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);



ci'NCd 2. R-CHO d ci 1 Schenre 2 R R R d R
OH POX N Ar' NH2 NI H Ar RI-NCO ~-N~Ar C 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);
' RA'"8 R 6 W0 2004/ 041822 PCT/ EP2003/ 011896

I?f‘#eﬁ%%@ i e R R R RO ey

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'
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Exanple la () -1- (2,4-Di chloro-pyrimdin-5-yl)

wo edohasmsk2 N OH CI'N X C 193. 03 PCT/EP2003/011896
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()-1-(2,4-Dichloro-pyrimdin-5-yl)-ethanol was

synt hesi zed from 2,4 10 dichlﬁ%%byrinidine (Al drich)
according to the literature ocedure of Ple, N

Turck, A.; Martin, P.; Barb&2I8& Queguiner, G Tet.

Lett, 1993 (34), 1605-1608. Exanple Ib ()

TRe AllBvirty extimples illustriteghtfonel miethpldy forpynthesidhg éhe din@lounds and

' . . . sol ution of
%%m??g%P%g%&%%F%%gggg?ﬁﬁidin-5-y|)-ethano| (1.27 g,
6.60 mmol) (from Exanple | a supra) in phosphorus
oxychl oride (5.0 nL, 53. 11Ezmﬂ2§_1(A| drich), at 0 C

was added dii sopropylethyl-amne (2.60 n, 14.78 mol)
(Ald&h@gﬂelghe reaction was stirred at 0 Cfor 5
m nut es,” at anbi ent tenperature for 15 m nutes and

t hen, at C for .3. houyr he .reacti on was cool ed
to r%@ﬁ¥%%gﬂ§ggPﬂf8?mﬁflﬁ#éﬂ}ﬁ%%ﬂdtoluene (10 mL) and
the m xture was then poured into ice (15 g). After
stirring for 10 mnutes, the |aygrs were separated
and the aqueous extract was Eﬁ?k we&hed with tol uene.
The conbi ned organi c extrag, e dried over
anhydrous sodium sul fate, filtered, and concentrated.
Purification by flash chromatq r% hy (Bi ot age, 40M
10: 90 to 15:85 ethyl 25 acetat 303nexanes gr adi ent)
gave ()-2,4-dichloro-5-(1-chloroethyl)-pyrimdine as
an)- 0i(2,4-DicMoed-gyAm@B3-5511)-BthaB &) was\Mh theSAd a8 2.4

P EP2003/,01 . 1:25- E . . .
O RSP G e T U e Farqprocede of gy N k. A
Nla@lin, P.; Barbey, S.; Queguiner, G. Tet. Lett, 1993 (34), 1605-1608.

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%).



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 &%@qﬂﬂ¥QOn. Cool i ng bath was renoved 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 ed at the
A B alsear%a Iﬁvr\rfélzggcgﬁdé% élxs Ed%ﬁé 6@%%& es. Ethyl
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 (430 nL) and
d|chloronethane (200 nL). Aftergseparating the |ayers,
the organic | ayer

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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was washed with water (300 nL). The conbi ned water
| ayer was extracted with dichloronethane (200 niL).

wabh@4oosi ned organic | ayer was washed wi th ageeDuB2083/011896

sodi um bi carbonate solution (200 nL). The basic
aqueous sol ut| on was extract e th dichl or onet hane

(100 ) (ganl c layers were then conbjned, dried
Wmeraéerﬁ bﬁlﬁw 3UPE agaticodid (OhPYML, 172 mabr wep added, followed by water

138t 1) ﬁﬁ'i &1%6%&Qh0@ﬂl | .@ﬂéﬂ 8k elﬁ@rsn’ehe organic layer
Sorre he pr o

\Nié d| st (ied o W t
vat Yaghy M@ ater (POGFd)r £BF RIB biRed WaTeE Y e %fraesd witg
€ chRd3omwihkig) (20@5hﬁL)f I'I&etcbmbud:dsatrgdnhd lager ovag wastied Aith acBikous

%%fué%lb car g%?ai%so\fuetgmégﬁé rn%a v gg f) l bUt s I%Qongx(ras e%rgcted with

dﬂ:ﬁlo%@mgthaﬁe G@0mol.) P(lllorgérmc Bukre M')erewésn ecibihedydtedzger sodium

I

Elltlénfxﬁe %%%lﬁﬂe %ﬁ] érﬂfl'llc @Feh'givé %%g nt%gdvﬁlfafbﬁﬁﬁl@%l. (Some
githe Prodizdh was gisiiadravar mfh@ettah@ ToSHaR) o“%h@tr@ﬁféef?miff igilled at 65 -
petwe @ﬁrtn%q é@h@frae‘éfoh%stﬁltﬂgidv*eﬁiﬁ m??éags@eem%l}ggz)@hvel ejthyl 2-

nut es, utyrate g, no

?CFFIIY ‘%Wplgq?%@ éﬁé}?’é;{w added over 18 minutes
keepi ng the reaction at the same tenperature. After
sti r siHthyylfupacil anot her 30 mi nutes, a second portion of
urea (15.07 g, 0.25 nol) was added over 10 minutes at
the sane tenperature. The reagrtion m xture was then
stirred at room 20 tenper atyy 65 hours, and at 90
- 100 C for 2 hours (gas evgl ulion was observed and
reaction was exothermic, wthireaction tenperature
rising to 110 C). The m xture was cooled to 30 C with

o | £ DY 030 o At AT PARLE g st

aadl(e6- 225% fezedl, K35 mk,c065 mpl) Zﬂldnchhtfmh cooH'Ii@lnsml igegwater bath

n?a{n%%n‘#‘é&aeﬁ'g%ﬁlgﬁ 1% Xtu&él% %g @lﬁel Pvﬁgﬁﬁ% lglhgcf&l £h additional

$0 cninotes.teshg 2 enﬁylbtlmqte #6ig 0.32 vad) drgs Fggmg e 1, supra) was
§éd§f@ver 1% xrlﬁill_n%&ﬁle [y therealtH AYhd ’t@l%pgila‘tur%I After st1rr1ng for

@N’@’F? %%pl%&gs’ ageread g%iﬂet MRSz Hfolkwe%aﬁﬁ‘r%%f 10
lﬂdilﬁﬁtels af thé s8m@ tenth eSatured |'I)he (rézfcfiml Exefnpd wad then Stipeddt raoch

rt)e os&at%rg £t 65 hours, and at 90 - 100 °C for 2 hours (gas evolution was observed,

and reaction was exothermic, with reaction temperature rising to 110 °C). The mixture
was cooled to 30 °C with an ice - water bath. Ice (270 g) was added slowly keeping the
reaction below 35 °C. The mixture was then cooled to 5 °C and stirred for 20 minutes.
The solid formed was collected by filtration, washed with cold water, hexanes, and diethyl
ether and dried by suction to give 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



30 oxychloride (150 nL, 1.61 nol) (Aldrich) with
external cooling in a cold water bath. The m xture

wo®4iemerd at reflux for 3.8 hours and cool edPEDEPZHOSD11896
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thenpoured ipkyicg(FORighEeE arFieks (dBOMLAgas Ad

tenperature. M xture was WO 2004/ 041822
PCT/ EP2003/ 011896 -27 then podfted into ice (300 g).

Et hyl acetate (100 ni) was added and mx(iﬁtélre stirred
alnéénmt%tstélired at 20

‘t@fd} 30 thiRiuke SHH doBBndindnUt €- Waer bith! Eheeesulting Onigture was filtered

%{éel te g&cg’ﬁ)ggﬁfa}l !it ra%%e% vglgbrtﬁﬁltaceta ! h et hYLéC?X%O mL).

Tdhg eothbinkd peganiclazroves vedhatd with watee (ZE(OZED) ritl):d owkrisedium
%ﬁﬁEe %Rgre}ii%é céﬁ'(!eflglmt%d td H%gsrseq“lhﬂqgsﬁ&m%%{s%gg i &hyl acetate -

h@%atﬁe(sl 1) 2nd filtared thiougle Teg gradesilisa gqiLa@dgh-E@é vgth 1'Ihé game solvent.
9RL FRRL HhUlInREh Widdtoldeh S @RsRO) ¥ %‘I&ﬂoro Hhahfilpjrididene. (Yield

was concentrated to dryness to giv

2.4 8f2H00r 0- 5- et hyl - pyri mi di ne. (YI eld 56.3 g,
85.2% . ()-2,4-Dichloro-5- (I-bronoethyl)-pyrimdine
Gl B(£)N,4-18clIbM- b Bhosmsethgl)pyrindéine64. 2 g, 0. 35 nol)
(Aldrich) and 2,2'-azo-bis-i sobutyro- nitrile (AlBN,
1.78 g) (Aldrich) were added ¢o @ sol ution of

2, 4-di chl oro-5-ethyl - pyrimy 56.3 g, 0.32 nol)
(from Exanpl e 1c, supra) in Qa bon tetrachl oride (400
m.). The m xture was heat at reflux for 1.5 hours
and cooled to roomtenperature. 15 Reaction m xture

was N-Blto%@sgg&éitaﬁ@i&fasir % )gacgs faﬂl%nsmhd&&% aedl Izla?dzdabml@fdmmo-
LA LS BT EE  Blogr b pgriuom St oSy g
bronmidhhide)3 g‘.}ybrazrm@l ('fﬁom Exhmbtt 18lsdra,in 100 tetﬁx:h]nfpllde (400
m(Lj %{a H{ uré as;h/ Ds 4t rf]lélxr% r]ll\ﬂjglllﬁ ﬁéa ;2(%318][ FOI\{Q%H temperature.
Reg:bA rm@urz s Db trough TUC igradsibichgdl pnd ghytadrvich etyl acetate -
g\gxa%z @i -8)/ THQ ﬁm]Ré ‘)vas( clf Qéﬂtlémm&nésg tc§$1 L @)) M%lchloro 5-(1-

Ss0! i'n acetoni t si di né
QFOWO%Y)WPT}leN @ﬂ?@ﬁ}3gp&0§@sl um car bonat e (1 17 g;
8.48 mmol ) and potassiumiodide (0.32 g;

Example 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%).



25 1.93 mol ) were added and the m xture was stirred
at roomtenperature. After 16 hours, the m xture was

weangisisoned between ethyl acetate and water. AECEEP2003/011896

10

15

20

organi ¢ phase was washed W|th wat er and brine, dried
over anhydrous sodi um sul f at €] 2%i|tered and
concentrated. Purification by flash chronmatography
(Bi o ’é?g’é&ﬂ %1 20:80 to 25:75 ethyl acetate - hexanes
gradi ent) gave

()- Lq.+)( %(Z}ﬂ@tbcj?(@m&mtp\i(iieﬂ%’lgﬂﬁngi;ﬂ- Bpl;gﬁ;]é%%dﬂv%dro-u—l-
nmet. ie g;

DR 1830 Pk B0 L1000 - o6 Exanple 1 e ()

- 7- Chl oro- 3- (4-nethoxy-phenyl) -4- gethyl I

- phenyl - 3, 4-di hydro- I H pyrimd

[4,5-d] pyrimdin-2-one \y NP N\ C / I 5
380.84 To a solution ofll A K

()-[1-(2, 4-di chl or o- pyPi nﬁdlH-59y|)-ethy|]-(4-nethoxy-
phenyl)- am ne (0.14 g; O. ) (from Exanple Ic
supra) in toluene (1 n) wa dded phenyl isocyanate
(50 L; 0.46 mmol) (Aldrich). The solution was heated
in an oil bath at 110 C After 1 hour, a small anount
of starting pyrimdine remaii¥d4 An additional 1o
portion of phenyl isocyanate (7.5 L; 0.07 mmol) was

ﬁ]dﬂﬁ ?‘o%@hu&ﬁﬁ dgg%gﬁ [, @@%ﬁﬂofﬁﬁm@l?a?ﬁlﬂle&hﬂp@i ~nieBhoxy-phenyl)-
R (ot 140 reahb G ettt e PG Fatadais 1 P s gt pheny

Wotfhnh&)(&ﬂ 85; @aciminfrdn(Aldiied). ﬁlhle edlution wdehednez@lm an oil bath at 110
hi | j;d nt
PS8R L A0 =3Pl Al 5] & Farphbb IR SRR B onal
@b)t;omcnf@hedylnmcy@a@ (é( ol 0 7 treolival agdecbansi thamixture heated for
taﬁr 91%%}[&?31: I n)(lges n cQoﬁr@ItB ?@é(rﬁpc&flﬂér%’re,%esrquﬁorpw%

15 M nufes in th
caneniigiedniToe mséi%@s frifopaeyith hewagh? Gep |d61§d éé?ﬂsb%der high
wacngl Silica) and washed with 1:1 ethyl acetate -
hexanes and then ethyl acetate. The filtrates were

conbined ntrated. Rurifj.cati
chr ot agPaswy o a et e haB e PR g file,
actethytiefurahd X anlg scoplealdp ehf ¢ agétaeated with potassium fert-butoxide (1.0 M
st AL cold, th
%ﬂﬁezr E&% %ﬁﬁ/@ewg)‘%ﬁ@g@%ﬁ%’r |l§n |1n¥£1-none as © ©
sedctign n(lm;ugq: wa 1e4e rcyu;ghﬁ) ica gel pad (2.9 g silica) 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%).



WO 2004/ 041822 PCT/ EP2003/ 011896 -29- Exanple If
()-{2-Chloro-5- [I- (4-nmethoxy-phenylam no) -ethyl]

WO popriomiselt n- 4-yl }- (4- nmet hoxy- phenyl ) - am ne O PQI/EP20C3/011896
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N NH,O5 384. 87

()-2, 4-Di chl oro-5-(1-chl or oett3f1-) - pyri m di ne (0.41 g;
1.94 mmol) (from Exanple |Ib supra) was dissolved in
acetlamplé Ife (2 nl). p-Anisidine (0.25 g; 2.03 mmmol)
(Al drich), potassium carbonate (0.30 g; 2.19 mml) and
pot 8(3§1 QI‘GHIQQJ 6181 (D-r4h Gkiy-PhedFlartTh®)-dthyieperiaddiadi-sid 4-

@’P was stirred at’ roomtenperature. After 40
&P FFQ’ "Mt ure was partitioned between et hyl
acetate and water. The organic phasg was washed wth
wat er and brine, dried over anh us sodi um sul f at e,
filtered and concentr at ega cation by flash

chr omat ogr aphy ( Bi ot age/@O 20:80 to 50:50 ethyl
acetate - hexanes gradient ve
()-{2-chloro-5-[1-(4-netho henyl am no) -et hyl ] - pyri m
idin- 4-yl}-(4-nmethoxy-phe -amne. (Yield 0.19 g;
25.99% . 15 Exanple 19

() - 3- (4- Met hoxy- phenyl ) - 4- me¥ hy| -

| - phenyl - 7- phenyl am no- 3, 4-di hydro-|1 H pyrim do
[4,5-d]pyrimdin-2-one it '—=g4N7N HN NN O 66 437.51
20

O e E ey P e I sphen 3,
a39plBMB k) rfaf W&HHJ&&B/H@ ir@adetorstuidd a)mIMiSp—AﬁErdinmEﬂZHIg, 2193 mmol)
ﬁ@' i NE A IR TS ol 093 g 0.2
headl) wereaadded medhtha migture wlas stirprdeat irpdth ditreperaiyire. odxfter 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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sol ution. Reaction nixture was cooled to room
tenperature after 45 mnutes. The WO 2004/ 041822

wEFODARPBOD3/ 011896 -30 residue was triturat edP@i/EP2003/011896

hexanes and then purified by flash chromat ography
(Bi ot age, 40M 40 60 to 50:50°%kthyl acetate - hexanes

dient)  t 3-(4-peth
Byt RERYI: bephen iR MO O R FbrorpetpFeph (Potese
@0M44(56Giﬂom0530mﬂdyl ﬁceZat@nheﬁSles Qﬁdl@fﬂf »bolgitee +3-G {4dmetfotc@rphenyl)-
Gk bER T MR B e BT pHiftidhn 2-one o
b) off- v(rméemeﬁ&@fn;r gmﬂma)ummmmyl poepitenlydxaies. (Yield 21.6 mg;
pheny! ANBRatfa b1 L gp Eﬁeéﬂﬁl%thw fbBer-7-
Eh‘ﬁy}’ﬂan@@ét%‘i éihydrpel Hapvaimido M, =dtpygignidin-2-onepdhere Fcrﬂéle silica and

@9& Elhted%@ﬁq 50; ARAh f-acdiite Mandikiol. (Widd €8 B@%g d1dl@kg Point: 222 -
C26H23N502 [ (MrH)+] @ 438.1925. Found: 438.19 10

l e 2

3- (4- Met hoxy- phenyl )-4-(R)- nethyl-l-Phenyl-7-phenylam
BIR-RIAESIT) lmy/d Oalculaked foy Cheli, (4 (M-+H]) " Jpy39. 18281 FoBadni88.1927
Chiral I NN\ I HNNNO \ I \ | 437.51 15 The
race
()- SE%%nﬁethoxy phenyl) - 4- nethyl-l-phenyl 7- phenylan1n
0-3,4- di hydro-| H r|n1do 4, 5-d] pyri 2-one ro
Exanpt(é-Mg @@bpbsny lewM -RiFnYly/ &Frwéad@noéa‘l dthfm 1H-
9 lgﬂa)ﬁg(gﬁﬁmgéhﬁnﬁoﬁ@ mul tiple runs. Th first

el uti ng peak’ gave 3-(4- nethoxy-phenyl) -4- (R

-nethyl - | -phenyl -7-phen Ian1no- dodi hydro- | H
pyri m do[ 4, 5-d] pyri mi d|?i"a /‘f‘ing Poi nt: 218 -
233 C. 20 Exanple 3 3 - t oXY- phenyl) -4- (9)
-met hyl - | -phenyl 7- pnﬁn&h s3,4-di hydro -1 H

pyr|n1do [4 -d] pyrimdin-2-Qne Chiral =/ | O~ HN
NNO\ I I

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~
Aﬁ@%

e

437.51
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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-
Y- Kﬁhéthbxyzpm%ydrﬁme IO@ Brdk; dilhyrhel) (frdin Bxyfiiple TGupra) in

1ch?c>rg1]l1gi¥1ane L% 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%).



