10

15 .

20

WD 2008/ 032157 PCT/ | B2007/ 002524 -1 SYNTHESI S OF

2- (PYRI DI N- 2- YLAM NO) - PYRI D] 2, 3-d] PYRI M DI N- 7- ONES
wabdos/ozqapt i cation clainms the benefit of U S. PCT/IB2007/002524

Provi si onal Application No. 60/843,051 filed

Sept enber 8, 2006, and U. S-1Provi sional Application

No. 60/942,104 filed June 5, 2007, 'the contents of 5

whi ch are hereby incorporated by reference in their

entireties. FIELD OF THE .I NVENTI ON Thi

r el aB¥NTHESISRFet-(PXRIRIN YIAMINO: @%R'PQJZ ¥ HEYﬁf“é'béh? -5ONGP

of substituted 2-(pyridin-2- 10

yttagriappijcation ickdinjs2 the- bdrefitr iofrildi $1- Propiniesal afweblicatien rNo. 60/843,051 filed

' Septembré} § rﬂj%@ %{d? BAGKERI ANDicaddH Ro. 'Gﬁ)éﬁﬂﬁ(')med' fIndtse 90070t the contents of
net to pre

pare substituted
which aEe bfp'yw igeqipgated Blfﬁef%‘ancﬁf"rth‘?j’(f["ﬁ’eges d] pyri mi di n- 7- ones
has the fornula (herein to as "Formula 1"), RI 0 Na ~
HNNNO R3 NR5 1 H 15 wherein RlL is hydrogen,
Cl-C6 al kyl, C1-Ce hEiEblaDIEwHE IBYERBOMNy doxyal kyl , or

C%lsg% &r?fi% Qéét@( Ito no rﬁhe'ﬂ&/ AERGeRr tHe prepdNitdn o’irs)dbstltuted 2-(pyridin-2-
oal. C3-C7- heterocycl yl ;
me'"%l”"?@“@%ﬁﬂ!@) FfRP?S "Srthe'rcrgi‘fﬂg')"‘{??(?, to 10 nenber |
het er ocycl e conpri si ng BACKARQYNA on), wherein mis
%’flsdgwgritgﬁ r(%ategg&j n@@e‘? bnéﬁ?odalﬁdprgﬁ%ré §ubs'ﬂ@?daef1@§/%|h! yiﬂrr@r‘o)—pmdo[Z 3-

phar naceut | ca l'y acceptabl e sal
d]pyrimidinsf-aRsTs, haFl‘f‘eﬂa'Ft“iadU?’S'f‘ to ghEOFURERt i nvention rel at es
to novel nethods for the prepalRatlgn of the

i sethionate salt forns of oun
6- Acet yl - 8-cycl opent yl - 5- Ne/t | =%~ (5~ pi perazi n-1-yl - py
ridi n-2-yl am no) - 8H prl,dls'g g' yrim'din-?-one '

hydrochl oride (also re s”" Conmpound 1"), CH3
O HNNNO NN HOo_ 8°H22 Conpound 1 WO
2008/ 032157 PCT/ 1 B2007]_00 524 -2 as well as its
intermedi ates. Conpougd™1 is described in U S. Patent
No. 6,936,612, the dlsclosure of which is hereby
incorporated inits e t|re¥y This conmpound is a

whereuPFiQ& Ry diodenNGSE; Al ICHICE BalosHY O, €RhRYHIKY!, ar Cs-C; cycloalkyl;
3is hydrogen, OH, -NH, aryl, C;-Cs alkyl, C3-C; cycloalkyl, or Cs-C;-heterocyclyl;
Rs, is -(CR'R®)mNR’- or -(CR'R®),~(3 to 10 member heterocycle comprising a N ring atom), wherein m is
0,1,2o0r3; ’
and each R” and R%is independently H or C4-Cg alkyl;
or a pharmaceutically acceptable salt thereof.
in particular, the present invention relates to novel methods for the preparation of the isethionate
salt forms of compound 6-Acetyl-8- cyclopentyl -5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-8H-
pyrido[2,3-d]pyrimidin-7-one hydrochloride (also referred to as “Compound 17),
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synthetic, small nolecul e inhibitor capabl e of

nmodul ating cell cycle control. A nethod of preparing
w@ooposnd7 1 i s di scl osed as Exanpl e 36 of U. S. PCHIB007/002524

Application 5 6,936,612. Methods of preparing the

i sethionate salt forns of Coppound 1 are disclosed in

Exanpl es 1- 13 of WD 2005/ 005426. These net hods are

for synthesis of small quantities of the salt forms of

Conpound 1 and are not designed for commerc

as welsasitssiniepmediiies: eGamnounc 1 i dgsaiibed iimH- S PAAALNGf. 93%%?11@3 disclosure of
which Ig ‘HErebeForg&QieQ lirf lﬂ;rentlrety This compound is a protein kinase inhibitor and represents a

synthepq small 0191: 'H%J openté F rag ég cegl] éﬁe Q&rﬁ’r‘éf azi n 1 yI py
hiy chiestiodd of prelgaringn i Gomppendc b s dis¢lpsedi @]Exa%p@@ml.bs afpatent Application

6, 936 E}ﬁfﬁd&{l@f brépdihg meyse@mé‘n'afe%mt formd B SAMRdORY 1 Gre di é‘éﬁsed in Examples 1-
one” enbodi nen onblnatl

13 of mq G002 BB P B, el it 3 he sa forms o

CompduRd @@hd 8@ nopdesighetbior commeréial GMIeuprBwf@ewwsparam@ﬁthe salt forms for

CDK mt(u?%éf]' di B A?cet¥1 20 E,géntﬁ '5%&&5 34(53 Eﬂér@%hm %rﬁmézlﬁ%}ﬁsﬁo) 8H-pyrido[2,3-

d]pyrimiidip-Riong tiydreghirde wtychJs p@t—efﬁper}gcﬂﬁ@l%gqg R cgve|,|§, B'P'(’Jbg‘??"able
Cl-C6 al kyl, C1- C6shaimrrvkgF THEINENTHGNOXYyal Kyl , or

C7 c oal k I
Toe%eg?;%{[p nt éd omblr}%tug}f/(ﬂ ﬁtg%ﬁ'ﬂer %Lo&];% réd;ilg'n%!)ncsllstent this invention
providé®5a methed @meg;rgmpstut@ed .2((qu|ppq8§ yi@rp@o):;and_p@ :}@Hﬁgrpldln-?-ones has the
formul:;Wltar%rnQS)égl‘F%rrﬁ@éTP‘)' sing a Nri ng aton), wherein mis

1, or 3; and each R7 and i s independently H or
Cl Co6 aIkyI 20 or a pharnaceu ca |y acceptable salt
t her eof ; conprising the s reacting a
conpound of fornmula ~0' th a conpound of formula
IdRL -, le N ~IR2 ~ R4 1d 25

wherei n: WD 2008/ 032157 CT/IB&QO7/002524 -3 R is
‘hydrogen, C1-C6 al kyl ,NCI}3C6 hal oal kyl, Cl1-C6
hydoxyal kyl , or C3-C7 § oal kyl ;

R

N1

wherein R' is hydrogen, C;-Cs alkyl, C4-Cg haloalkyl, C1-C¢ hydoxyalkyl, or C3-C; cycloalkyl;

R® is hydrogen, OH, -NH,, aryl, C1-Cg alkyl, C5-C; cycloalkyl, or C3-Cs-heterocyclyl;

RS, is -(CR'R®)»NR’- or (CR'R®).~(3 to 10 member heterocycle comprising a N ring atom), wherein m is
0,1,20r3;

and each R” and R® is independently H or C4-Cg alkyl;

or a pharmaceutically acceptable salt thereof; comprising the step of

lo,Rs’

(a) reacting a compound of formula

with a compound of formula |d

wherein:



R2 is Br or I; R3 is hydrogen, OH -NH2, aryl, Cl1-C8
al kyl, C3-C7 cycloal kyl, or C3-C, -heterocyclyl; R4 is

w0 R®8P821SEl ected from the group consisting of PCTE2RB)WRS24
N(PGQ R7, and -(CR7R8),n (3 to 10 nenber 5 heterocycle
conprising a PG protected N-@-ng atom), and PG is an
acid-labile amne protecting group; R5, being R4
wi thout the PG is -(CR7R8)rrNR7 or -(CR7TRB)m (3 to 10

R s PR G S G P RN e P, &asavocvﬁﬁ%wé‘%e;ﬁb”
|sBR8r|ts |ndependently Hor CL-C6 alkyl; 10 in the
Sis th r?g?e%néﬁ légp es-aeéy%'oalﬁygtcﬁ'lc\{ %trhet@ro@

R is -BoPGesplecisd fwomth? st o R NEIB g ﬁCR"Mm 6@ 10 member
5 heteroNcle'coHﬁn@l 86 pH‘Nic[’dle DgtRony, 2dPCANsEB abldRbilé gmibé protecting group;
R®, benE%Gﬁp fl?oé}lt B 2 Pfdo R7 %g'q'[‘;f%[ %(e%?Rag,e n{gé\?i(ﬁﬁyag& r{gﬁer&@clé Q@mpnsmg aN

rlngatmn)owhe!em@rﬂb@m #@mﬁ and and in conbination with any
,scg)_bpgn’(wegmodl ments not inconsistent, the invention

e r| ng a corrpound of formula
eac“*ﬁpa"‘% '6'"dRPeq§|RPqEZ)%?\’| 1% RN R3 HO/- SO+ Ix HRs H
10  in the [#6semoerpk @ Bansijion h@tad;caéginst of bgsa)and eplionaliy rhosphiisorgedt, gnd in a suitable

solvenlftg?c{wl ngde%@forMhlSib&lfconpound of formula Id WO
2008/ 032157 PCT/1B2007/ 002524 -4 R1L R2 N HNCN N O

" R' O R!
N7 | X N* | Xy~ o7
HN)\\N N~ 0 HN)%N "N o
N7 R? N7 | R?
e ! Le.
PG—RS PG—R5
Ie I

and
15~ (b1) deprotecting R of the compound of formUla le or If by removing PG.
__In.another embodiment, and and jn_combination with any other embodiments not inconsistent, the

invention provides a method of preparing a compound of formula I;

R' ©
N= =
/k\ I
~ HN N N~ "0
N” | R?
.
288 A
HO\/\,/S/\O . RS
0] \
H

Ut

20  comprising the steps of
(a) reacting a compound of formula

with a compound of formula |d
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R3 NR4 Id wherein: RL is hydrogen, Cl1-C6 al kyl,
Cr - C6- hal oal kyl, C1-C6 hydoxyal kyl, -or-C3-C7
w@ywBosdikyl; R2 is Br or |; 5 R3 is hydrogen, PCHB2007/002524
-NH2, aryl, C1-C8 alkyl, C3-C7 cycloal kyl, or
C3-C7-heterocyclyl; R4 is -R8~-PG selected fromthe
group consisting of -(CR7R8) m N(PG R7, and - (CR7R8) m
(3 to 10 nenber heterocycle conprising a PG protected
Nring aton), and PGis an acid-labile am ne
protecting group; R5, being R4 wi Bhout the PG is
-(CR7R8) MNR7_ or -(CR7R8)m ( nber heterocycle
conprising a N ring aton),aigfqein mis 0, 1, 2 or 3;
10 R6 is C1-C6 al kyl; andpgac N R8 is
i ndependently H or Cl-C6 allkyl; igsthe presence of a
transition netal catalyswr/q base and optionally a
phosphi ne agent, and in dys Jtable solvent to forma
conmpound of forrmula le ®g* If, RL-OH 1IN~ NHNNNO
HNNOR3ZR3 NN PGR5 PGRM 15 1le if and (b)
subsequent |y reacting the conpound of fornula le or
whereini:f | or the mixture thereof, with isethionic acid in a

~R'is hijitigeRE,ECsHMyN BRE, hflodiyl, €,-ChiRydoamelionC,at, chasatkyl; a | . 1 n

,. cone particular aspect of the enbodinent, and in any

R™is Bidriber particul ar aspects not inconsistent, 20 Rl is

R® is hyGrog€, GiflkH,, atyh Caife eildr CofarayFlealkvhor sBeteteropycvhi s

R%is -ﬁ‘lpé%glét@& from ik §rBurs EorRistiRtdr O(E_R\Mq),llN@:@)ﬁQfahG E(CR'R®)w-(3 to 10 member
ool nahopor AP B oo PRRDGR S5 ra g ek TRRE Blng rve
R®, beif! WiBROOHE G256 260R"RYNR13 00-(CRIREINHMtoN Onernpe hetaacygle comprising a N

| ring at0ﬂ¥),+ wﬁeQeiJ‘n\lm iQO,ZI, 2or3; .

R®is C4-Cs alkyl; and
each R” and R® is independently H or C4-Cg alkyl;
in the presence of a transition metal catalyst, a base and optionally a phosphine agent, and in a suitable

solvent to form a compound of formula le or If;

and
(b) subsequently reacting the compound of formula le or If, or the mixture thereof, with isethionic acid in a

suitable solvent to give the compound of formula |.

In one particular aspect of the embodiment, and in any other particular aspects not inconsist_ent,
R is C4-Cs alkyl. - ,
In another particular aspect of this embodiment, and in combination with any other particular

aspects not inconsistent, the compound of formula | is compbund 1



10

15

20

Conpound I PG is Boc, and R6 is n-butyl. In another
particul ar aspect of of the enbodi nent, and in

W@ 0oBioseasi on with any other. particul ar aspecPGI/IB07/002524
i nconsistent, the transition netal catalyst in step
(a) is a palladiumconmpound._gel ected from 5 the group
consi sting of tetrakis(tri phenyl phosphi ne) pal I adi um

[ (Ph3P)4Pd], tris(dibenzylideneacetone)di palladi um
[Pd2(dba)3], . bis(dibenzylideneacetone) pall adi un(0)
j (dba) 2Pd], palladlun1acetate [ PA@8AcP2]., pal | adi um
chl ori de (PdCI2) bi s(benzoni 3l or opal | adi um
[ (C6H5CN) 2PdCl 2] and (Bi s- (di heq. osphlnoferrocene)
pal I adi um di chl ori de di chl g e eenpl ex
(Pd(dppf)2C 2), and the pho |ne cd npound in step (a)
is selected from2,2'-bi s(NiTP eny sphlno) 1,1 10
bi napht hal ene (BI NAP), 1, 3&.
bi s(di phenyl phosphi no) pr opane, trlphenylphosphlne

(Ph3P), trlorthotolylphosE::Ee [ (o- CH3Ph) 3P] and
0

tri-t- butylphosphi PPef er the transition netal

catalyst is (Bis 667\ sphlnoferrocene)

pal | adi um di chl ori de i c Ioﬁbnethane conpl ex

(Pd(dppf)2C 2). In another pgdmpdundar aspect of the

enbodi nent; and in conbination with any other
PGistaféridCthﬂi-butﬁspects not inconsistent, the base in step

)aggt%er ;?e!nfc% Egspfer:tﬁmo'f ke é;ﬁtBHPne?\P Ak ?ﬁ bd?x%lr%ﬁlon with any other particular

hi’'um car bona
aspects:{nqjy@qogﬁ@g@n thﬁﬁ'@lpﬁ);lpam% catﬁldsttu? slep ﬁ% %thﬁ@adlum compound selected from

the Pr ﬁrfoﬁ 6 abl y cordshingoase dfn st tat)ramé(&)pher@lmibs;mﬁprp@nadium [(PhsP)4Pd],

| ami ne. In anoth cO
iRy e TP BT AP A AR eBr ] HEAD) (cbara
palladiinflV &ftbia@n [RdOACIgsS pallagitinodchddrider efFaClhg mﬁber@m@mloropalladlum

IBGiumP¥fichidfide &fehi th lex
(CeHsC%a Ja@izgghc?(é ﬂg&ergghgg@m?mgoﬁégg%% naltum{%‘%gg lCEO r@ }:J)romleg ant:] com:>1 ‘
(Pd(dPHE e 176 PRESPITSCIMBE ey SISE:to) B StIErI b 3.2 -Dis g Phegy PRosphino-
binaphtialenel % MBIRAPIR3 1|3 ubist@iphenylpabspyizniprapane, cortdptengphospline  (PhsP),
tnorthoﬁ)M/p%osphlne%oa-? gh)OII’] Jng tllmi)lﬂylé,t’?o%phuﬁg' I}ﬂlré_’f)grabl%]th@l h‘arNutB?? metal catalyst |s
(an (dlphenylphosphlnoferrocene) palladium dichloride dichloromethane complex (Pd(dppf)ZCIz)

~In another particilar aspect of the embodiment;and- -in"-combination—with- any other particular

- -aspects not inconsistent, the base in step (a) is selected from the group consnstlng of diisopropyl

ethylamine, lithium carbonate, dicyciohexyl methylamine and »triethylamine; Preferably, the base in step
(a) is diisopropyl ethylamine.
In another embodiment, and in combination with any other embodiments not inconsistent, the
invention provides a method of preparing the compound of formula |d
R'

comprising the steps of
(c) halogenating a compound of formula lc
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wherein X1 is hal ogen, sulfide, sulfoxide or sulfone;
and subsequently 5 (d) reacting the conpound of
wo e0osibAsT cl with a conmpound of formula 1¢c3 ~PAT/NBdBORH2524
16 in the presence of a lithiumbase and in a
sui tabl e solvent, to give th&-conpound of fornula Id.
In one particul ar aspect of the enbodinent, and in
conmbi nation with any other particul ar aspects not
i nconsi stent, the hal ogenation condition in step (c)
is GF&)Z in the presence of acetic acid, potassium 10
te or sodium acetate. |In another particular
e\T of the enbodi ment, and in conbination with any
J\ﬁ grticular aspects not inconsistent, the
i thjsum base is lithiumbis(trinmethylsilyl)amde. In
pother particul ar aspect of the enbodinent, and in
cOnbi nation with any other particul ar aspects not
under # hajegesaticneanditior] tojgiye @ compeundiof ieFpWhE! enbodi ment, and
in nbi nati on with any ot her enbodi nents not
|nc nsisfent, the invention provides another nethod
Bring the compound of formula Id RL R2 Na ~
)\H NNO NR3 R4 Id -conprising the steps of (e)
Neadt'ing a conmpound of formula Ic WO 2008/ 032157
PCTR®B2007/ 002524 -7- RLNaN O XI-NR3 Ic with a
detipound of formula Ic3 M NH2 R4 i 16 in the

wherelp&eé%QBSerpgulﬁ’del LiBkisdori2afshe; aHadubdeqdertiyi t abl e sol vent

ve a conpound of |¢c2
(d) reactmg %1e compoundncrf) formula Ic1 wnth a compound of formula Ic3

NH,
I
R4_U
=

Ic3
in the presence of a lithium base and in a suitable solvent, to give the compound of formula Id.

In one particular aspect of the embodiment, and in combination with any other particular aspects
not inconsistent, the halogenation condition in step (c) is (R2)2 in the presence of acetic acid, potassium
acetate or sodium acetate.

In another particular aspect of the embodiment, and in comblnatlon with any other particular
aspects not inconsistent, the lithium base is lithium bis(trimethylsilyl)amide.

