WD 2004/ 041822 PCT/ EP2003/ 011896 -1 PYRI M DJ 4, 5-D)
PYRI M DI NE DERI VATI VES W TH ANTI CANCER ACTIVITY The

w@re@sments2: nvention is directed to novel pyri m POI/EP2003/011896

10

15

conmpounds of the formula R8 R7 CH3 N NR6 RON Rs N
NO R R2 R4 R3 or pharmaceufli-cally acceptable salts
thereof, wherein R is selected fromthe group 5 H

Cl 10 alkyl, Cl-l1o alkyl substituted by up to three
groups selected fromaryl, cycloal kyl, heteroaryl,

het erocycl e, NOR', OR12, SR12, hal ogen, COR13, CO2R13,
CONRIZRINTPO[4 35-G) PRRIMIPANE QEREVATIGED BITH ASKL GHGERGETIVITY
wherein the aryl, cycloal kyl, heteroaryl, 10 and

het er ocycl e groups may each i ndependently be

substituted by up to three groups selected from

N O BRSO o SRS g e o
aryl, aryl substituted by up to three,groups selected
fromlower alkyl, NRLIR11l, OR12, 15 SRi2, hal ogen,
COR13, CO2R13, CONRL13R14, SO2NR 13 3, S2R13,

CN and NO2, heteroaryl, DK/ 22H)9. O 2004/ 041822
PCT/ EP2003/ 011896 -2

N“ | N
R® N/I\\N |}|/J§O Re
1

R

R® R4
R3

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

H,

Cr-10alkyl,

Ci.10 alkyl substituted by up to three groups selected from aryl, cycloalkyl,
heteroaryl, heterocycle, NR'’R", OR'?, SR'?, halogen, CORY, CO,R", CONRPR",
SO,NR”R™, SORY, 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 NR'*R", OR', SR',, halogen, COR", CO,R", CONRPRY,
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, , halogen, COR", CO,R", CONR®R", SO,NR”R", SOR", SO,R", CN and
NO,,

heteroaryl,

DK/22.09.2003
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het eroaryl substituted by up to three groups sel ected
fromlower alkyl, NRLR11, , OR', SR12, hal ogen,

WO@R18418¢C02R13, CONRL3R14, SOZ2ZNR13R14, SORB, SRRREB200X0N1896

and NO2, heterocycle, 5 heterocycle substituted by up
to three groups sel ected fromlZower al kyl, NRLR11,

OR12, SR12, hal ogen, COR13, CO2R13, CONR13R14,
SCoNRataRE] SSotiBiieGhpRa 0 tioss graries epied Em pvier allgl, NRUR',,

cycl Rk ¥R, £odd, CHR DR, cobat R GtsemNRy’RIf) SOR', SO,RY, CN
t hree ups selected fromlower alkyl 10 NR1OR11,

OR1231 » hal ogen, COR13, CO2R13, CONR13R14,

S2NR13R14, SORB, SO2R13, CN and N2, C2-10 al kenyl,
C2_10Qetatdopelyl substituted by up to three groups

selected from NRLIOR', OR12, SR12, hal ogen, COR13,

CO2RY, 3, Qg&g;@&%eoﬁ%%ﬂf@}éb §§§§e1e§€8%§1 ToGk ARG, NRIR™,
NC2, - a J%st ed b to three

N2 sl Ve RSB e o, R L0 0 Bers o
CORL3pd N R13, CONRL3R14, SO2NR13R14, SORB, SC2R13, CN

and NO2; R2, R3 and R4 are i ndependently sel ected

from he)%%ﬁ#& consisting of H 20 hal ogen, COR13,
coeREg0C BR14, SO2NRL3R14, 25 SORB, SORRIL3,
CN, and WD 2004/ 041822 PCT/ EP2003/ 011896 -3- NQX2i R5,

R6, RangdcRBatiybsibstepehvem tojthselgeotmsdeltetediromdoyenakyl
R NRIRY, OR' SR' halogen, COR", CO,R™, CONR¥R™, SO,NRR*, SOR”,

SO,R", CN and NO,,
Cy.jpalkenyl,

Cs.10 alkenyl substituted by up to three groups selected from NR!RY, OR™, SR*,
halogen, COR', CO,R", CONR¥ R, SO,NR”R', SOR", SO;R", CN and NO,

and

Cz.10alkynyl, substituted by up to three groups selected from NR'RY, OR™, SR*?,
halogen, COR', CO,R'®, CONR™R™, SO,NR"R™, SOR", SO,R"’, CN and NO»;

R*,R%and R*are independenﬂy selected from the group consisting of
H,
halogen,
COR",
COR”,
CONR"R™,
SO,NR¥R',
SOR",
SORY,

CN, and



| ower al kyl, 5 | ower alkyl substituted by hydroxy or
al koxy, NR15R16, OH, ORl7, SR17, 10 hal ogen,

WO@aRYP4182CO2R17, CONR17R18, SO2NR17R18, 15 SERIEP2003/011896

10

15

20

SO02R17, and CN;, RO is selected fromthe group H, O
Rig RRO O 11 Il 21 20 -G 0-C-@FCR, and CORL7; RI10
and R' are independently selected fromthe group WO
2004MN8%31822 PCT/ EP2003/ 011896 -4- H, COR13, CO2R13,
CONR13R14, 5 SO02R13, SO2NR13R14, |ower alkyl, |ower
&P KA REmBFE iatdih aebapyedtsebelsted fidnk eheysreup NRISR16,

cycl oal kyl ,
H,
lower alkyl,
lower alkyl substituted by hydroxy or alkoxy,
NRlsRlé,
OH,
OR17,
SR17,
halogen,
CORY,
CO.R",
CONRYR",
SO,NRVR™,
SOR",
SO,RY, and
CN;

R is selected from the group

CORY;

R¥ and R' are independently selected from the group
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10 cycl oal kyl substituted by hydroxy, al koxy, | ower
al kyl , or NR15R16, heterocycle, and heterocycle

wGaaimsviser ed by hydroxy, al koxy, |ower al kyl, PCT/EP2003/011896

NR15R16, or, alternatively, NRLOR11 can forma ring
having 3 to 7 atonms, said ring optionally including
one @f nore additional hetero atonms and being
optional |y substituted by 15 the group consisting of
one or nore lower alkyl, OR12, COR13, CO2R13,
CONRESRI4, SOR13, SO02R13, and S02NR13R14; R12 is
selected fromthe group H, lower alkyl, 20 COR13,
CONRLBR#, C2_6 al kyl substituted by hydroxy, al koxy,
or NR15R16, cycloal kyl, cycl oakyl substituted by
hydre%%qlgéﬂoxy, | ower al kyl, or NR15R16,

heterocﬁ%l ,>and 25 heterocycl e substituted by
hydroxy, .al koxy, |ower alkyl, or NRL5R16; WO
20040822 PCT/ EP2003/ 011896 -5 R13 and Rl14 are

i ndependently selected fromthe group H, |ower alkyl,
C2_6s@lMyPrBubst i tuted by hydroxy, al koxy, or NRL5RILS,
5 cycl oal kyl, cycloaklyl substituted by hydroxy,

al koxy, | r al kyl, or NRL15R16, heterocycle, and
heteﬁ%@?é&gfsubstituted by hydroxy, al koxy, | ower

al kyl, or NR15R16, or, alternatively, NRL3R14 can form
a rilyehalkylngb&ittited bydtydresy, Aladxst of NRJ IOft i onal ly 10

i ncluding one or nore additional hetero atons and

bei n ng&&pnally substituted by the group consisting
of orie or ‘nore |lower alkyl, ORLl7, CORD, C2R17,

CO\lRl?Eé , . SO2R17,. and SO2NR17R18; R15 is s@ ect ed
fr on¥¥c ]ew'gtltup;q;d 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,RY, CONRPRY,
SOR", SO,R™, and SO,NRR*,;

R* is selected from the group
H,
lower alkyl, |
CORY,
CONR"RY,
Cy.¢ alkyl substituted by hydroxy, alkoxy, or NR'R'®, cycloalkyl,
cycloakyl substituted by hydroxy, alkoxy, lower alkyl, or NRPRS

heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR*R*;
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15 | ower al kyl, COR17, and CO2R17; and R16, R17 and
R18 are i ndependently selected fromthe group H, and

wQ@Qooko¥wse2 al kyl, or, alternatively, NRL5R16 aneiCTMRRZORS/611896

can each independently forma ring having 3 to 7
atons, said ring optionally iﬁéruding one or nore

ddi t.igpal .heter t ons; 9 d R20 are independently
elagétRedarFﬂ%%pFﬁgenglly Ggg‘:tecﬁ%oﬁﬁge §¥%Power al kyl; and WO
2004/ 041822 PCT/ EP2003/011896 -6- R2' is selected
frontl ower al kyl, and C2_6 al kyl substituted by

hydr oxy, al koxy or NRL5R16. These conpounds i nhibit
KDR;&&Epg§gkinsert dommi n-cont ai ning receptor) and 5
FGFR (f1 broblast gromh factor receptor) kinases and
are sel ective agains CK (T-cell __tyrgsine kinase
p56lék9i§ﬂé§ StEBieA by r%ﬁkﬂk@ﬁﬁqf%%gRﬁaceuticaIIy
acceptable salts have antiproliferative activity and
are ogkfaldlylin the treatnent or control of cancer, in
particular solid tunors. In addition these conpounds
have V. I ] i) refil egmisthé s
e SR QSRS Ak Jonel i pESR R
conposi tions containing such to conpounds and to

net hbefsrosvcleadt i ng or control ling cancer, nost
particularly the treatnent or -control of breast,

| Unghete@cpdle ATHtiRIEBH I RIr&HBkSxy, RivRd alkpl, ki Ndggs,are a

cl ass of proteins (enzynes) that-regulate a variety of

Il ul f ti This i lish the, . .
ohosiaPrAten SR Brcar fort afifh BPUes 365 AOHy FrafiRg optionally
subsinchtdésg omser horgdiitionalifetaroatdnonald telitgsomatonelly aibstituted by
th .ot e - i
o FURBLERLBRLALEH e SRS £RIOITRY 210k SP0E conn R

to i pO=k acnd SRNR & her bi nding partners. The enzyne
activity of the protein kinase refers to the rate at

mﬁﬁghmk&gjkhﬁaﬁgg@dgs phosphate groups to a substrate.
It can be neasured, for exanple, by determning the

anou of a substrate that is converted to a product
as a”.function of tinme. Phosphorylation of a
substrate occurs at the active-site of a protein

lower alkyl,

CORY, and
CO,RY; and

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

lower alkyl,

or, alternatively, NR’R'® and NR'7R'® 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

lower alkyl; and
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20 ki nase. Tyrosine kinases are a subset of protein
ki nases that catalyze the transfer of the termna

w@bwgphsee of adenosi ne triphosphate (ATP) to PGT/BB10N&011896

resi dues on protein substrate% These ki nases play an
i mportant part in the propagation of growh factor
pignal -transduction that |eads to cellular
Brolegﬁgg?ﬁﬂFldifferentiation and migration. 25 For
exanpl e, fibroblast growh factor (FG-) and vascul ar
endotowet alkyl, gmdbwt h factor (VEGF) have been recogni zed
as i nportant nediators of tunor pronoted angi ogenesis.

VEG- 1gjignal i ng through
t wo ﬁ?éﬂkgggﬁﬁﬁﬁeq?zmgg¥§#zmggkgrgglﬁgglch is the

ki na i nsert d n-c ing receptor (KDR).. See
Hennigifff ﬁOIPPOanSe‘PLJ fﬁDﬁ?ismawer é‘i‘ﬁm?%tzml%{eéipm) and
PGERQfAbrobGst @otvily Ales refegal Nighisald arckdrk Selét;ﬁvs b giadt LOK (T-cell

0 th F
Bhoboe U e T eceat o ol R e
havegintigeddsiagye dctivigy and anémsefuhnm]gd tyeatineht di dontrsl of cahbaz, in
é%ﬁﬁlltapgo‘hdﬁcﬁﬁﬁréa% ad% gs% 121&8{11& rlﬁv%&%n&%go&rb?%gﬂabﬂity

trans ction,
BFilesg dhésdngentignds @lgeﬂmct@gf@rpﬂf@rmweﬂwl mrép@%&lwwoawwlng such

gjﬁﬁélﬂtﬁl%tangfto %@tﬁdﬂstgﬂ Eﬂtaﬁ’@nh o%le:ﬁntr&lhﬁ Saﬁé%% m&k 21?(:}11\%1)}7 the
rren I.otecnnol o
S04 S BT BLESERL PrOHHE TgRe sever al

exanpl es of small nolecule inhibitors of protein
Kin aﬁmtemﬂm%sési ate a akabs ofipryteink ferpamesd) chidtaegulstalvhriety of cellular

PSSRt DHLP o ncy Bl AR st ol Fpecfis apinoerigg om
thhmtswestlptrt@treauwn@ inaouionmatiphal ﬁg’u@n ) é@mbstratetprv@m The
§éﬁf§rr)1at1c§ﬁ?cﬁé@ gﬁfo%ﬂfa%% tH@Q:u BietﬁH kibskratdor 1§tabﬂﬁ?to interact

00 (6), ppl ever al. of these
&’én‘?‘iﬁ% Pﬁt%erﬁuT}P? iﬂZ@mﬁ éftaéw ﬂFdeOE@(%i?ﬁ‘F%" refers to the rate

W)&QBJCE HAdnase WadNSHospRITO gfdups € Sibegas. hicay bk infeasured, for

E%?W?TF ?Yr&%'?eﬁ%nlf%ng{lg% a7 Il? t\%f %Sl% E{X’%rﬁgﬁ cqmwg%tgcgfoea productas a

asstipt efititne. iPhhmhotylEtymi ofre sobgiendertrskit NasesivEdid of a protein

¢ and Cdk4 as well as the 10 growth factor
receptor tyrosine kinase enzynes PDGR and FGFR. Sone

conmpounds _are also asserted tq . inhibit Cdk6.
Tyrosine kinases are a subset of protein kinases that catalyze the transfer of the

terminal phosphate of adenosine triphosphate (ATP) to tyrosine residues on protein
substrates. These kinases play an important part in the propagation of growth factor

signal transduction that leads to cellular proliferation, differentiation and migration.-

For example, fibroblast growth factor (FGF) and vascular endothelial growth factor
(VEGF) have been recognized as important mediators of tumor promoted angiogenesis.
VEGF activates endothelial cells by signaling through two high affinity receptors, one of
which is the kinase insert domain-containing receptor (KDR). See Hennequin L. F. et.
al., J. Med. Chem. 2002, 45(6), pp1300. FGF activates endothelial cells by signaling

-through the FGF receptor (FGER). 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
Klohs W.E. et. al., Current Opinion in Biotechnology 1999, 10, p.544.
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US Patent No. 6,150,373 (Hoffmann-La Roche Inc.)

di scl oses bicyclic nitrogen heterocycles of fornmula 2
wOoRMNOR4EDIN N O RL R3 15 that are stated to iP@i/BP1003/011896

the T-cell tyrosine kinase p561 x WD 01/29041 Al and

WO 01/29042 (F. Hoffnann-La Roéhe AG) disclose

al kyl am no substituted bicyclic nit en heterocycl es .

of TDHHEIE seYery! exqmples of g mplRpHgmbibtiors pRERIER lonppegatalytic

NtiQty. Rh $33tiEllaiRdmaldfdldchiR tintabRos tafiedly bock mid Phdsph&flation of

AT R N

RETY. ERZOTBSE 248960 d FnvByod LBGT.ILA. M&hiCham 2002, 45(6), pp1300.

| 1.5 eg- -

L A I L S LT e

aner-Lpggbery) fisplosenbicaelis pynimblinenand taryqling, 4xdihpropgrimidines of
fhallare stated to be useful in treating CSBP/ P38
ki nase nedi ated di seases. 5 There continues to be a
need for easily synthesized
effective in inhibiting thejcat Iytig activity of
protein kinases, in particar AGRand KDR ki nases
for treating one or nore ype ofysolid tunmors. It is
particul arly desirable j mal | nol ecul e
inhibitors that are sel gti e fég FG-R and KDR. This
is desirable R R

8 S | - mol ecul e conpounds

R

that are asserted to inhibit cyclin dependent kinases Cdk1, Cdk2 and Cdk4 as well as the
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

that are stated to inhibit the T-cell tyrosine kinase p56'*.

WO 01/29041 A1l and WO 01/29042 (F. Hoffmann-La Roche AG) disclose

alkylamino substituted bicyclic nitrogen heterocycles of formula

/©' ",

)

4

R\\N/l\N/ v/L>O
F'f R

3
and

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

cellular proliferation.
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because of the potential concomtant toxicity and
ot her undesirable conplications that 10 nmay fol |l ow

WO cavniosskd biting nmultiple targets. It is pref ePEER2003/011896

that such small nolecule inhibitors also possess
advant ageous bioavailability p@ofiles is thus an

n to ovi de su h co S
AR Of e Ll g bR Eon: grsaﬁﬁguteﬁ?peﬁé dyaro-11t-
Conpoioils- Dﬁlyﬁnmgs&amhe domveninido of foelhalaes t o novel
pyrim do conpounds capabl e of selectively 15
inhibiting the actiy'ty of KDR and FGFR Thege
conmpounds are useful in the treatnment or cdntrol of

cancer, in he treatnent og= of
solid tunnrsé#ﬁ~ artijcul ar gghis inventipn relates to
conpounds of, AR8WR7  CH3 N |4 NN O
R 4RL RR4 I, or the pharnaceutngally

acceptabl e salt& thereof, wherein Rl, RE, R3, R4, R5,
R6, R7, R$ and 20 R9 are as hereinafter defi ned. WO

#a04e thjé&z% qugéfEP 2003624 &886/p3s %n-ggkemgﬂﬁt%ﬁ%seases

| nvent ion also relates to phar maceut | cal conposi tions

S0 S D PR el Sl ect e apount of one
effacam mhhblbttargrthe tatdrrueamlvny eflprote“ﬁh Rinp$e@ S8 partidile MGRRnd
f(Bﬁitlgg{ng f%r %rtegﬁ?n%gne% {ret L es oﬁsoéjlgsﬁn(?{ﬁg gf 1stp|a%técel},ﬁé des1rable to
movmmmﬁlm@ﬁcm shitord thmigﬂre sxddctive fom FGFRosId DR ﬂ‘hrur is desirable
lg@ﬁltlse%@lé Lt Xor@bﬁﬁﬁht ki an&] o{hléfrﬂﬁ%esugyle comﬁhcatlons that

ter to a human pat i In_nee

fé?Fné’P iBingyaul Hﬁlﬁlﬁﬁ’geféf Itas pisferrgthabsuchsmall maplecule
@mdjlwrs AsPpeEs AR EBkhtagad s bioael®RIAP Tl &alt is tRArBUbject of this

invention to provide such compounds and pharmaceutical compositions containing

these compounds.

The present invention relates to novel pyrimido compounds capable of selectively

- inhibiting the activity of KDR and FGFR. These compounds are useful in the treatment

or control of cancer, in particular the treatment or control of solid tumors. In particular

this invention relates to compounds of formula

RS
CH, "
NG | N RS
A
R
R® R
R I,

or the pharmaceutically acceptable salts thereof, wherein RY, REL R3,RY R® RS, R7, R® and

R’ are as hereinafter defined.
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The present invention is further directed to novel
i ntermedi ate conpounds useful 1o in the preparation

wo@oogomsezinds of forrmula.l. As used herein, theCT/EP2003/011896

follomnng terns shall have the follow ng deflnltlons
"Al kenyl" denotes a stralght ¢Rdin or branched
al i phatic hydroc vin | east .one set. of
car bﬂﬁ@ E’%f?ed% th&Bﬁ 81 % tgd%%a%‘}%%ﬁ?ﬁlﬁ%al GPmppsitions comprising a
thepteetiydlly effediva anetihy bf or2-ch h@B ybmpdbndsAfkyrmydld T and a

ﬂﬁ%ﬁia%éutgg ot v}?chSle%{l—? gbdxc ranched aliphatic

rocar eas one set of carbon-carbon,
trlple bond, for exanple et hynyl, and 2-butynyl.
" Al kJhe pressmsimention furie Eelatehini amethod farfcensiag oncanteallieg solid

ﬁiﬂl&@ %'p%r i QBHRAN o ?_é/r%tgﬂ of b%éﬁstlﬁ)m F’Jo%r?ir@ﬁ%(rﬁst&tettf?mors,

referably on at ons
Fhahi Bigast of golg? X CP A G S B S gt in need of
hﬂ:hhhdfrep‘fl arpeffectiov@noah tofla.compyihé af folr@RIT a2d/ctlakHarmaceutically

ou met hyl, ethyl, propyl, isopropyl,
%ﬁ??@gksaﬁﬁF§$ﬁ 2- butyl pentyl and hexyl. As used

herei n the sanple deS|gnat|on Cl 4 al kyl nmeans al kyl
havi Bl present inveptian isdarthordieecidso nowdl kozytiedisa nempounds useful

B e AdieGAlorcDAbol SadiigeigdL Lo the remeinder of the
nDIecuIe by oxyg -), e.g. methoxy, ethoxy. 25

"Aryl" means an aronatlc carbocyclic radi cal, for
exanpl e a 6-10 menmbered aromatic or partially

but %é‘:ﬁ#&}ew‘?ﬁ HE i iRt e BARS ey

xylyl. "Cycloal kyl" means a non-aromatic, partially or
co np‘i‘lﬁkem]f’ detotesatsedighirchdin or bianphet aiﬁphht;idh;a’cacrablmn having at

RLQY¥e Q&%tf@ér%bﬁ%ggbohcﬁo%b@tb%ﬁﬁ fo 1€¥in ?f F%Q%&?lahé{ . ~methyl-

roups, 30 Inc e cyclopropyl, cyclopenty
§%¢%ﬁ%xyl. WO 2004/041822 PCT/ EP2003/ 011896 - 10
"Effective anount” or "therapeutically effective

ano uMlkyﬂim’aﬂléqoaés aaright- cﬁkfln at braneh&d alpheti €y et Bdving at

R g5 P rlbo T sPRPAT By PhAFRREE it né?%famnvl

"Hal ogen" neans fluorine, chlorlne, brom ne or iodine,
pr ef eAllpl’ dendteor jtrdghtrchafi dribuardhae satuﬂdeetdeadinphaﬁcdmdrocarbon

d, Yy
PR\ 5kl e, B Sy o
baying ik 6 garRgm atomsrare #eo seéareadgo Retsin pss'lagyerjatkyl. ¢ dpisal lower
AkAseAipsafclede ST, eBFE 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.

“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
include cyclopropyl, cyclopentyl and cyclohexyl.
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"Heteroaryl" neans an aromatic heterocyclic ring
systemcontaining up to two io rings. Preferred

whedogoomey/| groups include, but are not |im tepCT/BP2003/011896

thienyl, furyl, indolyl, pyrraolyl, pyridinyl,

pyrazinyl, oxazolyl, thiazolyl 10 qui nol i nyl,

pyrimdinyl, imgdazpole and. tetrazolyl. "Heterocycl|e"

or " HeteerHARIYAt Oﬁég?rgp%}l’%@ﬁ)f ?i!fefﬁ‘-’enaéﬂ%‘@}tegméﬁi apgppt of at
leist pae térabbind fon Sa@hiilal, @da pharnadcentidallg actepabialsalnthereof, that
c%r?bl C ra%.gﬁ% havi ng fromone to 3 hetero atonms 15
SgriEcansly TRBHS R SR oxygen or sulfur or a

conmbi nation thereof. Exanples of preferred .

het eflddygdrdsnane flpinpes chlpriee, wppareariiodine, pyefewblydihtasine or
foskiyor pholine.  "Hydroxy" is a prefix indicating the
presence of a nonoval ent OH group. "IC50" refers to

the goncentration of a particular 0 accoy di

to tHeCFrRALARY émﬁapéau?@we{%teﬂﬁfﬂ%f\f%n‘gﬁ efgbléféf%féhe

Héllé‘fotlit@ﬂ 1@8% it\¢hnt Ye pletd® ac aHber Medswaratkyl-. 20thee heero atom is S, it

alia, as is cribed in Exanple 22, infra.

“@r&ﬁ%@@t?ﬁggﬁvs Cceptable salt" refers to

conventional acid-addition salts or base-addition

sal t $ethatarylemims aoheoiitt bgewayclisfingoyitvs sestginangiup to two

?Eg@ &, E%ﬁ%d ﬂgtefcﬁ%g g%ﬂﬁ Qs Bht ORI ULRItkd RNEhi&L8 furyl, indolyl,
of red rom sui tabl’e non-toxic_qrganic or |_nQr,ga1nl C.

nrrelsl grridinganyeziByl prEelyh Hhisz b s@unolmyhpygmidinyl, imidazole and

fglagolddi tion salts include those derived 25 from

i norgani ¢ aci ds such as hydrochloric acid, hydrobromc

aci d..;hydr oi.odi c,aci d ul furi Cj sul f am o] .
hosROFETHE o Rtekdie gt - Bl Bt Hopfiy Qg & portaty
finemratedgmmi-aroaatid mewedlersydid redica e ging ffiom enats Ihetero atoms
SR 8, DREDEBERE OFL FoblrlioP Wk, EREPs of
praferredchetierogycles ate niperiding pipesizins, Byrrelidine andmqrpholine.

salts include those derived from ammoni um potassium

sodi uayaiely” 3Q paeftigaidaing REFRREAIRNAY dicnoivales: OHYgbuBs

for exanple, tétranethyl amoni um hydroxi de. The

chemgcal, npdi fication of.a pharmaceutical c 0

(1 o T g B o P e s Rali? TRmoAe o e

phantioe eauiredito mhibii 396 of ospebifiainmeasurpd estettyp bysicembe measured,

em. [ 1d g copicity, flowability

il “2%! U 1??%8{%%&%%35%& ce, e.g., WD 2004/ 041822

PCT/ EP2003/011896 -11 H Ansel et. al., , .

Phar miksniecesicalboasagpiatie sabs rafist iocogrendpnal arig-agitionsalts or

C8dehadditionl @89 Ihadtetail Phe Bi8kgRALR4BRNIA 2k d properties of the

"Phar maceuyt.i cal. |y accept abl.e’ such as har maceut. cal lo\{' .

