle,
-Bedkkroahd prrol i ferative responses, or relate to

ex r& lular matrix proteins that nediate outside-in -
OP i J&?‘T%ﬁf?’ﬁ‘g”g exqxrth fagterrbetp GHGFRhdetosasia svpesfamily of proteins that

. inatuedrspe,lr Exabiple, mmumcp@z bRITGERD Mtich IJ%ep'ié?Jn% ﬁ":’modula ors of cell
|nh|b|tou,F of the TGFP intracel l'ul ar si‘gnal I ng pat hway

grwth andgd efe“t'?‘@at%ﬁlf%"’raa? benetersingient exteaed!iptar matrix formation,
HémspapRsis, iBMAcd du Griflahynatdry RERAER |(R$b%&§l£dd\5%om}$a%at§>%ﬁ of

ncl.ude i dney di a soci ated wi th unregul at ed
MM%(E%E&?% % Mep8iesetiah oA Rerg Cell. Biol. (1990)

g1591re4&;| Oﬂle:phémﬂek@f(lﬁ\%perﬁdﬂlﬁﬂ iASud@RERNY liribin, bone m d)hogemc

Br ol i fe “ GELb mT‘H) and crescentic
- PaIFYy @ a ef 'F“b [URE FYpsengs: Jﬁéme@bnébﬂ%ﬁ%fm&m'lwerntaqte
mn’a@ﬂlslat i.gralmgfpabmgsg I8adirgQil@hatély wtﬁ%@résnon &ffg%me%mla@.%twulate the
E nt S I cell g cl osporin, and H V-associ at ed
Foi?a‘{ JrotEs %65'??“@"-35%? 3p to edffré%?}'wérrrgamn Blofgéns that mediate
pmnger masil w@ﬁygtcamdnegml Rig@Stioh anPMleyYddU@S bmPaunication,
eosi nophilic fascitis,

sc d at 0 sll;jé

t"ﬁ@]ﬁ ?heg%"{f b el 4o ke g igneina mineanee sfeh
%}maluﬂfosﬁ&ymdlﬁ&ﬁ&vc dideiseg $pebllf‘@dil95ﬁtfr@&bll|lftﬂaﬁ@ dideB include
gﬁ aeTGFSa *\‘/&%ﬁﬂll Jj(g]_e adult respiratory

gfiyr é5§’§ °'S§§FH&'F‘8 it atq Fﬁﬂcﬂylg' a5 F%%\p}ﬂbroms including
glbinemRinSphn&ﬂ(ﬁN)niueli sdrhésbré’élal proiifRARE BN indh@RicN Qfﬁ &Bscbntic GN.

l ! (_I‘H LITL] LTH T <1~

O her renal condmons mclu e diabetic nephropathy, renal interstitial fibrosis, renal fibrosis in
transplant patients receiving cyclosporin, and HIV-associated nephropathy. - Collagen vascular
disorders include progressive systemic sclerosis, polymyositis, scleroderma, dermatomyositis,
eosinophilic fascitis, morphea, or those associated with the occurrence of Raynaud’s syndrome.
Lung fibroses resulting from excessive TGFp activity include adult respiratory distress

syndrome, COPD, idiopathic pulmonary fibrosis, and interstitial pulrno_nary fibrosis often
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*000002 6 MAR 2007 associated w th autoi mmune,

di sorders, such as system c | upus erythenatosu!sdﬁﬁ 07

scl eroderma, chem cal contact, or allergies. Another

aut oi mune di sorder associated wth fibroproliferative

characteristics is rheumatoid arthritis. [0005]
associatddowidpaundimhematdisvelespsudh bs gRemialptreerabsaatbalkedd vdlérbderma,

chemlcFlgciq%ﬁgaloF gi‘/ﬁrglgsg ﬁfﬁﬁ)ﬁl}err SE}P@%'EPQ&%@&%E g%g{ %tgd Iwrﬂtg fi llJ.)roprollferatlve

charactl@ﬁﬁlclsﬁsﬁhalrha\t&d‘dhhlﬁt@sor etinopathy, cataract extraction
i ntraocul ar lens inplantation, and post gl aucona

IOOQﬁJ ai Fﬁ%r@%rogt?f@w §ondiiraein bassecngsotitkisirgralepgprocedures. Such
procedlifdY fi2fud@ Fbtim@lrr@étﬁcl%ﬁﬁlt g@&ér’f/%& Yﬁpﬁnﬂﬁ he g%‘i iRl nﬁtre%?etmopathy,
triazine. PCT publication 1 describ
catarachxtiagiier with mtrdoqulgrdens meplemm n@r!spCtSh@laucmr@ drinhﬁgbusmrr@/
[006&;‘ kl*h@%% 80&‘}1%% 8% ﬂdhg nﬁ%rﬁtio%sﬁa%gé rg%rggg q dattlnes cﬁ?ggpﬁ’%% or trnflzme PCT
publicapibon wa)m/omzm [defcabext pyvimiding andjteamdasmdubmfthhtarcemhlbntﬁﬂs @f kinase
. ...above. tioned P ublic n descri t he se of
it By DN (o 1 B 8 Py B SReERic B redhgent o
ﬁbroprbhﬁefaamis@ﬂyrs dAeReEBESheddin CTHd sbome rrﬁhlﬂi(ﬁiemfl“@udh&aaﬁ ééscribes the
Furt her e co 5pds descri S%H%iffer fromth

use of (he e payiags ASHETA CBY LTS AP EsRecls AL certain
autoimhRfd His&e 0 Fukther, W'&brﬂ?&lnﬂ@ dQkribdd BFrTRMINGEEAS:rIRAPEGin by
ot her distinctions he conpounds disclosed in this
virtue ¢fihg SuOsHthéms desufred op ﬁmpua@lqsmrewnamlem REONE 9th9bdlstmctlons
I
the cort AR P [ FRESbEE LE oM AT bOBMY sl ol rimicine
or triazamedtingonpounds useful in treating conditions that are
characterized by TGF(3 activity. These conditions are,
chbﬁP@&f@éﬂﬁbﬂﬁﬂtly’ fibroproliferative diseases. [0008]
The compounds of the invention have been found to
[000%] hi ThetinVeaHen igditectedtotnrilody sed mmpqunC_iSt ysefl inrpating ecandéons that
e cndTl A BEB LS A5L TSRl b T Rl S B
diseaseé. \ N (1) /\ RB N&R)n or a pharmaceuti cally

acceptabl e salts thereof; wherein 2 0 6 MAR 2007
[0008] The compounds of the invention have been found to inhibit TGFp and are thus useful in

treating diseases mediated by the activity of this family of factors. The compounds of the invention

are of the formula
1|\r
/L
77 N

j
=
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i (}av),,

or a pharmaceutically acceptable salts thereof; wherein
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Ar represents an optionally substituted 2-, 3- or

4-pyridyl, indolyl, 2- or 4-pyrimdyl, pyridazinyl, :
benzotri-azol or benzimdazolyl, with a proviso that 06 MAR 2007
optionally substituted Ar is not N NR51 a YH

wherein R5 is H, alkyl (1-6C), alkenyl (2-6C), alkynyl

(2-6C), an aromatic or heteroaromatic noiety

c Amt@imieﬁtg ad eﬁribna]ily}glbmﬁntaé 2§ ;3- % 4-pyidR1,, indiiyl - dr'4-pysintitlyl,

., al 1- Iken 8C), or alkynyl (2-80C; Z
py”daF‘é‘EﬂYg?%ﬂ friazel erézé’B a%)(%lleS and R4 is independently H,
alkestla, pr@JléﬂtﬁtﬂM'optlarhd{ly@Wstmﬁ&VAn isabtyl , al kylaryl, aroyl,
Oaryl, Oalkylaryl, Oaroyl, NR aryI NR- al kyI aryl ,
NR-aroyI or the hetero f ©f any of the
foregoing, halo, OR NR2| SR |t SOR -NRSOR, -NRSO2R,
- S02R, -000R, - NRCOR , - OCONR2,
- COOR, - SMBR, - CONR2, 7 -CF3, or -NO2,
wherein each Ris in ependentlyH—I or aI kyI (1- IOC);

wherein any al k%(l al kenyl al kynyl , or ary
givBerss R onthpikl(176¢) reket 20(7C)Féllk¥i°d§/(2 firaftrﬁrr@ﬁ@oweteroaromatnc

&L sr9H 2 HE n%qs/ or optionally be further
mmety ngatdlﬁt% 3 g i s independentl|y-al kyl, al kenyl,

aNoyNJﬂ*orécyl aryl al kyl aryl, aroyl, Oaryl,

ofC iR b %8% Bsp oLy N oyt

OR repiB2ntsSR*; - - NRS(R - NRSO2R, -SO2R, -0008,

BN @gﬁﬁ%%me%%w TR 4 Tty AR, aroy

O- aryll 6) am)dapﬁ o rotl, NRHarSJT MROMRyla@l al(ogll' 63he hvdRI foints GMayly of the

foregef. elordgly. SBHSE: bt R Fat r Saa B B RC oy NRCONR,

-NRCODRI, Qﬂ@bNRz,b-@dOK LHOIR, SUOSIR, - BOAIR,, 80N, TH, SorOND,, wherein each R is
referred enbodi nents, Ar represents an -

. [0009] In pr
indepeggentyitarr §<¥libd0but ed aromatic or optionally

Sulsteid dHyatkynaliRh QARIRBA i ey IRl ¥rdupHiE dtdhidadn R® End/b® may
menbers wherei n said heteroarorafi c noi ety contains

contaip9ge of megghgtepgatasps grd/or gptignaldy ke/furthqr sgbytituted;keny|

v\%%c?lgiiznls ?ﬁdeﬂlsr‘ﬁ%ﬂﬁ&-aﬁ%l, %@enyl? Elkygyl,r fo‘g’i ,%?ﬁmlﬁylmﬂ,rargﬁﬁb-aryl,
- O-alkylaryl, O-aroyl, NR-aryl, NR-alkylaryl, NR-aroyl, or the hetero forms of any of the
foregoing, halo, OR, NR;, SR, -SOR, -NRSOR, -NRSO;R, -SO;R, -OCOR, -NRCOR,
-NRCONR;, -NRCOOR, -OCONR;,, -COOR, -SO;R, -CONR;, -SO,NR;, -CN, -CF;, or -NO,,

wherein each R is independently H or lower alkyl (1-4C), wherein any alkyl, alkenyl, alkynyl,
acyl or aryl groups contained in R? may contain one or more heteroatoms and/or may |
optionally be further substituted; and
nis 0-5.

[0009] In preferred embodiments, Ar represents an optionally substituted aromatic or optionally
substitﬁted heteroaromatic moiety containing 5-9 ring members wherein said heteroaromatic moiety
contains one or more N; or

R'is H, alkyl (1-8C), alkenyl (2-8C), or alkynyl (2-8C); or

Z represents N or CR*; wherein



306 MAR 2007 R4 is H alkyl (1-10C), alkenyl
(2-10C), or alkynyl (2-10C, acyl (1-100, aryl,

al kylaryl, aroyl, Oaryl, Oalkylaryl, O aroyl,
NR-aryl, NR-al kylaryl, NR-aroyl, or the hetero forns
of any of the foregoing, halo, OR NR2, SR -SOR
-NRSOR, - NRSO2R, -S02R, -000R, -NRCOR, -NRCONRZ2,

- &Rgnqﬂlkyl CCONER a}fe]@@_m;l OG)SﬁBﬂ;:ynyC_CZ\lRKJ), acgo(z:\!lm),HarQ[\hlkylaryl,
- or. - , I N 1S 1 epe e r
aroy, ey PAIHBISR Qi A R kb R RS h £ s ks B of any of
the foREoindi Halo, IRKWR,, SRCRORS -NHEGR, m@ntiswnliocdxe -NRCOR
substituted. Prefer ab@&@% is_H, _alkyl 0

B R R AN E L WS S
wheref eaa?’ RIS 1rﬁ{l@1§énﬂgrgly' Hof ﬂ@yl%mcg@ﬂn%qo GheRfoaail contamm§ form of. said

preferred forns are simlar I ndependent

alkyl, esdbadivéch rory erdiohalobe Sﬁbﬁtﬁde%eRTd@fﬂbl}yR askiyhlkyll(lslc‘lﬁ) OR SR or
acyl (1-8C, aryl,
NR; We E‘?{grli/f{%&&kr 1%83%%’1%6 ;85?%} iylaryl A oyl

NRS & deffinedVR-th tayrieanariner FR‘andyteferced fornes ahetimiler, bR s 6

de % 5,007 2001/ 024159 PCT/ US2003/ 028590
indepSHgHl TIELHT ¥or ms of any of the foregoing, halo, OR,

NB2:h 1SRs mdé‘;ﬂidentNRS@R(I 8RS (2-BRSARKRRY] (2-889,2By1 (1-8C), aryl,

alkylai%/l, @g&g%lalgy%}ar&l;@?ﬁ;%gmg N_BTgaxr:gq\IEé:the hetero

wherein each R is independently H or |ower alkyl
(1-4C). Preferably R2 is halo, alkyl (1-6C), OR SR or
NR2 wherein Ris Hor lower alkyl (1-4C), nore
preferably halo; or nis 0-3. [00101 The opti onal
substituents on the aromatic or heteroaromatic noiety
represented by Ar include alkyl (1-10C), alkenyl
(2-100), al kynyl (2-10C), acyl (1-100), aryl,

al kylaryl, aroyl, Oaryl, 0-alkylaryl, 0-aroyl,
NR-aryl, NR-al kylaryl, NR-aroyl, or the hetero forns
of any of the foregoing, halo, OR NR2, SR -SOR
-NRSOR, -NRSO2R, -S02R, -000R, -NRCOR, -NRCONRZ2,

- NRCOOR, -OCONR2, -COOR, -SO03R, -CONR2, -S02NR2, -CN,
-CF3, and/or NO2, wherein each Ris independently H
or lower alkyl (1-4C). Preferred substituents include
al kyl, OR, NR2, O al kylaryl and NH al kylaryl.. [0011]
In general, any al kyl, al kenyl, al kynyl, acyl, or aryl
group contained in a substituent my itself
optionally be substituted by additional substituents.
The nature of these substituents is simlar to those
recited with regard to the primary substituents

t hensel ves. [0012] The invention is also directed to
phar maceuti cal conpositions containing one or

06 MAR 2007
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nore conpounds of fornula (1) or their _
pharmaceutically acceptable salts or prodrug fog®gsmaR 2007
~_thereof, as active ingredients and to nethods of
WPr’é‘é‘t’qzﬂgﬂfl broproliferative conditions usi ngPEHESW3/028590
conpounds and conpositions. Mdes of Carrying Qut the
- Invention [0013] The conpounds of fornmula (1) are
zu%’é?oﬁﬁ““q n treating conditions which are characterized
( t |
by ShAS Y gEafl I Or. RO e R0, S0k GOl A,
§@uﬂ h@§0§ r@S(éRL MRCZ’Q%CINBSQN%I-NRGQ@H SOQE@TéBenQ?OOR -SOsR,

t
PRRALCSINKIPURN oo B Sildreh R | AhRRaPRE bfhobr alky

@M@el’nfem’oly Wneh:écp,mlkTGI%G)e@&p?clbwlehrV@ewpﬂé@dﬂ att lewergalkyl
\mﬁe tein shows enhanced binding to

gc )SA'%FL%%? g:tgill f)ar matrix i n the location of the

di sease0-3Thus, in either case, "enhanced activity"

r el

Tg&@hﬁ s+hl,?n g %’na?%@ﬁit&eﬁg%ﬁm rrgllngallrc Fgeste?g%%g% I%\{'n%?gg?egpesented by Ar
inCIDdetdikyhgl - mdalkmyleﬁznpm TRFOy (2 10@f ayk(1£16C), keyl, alkylaryl, aroyl,

UL L, D, SO BSOS i B o

foexgaime, Haip @R, NR2, SRe-SOR;, -NBS@R AR SOEi-H0R, -GOOR, -NRCOR,

TR R B0R, BN A0 G NG SR Gt g anor
W/wuswmaaﬁgabpemmmwommyl -48). Prederetdsdbstituetth aclude
gqubﬁ %‘E{’ Ov\m( r)(] angngﬂp&gMgps of the invention are

B ayrre

revent. The Invention
CO[M)DIJ nbieepGALE alkiik alkempalkyds!, arsk budryligmouplrentainedsin kisastituent
%et?fgl ylggall%sfg’su tmﬁ%{c[ l!)y ?d% t%%algubgﬁtgencsor | ggatgrﬁ:d)f%)egelt srlllgstituents

tshemBar toahdswecpgtwh seard @fthe pymantisiehistitaenty therg@heqf aI a :

@Pﬂdd*rﬁ‘eem #nﬁln?{éﬁlsb u&'[e% %Eeﬁﬂace@ﬁ %h:%ﬁrgghl]i({nls @&hﬁ%n%one or
nucl eds | s In the scope o I nventlon as.
mioteursmpatrald obhotaa ( lngrrthhephalmmpeutmal@r foegpiably salts or prodrug forms
E-HF%%F 'ag 54:%% tholWH¥nts Qtldstg np,?nohy ljbtPth?r% ﬁb[‘o%golr@ratﬁ% cgrﬁﬁtfjons using these

nén-i1 nterfering

smbmundmmcommsmhnd eaves the abi I i ty of the conpound
of formula (1) to inhibit TGF(3 activity qualitatively
MYJBCSFCatiisg Oul M€ Inveitidat i tuent may al ter the degree of
Inhibrtion, but as Tong as the conmpound of fornula (1)
r e108i13)s The ¢repepads of fpripwa (aresefulrintreaing genditiong which are

§Nab§:rtérizé’cﬁw ovdhabiivil 8 $GAE. SCBﬁcﬁl%nélscharQQ&demBﬁéﬁh@ﬁdeﬁ‘ FGFEB activity”
[0017] used herein, the term"al al kenyl " and

ingfudsy ste whesein TEEP stnthesig prstipmlated so thbﬂﬁf&nwﬁa@namnmepd amount

smhértem OB VAL PotchiiD ShdebivIN StivAQYr 8BRS 19 Ride FEHB protein or
when are
wherein TGI¥B receptors are upregulated or wherem the TGFp protein shows enhanced binding

to cells or extraceliular matrix in the location of the disease. Thus, in either case, “enhanced
activity” refers to any condition wherein the effectiveness of T.GP:B is undesirably high,
regardless of the cause.

| [0014] As used herein, “TGF’ refers to the superfamily which includes TGFB1, TGFB2,
and TGFp3 as well as other members of the family known or which became known in the art

such as inhibin, bone morphogenic protein, and the like. One or more of these family members



unsubstituted. Exanples include nethyl, ethyl,
- isobutyl, cycl ohexyl, cyclopentylethyl, 2-pr qpelwa 2[]07

4, and the like. Typically, the al kyl, al kenyl
“%%HI/‘YZW substituents contain 1-1 OC (al FZ(}T’)US%’WXZS’”

-~ 2-10C (aI kenyl or alkynyl).. Preferably they contain
' '-2],;’,@%2;4@(1 kyl). or 2-6C (al kenyl . or. al kynyl). [0018]
Het er oal kyl , het eroal kenyl and heteroal kynyl are

Raybd cdavhigd ﬁh&ﬁd ¢vaditionstwhihythe SoRPb@dS ofthd uQent%n ere d®igned to
eroatons or conbinations ther eof wi thin

%%3@8%%%PF%§Vdue [0019] As used herein, acyl
enconpasses the definitions of alkyl, alkenyl

al kyq~¥|| lnv@rﬂ%n%‘%ﬁmﬁ&@@?yl i ncludes the rel ated

whi ch are coupled to an
adgi)l;Sﬂ (5ﬁalcompmmdmsefut in Itf&ug\hnmnca’m’ &h@ﬂvytivegbﬂiyﬁmldlmg@ﬁazmc
cr?%glr@ a%dat Flgs}ltuant%at é)oél ﬁloné c%ﬁsg%/rqurng t(gtlhneﬁ %Péi 4[5}?&19’?5 of

pylrlrrndipﬁhtlhgdtrxeraf Iaeatyemahmmmtusoé prefesed, bfoRpIS trfagine nucleus is also
rl ng St ens cont ai ni ng
A AT AR L T

dlsedieunriwind.of a het eroatom pernits inclusion of
red rin

g s. .Thus,
£ FABD AR AR 02 B Blebre i oot R S i i i eives the
3bility offthe copypoind Qf}fd’"““"’m tab johibit TG ERI aﬁﬂlﬁ@mhlﬁhtwely intact. Thus, the