In another particular aspect of the embodiment, and in combination with any other particular
aspects not inconsistent, X' is CI. -

In antoher embodiment, and in combination with any other embodiments not inconsistent, the

invention provides another method of preparing the compound of formula d

R1
2
N= X R
HN/k\N Nigae!
b
R4
Id

comprising the steps of
(e) reacting a compound of formula Ic



Ro NHNWN NO R3 NR4 Ic2 5 and (f) hal ogenating the
conpound of formula |Ic2 under a hal ogenation condition
W 200g/0$a51 he conmpound of fornula Id. I n one pRCT/IB2007402524
aspect of the enbodi nent, and in conbination with any
ot her particul ar aspects not7-i nconsistent, the
hal ogenation condition in step (f) is (R2)2 in the
presence of acetic acid, potassium 10 acetate or
sodi um acetate. In another particul ar aspect of the
enb@di ment, and in conbination with any ot her
artlicul ar aspects not inconsistent, the |ithium base
N in p (e) is lithiumbis(trinmethylsilyl)amde. In-
xfl\ﬁ oparticular aspect of the enbodinment, and in -
congﬁnation with any other particular aspects not
ijpcohsi stent, X1 is C. 15 In another enbodi nent, and
i"N conbi nation with any ot her enbodi nents not
with a ¢omponrd efifermula lehe i nventi on provi des a net hod of
N eRALi ng the conpound of fornula Ic RI N~ " X1~N N
FQ‘,_ru_/() 43" Ic conprising the steps of (g) reacting a
egdnmpound of formula Ib: NBr X NNH 20 Ib R3 WD
14008/ 032157 PCT/ 1 B2007/ 002524 -8- with a conpound of
“The formula Rao RL 1(\\,-) O, wherein Ra is sel ected
in the fressnee-pf adjthiymBbagiekarnd ima guitable oplvent tagivh A ampourd 9fiie2
presenge of a base, a transition netal catalyst and

option Ilﬁba phosphi ne agent, and in a suitable
‘ yand 5 (h) a intranol ecul ar cyclization
reacli opkof the resulting product of of step (g) to

HNgi M tMe &npound of fornula lc. - In one particul ar

NZ spectRbf this enbodi ment, and in conmbination with any

L dt her particular aspects not inconsistent, the

’XAransition netal catalyst in step (g) is a palladium
R*  codgdund selgeted fromthe group consisting of

tetraki,s(trinph HLn ' ( 4Pd]:

1)) halqg(rer?aglpgi itfkc)ee%ozmﬂ%}ugd; %Hefgié@?agﬁ_g)uggj%g:{ {-:%gqeﬁ?nﬁo[n é%h«%ﬁ’an t%ddlve the compound of
formula Id. ' .

In one particular aspect of the embodiment, and in combination with any other particular aspects

- ..—-not-inconsistent, the halogenation condition in.step (f) is.(R?),.in the_presence of acetic acid, potassium

40

15

20

--gcetate-or sodium-acetate;~ -~ e e T e
.- .. — -In- another particular. aspect of .the embodiment, and in combination with any other particular

__aspects not inconsistent, the lithium base in step (e) is lithium bis(trimethyisilyl)amide.

In--another particular aspect of the embodiment, and in combination with any other particulér

aspects not inconsistent, X' is Cl.

In another embodiment, and in combination with any other embodiments not inconsistent, the

invention provides a method of preparing the compound of formula Ic

R1

N7 | X
N N"So

R3

Ic '

comprising the steps of ‘
{g) reacting a compound of formula lb:

1o |
X’J%N NH
b R



10 [ Pd2(dba) 3], bis(dibenzylideneacetone) pall adi un(0)
f (dba) 2Pd], pal | adium acetate [Pd(OAc)2], palladium
wa@ kioswsae7 (PdCl 2), bis(benzonit r| I e) di chl or opaPCHIB200M002524
[ (C6H5CN) 2PdCl 2] and (Bi s-
(di phenyl phosphi nof errocene)-8sal | adi um di chl ori de
di chl or omet hane conpl ex (Pd(dppf)2C 2), and the
phospi ne corrpound is selected from
2, 2" -bis(di phe phosphi no) -1, 1' - bi napht hal ene
with a(OB'I“RBUdﬂFO g"’mﬂ%s(di phenyl phosphi no) pr opane,
R20. ri goenyl phosphl ne (Ph3P), triorthotolyi phosphine
(R4 CH3Ph) 3P] and tri-t 15 butyl phosphine. Pr eferably,
he transitigqnal e
Sl | ad MIREm e 35108k Hom i OBk bty [R0PERS e'% () is
in the prasence df @ basei a trainritiop metal Gatelygfand pptisnallyct @hoyﬁP'p'PFbEQﬂ'ﬂ @8d in a suitable

solvent: BndNot her parti cul ar aspect of this enbodinent, and

5 (h) a '?tf?&ﬂ?fgﬁ Igl? g)%xflzatlerh@aﬁtgggx ttﬂat rg?{g g?prééducgofa of ste S(EF%t g%vent?le compound of
formulalici sopr opyl et hyl am ne and the transition netal

gﬁ'lto@lkz ¥>§Ftlmtﬂ5‘r eisﬁéc@ Bf hi)enlbSdiReht] 5’(@ iH %rﬂbnﬁﬁioﬁ WitH @ny other particular aspects
I benzonitri

ot no T G Bt ] SR P, GHE S e S et rom he group
consistihar bi @éﬂa&i@(tr&]ﬁ@lmihoqfhlrbmaﬁad&mfothsmde anliibenzylideneacetone)dipalladium

[sz(dt?mﬁsgﬁ? éenégltden tf’%‘%ﬁag rgﬁ:rq(@i{(&bﬁfHé]ﬁ%ella@%ﬁnegce%t&ﬁ-'td(OAc)Z] palladium
chiorideycl i(Pa€hklon i his(beszamjtrilé)dichibropalladinmed olf€cHsGNLRECL] and (Bis-

(d.pherRﬁp%ﬁﬁdﬂﬁ\%fe%céi\eF%ledluﬂug dfé%ﬂie d.IM&bﬁ@{haﬁéJ%BmsteidRbu(agpf)20|2) and the

phOSplgﬁg %m%@ﬁbg&@gtgﬁ%ﬁﬁl‘ g}e Li‘lenylg}‘aospw‘hno)-1 1’-binaphthalene (BINAP), 1,3

blS(dlphédehcﬁhphh&MOpbﬂH, ylpba'lylpbdsphmedemah driorthotolylphosphine [(0-CH;Ph);P] and tri-t-
15 butylprgsgmmed' ' W&ergﬂyl @rpé?‘gltlbﬁgl qﬁetalzéatéiﬁrt heny |§§éd ) dﬁlz;)?ajllgdlum dichloride

atives such , -car bon 1 i mdazol e
dibenzanityile apd 5168 Q) is. ‘@T“e(j P”tZ" ﬁ‘etpi“?sﬁﬂ?ﬂ %}"O“BWHV'P"OSP“'"
Linlanothbi paracutd ragpebt iofrtttkagmbadiment,t andein eptmbinaficor with Bnother particular

aspect qgn%%sn&&'ﬁ h?ﬁaé& Eéﬁg?@yé Hi %8@'9%;{?t§ﬁam|ﬂ\e %d the tr,anﬁltlon meéal catalyst in

I'Succini m ol ne-2-th
step (@) pﬁelpalia@ajgb& logqg: [dlibggzopitrie Di"l‘i’eﬁﬁ?l (@3, i3, cpreed out in the presence of

20 triortholdBAphdspihe0- 2( 1H) - pyr| ni di none, “acetic “anhydride,”
LT t|h1| %hﬂg{ ga gu a?'nag[?enu oP{H ?%EJqugéﬁt g%dginctoﬁ’lﬁﬁ%t]& with any other particular
as"e"t‘?"b‘o'ﬁcq*'émem ids iFhaeb s nBameerulgr tCMC"é?ﬁy)ndt\wéqp () is carried out in the

presenE@Bf 'aCéHuélfng RfnBSPKIES UK cbiiphing Sbeite Rbn bBacdrﬁodh‘miﬂQﬁ such as N,N-

o bR S DAL PR (SR, S5 Shcammimi

.25 .- carbonyidiilmddazdie.. dehvatuemstmbr ap ant¢achdnidiinsidaretet (GH), t1h -§arbonyl-d| (1,2 4-tr|azole)

and 1 nggkﬂaﬁﬂﬁuml@ﬁgle‘ Qctﬁ@@%lep%rhﬁfbnmetaaerﬁ%c@tagQV-hydroxysuccmlmlde N,N-
art| cul ar not 1 nconsi st ent | ven

duccipgio, Soroalele, BBk 2 PGB B S PURLE e A gp 1 Dimethyi34.5.6-
tetrahy@Bi2010H)peirbidinamecladetic ahybiidea triflasTométhémeaulfonistanbydride and acetic chioride.

‘W’%ﬂ%ﬁ&lmé&% ag%‘eppisfhfst EMbadirhddE andoin | AMBREER With any other particular

I ov ;)re paring the conpound of fornula

30 aspecty poimsopeisEMo R 15T RS WBQMW'%?SQMC"ZN@"W 1P o) ACREipd out in the
presenddof Baetic GARaridSorgetichnlondep of (i) reacting a conpound v
f | Otfngu ;lf_?%tl I as;heci< HNhg etho%lme%t Vgnhhg%o%gmfg?%n\glthogn} gtﬁer particular

resence’ of
aSpectsrmt inadrisistent Isqlegnt Oftsdﬁpg(gi/'e selpeted Eamrisbigne aed Thilbr nul a | b.

In another embodiment, and in combination with any other embodiment not inconsistent, the

o .

1

35  invention provides a method of preparing the compound of formula lb
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This invention identifies 2-(2'-pyridyl)
pyrido[ 2, 3-d] pyri m di nones as conpounds that are
was@B0b21fpr treating uncontrolled cell prolifRCEHIB20€7/002524
di seases, including, but not limted to, proliferative
di seases such as cancer, restenosis and rheumatoid
arthritis. In addition, these conpounds are useful for
treating 10 i nflanmmati on and inflamuatory di seases. In
addi tion, these conpounds have utility as
antiinfective agents. NMrg Brthese conpounds have
utility as chennprotectlvqigg nts through their
ability to inhibit the c¥l'l 'NTydHe progression of
normal untransformed cells. angof the conpounds of -
the invention display unexpected inprovements in
comprigiag Be€1e9i%f y for the serine/threonine ki nases
(i) reactitrd tompdemestderniulaka nase 4 and cyclin-dependent ki nase
6. Ihe conpounds are readily synthesized and can be
NZagithi stered to patients 15 by a variety of nethods.
JQ ounds of forrmula | may contain chiral centers and
N'heFkfore may exist in different enantioneric and
Iadi astereoneric fornms. This invention relates to all ‘ '
with a Qcﬁ'ﬁdt Eﬁ& Pf %F%ﬁlla%chl-% ih el FELALS G Bhase Abi-in 5 TR Whent to give the
h as racemc m xtures and as
Ompmwﬂdﬁﬁ¥@WaL-enant|oners and diastereoi smers of such
cmmménd@m idéMifled 2-i2-pyridgl) pyrieo[e 3fd)pysimétiirfoaesashd compounds that are useful for
treatmgf._f,ng%r{ ctjée d g)?ohfe? gnpg&atshg u@ﬂg l%ug ﬁ%trﬂg]ﬁt&ggs Fr%]‘lferahve diseases such as
cancer esienedid wag yheuqsatqm@rtbrdﬁpouw@d't@n f"EﬁS?rLHOH‘PPUQS% @rﬂulsseful for treating

mﬂamn%a'ﬂyr%ﬂd |ﬁ’ﬂ'brrﬁi‘?éfo 2i86R8S. IMhdditRaTtheseWBmPSHHAIE RV Lility @8 biitiirFective agents.
A

Moreovgf 2%38 g%{%?% ?ev(g?\.{qjétyg %g léﬁ%i’#’ﬁ’t?f}' en%t{ﬁrﬁe%h their fatﬁlhty to inhibit the cell
cycle ;mngnm@ncsz nograal m(nagqfomwds@ﬂgrl‘g;@rydof( th)a ccmrpgunds of the invention display

unexpe(:t'e)i |f9;ﬂb€lé?ﬁﬂntsym aglebiify fo rtHESsenﬁé/th\“éﬂnlne%a@é%&;}éhﬁ&ependent kinase 4 and
ereo resent %Jnv n

i e ireny . TSy BB P 3 2oh 5 4fntred o potens
yavaahyaMWQbey known met hods, 25 such as optica

otidsOBs Ptk CRIay &ﬁlaﬁpkhﬁé? cEﬁl@Fst ek ’théPéforemmay exist in different
mat ogr aphi ¢ separation in the arat i.on

e y_;n»;;ilafqeﬁ%?”dﬁﬁl%‘ﬂeqm%‘c forms. This inyentien lgfaées terﬁ OEtﬁﬁldffﬁ?ﬁﬁ%a'B’} Dsterecisomers

e he so

T

O

25

30

~ of condpbendgr s ehet fdrmulant, i eoth caan raeemist mixtures ol vad éntiividsah®nargiomers and

dlastereVX?snlersaii“f S%tglll \égph tﬁmfﬂ@ IXthI‘@g ltﬂéqéo'ﬂ qanmfg %ﬁ&)ﬁgnfagédﬁ'éal c!)rﬂposmons and

forms, 1 ncluding hy drated forms,
methOdaP@' eslURNY defiogd aboye that gmtq;lat)rqunqlqyrtlpgn APRPeSlivEYi ntended -
tA% the canssuRpassoanu | & thistilentonapsy pdssédseat fleaat Biat asymmetric centers,

they are g%qag 8 09 %F?u:?nr]g h%FrPoug%?e%mgomég@For@g o?h&‘ﬁ? ydﬁechce the compounds

can exisbint $eperatedr @i andd(- )—wtlﬁailvmﬂ"e@ formg s welk as mxtvra&tthem&t The present

mventloﬂ nrﬁ:lu@és APRh BrMEWithRih fs Eéi@b arhard.dba isdfhefd G baabtai@d B known methods,
fere t from:t he .at

such asncE)ggaI Eﬁsolﬂ:ﬁ@s oﬂﬁﬁlgaesrelséﬁtévlﬁ é?qcyor} 8[1?{}50']1 ogl;{grt)hlc seepaEan ﬂr{“e preparat|on of

the finaldrodustodr@p ééerinbdiatecan be incorporated into conpounds of

HRE BhERABYE of thY Srrégér@ ﬂwérﬂ%h 'ég‘?e)hﬁm SHR8Fatel forllﬂh’ d& QEBSs solvated forms,
carbon, nitrogen,

e g, SRR i bt s g smvaon
unsolvatA0&rhi3 384 Sré ilerdeld Bﬁﬂé)adcﬁﬁﬁés%éd withif) the4Epelds Me pt&@nt idvedtion.

g‘}lgphégrﬁ mv%ﬁtﬁm atsdFincigad 1s%§>g’cal gﬁ?o%'ﬂ&%ch fiuMds, Qﬂﬁg%l'éngéwtlcal to those

E esent 1 nventio ereo
recited jaHaimuiec b bt femtheyad dat gpBr @O@aat?@s are repipepd yrAbetAmdayipg an atomic

mass o%as%&iu&b@rr di’lf&réf@ fromhhedtomrMiazk Br b nuadber @t foaigan nature. Examples
of |sothnest ﬁn%’ €5 @gérggrts{égrlﬂlozgoltng) ogr?ﬂsogf 91t h%g et%tt RnfnCinclude isotopes of
hydrogeins carbgm, oenoge;n batsen.| rhasphorqvsawer, mOrmhenwégrm such as °H, *H, "°c, 'C,

i nvention, for exanple those into which radioactive 5

i sot opes such as 3H and 14C are i ncor porated, are

useful in drug and/or substrate tissue distribution

assays. Tritiated, i.e., 3H and carbon 14 i.e., 14C,

. o g, - - Y - - o
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10 Isotopically | abelled conpounds of forrmula I of
this invention and prodrugs thereof can generally be
w@e@pasae’ by carrying out the procedures di scl PGEIB2067/002524
the Schenes and/or in the Exanples and Preparations
bel ow, by substituting a readply avail abl e
isotopically | abelled reagent for a non-isotopically
| abel | ed reagent. The conpounds of Formula | are
v 15C8 abl e Ff JuLther form ng pharmaceutically acceptabl
C. "N5°QorniiRaPons. ‘Fopd i Sl rﬂjpgcﬁv% Compaupds ?fggheo%?S%%We"t'O" prodrugs
thereof, lahd b@é}mb&auﬂé‘dllﬂ aéﬂdﬂtbblé QaltsadT B4id lcoMPaUnds at dfssaidsmbdragst ehich contain the

aforen]eﬂm{i\l- |%)rﬁopeglag§or (?lhgrqg&g&ghcg?o&%eggh{%cgle #lg}hﬁ? scope of this invention.
Centairisotppitally me@dton@pwda of tbapneyeréfnwe@pn Mer examplg mosefnt%wh'ch radioactive
|sotopé§°§UéﬂLH§Cbkp§nd: BE Nrd ﬂncbrp@nfate@ bleelsaRe i Br@@@nﬂ/eﬁ@tﬁt&ﬂht@b‘sﬁ:e distribution

e oL S5 S0 b T4 Lo e SEHEAE o o e o
Preparéttunmndaieaectabmtw Rurthee Spbﬂwm withbeavier isatopexgsuly as geq@qum Le., ?H, can
afford Eé?‘ta‘rhtﬁergﬁﬁﬁig Bhyahid @snlteklﬂﬂ'\g' fromE@Bfer %eébélfé's@ﬂhtyofor example increased in

rocar on radi'cal A havin fr
o W OF VB ISR FERUITRILS SR rhebst HAYESS RE{SHSH " gpRg croumstances.
IsotopiBallprigeyiéd corsmundspyfl fornmuld itof/ khis Seentibnitapt , prodnggstibergdf, can generally be

prepar?c? rb& galﬁ&%h ' ouf tﬁee:éea%%uréssglsag%tdy’n th8~ ;?cg?r%g-% 88 tiGhe Examples and

tral
Preparptjafs @é@Wbb\hStrbatﬁPt@alasfeﬂ%\Yﬁ‘@ Bble dsplaricaly Boeli Keagent o non-isotopically
labelle@fdgedtt | east one doubl e bond and includes, but is not

| Jl'l'llr?ez?glﬁp&%gs otf r}-eorr}%ula | dg tjcft’]agghlél' “of If hIier teré{hﬁﬁlj’ gﬁyﬁ'ﬁél'cgutlcally acceptable
formulatioos g@egrsmgysglts(gmcwélnwbut @gﬁdpmltpfétoea%p@wmnpﬁ[ mecﬁalti solvents and
'N-oxidéLofd BRb&IHRK p&ﬁ,ulasel ected fromQ, S, N or substituted

b ol R A B St T gy et
amounfoft @ c@nmand ohF amolas oaa dherapeuticaliys acceméble rsalptr@relgbﬁreﬂ aﬁaarmaceutlca"y
acceptétﬁ& Lé%ﬁ’é"sdllug“tor leRcigiéHt tﬂehﬁ@rt Afbflise &MY B¥lwithin the present mventton

a% agl%/){g_lp I_t%eepregqyt B@%‘OB éﬁ R@grt\tyqq%ta% gr Wﬁﬂ%éeg&&?rgca on' radical having

from 1 poi Q/@}’hﬂnla@n’l@@dm&hﬂb@; for pxarople.traathyh cpttivt, orarapyt, isogropylr byl sec-butyl,
|sobutyﬁ'ié?rﬁ1& N eniypwcsto%ﬁ@l’ n ‘FMQI %H& %Mlke cycl oheptyl,

l'odecy
oS Sk oo Smines b s o 2 canon stomsan
at leasCofe!dopigie barld. anBlrzludes, outis nmamltédatosetbertyl Behuten- wumethenylbutyl 3-hexen-

"1yl angirtﬁluﬁél ‘ﬁ%qgrn?‘%lkewqrac%gs cé@&%engl etéi‘!)éﬁ@nyl |@Wﬁ|ch 1 to'3 heteroatoms

am no nc uded are rings in
Selecteﬂﬁpﬂ“fp B. Nor sapshiled niyaeeshBay 'epPeR RO ARIPS . Such gr oups

- 2pyfhyETERRs StRgHe BRCHrahahked hydibdactionivadicuts taaviny tromed tkiBlcarbon atoms and

B L T et

3-pentyyrloylenditredikede, but are not I|mted to, oxiranyl,
pb%l&llllyﬁ' rﬂé’éns zp'rrlbﬁbéyg%' or b@}dya&yﬁidﬁk%fb@ﬂgroaﬁﬁavmg from 3to 8 carbon

atoms, dp e DYOBIBU S SP M CTTBOL Sy IFCU BRED A 2GATI norpinany,
decahnyll nérbaingiheyolobéxyh end eyclopertimSiuets gwps carhbe) sehstituted with groups such as
hydrox;L %lthdaqan) Lgllgarﬁdngglk)hérﬂhg eghd the m:ét D@S6Y incRb&HO AN rings in which 1to