é@@BBP’&‘gﬁ f(&l‘é]ill}l’fl pndarg inbeide%?m S 1{[%3 € n(ﬁgg%c organic Or inorganic

ptids oReghnigior ldrgandciespt dhhpleavit-sddisomsdlis ahdlyde those derived
on-toxic.to. ' . 1.0. i . nariti o

& 6)nn,[13 %ﬂlorl;%a%lés acgyr%]ﬁ%}ll %stl'gzlrdg(%f%f&m a%ldf\ﬂlycﬁjablcnﬁlc Rak! hﬁﬂbf.a'f:hc 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, tetramethylammonium
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.g.,
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"Substituted" as in substituted al kyl, nmeans that the
substitution can occur at one or nore positions and,

wairdoe®s1822 herwi se i ndi cated, that the substit urCt/EPZD3/011896

each substitution site are independently sel ected
fromthe specified options. | nlbhe enbodi ment, the

vegé%l or[%)r | at %se KFt1 % Zbﬁgg% E]r%ffa%fg ﬁf fiivjagryg?tem{?—@%. 1995) at

pharssanduti&akt’y acceptable salts thereof, wherein Rl
is selected fromthe group H, Cl-lo alkyl, 15 d _lo

ey PRSI L Lt Sich Al S Bl SRR Rl E 2 A0
ERIPentSEE2 mepnd Id@emacc(t@m%ly aQEPRLE; an@@hlb’ét@ma&ly non-toxic to the
SR Bhth ¢ BeunERsbunds AfdinhFed Wher ein the

aryl, cycloal kyl, heteroaryl, and heterocycle groups

o o e 2 1 Mﬂ%&ésé%é%@e%? bn Grpsear ot one
oDRdES os(ﬂﬁl‘ﬂRJa&Ekﬂlﬁﬂess BEheS@i%NRﬂ:lfﬁdRﬂe@, ﬂﬁﬂﬁbgubm&t cath

EP20 896 -12-
5‘%/8 n St"i-loa %/i e{mg\%oengerﬂytﬁlef tﬁ’g g{rhou LS Oé’cjglt P88 from
| ower aIkyI NR10R11 R 2, SR12 hal ogen, COR13,
CO2R13, CO\IR13R14, S(INR13R14, SOR13, SO2R13, CN and

NC2, heteroarC}/ . . )
In one embodiment, the invention relates to compounds of formula

R8
R7
CH,
LR
~
9N N N O
l1
R
R? R¢
3
R I,

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

H,

Cy-0alkyl,

Ci-10 alkyl substituted by up to three groups selected from aryl, cycloalkyl,
heteroaryl, heterocycle, NR!RY, OR'?, SR?, halogen, COR™, CO,R'®, CONRYRY,
SO,NR¥R™, 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 NRRM, OR™, SR, halogen, COR®, CO,R®, CONRPRM,
SO,NRYR™, SORY, SO,R', CN and NO,,

aryl,



5 heteroaryl substituted by up to three groups

sel ected fromlower alkyl, NRLRL1 12, SR', hal ogen,
WEBR18418X?R13, CONR1I3R14, SO2NR13R14 OR , SORAGI/EP2003/011896

SO2R13, CN and NO2, heterocycle, heterocycle

substituted by up to three groths sel ected from | ower

al kyI NR R11, 2, SR12, ha en, , 3,12

LA S AT 6D S BT ST s OR'
C3- 1&R%y}cﬂl@hk®®R”§E0m”,o®©NtRéalﬂi’y SOsNRSRM 808K, B@,RIA CN and
to t £€ groups selected fromlower al kyl NRLOR11,

3R12, hal ogen, COR13, CO2R13, CONR13R14,

SOZNR13R14 SOR13, 15 SO2R13, CN and NQ2i C2_1lo
al kehsteroag- 10 al kenyl substituted by up to three
groups sel ected from NR1R11 OR12, SR12, hal ogen,

5 mﬁete%ﬁgﬁ%s’ﬁd 5 %ﬁ@ﬁde@%b@%@ﬁNRloRn
to t Miee BT %gegeﬁgg SR Ron MR Ser BERs Ok Boum, o

hal ogehINOGOR13, CO2R13, CONRL13R14, SC2NR13R14, SOR13,
SO2R13, CN and NO2; R2 , R3 and R4 are independently

sel e m t he group consisting of H, halogen, 25
@gtg%é%% CONRL3RL4, 13 SC2NRRL4, WO

2004/ 041822 PCT/ EP2003/ 011896 - 13- SOR13, SO2R1 L0m 11
CN, Befarockgpsubstituted by up to three groups selected from lower aﬂ(yl NR™R™,

10 ORY, SR', halogen, COR", CO,R"”, CONRPR™, SO,NR"*R™, SOR", SO,R", CN and
NOZ:

Cs.10 cycloalkyl,

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

Cyp-10 alkenyl,

Cy.10 alkenyl substituted by up to three groups selected from NR¥R! OR! SR,
halogen, COR", CO,R", CONR'’R", SO,NRPR™, SOR", SO,R", CN and NO,,

and

20 Cy.10 alkynyl, substituted by up to three groups selected from NR'R', OR', SR'?,
halogen, COR", CO,R", CONR"”R", SO,NR'*R™, SOR", SO,R"’, CN and NOy;

R*,R’and R*are independently selected from the group consisting of
H,
halogen,
25 CORY,
CO.R,
CONR"R*,

SO,NRPRM™,
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5 R5, R6, Rand R8 are independently selected fromthe
group H, lower alkyl, |lower alkyl substituted by

wohyanoxg2nr al koxy, NR15R16, 10 OH, ORl7, SRIWEP2003/011896

hal ogen, COR17, 15 CO2R17, CONR17R18, SO2NR17R18,
SOR17, SC2R17, and 20 CN, R9 1% sel ected fromthe
gr oug@ H, WO 2004/041822 PCT/ EP2003/011896 - 1 4 O
B 011 21 -GCOCOCR, and CORI':; R10 and

R11 are independently selected fromthe group H, 5
C(Pl&)gRiﬁZRlS, CONR13R14, S02R13, S02NR13R14, 10
| oner al kyl,

CN, and

NOZ)
R> R® R’and R® are independently selected from the group

H,

lower alkyl,

lower alkyl substituted by hydroxy or alkoxy,

NR15R16

OH,

OR17

SR17

halogen,

CORY,

CO,RY,

CONRYRY,

SO,NRVR',

SORY,

SO,RY, and

CN;

R’ is selected from the group

H,



| ower al kyl substituted by hydroxy, al koxy or NRL5R16,
cycl oal kyl, cycl oal kyl substituted by hydroxy, alkoxy,

wo owe4bkyl , or NRLS5R16, heterocycle, and 15PCT/EP2003/011896

10
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20

het er ocycl e substituted by hydroxy, alkoxy, |ower

al kyl, or NR15R16, or, aIternaHver, NR1OR11 can form
a ring having 3 to 7 atons said ring optionally

i ncl udi kg pife RT nare addi ti onal hetero atonms and
bei ng option Vly S bstltuted by the group consisting
of onre-Or@ui—Dower Rl kél OR', COR13, CO2R13,
CONR13R14, SOR13, SO02R1 and SOZNR13R14 20 R12 is
selected fromthe group H, lower alkyl, CORL3, WO
2004COR1'822 PCT/ EP2003/ 011896 -15- CONRLI3R14, C2_6

al kyl substituted by hydroxy, alkoxy, or NR15R16,

R}"Cahgélilké/ﬂeqndé@éﬁcﬁ Efséaeab@ﬁbinttw:gfbu y hydroxy, al koxy,

I ower al kyl, or het erocycle, and 5
hetegpcycle substltuted by hydroxy, al koxy, | ower

al ky or NR15R16; R13 and R14 are independently
selected fromthe group H lower alkyl, C2 6 alkyl
subs€ORiLed by hydroxy, alkoxy, or NRI5R16, 10
cycl oal kyl, cycl oal kyl substituted by hydroxy, al koxy,
| owe Cﬁk“ I or NR15R16, heterocycle, and heterocycle
substltuted by hydroxy, al koxy, |ower alkyl, or
NR15R16 @u4mtenmuvdy,NMBMAcanfmnuiﬂng
havi RPMRT® 7 atons, said ring optionally 15

i ncluding one or nore additional hetero atons and

bei ngoeR?tj onal | y substituted by the group consisting
of one or nore |lower alkyl, ORL7, COR17, CO2R17,
CO\IR%&%ﬁ;aRM;SOZRl?, and SO2NR17R18;

lower alkyl,

lower alkyl substituted by hydroxy, alkoxy or NRRY,

cycloalkyl,

cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NRR'S,
heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NRPRS,

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", CONR”R™
SOR", SO,R", and SO,NR"R™;

R' is selected from the group
H,
lower alkyl,

COR®,

2



R15 is selected fromthe group H, 20 |ower alkyl,
COR17, and CO2R17; and R16, R17 and R18 are
w0 nabeperseent |y sel ected fromthe group H, andP@BEPIO&011896
al kyl , WD 2004/ 041822 PCT/ EP2003/ 011896 -16 or,
alternatively, NRI5R16 and NRI¥R18 can each
inde8§§&$ t;hy forma ring having 3 to 7 atons, said
ring ally including one or nore additiona
hetero atons; R19 and R20 are independently sel ected
f r onC1 hedleg sabrpituteld bphedoxy, aleky,alr RYR TR &ndycldaBkyl,i S

selected from lower alkyl, and C2_6 al kyl substituted

by h , 0 s di-se)esed
ner oAt sl of b iShR h. TR AR
tautonerismor structural isonmerism It is intended
t hat hetprecydssendi on enconpasses any tautomeric or
structural isoneric formof these conpounds, or

5 M Xt hét@®cRile SbehutQItEhydt Gy lalkéB¢ RN allth X bHRRER/S; and
is not limted to any one tautoneric or structura

i j f depicted in.f la | ab . Wen th
ortBEEhaE e PO e RR REERHR: ural | soer i sm.

the preferred 15 optical isomer is depicted by

formdba la below RB R7 CH3/ NN\ R6 ,,, 1 RS RON N
NO R1
lower alkyl,

Cy.6 alkyl substituted by hydroxy, alkoxy, or NRPRS,
10 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

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,NRR*;

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

25 lower alkyl,
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R2 R4 R3 la. WO 2004/041822 PCT/ EP2003/011896 -17 In
a preferred enbodi nent, the invention relates to a

W@mﬁp/@mdz of formula I wherein R is select echfT/Em003/011896

aryl, and aryl substituted by 2 or CONRL3R14 .
EspeC|aIIy preferred are thos conpounds wherein

aryl |s no ﬁferr

corrpoun(ﬁsrn \Yeh ON%} Ig C§8Ie% ep%lgflir‘%réofrf)‘\ﬁépgehavmg 3
al kyto 7aatdmE2sail laﬂlgmbtlcsmﬂﬁ tnchlsﬂm@ortty)r@irﬂ additiCENRESRRA 4toms;
I n anot her preferred enbodi nrent of the conpounds of
Br,nyRao I rred enbodi nent of
?h ea Hg cf){a rrp%)rﬁ ﬁlj(fj% gﬁdéff‘lﬂ?, F%&Fﬁ@%ﬁchﬁ%@ﬁ%g are H In
another(freferred enbodi nent of the conmpounds of

f or ntt R2, R3 and R4 are H. 10 In another

preferred enbodi nent of the conpounds of fornmula I, R3

I s halegelkyl; afat ef erably F. In another preferred

enbodi nent of the conpounds of formula I, R5, R6 and

d R7 is Olower alkyl, preferably O CHS.

?Blg%% %iéﬁreferred enbodi nent of t he conpounds of
formula I, R5 is halogen, 15 preferably F. In another
preﬂ@ﬁﬁé@k@nﬁuhlnent of the compounds of fornula I, RO
is H The follow ng conpounds are preferred

enbod) yERf SubtEekd b a alra,x;r u&o&pgﬁmﬁmm nventi on:
()-3- (4 net hoxy- phenyr - et hyl -

:O;/ Plh 8 Pﬂn%hcgf% r&}nnanfl C8H€1y g E;% azl%bove may exhibit

@u(odrﬂmﬂmv(gtrq@ha‘alylk()méﬂ(lﬂ) kK lllsahteyllded that the invention encompasses any

%aum?l%%g (tr Et@@ﬁ?ﬂ'l@ﬂl&g@ fgrré ogihlgyedcjl;__))%lad 'd{nds, m1§tures of such forms

e@. mg:pmgmgh@n |a1)1d ispot (1gytted (q@@rnytpne tautoph:enqyblr structural isomeric

FrPhEBY AT T0rRad Tdhovdr 0 -1 H
pyr|n1d0[4 5- d]pyrlnldln 2-one (Exanple 3); 25 ()-

netho n th henylan1 0- 3, 4-
Gy R e SR s s s i G i A peferzed
diftjcal i69m8r is depicted by formula Ia below
[ 3- (4- met hoxy- phenyl ) - 4- net hyl - 2- oxo- 7- phenyl am no- 3, 4

- di hydro-2H =
R7
CH,4
X R5
LI
R’
R® R
R

Ia.
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pyrimdo [4,5-d]pyrimdin-I-yl]-benzonitrile (Exanple
5b); () -3- [ 3- (4-nethoxy-phenyl) -4-nethyl-2- oxo

WO Zooplexsy ami no- 3, 4-di hydro -2H 30 PCT/EP2003/011896

pyri m do[ 4, 5-d] pyri m di n-1-yl ] -benzam de (Exanple 6);
WD 2004/ 041822 PCT/ EP2003/ 011896 - 18

( ) l(,?fgrrfe lr'lrgr Oﬂ'@ﬂ gEt nox ‘% Elh gglﬁ%{,egtergecgg compound of formula I
x&]rbrplyerlm sﬂ)e[cﬁadﬂcfdﬂl ayylianitl diyh s@bstineted BxORYt @ 8DNR'EY': Bspecially

net hax hyl - 2- oxo- 7- phenyl
IL refe{’reaéuﬁe gﬁwcoén B n%ﬁ%ﬁ}{%?el?nxxa’\l lséalmg:}tdd}/ pyri )r(n di npl yl>/]
-benzonitrile (Exanple 9b); 5 ()-3-
[ 3- (IR-anbthsr prefenest drolxgdimbietryfithe dompaunds of foslerL, Bhisraglected

ﬁ&‘n'l@wé’ba‘ﬁg%ﬁ& Tkyl substituted by OR' or CONR*R™,
2H pyrim @Egak;rslurﬁ“llr?- Yy -%renzam de (Exarrple

ﬂ%rm%&ver Pyt ?ﬁwl%%th%fx%gﬁqﬁﬁpgqh 8§ PR R s EL

5-d] pyrimdin-2-one (Exanple 12c); 1-(2-hydroxy-I-
( S) Lnrmbﬂyelr prefedyd §mb@imegofithe bonyeyptisngformula I, R? and R? are H.
-4- et hyl - 7- phenyl am no -3, 4- 10

di h 3 4
1'3 dg’ﬁf oltl{% %&fér‘i%g&{ﬁ t ?Jhsoé/frth%&ﬁo&hd? %;Ef&ﬁfﬁ@aﬂp R R®and R* are
H3- (4- et hoxy phenyl) -4-(R) -nmethyl -

phenyl am no- 3, 4- di hydr o- IH-pyrlmdo[4 5 d] pyrlmd|n 2-

One InEX R réfé:fréd embodiment of the compounds of formula I, R? is halogen,
EZ tf%/rgroxy | - (R) - et hyl - et hyl ) - 3- (4- met hoxy- phenyl)

B t hyl - 7- phenyl am no- 3, 4-di hydro-| H pyri ni do

[4,5-d] pyrimdin-2- one (Exanple 15b); 15

3- (4harm1tolblmr)prq:fhlee‘d/d:r)1bdld1mnhyﬂthé’equhpmdéamfﬁumula{ R5 R®and R® are

ﬁ%hd@i’g%' Wepéﬂc%lg(rgfefla['bg’(?y(gﬁ 1H pyrimdo [4,5-d]

rrm one -N- [ 6-
(4 net hoxy- pheny -5-net hyl - 7 oxo- 8- pheny
t eTt PVl pref erﬁgfi ¢RbeEmRRt <5£th BFAP Y sof ermlljlai R is haiogen,
-acetam de (Exanple 19);
%) 1- (trans 4- hydr oxy- cycl ohexyl) - 3- (4- net hoxy- phenyl)

t
"ﬁﬁ%? %P?‘%f B Fb Gl e grrRrnds oS e ERL e
20b) (1R 3R) - 3- hydr oxy-cycl opentyl] -3-
(4- n%hmfg)ﬂywptgepgmp@md(s gjeprefetrgtl embodiments according to the present
phenydam no- 3, 4- di hydr o- IH-pyrlmdo [4 5-d]
pyrimdin-2-one (Exanple 21 a); 1-

3S) - 3- hydr oxy-cycl o t hox
&) 3 %%}ner%wwf\{ew pﬁé{ﬁ%ﬁfﬂé erﬁw;ggmaoﬁ\ﬁ& gi}wﬂ
gfhrﬁrcﬁ)]_'/l B3] pysielidin-2- orQ:r(Exe( anpj;e 21b); 25
(4-fluoro-phenyl am no)-1-] (1R, 3R) - 3-hydr oxy-cycl open

By(nhetBexydplvetyh ok YR phethyl- )1 -phenyl-7-phenylamino-3,4-dihydro-1H-
i»h i mdo[4,5-d]pyrimdin-2
é §I§ gg%@%&@’? 2 é’n‘% {fhﬂﬂgéﬁ o phenyl am no) -1- |
§§2§ (ée%ﬂofy éHyBX/y (Sz)yx;ﬁk@l%f‘tpﬁkﬁylb phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d pyrlmldm -2-60ne (Example 3);
(#)-1,3-bis-(4-methoxy-phenyl)-4-methyl-7-phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one (Example 4b);
()-3-[3-(4-methoxy-phenyl)-4-methyl-2-oxo0-7-phenylamino-3,4-dihydro-2H-
pyrimido[4,5-d]pyrimidin-1-yl]-benzonitrile (Example 5b);

(£)-3-[3-(4-methoxy-phenyl)-4-methyl-2-oxo-7-phenylamino-3,4-dihydro-2H-
pyrimido([4,5-d]pyrimidin-1-yl]-benzamide (Example 6);



4-(S)-nmethyl -3, 4-di hydro-I H pyri m do[ 4, 5-d] pyri m din-2
-one (Exanple 21d); 7-(4-fluoro-phenyl am no)

WO 1604/241890r oxy - PCT/EP2003/011896
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I-(R)-mathyl-ethyl)-3-(4-netho]>r<§/-phenyl)-4 30
(S)-nethyl -3, 4-di hydro-| H pyrimido[4, 5-d] pyrimdin-2-0
3-(4-.chl or.o-

PS4 Bt 6 by ) L R Tty phpmylamino-3,4-dibydro-

(Rypyrizhidy | 4, BdMystrimidin-2-one (Example 8d);
(S)- rrethyl 3, 4-di hydro-1 H pyrim do

[#)-53 Mmom—drmeﬁomphc(rﬁi@a‘trmeﬁh}ﬂ Pf yx0-Wph2aldnh i 82 21ihydro-
h |
Eﬁfyﬁgﬁf{ﬂg /lu %rjd 1d1 rﬁ] 3n§z6mtﬁ1? éﬁiﬂ‘ﬁnﬂr 211),();oro p ?ng/ )

(“}Eggﬂ (2- fﬁﬁo‘i’é/—ltl)methoxy henyl)-4-methyl-2- -0xo- 7 phen lamino-3,4-dihydro-
i mdo[4 dpyrlmdln

%Hd?%u%@;z}"% *)zgga 11{] gd]-bcl,n;tmld’e (Example 10)

(S5 ngbRyP ﬁ@mﬁ% it R Ty R an - dihydro-

L - pyrithidpy4, b pi;rr[mﬁimlem(eﬂmmble 120)h) ; 5-
3- (4-chl oro-2-fluoro-phen 1- (2- hydroxy-1I - (R) - met hyl
1e(tz+ly|d)0);4r- -6))-methiyly bthyl)-3- %/4 methoxy phenyl)-4-methyl-7-phenylamino-3,4-

H{A-@ﬁ;@&iﬁdﬁfél&m&ﬁnﬂdiﬁ P\l TEde e Psd) pyri mi di n- 2-

%grﬁ%%pﬁngm;a eﬂtry()?rs a e e@broky ZoHeRy) R e Ry | ) -
hQN%ﬂ ke 1%1@99*% BB ral%el%? ypriidiTZ 2ns A eeRis dpbe

%i%mwr B Freiy st e By SR g lamino-
3 grdihydno- U {pSyinmdo [4yd-d [pytimidin-2-one (Example 15b),

phenyl am no- 3, 4-di hydro-1 Hp m do[ 4, 5-d] pyri m di n-2
orlé-rhethamppberylk}-methg- 7CDW{@HGQOdf [[1t4$é phﬁmérﬁthsd}rfiér@hydro

SRS [ wdg ; mfl 2R (kkNasiess); These  conpounds

are ‘useful In treat msnt or control of cancer, in

pay N- @meﬂhﬁyb Ip}@ﬁﬁmrthethsﬂr 7-;@@6118t1§1{en?1f 5,8 ?lg titlta]d?&bs
CI re on a I ost,a unor s
SR e hﬁar%yl -T\E-ﬂbwg IS éE¥adnElsf1§>>
FE-E-J% S PR D S B AP IR0 4 mety-7-phenylamino-

Bidedihpdtoatiiltiytiyids i, Sad) patitrddined- Dne(Feqampéh 200, the
present invention relates to phar maceut j cal

édﬁb%ém -Bansrewnpicioprrgll & (4-sethoxpmberd ipd S aneghyl-7-
e Ainlo-3,1dilRdPH A PR EHIdoCAb | Y pyraarieRb alleq Egahple QN a);

éster thereof. These phar maceut i caI conposi tions can
h e (28)88)8-H @oR - il @b enyyl ] BQ& RXAopl-phdnfl )t hES)-RA6thlybrphehylamino-

At Sl A S e
720 A8 P ISR L o Py

4r(S wthy‘lfarmfhwdnq éHtP)@nn@@[wﬁbmmmiheZmar(mm Réall

conpositigns of the &resent i nventi Qqn co

gpheprlaminqipl-H( 1P 3ShﬁdW6¥0Wﬁ¥d§%¢fttg? Mﬁ%%thomyhenyl)-
ke SmdthACE e dird 1 B-pihieo [4, hdl pyrEnidBOMbnie (Exa2Bple D ed);

art, e.g. by means of conventional m xing,
Gd@a@lmibqﬂ'leﬂgamdtﬁSD(NhY@pX}@ﬂé(Rl)l—lrﬂéthYl@thyl) -3-(4-methoxy-phenyl)-4-
(S)-methyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 21e);
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 (Example 21f);
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enmul si fying, entrapping, dragee-naking, or
| yophi l'i zi ng processes. These pharnmaceutica

w@e@pasmei ons can be fornul ated with therapeut PCHEP2003/011896

inert, inorganic or organic carriers. Lactose, corn
starch or derivatives thereof'“talc steric acid or

5 Bfime-2ef e e e o T i P - (U -mehy-

Shijlh abGSQ-rﬁahﬂLEE‘,At-Sthdfo 3 dp;&tﬁndg{at att Wﬁmﬂ&ulzeﬁael(ﬂﬁdmple 21g);
vegetabl e oils, waxes and fats. Depending on the
réat-chleropheniie 1d@ﬁrydmmdb§t)ame’étyl Btd’xy]c)a}r (S)ana:halr%-phenylammo—

SENehAb Y H BRI RAL S0 bRE RS- Gl GRLhpEa AL N

caps iers fort ¢ture of

L1 . -
saliieon BT R B e s
PRiOE R ol e tH- Pé(rlea% lzeéwrb@tefﬁzcamplezm

R R 90yl B U S Bt S B toine-

3,6rdihglnpidE bindimideg4, ardpyrithidial2 - ate (Rasdple ed})paﬂcb
waxes, fats and sem -liquid polyols. The

Mﬁﬁh@@@@tﬂmb phemp ail & i hydsoxysd (BHmethgloptogiyh-4-(S)-methyl-7-
2 [%hOG,AGRNED- 115 ygﬁmlhb %l wgwﬁaﬁ@m o atsaa epitem

agent wetting agen ng agents,

agents coloring 5 agents, flavoring agents, salts

for varying the osnotic pressure, buffers, coating
agenTise @fmﬁlﬂiﬂd@ ¥f thaid@ntidh ey selettivalfSOFCPR i AKDRAGAREs. These

bl b |
et Er e are et e HtT Y SRR BF okt ey the reatment
érogomirobof solid emprsespenificaliybeedst, bung, solow nbdprostite eoh@e These
éo(?nné ad ﬁlee }ﬁ%hl?P prang of lgleﬁ)ﬁ)p%ﬁe?aﬁc} {198 pogsgs% %Eilvﬂg%ﬁeous

r br eas
lélaﬁ‘@éﬁbﬂlbypfaﬁhﬁ mcbtaermh@wé@oraibloavaﬂabahtv pat ient in

need of such therapy an effective anmobunt of a conpound
of fmraaﬁtarﬂauvaa%@amehs tﬁ@tﬂeseneﬁlv@ﬁﬁ&ﬂ félla%% t@%\éﬁna&ﬁﬁcal

nds of the present inventi d|n
R e P R S iRty
aoeitaldk sdf orcster theraifi f erati ve dlsorders |n
parti cul ar oncol ogi cal disorders. These conpounds and

f - . .
TS AT SRS o i
i of taby thpgte &albpddts, d‘gagecﬁsoharé)@aﬁ@ﬁt gclatyr eapsules, g@lp@nns, emulsions

bGP AR ’gﬁéy%ﬁ aks& 8P E&mn-mé!t%d récrt‘ﬁ’l ?{og g}t@#l?] ple) 1H\f§¢mohﬁrbf

is further direct a netho r

%Ppﬂt%waawt%ﬁﬁs tﬂrgtaétlplﬁgm %’fo ORI HRIEFHOT %efq«t@aa of

such therapy an effective anount of a conpound of

f or rillheepHarmacwitiosl cotnposibis of2Be prevdme imeetivh cahpising compounds

&f fgﬁﬁ la\f ean%i%JrUcHé sa(l)tfs t}?ergoqr@tggggmaﬁuﬁgtg&{dﬁ%racrgar\l/\r/ltetr It]hatt It]sl 1§nown m

i nvent on
bepEce by m@np pév@m:ntlcmal eing, @nmpsulam, idésselvieg, granulating,

&M%I@ttfﬁﬂg gﬁfraﬂhﬁg Qﬁ@ge@fmﬂéﬁi BP GophfiziSY pYb e OfhdsDBharmaceutical
p?rléparg’gg)ns cealn be formualategl 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

we@bdogosisye anount or dosage of a conpound accorPdi/RERIDD011896

this 25 invention can vary within wide limts and may
be determi ned in a manner knov@plnthe art Such

PV QRGBS N Sliceho PO g FHES G pRADI e for

Qpppsitoriks aje ixeirmaborddhind dried tods,ehxed, Fats JMmldnfquld polyols.
adm nistration, the condition being treated, as well

as t s gl?atr}n%rc]éutitéﬁ' ?%trﬁt? s@fh alsd c?rﬁ ?Jese élﬁlﬂv &é@ﬁts Qﬁ@oﬂlzmg

of or arent mnistr toa
wn@mtm@hapg am‘cw@w agenthgmudsifizig agerg@ sHeelagag @gents, coloring
%ﬁ’f&t ﬂ%rfﬁ% a%&lts'" Qﬁ‘e&tfoﬂ-@arﬁgg tH@osrerti%fp%sﬁQle)’btfffe@ﬁ‘cégﬁigtacents or

ik %%béfo FOPHHE CHisy bt el Shl AR b tinces incuding
adudti cradl &ﬁhve ingredidas byhed dsagt ot flrenddni ni stered as a
single dose or in divided doses, or for parenteral

adm ’ﬁx S%rregetnlto elajmgn WR?ﬁ%lﬁ%ﬁd%? theq{gg bf‘é@&ﬁ%{%&l{d}‘@ﬂ 8fhula I for

I n ano
pedgsenéayy intiaetiqutas |ba¢aa’¢, cann, 186g @md prog‘r@tqf@gm, Tt adm1n1ster1ng to

{ Hﬁﬂi‘a’h%a{ierﬁ in 6b&d Psteh fﬂ'@fa%g ak reﬁ@&ﬁ% aﬁlgﬁ'ﬁf LS und of formula I
2004/ 041822 PCT/ EP2003/ 01 21- reacting a

tuhpolinttliof the fornula R8 R CH3 NN\ R6 ~I R5 11
Cl NNOR wherein R, R5, R6, R7 and R8 are as

?ef | Hfﬂlehﬁoﬁé@dbmfé, ,thwddﬂpcﬁihdaﬂf {Helpeesdﬁﬂ ihvaitionginefudipethe
or nul a, Nd

<Qrap %%ndd &f Fc%{gaxha[ Iﬁ aLf g?e in tl%eStr%gngl?Gt or confrolR% cgﬁ]prqu%et‘rﬁtwe

flisorletsain RBticular 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



R CH3 INN N\ RE 9 RRRN:N NO 11 R R KM R3

wherein RO is H and if desired, b) reacting the
w@eooopouse2 of fornula Ib with an acid hal i de orPCT/EP2003/011896

anhydride to obtain O R19 R20 0 11 21 io a conpound

of formula I, wherein RO is ~@&l0C O CR or CORL7, and

wherein R17, 3 %@FO and R2' are as defined in claim

@1f%ﬁﬂgéﬁo%¥oP$ & ﬁ@&?ﬂ%onverting t he conmpound of

formula | into a pharmaceutically

2004/ 041822 PCT/ EP2003/ 011896 -

invention is also directed to th

i nternedi ates useful in tQe;s

formula I:

()-[1-(2,4-dichloro N

phenyl ) -am ne (Exa -3 chloro B-

(4- nmet hoxy- phenykj M 0O

| - phenyl - 3, 4-di hydro-| Hpytimdo [4,5- 5

d] pyri m di n- 2-one (ExaaneRle); ()-{2-chloro-5- [1I-

(4- met hoxy- phenyl am no) -ethyl]

wga&@innqu RN B ol (RE-api hidivied R4 ), wath diear(iExadeivetive of the

mialac h| or o- 1, 3- bi s- (4- met hoxy- phenyl ) - 4- net hyl - 3, 4- di
hydr o- IFprr|n1do [4,5- d]pyNanhn 2-one (Exanple
4a); to ()-3-
[ 7-chl or o- 3- (4- met hoxy- phen < 4- met hyl - 2- oxo- 3 4-di hy
dro-2H pyrimdo [4,5- d]pyr in-lTgyl]-benzonitrile
(Exanmple 5a); () - [ 1- (2,4-di ~huoro pyrimdin-5-yl)
-ethyl] -(2-fl uoro-4-mefhoxy- pheﬁ%l) am ne (Exanple
8b) ; R®

acceptable salt. WO
The present

f ol4’owi ng novel

is of compounds of

R
R7
CH,
Nl X N R®
= F{s Ib
R°N” N w/go
R1

wherein R® is H, and if desired,

b) reacting the compound of formula Ib With an acid halide or anhydride to obtain

