WO 2004/ 041821 PCT/ EP2003/011892 -1 Pyrim do
conpounds having antiproliferative activity (11) The

w@e@gdenis2i nvention is directed to novel pyri m BOI/EP2003/011892

10

15

conmpounds of the formula R8 R7 CH3 N NRs R5 RSN N
NO R R2R4 R3 Or a pharnh%eutlcally accept abl e
salt thereof, wherein R is selected fromthe group 5
H C1.10 aIkyI, Cl.10 al kyl substituted by up to
three groups selected fromaryl, cycloal kyl,

het eroaryl, heterocycle, NRLOR', OR12, SR 2, hal ogen,
COR13, CO2R13, CONR13R14, SO2NR13R14, SOR13, SC2R13,

CN and NO2, pyMiGideicd ;ﬁ% & Wdving it pRati feyti Qa‘ﬁwﬁﬁgyl,

10 and het erocyc é 3 ougs ngyleé L"?%deﬁgﬁdé%r y be
substituted by up to three groups selected from

Nng?%e (BeRs inviRtdn is Jif@LQIAB hov %11d §unds of the formula

[/

4,  SO2NR13R14, SOR13, S d NO2,
aryl, aryl substituted by up to thre agroups sel ect ed
fromlower alkyl, NOR', OR 2, 15 SR12 halqgen
COR13, CO2R13, CONR13R14, SO2NR13R14,-S S2R13,

CN and NO2, heteroaryl,’wo 20GH, 04
PCT/ EP2003/ 011892 -2 heteroar I , ted by up to
t hree groups selected (75

AARS

R? R4

3
R I,

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

H,

Ci.ioalkyl,

C.10 alkyl substituted by up to three groups selected from aryl, cycloalkyl,

heteroaryl, heterocycle, NR!9R!", OR!, SR", halogen, COR"”, CO,R", CONRPRY,
SO,NR"R" SOR", SO,R", CN and NO,, wherein the aryl, cycloalkyl, heteroaryl,
and heterocycle groups may each independently be substituted by up to three

ycle group y P y Yy up
groups selected from NR'°R", OR'?, SR',, halogen, COR", CO,R"”, CONR"R",
SO,NR"R", SOR", SO,R", CN and NO,,

aryl,

aryl substituted by up to three groups selected from lower alkyl, NR'R'!, OR",
SR'2, halogen, COR", CO,R", CONR”R", SO,NR"R", SOR", SO,R"’, CN and
NO,,

heteroaryl,



OR', SR12, hal ogen, COR 3, CO2R 3, CONR 3R 4,

S2NR 3R 4, SOR13, SO2R 3, CN and N2, heterocycle,
wh2dvenesocycl e substituted by up to three groupsSI/EP2003/011892

selected from |l ower alkyl, NR1IQR11l, OR12, SR12,

haI ogen, COR13, CO2R 3, CONR 3 4, SO2NR13R 4, SOR 3,

Fﬁe@ej su%ntﬂ NE :mre@éfclu%@l &¥dted ﬁm]lgwer alkyl NIélOR“, ,

cycl oa Tt rou e t e
frorﬁ)Rom ,ehak)gf: n, G0 @@R GANR"B %1&8 ‘P R, SO, CN

COR134 R13, CONR13R14, SO2NR13R 4, SOR 3, S(IZRlS,

CN and , C 1o al kenyl, C2 10 al kenyl substi tuted
;1 to t[}ree groups sel ected from NRIOR', OR 2,

SR‘ eterAgicgen, CORL3, OCRR13, CONRL3R14, SC2NRL3RL4,

SOR13, SO2R13, CN and N2, 15 and C2-1o0 al kynyl, o1l

S ubshatetrut)&té shystupteti@ymlprte ehlge QUAUPS @dceecdtfecdnﬂcpwalkyl NR™R',

L L g e

R3 ammlN'@z,are i ndependently sel ect ed fromthe group
consisting of H 20 NRIOR 1, OR12, SR12, C, _io
al kyt, | ggdga@kﬁl kyl substituted by up to three groups
sel ected from cycl oal kyl, heteroaryl, 25 heterocycle,

ki Tl S PR o sl

WnerNRHRRi h@R&sR‘éa}hdtggen, GORE; 66nRI%, COARFRIGSELDBY ®'e SOR13
grougs g Pndependently be substituted by up to
three™? gfoups sel"&cted from|ower al kyl, WOW % OR12,
SR12, hal ogen COR'3, CO2R13, CONR13R14 S2NR13R 4,
SOR Gr08ke®I3, ON and NO2, WD 2004/ 041821

PCT/ EP2003/ 011892 -3 heteroaryl, heteroaryl

substi {,utiedylRybdtuted by bp ee t}geegt@apselee&aeﬁbrﬁ NRITR'GWOR'?, SR,
a1 kY] dlogen, COR™, CO,R'?, CONRPR', SO,NR'*RY, SOR'?, SO;R™%, CN and NO,

and

Cy.10alkynyl, substituted by up to three groups selected from NR!’R'!, OR!? SR',
halogen, COR", CO,R"?, CONRPR", SO,NR"R", SOR"?, SO,R"*, CN and NO;

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

C1.10 alkyl,

C1-10alkyl substituted by up to three groups selected from cycloalkyl, heteroaryl,
heterocycle, NR'R'}, OR'2, SR'?, halogen, COR'?, CO,R"?, CONRVR",
SO,NR"R", SOR', SO,R"®, CN and NO,; and wherein the cycloalkyl, heteroaryl,
and heterocycle groups may each independently be substituted by up to three
groups selected from lower alkyl, NR'°R'', OR', SR'?, halogen, COR'"”, CO,R",
CONRRY, SO,NR*R", SOR"?, SO,R", CN and NO,,
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NR1OR11, OR 2, SR12, hal ogen, COR 3, CO2R13,
CONR 3R 4, SO2NR 3R14, SORB, SO2R13, CN and N2,

whedoenosycl e, substituted by up to three groupBCT/EP2003/011892

selected fromlower alkyl, NRIORL ', 5 OR12, SR12 ,
hal ogen, COR13, CO2R 3, C(]\IR”B "4, SC2NR 3R 4, SCR 3,

clo
Cycﬁgﬁﬁr Rz‘]YCNI éla%gﬁ GP%S% ¥1P 40 ?}HF%@‘O&P% ﬁeéected fro?m tlovxaﬁr alkyl,
fronNR‘c? ORI §R"’ ,haﬂmem@R *0ROZR P SPONR *RiaISEgR, R, SOR",
R@gﬁ% R 3R 4, SO2NR 3R 4, SOR 3, 10
an , @2 10 al kenyl , CZ 10 al kenyl

substltutedb u tothree roussele d from
NR1ORtero 6251¥b§ uged %ee gg%x&sgele@gé?@y lower alkyl, NR"’R"",

CG\IRlﬁR;lgR”SﬁZ?Iblgék3B®4{.” SG?E SRR ,C9 NﬁH*DEOR”, SO,R", CN
C2_10 3gg)ynyl, and 15 C2_10 al kynyl substituted by up

to t groups selected fromWOW, OR 2, SR 2,

hal ogen, COR13, CO2R13, CONR13R14, SO2NR13R14, SORB,
SO2R13, cefloadlid, NO2, provided that at | east one of R2,
R3 or R4 is not H R5 R6, R7 and R8 are independently

| ; era
se 5(? ﬁél[)ﬁﬁ}ltshﬁstigﬁt@&'g uplto ageé gﬁéﬁf)s ey frd iR W Fer alkyl,

St t rox X ,
. SRe b, CON S0 ANDCSOBR B 1o R SORY,
PCF/ﬁE’;@QWQﬂCBQZ)Z, -4- C02R17, CO\|R17R18,

CZ-IO alkenyl,

Cy.10 alkenyl substituted by up to three groups selected from NR'*R", OR", SR*?,
halogen, COR'"®, CO,R", CONRPR", SO,NR"R", SOR"’, SO,R"?, CN and NO,,

Cz.m alkynyl, and

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

provided that at least one of R% R? or R* is not H;
R% R% R’ and R® are independently selected from the group
H,
lower alkyl,
lower alkyl substituted by hydroxy or alkoxy,
NRPR',
OH,
ORY,
SR,
halogen,

CORY,
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SO2NR17R18, SOR17, 5 SO2R17, and CN, R9 is selected
fromthe group H ORRO O 11 Il 21 -CGO-CO-CGR,

w@ea4/0482COR1L7; R10 and R' | are independent| yPGEERIDEI1892

fromthe group H, COR13, CO2R13, 15 CONR13R14,
SO2R13, SO02NR13R14, | ower aT‘?(yI, | ower al kyl
substitysed by hydroxy, al koxy or NR15R16, 20
cycl%%ﬁ(yl , cycloal kyl substituted by hydroxy, al koxy,
| ower al gyl, or NR15R16, heterocycle, and WO
20042OKRERY®, PCT/ EP2003/ 011892 -5 heterocycl e
substituted by hydroxy, alkoxy, |ower alkyl, or

NR S &prigys alternatively, NRIOR' can forma ring
having 3 to’7 atons, said ring optionally including
one or_npore additional hetero atons and being
opti%lily substituted by the group consisting of one
or nore lower alkyl, ORl2, COR13, CO2R13, CONRL13R14,
5 SARLR', 82R13, and SO2NR 3R 4; R12 is selected from
the group H,

CN;

R’ is selected from the group
H,

R19\ R o

o)
1 / |
—C—0—-C—0—C—R

21
, and

COR";
R'%and R" are independently selected from the group '
H,
COR",
CO:RY,
CONRPR™,
SO.R,
SO,NRPR™,
lower alkyl,
lower alkyl substituted by hydroxy, alkoxy or NR"R'®,
cycloalkyl,
cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NRPR'S,

heterocycle, and
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| ower al kyl, COR 3, 10 CONR13R14, C2_6 al kyl
substituted by hydroxy, al koxy, or NRL5R16,

wa@ymhoalskyl , cycl oakyl substituted by hydr oxyPCEHERRY(11892

| ower al kyl, or NRL5R16, heterocycle, and heterocycle
substituted by hydroxy, alkoxy?‘lomer al kyl, or

NR 5R16: 5 3 a R14 are.i ndependent.l |se¢d ed

£ rometaerglEsu b R ps R Ao BvE: sty s BEERE fut o

by hydroxy, al koxy, or NR15R16, . cycloal kyl, 20

cy clarateyhatialys NRE B 'eckntfyrniny ding hyying Bko S ytorhgweid ring optionally

| k . : .
2ot al s ISR By MR ity
NR15Rda grouprcongipting of pne we mpre lwesakul, OFn » £6Hm £ Pikhg CONR R,

havigmsr'3 JRRP, 86PH®,NRERY, ring optionally including
one or nore additional hetero atons and bei ng
]g@tio all¥ sufhstituted by 25 the group consisting of

n& SEECRDITON Bl O kyl , ORL7, CORL7, CORRL7,
CONR 7R $, SO2R17, and SO2NR17R 8; WD 2004/041821
PCT/HEP2003/ 011892 -6- Rl15 is selected fromthe group
H, lower alkyl, CORl7, and 5 CO2R17; and R16, R17
andl?%@rﬁkﬁ i ndependently selected fromthe group H
and Tower ‘al kyl, or, alternatively, NRI5R16 and
NR17R18,;,can each independently forma ring having 3
10 t%OR "at ons, said ring optionally including one or
nore addi ti onal hetero atons;

CONR"RY,

Cy.6 alkyl substituted by hydroxy, alkoxy, or NR' R'8, cycloalkyl,

cycloakyl substituted by hydroxy, alkoxy, lower alkyl, or NRPR,

heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR"R'%;
R" and R" are independently selected from the group

H,

lower alkyl,

C,.6 alkyl substituted by hydroxy, alkoxy, or NRPR'S,

~ cycloalkyl,

cycloaklyl substituted by hydroxy, alkoxy, lower alkyl, or NRPR'S,

heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR"°R'S,

or, alternatively, NR'’R' can form a ring having 3 to 7 atoms, said ring op'tionally
including one or more additional hetero atoms and being optionally substituted by
the group consisting of one or more lower alkyl, ORY, CORY, CO,RY, CONR'R'8,
SO;R", and SO,NRR";
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R19 and R20 are independently selected fromthe group
H, and lower alkyl; and R21 is selected from 15 | ower

wa@bdoglo418and C2_6 al kyl substituted by hydroxy, Pel/EP2093/011892

or NR15R16. These conpounds inhibit the Src famly of
non- receptor tyrosi ne ki nases (SFKs). These conpounds
I naceutlcally acceptabl e salts have
IgnP$ﬁF8F?F§F§%I§gntht|V|ty and are useful in the
treatment or control of cancer, in particular in the
tredfment 20 or control of solid tumors. In addition
these conpounds have advantageous bioavailability
pr oflblvesSalkyihi s invention is also directed to
pharnaceutlcal conmpositions containing such conpounds
and ¢@ et hpds of treating or controlling cancer, nost
parth Bi a?’?cﬁ the treatnent or control of breast,
col on, hepatlc and pancreatic tunors. Protein kinases
are @Oﬁlé@ﬂdof proteins (enzynes) that regulate a
varlety of cellular 25 functions. This is
GipRh 17 Ateb PO SRRt b Blp SPEC i ¢ ami no
aC| s on protel trates resultlng in
conformational alteration of the substrate protein.
The Hcikk or nmat i onal change nodul ates the activity of
the substrate or its ability to interact wth other
bi ndiowegr #iRylf ners. The enzyme activity of the protein
ki nase refers to the rate WD 2004/ 041821
PCT/ EI,F: él?eggét% S%QSRliargt g??g{’&gh Q?ch&h@%%@d%ngfsform a ring having 3
for tOéS(ﬁﬁ@lSéaldegc@tk@lﬂﬁilwmbldt%@U&r%@mfeéfl 1é10§%16§ferr9?@m5’
that is converted to a product as a function of tine.
R1GRRET bk %de?éhd%ﬁtl?se‘iétb&i fréhehOgouUps at the
active-site of a protein kinase. 5 Tyrosine kinases
are $set of protein kinases that catal yze the
transSt &< of the termnal phosphate of adenosine
tri phosphate (ATP) to tyrosine residues on protein
subslomat alkyl; ivese ki nases play an inportant part in
the propagation of growth factor signal transduction
§h3§w€§@gqﬂk9 cellular proliferation, differentiation
m gration. For exanple, the Src famly of
non-receptor tyrosine kinases has been specifically
10 i kopr eFé&Weﬂ“rn cancer cell nodul ati on and grow h.
See D. H Boschelli and F. Boschelli, "Small nolecule
i nhi Bt slkgl sobstiBited batdyoxi alasgsr NRORIYs of the Future
2000, 25(7):717-

These compounds inhibit the Src family of non-receptor tyrosine kinases (SFKs).
These compounds and their pharmaceutically acceptable salts have antiproliferative
activity and are useful in the treatment or control of cancer, in particular in the treatment
or control of solid tumors. In addition these compounds have advantageous
bioavailability profiles. This invention is also directed to pharmaceutical compositions
containing such compounds and to methods of treating or controlling cancer, most

particularly the treatment or control of breast, colon, hepatic and pancreatic tumors.

Protein kinases are a class of proteins (enzymes) that regulate a variety of cellular
functions. This is accomplished by the phosphorylation of specific amino acids on
protein substrates resulting in conformational alteration of the substrate protein. The
conformational change modulates the activity of the substrate or its ability to interact

with other binding partners. The enzyme activity of the protein kinase refers to the rate



10

15

20

25

736. Src over expression has been detected in colon,
breast, hepatic and pancreatic tunors, as well as in

waznt/ais2B- cel | | eukem as and | ynphomas. | d atP@BP2003/011892

Increased Src expression and_activity has al so been
shown to correlate with an increase in tunor 15

mﬂlﬂﬂﬁi@%asé Qdcﬁtphzg-p%ate %}H§ps t8TaGubdifbtd) fi Qe{r?‘bfﬂl'aaéﬁ?ed for

e as antjtu agen ere are, several exanple
“g’h:faPV aﬁ%{fé&% ﬁFﬂ%‘n“f eﬁassugftrﬁﬁ A IS FORY fraeddo a product as a
ftataddry bf ttme.aRlidsphbylation dfastibserdtetccurs AatHe adBVesitd of a protein
lhghl bitors typically bl ock the phosphoryl ati on of
SUDSt r at es by tightly |nteract| ng with the protein
ki nase ATP binding site gor ‘active site"). See WD
98/ Zhyrgsingkisiatds areacpubset lof poteinkinasds thatFatalylzel theGhamsfer of the

t%gg%al ?ﬂsﬁﬁate BPARABsine BiphX Fﬁ{a@é (&t P)ttg ?ﬁ%mﬁ@ ?%Rf}ggén protein

e tar ets. exangh
5(-‘51& i#Hey ﬂ%ﬁ%‘éflﬁ%@s Hluagén HEBRUUHILPPEIR epfgrpp%ﬁaapn@&r@mh factor

gy orbhudtich thablead Oiyeell ilhitproBferfton, didfertatiatifi®amPmdsration.
WZ GX R R that are asserted to inhibit cyclin

d odk2 a |
25" gt PR S8 RERiog PO e BRlon T i ne Bin i by b SPeciical

IADOER-dfnicangrreel Suris Siompodideritase Bl Bobashalbed Ft Boschell,

"%ll@h&leé&igﬁrhl%r?& ﬁ@tfan[}l&:ﬁqﬁas%?@ Dﬁg E?U&f?é‘ 259? 25(7):717-

Roche ) discloses ICc nit etero
o0 13F ﬁmréxmmmscb&m éiteﬁedrrremobrmtlbq:zncaad pa:nczeemc

¥ or5NwRD as iR ceM@intB1ed1 RiilensihadRdy ﬁnghbﬁhm Bi it 119€ Increased Src
0si ne /29041 Al and WO

-cel.l Ki 5
Gerouon 9 R et HinSeck Shornte Aer Sag8dncrette n tmor
mhligriaang. nbl b8t Thus,edc bihdyitrs canrbetusefgbss dnetenocyehss
of formula (R2), \ (R2)., NNNN

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, W099/61444
(Warner-Lambert) discloses bicyclic pyrimidines and bicyclic 3,4-dihydropyrimidines of

formula
R® R°
3
N7 Xy -R
L
| Z ? X
R’ R®

that are asserted to inhibit cyclin dependent kinases Cdk1, Cdk2 and Cdk4 as well as the
growth factor receptor tyrosine kinase enzymes PDGFR and FGFR. Some compounds
are also asserted to inhibit Cdke.

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

heterocycles of formula
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HNN O RNNNO3and R'" Rs 5 RR that are stated
to inhibit p38 nediated cellular functions and are

W boeg/osuski bi tors of cellular proliferation. V¥T/EP2003/011892

01/ 64679 Al (SmthKline Beechag) di scl oses
1, 5-di substi t ut ed- 3, 4-di hydro-°"
1Hpyrimdo[ 4, 5-D] pyri m di n-2-one conpounds of fornula

R R HENI ~N N- ~N _IN NRONNX R3 R3
10 that are stated to be ‘ysefuyl inNtreati ng CSBP/ P38
ki nase nedi ated di seases The« e tinues to be a

need for easily synth&YzedN s | -n®l ecul e conpounds

effective in inhi biting&‘the cat ®¥ytic activity of

protein kinases, in particular the Src famly of
non-receptor tyrosine kinases ("SFKs,), for treating
thakare statpgrte mlyg’ésheol?-celém@rrse,klwe pafticularly solid
tunors. It is preferable that such small nol ecul e

| nhi WG 01/30@150 RESFESE1/2904Y AP HEBAS -Dh Ravid Aabiistibye

files. It is,th an object of .thi.s inyention to
kelumine subsiied Siiotmud oA rar Rk ol orae
conposi tions containing these conpounds. The present

invention rel ates go~govel pyrin do conpounds eapaple ,
of inhibiting th'mzyny of SFKs. These co rs(R),
\ -l o)

are use;\‘ N z eat ment or cont et ef cageers1 n
WO 2004//041821 PCT/ EP2003/0118 -9l parficular the
treap NOT SR ol of solid tUMpFE > NT &

NG
this ipventiom;relates to conpounds of fol_k{dml a R8 R7
CH3 NRaN N RBR RONN O R5 and R

=

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

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 N/)\X and )\N .

that are stated to be useful in treating CSBP/P38 kinase mediated diseases.