OX I SOPropo C-
3 heterf)@qarps [ﬁ)é{aeg(g;ar %n§€g@gr0@s®ﬁf%m8;&etqr%ﬁlélmw means a cycloalkyl group
also beaffydeIeast Yne Wﬁe&@fd&’ M?frdﬂ@'@’ [SBROQ 79ubSIBad! nitrodeln. Examples of such

groups E]ngrg%(}ﬁ’ut & nﬁtﬁl%gd to er i ﬁrroﬁﬁ]@l ?wg@hg}% \}Hégﬁgf}’an L4 morpholine.
(Rm-@jkgxm @;ngangﬁtgalgm @r|qram9hed alkhb%[ﬁg)sa?ﬁvgpk&ﬂo ¢grbon atoms and
linked fﬁFd(Jlgh (oQ‘]@engr Ek%db%V(bfr@cﬁ rgp60pé -iddhudea b Breakd Menite@ nelexedlethoxy, ethoxy,

propox%diﬁprcﬁxﬁ OXYbf}%/ -tiu rxgg{%hrbutoxil e%en{ocgroz patyl%é/ %Sgﬁ%x?l neopentoxy,
al kanoyl, including 5 substituted al kanoyl, wherein
t he aIkyI portion can be substituted by NR4RSor a
carboxylic or heterocyclic group. Typical acyl groups
|nclude acetyl benzoyl and the like. Simlarly the

P~ ~\ 1 1N

o N a
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The al kyl, al kenyl, al koxy, and al kynyl groups
descri bed above are optionally substituted,

wpe@BesAbty by 1 to 3 groups sel ected from NRARSI/IB2007/002524
phenyl , substituted phenyl, thio C1-C6 al kyl, 10
d -C6 al koxy, hydroxy, carboexl- Cl-C6 al koxycarbonyl,
hal o, nitrile, cycloal kyl, and a 5- or 6-nenbered
car bocyclic rrng or heterocyclic ring having 1 or 2

' hexoxynslztrre)éog(gtng ﬂ%)g?%g ee n}or;(ytlh %%‘?E nt. %t&g?y r&? o po ethers such as -O-

(CHo)or-Ehi3, mvhh%@@n bearrng Cl-C6 al kyl or (CHQ)pPh mhere

gl%@ }1}1 (?e Oalkybceper rg}lrf) B%ng hg Jt'rg%/ Fgl% (y%?ﬁ)})rg Lé om%nbdnﬁed through a

carbonyligedupde;, FGtO)afFer qxgmplp; aeykiegiudes) bubis apﬁhmﬁgql ppy|a C1-06 alkanoyl including
2- hydr oxyet hyl , entachloroeth% trifkuoronet
substitged Py ‘&’rﬁrﬁﬁé’terﬁ}‘?y' pogtiogicAR P oSS BY BFYR:
group. Bypiak ycMaptoopy incedenydetyl, bdnzoljic and thetikd. , Similarly the term “acetyl” refers to the
sulfanylnethyl met hoxynet hyl ,
ﬂ”mumn%aagggi ent , 2- carboxybutyl, 4- chIorobutyI
3T_h§y@|q@)pp W pqllg%w andp@pfyryf |gw§é{eﬁ§ﬂbed above “are optronally substrtuted
preferag\y?%{ ﬂEQ %so ps‘é'epte@ ' ,l ’sul?éi’iférted phenyl, thi 8 C1-Cf, alkyl,

erazi nyl thyI of substitute
C:-Ce alkbkyy rhydrO)g/r oalpexyr, G¢-Crl cidkoxyzatbopyl, e‘mamohrtrile miytlealky,and a 5- or 6-membered

mrbocﬁfﬁhé]%yr%tt%?&%l*c' fin Qa\gn b hy | SHekdr SROhS sB¥ B frofti hitrogen, substituted
- pi per azi nyl) utynyl’), 3-phenyl -5-hexynyl,
nitrogerg- cnky@nhylhawulfunr Cv“»ubettttyeq/ hitroge” @reaos ortr@gembywb C4-Ce alkyl or (CH2)pPh

where p 'Elgyf 0{ g ;’I %/J'Lralf) Eh(? 9&@%‘0 sugs%gutrorr is glso rncludey pi cal

orret hox
tﬁxamplg@piﬁmbstmggq/alkﬂg@pgq ingludenpuicee mj;@ynted to, 2-a%moethyl 2-hydroxyethyl,

pentach‘loroethﬁ edfdersemyD Ofl}zhletﬁplbmﬁﬁethﬁ7QVdﬂrh@ﬂﬁM%ﬂ@&ENyl ethoxycarbonylmethyl
3- phenw {q?r?tﬁ? e&gﬁkarwrﬁethygl rReetH%ymeéHId 34\9{1{?2&%ht&, gzu%&ox%u?yl 4-chlorobutyl,

ora carboxyli>c/: or heterocyclic

3-cyclopromipuapy|,  but pentafluorethyll i i t3morpbolino@Epyl, piperazinylmethyl, and
2-(4- meﬁiy@ﬁ%@ﬂn gpmet hyl, car boxyrret hyl A
am no- 3- bute -

SXRPSA t*’fr??"&ﬁ‘?dna"‘é"ybéﬁ‘trr% ihelyde, buly 265 9Ab IiMiiesh (R-y 2 methoxyethynyl,
2-ethy|sél¥atnelemaliy}'dr Gﬂy-pipanadiwlbmtbptynyls i Brpblerybs-hebiynyll - \3-qietbysarhino-3-butynyl,

" 4-chlord henyl net hyl
4-chloro4’3 B UWI—Q%QJ«Tn?F ¥Ad t’nt‘ﬁr Y f"rll"inerrE‘er r/n“‘“arm on

25

30

35

%s%p E?gﬁlk\%)f gowp% a@anmeél}qxbﬁnfgre[ﬂmegyxy, 2- drethylamrnoethoxy

. 2- ethoxy‘dartﬂﬁylé{ﬁoxybtl ByOr&k§propdiy) g-tartuxbexyiy ad tmnrde

he? r%{(gr@iﬁ'gg Qf éﬁ%trtlﬁgd E)(yl tz{?‘?e]pf/ egrm allgfalfl s rﬂcﬂrdta htﬁrt are not limited to,

esen ntion

 dimethylginometyl, Garexygihyhe 4-cisethyirsyeg: ivlen-1-Y, s5-pismethyleminogtpentyn-1-y,
~ 4= morpH?SWr‘o@u@lr OWBétiaBydrbp@iniaylBitR v53-Pliddzolidirbt=ylp@pyl/ - #RsNRRYdR6thiazol-3-yl-butyl,

t one and up to four
phenyl g}yg%:g' @Rfr}e"gé‘?e@@{’é‘a“ l‘hfigﬁ ni trogen, oxygen, or sul fur.
Soe Hermh aripfamelang ra ujegativaly| aersgedt @puréﬁrmmseqh tasi ehigride, bromide,
trifiuorodcetaf) ¥hd trréth Iéﬁﬂbbﬂrm triazolyl, imdazolyl,

%Iy]ﬁ'éger%é‘g?lgqen |8)£ F?’é%g‘?'g}%"“%’i'gH?%é‘g{ ém g%mrney chlorine, and iodine.
Bhi radteroarzlblrwh\,earpjwnemrdnmlarorﬁﬁlc(nr@csyqlemscxbﬂ fybB-, or 7-membered rings

contarnu’ébgglt EX& cgr' n%rld’ %P h)? 'hgﬂeg)\éh)msb&%{ew Qllit%ben acﬁ@gen Igr sulfur. Such

nzoxazol erre et er oar IS pyrid y
heteroaryl, gipups "sc'%afﬂr %mmareorm% feaanrﬂoéwor% Heeriv, H%I%Zﬁ@ dis)oxazolyl,

oxadrazéﬂllngétﬁhzblylngp)(rﬁylg thlabrbﬁlw| Joxadidilolyi, p bgathibdiglyl, ( @higriazolyl, pyrimidiny},

(rso)qurr]o é'ﬁ’g tnaééhgﬁdrngf rorrarPBEI b%n%nrr(i1 gaz%&%aggg%ﬁﬁcg%ﬁfﬁg ﬁrbrgfgrred heteroaryl is

pyridine PCT/ | B2007/ 002524 -12 1, 2, 3, 4-t et rahydr onapht hyl
- BRRRAhY lnearﬂréh bk dphatic ‘éérmew&l'H hé'v% aVQ‘HgTd'hr@QB gb @henyl), multiple rings

bstitute en,
9. HRERER Pyl PP OF o r iy T st 8ne O aromatic, (e
trifluoromethyl, |ower acyloxy, aryl, heteroaryl, and
hydroxy A preferred aryl is phenyl. The term
"sulfide" refers to noieties of the formula -S-R The
tern1 sulfoxrde refer to the 5 nnretres of the

o ~7 ~\ ~ T . I Y Y
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In addition, the follow ng abbrevi ati ons as used
t hr oughout the Exanples are defined herein: "Et"
wore@s®3athyl , "Bu" neans butyl, "Boc" means = PCT/IB2007/002524

tert-butyl oxycarbonyl, "AcOH' nmeans sodi um acet at e,

"AcOK" neans potassium acetatz; "PD' neans pal |l adi um

"I PA" means isopropanol, "THF" nmeans 10

tetrahydrofuran, "MIBE' neans nethyl tert butyl ether;
1,23 4dPEPABPLFON, SO BB o LR RAERR Bo e, di, or visubsted
with, €lg.5-hdiograbiowyrc bikyi4 lodieD |aikory, Seweere alkylbidVSluorpawtisl, lower acyloxy, aryl,

hetero;rﬂt%]-ldg{%g&%(qtgrgfgﬁém,% drghyrani de. The term "cancer”

ted to, the foll ow .
CHIRC 8IS SR 918s i MARUED b ATSL MR GBR. JBY D, “sulfoide” refr to the

mo.enel@ro@&teafbﬁnurat £S(D)-R, an@ HPAY tidiforst aifes to meikiies, of therformula -S(0)-R. Rin
this de%\}l?&éﬁ t?/élul Iryta lé’werélf()g%zrcsgl@fro' d, bi I | ary 15 passages,

oral , tongue, nouth, .
plh @ddition, ttprfgllomrngmpbrgyrptmgs ag gqugﬁ rp@q;‘loutrﬁ'le Eéqr@tges are defined herein: “Et’

means| eﬂﬁﬁ StBun Gneah€ BulyM“BEY dhéhnd Nekt- Btﬁﬂbiyabrb&%l VAJOHS yriehRsTisodium acetate,

gl ”
et S0, B S o ABF AR Bopoanc, T moans

tetrahyavdeunao; SV TBE  omens pthmiderh byl ether,"NBSdueansdy- -bromosuccinimide, “DBU" means

1.8 diBIRORIH £ bRRIER. 7 Jn@l kNt ABarfsal §1dRREMcycloE flh&H-58ikd, 2L BDS™ means
car Cl nona, %'Zigee ary carci noma, sem noma, nelanom,

lthium Big{trirpefayisiyy r carcinoma, liver carcinoma , kidney
carecrenmnancweubrodet; but2§ ndi iwited do,sthe lfglinwing icdnadrs cenkersof the breast,

ovary, }_?rgig |%st§t hali, yesg;gJ &, sffhch, estkhrerﬂn?obamze cbiBh,Pancreas, thyroid, biliary

, asS us ere|n refers rever si I’]lg
passagap twp%rtcawg STl ARt (9)). TPrelopaUggeud. By Small ihtestine, colon-rectum,
large MHt636AAL i rRGtuinhe beirs ordier cedtralC aredicus OBydtemwhglohlastamh,  neuroblastoma,
keratoagantﬁn 0 dnla"l’ ?é?m&&r cﬁén’? tcftla{;];g weﬁé}&ngﬂ% ea@h%&ﬁ@né)f adenocarcrnoma,

1 on or term™t reat I’rent as
adenonig; e 8JNEEHFIROM3. e follipdart @arpﬁgmacpngﬁergmtggg cingma, papillary  carcinoma,
seminonal GRdlardgha, shofef blagdbr i daroribimal erk/gf ‘edreiiéma 25kidnBlgecdreitioma, myeloid.

drsordeéﬁg/nwgaggﬁé@ggl lé’dg?‘ccerﬁe Qéllg a%% éuﬁem%St ers; am des;

ern re ers to those
c‘ﬁrehgrxry]‘t@[atmgsgasttged hereinorefess 19 ravrising. eleviating. gnhrt@gqgethg progress of, or

prevenf’i’lﬂiI tFi@ §rsor€8rdor%ﬁmﬁddg§ which Eﬁtﬁh t@r‘ﬁ‘ﬂ'@@ﬂ@@ or Qifeverttth ofé 65Abre symptoms of
I nve

. such c‘]"ﬂ@@?@r rffsorg] ?'éeotferé" ftrggr\{‘nbagle 3s ﬁrs%%ﬁergrﬁere%rs n%t gﬁ%aﬁ% as treatmg

30

35

.. _ .isdefintd mnmteifatpmer ents W t hout. undue toxi Ci ty,

- el theftt “p%ma@édﬁ@eﬁlﬁb@cebt@5I9Q£\§eesté\'8darﬁrﬁk% Jen'rdﬁ(ftodrugs as-used herein refers
commensur at e

b fit/ K
o o RSB £33 o e SH A S M g 8 of g compouncs o

.- the-pregait-iriverition mihich facs, within -130scape pfesopod sielica. judgimenty euitable for use in contact
with the %@R&uq?g&regts dithGut uﬂé{&%héi& rrrT:ﬂr%nté?lfe@c reéohse, ah&iheiRe, cOmmensurate

tivel % non-toxl c, "1 norgani c nd-or ganl C acC

i d
with a reaesinable Rerefil/isk rgio, a'tf’o‘rﬁ%l)’ﬁd%f taeir 'PFF@d‘iS’r et WEhHE Fﬂﬂe"m'c forms,
where wagsre Gt compadihdbef the mpentieal i n situ duri ng the final

12-%' t?rf;ﬁ gﬁgltsanrgfersptldrthé {(ﬁﬁkélgmo?ftox d;h%o? do?gé” c Q%fd addition salts of

oun In“1t
compotyals of tror aresant nvention h?%ﬁaﬁ%tscﬂagé’ﬁr%eﬁﬂfeq ity dHing "t figel isolaion and

purificafiéHof 'tl%oéoﬂpbﬁ‘rﬁistoh By §e’1l>bfatél)hﬂé§ctfn§ ﬂﬂmﬂf édcdpipolifd indts fred Base form with a

surtablecga%quag)rgﬁnﬁagld gp%rsglﬁf ngctg%gars t us fPrlr?n \éffrprr]tslr??:g} a§ h% d&%ﬁr‘f’)b&nds of formula
| of thisviaventibry aref badic fcbmpaumtis, Sbeyt are alkiceprblea®fi f@'tlmng armdgaﬁrlety &hdifferent salts
with vaﬁ%&qmrgar@&é cfr?a%" id ST B HSIR steh Saits TSt b@fbharmaceutrcally acceptable for

eutica acceptable for adm ob
aaminigAan M. 1ds Gl alpSURLLE P REACA 1 BRAIB iSRS g Base Bompound from the
reaction Ripttiral dsya ippaiateutitdlg Unasepmblepsaltnahdf themsirgy comadttp dhe free base
ur A C UDAE Gh | € A0 %ree base t

compoktrﬁe%y fed erﬁlc‘;gnn]vert ?{’)HntE hgela %(neeglgogseé}&%%npound{ ree base o @

treat ment with an al kal i ne reagent and thereafter

convert the free base to a WO 2008/ 032157

PCT/ 1 B2007/ 002524 -13 pharmaceutically acceptable

aci d addi ti on salt The acr d addrtr on sal ts of t he

_____ o o o o o e . I



5 respective salt fornms somewhat in certain physica
properties such as solubility in polar solvents, but
W@rGwensilSE the salts are equivalent to their reCPERIM®D2524

free base for purposes of the present invention.

Phar maceuti cal | y acceptabl e-tase addition salts are

formed with netals or am nes, such as alkali and

alkallne earth metal hydroxides, or of organlc am nes.

mpl es of netals used as cations are. q

pharmif@t’@f@&bf afqePirhig ey addition3ati IR gl FIfHiRN F7Ee0 ‘Eﬁé’ﬁﬁF ggmpounds are
preparéd bﬁwntaatn’ngahaffbmﬁéseadsrm withG sufficient amount of the desired acid to produce the sait

in the @nv?%g;wg %Lreti'né/ t ﬁQF Wrﬁay G@ I'e%kl_ﬁ)é?étgﬁ @}/ 1 ta.&lné’ ltﬂens%lt form with a

anol am ne, I am ne, ¥ ucam ne
base anddsqiiogdhires baee I e GRIARAITE! MABRSjG oA Tiap b3S, fs difer from their

5 respecﬂ_\féesﬁafﬁﬁsawrhd\dh@ﬂlnsﬁhhlﬁ phifsicat bt&pmemmmwsd@lmihe/ in polar solvents, but

othen/vgaﬁ‘gI ngd%r?)égCn?am ‘?Fo t#z ﬂﬁgénlgg |vfe fr%g eﬁ %@%fgb ;ﬂesfeﬁt invention.
seharmaceutically acsapteble b@ﬁﬁ*&ﬂddmfi’?éfﬁ areﬁweweﬂrveté nz?éalwr pipgs, such as alkali

and alkdi¥e RSrH RBENAIAbAGsD Y epswgam& 'aﬁhﬁme& hexafiplds df ahétaldiuséd @8 cations are
acid and isolating the, f tk-q !’ con
e

entional 15

Sodlumy BRSSPy dVAPERHTh ROy a9 oS | GRS (o  sitable” amines are

10 NN-dibempethylensiiagate, f cshimpopsaaipahat chdiinger t diethaptigrmingal  ethylenediamine,
N- mettgtgﬁjggrjﬁlhé &hd ﬁ)‘d&lh %ée S ebBhhé, iBérdertt BOlsBpras ol vent's, bUt

rw se esa ‘are equivalent to their re
f Thedage rag)dltfoa ,saltquj Iae&gégmBq nfl§.| are Meéagaqtby CHQ,tgﬂppirﬁa free aC|d form with a
sufficieRedriGintafthd desped paseda pfodoca the sala thieccaneérdisnas niahaereThe free acid form

may b(ﬂéégn%ﬁg {oaﬁyecon@cﬁr& L&k S forT‘rVMtngr?ac@%ﬁﬁgéJéﬂnﬁ theﬂret,é' ?dioem 2 conventional

nmno Ren hos

15 mannem?[hg qeﬁ)gcmqu{rgs dlffﬁy ,frg@ I&rrgﬁqu@tlve éﬂ't f@frqu%)m w%et in p@?ﬁuﬂ@ysmal properties
such aé Qéiutﬁi@y iBlpolar asivemsy beaHedise the Bhltsr dre equiteten kotheie respective free acid for

brom ¢, hydriodic, phosphorus, and the
p”'posﬁ ?Jéhe Ff—'l%serng}s(\éer? ‘UAtive salts include the hydrobroni de,

HSedts owbi |bg ipregared frgmfirgrganiqAcigs |spifate pyiepyliate: @sul%ﬁt&ﬁt@ bisulfite, nitrate,
phosp@@'n%&aydw@laﬁfh%&@ateo |d¢@&reger1§ﬁd>sl§h5tél,t @etaplicsphaAé,epyrophosphate, chloride,

bromld? d%c{lf%astugh as ﬁ)iad{q,cglfmgce rr]l oﬁaéhec{sgrlmoari?:tsau furic Eylm 3{% qg{jnodlc phosphorus, and

umar at Succl
the liket dReprea¢rdative apitstingjudgitee hydeabydmide hy@pmqme RUBAtat kisulfate, nitrate, acetate,

oxalateI ASLRAR QRAte, paln*ll@iér %le%#éltephélﬂﬁé epad, bérfobieORdtate, phbéphate, tosylate,
i ~citrate, ar&alagtg g{q'lall:(pt%5s%§ltn§t§r? %?I Ea;?%gm(% ﬁlgersglgt@;:ggugg rpgoea{e lactobionate,
 laurylsulihiotiste aphisetfiionate saltsi and toel litel. Baltsonay alsg kisprepareid tm'y organic acids, such
a8 ahpﬁ%ﬂ% o€ oG dfkSrboxyit l%%@?%h%hﬁ-s@@étl%d é\k%ﬁt é&dsa%y@i'ﬁxy alkanoic acids,

“r'phat |c and aromatic¢c sul fonic acids

alkanquQIq(éCldSRin?F'@g%?ﬁK&t alphaticand aromatic pg’ﬁ)@lc&%ﬂ? aqtre and %etl{lle Representative

2

(]

o

257

e salts —ifDIVAP - BdbELE), - pORIDAALE, a taprylate o isobyty@ates ; oxalatd, amelpnate)-cu@inate, suberate,

sebaca%u‘?tﬁvllﬁ%i% malgéi@eﬁ\gﬁ@elatée:f% @% & chiotiBRh Ak, n%ﬁ%hfoate dinitrobenzoate,

énzoat e, nethyl benzoate
phthalatg;, npqqzmﬁ@aa!pe tolumﬂshlg]natpe pr@@y{%mcﬁr@ at @ctate maleate tartrate,

30 methank8UIfURIE SHd fhemrd. @hamﬁeélmbaryawdptablematts abginclude tAaibrs based on the alkali

“"and alkgﬁgfe%tﬁrggﬁi ::tgllrui S sgglgp i t haé‘cﬁ%élutno %ﬁ%lgmtﬁg%ﬂetsmﬁ} iu{dktﬁe I|ke as well
as nondax@dmorpniume quatesiary @minonigitk aﬁfﬂn@“@ar%ﬂoﬁﬁetfﬁlué'"gvs Q@h ot limited to,

ammon% StélFQniéfﬁylaHrﬁdﬂluHWtetF&éﬂ@%ﬁin&bmugp ?&h%mé’f&ﬁm@t{iylb&ﬁhanﬁ‘lmethylamme
er nar
iy AR P e B3P COMEPAGP 4 TG SSBLE ATOLC 945 Seyes arsnat.