\/o

21

l
a compound of formula I, wherein R is ——C —CR CORY, and

wherein RY, RY, 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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() -7-chloro-3- (2-fluoro -4-nethoxy-phenyl)
-4-nethyl - | -phenyl-3,4-dihydro- | H 15

w@eosiade] 4, 5- d] pyri m di n-2-one (Exanpl e 8c); ¥QT/EB2003/)11896

7-chloro- 3 - (2-fluoro-4- nethoxy phenyl )

- 4- et hyl - 2- oxo -3, 4-di hydro pyr| m do
E;‘r ?Edgﬂ%%:ng]mgfle%é‘{qﬁlé ﬂiﬁ? ol tth% lleowglng nove 1ntern)1ed1ates useful in

thre (sPnthedl @tbﬁiia@uﬂ&id)ﬂfbﬁnﬁla& yl) -ethyl] -amine
(Exan'pl e 12a) 20

é_e) g}l— &34 1c2 ;)F]O év%ro 8" 5%1?%{[{%@@ )S%éﬁ%%ggﬁh&ﬁﬁ&gﬁﬁy {])E_XLI_HBIG 1d);
1 1-
éit)e? %Sﬂ‘%@ﬁhﬁhm@yph@wﬂ)ﬁm@b@ﬂ -phenyisy,4-dilrdigt Lk ppimido[4,5-
gﬁ%ﬂfnoz Bné ﬁE ﬁ@
t hyl - 4d|hydroIH-pyrlmdo[45d]pyr|md

% ée&ﬂo%u%ﬁ?%’%]éﬁ?’)w@%ém@&hﬂl PRyl -Geng -
phérry()R)mm[e (Bxanzpld 185 di chl oropyrim din-5-yl) -ethyl]
(4- nmet hoxyphenyl ) -urea (Exanple 14c); 3-

g %e[ﬂ{ofla(? l1|t3yl%1 g?%&%&?gﬂén?ﬁyi %ﬂaﬂ 5 74-dihydro-1H-pyrimido[4,5-
i ampe

R}’hllnmdmp%ﬁnﬁ{ ethyl] -1- (4-methoxyphenyl)
-urea (Exanple 14d); 1-

(+ 7121410% 3%4%@5%&;:@&@[%%%1 -2l oxd-Ru=diydvpl 21@tphyikdido[4,5-
B ng(h)yl Zlbel?é?rﬂw eg%ﬁmlﬂl‘ﬁ%r o-1Hpyrimdo [4,5 - d]

pyrimdin-2- one (Exanple 14e); WO 2004/ 041822
PO ERPR20ARhDE 4886 midid35-3t)-ethyl] - (2 fluoro-4-methoxy-phenyl)-amine

[ t-\but yl - di phenyl -si |l anyl oxy)-1- (R
gxa%‘ﬂﬁ g@f hyl] -7-chl oro-3-(4-nmethoxy- phenyl) -4- (S)

th 3, 4-di hydro- 1H pyrim_do d
@}—Vm{hqrp, -39(2- @F%O(Mﬁﬁpcghsw )—4:—17[&6&1{/1 1- ph]enyl 3,4~-dihydro-1H-

%yi(ngmfo [discdib 11911CHMIZ| @ﬂed@mal%pws)c; sethyl] -1-
4- met hoxy p enyl) - [ (S) -phenyl- ethyl] -urea
VAT Sloa e R By msthsyPeadeRg Y 2 R O Sy P

petiydg[43; dlpeiimydind-ylHbepgomitnilad@kdnpledppyr i m di n- 2- one
(Exanple 17). The conpounds of the present invention

g@g é?%}ﬂBJEo %&ﬂm%@éy gfgn&%amme% 08-5- gweagﬂl £mine

esses or S ese conhpounds
pEempled2d)n the exanples. Generally, conpounds of
formula | can be prepared according to the below to

des.ordhad-syNEleto- S nidihié:g-phRahig neméthiyl- 1 Jpheh /8, OHdihyldro- 1H-
pyrimido[4,5-d]pyrimidin-2-one (Example 12b);

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 (Example 13c);

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

3-[2-tert-butyl-diphenyl-silanyloxy-1-(R)-methyl-ethyl]-1-(S)-[1-(2,4~
dichloropyrimidin-5-yl)-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);



2. R-CHO G J N ci ciNal Scheme 2 R R R" O R
OH POX N Ar'"NH2 NI H Ar RI-NCO ~N~Ar Cl 1j 11, N C

wa@tooo@ais2Cl "I CIN O NHNC1L 1 X= Br or C 2 3P@I/RP20B3/011896
R' Ar Base ~A Ar NHZiIIHN NO C NNOI RA 6
R 5 15 Schemre 3 R" R' R N N NAr R1-NH2 HAr

O D L 5 Sy

pﬁadmyuea (5)NnbtAyl-3,44dihydro- 1Ehbyidmicdbé RANpy D 2-biN (Bxhngle 152);
A" R A" 8 R 6 WD 2004/ 041822 PCT/ EP2003/ 011896

I-%ﬂ—(Z,MJn%-pynmldm—5—yl)-ethy1]- 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-
pyrimido[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. Generally, compounds of formula I can be prepared according to the below

10 described synthetic route.

Scheme 1
R
/j\ 1. LDA Nl/ﬁ\)\OH
/k _2.R-CHO_ )\N, o
1
Scheme 2
Cl R"
ArNH, _RWNCO _ Yy
o m* m% AT
1 X=BrorCl 4 R'

-
Ar
Ar N7~ N7
N7 N7 " /f\
Base /“\/Ii -AF—NHZ-—> HN/mN/ N’go
o N WS N, )y
5 6

15 Scheme 3

R"
,Ar'

& oy AP
A R1-NH, “/(L cocl N N Ar'NH
/I\]l\\ N —-—-——-——»- Cl)\ ——E—> Cl)\ /g 2 HNJ\ /g
Cl 5 H 6 H

3

Scheme 4

R i
o . Acid halide o NYNW
i |
/J% or anhydnde} R)LNJ\N/ w,go
A 6 R1 Ar' R'



The follow ng exanples illustrate preferred nethods
for synthesizing the conpounds and fornulations of
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(2,4-Dichloro-pyrimdin-5-yl) -ethanol NOH CI'N X Cl
193.03 ()-1-(2,4-Dichloro- pyr%4m di n-5-yl)-ethanol was
synthesi zed from 2,4 10 dichloropyri m dine (Al drich)
according to the literature #@’@a@ére of Ple, N.;

Turck, A.; Martin, P.; Barbey, S.; Queguiner, G Tet.

'Ebé foﬂoﬂrﬁ%&xéﬁl@)eg 60 ate Poer8redmatipide fdrbyfthesizing the compounds and

agoﬁggpt%l%frégnt 1%1%611%%'58{ St Fgﬂylo% -pyrimdine N Cl

() 1 (2, 4-dichl oro-pyrimdin-5- ) et hanol (1.27 g,

6.60 mmol ) (from Exanpl e EZ2 1a) in phosphorus
oxychloride (5.0 n., 53.11 mmol) (Aldrich), at 0 C
was eGhi sopropyl ethyl-amne (2.60 ni, 14.78 mol)

(Aldrich The reaction was stirred at 0 Cfor 5

m nu I ent te er.at 15 m nutes and

t hen gtI ﬁlé @g%&r? “Byrst 5&0@1 t%ﬁ%olr eaction was cool ed
to roomtenperature, diluted with toluene (10 nL) and
the m xture was then poured into ilce (15 g). After
stirring for 10 minutes, the Nl ayerd were separated
and the aqueous extract wasg shed with tol uene.
The conbi ned organic extracts were dried over
anhydrous sodium sulfate, filt and concentr at ed.
Purification by flash chronmat o@?’ighy (Bi ot age, 40M
10:90 to 15:85 ethyl 25 acetate - hexanes gradi ent)
g:a)xe- )£=121p1410dd>-@b\hmichn55~{(1;1~etﬂah0]rmtsh1yﬂh)as1mﬁrfrasmdl,zne as

ﬁé‘ﬁl 2! @é%fl&l:}sg%?r%lgg%o; ﬁ@e 11_rler u%ig %/cgﬂg %gPle, N.; Turck, A

Mza,rﬂn . diiﬂrbm%Q(utglbncm@eT tyLeps p9R3 (B ilae5-1808.  Br
Example 1b

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

N7 cl
)l\/
cl NT TC

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 mmol) (Aldrich). The reaction
was stirred at 0 °C for 5 minutes, at ambient temperature for 15 minutes and then at 115
°C for 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
acetate - hexanes gradient) gave (&)-2,4-dichloro-5-(1-chloroethyl)-pyrimidine as an oil.
(Yield 1.233 g; 88.3%).



Cl NC 255.93 5 A solution of
()-1-(2,4-dichloro-pyrimdin-5-yl)-ethanol (0.50 g;

wQ@2@d/0smset ) (from Exanple |la supra) and PCT/EP2003/011896
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di i sopropyl ethylamne (1.10 ni; 6.25 mol) (Al drich)

in dibrononethane (0.35 nl) @ég cooled to 15 C.

Phosphorus oxybrom de (0.73 g; 2.83 mol) was added

in &%@qp k9 on. Cooling bath was renpved and reaction

m xture was stirred at roomtenperature. After 20

M Nytes,4-Dikhléreas-{ 1-bromeshyd)-butiediding t h et hyl 10

acetate and water. The organi c phase was washed wth

brine and then dried over anhydrous sodium sul fate,

filtered and concentrated t .crude

()-2,4-dichloro-5-(1- bronoéthyl)- pyr|n1dine (0.61 g;

91.49% . Purification by fPash c Yonatography ( Bi ot age,

40M 10:90 ethyl acetate - hexanes) gave pure

()-2,4-dichloro-5-(1-bronoethyb3 pyrim dine as an oi

whi ch solidified when stored in refrigerator. 15

Alte altlvelg ) t (050 2.60 mmol)
\ solgfieh Pbfd- 5 b 4-dishlarsavRiristing gDl (el

cﬁﬂﬁf(ﬁﬁplaaa stigra) mmlsﬁpmplyleﬂ}ylmmyl b yladds H@‘lo]j) yAldrich) in

A sol ut
%mm?%?t&l:ﬁp% ﬁLF?)SO mL?Wta g/e(rao l}?gﬁn ?’518;%%1}18 (mybrcgmgg (0.73 g;2.83
ool peat aldeddn Gre porBany Epplnrrg Raik as Soved aﬁ@ i‘(%i‘ﬁ‘é%n mixture was

S dzat %oerrﬁEeﬁmré ARG FiblitdBGe @éil@ﬁgn %Q@ﬂﬁt@@w&h ethyl

SUC aratet at the reaction tur ture
xepte prd weleh Liaporgenigpisse ’T"ﬁ%wﬁg]lﬁét"\’lgﬁ’ it e%%ewveeﬁ
d%ilsts@dm?@sﬁatd] ﬁﬁeﬂéﬂﬁnd mmn&mﬂw ivbadude (#)-2,4-dichloro-5-(1-

I t f.et
}g%n!tf%e{th? §)ﬂﬁllglfcﬁ¥€awb éjl( ggdtgalebgr%&r ocﬁrogrélt%{/w) Biotage,
ZWm(nm ﬁhylmeta’f%éﬁmgfs} gwe pelaeo(m)dm d@hb@@étﬁlrleroz@ethyl)

bet we LuLg itbfed at the
A B alsear%a Iﬁvr\rfélzggcgﬁdé% élxs td%né Cl)%n nut es. Et hyl
fornate (125 m., 1.55 (Al drich) was then added t

t hi sAkpsaetivey (}‘“\De%‘lid@hﬂﬁrmg’ elsbrameestayLh P‘é’i“ﬁlﬂ‘ﬂae phgprepared as
rarRer ature between -75 to -70 C. The resul tant
rﬁnwe\msaHmmdtOWﬂmtormmtamaauueam

stir nperature for 3 hours. Wth

exte ﬁg'?é ﬂ@yﬁﬁ a cold water bath to keep the
reaction WO 2004/041822 PCT/EP2003/011896 - 26
tenperature bel ow 30 C acetlcga0|d (98.55 nm., 1.72

nol ) was added, followed by
(¢]

1

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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(430 nmL) and dichl oronethane (200 nL). After
separating the layers, the organic |ayer was washed

wowdoh/oyseer (300 nmL). The conbi ned wat er | ayerP@EEP2003/011896

extracted wth dichloronmethane (200 nL). The conbi ned
organi c | ayer was washed mﬁth’%ﬁheous 5 sodi um
bi carbonate solution (200 niL). The basi c aqueous

temmmeratre heley 8% P¢ aestieacidi(Phs5 wile 7 o prshevratdeds folbovRd) by water
e 2 S8
iu u v i , fi. istille
Paniied ntharaten @80 mlg: igsfﬁmhlgeg Wter faggrmgas %Faftﬁgm?l
ﬂi’ch%g@ﬁleﬁlﬁﬁe @laostmlli): the Q?mfb%nﬁdtolﬂgl&lgt 1@?;%@ Wasi[edrv%_i%h Afveous
resl e S | St I e . . .
R R R oGy The Basicadofdy iyl WEracted with
dichiproethiane { OOmyl b utlyorgerdc lagafs sletk B8n 8Gmbinegsirkghover sodium
. i \ | ome
?ﬂﬁ&#&éeég@%ﬁ%ﬁ%’d a!af%i Cfg%illeéflto hGRve .Qaigerﬁ?eagmg?ab%gt 1Rl (S

over 20 mnutes to fum ng

sfithe produch g displbed oveowishdetrabpdrofigen ) 3Ehepesidye was digfilied at 65 -
SAPAII T HIn wgi.hm@@a&tia)g dighillafy dveLatwal-a1 “UALB mh3Hg) gave ethyl 2-

i ntaining {he reactign tenperature between 8 to 15
STt | (F1ChE 46 a7

P dditional 30 minutes, ethyl
2-fornyl butyrate (46.55 g, 0.32 nol) (from Exanple Ic,
supr &)Ethdsiradldded over 18 minutes keeping the reaction
at the sanme tenperature. After stirring for another
30 m nutes, a second portion f urea (15.07 g, 0.25
nol ) was added over 10 m ny t he sanme
tenperature. The reaction mlxtlire was then stirred at
room 20 tenperature for 65°hdurs, and at 90 - 100 C
for 2 hours (gas evolution was observed, and reaction

110 % ABe aobiieD (SE Tl e PRIV ) B U e ming sulforic
waiti €26 bm.h%l frees (2735 1g), Aetcmel] dablirshpwith ckelény ingntitrewater bath
reaction . o i
EE 00y D05 37 Shp S Ltbn, 488 SR Q88 uPacion
86 ntinuteacktiyy 2fformylhuiyentie (46eStee0.3Rimd) desimd Brample 1c, supra) was

hexanGR} 180Mn Mlekd¥ingdhe RLARIL AML GhicaBmBYrasiie! KO8 diRring for
give 5-ethyl uracil. “(Yiel df

38.85 g, 85.9%.
2nathey 3hrdrwes. 8 SeRG PR sl 107 e 35 meljpasgdded over 10
Mibinidk bSORGOAY tabftydtars. MiedRBoimixhr8Fadtbe) stfvdédlitirobn
was_ added_sl g\f\{{}ﬂ to&a o .
temperature for 65 hotirs, 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 5-ethyl uracil. (Yield 38.85 g, 85.9%).

2,4-Dichloro-5-ethylpyrimidine

cl

N/
PNy

Cl N

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
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m xture of 5-ethyl uracil (52.3 g, 0.37 nol) (from
Exanple I c, supra) and phosphorous 30 oxychloride (150

worgo404822 nol ) (Al drich) with external cool i ngPCTER2003/011896

cold water bath. The m xture was heated at reflux for
3.8 hours and cool ed to roomt&hperature. M xture was
WD 2004/ 041822 PCT/ EP2003/ 011896 _-27 t paqured into
thes pe3OY 1g80 1cE 3R 18) a’%tétfla?@étazq(é B0 mD) Wisa ‘gg'dﬂ@g migfpure stirred at 20

Y@ FrB08enilutds eth @bliddin 4 iEOr walr PAtAUTRS réédllﬁtlhg egiRtur&@as filtered

Jfl'ﬁgp{ilg} gghtet mv%‘tﬁzgrﬁl%%% sztgagpe?a glﬁ%tlhyllhaggtﬁ{n ! eﬁ%rées \(\?i 3 X 300 mL).

Eh¢ canbindd widahicdiyeyd waceshddewith wetea (25 rall), dried oyer30dium

h
%ate E%S%ﬁg@b&%gtrg%@ g&vg ngsgé%?sn E@ ﬁ%lﬁgd}%é h eth;g} acetate -
hﬁ@neﬂiﬁdé nnd &ltexd througly RES gradpsilisa gelsind chitipgavith the same solvent.

QschickobLeth: d Yield
FhF Ao Aol RO AR o PRE SR D e i,

Pheé ssi0s0l vent. The filtrate was concentrated to
dryness to give 2,4-dichloro-5-ethyl-pyrimdine.

(Vi e(#)-2,5®i3hlgro-8%1-B¥moéthyl2-p4riRiidink or o- 5-

(I -bromoethyl)-pyrimdine C Br N 10 CIN

N- Bronmosucci m mde (64.2 g, 03%rnol) (A drich) and
2,2' -azo-bis-isobutyro- nitri I BN, 1.78 Q)

(Al drich) were added to a sglullion of

2, 4-di chl oro-5-ethyl - pyriondine (56.3 g, 0.32 nol)
(from Exanpl e 1c, supra) in carbon tetrachloride (400

). NTﬁl%nﬁasﬁwﬁﬁmvmem al®esh ﬁ%l)f(%fldﬂ%) hed 2.1- Eudﬁ%lﬁéi)butyro-

and

RSP Sy bl POt Tees GHAted Flntas el Papm Pt
pitiinidihd A6, 3o et3atmeol) fhﬁﬁ&]ﬁ&ﬁlpleﬂc&uprdﬁhﬂ cirbbh te&teeh]sm&sle 400
Bﬂgnﬁ,@t ! at]_ict)%ge %vgs I(ljera‘%%:ﬁeaﬂseﬂwf V@ g&&ré%né (?%g /éoxro mte erature
Reattiph-mixtifre («\@5 ﬂli@ﬁd: Hirough ’]BI/@ gmdd |s:dncgggl pd e tqquwq'h ethyl acetate -

\d -

A Al 0 S Bl 0
promqethyl 'PYI?UH@\‘%I KWigl @ﬁb?hga ol e 1c supr a) was
di ssolved in acetonitrile (21 nmL). p-Anisidine (0.95
9; 7Efdnple 1d

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

Frand

298.17

(+)-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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mol ) (Al drich), potassium carbonate (1.17 g; 8.48
mmol ) and potassiumiodide (0.32 g; 25 1.93 mmpl) were

w@owed4erd the m xture was stirred at room t enper/BP290E011896

After 16 hours, the mxture was partitioned between
ethyl acetate and water. The 'o?gg‘ani c phase was washed
W th vvater and brine, dried over anhydrous sodi um
sul f B¥ampleilet ered and concentrated. Purification by
fl ash chromat ography (Bi otage 40M 20:80 to 25:75
et hy(+)-aCGHl@&be3-f4- heﬂm@}@nﬁuﬂenéthylgaphenyl -3,4-dihydro-1H-
fgr%r[l%xc}&(;g dlchl %(pl}/rlmdeyl) ethyl]-(4 3o

e Ve SAMNE”T (Yield 1.82 g; 76.3%. WO
2004/ 041822 PCT/ EP2003/ 011896 -28- ;Exanple 1 e ()
-7- Chl or o- 3- (4- et hoxy- phenyl ) Bt
- phenyl - 3, 4-di hydro- | Hy (
[ 4, 5-d] pyrimi di n-2-one \/k rlq\l,l\\Nol\VI N\ C /I 5

380.84 To a solution 9f
()-[2-(2, 4-di chl oro- pyr|md@gbyl)-ethyl]-m-rrethoxy-
phenyl)- amne (0.14 g; 0.4 ) (from Exanple Ic

supra) in toluene (1 nL) was added phenyl isocyanate
(50 L; 0.46 mml) (Al drich). The solution was heated
in an oil bath at 110 C Af1%841 hour, a small anount
of starting pyrimdine renmai ned. An add| tional 1o

port qerasefuti@h%wir) [ S E5y-ARAlR0 phritnidin- 51:/@7etmp@ nmsoxy-phenyn

added@slq égﬁ n&ragb L({g@m{]‘g(at z c?séﬁz[‘g ?151? di t I ? Hﬁ“) was added phenyl
isdgdnate(50@%; 0.40muedl} (Atsch). The soletionlwas h&sed imi anuriiagll at 110

%2 %St?ﬁefﬁﬁﬁg g%]fdﬂ égl%ﬂng d .l.lsea(%?{kl) [ )¢r11Jn1y édjd]%g{aldladg ;}\n \Ar;tadsditional

I esi e ure
postswl ofgdhenyl ifacpatate/7di g5 IOV eldmmB wae pddddyanddhe mirtugg heated for
qja)ad £18Rk18 dhﬂl fes, QF/IGH doditRab ?ﬁorﬂ"térﬁ a9tARS, 5\théjfgacnon was

ut oxl tétra
ﬁﬁ%‘FePtIEWFid e mslduAfAtaé pritgested ih BEXaneS %rrfﬂﬂléa Kered Helly Gnder high
keagithon m xture was filtered through a silica gel pad
(2.9 g silica) and washed with 1:1 ethyl acetate -

hexapes a n.e acetate. The f]
contilfBdotner EaRieaPER P PRttt B AR iR
¢trauydtadgraahynl) Biovlcige -3 20 pd 86at6& with msaonetemutmde (1L.0M
g ¥f). After 15 minutes in the cold, th
o L TR
reaction mixture was filtered through a silica gel pad (2. 9 g sﬂlca) and washed with 1:1
ethyl acetate - hexanes and then ethyl acetate. The filtrates were combined and
concentrated. Purification by flash chromatography (Biotage, 40S, 35:65 to 50:50 ethyl
acetate - hexanes gradient) gave (+)-7-chloro-3-(4-methoxy-phenyl)-4-methyl-1-phenyl-
3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one as a solid. (Yield 0.14 g; 77.7%).



3, 4-di hydro-1H pyri m do[ 4, 5-d] pyri m di n-2-one as a
solid. (Yield 0.14 g; 77.7%. W) 2004/ 041822

WOOAEPBOD3/ 011896 -29- Exanple If ()-{2- Chl oPOF/BP20P3/611896

10

15

(4- met hoxy- phenyl am no) - et hyl -pyrinidin-4-y|}-(4-
nmet hoxy- phenyl)-amne O N H- N NH,O5 384.87

()-2,4-Di chloro-5-(1-chl oroet hyl) - pyr|n1d|ne (0.41 q;
1. 9dﬁwnnﬂélﬂfron1 Exanpl e | b supra) was dissolved in
acetonitrile (2 nm.). p-Anisidine (0.25 g; 2.03 mmol)

(AI Okm)qb)cmaﬂ)t%@(%&m;aﬂglﬁnglaﬁﬁn@pe@yl | Pydighiamol-y1} {ad

assi |od|de (0.04 mol ) were added and
It“ﬁ ORF R Eﬁyé) ®stirred at roomtenperature. After 40
hours, the 10 n1xture was partitiongd between ethyl
acetate and water. The organjc e>was washed wth
wat er and brine, dried ous sodi um sul f at e,
filtered and concentrateld. | Plrification by flash

chr omat ogr aphy (Bi ot ag@ 4®hANQO 80 to 50:50 ethyl
acetate - hexanes gradlent)giﬁ e

()-{2-chl oro-5-[1-(4- net hox henyl am no) - et hyl ] - pyrim
idin- 4-yl}-(4-nmethoxy pheny )-amine. (Yield 0.19 g;
25.99% . 15 Exanple 19

()-3-(4-Met hoxy- phenyl ) - 4- net hyl -

| - phenyl - 7- phenyl am no- 3, 4- dj Qggro | H pyrimdo

[4 5-d] pyrimdin-2-one it '~ NNHNNNO 66 437.51

( ) 70 tchloyor5 ridrchioRgeBHERYTIdnAH-Hh & L o45Rmel) (fremy
rhyle ﬂBSJtﬁ?ﬁ) Wy digsotled & Scetimpyild (9 in-RAaielifO(013 g2.03 mmol)

BT T e A BT GO D0

h&ﬂdﬁlbﬂdfetecadﬂ&cﬂ) and the mixture was stirred at room temperature. After 40 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 50:50 ethyl acetate -
hexanes gradient) gave (£)-{2-chloro-5-[1-(4-methoxy-phenylamino)-ethyl] -pyrimidin-
4-yl}-(4-methoxy-phenyl)-amine. (Yield 0.19 g; 25.9%).

Example 1g

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

AP
U Q

437.51

(+)-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 pL; 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
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C. Aclear solution resulted upon heating and then a
new solid precipitated out of solution. Reaction

wOorRooss822vas cool ed to room tenperature after BGI/EP2003/011896

m nutes. The WD 2004/ 041822 PCI/ EP2003/011896 - 30
residue was triturated with hedanes and then purified

i Yt B Sk aRBe (PLgFe A eyl chromatSeraphy (Biotage,
LOMB40: 40 momﬂh}fb bé;l‘da/tﬁ) -he>|(ane§ gradient ) to_gliqve (i)—Sl— (4-methoxy-phenyl)-
- -] - nyl - 7- phenyl.apm no- 3.4- di.hydr.o- Ly .