\ N\ N\ HNN N 111, O \l /O5 467.53 The m xture
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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

lo s@)igs %(@hﬁﬁ@xy%ehﬂ )-dirgéthr DpRédyEIRIn oWR $ Tatieh dnb -1 E -
wat er fﬁ[—]g iWr dr,i ed over sodium sulfate and
POHBERE P Aoy iR Peedue was purified by flash
chromat ogr aphy (Bi otage, 12S, di chlcpr onmet hane
followed by 30: 70 to 50:50 ethylfagetate - hexanes
gradient) to give () -1, ijsm &< net hoxy- phenyl)

- 4- et hyl - 7- phenyl am no )\3 dihydro-1 H
pyri mi do[ 4, 5-d] pyri mi diffi- 2 orfe. (i 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. (Yield039 g; 919 . Melting

Poi nt; 228 - 234 C. | at f .

o BEAEEG U A 7R o ThR L LG PHGB b i - dihydro-
2008/ 04i18 P25 -BTH IR0 3/ @k 1896 g; 0. BBmntotpffpie Example 4a3upra) and
e
nijxelmzmﬁqthbﬂl eodléd wroon tRimipexatuge lm;d glm@gecgwlthmx%pes The resulting

c%’s&és ssglfvad 1%?18?18r0619ert;n?rr]16, ?/Vﬁshsed V\ilth"g%tgﬁrid brine, dried over sodium

md comgenieated, e igsidue was prviiesl by fla fEﬁm?ﬁqgéquH%mmg%
§2‘EP Id3ohldrBrdef a4 sl vk dHy)30W8. 0 BGISEEthPracetate - 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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cyanophenyl isocyanate (66.6 ng; 0.46 nmol) (Aldrich).
The m xture was heated in an oil bath at 110 C for

wo mvdloeses. After cooling to room tenperature, PETIEP2003/011896

reacti on was 1o concentrated under reduced pressure.
The residue was triturated wit¥ hexanes and dried
briefly. The solid residue (internediate urea) was
také%ﬁ%&??ﬁafreshly distilled tetrahydrofuran (1.5
m.), cooled in an ice - brine bath and treated with

pot a(s@Lym-txhldro sb@it ﬁpeﬂdﬁy(ﬁmeﬂyljfvmmethﬁtI@hy&g@ﬂﬁy&m—%}{-
370 L. n e ter 15 mnutes in the
E%FH“?#§5%@%%T ﬂﬁgﬁﬁ %giﬁ‘by TLC anal ysis and was
filtered through a silica gel 15 pag (0.5 g) and
washed with ethyl acetate. The rate was
caoncentrated and the resy N purified by flash
chr omat ogr aphy (Blotage/k )@O 60 ethyl acetate -
hexanes) to give ()-3¢

[ 7-chl or o- 3- (4- et hoxy- phe - 4- et hyl - 2- oxo- 3, 4-di hy
dro-2H pyrimdo[ 4, 5-d] pyri in-1-yl]-benzonitrile as
a solid. (Yield 0.13 g; 85.6% .3Exanple 5b 20 ()-3-

[ 3- (4- Met hoxy- phenyl ) - 4- net hyl - 2- oxo- 7- phenyl am no- 3, 4
-di hydro-2H pyrimdo [4, 5- q%@ﬁginidin-l-yl]
-benzonitrile NN HN NN O ~~N"A m xture of

()-3-[7-chl oro-3-(4- et hoxy- pheny 3 4- met hyl - 2- ox0- 3, 4
- di hjgpeolution of (£)-[1-(2,4-dic oro pyrimidin-5-y1)-ethyl] (4 -methoxy-phenyl)-

%Hnﬁytoumgd@ b4 nﬁnéiﬂ) K’fféﬂn@xﬁin@tel 1d}’5|u ra) SN ZHRd el (i gxﬁ)(v%séaded 3-
an ani
P nanR RaCTRO e § B Pk (ariphy Bie 1ot Ofag by in e

ol Bathcwn 10 Y@f&&&é&@ﬁﬂ.ﬁ ZﬁtePGﬂlE@ZG B30 1BRE atur§4he reaction was

==

. V\%&ce?ﬁaétﬁd ggo?r 1*8 t 968% A e lf“ﬁ%] et31du% WLs tr%?at%cp ﬁltﬁ %leyatn;e? Ihd dried

recli
baefiyt i Tre sehd rfcsmillleémt@mdmde pnse) Yot @kfzm zpm freshity distilled

%ﬁgﬁﬁﬁlﬁfﬁg }’ 5 ‘?xlﬂg gbh x]ﬁ an 1&:4 H}ﬁfeﬁﬁiﬁ/ arpﬂ%b)féa W1th potassium fert-

0XO- an no- 3

byioisiedoP &0 s disrarm 10 O b2t | AFHeh ok erfingigutes in
9&' dofhi the YeRtin Yad SolpleRDy2ENC anaglsi\ﬁhﬂ hwag ﬁR@ﬂeﬂ&hro&%ﬂ asilica gel

C. HR- S f
b o) dieutabyife bl Sl "B - g gynd e residue

[waBpunﬁed by flash chromatography (Biotage, 12M, 40:60 ethyl acetate - hexanes) to

%4*8 g@f_g.gg hf;o[}s %) nﬁsg& g@.}a'e@;iy mﬁﬁﬂ@ BRY 'ﬁﬁnmg;ax% A di

pb@mg@{ﬁ,ﬁef lpynmidynn -¥1] —benzonltnle as a solid. (Yleld 0.13 g; 85.6%).

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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HN NNO \ | 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%).

M%g[ 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/ EP2003H8 B85 NOH C NC

207.06 Diisopropylampa (1.38_nlL; 7.85 muol)

(Al drich) was dissol vn 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 tetrahydrof (3 n) was, added t is freshl .

or ep A BATS bl S BRI TB A R A i T Sgemtamino-3.4-

dihydtesHspyrithidof, B:4d | pyZBnidin- prytiphecanahitdlayolel ¢00.2Bmmal) (from
.09 I Al dri gh . V, 1N a

Bmp g gt s PR SR s S B M e ffer bact

Agaetisendinashyfrexidh €60 M; 013 8tohle Ocifaintriobwesfaddedsfaltnredhy

LR HV&I%Qérpﬁérgﬁd§ 4095 §ftion; 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



(15 nL) and was then diluted wth ethyl acetate and
wat er. The organi ¢ phase was washed wth a second

w@eootioors2nf anmoni um chl ori de sol uti on and t hePCDEP29€3/011896
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dried over anhydrous sodium sul fate and concentrated.
The residue was purified by fi¥3sh chronat ogr aphy

(Bi otage; 40M 15:85 to 25:75 ethyl acetate - hexanes
gradient) to give 15

()-1-(2, 4-dichl oro- pyrlnldln 5- )-prop an-1-ol.

(Yield 0.260g; 37%. ExanpfjeJb ¢ -5-

(1-Bronopropyl) -2,4-dichj “pyimdine NBr | C N
Cl 269.96 20 A solution of

()-1-(2, 4-dichloro- pyrlnldln 5 %I)-propan-l-ol (0. 26
g; 1.26 mmol) (from Exanpl & supra) in

di i sopropyl et hyl am ne (0.55 nL 3.13 mol ) (Al drich)
was Dﬁ&qﬂr Iﬁljnir@mljly 11 8. 8@)mrh@1) tigldpichj fvaedisdoved in freshly distilled

%@h‘{%ﬁ‘% %%’5 @g) CF iorog%ct w%élpﬁp tgxslpm %gié gélaexanes, 3.10
oiig7 6 mimnol) (AIElnEh):W@d adalgd ﬂalljwlsewald st1amt[g/®aht1andd for 30 minutes to
%@Qﬁ%b% 50 tkiatng 3{350?15‘31&{ &% A?EJcEBE’(‘éB g‘{eé&) %g 386 E‘Eﬁol} PAldrich)

tron mx

uhf@trehwpﬁla@ef%mé) wipaslded ga@a%ﬁ%hldﬁemgd ERarolusiasioner 12
mlﬁﬁtep r A& 30Fhin@eks B Ing@R MY Yo dRyaaL d@sm 6.65 mmol)

tere oncentrat Ced. Purl icati

LB St AR OB g g fhptueing 50%%%%%%‘%0&#@ minutes. The
raxadre®hs @féﬁehecbwmld the addition of 25% aqueous ammonium chloride solution
EJI)S' rgif a:!'n 221@{1] gﬁ%(tezl w1fh4et19y|1 %%helha e %nc? *er‘{ E] 'f‘lllenc?rgmc %Has\é@vc‘as
p’a$h6ﬁ|mtih 4 smomi Nousiod 0®am31 agjum Thl@rldats@utlam andhwadrie, dried over

REAKS ol Qo dhdde s M LR AL Riate G He E?&M&#z@ﬁi@fi (l:vgﬁgsh

pyrlm ine ring proton in 1ts NVR spectru tin

§ wa@g@mc(&%tﬁge, &My H%S-ﬁ'tior?é 75EHIS ﬁ?eﬁﬁg %F%aﬁebgraﬁaeﬁg to give

b 8- FA€hlbdo-pYrimidin-5-yl)-propan-1-ol. (Y1e1d0260 3 37%).
%X)aZ 4-Di chl or%hpyrl manPS yl)-propyl] &

(4 j(.;d(}rgamolx)%phenyI) amine\ N\l H NC 5 C 312.20

()-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



()-5-(21-Bronopropyl)-2,4-dichloro-pyrimdine (0.26 g;
0.96 mol) (from Exanple 7b supra) was dissolved in

wae®iomsezile (2.5 nL). p-Anisidine (0.12 g; OPGBEP2003/011896
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mol ) (Al drich), potaSS|un1carbonate (0.15 g; 1.05

mmol ) and potassiumiodide (0:¥4 g; 10 0.24 mol) were
added and the m xture was stirre roomte eratureh .
Rrrimdingring pigten RN Ve y eI AR ﬁéﬂg.wm@ eplasemarte the ring
elibyhesdaet Blommiagnd wat er. The organi ¢ phase was washed
with water and brine, dried over anhydrous sodi um

sul f te,]fkgtered and concentrated. Purification by

f 1 ast*EW'6ikt ogr aphy (Bi ot age 40S, 15:85 to 20: 80

ethyl acetate - hexanes gradient) gave crude

() - [ ()R- @-aDideoepypiymidin-giyh-1Bophl { proghogy-pheny -amine
nmet hoxy- phenyl )-am ne. (Yield O 19 g; 64.3% . This

mat eri al again showed 3 ea ke pyrimdine ring
proton in the sane ratlo nin the starting
material. This naterla wi t hout further

purification. Exanple a

()-7-Chl oro-4-ethyl -3-(4- nethoxy phenyl ) -

1- phenyl - 3, 4-di hydro-| H 203122

pyrim do[ 4. 5-d] pyrimdin-2-oné® o1.1 N\ G-~NN
394.86 To a solution of o

() - [ Gx)-3(2-Bapupmpol) R-dishiire=ryripifling (88§ By 0. Yemmal hdsgm
ExBRBRYb)s7 Qf@s &1%oﬂv%d9n 2Rt 1005 LY E@Iﬁé‘i@ﬂi@' (€176 0.96

supr I N s 25 added
Pbe) bAGFIEh . GRS cbONMSI 16 A T EHICD PHOP B belide (004 &
023 oheal)&ebré fddra afd khe BAtkve a\tas 1t11@ed:atf robmltefiperaturepatier 16

t.0, roomte ur e Ctlog

ool in
58}11189 PUEREE W RAT gﬁl‘% %g o Yl & r dt W\Afeﬁ The greanic phase
aaslwasted vdtt waelariddiring, dmefesven agﬁydmmdm gl 2 filtered and

P&I({eﬁggrggs’ll)?ﬁﬁ&%@n by%lesH’%lferﬁQT %ﬁlﬁﬁpt £ ﬁ}]%§' 13:”6% to 20 80 ethyl

taeqtﬂah;aaxaélfemgraalg{lﬁ gATO crudeield- &2&: lghbr%r@arw@at%al -propy] -(4-

Wh i hoR08 ? hUiher (tY' 18&‘@ a% Igdes §9b).OTMs mhdlerial again showed 3 peaks for
ur an; 0. 65 mol Af t

tetrahydro rieh
e Wrmﬁgse g Rrﬁ@ndaﬁ'ae safyfdatip ARy %ﬁé H tilf §vE %@a‘feﬂal This

mhdtéred] eds tbudotigtouafigter parifieltiopad (1 g) and washed
wth ethyl acetate. 5 The filtrate was concentrated
and %%ri ' by flash chronmat ography (Bi otage, 40S,
20: 8 .60 ethyl acetate - hexanes gradient) to

gi ve (g 7-chl or o- 4- et hyl - 3-(4-npeth
7-Chloro-4-ethyl-3-(4- methoxy—phenyl) 1 phenyl 3,4-dihydro-1H-

pyrimido[4,5-d]pyrimidin-2-one
an
)\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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phenyl) - 1- phenyl - 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m d
in-2-one as a solid. (Yield 0.14 g; 60.2%. The NWR

w@bookas2arat eri al showed only two singl ets forPCTEP2003/011896

pyrimdine proton indicating a m xture of the desired
product and the correspondl ng ¥-bromo 1o compound.
Exanp Ie 7e

TR s heyis [ esmenipre wephen sy srbintroshly digli
ietﬂid% 46ﬁﬁhlgpz f/&& ),26bleBYs lfmcdér[& Redddtewidh pbtabbitinl rerrNadNidN (1.0 M
e R 6 DI D R A 15 g ool the
Ihattycd'r mixtitd-ypsifiltered ahvbugh dlsiigs petipdd (F ) ordewdsBed Rithethyl acetate.
"Ehg’glt%%ls «{osu %% ggaaar%p%rz«ﬁd BY FB{%&) dch?&%%%ﬂéh?rgﬁio%%% 0408, 20:80

i M%@hﬂ@p@n’ce bewincngradich torigive (i &7 witprord-ethy a4 neaiboxy-

% h%l'tlﬂ%n%@lazgroﬁ L9586 eivdd] rl%gﬁlél -2-one asa soéld (Yield
%ﬂ-ﬁ srﬁOcZ" hakle HMR @frthéamé%arl sh%ﬁf&%;mo €8 Ftaﬁcz the pyrimidine

§tﬂtd‘)1§ilrﬂ1cafc1hk hefietirantihe deseaprétiRtandthe cofrdgnddigembaimo
(g dofl ed by flash chromatography (Biotage, 12M
50: 50 ethyl acetate - hexanes gradient) and
then crystallized fromethyl acetate - hexanes to give
() - 4Exarhyle 78- ( 4- met hoxy- phenyl ) -
1- phenyl - 7- phenyl am no- 3, 4- di hydr o- IH-pyri m do [ 4, 5d]
pyr| n k | -
by! 6£>d4% t1s|3ng4 %gtlh%x%h I§1>2§ f%@ﬁﬂ@ %nﬂég@ 3141d91ydro 1H
oha %@1@27%25?\!502 ([M:H +) 1 452, 2081 Found
452.2083. Exanpl e 8a WD 2004/ 041822 PCT/ EP2003/ 011896
- 38- 2- Fl uoro- 4- net hoxyani | ime HZN |
3- Fl uor o- 4-ni trophenol (1 gf‘/7 mol ) (Al drich)
m de (210 nl)

) . N oS
was di ssolved in dinet hMll\f
Pot assi um car bonat e (45yg, N3 ) and rret hyI i odi de

siis

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



5 (5 nm, 77.64 mmol) (Al drich) were added and the
reaction mxture was stirred at room tenperature

woey@rnoigkt . (thin |ayer chromat ography: 20% etPgi/EP2003/011896
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30

‘acetonl%rlle

acetate in hexanes showed conglete conversion). The
reaction mxture was filtered" Tough a bed of

Celite ), and .concentrated under reduced pressure.