Lyl, b t hi I =
%gﬁ‘g%%’{l rb%ﬁ a?tlelyth% %égre%%rlnng Lﬁ(’)?,[bug%;}gr}ogc#/ )lll're core}{g)ﬁlllongi%?lcf,ouly (f) retains
- thxawiay yd mmbmmaa acttwlity,almjsubdmmehuhdﬁe be Bawastﬁutn&%ﬁ@
t hal i

ar e cal.l ossi pl g, «a
c dﬁo 1t7E eé)se gédahre(r)eﬁ%%(hegerm ralE‘y E W' n?'lﬂ'on@‘&@gt I"P'H@ee'iﬁ‘a'éhk‘;hf“"
mhcphthlamlanm)«the menkyalettsuliseithets, komYiniAk On P I HEWKeR %ey are

R e T e I R

@R’Q%‘ZOQ@YM@.\/U}!HQW like. "ﬁmdaﬂyntlvdﬁillqm aﬂl@ﬁyltahealkynyl substituents

i ot ¢
P{g{nﬁf ut | 0%1]5 8I5?hr ounggw%{ %iéy"& g"" eéb{rrygw?x %ngaﬁ‘gll é@@y hor
3-6C tategylgetlkyriydi on. Typically, the ring systens

R (R e R TR M
C@n@mhleft @r %mli)hfatmmomsgrgbmhmatwlns mbreaf\enlﬁmwlbec(&b&ra residue.

anesBeraAd L ﬂ%%t%u%g%h"ﬁ,u% ede %Ig%n%fc?llsrﬁ: HI M ikynyl. and

substi t ut e
“hgtesepeyd inpludes the eelatedrhetciodirms, ea¢h}qf mdnazlhlaye @hpldd BGn additidrAkresidue
tp,%t]g{pcaf.%y, hereof. These carbon chains may al so

i ncf ude a carb nyl group, thus nmaking themable to

pHORZ0H & Asanimsic T moietytos “ag” mleaoyfersoo a eheryolcyt fuse®bieydfic moiety

LOPZTherdyD ‘ algke

“or ar%%e ¢ ?%Egﬁﬁ)gjnﬁthgt?%}ela%n Fadii; poy'ﬁ%'ﬁ’fyclf'ﬁﬁe;}”#t@éﬁ%fﬂ'c Fing
Swﬁ?ﬂWwalaIngbme subere ihtterpadmbseleadd iffoma®ed ang mbSIHeﬁMErgtoﬁ ofa
h}ggt?at[bg{ crlréﬁ(g)r mﬁ{%}e‘d Whe nstasé welll & gé}@mb%%m ings. q‘%us typical
agqmpg/@ptg@gromm;gstem@plgdfmyndﬂnmmldm,nhddbil behfimidazolyl,
b‘ém&&y qu'brﬁﬂ)ﬁl (é}/nlolyl tb@rtz%thlazcl)ﬁyl bcrrrlggfuraﬁ ?nﬂ:%/l %ry? pyrrolyl,

subst it ut
thiazolyl, oxazolyl nmxdazo]yl and the like. Because tautomers are theoretically possible,

phthahmldo is also considered aromatic, and phthalimido-substituted alkyl and phthalimido-

substituted alkoxy are preferred _embodiménts of R? and R*. Any monocyclic or fused ring

5



remai n i ng-substituents listed as enbodl ments for R4
where this makes chem cal sense, and where tI@|§Mﬂpqgg7
not undernmine the size limt of al kyl per se;

- WAIRYHO2E3Dst i tut ed by al kyl or by al kenyl V\DHC'B/U&WP%S“)O

extend the upper linit of carbon atons for these
enbodi ments. However, alkyl substituted by aryl,
- HAPOHE40| koxy, and the Iike woul d be included within:

EW‘.IICQ' Rk v@fldhhi? th cnyrg&]érl of J\Jgﬁb SS’tIH e (eie;cngn (Hstnlhuuon

|on conpoun ds are
thax.uglroet thé ring mtemubsmlutleuientlss deﬁnitxessTynmdiy ttbmrtmgassttmnrr@ntam

ents do not interfere with the stated
2%{%9 rMF:? tngwty of this basic structure. [0023]

Nalf021 htSemflaty, higylslkb%’tand thewrtearyéaittdtieéal tdaroR&ic aR® haeroaromatic

sglstﬁmg wﬁch i cmpplll 8% eéﬂumh%%) 3¢ lhkxoaﬂpémg su%stftuted or

url‘sIRGﬁRed SNR@@dRQ unsamﬂmon-om&\,llﬁ@lcaum 8C Gﬁﬂﬁ hetero forms
N CO\{ whe

éere Ff‘ ahl §9Qbo L %En Yﬁlso llﬁ’ucrie 353¢ qnyl( qmg)c hus: me.’an {h&m._gble to

ﬂrnddd\lmstmaamd ak alka:yi;mtimerdacw mtogety. R3 and R4 can al so be

f d nb
(10 RS D B CERLDL ol RS b g sypsiuent
oqay itso aptionakyulesdubstindtethy addipemal aiHsytuériks 4XBe nathbeydf these substituents
1S snrsmféy t§|ﬂi‘°(se \rﬂgl(t’gd wnﬂ1 l)éﬁaémgﬂﬁ)el' prbnl*;%xJ Bﬂgtuglt%th?%sg?(’ehx%as where an

grnbzmpqenaofdfoahkayﬂpla;)R araﬁdyalmydlk)amay @ptidhialy & subdituted by the

heg]alcr)nng-slrlbsg %Frétﬁlhstechas embo&lénfnts ¥c\§§ %&F%ﬁlga%hlgz?)éll}/eﬂnca?sense, and

what thikeloed om ondwmmh trersae libitofrakyndr sepelg. alkﬂlsub:mmtearbgl alkyl or by
er abl

f
- lgwg woqqi§/wn%[ylex§:&51 e Hgéer?lmﬂf ]f %qrg zigormsl}(/) 6&2@ %OA_' ments However,
Fikg/fsetrstitoleyl baanil.smopt, plseal #ryd tisuilibetvdulrt @dncpmnwnhmzhe sc@e of the

%;\//trznﬁ'ap y’h'l dt?zlmreé Qiqﬁ’% %llenugn co?rrpand'SQiYer de[ﬂ] cy tfy fPrmul%(rl éand the nature of

I'dazin benzotriazol enzi mdaz
p-re@tﬁt@mamtgns Rss inspoplrgay lopg assiye sublstitpenty dopwpt mrcrfdrylwnhmmlated

optionally be substituted

%Qgsag ‘g'%?g“l o g£§)ﬁ&%&07 WD 2004/ 024159 |

Pqpnmzn@smwes@@subm@@ammacobys&%ni as! RiY, layluge, but are not limited
y r yl yl o)

%Qa(lﬁ{l lkenﬁ 51%2@/}1 a{xra@r %hl\w% SRY: SPR: s"%} k> (%‘Qﬁi '\E@CBE XIRCONR,,

. -I@RJ@(R?R RNROTR 2, RCO -COOBF&OzRC@IE@R HRGDQR E@;:RNFQZDNRz, SO,NR;,

W%}Elﬁ' 5%1 I@%%ﬁeﬁ%ﬂ&é&iﬂgﬁ%ﬁggﬁ@y % 0&1: !anlﬁyt{l(O ( g‘r]dq%: Substituents.

zRI krgﬂﬁylcalaaisb e it Protarmed onbodifientstfesk’ zmd)R e H,Lahcb'h(erIOC) ora

SUPh ol o R AR i SRR gy P20 e st
|(B-8(]Z—], acalam)vdo rlyloxﬁ,@)'yIal&ylkgngslpe@aﬂl-yeﬂ)ereilathkynygroQ;Qis 6 @ythalimido
%R)u&ra%rﬁwl%r gxrylalkyl amine. Preferred embodiments of R? include lower alkyl, alkoxy,
and halo, preferably halo. Haio, as defined herein includes fluore, chioro, brdmo and iodo.
Fluoro and chloro are preferred. |

[0024] Preferably, R' is H or lower alkyl (1-4C), more preferably H.

[0025] Preferably Ar is optionally substituted phenyl, 2-, 3- or 4-pyridyl, indolyl, 2- or
4-pyriﬁ]idyl, pyridazinyl, benzotriazol or benzirﬁidazolyl. More préferably Ar is phenyl,
pyridyl, or pyrimidyl. Each ofthese_embodiments may optionally be substituted with a group

6



het eroaromati ¢ noi ety containing 5-11 ring nenbers

wherein said heteroaromatic noiety contains QFMﬂiZMW
gl

S, and/or N. Thus, when Ar is 4-pyrid
wg)ozo&lzogg gosnl on of the pyridyl is not a - 52003’028’90

substituent. [0026] Preferred substituents on Ar
& aIkyI al kenyl, al kynyl, halo, OR SR NR2
@E@?§QH°R is H or aIkyI (1-40); and/or arylanlno

' arcy hse;lnkwIaa«ehylpalkynypwgmylabmymlr@am@l ﬂh arj/ISN-aIkylaryl NR-

SISk PR SG haR PR AV o e, Skl Ao et e wherein

emym.t Sleépfendlﬁtl)SHbSilk)tllét-Gd) Shdibr bBLEY, -CF@RGor NO,. Alkyl, alkenyl,
lesﬁltuents may .occupy al | avai | abl e posi ti ons of

eyt edgry! poreipnsioh Hese rmaYzbepfb%hef PUSFEutedby BHa sphstiventabtgwever,
adptiofdN§ siiuted @R is doP027] Any of the aryl noieties,
i ncludi ng those depicted in fornula (1) especially the
phenyl nvoieties, may al so N s€ two substituents
whi ch, when taken togethe m a. 5-7 nenber ed
-carbocyclic or heterocycli ' hat|@5r|ng Simlarly,
R4 may be bridged to -
carbocyclic or heterocytlic ring. H[0028] The conpounds
of " quHaHeR{ b

nar et ol S Sk HREM ELEO I @RET Bayandfl b
ﬁ‘ﬁ"d PRIBINR1G Maisty songininghyl being l@erahqrmhesm baichlseteroaromatic moiety
bwar.,%hé 9rr,+,&m OSS”afn&‘/Bll R Thdzyaﬁ&b/(rq% Byridd] tROIPEBLHon of the
acid or salts_of organic acids suc aceti c,
pyiidy his net 2 -NHRE pybptisuent.benzoi c, sallcyllc and the Iike.
| fiod263 APRR 0 f

o n%fﬁa r% m’d su%RiuS%‘hbé ohgxdn éﬁﬁggﬁ(g ﬂkéngﬁalﬁgrgg%%goﬁ SR, NR; |
- ymr@m\m Oaaﬁbhldiﬁﬁb@ud/pfcwlmymamﬂpk)dbhleo drectliding. all(yd)ﬁ)ﬂ&] which -
B@@bsﬁ@@@&’ﬂgﬁe tﬂ!n (Ing 51[%“ As Jte;]tg),d ye §Ill le%?alg)l’i%%ulpelrcludnd within a

t he form of prodru esl gne
fll"i’émé%‘hfﬂ%m'f@? S‘fbé‘r"H‘Gg éde'i')'Y VCH‘@FF sabititugits ey ectupyalbavailable

. Sash I . the
B e I PoURAS PSRl S R

c ol At thegryhitoieties jinclude those deplicted lafosmblg(l)temnlally the
ﬁ&ﬂ?lﬁhd’iéd@ﬂ n%#lafsb}é&ﬁ[mse Mugst*?&nts%'rb‘ﬂl \gﬁenttﬁceﬁto%@thgrl E)Fm na 5-7

ch renders t he conpound bi ologically inactirve unt
| W@ﬂ etrampeyclip Oﬁlemaemz'mph%r%o&mﬂam BYmay be bridged to Rto |

Wﬁb’%&?&%@%ocy@ﬂ@&%@%@%@nﬁ dogenous enzymes or,
for exanpl indymss targeted to a Fartlcular

r 8% ofh ecﬁomi%lwé rmula (1] may By gypriiet in thofeo of their pheemaceutically
gacepiibld fatadAivn Hits il Ridmid BRI oF B RhSic Qéldsf 8£l'mélh§dlfo%thonc sulfuric,
o tain chiral centers, as_ sone, indee
RIPIGOr BRospRarigafid of Sajts phrEganiteacidh puck praceks), toams; suscinic,
B&\ms shIRGN€ahd thb Rk I1f ASarbox Pl ALiEY léﬁr&&ﬁ%h ﬁ%’&‘;&? ﬁggffon}wla (1),

mxtures of these stereoisoneric forns. . es S
thR GompRYBH MY AlsCRsHyBRlISE a5 7 Bb 3vith arhpriaesaticady agomatwecat@n

I Ofob 8] m%oﬁﬁoﬁﬂpbmﬁqﬂe{ (lq;) HEPQWI% Stl[l;lﬁie&: ﬁ%'ﬁ?@féﬂﬁ 3f P‘fpr5dp\?g

i nventi.on. ener al may synt hesi zed usi'ng
}”B'ﬁkﬁds-‘f‘i@‘eflﬂb aqehhetqq@paqnp of @ﬁ@ulayéfw(y\pn administered to a subject

Prodrug formed designs are well known in the art, and depend on the substituents contained in

the compound of formula (1). For example, a substituent containing sulfhydryl could be

coupled to a carrier which renders the compound biologically inactive until removed by



nmet hod, especially with regard to enbodi rrents whi ch -

contain nitrile substitutions (which also, GEART 5087

can be hydrolyzed to the corresponding carboxyFlc
WU S r educed to the amines) is shown i nPEBEEI0DBIES90

Schene 1, shown below. This schene is illustrated in

le 4.. As indicated, in this and alternative
ABteUthes, ~an internediate wherein the pyrinidine :
e an

%\Fé%{nac éeag@'leggrnfbg%%% embgp!{ﬂ{n setgxﬁctteg' arb%klicgﬁ }e?cz'etpiio Irl ocation in

thesubedt. the pyrinmidine ring is. generated in the

> YBBDF h thekeE Fe an, BP e RBuubel 15 RITR AR S RETERd s

@oeoindhiedglot the cdmns'umsiméfmmulm Hemdude aD st@‘eonsmnc(mhrl‘sl(ﬂﬁa&of both

NG INH R NNL L~ SShVe . Me2N SMe Me N Nzz Me2N bl
S O ey R I RS P s F R N Kk
= SMe, NMe2 10032] In reaction Schenme 2, which was

' used S Rh % ER e nvaRSdn @fmdolifdsi | | ustrati ve conpounds
shown Del ow, theﬂ‘g yrimdine ring i s obtained by

cyi8931} | A guraber ahayrbetipgPees/makr, cmppyEehto prodyed the cproupdsofithe
ﬁlb@ltlgﬁ/rl'n'gbﬁyrd" P8hdyl nf% He§¥rghe%ﬂl:@§s%% rEM1iGH KAGWA m@ﬁ@ %\e O useful
obtain the conp invention i n st

Pefhed; éf‘rPe%'ﬁl‘b’s‘l”thrEﬂaF‘bW cgpodifents @§igh comgin nitrile ﬁtbﬁtdntmﬂs (which also,
SOSRALL, GARILIAD BuReoRertnth &2}}49%%%%%‘531%\3%‘15? '0 the amines) is
thowa HoRgpFtion Sszhg'@g éghevir beJewpdhippchemeis illystiatpdin ERamplodnds
ﬂdlcgigd |r;]-t%|s a%alte%Ztlve]a%prolgwes agin'tgﬁedlg’t@w‘ﬁgremﬁl? Opy'r:ﬁﬁudlﬁelnng 1S

65, Were prepare
b%wm%g oltt@jnqdmhs hgléhe%ta?n dl@dﬁe‘i@’ angeY| @mine IQHiscirst ilfustpative

Hﬁhs@ Qnel;Nr Fi (M%ng i égné:rate@m thysyNhu (N.»cheme, resulting in the compound

formed in reactions labeled a. Compounds 1, 2, and 3 were made according to this scheme.

Scheme 1 -
O Cl

_'NC_ _CN NC. _CN - NC N E BN N
l - I - ‘ A - | Z
MeS SMe Me,N SMe . Me,N N Me,N N
_ 0 - Cl : _
' HN
NC NH F NN F a :
® — T ne Ay ¢
MeS N MeS N
g R

- ‘R = SMe, NMe,

[0032] In reaction Scheme 2, which was used to prepare most of the illustrative compounds
-shown below, the pyrimidine ring is obtained by cyclizing an amido moiety and, again, a halo
group on the pyrimidine ring is displaced by an aryl amide to obtain the compounds of the

invention in step b. Further substitution on the resulting invention compound can then also be



Cada dd b HN\V I H\Y I z\ N/. NHN HN
CNH2N1jJ OY NF b3 ~ONF b2 HON F b’ MeONFPhﬁQ_{\IZN?
é N N.C C C- C (0033) Reaction Schenes 3 d
WRABHA* B ow, provide alternative routes to t RF/US2003/028590
pyrrnrdrne nucl eus, and further substitution thereof.
{RipRYRd 14 was prepared according to the genera
procedure outlined in scheme 3 and conpounds 7 and 11

. p‘ﬁﬁdirﬁre@bﬁsmafvﬁﬁh sass‘eqmt smg,slbb bE, Qﬁd QEWnﬁJound%)oﬁ)egiﬂl? 17,1819,

lin S
zﬁ\)[l'ié g‘ﬁ‘ﬁQSJirgi 6%}_%1‘% 6|7 andcfﬂt?} N Tab|e ]m Nered@pcqjmg]o thrs general
sSeheme 4 OHOH FNHNFNF ANH2 HZN N AcHN N C d
Cl 9 0 6 MAR 2007 WD 2004/ 024159 PCT/ US2003/ 028590
219002029440 Schene 5

Scheme 2
F F NH o ¢
' MeO
N ) e 2N F MeO N
NH, | "
N
- ClI ct -

HN HN
2
tp‘ f"h L ”°1*~ gy
| |
NH,> /K© PhthN SN )\© \N/l\@

_ ci
[0033] Reaction Schemes 3 and 4, shown below, provide alternative routes to the pyrimidine

nucieus, and further substitution thereof. Compound 14 was prepared according to the general

procedure outlined in scheme 3 and compounds 7 and 11 were prepared according to the general

procedure outlined in scheme 4

' Scheme 3 : )
OH -ClI ' Ct
. F NH
_ Z>NF Z>NF ZSNF
NH, o) | )\
HO N - " CI N™ - " MeO N
cl ' '
Cl Cl Cl!
Scheme 4
OH Lo OH
“N F
~ |
N AcHN
Cli




NN M N~ MORHNIT / HNOO- 0 HNOO- 0 HNOO~- N1 MO |
/| R=H M, ONH - O RHN TFA O | O NHZ

[ 00341 This schene was generally used to synt EZB;MQ% 207
wechpINds 61, 64, 69,-71 and 72 in Table 1.PGUUSING3/E8590
NHOI / ROI /| HNHOO-HNOO / HNOO- R=Me, O N
\-,OM N RO NHz Fnoc NFnbc TFA N 100351 This schene
W82 ¥fferal |y used to synthesize conpounds 18, 37, 38,
39, 67 and 73 in Table 1. 1gmge2§ MAR 2007 WO

2004/ 024159 PCT/ US2003/ 028§§ 9002029440 Schene 7

MeO Y-"J-J O N HZN. N CIL HN N LN
| = MeO RHNWJI/\Q

“HN_ O O HN_ O O HN_ O
Fo S K

MeO l o .| R=H, Me,
_ N
O NH, 2 OMe h
AN RHN ‘ ~
TFA . o
: /IH:\/N\) '
TFA

[0034] This scheme was generally used to synthesize compounds 61, 64, 69,-71 and 72 in
Table 1. | | .