4l b P e B o S R Gy P -ome
an pitvellite spBd,iafter Enystalliedtioyl fraroethyl acetathelemapss. (Yialdlldé mg;

: iPY tant | Y 0f 1o e
%i.?‘go_) '?%_-S}lrgit#g%(as%ﬁ%ﬁyﬁ{gzﬁﬁt Ihl?/‘{h-omggeﬁ@l/)% 7rr_1ethy1 1-phenyl 7
pheryaain riot-gitade- Ridpsinyido A/3-dvaisridins2 wpp pherpd fthe silica and

agelagdheriarstsp &R asthieC 3nd@Rghol WaSele 88 as cuio M&ERaSPoint: 222 -
ethyl acetate - nethanol. (Yield 88 ng; 60%.Mlting

222 - 234 C. HR-M5 (ES+) mlz Cal cul ated for
C26H23N502 [ (M+H) +]: 438.1925. Found: 438.1927 10
BRaivii(BS™) m/z Calculated for CogHysNs0, [(M-+H)"]: 438.1925. Found: 438.1927
3- (4- Met hoxy- phenyl ) - 4- (R) - net hyl - | - phenyl - 7- phenyl am

no- 3g4-dihydro- | H pyrimdo [4,5-d] pyrimdin-2-one
Chi rg#ﬁﬁblg% N\ I HNNNO \ I \ I 437.51 15 The
racen c

() - 33{(A=-Nethpaxyhgrdnii(R)-mefst-Hyrhenyinfrehspvlamineshdrdiipidgo-1H-
Exyﬁnﬂdo[@,bt‘tﬂgfr&midih@yéﬁdﬁ do[ 4, 5-d] pyri mi di n-2-one (from

anple ig supra) was resolved on a Chiracel OD

colum (1.0 x 25 cm in nultiple s, Th first

el uti ng peak gave 3-(4-“"ffet hoky- nyl) -4- (R

-met hyl - | -phenyl -7-phe 1 §O- 3, 4-di hydro- | H
pyrim do[ 4, 5-d] pyri m di,Q~2y ,@fgc;\/lel ting Point: 218 -

233 C. 20 Example 3 3 - 1(4- Methoxy-phenyl) -4- (9
-methyl - | -phenyl -7-phenyl 0- 3, 4-di hydro -1 H

pyrimdo [4,5-d] pyrinTein- e Chiral =/ | O~ HN
NN O

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

Chiral : /@/O\
(o
HN/kN/ N’g

siie

437.51

0
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\' I\ | 437.51 WD 2004/ 041822 PCT/ EP2003/011896 -31
The racem c

w@ 2003/04821et hoxy- phenyl ) - 4- et hyl - | - phenyl - 7- pPenEPBN3/011896

0- 3, 4- di hydro-| H pyrimdo[4,5-d]pyrimdin-2-one (from
Exanpl e 1g supra) was resol vetPlon ~a Chiracel (D

colum (1.0 le ru The

el utTlh@raﬁ%a%ytégéef%meMwLﬁaﬁ& wﬁféﬂ@ﬂ) Pﬂwf hebylamino-3,4-
dmzaﬂa)yiﬂ ;Jyrmﬂﬁ@ yd-d] p&rmhaimyiaaﬁb (feord Fdam@ ldmgdup@a Wlas Hsblved on

HE’,CC Bg%cﬁxiﬁngd lgﬁgle '%/gllést kﬁ% sepcooln e‘lutmg peak gave 3-

(%m@ﬂtoﬁweﬂﬁbéy(ﬁ) mathyie]t PlydnszMhdhﬂymmB,m dilmgdro o
%rgﬁglgﬂ bl rﬂi&?n 3: e Ning Phihe: N5 GhPcN e /0 10

uti1on

-{2-chl oro-5-[1- (4- met hoxy- phenyl am no) - et hyl ] - pyri m
|d|nE&“m§F?a(4 nmet hoxy- phenyl ) -am ne (49.4 ng; 0.13
mmol ) (from Exanple if supra) in dichloronethane (1.5
m—) (8)s7-Chtdred ,3-Bisa@-heoxy Pﬁ&rﬁyﬂ) -pai dihyl Bo-dttiydro-1H-
sol. uaii% %ﬁs adgﬁg_ triethylamne (0.18 nL; 1.29 mmol)
PREHICEHY UPBEREE G Y phosgene sol ution (1.89 M 15
0.34 nL; 0.64 mmol) (Fluka). After two hours in the
cold, the reaction was dil uted ~addi tiona
di chl or onet hane and wash ally with water,
dilute aqueous hydrochllyrilc dgid, dilute aqueous
sodi um bi carbonate, and” bMi ng. The organic | ayer was
then dried over anhydrous sgdhum sul fate and
concentrated. Residue was p fied by flash
chr omat ogr aphy (Bi ot age, 12M 140: 60 et hyl acetate -
hexanes as solvent) to give/f) 20
7-chloro-1, 3-bi s- (4- et hoxy- phenyl ) - 4- net hyl - 3, 4- di hyd
ro- IH-pyrlnldo [4,5- d]pyrimdigg-2-one as a white
solid. (Yield 42.6 ng; 79. Zr% WO 2004/ 041822

F S_T/ Egglglglg{lg)gﬁéi c};lgrzo 5 %X?Zl—methgf}gf Ig})lenyl%lmmoB) ethyl] -pyrimidin-4-
y8=( Kﬁhéthbxyzpm%ydrﬁme 1199.8 ndk; Al Byrehel) (frén Example 1f supra) in
dichloromethane (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-1H-pyrimido[4,5-
d]pyrimidin-2-one as a white solid. (Yield 42.6 mg; 79.2%).



pyrimdo [4,5-d]pyrimdin-2-one \ N\ N\ HNN N 111,
O \l /O5 467.53 The m xture of

W@ 2004/0¢182Dr 0- 1, 3- bi s- (4- met hoxy- phenyl ) - 4- net hpd'F/BP2M031011896
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hydro- 1H pyrim do[ 4, 5-d] pyri m din-2-one (0.30 g; 0.72
mol ) (from Exanpl e 4a supra)-3#md aniline (0.20 ni;
2.16_mmol) (Al drich) was heated at 100 C for 40

ni nuEEPITAR ni xture was then cooled to room
tenperature and triturated with hexanes. The resulting

1o s@l)iih-Was(4instiyethenyl)-ditbthglr DpRédanrinows s i dnb 1 -
wat er f‘pg i&rne .dr,i ed over sodium sulfate and
RBHEE! AR R P due was purified by flash
chromat ography (Biotage, 12S, dichloronethane
followed by 30: 70 to 50:50 ethylfagetate - hexanes
gradient) to give () 'h@jjsm &< net hoxy- phenyl)

- 4- net hyl - 7- phenyl am no- I3, A- dihydro-1 H

pyrim do[ 4, 5-d] pyri m difi- 2Yorfe. Y Yi el d 0.303g; 90.1%.
15 The material purifi by omat ogr aphy was

conbi ned wth conpara ma al from anot her
experiment. The conbined |ot was recrystallized from
di chl oronmet hane - ethyl acetate - hexanes to yield
()-1, 3-bi s-(4-net hoxy-phenyl ) -4-net hyl - 7- phenyl am no-
3,4- dihydro- 1Hpyrimdo [4g553d] pyrimdin-2- one as
an off-white solid. (Yield 0.39 g; 91%. Melting

Point: 228 - 234 C. 20 HR-MS(ES+) . m z | cul ated for ..
Co 1 BNBOSU T i) Tr<biotgel Sbs E PG P BRI 2 e iy dro-
2008/ 04i18 P25 -BTH IR0 3/ @k 1896 g; 0. BBmntotpffpie Example 4a3upra) and
- ro-3.- (4- OXY - s L2 = 0X0-
spiliog fods 206 o T ERAREN el o AT D Byip0 mme
shemrowastthed eodléd wroo tempedhe NBl BritnoBedwithhexanes. The resulting
1Qf in di thane, washed with water and brine, dried di
L gt i icHarometbapep el it g e i gt sodium
pHEatsand concentrated. The residue was puri ed by flash chromatograp y)i iotage,
128, dichloromethane followed by 30:70 to 50:50 ethyl acetate - hexanes gradient) to give
(%)-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(ES™) m/z Calculated for CyyH,sN505 [(M+H)™]: 468.2030. Found: 468.2032.
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amne (0.10 g; 0.34 mmol) (from Exanple Id supra) in
toluene (1 nL) was added 3- cyanophenyl isocyanate

W@ 84041822 0.46 nmol ) (Al drich). The m xture WeST/RRRDEOI1896

inan oil bath at 110 C for two hours. After cooling
to roomtenperature, the reacti®m was lo concentrated
under reguced pressure. The residue was triturated
#18% and dried briefly. The solid residue
(| ntermsdl ate urea) was taken up in freshly distilled
t et r @)y3H{BOhic0-3(-U-metHoky- p¢1@ﬁ’)ﬂ)§d—ﬂlﬂhﬂ@-b@@ﬁﬂ-bﬂﬂ)fﬂﬁ)ﬂl&—
bathkfng eat ed mhtg otas n1tert- butoxide (1.0 M
prpidol %ﬂ?’gf%’rdé‘h RyBEOREHE7 ol ) (Al drichy. After
15 minutes in the cold the reactiog was conplete by
TLC analysis and was filtered t gh a silica gel 15

pad (0.5 g) and washed w N acetate. The
filtrate was concentratgﬁ d)£he resi due was

purified by flash chroftat 8gr%phy (Bi otage, 12M 40:60

ethyl acetate - hexanes) t ive ()-3-

[ 7-chl oro- 3- (4- net hoxy- phe <4- nmet hyl - 2- oxo- 3, 4-di hy
dro-2H pyrim do[ 4, 5- d]pyr|n1d|hNI yl]-benzonitrile as

a solid. (Yield 0.13 g; 85.6% . Exanple 5b 20 ()- 3-

[ 3- (4- Met hoxy- phenyl ) - 4- et hyjl - oxo- 7- phenyl ani no- 3, 4

- di hydr o- 2H pyrinido [4 5- pyr|n1d|n 1-yl]

-benzonitrile N N N O ~~N A mixture of

() - 3Tp 7selution of (;ﬂchl @eét Aiskiprpriraripiding-woter - ot-meghogy-phenyl)-
afi @105 0.34 mmo%&fgom Example 1d su ra in toluene (1 mL) was added 3-

éﬂngfv’%@%ﬁmﬂw 2o el e@p"lﬁ; tsts 2 fichted in an

60boB atlL10 SC 49 twotlo)irs( Afcke t@d‘h)n wa sodir adrapertiard, 1Re Laftiom was

R T oL T T

ure an
lmsﬂyc Higre sode t@diue'fhléermdiade ttnha)t waptaken pp irafredilodistilstl

g r\ﬁﬁ%l 991}1436&;0?% iand 1<Lfee Qﬁ}ﬁ%tbajcﬂ irfeledtéPMth potassium fert-

hoxy heny]

14t0?ﬁ§][elﬂ/ IOM ll@t@@tah}’@]q)&?ﬂl a%gp ,hlé @3Z1mné|<p )dhgz Hifter 15 minutes in

EhéfdoIEl d(egr(éac:égﬂ]mayemﬁmt byl AR 2aA Wk filtered Shidu gﬁh%ﬁca gel
1 e

35 Mel
boblEs el e debet jbiedt suschiieie W FppSnBgisd ind the esiduc
@M[aMhhﬁﬂéd byil&'gh tBromatbgrapioy (Bd@3ge]l 889, 4Es@ehilmcbtate)- helanes) to
B gy s e RO el ne g ofT
A cﬁymm@n—l[ﬂl Bengonisgita asiadphit. (VIG0]13 & 85.6%).

-benzam de i \
Example 5b

(%)-3-[3-(4-Methoxy-phenyl)-4-methyl-2-oxo-7-phenylamino-3,4- dlhydro -2H-
pyrimido[4,5-d]pyrimidin-1-yl]-benzonitrile

A mixture of (£)-3-[7-chloro-3-(4-methoxy-phenyl)-4-methyl-2-oxo-3,4-dihydro-
2H-pyrimido[4,5-d]pyrimidin-1-yl]-benzonitrile (0.49 g; 1.21 mmol) (from Example 5a
supra) and aniline (0.50 mL; 5.49 mmol) (Aldrich) was heated to 110 °C for one hour.
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NN\ HNNNO \ I 6YNH, 10 480.53 A solution of
()-3-[3-(4-net hoxy-phenyl) - 4-net hyl - 2- oxo- 7- phenyl am n

W@204441822 PCT/EP2003/011896

di hydr o- 2H pyri m do[ 4, 5-d] pyrim din-1-yl]-benzonitrile
(0.11 g; 0.22 nmol) (from Exaifipl e 5b supra) in

i methyl sulfoxide (1.5 nl) cqQol.ed in_.an ice,- .
Bl Vapa0ded e dobi e ane th sl BuisRIwaY e cRpled, Ha solid that
plecip@tatd3d onof Jolwis: wabdelectddaindaeattstblizedbfioratighanol to yield (+)-

id 309 | uti.on; L, 0..69 .
P G RE e ARt Py R 2 s
pyremideé4, i pynimidiad -8}-benzeditele as o ovhiteenipdr @licld 8.36 gr 6232%).

N@gg Poih€ 289! hok apas col | ected and washed Wi th water
an ot dichloronethane. This crude materi al was

urified by flash chromatogra Biotage; 12M 99:1
PS50 e e lcabrsser b en b IAMEN Sl e Fouie s
pure product crystallized out of solution upon
concEgimipleion to give
()-3-[3-(4-net hoxy-phenyl) - 4-net hyl - 2- oxo- 7- phenyl am n

o- : .
3, 4- bRy 6 MO P RGP 2 Bty i GRR YT Pt o2
pyramide [dhidleydoidio:1-{l¥betzdmdde 6 ng; 57.9% . Melting
Point: 268 - 273 C (discolored on nelting). HR MS(El)

mz Cal cul ated for C27H24N603, | ~~%480. 1910; Found:

480. 1912. 25 Exanple 7a M-

(2, 4-Dichl oro-pyrinidin-8vy )’Efropan- | -ol WD

2004/ 041822 PCT/ EP2003H§ *B5 NOH Cl N C
207.06 Diisopropylampa (1.38_nlL; 7.85 muol)

(Al drich) was di ssolvn f{(ekhl y, di stil | ed
tetrahydrofuran (15 nL)>and cooNgd to -78 C
n-Butyllithium (2.5 Mn hexanes,©3.10 5 niL; 7.75 mmol)
(Al drich) was added dropw se and stirring continued
for 30 mnutes to give a LDApsal ution. A solution of
2,4-di chl oropyrimdine (0.50 g; 3.36 nmmol) (Al drich)

in tetrahydraf n.) was added t is freshl :

or epArBR AT G117 G BB TR S Ar i Fhenslemino-3.4-

dihydteSHspyrithidods, 5uid ] pytBni@in- prytiphcnahitidlayolel ¢00.2Bmmal) (from
.65 I Al drich . 111

S pIERS staag Pl B840 BB FEee Wt barh

Aqueous sodium hydroxide (1.0 M; 0.38 mL; 0.38 mmol) was added, followed by

aqueous hydrogen peroxide (30% solution; 70 uL; 0.69 mmol). The cooling bath was

removed following the additions and the mixture 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 Cp7Hz4NsO3 [M']: 480.1910; Found: 480.1912.
Example 7a

(%)-1-(2,4-Dichloro-pyrimidin-5-yl)-propan-1-ol



10 reaction was quenched with the addition of 25%
aqueous ammoni um chl oride solution (15 nL) and was

W b@nodisbut ed with ethyl acetate and water. ThECDERZN3/E€11896
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phase was washed with a second portion of anmoni um
chloride solution and then bride, dried over

anhydrous sodi um sul fate and concentrated. The residue
was purified by flash chromatography (Biotage; 40M
15:85 to 25:75 ethyl acetate - hexanes gradient) to
give 15 ()-1-(2, 4-dichl oro- j? m e n-5-yl)-prop
an-1-ol. (Yield 0.2609; 3y anple 7b () -5-

(1- Br onmopr opyl ) -2,4-dich|oro-pyrinidine NBr I CI N
Cl 269.96 20 A solution of

()-1-(2, 4-di chl oro- pyri ni di #9891 ) - propan-1-0ol (0.26

g; 1.26 mol) (from Exanple 7a supra) in

di i SDﬁEd}ﬁMﬂ)ﬁilhweﬁ([[leD enl(; 0.85 5nrﬁbl) (Bldi&hyrwaé alss(oNedﬁn éladhly distilled

3erERRER (5 B badedol ) 74 CNERRoGEER ( § 34 in hexanes, 3.10
oy B76 mudel) (Ald3shywagadsled mrqimse(azﬁlddnrmtg) congigued! the G0 inminutes to
giqg a ?ﬂ/&t §o?1ﬂlonﬂ1ﬁ§so(f19t%ﬂ 5{% ép afcﬂlorérf‘n@?mﬁﬁm%\@ 4y %nﬁ 3? mmoli gAldrich)

on m xtur t enper at ur

i tetreloglrofunen @smeHe& 4dc§1ﬂ A shisfreshiiapserpredbidd spfutinnioyer 12
ﬁﬂﬁiut% hﬂﬂter@@%ﬁh@es stihgQk ORMCG pRIASE ddsdé (1848 m\ma@ 5% ehmol)
p&#_ b{lne % over anhgdrous sodlu ul fa tes. Th
Figh svrsdde evf’eéﬁ{n.ngfeéan StEEg CPRURY wlq 5 minutes. The
edattsraivagdesnblyed \Bltloﬂ&glddﬁiBMof 35B3qatduslananetiabtechloride solution
Ffjx aﬂ?ﬁs_rldb%gsv @en 811ui‘|e§ with Lf:tlarl %elta(’)c? %nd Wzrltlefn Tdhe orgv\?]m g}%ase was
Wgé’gtd|mt}5y@g@qbp®ntlon®[f epsomith @hlorlfdg scplh‘gpn and then brine, drled over

Mg}dfrb\%asbﬂﬁﬂn s&l%‘t@irgi cQ)nge% Qled. TR BRERWA ﬂﬁ%? fldsh
41822 PCT/ EP2003/ O 1896

slgrprrm‘c@grﬁ@w Q%taﬁs é@Mnlﬁ $p o 29: TRote Y Bestate o AFTARGS %ragaeﬁ@ to give

gzma-(ld u&g&agw@ﬁimmﬁnmﬁ) piopan-1CHll QYielEm260gt $7%y.om ne.
anple 7c -

1- (2 oro-pyrimdin-5-yl)-propyl ]
ﬁ@?ﬁ@%gkphenyl) anine\ N\ I H NCO 5 C

()-5-(1-Bromopropyl)-2,4-dichloro-pyrimidine

Cl 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



312.20 ()-5-(1-Bronopropyl)-2,4-dichloro-pyrimdine
(0.26 g; 0.96 mml) (from Exanple 7b supra) was

wale@gokrserl in acetonitrile (2.5 nlL). p-Anisidi PET/ERP20032011896
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g; 0.96 mmol) (Aldrich), potassium carbonate (0.15 g;
1.05 mmol ) and potassi um i odi ¥ (0.04 g; 10 0.24 mol)
wer e added and the m xture was ﬁ%lrred at .
PEHpising HREProfeR BrtspMRpegteum dpHCIHNGSOS Clﬁ@gcement of the ring
gabtihdsvanesopghyeen et hyl acetate and water. The

organi c phase was washed with water and brine, dried
over_anh ous sodiumsul fate, filtered and

conc@ﬁ?? . Purification by flash chronatography
(Blotage 4OS 15:85 to 20:80 ethyl acetate - hexanes
grad ie)n[l)(Zgb{Z&d&ome;ynmldm 5-yl)-propyl]-(4-methoxy-phenyl)-amine
()-[2-(2,4-dichloro-pyrimdin-5-yl)-propyl]-(4 15

met hoxy- phenyl ) -am ne. (Yie 0 N 64.3%. This
materi al again showed 3 peaks f the pyrimdine ring
proton in the sane ratldﬂé§ wds Seen in the starting
material. This mteria cused w thout further
purification. Exanple 7d

()-7-Chl oro-4-ethyl - 3-(4- negﬂgﬁ% phenyl ) -

1- phenyl - 3, 4-di hydro-1 H 20
pyrimdo[4,5-d]pyrimdin-2-one 1 Ol.1 N\ C~NN

394. §6)-5 Tb—Bgog]@pmpWBnZ 4fichloro-pyrimidine (0.26 g; 0.96 mmol) (from

@(arhéle %3 ’sf}prg, Gl BERTRY i Mefidirie Z}d 3 mQ,P OpYAdisiithe '(‘@UZ‘ Q)Q’%

m?léfxldﬁl-cﬁgpggﬁégrpfaﬁgpa%g 15g; ]ag%@an %th(fx otnpsmm 1odide (0.04 g;
Oaﬁﬁﬂlﬂﬁﬁtv&ré gdfded an@ {HOmImRe Jwals Adigted Etfr))omTﬂampsmltmﬁel After 16
n_an

at ed |
galdﬁsf f?%t‘}fsgﬁ? ]faé %?egt%%eente#éyq atte anc} WaPelfI MThe gr% anic phase
ovanvesiter atithdwatfhedrtesieddisedaer anhl}tdmom sedmm Blﬂfah@ fittened and

HLPIBIST 0 et DAY R A g o

eratater hewings gradiept pavesuds dwhkor@@wpn@nsft 71 peepyll-(4-
E?é{tlﬁ(ﬁ&y BUIAMnE. Y@@lﬁ 0.19 %Odiﬁﬁgb/o‘) 0Th1§ nﬁté‘m afdi@ M Bekd 3 peaks for

aSSI umter t OXi
g&%m GinsTTiReRTOe. laéﬁwmeaats e See 1) W FlaFins FieERl This
bmteridl whe ssddrwithoat @otier ptififcatioaact i on m xture was
filtered through a silica gel pad (1 g) and washed
MAthE th 1 cetate. 5 The filtrate was concentrated
and pur| by flash chromat ography (Bi otage, 40S,

20: 80
(%)-7-Chloro-4-ethyl-3-(4-methoxy-phenyl)- 1-phenyl-3,4-dihydro-1H-

pyrimido[4,5-d]pyrimidin-2-one
IO
)\N/ 50

394.86

To a solution of (+)-[1-(2,4-dichloro-pyrimidin-5-y1)-propyl] - (4-methoxy-
phenyl)-amine (0.19 g; 0.59 mmo!) (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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to 40: 60 ethyl acetate - hexanes gradient) to give
()-7-chl oro-4-ethyl -3-(4- net hoxy-

wWEb@apkis22 - phenyl - 3, 4-di hydro-| H pyri m do[ 4, 5- PG PEPI003/€i11896

in-2-one as a solid. (Yield 0.14 g; 60.2%. The NWR
of this material showed only t3o singlets for the

pyrim di ne ,é)ro_ton indicating a m xt,ure%é)_f thglyde,silrgd
Ycsame T hersalid rrsidus (ingspeaaiaited- wischmsolved Boesalydstile
ﬁgﬁHﬁ%@fu?rEn (jh m‘Lﬁ,l'cgblfé& |’£c|51 3e°C an7d tr%ated xivith potasséum tér_t—buéoxide (1.0M
- oXy - - 1- phenyl.- 7= m No- 3, 4- di r 05
PR [ ost Uprr el GRS Y rites o T e
Paditordmixth wab filteretlth®ugh a silica gel pad (1 g) and washed with ethyl acetate.
- - A- -( 4- [)-1- -3, )
e o R
® BustetbylacgtiieomeRughpladient) te give&F)-Zrilorard-tibple3(£3eethoxy-
%ﬁer%l)zﬁ-pml%,zﬁ-@ilgg&ﬂocm-%ﬁﬂﬂg@ﬁg]m&ﬁ—goﬁe hs BElid. (ield

nut'es. Upon ing, the m xtur triturated and. ..
O hb s @sitiol Her WHIR of hasnairs phpesd qrly Bt singlets or the pyrimidine
fhogbih fIdenEhp anexaneoas Aegredipt bduwai et thardriesgondingMBromo
O{anni c, phase was dried over anhydrous sodi um
SUFPAFE filtered and concentrated. The crude materi al
was purified by flash chromatography (Biotage, 12M
35: 6Bxangple@e 50 et hyl acetate - hexanes gradient) and
then crystallized fromethyl acetate - hexanes to give

()-4cet 1v-3( A= et Iohenyl-7-phenylamino-3,4-dihydro-1H-
1- phief%?}ﬁ%ﬁheﬁgj am'%%?rsl, - d?{l’%/ld?%-a }l)—|- pyri m do [ 4, 5d]
PG AL YEREARZ-90%hi te 25 solid. (Yield 0.11 g;
73.6% . Melting Point: 172 - 176 C. HR-MS(ES+) niz
Cal cul ated for C27H25N502 ([ H]@O%Z- 2081; Found:
452.2083. Exanple 8a WO 20Q4/04 PCT/ EP2003/ 011896
-38- 2-Fl uoro-4-net hoxyag%lq) n%F ~1 HZN |

1081

3- Fl uor o- 4-ni trophenol H g,064.7 mmol) (A drich)
was di ssolved in @

451.53

A mixture of (+)-7-chloro-4-ethyl-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 uL; 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 phase 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 Cp;HasN50, ([M+H]):
452.2081; Found: 452.2083.

Example 8a



di met hyl f ormam de (210 nl). Potassi um carbonate (45 g,
323 mmol ) and nethyl iodide 5 (5 nL, 77.64 mmol)

w@ 2odiossk) were added and the reaction m xtur ePQEEP2003/011896
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stirred at roomtenperature overnight. (thin |ayer

chr omat ogr aphy: 20% ethyl acet2te in hexanes showed
conpl ete conversion),. The reaction m xture was
fllt%TéﬁnPﬁVﬁﬁﬁﬁxﬁuﬂéE of Celite(r), and concentrated
under reduced pressure. The crude material was
triturated with ether and’ fble materials were
renmoved by filtration. Th rate was 1o
concentrat ed under reduce pressure to afford an orange
solid. This material (11.43 g) was dissolved in

net hasRhoro16Qitrdphersld1hyrg,agenated) (Addrich) Svandissalvédina

513{1 rtgg? ranra(ar)r% C(aZlg Ofp gasslim( )&F CPnaPt{@g %n{,‘% rﬁfqog L d methyl iodide

é%nlinﬁi’ o4 rmaypdly { AlQﬁQJa e/tretry ta the rqacm@@@gregmgw@ged at room
Fﬁqﬁ?&?&elge ?\%?%1 S laygﬁ&ro&ﬁﬁ)gﬁg%? Z@%( b leac@@ﬁe in hexanes

heredie e émweawa Jﬁéé‘?a‘:%%l H&‘@arepw t?F%C%/ fphvbed of
@Eﬁ{e@ 04t dhmb@ithesdyaitel kdiiced gkdu@le Th¥caldd male®dl wahs triturated

26.99 mol.).. le .8b ()- .
_Wltihzetlaer anémsg%?%@ﬁeﬂga iw%}eSr_ %vec_l By ﬁ.gﬂ"a]non. The filtrate was
c()ﬁc—ehtrutedmndemﬂin@)greqshmty lafforhamerang¢ sulid. Whis@hatpiiabl(1F43 g)

%\%s gf’lsg)l%ﬁ% i oérﬁéﬁ)bo&' ]% huth rfaonéitlﬁfdmgenatrecli fordl 5 hmzr(s) ni%Parr apparatus

et 3®psmmlt1)xe presanenvE08erpilladium s)ur;ﬁlé?pn 5 g) (Aldrich). (thm layer
%Mn%tb P YR hedate REh&AAS dhowld 8SnplRR c)onversmn) The

fetis Emmm E%‘a‘ﬁiﬂff!é{J begrchis” o%?f@ﬁ'v'eﬂ}@ﬁ@aetﬁ en

26etcafhatedidndef @dlited prewusith ived-fatord domethenperilatar @lid. (Yield

gﬁﬁ&%g@gé Tqﬁ625 reaction was found to be inconplete

ated in an oil bath at 40 - 50 C
overni ght. Upon cooling, the reaction was partitioned
bet wEsamplel8pl acetate and water. The organi ¢ phase
was washed with brine, dried over anhydrous sodi um

sul faterifdht B EBASENS & 2-fRrb I gRiHo nyl)-amine
flash ohy o%gt%glrggﬁohy (Bi ot ag‘;el ﬁ‘ggd( 10:90 to 20 FRsor)

et hyl acetate - hexanes gradlent

()-[1-(2, 4-di chl oro- pyri m di - -ethyl] (2- 30

f 1 uor o- 4- net hoxy- phenyl ) « ield 0.12 g; 49.1%.

WD 2004/ 041822 PCT/ EP2Q03! g 6 F-39- Exanple 8c

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 uL; 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-y1)-ethyl]-(2-
fluoro-4-methoxy-phenyl)-amine. (Yield 0.12 g; 49.1%).
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() -7- Chloro-3 - (2-fluoro-4-nethoxy-phenyl)
-4-methyl - | -phenyl -3, 4-di hydro- 1H pyrimdo [4, 5-d]

w@yookiaden-2-one N\ N\ C" NNLOF 6 5 398P@BEP10P3/011896

[ 1-(2,4-D chloro-pyrinidin-Shgl)-ethyl] -

(2-fl uoro- 4- met hoxy- phenyl ) -am%e (0.45 g; 1.41 mmol)
(from Exanpl e 16b supra) and phenyl isocyanate (165 L
1. 52Example Bc (Al drich) were conbined in tol uene (5 nl)
and heated in an oil bath at 110 - 120 C for 2.5

hour gryandhidiers- et 3@ - Lnfe@ioxd-pheR@ANUSm eyl Eg:h@ﬁﬁlj Adihydro-

i e rea thg xture 10 was concentrated an

TGO Y HRSHRELP  The sol i d resi due was
purified by flash chromatography (giotage 40S; 30:70
ethyl acetate - hexanes) to giv e nternmediate ()-
1- [ 1- (2-chloro-pyrim giQ- - et hyl ]
-1-(2-f|uoro-4-nethoxy-9mep Iﬂi3¢phenyl-urea. (Yield
0.27 g; 43.2% . This ufeaVwa¥ s¥Uspended in freshly
distilled tetrahydrofuran ( ) and cooled in 15 an
ice - brine bath. Potassiu rt-butoxide (1.0 Min
tetrahydrofuran; 0.64 ni; 0.64 mmol) (Al drich) was
added dropwi se to the suspension over 5 mnutes. The
solid went into solution as3%¥8 potassi um
tert-butoxi de was added. After stirring for an

addi t.L.opa j ' _ |,/ 1 @ack 3 I .
et (el BB b i, b6 GR1G.C 6 AaaLbARy g*fnﬂg amine
§0-45 1 LAY mgroh @em Exaraplp y6b geer) 208 phewékwé@ag%@ HEnt-52
ﬁ{rﬁbﬂ? (RQBIcRf Rere RufblrcAah kerey(5 hSAd2Ra@ IOIMODHEGRIEY 10 - 120
ég{fgr 2?§ Eqérg ﬁpg ?kgénGa(’:t) 15(? °(§ ?dr%% %ur}:}’.' Aﬁ‘grecto%fir?g, _thcb ree)e(lc o thixture

Braf 2orfdenipated dndraithexsd whie hytahed -Thetshlid rdsiduleevay pusfidd by flash
hydro-| H pyriym.d , 5. rimdi p-2- CYi . i
SRR R A AR RefRgffo gyl fhilhmiiiace )
( 1 AR eabtaropymmidion §-ypheshigl] -)L =(4-Thawr eryit methoxy-p enyl)-3-phenyl-urea.
PRENYY7 £4Bhepyl am no-3,4- 25 di hydro-1 H pyrim do
E4,5-d] %yrinidin-z-one WO 2004/ 041822

F o\

PCT/ EP2003/ 011896 .- 40 \ L 11, HNN .
TEis urea was suspended in esh{;lf distllﬂed tetrahydrofuran (3 le) a}’ld Icooled in

an ice - brine bath. Potassium tert-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



455. 50
()-7-Chl oro-3-(2-fluoro-4-nmethoxy-phenyl)-4-nethyl - |

WO pivetyis2B, 4- di hydro- | H PCT/EP2003/011896

10

15

20

pyri m do[ 4, 5-d] pyri m di n-2-one (0.21 g; 0.53 mmol)
(from Exanpl e 16¢c supra) and 54&niline (450 L; 4.94
mmol ) (Al drich) were conbi ned and heated at 110 C for
1 hour. After cooling, the mxt Sas triturated

wi th hexanes. The solid residue di ssol ved in

di chl or onet hane and washed 'ti ter and brine, dried
over anhydrous sodi um s d@oy Sdfiltered and
concentrated. PurificaisQn h | ash chr omat ogr aphy

(Bi otage 12M 40:60 t 0: thyI acetate - hexanes
gradient) and then crystallization from

di chl oronet hane 10 et her gave

()-3-(2-fl uoro-4-nmnmet hoxy- phesyglap- 4- net hyl -1 - phenyl -7-p
henyl am no- 3, 4-

SIS B PG 08. 0L 02,008 35 0518, 15

PHOmEio [ MR- NP iBidin 12 an<Jdl 2 g; A58 dnrhal) (ﬁﬁﬁ%@ﬁfﬁ@%c supra) and

%glﬁ'%}_’%ll;)o&l' ﬂ@g rr%ﬁ%’é (f&ﬁ%igﬂgwir% rr%)%%%l_ n}g)h%gq% Gt ?ﬁ) ‘{kﬁfo[r 1 hour.

