WO 2004/ 089955 PCT/ EP2004/ 003447 Pyri m do conpounds
The present invention is directed to novel pyrimdo

w@eormposds of formula R7 R8 / R6 NN RS /~NedI/EP#0MIO03447
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OR R2 R3 wherein RL is selected fromthe group
consisting of 5 -H -(CH2)ri heterocycle, alkyl,
cycl oal kyl, alkenyl, and 10 al kynyl, where n is O,
1, 2, or 3, and the heterocycle, alkyl, cycloalkyl,
al kenyl, and al kynyl groups are each i ndependently,
optionally substituted by up to 3 groups sel ected
from-0OR9, -CORLO,  -CO2R10, -CONRLR', -SO2NR10R11,
-S2R10, and -CN, 15 R2vapiddRompeuidsdependent |y
sel ected fromthe group consisting of -H, -OR9,

- hal ogen, -COR10, WD 2004/ 089955 PCT/ EP2004/ 003447

- 2- -R2R1ANt ivEiion is detted ALy &teBpyrimilokypmpounds of formula

R?

R8 R®

4
HN/L\ N '}l/&o A
R1

wherein

R!  isselected from the group consisting of
-H,
-(CHy)p-heterocycle,
alkyl,
cycloalkyl,
alkenyl, and
alkynyl,

where nis 0, 1, 2, or 3, and the heterocycle, alkyl, cycloalkyl, alkenyl, and alkynyl
groups are each independently, optionally substituted by up to 3 groups selected

from
_OR’, -COR®, -CO,R'®, -CONR'®R!, -SO,NR'’R", -SO;R"’, and -CN;

R? and R are independently selected from the group consisting of
-H,
-OR’,
" -halogen,
-COR",



-cycloal kyl, 5 -alkenyl, and -alkynyl, where n is
0, 1, 2, or 3, and the heterocycle, alkyl, cycloal kyl,
wW@bdoengd955 and al kynyl groups are each i ndepenB&nEP30)4/003447
optionally substituted by up to groups sel ected
fromto -OR9, -halogen, -COR10, dnd -CX2R ; R4, R5,
R6, R‘4§5ggﬂ$ are each independently selected fromthe
group consisting of -H -lower alkyl that optionally
may be-&fbsthetetosycldy hydroxy or al koxy, -ORlz 15
-halogeﬂbm -COR13, and -CO2R13; RO is selected from
the grou qsisting of -H, 20 -COR10, |ower alkyl
t hat oﬁ?ﬁBﬁgY}y may be substituted by hydroxy or
sal koxy-alleyigl, ad kyl that optionally may be substituted
by hyd[?x§ 1alkoxy, and |l ower al kyl, and heterocycle
t hat opti Xally may be substituted by hydroxy, al koxy
or lower alkyl; 25 R10 and R 1 are each independently

S ﬁl ect whert ngsdit1h @, grivepd derdetsoimnl, akyl; d:;ﬁ:loall@hl&tkeﬁirl}(aﬂd alkynyl
1 BRI Ba p ies

by hyd@%%w, al koxy or lower alkyl, and heterocycle

10t hat o@R’Oaldg¥n MEOITE Jsdbeb,kWt ed by hydroxy, al koxy
or lower alkyl; 30 R12 is selected fromthe group
copsi,stisngy of, =sH, | oner . al kyl and - 3; .and R13 is
se éic{t’g{j ’rﬁradlrﬂ R'rfize @ﬁgﬁﬂde&?ﬂé?’gg’ isglﬁdé frop thegrewmeansisting of
al kyl ;-Hor the pharnmaceutically acceptable salts

h 9 PCTFEP2004/ 003447, -3 |t h
been T LA SRy B pER G aT Y s of ks,

(ki nas®R nsert - domai n- containing receptor) and FGFR
15(fibrag5@§&hgromﬁh factor receptor) kinases. These

-COR®, and
-CO,RY;

R’ is selected from the group consisting of
H,
20 -COR',
lower alkyl that optionally may be substituted by hydroxy or alkoxy,
cycloalkyl that optionally may be substituted by hydroxy, alkoxy, and lower alkyl,
and
heterocycle that optionally may be substituted by hydroxy, alkoxy or lower alkyl;

25 R%and R are each independently selected from the group consisting of
-H,
lower alkyl that optionally may be substituted by hydroxy or alkoxy,
cycloalkyl that optionally may be substituted by hydroxy, alkoxy or lower alkyl, and
heterocycle that optionally may be substituted by hydroxy, alkoxy or lower alkyl;

30 R is selected from the group consisting of -H, lower alkyl and -COR'?; and
R”  is selected from the group consisting of -H and lower alkyl;

or the pharmaceutically acceptable salts thereof.



compounds and their pharmaceutically acceptable salts
have antiproliferative activity and are useful in the

wo e@ansmss or control of cancer, in particul arPGDEPZHI04/003447
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tumors. In addition 5 these conpounds have
advant ageous bi oavailability profiles. This invention

LN oy FABTIO Bhr  doni
ocorgamningietdptor) ead E@E“R (fibenblashgromtly fagkdryeqentor) k@é?%ﬁ
OEorﬁ?@ﬁr{cglanaftth gﬁﬁ‘hacéd{ﬁgﬂ a&é};t%le §‘aﬂg HYOtHrBliferative activity and

rotein nases are _a class o pr ot

ns
(asdppfakin hélteatm@@(g PREQALED pgparné@& ubpar&lépl[amoixp tugigrs. In addition

f Hfé@é c':d?ﬁ‘}?eunm ihgvd aﬁiv@ﬁt‘é@éﬂﬂlk bidaesllablity peoiddyo Ihixdnydraiondalso
i.C am no,

SR L6 FRERO P S PR APEGH b Cpginds and to methods of

Sttb&h{gadr&ommtlﬁigmanc'léh,&nosct paftzubmlyitbnakatoteangecontrol of breast, lung,

V|ty of the substrate or its ability
tE&PH?E&BE Staﬁea{rﬁoot her binding partners. The enzyne

activity of the protein kinase refers to the rate , at
whi chPtdieindiinasseara d dosyfasptsins dengraiepstheioreguiaipstarighent cellular

| buft8Bnderim® ﬁ%%&&é%lsﬁed bylﬁle%@e@{cﬁ 1af¥n BEIRENRL Binigo ach@s on

anount of substrate t t.ed
oo o Bk o B .
_?_E&r%ﬁn@ﬁci(ﬂam ehagk kﬁtﬁ}uﬁdtés&g@ﬁctﬁntp otheisnbstkdteiasies ability to interact
A € Kl nases are ubset
Hiohs tnERe panans, Tt HeREe Larf Rt BrelRERRe IS ro therate
adewhizh fike kinbgehddppladsph{tAFRyups do & wbsmatﬁe It esai buraeasared, for
prﬁ%t el lg,nl%y &)etéc'r ﬁfng?%eeﬁnoameosfg slibABS ap SQM ted to a product as a

tron o ractor

s ﬁgmlontqfanmd lPdwpsp;‘rorylhta@n p%aawbswe @éwra Pghe active-site of a protein
PR ks {eratl on, differentiation and m gration. For

exanple, fi br obl ast grow h factor (FGF) and vascul ar

endot hel i al growt h factor EGF ._hav een re

o STasHIRIT 21e 8PS0 OSIGS BghS ) Y G BEH gt of the

:/E%ﬁ_ﬁﬂtph\s lese efudeh bt teiphogibate (ATH) itg tabsingresidueughprotein
i ceptors

A eyl SEEB1 B0 08 b AR 0L Rl R oLt o

Heignekxmmdtcuﬁ thetleadsab cellufar pvg]dfera@qgmhffgmgau% glg; migration.

ppl300. FGF activates endothelial cells by signaling

throu %r E:ha?n g:ﬁgrgﬁgﬁtg%wtﬁ%@ (FCﬁQ laind Vﬁdéfﬂa[r sndRpRangrowth factor

upon the t1on of ‘new ﬁesse

( ﬂ@s@@ éﬁ‘@ﬁ?ﬁyl IecoSHLehAs 1;@3@51',;13; mgfiptors Hﬁqumqréalrgn@fedtaﬁgmgenesm
r Qﬁﬁﬂf Qd’tﬁaﬂ%%ﬁlcﬁﬂ&al ERbY i halirigttﬁf Lﬁﬂétwwlhﬁgh dffisitgreogtbrs, one of
eRiRs

Si sduct d t

TR R R (T N
t raBAY. VR Chtms 2)002!;145 ( ﬁ)rqblpSSO(Bdé}F itivhtss Wd@thélal cells by signaling

9

%#.épélgh I,t]g)g(gt/ g]:chtor &(%]ﬁg ?ngﬁllof’lﬁ o%ﬁo?&gg?rpt}é‘%rmatmn of new
i roodal tesseds (aflglpgmess)'tolgrmSﬁccggil@gly,tmblbltggstqf@hq sgceptpfs FGFR and
p%ﬁk?ﬁi’c?}%ﬁer@w&h fiR! ?&Wh% bénﬁmrgisﬁa&%ﬂ YR ﬂﬁis'slbwbﬂ&ﬁrk or prevent
t he phosphoryl ation & SuBstrat.es
i rﬁmememdsrsgarwwﬁﬂt agenis i theinreyenHas én& fgﬁl%’é‘l Phepliditpmors. See

( qaoh@wt EVe% §5C§fﬂeﬁt ())pmﬁﬁﬁn\ﬂﬂ)ﬁ%&ﬂd@awaﬁla-bﬁneq ui n
. . Med. Chem 2002, 45(6), ppi300.

There are several examples of small molecule inhibitors of protein kinase catalytic
activity. In particular, small molecule inhibitors typically block the phosphorylation of
substrates by tightly interacting with the protein kinase ATP binding site (or “active
site”). See WO 98/24432 and Hennequin L. F. et. al., J. Med. Chem. 2002, 45(6), pp1300.
Several of these compounds inhibit multiple targets. For example, WO99/61444




Several of these conpounds inhibit multiple targets.
For exanple, W99/61444 WO 2004/ 089955
WODDABSRE0D4/ 003447 -4 (\Warner-Lanbert) di scl oBEBEP2004/003447
bi cyclic pyrimdines and bicyclic
3, 4-di hydropyrimdines of formila RE RO NR3 WZ G X

. ] i.nhi-bi 1 i R ndent . L.
BRI by y B B SRR pmicines o
adn receptor tyrosine kinase enzynmes RPDGFR and

FGFR. Sonme conpounds are. also asserted to inhibit
Cdk6. US Patent No. 6,150, 373 (Heffmann-La Roche Inc.)

di scl oses bicyclic nitrogen |[hetgrocygles of formula z
NNRHNNNO R R3 ioN reysStated to inhibit
the T-cell tyrosine kinase|lp56 ‘k%oy 29041 Al and

C

WO 01/ 29042 (F. Hof f manmyLa di scl ose

al kyl ami no substituted hiicyclic lQsitrogen het er ocycl es
of formula N Na(R2)n N / (R2)y \ \' HNN N_~O RAN
NN'KkORL RB R R3 and that are stated to inhibit

Pk aresbs@teaitoGehibitlcpdlinf depehd @R RinABG @K, EMKBand Cdk4 as well as the

inhibitors of 15 cellular prolif ion, WO 01/64679

5 Mow@ﬁ&ﬂwqc?péo %manp §§meé£%£f:ﬁ and FGFR. Some compounds
dycsalsh asedytdi to et &d&ke.di hydr o-
1H pyrimdo[ 4, 5-D] pyri m di n-2- one conpounds of formnula

VO 204 Q08R9%5 6,9[%,/355 %quﬂ’ﬂagggiﬁ%{ochg Ilﬁ].') Beloses bicyclic nitrogen

heterocycles of formula

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

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

alkylamino substituted bicyclic nitrogen heterocycles of formula
ol O
RY /
N
R R

3
and

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

WO 01/64679 Al (SmithKline Beecham) discloses 1,5-disubstituted-3,4-dihydro-
1H-pyrimido[4,5-D]pyrimidin-2-one compounds of formula



N HEN LINN NA~-~ ONNJ~" O4J_'NNOX I X1 R3
R3 that are stated to be useful in treating CSBP/ P38

whowass9nrdi at ed di seases. There conti nues to PEI/BEPIVQEW3447
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for easily synthesized, small-nolecul e conpounds
effective in inhibiting the catalytic activity of
protein kinases, in qrtlcular FGFR and 5 KDiRiki nases
for treating one or re types of solid tunors. It is
particulaj y desirable to provide small. nol gcule

i nhibitors ctive for FGAR™an 'N Thi s

is desirabl e | bec ¢se the potentiall congom tpnt
toxicity aqg;LL (rable co ' may
foIIom1fraD1|nhNb|t|Ng mixiple tabgets.| It is X

preferable that |[such snall nol ecul e inhibitors also
possess advant agggous bioavailability prd?ﬁles. It is
thus an object of this 1o invention to provide such
conmpounds_ and pharnaceutlcal conpositions c ntalnlng
thatate staserblouredis clulnivetrgntiog PIRArdRRase atated Gee.
novel pyrim do conpounds capable of selectively

i Nhi Phdrk REnfiMes 36 bé ¥ htad f edsDiRsankeszZefRmallh@skcule compounds
re useful.i.n the treatne or.co

d
s PRl e b E At L PRURT NpesBh i PfERpr FOFR and
KDRI ldnisidm“ﬁmreaﬁﬁg bime prambtatyparof stlidstunmuenitiippartietlathedesirable to

Lo C%jnprﬁglnrgglegilﬁ n(flr‘t%ﬂgr@thal%a e. s@%ﬁﬁ{% & PR 2 gﬁé K]jﬂ\l ”Hllg\l i€esirable

naceu I cCa accepta e sal
bd:musm‘f thepetentia CMConRZant Icicityandmgherpgdesra qu@matlons that

€ / ec
ﬁ%ﬁ‘?ﬂg}\/\dﬁghﬁﬁﬁl b en%l t%?%t%%ﬁ/ Q@g%ge? B@Etﬁ&%@@ﬁ%rﬁ%ﬂﬁ)y ule

present al'so rel ates

pﬂ)émm;g alg® p@gpssgé}lﬁ%gepp%lﬁga‘@gﬁlﬁ YRR e% It is thus an object 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

R7

Re8 R
R4
AN
&

R? l
R
or the pharmaceutically acceptable salts therebf, wherein R, R%, R, R%, R%, R, R” and R®

are as defined below.
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therapeutically effective anmount of one or nore
conpounds of fornmula I, and/or a pharmaceutically

waecwepswbs e salt thereof, and a pharmaceuti cal PGI/EP2004/003447

acceptable carrier or eXC|p|e%t 5 The present
invention further relates to a nethod for treating or

Comfﬁl%} l '()?e%%m@eﬁi?on %\l%@eﬂﬁes g:}ﬁ%%j&eﬁﬂtﬁrco Egﬁﬁgﬁﬂon%nsing a

cont reas pr ost at

- thesipeptaly efitctive ymbueta@ﬁ ongror gegTs SOmpABRES offfgrmula I, and/or a

ESfRAME L Ratle Bt BRrdoflah 8 AlphafmAREH Ay ac&dpedble carrier or
erapy an eff ctive anount of a conpound of formula I

HEIBH. a pharmaceutically acceptable salt thereof. 10
The present invention is further directed to a process
of UFWekdihg iseniion fidthed frelaﬁe@fd‘alﬂnat}bdémdtréamnlgmr ebntrolling solid

i nt er medi oun | N
iegbun e beale PP of Lot bliefi ol ERF 214 BRefle cumors
mestrymrahaddy brasse ot beof (blhmgw, h)gaimfnll&ﬁﬂmgdnsi humay Mient 1n need of

91%9 ?%&?P?alﬁéfg&h%‘i 1dg abnipodng Refr RN efhtc? 1 a%harmaceutma]ly

ocar having 1 to 10,
4Q§elﬂab]aﬁdtﬂ1§¥@fpr efer ably 1 to 4 carbon atoms. Al kyI
groups having 1 to 6 carbon atons are also referred

to h'?ﬁ@i)ﬂ%séﬁ inveBMEH isdikhbr direbsadi toalprbawest pré\{bdﬁﬂg compounds of

%{g?&f %ﬁel%&egﬁ??ﬁgtcgéwpygag%hﬂ ﬁréavlpre ata%ne%f compounds

bﬁ%ﬁm&hﬂhe sanpl e designation Cl_4 al kyl neans alkyl
having from1l to 4 carbon atons. 20 "Al kenyl" denotes
a straight-chain or branched aliphatic hydrocarbon

navi A0uedihscid Gne RABLEARkHs Sulihady 1RIERAAE DMt

at |'east one carbon-car ond, for~ exanple

vinyl, 2-butenyl, and 3-nethyl utenyl, '
d enofblkyl3 depotss @ﬁfalg}ﬁaqhqanar ‘tgpla;?]@aéguaartfz%ﬂg:thagc rPl};c!bfocarbon

iﬁgf & Rpﬁbréfé‘i‘ébﬁg td 6, @nd More plfeﬁd‘rﬁj‘l oty 4 Za&OnatomﬁrAmﬂ groups
E | east on ca%bon rbon t i &Jelﬁﬁ dg lower
SV”é&%\FFb Ao §iRps TR0 ST 1o Af 3 ansPX

Fﬂygroilipﬁhdaae triadtyl,iethydtprapylgisoproplheutyl tfbut)di,e’.’r batl, phuetyl and
cul e OX .
BRpLI B e her ARG blecRbigpiidh CIPARcane R Phving from 1 to 4

cabphetomhsy saturated cyclic aliphatic hydrocarbon
group containing 3 to 10 atoms, preferably 3 to 6

at ONMBA] ke i Eé&?d%&' &tra ?gl-lt-(‘clﬁﬁlln%?lb'féﬂch% ﬂ&tﬂﬁmb AGHtedSbon having 2 to
cIo , cyclopen and cycl ohex

R HIbPD ORI 8BA A P g b Ppen degblsbond, for

@ﬁamI%IBerQrPQLHdt@rQMa&ﬁd@f-ﬁl%ﬂtyl gémemlint * neans an anount
| east one conpound for formula I, or a

phar URﬁ(%}trll’ 8gr|1$t¥s SRR % S¥rhndn2§ Qﬁﬁ{a’tlchpaltocarbon having 2 to
10, preferably 2 to 6, carbon atoms and at least one carbon-carbon triple bond, for

example ethynyl, and 2-butynyl.

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

"Cycloalkyl" means a non-aromatic, partially or completely saturated cyclic
aliphatic hydrocarbon group containing 3 to 10 atoms, preferably 3 to 6 atoms.
Examples of cycloalkyl groups include cyclopropyl, cyclopentyl and cyclohexyl.
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significantly inhibits proliferation of tunor cells,
i ncl udi ng human tunor cell Iines. "Hal ogen" neans
WO awa0a983 chl orine, brom ne or iodine, preferpdi/EP2004/003447
chlorine or 5 fluorine. "Hetero atonf neans an atom
sel ected fromN, O and S, preféerably N. If the hetero

al kg}Ehgct}VF afr%)él%ﬁ' e'r%cl)grr eesu%ca]l}a%fec{\"{t ar85unt e‘aﬁﬁ‘@gn ar%lount of at
165t 6@ ormSathd foHEredcl of e'ph@nmadaeM@ﬂy) ewpwb e Sﬁlé shezeaf, that
sﬁg}mﬁ%ﬂlﬂig rﬂ:gﬂ;? SHfes Al GHeftho? EelE ankel Cngun;lagl tumor cell lines.

-aromati c nonoval ent cy I'1c radi cal

havi n romone to 4 hetero atons sel ected .
nitr &gaé%enom@ﬁ flgpring, Fhlgring bramisAiip Fdﬁei{ef?ﬁ?’e Orine or
el es of preferred heterocycles are piperidine,

pi perazine, pyrrolidine, and norpholine. In case a

b SRR, e 5l SRR fnd BB pr e
Igatﬁbrasom%’:l@ mcamtﬁ(pa@)eﬁt asocl‘ﬁiﬂebEfNéwmIﬂ@ﬂ@ df/hedetero atom is S, it
%t%rgy tsh§ >§§OO)2 15 gr oup S
y

oX0- 16t ¥ ahyarét hi ophene. "Hydroxy" is a prefi X
|nd| cating the presence of a nmpnoval ent OH

+ | CoBetsregystet of MaterCHIHCBARTISALT- O 1gmembyese sBafaigd or partially
&%ﬁﬁt@g ggﬁ/%%rght’i@mbﬁoffrdl‘ﬁlt chélieandicsl ma?ag lﬂl{dn@ dn&ctsboél hetero atoms
i nhi bi % of a speci measur ed. act i can

Soeird R BOBep PRy SRS S PB U TOT EXMProR

' ﬂrkfe@féd h@&rmtyﬂlfes fe ﬁ@eruﬁha,rpimezme, @atrolidime cayltrabipholine. In case a
to convent

RN CC T R -
@b echhinegesigps v oopHFQ)e A plefarted hemﬁg@lgrc@gta@ﬁmg the >S(=0),
%r?)hﬁ% £11D:308 1 A5 éﬁ&ﬂgghéégom sui tabl e non-toxic

or 1hnorg a I C or organic or inorganic
bases Sanmpl e aC|d addition salts i clude %hos
der | VEBRrORY s PHoK isating EheRressch oL meparBEH G eeoup-
acid, hydrobrom c acid, hydroiodic acid, 25 sulfuric
aci d“IC§0U|rEﬁﬂ§l t6 tl@é$¢(ﬁme1ﬁm&m|"t§fral partiqila camj)onnd nt@rdiog do the

and those de ani~-c _acids,s

A RSuted (R oBLARRNE RSB SR, e conbe messued
eérhdinesd deodlteddn Edamplealtl end 42iidfra.succi ni ¢ aci d,

citric acid, malic acid, lactic acid, fumaric acid

and t‘lg}gaelln & c@@t@taﬂ?@&ft’” aekdisteh Qam%ﬁhbﬁal'a@fal—é&'ﬁtlon salts or

t hos rrve nmmoni u pot assi um ao um, an
}qmt@dnwahmmemw Hyohlalﬁg@elseffegta@ﬁesaém BFOREKHTS éhe

F@\Eﬁﬁisr&flf(ﬁ‘ml 441 230 f&)ﬁgd%rﬂ @mtablér hén-eheabgahic or inorganic

dificatioon of a p cg@ﬁmaeut oun (lldt% ega d
pg@@oraorggréF pr ingrganichases: g?aglp ch— salts include those*derive
Rlal ﬁi%ﬁ@bﬁd deils sﬁ&lﬁ‘«i‘ﬁ}&ﬂﬁod@raﬁtﬂﬁ hydroprawiedcighlrgdromdic acid,
St abi L FOSC |
alﬂguréc(ﬁc{?o Fllﬁkwc aqid, Cpoh cfy o cgﬁncf)ﬁltr% dda, aHi %@ d}eh\;e)ﬂ from
atganiclats wedheastp- tpétltenmé@gec ik, n@hcah@acui, uaetenesyléenjc acid, oxalic
kbl tid G, Feharié¢ 2§d 1hd Ane MR, Sample

DB, BTl 8 A0 1 O S
base-addition salts include those derlved 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.,
H. Ansel et. al., Pharmaceutical Dosage Forms and Drug Delivery Systems (6th Ed. 1995)
at pp. 196 and 1456-1457.
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non-toxic to the subject to whi,ch t he partlcul ar
conmpound i s adm ni stered. Subsfgl tuted,” as in

S L AT 68 e,

- eEPRTORt, Stc. i mefins heumadobagicalli eCCSpﬁabkelamdenbstara;taHE aoh-toxic to the

SUBRE thYHi QDR gaﬁlc%ﬁa?f cbﬂ%%eﬁmg;a&ﬁmls%e%ft:t ed from the

speC|f|ed opt i I'n on nment e invention

relat“stocr[poun of for R7. RB R NNR R4

HN N Sitetitygsdy ap %‘é?deﬁlg” mepny thatdhegyhstiusignicap prcur at one
o enre PUition@i d5 uhltgs Gtherwidd indicticd) Rat @b SHIREY SN at each

aslgg dee 'c(>: %leoa%F K epg}%npﬁgeﬁ%g%geﬁr o F&pecﬁ{ E)?phongm eren

e SRRSO o BB o B S

groups selected from20 -0OR9, -COR10, sTCO2R10,
- CONR1OR11, -SO2NR OR11, -SO2R10, and F%:N R2 and R3
are independently selected fromtIiRS _gr 8si sti ng
of -H -OR9, -halogen, 25 -COR10

wherein

R'  is selected from the group consisting of
-H,
~(CH2)n-hefcerocycle,
alkyl,
cycloalkyl,
alkenyl, and
alkynyl,

where n is 0, 1, 2, or 3, and the heterocycle, alkyl, cycloalkyl, alkenyl, and alkynyl
groups are each independently, optionally substituted by up to 3 groups selected
from

-OR’, -COR", -CO,R", -CONR'’R", -SO,NR''R", -SO,R™, and -CN;

R?and R? are independently selected from the group consisting of
-H,
-OR’,
-halogen,
-COR'™.



WD 2004/ 089955 PCT/ EP2004/ 003447 -9- - CO2R10,

(CH2) n- het erocycle, -alkyl, -cycloalkyl, 5 -alkenyl,

wa@pa4/08®bkynyl, where nis 0, 1, 2, or 3, andPCTIBP2004/003447
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het erocycl e, al kyl, cycl oal kyl, ,al kenyl, and al kynyl
groups are each independently,'8§tionally substituted
by up R& groups selected from 10 -OR9, -hal ogen,
’and - CO2R10; R4, R5, R6, R and R$ are each
|ndepéﬁﬂéhﬂkyﬂgéwbnted fromthe group consisting of

-H, - r al kyl that optionally may be substituted by
hydr ox ?I koxy, -OR12, 15 -hal ogen, -COR13, and
- CO2RYS, is selected fromthe group consisting of
- H, Zle &ORKA, | ower al kyl that optionally may be

subst %]%Vt d by hydroxy or al koxy, cycloal kyl that
optio > may be substituted by hydroxy, alkoxy, and
| ower alkyl, and heterocycle that optionally maybe

substihem 2 Gy, hydtBoyd thalhiexycyde, dllopyaayclablkyl, alkerd®, aR@Qilkynyl

ConorpaF AR APEREIEN PLBSERL B P F e Rca

substfomyt ed by hydroxy or al koxy, cycloal kyl that

opt i OORPL}ﬁa]@EM{JEC;@}b@StahaL@@Fkl@y hydr oxy, al koxy or
| ower al kyl and heterocyc that optionally may be

FOIZRedt @0 aff 8 ute o sfes hoBN e Bforpsmesisung of

al kyFHand -COR13; and R13 is selected fromthe group
CONSI_HlJep gkﬂfthéﬁ)p%l)%ah}g) n\l\ﬁ)rr b& lsuli%{ifuted by hydroxy or alkoxy,
-ORIZ,
~halogen,
-COR"Y, and
-CORY;

R’ s selected from the group consisting of
-H,
-COR",
lower alkyl that optionally may be substituted by hydroxy or alkoxy,
cycloalkyl that optionally may be substituted by hydroxy, alkoxy, and lower alkyl,
and
heterocycle that optionally may be substituted by hydroxy, alkoxy or lowerralkyl;

R and R" are each independently selected from the group consisting of
-H,
lower alkyl that optionally may be substituted by hydroxy or alkoxy,
cycloalkyl that optionally may be substituted by hydroxy, alkoxy or lower alkyl, and
heterocycle that optionally may be substituted by hy’droxy;', alkoxy or lower alkyl;

R s selected from the group consisting of -H, lower alkyl and -COR'?; and
R” s selected from the group consisting of -H and lower alkyl;

or the pharmaceutically acceptable salts thereof.



or the pharmaceutically acceptable salts thereof. WO
2004/ 089955 PCT/ EP2004/ 003447 -10 Conpounds di scl osed

wheoosiosposnd covered by fornula | above may exhP@i/EP2004/003447
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tautomeri smor structural isone 'sm It is intended
that the invention enconpasses tautomeric or

stru aLm of t hes

ot ot 8 AEldsEg hAE fla dVGRE Br?%f"?fm‘f&? SHoyeymer.gryibic
|teuﬁ¢merlbmmrtsedctwa1awnmﬁm tlaustmtmded:that thstinvaitiohahcompasses any
't§19t'5ﬁ{eh€ 01"_’ St];rg ey ?s%hﬁ:&f‘c‘% n@ of @l Oﬂou‘ﬁ 9 oq‘ m urgs| of s]gach forms

pre erred od |nen e conpoun
i (§- SR ERICAIXUTBM arecgﬂérn@a iajted tfbwmtkwr@mgr structerhl isomeric

tyrm Qepicleatie foremdl Babdvever al kyl, and | ower al kyl
substltuted by -OH | n another preferred enbodi ment of
of . f

an ot ﬁog%g?%é? &t ?@Bogﬁﬁﬂﬁl ,f,g?ﬁtcoglfpoyﬂ@s ?:fgrﬂ’fi’aﬁlﬁgsR of Seled'-ed from
fopeloalkd, dyclorkyl substitutdd oy -OH KB ocyicle, pnet hkyl, phd vt alkyl
%ﬁ@gﬁg@tgﬁg, gh t he conpounds of formula I, R2 and R3

0

are 15 In anot her preferred enbodlnent of
the conpounds of formula I, R4, R and R are -H _In
anot ABANpiher prefestr deamphndiment of dhe caveparoxd of framubsf I, R? is -H o -
kmgﬂyla I, R6 is selected from ORLl2, preferably
Iomer al kyl, preferably nethyl, or hal ogen,

pr ef rabl | n .anqt referred e od| ment  of _t he
C o AR BrErTFg RO g o (g F bt 9B FRUkloRhBrHL F or -

EHer r ed enbodi nent of the conpounds of formula I,
R9, R10 and R11 are independently selected from-H,

ltrlr)lz\s;te T Rt B TR il U e o e

npounds of fornmula I, R12 and R13 are
i ndependently selected from-H and | ower al kyl, nost

pref g &bdtnerﬁefe%%dleﬁﬂﬂ)dﬁﬁéﬂﬂ&%@J&ﬂp&heﬁ f foffula R% R®and R
embqdi ment, the invention relates to conpounds of

Pt a | wherein R is selected from -H, -Iower
al kyl substituted by -OH CORLO, -CN, -CONH2, 30
- ( CHR) madthergrrefeyret @mbodiment of the compounds of formula I, R%is selected

from OR", preferably ~OCHj, lower alkyl, preferably methyl, or halogen, preferably F.
In another preferred embodiment of the compounds of formula I, R® is -H or -F.

In another preferred embodiment of the compounds of formula I, R’, R and R!!

are independently selected from -H, lower alkyl, or lower alkyl substituted by hydroxy,
most preferably -H.

In another preferred embodiment of the compounds of formula I, R'? and R® are
independently selected from -H and lower alkyl, most preferably -H.

In a particularly preferred embodiment, the invention relates to compounds of
formula I wherein

R'  isselected from
-
. -lower alkyl substituted by —OH, COR'?, -CN, CONHZ,
-(CHz)p-heterocycle,
-(CHa)n-heterocycle substituted by -COR', ~CO,R'’, (=0),,
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-(CH2) n-heterocycl e substituted by -COR10, -CO2R10,
(=0)2, WD 2004/ 089955 PCT/ EP2004/ 003447 -11-

w@eyohosdory | , and cycl oal kyl substituted by - OPCFERDOS/GD3447

Hor -OCH3; R3is H F or -O(:Hq,1 5 R4, RS and R are
H R6 is -OCH3 or lower alkyl; ""R8 is Hor F

pr ef fl‘?.al]ly R10 is | ower al kyI substi tuted by
al ko% n%qnd is O or 1, preferably 0. 10 The

foll éVﬁlfP?éleélﬂhﬁ@Uﬁ@I%b}ar@%r eferred. enbodl nment s
according to the present invention: 1 -cyclohexyl-3 -

RAa- mMexyopkenyl ) -7-phenyl ami no- 3, 4-di hydro-1
H-pyrlmdo [4,5- d]pyrimdin-2-one (Exanple le),

3 oxy enyl ) - 7- phenyl am no- 1| - pi peri di n-4-yl -3,
- @5%mdo[45 15 d] pyri m di n- 2-one
(Exarrpl e 2b) 1- (trans-4-hydroxy-cycl ohexyl) -3 -
RﬂLRremki@Zw@Henyl) - 7- phenyl am no- 3, 4- di hydro-1 H
pyri m do[ 4, 5-d] pyri m di n- 2-one (Exanpl e 3c),

86 (44 ngd(}_ DXV rgn‘mkj)l 7- phenyl am no-
I-plbserl |n3! Z-di hydro-1 H pyrinido [4, 5-
di_n- 2 on Exanpl e 4b), 20

Lpyr 'Ig] ng _

- cy 8 peftBreferblutiet hoxy- phenyl ) - 7- phenyl ani no- 3, 4- d
[ hydro | H pyrimdo [4,5- d]pyrimdin-2-one (Exanple
8)% islower alkyl substituted by alkoxy; and
1-(1, 1 di oxo-tetrahydrot hi ophen-3-yl)-3-(4-net hoxy- phe

yI) en 3,4- dihydro-IH pyrimdo [4,5-d]
pyr| }?1 rhl detgerg%lyéxanpl e 6), 3-

[ 3-(4- met hoxy- phenyl ) - 2- oxo- 7- phenyl am no- 3, 4- di hydr o-
2H pyhe fallewings c@mpownds are preferred embodiments accordmg to the present

iﬂv@ﬂ{lbﬁ'ﬂ di n-1-yl]-piperidine-I-carbal dehyde (Exanple

3- (4-net hoxy phenyl) - 7- phenyl am no- | -
tetr [ O- py ) .~3,4-di hydro- | H pyr
LW@‘O@W ?u(flnna? B%fél YOEX RRgvEABINO- %dﬂo@mdébgwmdo (4,5
Wﬁﬁ&ﬁﬂﬂoﬂ@%&ﬁplel@ () -1- (trans-3 -hydroxy-cyclop
entyl) -3 - (4-nethoxy-phenyl) -7-phenyl am no- 3, 4-
3-(4-methoxy—phenyl)-7-phenylam1no-1—p1peridin-4—y1—3,4—dihydro-1H-pyrimido[4,5—
d]pyrimidin-2-one (Example 2b),

1-(trans-4-hydroxy-cyclohexyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro- 1H-
pyrimido{4,5-d]pyrimidin-2-one (Example 3c),

3-(4-methoxy-phenyl)-7-phenylamino-1-piperidin-3-yl-3,4-dihydro- 1H-pyrimido[4,5-
d]pyrimidin-2-one (Example 4b),

1-cyclopentyl-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido{4,5-
d)pyrimidin-2-one (Example 5),

1-(1,1-dioxo-tetrahydrothiophen-3-yl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 6),

3-[3-(4-methoxy-phenyl)-2-oxo-7-phenylamino-3,4-dihydro-2H-pyrimido[4,5-
d]pyrimidin-1-yl]-piperidine-1-carbaldehyde (Example 7),

3-(4-methoxy-phenyl)-7-phenylamino-1-(tetrahydro-pyran-4-yl)-3,4-dihydro-1H-
pyrimido{4,5-d]pyrimidin-2-one (Example 8),



di hydro-1 H pyri m do[ 4, 5-d] pyri m di n- 2- one (Exanpl e
9d), () -cis- 1 - (3-hydroxy-cyclopentyl)-3-

W@ 200a08496X Yy - phenyl ) -7-phenyl am no- 3, 4- di hydr oPCT/EP2004/003447
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1H pyri m do[ 4, 5-d] pyri m di n- 2- ane (Exanpl e 10e), 5
(R) - 3- (4=net hoxy- phenyl ) - 7- phenylamni no- 1| - (t et rahydro f

-3-vl)-3,4-dih -
E%ﬁ'r@’&gf)& @dawgmy ﬂﬁ%gwgﬁ-&4ﬁaie(@a%(rﬁ;}e@ﬂi17b§ﬂ}enylamlno-3,4-
(RyydBe-(1#-pptimddo] 45 RE pytidni din fheimy (Baainple 9d)pyr r ol i di n- 3-
yl -3, 4-di hydro- | H pyrimdo[4,5-d]pyrimdin-2-one

§ B0 o grslopenal g R ARty
pyrimi Q{e’cﬁed]nmw irehgng (Exgmple 10e),

3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n-2-one (Exanple

1RE3- (4(a1eth%x§%héﬁﬂpi7%fénﬂﬁhwﬁ%% ?(arb =fhidn-3-y1)-3,4-dihydro-1H-

trans OX, C henyl am no-
gmnﬂﬁfﬁf}g% i %%10 W%’énﬁ’l"d yr?/m di n- 2- one
(Exanple 14d), (S) -(+)-1-(2-hydroxy-I-nethyl-ethyl)
{B}-@44¥raétﬂ’nox5y-phhgmy7 Jphényiiaing- plyirolidind3-yl-3,4-dihydro-1H-

ﬂg@%ﬁ‘?&ﬂg 5{@@{ E{Pdﬂoi 4, 878RYAL [9)di n-2- one (Exanpl e

7-(4-fluoro- %henyl am noz - (2- hydroxy-1-net hyl -et hyl ) -
85X Z~(Adtugpxphenylamino)- 1-(trans-3-hydroxy-cyclopentyl)-3-(4-methoxy-phenyl)-
?%i%%ro:sllﬁ =S iiielb O 3- i ¥k iBid® othe PEAIRME 1 §8)di - 2- one

ﬁe&é‘l § fﬁﬁ%{r@r ﬁ@gﬁghoxﬁeﬁ}r@enytmnsﬁ %Yéfa()r}]{?, cé)‘rrcllgpednt)e ))( ﬁ/e%lylammo-

pedijty dio- IIQ)py&nﬁdd[Wd}p?nhhHﬁﬂ%ﬁb @Bxanpl8144),
yr| m di n- 2- one (Exarrpl e 17d)

B PR LI BRI O bl et R
‘dﬂ’@’dw Ao}l Bty (Bkatopi 1543 pyr i i i -2

-one (Exanple 18),
@(@)@Y@gﬁ&&ﬁﬁeﬂ%{a}mﬁof A1 Qﬂﬁfdfoxt}y]d E'Regﬁly (élyk}‘f_)il)o %ébfhé&hgxy-

1
AR R ORI

3 (4- met hoxy- phenyl ) - 1- (trans- 4- hydr oxy- cycl ohexyl)
3 2-flubroret- hettyxpiph ay;}mm(ﬁabls-431,yércddyreydlbﬁeiyﬂ PY4-indthexy-

b} l%l%% R Blaray m%w@&@ ABAST 20 (B

yl am no) - 1- ( 2- hydr oxy

ﬁﬂeﬁluoret%wtl)hozmhmﬂwf(tmm—mydxmqyeuy[:mhaeyw}b@ i-rdinhiethoxy-
%hé}%dlglrﬁé?m -&h %%1%@] )17‘{151&[&{5 d%)é/rwgm -2-one Example 18),

hy
%125:*9?"5 er§’1)41 éf’f‘(&ﬁd‘%ngyglﬂxbyﬁlﬂhe&@)[74(354 -djmethoxy-

Neédytanthing 8 odigyy drfox nddd[4 44282938 (E le 19
p /Vlg onozu 003447 H?:?YQR SV\Qp%”ﬁ (Example 19¢),

%34 r{%%théy%glg%?{lgy?)( rc?ns %Bﬁcl&l}'loet h céglgexxl -7-(4-methoxy-phenylamino)-
Bidhdibydrot B -pyrimidae{d{54¢ Bydinpginidydoé (Bx@mgphe2qbEx anpl e

23d), 3- (4-nethoxy-phenyl) ;
(dS]]) Gﬁf%ﬂaflﬁgﬁgf gﬁ%éé@é?g}ﬂxeﬁrﬁ'?d 4b3 NQ5R- I!vﬁ'e"nméfrhﬁ%) 2.4 f‘ryéroxy 1-

methyl-ethyl)-3,4-dihydro- 1£{ pyrlmldo [4,5-d]pyrimidin-2-one (Example 21b),

(8)-(+)-3-(2-fluoro-4-methoxy-phenyl)-1-(2-hydroxy-1-methyl-ethyl)-7-(4-methoxy-
phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 22),



5 1- (2-nethoxy-ethoxynmethyl) -3 - (4-nmethoxy-phenyl)
- 7- phenyl am no- 3, 4-di hydro-1 H

WEReosisss 4, 5- d] pyri m di n- 2-one (Exanpl e 25), BET/EP2004/003447
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[ - 3- (4- net hoxy- phenyl ) - 2- oxo- 7ghenyl am no- 3, 4- di hydr o
IH-pyr| mdo [4,5- d] pyrimdin- | -yl] -propionitrile

}E}Sg- Le g%]mﬁl-k}dla*l@l@ 514 ﬁleﬂ{o}}z )})heﬁyl) -7- phenylammo -3,4-

o
dlhy m;ﬂ, gyﬁlrﬁ 034,3=d] pﬁumldm -one (Example 23d)
di hydro | H pyrim do[ 4, 5-d] pyri m di n-2- one (Exan'pl e

34 heny( 21 h¥ethel 4-dihydro-1H- id
4(%%?418){}’ ppﬁgﬂ)Z o %eﬁiﬁ%ﬂhﬁgg 4137 rr1(3)/dr oPyrlml 0[
élﬁ)’nﬁ‘? o %l'ogeg%f %@HIF P n-2-one (Exanpl e 28d),
(-)-(1S,39)-1-(3-hydroxy-cycl opentyl) - 3-

( 42rretthoxy-efitoaymiethyl)- phemetlzonyrmhe8yl)-7-phenylamino-3,4-dihydro-1H-
ggﬁgﬁ%o%'sfh IRy FihdThA02- L,ﬁe PEdlnpdy4dymi di n-2-one (Exanpl e

met h henyl henyl 4- di hyd
(15 S rRewh e b by EHeay oRoy P Ghspico AT Benido 45

Aldeh-3 £ orntrﬂé‘ Exadrpld Z5)hydr oxy- propyl) -3-
Eﬁﬁ thoxy% Ién(?i E) eﬁlﬁ am no- 3, 4-di hydro-1 H

?¥>r(&ﬁ§91§>[ R leyer Sh o B e RS heR U mhsmeeming 4

diftye oyl F-Fyrfride)4,5- d] pyr1m1d1n-2—one (Example 27f),
mst hoxyphenyl am no) - 3, 4-di hydro- | H pyri m do[ 4, 5-d] pyri

I

( & S%}éﬂg&g(ﬁ)&g??g 13S( 42%% 10Xy~ )?h] };;};;) -7-phenylamino-3,4-dihydro-1H

psn(rmdq{éﬁh@bpyngném phenyl ani no) -

3, 4-di hydro-| H pyrim do[4 5-d] pyri m di n-2-one (Exanpl e
C()w 3%)- 1((3%@&@%;@1@%6@@@ 4‘~)&£‘e‘t ehyl)-7- phenylamlno -3,4-

gty JFRey iR o hyirmitn gy %?wp&?% 5 d]

pyrlmdln 2- one (Exanmple 34f), 25
3-[C8i(43cthexi- plydw@xgl—oxgdkmiwxlyhyn<3~3(44dlh¢dﬂme1&ﬁ Iyhnienyo )4,5-

DRI RS P By m o 4,5

&@ns 3, 5-di hydr oxy- C¥C| oheéaél) 3-(2-fluoro-4-neth dy
Gy 1-12-rydreyyanpid)-3; 4-methriepbenyl)- frpbmleminos3.¢-dipgdro- 1H-

ﬁﬁdﬁ%ﬁpg{ 31 2004/ 089955
il %2?47‘” JERAdCXBIR Bl 3140

EEEL TR %r%%%hs’i@ SN Eko-4-methopy-ghenghar--
miﬁdth@ayphlémrhg&hﬁm)mo@ -dihydrodi Hypjrimaid bf4p5-di pyirthoid il -3-cohf f(fxample 321),
m di n-2-one (Exanple 37b), (R) -3-(4-ethyl-phenyl)

1 n{é{s(ﬁ? fdl}% r(%&jypgfgl}\%}gm 5‘(& n}eth&%f PH&'&BWM !methoxy -phenylamino)-

dl4h)9ﬂilb’d\1‘-ol ka&rrlmﬂddB{ F dipyinpidin-Fioae AExaneple 33@xanpl e
(1)(35?3 a(sﬂcdﬁ{yﬁyckxypa»%m%&yl)ls( Qﬁém&@opméa@nw QY0 6)0- 31 dthey-

[ OXY. n
FPRGHABIO f HHdo A B%‘H]“ﬁ];‘? EbTddpiniding-quedErpnge 340,
39d), and
1-(cis-3,5-dihydroxy-cyclohexyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro- .

1H-pyrimido[4,5-d] pyrimidin-2-one (Example 35b),

1-(cis-3,5-dihydroxy-cyclohexyl)-3-(2-fluoro-4-methoxy-phenyl)-7-phenylamino-3,4-

dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 36b),



1-cycl opropyl net hyl -3 - (4-nmet hoxy- phenyl)
- 7- phenyl am n o- 3, 4-di hydro- 1H

WEReosisss 4, 5- d] pyri m di ne- 2- one (Exanpl e 40) . PADEN1v64/003447
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conmpounds of the invention are_? lective for FG- and
KDR ki nases. These conpounds a useful in the

e
pReRSKYPheprigmine- Ha- Chhxdrprléﬁpmmld(lﬁﬁ;ﬁfﬁp}’fm@a 2-one (Example

campounds are highly perneable to cell nenbranes and
t hus possess advantageous bioavailability profiles

' bi lity
G et VRp RSB0 & Rheplegamt- 1 R aes B  Fasta sy -3,4-
thypharifbegrtitidell,5-dlpyrasdin Dose (DARPISIfY, at | east

one conpound of fornula I, and/or a pharnaceutlcally

D t h eut

ARl L B8 Al RS L it dapenty) 5.4
cdéharyggwlﬁ -BiEmide] 45ed] @drmndlstkped(bﬂaaipﬂeﬁ%‘)mndex anpl e

inthe formof tablets, coated tablets, dragees, hard

Qtcylfptogehs Ilsqanﬁéﬂh@ AQULT- 308, ﬁﬂ”ﬂiosm ¥
R b o el Lo Ferrary

parenterally, for exanple in the formof injection
sol utThe msmpﬁhﬂd@dﬂﬁhﬁhﬁieﬂﬁd)mﬁ{e séi@cfmz@ Fort FGmﬁn@KURhl@nases These

ST LS B SR AR LSh b
P8 PRt et @@lattumn@a, 3pe¢1ﬁaaﬂ|yrbmeu; lurigatol d1s atkdh pmtalt@tuﬁﬂtﬁ*s These

%ﬁ%a oﬁn&saa%ri@}nﬁ S e 13/1? g@ X&%grﬁﬂﬁhfﬂﬁg tﬁgﬁg?ssesﬁadﬁadutageous
H@Pf WEWNﬁQVC IHTM9@@HﬂMhEﬂng processes.

These phar maceuti cal preparations can be fornul ated
with therapeutically inert, inorganic or organic
car r Lets altdragtivassnbdmenis ﬂﬁ:rp%&eﬁf ind@ttiofdel ¥ &S0 harmaceutlcal

RSBl B B Lo F BT ety

aeasptablechaly elhea{wfnamhq:)phdrar&cetﬁmaﬂy&ttt@tdﬁé targlesof edcipi@itt
gel atin capsul es include 30 vegetable oils, waxes and

f at S Thg&%ﬁﬂ'hﬁ‘&uﬂ% Egﬁgefﬂlb'ﬁsecaﬁfbetagﬁmﬁgtte#]e\ﬁeorglg}p %?egcgr%ple in the

rrrers are ener y.require
P% 5 ablgts; spatesfablessdragres.thapd er sodr gelasinscapeiles; bdutions, emulsions

Bﬁmﬁaﬁidﬂse T‘B.fey & 0 W EInARtessd fé@t%lly’*‘ "8y éé@ le, in the form of

ol s, sacchar.os nvert sugar se
B ese G i o i, o i ol oo oS,
pol yol s, glycerine, vegetable WO 2004/ 089955
PCT/ Eﬁ’@pﬂﬂhﬁ@&ﬁiﬂl conflﬁosmdns of filegsehot 1h@¢rﬁﬁ)n3d&npnsmg compounds

§g{ogx?1g{aqn £1§d/ é: ﬁﬁéahl%ag'ceg&"b glgsp tgﬁgogéth?e sl?q I&Eﬁngactured
qu penier tiptds }Swlﬁrat’é@tartcag bymeguas af ¢aentarn! aiisiag,
BI a&qﬁﬂﬁlr@ ﬁﬁfﬂlﬁhg G AARN T, exﬁﬁisgﬁhg'eﬂtﬂ%gpngg %g‘e’—makmg, or

ge

I ZIn wet ti ng ag
1§1ngms§ﬁl sga@aﬂr%ace rﬁﬁ@ah@asacgg ﬂme §ormu1ated with

ﬂieﬁa\p&ﬁhcﬁa@y@%ﬂ Eﬁorg@rﬂk b ofg@ﬁlc‘é@rrriséksﬂ QLaEt'&@e Q@8#P4thiCh or derivatives
?eo%,tfalc, stebryc afaed' or 1ts ) g éa?l eall.gec{1 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, polyols, glycerine, vegetable



anti oxi dants. They can al so contai n other
t herapeutical |y val uabl e substances, i ncl uding

w@odwisnswesnl active ingredients other than thosECDEP2004/003447
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fornmula I, in particular other;s;oncol ogical agents. In

a further embodi ment, the present invention is

g egs AEoPLud AR ake Adliral
ﬂs gﬁosﬁﬂolﬁédg & ﬁﬁc&%tsa Slugtfxglrg %@‘Pféaso ucﬁg% o] l?heg Rliral or
lrmdsmiltcels,wawe,efatsab@s rigiidpelioky to a human pati ent

in need of such therapy an effective amount of a

CONMPPHNGh Lab QI Fepardichsan ials c8@tain prserf@p bp@ig olubilizing
above, 1e conpounds, of the 11?1 nt i nv§nt| opé ; 1
geatsutirbilzing égené% TR A L %‘) ﬁgﬂl’ég Jeen Sy esienigagents, coloring
ﬁ%ﬁfsﬁ'ﬁﬁ&iﬂﬁﬂg&@éﬂtg’, salecfeptaking tBﬁb.‘IIﬁOﬁd‘];ﬁ‘BﬁOfQ; baffersusefiog agents or
T éol(gc?q:iitg?sg }{eﬁ%t nant ortalﬁ%%ér%ergﬁelﬁ%m VG llef ﬁfb@fa#ﬁe@ including

Tar oneo I sor ers
aditifions dstnanxligrk(bllema lo&ldr dlnan ok @ﬁ faimgla d sindactisnl sy
gﬁgﬂ%ﬁ %gﬂgarly useful in the treatnment or contro

unors, such as, for .exanple, breast, colon
| ung and prostate t uno Thus, the present i nvent i
s Tl frathepmbediantihe regRHOEIHGR | dicestadg ekt o

Eguﬂdjélﬂbﬁn@]ﬁ IM&m&g €fimdeg ih @aﬁlcﬂht bedakt, tdiloﬂ,el&ﬂg 01f prostate
suc

her.a fective nnun ound
Pk PRI RTAPURE B TR RRRETEER 1 o sedhuSRRRP dR Egfve amount
bhecanpourd dftfermyle linnd/ak ity saf.f ect i ve anount of a
conmpound in accordance with this invention nmeans an
anount of conpound that is effective to prevent,

al I.eyi %e?ﬁigﬁedufﬂmle 'tﬁé @c%rﬁ{) ﬁﬂgto‘? Iife I%teseﬁt ﬁﬁ?@ﬁﬁoﬁ) rinclud1r21 the

prol o e sub beln e

tr
Dxstippwidscat Forat Landies r‘tla«?a@hﬁrn@awtvalbf Al Salisgireot e useful
Y}? fﬂg't{kahﬁﬁit%lf hb%uélrbfgﬂﬁpﬁﬂiferatmﬂﬂdi!@éraHg lphttib@ldr)()ncologlcal
fective anount or, dosage a co oun cordin
disprders. nlhesg FBRPQIYS 58 ;%)grm"??ﬁ%soﬂ qﬂ?mi C%IHEO‘H%? he
@@itﬁﬁfﬂl@%@eﬂlnn&hmwﬁfenk ooventioh of Svdid tariors, Sudiasdios expenple,
g&@ﬁt ﬁ(ﬁp{l tus e e m ndl lgufhn grgsgﬂf i'h?gﬁ?tmnsls ﬁﬂther directed

|nc Uidi
coapoting foy tl’eanrr@uald mltd tsmeby admmlﬁ@mm&m@f patient in need of such
dim 0 51 hd 8 Pﬁhﬁq biftBsharAdceuticall
%lﬁr?wﬁl{%ul ment gglcﬁlglgtg{rleat ed. In gaener aa%alrn The
cocsptable S@l’télllerler parenteral administration to adult
humans wei ghi ng approxi mately 70-75 Kg, a daily

dosagethefapaltdlly dctie r8oah0sfla cbthpdaad iy acqorcﬁnee aithyhis
from.abo utP

200 bout 1
TR X TN Vﬁ%u oo
URRELrdté sYiniptome yf diceasx ceprbbehgthe surviveli dahememh cidgitegted.

o e AN o p ﬁ%‘%%éﬂ the art.

doses, or for parenteral adm ni st ration, m%y
gi veﬁlngh@@mtmdbl@ffecm\wfqy@q@{ or dosage of a compou accordmg 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 70-75 Kg, a daily
dosage of about 10 mg to about 10,000 mg, preferably from about 200 mg to about 1,000
mg, most preferably 300 mg to 600 mg, should be appropriate, although the upper limit

may be exceeded when indicated. The daily dosage can be administered as a single dose



I n anot her enbodi nent, the present invention is
directed to a process for the preparation of a

w@oooposass of fornula |, which process conpri seBCBHEP2004/003447
reacting a conpound of the formula R7 R8 R6 | RS 11
, I 4111 X NN O R wherein is d or SO2CH3, and

RL, R4 R6 f. .

G Pl e PP BB P RS g
intusid®2 / R3 1o mhereln R2 and R3 are as defined

herein before, to obtain a conpound of the fornula R7

R8 RR) arf Ntﬁ\ér%ﬁi bodinidi Nh@@resgﬁ-t 1n%1tion 15@1réﬂ@éii {ofa 15188dsk R the
convertin e co 0 into.
 plBrRHeR el ¢ ecanpefurg‘ai}élfgffaﬂ?é @gﬁ PIOC?WeCOB}PéLSE%t

invention is also directed to the foll ow ng novel

5 ﬂeﬁ&tﬁ{g@dﬁr@pcﬁﬁmduﬁﬁiemiormma 15 the cv"thesis of conpounds.
of fornmula I: WO 2004/ 089955 PCT/ EP2004/ 003447 -17 4-

[ 3 - (4-nethoxy-phenyl) R’

- 2- 0x0- 7- phenyl am no- 3, 4- di hydro| - 2H-pyri m do [ 4, 5- d]
pyrimdin- | -yll -plper|d|% oxylic acid
tert-butyl ester (Exanple 2a), trans-4-

(tert-butyl - dlnethy g#ohexyl] -3 -
(4- met hoxy- phenyl) 7- 11
R?

1

wherein X is Cl or SO,CHs, and R, R*, R’ RS, R and R® are as defined herein before,

with an aniline derivative of the formula

NH,

RZ
R3

10 wherein R? and R’ are as deﬁnéd herein befor'e, to obtain a compound of the formula

3

R

and if desired, converting the compound of formula I into a pharmaceutically acceptable
salt.