35  glucondte) galaetronate uand meﬂlkearfsedayd)raemmpieuﬁerge S.M. et al,, “Pharmaceutical Salts,” J.
Pharm. ts‘?:? r@?} é‘?’ WWH@!‘\ Hmco%l;alf@@ RNy refgré'ﬂ%E Ryl am ne,

triethylamne,” ethy| am ne, and p
IEXR@P'G%P%EJ‘%?RG&Pﬁ?F'Ba?%PQP'é POfiogs eFlersopt i CAEPRHERS S this invention
include DO aRf edtef wiidreén thaallgl grogniatacstraighl @rdiranchehtiain. Anckptdbie esters also
like. (See, for exanple, Berge S M et al.,
include ot cYRaglt §siks as el 85 SIVIAIKY ERlers schsgs, bt Ady imiteghtojbepgyl. C:-Ca alky
whi ch is incorporated herein by reference.) Exanples
of pharnmaceutically acceptable, non-toxic esters of
t he compounds of this invention include Cl1-C6 al kyl
esters vvhereln t he al kyI ~group |s a stral ght or

o o o N R o s o o
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Wley & Sons, 2001. Exanples of pharmaceutically
acceptabl e, non-toxic am des of the conpounds of this
WO poo8nsiish 5 i ncl ude am des derived from anmoPiEIB2007/002524
primry Cl-C6 al kyl am nes and secondary Cl-C6 di al kyl
am nes wherein the al kyl gcreaps are straight or
branched chain. In the case of secondary am nes the
amine may also be in the formof a 5- or 6-nenbered
het er ocycl e contai ning one nitrogen atom Ami des
esters @ar preftedred.r Baters gfitherfompounts o8 thgl REGaenbinyeRliPYy Mayibsdeengrry according to
converftidndrtetHoal Miarcis € AREaddYOrgsnicEhendstsy, BT Efiésn” ctl. BASInIteS& J. March, John
. of conmpounds of -the invention may be pr epar ed
W"eysaﬁﬁ'lfrg‘?%g to conventional nethods such as "March's 10
Alxemptessdof @hgranraceutiChily racesptaple, Hon-togid jafrides' of thel compospstaf this invention
|ncludq&an:||d%4v@érﬁl@d fr@ﬂrH?nrNgﬂlae)Srlr&ar?Q'ﬂsGs atk90mineldNghdt RicHdary C,-Cs dialkyl amines
ru refers to conpounds that are rapidly '
whereit ﬂwrmlfybgwem are sipaight ot ragdhed ghaim dn thacass of Sé@?ﬂﬂé'u [REninge the amine may

also b<=,I .h %e‘?@r‘?ﬁ’ &d QroFUJn%ﬁwbeifeQ het@roayan &mtéiﬁi’ngmhdrnﬂﬂoyéri §torlnﬂAm|des derived from
orou

ammoqlﬁa gqjé.}ﬂallgﬁlaﬂwry %rlngnplf gr('n:éj E?ﬁ%"'ﬁ'm gsgcogga%g rres l'.?e? Preferred Amides of the
compoﬁ&%&nﬁe m%ﬁixotr)\l hdy (BE di'élﬁreﬁ SecSrdinGoTHRRVenidnaberteltRes sadflﬁ as “March’s
In I oreyer si u I
i G, SR 5 S8 Wil SR
qu;mrm) rbrétﬂreg:'ggfefsgatomp@mhs tfat afei rgppdlaﬁr@nﬁ@rm@gyn vivo to yleld the parent
compohrqbcﬂ Igé)él?;v@%rmﬁlaé Eff)reéxglﬂﬁlg Tﬁ%ﬁ)l)‘sﬁ\{reﬁlbbd)m tﬁér@MgHj&i&:uQsmn is provided
treatin c{ or ndi t i, /gCSS
in T. Higusih e 5By Pre%ngﬁéﬁﬁge orfery SSRPDbs (8 el e ymposium
Series,dargiGih (idreversihie ICaaigrscia cd| Bdwardiio tRechay 3°¢1hq45|can Pharmaceutical
Assoc:& 09 ahé SE@tcnln NpRss qgiﬂabﬁq of Wﬁlémaréhpr%ﬁpﬁ%r%r%ti §y reference.

ql cal vascular enostl s, rest ) the arou
emﬁ;msw fop dareyides @ePd AL treg ﬁ&l%ﬁfﬁ‘ﬁ@e’ 3, GoRf '?w%%?‘?doﬁ@“ group
consistfild O clisproiiéhativie Idisbrsers| slch abenfes vasmilaRbiAoath muses ptdifleation associated

with atglebrgﬁleros?sg SHQ&Q |cél %5%8% &QﬁosnszpesﬁiHBﬁé rgﬁﬁréﬂdgrhét %ﬁe%fectlons including

orl a eunat ol
viral infgcti¢nsi sych  as| Qﬁﬁswruw};plgelhquegb@'tdegNA vifusgsefikec HIV, and fungal infections;

utoumﬂﬁ@&n@é&b@)ﬁucﬂ% pdonhsis, sMbMMAtdrSlikeaReumatoid arthritis, lupus, type 1 diabetes,
dlabetl‘?ﬂ%ﬂh{ﬂgﬁ{qone é;{le gc'le%snsog g\ %rﬁl‘gg@dhﬁ&t org%%gﬁép%%ctlon mcludmg host

ver sus-

- -versusigiaft qaeasg fruremempanipeiding dUBERi FANPrising Rministeripg o said. mammal an

25

30

35

”""d'sordqﬁ%ﬁweoﬁsa capcer elacted

amoun mpdlind DMBHALIaQf orda pRATRALEIECANY ateuptableasdit, thereofithat is effective in

ar naceuti cal acceptable salt thereof, that is
‘treatm£§ _It%P P

R AisProer o ONdPPaat | ng such di.sor.der..or. conditi.on.25..
Thtissinvemtienfurtber provideh sompounds dicformudarh thahare usefuf oF treatiag abnormal cel

prohfer!atkbﬂtsu £ cAREf. Uthef |ﬁVenﬁd'neﬁ$\hJéQ a&h&ﬁ&d‘&lo #&kihg the abnormal cell proliferation
l.ferati.on. such jr cancer.._ The i.n IJ, on...

o e 55HD, PSRG9 RGPS P IR ovan. ooni.
prostatél] teii Jesophagus; [stargach, skianlvey, e, eoloedpanceas, ttlhwmg,rhﬂ@p/ passages, buccal
cavity glg)dqgllla%%ﬁxn@)ra f luI? fidddeS nﬂ[ltht 'Bﬁarpr\'ﬁ%ﬁ\tall |r9¥s%'h¥ c&(ﬁf'—?ébtﬁm large intestine,

S, €esop St omac SKI n
rectumb@'ﬁ@ an@cge@ﬁal iz Glo gygtem, tq%g}tfl%ﬁtcana Bpproglfz?}oragslgeéﬁtg%anthoma epldermmd
carcmomécl‘é@e cemaéfd:uﬁcyn&’lﬁdbrﬁbamyma (adér&icér,cmbnnp adeoorga) @denvsarcinpma, follicular

carcin ﬁ(? ff«ﬂgxﬁn% ca'rcq}oﬁ\%t Ip ﬁl’lanﬁ% @o%s C%é‘m{\orhérrgaa%oma sarcoma, bladder

carcinogips termearginorn L siger erscinomea MyBloidsdisaiders: Lupritiadentdars Hpdgkin's, hairy

cells, a%@' 1SR, CompAding B&ﬁﬁlsteh@' geth@rﬁbéutn@a’m&%ﬂém amound of a compound -of
enocar Cl no

formulaaldgmpT&qCﬁ%tﬁnglly chqqtq%&ﬁ ﬁ.lhef%grt%? ﬁlng%ct I need of such treatment.
uA firthéreenahodingent df tbiarimientinmels apngthdd ofr tyeatieg subigstapsuffering from diseases
causedstg%%mismm AUSHIEcel pibliferHliBn. dynﬂ)@dﬁcfs wnﬂ?lﬁartﬁé %B@of thé ¥@Eent invention

rcinona |, carci noma,
effectlvplynlﬁlpim daﬂ:l”?brsﬂl—%’é' mp%egigfa\l] p&h%acﬂopyand g]lqrgtlonaﬁ'ae method compnses
adminidtéinl§etsi a, subjeompin seaty ohdebiniest @ni agount tdfea aqpewbirgiabf yormula |, or a
ef fective anound of a conpound of 35 fornmula I, or a
pharmaceutically acceptable salt thereof, to a subject
in need of such treatnent. A further enbodi ment of
this |nvent|on |s a met hod of treatlng subj ects

Y B - . T S o o S T
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* adminigieriionioc8Aid (SLLIPF, M 16

pharmaceutically acceptable salt thereof, sufficient
to inhibit vascular snooth nuscle proliferation,
wW@easm8215Mi grati on. This invention further proRCTHER0E/002524

met hod of treating a subject suffering from gout

conprising admnistering tol®said subject in need of

treatment an anount of a conpound of fornmula |, or a

5 pharnaceutlcally acceptable salt thereof suf ficient

pharm?ﬁeat\ﬁa Z%cctgp ﬁ%lglh%r]eo ?uéf enlS tor Ybertnvtte)als ul rs ?t?irﬁusgle p][olrferatron and/or

migratikn.dney di sease, such as polycystlc k|dney dlsease

CRIPSvantidl rardhet Broﬁj% !ar}ﬂetﬁ& &a&é&trr?l Bj ééﬁkctl @ﬁaﬁ'@dfr&ﬁ gout comprising
treat nent an anount gﬂ#éa Congoun rmul a |

Bt it 5 Eerfacuing & fdtmuia 1, or a
pharm50@uﬁcéﬂgedccémable:s}mdndreaﬁ.rsuffaemmlts@ttHeCth}thm i nhibitory

afl‘f % %Lérﬁ’ror@ﬂrﬂh&%‘ovﬁgg 8 it dQk Bedtink b réﬁ@j@c?t »suﬁé?lﬁg ﬁmﬁHQP&seese such

nvention are al so useful sear c ¢
as polycyF §'df‘%Vrd'%€ia§?13FPW@"sﬂ'WeadfFéﬁ’ﬁ%{l’i‘9 e Sublact Bryegd o ‘rﬁ?&Be"t an amount o
a compeuRPSesrmulantdi a pharmacéuticalif acceptableisalbtherBog sufficient to treat the condition.

aé)oggsegpqmﬁr utH b(?tgrarg%{nng ggarr%ft c&ﬂ'sea%ti %ﬁﬁr krﬂés%s HFIF f:&'ﬁ;ﬁ)glwé's of the present

arrire apeuti ca
veriiet recaloy sk gRRSBICD o0l fos v m@manvamaofrace%w thesa Knases, both
,nvmoaﬁymwwoto a subject in need of treatnent. Conpounds

rgnﬁﬁ%%y g&fq eb@%ﬁg% Iog?réa {mep ?eStplr %ﬁ? carne out by . administering a
therapemycdlly mﬁetérpeadremt dft iarcegweumnt Qfdimmyla | ﬁeéfqg@nwmc;g aa:iu@]ect in need of
treatmént %*%uﬁ&’s"ﬁf RSireRet iARAtiGPe Bbsadidh Qlaﬁuﬁfp?ﬁl:hnd@)fhal are potent inhibitors

o e s b 3k T SR P bR RAHARY G b somintre
by a varietyarfiroutes, acleding nlally andofarerterallyl amdshaye Ilglgrpp@g rfeldcityf The compounds of

the mvézn%&‘%anelmbeémf fhel JH4E B doRiBoltia9 ¥t ElBMu@ 1pPhar maceut i cal
nposition conprising a therapeutjcally effect

amﬁwerarpn d’r%"&?ﬁo%r’?aar celﬂ%a 9 ffltéonl comprising a therapeutrcally effective
amounfpbAraTacepdund adfl the afooayssd hbdrea Spﬂdmﬁ@ﬁtlcew ,aceaptebie s2l0 thereof, and a
pharma%glﬂﬂ:%c\a%%gplta%@ da rreﬁ%ﬁl%a{ %m:)?rpfeﬂ{ t'hér%for di'l uent, or

excl pren npounds of the
My chiting FormpRUTER Ohe RIETSEL IVEON i BFIESIVE IEYDIGEscRfjcycin dependent

~ kinase 8@4acWHieNts tolsan &&e thed khjbitvddka Motes pdtently alyart they inhibie yyrosine kinases and

. ~'--~other sgme-tﬁ eEJn ﬁéjg%a{ggr clMge&Lerchcﬂrra% Enc?e\‘rt .HQA&Q' Jucmég %h{'e Despite their

D5

30

35

erine-t ni ne |nases inclu
selectivify rnsrcdtss/ dnhibitiopeprsmposnds &fi tha daxentiqnchap dhibifiatherdngses. ea'be't at higher

"concenfra%hf, thaf Ho@@h&%r&Mhéﬁhhr&dMM -Hweivért-CotmpoRAdEasT thtciEreszht invention also
~may in th#é’:ﬂg Sagts(lgrg% L gﬁrY entr angrQsl %olgg e‘ééé%%ger%r lrﬁ'rl tﬁ%k'rt of2ldk4 since cdk6 is

hs YRan theee

structuralyrsirbilar tmld@erfcbmevmrfuwmgﬁdsﬂ -of - -t he--present -

'P?é/fgr%d Shbddinséhts Hrade praBiMiidveftibihtarétorfipdtinbi£bf the formula | inhibit cdk4 at

oncentrations to. th n ary for inhibition of
'eaStaQS’Hk&POg?'ﬂE‘Qreo‘?ﬂ%'“Yg‘ &e U‘@l%ﬁr"i'% y simlar to and
pepréferras embatdithent of ha prdsemtdnveotiandkdvide@rachethed df inhibiting cdk4 at a lower

dose“thgﬁgor‘f-gcggggrtﬁo Qrfhrbh Qﬁkzoéoﬁﬁﬁghg b&hﬁﬁﬁfrét%ﬂ ofth %r&&%%ﬂﬁ@urﬂfof formuta 1 in
the tormul

] | east about 100-f ol
anamowﬂ'etseirfé'm'rWWMH&C?'&%. b|t cdk2. 30 A preferred

ermbowmmnrtdsoéf foraulprieste itis iinvestivhi baveposeiil dermreacerticabadnd medicinal
propertlF% I n:.-hhnlybI tth@%&rﬁg&ﬁidgtof ?or}ngrgelr of. thgoiﬁgerﬁlgr"f"exhl?lt g@ﬁiﬁéﬁ@r dlective cdk4

adm ni str
mhlbrtormagtiv@y ar@ﬂh@rgﬁqwmm af \@ueflr@)mqﬁqeatn}qn}pf agyideyyasighyof g:lwg:fal conditions in which

cdk4 krﬁé%le%&ﬁn\éﬁllléﬂ leR0atBd, o abllkted Y @Fes@rﬁikﬂ norhf2€ aR o adsctidfies, but where
mhrbrtrogﬁ&thﬁ.‘galfsclf, ﬁ%ﬁrraplsicbkﬁ@ cggu(?ar'\%rﬂ'y r%tfvg %&gldgg Eg%cﬁﬁdéf%}‘gefsc%%lude but are

not limited tanthibse ehumératediirsthe naragllaplaﬁrbedmhl bit significant
sel ective cdk4 35 inhibitory activity and therefore
are of value in the treatnent of a wde variety of
clinical conditions in which cdk4 kinase is abnormally
el evated, or activated or present in normal anounts
and activities, but where inhibition of the cdks is
desrrable to treat a ceIIuIar prollferatlve dlsorder

L -
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-16 The conpounds of the present invention are useful

for treating cancer (for exanple, |eukem a and cancer
w@boosla21bung, breast, prostate, and skin such B&I/IB2007/002524

nmel anoma) and ot her proliferative diseases including

but not limted to psoriasisl®HSVY, HV, restenosis,

and atherosclerosis. To utilize a conmpound of the

present invention to treat cancer, a patient in need

gﬁeﬁsq%g]gobrsq%%f %Eéggqspvénvaptgg Are, userI Et%r g%tl gein%{ar ( d)rr e?ample leukemia and
cancert dfetha peng, i brest, )prm‘laﬂecandv@lraﬁmnms Ublaaorpwaawagtégt prelfpraljve diseases
mcludu@ctgu‘? %tq@'llt%? ?@;ﬁ%ﬁ id Hev, l@lQ”ﬁEt’eﬁcﬁs‘w aﬁﬂ ath&3sder®¥ne To utlllze a compound of

oun resent_ inve rg{? ounds '(1) e
the prege RPN URFh CO-Shr SPRUETUL DA SHF BTATDHE S 85 RAS having cancer or
anothev\lbfoﬁi@rdtﬁe disessRy ist dumtinistérey a therapédaititally difdctive meroputt @fre parmaceutically
accept%bée COﬁTIé) ?%oﬁ %&lglh?(gﬁééé%r{éecoﬂp&%ﬁeo? th@rﬂ)g%sgﬁthﬁfentlon

reoni ne I nases I nNC
cGonpaynde pbihe drseRt investian g @ﬁ'egyecmtomcﬁscar‘t givhich is to say that they

inhibit ¢dk& infore BbteRtlyl tharf tiieyf iﬂﬁlblCQl'%mb Ikinla$stdnd rothee eértmumrdmmﬁ kidz8es including
I nventl.on na

other chalaﬁgpenggﬂtckérﬁs? ucla ﬁg_c tsﬁlge;tggllé g@évaﬁﬁg ﬁﬁh Enhﬂa&wg compounds of
the invertiod . mayoinkibit pthercidmgses r%b;'?'t@ﬁ higher qepeasisationp ﬁ'??@r%?s@nata‘(t’% they inhibit
cdk4. FRYvevEh b&hbo&%@f tAé preként ||rﬁéntﬁaﬁ RS HhdyahhiBiNSdkE it sikTlilas&ncentrations to

those r@?é:%grg/ e,:{n tg)tlogloﬁ]cq@rstnfg ngh% & %xgﬂuaaﬁhlmqarctg F?d btfﬁ'form? s:mllar functions to
cdk4. to cdk4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 An

illustration of bEﬁ?AlEE@b@é@hlﬁbn@bmwmwnmldn t he
present i nventi on IS shown

AT HTAERN © fha KPR AL SOBIROURLY e ;B’Feés'i‘ﬂ’é‘ﬁ"‘g’é‘d%?’b"wﬁ'd” Schemes 1 to