Aftsx ec@ing, T(hp ﬁyzgt.uge waHrityrefedi with ][mcagesd ]T yqalp eg1| e ]ya§,111]ssolved in
d&%ﬁ?r@ﬁﬂejé}fahé nd WadRed th\Wi\tlet\ anql brh{eNﬁQf ovd2 3nirodssodium sulfate,

Dichloro din
g oesnaieFor bty il o bbby Biptas 1835 400 to
BB ktHyf ﬁ&fﬁt&xladf@h@ gioiergl @Iﬁca’bhemglsﬁﬁif@hmﬂ'om dibhloromethane -

ano y socy,ana dr _
S B ane oo R AR Rt P B R Ry e oo
dilyde>-fiblr pﬁlrhldqf%&dﬂﬁdyrtrh@m dpneas 1 MBit€salick r(YueHué 038 gt 8134%).
hours. Upon cooling to roomtenperature, the reaction

‘Me‘igﬁglﬁ&ﬁf‘tzﬁé‘t 86h /RNy N %@ﬂ)t RY (L’!lédl‘at&?f&? @gﬁnfﬁhﬁh (IM+H]™:

was purlfle by flash chromat ography
(BP-d8 g HounNpS-589250 et hyl acetate WD 2004/ 041822
PCT/ EP2003/ 011896 -41 hexanes) to give the
I nt eEredpkioa
()-1-[1-(2- chI oro-pyrimdin-5-yl)-ethyl]-3-(3-cyano-
phen fil uo met hox GYi }
1. 2030’5 %'7[% "{'I'_gz %hlu Hdyy Hvl\%tgg)g’eé%r%{ae% 51%%5?1 e 6{0{ S dihydro
dil-‘s—pyﬂlmeib[@ étﬂmdﬁ@mdrﬁhbém@nﬁn)e and cooled in an
ice - brine bath. Potassiumtert-butoxide (1.0 Min
tetrahydrofuran; 2.70 nm; 2. 70 N (Al drich) was
added dropwi se to the sus -@ er 8 mnutes. The

reaction
Cl)\N N/KO

<\

423.84

N

(%)-[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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m xture was stirred for an additional 15 minutes in
the cold and then filtered through a bed of silica

w@ei040¥1822 8 g), eluting with 1:1 ethyl acetat ePET/EP2003/011896

hexanes and then ethyl acetate, Purification by flash
chr omat ography (Bi ot age 40M 2460 to 50:50 et hyl

cet a nes ve g

%X’d@es[ % i dnt§}1(18<%f“ied$? 6= 4= eI RIBRIAA-§ YR ¢y lyr (3-cyano-
@)579)-13(,24ﬂ1ﬂnﬂ0 -4-methoxy-phen 1) urea. (Yield 1.20 g; 71.8%).

di hydr o- 2H pyri m do[ 4, 5- ]pyr| m di n- 1- yI] benzonitrile

as aT]}f(h Li& Wc'agxh%pfn(le ’ijjﬁ%ll éd te@r RVEL ﬂd mi?and cooled in

@a {ce- brlu@ gh4 Patashioxytensthatoride 4r0th1hjl¢tr621¥dmfumnph%®1mLa2 70

ic 3 e sSpensi 5. il ebaction
Eélgﬁngﬁl?{ rl?ﬁ'v%a)é@ﬂe c?c'ﬂ'b%%é %ﬁ'& [1%) 73 g]’l o@&r 811[5}1'11%&’[@ lTHé ]3 ti

{rﬁugtg:e \[Jas-,stlgﬁ roangaﬁdd1t1onal 15 minutes in the cold and then ﬁltered through a
bt &1 sileh gel47 MBtah) Q@IMI iRy L) efryldebitd - Bexaxes zﬁ}d“&l@lﬂl Bl Retate.

Piftbistin b 1351 Chrdor O%Péph %@% A G B6 RS rfmacetate-

bexahies) gaveri){3- B7H¢H101ra)e3-( —ﬂﬁGrdvdL :methoxg7plnamnyl ) }4-aAltohl-i2edro-3,4-

gd{he epﬁqf%ﬁld&@% ]Ql?ygmglg o Tyl Wbaor bl B hd 5’}”8%%51}% (RRId 111 g

§%®G@@dorawstt¢l?é)m Xt ur e vvas heated at 110 C for 20
mnutes with vigorous stirring (solid renained
I NsokxHRhEY ob Upon cooling, the solid was collected,
washed w th nmethanol and then ether and dried under

F |3 9 ? @5?‘1}‘: —E%?%—%&oﬁé—}ﬁﬁ@%@p%‘%@h@qﬂ)ﬁ-methyl—Z—oxo— 7-phenylamino-3,4-

dihiyetca - Brimxdde [A; A Fryyind dinnby3;bendordigeie o- 2H pyri mi do
[4,5-d] pyrimdin- |I-yl] 25 benzonitrile. (Yield 1.00
g; 85.6% . A portion of this mater & was
recrystallized from dichl orgpet e - ether -
petrol eum et her for char §ct# 'iat on and testing.

[ [ ~223 - 228 C.
C27H21FN602 ([ MtH] +):

HR- M5(ES+) nmfz Calculated fo
481. 1783; Found: 481. ; 004/ 041822

PCT/ EP2003/ 011896 -42- anpt’e O)-3- [ 3 -
(2- Fl uor o- 4- met hoxy- phenyl ) -4-nethyl -2- oxo-
7- phenyl am no- 3, 4- di hydro-2H pyri m do [ 4, 5-d]
pyrimdin-1-yl] -benzami de 48051

(%)-3-[7-Chloro-3-(2-fluoro-4-methoxy-phenyl)-4-methyl-2-oxo-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 (z)-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 CoHyFNgO, ([M+H]):
481.1783; Found: 481.1788.



N\ N HNNNOF \ I NH O 5 498.52 () -3- [3-
(2- Fl uor o- 4- met hoxy- phenyl ) - 4- met hyl - 2- oxo- 7- phenyl am

WO 2003/0411822 PCT/EP2003/011896
di hydr o- 2H pyri m do[ 4, 5-d] pyrinidin-1-yl]-benzonitrile
(0.80 g; 1.67 mol) (from Exaple 17b supra) was
di ssolved in dinethyl sulfoxide (25 nL). Mst of the
mat eF¥aaple fnt i nto sol uti on. Aqueous sodi um hydr oxi de
(1.0 N, 3.34 n; 3.34 nmmol) was added 10 fol |l owed by

hydr @@)emp@wmais 4@&@&%(?13%&;&) ~4-rBethifl- zrbng ﬁ&nﬁ?’ﬁhﬂo -3,4-
[.00 er . sti.rring. for M nut es
altahtyé?o"%' %ga@ﬁéfpa’fmd{“el é’gflf &Zargldfgm pi tated out of

solution. The solid was collected, washed with water
and dried. Dissolution of the s Tequired
significant vol umes of di Q ane - methanol -
acetonitrile. The sol ven)\mxty\\[re ewas then distilled
off until solid began t c'l‘ys al9ize out 15 of
sol ution. Cooling and n gave
()-3-[3-(2-fluoro-4-ne xy- i), - 4-
net hyl - 2- oxo- 7- phenyl am no- 3, 4- i hydr o- 2H pyri m do
[4,5-d]pyrimdin-1-yl] - benzamide as a white solid.
(Yield 0.56 g; 67.6% . Melting Point: 282 - 286 C.
5 HR-MS(ES) nfz Cal cul ated for4d%8Z2ZH23FN603 ([ MrH] +) :
499. 1889; Found: 499.1894. 20 Exanple 1la
()-1 43l Or- | l ino-3,4-
0 14)23 a%@a&gz; H)éfﬂd%qﬂh@nyqzj Muz%lf%#l%to&u 7-PhOR B
dihYéHp?leWfaﬁidﬁé‘l %ﬂ]mfrrﬁpdwla% bﬁ%%ﬂﬁ(ﬂ%@daﬁp &n3-6%pgnol) (from

fE&%lﬁ igﬂgg |s@}rhj Wedissdbrell @ Ainburieh efildsxade (25 5nlU)L)MM$)f the material
cool e

FHERE 3 R0 AR e P 3@%%%@&%& P92 5388 R fras added

(fd&lod\reddaly)}lydageﬂ@dxm&r(a@ﬁm]s gratend). 5t ik y 4.89 meoel) ahnspedl

for 40 n&t‘tee 1{’?11 [ gRaLif SIV\Q‘Pé Wi nd a white solid
S traht ob by Tae Ph 20 RiRuds sy G5 Hhadfind ayyiyte ol
|pmea}t1‘ent¢dach5td>tf @cﬂm«.@m Tiz ?@E}i wmagoﬂeﬁ@d wﬁ; wﬁwm ])

tﬂlks%luftfoﬁ%? ke 56[13 Qézflﬁl@dls%ﬁlfﬁz%ﬂﬂoﬁlﬁﬁes &\&%}ﬂ@r@n{&}ﬁﬂﬂee Snethanol -

After stirring for 40 mnu I 61
getogitrle. Fhes polvent mixture was then dlStlﬁe i‘rf un&l Fg%egan to ‘crystallize out

1

o

15 of solution. Cooling and filtration gave (£)-3-[3-(2-fluoro-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 0.56 g; 67.6%).

Melting Point: 282 - 286 °C. HR-MS(ES") m/z Calculated for Co7HasFNeOs ([M+H]™):
499.1889; Found: 499.1894.

20 Example 11a
(*)-1-(2,4-Dichloro-pyrimidin-5-y1)-2-methyl-propan-1-ol

o

Cl N Cl

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;



10

15

20

25

5 (Aldrich) was added over 6 mnutes and stirring
conti nued for another 30 m nutes. The reaction was

w@e@nokse2 wi th the addition of 25% aqueous anmeCii/BP2003/011896

chloride solution (20 nL) and then diluted with ethyl
acetate and water. The organi-d¢3phase was washed with
a second portion of agueous amoni um chl ori de sol ution

Tatfompebh( Adeliete, wagiarlderl dropeise anhyidBgsoRBR RS HY rages to
R RS comsenioah o g Toso s
ti%ﬂg@r%gpf?}ﬂ (gmnki \ggset%_gn ﬁgciz%lrgégpx&ils% tél}ﬁofisés]elg p'rgqa\r/%&DA solution
dver 15 _(rﬁ?léteﬁ i g&ératiﬁér?/ﬁbk A0 diimatBs, soputdratedtyie (pélomdns.r2 gimol)
11k Yh€ : ; 499 , : - B .
1otaReS s ¢ it yod AR GreblPa s andttes a0 inpes. The
mBaction v@s Nu@chegl?wiﬂg@g g:édi.tiog of 25% aqueous ammonium chloride solution
7 i R Xoul et i hed
@) F@%ﬂé&?%@%@%@)ew%%ﬁ@a@g Rl cg)ug%?le BRRGab wdshe
i piveTd BPE PGNP S HETBRY P I O fiopging #h brine, dried

Sped Qnﬂ??ﬂ?(ln%shs()&{lﬂﬁ E\gﬁ)te, &ered, & ﬁ&ih ohce\mfalﬂdlfm THe rIeSickl)l'leI was purified by

i pr pononet ha solubilize ..
sk PO @ P oust it O T e PR tpiaes BRgieno o
gins @l Lb( B4-didddro2tyrphidép ot us- neetlyhpoopae100. O2eld 0.25 2883.4%).
mol ) (Al drich) was added in one portion. Reaction

M Xt e pstirred for 10 minutes and then
part%uﬁr@%g etween ethyl acetate and water. The

organi ¢ phase was washed with brine, drjed. over
an hy@r)o’ijél"5%91‘%‘%@9’%‘8?&’,3’1)%?%0é{ﬁ’al H¥ent r at ed.

Purification by flash chronatography (Biotage 12M

. gave

()-5-(1-brono- 2- net hyl - prep -:2A.4-di chl oro-pyrini di ne
as a colorless oil. 25 (Yi e/l@/ 9.5 ng; 33.79%.

Example Ilc () - [ 1- c” N7 Tal

(2, 4-Di.chl oro-pyrimdin-5-yl)-2-methyl - propyl ]

- (4- met hoxy- phenyl)- am ne ijg3’gg NN H CI~NC W.
2004/ 041822 PCT/ EP2003/ 011896 -44

(+)-1-(2,4-Dichloro-pyrimidin-5-yl)-2-methyl-propan-1-ol (0.18 g; 0.83 mmol)
(from Example 19a supra) was combined with N,N-diisopropyl-ethylamine (0.37 mL;
2.10 mmol) (Aldrich) and a small volume of dibromomethane (50 uL) (Aldrich) to help

" solubilize the mixture. Only a small amount of material remained insoluble. Neat

phosphorus oxybromide (0.22 g; 0.85 mmol) (Aldrich) 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)-

50"
)|\ P H

N Cl

amine

Cl
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326. 23
()-5-(1-Brono-2-net hyl - propyl) -2, 4-di chl oro-pyri m di ne

W@ 3®4/fam322 0. 312 nmol )  (from Exanpl e 19b supr aCTHEB2003/011896

conmbi ned with potassium carbonate (47.4 ng; 0.34

nmol ), potassi um i odi de (14.9‘%@: 0.09 nmol ) and

p-ani sidine (38.7 ng; 0.31 nmo % 5 (Aldrich) and
stirred at roon1tenperature53@@ ni ght. The reaction

m xture was diluted wth ethyl acetate and washed
(&)th(ﬂmr&moalldqetﬁp%@r@yﬂ)nﬁé‘c cff&’}ﬁormlgaﬁhldlr&r(as Emg 0.812 mmol)

nh ous S d|u ate filiter
S SRRt S PrSaon Dy kB fomcotrB B ra e 04
(BId), poeasiaM 1031@16:904 9 0g30.09 @nnaolhyhd poaisidine 438I~|7emgn(éé1 mmol)
E}?rga')d 8 af )oong temoperatgre Vermght The reaction mixture was diluted

ro p yl) - -net y propyl
sfha h@swe 1igd P 2 aibrieater apddhen brive. Thhepragiic phesgogith dried

@@ﬁﬁh rbis §bdim sulfate, filtered, and concentrated Purification by flash

Chloro 4- n
B U W PR RSN
[1 S 4 d@dhlor-pyrithilim-898- Bﬁletl(}ﬂ-prc[)pyl (4-methoxy-phenyl)-amine. (Yield
§n1 ﬁg@ Ioro pyri m di n-5-yl)-2-nethyl - propyl ]

ﬁ%% oxy- phenyl)- amne (35.0 ng; 0.107 mmol) (from

e 19c supra) and phenyl isocyanate (12.8 L;
O 12 ¥rople 18l dri ch) were combined in toluene (0.6
m.), sealed and heated in a m crowave reactor

(Sm LH oI Misop RIPyB 8CQREEHhS LimpRerei-3 ud@ihfdro-1H-
thenggég %% se&@gﬂgfzf %60 C fié%??ﬁa?? Iggoméecg%ds
BY'¥'8 REWPEIRTT O was i nconpl et e, and t he

m xture was concentrated and purlfled by fl ash
chromat ogr aphy (Bi ot age 12M ethyl acetate -
hexanes) to give the int

()-1-[1-(2, 4-di chl oro-pyfi dL@-S-yI)-

2- net hyl - propyl ] - 1- ( 4- et Wox{- phenyl ) - 3- phenyl - ur ea.
(Yield 24.0 ng). This inter late urea was dissol ved
in freshly distilled tetrah ofuran (0.4 nL) and the
25 resulting solution was cooled in an ice - brine
bath. Potassiumtert-butoxide (1.0 Min
tetrahydrofuran; 60 L; 0.06 40849 (Al drich) was added.
The m xture was stirred for 15 mnutes in the cold

For 2%’)’8?1599@%%’%&#3?72%‘5@%%‘%}%@%@WH?‘S’?%WWYD'
eriraGh. Oam gkl Grmeiol )i (qmyeramiel | Yase e 20 Phenst ipryanate (12.8 uL;
838thahel) ;Kﬂﬁ‘mfh') WefeddognbiR&] 1ﬁQ6‘l@1@1‘i€ (fOQ‘I @), abde i Egkatdd in a
%g{%yé§®§§?tg% g%'gléh(:rlegt%?ru (1%8 econgl ova\lomgygr%dﬁlng gfl ?4%2“(3 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-phenyl)-3-phenyl-urea. (Yield 24.0 mg).

This intermediate urea was dissolved in freshly distilled tetrahydrofuran (0.4 mL) and the
resulting solution was cooled in an ice - brine bath. Potassium tert-butoxide (1.0 M in
tetrahydrofuran; 60 uL; 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 concentrated and dried to give (£)-7-chloro-4-isopropyl-3-(4-



10

15

20

-45 met hoxy- phenyl) - 1- phenyl - 3, 4- di hydro-| H pyri m do
[4,5-d]pyrimdin-2-one. (Yield 21.5 ny; 49% overal l
w0 o0040¥u825t eps) . Exanple 11 e () PCT/EP2003/011896
-4-1sopropyl - 3- (4- nmet hoxy- phe %5) 1- phenyl - 7- phenyl am
no 3, 4- dlhydro IH- 5 pyrlmdo{ 5 d] pyri m di n-2-one /
0- N\
znfthpmﬂh@ H%ﬁﬂhvgrq AH@YYHBW%F] élrlwrjmlfhlbﬂem (Vield
n@g hy%r(ﬁrefaﬂ'}fopty\folsfﬂp@p[4 5-d] pyri mdin-2-one (22.0
O 054 mmol ) (from Exanpl e 19d supra) and 10
an|I 52 L; 0.55 mmol) (Al drich) were conbi ned and
heat |]1 oil bath at 100 C for 1 hour. Upon
cool i ng, the residue was triturated with hexanes and

the &tpédsaremi-3-(asetiosanbeylot Phemid-plhsiygenost-dihydro-1H-
tate and washed with water and

Ri’t?\{?%ed B}Fﬁlgmoirlégﬁ%c phase was m xed with silica

gel concentrat ed and subsequent gurification by

flash chromat ogr aphy (Bi ot age 1%@10 60 ethyl acetate

- hexanes) and 15 cryst aIN rom di chl oromet hane

- ether - petrol eum et J - 4-isopropyl -

(4- met hoxy- phenyl ) - 1- p phenyl am no- 3, 4- d| hydr o-

| Hpyrinmdo [4,5- d]p @-one as a white solid.

(Yield 14.8 ng; 59.19%:3 Point: 229 - 235 C

HR- MS( ES+) m z Cal cul at ed for C28H27N502. ([ M+H] +) :

466. 2238; Found: 466.2243. z _Cal cul ated for

C28H27N502 ([ M+Na] +): 488. 28872 Found: 488.2059. 20

Exanpl e 12a ()-(2-Chl oro-5-net hoxy-phenyl) - |

1- ( 2{#)-diCHib1or d-igoprdpyl-BH(A-nDethdyy-phdnyl)} 1 -pheriyhd,4-dibydror 1H-

%‘8%%%'8%]8'{'&%%%_@%%%2% &g%ﬂﬁ%ﬁ%ﬁ (from Example 19d supra) and
eiline 45Dk 9 Bromsl)((dldsidymetarpnbipsd 404 kiated ip en 28 bgth at 100 °C
Gor S Upog'lfdbgfﬂ‘lg, the residue was triturated with hexanes and the supernatant

was decanted off. The residue was dissolved in ethyl acetate and washed with water and

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)-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(ES") m/z Calculated for CagHayNsO, ([M+H]™): 466.2238; Found: 466.2243. .
m/z Calculated for CgHyNsO, ([M+Na]™): 488.2057; Found: 488.2059.

Example 12a

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

O/
N7 N i
/l - Cl
Cl N Cl .

332.62



Exanple I ¢ supra), N, N-diisopropylethylamne (0.40 ni;
2.27 mol) (Al drich) and 2- chl oro-5-nethoxyaniline

\meMMmcmhnrlde (0.15 g; 0.77 nmmol) (Al drich) VWeCBEP2003/011896
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30

conbined (neat) and heated in an oil bath at 90 C for
16 hours. Upon cooling, the m46t-ure was 5 taken up in

ethyl acetate and washed with water and then bﬂgﬁz
The” @) gadilbclphias® (Whsomelthd i poverdian (2 &0/ SsBaalhiirom

?&%rﬁslﬁlé € ﬂI it ?J 1@% Xﬁ}@ fon ﬁﬁ{uﬁ mE’Lq b ingdl) @ndﬂyh) and 2-
i

a5 e D B GR § gaal) AREED) BRrespipbined
@hea HA O Ye® BERYbi) bath bt 90 °C for 16 hours Upon cooling, the mixture was

ng 115j [gr hlgaegétotep 4 | m dl %’ig(%‘ger atg' Weh br 2T Be oﬁg!hﬁl ﬂlase was
d])lecV oteh Iaﬁhﬁi-raus( D imh sulfaté fittetef oond-qoneanttayeds Rywifisgtion by flash
heg%/ a %yflegdt?g gerR/I 555" tQ X5: :%Ig‘\edi%l acetate hexanes gre/tclhent) gave ()-

@2]:5},1128) 5 Iﬁethoxy—phenyl) [1 (2 4 —dichloro- pyr1m1dm 5—y) ethyl] -amine. (Yield

éh2%25§$%9r0 5- met hoxy- phenyl ) -[ 1- (2, 4-di chl oro- pyri m
ethyl]-amne (70 ng; 0.21 nmol) (from

Oa gupra) was conbi ned with phenyl isocyanate
(60 nnDI) (Aldrich) and heated (neat) at 150

C for 65 nlnutes Thin | ayer chromat ography anal¥3|s'
showes)- 3{@1ﬁomn3 énchlerb-Stmagthoxygp ey r4-adethyériaphreal-3,4-dihydro-

i gionak, s 6 (20 L; 0.18 mmol) was added and
ﬁﬁgPﬂ$n h g@%@@g{%l C for an 20 additional 30
m nut es. Upon cool i ng, hexanes was added. After
stirring, the supernatant was decgnted off and the
[ 1-

residue dried to give the |nter
()-1-(2-chl oro-5- nEthoxy
(2-chl oropyri m di n-5- yI) et y - phenyl - urea whi ch

cont ai ned about 20@6st cerial by HPLC. This
internmedi ate urea m xture ma { ssolved in
tetrahydrofuran (0.5 nL) and cooled in an ice -
brine bath. Potassiumtert-butoxide (1.0 Min
tetrahydrofuran; 200 L; 0.20 nmol) was added
dropwi se. The m xture was stirsrmd for 15 minutes in
the cold and then the bath was reaned and stirring

11t S Chiagnas B Phral | L gi o Syl emine
W7o hlget) |23{ Imrﬁclet(ﬁbm Einm@lefZOhtm}a‘a)swas/mn’tuocpgwﬁb@ hegiyl fsocyanate (60
gﬁf |8f5| & Bfg?g]ﬁﬁﬂﬁ %&%%E%??tal%@n@%% g?gﬁgut@@ drhin layer

2br @0atograply eealpsisipwed wmg @rflaqﬁ%&%ﬁg@ n@@é@f@é} \?%fnﬂl}ledf Additional
isocyanate (20 uL; 0.18 mmol) 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 (3)-1-(2-chloro-5-
methoxy-phenyl)-1-[1-(2-chloropyrimidin-5-yl)-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 mmol) 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 silica gel (~1 g) and washed with ethyl acetate. The filtrate
was combined with material from another reaction, concentrated and purified by flash
chromatography (Biotage 12M; 20:80 to 40:60 ethyl acetate - hexanes) to give (£)-7-



WD 2004/ 041822 PCT/ EP2003/ 011896 -47 chl oro- 3-
(2-chl or o- 5- net hoxy- phenyl ) -4-nethyl -

WO pivetyis2B, 4- di hydro- | H PCT/EP2003/011896
pyri m do[ 4, 5-d] pyrimdin-2-one. (Yield 45.8 ng; 40%
overall for two experinents).-4Exanple 12c

) - 3-(2- Chl or o- 5- et hoxy- phenyl ) - 4-net hyl -
bl e fy(P-chlqph Gk drotnp ) ABnethitypben 13y fibalagolH-

ith] Y it din-2- it the; M9 eriments).
hgril%bcgkél,?) di k)gl]-l%}ﬁi]% r%o%k_e (97eld &8 Tg; WIS twlxperiments)
(2-chl oro- 5- net hoxy- phenyl ) - 4- net hyl - |
- phefyampled 26 hydro-1 H pyri mi do[ 4, 5- d] pyri mi di n- 2- one
(0.20 g; 0.49 nmol) (from Exanpl e 20b supra) was 10
conbines-(itHors-hietdeoxfy 43R nid)-4imethylviaphen Al -ghemgtgmianed,4-

ated.i.n_an oi h _at. 10 for about 70 m nutes.
> ggQH“E&%??%B?%?h%Q%QQFIu%ﬁ%é%? ‘riturated with hexanes
and then partitioned between ethyl acetate and water.
The organi c phase was washed with Btine, dried over
egi:f
6
Gl

anhydrous sodiumsulfate, filter nd concentrat ed.
The crude nmaterial was pur'\i
chr omat ogr aphy (Bi ot age, M 4QL

N

| ash

4 O ethyl acetate -
hexanes) to give 15 HN N o :
()-3-(2-chl oro-5-net hoxyahen -4-met hyl -| - phenyl -7-p
henyl am no- 3, 4- di hydr o-
1H pyrim do[ 4, 5-d] pyri m di n-2-0he as alight yellow
solid. (Yield 0.15 g; 63.7%. HR M5(ES+) m z
Cal cul ated for C26H22CIN502 ffMHH +): 472.1535; Found:
472.1537. Exanple 1l3a

et (S sl gy e
(ESrindido 43~ Bperiakdin2-oré (y2g; Optidanaby ((rbnOBxagypl82@9supra) was

o R A SR B o
D 4004 7Qais@es. RiporERRb0g,/ thd 168@Re wag giturated with hexanes and then

partitioned between ethyl acetate and water. The organic phase was washed with brine,
dried over anhydrous sodium sulfate, filtered, and 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 CysHCIN5O, (IM-+H]™): 472.1535; Found: 472.1537.
Example 13a
(8)-(+)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionic acid
Chiral -
@Si,o\/s\n/w
o
m O

342.51

Methyl (S)-(+)-3-hydroxy-2-methylpropionate (1.06 g; 8.99 mmol) (Aldrich) was

dissolved in dichloromethane (10 mL, dried over molecular sieves). Imidazole (0.85 g;



12.41 mol ) (Aldrich) and tert-butyl-di phenyl silyl
chloride (2.30 nL; 8.85 mmol) (Al drich) were added

wW@pa40ks22m xt ure was stirred at anbi ent tenperBCTER200D011896
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3 hours. The reaction was diluted with additi onal
di chl oromet hane, washed with wter and brine, dried
over anhgdr ous sodiumsul fate, filtered,

d
thacemal hfAddrichh aylde‘pr@-bmlmhegﬁ);ﬂ}(l d)\logde 2a?r)10 mL; 8.85 mmol)
g 3516188 thE’ bydeddinBRROWixtald RAYstORH ht é&nﬁi@ﬁ@ﬁéi’rrp@f@@ﬂeqw3 Bours.

ibe %gctgén bl et and et o TG s end brine,

Hﬁg&‘@ﬂ@anh fd3ody sodiith sapes)iflterd, amddonaqumwstoq@dd wrathyl (S)-(+)-
ro Quefni 0
et T bR At Do e el P e Y Sag ltla £17 g o8 8%

partitioned between ethyl acetate and water and

- aci diThisedylwithdn (815 gn8. 85/ umugd hivey dissobyedl ih tetrapylrafurspe methanol

r ?)a‘%{ é&nﬁ et S OB HmA J’HH}M (qro anﬁ) @friLn €0.0 mmol)

r an rous sodium sul fate tere

. OHIBE t%taanézientherrlP?-‘raBaﬁ &he Wctfqna@ﬁmeﬁrvﬁ‘ﬁﬁ% }Oalﬁage’fween ethyl .

