WO 2004/ 041822 PCT/ EP2003/ 011896 PYRI M DJ 4, 5-DJ
PYRI M DI NE DERI VATI VES W TH ANTI CANCER ACTI VI TY The
present invention is directed to novel pyrimdo
conmpounds of the formula R8 R7 CH3 IN~ NR6 R5
RONNNO RI R2\ R4 R3 or pharmaceutically
woRempisabl e salts thereof, wherein R | $cspbBeledssf r om
the group 5 H Cl-1o alkyl, Cl.,0 alkyl substituted
by up to three groups sel edted fromaryl, cycloal kyl,
het eroaryl, heterocycle, NRLDR', OR', SR 2, hal ogen,
COR 3, CO2R13, CONR 3R14 SO2NR13R14, SOR13, SO02R13,
CN and NOz, wherein the aryl, cycloal kyl, heteroaryl,
10 r [ e
e e S e e L
NR1OR', OR12, SR12, , hal ogen, COR13, CO2R13,
CONR13R14 ~ SO2NR13R14, SOR13, SO2R13, CN and NO2,
aryl aryl substjtuted by up to three groups sel ected
 r om e SRt BFeafipn is ety to nqupipyrimidpronapomnds of tedpraaydn
COR13, CO2R13, CONR13R14 SO2NR13R14 SOR13, SO2R13, CN
and N2, heteroaryl, DK/ 22.09.2P03 WD 2004/ 041822
PCT/ EP2003/ 011896 -2 heteroaryl SsubstRftuted by up to

or pharmaceutically acceptable salts thereof, wherein

R'is selected from the group

5 H,

i0

15

Croalkyl,

Cy.10alkyl substituted by up to three groups selected from aryl, cycloalkyl,
heteroaryl, heterocycle, NR'R", OR", SR', halogen, CORY, CO,R”, CONRVRY,
SONR"RY, SOR®, SO;R", CN and NO,, wherein the aryl, cycloalkyl, heteroaryl,
and heterocycle groups may each independently be substituted by up to three
groups selected from NRR", OR", SR, , halogen, COR®, CO,RY, CONRPRY,
SONRPRY, SORY, $O;R”, CN and NO,,

aryl,

aryl substituted by up to three groups selected from lower alkyl, NR'RY, OR%,
SR", , halogen, COR", CO,R", CONR”R™, SO,NR'*RY, SOR”, SO,R”, CN and
NO,,

heteroaryl,
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OR12, SR12, hal ogen, COR13, CO02R33, CONR13R14
SO02NR13R34 SCOR13, SO R13, CN and N2, heterocycle, 5
het erocycl e substituted by up to three groups sel ected
fromlower alkyl, NRLRL1 OR', SR12, hal ogen, COR33,
CO2R13, CONR13R34 SO2NR33R34 SOR33, SO2R13 CN and

wo¥esafesr | 0 cycloal kyl, C3-10 cycl oal kyl Péﬁgégdskﬂgg%d by
10

up to three groups sel ected from | ower al kyl
NR1oRu, OR12, SR12, hal ogeri- COR13, CO2R33, CONR13R14

S0zNR'R14 SOR13, SO02R13, CN a C+2-1 al kenyl ,
C2- hejerapisbstitued bE Ep tolﬁlféagleypsaﬂecfeg%ﬁl@@r @Mﬂ?ﬁé‘ R,
sel ORISR, halogeNRDRE] CO.RIRBDNRERS X0, NREAR'G GOR, STGRE.ZN
QCO2R1 B0 C(]\IR13RI4 SO2NR13R14 SCOR13, SOzR13, CN and
NC2, 15 and C2-10 allrynyl, substituted by up to

t hr selected from NRlORll, OR12, SR12,

hal e 3, COZR13 CONR13R14, SOZNR13R14 SOR13,

SO2R13, CN R3 an R4 ar ntly
sel é@?@ﬂ’*ﬁ%ﬁﬁ“t‘%g gpota ﬁhféeo%ﬁ%“rPéf g Gom Wer %@P R
CORDR,”, SICY) Raktign, C SERPRIITRIR R, 35REFABY, CN
S2RiBw0,, CN, and WO 20041041822 PCTI EP2003/ 011896 3
NO2; R5, R6, Rand R8 are independently selected from

the C}?_{D%yc&a]kﬁ,

Cs.10 cycloalkyl substituted by up to three groups selected from lower alkyl
NR"R", OR™, SR, halogen, COR", CO,R"”, CONRR', SO,NRPR™, SOR",
SO,R", CN and NO,

Cy.1palkenyl,

Cy-10 alkenyl substituted by up to three groups selected from NR''R*, OR", SRY,
halogen, CORY, CO,RY, CONRM™R™, SO,NR™®R™, SOR®, SO,R”, CN and NO,,

and

Cazoalkynyl, substituted by up to three groups selected from NR'R, ORY, SR*, |
halogen, COR', CO,R™, CONR™ R, SO,NR”RY, SOR", SO,R", CN and NO;

R?,R%and R*are independenﬂy selected from the group consisting of

H,
halogen,

- CORY,
Cco

" CONRMR,
SO,NRPRY,
SORY,

- SO.R”,

CN, and




| ower al kyl, 5 | ower alkyl substituted by hydroxy or

al koxy, , OH, ORl7, SR 17, 10 hal ogen, CORD,
CO2R17, CONR1L7RI's, SO2NR17R's 15 SCR17, SO2R17, and
CN, RO is selected fromthe group H zo ORes RO 11
1121 20 -CGCOCOCRand CORLl7; R10 and R1' are

wol20dependent |y sel ected fromthe group WQ-2806h0ddR22
PCT/ EP2003/ 011896 -4- H, COR13, CO2R13 CONR13R14 5

SC2R13 S02NR13R14 -3-
NOz

R® R, R7and R® are independently selected from the group
H,
lower alkyl,
5 lower alkyl substituted by hydroxy or alkoxy,

NR™R',
QH,
ORY,
SRY,

10 halogen,
CORY,
CO.RY,
CONR'RY,
SO,NRVRY,

15 SORY,
SOzR”, and
CN;

R’ is selected from the group

20 —C—0—C—0—C—R
CORY,

RY and R are independently selected from the group




| ower al kyl, |ower alkyl substituted by hydroxy,

al koxy or NR15R16 cycloal cyl, 10 cycl oal kyl
substituted by hydroxy, al koxy, |ower alkyl, or
NR1sR16 heterocycle, and heterocycle substituted by
hydr oxy, al koxy, |ower alkyl, or NRL5R16 or,

| worbdsREeat i vel y, NRIOR11 can forma ring baWkmedike 7
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atons, said ring optionally including one or nore
addi ti onal hetero atons aﬁ&'being optionally
subgtituted by 15 the group consisting of one or nore
| ower al kyl, OR12, COR13, CO2R13, CONRL13R14 SORL13,

802E6§H and SO2NR13R14; R12 is selected fromthe group
h

owet al kyl, 20 COR13, CONRL3R14 C2 6 |
substituted by h dro alko is 16 ~' Y xy, Xy, or NR R,
cyc Qéikyl, cydoakyl substituted by hydroxy, al koxy,
| ower ahlgyl, or NR15R16 heterocycle, and 25
het EPYBYBI°e substituted by hydroxy, al koxy, |ower
al kyl, or NR15R36; WD 2004/041822 PCT/ EP2003/ 011896
-5 FaR¥and R14 are independently selected fromthe
group H, lower alkyl, C2-6 al kyl substituted by
hydsoxy*r#| koxy, or NR15R16 5 cycloal kyl, cycl oaklyl
substituted by hydroxy, allcoxy, |ower alkyl, or
Nngﬁggmypeterocycle, and heterocycle substituted by
hydroxy, ‘al koxy, |ower alkyl, or NR15Rls or,

At e bl e S pmatrgy ol | 10 aving Bt T
cycloalkyl, '
cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NR¥R*,
heterocycle, and
heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR'*R’S,

or, alternatively, NR'R™ can form a ring having 3 to 7 atoms, said ring optionally
including one or more additional hetero atoms and being optionally substituted by
the group consisting of one or more lower alkyl, OR*, COR'®, CO,R*®, CONRRY,
SORY, SO,RY, and SONRRY;

R™ is selected from the group
H,
lower alkyl, |
CORY,
CONRPRY,
Ca.g alkyl substituted by hydroxy, alkoxy, or NRR', cycloalkyl,
cycloakyl substituted by hydroxy, alkoxy, lower alkyl, or NR¥*R',
heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR¥R*;




10 including one or nore additional hetero atons and
bei ng optionally substituted by the group consisting
of one or nore |lower alkyl, OR17, CORl17, CO2R17,
CONR17Rls SO2R17, and SO2NR17Rls. R15 is selected
fromthe group H 15 lower alkyl, COR17, and

wo@bRRAigi: and R16, R17 and R18 are i ndepepgppibisiniisos
sel ected fromthe group H and 20 | ower al kyl, or

alternatively, NRL5R16 and? NRl?Rls can each
1 @ndenl m.a, hi.n aV|n to 7 atons, said
Iirl nge‘op é%%‘fd;? erfle‘iﬁe&fWg“g rmre addi ti onal

hetﬁ:o atons; R19 and e are independently sel ected
frontthe group H, and 25 | ower al kyl; and WO
2004/ 041822 PCT/ EP2003/011896 -6- R2' is selected
fr olewellgh al kyl, and C2.6 al kyl substituted by
hydr oxy, al koxy or NR15R16. These conpounds i nhi bit
KDRC delliybsibstitutattythydiogmilloxg,onNRRINg receptor) and 5
FGPR (fi broblast growmh factor receptor) kinases and
5 are tive against LCK (T-cell tyrosine kinase
p567ckc). These conpounds and their pharmaceutically

accgpf, IFub@ﬁ’tHeﬁbyM SfbLPLALIIGE Shkregyact | VI LY and

are ‘use I'n the trea ‘ment’” or ‘cancer, in
parélcul [id tunors. In addition these conpounds
hav ﬁfﬁ eous bioavailability profiles. This
invention is also directed tog pharnaceut;q I

conpsEeFFlatbstipat i g dbem laerebrpBdiiR and to

met hods of treatl ng or cont rolling cancer, nost
par ¢t eltrrmatively, NRER “tearfatomeritg fowing d it T asome faidpingagtionaly
10 | Unﬂdu&ﬁé@&cﬁﬁ:@rd%ﬂ@iﬁbxﬁl Eete&&i’f@x‘@and'%@ﬁg ShtibnkliyRRASERALE 2

s R S

pho%ﬁor@ﬁép% ]%) specific anmino acids on

RY is selected from the group
H,
15 lower alkyl,
CORY, and
CORY; aﬁd
R', RY and R"® are independently selected from the group
H, and
20 lower alkyl,

or, alternatively, NR'°R'® and NRR" can each independently form a ring having 3
to 7 atoms, said ring optionally including one or more additional hetero atoms;

'R and R* are independently selected from the group
H, and

25 lower alkyl; and
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protein substrates resulting in conformtiona
alteration of the substrate protein. The 15
conformati onal change nodul ates the activity of the
substrate or its ability to interact wth other
bi ndi ng partners. The enzynme activity of the protein
wolkbdlasgr efers to the rate at which thepkinBs8oasHS
phosphate groups to a substrate. It can be neasured,
for exanple by determini-fig the anount of a substrat e
}%hat b ggpverted to a product as a .function of
%ﬁ ﬁbrylatlon of a substrate occurs at the
actjve-site of a protein 20 kinase. Tyrosine ki nases
ar elo¥erlls@md of protein kinases that catal yze the
transfer of the termnal phosphate of adenosi ne
t r i phodyhubeitgait)hydom gkosprR RS dues on protein
substrates. These kinases play an inportant part in
t heThsopagatids thbiki: KPTOWnbse et ddmais-t@ifahing leaepoeiaad i on

FOMR N RGPt A g W horPRl S8 il SO0 A on

gr at
tfra%reeg':maeeﬁéﬁ) &ﬁaﬁe&%wpéﬁﬁnngmwhwﬁ%wﬁaﬂmeﬁwsea%tbr
haéGR)rolifereveleiiity aelcogfloa tha sreatmputror eontrole dina¢rons  of
taHﬂBEr sBE PRI 1:A1iH08 ﬁl@&%bn%poun}ﬂi%e ﬁ%ﬂt&é@éu@ §10ava11ab1hty

elial cell abl}/ an .h h two
PR i T S P e R GG uif SHORECTR FAETS Ty
colmbetinds andrio miethpdspf tree@e@@r@pnt(qﬂmg)canc@eeomnne@hy thel. F.
tRhtmeRd or condrol Mdeast TR 012 0AE pAAe® humdp1300. FGP

activates endot heI ial cells by signaling 30 -through

e e e T L R L B

f or.mat |.on I ggeneslI’s
fepctons. Ae speromghshed biths P&‘P%Pg?%’l%?n Arescite #eige 87 ORGFR
- pateln sdiBRt¢s hatiltihgihepifonrativat ditetation gfitioastibstaiegriadin. The

Cé’lﬁ i.0 qgﬁﬂ glﬁﬁ & ar e aheg gl% a&kf%f%‘@ﬂgsﬁ'ﬁte Bf ﬁ%ﬁ%&é%]tnreraﬁt and

RS reriop TR RN & B ey KA Soig o o rae

amhideﬂw ki(ipﬁ mcld@ phqsphaBl gtupetenohlstyte. 110 66 be iasuppd Sdrt,. WO
&PH?QQQL?JfQ db§BRe that hs th%@d @raq;r@%yt%g al

-ﬁkmﬁ%}ﬁ gy %ﬁl@fﬁ? st pfpgretepfcupial fie gt off fipfin

kiateecul e i nhibitors typically bl ock the
phosphoryl ati on of substrates by tightly interacting
W t Tyrésire kina@t s a subisat afpeotéil Rinkdenifiatrigtalietibe ttamsfer ofitiei ve

i oy 308 o oyxae@o%@ﬂj isg Q(A*ﬂ?é&%ﬁﬂéxﬂesﬂg%du:és nef’fgtﬁ?lqese
‘é’dﬁﬁ?fu The* FRpeaay shira

=

ePiopsegipn L o
sigrd) A dvicdidn thatAéads trcellidarpetifedatidn, slifferntiatiob |am$/migrmon
pyri m di nes and bicyclic 3,4-di hydropyrim di nes of
f or Fod kodpk:, MRoblast growth factor (FGF) and vascular endothelial growth factor
(VEGF) have been recognized as important mediators of tumor promoted angiogenesis.
VEGEF activates endothelial cells by signaling through two high affinity receptors, one of

which is the kinase insert domain-containing receptor (KDR). See Henmequin L. F. et.

- al,, J. Med. Chem. 2002, 45(6), pp1300. PGF activates endothelial cells by signaling

30

-through the FGF receptor (EGFR). Solid tumors depend upon the formation of new

. blood vessels {angiogenesis) to grow. Accordingly, inhibitors of the receptors FGFR and
KDR that interfere with the growth signal transduction, and thus slow down or prevent
angiogenesis, are useful agents in the prevention and treatment of solid tumors. See
Kiohs W.E. et. al., Current Opinion in Biotechnology 1999, 10, p.544.




R3 WZ GX R Rz that are asserted to inhibit cyclin
dependent ki nases Cdkl, Cdk2 and Cdk4 as well as the
to growh factor receptor tyrosine ki nase enzynes
PDGFR and FGFR Sone conpounds are al so asserted to

i nhibit Cdk6. US Patent No. 6,150,373 (Hoffinann-La

woReRgsinc. ) di scloses bicyclic nitrogenpchehahefiys! s
of formula N HNN N"0 Rl Rs 15 that are stated to

inhibit the T-cell tyrosiné-kinase p56 ~. WD 01/ 29041
Al and WO 01/ 29042 f f.mann he A di s

al | TRPFEAS 5" Emwl“fé %fﬁré@ﬁo PIE“;PE%‘?]%Lﬁ 1o BEpLsn Fease 8l es
agivitf. dnlpanitratﬂ(rF@)aﬂ m{oRytle infitbit@ typishiibiRtlethe phdspiirfetion REF N N
s@suBeslb g WiRthe Bf ReiS kiRls€ATE BindiRDdil i dr “RB38e

Wﬁﬁ&?ds#‘a"% BGOSR L o
5 sm @m@@mm@@m@w@lmggmmwwewm%e

(BeeehBMbedt) &iEdda& ®iydic %ﬂm&u&aﬁa bidjicBeh, 8 dlyddbpyiehidinds bF
f%%dm do[ 4, 5- D] pyr| m n- 2- one conpounds of formnul as

H N~ N N~ / and A~ ONNXONNX R Rs

that are asserted to inhibit cyclin dependent kinases Cdkl, Cdk2 and Cdk4 as well as the
10 growth factor receptor tyrosine kinase enzymes PDGFR and FGFR. Some compounds
are also asserted to inhibit Cdké.

US Patent No. 6,150,373 (Hoffmann-La Roche Inc.) discloses bicyclic nitrogen
heterocycles of formula

15 that are stated to inhibit the T-cell tyrosine kinase p56™.

WO 01/29041 Al and WO 01/29042 (F. Hoffmann-La Roche AG) disclose
alkylamino substituted bicyclic nitrogen heterocycles of formula

Ne jel
N™ ™ N N™ ™ N
AP A A
Ilf B Iéf B

H

and

that are stated to inhibit p38 mediated cellular functions and are thus inhibitors of
20 cellular proliferation.




that are stated to be useful in treating
CSBP/ P381dnase nedi at ed di seases. There continues to
be a need for easily synthesized, snall-nolecule
conmpounds effective in inhibiting the catalytic
| of protein kinases, in particul
wo%@ﬁgoilh%gses fpor treati ng one or ﬁore tygggmoﬁ%;?@g
tunors. i's partlcularIySdeS|rabIe to provide snal

|nh| ors are sel ective for FGER and
‘%@64‘% iy it VAT
pmmmiﬁﬂ%ﬁhﬂnmﬁM1Ebhywamdwmhhébnmnde5|rable
conplications that my foIIOM/fron1|nh|b|t|ng
multiple targets.R'lt is preferable thaR' such smal
nol ecul e Hlnh bi tors al so possess adva tageous
bloavallablNltI p\ﬁﬁlles It is mhﬁs an~®bj ect of this
i nvention t suc@"¢onpou d-phar maceut i cal
conposi ti &ns vonﬂblnﬁhg these‘%onﬁbunﬁs. i scl osed
herein are corbounds capabl e of selrdqctively inhibiting
the activity of KDR and FGFR These conpounds nay be

sk k&te& i bteﬁlﬁeﬁh LA AR bspPfpas Rk HingIQJe gf?éél&-?l , t u —

partlcu ar treathent or contr
first aspect ere iS rov de ound o
£ o Thste Rl SOREE L poel Rt mBlSEREEH BT I
effectiye iIRDbibiting dre cethiptiqutivitreErroteinddriabey, imputplaalbGER eud t s
KoRedRed for weefne b d?’mdr@ty?@ beweli@fnioro ma it pHRti Ay aesnalﬁato
' pl%mdgg'malp {il delinl% tﬁ)at are SMECUVCLPI‘SEEC% ? EDRy TFJ.Q 83811'11)[
sel ecte ¥

?‘Fé‘l!sé p%féwtemaqupa@mmt@ﬂﬂw 2 unéqse@éqf mehﬂﬁsns at
nﬁﬁblﬂ"oﬁ FrofONR AR ultipl SEEMRIR Blpeefermat sRBAR Al roNcwta d

% S aCS e E?x&e@s a‘ﬂpa%tagg&(l im&%ﬁa:?ﬁﬁl n%éﬁl%sn % Pé)a%ro\éjett o£and

mérgﬂgg)p itq Hp‘gée qygh t@ﬁlppl@l ma armaceutlcal composmons containing

these compounds.

Disclosed herein are compounds capable of selectively inhibiting the activity of KDR and
FGFR. These compounds may be useful in the treatment of contro! of cancer, in particular the

treatment or control of solid tumors.

In a first aspect, there is provided a compound of formula

HB
H?
CH,
N/ l N R
S RS
o S
R’
R R
)
R 1,

or the pharmaceutically acceptable salts thereof, wherein R! is selected from the group




groups selected from NRIOR', OR12, SR12, , hal ogen,
COR13, CO2R13, CONR13R14 = SQPNRI3R14 SORB, SC2R13, CN
and N2, aryl, aryl substituted by up to three groups
sel ected fromlower alkyl, NRIOR', OR 2, SR12,

hal ogen, COW, CO2R13, CONRL3R34 SOZNR13R14, SOR13,
SOZIiiS CN and NO2, heteroaryl, heteroaryl
substituted by up to three groups selected from |l ower
al kydi10aliRIOR', , OR12, SR', hal ogen, COR13, CO2R13,
CONR 3R 4, SQOZNR 3R 4, SOR 3, SQOZR 3, CN and NO2,

het 311.9&11&1 sﬁbshtdﬁéﬂtlﬁhﬁﬁ)ytﬁ}eegﬁu Elh&té&tfﬁﬂl , &Hlodigt hr ee

ted OYRE K 2,

| haI | SEGrea YR e 5&%@‘
B RO SR, . o Sy b o,

C y Clagdhdiérgtycls g@ﬁlﬁslntat;ﬂem itl¢peaferitly bt fiibstituted Biupso ateect ed

fro 2 h &
SPB tlo R OB g Gon SRR
I\IOZSO RTR §PRers PR &M and NQakeny | subst i t ut ed by up to
three groups selected from NRLOR', OR12 SR 2 hal ogen,
CORegl, CO2R13, CONR 3R14 S013R14 80213 SO2R13, CN and
NC2, and CZ-1lo al kynyl, substituted by up to three

gr oufybsubsiteed Bychpfts three @Rﬁﬁﬂdectéﬂ%ran loBi dyl, NRAR

| and %02%&%‘0%0%)66% }ﬁ@% a{?;(le\ﬂilpndependgﬁfhl%lél\laﬁa\I

sel 8%ed fromthe group consisting of H, hal ogen,

COR13, COZR13, CONR 3R 4
heteroaryl,

heteroaryl substituted by up to three groups selected from lower alkyl, NR''R",
OR™, SR' halogen, COR", CO,RY, CONR“R“ SO,NRPRM, SORY, SORY, CN
and N 02,

heterocycle,

heterocycle substituted by up to three groups selected from lower alkyl, NR™R",
OR", SR™, halogen, COR", CO,R", CONR™RY, SO,NR™RY, SOR®, SO,R”, CN
and NOz,

Ca.10 cycloalkyl,

GCs.10 cycloalkyl substituted by up to three groups selected from lower alkyl
NR'’R", OR™, SR*, halogen, COR®, CO,R™, CONR™RM, SO,NRRY, SOR®,
SO.R", CN and NO;,

Caaoalkenyl,

Cz-10 alkenyl substituted by up to three groups selected from NR'*RY, OR', SR,
halogen, CORY, CO;R™, CONRR™, SO,NR¥RY, SORY, SO,R", CN and NO,,
and | '

Cp1oalkynyl, substituted by up to three groups selected from NR'RY, OR™, SR,
‘halogen, CORY, CO,R™, CONRR™, SO,NR¥RY, SORY, SO,R", CN and NOy;




SOZNR 3R 4 , SORB, SO2R13, CN, and NOS R5, RG,
R7and Rs are independently selected fromthe group H,
| ower al kyl, lower alkyl sul$tituted by hydroxy or

al koxy, NWBR16 OH, OR', SR', halogen, COR 7,
COO, CONR 7R18, 8c SO2NR 7RI's SCR 7, SO2R17, and
CN, RO is selected fromthe group H, 19 20 0 Rt O

K0Sy D By PO
H,
halogen,
COR®,
CO,R",
CONR"RY,
SO,NRURM
SOR®,
SO,RY,
CN, and
NOy
R®, R®, R’and R® are independently selected from the group
- .
lower alkyl,
lower alkyl substituted by hydroxy or alkoxy,
NRERYS,
OH,
ORY,
SRY,
halogen,
COR”,
CORY,

CONR17R18,




COR13, CO2R33, CONR13R14, SO2R33, SO2NR33R14,
| oner al kyl, lower allryl substituted by hydroxy,
al koxy or NRBR16, cycl oat k8% ,~ cydoal kyl substituted
by hydroxy, al koxy, |ower alkyl, or NRLsR16,
het erocycl e, and heterocycle substituted by hydroxy,
al koxy, lower al kyl, or NR1L3R16, or, alternatively,
NR1@BweaE forma ring having 3 to 7 atons, said ring
optionally including one or nore addltlonal het ero
at ongypand bei ng optionally substituted by the group
conslgting of one or nore | ower alkyl, OR12, CORL3,
CEE?‘%?7C§ER13R14, SORB, SO02R13, and SO2NR13R34; - 8d
9 | ected fromthe group H, | ower alkyl,

COR13, CONR 3R 4, C2-6 al kyl substituted by hydroxy,
alké%y or NR SR 6, cycloal kyl, cycl oakyl substituted
by hydroxy, al koxy, |ower alkyl, or NRL5R 6,

a¢ eleced/frdnethe grodp het er ocycl e subst i t ut ed by hydr oxy,
al koxy, lower alkyl, or NR SR 6; R13 and R14 are

I ndependent | y selected fromthe group H, |ower alkyl,
C2-6 al kyl substituted byhydr oxy, al koxy, or NR SR 6,
cycl oal kKyg'$ )ﬁ? oal dyl substituted by hydroxy, al koxy,
| ower Iky or, R 2R 6,

CORY;
R¥ and R" are independently selected from the group
H,
CORY,
COR”,
CONR"RY,
S0
SO;NR"R",
lower alkyl,
lower alkyl substituted by hydroxy, alkoxy or NRPR',
cycloalic,
cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NR®R'®,
heterocycle, and
heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR'*R,

or, alternatively, NR'*R™ can form a ring having 3 to 7 atoxns, said ring optionally
including one or more additional hetero atoms and being optionally substituted by
the group consisting of one or more lower alkyl, OR", COR', CO,RY, CON'RR'R14
SORY, SO,R"™, and SONRVR™;




het erocycl e, and heterocycle substituted by hydroxy,

al koxy, lower alkyl, or NR SR 6, or, alternatively,

NR 3R 4 can forma ring havigy 3 to 7 atons, said ring
optionally including one or nore additional hetero
atons and being optionally substituted by the group
PNSi St i f one or nore | ower alkyl, ORl7, COR17,

‘gdéﬁieﬁt,ed%gﬂ%%‘@? S2R17, and S2NRL7R 8; RS is
selected fromthe group H, |lower alkyl, CORL7, and
Cc2R17, and 8e R16, R17 and R18 are independently
selected fromthe group H, and | ower alkyl, or,

al t bvaadkylbel'y, NR SR16 and NRI 7RI S can each

i ndependently forma ring having 3 to 7 atons, said
ri ngorPtionally including one or nore additional
hetero atons; R19 and R20 are independently sel ected
frogbﬁﬁeRqroup H, and lower alkyl; and R21 is
selected from |ower alkyl, and C2.6 al kyl substituted

O PEM s a0 SORE e
OO S SEE Sl L UL LB ATOUN Of

acceptable carrier or excipient. In a third aspect,

t heheterdcgeleppnslyi ded conpounds as defi ned above for use
as nedicanments. In a fourth aspect, there is provided

t héehetemeyddsubstinpaiibydpdras, defineck: akaye NRER' he
preparation of nedicanments for the treatnent and

TCOMHAFN arOhd GRReRMly selefleirdrh fHeBraagPect . there is
provi ded a process for the preparation of a conpound
of formula | as defined above, which process

conpri ses
lower alkyl,
Ca.¢ alkyl substituted by hydroxy, alkoxy, or NR'*RY,
cycloalkyl,
cycloaklyl substituted by hydroxy, alkoxy, lower alkyl, or NR™"R',
heterocycle, and
heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR'R™,

~ or, alternatively, NRR™ can form a ring having 3 o 7 atoms, said ring optionally
including one or more additional hetero atoms and being optionally substituted by
. the group consisting of one or more lower alkyl, ORY, CORY, CO,RY, CONRVR,
SO.RY, and SO;NRR';

R is selected from the group

H,
lower alkyl,
CORY,and

CO.RY; and




a) reacting a conpound of the formula Rs R7 Cl~a~H3 N
N\ R Il ~NAORs R - 8 wherein R, R5, Rs, R7 and

Rs are as defined in claigal, with an aniline
derivative of the fornmula NHZ R2 R' R3 wherein R2,
R3 and R are as defined in claiml, to obtain a

0 undisof .t he fornul.a e N\ RR RS Ib 9 RNN
K8 “ﬂgipéfwgeﬁ?d%%ﬁgﬂ%ﬁ‘%‘?%ﬁﬁ“%% and i f desired, b)
reacting the conmpound of formula b with an acid

hal fhanrdr anhydride to obtain eo ORes RO,~ Il 21
a conpound of fornmula I, wherein RO is -COCOGCRor
CORDwenalkiyl,

o, alternatively, NR'*R'® and NRVR"™ can each independently form a ring having 3
to 7 atoms, said ring optionally including one or more additional hetero atoms;

RY and R* are independently selected from the group
H, and
lower alkyl; and
R® s selected from
lower alkyl, and

Cag zilkyl substituted by hydroxy, alkoxy or NR°RS.

In a second aspect, there is provided a pharmaceutical compasition comprising a therapeutically
effective amount of a compound as defined above and a pharmaceutically acceptable carrier or
excipient.

In a third aspect, there is provided compounds as defined above for use as medicaments.

In a fourth aspect, there is provided the use of compounds as defined above for the preparation of

medicaments for the treatment and control of cancer.

In a fifth aspect, there is provided a process for the preparation of a compound of formuta | as

defined above, which process comprises

a) reacting a compound of the formula




wherein K 7, R19, R20 and R2' are as defined in claim
1, and/or c¢) if desired, converting the conpound of
formula | into a pharmaceugiccal |y acceptable salt. In
a sixth aspect, there is provided a conpound of
formula | as defined above prepared by a process as
WiRkdme ohsaigoﬁ%rudm%ag&ﬁ&eanﬂdaﬁﬂem att DR dbiralife Q¥ dnd €4
npoun ecte romthe group
?ﬁmﬁﬁ (2, 4-di chl oro-pyrimi di n-5-yl)-et hyl ] - (4- met hoxy-
phenyl ) - am ne;
()-7-chl oro- 3-(4- et hoxy
-di hydro-I H pyri m do[ 4,
(+)-{2-chloro-5-[1-(4-
imdin-4-yl}-(4-neth
()-7-chloro-I, 3-bi s-(4-net;hoxy-phenyl) -4-net hyl -3, 4-d
hydro IH-py||n1do[4 5- dﬂ%yr|n1d|n - one;
E 7- cbloro 3- (4- et hoxy- phenyl) - 4- net hyl - 2- oxo- 3, 4
h\ R and-Rimpe dsdefihefl i, dpim 1, to obtain a compound of the formula

d] pyrimdin-1-yl)-benzonitrile;
()-[1-(2,4-dichloro-pyrimdin-3syl)-ethyl]-(2-fluoro-4
- met hoxy- phenyl ) - am ne;
()-7-ehloro-3-(2-fluoro-
henyl - 3, 4-di hydro-I H pyr
()-3-[7-cbl oro-3- (2
2- 0X0- 3, 4-di hydr o- 2
pyr'im do[ 4, 5- d)goti benzonltrlle and 5
()-(2-chloro-5-mefhoxy- p n)l)-[1-(2,4-dichloro-pyrim
di n-5-yl)-et hyl) d ne. n an ei ghth aspect, there is
provi ded a conpg@ sel ected fromthe group
()-7-chl oro- & A1l op'o- 5- net hoxy- phenyl ) - 4-net hyl - 1-p
henyl - 3, 4-di hydr o4 H pyri m do[ 4, 5-d) pyri m di n- 2- one;
1-[2-(tent- but)l-aiphenyl silanyl oxy)-1-(S)-nmethyl -eth
yl)-7-chl oro- 3- (4- met hoxy-

’jis B> andfifgpsired, 4- di hydr o- 1 H pyri ni do[ 4, 5-d] pyri ni d
I n-2-one;
3- [ B} testing the kothpating hEforyulslb twnhyh ac@hdhdé &) anhelridy to-obtafny |
1-1- (R -[1-(2, 4-
dlchloropyr|n1d|n-5 yl) etﬁ&lgzﬁf(4-ﬁ%thoxyphenyl) ure Lo

C—0—C—0—C— 17
a§bT§m¥§f$£qgm?I kﬁﬁ f S|Ianyloxy I-(R) ne?ﬂR ethyIJ
areas efined in ¢l

dlchloropyr|n1d|n 5-y|)-ethyl)-1-(4-nethoxypheny|)-ure
a; and/or c) if desired, converting the compound of formula { into a pharmaceutically

acceptable salt.