Scheme 6

N

~N

Va

HN_ O
TR
.0

“TFA
%

{0035] This scheme was generally used to synthesize compounds 18, 37, 38, 39, 67 and 73
in Table 1. S



IONFNCL F OO N)NHHO/ NHNHN ONOQON C
NI N/ G FF 100361 This schene can be gengmnvarl 2007
wsed 1 ¢ ke met hoxy pyrim dines. For . exanple this
“é‘iﬁgﬁ%ﬁ%ﬁ and coul d be generally used to syRERESIHH028590
. conpounds 61, 64, 69. 71, 72, 74 - 81, 83 - 106, 109,
Jiodeohoand 1 1 2, in Table ] . Schene 8 0 0 1) LDA NH
2) NH)AA C- ) O Nf ONH2 HF - F 11 Q MAR 2b7
WD 2004/ 024159 PCT/ US2003/ @25y 219002029440 o SOCi 2
c NNHNClcatDI\/FNgI FI1 / F

. MeO ZNY 0
cl | '

o HNT MeO” N N
/ I \N - I
N/ Cl HN \
. (o]
/ SN
F | l

_ |
[0036] - This scheme can be generally used to make methoxy pyrimidines. For example this

scheme was and could be generally ﬁsed to synthesize compounds 61, 64, 69. 71, 72, 74 - 81, 83
- 106, 109, 111 and 112, in Table 1.

Scheme 8

11



C O NFO()2PdOAC CN N+ --0 NBINAP HN HN |
/| CS2C8 N F CI Dioxane N~ \ QOCCIoON

NaOH(ag) HN HN.~-N F MCH NF nj 1 \ Fﬁ@f“d‘”
WO 2004/0205¢ N DVF -~H ON HN HN - CDI/ D NH2 N FCRUB20030028590
\ N~ C- CI 100371 This schenme can be generally used
to make isopropyl pyrimnmidines. This scheme was

YA y used to synthesize conpounds 113, 115, 116,
121, 124 - 129, and 139 in Table 1. 12 @ 6. MAR 2007

WO 2004/ 0241 59) PCT/ US2003P828590 2 90 2029440 Schene

9mcoecwha HNI_FIN"IB_FN’N S s a1\
I\ N)Ucn
F

cl- 0
X \O SN
/l\(\_\)’ F o Pd(OAc), |
)\E::] o NN BINAP HN
HoN™ N Cs,CO, S
ci Dioxane N
90°C

- ‘NaOH(aq) | | Z

R HN
N  MeOH /’\"\/KN
N/

[0037] This scheme can be generally used to make isopropyl pyrimidines. This scheme was

generally used to synthesize compounds 113, 115, 116, 121, 124 - 129, and 139 in Table 1.



F/ NNF NHI o/ N HNNC - N-I F 10038] This
scheme can be general ly used to nake cycl opropgl MAR m
. es. For exanple, it was used to- synt hes
“@%@%@Jﬂ%ﬁ 117-119, 122, and 130-134 in Table ?T’Ui%‘"’ﬁ"%’”"
MAR 2007 WO 2004/ 024159 PCT/ US2003/ 028590 .
AIRP2029440 Schene 10 0 CI MsCl KCN NaOH C 0 McCH o
O OH Pyridine 0 Et OH/ H20 H202 O DCM Pyridine 0C O=
S=0 =0 N Ho cat DMF cl - \Schéme®d H2N | ~O o HN 1) LDA
NH SOC12 N cl Cs2CO3 HN Mcor cl MF N Pd(gg\ 2 2) N
cat D BINAP N F ~ Cl HdonneNN~ /\NNH2

F NaOH water R,
| \/N c %N A(k
XY N 5@
F F

[0038] This scheme can be generally used to make cyclopropyl pyrimidines. For example it

was used to synthesize compounds 117-119, 122, and 130-134 in Table 1.



ONRNH2/THF ON ~ 1 |

HN HN TEA, PyBop, DMF 1N N
NI ~C 'r YIINN | ~C F F [0039] This sohgnp
be generally used to make cycl obutyl pyri m di nes B
WOHAIRIN) ¢t

was used to synthesi ze conpound®CIAE2003/828590
|n Table 1. Schene 11 H3CO2C N 1. ~CO2CH3 OH C HN N
N\ d NC INC FFF H®2CN HICHNOC :C N
RPOFW“?N NiN'NNI C NG  F F [0040] This schene
~was general ly used to synt ggﬁy@q gconpound 135 |n Tabl e
1. 14 0 6 MAR 2007 0241-59
PCT/ US2003/.028590 21900202944 Sc
) HBOAOHN, > J

_ﬁ;eg%’l OZNJNHZ
y C HFWOHN' HNE Zb, |

MeOH'

Son Pyridine . © EtOHH,0  \\  H,0; o DCM ° Pyridne  {
0°C o=?=0 ’ N HO catDMF C \

) o
i Cs,CO o)@'
2 RL ~ N/)D/c' catDMF JD/ PdioA D\(gN
H F dioxane N’)D/C'
' NH . ~F
CI\@fLNHz _ . R
F

NaOH
MeOH/water

R.
NH _OH
o] Z N

<

HN
D\(g . TEA. PyBop, DMF
| ) o

F

R-NH,/ THF

[0039] This scheme can be generally used to make cyclobutyl pyrimidines. For examble it
was used to synthesize compounds 136-138 in Table |

Scheme 11

COZCH3

AN TKJD/ \(k)jij \ﬁ/ﬁc‘/

- ] HN
- \(kN /N\(kN
’ F - F

~ [0040] This scheme was generally used to synthesize compound 135 in Table 1

14



H3CO | N H3CO N H3COIl N H3CO N NaC tX~ Cl NC |I'N-
Cl Fl y FI/ F [00411 This schene was general lkﬁy Xied
.wég (ﬁyonhqi;;si ze compounds 107,108, and 110 in Tzq AR 2007

V8AEE 13a a a

d /ONHOONGOC C /[ | \PE/USIUNM28590
FFFN HV)'Z~ON / I I NC

FF 15 0 Q MAR 2007
- MQu2994/ 024159 PCT/ US2003/ 02859. 0 219002029440 Schene
13b NH2 NCl 0 ~OHC Ov O FONONNOC NC
| W B N VA W

FOOO $@né 1N HO/ N MO/ N1 | |
HN HN HN NNOINQZN 0 '

: HoN '
D 2 :CT HgCOCHNjQ

I/L)\/@/ H3CO )j@/ Haco\(k/.j@/ H3CO )D/

[0041} This scheme was generally used to-synthesize compounds 107,108, and 110 in Table

H3C0

Scheme 13a
Cl

Cl
/

\N

U —"C

F

=~ "N

15



NC NC NC [/ \ FI/ \ F1/ 6e.10042] ‘Schermes 13a
and 13b .can be generally used to nmake. benzylo

pyrimdines. For exanple, schene 13a was 'u'seﬁ%tMAR 2007
- WORHIHRESY e conpounds 148 - 152, 157 .and 158. PEENEME3/028590

13b was used to synthesize conpounds 140 - 147 and
153 -156. Schene 14 1) LDAO 0.2)- \ +0 0 o O HN
NP2 FEHOHNHOO NG O F 0 SOCl2 O NH N

Cl cat DWF ~C N\ N\ Refemd fyp 6 VAR 2007 VO
2004/ 024159 PCT/ US2003/ 028530 219002029440 CI 0 N F

O Pd(CQAc) 2 H4—ONBINAF’ HN H2N C52CO3 N F d
Di oxane N COO0OGI HON

5T G — Gy
l
A ey éﬁn

|0042] Schemes 13a and 13b can be generally used to make benzyloxy pyrimidines. For

example, scheme 13a was used to synthesize compounds 148

— 152,157 and 158. Scheme 13b
was used to synthesize compounds 140 — 147 and 153 -156.

-Scheme 14

’ HLbA =0
. /
0

O/\ o)

>§_<° EtOH
N O—

16



HN NaOH(ag) HN' NF MMOHNF N, INC C OON N Ho |
'NDVWV OHHN HNNFCD/Y-NH2 NF OH NN Clyo g

10043 ThIS schenme can be generally used to sy t%ﬁ%ﬂ@é
WO BG4 15hyri mi di nes. For exanpl e, this schenBCTES200%E8590
to synthesize conpounds 159 and 160 in Table 1

%§trat|on and Use 100441 The conpounds of the

i'nventon are useful in treating conditions associated

with fibroproliferation. Thus, the conpounds of o

il a (1) or their pharnaceutlcally accept abl g -
sal lo?NprBdrug forms @re used |n nufactuP)%i:iT
a medifggneptfor_ prophyl a tlc or %iﬁ%f peutic F
treat ment ramfal s, Of ngi udi ng hu _inre ct) of

condi ti ons “¢har act er i excess 6 activit f N F
TG-(3. 1004

5l TGFR |nh|b|t|on acttmgg i s useful
treating fibroproliferative dlsease§ ?reatlng
col | agen vascul ar di sorders, treatlng eye di seases

associated with a flbroprollferatlve condi tion, o
venting excessiye scarring, treating neur@IogicaI

condi ti ons and @t her conditions that are jar ets 17 O
6 MAR 2007 W 2 @24159 PCT/USZOOB/@QS

219002029440 f i Ma®iitagl s and in t|ng
excessive s |ng thar—e#rcrrs—aﬂd o anles
restenosis &Mary angi opra yN c&rdlac
fibrosis occur t |nfarct|on and sive-
heart failure, an hyperten3|ve vascu op and

kel oid formation or pertrophi c scars occurr
during the healing o wounds including surgical mounds
and traumatic | acerations. [0046] Neurol ogica

condi tions charazterized by TG-(3 -production include

- CNS injury af 8! aunatlc and hy
Al zhei mer's di Seage, "andDWar ki nson' oHliSeage
QG her condi t i onay zgﬁrpofeﬂtlal clji mca targets
for TGF] 3.inp bitors i u eIofD%kE%$ , Eissue
t hi ckening res Ithg fron$2§£?§¥ion trefpt §ntF nasa
polyp05|s pol N

al | ' Cl
[0043] This scheme can be generally used to synthesize t-butyl pyrlmldmes For example,

-this scheme was used to synthesize compounds 159 and 160 in Table 1

Administration and Use

{0044] The compounds of the invention are useful in treating conditions associated with
fibroproliferation. Thus, the compounds of formula (1) or their pharmaceutically acceptable
salts or prodrug forms are used in the manufacture of a medlcament for prophylactic or
therapeutic treatment of mammals, including humans, in. respecl ofcondmons characterized by
excessnv_e activity of TGFp.

[0045] TGFB inhibition activity is useful in treating fibroproliferative diseases, treating

* collagen vascular disorders, treating eye diseases associated with a ﬁbroproliferative condition,

venting excessive scarring, treating neurological conditions and other conditions that are targets

17



surgery, liver cirrhosis, and osteoporosis. [0048]
Di seases benefited by TGF1 inhibition incl udegs MAR 2007
cul ar. diseases such as congestive heart
va?&)ﬂ@éﬁ§dllated car di omyopat hy, nyocardltlsPCEWU52""3/028‘90
vascul ar -stenosis associated wth atherosclerosis,
gg&(pghpsty treatnent, or surgical incisions or
ani cal traunsg; k|dney di seases associated with

' fdr WGBSInﬁlb&&d/aﬁﬂ ln':‘pﬁdvellitﬁfgleScesshﬂCsbﬁﬂhg'lﬁat elicits and accompanies restenosis
ﬁlonErulone hr t S oggg eti ol ogi.es, diabetic

IB¥ig FAPRR a'}fh"d’ ap e ifsfé’éos&focf%ﬂ%ﬂ affe; fnéaretiop @peyprogressive heart

failbre 0l $n hyliperednbitlé RgcyiRE ! MAKEBIY, fornta@BR bi IBALABHC Qgrs occurring
ﬁ g sur e such as. cycl osporin,- H V-associ at ed
Ep N&E@? VP%WéHF ing SygisalruyadsAnd tappai lcertienser a

obpv4a) cm¢m10g|m B@Hit%nﬂtﬁ&@&ﬁ&d@ﬁ@'ﬂ%‘ﬁgclmnt ftlude CNS injury after
eXCGSS|%§lscarr| Iressi ve SClGrOSlS

FHEILE PR YRPY S WB@%SAIGEF(%’"F‘OS fepsecand daekiises’s diggaser der s

of [0047 ®ihkd cdRYitibrs @it are%Bﬁntﬂﬁgﬁﬁdaﬁm%\sﬁffmpmﬂh1b|tors include
butahle to infections suc epatitis virus or

attr
- PaF 8@?’?%‘3"Ssgﬁmeﬁkanﬁsfmﬁ@%aﬂmaé@t'w tfqﬁmﬂﬂm ResabiRgjyposis, polyp
birrpgive cvvrﬁol.ais Caamsﬁai;bs%lsal | oss of gas exchange or
abrlity to |entu%:nnve air into and out of the

| ulf§esl Pﬁasefohehﬁ“%@oqyﬂf ifaahibition welpderasdiovaseylas disensesivech as

c6Hoedpiad Mgt FlbkdTBMA dcafdidthydpAthy, n%czf?@ljihmpazfsyul;r s%ﬁ-u@s?’s' associated
due to infectious or toxic agents such as

&b Afhergpelerosiy pneiqplasty "%‘me@fu@répmhemapmg@chaalchl trauma; kidney

AREAsAA MRS Ghth Hbrodik aU/SlQEISoQE, lrﬁsim&%rﬁerulgﬂephnus of all etiologies,
perSIStent nat.ure |nC|Ud|ng rOngSSlve SyS emc

dprpgtic ag;?héopaﬁw %pﬂ,?]é §3usssof regal|iptersitial filrosis, including hypertension,

_ @@ﬁ;ﬂﬁﬁtﬂﬂy Qﬁdrﬁg (§opo§‘uﬂ§ §dc§ta§¢yc%pd%§}’lqﬁ” ShsoSatSV ﬂ P;t‘h ngnsplant
arthritic conditions such heumatoi d art 4

-SSR RSB LT R R Y bepalis Greap aPFi@efpit excessiv scarring

Shdpregessive 6d1aredid) he iRk icfrRbad §ué8o alVéttdic%‘ikrs eJxéop&Psan B¢ b@fary tree,
etlolgg or fibrosis associated with ocul ar

§Ef¥*ge@?‘gfdé Prtiga atirgyaRle; to infestions SuqhiAg Repatidyyipgs arparasites; syndromes

Qxsbtiaed witlpulMbnaely AbroagRitRERSRHLHBS o0& of B8WexkiaREh or ability to
exces |ve or hypertrophic scar formation in the

G Beve AT 'P‘HQ"CH?H‘P e hghinchdng adyt fegniglony digiressypdrome,

tidigpathic ;ﬁﬂm&idbgﬁtﬁ@'ls oMFuRGHsy HHr SR ESinRELdUE Sr toxic agents such as
%astr0|nte ti tract associated with chronic

APk CarHTRYG26N E%&Sh orputoipmypefliscass; @bta%lege@rvaw@eﬁlmrqiwf a chronic
Q)Obdrilttént ﬁitux@drﬁﬁﬁﬂr@'bnf@ésm dySBm RS ciBroki8 %ﬁﬁnﬁ&u& EQHG&H%

i cal unds, g posi s or states post
?’% 05ty Hﬁt& g WP%@Syaﬁfomﬁeﬁr a@hntwﬁwWﬁw@@F Hiewrgatoid
\M'tﬁﬂ'hseé’}d QRBAstd R8dcRited MM ibAPrdlif G RAS Statel Qﬁledﬂ'@%I iferative
dla|éSIS or sur i cal wounds; neurol ogical conditions

YHEPEHRRRY 85“"%)9 ieegst or ibEgts atspespted itk Agtiat Gwrery such as retinal

- S@adhirent] éayardcOextiGErion, britkai M%b gﬁ)c@h% Bfa r%&( irfdt: ExcMeRe 8 pertrophic
WO 2004/ 024159 PCT/ U82003 590 219002029440
SERE fOrmatnn i the dergis ofgaiRg Buringjwargd heajingsputing feomiraigage surgical
avtind2adikdrFOY 1 ﬁhtﬁﬁ?ﬁ@mal%a@ﬁ%g%e@(ﬂ& Iaﬁromjc Qrifﬂﬁﬁnatlon such as
|nvoIV|ng scarrlng sufficient to inped

Lsepsion ulesrate Galitisgr adhssies fomasion ape o celnofgtahma o surgical
S&Uuﬁdscﬁilypfo&@b'rr@ates%gt%@ﬁyftsmbrfrér% 'cﬁroﬁ[}@cz{rnﬁé‘mﬁé)ﬁe ];onelhm associated

arthritis; and cancer he nodul ation o
|Wﬁ@"§H&SISrﬁVP%\%%CP%nP%w9%ﬁ@')ﬁly or ggicalwghinds; peurgdpgical

-lcoRaik chafde ebaived(b) S@HR pl&}ugtﬁﬁ o@gr)hah&g lséfgf?l%irf{o"l'@ﬂﬁaﬁ]&lgﬁng states

of Ieukocyte recruitnent, cyto I ne
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production, and | ynphocyte effector function, and

i nhi bition of T-cell subset proliferation, B-ckfIMAR 2007
Wer whi/d2ersat i on, antibody formation, and ”Dnoc)‘E*TﬁJszoos/ozswo
respiratory bur st . TGF]3 is a stlnulator for

excess production of extracellular matrix protelns
pn@kerdisng fi bronectin and collagen. It also inhibits

t he production of enzynes that degrade these matrix _
peshtraimadic orf@oXe injusy.fAdgheines’ sidisease, a0 d Barkinsdni odiseade;  diseases of the

- {difd Rvetvihd §:§Hﬁi¢; WhHiEiBnti S ntp@@e mf’tldiétgg r.??jl._c(: @al n%:éq ng SLAtepost-

- Tibroproliferative dlseases
HeHBAEH OnwFgicah ipumas 0§Wﬂhé!§|azféd'camimg@ahmtseﬂmdfcmm

| Cel0b$9]aﬁe%dulaﬂ@r%f‘tﬂ@minﬂ%?% ﬁﬁ’%eﬁi&e %stemggogmt(gfahl etal,

honodi ner and proregi ons,
Inypgrob il pdap (1RB9) 101238 4) p?lﬂ‘@eéISWSUmﬂlebetl@lkﬁamhe@ﬁlhﬂnt cytokine

E’%H&Bﬁgl.h aﬁB]clplggl Pé(ﬁt]lvﬁrégfgzg%ufﬁﬁl g%ﬁ gd;@h(bh% ?T cgl?j subet proﬁferatlon

Breglh projifgeatipy, ﬁmet@dy fpr@etpmr andanageqytic rqspmzﬂlmgzbﬁr,st CI&?HBQ:da stimulator
. : ; | se | atent
kcﬁ“%r& ed &du@ﬂ s w’fﬁ@‘ﬂ‘ﬂﬁ xtq{r]otgns lﬂ:?l}g ing {bEpectin aaql]&ollagen It

forns provide stab
Alsaingibisghe pradusten efgenitmes that mgragxthemezhhm p@teinyBThd net €t is the

U nf us € ar T t k 1996
S A5 LA e Ry 105,51 1 100

af W@ﬁﬂl s Belrfeis pedive g @hqm,c@llrheg tand syrshdsizkd vdaecréted fr&h Wdlks as an

A Sueh as
Enr Nﬁnmgegalrﬂ'ﬁt (ﬁ)%ﬂl&?)’f Qfe L% ﬁﬁ ﬁ?me ?u%ggr? eglggs i%[:}]g I%GZ'):Y asa(ﬁ:lated
ppin @LAPL ﬁl{j@mngnﬁ bmqi totqaﬁdcpthug thréugh avficordlent iterdltions (Lyons and

pﬁ)lsé(swuu’kgfé?)ocﬁesn gfﬁég) @2 467). P%Sé%«%ﬁjegf% B@ftlm'fﬁ'ﬁbg%e? r%jl_e%gqc

PIedyrtsacalied 'laWEtrmHBSblmlWDlemy ordfTBRA| IThSSd:ﬂzftaﬁ Gorms provide stability

r a L AL o) o] teh c
f{]?{eﬁgﬁz{j&g&%l EE ?HI % f II‘%‘I ggﬁlg cieth _F%ET % ardxgﬂ'a. 21118 c?l{ %lrfaces

1@&’@@9"@ Eyr y{qélgéN{z!rygrlqjdi%Q6i gfgé3374) Abthvanoddﬂthe ladent camﬁle)(/occurs