0 Birab @ﬁ&w&@%mcﬂ@uiﬁe@%ﬂ/ﬂo 5 Hegtaichlorichexan @$) ~ gailhe organic

P e B S Y B BT s,

Eﬁdiﬁmicent'k&bd 1Burification by ﬂash chromatography (Biotage 40M; 25:75 ethyl

t But [
eiR e ey ) S0 LA AR 2 Rl Blergpionic
aadsp a white solid. (Yield 2.06 g; 68.1%).
(S)-(+)-3-(tert-Butyl-di phenyl -silanyl oxy)-2-methyl pro
Pi ONiggardpled360. 44 g; 1.20 20 nmol) (from Exanpl e 2la
supra) was dissolved in dichloronethane (3 nL, dried

over si eves e ne (0.36 nL; 2.58
mml)( thgli‘tglh%'“\%%anﬁ dB’iﬂ)Pgﬁ’é‘Pﬁ{%e&Y salleiti on was cool ed
in an ice - water bath. Ethyl chloroformate (0.16 ni;
1.63 nmmol) (Al drich) vvas d@tufa'dropvm se and the
mxture was stirred in thewes L®3ox, 1 hour. The

m xture was then dil ut ed addi tll onal

di chl or onet hane, washed w @ter @nd brine, 25 dried
over anhydrous sodi um suI fat filtered, and
concentrated to yield (S§)-(+)-3-(tert-

but yl - di phenyl - si | anyl oxy) - 2; % yl propi oni c acid
chloride. To a solution of t%ge ove acid chloride in
acetone (4 nL) was added a solution of sodium azide
(hiBagriaByBgensralell it sitwat er (4 nml). The ni xture was
stirred for 10 m nutes and then diluted with

D004 =sil 9ankE 6nivasid\Q44 g; 1.20
2004/(8&%2 TR %%MF yph&sienieasid\@44 g

mmol) (from Example 21a supra) was 1ssolved 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 mixture was stirred for 10

minutes and then diluted with dichloromethane and water. The organic phase was



-49 washed with brine, dried over magnesi um sul fate,
filtered, and concentrated to yield (S)-

W@ 2004841822r t - but yl - di phenyl - si | anyl oxy) - 2- net hp¢PEP03011896
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yl azide. This azide was dlssol%ed in toluene (2 nl)
and heated in an 0|I bath at 120°C to generate the

desi red .- 1 | -2- at

e LRy A 8V masheh BETHTEE SRR Rpd smpepinied toyidd (-
Ex aipliet-beiyl-diphp 2yl {silentloBi2ynethylphepiphylsizidany | oxy)

-1-(S) -nethyl-ethyl] -7-chloro-3-(4-nmethoxy-

pheny)s a%cﬁ‘%«tralgl‘l ss%vél’ i t%gﬁg(izl ﬁhﬁ%’r{d l'f@agan 1[1%n5)11qiath at 120 °C to

rimdjn-2-on
%)glllerg@ the desired (S) -tert-butyl-2-isocyanato- propoxy— 1pheny'l'sﬂane by the Curtius

Q&ﬁn&@&hmﬂutyl 2- i socyanat o- propoxy- di phenyl si | ane
generated in situ fromO0.440g, 1.20 mol, of

(S)- %5g ert but yl - di phenyl - si | anyl oxy) - 2- net hyl pro

pi oni mp] d‘ (from Exanple 21b supra) in hot toluene

(2 m; 120 C) was treated with a solution of ()-[

(2 4-1d [i2etitroBotybydiphengi-silabylyky) - e Hyhpthyletinpl] Weq}}lolp)h@ﬁgﬂmethoxy-
LRNNGh0n s Lditly 0 1By AR (4 5 OB AIPICo AL Sup! 2)

uene g SO utlon was kept at
120 C for 30 m nut es, then cool-o I _roomtenperature
.n

and concentrated. The residu dlssolved in
anhydr ous tetrahydrofuran d cooled in an ice

- brine bath. Pota55|% tOX|de (1.0 Min
tetrahydrofuran; 1.2 ni; 1. 2 (Al drich) was
added dropw se and stlrrlng c din the cold for

15 m nutes. The m xture was 200-~fsI ered through a bed
of silica gel and eluted with HVI acetate. Further
purification wwth flash chroégngraphy (Biotage 40 M
25:75 ethyl acetate - hexanes)“gave 1- [2-
(tert-butyl- diphenyl-silanyloxy)- 1-(S)-nmethyl-ethyl]
- 7-chl or o- 3- (4-nethoxy-phen§¢92§-nethyl 3, 4- di hydro-
1H pyrimdo[4,5 d]pyrinidin one as a mxture of

dlastereoners (Yield 0.31 ; No separation
di ast(&-esmaEl-dasockansip- BfOHOPWétheﬁ?élSﬂa@S (gsosrs PR 5y fme 0.440g,

(1220'biﬁfo@)bY(S)L +)-1- @‘)art—Hiﬁflbddbh&f}rhMla}ly}o -2-methylpropionic acid) (from
cary e mﬁ%’g#t (AR (LA P "Dy LA G 218 fuolpgon of (£)-11-

20Q4dicMaR2RyREHi =200 3th§ll (8 96ethoxy-phenyl)-amine (0.35 g; 1.10 mmol)
(from Example 1d supra) in toluene (2 mL). The resulting solution was kept at 120 °C
for 30 minutes, then cooled to room temperature and concentrated. The residue was
dissolved in anhydrous tetrahydrofuran (4 mL) and cooled in an ice - brine bath.
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-(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 as a mixture of diastereomers. (Yield 0.31

g; 46%). No separation of diastereomers was seen at this time.
Example 13d

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



-50 /11o\  HNNN NN-\/ ~O OH 419.49 1-[2-
(tert-Butyl -di phenyl -silanyl oxy) -1- (S)-nethyl-ethyl]

WO Zo0ghkseDd- 3- ( 4- net hoxy- PCT/EP2003/011896
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phenyl) - 4-met hyl - 3, 4- di hydr o- IFprr|n1d0[4 5-d] pyrimd
in-2-one (0:286 g; 0.476 nnnrf (from Exanpl e 21c
supra). was conbined with aniline (0.50 niL; 5.49 mol)
5 (Aldrich) and heated in a JEZJbath at 90 C for 3
hours. The m xture was g room tenperature and
partitioned between ethyl_ tate and water. The
organi ¢ phase was wi§he brine, dried over
anhydr ous sodi um sul e, giitered and concentr at ed.

FI ash chr omat ogr aphy i ot ages 40L; 40: 60 ethyl acetate
_ hexanes) gave the silyl protected 49dduct. (Yield

0.29 g; 929% . There was a partial separation of the 1o

di ast1e[rze(%ﬁ5ﬁtymﬁlﬂ§nﬂtsﬂa§y1§x;{901l (ﬂ)-mgﬁh 1tala91\]e7 chloro-3-( 48methoxy—
ereo Sl r eclte r

SRR Stae SrEgrpih 4 R BB S 8l3s bz

tr@ibB Ii$rdmof tarrade utsﬁpm;)/vaaminbme@waﬁ aniline (0.50 mL; 5.49 mmol)

B%facﬁ{ Xchﬁef nllnléfrp)ofﬂlb dr Ch) 09 % Mﬂn@m&?ﬁe %Qi}ﬁg %gsu{oﬂ]ed to room

apppoxiurassl yarfitiboed lsetwadmeethsé acdtate nndnthayfg hwagamc phase was

%@Hﬂ%lﬂ?f)ﬁg? hivied %gelt Jﬁﬁz%x%ﬁk %{ﬁufﬁ@ﬁlﬂ)@ Mt Qﬁ&i concentrated.

tween et acetate a wat er . he org anlc

wiesh éarqmqt%rbiahm@wtagq 48 U0 e@ﬂwaﬁa&fsh%a‘%a%ve e the sifyl
g;:bifeé‘t%@ ﬁrcfduﬁ eiyedd end gc@l%ﬁ‘ MtHedd ®8k a pdrtisli skparatioonf thy

ash chromat h Bi ot age 12M 60:40 to 75: 25
WVF“HE@?B?@gg{ﬁE&éﬂ § gradient) followed by

crystallization fromethyl acetate - hexanes yi el ded
1- ( 2-TheyHowdiastéreomérs) mixtetenflsilyl @rdtyétyd p®ducts (80 mg; 0.12 mmol)

0
e e
dgtr@]uég@r@fr@@#gp uoyiyp tgtrahyéroﬁ;{gmgf@ﬁﬁ %|Ot4|5ﬁ§mol) (Aldrich)
Rekddm t ratudeSOr GpprioRmieél S‘h)oufg I h@@éa@:ﬂbﬂhﬁﬁtufr@i?vas concentrated

Cé%l E%q? g?i Hg%%/ga'ﬂm ned be%ween e%l%}l ace‘% uce and W%ge'r.z ‘}ﬁé} organic phase was

(WAkhéd WitBbfiherdrieBuoty anthyptoen yodisinl salfyte oidyereambidmgbnuraged.
&iu(%ﬂi'cgtio&}lcﬁ)gﬂish\chllon’?&gélragfly @i(gejge 12M; 60:40 to 75:25 ethyl acetate -

hexanes gradient) followed by crystallization from ethyl acetate - hexanes yielded 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 as a mixture of diastereomers. (Yield 38.9
mg; 79.4%).

Melting Point: 165 - 180 °C. HR-MS(ES™) m/z Calculated for Cp3HpsN50;3 (IM+H]):
420.2030; Found: 420.2034.

Example 14a

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

S

342.51



O 342.51 WD 2004/041822 PCT/ EP2003/011896 - 51

Met hyl (R)-(-)-3-hydroxy-2-nethyl propi onate (30.81 g;
wQe®484mepl ) (Al drich) was dissolved in PCT/EP2003/011896

di chl oronet hane (300 mL, dried-pver nolecul ar sieves).

| m dazol e (25 11 g; 365.1 mmls? (Al drich) and,

ol T ;‘VMR AP Rhal YL el 0 6, 40P Moo B0kl (Algrich)
éafas dis @r@rr@tha@ﬁ (¥05uhgiiies ovenmofesylat Fl@WSMmdawle
qlzft yi §‘336W1trﬁm%[§‘3tA‘ldr§Hh§‘lan&i ke‘?zhlbxﬁé aﬁ@hamﬁl I@z@@nd[@-()% 00 mL; 261.5

wat er and.
ol g@‘ﬁélﬁi WEE a&éﬁéaﬁxfﬁt}@ it e i & oo it prpBegre for 6

5  &pdrs dheeedctiah eds Hiduted ahtﬂi additioyhl dlchloromethane (300 mL), washed with

R e Rt o BT, R Yk Bls R o sttt

dilterkd, &id gdncenthased (cg)delé nge)th}wég) ~€H) Ss Oty fdlphenyl silanyloxy)-2-

L&dhd *Qfgféfgﬁ—ﬁ{e%@ afi oflBIV18AYs 3(c3: 1, 10 875 nil)) and
saponi aqueous sodium hydrOX| de (1.0 N, 300.0

e DB FPHIS b} BB BR E R el B AF G foghethanol (321

10 B7esdy) end & bﬁiﬁé&@lﬂﬁ{ fue®@fs sbiienohghokide !SDO‘D\EBD@O né3d00.0 mmol)
dil ute cetate. After coolin

i hy)
B
aeplwed: sresturd tommaeipartad ik (rg0tc m_\)entsT hed tlazylelﬂ@tade/vlél ethyl

Sa%&?trea %% gﬂb‘iilnghr?ér?fcga[e}a‘eer %Qﬁs WRSHE ga&ﬁiewﬁﬁ 1 N aqueous -

er a over an y rous saqdiums
fhyﬂmhmc agidd 30 md et heagers pere sgparated apddhe organic phase was washed

15 (ﬁ%hn&%&g é’ncglsﬁﬁé dhed YrerdhRitR P?(d soﬂidrﬁ@Mﬁ@é(ﬂte?e'd”ﬁ{chwnﬁérﬁrated to
| ma un
et ande Obgi-Fos kDU BEAihERE B R e BeBB I EBionicaeid griaining

Shall amoun%%ethyﬂixatmé ePurdth w20 estimated by NMR to be 95%. (Yield 90.4 g;
g@/ tert- Butyl -i socyanat o- pr opoxydi phenyl si | ane
r) , N 311.42 This material was generated
in situ.
(R) - Fxgmplet14But y| - di phenyl - si | anyl oxy) - 2- et hyl pr opi on
ic acid (0.508g; 1.48 25 mmmol) (from Exanpl e 22a

20 Supr qk>-\£@§3@lmqka@gnat&p@l¢ @1 pediidRne (4 nL, dried
over nol ecul'ar siéves). Triethylamne (0.42 nL; 2.98

mol ) (Al drich) was addedijicg he

7/5 |

. 311.42
This material was generated in situ.

(R)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionic acid (0.508g; 1.48

25 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 chloroformate (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
30 water and then brine. The organic phase was dried over sodium sulfate and

concentrated.



solution was cooled in an ice - water bath. Ethyl
chloroformate (0.17 nmi; 1.78 mol) (Aldrich) was

wadded4dedpwi se and the mixture was stirred i nPCTEPI903/0i1896
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for 50 mi nutes. The reaction xture was diluted with
addi ti onal dichl oronet hane and Washed with 30 water

Sogi S P LU Ea OB PR I Sl G ) e added
paTtiePROoslienregs (0288 4/l mmad) imevaer Gfmbhikheanbrure Mgestirred at

irpbRrtemgbdtife ot 1@%&%@ ah@ tHEa)diMVas Wil 8dliflon ak&udr@ﬁlethane and
of sodjum az in water

i d 5
TS ibbe G @8t s welhsd With GEer ifderst rrEnd i afate and

RbAtEneatedntd yide(R ) -( ttreohtylt diphadttsilangloal)-2-methylpropionyl azide.
di chl oromet hane and water. The organic phase was

wash %cﬂa dp $ chsgolv?c[ netgluggg {~ %ﬂn&fféd%@& kargélgcu?ﬁ%eées) and

concen

. (hlé)te@ ar( ale pil buthtay ﬂztbl?@)h%xgytms inftaegen gry §vobutivet qri¢ldy pnlind yielding

irgg {R)- f;]i l§ut?lz.42 ‘}L%c St g;c}y | Heﬂylglﬁlng %? Ehd Cértl@s

over sl e heated in an oil
Ba%rrﬁ%ﬁmmb ks WPE?&P]O‘M%S UﬁF‘%W %‘t"it %g‘i%w uti on quickly
resulted yielding the desired
(R - Beaiphiiael - 2- i socyanat o- pr opoxy- di phenyl si | ane by
the Curti us rearrangenent. This material was used

(2 re B W%hgﬁn‘ﬂ R *’ﬂ?ﬁ*ef%thxétlhﬂw 3

-dlch(kRPPYI[lml ins5-vl)-ethiydnl &@whqm nry)smya) -ethyl] -1-

(4- met hoxyphenyl) -urea Y-, - | " NN\/ C~HNO
0-11 Chiral Si 637.69 15 g

(R -tert-Butyl-2-isocyana @/dl phenyl si | ane
(generated in situ fro 861 mmol of
(R)-3-(tert-butyl -di phe Nsmnl’]z}ra;yl oxy) - 2- met hyl pr opi on

m) was treated with a toluene/so on of ()-[1-

(2, 4-di chl oro- pyri m di n-&kayl ) - et (4- met hoxy- phenyl
)-amine (0.74 g; 2.38 mol) Exanple 1d supra).
The sol ution was heated at 11 120 C for 3 hours and
then 20 cooled to roomtenperature. The crude reaction
solution was purified by flash chromatography
(multiple runs with Bi otage 48L6%ol ums; 35:65 et hyl
acetate - hexanes) whi ch successfully separated the

two QR?%TEB B Socyd i fp'réllzt’c; Q']‘ gﬁéd}ﬂﬂ%@’@&?&ﬁ@&% situ¥rom 1.00 g,
[2- tert dL p en Xrg
2{:@6_1@1@19 oL 1’13)7 t]zrt— 1 -[.d}phem[]_ sﬂanyloxy) -2-methylpropionic acid) (from
(Hafrptd 2Bl sopAP W hot tdluRndt4 mL) was treated with a toluene solution of (£)-[1-
(2,4-dichloro-pyrimidin-5-yl)-ethyl] —(4—methoxy—phenyl)—dmine (0.74 g; 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

ic acid) (from Exanple 22b /@n hot tol uene (4

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-
yl)-ethyl]-1-(4-methoxyphenyl)-urea, was obtained with an e.e. of 90 - 95%. (Yield 0.47
g; 25.7%).



yl)-ethyl]-1-(4-nmet hoxyphenyl)-urea, was obtained with
an e.e. of 90 - 95% (VYield 0.47 25 ¢g; 25.7%. WO
wQoho1B822 PCT/ EP2003/ 011896 -53- Exanpl e 1BdI/BP2003/011896
[2-tert-Butyl -di phenyl -sil anyl gxy- |-(R)-nethyl-ethyl]
-1-(S)- [ 1-(2,4- dichloropyrimdin-5-yl) -ethyl] -1-
(4-nEthox%qggnyl) -urea d / I O NN\ CINHNO
Chi r af 48P 637.69 The second el uting diastereoner
(from Exanpl e 22c supra), 3- [2-tert-butyl-
di phérlgttesBuiplydiphkgnyl-silangRyy-tetfiyhetbyisthyl] <13(S)-$1=(24-
) T i chl-or iy / ) e .
¥¥%§F§€?ﬁ%§§§ﬁgﬁzF§@H?%§€§§%£ ?%&%é%faﬁth an e.e. of
85 - 90% (Yield 0.44 g; %f.l@a. BExanpl e 14e 10 1-
[ 2-
(tert-Butyl-di phenyl -sil xt- (R) - met hyl - et hyl ]
- 7-chl or o- 3- ( 4- .
met hoxy- phenyl ) - (R) - 4- ffet Y13, 2- di hydr o- 1H pyri mi do
[4,5-d] pyrinidin-2-one Chira /@ NN Cl1J11 N
NIJITO O ~SiCT 3 - [2-tert-Budyl phenyl - si | anyl oxy-
| - (R-nethyl-ethyl] -1-(R - LI (2, 4-
di chl oropyrimdin-5-yl) -ethy 1- (4-nmet hoxyphenyl)
-urea (0.46 g, 96% purity; O. 15 mol ) (from
Exanpl e 22c supra) was dissog¥ga)in anhydr ous
tetrahydrofuran (2 nL) and cooleéd in an ice - brine
bath. Potassiumtert-butoxide (1.0 Min
t et r g decondehriing diasgweamer (GogeExemuly 23cap s ch)2-gaisbutyl-
i ' 1, ' ~(SYNE (M XM G0 idin-5-yl)-ethyl]-
SRR L L P (T L e b e

el A a5 ARFBEATAACE- PopS Aon Criel D4k 5 24.10)

m nutes. The reaction mxture was filtered through a
bed @kamipld Gle gel and 20 eluted with ethyl acetate.
This crude product was purified by flash

10 CNr OTBLOGLARNY_ 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

Chiral /©/ RN
foe
o N7 N o
gvs
@F
3-[2-tert-Butyl-diphenyl-silanyloxy-1-(R)-methyl-ethyl]-1-(R)-[1-(2,4-
dichloropyrimidin-5-yl)-ethyl]-1-(4-methoxyphenyl)-urea (0.46 g, 96% purity; 0.69
15 mmol) (from Example 22c supra) was dissolved in anhydrous tetrahydrofuran (2 mL)

and cooled in an ice - brine bath. Potassium fert-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

20 eluted with ethyl acetate. This crude product was purified by flash chromatography
(Biotage 40M; 25:75 ethyl acetate - hexanes) to give 1-[2-(tert-butyl-diphenyl-



(Bi otage 40M 25:75 ethyl acetate - hexanes) to give
1-[2-(tert-butyl -di phenyl WO 2004/ 041822

weFOnABPRED3/ 011896 -54 sil anyl oxy) - 1- (R) - net hpd'FEP1v9/911896
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- 7- chl or o- 3- (4- met hoxy- phenyl ) - (R) - 4- et hyl - 3, 4-
d| hydro-| H pyri m do[ 4, 5-d] pyria#di n-2-one. (Yield 0.32

69 I 1- (2 - - -

y}quy)/%t I;et ylgetﬂ'ﬁ q@rﬂ&@f%g%)plheml RQ 4-methyl-3,4-
dﬁ@ﬂﬂy—llﬂ Byrifidole ] pyrirhidtis 2 dordi [iYididon. 32y ekl do
[4,5-d] pyrlmdln 2-one Chiral N\ N\ HNNNO \ |
C]—|41E ]@sol ution of
1I ][2 {?‘E‘ﬁl fityl - di phenyl - si | anyl oxy) - 1- (R) - met hyl - et h
y -7-chl or o-

3- ( 4-1nEt Hysapxphiel®) impethyetiylidt Hymetbogy-ghenybir & Rl
?Qn)[lfmﬁmdi 4R Z}HH) qﬁ—ﬁ}p}’rnﬂﬂ% 4,59 Fﬁﬂnﬁﬁhﬂd -$hed1 Mol )

rom Exanpl e 22e supra anitTine (0.12 nm_; 1.32
mml) (Aldrich) in toluene (0.25 erled over
nol ecul ar sieves) was heated an |pil bath at 110 C
for 1.75 hours. The reacw;!1 i luted with ethyl
acetate and washed wth, ex.—apd brine, dried over
anhydr ous sodi um sulfaand oncentrated. The crude

material was purified flash chromat ogr aphy

(Bi ot age 40L; 40: 60 et iyl acet dle - hexanes) to give

15 1- [2- (tent-b utyl-diphen i lanyl oxy) -1- (R

-methyl - ethyl] -3- (4- met ho% {Aﬁ‘ienyl) -4- (R -

met hyl - 7- phenyl am no- 3, 4- di hydro-1 H pyrim do[ 4, 5 yr

i m diAscutdsreof 1(-M- ekmbﬂqa{dlgenyBﬁlaﬁ%xy)Thl(B) nmle'ﬁ-lediyﬁ-7-ch10m-
%Jhgﬁmﬁ%th%@c}r%h%nylg Tﬂ"!} %ﬂﬁﬂh? 1 fiEe Elo&zPs-%l? HHimidin-2-one

solv dr ous t rahydr of uran
( 0.38 gnf).§1 amol) f’@@n@aawpterzzp SHI m@qralmm(ﬁr 13ks i oanol)
( %cg}élﬁg 'F]Iptc;h%ne @Eﬂ%rm Hﬁ@([‘h ovek nsolecfhr¥evest waOhe#® ih an oil bath at
or our i 0 S, CO
10 b éf‘r%%‘ﬂ herari Sk P e ieh water
taaldeytingpdiied @leh ylhhyaleﬁisab&u&ndﬂfm&sdﬁﬁctonwmntadafﬁre cf@e)material

. glgagi El%iﬁgg m' ?g&@%fn&%&%ﬁﬁg Q?]]OP 8&?}{)%8%%&%2 afl&anes) to give

chib tretrdgrtdptighdoRl-staagloxloM( R);meﬁmetw F3-4¢-eethexy-phenyl)-4-(R)-
hﬁ@gﬁ?%he%)géﬂlﬁwe@l 5()( ?}éﬁh?cfﬁ%l [£5- d ffhﬁﬁﬁ%'—one (Yield 0.30 g;

Xanes 'gav met yl

etlkaip). Tlas pptarial thoxipd pperyoh= 2546
(R) - et hyl - 7- phenyl ani no- 3, 4- di hydr o- 1H

pyri nl‘lﬁ@ﬁﬂer%e@la@é/ (0 19 60121 201068 vas dasoldd i@ anlldrdus tetrahydrofuran
( 1 5€r|ng) ancil' treagted W1th %e{?abulr\{lﬂmmogm ohuonde (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 (Biotage 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 CosHasNsOs ([M+H]™): 420.2030; Found:
420.2035

[0 = +53.3 (Rotation = +0.256; conc. = 4.8 mg/mL (MeOH); A = 589 nm).

Example 15a



158 - 162 C. HR-MS(ES) mlz Cal cul ated for C23H25N503
([ MtH] +): 420. 2030; Found: 420.2035 [a] = +53.3

w@ Rowasisen = +0. 256; conc. = 4.8 ng/ nL (MeOH) ; PI/EPE89011896
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nn). 30 Exanple 15a WO 2004/ 0%%822 PCT/ EP2003/ 011896
-55 1- [2-(tert-Butyl-diphenyl-silanyl oxy)- 1-

R

(o Sl B R TR BE -ty
iy -di (5)-2natind- %dﬂwﬂrd—lﬁ-pjyrirmldb 43-d]py1intidip-Bione 3-
[2-tert-Butyl-di phenyl-sil anyl oxy-1- (R) nmet hyl - et hyl ]

-1-(S9- [ 1- (2 4 5 chiral g o~

di chl oropyri m di n-5-yl) - et yI - met hoxyphenyl ) -ure
a (0.44 g, 96% 66 mml) anpl e 22d supra) was
di ssol ved in anhydrousolt)\t pofuran (1.5 nmL) and

(1.0 Min tetrahydrof uran; . 8L 0. 80 nmol)

(Al drich) was added dropw se oV m nutes. The

m xture was stirred in the c \ﬁr 15 m nutes and
then the bath was renpbved and rring continued for
| 0 another 5 minutes. The reaction m xture was
filtered through a bed of silica gel and eluted with

et hy|3-ReettaBtyl-diphenytsileoteyl gy dd (R)t meghs]-pihyl] £1i- 60- [By(2,4-

fdi&,?&og{?{u%h%h %@Z‘J@ﬁm f @i %W%%l)%ez @O ?4 %}366%, 66 mmol)
dioamitangly 22d SL@F@) wgéldwycp Vi mwm}lydrous tetrahydrofuran (1. gmL) and
dclgﬁféglnﬁ’ﬁﬁ}_cl_% - bHnEBERO PSR BV bugoz&@ (1= U"Mtlﬁ)fétrﬁmlyﬂrofurag, 0.80
gl X%nggr%n (é{ll mgﬁ%faé ag@ﬂgﬂ @ovale pﬁﬁﬂg&%qs (T I(:%xxture was stirred
-ieiidyold ﬁir hg |n)1nu&s and thefRhdback wab esydved add sfiS)ng continued for
R P AL 00 B U B iy g an
Lb]lgedlmth 2thyhastdtert Tlm covfde produgt was purified by ﬂash chromatography
((?Egt% eblléMde/'Ong'[‘XAe’ca% l ﬁ&ééh@s’ﬂa glvé—l Qﬁ}erf-ﬁﬁ%]ﬁ phenyl-

s 9n)ﬁ@tyﬁgl|-0@ metyhgthyly- 7r¢1nlwr%‘ ﬁ‘? At lfcagmﬁfpyl) 4-(S)-methyl-3,4-
RMFd¥b AL pPri @i [ 46%]%%1]911(11&-24&16”@{61(1 .09 gmokseanpl e 23a

supr a) and ani line m.; 1.21 mmol) (Aldrich) in
tolu ew&ﬁ) m., dried over nol ecul ar sieves) was

heat @i | bath at 110 C for 2 hours. The
reaction was diluted with ethyl acetate and washed

Wi t h MwétEBlydroxy-1-(R)-methyl-ethyl)-3-(4-methoxy-phenyl)-4-(S)-methyl-7-

phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

@0\
AYA

OH

cooled in an ice - brine bat P(it@Si um tert - but oxi de

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 mL, 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



WD 2004/ 041822 PCT/ EP2003/ 011896 -56 and brine, dried
over anhydrous sodium sul fate and concentrated. The

weewdessez erial  was purified by flash chromat BOI/aEpivg3/011896
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(Bi ot age 40L; 40:60 ethyl acet %%e - hexanes) to give
1_

and E]?lrﬁt%et%hé(fl)%arb}ﬁ/gﬁﬁ )soill |a uYfla“g: a¥121 conée )cra{n'cait Iﬁle crucﬂ material
rvms ipytifizd pi Bashl chromatographyl (Blytalgo4®lb~l4©-¢6 ethytajetat&- bgxeyes) to give
TG0t o 1 R TN ol
onghy mh;nmngr%%élhyé@p iLH-mmhyde b ﬂlétrmldwizo:fn@r A¥ield 0.23 g;
(73006 YNDhi @AdietihBRbRE Wh £ R, 6f&19f5@43Ut yl anmoni um f | uori de
(1.0 Min tetrahydrofuran; 0.9 ni; 0.90 movl)
Al dr h t t. | ed
Lo dom PismetaieldS RO a st e AP RT B oA drofuran
aJ@eﬂL).bpldl tireagddhiyith ’amebﬁttyhtrr&ﬁdmwasﬂlﬁﬂlde](d) Ov¥itih temaaﬁlgfdrofuran, 0.9
?,)O ﬁ)nnqm d)l dl‘lghﬁ &p 5(%j 5@3 ?oq 29V aﬂ'@’l‘%&%ﬁ Wc‘ag &%nd to room

fate an once Url I'catlon
ctempﬂattwg a@t@ncémut@gﬁhmmué’wa&takereumyi eth]deltca:a‘@ and washed

%‘&NNQtreP BaDBrine, @l?e?ﬁa&?eﬁ cW'ef Qﬂé%{?d{ﬁtsgﬁﬁﬁl Julh @ dr@WBHcentrated.