The ér Orf8ORVARE triturated with ether and

insoluble materials were reaned by filtration. The
filtrate was 1o concentr at g[ng T~ reduce pressure to

afford an orange solid. Thi erial (11.43 g) was

di ssol ved i n net hanol (150° nL) and hydrogenated for

1.5 hours in a Parr apparatus at 50 psi, in the

pr esgrHtgorof4-aldfephahdl . Uiy,d. Trantdn( Aldridh) g)as dAbaredin) .

ﬁt ul tﬁ‘él% S eatrrmde Ey 18 'TBLF)O g;o?ﬁp Ym C%Qb/gn%;m#ﬁa%trﬁ&%%)l dhd methyl iodide

f'e conversi

(@ wilu 7%641\1&13116511) Alérlehj) wére oddgdl a0dlthe weaetjon m@@h@d/vwstlﬁed at room
@&ggéraﬁ&em&ﬁ hit *a&nn ﬂa§e@&ﬂsﬁ% 94339 z@@@l@ah lra%@ﬂdﬁﬁﬁ hexanes

sure to [ dor o- 4- et an ne({a sol i.d
@ veqdgcomplele cgnvegsgor@g ﬁﬁéﬂ;a)ctlomreewaﬁl‘ge}e rough a bed of
Celi®4ardd éb'ﬂkélftﬁh‘td@h’l!ﬂd& %dﬂm&i plepsur@iy kfude matenal was triturated
Z\é Sf&]l%elil%rgg 1@0 n OX rlg]? We¥e moveg gy ﬁﬁlratlon lT'he gltrate was F

conéntragidatlder mdﬁc-e(pledsumm efthyd 4o pyngaxotdn&hisGnaerig;(11.43 g)

% K@gﬁfgg) : géf!tfx F]I)%g}r?ni naedcf:}iyﬁlg&{eﬂl’csd §c6r 1.5 h?lirs in a Parr apparatus
enPQipsich)the puegenge ¢ 1@6@ Ballﬂdﬁ%'tl nesegeeonl(LA¢) (Hldrighly: (tynfayer
AR Datb b PRy 55%'9@111}@ aée@e?te %Uﬂé)é}les\’k%E)@ed left@@niésion). The

rrefd at roQ HMUm
BRASHAR Qfﬁ{‘t‘lfel‘Wés fé@‘ﬁ%@é %bé%  Wathed WiE HEV ifciaifpiist e
@Bﬂce‘ﬁ’&&teﬂhﬁlﬂemaﬁ@d préssaft toiglvelafldvrats-dethoxpdhilihe a solid. (Yield

2%52 @gn cool i ng, the reaction was partitioned
HYt"-acet ate and water. The organi c phase
mas washed with brine, dried over anhydrous sodi um
sul f &xemplei§bt ered and concentrated. Purification by
flash chronmat ography (Biotage, 40S; 10:90 to 20: 80

et hy {19 oro-d-methoxy-phenyl
0.1 £+ﬂgﬁiﬁgﬂ1ﬁmgﬁﬁﬁg‘?§}%§%ﬁ@ﬁ% ;EK o oro met ox%p enyl)-amine

f1l uor o- 4- net hoxy- phenyl ) - am ne. d O 12 g 49. 19 .
WO 2004/ 041822 PCT/ EP2003/ 01 89 39: Exanpl e 8c ()
-7- Chloro-3 - (2- quorON > - phenyl) -4-nethyl -

|- phenyl - 3, 4-di hydro-

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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1Hpyrimdo [4,5-d] pyrimdin-2-one N\ N\ d" N NLO
F 65 398.83 ()- [

wa2¢02/04t82% chl or o- pyrim di n-5-yl)-ethyl] - PCT/EP2003/011896

(2-fluoro-4-net hoxy-phenyl)-amne (0.45 g; 1.41 nmol)
(from Exanpl e 16b supra) and phenyl isocyanate (165 L;
1.52 mol) (Aldrich) were conbined in toluene (5 )
and Bean@d8¢n an oil bath at 110 - 120 C for 2.5
hours and then at 130 C for 2.5 hours. After cooling,

t he r@agidhitors- Mﬂﬁ&o@ﬂ&@@o;@%ﬁﬁﬁ‘)ﬁ&h@ﬁyﬁ%henyl 3,4-dihydro-
I turate h he s The solid residue was
bﬁﬂﬂ?F@@°g§¥gﬂﬁgﬁPl §ht ogr aphy (Bi otage 40S; 30: 70
ethyl acetate - hexanes) to give thg internediate ()-
1- [ 1- (2-chloro-pyrimdin-5-y ethyl ]
-1-(2-fl uoro-4-nmethoxy-p N enyl-urea. (Yield
0.27 g; 43.2%. This ur el was |su pended in freshly
distilled tetrahydrofu@anN(BNnL9 and cooled in 15 an
ice - brine bath. Potassiu grt-butoxide (1.0 Min
tetrahydrofuran; 0.64 niL; O ) mmol ) (Al drich) was
added dropwi se to the suspension over 5 mnutes. The
solid went into solution as the potassi um
tert-butoxi de was added. Aft¥B.88tirring for an
additional 15 mnutes in the cold, the reaction

t f :

s AL ot
+3y8 ladenanod). (fipm Fraraple | Snsupgerandaheny] isoerantia AGP Hphy52

(’rﬁh@lt) Mﬁrﬂg)sweﬁ QoS Birded iR &1BEheas My andeieated in a 68X Bﬁltﬁsak 110 - 120

% (f%r % hiows aag Hsprt 430 i B S horssred i copling £hs yeagtiop jxture
byl eanceirtrgyd bind dtufadebwithlhpyanesi WiersolRd easilue (Wi elidfied BRflash

%I%ro'g?a{o r%pq'%'a(i_lr%lé?tﬁg \éﬁ)eny(%{ﬁkcet;? rﬂi@!{a e?)dto(glve%he intermediate (£)-

lp[ﬂe(ﬁydlﬂowomvemdmﬂ ghyl-128 ﬂjaomwrmenhmwhmﬁl}jé phenyl-urea.
@m?r@ 7 PYBLBiI - 2-one WD 2004/ 041822
EP5063 0 1896 40\ N\ NIII,HNNNOF \ I \ |

455. 5%13 urea was suspended in freshly distilled tetrahydrofuran (3 mL) and cooled 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



()-7-Chloro-3-(2-fl uoro-4-net hoxy-phenyl)-4-nethyl - |
- phenyl - 3, 4-di hydro- | H

w@eosiadef 4, 5-d] pyri m din-2-one (0.21 g; 0.53 PEDEP2003/011896

10

15

20

(from Exanpl e 16¢ supra) and 5 aniline (450 L; 4.94
mol) (Al drich) were conbi ned-4hd heated at 110 C for
1 hour. After cooling, the mxture was triturated

wi th hexanes. The solid residue Ussol ved in

di chl or onet hane and washe J:gﬁgr and brine, dried
over anhydrous sodlun1su aie filtered and

concentrated. Purifi caw cash chr omat ogr aphy
(Bi otage 12M 40:60 to ' et hyl acetate - hexanes
gradi ent) and then cr II| Ji on from

di chl oronet hane 10 et hér gave
()-3-(2-fluoro-4-nmethoxy-phenyl)-4-nethyl-1|-phenyl-7-p
henyl am no- 3, 4- 455.50

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

38y il e e B e PO BBl -

i ivteigoft,5-d]pEemiBR-D;- ofeo(red :g; 856 nirBG1 (fré&dirgpl @k cEpra) and
yhile (4ol 0o i é{g&&ﬁfwéré E‘%ﬂgn QSN L1 TP hour.

Aften gesingy the gnxt]ureguas tp:;tura’pqd\m@; angsO e4g il gaidug yas fhssolved in
Bich{FoftePlanb bt Was@ﬁéﬂ Wﬂh%ﬁasand)ﬂr)ne, &lidWiler anhydrous sodium sulfate,

fluqQro-4-ne nyl.) 20 (1.15
##61 3&6%6% 1 @&&Yi@%o F ARt 1380 40:60 t0
3069 @ﬂﬂpi@ﬂ&é he&@ﬁé&%ﬂﬁ1@lt§ @ncﬁﬁmg cr}@taﬂﬂzaﬁcm)fr)m( d&kioiahdthane -

L 0| u (%btm,ogé) éﬁ%gmg%ﬁtp lj']4 8 -1- bﬁenytl 9 ephe%iilgngno 3,4-
Iddmdso almnrmdQM hrg] pwlmmmmempemtl selid. t (Veeld 8201 S1%).
was concentrated and triturated with hexanes. The

?\Kélﬂﬁ ff&h@rzu@' zym: mm(@@““m/zfdmtw%@ §}@ zg%wmﬂr)

et hyl acetate 00
Iﬂéﬁﬂﬁiﬁg@}‘bfﬂ @@%32 41 hexanes) to give the
i nternedi ate
() - 1EkdmpR-9ahl or o- pyri m di n-5-yl ) -ethyl]-3-(3-cyano-
pheny) - 1- ( 2- fI uor o- 4- net hoxy- phenyl )- urea. (Yield

1. 20 re € re
di stitt ? 30[]/ r aher ?Pﬁ?oa% r%?itﬁ ﬁtﬁg&ﬁg %81&%8](11 % 5’:@ ¥4 dihydro-
|2&pyr1mrdqﬁ’é5bﬁp§mmiﬂ@mds)é |-benzosittilebut oxi de (1. O M | n
tetrahydrofuran; 2.70 nL; 2.70 5 mol) (Al drich) was

added dropwi se to the suspensio 8 mnutes. The
reaction mxture was sti ed f n additi onal 15
|t

mnutes in the cold andjl\hé f/L Fredthrough a
N7 N0
:l Ny

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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bed of silica gel (7 - 8 g), eluting with 1:1 ethyl
acetate - hexanes and then ethyl acetate.

w2t i on by flash chromat ography (Bi ot ageP@tﬂm'zoos/ons%

40: 60 to 50:50 ethyl acetate hexanes) gave
()-3-[7-chl oro- 3- (2- f I uor o- 4- 1Bt hoxy- phenyl ) - 4- net hyl -

Brnyen 08 S Pyrntsrefiated i fyr @blara: b @ e
P&r@)mﬁtl‘hl@@m-ﬂwﬂ(oify@hdnﬁ) Jitey;(Yichb1.80@oxesm).l for
two steps). Exanple 9b ()- 3- [

r3n ggT]gll ﬁ?&fagva% g%teﬁg%% N @% 81 %[IEIL%%{ dror I(%?(nr? 10 1%?? nl%/% &ooled in

aibisnz brine batlhe Olassituhiert-butagide HNMm@t‘Fahydﬁ)fNanABm B1L; 2.70

@mﬁ? (Ald171c agdgﬁ dro W13e to the su ensmn over 8 rnlnutes Ehe eaction
(2-f1uoro- t oxy phe ﬁ%%ﬁﬂ - 0X0- [ of
muztmrepwusmra ﬁmtefiyﬁ}a%%%mep.ﬂl@red through a

0dd 83illa gd. (42 8@)0511}’& WitHN el Rtald ahexaHBY ) thas eth 1 acetate.

SRS s B Sonb Dl s o bt

heaatd) gaveniby3uf/echla®- 3 (3-Alubb - frasahoxyep iyt F4-#bhyi2) 0xo-3,4-

%ﬁdﬁo@%%@?ﬁﬂgo gﬁg{?ﬁ%?ﬁfﬁg b}ﬁ%ﬁ%ﬂéése aln%vﬂltg th% #Ud 111 g
Pt8% arptallyfor tyworensbol i ng, the solid was col |l ected,
washed with nmet hanol and then ether and dried under

hi ghpyaepleopt o give () -3-
[3 (2 fl'uor o- 4- nethoxy phenyl)

e L P A R R o G A i il ey s 4

dihy8&-B¥pyritnigold 5-dipyeifnitin- & ylidiearomtrilaas
recrystallized from dichloronethane - ether -

petrol eum et her for charact erl z and testing.
(Yield 0.22 9). I\/Eltlng 0| - 228 C.

HR- MS(ES+) mz Cal cul ate FI\I602 ([ MeH] +) -
481.1783; Found: 481. 1% 7/ 041822

PCT/ EP2003/ 011896 -42- 10 ()-3- [ 3 -
(2- Fl uor o- 4- et hoxy-p I ) rret hyl - 2- oxo-
7- phenyl ami no- 3, 4- di hydr o- ZF¥pys| mi do [ 4, 5-d]

pyrimdin-1-yl] -benzamde N\ N
480.51

(%)-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.



HNN NOF \ 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

f S p%gtug% n&t‘teer stli’r?n%f%lf gk ?‘Bﬁgtgs, lva‘Péé%%ﬁ H&&Qﬁnd a Wlé1te so|}11)d
.pmecmrenterdmwmf @cﬂun@m Tz seliyl wmagoﬂeﬁ@d werded "\’afsld'ﬁWF

tﬂlks%luftfoﬁ%? ke 56[13 Qézflﬁl@dls%ﬁlfﬁz%ﬂﬂoﬁlﬁﬁes &\&%}ﬂ@r@n{&}ﬁﬂﬂee Snethanol -
After stlrrlnq or 40 mnusw%1 @ﬂﬁﬁé EH#@I (,0. Al ;
Eetopitrpls. e polvent mixiyrs wayt dist tggryst ize ou
15 @rﬂ@olﬁﬁi&ﬁ.r'@mlr@%ﬁm@a@bﬁ @ive 6AP3-N82-3Rord-AuhethoxyFpRenyl)-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%).

1

o

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;
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reaction was quenched with the addition of 25% aqueous
anmmoni um chl oride solution (20 nL) and then diluted

wowadoh/oesky/| acetate and water. The organi ¢ phaBeT/mR=03/011896

washed with a second portion of aqueous ammoni um
chl ori de solution and then bri4de, dried over
anhydrous sodium sulfate, filtered, and concentrated.