I r t nd whi
e L e S—

EYvnegr eteb, Kidpeydnd. éb‘%‘%}ﬁsll‘%&x breth?pErotnbaspdmﬂ:i-l bmdmo

d h
fl_%\?g)ioogtﬁzl d_:'l_iclg;: (8%982'3?&1%9:@ . &Eﬁﬁﬁ Io‘.{%:ﬁ%gr(uﬁ/é()o Q\iﬁlﬁg etal, Cell

62P9) 314982) 69:1067- 70) . [0052] The type |V recept or

or I rofile-in
Com@?ﬂg?ﬂh%ﬁhﬁ%ﬁﬂhéé repalvlgl:’let)lﬁ gfgcgf? mace Brg érg/r g%{ﬂrs thhtlrzH\ﬁduce the

 BEndsinideferhlby lynd,gm ¢f thqyxcavq T@}H}I@end &Olfs@&‘cﬁﬁor(s VWH@@ memde types 1, 11,

: a8l | 1S pre ROR iR
ﬁ!l.évpz sl T g;) s%m?l?? RO it cy’é,gapgg:v%a? wsgtifra are ublqunous
ﬁtsr:lB g aéﬁmtlﬁtssmonz)t!ng mreet :g)fdms éorahn: oy li et [k dRpBR dmb*micn that

(<] I or o I
ﬁ1'e§@tl~@F cép?org Qﬁd t]‘gl/ﬁggl % Oest Sjg%%sﬁ;rﬂ;‘@ @\6an B, Ce11
@)?P%)t%ﬂ@@ -#. cyt opl asmi c serl ne/ t hr eoni ne ki nase

do 199. 1.4; Lin,
fﬁg%f‘ S’T i{e\%ﬁq?legcgét)o%r deogﬁ rl k]as(a ?e)é 096[}’ %%?@@Zﬂ'ﬁdf?ﬂ fggrast to
MP@QQGQW(UZS@@UCHIQ %@BB@QQ&]&QI)@&:]MB’&I tivce xkc%rﬂms (Wang, et al.,

G Sal (00 SR L LT T
Iﬁﬁﬁf h@dcﬁthwgét e dnlaga\ndtntasr dohainesichilaa €ethé har arﬂqmédﬁtors
@fonan of thy/ ste | :!nd type 11 receptors demonstrated the existence of cytoplasmic

. serine/threonine kinase domains (Wrana, et al., Cell (1992) 71:1003-14; Lin, et al., Cell (1992)



receptor (Massague, Ann. Rev. Biochem (1998)
67:753-91). The bound receptor then recruits
d re 0 pAR 207

receptor into a nultineric nmenbrane conpl ex, reupon
WORB43HISE i tuti vel y active type 11 receptor REFHHSW03/028590
- phosphoryl ates and activates. type | receptor Kkinase.
The function of the type | receptor kinase is to
HWeEMYryl ate a receptor-associ ated co-transcription

d82ps! %F » IbRProgé; %ﬂass:{g,ﬁ]g &%93(]9[99 Wﬁis'?QTLtIthk‘idﬂ Flie TCiFg signaling

- cytoplasm where it IS srra
: .naﬂa\ﬁs reseltstitom thpbiodingel thelEGER Bgand ¢stbe exanaesdular ﬂcnnaan of the type II

I\WQE He 919); b Hiochem h99’%§ 6&:’?:'53591:5 T lﬂ)%?fd Feg ptor then recruits -
cp P Ty Rl bl

edi ons_of specific’ genes,
tb'mfalrrsccpmpmtocannulfﬁhgmsnmww complBk, whwseorgbﬂmstlmtead/sacw type Il

r%&:g)}o? klﬂSSQ ?ﬁ&sého?ylatgsezlnd a‘&tY\%l& grp? ¥ }’él %:Itnﬁrkﬁnageh e ?Lgllmlx Jnoéf the type |

erat’ive responses or rac
peeaptog kinsse tistaphasplatirdate a oese@oEssdcrtedgbitragscgptadni fangor, soeldi2/3,

BB R T BRI S SRUERGERERNS hBla, BRTHRLGRMLPT,
ttmlocmmwommd suqlmfasstocmns with a DNA+binding pofantat, $uakeag Fast-1, binds to
en%a 3Er rg%gnosr? eaﬂ §enes an&j g&{f gﬂ?sht arglsctnh nalthlé exerﬁssnon OP these genes

con e se e COo
Ppafsttcv e byathesisitfj celd t:ydleoreg;datbns daat mtrom«mfer’amq rusqbglmemr egfracellular
atrlx prrose:fr%.sgtal %Qc? gtﬁgut{ ﬁe in ceﬁtsfgo Cri'é ce|[l a Bon mléra%non gnd |Ptf§rcellular

mnrahqumbrecul es, they are conveniently adm ni stered by

@bSﬂidmc%a%t ! a}' aaomml?tyatl%r(l) glpcp i%ndll%}%n oH?lg E:%dl\é\ﬁ ! h%ﬁsulél%f{xlain the
maq:m;xudl asl, thcsxyreialpé ;:orwudndsmall dbpelnda on $lﬂ|nhta)b|0éth'e condition,: the seventy of
Ihe C(r)Tlélt%il:l tﬁ)e Sanfcolrar gur eﬁt tg%n}rm ?Sd:, an%tthe JTUF%VOt gfl t}sw pratgl%

or corrponen S rrng ag enf)"er
&ijulptm wijl Hg)endrwpgq;ﬂ qudmmhg'ata:m) @ﬁthe@pma@mpvgthe invention are

LPAGEEDS b9 B0 Uy B B0 B
them withenitabtetpbarmdequierd exripients solae tcuao\nqieeabletSu:apsabb @yrups, and the
ﬁé‘J dyfilife #oﬁﬁdlét!ﬂﬁs t%}-’&faPzi%%mlBFa?fnﬁ Ra m}éwlﬂﬁﬁéejmtnﬂrscoﬁl%é@é& such-as

actose, peanut
: [nm%ﬂﬂaﬂbheg egsntp@lumldsllkrs diypicaliyn tlleheloum\zaéarcltwomgwdnyntam the

Fo%n@lqm ﬁer mggéiggl’zry‘)%ypoq It{)tglr#o%ﬁx z?lon q)tuF ide variation is

F ansnucosa cal ormul at1 ons
“périviitted defdending onethc tquiien Saitablegarriewgndlide atose g cipa s ggeium
h such as
Ezg%trgfg%cgogt | calilllﬂfjOlF gg%tebg lf g% fa @J‘ﬁ gﬁ%ent s. [00551 The:
c o[ﬁﬁ@‘u nése qwmymallds osefud lradmnmr@pemeﬁaltscolm aglalinigtered trough
' S
PPl B A SHE T RAAEAOREN cRfutblpg i ncuce
exrapientiethdt diciliatesthe oase@m@f the odmpaund thsoughn the tmhwgodaiskah aghi ch
I wn et hods. 100561 The
gﬁﬂmp&u gﬁmcgp&ﬁ%ﬁ &% m ni stered by injection,
i ntﬂOﬁﬁjl e qompmardem@nslso bq adimirmstersd wpimally, Quutupumkmed:uwscuch as
gggr.%aggé ngé’@%%}.orl meg&e;a tQEUWeJ%&Qg%gk.PL?fegg n%fudgf%ﬁo s crf:ams
smmmrws@nd-laﬂklkswmlh cenj be iorgulaRidripg dindven mclhmtsn on 20 06

MD‘EOgaoﬁe cV\Qp&%%Q%}?@e administered by i injection, including intravenous,

‘intramuscular, subcutaneous or intraperitoneal injection. Typical formulations for such use are

liquid formulations in isotonic vehicles such as Hank’s solution or'Ringer’s solution.
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PCT/ US2003/ 028590 219002029440 100571 Al ternative
formul ati ons include nasal sprays, |iposonal
formul ations,. slowrelease fornulations, gﬁt%‘%mﬂ?

- WO RM02H59 are known in the art. 100581 Any suptaflubmm/ozsaoo
formul ation may be used. A conpendium of art-known
Zf%w&g tions is found in Remi.ngton's Pharmaceuti cal
~Sci ences | atest edition,-Mack Publishing Company; .
Eqedsap, AlRMatiRek B8RS houddlaSal a
fart {0 059 Thg dosages of tahaeqa'g)l’g h%dﬁé 5!9#‘%4}'30;15 516 Fetease

REnp AN ik edé%fé‘ﬁk’sf‘%’ﬁ ithpatiber of factors which

VVI[MSS}/&( shitAdM8 BRI RRE nhPbPRLl € WSS

el | evedrwt hat gener ally. pt hgstedallqlcgm um cggggngwqupulauons Is
Qynd ip i@ S¢i lalmugdnwea; gilactk quhﬂnﬁr%f(’&lﬁipyny,
das0mIg, Qﬂefe’iéhc@wtk@nﬁﬂﬁin WREtine B E g apl v about 0. 01
ng a The dose regimen will vary, however,
d H ITﬁ'@ d@ﬁngsh')éthe eenpHupdse thebimvengort widlakegald and nihiger of factors
WHISOMVaryGford PRiet@fhiklel B
noted that t Eﬁe rtrp%{tfnt Bﬁg‘%e(r)r'pg?g]e(v i(;th%tﬁﬁ"%agly the daily oral
dosaer Milbvtdize 8-08 5100 mefks/fottibady acstighi, erdfergtile tbre otog ,Soa’fg/@&and more
iR S8 0P AUREAD rAR0 ThOBAL Fethrt Iy b oebiing on

nFoun s of i nventl on may be use
Pritions &eing Eeaa?jjéﬂﬁ @ewgmnnt@éﬂblpmtmcmar with other
t heusapethbd
C(wa. Do DO o Mo LRt o it OF sl i iperea
indivifypbeqtive igradicntosr ay mixthses qéaervmad:uhmdliryenproédm fofnea. AT
con oﬂ@ibf"tﬁén'nv | bodi.es tar
~ cells of the %%m%ﬁgy%lssgc{ﬁnmg%? ii;' f'técsagg?ts % Wntg"a“on with .
- 01“15-‘&@6‘?5?*%'0 ageniselRupt bat cofld e lmﬂ{blly@bmbmsd wisli gaﬁeuca,gpounds include
" nhidpy =
afiHi grle‘styg%gtﬁg‘!fanlcg%& s %Xﬁl&hér!} p%édm ne gﬁ@ ﬂ?rhvég‘feé mqﬂoclonal
apRQies [EgsEng Febis plghe ismmune aymnatantcm;heaor solubie h)ectplbrs obieceptor
fusiBAPI&eins Rl detifl ifhfing 5 Lo
i ndi cated a olsge al tg‘f)d()ﬁﬁh&ﬂn% mé&nﬁa il 'P‘g‘]%w?e imibfors of
CF%Q'éﬁPP&ﬁO‘ﬁ*&)FY'B@‘-SGS%d" tr MMW ot hwlamolahmbltors of immune
calV aiffeRRtiRioh OF ac@fiigh] Nary use in treating aninal
S bd ects: O62%ﬁyThe foll ow ng exanpl es are intended
061} dhsndigaied abaye. aitbeush ghelcompeunds hithé mventivh may be used in -
'hEPh ihey dre F¥E bAASISTOPT
[ Za’?g g}hl or oghenv ) - pyerl?l‘lrrrl]alafluse in tre tlmévammcfxl suﬂ/clctsam ne
0(& h g” Me3Al NHACI MeAl éCI NH2 HN d Tol uene
THOG e &b EWTéﬁ’éag?'e?afeadeg Foilfastptes byt nptdel imis bt imwention.
(0C) suspension of (pestle-ground) anmmonium chloride
(1.17 g, 21.8 mml) in dr)ttolluqne (7 m) was added a
sol ution of trimethylal umiRam—¢10.9 nlL, 2M sol uti on
in hexanéﬂ‘ﬂ‘@ﬁ—ﬁflﬂﬁﬂhmmm@amm:,en yRByridin4-v] amine
Ef f ervescence occurred

‘ NC cl
A.
Me,Al \©/ 0
NH,CI L ci
Toluene MeAI(CHNH, Toluene, A HZNJ\O/

{0063} To a vigorously stirred, cooled (0°C) suspension of (pestle-ground) ammonium

chloride (1.17 g, 21.8 mmol) in dry toluene (7 mL) was added a solution of trimethylaluminum

(10.9 mL, 2M solution in hexanes, 21.8 mmol) dropwise over 20 min. Effervescence occurred
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21 0 6 MAR 2007 WD 2004/024159 PCT/ US2003/ 028590
219002029440 on additi.on. The m xture was sti rd gcm@t
r.t_ for 15 min. To this solution was added -a.
weabutozony of  3-chl orobenzonitrile (1.0 g, 7. chnrsio)s/immo -
~dry toluene (5 nmL) dropwi se over 10 min. The solution
was heated to 80C for 12h then cool ed and transferred.
BP0 nto a vigorously stirred slurry of silica gel

c‘n?ﬁgg’i}loﬁ nﬂ%w?&lru%f\?arsm %JOaQ mﬁ;r 15 n%m eT? lhySrSBMII?\SIB\%afﬁgded a solut;on of |

Irred at ['tere
3‘ ¢H1Qrebenc<aktellev(/a§ gwa2 hech | vin tih/ tplotraAmiL) @&pﬁz@é)mret) 0 mivd The

ghggrg Léﬁ Q{eﬁt i%)%?orr %I}_@fz % %beg mi}rgr%fsod slgwl}){h yyﬁgrrously stirred

{107 qﬂs)h_.ca g éﬁOg)smIculbrozﬁmw(a@O mhhkﬁm samrd wak Eftamgarm et for 10 min.,
th%yfﬁ\[&ret%lhsl‘lég fgeer%ake-r“l;]a'eiﬁva ug wn l (},%\613)0 \Rﬁ? ﬁnd tﬁff 8{1!‘8}6 Syzmorated

t(;BMJ@@ sotidjthat Wedxsnog'amxml Oefcxziq H(‘:ﬂ 6l Omme andidi¢tind ethme(lso mL). The
umslfate nd_ev.apor af.ed ello oi |

lloralw §s akeeg'li%ﬁ!le Orggujgfayer ﬁ\(}grdtcg.l am,_eouT wézt']as pasnﬁed to pH 14
\#lltlt @rdnad. Na@ll-ly andee trazctesi mgmhibrtbfhtm} (mon @aLe Thabrghic extracts were

th Li t hi ! |
R LA P oot P B 4 é@w@mg[m]
HM S 1§H|Mf ed 0C soI ut| on of
1,
&G0y S persi R AN EloR Bl RERAC cin R simss bR by
!(iﬂMmqmmwamse; 119 nL, 0.3 mmol). A white suspension
fornmed, to which was added '

2- Fl uor o- 5- chl&roenzonltrlle (21.0 g, O htat nmol )
over 5 min. The Itant NEFR{ME@)2 m xt u;re’k;@ﬂl | oned

to-warmto r.t. aq stirrggyfiaf,Zh. The re was
cooled to OC and tlhe reaction quenched by the addition

of BMHCI (aq.) ( 20 m.). The m xture was Stirred for

0. [8065b T girrea DT sofuBio ofil,), 13353 Hdﬂméthymheazprw‘(ﬁii &L, 0.3 mmol) in

di scar. n ueou aye :
SRR e ST R RS A IS BT Lt S mon 4
Wmmusmsomkmﬁctomlw wds a@dQI23F10&%- SJdB[brcrbh)zoﬁmﬂe th® g, 0.14
ic r-act d ove va tion, .
SRRk L APl Bafpi bl e F B0 R s for 20
Vl&%lytueé s, copld @ 0°<|&Ilahd the eactmmuelcheﬁy tN-hddid@iHpf T8 QL1 (28.) (240

t of 3- I obenza I .
%IL%h%n%%??lJelw;gggrﬁvﬁ? Lb §h(ﬁgf0(e2\6at 84 2 Ef’was g&e g 'H} H)(J,'p?é organic
lramias ﬂat@df(dQSGthﬁEqUCQUSW@}’enhBif)edd(lf piﬂ)\M &eh SNCENaDHr('Bq]) The aqueous
' -we% »\?«19 MFacf%H w"‘{ﬁ%ﬁﬁﬁ(‘s?ﬂ)o n&) and the organic extracts dried over Na,SOs.
Evaporation yielded the desired product as a yellow solid (16.2g, 73% yield).

O e}

' NH _—:——/<
2N KOH, EtOH, A : /)'\@/C'

. N

[0066] To a solution of 3-Chlorobenzamidine (1g, 6.47 mmol) in dry ethanol (20 lﬁL) was
added ethyl propiolate (983 mL, 9.70 mindl) dropwise over 1 min. The solution was heated to
60°C and a solution of potassium hydroxide (640 mg, 9.70 mmol) in dry ethanol (15 mL) was
added dropwise over 1h. Once added, the mixture was heated at 80°C for 24h, then cooled and
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60C and a sol ution of potassium hydroxide (640 ng, .
9.70 mml) in dry ethanol (15 nlL) was added %rﬂg%ngﬁﬁ
w{g ?‘L h Once added, the m xture was heated at -
SV then cooled and 22 06MAR2007 WO XRSTAYDRBHSE90

PCT/ US2003/ 028590 219002029440 evapor ated. The
i RFye Was dissolved in water and the sol ution,
acidified wwth 10% aq.. HCl-to pH 4, whereupon a white

epam@citgdi Taé es.ﬂﬁermsdnssmdqh »\AM&Saxfdltimet Rlugibh A W »V?djld"/n%% HClto

AR Rprepdofia 585 P’,&C'Q/?ﬁ%‘%gﬁg?do AGh S iR drid n vacuo

'.(242@& §bor ophenyl ) - pyri mi di n-4-one (197 ng, 0.9 mol)
i n phosphorys oxychloride (5 nL) was heat ed to reflux

for 0.5h, then cool ed and evapor at ed. he resi due was
purified bEm\&hmormt ogr apmod,&Cl 3) to d the
desired prb&d S g white—suotid (19' 9%cyl el d).
EINS : 225 M. Cl HN N NH2 N O Pd

rac- Bl NAP 1JCl NaQ Bu, D|oxane A N 4 [ ] To a

chl,o rimd nol )
T G R o Rk b RS et (157 migi ol
m\,alg)smm @xﬁh@(ld&)@)l&)(whs iiegteddo defluR :f()r 0.5hv@éh c[o@lég %Mg)po('zﬂed
ol uti.on was added
P Qo RE o Bro DA o R beggrocg as i
Snimttill?l inp, 8Poyyicld)oEams : 25 mit) , fol | owed by sodi um -
tert-butoxide (29 ng, 0.293 mmol). The brown m xture

was heated to 80C for 12h @n cool ed and tered

t hrough a pflug of celite it h et hanol uent. The
filtrate vapor at ed an he resi dueNp f| ed by
preparati\ PLC t‘ﬂ yield e product t he

trifluor oacre at t <{2£ber)3m§BlW% 282 M.