Jﬁhenyl)-4-nethyl-I-phenyl-3,4
pyrim di n-2- one;

bhenyl )- 4-nethyl -1-p
4, 5- d) pyi di n- 2- one;
o;ﬁ-phenyl)-4-nethyl-

el {gd]ﬂ

In a sixth aspect, there is provided a compound of formula | as defined above prepared bya
- process as defined above.

In a seventh aspect, there is provided a compound selected from the group:

(i)—[1-(2,4-dichloro~pyrinﬁdin—5-yl)-ethyl]-(&methoxy-phenyl)-amine;

()-7-chloro-3-(4-methoxy-phenyl)-4-methyl-1-phenyl-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one;

()-{2-chloro-5-[1-(4-methoxy-phenylamino)-ethyl]-pyrimidin-4-yl}-(4-methoxy-
phenyl)-amine; '




1-[2-(tent-butyl -di phenyl -silan)l oxy)-1-(R) -nethyl-eth
yI]-7-chIoro-3-(4-methox)‘r33
phenyl) - (R)-4- nethyl 3, 4-di hydro-| H pyrimdo

n-2- 0

4’[5“? -G R PR ison- St bty ol - o 1
]HWNFI Hig- 3- (4- nethox)r

phenyl ) -4-(S) - net hyl - 3, 4- di hydr o- IH-pyr|n1do[4 5- djpyr

(%[ Zchiorode(4-methoxy- -phenyl)-4-methyl-2-oxo-3,4-dihydro-2H-~ yrimido[4.

d din-4yHiteRlofft@aPyr i m di n-5-yl ) -ethyl)-1- 4 met oxy
-phen)1)-3-11-(S)- phenyl et hyl]-urea; and

R Rl gt Pﬁﬁxgﬁi%yygfééﬁy'i‘]y ] T b ho-phebyt- oy "Y'

st hyl) - 3,

B U o A Ll A e v

’q%i’
sAirremy %ﬁ§65|t|ons conprising a
therapeutlcally effective anount of one or nore

(&l Grshlaze-of2-fuorartrnathioxppltngl) -4 pilylpores 4 ity -2H-

paath{ahiRyGaidi-£41]- BinzBXEilQ LNt Further discl osed
herein is a nmethod for treating or controlllng solid 5
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patient in need of suc an e

@i-&‘i’d}H% ko Y
ugcq ﬁ¢adrg saFt te@@%ﬁ?ﬁnﬁﬂ o§%§ﬁﬁereF% are
PW“ fadl! ds useful |n the preparati on of

mpounds of fornula I. As used herein, the follow ng

1- f%ﬁ%b%%ﬂlphmm@w)fleﬂSD-mnthybeﬂiﬂi—thlbroe&?&—memﬂtykenyI
PIERAPL Sfetiy]-SALEyd Rl HE d@[qs bppaiag-Abidphat i ¢

hydrocarbon havi ng a | east one set of carbon-carbon

3"2;"*&”"’%}?%3“}3’ Han P TRET mi 3 248 Gl 27
qrapygimidiarpiylhethyl bﬁ"aﬁ@ﬁ@ﬂ?h‘tn twaeg ¢ hydr ocar bon

having at |east one set of carbon-carbon triple bond,

3- deBﬁ-bntyhﬁphemldﬂylly}dxy Idnﬂmﬁﬂzmwyl-(sg-[iﬁik-ﬁl " denotes a
' e al i phatic
o NG penpar Rt RReEn U175 6. ang

h dr car bon ‘havi'n

f bl
HEZ%% ior a‘?%"" %ﬂapgswi %ﬂ@ﬂ%ﬁe%ﬁﬁﬁwg e e i n
3 18- dibygtyost FE-pyithidabds5-Hpyrithidin-2-guepups i ncl ude
thyI thyI propyl, isopropyl, butyl, t-butyl,
1-[2-(totstbyty]l-djpbii ) kilaayleky)- NRb‘ﬁlethﬂseM}eﬂcﬂl&ﬁ%L(@-xﬁm anpl e
ph&?ﬁ'e&g@?tﬂeﬁ{}l S dﬂy@ohﬁ—pﬁﬁ@gﬂ %lcﬁfﬁjnnu%n-}cgl fromlto 4

1-[1-(2,4-dichloro-pyrimidin-5-y1)-ethyl]-1-(4- methoxy—phenyl)-B [1-(S)-phenyl-
ethyl]-urea; and

- 7~chloro-3-(4-methoxy-phenyl)-4-methyl-1-{1-(S)-phenyl-ethyl)-3 4-d1hydro-1H-
pyrimido[4,5 -d]pynmldm 2—one




carbon atons. "Allcoxy" nmeans an al kyl radical that is
attached to the remai nder of the nolecule by oxygen
(RO -), e.g. nethoxy, ethoxy. 25 "Aryl" neans an
aromati c carbocyclic radical, for exanple a 6-10

womdReRed aromatic or partially aromti Cpc&yéﬁ%oﬁyﬁég@m
Preferred aryl groups include, but are not [Tmted

to, phenyl, naphthyl, tol y19and xylyl. "Cycloal kyl "
m3@’é%lo@ed’?%?eu@ér@'Eﬁ&h‘%cetﬁi@él%brﬁhcﬁsgloﬁsr co %5 ely

saturated cyclic aliphatic rocar roup
thesrnealiaibrrifedive yn@ms ploms or rmmpmp@nds of@;rmlubé Iaia@dt gr oups

ﬂ&mmhwﬂﬁa@mdbmﬁﬁﬁybmxﬁpigﬁtopentyI and cycl oheyl. WO
2004/ 041822 PCT/ EP2003/011896 -10- "Effective anount™

o r mhﬁéra&auidd%l'duy is @frh tiedd f?!r@treﬁmbtgﬂ Eontr%ﬁﬁgpscbhém amount .
f.ormul

5 t one conpou ﬂ g
e T PTG S BCAER st 1ons, FAPDR PR mors,
s tiquipenbuesst onvhlobittrsort, bpredmigiseuitgto 2 hiMahogeinit imeed of

stidh\fYrdp} an e@dRGInBEnt 0Pk BH G @bt AR Gnd/BY ﬁ&kaﬁcau
5 fluorine. "Hetero atont neans an ato

in
agc t%l 2'gtbferomN Q and S, preferably N. If the hetero
atomls N, it can‘be present as -NH or -N | ower
al k3FIUI’therIGlfsclpﬁ%i heedieare inigroeriete cBnpitnds gseful behepresanationas

compouneh Bf ot |. " Heteroaryl ™ means an aromatic
heterocyclic ring systemcontaining up to two 10

rings. Preferred heteroaryl groups include, but are
not limtedto, thienyl, furyl, indolyl, pyrrolyl,

py rAsatiseshhiereinpthe &fliowiplg terox shzlb have thetfdsﬂo&itxgldyﬁ:ﬁﬁo@ui nol i nyI ,
pyrimdinyl, imdazole and tetrazolyl. "Heterocycle"

or “Alehytt dayiesd straigBedhsin@dr Brandied %hﬁfﬁ'ﬁ?&ﬁ&%oi%%?ited
12 oA o Blbob- a0 b A, O ADE B R0 s by

g’%‘le’éyé-t ed from nitrogen, oxygen or sulfur or a
conbi nati on thereof. Exanples of preferred

15 het dbpnyfoleestesarsaightpidnindi brenched giphaicihpdrocayonibatingitne,
~ 1eBN6heFRIPER InErbon ggygfogﬁ,yfor dxSm &Eﬁfﬂ, ?1&?&“@{_' ng the

presence of a nonoval ent” OH gr ers to

to (R HADkE st B p B eh " o SRRAE G R BAE ) o
hamaé tr @dpra@tabkv |1 19/, apdomoreqagieriidy htodsambeulztom@ QAlkyl gemps
hagting & fo @Grtios a8 Grelald6 ebirftd BXIRARh & "Bver ALY Bypical lower

20 _ alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl and
hexyl. As used herein the sample designation C,.4 alkyl means alkyl having from 1 to 4
carbon atoms.

“Alkoxy” means an alkyl radical that is attached to the remainder of the molecule
by oxygen (RO -), e.g. methoxy, ethoxy.

25 - “Aryl” means an aromatic carbocyclic radical, for example a 6-10 membered
aromatic or partially aromatic ring system. Preferred aryl groups include, but are not
limited to, phenyl, naphthyl, tolyl and xylyl.

“Cycloalkyl” means a non-aromatic, partially or completely saturated cyclic
aliphatic hydrocarbon group containing 3 to 8 atoms. Examples of cycloalkyl groups
30 include cyclopropyl, cyclopentyl and cyclohexyl.
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"Pharmaceutically acceptable salt” refers to
conventional acid-addition salts or base-addition
salts that retain the biological effectiveness and
properties of the conpounds of fornula |I and are
formed from suitable non-toxic organic or inorganic

woa6ds@sisRr Organi ¢ or inorganic bases. Sappl@p2003/011896

acid-addition salts include those derived 25 from
i norgani ¢ adds such as hydybchloric add, hydrobromc

dd, di,
R R R i tlﬁoﬂeamqﬂélﬁ“e@g trom
leg#tgasiompanidfior forretla hasr qnbershageniedly picemiqhie salé thereof, that

sipakit My inBibaCiushor BWMANEsul fonic acid, oxalic acid,
succinic add, citric acid, malic aC|d | actic acid,

fungiy g eﬁ'ﬁ‘%%ns f43flnd, Hﬁodﬂe“iﬁ Jn??é‘&%cﬁne, 9&&%@@%%&?
salts 1°ncl ose derived from amoni um’ pot assi um
Bfeum and, 30 quaternary ammoni um hydroxi des, such as
for exanple t et ramet hyl ammoni um hydroxi de. The

c he'Heteap atamdmeine an tiom selected fiomd.bang it pretarably b rréﬁﬂeﬁqd

| hetfero@tontlis WYt cdr/He @redent HANEH- bS-Nalotverclkyl- Olf éheveteto akianiak, it O

I I em sts to obtain inproved physica
C%ﬂ% gﬁéﬁ%%éﬁéo{ lity, hygroscopicity, flomability

and., b|i|t of co %ynds it Q4QP41822
PCTHEB30% D8 G R enjontaling o o
rigpa Eneé@edﬂactemmmwdﬂ@ bt azervt 1nited toahienyb fiyyldpdalibns
gﬁ&lﬁ Fyidin}iOSRazindt, oxaldlyl, 14i24178 a6indHhGH pk#8idinyl, imidazole and

uxmzqr”aCGUt'Cally accept abl e” such as pharmaceutically
acce%table carrier, excipient, etc., neans

phag macol qa € | |y acceptabl e and supst ntia .

Por R 7 hiiso et -ig GmeERerEd e ey
uaahpaehebo-somdivinnins tanegclickSlidebtaving fred bnat 3|hqter0 atoms

s ttBA ok 4li@8keR | )en o TRAGDr b BibidaB6n ﬁlu#eat Ekéiﬁﬁléa Bf can

osi tions .0t herw se
Pl AR B0 e Pipfne Bt R s PRI o vt on
site are |ndependently selected fromthe specified
opt THoEexy’| if2 pisex indiEsiaR e Rresencef a mopewieptAtgeat es to

compounds of fornula Rs R7 CHs NRs Rs RONNNO
R “ICse” refers to the concentration of a particular compound according to the

invention required to inhibit 50% of a specific measured activity, ICsg can be measured,
inter alia, as is described in Example 22, infra.

“Pharmaceutically acceptable salt” refers to conventional acid-addition salts or
base-addition salts that retain the biological effectiveness and properties of the
compounds of formula I and are formed from suitable non-toxic organic or inorganic
acids or organic or inorganic bases. Sample acid-addition salts include those derived
from inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acid, sulfamic acid, phosphoric acid and nitric acid, and those derived from
organic acids such as p-toluenesulfonic acid, salicylic acid, methanesulfonic acid, oxalic
acid, succinic acid, citric acid, malic acid, lactic acid, fumaric acid, and the like, Sample
base-addition salts include those derived from ammonium, potassium, sodium and,
quaternary ammonium hydroxides, such as for example, tetrame'thylaminonium
hydroxide, The chemical modification of a pharmaceutical compound (i.e. drug) into a
salt is a technique well known to pharmaceutical chemists to obtain improved physical
and chemical stability, hygroscopicity, flowability and solubility of compounds. See, e.¢.,




RR4A s 10 RI or pharmaceutically acceptable salts
thereof, wherein RI is selected fromthe group H,
Cl-lo al kyl, 15 C1-10 al kyl substituted by up to three
groups selected fromaryl, cycloal kyl, heteroaryl,
heterocycl e, NR1OR11l, OR12, SR12, hal ogen, COR13,
wo@bdiigza CONRL3R14, SO2NR13R14, SOR13, g&Piphevsn@dsand
NC2, wherein the aryl, cydoal kyl, heteroaryl, and
het er ocycl e gr oups nay eat:]n1 i ndependently be

ARt Bt bafe 078 an D AP oBBkE e gt 4

PPOI9SapNREG 14214 SORL3, SCPR13, CON and NC2, aryl, WO
2004/ 041822 PCT/ EP2003/011896 '.. -12 aryl
s ub$Rhatnus-adicdly aagpidble” turh esphgromapsicdle beettade dmriom | ower

R &lt; etcl\lﬁgeﬁgos%h% 1%%&9@%19%@11&%1@ %0 the

> SH %Pdg]flq thefé“%%ﬁ"ﬂ’ﬁ?% ‘%a(ﬁiﬁg’i”?tfr ed by up to three
groups sel ected from | ower al kyI NRLORI | OR12,
SR1 Pubstiszites evin sebsitnad alldperss thidrBRItios @R GRS FEpRe
oSﬁiateq;osﬁ&R 2hB mﬂé&Notham@he DR ated) eliaethe eabetit@ents d0ekder ocycl e

s i ot b st or e

CC]\IR13R14 S2NR13R14 SOR13, SO2R13 CN and N2, C3-10
cycl oal kyl, C3-10 cycl oal kyl substituted by up to

t hr B&nd EAbHIRnEE Iﬂﬁe%\(%gudcn rElEEEJ tQ\‘.\S%ﬁ RhddrforDF R 1, OR12,
SR12, hal ogen, ~CORL3, CONRI3R14 SOZNRI 3R14
SOR13, 15 SO2R13, CN and N02 B8

: R7
CH,
N7 | N Re
9 N/J%N l}lr&o
R
R R*
10 R® L
or pharmaceutically acceptable salts thereof, wherein
R’ is selected from the group
H,
Craoalkyl,

15 - Grpalkyl substituted by up to three groups selected from aryl, cycloalkyl,

x heteroaryl, heterocycle, NR'R™, OR™, SR™, halogen, COR", CO,R”, CONR"R™,
SO,NR*R™, SOR®, SO,R", CN and NQO,, wherein the aryl, cycloalkyl, heteroaryl,
and heterocycle groups may each independently be substituted by up to three
groups selected from NRYRY, OR™, SR'?, halogen, CORY, CO,RY, CONRPR™,

20 SO,NR¥R™, SORY, SO,R*, CN and NO,,

aryl,




C2- 10 al kenyl, C2-1o0 al kenyl substituted by up to
three groups selected from NRLOW, OW2, SR 12

‘hal ogen, COR13, CO2R13, CONR13R14, SC2NR13R14, SOR13,
SO2R13, CN and N2, and 20 C2-1o al kynyl, substituted
by up to three groups selected fromNRIR |, OR12,

wo2lRhda1s22hal ogen, COR13, CCO2R13, CONRL3R1f-ARMRARRES,
SOR 3, SC2R13, CN and NO2; R2, R3 and R4 are

i ndependent |y sel ect ed frokt he group consi sting of H,

hal oge 3, COPR13,CONR13R1 3
zoo%ﬁ'&%@%ﬁbﬁﬂ et fsgeion 1°W61§E%§§4R LA

CN, SRih#alogemCOR™ s CRR Y, RONRRRHISIRYR We%ﬁﬂe@ﬂbl}d
sel goted fromthe group H, Iower aI kyl, |ower alKkyl

substi'tuted by hydroxy or al koxy, 1&5R1e , to OH,
Rlfeteroarffl /- hal ogen,  CORD, is CO2RI17,

5 heteroaryl substituted by.up to three groups selected from lower alkyl, NR'R",
OR', SR™, halogen, CORY, CORY, CONR™R™, SO,NRPR™, SOR', SO,R, CN
and NOz,

heterocycle,

" heterocycle substituted by up to three groups selected from lower alkyl, NR**RY,
10 OR", SR halogen, COR", COR”, CONRPR™, SO,NRPRY, SORY, SO,R™, CN and
NOZ:

Cs.19 cycloalkyl,

Ca.1p cycloalkyl substituted by up to three groups selected from lower alkyl
NR'R", ORY, SR”, halogen, COR™, CO,R™, CONR™RY, SO,NR¥R™, SOR"®,
15 SO,R", CN and NO,,

Caypalkenyl,

* Cygp alkenyl substituted by up to three groups selected from NR'*R", OR™, SR™,
halogen, CORY, CO,R™, CONR™R, SO.NR”R™, SORY, SO,R", CN and NO,,
and

20 Cy-10 alkynyl, substituted by up to three groups selected from NRURY, OR', SR%,
halogen, COR™, CO,RY, CONRR™, SO,NR¥R™, SOR*, SO,R", CN and NOy;

Rz_ ,R%and R*are independently selected from the group consisting of
H,
halogen,
25 COR”,
CORE,
CONRURH,

SO,NRPR




CONR17R18, SO02NR17R18, SORT, SO2R17, and 20 CN; R9
is selected fromthe group H, WO 2004/ 041822

PCT/ EP2003/ 011896 -14- 1s 20 0 R J~ O
-GCOCOCR21 and CORD, R10 and R' are independently
selected fromthe group H 5 COR13, CO2R13,

woGbdipheR14 SO02R13, SO02NR13Rla, 10 | ower pad/kpshosiol i9ier

al I cyl substituted by hydroxy, alkoxy or NR15R16
cycl oal kyl, cycl oal kyl subStituted by hydroxy, al koxy,
ovxg(]r? @l kyI or NR15R16, heterocycle, and 15

t 1%)c‘ycl e substituted by hydroxy, al koxy, |ower
al kg/ s0r NR15R16, or, alternatively, NRLORL1 can form

9?8 having 3 to 7 atons, said ring optionally

|ncI udi ng one or nore additional hetero atons and
bei Y, a0pti onal |y substituted by the group consisting
of one or nore |lower alkyl, OR12, COR13, CO2R13,
CONRD3R14, SOR13, SO02R13, and S02NR13R14, :

5 R% RS Rand R®are independently selected from the group

10

15

20

H,
lower alkyl,
lower alkyl substituted by hydroxy or alkoxy,
NR™R'S,
OH,
ORY,
SR.H,
halogen,
CORY,
CO;RY,
CONR'RY,
SO,NRRY,
SORY,
SO;R", and
CN;
R’ is selected from the group

H,




20 R12 is selected fromthe group H, |ower alkyl,
COR13, WD 2004/ 041822 PCT/ EP2003/011896 - 15-

CONR 3R14 C2.6 al kyl substituted by hydroxy, alkoxy,
or NR15R16, cydoal kyl, cydoakyl substituted by
hydr oxy, al koxy, |ower alkyl, or NRL5R 6,

wohglieiensycl e, and 5 heterocycl e substit up@flefyozlsisOXY.,
al koxy, lower alkyl, or NR15R16; R13 and Rl14 are

i ndependently sel ected frothe group H, |ower alkyl,

C2.6 al kyI suzl(:))stitut ed by hydroxy, al koxy, or NR15R16

10 cyq o&l , gycloal kyl substituted by hydroxy,

-al koxy r allkyl,, or NRIsR16, heterocycle, and

het T y@r“& s@ﬁ@tllﬁu;@d by hydroxy, al koxy, | ower

aI kyl, or NR15R16, or, alternatively, NRL3R14 can form
F@ 17haV| ng 3 to 7 atorrB said ring optionally 15

|nc ihg one or nore addi ti onal hetero atonms and

uopt.i onal | bst,i.t ut ed t he group consisting
'Rof and e Agin ‘?%F“e‘le’%/ﬂ&ﬁé?églﬁl?wg%ﬂ% CORL7, CORRIL7,
CONR17R11 SO2R17, and SO02NR17R15; R15 is sel ected
frofh t he group H, 20 lower alkyl, CORLl7, and
COZRl? and R16, R17 and R 8 are mdependently
5 sel@R&d from the group H, and 25 | ower alkyl,

COR",
CONR"RY,
SO
SO,NRUR,
10 lower alkyl,
Jower alkyl substituted by hydroxy, alkoxy or NRPR',
cycloalkyl,
cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NR™R',
heterocycle, and
15 heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NRPRIS,

or, alternatively, NR™R" can form a ring having 3 to 7 atoms, said ring optionally
including one or more additional hetero atoms and being optionally substituted by
the group consisting of one or more lower alkyl, OR'2, COR™, CO,R”, CONRVR",
SORY, SO,R", and SO,NR"R'

20 R"is selected from the group
H,

lower alkyl,

COR®,




----------- ---- -------- WD 2004/ 041822
PCT/ EP2003/ 011896 16 alternatively, NRL6R16 and
NR17R7s can each independently forma ring having 3
to 7 atons, said ring optionally including one or nore
addi ti onal hetero atons; R19 and R20 are independently

Wo&‘gﬁhﬁﬁﬁﬁd fromthe group H, and 5 IovverP@ﬁMbmmﬁgyg
R21 is selected from |ower alkyl, and C2-6 alkyl

substituted by hydroxy, allcoxy or NR 5R16 Conpounds
di sﬁ%{gﬁiggmherei n and covered by fornula | above may
exh O tautonerismor structural isonerism It is
intended that the invention enconpasses any

t auCorbyl sebstutediby hrdromyedlkoxs ORAR IR f Gelealet t hese

conmpounds, or m xtures of such forrrs (e.g. racemc

mi xt¢ydogg))spbstitutedity hydyoxy) dllixy, devet dkyioy NaHR' t aut omeric or

structural isoneric formdepicted in fornula |I above.
Wheneidrtgclg egpounds of fornmula | exhibit structural
isomerism the preferred 15 optical isomer is

’ de%%%g%p%b%%ﬁ%ﬂﬁg’ywﬁi%émf i A

PCTLER2003 6 referred enbodi nent, the
mv%ﬁt |aroer11m{r % Sﬁlecggﬁgmtge A& of formula |

H,
lower alkyl,
Cy.6 alkyl substituted by hydroxy, alkoxy, or NR¥*R'€,
10 cycloalkyl,
cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NR’R’,
heterocycle, and
heterocsrcle substituted by hydroxy, alkoxy, lower alkyl, or NRPR™,

or , alternatively, NRR™ can form a ring having 3 to 7 atoms, said ring optionally

15 including one or more additional hetero atoms and being optionally substituted by
the group consisting of one or more lower alkyl, ORY, CORY, CO,RY, CONRYR,
SO.RY, and SO;NRVRY,

.R]5 is selected from the group
H,
20 lower alkyl,
CORY, and
CORY; and
R',RY and R* are independently selected from the group
H, and

25 lower alkyl,




wherein R is selected fromaryl, and aryl substituted
by OR12 or CONRL3R14 Especially preferred are those
compounds, wherein aryl is phenyl. In another
preferred enbodi nent of the conmpounds of formula I, R
Is selected 5 fromlower alkyl and C2-6 al kyl
‘woWARkkRUt ed by OW or CONRL3RI4. |n anopbpieisfgr ed
‘embodi nent of ‘the conpounds of forrmula I, R2 is-HlIn-
anot her preferred enbodi neit™ of the conpounds of '

for Bghs R3 . anot referred.
et A Y %%dnﬁ%ﬁ‘nqﬁ an e b iy ek S ing
R4 tarétons, saiflging eptianeindudineome proate addlitisaiilrhetero a9ms; he
conpounds of formula I, R3 is halogen, preferably F.
R-mnd R atrendeperdbmtysdettedfipodbhagatp of t he conpounds  of
formula l, R5, R6 and R are Hand R is O|lower
al I@Ja,ndpreferably O CHs. In another preferred
enmbodi ment of the conpounds of formula I, RSis
5 halggeniyl, 4w preferably F. In another preferred
enbodi ment of the conpounds of formula I, RO is H The
R0l Jefgév_recpgor{(l:orrpounds are preferred enbodi ment s
accor ng to the present invention:
(1_4 met hoxy phenyl ) - 4- et hyl -1 - phenyl - 7- phenyl am n
OW’ Wdo-1 H 20 pyri ni do[ 4, 5-d] pyri ni di n- 2- one
(Exarrpl elg
3- (%M@b@?%@m#?@rowr@ﬁms ®.1 - phenyl - 7- phenyl ani
no- 3, 4-di hydro-1H pyrimdo[ 4, 5-d] pyri m di n-2-one
( E)@Mp}ioan&)d;tsclosed herein and covered by formula I above may exhibit
10 t;mo&fensrﬁwmﬁlp@mx&)sm4m§)@g&h% t'hla m*aaﬁfag Lt &@&Xﬁ;ﬁm

O

taglo ! Hf) Plgsltrg turraglgomenc %}; orpthese [compounlisp rrjiwr?tures of such %rms

(€9 raterBic bwsur(es!)rwéuhmk};ﬂumdemdy)mﬂtammhyd or Fryherryidoariino- 3
for&ddplbﬂcﬂh%ﬂnidialw&}em do[ 4, 5-d] pyri m di n-2-one (Exanple

\éaénjh%]é) Exgcﬁéyfogﬁﬁwéxﬂibé stlRkOY o%ér%ﬁ?fh?abpe@e%réxl am n

OMWB{S@E“@]QN‘?W%?WW yl]-benzonitrile (Exanple
5b) ;

()-3-[3-(4-net hoxy-phenyl) - 4- rreﬁ?wyl 2 0Xx0- 7- phenyl am n
0- 3, 4- di hydro-2H 30 pyrim do[ 4,
5-d] pyri m din-1-yl]-benzdige
------ WO 2004/ 041822 PCI/ EPZ

- Ja.
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()-3-(2-fluoro-4-nmethoxy-phenyl)-4-nethyl-I|-phenyl-7-p
henyl am no- 3, 4- di hydr o-

1H pyrim do[ 4, 5-d] pyri m di n-2-one (Exanpl e 8d) ;
()-3-[3-(2-fluoro-4-nethoxy-phenyl) - 4-net hyl - 2- oxo-7-p

wolfa¥hi@3 no- 3, 4- di hydr o- PCT/ER2003/011896

2H pyrim do[ 4, 5-d] pyrlmd|n 1-yl]-benzonitri
(Exanmple 9b); 5 17 -

g)er}gla%fﬁf‘%é o odgrpw rgglgvlggu nrgllgt%snty la)com4p0rtr1?1 h%/ gormulaolxo- ~-p
whdeip R is mlwfmoﬁa afl,pyd arpisdlistituted py PRE@n CONRIR'(. Exaeglye

pﬂeg}red are those compounds, wherein aryl is phen r
3- (2-chl or 0- 5- met hoxy-phenyl) - 4- net hyl - | - phenyl - 7-p

nyLam WL o
1H- g n%?g le%% dJment of ecogipounds ormula[ R il%SESECth
from dostep gyl )submwgﬂw ERhyr $O Rmst hoxy- phenyl ) -
4- et hyl - 7- phenyl amno-3,4 1o
di Hy enasher prefopred nnhhd@mlensofdi}wmpmrzsﬂs of fompied, Reik &l e
13d);
1- (I? m)mfﬁhr@ffe:treﬂ erfifiR)dinnegt dfythe-cotnpyiinkds B formulel; Raxy RpireHy | )
-4-(R) - net hy
PheRYAFihe: BRfeRred exilb At Pofitiid B bt Of tnoraitAA] RY R ok 8F fe 2
I_Ione (Exanpl e 14f);
(2 hydro) zy-1- (R) - met hyl - et hyl ) - 3- (4- met hoxy- phenyl)
4 (S)-net h¥ - 7- phenyl am no
Ao gt p %ﬁéﬁyl?qdfﬁw&b?flth@ma?w A fommpdal %ﬁ@haé%nm e
pfb&ta)a],yFlS
3- (4- et hox) - phenyl ) - 4- net hyl - 7- phenyl am no-1-[1-(S)-p

hemy bndtkd ﬁe}'en%d énicHdbyedt SFthe compounds ?f éfg)(rmulal R51l§6) and R® are
i -one anpl e
H(afhhﬁl?/ gr?? %WQ%P%HQ }?3) 5- et hyl - 7- ggo 8- phenyl -
, 7,.8-tetrah
%m? aghadimeat of fhe.compoygds plipralaleR] tl%l]F’Fllqggl

py R AT BT
()-1-(trans-4-hydroxy-cycl oheyl ) - 3- (4- net hoxy- phenyl ) -

prefeebiypl e 19) ;
4- MR hdvher preRb@DMhRAIRAL abhe compounds of formula I, R is H.
34d|hydroIH-pyrlmdo[45dfpyr|md|n 2-one (Exanple

L 1%’“%”’)“g 3 %“P%Sx?‘* B ey Ty T R Ox T P heny 1 )
inyep! éIS) met hyl -
phenyl am no- 3, 4 di hydro-| H pyri m do[ 4, 5- d]cﬁy“ m di n- 2-
(_aﬁe(ii(ngﬂgm@-méerg}jé)me A+ -phenyl- 7~phenylam1no—3 4-dihydro-1H-
pyrilikic? §H¥pyhmlmsbn@&ﬁh@ﬂ@@,yl ] - 3- (4- met hoxy- phenyl ) - 4-
S) - net hyl - 7- phenyl am no-
3~ -methpx)ry;dqe@ﬂ} H%)ymﬂhmlﬂ@ﬂlm%?ﬂ]lpmamoeﬁmd@mﬁéH( Exanpl e

p}gﬂfﬁao 4,84 pyrimidin-2-one (Example 2
7-(4- f1 uor o- phen)rl am no) - I [ (1R, 3R) - 3- hydr oxy-cycl ope

3-(et-spethpxysphentrl e { Soneptiyb hrgheply) 7-phenylamino-3,4-dihydro-1H-

pﬂmﬁ@Mm‘]ﬂ}iﬁhﬁﬁméoﬁémﬂﬁﬂeéﬁ pyrim do[ 4, 5-d] pyrimdin-2
-one (Exanpl e 21c)

(+‘J-1(34}1sf-(mahezmjgénwﬂ)ammethyl-#p}{e@iﬁmﬁ@S A3liliydar dky - cycl open
p’%(%‘%[é’%éiw“ g)%{f ﬁggfémoé% I—i— pyrim do[ 4, 5-d] pyri mdin-2
(=) 6 8-(4 Eieﬂmmr-phe}l}'ﬂ@}ﬂ meth)rl-2 -ox0-7-phenylamino-3 4—thydIo -2H-

Py%nlf{ftﬂ gfyﬂgtﬁ’cﬁxg }l}ﬂélrﬁéc%é%w%)oxy| (R -meth)rl-et

(H)-3)[ S@Hkﬁioﬂiﬁp%nﬁb Wi bipy-phdtiyid b, D4-dhpyto-2Hi di n- 2- 0
pyRiEhid S Ay At R 1] -benzamide (Example 6);
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3- (4-chl oro-phenyl)-7-(4-fl uoro-phenyl am no) - 1- ( 2- hydr
oxy-|-(R)-nethyl -ethyl)-4-

(S)-nethyl -3, 4-di hydro-1 H pyri m do

[4,5-d] pyri mdin-2-one (Exanple 210; WD 2004/041822
PCT/ EP2003/ 011896 -19

W(ﬁm{,‘ﬂ,n@ﬁl oro-2-fl uoro-phenyl)-7-(4-fl uor gcBRSH4HARINO) -

1- (2- hydroxy-1I|-(R)-net hyl -
et hyl) - 4(S) met hyl - 3, 4- di Bdr o- | H- pyri mi do[ 4, 5- d] pyri
one

3 ?49 sy r@%ﬁ@;&%@a %(égwdrl’éﬁvl-? Pbﬁy’lawm’gﬁ 3B F9 ) - 4
1H-syrinpide[H1d] prriphirim Hoasi Bngnple 8d);
%fﬁ') g"(gﬁgorrgélml_gﬂg };/cy Iphenjgl? hﬂne y?L -0 eny ammo -3y 4ed1£1Eéanpl €

2BL-pytingifd]65 ol Prifrliden-gl] phenydtrjle (EXQrﬁplhgkd;r 0)y- 1- (R) - net hyl
-ethyl)-4-(S)-methyl -7- . .
(ﬁﬁé'ﬁ%ﬁ%rﬂ?%é‘ﬁ%l}%fom%%ﬂb‘iT%%FTOW'&@PW%@H]OM”ii’HY‘HP‘n- 2-

%hpyr(nﬁddﬂ:ﬂ@yﬁﬂm@m -1~ yl} -benzamide (Example 10);
4- chl or o- phenyl ) - 1- ( 3- hydr oxy 81 - et hg/l - propyl) -
(é) %-353- ;l#@qoh@mﬂ;olfp’fpéﬁﬁﬂ)w%ﬂ 1-phenyl-‘7-p enylammo 4-dihydro-
131 -Ayrihnithy| d 5@l pykdeniiin -2 oh €@xabne epyri m di n- 2- one ( Exanpl e

21j): d
13(2](11)4':1@;12&(8:@ethﬂlﬂ%ﬂwﬁﬁé}@%ownhepﬁl-w&%%@]zmﬂsﬁﬂﬁéﬁﬁ yl

lisialae) Vil }mﬁmﬁfﬂﬁ-sr@pﬂmm 2tdne (example 13d);
phenyl am no- 3, 4- di ]%/_droll—l-pyrlmdo[45d] rimdin-2-

lodehyioxamiRemethiiethyAd 4 wrnthosrmbreyiyf-Rhmebrvent i on are
phedybatinged 0w dbGH-HehiddPRS-K| prastin-2-thegemonrgound s

are useful in the treatnent or control of cancer,

Ip@rhyxouy- Merthﬂﬁ@a&)ﬁéﬁﬂneﬂmwbwlﬂﬂ+(8metbﬂ17rldlenmﬁ%-
3P@EYdrd-C B Pydimido PiSd] pyrinbifi 2- 6l (BAmPRASHI ost at e t unors.