The present invention is also directed to the following novel intermediates useful in

15 the svnthesis of compounds of formula I:
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phenyl am no- 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2-
one (Exanple 3b), 5 3-

W 3004489963 hoxy- phenyl ) - 2- oxo- 7- phenyl am no- 3, 4Pdi/RPTnee03447

2H pyrim do [4, 5-
d]pyrlmdlnl yl]- plperldlneT carboxyllc acid

I est er
L or RV RE m%aﬁ%fxn;jf? S S olss
ﬂaynﬁhdllnxyyk}#mpgﬂc)me -F-carboxylic aci tert utyl ester( ample 2a),
phenyl am no- 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2-

@ é%ngﬂﬁl kﬁ.ltt O(?ﬁ'n yl- sﬂanylo ) -C clcr)}éex%d 3a$]4 éne;c/hoglc?fn ph(e)nyl) -7~
phenyigrriaos, %é%ésgr?(ﬁcpya%méo it Yippi é}neé&mﬂﬁébf’y
11a), ()-4-

i‘{ﬂﬂmné%h& meﬂwtztbx&vr@tehylhnﬁmd)amyﬂmx&a)o-mqimmdoM,Ea
%T %th@ {Ielgjl}ﬂafsriﬁlﬁe arbdech ac:1<_§1j {‘err]te Bl?tyfesléer %ﬁ)ga%g ga),
[trans-3-(tert-butyl-dinethyl-silanyloxy)-c cI opentyf ]7
¢13-3-dis-{tet tHoutyl- ginsatlyl ysilanyloxy ¥cyclopenty1 4-me oxy-phenyl)

t
P n’fitié)?azp& Hydsd: %fk BP0 ol Jag@rmaﬂ@f[ 4G ERMApITLHE))

él{)g;—glegﬁ%ﬁg&mt(gﬁlahéirlo aﬁrll%/alno?z(%lrfamlgg)l 8 ?nqgc%( nJ 5{car og(y ic acid
NéteR MEDpleid)y | ] - 2- nrethylsulfanyl pyri m di n-4-yl}-
&Hnﬁ ne (g I?e ﬂy

L e U tbdﬁgn%eﬂyﬂm o3 B QM5 LRER K anyl-

ﬁj&ﬁrh)dlﬁMchﬂft}aﬂde&yde (ixhygiteal 30 - pyri i do [ 4, 5-d]
pyrim di n-2-one (Exanple 14c), (S)-

L8 1 A ity b&?l%ﬁ{éﬂhi %ﬂé@mséy%yaloﬁen@ﬁ} By(=8bthykst-phenyl)-7-

pﬁdn?ﬂu;lfasylﬁ%dﬁy/drwlHFpsﬁmdﬁ?%IdAwna}% PronediExesplsigh),
(Exanpl e 15c), 1-

7)[@»'3561143 (téﬁibhtﬂ%mkmgﬂ SRiblky)sticRipehgy)s- (g dohetyhpthoxy-

hi 3-
RbeTR T3 T TR eL PP b ine (rapleA 4R
n- 2-one (Exanple 17c), 1-
K+)r mauﬁsum(embmt @zﬁnaﬂlnmﬂhwﬂo)sfl)icadypmw -3cipenethexyphenyl)-7-

R R R T
1 -
Kﬁﬁirrﬁ% W@m-dmwl -stianrieny L -meihghethall v oo shépgathoxy-

L do[t>-& idin-2-one (B le 15
Hﬁﬁ‘&fiﬁgg‘yagﬁ&ﬁ%%)g % 4- d]p z;lg}loml I—|-0|r01§/§ |XrarllmdPoT 4, CE)S d] p

rim d| n- 2-
e s 4 PWl*g‘EW%gg‘aﬁiﬂﬁijdﬂ@ QR ors e SrbserPT™ ﬂ
tﬁetﬁéxyﬂﬁlﬁdm&y} phigiylkg1B-pykimido[4,5-d] pyrlml in-2-one (Example 17c),
met hoxy- phenyl ami no) - 3, 4- di hydro-1 H pyri m do [4, 5-dl

gd{# %0@ z{% 88@72 f&ﬁéﬁ?ﬂ]{iggﬁg@z&?])ohew 20819839958 ethoxy-phenyl)-

GidedibyBra-yH-piirsnidald.S-dipvamyidxg)one (Reamgle 1&ny | |
-7-chloro-3-(2-fl uoro-4-

qertfﬂ%ldéll nQ@JB)ﬁ(E)})rl] éﬁméﬁ@ll é‘imﬂ@xy)wcnmemj 5|£(4{rﬂet501d;] phenyl)-7-(3,4-
p W%?@?mmaéﬁxﬁgﬁl}’ §§q Lﬁﬁysgé,lfpf &4 mld%rhzl(ﬁne (Example

-1'éb§;hl or o- 3- (4- net hoxy-
phenyl ) -3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2- one

(19%%'7'}314%(te2r§-%)utyl—dimethyl'-silanyloxy) -cyclohexyl]-3-(4-methoxy-phenyl)-7-(4-

©methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example

30

20a),



5
3- (4- et hoxy- phenyl ) - 7- phenyl am no- 3, 4- di hydro- | H pyri

WOorR@eg995s d] pyri m di ne-2- one (Exanpl e 24a), PCT/EP2004/003447

10

15

20

25

(+)- (1R 3R) - 4-
[3-(tert-butyl-di nmethyl - S|Ianyloxy) cyclopentylan1no]

& gﬁw&%hﬁ?ﬂgdhg?ﬂyw %g.era.gse@@n Rapr-r enRib S B flro--
[meth f»@ﬁ? B )y$> ibsetrayit-priiedal 42ydlprsislidipehope (Example 21a),
- 3- (4- et hoxy- phenyl )-7- 1o

mmmy Za(ffkrﬁ(bu&lfﬂnlﬁhelﬁypiﬁlﬁn&lﬂxﬂyﬂnﬁ@tﬂﬂ &tﬁ‘ylﬁ?’fﬂlﬂoro 3-(4-methoxy-

BRI R R e SL4 Eianr%geg g Fmple 25,

7 chl oro- 3- (4- nethoxy phenyl
dl—Mymleﬂlobc}‘kpfhanl\Fﬁ7€td{eﬁY]5Hﬂr}q}W4kdnh¢dm—H—Imn‘ilﬁﬁmﬂﬁ)wlmldme 2-
%gE}Exe{m}) 4, 35) - 4-

1€
tert %utyf dlnethyl si | anyl oxy) - cycl opent yl am no]

.- 2: yr|n1d|ne 5-carboxylic acid ethyl
&1 ge é(é]tté (éefébal)}’? -digethylysilangozigycyglopentylamino] -2-methylsulfanyl-

%@nﬁﬁ@m Soedrbxye gat Rytyl gstérqmrﬁpné)z-;aycl opent yl ami no] -
met hyl sul fanyl - pyri i di ne- 5- car bal dehyde (Exanpl e

?‘3“((%@) %u%?’i’ef"?%ét ety dayla)Frdoransdlar(grpethoxy-phenyl)-7-
pBerflamitondytydilpzoyH-pyrimido(4,5-d] pyrimidin-2-one (Example 27¢),
met hyl sul f anyl -3, 4-di hydro-1 H pyrim do[4 5-d] pyrimdin

g)'-?f@ (%;Eg?w 91&%1%5%1 n)lo;pé#) ?8351 Ioop (4 trriﬁtl]loxy—phenyl) -3,4-

thyy 40—,3(&—%@%91 yyrymm’Q@-Z one ( xamp e 28c¢),
phenyl am no- 3, 4- d| hydro-1 H pyri m do[ 4, 5-d] pyri m di n- 2-

QN 16B5 RN B 12 Bntyl-dheth l-sﬂanyloxy -cyclopentylamlno] 2-methylsulfanyl-

b b é%‘{%@ﬁ%%@ﬁ% shse ] Famapiy 2ol P!

di hydr o- | H-pyr| m do[ 4, 5-d] pyrim di n- 2- one (Exanpl e
$De()1.5,38)-4-[3-(tert-butyl-dimethyl-silanyloxy)-cyclopentylamino]-2-methylsulfanyl-

%ﬁlﬁn ngﬁb&a%eﬁ%e%%g W&}(A edéf%?enyl si | anyl oxy) - cycl ohex

met hox hen di hydro-1H pyrim do [4, 5 - d]
9L As 8-l Uashbun A g he-sSzaporaelopentyl 3-(4-methoxy-phenyl)-7-

{
)E/rfeitﬁﬂﬂfé%ﬁpﬁlﬁlgfd%oﬁepﬁ&nﬁmh@md | pyrida RN 120530 (BRNGHRPSY,

l -3, 4-di [
Pt e b RS P ey a1 ity pheny) 7-
Phéiydamifibed,4-diyidyd-1 8- pprémidof 4 5dapytiraidin - 2- eyeqlEemapii2bg),
-7-chloro-3 - (4-methoxy-

gﬁéi%% g e T o e b o BB 5.4

ihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 31c),
[cis-3,5-bis-(tert-butyl-di phenyl-silanyl oxy)-cycl ohex
Y-l[]:zs—‘B%‘ Bﬂ-(@ﬁﬁ@ﬁwdﬁﬂg Isllarkidsd)- cyclohexyl] -7-chloro-3-(2- é]]uoro-tl
%I 4-di'h % pyri m dol 4, pyr
eaﬁg ¢ Qs q 4 5- d pyrimidin-2-one (Example 32d),
[CIS 3 5-bis-(tert- butyl dlphenyl S|Ianyloxy) cycl ohex

YA[§is 333—1@14—(!’@1[ -buatrly diph emmpisilanfi o) -ciclohexyl] -3-(2- ﬂuoro-4—methoxy—

fﬂh&%i 91-;;1/ ?Eettff%é np}%rﬂ ﬂ}ﬁlﬁ‘{’)"&@dﬂwﬁ% Z{Z—F }99{11%1&0[4,@%] ipynfiigl?din-Z—one

Example

1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl] —7-chlo£o—3-(4—rnethoxy-

- phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 33a),



1-
[cis-3,5-bis-(tert-butyl-di phenyl -sil anyl oxy)-cycl ohex

WQ bjo4o®9631- met hoxy- phenyl ) - 7- PCT/EP2004/003447
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phenyl am no- 3, 4- di hydr o- | I—I-pyrllrg do[ 4, 5-d] pyri m di n- 2-
one (Exanple 35a), 1-

[lc cr°>L 335 ?bsb('ﬁ;rt %hgﬂ %1}9‘%%1% sﬁnﬁ?%?)ycydsolh I’B"(ﬁy&ét%%'rg enyl) 7-(4-
E‘hﬁh

lwnpfh@nyohﬁﬂrﬁbhsdm il pytinods M5 lpiyrind dinf 2-0Be (xample
Bykj,m di n-2-one (Exanple 36a), 1-
[CIS 3,5-bis-(tert-butyl-di phenyl -sil anyl oxy) - cycl ohex

I 2- fI
)i CFT%I’H @ef P%é?qgﬂgnyﬁaﬁpﬁgwsfol}ﬂadlh%f-’rzamthpﬁyphﬁﬁyl) 7-(4-
cﬂlnofcﬂfs Snetﬁbngphmywmga)ﬁgedlpﬁ?ﬁ?y%}ﬁﬂ? r;lJ-Slid]pﬁrrnmlch)n -2-one
or rimdin e e en

&ﬁXam}%%%Jﬂ ol e g)éc) (R) - 3- d d yiopneny
[2-(tert-butyl-dinmethyl-silanyl oxy)-1-nmethyl -ethyl ]

. 13[cis B, %bigi (eant-briyl-giphenildillanBoxy)-cyclohexyl] -3- (4- methoxy -phenyl)-7-

}Sh&%’laﬁﬂﬂnb =3l R SV ET- BRSRYd O 2 8T BBy S AR sne??]&%mple 35a),
1 Céheqr)fmé (ger{{autg H%%Eyjlziéﬁillﬁqlnﬁg%}l) oc))(le)cmélxy?eg Ia/ Iﬂu(e;o 4-methoxy-
%hén)tﬂ) mpael@ylarhmyg urdifgdrd . 1331- @l Riid T 8l dlprifREin( E¥ A8 @ mple

§%‘§) 1- [2 (tert but yl - di mst hyI si | anyl oxy) - 1- met hyl - et

h I] 3-(4-eth henyl )
ﬂI‘ (w135~ bﬂaémﬂ—émygdgphsnﬂ aﬂamﬂdxy()-dyéllobgml A3l ofo-dinpathoxy-
F‘“Q*ﬂﬂ@ eﬁ‘f’-" BB Hehi e P sty M
dipyriepidsy osw (Exeraple ) - phenyl am no) rret hyl ]
-pyrimdin-4-yl}-am ne (Exanple 39a), ()-1-
t I
%{l?ﬁfﬁg(ﬁg@f(n&dg{%%ﬂm@hgﬁ (Bydthygiphaaylh-axihe @xahpRetycy! |

?@?g’?{% (Iée"fgé‘bt?f d%\]ﬂe(rﬁgyllslﬂ'jig%ox)’ )-1- [611}; S'JYﬂyf fn 4 dcflcﬂﬂozro%?y(?lmldln 5-

th@]m;d} -B-( @ tetlnyl- ﬁhlﬂnyib—udea"@bch[ylbleﬁw ,anyl oxy) - cycl opent yl
-3-(4-ethyl -phenyl)-7-(4-

i

edﬂwsmwo 4,554 prrimidisrenaixantrle 3e)pr esent
|nvent|on can be prepared by any conventional neans.

Bu)-1-4bl( 2rt@gesisesh Qﬂar%ﬂ@tyblqsinétﬂ?geﬂa'j}ﬁsﬁ @@empgﬂéa&?w-u-

re provided in th I es oun of
Riretptienyfegine na syl A aeaiidAl g doiimidite ou (ixample 386,
descri bed synthetic routes. 5 Schene 1 HN (CH_ O)n HNOCH

EOEranGB- (at-butyl-dimettyyl-KBhiyloky )2 clop Bt | A{R- chl foes- b(rzieet@ﬂ-
%heng[a%h!)) }negﬂyﬁ’ Bu/:xln%ld?fn’% -yl}- AﬁnnéA(E%{glp{g 'ﬁN) Rl

(t)-1-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-7-chloro-3-(4-ethyl-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 39b), and

(£)-1-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-3-(4-ethyl-phenyl)-7-(4-
fluoro-phenylamino)-3,4-dihydro-1H-pyrimido(4,5-d] pyrimidin-2-one (Example 39c).



---a-- . NN-- - C " NN Base CIl NO Base CCA N a
RRN Ar 456 Ac"NH2 HNNN I NI10 R Alternatively,

w@eooposss of formula | may be obtai ned as f ol POIEP2004/003447
Schenme 2 )Ccl ArNH2 N Ar CI N Base CI 'N'-Cl 2 4

WO 2004/ 089955 PCT/ EP2004/ 003447° " -21 Alternately,

COmmHDaflq RS PR oS YR LA 2 2 o
\13eaQsNSpigab 1messeswomnﬂresmnghemmmuads dre pAOWEHR] in the

Sl AT S Ay

p_.

l@es‘al e§ gliqroufes. Al t er nati vel y, conpound 6 maybe
obt ai ned from conpound 4 as follows: - Schene 4 Cl Ar
5 Scheme 1
(0] 0" 'N” "o Z
H . aq. KOH H DIPEA o W o Aoetone
Uracil 1 R’\H
O /
ANH, l“/f _RINCO_ I's Base /1/\
Base C N R1
6
ArNH, iy T
Af

Alternatively, compounds of formula I may be obtained as follows:

Scheme 2

) /N’k;j(;m ArNH, /I\H

Base cl



NHA O NAr "~ xx 3 C <c¢cIN C HRNHZI H COCl2 Base
4 C NNHBase Cl NNHR 12 Ar' 13 Ar' 6 5 Conpounds
W@BooH089y3 a | may al so be obtai ned from conpouPdI/RPRS4/003447

follows: Scheme 5 Ar kr Ar N, " N-ArPhCONCO Ar' NH2
RIX HN' "N NO IILH C NNCH&INaOArRSl 30 C

peri BS80S A e b P T Rllows.

exanples illustrate preferred nethods for synthesizing
the conpounds and for nul aSiche&e®B the present

invention. Exanple 1 5 Exanple la 5- (Hydroxynethyl)

-1, 3-di hydropyri m di ne- 2, 4- di-ofje ~~O1;|rﬁgdl(lt\|dOA 2- L

ked fl ashyequi pp “a~ne Iortstlrr/jf\
the o} tejr%d\ melff;e g/ Mrogen2|Mhé12 bubbM™e

argged wth uracil (518 0l:g, 16

Ab‘UnH@EL igPar af or mal dehyde ZG_B[ 50 g, 2050 nmol as

f ormal e) (Aldrich), and a solution of pot aSSI um
hydr oxi de (86.9% 59.95 g, ,928.5 mol ) (AI dri ch)

wat e, AiNM45 Q The W <tufe was st i at 50 Yot
for §8R'%BHé on TL&MS i ndi cat e w/f\/&
rea C_L_I_O_D_AE_EL concent rlati on at 60 C]IZ[’mﬂ Hg {0

vol ume of ca. 500 nmi,9the residue was dil uted V\'lQh
acetone (500 ni). The resulting precipitate was

col | ect ed by filtration, 15 washed with acetone, and
drie .SUCthﬂ ey af” 50 C 25 Hg to gi

5- ( rret hy*s}jﬂi\/g::dLgydropyrl% Ihe- 2, %Nﬁm
(250 g) as a whid® solild. The conbined | mot hér |i gkior

and washes were concgqtrated to a volunme of ca. 300 niL
and a

Alternatively, compound 6 may be obtained from compound 4 as follows:

Scheme 4
cl
)\ LAr
_Ar (o} N” N7 ,Ar

/Nl/j\AN RINH, Nl/ﬁ\/\”w cocl, NI/Y _Base_ /I\
ar N CI/kN/ NH Cl)\N/ NH R‘

4 Base I
12 Ar 13 Ar 6

Compounds of Formula I may also be obtained from compound 4 as follows:

Scheme 5

/\/(\u PhCONCO C,):\/E Ar'NH, *“/O% R1X HN /j\/\

—-—-—)A]‘

Base 14 © 15 Base i



sol ution of hydroxylam ne hydrochl oride (27.52 g,
396.0 mmol, Aldrich) in water (100 nL) was added. The

WO e®ulogd9sy) preci pitate was coll ected by filtraPCDRP2004/003447
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washed with 20 acetone, and driked by suction to give

second crop of crude 5-(hydroxynethyl)-1, 3-
dihydropyrinidine-2,4-dion%%%§§&%) as a white solid.

The two | ots were conbi hed , 4% overwei ght) and

used directly in_the next step. Exanple |b |
Phetfoltpwingsxamples elbﬁtré?edﬁéfﬁﬁﬁg msifrqdsifen srathepizingghegompounds and
ol mflatiohs of the §eesb@Gkehtionask equi pped with a

nmechani cal stirrer, addition funnel, thernoneter and
ni trogen-inl et bubbler was ghargﬁ wi th crude

5- (hydroxynmethyl)-1,3- dih m di ne- 2, 4-di one
(50.25 g, ca. 340 mmol) (from Exanple |a supra),

Praasglda ous oxychloride (164.8 ni, 1768 mmol)
(Aldrich), and toluene (100 nL). To 30 a-1-.- -~- -

. ki WA anl g 184.7 mL, 1060
%Ygl%wgﬁyyhg’g V%p}%g@%gg%%%ﬁglé%éPZOM/ 003447 -23
over 10 min, while maintaini e tenperature of the
m xture bel ow 70 C using a Df;ého*bath. Af ter
conpl etion of the additiom ocool i ng bath was
renoved and the mixture was heated to refl ux (113 -
116 C) for 1 hour. Sonme of the toluene (ca. 35 nL) was
r enoyedL, hiredirsetkdd fdsk equipped with e asehbien] sempe tlatrmoenatdr,

' QX C the.
idep i and heet- g thBpib Rad DR Gralll Hl Py 1850 mmol)
{Aldiicla) pataferanetdebydendd . 50goAQR0gnmol mﬁogpalﬁp]eyd\é? (Aldrigh), and a
x&étti&l W@stfu% ﬁfdaioxilfdg (E09I sLTPET03E BHEmBY AN in Whr (1.445
m Xture t add d r

. scau_ous%/ ed, ov3w67 monutes, to a

E}-i Fheauixtirepfrastieedntr a2 d¢ foiddroury Jgé- mﬁ)%’%sﬁa icated complete

%e%@ﬂ%ﬂ? pﬂﬁer%%&?&ﬁti@ﬁ%g6mql4 ‘ﬁgh |}% ol vdlerth 8 bgh. BGHEItnL, the residue
enper at ur etwe 0] . usi.ng .an 1 ces r .

Wat _utgé with aggtppe f 5{228 m}). ﬁgie_reszlitlr@ RrSFIPgﬁe s ﬁ?lge\gﬁz\%%tyt@tratlon,

{vasted et aetne] art dvidddy saobdd, tigen 4156 °Gi26trumeH gaxs give crude 5-

B - OISt (9 e

&

térehined nosherlaued and washey Wéwmﬁwtmm%ﬁurﬁ? ebgul@ mLanda
E(ﬁuﬁb%ﬁf]ﬁdﬂ&éﬂ%ﬂﬂﬁ% GRIAIRAR (AL £398BtmAb), AYAri¢H) §h Rater (100
as a I't'e sglid, contalning pol [ urdtles.“ng%ldth
5d.) wag addal. Sbheyrullng PrSFPHRIEAa £O eciedchs fltration, washed wi
%e%ﬁii, &l;% aried % £1§:_Hbﬁ rt@gi% El?éﬁh@yfd refdiu 5¢ dt&%cygietm)sl,s-

i.ssol ved .i.n ic 0 n an e .
SR G Sl it B Frocr e PHRoUGROID BRtEF tpbined 2445
gvPcRrwéiLht an@abed diftlg)n thEmextsitdpi ca gel was t hen
washed w th di chl or onet hane: hexanes (1 L, 7:3), and

he ce ined filtrate and washes were concentrated to
g‘f‘@*ﬁggsr@\mder .

2,4-Dichloro-5-(chloromethyl)pyrimidine
e
Cl)\N/ cl

A 1-L, three-necked flask equipped with a mechanical stirrer, addition funnel,
thermometer and nitrogen-inlet bubbler was charged with crude 5-(hydroxymethyl)-1,3-
dihydropyrimidine-2,4-dione (50.25 g, ca. 340 mmol) (from Example la supra),
phosphorous oxychloride (164.8 mL, 1768 mmol) (Aldrich), and toluene (100 mL). To
hin maivbamn wme ndded N,N-diisopropylethylamine (184.7 mL, 1060 mmol) (Aldrich)
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reduced pressure to give
2,4-dichloro-5-(chloronethyl)pyrimdine as a white

W@ 089955 Yi el d 58. 77 g, 83.5% recovery, 69. 8%BCUWEPBINI/003447

yield fromuracil). 20 Exarrpl_ez319 2,4-Dichloro-5- (io
domet hyl ) pyrimdine NI ACI/II~NCI A 500- .,

J3H Wnﬁl? Lo rééuﬁ&ﬁnﬁ Wl o@tﬁ@ﬁﬁ@ﬁﬂe%eﬁfw 76 ‘G{l‘ using a water

condenser, en- | I et bubﬁ)ﬁ@{ was ¢
beith- hAﬁr,@ronom ptéRn @% ¢ agdifjon, thoseolmg yaS(WF@ Ayd thegnixture
\@&%e%ﬁttg Rlu&I003 mi)6 °AffbeT hauC | Rate sfthemolishe (& 35 mL) was

femoveA B st e P SRR Of LAY AL fndgp *Cand

the mitfee pay dtireadl at ARO e 12320 foriShguad. Tldbmmaﬂ)esmpadmauad @caction was

f 0
cenirin, AL b FL 8381038, e fflce Wherhfle, the
Aibter wGoskitigshddedomet Sipbrdey ke stime bichasicimighire of water

(?bﬁ @Igta{lugg&g('w 'al:l!ﬁt@ MSU ﬁlﬁ}e)wh‘ﬂ@%aﬁﬁtﬁﬁl\{ﬁéjﬂfé)fem erature between 17

hrough 'um si nt er ed un el

Ak WEhesin 8 Ke-HeE GALD. AlfFFé SHEHE A8 -l @3 §0-mippies with
Y246l Y&[v@at@locf&)ﬁﬁg rtﬁ& axtuee ﬁas\/@dtlﬁﬂ’éd efithcaluerd (4x 130@L). The

resul t centrat |.ut
comaiiar L AR G TSN Bri6 AR R SR nBlrradbes eonsepizated t
@Ghiyh esls @6l dd ﬂeﬂucted] pressare to 20rertyde 20¢-diwhlarorfe Gl oratrietyl Jpyprimidine

CTTRNEY WER (Rl
concentr at ed sol ution of

2, 4- Qustel20F-dichlard cutsiar ety pyrinidine (105 & viae déssoliiggsin
Fr?glgr&l&étﬁﬁﬂgé %80 ALY LR ﬂh@ )fésuﬁfn%golu@éﬁlw& @ltered through a pad of TLC

or opyri m

gmdﬁghq;ﬁ)g@;, OO Yassid @a gal wis gl}en Bvaé dNV]éF dﬁh]é)é%mﬁ@ane hexanes (1
three aﬁ@ﬂi@@:@rﬂlﬁ@&kﬁlﬁﬁtﬂ dpidehshdstweracormgneited tediynesunder

DBl o gt RS | M S RH Bl FlimtiRe GO2GARE solia.
(Yleldmfgv% B%nem@mé%%%mg:xal]qaeldf@@n gragitbl ) (from

Exanple I¢c supra) in toluene (13.7 nlL) fromthe

rag}nv'lo g step and toluene (96.3 nL, thus, a total of
gﬁ-—% mL of toluene). 10 After cooling with an

I ce-water bath, p-anisidipne (31.18 g, 253.2 mol)
@Al-lalrchls?h‘? -SniaedoraefhEdpyrapidiie stirring for 30 ninutes,

a solution of sodium hydroxide (13.54 g, 331.7 muol)
in water (50 nL) was added dy e over 8 m nutes,

whi | e nmai ntaining the N

A 500-mL, round-bottom flask equipped with a magnetic stirrer, condenser, and
nitrogen-inlet bubbler was charged with sodium iodide (38.5 g, 256.9 mmol) (Aldrich)

‘and acetone (300 mL). After a clear solution was obtained, 2,4-dichloro-5-

(chloromethyl)pyrimidine (50.0 g, 253.2 mmol) (from Example 1b supra) was added in
one portion. After stirﬁng at room temperature for 20 minutes, the mixture was heated
to reflux for 15 minutes. NMR analysis indicated 98% conversion. After cooling to
room temperature, the resulting precipitate (sodium chloride) was removed by filtration
through a medium-sintered glass funnel and washed with acetone. The combined filtrate
and washes were concentrated to a weight of ca. 75 g. The resulting concentrated
solution of 2,4-dichloro-5-(iodomethyl)pyrimidine in acetone was diluted with toluene

(20 mL). After concentration to a weight of ca.85 g in order to remove the residual



tenperature of the reaction mxture at 10 - 15 C
hexanes (55 nL) was added and the m xture was stirred

W@r0010899535 C for 45 minutes, then at room t enPE/EPDE003447
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for 22 hours 15 to give a sl urry. TLC anal ysis of the
supernat ant indi cated conpl ete“teaction. The slurry

t
{3l e i 004 M A0S 08 i n aene
wmdldse(ldﬁect@mﬁbﬁh@ﬁétep(loo n), and dried by suction
to give [ (2,4- dichloropyrimdin-5-yl)nmethyl]

Efst hgxyphenyl )am ne as an off-white solid, 97%
purg by HPLC anal ysis. (Yield 59.87 g, 83. 2% 20

ample. le 1 cIo ex henyl )
[ ARkl apitispidk KR AR e R RS &)
pyri m di n-2- one \' o N\ N HNN N%O \l A solution
of :
[(2,4- dlchloropyrlnldln-§ I ] (4- met hoxyphenyl ) a
mne (200 25 ng, 0.70 L) (#rom Exanple I d supra)
i n anhydrous tetrahydré ﬁhn°(24 m.) was ‘treated wth
n-butyllithium (1.6 Msolution in hexanes, 0.53 niL,

0. 845D, thite HeckdH Ak e u1 5&1 ﬁth Thh n@@éstfr@érl eadol¥ter, and
addi ti on of cycl ohegt 9%) (0224 , 0.70
wWoogewanly I Waf CEBEEOUT Géﬁ anﬁlﬁ?r(( drich).
(B@oﬁa@&yl)pyrﬂmdm%w&srge czW&ﬁS Stohmok (ﬂfram:EmhipM yc ssprayed talpene (13.7
ure 1 N
ana @iqnbﬂlerﬂr ATOVER st%%ncmgi enﬁ S&Gt PN bne o té)%e%l IZ')? 92[ 3 1? éﬁl of toluene).
Atet aioﬂing mithbml ipewalehn baty g—amsgima@é r18\8a25%d mre@h) é@%lnch) was
ia%cieél A%?E 1r§1 611{130 sulfeal & oltﬂal)%gf S an g Qﬁﬁfcferttlg @E?d&‘il 7

u I‘ I roma
ol irl W@tar gﬁé)l mbbW@ﬁmidgé |dr@vasecpvsfr émm@‘{eﬁw%ﬂ?fdaflaﬁaémp& €
F&%ﬁ?ﬁﬁr&%ﬁﬂé RALtiod Rxtuft 810 dE aC Rkt (55/a5) @bl @lde@dnd the

this purification was d ed jn an

oixcigee wapstirspd @b dQr 9,? m@%eg,lf then at 1oom Jten{pneratgre fgl’ %2 hours
ﬂcs £idk Aeitfty| aWCRenRys bﬁt}ﬁeuﬁe‘khﬁiﬁn‘clh)hmad canhghbde geadtiérh €The slurry

{Elﬂ ﬂ%@%&}p{)} P@) ?g a\:as CFcFelcjlrbSI%dl&%ﬁ%g washed with
SblldIVMer agdlcohﬂl SOﬁC)ahetbamldg(B(hlplﬂly a\ndtdhleé by suctg@p,tp@W(Z 4-
?}c ﬁyrs IF%I? I)gfa}pjgg%tg{éliﬁ Q&gxgl{%flgl%rhﬂletaﬁ’ R BV I€Ssolid, 97%

pete iyt BEGhnalys. oYdeld AR A7 Br¥ed®Bl-tated with excess of
pentane to give

tkgﬂggieqlgexyl - 3- (4- net hoxy- phenyl ) - 7- phenyl am no- 3, 4-
ydro-1 H pyrim do[ 4, 5-d] pyri m di n-2-one as a beige

AEIGETR S B EE A

d]pyrimidin-2- one
O
BSSE

O

A solution of [(2,4-dichloropyrimidin-5-yl)methyl](4-methoxyphenyl)amine (200
mg, 0.70 mmol) (from Example 1d supra) in anhydrous‘tetrahydrofuran' (24 mL) was
treated with z#-butyllithium (1.6 M solution in hexanes, 0.53 mL, 0.84 minol) (Aldrich) at
- 78 °C. This was followed by addition of cyclohexyl isocyanate (90 uL, 88 mg, 0.70
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IC50 (KDR) = 0.025 M IC50 (FGFR) = 0.049 M 15
Exanpl e 2a 4-
W 2004489983 hoxy- phenyl ) - 2- oxo- 7- phenyl am no- 3, 4Pdi/RPIIN0003447
2H pyrimido [4,5- 95
dl pyrimdin-1-yl]- p| peri di ne- 1-carboxyl i ¢ acid

@%ﬁi)ég}l‘&ﬁéh&e%g beshiltd nfg na).lklt §6§11%d R0, s‘fov@lmlrﬁﬁteﬂ AP t8%oom

m no pi
temperateelvithama pedod of ok éac(E@ZI!OanTGO‘@S Hﬁn parigtgoned
Hméeh e(t MEét&t@)ana Brigd Mr&gﬁllgla o&lvpfsoBédRa) eriéd Bvertbdium

subp idmcgcq%entzate%m iesiye Erat e poriied B A BRRFogsgphy witha

sfllﬁ:ﬁ galocdllihﬁﬂ tueinigalve GONethylacease 1nafekaﬂes gradibnbeThenmnerthediate that

3 Y SR, 0o LU TR TS i
ahnovert of \4e(d1meihylanmrm) Pmdlee éhldrlcbhwmddad enld thetraixture was then
l{r‘reﬁt)seddalﬂ goq‘ﬁ’(g AR pﬁtﬁﬁﬂ X@éii?fgﬂt e %Mrf GhLb 9(501&? BRd 9ﬁr1ﬁ@d by silica

tin t1on_was ['tered and
gebeal ey chrermatogrephy wathau k- 4098 eﬂwbweat%@d}wmgﬁadaent The solid

sHiRhbd vekiigs AfriRBNHHUSssol R E A t&ﬁh?ﬁﬂdﬂﬁ?rﬁn @A Bh@Xpredpitated

We)gcg(sjso(; &%ﬂ%&g%@g lg?ﬂclgex?;]‘u % 2% Xy-ghenyf)o} p}lér?yrfan%no 3,4-
diflydvet 119-pyERaayl)sadippan(idnc2-oge asa Bﬁgermhﬂ) (Yielddr8 mg, 26%).
Exanple Id supra) and n-butyllithium (2.5 M sol ut| on

ne 7+ I
MR Rk G Tab R 1 e 2 R 2B I L
allowed to slowy WD 2004/ 089955 PCT/ EP2004/ 003447
KB«B(K@R)TF@(DZEMIM@F&)W%OWSH rred for 4 hours
before it was partitioned between ethyl acetate and
Blaniifle 2dhe organic layer was then collected, dried
over sodiumsulfate, fil ter ed, concentrat ed and the

si urified b nato p silic
G- BB oA BT T g

9£ittﬁﬁmf-I-Qmmjmrﬁhmn+cﬁr’t©aylum1d/\ast-‘tﬁltyltmt¢r di ssol ved in
anl ine (2 n.) (Aldrich) and the resulting solution
was heated at 80 C for a peri od a2 hours. The
reaction m xture was then coqgl e nd purified by
silica gel colum chro /%g yusing a 0 - 70%
ethyl acetate in hexang to afford the
product. After a precipltat |§njout of THE with excess

of pentane, 4-[3-(4- XY -
phenyl ) - 2- oxo- 7- phenyl no- di hydr o- 2H pyri m do
[4,5-d] pyrimdin-I-yl] | oopli\gelﬁ di ne-1-carboxylic
acid tert-butyl ester was isolated as an off white
solid. (Yield 74 ng, 139.
A solution of 1-N-Boc-4-amino piperidine (300 mg, 1.49 mmol) (Astatech) and

triethylamine (840 uL, 606 mg, 5.99 mmol) (Aldrich) in anhydrous dichloromethane (10
ml.) was treated at 0 °C with a 20% solution of phosgene in toluene (1.47 mL, 2.99
mmol) (Fluka). After stirring for 30 minutes the mixture was partitioned between 0.5 M
aqueous hydrochloric acid and dichloromethane. The organic layer was then collected,
washed with brine, dried over sodium sulfate and concentrated. The residue was
dissolved in diethyl ether (approx. 6 mL) and the resulting solution was filtered and
concentrated. The residue was then dissolved in a small volume of anhydrous
tetrahydrofuran (approx. 3 mL) and transferred via cannula to a -78 °C solution of [(2,4-
dichloropyrimidin-5-yl)methyl] (4-methoxyphenyl)amine (300 mg, 1.06 mmol) (from
Example 1d supra) and n-butyllithium (2.5 M solution in hexanes, 0.51 mL, 1.27 mmol)
in anhwdrane tetrahydrofuran (20 mL). The reaction mixture was allowed to slowly



HRMS ml z Cal cul ated for C29H34N604 [ M+]: 530. 2641.
Found: 530.2640. Exanple 2b

wW@2qp4085H0xy- phenyl ) - 7- phenyl ani no- PCT/EP2004/003447
| - pi peridin-4-yl-3,4-di hydro- 1JFpyrimdo [4,5- 15
d] pyrimdin-2-one HN ~ NN \I N H 4-
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[ﬁrﬁm%&ﬂ%&z@ﬁ%ﬁéla}ld 6P Fdr PREIN LT 0B wis %alq 043 Between

& F?ePHF am# Fing| Theptganic fyaewas than beliartadedried ever sodium sulfate,
tiﬂtrefedbtkﬁr)denﬁsﬁe& and A& ﬁﬁdu@wﬂ:@ptfﬁﬁéd)b c(hfr&ﬁﬂ@ogﬁ%ﬁ? & a%fica gel

di d at Cin a A) solu
e o1BD o0 sl D oreumtn: BhomaRaHEOPGLippifRation was
¢hmt dibsobatd 10anifibe (F mig(&idrichy dret th‘étrédhllﬁlr[glsoﬁﬁfon]wa% heated at 80 °C

d
b e N L ——
@p lupechy g@@@gap}gyémg\m Hp @thyé@lcetacue irPhdxynéstpeadient to afford the
@G’é’dﬁc‘t ORfRf a ?%Cﬁ;ﬁ'taﬁeg oM e TRt LR &@ess LB6e E Iggxge?nﬁ S[% (|4 ar%égtﬁloxy-

é wat er, dried over
WgFI%Y }-Z-d)xa dPg%fwgéWPaﬁ tgih YﬁﬁéZHrnwnrﬁaﬂféﬁﬂﬁpylmgim 1-y1]-
pi{fekiﬂilﬁdl-b&bl@kﬁm aid rekritatyl @ster Whs 130':laﬂeﬁta§ SRBEANAISBI. (Yield 74

isﬁécess of pentane to give
t hoxy- phenyl ) - 7- phenyl am no- 1-

p| perl di n-4-yl -3, 4-di hydro-|I H pyri m do[ 4, 5-d] pyri m di n

FRMB /2 Salanlatddt fonBisF RN« [V ]: {30260, Re2ndys5 307558,

HRVE m z Cal cul ated for C24H27N602 [ (M+H)t]: 431.2190.

Eﬁﬂﬁﬂkﬂﬂﬁl 2190. WD 2004/ 089955 PCT/ EP2004/ 003447
rrple 3a trans 4- (tent-B utyl -

S n&/l | - si | ox cycl ohexyl am ne Sphl ~NHZ To a

ditMFGRxEP FIP hép. eaﬂﬁwhmsdaﬁéwl(&ﬁ dlbgdrm:zH»ﬂpynmldoM 5-

ardmidicR-dd®) in 5 dichloronethane (100 nl) was added

i mdazole (14.78 g, 0.22 nol) (AI drich) and tert-

but yl di net hyl si |yl chlorlde(19 go 0. 13 nol)

(Avocardo Research Chemi cal s). eact| on m xture

was stirred at roomtenp 1 day and then was

concentrated under redy 2& ure. The residue was
partitioned between et hyl ace ate (100 nL) and water
(100 nL). The organic ‘er washed with 1IN sodi um
hydr oxi de sol ution, 1o>w&ter d brine, dried over

magnesi um sul fate, filtered ahd concentrated to give
trans-4-
4-[3-(4-Methoxy-phenyl)-2-oxo-7-phenylamino-3,4-dihydro-2H-pyrimido[4,5-

d]pyrimidin-1-yl]-piperidine- 1-carboxylic acid tert-butyl ester (70 mg, 0.13 mmol)
(from Example 2a supra) was dissolved at 0 °C in a 50% solution of trifluoroacetic acid in
dichloromethane (6 mL) that contained 100 pL of water. After stirring for 1.5 hours the
mixture was partitioned between ethyl acetate and 1 N aqueous sodium hydroxide and
the pH of the aqueous layer was adjusted to 12 by the addition of solid sodium
hydroxide. The organic layer was then washed with water, dried over sodium sulfate,
filtered and concentrated. The crude material was purified by precipitation out of
tetrahydrofuran with excess of pentane to give 3-(4-methoxy-phenyl)-7-phenylamino-1-
piperidin-él-y1—3,4-dihydro-lH—pyrimido[4,5—d] pyrimidin-2-one as an off white solid.
(Yield 42 mg, 75%). ‘

HRMS m/z Calculated for CyqHyyNeO; [(M-+H)*]: 431.2190. Found: 431.2190.
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(tert-butyl-dinethyl-silanyl oxy)-cycl ohexyl am ne.
(Yield 7.62 g, 76.5% . Exanple 3b 1- [trans-4-
w@ c@ansBes vyl - di met hyl - si | anyl oxy) - cycl ohexyl ] PCT/EP2004/003447
- 3- (4- net hoxy- phenyl ) - 7- 97
phenyl am no- 3, 4- di hydr o- 1H pyri'm do [ 4, 5-d]

Eériggin-}one N\ NJJ('"\~~i HNNIlko OSi/ 15 A
of '

trans-4-(tert-butyl -di nethyl -silanyl oxy)-cycl ohexyl am
ms{@%tf@wl-cﬁmﬁlwryﬂw%ﬂﬁl minga supra) in

di chl oronet hane (10 nlL) was treated with

triethylamne (850 L, 630 g, ONHmTD| ) (Aldrich) and
then at 0 Cwith a solutisg o osgene in toluene
(20% 1.49 ni, 3.05 mol igl}l uka). After stirring for
30 m.nutes 20 the reacti m xture was partitioned

bet ween di chl oronet hane and 0.5 M aqueous :
hydr I L. he; i [ ) in
uasag i EHop S G aaBSl 413 PRRADITECLS)

dichlpmmoetham 100 A s addef iaHeuOls @450 e Bl (Aldridand fert-
E&zﬂdﬂﬁah $y1 cHlogiel( Wk %,_Y(D.l@i BbHYAvEdabds Résskch Ghemicals). The
resulting solution.was Ti Itergag agtd ;ifﬁncen rated, 'I;lhce]rltrated
Tealioan B IBHICATH SHTGA &L ORBHICHIPSEOIELT [ AHRAKHRT WidFUtve
@ldeapéide@presset.r Bhysidtie wanpﬁﬁti()aﬁbbﬂwe?rﬁethﬂ)acanm (100 mL) and
{ét%‘g ?1{95 E%f)g r’[gnl_e%rgaanri]cn fejllyear vzfa% W%SBJdSWiﬁ’I ?ﬂl sliu@D hﬁiroxide solution,
Wytet andibring ykiedwvérgh)gnesdumetulfatey filitred gnd cenvengated irpgive trans-4-

BERETI: TR = 0 855, 76.5%).
BB By e e e T R
(2.5 Msolution in hexanes, 0.61 nmL, 1.52 nmol)

ledh) in anhydrous tetrahydrofuran (25 nL). The

reaction mxture was allowed to slowly warmto room
ir-‘-’tfmﬁs_r-@-:(téFﬁB@t@ﬂdﬁ%éthﬂ%ﬂaﬁ;?@xy@-dydghﬁcy?nsi(d-ﬁxle{ﬁ;m?ﬂaisnyl)-%

e m xture was art gn_et hy
HQ%’(Y nﬁf?d‘l’gﬁwprg?'q%E@F%B?]élgpf’%%ﬁlgglergﬂ\lﬁgg Yepar at ed,
dried 5 over sodiumsulfate, filtered, concentrated
and the residue was purified by omat ogr aphy on a

silica gel colum with 0 | acetate in
hexanes gradient. The iptetlgediate fromthis

purification was dissol®edVin{an?line (3 nL) (Al drich)
and the resulting sol p#ion sas heated at 80 C for 12
hours. The m xture was n gl ed and purified by

silica gel colum chromat ogra%hy using a 0 - 50% et hyl
acetate in hexanes to gradi ents; afford the product.

After a precipitation out of dile yl ether with excess
of pentane 1-

L bttt mertart bus - dimethyl- ey Sxh cretehed e 350 me,

1-33Ne A%l ARRPER 1 BA Yighr ) ih iddyeromiededd (5o ol pyvas treatediwith

i lamee (530 WP 650 B8, b idol) (Aldrich) and then at 0 °C with a solution of
phosgene in toluene (20%, 1.49 mL, 3.05 mmol) (Fluka). After stirring for 30 minutes
the reaction mixture was partitioned between dichloromethane and 0.5 M aqueous
hydrochloric acid. The organic layer was separated, washed with brine, dried over
sodium sulfate, filtered and concentrated under reduced pressure. The residue was
dissolved in diethyl ether and the resulting solution was filtered and concentrated. The
residue obtained was then dissolved in a small volume of anhydrous tetrahydrofuran
(approx. 3 mL) and transferred via cannula to a -78 °C solution of (2,4-dichloro-

pyrimidin-5yl-methyl)-(4-methoxy-phenyl)-amine (340 mg, 1.19 mmol) (from Example



white solid. (Yield 139 ng, 21%. HRVS nfz Cal cul at ed
for C31HA2NSOBSi [ (M+H) +]: 560. 3052. Found: 560. 3056.

WA 200Exsa9p3 € 3¢ 1- (trans-4-Hydroxy- cycl ohexyl ) PEBEP2004/003447
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(4- met hoxy- phenyl ) - 7-phenyl a? , 4- di hydr o-
1Hpyrimdo [4,5-d] pyrimdin oneNI\U\/ HNNO OH

LE d 1l
i rsuprsag 21_1 ( ?ebrutt}-r 1th1u1r1 (2.5 M s%IuFon in lé%xs?Pgs),( 9)61 mL o) O%Zegr(lwojl) (Aldrich)
i aphydspusistrgh @ﬁwqr) (ﬁm@b The reaction mixture Was allowed to slowly

@h@ﬂﬁ)&?&%rﬁQerﬁ pératliro yeld @mlré& f&‘ Q;{fggﬁs@nﬁ @Iﬁlrﬁﬁés' i n[ﬁx?ure was
om
gﬂ?séﬁ 5%‘&“%‘%‘8 ‘%‘)ﬂ /%eésﬁ &f!iﬂ%n’ilg? OlfgiaPMl%f U&&@PPJ@tEd dried

agercsodinnd bwlfatg lﬁhﬁRﬂhMeIﬁﬁa’cﬂ&hnd thtre SO Wasiagifivd

ET N T TR e
dde égggnedigd lﬁ@m thisipwificdtonmnds tislyd mfanﬂhxe (Aepigqusdrich) and the
lré&ﬁﬁfn)g"é@ﬁtt@ﬁh&h% hested O §0|2°(p%r 39 %'oﬂ%h 'n%xﬁusra %2l Pﬁ:n cooled and

L eg or ganl c | ayer was
\R/HF@F Wil v pmsadi emafogtaphyveing £ |0I -t5@P/eetha]rﬂ¢etate in hexanes

QIR td @md th@ Mdl@ctcr}élﬁgr &é&ﬁﬁ&mf&ﬁﬂ cff'd?&ﬁﬂ%fhewﬁth excess of

I
Rewens & Trﬁnsh‘g%?& téfém%% YFM&Y%}W&W 11°3-(4-methosy-pheny) -
Brpfehpatidd-84-dihydrof lH-@tyﬁﬁh&@{I@;ﬁ-dﬂ’p?ﬂnﬂﬂﬁth-%ﬁé @a8iselated as an off-

ns- 4- hydr oxy-
cycfg@fal 3%6%?%%%‘{% ]ijoﬁy phenyl ) - 7- phenyl am no- 3, 4-di h
dro-IHpyrimdo [4,5 30 d% rimdin-2-one as an
Sz 8&1§@1|ated foy @1 EldNs0R M‘%M"@'E%: 5608030 GanHEFTBB5056.
PCT/ EP2004/ 003447 -29 HRMS m z cal cd for C25H27N503

EMm 1e3645 2114. Found: 445.2122. Exanple 4a 3- [ 3 -

oxy- phenyl)
4-di hyd d
bjﬁem I HRRSGY pRGRNT 41 e eRr Bsy P & phemgeminio 3 4 dibydro-
{Eryrbnitiy[4, 58 BriNdM-OondN) | | N NLkIO®  ~~NyO 5 O I<

A m xture of 1-N BOC-3-am nopi peridine (350 ng, 1.75

mmol ) (Astatech) and triethylam ¢{10 ng, 970 L,

7.00 nmol) (Aldrich) in di c\hl oro hane (10 nL) at O
N N

R
<l

1-[trans-4-(tert-Butyl-dimethyl-silanyloxy)-cyclohexyl]-3-( 4-metﬁoxy—phenyl) -7-
phenylamino-3,4-dihydro-1H-pyrimido(4,5-d] pyrimidin-2-one (from Example 3b
supra) (139 mg, 0.25 mmol) was dissolved at 0 °C in a 50% solution of trifluoroacetic
acid in dichloromethane (5 mL) that contained water (330 uL). After stirring for 1.5

hours the reaction mixture was partitioned between ethyl acetate and 1 N aqueous

‘sodium hydroxide and the pH of the aqueous layer was adjusted to 12 by adding solid

sodium hydroxide. The organic layer was then washed with water, dried over sodium
sulfate, filtered and concentrated to the crude product. Purification by silica gel column
chromatography with 0 - 100% ethyl acetate in hexanes gradient followed by a

 precipitation out of tetrahydrofuran with excess of pentane afforded 1-(trans-4-hydroxy-

cyélohexyl)-.%—(4-methoxy—phenyl)-7—phenylamino-3,4—dihydro~1I—I-pyrimido[4,5-
d]pyrimidin-2-one as an off-white solid. (Yield 72 mg, 65%).
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C was treated with a 20% phosgene sol ution in toluene
(1.7 nL, 3.47 mmol) (Fluka). After stirring for 30

WOrR0MNE®s3s he reaction m xture was filtered andPCTEP2004/003447

filtrate was 10 concentrated 3%9@ smal | vol une.
Benzene (5 nlL) was added and the resulting m xture
I r due was
R o O S R A B d i A2
tetrahydrofuran (approx. 3 nL) and transferred via
ato a -78 C. solution of

(2, 4-di chl oro-pyri m di n- 5yl met hyl ) - (4- met hoxyphenyl ) - a

31@4Métﬁo he:h%IDQZ -oR®F-phefn lfaﬁﬁh&&am@ﬂ@dﬂodﬂibm/ﬁ‘ﬂl)ldam%

Qvtisis T gﬁ%’vo“th%” et ahy ar of ur an

(20 m.). The resulting mxture was allowed to warm up
slowmy to roomtenperature and s ed overnight. The
next norning the reaction v S partitioned

between ethyl acetate and watel, The organic |ayer
was col | ected, dried oWr odf'ufi sulfate, filtered,
concentrated and the id s purified by

chr omat ogr aphy on a si Nncobu with a 0 - 70%
ethyl 20 acetate in hexanes gradi ent> The product from
this purification was dissolved in aniline (3 nL) and

the m xture heated at 80 C_fot 12 hours. The m xture
was Ameimtureof BdNV-BOC-3porinépiperidipe §350ima g8 mowl Ldystatech) and

EUTRL QAR MU, 2.08 memdBOAEICRY tn AERLA Eedhne (10 mL) at 0

t et rahydr of ur.an |n et

ate
¢ avdb eated withrer29Paphaseensysobtion. in plpepe G- %’@J_e@%m&@l gFjuka).

RHEr ﬁ%ﬁﬁé"ﬁir‘gotﬂﬁnﬁﬁ BSSre@tiRENIxANER was filtered and the filtrate was
nmet NoxX

1)-2-
ShrsAg A Fos Smal TRIRGY Gesin g3 1 ags pdded agd th pesHlcige puixture
bvaé/ﬁl}ere@ hg@@i it evdrckntested OXlyd ne&duaWIaddﬂsml\tedhn taymal yblume of

BRI o S S B s 7

&31’1’[1@76.5(2 mm@ro-emnﬂwylm@ﬂo@m gmhenyl -amine (340 mg, 1.19

7
Eﬁé{?rﬁ%oxyﬁﬁéﬁd sufﬂ@ anﬁ)ﬁq{[fig mﬂﬁ%ﬂ (2. 5 M esF)llllléllorl]l_of _1n hexanes, 0.70
gl 75 @rmol) i( bl i aa@vﬁwue Ietmhpfglmf%aau nelhgl rssultﬂw

Blix - Qs illoW’éH 50 Warm up slowly to room temperature and stirred overmght The

.[gggté;?rm Xye?gc’gon Xm%tmge Vga(sopaZtlgoneg%egArrgeg%tﬁﬂ g'cegate Xné water. The
G}g%yﬁd lafedivas JZOlktt]Ed,mrtb‘dr dvei seelitmcalfhepfitlerel, acn@ntrated and the

S e bR TRl TR AT O

aoatate lmhexdncsrgraxhcntef[lha@eochmt &pnnﬁhls(wrrﬁgttmmwas dlssolved in aniline
%ﬁﬁﬁ? L0g ﬁlevi@&%re (hgzgcgd L9 80 A £812 ?ﬁ)hfsr 'T‘Plg rhi®furd w@s tﬂeﬁ ¥bSled and

eact| on mx ure_was partjtioned betwee nh?
podfied by sher gel o0 mgébwnatography using a 0 - 100% ethyl acetate in hexanes to

0-50% tetrahydrofuran in ethyl acetate gradient to afford the product. Aftera
precipitation out of THF with excess of pentane 3-[3-(4-methoxy-phenyl)-2-oxo-7-

phenylamino-3,4-dihydro-2H-pyrimido[4,5-d]pyrimidin-1-yl] -piperidine-1-carboxylic
acid tert-butyl ester was isolated as an off-white solid. (Yield 70 mg, 10%).

HRMS m/z caled for CosHz4NO4 [(M+H)¥]: 531.2715. Found: 531.2725.



I 0 sodi um hydroxi de and the pH of the aqueous | ayer

was adjusted to 12 by adding solid sodium hydroxide.
wabh®4089950i c | ayer was then washed with wat er, PAT/ERIH04/003447

over sodium sulfate, filtered and concentrated to t he

crude product. This material was dissolved in

E%I;@Mofuran and precipitated with an excess of

pentane to gi ve 3-(4-nethoxy- phenyl) -7- phenyl am no- |

i.di n- I-B,igdlhydroll—l- yrlmdfdi

afé {how Phes ey Bnst ARAPA A Forl d(hvdecp-dfmrynmldom 5-

AtpyrBdin-2k 5 m z cal cul ated for C24H27N602 [ (MrH) }]:
431 2190. Found: 431.2193 1C50 (KDR) = 0. 107 M 1C50
(FGFR) = 0.158 M Exanple 5
1- Cycl opent yl - 3- (4- met hoxy heny |5henyl am no- 3, 4 d
i hydr o- IH-pyr|mdo[45 y mdin-2-one N N
HNN NO /1 6 AsolutlonkmJ
(2,4-dichloro-pyrimdin hyl ) - (4- met hoxyphenyl)
-amne (350 ng, 1.23 @Em Exanpl e | d supra) in
anhydrous tetrahydrofur was treated with
n- butyl [ithium (2.5 Msol ut| on in hexanes, 590 L, 1.48

5 socy a{g gt I@LL}@I [ hherh}%)Ar 913%31;1,3% %plﬁglé%ffi%)?Hmnmldo 4,5-
QIIO’M@QQQ 5-5(1 aﬁwﬁﬁaeamﬂ&mha acid wt-basll adsdeém ﬁfng liBenmols)
?ﬁ’ tEXQHl YA sg}g{lﬁ%g dks é@fioa%y’ @O%’ oacsttlﬁ %Cﬁd in

er at re a rre OUI‘S
praeiigse ietioptrml 1 theheentioedwater éiaﬁwL)aes@teastmmgcfor 1.5

Hémﬂa %@x@gcddhemg&ﬂ@ %@ phﬁﬁ%e%&m&% L& ?1;1 fcgﬁté;{]ﬂéiefjﬁ%\ﬁﬁgous

ered and concent

1o i it the BH QSR Hiepnelayearss caiusi o by adding solid

Mﬂﬁmﬂi?ﬂfox?dea?&ie&ﬁr@m@la?@m QEeIQW@sﬂb@ﬁﬁth Weh&, dr1ed over sodium
e.rrom

saurl‘nlilafe, er(e aﬂgforzc'&p{ﬁ §|]§ %Hel crggatl i %@8@]}/&13 cilssolved in
wirallydrefiryh amd pmﬁwytatedlmth a(rﬁéxdess@lﬁpenmase toegﬂ\céeﬁ(@cﬁfétltdi@
t n 1
R T L e e S
15  eng 48@@@%%&@5@% (¥ielbtamggP4phy with a 0 - 50% et hyl
acetate in hexanes gradient to give the product. After

HRM%vzoctan@utémfo@ %}Q@Nﬁbﬁ[(mﬁf@)*q%ml é@9c¢>ﬁ%§§§» 43& 2193
pent ane, 1- cycl opent yl - 3- (4- met hoxy- phenyl ) - 7- phenyl ami

R opRi-Rtg fngdes wyﬁdf’i%;’&% PP Pl (g e O e

Example 5

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

oo
N7 N
I/I\
HN/kN/ N/ko

O

A solution of (2,4-dichloro-pyrimidin-5-yl-methyl)-(4-methoxyphenyl)-amine
(350 mg, 1.23 mmol) (from Example 1d supra) in anhydrous tetrahydrofuran (30 mL)
was treated with n-butyllithium (2.5 M solution in hexanes, 590 uL, 1.48 mmol)
25  (Aldrich) at .78 °C. Then cyclopentyl isocyanate (170 uL, 164 mg, 1.48 mmol) (Aldrich)

20 d]pyrimidin-2-one
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30

9% . HRVS mz calcd for C24H25N502 [ M+]: 415. 2008.
Found: 415.2014. Exanple 6 15 1-

W@ 1002/08396% 0- t et r ahydr ot hi ophen-3 -yl ) -3 - PCT/EP2004/003447

(4- met hoxy- phenyl) -7-phenyl anigjo- 3, 4- di hydro-
| Hpyrimdo [4,5-d] pyrimdin-2-one o. N ~ N HNN\r

Svas Qid%dfﬁnﬂttﬁé 9019{1014 Wls Qld%@dQQtsI%M xg{, gé bl ?an? té(fg;geg}ﬁ?e and

Sal or) and
%ﬁrre%% 5Lh0uss 9%&9% HOnARERtiLeryyas Fhﬁrmaéhuqu@m@n@ﬂm acetate and

hsh)w wad thetigiie hlyeitwid dolleded A%ep BQ&%Btﬁln% QLCIZP&H ﬁtﬁeﬂea and
er

sPnHERE aad thstesidie Rt P oo eotliied e b withe 8- etbyl
ecatgein h@qaeeb gradiants ridtelintevinkdime. fr &3¢ rzie p&nﬁ&uﬂh)wa‘é@i%solved in

Qgﬂ’iﬁg (3 frﬁ‘ﬁ (mdﬁcﬂg% \Q?afyt{c akr#o%rn? O 3 9 1metﬁ‘ﬁgm}n|2) pyn i &lgrlch) was

eégiﬁqi déh? sasBlting sphition stigyd akRORE for thh Thy phaetiyh Jnixture was
ﬁ[’@n%oleﬁ%ﬁ@ pﬁ&ﬁe&bﬁ%@g& Lolhhfrpénréﬁa k%ﬁl gaéq%gmyl

benzen e resu ting 2 t|o
ATUE] RAIBTHIGHIO SNrabmESRN UForHi g REPAPISBIORNE OGEHT with an

mgmf@eme,un@etopveﬁﬁ/uee(ei JREESEPReA)- atpheﬁ;u%ﬁmt@ aldihydro-

Ry OIEL AT PBNB e o B isoe B en e ol W ss g,

P%t)ermedl ate isolated fromthis purification was then
di ssol ved i n anhydrous tetrahydrofuran (15 nL) and the

s /DSl (LISl hh rdfhaCufolr eat od

w th n-but I um M sol'utton 1T n héxanés, 30 330

E, 0.182 mml) (Aldrich). The m xture was aIIovved to

slowy to room tenperature, stirred for 5.5
hours, and then partitioned between ethyl acetate and

br(i [11d)lo&f@t&@ﬂﬁyﬂﬂﬁﬁﬂ)@ﬁef—@_ﬁﬁﬁ’::{‘@Qﬂét@@ﬁﬁﬂﬂen}flﬁ?—pﬂ&@ylammo 3,4~
| a %ﬁ%}’ﬁem ed, dried-over sodium
J}]19 QHR)%D?ISWE% Y &roRg and the resulting

resi due was dissolved in aniline (3 pL) (Aldrich). A
catal ytic anount of 4- (dinet hyI o)~pyr| di ne
(Aldrich) was added, and e was stirred at 75
C for 14 hours. The ni xtlur then cool ed and

purified by silica gel "ol ¥m)'5 ¢hr omat ogr aphy using a
0 - 100% et hyl acetate heﬁajes gradient to afford
the product. After pr pi tatd-gn out of net hyI ene

chloride with excess of pentade the product, 1-(1,1-
di oxo-tetrahydrot hi ophen-3-yl) -3-

A%ii%trgQf(i/,I-Qﬂc%@gétzfrzﬁy‘a?&mgn%ﬂ%igé 62'08 In@f q.r4%_mmol) (Salor) and
triethylamine (590 mg, 820 pL, 5.9 mmol) (Aldrich) in dichloromethane (9 mL) was
treated with a 20% phosgene solution in toluene (1.80 mL, 3.70 mmol) (Fluka) at 0 °C.
After 30 minutes the mixture was filtered and the filtrate was concentrated to a small
volume. Benzene (5 mL) was added, the mixture was filtered again and the filtrate was
addgd to a solution of ( 2,4-dichloro-pyrimidin-5yl-methyl)-(4-methoxyphenyl)-amine
(230 mg, 1.43 mmol) (from Example 1d supra) in benzene (15 mL). The resulting
solution was heated at reflux overnight. The next morning the solvent was evaporated
under reduced pressure to a residue that was chromatographed with a silica gel column
using a 0 - 100% ethyl acetate in hexanes gradient. The intermediate isolated from this
purification was then dissolved in anhydrous tetrahydrofuran (15 mL) and the resulting
solution was cooled at -78 °C and treated with n-butyllithium (2.5 M solution in hexanes,
330 pL, 0.82 mmol) (Aldrich). The mixture was allowed to warm up slowly to room

temperature, stirred for 5.5 hours, and then partitioned between ethyl acetate and brine.



| H pyrimdo[4,5-d] pyri mdin-2-one, was isolated as an
off-white solid. (Yield 152 ng, 23%. 1o HRVE nm z

W@ 2008089965 C23H23N504S [ M+] : 465. 1471. Found: 4BGI/LE2064/003447
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IC50 (KDR) = 0.075 M 1C50 (FGFR)_= 0.226 M Exanple 7
3-

['Bhe(tﬂ‘g&ﬁit: M%Nwﬂ@ﬂl&téd %‘rﬂ*ﬁ%vgr SBH_RJE? ?Qtt? ?ﬂt@reng erl%)é%&ed and the

| re %%}t%xg]ﬁﬁ Eyéts S.N) nra!n;ln;nlql(gép L)4 1@1) HA cgtaly“uc amount of 4-
(@inverhblexyin Piperigting (ARrRAR MM 2dedOardihPinfix @i %@st;ired.\/ét 75 °C for

Db PR b B B R S GGy e

ﬁrcprg@wgta@hp esiagaile [00%ehylykétateinhexdnds giaflicaftottiitd the product.