There continues to be a need for easily synthesized, small-molecule compounds
effective in inhibiting the catalytic activity of protein kinases, in particular the Src family
of non-receptor tyrosine kinases (“SFKs”), for treating one or more types of cancers,
particularly solid tumors. It is preferable that such small molecule inhibitors also possess
advantageous bioavailability profiles. It is thus an object of this invention to provide

such compounds and pharmaceutical compositions containing these compounds.

3

The present invention relates to novel pyrimido compounds capable of inhibiting

the activity of SFKs. These compounds are useful in the treatment or control of cancer, in
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R R2R4 R31, or the pharmaceutically acceptable
salts thereof, wherein R, R2, R3, R4, RS, R6, R7, RS

w@ea4/0518R0 are as hereinafter defined. The pr eBEmnEP2003/011892

invention also relates to pharmpceutical conpositions
conprising a therapeutically effective anount of one

Phartioale thOFRAtRASbn ol BRLbAd turAdd. B pPGABERYLTABbh Yelates to
cce arr.l er or ex0|p|ent. The present I nventi on

a tabl e €

fﬂ?’lpﬁg'? THQBYaL 5 5 method for treating or
controlling solid to tumors, in parpjcular treatnent
or control of breast, lung, colon an prostate tunors,
nost particularly breast or colon tuy# ., Rby

admi ni stering to a human pati epfs i dd of such
therapy an effective anou ofla cagpaund of formula |
and/ or a pharnaceuti cal IN/ ar ceppabl
The present invention igsifurtherkdirggded to novel

i nternmedi ate conpourggy’usé¥ul N'15°0On the preparation
of conpounds of fornulja |. As gised herein, the
follow ng terns shal vethefollovving definitions.
"“Al kenyl" denotes a ai ght-chai n or branched

al i phati c hydroca@®Bomytravt R4 at | east one set of
car bon-car bon doubl e Rend, for exanple vinyl,
2-butenyl, and 3-nmethyl- 2-butenyl. 20 "Al knyl"
denotes a straight-chain or branched aliphatic

By eHeqgshariacufiailyRBceptabld SRS EheRRBE wifetei AR GE ﬁogi%‘i,qﬁ RO’ R® and

6i pl e bond,. for.exanple ethynyl, and 2-butyn
kAF%ﬂs'he’é?é‘ﬁ‘(gtfége%{leétrai ght-chain or branched saturated

al i phatic hydrocarbon having 1 to 10, preferably 1 to
6, afitle prasentpnehenablsy relattotophamnixeatiad eoBpoNikyd comprising a

: 1 EP2003/011892, -10 having,l
s B L R B R G R
phyrmaceutidally accempble catriet onexcipiaritkyl groups i ncl ude
met hyl, ethyl, propyl, isopropyl, butyl, t-butyl,.

2- buTlé prB@fttinenfBA furllRX Ydlate/¥d U58H0H %re&&fti'hg%r g@rﬁp(l)lﬁng solid
g{ei%lygn.at ion C1.4 al kyl rrel%g(i ngyI havi n? roml to

nRaphgtiar greatipqrl o contE 96 PErastalupgy cofqmpandaprostatettumors,
o sepdraciiedy breaitloe cslenbimnor| byoddrhinetdMig@s dImaipatient in need of
Qﬁ(c%QEQra;()y RCefrdetiv® afloul VB g%x\ﬁpo&t@ 6ftbrmula I and/or a pharmaceutically

acceptable salt thereof.

The present invention is further directed to novel intermediate compounds useful

in the preparation of compounds of formula I.

As used herein, the following terms shall have the following definitions.

“Alkenyl” denotes a straight-chain or branched aliphatic hydrocarbon having at
least one set of carbon-carbon double bond, for example vinyl, 2-butenyl, and 3-methyl-
2-butenyl. '

“Alkynyl” denotes a straight-chain or branched aliphatic hydrocarbon haying at
least one set of carbon-carbon triple bond, for example ethynyl, and 2-butynyl.

“Alkyl” denotes a straight-chain or branched saturated aliphatic hydrocarbon
having 1 to 10, preferably 1 to 6, and more preferably 1 to 4 carbon atoms. Alkyl groups
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"Aryl" means an aromatic carbocyclic radical, for
exanple a 6 -10 nenbered aromatic or partially

w@emamtisel ri ng system Preferred aryl groups iPCI/BE®)3/011892

but are not limted to, phenyl,_ naphthyl, tolyl and
xylyl. 10 "Cycl oal kyl" neans a non-aromatic, partially

HAvird Ol%l6e Bloh ﬁ%g b At r‘éﬁéﬁjeﬂ to hé}'e?npalg afo'w@r 5]1( r"o'@?ﬁ’lpﬂ fbwer

r p cont ai ni ng at ons. cl oa
aglﬂd 8PS nrrf&udm@etbxlcf;tbﬂr Biopyl, lsegtqpasb H"tY t- %alﬁ)d 2- buty pentyl and
| &%¥ hereiRfth@gdntple dangalbn QRY alk lhﬁéaa;@ alkyl leaknhg/from 1 to 4
ef ective anount” neans an anmount o | east one
AefSfor formula |, or a pharnaceutlcally
acceptable sal t thereof that 15 significantly
i nhi ‘Bilkexyp moand ar akyl oadiof] thay isattackdd te thé rechaimtien of thermaplecule

I " means fluorine, chlorine,
‘%ﬁ%ﬁ?ﬁﬁF%? p ﬁwﬂuﬁ? %ggﬁ%ly chlorine, fluorine or
broni ne. "Hetero atqn1 nmeans, an_atom sel ect ed frOle
0 and\rg” mgags & aemati carbpcydie radiel, dpiFXamplR 3 & - 1Q mpmbered
&3Mabie opﬁﬁﬁﬁl'ﬂ)f ardfmatiblHn @)‘stenh\l- PR¥&fedakl gtoupslihclid¥but are not

het be present as S, SO or
@?L bﬂwtﬁﬁﬂ §ﬁ§§}onat|c het erocyclic ring

systen1conta|n|ng up to two rings. Preferred

het ef@atoalkyrmeaps a innotanceatih partaile onaimpletelit setiirated cyclic

Jl{phﬁﬁé’ Lgﬂrt)&{r%n %ﬂoﬂp Qh%{%lm%? [c{ ®htbns. B £Ijn€le§‘ ¥t cycloalkyl groups

qui nol i
lpy}uudpmm cmrppyh qyd@azrﬁvleanalrfarc opaptazol yl . 25
"Het erocycle" or "heterocyclyl” neans a 3- to

10- neprRefi RSl 8t ‘Qﬂerﬁfaetﬁﬁ:ﬁmy éiektive anfalt b ©thn amount of at

non- aronmati c val en icra havi

B ok goapuind Bh ool b ot Kahmrtreee Posr ey gb oL that
sighificantlgrintabitoprolifeadticmnofttinaoe ddls, ikdading dsnah tpmef eelklews.
het er ocycl es. are pi peridi ne, piperazine, pyrrolidine,

and *"1%8&. l”'rﬁ'e%ns ﬂuMYrFer el r(iHé %r@mﬁfe%fr'laﬂlh@ hfd?ﬁle,

resence a nonoval é group. 30 ' ers to
ﬂmgﬂédﬁééﬁﬁmQﬂl on of a particular conpound accordlng
to the invention required to inhibit 50% of a

sp SC*fﬁétlsrdmaﬁau hﬁe@nﬁeﬁ{ it‘éhibs)élecdemnﬁlﬁmo%dfﬂ? pﬁdﬂd‘r@lﬁiy N. Ifthe
nter all as | escri
hoomsatasY, e Bebbter 1 Tudo N Eepnly kult Perq om s .

eqcepiraeheasySO'orSéhers to conventi onal aci d-addition
salts or base-addition salts that retain the

bl ol qqétgf%a d \Eﬂ%grgs eﬁYlearg?r?ﬁtl@ngrBE?cﬁﬁ@ th @?Sté-l)lfl c&l&gmmgl lép to two

oun and are romsuitab
nggs. tngﬁer,red) hefarpiaeyl groups e ut are not limited to, thienyl, furyl, indolyl,

pyrrolyl, pyridinyl, pyrazinyl, oxazolyl, thiaxolyl, quinolinyl, pyrimidinyl, imidazole and
tetrazolyl.

“Heterocycle” or “heterocyclyl” means a 3- to 10-membered saturated or partially
unsaturated non-aromatic monovalent cyclic radical having from one to 3 hetero atoms
selected from nitrogen, oxygen or sulfur or a combination thereof. Examples of

preferred heterocycles are piperidine, piperazine, pyrrolidine, and morpholine.
“Hydroxy” is a prefix indicating the presence of a monovalent OH group.

“ICsq” refers to the concentration of a particular compound according to the
invention required to inhibit 50% of a specific measured activity. ICso can be measured,

inter alia, as is described in Example 12, infra.



acids or organic or inorganic bases. Sanple
acid-addition salts include those derived 5 from

WO norgasec aci ds such as hydrochloric acid, hyetDbPoG/€11892
acid, hydroiodic acid, sul fur| c acid, sul fanic aci d,
phosphoric acid and nitric aC|d and t hose derived

Sl | YRR fefl) peeR A Sheb or i ol i oGghfn sl o
l&ue}addmon &dtsdhatcrettam the bmlcglcah'aﬂfecuvamsajand Iaopem:xeaaﬁ tl:ie.
ounas gf ogm ?ritht}?e fohlﬁgd ?mlltgble g@ﬁeto%g%'r%an@@or inorganic

S 1n hose deri ved romamoni um potassSi um
agmqu erganit, origorgaric desear Serapineril weditiparsalts imekide sipsp derived

5 fh&h ifNBAML §c1d§ §lch %E‘B?Jﬁﬁklﬁﬂﬂ@ﬁul&"ﬁ dFopb@xd £ted, h}hﬁnodlc acid,

A S 6 P s B S el PR gom

@’@&Elﬁ@d&&ﬁtjcﬁ ab thlelﬁh&hHomO aaBI salieylic ﬁndomedlapémﬁbﬂm lacid, oxalic

aé:hcg sgc(ﬂex}T%iaﬁqﬁi,tcﬁtr% Tac1éloﬂ%hc aad %% ggdcfutnya’rlc ﬂ%\l\%nd hlet11¥<f: Sample
ladse-addihian mitsauctludeaﬂhosb@ag'ed ﬁommnmndumn,ug)t@ellurm eodjum and,
10 %h{ar?%?gc élﬁ‘%l?l’(l: Eﬁ 8}521esf Q\EP% fcﬂQxan]xgl@ t@f}gm%@ﬁlrﬂiﬂégmm

acce
hyrdapride el damisa a*@@efmaaam 8 %:@harrmﬁeutlcg%@rrm%ﬁé (igdgug) intoa
ﬁﬁ@ﬂ&e@lﬂﬂﬁﬁ@ﬁ@ﬂ El%‘ﬁl@-td pfhaaﬁﬁ@d@lftlaiﬂcﬁerﬁﬁd; t8 ld)bﬁdiﬁlﬂhplaivbd/ physical

A OXI ftgbIHH’nSYﬁrgfc eCt c@@@@ Chrtf{ Sé)gulglart i %ﬁmpounds See, e.g.,
Huhﬁiel ttuile dPhatrkadenticnd ﬁh@sagh Fatmg drel Bulgddélivatyi Systeomiioth Ed. 1995)

occcu PNe 1%9 or nore positions and, unless
15 ?%aaasne |n8| % that the substltuents at each

subst itution site are i ndependent |y sel ected fromthe
speciBhragaesptiradliacceptablinesushBbphargisceuticAlly 3serirRle gayrier,

L&t &se& 4RH8cidgiday BrbeptablR@nd BibstdniallNndh xic to th
p’ié t eﬂﬂ'@ e aRg ﬁtab@hgre%?ibcseut llacglrl h c to the

%’g’é"ébfoa‘gll“’é\!’ Rar'i‘q’r@?rechnp%ﬂé I‘Seﬁdﬂ"glétoer “is selected
fromthe group WO 2004/ 041821 PCT/ EP2003/ 011892
“Substituted,” as in substituted alkyl, means that the substitution can occur at one

20 or more positions and, unless otherwise indicated, that the substituents at each

substitution site are independently selected from the specified options.

In one embodiment, the invention relates to compounds of formula

R8
R7
CH,
9%
X
RQN N I?J 0
R1
R? R
RS

or a pharmaceutically acceptable salt thereof, wherein

25 R'is selected from the group
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30

-12- H C .,0 alkyl, C1_10 al kyl substituted by up to
three groups selected fromaryl, cycloalkyl,

whedoenomely| , heterocycle, NRIOR', OR12, SR12, Ppei/BB®N3/011892

COR13, CO2R13, CONR13R14, 5 % NR13R14, SORB, SO2R13,
CN and NO2, wherein the aryl, €ycloal kyl, heteroaryl,
and -het erocycl e groups may each |ndependently be
substituted by up to three groups selected from
NR1OR', OR12, SR12, hal ogen, COR13, CO2R13, CONR13R14,
SOZI‘@JJBRML SORB, S2R13, CN and NO2, aryl, 10 aryl
substituted by up to three groups selected from | ower

al deZp Bv}lQBbsntQ?d Rgélu peRitdee fd ég&%ctm,arﬂ;%%&kyl

TR o D Mg cone

het. %%{PWI et
gr ombﬂé?k‘étmlf o@HrandINI@i whhiRRIORE aryl SeyciRalRyl, heteroaryl

SR12
Bd d%&ﬁ% % ?t ﬁ?fhthrw 14
SubsgrDtlpﬁtEUiCttyl figm NB Rir OR' grSBupbalgaﬂregﬁé’E R

al kyé@N}*Bil@‘WSOR’ RISRGZndhabogen, CORI3, COQR13
RIZR14, SCPNRI3RT4, * SORB, SOPR13, CN 20 and NOZ2,

C3 10 cycloalkyl C3_10 cycl oal kyl substituted by up

to tH'ke gr oups sel ected fromlower alkyl, NRLOR',

OR12, SR12, hal ogen, COR13, CO2R13, CO\IR13R14 "
s Nagzmbému&@ma up tSERHRE Grouphlselentied\BEm 188er@kyLONR'’R'!, OR'2,

ar oot DRt &R CRORRIORT RO 2SORROR' PO o &R O and
CORINO;C2R13, CONR13R14, S2NR13R14, SORB, SOZR13 CN -
and NO2, and C2_10 al kynyl, substituted by up to

thr eﬁet&roglé%?lgel ected from NRLOR 1, OR2, SR2, 30

hal ogen, CO2R13, CONR13R14, SOZNRt3R14 S(PB,

S esterog\)lll s&)stltuted. by up to three groups selected from lower alkyl, NR'R',

OR'2, SR'?, halogen, COR', CO,R", CONR*R!, SO,NR"’R", SOR"*, SO,R", CN
and NO,,

heterocycle,

heterocycle substituted by up to three groups selected from lower alkyl, NR'°R",
OR'?, SR'2, halogen, COR'?, CO,R'?, CONR’R"%, SO,NR”R', SOR", SO,R", CN
and NO,,

Cs.10 cycloalkyl,

Cs.10 cycloalkyl substituted by up to three groups selected from lower alkyl,
NR'R!, OR'2, SR'?, halogen, COR", CO,R'?, CONR’R"*, SO,NR"’R", SOR",
SO;R", CN and NO,,

Cy.10 alkenyl,

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

and

C,.10alkynyl, substituted by up to three groups selected from NR'R", OR'%, SR,
halogen, CORY, CO;R", CONRR", SO,NR"’R", SOR'?, SO;R", CN and NOy;
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WD 2004/ 041821 PCT/ EP2003/011892 -13 R2 , R3 and R4
are i ndependently selected fromthe group consisting

wo@boo4lh1sSDIR1IR11, OR12, 5 SR12, C1.10 al kyl, QC1/8P2003/011892

al kyl substituted by up to th_rge_ groups selected from
cycl oal kyl, heteroaryl, heterocycle, WOW, OR12,

SRl e ey R TR P b RN

heteroaryl, 10 and heterocycl e groups may each
indeﬁiendently be substituted by up to three groups
sel ected fromlower alkyl, NRLOR', ORl12, SR12,

hal ogpHR!'COR13, CC2R13, CONR13R 4, SCZNR13R14, SOR 3,
SO2R13, CN and N2, heteroaryl, heteroaryl substituted
by u tho three groups selected fromlower alkyl,

NR 17 OR12, SR12, hal ogen, COR13, CO2R13,
CONR13R14, SO2NR13R14, SORB, 15 SO2R13, CN and NO2,
het eSRi&ycl e, substituted by up to three groups

sel ect ed from | ower al kyl, NRIOR 1, OR12, SR12 ,

hal qgen, 3, CO2R 3, CONR 3R 4, SO2NR13R14, SORB,
SOZR"3 and NO2, C3 10 cycloal kyl, 20 C3_10

R Sagbsflt'eﬁ B ttR sfﬁ%ﬁts R o 185ksich & oary,
CORﬂaete E BIR‘m\lemm mesmt?, A ccsm‘?nté
en b e
by up to 't ree gr ouﬁs Seheélt%\éé raB‘rin b'he“% %gﬁ?g%l eteroary,
SRl 23nd 1RSerhegjiclegeonps@oRIRch @@m@enm@mlmted by up to three
n 12 B 13
B 30 g«,lowsﬁgl NRUINOIBR' (20l OAYAOR",

St uted y P to groups
o OB SORRER ™ SoR 250G N B Rishon

CO2R13, CG\|R13R14, S@NR13R14 SORB, SO2R13, CN and
NO2, het@oamil, hetbrdaidtsubdtithra by upne tirke EdupREl@tedorhdower alkyl,

Ot {R9R!, OR™2, SR, halogen, COR', CO,R™, CONRPR™, SO;NR"R", SOR®,
SO,R", CN and NO,,

heterocycle, substituted by up to three groups selected from lower alkyl, NR'*R",
OR'%, SR'?, halogen, COR"?, CO,R", CONRPR", SO,NR"R', SOR"?, SO,R"’, CN
and NO,,

Cs.10 cycloalkyl,

Cs.10 cycloalkyl substituted by up to three groups selected from lower alkyl,
NR'°R'!, OR'?, SR'?, halogen, COR", CO,R", CONRPR", SO,NR’R"*, SOR",
SO,R", CN and NO,,

Cy.1palkenyl,

C;-10 alkenyl substituted by up to three groups selected from NRIR', OR”, SR'Z,
halogen, COR'?, CO,R"?, CONR’R™, SO,NRR", SOR'?, SO,R", CN and NO;,

Ci.0alkynyl, and

$

C;.10alkynyl substituted by up to three groups selected from NRR', OR", SR",
halogen, COR", CO,R", CONR"R™, SO,NR"R", SOR", SO,R"’, CN and NO,

provided that at least one of R% R? or R* is not H;



WO 2004/ 041821 PCT/ EP2003/011892 -14 R5, R6, R7 and

R8 are independently selected fromthe group H, |ower
wabdoyh41sbower al kyl substituted by hydroxy or BCRBR3003/011892