These conpounds are highly perneable to cell

3nféreethove phembl-4 thelbyl obsabeizdl-iin(Shghauseting] -3.4-dihydro-

19 ﬁ@hﬁﬁﬂé[@,@ldpliﬁlﬁudﬁ{ 9bhd @RamdpletB)as i nproved oral

bi oavai l abi[ity. In an alternative enbodi nent, the
}b}-éTs[éf(& -netho@ypheoyl)- Bﬁieﬁ@b@ok@sph@yln%@%&tmwdm

py2hiRs iﬁﬁ%ﬁﬁl@ﬁ 1]-RighGnyhcet-B 2% (ERRRIGOFPOUN Of

or a pharmaceutically acceptable salt or
(ebl-élraﬂshe}ryémﬁcy cythoksd)-pl{aniedoepplear)-4-aethybEphinglamiman
¢ﬁ;¢!ﬁ% 438 # Frdbnigin -o&¥m b 2bt); the 20 form of

abI ets, ate ets, dragees, ‘hard or soft gelatin
1e[@ﬂ€m)$hydﬁﬂ’y4a¢do@fmyll E(n;ineﬂhmphaﬁ;ﬂ -5 (B pesi-ons. They

B &l[}hﬁhl?&?’?ﬁ]h OSi toﬁqgg&?” 4 r erﬁ[uérg? (Eﬁ—ﬁl?%}rli exalrrrr;l Eehe

1k IOlS;ﬂSE—ﬁh@cﬂrqufydbp%ﬁ@I}BL(@ﬁnﬁﬁﬂprh@ﬂB -4 E}:metaﬁavr piRaAathingal
t con‘prl Si ng
bo%ngh%mgsnﬁFm&% dr& gﬁﬁ 139sgl ts thereof, may
7o@- ﬂﬁ&f&»ﬁ}aﬁ;ﬂm&b - [ﬂll@3mli‘}ﬂ['ox:ﬂ&ﬁlopllm&ymmwméﬂioxy%ﬁeﬁyﬁe
0 . ONa

ket P A o R SRR Phe e 0y g,

Iﬂrua Hagylargﬁ@gleﬁxmmgdmﬁf cy'c]MﬁHﬂm)!Jsz(h-&&tﬂbkﬁﬁﬁe%ﬂ?—S
7}3 SRR A AL NS SANae SO at od

er’ape mf i 7 Hor ganrc ‘or 8% gant’

70@LfubRf Shenylamino)- 1-(2-hydroxy-1-(R)-methyl-ethyl)-3-(4- methoxy~phenyl)—4-
(§)-methyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 21e);

3-(4-chloro-phenyl)-7-(4-Auoro-phenylamino)-1-(2-hydroxy-1-(R}-methyl-ethyl)-4-

- (8)-methyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 21f);




10

15

20

25

30

Lactose, corn starch or derivatives thereof, talc,
steric acid or its salts can be used as such carriers
for tablets, coated tablets, dragees and hard gelatin
capsul es. Suitable carriers for 30 soft gelatin
capsul es include vegetable oils, waxes and fats.

wol2eReAsNg on the nature of the active suPShLA@RFHs96N0

carriers are generally required in the case of soft
gel ati n capsules. Suitablld-carriers for the

S e I N e SO R LR A URPR ORI ok TR

el ﬁé&]-@etbﬁﬁr‘lr@h@mF ti-pympidoitiselipainedingtae (Eampehtd)s, -
----- 2004/ 041822 P P2003/ 011896 . - 20-

R W RRER s LA M AN K it

3&uﬂhdutHﬁ@smmﬁQMﬁaw@wmm@nﬂkme&kﬁnﬂezﬂwpp03|torles are

gt ral gr h rde?ﬁg oils, waxes, fats and sen1-I|qU|d
s Eios2-MprpsPhomel ke B Pl (il € ohes) aRir s o
phanbaine-pi-dbeiro i gydanriof4s5-d) syprinibinl - atie m@:am@gemﬂ) S,
stgﬁ]I|2|%% gents wettin agents enmul sify

34 frehlpe-rhenibleh BrivAty e ddractint-groprh ﬁer)~rseth)é€mh§n amino-
3 f4ddhydrol N paDEad[8,5-dhptitdib-oony @xythplg§)ndos not i ¢
pressure, buffers, coating agents or antioxidants.

3ffrakjororilugraspheay 43 hvds@}irﬁélr(Si -pethdpmenyl) afS)-ynethsl-Trabl e

phaplshimncgisdihjdas | Bgingido pbdi)pirbnaib-2a (MempRrgredi ent s
ot her than those of fornula |I. The present invention
is further directed to the use of a conpound of

f la | treat | a t,

col 00 e ek e P ation e Retee: Adh RakhRiaRe, i o
comppoandhareascliAn the freatinent e estitrolfof cancd, it haticaly ﬂartreatment
oﬁa‘oﬁeator aoBd &mmzpeaﬁcamy &aﬁmﬂg} 60195 mfd@&mke&uhmrs aMEksOr
cdrﬁp%uﬁ@s ate hﬁ@@’ ﬁ%eaf,)lg % cg_III man%/raﬁets ﬁ!:éd%hus é)lgrpsgsa ﬁ%gn%geo?sor mul a

pres
IPa“’a‘éﬁbélt}L@@ﬁlﬁlsuqhﬁs rapsove emtbieamtilsbitycont r ol of cel |
proliferative disorders, in particular oncol ogi cal
di dorudesatiErededinernpbepedentamenfiarahtesd iphasaddbtical

ccrn%aamcwp&m gt IERIRRUAESuAl afa@fw 168t n@h&hﬁ@%ﬂ{é S' n

nt. or .control™ of solid
arf%» &igﬁ‘ﬁngerﬂbefeé’gst col on, |ung and prostate tunors.
Thlﬁéﬁt he present invention is further directed to a
Phagaqepticak comgositipancag bF pdmipisiarsd arally fagrampade &ei ng
fohn oftalfett, icenid tahihmﬁegées) har8 uEdft laInamysulds) sctiitions knvlsions

emonmuhﬁ &&m&&nlgu br ex aﬁ U theh,%mo ' t 20

her a ective a
S“aafef&?rerér?& Barwt%r YT S e O IR SNt of |
co ound that is effective to prevent, alleviate or
Pramecegirphsompesitiohs efiteeasent bvension Iccungg‘lsmh gorgpaundsy g
of(ﬁrniuliﬁ, MARY 216 balth Bleft6f, b fRlRMufactured in a manner that is known in

the art, e.g. by means of conventional mixing, encapsulating, dissolving, granulating,

emulsifying, entrapping, dragee-making, or lyophilizing processes. These pharmaceutical
preparations can be formulated with therapeutically inert, inorganic or organic carriers.
Lactose, corn starch or derivatives thereof, talc, steric acid or its salts can be used as such
carriers for tablets, coated tablets, dragees and hard gelatin capsules. Suitable carriers for

- soft gelatin capsules include vegetable oils, waxes and fats. Depending on the nature of

the active substance, no carriers are generally required in the case of soft gelatin capsules.
Suitable carriers for the manufacture of solutions and syrups are water, polyols,
saccharose, invert sugar and glucose. Suitable carriers for injection are water, alcohols,
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Determ nation of a therapeutically effective anount is
within the skill in the art. The therapeutically
ef fective anmount or dosage of a conpound according to
this 25 invention can vary within wide limts and may
be determned in a manner known in the art. Such

wodgRAHg,WM | | be adjusted to the indivi du%T,ﬁﬁ?H)ohgggent S

in each particular case including the speci
conpound(s) being admi ni st®-ed, the route of

injstration,. the cni‘ionbin wel |
S BERN Eablﬁaﬁ%@haf@’églfléwd FRgET Sr&rtﬁﬁﬁ HriHPcase
safpoeitoaies aromatygalroe hirdemad oilxdvaxesi Bty prat sewiliqued padislst  humans
wei ghi ng approximately 70 kg, a daily 30 dosage of
abottie phrnifgeuticnl flapdtitiohsal Q6o dWltainPi BE@Ing Bleyitsf solabilidfput

geigx? h%ﬂ%&[g%%gﬂtw&ﬂn%qgems@nulsﬁag%&gmp @w%gep In %e'ﬁ@t Sioring

exce

agenth féaafnétég agenﬁn tﬁfaw @03%6588&38%% CAiEs AR g

- astioxfflaets 0Tis caralsb porgkiiv btﬂ&dhafh@@ﬁ&a]ly@ﬂluitﬁﬂ‘sub@@t&ﬁhéﬁcﬁig

aézﬂ{ﬂx{%l &E{'fé%ér&@m | JineTBYR B0tk of BRI, CONL I nuous i nf usi on.

I n anot her iment, the invention is directed to a

br o’ﬁ'?sp%es{en II,FV IIH'.}OD erﬂ%‘%l%r \%ﬁ Icﬁ)eﬁ to tﬁe usg Ef aaw&l n&%uo@ 9orr\9l\ﬁa I for

formnu

WMFM%MWmmﬂmd pwztztc C%r)cerr '@aaéwmﬁer&g to
abORREpdtiEntGh néel of suel thrth@y aReffecRanobhtRsa cditpozhd of@brmilalll O
@OM% Ei n RL, R5, R6, BY and Rs are as defined in
claiml1l, with an aniline derivative of the fornula

NH2, 111 . R3.and R4. are as
el TR P AT OB B TP S mSO U PR
choponnidsof feBula 1, are useful in the treatment or control of cell proliferative
disorders, in particular oncological disorders. These compounds and formulations

containing said compounds are particularly useful in the treatment or control of solid
tumors, such as, for example, breast, colon, lung and prostate tumors. Thus, the present
invention is further directed to a method for treating such solid tumors by administering
to a patient in need of such therapy an effective amount of a compound of formula I
and/or its salt.

A therapeutically effective amount of a compound in accordance with this
invention means an amount of compound that is effective to prevent, alleviate or
ameliorate symptoms of disease or prolong the survival of the subject being treated.
Determination of a therapeutically effective amount is within the skill in the art.

- The therapeutically effective amount or dosage of a compound according to this
invention can vary within wide limits and may be determined in a manner known in the
art. Such dosage will be adjusted to the individual requirements in each particular case
including the specific compound(s) being administered, the route of administration, the

.condition being treated, as well as the patient being treated. In general, in the case of oral
.or parenteral administration to adult humans weighing approximately 70 kg, a daily

dosage of about 10 mg to about 10,000 mg, preferably from about 200 mg to about 1,000

‘'mg, should be appropriate, although the upper limit may be exceeded when indicated,

The daily dosage can be administered as a single dose or in divided doses, or for
parenteral administration, it may be given as continuous infusion.

In another embodiment, the invention is directed to a process for the preparation
of a compound of formula I of claim 1, which process comprises .




R7 CHs NNRs RsIb RNNNO/ R R\ R RO wherein
RO is H and if desired, b) reacting the conpound of
formula Ib with an acid halide or anhydride to obtain’
20 OR s RO 11 "~ 11 21 10 a compound of formula I,
wherein RO is -CGCOGCGOGCRor CORD, and wherein R 7,
0 and R21 are as defined in clai c)

Woi%ggg%r ed, converting the conpound of Eg%ﬁumﬁg)g{ll%nto
a pharmaceutically acceptZdble salt. WO 2004/041822
PCT/ EP2003/ 011896 -22 The present invention is also
atfierctipg eepmpouRd L thedormglti ng novel i nternedi ates usef ul
in the synthesis of conpounds of formula I:
()-[1-(2,4-dichloro-pyrimdif-5-yl)-ethyl]-(4-nmethoxy-
phenyl ) -ami ne (Exanple id); Ak__R

()-7-chl oro-3-(4-nmet hox¥sp )-4-met hyl -1 - phenyl -3, 4
-di hydro-I H pyri rn

|¥3ri m di n- 2- one
(Exampl e | e);

X
()-{2-chl oro-5- ! uiteﬁyﬁ“rbhenyl artt no)-ethyl]-pyrim
i di n-4-yl}-(4-Hethokxy- |phenyl)-am ne (Exanple 1f);
()-7-chloro-1I, 3-bi s-(48met hoxy- phenyl ) - 4- et hyl - 3, 4-di
hydro-|1 H pyrim do [4,5- d]pyri m din-2-one (Exanple

wheckin BLGR®, R%, R” and R® are as defined in claim 1, with an aniline derivative of the

f(grém% [ 7-chl or o- 3- (4- net hoxy- phenyl ) - 4- met hyl - 2- oxo- 3, 4
-di hydr o- 2H pyri m do[ 4, 5-

d] pyrimdin-1-yl]-benzoniggile (Exanple 5a);

| wherein R?, R? and R* are as defined in claim 1, to obtain a compound of the formula

RB
R?’
CH,
N7 X N R°
= R
PGS
R1
R R
RS

wherein R’ is H, and if desired,

b) reacting the compound of formula Ib with an acid halide or anhydride to obtain
19 20
R

P
10 a compound of formula ¥, wherein R’ is —C—0—C—0-C—R" 4 CcORY, and
wherein RV, R, R and R? are as defined in claim 1,

and/or c) if desired, converting the compound of formula I into a pharmaceutically
acceptable salt.
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()- [ 1-(2,4-dichloro-pyrimdin-5-yl)-ethyl]
-(2-fluoro-4-net hoxy-phenyl)-am ne (Exanple 8b);
()-7-chloro-3-(2-fluoro-4-nethoxy-phenyl)-4-nethyl-1-p
henyl - 3, 4-di hydro-1 H 15

pyri niido[ 4, 5-d] pyrimdin-2-one (Exanple 8c);

woledoadnbag- cbl oro- 3- (2-f 1 uor o- 4- met hoxy- phg@yh)md_‘mﬁggtﬁhyl
2- 0x0- 3, 4- di hydr o- 2H

pyrim do[ 4, 5-d] pyri m di n-122yl ] - benzonitril e (Exanpl e

9a) ; - (2-chl or o- 5- net hoxy- phenyl ) - ) .

| - Z”En,wz(f%\?ﬂﬁ RIEHen 159ie7 firedter) Iﬁ@@ﬁ@@%&f{ﬂ*ﬁl Q‘lt%Fmeﬁ‘%tes useful in
tHebsyrtigels of ch@pdundP6f formula I:

()-7-chloro-3-(2-chl oro-5-net hox) - phenyl )-4-nethyl -1-p

(Benye; 4%1&;}0&1 %wﬂﬁanlsﬁn -y th Ay-Phhy I iint ¥ (Rtabip R-16)3 €
(Example 1 : _

| (ﬂgj 319&5 ar a rﬁ&ﬂo}@ﬁ 9@?@@%’:&& 1 DB DX Wy dro (1B syl 5-€t h

4 )i dlhydro | H pyrimdo[ 4, 5-d] pyrimd
-one iExaane 130
@L {ZZbloetri- b(itrwhwwhew;ﬂmsqmﬁmwﬁrwdm R -L4rEelgr™ et hyl
phend)afRire[(Exafndle41)25
di chl oropyrim di n-5-yl)-ethyl]-1-(4-nmethoxyphenyl)-ure
B-1- @iﬁgﬁls%ml{i%ethoxy _phenyl)-4-methyl-34-dihydro-1H-pyrimido[4,5-
b i?henyl S|Ianyfoxy | - (R) - met hyl - et hyl
dp_y (%) T)nq.@i%npe a
hl -yl hyl 4- h h -
(:g)I I%@(c%ﬁ%q —r(tlg_ ;;n)(glgjl'llo:rc]y‘ l?henylg—ét—?r}etlwl l -0xo- A- dJr}E‘}?EIIOPZX gyn%ggo [l 5-ur €
dlpyhizdin-e1 -bentbiitrilelfFpdraply ba)si | anyl oxy) -1 - (R) - met hyl -eth
yl']-7-chl oro-3-(4-netho)cy-

a b-d
it b g s o

03/011896 -23

2-(tert-butyl-di phenyl -sil anyl oxy) - 1- | -eth
(- o s A et By Tt pieby1-5 4 by dfo- 1

pﬂhﬁﬁyMb(ﬂpﬁﬁ&&ﬂ&kﬁ&(ﬁ@n@kddhydrO | H pyrim do[ 4, 5-d] pyr
I m di n-2-one (Exanpl e 15a)

(-4 r&h?oréng.qmr@@qﬁau )Z:}imhth V12880384 dibydro-2H-
-| ﬂ%g%h)%§¥&§ﬂaﬁpbéﬂmﬂ el PQ gnyl et hyl ]-urea

chl or o- 3- nmet hgx henyl ) - 4- net hyl - | - S) - phenyl
<¢b@2wwoya-%m&empﬂl-i— e FoERa b R 2. one
(Bpleptay; 17). The conpounds of the present invention
can be prepared by any conventional neans. Suitable
| Hﬁ@tﬂ&%@s(zfcﬂbrosslﬁk@l@ﬁ}l—ﬁmeﬂﬂ) 1-RREG- TR SihAdre-1H-
?{OVI@ d i n E&ga(nm g §£neral y, conpounds of
PTG, & prg%%P'é tording to the bel ow 10
ld[gs(t%rrt—lbgte;dqdlg errgrll—qs anyl OX;}OIUES?~DIC&CYD8€£}%-%Chlor0-3~(4-methoxy-
phenyl)-4-methyl-3,4-dfhydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 13¢);

f—\

3-{2-tert-butyl-diphenyl-silanyloxy-1-(R)-methyl-ethyl]- 1-(R)-[1-(2,4-
dichloropyrimidin-5-y1)-ethyl]-1-(4-methoxyphenyl)-urea (Example 14c);

3-[2-tert-butyl-diphenyl-silanyloxy-1-(R)-methyl-ethyl}-1-(S)-[1-(2,4-
dichloropyrimidin-5-y1)-ethyl]-1-(4-methoxyphenyl)-urea (Example 14d);

1-[2-(tert-butyl-diphenyl-silanyloxy)-1-(R)-methyl-ethyl] - 7-chloro-3-(4-methoxy-
phenyl)-(R)-4-methyl-3,4-dihydro-1H-pyrimido{4,5-d]pyrimidin-2-one (Example 14e);




R 1. LDAOH C~NC 2. R-rl'i~cl &€\ C 1
Scheme 2 R fI' R NJ ~M ~~ OH POX3 x Ar' NH2 R - NCO
C NGC NC CA aNONH X=Br or CI 23CL4H
R 1 NBase k Ar-NH2 CIl NM110 HNNO s A6 15
Scheme 3R R R N RA R-NHZHCOCIZ Ni R Ar

’ : lk 0 HNM G-N10HN NO fl
woéﬁoécherzre4R" N, Ar Acid halide N Af orbgﬁﬁﬂ;guﬁ{h;cfﬁ ,

r
AHNNNOORNNNO Ar23-6 R M 8 RI V\D2004/O41822

1- {9{ 10531{:’ eny- ylox;g) (Rl)zxmewhy?gf:ﬁsl -7-chloro-3-(4-methoxy-

phenyl)-4-(S)-methyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 15a);

1-{1-(2,4-dichloro-pyrimidin-5-y1}-ethyl] - 1-(4-methoxy-phenyl)-3-[ 1-(S)-phenyl-
ethyl]-urea (Example 16); and

5  7-chloro-3-(4-methoxy-phenyl}-4-methyl-1-[1-(S)-phenyl-ethyl)-3 4 -dihydro-1H-
pyrumdo [4,5-d]pyrimidin-2-one (Example 17).

The compounds of the present invention can be prepared by any conventional
means. Suitable processes for synthesizing these compounds are provided in the
examples. Génera]ly, compounds of formula I can be prepared according to the below

10 described synthetic route.

Scheme 1
-
B ves
13
2 R*-CHO o )\Nf o
1
Scheme 2
R I B
oH \ x AUNH, T‘x _RUNCO _ 4 e
)\’f\ N/ o )\ v * ‘LNH
X=Bror CI 2 4
B w
Base YYOYY AMNR, A ,g
GI)\N N’ko —_— HE;-
5
15 Scheme 3
- R" R' ar
L 1o N N,N‘ COCI N/Tknuﬂl‘ AI’"NH I\1 R N
ﬂ\: H w“' ml,raj\)N\HH — N’go - H'F/L"/ 'fko
o N ol 7}1, 5,§|' Ar'en‘
Scheme 4

"
o Acid halide /IL
'\t * oranhydride )L J\ A,

N
1
A




The follow ng exanples illustrate preferred nethods
for synthesizing the conpounds and fornulations of
the present invention. Exanple 1 5 Exanple |a
()-1-(2,4-Dichloro-pyrimdin-5-yl)-ethanol N ~OH
Cl~N Cl 193.03
wolzhosbatez, 4- Di chl oro-pyrim din-5-yl) - et hapelp¥asniises
synt hesi zed from 2,4 10 dichl oropyrimdine (Al drich)
according to the Ilteratuﬁ@=procedure of Ple, N ;
Turck, A.; WMartin, P.; 3grbgy, S.; Queguiner, G Tet.
Lett, 1993 (34), 1605-16 nple 1b
'é% 2,4-Dichloro-5-(1-chloroethyl)-pyrimdine NC = CIN
foj_lgwu_lg qramgles frastrgte pesfamed egthegs for syn esizing the compounds and
férimlatiods, of e ok Bv@tibh.i M di n-5-)d) - et hanol (1.27 g
6. 60 mol) (from Exanple |la supra) in phosphorus
oxychloride (5.0 nL, 53gldy@wol) (Adrich), at 0 C
was added dllsopropyletﬁ -amne (2.60 nL, 14.78 mmol)
Ajﬂ%hlﬂha The reaction was stirred at 0 Cfor 5
at anbi ent tenperature for 15 m nutes and

nut e
the 0 C for The reacti on was cool ed
%ﬁ?ééﬁﬂéwgﬁwwﬁﬁuﬁé%ﬁﬁ%ﬁ“&nth toluene (10 nl) and
the m xture was then poured ipto ice (15 g). After
stirring for 10 m nutes, the | ayers were separated
and the aqueous extract S bafk washed with tol uene.
The conbi ned organi c e ratts were dried over
anhydrous sodiumsulfate, filtered, and concentrated.-
Purification by flash chragabtography (Biotage, 40M
10:90 to 15:85 ethyl 25 acetate - hexanes gradient)

(@}"‘1"?2 i ggfnm oy seu(aaomg L g8k iy | m di ne as

et brogdureab BN s A3

Mart:m, P Ba:rbey, S.; Queguiner, G, Tet. Lett, 1993 (34), 1605-1608.
Example 1b

{(4)-2,4-Dichloro-5-(1-chloroethyl)-pyrimidine

NT Cl
)l\ =
Cr N ]

15 211.48

To a solution of (+)-1-(2,4-dichloro-pyrimidin-5-y1)-ethanol (1.27 g, 6.60 mmol)
{(from Example 1a supra) in phosphorus oxychloride (5.0 mL, 53.11 mmol) (Aldrich), at
0 °C, was added diisopropylethyl-amine (2.60 mL, 14.78 munol) (Aldrich). The reaction
~ was stirred at 0 °C for 5 minutes, at ambient temperature for 15 minutes and then at 115
20 °Cfor 3 hours. The reaction was cooled to room temperature, diluted with toluene (10
mL) and the mixture was then poured into ice (15 g). After stirring for 10 minutes, the
layers were separated and the aqueous extract was back washed with toluene. The
combined organic extracts were dried over anhydrous sodium sulfate, filtered, and
concentrated, Purification by flash chromatography (Biotage, 40M, 10:90 to 15:85 ethyl
25 acetate - hexanes gradient) gave (+)-2,4-dichloro-5-{1-chloroethyl)-pyrimidine as an oil. .
(Yield 1.233 g; 88.3%).




()-2,4-Dichl oro-5-(1-bromoethyl )-pyrimdine NO1 1 ~
Cl C 255.93 5 A solution of
()-1-(2,4-dichloro-pyrimdin-5-yl)-ethanol (0.50 g;
2.60 nmmol) (from Exanple |la supra) and

di i sopropyl ethylamne (1.10 niL; 6.25 mmol) (Al drich)

wo'2bhs0flkRr ononet hane (0.35 nl) was cool edP(FﬂEPlcﬁys/ﬁw%

10

15

20

25

Phosphorus oxybrom de (0.73 g; 2.83 ) was ad

in one portion. Cooling b@h was renpved and reaction
m xture was stirred at roomtenperature. After 20

m dfeeRle 1¢ he reaction was diluted with ethyl 10
acetate and water. The organi c phase was washed with
br i(me2.ed8cHdies-(thioatebylppyrinidpg dr ous sodi um sul f at e,
filtered and concentrated to give crude
()-2,4-dichloro-5-(1- bronog¢thyl)-pyrimdine (0.61 g;
91.4% . Purification by st chr omat ogr aphy ( Bi ot age,
40M 10: 90 et hyl acet @tfé khexanes) gave pure
()-2,4-dichloro-5-(1-bronpoethyl)- pyrimdine as an oil
whi ch solidified when stored in refrigerator. is

Al ternatively

2. 4-di b
b bt G P PR R erga?e“%%&ﬂ A
(fsh Etainple 1o 5upeh) amcbcpmrmwhmyhmr(eﬂzm BL§125 rr@nc@d
oA ntHrl @tfihe orzshﬁg wﬂma&iﬂénam BHs3r oxfbonibes0. cmgnzeel to

|1 4 il ras
mﬁ“‘%@” aﬁﬁﬁﬂ%ﬂ? OX{F 8%) HM'EE} Qegt}) g@mﬁg ?eagfbf% h,arate
stirpedtat tohe twmwuerﬁfiﬁ%qwfeﬁaébﬁﬁ%%}faé ed Wiyl

a&eafté/m Ratesd CThE Gré&ﬂ_phaé@hf&s wahed wldrbrme xidthen dniad otehen

ed. he grcé/nc -b)airr'dlc]ﬁoro 5-(

oG oh sl shllpPed % PE h
b e DAL ﬁ»a EULRL TP LT %QJBWE?E )
4@, io0 uﬂlﬁ&c@dﬂd Hemm) gy plue (t)eZac—ﬂxchiurotSeﬂrmma@qthY@ 25

'pEr%%x?%anoﬁMhs wﬂ_éﬁ%tﬂc?ﬁ%ﬁ@ge% stirred at the
ane

enperature for an additional 30 m nutes. Ethyl

Iﬁr a?%'%?;@) g%é#dl‘@ ?ﬁ@%ﬁges aﬂ&bmal nﬁ@%nl Rggkeﬁgsded H

fallewper at ure between -75 to -70 C

Ethyl 2-formylbutyrate

A solution of diisopropylamine (120.6 mL, 0.86 mol) (Aldrich) in tetrahyrofuran
(370 mL) was cooled to -30 °C. n-Butyllithium (2.5 M in hexanes, 344.2 mL, 0.86 mol)
(Aldrich) was added dropwise at such a rate that the reaction mixture temperature was

kept between -30 to 0 °C. The reaction mixture was then cooled to -75 °Cin a dry ice -
acetone bath. A solution of ethyl butyrate (100 g, 0.86 mol) (Aldrich) in tetrahydrofuran

(170 mL) was added dropwise over 28 minutes and keeping the reaction temperature
between -75 to -70 °C. The mixture was stirred at the same temperature for an
additional 30 minutes. Ethyl formate (125 mL, 1.55 mol) (Aldrich} was then added to
this mixture over 25 minutes and maintaining the temperature between -75 to -70 °C.
The resultant mixture was allowed to warm to room temperature and stirred at room
temperature for 3 hours. With external cooling in a cold water bath to keep the reaction
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wo2t

The resultant m xture was allowed to warmto room
tenperature and stirred at room tenperature for 3
hours. Wth external cooling in a cold water bath to
keep the reaction WD 2004/ 041822 PCT/ EP2003/ 011896 26
tenperature bel ow 30 C acetic acid (98.55 nL, 1.72 nol)

followed by water (430 nli) EP2003/011896
chflororret hane (200 nL). After separat?ﬁg t 1ayers,

the organic layer was was¥ed with vvater (300 m.). The
conmbi ned water |ayer was extracted wt

tethrertere beiew Hiecetizead (85 mbnk 2cenhiras é@ﬂeéffglwﬁfébx KA
(FS)AsH &d:_ll_%ﬁohbth&&%ﬂmuﬁ, ) DA eHpbiatiny thelb e tht Grganit h%er on
e Sl cte
v‘a?%%h%’n% @ﬁ% AR @&fg SabHEE S
digblogorpetan ec‘avbl@é OFARBIF laxes oyt ipashed Tt AAREOBY e r
sﬁdlgrhﬂalcmfbbﬂlatc&bﬁdoﬂ@ldo SiL)s tThe basid adpmmrsednu@ &0 extanted with

& BRY R AP A mi? OAS( iﬁ er@the eﬁd&{feﬁ o%.@§od1um

| Sqq‘ffh %ﬁ% avlvzlt rﬁg Ogﬁ;rﬁ% urt eav pr}? r?fngntjs%me

odthslprddhcctmgs disti#led ever With tetr&idrﬁﬁata@fi %w%@l)le ga\ﬂ@wéqdhyﬂﬁ -2-
glec tﬂ%ﬁi h—fg&g@ Phe &b &ion A¥BALLVES AP 58 gil.%%mo ) )Sl 2-

ura {E’E"% ( sgagéangr gBe% S]ﬁtgeg to’ fum ng suI furl c

ac:ld 26 - 29.5%free S03, 135 nL, 2.65 nol) (Aldrich)
wi t frEegoredlg in an ice water bath 15 maintaining the
reaction tenperature between 8 to 15 C. After stirring
for an additional 30 mnutes, ethyl 2-fornylbutyrate
(46.55 g, 0.32 nol) (fr [Fxample | c, supra) was

added over 18 minutes k Ing the reaction at the sane
tenperature. After stirring for another 30 mnutes, a

second portion of urea 5. 07 0. 25 .nol s added
oo oD 68 N (et 1§ R wende el pripes e P
mﬂdmwm 5%ctmee BOS M353h, 268 thol (AldbdirwR cdobingie ratcawaefteth 65
Gt olglg ﬁﬁgeaéﬁonggﬁperagaggbéa;v%ﬁ B tf157RU [gﬁer(es?ﬁ'ﬁl ?df% bﬁditfb‘ﬂal
P optissoioy & ﬁﬁw’gm’fa&e RS gn@%faa&@f@“t@m%iq r?f?%i) i
addes! oz dB etinutes k&Hing theireaticarat the eame tevapemturoaddter stirgiag £270

aaé,th&%ﬁ &t s%&oawﬁymhﬁma 5d7% 0. Zfﬁﬁél} wandealoew185 C.