: ?gf%éc?éréﬁﬁlfartlgﬂg)ut Bﬁﬁ%ﬁiyﬁglte Cfﬂ%?l egxgt%te:%g{égﬂ é(\éjgrrfdﬁa e product, 1-(1,1-

shiexo-tegrghysrothipphen-3ral)-T-64- mnﬁhmrmywr - piptuylaiih b-3a4-Bihydro-
'IPEQWMJIX l5- @]?)?ﬁﬁﬁ@in'—ﬁoﬁ@ XA8 & lat@ Ul C?S]ent wﬁ.}&? tsohd2 Q'ﬁeld 152 mg,

rahydrofuran in ethyl acetate gradi
ﬁg lpltatlon out of dichloronethane with excess of
pent ane, 3-[ 3-(4-nethoxy-phenyl)-2-o0xo-7-

[HiRM | rakicaod Bordc RGOS RV [py65. 1A7d OF duth ddsl 1477,
pyr|n1d|n 1-yl] -piperidine-lI - carbal dehyde was

ol al.i ield 90 ng, 89% . 25
%%*@? %‘292%%?%&{33%&683& rl#if( 458. 2066, Found:
458. 2062. D 2004/ 089955 PCT/ EP2004/ 003447 - 33-

8 3 - (4-Methoxy-phenyl) -7-phenylamno- | -
(tetrahydro-pyran-4-yl) -3,4-dihydro-1 H pyrimdo

B435dite Jph@h }-2- 817 Bhenhminol¥, hd‘iﬁ kS8 plimldofe,3-
NN S e T 08

thlan1ne (1 61 i,
11.52 mmol ) (Al drich) in d|chloronethane (6 nmL) was

treated /E::r ~
e
HN)\N/ N’go

GYO

H

3-(4-Methoxy-phenyl)-7-phenylamino-1-piperidin-3-yl-3,4-dihydro-1H-
pyrimido(4,5-d]|pyrimidin-2-one (95 mg, 0.22 mmol) (from Example 4b supra) was
dissolved at room temperature in methylformate (5 mL) (Aldrich). After stirring
overnight the reaction mixture was concentrated to the crude product, which was
purified by silica gel column chromatography with a 0 - 100% ethyl acetate in hexanes
and then a 0 - 20% tetrahydrofuran in ethyl acetate gradient. After a precipitation out of
dichloromethane with excess of pentane, 3-[3-(4-methoxy-phenyl)-2:0x0-7-
phenylamino-3,4-dihydro-2H-pyrimido[4,5-d])pyrimidin-1-yl] -piperidine-1-
carbaldehyde was isolated as an off-white solid. (Yield 90 mg, 89%).

HRMS m/z calcd for CasH6NgO3 [M1]: 458.2066. Found: 458.2062.
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with a 20% phosgene solution in toluene (1.4 nL, 5.76
mol) (Fluka) at 0 C. After stirring for 30 mn the

worzootswsmvas filtered and the filtrate was conPEnEPIDE3447

to a small volunme. Benzene (5#4.) was added and the

m xture was filtered again. The filtrate was 10
pgrated and the residue was dissolved in

%##%%rous tetrahydrofuran (approximately 3 nL) and

_’t(-r qﬁ%ﬁ%}%ﬁ& vl ﬁﬂ pﬁ? U| 1%}9}-10 (t%tragy%rg ps}’fgelnua anSZ dihydro-1H-
pﬁhﬁﬂ%ﬂéﬁéﬂgﬁhﬂﬂnyahﬁnyl) ami ne (300 ng, 1.44 mmol)
(from Exanple Id supra) and n-butyllithium (2.5 M
solution in hexanes, 460 L, 1.44 sqgody) (A drich) in
tetrahydrofuran (15 ni). The reon m xture was
allowed to warm up sl ow W 15 tenperature,
stirred overnight and § dloned bet ween et hyl
acetate and bri ne. The eth acetate |ayer was
col l ected, dried over' n1 ulfate, filtered,
concentrated and the |du s purified by
chromat ography with a silica geI col um u5|ng ao -

ot e mdess SEERBUF PR FRn 0BT ioe B (Gegbi-Blocks) and
iegtstdmiad (1.61 addi, 11.52 n(rﬁolmﬂd(mhhm chd)lorqm@hm (ptrink) was treated
@@a%%fﬁl}o‘éﬁén@ BRHOK iR BG4 L7 2RS4 dr 80T, After

utron stirre 11 hou
stheing Exd0iroin thﬁmmr@wm@tqr%wde@é ligate Was perdeniraigd Hg/a small

»%Hﬂn% aBgﬁﬂene @mwdqeabﬂ&ﬂ@ﬁﬁm&é g fiReRd agdi0%the filtrate was

i n.hexane o af
S RIEed 04 B TGS gL POl BTG s B R ximately
Phdll) a6 @ﬁﬁﬁeﬁéd piantcaneult bea préfduglytion of (2,4-dichloro-pyrimidin-5yl-

pae{htygr@ gg(s} ﬁl) meg}rlsz ?ib@”rﬁg,ﬁ'%] ramol)I ('Ift:om Examale 1d supra) and

{zlbuﬁylht}umy(l FriMisotuton B Irxenesyéed Htls dl4dtrathods( Addrich) in

P8 ) i B AR o o

@mﬁ@mggrm\?fe@g lwoadabguypartitioner betwesnyethylggetate and brine. The

}flsacgtafe 1%}3? ks BMlfe¥ed, @HidmedRY bodirnlsalatk Oiered, c6¥&htr@fed and the
anol

{epicie g mvb e oy AP amAERARY (8ol el ealg Dping 0% ethyl
SceydtOMYhexshdsqhalidnd. The gateﬁnélﬂate bbtainet Yromp tlepansfication was

RTINS e —

dhsablededd i restiengsoldtion stiryed afo 1K) %C v hlthomlms Wehe reaction
ﬁiq}gcﬁge W%Qi{gﬂj e é‘:ﬁ%d@ed( sﬂfch %Q)coﬁf?l% E%M&r%l‘gf Wiy a 0 -

drogen for

thQ% sthyhatetate @dmg;gmesgngd@ﬁ@@ hf@qr zthe w@gl,ugt Afigk 3 pyecipitation out of
BRA OReBhind (b BeleSs of(p%ﬁ@m@ﬁﬁe auétd@i%ﬂ-n@étﬂoi}h phenyl)-7-

t h t
TS Rgr SGGHEET S RO S RO PITES] ogé‘% diefiidin-2-
8¢, ks isoRKel asas etwhité kolidet(mwm mg,m%r)

HRMS m1/z caled for CpyH,sNsO3 [M*]: 431.1957. Found:431.1948.
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(approx. 60 nL) and the conbi ned organic |ayer was
concentrated. The residue was purified by

w@ kooenstosyr aphy on a silica gel coI um wi th 0 PCT/OBH)4/003447

diethyl ether in hexanes to gig

()-cis-3-(tert-butyl-dinmethyl - S|Ianyloxy) cycl opent ano

Exaspk 90l orl ess viscous oil. (Yield 1.81 g, 83%. 15

HRWS mz calcd for ClL1H24Q2Si [(I\/H—I) +]: 217.1618.
Found; 217.16 -trans- (3

f’ﬁé é%iBbl iﬁf‘??@ﬁ;ﬁoanf’]@?‘i’) -Bidapen@pakt hyl - sil ane N

To a m xture of

() CI s 3-(tert-butyl -dineth f-sil anyl oxy) - cycl opent ano

Il (1.5 g, 20 6.93 mmol) ( n1Exaane 9a supra) and

tri phenyl phosphine (1.99 g, ) (Aldrich) in

anhydrous tetrahydrofuran (60°rﬁ\ was added dr opw se

di et hyl azodi carboxylate (1.2 nL, 1.32 g, 7.63 mmuol)

(Aldrich) at_0 C. Then after 2 mnutes this was

f ol | Geds-fyt-Brgl-dinasthylotd-oxa-RicyshelAylt Jhes phybosy) -sdaried@. 15 g, 9.99

ﬁil'n@l? @rep?re@%c&rdﬁ @@the"ﬁ}gj:e)du('e%mérfa?)e ang, Egb%ardtl Tetrahedron,

B ) e b S bied i Fbkolg G b ltion s added
rt(é%d?td/@rﬁsmﬁ wig)i(Addviels) fpdrthé biioecwiieydesinadll @hB¥ 1 atmosphere of

O RN O "
0980 rgevasedidddiendvie mpinhire waslhjpdrogdmacxipigaigraa 5B psidbr 24 hours. The
c}r'ogrﬁlagigh n‘ﬁ%&&g%é %&%25@ éﬁhc&{ %g’l?cg Qi? 97§4hed wit 3'cl:_étrahydrofuran

er T nohexan
(APRav%e §P mlp a@qd\ﬁhe ¢9mbingd grga(lg-lg}a_er #es concentrated. The residue was
pieh h\fbﬁfé tonkikdilyda g@l JMrﬁM |W1§1'd aftﬁ)o/@alea‘afl etgm)er in hexanes
oIorL__e) J% qYleldl ? Exanpl e
£ %D F5 34 tE&%H”y e HYYIGY &W@W%ﬂ%%@ eqderiesy Migcous oil.
(Wied 112, 85%) 0 g\~ 5 A nixture of
()-trans-(3-azi do-cycl opentyl oxy)-tert- butyl di met hyl -

N 4 « ra)
RS o o B BT Ao S 0 et Ry 2 B T
ethanol (6 nL) was stirred under 1 atnosphere of

pressure for 2 hours. The reaction mxture

was then filtered. The solids were washed with
(&)-trans-(3-Azido-cyclopentyloxy)-tert-butyl-dimethyl-silane

Z=Z
Y

n 2=

S./
~3l
o™X

To a mixture of (£)-cis-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentanol (1.5 g,
6.93 mmol) (from Example 9a supra) and triphenylphosphine (1.99 g, 7.63 mmol)
(Aldrich) in anhydrous tetrahydrofuran (60 mL) was added dropwise diethyl
azodicarboxylate (1.2 mL, 1.32 g, 7.63 mmol) (Aldrich) at | 0 °C. Then after 2 minutes
this was followed by the addition of diphenylphosphoryl azide (1.6 mL, 2.09 g, 7.63
mmol) (Aldrich) and the resulting solution was allowed to slowly warm up to room
temperature. After stirring overnight the reaction mixture was partitioned between
diethyl ether and water. The organic layer was collected, dried over sodium sulfate,

filtered, and concentrated and the residue was purified by chromatography on a silica gel
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10 tetrahydrofuran (approx. 40 nL) and the conbi ned
organi c | ayer was evaporated under reduced pressure

WO 2008089955 PCT/EP2004/003447

()-trans-3-(tert-butyl -di met hylsssi | anyl oxy) - cycl openty
lam ne as a colorless quuid. ?Yield 270 ng, 769 .

E@Bfﬁgf‘%%aggq?ggg%o 1%%211 o I:gle;ia%lgsMgrk%grt tozg]i\(rsé (143 7t§dns (3-azido-
cyclapeniylenyy- f@l‘w‘b}kﬁﬂd@l@d‘g’bbm aé y k9lofless diquigk HiieJd bRgny2%).
) - 7- phenyl am no- 3, 4- di hydro-1 H pyri mdo [4, 5-d]

B¥dihple®cn- 2- one Racemic / | 0111 N O HN a SOH A
sol ution of

tran ( | -sil anyl oxy)-cycl openty
?-a?n‘i ﬁ’és‘f’ﬁtfff é‘l‘@’ dlineigylnsﬂﬁ?nﬁ ’E)%S ?19 RSIEABMENOL supr a)
and triethylamnne (1.15 mi, 840rrg 8.30 20 mmol)
(Aldrich) in dichl ororrethangz(S m) was treated at 0 C
with a 20% sol ution of ph ene in toluene (2 m,
4.15 mol ) (Fluka). After rry for 30 mnutes the
m xture was filtered and the ¥i*ivate was concentrat ed
to a small volume. Benzene (5 mL) was added and the
m xture was filtered again. The filtrate was
concemuixiire @f (PhisanseSragideo-cxstepentybosy) -tasttbityl-dirsethyl-silane (400

2] LB nithold ﬂﬁMﬂﬂ%&%xﬁl@% elpyogra%lﬁlﬁﬁmh@eﬁ% {(38 gfﬂb Aich)

5 trans nul
{j{lg?ﬁhz)&n &F}@Hp{)&romgg,wgs'ﬁt)areg Lg{ép ]o,él’lnpﬁ,spyler@@f hydrogen pressure for 2
hedrkoX}phaoydn navturewisk8eh filered. BBe ol Wetd waReEXARP! €

o o T R A Lyt s
mriutf)d Bra$sdrd @I@lva (k) strvimy-Gr (Gers-butybdiraétiglr dlanylary )¢ dlopetylamine

JNEiGASL i r owed to slowy warmup to
?Soom terrﬁ r%ﬂﬁo:@ﬁg 7gj)/f)or 5.5 hours and then
art|t| on etvveen et hyl gtate and water. The

@a@zd‘&@ﬁb&ﬁ%ﬂ{) br2i1647 % Epusd il 80.
sulfate flltered concentrated and the 5 residue was
hple od by chrormt ography on a silica gel colum wth
a0 - 40%ethyl acetate in hexanes gradi ent. The

ST iR N BB R Eanpe ) £ e famino-5.4-
dihpdnot 11dfpydingido Hei- ijyammrdm)-?.mm d| ne (AI drich) was

added and the resulting solution was stirred for 7
hours at 80 C. The m XkMLE vvas / < ~coo| ed and

purified by silica gel col tography using a 0
10 40% et hyl acetate |n s: ne adi ent. The product
fromthis purlflcatlonH Ived in acetonitrile

(3 nm), 5% aqueous hydr Iuor c acid (50 L) was added
and the m xture

A solution of ()-trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentylamine (270
mg, 1.25 mmol) (from Example 9b supra) and triethylamine (1.15 mL, 840 mg, 8.30
mmol) (Aldrich) in dichloromethane (5 mL) was treated at 0 °C with a 20% solution of
phosgene in toluene (2 mL, 4.15 mmol) (Fluka). After stirring for 30 minutes the
mixture was filtered and the filtrate was concentrated to a small volume. Benzene (5 mL)

- was added and the mixture was filtered again. The filtrate was concentrated, the residue

was dissolved in a small volume of anhydrous tetrahydrofuran (approx. 3 mL) and then
transferred via a cannula to a -78 °C solution of (2,4-dichloro-pyrimidin-5yl-methyl)-(4-
methoxyphenyl)-amine (180 mg, 0.63 mmol) (from Example 1d supra) and n-
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was stirred for 21 hours. The reaction m xture was
then concentrated to a small volune and purified by

w@Rdosos998El col um chromat ography using a 0 - ROD®#R2004/003447

tetrahydrofuran in hexanes grgdient to afford the
product After a preci pitation out of dichloronethane

]ﬂt 1Ppa@§‘3eb§55ﬂ§.mop ag%e%ggﬁ # § g% II)n(:‘AJI'c]inch) in anhydrous

ﬂaﬁenwdrbﬁﬂam tienyL a T nore3ctibndnixyate aval B msbmm wgt|upyto room
r I m d It@rgéstgpe%lj&]\(%%% %94 %{ A an ?értﬁloﬂ@d b&wath Et‘ﬂgl {Ya8d £hd water.

Tléd\Aiﬁg)tr]ue 13}’48@&61?41$1¢C’t641;(51md -ovgegdinyy sul atgﬁétﬁf)qde cqrygntz@)ted and the
I(el]]dhé %&énféé@w UL ool TR ORY silfdalgarohensi witty£0 oﬂ?@%te&ryl

a_m Xt f nt
{eBtate 15 AT AR (LBP STEHEL ﬁplkﬁam%%&%%aﬁ Pin g was
&1‘5@0‘1’@3% ﬁnﬂlﬁe 82 gL)481didal chtalynicaatoua pfid-¢lineahyl{hi®) pyridine

(i ) Was Fad an PRl Sl oK A TRLN (57 ke 1 94O
ewanye s themodods) andpheified by sdidal gcllcohsnlv\ehl@nmmphmmg a0-
%(g’/g r#l}y?géeltﬁg ﬂ@%ﬂ%%r%? ta‘TIhQ Shuct fof] @:ﬁ@t trYi?c'éﬂoﬁ Ras dlssolved

ot at sflrr ng overni m xtu )
imetopar 4 (3irohk 8%equseenhysk pioriasids 8 1 avasadaqd anfje mixture

?{l{}}éa #o??;' Fflm\ﬁ@s TaRIt£ELS ‘i'mxﬂfré R8s @R lcon&@@iatdd to a small volume

ate tered and concentrated. .The._r
oust pRiEas P &BH P BRSSO g0 By rofuran in
WedaRe eren%%ﬂ%ﬂlﬂie (26&ha@l e\fien alpescipiesiogroad bdichiboomethane
ans

("f%ref‘ enaar%&‘r‘mm%‘fclt A ogy‘fmcyc Thesnerdopengl)-3-(4-methoxy-

‘ Ebérﬁ/il)l ’E@hemrlamnms.% ¢idihydryi 161 -gydm®[4,5-d] 9qu@mdlarﬂjone, was isolated

a(vhéf%ihgizg‘? el&’%%%g g et hyl - si [ anyl oxy) - cycl opent ano

RVE nmfz calcd for Cl1H24Q2Si
[ MEH] +: 217.1618. Found; 217. 16 1 WO 2 4/ 08 %5?
HIGVIE P0Gl fdoted 47 ColmNsx bt ) {0k yiss; Baund: (800471
(tert-Butyl-dinethyl-silanyl oxy)-cycl opentyl ]
rkspbrdehe- 1, 3-dione O 0 o-S\+ A solution of
(‘)_TF ans-3-(tert- butyl di met hyl - si | anyl oxy) - cycl opent a

CE1- g o Ao B o AT AR 7 PR

phthalimde (1.8 g, 12.20 ngpl) (Al drich) in anhydrous
tetrahydrofuran (45 nL) wag cooled to O C To this
was added dropw se di et hyl odi carboxylate (2.1 i,

2.3 g, 12.20 nmmol ) (Aldric a_rg(lﬁl_ehe resul ting
solution was allowed to sIOV\Agf wax m

To a mixture of 1,3-cyclopentanediol (5.0 g, 48.9 mmol) (cis/trans mixture,
Aldrich) and imidazole (3.3 g, 48.5 mmol) in tetrahydrofuran (100 mL) at 0 °C was
added tert-butyldimethylsilyl chloride (5.2 g, 34.3 mmol) (Aldrich) in portions (250 mg
every 15 minutes). When all additions were completed the reaction mixture was allowed
to slowly warn to room temperature. After stirring overnight the mixture was
partitioned between ethyl acetate and water. The organic layer was collected, dried over
sodium sulfate, filtered and concentrated. The residue was purified by chromatography
on a silica gel column with a 0 - 20% ethyl acetate in hexanes gradient to give (£)-trans-3-
(tert-butyl-dimethyl-silanyloxy)-cyclopentanol as a colorless viscous oil, (Yield 4.23 g,
57%), and (&)-cis-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentanol (Yield 420 mg, 6%).

HRMS m/z caled for Cp1H,40,51 [M+H]": 217.1618. Found: 217.1621.



to roomtenperature. After stirring overnight the
reaction mxture was partitioned to between et hyl

wae@taswsand water. The organic |ayer was col | BCT/BP2004/003447
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dried over sodium sulfate, filgered and concentrated
and the residue was purified by chromatography on a

qg,éf_@ @ colum using a 0 - 35%ethyl acetate in
exanesﬂgr adient to give ()-cis-2-[8-

ert-butyl-di met hyl -sjl anyl oxy)-cycl opentyl]-i soi ndol
gi).r%-zd#b @ t‘%&@' ethl- @W@XY -W@anty%:ggy oleglz8ediorts
HRVS miz calcd for CL9H27NG3Si [ M CH3] ' :330. 1525.
Found: 330.1523. Exanple | () -cis-3-
(tert-ButyI-dinethyI-siIanifgiz) -cycl opentyl am ne
NHZ O g\+ To a mixture of '
()-cis-2-[3-(tert-butyl-dine hy?-si | anyl oxy) - cycl opent
yl] 20 isoindol e-1, 3-di one .03 g, 2.98 mol) (from
Exanpl e 10b supra) in ethawme{/tetrahydrofuran (2:1,
20 nL) was added anhydrous hydr&gime (1.2 nl, 38.90
mmol ) (Aldrich). After stirring overnight the reaction

m xture was filtered. The solids were washed with
di et Ayplugioner (X approk-(teaobutyl) diarahylamdonyi) rgdopentanol (1.1 g,

: o ! r
3!0??{“%%’125“??1 BERIe T6L PRAD. bRE T sBHREE2 1520 SinoD
m‘éﬁfﬂe ?H’gp Rhf%ﬁw@e\kb &f 13-sGmapl hgHidrickirie anbydrens terebytdrofuran
ol A vy e pmanded dropuise diethylwpdiqrboxyiate (2.1
Bty 2o LR PR nd herestls s s was alloved to stowly warm
R(fbbEP&ﬁQﬁta@@ﬁé;éﬁte; sﬁ&idgmfgfgg é%@ie@%i(cfr&hf}@ﬁﬂe%ad itioned

+ . ; . . anpl e ,
bl et ekl M e el Rt TR b sadiom
sWfapes filiered apdh epdentrated and the residue was purified by chromatography on a

; -2 4~ h A i i D= . .

Dy Qg gt DR e it o giv - 215
%V-f-&%uy- éf;IPF@a’{]Slbwmhpmmywﬂsﬁsqnadyleob@r)mw@b opdiiteblad. (Yield
neng 478600 ny, 2.32 mmol) (from Exanple 10c supra) and
triethylamne (1.62 nm., 1.2 g, 11.64 nmol) (Al drich)

%33}&%% %C@ﬁ%&%ﬂﬁyl‘%gi e cBl 3561988 Lheglad wih a
Example 10c

(£)-cis-3-(tert-Butyl-dimethyl-silanyloxy)-cyclopentylamine

NH,

g
-]
O™

To a mixture of ()-cis-2-[3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-
isoindole-1,3-dione (1.03 g, 2.98 mmol) (from Example 10b supra) in
ethanol/tetrahydrofuran (2:1, 20 mL) was added anhydrous hydrazine (1.2 mL, 38.90
mmol) (Aldrich). After stirring overnight the reaction mixture was filtered. The solids
were washed with diethyl ether (approx. 30 mL) and the combined filtrate was
concentrated. The residue was treated with diethyl ether again (approx. 30 mL) and the
resulting mixture was filtered again and concentrated to give (£)-cis-3-(tert-butyl-
dimethyl-silanyloxy)-cyclopentylamine as a colorless oil. (Yield 570 mg, 88%).
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phosgene in toluene (2.8 nL, 5.80 mol) (Fluka). After
stirring for 30 mnutes the to mxture was filtered

wapa4ingossi ltrate was concentrated to a smal | ROI/BEPID04/003447

Benzene (5 nlL) was added and 4ghi s nixture was
filtered again. The filtrate was then concentrat ed,

£5 i) r
HRFs e o TR IS VBT RODYR R 6L
transferred vi'‘a cannula to a -78 C sol uti on of

| or o- pyri m di n-5yl - met hyl ) - (4-

nmet hoxyphenyl )-am ne (330 ng, 1.16 mmol) (from Exanpl e
(ol ﬁHﬁ(i@)t—]ﬁﬂﬂ dimkEh ﬂa/dyﬂdﬁyb”%rmﬁ@ltﬁ -3M 4 aletitdxyrplienyl)-7-

sty Ay anareCo8 Tt PR RS ¢ vas

alllowed to slowly warmup to room tenperature,

stirred for 48 hours and then p ioned bet ween
ethyl acetate and water. /ﬁ\ ic layer was
col l ected, dried over sodi sil fate, filtered and

concentrated and the F S|'Hu was purified by silica
gel colum chromat ogra u a 0 - 30%ethyl 20
acetate in hexanes gra nt. /I ternmedi ate that was
obtained fromthis purificati o? °@8s di ssolved in
aniline (2 m) (Aldrich). A catalytic amunt of

4- (di met hyl - ami no) pyridi ne (A drich) was added 61
t he Aeclutibn nf(d9otisd-(tsn-hyel- émnqthsédﬂrr@ﬂow)mdpge%r amggey (500 mg,

Hﬁ‘? Zgﬁ%imm@&wﬁ%%@%a ﬁ%ﬂ;ﬁﬁin@q 130ehIRurd 4, I1@@4 mmol)

ra
Aligih)d dichasomeHHER AHLPLgRal aas fEatet i a 20% soldiion o
ﬁos er?é 1§"t&lh@ﬂé (24PmL, 5.80 mmol) (Fluka). After stirring for 30 minutes the

) (
gg,;t,yl',e e ot R SHELARRDE ¥ & b aTRLR Bk (5 m)
S daditea-ah iy ribetcofds Mterdoagain HierfilRatervers dsenacankerntteated, the
lid l,.d 100
3t &ﬂ%‘ﬁ%ﬁl Epdr@&%@%‘éﬂ% %%46&%5& 3 mjpand then
ﬂﬁﬂdér@ﬂgﬁsﬁarm‘l'd r@raza@&r:@gmm of (Bé-diqhlereppaimigin-5yl-methyl)-(4-
d n-
ﬁﬁ%erﬁlg Mﬁ%ﬁg%%/q 1;3%(731 %ﬁﬁc?{ {from Examp]?’j]c;I 1d (si;‘ipm) an 1;1 |
wyBifhium b s@t@_ﬂnlﬁ XIS %}126 pipa (éy 1c?1) {§ anhydrous
Fétﬂh rlﬁuﬁn (ZQﬂL§ TRe ﬁta&tﬁﬂdlﬁlmmreﬁ/ﬁas allowed to slowly warm up to room
g;%g’prgtluﬁé, sttir?g& for lig ¥1ours an ttﬂgn par]tlh 0 bewzencé{ﬁill%ggtgée%ha water.

MBE Bepayidiien ) eollepledndriealmvensalivimdittister fdteted gnd omicergrated and
rim n OB,
e B A il B
E%tataquh@qaseslgrddlgm a&qeu@teggﬁ(hatgéhqjma@ ﬁbzal om 1Qp13r1ﬁcat10n
mld)ssolegdtﬁ nﬁfn‘gr (3 bi19 %feﬁb gﬁtcattal?ﬁc afaat le(dnﬁéthyrle

was concentrated to a

v eptiding (B icb kg ddrs e AL AP P T g hovs a
2300C: ThROHcBbIMHixtaselad theh Bodlekanksurifieddiyailica glf dobrma

chromatography using a 0 - 100% ethyl acetate in hexanes gradient to give (£)-3-cis-(tert-
bﬁtyl-dimethyl—silanyloxy)-cyclopentyl~3-(4—methoxy—phenyl)~7 -phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one as a white solid. (Yield 100 mg, 16%).

HRMS m/z calcd for CagHseNs05S1 [M+H]™: 546.2895. Found: 546.2901.
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preci pitation out of nethylene chloride with excess of
pent ane, the product, ()-cis-1- (3 -hydroxy-cyclop

wW@nioyg39958 - (4- net hoxy- phenyl) PCT/EP2004/003447

- 7- phenyl am no- 3, 4-di hydro - )
pyri m do[ 4, 5-d] pyri m di n- 2- one was i solated as a

W61 d. (Yield 60 ng, 77%. HRVS miz calcd for
CZ7FF|§5'N58 [M+H] +: 432.2030. Found: 432.2033. 15

R e Aoy cusgnenty)-Beldrmmipern et Bsheaimino- i dihydro-

i1 Fl- i ol ggrd;pyﬁllmdan@c@& ethyl ester Chiral o N\
O~ S NHO A solution of ethyl

4-chl or o- 2- met hyl t hi 0- 5- pyridy.di n koxyl ate (897 ny,
3.86 20 mmol) (Al drich) and trlﬁlbam ne (1.2 ni,

870 ng, 8.49 mmol) (Al dri xane (20 nmL) was
treated with (R -3-arm (% rofuran

p-tol uene-sul fonic acid/salt 3.86 mmmol )
(Fluka). The m xture d at reflex for 1 hour,
ned

then cooled and partit en brine and et hyl
acetate. The organic |ayer was ed over sodi um
sulfate, filtered, concentrated and t he residue was

pur| pagobyiontaf fhkdw§r(Erhbuid-dimethlssilenyloeg - elopemtylr(4-
}Qnyl)lﬁg%rﬁhﬁﬁho%‘lﬁag#ﬁrd WHB;Z}EEHﬁ%&%g @%}gﬂﬁldﬁﬂ) ~2-one

89955 PCT/ EP2004/ 0034
ﬁi&ﬂ 1 lgﬁgﬂll &m(ne g{@rﬁwyap wahm@cyqoamlkdﬁmwwm adidad a 5%

eqfeoﬂah’@dmlﬂhbﬁc add sbietibry ( 116%2[?0 278 $rAol.OAfEL @ﬁd overnight the
VI SCOUS .0l cal c .
T ML LN K SN ER T A
golhmnschromatography using a 0 - 100% ethyl acetate in hexanes gradlent Aftera
f) p%taﬁ? Igg{ QﬁgX Sgéﬁl%_f}ge ‘Qfﬁﬁ‘ @X& 1'23%& ag Lt p? { o{# cis-1-
hyqtnoaw@omm (@metapmpheram “Ripbenlamino- 4 dihydro- 1H-

it do98,50d) pyrimidin-2-one, w lated hite solid. (Yield 6 9
%gj -(ﬂet hyfaul fanyl <4 ( taseisﬁgheydaféfvﬁrlaer?f’é-yﬁ (1cld 60 \mg; 77%).

m'g Fag?ﬁ%ig\ﬂ%f ciNf}Of’ﬁg/IgHﬁt 3%/2 %(%SOE) 4114¥02%§?\ﬁy3r50us

tetrahydrofuran (60 nL) was added in portions solid
Exddhplarhlal umi num hydri de (400 ng, 10.65 mmol)
(Aldrich). The resulting slurry was allowed to slowy

(R)-2-Methylsulfanyl-4-(tetrahydrofuran-3-ylamino)-pyrimidine-5-carboxylic acid ethyl

ester

Chiral

Even
R

A solution of ethyl 4-chloro-2—methylthio-5—pyrimidinecarboxylate (897 mg, 3.86
mmol) (Aldrich) and triethylamine (1.2 mL, 870 mg, 8.49 mmol) (Aldrich) in dioxane
(20 mL) was treated with (R)-3-aminotetrahydrofuran p-toluene-sulfonic acid salt (1.0 g,
3.86 mmol) (Fluka). The mixture was stirred at reflux for 1 hour, then cooled and
partitioned between brine and ethyl acetate. The organic layer was dried over sodium
sulfate, filtered, concentrated and the residue was purified by chromatography with a
silica gel column using a 0 - 100% ethyl acetate in hexanes gradient to give (R)-2-
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warmup to roomtenperature. After overnight stirring

the slurry was poured slowy into a vigorously
w@riorgxdsim xt ure of ethyl acetate and sat ur at eRCEHEPIOUGI3447

potassi um sodium tartrate solgfion. The organic |ayer

was separated, dried over sodiumsulfate, filtered and

{

r%;%hg?]ﬂ?a ﬁa(get‘%gdhkgrg%\éﬁ -3 mggmg&@g@q gﬁ’ﬂ%‘;!w RErbBEARYCLd ethyl ester

@la@hloﬁe&mcﬁaﬁ@ﬂ(@@eﬁ)ogaﬁ%o@f eated with manganese

dioxide (2.9 g, 34.27 mol) (Aldrich). After stirring
HRISZn QI f511E,,BIoN,dsS 1 E 283.09%1 Edundezd3eadsni t h

tetrahydrofuran (approx. 30 mi), the conbined

£i|t§a] was concentrated and the residue was

Z ved in toluene (40 nL). The solution was then

treated with p-anisidine (470 , 3. 77 mml%ﬂyZO i
(RN 3dE4- Mt)hom-pianall)%phenamm loftetpattydrefuraas$ryh oht-dihydro-1H-

[ A Q% drich) was added and the mxture
“%ﬁggftj?él@q uxnu3| ng a Dean-Stark apparatus for
3 hours. The mxture was then cqql esl and partitioned

bet ween et hyl acetate aftf satur @ aqueous pot assi um
carbonate. The et hyl aceh 2y~ was col | ected,

dried over sodi um sul ered, and concentrated
to a residue that was en d| ssBI ved in

t et rahydrof uran 25 (4 resul ting solution was
treated at 0 Cwith I|i Oumnumhydrlde (390 nmg,

10.28 mmol ) (Al drich). The sI urry was allowed to

slowy warmto roomte and after stirrin T
for e nB0R Of GRS MEMEEeRT- (rerAmsa gy Sy pyrimidine-
§tcéxﬁ>6 icHcadt éﬂﬁﬁ eStr (160 §)8l SSQﬁﬁioa)t (EroanBxsaplanai agra) at 0 °Cin

Qﬂr go US tgt?ag‘syé g&&gs(gg B‘E.qusf (ti&%ii 1?1 é%)?%\),rtésl S%Qg (l}-linum aluminum

ﬁ)tdrfdat(@oo 1fnlgl 1(e6%ehmatppdérith)ailhd resuttingsbimrewed aliomgd spslowly

{_yﬁrrsfllb HB?% 5(}0% ﬁe erat%ge bebe%‘IOlVEW Fs‘{nhr %iggtug Jvas I]]Doured slowly into
:lnelgalwslygnadd mcturem@th;ﬁ pestate @néﬁﬁur@,@l Fuequy peassium sodium

}s@gghﬁ Ogg@%:;)gqhﬁgta%ley G4s ée aMdegﬁéd 82998 um sulfate, filtered and

t et f
qtmcelgtmgtp@m gise ‘(1@ Cﬁql_ e r(: cg}qrn?m? 15\9‘23 %& ed,ﬁtfr%nﬁélate was dissolved

ﬁpcilklﬁlbfmnetgi@n;e @9 PhIOGnt @redted. mﬂﬂirﬂaﬂghﬁfése’ﬂdldmdam 8¢, 34.27 mmol)

Ition o ene uen

R R S e
Appréi. 30 wile), thesotrbérned fidaste wtab omadnbetedeed tlat tegildue was dissolved in

gqﬁet i G0 815 DisGoldliF s g d‘ﬁﬁéa (B 2,77 ool

{ Aldrich)es icatabytit hatounbef pptalidnesdfonyc a%mnat graip W B#l)awas

%ﬂ&edca%dQﬁé gﬁhWas"Heﬁadﬁt fiux 494 G Iiah - RERIBbErat? for 3 hours

exanes gradi he |nterrre%$ttwe |s llated fr d
Bhe nfixieae Warthem sodledansd Rasttipped 56136‘? af] a{@ eatu’f?uj
ohE' a%kh%n&@' Thé @ﬁlyll@%ta@@l@i/@dva’sfcoﬂ)ecfédadded over sodium
%%‘6 1}5{}3 Qﬂq%lgrlﬁ?ar e%ﬁ)réioli)éég fh&h\cfv eg rdéssglo ed i it t%t%a}%fdrofuran
@id A1, dTltl@reSIhlﬁWg yolwdsmwaiptréaved dniQ with &itldtoradumingim hydride (390
ald g{) thgjlé{ﬂé éﬁld(r) ﬁz\gft‘}g@iur as ARWel kb Flg@gfrxpﬁ'%%om temperature

e organi c
andi bftertstidringlfor d8.5deurs was poured slcgwly intoa wgorously stirred mixture of

ethyl acetate and saturated aqueous potassium sodium tartrate solution. The organic
layer was separated, dried over sodium sulfate, filtered, concentrated and the resulting
residue was purified by silica gel column chromatography using a 0 - 70% ethyl acetate in

hexanes gradient. The intermediate isolated from this purification was dissolved in
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sodiumsul fate, filtered and concentrated. The residue
was dissolved in aniline (10 nL) (Aldrich), a

W@ ai0algwsx anount of aniline hydrochl oride (Al RET/EPI004/003447

was added and the resulting sgjution was stirred for
4.5 hours at 95 C. The mixture was then cool ed and 15

@H%lé}%%rgﬂnﬁi/ R hif aTlg&hﬂglﬁlllm &Y 9!]@5189 e mddéﬁsérﬂﬂh@ sBlution

% et o acet at exanes g%’ail?gl é to a ord
witecoptedda 8t°C- Followede Lenpwise addijion PResgeRe in toluene solution

<(1F§2 mt,% 1.4 gﬁthSl@%Muk@fh@lﬂ)ékﬁnﬂ atwwdfoamsr}mdrs The mixture was then
- etr o
o ro ity st i L OB oY el e e over

$odliurh Q&ffate, HiRWE:dnand wakadrdial toG2RHABGAERBwhipitified by

8 5 MO lf'lnagﬁ kfb%gm wiﬁp qc%%(elﬁ%)ace?atg i RdxalYbs gradient.
TH@ mﬁe—r(madm isolried e yhiy pori ¢a@1@y|vgﬁ-|dp§golvq:d in tetrahydrofuran (50
p?y LAE J%e%ﬁﬂt’%né’ dolgtidk \%M[é& at "b °@)éﬁﬂ RiedRd hirds-d]

n-2-one Chiral

cblonqulsmb%mtaic@r{ 78%6; 4#255 314 Re BBEO% (@%I%bﬁhedleﬁf&ﬁoﬂénmure was
41}’%5«%51&5 slo f&am b o tdsh @eTﬁpéia‘duBéJaﬁd afeon dtidririgadviaytlighttiwae
qu@ﬁpgg%heéwﬁ%gﬂﬂ@cﬁﬁse V%ftérAL[%ﬁ grga?%caliage& Wis € ﬂneffft% dried over
R0Ee e Gkate Miltepddrrdecomotnttdteh THe @ddnt wagdig®lveduh yniline (10 mL)
P AL A TR 9 g%
vestilting solBtioz sraestired oy Lkdwuatitidd & d hemeixiirg wigp thopergoled and
E{ullﬁﬁ l\f}ﬂsdl?cggepcola—rﬁ cflfdrﬁzi néﬁgﬂ?ﬁsﬁ;?a 0QN66RL iR} B€btate in hexanes

gxlélilfeahym ﬁgq»psrgabﬁtr \é[‘%tlllj@tmg)wﬁ)_genﬁgrq%srgq],deélf (é?r) (AImethoxy—
hé 1)3%&&%&%&11 (t%&ar;yc&@ﬁﬂaﬁ@rylps 4- d1hydro41/I—é ggrglr5n51d0[4 ,5-

[ or o
@@é&%%ﬁg%og&?&(ﬁy%{gﬁﬁégﬁ%FW am ne (270

ng, 0.94 nmol) (from Exanple 1d supra) and n-
BIRMS b/t bdledhfof Zo AN [M+1dH: #18. istaFemd: 3891877. 0. 94
mmol ) (Al drich) in anhydrous tetrahydrofuran (12 niL).

I@e&kﬁgguc%bmmtwe mﬁggwb&o slowy warmup to

npérat'ure tirre ght and then

artitioned between ethyl acetate and water. The 5
E@BDLLLI ayer was collected, dried over, sodium
sulfate, filtered, concentrated and the

(R)-S—(4-Methoxy-phenyl)-7-pheny1amino-1—pyrrolidin-3—y1—3,4-dihydro-1H-

pyrimido[4,5-d]pyrimidin-2-one
Chiral (j/o\

X

A solution of (R)-1-N-Boc-3-aminopyrrolidine (350 mg, 1.88 mmol) (AstaTech Inc.)
and triethylamine (1.31 mL, 0.95 g, 9.4 mmol) (Aldrich) in dichloromethane (6 mL) at 0
°C was treated with 20% phosgene in toluene solution (1.84 mL, 3.76 mmol) (Fluka).

- After stirring for 30 minutes the reaction mixture was filtered and concentrated to a small

~ volume. Benzene (5 mL) was added and the mixture was filtered again. The filtrate was

concentrated, dissolved in a small volume of anhydrous tetrahydrofuran (approx. 3 mL)
and trancferred via cannula to a -78° C solution of (2,4-dichloro-pyrimidin-5yl-methyl)-
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resulting residue was purified by chromatography on a
silica gel colum using a 0 - 70% ethyl acetate in

wheooang®syr adi ent. The internedi at e obt ai ned fPCNEPIVAL/003447

purification was then dissol \_/%?_i naniline (2 m)
(Aldrich), a catalytic armunt ani l i ne hydrochl ori de

e s e
puyilithioc Gy Mi ﬂommngelhezé@iearﬁ&%w o4 nogeld phldrish) in ambgdrous
feter%/trgﬁﬂXﬁ (12%E} afige ﬂchtﬂﬁ?&ﬁB@ére%a@qngﬁéd tOTS!tﬁNl? Wﬁﬁqp to room

hat purifi caéll on s t hen dissol ved tl
SRR stigied YETIEht 461 ey paai AR I IS REReR S actele F‘%‘?]Watef The

&@ame)la ks eeétad, e ikdwatedodivn 0Qlfdtd, fteebds tdrdeate@and the
The re rt.iti oned

D i RS b SES e, DA PREGLLLSNEG 20 - 0%

dtitplraoxtatiin héhmmepgtadient. NEhainteotediataytenined fohbthatpusfi@don was

#h%n %i%ssg‘pée(ﬁ? n'ﬁgues(? lrfﬂ%t @g@l&g’r Pé’aﬁaﬁ%&e a?rﬁg% }rb? aﬁﬁlgzl@gg{irochloride

G‘Aldnd:)e«masaddectmfénwlatlea wae stitred atr udS °prioti8 boursh Tk mixture
WastheRUbdIEd S5l PeiSW I AR chib o Bitab iR 0 - 709% ethyl
0
2ostate in hepope rgr%*ewi 3 'If ﬁ@mﬁéﬁwur o s ¢ %FﬁéhSSOh’ed at 0°
Cﬁ@@ltsp?mﬂa@fﬁaaétm defl fhhﬁc}%@wl dlﬁaﬂé%bﬁltlﬁlﬁms M):tﬁmdnta@%ed water
(0] SOl V I N | C or.one e

Rob B3 2nd B ed R 1 e Bl B e s g Detween
¢thelatcetdtevnt). X agasowfsogiant hyrbroxide. PhepHpiftiat ®jueous layer was

5&%?%{041'2;@; diéﬂﬁgf@rﬂﬁ @é{&ﬂlm dhj%{{&gé{ %@&%L%B YJ;IEPM%& Sollected,
émercb\fer whilitue ssllfaﬁedﬁlte(rw @ndjcomewgate % the |gRMiS prpductarhich was

%ﬁé@% g)%\ﬁ%é l)7|'{'«]1th af‘slﬁ'ca BéblubR ¥Rfhe abL710893Brethanol in
i;(rg r@ﬁg%tc{g ;ng: trlethylamlne in ngtLanol gra%ﬁent%he %‘actlons containing

ﬂfer B&u& %feed'chtﬁi—tfdtéd & 1%if thatSids Al dixsp)ved Vi€ HiRRRASMERane
@é @aﬁ mé i#‘fl%asgl?{lﬂbgg%/ Wg%ag%d%re%‘%a%{hd&ggss of gentane to
ﬁreeipht@fec(f&-an(&tﬂnyihbhy@h)snpyV+phedyla1mamr ﬂ){_p)yyﬂohdm-ﬁ%ﬁ,zlrxglaydro-
C n 1 . 10,
S 2l b PN AL g s
2004/ 089955 PCT/ EP2004/ 003447 - was treated with

HRMS awtscatrd(foe Costhd¥eid- [MrTIngl1 7 %QM&@?P@@(%)U 203%.0pent y
lam ne (840 ng, 3.87 mmol) (from Exanple 9c supra).

e (RDRY L1061 9088V Slids§ (FesFRyt= 0.651 . for 1 hour, then

Example 13a

(£)-4-[trans-3-(tert-Butyl-dimethyl-silanyloxy)-cyclopentylamino]-2-methylsulfanyl-
pyrimidine-5-carbaldehyde

Racemic
T
: ~
Ss7N ?H
Y, J
‘0-Si
N\

A solution of 4-chloro-2-methylthio-5-pyrimidinecarboxylate (900 mg, 3.87 mmol)

* (Aldrich) and triethylamine (1.1 mL, 870 mg, 7.74 mmol) (Aldrich) in dioxane (50 mL)



10

15

20

25

30

cool ed and partitioned between brine and et hyl
acetate. The organic |ayer was collected, dried over

weomusasul fate, filtered and concentrated to BCT/ERiodu/e03447

that was purified by 5 silica | colum
chromat ography using a 0 - 209% ethyl acetate in

R P o o O S s A LI GLoPeRtlamine (540 m,
3.8t i‘n':l!!‘itywj (f@cﬁrﬂm 8(6813 stihia). a'IdTHe hﬁﬁufeﬁﬁaﬂ shrﬂ&d a% fﬂﬂubclfa]l?l hour, then
wa 0 owe It

SR T A Ry o (e G e g g e collcted,
dviddoviec bydiamdulfite, filesed 4richepnuenttatedto ama:&dab thoneds parified by
s\‘l\ﬁcragef QILAR %%o%?%ﬁgg}; ﬁsmé& bhe @O?Ve\ﬁlgl agaﬁtesiﬁ 'flE}Ea.'n@QgﬁHfént The

Ion mX

miodoetdematgd épmﬂm@sopuﬁﬁ@@u@evw th@nﬁlwso I@Yémrls tetrahydrofuran
q@@tlﬂt Phrihe AU %oll%%ﬁ%\?&'s H&lé&ﬂi Lumd ardllowled aa@lh@hh@@omons of

T A YR C A TR

‘ZQJ aﬁlléwea_ b watrAt@ravRalt teaﬁlﬁsrm& hAfﬁ@m)véﬂ |stiﬁ¢hgi the reaction mixture
i chl or ane e.re

PSPt Mo ridnBtdy Bifsd BEchE s sty e dhd Rt

{qiledns pdthssivaf setivmvertritgivlutsdn. rfhenggatielayeal wabscoll&ctevk deied over

i;hﬁrg Sﬁatg fi{hiere\ﬁaagllaerﬁ_ X‘én&%técﬁfo %&Hﬁé@o@ﬁ This 1nte|rmediate was

nhed ani c

er
5 disselehindighdoromeetaancd8) mlo apdhe tepeing safps waglpated with
ﬁl gdﬁésé)dif)hﬁé edd '38 7‘0"&1@109 (AIBRY dAebhyergighestirtifg the solids

es gra I ent

yyredilier qd-08% )\@s}(e@éqnf Emabydrefq{éq ﬁaﬁprommately 30 mL) and the combined
fhﬁ\iéﬂy@i(ﬁﬁs soneépaed d ArEbidad that upon a silica gel column purification
L AL S 00 AR 5 et

fﬂanylmjz)cdrc]‘opem@hﬁtﬂﬁ@ INZ- @RSy 1sylfnfl pyrilBBBne-828rbaldehyde as a viscous

8 13b 1-
?@%@gg ‘%@%ﬁS%nﬁ%?ﬂ% ﬁethyl(lllanyloxy) cyclopentyH

-3 4- netho§% ghenyl) 7- neth¥lsulfany
7e

|
e O N i NG KT 3G R Gennd 3651828, O}
SNOIOS\-f 25 A m xture of

E}Q#P&quns-S-(tert-butyl-dinethyl-siIanyloxy)-cyclope

ntyl-am no] - 2-
ol e b B Sty A AR o PRy 7-
80yl subfahyl- %WM)Hmdlmm,wmmﬁmBmmci d mono-

hydrate- (50 ng) (Aldrich) in benzene was refl uxed
using a Dean-Stark appakands for ﬁeurs The m xture

was then cool ed and part| -en et hyl acetate
and saturated 30 aqueous ’§§?§ |un1carbonate The
organi c | ayer was collee «ed over sodium "I, '

:oncentrated. The residue wasAt hen di ssolved in
anhydr ous WO 2004/ 089955 P 2004/ 003447

—&
o <

A mixture of (£)-4-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl-amino]-2-
methylsulfanyl-pyrimidine-5-carbaldehyde (700 mg, 1.90 mmol) (from Example 13a
supra), p-anisidine (230 mg, 1.90 mmol) (Aldrich) and p-toluenesulfonic acid mono-
hydrate (50 mg) (Aldrich) in benzene was refluxed using a Dean-Stark apparatus for 6
hours. The mixture was then cooled and partitioned between ethyl acetate and saturated
aqueous potassium carbonate. The organic layer was collected, dried over sodium

1 . 1. -1 - _ 1

:oncentrated. The residue was then dissolved in anhydrous
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-44 tetrahydrofuran (60 nL) and to this solution at 0O
C was added in small portions lithium alum num

whyanioghwsy 216 ng, 5.70 mml) (Al drich). The sl|PCT/EP100&003447

formed was allowed to slowy war m up to room
tenperature and after overnight™~stirring was poured

sl ow intg a vigorousl, tirred m xtur f ethyl . o

et furmn (S0 APatP TE R BROIA LSS oveiaeLirial Portions lithium

gl@fdiﬁ@zhﬁlyﬁﬁﬁéul@ﬁngfﬁ:ﬂ? ?ﬁgﬁ)’ldfﬁgldﬁdwe gfh\elaﬁlrﬁ/ﬂhhﬁofrﬁéﬂ wgs allowed
ri.ed over sodiumsulfa i.l tered and concentr .

STy ety RSl SierE R TRHRE ) PG dowty

aitb evigonoushestaredsnixgure loé etbyLeceare Ful sagmated Thecous potassium

| N{. | i .

P SHITEE Ao MO AL 5y LA LIRS s i,

GHetied oA corcentratedh ha Aesiduie v purified B HIPES, usses Hrdisthyl ether in

ﬁé%aﬂtreé. %SE’)IC aﬁgigﬁ 861&@&1 q%li @nt@m&ii@cg %{%ﬂ%\;\ﬁgﬁﬁ tliﬁg In)hﬁg%hg{jdﬁ was

sol uti 1 , 1. u .\\as

dissivadsa GrnoroRs s 4] w%ﬁ?%ffebm?émf& eSS0 L,

Hé:imﬂﬁg,e@SﬁInrﬁolE(ﬁlﬂdichw codledr amgr?ﬂ P @huslfgene itheluene solution

tur s t rtition tween e aget at e

Bl £ ! Bl Blea e e BFSREOLERR ) Y re i linBiupe wes

strdédifor S0 nfiatites af 0 *E€ ené dhaurdit conuo derhperbiade. t Dhamidgiedvas then

t hat. ifi bl :

DR P9 Bt SIS A8 A ot i over

spdidineulfatebiilieyeq andbconcentrated to a residue that was purified by

e%foﬂx]ia{t%gréﬁﬁy 3’1% % 5864 gdp WS MmOt DY l60%d Byl Q¥M)in B¥fEnePEradient

n -3~ (4-me Xy - . )

g (5)- L irer et e ms gl v Rty Acfamethgpy-

Egé’ﬂyﬂﬁ?%%ﬁs?fﬁyﬁ&A?ﬁ?&ﬂrb%zHgggéhhﬁd&g[ggF@F@N?Euﬂﬁn@one as a white
9.,k n/ z (o or I +:

S‘é@z(%"’é%’#%ﬁ’ﬁd?@&. 2353. Exanple 13c 20

()-7-(4-Fl uoro-phenyl am no) - 1-$t rans- 3- hydr oxy- cycl ope

BERMIS 78z (aledrfinrihstyssDE@sBpl M-+B11 2-501 8. Fopmd B 28530

[4,5-d] pyrimdin-2-one ON Racemc NNa HNNO OH F

-I-[trans-3-(tert-butyl-dinmethyl-silanyl oxy)-cycl ope

ntyl]-3-(4- )
ﬁ%%ﬁdﬁ;ﬂwerghe}lyl?w)h}ﬂ(gﬁﬂﬁf%hwr-oy'ﬂﬂ?w&?r(ﬁrIB?PPm"PhenYD'
8- fhySrod] HRirinii6j456-d1omenid2b2{o#@ my, 0.08 mmol)

(from Exanple 13b supra) in tetrahydrofuran (6 nL) was
treated w th 3-chl oroperoxybenzaoie_acid (75% 39 ny,

0.17 nmmol) (Al drich) at ‘F88mt ere. Aft er

stirring for 3 hours the Nle?.t ti/'&n 1 Xture was

Py

partitioned between HNZ N & o

"OH
F

A solution of (£)-1-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-3-(4-

' methoxy-phenyl)-7-methylsulfanyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one

'(40 mg, 0.08 mmol) (from Example 13b supra) in tetrahydrofuran (6 mL) was treated
with 3-chloroperoxybenzoic acid (75%, 39 mg, 0.17 mmol) (Aldrich) at room
temperature. After stirring for 3 hours the reaction mixture was partitioned between
ethyl acetate and saturated aqueous potassium carbonate. The organic layer was
separated, dried over sodium sulfate, filtered and concentrated. The residue was
dissolved in 4-fluoroaniline (3 mL) (Aldrich) and the solution was stirred for 8 hours at

" n mixture was then cooled and purified by silica gel column



et hyl acetate and saturated aqueous potassium
carbonate. The organic |ayer was separated, dried

wo@r/0808 um sul fate, filtered and concentr at ePCT/EPZD04/003447

10
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20

25

resi due was 30 dissolved in 4-f| uoroaniline (3 ni)
(Al drich) and the solution was %tirred for 8 hours at

et B SO B RO bl T8t ot
dtomo thag e Ggatipn veis dipsalvel at 07Minet 2096 trifberodcetic acid in ,

i . i | i ..
ARSI o L B1PSEA Sl B 2 Al Sring o
mrippies reggediondniding Was paditioned befinsei el asetate ansirqusous IN

RbdiukWdr6aaE 8113686 WEhEFH GPAR dglicowdfihRl wab hdjtubtBdtd £f via the

3Q.. mnutes, the reagtio xture, ,was partition . )
Bg@weaﬁ é‘feif%ﬁog&b“éﬁ’é(g@ d%@é&f@éﬂvﬁw% SeRAAF dried over sodium
ylttefiltdeedsmiduidonoghtratite T refidtidweaasiitefed byl diy@hatog@phy with a

justed to 12 via t ddi tiaqn. lid sodi
A0k B0 b A 1D BB P o gt product
Adir apreciutatiah @ut bf inedhylede anldridewdtbrikeas efpentdre (+)-7-(4-fluoro-

. A. . f . . i . :
AP TR B SRR D05 AR iy o 15
gydaidaid,5e &l priradia-1-eae progoleted as aphite salighr @d¢lai2b aug, 6A%).
out of nethylene chloride with excess of pentane

HRMS bz tAle@FR G9H,,FNsO5 [M+H]™: 450.1936. Found:450.1940.
phenyl am no) - 1- (trans- 3- hydroxy-cycl opentyl)-3-(4-neth

%xx- Bg]i%l )-3,4-di hydro-1H pyrimdo

. rimdin-2-one was isolated as a white solid.
(Yield 25 ng, 69%. HRMS niz calcd for C24H24FN503

RN thro-4-440hdgasilinEound: 450. 1940. Exanpl e 14a

2- Fl uoro-4-net hoxyaniline F O 15 ZN

3- Fl uor o- 4- ni trophenol (10. 64.7 mmol ) (Al drich)

was di ssolved in dinethylfao ide (210 ni).