5 NRiS5Ri6, OH ORl7, SR17, gqlogen, 10 COR17,

CCPR17, CONRL7RL8, SC2NRI7RIS, SORL7, 15 SCRR17,

ROy 163 s RS IR o'y o ana

R11 are independently selected fromthe group H WO
20041041821 PCT/ EP2003/ 011892 -15- COR13, CO2R13,

lower alkyl,

lower alkyl substituted by hydroxy or alkoxy,
5 NR"R',

OH,

ORY,

SRY,

halogen,

10 CORY,
COR"Y,
CONR'R",
SO;NR'R",
SORY,

15 SO;R", and
CN;

R is selected from the group

20 COR';
R'” and R" are independently selected from the group

H,



10

15

20

25

CONR13R14, SO2R13, 5 SO2NR13R14, |ower alkyl, | ower
al kyl substituted by hydroxy, al koxy or NR 5R16,

waeyokoalskyl , cycl oal kyl substituted by hydr oxyPCHERRY(11892

| ower al kyl, or NR 5R16, 10 hederocycle, and

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

al kycordt, NR15R16, or, alternatively, NRIOR' can form
aring having 3 to 7 atons, said ring optionally

i ncl QJ g one or nore additional hetero atons and
being éptionally substituted by the group consisting
of one or_nore |ower alkyl, OR12, CORLl3, CCO2R13,
CONREORIR’R'%,15 SOR13, SO2R13, and SC2NRI3R14; RI2 is
selected fromthe group H, lower alkyl, CORL3, 20
CONRGI4, C2_6 al kyl substituted by hydroxy, alkoxy,
or NR 5R16, cycl oal kyl, cycl oakyl substituted by

hydrg §q @égoxy, | ower al kyl, or NRL5R16,
het e y%l ,> and heterocycl e substituted by hydroxy,

al koxy, lower alkyl, or NR1I5R16; 25 R13 and Rl14 are
I ndejperdslyll y sel ected fromthe group WO 2004/ 041821
PCT/ EP2003/ 011892 -16- H, |ower alkyl, C2_6 alkyl

subsi | I | ka r R 6
1 )
cyc|%@%Eé?ﬁS§¥%5§%8§§§?9§§5€§¥V¥3¥e by ’hydr oxy,
al koxy, |ower al kyl, or NR 5R16, heterocycle, and
cycloalkyl,
cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NR"R'S,
heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR'*R'S,

or, alternatively, NR'°R"! can form a ring having 3 to 7 atoms, said ring optionally
including one or more additional hetero atoms and being optionally substituted by
the group consisting of one or more lower alkyl, OR'2, COR"?, CO,R"?, CONR*RY,
SOR", SO,R", and SO,NR"R";

R' is selected from the group
H,
lower alkyl,
COR",
CONR"RY,
Cy. alkyl substituted by hydroxy, alkoxy, or NR'R'®, cycloalkyl,
cycloakyl substituted by hydroxy, alkoxy, lower alkyl, or NR"R'S,
heterocycle, and
heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NR"’R'S;

R" and R' are independently selected from the group



het er ocycl e substituted by hydroxy, alkoxy, |ower
al kyl, or NR 5R16, or, alternatively, NRL3R14 can form

wa@2004ngisbhavi ng 3 to 7 atons, said ring optionaP¢EP2003/011892
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i ncluding one or nore additional hetero atons and
bei ng optionally substituted by 10 the group
consiy;sting of one or nore |ower al kyl, ORL7, COR17,
CO2R1T7, CONR17R18, SO2R17, and SO2NR 7R 8; R15 is
selected fromthe group H, lower alkyl, 15 COR17,
and lowapslyl; and R16, R17 and R18 are independently
selected fromthe group H, and | ower al kyl, 20 or

al t eryaliyt ehstitMRl HRhRirand alNGE BEBIRE G each

i ndependently forma ring having 3 to 7 atons, said

ring_ogptionally including one or nore additional
het ecrYgloglllkgln's; R19 and R20 are independently sel ected

fromthe group H, and I ower alkyl; and 25 i's
sel exytledkylrsubrstit@redbghydrxgldkaxgorredbg) oril¥BOR °, - 17-
| ower al kyl, and C2_6 al kyl substituted by hydroxy,

al koxeYerBEyNRIRR16. Conpounds di scl osed herein and
covered by fornula | above may exhibit tautomerism or

tructural  isoneri It is intended that t 16
isnv ‘%BWC@%‘PE‘EWH@@’ hé’hﬁpl’g"ééufoéﬁ’t Wet ‘l‘lg%o?r g?f&ct ur al

i soneric formof these conpounds, or mxtures of such
f or nar ,(altemnativaly, R '¢R it forms) ringmayings3 foot atbimyi saibringoptionally

S0 RIS AT oy
f or ntlie graupesomisisiing eftanger orar lawss iyl SR > prePdy nEPNRRT,
opt i §3Jr1 $9A8D,NR7dEpi cted by formula Ia bel ow R8
R" is selected from the group

H,

lower alkyl,

CORY, and

CO,RY; and
R'¢, R and R"® are independently selected from the group

H, and

lower alkyl,

or, alternatively, NR"’R'® and NR'"R'® can each independently form a ring having 3

to 7 atoms, said ring optionally including one or more additional hetero atoms;
R' and R? are independently selected from the group

H, and

lower alkyl; and

R* is selected from
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R CHS NNR6 RONNNORSRL R R43 10Rla. 1In
a preferred enbodi nent, the invention relates to a

wa@eovpousel of fornmula | wherein R is sel ected PEDRAP2003/011892

aryl, and aryl substituted by gN or CONRL3R14.
Especrally preferred are thod conmpounds, wherein
aryl, is ph I n anot her preferred enbodi nent of the

conp Ot iﬁ%#ornula |, RLis selected 15 from | ower
aIkyI and C2_6 al kyl substituted by OR12 or CONRL3RI14.
EspebztsallllfyjISLrhsemcrladhyda@)e'» elkoseordRPBUNds, wherein Rl
is lower alkyl. In another preferred enbodlnent of the
conmpounds of fornula I, R2 and R3 are each

i nd@ﬁﬁg@ﬁﬂdsﬂsﬁﬁké‘éﬂiﬁgnfaha Rbfeked E’y Rriyila I&'de&lraﬁ' @xhlblt
al kyl substitute

tp?@f*@ﬂ“@o“éﬁb‘ﬁ%ﬂéﬁ?ﬁ“%‘lsnf Hélsd’a)tr“rﬁR%‘ﬁinRégt %‘F HTVSPH'% gnqompﬁﬁses any
taStookdritdr strhetusal fsUfriehe forpi ef thégeedn@ﬂibﬁdh pentixtofestolieuch forms

@ﬁb 3gr£%écsrpgctl%rest han cicla noto lg@ﬁeﬁ? ar*y onlg t@gﬁgﬁﬁgpgt?%%ﬁFQOmenc
farm derplcmxrzrﬁ@m@zmﬂ@m PCT/ EP2003/ 011892 -18 In
anot her preferred enbodi ment of the conpounds of

f or Myian the c%f‘n O%ngéloflfgrrﬁuﬁ}ilexhlgi—ik@ﬁht&% e nidYishRiHRkdferred
I n, anot her %{) %aﬂrggag nt of the conpounds of
QRﬁFWF%fn?rls ICt B %lowy and R is O 1 over

al kyl , preferably O CH3. 5 In anot hel% preferred

enbodi ment of the conpounds of formma R5 is

hal ogen, preferably Br. In another |P(7ed

enbodi nent of the conpounds qf;Hgor al aY, RO is H The
fol |l owi ng conpounds are pref erred {bo ment s

Ré

3
R Ia.

In a preferred embodiment, the invention relates to a compound of formula I
wherein R' is selected from aryl, and aryl substituted by CN or CONR"R". Especially

preferred are those compounds, wherein aryl is phenyl.

In another preferred embodiment of the compounds of formula I, R is selected
from lower alkyl and C,.¢ alkyl substituted by OR'? or CONRR'®. Especially preferred

are those compounds, wherein R' is lower alkyl.

In another preferred embodiment of the compounds of formula I, R” and R’ are
each independently selected from C;.jo alkyl and C;.1q alkyl substituted by OR"Y or
NRUR'"

In another preferred embodiment of the compounds of formula I, R*is OR™.
In a further preferred embodiment of the compounds of formulal, R’ is H.

In another preferred embodiment of the compounds of formula I, R*and R* are H.
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10
()-3-[7-[3-(2-hydroxy-ethyl)-phenyl am no] - 3- (4- net hoxy

w0 ptmemyis)}4 net hyl - 2- oxo- PCT/EP2003/011892

3, 4-di hydr o- 2H-pyr|mdo[4 5-d]yrimdin-1-yl]-benzonit
rile (Exanple 4); ()-3-[7-[3-(2-diethylam no- ethyl)

ph%g%&@g] &fer?eﬁ%%%gg ctfgﬁ%%%yuﬁdﬁggfb\éhu% 1s Cl 10 alkyl

Scblhﬁtttrlteldé))’( e 5b); ()-3- [7-
[ 3-(2-dinet hyI am no- et hyl ) - phenyl am no]
3 (- aﬂBfHé@ b@f&h&f%ﬁcd‘}mﬁﬁttcm(he @ompdunds of formula I, R®, R® and R® are

AR i (1 naﬁlfi ?ﬁérabi“yg%ﬁ 5-d] pyri mi di n-1-yI] - benz

) 3- (3-(4-net hoxy- phenyl ) - 4-net hyl - 7- { 3-
(I4-amo tHey preférpest b arliment ofithe etriyydtinds of formula I, R’ is halogen,

(
[ 2-

no} - 2- oxo- 3, 4-di hydro-2H pyrim do [ 4, 5-d
%@?P‘}rﬁlﬁn %L -yl) benzom%/rlle (ganple 75 ()]

[7-]3- (2 di ethyl am no- et hyl)
- phelmyAngHiehn 8] grf(ddfenf}'@%@iyt?fﬁhﬁgﬂquqﬁpﬁ%m@lla b&’ is H.
0x0- 3, 4-di hydr o- 2H pyri m do [ 4, 5-d]

pyr i ThetoNowinglcbmipenadyird @rdférxaigphisodihents )aeébrdiﬁ'@-to the present
%1 2 d| met hyI am no- et hyl) - phenyl am no] - 3- (4- met hoxy-p

EHHI™ 4- net hyl -
0X0- 3 4- di hydr o- ZH-Fyrl m do[ 4, 5-d] pyrim din-1-yl]-benz
Qair)-ri}& (?E{(hhpdh@xg-)ethy) phenylammo] -3-(4-methoxy-phenyl)-4-methyl-2-oxo-

£) d?hy(d:?’o-(Z B@Axﬁ?&&{zx BRBPWlichiddn Tof B énzénitdrel (Exddipreadny| -

plpera2|n1 et hyl |-

ES) i] &mﬁggietW1§£%€ﬁgﬂ§ @g @/%a iﬁdr Y tgx)) heny‘iI -4-methyl-2-
Sxd-24bdiBydro RBPYlidido{f4- c(]%yﬂm&hhyll )&]Tbaxﬁzo@ithldb(@)(amlphrﬁjbl)
am no] -1, 4-dinethyl-3,4- dihydro-1H pyri m do[ 4, 5-d]

g‘% %T%fé K%%hrﬂqu llgenr%p te{h?'ﬁeﬂ’hegl}lam Es- ;n]efthc)xy-phenyl) 4-methyl-2-
{))43-@,2 Cﬁhﬁirhﬂl—hwnmu@ hoxdlpypmédipi layH -hejzonitrile (Example 6);
-1, 4-di net hyl -

g#)hzv 501 M‘étwgtﬁﬂ q?l[)% Bre gzllr% ctunﬁ& (#D%Béﬁaﬁﬁni DIERly -

21 y a)ml{lgl g@xgﬁyﬁg ﬁgh- )-pyylml F4 5- dﬁ)yrlmld ) benzomtrlle

ﬁ-g;{edy)et hyl am no- et hoxy) - phenyl am no] -1, 4-di net hyl -
i hydro-1 H-pyrlmdo [4,5-d] pyrimdin-2-one. The

e lnve i phi bi C
e O e
oxo- adnchhpclrooa‘Hwnmdo[415nd]|cpantnudm+1a}’l]1bheza1rmdaf1ﬁ@mp1¢)$);
cont rol of 5 solid tunors, specifically breast,

£091r- 13 ?Ge@faﬁm nzmmlﬂ@@ a}%ﬂeﬁ ltaHﬁi‘iH]Sa g;T gﬁéa@?@o[;mymsmethﬂ -
B%é‘s‘% oA LB LB SVEm DI 11 P prRBT LEosuns

i mproved oral bioavail abl lity. In an alternative
MBJ@ﬁﬁethé)@eanQB%metm-eF{Bl-[Qr(4rxﬁéta§rlep1pkmzm 1-yl)-ethyl]-

Eg iﬁlﬁ‘g‘gg? qx&%‘%%gpy 0-3f HODR C nﬁﬂ !Rylglcadllri/?%)t b Emide

Example 10);

3-(2-bromo-phenyl)-7-[4-(2-diethylamino-ethoxy)-phenylamino]-1,4-dimethyl-3,4-
dihydro-1H-pyrimido[4,5-d]pyrimidin-2-one (enantiomer 1) Example 11f);

3-(2-bromo-phenyl)-7-[4-(2-diethylamino-ethoxy)-phenylamino]-1,4-dimethyl-3,4-
dihydro-1H-pyrimido[4,5-d] pyrimidin-2-one (enantiomer 2) Example 11g ); and
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1o acceptable salt or ester thereof. These
phar maceuti cal conpositions can be adm ni stered

we@e@kloyis2f or exanple in the formof tablets, POHERZH03/011892

tabl ets, dragees, hard or soft_gelatin capsules
sol utions, enulsions or SUSpé%%IOHS They can al so be

M nj_s ered f.or xanple he .form
@Saadg. I%ramoeg g’ 7pé¥ -Sidisihy W‘“of%?o’ﬁ’gé’&‘ﬁi’@amﬂ?t figdimethyl-
3, 0dihydko-16- pyaﬁmim)[«s,sld]lpymnshn-l&nﬁhe phar maceut i cal
conpositions of the present invention conprising

co npﬂ%n%%& ur élg Of fil luﬂzehtlox?myﬂﬂf Sltcrfgr El?l% 'kﬁmgége FIﬁEJe co@\ﬁunds

N a nmanne
aere gsefphin thareatoenterrspatiol ofrances ua.mgncu(baféb%eﬁtmenh@r control of

sg)'haﬁiﬁ’lln\ﬂsnk ecgircﬁ%rlée{slt n&blon QPR dMipalere®id t_rlqﬁxﬂﬁk MDhese
r agee maKkli_n or n oces . ese
Hnds ate hs%rly pfﬁ%ﬁ@é? Fﬂf@ %‘Qﬁar’s@aai% PRisest adyntageous

Elb@faﬁ@lﬁlﬁ}’l prafiley suchas impioved gahboawilabiligani ¢ carri ers.
20 Lactose corn starch or derivatives thereof, talc,
st ery
f or aa[r)ll a tterna(t)lc\:lg g?egglﬁiae& %ea]grep tﬂﬁr%gu%?] (ﬁ#gﬂg p%%f %c%[lﬁcal
capsitess comiprisibk at least phecampeind efdormyje ILaaruarphgapsqw@@ally
é&%tyﬂgsaﬁ&%ﬁ@kﬁergﬂ s, waxes and fats. Depending on

nature of the active substance, no carriers are
generally required in the case of
caps s Phargupceuftspleomupqsitions c4rgbe 3 SinioTed el far gpmple in the
fopmuifitables,analted yablgs daafgees\l\hildrqr sposlatis cap251es, solutions, emulsions
sacchar ose,

QL_sspensions. o?h%]y\r%%rg% 9 g)gar mits elgd rec%?lfyc oorsg%lrczgnalp e 1n the Torm of
gipposgtaries, or\pagm_tqblll}e fai elxgmpkghmstbh Gjrrrmfdg)eatmp solutlons
surfactants. Suitable carriers for suppositories are

nat ufgd Mrﬁ%ﬂﬁﬂ%@nfﬂokﬁoné’@%ﬁ@ preséitn@ndon @ Phb&lg‘ kSmpounds
ponoIs The phar ceut|énmggre par ati ons. can a

eifatmil Ip%@é%rrtbﬁ tsARRIFe ¢ Fgnffagtused inag@ARRer ®hat is known in
Heabt, b yngeagftenven@bmal ﬁ@mﬁ@,&ﬂt@suﬁﬂhg Sidsyivitg, granulatmg,

T T T AT X T

prepsisitioes canlfeffermsylaed atithntfempertisllypmeaninioogangaartasganic carriers.

Tp %’secc%r?n Q{a?c% &%&%tﬁe? {}gggof ttglgr tptLﬁtc | £ ls%alY@%H%@ l€ed as such

stance Ive I n
oetrhexrs fomtahletSh@@éeddﬁblﬁ@r Fragess vnd harqhgelabn capsiesi ﬁ%ﬂﬁ{ei q@Friers for

%%‘a{thh&bsﬂésr ifALadvdaetabR®ilY, Sﬁax@f arfl RRMPRPELUIAS on the nature of
for for treating cancer, in part,icular

HiSia6HYe AT Nl SETaF G3eT ALY SSpeh in By s of sot §eati capsules,

guiebl O4t8ed fRChé HRANAMNOMAIBIMtion? G)ndmynrups At e;ratdﬂ,@dl)cmlsa
n.n an. ef f ect

%%%HPP g{znvgrn[ts%%aﬁﬁg lglc%e ggﬁ :;[%ﬁ car L&k %r/18+ect1(%n Sie! a?er, z}&sohols,
pelpobls oghperiaboegstatilheilss phgppbolits dodnd ahlefapllaese ﬁtutable carriers for

ulgbévf%rs]ﬂ{térq)eg ’ar%ﬁ]ﬁpﬁﬂb%rhmd o519 VRRES (flﬁs ?rt F}f rﬂﬂu‘?d f)olyﬁg.e

reat nent or control

proliferative
The pharmaceutical preparatlons can also contain preserving agents, solubilizing

agents, stabilizing agents, wetting agents, emulsifying agents, sweetening agents, coloring
agents, flavoring agents, salts for varying the osmotic pressure, buffers, coating agents or
antioxidants. They can also contain other therapeutically valuable substances, including

additional active ingredients other than those of formula I.

The present invention is further directed to the use of a compound of formula I for

treating cancer, in particular breast, colon, hepatic and pancreatic cancer, by
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5 disorders, in particular oncol ogi cal disorders.
These conpounds and fornul ati ons containing said

wa@eovpouses are particularly useful in the treaP@ERP2003/011892

control of solid tunors, suc:}@as, for exanpl e,
breast, colon, hepatic and parfcreatic tunors. Thus,

the .present inventi.on.is further directed.to a nethqg

Hominisfestiaing huthon FeliFdh BErbe S oy R A TR AT S g
atpemd dffornadal add/euicdsatther apy an ef f ecti ve anount of
a conmpound of 10 forrmula | and/or its salt. A

the r?agtgl%ﬂ.i&r?e!dlaﬁoﬁ,] Iﬁ'ge%;hﬁuﬂHPHﬂhﬁgfesa'lt‘?MQHH,anﬂding the

acco nce Wt venti on ans an amunt og_ ,
oo of feamuladl, ere wseful yithe drepinespé A controled relt prolferative
ALERUER! Al SR RISl ogital Hisee@s e Dhes®Esthpiiehdshd Setinvilaedns
of the SLLBJ ect bei nag treat eﬂg ﬁ(Jt?ﬁt.erm nation of a £solid
BTSSRI CAMPYUBHY e PRAVEUIAR iR S T FERtmeR R coRfte] of soli
tumdrhiguéli is, fok exdrhplef breasapeloni, heatiy and pedreatie tammoun tThass, the
dosage of ..a C un [ t LS '

%59 2hifh SPTER MR 2 A0t R SN gy
avbmmésterkrgdon patienthie neet of sudythsrapysaglestive kmoanief agmerpund of
fo?mhﬁg s Misdmal requirenents in each particular case

I ncludi ng the specific conpound(s) being adm nistered,
the route of, m_nistration, .the condition. bein .

tr ea{\é}bﬁra%t\ﬁgﬁ’l efg‘ét“’teﬁé’%lé‘f PEMO‘B%‘?‘-WS‘ ip Agcrdgnce with this
@eaical meddd ahhendias of @mppoiald tRE iveffqaavert@eant, alleviate or

adm nistratjon to.adult hymans wei ghin OXI
F0Teede s klR0s SR8 ot PR the YGOSR S bR eGiseea
Pytermpination @bk thefapenticably ¢ffe@y0 amguntis abidin the skdion thgart.
shoul d be appropriate, although the upper limt my be

exceegledhpettidaf efatiedamoditordRkig¥ ol 2288 otRadB ding to this

adm nistered as a single dose or in divided doses, or .
PPNgsmeaBrBr WbV A IEAt 484 BHY bF (et ed gt § BHRRE: known in the
£@NShdhddésgel Wiﬂlb%iaﬂjﬁstg&% the individoerrrequibanénteiit each perticular case
invention 1s.directe a process for,the pr ratio

AL R BB AR RO R b Ron,
corditiorsbang)reated @b el asthe papoubeingfirented. fmgemekal, iRgsh&ase of oral
%r%@@ﬁ@ﬁﬁ@sn ko Ldul&“n%s%&hixg)ag&gﬁn%4é§ 26 kg, a daily
dosage of about 10 mg to about 10,000 mg, preferably from about 200 mg to about 1,000
mg, should be appropriate, although the upper limit may be exceeded when indicated.
The daily dosage can be administered as a single dose or in divided doses, or for

parenteral administration, it may be given as continuous infusion.