I}il‘lfl“ta% aé te léla{n?e temperatur% nTﬁ:eorgactemn mlxture was en st?n:ed a{ ed f or 20

temperature for 65 hours, and at 90 - 100 °C for 2 hours (gas evolution was observed,
and reaction was exothermic, with reaction temperature rising to 110 °C). The mixture
was cooled to 30 °C with an ice - water. bath. Ice (270 g) was added slowly keeping the
reaction below 35 °C. The mixture was then cooled to 5 °C and stirred for 20 minutes.
The solid formed was collected by filtration, washed with cold water, hexanes, and diethyl
ether and dried by suction to give S5-ethyl uracil. (Yield 38.85 g, 85.9%).

a
N)j/\
I
A

N,N-Diisopropylethylamine (195 ml, 0.86 mol) (Aldrich) was added slowly to a
mixture of 5-ethyl uracil (52.3 g, 0.37 mol) (from Example 1c, supra) and phosphorous
oxychloride (150 mL, 1.61 mol) (Aldrich) with external cooling in a cold water bath. The
mixture was heated at reflux for 3.8 hours and cooled to room temperature. Mixture was

2,4-Dichloro-5-ethylpyrimidine
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The solid fornmed was collected by filtration, washed
with cold water, hexanes, and diethyl 25 ether and
dried by suction to give 5-ethyl uracil. (Yield 38.85
g, 85.9% . 2,4-Dichloro-5-ethylpyrimdine a N Cl~N
N, N-Di i sopropyl et hyl am ne (195 nL, 0.86 nol) (A drich)
ed slowy to a mxture of 5-ethy 2.3
W“g@ﬁﬂagg nol) (from Exanple |c, supra) anlw zgggﬁ%ﬁous
30 oxychloride (150 ni, 1.®% nol) (A dri ch) with
ext ernal cool iqnﬂ% in a cold water bath. The m xture was
thrapoegd into iceBPU byl agtae Holmb) wa added andomixtvee sigehit 20
°C &30 hnktdidsavith bolihginen Yo S wiied b2 4h0 A8 mixture was filtered
o o i o OGRS O B PRI
Th¢ compined opggpic Bgersyas rded with waterd d30 g, drigd Q¥ Q™ wat er
stiatdfiltefdaennd eqistriniated todridessr Ehiveesidid was diseived nfethylegétate -

hgféhést(f‘i)r%d %.gg-e& éﬂfouff 'hk'f ﬁ‘!icﬁ: sﬁ ﬁ H@ﬂtﬁ{ﬁr&l& 8L e solvent

Gy e ULV Y

,[g ate -

F@gﬁﬁe@’a? %?y@ﬁnga dﬂ&‘%‘ﬁ &EW#
569er858%di um 5 sulfate, filtered and concentrated to
dryness. This residue was dissolved in ethyl acetate -
hex@heg-idhldrb-5800¢brdmhdettol) @ehidtlireugh TLC grade silica
gel and eluting with the sane solvent. The filtrate
was concentrated to drynesfto give

2, 4-di cbl oro- 5- et hyl - pyr ne. (Yield 56.3 g,

85 2% . ()-2,4-Dchl oré?)s - bronoet hyl ) - pyri m di ne
Cl Br N 10 N-Brormsucmmmde (64.2 g, 0.35 nol)

(Al drlch) and, 2 -azo-bis-is yro- _nit Al BN,

1. 78 Bgymesaecpinde) %64,@@ %%%&Al anded, %n%# Jaﬁ?bu

nRyilé {AIBYN1. T8 g){Slde¢hh ykre aqh:}ed tod sdlutien ¢f36k-Bcehdpro-0-e881-nol )
p{rlfl BPb.92 hél) (FRHPER le 'ic,gzﬁﬁ'og %‘ca&lﬁﬁz&éféﬁh&ﬁde%d 400

The m xt re vvas f or
e SHiRtE o Bt rtﬂ%%ﬁa laidltﬂnsmigw%ééﬁm o
Regegorf inbuae web filtened thytvgT LI gradecsiics gdll insleeluges] withrethykdcefete d
h¥iahdd (BN Yhe AESE Fhonce@AANS Aryhdss %) Ve-(ﬂ@ti hicklsate(nas

conc rate gi've - -di chl oro-5-(1-
b{% O%y Rty 1ci°¢i)e|d 81 3 g, 100% . Exanpl e
' Exampleld

(£}-[1-(2,4-Dichloro-pyrimidin-5-yl)-ethyl] - (4-methoxy-phenyl)-amine

v
CI/I\N/ cl "

298.17

- (4)-2,4-Dichloro-5-(1-bromoethyl)-pyrimidine (1.97 g; 7.70 mmol) (from
Example 1c supra) was dissolved in acetonitrile (21 mL). p-Anisidine (0.95 g; 7.70
mmol} (Aldrich), potassium carbonate (1.17 g; 8.48 mmol) and potassium iodide (0.32 g;
1.93 mmol) were added and the mixture was stirred at room temperature, After 16
hours, the mixture was partitioned between ethyl acetate and water. The organic phase
was washed with water and brine, dried over anhydrous sodium sulfate, filtered and
concentrated. Purification by flash chromatography (Biotage 40M, 20:80 to 25:75 ethyl
acetate - hexanes gradient) gave (+)-[1-(2,4-dichloro-pyrimidin-5-yl)-ethyl}-(4-
methoxy-phenyl)-amine. (Yield 1.82 g; 76.3%).
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()- [ 1-(2,4-Dichloro-pyrimdin-5-yl)-ethyl]

- (4- met hoxy-phenyl)-amne ow |\ H H 20 Ci11 k" C
298.17 ()-2,4-Dichloro-5-(1-bronoethyl)-pyrimdine
(1.97 g; 7.70 mmol) (from Exanple |c supra) was

di ssolved in acetonitrile (21 nL). p-Anisidine (0.95

wobos64182 ol ) (Al drich), potassium car pefasBoslodissk’ 9

8.48 nmol) and potassiumiodide (0.32 g; 25 1.93 nmol)
vvere added and the mixture?8tas stirred at room
era ﬁl After 16 hours, the m xture was

par §d bet ween et hyI acetate and water. The -
organl c _phase was was wi th water an(gligwrl n% dri ed
ovelHanEleRood- Ig%qwh%nm>~rla?%hﬂ~ﬁlpﬂlelg}éé gro-1H-
pyomiefd, -djpedinidAd-odd cati on by flash chromat ogr aphy

(Bi otage 40M 20:80 to 25:75 et hyI acetate - hexanes

gradi ent) gave

()-[1-(2, 4-dichi oro- d@/Syl) ethyl]-(4 30
nmet hoxy- phenyl ) - am 9\ d 1.82 g; 76.3%. WO
2004/ 041822 PCT/ EP2%0 -28- Exanple le
()-7-Chl oro-3-(4- rretho) henyl)-4-rrethyl-

| - phenyl - 3, 4- di hydr o- | yrim do

[4,5-d]pyrimdin-2-one N CI~-N N~O 5 380.84 To a
sol ution of 380 .
()-[1-(2, 4-dichl oro-pyrim'(%n 5-yl)-ethyl]-(4- rrethoxy-

henyl )- amne (0,14 q; 0.46 mol
g'uprélx?g Yop 8?@%‘&5(2(41&%11‘3”0' )&l) fﬁﬁ@i;ﬂ%’me\%g cﬁ’ﬁﬁ” e
afifi (D14 g0.46 BB Frpm EAdnafid Iclsipra) Thioheot (1rhld waneided et d
Iéoeyaﬁ&e Eslo! nh%fh;xlﬁén (Mléh)?&'ﬁﬁ!fﬂ%%()n Irad e Il.ntaaln%ﬁgllﬂ1 a@punt
Bt R aont L PR SR ey epatet o AR v
radibe of Mlushefamtex(t? Sib; HE ammi) Wwasraddedandidhe itixtem é#ate_ﬁﬁor
Al la i) 15N Qe @%ﬁ Blido E&meﬁaﬁ&mm&a FeRetioh M@s
cogc;?%éatt% TR esid e v ?Q‘maci afr%ese %é;iuﬁau e Bide térﬁ}léelfl fu%]tJ ed

(

hexanes an e naer
vacuumn.

This solid residue (intermediate urea) was dissolved in freshly distilled
tetrahydrofuran {1 mL), cooled to -3 °C and treated with potassivm tert-butoxide (1.0 M
in tetrahydrofuran; 0.5 mL; 0.5 mamol) (Aldrich). After 15 minutes in the cold, the
reaction mixture was filtered through a silica gel pad (2.9 g silica) and washed with L:1
ethyl acetate - hexanes and then ethyl acetate. The filtrates were combined and
concentrated. Purification by flash chromatography (Biotage, 405, 35:65 to 50:50 ethyl
acetate - hexanes gradient) gave (i)-7-chloro—3-(4—methoxy—pheny1)—.4—methy1-1-phenyi—
3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one as a solid. (Yield 0.14 g; 77.7%).
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vacuum This solid residue (internediate urea) was
dissolved in freshly distilled 15 tetrahydrofuran (1
m.), cooled to -3 C and treated wi th potassi um
tert-butoxide (1.0 M in tetrahydrofuran; 0.5 nm; 0.5
mol ) (Aldrich). After 15 mnutes in the cold, the

wol2ReikAN m xture was filtered through apgiki:6@R088 Pad

(2.9 g silica) and washed with 1:1 ethyl acetate -
hexanes and then ethyl ace®ate. The filtrates were
conbi ned and concentrated. Purification by flash

c hrixaapls é aphy (Biotage, 40S, 35:65 to 50:50 ethyl 20
acetate - hexanes gradient) gave

() -E-¢hColow-B - @-matiicrp phenylaminmyHethylirpyranifipr4-1l-Bheny | -
st xA bR ES-Aminkt pyri mi do[ 4, 5-d] pyri m di n-2-one as a
solid. (Yield 0.14 g 77 7% . WD 2004/ 041822

PCT/ EP2003/ 011896 - \I f
()-{2-Chl oro-5- [I-(4 enylanlno) et hyl] - pyrlm
1 din-4-yl}-(4- neth ny )-amine it O /Il HC" N

NH io 5 384.87 NH
oethyl)-pyrimdine (0.41 g;

()-2,4-Di chloro-5-(1 ch/a
1.94 mol) (from Exawp!’h b supra) was dissolved in
Api sidine (0.25 g; 2.03 mmol)

acetonitrile (2 m). p-As

(Al drich), potassium cafbonate (0.30 g; 2.19 mmol) and
pot assiumiodide (0.04 g; 0.23 mvol) were added and
the m xture was stirred 3&t87oomtenperature. After 40
hours, the io m xture was partitioned between et hyl

ac elqh a-Hedordat (@/chlorbbdylpHoaidie ATl Masmaéhes W t h
Bfl L 1b%gp‘i a?%a” &?solvgcf el e(gﬂﬁ?’dg%iﬁdlﬁ%'z!i'g‘%%ﬂ'u%ﬁ&?

concen rate fiication

(4lFri ot rbontr B30 ge2- Kommod end&@taé%ms@dsie Gt 23
nﬁﬁcﬁl wdr€addeduand @nasixig i aittel ag@um temperature. After 40 houss, the

Lu{e%vag p 091 c?be&vélaﬂ%:%%feﬂ dW&éP Y@ U}gﬁlﬁé plﬁEJWer ladiyd i m

I n s OUS sod\{um sﬁfgge, teregl ande concentratgd 9,
P@])lﬁc%ﬁc(rﬂ}ylﬁ.‘thl'vbnoyna]mgﬂpw (BiofagaddN20:80 toiBhsthyl Zeepieeny | ani n

h@ames %an.{.em Q:[v@ (il)hb—cﬂxlroi-m ld@[—xﬂetédx?-]pﬁéﬂylMDQﬂl%j Bitenidin-

4.-y1}-(4-methoxy-phenyl)-amine. (Yield 0.19 g; 25.9%).
Example 1g

(i)—S-(4—Methoxy~fhenyl) -4-methyl-1-phenyl-7-phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one

«f@r
P o
O

(£)-7-Chloro-3-(4-methoxy-phenyl)-4-methyl-1-phenyl-3,4-dihydro- 1H-
pyrimido[4,5-d]pyrimidin-2-one (0.13 g; 0.33 mmol) (from Example le supra) was
combined with aniline (100 uL; 1.10 mmol} (Aldrich). The mixture was heated to 110
°C. A clear solution resulted upon heating and then a new solid precipitated out of
solution. Reaction mixture was cooled to room temperature after 45 minutes. The

437.51
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O AN\ HN'" N NLO 437.51 20
()-7-Chl oro- 3- (4- et hoxy- phenyl ) - 4- et hyl - | - phenyl -
-di hydro-I H pyrimdo[4,5-d]pyrimdin-2-one (0. 139

0.33 nmmol) (from Exanple | e supra) was conbined with
aniline (100 L;1.10 mml) (Aldrich). The m xture was

wohaakae2t 0 110 C. A clear sol ution reSUb@'ﬁﬁbzb{Q@ﬁsgﬁ

heati ng and then a new solid precipitated out of
sol ut| on Reactl on ni xture®das cool ed to room

el Bt St P Pl A e
4ﬂMxﬁl‘f@§o %58 ethWéﬁetﬁar herchnseigrivient ) lwgive £hr bitemeberaphgayl)-
4 Bif-agBenyl-A0Mnylai0s 4-8ihfaldo-D8- p?fulﬂﬂo[éf;&;@ adidin-heaeanes

oﬁ%hﬁ@%&fl aﬁﬁ%hrgﬁglh%}_l ﬁ'frgu% a@e%(.%/ ]%Q%@% tg 1e1d 2|1 Iél-mr%/ i d
1618%) 5A FpF TR A W-Péfrfv e Ysldrhe@' Taf t er
phényiindd d-3,4&ihydos 1HFEQ'Eﬁ1ﬂio|D€y5 dpewhidine?-encdkaeaits the(siHiaind

0 ial . . _
D kL

yI am no- 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2-
one adheredtothe silica and vvas eluted with 50:50
FER-Mp(ESAowe Gtlentated for Goaffaa:O2 (W-1)d: €48 1035: Feomd) 4398P%7i ng
Point: 222 - 234 C. HRRM5(ES') mz Calculated for
C26E23iple@2 [ (MHH) *]: 438. 1925. Found: 438.1927 10
Exanpl e 2
3- (ﬁf@ﬂ&dﬁ&aytphm@imemm))méhyﬁ hghm]uaﬁb@myzi dﬂy@@@nyl am
m& ﬁ(ﬁmﬁl{%ﬁ yrlm yrim di n-2-one
PR E é *537.51 15 The racemc
()- 3 (4- met hoxy- phenyl ) - 4- b-1-phenyl -7-phenyl am n
0- 3, 4- di hydro-| H py#d ni d [iyd pyrimdin-2-one (from
Exanple | g supra) vvasNr Sof'véd on a Chiracel OD

colum (1.0 x 25 cn"),N iple runs. Th first
el uti ng peak gave 3 4-
met hoxy- phenyl ) - 4- | -1-phenyl - 7- phenyl am no- 3,

4-di hydro-1 H pyrim do[ 4, 5-d] pyri m di n-2-one.. Melting
Point: 218 - 233 C
437.51

The racemic (£)-3-(4-methoxy-phenyl)-4-methyl-1-phenyl-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (from Example 1g supra) was resolved on
a Chiracel OD column (1.0 x 25 cm) in multiple runs. Th first eluting peak gave 3-(4-

‘methoxy-phenyl)-4-(R)-methyl-1-phenyl-7-phenylamino-3,4-dihydro-1H-

pyrimido[4,5-d]pyrimidin-2-one. Melting Point: 218 - 233 °C.
Example 3

3-(4-Methoxy-phenyl)-4-(S)-methyl-1-phenyl-7-phenylamino-3,4-dihydro- 1H-
pyrimido(4,5-d]pyrimidin-2-one

o
Chial ,Q’

J\TA
3 0

437.51
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20 Exanmple 3

3- (4- Met hoxy- phenyl )-4-(S)-nethyl -1-phenyl -7-phenyl am
no- 3, 4-di hydro-IH pyrimdo [4,5-d] pyrimdin-2-one
Chiral = -1 O- HNIN NNO 437.51 WO 2004/041822

PCT/ EP2003/ 011896 -31 The racem c

wol2dmBaikA- et hoxy- phenyl ) - 4- met hyl - | - phenytrémpfianNdsam n

0- 3, 4- di hydro-1 H pyrim do[ 4, 5-d] pyri m di n-2-one (from
Exanpl e | g supra) was resollved on a Chiracel OD

g?hﬁrg,n{@cgl Oﬁia-i —gl%%?oxyi-ﬁle% m%thel 1- eny1~7 Iﬂm n;ﬁa%:zgg q 4-

dibydwetthpyrivyidq A& ity yimkdig-SjonatitomyBxainple hipnipts) Fasxkrelved @i n
aQ:h%aér@b btataR ¢1.d% B cPfMEﬂ F@L fon®:- ﬂe@%ﬁh&l&ﬁd@ KGR 3-

B BB Ry - 3, 4. ai

phisidel45Hd] pysiprirlini dene] Meltisg Byintp P23 #96fG- 2-one i 0 N NAO

/o 10 410.86 A solution. of

() -E@mpkldeor o- 5- [ 1- (4- net hoxy- phenyl am no) -et hyl ] - pyri m

idin-4- yl}-(4-nmethoxy-phenyl)-amne (49.4 ny; 0.13
M0 7(¢1ﬂ&m15&@&@@@&@%&%&@1@14&@5@;@@1 hane (1.5

1%1.1dm@ g_‘gl ,an ice - water bath. 'To this
PESTIP Wﬁ‘oa et triethyl anine (0.18 ni;1.29 nmol)
(Al drich), followedbyphosge s,ol ution (1.89 M 15
0.34 nL; 0.64 nmol) (Pl uka) fter two hours in the
cold, the reaction v@g’l‘kﬁ! d wth additional

di chl or onet hane andy sequentially with water,
~di l ute aqueous hydr ochi c acid, dilute aqueous

sodi um bi car bonat e, and ine. The organic | ayer was
then dried over anhydrou¥ sodium sul fate and
concentrated. Residue waS purified by flash

chr omat ogr aphy (Bi ot age, 12M 40: 60 ethyl acetate -
hexanes as solvent) to gjj4gs() 20

7-chl oro-1, 3-bis-(4- nethoxy phenyl ) - 4- et hyl - 3, 4- di hyd

<o |0 SR 08 o i

4—methoxy—pheny1) -amine (49 4 mg; 0.13 mmol) (from Example 1f supra) in
dlchloromethane (1.5 mL) was cooled in an ice - water bath. To this solution was added
triethylamine (0.18 mL; 1.29 mmol) (Aldrich), followed by phosgene solution (1.89 M,
0.34 mL; 0.64 mmol) (Fluka). After two hours in the cold, the reaction was diluted with
additional dichloromethane and washed sequentially with water, dilute aqueous
hydrochloric acid, dilute aqueous sodium bicarbonate, and brine. The organic layer was
then dried over anhydrous sodium sulfate and concentrated. Residue was purified by
flash chromatography (Biotage,12M, 40:60 ethyl acetate - hexanes as solvent) to give (¥)-
7-chloro-1,3-bis-(4-methoxy-phenyl)-4-methyl-3,4-dihydro- IH-pyrimido{4,5-
dipyrimidin-2-one as a white solid. {Yield 42.6 mg; 79.2%).
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WD 2004/ 041822 PCT/ EP2003/ 011896 -32- Exanple 4b
()-1, 3-Bi s- (4- et hoxy-phenyl) - 4- et hyl - 7- phenyl am no- 3
, 4-di hydro-1 H pyrimdo[4,5-d] pyrimdin-2-one NN HNN
N~O \I \l ,0 5 467.53 The m xture of
()-7-chloro-1, 3-bi s- (4-nmet hoxy- phenyl) - 4-met hyl - 3, 4-d
wdWele@rsz2L - pyr i m do[ 4, 5-d] pyri m di n- 2- ONgct/p2RtdndisosD. 72
nmol ) (from Exanpl e 4a supra) and aniline (0.20
2.16 mol ) (Aldrlch) was h&ated at 100 C for 40
tes m xture was then cooled to room
ng e and triturated with hexanes. The resulting
10 solid was dissolved in dichloronethane, washed wth
wat &9-lnBist-medoxrdphieat-bmethyloptienritmisa3edie dem -
wantRM I-dbRthidbhBosesi due was purified by flash
chromat ography (Biotage, 12S, dichl oronethane
- followed by 30:70 to 50:5 Pacetate - hexanes
gradient) to give y
() 1, 3-bi s-(4- netho)y:p enyl ) - 4-net hyl - 7- phenyl am no- 3
dlhydro | H pyri mofM4,%-@&] pyri m din-2-one. (Yield
0.3039; 90.1% . 15 rial purified by
chr omat ogr aphy was wi th conparable materi al
from anot her experinent. Zhe conbined | ot was
recrystallized fron1d|chToronethane - ethyl acetate -
hexanes to yield
()-1, 3-bi s-(4- nmet hoxy- ph#dyk) - 4- net hyl -
phenyl am no- 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2-
.oneTasmanu@ﬁﬁ+Mhﬂﬂ@na0Hmd4:mﬁMﬁgbﬂmﬁD39mgbﬂ9¥®¢hwho~

}Hn:ﬁ@o 520n :gr 0,73 Hiétazsu ra) and
aﬁ@é@ﬁ%«? M%Qfgﬁﬁfél b Qfgg%g@eu s gae

nEx@reptae thsa cooled to room temperature and triturated with hexanes. The resulting

s@d 13&3 hﬁso@'&h Q.trcﬁ’c'h%r&rﬁeﬂ‘iﬁ% Q:6¥a RISt ahd $rif® hedl ove s @n 3
B #a%rtcan%ate&}l By ergiope g brflsh S Rely (iotse
128, dichloromethane followed by 30:70 to 50:50 ethyl acetate - hexanes gradient) to give
(F)-1,3-bis-(4-methoxy-phenyl)-4-methyl-7-phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one. (Yield 0.303g; 90.1%).

The material purified by chromatography was combined with comparable material
from another experiment. The combined lot was recrystallized from dichloromethane -
ethyl acetate - hexanes to yield (£)-1,3-bis-(4-methoxy-phenyl)-4-methyl-7- '
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one as an off-white solid.
(Yield 0.39 g; 91%). Melting Point: 228 - 234 °C.

HR-MS(ESY) m/z Calculated for CpyHzsN503 [(M+H)'): 468.2030. Found: 468.2032.
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CIN NON 5 405.85 To a solution of
()-[21-(2,4-dichloro-pyrimdin-5-yl)-ethyl]-(4-nmethoxy-
phenyl)- amine (0.10 g; 0.34 nmol) (from Exanple Id
supra) in toluene (1 nL) was added 3- cyanophenyl

I socyanate (66.6 ng; 0.46 nmmol) (Aldrich). The m xture

wosgsedigat ed in an oil bath at 110 C for pé¥BehRki18s

After cooling to roomtenperature, the reaction was 1o
concentrat ed under reduced3pressure. The residue was
tri ura{ed with hexanes and dried briefly. The solid
r eskXaa'e?

€CPnt er nedi ate urea) was taken up in freshly
distilled tetrahydrofuran (1.5 nL), cooled in an ice

- b 7 ¥ diomo-Artét rethe gt whanydi-f-mefhot- aowi-btndibedro-2Hbut oxi de

pirmidoMsid]prBitiabyar Rhsnale 370 L; 0.37 nmol)
(Aldr|ch) Adter 15 n1nutes in the cold the reaction

was conplete by TLC anal *~ was filtered through
~a silica gel 15 pad d washed with ethyl

acetate. The flltrgéé? concentrated and the residue

was purified by fl tography (Bi ot age, 12M

40: 60 ethyl acetate - nes) to
give()-3-[7-chl oro-3- (4 hoxy- phenyl) - 4- net hyl - 2- oxo
- 3, 4-di hydr o- 2H S

pyrimdo[ 4, 5-d] pyrimdin-1-yl]-benzonitrile as a
solid. (Yield 0.13 g; 8%06%. Exanple 5b 20
()-3-[3-(4-Metho)cy-phenyl) -4- et hyl - 2- oxo- 7- phenyl ani

ngesz osrc;?l{hpiy gif FS@] 49&{&1 ﬁ'xr[uém% ﬁ Q:Kﬂ] rﬁ' ﬂktﬁmly ﬁiﬁgllyl)
apine §0.105; %B%'awa <( ngs éﬁgﬂfsenaﬂﬂéﬂ mg2addedo- 3, 4

cyadd)p‘]'ygi)rl Bocyanate (66.6 mg; 0.46 mmol) (Aldrich). The mixture was heated in an

oR BRYY T P CIRk ﬁvoﬁlogz]gﬁ])(fég%%g to]royﬂl}eng:sfl}ﬁﬂ@ ‘rﬂeg%ag@oél(vpds 49
cfisek o heR g O AL oy BBl B0y 0 el
boefly. Bhesolid mmimwm@gmre@mas Ekeoasih freshiygtistilled3 4
té&ﬁh}f@:ﬂﬂ'an \Ipﬁmﬁﬁaﬂﬁd irDanti®e bRRé ballk Al Wete®ith fIARsiGA koAt | l on

L bl\é\éafﬂuft’ {10 n \&/:\I}gtgtlr co é%ggi g) #h i o%@lﬁ: hge t %dmmgtes -

15

20

25

theseld deapaction was équ@plt(tg by 'H.C analysis and was filtered through a s:hca gel
pddX064) ﬁfﬁltﬁh@i@)iwﬁth efhyllajetAe, Mk Bitdatera@eRcchtrpie My thddesidiee3, 4

W_ &g({ torgraﬁ]hja Blotalge, 1|2 %0 :60 ethﬁ{l atcetat]e hexanes) to

r|n1d enzo d white
D) - [7¢ Oéq %f stéma RhsvhoA Hnethyinspor %ﬂgdlbﬁ#?nz 524 - 228
pEimido(4, 5-d]py1‘1m1d1n 1-vl] —benzomtnle asasolid. (Yield 0.13 g; 85.6%).

Example 5b

(£)-3-[3-(4-Methoxy-phenyl)-4-methyl-2-oxo0-7-phenylamino-3,4-dibydro-2H-
pyrimido[4,5-d]pyrimidin-1-yl]-benzonitrile '

A mixture of (+)-3-[7-chloro-3-(4-methoxy-phenyl)-4-methyl-2-ox0-3,4-dihydro-
2H-pyrimido[4,5-d}pyrimidin-1-y}]-benzonitrile (0.49 g; 1.21 mmol) (from Example 5a
supra) and aniline (0.50 mL; 5.49 mamol) (Aldrich) was heated to 110 °C for one hour.
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HR- MS(ES+) mz Cal cul ated for C27H22N602 ([ M+H] +):

463. 1877; Found: 463.1883 Exanple 6

()-3-[3-(4- Met hoxy- phenyl) - 4- net hyl - 2- oxo- 7- phenyl am n’

0- 3, 4-di hydro-2H pyrimdo [4,5-d] pyrimdin-I-yl]

-benzamde ~N\  HNN NO 6YNH 10 O 480.53 A
wodedagien of PCT/EP2003/011896

()-3-[3-(4-net hoxy- phenyl )3;44- nmet hyl - 2- oxo- 7- phenyl anmi n

0-3,4 - 9%

B g et B R
peicipitetpd out of ol we collectsd smidyreanptllizaidt cemithammhitoiyishd ()-
- 39BL(EincBRkfiphenfip 4 A0 Sy SAGh YA EiHRIE-3HO0 M 0. 38

ro s o)l .).. dded.. ?ol , u rogen
i) e Dt 1 B o0y RSN (R 0O S 208
NiineiPaintaed 12688 renoved fol | owing the additions and
the m xture was stirred at roomtenperature for 3
HRoMSEES TFive Csloilatel fomGy/1dalN¢Ce (it ds3viazh Belmdi 46511864t er
and hot dichl oronethane. This crude material was
pur kbl 6by fl ash chromat ography (Biotage; 12M 99:1
to 80:20 ethyl 20 acetate - nethanol gradient) and the

purgypr [@q&'—ﬁe&fb&%ﬁﬁeﬁtﬂ-h-ﬁ%ﬁﬂ-%x@*}-pﬁ&lyﬂﬁﬁﬁ% AEB0Hr0-2H-
Pﬁ%g%[‘@h{%&ﬁbﬁmﬁ - 4- net hyl - 2- oxo- 7- phenyl ani n
0

3, 4-di hydro-2H pyri m do[ 4, 5 ?/?i m di n-1-yl ] - benzam d
e as a white solid. (¥ NoRF 6 ng; 57.9%. Melting
Poi nt 268 - 273 C (di-5gdhehgd on nelting). HR MS(El)
m z Cal cul ated for i?Hz 03 [ Mt]: 480.1910; Found

=

480. 1912. 25 Exany 7

()-1-(2,4-D chl oro-pyri mdi -Ngz-yl )-propan-1-ol WO
2004/ 041822 PCT/ EP2003/011896 -35 NOH C1 A, C -
207.06 Diisopropylamne (1.10 nL; 7.85 nmmol) (Al drich)
was di ssolved in freshlysgdsstilled tetrahydrofuran
(15 n.) and cooled to -78 C. n-Butyllithium (2.5 Min

hexgEision 3f :9-353 Th-inethodypHERR) -A—n(e&yﬂi-bfdﬁ-p%?laﬁ%%—
R A0 25 ol it O 0h WO GehiOfo. 1% (I MGT (el
Example 5b supra) in dimethyl sulfoxide (1.5 mL) was cooled in an ice - water bath,
Agqueous sodium hydroxide (1.0 M; 0.38 mL; 0.38 mmol) was added, followed by
aqueous hydrogen peroxide (30% solution; 70 L; 0.69 mmol). The cooling bath was
removed following the additions and the mixiure was stirred at room temperature for 3
hours. The solid was collected and washed with water and hot dichloromethane. This
crude material was purified by flash chromatography (Biotage; 12M; 99:1 to 80:20 ethyl
acetate - methanol gradient) and the pure product crystallized out of solution upon
concentration to give (£)-3-[3-{4-methoxy-phenyl)-4-methyl-2-oxo-7-phenylamino-
3,4-dihydro-2H-pyrimido[4,5-d]pyrimidin-1-yl}-benzamide as a white solid. (Yield 64.6
mg; 57.9%). Melting Point: 268 - 273 °C (discolored on melting).