Pot assi um car bonate (45 g,"823 mmol) and net hyl iodide

(5 nm, 77.64 mmol) (Al drich) were added and the

reacti : i1E,e ; : :

ver i he e T pHecbas QTR SL T QYN ERDRINE A
éltfﬁﬁlhé]g@n%n@é Ry Lo nfotaspiygn Faége@a}t@ kg 223 renqly and methyl iodide
5 KIgved4 tthey ghidrichprefaded Atdtherdactidn Ghixture was stirred at room

FREF TS GRSl (RS QPR G PR AT BFARS OBFY pymplets
wehetioh)s Tereadtiemmuatirbyaf filéredtlirongh Thed 6f Cdlitell, endas

trat . .
PRI A L SRS UL o
atetiBl3 weirg reameved il filitpdioat ddhefidirate wgs pensestratad gnder

RSO
SR R s e S

1.
anob (359 mhb%&w@@r@mma)fm hewss ip 3 Rowagpaaius at i psi, in the
peAEhdeT 10955 MUa&iunasn tirbbe(BS g} (WI@HEH). (TLC: 20% ethyl acetate in

hexanes showed complete conversion). The reaction mixture was filtered through

Celite® washed with ethyl acetate, then concentrated under reduced pressure to afford 2-
fluoro-4-methoxyaniline as a solid. (Yield 3.81 g, 26.99 mmol).
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Celite(r) washed wth ethyl acetate, then concentrated
under reduced pressure to afford 2-

wo bavawgrods net hoxyaniline as a solid. (Yield 3.BaI/gp2004/003447

26.99 nmol ). WO 2004/ 089955 PC /EP2004/ 003447 - 46-
Exanpl e 14b ()-

£3 tﬁaqgl(tert-Butyl di met hyl - si | anyl oxy) - cyclopentyl]

fl uor o- 4- met hoxy- phenyl am no) - et hyl ]
- 2- et hyl sul fanyl - pyri m di n- 4-y|}-an1ne Racemc F / | °
(@) - [3Nriehs-@t-ENtOditnettyl-slamiyloxpr-eyobifpentyl]-{5- [ (2-fluoro-4-methoxy-

é%erﬁflirﬁlﬁ@? fne?)(l j-8 rrhetlﬂyltsﬁfllfan(}l B%lpﬁ/dm . ;71? R¥liRxy) - cycl ope

nethylsulfanyl pyrlnldlne 5 carsbal. depyde (171 ng, O.46

mmol ) (from Exanpl e 13a" supr a), ;,/ol uenesul foni c
acid nono-hydrate (10 ng)n k) and 2-fl uoro-4-
met hoxyani l'ine (79 ng,\Q,EﬁﬁngI) (from Exanpl e 14a
supra) in benzene (30 nL) Was)" refluxed in a

Dean- St ark apparatus for 8 h s. The m xture was then
cool ed and 10 partitioned be t hyl acetate and
sat urat ed aqueous potaSS|un1caﬁbon te. The organic

| ayer was col |l ected, dried over sodlun1sulfate
oncent r at ed S dISS ved

flltered
ﬁmaﬁﬁy af %54‘;{@??53%’;9@#0‘?‘}}}’1 % -ﬁmn ﬁqaancl9mw -amino)-2-
dutfan indid hecs - tﬁb&lﬂé]ll}l'demmlt @546 irfrhdl (lﬁr(aﬂntﬂarample 13a

3@?5%&%@%%%&6@@%0 A ARDRER @l pa Moros-

tretl’pmyatmne(mrtig,af jemool effrong Bxartpled ta supraginkeszgeB@cthL) was
?Aﬂ%ﬁtg . J‘b g[gpoa&l;thg/f o3 BIHOLAd THOhMEE e Has fa{éﬁyéooled and

e an ueous fota55|un1sod
partttmaccbbstmeen ietbml acqiate axdganirate agfleqoumgtaé%mmééﬂ@@ate The

Qfgaﬁﬁrléézel? kyas é&légttém S %ﬁflsodﬁﬁﬂ;tsﬁrfﬁg b@&%@m&iﬁkéﬁmsﬂ The
é‘ﬁﬁ? ﬁ@r%ﬁ fqﬁragv%otfu %(ﬁ@m it%&% lytipn was
Q@d@ﬁﬁ%ﬁﬁﬂ paitedis lgiaivien Aimfi@rm hydride (53 mg, 1.40 mmol) (Aldrich) at 0

(
Lég%ﬁf 1%§r§¥wa§ g.fl%w%{j tr?gsﬁ?gil S a”cX lroorx)temgeragﬂe an ailter overnight
ptiveinglveasipoojedrsiivily ifto2 Vﬂ@rblyo‘llys&mlrfednmbcttp‘y of eihg mﬂteyd@d— saturated

B0 B AT Shpp IS . oo

arglgu@zlsglfategﬁ;lmgd angbeprzgtpatedyo oy ggon pur1ﬁcat1on by silica gel
ECHAERZR04A R34 ZIWltIf‘g 0 - BB eRlye aé’éﬂzﬁe {n) hekanes grad1ent gave §+) [3-

AT N AR AL RO opse'n'ty Y] PYaGY Sl oRgaLY!

phenylamino)-methyl]-2-methylsulfanyl-pyrimidin-4-yl}-amine as a colorless viscous
oil. (Yield 187 mg, 83%).

HRMS m/z calculated for CyHa,FN,0,8Si [M+H]™: 493.2464. Found: 493.2472.



nmet hyl sul f anyl - 3, 4-di hydro- | Hpyrimdo [4, 5-d]

pyrimdin-2-one Racemic F/ | O S NO Qs\+ 5 To a
WOrR00u 0850 f PCT/EP2004/003447

()-[3-trans-(tert-butyl - dlnethy -si | anyl oxy) - cycl opent

yI]-{5-[(2- fl uor o- 4- met hoxy- p nylan1no) - met hyl |

= 2- | sul fanyl -pyrimdin-4-yl} -amne (179 ny,

= ) (from Exanpl e 14b supra) and trlethylan1ne

(152 L, 110 ng, 1.08 nmmol) (Al drich)
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tHi. (265 L
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allowed to sI oWy warm 9. [.oOm:t enpepat ur e and stirred

for 4.5 hours. The mixtUre was :‘? partitioned
bet ween ethyl acetate and em e organic |layer was

coll ected, dried over~g ' dg fate, filtered and
concentrated to a residue thay was purified by

chromat ography on a silica g colunn with a 0 - 10%
diethyl ether in toluene gra gi ve
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e rated aqueous solution of
atn%{}LSSQ gmii%tgﬁb%%% @he organi c | ayer was separ at ed,
dr| ed over sodiumsulfate, filtered concecriltrat ed and

HRMSB ek enled for st BNUQS81 INASHAT §55P4A8 Fopnd: 519.2263.
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(£)-3-(2-Fluoro-4-methoxy-phenyl)-1-(¢rans-3-hydroxy- cyclopentyl) -7-phenylamino-
20 3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one
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To a solution of (+)-1-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-3-(4-
" methoxy-phenyl)-7-methylsulfanyl-3,4-dihydro-1H-pyrimido[4,5-d ]| pyrimidin-2-one
(80 mg, 0.15 mmol) (from Example 14c supra) in dichloromethane (15 mL) was added
25 * oicacid (75%, 75 mg, 0.32 mmol) (Aldrich). The reaction mixture



aniline (2 nL) (Aldrich). This solution was stirred
for 8 hours at 90 C then cooled and 5 purified by
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acetate in hexanes gradient. This was dissolved at 0
Cin a 20%trifluoroacetic acid®in dichl oronet hane
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e

with exces of pept.an he .pr.aduct, . . .
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TR0 aofgin birages snd s redpiation o of muthylen horie i exces

oEPensimr f@npr@duct>\(i)-3,-(@>ftqqr0éfrmﬂﬂ10§m%@@ yriL-(trans-3-hydroxy-
s%?%eﬁ%yﬁﬂﬁﬂéﬁ ¥Mhirds- K%tcﬁbﬂfclﬁbolﬂ{-@@ﬂgﬁdcﬁ [%,50@ p@{iﬁﬁd@&%—fge was

, rich), _ SSO i'n di chl oronet hane

polated dsag lﬂnm@&l&ﬁ‘lérm%ﬂ%@ s). Inidazole (0.85 g,

12.41 mol) (Al drich) and tert-butyl di phenylsilyl

EITVIG inie c4l2ul3@d fidr, CEHSHNe®p [+ H] 43011635, Fuawmel: 4TUEULL.

and the m xture was stirred at anbient tenperature for

gggﬁﬁk]ggurs. The reaction was diluted with additiona

t hane, washed with water 25 and brine, dried
over anhydrous sodium sul fate and concentrated to
yS)eIS-(ﬂteﬁfegwgﬂ—dy(pg)an)é:sﬂanyloxy)-2—methy propionic acid
(tert-butyl -di phenyl -sil anyl oxy) - 2- net hyl - pr opi onat e

as an oil. (Yield 3.17g, 809 This ester (3.15 g,
8.85 mmol ) was di ssol ved 3:1 fetrahydrofuran -

met hanol (30 nmL) and saponj £48 %' aqueous sodi um

hydroxide (1.0 N, 10.0 nlL/110—Q mwl) overnight at

anbi ent tenperature. After cRyncentration, the residue

was partitioned 30 between ethyl acetate and water

and then acidified (to pH4 - 5) with 0.5N aqueous '

hydr adéthdr(Sp-(-a)B ey didny-Brngdnipoplast (M6 gnd8heunol) {Aldrich) was
ter and..bi ' [y q eRtE .

P L b Rne o B Hiel H AL LS, GREAP HARLGR (055 ¢

2004/0800581deh) Brd opabayklipienylsigd chloride (2.30 ml, 8.85 mmol)

(Aldrich) were added and the mixture was stirred at ambient temperature for three
hours. The reaction was diluted with additional dichloromethane, washed with water
and brine, dried over anhydrous sodium sulfate and concentrated to yield methyl (S)-3-
(tert-butyl-diphenyl-silanyloxy)-2-methyl-propionate as an oil. (Yield 3.17g, 98.8%).

“This ester (3.15 g, 8.85 mmol) was dissolved in 3:1 tetrahydrofuran - methanol (30
mL) and saponified with aqueous sodium hydroxide (1.0 N, 10.0 mL, 10.0 mmol)
overnight at ambient temperature. After concentration, the residue was partitioned
between ethyl acetate and water and then acidified (to pH 4 - 5) with 0.5N aqueous
hydrochloric acid. The organic phase was washed with water and brine, dried over
sulfate and concentrated. Purification was carried out with multiple
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fl ash chromat ography runs using the Bi otage system
Pure fractions fromeach run were conbi ned and

w@orngmswsat ed to yield PCT/EP2004/003447

(S)-3-(tert-butyl-di phenyl -sil anyl oxy) - 2-
nethylpropionic acid as an oi F#Phat solidified to a

ky white solid in, th oId (Ylel% 2,10 % 69. 29
s%: %wpgtogga@ gymns using 10tage system. Pure fractions from each run were
cdrabine@udhy kocentaty an ikt ($)-Gp@xy-bupieipteail-dhaylooni-2-al

\ [/ ~si. .~ . . . s . P q s .
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230 gc62%D. 44 g, 1.20 mmol) (from Exanpl e 15a supra)

was di ssolved in dichloromethane (3 nlL, dried over
feleehgp 1o sieves). Triethylamne (0.36 nl, 2.58

ol drich) was added and the solution was cool ed

[ ice-water bath. Eth chbﬁrofornate (0.16 i,
ﬁs)g‘?ﬂfﬁ%}’lyz ESREHREHPTORASY IIBRRRY | #pwi se and the

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

m xture was then diluted lkeniaddi t i onal :
di chl or onet hane, washed w mate? and brine, dried
over ' anhydrous sodi um sul 562 concentrated to

gi ve the crude m xed anhy dg 15|To a sol ution of
the m xed anhydride internedi\ate¢ i @ acetone (4 nL) was
added a solution of sodiumazide (0.25 g, 3.85 nmol)
in water (4 nmL). The m xture was stirred for 10

m nuf®s3-ftad-Butghdighenyl-sidany axiy) -8+ otthpipoemvhisaeiddAd4 g, 1.20 mmol)
g\@grﬁrExa fe (HaG uﬁwﬁ?@&%l $n dmgﬁjlem g@ (?HLE] Snecg&}e? Gholecular

esl um concentrate
fisyes3 "J(m@hylamme (0.36 mL, 2.58 mmol) (Aldrich) was adde and the solution was

8815 mArPloeméater Path :Eth;g %Mﬁorc%’foﬁﬁ&ﬂa)(b 6 i, Q'W'rgﬁ%l)c{?l%r?&) was

e. Was SOl ve I n ojuene an eal.e
PP Vish abdh BB e 35 ST GUPGHE SR PhBTg Adie mixture was then
aitded tiita daiti sxal &1ch168¢1héthdney wabltidngth Wwetetl@sd bﬁl_‘ﬂe, dried over
S i RO SR L PP LY
PCT/ EP2004/ 003447 - 50 Exanpl e 15c (S)-1-
[ 2- ( TentsoBtiop|of d]lqgth@fﬂ@ pnkydrideyntexmpydiate i pepponesidigl.) was added a
cé 5&} of é?)d%lrﬁ 4121 '3 85 mmo 1n Water (4 mL). The mixture was stirred
Eyrliolﬁu@,uﬁ:s Zné,q]@e qg)me anbal]g)d waterg_The organic phase was

washed with brine, dried over magnesmm sulfate, and concentrated to give (S)-3-(tert-

butyl-diphenyl-silanyloxy)-2-methylpropionyl azide.

The azide was dissolved in toluene (2 mL) and heated in an oil bath at 120 °C.
Vigorous nitrogen gas evolution quickly resulted yielding the desired (S)-tert-butyl-2-

isocyanato-propoxy-diphenylsilane by the Curtius rearrangement.



I 5 (S)-tert-Butyl-2-isocyanato-propoxy-di phenyl sil ane
(generated in situ from0.55 g, 1.61 mml of
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ic acid) (from Exanple 15b suy,:_JS in hot toluene (2.5
m.) at 120 C was treated with [E’Z 4-

[ chII%r erl m di n-5-yl)nmethyl ] (4-nethoxy- phen}I/_Ih) am ne
gﬁ% : e :

1.45 mol) (from Exanple id supra).
sol ution was heated at 120 C for 35 m nutes and then

69 el €24 (teo-Butyk-diphen @ sperydiuy)-d -mathyt othyB /it-clbed 3 +(d-méthexy-
| ' A0 & edi urea was

AR e e P mid e ARV R ke 5 ) "B

cooled in an ice water bath. Pot swmtert but oxi de

(1.0 Min tetrahydrofurarf™1. 5@;@/1 50 mmol ) was

added dropwi se and stirrj ed in the cold for

15 m nutes. The mxtury\{/zrye | tered through a bed of

silica gel and eluted i tH et”hylo cetate. Further 15

purification by flash chromat (Bi otage 40 M
25:75 ethyl acetate - hexanes)o (S)-1-

[2-(tert-butyl-di phenyl -sil ar&gm 1- met hyl - et hyl ]

- 7-chl or o- 3- (4- met hoxy-

phenyl ) - 4- met hyl - 3, 4- di hydr o- pyrimdo[4,5-d] pyrimd
in-2-one along with the uncyclized internedi ate,

(S) - & [t%rttfﬁ{tﬁ'?'rgowanq{ooﬁ%BX&y &ﬂh@ﬁylgl%% (éerﬁ%’tm 11 sith B0m 0.55 g
£1+6é mmhﬁﬁ -Ai (@rbstyl dipkee Hysilyoyloxyd =2 raethykgroniomiq acid) (Fom
Bxarhpl e'13b dupras in‘hd@ftolhﬁﬁ: (IQTSQQHP& 1§a@dvﬁas|tfga&ﬂ%qi F(g 2-
ﬂ@ﬁﬁaﬂ%‘ Bici-ar ety CLemtbotb ahe i, - et Trom

Badrhple Td sipria}. 'Shlé &dlmtttm WShe&d:d@dlZ(D‘t@ﬁ:ﬁ*lSannutes and then cooled to

t 1 bUt oé'l’!u%fife lidl concentrate eé&e}@m{egﬁlu Eilali](é[ l(ljl‘]é?. gr rﬂ]__s 1.00

ure was
m nut e_s .and then the bat_h was renmoved and stirring
c ont Thiséutefmediatear¢rewasslissived ssantygropdetnihydrofurand§ mL) and

ﬂ&ffneﬂl 0L QYRR pAKD @@ta%m%' tla;’t %%tcg&'le @Wﬂl\/ﬁh%t?ﬁ&&%&fﬂran, 1.5 ml,

acetat €. Purl I call Oon
éép @ma@@ waeafl,@edzt@osvywé@ﬁéfFtlry@étcaménuedﬁa%gﬁ@si akﬁénmutes The

(Rttute was filtered throu a bed of sﬂlca gel and eluted with ethyl acetate. Further

b}nﬁ{:ﬁe{g%@%f %lhc Fr}?ggéap %)Q/I 3’5 %Betpl}//l acetaj(p/ Ilexanes) gave
fS)eny2-Y s hﬁxt;zlh—hpherqzl-lsi}&qyynwbﬂ dnéthy]SetHYlWr chio- 3 L-netleoxy-
&]ééﬂﬂ]i}g% 8%%&8833%?31}%@ i}ﬂ/&ﬁg%ﬁép % glié}i‘lmldln-Z -one along with the

asyyclizgd intefmediaths 63y3- [?--méttlhwl eiphgnyl-sdardoxyel mestyl sHehl -1-(2,4-
ﬁl&ﬂo@o@ﬁﬁﬁﬁh@@ﬂ%&hﬂ 1d(‘l\l~tm§ﬂlNllg}(&aﬂﬁeg Rlidli\‘lbaf,i %NL%’I 326l of the product

rim -one Chir a
1nterrned1ate urea.

This mixture (0.66 g) was dissolved in anhydrous tetrahydrofuran (5 mL) and
cooled in an ice - water bath. To this solution was added potassium fer¢-butoxide (1.0 M
in tetrahydrofuran, 1.0 mL, 1.00 mmol). The mixture was stirred in the cold for 15
minutes and then the bath was removed and stirring contiriued for another 5 minutes.
The mixture was filtered through a bed of silica gel and eluted with ethyl acetate.
Purification by flash chromatography (Biotage 40 M, 40:60 ethyl acetate - hexanes) gave
(S)-1-[2-(tert-butyl-diphenyl-silanyloxy)-1-methyl-ethyl]-7-chloro-3-(4-methoxy-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one. (Yield 0.38 g, 40.2%).
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(S)-1-[2-(tert-Butyl -di phenyl -silanyl oxy)-1-nethyl-eth

W@ Go4/889983 or o- 3- ( 4- met hoxy- PCT/EP2004/003447

phenyl ) -3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2- one
(0.50 g, 0.85 mml) (from Exarnple 15c supra) was
conbined. wth aniline (0.50 nL, 5.49 mmol) (Al drich)
] ed in an oil bath at 85 C for 3 hours. The
m xture was cooled to roomtenperature, diluted with

€ FiH) - 1aeeHgtwxpidmetyhethyl)3- - -nadteoxyapieenyl)  Rehenflenino-3,4-

pha anhydrous sodi um’
g%‘?? gl{&)ﬁrﬂln%dg\@zn? ISE?EH%‘%%PUH |cat’i on by flash
chromat ogr aphy (Bi ot age 40S, et hy] acetate - hexanes
gradi ent [20-40% et hyl acetat e]) e(S)-1-(2-tert-
but yl - di phenyl - si | anyl ox eyl - et hyl ) - 3-
(4- et hoxy- phenyl ) - 7- pheply/| 2ai do- 3, 4-
di hydro-1 H pyri mi do[ 4, %]Byr m @i n-2-one. (Yield 0.44

g, 76.1% . The silyl-p ectwdyproduct (0.43 g, 0.67
mol ) was di ssol ved i nsg#hydrows 15 tetrahydrofuran
(5 nm) and treated with tetrabutyl ammni umfluoride
(1.0 Min tetrahydrofuran, 2.70

(Al dtS)elh)2-&ertriotyi-dipheyei-atlanytoxy il - raeqh@b?tbyl ehloro -3-(4-methoxy-

?ﬁ%&g)s%?v s gn‘?ﬁ‘fcﬁg& 5ad ﬁgmm-ﬂlﬁ Zf 68 WD %@585 mmol) (from

In et t vvas d
BReinple L s PTG R Re R a1 e %6%%?4&%@8&@ and
BOAEAMN Wil 19t 2B8BC £RIBARAE. a!f}&dnn(ﬁtm‘e ivfais Cabled to Byom temperature,

f h 40S hyl - .

S A AR A L SRR AP PRI E) Db e v aied
byeranjigdralis scziadmanifite aml edtughtraiedt Buisficativadyrflash clyawatography
g/l% ta% %?1 &)[yl Qc}égatg Xﬁ%angférgalente[tZByﬁﬂO)’/ g‘thg'ﬁacgﬁ{ehpé%e @@ep 2-tert-

Uutyifdrphwhﬂ-qdynylm binethylogthyh Bridtanathexppbenyly? ghgnylamino-3,4-
FRoiEy B liﬁrﬁl&kﬁ‘%tiz?%&ﬁ?%?“&é%%%‘été s

406. 1874 Found: 406, 18 5 1C50.. (K 042 l\/l

| c50 Theghikprotegedproduc ﬁ/@? 89@’6’@(‘75@@2 BOH B

te'iiig:&?bﬁffﬁh &5 #fl.) and treated W1th tetrabutylammonlum fluoride (1.0 M in

get agﬂfuréflh%,j(:é m?_gg g Qhen%{’h Z&gnc %tnr)% r%glfgg%l}]? éor 5 hours. The

kddctriya ivas then cdn&ntihatedy (Theiresiduedvas medlt{solweélm ohyl agetategnd washed

(/\%ll\‘l x?[atfrzangtbn E’f’[ %['rgaénc }éare]e/ as 1e6<11noyve:(r) Sa(r)llhydrous sidlum sulfate and
ybicenttrgtetlo Pgnﬁca(twnrhy[ 9hromatography B1otage 408, ethyl acetate hexanes
gradient [75-90% ethyl acetate]) followed by crystallization from ethyl acetate - hexanes

gave (S)-(+)-1-(2-hydroxy-1-methyl-ethyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one. (Yield 0.209 g, 77.2%). Melting Point:
140 - 147 °C.

HR-MS(ES™) m/z Calculated for Co2H33N503 [M+H]": 406.1874. Found: 406.1878.

ICsq (KDR) = 0.042 uM, ICso (FGFR) = 0106 uM.
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phenyl ) -3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2-one
(0.38 g, 0.64 mml) (from Exanple 15c supra) was

W@ eoobioswwes wi t h 4-fl uoroaniline (0.30 nL, 3.20 PEMEP2004/003447

(Aldrich) and heated in an oil__bath at 95 C for 4.5
hours. The nmixture was cool ed 3 r oom tenperature and

Eri t uié?ltéed W th hexanes. The oily residue was

in ethyl acetate 1o and washed with water
and brine. The organi c phase was dried over anhydrous
$9d ()R- (‘S—llf‘llfoatbﬂ)ham)dammtﬁelﬁfz-hyctdxy-l?unetﬂllybahyk)ﬁ Bymethoxy-

RSB 2

(S)-7-(4-11uoro-phenyl am no) 1-

(2-tert-butyl -di phenyl - €I anyl ox
| - met hyl - et hyl ) 3-(4-net - 3, 4-di hydr o-
1H pyri m do[ 4, 5-d] pyri m dan -pbge (Yield 0.306g,

72.3% . 15

(S)-7-(4-Fl uoro-phenyl no)wkﬁ(Z-tert-butyl-diphenyl-

sil anyl oxy-1-nethyl - e | ) -3-0H(4-net hoxy- phenyl)

-3, 4-di hydro- 1Hpyrim do [4,5-d]pyrimdin-2-one (0.30

g, 0.45 mmol) was dissolved in anhydrous

tetrahydrofuran (3.5 g@% and treated with

t et r &DotyA-Aierrdpitindiphemif istenyloxyd- Inmethyl-ethy Ry el ofas -4 - methoxy-

éhégll)n@#l -dihyio ?ﬁlﬁﬂld{ﬁ'@@]})yﬂﬁﬁdﬁ@gﬁé B, @Lﬂrrﬁmfogr(from

The r eac congent r at ed.,
ﬁlsé &&g’f@m%ar@wvﬁw tiluereapiling (@39 maLl-Gwd) mgsq%@ldnch
whd Reased Branagicbdh bings °hee 4 }gﬁm CTihas@utdsas cdble@ @ room

nh f
BTy Py R BB R e R El vl eyl acetat
etdyhshedetitht water dnsitanires '@E&dgm plias@waOafiedotey knhydrous sodium
Qtﬁfattéﬁlﬁi do cgrﬁh{tgdveﬂlrﬂyca Jh' &1 gﬁgf%)ﬂg](ﬁfowge 40M, ethyl

2%%4; Fh @faﬁyqegxrgcrlllggt 8&% ]oa.cqtappéi gwfg)& pFréfnflupro-phenylamino)-1-
(oL ‘te?{lnsg‘%l% gfﬁg 391141}}%}2/?( ﬂ-&l‘é&‘th)‘l -ethyd 83 e(4 methmgy phengb) -3, dlhydro-
Hﬁld%‘% e 3%%“1119 @e. (w%é(?-_éé j2. ?T{O% Cal cul at ed
for C22H22FN50 [ MbH] +: 424.1780. Found: 424.1783. WD
2004/(3)8B 95 BluBcT-HEEAAMATHINI AR tert-taRyl- diphenyl-sil dnfdoxly- 1 -methyl-
O R S ke iyl dgrigici 2one 030
fidz umel) oias lesnlm ihlaphpdi®ue tetrshpdrefirgh {H§ nilniadidreeated with
&%ra%gg%mlﬁgmzmméﬁde( (flr(PM‘ m%et@fl?ﬁﬂif&rahbl §(9'H{La)l ’80 mol) (Aldrich)

ro-4-nmeth ox% i am ne
PF 500 tempsTAsITE Touy h@%f e gﬁaatl%wa%@m ﬁ?%ﬁﬁé‘i‘?ﬁt e residue was

£ eHiskOlved in34hy 2BatEYe hndl Waﬁfe@tvﬁﬁﬁwﬁtlag) QndTBa)me VBt Srihdif BHase was
Aried BREan BroPot e ST eRd cRpepien sinﬁgﬁqaﬁpaﬁ Ela%‘v’i ‘
tledueeockrpplysBivtege 408 cethpsicetare -drsarcs radét Y60t D00 byl acetate])
followed by crystallization from ethyl acetate - hexanes gave (S)-(+)-1-(2-hydroxy-1-
methyl-ethyl)-3-(2-fluoro-4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-
pyrimido(4,5-d]pyrimidin-2-one. (Yield 0.13 g, 66.2%). Melting Point: 188-198° C.

HR-MS(ES™) m/z Calculated for Cy,H,FNsO [M-+H]*: 424.1780. Found: 424.1783.
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acetate and washed with water and brine, dried over
magnesi um sul fate, filtered and 1o concentrated under

WO eyogxdspressure. This residue was purified bRCT/ER®N4/003447

chromat ogr aphy eluting with et @gl acetate - hexanes
(14)togive[(24- Bhad
%I chl yr| m di n-5-yl) et hyl ] - (4- met hoxyphenyl ) - am ne
3.999,78% . Exanple 17b
tert- But yI -(trans 4-i socyanat o- cycl ohexyl oxy) - di et hyl
]gfamme
trans-4-(tert-butyl -di nmethyl -silanyl oxy)-cycl ohexyl am
ne (1.0 g, 4.36 mmol) (from EX 3a supra) and
triethylamne (3.04 L, 2 8 (Burdick &
Jackson) in dichloromethine](3f n) at 0 C was added
phosgene ('. 20% in tolg T~ 6.4 i, 13.1 mmol)
(Fluka) in one portion. The reaction m xture was

a8 T RiaEs IS PSR ST IGEF B-786 aymmol) (rom

Ehﬁnp}egbrsupmmmﬂmma%nmaphmlyhnhne (2240 g1l @dnrmér(from

%ﬂgﬁgﬁl@s& ' Lﬁ}aepa% s u';ng ézlﬁrg Wg; 96’%%%& ﬁlgfo@‘yjmf“ﬁr&&%ﬁe (100 mL)

ms @tmc%trrapwem@mtmm éow&hpvés hl“rllle preeipitte was fiigied @8f and the
Qéluﬁ))ﬂ WA ewc%nﬁgtrea uﬁa&yﬂea&éee éssérel SRE m&tﬁk%s diluted with ethyl
cyc exy oxy) - di net hyl - si.| (Yield 0.90
pistatoond DBSEEv BT EPSThbyiRG Ak oversaag@%amuya‘fw tered and
E@%ﬁ&ﬁ&afkd(dlﬂéi reButed pr@ésﬁﬁt IHis hidaswhopwrifiehts! RREXY| ]
-7-C
ﬁ@z%%zgagraaﬁﬁé}flsm%wﬁ Y S5 ERPRFTALER ' VB
dichil oro gy imRtindeyl fméthyl | O4-méthGypRetylphamind (Yeeld3.99 g, 78%).
sol ution of

- | oro-pyrimdin-5-yl-nmethyl)-(2-fl uoro-4-netho
i&aél b Jamne (1.1 g, 3.64 mol) (from Exanple 17a
supra) in tetrahydrofuran (50 nL at -78 C was added
ﬁerb@uw {(trang-drisocnstaveyciphgssaresdimethyb signe 4 37 mol )
(Aldrich). After stirring at -78 C for 40 m nutes,
tert-butyl-(trans-4-isocyanato- cycl exyl oxy) -
di methyl -silane (1.12 g, 4. %7@.L (from Exanpl e 17b
supra) was added. The mi xtufe was stirred at -70 C
for 1 hour and then at ro terrperature for 3 hours.
It was diluted with ethyl acetate, washed with brine,
dried over magnesiumsulfate, filtered and

To a solution of trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexylamine (1.0 g,
4.36 mmol) (from Example 3a supra) and triethylamine (3.04 mL, 21.8 mmol) (Burdick

& Jackson) in dichloromethane (30 mL) at 0 °C was added phosgene (~ 20% in toluene,
6.4 mL, 13.1 mmol) (Fluka) in one portion. The reaction mixture was stirred at 0 °C for
40 minutes, followed by addition of 0.5N aqueous hydrochloric acid (50 mL). The
organic phase was washed with brine, dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography
eluting with ethyl acetate - hexanes (1:9) to give tert-butyl-(trans-4-isocyanato-
cyclohexyloxy)-dimethyl-silane. (Yield 0.90 g, 81%).



concentrated under reduced pressure. The residue was
purified by flash chromat ography eluting with ethyl

w@e®iaswss hexanes (3:7 then 2:3) to give PCT/EP2004/003447
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1-[trans-4-(tert-butyl-dinethyl
si | anyl oxy) - cycl ohexyl] -7-chl osiAo 3-

- fl uaro- 4- met hoxy- phenyl ) - 3, 4-di hydro-1H 15
%ﬂt&ﬂ#4 5-d] pyrimdin-2-one. (Yield 0.60 g, 33%.
Exanpl e 17d 3-

(2 ransrér (Gera-Butytl feimaythyh etaplyloxg)- ¢tol diesyli-7 hghlioroxdy (2 flobiwhé-

el SE e Ao

yrlmdln -one F / I O~ NNIF\ N'GN NO OH 20 A
m xt ure of >

1-[trans-4-(tert-butyl - le N anyl oxy) - cycl ohexyl
]-7-chl oro-3-(2-

f 1 uor o- 4- net hoxy- phenylcj §“ 4-\di H)ydr o-1 H pyrimdo
[4,5-d] pyrimdin-2-one (0.2 0.38 nmmol) (from
Exanpl e 17c supra), p-anisi (61.5 ng, 0.50 mmol)
(Aldrich) and p-tol uenesul fcgn,c aci d nonohydrat e
(95.1 ng, 0.50 mmol) (Al drlch)SI 2-propanol (4 WO
2004/ 089955 PCT/ EP2004/ 003447 55 nL) was placed in a
m crowave reactor (SmthSynthesizerTM. The reaction

m Xt gie s\éﬁ%mnrbq{& iddlah ?yrg'n d2h. 51}§ rﬂ%dﬂ{glg g§ ﬂlfa‘fr(t) qecrmethoxy-

cool i'ng, Was ‘eoncent ndér
phdnylaniine EH1 By3. G@mmmb(f(qm Egamplei7edumint in tetrahydrofuran (50 mL)

?F 8lgogi \Ms' Adﬁed nvlﬁftﬁﬁahlﬁrﬂ 9 'S\N'I iShédmnes, 1.75 mL, 4.37 mmol) (Aldrich).

uor o- 4- net hox
AR SUTALOgYIY r 6% fﬂvép &H@R‘;?P )terr %uw(utrﬁ@%ﬁmmato -cyclohexyloxy)-
LRGSR 6 32% A ey ﬂdxﬂﬁkarﬁpréq% shprd)] Wid dddiedi Th@mixture

; one YI ezg 8 (f%}_gq_t]tr an@ibglp ;fggmn‘gﬁ%{?%tg%l or gg%s It was diluted
Wﬁﬁf)ethﬂ@&)tat% Wadhtd widh HritleOd:(dde) nragheddnt silfate, Fitieraal and

go??nﬁa’ced undﬁr dtuﬁed R/resere 11"}56 risueltle was sPqulfﬁde’P’ flash chropatography
tebatiplg)with ethg, Metdtendtehm(?) Z_@hen 2:3) to give 1- [trans 4- (tert butyl dimethyl-
Qhﬁﬂl ?nﬁ?&%heigﬂ ﬂb}h%ﬁ%r 91h Ifl'uBi/J h%é’tﬁo%gﬁerﬂi) -3.4- dlhydro 1H-

rlrn
m);r;(lfq} @ 4érd]pyrimidin-2-one. (Yleld 0.60 g, 33%).

1-[trans-4-(tert-butyl-dinethyl-silanyl oxy)-cycl ohexyl
E'me?h'JIQ’HO 3-
2-fluoro-4-net hoxy-phenyl ) - 3, 4-di hydr o- 1H pyri nm do

[3 2513191;])1‘0D A gylcynplgenyﬂe gtmns 4- gydroxy—cyclohexyl) 7-(4-methoxy-
phenylamlno)-3,4-d1hydro—1H-pyr1m1do[4,5—d]py‘r1m1d1n-2—one

A/OEQ( \

©©

A mixture of 1-[trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexyl]-7-chloro-3-(2-
fluoro-4-methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (0.20 g,
0.38 mmol) (from Example 17c supra), p-anisidine (61.5 mg, 0.50 mmol) (Aldrich) and
p-toluenesulfonic acid monohydrate (95.1 mg, 0.50 mmol) (Aldrich) in 2-propanol (4
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0.38 mmol ) (from Exanple 17c supra), 4-am no-veratrole
(76.6 ng, 0.50 mmol) 15 (Al drich) and

w@2aoelogmsesul foni ¢ aci d nonohydrate (95.1 ny, BCHOP2004/003447

mrol ) (Al drich) in 2- propanol %4 m.) was placed in a
m crowave reactor (Srri t hSynt hésPzer TM . The reaction

m.xt ur e, was. heat e trs fte. .

B P R in e Rl R Ao RO e o e kg gixture was
herdehair ioDi°€doby5 R, QAft@co8ling Ilmaactommnhrated under reduced

. g&?éﬂ? iaﬁ(ﬁ Fhﬁﬁed B‘f&fg;yﬁﬁ% éCQ'Sialite v?gln%c?to ller ov)\(7§/ter to Iglve 3-(

Hugsot-4-nrethGysplnybt s xeg/nszéb ydroxy-cyclohexyl)-7- Y‘l methoxy-
Bﬁaﬁfﬂrﬁﬁbm@ )l &hﬁdﬂi m?g‘?nﬁﬂb Eﬁéﬁd{l@ﬂﬁﬁﬂnﬁﬂdﬂn@y (V. 12 2 61%).

-one. (Yield m z Cal cul ated for

5500 o “%%2%@%2%&%%@@%5%@2}%? E5ya 1 2356

[trans-4-(tert-Butyl-di nethyl-silanyl oxy)-cycl ohexyl ]

1Cs4{KDIR) =581 Vi BE b (BRGE R ve 006D 11M.
3,4-di hydro-1Hpyrimdo [4,5-d] pyrimdin-2-one / | QO

N@ O S/ 5 To a solution of

[E(ijqﬂﬁ—&r' chI or opyri m di n- 5-yl ) net hyl ] (4- met hoxy- phenyl )

amne (1 52 mmol) (from Exanple |d s%prazz

ﬁé@rﬂmrmﬁtwcwnm}ﬂ &fﬂmmh@r@@émlﬁ- H{54-dimethoxy-
drhind) 8-y &rM HphEXABRS5-d]pyfindidin-4-04@ nmol )

?%I&%)rll ch;aDJsAfter sti r?i)}ﬁg atp§78h¥; for 20 m nutes,

tert-butyl-(trans-4-isocyanato-cygl ony) di met hyl

-silane (1.1 g, 4.22 mmol) (from npl e 17b supra)

was added. The m xture vvastﬁ;DQi -70 Cfor 10 1

hour and then at roomte Jor 3 hours. The

reaction mxture was diluted w ethyl acetate,

washed with brine, dri o@ neS| um sul f at e,

filtered and concentrape undeg” reduced pressure. The

residue was purified by fbash odw omat ography el uting

with ethyl acetate - hexanes (3:7 then 2:3) to give

1-[trans-4-(tert-butyl-di nethyl-sil anyl oxy) -
cycl (Ahmcgtlhﬂe of 1-[trans-4-(tert-butyl-dimethyl- sﬂanyloxy) -cyclohexyl]-7-chloro-3-

[@ ﬂ%hli B4 nﬁéwy éﬁgﬁ‘ﬂ?%lﬁ Bf}rdlql%mg %ocghﬁlﬂﬂ'&lh 888 (0.20 g

B38minel) Q‘@m_]_Example 17¢ supra), —amlno-veratrole (76.6 mg, 0.50 mmol)

[(Md:?f&ﬁ) #ad fi %ﬁle&éﬁbﬂ)m? %Hﬁ%ﬁb&{oﬁd?%e b Q% rgfe?S(pﬂlngﬁﬁ)(Mlc'ﬂnch) in 2-
bl T SRS s e AT B e
QuixturiNwiab heat NAQD6D €C\for 15 minutes. After cooling, it was concentrated under
reduced pressure and purified by RP-HPLC (C-18, eluted with acetonitrile - water) to
give 3-(2-fluoro-4-methoxy-phenyl)-1-(trans-4-hydroxy-cyclohexyl)-7-(3,4-dimethoxy-
phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one. (Yield 0.13 g, 63%).

HRMS m/z Calculated for CpyH30FNsOs [(M+H)']: 524.2304. Found: 524.2311.



ol/ / A 20 A mxture of
1-[trans-4-(tert-butyl-dinethyl-sil anyl oxy)-cycl ohexyl

W@ 2004/08496% 0- 3- ( 4- PCT/EP2004/003447

10

15

20

met hoxy- phenyl ) - 3, 4- di hydr o- | H-Eyri m do[ 4, 5-d] pyri m di
n-2-one (0.20 g, 0.40 nmol) Oom Exanpl e 19a supra)

End 412& no-veratrole (80.0 ng, 0.52 mmol) (Al drich)
004/ 089955 PCT/ EP2004/ 003447 -57 propanol (4

m.) was placed in a nicrowave reactar

$Wﬁh£§(mmﬁsﬁykdnfféﬂlyl silaeyloegedyclohexyfi-%chlogohea@t-mediogg-phenyl)-
r ling, it was
%%n%lggr ]t}i)é’yﬂl%ld “re c1 dal rze(sz)ggre The residue was-
purified by flash chromatography elying with ethyl

acetate - hexanes (3:7 then 2: 3) gt ve
1-[trans-4-(tert-butyl - anyl oxy) 5

cycl ohexyl ] - 3- (4- net hox yg) 7- (3, 4- di net hoxy- phen
yl am no) - 3, 4- di hydr o- |

pyri m do[ 4, 5-d] pyri m di n- 2- (Yield 0.09 g, 36%.

Exanpl e 19c¢ 3-(4- Met hoxy- ph )-1-

(trans-4- hydroxy cycl ohexyl) - o7~ (3 4- di met hoxy-
phenyl am no) - 3, 4- di hydr o- | HD m do [ 4, 5-d]
pyrimdin-2-one o~ HNill N /O OH 10 To a
sol ution of

% %ts ﬁl%ﬁgféﬁ é(%g dlcgférgpynmlgent E >grll) dlﬁﬂzlrgét%%xy—%ﬁler?y %%%rlle (1.0g,
phe myrh@l) 1508, Exadipiel howya)ph éetydhadiafeden® 50 adi) ay 8’ wagadded n-
2 o]
(T PR, 87 20 AR A g o
d8dningies tarc;rhslésde(ffmes-éeiiqs:ywt@cm9 oem dimyethyl-sgarg; ( 1 lg,

1he nith 3 vhemBenild (7Heg, %v@sgdcﬁ&f TR Rixfae ks sfﬁ@@d at -70 °C for
m xture was di yl acetate

actio h
h@yua thsR AEEP AR fqmp%%rmﬁfgf égoaﬁug@ﬁge%aﬁl mﬁduré was diluted with
bihgbddortivasiedlvwith bing deed birdienaghesiech suifete, filegad anditdncentrated

e dtficed brestPRc ThA BV VS PRI L AP Rl RAbEa hy cluting with
etﬂfwbmﬂatﬁgﬂmxmyeséwtthﬂgz 13) torgiet hitraraeke(tatt dutd-djinethyl-silanyloxy)-
9§c%ﬂ1%zcﬁf 99 &ov!lg S L Hey! 1534 itz 8eh- 11 YRRy 5-

exane

leﬂmétnhbﬁ?ﬁp%ﬁlﬂ(}ﬁl]&@ﬂ%éns 4-hydroxy 20
cycl ohexyl ) -7-(3, 4-di net hoxy- phenyl anmi no) - 3, 4- di hydr o-

Ekimyleilppdo [4,5- d] pyrimdin-2-one. (Yield 41 ng,
59% . HRVS niz Cal cul ated for C27H31N505 [ ( M+H) +] :

T iodg s Sugirmetnyisianyiody) GACKESHS 0L methoxy-phenyl)-7-(3.4-

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

o

"]
. HN)\\N N (@]
A0 6‘31/
AA

A mixture of 1-[trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexyl]-7-chloro-3-(4-
methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (0.20 g, 0.40 mmol)
(from Example 19a supra) and 4-amino-veratrole (80.0 mg, 0.52 mmol) (Aldrich) in 2-



10

15

" 20

-58- Exanple 20a 1- [trans-4 -
(tert-Butyl -di net hyl -sil anyl oxy) -cycl ohexyl] -3-

W@ 2o0a08496XYy - phenyl ) -7- (4- PCT/EP2004/003447

nmet hoxy- phenyl ami no) - 3, 4-di hydrQ- | H pyrimdo [4,5-d]
pyrimdin-2-one ON, HN)'Z*N NY'"~O/Ool /3 [/ [I~5

Praah e ves piedip L ImicH G Fessior ASPIBRYYbeer SheRyt reaction

Inixturtivas beaBed(at-160 °C for 10 minutes. After cooling, it was concentrated under

FELRX v RURDY ke ity LAY hinld il Fhelabito S dh PULLEL fhih ey
aﬁﬂiats é‘ﬁ*@le@l(%%ﬂ(ea@ P tagived- B@"m‘*tflf%ff-bmb‘mmht}lyﬁ ﬁf) anyloxy)-

(%gd?&lﬁh‘i%%}s? & 4-fef By ﬁf@ﬁ 1pl78@8AdinReRo X%@Zﬁi&ﬁnBﬁgqtcﬁB%dro 1H-

esl zer, ction
/yr tPY‘fEHnﬁ]%Ph%IPE% (YA?ﬁaQrwcgoé@%}]g it was
concentrated under reduced 10 pressure. The residue
Wasmplerlioki ed by flash chromatography eluting with
et hyl acetate - hexanes (3:7 then 2:3). to give

%-(%tm%ﬁbﬁggl f1 sl a AR YR hLADY QX ) aiSual hexy!

phemiarhisoey-3phdilyo- TH(Wrmﬂth@dmmldmﬂm»e 3, 4- di hyd
ro- | Hpyrimdo [4,5- d]pyrlmdln one (Yield 0. 14q,
58% . Exanple 20b 15

3- (4- Met hoxy- phenyl ) - 1- (tra xy cycl ohexyl ) - 7-
(4- nmet hoxy- phenyl am no) - D:‘ﬁ\ dro- 1H pyrim do
[4,5-d] pyrimdin-2-one dNVO /O CH To a

sol ution of

1-[trans-4-(tert- butyl i I anyl oxy) - cycl ohexyl
] - 3- (4- et hoxy- ~o

phenyl) - 7- (4- met hoxy- phenyl am er*) 3,4-di hydro-1 H pyrim
|do[45d] pyri mdin-2-one 20 (0.14 g, 0.15 mvl)

Taaaim et abmr e gy gclonge->- (1 netoxy-
@h&ﬁ)ﬂ} - (E@:Sdlﬁktﬁdk?q;}ﬁhylamﬁld)cﬁ 4-diydus-S H-giremidog461d] pirimidin-2-

s a5 7 Gt} Gfout Exiplirhéh 056! B fhadBghaftl® mL) was

addlad tiridhwosvadetiracive(2. Q'jnniLée (Aldvieln) atfifhe Sihemistik atae stirred at 0 °C for
HiHoLEL Cfhe d'%g #&ﬁgg g’g %I eFRa QA g&) Q%ﬁ'ﬁg 15 ggbglﬁwwashed with

concentrate er re pressur

patutatecbenusgus foditn bidarhsmatesghuionyne bupp,rfglqdn qvRr Bregygsium sulfate,
fibeleata dicBn@n ¥ ted iider RUAEI redttiieC Mheassi ARGk %Shlel 29dlash

chromatography eluting with ethyl acetate to give crude product which was recrystallized
from ethyl acetate - hexanes to give 3-(4-methoxy-phenyl)-1-(¢trans-4-hydroxy-
cyclohexyl)-7-(3,4-dimethoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one. (Yield 41 mg, 59%).

HRMS m/z Calculated for Cp7H3;1N505 [(M-+H)*]: 506.2398. Found: 506.2404.



fromethyl acetate - hexanes to give
3- (4- net hoxy- phenyl ) -1-(trans-4-hydroxy- cycl ohexyl)

W0 700408998t hoxy- phenyl am no) - 3, 4- di hydr o- | H pyPCTER®04/003447
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[4,5-d] pyrimdin-2- 5 one. (Y| ld 61 ng, 55% . HRMS
m z Cal cul ated for C26H29N504 [ VHH) +] . 476. 2293.
goundI 76.2299. 1C50 (KDR) = 0.041 M 1C50 (FGFR) =
St2Exanple 21 a (S) -1- [2- :
(tert-Butyl -di phenyl -sil anyl oxy) -1-nethyl-ethyl]

7trahs-a+(eerBBufy2-dithethybsilénylomy)-cyclohexyl]-3-(4-methoxy-phenyl)-7-(4-

T i e

(S) tert-Butyl-2-isocyanato-propo -@lphenyIS|Iane
[generated in situ from1.05 g, 7 ol of
(S)-3-(tert-butyl -di phenyh=sy y) - 2- et hyl propi on
ic acid) (from Exanple 15b upka)] in hot toluene (5
m.) at 120 C was treat wi't h(2%4-di chl oro 15

pyri m din-5-yl met hyl) - I u 4- met hoxy- phenyl ) -am n
e (0.84 g, 2.77 mol) m anpl e 17a supra). The
sol ution was heated at 220 C for, 40 mi nutes and then
cooled to roomtenperdture anglS oncentrated to give
crude (S)-3-[2-tert-butyl-diphe - silanyl oxy-

- met hyl - ethyl] -1- (2 4- dichloropyrinidin 5-yl -nmet hyl)

&]iégcg é lfo[rﬁmg]g] ﬁ)[gc?‘ gtﬁ/g{ }}1) M Fﬁgjg,rf{}]’li hé,i’ﬂi?]ai\@%m ~3-(4-
oethedy ‘l?hfnah -3,¢-dihydved Brprimnhlo[ 8btdpwimimin-8rendf0126)g 840 mmol)
%%\?Iglr lé gar g;)é;g gﬂg?rﬂl‘i’sndu?le g@r @52291 kAlerch) 1nc% propanol

opw se X ur e S st
iy évaé @1a@ed Bya mlcsowawwéoraﬁanﬂﬁéﬁt sigerBat A h mesactlon mixture

_Rf_\ﬁﬁ‘ﬁé’ﬁé’(% ANG03U fof 1MEiGRES. | Ve LobBg, anelsREAcRHAtAW RIS reduced
e mxX

s filtere habe f silica, gel
RFSEE UL BETGH w@@nyrlﬁa«g'& ﬁ%sgl FgraatogoRIB FIHfiRg Wa Lacetate -
m&mﬁusts $ﬂ®ﬂ@d3)-t8 gilveraltians-af (rpr-bdubdirhethylhglatyloypl dyzlptiexyl]-3-

t . ..
(RO Sy pheryage )2 hligro dbfprimidolss-
de}(rﬁmdlndQedﬂeor(‘épidr(D Mg b8kb- yl - met hyl ) - 1-
(2-fluoro-4-nmet hoxyphenyl) -urea. The crude m xture

W@%gﬁﬁﬁk%30|ved i n anhydrous tetrahydrofuran (10 ni)

cooled in an ice - water bath. Potassium

tert but oxi rahyd

fu , VO .
%p@ﬂ}ﬁﬁmzrﬁdw S50 cycfégewli)s&(ﬁ%fft&oxy -phenylamino)-
GH aillh @mqugrraﬂlaeph Rdtbymndin-e-gki rred in the cold
for 15 mnutes. The cooling bath was renoved and
stirring continued for an addltlo o m nutes. The

m xture was filtered through a b m silica gel and
eluted with ethyl acetat eN/ ri cat| on by flash
chr omat ogr aphy (Bi ot ageH acetate - hexanes

gradient [25 - 38% et h)@ ©

_0 OH
To a solution of 1-[trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexyl]-3-(4-methoxy-
phenyl)-7-(4-methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one
(0.14 g, 0.15 mmol) (from Example 20a supra) in dichloromethane (5 mL) was added
trifluoroacetic acid (2.5 mL) at 0 °C. The mixture was stirred at 0 °C for 2 hours. The
reaction mixture was diluted with ethyl acetate (15 mL) and washed with saturated

aqueous sodium bicarbonate solution and brine, dried over magnesium sulfate, filtered
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25

5 acetate]) gave
(S)-1-[2-(tert-butyl-di phenyl -silanyl oxy)-1-nethyl-eth

W@ kGo4/88983 or o- 3- ( 2- PCT/EP2004/003447

fl uor o- 4- met hoxy- phenyl ) -3, 4-di_hydr o-| H pyri m do[ 4, 5-d
] pyri mi di n- 2- one. (Yi eld o. 5353,' 31.7%. A portion of

éx')c} ce/n%mrétregrt erU}e e%l ﬁ.‘gsglrl] e. ’I%Ie lrgsrl]a/ueov)v(e}/s punhjncﬂ) las;het h
¢robtategraplly eretihgwithptieyhydejatStoleiv drpde prdddcpyhichivdefetrystallized
?rl'g &X}/l' a@et‘géa lfexgﬁe% etg %lvjﬁiﬁ (&%&?8&???&%@??QWargg-qﬁ’yg;oxy-
tivlahegil)-dndit m@thOWTpélsnﬂ@mton%ﬁdﬁmmmmnmldo[4 5-d]pyrimidin-2-

Bgétqug{ig%ﬁs,g%%p Min tetrahydrofuran, 0.65 nL, 0.65

AoGh A o 3 A o o

4- et hoxy- phenyl ) - 3, 4-di hydr o- 1H pyri m do[ 4, 5-d] pyri m
UCH{RDBNE: 0.0 g 105 (BGER) = 0.022¢M. 15 Exanple 2l b (S)

- (+) -3- (2-Fluoro-4-nethoxy-phenyl) - 7-

E}A{ ;l#g%g phenyl am no) -1- (2-hydroxy- | -

h I) 3, 4-di hydro-| H pyrimdo [4,5-d]
prlmdln -one Chiral F/ I O, N\ N\ HNNN--~O
-1-4f2-(#)t-Butyl-diphenyl-silanyloxy)- 1-methyl-ethyl]-7-chloro-3-(2-fluoro-4-

[r?eﬂ{d)&[ﬁheﬁgf)yj 4 ‘éiﬂﬁrla%lﬂ{ lsyrhﬁw[zpacm pyidiRig Lot hy! ]

- 7-chlor o- | uor o- 4-
met hoxy- phenyl) 3, 4-di hydrlo | Hpyxl o do[ 4, 5-d] pyri m di
n-2-one (0.40 g, 0.66 m’rﬁ'ia) (f Exarrpl e 2la supra)

was conbi ned W|th4fluon 0.50 nm_, 5.28 nmol)

(Aldrich) and heated in ath at 105 C for 2
hours. The m xture vvas oo e om tenperature and
triturated wi th hexanes. The | | e resi due was
then taken up in ethyl acet at%\ the aniline
hydrochl ori de was filtered of filtrate was
purified by 25 flash chromato y (Biotage 40S',

30: 70 ethyl acetate - hexanes) he inpure fracti ons
were recycled through another flash chromatography.

T AP Tkl 1R e ERERTL OGS 1L o 1055
By)7 anwohed (S)-Br (rerabatyl-divhenylrsilaeylexio s2-methyilmepionic acid) (from
ﬁiﬁ e(lgb 1613495 Qn‘homlﬁ‘éﬁéxs R8Ny Lo 9C {As frbited %th (2,4-dichloro-

[py‘ﬁ@’{l 3?1 g]gmﬁﬂlyj -:§2 jlug;%9dp%£q;)g{|—)§gaen la;rgllne ?0 §4 g, 277 mmol) (from

¥4 Pledoh 4umn ] Pivd Jolitibnvad hemed af MoedTifol 48 mifluted dndBHen cooled
WO 2004/ 08 55 P

{558 ottt ret i RO e a3 b s e b
isiteaylolky {12 atediy -ethyl Jy 1 (2,4-dichloropyrimidin-5-yl-methyl)-1-(2-fluoro-4-
methoxyphenyl)-urea. This urea was dissolved in anhydrous tetrahydrofuran (10 mL)
and cooled in an ice - water bath. Potassium tert-butoxide (1.0 M in tetrahydrofuran, 3.2
mL, 3.20 mmol) (Aldrich) was added dropwise. The mixture was stirred in the cold for
15 minutes and then the bath was removed and stirring continued for another 5 minutes.
The mixture was filtered through a bed of silica gel and eluted with ethyl acetate. The
NMR of the crude product showed ~2:1 ratio of product to the uncyclized intermediate
(S)-3-[2-tert-butyl-diphenyl-silanyloxy-1-methyl-ethyl]-1-(2,4-dichloropyrimidin-5-yl-
methyl)-1-(2-fluoro-4-methoxyphenyl)-urea.