2. to the gener al Schenme |I. Unless otherw se designated,
‘H—% Lbntcfr‘)ﬁ J@e réparediacé@ifihd B tRe erf'é?al Schemel Unless
d met?og%’o R& B 1 PR0~] RIq%RS H2 1
otherwg;{desngnatqd@eﬁ ﬁ IN b RZ z_aqd_l-'_\’_a_rg as defi necjg_o_vz_a _ | a

StepAIbRSStepBIcRS R1 scheideMH RC Y R1 X1 N N
O R RZIIORLIcI HNNNO NR3 X1 Nl NORLLX akg
lc R31 RId >Nr|—|2HNNNQ;r R0 R

Br N =
~ X
] NMN | R NH2 ) N~ I N}I
ds N OH N
X" "N "¢l CXUONTONH = XN N
a StepA . b R StepB - - e R3
R'
o~ . _R2.. -~ N _NH
JN\/ L R4—"/ ’ R’
X" SN SN0 A R2
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RNR3 1c3 4/, | 1c2 R 20 Step C WO 2008/ 032157
PCT/ 1 B2007/ 002524 -17 Scheme Il RL O RL RL Rs N Rz
WOR2008/0821Rs NO OHNIN N O H\-N N ° HN O R3 R3 PCRB281792524
DLNIleor LYIf vy, | P GRS PGR5 RA Id RL O N HNN
NO 3 SIS~ OHNRHO 11 0 ~617: HO7- /S-6 H+ RS |
Step EOHS5 Step A°. Amination N/ | Br 3 0-45 C, 0.5
‘hrs N~ Br and H2N-R - 1~ XtNCI X NNH . | a
..... Ib R3_ The assenbl lconpound | b general ly
starts with the addi tion ofs"a *dubstituted amne to
5-bronmp 10 2;4-dihalopyrimdine la@t @& tenperature p

range of abeut O to about 45 for a dura i on of at
| east Q.8 hofirsqin a swiéb ¥ol Fent such' ay
ethanol} Alte nat i veoddl vent SINOReThay  woul dy

acet eN TN 8, pt ot TemeTHF or MTBER':md conbi nat i ons g

ther o nRExarrpI estép el ow, "ft/ substit ut ed 3@ [ s
Wcll pentyl am ne and the5 cté on pr< ceed

ab 5CI4 or about 2 hofifsR The addition %

regi osel ective, giving greater than 9:1 rati ogof the

desired to undesired isomer. Crystalli atl on y then

be 15 perfornmed to remove the undesi Né&d rrom

the product. The | b internedi ate
two step proggdure starting from

2, 4-di chlorg @)@'Ml—he This reag4

regi osel ective'gl t hough | ess S0,
desi red t o -urdesi+ed |’$@ma/\s\

Step E ¢ H

e I%ss nsi ve
is §so

ving a 3:1 ratio of

ired i somer may

DJ~‘8 Xp(gade in a

S

Step A: Amination
Br

0-45 C; 05hrs Br
and H,N—-R3 J\
XUSNTa ‘
e _

;_:2

Ii—4

" The assembly of compound Ib generally starts with the a'ddition ofa substituted‘amine to 5-bromo

~2.4-dihalopyrimiding 13 at 4 tenperature range of about 0% to about 45° for aduration of at least about 0.5
‘hours in a suitable solvent such as ethanol. Alternative solvents to ethanol would include acetonitrile,
--toluene,~THF -or- MTBE - -and-cembinations- thereof. In Example 3 below, the substituted amine vis_ a

cyclopentyl amine and the reaction proceeds at about 25°C for about 2 hours. The addition is
regioselective, giving greater than 9:1 ratio of the desired to undesired isomer. Crystallization may then be
performed to remove the undesired isomer from the product. The |b intermediate can also be made in a

" “two-step ‘proceduré staiting from the” leéss expensive 2,4-dichloropyrimidine. This reaction is also

regioselective although less so, giving a 3:1 ratio of desired to undesired isomer. The desired isomer may
be separated from the undesired isomer by an acidic extraction, and the correct isomer can be
brominated in high yield to produce the desired product Ib, i.e. 5-bromo2-chloro-4-cyclopentylamino

pyrimidine.
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be separated fromthe undesired isoner by an acidic
extraction, and the correct isomer can be brom nated
WO pooRiogf1syi el d to produce the desired product POT/IB20€7/002524
5- bronp2- chl or o- 4-cycl opentylam no 20 pyrim dine. WO
2008/ 032157 PCT/1B2007/00252¢8- - 18- Step B: Heck
coupli ng and subsequent cyclization RL Ro Pb N i Br
a RL 1. palladiumcatalyst Na ( + R.a Heck reaction
NH XI!NNO XN1 O2 cyclization R31b R3 Ic The
ndisupsepuentoyeligaliont cyclization to form
corrpound Ic generally proceeds by m xture ofgrtonpound
Ib with an substiguted olefin in the presence of
N ASi tion al |caral yspalladisaneaby a 5--Npajfa
0) - or *pal 1) _cHgckfegdipn 5 bas,
N)pt NOnal Iy in the presenceycmhbtiod phosphl ne r‘f;\ge'ﬁst
|6I'prtaI pal | adi un(0) catalyst includes
tetraki s(tri phenyl phosphi ne) pal | adi um [(Ph#) 4Pd]

' tfHesl(igékb&f‘uéVﬂg' Q’ﬁﬁﬁ%&iu@ﬁleéﬁhzﬁﬁbr{ adfanin ({oFHibBﬂrdb_) @e}nemﬂyi proceeds by
mIXtUI'e'Rfﬁé)lgla?bUenBég{ng'ggp gl,?)ﬁetgxtg@g olll} r;t rey{&g))f L Qr%ﬂ)oﬁ E)rgelal catalyst, usually a
palladuﬂﬂ:té(b)ﬁra)d]lﬁdi(rﬁ)ﬂd:))@}a,lyspa‘ base i anch aptipnstly @j‘eth@m@p‘gge of a phosphine agent.
TyplcalbI 3‘ ?%ﬁ&rﬁ(?h étﬁ%ﬁ“ Cmcﬁ’lﬁéboal leﬁgilé{ﬁbﬁén%h&ghﬂlgﬁﬂﬁhﬁ}n [(PhsP)sPd],

phosphi nof err ocene) ~pal | adi

tis(dibelizgimepeacdienelinloah O Bt AL %@rﬁﬁ@;zef@tﬂ'eaﬁﬂsﬁy%pzyad'"m(o) [(dba),Pd).
TypncalTwiaeuﬁJn(n@ hQFRbiv FRIBE palladRAd atdtate PdidRel], watlaghrh neploride (PdCI),

Ab|s(beng?qltﬂ|ﬁ= M‘f%f%??@ dent j C@%%%H frl or@o@{gﬁé}]ﬂgﬂqé@hwofermcene) palladium

d|chlonfi<é cmﬁidﬁﬁh@tl&ﬁ]a cM’plext(Pb(@pgf)zﬁhbs Ihivied RbgePing g@rﬁpqﬂng used in the Heck

~ coupling' i Ddee ﬁ'zgﬁ‘tggeﬁtaf%ucbhcéﬁhu?e ?agents such as triphenylphosphine  (PhsP),

ph t
tnorthotl)lyg) Bﬂg:(ngln[ gwoglﬁ%?uwhﬁﬁpgwg@gg /dq é*agef ;:E'nrors%h (ﬁ g&qts such as 2, 2"-
bis(diptem@ghdsphinea)f1, 1t-bieaphthyr (ANAR)Narent Bmwlghqnalpmﬁ@hlpg)pqoagqunﬁ preferred
condltlc?'n GhhQ r&ﬂ’%lnfj |r#3ﬁrﬂl%9rlé 4 'Js@ daladn T RidhRNHE Mibshidhitd® in combination with

h h ed
sortepoe e chog S s e B3 i, A1
(DIEA), (tElLtE/i\)amukr(Tat)hlwhuurﬁmmmateT&@)qrcyblohdxylmntmmrmomaA prefemgd amine is DIEA.
The Hefk 3&& %Xc\érre L‘itly 65tk B6oC ?aﬁ)’bﬁlf §eE a% aﬁﬁ@a@?ﬂ ﬁodp}. Eﬁ* Example 3, the

reac fon IS carred out at out F]l ‘{ b 70°C
solventgee was THt apdihie paseovassiisapronythispunfAne e S‘i“ﬁ@“ W§6 gl to about 70°C
for at lé§§d1 e\VAsurd HE mueshativeesdneae inaisdediolueapr 'OlﬁEllaaU hdoantiinationarttiereof.  The
mtermeﬁ@?ﬁ gs?erUtrltag r%l};\ ssformgggﬁ %l %d %P%H%tmgogsi tn]g Atin gJith aﬁ%&BX%@base such as

Ive
ithium, Geodibinn att pasaRsiumHRiMaxgE, 3 wg apting e sveElPB & dazpUFYaRIS 4 Olundeo-Tene

(DBU) BF 1 B- &&Hﬁlf{ﬂmﬁjnérﬁs-ﬁb/& (DN ob)érehﬁéﬁly n@enb&" isrgatbyrte addition of a
an a SUcC

a F
cehycrggo BoM GRS AR oS e Mot B, i |
1RSin dheaatzlve caectian Haylbd Hum e Tlisyl @nd (Digpjpaltyrearried forward in lc. For the
gne (DBN), or preferably,
preferr%én{é)ha QkﬁX%LQr[ti%nﬁo@gﬁf’ﬁ”%n of a dehydrating agent
Step C: hydri de, acetyl chloride or phophorus
G%Mgr@iﬁudmrtb dempoihd idrindiudes tioostepst eacti on nay be H or
Cl- C3al kyl and istypically carried forward |n lc. For

the 25 preferre conpounds of the inventi dR' however,
Rbis H St 1 NO- Vb AddN! coupI| P ssion
to corrpoundJ\d | ncllu s—t-\gg—s—t—ep /{\

R3 R3
.

Halogenation of compound lc or Ic2 can be done under many halogenation conditions.

Preferably, it is carried out by the addition of Br; or |; and a base in a suitable solvent and heating to about



R RL 2 N halogenation N, I R"N N XINN 143 Rs |IC
Icl Hal ogenation of conpound Ic or Ic2 can be done
waeaen32atehy hal ogenation conditions. 30 Pref epPehiB2poi 02524

is carried out-by the addition of Br2 or 12 and a base

in a suitable solvent and hea®tng to about WO

2008/ 032157 PCT/1B2007/ 002524 -19 40C to about 60C

and stirringfor at | east 16 hours. In Exarrple da :

ow, the se was sodj um acet %t t he soévent di tat

40°C tm%ouaéfép.aed a@r'fep (9} 9371 US| B IPHERS ﬁ%g‘i"év& the,bagggp sodium acetate
and th® @&B/e'mndasmaem add &rat tha bautton 34s hertedsto abd\t 5810nantdi siiedtasatut 35 hours.
Alternétlog H %s pBEI §eS ' @ﬁlt zatcgﬁj%nqanal bRdriibd V@olv%ﬁ{sv%b’inﬁe methanol and

or omet hane and conbi nati
dlchlorpmefhéfaﬁ anqvmtémaﬂeeﬁ Higresh e Raa'errRy RARoRping ﬁ@?’ﬂ}aé"c'”de bromine, NBS or
5 dibromdhy@Ahtom. NBS or 5 di bronmobhydantoin. R1 RL R2 R2 N~
and R4 rN\" NH2 RU toluene N\ X1 ~N N O HNU~-N N Q,,
0-38'CR3 R3 15+ nin N Id Ic3 4 R Id Joinder of

IRfopyri di nyN_SiNtg chai Ithothelntn e &
JN\I or Icinqorocxe‘eéjy addi ndﬂi/'ﬁ'é’ Cani nopyrl dioyl_side
SighanmNge3 with a~Ft hi untbase_and—totrenetNn & N "0
sui gabl e sol vent. The ani nodig3Ginyl si q{iahal n Rt3
is preferably prepared separatel’y by fir s xing wth
kbl uene and the Iig3hi um base in a 10 suijAdte sol vent.
Compound Ic or Icl is preferably separately ghurried

in toluene prior to conbinin the amne |c3 -
T 8 AENPREEYIoTPe DB DRAE PSPREIETIat Goragesfy addng te
amino;@nﬁm siie chaingd3 vith arithiwtrelsasp rand toldene ima enltabler@lveﬁh eThe aminopyridinyl

side ctp cgr{ ggfetrfb:}pﬁrr ﬁér«uﬁ @eﬂa%(t&g‘p?f if<P rml)@ﬁgl \l\lﬁ?ﬂueﬁg ami W fifium base in a

hi um

10 suntablb&@@%@ommw mrb!&&ﬁmﬁfﬁwwﬁgaf?t?v?&mesé" aﬂenaﬁym to combining with
the amirel 168 MRUPASEheCRACtRA idIaIRMeAS prOceedldt 61tta0a @ dor aDidaetr 15 minutes prior to

quencl'xsﬁjq;:t ‘?1195&%%9%&/ tgnm:qgrghpec Js liggc W%ﬁe%}%olnﬁﬁg sggéﬁf o &ﬁg@ﬁmg In Example 4
below, ghe atiﬁumebﬁpdlg@clgthw@ tgs,(tgmgthyhs ')é’ﬁﬁﬁﬁl“é any Bt@|u5\,\paqq4canl Re used as an

alternafRRC Otlkléf'%m@ﬂle%ﬁbﬁenﬂ@m@lhh@ﬂTBE ikt Ibaﬂbréferaamﬂmx protecting
Xa rit 4
15 Mﬁ{? P?CJ[J WF"'%FSM aﬁ{/‘f@’%ngﬁ i S? n'{r{j, dbt8Q eny;; oug b éé{asnple4 below, R
" is Boc,oyut R& ey soptather \aciddatile @minst elrsting igrapp . sush e hﬁxadlenyloxycarbonyl (Hdoc),
Trityl, 48 St 96ivERek Yech R 9pRERIluB@nyRlor- metfbxytityl ankd diffethoxytrityl.

Step_D: Req_i_p_selective !:Ieck_ Q_g)uplinq '

| H'N*Nj\)wlo‘ | et 8
' R3 L RG - ) N /RG
Nj A 75-105 C )N\/ 7 0
- 10+ hrs :
L/\ Id \‘ [o)

20 Compounds of formula |d 'are mixed with a vinyl ether, and a base in a suitable solvent such as n-
butanol. A palladium catalyst is then added and the mixture heated to a range of about 75°C to about



R3 RLNR2 jf PG-R5 e and FIN N N O Heck reaction
RLR3iIR6 R N+ O- 75-105 C N a~X d 10+ hrs R4ld HN
WORNS@B21RB N PG -R5 |f 20 Conpounds of for muPEI/IBRoeH@®2524

m xed with a vinyl ether, and a base in a suitable

sol vent such as n- butanol.-2palladiumcatalyst is

then added and the m xture heated to a range of about

75C to about WD 2008/ 032157 PCT/ | B2007/ 002524 -20

05C for at |east 10 urs anple 5 he { . .

105°C fo AHIGRS AUt 1} FIATPIRS BU. 1B IR =5 FIMSS BLORAPY Zon inr-butanol,
Preferr&l &dt&lystecioad tbyesiiseediimsiep Beof tinsetion. sNMerd prefer@le pat@ysi$ are palladium

having %ldentat?é I&%b@??nd’%ﬂé ?r}ogt; ;ﬁgf@f"r@&)éﬁaliﬁﬁsﬂbﬁﬁé ﬁheﬂ?lﬁhd}gﬂgh@%&gﬁe) palladium

duchlon@gtd@ghygqmetgarg, mmﬁxpﬁgwpfmgpmnﬁwg\fer B@grﬁgt)a koangs, an Jhe palladium
5 catalysfjir\%ﬁlh@rBlﬁéb dhe 1|30 BRIhERIERosEhIiP) @xd [dRefdivel 3cMehi3] include DMF (N,N-

t {1 t h ’
dlmeth)e 5‘%’%{‘@%} jd 1 CI‘IRIIL@/ZRI cl‘ﬂrqgthlll érﬁgg%§§9@1 ; gpP.%L e%CUa Qinlsorﬁmspyl ethylamine
(DIEA)antklteaiateeba@mu\)@dgdltm@mogrbpp@e dihe qgment{qqo h'Hmn‘ﬁrWPte increases the

selectivit) 'oﬁfﬂedr%)actﬁﬂﬁ dieMioHeRli rithyfhiniime, Rsethylamistaz Plafdtiedait) ethérs are n-butyl

referre s diisopropyl ethylamne (D EA).
- - vinyl-eit rtaé‘ldr‘i’g’( g""ﬂ)"iﬁﬁ? “imcludel i thium carbonate(the

10 pidr eases t he
sel ect [ Vé1 ¥ of the react | on) di cycl ohexyl
rret hy a tr| et hyl amne. Preferred vi nyl ether

!] ZI n§1 - ei t her - and- et hyl - vi nyl - ei t hery®
otection and addition of Iset h%&nL\ﬁ

R1ro NR6 N HINN O HNWN N O N R3 ~S|SS OH:
|L. 'oopeolf&;‘be_HOOSngslN%ﬁpssﬁoc
pa— 1.8+ hrs O R6 "o e 1ol
and 55-60 C
R? 1.5+ hrs
N/| S o
HN)\\N N" o
R3
N/I
L

PG— R5 :
. , The f nal step to the isethionate salt includes heating compounds le or If to about 55 60°C and

addlng |seth|on|c aC|d usmg methods as shown in W02005005426 The reaction occurs over at least

" 1.5 hours and more preferably 3 hours. R o o
15 o The amlnopyrldlnyl compound of formula lc3 of Scheme | can be prepared from commercnally
” avallable 5-bromo-2-nitropyridine by base or palladlum promoted dlsplacement of the bromine by a

" nucleophile such-as-an alcohol or a primary or secondary amine, followed by reduction of the nitro group.