THemmed) driasvasariled doppyse rod FIEEE CORRMRS B AFRRLCs to
B2t 20D AR Fitick): DN i 43 p RBmedity (0.5008 BB enmol) € ARIRS) in

gradi t . . .
ryepordan b enPhives Bgn pidedidromri fo Gl iy PrapssHiRs sglution
dver (Singhicted). ABer@tirdd; B0 mifxagpbbutyrdddhyde §.61 mL; 6.72 mmol)
@i&r:?crh? %I%-F\I%@e%t c?%lr égrrggg%ls Ind s%irf]ihg LS toV oM 130 Gnindtes. The
Kectibn(veas 4B dietlovith thy pilditidn of 85% Ryuenusanimyenipmopigiide sglution

{:28 Eﬁ%)njagélqwl?ﬁiﬁ%’ewl)eg}% L QBEXR W @r. 1P SYURKiBbh¥RSvas washed

witl @ seeapfl portmdef @Hyowa{rgg%/i%eﬁgfg%%woﬁﬁ il brine, dried
Seb hARAAEL W ARk HEfakd, fiftbled] drdhdontenthedd) Tireaksidid wasepurified by

h Xt . Only f i al '
116 shiasatoSiany oten B i TR gt e s nsbSF k8Gan to
gma)Q:B)-K—&,d{diﬁﬂ@rovm&imidﬁed-yﬂ)mm}@mropm1—01.R(éé'\dd 0@A g; 33.4%).
m xture was stirred for 10 m nutes and then

partéi' dibetween ethyl acetate and water. The
organﬁ%ﬂgﬁase was washed with brine, dried over

anhydrous sodium sulfate, filtered and, cqncentrat ed.
Pur | G‘fq')cﬁaﬁ1-8ﬁ0@9-2rm§}¥1-@mwﬁa%%"&ﬂ(§§ﬁ9'P(YBlinagg’ﬁe 12M)

gave

- ()-5-(1-brono- 2- et hyl - propyl ) -"&;4-di chl oro- pyri m di ne

as a colorless oil. 25 (el o\ ; 33.79% .
Exanple Ilc () - [ 1- ( W % &
(2,4-Dichloro-pyrimdin-5 N“2:aret hyl - propyl ]
- (4- net hoxy-phenyl)- amne il * NNH C~NC W
2004/ 041822 PCT/ EP2003/ 0118933 gg44 326. 23 :

(+)-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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()-5-(1-Brono- 2-net hyl - propyl ) -2, 4-di chl or o- pyri m di ne
(88.7ng; 0.312 mmol) (from Exanple 19b supra) was

W@ oooiosse Wi t h pot assi um carbonate (47.4 ng; OPGHEP2003/011896

nol ), potassium i odide (14.9 ; 0.09 mmol) and

p-ani sidine (38.7 ny; 0.31 mot)-5 (Aldrich) and
stirred at roomtenperature overnight. The reaction

m xture was diluted wth eﬁﬁ§ﬂ3acetate and washed

with water and then brine. The organic phase with
(?iif)l—fE—Ql Boygib- Bﬁﬁﬂ@ﬂ@u@py@oﬂwmmwoﬁmﬂmdinel B&Vﬁ@ 0.anmmol)

?9{5 ! %%;I%P s_ulﬁmg%rla% %or%l%ngg%ﬂ% Igy as%%rgl:]cg ona e 49&'&1%% 0.34
gmadl), M@SSlnglled(d)ﬁ-(I{ 9 mg; 0.09 mmol) and p- an1s1d1ne (38.7 mg; 0.31 mmol)
éz‘?lgllﬁcﬁ}) aﬂig%gllr%genf}%/ o ggrni:}gnepatére&vﬁrégﬁeﬂl %ea%ﬁ@lp?ﬁ]it%resm}gs diluted

epvbacetatg apd washed with water and then brine. The organic phase with dried
0\76'r @Hhﬁ&x@ué’rsdd&&ﬁ%@]@é& tefed; ARt QXyntpdted YPﬁnﬁlcaﬂbﬁ BY ﬂas’h

%Iml‘g C?érgplw @%&%512%385?% g gg) t%%f acn%age nhexanes gra%— ént) gave (+)-

ﬂl*(ﬁ‘l-@idm@bl-p)/irﬁnlﬁw Byl)eld- meﬂi}d{-lp)elﬂﬂ et-methoay-qghyl)-amine. (Yield

Eé 59%§§ phenyl)- amine (35.0 ng; 0.107 nmmol) (from
supra) and phenyl isocyanate (12.8 L;

0.12 nnnlé (Aldrich) were conmbined in toluene (0.6
m.) , Examapled ldnd heated in a nicrowave reactor
(SmthCreator7M 160 seconds to a maxi num of 146 C,

t hen(B09.Elowesangfopst-3-16Gn&hoBshdniyn)al- buer@(l@ 45@159&;@511{-
at 18 g% he .reaction was inconplete, and

RYSHREAQ PEERtY ¥ %d and purified by flash
chromat ogr aphy (Bi otage 12M 20: 80 ethyl acetate -
hexanes) to give the interme @

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

2-met hyl - propyl ] -1-(4- ngnhp y/@henyl) 3- phenyl - ur ea.
(Yield 24.0 ng). This Pntérnidi@te urea was di ssol ved
in freshly distilled tetrah ofuran (0.4 nlL) and the
25 resulting solution was c¢ ed in an ice - brine

bat h. Potassiumtert-butoxide (1.0 Min

tetrahydrofuran; 60 L; 0.06 muol) (Al drich) was added.
The m xture was stirred for 4B.89m nutes in the cold

and then the bath was renpved and stirring conti nued

I g: O H’]%é’c gllc fbu#qu‘gigld}ﬁl?— an%%tﬁﬁ‘é’%ﬁafl (4 %&H?Xy—phenyl)
8.0 ). 07| g d s Ereanle Masaprisd aadh ah%rml Bhcepate (12.8 L;

GIm @nrhbl‘ TAGH @D Qreflr doHRh Q1M [tolBeh K OWON 2N Qéd @ diPiZeated in a
PCT/ EP2003/ 01

microwave reactor %Ssm%lCreator , 160 seconds to a maximum of 146 °C, then 800
seconds at 160 °C, and finally 600 seconds at180 °C). The reaction was incomplete, and
the mixture was concentrated and purified by flash chromatography (Biotage 12M; 20:80
ethyl acetate - hexanes) to give the intermediate (+)-1-[1-(2,4-dichloro-pyrimidin-5-yl)-
2-methyl-propyl]-1-(4-methoxy-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-
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nmet hoxy- phenyl ) - 1- phenyl - 3, 4-di hydro-| H pyrim 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-

ga%g@%‘g%]gﬁ%%g%%%%% &g%ﬂﬁﬂrﬁgﬁ (from Example 19d supra) and
eilipe 45Die Bronsl)(ldsidirverarspmbipsd 4nd hfiated iy @n 2g bgth at 100 °C

%o I\}_g%(lgquo roglfdblgfeﬂil ﬁ’ll%gr@nmri]% x’v%s tﬁlgﬂraﬁ‘)i’mth hexanes and the supernatant
was desaaked ofh res1<¥ ue was dlssolved in en&fyl acetate arqggvashed 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



chl or o- 5- met hoxyani I'i ne hydrochl oride (0.15 g; 0.77
mmol ) (Al drich) were conbined (neat) and heated in an

\N@BMM@GBMZat 90 C for 16 hours. Upon cooling, PEEEP2003/011896
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m xture was 5 taken up in ethyl acetate and washed
with water and then brine. Thelbor gani c phase was

dried over anhydrous sodiumsul fate, filtered, and
conclenthaitchlorqs(F-beamoeshylbpytimidine (B} Sn%?t%ﬁl‘“&@n( om

ﬁ)ﬁn%l@% u‘bQM 1\15N52§1s$;%o§y'iet%§1aﬁiuliefdo @QﬁLa;t. £7 mofxeXlesich) and 2-

%l 1 e nt q‘_( Tl
o1D- &n@ﬁthwwe%nﬁw ﬁf}&Plﬁ e5 A58 8K ;’?‘Pl}loﬁ éﬁf‘ﬂ & Wg{ bined
ek aﬁd hé&e@% an di0bdtk an@l & fo2h6 hours. Upon cooling, the mixture was

‘g]i(% BRYI € t%olzgcafl(aﬁfgﬂ yasﬁe&»&ﬁ }tfv%%g %mp ﬁleepl){) 1)ne4TH?BHg\éhlc phase was

ﬂlﬁle(ﬁeﬂ}: pyliydrbai sodRmo ndfate] filtendd) and cOhedutited. @urifjcption by flash
w%cgg?]%my Béot%%e 41%)M 5: 95 to 1§3/ 8')5 ifl cetate hexanes grachent) gave (2)-

€4- chlBroy b ymethbnpyl-phea) rlé- (2(47®clmlgro-9m11nd4ﬁe’4 )}1 @‘3}?@ tine! (Yield
529gp&§9%9a supra) was conbi ned with phenyl isocyanate

; 55 nmol) (Al drich) and heated (neat) at 150
C for 65 nutes. Thin [ayer chromat ography anal ysis
showk Hﬂgﬁﬁé nreacted starting material remined.
Addi tional isocyanate (20 L; 0.18 nmmol) was added and
the (i xVGHodoen! 2 dhlato-350etidiyepheuyl) 2o metiil i heayl-36-dihydro-

ut es. | al i xanes was added. After

E%P?¥ﬂnndoHF§Q1gﬁberﬁg?§%§ was decanted off and the
residue dried to give the internedi ate
()-1-(2-chl oro-5- nethoxy-phenyl)-%- [ 1-
(2-chloropyrimdin-5-yl) -ethyl] phenyl urea which

cont ai ned about 20963tart| by HPLC. This
internedi ate urea m xture Ma di'ss Ived in
tetrahydrofuran (0.5 nLﬁl oled in an ice -
brine bath. Potassiumtert-b ide (1.0 Min
tetrahydrofuran; 200 L; 0.2 ) was added

dropwi se. The m xture was stirfed for 15 mnutes in
the cold and then the bath was renpoved and stirring
cpntinued for another 5 m nuis2g The m xture was
filtered through a bed of silica gel (- 1 g) and washed

et e (b snee e eset b NI R et amine
{90 hdgt ed1 bymbl) aﬁblmﬁambfe(ﬁ@atm;g‘u}awhwcc(rﬁpmechgéh ;p,’@mpyl isocyanate (60
\}(% @88 E}I&ﬁ-@ ég.gi %w@ge%ge?%ég t%agﬂ%a@%) 65 Ridk¥€ i Tayer
chromatography analysis showed some unreacted starting material remained. 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-



-47 chl oro-3- (2-chl oro-5-net hoxy-phenyl) -4-nethyl-
- phenyl - 3, 4-di hydro- | H

w@eosiade] 4, 5-d] pyri m din-2-one. (Yield 45.8 negT/AEPHN3/011896

overall for two experinments). Exanple 12c

() - 3-(2- Chl or o- 5- net hoxy- pheny#j = 4- net hyl -

| - phenyl - 7- phenyl am no-3, 4- 5 di hydro-| H pyrim do
Filo B8] 2 sl ScPAERXpbeer - Rgtayl: NpBRsHEC- Gy - H-

) p 9RO (Vi s 409 eriments).
PERRIAC b frRATOE, (Y190 458 mg 0% geral for two experiments)
- phenyl -3, 4-di hydro-1 H pyri m do[ 4, 5-d] pyri m di n-2-one
(0. 28%ymrle 129 nmol ) (from Exanpl e 20b supra) was 10
conbined with aniline (150 L; 1.65 mmol) (Aldrich) and
heat éd)-p+{2-athlerok5-beethoxatphkad)-@-mkthyl- ipbiatyl 70 phenylangiso-3,4-

Qn.c ing,.t rresidua.wgs triturated with hexanes
gﬁﬁﬁFﬁgﬁhﬂgngppﬁ%ﬁ %%%ﬁggﬁmgthyl acetate and water.
The organi c phase was washed with brjne, dried over
anhydrous sodiumsulfate, filtered,? and concentr at ed.

The crude material was purified | ash
chr omat ogr aphy ( Bi ot age, 40 X thyl acetate -
hexanes) to give 15 N Y
() - 3- (2- chl or o- 5- et hoxys Nfgé-oﬁet hyl - | - phenyl - 7- p
henyl am no- 3, 4- di hydr o-
¥a
7%

1H pyri m do[ 4, 5-d] pyrim e as alight yell ow
solid. (Yield 0.15 g; . : R- MS(ES+) m z

Cal cul ated for C26H22C1IN502 ([ M+H] +): 472.1535; Found:
472.1537. Exanple 13a

.95
(S)-(+)-3-(tert-Butyl-diphenyl -silanyl oxy)-2-methyl pro

' id /[ Chiral 0,20,342.51 . Meth )
(s oSyt 3-mePlyr gh b Azs eyl heyl-2g-glgrazo- 18-
Bikid4 (Al sdd Jpetinidas2-oné €520 g Odi9immdl)d hbor Brmetilan@b (p1) was

o GBS L s PSS SR P a0

15

20

(fé aboiut ) mamates. dFporbestolingdhptrsiddyie siap {rituediedwitt dexanegend then
rﬂa'rtitgon%é HIRe) 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
(£)-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
@ 0
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;



(Al drich) were added and the m xture was stirred at
anbi ent tenperature for 3 hours. The reaction was

walzdouped22v t h addi ti onal di chl or onet hane, was hecT/BP2003/011896

10

15

20

25

wat er and brine, dried over anhydrous sodi um sul f ate,
filtered, and concentrated to—#ﬁeld met hyl (S)-(+) 5
3-(tert- butyl di phenyl - S|Ianylo -nmeth I-proglonate

h$4hmnmlb (Aldrglo)| apndFert-pugyl-dshegyis yl chiﬁrlée $¢mles g2 pmol)
ég}h gwer@ a8RdiEIthe ise@;&gﬁé \?&Shi’@gtail:q :i‘m!n@fét‘.(’) t@hﬁp@fa%ﬂérf@m hours.
i fi W ueou
'ﬁb@ye@g@%w:esldl_éltqqa witlya nal flgr ’fl'ﬁaﬂe,a/vvaéﬁﬁcf m wafer and brine,
Akl evr ahﬁ)gmglﬁ@odﬁﬁn sulfiee, Ifﬂitaﬂeﬂl ot mémraﬁeleeld methyl (S)-(+)-
e en, et t at e ter 0
Bie-pr G DTSRy BT Py et 8 i o7 & o885

organic lo phase was washed with water and brine,

- dri eThivwiyl-etreny 3l b gss. $ouimoh) wad dissobved in tefrahpdtofuramd methanol

?gﬂc:ﬁﬂts ﬁéfgﬁ;‘:d @’Hﬁ 'aéﬁ&ﬁts ls cﬂuf?yhgfdk(ﬁ&& QY RIMES. @HIROY mmol)

I‘'ot age tate,. - hexanes)

- OBynigh atamth@rttteremrwurau BheTRIFLR MRS PWW?@F%@FWBD ethyl .

RécRitE @nd Feteta@bad@diibd WehoH NhydfothRkid a2idd6 p§l ~ @8 Th¥forganic

P TS MERTE TS e AR A et ARy g e, fltered,

&hd eadcentrBie@ Phrificatidh by 42shT¢hirematgeapha I(BMe geNe et dthyl

g)tf’cf ;Jxe)g;m(es[ Saye (éel t(—I—I) ngerf~I } filﬁhleréyﬁ y’s z X}g/ gxy% -2~ mehh)}l}pro ionic
pﬂdﬁﬁ@“@dﬁdﬂﬁb Xﬁﬂ@20§g2@3ﬂﬁ mol ) (from Exanple 21la
supra) was di ssolved in dichloronethane (3 nL, dried

over g A?Eqbgr sieves). Triethylam ne (0.36 nL; 2.58
mml ) (Aldrich) was added and the solution was cool ed

in an.ice bat Et h hIo formate (0.16 ni;
1.63 %Tt)But\éﬁé MR (\/\B%OPQ {ﬁ’g‘w se and(t he

m xture was stirred in the cold for 1 hour. The

m xture was then dil uted hcaddizt i onal

di chl or onet hane, washed water~and brine, 25 dried
over anhydrous sodlun1sulfa7/ fllﬂered and
concentrated to yield (S)-( -(t

but yl - di phenyl -si | anyl oxy) - 23 thylpropionic acid
chloride. To a solution of the above acid chloride in
acetone (4 nlL) was added a sg{u&ion of sodium azi de
(0.25 g; 3.85 mml) in water (4 1nL). The m xture was
stirred for 10 mnutes and then diluted with
dihitineteonkerdsgaeeraied imeitier . The organi ¢ phase was WO
2004/ 041822 PCT/ EP2003/ 011896 -49

(8)-(+)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionic acid (0.44 g; 1.20
mmol) (from Example 21a supra) was dissolved in dichloromethane (3 mlL, 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



washed with brine, dried over magnesi um sul f at e,
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

Paraag mﬁ%’g#t RS (b P "By oA L 2 dgobgon of (4)-[1-
20Q4dicMaR2RyREHi =200 3tholl (896ethekBphenyl)-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



/110l  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- IH-pyr| m do[ 4, 5-d] pyrimd
in-2-one (0:286 g; 0.476 rrm)r)'5 (from Exanpl e 21c
supra). was conbined with aniline (0.50 niL; 5.49 mol)
5 (Aldrich) and heated in a /@'ba‘th at 90 C for 3
hours. The m xture was Nu?/ztxgg room tenperature and
partitioned between ethyl tate and water. The
organi ¢ phase was wi§he brine, dried over
anhydr ous sodi um sul e, \\ﬁ\gtered and concentr at ed.