The crude mixture was redissolved in anhydrous tetrahydrofuran (10 mL) and
cooled in an ice - water bath. Potassium tert-butoxide (1.0 M in tetrahydrofuran, 1.5 mL,
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di phenyl - si | anyl oxy- 1- et hyl - et hyl ) - 3, 4-di hydr o-| H pyr
imdo [4,5-d] pyrimdin-2-one (0.33 g, 0.46 mvol) was

welb@gioswezl i n anhydrous tetrahydrofuran (3.5 nROT/ERIVE4/003447

treated wth tetrabutyl ammoni umfluorlde (1.0 Min
tetrahydrofuran, 1.90 ni, 1.90%mol) 5 (AI drich). The

b
R K R N ——
Ccﬁmiﬂg%ﬂl widremofedond sirsing comsmedfoent additochal Fhginutes. The :
éﬁ%?’tﬁr%%s\é@&g%c{ t%%éﬁc' oal B&ELof s{l‘lrc %Pégd Igﬁl%cf‘\‘}vﬁh %ﬁ%l E@e’?’agee dPuriﬁca‘don '
oy Bashahhydatogsiphy GBlotngs éD&aﬂryl acethte ohemnes gradignt [25 - 38% ethyl
G G iy R LR P
Bugror 4rinathawTRienTd-34-gvetangH-Bitnisosd- dlgygaﬁ@gn@aw (Yield

6.5 < (3!])79% (2-fluoro-4- rrethoxy phenyl ) -7-(4-fl uor o-
phenyl am no) 1- (2- hydroxy 1-met hyl - et hyl )

whi ¢ & BRSSPy Eehsni RnE i FtesB iy rshoro--

€2-AEFroh-medRAYSHESY))- 3-ZlitGdk o-i Hapyimidol 4,520 bR iR Q30ne still

%cgjtgﬂcuisl @ 1%%6%8&&%: 812 %d%a%gul:legg%hml@%[@é\%ﬁ clgc?thr?u%n h another

gedtylenewithipptapsipan. setthgsoside blhOe nﬁrﬁw)d:@ﬁmaru Drﬁ,’idnb 0.65 mmol)
%9{8) W-Eﬁ&t&ﬁ b%lﬁldl e ﬂ%l&h?fo%y)oﬂ?né:fhﬁléhylgw}%robﬁ (2-fluoro-
fmethert Py 3 &idieagi1 Pvramyl%&?)d PYHRidipt2- @t y(Yfeld 0.19 g,
1¥.2@)! or o- 3- (2-f | uor o- 4-

net hoxy- phenyl ) - 3, 4- di hydro- 1H pyri m do[ 4, 5-d] pyri m di

ne 0.30 g, 0.50 mmol) 20 (from Exanple 2la
E—@&Pﬁ%‘;ﬁ\és di ssolved in toluene (0.5 ni) and treated

Wi th p-anisidine (0.15 g 1.19 mmol) in an oil bath at
(13)5({) 3- M-anprcmanﬁbump enyd)-Gifi-ffluosmphemmpaminogfl -(2-hydroxy-1-

onal
r?& H%l neke%ﬁﬂfowg%&%%e(ﬁ%mé@g?db and heating
contl nued for anot her t wo hour& eom xture was then
cool ed to room tenperatiife andurat ed with
hexanes to renove excessm\m ditrie. The insol uble 25
resi due was purified b){m 8 N,d@romat ogr aphy (Bi otage
40M ethyl acetate - heXanes gradl ent [25 - 40% et hyl
acetate] ). This purif ITH‘té’]I al was still
contam nated with a snsbl ano@ht of p-anisidine. This

was renoved by another grituration wth hexanes to
give (S)-3-(2-fluoro-4- methoxy

phe n%/é))_ 1-—1 ?tzertEBeurtgfl glphenyl—csllllapnh &- §r|n|et%nlyet?1xl¥ 7- c}HErtohg (2-fluoro-4-
methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (0.40 g, 0.66 mmol)
(from Example 21a supra) was combined with 4-fluoroaniline (0.50 mL, 5.28 mmol)
(Aldrich) and heated in an oil bath at 105 °C for 2 hours. The mixture was cooled to
room temperature and triturated with hexanes. The insoluble residue was then taken up
in ethyl acetate and the aniline hydrochloride was filtered off. The filtrate was purified by
flash chromatography (Biotage 408, 30:70 ethyl acetate - hexanes). The impure fractions
were recycled through another flash chromatography. This purified material was still
contaminated with a small amount of the 4-fluoroaniline. This was removed by another
trituration with hexanes to give (S)-3-(2-fluoro-4-methoxy-phenyl)-7-(4-fluoro-
phenylamino)-1-(2-fert-butyl-diphenyl-silanyloxy-1-methyl-ethyl)-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one. (Yield 0.34 g, 71.8%).
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ethyl) -7-
(4- met hoxy- phenyl am no) - 3, 4-di hydr o- 1H pyri m do

WO 2008408%95pyrim di n-2-one. 30 (Yield 0.26 g, 7PCREP200003447

2004/ 089955 PCT/ EP2004/ 003447 - 62

(S) - 3- (2 Fl uor o- 4- met hoxy- phenﬂ) 1- (2-tert-buty|-di ph
enyl t .

(2 bt pes o P fbioba-phepipinoyd-(2-ter-buty
Mh&ﬂ}sﬂ&yﬁbmﬂnﬁﬁﬁylmﬂhyl) -6.2- cﬂﬁy(tro 1H -3rieaidd (4,38 pyrimidin-2-one

&1’? b\é&d%ﬁop Waest Sgglti’fig, lrhaa%( ?,trahgfﬁrcg%fa 1([5%)%?rgnd treated

withtethabaiydimmemjurt f4ontle (110 300 tetrehj)drofiraind .30enkbi §. %hmmol)
Q@ﬁn@lﬁ?’o r’fé%q‘eicﬁoﬁ v&?ﬁgt@fre@ﬁt %&Q?ﬁatﬂ@ﬁa’c%ﬂ %ﬁhﬁﬁgd'lﬁl tﬁét% 35°C

reaction was_co ete after
troge-s Theragiion wm&nl@ta@@%r 4 Foiyrs apd ¥R eitRACBIsated. The'residue was

fe%gs's§bl§éﬂ \ _I_)ﬁh@et@t% Ryl mﬁﬂ%ﬂ%ﬁl ﬂﬁlﬁé M\@&Eﬂﬂe W[‘Eéloﬂg@xhe Ibhase was

n rne e or ase was Il . an rOUS

306 o suhrdipes saBRE ERap s e e R ratio baryﬂ%
HuashtGhEgHRBIgL DS, 75 ﬂhﬁgleetéﬂzs heiﬁiez‘ﬁfoélbmdi by crystallization

%gin e?_h); ageteff ?’16{5 es, gﬁvegé Eﬂé)xi’) (i Imethoxy—phenyl) -7-(4-fluoro-
pher{yRahind)-dx(2- hydncmyh}/-lmmyﬂy:lﬂ)yl) -3,4- dth ro-1H- pyr1m1do[4 5-
al})r}&ﬁ‘mgﬁ g%@é ?Q%ﬂ}ﬂ: Yle?d 615’?%5% lM’eltﬁ int: 173 - 177 °C.

rem 20nea apaeye oam

Yield HR-I\/S ES+ m; Calculateré
MR E’iam}axed 5 22t belsNs Qo M H145421168%. Foyngs §42.1691.
(KDR) = O 045 | G50 (FGFR) = 0. 111 M Exanpl e 23a 15

ERmpR 22 (tert- Butyl di phenyl - si | anyl oxy)
-2-nmet hyl propionic acid Chiral ,OCH Si /| Ob

\ /
P 5 Bt B0 A S oo

pRenylamitio) -G dnhgdrOHﬁHq:(yulrrado e dlnyyimidin-ganel e (0. 67
g, 9.68 mmmol) (Al drich) was added. Wen all had
di ssol ved, tert-butyldi pheny3| IF eride 20 (1.80

m., 6.92 mml) (Al dri ndthe m xt ure was
stirred at anbi ent terrpﬁ‘\ﬁggg? for 3 hours. The
reacti on was dil uted wiHy onal di chl or onet hane,
washed with water and b , »8L1 ed over anhydrous

sodi um sul fate and con rate 4to give nethyl

(R -3-(tert-butyl -di phel I -sil anyl oxy) - 2- net hyl - pr opi o
nate as an oil. (Yield °2 42 g, 989%.

(S)-1-[2-(tert-Butyl-diphenyl-silanyloxy)-1-methyl-ethyl}-7-chloro-3-(2-fluoro-4-
methoxy-phenyl)-3,4-dihydro- 1H-pyrimido[4,5-d] pyrimidin-2-one (0.30 g, 0.50 mmol)
(from Example 21a supra) was dissolved in toluene (0.5 mL) and treated with p-anisidine
(0.15 g, 1.19 mmol) in an oil bath at 105 °C. After two hours, a significant amount of
starting material was still present. Additional p-anisidine (0.11 g, 0.92 mmol) was added
and heating continued for another two hours. The mixture was then cooled to room
temperature and triturated with hexanes to remove excess p-anisidine. The insoluble
residue was purified by flash chromatography (Biotage 40M, ethyl acetate - hexanes
gradient [25 - 40% ethyl acetate]). This purified material was still contaminated with a
small amount of p-anisidine. This was removed by another trituration with hexanes to
give (S)-3-(2-fluoro-4-methoxy-phenyl)-1-(2-tert-butyl-diphenyl-silanyloxy-1-methyl-
ethyl)-7-(4-methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one.
(Yield 0.26 g, 72.2%). ‘
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25 Met hyl
(R -3-(tert-butyl -di phenyl -si |l anyl oxy) - 2- met hyl - propi o

waavE/8®sd2 g, 7.05 mol) was di ssol ved in 3: BCT/EP2004/003447

tetrahydrofuran - nethanol (24 nL) and saponified with
aqueous sodi um hydroxi de (1.0°R2-7.9 ni, 7.90 nmmol) at

th
{ ompbr ot or - Pthais geniind LN L L N ——
Hh?l)F7eMWhoM@pheﬁVl&ﬁﬁhN)@ﬁi%dihﬁierH-@?ﬁﬁﬂdcﬁ[ﬁl&nﬁ]piyhﬁﬂdln -2-one

ﬁi; W&ﬂ%s 8?1 QI% & 8\?\%%%& 5 &g&f K r r n e ( ) fnd treated
mﬂﬂdtfdlﬂﬁﬂamnﬂwdumtihlosxdd i( LM sutetmhpdrafittan,ordlmi.rlad08dnmol).

THE by af, 9%%*‘625% 6B TR HhThRge 45g0 °C ronge. The

eastion yas m;;@ teftery4 peurs and was concentrated. This residue was redissolved
(ri'«’éth%a{c%ﬁfet aﬂbwa\éhecdwmwér -afit Ihainy! wﬁybrg%nwﬁyé WisQRiedrbver

ngp)?déous( spisdg.pa 3111 aé@ ctalqget@frség%g a%ldf ggﬁérgﬁe?ﬂyaffa@% cmjomatography
{Biotdge Bus,yﬂs 2B-citlsyd agepatat he)mme@a&gdle 5 (W)-3H(2-dherdhirmethoxy-

P%nyé) ] (é &!ty%w%-mgt}g% eth AIL %%ltfrl%)gy gheély nyﬁo? -3,4- dlhgdro -1H-
perimddal 450 pyrigyidin: ?Aranm pale Yefllpwrfpana ek QB‘ag,ﬁdP/a)}
was di ssolved in dichloronmethane (4 nL, dried over

£8T) mB CN&3dted fHicS I@MFEE@{‘ 04250 882 1%%116“4%4)1890
TRy % KDl

was added and the solution"was cooled in an
ter bath, te (0.17 nL, 1.78
%I(¥D\éﬁl‘dq p‘ginl)‘MmH%S % %@b‘%@@?b‘ i se and the mxture
was stirred in the cold for 50 m nutes. The reaction

Bixxtple23was dil uted with additional dichloronethane
and washed with water and then brine. The organic

R a P P e B R s M R Su R 05 (i o
m xed anhydride: in acet 05 rTL) was added a sol ution

of 15 sodi um azi de (0. 29 A"41 nmol ) (Al drich) in
water (5 nmL). The m xture™wRs,stirrgd at room

tenperature for 10 m nute d hgh diluted with
addi ti onal dichl oronet hang la w&t er. The organic
phase was washed with brine, I ed over magnesi um

sul f at e and concentrated to give

( R) q}é}%r(tR) kz g lhy&I Io?c{f]-%nr%ethy grgﬁ%hgt)é)(a 8% g,r?éf Xm?orl)oe/\lgrlch) was
Gﬁkolged irﬁilthl&ﬂnyéthﬁidi(hemly,ldr&dlo&émhobeyﬁlaﬂslmt)h)lhﬁdazpledﬁ 67 g,
4B 951 SRR e LN o T e
1280 @GiL, 6\929mmoDs(Aidrtcﬂ1f)) gas] agrhed aeddsh@muxinrqq&mso‘mnytd at ambient
rtgrﬁﬂértaﬁﬁie k& 3H s, (FRle defdtfonRis Wilufed WiBFYRRAS A1 dichloromethane,

washed with water and brine, dried over anhydrous sodium sulfate and concentrated to
give methyl (R)-3-(tert-butyl-diphenyl-silanyloxy)-2-methyl-propionate as an oil. (Yield
2.42 g, 98%).

Methyl (R)-3-(tert-butyl-diphenyl-silanyloxy)-2-methyl-propionate (2.42 g, 7.05
mmol) was dissolved in 3:1 tetrahydrofuran - methanol (24 mL) and saponified with
aqueous sodium hydroxide (1.0 N, 7.9 mL, 7.90 mmol) at 40 °C for 3 hours and then

overnight at ambient temperature. The reaction mixture was concentrated. The residue

- was dissolved in ethyl acetate and then acidified with 1.0 N aqueous hydrochloric acid (~

8 mL). The organic phase was washed with brine (3x), dried over anhydrous sodium

sulfate and concentrated. Purification by flash chromatography (Biotage 40L, 20:80 ethyl
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pr opoxy-di phenyl sil ane by the Curtius rearrangenent.

This was used without further purification. W
WQ2MORSD55 PCT/ EP2004/ 003447 -64- Exanpl e 2BCT/EPR)004/003447

[2- (tert-Butyl-di phenyl -silanyl oxy)-1-net hyl - et hyl ]

- 7- chl or o- 3- (4- met hoxy- phenyT 3-

ég%agedr qﬁéa/ldr e em%]r | {gerb Lyzf d@ ]n&gqaggfo%f)b—'megﬂﬁpropmmc acid as

(Rt that SolBlifiad to&-tadqwlﬁfeabﬁd pEYipldXys0dd, phem)l si | ane
[generated in situ from0.51 g, 1.48 mml of

ﬁ_ﬁ)m % ert-butyl -di phenyl -sil anyl oxy) - 2- met hyl pr opi on
t—a%'l“%% in hot toluene (- 5 nmL) (from Exanple 23b . -
supra) at 120 C was treated with [(2,4-

@) ottt drusply-iseirinatGpynppredinyeylsilanaret hoxyphenyl ) ani ne
(0.38 g, 1.34 mol) (from Exanple |Id supra). The
solution was heated at. 12@;@@ 45 - 50 m nutes and

then 1o cooled to roomte ature and concentrated to
give the internmedi ate ure Nde urea

i nternmedi ate was di ssol ve n 8 hy rous
tetrahydrofuran (5 nL) and edo| n an i ce-wat er
bath. Potassiumtert-butoxide (1.0 Min

tetrahydrofuran, 1.4 nL, 1.4 mol) (Al drich) was

add e@R)CB —(J@)M—]Stﬁyb&@hex@ib@ﬂﬁny%m -ahmeﬁlylp'ﬂm[ﬁomc)atlﬁr(é Sbgs1.48 mmol)
albl rrEé?ﬂi’Pg di?g ﬁ@rg# vaa,.src? Is,]sailired 1 81%1&123 %ggmfagp @Pth gnpcf%\rér molecular
siekath )t ﬂhrmhylamneé(omrmui& €98 rmml)rﬁAidmlé wmsdcﬂqd anglrtbelsolution was
E&ﬁf&ﬁg%ﬁﬁ évht%ﬁbgﬁ' Efl aﬂ%%m%{tyt@w fgfL h7§h{1ﬁbl (Aldrich) was

ecruepro vvas purl ﬁ
ehied uepica the(rspcmra@@s stgm I@tthsfpoléé@t rginut¢e Thg geaction

ghadiants diRfed wil Yo &tibydl d&.‘hﬂr@hﬁiﬁanﬁe Qn@ wachddRYith WatePand then

brtpg%fﬂ?egérglar_ng nghﬁ%g(%/ é}‘(llﬁ(_& gﬁ% {fgl)m %u}@ te anlziyconcentyatgd to give the

giiteddmbyfitid@yri m do[ 4, 5-d] pyri m di n-2-one as a foam
(Yield O 57 g, 62.4% . 20 Exanple 23d

( R) 47? %ﬁg]hﬁ]log r';#%‘%g g%ﬂild agﬁ\k&} dAe Gl Egtt))le %&ggwﬁ cf&gf% RBRfion of

mchumn adide-(028get. &1 mn@ﬂ) f/’drlrl;th)| in Water (5 mL). The mlxture was stirred at
room temperature for 10 minutes and then diluted with additional dichloromethane and

water. The organic phase was washed with brine, dried over magnesium sulfate and

concentrated to give (R)-3-(tert-butyl-diphenyl-silanyloxy)-2-methylpropionyl azide.

(R)-3-(tert-Butyl-diphenyl-silanyloxy)-2-methylpropionyl azide was dissolved in
toluene (~ 5 mL, dried over 4A molecular sieves) and heated in an oil bath at 120 °C.
Vigorous nitrogen gas evolution quickly resulted to give (R)-tert—butyl—Z;isocyanato-
propoxy-diphenylsilane by the Curtius rearrangement. This was used without further

purification.
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\ H NNN, O OH WD 2004/ 089955 PCT/ EP2004/ 003447 - 65
1- [2-(tert-Butyl-di phenyl -silanyl oxy) -

wAa 200089955 et hyl ] - 7-chl or o- 3- (4- net hoxy- PCT/EP2004/003447

phenyl ) -3, 4-di hydr o- 1H pyri m do[ 4, 5-d] pyri m di n- 2- one
(0.56 g, 0.92 mmol ) (from Exafple 23c supra) was

gonbi ngg with aniline (0.50 nL, 5.49 mmol) (Al drich)
ed in an oil bath at 110 C for 1.5 hours. The

m xture was cooled to roomb5 tenperature and
(R)—l{lzdteeteleyi Hlﬁhemﬁmnyla'i}e -I-asildiretiydls7-dhkso3v@damethoxy-

B B o L ey S PR kD TP e by

flash chromat ography (Biotage 4OM (40 60 et hyl

acetate - hexanes). The (f'8duct still
contam nated with a smal | aniline. This was
renoved with another tri upgtl wi th hexanes to give

(R -1-(2-tert-butyl-di ﬁ' |NSI|O | oxy- 1| - net hyl - et hyl
)-3-(4 lo )\&Q

nmet hoxy- phenyl ) - 7- phenyl am no- hydr o- | H pyri nddo
[4,5-d] pyrimidin-2-one. (Yield~\(55 g, 89.1%. (R
-1- (2-tert-Butyl -di phenyl - si yl oxy- |

-nethyl -ethyl) -3 - (4-nmet hoxy-“phenyl) -7-
phenyl am no- 3, 4- di hydr o- 1H pyri m do[ 4, 5-d] pyri m di n- 2-

00t R B0 Bty BRI, Ry B SRR AR BeRBIUEEPHS: from 051
148 rnabg]t ofl (Bhﬁofmrrtrhp% dipheayl-silenylex-Jmiethylpropionic acid)] in hot

IELERTLY ALY (R FRadipliasb3ufd) R coflstidapdalwigh (40 C

LIk T i o) R UL AP PR BT 4 St mmol) (from

Eﬁeﬁhﬁl& allvesha).NTIed dofhti@CRisdeatedad 1 20 ENRA 451-150 n\émh&ﬁ a@dithen
er_,anhydr ous

O R e e e L o LI e

chromat ogr aphy (Bi ot age 40M ethyl acetate - hexanes
gr adTkeetrud? Grea ig&mediatd waaclesselved in)anhgrdustétraherdrafiyran (5 mL)

ég §c§o?z% Tzd?lebﬁﬂfg{{ef Bgﬂhetl%ﬂsmﬂﬁjl%ﬁtb%t? H@gla@ﬁ/ﬁnqgff&ydrofuran, 1.4

ol ﬂrétmmﬁik f)\hérmhl) )Was 7 @mlechypw mserabqut IR e - [ he mixture was
Eh:R¥ inthél ol £dn 15mirftEYHnidThel me%aﬂmamnﬁww aﬂ@stﬁﬁhg fontinued

ie 79.9 Mel t | n 0l
. wsgééw}lalrﬁg 4 B R ﬁ%smédgrq%#@us ica gel plug and
4R Cedbittethicicadte. 40f. cit8d7 rodllr_cxa\ﬁip berilddbR Bash chromatography

ﬁ%légag%lgo%}é hcg ld)l }heé(a s gl(r) cféeng ﬂ? %D%ealywcelia?e 1) to E ¥e R) 1-[

(tert-butyl- dlphenyl—sﬂanyloxy) -1-methyl-ethyl]-7-chloro-3-(4-methoxy-phenyl)-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one as a foam. (Yield 0.57 g, 62.4%).

Example 23d

(R)-(4)-1-(2-Hydroxy—1—methyl—ethyl)-3—(4-methoxy—phenyl)-7-phenylamino—3,4~
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

O\
Chiral /©/
D@
~
HN? N N’go

J
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HN)II N H~O To a suspensi on of
[(2,4-dichloropyrimdin-5-yl)nmethyl] (4-nmethoxy-

woheonyosdasi ne (2.84 g, 10.0 mol) (from Exanpl eCraP2004/003447

supra) in tert-butyl nethyl ether . 30 (30 nL) was
added benzoyl isocyanate (90 % -1.80 g, 11.0 mmol)

A T T

pbacd )8 Aadibplrd0 12002ih080/955 d RETINERRODHhe 0B334, 0. 9251651m01) (from
gr% lerz%E’ V\g)l Jg%]sec%%lge& Qltﬁ ng R@ 35 Eﬁ,d §.4Yf, A,}drlchP] and

ative | SSO tfefra é 0
zaedru) arpeifibathat $H) Ut fasd - Iaeure. oTBh@@mft@reom coglgditprepom

$&@hpdrhRRe YabtAGREN wiRRhasskd! rrrﬁeefeslaﬁytv@@%%h(ea nQ 1 &tetate and

t hydr of ur 10..0 ri
ﬁitﬁ?g AP Mﬁ@@mﬂmw@&%ﬁﬁ ‘F%ﬁea‘faéPFH eg;by flash
lahwrﬁatoglihph;r @@tﬁg@«mwﬂ 40:60 ﬁhymcet'étet HeRarghs). urmbxwdtl&t was still

SR8t Q1 o STR aiilnn BE S BHE CERS LUl BT N llobily tituration

waithdrex 136 tmrgl)Je éﬁhlﬂﬂftm:&mfd;phend}-s@dybml meihiyl elthgl) 3 -(4-

égh&g ﬁ*&?’%@ ?héﬂyi]%mhsgbe%.g dFOAEE frﬁ% @ﬁﬁml%n “2-one.

&‘6161@1%55&)8@11\9@ t he nono-chl ori de as a vvhlte sol i d.
(Yield 1.15 g, 29.1% 2 steps). 10 A mxture of this

mno(RﬁhQQlt@i‘E—BﬁJ@yl 18n ﬂ-s&n‘ﬁlﬁ‘ly)l AR ehyRBihlyl) e (4- Qqe-'t-)lﬁ)xgrphenyl) 7-
hgnYHm@% %‘Fﬁ dY)riilﬂ"g Was g@%&&llglw éne 1%,& 0.80 mmol) was

d@@(blaécbln(aﬁﬁydrb)ls mmdth)@ﬁoélra(l 566 nifl) Jand Tieeted wd{hetemabutykbahitsonium
bt ai;n S I e

i Hde &do {Oﬁm écgfé{l C}I%rgt%r axﬂg 2 Igélgg_’{ Zc'(f %ngol%y\@%dn@}? ﬁ% glé i ﬁ gornghours

tand @nem@t Boom temperature for 2 hours The reaction was concentrated The residue

ﬁ s FRELORY, Hz[rk‘?ﬁ)\’lla}ejtzte RAE WA d]?énﬂ Wi watkt %@Bgﬁg '1\;\1;1e orgamc phase was

pyrim yrlm one as a

§@|ed gveravhidrgupsprivag sulfte 9nd§oncpnt=ra?em Pﬂaﬁ@awy flash
%Bﬂﬁl@ﬂb l‘?}d(Bi’@tﬁ{;é £dNTyethyl détatel-@eRARE gRIARMS TP 8%l ethyl acetate])

t
%@%ﬁ@ﬂ%ﬁ?ﬁﬁ% o 2 BRSSP R)So)-1-(2-hydrony-1-
Snetylictlyy-B-( ik ito yrpikeyl), B-phibpglariviod,Hielildond Fapydmido[4,5-

gﬁ(’&%"k}\;‘?%%goﬁle% %n;lz‘?‘) §§th (ae F6%6%heny gﬁiﬁ’ '4tf? rl]gbg-r 163 °C.

o- | H pyrimdo 5- yrlmdlne20neN\N\ HNIN
@R—M;‘f \Blgd Wz qlaﬁgd &yﬁéﬁgl\]@@;; BYi+H]™: 406.1874. Found: 406.1878.

3- (4- met hoxy- phenyl ) - 7- phenyl am no- 3, 4-di hydro-1 H 25
P¥%hinBledal 4, 5- d] pyri m di n-2-one (34.7 nmg, 0.1 mmol)
("fr_o‘%'Ex_arrpl e 24a supra) in

3-(4-Methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidine-2-

Eread

To a suspension of [(2,4-dichloropyrimidin-5-yl)methyl] (4-methoxy-

one

phenyl)amine (2.84 g, 10.0 mmol) (from Example 1d supra) in tert-butyl methyl ether
(30 mL) was added benzoyl isocyanate (90 %, 1.80 g, 11.0 mmol) (Aldrich) and the

reaction mixture was heated at reflux overnight. The reaction mixture was concentrated



tetrahydrofuran (5 nL) was added sodi um hydride (60%
10 ng, 0.25 mmol) (Al drich) followed by nethyl iodide

W@ 2000829984, 0.5 mmol ) (Al drich) in one porti onPCITRR2004/003447
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reaction mxture was stirred a6t6 roomtenperature

overnlght and t hen heated under reflux for 5 hours.

SR G0 38 B FRAD e ek AL s AR p oo
a@mhadmf(lﬁnﬂ@mlr) b} therodutipmasedledrtg 811Ce T@dusaohmowas added
gggﬂl&%glgé %u?gdga%ppﬂﬁqg@ﬂl%mﬁl% Yo, 1)) bh%sﬁ (I‘\Rirlch) and the

ZeacHopEiKEKRy Wphdiad)at roemsttepperatuse Eyh homirh ol ieadiomyrgixture was
Ghdnt&iluRyd Vith @ a&ta@& 0'di'ﬂ.)dddﬂl%u2ce@ﬁﬁ asheRiith&aturated aqueous

lid Yield
S ETB SROT ORI ARP mlapvﬁems%erﬁ'ﬂz;arﬁ AR A D) dried over
@-ﬂh‘f&ilbﬁﬂéib)éhtﬁh euilydty, ditensl, aid édr%nfsi‘@ed @ndermedhded (piréssupe. The
Exa e uptak.hn h- S.
EHE st R P ot ol 16 B B TR ERRIEIIA. (viela
LABg; 22 h%0, 2otebowed by N, N- dii sopropyet hyl ani ne (130
ng) (Al drich) in one portion. The reaction m xture was

stirg erﬂg@ re P EHTS h?di‘iBechﬁfereGEO Qg el PO%}BOI) ang afﬂﬁﬁ@ (0. 28 3.0 mmol)

guenc wth wa E extracted wt et

lcébwmlyeateﬂr?é 18076 foreld By élfhecre%cﬂorlaewrwaéﬁi iluted with
%ﬂ'lc-"‘{!? S&EItY @Ohﬂﬁ;ﬁ’ﬂ?ﬁaﬁét (3‘0) D). V‘Hie@hsﬁeh@mﬁ&hus%ﬁialhécﬂ @@s filtered and

1 \ ed d f at
R A
(Qil—\t&thqur plicugtd) - Trphenytirhimoi - ditsydeo-d bl- p)rrirasi [‘bB#d]p)Mim[xhne-Z one
615,1 : Ca lllc{]O ntYh OE&f&‘n S:%?%’"/# tl'?k(e);{‘ﬁgtra(’cg'(Ntapc(‘.idncentrated partially under

&1 Ut

a:edwd geesquresndrfjlterad vo givo lbenroydtiScl4 webrwy-phaeyl) - adenylamino-

g\fﬁé o)aglg fn'il'd@ 4hS"d P8idiR-Bofil as gwﬁ.lté'm?ﬂd) (Yleld 86.0 mg, 19.0

rlc% osgene in 15 tol uene

@l-ution, 0.5 rrL O 98 mol ) (Fl uka) dropw se. The
reaM|onn1muremasstHredatroomtemmrMUrefor
lﬁaﬂbﬂﬂ&@ﬁ- The reaction m xture was then poured into
ice - cold water (50 nL) and extracted with ethyl

Ao el thendh T R R e 2L R Rl

(dpynihidinedRiomd over anhydrous sodlun1sulfate
filtered, and concentrated under reduced pressure to

give 20 the crude intermediate W - Saas di ssol ved
agai n in dichl oronmethane ( heated under
reflux in the presence ofﬂ5tf?tEFt yl am no) pyri di ne
(20 mg) (Al drich) overnig e reaction m xture was
qguenched wi th water and_cext radt ed wth ethyl acetate
(3 x 50 nL). The conbl organi c extracts were
successively washed withwater (10 nL) and brine (10

m.), dried over anhydrous sodiumsulfate, filtered,
angneancentrated under 25 reduced pressure to give the

crude product which was purified by preparative thin

| ayer hr omat Qgr a

7Pl SSPAIER Aoy BT R pherslamiag by frg-LE-
pyrimido[4,5-d]pyrimidin-2-one (34.7 mg, 0.1 mmol) (from Example 24a supra) in
tetrahydrofuran (5 mL) was added sodium hydride (60%, 10 mg, 0.25 mmol) (Aldrich)
followed by methyl iodide (0.032 mL, 0.5 mmol) (Aldrich) in one portion. The reaction

mixture was stirred at room temperature overnight and then heated under reflux for 5

hours. The reaction was then quenched with saturated aqueous ammonium chloride

solution and extracted with ethyl acetate (3 x 50 mL). The combined organic extracts
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pyri m do[ 4, 5-d] pyri m di ne-2-one. (Yield 79 ng, 37 % 3
steps). The m xture of

wQ 2@hiognss 3- (4- met hoxy-phenyl) 1- et hyl - 3, 4- di PGTER2004H03447
pyrim do[ 4, 5-d] pyri m di ne- ong7(65 ng, 0.21 nmol) in
aniline (1.0 nm.) (Aldrich) was™ 30 heated to 120 C for

{e C t
merte(%ﬁ% )g;tf*]) \l;e £ gng m[_}gjxy Zgh%nklzq e&? H%l Y\@cf’-”o’%cﬁﬁ?cgro-lH—
peimided4.51d] pm@n@ﬁwcetemlawdm@tsah@ (Ylﬂéﬂaﬁesg,t% Kftove
3- (4- net hoxy- phenyl) - 1- net hyl - 7- phenyl am no- 3, 4- di hydr
Rrebisa ®yrimdo[ 4, 5-d] pyri m di ne-2-one as an off-white
soli1d. (Yield 76 0 rrg, 98. 7% . WD 2004/ 089955
PCT/ EP2004/ 003

1-(2- ﬁéﬁ?ﬂ&ﬁ?n glﬂw geléw-ﬁgi)mylhﬁ ansihpx7PReRyamine |
1198 Th) 0-Brndndl) (rﬁ;td:ﬁ @xérkﬂplerl)drsupﬂadm fduerd] (5 mL) was added methyl
Shing ok e s Linnmdt iy ERENeRSY k-
dnympm;ﬂwﬂﬁleﬁmd]a 0120i mg)d(wddliclﬁ e o portipn. Th reavtibh nfikugerwas
Eggé(;gé&tgg ﬁ#gxrg?&ra Uirgi,g‘& ra?x'&%ﬂér?&lgéngﬁed v’lzﬁ;x Wflﬁrgﬁa extracted with
¢tbyl asafate (@V‘ Hmb %@wgnwc CEIRET Wels speceamyel m’as hed with

Frafer (T0PnL) bAM Qﬁh&m) rhl)), Afied oP&@'ahnh ouB_Etﬁiu!irﬁ%ﬁIfht@nﬁltered and
m Xt ure s .heat ed .at refluxfglﬁe%gourst

SRAEBR s AP gadaces PresieS it e Sade Piven cllsdieis colorlessof

whidh watusedinatle aektetpsvidmom firther phtificatibe. sol uti on  and
extracted with et hyI acet ate (3 x 50 nL). The conbi ned

?nra?: I()élsggliﬂ)gc %ruS g odltoecglgoq'hfiet ?99111\,#6%9 812 3{1 HLCHE)romethane
(20 miawes added tscthzlemsmw@ %/th@%h @dnﬂi) {(Aldmgh etollowed hy phosgene in
‘%&t e@‘% s()FL\Qm?IL@ 5 ol 08B AN ( @Hﬂ%fiﬂ%néo dihdMeaction mixture was

tered, and concentrat ed re uce&l
mrégch TR eHIPPEIHIR AOTCI A A ¢5o e Fear Oy r Gyas then poured into

RUC Ict)lde@laztby(stp rthI@aJn@tebc’eiﬁctE@ iwﬁ‘th'e@j/}@ﬁce@:hé (FREO TP Mhe tOmbined
|ve Met NOXYy-

()yg_aﬂgt Qg,ts Bﬁwﬁessweiy Hﬁ%%ae v»aﬁwﬁy Vﬁ%ersa 2 rralr)%bgmel (10 mL), dried

b'v@)éhhmhdﬂs Eetium-sutftpyfiltertd)iand 2ommeetrated aindii teduced pressure to give
Fag Wi?rﬁgzglage quc ag Qi?‘ 901%%}9%% d?%oroﬁ%?fgjxl 35 ﬁrﬁcfénd heated
untld:i—rpﬂux i tdte p[refaser&e oﬁ 8- d}lpsithmmlmQ)PVH@ID]f (Mg Eﬁnldtlf:h)l qvernight.
The 9eactibn mixture was quenched with water and extracted with ethyl acetate (3 x 50
mL). The combined organic extracts were successively washed with water (10 mL) and
brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure to give the crude product which was purified by preparative thin layer
chromatography to give 7-chloro-3-(4-methoxy-phenyl)-1-methyl-3,4-dihydro-1H-
pyrimicio[4,5-d]pyrimidine-Z-one. (Yield 79 mg, 37 %, 3 steps).

The mixture of 7-chloro-3-(4-methoxy-phenyl)-1-methyl-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidine-2-one (65 mg, 0.21 mmol) in aniline (1.0 mL) (Aldrich) was
heated to 120 °C for 1 hour. After cooling, the reaction mixture was washed with
hexanes (100 mL x 4) and the crude product was re-crystallized from ethyl acetate -
hexanes to give 3-(4-methoxy-phenyl)-1-methyl-7-phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidine-2-one as an off-white solid. (Yield 76.0 mg, 98.7%).



HNN NO / Il N To the solution of
[(2,4-dichloropyrimdin-5-yl)methyl ]
W@ 200n08496X%) Thenyl )am ne (198 ng, 0.7 mmol) (fPOIEP2004/003447
Exanple Id supra) in n-butanol (5 nL) was added 3-
am nopropionitrile (98 ng, 1. 26 ') (Fluorochem Ltd.)
foll %vved by addition of NN 25 T .-ne (0.13 nl)
in one portion. The reaction m xture was WO
2004/ 089955 PCT/ EP2004/ 003447 -69 stirred at room
I—@mmthﬁmahomenﬂhgm - (4amethiole phenyd ) ¢ pdenyla inordedihydro-1H- -

and e G et hyl acetate (3 x 50 nL). The
%f%’idﬁgg J%ler:ﬂ%&l%%t?%ects wer e successively washed

with water (10 nL) and brine (10 rrL, dried over
anhydrous sodi um sul fate, fil tend concentr at ed
under reduced pressure tgq crude nono chi ori de
as a colorless oil 5 (YldL ﬁ,cgrrg) whi ch was used in
the next step without flirtHer)pu?ification. To a
solution of this crude no ch oride (212 ng) in

di chl or onet hane (20 ni was added
triethylamne (0.29 i, 21mm| (Al drich) foll owed
by phosgene in toluene (20% sol ution, 1.44 n, 2.94
mol ) (Fluka) dropwi se. The reaction m xture was

5 Stirfg @heastus ngioﬁl‘Uf3 ﬁfbﬂh@ éﬁ’ﬂ) 7 RRnAbmiROBY- d1hydro 1H-

f or. 1.5 ct Lgn mxtyre
R St TR A SRR RS 55,
@l&*ahﬁl‘rbﬁﬁaﬂ\f( 10hmeE} Wy addrd sbdituen lﬁyairide'iéo%i_go nghES mmol) (Aldrich)
ARSI, QSEIE 2 Bt o
poritipar s rectdnmisiiré waeheafdd at e¢fh¢ forafin boulzs dmgint Waliqyd solution.
10 '#ﬁgFeacﬁc?%gse%fR trqﬁec‘r?cll’l%& wtltﬁ el ﬁe@a@%gg ami TR hRERle solution

was ssol ved I.chl oronet hane (5

md e:@mtqdefaﬂe@thmlmefﬂter(éﬁq 59mbh Theecoprbiagderganie exracts were filtered
godgl{ﬂ@&l@xiaﬁ'ﬂ@&)a&wal 5 Phifelsdfd 18B.1 ehed 87.M9B) Ind(tht ﬁItfaQé’@vas

hours. The re ct| nched
AT R E ot e R .
e, ﬁﬁ&@dm @fn@&ﬁtaﬁecﬁ(ﬁd@&ﬁ@c\t&p&ssﬁme tegisé thelcyude product

15 %&F‘ WA Wy&ﬁs{{]\gy gaeg(a{ﬂ%vgh%l? Ly Q{rlo . %tcfg} %hy%%lve qr Zergethoxy-
ethogygntthgl) €d(4medroxy gheod it 7- Hhegglgum@o-ﬁ;& dihydrot Hé-pyrignido[4,5-
%%#%m_ o6l o wg%vh&y bfrlok v@%d@iéom{ eRAIABH % engd, B5 Bod)ayer

ogra
7-chl oro- 1- cyclopropylnethyl 3- (4- et hoxy- phenyl ) - 3, 4-
5| H pyri m do[ 4, 5-d] pyri m di ne-2-one. (Yield 104
rrg, 43.2 % 3 steps). A mxture of
Chg@w@oﬁwpﬂl QR OPykeEthehyldmido-Rt dibydropti®pytinido[455-

rimdo 4 5-d] pyri m di ne-2-one (104 ng,
20 gPé% ';“Y LORIQHEE (2. 0 nl) (Al drich) was heated

to 120 C for 1.5 hours. After cooling, the reaction
~

m xture was washed with
B8

<

To the solution of [(2,4-dichloropyrimidin-5-yl)methyl] (4-methoxyphenyl)amine
(198 mg, 0.7 mmol) (from Example 1d supra) in n-butanol (5 mL) was added 3-
aminopropionitrile (98 mg, 1.4 mmol) (Fluorochem Ltd.) followed by addition of N,N-

25  AHemmwnseratholamine (0,13 mL) (Aldrich) in one portion. The reaction mixture was
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Al d h
' gydrglg:nalf: of a@gnﬁloéécgogq&cy

25 hexanes (4 x 100 nmL) and the crude product was
purified by recrystallization from nmethanol - ethyl

wW@e@uaswsi o give PCT/EP2004/003447

3-[-3-(4- et hoxy- phenyl ) - 2- oxo- /- phenyl ani no- 3, 4-
di hydro-| H pyri m do[ 4, 5-d] pyri' din-1-yl]-propionitril

gt-yrggds r\{)\'{cq):lrnt t%mp%lraltlgre o(vermghq ]altherrlraﬁengcfi'eg W(@Twa%éraa%l extracted with

ethy! {ckR)reIG)x 30 filer ThBudmbindd oBfahid exsattametamuyfesdyddy epshed with

%téﬁe% @%&fﬁ%&ﬂ% f(f"z_l?& Oleé\lag%rlo%/y&%%@?gdmm sulfate, filtered, and

caRegisyted vpdar lceylgmdnamserrew Ei3-thi¢ ofude meayet chlaridelas @ cglorless oil
(Yifd M%f whiéh daé 68H 1ﬁ@l§’e At 9‘51? %tﬁ?ﬁ%gth@puﬂﬂcaggge

nmol ) rich) |ntetra hydr of was d

tert: buty di met chI d 1. .27 )

(Al dFPay oot s £ i ) %ﬁﬁb@%&?@%@o mlL) at
DOQHvds adpet t&tiethyﬂ!amﬁqfel (ore ﬂqIQ\Zﬁ_rrﬁh@ﬂ'l)t (AdddcH) Hellowed by phosgene in

G e, S0 T I Sl D

wiab f,tat@i atf0i °Q for @0 nzindtes amd then rataen tamperatesd Hud.StHvatrs. The

&5 léﬁ}ggu}/ﬁe\gaé t'ﬂergﬁlbﬁﬁa%to(ées %&a W;te;r?SOt ﬁ%? annd Lnfigac{%'a amth ethyl

was ad t assi car bonat e
Bentatad 30 69 &1L)e e Feen bieerangagit extragls A ile gragheed with water

(RARL) & Blixd UoemIRYria 'birértalnﬁ%@upﬁdd%@ﬁ%uﬁ'&t@%’ﬁltered and

SR Gre A e e b e T itermediate e

Gﬂﬁtﬂﬁdﬂihaﬁ&ﬂoﬂoﬁqeﬁd@SB@uﬁ atnldaieat‘eaanaetrﬂeﬂufm by pBdskihd@adf 4-

gflﬁgﬁ%’:l%nwgi %ogn g@ggz}l&‘p 9 @ e(gldnchag 1d‘llu ﬁour\él The reaction

frixtufdRasi@lendhdd with wateryhd dxtr@tdzﬂywh ethyl acetate (3 x 50 mL). The

?@!nﬁ{h‘gh %%%&é&%g@a%&iﬁ/g&%}d@gﬁ g‘%\bﬂ{ é«%%? @2‘165) and brine (10

ox@gan qus godijHg sulfes . an@@q@q gnd_eg reduced
{%ﬂgé% ?gi thi- c&ﬁ&égfoauéwzmeh wsst;hyrkﬁeal HyppR¥ive thiahRpe

chiomefegragyy. te- gl(l‘g%r blgR- wryﬁlpﬁrt@%%e?@ﬂr 33k My Rpeng -4

- Aihydr@ Bt pyrimido] 45-&p frimitdhe-2{ohe o(mEMamplneg, 432 %180dteps).

and W1 kinson's catalyst (520 ng, 0.56 rmo )
et thul g)?IOB_hL%UYH 4 d1hydro-

1
pressur e
THepyreaisiol @ﬁd}pmmrden@ﬁsmtl(l(ﬂemgd) %errpd} ini aniilored@.0 mL) (Aldrich)

et Hes R NYloCAELT B1RuAN K fter cooling, the reaction mixture was washed with
hexanes (4 x 100 mL) and the crude product was purified by recrystallization from

methanol - ethyl acetate to give 3-[-3-(4-methoxy-phenyl)-2-oxo-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d] pyrimidin-1-yl]-propionitrile as a white solid. (Yield 111
mg, 91.7 %).

Example 27a

(-)-(1R,4S)-4-(tert-Butyl-dimethyl-silanyloxy)-cyclopent-2-enol

HQ
Chiral

N
si-0
/
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wat er. The organic |ayer was collected, dried over
sodiumsul fate, filtered and concentrated. The

WO e®u899s%) resi due was purified by chromat ogr aptiy/EP2004003447

silica gel colum using a 0 - _30%diethyl ether in
hexanes gradient to give (-)-(Z ,3R) -3-(tert-

col Orp &SBabRk of U EDAL IS bTrenhe L. Savtaiefie,(1.0 5 7.08 mimal

¢l cioh edreld nfi dazoE1(DBR AR B1.0¢ MiiNad) ¢A1dR3R) ib48Bahyidoofioekin (35 mL) was

§ AN T R

alfasrad-th inagin-stiwhE thyaors temapreature, stirrpd oGmhight and Bien pafigioned
?c:tW_e%’ﬁ éﬁigl %Eaa’fe(einélr\ﬁtgr. 't'I;/}}e_Oé%arlrlé% lﬁ elr_vséa}slcglrlleclted),( d§if:d over osocéium
ﬁtl%@#o %ﬁ’er@%ng sow}ltrg‘?eggo AdeHdu thafdﬁqsréisaﬂfép(i i%%%aplr @\t? mL).

T ¢hib ﬁél’gﬁ@tmyzbs @{ﬁéﬂ@iﬂ%ﬁﬁ#ﬁﬂcaﬂﬁ)rﬁg (gi._ 107, U]Ilmr%mopﬁgdrth@ﬁj)bcture

1.0 a r.ous .,etra I ar ur,an | ), CoO0l e . was
SETPHPHENE 0= e DT Bt PSR e 8ot Bag e Regbyeen thyl
getate O watet.) Tierdgtrnic Bjyer Wie @ille@ed, @rizd wiverdodaym sulfate, filtered and
CS1oaRIR B FHQRM YR GAGLLIA0 8 ol %??%ﬁﬁ;?lo@ﬁ@%?n%ﬁfaﬂ% witha 0
e slidtbylether in bexonesgragient togived-)-0ldhtd) richuiylediarethyl-

afahlo Ri-9RhoBsiaf dolFEsIRE (TR1d 1 bb@ngshehet ween
etah?/ll X%\)gfe}?a e and \%atsear .O Th(se org(ani c Ia;%er @gs

S R
chromat ography with a silica gel colum using a 0 -

Bobmple@rbyl ether in hexanes gradient to give
(-)- (1R 3R)-(3-azido-cycl opentyl oxy)-tert-butyl-dinmeth

VhEshR0S. 182 Rt AR ycoflflalo40 D 7299,

[3-(tert-Butyl-di nethyl -silanyl,@xy)-cycl opentyl am no]

-2-met hyl sul fanyl - pyrim di ggg53carboxylic acid ethyl
ester Chiral O NG|l S NLN O

N
5-0

/

A solution of (—)-(1R,4S)-4-(tert—butyl-dimethyl—silanyloxy)—cyclopent-z-endl (1.2
g, 5.6 mmol) (from Example 27a supra) and Wilkinson’s catalyst (520 mg, 0.56 mmo])
(Aldrich) in toluene (50 mL) was subjected to hydrogenation at atmospheric pressure for
16 hours. The reaction mixture was filtered and partitioned between ethyl acetate and
water. The organic layer was collected, dried over sodium sulfate, filtered and
concentrated. The resulting residue was purified by chromatography on a silica gel
column using a 0 - 30% diethyl ether in hexanes gradient to give (-)-(1S,3R)-3-(tert-
butyl-dimethyl-silanyloxy)-cyclopentanol as a colorless oil. (Yield 790 mg, 65%).

HRMS m/z calculated for C11H240,S8i [M+Na]™: 239.1438. Found: 239.1441.
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To a solution of
(-)-(1R 3R)-(3-azido-cycl opentyl oxy)-tert-butyl-dineth

wohemiusease 20 (540 ng, 2.24 mmol) (from ExanpPeT/ZP2004/003447

supra) in ethanol (30 nL) was added pl ati num oxide
(51 ng, 0.22 mol) (Al drich) afb the mxture was

hydrggznat ed under 1 atnosphere of hydrogen overnight.
re was then filtered, the solids-were washed

wi th tetrahydrof uran (appr oxi mately 25 nmL) and the
GOR, AR Y- (3-Alzidoatyel opastylcapheenbutgt-dindthylesihesi due t hat -
was di ssolved in dioxane (50 nL). To that solution was
25 added triethylam ne (620 L, N450 g, 4.48 nmol )

(Al drich) and ethyl 4-chloro- 2NV\D 2004/ 089955

PCT/ EP2004/ 003447 -72

nmet hyl t hi o- 5- pyri m di necar b@v@yl (520 ng, 2.24 mmol)
(Aldrich) and the m xture was §Derred at reflux for 1
hour. The reaction m xture wag.-éhen cool ed and
partitioned between ethyl dcktate and water. The
ethyl acetate |layer was collected, dried over sodium
sul fate and concentrated to a residue that was

pur i To ednisture of (41 GBR)-T-Glevmiytyl-dimeatimitsdemydgiyy-oikloperdanol (670
Yiﬁorﬁclﬁgﬁltp?e 378 sNEHFRES 1At B ospRind (V.66 g, 4.02 mmol)

Péd(ml@nna%z drpugfickrebripiugan fymbkgoledalosevitsaddad Agpwise
diéthiyeidavt i dxoRid (RY L 10. 70 glexda: mﬁﬂﬂ)b(@l&ﬂmlg AGtel2 €4 B'lyﬁmutes,

%iltgﬁlrﬁqlg Q(glg\ci:lge o(i’dletic‘:; %.?F%lﬁ‘l‘iou h%lsllnho 197t eC{SgOl ;,LL g g, 4. 0@ mmol)
{Adfitiex lThBuﬁMturd wr:IEh]lWedSb sl @) up Yo kope téngpdratule and after

8 T e ——

doINtted Qlrfed Siet sodfomaulfits filiered ehid concentrated to a residue that was

é ifléd]’rgfaﬁf) o%?e] %{h féf*éé[ﬁeﬁédﬁhﬁﬂsu@ |O'in26%’m/e)chyl ether in

open 0 fanyl - pyri'm di ne- 5- ?%r box
};mzxaeesfag,ra@e@mﬁveés)r@rR ?(Ih -#ilo-cyicl omnﬁﬂwg-ffrf Pyhil-dimethyl-silane
Q‘@M&&es@ﬁ@m&umﬂd 340 ng)hryghyous tetrahydrofuran (50

at C" 15 was added in portions lithium al um num
dl‘ld 8196 ng, 5.19 mmol) (Al drich). The slurry that
was allowed to slowmy warmup to room

tenperature and after stirring for 5.5 hours was

O ( 16RB R )Ad-( ter terstyt-dinzethy] tlamplietyy -cyelopensylamiing] e-enegylsulfanyl-
%h%ndlilggectaﬁ; ?‘}'ﬁp&@g‘h I‘e(gl{e?d aqueous pot assi um sodi um
e

e’so organi c |l ayer was then
coll ected, dried over sodé um supfate, filtered and

concentrated to a solid reS| uelt hat 20 was dissol ved
i n di chl oronet hane (50 ni) t i s sol uti on was added
manganese dioxide (1.5 Q‘s)l*ﬁ’ @ mol ) (Al drich) and
the resulting slurry was stlrréfor 3.5 hours

(L
N

" To asolution of (-)-(1R,3R)-(3-azido-cyclopentyloxy)-tert-butyl-dimethyl-silane
(540 mg, 2.24 mmol) (from Example 27¢ supra) in ethanol (30 mL) was added platinum

oxide (51 mg, 0.22 mmol) (Aldrich) and the mixture was hydrogenated under 1

atmosphere of hydrogen overnight. The mixture was then filtered, the solids-were

- washed with tetrahydrofuran (approximately 25 mL) and the combined filtrate was

concentrated to a residue that was dissolved in dioxane (50 mL). To that solution was
added triethylamine (620 pL, 450 mg, 4.48 mmol) (Aldrich) and ethyl 4-chloro-2-
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and then filtered. The solids were washed with
tetrahydrofuran (approximately 30 nL) and the

woaodiosedsfiltrate was concentrated to a resi deeTiER2104/003447

was di ssolved in benzene (60 nL) That sol uti on was
treated with p-anisidine (180‘ 7 1.49 mmol ) (Al drich)

AA En P BFAEABHIAGR D 6 Aol PSP e drch aPg fpgmixture as

soeesdnit ldéﬂux fohe hmnx tTheaexya@iontrhigture @k €tbn coaletliand pagitioned

LR P80 T80 ol P8 SR Sl oo,

'wdfateemﬂrcanmtrawdetoraesmltu,ﬁetIMWaajptgsﬁﬂd\m’dﬂicn gelrrelimous

Eh%&?{bg?e[ﬁi’x %a{‘a§5go%te}}8ﬁ‘19é’et£t é&hl-.kt rQ&Eeﬁﬂ%tglve (+): cglR 3R)-4-

3r&t¢r¢1bﬁf%demﬁemm®@y}w@r%bpew n'w%os-g 08 t'h%ﬁh 3yj- aymmdme 5-
él'i‘l%}iyh@@ﬁa QY5 eiis b REloslestvistotd@il. (Yaslawd) was7ab).oned

slowy warmup to roomtenperature. After stirring

%verglggt the slurry was poured in WO 2004/ 089955
4/ 003447 -73 portions into a m xture of

ethyI acetate and saturated aqueous potassi um sodi um
t-p(1R,ARp 1-[Se(tert-Botyl- dfmetha}~gbnyloxy)a§1}@ opgakyllebi(4-eesteeky-phenyl)-

fj#ag 15N Eo-3, dciﬂlf)mré Y. ?%?mlcféi ﬁ?nﬁl‘ﬂcﬂn ZCQ entrated

he resi ue Was pu natogra phy on a

silica gel colum with a 0 - 3 Qietaxl acetate in

hexanes gradient. The icmtier medi af e |Jobt'ai ned from t hat
5 purification was then di Vi n di chl or onet hane
(80 nL) and that solutloﬁL )&reated W th

triethylamne (490 L, g) 35" g,z ¥'3.97 nmol ) (Al drich) and
cooled at 0 C. This magimoll d by a dropwi se

addition of a 20% phos e | ol uene solution (570 L
1.16 mmol ) (Fluka). The rea%ti m xture was stirred
at 0 Cfor 20 minutes and af\ “oom tenperature for 1
hour and then partitioned between ethyl acetate and
water. The 10 or ani_c Igyer was col | ected, dried over

sodi Ternsuiktuae ef (- (1RSRITF- Ehtrers e ritimsthards silapprioxy)-
ﬁﬁjgféﬂsrla\eﬁiﬁopqtméﬂq nlRyE: 1RE5aRMOx9NC #id kthiyCate@€/10 mg,

b7 imah (oA %Z%Vaf% in S e R A (R T 0 °C

Hhsadded e pbftlonts Qtlﬁaﬂmawrﬁfrmmhyc(rﬁ& (129 mgThil 8 nendl)(Aldnich). The
%@g%tt}rl]ag uhﬁé? %V%g %@Vﬁﬁ&’ )slozv ovgla? rrg 9%y ﬁ’oﬁlpg raﬁ% %ﬁdt after
gtivéinp do1t 5.5 homsdvas powed mn ebttydns 15a axgercaxsbf samdmwgofe@hy
?c%ya%g rd Pa%r%‘?ﬁ%] gcﬁk&%rﬂggaﬂ SAth kR fate sBthT&BQ &'k Srganic layer was

over _sodal um su
fhiehtceNestoch deied oRurendiun sifateofilered PRdcorssnirpied torh salid residuc that

VaS Ay Has dﬂfhfo%@in\éﬁﬂné OﬁﬁL} 'Wﬂﬁﬁsdﬁﬂoﬂ%ﬁdd@@ha@@ﬂlese

S ol L e TR L H2 I
ehd HERt@rAP Thewblids ver®wash2d Swith etrilyydrefulbar (apprdximatelys30 mL)

glef?gtxe%ggnbgﬁ)e ¥r?1te(v\73?s _cgr}c%hﬁg’?ealtb [ 3e & thatiis¥dissSvER I Wenzene (60
sill) afifbiosolyticnyedsaprtedyith -agididimt (188 g h&h phnoly (plsdeieh) and p-
gghégl%s i f(ﬁﬂ%ﬁg g{o‘ﬁol—ﬁ_}l’grﬂg fzﬁngﬁdﬁc}Q] aBWrE/ﬂ()IGJQH RisidgQM¥ean Stark
apparatus overnight. The mixture was then cooled, partltloned between ethyl acetate and
water and the organic layer was collected, dried over sodium sulfate, filtered and
concentrated. The residue was dissolved in anhydrous tetrahydrofuran (50 mL) and the
solution that resulted was cooled at 0 °C. To this solution was added lithium aluminum
hydride (150 mg, 4.08 mmol) in small portions and the slurry that formed was allowed to

slowly warm up to room temperature. After stirring overnight the slurry was poured in
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HRVS m z cal cd for C30H39NSO3Si [ M+H] +: 546. 2895.
Found: 546.2901. Exanple 27f

W@ 2004089538R) - 1- ( 3- Hydr oxy- cycl opent yl) PCT/EP2004/003447

- 3- (4- met hoxy- phenyl ) - 7- phenyl 231 no- 3, 4- 25
di hydro 1H-pyrimdo[4 5-d] pyrl' di n-2-one Chiral |

‘ F%rtlepg rr%t'c}l B lﬁuxfura }1? e}czzta anﬁl f@&é’id 89ue|ous 88’ans]u]1m sodium tartrate

scﬁut@m r?éhdm‘gymc layer was collected dried over sodium sulfate, filtered and
ﬂrﬁtez ahd Wﬂeﬁﬂh@@a 1ﬁ1fga'd%]9 Aq%kfog%%hg:oﬂq[s 1c§ gg]cgﬂlmn with

rimdin-2-one

a{ipPaYo siad aeﬂéf@cw b@éﬁn&@ gigdient.nlhe lzgam’—fhafq Qhﬁm@qé fppthat
péifikakiBn s G diQOBRE M @i&ﬁlo‘%@ﬂnb‘&hﬁ@(%@nﬂj—ﬁnd t'h@ﬁ solution was

oLl ey Binits oL 45 & Sadrmgan| DRoRB st 0 °C.

Thiswas sdlehat dyanttopwie Mditor ofis 2080 p&@%fn@ &99)'1515ene solutlon (570 pL,
ggg{éqg P219 9141/ QQ}S %e rea %nsﬁ%)d utl'r%n W?%glr(r)ed zﬁ? e° ? ngﬂutg? and at

Mayer’” was “adj ust e Vi a
s tenywditun foy dhoxr d@d theh gattitipaed betveegn letthsCEtdﬁeand water. The

%Jra]llu%%y@{jwaéjcdlﬁgtea chrliedstﬂz‘éf m&ﬂ'sﬁﬁé&é ﬁltegéci Jrﬁf c%glcéﬂfilted The

centrated the crude produ Puri f
dyp wag pugied g ﬁﬁ?atQﬂﬁ%RhYé%“o?g?ﬂé&?tﬁy ‘Ei%‘ilfﬁg vatloa 0 i@%%hyl
@Jeth‘.fel: inAeRhAds@radiette XEEatel @ efiate QOIS buARYAH R Ws@ksbRed in

TSR] S0 S Sl s BB
{ctd (750K, 33Rmg, 1-433ntipthr (Akdridty stinpd oterhighBar dipareitibned/bgdieen ethyl

%)Cﬁ}e/aﬁ%/?nd ns|aturag¢d fqae%us é)roéasTEﬁn carbonaéfos[oglutg)n 4 The orﬁgllndc laycg was
ollectad, Chmdmvmscsblumdulf tyj fdteded R qogcergBHy tOI-Hkﬂdrrtszdue This

Fegfélﬁg 8%25115&%@212%5@%9 el[gglﬁm)J(Alcﬁ?t%) ?le@Qurrch%{g%F for 16.5 hours. The
Bixgs: Wl thes sepleds apg puri ed by silica gel column chromatography withaO -

ﬁcﬁ)) di"etﬁ 1%{1{er ﬁutdhhexﬂ: étho givle @n?m@ye)) =10 [8-Yiehr bl dmethyl-
i’JR?YlPXb’ g a%fﬁy%& %%@W(R}I@IB- -Phenglamingr3y4-dihydro-1H-
pididoth - dipgrimidis @-vedhsian off-white solid. (Yield 152 mg, 68%).