In another embodiment, the invention is directed to a process for the preparation

of a compound of formula I of claim 1, which process comprises

a) reacting a compound of the formula

RB

CH,
_ R® II
X~ N I}J/&O
R1
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-21 wherein Xis O or SOCH3i and R1, R5, R6, R7 and
R8 are as defined in claiml1, with an aniline

waerumaisetve of the fornmula NH2 |11 R R4 R3 WIBERIN3/011892

R2, R3 and R4 are as defined itZiclaim1l, to obtain a
coppound of the formul a R8 LR'CH3/NN\R65Ib
Rvkenrin i Ghor RQ:CHs.vandrRei R, RS R’ sinH R anhsi defiledin’ @dm Rwith an

r &ilhéd MGivhHiee SFORPRYAILT fornula Ib with an acid
hal i de or anhydride to obtain OR19 R20 Oll a

- conpound of formula I, whereiggR9 is -GO GO GCGR21 or

COR 7, and wherein R’7 R19, |R20 and R21 are as

defined in claim1, 10 and/ N, | f desired,

converting the conmpound of f la lijpinto a
pharmaceutically acceptgh 5 4The present

invention is also directed to heF?oIIovw ng novel

i nternedi ates useful in the Bynthesis of conpounds of
formula I: ()-acetic acid

2yie3e h hen

e e B T BB s Cepbpind oFihe formula
pyrim di n-2-yl am no] - phenyl } -et hyI ester (Exanple

3c); and
R7
CH,
~ Rs Ib
N ITI/KO

wherein R’ is H, and if desired,

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

R'9
O
\/ o,
a compound of formula I, wherein R’ is _C O—C—R or CORY, and

. D17 519 120 21 . )
wherein R/, R””, R and R* are as defined in claim 1,

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

The present invention is also directed to the following novel intermediates useful in
the synthesis of compounds of formula I;

(£)-acetic acid 2—{3—[8-(3-cyano—pheny1)-6-(4-methoxy-phenyl)-5-methyl-7-oxo-

5,6,7,8-tetrahydro-pyrimido[4,5-d]pyrimidin—Z-ylamino]-phenyl}—ethyl ester (Example
3¢); and

$

(%)-methanesulfonic acid (2-{3-[8—(3-cyano-phenyl)-6-(4-methoxy-phenyl)—S—methyl-
7-0x%0-5,6,7,8-tetrahydro-pyrimido[4,5-d] pyrimidin-2-ylamino]-phenyl}-ethyl)-ester
(Example 5a).



()-net hanesul fonic acid
(2-{3-[8-(3-cyano- phenyl) - 6- (4- net hoxy- phenyl ) - 5- net hy
wo 20040080t 5, 6, 7, 8-t et rahydro-pyri m do [ 4, 5-dJ PCT/EP2003/011892
pyri m din-2-ylam no] -phenyl} -ethyl) -ester (Exanple

5a) . WD 2004/ 041821 PCT/EP200§F011892 -22 The

unds of the. present .inventi o repare
iy ORI B SEen iBARO) B B ARPESReMiona
myantsh &xsmaiﬂm]grotﬂe@efonsynﬁwmmg thase ccpnpwrdbdlm proviied in the

f |
o 0Pt SO O O R e 8 e o

&U@SY@WHR N1 LDAN\ OH 2. R-CHOCQ N
c _d Nd 1 Scheme 2 R P. R R N X OH POX3 X

|
5 ArI‘QdBeINe[N-A'R'NCONA NCl INHCN~-NO\WH Cl~N
C O cl I1X=8Bro d 23C 4R P R Ar Base ~A
Ar N\H2 DDON C NNOH1NROS5RG6 Scmemre 3R R
R R Af Af NYI;\FﬁAt M i pHAe R1- NHgI 2 Ar" NH2
c.)\N/ o _2-R"-CHO )\/
1
Scheme 2
“' sre
A 'NH, A 1
)\T\ ——-»)\Xk ' AY e
1 X = Bror Cl N g A
R ¥
,Ar‘ . ,Af
Base /L /g Ar"NH, )\ /g
Ar A
5 6
Scheme 3

R* '
B LA n N N
o RN, ”I* coc, YWY AeNH, Y
O e, G oo LT T
Cl

1 Ar*
5 " 6
10 3

Scheme 4

R
.a+ Acid halide

R
L oranhydnde=:R)LN)\N/ A

o
|

| "
AP 6 R’ Ar 8 R

-Z

1



~HCd '~" o~
Cl NC 7 R5 R+ Ar'
wokr/0418¢i d halide O N\ NAr
O HNNNOR Ar"
PCT/ EP2003/ 011892
step 1 MeS N O MS N NHR

-23 Sche

9

MeS N NHR Steps
1
nucleophilic
addition
step 3a
step ba
NS OH
/]I\ P 1) SOCI,
MeS” "N” "NHR'  2) Ar-NH,
12a
,Ar' OX|dat|on
)\ /K Step?
o’ 0 R
15
Ar' =
e
RN N7 N0
1
AI’" R

N CHO
)L _ oxidation
1 -——————

NNHC NNOHNNNDO
6 R10 3 Scheme 4 R R N\
or anhydride A APE/BPN0OM11892
8 Ar 6 R V\Dé§004/ 041821

nme N COOEt RI-NH2 N COCEt

ducti on
CHO oxidation NrOH MeS N i

nucl eophilic 12 ﬁicgogfshgleBa
)\ step 1

N/\ICOOEt
P
10
Reduction

step 2

N/Y\OH
)I\ = 1
MeS” “N” “NHR

12

N
L[ H

13
cyclisation

step 6

MeS

N/j\)\N,AI'
MeS)\\N I}J/KO
1

14

step 2 N
3 11 MeS N NHR



N OH step 5a DNNA' 1) SOC12 , H MeS N NHR 2)
Ar' -NH2 MeS N NHR 12a 13 cyclisation step 6 N' Ar'

wo@xiodatison Ar N1 N' MSSN NO step 7 MS, N Ne@%§/8P2003/@Q1892
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R R 1514 R8 R7 Ar' NNA' Re | Rs RsN111l, N

Nk, O A" Ar" Rz Ra R3 WD 2004/041821

PCT/ EP2003/ 011892 -24 ExarEJI es;..The foll ow ng
exanples illustrate prefer $hods for synt hesi zi ng
the conpounds and fornul ati ons of the present

i nvehhd folowiganphplesillustratg proféreedimethpyls tor synthesizing the

dnpoddds Bh@F RN AtioNs Of fhe Preseat infddtapol N OH
Example 1
Example la

(£)-1-(2,4-Dichloro-pyrimidin-5-yl)-ethanol

N7 OH
/m/
cl N cl

193.03

(+)-1-(2,4-Dichloro-pyrimidin-5-yl)-ethanol was synthesized from 2,4-
dichloropyrimidine (Aldrich) according to the literature procedure of Ple, N.; Turck, A.;
Martin, P.; Barbey, S.; Queguiner, G. Tet. Lett, 1993 (34), 1605-1608.

Example 1b

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

NT cl
)l\/
c N~ Tcl

211.48

To a solution of (+)-1-(2,4-dichloro-pyrimidin-5-yl)-ethanol (1.27 g, 6.60 mmol)
(from Example 1a supra) in phosphorus oxychloride (5.0 mL, 53.11 mmol) (Aldrich), at
0 °C, was added diisopropylethyl-amine (2.60 mL, 14.78 mmol) (Aldrich). The reaction
was stirred at 0 °C for 5 minutes, at ambient temperature for 15 minutes and then at
115 °C for 3 hours. The reaction was cooled to room temperature, diluted with toluene
(10 mL) and the mixture was then poured into ice (15 g). After stirring for 10 minutes,
the layers were separated and the aqueous extract was back washed with toluene. The
combined organic extracts were dried over anhydrous sodium sulfate, filtered, and
concentrated. Purification by flash chromatography (Biotage, 40M, 10:90 to 15:85 ethyl
acetate - hexanes gradient) gave (+)-2,4-dichloro-5-(1-chloroethyl)-pyrimidine as an oil.
(Yield 1.233 g; 88.3%).
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N' 193.03 ()-1-(2,4-Di chloro-pyrimdin-5-yl)-ethano
was synt hesized from 2,4 10 dichl oropyri m di ne
w@ 2dodossh) according to the |i ter at ure procedurEr/pbP2003/011892

Ple, N ; Turck, A ; Mrtin, ; Barbey, S.;

Cpeguiner G Tet. Lett, 19932?34) 1605- 1608. Exanpl e
Di chl or o- 5- (1 chl or oet hyl rimdine CI C

NE%)‘V’P!L%I?M 48 To a solution o%/ )Py

() 1- (2, 4-di chl oro-pyrimdin-5-yl)-ethanol (1.27 g,

(6&)-6ot-Piablgro-F-f F-brorkoeihyl)-pytimidngr a) i n phosphorus

oxychloride (5.0 n., 53.11 mmol) (Aldrich), at 0 C

was added diisopropylethyl-amng (2.60 nL, 14.78 nmol)

(Aldrich). The reaction wag geed at 0 C for 5

m nutes, at anbi ent tenpergLup for 15 m nutes and

then at 20 115 C for 3 hofirs™ Tfle reaction was cool ed

to roomtenperature, diluted with toluene (10 nL) and

the m xture was then poured2bh®d ice (15 g). After

stirring for 10 mnutes, the layers were separated

and 4 poq rlegéni ﬂ%lafe@}ghﬂﬁgmw@ fgeéi'héﬁotl f0.504; 4808 mol)

The |ne Ic extr ts were'dried over

(émyaxmgleéwmm and diserropylieihylamige (laHymLe 6ée apolaf4lgrich) in
fyfdrﬁdxﬁahh@@(otas rﬁLPﬁE‘s &J&[e@rfatlS’gCaPthp(th&tcﬁQBnonﬁGMO 73 g; 2.83

5 85 et
A0 132080 o I, 2SI L BT o B P AP fiture was
Sidrediak roorﬁ Yargpadathre ?ﬁfteg 2088in364,. tht\Ra 206 WeAdiBRAd with ethyl
%%%%E agf/ 0 Sg(%g ¢ rag%%{ﬁ&?lf& with. brlné and t]‘l{andrled gver
@hy@fsks 98dium s&lfgtgl grofhangd concentratec}/ to give crude (%)-2,4-dichloro-5-(1-
l%rl)g%)e{nlﬁg)dfgﬂhﬁﬁlﬂg @: di? 91711‘%') nP@nﬂéahoﬁ‘b‘Q@l@Q{ Hr8rmafbg@iphy (Biotage,

rom EXx
N SIA0RS srleseﬁwa#ﬁmef ]ga’IQ)PWELe*S)‘zéS 1ﬁﬁlﬁr9-5((ArtaPineﬁ5hﬂ>-
%ﬁxmﬂﬁ@'d@@ﬁ@&hﬂ&ﬁs&ﬁlfﬁﬁ wheh swaed roefrgg@rdtor. 15 C.

osphor us oxybromide (0.73 g; 2.83 nmol) was added

i n gor : iy, r(1+)-5;29:{1chrl]gropé‘-% ﬂb}l\c@rrsioertﬁyq?\ﬁ%{m&}&ge (v%?ﬁxtebgrgd as

n]Xt
follows.

Ethyl 2-formylbutyrate

A solution of diisopropylamine (120.6 mL, 0.86 mol) (Aldrich) in tetrahyrofuran
(370 mL) was cooled to -30 °C. n-Butyllithium (2.5 M in hexanes, 344.2 mL, 0.86 mol)
(Aldrich) was added drop wise at such a rate that the reaction mixture temperature was
kept between -30 to 0 °C. The reaction mixture was then cooled to -75 °Cin a dry ice -
acetone bath. A solution of ethyl butyrate (100 g, 0.86 mol) (Aldrich) in tetrahydrofuran
(170 mL) was added drop wise over 28 minutes and keeping the reaction temperature
between -75 to -70 °C. The mixture was stirred at the same temperature for an
additional 30 minutes. Ethyl formate (125 mL, 1.55 mol) (Aldrich) was then added to
this mixture over 25 minutes and maintaining the temperature between -75 to -70 °C.
The resultant mixture was allowed to warm to room temperature and stirred at room

temperature for 3 hours. With external cooling in a cold water bath to keep the reaction
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stirred at roomtenperature. After 20 mnutes, the
reaction was diluted with ethyl 10 acetate and water.

wabmw4/04132ni ¢ phase was washed with brine and tPeEnEPRDFE 1892

over anhydrous sodiun1su|fat% filtered and
concentr at ed to gi ve crude () 5 4- di chl or 0- 5- (1-

br onoet hyl ) - |n1d|n 91.49%.. Purif]

tBRAPEatip elﬁ tQ?éF%?ﬁVi ?95‘5 i?tfabel 72 gy was gd éﬁi ngeﬁ by water

(@Q@gﬂaﬁnd dﬁ?ﬁﬁﬁﬁbhaﬁamopﬂt)e After separating the layers, the organic layer
- 2, or o noet m di_ne n

‘é\%ﬁw@ﬁh lawia}eé é%fgh? cggﬁ}{?]é %’ter lager Jyas ex ot V91t1!1

d%lﬂe:rolnmlhaml (200 mL). The combined organic layer was washed with aqueous

s(o}hum élcgrb%mlt% 8l|' l?10 méZMé%EE ehge)’l#a)sm%fl JUsIRBoNRRs e)btiacted with

par e utyrate
dﬂqltqrmmhaﬁe (&90 mdpr OPpreamiqlayeesiwereshep congbiged, gleqt over sodium

ﬁ)’fflat‘@rolv&rﬁlélﬁtnﬁttﬁte{l ﬁfiﬁ %Qflﬂé@% rediBvé %T@nﬂie)awﬁ%%b&ﬁ@% ¢hIl. QSome
o tBePigPst Wa(SAJlSd%llr-é R eTeich BRI 26 o g Tptiled at 65 -

Slatce(thﬂxh Hile Thedeictiomdiiiking beertaemesamr(m mas Hgk epte ethyl 2-

30 T action mxture was then

@ “@88?%£ 9@38%8§5§ %§1&$ce - acetone bath. A
solutlon of et hyl butyrate (100 g, 0.86 nmol) (Al drich)

p-Bithybtraghydr of uran (170 nL) was added drop wi se over
28 m nutes and keeping the reaction tenperature 25
between -75 to -70 C. The m %ture was stirred at the
same tenperature for an agg ty | 30 m nutes. Ethyl
formate (125 niL, 1.55 nol) | rich) was then added to
this mxture over 25 ninut®es kand mai nt ai ni ng the
tenperature between -75 to -70 C. The resultant

n1xt I t . .
1 DS (9% Bl BB TUBEIR ol AR LOLDRT S 8 Riing i
atd B6nR29.5%0 friet £9i135 anls 316§ meli eldpsh)ivitly coaling in pe ice water bath

fngﬂl‘{&lhf?l tMQe%Qt%H Qé%b%%%ulp RGLlFER Q31 93d 8 A%ker stx?rﬁng for an additional
t emper atur e acetlc aci d 3@55 m_

O tEs ctilk e PN RERRES A Gkl o) 4 9 PHESATaRIE 16 supra) was
s dehloRéoreh hane KeeMifg me)reaoﬁfohar tieepae sérhpgatuse Afsratising for

b gt ¥ gt owR Rl real 3 R4 mbHi s Tded P10

dilmhhmmhesahmwm@ﬁfhﬂlmi_)rhe Tdaetigomibitnedvasthemstisrdday epom
%&mﬁ%‘rﬁ‘eﬁ A948980 5160 2%9 mggpaxoﬁnml WisioBrved,

asic aqueous soO tlon s extracted
oid teactifincwdsexehstiEnwith TGGtiaR femparatues @%@g o ]lgy &9 s The mixture

wal o'ié?lecB 3@@@%1&?5’11 1cgt Watkr Y@l 1&0Q70! Qf) w§sUddfd@& ﬁo&V}ﬂ{eepmg the
ni ght, I'tered di still d to QF so
re@ammlge awdarCaahen fixtufagspshen cooled o >

The solid formed was collected by filtration, washed with cold water, hexanes, and diethyl
ether and dried by suction to give 5-ethyl uracil. (Yield 38.85 g, 85.9%).

stlrred for 20 minutes.

2,4-Dichloro-5-ethylpyrimidine

Cl

N7
PNg

Cl N

N,N-Diisopropylethylamine (195 mL, 0.86 mol) (Aldrich) was added slow;ly toa
mixture of 5-ethyl uracil (52.3 g, 0.37 mol) (from Example 1c, supra) and phosphorous
oxychloride (150 mL, 1.61 mol) (Aldrich) with external cooling in a cold water bath. The

mixture was heated at reflux for 3.8 hours and cooled to room temperature. Mixture was
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of the product was distilled over with
tetrahydrofuran.) The residue was distilled at 65 - 81

w@2{028418m Hg) . The fraction distilling over atPGODEP2083011892

C (23 nm Hg) gave ethyl 2- 10_hernyl butyrate. (Yield
68. 359, 55.19% . 5-Ethyl uracil 0 HNri O~k N H Urea

¢Hed PR info 22 (300lg). Et}xyl Jceta@@h@b)m saddeda tagz stlrred at 20

i TR YO X R
Webegh Balite® add theelmataienirnged Wi Eﬂﬁ}rbideﬁblﬁe { IRYRREAN UL 8 X 300 mL).
L UGB R Ger A Sta A LA 0 RORLY Snal o0,

Qlflfaéq:nﬁgzmq‘rp\mé cgmcenggpedaq dvyaess. dibakerdsiduewasl@ssolvedtiesthyl acetate -
K@)?afﬁ'epﬁ f)rb%drﬁ?t@fé'd'tﬂfbugﬁ TLE r§@é?r‘hc.ta§'gp Lglil%)wf{l her same solvent.

for another seco
5#1%5' t(aiswevcoglcerﬁraz@i Wcﬂryn%so girRiba- dighdero1p ethyl- nmxeaschm (Yield
568 gs8E%).enperature. The reaction m xture was then
stirred at room 20 tenperature for 65 hours, and at 90

53192 Iﬁclfxlg ?%rﬂmpﬁfﬁ ev.ol. t| on was observed, and
xot

action was p\?ﬁ”tnﬂ ¥F&action tenperature
rising to 110 C). The mxture, was cooled to 30 Cwth
an ice - water bath. Ice (270 g) was added sl owy
keeping the reaction bel ow The m xture was then
cooled to 5 C and stlrredcf«fjﬂb 0 mnutes. The solid
formed was collected by filtration, washed with col d

wat e hexanes, d di ethyl 25 et her and dried by
Suct NP FVBIBRe i F el stimoD (pdrishd anb 28 agp-bic-
Bbb@§fanitride @:IBNC hi7® gy)ffﬁdﬁﬂh)y&llcﬁy Eddﬁddb rz\%ol@hon@fb'tl dichloro-5-

yhg—pgg?e dlBr ?% %/ 2 rgo ?é}]é(a ml'dsl fLWycll) 1 rc)gxag)p tftSzQ:%g?rlde (400
L) 0 TB7 mixtiuye Wﬁsr}mmeixarqﬂbe fdrcl.5 Bonps apd asdeptoomphotenipsrature.
REL B Qllﬁkﬁfré @Qs f10e2Q tHrough gﬁldl sk 1AéLgerl HJ%P zluwd \{;ith ethyl acetate -

external cooling 1n ac

herenpeldi8d The lrt@fq Wias qoaﬁergragedrf@mrzneaw g;tmﬂ—édl,% dichlyom5-(1-

bR imMixd Uyeldes3 Y4 0d9H4/ 041821
PCT/EP%)S ?011892 - 27 ¥0090):