]Ey Crysta | Z t Jon from et - hexanes gave
yrigic cormaiagmyhE diigey 4@4(741%€W9%ehy|)
%&}@mmethane hexanes with 1% methanol) followed by crystalhzatlon from ethyl

t.h d H

e b e T s ey Bll oty Touis-PD-4-(5)-
Eﬁetﬁﬁﬂ phﬁiyﬂanmgo%—dthydﬂ@&il—ll@&lrﬂdofﬁ NRfES)dim2 70ne as a white

5N503 MtH] +) . 420. 2030; F d:

E%& {}ggﬁ%[ 538% 8 ( Rot ;E i orl;“ :) -0.201; conc. oug 2

/ ( 9nn'£.+ExaI 16, 20 1- [ .1-
rﬂgelzgn@?@mtd@é 199 r"pmﬂﬂ A5 §|))m/z@}f)ula]ted for Cp3H,5N503 ([M+I—I] ):
4Jzo (zé3(nr%tiﬁamp hesy | bci 3-8 {RO6@)ion RLOMYE - @hbyL B. Z-dd%/ﬁﬂJ

N Cl 445.352 A mxture of
fl\’{%ﬁ% glc éfgo‘?‘rglzpyrlmdln 5-yl)-ethyl]

- (4- met hoxy- phenyl)-amne 25 (378 ny, 1.27 mmol)
(f r orffixEmghplée i d supra) and (S)-(-)-a-nethyl benzyl
i socyanate (205 ng, 1.39 mml) (Al drich) in toluene (5

M) vas-8ld-DigfhdtpyHiRdf-590)- Ry YsSmethoxy-phenyl)-3-[1-(S)-

phenyl-ethyl]-urea
A J\©
A

445.352

A mixture of [1-(2,4-dichloro-pyrimidin-5-yl)-ethyl] -(4-methoxy-phenyl)-amine
(378 mg, 1.27 ' mmol) (from Example 1d supra) and (S)-(-)-c-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 diastereomers. Less polar diastereomer (thin layer chromatography in hexanes



After cooling to roomtenperature the reaction mxture

was purified by passing through silica gel and
w@bastiomg220vi t h hexanes - ethyl acetate (1:1) toPQi/Er2003/)11896

1- (2, 4-di chl oro- pyrimdin-5- y%) -eth ] - ,

1- (4- met hoxy-phenyl) -3 - [I -phenyl et hyl ]

-ure as . t r abl |astereo I

e R AR A #9&4%)8%{%% REhD di Rl Blygse me
306%)041822 PCT/ EP2003/011896 -57 - ethyl acetate,

1:1) (Yield 270 ng, 47.8% and nore pol ar di astereoner

(YleF y ﬁﬁl 50.3% . Exanple 17
or o- (4 nethoxy phenyl) 4- et hyl -1 -

:0;/5 IS q;rrg)lel 6% Q_W‘Pl}enjf )\ &Q‘} i[ i—%?%“ax%}l %1311)032 <P Lydro-

5 SPﬂ %ﬁﬂrﬁﬂio@i ,5-d] yrnmdln -2-one
(2,4 dICh oro-pyrimdin-5-yl)-ethyl]-1-(4-nethoxy

-phenyl) 3- [1-(S)-phenyl -ethyl] (1 ess pol ar

di ast ereoner, 250 ng, O0.56 I rom Exanple 24
supra) in tetrahydrofurtzs/\ﬂT gt%. cooled to 5 C was
treated with potassi un utoxide (1.0 M
solution in tetrahydrofuran 0. m., 0.62 mol).

After stirring at 5 C for is utes and then at room

tenperature for another 15 mn S, reaction mxture
was diluted with ethyI acetate (20 nL) and was washed

was vRBioR dd U dF bR el e S E e Ry 4 b pheny o
T1-¢B)-pheanyBethyld-ured ﬂcmgpobh émyueyeomemg?ﬁﬁyng, |0-56[mr_p.ol) (from Example
(Z@SMW?W&U%{WJ)QH%(S%HH %M&E&’fo]# OWhd {H:QEH {Nf'th%oia%mgl]n tert-

pyrim vvas used direct] y I

10 fbyrexidd (e g&sgbmopg@ getﬁaély 105HeR he2 mbnR62 ggp{)}én{xseter stirring at 5 °C

Eéﬁamlnﬁlul& and then at room temperature for another 15 minutes, reaction mixture

e GuEHan < B D ) Aty B P G2 ogmly and dried

el MighORn- Qﬂmewbs ¢vagbrabéd 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-
15  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-pyrimido[4,5-d]pyrimidin-2-one

foood
3

20

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-&] 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.

25 Reaction mixture was then cooled to room temperature, diluted with toluene (3 mL) and



N~N N~ O 20 465.560 A suspension of crude
7-chl oro-3- (4- net hoxy- phenyl) -4-nethyl -1 -[1-(S)-phenyl

WO eqohpkig22 3, 4- di hydro-| H pyri m do[ 4, 5-d] pyri m PCTHER20051€11896
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(308 ng, fromO0.56 mvl) (fro\rlTé1 Exanpl e 25 supra) in
anlllne (0.195 nl) (Adrich) We$ stirred at 100 C for

Sl B o SR G T e IS kBl 1
&ogmé M4&ﬁ@h@@¢pmno@hﬁmg@henﬂammu iL§[1L ) Aphemydiethyhl -3,4-
g{ip@{{? ggﬁgma?géé i i) I 2 Sl (RO IS5 3965 -

th h I 4 h | -7-ph | am no- I -] 1-
(S) Bhngnpllgﬁ)ét ﬁyle]ny_é . rret y phenyl am no-1-[1
di hydro I H-pyr| m do[4 5-d] pyrimdin-2-one. (Yield 140
#)-5-methyl-7-ox0-8-phenyl-5,6,7,8- tetrahydro—

? 5-meth 7- oxo0- 8- phenyl
P’Y“%“i‘gflff‘ 9&?’6‘13(%%%%82’?%1 gce&?ﬁéw“ m di n- 2-yl ]
-N-phenyl -acetamde i | N, i\ N\ JANN N O 479. 54
To a suspension of o~
()-3-(4-met hoxy- phenyl )s 4N A henyl - 7- phenyl am n
0-3,4- | o dihydro-IH pyli 415-d] pyri mi di n-2-one

(500 nmg, 1.14 nmol) (fr EEkaerI@ 1g supra) in

pyridine (1 nL) (Fisher S ed acetic anhydride
(1.0 nm.) followed by ti f

4- (di et hyl am no) pyridine (25 nmg) (Al drich) in one
portion. The reaction mxture was heated to 90 C for
5 hours until no starting met®34al was detectable by
TLC analysis. The reaction m xture was quenched with

"lﬁ)taesrus%&oﬁ)%)tfr (arbgd- ﬂ%ﬂlb}(}ﬁf)ﬁéﬂ 1)af-aledihye-11phdn$l-%- Iﬁl@n‘fl’hﬂnno 3,4-

\&}iﬂ@e}ﬁlclzg\ﬁ{-%pyreq}g{o?am eXt } licl: hzon(vt\eﬁ égqr‘szx)bglcf Ei fsialéﬁo b)gfé?m%;cample 1g
@ﬂﬁmﬂfrppiﬁlcﬁ@ﬁ lliﬁL)S(lﬂlsfhat)SNas falflédesceti; ardtydride Gt@ mily) foléived by

et o o e BBl pb B gn BhE U or T Beaction

[rﬁm(wte wes hensd ooy for 5 hnetshwaltil 7o gﬁzjng.rph‘r@ﬁyh was detectable by TLC

@I’yZlaC L eelteﬁgmﬁdf{m@m&)éé«} %ga{cﬂeéw%%rtér%@eﬁtrgctﬂ l«rlth"eﬂf‘}’l acetate
3 x 50 mL). The combined organic extracts were successwely was r;ripmeh water (10
mlL) 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-7-0x0-8-phenyl-
5,6,7,8-tetrahydro-pyrimido[4,5-d]pyrimidin-2-yl]-N-phenyl-acetamide. (Yield 373 mg,
68.0%).

Example 20a

trans-4-(tert-Butyl-dimethyl-silanyloxy)-cyclohexylamine

To a solution of trans-4-aminocyclohexanol (5.0 g, 43.4 mmol) (TCI US) in
dichloromethane (100 mL) was added imidazole (14.78 g, 0.22 mol) (Aldrich) and fert-
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
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in 25 dichl oronethane (100 ni) yas added i m dazol e
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solution, water and brine, dried (MJSO™4), filtered

and nceg 403} ed to give crude trans-4-(tert-butyl -

di met TP 1°2nyl oxy) - cycl ohexyl ani ne whi ch was used in

t he next step without further 5 purification. (Yield

7.62( 176m5%1¢ Hchmayercéo}g@yi)-@)(Aimethoxy phenyl)-4-methyl-7-

( enyl)-4-nme
sRe %m“*wl;% At SR R e SR
pyrlmdln 2- one O / NN HNNO 05 10 459.5404 To
a sol ution of g

trans-4-(tert-butyl -di met ffhSiNa oxy) - cycl ohexyl am

ne (500 ng, 2.20 m’mI)HN@f\rN %sgrrpl e 28a supra) and

triethylamne (1.52 nmL, j10.90)mmol) (Al drich) in

di chl oronet hane (15 nL ded a 20% phosgene in

tol uene solution (3.2 6.5Q- mol) (Fluka) at 0 C

The resulting m xture was stigged for 15 m nutes, then

filtered 15 and the filtrate was concentrated to a

resi due that was distilled %% 110 C under high vacuum

usi ng a Kugel rohr appar at us %Sé(?‘]\/e

trans-4-(tert-butyl-dinmethyl-silanyloxy)- cycl ohexyl

| ' Boog scdunddreo (tABS- 4G r-batyd- diabibyl- ﬁbﬂylbicyu)uctydlohﬁnlamine (500 mg, 2.20

Jﬂ%?&r@%g?ﬁfaﬁaﬁgﬁ%fg@;ﬁ %xét%?%t eB@ ﬁl@é Llé)‘;%sinmgl) drich) in
anee(lérrdém\m pddeds 4% phceﬂgiel@mndplu@le sqlquqr;z(w 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 pL, 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
chromatography 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
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net hoxy- phenyl) - 4- et hyI 7- phenyl am no- 3, 4-

di hydro-1 H 1o pyri m do[ 4, 5-d] pyr iIn-2-one as a
white solid. (Yield 121"y, 9i% MS mz calcd for
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Exanmpl e 21 The fol | ow ng, gs can be prepared by
nmet hods anal ogous to thdse hefein disclosed above: 15
Example 21 a 1- [ (1R @ -3 dr oxy-cycl opent yl ]
- 3- (4- et hoxy- phenyl ) - S) - methyl - 7-
phenyl am no- 3, 4-di hydro-|I H pyri mdo [4, 5-d]
pyrimdin-2-one Chiral 2/ I O NN

Example 21b

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

Chiral Q/ o~
)\r/&

0 Q



HNN O /1 SOH Exanple 21b 20 1- |
(1S, 3S) - 3- Hydr oxy-cycl opent yl |
WO 2044182t hoxy- phenyl ) -4-(S) - et hyl - 7- PCT/EP2003/011896
phenyl am no- 3, 4- di hydr o- 1H pyr i m do
[4,5-d] pyrinidin-2-one Chiral"®7 I O HNNN/I OH
WD 2004/ 041822 PCT/ EP2003/ 011896 -61- Exanple 21 c
7- (4 Exampp)e 81 Phenyl am no) - 1- |
(1R, 3R) - 3- hydr oxy-cycl opentyl) ] -3-(4-methoxy-
phenx/-l(4 Flhrr&)phaeilbiyinod; 4 diRBﬁd—rSeh)&irbwcycfnpdntYDz]’r 354gmethoxy-

BN L8608 AR Aleg bt i RRLNS. bttt S8R ©

(1S, 3S) - 3- hydr oxy-cycl opentyl) ] -3 §4- met hoxy-
phenyl ) -4-(S) -methyl - 8yd- di keydr Pyrinido [4 5-d]
pyrirn'din20ne Chiral = (S} NNOO

Exanpl e' 21f 10 )‘\

/K
7- (4- Fl uor o- pheny! ani n&Y- 1 (& hyfdro) cy-1 - (R) - net hyl - et
di h@

hyl ) - 3- (4- met hoxy-
phenyl ) -4-(S) - net hyl - £ 0-1H pyrimdo [4,5-d]
OH

pyrimdin-2-one O ~

5 Example 21d

7-(4-Fluoro-phenylamino)-1-[(1S,35)-3-hydroxy-cyclopentyl)] -3-(4-methoxy-
phenyl)-4-(S)-methyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one

Chiral /©/0\
)U\AA

A

OH

Example 21f

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

Chiral /©/o\
A/r\/&

.

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
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(4-Chloro -phenyl) - 7- (4-fluoro-phenylamno) -1- (2

wo bopdioorsy2z | - (R) -nethyl- 15 ethyl) -4- (S) PCT/EP2003/011896
-met hyl - 3, 4-di hydro- 1 Hpyrimgdo [4,5 - d]
pyrimdin-2 -one WO 2004/ 041822 PCT/ EP2003/ 011896
-62- Chiral \ N HNI N NN~O OH _F Exanple 21h 3-

(4-Chl oro- 2-fl uoro- phenyghg -7- ( uor o- phenyl am no)
-1- (2-hydroxy- 1-(R) - nﬁ -4- (S) -nethyl -
34d|hydrolH-pyr|mdo yrlmd|n20ne Fcl

-nmet hyl -ethyl) -4- (S) phenyl am no-
34d|hydrol H-pyrlmdo 5-d] pyrimdin-2- one
Chiral 'J :~

Example 21h

Chiral N N\ HNI N Nli Ne~ OH 5 F Exanple 21i
3- (4- Chloro- phenyl) )“hgfroxy Il - (R
thy

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

)\Y/k

OH

Example 21i

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

xTJ%

OH

10 Example 21j

3-(4-Chloro-2-fluoro-phenyl)-1-(2-hydroxy-1-(R)-methyl-ethyl)-4-(S)-methyl-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one

Chiral jijr “
/kr/&

5 A
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2004/ O418f(2)2 CT/ EP2003/ 011896 -63 Exanpl e 21k

3- (4- henyl ) - 1- ( 3- hydr oxy- 2- ( S) - et hyl - propyl ) -
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tlprollferatlve actrvity of the conpounds of the
invention is dennnstrated bel ow i anpl es 22 and
23. These activities indheate 1h?Eigﬁg compounds of

treating cancer

in particular solid tu ' breast, |ung,
prostate and col on tunorg, nor articularly breast
and colon tunors. 10 Ex@ngl e ZEIBRP%ase Assays To
determ ne inhibition of NXXbR, FGFR, EGFR, and PDGFR
activity, kinase assays were conducted using an HIRF
(Honmobgeneous Tinme Resol ved Fl uorescence) assay. This
assay is described in A J. Kolb et. al., Drug
Di scovery Today, 1998, Z%Hﬁ@a 3 il Prlor to ki nase
reaction, reconbi nant - s activated in

the resence of activation buffer (50 nmM HEPES, pH

epntipoTiferaidwnagtivitieafahe carspounds okheinventipnjglemonstrated
: n;:%i)a i gmgk!y@@]agﬂ 28814 e IR R)inditiie 1R LY ®n¥fbinds of the

present invention are useful in treating cancer, in particular solid tumors such as breast,

lung, prostate and colon tumors, more particularly breast and colon tumors.
Example 22
Kinase Assays

To determine inhibition of KDR, FGFR, EGFR, and PDGER activity, kinase assays
were conducted using an HTRF (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 °C for 1 hour.

Kinase activity assays were performed in 96-well polypropylene plates (Falcon)
with a total volume of 90 uL in each well. Each well contained 1 uM KDR substrate
(Biotin-EEEEYFELVAKKKX), 1 nM activated KDR, and a test compound with one of 8
assay concentrations ranging from 100 M 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
NayVOy, 25 mM MgCl,, 50 mM NaCl (from KDR stock solution), 1% DMSO (from
compound), 0.3 mM ATP (at K, concentration) and 0.02% BSA. The reaction was
incubated at 37 °C for 30 minutes. To stop the KDR reaction, 72 UL of reaction mixture
was transferred into a STOP plate containing 18 uL of revelation buffer (20 mM EDTA,
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1 M KDR substrate (Biotin- EEE%EFELVAKKKK), 1 nM
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i ncubated at 37 C for 30 mnutes. To stop the KDR
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foid 0.6298 BEBRnaabtal vélymeesay u The tddeof the haw was performed in the
di fferences ﬁT t agged FGFR enzynme was activated at

BB RASEPSEURES$Er 1 hour in the fol I owing

activation buffer: 100 M HEPES, pH 7.4, 50 mM Nad ,
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for FGFR), OlrrMNaZ\)’ and 0. 02% BSA, |natotal
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UBhP Meie2 pBAREXEE L s, AMFFERe r&,ﬁifg SERRYUISmM Nayv O,

M:@l(QOZ%%SM@e rgt of uprspﬁw PRyPrErEdERihe same magner as the KDR
NagNO4, and 0.02% BSA. The rest of the assay was
performed in the same manner as the KDR assay The
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inhibitor test compound respectively, c is the ICs and d is the hill constant of the

compound response. The ICsg 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 ICs, values, are set forth
in Table 1 below.

Table 1

ICso (UM) - Enzyme Inhibition Assays

Example | KDR FGFR EGFR PDGFR




wo 2004081822r e determi ned from duplicate sets of PAHER2003/011896

and 0.02% BSA. The rest of the assay was perforned in
the sane manner as the KDR assay. Conpound | C50

and cal cul ated by using Excel g
equation Y=[(a-b)/{1+(X/ c)d] +b, where a and b are 25

nd fitting data to

enzynmeractivity_1mthe EI esence _of _no test _inhibitor
c:orrpoullj e apKPRs i ni { EGHRount EGFR niiPQQEﬁf t est
conpoujpd,respectively! c is the 1C50 ' [ he
hill copstant p&ighe cempound|kesponse<idhe | Cp0
value jis the concentration of test conpound t haf
reduces,, by 50P% T he enrzy activity under the Test
condi t | Bhs descfi ed. Tﬁggresu F%éof théPoregolng in
Vi tro experrepts—inetudi-ng—tE50—values,—are set
forth |30 in Tabl®e 1 bekddv. Tabkedl | Ch&l0M - Enzyne
I nhi bijti on Assays Exanpl e KDR FGFR EGFR PDGFR WD
2004/ 041822 PCTLEP2003 896 | - Exalf KDR FGFR
CorR PR igé 2ol 20| <3 ZaTRE 506 LT -
<10 <1o—=<1o—=t 3—<10<10—<161<16—5b1<16—<16-—x10 <10
6 <10 |0 <10 kI 7e k40 <10 k$®0<10 |8d0<10 <[O <10
<10 9b <10 <10 <10 <1p 10 <10 <10 <10 <10 Ilge <10
<10 <105 <10 12g1(<10 <0110 <[Q1p14f £1Q9p<10 <0 <10
15b <10 <10 <10 <10 1B <10 <1p <10 <10 19 <10|<10
<10 <10

7e <10 <10 <10 <10

8d <10 <10 <10 <10

9b <10 <10 <10 <10

10 <10 <10 <10 <10

1le <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 endothelial cells (HUVEC, Clonetics CC-2519) were cultured in

5
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f act avfier 24 heuptxpoesse i the tracomREEnds e %&%%g EP%S%‘W“}I BrdU
@%g%lggl?ééﬁlkﬁp flga 22200081 8ddiB Q@Juﬁli;bﬁléel%ﬁ BrdU2dbdimgreagent that
est compounds, th
Vhats heqy (@}](ytect Milrgieblgﬁ S 1|0§ 'mediym %@})lawes v@eré ﬁ | €rned to
28e tndBAtoYRIrl4 HafurBritd 1itsdhia inregiure agerdmaved by dralnlng "the medium
onto paper towels. The cells were fixed and DNA denatured by adding 200 pL 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 uL PBS. 100 L 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



25 has been diluted (1:100) in serum starvation
medi um The plates were then returned to the incubator
w0 oo04441822ur s. The | abel i ng nmedi um was renoved PYI/EP2003/011896
drai ni ng the medium onto paper_ towels. The cells were
fi xed and DNA denatured by addbhy 200 L of fixation /

denaturation solution to each mel% d.in t|ng1 ltinlied
dopliratediyiibe aeutes of g wgtipisirared. hpng! Pﬁ%#"fcgwa? en multiplie
Qﬁ NG (4h BF in‘hﬂ)lﬁ@lll ut(il Qe RS alsibﬂjeﬁe,dofaeut dupmear/axtemgelog control)
tT%é ?&E |V|a]é1€ \é@ﬁ%ﬁ?gﬁa{i‘%ﬂo%@% %mﬁound st 1n'h|%mgs%))3 X% BrdU
ta@am,r atdifse. mddsereaflintibitipn b celt prolifevatipne Ehglﬁ?ead 1sade@rartrmed from

%%dn}s_’ea%fe[g{eeﬁs?gnrlﬁfsqm@%‘ggﬂhg’ ogaﬁtqntl bfthe c&ﬁéeﬂtr’éggn lver%@%ercent

f1on was added to each
ellibitiandThet 6y vedies sranshrasvr inciable 2EREIGW- r oom t enper at ur e
for 5 - 8 mnutes.

The reaction was then stopped by
gdgichg 100 L per well of 1 M phosphoric acid. The
prates were read at 450 35 nmw th reference

mavelen 6 b|t|o r each
sl s R TR S
absorbency ot theblanrk{po—eetts)—wetdts— from al |
wel | Q,EXQHI%[} sq@@mgwgmt eV ME/BEGAROf tlhe average
absortberey—of—each—te AD—26041041822
PCT/ ER2003/ 011896 -67 duakncate by the average of the
cont rrets—frofri—Thefinal—product—was then nultiplied
by 1QQib( % of |i«ui biti on =} l@average absor bency of
t est rdupticateraverage of [control ) 100).| The | C50
valug 3 s the |coricentrati on<d® test conpound t hat
i nhi b 0% BrdU  tabeling, and 1S a |reasure of
i nhi Risbi on of| <&l | prolife<dbion. The 1C50 is
deterjmmned frjom 5 the in¢ar regression of a plot of
the llogarithm<f0 t he concertlPati on versus| percent
i nhi bition. The TG0 valués are shown in [Table 2
bel ow.8dTabl e [2<10C50 (M of VBGF and FGF- Sti nul at ed
HUVE Prollferatlon Assays Exanpl e HUVEQ VEFG
HUVEQ/ ¥FGFR | |g<K10 <10 4lh<¢90 <10 3 <10/ <10 5b <10
<10 [6 <10 <I0 8d <10 <10 9b <10 <10 1p <10 <10

10 <10 <10

15b <10 <10

18 <10 <10

19 <10 <10

20b <10 <10




15b <10 <10 18 <10 <10 19 <10 <10 20b <10 <10 WO
2004/ 041822 PCT/ EP2003/ 011896 -68- Exanple 24 Tabl et
wao-0onkei on |tem | ngredi ents Mg/ Tabl et 1 ConpRCI@P203/011896

5 25 100 250 500 750 2 Anhydraqus Lactose 103 83 35 19

38 57 3 Croscarnel lose 6 6 86732 48 Sodium 4

Povi done 0556 12 24 36 5 Magnesium Stearate 1 1

XgMPIESAal Wei ght 120 120 150 300 600 900

*Conpound A represents a conmpound of the invention. 5
ManuflabletFomgul&iocedure: 1. Mx Itens 1, 2 and 3 in a
suitable m xer for 15 m nutes. 2. Granul ate the powder

TWin d K30 Sol ut I
gt 6" anul B om St ep 2 at 50 C. 10 4

oYY H ep 2 hy tahl o
AT I II\, UI ullul uLI UI1 I Cfrll H J ||| UUU 1 u. QU C AT ©
il | i hGogpoupdwant . 5 5 Add tﬂ? [ temodd t p2sthe nbd0 ed| 750
Frlanu ation Step 4 and mx for 3 pinutes. 6. | Conpress
1he n tiop traom as tab pres WO
347 bk g&% %%003%218 " ebs arrp? 253%aps|iPh
WV alias L+ A | REHF oL f" nnnnn [ PN Carvarand [ g
T Ilbl utl \JII LIS L L u \JI Cllt -] yl \A lJDUI_U LmIIJUUIm J
3  10pCea0ars@los? Anhly@r ous| act os® 159 1€3 1482-- {48
Sodium
4 Povidone K30 5 5 6 12 24 36
5 Magnesium Stearate | 1 1 1 3 6 9
Total Weight 120 120 150 300 600 900

*Compound A represents a compound of the invention.

5 Manufacturing Procedure:

1. Mix [tems 1, 2 and 3 in a suitable mixer for 15 minutes.

2. Granulate the powder mix from Step 1 with 20% Povidone K30 Solution (Item
4).

3. Dry the granulation from Step 2 at 50 °C.
10 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.



3 Corn Starch 25 35 40 35 70 4 Talc 10 15 10 12 24 5
Magnesi um Stearate 1 2 2 3 6 Total Fill Wight 200 200
wa®480B826500 *Conmpound A represents a conmpounPCDEP100&011896
i nvention. 5 Manufacturing Procgdure: 1. Mx Itenms 1,
2 and 3 in a suitable mxer fof?15 minutes. 2. Add

Iten‘iﬁ4 81?5 and mx for 3 mnutes. 3. Fill into a

sui t 5MBPEARsul e. WD 2004/ 041822 PCT/ EP2003/ 011896
-70- Exanple 26 Injection Solution/Enmulsion

Pr epéhaatiloFoindatidmgr edi ent ng/nL 1 Conmpound A * 1 ny
2 PEG 400 10-50 ng 3 Lecithin 20-50 ng 4 Soy Ol 1-5

5 dycerpl 8-12 ng 6 Viater *Conpound A
tpe?nes e%rf%eage%t%npound of the in@%@tap %IHQLS ™
feRufaetut Ag—Pr ocedure—h—Dbrssotvetem i n—itenm 2
P1 Add| CommpeuBd A4 and 5 tol 5tem|&5and [ni0R unt25D 500
i spersed, then honpgeni ze, 3. Add thdg sol utlion friom

step 1 kﬁh\zﬂ%uﬂﬁ(& e from sdep Slzgnd hogogeni ze ynti |

{he di gpersion 1s translucent. 1 terilg filter

[da)

hrough a0 2 mfiiter—andr i mto vyratrs— VWO
2604/ 0488P2SRGHY EP2003/ 011886  -|BP- Exetpl e |57 70
njection Solution/Fonulsion Preparatign Item
agr edi egfc o/ nl 10 15 10 12 24
5 Magnesium Stearate 1 2 2 3 6
Total Fill Weight 200 200 300 300 600

*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.