HRMS m/z caled for CsgHzoNs03Si [M+H]': 546.2895. Found: 546.2901.

Example 27f

(+)-(1R,3R)-1-(3-Hydroxy-cyclopentyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

o
Chiral /©/
O
>
HN N N /ko

o}

" HO

(-)-(1R,3R)-1-[3-(tert-Butyl-dimethyl-silanyloxy)-cyclopentyl]-3-(4-methoxy-
phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (148 mg, 0.27
mmol) (from Example 27e supra) was dissolved at 0 °C in a 25% trifluoroacetic acid in
dichloromethane solution (5 mL) that contained water (300 puL). After stirring for 30

minutes the reaction mixture was partitioned between ethyl acetate and 0.5 N aqueous
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15 di chl oronet hane (3.5 nL, dried over nolecul ar
sieves). Imdazole (0.25 g, 3.66 mml) (Al drich) was

w@daeasosthen all had di ssol ved, tert-butyl di pheCl/ERI0DY003447

chloride (0.69 nL, 2.63 mml) glAI drich) was added
dropvvi se and the nixture was stfrred at room

;

CPH egl d%}?ﬁl]e Ofdhc?dq ; 8E&1%ra§18 L{%‘fa { Hstgﬁé)t i‘% 2 NS atdﬁmon of
seidesodiva hydnedtider iThe orghnicdayenwas tkmfvpﬂe@@é dgigd iowen spdium sulfate,
ﬂ{&feﬁﬁﬁﬁ chihdeh@hed t@%gfe fem?aaé Isl%niﬁét p?ﬂfﬂcaﬂl&%g( 8licdl column

r ormt ogr a(g) )(/)
chnemesogsan 00% ethyl acetate in hexanes to 0 - 40% tetrahydrofuran in
é r&e{at Ec’h@ﬁ'tt ﬁbuodedabye BpteciitaBY bexy)diEnbdm&hakivith excess

Btate ebras o) IR0 Ry y&yéﬁﬁr«?ﬁ?ﬁ Qe Sk Phenyl)-7-

pRénybdnyialo o, 4rdilty dro-1El- pyrival dodd 8- d] p e iztin AR die @quedtessolid. (Yield
dlugéoh droxide (1.0 N, 3.0 nL, 3.00 mol ) at 25 42
nlg The reaction was concentrated. The
resi due was partitioned between ethyl acetate and

WRMS menenledtion CoitbsNy@+ IMAHN: 432180305 Royadotdai 2085

acid. The organic phase was washed with brine, dried
RS (KBRY LY Qs MO H (FGER f-ab 635 IM.t ered and

concentrated. Purification by flash chronmatography
iBI otﬁgg 40M 20:80 ethyl acetate - hexanes) gave

I rt-butyl -di phenyl -si | anyl oxy)-butyric acid.
(Yield 0.63 g, 69.9% . WO 2004/ 089955

BT B -ER20BYyD Oyl - sildtyl o) dnapyrec R8b
(R -tert-Butyl-(2- isocyanato-

| - met hyl - et hoxy) - di phenyl - “ e Si Chiral O

(R -3-(tert-Butyl -di phen I- yl oxy)-butyric acid
(0.81 g, 2.25 mol) (fr anmie,28a supra) was

di ssol ved i n dichl oronet harg; (8 ni, dr| ed over
nol ecul ar sieves). Trie ne ¢0.63 nL, 4.52 mmol)
LA

(Al drich) was added and re ul ting solution was
cooled in an ice - vvater ylokchl or of or mat e
(0.26 nmL, 2.72 mmol) (Al drlch) was then added
dropwi se and the m xture was stirred in the cold for

50 Mathuytl éB)-(-FHehydrasyhuwsyrate (R0 ge2-ahsnmpl) (Alddichy was dissolved in
gcglogb&@alang 3;515@ QR4 B@ﬁ%&@@%@g L9 b1 (MV@S /3.6 mmol)

rrne organi ¢ pnase

Cblairigh wer e, WHERIal bol g Saphieeh G R RHR ISRy e N 69 L,
Q%@%ﬁ@g'(ﬁlcﬁmﬁb wasladiedydopwiee anld e infikcireRdl atreddt¥66n

A SR DO O
didhibrogleihandfwshedstvith miatg (2it) anddminet driglervat emleydious shGium
lﬁlgal%t %t'fteredh %gﬁﬁ&%ﬁ%&d“%&#&&%ﬂﬁsh 'Ehﬁdngﬂ V\grr ﬁﬁ’i‘é{é@é‘ﬁ&e 40M,
a9 ethybeestaternheraseq) rga*sm(IR)ai Eertfbiuityl etiphenghsilanyloxy)-butyric acid
methyl ester. (Yield 0.85 g, 91.2%).

" The protected ester (0.84 g, 2.36 mmol) was dissolved in 3:1 tetrahydrofuran -
methanol and treated with aqueous sodium hydroxide (1.0 N, 3.0 mL, 3.00 mmol) at ~
42 °C overnight. The reaction was concentrated. The residue was partitioned between
ethyl acetate and water and acidified with 1 N aqueous hydrochloric acid. The organic
phase was washed with brine, dried over anhydrous sodium sulfate, filtered and
concentrated. Purification by flash chromatography (Biotage 40M, 20:80 ethyl acetate -
hexanes) gave (R)-3-(tert-butyl-diphenyl-silanyloxy)-butyric acid. (Yield 0.63 g, 69.9%).
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concentrated to give
(R)-3-(tert-butyl-diphenyl -silanyl oxy)-butyryl azide.

wahdiog/ogmsxle azi de was di ssolved in tol uene (6PEILEPRNG003447

heated in an oil bath at 120 C__Vigorous nitrogen gas
evol ution quickly resulted yiefding the desired

R) -ter Bbutyl (2-isocyanat o-
E—M—X et hoxy) - di phenyl -sil ane by the Curtius
rearrangenent. This material was used 20 as is in the

(R)xterisBetyl-(ExadyphatoZBmetlig)-ethoxy)-diphenyl-silane
[2-(tert-Butyl -di phenyl -sil anyl oxy) - propyl ]
- 7-chl or o- 3- (4- met hoxy- pheny 3, 4-
di hydro-1 H pyrimdo [4, 5-d] «@ di n-2-one Chiral O.
/G NNO-~S W 2004/ 0@9 PETAEP2004/ 003447 -76
(7)-tert-Butyl-(2-isocyan No- met hyl - et hoxy) - di phenyl
-silane (generated in si f/rlqm .81 9, 2.25 nmol of
(R -3-(tert-butyl -di phenyt~si’| anyl dry) - butyric acid)
(from Exanple 28b supra) in hot toluene (6 nL) was

ALt B o NS AR o

Excanple 884 ghipsaiprasissalvied & dhlaranoethewes Shohidstedaven molegular
§19&es>4 Srﬁ@tﬂﬁsﬁﬁleqo %3&1@9@ $ARhRY tA‘?drﬁ&Q ok SARLS éHdJﬂh@ réﬂﬂmg

concentrated o gl ve t e |nterms I.ate urea.

Satien wabiopied in A dgnyrieRatl eEthghehderefarmate @7 %rnﬁi_% 72 mmol)
@ﬂdrl@l@ﬁkl&dhérﬂacﬁiéd dr&®wise Q{d e nhigture wR9aS& Hthe cold for 50

R i ot g A B P e LA Pyt washed

withrwagel aind brine. Thé drganic phasenwvasutrees oa*aﬂarﬂxydtdtsrsoﬂimm sulfate,
Hﬁérlg%l Va3 Cﬁlﬁcggt\f%gd & Vg' He" 15#e?1%e&1g{ét1hﬁc}ejﬁ? ? %n ot her 5
m nut es. e re

ure was hrough a
bed of silica gel and eluted with ethyl acet ate.

Pur | The it¢rarediafymied snhydnidsiiasstissalyry | Bietngdd mlgwnd treated
wiAwl soﬁﬁﬁha)tf §‘0d1u1@1%ﬁ13?§ 44 gag 176 Hm d12 CATdriéR/0 At dd¥etirring at room

acetate] avet e desire |nterrE|ate nt am_nated
(T an 00 i uiey i Teaction s with dichforprgethane and water.

wuf bfdafild pli?s@twwSe«Ea@Hed)&tﬂ brme,sirﬁdtSﬁal meghdsimnanﬂfader @ltéred and
tetra I ura n
pecsaen e B Lt g g TS T B Bt this orace

Pridé tvhcdissobrrd {Btobt g €6 zﬂrﬂl\)landthayﬂed acet ai bath ahé2@f@sVigorous

glao%[eﬁ 2 %r%ﬁltﬁonég%%ﬂltea%ge?@ esqﬂ\gﬁa'ed é}ﬁ)teﬂt butyl-(2-isocyanato-

1 Tnethylosthog) (dzphp@yh@ pe ﬁ@hﬁﬂh}rtmg reprrangement. This material was used

lelgylg{}grje%@égl m do[ 4, 5-d] pyri m din-2-one. (Yield 0.78
g, .

Example 28¢

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

Chiral /@/0\
N7 N
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20 Exanple 28d (R
-1- (2- Hydr oxy- propyl) - 3- (4- met hoxy- phenyl ) - 7- phenyl am

waae®@/0499d5 hydro- | H pyrimdo [4,5-d] pyrim di nPCTER2004/003447

Chiral / 1 O N\ \ HNNNO1ly OH (R-1- [2-
(tert-ButyI di phenyl -si | anyl oxf% “propyl ]

- 7- h

e RS ot b T stdesthos) imhsy il (esnspated i situ
(@n70.8 g, Z-_Zﬂ.ﬁn’ﬂdifmifIRX B+ Cemt- blEyhdpﬁlen)ﬂ&ﬂasyd@xﬁ)bum acid) (from
ERIREROAD ) AN et edBL Moy d e wiEBL 4 ich b fHmidin-5-
whorethydld#-innethoxyphommarsing €457 &r2€02 mhwl) (feogn amnp,lasld supra). The
E(Sl\c.}hHﬁ ke Hea}%ct i 1Bexenssss Iﬁlﬁﬁit%"c{?ﬁrtﬁéﬁ %Hled’\ﬁwsroghrc’&ﬁfpg{aﬂure and

the residue was dissolved in ethyl acetate,
feRtcatatedite sivs the intrmediafsi@eadr i ed over anhydrous
sodium 30 sulfate, filtered and concentrated.

Pur i flh&aireOwaddissolvad fn @ﬂi}@lﬂ@lﬁﬁ@‘t&ﬂpﬂﬂoﬁl&m&ﬂlﬁw@ﬁd cooled in an

e LAPET RO AP I S RBAT oL By 2 DA g .15 mL, 2.15 manol)

28104ich B o 96kl deC T G 80 RO Bk Tre wag Ftirred in the cold for 15 minutes and

n th g’éﬁl WE%II‘QIQS | YL OFNTRIEBRYY Anottier 5 minutes. The reaction
PSP o BBt anl cupihle P04

s 1o iy Forb [ b off i ek teconith et egetit. Baification

\{ﬂgs’h c(h@)ma{o?}aphy éBlotage 40M, ethyl acetate hexanes radlent [20 40% ethyl
(2tert- Pen -S|Iany OXY- prolal % met
ég@&tﬁ AR ‘511e e31red intermediate, contaminated with the uncychzed urea
plrefédaaeno- 3, 4-di hydro-I H pyri m do[ 4, 5-d] pyri m di n- 2-

one was di ssolved in 5 anhydrous tetrahydrofuran (7

d ed b
) A o AT A o o
and tiehteB agdin atith4BtGsiowetert ytoxide The mIe ddPingmoljiax
%ﬁﬁggﬁ%e@g(g%@%@%%\gl Qﬁetﬁt@s 'hg)'cﬁ%eg %ﬁféhi/% . 4@"/@&?121' acetate) gave

er and

OR:d d 2vizest-brtybdipbeeyl-sanylermoum o8 7 iplorerd £4am_ethoxy phenyl) -3,4-
Hitlylaes-ad- Eﬁ@mm 3 Afllin-BhéneC(VEE] OR8 e/ d5a06)\as
pury:afl ed fl ag}gta‘c])ﬁﬁ}ronat ograéhy ( Bi ogage 4%?/[
0: 20, et yI acetate - hexanes) and crystallized from

le Z8detate - hexanes to gi ve
(R -(-)-1-(2-hydroxy-propyl)-3-(4-net hoxy- phenyl)-7-
IR pdy(2efydroxd propyi ) F-(#-ondthbxyyplienyll - ph&rytiopino 5d-dibyd - 1H-

AP aa R el Ty G O3oaNB03 (MM 4

406. 1874. Found: 406.1878. 15 ﬁoe 29a (+) - (1

S, 4R) -4- (tent-B utyl - det hyl anyl oxy)
-cycl opent - 2- enol N X N

HN N

.(R)-1-[2-(tert-Butyl-diphenyl-silanyloxy)-propyl]-7-chloro-3-(4-methoxy-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (0.71 g, 1.15 mmol) (from
Example 28c¢ supra) was combined with aniline (1.00 mL, 10.97 mmol) (Aldrich) and
heated in an oil bath at 110 °C for 75 minutes. Upon cooling to room temperature, the
residue was triturated with hexanes. The supernatant was discarded and the residue was
dissolved in ethyl acetate, washed with water and brine, dried over anhydrous sodium
sulfate, filtered and concentrated. Purification by flash chromatography (Biotage 40M,
ethyl acetate - hexanes gradient [20-40% ethyl acetate]) gave the intermediate (R)-1-(2-



OH Chiral To a solution of
(1R, 4S) - 4- acet oxy-2-cycl openten-1-ol (1.0 g, 7.03

worokpsFs uka) and im dazole (960 ng, 14.06 nP@I/EP2004/003447

10

15

20

25

(Aldrich) in tetrahydrofuran (_G%rrL at 0 Cwas 20
added tert-butyl di nethylsilyl l'ori de (1 27 g, 8.44

Ay n%m%an?é% RS e RSt e bR alreingro o
gaydre-1EhpprimidaldSedi pptimidine: evat (ield 0. 7t 81.9%The
organi c |l ayer was collected, dried over sodium

sul f akp.- ztdekeﬁt&sil a‘gﬁerg% I;%GF 9.5% AL &3 h@rgﬁ) -7-
t
R BTN (T L Tk
8nH74dr353 e hydr@fidaih (B mh) Xhd It@?‘&ﬂ Mﬁﬂhecgtr ! svaah@idniuchRioride (1.0
i 0 ure i e
Mot te@he el s Y25, 52 erBRD c Ml L R AL FL Y overnighe.

(:'ﬂhle echctive mistule was caaukhiaited afid theardduadissobed de athylatcetdte and
g«ﬁars}gercrig xtﬁlg% sjgﬁeﬁ taH@Bnﬁ@STgé%ﬂgéfa@?nge wﬁisldlrfé? r(])gglj an%%j#ﬁ? sodlum
gu]@jf:,éﬂ’qerqdoa j apacgniyated Sheryude mater1a1 was purified by flash
ChRIrhatBstaphy FB %@X@MSBG N PPa- by Qie%&?égf I?d 9&1 ffom ethyl
col or | s ol 95% 004/0 9
pestEPBoTeDisRENG ()- érl @le%&%ﬁw 9@@? 4-meilexy- Pyl 7-

héﬁ}@ilhnﬁal$,xlld1ﬂ7di‘ﬁilm-y-|pyﬁmhcaﬂ¥ sm(p)rmﬁddﬁm@ﬁat A&l 026X, 58.9%).
?El{l g1’ 163 5¢! Ut on 0 .

S ’fglgoi‘ﬁ) 2 (19 butyl di met hyl - si | anyl oxy) - cycl ope
nt-2-enol 5 (1.43 6. 67 mml) (from Exanpl e 29a

M(Eéﬁdnwwadagd for CaltlaNy©s [M3ED 496.18783Foumdnd6.1878.
(Aldrich) in toluene (55 nL) was subjected to

@kﬁ&ﬂ?l}%ﬁi c pressure hydrogenation for 16.5 hours.
e

eaction m xture vvas then filtered, concentrated

éﬁ}@h%@gﬁé ﬁ%@fﬁl Yl-sﬂr%%&ﬁ?%’oﬁé&{;ggq el coI um
hexanes gradlent to give

(H)-(1R 3S)-3-(tert-butyl - thh}gl -silanyloxy) lo
Ol

cycl opentanol as a colorle (Yield 745 ngy, 61%.
Exanmple 29¢c (+) - (1 S,3 9) (3

- Azi do- cycl opentyl oxy) -tent -daen\ﬁiQ- di met hyl -sil ane N
N p

To a solution of (1R,4S)-4-acetoxy-2-cyclopenten-1-ol (1.0 g, 7.03 mmol) (Fluka)
and imidazole (960 mg, 14.06 mmol) (Aldrich) in tetrahydrofuran (65 mL) at 0 °C was
added fert-butyldimethylsilyl chloride (1.27 g, 8.44 mmol) (Aldrich). The mixture was
allowed to warm slowly to room temperature, stirred overnight and then partitioned
between ethyl acetate and water. The organic layer was collected, dried over sodium
sulfate, filtered and concentrated to a residue that was dissolved in methanol
(approximately 45 mL). To this solution was added potassium carbonate (1.17 g, 8.44
mmol) and the mixture stirred overnight. The reaction mixture was then partitioned
between ethyl acetate and water. The organic layer was collected, dried over sodium
sulfate, filtered and concentrated to a residue that was purified by silica gel column
chromatography with a 0 - 30% diethyl ether in hexanes gradient to give (+)-(1S,4R)-4-
(tert-butyl-dimethyl-silanyloxy)-cyclopent-2-enol as a colorless oil. (Yield 1.43 g, 95%).



N Chiral To a O C sol ution of
(+)-(1R 3S)-3-(tert-butyl-dinmethyl -sil anyl oxy)-cycl ope

woe@nog99515 (745 nmg, 3.44 mmol) (from Exanpl e PODEP2004/003447
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supra) and triphenyl phosphine_& .17 g, 4.47 mmol)
(Al drich) in anhydrous tetrahydrofuran (60 nL) was

qggggle w se di ethyl azodicarboxylate (710 L, 780

ngr—é?g;ﬁﬁnnl) (Aldrich). After 2 to 3 minutes

followed a dropw se addition of di phenyl phosphoryl

d#4) d &RBE5B- (kert-Bupyd-dimethyhsilamyioky)-¢ualogeni@nyl  The

m xture was allowed to warmup slowy to.room

tenperature stirred overni ghttand 20 then partitioned

bet ween et hyl acetate and r¢irfhe organi c | ayer was

coll ected, dried over sodi sul fate, filtered,
concentrated and the resultingg/esi due was

chr omat ogr aphed on a silica geIVﬁ%Iunn with a 0 - 20%
diethyl ether in hexanes gradient to give :
(+)-(1S,39)-(3-azi do-cycl opentyl oxy)-tert-butyl-di meth

yl - sif %@1‘7&’50%(*'&dlléﬁﬂéféls(teﬁ'bqt}’i/'d}mf lesignBemy Ingyclopeng-2-enol
(223 HRVE7 Wrgolf afr66h Bxampld Ad423NaPehd W‘ﬂldﬁso%%:'caga%%pél.% g, 1.33
ound: 41hi613. VO % f§{0899 5 PCJ/ EP2004/ 003447

B0 11'2%u6(n_e)(_ ’)gs@)s syl _)ecttgd to atmospheric pressure
(szdfdgeﬁat}iqd ff’f' '[lﬁrﬁltHa»)alr& SJI_“He_aggdtiongﬂmiz)twpﬁﬁhyiﬂtamdnainﬁenuated toa

- 2- et sy ny:l-- r.m di ng-5- carboxylic,aci.d e

SE ag'r%o e, é‘i{ld %uylﬁe?\lﬁy si cas%e!_agur%n cglr%%ia%tgfagky 8\?&1 a 6 - %fl;% ethyl
(aeytateiis he®nes Sadient|ty giye(+0pdRi3p)-Gxidrs-beti-dimetplyl-sllamgloly) -

Yva1s b . 40: =) & T Exanpl e 29c

éﬁgﬁ % |nlg§ﬁgﬁgﬂ&?§§'ﬁg§ﬂggglgééggnglatinun1 oxi de

(55 ,.0.24 mmol) (Aldrich). The m xture was

Q?@Eggéﬁgted under 1 atnosphere of hydrogen overni ght .

The reaction mxture was then filtered, the solids

Ve €198S)h@dAxitlb eytlep iy dy)ofetirtartyl(dpRtigkisitaieel y 30 nl)
and the conbined filtrate was 10 concentrated to a
residue that was dissolved in gioxane (50 nL). To this
sol ution was added triethylanyne (970 L, 705 ng, 6.96
mmol ) (Al drich) and ethyl 4-ahl oro- 2-

N

met hyl t hi o- 5- pyri m di necarb |@te (594 ng, 2.55 nmol)
(Aldrich) and the m xture MEQy heated at reflux for 45

m nutes then cool ed and parti&%p d between et hyl

acetate and water. The organi & kayer was coll ected,

dried over sodiumsulfate, filtered and 15

concentrated to a residue that was purified by

c hr offiata0@t@pdiyticam of(+9H(1iRe%S)-Gelterc-blutytrdimethyl-silanyloxy)-cyclopentanol

(745 mg, 3.44 mmol) (from Example 29b supra) and triphenyl phosphine (1.17 g, 4.47
mmol) (Aldrich) in anhydrous tetrahydrofuran (60 mL) was added dropwise diethyl
azodicarboxylate (710 pL, 780 mg, 4.47 mmol) (Aldrich). After 2 to 3 minutes followed a
dropwise addition of diphenylphosphoryl azide (950 pL, 1.23 g, 4.47 mmol) (Aldrich).
The mixture was allowed to warm up slowly to room temperature stirred overnight and
then partitioned between ethyl acetate and water. The organic layer was collected, dried
over sodium sulfate, filtered, concentrated and the resulting residue was
chromatographed on a silica gel column with a 0 - 20% diethyl ether in hexanes gradient
to give (+)-(1S,3S)-(3-azido-cyclopentyloxy)-tert-butyl-dimethyl-silane as a colorless
liquid. (Yield 589 mg, 70%).

HRMS m/z calcd for C;HasN30S8i [M]™: 241.1610. Found: 241.1613.
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with a 0 - 20%ethyl acetate in hexanes gradient to
give (-)-(1S,39)-4-[3-(tert-butyl -

wdizomtisydsssi | anyl oxy) - cycl opent yl ami no] PCT/EP2004/003447

- 2- et hyl sul fanyl - pyri m di ne- 5- gar boxylic acid ethyl
ester as a col orl ess viscous 6i (Yield 910 ng, 95%.
ERMS E62§ical cd for CL9H33N3(BSSi [ M+H] +: 412. 2085.
2.2088. 20 Exanple 29e (-)-(1S,3S5)-4- [3-(
tent - Butyl - di met hyl - si | anyl oxy) - cycl opent yl am no]
(9= (rléﬁﬁws[m(mwutyl dimethildiiheyloxy)egrclopahtykmide] -Shiethylsulfanyl-

P nl}l(h'ne Mi?,lp&c%eﬂg@g ol ution of

1S 3S 3-(tert utyI di met hyl - si | anyl oxy) 25
cycl opent yl am no]
- 2- et hyl sul fanyl - pyri mi & a.r\onyI ic acid ethyl
ester (910 ng, WO 2004/ 089\9 P2004/ 003447 -80
2.21 mmol) (from Exanpl €s lwpra) in tetrahydrofuran -

hydri de (250 ng, 6.63 mmol) ( [ The reaction
m xture was allowed to slowy to room
tenperature. After stirring overni gh the reaction
m xture was poured in portions into a vigorously

stir I f. 1 & : i
e e i
dAp 4|p Mg@m Exmele 2eesupar)iie gthapel (38 gk Liias added platinum
ts%ué a559mg 0. 14 aned) (adgan@lo)n q&i@tﬂt'ilﬁhﬁ‘g wfaglé)?drfﬁ ragkd Ltnfh&er pas
en I N 1.C et nane |
SRl o AL e T e R Faistre b hep hilisgeds the solids
ward Washéd with d:dft)ahzmnbfnﬂaa (approxineateln 30 aili) rahddhé)t/cﬁﬁ]blhgdh ﬁltrate was

%mf Jhytra& ¥ Xvir’le%ldug ltlll:;t oS glsséll)?ed 1%%5}%1% \(\ﬁf %IL?B'% fhls solut1on was

ur an a
@@i@tnetb)’]@rrgm L&y@% Mo %@/mlhf/’édmﬂ@ amdretlayl dtrdloro-2-

t’ﬁﬁﬁS@ﬁﬁhﬁHﬁgcaWoﬁMtQ (@49}% Q@EYmm%ﬂ (%l&ﬁéﬂ) GAd 98! mixture was

- 50%.di et hyl” &t her "I'n hexanes
E flﬂlp%fO@ Ay gm(lutf:s %}@g cg d apd partitioned between ethyl acetate and

{Nateft 'Ehéo g bihiy flayeh wedébmlectsd |cﬁfé1¢1|o%ﬁ@odﬁﬂﬁ kﬂ&@@tﬂrﬂeﬁe@aﬁq]

b d
e %iﬁ“%f%@ﬁl& Ut W B R SR ey ol gebcolum
withad) {2006 &hyHRz OfNGGR Siskarfebgtddient B6gvd 8231S PFS))JM?) -(tert-butyl-

%Q%%tﬁﬁ%ﬁal O e ST P e S cwboric i

ethy %temmmlyrgh@ngqgs.oﬂ (Y1e1 910 mg, 95%).
met hyl sul f anyl - 3, 4-di hydro-| H pyri m do [4, 5-d]

PIRINIS 4 i foP e, HNiN@D,SSi [M-+H]™: 412.2085. Found: 412.2088.

(55 nL) at 0 C was added in %IOHS ['ithium al um num
r

Example 29¢

‘ (-)-(15,35)-4-[3-(tert-Butyl-dimethyl-silanyloxy)-cyclopentylamino] -2-methylsulfanyl-

pyrimidine-5-carbaldehyde

Chiral

N' =
o
NP "

Sy

To a solution of (-)—(18,38)-4—[3—(tert-butyl—diméthyl—silanyloxy)—
cyclopentylamino]-2-methylsulfanyl-pyrimidine-5-carboxylic acid ethyl ester (910 mg,
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N\ N SSNN.~0 o S\,+ A mxture of
(-)-(1S,39)-4-[3-(tert-butyl -di net hyl -sil anyl oxy) -cycl

wopentogdasi nol - 20 PCT/EP2004/003447

2- met hyl sul f anyl - pyri m di ne- 5- g@r bal dehyde (596 ng,
1.62 rmol) (from Exanpl e 29e pra), p-anisidine (210
(Aldrich) and a catal ytic_anpunt

231 ronald (F ooriaipls 29 hes) y EneaalioBg g TR df § S added in
%&%oh?ﬁﬂﬁﬁn%lutﬁﬁﬁh&% diﬁier(gs@n@e@&% meh&l) KAIAPiRRY. a’!‘hbsreﬁc@fon

hours. . The m{i e was then cool ed and % tltlon
B‘&FV\Ee‘ﬁaS allowed ol RVL e mP tRoam tempsrabiga léagovermght
thieSeaztibh egikcate was p@dedmepoﬁmds i 3Nig‘o&tusly s1’15reﬁ|rhixarre of ethyl

d
%Cﬁﬁa e on&: LR L%I‘élfefla ue(:]or Sgagiihgg% nl;E ar'tr%% S{)¥ glogl I‘Thte 0 o%amc layer was
¢di]acted,sskwdtcerdr mglm@@llf%@ filergl @d C"mp@tmgi tiocd sobidelaiaties then
i %]?@qqh chmbﬁoﬁ’letﬂa% LTSRN ’Pﬁ‘t FBI&Y&{ %éf‘neﬁ%anese dioxide

ortions orms

(siu P2eaed 1t @@pe\ﬁﬁ&drwa? M‘ﬁﬁletfﬁﬂ‘gé f¥fag étﬁé?—.df aepight. Akhegpurry was
ﬁ&értédl Itﬁgsc?fdg wategdaashte@wllthrt@tam;ﬂdﬁafufurpqtapmmfa@cemgem dhd the
portions to or ous irred ,mxture o

GedbingLomanic i es danrapath dhsausSdphab Ry ttromatography
bma kiliad @1 solhmin with a The084 diathiyCethayiarhewmses geadidne ¢d gigte (-)-(15,3S5)-
BN G RN BB b B S R e
P@a‘#oilézbﬁib/@@waus colarldsyoib hYaetd b mgpheoni t h a silica
gel colum using .a 0 - 30%ethyl acetate .in hexanes

gm@s M e éﬂqm%r e@@ﬂmgozéslqmﬁ@s@susjal %hh&rzsmgzs

I ssol ved 1 n di chloronet hane
sol uti on_was added tri et hylam ne (910. tL O 66 g,
(Aldrich) and the mxture was cooled to O
C Fol |l oned a dropwi se addition of a 20% phosgene in

Cpl(UERE)-b [l By dﬁﬂéﬂh}ﬂ-sﬂin)ﬂaxyr)mytl))pc(rﬁylwaocl méfttoay-phenyl)-7-
Sti,ryi r nyt,e r oom
PSW&PE%H{J%’%%%Y%O&!{—I %’r% 4 %? ? ’%’a‘ | “oned

bet ween et hyl acetate and water. Th§ or ganl c layer
was col |l ected, dried ov&ks sodiu ate, filtered and

concentrated to a resid pur|f| ed by
chromat ogr aphy on a silidh L*ejzralco' um with 0 - 30%
ethyl acetate in hexangs '@bra’i}ll t to give
(-)-(1S,395)-1-[3-(tert-butyl nmet hyl - si | anyl oxy) | o
cycl opentyl ] /

- 3- (4- met hoxy- phenyl ) - 7- met hyl SU{anyl - 3, 4- di hydro- | H
pyrimdo [4,5- d]pyrimdin-2-one as an off-white foany

solid. (Yield 620 ng) 7699 . HRVB nfz calcd for
C25HB GNATBSST (-)1(hFPS):-4- mitezztstwyl dtioethy]-sBowl@gEgyclopentylamino]-

%WI%I%%?I g )mfd:l—x% 3hibhatdehyde 596 m 1.62 mmol (from Example 29¢
tert-But

s@n(mpﬁﬁtsrfbw ' nﬁ%@% : 1y70 g %ﬁgél ‘Eﬁ% 4o & 6@131%@ BnRyatLr-1
FlRHebulfdee ddd Brodb-HMedte(2h Mg PrAl@AEh) was heated at reflux using a Dean
Stark apparatus for 16 hours. The mixture was then cooled and partitioned between
ethyl acetate and water. The organic layer was collected, dried over sodium sulfate,
filtered and concentrated. The residue was dissolved in anhydrous tetrahydrofuran (60
mL) and the solution that resulted was cooled to 0 °C. This was followed by the addition
of lithium aluminum hydride (184 mg, 4.87 mmol) in portions and the slurry formed
was allowed to slowly warm up to room temperature. After stirring overnight the
reaction mixture was added in portions to a vigorously stirred mixture of ethyl acetate
and saturated aqueous potassium sodium tartrate solution. The organic layer was

collected, dried over sodium sulfate, filtered, concentrated and the residue was purified
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Chiral O~ HNI ~ NNKIO/ I A solution of
(-)-(1S,395)-1-[3-(tert-butyl -di net hyl -sil anyl oxy) -cycl

WO p@angd9ss 3- (4- PCT/EP2004/003447

nmet hoxy- phenyl ) - 7- net hylsulfan¥ -3,4-di hydro-1 Hpyrim
do [4,5-d] pyrimdin-2-one ng, 1.22 rmol) (from

bY e Sealt B e e 68 %ﬁ%ﬁ%@%ﬁe o} o besigic g hexanes
pydiedt.SEhepwidnci bmirthis Ipprlﬁééﬁoamastdmso]va@ in ch\zhalpmxghhane (50 mL).
&h ?hﬁ‘s{ﬂthS v}%%&’e%rt ﬁhgﬁ%ﬁﬂe b‘}‘@g Egh %S&Z‘E&ﬁiﬁi@ﬂ) and the

sat ura SSlL um ca

oHEnG v @ptqd o Giellevrea drapwieghdgitém @f@om%rphosgene in toluene
Mhtl&t @67ofuL L %&%@lm@nctr«maﬁ A @ﬁﬁﬂl félr 2 Bfthids tthﬁftc MAP1 hour at

di ssolved in ltne (7 nm) (AdricC This sol ution
Fofm Lo thegeaction SRXHITA b EafPH@HeCEWé%P %tﬁtt acetate and water.

The afgahta;gmp hesl cdﬂetcﬁdainealfnm tdcﬁ@ngalfat@ ofilteied ated dighcéntbated to a
rint ue e ent t

fes§ u(sf tg\g)s %}Lm% %‘BY f]éﬁf’fn Sﬁl ge]sfcrcigﬂ% %9 - 30% ethyl
acyatk opleaxhyés|gradieftdo rgB/tet(eMAS@ISMy I3}(ter7-bptyé~rdyﬂnathiyhsﬂanyloxy)-

O e b SR By O ity
flinyriozdismgrmersin piitHlite foamp solt ledzéézfamgswmoz VO
2004/ 089955 PCT/ EP2004/ 003447 -82- Exanpl e 29h

h
o 5 s s pclmon s g, o

Xr&l |9n20ne Chiral]j ~N\ HN NNOHS
@—3-%%—9, S)-1-

[3 (t ert-Butyl -di net hyl -si | anyl oxy) - cycl opent yl ]
(18,36p1 Hoxyert-Butyl-dimethyl-silanyloxy)-cyclopentyl]-3-(4-methoxy-phenyl)-7-

BHS{%A&“‘% dne'{\{@g‘g"ﬂf)pﬁﬁg@ Lp?rml S)ijuﬂ; r o[%l g%ﬁeSZS]gpy

supra) was dissolved in a 25%trifl|ugroacetic acid in

di chl or omet hane sol uti o5 i) water (300 L) at O
C. After stirring for SON’E’W e mxture was
partitioned between ethyll e and 1 N aqueous

was adjusted to 12 via e a t|on of solid sodium
hydr oxi de. The organic er S r£oflected, dried over
sodiumsulfate, filtered and cOnéntrated to a

resi due that was purified by chromatography with a

silica colum and a 0 - 100 ethﬁ acetate in
hexades r@n@f( JA0S36 A r[GHyatt-bek-diméthyledlagylogoetyslopentyl] -3-(4-

methoxy-phenyl)-7-methylsulfanyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one

sodi um to hydroxi de an fth% pH t he aqueous | ayer

(610 mg, 1.22 mmol) (from Example 29f supra) in dichloromethane (50 mL) was treated
with 3-chloroperoxybenzoic acid (75%, 590 mg, 2.56 mmol) (Aldrich). After stirring
overnight the mixture was partitioned between ethyl acetate and saturated aqueous
potassium carbonate solution. The organic layer was collected, dried over sodium
sulfate, filtered and concentrated to a solid that was dissolved in aniline (7 mL) (Aldrich).
This solution was stirred at 95 °C for 6 hours then cooled and chromatographed with a
silica gel column using a 0 - 20% diethyl ether in toluene gradient to give (-)-(15,3S)-1-
[3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-3-(4-methoxy-phenyl)-7-phenylamino-
3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one as a white solid. (Yield 450 mg, 68%).

HRMS m/z calculated for CagH3oNs0s5i [M+H]": 546.2895. Found: 546.2902.
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gradient to give
(-)-(1S, 3S)-1-(3-hydroxy-cycl opentyl)-3-(4-net hoxy- phe

W@00)089935 PCT/EP2004/003447

phenyl am no- 3, 4-di hydro-| H pyri g1 do[ 4, 5-d] pyri m di n- 2-
one as a white solid. (Yield §7 ng, 86%. HRVE m z

gal cd1 f;gh C24H25N503 [ M+H] +: 432. 2030. Found:
Exanpl e 30 3-

[-3-(4- I\/Ethoxy-phen | ') - 2- oxo- 7- phenyl am no- 3, 4-di hydro
{(HLEp6)- ﬂn(dd{mrosy-csz@omnt;@ym(mmemog-phgnyl)pfwmﬁammtes 4-

dedﬂ?gf?gwﬁ{g@yél ghqgﬁ%%ﬁ%ﬁlgio&gl gthleﬁgl gtn no- 3, 4-di hyd

ro- 1H pyrimdo[4,5-d]pyrimdin-21- proplonltrlle
(60 ng, 0.15 nmol) (froeExanpl supra) in

di met hyl sul foxi de (2 WL)N§I0 was added 1.0 N
aqueous sodi um hydr oxi Wgtion (0.42 nL, 0.42
nmol ) foll owed by 35%a ueous h ydr ogen peroxi de (0.35
m.) WO 2004/ 089955 PCT 0047903447 -83 (Fisher).
The reaction m xture ti d at 0 Cfor 2 hours
and then at room tenperature o%érnight. The reaction
was diluted with ethyl acetate (50 nlL) and washed

Wi t h()at 8BSY-3-[3- (2Bl dﬁﬁ@chﬁéﬁ%i?ﬂ@xﬁﬁ&&ﬁ{ogﬁ%@ls \(l)%lghﬁféthoxy-
“%?W&@Pﬂfwfl%f@f%g e bR e S G abe 1445 mg, 082

proesl3 (fremt Exagiple2 3gvepf) enas dsscdvddiid a(2B% wrifluondticetic avdin
Bféqor{n%gth?}ﬁe Eaﬁ{léﬁif?}nllﬂ %1% {Ngt%r Ho%r[lﬂi A YRS A& sp }/rmg for 30

[m@ut(eaﬂmnmy s easritioned bstwedn gthisacetatd and- 3N 4quédvsdodium

y X g :alﬁg%’e 1&(14 af ’theda]gqm%ds%ﬂk Qab a/c()Y llltedpfd)f’% |5 g[@ £Rlith ¥ solid

@B‘u@f{y R fBuT i xgr g asicp i ch Aty BUtrpa s myelfyte, fitered
6hd £t centPhte € Qresﬁi‘de'fﬁl‘d wab ?uMiEJ‘M chromatogra hy with a silica gel

(b LS00 BRE T e oot s
gradesat avgive (A (@8,85)at-(3hgdrsy-cytlopaagipi3e( 4 HeBSxgphbnds 7-

enyiammo 3,4-dihydro-1H- pyr1m1do[4 5-d]pyrimidin-2-one as a white solid. (Yield
307 mg, 86%).

HRMS m/z calcd for CosHz5N503 [M+H]™: 432.2030. Found: 432.2036.

Example 30

3-[-3-(4-Methoxy-phenyl)-2-oxo-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-

SSeh
HN)NI\/N/IN\/LO

<

To the solution of 3-{-3-(4-methoxy-phenyl)-2-oxo-7-phenylamino-3,4-dihydro-

d]pyrimidin-1-yl]-propionamide

1H-pyrimido[4,5-d] pyrimidin-1-yl]-propionitrile (60 mg, 0.15 mmol) (from Example 26
supra) in dimethyl sulfoxide (2 mL) at 0 'C was added 1.0 N aqueous sodium hydroxide
solution (0.42 mL, 0.42 mmol) followed by 35% aqueous hydrogen peroxide (0.35 mL)



(Al drich) was added. \Wen all had dissol ved,
tert-butyldi phenylsilyl chloride (1.05 nL, 4.04 nmol)

wor®4agiess] dr opwi se and the mixture was stirr eRPCHEP2000MM3447
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tenperature for 4.5 15 hours. The reaction nmxture was
diluted with additional dichl o &het hane, washed wth

tsgr (%glgl and brine, dried over anhydrous sodi um
V@F §te [hF reacpR grixiae Wantaradaap g fof Pheirsianditheonathyom

ftbﬁh@Bra@lh’e QRain@gr AWhY rdaBii 4 RIS with by h¥te BURLRY Sad washed

(M SRRE T 9B The presninlexs anypeegibubsiag (0gakkend dried over
rmﬂllyujtﬂoue sddinm sgifate] filteted Ang cof@nied ublder reduby pR&UES to give the

(SR Ea 7 BTyt e B St fommbppess eyt aceat

- &g lgéf@@s[ éddtmﬁhhly}dpbw}’b)eHOxON phenglandino-6,88ihydrd-) H-@trimido[4,5-

;@Fﬁlﬁi’cﬁ'ﬁfl‘ ﬁ!ltprop-mﬁalﬁ RRGL L g&y%ﬁﬁ Y1423, 3%8%9% )\'Iegt ed

er 17 hours. "The residu was partitione

| acetate and water and aci d|f| ed with 1 N aqueous
%ﬁé@&ﬁ—]@ri c acid. The organic phase was washed with
brine, dried over anhydrous sodium sulfate and

(Opdertrr-Bhigttdighienylf dilaafloon)-Hutydid &ash chr omat ogr aphy
(Biotage 40M 25 20:80 ethyl acetate - hexanes) gave

(S)-3-(tert-butyl-di phenyl -silanyl oxy)-butyric acid.
(Yield 0.89 g, 62.2%. WO 2089955
PCT/ EP2004/ 003447 -84- Exagphe 3%iw
(S)-tert-Butyl-(2-isocyanafo, "

| - met hyl - et hoxy) - di phenyl @ ape Chl ral O ~/ NCO
(S)-3-(tert-Butyl -di phenyl™=%i lanyl &ky) - butyrl c acid
(0.88 g, 2.51 mmol) (from 5 Exanple 3la supra) was

?T;) f:%élfgg sgl(gjﬁ %ﬂf@?ﬁﬁ?ﬁﬂfgzﬁs n%fh’o&%glf%g)t(%‘;{@nﬂg wasdisolved in
crbénrpetsihana $6 sl éae@ﬁwrtm@emmeyesag Imighizolei(©A9 gefs65 mmol)
QMHrEH) hls z@ﬂieHCWhenVﬂtlﬁH BRbRed, @rhﬁhg@&l}gﬁér@{ls‘ﬂ 1'8fiSride (é 05 mlL,

opw se

ri C
%‘%’é ”blwaé a&é@"@%pﬁs@ & lﬁefter&m?seefreé at rfﬁoe?mteé@erature for 4.5
Toerst Ghe treaatiommnrewwmﬂed Witk ddaibRalatdeilbiodi@hane, washed with

T WO T
?uhﬁeat@n }fyl flaske Cbrd)m@ogfaplqn@emtageaé%d, 326 ghyleactiar -Heusies) gave
S T RO Y .
sol uﬁ_l on of sodium azide (0 l)

(Al dithe methyAester (1338 174 gﬂfat)l)f“@é#tssqlﬁiﬂpl@r%t {strahydyofursn -

ik otlkr®$ (12 1HE) zirﬁﬁ@édtéﬁ‘witﬁ% qekioul b &HuM Hyar shigh! Oﬁowhﬁafﬂ 80 mmol)

a{%e%?g‘(}%é?lgﬁg o ! anl % rg ev%fe Fél\l}lacgptégtseg giq[er\,\ﬁ;hou?sf The residue

was partitioned between ethyl acetate and water and acidified with 1 N aqueous
hydrochloric acid. The organic phase was washed with brine, dried over anhydrous
sodium sulfate and concentrated. Purification by flash chromatography (Biotage 40M,
20:80 ethyl acetate - hexanes) gave (S)-3-(tert-butyl-diphenyl-silanyloxy)-butyric acid.
(Yield 0.89 g, 62.2%).
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concentrated and dried briefly under high vacuumto
give (S)-3-(tert-butyl-di phenyl - sil anyl oxy)-butyryl

W@200d8899Fhe crude azide was di ssol ved in tol ueP€r/Er20m)03447

and heated in an oil bath at 115 - 120 C for 70
m nutes. Vigorous nitrogen gas 8&vol uti on qui ckly
resulted. to give (S)-tert- 20

S i socyanat o- | - net hyl - et hoxy) - di phenyl - si | ane
by the Curtius rearrangenment. This material was used
08t femrButflu(2-hedyahatedit-mettyliethoxite dipheiyl ssileme - WO
2004/ 089955 PCT/ EP2004/ 003447 -85- Exanple 31 c
(S)-1- [2-(tert-Butyl-di phenykgsi | anyl oxy) - propyl ]
- 7- chl or o- 3- ( 4- met hoxy- phen 3, 4- di hydro-1
H pyrimdo [4,5-d] pyrinmdidosZ-of@¥Chiral / I O. NN
\ CILINNL 5 (9 -tert%‘;d- (2-isocyanato- 1
- met hyl - et hoxy) -di phenyl | Znenigenerated in situ
fromO0.88 g, 2.51 mol of ﬁ%&‘lo
(S)-3-(tert-butyl-di phenyl -sil anyl oxy)-butyric acid)

{realda (R TR} d?w?%t@ﬁ'a%@% P freehfiD dom
Edample3dx sypheriyas)dsspived (Iod ogomathme (r%ma{ reefdrqmr molecular
gé@ezg' ?né 1§h&ﬁl{@(b 71 0., 5.6 hHid] dpg\mﬁal)mtaaée@andl%g r&ulting

Ui es and then coo room t enper at ur.e
TlBtion WAEERlfdR i uW%teRABaéLpEPhY fhderofgrmate (h29 mL, 3.03 mmol)
Eﬂﬂﬁ@ﬁ} gﬂ{ a6y df@tvﬁieaeﬁﬂ thO M@l\g&% %%sé s%&féh”m ﬂt};ﬁ&o@d ﬁ}r 50 minutes.
xanes ive ur i,f i
R schpe mhetrere debves «uEoHdd Gor B iR o
tvater ahy driaé. uThmm(g?nnmiphalgzzm Ideidd iomeraamhiydwus sdiﬂluniul:fatehﬁltered
and tre toxide (1.0 Min
BB PSR SR b BRRRR Rl et DT o) The

m xture was 15 stirred in the cold for 15 m nutes and
t henThpéntpamddiate mixeskaphedridewassdipsolved i aestane{d@anl)fapd treated

aﬂthaadééldtio‘i’lrlﬁlso&uﬁi Mee@ 50 §NE. 5%51? CANRRhS.1 Ak&r s@i@rmg atroom

rou

torp TS s FHEHERGRE ?feﬁlh@@s dilyird Wik 9%8’(“&%“ and water.
T8X anesidihack ﬁiﬂiw;{sﬁ@d thh%ﬁ'ie adried ovac elagih @)dm galfae, filtered,

F%&@%lgrgtzed(a dr1e 1¥ﬁy under %ng)ﬁl va%{lllm%q:g lng)e( }@)-?-r( 9epl¥b11tyl7aff>ﬁenyl-

élmanyhndy)}kytypﬁamﬂh) -3, 4-di hydro-| H pyri m do[ 4, 5-d] pyrim
idin-2-one. (Yield 0.97 g, 20 59.4% . Exanple 31 d

S) il : - .
( ) PE og(ufe]a ide gv \} H%@;%&gﬁg?lg%én% 11_1%)’ ahn_ddheﬁteélrlg_an oil bath at 115

H
@g,(p | Qﬁﬁmyo[mmgt@] BRATP Y RITTQEEN gA§ € volution quickly resulted to give (S)-tert-
butyl-(2-isocyanato-1-methyl-ethoxy)-diphenyl-silane by the Curtius rearrangement.

This material was used without further treatment in the next step.



Chiral / I O-1 HN N N O OH WD 2004/ 089955
PCT/ EP2004/ 003447 -86 (S)-1- [2-

w@ e@nosBed yl - di phenyl - si | anyl oxy) - propyl ] PCT/EP2004/003447
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- 7-chl or o- 3- (4- et hoxy- phenyl ) -

3, 4-di hydro-1H pyri m do[ 4, 5-d] py??m di n-2-one (0.97 g,
1. 69, Jc (from Exanple 3lc supra) was conbined with
anri | | #[l ?FOO m., 10.97 mmol) (Al drich) and heated in
an ath at 110 C. After 75 mnutes, the reaction
i 699U - (8- g digbany -siwiiosy - -propeHai-vhlero-gi (Munettioxy-phenyl)-3.4-
etdiitydracE 3yeinand] 4%311%1%}1{32% er and brine. The
organi ¢ phase was dri'ed over anhydrous sodi um
sulfate, filtered and concentrat ed.__The crude

material was conbined wi tf materi /@ro\m anot her
experinment. The conbi ned | rified by flash

chr omat ogr aphy ( Bi ot age 4 acetate - hexanes
gradient [20 - 35% et hyI acet a@ d then
crystallized fromethyl acetateY: nes to give the
10 internedi ate 0.

et hoxy- phenyl ) - 7-
phenyl am no- 3, 4-di hydro-I| H pyri o[ 4, 5-d] pyri m di n- 2-
one. (Yield 0.70 g, 59.1% . The internedi ate

( S) 1462 %etrzeBEfyp '('ﬁ-:ﬂoc?anafbef%lxetﬁ)yl e%q(y}iy?)c(ﬂp}%n)glpy 1a e ?geglerated in situ

pﬁ@W?s)&g'& pRERyNalmitd)-3; (b wylddiphent silenydoxydbiniiccl) (from
r lE%hﬁ'lpIk'ﬂ'bQ a@ th B&t tBluede %Lm:! areé’ﬁ@f\gghs{éﬂl \éﬁac%loro%rlmMm 5-

dr o a r an . tr
B IS(é %%Fpﬂ atnéllegﬁw%&@f%ﬁﬂﬁﬁwlmf@mﬁxampkeadsupm) The
mmllu}lo(l Alad heal'bd ate2® *adeesh mnehitbdhd ﬁ)@@@&dlémtd?o?éw{e%tperature The
CBSIZ:ilt e]gtulrg anpogééﬁ@)r aﬁl?tghr%B o 50 ('\éergl ML 200
coo I'hg 1o Todm Pt fatogr ghe) ethyl acetate
coherames A eive tihere dstedneliates t hen taken up in et hyl
acetate and washed with water and brine. The organic

R i e

mat eri al “was purl
abrabgdroferands & Woo&qﬁgpgpece.- g}@ahaéggn rented with potassium tert-

c buﬁixﬁiel (12ed ih tamhedinthraaCet alre:1 rﬁﬁféﬁr(%?dnc TB@ ﬁg)l&%e was

nated Wit polar inpurit
fé‘ e‘ﬁﬁt %‘F F@g%\bﬁg RGeS AR t&ﬂ the é ay1gBIo8e cbsmrang continued
f fcumnauddtthmal 5 eredteo MTHndixtee s fikkled Z8Gub 15 9 rme@bm{hca gel and

a%lﬁlé tlji chg e}égta ( %.u]-lﬁc%] qBi%aéle 4(@% ftﬁ?{i % %ines gradlent (30

py%ﬁi%e@wl Fﬁﬁt@eﬂ]gpwﬁsh‘l1dﬁ2ﬂ(-t@ft-bnsflwdq:}&nmhsﬂaﬁylsﬁf)l—@mpyl -7-chloro-3-

(3 ) 24 s S B e o

¥874. Found: 406.1878. 1C50 (KDR) = 0.137 M | C50
(FGFR) = 0.612 M Exanpl e 32a

Example 31d

(S)-1-(2-tert-butyl -di phenyl - stY(oxy propyl)-3-(4-m

(8)-(+)-1-(2-Hydroxy-propyl)-3-(4-methoxy-phenyl)-7 ~phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one

Chiral OO\
N7
A~
HN N



cis-3,5-Bis-(tert-butyl -Bi phenyl -sil anyl oxy) - cycl ohexa
necar boxylic acid nethyl ester ~ oho ~ 30 WD

WQOM409RSD55 PCT/ EP2004/ 003447 -87 To a sol ut PONEPRI004/003447
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30

ci s- 3, 5-di hydr oxy- cycl ohexanecar boxyl i c acid net hyl
ester (1.0 g, 5.74 mol) (pré%gred according to J. C
Pasc

., U Patent 6191292, b
2001 15) T A R SlEER Uiy aad Aoyt g oy-Phenyl)-
6.4 QiRydy0- M- 1§2inmito]4) 5- Adydirnidiny2-oar d0.97 g, 1.65 mmol) (from Example
. - dipk si L vl chlori :

et et il O SLhEPLL Y AT Al icheed in an
od et ardpe et diler Tominutdn yhe igeetiogi mixteg Was choled kgfoom
S5 U ) Oy 1 LA SR BT i
ebasiwRs drise Rysr aai%lra)elé scr%y@rsuffé@, ﬁ%f@@%@%ema’ted- The crude
}ﬁ@altt@[al wg@ dofgbin@@ wi&[m@ttdriél\rfﬁfna aﬁ&@l@ﬁéip‘égih&ﬁtf m@combTined lot was

il.te and,concentr | un educed pressure. e
puifich, 67 50 hFRF PRt e RS RO PGS PR B grigpe 120-
Bb%tetietl hydtatepetndtther cripexlinebsir¢in: ¢ atapatyi~hexaies td give the
3 5 bis. ) e By
D
Eham@amir@szél-dihydro-lH-pyrimido[ ,5-d]pyrimidin-2-one. (Yield 0.70 g, 59.1%).
cis-3,5-Bis-(tert-butyl-di phenyl -sil anyl oxy) -cycl ohexa
necaripeXkirkedstt 45)Ct A(Zart-Bhityl-QipHenyl A8nyloxP pRIpyt) G-148 methoxy-
B b e b SR 100
(nﬁmﬁlmvﬁxl amp%eeﬁaanhma% tet@hydtofisoh ({Eﬁlﬂ)nTatrgﬁmylummcﬁfAifum

t han et rahydrof u . wat.gr

Fasranblo b SRl Ll it e i e
mtactidn mirtuné yasveesteddded oil Bath ati4dt-HORC waisrnsghit.r Aer epoling to room
FAEERE Tl Qs Al T SEREG EbER MEEE b in cthy]
weatele and avasheshrigh watst prdhlerinernehepyeeeiphass ags dyjgd over anhydrous
36difhd d LtV THE HRREal whlYAFEeMbP Hhsh AEbMalo ra@ﬁ% 2B04de 40M, 80:20
e§%£acted th glcglor%ugﬁgage éﬁ X 20 qb?. The g
CHYbRISEE oRGIAFY 2PArBFtaEed A8, Tlgcetates diekunes g Thg product was
QY Eortagiesédiwith dlni@e @olat ithperigd Thindatedaloentcoabatkd with
gg%%%ra%fegrggt%?@%fr{sl %ﬁ{) rf %ﬁ%i]o\é/ﬁ%}:‘d_ recrystallized from ethyl acetate to give
$5)-&h);‘l*ﬁik-)h)ydnwlrmhpyl}&ﬁdéantthxw—phelaf&)'rthémﬂaahijlozi Alilydro-1H-
%&gﬁiﬁd@?&?&&?ﬂhﬁdiﬁgﬁonf as@w ite sqlid. (Yield 0.19 g, 28.1%). Melting Point:

s=(tent-buty phenyl -'si'l anyoxyy-5-i'socyana
t188 cy23 Yhexane 0

HR-MS(ES") m/z Calculated for CpHasNsO5 [M+H]™: 406.1874. Found: 406.1878.

ICsp (KDR) = 0.137 pM, ICsg (FGFR) = 0.612 uM.

Example 32a

cis-3,5-Bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexanecarboxylic acid methyl ester

Y
(o @ 0
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~SI"0" Jt pO Sl ~ WD 2004/ 089955 PCT/ EP2004/ 003447
-88 To a sol ution of

Wee@488P5Hi s- (tent - but yl - di phenyl si | anyl oxy) - PGD/EPIVEX 603447

necar boxylic acid (1.06 g, g,? nmol ) (from Exanpl e
32b supra) in acetone (10 mL)" 0 C was added

and £O RFTOERR 6f O ormb o) To S Hoe et Bl der (Log

§. 2 ehmh 6l prepdried medonéingito §. 0. Pawaber s j UrSeBatfam61@ﬂ)292 February 20,

Bl G s BORE] B0 Pleasas i 32086 LAl (Aldrich)

. mterrmtyladiphenivlsilglchderide G- 5fSOnL>01r§€8 mord) (dids Amenisp). The reaction

99) %1 X %sréhf’reﬂ %?roon‘i"?én%er&t%@e f&*)l daﬂf Ehen%t&l’%ftl@@ﬁﬁpacetate (20

acet at

ml@ and wafeg {emiyast %w@?gﬁews R}aaﬁqu%WHécteé W@;‘}t@ﬁ afetate (3X10 mL).
TROERAbWE sthlyf feite Iﬁyértvﬁfs @ﬁsl@ddl%@l@ﬂﬁ&ﬁ,tdnﬂtb@ﬁle}l&hﬁl@’ over

reduced resi ed int
e S e Hfird ahe PR et e Rt o P Bhdue was
phﬁhﬁiﬁd’d hfye@hsh ebrgmasgapky tlatigg with ethyl acetate - hexanes (5:95) to give cis-

%I'S%g &terg ut%%l(&l h 3/?’ g@(%l I%fg‘f&%&x%&éé%@é’%ﬁf%d mle_ﬁlgl ester. (Yield
324 g,lierO%
[cis-3,5-Bis-(tent-butyl-di phenyl -sil anyl oxy)-cycl ohex
E‘J( 516361 or 0- 3- (2 fluoro-4-
Xy- phenyl ) -3, 4-di hydro-1 H pyrim do [4,5-d]
~ 0 0
g_zs-g;&mﬁg I)g?eﬁtr ut"(x}gchphenyl s%nyloxy\) cyccl:lohexanecar oxr)]rhé a/glc!'l %

(2, 4-dichloro-pyrimdin-5 hyI) (2-fluoro-4-netho

xy-phenyl)- am ne (O. 24 |w (from Exanpl e
17a supra) and cis- I - | -

di phenyl - si | anyoxy) - yq 0)- hexane (0.46 g,
0.73 mol) (fromExa | 2 SUis a t ol uene (10
nm.) were heated to 11 over ni ght. was

concentrat ed under 20 reduced pressure. The residue

"o eSSl B PR 3a$yz%c”yem“h%xa%€c%w 83 By

baéd (ah%@l; 00 ranol) QfrOmimakpld ﬁadupml)l )was dizsoledde @. mi¥hee of
tu

Wfi}l F lgarrgh)s tcetﬁaﬁléeggrq%ﬁranq I?g}an E o etrAQl'tal%Hé soéh'i,lm

O nc
bpdrexideadution (pH & 3ibel, &5 enmgé e @drivals Thgmuikivag wagstirred at

(lé(gg Eeengpe{r%[ﬁ% 9 rSQﬂ?y theh Qiféél}g’frmetsd_ﬁg%f P cRLSe@hfe. “The residue was
diluted with water and dichloromethane. The aqueous phase was acidified with conc.

hydrochloric acid to pH 2 and extracted with dichloromethane (2 X 20 mL). The

combined organic layer was washed with brine, dried over magnesium sulfate, filtered

and concentrated under reduced pressure to give cis-3,5-bis-(tert-butyl-diphenyl-

silanyloxy)-cyclohexanecarboxylic acid. (Yield 2.54 g, 98%).