Example 1d

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

o0
N7 N
A "
-
ct N~ Tci

298.17

(£)-2,4-Dichloro-5-(1-bromoethyl)-pyrimidine (1.97 g; 7.70 mmol) (from
Example 1c supra) was dissolved in acetonitrile (21 mL). p-Anisidine (0.95 g 7.70
mmol) (Aldrich), potassium carbonate (1.17 g; 8.48 mmol) and potassium iodide (0.32 g;
1.93 mmol) were added and the mixture was stirred at room temperature. After 16
hours, the mixture was'partitioned between ethyl acetate and water. The organi¢ phase
was washed with water and brine, dried over anhydrous sodium sulfate, filtered and
concentrated. Purification by flash chromatography (Biotage 40M, 20:80 to 25:75 ethyl
acetate - hexanes gradient) gave (+)-(1-(2,4-dichloro-pyrimidin-5-yl)-ethyl]-(4-
methoxy-phenyl)-amine. (Yield 1.82 g; 76.3%).
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then poured into ice (300 g). Ethyl acetate (100 nlL)
was added and m xture stirred at 20 C for 30 m nutes

wowdon/oesel i ng in an ice - water bath. The resubPCT/BEB2003/011892

m xture was filtered through gellte(r) and the

filtrate extracted with ethyl acetate - hexanes (1:1,

3 X 300 nm.). The conbined 15 gg bc | ayers was washed

with water (250 i), drled—c odium 5 sul fate,

filtered and concentrated to dryness. This residue was
(i) s b1-Chlprp3- @t mythoxephend)-4- Ih‘éﬁ!ir?egxc{ -3:419ihydyg-2H-pyrimido[4,5-

J]Eyltlgﬁ&g 1@1}]-‘%‘&!%&&1@ grade silica gel and eluting with
thée same sol vent The filtrate was concentrated to

dryness to give 2, 4-dichl oro-5- bz pyrim dine.
(Yield 56.3 g, 85.2%.
()-2,4-Dichloro-5-(1-bra yrimdine CI Br N

10 N N—Bronnsu00|mlg N 2.0, 0.35 nol) (Aldrich)
and 2,2'-azo-bis- isobutyronitrile (AIBN, 1.78 Q)
(Aldrich) were added to a 4ol yti on of 2, 4-dichl oro-5-
ethyl pyrimdine (56.3 g, 0.32xwul) (from Exanple |c,
supra) in carbon tetrachloride ?HOO m.). The m xture
was heated at reflux for 1.5 hours and cooled to room
tenperature. 15 Reaction m xpsige was filtered through
TLC grade silica gel and eluted W th ethyl acetate -

g?; n %g ‘518&8% er _()f[ 1 éIZ W?iru%?c{; etth%ﬁ -(t49methoxy-phenyl)-
ebnmmiéﬂhgi 0.3%mmial (frare Exz(nsrplelld sleraBlrgtohm@% mLEseaspdded 3-
: g_ éreen ilsgcyslﬁaen(;/éa 60113%1% £ Mdlmﬁgﬂﬁc% Stk m&{ul?é’ {v]as heated in an
Qif bathat BCKi B svash pursh AGRHEINPE O AP Fﬁr%neﬁaéu{q tfsﬁe@cﬂon was
Jon%@nt‘?ﬂ?dl )ull&écr r&dlice ﬁ:@wrin The &ﬁﬂﬁ@%aé’@ﬁuﬁtéﬂ?ﬁ@%ﬁ@(ahﬂs and dried
ri i sidine
thr ibe polistdte Mtreliabiaied 03 aense 8 Sl eng

Qo’fahﬁcﬁbﬁﬁhm 0id5 thé.),(c0oR2 igan &b - bridd bathin)d treatee vaddp@taandn tert-

hGde | HAR i Bt Dl D ohs 370 PR SHRET (idly, AlePhis Minutesin
theebhl the aeadtiovawey complete gy@éﬁi analybiaged wasklterad Hegugh 2 filica gel

‘9@# @é ] @gi%dmcﬁsﬁéad with bR R¥@le. AN AUS/aS 05l MIrtdl hAY e residue
was purified by flash chromatography (Biotage, 12M, 40:60 ethyl acetate - hexanes) to
give (£)-3-[7-chloro-3-(4-methoxy-phenyl)-4-methyl-2-oxo-3,4-dihydro-2H-
pyrimido[4,5-d]pyrimidin-1-yl]-benzonitrile as a solid. (Yield 0.13 g; 85.6%).

Example 3a

Acetic acid 2-(3-nitro-phenyl)-ethyl ester

oy

3-Nitrophenethyl alcohol (55 g, 0.33 mol) (Aldrich) was dissolved in pyridine (1.2
L) (Aldrich). Acetic anhydride (215 mL, 2.14 mol) (Aldrich) was added slowly, and the

mixture was stirred overnight at room temperature (TLC: 30% ethyl acetate in Hexanes

—O

showed complete conversion). Ice and water (200 mL) were poured into the reaction
mixture. The mixture was diluted with ethyl acetate, then successively washed with

aqueous 1N hydrochloric acid (pH = ~1), water, and brine. The organic layer was dried



concentrated. Purification by flash chromatography
(Bi otage 40M 20:80 to 25:75 ethyl acetate - hexanes

w@e@dioensk) gave PCT/EP2003/011892
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()-[1-(2,4-dichloro-pyrimdin-f-yl)-ethyl]-(4 30

met hoxy- phenyl )-amine. (Yield .82 g; 76.3%. WO
2004/,04.1821 RCT/ ER20034.011892, - 2 - 3= .
FEABEOSE eiealy TURER P it AT fedi e o s
acetiodtid P r(Britto-ghend) -ethy] esperiash grelipw oil.- (iielfl 58.86 g, 0.28 mol, 85%).
-benzonitrile /1 o~ NN\ C ~NNON 5 405.85 To a

solution of ()-[1- (2, 4-dighh@swyri mdin-5-yl)
-ethyl] - (4-methoxy-phenyl') -—amne (0.10 g; 0.34
mm] ) (from Exanp] e |.d pra) in toluene (1 nL) was
Aerdisdeid-2- 'é‘i’?&mqg‘ﬁwl)r%%ﬂﬁ%ﬁ%te (66.6 nmg; 0.46 mol)
(Aldrich). The m xture was heate% inan oil bath at
110 C for two hours, Af%%inZﬁT?ﬁGWfO r oom
tenperature, the reaction 1o c@ncentrated under
reduced pressure. The residue was triturated with
hexanes and dried briefly. The saolid residue

(i nt Bp aseintipr ofirety a¢id 2-@arEa-Rhsnylirethybesry 18811 mappl) (from

Eeirh B8 LY iyl a&tdth [1506810), @ds ddHeaN 0¥Cgalladidih 8@ carbon (1.5 g)
t.h asn treated with potassjumtert- butoxid 1}.0 M

{) dpigh) Sfurearss ﬁ’g’.gffﬁte tIORATT PRI PPE‘WE Fart apparatus at

89 p& forldnerionut The reactidri@ixtmledvat fittered @t obedrafCelite® and washed

C ete T, a i S _an fi,Lter t.hr . .

SRRUR Gefao iR B0Rl 3 PRy 08 s BOBCh R o Bive aceric

adé L dBemifhehenyl)ettybesters (Cigldd@rtlrea? 48 amdol P¥o).esi due

was purified by flash chromatography (Biotage, 12M

40: 60 ethyl acetate - hexagﬁgﬁglggc gi ve

()- ﬁ 57- chl or o- 3- (4- met hoxy- phenyl ) - 4- net hyl - 2- oxo- 3, 4
- di o-
%ﬁ%t{f&f@si%i%ﬁ-%nar%ewﬁ UpmrbaryPrrmd)-agnghyl-7-oxo-

5,67, 8} tetfalyéodpimidofy,5-dpyoiidinEX ytaphie o Baherl} - Abel dster
acid 2-(3-nitro-phenyl)-ethyl ester o I ON Oy

ool
HN)LN/ N/KO

NN
L

548.61

A mixture of (+)-3-[7-chloro-3-(4-methoxy-phenyl)-4-methyl-2-oxo-3,4-dihydro-
2H-pyrimido[4,5-d] pyrimidin-1-yl]-benzonitrile (1.00 g; 2.42 mmol) (from Example 2
supra) and acetic acid 2-(3-amino-phenyl)-ethyl ester (2.03 g; 11.3 mmol) (from
Example 3b supra) was heated in an oil bath at 110 °C for 1.5 hours. Upon cooling, the
mixture was triturated with hexanes containing a small volume of ethyl acetate. The
supernatant was decanted away and the residue was purified, in two runs, by flash
chromatography (Biotage 40M; 50:50 to 70:30 ethyl acetate - hexanes gradient). The
purified material was crystallized from ethyl acetate - hexanes to give (+)-acetic acid 2-
{3-[8-(3-cyano-phenyl)-6-(4-methoxy-phenyl)-5-methyl-7-0xo-5,6,7,8-tetrahydro-
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O 3-Ni trophenet hyl al cohol (55 g, 0.33 nol) (Al drich)
was dissolved in pyridine (1.2 L) (Aldrich). Acetic

waodwydsisee (215 nl, 2.14 nol) (A drich) was adelenEP2003/011892

slowy, and the mxture was sfjrred overnight at room
tenperature (TLC. 30% et hyl acetate in hexanes 25

ORI SO b AP RO 1 03
Waxoti Mgktiong Reinth1 8 hi/2 *kcet at e, then successively
washed with aqueous 1N hydrochloric acid (pH = -1),

water, and brine. The orgapkgémpleyer was dried WO
2004/ 041821 PCT/ EP2003/ 011892 -29 over anhydrous

j te, filtered, .and ent rat ed, unde
PRI b EBve ) B Be 3 et S phe oA methyl-2-oxo-
2 4{(dBhyralr & 1261 pémnydo) 4,61 djpyriresiied -ysbenzpelttiew oi | . (Yield
58.86 g, 0.28 nol, 85%. Exanple 3b Acetic acid 2-
(3-am no- phenyl) -ethyl ester MNL Q0 5 To a
solution of acetic acid 2-(3- phenyl)-et hyl ester
(15 g, 71.7 mol ) (from N|E? rrpfge a supra) in ethyl
acetate (150 nmL), was pal | adi um on car bon

(1.5 g) (A drich). This m xtlyre was hydrogenated at
pPar parat us at 50 psi for

' ure wgs filtered over a bed
of Celite(r) and washed 1lo\with ethyl acetate. The
filtrate was concentrated uider reduced pressure to
give acetic acid 2-(3-am no-phenyl)-ethyl ester.
(Yield 12.81 g, 71.48 nmol, 596%§. Exanple 3c ()-Acetic
aci d
2-7{ g%e%rc GSaq¥orPRenYhn S phényIRER2 X tRBENYhInyD= STRiMA-7-0xo-
564,87terahydrpzmypiaido - Hveigyidins2-yrpyne np gl 2yl gsen(d10 & 1.81
mEN it dm Ekinblesssb@graNei¥ dibsolvetit Mikduf2 ofletbindl$17 mL) and
54t§'?71 L@ n%Xtal'{%f OL ium e\(1.90 g: 1 ogm
V1Bl mOREHE VAR RetUNS-piReRgie 140 get A mmelbgigoamy
teetipeyado@-for 19 hours. The reaction mixture was partitioned between ethyl acetate

i g 5 d] pyr i di ) ) o .
ér!_& ‘gy@j nﬁmr(i‘llg% S%D%‘u%o% E)(()ggﬁa‘g}cgﬂ%s%us WERZPHIth rbhkg, drfed QWer
anhydrous sodium sulfate, filtered and concentrated. The crude material was purified by
flash chromatography (Biotage 40M; ethyl acetate) to give (+)-3-[7-[3-(2-hydroxy-
ethyl)-phenylamino]-3-(4-methoxy-phenyl)-4-methyl-2-oxo-3,4-dihydro-2H-
pyrimido(4,5-d]pyrimidin-1-yl]-benzonitrile. (Yield 0.67 g; 72.9%). A small amount of
additional material bumped over into the solvent trap during concentration. This
material was recovered and crystallized from ethyl acetate. (Yield 0.09 g; 9.9%). Melting
Point: 195 - 200°C. HR-MS(ES™) m/z Calculated for C39H26NgO3 ([M+H]™): 507.2139;
Found: 507.2145. HR-MS(ES") m/z Calculated for CosH26NeO5 ([M+Na]*): 529.9158;

Found: 529.1963.
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wheatpdisen an oil bath at 110 C for 1.5 hours.PdpBP2003/011892
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cooling, the mxture was tritunated with hexanes
containing a small volune of ethyl acetate. The

super nat ant was decant ed aw@&gﬁﬂgsghe resi due was
purified intwo runs, by flas C ronatography

((31) ent ég%m? Qid ?2 :{9 ég—??‘%{gaé}e { gl%/ r\xﬁmsiez{: e léq)qyl ég&yﬁ 5-methyl-

r@%{ﬁ‘? -AhA$- t%@é}’é‘toepyrlrhelm&hw]p}mngndueZ(y]amme]-|phe1aﬂ} ethl)-ester
25 3-

[ 8- (3-cyano- phenyl ) - 6- (4- net hoxy- yl ) - 5- net hyl - 7- ox
0-5,6,7,8-tetrahydro WD 20 4/ 41 PCT/ EP2003/ 011892

- 30 pyr|n1do[4 5-d] pyrlq¥9I é;y am no] - phenyl } - et hyl
ester as a white solid.x o 77.5% . Melting

Point: 170 - 172 C. Exa )-3-

[ 7-]3-(2- Hydr oxy- et hyl en nino]

- 3- (4- et ho) Cy- phenyl ) -&mgt h ,OX0- 5

3, 4-di hydr o- 2H pyri m do [ 4, 6d] pyr|n1d|n- I -yl]
-benzonitrile ill "~ N\ MIHN NN ON OH 506.57
Acetic acid "\

()-2-{3-[8-(3-cyano- phenyl) - 6 (4- met hoxy- phenyl ) - 5- net
hyl - 7- oxo-

5,6, 7, 8-t etrahydro- pyri ni do[ 2840&]] pyri ni di n- 2- yl ani no]
-phenyl} ethyl ester (1 0 g; 1.81 1o mmol) (from

Examﬁit)a3-f'{d [delf}&))drmmetdhlyssfﬂieﬂﬁﬁimh{b 3B- (C'Iﬂ %ﬂebﬁ(?cy hen 1 -4-methyl-2-
rea

g‘g& ;32{]?%1 Carﬂhﬁ)ﬁ/a%{‘g [4V%6der1{'r7\d% E}‘ll%ltrlﬂs QT§7 mg, 1.27 mmol)

{Eapdixampled fupra)ves hmnesdedﬁheilcrhé@@medranm(ki 19, MBS mixture was

I@x@ﬁﬂeﬂ@h@ﬂ%@th?ﬁ%@(b ﬁlﬂ 1 %ﬁ%v\gsrhoalgxgthaflg sBlf(?IHIE CABSde (013

ase was

m.xt u
g éfSc%'P ?éﬁ{ﬁsﬁg? oUée sobidivent e felutéon 4s the meelmmndfonyl chloride

eanaddedr alfeelds mneutes, ﬂ@&eﬁ@foﬁr\&a@shmbﬁﬂﬁhﬁ eltdcal?ésnjaﬁ)graphy to be

flash chro ra I, 0t 40M et

écl)r\lll Pe e) hJ%‘l reac?g 38 ﬁg]/.lslt'e %gagflmﬂ'\r{l)al d @meﬁ rﬁeoa_lnd washed with

watef andrfteindxinep Fbaygtganit- }ﬂﬁtd‘wds-&re@b@’er:’an‘ﬁ Qifd"'u‘x{ ‘36dlugﬂhlfate,
benzoni

Qéﬂdei%gtggé cggﬁlcpiﬁdemh%h \gﬁ%%rﬁtt gye Cl&lg > elg)[nllcaqmd

&]{ﬁy cnerphenyly- 6t (4emsthowephenyl ap- mhﬁhylrf@oxo 5, 6 7,8-tetrahydro-

BAMGEIH] 4,81d] fytimitih-3 - -ylamino]-phenyl}-ethyl)-ester as a foam. This material was

used in the next step without further purification. (Yield:0.76 g, 95.4%).

Example 5b

(£)-3-[7-[3-( 2-Diethylamino-ethyl)-phenylamino]-3-(4-methoxy-phenyl) -4-methyl-2-
0x0-3,4-dihydro-2H-pyrimido[4,5-d] pyrimidin-1-yl]-benzonitrile

561.69
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material was recovered and crystallized from et hyl

acetate. (Yield 0.09 g; 9.99. Melting 20 Point: 195 -
WQOB@T418R MS( ES+) niz Cal cul ated for C29H26N60BCT/EP2003/011892

([ MtH] +) : 507.2139; Found: 5%&2145 HR- MS(ES+) m z

Cal cul ated for C29H26N603 ([ MFNa] +): 529.9158; Found:

529, 4980, B 20R DALARE POUFB2008 Q14832 e B hethory-

esulfonic
P(hzn)[193‘5f18€f(1‘13]=7:§bm15aﬁp?1%ﬁ?tri)h}’érq pyriidedy-Apeimidio 2-emine -
ﬂheng(l ethyg -ester (1 18 g; 2.02 mmol) (from Example 5a supra) and dleth lamine (1.5

mrrb)}l‘)e NG %étruﬁag p?ersgtgrf: pttﬁ gg[h %WJ : 13(1 Xutes.
l%& &ﬁ)ﬁn@ Ghe flixtdre was concentrated and the residue was partmoned between
e)L‘,}Ilysl L\%t%{g? }_g?vgt%)r( YIRS hx)éax)nc %Hase%a% W0k lélr'irgre? Lhox Xveqqgﬂydrous
soRmnBsulfath dndaoocedittapadr iBurifioftiorebyfjash chreinetitegraplyy (Bigtage40S;
190l0tthsh B0 Q:g-xgp; ceth¥e - x%eﬁx?anm(l)lpoweﬁf Q séﬂﬁgﬁbﬁ ﬁﬂinﬁ'é{ﬂﬁl%}etate and

Wwas Ssuspen 0] t
hesanes Br e - Wr&3h(2rth—@wr or{gmeﬁg )cmhezlzlaﬁimh?’éé rﬁﬁfag jy-phenyl)-

@HQt th%ea whﬁqubmwmﬁidé@ S-@]?—)&lrﬂﬂlﬁmTyl]lbﬁ‘&ommle) (Yield
(fé é The solid went into solution as the
ik s/‘t?rfonyl chloride was added. After 45 m nut es
the reaction was shown by thin |ayer chronmatograph
Melting Pojitet28 .- 1T5HECr BReMSHRS Wary'z (alculated for ClyHad¥ihiQui( aH])

%g%%@rl;gqgg%z%gpd washed with water and then brine.

organi ¢ phase was dried over anhydrous sodi um
sul fate, concentrated and_dried under high vacuumto
gi ve crude ()-nethanesul f oBxample (2 15
{3-[8-(3-cyano- phenyl) - 6- (4- net hoxy- phenyl ) - 5-net hyl -
XA [ B (FDinttdylasiysiethyl)-phenylamino]-3-(4-methoxy-phenyl)-4-methyl-

rimdof4,5-dlpyr.i l.a hen t hyl ) - est
g’%"%(g]"lé&hs%rﬁf ﬂ%‘}?& nﬁ%&é&l §]|P¥RB‘ mgl] EIE ben%(r%téﬁ n eit ) step
wi thout further purification. (VYield: 0.76 g, 95.49.
Exan'pl e 5b >
()-3-[7-[3-(2-Diethylam g henylamno]
- 3- (4- met hoxy- phenyl ) - 4- jtet,
0Xo0- 3_|4 di hydr o- 2H pyrf db[ d] pyrlmdln | -yl]-benz
onitrile

533.64

A mixture of (+)-methanesulfonic acid (2-{3-(8-(3-cyano-phenyl)-6-(4-methoxy-
phenyl)-5-methyl-7-0x0-5,6,7,8-tetrahydro-pyrimido[4,5-d]pyrimidin-2-ylamino] -
phenyl}-ethyl)-ester (0.19 g; 0.32 mmol) (from Example 5a supra) and dimethylamine
(2.0 M in tetrahydrofuran; 2.00 mL; 4.00 mmol) (Aldrich) in a bomb bottle and heated at
100 °C overnight. Upon cooling, the mixture was concentrated and the residue was
partitioned between ethyl acetate and water. The organic phase was washed with water
and brine, dried over anhydrous sodium sulfate and concentrated. At this point, the
crude material was combined with material from an earlier run and purified by flash
chromatography (Biotage, 12S; 100:0 to 50:50 ethyl acetate - methanol). This material
was then crystallized from ethyl acetate and ether to give ()-3-[7-[3-(2-dimethylamino-
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NNV HNNNII OV I VIl ~ INi---" 561.69 WO
2004/ 041821 PCT/ EP2003/ 011892 -32 A m xture of

w@ yoommttsanesul f oni ¢ aci d PCT/EP2003/011892

(2-{3-[8-(3-cyano-pheny|)-6-(§Bnethoxy-
phenyl ) - 5- et hyl - 7- oxo- 5, 6, 7, 8-t et rahydr o- pyri m do

4.5- rimdin-2-ylamnoj .-, phenyl.}-et hyl ).; est
ey iahip i3] e AR PR Lol B dpiRb -
rietidy(4sird hpyripdidi- 1yl) -bebdorStriterad 3 salidl dYiebh0).12 g 26.8%).
pressure bottle and heated at 100 C for 100 minutes. 5
M%ﬂé@emti 1%, 1t3§Qcmﬁtxg@,gﬁs’@ﬁ,@emw%a%r@@m a,bheM+H]"):
resi due was partitione etween ethyl acetate and
SR412612; FoHedor34elile phase was washed with brine, dried
over anhydrous sodium sulfate and concentr at ed.
Purification by flash chropingsle aphy (Bi ot age 40S;

100: 0 to 50:50 ethyl acetate - nethanol) followed by

pzation.fr et hyl trat v
S %ﬁh@pﬁi}?‘*&%ﬂ%&?iﬁE-J?P@aﬁ%ﬁvé}%%%‘ﬁ%?l?ﬁgg
theoxlympina r3Hoxo-Bgt-dihydro-2H-pyrimido 4,5-d]pyrimidin-1-yl)-benzonitrile
4- et hyl - 2- oxo- 3, 4- di hydr o- 2H pyri m do[ 4, 5-d] pyrim di n
-1-yl]-benzonitrile. (Yield ,O. 057.9% . Melting
Point: 128 - 145 C. HR- I\/SL\F?EL) Cal cul ated for
C33H35N702 ([ MrH +): " 564. 2 Zgg ound: 562.2925.