HR-MS(EI) m/z Calculated for CosHaNgOs [M*]: 480.1910; Found: 480.1912.
Example 7a

(+)-1-(2,4-Dichloro-pyrimidin-5-y1)-propan-1-ol
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give a LDA solution. A solution of
2,4-dichloropyrimdine (0.50 g; 3.36 mmol) (Al drich)
in tetrahydrofuran (3 nL) was added to this freshly
prepared LDA solution over 12 mnutes. After 30
mnutes stirring at -78 C, propional dehyde (0.48 ni;
woofiugzol ) (Al drich) was added over 6 pthip6is0a868
stirring continued for another 35 minutes. The 10
reacti on was quenched wi th®t-he additi on of 25% aqueous
amoni um chl oride solution (15 nL) and was then
diluted with ethyl acetate™and water. The organic
phase was washed with (Jd portion of anmoni um
chloride solution and }ﬁgg brine, dried over
anhydr ous sodi um sul f @’enand concentrated. The residue
was purified by flash chromatography (Bi otage; 40M
15:85 to 25:75 ethyl acefpabe - hexanes gradient) to
give 15

( ) - éus@?poé?lghiﬁp Ioibqlﬂp?/ﬁﬂ IHhEh') Uﬁlénéﬁb Qvas%s@cﬂ% gt frégiﬂy distficg! d

tits lér%laraaw ed? ZE o P BRI P s rangsy 310
il 2.5 mmol ) ChldikhEwaPideddiBopwae® apd stiodingtcontimued for 30 minutes to
g(v): a LDA 2ol mbzaﬁ@) Y ﬁldm&d%yéhﬂnk (Mcpg@ 896 hnfl) (AR:idh

ey BN @y At T Bty e By Dl sobion averp o1
mipees. dger @mmtcsgmring at(- Z@C@mpv@nﬂ@qhﬁiedﬁ £& &qﬁénmol)
(eMatH) ekdddaéd el minbRs A ICHhOENtINRA ForRROEHIO bdisutes. The

Iga)éél(%r Yy Lge%cﬁegjﬁrﬁﬁ e adc#ﬁo%(sof ggBP F]auetgéla.%rﬂocﬁ\[ﬁ)m éﬁo%dggﬂﬁgn' n

one por 1 on renove
Feabend wasHhsn dijted éﬂth Fthléaceéﬁte and Hier b ereaniPhese Wbt er 15
washeditvizls 2 setdrel pdfioh @t @i tirite@olutixs: a0 tish binepdidd overe

&%%O%E)Mun?&ﬁ%@gérgl co;mﬁrra% f}‘ i ﬁ31m%??M%dB washed

[ over an us sodfum sul fate, .
Cbliomﬁ@sréahva{ﬁ@ta@% A Fatocks > elbrlarteherrs Bylene pve
(£ht-Oxadiddoragiyyim{d®i-oyhgepi@ijol. TYRH 0X6bgy B7%k et at e -

hexanes) gave crude
() - Bxafodtelrp onopr opyl ) - 2, 4- di chl or o- pyri m di ne whi ch was
used in subsequent steps w thout further

peaid T R R SO AT BB epao0sy 011006 - 36

pyrimdine ring proton i?j;i? NMR spectrum i ndi cating

sonme di spl acenent of the rigng chlorines with brom ne.
Exanpl e 7c JE\‘ Br

Gl N~ Cl

269.96

A solution of (£)-1-(2,4-dichloro-pyrimidin-5-yl)-propan-1-ol (0.26 g; 1.26 mmol)
{from Example 7a supra) in diisopropylethylamine (0.55 mL; 3.13 mmol) (Aldrich) was
cooled slightly (18 °C) to help offset the exothermicity of the reaction. Neat phosphorus
oxybromide (0.35 g; 1.36 mmol) (Aldrich) was added in one portion. The cooling bath
was removed and reaction mixture stirred at room temperature. After 15 minutes, the
reaction mixture was diluted with ice and ethyl acetate. The organic phase was then
washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated.
Purification by flash chromatography (Biotage 12M; 5:95 ethyl acetate - hexanes) gave
crude (+)-5-(1-bromopropyl)-2,4-dichloro-pyrimidine which was used in subsequent
steps without further purification. (Yield 0.23 g). The material showed 3 peaks for the
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- 1-(2,4-Dichloro-pyrimdin-5-),1)-propyl]-(4-nethoxy-ph
enyl)-amine A H\ 5 CINC 312.20 (),
5- (1 -Bronmoprop)l)-2,4-dichloro-pyrimdine (0.26 g;
0.96 mmol) (from Exanple 7b supra) was dissolved in
woaoetoanszz rile (2.5 nL). p-Anisidine (0. 12cgerfo:B0i896
nmmol ) (Al drich), potassium carbonate (0.15 g; 1.05
nmol ) and potaSS| um i odi de 6(0 04 g; i0 0.24 nmmol) were

de S_st .ed at gom t rature
RAPEE pholen B SN g S Gl s oD i SR EF B
cBloripes veilbdremiae and vvater The organi ¢ phase was vvashed
with water and brine, dried over anhydrous sodi um
sul Esneple #ci | t ered and concentrated. Purification by
flash chromat ography (Bi otage 405, 15:85 to 20: 80 et hyl

acetat[@-(2,4 mechie SyrBkididis -1Gé phenyl)-
()- EJIE’(Z( 4- di cbl g);ro pyf ?ﬂ?%?%ﬂy@yl )tﬂﬁﬁop;ﬁ] al(Iimls

met hox) - phenyl ) - am ne. 19 g; 64.3%. This
mat eri al agai n showed e for the pyrimdine ring
proton in the sane r | ds was seen in the starting

material. This mat®f &l owas used without further
purification. Exanpl e 7d

()-7-Chl oro-4- et hyl - 3- (43mrbhoxy- phenyl ) -

1- phenyl - 3, 4-di hydro-I H 20

pyr Wﬁ@[—]ﬁoéoﬁ]}ﬁl/)u AT 5o SyRRRiine (0.58 odERBIGeRE TO
%mqﬁgszpf&) s T g oA S 801 PSS 125 3Gt hox
mmolh Hdenjdh), paiadsite caxdonate (§:15 3,199 nymad) dnd phlesmuHrddpi084 Bic
 OMRA]]) wéde idakmehe(&ame)wam&reaat @gﬂegn Fh@!!l_i'ﬁb\_fter |16 t

[ e e Solution
B HERBSe ol bafine vdediBiackils b0d TR s
%b‘ﬁﬁh?ﬁg“ﬂﬁbweﬁfaem brémﬁé%wr aihydrpes SPéla@tSPl&tF {ilieged and
cemmmetcr Rufificatiol sy fehshdbetopRph (Biotdge a0SCTh:86itd 10:80@thaines

Tl ST e
Amgney {ig Hi"%)s hip arptarigl agei shored Hpeaksfpn ed
thﬁiymﬁifdtﬁi‘r gy lflﬂlemhi(e, mﬁ@ﬁlv@dse&x@m the sﬁrﬁlgdndtdrﬁhﬂ'hﬁ

Iﬂ&&&&%h&ﬁ%ﬂ&t%&éﬁﬂh&ﬁbge (1.OM in
tetrahydrof uran; 65 mmol ) (Aldrich). After

15]@ UI% in the cold, the

(%)-7-Chloro-4-ethyl-3-(4-methoxy-phenyl)- 1-phenyl-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one

NVep
oo
s

394.86

9’.

To a solution of (+)-[1-(2,4-dichloro-pyrimidin-5-y1)-propyll-(4-methoxy-
phenyl)-amine (0.19 g; 0.59 mmol) (from Example 7c supra) in toluene (2 mL) was
added phenyl isocyanate (83 uL; 0.76 mmol) (Aldrich). The solution was heated in an oil
bath at 110 °C for 1 hour. Upon cooling to room temperature, the reaction was
concentrated. The residue was triturated with hexanes and then dried briefly under high
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reaction mxture was filtered through a silica gel pad
(1 g) and washed with ethyl acetate. 5 The filtrate
was concentrated and purified by flash chronat ography
(Bi ot age, 40S, 20:80 to 40:60 ethyl acetate - hexanes
gradient) to give ()-7-ch|oro-4-ethy|-3 (4- et hox) -
bRy~ 1- phenyl - 3, 4-di hydro-1 H pyrimd imd
wo?n- m- one as a soli d (Yield 0.14 g; 609{5%‘150 hﬁw()
of this material showed oA+ two singlets for the
pyri m di ne proton i ndicating a m xture of the desired
ma!ugbe solidiresides (ngrmediBewerngs disspiveship Fedlycisibsiund
téfvahydabfarad €2 ml), cooled to -3 °C and treated with potassium tert-butoxide (1 OM

i dobr i 85 éL'b%%%ﬂM thesf BRSAMRAM NO
r%q?ﬁc?{fyg} @i?rgag_ H-dggr%r i f gl Baﬁi; mg]washedléwth eﬂ%‘l acetate

Ty lfsateapsoneodtzettdani pBrified byiish chymplogmpy)(Biotapd 408y R0: w 4-
SR aclt Pkt 1&&) 3k Pl =By 00 6nd3-

anll 50
ppenyf)- st id et B el sl Bl ops & "60#5{;%](251
Okt si0@86). 'TipdvMR elsbis m@naltslmvedmydv byossinglats farthet nyrimidier and
phdten meSatnk h Aekt® O bfi the Waifed Pk iR@laM@ the totredfdnding 7-bromo
o%n hl qr onet hane and washed with water ‘and brine. The
oréanlc phase was dried over anhydrous sodi um
sulfate, filtered and concentrated. The crude materi al
MES'ﬁﬁP} Fed by flash chromatography (Biotage, 12M

35:65 to 50:50 ethyl acetate - hexanes gradient) and

t held)drEBi-at(Hmetgxtpheplet whenyht ahearleminofiedrdiegso 18- gi ve
piimidio R Sd}Pyridid(d2-6®4 hoxy- phenyl ) -

1- phenyl - 7- phenyl am no- 3, 4- di hydro- | H pyri m do[ 4, 5d] py
rimdin-2-one as a whit pd. (Yield 0.11 g;
73.6% . Melting Point: 6 C HR-MS(ESt+) nifz
Cal cul ated for C27H25 [ MtH +):  452.2081; Found:
452.2083. Exanpl e 4/ 041822 PCT/ EP2003/ 011896
38 2-Fluoro-4-net%%ﬁy

ine FI1 \ 0O H2N

451.53

A mixture of (£)-7-chloro-4-ethyi-3-(4-methoxy-phenyl)-1-phenyl-3,4-dihydro-
1H-pyrimido[4,5-d]pyrimidin-2-one (0.13 g; 0.34 mmol) (from Example 7d supra) and
aniline (250 puL; 2.74 mmol) (Aldrich) was heated to 110 °C for 30 minutes. Upon
cooling, the mixture was triturated and the resulting solid was dissolved in
dichloromethane and washed with water and brine. The organic pbase was dried over
anhydrous sodium sulfate, filtered and concentrated. The crude material was purified by
flash chromatography (Biotage, 12M; 35:65 to 50:50 ethyl acetate - hexanes gradient) and
then crystallized from ethyl acetate - hexanes to give (+)-4-ethyl-3-(4-methoxy-phenyl)-
1-phenyl-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5d ] pyrimidin-2-one as a white
solid. (Yield 0.11 g; 73.6%).

Melting Point: 172 - 176 °C. HR-MS(ES") m/z Calculated for CyHasNs0, ([M4H]H):
452.2081; Found: 452.2083,

Example 82
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3- Fl uor o- 4-ni trophenol (10.17 g, 64.7 mol) (A drich)
was di ssolved in dinethylformamde (210 ni).

Pot assi um carbonate (45 g, 323 mmol ) and net hyl i odide
5 (5mM, 77.64 mol) (Al drich) were added and the
reaction mxture was stirred at roomtenperature

woavhnsght . (thin layer chromatography: 2éf@bdyliss
acetate in hexanes showed conplete conversion). The

reaction mixture was filtedd through a bed of Celite
g$ nggp&rate under reduced pressure. The crude
rat &7 P10 REDY “ated with ether and insol uble
materials were renoved by fidtration. The filtrate was
10 concentrated under re e pressure to afford an
orange solid. This mate (11.43 g) was dissol ved
in met hanol - (150 nL) and hydrogenated for 1.5 hours in

0 f 10%
Pk A MG DRI
?tbﬁfafﬂaagﬁg%}%@o/o‘f’eiaﬁw Ghopate S&n"?z
(B onipl 765t @arped)hBirish Joveye addivond e act-tiomnmiRtuge was ezlrwdst room
tédlﬂ,e&a%egvemgh@ ﬁ%éric&%emgeﬁ%eﬁmmtﬁ acetat% haaRt at e,
g eﬁ 15 goncen %n eg %h€?$§$ L ive
el SRS ROy LS RS F Y3 2%11
Celite® gndpnotentrategk wd@hd pressure. The crude material was tnturated
With- eEhlera(nanﬁolaﬂ@ma@ﬁas WOfE femodédrb ﬁhaéhan efthB YiltdateGds f | uor o- 4

chicgntiage@ﬁﬂe%rg%ﬂce) péesg%re D& atff(])rd an orange sohd qlus ma%rmf:( I?Qﬁ g)

Wey digsolzedip ai¢thandd (150 mil) prdfdeogenpted fosV.p hatug inrdarrappagetes,
050753, B Preserck bONMMEPaliR oh Carlitd[§1.8), (Aldrich). (thin layer

' l(}{/iﬁk &%F}C 1§§P£ %ﬁyg'é% abeo ro- e QHO%Q(;(%\I! |lﬁQe| %gv%gﬂil g; 0.78
HheongpGelis’] p‘ffaalyedvoetﬁl@thﬂéeﬁﬁrﬁrﬂée& in
camceﬁtmmdtundéreed@&drptessm givt Pfined-4ahetioxpmiline apdida (Yidd
3gﬁgnﬁbg 1The 25 reaction was found to be inconplete
en heated in an oil bath at 40 - 50 C
ove&géﬁpé Upon cooling, the reaction was partitioned
bet Ph acetate and water. The organic phase

ed W|th brine, drjed ove anhydrous S
sul ﬁéﬁ% 2:4-Prehlarosprrimidia-5opheibl @ Alnere-4-peibpyy: @5?’%0%’1{5‘3/
flash chromat ography (Biotage, 40S; 10:90 to 20:80
ethyl acetate - hexanes gra nt\) gave
()-[1-(2,4-dich|oro-ggj:§h <5-yl)- ethyl] (2- 30
f | uor o- 4- met hoxy- ph 2’{; amme. (Yield 0.12 g; 49.1%.
WO 2004/ 041822 PCT/ 03/ 011896

316.16

A mixture of (+)-2,4-dichloro-5-(1-bromoethyl)-pyrimidine (0.20 g; 0.79 mmol)
(from Example 1c supra), N,N-diisopropylethyl-amine (140 pL; 0.80 mmol) (Aldrich)
and 2-fluoro-4-methoxyaniline (0.11 g; 0.78 mmol) (from Example 16a supra) were
combined in acetonitrile (3 mL} and stirred at room temperature overnight. The
reaction was found to be incomplete and was then heated in an oil bath at 40 - 50 °C
overnight. Upon cooling, the reaction was partitioned between ethyl acetate and water.
The organic phase was washed with brine, dried over anhydrous sodium sulfate, filtered
and concentrated. Purification by flash chromatography (Biotage, 40S; 10:90 to 20:80
ethyl acetate - hexanes gradient) gave (&)-[1-(2,4-dichloro-pyrimidin-5-yl)-ethyl]-(2-
 fluoro-4-methoxy-phenyl)-amine. (Yield 0.12 g; 49.1%). |
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-39- Exanple 8c

()-7-Chl oro-3-(2-fl uoro-4-net hoxy-phenyl)-4-nethyl-1-p
henyl - 3, 4-di hydro- 1H pyrini do[ 4, 5-d] pyri m di n- 2-one
XN CIIN N-O 5 398.83 ()-
1-(2,4-Dichloro-pyrimdin-5-yl)-ethyl] -

wo(@rbegr 0- 4- met hoxy- phenyl ) -am ne (0. 4pcBip2do3Ailissgnmol )

(from Exanpl e 16b supra) and phenyl isocyanate (165 L
1.52 mmol) (A drich) were3%onbined in toluene (5 nl)
and_heated in an oil bath at 110 - 120 C for 2.5
houPRmRkd<t hen at 130 C for 2.5 hours. After cooling,
the reaction mxture 10 was concentrated and
t r i tr7aClderori @HluproxameboxyThenybot-ingthyldsphend-visdihydro-
ﬁqﬁ%&mﬁQ4§ugﬁ@ﬁﬁhzgﬁgonatography (Bi ot age 40S; 30:70
acetate - hexanes) to give the internediate ()-
1- [1 (2-chl oro- pyr|n1d|n 5 et hyl]-1-(2-fluoro-4-ne
t hoxy- phenyl) - 3- phenyl ¢ (Yield 0.27 g; 43.2%.
This urea was suspen;éa f eshly distilled
t et rahydr of uran (3 NZan mooled in 15 an ice -
bri ne bat h. PotaSS|un1LEij but oxide (1.0 Min
t et rahydrofuran; 0.64 0.64 mmol) (A drich) was
added dropwi se to the suspension over 5 mnutes. The
solid went into solutlon as the potassium
tert-butoxi de was added.Aft er stirring for an
additional 15 mnutes in the cold, the reaction

i xEanl & (ueDichiora prisadin rBeityl AZ%Gr%%msﬁhprRile@&-an@&e 75
(@45 g; @ huhm{a;g Bbrh Exal:np%el ®b B)pha) awglﬁflﬁ isocyth@Xe(n ?m : h eﬂ
"gé?‘ (PAGRE) o n ks RS g B0 i LGN S0 BR

sz a- 5(]1})111;3%1&19} %130 °C for 2.5 hours. After cooling, the reaction mixture

was {oAedntraiad axddritedidionth-bptaey [he sblidresibyd wds ppdified pf 830 4- di
B4 iafel: Eh\)FQBIoka 5R: dofho Dy géég% L H&ﬂaﬂp% e inferth @tk (@)-22
19[} (Zchloropnyrigidin-a-y hﬁfh\gﬁ%yﬁ éﬁ@w& 316 O’H%R%ﬁ? -3-PlsgryEe: 7- p
(Heldyl2agi 44493, 4- 25

di hydro-1 H pyri m do[ 4, 5-d] pyri m di n-2-one WO

200%:Pdkd53:3 sRETIERA U0 MBI ctrabfiofulinl (3 I asdNodBEAO F
an ice - brine bath. Potassium fert-butoxide (1.0 M in tetrahydrofuran; 0.64 mL; 0.64
mmol) (Aldrich) was added dropwise to the suspension over 5 minutes. The solid went
into solution as the potassium fert-butoxide was added. After stirring for an additional
15 minutes in the cold, the reaction mixture was filtered through a bed of silica gel (1.75
g), eluting with 1:1 ethyl acetate - hexanes and then ethyl acetate. Purification by flash
chromatography (Biotage 40S; 40:60 to 50:50 ethyl acetate - hexanes) gave ()-7-chloro-
3-(2-fluoro-4-methoxy-phenyl}-4-methyl-1-phenyl-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one. (Yield 0.22 g; 38% overall for two steps).

Example 8d

(£)-3-(2-Fluoro-4-methoxy-phenyl)-4-methyl-1-phenyl-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one
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()-7-Chl oro-3-(2-fluoro-4-nmnmethoxy-phenyl)-4-nmethyl-I-p

henyl - 3, 4-di hydro-1 H pyrim do[ 4, 5-d] pyri m di n-2-one

(0.21 g; 0.53 mml) (from Exanpl e 16csupra) and 5

aniline (450 L; 4.94 mol) (Al drich) were conbined and
woweanedzat 110 C for 1 hour. After cool ippfrphd3B1189%

m xture was triturated with hexanes. The solid residue

was di ssolved in dichloroffet hane and washed with

wat er and brine, dried over anh drous sodi um sul fate,

filtered and concentrated tcation by flash
chr omat ogr aphy (Biota :60 to 50:50 ethyl
acetate - hexanes gradL d then crystallization

from di chl or omet hané& fO t fer gave
()-3-(2-fluoro-4- rr@;xy enyl)-4-net hyl -1 -phenyl -7-p
henyl am no- 3, 4-

di hydro-1 H pyri m do[ 4, 5-d] pyri m di n-2-one as a white
solid. (Yield 0.20 g; 81,4%. Mlting Point 242 - 250

C. HRMS5(ES+) mz Cal cul ated for CZ6H22FN502 ([ MEH] +) -

456 18
oA A B0 PABS i Sy 11
igpidel45- dlpmlwgmr?oonezmzbga Pihmens) (from mple 6csupm) and

dnflinb (49 iy m%rﬁxnhimn (ArdyitH) wReRzeBintd dnkl@ealed aN110CE forly halO F

<‘2 € was tnturat%ii w1tb5h es. ﬁsc1 r guffxivas rhssolv&dm
gii“i%ﬁ‘@ﬁ??‘)d%%‘?ﬁe%f%%t@( Tdiv;z) drieg fésrhf i Hhsirgus pqcgpulfate,
fibecer phdeodehtratedp Pajifiaarion iyaki chemhavigtaphyBiBinyan IINEEID to
oS0 etARALS (HExane ggadleﬁt)éﬁd {ﬂ@p&%@&%m dittlorbQbHERE

eated [|n"an o 10- 15 C for
%heh%% %?F?rﬂtl?f@r% “tssbery Phegy! )c;* HG%Q Iphennd et
dilydro- Bovyrinmido (¢.6-d) pyoiondit-Erpe psat vilite solidh & mﬂ@&@& g 6h4%xhs
concentrated and triturated with hexanes. The crude
M€y Hoadt: 248.525p OC.IHH-BI3 (H3Y) £k aslbulerkt fonakRgrNaeh i M-+H]):

4&%@%&%‘6 ?%I%{% 0: 50 ethyl acetate WD 2004/041822
d3 -41 hexanes) to give the
| nt er me |ate

gxaf“f (2 chl oro- pyri midin-5-yl) - ethyl] 3- (3-cyano-
phen 2-fl uoro-4-nmet hoxy-phenyl)- urea. (YI el d
1. 26;5;;3 logo§-(2-fuere-4upethorarbenyll Spmptbdd-axa-3iir &liry,
2H-piteiokid g5 pbnaliyd1-off -bemonitd® nl) and cooled in an
ice - brine bath. Potassiumtert-butoxide (1.0 Min

tetrahydrofuran; 2.70 ni; %@L
J:ILA

¥y

423.84

(%)-[1-(2,4-Dichloro-pyrimidin-5-yl}-ethyl]-(2-fluoro-4-methoxy-phenyl)-amine
(1.15 g; 3.63 mmol} (from Example 16b supra) was combined with 3-cyanophenyl
isocyanate (0.55 g; 3.81 mmol) (Aldrich) in toluene (10 mL) and heated in an oil bath at
110 - 115 °C for 2 hours and then up to 128 °C over the next 3 hours. Upon cooling to
room temperature, the reaction was concentrated and triturated with hexanes. The
crude material was purified by flash chromatography (Biotage, 40M; 50:50 ethyl acetate -
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5 mol) (Al drich) was added dropwi se to the suspension
over 8 mnutes. The reaction mxture was stirred for
an additional 15 minutes in the cold and then filtered
through a bed of silica gel (7 - 8 g), eluting with
1:1 ethyl acetate - hexanes and then ethyl acetate.

woBbizhiikgat i on by flash chromatography (Bpefagesaiids

40:60 to 50:50 ethyl acetate - hexanes) gave
() 3- [7 chloro 3- (2-f 1 uorotl4- met hoxy- phenyl ) - 4- net hyl -

gg?"éi"i fhe By (4, 5 e R Sy Bl e
1&hﬂw50éﬁmﬂMMW¢MmEaniLf&d9120§618%60veralI for
tmo steps). Exanple 9b

() - Bhif Brea vk Eﬂspﬁhﬂé& it fregdtyriyillad-tah@nitbihradt { TR DYand oolbd@r 7-
Rhe ”bﬁ] 'E‘aiﬂ,oPé a3l M&Bﬁ%@( Mi&llt&}aggdr%ag PJ,Q' L5 270
Y r @;dncgs was a ed drogvr\,]q%g trc]: It]:Lers!J.sPensmn over 8 minutes. The reaction 15N
n(l#tu@-’h[a%h%dl for en Bld{tDadl L iowmuted inthd dof) any theh dityrkd théounied hy |
bedzof@ﬁ& o3l (4 g’g)h Mgﬂi& with 1:1 ethyl acetate - ilexanes and then ¢ yl acetate.

sl et B s

%‘Bg §°e£36"rfo| ned

- hwam) g G+Dﬁé7-@mow ﬁtﬂuomﬁl—@ﬁfhﬂmlbbenﬂmmeﬂwh; ~oEmBl4-

db@&b@@[ Bl defPa, S d B Qin- Ly Bbtzonitle 5B iwhitPRIAL cYidd e l)g,

xture was a SO|Id mass. Methanol (75 nL
6§E§OWE§1 gh he mixture was heated at 110 C for 20

th vigorous stirring (solid remained
|ng%FHBkmg Upon cooling, the solid was coll ected,
washed with nmethanol and then ether and dried under
hi g(tt)ﬁéé—%ﬁptprg 4gingthoxy-phenyl)-4-methyl-2-ox0-7-phenylamino-3,4-

dfhydr3<) idol[ 49ARpydme]-NoN YeRbaRd ) -
4- met hyl - 2- oxo- 7- phenylgﬁ?ho 3, 4-di hydro- 2H pyri m do

[4, 5-d] pyrimdin-1-yl] 2 onitrile. (Yield 1.00
[ terial was
égr met hane - ether -

g; 85.6% . A portion of
recrystallized fron1j¥_, G

c erization and testing.
oint: 223 - 228 C

petrol eum et her form
(Yield 0.22 g). N@in

HR- MS(ES+) m z cal at or C27H21PN602 ([ MrH| +):
481.1783; Found: 481.1788. 2004/ 041822

PCT/ EP2003/ 011896 -42-

480.51

(£)-3-[7-Chloro-3-(2-fluoro-4-methoxy-phenyl)-4-methyl-2-o0xo0-3,4-dihydro-
2H-pyrimido[4,5-d]pyrimidin-1-yl]-benzonitrile (1.03 g; 2.42 mmol) (from Example 17a
supra) was combined with aniline {1.00 mL; 10.97 mmol) (Aldrich) and heated at 110 °C
for 1 hour. At this point, the reaction mixture was a solid mass. Methanol (75 mL) was
added and the mixture was heated at 110 °C for 20 minutes with vigorous stirring (solid
remained insoluble). Upon cooling, the solid was collected, washed with methanol and
then ether and dried under high vacuum to give ()-3-[3-(2~fluoro-4-methoxy-phenyl)-
4-methyl-2-oxo-7-phenylamino-3,4-dihydro-2H-pyrimido(4,5-d]pyrimidin-1-yl]-
benzonitrile. (Yield 1.00 g; 85.6%). A portion of this material was recrystallized from
dichloromethane - ether - petroleum ether for characterization and testing. (Yield 0.22

g).

Melting point: 223 - 228 °C. HR-MS(ES™) m/z Calculated for CzszlFNﬁoz (IM+H]™):
481.1783; Found: 481.1788,




Exanpl e 10 ()-3-[3-(2-Fl uoro-4-netho);

y- phenyl ) - 4- net hyl - 2- oxo- 7- phenyl am no- 3, 4-

di hydr o- 2H pyri m do[ 4, 5-d] pyri mi di n-1-yl ] - benzam de

NI \ INg HAI~i 110 F \ | O/NRz O 5 498.52

()-3-[3-(2-Fluoro-4-net hoxy-phenyl) - 4-net hyl - 2- oxo-7-p
wolnMk @ no- 3, 4- PCT/EP2003/011896

di hydr o- 2H pyri nddo[ 4, 5-d] pyri mi di n-1-yl]-benzonitrile

(0.80 g;1.67 nmmol) (from-£xanple 17b supra) was

di ssol ved in dinmethyl sulfoxide (25 nL). Mst of the

mat 8rEle 0vent into sol ution. Aqueous sodi um hydr oxi de

(1.0 N, 3.34 nL; 3.34 nmol) was added 1o foll owed by

hy dEo gelid-({Fdhord-temethagpephenyntrmethyl-B o5t 7-phenyldmpo-Snol )

Bty dFoOH by riRETP@ 5 A1) pYrnididi Iy thebdalnidel N for 45 mi nutes,

water was added and a white solid precipitated out of

solution. The solid was col I ed, washed with water
and dried. Dissol ut| soI id required
signi ficant vol unes di c/i% dr omet hane - met hanol -
- acetonitrile. The se ve oxt ure was then distilled
coff until solid be ystallize out 15 of
sol ution. Cooling aidon gave

()-3-[3-(2-fluoro-4- rrethoxy phenyl) 4-

net hyl - 2- oxo- 7- phenyl am no- § 4-di hydr o- 2H pyri m do

[4,5-d] pyrimdin-1-yl] - {g nzam de as a white solid.
5 (Yield 0.56 g; 67.6%. MAPfng Point: 282 - 286 C

HR- MS(ES+) m z Cal cul ated for C27H23FN603 ([ MtH| +) :

499(*@@8[@ (Zﬁb\@rﬂ:i*im@lgm@wy )-beethyhirpre”-phepylamino-3.4-

Frickdd6]a)5 Q] Brrigidin-miyt] I-H&Dﬁmﬂﬂ)i {2601 ynmil) Cfaam- | -
;.;Lm%_ll m_; 514 a)%as di%%}]ve& &F’? rec %%}2? g 1*/{§é?g{ %t%rglci

eréilflfgﬁgﬂam (HGEFPUE P vm hydipidle Syl was acl

10 follokved it HydtdgenuperdxRie 530% in whiex ABESIL, 4399]mmb1) at\M@»m
tgr%ﬁhg‘élﬁ& stﬁggé P 259191%{19% 1386was 28R d and a white solid
precipitated out of solution. The solid was collected, washed with water and dried.
Dissolution of the solid required significant volumes of dichloromethane - methanol -
acetonitrile. The solvent mixture was then distilled off until solid began to crystallize out

15  of solution. Cooling and filtration gave {)-3-[3-(2-fluoro-4-methoxy-phernyl)-4-
methyl-2-0xo-7-phenylamino-3,4-dihydro-2H-pyrimido[4,5-d]pyrimidin-1-y1] -
benzamide as a white solid. (Yield 0.56 g; 67.6%).

Melting Point: 282 - 286 °C. HR-MS(ES") m/z Calculated for C,7Hp,FNeO; ([M+H]"):
499.1889; Found: 499.1894.

20 Example 11a
(£)-1-(2,4-Dichloro-pyrimidin-5-yl)-2-methyl-propan-1-ol

o

¢’ TNT el
221.09

A solution of diisopropylamine (1.1 ml; 7.85 mmol) (Aldrich) and freshly distilled
25 tetrahydrofuran (15 mL) was cooled to -78 °C. n-Butyllithium (2.5M in hexanes; 3.1 mL;
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7.75 mol ) (Al drich) was added dropw se and stirring
continued for 40 mnutes to prepare a LDA sol ution.
2,4-Dichloropyrinmdine (0.50 g, 3.37 mmol) (Al drich)
in tetrahydrofuran (3 nL) was then added dropw se to
this freshly prepared LDA solution over 15 m nutes.
wobismtispt i rring for 40 m nutes, isobutyrabgphy@ass 61
m.; 6.72 nmol) 5 (Al drich) was added over 6 ninutes
and stirring conti nued f or43anot her 30 minutes. The

reacti.on uenched with_ the addi.ti f 25% aqueous
73R GATOBAD o e Weaﬁd S 9?&5111“&320 AR i o
pwiptrh a thydﬂutametZ,AtIhcbdmobwm«bne (03hg 36F gamil)d Apligigén was

i atﬁaL)ava% %Qme@%ﬁwao%sm Sar&d DN Yolt#ibn
ri ut.l an

|
05‘?5 i S pRe Rl ey PP?“@F@SS“Y% f{g LB kg
(Hldech) weg add@i onerss pigwies and dtinipg acptinted &7 apothes AR mBespRRe
re(aaidatvag@wﬁ&sél #4h 80 ad Brichof 85 edudyls aaeRhRkchiorileschnies

e

AL i e Teommesrt
a eegpréf Rerigpnet aqyeous 3mamyi tipp ppd then brme, dr1e

oﬁe): aﬁryﬂ.ﬂou&odﬂiﬁrsﬂlfﬂeﬁhgtéd:, ﬁxidcqay&ehtrﬁedﬁl Tkt ki@ vexs pyifiedbyli n e

gx é{% fo?ag%&%ylr%léﬁ)n fo d15 :85 eth acetate hexb grad1ent t?] -6
8ive (o 11@4gliclprayimier)> vl t1 msﬁw@aaw&rleolngé doptay>aat

conbi ned W|th N, N- di i sopropyl -et hyl am ne (0.37 ni;

2. Txamplsil}b (Al drich) and a small vol une of

di br ononet hane (50 pL) (Al drich) to help solubilize
t he(HrsX(1-Be@mo-Dndeshybprspsl-1,4-dichiantpyatnidied er i al r emai ned
i nsol ubl e. Neat 20 phosphorus oxybrom de (0.22 g; 0.85
mol ) (Al drich) was added My one portion. Reaction
m xture was stirreéd f-9~|rN | nutes and then
partitioned between ethyl i cef ate and water. The
organi ¢ phase was wash&d " #h brine, dried over
anhydrous sodium sulfate, filtered and concentr at ed.
Purification by flash chagdat ography (Bi otage 12M
gave

( ) (5)(11(2 @-@éﬂb‘r&pﬁﬁﬁﬁml—&- Q@éﬂ)ﬁ Brofarli-61.08 @08y fnsvil)di ne
Exalmg 0119a su? a) as comgx?leé thh% Eil c%mopmﬂrg—bﬂlﬁ%nm /?0 37 mL;

2 10 {n@om (ﬂd@hhm@)a ialliveiee af dorpmpmpthenet(PRML) GRS fohelp- e

- sdlitalicy tHehetite) OnBismell &oudt of material remained insoluble. Neat

phosphorus oxybromide (0.22 g; 0.85 mmol} (Aldrick} was added in one portion.
Reaction mixture was stirred for 10 minutes and then partitioned between ethyl acetate
and water. The organic phase was washed with brine, dried over anhydrous sodium
sulfate, filtered and concentrated. Purification by flash chromatography (Biotage 12M)
gave (%)-5-(1-bromo-2-methyl-propyl)-2,4-dichloro-pyrimidine as a colorless oil.
(Yield 79.5 mg; 33.7%).