Bxanpl e 2 [0068] “The NeftBoRiorrgeret hod For the

preparation of conmpound 31 and is general
applicable to the synthesis of conpounds 9, 10, 12,
15, 17, 18, 19, 21-26, 32-40, 57, 58, 61, 464, 65, 67,

al[UM@]ngg stirfed Ta101igh c;lf-chloropyrimidine (20 mg, 88.9 pmol) in dry dioxane (I mL)
stirred at r.t. under nitrogen was added Pd,(dba)s (4mg, 44 pmol), then rac-BINAP (4 mg,
6.6 umol). To this purple sd_lution was added dropwise a solution of 4-aminopyridine (28 mg,
0.293 mmol) in dry dioxane (1 mL), followed by sodium tert-butoxide (29 mg, 0.293 mmol).
The brown mixture was heated to 80°C for 12h then cooled Iand filtered through a plug of celite
with methanol as eluent. The filtrate was evaporated and the residue purified by preparative

"HPLC to yield the product as the trifluoroacetate salt (4.7 mg, 17%). ESMS : 282 M+, -

Example 2

[0069] The following method was used for the preparation of compound 31 and is generally

applicable to the synthesis of compounds 9, 10, 12, 15,17,18, 19, 21-26, 32-40, 57, 58, 61, 64,
63, 67, and 69-73 in Table 1.
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23 0 6 MAR 2007 WO 2004/ 024159 PCT/ US2003/ 028590
219002029440 Denet hyl ation of nmethyl ether N -
HN MeO~NF Lil' HOI LNF A N Pyridine N )’eér\lf‘ﬁil%m
Wa 20/0236931 [0070] To a stirred r.t. sol uti ®eTafs2003/028590
2- (2-Fl.uor o-5-chl orophenyl ) - 4- (3" - net hyl - 4-
.am. nopyridin-4-yl)-5-nmet hoxypyrimdine (596 ng, 1.73
WF%Z%% dry pyridine (50 nL) was added I|ithium
i odi qﬁﬂfgﬂ‘ggm'}f’*‘ ‘m‘?i}!ﬂ'éﬁ‘we was heated to 130C for a
total— 0 ays. ture was evaporated and the
residue purified by arative HPLC to yerd the .
product as the tB oacetate salt, a lam sol i d
(400 mg, 70%viel Y. Esvs : 331 M. APRylation of,
hydr oxy!| grou%eo SN HN B, HO HNWHOS N N F
K?CCB_,DNFNIS CIW[OM Tol a.
stirred r.t. solutMNon N :
2- (2- Fl uoro-5-chl orophe
am nopyridi n-4-yl)-5-hyfdroxypyrimdi ne (50 , 0.15
mol) in dry DVF (5,41) was added finel 1glround K2CO3
(42 , 0.30 mol) ?ollomed by 2-i odopropane (31 ng,
0: 087 3 stirrgh gt. sodutiantaf 3ri2-Fkvoroneeltlerdphieny 3043 Froethyll AR,

' Sy i : L fied. by P di
A e e e
prided lithjymi igﬁ.dq,\ﬁg).c'la\qmmp@dvagyeak@tq g;0°@ forfatt8@1 ¢f3 dayse ThiGhixture
S8 dvapdri akﬂsgzr@snﬁggug Db 3 kpbfATRLE Vil B BRudss fe

trifluoroacetate salt, a cream solid (400 mg, 70% yield). ESMS : 331 MH+.

Alkylation of hydroxyl group

N
HN >_, HNTY
HO -
B. N E \ro SN OF
— K2003, DMF ’ I —
ol Cl
31 32

[0071] To a stirred r.t. solution of 2-(2-Fluoro-5-chlorophenyl)-4-(3’-methyl-4-
.éminopyridin-4-yl)—5—hydroxypyrimidine (50 mg, 0.15 mmol) in dry DMF (5 mL) was added
finely ground K,COs (42 mg, 0.30 mmol) followed by 2-iodopropane (31 mg, 0:18 mmol). The
solution was heated to 50°C for 12h, then evaporated. The residue was puriﬁed>by radial
chromatography (5% MeOH in CHCls) to yield the free base, which was converted by HCI(g) /
Et;0 to the HCl salt. Lyophilization yielded the desired product as a white solid (34 mg, 55% -
yield). ESMS: 373 MH+. ’

Example 3 _
Synthesis of Cyano Substituted Compound

[0072] The following method was used for the synthesis of compounds 1, 2, and 3.
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yield). ESMB : 373 M#. Exanple 3 Synthesis of Cyano
Substituted Conpound [0072] The foll owi ng nmeii§osAR807

Wz’s%‘\%ﬁﬂh% the synthesis of conpounds 1, 2, and 3. 24 0
387 WO 2004/ 024159 PCT/ US2003/ 028590PCT/US2003/028590

219002029440 A NCCN Me2NH / THE NC CN + Me2NH MeS She
R¥ahe, V2N SMe [0073] To a stirred r.t. solution of
2- [d| (met hyl t hi o)rrethyl i dene] mal ononitrile (1 g, 5.9

indry o was adde ti m0_otN
mt hyl am ne in |THE { 204,N8. SM l@ The
m xture was |mgd Md red at r. tDioxprgy mkhen
ed to,a | | ow Qi l. that SO|IdIerd (1.01
cr@@@‘; af%sé'"ﬁ‘éf ‘e}’/‘ﬁ‘éﬂon\%g [@U??‘hYéq*‘@mty/ylﬁa}ebnqlmonwsle(1| fns9
-mh;el)ned&’g' droemtxwa@adde&&@unonlﬁﬁ nMihyldRife lh\ﬁ#@&v@ 3. 5 mt&7 6mmol).
ne Me2N N £0074

}{ 'P'f‘%'&e was, Iefj‘\lﬁlgf t fénfgr ]f?'h(?f’]ﬂl then evaporated to a ye]low oil that solidified

@-0[) @ onete N yTha i &ﬁélriaishwﬁtihh ) iR 43y bde G
‘hitrile in dr; DMF (30 nﬁ%gﬁﬁ% dr; f@?h&gﬁﬁg&&%n EIMS 167 M.

]@\;as. added 2-Flgiorpbenzam de NoB1/eNg, 5.9 mml ) 0

S@&r’?'ﬁyﬁdrl dg (6D% sygpensi on]|i nOni rFer al ol |
11 mmol ) Hebs d t M S¢ RS re vvas
¥eiNretMeat r.t. ‘ 1PNehhen pou ed -“F@éld MaNer )\©
and acidified to pH 4-5,with M HC1™(aq). The two
I ar at e t ous extract ed
wh e B PEe bR PO R o e Al o ety s mlonc-
mrlfem\pjayslhw (3% mh) dndidnyeto tubien(30 mile daoaded 2-MISMenzamide (817 img,
a a0 orange i was di_ssol v
R sk TR PSR FBiaprale a7ee 1 e apaed
. Mﬂmmmaiﬁm mixeuk waiserredeatulttfanih died PGErsdiniodcddBater and acidified to
S RSP E kot sbbom pecisags v
. %(ﬁ%p "BJ)Sﬂ"Etp@FblrEﬂ MBanic 28dctvivereOvdshed Wil bEndNiHefrdried over
Iﬁ%&s ’Evﬁ)J\RoNyFldeMI;&Iarl\ée%%lL\lat »Nval Q%Z)F\']Cd ;xl;%ryamgtHanoF(%g Im(f,r; and
@a(egmppﬂ.mfgpwén@dn)ey@ommna"hsFesmmmdmgam.mamuﬁm By n- 4
AR TR b AR 1L 5
42% over 3 steps). EIMS : 261 M+. : :

: e _ Cl '
. NC .
C. IU\NH F POCH,, A | NCﬁN E
. < . y
=0 “ 0

[0075] To a suspension of 2-(2-F luorophenyl)-S-cyano—6-dimethylamino—pyrimidin#-one
(500 mg, 1.9 mmol) in phosphorus oxychloride (20 mL) was added N,N-dimethylaniline (235

mg, 1.9 mmol). The solid dissolved and the solution was heated to reflux for 4h then cooled and
evaporated. The brown residue was purified by chromatography (1:1 CHCl, : EtOAc) to yield
the desired pfoduét as a cream solid (226 mg, 43%). EIMS 1276 M+,
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ng, 1.9 mmol). The solid dissolved and the sol ution

was heated to reflux for 4h then cool ed and 06 MAR 2007
evapor at ed. The brown residue was purified by
WOV IOYr aphy . (-1 :1 CHC13 : Et QAc) to yi ePdT/UB}@3/028590
. desired product as a creamsolid (226 ng, 43% ., ELVS :
276 M. 25 0 6 MAR 2007 WO 2004/ 024159

PUBEF003/ 028590 219002029440 NN CI NC HN D. NN
NHZ NC Et3N, DM, Al NF Z Me2N Me2N N 3 [ 0076)

To a stirred r.t. solution o N
- 2-(2-Fl uorophenygl)-4-chl oro- yano 6
di net hyl am TN i ne (223

» n dr
(4DM -) was s j . 6mel)
and trietMg thém'ﬁg\‘ nm)f) The’EL
heated to reflux f 12h then cool ed&M e"\'/ap

The residue was shaken in CHC13 (30 nL) and | N™N&O

(agq) (30 nL). The layers were separated arfd the
age®YSTd BMffed £X EdlaEdnA 230&-Fhloifobﬁénl9f)‘f4 dhided-8-c{ans-30 IrrL)

The conbi ned organic extracts were dried over

difgthylaainopyRmaiding 6223 mes BRmmegl) i drsBME§4 mby pag frdégf/tg 4-gmingpyridine
?@Q Qfgat @&hﬁ)@)hﬁﬂd (rk@%lamg'dﬂ mg@ﬂnﬁ%l)g &H@S(;lth%n d@ﬂu{a&q to reflux for

ree ase which was converted . Et 20 t
Iy thepegopled and gyppogateds | Thg residgeryyas Sml%nyrr GHG)s G‘Eﬂk)smd lé’@i?OH (aq)
mIEX 8APlaGerdwere¥eaRRiafid ME 2SRRI exdRBctedNwiNrRirddY dYIC); 3x30
gli\)lNng'-%leNl_?aNCIN_ ot SRR
. mL). The combined organic extracts were dried over MgSOs4 and evaporated to a brown oily
solid. Purification by chromatography (10% MeOH in CHCI5) gave the desired free base, which
was converted by. HCl / EtO to the HCI salt, a white solid (46mg, 17% yield). EIMS : 334 M+,

Example 4
Synthesis of Compound 48

A HN
| )N\ . \(k
~ N
N el I /‘\@
[0077] An oven dried sealed tube was charged with dioxane (10 mL), 4-Bromopyridine

hydroéhloride (4.7 g, 24.3 mmol), 2-Chloro-4-Amino-5-Methylpyrimidine (2.0 g, 16.2 mmol,
Toronto Research), sodium tert-butoxide (4.6 g, 48.6 mmol), BINAP (760 mg,. 1.21 mmol), and

' palladium(ll) acetate (181 mg, 0.81 mmol) under nitrogen. The tube was placed into a 90°C oil
bath and heated for 18 h. The reaction mixture was then allowed to cool to room tehperature,
diluted with dichloromethane (10 mL), filtered through Celite; and concentrated. The crude
product was purified by silica gel column chromatography (5% MeOH-DCM) to give 500 mg
(15%) of the desired product. LCMS: 221 MH+.

[0078] An oven dried sealed tube was charged with acetonitrile (3mL), water (1 mL)

2-chloro-_4-(4-pyridylamino)—pyrimidine (46 mg, 0.20 mmol), 3-fluorophenylboronic acid (85
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100771 An oven dried seal ed tube was charged with
di oxane (10 nL), 4-Bronopyridine hydrochlori 7
W _§3 mmol ), 2- Chl or o- 4- Am no- 5- I\/bthylpyrlmdogls%Rm?
%22.0?)' %*6. 2 mol, Toronto Research), sodi uRET/US2003/028590
~ tert-butoxide (4. 6 g, 48.6 mmol ), BINAP (760 ng, 1.21
6ddobosa@nd pal ladiunm(11) acetate (181 ng, 0.81 mmol)
under  nitrogen. The tube was placed into a 90C oil

- bgtolfﬁlandnﬁkamesﬂluﬁm’arbb&th(l 1The, 0. Gﬁﬁﬂiﬂo‘l)rbnm)d@m;? (Y\@lﬁ 0.02 mmol)

Hagr if ﬁ etu C0O0 é erature di
| Or ofet Harm cf '5‘0 %@1 pil Patpndcheptgg Bughh. (;"Q}qrt:@tmn
mrmmmmmwwm cBbleo Rlomdempapdt@d i futedRshRily| {cbG&d (RYmL),
Délvg to give

: chr oma raphy (5% MeOH /

@' 6ed9ﬁr°9%q‘1%“§§ 8‘@%"%”8@%‘{ Qfg*a CBWSBE?EPC‘ wagified by prrparative TLC
(UMEYHACM) e RV ot (SBE) cﬂdaetdébieedvgﬁédueh Acapd 2 faf+-
acetonitrile (3m), water. (1 ni)

2-chl oro-4-(4-pyridyl am no)-pyrimdine (46 ng, O0.20
mol ), 3-fluorophenyl boronExangd¢ 81 (85 26 01 6 MAR

2007 WD 2004/ 024159 Eqﬂ550903/ 028590 219002029440
rrg, 0.612 mmol ), pota sér—nm—ca%%%%ﬂi—illz ng, 0.81
7) and Pd(PPh3)4 (14 ng, 0.02 mml) under
nil 478 elhis mygteod: i eimerally applieabledto ithetspnthesROCcarnpoubditdd; 68766 and 68
draabied for 18 h. The reaction mxture. was then
all owed to cool to roomtenperature, diluted with
ethyl acetate (10 nl)4 nd chégred through Cel ~nand
concentrat®td. The cr ugeopk,oduct was purifi edﬁ;
pr epar at [%ENTL@ ( 3% VetkhilkbYuping gi Ve (52% of
t he desi tedipraduct. 4.CMoki caBlngVH+. EX

Synt hesi s "bf JFoRpound 63 10079] This metholl i§ |
able to the synthesis of corrp%u@ 62;
2

general ly app
63, 66 and 68 ;pf Table 1. OHt NS, CHCI3'r

SCCl 2, N F 3. Pal | adi um coupling HN 4. Suzuki cogpl i ng

0080] To a solution of
JMBHJ JN r?o‘ﬁlé’"€'3°f6’5§m'<i]1'mﬂﬁ{§| 65g. 1Gmnalyy ircdry olobtrmwassdded NIS

(adgledmiof in b6 p%ﬁmn%ﬁm l‘e}actldﬂ ARt ALY t%%?"ctof(ﬁrmght The

reacti on m xture was heated to 60C overni

FERCHALT XBE PAsogled ikt sand patitiened detween c}ﬂ(PTQIfop'aﬂ'td watan &bk organic
. lhbefsmﬂcdiﬁﬂlrfbﬁoiﬁ'ﬁﬁéﬂ R bMRL @fed olB8vI mtec}wgzlg%%gnc&t%d in vacuo

ed with brine, dried over ,
ap?ﬂ:gé?sgge 8;'/\1’12‘568(9% @éﬂ)tcpgxp@(ghroma%@lgby to give the d_esired product (4.82g,
84% yield) as a cream colored solid. ESMS : 350 (M+). '

[0081] A suspension of the pyrimidine (2g, 5.71mmol) in SOCI; (5ml) containing 2 drops of
DMF was stirred under reflux for Sh. The solution was then cooled to room temperature and
concentrated under rgduced pressure to give a solid that was dissolved in dry methylene
chloride. The solution was cooled to 0°C and ice was added followed by sat. NaHCO;. The
organic layer was separated, washed with brine, dried (MgSO4), filtered and evaporated in vacuo

- to provide a crude white solid that was not further purified. ESMS : 368 (M-+).

[0082] To a suspension of the imino chloride (500mg, 1.42mmol) in dioxane (5ml) was
added Pdy(dba); (65mg, 0.07mmol) followed by BINAP (66mg, 0.1 1mmol), 4-amino-3-picoline
(230mg, 2.13mmol) and NaO'Bu (273mg, 2.84mmol). The reaction mixture was heated to 90°C

for 15h. The reaction mixture was cooled to r.t. and filtered through Celite and the crude
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and the residue purified by flash colum

chr onat ography to give the desired product (4.82

84%vyield) as a cream col ored solid. ESMVS : 3506 (M4R) 2007
wOQ0BW24189 suspensi on of -t he pyrimdine (29, 5rZt/usTns/H28590

in SOCI2 (5m) containing 2 dréps of DMF was stirred

under reflux for 5h. The solution was then cooled to
_'?@B?W%@}m'eratwe and concentrat ed under reduced

rRat?rEa? #lérﬁ'g‘d (BE %F 4 r | o(?naﬁo t n%l (?iorl'l% )&I g)d%a cream

P \Was o
qohmed/\msdaﬁﬁj‘éﬁi 4451(M3'\A/ed by sat. NaHCCB. The organic
| ayer was separated, washed with brine, dried (MJSQH4),
filtered and evaporated in vacuo. to provide a crude
white solid that was not fExempleépurified. ESMS : 368
(M+). 100821 To a suspeRshish oftorhidend §§ NO chl oride
(500my, 1.42mmol) in dioxane (bni) was added
Pd2(dba)3 (65nmg, 0.07mmol) followed by BI NAP (66ng,
0.1 Immol ), 4-am no-3-pigoline (230ng, 2.13mmol) and
NaO Bu (273ny, 2. 84% g I\geact| on m xturg was
heated o0 90C for The regaction mxture yas

coo edtort andfilf% rough Celiteu e°N
cwaﬁéﬁmo 6 MAR 2007 2004/ 0241. 59 |
20

PCT/ 3/02859Q 219002029440 material puriHNe y
flash ool u romatography to grve (152 ry 4%
yield) as am colored solid. ESMS : A4 | (N

Exanple & Preparation of Conpound 80 0 O 7 1 cl
Cl HZN MO ON i \' & HNN/ O / I ~NF i \
FOO N HHON
: 3 F
AN i 9
e
N |N HO Z N
HNT \I

Compound 80

Preparation of 3:

-|0083] The imino chloro compound 1 (5g, 18.3 mmol, | eq) Pd2(dba)3 (670 mg, 0.7 mmol,
0.04 eq) and BINAP (684 mg, 1.1 mmol, 0.06 eq) were suspended in dioxane (280 mL) under |
N2. A solution/ suspension of the amine 2 (3.07g, 20.2 mmol, 1.1 eq) in dioxane (90 mL) was
added at a moderate speed, followed by Cs2CO3 (11.9¢g, 36.5 mmol, 2 eq). The mixture was
then heated to 95°C under N2 for 18 hours. The warm reaction mixture was then filtered

thr'ough Celite and the Celite pad was washed with eihyl acetate (100 mL). The filtrate was then
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HNHN / , N/ NN Cd |1 i\ d N F Conpound 80 F 5
4 Preparation of 3: 10083] The im no chloro n
OB 7

3 mol, | eq), Pd2(dba)3 (670 ng
wh 8‘%2‘ o BINAP (684 ny, 1.1 mmol, O. 06 eE‘)‘T’H%%"%’/“ZS‘”

suspended in dioxane (280 nL) under N2. A solution/
Hspens on of the amne 2 (3.07g, 20.2 mml, 1.1 eq)

in di oxane (90 nL) was added at a nbderate speed,

- doptentyetedlinygc@sRGERX(100mB iy vaBGuS(nomo dryn@&s)e Ghe subpension-was fi ltered

e t C under
: iﬁgg{e\%éﬁdmw?sgeadc\% ﬂ]o%hJ‘Sge{an and%ne(? {yacuo. lPrQPIZ Gt gdvaspﬁtfuaﬁgﬁacream
sobdl .02 2.600b itld: pQel i t € pad vvas washed with ethyl
acetate (100 nlL). The filtrate was then 28 0 6 MAR
2007 WD 2004/ 024159 PCT/ US2003/ 028590 219002029440
conc &FPAraiwpfily vacuo to approx 100 in vol une (not

t q06§'4}’ %%ﬂenm&hgf tﬁ@ﬁﬁ&%s(ll 8y 4V\iarﬁmf)l?1&\§ gﬁ-ﬁ@ di Iaﬁlgcb I?%S%? 5 mmol),

solid with ethyl ‘acétate a
PR etU @%@aeﬂd%rrﬂécvaabea@dcq @enfa fos B ihour4 Th@reggtiod 9% cooled

tM'rr]&JngtemB&Etgre ahd ﬁ@q{@tsbﬂﬁomis‘gdﬁg%@?@lﬁg ?l/y%ﬁ)%{] nedorllge suspensnon

t he Ester
wasHilterpd pnd wa Vé'g‘ ya&ermrihe prieduct vradreed (5 Gzcnd )t 4ﬁﬁf‘sovermght l.lg,

heateth tRaRS0iRE for 0.5 hour. The reaction was cool ed
to roomtenperature and | M HCl solution was added

until a pH 4 was obtained. The suspension was .
fi I t@f@d'aﬁmi)fwasdﬂﬁﬁbuwkm wat er. The product 4 was

ac 40C
B AR o tumaran FUfE. BT Briobsr Salo 863 3§ poesh 24 <a) i
& DPMMESD BiL) ks Keard acT5aC for ())slzh% unaerﬁ\?z Ke Lc)act%d»sag&oled 10 room
RO ap SR RPRBTIaing (DR AL #hg1on S cay s e ioh (ol 2.67
16061) @@retaddddO TH reh@iGH araaitufee f@n ? ﬁgll)fg |T<B@Fe@&)(§JnZ:mtﬂn% wad 1611%n filtered
trie am ne .