Exanmple 6 15 ()-3-[7-[8¥ inNfEbhy| am no- et hyl )

- phenyl am no] - 3- (4- net y- paenyl ) - 4- net hyl -

2- 0X0- 3, 4- di hydr o- 2H m o !l 4,5-d] pyrimdin-1-yl]
-benzonitrile N ~ HN e N3. 64 A mxture of

() - et hanesul fonic acid N/\j
(2-{3-[8-(3-cyano-phenyl ) - 64( 4;ret hoxy- 20

phenyl ) - 5- met hyl - 7- oxo- 5, 6, 7,"8-tet r ahydr o- pyri m do[ 4, 5

-d] pyri m di n-2-yl am no] phenyl}-ethyl)-ester (0.19 g;

0.32 mmol ) (from Exanpl e 5asggppa) and di met hyl am ne

(2.0 Min tetrahydrofuran; 2.00 nL; 4.00 mol)

(A d}r& Insilgt)urelz Qf (ai)PnQet al?ecs)tt.ll cl)nei‘c gc%j (?—??—t[g—%-%;'ano-phenyl)—6—(4-methoxy-

phenyl)-5-methyl-7-0x0-5,6,7,8-tetrahydro-pyrimido[4,5-d] pyrimidin-2-ylamino]-

phenyl}-ethyl)-ester (0.10 g; 0.16 mmol) (from Example 5a supra) and 1-
methylpiperazine (0.25 mL; 2.23 mmol) (Aldrich) and heated at 110 °C for 1 hour.
Upon cooling, the mixture was diluted with ethyl acetate and washed with water and
brine. The organic phase was dried over anhydrous sodium sulfate, filtered, and
concentrated. The crude material was purified by flash chromatography (Biotage 12S;
100:0 to 40:60 ethyl acetate - methanol gradient) and then crystallized from ethyl acetate
- hexanes to give (+)-3-(3-(4-methoxy-phenyl)-4-methyl-7-{3-[2-(4-methyl-piperazin-
1-y1)-ethyl]-phenylamino}-2-oxo-3,4-dihydro-2H-pyrimido([4,5-d] pyrimidin-1-yl)-
benzonitrile. (Yield 60.6 mg; 64.1%).

Melting Point: 134 - 155 °C. HR-MS(ES") m/z Calculated for C34H3sNgO, ((M+H]"):
589.3034; Found: 589.3041.
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100 C overnight. Upon cooling, the m xture was
concentrated and the residue was partitioned between

wetdwgh4@eet at e and water. The organi ¢ phase waBCT/ERIve011892

with water 25 .and brine, dried,over anhydrous sodi um

sul fate and concentrated. At thi's point, the crude

mat eri al was conbi ned wit al froman earlier

run and purified by fl ashhgzg*ar%rr@'rrgt ography (Bi otage,

12S; 100:0 to 50:50 ethyl acetate - nethanol). This

(t3el7 B3-(2- w&hxlﬁeinmtw{-ahmyé@nmpﬂém%mﬁwoxa@éﬁwlb‘lan@rhﬂ 2-
rgidmitl fhi

Booar S T ekl 1S L?éh“yﬁ ®

- phenyl am no] - 3-

(4- et hoxy- phieny1 ) -4- et hy| - 04 di hydr o- 2H

pyrimdo[ 4,5 d]pyrlmd|nN\ o- zonitrile as a

solid. (Yield 0.12 g; m Melting Point: 120 -

135 C. HR-MS(ES+) mlz (al cul ted for C31H31N702

([MrH] +):  534.2612; F d .2619. 5 Exanple 7

()-3-(3-(4-Met hoxy- phen t-7-{3- [ 2-

(4- et hyl - pi perazin- 1 -yl -/Qt yl] -

phenyl am no} - 2- oxo- 3, 4-di hylr o= 2H pyri m do [ 4, 5-d]

pyrimdin-1-yl)-benzonitrilesxo~ NI HNIN CNN

LI-INITIlT 588.72 10 A m xture of ()-nethanesulfonic

acid (2-{3-[8-(3-cyano- phen%l% f (4- met hoxy-

phenyl ) - 5-net hyl - 7- oxo-5, 6 et rahydr o- pyri m do

[4,5-d] pyrimdin-2-ylam no] - phenyl}-ethyl)-ester

(0. 1®@)B-[B[3E- mmhylar@frroeethﬁx-@hpmdarﬁmoe}wpf%me&rm “phenyl)-4-

%?ﬁ&ﬁ%&? §§5%9¥&9H2@ﬁf§ndoﬁ4 %ﬁwl)d : bﬁm)ni%”lg (035
nmmolhffe@n\ﬁxmpbﬁbwpra&wad@%wé lwésrn yhsultaxidafe? mL) and
tgg ges%ﬁlr%rsbﬂﬁronuh@ Q5188 & Qaaﬁ@tew@ﬁhd 1 élﬁgod%vs@ﬁlum hydromde (1

%g Lﬁdi y%ggrlél,lg)w Salglﬁfgg ! emsp t‘négg EV, Hrpggﬁatlo%ngfetﬂe f;eantzgmtrlle
&ﬁﬁé@ﬁ@h@@b@&hﬁeréﬁd@(lﬂgﬁ IQQﬁL 1.9D8infol) Waéfheﬁ&dé&d’])ﬂ‘he
lfep&ﬂp ér?lﬁ 9Hon§%gfr§t%§clg ?(F] %cg rg af?%ert rheorhrg, rv)ﬁ%etrawlrals Iaéged to the
fepetBon(Bixtdrendhh prydushisitidlly separased yht aza{ggmf which-thest dejidified.

ﬁs%ﬁlﬂ%\llag coﬂ'icwél) w%htég lvx%th Jv ter Ciarn(c)l dried. Recr%]stalhzatlon from

enyl am no} - ¥ - pyr i [4 d]
dighloraraethane yatherzavaen M- 313- életwr@m@ @byl phgaylamino]-3-(4-
Réthb%-phenyl)-4-methyl-2-oxo-3,4-dihydro-2H-pyrimido([4,5-d] pyrimidin-1-yl]-
benzamide. (Yield 0.30 g; 84.8%). Melting Point: 170 - 175 °C. HR-MS(ES") m/z

Calculated for C33H3yN;05 ([M+H]™"): 580.3031; Found: 580.3032. ICs 0.0045 pM.

Example 9

(£)-3-[7-[3-(2-Dimethylamino-ethyl)-phenylamino]-3-(4-methoxy-phenyl)-4-methyl-
2-0x0-3,4-dihydro-2H-pyrimido[4,5-d] pyrimidin-1-yl]-benzamide

e
O\*
HN N/ N/I§O
3
@\LQ(N}%
(o]
T/

551.65
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Melting Point: 134 - 155 C. HR-MS(ES+) niz Cal cul ated
for C34H36N802 ([ MtH] +): 589.3034; Found: 589.3041.

wO\ED020042041821 PCT/ EP2003/ 011892 - 34 Exanpl eP@I/EP2003/011892

()-3-[7-[3-(2-Di et hyl am no- et hyl ) - phenyl am no]
- 3- (4- net hoxy- phenyl ) - 4- net hyl-- 2-

- - di 2 d in-, 1 -wl

X0 B PRS00 A L i b
103thg-2 Jo¥e-3[ B d{had foi- 24 yyiromidn ph e tlpyrimighe byl Jalinzoditrile (92.7 mg;
O' B &%&g&f@%ﬁéﬂﬂ%% slt%f}% w5f_|<_115§/orl\|(ercrll i (c)hr[leth%l sy]foxide (1.0 mL) and the
rswltmg ghilytion wig qoolelden 2pifiet-Mates bath. Fsugous diemhygroxide (1 M;
id‘o{pgﬂb By mbﬁ w@p a§&€€‘lr fokul¢iag ugth%ﬁﬁ’«l:c‘{lﬁ@atioﬂ oAticieEs dhbnitrile.
S%tﬂogékycﬁo&q{l Fe(g%xlde 69&?/% IS%EI; éﬁf iy g?yg? &;gltalga?d WBe benzonitrile
\h@/rdlb@&t idleo {clutldh dd the pPoduct thkn ﬁecmmlte) owrast salddedl, After 4 hours,
SERsR Rt PLRR B SRR IR 00, b lFe B TGRS Gryer and
drieeln Redigetd]lizatien frbmrchddomdt}eansl -Gthley gmr(ti)@aﬂk[ﬁ o
&iﬁ{e%y}lmnopéftltxﬁf gﬁer[}@a%ﬁo -84 Eh e tHBRy - gﬁlg{%@ A onditha -2 -0X0-3,4~

t'ron m x duct .1 n| t y segar ated out

bycérOg%anoweﬁo ﬂﬁe%lpgam@wﬂ BirbenzppadeofYigld\(g$ mg; 76.1%).
peltingFogtt; 2 washeec WHRIMSEES) randaldiilagd.-for C3H3:N,0; ((M+H]™):

C talli,z from 15 di chl oronmet hane - ether gave
%‘%ﬁ? 0[“@‘1(%3t d’ngg%-hyl ani no- et hyl ) - phenyl ani no] - 3- ( 4-
met hoxy- phenyl ) - 4- net hyl - 2- oxo- 3, 4- di hydr o- 2H pyri m do

[4,5-d]pyrimdin-1-yl] - Ubmmpéie. (Yield 0.30 g;
84.8% . Melting Point: 170 - 175 C. HR-MS(ES+) niz

gg R 3 -R&’etﬁ&% %ﬁ%ﬁgljﬁ'%@&gb'\{%"ﬂh*@ mé%?l piperhzinE Ry kthyl] -

pheng amn?}32@2094;761}%{%%1@1@1?}954)5 }wﬁwém ho])-Benzamide
et hoxy- phenyl ) - 4- et hyl -

2- 0x0- 3, 4- di hydr o- 2H-pyr| [4, ®vyrinmidin-1-yl]
-benzam de ONIL N N\

606.73

(£)-3-(3-(4-Methoxy-phenyl)-4-methyl-7-{3-[2-(4-methyl-piperazin-1-yl)-ethyl] -
phenylamino}-2-oxo-3,4-dihydro-2H-pyrimido([4,5-d]pyrimidin-1-yl)-benzonitrile
(0.25 g; 0.41 mmol) (from Example 7 supra) was dissolved in dimethyl sulfoxide (2.5 mL)
and the resulting solution was cooled in an ice - water bath. Aqueous sodium hydroxide
(1 M; 750 pL; 0.75 mmol) was added, resulting in the precipitation of the benzonitrile.
Aqueous hydrogen peroxide (30 %; 130 pL; 1.27 mmol) was then added. The cooling
bath was removed. The solid went back into solution and a new solid precipitated out.
After 3 hours the reaction mixture was diluted with water. The solid was collected,
washed with water and air-dried under the house vacuum. Purification by flash
chromatography (Biotage 12S; 90:10 to 60:40 chloroform - methanol gradient) and then
crystallization from methanol - ethyl acetate gave (+)-3-(3-(4-methoxy-phenyl)-4-
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HN-N N~O A\ \ ( NH2 O N 1 551.65 WO 2004/041821
PCT/ EP2003/ 011892 -35 ()-3- [7- [
w®@2002080i8et hyl am no- et hyl ) - phenyl am no] PCT/EP2003/011892
- 3- (4- net hoxy- phenyl ) - 4-
met hyl - 2- oxo- 3, 4- di hydr o- 2H-pyr| m do[ 4, 5-d] pyrimdin-1

r%édg)h ﬁglffmgéi H&&lgys gﬁ[%e%%ﬁn-m d) etﬂkfli;)h 1%13% aP. @éqn@gh ro-2H-

parichideld,5-dlpgrimiding] -gbtbentaamdoasa wbré(r&c& WY %émg, 3%). A
@gr nﬁ%&k cdﬂea@cp a&&ﬂwmm&&@me@aow M]ue"_r 390R1487.8 mg;

S%& cr
O TR ol el e e et e

(AV-+H] P 6623 mupFdunis0t.be@. added. The benzonitrile
went back into solution and the product then

preci pitate out of sol utl%a t§r 4 hours, the
reaction was diluted with The solid was
col l ected, washed with water and dried

3REeByanaphemdl-7- 44 (B rdieihdamirioosthemn tbisaylamingle} 4 imethyl-34-

cﬁﬂ cﬁo[lﬁ' hfr ﬁl?d(%@ 50| pRiiAvdiAuzL s et hyl)
eny am no - et hoxy- phenyl ) - 4- net hyl

-2 0xo- 3, 4- Br

_ , |']-benzam de.
(Yield 72.9 nmg; 76.1%. Melfl poi Tit: 215 - 230C.
HR- MS(ES+) ni z Cal cul at ed CHHSSN703 ([ MEH] +) :
552.2718; Found: 552.2722, Exanple 10 15
()-3-(3-(4-Met hoxy- phenyl -nmet hyl -7-{3-[2- (4-net hyl -
pi perazin-1-yl)-ethyl C“"a'

[or enantiomer]

]
phenyl am no} - 2- oxo- 3|~4,6LJJ:1 dro-2H pyrim do [4, 5-d]
pyrlmdln-l-yl)benz anide NN HNN NO 6-Ir NH2 O N
~N~ 606. 73 ()-3-(3- 14- Met hoxy-phenyl)-4-net hyl -7-13
- [ 2-(4-nmethyl-piperazin- | -yl)-ethyl] -

Example 11a
1-(4-Methylamino-2-methylsulfanyl-pyrimidin-5-yl)-ethanol

1.5 g 4-Methylamino-2-methylsulfanyl-pyrimidine-5-carbaldehyde (prepared
according to WO 00/24744) were dissolved in 30 mL THF. 14 mL of a 1.4 M solution of
methyl magnesium bromide in ether were added drop-wise below 5 °C. After stirring for
1 hr at 0 °C, another 14 mL Grignard solution were added within 30 min. Stirring was
continued for 30 min at 0 °C and finally at RT for 25 hrs. The mixture was quenched

with saturated ammonium chloride solution and extracted with ethyl acetate.
Yield: 1.57 g of crude title product.

Example 11b
[5-(1-Chloro-ethyl)-2-methylsulfanyl-pyrimidin-4-yl]-methyl-amine

0.25 g of the product from Example 11a, supra, were dissolved in 10 mL
chloroform and 0.30 g thionyl chloride were added drop-wise. The mixture was refluxed

for 2 hrs and evaporated to yield 0.31 g of the title product as the hydrochloride salt.
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20
phenyl am no} - 2- oxo- 3, 4- di hydr o- 2H-pyri m do[ 4, 5-d] pyri m
WO doonodsyl ) - benzonitrile (0.25 g; 0.41 muol) (PCDRP2003/011892
Exanpl e 7 supra) was dissol ngﬁ i n dimethyl sulfoxide
(2.5 m) and the resulting sol'ution was cooled in an
ice s water. bath. Aqueous sodium hydroxide (1 M 750
L; (fx?glpﬁﬁ'rt)llc) was added, resulting in the

precipitation of the benzonitrile. Aqueous hydrogen

PEr-6Bren¢ phesylamz)tethyll-2maethdsul fapelspyiriveidingduéddnetiemine

cooling 25 bath was renpved. The solid went back into

sol y3PhoAhd ?ocﬂl%i’\fr&?llEﬂnﬁl@ﬁ'b@ktw,@gdgwtm%soﬁfdrﬁﬁocﬁde in 10 mL
wat

hours the reactjon_m xtur diluted wt .
oGO i idtere S ebREdS ™ RALRE 1BF (3086 S PAROR P e frop-wise
ad ﬁd&l’o ahatiews 8.2y geubrdmoRuilint i ARfricbari0.53 @dhethyl-di-isopropyl

chro 0 Bi ot age; 125;..90: 10 : f .
g TRRER Bt ity AT S e Sab Gp R A1 G B e
wastdilanal with @9 m} wagls{ralt@trgav@with d>i/chloromethane. Chromatography on

(1) = 3-1(.3- . | 041821
B IR BB PN e e
[ 2- (4- et hyl - pi perazin-|-yl)-ethyl]
- phelpms i:]cf} - 2- ox0- 3, 4- di hydr o- 2H
pyrimdo[4,5-d] pyrimdin-1-yl)-benzam de as a white
33()1'_:]3691116- thﬁ)gd&-am ahyl 74m3tylsulanys-6 aleditlydroeH vpyrsimido[ 4,5-
ol l.ect.ed, ition of sther to the nother |iquor.
CE]WEFH‘&@ ; gx?‘rge;namécg’.’iros/?.Jr %el ting Point: 243 - 251 C.
HR- MS(ES+) miz Cal cul ated for C34H38N803 5 ([NH'M +) :
607. Bd40;g dfchmprodsgfran Example dApsepreind0 mL dry DMF were added

& 233 HRaREANN (95%) Wifh cooling. After stirring for 20 min at RT, the mixture
(2-dr et hyl no- et haxy)

was cpolpditp tSﬁ’Q and ’trﬁf_ateéii% 9%}?]3 Sgryujlq?lénﬁtﬂﬁ tgig! f)f41 Ql g ]:arbonyldiimi-
Mbie{ﬁA@c'lrith: thhﬁll TwEa)s( \:oxNiﬂuegi/a’c 5 °EifbrSONAD: ahd aBIRITF @ler night. Excess
enant I, oner, a .a |-

AR s A RYFLEr 3%iGen A smallamountgf rater under

cclingn@he iniftuge was diluted with water, extracted with ethyl acetate and the
e e
¢mrag ohape Chiacel OP4(SPdgommerdal g04an metesisl Gpm Dalce%, e?uent geptane /
iso-propanol 1:1) to yield 470 mg each of the separated enantiomers of the title product
as pale yellow powders. The first eluting enantiomer is termed “enantiomer 17, and
likewise the corresponding enantiomer of the chiral compounds derived from it in the
following preparation examples are termed “enantiomer 1”. The second eluting
enantiomer is termed “enantiomer 2”, and likewise the corresponding enantiomer of the
chiral compounds derived from it in the following preparation examples are termed