FI ash chr omat ogr aphy i ot ages 40L; 40: 60 ethyl acetate
- hexanes) gave the silyl protected 9Pd8uct. (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
HAreoqRee 3?@8%{%3%9} § 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

(Wkhéd WitBbfiherdrieBuoty anthy ptoen yodisinl salfyte oidyereambidmgbnpraged.
&iu(%ﬂi'cgtio&}lcﬁ)gﬂish\chllon’?&gélragfly @i(gejge QM; 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



342.51 WO 2004/ 041822 PCT/ EP2003/011896 - 51 Met hyl
(R -(-)-3-hydroxy-2-nmet hyl propi onate (30.81 g; 260.8

woreip4i82¢ dri ch) was di ssol ved i n di chl or onet PEIEPZ088011896
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m., dried over nol ecul ar sieveg). Imdazole (25.11 g;
365.1 mmol ) (Aldrich) and tert-butyl-di phenyl sjlyl

o MERBE OB T Bl o) ey ot
swaﬁ w@ve&nneiw}é@r@meélm%%mdnhdr&sl qQuiet motegulat pigyrs). Imidazole
0!2& Ul g’,@%g‘itrﬁﬁlﬁﬁl (ﬁ%ﬁ@:hg%ﬂd teV‘@%LE’El?l‘g%ﬂﬂasrg/rl51%}§6n&e2(68 0894 ; 261.5
Pﬁ R?@?}cilgwere adﬁp# o @é mixfge Waﬁ%gfﬁdraétr%%mttenwéiuae for 6
metihy IThe Rraction was (ileted vbﬂhta&dHrt@bﬁMd}&brcﬁnéthind 08y A;washed with
nat
\/Y;atc% é& %cquSS Fnl_g taﬁg% a2 ﬁm 1g(§ mwg (draa% o%eﬁ anhédggus soctl11um sulfate,

tﬁé&eredhgfdir@ﬂmmted tcestlelémﬁthﬂéR)ﬂ ) £0(tg73 uinl)diplzamgil-silanyloxy)-2-
%nﬁaﬂg(ﬁrbgfén%ﬂela@aﬁgﬂe?ﬁéld%%'gam hydroxi de (1.0 N, 300.0

for 46 hours at roomtenperature. The
reac xt.u concent  ated, .under uce
pr es?@.lsecrtl Flalre et @4&% ) §fas f‘ﬁé"l‘é"rdg‘élﬁ?téa@ér(%fg??t“s methgpol (3:1,
tare Ehlg hmki Q@olﬂdﬂeh V\&tH‘aqheo@Qeﬂlahehyd%kﬁé (EON BO@O infl; 300.0 mmol)
was._ a

g%%%lt%ns ﬁgfap%ﬁ%{n&e{a ure, Cl)fh fegﬁtbonnlil_a)lﬁul:lehvgas cgncenttrate]d under
srapmeépmdsuarmtb temeove (pgeirif thepirgaec swveniva she dlejg&llh&mdhmth ethyl

tgtre 9&2@ p(fdcljl%g in o kc@d WAt g ath] ﬁ%q‘ﬁ%e %\%g by Wit e aqueous

tere centrate gave
(Imﬁrqchbor@ﬂgde(ﬁeo sy hellapere wymsgpqraWWstl)e Pgpic RPRss Mgs washed
R W SrePSl Pb 5 HAE Db anE)FH%blhs %Hﬁiﬂﬁ Elﬂfe@é t@t%fk)ﬂ!) and concentrated to
%gsezgtage (156% ! y@(ﬁﬁ’dw tgﬁﬂagyloxl\)/f? 2-het eylp%gp/{)ongc\gc% containing
(SR))aHtaﬁfcﬁm&ﬂf)el:hyﬂ a¢eweyhmatty orap estipmtydibp N tsbd 2696, (Yield 90.4 g;
ghéb/ , Qo . N 311.42 This material was generated

Itu.

(R -3-(tert-Butyl -di phenyl -si | anyl oxy) - 2- met hyl pr opi on
i ¢ adixample Blb3g; 1.48 25 nmol) (from Exanpl e 22a
supra) was dissolved in dichloronethane (4 nL, dried

OVer (RIBALEULAD-i8b §¥RRd-prdpdxOliphbayRinge (0. 42 mi; 2. 98
I)( %I%\Iérdrl Jf:}ﬁ; vvacg addgél %r}fg ? lWﬂsol uti on was cool ed

in an ice - water bath. Et hloroformate(o 17 m;

1.78 mmol)
7@

. 311.42
This material was generated in situ.

(R)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionic acid (0.508g; 1.48
mmol) (from Example 22a supra) was dissolved in dichloromethane (4 mL, dried over
molecular sieves). Triethylamine (0.42 mL; 2.98 mmol) (Aldrich) was added and the
solution was cooled in an ice - water bath. Ethyl 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
water and then brine. The organic phase was dried over sodium sulfate and

concentrated.



(Al drich) was added dropw se and the m xture was
stirred in the cold for 50 m nutes. The reaction

worzoot4x822vas di |l uted with additi onal di chl or oneCTYEPZ®03/011896
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. dreatedl insae pil hathrat 12 UT.aVigeiams edtyogengas ewokutaah quic
i !11 sftbd, %ﬁ)ot Ft b\}%w%eﬁgatot § BRy-AheRMQanE b Rh AL Gk Y

and washed with 30 water and_then brine. The organic
phase was dried over sodiun1su| ate and concentrat ed.

Uhi ﬁ‘éﬁ%ﬁ%ﬁﬁ%f’% O e
solysign gf s@bﬂl@taﬂ@ﬁ OR9 gkt lummpd) imavater, (Bonky, Thesnixpye Wps stirred at

'trBor\fﬁEI% et(aﬁlrf@f()r lfgﬂﬁu@s %hy H?en%ﬁlﬁ&ﬂﬂﬂ‘i F&’c%lﬁgnal H%t : Bromethane and
enperature for m nu en.diluted w

ARt i1 OR QreagiMast BREYH éﬁiwgﬂg’ n\?\l&f{] 51% Overmaghegyp ulfate and
Rbasataesl tog e (R)ve-(forttbuityleliplinys Gilamybﬁcy)-mgmliylpfﬁpmnyl azide.
sul fate and 5 concentrated to yield

( R) a?’hﬁ a%rc{e.l&? %tdygsolg%f[){r]lecnweag é SaIFAYJI cgtxé/d) R HR%%&%@%@ 69&) and

i'n tol
regilted yielding

resu ted'y

(rrz)rr%n@fsm%tws mategigkyas e bWEPOHBYgAtEny | si | ane by
the Curtius rearrangenent. ThIS mat eri al was used

Wi t h@sthmpleidici cation. 10 Exanple 1l4c 3-

[ 2- tert-ButyI di phenyl - si | anyl oxy-1-(R)-net hyl -et hyl ]

-1-( ' r 3 l
(4. et R i S e e R e
@Jdliorgpym@udlgﬁ -A3rthgy-1 ﬂ_ésmethoxyphenyl) urea

(R -tert-Butyl -2-isocyanat o- propoxy di phenyl sil ane
(generated in situ fron11(90 g, nmol of

(R -3-(tert-butyl - dlphe SI Xy) - 2- met hyl pr opi on
ic acid) (from Exanple b su ra in hot toluene (4
nm.) was treated with act0 [ution of ()-[1-

(2, 4-di chl oro-pyri m di n-5- yI eth - (4- met hoxy- phenyl
)-amne (0.74 g; 2.38 mmuol) ro anple Id supra).

The sol ution was heat ed @@ﬂllS si C for 3 hours and
then 20 cool ed to roomtenper » The crude reaction
solution was purified by flas hr omat ogr aphy

(multiple runs with Bi otage 40L colums; 35:65 ethyl
acetate - hexanes), which successfully separated the
two di astereoners. The firsto6#.681 ng di ast ereoner, 3-
[2- tert-butyl-di phenyl-silanyl oxy- 1-

( R) f‘(g %,If B%)p;;?l L]SOC}’%'D&BJSDIOIL&Y diphenylsilane (generated in situ from 1.00 g,

% apmpl pL( Eflﬁ?ﬂ?ﬁ&@&%@ﬁyh rsilagylesy) - Jumetiylprapingdr agdy from

Hxaiphe Z%fsu?@l) in B&%oluend @l L PwAs'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
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%).



25 g; 25.7% . WO 2004/041822 PCT/ EP2003/011896 -53-
Exanpl e 14d 3- [2-tert-Butyl-di phenyl -silanyl oxy-

wo 2¢0Rp4mset hyl -ethyl] -1-(S)- [ 1-(2, 4- PCT/EP2003/011896

10

15

20

di chl oropyri m di n-5-yl) -ethyl 3 1- (4-nmethoxyphenyl)
-urea d /1 O NN\ CNHNO'T Chiral Si/ 5 637.69
The econfj uting di astereoner (from Exanple 22c
supr%‘ ]%5 tert-butyl - d| phenyl - si | anyl oxy- 1-

(R - msthyl-ethyl] -1-(S) -

1- ( 2 342eteHiusylodiphény- dliamybxyﬂ)(R)eltlBtiﬂvl]-ethYl -(8)-[1-(2,4-

R VRS e T AT
[ 2- | |
St7e(r::” Elrjgyls ((:ildf)henyl -sila \I ny/@/( R) - met hyl - et hyl ]

N
nmet hoxy- phenyl ) - (R) - 4- rrlaLh 3&4 di hydro 1H pyrl m do
[4,5-d] pyrinidin-2-oné

£2 NN CiJi1 N
NlJITOO ~SiCT 3 - [2-tert yk@phenyl si | anyl oxy-
| - (R -methyl-ethyl] -15(R)- 2, 4-
di chl oropyri m di n-5-yl) -ethy (4 nmet hoxyphenyl)
-urea (0.46 g, 96% purity; O.#ls mmol) (from

Exanpl e 22c supra) was dissol ved in anhydrous
tetrahydrofuran (2 nL) and cgjo)qu in an ice - brine
bat h. Potassiumtert-butoxide (I.0 Min
tetrahydrofuran; 0.85 nL; 0.85 nmol) (Al dI‘ICh% was
addehdseqonil shitingatiassrennprr Gom Fraenpie $dasmaraless[2-tert-butyl-

V%\lltzlaﬁ}{ehﬁdsﬂ\';tgylt)%IQQ???{tﬁﬂgellg%ﬂllf(ﬁh gﬁ ?M1&Jgﬁ6 ﬁ%l&?ﬁ%hyl) ethyl]-
it thometho nmieeny A% 95 APRANGH arithend &5 P%? {th{%‘ﬁ@#%& 24.1%).

bed of silica gel and 20 eluted with ethyl acetate.
Thi s Egaim@k Jeoduct was purified by flash
chromat ography (Bi otage 40M 25:75 ethyl acetate -

hexanes) L9 sfioi&idndnd -Gl GhibxP Ui YRy SR Mly1] - 7-chloro-3-(4-

methoxy-phenyl)-(R)-4-methyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one
Chiral | /©/ o<
e
Cl)\ N7 )N;J*o
L
SI\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
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
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-



WD 2004/ 041822 PCT/ EP2003/ 011896 -54
sil anyl oxy)-1-(R) - et hyl - et hyl ]

W0 Ze0ghkseDd- 3- ( 4- net hoxy- phenyl ) - (R) - 4- met hyl - 3PAF/EP2003/011896
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di hydro-| H pyri m do[ 4, 5-d] pyri m' di n-2-one. (Yield 0.32
g; 7E |6% Exanpl e 14f 1- (2 = droxy- I - (R
- et hy h thox phenyl) .- 4-
v TS s rbieso s U RGeSy BB H - rgnetbyl-34
[dﬂw@r&-]lI—pp!fﬂrﬁldﬂﬁ[&lS-Zl—]pﬁﬁnﬂﬁh—aaine K deldN).32 g; RGN O \ |
OH 419.49 A solution of
1|][2 tert gtyl di phenyl - si | anyl oxy) - 1- (R) - met hyl - et h
y -

3- (4- met hoxy- phenyl ) - (R) - 4- net hyl - 3, 4- di hydr o- IH-pyr|
i do [l4(25Hpdropyi dn«rthszl - d)-3t(d rp@thgw-gherwl)sé Rrorephyl-7-

hE %}gﬁf@ %Zﬁo%w@ idif-21@n 1.32
ﬁmﬂﬁ dric nto gﬂ)? i)rr{kgd%edégber

mol ecul ar sieves) was heat ed |n ap Ook bath at 110 C
for 1.75 hours. The rea malon uted with ethyl
acetate and washed with -o brl ne, dried over
anhydr ous sodi um sul fat : gentrated. The crude
material was purified Ia h chr omat ogr aphy

(Bi ot age 40L; 40:60 et tate - hexanes) to give
15 1- [2- (tent-b utyl ¥ phenylo-”si  anyl oxy) -1- (R
-met hyl - ethyl] -3- (4-netho -%{wnyl) -4- (R -

nmet hyl - 7- phenyl am no- 3, 4- di h%@' | H pyrimdo[ 4, 5-d] pyr
i m di n-2-one. (Y|eId030 g; 81.6%. This materi al
showedscmien &f 1-[f-(tert- Hu¥l-dijphienyi-siteylord B R)-(r@itad-ethyl]-7-chloro-

e LT ER A 0P S OB g o

(@30 2. 6hntre@19 kingnmplaboe su7a) F0l inell096 Tkigk 32 oD
A!lcﬁ{dm i tAbereQ0.85 £ dhed Qwrsnoléféwarrsﬁa &) hap hm&i ©0@l @bath at

oomte erat Le and concentrate
tlalQeﬁ? faply gﬁ%‘t"ﬁyl %&féf%%wafgﬂ\%@w%@ et %Cﬁ{a%a%'@'wis ‘? B8q with water
amd BfreNdried hienaslijideshsauéiunasnifid aidsos cdittatads (ileatwle material

" and Co%gg @%{P %é?f&}f%g’ré‘léa%%@%w% g%L 4%) Igthg(lz acefate - hexanes) to give

Mem(m)butﬂahpmnmwbw)smR) meahyl@ﬁlyﬂ r Srifd-endlyoxy-phenyl)-4-(R)-
Ei? p&e ﬁ(xﬁﬂl%s?) g Y@d}o (11%@8{’4 5 @rnﬂﬁﬁﬁ%'—or?@ (Yield 0.30 g;
(8?)6"

- et hoxy
t Fhyip rrmiqmbﬁgpmdﬁn@ﬁso %y dr o- 1H

pyri m do[ 4, 5-d] pyrim di n-2-one as a white solid.
(i e"ﬂn@mléknﬂadng(olﬂ@ 0Me ki BY Wae Id[sbolvedhﬁ&nhydrﬁﬁs trahydrofuran

l_zRéSI\/Iggg@)Ad tﬁ% t%ﬁa%gylgn?rrno%sr)n toride( I(J Mﬁlﬁﬂtet}ahydroﬁlran, 1.3
mL; 1.30 mmol) (Aldrlch) 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



420. 2035 [a] = +53.3 (Rotation = +0.256; conc. = 4.8
mg/ mL (MeOH); X = 589 nm. 30 Exanple 15a WO

wQomdohouis22 PCT/ EP2003/ 011896 -55 1- PCT/EP2003/011896
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[2-(tert-ButyI-diphenyl-silanylgxy)-l-
(R -nmethyl -ethyl] -7-chloro-3-(4-nmet hoxy- phenyl)

-4- (S) et hyl - 3, 4-di hydr o-l b1 d dj 2 (A .
ovr | 1 G SR ey el P [ - giloro3- (4-methoxy
[pRet)-t-(Bhrnyathydi 3ph dilrytirs | Hepyyinodg [415-d Ryyrimetiing2-oae hy | |
-1-(S)- [ 1- (2,4 5

di chl oropyri m di n-5-yl) sghhyl] - %et hoxyphenyl ) -ure

a (0.44 g, 96% 66 mmol) fﬁonﬁfiﬁaple 22d supra) was

di ssol ved i n anhydrous t%t??hy rofuran (1.5 nL) and

cooled in anice - brig Ngot assi um tert - but oxi de

(1.0 Min tetrahydrof uran; QJ&g .. 0.80 mmol)