Example 11c

(%)-[1-(2,4-Dichloro-pyrimidin-5-yl)-2-methyl-propyl}-(4-methoxy-phenyl)-

250"
PP

Cl N Cl
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01 ~N 01 WD 2004/ 041822 PCT/ EP2003/ 011896 -44- 326.23
()-5-(1-Brono-2-net hyl - propyl ) -2, 4-di chl oro-pyri m di ne
(88.7ngy; 0.312 mmol) (from Exanple 19b supra) was
conbi ned with potassi um carbonate (47.4 ng; 0.34
nmol ), potassiumiodide (14.9 ng; 0.09 mol) and
wopsaniisizdi ne' (38.7 ng; 0.31 mmol ) 5 (Al dptghe@iifises
stirred at roomtenperature overnight. The reaction
mxture was diluted with &hyl acetate and washed
with water and then bringﬁ he organi c phase with
dried over anhydrous so ﬁ sulfate, filtered, and
concentr at ed. Purlflcatlon by flash chronatogra
(Ehr- -ﬁe@wﬁme TlcprerylZet- eéﬂozfe-r’mvlrne gnes
(Gom dkanily 19 anpes) (Wes combmed with potassium carbonate (47 4 mg; 0 34
nﬂrﬁdlf, got%ssﬁixhﬁmh@er @49 i ?lﬁaxﬁlp)-an%ldfﬁ%t(ﬁ?/ﬂ’ mgro(%@ 11]10‘1)( 4-m

%@ﬂ% g.a&) ? X t) room tempera re OVermght e reacuon mixture was diluted

with ethylGiattege Maﬁ@d wiith pryler i (len freinda Ty ogglrenptiaye-withplriedy | -
oserénwﬁdfwgda:dnﬂumy it @nd dnen@lRY Puphdtith BrRae Y \

] \ N ]

cpbpglpie Hoghb oA ot 38 8% OS5 dem ST (3

(R Gichprerpyripiding rivhia- r{lesylerqmﬂ (‘pmetbayrpheny])-{riine hiield

1Egappl7eswd9c supra) and phenyl isocyanate (12.8 d, -

O 12 nnnl) (Al drich) were combined in tol uene (0.6
hgg and heated in a mcrowave reactor

(Sn1th eator' H, 160 seconds to a nEX|nun1of 146 C,

S fln conds
i%&ﬁﬁ%? R A B el e B

{aEinedRcermer at ed and purified by flash
chronatography (Bi otage 12M 20:80 ethyl acetate -
hexanes) to give the intgr iate
()-1-[1-(2,4-dichlorgq n-5-yl)-
2-met hyl - propyl ] - 1- X ﬁ@xy phenyl ) - 3- phenyl - ur ea.
(Yield 24.0 ny). THi s ;ﬁigrnedlate urea was dissol ved

in freshly distilled te hydrofuran (0.4 nlL) and the
25 resulting solution cooled in an ice - brine
bath. Potassiumtert-butoxide (1.0 Min
tetrahydrofuran; 60 L; Qguff nmol) (Al drich) was added.
The m xture was stirred for

(%)-[1-(2,4-Dichloro-pyrimidin-5-y1}-2-methyl-propyl] - (4-methoxy-phenyl)-
amine (35.0 mg; 0.107 mmol) (from Example 19¢ supra) and phenyl isocyanate (12.8 pL;
0.12 mmol) (Aldrich) were combined in toluene (0.6 mL), sealed and heated in a
microwave reactor (SmithCreator ", 160 seconds to a maximum of 146 °C, then 800
seconds at 160 °C, and finally 600 seconds at180 °C). The reaction was incomplete, and
the mixture was concentrated and purified by flash chromatography (Biotage 12M; 20:80
ethyl acetate - hexanes) to give the intermediate (£)-1-[1-(2,4-dichloro-pyrimidin-5-yl)-
2-methyl-propyl]-1-(4-methoxy-phenyi)-3-phenyl-urea. (Yield 24.0 mg).

This intermediate urea was dissolved in freshly distilled tetrabydrofuran (0.4 mL) and the
resulting solution was cooled in an ice - brine bath, Potassitum tert-butoxide (1.0 M in
tetrahydrofuran; 60 pL; 0.06 mmol) (Aldrich) was added. The mixture was stirred for 15
minutes in the cold and then the bath was removed and stirring continued for another 5
minutes. The mixture was filtered through a bed of silica gel and washed with ethyl
acetate. The filtrate was concentirated and dried to give (3)-7-chloro-4-isopropyl-3-{4-
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m nutes in the cold and then the bath was renoved and
stirring continued for another 5 minutes. The m xture
was filtered through a bed of silica gel and washed
with ethyl acetate. The filtrate was concentrated and
dried to give ()-7-chloro-4-isopropyl-3-(4 W

WO R£41822 PCT/ EP2003/ 011896 -45 PCT/EP2003/011896

nmet hoxy- phenyl ) -1 - phenyl - 3, 4-di hydro-| H pyri m do[ 4, 5-d
] pyrimdin-2-one. (Yield -#1.5 ng; 49%overall for two

st eps) amle.lle. . .
If“jtﬁcﬁqwéﬁiﬂg{ﬁdg@ae?’%ﬁﬁfﬂﬁ%%l&lj}ﬂﬁﬂ@ﬂﬁ)ﬂED’F%‘BWI"P?-(Eﬁédnyl a
AiSmag 39% odrdilyfolriwe stégs). 5 pyri m do[ 4, 5- d] pyri m di n- 2- one
Nja HN NN-"-0O 465.55

() - Exdadpionio- 4- i sopropyl - 3- (4- met hoxy- phenyl ) - I - phenyl -
3,4-di hydro-I1H pyrimdo[4,5-d] pyrimdin-2-one (22.0
ng; (0. - ! -SHeRFIENin8 B dfdro-1H-
ani fgﬁie)ﬁg?ﬁ%g %Je%gmﬁ%@ﬂ( %%??c%éﬁ\f}\e%a?o n%]% ned and
HERQd-THIP, 2f3fth at 100 C for 1 hour. Upon
cooling, the residue was_triturated with hexanes and
the supernatant was deca th‘. The resi due was

di ssolved in ethyl ac vard washed with water and
then brine. The org # e was mxed wth silica
gel, concentrated a subsequently purification by
flash chronmat ograp Bi ge 12M 40: 60 ethyl acetate
- hexanes) and 15 crystalY1 zation from di chl or onet hane
- ether - petroleumether gave ()-4-isopropyl-3-

(4- met hoxy- phenyl ) - 1- phe#sgls57- phenyl am no- 3, 4- di hydr o-
| H pyrimdo[4,5- d]pyrimdin-2-one as a white solid.

(Yiel d7-éﬂo&—ﬁﬁop?&ayﬂ-%@m%b}%ﬁﬂhgnggoi}:gﬁeh 1220 dihy B39 C
HR- ni z. Cal d TNECR., X
Die s P e A eg 005k pisop %Iﬁ%%ﬂé%? bl
a@ihi® (5P B S(iuvel NGt deich) wraecopbBipd axddheried ingg @il buk et 1097
Sewik. eUdoddobling (tRe fedidu fvas tBitd¥REN ey eRBRNYA)hd supernatant

S R Tedb S G S n et ot

then brine. The organic phase was mixed with silica gel, concentrated and subsequently
purification by flash chromatography (Biotage 12M; 40:60 ethyl acetate - hexanes) and
crystallization from dichloromethane - ether - petroleum ether gave (+)-4-isopropyl-3-

- (4-methoxy-phenyl)-1-phenyl-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-

d]pyrimidin-2-one as a white solid. (Yield 14.8 mg; 59.1%). Melting Point: 229 - 235 °C

HR-MS(BSH) m/z Calculated for CogHyyNsOq, ([M+H]®): 466.2238; Found: 466.2243.
m/z Calculated for CgHayNsO, ([M+Na]™): 488.2057; Found: 488.2059.

Example 122
(£)-(2-Chloro-5-methoxy-phenyl)-[1-(2,4-dichloro-pyrimidin-5-yl)-ethyl}-amine

0/‘

~ Q
)(J\)\H ol
al

N~ ¢l

332.62




-46 ()-2,4-Di chl oro-5-(1-bronoethyl)-pyrimdine (0.20
g, 0.79 mol) (from Exanple |c supra),

N, N- di i sopropyl et hyl am ne (0.40 nL; 2.27 mmol)

(Al drich) and 2- chloro-5-nethoxyaniline hydrochloride
(0.15 g; 0.77 mml) (Al drich) were conbined (neat)

woahdehgated in an oil bath at 90 C for 16c-PeMbS011540N
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cooling, the mxture was 5 taken up in ethyl acetate
and washed wi th water and46khen brine. The organic

phase was dried over anhydrous sodi um sul ?ge,
fi | EerddDickipng-TOrheenqerab Faiidine( ?F%%W%Wﬂk?b Phsh

B@ﬁﬁﬂamseﬂﬁﬁmdﬁsap@pg&@@h&w (030 B5; 1.25 bR BAldichydnd 2-

ro- ~fsthoxyamiilic %r)?%ﬁ ks ??7\/ 6 '(Aldnch Wcrerg fombruller%l din
(neat)wf} h@ﬁeﬁy}ﬁﬂ%‘?ﬁthétg%( SR s gl SERY

tak2dup thQthyl acetate and washed with water and then brine. The orgamc phase was
dd drelin9a:84 s%o&?rm ghfaerﬂfeéd gl b&;eymmeanmﬁc&my fagh- | -

enyve%i 9 r u IS q [:Ltlate hel:ﬁ?ésr T2 ent a@é (Qf‘e

omiajqeaphy & :85 gtayl ace g )g

(Z-yhlD- ?ijeirhoﬂ-lﬁlenvﬁt[ﬂltﬁ?x} dishiereypyyinfidinGorDaetle ] caming: 4Yighlr i ni

Oqggéggyb) ethyl]-amne (70 ng; 0.21 nmol) (from

Exanpl e 20a supra) was conbi ned wth phenyl isocyanate
(60 .55 mmol) (Al drich) and heated (neat) at
150 5 minutes. Thin Iayer chromat ogr aphy

ana d react

nél}ﬁe g’\é@tcpjzsgf?' “me g’ﬁ’c%/ )()2 %f%gheg;ﬁ 3%{ %‘ﬁ%ilrg was
15dw®dm&ﬁ65ﬁhﬁﬁﬁm&w%ﬁ@3heated at 150 C for an 20
addi tional 30 minutes. Upon cooling, hexanes was

added. After stirring, the su rnatant was decanted
off and the residue driedt ve the internediate

()-1-(2-cbloro-5- neth )-1-[
| - (2-chl oropyrimdin- 9]):% I] 3- phenyl urea which
cont ai ned about 20@@ tarting material by HPLC. This
I nternmedi ate urea n1xtur s dissolved in
tetrahydrofuran (0.5 nL) 25 cooled in an ice -
brine bath. Potassiumtert-butoxide (1.0 Min
tetrahydrofuran; 200 L; 0.20 nmol) was added
dropw se. The m xture ma@-gﬁlrred for 15 minutes in
the cold and

(+)-(2-Chloro-5-methoxy-phenyl)-[ 1-(2,4-dichloro-pyrimidin-5-yl)- -ethyl]-amine

(70 mg; 0.21 mmol) (from Example 20a supra) was combined with phenyl isocyanate (60
KL; 0.55 mmol) (Aldrich) and heafed (neat) at 150 °C for 65 minutes. Thin layer
chromatography analysis showed some unreacted starting material remained. Additional
isocyanate (20 pl; 0.18 mmo}) was added and the mixture heated at 150 °C for an
additional 30 minutes. Upon cooling, hexanes was added. After stirring, the supernatant
was decanted off and the residue dried to give the intermediate (%)-1-(2-chloro-5-
methoxy-phenyl)-1-[1-(2-chloropyrimidin-5-y1)-ethyl]-3-phenyl-urea which contained
about 20% starting material by HPLC.

This intermediate urea mixture was dissolved in tetrahydrofuran (0.5 mL) and
cooled in an ice - brine bath. Potassium fert-butoxide (1.0 M in tetrahydrofuran; 200 uL;
0.20 mmo}) was added dropwise. The mixture was stirred for 15 minutes in the cold and
then the bath was removed and stirring continued for another 5 minutes, The mixture
was filtered through a bed of sitica gel (~1 g) and washed with ethyl acetate. The filtrate
was combined with material froxe another reaction, concentrated and purified by flash
chromatography (Biotage 12M; 20:80 to 40:60 ethyl acetate - hexanes) to give (+)-7-




then the bath was renoved and stirring continued for

another 5 mnutes. The mxture was filtered through a

bed of silica gel (-1 g) and washed with ethyl

acetate. The filtrate was conbined with material from

anot her reaction, concentrated and purified by flash

natography (Biotage 12M 20:80 t ; yl

wo%@g@ﬁ?% - hexanes) to give ()-7 WO 2004?%Q%%§gmﬁ&ﬂ

PCT/ EP2003/ 011896 '.. -4747-

chl or o- 3- (2- chl or o- 5- met hoxy- phenyl ) - 4- net hyl - | - phenyl

chiByod3-(f-thjmto-G-nhekhoxpyhingh) dehethid-1 dhenyt-3.AidihiydroAone .

@maﬂngfh,ﬁégﬁnﬁaﬁh A% oxas 24 4 mEaboloWRaIPR PR ieRARSts).

()- 1G9l or o- 5- net hoxy- phen)rl)-4-nmethyl -1 -phenyl - 7-
pheny n1no 3,4-

5
di hxsn\."o@—(ﬁh%X %] q}(;-ghe—sfliﬁ-égx rtflylinl h’leﬂygi?aﬁeenygﬂﬁnol-i\f!-l l
5 diydip- Bhbpigdds.p-Aluyhimidin-280get hoxy- phenyl ) - 4- met hyl -1 - p
henyl -3, 4-di hydro-1 H pyri m do[ 4, 5-d] pyri m di n-2-one
(0.20 g; 0.49 mmol) (from Exa e 20b supra) was 10
conbined with aniline (150 L 5 mol) (Aldrich) and

heated in an oil bath a 1 for about 70 m nutes.
Upon cooling, the resi ue riturated with hexanes
and then partitionedy ethyI acetate and water.
The organi c phase maggﬁa mnth brine, dried over
anhydr ous sodi um sul | tered, and concentr at ed.

The crude material was purified by flash
chr omat ogr aphy (Biotage, 40Nl 40: 60 ethyl acetate -
hexanes) to give 15

L 3- (2-chl or o- 5- et hox pheny”ﬁ 4- et hyl -1 - phen I-7 p
(# ?r;ﬂhh»m -Pré2-chlato-Githeylatngs-p enYI) 4-methyl-1-phenyl-3,4-dihydro-1
4 Eml]gﬁ[rc’ridaﬁ 20dre 0. nmg disp Irﬁ:rogrﬂﬁoﬁﬁxa’ﬂzpl@iﬂ}b siyped) waw

p%zfil:nm
o SEE oo By R KR g aapic,

fo_p‘pb out38 qnnutgxw caolipggthe res1due was tritirafed with hexanes and then
patiofetlbe@rednt eyl acBbtk Yhd wlitgh Ehydrgid phimy waswyashed-wiatbiiyt, pr o
P Nef mﬁ?&rgus scgi'lhn smﬂate%teg;d, agxd concentrated. The crude material was

purified by flash chromatography (Biotage, 40M; 40:60 ethyl acetate - hexanes) to give
15 (£)-3-(2-chloro-5-methoxy-phenyl)-4-methyl-1-phenyl-7-phenylamino-3,4-dihydro-
1H-pyrimido[4,5-d]pyrimidin-2-one as a light yellow solid. (Yield 0.15 g; 63.7%).

HR-MS(ES") m/z Calculated for CasHzzCINSO; ([M+H]®): 472.1535; Found: 472.1537.
Example 13a
(8)-(+)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionic acid

Chiral .

20

342.51

Methyl (5)-(+)-3-hydroxy-2-methylpropionate (1.06 g; 8.99 mmol) (Aldrich) was
dissolved in dichloromethane {10 ml, dried over moleculer sieves). Imidazole (0.85g;
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20 342.51 Methyl (S)-(+)-3-hydroxy-2-nethyl propionate
(1.06 g; 8.99 mmol) (Aldrich) was dissolved in

di chl oronmet hane (10 nlL, dried over nol ecul ar sieves).

I m dazol e (0.85 g; WD 2004/041822 PCT/ EP2003/ 011896
-48 12.41 mol) (Al drich) and tert-butyl-di phenyl silyl

wochdsmuisgte (2.30 nl; 8.85 mmol) (Al dri chpewnersuatded

and the m xture was stirred at anbient tenperature for
3 hours. The reaction was#&i|luted with additiona

di chl t wash th i ed
lal%ifnn%hﬁgﬁ{lgﬁ o i5E O gﬁw@ﬁf‘@% @P@&?ﬂ & fgpomo frie
{élpinicie wereatided apdthy imdttore et stipred 4t @)1b1@&t)ter5perature for 3 hours.

Bie tdaioh “m&mkea%tﬁ RGN rraFdidh BRI, WASHER Gkt biadeF aela"rnﬁﬁ@t e

I 98 8
e oot o B b e D
idiphergl-gindor)-2 apsdnl- Pmydnw a5 n el USElAsS. 1 adiBe)-
hydrOX|de (1.0 N, 10.0 ni;10.0 nmol) overni ght at

anbTlandilylt «tiep €1 Btgy8. 85 mb bl wisehisedlved i tatrattydiofiraaSmethanol

B il 0RE0 el gﬁ%ﬁ’mﬁlhﬁfﬂﬂ?ﬂﬂg?g%ﬁomﬁ° nd'l[he
oo St FehpgioRue. TRA SRR AT RS ety

aggtiteshdovar aralvhijlifiedwith &6 Nihydroshldricatié to fH ¢ theTehrganiind
phed Q@Jt st th wgtéf hedd b@ﬁ& lapg & a{nhy’ﬁckhs Gl RG] AR,
i ota ce
I Lk LG
apritaderi hexangs) Bave §9- (&) -l terrdubiiplpnyl(signglogy) - %&Iﬂproe@mi%
aEid agualiste dodd. B5eld 2.06 g 68.1%).
(S)- tert But yl - 2-i socyanat o- pr opoxydi phenyl si | ane

chigalof 13911. 42 This material was generated in situ.
(S)- (+f 3-(tert- Butyl Bi phenyl - si | anyl oxy) - 2- net hyl pro

. Sup{é‘z(fer%u ‘i' &(150 na.t% &JIQPOXYgli‘P@ﬁﬁLYISHTm ) (from Exanple 21la

onet hane (3 m., dried
Trlethylanlne (0.36 nmL; 2.58
mﬁhd the solution was cool ed
gs'hyt ichl orof ormate (0. 16 ni;

over nol ecul ar S|eves)
mml ) (Al drich) was af
in an ice - water bath.
1.63 mmol) (Al drich) added dropwi se and the
m xture was stirred in tlge! col®¥ for 1 hour. The
m xture was then diluted with additional

di chl or onet hane, washed %ﬁ%g wat er and bri ne,

This material was generated in situ.

* {8)-(+)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionic acid {0.44 g; 1.20

- mmol) (from Example 21a supra) was dissolved in dichloromethane (3 mL, dried over

molecular sieves). Triethylamine (0.36 mL; 2.58 mmol) (Aldrich) was added and the
solution was cooled in an ice - water bath. Ethyl chloroformate (0.16 mL; 1.63 mmol)
(Aldrich) was added dropwise and the mixture was stirred in the cold for 1 hour. The
mixture was then diluted with additional dichloromethane, washed with water and brine,
dried over anhydrous sodium sulfate, filtered, and concentrated to yield (8)-(+)-3-(tert-
butyl-diphenyl-silanyloxy)-2-methylpropionic acid chloride.

To a solution of the above acid chloride in acetone (4 mL)} was added a solution of '
sodium azide (0.25 g; 3.85 mmol) in water (4 mL). The mixtuzre was stirred for 10
minutes and then diluted with dichloromethane and water. The organic phase was




25 dried over anhydrous sodiumsulfate, filtered, and
concentrated to yield (S)-(+)-3-(tert-

but yl - Bi phenyl - si | anyl oxy) - 2- net hyl propi oni ¢ aci d
chloride. To a solution of the above acid chloride in
acetone (4 nL) was added a solution of sodium azide

wo(zhads® 3.85 mMmol) in water (4 ni). Th@cﬂhﬁ%%hﬁ&mas
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(2, 4-dichl oro-pyrimdin-

stirred for 10 mnutes and then diluted wt
di chl or onet hane and wat er ~*fhe organi ¢ phase was WO

SR RASEEE L 088 RSB
%ﬁd@iﬁh‘@ﬂ‘é@hﬁaﬁ-ﬁﬂia@ﬂw)(g)nﬂhﬂ’pmpiOnyl azide. .

(+)-3-(tert-butyl -di phenyl -sil anyl oxy) - 2- met hyl pr opi on
yl ahiseBde vl dssobrzd tleolvms (Ank)sioll hetkdimart @l hatirne1202CHd.)

* @800 8RR 3) RS2 RbfAnAb-pAR /bRy HRACS £k

desire
PEFmEEPY Lt hut yI - 2- i socyanat o- pr opoxy- di phenyl si | ane by
the Curtius 5 rearrangenent. Exanple 13c 1-
[2-@#@W@¢Fﬁtyl-diphenyl-stanyIoxy)-l-(S)-nethyI-ethyI
] -7-chloro-3-(4-nethoxy-
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(S)-tert-Butyl -2-isocyanat o- propoxy-di phenyl si ane
(generated in situ fromaQ. 4 o.1.20 nmol, of
(S)-(+)-3-(tert-buty|-\j gﬁgjfsiIanyloxy)-z-nethylpro
pi onic acid) (from Eﬁq’

(2 m.; 120 C) was teeate

ng 1b supra) in hot toluene
pth a solution of ()-[1-

I t hyl ] - (4- met hoxy- phenyl
)-amne (0.35 g; 1.10 mmol ; (from Exanple | d supra)
in toluene (2 nL). The res 'wtng solution was kept at
120 C for 30 mnutes, th cooled to roomtenperature
and concentrated. The residue was dissolved in
anhydrous tetrahydrofuran (4 nL) and cooled in an ice
- brine bath. Potassiungdiest-butoxide (1.0 Min

- tetrahydrofuran; 1.2 nL; 1.20 nmmol) (Al drich) was

add . o , . ;
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Potassium tert-butoxide (1.0 M in tetrahydrofuran; 1.2 mL; 1.20 mmol} (Aldrich) was

added dropwise and stirring continued in the cold for 15 minutes. The mixture was

filtered through a bed of silica gel and eluted with ethyl acetate. Further purification with

flash chromatography (Biotage 40 M; 25:75 ethyl acetate - hexanes) gave 1-[2-(fert-butyl-

diphenyl-sitanyloxy)-1-(S)-methyl-ethyl]-7-chioro-3-(4~-methoxy-phenyl)-4-methyl-3,4-

dibydro-1H-pyrimido{4,5-d]pyrimidin-2-one as a mixture of diastereomers, (Yield 0,31

g; 46%). No separation of diastereomers was seen at this time. )

Example 13d

1-(2-Hydxoxy-1-(S)-méthyl—ethyl)—3—(4—methoxy—pheny1)-4—methy1~7 -
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d jpyrimidin-2-one
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; 46% . No separation of diastereoners was seen at
his tinme. 25 Exanple 13d

1- (2- Hydroxy-I-(S)-met hyl -ethyl)-3-(4-net hoxy-phenyl) -
4- et hyl - 7-

phenyl am no- 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2-
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1-[ 2- (tert-Butyl -di phenyl =8§1 anyl oxy) - 1- (S) - net hyl -et h
yl]-7-chl oro- 3- (4- nmet hoxy- o
phenyl) - 4-met hyl - 3, 4- di y M pyri nddo[ 4, 5-d] pyrim d
i n-2-one (0.286 g; Q ol ) (from Exanple 21c
supra) was conbin h,@}jni line (0.50 m_; 5.49 nmol)
5 (Al drich) and heated % an oil bath at 90 C for 3
hours. The m xtur s¥cqol ed to room tenperature and
partitioned betwe et hyl®™acet atgoand water. The

~organi c phase was washed with brine, dried over
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dlhydro-lH-pynmldoH 5-d]pyrimidin-2-one as a mixture of diastereomers. (Yield 38.9
mg; 79.4%).

Melting Point; 165 - 180 °C. HR-MS(ES*) m/z Calculated for CzsHasN;05 ([M+H]™):
420.2030; Found: 420.2034.

Example 14a
(R)-(-)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionic acid

Chiral

*&5

342,51




420. 2030; Found: 420.2034. Exanple 14a 25

(R -(-)-3-(tert-Butyl-di phenyl -sil anyl oxy) - 2- net hyl pro
pionic acid Chiral .0' OH 342.51 --- -- ------- WO
2004/ 041822 PCT/ EP2003/ 011896 -91- Met hyl

(R) - (-)-3-hydroxy-2-net hyl propi onate (30.81 g; 260.8
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(Ry-tent-Butyl -2-i socyanat o- pr opoxydi phenyl si | ane \

i g aimera N

(R)-tert-Butyl-2-isocyanato-propoxydiphenylsilane
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This material was generated in situ.

{R)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionic acid (0.508g; 1.48
mmol) (from Example 22a supra) was dissolved in dichloromethane {4 ml, dried over
molecular sieves). Triethylamine (0.42 mL; 2.98 mmol) (Aldrich) was added and the
solution was cooled in an ice - water bath. Ethyl chioroformate (0.17 mL; 1.78 mmol}
(Aldrich) was added dropwise and the mixture was stirred in the cold for 50 minutes.
The reaction mixture was diluted with additional dichloromethane and washed with
water and then brine. The organic phase was dried over sodium sulfate and

concenira_ted.




~i1 1l . 311.42 This material was generated in situ.
(R -3-(tert-Butyl -di phenyl -sil anyl oxy) - 2- met hyl pr opi on
ic acid (0.508g;'1.48 25 mmol) (from Exanpl e 22a
supra) was dissolved in dichloronmethane (4 nL, dried
over nolecular sieves). Triethylamne (0.42 niL; 2.98

WOrepidi031832Al dri ch) was added and the sol urcorrv@sigwol ed
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%%%ieﬂ%%g%?%?lgﬂqﬁ “&ﬁ&ﬁﬁﬁﬁ g%%&)r) 2-met hyl propi o
nyI a2|q dc This azide was di ssolved in toluene (-5
dri¥%ed “Gver 4A nol ecul ar sieves) and heated in an

0|I ath at 1 C. rous nitro as evol ution
Ui BRE Y ey PG - e bR (-1
#&nmgnnmbmﬁwﬂeﬂwﬂd&ﬁy&ﬂaﬁgﬁpﬂ@pmxy di phenyl sil ane by
the Curtius rearrangenent. This naterial was used

wi t hout purification. ao Ex ®. 1l4c

3- [2 tert-Butyl-diph | yl oxy-I-(R)-nethyl -et hyl
]1-1-(R-[ 1-(2, 4- dI/L| rg@yr|n1d|n 5-yl) -ethyl]
-1-(4- nethoxyphenyl? u¥ ' 1 ~1 o NC "NHNO
Chiral si' 637.69 15

(R -tert-Butyl-2-isogyanat®g oxy-di phenyl si | ane
(generated in situ from 1. )

637.69

(R)-tert-Butyl-2-isocyanato-propoxy-diphenylsilane (generated in situ from 1.00 g,
2.861 mmol of (R)-3-(tert-butyl-diphenyl-silanyloxy)-2-methylpropionic acid) (from
Example 22b supra) in hot toluene (4 mL) was treated with a toluene solution of (+)-[1-
(2,4-dichloro-pyrimidin-5-y1)-ethyl)-(4-methoxy-phenyl)-amine (0.74 % 2.38 mmol}
(from Example 1d supra). The solution was heated at 115 - 120 °C for 3 hours and then
cooled to room temperature.’ The crude reaction solution was purified by flash
chromatography {multiple runs with Biotage 40L columns; 35:65 ethyl acetate - hexanes),
which successfully separated the two diastereomers. The first eluting diastereomer, 3-[2-
tert-butyl-diphenyl-silanyloxy-1-(R)-methyl-ethyl]-1-(R)-[ 1-{2,4-dichloropyrimidin-5-
v1)-ethyl]-1-(4-methoxyphenyl)-urea, was obtained with an e.e. of 90 - 95%. (Yield 0.47
g; 25.7%).




10

15

20

2.861 mmol of

(R -3-(tert-butyl -di phenyl -sil anyl oxy) - 2- met hyl pr opi on
ic acid) (from Exanple 22b supra) in hot toluene (4
m.) was treated with a toluene solution of ()-[ 1-

(2, 4-dichloro-pyrimdin-5-yl)-ethyl]-(4-nmethoxy-phenyl

wonRm@Ee (0.74 g; 2.38 mmol) (from Exa”PbﬁEﬂzﬁbsﬁH@JGa)

The solution was heated at 115 - 120 C for 3 hours and
then 20 cooled to roomtenperature.' The crude
reactio lution was purified by flash
chr%xar{lpggf@phy (multiple runs with Biotage 4OL

col u 35: 65 et hy. ceta

c oot e ST He R SO S GE The
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tert-butyl-di phenyl -silanyloxy-I-(R)-nmethyl-ethyl]
-1-(R)- [ 1-(2, 4-di chl @rqpyp reh. n- 5- '

yl)-ethyl]-1-(4- mathoN -urea, was obtained with

an e.e. of 90 - 95% J(Yvleld 0.47 25 g; 25.7%. WO

2004/ 041822 PCT/ EP2903" 01 96 -53- Exanple 14d 3-

[2 t ent - But yl - di phenyl - o1 y-1-(R)-net hyl -ethyl] -
1-(S)-[I-(2, 4- dlchlgrappyrq*\ -5-yl)-ethyl]

- 1- (4- met hoxyphenyl ) - urea@‘ﬁ‘ M Cr'? I|HN O Chiral

~r 5 637.69 The second e ing diastereomer (from

Exanpl e 22c supra), 3-[2-t€rt-butyl- _

Bi phenyl - si | anyl oxy- | -(&)7:69Et hyl -ethyl] -1-(S)- |

1-(2,4-dichloropyrimdin-5-yl)-ethyl] -

1- (4noR g}ﬁg)é])ﬁgggﬂéé{e)eoﬁ%ﬁ?fom% QQZ%'S&}?Q i}N[eZtl%i—% e.e. of
L S R KR IR BRIt B
Y (4mgtheypleny)-Bre(, 4ras obtained with an e.e. of 85 - 90%. (Yield 0 44 g5 24.1%).

nmet hoxy- phenyl ) - (R) - 4- net hyl - 3, 4-di hydro 1H pyrimdo
[ 4, Bxaljplopei mi di n-2-one chiral O IN\ CINN O CSI \

1-{2-(tert-Butyl-diphenyl-silanyloxy)-1-(R)-methyl-ethyl}-7-chloro-3-(4-
methoxy-phenyl)-(R)-4-methyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

o /@/0\
[o e
o N )\I o
b
3-[2-tert-Butyl-diphenyl-silanyloxy-1-(R)-methyl-ethyl]-1-(R)-[1-(2,4~

dichloropyrimidin-5-y1)-ethyl]-1-{4-methoxyphenyl)-urea (0.46 g, 96% purity; 0.69
mmol) (from Example 22¢ supra) was dissolved in anhydrous tetrahydrofuran (2 mL}
and cooled in an ice - brine bath. Potassium feri-butoxide (1.0 M in tetrahydrofuran;
0.85 mL; 0.85 mmol) (Aldrich) was added dropwise over 5 minutes. The mixture was
stirred in the cold for 15 minutes and then the bath was removed and stirring continued

for another 5 minutes. The reaction mixture was filtered through a bed of silica gel and
eluted with ethyl acetate. This crude product was purified by flash chromatography

- (Biotage 40M; 25:75 ethyl acetate - hexanes) to give 1-[2-(fert-butyl-diphenyl-




3-[2-tert-Butyl -di phenyl -sil anyl oxy-1-(R)-nethyl -et hyl
1-1- (R -[1-(2, 4-

di chl oropyri m di n-5-yl)-ethyl]-1-(4-nmethoxyphenyl)-ure
a (0.46 g, 96% purity; 0.69 15 nmmol) (from Exanpl e
22c supra) was dissolved in anhydrous tetrahydrofuran

wo(2804mks22and cooled in an ice - brine bat pre/ERb@psisesm
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tert-butoxide (1.0 Min tetrahydrofuran; 0.85 ni;
0.85 mmol ) (Al dri ch) was adtled dropvm se over 5
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was filtered through a bed of silica gel and 20 el uted
wi t Exetplyldfacetate. This crude product was purified by
flash chromat ography (Biotage 40M 25:75 ethyl

ac et1/ it m)eﬁéthﬁxz 1386 4 Indiidncf-bRmbiput(R)-ndihgleny | WO
a"mf‘ox%/) qi%%’]‘mgn%l’? or o- 3- (4- et ho) cy

-phenyl) (R - 4 met hyl - 3 4-

di hydro-| H pyri m do[ #b- d py d| n-2-one. (Yield 0.32
g, 77.6% . Exanple 14f"%
1- (2- Hydroxy-1-(R) - dyl ) - 3- (4- met hoxy- phenyl ) -

4-(R) -nmethyl -7- s

phenyl am no- 3, 4- di h o- | Hpyri m do[ 4, 5-d] pyri m di n- 2-
one O Chiral HNN NN N~O OH 419.49 A solution of
1-[2-(tert-butyl-di phenykissdl anyl oxy) - 1- (R) - net hyl -eth
yl]1-7-chl oro-
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0. Slm@}ﬁﬁr@m)EXFrnpie éaea@ﬁ@ apdarilined. 12 ks 16 resoed}
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. wabperificd by flavh shrpmutofriushy (Biptagd A5 060 ethylatetnye dipkanes) to gwe

1% ?E8&%&%14699%@#91&@&0&5Jﬂb(h)-ﬁ&%ﬁ-aehﬁl] 3-(ASXANES phld) Ul (1§
rpethy)-7 phentanng-Hi-diydmatlprrigidol fodipryidn-grepe (&iddA308 n

8116pe) 3Thid matetidl shoyredimeany b2 3% R) -
nmet hyl - 7- phenyl am no- 3, 4-di hydr o-| H pyri m do[ 4, 5-d] pyr

I M dhid inderRB@ate (0Y30 31 T410nB01) as disBolved 39 anhfdibss teedh@drofan
ﬁlg Vﬁ an&1 {eafed Wlth(l?e ablﬂaammomum fluoride (1.0 M in tetrahydrofuran; 1.3
mL; 1.30 mmol) {Aldrich) at 50 °C for 2 hours. The reaction was cooled to room
temperature and concentrated, The residue was taken up in ethyl acetate and washed
with water (2x) and brine, then dried over anhydrous sodium sulfate and concentrated.
Purification by flash chromatography (Biotége 40M; 70:30 ethyl acetate - hexanes)
followed by crystallization from ethyl acetate - hexanes gave 1-(2-hydroxy-1-(R)-methyl-
ethyl)-3-(4-methoxy-phenyl)-4-(R)-methyl-7-phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one as a white solid. (Yield 0.14 g; 79.1%). Melting Point:
158 - 162 °C. HR-MS(ES") m/z Calculated for CzHasN50s ([M+H]™M): 420.2030; Found:
420.2035

- [a] = +53.3 (Rotation = +0.256; conc. = 4.8 mg/mL (MeOH); A = 589 nm).