“enantiomer 2”.
Example 11e

3-(2-Bromo-phenyl)-7-methanesulfonyl-1,4-dimethyl-3,4-dihydro-1H-pyrimido[4,5-

d]pyrimidin-2-one; enantiomer 1

0.628 g meta-chloroperbenzoic acid (77%) (Aldrich) were dissolved in 50 mL
CH,Cl, and this solution was dried by filtration over sodium sulfate. The dried MCPBA
solution was added to a solution of 0.437 g of the enantiomer 1 from Example 11d, supra,

in 20 mL CH,Cl, dropwise at RT and stirring was continued over night. Excess peracid
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met hyl magnesi um brom de in ether were added drop-w se
below 5 C. After stirring for 15 1 hr at 0 C, another

wd Zoak4@8ei gnard sol ution were added within 30 PCTIEP2003/011892
Stirring was continued for 3l nat O Cand finally
at RT for 25 hrs. The mixture Was quenched with

v@é’i‘st sé%)ﬁ(d] W eﬁ ag Wlﬁ-.\(dtﬂ.{té Qo%ﬁ;gy%'iﬂfﬁ? sc?:}{rfﬁ%;? ?ﬁ@?}g%c phase was

\pqx @tlth aqEgaspspdiun hicarbopde, dried, and evaporated. Chromatography over
s(u}ca@lale@}{ypa&uw } Be férﬁ%:‘iéi'd’éd&iﬂofrﬁg‘bﬁ thPYiflk Btsdiuar. 4- Y1 |

-met hyl -"am ne 0. g ‘of the product from Exanple | Ia,
supr issolved in 10 nL chloroformand 0.30 ¢

t hi o%ﬂmvﬁﬁ&bf?i de were added drop-w se. The m xture was
refluxed for 2 hrs and evaporated to yield 0.31 g of

342 BroinbephenplghTefd - @sditthelamide-edivkp)-plienylas@ho -1 Welimethyl-3,4-

%ﬁl}‘%‘[(ogfl%%%}lnE %@%Pﬁﬁg&?’ S]ﬂxgzq.%ﬂe i},zmlgﬁ@{rgl e 11 ¢ 5-

-2-met hyl sul fanyl -pyri mdin-4-y t hyl - am ne g
of tHe 1pgebdte- dfqt}e»ﬂqres@@nﬁh@wiambne reraned acheridng Wohamann)
BQeliritm ca@thdeerl 99599 7L myﬁtl@mlnm aﬁyww@r\eerétﬂemeebntlcoms mL of

?H?MEOE\W ‘5-[‘,13@1 lﬁ%h[?gg %%Lﬁlz&pofgn%d W?O% mg o?&e product of

Exabﬁ sle0ad) iskpra SNe(ré\h&HeldCah)i thathiQu3vagy heated to 120 -130 °C for 16 hrs.

g% E%tu{e wasI & ﬁ%[d%)yd 10 %Twaqer(aeild%rd u%%)dftb Qlkﬁléﬁ'%:RH bg agdltlon of

Irring
Nh@Hn Eattxacdon with Cdﬂzﬁﬁa@d omlt:qnt@gomgf thegtosganigphases gave a crude oil

»@&t? tl{m: ta{ﬂd Qgtcséglaanﬁwetl@aemle@mpmee ﬂrgamaymﬁﬂ in the
ek ovg;(ugn rém lle \@asl ssolvedI in 0. 1 mL methan(t)]l and $ ovﬁy diluted with

@;]5(1%1: %QFDAFHB@ rpyégi %tegfoﬁgéﬂ%tm&h \Zasﬁﬁdzlﬁtydi By %érﬁfiftigaﬁorﬂaﬁﬂ
| m., ao one (enanti oners
qvent Y?Br@&ih’éthﬁf {’X R@Pﬁﬁ%ﬁ%gl@&qﬁ% Exanple | Ic,

supra, in 10 nL dry DVF were added 0.236 g sodium
M;aﬁiideg&B%timpdmductoling. After stirring for 20 mn
at the m xture was cooled to 5 C and treated in
srral Lh9ps Wwth a total of 1.01 g carbonyldiim 15
dazo Q?IBAId ch). Stirring was continued at 5 C for 30
m n and at. RT, ov

ce | de,wa
¢H{erBramorphspel- BEh ks e b R R Y
diNgefo- 1 HO®rintido[4]318 ] pYiriidine2 \was (elahtib@er 2 t h wat er,
extracted wth ethyl acetate and the conbi ned organic

phas ted The ¢ c

chr oﬁgf gé? E od Sh %F Loty d|rarnaaF g%H 2&‘ %%I r age\m%f}f Blple leand
Exaompierldf, atkpr@ﬂaup martatgefmralenarrtmm@é. of ¢he prefueirnf Exeppleridd,

/

Supra.

Antiproliferative Activity

The antiproliferative activity of the compounds of the invention is demonstrated
below in Example 12 . These activities indicate that the compounds of the present
invention are useful in treating cancer, in particular solid tumors such as breast, colon,

hepatic and pancreatic tumors, more particularly breast and colon tumors.
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20 iso-propanol 1:1) to yield 470 ng each of the
separated enantioners of the title product as pale

w@edhowisppwder s. The first el uting enantioner PSI/ERIN®01892

“enantionmer 1", and |ikew se t9he cor respondi ng
enantioner of the chiral conﬁguﬁds derived fromit in
the follow ng preparati o ex £s are ter med
“enantionmer 1". The seconc‘—epﬁgn'g enanti omer is
ternmed "enantioner 2", and |ikew se the correspondi ng
enarinasegyssayf t he 25 chiral conpounds derived fromit
in the follow ng preparation exanples are terned
" enafild LRty &f the EXAPBARIs hdco?ding to this invention as inhibitors for the
3- (2- Brono:phenyl) - 7- th%nes.uﬁfon h-l, 4- di net hyl - 3, 4-
S5-FRI TSR RAR W SPAWE DY g e B Wing a5
enantioner 1 30 0.628 g neta-chl oroperbenzoic acid
( 77%9RE-MidbitahAssapPeradiessol ved in 50 TnL CH2C1l2 and
this solution was dried by filtration over sodium

| £ R dried MCPBA solution was added to a
RS {1 fixc *0.437 g of the enantionmer 1 from Exanpl e
11d, supra, in 20 nL CH2Cl2 dropwi se at RT and
sti rAThg was continued over MiMt. Excess peracid WO

20041#%@82110 PGI13BERH03/ 0118920 udB8 was destroyed by

washi n ith dilute sodiumbjsulfite solution. The
or g?ﬁ?%‘ Hase was washed vvii%%ueous sodi um
bi caRdonate, dried, and evap®8BaiMd. Chromatography

over ilica in ethyl acet pt ane yi el ded 430 ny
of t%lé(%t itle product. Exarrg%% r%f%?f 5

3-(2-Brom)-phenléz -7- [4-

Agaybeffery| an‘iﬁﬁ@x #oxy) - phenyl ani no] -

1, 4-di et hyly dMTcgphydro- 1 H-pyrimdo [4,5-d]

pyri m di n-2-gne iomer 1) 152 ngy of 4-

(2-di et hyl anﬁ%%ﬁﬁg%) aniline (prepared accoridng to
Rohamann, Fj,1 egTwedn 20Chem Ber. (1939) 72: p.1333) in
1 nL dry NP were treated with 0.43 nL of a 2M

sol ution of “I'n ether and stirred at RT for 30 mn.
100 ng of the product of 10 Exanple 11 e, supra, were
Buotyere: and t W5 W/silur e was heated to 120 -130 C for 16
hrs. The m xture was diluted with 10 nL water and
afisigired to @hkakiymg¢ pH by addition of NaCH.
Extraction with CH2Cl2 and concentration of the

organi ¢ phas®-J&¢d™ crude oil from which NVP and
excess aniline were distilled off under high vacuumin
t he Mdugglst ohr oven. The residue was dissolved in 0.1
nmL net hanol and slowy diluted with 15 0.5 niL water. A

Eﬁﬂfmeﬁ%&e Eﬂlgﬁs}gh@ﬁosﬁlﬂra%godﬁz“l LGB VASCiki8 ll\;ﬂbeﬁl“(%lK,
- for Src EG&G Wallac PT66 Eu-W1024 (all commercially available).
Peptides: NH;-A-E-E-E-I-Y-G-E-F-E-A-K-K-K-K-CONH3, and

Ja133-G-Aminocaprylic acid-A-E-E-E-I-Y-G-E-F-E-A-K-K-K-K-CONH,, wherein Jal33
is LightCycler-Red 640-N-hydroxy succinimide ester ™

whereby both peptides were synthesized by an optimized solid phase peptide synthesis
protocol (Merrifield (1962) Fed. Proc. Fed. Amer. Soc Exp. Biol. 21, 412) on an Zinsser
SMP350 peptide synthesizer. Shortly, the peptide was assembled on 160 mg (22:8 pmol
scale) of a Rink-Linker modified polystyrene solid phase by repeatedly conjugating a
twenty fold excess of aminoacids each protected by temporary piperidine labile Fmoc-
and permanent acid labile tert- Bu-, BOC- and O-tert-Bu-groups depending on the side
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eventual ly purified further by preparative HPLC M.
Yield: 20 ng of the title product. Exanple 1l1g

w@2q02/088on0- phenyl ) - 7- PCT/EP2003/011892

[ 4- (2-di et hyl ami no- et hoxy) - phegyl ami no]
-1, 4-di met hyl - 3, 4- 20 o _
g e ol il RO
.The .title product was , > : 1y )

%%%%’&ﬂ%‘éf T i £1q SPecer 2RENO 2Sdbmenorapic gidaad Ghgin. After
deanpé ofthé i\bmrmh&mteinq;‘ﬁi’iry%rﬁt%cﬁﬂ'gegr@{l@ Mﬁill%fta&i%@%ﬁ Protected

. . t.hprolifierative t1 Wi e
kiSRRI AT P LBt 22 0y by sucinimic
¢stey éprtichased frodeRoctes Diagresticstiehbii) and Exalylheink2 AfEhades. the
A6l WistwaBBed With H%QPﬁhﬁham& M@{Bg&o‘?ﬁmhf‘&e %[u%ls’e? B the blue
Invention are useful’in treating canter, in par cular _
K80 g9t FIRBHESS s hibhiully pretecied e,lnctl@gdﬂc,i peptiislsatas cemackd from the solid
plaie bedtdl€séfi®mnshe g&?hﬁn@xﬁrﬁrbfélédi %ﬂff % %aééaégﬁg; &0h lgfilnixture of
T e N R L
wectonally mplated bjha prepaadnd ﬂe@ﬁscﬂphdsﬂ?ﬂ%ﬂpﬂrﬁicﬁ@én.t "Nige purification

= bl F Oyl ' shown si.ng .t . .
FUBF A b V59l DA VR SR0UY Pl ! B iy v
Rexen bpMARRE mpss spestips®y (8Pl de (Ro + Jal33-Ro) 10 M
Jal33-Ro 196 nM 10 Ro 9,8 M PT66 230 ng/nL Assay
Brifvhes: UgstatMLMbD ek aéfMe)-!_@%?tateSEQc @édelEF,)'1:9§rtiail§ pgriﬂiec%’were
JUERIed BronP B!
purchased fro BI.

Homogenous, time-resolved Fluorescence Assay: Reader: Perkin Elmer, Wallac Viktor
1420-040 multilabel counter; Liquid handling system: Beckman Coulter, Biomek 2000.

ATP, Tween 20, HEPES were purchased from Roche Molecular Biochemicals, MgCl, and
MnCl; were purchased from Merck Eurolab, TCEP was purchased from Pierce, 384 Well

low volume fluorescence plates was purchased from Falcon.

Assay Description:

At first the enzyme is pre-incubated for 15 min. at 15 °C in aqueous solution with
corresponding amounts of inhibitors according to this invention. Then the
phosphorylation reaction is started by adding a reaction mixture, containing ATP,
Peptide and PT66, and subsequent shaking. The proceeding of this reaction is
immediately monitored using time resolved fluorescence spectroscopy in a suitable well

plate reader.

The ICsp-values can be obtained from the reaction rates by using a non-linear curve.
fit (Excelfit).

The results of the foregoing in vitro experiments, including the ICs values, are set

forth in Table 1 below. The compounds of the invention have ICsy values in the above-

reported assay of less than 1.0 uM.
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7 HNEIN N~O <1.0 NJ N\ \ Racemic N 14 6
I

N
HN~N NO <1.0 ~N \ \ N / I '\ \ Racemic N N 5b
wooooNIs20 <1.0 N\ | \ I \ J N/ | \ Racem cPd®I/EP2003/011892
N<1.0 8 HNNNON\ |I 6YN ,43J 0 WO 2004/ 041821
PCT/ EP2003/ 011892 -42 Exanple”Src
|

Racem c i N HNLN
NAO <1.0 N\ | Q(NH2 O %’;{am <13 O N\ \ 10 HN, N

AO <1.0

Tablet Formulation

Item | Ingredients Mg/Tablet

1 Compound A * 5 25 100 250 500 750

2 Anhydrous Lactose 103 83 35 19 38 57

3 Croscarmellose Sodium | 6 6 8 16 32 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:

1. Mix Items 1, 2 and 3 in a suitable mixer for 15 minutes.

2. Granulate the powder mix from Step 1 with 20% Povidone K30 Solution (Item 4).
3. Dry the granulation from Step 2 at 50 °C.

4.  Pass the granulation from Step 3 through a suitable milling equipment.

5.  Add the Item 5 to the milled granulation Step 4 and mix for 3 minutes.

6.  Compress the granulation from Step 5 on a suitable press.



6--r NNN* O~NM Sr Nzz 11f HNN 1 "O X1'0

(enantiomer 1 \ | Chiral [or enantioner] N~/OJ WO
wQeap460041821 PCT/ EP2003/ 011892 -43 Exanpl e 13pCiVREd083/011892

Formul ati on Item I ngredients | Tabl et 1 Conpound A *

5 25 100 250 500 750 2 Anhydrous Lactose 103 83 35 19

38 57 3 Croscarnel |l ose Sqdi um 6 8 16 32 48 4

Povi done K30 5 5 6 12 24 %é——g—%égnesi um Stearate 1 1

1 36 9 Total Wight 120 120 150 300 600 900

Capeuip Gondulétiorepr esent s a conpound of the invention.
Manuf acturing Procedure: 5 1. Mx Iltens 1, 2 and 3 in

sul t abl i xer for [1 2. Granul ate the
W j“ ‘ger’fm?om Step [t éﬁm%&@g% Povi done K30 Sol uti on

L1+ b

tHefi4)— Bry—thergranutatton IIJIIIDll:‘[J 2—at

4. Piﬁmmengwahul atijom from|{8bep 3 t Wbugh [@258ui tabl580
mlling equipnent. 5, Add the Itemp to the mlled

ran“fﬁ%&%uﬁfo‘?os% andi 49 x forn,3 mnpigs. 10.6. -

npress’the granul atjon from Step 5/ on a suitable

press—WO20041 041821 PCT/EPZ20037/ 01192

3 Corn Starch 25 35 40 35 70

4 Talc 10 15 10 12 24

5 Magnesium Stearate 1 2 2 3 6
Total Fill Weight 200 200 300 300 600

*Compound A represents a compound of the invention.

Manufacturing Procedure:

1. Mix Items 1, 2 and 3 in a suitable mixer for 15 minutes.
2. Add Ttems 4 & 5 and mix for 3 minutes.

3.  Fillinto a suitable capsule.



-44 Exanmple 14 Capsule Fornulation Item Ingredients

ng/ Capsul e 1 Conpound A * 5 25 100 250 500 2
wandwdsses Lact ose 159 123 148 -- -- 3 Corn SteeTRPRB3/011892

35 40 35 70 4 Talc 10 15 10 %&24 5 Magnesi um

Stearate 1 2 2 3 6 Total FilTl i ght 200 200 300 300

600 *Conpound A represents a ound of the

i nvention. Manufacturing ;tx-%!@g%glgg 51. Mx ltens 1,

2 and 3 in a suitable mxer for 15 mnutes. 2. Add
Ihjeetion 8bl&tisn/EnthlsidxPfeparaBomi nutes. 3. Fill into a

sui tabl e capsul e. WO 2004/041821 PCT/ EP2003/ 011892

-45 | np ect.i on Sol uti on/ i on
Prep rlr?grhcgl%tdi ent mgy/ nL E‘q;g}orﬁ%ound A* 1 ny

T - U SNA ] 1-5
TS Y

@ ycerol §CbhpoyndbAWater ¢g.s.|Llmg. *Conpound A
repre¢sents a conpound of the inventjon. Mnufacturfi ng
Proce¢dure: 5 1. b lve item1 in |{gByée 2. Add
item QS, 4 and E%tG(S)&i%tem 6 and m x unt?? & sper sed,
t hen thefregentz S—Add—the—sotuttopn—fromstep—1tTg

the §Bxture frgesthim 2 and honogen| 2&50me | t he

4 Soy Oil 1-5mg
5 Glycerol 8-12 mg
6 Water q.s. I mL

*Compound A represents a compound of the invention.

Manufacturing Procedure:

1. Dissolve item 1 in item 2.
2. Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.

3. Add the solution from step 1 to the mixture from step 2 and homogenize until the

dispersion is translucent.

4.  Sterile filter through a 0.2 pm filter and fill into vials.
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15

di spersion is translucent.
0.2 mfilter and fill
wWEoDABPROD3/ 011892
Sol uti on/ Emul si on Preparation
Conpound A* 1 ng 2 dycofurol

g.s.

4. Sterile filter through a
into vials. W 2004/041821

-46 Exanple 16 Injection PCT/EP2003/011892
temlngredient ng/nL 1
0-50 ng 3 Lecithin

20-50 ng 4 Soy Q1 1-5 5 erol 8-12 ng 6 Water
1 nL *Conpound A rg%f%?\aﬁ%& a compound of the
invention. Manufacturing Procedure: 5 1. Dissolve

Injeetior Salntion/EmubsiorPPrepaidtipnens 3, 4 and 5 to item6

and mx until dispersed, then honpaenize, 3. Add th
sol u onfromst the mxture f ep 2 and
hono (1!3 Fr&ﬁeld b, [ sper sion ist 9{r?s]l%'lijcgnt .
Steri Ph-r-e-u-g-h—a PRt 8 Bt w2 e e 3 e e e W,
vial §1 10 Wile Cbmpnnnénﬁti‘on has beenlinhg ustrated by
refejence to specific and preferred énbodi nents,
thosézskilled HGE}JE a5t Wi Il understang. t}ﬁ%
vari gt'i ons and |cat| ons may be ;Fade t ht ough
routi Hentattonr—and—practTce ¢ tireTnventioh.
Thus)|3the inveht¢adhins intended not {808 MEnited b
the floregoing description, but to be defined hy the
apperded cl ai ns tihei r equi val ent s} 115m@0
20044041821 PCT[ EP2003/011892 -47 Cains 1. A
conp usna of —for Gllyacéroli<6 8-12 mg

6 Water g-s. 1 mL

*Compound A represents a compound of the invention.

Manufacturing Procedure:;

1.