aﬂ%*rs%&%%“&%wémhﬁﬁé% i PR Bt pbtdiged o e ol 0712
éscaild. The reaction mixture was then filtered and the

solid washed with ethyl acetate. The pure product was
obtai ned as a white solid, 0.71g,

Example 7
Preparation of Compound 123

_ 0
1) LDA
/4/2 S ) NH /kEKNH
o} 2) o] N/> Cl
Mo CII:(LNHz
H F
E

[0086] To a solution of disopropylamine (15.4ml, 110mmole) in 30mi tetrahydofuran (anh.)
at -20°C was added dropwise, n-butyllithium (2.5M hexane, 48ml, 120mmole). The solution

was stirred at 0°C for 40min. The mixture was then cooled to —78°C and ethyl isovalerate (13.0g,
100mmole) was added dropwise, the reaction mixture was stirred at —78°C for 30min. Ethyl
formate (7.41g, 100mmole) was then added and the reaction mixture was warmed to room
temperature with stirring for | hour. 5-chioro-2-fluorobenzamidine (17.0g, 100mmole) was

dissolved in tetrahydrofuran (40ml) and added to the reaction mixture over 10 min,. followed by
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65 %vyield. Exanple 7 Preparation of Conpound 123 0
01 LDANH ONHCI HQO  C \FNHZ 1 2) [0086] To
a sol ution of disopropylamne (15.4m , 110t 8 MARM007
WIDWP+/42x5P ahydof uran (anh.) at -20C was addedCT/US2003/028590
dropmﬁse n-butyllithium(2.5M hexane, 48ni,
ﬁg The solution was stirred at OC for 40nin
h (Hﬁgﬁﬁure was ‘'t hen cooled to -78C and et hyl

DSOS 1o LI LSS BERE  UA g
~ (bPmbiepd waten(d Sgni).| Dorhesit equeousphadeorss achdettd amjfltelrmi to remove some
bRephi nTH@f?fttréi'é' @as%ﬁhﬁ%rvﬂ{ﬂ%}ag&&gc ﬁ@le.é gy?lg aar%urt?ach with ethyl

Stll‘l‘lng2 hour uoro
@aerateyg x f@mhmﬁasbe)d apebinedipxiracls withl satnrated sodalmy clrlcridardmd over

R e R i et

PCT/ US2003/ 0285 219002@2440 reflyxiry for 18hr.
Renoved sol . S\Es suspended
in chloroform{(150m) gpdcamw (|5om|). The b si
aqueous phase ;

some precipitate, filtrate was acidifi ith
gl aci al acetic acfd to pH 5 and extracted Fwi th et hyl

ac [0sTje2{Rchiord! Emm))qphmgm%ﬁi@ymrﬁrﬂdm@ﬂoﬁ@@t@ g\W2t88mmole) was

sat ur.a ver sodi um'sul f at e
iRt i PRTAE U ol Sl St dovepSiauy phth o misuure
®las he@te&S@OZC Fori30MH, emoeat exElM:thNnﬂ chidWide ufider LA2A&E 1 The residue was

e S AR s

(Wetstredi, chlﬂﬂﬂicmmhﬂb l%ﬂﬂ)d&ndfaﬂﬂ?atavggi\)@ﬁﬁdr&d @ﬁl@rogo-ﬁh%yer over sodium
or mn renove excess
‘Hé‘g);*?ﬂ% )é%?’é’?’?(gsé’ Vﬁﬁtd%F‘V?/gg%ﬁJ?de“?he resi due was

Cl 7 0
SNOF Y =N
| 0 Pd(OAc), Jj@
N)\(> + \o)Ij‘l BINAP HN
HoNT N Cs,CO, )\(k/"' F
¢ - Dioxane N
90°C

[0088] BINAP (233mg, 0.375mmole) and palladium(I1)acetate (56.1mg, 0.25mmole were

Y

combined in 8ml dioxane (anh) and heated for 5 min, followed by addition of 2—(5—ch.loro—2-
fluorophenyl)-4-chloro-5-isoprpylpyrimidine (1.42g, Smmole), methyl 4-amino-3-
pyridinecarboxylate (912mg, 6mmole) and cesium carbonate (2.28g, 7.0mmole). The mixture
was heated to 90°C overnight. Removed dioxane under vacuum, the solid residue was
tritureated with ethyl acetate (20ml) and filtered to give 767mg product which contains cesium

carbonate and was used directly in next step without further purification.
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treated with ice (50m) and chl orof orm (50nt).
Extracted product into chlororoml ayer. V\asheﬂ
chl orof ormwi th 10% sodi um carbonate (cold) a g WiR 297
YORBYEELY m | ayer over sodium sulfate (anh,) PREHB6H02859
solvent to give 3.32g product. CI O ,NF OPd(OAc)2 N
’hgﬂ)z&\ﬂgﬁbNAP HN HZN CS2C08 N F . O Di oxane N~ 1 90C |

C 100881 BI NAP (233ng, O. 375mol e) and
pallad| un(ll)acecbate (56.1 ng, O0.25nmol e were conbi ned

in 8ml di oxane and heated for 5 minl f )| | owed by
addi tion of 2:P5- |h| 0-2- HO™ N
f1 uor ophenyl )-4,4,@ o- 5NASKAPy . | pyri ni gy . 429,

5mol e), net -am noTﬂ’_Tf‘l_dTﬁecar oxy |ate
(912ny, 6 esi ar bonat e Sy F
7. Omol e) . ' was heated to _90 N Al_ght .
Renoved di oxane und acuum the solid resig was

tritureated with eth acetate (20nl) and fil
gi ve 767ng product wai ch contains cesium carbonate

oS TS (G R oD i ebore o reted wit
m@lrz wm(agsssa@mlxmmm%mr@omm m&h é\éol'e@rc)ag’t"&) mifire

NJ
%@é’?g%e’ &SP “"” ’é%ﬁd""“ia“%brﬁ‘?ﬁla%“e?"%/%%'"%'u‘gif@ﬁ'dé’@d with 6M
HCOpH ﬁ"diltvmlabommndptoﬁeﬁtlaﬂngmth 4ml2. OM NaOH(aq). The '
m xture was refluxgd for 30mn, then cooled reaction
“.m xture evaporateg under- vacuumt renpve net hanol .
‘The aqueous sol #d o |fi ed whiyh oM~ \HCl  (pH
5), filtered to oHt rJ/pro uct 180ng. HO 0JHO N DVF N

JOIN HN HN COV [>—NH, HIN |
| SN F I SN F
' V0
_ Ci Cl
[0090] The acid (193mg, 0.5mmole) was suspended in DMF (anh. 6ml) and treated with

carbonyl dimimidazole (162mg, 1.0mmole) and heated to 60°C for 2 hours. Cyclopropylamine

(114mg, 2.0mmole) was added and the solution stirred overnight at room temperature. Filtered

mixture and filtrate subjected to HPLC purification. Isolated 34mg product.
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CDI/ [>-NH2 ~NF I ~-NF NN C C 100901 The acid

- (193ng, 0.5mml e) was suspended in DMF (anh. Wnd'
treated with carbonyl dim m dazole (162ng, 1
vanahoheat®d to 60C for 2 hours. Cycl opropyl ampag/us2003/028590
(114ng, 2. 0Omol e) was added and the solution stirred
overnight at roomtenperature. Filtered mxture and
PIPPRE€ subj ected to HPLC purification. Isolated 34ny
product. 31 0 6 MAR 2007 \/}2@ 20%/ 024159

PCT/ US2003/ 028590 2190020 anple 8 Preparation
of Conmpound 122 H3COXzepdGRich B Cdoipobdid A22HN A\ N N N N
~~/C NI VA I NI'VCA FFF 67 8 ~NH ON |
HN.A . ~N N1 \\ C Conpedled F 122 9 Prgparation of
7: 10091] To |.42g (5.0mol) ¢f 6), was addeq” 2 2g(
7. Omol ) /Acesi um car bonat H (.25 ) HNTN

Pd(Ac) 2, . 2334\ (. 44ppl)- N and-912g ) of

4- ami no- 3- ter pyri'd LA of anhydronsc
dded and the ure was heat am 0]

1- 4- D oxane
90C overni ght. Di oxane was ré&nmoved by reduced
pressure and material was washed with 8

Al

NH

NN\
A(KN |
N/)j@/u
F
9

Compound
122

' Preparation of 7:

[0091] To 1.42g (5.0mmol) of (6), was added 2.2g( 7.0mmol) cesium carbonate, .056g
(-25mmol) Pd(Ac)2, .233g (-44mmol) B_]NAP, and .912g ( 6.0mmol) 0f4-amin6-3-methylester
pyridine. 10ml of anhydrous 1-4-Dioxane was added and the mixture was heated to 90°C

overnight. Dioxane was removed by reduced pressure and material was washed with

ethylacetate.

Preparation of 8:

[0092] To 0.35g (1.24mmol) of (7) was added 8ml of methanol and 3m} of a IM NaOH
solution. Mixture was heated to 70°C for 2 hrs, cooled then acidified to pH5 using 1M HCI.

Product was collected by vacuum filtration, washed with a small amount of water and dried in

vacuum oven.

Preparation of 9:

[0093] To.223g (.589mmol) of (8), was added .19g (.18mmol) of N,N’-

Carbonyldiimidazole. The mixture was treated with 4ml of anhydrous DMF and heated to 70°C

- for 2 hrs. Reaction was cooled to room temperature and .168g (2.9mmol) 6f cyclopropylamine
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et hyl acetate. Preparation of 8: 100921 To 0. 35g
(1.24mol ) of (7) was added 8ml of nethanol Héacﬁhw
NefoH solution. Mxture was heated to
Wﬁrzgmw%:ool ed then acidified to pHs using I'M 2003/028590
Product was col |l ected by vacuumfiltration, washed
Mwhdotvascsmal | amount of water and dried in vacuum
oven. Preparation of 9: [00931 To .223g (.589mmol) of
\(/zg;)addoﬁ,agd ﬁ]g @@g]tlom sfged at Fod®ntemiprawfe d\l,ehd' ight. Reaction was then filtered:
g le. The mxture was. treated with 4ndl
of anhyg U ‘and heated to 70C for 2 hrs.
Reaction was cooled to roomtenperature and . 1689
(2.9mol ) of cycl opropyl angpgnnsd 0 6 VAR 2007 WO
0041 024150 PCTT USD00S] 02BERRIS 05020440 was added
and the reaction stiPiceaatiop of gempeunddas at ur e
overni ght. Reaction was then filtered and purified by
prep HPLC Exanple 9 Preparation o>\m\<€onpound 136 o

|\/,§S NaCH ci OH Et OH H20
PyrfcHi ne @~ §EHO=S o t [OVE_ MM, | /13
H|l§ynd]r2 Oold eddhb/ \\ | 156) GYHBN ddm LDA OS@righe N)=0
CS2ae8 O PRC NH HN ¢ CI 2) He~ N fatbmcat DMECl H @
Pd( OAc 2 NJ BI NA) | N 12 ~o 14
' 0 “ N
A \o

HoN

o c
1) LDA - SOCl, CSZCO:,
I v cl I C' Pd(OA )2
0 2 cat DMF N7 c
2 3~ N)j@/ BINAP %N
H F F .

dioxane

| NaOH
MeOHAvater

OH
| R-NH,/ THF O YN

. X |

HN HN
% “TEA, PyBop. DMF
| ) N
N/ Ci l_ N/ Cl
Compound ' '
. F 18 F
136 19

Preparation of 10:

[0094] A mixture of cyclobutyimethanol (25g, 0.290mole) and methaﬁesulfonyl chloride
(33.25g, 0.290mole) was stirred at 0°C while pyridine was added drop wise over 2.5 hours.
" Reaction mixture was kept at 0°C overnight, then combined with }50ml ice cold 10% HCL. The
mixture was extracted with diethyl ether (3 x 125ml). Cdrﬁbined extracts were washed with

water (2 x 20ml) followed by saturated sodium bicarbonate (30ml). Dried extract over

anhydrous sodium sulfate and solvent removed under reduced pressure to give 35.58g product.
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F Fdioxane N O NH 15 16 17 F/ C NH F NaCH
MeOH water R NH OH N R-NH2/ THF ON | HN HN g

6 007
W(g%/og_ggzﬁéw N\ G \ d Compound N/ 136 19 l-”:C'll/Ug'z 0_:50

tion of 10: [00941 A mixture of . 28590
cycl obut yl net hanol (25g, 0.290nol e) and

»iehhangsul fonyl chloride (33.25g, 0.290nole) was
stirred at OC while pyridine was added drop w se over
2. 5 heparstion oReBCt i on m xture was kept at OC overni ght,

t C ined wth .150ql.,ce,c0ld 10% HCl . T o

8PS VR B Rt hidkarlAPt AbEF 2l Role agndissolid 1 5o 9%
e]EE@iliﬁlM\\ra&g amkitdagd tasth \p&gﬁidﬁg_&hﬂﬁﬂg}(\iihg, mﬁf.t}g%aﬂﬁ ré&bwdy mixture

wed . atur at ed sodi um ar bonat e .. 1 e

e SRt Pk B o 20Tt i e G PR o ey P ST ether
(2 & Moyl tmdefsherd@dmcsadra&rd/es&um&htoﬂdg(~wn3.5D§&getwr Q0kiGddium

33 0.6 2007 WO 2004/ 024159 PCT/ US2003/ 028590 .
sgliaéﬁﬁzbm(?a%rbé%vg}sg utigp Was pﬁsedlcb(e 1sil (~10cm I.g. x 15cm ) twice to
rénl®le®pd ity doRdr NREMBRY bditént (03B vaGgddpraduaWhieh widsurified further by

di sso@vgd in 250@1 80% ethanol/water and treated with
veggedistilanen g gge-og pdydy  0.388, 1.8eq) and reaction

m xture refluxed overnight. Poured reaction mxture

intop2 ter and extracted with diethyl ether (2

X 10%@%&@%% W th saturated sodi um chloride

( {6361 )An O cavibddbth f scawer haivokidni0gun §0uilevatcamhs Jtirred vbile a 30%
dark brown,s i . ver. flori si ﬁg‘-locm
FafgEerph e lutibd Gl AR PRASERRY Hanlaifihd ol epd Ot
Gsalqbeuytacttonigilw(@.Sg;mmoﬂg)m a@idedm'wl,}l',] sak@®n purtddf 30enkn then heated to
rfeHlExt i’lg? 5 da?))é. c‘é&%&#‘éé‘@n%h .%tbl(t!rrle,a éxltrgcrle& \gitl%o\fr‘fal cl?lb%gorpnrtg (rjelgr?otvé unreacted
nitrile. Acidified aqueous layer with conc. HCl to pH 2, extracted cooled mixture with
chloroform (3 x 150ml). Dried chloroform extract over magnesium sulfate (anh.). Evaporated

solvent to give 8.63g product.

Preparation of 13: -

[0097] Cyclobutylacetic acid (8.63g, 75.6mmole) was dissolved in dichloromethane
containing 2 drops dimethylformamide and oxallyl chloride (45ml, 2M dichioromethane) was
added drop wise over 30 min at room temperature. ‘The reaction-mixture was stirred at room

temperature for 3 hours, and then sotvent removed to give 8.6g product.

Preparation of 14: _
[0098] Cyclobutyl acetyl chloride (8.6g, 64.8mmole) was added drop wise to a stirred
- solution of pyridine (10.48ml, 129.6 mmole) in methanol (105ml). The solution was stirred
“overnight at room temperature. Most of the excess methano! was removed under vacuum.
Solution was poured onto 150mi water, extracted with diethyl ether (3x 125ml). Combined
extracts were washed with 25ml 10% HCI, water (25ml) and saturated sodium bicarbonate
(25ml), water (25ml), saturated sodium chloride (25ml). Ether was dried over anhydrous

sodium sulfate and solvent removed to give 5.90g product.
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Preparation of 12: [0096] An ice cool ed bath of sodium

hydr oxi de (40g) in 50m water was stirred whi |26 MARONG?
peroxi de solution (50mL ) was added_sl| ow

\Vgéﬂ%@gﬁnlng cool tenperature. CycrobutylacefSﬁP?@%WE&wo

(9.5g, 0.10nole) was added slowy, solution stirred 30

ploddadoben heated to reflux for 2 days. Cool ed reaction

m xture, extracted with 50m chloroformto renove

unr edreperdtiondflsi | e. Acidified aqueous |ayer with conc.

r.act ed ooi 1 X e with chloroform
(STo1d0 T8GR FPy R T o S Al e
gubifyato@r(rem F0)C, viay agied attag] litinkv@sM kdkalsVRnd, sﬁ&gmmole) drop

Rfsg de'lfeSsolélggn \9%§? Frfr%log f%g%mlélo 0233175:}1 (l:qln?filjll)'g&r/eI tg(-:'/e8°C and methyl
d)'rcdphhtgkanmat hii?ge 46.08minale W gd@eddr @Psisel tHEat2yibid mrximmﬁ@d at

BBt GO BTG oGPl Ehre o rarien e was

wegetl ton 0‘1@ fiet Lilicdar, wees rédrh tefnd tdtir. 5QARTo-1 ﬂmﬁﬁﬁ%&né @'94g,

vent ved to give 8.6
a5 Do B Siial P A oo TBtso apd st e o therenan mixture
dlkbb ofise (deer (l 8 nfirg the@ 4efRIEDO RN ngRéiﬁ’cQ@&im@&%Pte%I%@rotﬁQarﬁmder

Iut on of ridi ne % 48ml, 129.'6 mmol e
Vac”‘h‘%t“ﬁ%h"’é ”“(‘F'ff@rﬂp)'“ 2680 VST Y PR HeOsisplufiith dethyl ether (2 x
Bwral) whglﬂtenﬂ)t/ecf dhﬂmdlc&l’fmqtle’btxyﬁ}ﬁse WaastidAfed Wi oRRERStic acid to pH 5.

cuum  Sol uti on was

: Vv

D B E R B el Melak o Be e fF oA yfovem Hesd o iv
@3xﬂiaﬁmﬂr®%ﬁnﬂb)ned extracts were washed with 25nil

10% HCl, water (25m) and saturated sodi um bi carbonat e
(25m), water (25m ), saturated sodium chloride

( 25niPrepaiatioieef Wns dried over anhydrous sodi um sul fate

an@g16Q! ¥ L ERT odg t 6. MAR
200 ey R e d bkt Crrecb o>
F‘fsé"ﬁ'é?da't‘ thaenybghlorie (Wl OWWimmelel addsid Btdreps dfiethylformamide and heated
EHinki 5O B S0RY (
arlﬂgydr A oiilg@t) &glhysg?rg?é&g%rﬁgwgggg%le@d dlssolaodﬂd tl'Hs tmﬁ, >ﬁemoved
EXCEftithipny( choofs vslgmypesum 2r@ivdsidus 5vag Sl anyo ide wpter wusﬁed with
h6rofprh Whi A0m.n.
Trea gt g r%@&)r\j?létef%bs{h&?gmﬂo Cﬁ gﬁdiugl{ qar onate délgg Pveir anhydrous
aedivm pyfaesing splvensreg@medob elve 3,982 arddi&d (QPP/G))p wi se, the
reaction mxture stirred at -78C for 30m n. Ethyl

fornﬁigl&ggZiﬁg; 46. 03mmol e) was added and reaction

m xt AR Oer med to - 10C for 1 hour, then roomtenp

_ 1 N(DW] 755-ﬂﬂﬂr@26}u3rof)-|4whbﬂbﬁﬂ?cﬂiﬁh@lp‘?ﬁm(d?neg(ffgs Smmole), cesium
ro

d | ved 20 tet
PR Sh el R R Eihcran T ta 2Smeimeh DAVABCY e

0075mmhole)taRe methelf 4- Mﬁdp\@MﬁEBlcgmbxyl&erﬁg mle)QJere combined in

t.et rahydr of
dloxane aXcF hc:ateélJ tan{(B éj overnlght Removed solvent under vacuum triturated residue with

. ethyl acetate, filtered solid, washed with ethy acetate to give 4.20g solid, estimated to contain

1.92g product, and remaining cesium carbonate. This material was used directly without further

purification.
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vacuum and residue taken up in 200nml water. Washed

aqueous solution with diethyl ether (2 x 75@‘%%”07

renoved dark col or. Aqueous phase was acidified

W A S#H153cetic acid to pH 5. Product preci piPCEUSZ03/028590

fromsolution. Filtered solid, washed with water and
ried to give 3.77g product. (29%yvyield).