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

m xture was stirred in the cold 15 m nutes and

then the bath was renoved and fF?ing conti nued for

| 0 another 5 mnutes. The rea n m xture was

filtered through a bed of silica gel and eluted with
ethyl acetate. This crude product was purified by

f | asB-Chtearriutplgdiphényl-silBiybixage (Redkth3Dethpl] €t )+ 1-(2,4-

tate - h ' - [2- t- i | -
giﬁi%é(ﬁroﬁ r)%%c_ﬁ_él%n?g)e’gh#g t—%;(/z}/-_ﬁqee%}hc; ﬁén%r[) —ullgyk(ﬂléi Q,'%@@, % 'mimol)
-(frochﬁ/mle 23 drsufresy) ese ylispotsed injanhydrogy tetighydypfuran 41.5 mL) and
%B%ég rilg('a)./lél i'c"e?%ﬁin%%l[ g’ogis%hﬂl}’tﬁii(tfzﬂ}l@&g?%(;(lmi in (téﬁﬁRiyﬁr&ul?aﬁ; 0.80
9%&1% mg}q%&l%%r)r?wae &(_}cg%it %QRW_SB %ﬁ I;l%{‘l_uae_s. '(T §§> nzixture was stirred
-ieliddld for 1pheinyteathdthed tHe bith yak cemdvidd pyd istiirthg; continued for
Eﬁ%’@g;fgl-’ n%élrlkrsns'g%%%egét%rﬁg?a%@rre%\l?s liltkled Idnl\%owgﬂl\la Bed of Ailig_éel and

Ion

(dlwed withteshiyl eiepdie niis sivida @Wi}»@i{)vas nuriffed)by-flagh pyomatography
; 3 acetaté - hék: e Phenyd) batt-diphenyl-

?E@*ﬁiﬁ%?@?gﬁ?’ 'ﬁ?%‘f | &é‘sﬁ?%“”%%e FQ S atft-dipheny

iR - R)orethyk efhplg- 7gchleyosss (4rmsioxy Rhsay s raethgsd 4-

s:tip;rca))-mgyﬁﬂﬁdd[m,e-c(]gyrl&idfh;z-dnezJ(Y{amd).)w EAB%:h) in

tol'uene (0.25 nL, dried over nol ecul ar sieves) was

heat in bpil bath at 110 C for 2 hours. The

r eact T OR: diluted with ethyl acetate and washed

Wi th water WO 2004/041822 PCT/ EP2003/ 011896

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

. ) o
Chiral E /©/
T
HN/kN/ N/&

OH

0]

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



-56 and brine, dried over anhydrous sodium sul fate and
concentrated. The crude material was purified by

w0 b@sh4sb2 omat ogr aphy ( Bi ot age 40L; 40: 60 et hyPCHEPR108Y/€11896
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- hexanes) to give 1- =
[2-(tert-butyl-di phenyl si | anyl 8>Zy) 1- (R) - et hyl - et hyl

et ATIR bR s aneepyiepietng; A adsgpeier

iwas ghurifizgd by ﬂash(chr@hato@raﬁBy (Biotage Z@.; BP0 effiyl scetrie ehﬂzxahes) to give

81“%“@% S el ?%’nﬁlteﬂ{ﬁ%ﬂtf 4%%9 B R4S
(metbylri-phenyépneing b 4-ditwe 1 Hepyribido A, erhiimirnigh ir-Puel QBield 0.23

(73, OG/o)MTH”'s ngferianneived i ae; ofQ.930, 'TL 0 90 ol )
(Aldrich) at 50 C for 2 hours. The reaction vvas cool ed

tor ratur onc trae he r due
t akeﬂ&a&p‘nﬁﬁ fiiA 1022 G L Rl WSS e gt A oY @F%ﬁydrofuran
({ ZJO)mH)’nhdb:malﬂ@L wﬁlh’&lﬂraﬁﬁﬁyhtdqmvmunaﬂlhmﬂec(m.@ Man Itdﬂf‘ﬁlhydrofuran, 0.9
f t ur [
ISR ERD AN of S e 1B R RioR s P o room
demheretweendermsentrifeck a"ﬁb@reewduhwasysakm h}anmt)lylfagttlammd washed
%tlﬁvyt%f k) hE@BhQ@ tlflernoc{ﬁéat&ﬂ an}ﬁrﬁ?dﬁts§d1urrh§1¥1%féea§1d%ﬁ€entrated
hydr ox ﬁ Ry - met hyl - et hyl Y- 3-(4- net hoxy- phenyl') -
LPu(n@):atlon by ash chromatography (Biotage 40M 7:11:2 ethyl dcetate -
|E§éHdlM0n7etM1%nY1EﬁdﬂeQW1tﬁ 196 ﬁhle’th\éﬁbl) f&lﬂw@ﬂ'ﬁy‘ﬂﬂﬂ{llﬂzaﬁoﬂ oy ethyl
s R ot A L Ay phen-1-5)
Qad¢thyll ApbehylaminGE3HABNE OB 1HF prtethidp [4,5-d Py B0 (-2 Feoneras 2 white
2 8 (Rotation = -0.201; conc. = 3.2
%gﬁd %%ﬁ/&%g 59 3‘%essg nm). Exanple 16 20 1- [ 1-
Di chl or o-
ﬁwmg oS Bt S BT e Sl thshipr CoNsOs (el
Q20 NGB |Fo\1nd Habl2b32. [ofl== J‘éz@ (Ré@tidRZ -0A0M ot 23 0fmd/mL
]( %ﬂi} ggoro pyrlmdln yI) et hyl ]
E‘/E? ?1y|) amne 25 (378 ng, 1.27 mmol)
(from Exarrpl e id supra) and (S)-(-)-a-nethyl benzyl

i soc\Exnaipee (6205 ngy, 1.39 mmol) (Aldrich) in toluene (5
m.) was stirred at 100 C for 16 hours. After cooling

O 1 QO LAIPRIA LS RIS 3BL LN TL AL MER MRS LB - ifeds).-
e T

t hroug
OJLJ\Q
A

as
p%legyl ethyl -urea
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



silica gel and eluting with hexanes - ethyl acetate
(1:1) to give 1-[ 1-(2,4-dichloro- pyrimdin-5-yl)

WO edoapkis22  1- (4- net hoxy-phenyl) -3 - [I - (S) PCT/EP2003/011896
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-phenyl -ethyl] -urea as two 30 ;eparabl
di astereoners. Less pol ar di astef eomer (thin layer

C hr OE%EB%S ?g?{%‘ﬁ]@ J}SX an 3? QW ;r)rgéer()ﬁ%ﬁ% alfstffeowr éF'l&ld 284 mg,

Bae%ﬁg 47.8% and nDre polar di astereoner (Yield 284
ng, 50. 396 Exanpl e 17
7-Ch Qlﬂ g4- nethoxy phenyl) - 4- nethyl-l- [
[-(S)-p gnyl ethyl) , 4-di hydro- 5 1H pyrim do [4, 5-d]
2- 1 ol - .
gg{ L{r}}(édlhg@fﬁ ?ﬁ? met oxly—p}{en:}[rl)\zl rl}lleth I I}I (?) phl:n}lrl—let}}yl)QS @—dlhydro—

1Eﬂéwﬁﬁuﬂﬂﬂsﬁﬁpﬁhﬂﬁmyauﬁkdln 5-yl)-ethyl]-1-(4-nethoxy

-phenyl)-3- [1-(S)-phenyl-ethyl]-urea (less polar
dlastereoner 250 ng, 0.56 mol) Exanple 24
supra) in tetrahydrofuran (5]m ooled to 5 C was
treated with potassi umt®&rtyl o\’bufoxide (1.0 M
solution in tetrahydrof ~n0X62 i, 0.62 mol).

After stirring at 5 C for 18 lautes and then at room
tenperature for another 15 nnnﬂig., reaction m xture
was diluted with ethyl acetate™20 nL) and was washed
with water (2 x 10 nL) and dried over MgSO4. Sol vent

R T
(X S)epbwl—e‘ényﬁwl)ea éless ol Idgaaﬂerf»OerIWﬁlmﬂ: Qo[ mmBl)1(Erom Example
?}ir %q;pv\finntetrghgdg)&?gﬁgb i5GHLYVRSolS &S €t 5v§§{rkzéfedl RithRRtassium tert-

contal ns sone _so
ﬁmon in tet?%ydrofuran, 0.62 mL, 0.62 mmol? }\}ter stirring at 5 °C

301( sy Mﬁdﬁ%ﬂﬁﬁﬁﬂ%'rboﬂi te@bbturé f@heoieand aondtes,[reaction mixture

WS gl)lh-lgg él e&ﬁ)téh et%te 6)21'0 %LQ dﬂgﬂ?&d [ O l Q\Xt'i’xl V\rrrzlitgro(Z[XA'I 05 mﬂg and dried

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

solvent).
Example 18

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

foood
3

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.

Reaction mixture was then cooled to room temperature, diluted with toluene (3 mL) and



20 465.560 A suspension of crude
7-chl or o- 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- lo dihydro-1Hp /rHl 415-d] pyri mi di n-2-one

(500 ng, 1.14 mmol) (frofn Bkarpl € 1g supra) in
pyridine (1 nL) (Fi sher 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

[rﬁH((Ltte 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

t |8 gﬁ@m].)( tTéwetcog@glyq B¢ ﬁgﬁ{ap§,weé¢]§}4c5§§§1ye ly was rcrlleeh water (10
Iﬁﬂfiﬂ}ﬁ‘lﬁe @mrrﬂﬁ 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



O11.,@NH SimTo a solution of
trans-4-am nocycl ohexanol (5.0 g, 43.4 mmol) (TC US)

w0 p00284182hl or omet hane (100 nli) was added i m dBZDEPR2003/011896
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(14.78 g, 0.22 nol) (Al drich) 3@@ tert-
butyldinethylsilyl chloride (19763 g, 0.13 ol )

\(ﬁgtiuce? 539 rto% rest rT‘ESV%Fa di %trec(le w‘&% ettﬂy? ggettitg %d@ mf)u;{nd water (100

cohk &heroagzmtc lamevas\v@slz@bmmm 8@@@@/@@@@ sulotlc_tre g@ter and

ﬁ"‘yi &g%ag@g%ﬁlti S & a1 a) eh%ragér?ist'o%ﬂ% c‘f\@tfe 9&1&5% thrt\“utﬁ

cﬂ“@ﬁ %Sllaaly}@mneelqteeﬂeamwmhﬁdwwa@ umhemctﬁtm@ﬂhout further

sbifichish. (Wed@y.cad7e.Bpine, dried (MySO4), filtered
and concentrated to give crude trans-4-(tert-butyl -

di me i ié) nyl oxy) - cycl ohexyl am ne whi ch was used in
t he P&t g’vmthout further 5 purification. (Yield
7.62 g, 76.5% Exanpl e 20b ()- 1-

(tran$)4- stéadﬁydmxt—oﬁéo@skyl) 3- ((44mnfélphwrhelt»ﬁ)eﬂtyh9tgml Tre
4.5
pdgbrémzﬁtn- gdﬁg’m Boﬂfpﬁf %&J%%%Od ]“motgc{ﬂilo@I gfgeg. 5404 ]To

a sol ution of
trans-4-(tert-butyl-dinmethyl-gil
ne (500 ng, 2.20 nmol) (ﬁ"' fpcatypl e 28a supra) and
triethylamne (1.52 niL, N ) (Aldrich) in

di chl or onet hane (15 rTL) a 20% phosgene in

O\
oxy) - cycl ohexyl am

t ol uene solution (3.2 . nnDI) (Fluka) at 0 C
The resulting m xture st ed for 15 m nutes, then
filtered 15 and the filtrate @yas concentrated to a

resi due that was distilled at 110 C under high vacuum

usi ng a Kugel rohr appar at us gg %%h
trans-4-(tert-buty|-dinethyl P yl oxy) - cycl ohexyl

i socyanate (485 ng) as a colorless liquid. This

i Td £sdiibradferdrsdefrandueyl{d2aathyigsilaByl8¥y)reyolohexydsmnine (500 mg, 2.20

e

ajchloromethane (15 mL) was added a 20% phosgene in toluene so ut10n (3.2 mL, 6.50
%ﬁt&@c{'}?ﬁﬂ@)’éﬁ gecdi The'st)eé’dl'aln@tn@bt{ﬂe WwA-sHREN Y BRaRYkds; @eh Rltered

from
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.
Y XY: ¥ g q

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



Exanpl e 1d supra) and n-butyllithium (2.5 M solution
in hexanes, 295 L, 0.74 mmol) (Al drich) in anhydrous

wao edopakmgelr of uran (15 nlL) at -78 C. The resul tiPQI/EP2003/011896
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reaction mxture was allowed to stir and warmup to
roomtenperature within 2.25 hours and then
part it oned e The .et hyl
el Sguenas s o il HouR S gua
Si:thfo&txaethﬁnd: Csaméﬁamhwateofﬁ@é miL) at ®UC.t Sfter stiegnglfee 30 mainutes at 0 °C
rrle fw'gseg rgﬁflongcgﬁ%%% o@cﬁﬁ%@&aﬁé‘aﬁﬁ Oajl\ﬁﬁi ebits Hlium hydroxide

acet at anes
grrla‘ckpre fthe pkd of thﬁelqaecmsdwqr whs Fdjegted tpHiddyiadding selid squm

pﬁtﬁ'ohla‘é nFHé 3 hfé%aée‘%a@%&ﬂ s’& ath@dvied &v%lr %dlﬁﬁh) suﬁﬁt@ filtered and

resultin so ution was ed at 9Q our,s.
PORCERtTEied PN Ehe nesdting waidpe Was IPH&‘% %ﬁ]écaoﬁeffé%‘ﬂw witha 0 -

@w}o B I'Qféta@e ﬁiﬁéxsleesqg ¢kt Mhig 1ﬁ)édrprbd&d vkay d&@olved in
it AT AT i
Eﬁdﬁﬁﬁﬁl@%%%ﬁy -ph6ifyl)-trineetigd ell- Bh@)"l'mnt)fﬁe‘hddl)’dgbﬂﬂed
gyrcﬁllugoﬁégﬁgcﬁﬁg}ﬂn? g(kf mciéé' Asfab%ﬁ{e%@ﬁgt Yi%lﬂq)hg md) 9 0/8 HRMS m/z calcd
01 G T sQo f (MOH) 08344 tFogng; 4 6@I(¥é 4fi xture was

partitioned between ethyl acetate and 0.5N aqueous
sodi gmhydrgxi de solution. The pH of the aqueous
| ayer was adjusted to 13 by addi ng solid sodium5

over ToBTISHSET TR GG £1H B B ARAC) EOARR TP Ea i erein

tdivelose@bablove:ng r esi due was purified on a silica gel
col unn with a 0 - 100% et hyl acetate in hexanes to
pr od %5 purified product was dissolved in

' oro ane and precipitated with excess pentane

o give ()-1-(trans-4-hydro y cycl hex
(4 néthé?RbﬁeIﬁWrPW -gYGRACH § Ief)élybsfl -{g9)-methyl-7-
Phey s Rinb- 3*41&11 b11H- gsamlcﬁr[qbwpmdilmzome as a
white solid ield 121 ng, 9 %9. HRMS nfz calcd for
C26H29N503 ([NMFH+) 460. 2343. F 0. 460. 2347.
Exanpl e 21 The follomnﬁ@“bonpougﬁifﬁén be prepared by
nmet hods anal ogous to thos di scl osed above: 15
Exanple 21 a 1- [ (1R N «wgoxy-cyclopentyl]
- 3- (4- et hoxy- phenyl ) - 4-1('S) - mt hyl -
phenyl ani no- 3, 4- di hydr@-ﬁ pyrimi do [4,5-d]
pyri m di n-2-one Chiral / oy NN HNN O

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



/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(z} Flady S)phiaeflylino; 4E diRBﬁd—rSeh)&irbwcyctnpdntYDz]l 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]

pyrimdin-2-one O~ Chiral / |OH

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



N'\ N HNINNO OH F Exanple 21g 3 - (4-Chloro
-phenyl) - 7- (4-fluoro-phenylam no) -1- (2 -hydroxy-
wo 20040RB22 net hyl - 15 ethyl) -4- (9S) 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