A representative example of this method is illustrated in Scheme lil below and a specific example is
disclosed in Example 2 below. Examples of bases that may be used for this reaction include K,CO; or

20 Na,CO,;. These bases may be used in the presence of a phase transfer catalyst such as Bu4NI.
Palladium promoted reactions are typically performed with catalysts such as Pd(OAc), (Palladium(il)
Acetate),  Pdy(dba); , Pd(dba), (bis(dibenzylideneacetone)palladium) or Pd(PPhs),
(tetrakis(triphenylphosphine)palladium) and the like in nonpolar organic solvents such as -DMSO,
triethylamine, DMF, IPA/ H,0, Butanol/H,O, DMI, benzene, toluene, tetrahydrofuran or acetonitrile at

25  temperatures from 25 — 110 °C. These catalysts are typically employed with a suitable ligand such as
BINAP (2,2"-Bis(diphenylphosphino)-1,1’-binaphthalene), Xantphos® (Strem Chemicals Inc.) or a related
phosphine-based Pd ligand. Reduction of the nitro group is typically performed using Raney Nickel

although other reducing agents also may be used including paltadium on charcoal or Fe/HCI.
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15

HNENNO R3 NIf PGR5 The final step to the
i sethionate salt includes heating conpounds le or |f
wa 20088157 55- 60C and addi ng i sethionic acid uBCTTB2007/002524
nmet hods as shown in W2005005426. The reaction occurs
over at least 1.5 hours and2nore preferably 3 hours.
15 The am nopyri di nyl conpound of fornula Ic3 of
~Schene | can be prepared fromconmercially available
5- brono-2-nitropyridine by base. or palladi um pronot ed
di spl acenent of the bronP¢eM$y'a nucl eophile
such--as-an al gghol or a primary or secondapy, am ne,
foll owed by r duc ionOf the nitro group. 2

repre§ﬁptat|v exanpl.e of is method is ill rated-
in Schefe 111 bél ow andMa_s eC|f| Ie i S \ee _
di s;d©3gpd in Ex8"ple 2 belo bases t t
may Qe Used fQ this reacti clude K2CO3 or 2
Na2CQOJ. These %aées may be u in the presence
phase Brr ansf eBus¥lat al yst such as ®@u4Nl. Pal |l adium gy
pronoted reactions are typically perforned with
Furthercsubstityted ﬁyr@i!‘@rﬂea‘sa“}z%ﬁ(@\eg %hepaﬂ icaiPiReP#rpd bx@ethods known to those in

the art RElABR8 oBrepreBettatha prcedures may be found in Comprehensive Heterocycllc Chemlstry,

con R ROBRRERE N SEREEL AR 8 il . BRUREDEN, e o

Benzodenvatives Glyathesis, auines mwerﬁdss’ EﬁR!HO FnpRabensive Heterocyclic Chemistry 11,
Eds. Al R] i€tfiyas] WereddVIE. SchRh, ﬁ@@; P&RYdnacH) NY H28umbieh, Chapter 5.05, Pyridines

o P R B Sl PR AL Bt Schame
IV belotvy pi cal |y enployed with a SU|tabIe i gand such as

Bl NAP

(2,2 Bls(dlphenylphosphlno) 1 1' blnaphthalene),

Xant phos(r) (Stren1ﬁn8nlcal In%P) or a relateq:N

phosphi ne- base I'gand ion o tro
group is typic er f orned %S|ng Ran I

al t hough ot her rédufing agent$®al so may Use&HZ

i ncl udi ng pal | adi um on charcoal or Fe/HCI. WO

2008/ 032157 PCT/ 1 B2007/ 002524 CHQ@1 Schenme |11 HN QzZN

HZN N2 NN N NI OH - Ni N N oK2 cAREANI
“CFFCH‘”FurtheMﬂ%g?ﬁ*bﬁ%ﬂed pyr¢iR ne” derg§%§ZE§s I ¢3 of
“~-Scheme - can be/prepared by et hods™ kno se in
" the art. Exaniifes of representative brocedUres fay be
found in Conprehensive Heterocyclic Chem stry, Eds.
A. R Katritzky, C W Rees; 1984, Perganop, -NY;
Vol unme 2, Chapte Pyrld ?S and tjpeifg 5
BenzoderlvatlvesIEO ﬁ@he5|s Qu . ;3? refer
to Cbnprehen5|¥§ He erocyc++£%4}ﬁﬁﬁstry W, AEds. A
R Katritzky, C Rees., E. Scriven, 1990, ﬁg?ganon
NY; Vol ume 25, Chapter 5. 05 Pyrldlnes and their

d s th
Eiﬂgfcg@gﬁgﬂn\g/? | ve St(age%f Fné/gr%gb Lan %Jforﬂ?t:l‘lgt#ggﬁé adrgnlﬁtered in Ia \\?nde variety of

oral andh pdrenteral dosage forms, mcludmg transdermal and rectal administration. It will be recognized to

those skilled in the art that the following dosage forms may comprise as the active component, either a
compound of Formula | or a corresponding pharmaceutically acceptable salt or solvate of a compound of
Formula I. '

This invention also comprises a pharmaceutical formulation comprising a therapeutically effective
amount of a compound of Formula | together with a pharmaceutically acceptable carrier, diluent, or
excipient therefor. For preparing pharmaceutical compositions with the compounds of the present
invention, pharmaceutically acceptable carriers can be either a solid or liquid. Solid form prepa'rations

include powders, tablets, pills, capsules, cachets, suppositories, and dispensable granules. A solid carrier
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Scheme 1V CHONCCN CN s N/ NH2 NH3 CHO O02N-< N
CZEt...... @2 - H2N---- CREt -CHO ni .---- N NH2
wWOH2048/0321Ph ON O Ph Et0 NH2 CN CN_ Ph ~N. NH2PCTXBR007/002524

The conpounds of the present invention can be

fornmul ated and adm ni stered-221 a wide variety of oral

and parenteral dosage forns, including transderml and

rectal administration. It will be recognized to those

skilled in the art that the follown dosa e forns ma L
can be 99fBF eEe WEstpres which may AspF6HRSHiluents. q‘ﬂé‘?""ﬁ IS PITRE: freservatives,
tablet d&intdaaétmybgedts,erarsermapssrumsmndﬂeng phar maceutical ly ‘

6\% %ﬁg&%ltﬁe g‘aﬂjietr |soJ fi n%R/ éﬂIYﬁ:teﬁ sglfd el 9%9:%] gtaPJh th &rlmﬁl ixture with the

SO conprises a har maceut| ca
fnely chiserhAchs GAMRSOSMSr NSRBI oine REINEERATIFOESI 1 mixeP i 0. carer having the

necessaffBiHding @Fopérn@@mgitﬁb% &6poﬁ@h§fbﬂ1cﬁcdmpb6l§@hhﬁé shaipk Bndisize desired. |
' pﬁ%%&?fﬁxﬁ#%ﬁi@ﬂﬁl nayen 'Eg Preglra F1}/2(‘?}Jlrn naln trrchm gir)%% g%ttb ag{mt 70% or more of the
active cmmwed t Swtablevgarrers nglude WMOMS“ @ﬁrbph@e pmesreeﬁwm stearate, talc, sugar,

lactose! ﬁl%ﬁﬁ‘td'egtﬂg os@%?&f Ba&ﬁ]uﬁééia%éﬁtﬂ n@&l&% Lﬁ&lees&ﬂfrﬁ ERbSxyfmaifylBliulose, a low

h
meling vy GoRea e Fad ook reasip e B B EE HeliabRiles, whioh ncude the

formulatioppfdtse active esmpaund with epeapsd#ting mptetialibes cardersbviding a capsule in which

the actnGQEJnH;%Eem @Qpﬁﬁ%ﬁ?&@r cgrgys lggmngmcameg varﬁéms ﬁﬁs in association

nore supstances ICh may al so ‘act as di E
with it {§igtasl, P@hat@@Wéozeasﬁd%rﬁgnchmeesﬁ?%f j Rpglers, P%Hfﬂlsf pills, ‘cachets, and
Iozeng&léh bt @ggddsi salH dugedd fermstuitatite foncrajinlidstiation. mat er i al .

I'—QJr Fl%}/)\gﬁ\r g:%cﬂ?or%@ v@;’b\ﬁ Lnehlﬁg Qla; s[]c% é/s éjllnyduqee& f§t®l écﬂil g‘i}d@rlibes or cocoa

butter, ﬁlfvfélﬂgﬁ“@l‘i‘ andithg astvei @@Peféﬁ?‘b@rf&?ﬂefseﬁ ﬁ°’f“8$ﬁ"é?‘$s,'y 'Pﬁ’é’" as by stirring. The
molten A6hbYER oGO PAUAE Rt thérb pdliredEisitovdohvenidnesigéimoide, allb@wd Rgcdoh@nd thereby to
so"difyS necessary binding properties in suitable proportions

‘and conpacted in the shape and size desired. The
fLénuid foami prggarafons Hndudengaution®nsysperrsianabPyd @amsiang Fuelpras water or

water/p%ﬂb'ﬁe ?/@oﬁ Sol@iBR For &%r@éralmﬁ]é&lo@thﬂlb @rep@fétnbﬁé&aﬁ 08 M tEted in solution
m carb

in aquq%{ﬁ Hg@?‘ﬁﬂ%"& %Iécf,oillsguthna,setom&fgg g%l{e8gs gf?}ﬁ se and the like. Aqueous
solutiond esxitatilenfor stahpsehcandws! raepaned oy @lg@blmgtthe agtive mmg@)qnmno@éer and adding

Avsqu_tab»le%%ﬂirém@ ﬁﬂ&@éﬁéﬁﬁilﬁb@rQQH EhEnRS %gerﬂs la@&ésh@@'ﬁtqhé&s suspensmns suitable for

X, = cocoa but:ter,

. oral usg FQP bg Jpade; by e'afﬁ%ﬂq‘%gle %Gc‘ﬁ"'?ﬁﬁ‘ci“iﬁ'&% c?rH%one_anm wé)ter and mlxmg with a-

"2

30

35

viscousf. ommelial i euchof ag heatart | ve swntipsiandyuist h rmapmdﬂytoeh@ose sodium

'carboxﬁﬁe‘tl‘%ﬁéeﬁllos%sor%trﬁg%l'l -frfowht's Qé’de%ﬂ@a nfs2psul e-i-n.-which- -

active conponent with or wthout other carri

iAlSOJRGAsd RERRPIBIPTE PEsRATAlIRNS, thatiareiptended tg be cppyerted, sLortly before use, to

-fiquid-fermsgréparhtions-for -oral- administration. -Sueh- liquid- forms--include - solutions,-suspensions, and

emulsions. These preparations may contain, in addition to the active component, colorants, flavors,
stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the
like. Waxes, polymers, microparticies, and the like can be utilized to prepare sustained-release dosage
forms. Also, osmotic pumps can be employed to deliver the active compound uniformly over a prolonged
period. ' :
The pharmaceutical preparatibn’s of the invention are preferably in unit dosage form. In such form,
the preparation is subdivided into unit doses containing appropriate quantities of the active component.
The unit dosage form can be a packaged preparation, the package containing discrete quantities of '
preparation, such as packeted tablets, capsules, and powders in vials or ampoules. Also, the unit dosage
form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate number of any of these '

in packaged form.
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30

withit. Simlarly, cachets and | ozenges are incl uded.
Tabl ets, powders, capsules, pills, cachets, and
wO oensEs7 can be used as solid dosage fornms suPCHIB2007/002524

for oral adm nistration. For preparing suppositories,

a low nelting wax, such as a23d xture of fatty acid

gl ycerides or cocoa 15 butter, is first nelted and

‘the active conponent is dispersed honngeneously

t herein, as by stlrrlng The % g ﬁgs ; imatel

T et H‘P@Pﬁg'c?'we?ﬁeﬁtb"ﬁr%% |‘?§tao°‘?,‘6‘?‘f\'f@ ﬁf” Y3 ffom approximately
0.01 mgkg @/ prdximatenpt Q0 ragikly ofibedyelsight per dayl Tydxchyadull idgseisowilf leer anproximately

0.1 mg% %F&Bﬁﬁw%@ gssoRB‘ mg%? dac‘)? HHE @y of léétR/@Q:%PnBGr%nt f?'nnéj unit dose preparation

or mater ene g ol
may b%tﬁ”@# obAdustechiforh aprepiiaataly O; 1H]‘Q3l9t%p6f?x'"F ¥*‘(‘;}U1"QP g, ‘preterably about 0.6 mg
to 1000h¢ Fé@df@&lh@ff@ tlﬁ‘e’ilﬁtahajléroﬁﬁﬂld:aﬁbre Gndl rthe @otéhcy of RO abtive component. The

compog((;};ueouz (1)fp ges}fec} héféoeyo%ta% Xﬁﬁg (ﬁ%%llezﬁeraﬂ)e%% %gﬂarﬁs S@'shﬁ]@ct in need of

a Fuchse’ " and eous s
treatmemwttmmcemp@md of Brmylad icatmingergd e;ﬂaﬁag& 9hbent §§dp \?P?Hj 500 mg per day,

either é*blﬁ/ GG ndfiple ABEBRNEVBE a PAh¥R hefiodasLicR8datignt sl bekpeated at successive
or nts flavors, stabilizing and thickening agents

intervalg for a5 "P@ﬁ”e%ﬁﬁﬁﬁus suspensi ons suitable for- oral use -~ -
CEtils ieentierdrovigesd phaemasentisat dompbsitinal for tesiatinar diserder oy gondition selected

from tt‘feogﬁga%haétﬂgv\ﬁt &l ﬁ&ﬁerﬂﬂv&'&:ﬂ)r(wé houdh 241 &4ebkS vaBdulir isilooth muscle
as natural or s

e T L e S e g o
endomextibsy: mfﬂ:ltlbnskmol\Mnng;wabefedilamg sacheast BNA ¥ituses likedierpe @ndRBA viruses like
HIV, an%%ri?gl iR & Fbﬁfrﬁﬁrt)%age?s%bc@éseps'oﬁés%n g’lﬁ&'ﬂﬁlgﬂ&ﬁlke rheumatoid arthritis,

erted, sho efore use I d fo
lupus, wpep)araa?tpeﬁsabﬁwne@hepataﬂmuﬁap&ﬁck.?quenan@erﬂefmoa%nhaﬂs organ transplant
rejectich Ohdiding HokLM@esus glattidiseass, suspensions, and  enul si ons.

eese§(a %ISQ egénlt%%IoWe ﬁ‘l?é?’lhéd ? |Ilds{?at@ggﬂtladlg're#tfadmﬁts of the invention,

T
acC col o nts, , st abi | zers,
and aregpt fnt,emged tadimit thecscape of e sragiiselion o fiedlaipg ingany way.
din@ e hSmgtskill irf thé ek Wﬂl&éé‘ogmi@{hldhhé btaiing magseiak Snayaievatiddcand additional -

steps eglg‘,?y%‘g%&rw Xg 2%{11 oun &R 8@585 ?gﬁ'\ret rgeﬁf‘mvé"mgn talgedelnbhs@rated by the

pr épar € sus ease dosa

- following exampplesy| The follnyying q;)@mplgpqgge f@gﬂusﬁr@tlwrwgg oply apg pqe\;gt intended, nor

should tHa¢ b@‘ébrhé(rﬁe&Qé'rli}ﬁiﬁrﬂ’djthé'?vfarﬁlfomwariyvrﬁénn%r Flh@éé){l@éd in the art will appreciate
utl ca ons

that va%t,mnp &?Iag[;%mﬁ %q;n&ea%eﬁe V\fltH lﬁ HB%E e S mtoor scop% of the mv%ntlon
fTie mvention@ng theeanati ad prasesdf diaking edd umgalt @rﬁ novu@@e@bed in such full,

clear, cgmgeaérm &gctw%‘ég ﬁd EHaBieGHAPLrsdH Sdle@in th18rt BLOLAiMEL ertalns to make and
Onent uni t OS

use thepﬁag}ga}téﬁ ﬁo(pﬁ unpﬂétoB%Wta@g gﬁ?f?’lﬁ qﬁerggealpge(tf?rge(da n?bo%nme%?s of the present
inventiocfiUsmidt thati neslifiofitions efagbatmayie; thareio hwithsutpiepéartiog ffomn Ahe:- epirt, or scope of the
presentqu\ﬁgnea%’se%q? RAKEQ5ims] fb %&L%rl??mﬁ@@ﬂd@ﬁstmﬁ‘y&%lm tHeSubject matter

dosa orm can capsu cachet, or
regardedcas éﬂY@@WPttﬁ%M’OW'B@? clpigns E%HF"H% t'l‘sn%’eﬁ'ﬁiﬂt'ﬁ'b riate number of

COMPANTIVE EXRMBEE 1 Oriiastkaageed form WO 2008/ 032157

PCT/1.B2007/ 002524 -23 The thera tlcally effective

dose of afFonpound of fornmnul A vary from
apprOX| ely Qg no/k YO 1008
NHof 4o rght pépﬁhayxggy al adult doses o

s NPT OXi elNy ©Gafhung to apprOX|nate“y 3000 ng per
day. The quantity of active mponeft® in a unit d
preparation mnay be varied or adjusted from
approximately 0.1 ng to approximately 500 ng,
preferably about 0.6 ng 5 to 100 ng according to the
particul ar application and the potency of the active
conmponent. The conposition can, if desired, also
contai n other conpatible therapeutic agents. A subject
in need of treatnment with a conpound of Formula | is
adm ni stered a dosage of about 0.6 to about 500 ng per
day, either singly or in multiple doses over a
24- hour period. Such treatnment nmay be repeated at
succeSS|ve |ntervals for as Iong as necessary. 10

s o, . . o "
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fromthe group consisting of cell proliferative

di sorders, such as cancer, vascul ar snooth nuscl e
w@e@Biosasat i on - associ ated with atheroscl er osP&T/1B2007/002524

postsurgi cal vascul ar stenosis, restenosis, and

endonetriosis; infections, i2&{uding viral infections

such as DNA viruses |ike herpes and RNA viruses |ike

H 'V, and.fungal infections; autoinmune di seases such

as psoriasis, inflammation |ike rheunatoid arthrltls

15 lupus, type 1 diabetes, diabetic nephrapatjhy,

multiple sclerosis, and glonerulonephrltls “0 n

t ranspl ant rejectlon i ncl udi ng host ver afl

dlsease T e gxanplé resented bel ow ar en{ Iy en to
Nsymdl ust articula odlnents of the |ﬁ9ent|on

N“Tat erded limt the stope
86A’spec f(? cat n or the Clif, in aff%ay. Tho avi ng
skill in art will gn

ize that the starthg/
naterlals may be varied andocadditional 20 gheps~-N.
enpl oyed to produce conpounds enconpassed by the
present invention, as denonstrated by the fol|ow|ng

Boc

——-—exanples:—The follqwi fjg exanples are for N t af\.
purposes onIy i ntended, nor_ _dh
construe ng the invention T dhy nﬂer.
se\sklll St will appr eci ag€SNt h
&hﬁva ations |cat|ons can pe mallgnM th
or-scope of the inJention. The

__ﬁ;Pd PQT' artng t &Spl

|nveht|on and the manner and process OE ki ng and
J8tng it, ﬂz ;nOM/described in such fu 25 cl ear,
conci se, xactqgterns as to enabl e anyHpgers
skilled in the art to which it pertains, to make and
use the sanme~°9t is to be understood that the
foregoi ng descri bes preferred enbodi nents of the

Compapertﬁé elampld RNt | Iﬁ’r@péﬁ‘tﬁl)nt Bats- [ﬁ@@bfohﬁﬁi—éy@lﬁﬁeﬁm—ﬁ nki&hyl 7-ox0-7,8-dihydro-

th t rt
L R IR RN R e

A susp6hsignnas . 6-5F0!nq)}a{ct'¢lm¢hm°2-meﬂ)emswtf nylGtmetmd-8Hipytidale B1aipydmiginmi-one (10.00
g, 0. 02? n'\%l E\MBLI%S taf ¥t bfmble 6 (ﬁg\ﬁﬁ 6@%7@31 IWhER h&dtporhid® herein by reference) and

ai s conclu e i's

..-10.37 @@MM‘T‘P Wef ‘EWE‘EP)P m& }’Q}?'P]Eg?z"ﬁeﬁﬁ'fﬂh?{ﬂ/ﬁf E?Ibl@) lbmf{l estgr in toluene
(100 mbf wi@sheated@n@er-itrdden Inlan-Gil batiNFdr 7-hoursS TRinHa@r cBreNdfbgtaphy (SiO2, 10 %

MeOH/EEl\/Ie)m%‘gﬁt%Q gi 7&&{@&%@&/ Q‘I’%IEB@/SJ tg&Té 'ﬁ%%% %&%ﬁ%s hﬁlgtéd under reflux

for an ggidigional AB-hayps. 4w, regyliing: sgg@nq;lgp wesenoled to RT and filtered to give 4-[6-(6-bromo-
8-cyclopentyl-5-methyl-7-oxo-7,8-dihydro- pyrldo[2 3- d]pynmnd|n-2-ylam|no)-pyr|d|n -3-yl}- plperazme-1-

"carboxyiic acid ferf-butyi ester (5.93 g, 38 %). Meifing point >"250°C." MS (APCl) M"+1 calc’ d, 584.2,

found, 584.2. » v
Comparative Example 1B: Preparation of 4-{6-[8-cyclopentyl-6-(1-ethoxy-vinyl)-5-methyl-7-oxo-7,8-
dlhydro—pyrldo[2 3 d]pynmldln 2-y|am|no] pyndm 3-y|}-p|perazme- -carboxyllc acid tert-butyl ester