%?@%"2%?' on of 16: 101011

2- ( 5-redpa@fi®y g 1fgl uor o) - 5- cycl obut yl pyri m di ne- 4-one

(3. 753?, 13. 5mol e) was suspended i n thionyl chloride

( 194831 Vb AvtBe eptimatedi b R estating matesiaht cepunt carbrmate heasammiended in

bt 1on adUORI 1101 s%@ignfh%ro%gc. MR dhuxedt Q)kfli'opg hgﬁt i c%loled

was conpl eted dissolved at this tinme. Renove excess

MRt REmeVsS Fietiancl yader vacaemuasidifted anessiusispdution & Prbaiwell IM HCL,

BdrEY doR@WAR R Wil as bisd .%n%t J}od%mf% 9&%([3@%%“ groform

| ater washed with 10% Sodi um carbonat e, isis
anhydrous.. Sodium sul fate and sol vent renoved to
gi ve BepaRgopsfgduct . (99% Preparation of 17: 101021

2-(5- o f - 4-chl or o- 5- cycl obut yl pyri ni di
(L0765 D hisiig D YEERhoit] vt sipendad & G aidoI . To this was
pédel Bghiop (sA ), @mcﬂe)(ﬁahfmﬁmé Y49RERRER) 0.3 BhINRR Y(ard 3M methyl

%Qﬁ“ﬁg gﬁ%{%@%a‘g‘r'&g;@/@tj eaciaerostired gipem empepetuee for 3 hours.

Taeehdietiminiure aORReIEd ARRIN@ RS rEroh Gilt80fnd WHERIIYNEPLC pyrification
: Rermvejd sol vent under - vacuum triturated fesidue w Flh

CLHnoimeRrdie: filtered solid, washed with ethyl
acetate to give 4.20g solid, estimated to contain
1.92g product, and remaini cesjum car bonate. This
mat eri al was used di rectlyﬁ%ﬂ}q‘i%m further
purification. 35 0.6 PkédaaB&of CofPodi0ry5024159

PCT/ US2003/ 028590 219002029440 Preparati on of 18:
[0103] VIl (4.20g, estimated 1.92g startinggpterial
+ cesi um carbonate) was suspended in nethanol [Tt
and 1 Ogto,dn, M sodil%*hydr oxi de. jRefl uxed sol ptHNONi

¥

hour , tdﬁen cooled™ xture,_re nret_ hanot™ f
vacuum "acidified a

§ol uti ony cd W Ny~ c
HCl, filtered solid, ng vvithz}g/a to give | g
product afteg,yacuum ovenHszL[ L ng. fepar at i on “of" 19:
[0104] | X (130ng; P. 326mmo e%g SN suspended in

di met hyl f or mamivd&-(8nl). Tg ® s added Pybop

(254ny,_ 0, e), trietfylagine (49microliters,
0. 359mmol e ) t hyl glael{ Tid- (Iom croliters,
1. 63 mol e) azng readtion sti room]ctboé'WB'é'l'da‘@Ere

for 3 hours. THe Yeaction m*furé was 1iltered
t hrough 0.45m cron filter and subj ect ed-te—HPEE

puri fp.oatdiBhord® 9i ve 61 mg product.

[0105] Solid sodium metal pieces, (2.11g, 92.0mmol) was washed with hexane and crushed

into smaller pieces. Hexane was removed and sodium pieces were added 1o a stirred solution at
0°C of N,N-Dimethylglycine methy! ester, (10.78g, 92.0mmoii-n-:-mhydrous ether (80ml)).
Ethylformate (7.4ml, 92.0mmol) was added dropwise to this solution and the reaction was

stirred at room temperature for 3 hours. The rxn solution turns a creamy yellow consistency. To
this mixture, 5-chlor942-ﬂuorobenzamidine, (15.9¢, 92.0mmol) dissolved in 100ml of 200 proof

ethanol was syringe into reaction flask and the mixture was refluxed gently overnight. Solvent
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Exanpl.e 10 Preparation of Conpound 135 H3COZQA N \ 1
~C02CH3 CHC HN "INIT N~N~NN"'N N~NCIU
_2021FF22F HO2C N H3CHNOC .

WUZI\?WQL]ND ~C 23N 1 '~ N Conpound 135 "%T/Eﬁmﬁyms"’"
Preparation of 20: [0105] Solid sodium netal pieces,
N2oodQao 92. OMmol ) was washed with hexane and cryshed
into smal |l er pieces. Hexane was renoved and sodi um
ipthet eemoxed enderdedded pJesaurS tihd siexdly Bedkdh h;omtoa:hlord?&nozfnd extracted

' ' Ommol i n
\N’[Ii’:tv%rgﬁ%mé(% %ka&ecrl(vgag _]‘)Sl(jdylo Pﬁ*gﬂdfeéﬁ&i‘fﬁf' éwltgfhlarﬁ){onn Combined
@gan@mty@t wia sriaddied ndpepivissiifae ahdﬂtcﬁltcéﬁﬁlatbk]% I @}O%@gﬂgd&h% then

ure for ours
{f%ggér&%‘n%d?%@ace a& ﬁ%ﬁ%"ea d%g};ﬁfggi 6w consi stency. To
this m xture, 5-chloro-2-fluorobenzamdine, (15-.9g,

92. Ophgaridl 99! ved in 100m of 200 proof et hanol was
sy rlnge |H§Ho reaction flask and the m xture was

r 108k e (Serbiora-3-flogrebenizghf- cyﬁmrvwlﬂpynrﬁnﬁorﬁogalﬂ?% Bﬂﬁfl%\gﬁs
IS
e (it ) e e S PR 67 o o was

rempbedcﬁﬂgrrgfuqumq;m andtpralottehs extracted into chloroform and washed with a

saturated solution of sodiumhydrogen carbonate with ice. Organic solvent was dried using

‘magnesium sulfate and concentrated. Reaction produced .43g of product, 95% yield.

Preparation of 22:

[0107] Imino chloride (21), (.43g, 1.5mmol) was dissolved in 5ml of anhydrous 1,4-dioxane.
To this (:29g, 1.9mmol) of 5, (.018g, .080mmol) of palladium acetate, (.075g, .121mmol) of
BINAP, and (.786g, 2.41mmol) of cesium carbonate was added-at once. The reaction was
refluxed for 3 hours, cooled and the dioxane was evaporéted off. Crude product is washed .with

ethylacetate. Crude product is a mixture with cesium carbonate remaining. No yield was taken.

Preparation of 23:

[0108] To (22) was added 15ml of methanol and 3ml of a lM NaOH solution. Mixture was
heated to 70°C for 2 hrs, cooled then acidified to pH4 using 1M HCI. Product was collected by
vacuum filtration, ‘washed with a small amount of water and dried in vacuum oven. Recelved

064g, 10.3% collective yneld from imino chloride (21).

Preparation of 24:

{0109]) To (.064g, .166mmol) of (23), was added (.054g, .330mmol) of
N,N’-Carbonyldiimidazole. The mixture was treated with 5ml of anhydrous DMF and heated to
70°C for 2 hrs. Reaction was cooled to room temperature and .249ml (.498mmol) of
methylamine was added and the reaction stirred at room temperature overnight. Reaction was

then filtered and purified by prep HPLC. Received .0152g of material, 22.7% yield.
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with water. Aqueous |ayer was adjusted to pH 7 and
extracted with chloroform Combined organic o8 YaRtog7
was dried using magnesi um sul fate and concentr at ed.

WO Wde0@t8duct is then washed with 20% PCT/US2003/028590
et hyl acet ate/ Hexane. Yield is 4.39; 17.5% Preparation
of 21: 10106] _
YQ0B284P or 0- 2- f | uor obenzyl ) - 5- cycl opr opyl - pyri ni done,
(.46g, 1.61mmmol) was treafg( ‘Mﬁ (2mL, 15. 7mmol) of
phosphorus oxychl ori de and d for 2 hrs. Solvent
was renoved under r orpef wdaib@ product was
extracted into chloroformand washed with a saturated

sol ution of sodi unhydsg car bonaine Wi t h ie®un Ggani c
sol.vent was dried usi ngﬁagnem um sul ate and

concent r at - React 1 oW" produced . g Sof pr odué 95%

yi el d. ™9 e—@HPCtS’r\('g (21),

( 439, 1 %e?j in hhyd ¢
, 4- di oxane. thls ( 9mol 5 (.0

080rrm)|) of paI | adi um %cet ate, (.075g, .121 mrgl) of
Bl NAP, and (.786g, 2.41 mmol) of cesI um carberate—was
added at once. The reaction was refl uxed|fGm@uibli8s),
cool eptepuddioh bezsdi oxane was evaporated off.
~product i s was gvvlth et hyl acetate. Crude product is

mlk?luF%awlwr?ne PRI BORE e (Wit ? AYmmMeb lysabingiry

wa&hmk@(n; mlRv@pakiad PAOAT), (28 1 n(god%ﬁ m%@l 6 ngq)\/\@mApp (100mg,
ﬁnged 1 f nmet_ hanol _and sol uti on.

1 e \R/é’g eﬂek{’é‘éa‘gt°6c?§@3f(6?3 ?"ﬁlr d; 5 eabfell%edtha(éﬁ“ mg of

adqiudid 5-aflorbsenpdmitdibs 1. NMphel MAHGH solﬁfoﬁ%§§tm‘é@§n(ﬂ@a{e§ alovet under
\%rpgvacuum filt rat| on, washed with a snmall anpunt of

¢ REPIRCIgR {8 d dpYs e [RARTBVRIRtureris 6pQJstio roanplegperatgre g
€0t @ BirdugR CYlited dTPfd‘s@m:htm/d'ﬂ GerfidVe® 4 vd.o(t8 2ive a BoRRAERTUE 88 (429%

0109 66
(leéy ic h yig5) 1e§ bé:fl N:ohtx%? %l@rq%alg%&bé(Mq(ﬁlé/DCM 10/90).
m xture was treated W|th 5m of anhydrous DMF and

heat epreéa‘?atuom%g or 2 hrs. Reaction was cooled to room

t enpe 249m (.498mmmol ) of nethyl am ne was
adtdd1]land asdliatianed 2 (460 met 1.06 exchofitin freshmetiengd €2Ginl) was added Pd/C

5L Wl RS B VS B D LALFLAT 0SB Lt o,

Jie catgyves 2@0Ted b\BItp0id) M@Edﬁ&@teﬁ@?h\uﬁm@tdﬁ%@@e 26 (39%

AP ARERAB SRR B SRR R R ot S0

KMERBMCMN/95).

Preparation of 27:

[0112] To a solution of 26 (100 mg, 0.29 mmol, 1 eq) in fresh DCM: (10 ml) was added 72
mg of l-ethyl-3-(3-dimethylaminopropyl)-carbodimide (EDC) (72.2 mg, 0.377 mmol, 1.3 eq)
followed by acetic acid (13.3 mg, 0.29 mmol, leq). The reaction-solution was stirred at room

temperature for 8 hrs. The solvent was removed in vacuo to give 27 (99% yield).
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CCIl NI NA I NN FFFI/ FaC 25 26 27
Compound 108 Preparation of 25: [0110] To a 9d MM%W
f ne- 3-nitropyridine (300 ng, 2.15 mol, |
Wgz‘%ﬁgq‘l di oxane (25 m) were added Pd(OAQ) 2'*‘(T2!iszﬂ lﬂﬁs"’"

0. 107 mol , 0.05 eq), BINAPP (.100ng, 0.162 mol, -
z@m&%Qm%Q) 1054 nmg of Cs2C38 (3.23 mml, 1.5 eq)

l owed by 704 ng of 2-fluoro-5-chlorobenzani dine 1.
The reaction sol ution was Exhmpleeg and heated at 90C
under nitrogen protectiaon.f 3 days, The reaction
m xture was cool ed tgﬁg%%ﬁﬁggéﬁgﬂ%ﬁé#égand filtered
through Celite(r). The solvent was renoved in vacuo to
give @ brown residue 25 (42% vyield) which was ¢

(Me Q) Prepiaragi on of 26: 10111] T
sol . Ch fresh .
(20 m) The .rea

was eva&cu [ i rogen underFI'atnm 0
20 h.y The catalyst was renmved by filtration and the
filtrate was evaporated to give crude 26 (39% yield).
The crude product was purified by colum

chr omat ogr aphy on silica gel (MeOH DCM 5/95).
Preparation of 27: 101121 To a solution of 26 (100 ny,
0.29 mmol, | eq) in fresh DCM (10 m ) was added 72 ng
of 1-ethyl-3-(3-di net hyl am nopropyl)-carbodi m de®
(72.2 nmg, 0.377 mml, 1.3 eq) followed by aceticigpnd
(13.3 ng, 0.29 mmol, leqg). The reaction -sol utiHyn S

stirred at room tenperature for 8 hrs. The sol

was renoved in vacuo to gi Veohhokrdd%py| €l d)).

06MAR2007 WO 2001/ 024159 PCT/U82003/0285 Z cl
219002029440 Exanple 12 Preparation of ung 15

a0 Cl /OHOOI ~-NO NdG. NGOG N £ F

30

[0113] A suspension of 5-methoxy-4-chloropyrimidine 1 (853mg, 1.8 mmbl) and AICl; (5g,
21.9 mmol, 12eq.) in methylene chloride (50 mL) was heated to l;eﬂux for 48h, and then poured
into a solution of IN HCI (50 mL). The mixture was extracted with CH,Cl, (5x100 mL) and the

~ extracts dried over N52804. Evaporation of the solvent followed by chromatography (0-10%
MeOH in CHyCl,) gave the product 28 as a white solid (772mg, 95%).

[0114] A suspension of 5,hydroxy-4-chloropyfimidine 28 (50mg, 0.19 rﬁmol), 4 fluoro-
benzyl bromide (56mg, 0.29 mmol, ].SCQ.) and K,CO3 (40mg, 0.29 mmol, 1.5eq.) in dry DMF
(2 mL) was heated to 60°C overnight-followed by evaporation and chro_.matography (CH,Ch) to -
give the product 29 as a cream solid (43mg, 61% yield).

[0115] To a solution of the chloropyrimidine 29 (43mg, 0.12 mmol) in dry dioxane (3 mL)
was added successively sz(dba)g (5mg, 5Smol%), Rac- BFNAP (6m 7. 5mol%) 3,methyl-4-
ammopyndme (15mg, 0. 14 mmol, 1 2eq ) and NaO'Bu (14mg, 0.14mmol, 1.2eq.). The mixture -
was heated at 50°C for 5h then cooled and evaporated. The crude residue was punﬁed by HPLC
to give the desired product 30, lyophilized as a TFA salt (7.4mg). '
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FI FI/\ F F 2829 % H\ OL Conpound 150 C N
-:, N F 30 101131 A suspension of 0 6 MAR

-,JTE 4-chloropyrimdine 1 (853ny, 1.8 _
‘Néf@E@Q@S%, 21.9 mmol, 12eq.) in nethyl ene gﬁ?k&ﬁ%@’“”’“’
(50 m.) was heated to reflux for 48h,.and then poured
knbmoasasol ution of IN HCl (50 ni). The m xt ure was
extracted with CH2Cl 2 (5x100 nL) and the extracts
dri ed over Na2SO4. Evapora@imnggﬂ_the sol vent fol |l owed
by chromat ogr aphy (0-g0% . _,‘) gave the
product 28 as a white solrd (772D . [01141 A
suspensi on ofN hydr oxy- 4- chloropyr|n1d|ne 28 (50ny,
0.19 nmol ), 4 2Iuoro benzyl brom de (56ny, 0.29 mol,
1.5eq.) andnR2QEB(4¥nmy, 0.29 mmol, 1.5eq.) in dry DWF
(2 nL) gras heat o 60C oW ni ght foll owed by Ci
or i on afd chir omatogr y (CH2Cl2) to g

eva S

pr pd eas_a creamjsol jd (43ny, 61%yield)] 1ﬁﬂ

T solutlon of the 0 e 29 (43 _#éjI::j/c
(6ng, 7.5n0l %,

in dry di oxane dded succe
a)3 (5ng, 5nol %, R% -B
3 net yI 4- ami nopyri di ne %15ng, 0.14 mmwl, 1.2ed
and NaO Bu (14ng, O0.14mmol, 1.2eq.). The nixture was
heated at 50C for 5h then cool ed and evaporated. The
crude residue was purified by HPLC to give the
desi redopr oduct 30, Iyophlllmed as a TFA salt (7.4p00).
39 0,& Q07 WO 2004/ QF/USZOOS/OZSS 0
21900?029 40|Exanple 13 epa atqon of Conpoun 59
NHZ N Qm

S ST éf

Compound 159

[0116] The 5-benzyloxy analogs were synthesized using the same conditions as those for the

5-methoxy analogs, but using methyl-benzyloxyacetate 31 as the starting mate(ial. |
1) LDA =0
O/ 2) /\O’\ e
. O

[0117] To a solution of diisopropylamine (20.58g ; 204mmole) in 60ml tetrahydrofuran
(anh.) at -20°C was added dropwise, n-butyllithium (2.5M hexane, 88ml, 222mmole). The
soluuon was stirred at 0°C for 40mm The mixture was then cooled to ~78°C and methyl t- bl;ty]
acetate (24.1.0g, 185mmole) was added dropwise, the reactno.n mixture was stirred at =78°C for
30min. Ethy! formate (13.70g, 185mmole) wés then added and the reaction mixture -was
warmed to room temperature with stirring for 18 hours. The reaction mixture was poured into
300ml ice water. The organic lgyer was extracted with 1M sodium hydfo_xide (2x40ml)and -

added to the aqueous layer. The aqut_éous laycf-Was acidified with 40% sulfuric acid to pH 5.0
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01 OHCO SO F--: NCO | O 313233FO000 HN
/ NHO/ NMOON |-HNHN\ HNO NO Np | N EIMARNGY -
w63|206§|/091~9 36 FI / \ 3FI / \ 34 F Conpound "
[0116] The 5-benzyl oxy anal ogs were synt hes&%@gﬁmmﬁ(’éswo
the same conditions as those for the 5-nethoxy
alﬁ@qz@gaso but using nethyl -benzyl oxyacetate 31 as the--
grtllng_ teri,al. O 1) LDA. 00 2) --\" O\o .0 _
41 g9 he selytion wasexircte) Wl%ﬁ?tbsﬂylharrﬁS ﬁéo(“@OC@&jped ether extract
%ﬁmhﬁ}mdrﬂecﬁﬂﬁmﬂ &erﬁ@)’d#lE@g% Q(Qilun( (arﬁn ) ag%%e\l\@removed to

. added drop le n- but(yl [1thium (2 exane

' Q'Z‘iﬁ‘r?ﬂ'i‘céj‘s a b (1 56, 3P Yeoreidlad h§tn‘paﬁqneb\vgtus@@v ithont £ purification.
The. ture was then g¢pol to -78C and met hyl - butyl '
acetg‘)g%@4 1.08, 185nmdye gged drop%iﬁl\the

. reaction\m xture+was g Ay ed at 'ln.NrEt hyl
for mat\s (43. 709, 185 was then added andit cl
reacti on m xture was edi to room t enper at ufle
stirring for 18 hours. The reaction m xture was d

i Nte91813 t ed
i (e e Ym0 26, G BB b
At 0984, 49 émmotﬁhga:adqu;gtyg@ml eshpeo) Viad) aﬂlhdatéd ©6efWix 6} 2 hours.