Example 32¢

¢is-1,3-Bis-(tert-butyl-diphenyl-silanyoxy)-5-isocyanato-cyclohexane



25
(tent-butyl -di phenyl -si |l anyl oxy) - cycl ohexyl ]-7-chl or o-

W@B2(02/08496%0r 0- 4- met hoxy- phenyl ) - PCT/EP2004/003447

10

15

20

25

3, 4-di hydro-| H pyri m do[ 4, 5-d] %ri m di n-2-one. (Yield
0.21 g, 29%. WO _2004/ 0899_55 PCYEP2004/ 003447 - 89-
(+ o RoBOgHIoR s Herv-blsr Py Rk giphenykcilamisagn cyelgheranecarboxylic
6ddf(L.06E0r.66 neidipifyom Example 32b supra) in acetone (10 mL) at 0 °C was added
h [ )= 7-(4- - i - ' | '
Rt b T LA R Al o1
Wl @08 nomal) dBldich) mRexihe noifkture was stirred for 40 minutes at 0 °C, a
%ahﬁ%&- Puopilth 321t 1.6 BU1.5 meHdtfIGHiciD)ih WAk QL) G¥es b@lled. The
exy 9Coh or O- .
migiEre Wavitored-atBi HdRy ophERYS hous; theppryerdduiodcny ater (RY mL). It
EE«XAJS éﬁfgcﬁédgiéﬂﬂﬁ &thii a%e@ﬂsgﬁ()ﬁsdﬁlL_) @nd Qae]cib?ﬁb%méd orﬁgﬁﬁi? Mayer was washed
_ e supra) and p-ani si.di n : .
ALFLTEA 7 Y] Ao B 19 R Bl o edpced
PrésieeaThe fesRite oras dBsolvddSynohese et He?a;ed aft¢0 P@ fart4 lpours and
S B I S0 e sty

S conce to udnde
priescyamato-cFtlehaxené. dVaeld@9 1 guB7%).ed by flash

chromat ography eluting with ethyl acetate -

%l)_{%@!'lggr%get hane (5:95) to give
=y =3, 5-bis-(tert-butyl-di phenyl silanyl oxy)
Elgr[}/ciile’gﬁllgg(lf%j‘ﬁ;bS}%l-%l%é}{%?ﬁgiﬁhﬁbxn}%t-py%f%feﬁ?yﬁ‘ﬁQYCBOIE)Z’;—(Z-ﬂuoro-AL-

; ' 1L 34-piskyidae-d of- \Bidipytimidin-Grene (Vi el d
e 3o g ekoidIpAt !

1-(ci s-3, 5-Di hydroxy-cycl ohexyl O

(2-fl uoro-4-net hoxy- phenyl 7-

nmet hoxyphenyl am no) - 3, 4-d %m\ pyrimdo [4,5-d]
pyrimdin-2-one F [/ | N HO OH A sol ution of

1-[cis-3,5-bis-(tert-butyl-difg enylanyl oxy) - cycl oh
exyl]-3-(2-

fIuoro-4-nethoxy-pheny|)-7q€ ebhg- phenyl am no) -3, 4
i di n-2-one (0.40

-di hydro- | H pyrimdo [ 45 d] pyri
g, 0.041 nmmol) (from gg\@e s)
tetrabut yl ammoni um fl uortde (.12 nL, 1.0 M solution

and

in tetrahydrofuran, 0.12 mml) (Aldrich) in

Let r %ﬁ%?;euc;f?ﬂél((ﬁcmo-pﬁ'ﬁni@ﬁlseﬂ-rﬁéthﬁ?f(hLﬂﬁo@@-@-xﬁethoxy—phenyl)-
ours. er cooling, 1 . .

amine (0.24 g, 0.73 mmol) (%rom Example 17a supra) and cis-1,3-bis-(tert-butyl-
diphenyl-silanyoxy)-5-isocyanato-cyclohexane (0.46 g, 0.73 mmol) (from Example 32¢
supra) in toluene (10 mL) were heated to 110 °C overnight. It was concentrated under
reduced pressure. The residue was dissolved in tetrahydrofuran (5 mL) and cooled to -
30 °C. Potassium tert-butoxide (0.9 mL, 1 M in tetrahydrofuran, 0.9 mmol) (Aldrich)
was added. The mixture was stirred at room temperature overnight. It was filtered
through silica gel and concentrated under reduced pressure. The residue was purified by
flash chromatography eluting with ethyl acetate - hexanes (1:4) to give 1-[cis-3,5-bis-
(tert-butyl-diphenyl-silanyloxy)-cyclohexyl]-7-chloro-3-(2-fluoro-4-methoxy-phenyl)-
3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one. (Yield 0.21 g, 29%).




was concentrated under reduced pressure. The residue
was purified by flash WO 2004/ 089955 PCT/ EP2004/ 003447

W0 2@4/0%m9631at ogr aphy el uting with ethyl acetat ePET/EP2004/003447
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di chl oronet hane (5:95) to give % (cis-3,5-
di hydr oxy- cyclohexyl)-S-(Z-qug 0- 4- met hoxy- phenyl)

- 7- gethoxyphenylanino) -3, 4-
Eﬁﬂ?ékéLﬁkkpyrinido[4,5-d]pyrinidin-2-one. (Yield 10.0
ng, 48 % . Exanple 33a 5 1-

1 ics-3%- BtsE{t&t—btl‘erl—tiipﬂmtlyll-sﬂdh]dbxe;r)ydyc]@hbe/hy3162—3ﬂ)10uyé+mbtbm‘cy-

T

~N\ C NN-OAmxture of

[(2,4- dlchloropyr|n1d|n 5- yI)nEthyI -ﬁethoxyphenyl)
amne (0.21 g, 0.7%° le id supra) and
ci s-1, 3-bis-tent-butyl LﬂQ nago 1o

cycl ohexyl oxy) - di phenyl -si Fan¥ (. ¢Bg .68 mol )
(from Exanpl e 32c supra) in to m.) was
heated to 110 C overnight. It trated under
reduced pressure. The reS|d mas d| lved in
tetrahydrofuran (5 ni) an 0 to C. PotaSS|um
tert-butoxide (0.9 ni, 1 / ahy furan,

mmol ) (Al drich) was added. The m xt ure was stlrred at

i 11 detmiyate i b 6 SeoperT avtafjdﬁé@%sh%%a%%atc%éﬁﬁé& §7-cliloro-

ﬂ(@ fiRsbditre @uen;ﬂ)-e;zl &hy(ﬂﬂoaﬁﬁ p;zﬁlirﬁd@[tllcﬁgdmﬁmldm -2-one (0.10
(Fi gl%ovi% %}&p{a %g&tsyfma fuiscﬁ g nes%dnge (1%)7 mg, 0 d1rg mmol) (Aldrich)

i D-apmypaaoy j4 my.¢ vehpleydd]in a microwave reactor (SmlthSynthesmerTM) The
Ir%apcﬁml g{r%gtalge {Vﬁs }E%{e@]% 316(5) k@ g}fl 1b é‘ﬁmél"l’cég' hng, 1t was concentrated
2098 re@z@qdmr@ss@tgb The r@1due was purified by flash chromatograpgy eluting with
[eHy? acetate Bam(ﬂ&ﬁ&m&% 0 95; b Qﬁ@)ll w513, b (R bui§h alphBRY-

- 3- 4 ne oXY, nyI
ﬁm 5y BTy T PSR 7 rgthony ghepylamino)-
@01 13- ilofl4, MMyNnMdHrZ olde0¢Yikld-0.09\} 69%0).
2004/ 89955 PCT/ EP2004/ 003447 -91

Example 32f

1-(cis-3,5-Dihydroxy-cyclohexyl)-3-(2-fluoro-4-methoxy-phenyl)-7-(4~
methoxyphenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one

N7 N
X
2
o
l:fl:jklo“‘[:.:l”w

0

A solution of 1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl] -3-(2-
fluoro-4-methoxy-phenyl)-7-(4-methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one (0.40 g, 0.041 mmol) (from Example 32¢ supra) and
tetrabutylammonium fluoride (0.12 mL, 1.0 M solution in tetrahydrofuran, 0.12 mmol)
(Aldrich) in tetrahydrofuran (5 mL) was heated at reflux for 3 hours. After cooling, it

was concentrated under reduced pressure. The residue was purified by flash
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A m xture of
1-[cis-3,5-bis-(tert-butyl-di phenyl -silanyl oxy)-cycl oh

w@ 2004089953 hl or o- PCT/EP2004/003447

3- (4- met hoxy- phenyl ) - 3, 4- di hydrB | H pyrim do[ 4, 5-d] pyr
i mdin-2-one (0.15 g, O. 16 y (from Exanpl e 33a

ARG R W S D I SR
ﬂﬁ‘@dididy cﬁfaﬁhélb’BYNM&bfceﬂ TthofhphemtieT {(dmdhaiyphemgdamino)-3,4-
e S Rs TPt AL S d Ot BOM 1T, 1 ¢

reduce ressure esi due

vvas purl fied by flash chromatography eluting with
Exdmple 33aet ate - hexanes (3:7 then 2:3) to give
1-[cis-3,5-bis-(tert-butyl-di phenyl -sil anyl oxy) -
‘f%‘c‘z —%r‘.SeBiél-(]tert-bu 1- d1p nyl- sﬂanyloxy) cyclohexyl] 7 chloro-3- (4—methoxy

eny | am no) - - di
ﬁbwél M: ﬂp Prﬁf&@p’u idaf Mﬁ»%bﬁlml BH (Yi el d o 09
g, 60% . 10 Exanple 33c 1-
(cis-3,5-D hydroxy-cycl ohexyl) - m met hoxy- phenyl)
- 7- (4- met hoxy- phenyl am no) ydro- | H pyrim do
[4,5-d] pyrimdin-2-one iﬂ /@ N H\-N\Nj'-O HO
10011, OH /O A sol uti o#
[cis-3,5-bis-(tert-butyl-di ppénryl - @ nyl oxy) - cycl ohex
yl'l -3-(4- 15

met hoxy- phenyl ) - 7- (4- et ho>? heﬂ aﬁno)-3,4-d| hydr o-
| H pyrimdo [4,5- d]py K@-on .09 g, 0.09
mol ) (from Exanpl e 33 and et rabut yl anmoni um
fluoride (0.28 nL, 1.0 Msolution in tetrahydrofuran
0.28 mml) (Aldrich) in tetrahydrofuran (5

heat édmixtureeft | (2x4-flis oBOWumshn-Afyﬂ)énetbﬁWrmgthomhewaléamme (0.21

Tt -
N ee@*h”?‘?%é?%a?ﬁﬂr v 08 tg@ et
&t‘é@la@@loxy}jdl@hp@fléﬂg}q{grﬂ@g,(ﬂs Xim?]@ﬁgc gu;ga in toluene

‘éld‘%ﬁi') Qiﬁy heated ﬁhﬁ’@)”@w@nﬁéhtm W@@()nbéiﬂfhyéd) unidef fdedieédpressure.
ﬁ phenyl am

n
HRgER RS R Ry s B SPR) b sppled i 404 Cy ofpsium
&-bdtbxie (0BxADYPI B id4etrahyBtafaram 89membhXpbkwhoives added. The

met ester ] and
T8 oy SRR pyerpght i was fjersd hugugh ilic gl an
(cAhcmitrated weler thidesal regsuiar The residue was purlﬁed by flash chromatography
eluting with ethyl acetate - hexanes (1:4) to give 1-[cis-3,5-bis-(tert-butyl-diphenyl-
silanyloxy)-cyclohexyl]-7-chloro-3-(4-methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one. (Yield 0.29 g, 44%).

Example 33b

1-[cis-3,5-Bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl] -3-(4-methoxy-phenyl)-7-(4-
methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

A0 Z /©/ ®

0.8
oo O



anhydr ous di net hyl formam de (Al drich). Potassium
carbonate (38.3'g, 277 mmol ) and WO 2004/ 089955

WOCT4ER®G84/ 003447 -92 methyl iodide (8.6 ni, PCBEP2004/003447
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mol ) (Al drich) were successively added at room
tenperature and the mixture wadlstirred overnight.

After filtrat th | wat
And Bniiize ehi Uk ek ey kb neTe Ry By 7-chloro-
§Q@&ﬁ&h6ﬁr ﬁ(ﬁ@l}’l)hﬁll cﬁh‘ﬁﬁﬁllﬁ-bﬁﬁﬁﬁdd[aﬁ dlperiatdinvebye (0.15 g, 0.16

d
ﬁqg%ﬁ?rf’ m?ﬁw §3&55%W Sgﬁkjg%ﬁﬂﬁﬁs jél’rl eédq)gfe(l ) tRlafth) in 2-
pfﬂpyﬂblc(usnlsmaaph@dluﬁ ahscamave oacion{ §mitkSynthesizer™). The reaction

gjgﬂggeeﬁ%sﬁ{eg%ea%%é 8C WO rinukddo! eﬁcaﬁﬁ%{asm&mwd under

ester ow Ol
swluicet] pness@lr@ pbe rssig n@lwagpureﬁndéw flagh ghrognategrophy eutingvish ethyl
i te Sn&laned @: ﬁfﬂzﬁtzmw eaqu; 3 bH- @ert-ﬁuﬂ/pdi h@i&l sifnfloxy)-

ST e on Bharl- AnCEh ?ésnﬁm St

n{ﬂﬂniﬁdﬂlls d]iayﬁﬁﬁcﬂlatwdﬁ@f(umaa0(0%060%) and vvat er (70
). Lithium hydroxi de nonohydrate (5.8 g, 138.5

nmol ). wa ded and the m xture was heated at refl ux

for gﬁggﬁ%ggg. After quenching with 1 N aqueous

hydrochloric acid (150 15 nml), the solution was

ex(tis-dct-Bihydiroxy-dic ewlbﬁéﬂhaﬁéoanbelp’lh)a&éé mgthexy-phenylamino)-
p d 1t s dried over

§%H% %ﬁsuggﬁmﬁﬁggu .ﬁ%%ﬁ%gﬁ?ggtion under reduced

pressure gave 4- fluoro 3- net hoxyb

off-white solid. (Yield 2. 269, 9 Exanpl e 34c 20

(tert-Butoxy)-N(4-fluor ON phenyl ) car boxam de
H ONYO/FI/O4FIu - phfjoxybenzoi ¢ acid (1.00

g, 5.87 mol) (from Exa Ie 2b supra) was dissol ved
in toluene (30 nL). Trﬁj» e(32rrL, 23.48 mol)

z'\c acid as an

(Fi sher), diphenyl gide (2.5 L, 11.74
mmol ) (Al drich) and tertg but anol (6 nmL) 25 (Fisher)
wer e successively added roomtenperature. The

reaction m xture was heat ed at reflux for 2 hours,

t hen AKOBRESIESE 1afcis- R6bid-Gerpduatdighenyl-$ilahylNcpguembsxyl]-3-(4-
gygyljll)}?ernl f) 7-(4-methoxy-phenylamino)-3,4-dihydro-1H-pyrimido{4,5-
d]pyr1m1d1n—2—one (0.09 g, 0.09 mmol) (from Example 33b supra) and
tetrabufylammonium fluoride (0.28 mL, 1.0 M solution in tetrahydrofuran, 0.28 mmol)
(Aldrich) in tetrahydrofuran (5 mL) was heated at reflux for 3 hours. After cooling, it
was concentrated under reduced pressure. The residue was purified by flash
chromatography eluting with ethyl acetate - dichloromethane (5:95) to give 1-(cis-3,5-
dihydroxy-cyclohexyl)-3—(4—methoxy—phenyl)-7-(4-methoxy-phenylamino)-3,4—
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one. (Yield 18.0 mg, 39 %).

Example 34a

4-Fluoro-3-methoxybenzoic acid methyl ester

F

4-Fluoro-3-hydroxybenzoic acid (4.33 g, 27.7 mmol) (Aldrich) was dissolved in
anhydrous dimethylformamide (Aldrich). Potassium carbonate (38.3'g, 277 mmol) and



acid (20 nm). The m xture was extracted with ethyl
acetate and the | ayers were separated. The organic

wo 20081089865 washed with saturated aqueous sodi UPCT/EP2004/003447
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bi carbonate solution and brine, then dried over

anhydr ous sodi um sul fate and f¢ ?fer ed. Concentrati on
under 30 reduc ressur el | ow oi

R I oSBe A G n mhel G S poa ey A4ifed at 1o0m
?e@l%&ﬁ%%ﬁl tREMikRiZOW4d Q0284 terni@d. Adiet Altention, thexelnesn was

3055 2 P IedoriER ShThERR, RS TFS Cirh sspaTatrhend the

aﬁlc laylet tves swkesdivelf Washedl 0itlo@atyr, 12 ¢uece sogie Bpgoxide, water

f%jﬂ{ﬁﬁg 0% 3@%@9 @@Pﬁm’ &8 SYer BvHaPsR!s8aiuen atate SR doncentrated

ndertredied pygssuie (a gV dofusra-3nmehoxyhmediy Pyidapebylsster as a pale

%Q}o%o@maﬁs@lﬁlﬂgmiﬁon stdriaB. Evadmk g2 34mopupr a) was
reated wth 4 hydrochl oric acid in dioxane (20 L)

iAI dr: chg overni ght at roomtenperature. The resulting
28t e was col | ect ed by filtration and washed

with dry ether to give 4-fl uoro-3-nethoxyphenyl am ne

1Flhydr patdtlariyberoicheghl t as a white, crystalline,

solid. (Yield 512 ng, 71% . Exanple 34e 1-

[cis-3,5-Bis-(tert-butyl-di phenylo-si | anyl oxy) - cycl ohex

yl'l -3-(4-nethoxy-phenyl) -7

fl uor o- 3- met hoxy- phenyl am ng d| hydro- | H pyri m do

[45d] pyrimdin-2-one F A\~ NNNk-O HW 'op
'"O-St 15 A solution of

1- [ ciisFBoro-Pifetlid:gbendoid acid ahiethlybesydr(2.65 gnid.eiapmaty(dtarh Example

T ot et in g missgmeptisppbaciofiusp (140 L) g wajes (70 =L
Erﬂldlrmhﬁdmﬂe (forRhydrate(28g, 1FHGIHmoEN) rvmaédmch g Bzixture was
%1%%: OC gg}lig) fal f':uﬁ?]ﬁs %%Ext thﬁg Q! laimaaﬁeous hg(lrochlonc acid (150

from

311|Id) thepelaiyionvas qgf,rg:ﬁghmth h}ﬁ_?rﬂﬁﬂ‘@ﬂﬁ| TRephases \gerggeparated and

%&6% mg@ﬁ@&st ed(o¥et b %J&%ﬁﬂﬁlﬁ{ §Glfate] e iticdnunder
m xt s heate

20 1 Af t
SR greTre G A bMeert P REOR T BTN BRI (Yield

P evbdue was  purified by flash chromatography
el ut| ng wwth ethyl acetate - hexanes (3:7 then'2:3) to

Example 34c

(tert-Butoxy)-N-(4-fluoro-3-methoxyphenyl)carboxamide

0 Ne_o

7
JORA
F
4-Fluoro-3-methoxybenzoic acid (1.00 g, 5.87 mmol) (from Example 34b supra)

was dissolved in toluene (30 mL). Triethylamine (3.2 mL, 23.48 mmol) (Fisher),
diphenyl phosphoryl azide (2.5 mL, 11.74 mmol) (Aldrich) and tert-butanol (6 mL)
(Fisher) were successively added at room temperature. The reaction mixture was heated
at reflux for 2 hours, then quenched at room temperature with 1 N aqueous hydrochloric
acid (20 mL). The mixture was extracted with ethyl acetate and the layers were separated.
The organic layer was washed with saturated aqueous sodium bicarbonate solution and

brine, then dried over anhydrous sodium sulfate and filtered. Concentration under
reduced pressure gave a yellow oil that was purified by flash chromatography (20% ethyl
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1-[cis-3,5-bis-(tert-butyl-di phenyl -silanyl oxy)-cycl oh
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(4-fl uoro-3-nmet hoxy- phenyl am no) - 3, 4-di hydro-1 H pyrim
do [4,5-d] pyrimdin-2-one. (Yfetd 0.08 g, 35 %. WO

089955 PCT/ EP2004/ 003447, -94- Exanpl e 34f

R B TR DoAY 4 forpa Rk bemsgabpramide as o
-whigetsofilu ¥ ield3. 988,170 %4)- A ‘

phenyl am no) - 3, 4- di hydro-| H pyri m do

[Egﬁagigégm{i mdin-2-one ~lo \ NN H\NN NI~10 v OO

\ A sol ution of
1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyl oxy)-cycl oh

& uprog S methoxyp enylamine l%/ydroc oric e%/cid salt yhoxy)-cy

nmet hoxy- phenyl ) -7-(4-fl uoro- 3- net hoxy- phenyl am no) - 3, 4

-di hydro-| H pyrimdo [4,5~° Mt n- 2-one (0.08 g,

0.08 nmmol ) (from Exanpl e 34 pra) and

t et rabutyl anmoni um fluoridé (0.24 ni, 1.0 M sol ution

in tetrahydrofuran, 0.24 mmol) (Aldrich) in

t et r dfeyidBetony)alV- (@5tlyrirp-Inas thregipleshyhtarbetdrhide {098 3, 4.06 mmol)
NAUASExA 185408} 4) R thehted QiMBENGIALS olr;r12(1:}];1%1a)'lflj][1 1§7£aﬂe (20 mL)

r }%E ressure. "The residue was 'puri
é 8YBISRY ateoam i PRItwree tthy resubimgarrecipitate was collected by
diltgdtl oo DBLAREEWILR dPP dthbOoBi VLB bl 5t R ;

i hydroxy- cy.cl ohexyl .- 3- X%r.lret hﬁfi&%%é%tﬁ ’EY?%‘E@?‘FB’&O
%«gd%)é{lﬁagéﬁc%}ﬁ % 4 Hplteycrystalline, solid. (Yield 517 mg, 71%).
3, 4-di hydro-|I H pyrim do[ 4, 5-d] pyri mdin-2-one. (Yield
EgadpleBde78 % . Exanple 35a 15 1-
[cis-3,5-Bis-(tert-butyl-di phenyl -sil anyl oxy) - cycl ohex

L lis=335- B (B BOKY | i o)

L P 0P OBl gl f o oo
gypquﬁﬂvﬁhgxymléewlanmg)—mdl dye+ IBI-pyriimtd oS- dfpytimidin-2-one
[cis-3,5-bis-(tert-butyl-di phenyl-silanyl oxy)-cycl ohex

yl]--7-chl oro- O~

3- (4- met hoxy- phenyl ) 3, 4< di hygr o<l rimdo[ 4, 5-d] pyr
i mdin-2-one (0.20 g, 3 )\O| ) "(from Exanpl e 33a
supra) and aniline (0703 My Y07 2 1) (Aldrich) in 2

propanol (4 nL) was pl aced in akjcr e reactor
(Sm t hSynt hesi zerTM. The r eacg
- "o—gi—<-

S/

A solution of 1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl]-7-chloro-
3-(4-methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (0.20 g, 0.23
mmol) (from Example 33a supra) and 4-fluoro-3-methoxy-phenylamine hydrochloride
salt (51 mg, 0.29 mmol) (from Example 34d supra) in 2-propanol (4 mL) was placed in a
microwave reactor (SmithSynthesizer™). The reaction mixture was heated at 160 °C for
10 minutes. After cooling, it was concentrated under reduced pressure. The residue was
purified by flash chromatography eluting with ethyl acetate - hexanes (3:7 then 2:3) to
give 1-[cis-3,5-bis-( tert—butyl—diphenyl-silanyloxy)-cyclohexyl]-3—(4—methoxy—pheny1)—7—
(4—ﬂuoro-3-methoxy—phenylamino)-3,4—dihydro-lH-pyrimido[4,5-d]pyrimidin-2-one.
(Yield 0.08 g, 35 %).



m xture was heated at 160 C for 10 m nutes. After
cooling, it was concentrated under reduced pressure.
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eluting with ethyl WD 2004/ 089955 PCT/ EP2004/ 003447
-95 acetate - hexanes (3:7 t her®2: 3) to give
1-[cis-3,5-bis-(tent- butyl di phenyl - si | anyl oxy) -

']
- 3- (4- et hoxy- phenyl ) - 7- phenyl am no- 3, 4- di hydr o- ;
l-lﬂéiﬁl}zrﬂ'é?il’@dlrcﬁ}é}r;cgfdog}}g&)-iiJr(ﬂdhafth@xyepheny{)w-eé&-cﬂlu@ro’l:é—lgethoxy—

apl e .. . e

%f&l‘?%’la??lgp ggﬁ]?gi‘%g%?: %%t%%%%“ﬁ‘éh’(yﬁ‘fn ld%nn%ﬁ? phenyl ) - 7-
phenyl am no- 3, 4-di hydro- 1H pyrimdQ [4, 5-d]
pyrimdin-2-one N\ N | HNLN NLo/‘lo* HO OH A
sol ution of
1-[cis-3,5-bis-(tert-but )\d ebg/l -si | anyl oxy) - cycl oh
exyl]-3-(4- methoxy-phen
- 7- phenyl ani no- 3, 4- di hy @rl nddo [ 4, 5-d]
pyrim di n-2-one 10 (O~ 7 ) (from Exanpl e
35a supra) and tetrabutylamoni um uori de (0.44 i,
1.0 Msolution in tetrahydrofuran 0 44 mmol )

(Aldrich) in tetrahydrofuranW{ was heat ed at
r ef | Axsolusiondf Adlgis3,5-fst (@art-bu dmjlenyltsﬂmgogarfdfélﬁb@a'ﬂ e (4-

H@ﬁ% Al d7 (PAEHSS- ShetHAG-PIRS 1dﬁﬁndya§4mﬂwd&bq@1 Byrimido[4,5-

rap elut| acetate. -
éim'ﬁmfigh%msr@ lggfwn xamp 3§e supra) and
StRbdhEmexime ﬂﬁbﬂﬂ@mzl) mi31.6 M sblﬁmmm(wrp)lh;mw;)ran, 0324 mmol)

@@E@ﬂyﬁﬁgﬁdﬁﬁa@m@gm%% L1k 05 BT Wt dbing

Wab Bor{deirRed ander26duddd pr&samep The 3G aduk-was purified by ﬂash
Lﬁljoma%ogriﬂf eh(lﬁlgé]\&ltﬁ lé%l‘ﬁ/! ac%lcaffg Sq¥ 0§6+@ﬂ3¥£9 ¥5/95) &Y GO RE%is-3,5-

dmygmwy&h’hﬁﬁdb?"44dn¢f—b@l’FYOP]I1QH-YBy%‘K4:ﬁﬂ§g{Cu3pﬁwphﬁnmammo
34 &’iﬁ?dllollﬂ\ yrllrﬁﬂié 45-B pyNmiblin-2ne’ (Wi€d 18.0 mg, 78 %).

Example 35a

1-[cis-3,5-Bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl ] -3-(4-methoxy-phenyl)-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

51@5:(0\
NS
oho O

A mixture of 1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl]-7-chloro-
3-(4-methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (0.20 g, 0.23
mmol) (from Example 33a supra) and aniline (0.03 mL, 0.29 mmol) (Aldrich) in 2-
propanol (4 mL) was placed in a microwave reactor (SmithSynthesizer™). The reaction
mixture was heated at 160 °C for 10 minutes. After cooling, it was concentrated under

reduced pressure. The residue was purified by flash chromatography eluting with ethyl
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1-[cis-3,5-bis-(tent-butyl-di phenyl-silanyl oxy)-cycl oh
wexyidjosdsshl or o- PCT/EP2004/003447

3-(2-fl uoro-4-net hoxy- phenyl) - di hydro-1 H pyri m do

[4,5-d] pyrimdin-2-one (0.21° 9&T2004/089955

PCT/ EP2004/ 003447

g, 0.2 0
acafste) hexaaesdail |ﬁhﬁ%2é8t%§"%{:[“ﬁ? F’fyb‘tt% %ﬁgﬁﬂ'sﬂ fosy)-
RhepAnsl (4 (hetiibxy-phsnyb)- mdnyrlmmoms ¢rdilnaire- 1TEpgtionido[4,5-
Srri.t h #hesu é?#:}? 4 TEE"/ reaction m xture was heated
ViEH "8?61 e O% Rt er cooling) it was
concentrated under reduced pressure. The residue was

Pxannfle 86b by fl ash chromat ography eluting with 5 ethy
acetate - dichloronethane (5:95) to give

i é&??% ﬁll‘z :& éﬁl%h&xmﬁ Xh- Igétﬁéb@npfﬁenygtﬁ §Héﬂy<P3iM1)no 3,4-dihydro-

f'l'uor o- 4- met'hoxy- phenyl)
mémuda 8l @rm@ﬂrh;c%

1H pyrim do[ 4, 5-d] pyri m di n- 2- one. (Yleld 0.21 g, 35
% . Exanple 36b 1- (cis-3, 5-Dh xy cycl ohexyl) -3

- (2-fluoro -4-nmethoxy-p enyl ami no- 3, 4- 1o
di hydr o- IH-pyr|n1d0[4 S-Qfaﬁtr~ d|n 2-one F O~ NN
HNN NFL- O ' HA" S uE

1-[cis-3,5-bis-(tert b -enyl silanyloxy)-cycloh
exyl]-3-(2-fluoro-4-

- 7- phenyl ami no- 3, 4-di hy r@o I ﬁVPlnldo [ 4, 5-d]
pyrimdin-2-one (0.21 g, O 22 mol ) (from Exanpl e 36a
SUPT A)soRMdnlcFl L RRIL 3 bR -ﬁip\h@ﬁylcﬁaﬁﬁoﬁﬁ dblohtxyl]-3

{rthlgfl\)/lqyg%e%%,]hotn B}IP n fﬁ‘ﬁ sz QﬁlY ﬂ]tljpyrb% g% > tdé?yr é{ﬂdln 2 -one

(@14 £00. fomndI NS Exdshplense agiranand tetraveglanoneentrfhtozide (0.44
filadh UPBRErda PRy S e FRpL Erlee R i ediiran (5

diac htaednetefantor 6ho0s) After gdalmg, it was concentrated under reduced
prés&ir% 2 r &l AN W0 ¥UriRYEbPREN ¥hiordatograbhir At Bng withlefX Mcetate -

Sieblorbinethaph 6795 dteigins-13( - 15 Wirdsrersipherild(4; ethppyphenyl)-

z ﬁeﬂ%ﬁnﬁn@-@%dl 2’&1%'— 1 84rithid2@,5¥8] pr8iiidinViD o0 0 &Y ield 49 95mg, 61
EP2004/ 003447 -97- Exanpl e 37a 1- [ cis-3,5-Bis-

f? rt-butyl -di phenyl -sil anyl oxy) -cycl ohexyl] -3 -

(2-f1 uoro-4-net hoxy-

1Cso (KDR) = 0.075 uM, ICso (FGER) = 0.263 uM.

Example 36a

1- [cis-3,5—Bis-(tert-butyl—diphenyl-silanyloxy) -cyclohexyl]-3-(2-fluoro-4-methoxy-

20 phenyl)-7-phenylamino-3,4—dihydro-lH—pyrimido[4,5-d]pyrimidin—2-one

s\oRE

A mixture of 1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl]-7-chloro-
3-(2-fluoro-4-methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (0.21
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phenyl) -7- (4-fluoro-3-netho)cy-phenyl anm no)
-3,4-di hydro- I Hpyrimdo [4,5 d] pyrimdin-2-one F /

WO 20@0/08P50 N ., iNN\V HO-Si G x) 5 A m xtuP€r/dP2004/003447

1-[cis-3,5-bis-(tert-buty|-diphenyl-siIanyloxy)-cycloh
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LRy 5 o 0 i L g
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@?ﬁce&[ee n&l%ﬂl%f(ﬁn%%e @%ﬁ & % 1- ][gp 136 HRY( te]‘pbﬁ@gf‘ Y4ihenyl-
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?Hf Qﬂﬁiﬁ%{@@mpﬁhﬁmlm M iyRidy bl aostay.e - hexanes

Ive

l-[cis 5- bIS (tert but yl - di phenyl - si | anyl oxy) - cycl oh

le 3 6b
3- (2-fluoro-4-net hoxy-phenyl)-7-(4-fl uoro-3-net hoxy- ph
er(yﬂsam' Dihyd3ox4-diclopexyd}-3+2 Abioro-4-methoxy-phenyl)-7-phenylamino- 3,4~
(Yield 0.15 g, 63 9.
g%égﬁfgkfdlgﬂgﬂhﬁa%b?hy roxy cycl ohexyl) -3 -
(2 quoro 4- met hoxy- phenyl ) -7-- (4 buoro 3 -
nethoxyphenylanino) -3 4 dihydro pyrlnldo [4, 5-d]

pyri mdin-2-one F / OH F 20 A

sol ution of

1-[cis-3,5-bis-(tert- |=henyl si | anyl oxy) - cycl oh
exyl]-3-(2- fluoro-4- enyl) -7-

(4-f1 uoro-3-nmet hoxy- ph n. o 4-di hydro- | H

pyrim do[ 4, 5-d] pyri m di n- 2 one (O 15 g, 0.15 nnDI)
(from Exanpl e 37a supra) and tetrabutyl ammpniu

A sobrticoheof(16] 2553, pribis- @er@bmmnﬁlnswanylpa)r%kp@mﬁh?éﬁ fluoro-4-
?%413 )&n@lle)nl tré\@t_ g%%%giﬁl aﬂ:ﬂ}ﬁﬁf’ Zﬁoﬁﬁﬁﬁ%ﬂiy 5-d] ﬁ}%lmldm 2-one

(@21 gx0- 13%mn30 lh o o&%%gglgirfl}]%l% tle{rmggutylgmmomum fluoride (0.66

mL, 1.0 M solution in tetrahydrofuran, 0.66 mmol) (Aldrich) in tetrahydrofuran (5 mL)
was heated at reflux for 3 hours. After cooling, it was concentrated under reduced
pressure. The residue was purified by flash chromatography eluting with ethyl acetate -
dichloromethane (5:95) to give 1-(cis-3,5-dihydroxy-cyclohexyl)-3-(2-fluoro-4-methoxy-
phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido{4,5-d] pyrimidin-2-one. (Yield 82.0
mg, 78%).



was concentrated under reduced pressure. The residue
was purified by flash chromatography eluting with
wetdwhsmset ate - di chl oronet hane (5:95) to gi VECT/EP2004/003447
1-(cis-3,5-
di hydr oxy-cycl ohexyl ) - 3-( 2- f1 usPb-4- met hoxy- phenyl )
44 fl,uoro-3 5 net hoxyphenyl am no) -3, 4-di hydr o-
ﬁ%ﬁ%ﬂrﬁgﬁo [4,5- d] pyrimdin-2- one. (Yield 35.0
44@@. Exanpl e 38a
(R) cig-3(5¢ Bist( s@ubyy-dipbenflydlasylbanydeidnl- Wliﬂhbr@hliﬂétﬁoxy-

H&é’”t%%ﬁd'mj'&“&s; e I H AT B
I?éfflﬁy ot-eBei de (10 ml) (Aldrich). Inidazole (544
ng, 8 mol) (Aldrich) and tert-butyl di nmethyl silyl

chloride (1.05 g, 7 mol) (Al dri chf osuccessi vely
added at room tenperat Thi, was stirred at
roomtenperature for ?Ei@gr ueHched with a

sol ution of water - Sa sodi um

bi carbonate 15 sol ution (5: 1, 1 ext ract ed
with ethyl acetate. The organi c er a5 washed wth
wat er and brine, dried over sqﬁ @uh#&fe and

concentrated under reduce p el d
(R -2-(tert-butyl -di nmet hyl J xy) nmet hyl - et hyl a
5 mne as a colorless oil. i el d™852 ny, 68% . Exanple

38b 20
(R - [Rafikteed eﬁutcyﬁ H4bﬁ@e(tbrylbuwllcaismn%man%rdﬁﬁbwo}ﬁmy - chloro-
]é]ffﬁpgﬂg-%ﬂqe%h }F#el tg% E g]lehy\c/lro lﬁspwlmldo E 5- c{\l pyrlmldln 2-one
((R)222,—((24emnd&)1¢f§dm &Kmaphmdsuprahmmyll)mﬂ% -Bahéhbxe gli@yﬂyﬂlmme
e su
t ri et&ﬁﬁgtrﬁ%giesal(tgsgg Egj %“g&nﬂgﬁ Eﬁ( Pé%l?lg% L@?@H jpropanol (4
10 L Hvesplared i e mimewase rqaﬁf@a(%mthﬁ}mhhmzm”(‘} Offeameydtion mixture was
Qﬁb@ﬂ@f %O'ﬂﬂ ﬁ)r (1888inEs. fﬂ&ftgxgcoomglﬁ W&&Aéo% érﬁ@tec@ﬁn&e?%ga ced
era r 30 m uég % reacti on ue a

?%“ff ez Jgaswa'%s V@?ﬁhcc 5@ matOSr?@}Wﬁhﬁméwﬂa@h}ddcetate -

\hekinee(:hy khamz;)abgt;veﬁh Etzsc?a;mbhdﬂ@&é-ba Ifen%lﬁéi?a?w}‘lo%ﬁr L& clohexyl]-
aturate epus sodi ar hona
o B R B A BB onb e s bt ipd-dihydro- 1H-

15 pg'gmldo [4,5-d]pyrimidin-2-one. (Yield O 15 g, 63 %).

Example 37b

1-(cis-3,5-Dihydroxy-cyclohexyl)-3-(2-fluoro-4-methoxy-phenyl)-7-(4-fluoro-3-
methoxyphenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one

A/I\/k

/© HO" O OH

20 A solution of 1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl] -3-(2-
ﬂuoro~4-methoxy—phenyl)-7-(4~ﬂuoro—3—methoxy—phenylamino)—3,4-dihydro-1H—

pyrimido[4,5-d]pyrimidin-2-one (0.15 g, 0.15 mmol) (from Example 37a supra) and
tetrabutylammonium fluoride (0.45 mL, 1.0 M solution in tetrahydrofuran, 0.45 mmol)



with brine, dried over anhydrous sodi um sul fate,
filtered and concentrated under reduced pressure. The

woneasspssduct was purified by flash chronat ogPapim2004/003447
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(15% et hyl acetate in hexanes) to give
(R -[2-(tert-butyl -di rrethyl siPAnyl oxy) - 1- rrethyl ethyl

Rl et (anh ebti e FeidPio Roff: FiefSoting

3894¢ondeianpd end8ued@ed-pesstnleo Mire pysiduei vetis rpunﬁeq]r byrﬂadiuyl )
E}é]{O agé%r%{]%}gpe}&@g%(%nth Q{nggceta{te !hlchjor(l)_l'nethgle & &al) t@‘glve 1-(cis-3,5-
dibydhxykiyolobegl - 3-dddhmerartmethoinplemyd) -7-44-yprey3- 10
Car%éwgﬂa{y}an&%p @4E&1ﬁg@ﬂoe1ﬁispy§maa 4 aaagpﬁﬁﬁlaﬁﬁ%ltm (Yield 35.0

n acéto 535
Mgt 8- W|th4ethylan|I|ne(133rrL 1073mm|)
(Aldrich). The mxture was stirred at room

Egﬁagre@s wre overnight, then diluted with water (500
and extracted with et hyI acetate. The conbi ned

E%ﬂ-@%ﬁfgf-hg}ﬁrfégﬂ?v*ﬁ}f SR LR I hirsous sodi um

bi carbonate solution and 15 prlgma then dried over
anhydrous sodi um sul f at e, /1\/@red and concentr at ed
under reduce pressure. The Cru xture was purified
by flash chronat ography (20% ethyl "acetate in

hexanes) to give

o nD-AER By eh B [0t b Sy (afhves iSpdn

38HydBus dimethylformamide (10 mL) (Aldrich). Imidazole (544 mg, 8 mmol)
gﬁd-rfh£ incgl{egr glr%ethglsm tcg%hdg '(i @5‘% | ﬂ%ﬁ)ﬂ)ol)l(ﬂgﬁwlwe% h
yumssh)yly)adg_ie@ zqr.r@phyt]enmng’qyne) Thisaaixgie s stigred afgroom tepygerature
r2 ﬁgdlrw %Qenélea%{fﬁ 1 Qlu@dn of water - saturated aqueous sodlum blcarbonate
or O- yrlm di n- 5- th ileth I
fplsion 67> 157l P extragion )Wlﬁ? ABFhaE %%m e@gengq}@f%) as Washed
@RI Waek érﬁ:f Enrbzlsl Hbd Shersbdiyihr siltatnyhdeHcedtratédunder reduce pressure

) hg : )b“?)fl bfﬁme%yﬁ F}hngﬁ%i)tl f)tBQ) el:’]cé}glar%%rgeez{s a olorless oil.

t(Yiehimelragaﬁs%(O 93 m., 6.6 nmml) (Allied Signal) in
toluene (20 nL) was

Example 38b

(R)-[2-(tert-Butyl-dimethyl-silanyloxy)-1-methyl-ethyl] -carbamic acid 4-nitro-phenyl
ester

Q-)-
N

o* \©\ 0o Chiral
O/U\NH

)\/°~Tiﬁ<

A mixture of (R)-2—(tert-butyi~dimethyl-silanyloxy)-1—methyl-ethylamine (693 mg,
3,66 mmol) (from Example 38a supra) and triethylamine (0.77 mL, 5.5 mmol) (Allied
Signal) in dichloromethane was treated with 4-nitrophenyl chloroformate (885 mg, 4.39
mmol) (Aldrich) at room temperature for 30 minutes. The reaction was quenched with 1
N aqueous hydrochloric acid and then extracted with ethyl acetate. The combined
organic layers were washed with saturated aqueous sodium bicarbonate solution followed



heated at reflux for 48 hours. The reaction m xture
was quenched at room tenperature WO 2004/ 089955

WOODAESRE0D4/ 003447 -100 with 1 N aqueous hydrRPCIER2004/003447
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acid then extracted with ethyl acetate. The conbi ned
organic |layers were successivél9§'vvashed with 1 N

B B L) e 0 oD SURRE AU aRf Pl under

fadncahpressued Thende producedasgreiizd by fladhehroamataguphyd $5% ethyl
RUkL ixngfgeééggres§ '(t)oaglpev GO 7L A BR WYL B 6y RE GhRA- ety

(RpaBiqazid 4-oitre-pheyl edterrasatvploriesy eihihiabsalidifiedponygtanding. (Yield

L+ 1zdo?y 4- :

gf’% i%élg)-'pyri m di n-5-yl -met hyl ) - 1- (4- et hyl - phenyl ) -ure
a. (Yield 383 ng, 36%. Exanple 38e (R -1-

CBut yl - di et hyl -si | anyl oxy) - 1- met hyl - et hyl ]
-7-chl or o- 3- (4-et hyl -phenyl )- 3, 4-di hydro-| H pyrim do
(A4 Dichlopy pyrinitin-s2yl oreyDh{4-ethyl-phddyl)GiNnd~O 11-~ 0,
SI' 10 A solution of :
(R -3-[2-(tert-butyl-dinethyl -si Xy) - 1-nmet hyl -eth
yl]-1-(2, 4- /@)ﬁ\o
di chl or o- pyri m di n-5-yl -q‘e“t\ yI'Y-I=(4-ethyl -phenyl)-ure
a (380 ng, 0.76 mol) ¢ cExanpl e 38d supra) in

tetrahydrofuran (10 nL) was treated at room
tenperature with _potassiumitert-butoxide (160 ng,
1. 14Arhetirpeqnapes miyre of B4-dehlore-6-Gedonagthyl fnygumiging£31.07 g,
1629 mrh&mgﬁaﬁtm{aﬁlﬂ@{c shpfu) QA HBtasshie daﬁfjtﬁlhfeqm | 58615 @mol) in
was quenc W saturated . aque sadi .
oo 0 R e L i S BAB1E B ABES gl . T
Thetueowhd sieckd 0 kganitanpayers ovenghtydsinediluted With wiatee (500 mL)
dried ove nh 0] SQql ; Ay .
e
with iylakqueousibiyiroshlorisaeids saseratnd aqupeisisodimmbisrdgreatp rotution and

8!t¥&, dried over anhydrous sodium sulfate, filtered and concentrated under reduce
i&%q&é-g?}r ile(:l tcr?lrclte -rrEJmu’Eu¥é ;vgsl pnue}tii{]e%l b_ysfials}? rc]l%/l!o%%(a){c))érg'ﬁhrgreég%l e_tl%trl Iglcetate in
hefHe9t8oire((446ditblbrorpR din-3- -1 ethyl)r(2- enyl)-amfink as a beige
S?d& ge(gr_i r%grg\én-%w;er agﬁa c%l oy:ll essyoi I .é%?gl d)mloz
selid- 30dgld 2{bea(Rar 089955 PCT/ EP2004/ 003447 - 101
Exanpl e 38f (R)-1-

Br3gdBut yl - di net hyl - si | anyl oxy) - 1- net hyl - et hyl ]

-3-(4-ethyl -phenyl) -7-(4-

(R)-3-[2-(tert-Butyl-dimethyl-silanyloxy)- 1-methyl-ethyl] -1-(2,4-dichloro-pyrimidin-5-
ylmethyl)-1-(4-ethyl-phenyl)-urea ‘

Chiral \'/
ﬁ° e
NJLN/\/O
H
N7
)I\ Z
cl NT ol

A solution of (2,4-dichloro-pyrimidin-5-yl-methyl)-(4-ethyl-phenyl)amine (620
mg, 2.19 mmol) (from Example 38c supra), (R)- [2-(tert-butyl-dimethyl-silanyloxy)-1-
methyl-ethyl]-carbamic acid 4-nitro-phenyl ester (778 mg, 2.19 mmol) (from Example
38b supra) and triethylamine (0.93 mL, 6.6 mmol) (Allied Signal) in toluene (20 mL) was

heated at reflux for 48 hours. The reaction mixture was quenched at room temperature
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s deraperaure FOs e TPOHT LR REATHATAREGRe THrS AP

f 1 uor o- phenyl am no) - 3, 4-di hydro-|I H pyri m do [ 4, 5-d]
pyrimdin-2-one Chiral HNNNO OS FI 5 (R-1-[2-(

wa eqo 0895y - di net hyl - si | anyl oxy) - 1- net hyl - et hyP¢FEPONS/@3447

ro-3-(4-ethyl -
phenyl ) - 3, 4- di hydr o- | H pyri mi d®4, 5- d] pyri ni di n- 2- one
100 , 0.2 (T, Ex le 3 .
égﬁé 6%”%@330‘% ﬁﬂ%‘ﬁ%g% 6{18 Etrl]zeqﬁ rert?t,gg g\ﬁﬁ}e Stﬁﬂ %Ee@ateme combined
Eﬂlig%y@gﬂw&rb sgcceRively wdﬁhedhxﬁitBI Nrapdepug silddiuindiy)irandde solution
added and the Jm xture .was
R ?&Y%%SP%@%?@H%@% ekt ah clncgprated under
radnuddesressafe. sthecestlinyas pirifisd by flash elwepaiegraphy, (30Weethyl acetate
o204 i/ O tiit e i MNP
D P gL -1
dicklora prrERdiactEl-mptBCH et RRea) ura. (Yiplkh a8 e 26%).
separated and the organic phase was dried over

pRipleage sodiumsul fate, filtered and then
concentrated under reduce pressure to give (R

( [-%i%-l(( %%§@§?ﬂhé%ﬁ6}lflg§%%{)}fy)— 1-methyl-ethyl]-7-chloro-3-(4-ethyl-phenyl)-
3 3-dillydrb FyH -pytierige )i;57d (pgrifdidior -optieny | ani no) - 3, 4- di hyd
ro 15 1H pyrim do[ 4, 5-d] pyrim din-2-one as a pale

yellow solid. (Yield 107 919 anpl e 38g

(R)-3-(4-Ethyl -phenyl)-7-

(4-f1 uoro- phenyl am no) i{?ﬁ roxy- |-methyl-ethyl)

-3, 4- di hydro-| H pyri ngdo P2y ] pyrimdin-2-one
20

Chiral NNNO OH F

(R -1-[2-(tert-Butyl-dinmethyl-kilanyloxy)-1-nethyl-eth

yl ] - 3- (4- et hyl - phenyl ) - 7- O~giZ

(4-f 1 uoro-phenyl am no) - 3, 4-di hydlr\ﬁl H pyrim do

[4,5-d] pyrimdin-2-one (100 ng, 0.18 mml) (from

Exanpl e 38f supra) in pyridine (1.5 nL) (Fisher) was

t r eaiAedlatonrdd OR) -3t [@rfpet-hutyl-dimgthil-silayyloxy) ehnfethydrethyd - 1-(2,4-
idine (0.6 o) %)) ] i, At )

Pl it kAL LT e P pbes PR 380 k76 manol) (fom

Byanple#8d sierain t¢trakydgofgran (H8movasdoeeteygy ggyn temperature with

$§%§B%Q%/b%?é&&e7<mo 5021 8xthash edlaMch Bhdwixtaealattrred at

e organi c |l ayer_was i ed over anhydrous s%géga%saturated
RO &S kEdiutd Kicdrbshate soluecn ol dxfiiaettdlwit dthghicetate. The combined
oG T PR SRl b Blihy, 36Rb & dfhyBFERUSHhnd QufiteRitered and
concentrated under reduced pressure. The residue (395 mg, yellow oil) was purified by
flash chromatography to give (R)-1-[2-(tert-butyl-dimethyl-silanyloxy)-1-methyl-ethyl]-
7-chloro-3-(4-ethyl-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d ]| pyrimidin-2-one as a

colorless oil. (Yield 102 mg, 30%).
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f I uor o- phenyl am no) - 1- ( 2- hydr oxy-| - net hyl - et hyl ) -3, 4-d
i hydro-1Hpyrimdo [4,5 5 d]pyrimdin-2-one as a

W@NO@MOSSBSS vi scous oil . (Y| eld 45 ng, 61% . |EBSOEPKDR)03447

0.208 M 1C50 (FGFR) = 0..329. M Exanple 39a ()-
[trans 3-(tert-Butyl-di rret hyl'y?ll anyl oxy) - cycl opentyl |
{2-chl oro-5- [ (4-ethyl- phenylam no) -nethyl]
EWEJZQ-Q!'3 n-4-yl } -amine Racemic | 1l I H\  C NH
10
(R)- 1 D ((eant-Brityl d;&nethykalsﬂanﬂoy)k)-mdnb&léet}(ﬂ}-et(hsdthympaeyﬁ) -7-(4-

| e u ra)

TGP AGs o) S 4 B P R R e A e
cooling to roomtenperature triethylamne (0.20 ni,
0:92 mmol ) (Al lied Signabhip and
()-trans-3-(tert-butyl -di anyl oxy) - cycl openty
| ami ne (198 ng, 0.91 m’ml/ﬂ\ (from Exanpl e 9c supra)
were successivel y addedfandl the %i xture was stirred at
room tenperature for oursSy The m xture was
concentrated under red pressyre and purified by
flash chromat ography (2Q% et hyl q{tate i n hexanes) to
give ()-[trans- 3-
(tert-butyl-dinmethyl-silanyloxy)-cyclopentyl]

{2 meondl 9—(?ert—13u\$¥f' dﬁhmﬁ’yr FRBNYLAM-RRYyl-ethyl]-7-chloro-3- ~(d-ethyl-

VISCOS oll. (Yie

thl gﬁlryé’dr?oz]d{mﬁﬁq}i%[élég p@‘m&&m 2-one (100 mg, 0.21 mmo% (from
ﬂi%(irﬁ '3%6 &b éﬁ ]{)endbﬁfﬁ{ e )ko hle%D)é&BlSh’éﬁ)C'@PﬁBf%ﬁhﬂlme (0.03
- or o- | r,0 0

pi 6 e D) Yo aBRE b e W aears TGP Y iy
M&*@Mﬁﬂé%ﬂld@ﬁ&'}/ ERAABFHHRE4et™) forl FBmAutesk tAftee codling to room
(b0 i 0 Eobar B healh PPNt b UM RX Vil G253 Mhane.

Erhfs (resubtl‘Igysbhm@en'gds aveshes) witle  IN/aquepys hydre¢hiorc adid.- Hag lagers were
Q%p%pat ncpt}é%rgaﬁ% %ha(sg 5\79%1&?(@\‘9? Liﬁh}%@@ussééﬁ[ﬁ)l sﬁ?aqe, filtered and

am ne

[ ed

@b@moeaﬁmm%%de(r gedicy | nglre abg%l 21%>01152'éfe€rtpbt§%ﬁﬁlmethﬁ
pulﬁeﬂ@l etﬁmq 3@l ethi1ophenl) 32(45ﬂﬁ?9;so PhehilamiTab)-3,4-dihydro-

é g}lr(ra :f(igﬁli iacﬂpyrlmlc{m% or?e%s%%%let yQ oerJ soh&I & 1&@%0?51%[ §lq’/d ).

Example 38g

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

Chiral /@A
o
N)\N/ N’K 0

5

F

(R)-1-[2-(tert-Butyl-dimethyl-silanyloxy)-1-methyl-ethyl]-3-(4-ethyl-phenyl)-7-
(4-fluoro-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (100 mg,
0.18 mmol) (from Example 38f supra) in pyridine (1.5 mL) (Fisher) was treated at room
temperature with hydrogen fluoride - pyridine (0.6 mL) (Aldrich) for 15 minutes. The
reaction mixture was quenched with 1 N aqueous hydrochloric acid at 0 °C, then



hour. The m xture was allowed to warmup to room
tenperature and 4- (dinethylam no)pyridine (15 nyg,

w@2m2/089963 ) (Al drich) was added. The reacti on RBEEP2004/003447
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stirred at roomtenperature overnight, heated at
reflux for 4 hours, and then c]é)@centrat ed to dryness.

Th [l o i due purlfl flash
CHEEE &hﬁﬁ@ L3 eé’E%F;ﬂlC ]g?feét driedh oenamhadious godium sulfate,
gfiliered ynd edricentnsted ubtier teditedypresdin@e Wiy kestddeas!¥ifikd by flash

Cé}ﬂcﬁ@%ﬁ%ﬁy (FO% b acstate in hexangs) fo giyg (R)-Prideshylmbgay)-7-(4-
[ﬂrucaodahepylpm@rh( Vém I(Mediy&emyla Ity dilwaiv)-1 Hepaimplido [4,5-

hridin-2- lorl 0
[t(rf)gﬁs 13n(t glrlet3 aSBa[J%oyor e(::isls F’rlé% I - é Tldd% 61 /y)cl opentyl ]

fﬁ;@&@ﬁ%m gﬂrﬁ‘ﬂ&@@&é@ﬁygﬁ%ﬂ% pyri m dof 411, 5-d] pyri

m di n-2-one Racemc HN~N~ ~O \ I / F O ()-

[Exaansde 394 t ert - But yl - di met hyl - si | anyl oxy) - cycl opentyl ]
-7-chl oro- 3- (4- et hyl -

p@ﬁ%”s Sk B%F?ﬂ%t R L B g o -

ﬂ?él@io rmethyHrpipimistin-¢yl rinineri sher) .
4- FI uoroaniline 20 (0.036 ni, 0.38 mml) (A drich) and
p-tol uenesul fonic acid npnA: hydr S .5 nmy, 0.05
mrol ) (Aldrich) were adde and I Xture was heat ed
to 160 Cin a nmicrowave By thésn Zer
(Sm t hSynt hesi zer TM fom)é Minut es. After cooling to
roomtenperature, the heterggeneous reaction m xture
was diluted with dichloronethape. The resulting
solution was washed with 1 N aqy,e( hydrochloric
acid. The layers were separated ah 25 the organic
phase was dried over anhydrous sodi um sul fate,

filt ngeN CEnhlLS
t 'o qu @de%!:Hi)_r& nm;&%_ 9?& eﬁjit?@)d zﬁ &g?l n%Heﬁx‘;'r} Coime§ 004G, 0.71
W%@;@ Xa@y pé ‘"eﬂ‘(PW Was dlssolved in hot n- butanol (2 mL) (Aldrich). After

-caon Ridyhr @H@aydtﬁrezu(eﬂh;ﬂ&rﬁmwo mﬁmb@mmb%ﬂle@tls’i@iﬁn and
t@ms yrte! %d%élrﬂﬁtglflgé%w %1@”@ %? 5 gggge P 198 mg, O 91qnmol)

( hEE%QA L Bpha) werd @dc—cedj)@?l)’pkiéecB&iﬂ the mixture was stlrred at room

en

tzxggﬁlfaﬁlrg@}ﬁc Cl?lg{“e/hi rp})&ge X\Lay g&hcegjt}%te%{ g' e?;H,laeéi pressure and

[pq.lrgied])y }ﬂﬁ‘h thqlnatogrmkg (ERPoethiyd a¢etat¢\|m\haxanes) to give (&)-[trans-3-

(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-{2-chloro-5- [ (4-ethyl-phenylamino)-

methyl]-pyrimidin-4-yl}-amine as a viscous oil. (Yield 272 mg, 84%).