Example 15a
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This internediate (0.29 g; 0.41 nmol) was dissolved in
anhydrous tetrahydrofuran (1.5 nL) and treated wth
tetrabutyl amoni um fluoride (1.0 Min tetrahydrof uran;
1.3 20 nm; 1.30 mmol) (Aldrich) at 50 C for 2 hours.
The reaction was cooled to roomtenperature and

wcongensty at ed. The resi due was taken up ipor/ebdaslrisse

acetate and washed with water (2x) and brine, then
dried over anhydrous sodi um sul fate and concentr at ed.

T T e i) C}Qéﬂfi‘;ﬁ’]@fhyl {-BicRloAgS (ARMoxy-

g? 31?15%%{{1’?3% ‘ﬁl? gfﬂ ﬁ%ﬁﬂg‘g&’? é{]%ymm‘ﬁ ga"r’i%s gave

1 (2 hydr oxy- 1- (R) - net hyI 25

et hyl ) - 3- (4- net hoxy- fffenyd ) @ R}- met hyl - 7- phenyl ani no
-3, 4-di hydro-| H pyrloﬂﬁjifr d] pyrimdi n-2-one as a
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158 - 162 C. HR- My( ES+ ﬂtqlz gl cul ated for C23H25N503
([M+H +): 420.2030; Found:] 2035 [a] +53.3
(Rotation = +0.256; conc. =848 ng/n. (MeOH); k = 589
nn). 30 Exanple 15a WO 2 041822 PCT/ EP2003/ 011896
-55 1-
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eth acetate. This crude product was purified by
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g 72.8%. Crlrat H OO
BOG!

S5 A

419.49

A solution of 1-[2-{tert-butyl-diphenyl-silanyloxy)-1-(R)-methyl-ethyl]-7-chloro-
3-(4-methoxy-phenyl)-4-(S)-methyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one
(0.28 g; 0.45 mmol) (from Example 23a supra} and aniline (0.10 mL; 1.21 mmol)
(Aldrich) in toluene (0.25 mlL, dried over molecular sieves) was heated in an oil bath at
110 °C for 2 hours. The reaction was diluted with ethyl acetate and washed with water




15 Exanpl e 15b

1- (2-Hydroxy-I-(R)-nethyl -ethyl)-3-(4-nmet hoxy-phenyl ) -
4-(S)-nmet hyl -7- phenyl am no- 3, 4- di hydro- 1H pyri m do
[4,5-d]pyrimdin-2-one \ HNIN N O OH 419.49 20 A

sol ution of
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concentrat ed. The crude material was purified- by
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nRekat ure and concentrated. The residue was
JUH(& Q%umpoqsﬁ ef%ﬁ@l acetate and washed to with water
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40 20APpkauge:d4ph303Z. Hopt afld° 4Rdhtion.=1-0.201; ertdayc#samgﬂndt e -
%{@H)O)[Qg@t 4@ne - hexanes with 1% nethanol) followed
y crystallization fromethyl acetate - hexanes gave

gfi‘%q‘{ﬁxy | - (R) - met hyl - et hyl ) - 3- (4- net hoxy- phenyl ) -

i B BBl i Sa DU ek Sy oa- @
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A mixture of [1-(2,4-dichloro-pyrimidin-5-yl}-ethyl]-(4-methoxy-phenyl)-amine
(378 mg, 1.27-mmol) (from Bxample 1d supra) and (S)-(-)-o--methylbenzyl isocyanate
(205 mg, 1.39 mmol) (Aldrich) in toluene (5 mL) was stirred at 100 °C for 16 hours,
After cooling to room temperature the reaction mixture was purified by passing through
silica gel and eluting with hexanes - ethyl acetate (1:1) to give 1-[1-(2,4-dichloro-
pyrimidin-5-yl)-ethyl]-1-(4-methoxy-phenyl)-3-[ 1-(S)-phenyl-ethyl]-urea as two
separable diastercomers. Less polar diastereomer (thin layer chromatography in hexanes




Ve ; ? = 589 nm. Exanple 16 20

-[1-(2,4-Di chloro-pyrimdin-5-yl)-ethyl]-1-(4-net hoxy
phenyl)-3-[ |-(S)- phenyl-ethyl]-urea io\ | NI ry.
C, O 445.352 A mxture of

[1- (2, 4-dichloro-pyrimdin-5-yl)-ethyl]-(4-nmethoxy-phe
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supra) and (S)-(-)-a-nethyl benzyl isocyahate (205 ny,
1.39 mol) (Aldrich) in tobflrene (5 nL) was stirred at

1Q0, C for . S. er .cool i Lo room.. rafure
e e e e s Sl b i AT R
i3pd)ca gel - and eluting with hexanes - ethyl acetate
(1:1) to give 1-[1-(2,4-dichloro-

pyr Efdngple175- yl ) - et hyl ] -1- (4- net hoxy-phenyl)-3- [~
1-(S)-phenyl-ethyl] -urea as two 30 separable

di a$Ic%Io€@Et%4-ﬁlembﬁﬁ§nemj~@fne%1aﬂ1%)&915@91&1{@%5@@&-

%ﬁ%‘é@ﬁ%@%ﬁhﬁ Lg exanes 2004/ 041822

~O1€ _57 - ethyl acetate, 1:1)

(Yield 270 nmg, 47.89% and npgre qol ar di ast er eoner
/@é 17 |
I

(Yield 284 ng, 50.3%. a
7- Chl or o- 3- (4- net hox e “4-met hyl -1-[1-(S) - phenyl
-ethyl)-3, 4-di hydromﬁ% yrimdo [4,5-d]

pyrimdin-2-one o CICN, sol uti on of

1-[1-(2, 4-dichloro-pyrim 5-yl)-ethyl]-1-(4-nethoxy
- phenyl )-3- [1-(S)-phenyl-ethyl]-urea (|ess polar

di astereoner, 250 ng, 0.56 mmol) (from Exanple 24
SUpPAaYIutich of B4 I-edpy dicldbrorparim{dn-brl) -ethgid aH ¢ onetexFpiRnykhS-

[&{g@ﬁ%h%%b\éﬁlﬂﬁl&?gl@? ﬁfﬁflgséfebmwzgg%ﬂgﬁ%‘j&ﬁmﬁé {@orh/ﬁxample

. 062 M 0.6 1))
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oFerdVigSO.0Solrent was evaporated under reduced pressure to give crude 7-chloro-3-
(4-methoxy-phenyl)-4-methyl-1-[ 1-(S)-phenyl-ethyl)-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one which was used directly in the following step. (308 mg, contains some

solvent).
Example 18

3-(4-Methoxy-phenyl)-4-methyl-7-phenylamino-1-[1-(S)-phenyl-ethyl] -3,4-
dihydro-1H-pyrimidof4,5-d]pyrimidin-2-one

veod
NJ\ 7 N/kc
<Bae

465.560

A suspension of crude 7-chloro-3-(4-methoxy-phenyl)-4-methyl-1-[1-(S)-phenyl-ethyl)-
3,4-dihydro-~1H-pyrimido[4,5-d] pyrimidin-2-one (308 mg, from 0.56 mmol) (from
Example 25 supra) in aniline (0.195 mL) (Aldrich) was stirred at 100 °C for 3 hours.
Reaction mixture was then cooled to room temperature, diluted with toluene (3 mL) and




(4- met hoxy- phenyl ) - 4-nmet hyl - |-
1-(S)-phenyl -ethyl)-3,4-di hydro-IHpyrimdo [4,5 15
d] pyri m di n-2-one which was used directly in the
followi ng step. (308 ng, contains sone solvent).
Exanpl e 18

wodndeffadBt hoxy- phenyl ) - 4- met hyl - 7- pheny| agt-pgpbasmeiisss
[1-(S)-phenyl-ethyl] -3,4- dihydro-IH pyrimdo [4,5-d]
pyri mdin-2-one JI~\ N' =%NAO 20 465.560 A
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B3RS -1 pyrdhiasmB- &frimmhn-dab.r @d E8 aignsxy®s> supra) in
ani line (O 195 nL) (Aldrich) was stirred at 100 C for
3 h e 142 Reaction mixture was then cooled to room
tenperature, diluted with toluene (3 nL) and WO

200 /EP20 r ol um
B e R R
pyeimide[4,% t’ramémc%yllw phepyl-ggepgnide
3-(4- net hoxy- phenyl) - 4- net hyl - 7- ghenylan1no l-[1-(S)-p
henyl - et hyl ] - 3, 4-
di hydr o-1 H pyri m dop4, 1 di n-2-one. (Yield 140
ng, . 53. 7% . Exanpl e
()- N—[6 (4- Met ho) Ly heny -%-nEthyI-7-oxo-8-phenyl-
6, 7, 8-t etrahydro- éﬁ}
pyri m do[ 4, 5-d] pyri I n-2<yl ] - N-phenyl -acetam de o N
N\ NN N-O 479.54 To a suspension of
() - 3-(4- met hoxy- phenyl ) - gommmt hyl - | - phenyl - 7- phenyl ani n
o 3,4- 10 di hydro-I| H pyri m do[ 4, 5- d]pyrinidin 2-one

393 Aeion E‘ -A-(47neth ﬁer?y‘i‘-@ aHuno 3,4-
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analysist Thendaating e Wa&\lqut‘lttheﬂ With wages @né@:@tacted with ethyl acetate
15 (3x50mL). The combined organic extracts were successively washed with water (10

mL) and brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated

under reduced pressure to give the crude product which was purified by flash

 chromatography to give (£)-N-[6-(4-methoxy-phenyl)-5-methyl-7-oxo-8-phenyl-

5,6,7,8-’&etrahydro—pyrimid0 [4,5-d]pyrimidin-2-yI]-N-phenyl-acetamide, (Yield 373 mg,
20 68.0%). .

Example 20a

trans-4-(tert-Butyl-dimethyl-silanyloxy)-cyclohexylamine

\sicimO-NHz
7« b

To a solution of trans-4-aminocyclohexanol (5.0 g, 43.4 mmol) (TCI US) in
25  dichloromethane (100 mL) was added imidazole (14.78 g, 0.22 mol) (Aldrich) and tert-
butyldimethylsilyl chloride (19.63 g, 0.13 mol) (Avocardo Research Chemicals). The
reaction mixture was stirred at room temperature for 1 day. It was concentrated under




15 (3 x 50 nL). The conbi ned organic extracts were
successively washed with water (10 ni) and brine (10
m.), dried over anhydrous sodiumsulfate, filtered, '
and concentrated under reduced pressure to give the
crude product which was purified by flash

wo@ﬂhﬁéﬁ&ﬂizogr aphy to give PCTIEP2003!011896
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()-N-[6-(4-net hoxy-phenyl ) -5-net hyl - 7- oxo- -phenyl -
5, 6,7, 8- tetrahydro pyrlmd ara, 5- d]pyrlmdln -yl ]-Nph

d
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plhelbe Orgmllcrbveawswqaheﬂwhéﬂ 5 %m@y maf#ﬁ A %W@ﬁ@kﬂénm
615;eod:ged (MGSOL), ilterkd ankl EilcendR}editgidbortlicthahos-Gambitgne (100

.@v&?_ ﬂgﬂﬁ AP i heeh)
an 5 ert CYF@L FhﬁvaS%ﬁegérrl @8 éérf E%J %15&) g‘! ﬁ%ﬁe%S
P Jticationy Bded ¢ $@@%é}ch Chen1ca|s) The reaction
mxtme\mssUrraim roomtenperature for 1 day. It
was Feopple?fdr at ed under [ WD 20041041822

PCT/ EP2003/ 011896 '.. -59 reduced pressure, and the
r esi(te (wars-4ciyldrotcg dyclvhixnl -Gt (dyohetloxe phdngl @ AGhyiZ) and

I‘é‘@gﬁ&nﬁagq d:l}?d)c-u—if Efnﬁﬁ&ﬁ@'&} JBY@h RS washed with IN

um hydroxi de s t1on ter and Dbrine, dried
(MgSHM), filtered and concen ed to give crude
trans-4-(tert-butyl - ﬁ
di met hyl - si | anyl oxy) -ﬁ{\yb oWexyl am ne whi ch was used in

the next step witho vl 5 purification. (Yield
7.62 g, 76.5%. Ex | e 2Qb
()-1-(trans-4-Hydro cy hexyl ) - 3- (4- met hoxy- phenyl)

-4-met hyl -7 :

phenyl am no- 3, 4-di hydr o-| & pyri m do[ 4, 5-d] pyri m di n- 2-
one N HNN ~O b OH 10 459.5404 To a solution of
trans-4-(tert-butyl-di rTéItS?I%O si | anyl oxy) - cycl ohexyl am
ne (500 ng, 2.20 mmol) (from Exanpl e 28a supra) and
Ta 4 ssiutigh aﬁfwrefi1(tyt@mh@msﬁylgﬂam))cy@ﬂhwlmms &D(hmg» 220
mmol) (from Example 28a supra) and triethylamine (1.52 mL, 10.90 mmol) (Aldrich) in
dichloromethane (15 mL) was added a 20% phosgene in toluene solution (3.2 mL, 6.50

mmol) (Fluka) at 0 °C. The resulting mixture was stirred for 15 minutes, then filtered

* and the filtrate was concentrated to a residue that was distilled at 110 °C under high

vacuum using a Kugelrohr apparatus to give trans-4-(tert-butyl-dimethyl-silanyloxy)-
cyclohexyl isocyanate (485 mg) as a colorless liquid.

This intermediate isocyanate (223 mg, 0.87 mmol) was dissolved in anhydrous
tetrahydrofuran (approx. 3 mL) and added via a cannula to a solution of (£)-[1-(2,4-
dichloro-pyrimidin-5-yl)-ethyl] -{4-methoxyphenyl)-amine (204 mg, 0.67 mmol) (from
Example 1d supra) and n-butyllithium (2.5 M solution in hexanes, 295 uL, 0.74 mmol)
(Aldrich) in anhydrous tetrahydrofuran (15 mL) at -78 °C. The resulting reaction
mixture was allowed to stir and warm up to room temperature within 2.25 hours and
then partitioned between ethyl acetate and water. The ethyl acetate layer was removed,
dried over sodium sulfate, filtered and concentrated to a residue that was purified by
chromatograply with a silica gel column and a 0 - 40 % ethyl acetate in hexanes gradient
to give a brownish foam. This intermediate was then dissolved in aniline (3 mL)
(Aldrich) and the resulting solution was heated at 90 °C for 8 hours. After cooling, the
reaction mixture was directly applied on a silica gel column and purified by
chromatography with a 0 - 50% ethyl acetate in hexanes gradient. This purified




di chl oronet hane (15 nlL) was added a 20% phosgene in
toluene solution (3.2 nL, 6.50 mmol) (Fluka) at 0 C
The resulting m xture was stirred for 15 m nutes, then
filtered 15 and the filtrate was concentrated to a
resi due that was distilled at 110 C under high vacuum

wousdd@sa Kugel rohr apparatus to give PCT/EP2003/011896
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Exanpl e 21 The foll ow ng conmpounds can be prepared by
nmet hods anal ogous to those herein disclosed above: 15
Exanpl e 21a '
1-[ (1R 3R) - 3- Hydr oxy-cycl opentyl ] - 3-(4-net hoxy- phenyl)
-4-(S)-net hyl -

woRbaN kRN no- 3, 4 di hydro- I Hpyrim do[ 4, SpglRishdsit@éen- 2-
one ChiIWo \ HNJC )"O OH Exanple 21b 20
1-[ (1S, 3S) - 3- Hydr oxy- cydop®mt yl ] - 3- (4- met hoxy- phenyl ) -

t.hyl - 7-
pheﬁ%?%z% 3, 4-di hydro 1H pyri m do[ 4, 5-d] pyri m di n- 2-

one Chiral O ~II N_ HN~- Al RH WO 2(% 4/ 041822
PCT/-EBloors/mbendsno)- ldim’@érbdﬁ@xyz%iopen )1-3-(4-methoxy-

p‘ﬂer(yﬁ -4 shatethyphedikdail Hepyrihido{ 4 RAPRimidlichg-dnoxy- cycl open
tyl)]-3-(4-nmet hoxy-
phenyl) - 4- (S) met hy .3, 4-di 8~ H pyrimdo [4,5-d]

pyri m di n-2-one Chir a] {A~A0 OH F 5 Exanpl e
21d iﬁi

7- (4- Fl uor o- phenyl alf n¢ P( 1S, 3S) - 3- hydr oxy-cycl open
tyl)]-3-(4-nmet hoxy-
phenyl)-4-(S)-neth , 4+ hydro-| H pyrimdo [4,5-d]
pyrimdin-2-one Chwral

5 Example 21d

7-(4-Fluoro-phenylamino)-1-[(15,35)-3-hydroxy-cyclopentyl)]-3-(4-methoxy-
phenyl)-4-(8)-methyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

Boend
4

<

10 7-(4-Fluoro-phenylamino)-1-(2-hydroxy-1-(R)-methyl-ethyl)-3-(4-methoxy-
- phenyl)-4-(S)-methyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one

- O\
otz O’
]

Example 21f

Example 21g

3-(4-Chloro-phenyl)-7-(4-fluoro-phenylamino)-1-(2-hydroxy-1-(R)-methyl-
15 ethyl)-4-(S)-methyl-3,4-dihydro-1H-pyrimido{4,5-d]pyrimidin-2-one




N\ N\ / HN'IIl AO OH F Exanple'21lf 10

7- (4- Fl uor o- phenyl am no) - 1- (2- hydroxy-1-(R)-net hyl -eth
yl)-3-(4-net hoxy-

phenyl ) -4-(S)-nethyl -3, 4-di hydro-| H pyri m do
[45d]pyrirridin-2-one Chiral I V\ O OH F

wo'iiﬁﬁﬂﬁh PCT/ER2003/011896
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et hyl)-4-(S)-nethyl -3, 4-di hydr 0- 1 H pyrimdo[ 4, 5-d] pyri
m di n- 2- one WO 20041641822 P 2003/ 011896 -82 cl
Chiral = HNINr-N O ~h~g~ l e 21h

3-(4-Chloro-2-fl uoroHNplh l/§:67-(4-fl uor o- phenyl am no) -

1- (2- hydroxy-1-(R) -
nmet hyl -ethyl ) -4-(S) t hyl -13, 4-di hydro-| H pyrim do
[4,5-d] pyrimdin-2-%fie F 4 Chiral NN NO OH

F

Example 21h

3-(4-Chloro-2-fluoro-phenyl)-7-(4-fluoro-phenylamino)-1-(2-hydroxy-1-(R)-
methyl-ethyl)-4-(S)-methyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

,Cfl

5

F

Example 21i

3-(4-Chloro-phenyl)-1-(2-hydroxy-1-(R)-methyi-ethyl)-4-(S)-methyl-7-
phenylamino-3,4-dibydro-1H-pyrimido[4,5-d] pyrimidin-2-one

J:fl\ﬂ

e

3-(4~Chloro-2-fluoro-phenyl)-1-(2-hydroxy-1-(R)-methyl-ethyl)-4-(S)-methyi-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one

10 Example 21j




5 F Exanpl e 21i

3-(4-Chl oro- phenyl)-1-(2-hydroxy-I-(R)-nmethyl-ethyl)-4
-(S)-nethyl-7- ‘

phenyl am no- 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2-
one Chiral ~c HN NFN O OH 10 Exanpl e 21j

wo3ndsfbaiehdl or o- 2-f 1 uor o- phenyl) - 1- (2- hydr opyp/kpbdiggt hy!
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-eth)l)-4-(S)-nmethyl-7-

phenyl ami no- 3, 4- di hydr o- | F%pyri ni do [ 4, 5-d]
pyrinjg%i;fgy-z%-one FCl Chiral \ N HN' N NAC OH WO
200 PCT/ EP2003/ 011896 -63- Exanple 21k

3-(4- r o-ph [)-1-(3- roxy- 2- - et hyl - propyl ) -
(R P ki R e e A M s
PhenBanaiho-Bytrdihyilei iil-pyromido[4.5-d]@imridih-2-0pe N\ HNXN N~O
~OH 5 Antiproliferative Activity The antiproliferative
activity of the conmpgypds of % nvention is
denonstrated below in 22 and 23. These
activities indicate that It h& conpounds of the present
i nvention are usef u%lgn“tr afing cancer, in particular

solid tunors such a eastT %tung, prostate and col on
tunors, nore partic |y breast and col on tunors.

Antiproliferative Activity

The antiproliferative activity of the compounds of the invention is demonstrated
below in Examples 22 and 23. These activities indicate that the compounds of the
present invention are useful in treating cancer, in particular solid tumors such as breast,
lung, prostate and colon tamors, more particulasly breast and colon tumors.

Example 22
Kinase Assays

To determine inhibition of KDR, FGFR, EGFR, and PDGFR activity, kinase assays
were conducted using an HTRE (Homogeneous Time Resolved Fluorescence) assay.
This assay is described in A. J. Kolb et. al., Drug Discovery Today, 1998, 3(7), p 333.

Prior to kinase reaction, recombinant EEE-tagged KDR was activated in the
presence of activation buffer (50 mM HEPES, pH 7.4, 1 mM DTT, 10% glycerol, 150 mM
NaCl, 0.1 mM EDTA, 26 mM MgCl,, and 4 mM ATP). The enzyme was incubated at
4 °Cfor 1 hour.

Kinase activity assays were performed in 96-well polypropylene plates (Falcon)

-with a total volume of 90 pL in each well. Each well contained 1 pM XDR substrate

{Biotin-EEEEYFELVAKKKK), 1 nM activated KDR, and a test compound with one of 8
assay concentrations ranging from 100 pM to 128 pM (1:5 serial dilution). The kinase
activity assay was done in the presence of 100 mM HEPES, pH 7.4, 1 mM DTT, 0.1 mM
N2;VOy, 25 mM MgCly, 50 mM NaCl (from KDR stock solution), 1% DMSCO (from
compound), 0.3 mM ATP (at Ky, concentration) and 0.02% BSA. The reaction was
incubated at 37 °C for 30 minutes, To stop the KDR reaction, 72 pL of reaction mixture
was transferred into a STOP plate containing 18 pL of revelation buffer (20 mM EDTA,
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by using Excel and ﬁttmg data to equation Y=[(a-b)/{1+(X/c)*}+b, where a and b are
enzyme activity in the presence of no test inhibitor compound and an infinite amount of
inhibitor test compound, respectively, c is the ICs and d is the hill constant of the '
compound response. The ICs; value is the concentration of test compound that reduces
by 50% the enzyme activity under the test conditions described.

The results of the foregoing in vitro experiments, including ICsq values, are set forth
in Table 1 below,

Table 1

ICsp (WM) - Enzyme Inhibition Assays

| Bxample | KDR FGFR EGFR PDGER
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and 0.02% BSA, in a
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conpgunds—1P0 M HEPES, n—l 74, A DIT) 5 20 mM
MyC12 1g2 mM ATl 2, [Le40DVBO] <@ 3 M|ATP ( Km PDGFR) ,
0.1 niM Na2VC¥, and . 02% BBHA.._The |rest of |[the assay
was penf or meidkion t he«sgane papgner asighe KPR assay.
Conmpagund 1 C50 val uej were fleterm ned fromduplicate
sets |of data,_gnd cplgul at by uskhg Exgel and
fittijng datal to equat:@on YE [g](a b)/{iQ(X/c d) +b, where
a and b are |25 _enzy actiyi thepresence of no
“test |i’nhi bitlor bloc:orrpoﬁWd ang % i nfi H?te apount of
i nhi birter—test conp unu, —F DSpGGL;‘ e} Y5 s the 1C50
and d s the H0I1 cpfdt ant |0 t he <é<bn’pou1d response.
The I[C50 vallue is the canckntration of test conpound
t hat {seduces| <lby 50P&mhe epzye ackiwity under the
test |conditijons described.| The results of
foredaeng i n Mptro exgeri npaies, 1 nekydi ng| I C50 val ues,
are get fortlh 30 ijn Tablel 1 beloyw. Tablel1l 1C50 (M -
Enzyrrg I nhi biébon Assays Ek e KDR FGFR EGFR PDGFR
WO 2( ﬂ/ 041822 PCT/ [EP2003/ p11896 Exanpl e KDR FGFR
EGPR I-"E)L-,H-( ‘é% IO RIO IO <tO—2h—<10~<ip <10 <10 2
<10 7B <10 [<1® 3 [ <10 Yo <19<1Gp <1p <10 <10 <10
6 <1( 1.0 n .(1(\
10 <10 <10 <10 <10
lle <10 <10 <10 <10
12¢ <10 <10 <10 <10
14f <10 <10 <10 <10
15b <10 <10 <10 <10
18 <10 <10 <10 <10
19 <10 <10 <10 <10
20b <10 <10 <10 <10
Example 31

VEGF and FGF-Stimulated HUVEC Proliferation Assays

The antiproliferative activity of test compounds of this invention in cell-based
assays was evaluated by BrdU assay using the BrdU kit (Roche Biochemicals 1-647-229).
Human umbilical vein endgthelial cells (HUVEC, Clonetics CC-2519) were cultured in
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e diiha growitlt fhctor free control wells had 20 uL per well of serum starvation media

‘with the same amount of BSA as the wells with growth factors. The plates were returned

to the incubator for an additional 22 hours.
BrdU ELISA

After 24 hour exposure to the test compounds, the cells were labeled with BrdU
(Roche Biochemicals 1-647-229), by adding 20 uL per well of BrdU labeling reagent that
has been diluted (1:100) in serum starvation medium. The plates were_then returned to
the incubator for 4 hours. The labeling medium was removed by draining the medium
onto paper towels. The cells were fixed and DNA denatured by adding 200 uL of fixation
/ denaturation solution to each well and incubating at room temperature for 45 minutes.
The fixation / denaturation solution was drained onto paper towels and to each well was
added 100 pL of anti-BrdU-POD and the wells were incubated for 2 hours at room
temperature. The antibody solution was removed and the wells were each washed 3 - 4
times with 300 L PBS. 100 pL of the TMB substrate solution was added to each well and
the wells were incubated at room temperature for 5 - 8 minutes. The reaction was then
stopped by adding 100 pL per well of 1 M phosphoric acid. The plates were read at 450
nm with reference wavelength of 650 nm. The percent inhibition for each test
compound was calculated by subtracting the absorbency of the blank (no cells) wells
from all wells, then subtracting the division of the average absorbency of each test
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2004/ 041822 PCT/ EP2003/ 011896 68 Exanple 24 Tabl et
Formul ati on Item | ngredi enf$ My/ Tabl et 1 Conpound A *
5 2% 10133‘3%() 500 750 2 Anhydrous Lactose 103 83 35 19
38 oscarnellose 6 6 8 16 32 48 Sodium 4

Povi dﬁne K3Q 5 5 6 12 24 36 5 Magnesium Stearate 1 1
1 3 Tgblg Fomgigiafionyei ght 120 120 150 300 600 900

L TS VST EToY R =TTV V=151 A - G- Y-Y. - =V-VE 1= = SV-EREIVF=V-T
Nisnilf Ingtedientng Pr ocpblgfTabletl. M x ltens 1, 2 and 3
suitpable m xer forj15 mnutes.

1 Compound A * 5 25 100 250 500 750

R. 5
iIn a

2 Anhydrous Lactose | 103 83 35 19 38 57

3 Croscarmellose 6 6 8 16 32 48
Sodium
|4 | Povidone K30 s |5 e 12 |24 |36
5 Magnesium Stearate |1 1 i 3 6 9
Total Weight 120 120 150 300 600 900

*Compound A represents a compound of the invention.

Manufacturing Procedure;

1. Mix Items 1, 2 and 3 in a suitable mixer for 15 minutes.

2. Granulate the powder mix from Step 1 with 20% Povidone K30 Solution (Ttem
4).

3. Dry the granulation from Step 2 at 50 °C.
4. Pass the granulation from Step 3 through a suitable milling equipment.
5. Add the Item 5 to the milled granulation Step 4 and mix for 3 minutes.

6. Compress the granulation from Step 5 on a suitable press.
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*Compound A represents a compound of the invention.

5 Manufacturing Procedure;

1. Mix Items 1, 2 and 3 in a suitable mixer for 15 minutes.

2. Add Ttems 4 & 5 and mix for 3 minutes.

3. Fill into a suitable capsule.
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*Compound A represents a compound of the invention.
5 Manufacturing Procedure:
1. Dissolve item 1 in item 2.

2. Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.

3. Add the solution from step 1 to the mixture from step 2 and homogenize untit
the dispersion is translucent.

10 4. Sterile filter through a 0.2 pm filter and fill into vials.




15 the appended clainms and their equivalents. WO
2004/ 041822 PCT/ EP2003/011896 -72 Clains 1. A
conmpound of formula Re R7 CH3 RR6 5 RARNNNO R
R2 R4 3 or a pharmaceutically acceptable salt
thereof, wherein 5 R is selected fromthe group H,

wdzbaahopis®! | cyl, C ,0 alkyl substituted by f#pphRnildsee
groups selected fromaryl, cycloal kyl, heteroaryl,
het erocycl e, NRIOR 1, OR127!SR12, hal ogen, CORL3,
C2R 3, CONR13R14 10 SC2NR13R14, SORB, SO2R13, CN and

NO2 EX4ipie @i n t he aryl, cycloallcyl, heteroaryl, and

het er ocycl etg)w ps may each |ndependently be

subgwjection &qluttop/Rmylsion Frapaeion gr oups sel ected from
NR1IOR —(R12....SR12. halagen CORI3,. CORE 32
CONRL3R14tem SR NRlﬁ@antSCRB SsceR 3, r@ﬂnand (2,
aryl 15 aryl} substituted by up to three groups
- sel egted . fromfl SNR1IOR" [ OR1

hal ofen, 'COR13, co{i %a"“x R 3R 4 oéﬁﬂ?ssRm SR 3,
S2RE3TCN—amd eteroaryt; YW 2004/ 04182p
PCT/ EP2083/ 011896 Clrepirol 10-50 mg

3 Lecithin 20-50 mg

4 Soy Oil 1-5mg

5 Glycerol 8-12 mg

6 Water g.s. 1mL

*Compound A represents a compound of the invention.