40 0 6 MAR, 2007
g st O ABr e B dai s gptasusainty P, exvaced wit
Eopding hydraddes@|x0imdn szblredhqtaomsmﬂtrm whs atididaydithetvner

I 1 | X wi et ace (~]
T R T | N ———

PR FRdjumssudfais Gnie and mmvemom 1o give/the prodahis Q102 A8 7% yleld).
liquid (11. 4g, 59% yield). This rraterl aI vvas used

Wi t hout fur urlflcatrs@@z bo + F EtoH
NH
| catDMF ' |

[0119] 2-(5-chloro-2-ﬂuorophenyl)-S-t-buty]primidine-4-one (2.02, 7.20mmole) was
suspended in thionyl chloride (10ml) and 3 drops DMF were added. _The mixture was heated to

-80°C for 30min, removed excess thionyl chloride under vacuum. The residue was treated with
ice (50ml) and chloroform (50ml). Extractcd product into chloroform. Washed chloroform with

10% sodium carbonate (cold) and dried chloroform layer over sodium sulfate (aﬁh,) Removed

solvent to give 2.00g product. (93% yield)

Cl ' : 0

S ~o SN
%ﬁ 0 Pd(OAC), P
N)\© + o S BINAP s HN

H2N = : CSzICO:; %(kN "
Cl Dioxane - N7
o © 90°C

[0120] BINAP (311mg, 0.50mmole) and palladium(iljacetate (74}hg,0'334mmole'were |

combmed in 10ml dioxane (anh) and heated for 5 min, fo]lowed by addition of 2-(5- chloro 2-

ﬂuorophenyl)—4 chloro-5-t-butyllpyrimidine (2. OOg 6. 68mmole) methyl
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OC N~\ C FIB 10118] 5-chloro-2-fluorobenzani di ne

(7.399 , 42.8mmle) and nethyl 1-fornyl-t- but‘%/h MAR 2007

acetate (6.78g, 42.8mmvle) was dissolved in e an&
WO2ZBHP415hd heated to reflux for 2 hours. ReRE6T®82003/028590

et hanol by rotary evaporation, residue taken up in

qu &r,gg orm (300ml), extracted with -1 M sodium

8FOXI de (4 x 40m ). Conbi ned aqueous extract ‘was

Aﬁﬁirhﬁbﬁl-[@'dd%darbokyl% (hﬁ&%r 96Hmole) %d%@élﬁ’m c rBSIﬂté(‘(ﬁ 03?59 38mmole).
- extracted with.ethyl acetate (3 x 100n)

Therpixtuge wsihgaied tax?grc &g alin Remaved éomﬁ Hnéer mamgdhwhﬂ residue
'%@mﬁﬁ%ﬁtvﬂtchlgmngg?&% (Qﬁrﬁ? b ﬂ?ef&lZQ E(vl's’q{% %br@h\ﬁ‘} whigh Rftahts cesium
- griogate Ardowgs.usedrdingethop n@ﬁyqeev we}bw buthgr rmniﬁmt@n ne- 4- one
(2.02, 7.20mmol ¢) was suspended in thionyp chloride
(10m ) and 3 draps DVF were added. The m Kture was

heated to 80®F0 O n, renmoved exced¥ t Rjonyl

chloride under TNeOHé@rd)due was tg Wi th

i ce (50n) hi oroforn&SGe-nﬁ—.*Ext cted product
i nto chl or of SMaskhed MePBr of or m wi o sdi um

car bonate (col ndidri ed chl orof.orm I ayepglovks

sodi um sul fate (anh enoved sol vent toNgi 4. 00g
product. (93%yield O NFOPIQOC2\CHK, N\

+ --0O1 N BINAP HN HgN CS2C3 | N F CI Dioxang. N

90C Cl 10120] BI NAP (311ng, 0.50mmole) and

palf12d Ty @déeavas pneaded 10 ) GBURstbinel ané treatedhwitthdmigdM
tk\)leogga t”ll'l% 'ﬁtﬂ?étf@(égva(@ ?éﬂE)(edg‘Plgl R&R RS oBkd Radlol mitile e%ﬁggted under
FQCHW‘ éfp'ﬁ@ﬁyﬁl ')‘etha"@hlﬂﬁeéqlﬁﬂl’i%lﬂlw rpsacidafiedivis MHOD@H 5), filtered
[N L&)kt vt hyl 41 0 6 MAR 2007 WD 2004/ 024159

PCT/ U 2003/ 02 90 219002029440

4- am no- 3- pyri di.oecar boxyl ate (1.22g, 8. | e) and

‘cesi um car bonat 3 59 9. 38mml e). Q e was

heated to 90C'er g . DRFoved di odgné u ble/t vacuum

the solid residug _— HN
G CO™ N~ N

I OH P

. NJ\@ : "~ N

cl Cl

[0122] The acid (100mg, 0.25mmole) was suspended in DMF (anh. 3ml) and treated with
carbonyl dimimidazole (81mg, 0.5mmole) and heated to 60°C for 2 hours. S(+)-1-amino-2-
propanol (75mg; 1.0mmole) was added and the solution stirred ovemighl at room temperature.

Filtered mixture and filtrate subjecled to HPLC purification. Isolated 12mg product.

- Example 14

Activity ofthe ]nvention Cbmpounds o

[0173] The compounds of the mventlon are tested for thelr ablllry to lnhlbll TGFB by a
TGFB R autophosphorylatlon protocol. This was conducted as follows: Compound dilutions

and reagents were prepared fresh daily. Compounds were diluted from DMSO stock solutions
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was triturated with ethyl acetate (20nl) and filtered

to give 3.15g product which contains cesium cgg

Wi RoYs 4sed directly in next step without further
puritication. 00 ONHON HN I / NaOH(aq) PATUS2403/028590
Me CH N F N\ ~1 \ NG d [0121] The ester

(r3e0b®gas) Was suspended in | O nethanol and treated

with 4m 2. OM NaOH(aq). The m xture was refluxed for

fo Zirues, the desinedzoal eshcE@tion, @Bepipdindl BMEVRBRYEAt&dn Hﬂqugssay less

acuum to nmet hanol . The aqueous sol ution was
g{‘éi‘ gf fade &ﬁ'ﬁ%@f},‘%as digpedsto 4 timastherdsgired pesatngantration in buffer +

duaP vas3h@ed it xITédc r, EN al q0uCl
mé}"':ﬂ'\r Zos N@t dCI o '?tgo%u@?hghg%ﬁ% “"gjoz\"tlp aagc%d 0 ?l/mL
wa

S}S%% W Pﬁﬁﬂﬂ“fdalmﬁddsm lpulanﬁdhtt qnem-etd 20u!tofithe compound

- SahithenYhe Eﬂ:’aéﬂoﬂ‘\ﬂ@ﬁlmaﬁd ()§ fheMditiBn 3ATHRI &) ﬁ?%éhﬁ%ztaleassay conditions

60C for2 hours. @ﬂé -am no- 2- propano
Incloderbl0eM AAR 120 d Gaﬁalmé 186 DT iim20nsvt MORS] pla . €T redations

refi mpture.and filtrate .
a&bjg%gggﬁggﬁﬁngﬁgﬂ??Fﬂggﬁf@ﬁmsIsof%?@ﬁ“T@ﬁﬁmﬁwgdﬂé?nﬂb"mg

- Buapreactipn migtuie phtoy pbcﬁsphdtenulméaatwemrﬁheommuﬂm h[a@ﬂ;é’eﬁl)re wetted
gﬁ}ﬁ 19‘9'6??299%{9% ﬁep@a:l:é\lﬁé?tsl i IHLF%&_,& E \?vgre fw?xsrheé 4x wnth 75mM
&mﬁ%ﬂﬁé@fmww 9ati egiranglr ah@plete waf ldtied, vkl @GondbdEkA0wRSdded to each

o ; 3 ents wer.

el o eAC R b RS0 RE QT B et
st wé?(S]SEhQJ'l"P%ﬁ@d quQp@@iSWl@Nm thM‘&sR)Q@@JO 0534?15:9the range
E@é%Q%nQ%SQO 219002029440
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to 2 times the desired assay concentration,
DVBO concentration in the assay | ess
to

WEERPH1S

final
equal

di |l uted

- 3fets

sol uti on.

keéping

1% TGFP Rl was diluted to 4 times tMMARZﬂﬂ? _
¥ssay concentration in buffer+ DTT. PATRUSA3/028590
into 4x reaction buffer, and ganma- 33P- ATP was
60uC /nL. (01241 The assay was perforned by
Qul of the enzyme to 20ul of the conpound

The reaction was imblijated by the addition

of I Qul of ATP m x.  Final assay conditions included
1 QuM AFR—370aM-TFGFRR-1.and - MDTT in 20nM MOPS,
pH7. The re Rﬂﬁ' JNEr e i ncubat ed tenperature
fOI' 20 r. ||u?§£l\ll |||g !"35"‘ 'nnc -\(\nra ﬁnhh%g] h‘\’/
transfernring 23ul of repaction mixture onto a
phosphocel | ul ose 96-wel |l |filter plate, H h had been
pre-wettled wth 15ul of} 0. 25M H3PO4 1. After|5
- mnutes, the wells were Wwashed 4xwith 75nM H3PO4 apd
once witlh 95% et hanol. The pl ate wasy driy edf
scintilliation cocktail was added fo-egeR _well, and
the wel lis were counted i h a Packard Top cﬂﬁﬂ
mcroplate scintillation counter. 101251 THe
illustrgted conpounds provide, in this assay, |C50
val ues i|n the range of 0.05-50 nicronol@>n43 0 6 MAR
2007 W) 2004/ 024159 PCT| US2003/ 028590 19002029440
Tabl e 1 |COMPOUND N STRUCTURE N | HN™ ~N F  MeS
NI\ 2HN M®RCNF VESNs'\NOzQI .
| MeS NJ\T:EJ
3 2N
|
HNT X
NC.__A
:E%\N F
- MeyN NékT:Ej
4 = IN
HN X
E%\N.
|
\N/‘\©/Cl
5 NN
!
HNT X
-~ |N F '
_\Nl _
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219002029440

NF N

M2ZN N4 N VI HNN | C N$ N HV
44 0 8 MAR 2007 WD 2004/ 024159 PCT/.US2003/ OZS?%MAR.
40 COMPOUND. # STRUCTURE -6 j N | H F W
NN AcHN N d 8 | N HN/J ( PCT/US2003/028590
COMPOUND.# STRUCTURE
I
HNT X
= 'N F
\NJ\©
Cl
7 SN
]
HNT X

ka
|
AcHN \NA\OC'
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N,
HNT X
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MO N 14 N HN J::
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F NC 46 e 6 MAR 2007 WO 2004/:024159
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219002029440
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AN
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F 78 0 6 MAR 2007 CLAIMS 1. A conpound of the formula
Ar I X/\ ZN(1) RZENOXRZn or a

phar maceutical |y acceptabl e salt thereof, whereih6MAR 2007
represents an optionally substituted 2-, 3- or

4-pyridyl, indolyl, 2- or 4-pyrimdyl, pyridazinyl,
benzotri azol or benzi m dazdlLAIMSwi th a proviso that
optionally substituted Ar is not N 1s NR H

vvhelrei n ABg)dni) Sutd Al kyl (1-6C) ., alkenyl (2-6C), alkynyl
(2-6C), an ronmli ¢ or het eroar omatic noi ety
containing 5-11 ring Agnmbers; Xis NR, or S; R is H
al kyl (1-8C), al kenyl |(2- 8C), or alkynyl (2-80C; Z
represents CR4, X

P
j|\ | (1)
A
R3 N
_ R,

or a pharmaceutically acceptable salt thereof; wherein
Ar represents an optionally substituted 2-, 3- or 4-pyridyl, indolyl, 2- or 4-pyrimidyl,
pyridazinyl, benzotriazol or benzimidazolyl,

with a proviso that optionally substituted Ar is not

wherein R® is H, alkyl (1-6C), alkenyl (2-6C), alkynyl (2-6C), an aromatic or heteroaromatic
moiety containing 5-11 ring members;

X isNR!', or S;

R' is H, alkyl (1-8C), alkenyl (2-8C), or alkynyl (2-8C);

Z represents CR*;

each of R? and R* is independently H, alkyl, alkenyl, alkynyl, acyl, aryl, alkylaryl, aroyl,
O-aryl, O-alkylaryl, O-aroyl, NR-aryl, NR-alkylaryl, NR-aroyl, or the hetero forms of any of the
foregoing, halo, OR, NR;, SR, -SOR, -NRSOR, -NRSO;R, -SO,R, -OCOR, -NRCOR, -NRCONR,,
-NRCOOR, -OCONR;, -COOR, -SO;R, -CONR,, -SO,NR;, -CN, -CF;, or -NO,, wherein each R is
independently H or alkyl (1-10C);

wherein any alkyl, alkenyl, alkynyl, acyl or aryl groups contained in R® and/or R* may
contain one or more heteroatoms and/or optionally be further substituted;

each R? is independently-alkyl, alkenyl, alkynyl, acyl, aryl, alkylaryl, aroyl, O-aryl,
O-alkylaryl, O-aroyl, NR-aryl, NR-alkylaryl, NR-aroyl, or the hetero forms of any of the foregoing,
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each of R3 and R4 is independently H, alkyl, alkenyl,

al kynyl, acyl, aryl, alkylaryl, aroyl, Oaryl,

O al kylaryl, Oaroyl, NR-aryl, NR-alkylaryl, NR- aﬂ%yhAR 2007

or the hetero fornms of any of the foregoing, halo

OR, NR2, SR -SOR -NRSOR, -NRSO2R, -S02R, -000R

-NRCOR, - NRCONR2, -NRCOCOR, -OCONR2, -COCOR, -SMBR,
halo; GRNRR,;, SRS(SQ)IERZ\JRSQR\J -NREPR, -80,R; KB&TZ)R \ANRC@iRn -NRIOONR, HSRCOOR,

Rgep tdy n A
-OCbﬁg{én%pgﬁ@ %( );nyl %N’ﬁ '%I&er u S Cb eé?lﬁ 8a§k1lﬁls ngpendently
H oranwlér@ikyR(d 4@ywhammalw ailk}(b,raﬁcemyl aﬂgmgl myt erapyltgoovps amdhired in R’ may

AR Bt B BESAL

aI kyib 845yl , ar oyl , Oaryl 0- al kyl aryl O aroyl,
NR- ar yl , NR- al kyI aryl, NR- aroyl, or the hetero forrrs
of any of the foregoing, 79 0.6 MAR 2007 halo, OR,

NRZ, SR The SORpoun\RGOR L, KRG Rje SuSORRIs OTHERTomaHRDORYY of Ar are
1ectNREENER araudRGES &N f@?@\ﬁ?e rSi%1 7 ali &N oy, O-
S SRR g-r°c”:é:, S i N W aher e rﬁw}ga PR oy, O-aryl

O-alkylgiyp €hereyit Nip-aryl) M- all%wé/# NE- kry}/l pritheliyero {opvas ef any ghtpe foregoing,
haloabkgl{z, 3RKEOR NI MMRSOAEYSOR! -GHFOR, -HREHRS 1GRIGRRN QIR COOR,

contain one or nore heteroatons and/or

nmay
-OCEPRLoREORy -HB&Rf LAy -SOMB: rENyt-€8s, anthdN . Whergo gach R is
mdeg BT OUME 1 Of- 1od)aanmw11erexe{rh%p &lk, hiR& §th?ﬁ}llt rurﬁrymmetws
he aromati ¢ noi ety of are sel ecty rom grou
contaigersindhe qq@stl(gfemarpwontam qpé Axore QFQW"FWWS arg{{cwmayép@her be substituted
by t}ﬁ:' %%k@ﬁykubsﬁ’cﬁ&ﬂ Oaryl, Oalkylaryl, Garoyl,
NR-aryl, NR-al kyI aryl, NR- aroyl, or the hetero fornms
of any of the foregoing, halo, OR NR2, SR -SOR
- “RSOR, ThNB&%m$ oﬁ%iﬁ,l,wm@ﬁs ,AéiM@£¥sumémE§golyl,m
benz-i‘ﬂg %Z,Oi%”r'ﬂ?’“-dw,l’t\ﬁf’@fr?izﬁ O’E%\'QW%L; s i ndebendent I y’ H or
al kyl (1- 1OC) and wherein any al kyl, al kenyl,
al kynyl , ntained in the
sult?s/t it uTehnt er%()undon gmnqogﬁeremmsrm?e het er oat ons and/ or
may further be substituted by the foregoing
suhbsti t ug ] er.in Ar
[ s%optl ongltc?y su st?%lﬁlﬁggﬂ&&g l?flsll%lai &'rler]alky‘(‘ﬂ-l@).
benzi m dazol yl , - pyri dazi nyl , benzot riazol or

2 rasyr I dWhe cémp&h@opamqu a@ler% e&dhd’Fhd R* Mﬁeseneermylfﬁ alkyl (1-10C),
The conmpound claiml1l, wherein R

OR, |S&/%NRal“ﬁlylrem(&lsz¥t?r a“*el (1 lOCTrFéCW%WMduhﬁﬁm@riau m 1

wherein each R3 and R4 is |ndependently H, aI kyI

(1-100), . OR SR,0 erein

(1-100) , The seRPYE Pf)ﬂam fngirslml{i gptige! vastlﬁhﬁ%t %M%ﬁ& moiety or
a he@focGdRinDidly, ewdhedplibinll§ sutdtiRl] onal substituent is an

aromatic noiety or a heterocyclic noiety, each

optionally substituted. 8. The conmpound of claim?7,

whes ei n Tk cbrepsind ofdaiof 7, RBeraindt Ikt bise dfiR® 9nd HigH.

conpound of claim11, wherein each R2 is independently

al kyl , al koxy, or halo.

9. The compound of claim 1, wherein each R? is independently alkyl, alkoxy, or halo.

10. The compound of claim 9, wherein each R? is independently halo.
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10. The compound of claim9, wherein each R2 is

i ndependently halo. 80 0 6 MAR 2007 11. The conpound
of claim2, wherein the substituents on the aronatiﬁ MAR 2007
noi ety of Ar are selected fromthe group consisting gf
alkyl, Oaryl, Oalkylaryl, NR-aryl, and N al kyl aryl

wherein any alkyl or aryl contained in said

sulist i t Udatompound uf didimr2, thirbiﬁlﬂl&l shystibents divehie iatohﬂaﬁd moit#: of Ar are

selec-cE?cF f%?r oﬁﬁ%]‘r%&g éggsbs%n%_op}lky% 'O- %rtnggezill?y uaéﬁl ]gR allr;[ﬁaryl xXherem
any aiRyio aryticapfairet &i sndlsBbstindeet eaynfusisr dptmnmlmitel sobsmimmlt y of
Ar includes 0 or 1 substituents. 14. The conpound of
claim1, wherein each R3 and R4 is independently H,
CN,12CO0Rhe c@rpouBiRof qlipm, 11 avkeydin fald F@naticanyiety el AG@Fludes 0, 1 or 2
subs &%h aryloxy aryl al kyl oxy, wherein Ris H or alkyl
? " 00) and wherein any al kyl or aryl portions of
said substituents may further be substituted with the
forggoi Rg. corgra)una_ B?cl&@lqﬁoxyﬁweltqgal&ér%mcjmmw %f ﬁf Rcriads® or 1
NH. 16. The conmpound of claim1l, wherein Ar
subsgfyentynal |y substituted 3-pyridyl, 4- pyr|n1dyl, or
2-pyrimdyl. 17. The conpound of claim1, wherein Ar
S optlonally substltuted 4-pyridyl. 18. Use of an
ef fléct i Vée spremind of claimd . Wherps @?fér ]%P“%Ba‘is fidgpegdengly H, CN, COOR,
OR, BRANRRGRYE (105 acqurm@;; lakyll caaylwew@fkyfosay mﬁﬁ:m R is H or alkyl (1-10C)
preparation of a medi canent for treat
and ’f"’P‘BF‘E protliy] oF 3] RAstiQrs sbvaifebsyifuents g% élmhafs‘seéebsgf%i Wit the
foregiiant ed activity of TGH(3 in a subject in need of
such treatnent. 19. A pharmaceutical conposition which -
conprises the conpound of claiml in adm xture with
at 1beastThe nemjiuad obutentl], whdrbiy Xaie DBPt abl e exci pi ent.
20. The conpound of claim 15, wherein nis | or 2. 21.

The use of claim 18, wherein the condition is fibrosis
of 16he |Tihgepmpougd of claim 1, wherein Ar is optionally substituted 3-pyridyl,

4-pyrimidyl, or 2-pyrimidyl.

17. The compound of claim 1, wherein Ar is optionally substituted 4-pyridyl.

18. Use of an effective amount of the compound of claim 1 or a pharmaceutical
composition thereof for the preparation of a medicament for treating a fibroproliferative disorder or

cancer associated with unwanted activity of TGFJ in a subject in need of such treatment.

19. A pharmaceutical composition which comprises the compound of claim 1 in

admixture with at least one pharmaceutically acceptable excipient.
20. The compound of claim 15, whereinn is 1 or 2.

21. The use of claim 18, wherein the condition is fibrosis of the liver.
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