Example 39b

(+)-1-[trans-3~(tert-Butyl-dimethyl-silanyloxy)-cyclopentyl]-7-chloro-3-(4-ethyl-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one

Racemic /@(\
»e
CI/kN/ ’go

oS:



HNN 'O SOH F 5 A solution of
()-1-[trans-3-(tert-butyl -di nmethyl -sil anyl oxy) -cycl ope

WO 2ook8PsK 4- PCT/EP2004/003447
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et hyl - phenyl ) - 7- (4-f | uor o- phenyl am no) - 3, 4-di hydro- | H
pyrimdo [4,5-d] pyrim din-2- -dfe- (47 ng, 0.08 mmol)

in pyridine (ﬁ]&_rrL (Fisher) was treated at room

t enpet BHERES OffiE irAgy? G tranbutyhidin atleyl-silpyoxar) reclopersyl] - {2-chloro-

oK 50070 B 8y o

sl v s bR Do P e defemato Do ianelin

Lchgl?ormhedfel(é @nloweds caﬁ?:ylddi OHSJ %Eb%lﬁh hinGoluene solut10n (0.32
(] n unaer ressure

I}el% (gé lerglv\ngbs a?%v% ta%c?ecf%ggwlsg ﬁ? L}J}p SRS st(lged/gt 0 °C for 1

oy Th@&méue‘: wens aﬂiewadx &g yatm upity eoom temperature and 4-

((Hlﬁetﬁﬁaﬁﬁmgylﬁ%)ﬁ(g ;Yicg I(I:l od gln Edr#(?f gAlgﬁgﬂy\kr%ryda?%_L 'Elg,er reaction was
éflﬂre 2H1995% temmraﬁurf %éma%t aeatedﬁttreﬂ@@ﬁor d hopys, enditteg
f&gncc&?xo&ed td Arjmesdolle yellow res1due was purlﬁed by ﬂash chro1natograg:>hy (20%

o op e S e et ey

Nydbl\)eri‘lsyl ]-Z-chlorb}3-Thethybpheityl B4 afihydro-1H-pyrimido[4,5-d] pyrimidin-2-

BY ! hm di n-5-yl) net hyl ]
%&@négg]g%;'z, (Ofam ne 20 (198 ng, 0.7 nmol) (from
Exanple |Id supra) in n-butanol (5 nL) was added
anemet hylamne (0.12 nmL, 1.4 mmol) (Al drich)
and N, N-di i sopropyl - ethylam ne (10.13 rrL) (Al drich).
TRe 1Y %ﬁ!—BkarﬁB%t‘yllHﬁné%ﬁﬂ ﬁltahﬁbfﬁ @Ho{)er J 38(309&1? L Whi)-7-(4-

hed d, ext
sEropReylariol dCetpite B REIGO e BORBR s BPgani o

extracts were successively washed with water (10 nlL)

and brine 25 (10 nlL), ckdkmd over ous sodi um

sul fate, filtered, and c under reduced WO
2004/ 089955 PCT/ EP2004/ OO 4477 1-105 pressure to give
t he crude nono chl or| de*NasNa olforless oil (Yield 220
ng) whi ch was used e step wi thout further
purification. To a soI cr}Jde nmono chl ori de
(220 ng) in dichl oronet ane (200-% at 0

()-1-[trans-3-(tert-Butyl-dimethyl-silanyloxy)-cyclopentyl]-7-chloro-3-(4-ethyl-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (125 mg, 0.25 mmol) (from
Example 39b supra) was suspended in 2-propanol (3 mL) (Fisher). 4-Fluoroaniline
(0.036 mL, 0.38 mmol) (Aldrich) and p-toluenesulfonic acid mono-hydrate (12.5 mg,
0.05 mmol) (Aldrich) were added and the mixture was heated to 160 °C in a microwave
synthesizer (SmithSynthesizer™) for 30 minutes. After cooling to room temperature, the
heterogeneous reaction mixture was diluted with dichloromethane. The resulting
solution was washed with 1 N aqueous hydrochloric acid. The layers were separated and
the organic phase was dried over anhydrous sodium sulfate, filtered and then
concentrated under reduce pressure to give (+)-1-[trans-3-(tert-butyl-dimethyl-
silanyloxy)-cyclopentyl|-3-(4-ethyl-phenyl)-7-(4-flucro-phenylamino)-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one as a pale green solid. (Yield 123 mg, 85%).



C was added triethylamne (0.3 nL, 2.1 mmol) (Al drich)
foll owed by addition of 20% 5 solution of phosgene in

wao odouesws{ 0.5 nL, 0.98 mmol) (Fl uka) dropw se.PTIER2004/003447
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m xture was stirred at roomtenperature for 15
m nutes. The reaction m xture 5 then poured into
ice - cold water (50 nL) and extracted with ethyl

23 x 50 m.). The conbined organic extracts
wer e successively washed with water (10 nL) and brine-

(OB -(d-Ethydphedyl) -av(eFﬂlmnhs;ﬂhmydsmaum]ufrrcsulraf—hychoxy-cyclopentyl) 3,4~
fhl ter and. r reduced pressure to -
&h\}/’%mt gﬁtl%m%lrdo mé}éﬁﬁrrggj g{bgl%v\/m ch was di ssol ved
again in dichl oronet hane (5 nL) and heated under
reflux in the presence Géeende (di ;@Vr}ﬁ no) pyri di ne
(20 ng) (Al drich) overni eaction m xture was
quenched with water and gk t,r c,tlgd with' ethyl -acetate
(3 x 50 nlL). The conbi Hed or an?c extracts were
successi vel y washed wi (10 m.) and brine (10
m.), dried over anhydr m sulfate, filtered,
and concentrated under 15 reduc pressure to give the

crude products which was then separated by preparative
thin Ilayer chromatography to give

7- chAsohiibneyf (Eopil opys- Irétehybutgl- quﬂ@;ﬂﬁdmd@nféwdpp@tﬂl -3-(4-
gﬂh@?’gﬁ%)’?@% rﬂlumodggle‘hy%jnqi}lg%’ 5{4%1%7&% ﬁ?%ﬁmﬂg i4ed-d ] pyPignidin-2-

an@ H47ong-q. Oa;lym idire (hynL )gu Esfp.exggqués@teéﬁépggn} tegperature
%ﬂ%}ﬁ?o%eﬁ uByib n};ﬁ%{lé &(56 eL) rQMdrﬂshﬁ fd%ﬁ:ﬂ%nfﬁﬁﬁas( TBOrdBtion
| I C

e e Auenghd Wik |8 Aftiegr e fobrs o Pipentracted with
E@9L4defite. Mhed digﬁn&\h%mlﬁd:d\uvéﬂhnhlyém eedl(nfh salfh@filtdrpd and

?%%E&Wﬁ&&%%?gg )Prfs\ggrse LIk AL X Pk ﬁ@&ﬁ)?'ﬂlaéh Hrgllngtography
(s lgbropyt srstchesBic( v ok eipiteplyany) 7Z-fhligscaphemylamino)-

bl AL AP BAyy  lp  gs pm n

Advitie solid. i Faeld 82 e, At¥I-vity The antiproliferative
activity of the conpounds of the invention is

fermpRigoat ed below in Exanples 41 and 42. These
activities indicate that the corrpounds of the present

nyention .ar eful intr [, i L
S aRg ey anebPekbBat TR e e P R e
pyintido[4s5ed pypiaridine-dand y br east and colon tunors. 3o
Exanpl e 41 Kinase Assays To determ ne inhibition of
KDR, FGFR, EGFR, and PDGFR act|V| Oki nase assays
wer e conducted using an neous Ti nme

Resol ved Fl uorescence) as Jz%éi\"'Thl S assay i s described
in A J. Kolb et. al. overy Today, 1998,
3(7), p 333. WD 2004/ 0@55 P /EP2004/ 003447 -106

To a solution of [(2,4-dichloropyrimidin-5-yl)methyl](4-methoxy-phenyl)amine
(198 mg, 0.7 mmol) (from Example 1d supra) in n-butanol (5 mL) was added
cyclopropanemethylamine (0.12 mL, 1.4 mmol) (Aldrich) and N,N-diisopropyl-
ethylamine (10.13 mL) (Aldrich). The reaction mixture was stirred at room temperature
overnight, and then quenched with water and extracted with ethyl acetate (3 x 50 mL).
The combined organic extracts were successively washed with water (10 mL) and brine
(10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
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Prior to kinase reaction, reconbi nant EEE-tagged KDR
was activated in the presence of activation buffer

W@ 204/084958EPES, pH 7.4, 1 nM DIT, 10% gl ycer ol , PAGOP20M/003447

NaCl, 0.1 mM EDTA, 26 nmM I\/gClZ]I,Q and 4 nM ATP). The
enzynme was incubated at 4 C~ P-1 hour. 5 Kinase
activity.assays were rfornmed i 6- . .
e brgTane tdtes TS 2 ol 8 Blide 20 mp)ahigh was used
i9Qhé next sexpotithweit furtlea plrifiedtioncont ai ned 1M KDR
substrate (Biotin-EEEEYFELVAKKKK), 1 nM activated
KDR, . ' :

T ? gol?’lu&? o3F cr%ﬁg?%gl%%p(@rﬁd% égﬂ&ngg uﬁ% ethane (20 mL) at0

concentrati ons ran ) igﬁ%§ 1.5
Cownoaddstriethpleyinerie Tolriad smal i Mldrich) flleagd hirsddigias of 20%
éﬁﬂ&uﬁ_&?@%ﬁﬁ&% %%a&@QO@%ﬁmnMn{Uﬂ é@hﬂ«a) HrépWib¥ TThidmixture

(9] mM My 50 from,KDR st ock
W HETeg R Oy ERRRIATF Y g‘n%s E‘%}Hﬁ@&nﬁ?‘? re@.gtsowvﬁﬂﬁ ‘(aéttﬁmoured

©0h e o8y (50mel.) And 2%rAS4l withethydactito B 088 mL). The combined
i ncubat e

dat 37 Cfor,30 mnutes. Tg.st t .
SRR et e P FL AP, e
owir anhydSd@Psqdiath sulfbe tierddngnd @ricentrated vatlettriedwced pi¢sswre to give

20 . . 4. 0: 0pO
2T PO AU LETER sy B0 ) nd s

| bo 5 15 M., .
amder Yobusrin the prepense PEfdiprathdsminenpyridipe (A)me) @aa/r’éqh) overnight.

ﬁé(feﬁghioééli)&ufg wRQueh R WiBSwatkf Atbéx@rfatRd with @hyl acetate (3 x 50
duplicate wells of a 384-well bl ack

Il | t
b TEREPRPEd SFB6ls A et VT PALILR BTG S Eaghf10 mL) and
Eﬁfﬁ( 105&_);,%@@ gvé?Bﬁffﬂraﬁf i;]ddilhm salfsta,yﬁﬂfte)tnai, endaondenttadtunder
escCri pe aplov or . . .
R e PR ST 5 bt BB e i
Rferadirbmatogehphy to give tdbloperlatygloprémimethybdr(4imethpyy-phenyl)-3,4-
£.01 I oW ivaf i fer v
T e )
(B offhed EERE L loron T 5y RE e - HR A phepi g 4-dihydro-
gﬂgpﬁ&ﬂﬂogl%ﬂwgyrgﬁﬂ%@%ﬁn@g@gﬁg,mﬂgg@ if];inﬂMengﬁirgL) (Aldrich)
. ) a . . 1%. .
KPhEaRSA 06120 (A P75 PRy ATt SOGHRENES GE3FioD SHEHTE e aghed with
BSAned (llf :amoai&a) an/cbﬂr}]ﬂd reudefpr8@udt wad perifiekby pfepttativatsaiayer
S It orJire .Nn the S I :
B graly S et D op RO S ca ARehEy- B, 7. EREnylamino-
8 bdihyértoe] Kl Biyaimide[4EEaIpYHEIYNe-2tome snvndERhite salid. (Yield 20.6 mg,

Z@Oynds, 100 mM HEPES, pH 7.4, 1 nMDIT, 5 nM
‘G2 2 mM MiCl2, 1% DVBO, 0.5 M ATP (Km for EGFR),

0.1 mM Na2VvOQ4, and 30 0.02% BSA, The rest of the assay
was performed in the %ﬁﬁlﬁm Ve KDR assay.

The PDGFR ki nase activity assay was perfornmed with 1M
substrhabatifiBliGiritive abIREE T EAA)ampothde b BBERRntioess demonstrated

202 12¢ 7% v ,ivi.i i 'ﬁ CRmMTor ©
%’1@, SRS S A TR8 T Fe Ritifric indic IR Fre ;g%&g%)fth

PrésentihiNaitld@bre useful in treating cancer, in particuiar solid tumors such as breast,

lung, prostate and colon tumors, more particularly breast and colon tumors.

Example 41

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 assav is described in A. J. Kolb et. al., Drug Discovery Today, 1998, 3(7), p 333.
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and 0.02% BSA. The rest of the assay was perforned in
the sane manner as the KDR 35 assay. WO 2004/ 089955

WOODAESRE0D4/ 003447 -107 Conpound | C50 val ues RET/BP2004/003447

determ ned fromduplicate sets (gg data, and cal cul at ed
by using 'Excel and fitting dat to equat| on

Yot | Biblld e earhih sReomRng el fitela RO vkt ied inhe

prderar of aétivative baffer(50 naVl HERRS, pH b, 1 md DIdhpetargticerol, 150 mM
Neél? %Clt @W? l‘E%'TAC 2& ?nl\tdlﬁ 1%9(1%1'}%\/?& g) t egb}rhe gﬂiEMed at 4

conpound resp value 1's |
&Gﬁvelnhfplml on of test compound that reduces by 50%
the enzyne activity under the test conditions

deSCKhba@éiactMt? SOt lpb@Srohdll &%-ﬁ&py&yﬂ%@?l@h gtes (Falcon)

SriorabHolas (0 S‘l?lg witbrlatB el ARG A3 strate

tmantHEBEYZJEme JEX alvphaivafed \REER, amldch tEﬁEoﬁtplonmﬂ afitticbne of 8

f
et oy Sop El b e AERNNR v o AL (e e Raialfn). The kinase
activityhasgovas desainstheasesecalof é@%ml\bﬁmwﬁs?%ﬁ i WgT, 0.1 mM
B B PRI RGO TR 90 o

mmpowunl)s 0BaaM ATEGU: concertrasinay) pad 002%R% ) Thesgreiian was
andbsegded7at BPN0RIMRES, T oF%QdS WRIKDR ReRti¥R) 2MH. 6ffrea®@n mixture

Featropg ?refﬁﬁxné@ 5 S0P rﬁﬁgf%tal@g%sfegeﬁﬁfﬁ%mn i (20 mp EDTA,

BOwiN HEPES, QW 14,8029 BSAW Ot iVT0- a6l ect dneti- p Y aniitstdy dfinal conc. 2

g‘gﬂlt %ﬁ%\?@q lglgsg%\ﬁ%qﬁ | @2{ ot \C,\?gychg%R )? t A%grol%&g %Q? uL of solution was
wansfetedRivb duplitatareeliscof a G8%- MB@‘}&C&W’C@(@@SWQ) 50dgegdent 615/665
%gﬁa%ﬁf&@%&%@%&qe#o ng 20 per niL of anphotericin-B

onet'i cs Subsequent |y, the remaining nedia

ain aspirated and replaced with 1
of sEfR EGRRvend JAGHR ariyRstrs Wes gpri Hﬁaédle%“;ge g ggve for

lﬂl?eaKDR%ﬁh @s%@dmﬁBﬁe(fQﬂ@ﬂﬁg differ&fced m)ta g&l EGRRénzZfine was
cin and ? of a ﬁsgterl

'«}tegmeéeralagrgs B8 e & st mnsfacwélpﬂ bRffey 100 mM
[RERRES, pH(7NDGOGAN- N8I 12 mM My, and¥nhMoA TR.afhalendslaBOGYy assay
%{V%g%g ZrSBe{;th}fl l'tﬁf(le\g ?&bsﬁ%{eu(ﬁ}ogfna?ﬂi% ]%tht i:glnll\ff aét%tealizGFR and
¢ohcenpouand orth preseroeof é,@(hm%HFé’rESn?emM AT, O pMVEMECl,, 0.4 mM
Rﬁ@%%ﬁﬂﬁﬁ@ t1g bM%o 30RLP um'pa(q@ Wk 34 ISR, wAM Na;VOy,

cont al ned m st arvat | on medi um

2n8 90BVEBSA PR attetal wé\a@e OB RaERa TsStfEhs DS @F#P%Pedzm the

RAME Shanfibt HYKIDR@ssaficubat i ng the cells with the test
conpounds for 2 hours, 20 L of growth factors at | OX

A5S8Y e EGER kinase activity assay was performed with 1 uM substrate (Biotin-~
EEEEYFELV), 1.5 nM EGER, test compounds, 100 mM HEPES, pH 7.4, 1 mM DTT, 5
mM MgCl,, 2 mM MnCl, 1% DMSO, 0.5 pM ATP (K for EGFR), 0.1 mM Na,VOy, and
0.02% BSA. The rest of the assay was performed in the same manner as the KDR assay.

" The PDGER kinase activity assay was performed with 1 pM substrate (Biotin-
EEEEYFELV), 1.0 nM PDGER, test compounds, 100 mM HEPES, pH 7.4, 1 mM DTT, 5
mM MgCly, 2 mM MnCl,, 1% DMSO, 2.3 uM ATP (K, for PDGFR), 0.1 mM Na, VO,
and 0.02% BSA. The rest of the assay was performed in the same manner as the KDR

assay.



30 concentration diluted in serum starvati on nedi a,
FG- at 50 ng per nL, or VEGF (R&D systens 293-VE) at

wQaod4pgpoper nL were added. The final concentr aPCDRPIIN4/003447
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FGF in the assay was 5 ng per niL, and the final
concentration of VEGF in the as@nys was 20 ng per L.

e sl e e B L Bl

613’ litsh'@ Faskll Z'Sld\/ﬁttlhg dﬁt@\M) bqdagioh &= (a- B-ﬁeld-fgxf(t)é]&b\[\@gge aandb are

r aadl t1pon .

R B M s o
hibitonfestegonmpunghrespsctiveirads the [Onendeadis thohileanstsot of the

tchh hi Seéﬁﬁﬁ@ |’1§fé§b§)dval’iie ieHBre Qﬁ%&ﬁ%ﬁpﬁ of ?fc?bl?%gqu%altﬁat reduces

addi ng per
&Dé(% %, eteﬁ%?fm%%\‘é“m%é]é‘ﬂeroﬁhff LRSE%PD@P%G})eSqueéer um
starvation nmedium The plates were then returned to
t he FThedCybatues irf the aBohoddssribethezlab ehhibigiorReia JTionVﬁ&

the t
CROHaTYr e Bvahlth A, FRRLETKER R4 RERR S0y %‘S%étR fsFs than 2
fiMati on / denaturation solution to each well and
i ncubating at roomtenperature for 45 mnutes. The

fExx@bledr2 / denaturation solution was drained onto
paper towels and to each well was added 100 L of

|- Br and \yflls, re incubated for 2 hours
; 4 . li 29| uti on was

renoved and the wells were each washed 3 - 4 tines
Wi t h'T8e Gnﬂlplﬁﬁﬁ‘.raﬂ\&(hchwqf ofttése ca'ﬁ@oﬁxhﬂb%ffﬂ@ﬂs ﬁl\féﬁhé‘ﬁ inocré]l based

d
RTINS e
\}@@qm@nbﬂgaldpp‘e@dgyh@ldkheﬂg( QA6Bktics -2 ) lwend cultuMd in EGM-2
?@Bﬁ@d’ﬂ&r@@ 3@62)%«15!3@ atﬂfdas%%d% ﬁﬁ)Ofll p‘?etr W%ﬁ%’l 2 YWt} 200 uL of

eference wave
EEAM B (s res Conon) medie 1 8 96 DTAIM Hoviem etk ((lasteedss)
SU&h{gﬂﬁtAﬂéi 2411%61‘5@%@%&{3‘% 39fectyiigh 5’%%2, Qﬁ’eoingﬁ% Atﬁ)}l media was

t.hen subt di vi si on

e s %\7@%@@%&&1 gad it gpteabehe bl waaamap Teetvathp3PO pL pre-
themed/ BBsig2 (Clontties @013t 5©|c5nfalirﬁﬂ% 30 u?ﬁrper il A geRERGRand 50 ng

piinl aF Ry BH B B CBheics s 104, shisbabihagemeining media was

agin ﬂ&b’lll)iteﬂ@@)i replaged WIGSUSO\/}&IL prez wedl dflsexunostmanasmtnedfa (EBM 2
5 HleSQRROWRH 1%1&&at aﬁa*awém@é/(égr(etgs e ofd&ﬁ' 4] peﬁ %L

anda 1s a asure tron o

§PNTED 2ng SYag @ﬁhmﬁ@cf appbaierigia-B |(Cw@ancsr@@14@&3s)b thumifs per mL
af Wyeth- Oferthphiog @ﬂDUompbsstlh%)CﬁﬂP@HM Ll \}&Eeﬁnﬂﬁé &HBCO 25030-

cent |nh|b|t|on val ues_of
BB S e ol o £ Db BL 8 P a 10X s
compoiatiis iafseiune staradoh ediune asthresho IIMEOSedsiadeet to the

' : EG than 1.

SR T VR S oA b v
0%y IpMSOD Al aieSware returned to the incubator for 2 hours. After pre-incubating the
cells with the test compounds for 2 hours, 20 pL of growth factors at 10X assay
concentration diluted in serum starvation media, FGF at 50 ng per mL, or VEGF (R&D
systems 293-VE) at 200 ng per mL were added. The final concentration of FGF in the
assay was 5 ng per mL, and the final concentration of VEGF in the assays was 20 ng per

mL. The growth factor free control wells had 20 pL per well of serum starvation media
with the same amount of BSA as the wells with growth factors. The plates were returned
to the incubator for an additional 22 hours.



-109- Exanple 43 Tabl et Fornulation lItem Ingredients
My/ Tabl et 1 Conmpound A5 .25 100 250 500 750 2

W\t dswes Lact ose 103 83 35 19 38 57 3 Cr oSCECTEP1008@03447
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15

20

Sodium6 6 8 16 32 48 4 Povi don% K30 5 5 6 12 24 36
5 Magnesium Stearate 1 1 1 3 6 ¥8Total Vvei ght 120d12$
1 00 900 *Conpound A represents a conpound o
1%[?’8]9[5 ion. Manufacturing Procedure: 5 Mx Itenms 1,
2and3|naswtab|e m xer for 15 mnutes. Ganul ate :
t Asergdirpair exposufe t@rth@te@pcohlmuﬂdsﬁﬁ%:éﬂswed@label&g%th BrdU (Roche

Sﬂbl‘sﬁénﬁealg h-té@ﬁn A, by%&m%@@ 1;,9; ﬁ? é}teﬁtok gf@% a%nil %ggent Hat has

Pass t e granal ati

Stfﬁe{l Aireedilp POhig sexymm pasition mediimh Eht plams Wdr@theheeturned to the
nhthtegordoantbatsl Qhe HiRAn nﬁﬂﬂm‘ﬂvﬁs fe%ov%d By AWk ﬁ;glthé fedium onto

LBV S0 Dt a%x‘fs’%awcféﬁi?@giepemﬁ y adding20eaanphaion

%nélipandraoﬁmmlﬂo&hdowdﬂ h@dﬁdcﬁ“@z[tﬁ@l ®BdSm m&ﬁf&ﬁﬁiﬂe for 45 minutes.

W n ﬁgel‘?ﬁglja%g 5’@%1%00 S gal ?{%8 §§pe|:fggw S q} to epgh well was
roded 1aub af argi-RedfAd$ D andtheawdls avete Rc@bBedof atiafuritlrtbom

'\@é‘n taatu?rg OTQQQnt%&i %%tl@QQ\m %ﬁ%ﬂg tﬁe {‘Ngﬁ) S cij. mgqéshed 3-4

he |nven 1 on. turin OCESS?

Weslwlg}‘éool” L BB&ni003; of the g‘ MB siptstratei Snbmohm’as #8ded to each well and
théwekSwere Atlibhte@ BB rdbn&tdnpstuld for 508 minTAUTES reaction was then

stopped by adding 100 uL 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
duplicate by the average of the controls from 1. The final product was then multiplied by

100 (% of inhibition = (1-average absorbency of test duplicate/average of control) 100).

The ICs value is the concentration of test compound that inhibits by 50% BrdU labeling,
and is a measure of inhibition of cell proliferation. The ICs, is determined from the

linear regression of a plot of the logarithm of the concentration versus percent inhibition.

The ICsq values of VEGF and FGF-stimulated HUVEC proliferation assays for the

compounds of the invention measured as described herein are as follows: HUVEC/VEEG
less than 1.00 uM; HUVEC/bFGF less than 1.00 uM.
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Fill into a suitable capsule. WO 2004/ 089955
PCT/ EP2004/ 003447 -111- Exanple 45 Injection

waabwutosess Emul si on Preparation |Item | ngredi ent POG/ERR04/003447

Compound A* 1 ng 2 PEG 400 10-50 nmg 3 Lecithin 20-50
ng 4 Soy Gl 1-5 ng 5 Glycer'o]r098-12 ng 6 Water (q.s.
1 nL . *Conpound A represents a conpound of the
ErrapleAdn. Manufacturi ng Procedure: 5 Dissolve item1
initem2. Add itens 3, 4 and 5 to item6 and m X
Tabled Fahapaiaed, then honpgeni ze. Add the sol ution
fromstep 1 to the mxture fromstep 2 and honogeni ze

tiffthe . d spersion 19,r cent. Sterilefilter
gﬁﬁ‘g%?dtfné* pm filter Maﬂ?ﬂe into vials. WO

gggo:: DCT/EPRP20N04. 0024 A7 112 Evna |, -
T NI T 707 = VU TT/ - L 1 T \J

N
A A by e N | LA A>3

tCoanpS@hdAi*on/ Enul §ipn Prigygar atfi w0 | t €260 500 750
di en? ng/m. 1 Congound A* 1 ng 2 d ycofuro

F ycar SRS TH50% vt a3 o.| 8 n)| Poompplnd A% |57
5 bCejibmscarincliaSothcan  ([am 1 i[5 B, |16 |3 |48
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:

Mix Items 1, 2 and 3 in a suitable mixer for 15 minutes.

Granulate the powder mix from Step 1 with 20% Povidone K30 Solution (Item 4).
Dry the granulation from Step 2 at 50 °C.

Pass the granulation from Step 3 through a suitable milling equipment.

Add the Item 5 to the milled granulation Step 4 and mix for 3 minutes.

Compress the granulation from Step 5 on a suitable press.



Add itenms 3, 4 and 5 to item6 and mx until

di spersed, then honogeni ze. Add the solution fromstep

WA 2008/084965 m xt ure fromstep 2 and honbgeni ze UPECT/EP200€003447
di spersion is translucent. Sterile filter through a '
0.2 mfilter and fill into viald- 10 While the

' nverﬁai gn has been illustrated by reference to

E’f?é’é)? and preferred enbodinents, those skilled in

the art will understand that variations and

Coptuld Fratiudation may be made t hrough routine
experinentation and practice of the invention. Thus,

i { t to be limted by th
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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:

Mix Items 1, 2 and 3 in a suitable mixer for 15 minutes.
Add Items 4 & 5 and mix for 3 minutes.

Fill into a suitable capsule.



15 -OR9, -COR10, -CO2R10, -CONR1OR11, -SO02NR OR'
-SO02R10, and -CN;, R2 and R3 are independently
W@ e2i0e08%65 f rom t he group consi sti ng of -H, - QRIT/EP2004/003447

- hal ogen, 20 -COR10, -CO02R10, (CH2) R het erocycl e,

- al kyI _cycl oal kyl, WD 2004/-088955 PCT/ EP20047 003447
Qlkenyl and -alkynyl, where nis 0, 1, 2,
ﬁd t he heterocycle al kyl, cycl oal kyl, al kenyl,

and alkynyl groups are each |ndependently, optlonally

Juojsstion folstomFrugsivn Ppgrasioms sel ected 5 from - OR9,

- hal ogen, - COR10, and -CORR10; R4, R5, R6, R and R$

are e entI el ected fromith roup
consi ngr 08, al kyl that 8’ﬁﬁ91nghally maybp
subst | - n,
-COR131 and - oud A3+ sel ect ed|firggn t he group
consi ¢ting of 15 -H, -CORLO, |ower|alkyl that
optiopglly maybe i tuted by hydr r_al KOXy,
cycl o@l’kyl that g%#?%&ally may be suai¥{$d?%d by
hydro - _a.ﬁ.d__i_e.m.ﬁ a! k;yjjl’ '\rl ’)ﬂ hﬂf an[‘\l{"l h
that @ptional | y|hesithie substituted b/Zﬂwqu;y, alkoxw
or loyer alkyl;| RIO and R' are eachjindependently
sel ecygd fron1thgogtgup consisting o 1-5 mg

5 Glycerol 8-12 mg

6 Water q.s. 1mL

*Compound A represents a compound of the invention.

Manufacturing Procedure:

Dissolve item 1 in item 2.
Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.

Add the solution from step 1 to the mixture from step 2 and homogenize until the
dispersion is translucent.

Sterile filter through a 0.2 pm filter and fill into vials.



10

- Conmpofinds of forpula | of claim7 whergin R6 is OC%
H

-H, lower alkyl that optionally may be substituted by
hydr oxy or al koxy, cycloal kyl that optionally maybe

wG@aipegnswes ed by hydroxy, al koxy or | ower al kyl PCEHRP200£2603447

het erocycl e that optionally may Be substituted by
hydr oxy, al koxy or |ower alkyl’;**“R12 is selected from
t 0 consisting of -H, Iovver al kyl and - COR13;
Ig?"&i E?s sel ected fromthe group consisting of -H
and | ower alkyl; or the pharmaceutically acceptable
dajeaction ﬁe]ruaoﬁ/ErQulsionﬁmemwmmrf formula | of claimi1l
whereipn R1 is selected from 30 cycloal kyl; cycl oal kyl
substitI d by - QO h(glterocycl e; lower alg/g]é{ and

| ower fal Kyl subst i t& y H 3. Co

T Or MU | rer=f—gfe— =Gtk it
2004/ 989955 PCT/ Ee2aipbud3447 -115 4. Cpllﬁgounds of

formulfa | of claiml V\,hereinRSis-H, F, - OCHS.
5. Cofpounds of f of claim1 where and R}
are b¢th -H 6. ounds of fornul a Ielgf%’d;‘F’gl m 1
wher effm—R4e—R5—aft—Ware—H—F—Cenpourds—oef—formyl a |

of cl dBdm 1 wher ej bed®hin s hal ogen or - ORDD-56m§.

9. Cogpounds of | | of claim1l whergin R8 is -
or -F] 10. Corrpmg6 Eaf formula | of clgll%nf wher ei n
RO i s=H—tower—@kyt Fower—atky+H—stubstituted—by
hydr oky. 11. Coma@bﬁé@lof fornula | of |#-td mgl10
wherefn RO is -H 10 12 Conpounds of flormula | of
claim g wherein RdSs -H | ower al kyl, @%ﬁlhﬁrm

aI kyI substitutef by hydroxy. 13. Corrpg ds forrrul
Crarimm L2 whererm /o 1S - = rrpooTts—ot
f*@pmnoanrl/%owepmsmtm gompeyrd of the inventie. | ower al kyl, or
| ower al kyl substituted by hydroxy. 15 15. Corrpounds

oM afuFioinige Praebdigbai m 14 wherein R11 is -H 16.

Compounds of fornula | of claiml1l wherein R12 is -H or
wer al ky] . Compounds of formula | of claim16 )

mgpé’eate%glqlemlzl 18. Conpounds of formula | of claim

1 wherein R13 is -H or lower alkyl. 19. Conpounds of
Aaldriteies 3, 4@hid SltaiitemiBandvenaintil Rispeissd,then homogenize.

il

Add the solution from step 1 to the mixture from step 2 and homogenize until the
dispersion is translucent.

Sterile filter through a 0.2 um 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.



20 20. Conpounds of fornmula I of claim1l1, selected
fromthe group consisting of

wa2ano8eBe Xyl - 3- (4- met hoxy- phenyl ) - 7- phenyl ani PCFBP20o4003447

- 3-(4- met hoxy- phenyl ) - 7- phenyl am no- I-p

10

15

20

hydro-|1 H pyrim do [4,5- d]pyrimdin-2-one (Exanple

l e), 3-(4-nethoxy-phenyl)-7-phenyl am no-

| - pi peridin-4-yl -3, 4-di hydro-} PL yrimdo [4, 5-

d] pyri m di n- 2- one (Exanpl e 25325

1- (trans 4- hydr oxy- cyclohexyl) 3- (4- met hoxy- phenyl ) - 7-

phen n1no ro-1H

nvrl SR %ndcfoég Fm'jl%li n-2-one (Exanple 3c), WO
2004/089955 PCT/ EP2004/ 003447 - 116 R7

peridign-3-yl -3,
»Re(Bmmﬂe

4-di hydro-1 H pyrimdo [4,5- d]pyrRH
4b), 1-cyclopentyl -3- (4-nethoxy-phe
- 7- phenyl am no- 3, 4- dlhydro-IH-p r|n1oo 5-

d] pyri m di n- 2- one (Exannq
|op gn- uyl) - 3 -

(1,1-dioxo-tetrahydro -
pyr|p1dﬁi Z2-one (Exanple

(4- met hoxy- phenyl) - 7-
di hydro-| H pyri m do
6), 3-

[ 3- (4- met hoxy- pheny
2H pyrimdo [4,5- d

pX0- 7- phenyl am no- 3, 4- di hydr o-
mdin- | -yl] -piperidine-

- car bal dehyde ( , 3 - (4-nmethoxy-phenyl) -

7- phenyl am no - (tetrahydro -pyran 4-yl)

-3,4-di hydro - | H | &° pyri m do[ 4, 5-d] pyri m di n- 2- one
(Exanpl e 8),

()-1-(trans-3-hydroxy-cycl opentyl)-3-(4-net hoxy-phenyl
YPIhenyl ani no- 3, 4-

di hydro-| H pyri m do[ 4, 5-d] pyri m di n- 2-one (Exanpl e
®d) , isselbcle)] from thelprofBednsitiog pf cycl opent yl ) - 3-

(4- meghoxy- phenyl ) - 7- phenyl am no- 3, 4- di hydr o-

1H pyrT? m do[ 4, 5-d] pyri mi di n- 2-one (Exanple 10e). 15
21. Cﬁﬁ@ﬁuﬁ@@ﬂawdfﬁrnula | of claim1, selected from
t he yp consisting of

(R) - 4- met hoxy- phenyl ) - 7- pheny! ani no-

|-(téw9441§56ro furan-3-yl)-3, 4-di hydro- | H

pyri pli@alidait d] pyri m din. -2-one (Exanple 11b)

(R) - 3: Met hoxy- phenyl ) - 7-
phen?ﬂ&ﬁ? o 1-pyrrolidin-3-yl-3,4- dihydro | H pyri m do
[4 5-d] pyrimdin-2-one (Exanple 12),

() - 7-wWherd h isk; - D loeBydnartha b?tellocyde,aﬂql EYdydkﬁX%lk@yfblaoé@lkYnYl
nt yl ) B}% {'%_Fg%ﬁépmlgﬂiﬂ%) Oé)tlg]nall 4 slur‘l?]stétuted by up to 3 &ro ”BS selected

13c)

()-3- baffJoM@ -OIRPh@ONRIRMY LIo, NI 'ANSOR Aygidocykcy
clopenty phenylan1no- 3, 4- dlhydro | H pyrimdo

[ é)agéig E ¢ Iégp}fgll&? Y se Fa(cetes %mn&g group 261}31st1ng of
- met h, - et hyl ) - 3- (4- net hoxy- phenyl ) - 7- phenyl am no- 3, 4
-OR’,
-halogen,
-CORY,
-COR",
-(CH,)n-heterocycle,
-alkyl,
-cycloalkyl,
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25 di hydro-| H pyri m do[ 4, 5-d] pyri m di n-2-one (Exanpl e
15d), (S)-(+)-7-(4-fluoro-phenylam no)-1-(2-hydroxy-

wO-20mt089455 et hyl ) - 3- ( 4- met hoxy- PCT/EP2004/003447

phenyl) - 3, 4- di hydr o- IFprr|n1d0[4 5-d] pyri m di n- 2- one
(Exanple 16), 3 - (2-fluoro-4- H’lethoxy phenyl) -1-
(trans-4- ﬂydclioxy cycl ohexyl) - 7- (4-nethoxy-
phen 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri m di n-2
- one. aﬂ&ﬁ@]}pl e 17d), WD 2004/089955 PCT/ EP2004/ 003447

- 117
o Zvhed 0 TR AhER e LG Sy oAy iy E ¥k Qepmyl

phengﬂoaps am)ea® mddpm'&dgndy,lopnpmﬂymubﬁnptgdsb.ydqp to 3 groups selected
pyri gpdi n-2-one (Exanple 18), 3-(4-nethoxy-phenyl)
-1-(traps-4- hydrox§ ﬁy%ohex 4) 7-(3, 4-di met hoxy-
phen;@%mh%‘?ge@; A4 yrindo [4,5-d]

pyri m di n-2-one (Exanple 19¢c), 5

8¢ (®; Rerhexy RbAeRuth mbepdndanty dldayedrfoond thygloah emydlétm'g-of
(4 hoxy- phenyl am no) -

3, 4-dihydr o- 1H pyri m do[ 4, 5-d] pyri m di n- 2- one anple
20b) ;loaadalky@)hat optipnally- m@ﬁbﬁubsmmteﬂibvdtyldwcw )

-7- (Apfl uoro- phenyl am no) -1- (2-hydroxy- -

nmet hyl'-'et hyl ) - 3, 4-di hydro-I H pyrimdo [4,5 -d]

pyri fiabgen2- one (Exanple 21b). 22. Conpounds of
formub@rk, gfg cl aim 1, selected fromthe group
conS|st|qg of 10

(S)-¢ @ﬂév(Z fl uoro-4-net hoxy- phenyl)-1-(2-hydroxy-I-m
et hyl -et hyl ) -7-(4- net hoxy-

Rhenylsaletted frot ﬁrecgirdm/[ddm:sisﬁhg)yf i m do[ 4, 5-d] pyrimdin-2
-one (Exanpl e 22) (R -(-)-1-(2-hydroxy-

| - met yl-ethyl) 3- (4- net hoxy- phenyl ) - 7- phenyl am no- 3, 4
- dlhyﬂ sIH-pyr|n1d0[4 5-d] pyri m di n-2-one (Exanpl e
23d) owe’l:s I %@%&Hﬁ ﬁ%}(’lb)a s&bsﬁ%ﬁt@&' lby h dr0)5cy or alkoxy,

Ia r|n1do

d] py pi'qlmékyh éhaz DBH@H%UBZ)@éﬂﬁheéu %)lted y hydroxy, 0XY> and lower alkyl,
1- (2%t hoxy- et hoxymet hyl ) - 3- (4- met hoxy- phenyl ) - 7- phen
yIa no- 3 hy
Py | hrdecac 83@]‘ W??ﬁﬂ'af.IﬂaY?eéﬁestttEssé,la@nhgdggcy allgoxy or lower alkyl;

- 3- (4- met hoxy- phenyl ) - 2- oxo- 7- phenyl am no- 3, 4- di hydro
HlHrﬁilell atechacl tdeperdienfly sdlevkedi frorh-thé group rco:psmmgtqf ile
(Exangle 26), 20
(+) 5 R, 3R) - 1- (3- hydr oxy- cyclopentgl) 3- (4- met hoxy- phe
nyl ) iowastabyl/thabpidor@lly may be substituted by hydroxy or alkoxy,

gl hy & Qs i oA mayH bbbl by dry@ RSy ( k@Rdr@ower alkyl, and

(R - heemdigaitiat ppheualymarkesubsitired,by hyresy Jkoordoyrr akyh
am no- 3, 4-di hydro-1H pyrimdo[ 4, 5-d] pyri m di n-2-one

(REX ang¥eR 28 ®om the group consisting of -H, lower alkyl and -COR'*; and
(-)-(1S,39)-1-(3-hydroxy- cyclopentyl) 3- (4- nmet hoxy- phe

R SRR A G ebitistion of Hland lowerallod, 1

ﬁq@mmﬁyﬂw@n@ytablgsaétﬁéhereqfhenw ani no- 3, 4- di hydro
- |Hpyrimdo [4,5-
gompounds of formula I of claiin 1 wherein R’ is selected from
cycloa].kyl, cycloalkyl substituted by -OH;
heterocycle;

lower alkyl; and lower alkyl substituted by -OH.

3. Compounds of formula I of claim 1 wherein R? is -H or -OCHs.



d] pyrimdin-1-yl]-propi onam de (Exanple 30), and
(S)-(+)=1-(2-hydroxy-propyl)-3-(4-net hoxy- phenyl)-7-ph

W@ pookasaond- 3, 4- di hydro- | H pyrimdo PCT/EP2004/003447

- 33c) 7- Qompeyrgdsdf
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[ 4, 5-d] pyri mi di n-2-one (Exanpl e 31d). WO 2004/ 089955
PCT/ EP2004/ 003447 - 118 23. -]éérfpounds of formula |
of claiml, el the rou t|n

1- (04é3%nEPQﬂ g&ﬁ??g%igf ﬂ@“K 6“4gﬁg%hoxy
- phenyl ) -7- (4-

et hexyqhssud et foapmubs Heﬂ:hldmdrwhérlclnpﬁframh Rf’ca{rdb&tlld}byr i
m di n-2-one (Exanple 32f), 1-

(21 5 TP hdlloPor )r}f%afni 8@3&&%}? wherded PERMGRYRPREOM )

-7-( oxy p
3, 4-di hydr o- Ikkp¥r|n1do[4 one qyple

m din
lafﬂy@crféeeyl wg e%‘%e@hﬁog%l or-OR™.
(4- met hoxy- phenyl) -7- (4-fluoro-3 -nethoxy-

pheny | @sthpind of ekttt 6f didtooy whemEor® is ~OCHs.
[4 5-d] pyri m di n-2-one (Exanple 34f), 1- (cis-3,

R S R b el 1 Wherl RAERERY

1H pyrim do[ 4, 5-d] pyri m di n-2- one (Ex%nple 35b), 10 1-
(ci s1®,Cmpalirkly df rsnuba/lodfotedmeyl Whergin.R™ is -H, lower alkyl, or Tower alkyl

%}ﬁﬁ&éﬂ&i%d}%ﬂ‘oxy phenyl) -7-phenyl am no-3, 4-

pyrim do [4 5-d] pyrimdin-2-one (Exanple
36b) 1- (CIS 3, 5 di I ox -cyclohexyl
-3- (214G awia )10 Wherflal%ﬂwo 3-
nethoxyphenylan1no) 3, 4-di hydro-| H pyri m do[ 4, 5-d] pyri
m di 2,22 s 3R rEul BTSN clait5l wherein R'is -H, lower alkyl or lower

( -3- 4-e enyl )-7-(4-fluoro-phenyl am no)-1-(2-h
??%d%? uﬁ@ﬂﬁVWQEPW§|) 3, 4- di hydro- IFprr|n1do
[4,5-d] pyrimdin-2-one (Exanple 38g

()- 31343canmn4méfqm)tﬂa71agﬂdmm@mhqmerw?vaano) 1-(tran
s- 3- hydroxy-cycl opentyl ) -3, 4-

di h 1h
%9 dy 95! CCA &%’rgd; C%F gdg%glrl)a? ﬁi dtPéhh;}il Wg%rgrnﬁ%t %g)l(—{/ @Sﬁégﬁ'l}}ﬁ% or lower

AL t&tﬁdrhyly 2%t hydr o- 1H 20
pyri m do[ 4, 5-d] pyri m di ne- 2-one (Exanpl e 40). 24.

Conpasntsmpbuid@ioftdréndla D dtdiai T4 dhéreiniRigist-Ke f or mul a
R7 RBRE NNRS RA HNNNORL RZ\ I
16. Compounds of formula I of claim 1 wherein R'is -H or lower alkyl.
17. Compounds of formula I of claim 16 wherein R7is -H.
18. Compounds of formula I of claim 1 wherein R" is -H or lower alkyl.
19. Compounds of formula I of claim 18 wherein R is -H.

20. Compounds of formula I of claim 1, selected from the group consisting of

1-cyclohexyl-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one (Example le), '

3-(4-méthoxy-phenyl)-7-phenylamino-1-piperidin-4-yl-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one (Example 2b),

1-(trans-4-hydroxy-cyclohexyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-

nvrimidol4.5-d1ovrimidin-2-one (Example 3c),



R3 WO 2004/ 089955 PCT/ EP2004/ 003447 - 119 wherein
R is selected from -H, Iovver al kyl substituted by

w0 GMA/()@@SSLO -CN or - CONH2, - (CH2) n- het er oCRCT/8P2004/003447
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-(CH2)"-heterocycl e substltuted by - COR10, or -CO2R10,
cycl oal kyl , cycl oal kyl subst i tut¥8d by -OH, R2 is.Hor

2ol gy P P e £ A o g

adllpytimidibsa-phe{Tadniple 4b)koxy; and 15 n is 0 or 1. 25.
A pharnmaceutical conposition conprising a

tﬁ%&cﬁ%ﬁ‘l %fa 4a§r€1eﬁ{0fxg Cﬁh:!e}{ﬁ S la?‘fln%%,tlg%g?cg%nﬁ-lgpfyﬂmido[4,5—

aIITB

p‘ﬁ@ﬁ’ﬁﬁ’é‘@ﬂt% -ea¢ aﬁl?é%@babl e carrier or excipient. 26.
The pharnmaceutical conposition of claim25, wherein

thel, mnfmuuadshycﬁo 126-thiy 5%&@3eyﬂ-gr(4a}q%6k;ibha{;ﬂﬁﬁ pthgllgﬁammo -3,4-

X SRRVt Ehyrindtect ohe et camont . 28,

Use of conpounds of forrmula | of any one of clains 1
t%o [ 4-frethaxtyephenglp - axd-Biphenflammixti-8,a rdihydrof 2H-plyHehido[4,5-

tq use of claim
SR 10 paldhl L RS g At ) L,
colon qor 25 prostate cancer. 30. The use of cl ai m 28
vhi BrehopheRH g PheaTismupe- -(Getradgtienppancieyl)- 33t dibgdro- 1H-

yoeds[43a] pyfienifirepama Emgié gp conpound of formula |
E)p; claim1, ﬁm ch proctéss c%npjral ses WD 2004/ 089955

12
%I'/ tza%) Ipy :rgodigzcycloper(l)tyl) 3-(4-methoxy-phenyl)-7-phenylamino-3,4-

dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 9d), and

(i)—cis-1-(3—hydroxy—cyclopenty1)-3—(4—meth0xy‘-pheny‘l)—7-pheny1amino-3,4-dihydro-
1H-pyrimido(4,5-d]pyrimidin-2-one (Example 10e).

21. Compounds of formula I of claim 1, selected from the group consisting of

(R)-3-(4-methoxy-phenyl)-7-phenylamino-1-(tetrahydro-furan-3-yl) -3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one (Example 11b) (R)-3-( 4-Methoxy-phenyl)-7-
phenylamino-1-pyrrolidin-3-yl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one
(Example 12),

()-7-(4-fluoro-phenylamino)-1-(trans-3-hydroxy-cyclopentyl)-3~( 4-methoxy-phenyl)-
3,4-dihydro-1H-pyrimido(4,5-d]pyrimidin-2-one (Example 13c),

(i)~3-(2-ﬂuoro—4~methoxy-phenyl)—1~(trans-3-hydroxy—cyclopentyl)-7—phen_ylamino-
3,4-dihydro-~1H-pyrimido[4,5-d] pyrimidin-2-one (Example 14d),

(8)-(+)-1-(2-hydroxy-1-methyl-ethyl) -3-(4-methoxy-phenyl)-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 15d),

(S)-(+)-7-(4-fluoro-phenylamino)-1-(2-hydroxy-1-methyl-ethyl)-3- (4-methoxy-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 16),

3-(2-ﬂuoro-%methoxy—phenyl)’—1-(trans-4-hydroxy~cyclohexyl)-7~(4~methoxy-
phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 17d),
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reacting a conpound of the formula R7 R8 R6 \ \ I RS

4 Il XNNOR wherein Xis C or SO2CH3, and Ri,
WOR00RB$99R6, R and R8 are as defined in clai mBRCT/RP1004/003447

an aniline derivative of the fornmula NH2 IV R2 R3 5

wherein R2 and R3 are as definEd-in claiml, to obtain

a corrpound of the for R8 / N\

fhuorgyd (resﬁnaxswpheraéﬁi-(ﬁgmémdmﬁ PheyD- %c?géeqlﬂeﬂﬁw-
fal'i@lyl?a%ﬁﬁ@ B - dihydor i pyrimid 6405 -d] pyhiatidinc 24onie ¢Bkdryple 18),
acceptable salt 10 32. A conpound of formula I of

bsrafng phoBD I (hak > SlaRiERA ol PP R o
pbéwtmmdof—ﬁdndth@Oglﬂtmrmdgﬁ4ﬁ-d]1g'r1m1dm-2 one (Example 19¢),
[3 (4- met hoxy- phenyl ) - 2- oxo- 7- phenyl am no- 3, 4- di hydr o-

Hﬂéthmgdﬁhéxﬂflﬁl ~(trans-4- hydroxy~cyclohexyl) 7 (4 methoxy—phenylammo)
rrm

car
bdrdibroyiH eyt BT -9 booddaema
PCT/ EP2004/ 003447 -121 1- [trans 4-

ge(nrt) =0 Yluodcbnahb&bxﬁr'phamw -Bx(fhoyephbeptathino)-1-(2-hydroxy-1-
th(yl-eH%rﬁ)hgéydlﬁ)bdergyllﬁ pyrimido[4,5-d]pyrimidin-2-one (Example 21b).

22. Compounds of formula I of claim 1, selected from the group consisting of

(S)-(+)-3-(2-fluoro-4-methoxy-phenyl)-1-(2-hydroxy-1-methyl-ethyl)-7-(4-methoxy-
phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 22),

(R)-(-)-1-(2-hydroxy-1-methyl-ethyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 23d),

3-(4-methoxy-phenyl)-1-methyl -7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidine-2-one (Example 24b),

1-(2-methoxy-ethoxymethyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one (Example 25),

3-[-3-(4-methoxy-phenyl)-2-oxo-7-phenylamino-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-1-yl]-propionitrile (Example 26),

(+)-(1R,3R)-1-(3-hydroxy-cyclopentyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-
dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 27f),

(R)-1-(2-hydroxy-propyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one (Example 28d),

(-)-(18,38)-1-(3-hydroxy-cyclopenty1)—3-(4—methoxy~phenyl)—7-phen}}lamino-3,4—
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 29h),

3-[-3-(4-methoxy-phenyl)-2-oxo-7-phenylamino-3,4-dihydro-1H-pyrimido [4,57
d]pyrimidin-1-yl]-propionamide (Example 30), and

(S)-(+)=1-(2-hydroxy-propyl)-3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-
pyrimido[4,5-d]pyrimidin-2-one (Example 31d).
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30. The use of claim 28 wherein the cancer is breast or colon cancer.

31. A process for the preparation of a compound of formula I of claim 1, which
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34. The novel

conpounds pharnaceutl , processes, and

uses as described he

and if desired, converting the compound of formula I into a pharmaceutically acceptable

salt.

32. A compound of formula I of any one of claims 1 to 24 prepared by a process

according to claim 31.

33. An intermediate compound selected from the group consisting of

4-[3-(4-methoxy-phenyl)-2-ox0-7-phenylamino-3,4-dihydro-2H-pyrimido[4,5-
d]pyrimidin-1-yl]-piperidine-1-carboxylic acid tert-butyl ester (Example 2a),
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1-[trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexyl]-3- (4-methoxy-phenyl)-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 3b),

3-[3-(4-methoxy-phenyl)-2-oxo-7-phenylamino-3,4-dihydro-2H-pyrimido[4,5-
d]pyrimidin-1-yl]-piperidine-1-carboxylic acid tert-butyl ester (Example 4a),

(1)-3-cis-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-3-( 4-methoxy-phenyl)-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 10d),

(R) -2-methylsulfanyl-4-(tetrahydro-ﬁ.1ran—3-ylamino)~pyrimidine-5-carboxylic acid
ethyl ester (Example 11a),

(£)-4-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentylamino] -2-methylsulfanyl-
pyrimidine-5-carbaldehyde (Example 13a),

(£)-1-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-3- (4-methoxy-phenyl)-7-
methylsulfanyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 13b),

(£)-[3-trans-(tert-butyl-dimethyl-silanyloxy) ~cyclopentyl]-{5-{(2-fluoro-4-methoxy-
phenylamino)-methyl]-2-methylsulfanyl-pyrimidin-4-yl}-amine (Example 14b),

(£)-1-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-3- (4-methoxy-phenyl)-7-
methylsulfanyl-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 14c),

(S )—1-[2—(tert-butyl-diphenyl-silanyloxy)-l-methyl—ethyl]-7-chloro-3—(4-methoxy—
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 15c);

1-[trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexyl]-7-chloro-3-(2-fluoro-4-
methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 17c),

1-[trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexyl] - 7-chloro-3- (4-methoxy-phenyl)-
3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 19a),

1-{trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexyl] -3- (4-methoxy-phenyl)-7-(3,4-
dimethoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one ( Example
19b),

1-[trans-4-(tert-butyl-dimethyl-silanyloxy)-cyclohexyl] -3-(4-methoxy-phenyl)-7-(4-
methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example
20a), .

(8)-1-[2-(tert-butyl-diphenyl-silanyloxy)-1-methyl-ethyl]-7-chloro-3-(2-fluoro-4-
methoxv-phenvl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 21a),
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(R)-1-[2-(tert-butyl-diphenyl-silanyloxy)-1-methyl-ethyl]-7-chloro-3-(4-methoxy-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 23c¢),

3-(4-methoxy-phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido(4,5-d]pyrimidine-2-
one (Example 24a),

(+)-(1R,3R)-4-[3-(tert-butyl-dimethyl-silanyloxy) -cyclopentylamino]-2-methylsulfanyl-
pyrimidine-5-carboxylic acid ethyl ester (Example 27d),

(-)-(1R,3R)-1-[3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl] -3-(4-methoxy-phenyl)-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 27e),

(R)-1-[2-(tert-butyl-diphenyl-silanyloxy)-propyl] -7-chloro-3-(4-methoxy-phenyl)-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 28c),

(-)-(1S,38)-4-[3-(tert-butyl-dimethyl-silanyloxy)-cyclopentylamino] -2-methylsulfanyl-
pyrimidine-5-carboxylic acid ethyl ester (Example 29d),

(-)-(18,3S)-4-[ 3-(tert-butyl-dimethyl-silanyloxy)-cyclopentylamino] -2-methylsulfanyl-
pyrimidine-5-carbaldehyde (Example 29e),

(-)-(18,385)-1-[3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl] -3- (4-methoxy-phenyl)-7-
methylsulfanyl-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 291),

(-)-(1S,38)-1-[3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl] -3-(4-methoxy-phenyl)-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 29g),

(S)-1-[2-(tert-butyl-diphenyl-silanyloxy)-propyl]-7-chloro-3-(4-methoxy-phenyl)-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 31c),

1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl] -7-chloro-3-(2-fluoro-4-
methoxy-phenyl)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 32d),

1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl] -3-(2-fluoro-4-methoxy-
phenyl)-7-(4-methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one
(Example 32e), '

1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl]-7-chloro-3-(4-methoxy-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 33a),

1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl] -3-(4-methoxy-phenyl)-7-(4-
methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example
33b),
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1-[cis-3,5-bis-(tert-butyl-diphenyl-sitanyloxy)-cyclohexyl] -3-(4-methoxy-phenyl)-7-(4-
fluoro-3-methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one
(Example 34e),

1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl]-3-(4-methoxy-phenyl)-7-
phenylamino-3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 35a),

1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl]-3-(2-fluoro-4-methoxy-
phenyl)-7-phenylamino-3,4-dihydro-1H-pyrimido(4,5-d]pyrimidin-2-one (Example
36a),

1-[cis-3,5-bis-(tert-butyl-diphenyl-silanyloxy)-cyclohexyl] -3-(2-fluoro-4-methoxy-

phenyl)-7-(4-fluoro-3-methoxy-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-
d]pyrimidin-2-one (Example 37a),

(2,4-dichloro-pyrimidin-5-ylmethyl)-(4-ethyl-phenyl)-amine (Example 38c),

(R)-3-[2-(tert-butyl-dimethyl-silanyloxy)-1-methyl-ethyl] -1-(2,4-dichloro-pyrimidin-5-
ylmethyl)-1-(4-ethyl-phenyl)-urea (Example 38d),

(R)-1-[2-(tert-butyl-dimethyl-silanyloxy)- 1-methyl-ethyl]-7-chloro-3-(4-ethyl-phenyl)-
3,4-dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (Example 38e),

(R)-1-[2-(tert-butyl-dimethyl-silanyloxy)-1-methyl-ethyl]-3-(4-ethyl-phenyl)-7-(4-
fluoro-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 38f),

(£)-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-{2-chloro-5-[ (4-ethyl-
phenylamino)-methyl]-pyrimidin-4-yl}-amine (Example 39a),

(£)-1-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl}-7-chloro-3-(4-ethyl-
phenyl)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 39b), and

(£)-1-[trans-3-(tert-butyl-dimethyl-silanyloxy)-cyclopentyl]-3- (4-ethyl-phenyl)-7-(4-
fluoro-phenylamino)-3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (Example 39c¢).

34. The novel compounds, pharmaceutical compositions, processes, and uses as

described herein before.
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