5 Manufacturing Procedure:

L. Dissolve item 1 in item 2.
2. Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.

3. Add the solution from step 1 to the mixture from step 2 and homogenize until

the dispersion is translucent.

10 4, Sterile filter through a 0.2 pm filter and fill into vials.

‘While the invention has been illustrated by reference to specific and preferred
embodiments, those skilled in the art will understand that varjations and modifications
may be made through routine experimentation and practice of the invention. Thus, the
invention is intended not to be limited by the foregoing description, but to be defined by

15 the appended claims and their equivalents.
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het eroaryl substituted by up to three groups sel ected
fromlower alkyl, NRIORL', , ORl2, SR12, hal ogen
COR13, COZR13, CONRL13R14 SC2NR13R14 SOR13 SO2R13, CN
and NO2, heterocycle, 5 heterocycle substituted by up
to three groups selected fromlower alkyl, NR OR11

woQRkd41s2R12, hal ogen, COW, CO20, CO\|R13F€14EPf003/011896

S2NR13R 4, SOR 3, SR 3, CN and N2

cycloal kyl, C3-1 cycloalkyﬁzsubstltuted by up to three
gr oups selected fromlower alkyl 10 NRIOR' OR 2, SR 2,
‘hal ogen, COR 3, CO2R 3, CONR 3R 4, SO2NR 3R14, SOR13,
SO2R13, CN and NO2, C2- 1@ glkenyl, C2-10 allcenyl
substituted by up to three groups selected from
NR1ORu, OR12, SR12, hal ogen, COR13, CO2R13, CONR13R14
SO02N Egﬁ]f R13, CN and NO2, 15 and C2-1o0
alkyﬁ%?§$§o st ?ﬂ?e by up to three groups sel ected
fromNRIORL', OR12, SR12, haloggm, COR13, CO2RI13,
CONRI 3R14, SO2NR 3R 4, SOW, SO2R 3, and NO2; R2 ,

R3 and R4 are independently , sel romthe group
consisting of H 20 halo 3 CO2R13,
CONR13R14 SQL3R14 2 CN, and ---

R? R#

or a pharmaceutically acceptable salt thereof, wherein
R' is selected from the group

H,

Cioalkyl,

C.1oalkyl substituted by up to three groups selected from aryl, cycloalkyl,
heteroaryl, heterocycle, NR™R', OR', SR*, halogen, COR™, CO,R™, CONR"RY,
SO,NR™R™, SOR", SO,R", CN and NO,, wherein the aryl, cycloallyl, heteroaryl,
and heterocycle groups may each independently be substituted by up to three
groups selected from NRRY, OR', SR, , halogen, COR*, CO.R", CONRRY,
SO,NR¥R™, SOR®, SO,R"™, CN and NO,,

aryl,

aryl substituted by up to three groups selected from lower alkyl, NR'*R", OR™,
SR'2,, halogen, COR", CO,R", CONR*R', SO,NR¥RY, SORY, SO;R", CN and
NO,,

heteroaryl,




R5, R6, Rand Rs are independently selected fromthe
group H, lower alkyl, 5 |ower alkyl substituted by
~hydroxy or al koxy, NRIsR16 , OH ORl7, SR 17, io0
hal ogen, COR7, CO2R17 CONRL7R18, SO2NRL17R18 is
SORT, SO2R17, and CN, R? is selected fromthe group

wolosRRzo O 11 21 20 -G O C O CGR and p&Rbdisnfidd and
rt are independently selected fromthe group WO -
2004/ 041822 PCT/ EP2003/ 01186 -75- H, COR13 CO2R13,

Cguﬁetg’rga]iﬁ sébs!%t(aéﬁjb% up to three groups selected from lower alkyl, NR'’R", ,
ORY, SR", halogen, COR'"®, CO,R™, CONRRY, SO,NR*R™, SOR™, $O,RY, CN
and NO,, ‘

heterocycle,

5 ‘heterocycle substituted by up to three groups selected from lower alkyl, NR'RY,
ORY, SR™, halogen, COR", CO,R¥, CONR R, SO,NRPR™, SORY, SO,RY, CN
and NO,,

C3.10 cycloalkyl,

Cs-10 cycloalkyl substituted by up to three groups selected from lower alkyl
10 NR'R", ORY, SR™, halogen, COR™, CO,R®, CONR¥RY, S0,NRPR™, SOR®,
SO,R", CN and NO,,

Cz-m alkenyl,

Ca.10 alkenyl substituted by up to three groups selected from NR'RY, OR', SR™,
halogen, COR", CO,R", CONRRY, SO,NR¥RY, SOR®, SO,RY, CN and NO,,
i5 and

Cz.10 alkynyl, substituted by up to three groups selected from NR'R', OR', SR*,
halogen, COR™, CO;R", CONR’RY, SO;NRR", SOR™, SO,R™, CN and NO3;

R_2 , R*and R* are mdependently selected from the group consisting of

H,

20 halogen,
CORY,
CO,R",
CONRVRY,
SONRER™,

25 SOR"®,
SO,R",

CN, and




SO2NR'R14, |ower alkyl, lower alkyl substituted by
hydr oxy, al koxy or NR 5R16, cycloal kyl, 10 cycl oal kyl
substituted by hydroxy, al koxy, lower alicyl, or NOR',
het erocycl e, and heterocycle substituted by hydroxy,
al koxy, lower alkyl, or NR 5R16 or, alternatively,

woNRkAfs22can forma ring having 3 to 7 at pipepsdbflsds N

10

15

20

optionally including one or nore additional hetero

atoms and being optional |l y78ubstituted by 15 the

grogﬂ)con3|st|ng of one or nore |ower alkyl, OR12,
C02R13 CONR13RI 4, SORB, SO2R13, and

2 i elected fromthe group H, |ower
%P%yﬁ G“T£%&§m£@%N &EFPW%IkyI substituted by

hydr oxy, al koxy, or NR13R16 cycl oal kyl, cycl oakyl
subgti tuted by hydroxy, alkoxy,‘lomer aIkyI, or
NR15sR161 heterocycle, and 25 heterocycl e substituted
y bowelr by, al koxy, lower allcyl, or NR1I5R16. WO

2004/ 041822 PCT/ EP2003/ 011896 -76 R13 and R14 are

| ndependgnidbititsed Bet he group H, |ower alkyl,
.6 al kyl substltuted y hy roxy, al koxy, or NRL5R16

S cyglpal kyl, cycl oakkyl substituted by hydroxy,

al koxy, lower alkyl, or NRuR fi, heterocycle, and

het Epcycle substituted by hydroxy, alkoxy, | ower

aIk?‘: or NRI5R 6, or, alternatively, NRL3R14 can form

a rk&g having 3 to 7 atonms, said ring optionally

SRY,
halogen,
CORY,
CO.RY,
CONRYR™,
SOzNRl7RIB,
SORY,
SORY, and
CN;

RYis selected from the group

CORY;

R"and R" are independently selected from the group




10 including one or nore additional hetero atons and
bei ng optionally substituted by the group consisting
of one or nore lower allcyl, ORL7, CORY, CO02R37,

CONR 7RIs SO02R 7, and SO2NR 7R18; R15 is selected
fromthe group H, 15 lower alkyl, CORY, and CO2R17;

woahdefdf, RL7 and R 8 are independently §@h@@&3guﬁﬁon1

10

15

20

23

the group H, and 20 I ower alkyl, or, alternatively,
NR 5R 6 and NR 7R 8 can eadh-i ndependently forma ring
havipg 3 to 7 atons, said ring optionally including
one Or nore additional hetero atons; R19 and e are

i ndepepdently selected fromthe group H, and 25 | ower
al kiR and WD 2004/ 041822 PCT/ EP2003/ 011896 -77- R21
Is selected fromlower alkyl, and C2_6 al kyl

sub&CERGt ed by hydroxy, al koxy or NRL5R16. 2. The
compound of forrmula | of claiml1l, wherein R is

sel eonafriy om aryl and aryl 5 substituted by OR12 or
CONR13R14. 3. The conpound of formula I of claim1l or
2, sbgiein RL is selected fromphenyl and phenyl
substituted by OR12 or CONRL3R14 4. The conpound of
forgyhgugiof claiml, wherein R is selected from

| ower” al kyf and C2-6 al kyl substituted by OR12 or
CI){HS 4.10 5. The conpound of forrmula | of any one
of CTal I’1 to 4, wherein R is H 6. The conpound of
forpula | _of any one_of clains to 5 wherein R3 is

i 1
Hpwerpllel pbsisutthy trorelkamy ar YROR any one of clains 1
to 7, wherein R’ R3 and R4 are H
cycloalkyl,
cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NR°R,
heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR¥R*,

or, alternatively, NR™R" can form a ring having 3 to 7 atoms, said ring optionally
including one or more additional hetero atoms and being optionally substituted by
the group consisting of one or more lower alkyl, ORY, CORY, CO,RY, CONRVRY,
SOR™, SO,R™, and SO,NR™R™

R" s selected from the group
H,
lower alkyl,
CORY,
CONR“RY,
Ca6 allyl substituted by hydroxy, alkoxy, or NR™R', cycloalkyl,
cycloakyl substituted by hydroxy, alkoxy, lower alkyl, or NR'R',
heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR**R'S;




8. The conpound of forrmula | of any one of clainms 1 to
5, wherein R3 is halogen. 15 9. The conpound of
formula | of any one of clains 1 to 8, wherein RO is
H. 10. The compound of fornmula I of claim21 having the
fornula Re R7 CH3 i | Re Re RONI O1 NRRFR4
woPBRb@isz2 11. A conpound of formula | of gdpistioliorises
sel ected fromthe group:
()-3-(4-met hoky- phenyl) - 4-iet hyl - | - phenyl - 7- phenyl am n
03, 4-di hydro-|1 H 20 pyrim do[ 4, 5-d] pyri m di n- 2- one;
Rt apoindepdeplycessiionn Be g99B . - 78
3- (4- net ho) cy- phenyl ) -4-(R)-nmet hyl -1 -phenyl - 7- phenyl am
i no¥B, 4-di hydro-1H pyrinmdo [4, 5-d] pyrimdin-2-one;
3- (4- et hox) - phenyl ) - 4- (S) - net hyl - | - phenyl - 7- phenyl am
no- Bgwer dlihhyydr o- I H pyri m do[ 4, 5-d] pyri m di n-2-one; 5
()-1,3-bis-(4-methoxy-phenyl)-4-nmethyl-7-phenyl am no-3
, 4= @i, PR Qibbdtuteddy HyBo8lR alkdeyPor KR | M di n- 2- one;
()- 3-2[%1-%}(14- met h(g%-ygihg}gyl @4- nmet hyl - 2- oxo- 7- phenyl am n
5 O- 3‘?510 . hydro- 2H
pyri o[4,5-d] pyrinmdin-1-yl]-benzonitrile; and ()-3-
L3 R e B Py Mok Yoweral G 87 R ARG NY | am no- 3, 4
pyrimdo[ 4, 5-d] pyri mdin-1-yl]-benzam de. 12. A
conpeermReFBfasformula | of claim1 selected fromthe
gr oup:
() - Betgracyile auhsidnigd helykosy 2fheniphrallret WBR'S, - phenyl - 7- p
henyl am no- 3, 4-di hydro- 1H pyrimdo [4, 5-d]
PYr bijalteratBrel@NR R can form a ring having 3 to 7 atoms, said ring optionally
o - 'c{uﬁi'n% %ﬁ%ér%%ré)'dﬂféiggatl ﬁ&é&)ﬂ 'aBQE QXA l)ein%_ogﬁ;nlgw SBA%Or bzf P
hen%1 am Ao- 3, ,-éﬁhy ro- 17 17 17 718
e group consisting of ofle or more lower allyl, OR™, COR", CO,R™, CONR"R™,
SO,R", and SO,NR"R';

- R is selected from the group

H,

15 lower alkyl,
COR", and
COR"; and

R', RY and R"® are independently selected from the group

H, and

20 lower alkyl,

or, alternatively, NR'*R* and NR'R™ can each independently form a ring having 3
to 7 atoms, said ring optionally including one or more additional hetero atoms;

R and R¥ are independently selected from the group
H, and

25 lower alkyl; and




15 2H pyrim do[ 4, 5-d] pyri m din-1-yl]-benzonitrile;
()-3- [
3- (2-fluoro-4-netho)cy-phenyl)-4-nmet hyl - 2- oxo- 7- phenyl
am no- 3, 4-di hydro- 2H pyrimdo [4,5-d] pyrimdin-I-yl]
- benzam de;
wolbadqiks- chl or o-5- met hoxy- pheny! ) - 4- et hy¥bebeRBeRY¥s~ 7~ P
enyT am no- 3, 4- di hydr o-
1H pyri m do[ 4, 5-d] pyri m dirAZ2-one; and 20
( % 1-(S)-net hyl -et hyl)-3-(4-nmet hoxy- phenyl)
1-%2:1- lsslé%cgﬁd henyl am no- 3, 4- di hydro-I H pyrim do
i‘i ﬂ§¥” m di n-2-one. 13. A conpound of formula I
¥h28¢| ected from t he group
1 (2-hydroxy-1-(R)-nmethyl -ethyl - (4- met hoxy- phenyl ) -
4- (Rys db@w}»stﬁfrte byehghioaryrlisexy or NRP
-3, 4-di hydro-| H pyrim do[ 4, 5-d] pyri m di n-2-one; 25
© 1- ( 2-Thy domopopntl of fERmuttdfiyikizett, Wltdrgin B i delaared ronayryDireinayyl ) -
s AnkBhaIHON o Coneryl am no- 3, 4- di hydro- | H pyri i do
[4 d] pyri m di n- 2- one;
3-
h

, 5-
( N ! ) - P
en | e%ﬂ%ﬁ(\ Eﬁ&ﬁl% Ig)fqe hl bw rer:em sﬁ?&e d‘][xphe§1§
Pheris GhE ORor SOORI B 1822 PCT/ EP2003/ 011896 - 79
()-N-[6-(4-nnmet hoxy-phenyl)-5- nethyl 7- 0x0- 8- phenyl -
7, Qﬂihet:qmwdd of-formula I of claim 1, wherein R’ is selected from lower a.lkyl
Y O, Mg Ohflstreatet BMOR M H N | - N- phenyl - acet ami de; and
)-1-(trans-4-hydroxy-cycl ohexyl) - 3-(4- nmet hoxy- phenyl)
4-

(

- grgﬁE e ngqf =l
1 3 4 yénp uﬁ §r| mlggfnlogeo CWSH%AL threglnpé lsHi 5 14.
A SO Ol LALMHLE ok ardlonS e aﬂ;sll S gm the
(1R, 3R) - 3- hydr oxy- cycl opentyl 3- (4- nmet hoxy- phe
( S) Z-ribe paprpond offermyplad of #ng-o8e J:Wdia &-whierein R’ |R?na@%R4)are
H.4,5-d] pyrimdin-2-one; 1-]
(1S, 3S) - 3- hydr oxy-cycl opentyl ] - 3- (4- et hoxy- phenyl ) - 4-

(S)s. 'T‘EE Mpoﬂn@m&ﬂuﬁmop&y ol?ie Srclininds 9wtV HaflQen.
[4,5-d] pyrimdin-2-one;

5o (flﬁ%&?“ﬁ“g‘? 'I**%Ipyﬁgngwnléf 1%5’8% PR ar.
ﬁTSglgo'%ﬁé’EW‘Hﬁl?ﬁ%g) 4@53%%0@1%dr oxy-cycl open

tyI)] 3- (4- met hoxy- phenyl)
4-(S)-nmet hyl - 3, 4-di hydr o- IH-pyrlmlSi,o

[4, 5-d] pyrimidin-2-one; ¢y,
7-(4-fluoro-phenyl am no) - 1- ( ir oxy-I - (R)-nethyl -eth
yl) - 3- (4- nmet hoxy- pheyi¥ | )< 4™n A6
Y RE

rReN N f;l 8]

H1

i Ia
11. A compound of formula [ of claim 1 selected from the group:

{%)-3-(4-methoky-phenyl)-4-methyl-1-phenyl-7-phenylamino-3,4- dlhydro -1H-
20 pyrimido{4,5-d]pyrimidin-2-one;




15

(S)-nmethyl -3, 4-di hydro-|1 H pyri m do[ 4, 5-d] pyri m di n-2-0
ne; '

3- (4-chl oro-phenyl)-7-(4-fl uoro-phenyl am no) - 1- ( 2- hydr
oxy-|-(R)-nmethyl -ethyl)-4-

wolkiipiighhy! - 3, 4-di hydro- 1 H pyrim do [4, SpElrprnosin1ises
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pyrim di n- 2- one;
3- (4-chl oro- 2-f 1 uor o- phenyF§=7- (4-f1 uor o- phenyl ani no) -

i#ﬁw@x RS ARy e N . g
prypimida [ & bdirinyidin-2-20e;

3- (4-chl oro-phenyl)-1-(2-hydroxy-1-(R)-nethyl-ethyl)-4
3~(n§)ueﬂliﬁiytpﬂenﬂ)wp®-meﬂﬁm-ﬁhbnyl—7 phenylamino-3,4-dihydro-1H-

-~ di-hydo- r do[45d]pyr|md|n20ne
émfhﬂdégl)!% %girlg] phenyl ) -1-(2-hydroxy-1-(R)-neth)r
Hgﬁw %i?ﬁ“ﬁ&tg%’zwgﬁeﬂYﬁgﬁa‘P%ﬂWleMY ar‘ﬁlﬂoofﬁdgmclf]opyrl m di n- 2-
pymignido(4,5-d] pyrimidin-2-one;

3- (4-chl or o- phenyl ) - 1- ( 3- hydr oxy- 2- ( S) - net hyl - pr opyl ) -
@) (3SIp-(tmtetholy- Phepyiptryetiyl- Boxa2B phenylamino-3,4-dihydro-2H-
érﬂ%ﬂ’d[@y%ﬁnlnﬁum’fyl %ﬂehﬁﬂéaﬂ pyrim di n-2-one; and
4-chl or'd- 2- f | uor o- pheny) 1-(3-hydrox)r-2-(S)-nethy
I .
ﬂ%ﬁéﬁ-ﬁ Siksplgo ﬁ?%—“%fhlal AP A 2 o -2
F’E#IP 2003/ 011596 -80 15. A
phar maceuti cal conp03| tion conprising a
t henapewnipoadd of feemfile € tf dagm 4 sabaged frof thegrewprpound of any
one of clains | to 14 and a pharnmaceutically
@K)qutﬂ&bioetl ~Bihbiyehedt)-4-extbilai-ghetiyl-7hfhenyldneno-3,4-dibydro-

g! G oo%ltlon of claim15, wherein the
coﬁ‘gﬂgﬁﬁgﬁ ur't &EB 5 for adm ni stratlon to a

ti havi n anc an
LA S e e R R
H@mp@uﬂd@:,Sed]Pmdloﬁaloﬁenmnmﬂ% 1to 14 for the
preparati on of nedicanents for the treatnment and

Gl_{)-ﬁt- Bab-flabrocaieRtxy-phéhyl) Hraethd €-ob |7€ﬂlﬁh}ﬂnrﬂilﬁo—ﬁ,é{diltyﬂ?6
st, lung, colon or
ggr%ﬂme csaﬂg}g{rm%(}o’h ézaﬁg%aof cl ai ?n 18 wherein the
BBl R A S RAR

%pmudp%c@BEIwé‘nﬁran@Qda) reacting a conpound of the
formula Re '

1~(2-hydroxy-1-(S)-methyl-ethyl}-3-(4-methoxy-phenyl)-4-methyl-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one.
13. A compound of formula I of claim 1 selected from the group:

1-(2-hydroxy-1-(R)-methyl-ethyl)-3-(4-methoxy-phenyl)-4-(R)-methyl-7-phenylamino-
3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one;

1-(2-hydroxy-1-(R)-methyl-ethyl)-3-(4-methoxy-phenyl)-4-(S)-methyl-7-phenylamino-
3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one;

3-(4-methoxy-phenyl)-4-methyl-7-phenylamino-1-[1-(S)-phenyl-ethyl]-3,4-dihydro-
1H-pyrimido[4,5-d]pyrimidin-2-one;




CHB RN\ NR6 I RSII C NOI 15 R wherein R,
R5, R6, R and R3 are as defined in claiml1, with an
aniline derivative of the fornmula NH2 R2 R4 R3
wherein R2, R3 and R4 are as defined in claiml1, to
obtain a conmpound of the fornmula WO 2004/ 041822

woozgg%glpgzoos/ 011896 -81 R_CHs NIN\ RS BenkBuogphlshl O /
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R4 Ra wherein RO is H and if desired,
reactlng t he compound of f-0frula Ib with an aci d

hal | or anhydride to gbtain O Res RZOOI1 21 a
@fﬂf&i%ﬁ%ms o)?,! - pethiffapaidrpheeyl 6. 7.8ceighydior C- R or
prRndol4 A6l pyBimidie 2 g1 iN-Rhehyl-4d8midR26d and R2' are as
defined in claim1, and/or c) if desired, converting

{Hel- Crmnp@hﬁiﬂo%:iﬁcyd‘hﬂkﬁlﬂsa(ﬂmétﬁﬁx? 5@ r?b ?Lﬁﬁﬁyiﬂwtﬂhﬁﬁlfléni{no-
oun ormula 1 of any
gggﬁgg%bFﬁﬂﬁ %ﬂ%gakﬂrpﬁ%ggred by a process
14, A compound of formula I of claim 1 selected from the group:

1-{{1R,3R)-3-hydroxy-cyclopentyl]-3-(4-methoxy-phenyl)-4-(S)-methyl-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one;

1-[(18,38)-3-hydroxy-cyclopentyl]-3-(4-methoxy-phenyl)-4-(S)-methyl-7-phenylamino-
3,4-dihydro-1H-pyrimido{4,5-d] pyrimidin-2-one;

7~ (4-ﬂuoro—phenylamjno)—1~[(1R,3R)-3-hydroxy—cyclopentyl)}-3-(4—methoxy—phenyl)—
4-(S)-methyl-3,4-dihydro- 1H-pyrimido[4,5-d] pyrimidin-2-one;

7-(4—ﬂuoro—pheny1amino)—1—[(1S,SS)-?:—hydroxy-cyclopentyl)]-3-(4—methoxy—pheny1)~
4-(S )—methyl—3,4-dihydro- 1H-pyrimido[4,5-d]pyrimidin-2-one;

7-(4-fluoro-phenylamino)-1-(2-hydroxy-1-(R)-methyl-ethyl)-3-(4-methoxy-phenyl)-4-
(8)-methyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one;

3-(4-chloro-phenyl)-7-(4-fluoro-phenylamino)-1-(2-hydroxy-1-(R)-methyl-ethyl)-4-

- (S)-methyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one;

3-(4-chloro-2-fluoro-phenyl)-7-(4-fluoro-phenylamino)-1-(2-hydroxy-1 -(R)-methyl-
ethyl)-4-(5)-methyl-3,4-dihydro-1H-pyrimida[4,5-d] pyrimidin-2-one;

3~{4-chloro-phenyl)-1-(2-hydroxy-1-(R)~methyl-ethyl)-4-(S)-methyl-7-phenylamino-
3,4~dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one;

_ 5~(4-ch10ro-2—ﬂu0ro—phenyl)—1—(2—hyd.roxy—1-(R)—methyl—e&yl)—d:—(S)—methyl—?—

phenylamino-3,4-dihydro-1H-pyrimido{4,5-d]pyrimidin-2-one;

3-(4-chloro-phenyl}-1-(3-hydroxy-2-(S)-methyl-propyl)-4-(S)-methyl-7-phenylamino-
3,4-dihydro- 1H-pyrimido[4,5-d] pyrimidin-2-one; and

3_~(4-c1ﬂ0ro~2-ﬂuoro-phenyl)~1-(3-hydroxy—2-(S)~methy1—propy1)-4—(S)-methyl—?-
phenylamino-3,4-dihydro-1H-pyrimido{4,5-d) pyrimidin-2-one.
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15

according to claim21. 10 23. A conpound sel ected from
the group: ()-[ 1-(2,4-dichloro-pyrimdin-5-yl)

-ethyl] -(4-nmethoxy-phenyl)-am ne;

()-7-cbl oro- 3- (4- et hoxy- phenyl ) - 4- net hyl - | - phenyl -3, 4
-di hydro-I H pyrim do[ 4, 5- d] pyrim din-2-one;

WO(ZBO)M}:{ngZChl or o- 5- [ PCTEPI031011896

1- (4- net hoxy- phenyl ani no) -et hyl ] - pyrim di n-4-yl}-(4-me
thoxy 15 phenyl) am ne; -80-

-7zchl.oro- | bi s- 4 net ho) ¢ 4- et hyl - 3, 4-d
I hy 47 &Rhﬂﬁ%@;ﬂ%ﬁl G3PoP Jgon W%Ilug? eﬁp%l 2 effectlve amount of
L gongoprd of At oBcldims hiotlh @r)d;pmmwtu)ncﬂlymmgbueczﬁmm- 3,4
exdiphydr o- 2H pyri m do[ 4, 5-
d] pyrimdin-1-yl]-benzonitrile; 20

() - [k, ﬂgplﬁrﬁé&tﬁ?cglrcgm NefloHloflfim 5 X\Lh)ere tgé/ éolﬂp()l%fdfié HAREs 4

? # g|% ? %@é %:ﬁa n%mmgo 2004/041

()-7-chloro-3-(2-fluoro-4-nethoxy-phenyl)-4-nethyl-I-p
hen)lT' Lompoygids glopn oneraf clpjins il 4 Hdpuissasdiadicamentsdi n- 2- one;
()-3-[7-chl oro-3-(2-fluoro-4-net hoxy-phenyl) - 4-net hyl -
2- ox& 185 efcoinpyabdoof 2k one of claims 1 to 14 for the preparation of

thdaietl Ofof b Rl &)h{}mlofyalnlér.benzoni trfle; and 5
() - (2-chl oro-5-net hoxy-phenyl)-[1-(2, 4-di chl oro- pyrim

d' n 15‘ Tx«l: ase &t M]IS %’ﬂh” ?reatm%ﬁ ancf‘ con?rnpo(%greast %g?c%lo%%r from

Rf?Sta?”é’é‘Febro 3- (2- chl or o- 5- met hoxy- phenyl ) - 4- et hyl -1 - p
henyl - 3, 4-di hydro-I H pyrim do [4, 5-d]

pyr 2G1iThé wse BE dbaire 18 wherein the cancer is breast or colon cancer.
1-[2-(tert-butyl-di phenyl -silanyl oxy)-1-(S)-nethyl-eth
y '] 217 AGhdcess €or Bre(phephimtidofy corhgbund of formula I of claim 1, which
a§§¥&%%ﬁépethyl-3,4-dlhydro-lFprr|n1do[4,5-d]pyr|n1d

?2 %%ﬁﬁgg%ﬁ@ﬁtﬁgl tgef;erulQ/I -silanyl oxy-1-(R)-nethyl -ethyl
dlchloropyr|n1d|n 5-yl)- ethyl} 1- (4- met hoxyphenyl ) -ure

3 [2-tert-butyl - dlphen¥515|l BXy- 1 - (R) - met hyl - et hyl
1-1-(5)-[1-(2, 4-
dlchloropyrlm(llN

ea; 15
1-[2-(tert-but&k/gi
yl]-7-chl oro-3-(4- Hiy_
phenyl) - (R) - 4- et hyl - 3/M-di hydro-| H pyri m do[ 4, 5-d] pyr
i m di n-2-one;

wherfeid- R RS RS B uh y RE e pldeimed insdldianysidvan)aniling RYyivai®t fithe et h
t%haara?- chl or o- 3- (4- met hoxy-

&5(4-nethoxyphenyl)-ur
i Ranyl oxy)2 1- (R) - met hyl - et h

NH,

wherein R% R® and R* are as defined in claim 1, to obtain a compound of the formula
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phenyl ) -4-(S)-nmet hyl -3, 4-di hydro-| H pyri m do[ 4, 5-d] pyr
i m di n-2-one; '

1-[1-(2, 4-dichloro-pyrimdin-5-yl)-ethyl]-I-(4-nmethoxy
-phenyl )-3-[ |-(S)-phenyl- 20 ethyl] -urea; and

7-chl or o- 3- (4- met hoxy- phenyl ) - 4-net hyl - | - [

wo%ﬁt)(u@lézgheny' -ethyl)-3, 4-di hydro-| H PCT/EP2003/011896

pyrimdo[ 4, 5-d] pyri m di n- Zéone. 25
-81-
RB
R?
CH,
N7 N R°
1 5 b
R
RQN/LN/ N/go
R
R? R*
R3

wherein R® is H, and if desired,

b) reacting the cornpound of formula Ib with an acid halide or anhydride to obtain
19 [0
R

a compound of formula I, wherein R is —C~0—C—0—C—R" ,, cORY, and
wherein RY, R*, R?® and R* are as defined in claim 1,

" and/or c) if desired, converting the compound of formula I into a pharmaceutically
acceptable salt.

22. A compound of formula T of any one of claims 1 to 14 prepared by a process
according to claim 21.

23. A compound selected from the group:
()-[1-(2,4-dichloro-pyrimidin-5-yl)-ethyl]-(4-methoxy-phenyl)-amine;

(£)-7-chloro-3~(4-methoxy-phenyl)-4-methyl-1-phenyl-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one;

(£)-{2~chloro-5-[1-(4-methoxy-phenylamino)-ethyl] -pyrimidin-4-yl}-(4-methoxy-
phenyl)-amine;

(2)-7-chloro-1,3-bis-(4-methoxy-phenyl)-4-methyl-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one;

(2)-3-[7-chloro-3-(4-methoxy-phenyl)-4-methyl-2-oxo-3,4-dihydro-2H-pyrimido[4,5-
d]pyrimidin-1-yl]-benzonitrile;

(2)-[1-(2,4-dichloro-pyrimidin-5-yl)-ethyl]-(2-fluoro-4-methoxy-phenyl)-amine;
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(£)-7-chloro-3-(2-fluoro-4-methoxy-phenyl)-4-methyl-1-phenyl-3,4-dihydro-1H-
pyrimido[4,5-d}pyrimidin-2-one;

(£)-3-[7-chloro-3-(2-fluoro-4-methoxy-phenyl)-4-methyl-2-oxo-3,4-dihydro-2H-
pyrimido[4,5-d}pyrimidin-1-yi]-benzonitrile; and

(£)-(2-chloro-5-methoxy-phenyl)-[1-(2,4-dichloro-pyrimidin-5-yl)-ethyl] -amine.

24. A compound selected from the group:

(%) -7-chloro~3—(2—chIoro-5—methoxy—phenyl)-4-methyl— 1-phenyl-3,4-dihydro-1H-

pyrimido[4,5-d]pyrimidin-2-one;

1-[2-(tert-butyl-diphenyl-silanyloxy)-1-(S)-methyl-ethyl]-7-chloro-3-(4-methoxy-
phenyl)-4-methyl-3,4-dihydro-1H-pyrimido[4,5-d) pyrimidin-2-one;

3-[2-tert-butyl-diphenyl-silanyloxy-1-(R)-methyl-ethyl}-1-(R)-[1-(2,4-

~ dichloropyrimidin-5-yl)-ethyl]-1-(4-methoxyphenyl)-urea;

3-[2-tert-butyl-diphenyl-silanyloxy-1-(R)-methyl-ethyl}-1-(5)-[1-(2,4-

- dichloropyrimidin-5-yl}-ethyl}-1-(4-methoxyphenyl)-urea;

1-[2-(tert-butyl-diphenyl-silanyloxy)-1-(R)-methyl-ethyi] -7-chloro-3-(4-methoxy-
phenyl}-(R)-4-methyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one;

1-[2-(tert-butyl-diphenyl-silanyloxy)-1-(R)-methyl-ethyl]-7-chloro-3-(4-methoxy-
phenyl)-4-(S)-methyl-3,4-dibydro-1H-pyrimido[4,5-d] pyrimidin-2-one;

1-[1-(2,4~dichloro-pyrimidin-5-yl)-ethyl] -1-(4~-methoxy-phenyl)-3-[1-(S)-phenyl-
ethyl]-urea; and

7-chloro-3-(4-methoxy-phenyl)-4-methyl-1-[1-(5) -phenyl-ethyl)-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one. '

ot