A suspension of 4-[6-(6-bromo-8-cyclopentyl-5-methyl-7- oxo-7 8- dlhydro pyndo[2 3- d]pynmndln -2-
ylamino)-pyridin-3-yl]-piperazine-1-carboxylic acid tert-butyl ester (5.93 g, 0.010 mol, prepared as in
Example 1A), tetrakis(triphenylphosphine)palladium(0)-(1.40 g, 0.00121 mol), and tributyl(1-ethoxyvinyl)tin
(5.32 mL, 0.0157 mol) in toluene (30 mL) was heated under reflux for 3.5 hours. The mixture was cooled
and filtered to give a solid. Purification of the solid by silica gel chromatography using a gradient of 5% -
66% ethyl acetate/hexane over 15 minutes gave 4-{6-[8-cyclopentyl-6-(1-ethoxy-vinyl)-5-methyl-7-oxo- -
7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino]-pyridin-3-yl}-piperazine-1-carboxylic acid tert-butyl ester as
a yellow foam (4.50 g, 78 %). MS (APCI) M*+1: calc'd 576.2, found, 576.3.
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NO HNNNO HNNHNOBu3sSn O\ / N6 Pd(PPh3)4 - /
(N) 78% N CNCND 1B H HCI 1C Boc Conparative Exanple
wdazeos@sapar at i on of PCT/IB2007/002524
4- [6 ( 6- br ono- 8- cyclopentyl 5- met hyl - 7- oxo- 7, 8- di hydro
pyr|d0[2 3-d] pyri mdin- 2- ylan1no) pyridin-3-yl]-pipera
Z|ne 1-carboxylic aC|d tert-butyl ester A suspension

Compaliys GBBE ) BEEARYTN. o FEPACHTIRRY S BEfpt oy ohowcin2-
ylamind)@6f Y ride[ 2l Biayrimidt Terig-hydrechldide 00 g, 0. 027. nol,
Hydroger; ‘EFAQF o%dgé%%ésnbl%@mt@ ak |&fbaWQ£ije/d7sgm&iL of MU @Q:yé@pentyl 6-(1-ethoxy-

gora herein by reference) and i y
vinyl)- Sg'net}@(y ©%9-3.8- qﬁ:y|d5o- Ryfido[2,3-d]pyrimidin-2-ylamino}- pyrldln- -yl plperazme-1-carboxy ic

acid tect‘ﬁuty( Sst@Miar50- 90,003 83 nidt, \repapidpasy nz2008-0053670A DXy IDGM (100 mL). The
resultlngI ﬁas en&&i RS@ thapp%?‘etdeé’nd sﬁrrécﬁ:;t en(ni'ggp tﬁgn)dll\’\t@q_vﬁﬁ@{eﬁ'gl ether (200 mL).

rogen

The solﬂwmle@qdawytrqngl V@Qhedl\@)tmgletlml)eth%@q 95@9)‘° one ,’tr@d}yg@chlonde salt of
6-acetyl-8L8ycidpe @SS Eth@i2- (BRtparasinall-pRHllinAByIemhing)- aH-pyrrme[z 3- d]pyrlmldln -7-one as

o vton SRS S5 D SRR 5L B eI, YR e r o

%TFA/GIENE iin [0t eIk AtHyOduvieg 22 iwie8- 99:M st 11.04 minutes. MS (APCI) M* +1: calc'd,
448.2, Rty OPERR ! caﬁ'drfgrtfzwizgﬂ ogéq H, 08| 6?3' HeydE Os 1084 HIk£ N3-186, Cl (total),

m din-2-y - pi perazi ne- 1-
1175, Bad O B B 20 Jombaral |5 oo
- Mel ting point > 250C. M5 (APClI)-Mt+ +1: calc'd, 584. 2,

EXAMF’fLEl‘”}d Pﬁe%éra%on I @m@wn\éﬂ 3'??}%(6@@%@1%%&&9%3&' M-butyl ester

4-{6-[ 8- cyclopentyl 6- (1- et hoxy- vi}el ) - 5- met hyl - 7- oxod\H:
H78 NO ' Z N /N
[ :F|hydro py i [2 3- d]gy§6n1d|n 24yl am no]j - gMﬁédln 3-
pi pérazi e- -carboxylic_acid ten -butyl_ﬁsLaL A

»sgspensi on

o} 4 [ 6- (6- br omo- 8- cyclopentyl 5- nE{LiD 7- 0X0- 7 8 dlhydE j
=pyrido[2,3-d]pyrimdin-2-

yl am no) - pyri di n-3-yl ] - piperaf?é tktparboxyllc aci 0J§o

tetra |s(tr|phenylp i ne) pal | adi un( 0)
(L 4Ong>O“00121WﬁDL)» and tributyl (1-et hoxyvinyl)tin
20 (5.32 nl, 0.0157 nol) in toluene (30 nL) was heated Exampl

' Boc-PnptEa)e(zme bl'gé/rhslg§hﬁr%pﬁl a3 9, 0.010 Egéphpr epared as in o

e 2A: P%E%g onro?ttl(é‘r'NItrfo(]Hynﬁn §ylpﬂb’ér§zme-rh€ar9&§rﬁd'gdﬁi 8RB Qé%te‘? d

t ered SOl-1-d...-Pur.i-fi-cat.i.on-

o 10 g1 (21me) SPPEs HEPTEeOHAE GUFSbHy? 66 g OB bR BRree (tenButy

piperazinot -caﬁ:ﬁ%a&é)h‘yil 2. mmédﬁtﬁﬂ&m@ plethylatninenuntiet @itrogenv e The mixture was

- tﬁated@:%g_&[’ﬁérﬁ ﬁelg Pr ; do ng g&e]r Wh cﬁ%xﬁﬁg\éblﬂ%lp%/‘cgiri}lg%%]hwglez i?/vg%('%?d_ed and the

reactlon3c-ople}i -tqn Qﬁf@r evbr Alrs.1 - Tbaw@obﬂyﬁ; slormawiag filtered, Washgd anssdried a4 45°C to give

( ow 8ol intelBedifAEGhA), Mtifch: wsbiseddwithout furth
1:2kg ?fya/e S ”g¥vo et Bt (Bnat] Yellow Sold) inteliRedidlS (o), Mhich wasubecwithout further
purificatiopdn the sy¥saHeNtefx anpl e 1C. Preparati on of

Exampl@ﬂ aBl%byrlahcﬁrdI yQB-GIpleFrtyydhn-Sylmpé‘lgime’Zﬂf (:.ﬁquymeaMien-bmWWstqwg)
i .
600 g ?1f grﬂ’g?:cﬁ? | de %d?g Jen ?OI‘I éa]fgé/ 3%?" i E%‘?m%ﬁs' ere charged and

stirred I@ﬁ Ratr gedstor Hhenpiraed lg*@ﬁmqsofﬁllqwed by removal of the catalyst under pressure. The
filtrates @erﬁa@oﬁ&nﬁé‘l@dﬂ PRAEdoY bt-80 6 1ealiR@ 87 g of dry brown powder (crude yield ~84%).
vinyl)-5-nmet hyl - 7- oxo- 7, 8- di hydr o- pyri do[ 2, 3-d] pyrimd
i n-2-ylam no] - pyridin-3-yl)-pi perazi ne-1-carboxylic 5
acid tert-butyl ester (4.50 g, 0.00783 nol, prepared
as in 2005-0059670A1) in DCM (100 nL). The resulting
suspensi on was stoppered and stirred at RT overnight,
then diluted with diethyl ether (200 nL). The solid
was collected by filtration, washed wi th diethyl
ether, and dried to give the hydrochloride salt of
6- acetyl - 8-cycl opentyl - 5- net hyl - 2- ( 5- pi perazi n-1-yl - py
ridi n-2-ylam no)-8H pyrido[ 2, 3-d] pyri m di n-7-one as
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--ayellowsolid (4.01 g, 92 %9. Melting point 200C.
HPLC, C18 reverse phase, 10 %95 % gradient of 0.1 10
WQOQAMANEHSTN in 0.1 % TFA/ H20 during 22 m nut esPCPEB20079602524
at 11.04 mnutes. M5 (APCI) M+ +1:. calc'd, 448.2,
found, 448.3. Anal. calc'd fgg. C24H29N702. 2. 4 H20. 1. 85
HCl: C, 51.64; H 6.44; N, 17.56, Cl (total), 11.75.
Found: C, 51.31; H, 6.41; N, 17.20; d (total), 12.11. -
EXAVMPLE 2: Preparation of
EXAMPLE 6-3Ni t r Grgparation n-oBy |2:Ciierp@raxgiprestyk5-meHyb8H pyridoiZ S dipyrimidin-7-one
tert-butyl ester NO2 NH2 2 NN N NOCND+J

Pd/ C | --O 73% N 3é—|2 N O Br CN)TINPlg}I?/O
r
0- "'0 ‘Pi per gzi neé(‘j\ 0% 20I$rs) )\
tro/;ih( I ne 2A xanpl ‘
)\ B epar ation off 2 Acetlcanhydnde a@j
-(B-NT ro “pyri di n- ) - pifBer&zi ne-J =zcar boxylic

tert but 7% ester To\1/0 kg (5 nol)
5- brono- 2-ni tropyrsadi ne was added 1.2 kg (6 4 rml) boc

examolp 4 Poriensl S v e R REPAREE R 0 5) | e

—To 4-gi (91004 emeihof SHeened, 4td®3h©BJmedlaﬁ dn heshanof was S@Gﬁ@ & kg (0.018 mol)

cyclop&%ﬁdﬁﬁ li)]é/\,%h&é? mtigen SO+Hed§anﬁ'§WaQ'§tlﬁ=5@‘$t 294 @dr Mﬁéf’ WQQEQ/as added to

20 reaction cooled t over 2hr
precipitatesifie tArefycls |20 MR sRid was| fte@v%af"zeﬁd?wed‘eéﬂzf %F |t8d3"’§t yéige crystalline
product @APi ve 1.2kg (79% crude yield) of canary yellow
sol1d intermediate (2A), which was used without
further purification in the subsequent step. Exanple
Exampl@:3: Pre@prafum gf @rChigro-8-Cyclopentyl-5-methyl-8H-pyrido[2,3- -d)pyrimidin-7-one

415 g {sﬁm&l) b 5Porbb-2@hiBro3 EyctopéitaraiAbpyemidineaatmd BRi3g (@875imol) of crotonic

o ML g6 2 S MRS k. o s

was sticbd reyemiated @ind afillest withy ritdoden thieqPlipes, alierorhigh, 8@?1@91(0&9.25&9') palladium

d.chlonUé‘@%nﬂﬁﬁme ceﬂnblemﬂd e 5h§O0UZImdHf tritdﬁlﬂo-wl)tl;ﬂ'loy@ﬁnel.le@radded and the
pressure. | trates V\Efel_ concentrated .in, vac

rsuling 2y CpFTLRD WEHOLH BTty B BORIEE T iale A Sy 2 70° for
16hrs, afﬂzﬂ%mh YO 8BE BIFdGIe RETHIHBLATINNO 0RE ¢ stirre@doraX AiRitienal 1.5hrs. The

) mlxture W §08B8r g& ﬂﬂidqxnth 100ml MTBE d then extracted W|th 1NHCI then aqueous sodium

clopent

blcarbodatg_apd &riee. N}n/ rgq_mc P%asgdyqssq:ae%/ om(m%}:v esiym /sumlﬁ Jltg)ép gl:oncentrated in
vacuo, énd:?'eEsttaIW&d@omaﬁA o yBeldB N2 )yl (68%)@ cidddptoduct et i C

ron

) Exampl%r p ar a[g% glromfo &chlo n@l %%t@? %/ ;20-7 %% rﬁér%'w &’o[f’@d]pynm:dm& ylamino)-
_ pyridinBylbpiparerine- t-earericacidyiert-Byesier - ani nopyrinidine To 1 g

(0.004- nol) of 5-brono-2,4-dichl opopyrinidine in
..ethanol was. added l.A5._klg.,..(.0_,..,OJ,8 g L

o]
o NN KOAc cl N" "0 Toluene
HOAc 10°C N
61% . [Nj
3 4A o
x
4

Example 4A: Preparation of 2-chloro-8-cyclopentyl-5-methyl-8H-pyrido[2,3-d]pyrimidine-7-one
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15

20

5 cycl opentyl am ne under nitrogen. The m xture was
stirred at 25C for 2hrs. Water was added to

w@e@siopiisat e t he product, and the solid was  PCT/IB2007/002524
recrystallized using hexane 4:1 to give a white
crystalline product (3A). B¥anple 3: Preparation of
2- Chl or 0- 8- Cycl opent yl - 5- net hyl - 8H pyri do[ 2, 3-d] pyrim
din 7-one 10 41.5 g (0.15 nol) of

rono- 2-chl qor.o-4-cycl nt yl no dine 3a,a
10 9 (0304 3G pbEFBedIF 2 o048 G BMPY of S el ehEmiéps, i gomi of oacia
acetic 22fd ahdH 280 (.0BQHeTLbrorhinG unaer hitrdgéns Ofte apiptionewdsyfeatedrie 50°C and stirred for

35hrs, ﬂ\nge‘ﬁrofalglgttg Q?cﬁrp ﬁcalrr%T;Jr%gatlg'Ln u[ﬁ;o&um"@éﬂfﬁé 'sSIrds %er@éﬁ&éﬂ@ﬂg@%omme color
disappgagedd hep avenches diterad aremwasarem REPVidgea SRliE auhich as ISPPS@que y dissolved in

500m! kR AN, GiMerad Hot SR @bfed 0GR B diling drysta) wire-fiirtley filpnas phd aveed in vacuo at
Iting slurry degassed an

5%3mﬁﬂﬂ??gggdgcgﬂWg%p?Fﬁéé—yThe m xture was then heated
- and stirred at 70C for 15 16hrs, after which 35 m
Exampl@cel I Wyg%ﬁoqe (\};1@34 ﬁ%@%ﬂ)mckhﬁeﬁ@lﬁrHétﬁ){la?thBﬁ@diﬁﬁfo—pyrido[2,3-

addi ti ona m Xt'ure was coo
dlpyrnmuurrzﬂ'@amm PRy PiPRiRERe- RPN bGP REYERTh t h 1
3.78 g (3H0lequiv €336 merivre)ist.interadiiate 1, B ahitohenatrd ithidmibis(trimethiikiyl)amide in 1

M THF ?&%ﬂer él&g hﬁso@m\LNaI?pgg{) bvg% Y& foﬂﬂﬂﬂﬁ%hlgjépnﬁ}b};&?{o% rlrn a dadrk solution. Ina

concen vacuo rec

separate rheakear e fnderpediptg ﬁl(@ogeqyeso)@ ATomolesye- %r%dt?ét s'l@ed in toluene then
added tgm&@re containing 1 and stirred for 30 min, after which the combined mixture was quenched

with 25r8| H‘ﬁ'/ a?ddum |i)icaréorragr %jﬂéﬁ fﬁtx%hoﬁﬁélﬁyt’vﬁg tH@EwAuéeg miidre caﬁ be quenched
with ampyaniugi crlmqg'yle] Thyf fiter eakie es waghed wkwlw@ea*eeraaqeéme {hgm ypter and dried at

°C t & 5gNbHo, ooy, 0 MN)- NO i BrZ Br LHVMDS
%0 °§w§ CIgI\eN KO&%E%/) N'N O Tol uene HOAC 10C ND 61%b

(3 4AN~O O4 Exanple 4A: Preparation of
EXAMFRE G| Prepar@tiany ofl 4{6e[64 1-but@eyriylyBlcy8oenty-5intkiyR7 Dxcly Bydihyriopyrido [2,3-

d]pyrim@bf%)ﬂgrﬁiﬂﬂ%y&-&%éﬁp&%ﬁﬂ\éZ cgﬁ;yqlhgggg ?thw gsﬁer -27 10 ¢

I ate and 13g (0.'16nmol) of

NO T@om t enperature. Sod#iNumMi sty fiQ e
mere ded untitT the brom ne | or :

(iﬁhen querditreClf i | t er §d afd ed to
. a solftd whi ch-Butesolsubsequen di ssofved in 5
500mi ¢hot 1 PA, filter9® Ho®, and coo ed The resulting
crys aI were further flltered q; 1ed in vacuo at
65C ield 8 g (61 %7saf cr ude pr t (4A) Exanpl e
4: Pr&paratlon of
4-[ 6- 66¢ br onp- 8- cycl openty| - 5- nethyIB?’oxo 7, 8-di hydro
- pyrido[ 24 3-
d] pyri m di n- 2- ylanlno) pyrldln 3yl] - plpera2|ne | - car bo
xylic acid tert-butyl ester




10

— ,...m1 5 .

10 3.78 g (2.10 equiv; 13.6 mol es) of internediate 1,
25 m toluene and lithiumbis(trinmethylsilyl)amde in
WA 20080THE (13.6 mmles; 13.6 nmL; 12.1 g) were PCREER0670002524

10 m n under nitrogen to forma dark solution. In a

separate beaker the internedisgate 4a (1.00 equiv, 6.47

mmol es; 2.50 g) was slurried in toluene then added to

the m xture containing 1 and stlrred for 30 n1n after

“which the conbined mixture g i % :
768 g @@dndhpbnf@mmwaémx%w 9P %Pé’d") %bt’?_ﬂrwaﬂ Flpgy 7L of n-butano

and 27§th(1CBOrHB|9 auedprawktemmemmamnm niiogerc herek shrywdshstisedrenmd placed under ca.
50torr \taﬁlélﬁ'n 88‘2 h8n reeﬂl%%\!n{h Jltrﬁig@#%g\’gé d 13.%351 2%0&@&&194 45 M degassed solution

Ive
was a@jeﬁgzzggzazm cmol)a Bgr(éthlph@mlgqprrqpene) padagjppedighloride dichloromethane

complek %ﬁ@%a&duﬂlﬂ% Qifirry was degassed an addltlonal three times as described above. The mixture
was thengiea}eﬁfaé ﬂﬁﬁléltag )8( Fz‘org’?(/)k %’hg ¥esul9 tm()lred,5 slurry Ry th dllute8 WQhZ L branched

octane@llarm/éddaddb Abast )5I°(aﬁité'r®\]rnqayllu sAturatéd qd Jpotabgiem aaiboratd wesplided and the

iy NEreR R Pt A oo e Aol e o, eoso (a9

of gray{shl)d product ) waBolaing - 18- agditign, ChaB) ¢gomajggraphy can be used to further purify
the c,ugqr,g,aﬁgoow 002524 -28 768 g (1.3 nol) of internediate

M AL TR EE R I A AT LT

pyrido[£3-Apy@miding-aneder nitrogen. The slurry was stirred and
pl aced under ca. Otorr vacuum and then refilled with
ni trogen; thi ted 2 nore tinmes. To|thi
degassed sol t was {@dded 22g (0.03 Ny O

Big- (di phemy p dnof errocene) pall % or| de:
Ho\/msc(m orto écon’pl ex_and the resu t| ng urry was

degassed an ladd onal three tines asfd d above.

The m xt ur was then heated and stir C for

oct anes and cooled to a ou 5C after -
which 1 L sg&ur ated ag. pot ass;owg ghat e was added
and the miqture was filtered and g as8d with 500nt
branched ocf‘anes After drying for 16hrs at 45C, 6649
(83% of grag solid -product (5) was obtained; -

sulting thin red slurry sdlluted with
IsethloanQatd‘ br ancﬁ gf

={-=acdi-ti-on-~cotum—chromat ography-can -be- used to
further purlfy 10 the crude product. Exanple 6:

11.6- g é{&f)@é afd 2%]11(9 Hntermedlate 5, water— 101 € uuv 193 mmoles; 348 mL; 3.48 g) and

tyl-5-net
- methanpl (363 misp m%)ﬁ’ ] g&xﬁs‘; F?ﬁwfy as'dd‘]eé‘ﬁﬁ o R RE 7 Sofienig e was added

20

25

siowly Satil TleBt Miutibn Whk-bbtbinéd; 3BgHEthiorfic Gkt soldlidnsedshmesessaryatairehch this end
point. ‘q'rw resul't\lng clear orange solution was filtered through paper and rinsed through with 20ml
methanol, after which the filtrate was reheated to 55-60°C and the remaining isethionic acid was added (a
total of 9.93g was added). The reaction mixture precipitated and thickened for 6 hours,after which it was
cooled and held at 30'-35°C while triethylamine ( 2.92g; 28.8mmoles) was added slowly as a 10% solution
in methanol over 12hrs. About halfway through the addition of triethylamine, desired polymorphic seeds
were added to help formation of the desired polymorph. The resulting slurry was cooled and held at 5°C
for 15 minutes and the crystals were filtered and washed with methanol. The solid product was dried in

vacuo at 55°C to obtain 11g of yellow crystals of the title compound.