1 Compound A* 1 ng 2 dycofurol 10-50 ng 3 Lecithin
20-50 ng 4 Soy QI 1-5 ng 5 Aycerol 8-12 ng 6 Water
wa@2@4/041822.  * Conpound A represents a conmpound PET/EPE03/011896
i nvention. 5 Manufacturing Proc dure: 1. Dissolve item
1initem2. 2. Add items 3, 2’3hd 5 to item 6 and mix
until, di s er sed, then honogeni ze. 3. Add the sol ution
f r om“$¢Bp 126to the nixture from step 2 and honogeni ze
until the dispersion is translucent. 10 4. Sterile
filt &fjettionoSidintien/Bmalsionf Prepantiand fill into vials.
“"While the invention has been illustrated by reference
to spciti¢c and|pretrerre enbodi nents, tho ski T ¢d
in thp artf S | undef @t hat varijat i orfggé‘ﬁ[d
NOdi f e S i
experinent ati on|and geagbuee LOFf the | nventign. Thus,
t he nvention s intended not to be limted by the
foregping descriptio to be def|i ned 15 the
appenfled cfai s and ?ﬁg%{)eqw vaI ent|s. 26(6 XB041822
Py d _nof

PC-r/ E 2003’[ OllQ 7’) m Al e A ol

AT 110 J. I\

fornmula RS3R7 <,H3 l\[LNﬂiHm RON~NN O RRROmME2 R4|R3
or a pharnmaceutically acceptable saljt thereof, wherg¢in

o)
.E
d
9
d
g

5 Rl |s selected frog%};@ﬁ group 1-5 mg
5 Glycerol 8-12 mg
6 Water g.s. 1 mL

*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 until

the dispersion is translucent.

10 4. Sterile filter through a 0.2 pm filter and fill into vials.



H C1_10 alkyl, C1_10 al kyl substituted by up to
three groups selected fromaryl, cycloalkyl,

whedognomey | , heterocycle, NRIOR', OR12, SR12, pai/Bpm®n3/011896

10

15

COR13, CO2R13, CONRL13R14, 10 SO?2NR13R14, SOR13,
SO02R13, CN and NO2, wherein th 1élryl cycl oal kyl ,
het eroary and heterocycl e groups may each

i nde pEHA t21y be substituted by up to three groups
sel ected from NRIOR 1, OR12, SR12, , hal ogen, COR13,
Co2 R]:aectWMEmuBﬁﬁMR&@mtaﬂon SOR13, S02R13, CN and
NO2, aryl, 15 aryl substituted by up to three groups
sel ecfed tyrom [ ower K R R11, OR1P,

hal ogkn, 3, Rlalj‘:? yeé%ﬁﬁglsm4 sozNRlsF&‘i,?m]soms,
S02R1 Ik.I@,—I:l-e-t-e-pee\-layhl—--\ab@éf‘""’""‘0”5L

PCT/ EP20031 011896 - 7Gohpbwiddary| substituteehgoy up tlo
t hreefj groups selected fromlower alkyl} NRLRL1l, |,
OR12, I SR12, hal ogen, CO2R13, CONR13
SOZNRFLSR142 SOR1B, Sé%%t and NO2 heterocy(ﬁ e,

t t + therba ar Alioa
5 het preeyele—supsttuted—by—up—to—three—grotups

sel ecled fBom | oper aleithin NR10R11 OR12, ERI2mg
hal oggn, COR13, CO2R13, CONR13R14, SCO2NR13Ri 4, SORi 3,
SAZR1B, CN; and N2, 3P cycloal kyl, | C3-10.5

cycl opl kyl "substjtute by up to three Jr oups se%ect eq
fr om power—atkytT 10— NRtORT L, —ORt2,—SRIR,—halogemn,
COR13| CO2R13, ” QONRL3RYEer0S0PNRI3R14, SOR1L38-128eRR13,
CN anfl NO?, C2-1p alkenyl, C2-10 alkenyl substituted]
by upjto tgree gfoupspagiected from NRLRL1, q©@RLAL
SR12, | hal ogen, [COR13, CO2R13, CONRL3RI4, S%ZNR13R14,
SOR13,=SCZRTE—CN—and NOZ, I and cZ_I0 artcynyr,
substituted by up to three groups selected from
NR1OR11, OR12, SR12, hal ogen, COR13, CO2R13,

CONR3BAthousPANRpRkeids a SSBcund¥IR Bwvekidrand NOZ;

LI S~ A = =a = —y =

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 until

the dispersion is translucent.

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 variations 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

the appended claims and their equivalents.



R2, R3 and R4 are independently selected fromthe

group consisting of H 20 hal ogen, COR13, CO2R13,
WEONRLBRYY, SO2NR13R14, 25 SOR13, SO2R13, O T/EPIMOINMI1896

2004/ 041822 PCT/ EP2003/011896 -74- NO2; R5, R6, Rand

R8 are independently sel ect ed-ffom t he group H, |ower

allcyl, 5 |ower alkyl substituted by hydroxy or

al koxy, NR15R16, OH, ORl7, SR17, 10 hal ogen,

COR17, (QO2R17, CONRL7R18, 2NR17R18, 15 SOR17,

S2R17, and CN;, RO is sele romthe group H, O

R19 R20 O

1. A compound of formula

R8
R7?
CH,
X /§ R®
RN N l}l O
R1
R? Re
3
R 1,

or a pharmaceutically acceptable salt thereof, wherein
5 R'is selected from the group
H,
Ci-q0alkyl,

Cy.10 alkyl substituted by up to three groups selected from aryl, cycloalkyl,
heteroaryl, heterocycle, NRR!! OR'?, SR, halogen, COR*, CO,RY, CONRPRY,

10 SO,NRP®R™ 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 NRRY OR', SR, halogen, COR, CO,R"?, CONRPR™,
SO,NRR™, SOR', SO,R", CN and NO,,

aryl,

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

heteroaryl,



11 11 21 20 -CG0-C0-CR, and COR17; R10 and R 1
are i ndependently selected fromthe group WO

wWQOm0082822 PCT/ EP2003/ 011896 -75- H, COR13,PCTZERPRIB(11896

10

15

20

25

CONR13R14, 5 SO2R13, SO2NR13R14, |ower alkyl, |ower
al kyl substituted by hydroxy,"gﬁkoxy or NR15R16,

cycl goal kyl ., 1 cl,oal kyl substituted hy hydroxy

o KodSleasisPatn By traendionbe i i fevor gl NRRY,,
het elQR',SRE, balbgdn, OORY QO R Y OONB LS, SNRSR¥)SOR, SO,RY, CN
aIko&Mdegyer alkyl, or NR R, or, alternatively,

NR1OR" carn’forma ring having 3 to 7 atoms, said ring
optionally  including one or nore additional hetero

at onBCEFRFYEEI ng optional |y substituted by 15 the group

consi sting of one or nore |ower alkyl, OR12, COR13,

CO2 Rh3terdeptiRdiisithted Bpup & thtebSbupsackbaa QO%WR%%{{%@ORI L

is selpeted frromt S 13H,- 14 135,120 3
CWR%ZL?ﬁ >E§S%enaﬁg7}?rg ORI E y)%zﬁ%&psé? oX{R ", CN
or NRA&RIB, cycloal kyl, cycloakyl substituted by

hydr oxy, al koxy, |ower alkyl, or NRL5R16,

het eQGyGtBalkAnd

Cs.10 cycloalkyl substituted by up to three groups selected from lower alkyl
NR'R", OR", SR*, halogen, COR'®, CO,R'>, CONRR™, SO,NR*R!4, SOR,
SOR", CN and NO,,

C2_1 0 alkenyl,

Cy.10 alkenyl substituted by up to three groups selected from NR'*R', OR'2 SR*?,
halogen, COR", CO,R", CONRR™, SO,NR¥R', SORY, SO,R", CN and NO,,

and

Cz.10 alkynyl, substituted by up to three groups selected from NR!°R! OR!?, SR,
halogen, COR", CO,R", CONRPR™, SO,NR*R*, SOR'?, SO,R", CN and NO;

R*,R*and R*are independently selected from the group consisting of
H,
halogen,
COR",
CO;R",
CONR"R",
SO,NRPR'™,
SORY,
SORY,

CN, and



WO 7®4R1B2and R14 are independently sel ected frpoa/EP®03/011896

10

15

20

25 heterocycl e substituted by hydroxy, alkoxy, |ower
al kyl, or NR15R16; WD 2004/ 041822 PCT/ EP2003/ 011896

group H, lower alkyl, C2_6 algyl substituted by

hydr oxy, al koxy, or NR15R16, -~ 4Cycloalkyl, cycl oakl yl
subsé%égted by hydroxy, al koxy, |ower alkyl, or
NR15RY®? heterocycle, and heterocycle substituted by
hydr oxy, al koxy, |ower alkyl, or NRL5R16, or,

At BY, BatidR aye inkRaSREAtly sehectadrfroma the grgupaving 3 to 7
atons, said ring optionally 10 including one or nore
addi tgronal hetero atons and being optionally
substituted by the group consisting of one or nore

| oner, al kyl, OR', CORD, CO2R17, CONRL17R18, SO02R17,
and é@@ﬂ@ﬁ?ﬁlS; R15 is selected fromthe group H, 15
| oner al kyl, CORl7, and CO2R17; and R16, R17 and R18
ar e ilowepdytattstiyutaebeltdoxf sralivdde group H, and 20

| ower al kyl, or, alternatively, NR15R16 and NR17R18
can %%gthndependently forma ring having 3 to 7
atons, said ring optionally including one or nore
addi ti onal hetero atons; R19 and R20 are independently
sel edBd fromthe group H, and 25 | ower alkyl; and WO
2004/ 041822 PCT/ EP2003/ 011896 -77- R21 is sel ected
fromgw#er al kyl, and

SR17,
halogen,
CORY,
CO,RY,
CONR'R™,
SO,NRR'®,
SORY,
SO,R", and
CN;

R? is selected from the group

—C—0—C—0—C—R
CORY;

R'® and R are independently selected from the group



C2_6 al kyl substituted by hydroxy, al koxy or NRL5R16.
2. The conpound of fornmula | of claiml1, wherein Rl is

w@edogosel from aryl and aryl 5 substituted byP@REP2003/011896

10

15

20

25

CONR13R14. 3. The conpound of faormula I of claim1l or
2, wherein R is selected from7|§h'enyl and phenyl
SUbrSnﬁItUt ed by OR12 or CONR13R14. 4. The conpound of
for of claiml1, wherein RL is selected from
| ower al kyI and C2_6 al kyl substituted by OR12 or
CONRIZM4, 10 5. The conpound of fornmula I of any one
of claims 1 to 4, wherein Rz is H 6. The conpound of
formd(?zhl13 of any one of clainms 1 to 5 wherein R3 is
e conmpound of formula I of any one of clains 1
to 7 i@ﬁg i R R3 and R4 are H. 8. The conpound of
formﬁ f>any one of clains 1 to 5 wherein R3 is
hal ogen. 15 9. The conpound of fornmula |I of any one
of cIS&RE, 1 to 8, wherein RO is H 10. The conpound of
forrrula | of claim1 having the formula RB R7 CH3
1§§\ R RS NNNO I1 R R RARIa 11. A
corrpoun g{f’orrrulal of claiml selected fromthe
grou 3 - (4-nmethoxy-phenyl) -4-nmethyl- |
-pheﬁWeIaHthenyl am no- 3, 4-di hydro -1 H 20
pyri m do[ 4, 5-d] pyri m di n-2-one; WO 2004/ 041822
PCT/ EREH@ByDAb8E®ited HiBhydroxy, alkoxy or NRR'S,
3- (4- et h% phenyl )&%(R)Xynet h}§/YI - -phenyl 7- phenyl am
no- Stﬁe |1§I})fdro 1H pyrimdo [4,5-d]pyrimdin-2-one;
3-(4- ai% Xy- phenyl) - 4- (S) nmet hyl -
| - phenyl - 7- phenyl am no- 3, 4-di hydro-| H
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, OR'?, COR", CO,R'*, CONR!*R*,
SOR", SO,R™, and SO,NR¥R";

R' is selected from the group
H,
lower alkyl,
CORY,
CONR"R™,
Cy.s alkyl substituted by hydroxy, alkoxy, or NRR'S, cycloalkyl,
cycloakyl substituted by hydroxy, alkoxy, lower alkyl, or NR**R*®,
heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR"’R'S;



pyrimdo [4,5-d] pyrimdin-2-one; 5
()-1, 3-bi s-(4-nmet hoxy-phenyl) -4-net hyl - 7- phenyl am no- 3

wWQ Zoodiokmgelr o- 1| H pyrimdo [4,5 -d] pyrim di n-2- PCEEP2003/011896

10

15

20

25

()-3- [ 3 - (4-nmethoxy-phenyl) -4-nethyl-2-o0xo0 -

7- phenylanino- 3, 4- di hydr o- 2H- 7Byri mi do

[4, 5- %gyr|n1d|n 1-yl]. -benzonitrile; and () -3-

Fs- ¢ @ﬁﬁ%ﬁe '»“%xWéf%Wﬂﬂgé%%ﬁl7-phenylanino-3,4

-di hydro-2H 10 pyrimdo [4,5-d] pyrimdin-1-yl]

-benzgm de. 12. A conpound of formula I of claiml

sel ected fromthe group: ()

-3 4- et hoxy- phenyl ) - 4- et hyl -
hé%@%qgjghenylanlno 3 4 dihydro- 1H pyrim do

[ , 5-d] pyri m di n-2- one; - [ 3- s 16

(2- fIGa@lﬁ hsubémw@ébydwén@m alkoxy, or NR™R",

- 4- et hyl - 2- oxo- 7- phenyl am no- 3, 4-di hydro- 15

2H—py%ﬂ&ﬂﬁﬁ[4 5-d] pyrimdin-1-yl]-benzonitrile; ()-3-
[ f1 uor o- 4- met hoxy- phenyl)

am n
2 pw%lﬁﬁ sptitiaf Dp A ROy Py A AR ) - 3
(2-chl or o- 5- net hoxy- phenyl ) - 4- net hyl - | - phenyl - 7- phenyl
am nbe@rdeydiehardr o- 1H pyri m do [ 4, 5-d]
pyrim di n-2-one; and 20 1- (2-hydroxy-
( S) 15p16
h'gﬁ%kﬁkl)%gﬁlgpk‘fh%%tﬁi by hydrox;hﬂkoxy, vg%ry k }nor% %\H?; 12
dlhydro 1H py r m de, I%ﬁ 5- d] di n-2-one. 13.
conp@ti nltespatiismbity R eop fellnaa Fing hawpasiad af%@rwﬁ ging optionally
gr oupachiding 3né Mﬂﬁl@i‘é/addhtlon(aﬂiet&ﬁtaw*ls @ﬂchb(élﬁioptmnally substituted by

'3 ( t hox heny 17 1718
o BG4 .#8%0{% To g A RZECONRTR',

1- (zqa&‘&rmcg/somR ¥- net hyl - et hyl ) - 3 -

(4- met hoxy- phenyl) -4- (S) -nethyl-7-phenyl anm no- 3, 4-

‘illhﬂgél&”tedlﬁb&ythbgldﬁ% [4,5 -d] pyrimdin-2-one; 3-

(4- nmet hoxy- phenyl’) - 4- et hyl - 7- phenyl am no- | - [1-

(S) - phenyl -ethyl] -3, 4-dihydro- 1H pyrim do

[ 4, 5-d] pyri m di n-2-one; WO 2004/ 041822

PCT/ EP2003/ 011896 -79 ()-N [6-(4-nethoxy-phenyl)

- 5- midvheylalkgl,oxo- 8- phenyl -5, 6, 7, 8-t et rahydro- pyrim do

[4,5- d]pyrinidin-Z-yI] - N- phenyl - acet am de; and

()-1+ g% 44- hydroxy-cycl ohexyl) - 3- (4- met hoxy- phenyl )
- 4- et phenyl am no- 3, 4-di hydro-1H pyri m do
[4,5-d yr|n1d|n 2-one. 5 14. A conpound of formula I

of cl 23113@%Iected fromthe group:

R'®, R" and R'® are independently selected from the group
H, and
lower alkyl,

or, alternatively, NR'’R'® and NR7R*® 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

lower alkyl; and



1- [ (1R 3R)-3-hydroxy-cycl opentyl]
- 3- (4- met hoxy- phenyl ) -4-(S) - net hyl -

W b@aph@ed no- 3, 4- di hydro 1H pyrimdo [4,5-d] PCT/EP2003/011896

10

15

20

pyrim di n-2-one; 1- (1S, 3S) - I; hydr oxy-cycl opentyl ]

-3- (4-net hoxy phenyl) 4-(9) - t7hyl 7- phenyl am no-

?24 qH&/g pyrimdo [4,5-d] pyrimdin-2-one; 10
UOF 0- phényl am no) - 1- [ (1R, 3R) - 3- hydr oxy-cycl open

tyI) - 3- (4- et hoxy- phenyl ) - 4-(9)

- met Bgweralkyl.dindy dr o- 1H pyri ni do [ 4, 5-d]

pyrimdin-2-one; 7- (4-fluoro-phenylamno) -1- [(

1S, 38),7 3ty et A1k JKk4rifet hoxy- phenyl ) -
2 (5 o) hyl - Wd}?’ﬁ%}% -(I)}}yl—frpyrl mi do [ 4, 5-d]

?%r :,]yr? d?id)r(] ozmggueﬂd((f}g)foé%? u cl%ﬁﬁl}lwq}/er%g [ig 18 s)elected from aryl and aryl
(substttied by Qe oy CONRAR' 5
(S)-methyl -3, 4-di hydro-1 H pyrim do[ 4, 5-d] pyri m din-2-0
r‘i_ 3 Tﬁé‘coﬁﬁ&ﬂ{cpofgmgi of Jam{ f’oﬁ b %ﬁ&elﬁ'ﬁ@%eﬁ@@e& ®om phenyl
@SﬁPﬁ?ﬁ?HWbS@lt%ﬁ‘élb}ﬁ% oorlc@NBy i do [ 4, 5-d]

pyri m di n- 2- one;
3-( 44C'mh@tcﬁnﬁodﬂd@f@mﬁlhsnyf Jlaidr [, 4viekain RO is2BREMH &FnR)ver alkyl

X hyl iy -4-
(ag? fyiﬁqf %Statuéﬁ%@% b C@\w R e [4,5-d]
pyrlnldln 2-one; 20 3 - (4-chloro-phenyl) - 1 -
(2- h)‘idTbs(gomg_ound(qi)fonmlh pf zetyrwje)ofcﬂmms 1 to 4, wherein R*is H.
(S)-methyl - 7-phenyl am no- 3, 4-di hydro-1H-pyrimdo [4,5
- d] QYThéQ&hgblﬁlcpJf%rmulaI of any one of clalms 1 to 5, wherein R is H.
3-(4- chloro quoro phenyl) 1-( 2- hydr oxy-1-( ) ne hyl
;_LeLIQ i #%8)(1?&0 %%Wur ian a"e n%rlz)%g:p clagns4 1 Pol 7h %v erein R2 R’ and R* are
(H- chl or o- phenyl) 1- (3-hydroxy-2- (S
-met hyl - propyl )-4-(S) - et hyl - 7- phenylanlno-

3,4-di

3- (4%0’2 eg%ogné&ﬁorongﬂgeﬁ?f 10%% fnl]a Solxgog‘ﬁ@em ﬁqalogen
-propylzﬁ4 (S)-nethyl -7-

phenyl & %nlsownddqfﬁwlda I pf anyrangiof elajras btod), wherein R’ is H.
pyri m din-2-one. WO 2004/ 041822 PCT/ EP2003/011896 -80
15. A pitad doagRkinid Gt bor GRIAIDSH d4iN LRI the Fdiehida
therapeutically effective amount of "a conpound of any
one of clains 1 to 14 and a pharmacputically
acceptable carrier or excipient. 16. The
pharmaceutical conposition of cel ai wherein the
conmpound is suitable 5 fqgr adm ni ation to a
patient having cancer. : mpdindy” of Bhy one of
clainms 1 to 14 for use [ ntgs. 18. Use of
conpounds of any oneraf clMi 1o 14 for the
preparation of nedic nts fat the treatnment and
control of cancer.

R® R
.
R Ia.

11. A compound of formula I of claim 1 selected from the group:

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



19. The use of claim 18 for the treatnment and contr ol
of breast, lung, colon or 10 prostate cancer. 20. The

waizs@404§1821 ai m 18 wherein the cancer is breast PCT/EP10031011896
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cancer. 21. A process for the R eparation of a
conpound of formula I of cl a| m§ whi ch process

es a t of, t
CELPRAT R AP CO RO Sl T 3y B
RiyrinR8o [4R6d] pidinddiRS2-ane as def| ned in cl a| m1l, with an
aniline derivative of the fornula NH2 |11 I \ R R4

%(40 ogc'yg)hRg%ou rS]Z%geft hlzﬁlfen?fis Jekhnedidd3.al @hylrd. 1H-

20047°041822
BosAtpyrigydin- Z'BHEC)RS CH8 NNR 9)"1". " RS RNNO
R R2 #R

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

(£)-3-[3-(4-methoxy-phenyl)-4-methyl-2-ox0-7-phenylamino-3,4-dihydro-2H-
pyrimido[4,5-d] pyrimidin-1-yl]-benzonitrile; and

(%)-3-[3-(4-methoxy-phenyl)-4-methyl-2-o0xo-7-phenylamino-3,4-dihydro-2H-
pyrimido[4,5-d]pyrimidin-1-yl]-benzamide.

12. A compound of formula I of claim 1 selected from the group:

(£)-3-(2-fluoro-4-methoxy-phenyl)-4-methyl-1-phenyl-7-phenylamino-3,4-dihydro-
IH-pyrimido[4,5-d] pyrimidin-2-one;

(4)-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;

(+)-3-[3-(2-fluoro-4-methoxy-phenyl)-4-methyl-2-oxo-7-phenylamino-3,4-dihydro-
2H-pyrimido[4,5-d] pyrimidin-1-yl]-benzamide;

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

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;



R3 wherein RO is H and if desired, b) reacting the
conpound of formula Ib with an acid halide or

w@nioyasisee to obtain O R19 R20 O 11 |1 21 a ceapBP2ed3/011896
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of formula |, wherein RO is -CGCOCOCRor CORD and
5 wherein R17, R19, R20 and R2¥%are as defined in

cl,ai .. and/ or i £ desir conv t he conpound
J??T@J%Fﬁ#‘énq%‘?’ﬁf eﬁyléﬁ;aﬁ‘?ﬁ’é’ sdtq¥eat-p en Lé%eﬂo% -gradydeg-t |

A% rirfd oldsm dlpydnodinf ByliVahenyfacaamidnendf clains 1 to

14 prepared by a process according to claim?21. 10

?(3) 1A(CZI| 7 %)ag 13794 E}Sﬂ' f—g—%@%gﬁog}@f 'yl Q met}[yl]7 -phenylamino-

or o- pyri'm
é‘& HoX=pyEaRigp B‘L%dﬂm@mdm -2-one.
()-7-chl oro- 3- (4- et hoxy- phenyl ) - 4- net hyl -

| - phaayh t@mﬂo@ﬁ$&%ﬂnﬁﬁl%¥€l‘afﬂ1qgelg&ecﬁfroﬁil] the group:
pyri m di n- 2- one; -{ | or o- 5-

2-ch
fl-gi'gé?ﬁ-g;)y%he” tgyljaqT{J;éu hoxﬁ} pr}fel%j Wt eyl 7
® eﬂylmhimmﬁnazdm-aﬂ ﬁymfﬁtdwlx,y-cﬁbﬁﬁlyiicl)ln-@-m hyl - 3, 4-di
hydro- 1H pyrim do [4,5- d] pyrimdin-2-one; ()-3-

IR

[1 ‘P@B.ﬁggh?drﬁx% cmlopen%i f-gethoxy- ghelpyd)l )(/%)r methyl- 6 ypll}emrlammo—
dip- Ié]PYply?ld?rﬁ e ﬁlPl’rlmlihn- bengonitrile; 20

() [1- (2 4-di chl oro-pyrimdin-5-yl)-ethyl]-(2-fluoro-4

7n@Et ooty -phleeyly ) mod Ni-[(ER, 3?@329%6}@)433%%enty1) -3-(4-methoxy-phenyl)-

¥ gg? I%egﬁg%géé%agkw&?@%‘ldfﬁ ﬁ'ghﬁff in-p-one;

- phenyl -3, 4-di hydro- | H pyrimdo [4,5-d]
ﬁy(ﬁrﬂnqjomhgnximmoo)l H(35,3§)-F-hytitoayaydopentyl) ] -3-(4-methoxy-phenyl)-

gli('SnLn'tﬁﬂﬁ 344- gﬁﬁ?%Hg;ﬁﬂ%ﬂd% 42?_|_d pr}rrlmldm +2-one;

[745d]pyr|md|n- -y benzonitrile; an
yrnceppheryam @hmeﬁyh —xne(dzylzeﬂmlk:w@metbm Phenyl)-4-
(l?)nmEt-h)ﬂ Healh;pdr]; @fl'f;p?ﬁmldcq4 S5-dipfammanndosg! ected from

ch

t he group: - or o- 3-

?2(4 Clill o%ﬁ%eaﬂﬁ&?@ﬁlﬁfr)gfpﬁh W}rﬂﬁblé%%]aycgom 1-(R)-methyl-ethyl)-4-

bS/)rllnﬁﬁhdl 4 AMiloydeo-1H-pyrimido[4,5-d]pyrimidin-2-one;

3-(4-chloro—2-ﬂuoro-phenyl)—7-(4-ﬂuoro—phenylamino)-1—(2—hydroxy—1—(R)—methy1—
ethyl)-4-(S)-methyl-3,4-dihydro-1H-pyrimido[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;

3-(4-chloro-2-fluoro-phenyl)-1-(2-hydroxy-1 -(R)-methyl-ethyl)-4-(S)-methyl-7-
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-chloro-2-fluoro-phenyl)-1-(3-hydroxy-2-(S)-methyl-propyl)-4-(S)-methyl-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one.



1- [2-(tert-butyl-di phenyl -silanyl oxy) -1-
(S)-nethyl-ethyl] -7-chloro-3-(4-nethoxy- 10 phenyl)

WO Zoonestsyl - 3, 4- di hydro- | H pyri m do[ 4, 5- d] pyri nPCi/RPR0Z011896
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e; 3- [2-tert-buty|-diphenyl-sibanyloxy-
|- (R -methyl-ethyl] -1-(R- [ $Y(2, 4-

fj'ufg'&%r §%ﬁgrin%cgﬁtqca?cglm%osmor}/ chmprlsmg at e;a?)gl)l( caﬂ)ef %el:c)tive amount of

[aongroun wf yhy chedfetuyins $itd a@yﬂd)a(phdrﬂ(a@utimﬂ)ha/dcelﬁhlﬁy kdrrier or
'e%&i%)ﬁ [ 1-(2,4- dichloropyrimdin-5-yl)-ethyl]
% nmet hoxyphenyl ) -urea; 15 1- [2- I i
tert-butyl-di phenyl -silanyl oxy) R) - met h et
S 7eC Hﬁoqglgfy@a(mg?ﬁéqtl%@i)@mpos%mn o¥cla1m lé wherein tﬁ/e composllmd is suitable

ﬁbﬁidtﬁl)nsér%oﬂtd@p&%nt Bavinglediye o- | H pyrim do [4,5-d]

pyri m di n-2-one; 1-
(

t ecﬁl7 b(?%xyxgo%r&f) ﬁ&@ﬁgg e otac?a}[ )ﬂg 14 g’or u(s R&s cthhc}ill ér?tg hyll

phenyl) 4-(S)-nmet hyl - 3 4-di hydro-| H pyrimdo [4, 5-d]
pyr i fBdVse-of compounds ¢f ahy of@ocldins Itorl d fgythi pigharatnyif)

rﬁécf‘éﬁ'rﬂe s for tl&a"tre’lﬁh%ﬂi})ﬁ F&P&@éﬂ'&f gﬁcer [1 - (S) -phenyl-

et hy -urea an (4- met hoxy- phenyl )
-4 met phenyl - ethyl) -3,4-dihydro- 1
H p)1|91' &ef éalal} 12§J§%ﬁﬂm féiraﬁmznm cozgo qHreasb\leng, colon or
qﬁamauad&ﬂ:pharnaceut|cal composi tions, processes, and
uses as described herein before. 25 x-x-~t

20. The use of claim 18 wherein the cancer is breast or colon cancer.

21. A process for the preparation of a compound of formula I of claim 1, which
process comprises

a) reacting a compound of the formula

R7
CH,
COLY
—~ RS II
ALK
R1

wherein R}, R®, R, R” and R® are as defined in claim 1, with an aniline derivative of the
formula

wherein R?, R® and R* are as defined in claim 1, to obtain a compound of the formula
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- 81-
RB
R?
CH, .
NT X N R°
— R
oS
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
20

i9
o R\R o
I \/
—C—0—C—0—C—R" , cORY, and

a compound of formula I, wherein R’ is

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.

22. A compound of formula I 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;

(2)-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;

(+)-[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-yl]-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-chloro-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-(S)-[1-(2,4-
dichloropyrimidin-5-y1)-ethyl]-1-(4-methoxyphenyl)-urea;

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;

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;

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-(S)-phenyl-ethyl)-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one. '

25. The novel compounds, pharmaceutical compositions, processes, and uses as

described herein before.

ook