3- (4- Chloro- phenyl) roxy- I - (R
-nmet hyl -ethyl) -4- (S) phenyl am no-
34d|hydrolH-pyr|mdo {45d] pyri m din-2- one
Chiral "J :~ HNN NIl o

Chiral N N\ HNI N Nli Ne~ OH 5 F Exanple 21i
d

Example 21h

3-(4-Chloro-2-fluoro-phenyl)-7-(4-fluoro-phenylamino)-1- (2-hydroxy-1-(R)-
methyl-ethyl)-4-(S)-methyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

)\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



OH 10 Exanpl e 21j
3-(4-Ch|oro-2-f|uoro-phenyl)-1-(2-hydroxy-|- (R

WO p@tlyis2et hyl ) - 4- (S) - net hyl - PCT/EP2003/011896
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phenyl am no- 3, 4- di hydr o- IH-pyr do [ 4, 5-d]

pyri mdin-2-one F~CI  Chiral %l HNN NIJIO OH WO
2004/ O418f(2)2 CT/ EP2003/ 011896 - 63 Exanpl e 21k

3- (4- henyl ) - 1- ( 3- hydr oxy- 2- ( S) - et hyl - propyl ) -
4-(S)-nmethyl -7- phenyl am no-3, 4-di hydro-| H-pyri m do

[ 4, 53} @brlprm‘Pmel)Zl-é%Y@ﬂXV“&I-(SHmG‘C%}’l“PrPP@ 4-09)-repthd- 7-
?ﬁl Aot 023 A RIS 1H- B8l d684,AC] bytiididid 2€one

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 28014 e INMAIR)inditiie 1R LY ®n¥fbinds of the

hour .
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,



Ki nase activity assays were performed in 96-wel |
pol ypropyl ene plates (Falcon) 20 with a total vol une

w@2009041822 n each well. Each well cont ai ned 1 M&DRP2003/011896
substrate (Biotin- EEEEYFELVAKKK 1 nM act i vat ed
KDR and a test conpound wth- r‘er of assay

SRS e A0, F 0 G2 AL g conc

iM}, hed po@abhaeepofvidid (imil ctiicPESn VYN Kitdr, mikingy/B DET, of @letlon was

i u{}!ﬁ% f@?b{%% 3%;%3%8 Vg%‘f'ﬁ%‘%ggd%é (QWPn %(%&#at 615/665

ke eoncépllacafirtony r@ﬁaro 02% BSA. The reaction was
i ncubated at 37 C for 30 mnutes. To stop the KDR

5 [ eacti@uR, EGERLad PDG@R&'C@HWHS%&J rwf'ére &hﬂﬁed badsidesdrivdd above for

A T

-defivaied ﬁﬂ&‘obﬁﬂﬁﬁpe@l—hrz fek, 1 1001&2ﬁ/¢}B’S‘Allov1ﬁg rbivatioh dinéet: 460 mM

d
SAREE RPN @22%9\%%% aYhpna0t PR Blfhsgactivity assay
oﬁasamtfutmcﬁhwwhsl uM salresfater (Béetin-REBEYURHIV)c bb @Meuu@tqdfF@R and
10 ?’cgsdt cl@‘f\’:r;l\kbuf?a ﬁ{:ﬁle !réEI?ce(o@q’% ﬁﬂ\)[ H]ﬁ’l@ f £ad DAtT, 0L 8P R 0112”0 4 mM

nth SmRGs %PM%HP.% R 4 oD R Nagvo

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 ,

20 mThESBRkians: adtivity sAT9. waFiperfrimeswithd tiM swbﬁtrags(é%;otm-

15 "P@B@%’E‘i@? el i dﬁ@%%s‘% UQ%})B&&H& {®amM HEﬁEng\fleQVi mM DTT, 5

ivate 1o test conpou t he

oI 5t TR0 D EFP (B b PR MezV O and

N2 BEAZ The Qest e Gdsay w6 SAYRSAMedn MeAlRe (idineBaHthMKDR assay.
for FGFR), OlrrMNaZ\)’ and 0. 02% BSA, |natotal

o B Sl il D8 S8 S AR ML LR

aE:EEBMFﬂiﬂLV&,s]s@yM@BG‘p‘Er@sIrcMomdh 100 M bﬁé’tElSapH 7.4,1 mM DTT, 5

o L IIE Mol SSFERe ol samrgman o,

M:@l(QOZ%%SM@e reyt of the ATRY PRyPErmEdIRIhe sang 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

E E)Ss: F @&Iflgglﬁrg} ]g.;:st i E@%;é%{ 1neq_ Ban fcf}fpgg%% ts Pgiztta, and calculated

el adChttihg &lEE’EsﬁquHOﬂ Y& ( alb)?H\YI+lDX7IE,) 5b @heratvland b are

Clonmsn ek
25 Ol\gfy%aﬁngdﬂl\ﬁhe a%rgse&l}?:/ %ﬁt\ n%,'banAc nil}g(ﬁy aglrd aﬁ%ﬁ){e amount of
vibibpier test erenipdumd; trepessinely reeis terl Caindivkis Kiprhill 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

30 in Table 1 below.
Table 1

ICso (UM) - Enzyme Inhibition Assays

Example | KDR FGFR EGFR PDGFR




assay. Conmpound | C50 val ues were determ ned from

duplicate sets of data, and cal culated by using Exce
wa@pa4 041823 ng data to equation Y=[(a-b)/{1+(X chdi/EPR2003/011896

where a and b are 25 enzyme ackivity in the presence

of no t est i nhi bitor conpound and an infinite anmount

of inj IDII est—Tomnmpound; sspectTvely, ¢ is)the
150 apnékaannle | RBRni | | | E6RRH an| B6FRt he | PESHoUnY

response. _The | C50 valtie is the concenfiration of test
conpourq;that reduces | byp50% t kepenzymejgctivity
under the test|jconditipns desclibed. The resultg of
the foregoing | 0. Vitrol Experi men in¢cryding 150
val ues|, ﬁgre sef 2}%rth ggln Tab Aﬁ@ 1 <ﬁ& Table 1
| C50 (\-th‘ I_I”_ylrre |+ nhn m fl on A:c:\\/c l:y FG:R
EGFR ROGFR WO RO/ 0418220 PCT/ _22(0)03/ 01x806 -6bH
Exanplle KDR FGFR EGFR PDGFR ig <10 <10 <10 <10| 4b
<10 <10, <10 <10 <10 <10 < <10 <[10 <10
5b <10Q210 <10 <¥% §§9<10 %@9<10 %90<10 <1O <10
<10 8g—=<19—<% 9b—~<1H <10
<10 <10Pb<10 Il*é10<10 <1610:1O <l@10 120 ‘\1<@0<1O <lO <10
14f <120 <10 <10 <10 1bb <10 <10 <10 <10 18 <1p <10
<10 <105 19 <10<rl0 <1P.5d0 2Dby510 <1Q1510 <1pD

7e <10 <10 <10 <10

8d <10 <10 <10 <10

9b <10 <10 <10 <10

10 <10 <10 <10 <10

11e <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
5 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
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Exanpl e 31 VEG- and FG-- Stimul ated HUVEC Proliferation
Assays The antiproliferative activity of test

w@eospownses of this invention in cell-based 5 aBGHER2005611896
eval uated by BrdU assay usi ng he BrdU kit (Roche
Bi ochem cal s 1-647-229). Hurmaly¥ unbilical vein

endQ hel i al | | HUVEC, d ' :
G Haan iSO 8D 370 Eb30SIPD 1Tk VL @ volume of
FoV 2o f(EeMretdlesetioCCB LS rrdialimadnedvdlfd édttam plgeo(ostar

%%Lﬂﬁg{gg’}m Cé{!teé fé ﬁlja)uySOl grrT%%fat 3%98 wJTﬁh]CgO/? =2 %16 1ncubat1on media
Wwhsareanvéd sty aaﬁ%)onwérth«: efintentAf eash vell wawgshsé d with 300 L

r owt h at
Cf% E[B:ﬂ ZQ%Jeﬁcség?aqt:l%g)nwgﬁmhﬁ gb ?L%Lﬁéﬂrﬂ[ﬁéﬁg@ntaﬂ@%m and 50
n\gpd:r mhgf mgh@grcw BRChpsties GC rﬁlpé E%pﬁ Ehe remarning media
ggn%gﬁlty ds ﬁat@@ﬁ%ﬁ@)ac@@ﬁtﬁllﬂﬂ no p'éﬂwgll p’ésl’erurh safvation media (EBM-2
e Gy MBSO St
¥@SarBfdh an@scp)ng peradL af ﬁimph@tleamecﬂi (ﬁlqmtlgssﬁct40|§é} Qepjts per mL of
eru m
ﬁ@gfh SN a@@@@%@p%?@%& 2 SHRPLATARRS (D 29630-

oneti'cs CC-41
o&int mftyzc semumrsdarﬁ@g they qs8s for24 dpursnghidk @f trpogxpoung at %’X test

%@%C%ﬁ&%lcﬁ?m D §£§1)vat1 ALY V\ﬁ’ﬁrZ 3k DN’[S@QNaS added to the
erst hepari 641 5

gp@ognatmw@@s ("@g@@tr@gw oggair)led 2%k pflé?i) sglélrnb Pﬁag\{agMn medlum with
Q *3% PRIIG. Plafes %eh@tﬂﬁﬁed @20ht iefibites for edpou m:ftau:rd:-@‘éubatmg the

TB05 BB RSO TAOIEHS F T RE T na B LR i 1S . IR

&ﬁﬁehﬂhﬁdﬂf Hilgted tndeaim sthrion rddis SF@at0araner ffn or VEGFE (R&D

swg%sg%dglr {/'E) at Bé hé% 5%/15914 Aﬁrgéfcﬁg‘g’qﬁlﬁ gﬁﬁtadtélﬁ[i@ﬁira‘h@nto'ﬂ BGF in the
@ehy wawb PtlmetaEé thecfing mggp‘r&n of el 1 t%g BSSEYSoFas 20 ng per

g%]?‘gfr’nl@esér@%}ﬁa&o?ﬁeé 01851 SRV s h&PIEENbérabdlist seliunuisteration media

arvation nedi a,, FGE at..50 n
(V\u&[jhe s8¢ apgupig ] B@é)as 5]9e Ngéb Vﬂg‘i %rg}v%c%ﬁ, ghag[ &%%? returned
frh AR in6@NERTHF at ddditi@fal EChos. t he assay was 5 ng per
mL and the final concentration of VEGF in the assays

:ﬁa}ﬁﬁ %gg per nL. The growth factor free control

W th the same anouni of BSA s (he. wel s w th qrow b

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 tndABEtoYRIr 4 HfurSrihd lhtdlﬁlg nregiume agerdmaved by dzgnmg e medium
gqergg Qg}gelxgﬁgge ;- htlh ﬁ,eg% ere f%%%l ULy BAGL Y@ak0Bd BF dadRY 208EL 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



the incubator for 4 hours. The | abeling medi um was
renoved by draining the nedium onto paper towels. The
w@eedokm4er e fi xed and DNA denatured by addi ng RODEPR2003/011896
fixation [/ denaturation solution to each well and
incubating at room tenperaturedfor 45 minutes. The
fixation / denaturation solution ¥ﬁs drai ned. ont

paplsetctlovibe avears of heeABHORIOM das | "SGHS BEAHCY Hgs (hepprltiplied
B?tl('.)() B Qe B iGNe (1 heerat lﬂﬁsoﬂ& bfitedt Idapl@dtef/ over&etod uorgtrol)

é?\(& t %éml% n‘glélr al ég%%ﬂﬁaﬁgral € comﬁou? t%%lgl{t] %%Brdﬂ
BBam QAd 1s agfedste ormlhmatafa¢11epmbfemuo@nThranga@m@rarmned om
?lé Fua]iegfegsqgn of %ﬁoy\gi} {8 10%1[131&1 Eﬂ,ﬁ e R b £ nfhti6 R 9%sus percent

reaction was then
sitopipied. ’H}elé:daj\rahgisufos}LOVﬁem%lﬂ OW. M phosphori c \
acid. The plates were read at 450 35 nmw th reference
wayglhength of 650 nm The percent inhibition for each
test conpound was cal cul ated by subtracting the

St st e Pt SPVEL Rt n e e

/I‘Inﬁﬁ
absor, hanp\/ of each-test—\AWD-200416418

PCT/ %&Q&?Iem J@WEU‘@EF@U JHM@/bB@FRhe gverage of the
cont rrels—+romt—Fhe—ft+nat——product—was—then nul tiplied
by 1cqg(% of |<mlm| bition =} kleaverage absqgrbency of

t est (duptteatieraverageofjcontrot)— 100).| The |1 C50

val ue 4bs the |cancentrati on<ad test conpound that

i nhi bits—by 509 BrdU—tabgiing, and is a [neasure of

i nhi Qizion off <@ | proliferddion. The 1C50 is

det ernimed—fTjom 5 the T1ngar regr essi on oF a plot of
the l|ddarit hm<f0 t he concenflfati on versus| percent

I nhi gitTon.—Tjhe TC50 valu¢sS are shown in [Table 2

bel ow.6 Tabl e |<10C50 (M of VEGF and FGF- Sti nul at ed
HUVEQ Profiferati on Assays Exanple HUVEQ VEFG

HUVEQ/ &FGFR |[g<¥10 <10 4h<d90 <10 3 <10/ <10 5b <10
<10 [6 <10 <I0 8d <10 <10 9b <10 <10 1D <10 <10

15b <19 <10 | <10 <10

10 <10 <10
15b <10 <10
18 <10 <10
19 <10 <10

20b <10 <10




WO @i edi ents Mg/ Tabl et 1 Conpound A * 5 2BCT/BP2085011896

5

© 10

18 <10 <10 19 <10 <10 20b <10 <10 WD 2004/ 041822
PCT/ EP2003/ 011896 -68- Exanple 24 Tabl et Fornul ation

500 750 2 Anhydrous Lactose 103 83 35 19 38 57 3
Croscarnel lose 6 6 8 16 32 48~ °35di um 4 Povi done K30 5
56 I#’?‘ 24. 36 5 Magnesium Stearate 1 1 1 3 6 9 Total
Vi ghEampls “0 150 300 600 900 *Conpound A represents
a conpound of the invention. 5 Manufacturing

Pr oc 8dbleeFormulaion I[tens 1, 2 and 3 in a suitable m xer
for 15 mnutes. 2. Granul ate the powder m x from Step

w th, 20%.P Vi done lon (Item 4). 3. Dry the
fier| St 3“8% TP om St ep gfbg% C. 10 4. Pass the

Y anit St anl 2 + hy it alhl A no

T CATTU uLI UII I I UIII JL LH J (III uyll u. o\.u C AN © LILAL] I 1 IIU

qui prepinpouhd AAdd theslterr Bto e m | ey 500 750
ranufation Step 4 and mix for 3 mnutes. 6.| Conpress

e R e I

nnnnn | o Coanihaoad

Cor-m
orrutatt+eh | +em | Ilul \.u ents llyl \4 pSuTt J.‘wu_:uuuru

3  10pCea0ars@los? Anhly@r ous| act os® 159 1€3 1482-- {48
B Cor heSH;ahch 25 35 4D 35 7D

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.

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.
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.



4 Talc 10 15 10 12 24 5 Magnesium Stearate 1 2 2 3 6
Total Fill Wight 200 200 300 300 600 *Conpound A

wo epresset s a conpound of the invention. 5 PCT/EP2003/011896

Manuf acturing Procedure: 1. Mx Itens 1, 2 and 3 in a
suitable m xer for 15 mnutes:- 2. Add Items 4 & 5 and
%8 nut es. 3. Fill into a suitable capsule. WO
2004 PCT/ EP2003/ 011896 -70- Exanple 26
I njecti on Sol ution/ Enul sion Preparation |Item
| ngr €dpan¢ Fomputhtiol Conpound A * 1 ng 2 PEG 400 10-50
nmg 3 Lecithin 20-50 ng 4 Soy Gl 1-5 mg 5 dvycerol
g er g.s. 1 nm| * A represents a
up %Jngé?&{\a % invention.| 5 I\/a’{{g&ég url ng Procedure
Pspotve—+temt—in—iten=2: Add—tens \_, A&
e
h

TC6mgodndiAXt unti | di sper sedZ,S t hgrnlORom@ehi ze.SOCB.