OHO 0 ~"O-OH2 15 11-.6-g (1.00 eq, 19.2mol)
of---internediate 5, water-(10.1 equiv; 193 mol es;
w@2008/08d157 3. 48 g) and nethanol. (3:62 nol es; BABIBNY7/002524

116 g) were conbined and heated to 55-60C. |sethionic
acid was added slowly until2@-clear solution was
obt ai ned; 3.3g isethionic acid solution was necessary
to reach this end point. The resulting clear orange
solution was filtered through paper and rinsed through

Whatigplaimeddive et hanol, after which the filtrate was

1. A nfettod af prdpdring 2506 0ddnd otfotninda | enai ni ng i sethionic acid
was added (a 20 to&al d)f 9. 93g was added). The
reaction m xture pyecifpitated and thickened for 6
hours, after wt | cool ed and held at 30-35C
while triethylanlne (2.92g; 28.8mmpl es) was added
slowy as HN10%'soNuti®n in nethanol over 12hrs.
About hal f throrgh the addition of triethylam ne,
desiyred pql ynprphic seeds were added to help

HO__/ogmat i on X he desired pol ynorph. The resulting
sBurPyH\Wa% cool ed and held at 5C for 15 m nutes and

fffffff the crystil s-vdere-filtered-and washed wi th net hanol .
The solid product was dried in 25 vacuo at 55C to
obtain 11g of yellow crystals of the title conpound.

5  comprighty ee®PO157 PCT/ | B2007/ 002524 -29- \WWat is cl ai ned

(a) reattihg atompouraloh@em®d preparing a conpound of formula 1,
O~ HNNNO N143 HQ,/--SOR ™ +5 OHI -H

-d_Igs - -- 5 conprising the steps of (a) reacting a
copound of formula O R6 with a compound of fornula
HNEINNO R3 NR4 ------- wherein

with a | d ORT'I flfQ??mJI IId -
RIPPY dtﬂ/aor oggn-, Cl1-C6 al kyl, C1-C6 hal oal kyl, Ci1-C6
hydoxyal kyIR' or C3-C7 cycl oal kyl ;
N~ N R®

|
HN/,%N N"0
|

R3

N ’d
be
R4

10  wherein
R’ is hydrogen; C4-Cg alkyl, C4-Ce haloalkyl, C4-Ce hydoxyalkyl, or C5-C; cycloalkyl;
R%is Brorl; :
R? is hydrogen, OH, -NH, aryl, C4-Cg alkyl, C3-C; cycloalkyl, or C3-C;-heterocyclyl;
R* is -R%-PG selected from the group consisting of -(CR'R®),-N(PG)R’, and -(CR’R®),~(3 to 10 member
15  heterocycle comprising a PG protected N ring atom), and PG is an acid-labile amine protecting group;
R®, being R* without the PG, is {(CR'R®)NR’- or -(CR’R®).:~(3 to 10 member heterocycle comprising a N
ring atom), wherein m is 0, 1, 2 or 3;
R® is C4-Cg alkyl; and
each R’ and R® is independently H or C4-Cs alkyl;
20 in the presence of a transition metal catalyst, a base a>nd optionally a phosphine agent, and in a suitable

solvent to form a compound of formula le or |f;



5

-- -palladium - - acetate. [Pd(OAc).], .palladlumn.,-‘chlonde (PdCly), bis(benzonitrile)dichloropaliadium

15

20

R2 is Br or I; R3 is hydrogen, OH -NH2, aryl, Cl1-C8
al kyl, C3-C7 cycloal kyl, or C3-Cr/-heterocyclyl; R4 is

w0 R®8P821SEl ected from the group consisting of PCTE2RB)WRS24
N(PG R7, and (CR7TR8) m (3 to 10 nenber 15 heterocycle
conprising a PG protected N-gong atom), and PG is an
acid-labile am ne protecting group; R5, being R4

‘without the PG is -(CR7TR8)M\R - or -(CR7R8),n (3 to
10 nenber heterocycl e conprising a N. ring atom,
wherein mR's @, 1, 2 or 3; R6Rls |Cl-C6 alkyl; and each

R7 angd. dependentl méal kyl; 20 in the
pres ncqa of a transition| nel atg yst, a base and
op| @hosphi ngy inasuitable

vent t%forma conmpound ofRforrruIa le or If; WO
0321 PCT/ | B200I 2524 -30 R OR 6 NI O R
) HNN N O N143NFQ;%\ RS PGR5 le if and (b)
pc—RUDSequent |y reapGi®RP the conpound-of-fornula le or
Ifs ofethe m xture thereolff with isethionic acid in a
suitable solvent. 5 2. The nethod of claim1, wherein
and the conpound of formula | is conmpound 1 CH3 O N
’ cti Ne%@ﬁgo@dd Tohuldde dPIfBr thémnpee heredf, wilSisetionic acid in a
(b)SUbEwU%tgnr@éRG%l S utyl. 3. The nethod of claim1 or
suitable.50lYeRt- 2 wherein the transition metal cat al yst is a
2. Thepeethaaitif alaine bivhecsirdthe sehmored formylaliseompesith! consi st i ng
of tetrakis(triphenyl phosphine)pal Ig4i gm [ (Ph3P) 4Pd],
10 tris(di benzyl i deneacet one) di pal lja m [ Pd2( dba) 31,
bi s(di benzyl i deneacet one) pal Il\aﬂl i dba) 2Pd] ,

- pal I adium acetate [Pd(CQAc) 2 m .--.chloride
(PdCl 2), bis(benzonitrile)dl n di um
[ (C6HSCN) 2PdCl 2] and ( Bi s-ghphenytphosphi nof errocene)
pal | adi um di chl ori de di chl profeth conpl ex

(Pd(dppf)2CI 2), and the pho§pl ne conpound-is sel ected
from 2, 2' - bi s(di phenyl phospino} 1, 1' - '

H'O\/\ //O + |

o N,

Compound 1

PG is Boc, and R® is n-butyl.
3. The method of claim 1 or clalm 2, wherem the transmon metal catalyst is a palladium compound

selected from the group consnstmg - of tetrakls(trlphenylphosphme)pallad|um - [(PhsP)4Pd],
tns(d|benzyI|deneacetone)d|paIladlum [Pdx(dba)s], bls(dlbenzylldeneacetone) palladium(0) [{dba).Pd],

[(CeHsCN),PdCl;] and (Bis-(diphenylphosphinoferrocene) palladium dichloride dichloromethane complex
(Pd(dppf),Cl;), and the phospine compound is selected from 2,2’-bis(diphenylphosphino)—1,1’-
binaphthalenev (BINAP), 1,3 bis(diphenylphosphino)propane, triphenylphosphine (PhsP),
triorthotolylphosphine [(0-CH3Ph);P] and tri-t-butylphosphine.

4. The method of claim 1 or claim 2, wherein the transition metal catalyst is (Bis-
(diphenylphosphinoferrocene) palladium dichloride dichloromethane complex (Pd(dppf).Cly).

5. The method of any of claims 1, 2, 3, or 4, wherein the base in step (a) is selected from the group
consisting of diisopropy! ethylamine, lithium carbonate, dicyclohexyl methylamine and triethylamine.

6. The method of claim 5, wherein the base is diisopropyl ethylamine.

7. The method of any of claims 1, 2, 3, 4, 5, or 6, further comprising the steps of

(c) halogenating a compound of formula Ic
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15

bi napht hal ene (BINAP), 1,3
bi s(di phenyl phosphi no) propane, tri phenyl phosphi ne
w@ Rw8M®32157 15 tri ort hot ol yl phosphi ne [ ( 0- CH3Ph) BEi/IE20€7/002524
tri-t-butyl phosphine. 4. The method of claim1 or
claim2, wherein the transit3lon netal catalyst is
(Bi s- (di phenyl phosphi nof errocene) pall adium
di chl ori de di chl oronet hane conpl ex (Pd(dppf)2C 2). 5.
The method of any of claims 1, 2, 3, or 4, wherein the
in step (a) is selected fromthe group
{Sting of diisopropyl ethylam ne, |ithium
ate, dicycl ohexyl nethylan ne and triethylam ne.
“Ndve nethod of claimb, wherein the base is
di i gopropyl ethylam ne. 7. The nethod of any of clains
10 2, 3, 4, 5, or 6, further conprising the steps of
hal o enatjn ound alc W
under & PrAsot sanciiert o 488 SRR f°’"é‘%qﬂk1 N XNNO R3
| C gnder a hal ogenation condition, to give a conpound
alcl R (R XcNNO R3Ilcl wherein

N~ al ogen, sul fide, sulfoxide or sulfone; and
1)§ ntly 5 (d) reacting the conmpound of formula
x a conpound of formula Ic3 (M NH2 R4 16 in

the presence of a lithiumbase and in a suitable
' vent, to give the conpound of fornmula Id. 8. The
wherelrf'ﬁe’hﬁﬁblﬁjencéwﬂdm stifoxidear eiilfoné;laad badseqentyt i on condi ti on
' ' pot assi um
(d) reactli%é\R%gr%%M?udtopfgmmﬁael%? Rt a Qéra%%g{i bﬁg@ﬁ#ﬂ%o .

sodi um acet at d of claim?7

bis(trinethylsilyl)am de. 10. The nethod of any of
Alains 7, 8 or 9, wherein X1 is C. 11. The method of
Ic3any of clainms 1, 2, 3, 4, 5, or 6, further conprising

in the ple Eé\cgto?g(ﬁtmgh bag(?%&&ﬁ?%h e < s@wgmegwe %eoéoaipe mf?orﬁqpa Id.

formu
8. The|mehod of claim 7, wherein the halogenation condltlon is (R )> in the presence of acetic acid,

ﬂ, Mtlzai m 8, wherein the lithiumbase is |lithium
I

potassium acetate or sodium acetate.
9. The method of claim 7 or claim 8, wherein the lithium base is lithium bls(tnmethylsﬂyl)amlde

10. The method of any of claims 7, 8 or 9, wherein x'is Cl.
11. The method of any of claims 1, 2, 3, 4, 5, or 6, further comprising the steps of

(e) reacting a compound of formula Ic

e e RV e e e e
N“ | N '
R3

Ic

with a compound of formula |c3

N._NH,
~N
NP
Ic3

in the presence of a lithium base, and in a suitable solvent to give a compound of Ic2
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~N~ NI-12 R4 16 in the presence of a |ithium base,
and in a suitable solvent to give a conpound of I1c2 WO
wQe@8/0832157 PCT/ 1 B2007/ 002524 -32- R1 Rb N PCHNY0K/@2524
R3 NR4 Ic2 and (f) hal ogenating the conpound of
formula I c2 under a hal ogenad2d-on condition to give the
conpound of fornula Id. 12. The nehod of claim 11,
~Wwherein the hal ogenation condition is (R2)2 in the
presence of acetic acid, 5 potassium acetate or
sodi uR'acetate. 13. The method of claim 11 or claim
% Rh the |ithiumbase is |ithium
i s(ffrinethylsilyl)amde. 14. The nethod of any of
HNCTRI 0 12 or 13, wherein X1 is . 15. The net hod
of »any'asof clains 7, 8, 9, 10, 11, 12, 13, or 14,
N further conprising the steps of (g) reacting a
l,_Zonpound of formuia Ib: Br XL NNH 10 Ib R3 with a
R* ~coggound of the formula RaORL Y V O, wherein Rais
selected frdif’H, Cl1-C3 alkyl and -C(O)-Cl-C3al kyl, in
(f) halogéretiny theenowowfd o frawi, ic _%1undearashdqggmatlnmcmdlt@attaIgy/gtthe compound of

formula%‘d optionally a phosphine agent, and in a suitable

e oB i e TR YA G s of e s

potassih deetitaer mdrmoaoetiateof formula Ic. 16. The nethod of
13. The Jn?{h@?i I 1aih§ LA t1'§e\f/ﬁéré\ﬁ‘gi tlllh% I'S?ste?é litiéHh Bisirhethyisiflamide.

di'um conp ound ecte he group consisting
14. Theometln@tcrfakx @Wm%hhh%%%%%@%ﬁ EaQH adi um [ ( Ph3P) 4Pd],
15. Thd mbmhbslbfampaydiaicie nemoetmne)id bt v further dBdip(isiigth& bteps of

b t | I adi 0 dba) 2Pd 20
o AR o) ol 3 [l

N7 B 2), bis(benzonitrile)dichloropall adi um

s [ I C6H5CN) 2PdC 2] and (Bi s- (di phenyl phosphi nof errocene)
X1 atfi@di um di chl ori de di chl or omet hane conpl ex »
i Pdkdppf)2C1 2), and the phospi ne conpound is sel ected

“from 2, 2' -bi s(di phenyl phosphi no)-1, 1" -
with a compound of the formula

R2O_ A R’
o , wherein R* is selected from H, C,-C; alkyl and -C(O)-C1-Csalkyl

solvent, and

(h) a intramolecular cyclization reaction of the resulting product of of step (g) to give the compound of

formula lc.

{67 The method of claifm 15, Wherein the transition metal catalystis a palladium compound selected from

the group consisting of tetrakis(triphenylphosphine)palladium [(PhsP)4Pd],
tris(dibenzylideneacetone)dipalladium [Pdz(dba)s], bis(dibenzylideneacetone) palladium(0) [(dba).Pd],
palladium acetate [Pd(OAc),], pal_ladjum _ohloride (PdCl,), bis(benzonitrile)dichloropalladium

.20 _palladi

.25

[(CeHsCN),PdCl;] and (Bis-(diphenylphosphinoferrocene) palladium dichloride dichloromethane complex
(Pd(dppf).Cl;), and the phospine compound is selected from 2,2’-bi$(diphenylphosphino)—1,1’-
binaphthalene (BINAP), 1,3 bis(diphenylphosphino)propane, - triphenylphosphine  (PhsP),
triorthotolylphosphine [(0-CH3Ph)sP] and tri-t-butylphosphine.

17. The method of claim 15, wherein the base in step {g) is diisopropylethylamine and the transmon metal
catalyst in step (g) is palladium dichloride dibenzonitrile and step (g) is carried out in the presence of
triorthotolylphosphine. '

18. The method of any of claims 15, 16, or, wherein R® is H and the intramolecular cyclization is carried

out in the presence of a coupling agent.
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15

20

25

bi napht hal ene (BINAP), 1,3
bi s(di phenyl phosphi no) propane, tri phenyl phosphi ne
w@ Rw8M®32157 t ri or t hot ol yl phosphi ne [ ( 0- CH3Ph) 3P] P& B2007/002524
tri-t-butyl phosphine. 25 17. The nethod of claim 15,
wherein the base in step {g)33-s diisopropyl ethyl am ne
and the transition netal catalyst in step (g) is
pal I adi um di chl ori de di benzonitrile and step (g) is
19. Thg %]reg'{os %63%} gj |c giﬁp ﬁg w%f§|n F%H%H ﬁB? ng dntr&molecular %ychzatlon is carried out
in the pedsahdesof BbeticEBhydride ondeetioghieri®® i s H and t he
452 I isirfUhe tBpd dte
20. T QBTG Bl Bl o e S s
(i) reactingm ¢9EReY7Y Bf09BYIE1a_ 33 19. The method of any of clains
5 gf 16, wherein Ra is H and the intranol ecul ar
“cyclization is carried out in t he presence of acetic
J\ yfride or acetic chloride. 20. The nethod of any of
clalns 15, 16, 17, 18 or 19, further conprising the
teps of (i) reactlng a conpound of fornmula la N, Br
with a dompolind ¥f tNe Grmufa RaNHaiin Ihecpresengzoeiredbask ankdn & snitablessolvent to give the
I}JH% he presence of a base and in a suitable
compoua'% ven 6 gi ve the conpound of formula I'b. 21. A
21. Amhmpmamwmﬂn@f&%@bﬁ]d of fornulalc R N Xl
NNg® R3 Ic 10 wherein Rl is hydrogen, Cl1-GC6 alkyl,

Cl- hal oal kyl , Cl1-C6 hydoxyal kyl, or C3-C7
N“CycI®al kyl; R2 is Br or I; and R3 is hydrogen, OH,
ryl, CL-C6 al kyl, C3-C7 cycl oal kyl, or
“CS () r%terocyclyl corrpri sing the steps of (a)
reaﬁélngaconpound of formulalb: Br -N-- --NH 1Ib
3 15 with a conpound of the fornula RaOR O ,
whereuﬁ/\ﬁ% Rdioden, Cﬁcesélllye@@@ hélbé)m I Ogﬁycﬁﬁyeﬂ“ykw Ca0fkycloalkyl;

i R BB ot B PSS 3, s o

. compnsr@sm,%tem n a sw table solvent,; and (b) treati ng

(a) rea&nh‘fa ESpHuhl BQ‘OMLMHM of of step (a) with acetic
drlde in a suitable solvent to give a 20 conpound

/bj: or nul a Ic
Ib"" N

with a compound of the formula

VAV

o , wherein R? is selected from H, C;-C; alkyl and -C(O)-C-Caalkyl,
in the presence of a base, a transition metal catalyst and optionally a phosphine agent, and in a suitable
solvent; and
(b) treating the resulting product of of step (a) with acetic anhydride in a suitable solvent to give a

compound of formula Ic.
22. The method of claim 20, wherein the solvent of step (a) is selected from toluene and THF.
23. The method of 21, wherein the transition metal catalyst is a palladium compound selected from the

group consisting of tetrakis(triphenylphosphine)palladium [(Ph3sP)4Pd],

‘tris’(dibenzylideneacetone)dipalladium [Pdx(dba)s], bis(dibenzylideneacetone) palladium(0) [(dba).Pd],

palladium acetate [Pd(OAc),], palladium chloride '(PdCIz), bis(benzonitrile)dichloropalladium
[(CeHsCN),PdCl,] and (Bis-(diphenylphosphinoferrocene) palladium dichloride dichloromethane complex
(Pd(dppf),Cl;), and the phospine compound is selected from 2,2'-bis(diphenylphosphino)-1,1'-



22. The nethod of claim 20, wherein the solvent of

step (a) is selected fromtoluene and THE. 23. The
woreaokosk16f 21, wherein the transition netal caPel/yBEB007/®2524

a pal | adi um conpound sel ected fromthe group

consi sting of tetrakis(triphasayl phosphi ne)pal | adi um

[(Ph3P)4Pd], tris(dibenzylideneacetone)dipall adium

[ Pd2(dba) 3], bis(di benzylideneacetone) pall adi un0)

(dba) 2Pd 25 pal | adi um acetate [ Pd(OAc) 2],,. .pal | adi um
bi"aphLﬁIeﬁ?i déBM@ 2)1.3 b QF@&H‘?W“P?R%’%;’&‘?("@H‘FW o‘B%IFeMB’i“ﬁPﬁ“"e (PhsP),
triorthdidhSHOBEEM e RACH 2h ); R ehd (trBi-tsutyigtiopiténey | phosphi nof er r ocene)

pal | adi um di chl ori de di chl oronet hane conpl ex
(Pd(dppf)2d 2), and the phospine conpound is sel ected
from 2, 2" - bi s(di phenyl phosphi no)-1,1" WO 2008/ 032157
PCT/ 1 B2007/ 002524 - 34 bi napht hal ene (BI NAP), 1,3

bi s(di phenyl phosphi no) propane, tri phenyl phosphi ne
(Ph3P), triorthotolyl phosphine [(0o-CH3Ph)3P] and
tri-t-butyl phosphi ne.