A\dd the solution fromstepj 1 to|the mi|xturel|fromstep
P ,and 1%99?% L.l | the g spel i on 4izg triansl ugent.
|0 4. Pter %?ter throuE]h %g i]]ter and fil |
rtoviats—WO—20041 041822 PCT/ I:PZOOS/ 01189 —T71-
ERanpl £Com Piapdict i on Sol ut | ¥h/ EmASsi orl 48 epdr3at i on 70
temlipgredient ng/m 1 Conpound A* 1| ng

4 Talc 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.

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.



2 dycofurol 10-50 ng 3 Lecithin 20-50 ng 4 Soy Q|
1-5 ng 5 Gycerol 8-12 ng 6 Water g.s. 1 nL
wo SGoapasezd A represents a conpound of the i nveP€T/BP2005011896
Manuf acturing Procedure: 1. Dissolve item1 in item 2.
2. Add itenms 3, 4 and 5 to itéem6 and mx until
di sp%rsed t hen honogeni ze. 3. Add the solution from
step ¥ample29e i xture from step 2 and honobgeni ze unti |
the dispersion is translucent. 10 4. Sterile filter
t hr oligjactior0SRutivf/Ehiudsionanepdratidbn i nto vials. Wile the
“invention has been illustrated by reference to

speci fTc and prererred T{\rj‘godl ment s,] those TTed In
the aft w mun:lerstg?&‘.iecﬁ t variati’ons @/SKJJ‘
Nodi f et St 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

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 H, 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.



Cl 10 alkyl, C1_10 alkyl substituted by up to three
groups selected fromaryl, cycloal kyl, heteroaryl,

whedenosyrl e, NRIOR', OR12, SR12, hal ogen, CORIGI/EP2003/011896

5

10

15

CO2R13, CONR13R14, 10 SO2NR13R14, SOR13, S02R13, CN
and NO2, wherein the aryl, cy'c? al kyl, heteroaryl,
and heterocycle groups may each independently be
subsp?“FHP]é‘&%by up to three groups selected from
NR1IOR 1, OR12, SR12, , hal ogen, COR13, CO2R13,
CONRL:FRt#bn SobRlLaREbn FBepttatiorS02R13, CN and NO2,

Kyl SR1 ,

hal ogpn, cozmaljé“fé%étﬁﬁ 3R14. sozNRlsF&‘i,?m]soms,
SO02R1 e o A

PCT/ EP20031 011896 - 7Gohpbwiddary| substituteehgoy up tlo
t hreefj groups selected fromlower alkyl} NRLRL1l, |,
OR12, | SR12, hal open, CO2R13, CONR13R{4
SCeNRI3R14% SOR1B, SCBRIMAN and’ No2| het B 83U e,
hy,

Lt it A + therba o oo
5 het preeyele—supsttuted—by—up—to—three—grotups

sel ecled fsom | oper alithin NRIOR11, OR12, BRIOmg
hal oggn, COR13, CO2R13, CONR13R14, SO2NR13Ri 4, SORi 3,
SAZR1B, CN; and N2, 3P cycloal kyl, | C3-10.5

cycl opl kyl "substjtuted by up to three groups se%ect eq
f rom power—atkytT10—NRIORT L, —ORY2—SRtp,—halogem,
COR13| CO2R13,  CONRL3RY4eroS(2NR13R14, BOR138-128epR13,
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,

CONRYBBbousPANRp s 2 SEFGundSRR Bweidrand NO2; Rz,
R3 and R4 are independently selected fromthe group

ﬁ\ggﬁc’dfgcttllqugg P}cocedure:

aryl, 15 aryl substituted by up to three groups
sel ecfed ’riom I omer R R11, ORI1P,

NANALOA1 029279

LI S~ A = =a = —y =

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.



H, 20 hal ogen, COR13, CO2R13, CONR13R14,

S2NR13R14, 25 SOR13, SO2R13, CN, and WD 2004/ 041822
weFOnABPRED3/ 011896 -74- NO2; R5, R6, Rand R8 BCEEP2003/011896

i ndependently selected fromthe group H, |ower

allcyl, 5 lower alkyl subst it aféd by hydroxy or

al koxy, NR15R16, OH, ORl7, SR17, 10 hal ogen,

COR17, (CO2R17, CONRL7R18, SO2NR17R18, 15 SOR17,

S2R17, and CN, RO is sel ec&led fromthe group H, O

R19 R20 0 11 11 21 ~~aIms

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,



20 -G 0-G0-CGCR, and COR17; R10 and R 1 are
i ndependently selected fromthe group WO 2004/ 041822

wWEMDABPBRED3/ 011896 -75- H, COR13, CO2R13, QO=RMNRLBRI3011896

10

15

20

25

5 SO2R13, SO2NR13R14, |ower al kyl, [ower alkyl
substituted by hydroxy, al koxy’dr NRL5RLS,

cycl goal kyl ., 1 cl,oal kyl substituted hy hydroxy

o Kogter st oG OF g ube et e faorergerh NRVR,
het elQR”,SRE, balbgdn, DHRY GORYOONE LY, SNRER.YSOR', SO,R™, 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 egg Balk@nd 25 heterocycle substituted by
hydrg§§%ﬁglkog§, | ower al kyl, or NRL5R16;

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



WD 2004/ 041822 PCT/ EP2003/ 011896 -76 R13 and R14 are
i ndependently selected fromthe group H, |ower alkyl,

w@2008/0ad8k/| substituted by hydroxy, al koxy, orPCNRLEERIB(011896

10

15

20

5 cycl oal kyl, cycl oaklyl substituted by hydroxy,

al koxy, |ower alkyl, or NRL5RIE - het erocycl e, and
hete%asycle substituted by hydroxy, alkoxy, | ower

al kyl';~®r NR15R16, or, alternatively, NRL3R14 can form
aring having 3 to 7 atons, said ring optionally 10
iRicRU @7 amgl Rreee trdepordentiplshildcteadinfadm st groop at ons  and
bei ng optionally substituted by the group consisting
of ong or nore lower alkyl, OR', CORD, CO2R17,
CONRLI7R18, S02R17, and SO02NR17R18; R15 is sel ected
fron1the§ﬁr?up H, 15 | ower alkyl, COR17, and
Co2RIF¥ergHgbR16, R17 and R18 are i ndependent |y
selected fromthe group H, and 20 | ower al kyl, or

al t enovadrialigl yubstifitaRIthiaickNRLIRES, can each

i ndependently forma ring having 3 to 7 atons, said
ring}ﬂ9$'mnally i ncludi ng one or nore additiona
hetero atonms; R19 and R20 are i ndependently sel ected
fromthe group H, and 25 | ower al kyl; and WO
2004/Q41822 PCT/ EP2003/ 011896 -77- R21 is sel ected
fromlower alkyl, and C2_6 al kyl substituted by

hydr @y, al koxy or NR15R16.

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



2. The conpound of forrmula | of claim1, wherein Rl is
selected fromaryl and aryl 5 substituted by OR12 or

wEoNR0B8R1Y. 3. The conpound of forrmula | of clBCTHER2003/011896

10

15

20

25

2, wherein R is selected frorgfphenyl and phenyl
substituted by OR12 or CONRL3 4 4. The conpound of
for al of claim1, wherein RL is selected from

| ower Pal kyl and C2_6 al kyl substituted by OR12 or
CONRL13R14 10 5. The conpound of formula |I of any one
of clGORE 1 to 4, wherein R is H. 6. The conpound of
formula | of any one of clains 1 to 5, wherein R3 is
H  7.cdjmes,compound of formula I of any one of clains 1
to 7, erein R2” R3 and R4 are H. 8. The conpound of

for ﬁwgllany one of clains 1 to 5 wherein R3 is
hal o ) 5°9. The conpound of forrmula | of any one

of clains 1 to 8 wherein RO is H 10. The conpound of
f or m$BRY, of claim 1 having the formula RB R7 CH3
N~1T NRE RS RRNNN I1 R R R4 RIa 11. A
conp 4ormula | of claim1l selected fromthe
groug@%{% 3 - (4-nethoxy-phenyl) -4-nethyl- |

- phenyl - 7-phenyl am no- 3, 4-di hydro -1 H 20

pyri #ﬁ%f‘é[auﬁyg- d] pyri ni di n- 2- one; WD 2004/ 041822

PCT/ EP2003/ 011896 -78

3- ( 4lavedr Atk sublseniydd b RxyEkby! orl NR¥ERWY| - 7- phenyl ani
no- 3, 4- di Ei/ydr o- 1H pyyf}ilygi do [4,5-d] pyri mydi n- 2- one;

3'(4'cﬂc‘ft >fy-phenyl )-4-(S)-nethyl -
| - phée y?- “phenyl am no- 3, 4-di hydro-I H pyrim do
[ 4, 5- d]l yrim di n- 2- one;

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;



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: 1- |
(1R, 3R) - 3- hydr oxy-cycl opent yl ]
3%, Q- it 0 wie-ipbeayontl-sE1RtedBbhthe 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



phenyl am no- 3, 4-di hydro- 1H pyri m do [ 4, 5-d]
pyrimdin-2-one; 1- [ (1S, 3S)-3-hydroxy-cycl opentyl]

WO 3004041802t hoxy- phenyl ) - 4- ('S) - met hyl - 7- pheny| aPCTIBP2003/011896
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3, 4-di hydro- 1H pyri m do [4, 5- dkﬁyri m di n- 2-one; 10
7-(4-fluoro-phenyl am no) - 1- [(1 3R) - 3- hydr oxy- cycl open
tpel ) ] thoxy phenyl)- 4-(S)

Rriet ﬁsfﬂe%ég donl%ydro 1H pyrimdo [4,5-d]

pyrlmdln 2-one; 7- (4-fluoro-phenylamno) -1- [(

1S, 3@;W@-aﬂ9/étra@dy-cyc| opentyl) ] -3-(4-nethoxy-phenyl)-
4- (S) -nethyl-3,4- dihydro -1 Hpyrimdo [4,5-d]

pyri m,gia Emﬁ@ﬁhutgd'b Fdxy04RoBNRNYR R no) - 1-

(2- hyéro% I - (R y(lfrygthyl ethyl) -3 -

4 t
(S Rl i YorBRsRY %ﬂfa%ulf* T bR dtescis Rijsspiepted o 9vband anyl
rse St@ute(ibyQR}fQIGONPerR} -7- (4-fluoro-phenyl ani no)
-1- (2-hydroxy- | - (R) -nethyl-ethyl) -4-
(S)- @E’Tﬁé’ éorﬁ%élurgi SPESRuid 1 ¥ ANk THE2, Witbran R is selected from phenyl

3“(14’51] é‘lﬂbs-tl?‘ltﬁ‘li%pé{ p‘l’fe@@N}{ R (¢ 4-f | uor o- phenyl ani no) -
1- (2- hydroxy-1-(R) -nmethyl - ethyl) -4-
('S) - meThytordpdur d‘ﬁfdlfnﬁxﬂal of‘l:lﬂ)ﬂl Wieeih &' &sdected from lower alkyl

B9 aré%suﬁiltutegé;o § gagpenyu -

(S)-net hyI 7- phenyl am no- 3, 4-di hydro- 1H pyri m do L4 5
-d] pyFheranpeundnfdormula I of any one of claims 1 to 4, wherein R*is H.

3- (4-chloro- 2-fluoro-phenyl)-1-(2-hydroxy-1-(R)-methyl

- et h)6| Thécdm)odIRE dbmiula pbﬁﬂw Ra 91a§nf'I & SN HePeird R? is H.
yrimdo [4,5-d] pyrimdin-2-one; 3-

Fh S Rl I,

3.4- di hydro-| H pyri m do[ 4, 5- d] pyrim di n-2-one; and

3- (4-chl oro-2-fl uoro-phenyl)-1-(3-hydroxy-2-(S)-net hyl

- Pr ogy

phen{%l ’gﬁrﬁ cnogl(iggu d& amﬁa g{an%oneo claj ngls ]5to d‘.'] wherein R? is halogen.
pyri m di n- 2- one. V\D 2004/ 041822 PCT/ EP2003/ 011896 _-80

15. A bhasorapeind of Aprmsdabobinyiams of eaises kit wherein R’ is HL.

t herapeutically effective amobunt of a conpound of any
one @b, THedoMEpohnt®f dstnaMel @fcﬂHT@rlnlﬁdizﬁigtthGPdrhMﬂa
acceptable carrier or excipient.

phar maceuti cal conposition of clalnnﬂ5 mhereln t he
conpound is suitable 5 for adm nisfratigen to a
patient having cancer. 17. Cogppunds wf any one of
clains 1 to 14 for use as _pedi:cans 18. Use of

conpounds of any one of Nt a /K

preparation of nedi car@ln\ls he gsr eat mrent and
control of cancer. 18:NThé& us& ofOclaim 18 for the
treatment and control pf breast, |ung, colon or

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;



10 prostate cancer. 20. The use of claim 18 wherein
the cancer is breast or colon cancer. 21. A process
WO e040k82pr epar ati on of a conmpound of fornul a PCDEP2003/011896
claim1, which process conpri s a) reacting a
conpound of the formula R8R”'%:l3 NN\ R 511 d

-~ OR | j R
N MR et B 2O BB en o e
tpyeinfido phA-d]piznidlint 2-ohe;\ R2 R4 R3  wherein R2, R3 and
R4 are as defined in claiml1, to obtain a conpound of

18 1@&%%@1?20(@59%}%21 Oﬁ%gyﬁ?égl@é{&%ﬁﬁ%zl diBJdrBO -

pyrimido([4,5- d Ipyrimidin-2-one;

(v

5 (%)-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-
10  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-
15 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

20 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;

25  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;



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
Sl_%?gé?%é&)%hen tgvl_]a?i,?{zpléu hoxg prhlelq;fl 4 (S) metinyl 7-
(Phedylahinor 34~ ﬁ;}azdm-ﬂ{ ﬁymtd’ax@x,y-cﬁbﬁﬁlyﬁd)m-ﬁ]! st 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)&p%}l W}rﬂﬁblé%%]aycgom 1-(R)-methyl-ethyl)-4-
bgl)rllnﬁﬁhdl 4 2lilpytleo-1H-pyrimido(4,5-d]pyrimidin-2-one;
[2-(tert-butyl -di phenyl -sil anyl oxy) -1-

6 Fh=REIrB Y- G5B beny1 {70 o BHeANIREN XY 12- hydroxy-1-(R)-methyl-
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.



10 phenyl)

-4-met hyl - 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2- on
W@2003041822 t ert - but yl - di phenyl si | anyl oxy- PCT/EP2003/011896

I-(R)-nethyl-ethyl] -1-(R) - ]8 (2, 4-

di chl oropyrimdin-5-yl)-ethyl ] 01- (4- met hoxyphenyl)

-urea,. 3- . _ :

[2-t Q‘FtgB’B?WQCS?%%H‘VPP%W%SHWVH%%tﬁ?ftaﬁév‘iﬁgﬁﬂly gtfejive amount of
-ajcofr§younfl of afyPoue ofdtiaidb dt@py sndn pharamacydtjcaldf fekgtable carrier or
egw%fgn t hoxyphenyl ) -urea; 15 1- [2-

(te JE)“ljtyl di phenyl si | anyl oxy)-1- (R)-nethyl-ethyl]

-7-chl ar o- 3 (4- met hox

phenyP) Therghazmaesugigsl csmpoarlay @f daimHl pyrliendinol shd epngpagind is suitable

5 [y ddhhidishalo® Bea patidn€ having cancer.
(tert-butyl-di phenyl silanyl oxy) -1- (R)-nethyl-ethyl]

T %‘§ WOV of clpims &t 14 far ot ppadicpmenisq)

pyrlmdln -one; 1- [ 1- (2,4-dichloro-pyrimdin-5-yl)
- et hyiB]Use dcomonadamfmay pheofydldims3 to 1} for-th¢ Byepapitienyolf -

%IQCCE(E&MCII‘I]IS f‘b#ﬁﬁ%eaﬂﬁ%&%na Qhﬁ){r&l Of Cére(ﬁl‘ ( 4 [Tgt 203?/ hgg fgy l ?I_
H- i do[ 4 di one. 25 The novel
co m@ r& I u%[ﬁ Héﬁlﬁ% é§ %{qrrlcﬁrag tr!tagm%fsqrxdi wrtrol pilyewss Jere, calad or

10 peesatdsanceescri bed 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

15

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