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 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.
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R~ CHSNNRs RS RONNNOR R2R4AR3 or a
phar maceutically acceptable salt thereof, wherein 5

woooum4sel ected fromthe group H  Cl. 10 al kyl PCZEP03/011892

al kyl substituted by up to thgse groups sel ected from

aryl, cycl oal kyl , heteroaryl het erocycl e, NR1OR',
OR12, SR12, hal ogen, COR13, R13, CONR13R14, 10
S2NR13R14, SOR13, SO2R13, d NO2, wherein the
aryl, cycloal kyl, heteroaryl, and heterocycle groups

may each |ndependently be substltuted by up to three
gr oulpd ewamomddfferomNRIOR', OR 2, SR 2,, hal ogen,

COR 3, CO2R 3, CONR 3R 4, SO2NR13R14, SOR13, SO2R13,
CN and NO2, aryl, 15 aryl substitut&? by up to three
groups selected fromlower alkyl, NRLR' 2, SR12,
hal ogen, COR13, CO2R13, CONR1§$p4 SOPNRI3R14, SOR13,
S2R13, CN and NO2, heteroar
substituted by up to thr SR s g om | ower
al kyl, NR1OR',, 20 2, 'hal : 3,
CO2R13, CONR13R14, SC2 : 3, ®2R13, CN and
N2, WO 2004/0418q§9ﬁ 011892 - 48-

het erocycl e, heterocycl e substituted by up to three
groups sel ected fr:;— ower al kyl, NRIOR', OR12, SR12,
hal ogen, COR13, CONR13R 4, SO2NR 3R 4, SORB,
SR 3, CN Ré

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

H,

Cy.10alkyl,

C1.10 alkyl substituted by up to three groups selected from aryl, cycloalkyl,
heteroaryl, heterocycle, NR°R!, OR!? SR!2, halogen, COR®, CO,RY, CONRPRM™,
SO,NRR', SOR", SO,R"?, CN and NO,, wherein the aryl, cycloalkyl, heteroaryl,
and heterocycle groups may each independently be substituted by up to three
groups selected from NRR!!, OR', SR'%,, halogen, COR", CO,R", CONR"RY,
SO,NRPR!, SOR", SO,R", CN and NO,,

aryl,

aryl substituted by up to three groups selected from lower alkyl, NR'R',, OR",
SR'?, halogen, COR", CO,R'?, CONRP R, SO,NR"*R", SOR", SO,R", CN and
NO,,

heteroaryl, s

heteroaryl substituted by up to three groups selected from lower alkyl, NR'R",,
OR'?, SR'?, halogen, COR", CO,R", CONRPR!, SO,NR"’R", SOR", SO;R", CN
and NOz,
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and NO2, 5 C3_1o0 cycloal kyl, C3_10 cycl oal kyl
substituted by up to three groups selected from | ower

wa@bkdoglo418YOW , OR 2, SR 2, hal ogen, COR 3, CO2RPGI/EP2003/011892

CONR 3R 4, SC2NR 3R 4, SOR 3, ,.SO2R13, CN and NO2,

C2_10 al kenyl 10 C2 10 al keny"i8 ‘substituted by up to
three groups sel ected from NRIOR', OR 2, SR 2,

hal oY&HOcx 3, CO2R13, CONR13R14, SO2NR13R14, SORB,
S2R13, CN and N2, and C2_10 al kynyl, substituted by "
up thetdrheyete sgbsmpedwlueab eloreé gromphiRl@Rd frarl@vergikyd NR'°R

1, 0 A P50, OISR SO0, o

i ndeﬂélé‘rlﬂ@mtly sel ected fromthe group consisting of H,
NR1oR1 OR12, SR12, 20 C1_10 alkyl, C1_10 al kyl
subseti f, ey@shlley, up to t hree groups sel ect ed from

cycl oal kyl, heteroaryl, het erocycl e, NRLOR',

hal CONR 3R‘ N
o e B 88 T e SR R e %%W .
het eNab?Rw QR”aﬁBlzhlmlwoc@@lRe @O@Bl sCORR' B GHONR' R, 50R®,
i nde Osubstltut ed by up to three 25 groups
sel ec ed from ower al kyl, NR1IOR', OR12, SR12,
hal ogen, COR13, CO2R 3, CG\IR13R14 SC2NR13R14, SORB,
sSQ2 Bloa]ﬂﬁ,ﬁp)ﬁnd NC2, heteroaryl, heteroaryl substituted
by up to three groups selected from | ower alkyl
VOW C, GRIIZnyISRbRituted bogp o tHEERs3upCGERated, £ GONR S8 4OR 2, SR,

200%%&%290%@@5 %ﬁﬁ%& @Ng% 141’ éréocysﬁ:)éR13 CNand NO;,

subsand uted by up to three groups selected froml ower
al kyl, NRIOR', OR12, SR12 , hal ogen, COR 3, CO2R 3,

m%gﬁ%ﬂ(’ynﬁ%'yaiﬁad‘by wpPBRhreo@hRp3 selétbd from NR'R", OR", SR'?,
halogen, COR'?, CO;R"?, CONR”R", SO,NR"’R', SOR', SO,R", CN and NO»;

R% R?and R* are independently selected from the group consisting of
H,
NRUR!!,
OR'?,
SR'?,
Cy-oalkyl,

C.10alkyl substituted by up to three groups selected from cycloalkyl, heteroaryl,
heterocycle, NR'°R", OR'%, SR'2, halogen, COR", CO,R'?, CONR"’R",
SO,NRPR", SOR", 5O,R", CN and NOy; and wherein the cycloalkyl, heteroaryl,
and heterocycle groups may each independently be substituted by up to three
groups selected from lower alkyl, NR'R', OR', SRY, 'halogen, COR'?, CO,RY,
CONRRY, SO,NR"R!, SOR"?, SO,R"?, CN and NO,,

s

heteroaryl, heteroaryl substituted by up to three groups selected from lower alkyl,
NR'R'’, OR'2, SR', halogen, COR', CO,R", CONR"R", SO,NR"R", SOR",
SO;R", CN and NO,,
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and NO2, C3.10 cycloalkyl, 5 C3_10 cycl oal kyl
substituted by up to three groups selected from | ower

wabdoyh4182NR10R", OR12, SR12 , hal ogen, COR13, &ERR)3/011892

CONRL13R14, SO2NR13R14, SORB, ,SC2R13, CN and N2,
C2_10 al kenyl, C2_10 al kenyl é bstituted by up to

t hrge ro | 1011
nal SgERd é%aﬁﬁﬁ%g%%é Bl b i ver ) NRRY,
SCRIAR?, SBN ArtbgRaeCORCICOMR 3 GONRI R aA@218R RO, 8PRy n§P2R s CN
sub.;agaq\ylgt)ed by up to three groups sel ected from WOW ,

hal ogen, COR13, CO2R13, CONR13R14,
SO2NR13R14, SCORB, SO2R 3, CN and N2, provided that
at 1‘eas®ylalvbt R2, R3 or R4 is not H 15 R5, R6, R
and R$ are independently selected fromthe group H,
| oweTs. ,@H@(ba.lkyil evBritwbkyy us tdo&téetgnblqﬂ; sklgcthy drooxpover alkyl,

2 k?ti%“&& R O et f e B0 DRa oM o Rb o Tad0™

-505 NENZRESNOSOR17, SOR2R17, and ON, 5 R9 is
sel ected fromthe group

C2.10 alkenyl,

C,.10 alkenyl substituted by up to three groups selected from NR!°R", OR'3, SR,
halogen, COR'?, CO,R", CONR”R", SO,NR"’R", SOR'?, SO,R"’, CN and NO,,

Cs.10alkynyl, and

C,.10alkynyl substituted by up to three groups selected from NR'°R'!, OR'?, SR*?,
halogen, COR'?, CO,R"?, CONR"R", SO,NR"R", SOR", SO;R"’, CN and NO;,

provided that at least one of R%, R? or R* is not H;
R%, R®, R” and R?® are independently selected from the group
H,
lower alkyl,
lower alkyl substituted by hydroxy or alkoxy,
NRISR'S,
OH,
ORY,
SRY,
halogen,
CORY, :
CORY,

CONR'R'®,



5

10

15

20

H ORI9 RR0 0 11 21 -GCOCOCR, and COR17; R10
and R' are independently selected fromthe group 10

wWOR0000ORE3, CO2R13, CONR13RI a, SO02R13, , 15PCT/EP2003/011892

SO02NR13R14 | ower al kyl, |ower gl kyl substituted by
hydr oxy, al koxy or NR 5R16, cycloal kyl, cycl oal kyl
subg*&%ﬁg s by hydroxy, al koxy, | ower aIkyI, or

0 heterocycle, and heterocycle substituted
by hydr xy, al koxy, |ower alkyl, or NRL5R16, or,
aItéKHb,lvely, NR1OR11 can forma ring having 3 to 7
atons, said ring optionally including one or nore
add@t;gﬁagmpetero atonms and being optionally
substit uf ed by WD 2004/041821 PCT/ EP2003/011892 -51

‘'t he rpup consi sting of one or nore |Iower alkyl, OR12,

» CO2R13, CONR13R14, SORB, SO2R13, and
QINMBRM R12 is selected fromthe group H, 5 | ower
Rilikyelecteddern 3he grOGNR13R14,

H,
o RY{RY o
AV ”
—C—0-C—0—C—R" 4
CORY;

R'® and R" are independently selected from the group
H,
CORY,
CO.RY,
CONRPR",
SOR”,
SO,NR"R",
lower alkyl,
lower alkyl substituted by hydroxy, alkoxy or NR'’R'S,
cycloalkyl,
cycloalkyl substituted by hydroxy, alkoxy, lower alkyl, or NRPR',
heterocycle, and
heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NRPR',

or, alternatively, NR'’R'! can form a ring having 3 to 7 atoms, said ring optionally

including one or more additional hetero atoms and being optionally substituted by
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C2_6 al kyl substituted by hydroxy, alkoxy, or NR 5R16,
cycl oal kyl, cycl oakyl substituted by. hydroxy,

wa@bdoamyis21 ower al kyl, or NRL5R16, 10 het er ocyet BEPANZI011892

het er ocycl e substituted by hég{oxy, al koxy, | ower
al kyl, or NR15R16; R13 and 4 “ar e i ndependent |y

sel ected from.t he group H, ower, al kyhz 1 13 14
Subart EEBASTY e oty o Morele e Bl ANEHGREER S E O, EONRUR',
cyclSeR'ky80,REy el bS@INR"RiGbst i t ut ed by hydroxy, al koxy,
| ower al kyl, or NRL5R16, heterocycle, and heterocycle

lﬁggég%g?aﬁgnp%eggﬂ{ xy, al koxy, |ower alkyl, or

20 or, ernatively, NRL3R14 can forma ring
having 3 to 7 atonms, said ring optionally including
one ¥ nore additional hetero atons and bei ng
optionally substituted by the group consisting of one
or rowerdlier al kyl, OR', COR', CO2R17, CONR'R1S,
S2R17, and SO2NR17R 8; R15 is selected fromthe group
25 QFDMG 2004/ 041821 PCT/ EP2003/011892 -52- | ower
al kyl', "CORD, and CO2R17; and Rib, R17 and R 8 are
i ndependent]y sel ected fromthe group 5 H and | ower
al kKy$ONE R al t ernativel y, NRI5R16 and NRL7R18 can each
i ndependently forma ring having 3 to 7 atons, said

ri ngConliy?adstivatedlsy helirbgy, alkex@lor NR' &R '§ddilbalkylal
hetero atonms; R19 and R20 are independently sel ected
fro ngytcl%gkycl’ gl?b%atutélcp b%ycﬁ'ggy, Ia \6%5, l&lvekr%kk.yl,%? (itIRlst,

heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NRR'S;
R" and R' are independently selected from the group

H,

lower alkyl,

Cy.s alkyl substituted by hydroxy, alkoxy, or NRPR',

cycloalkyl,

cycloaklyl substituted by hydroxy, alkoxy, lower alkyl, or NR"R'S,

heterocycle, and

heterocycle substituted by hydroxy, alkoxy, lower alkyl, or NRPR'S,

or, alternatively, NR'’R'* can form a ring having 3 to 7 atoms, said ring optionally

including one or more additional hetero atoms and being optionally substituted by
the group consisting of one or more lower alkyl, ORY, COR", CO,R", CONR'RY,
SO;R", and SO.NR''R";

3

R" is selected from the group

H,
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20

R21 is selected from |ower alkyl, and C2_6 al kyl
substituted by hydroxy, al koxy or NR 5R16. 15 2. The

wa@eovpousel of formula | of claiml1l, wherein Rl PGI/EP2003/011892

selected fromaryl and aryl ggpstitut ed by CN and
CONR 3R 4 3. The conpound of formula | of claim1 or

2, erei.n, R is selected from phenyl and phenyl
subi\hw?rﬁlg& by CN and CONR13R14. 4. The conpound of
fornula | of claim1, wherein Rl is |lower alkyl. 20 5.
TheCeQRrpmmd of formula | of any one of clains 1 to 4,
wherein R2 is C1_10 al kyl substituted by OR12 or
NR1GR),RY; addne conpound of formula | of any one of
clalms 1to4 wherein R2 is OR 12. 7. The conpound

@ | .of an 1to 6, wherein R3
Rs’ nn%lk Feing )éﬁ'?fg' 8@ tleglﬁr?mnglelgr%‘fp any one of
claims 1 to 7, V\,herel n R3 and R4 are H WD 2004/041821
PCT/HER2d03/ 011892 -53 9. The conpound of formula | of
any one of clainms 1 to 7, wherein R4 is O _|o al kyl
sub U by NR1OR11l 10. The conpound of fornula I
of Z‘?@éro 1gﬁiof claims 1 to 9, wherein R5 is hal ogen.

11. The conpound_eof fornul a f clains

Lo 20, altgFererhn NG RS aad NR'TB C%%acga?%&sﬁgew fPE A having 3
| ofto glagdf3, $ail ditigrgtibAgllyf 1ﬁtlmil1|n§ onR8r nidte &diBitiontl Nefebo &oms;
RO~-NNORN 4R R2 R4 R3 la. 13. A conpound of

1{1@ IIBJ hﬂ are 1%f egén%entlylsefeecle%(‘f}o%gt he grouI; he group:
H, and
lower alkyl; and
R* is selected from
lower alkyl, and
C,.6 alkyl substituted by hydroxy, alkoxy or NR"R'.

2. The compound of formula I of claim 1, wherein R' is selected from aryl and aryl
substituted by CN and CONR"’R',

3. The compound of formula I of claim 1 or 2, wherein R' is selected from phenyl
and phenyl substituted by CN and CONR"R".

4. The compound of formula I of claim 1, wherein R' is lower alkyl.

5. The compound of formula I of any one of claims 1 to 4, wherein R%is Cj.jalkyl
substituted by OR'? or NR'R'" .

6. The compound of formula I of any one of claims 1 to 4, wherein R%is OR'%.
7. The compound of formula I of any one of claims 1 to 6, wherein R*is H.

8. The compound of formula I of any one of claims 1 to 7, wherein R*and R* are H.
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()-3-[7-[3-(2-hydroxy-ethyl)-phenyl am no]
- 3- (4- met hoxy- phenyl ) - 4- net hyl - 2- oxo-
W@20b4ditsydr o- 2H pyri m do [4, 5-d] pyri m di n- 1- yPGT/EP2003/011892
-benzonitrile ; 10
()-3-[7-[3-(2- dlethylan1no etﬁ?l) phenyl am no] - 3- (4- ne

oo, 5 BEHT YO AP AGaPhons Aafh 18 Ty el s Croo sl
subgitpedibyNR'&RY. and ()-3- [7-
[ 3- (2-di et hyl am no- et hyl ) - phenyl am no]

-3-( ﬁé SUMAESF o fla TBE n% fcl 1 to 9, wherein R is halogen.
0X0- g) aﬁﬁ%ro 2%#pyr?%1do[ O O C;FP%1é1n 1- yI] bénz s

22: te]::;l:g lgge fqramqrﬁé)fgn%}}g ? ggnyfo%rewlcl?nms f)to fd whereln R’is H.

()-3-(3-(4-net hoxy-phenyl)-4-nethyl -7-{3-[2-(4-net hyl -
pi peraZhaedmydyndadfiyinhula I of claim 1 having the formula
phenyl am no} - 2- oxo- 3, 4- di hydr o- 2H—pyr|n1do[4 5-d] pyri m
i din-1-yl)-benzonitrile ;
()-3-[7-[3-(2-di et hyl am no-et hyl)
-phenylanino]-3-(4-nethoxy-ph§qyl)
oxo-3,4-dihydro-ZFprrinido [ 4, 5 d
-benzanide ; ()-3- '\{1 | ;
- phenyl am no] - 3- (4 /ﬂﬁfx
oxo0- 3, 4- di hydr o- 2H fﬁﬁu
am de ; WD 2004/ 04
()-3-(3-(4-nmet hoxy-
pi perazin-1-yl)-et
phenyl am no} - 2- og 'Eydro ZFprr|n1do [ 4, 5-d]
pyri mi di n- 1-yl ) Bbenzdni de]” and
()-3-(2-brono-phenyl R¥7-
[4-(2-di et hyl am no- et hoxy) - phenyl am no] -1, 3 di nmet hyl -
3,4-di hydro-1 Hpyrimd Qg4-5 d] pyrimdin-2-one. 5
15. 1. Acwpmendd of foroyal f clainfl selealiedhfrbm thisigeoup:s
(+)-3-(2-brono-phenyl)-7-[4-(2-diethyl am no- et hoxy) - ph
aNV4 ? 51@;1 “hddsfliefHBY) hpﬂehyl%nﬂnﬂ'-ﬁ)(m&t p%ﬁén?])dpmethyl -2-0%o-
|n1d| ound formul a
deh g [45- ﬁpxnrgldc&laﬁﬁﬁ%uaﬂgﬂ 15) - 7-

[4 (2- dlethylan1no et hoxy) - phenyl am no]
D, y-{ﬂl[mlh)éthy&rﬁmoié})h)d Ipydﬁ)dnrﬂmbl}ﬁy(mmmox{r pher!By-IbI]L methyl-2-

B RS A R b PHRERISLT bsf?%%&n

compound of any one of clainms 1 to 16 and

phadhad 22 -idimtthylaméne pthabtrheadpmingl -f4- n@kmwrmyl)fsmethyl -2-
Jﬂ? 3ABRJR6 S - Wﬁ}m&cqmoapghmlﬁh -l BefRohitrilvher ei n

the conpound i S suitabl for admnistration to a
patient havin cer. one of
Pl Fb MpRporad o oriuts Gl it L grom fHeprols:

(£)-3-(3-(4-methoxy-phenyl)-4-methyl-7-{3-[2-(4-methyl-piperazin-1-yl)-ethyl] -
phenylamino}-2-oxo-3,4-dihydro-2H-pyrimido[4,5-d] pyrimidin-1-yl)-benzonitrile ;

‘"thyl

rim dirm-l-yl]

b ani-rrs- et hyl )

phe yI -'4-met hyl -2- 20
y5|n1d|n 1-yl]-benz

| E 003 011892 -54

nyI) 4-Fret hyl - 7-{3-[ 2- (4- net hyl -

(£)-3-[7-[3-(2-diethylamino-ethyl)-phenylamino]-3-(4-methoxy-phenyl)-4-methyl-2-
0x0-3,4-dihydro-2H-pyrimido[4,5-d] pyrimidin-1-yl]-benzamide ;

(£)-3-[7-[3-(2-dimethylamino-ethyl)-phenylamino] - 3-(4-methoxy-phenyl)-4-tnethyl-2-
0x0-3,4-dihydro-2H-pyrimido[4,5-d]pyrimidin-1-yl]-benzamide ;



20. Use of compounds of any one of clainms 1 to 16 for

the preparation of nedicanents for the treatnent and
wazotnaig2iof cancer. 21. The use of claim 20 forCT/RE2003/011892

treatnment and control of brea? colon, hepatic or 20

pancreatic cancer. 22. The us 45f claim 20 wherein the

G B et rrepy R E AT T 4 SRt RGBS W ey
piteinglami e} ezexs-3céedqhyd&e§-lqjyrmd«z[t415ﬁ@] paricodipelHyd- “yghzarhigle; and
formula RB R7 CH3 ~ NN\ R6 RS I X)l'NNOZSR

@5 32%@{3%4&?%%.1@@7 [E@%Q@&ﬁﬁ%ﬁ%emg@ -PMRRY BN -1,3- dQnethyl-

are as defined
bi-slikyidro- §-pyrimidol ‘bﬁﬁ IPyrEniaR-2vi ve of the fornul a NH
211l R R4 RB wherein R2, R3 and R4 are as defi ned

5 in clmaArompouad ebfainulal mmaundzhahii he formula R8 R

&5@3-/(2-[§|ro\mo-ph§nyll)b7-[B(%-c{i\letﬁ'ylyr%}no gt)h )]phenylammo] 1,4-dimethyl-

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

16. A compound of formula I of claim 1, which is
(-)-3-(2-bromo-phenyl)-7-[4-(2-diethylamino-ethoxy)-phenylamino]-1,4-dimethyl-3,4-
10 dihydro-1H-pyrimido{4,5-d}pyrimidin-2-one.

17. A pharmaceutical composition comprising a therapeutically effective amount of
a compound of any one of claims 1 to 16 and a pharmaceutically acceptable carrier or

excipient.

18. The pharmaceutical composition of claim 17, wherein the compound is suitable

15 for administration to a patient having cancer.
19. Compounds of any one of claims 1 to 16 for use as medicaments.

20. Use of compounds of any one of claims 1 to 16 for the preparation of

medicaments for the treatment and control of cancer.

21. The use of claim 20 for the treatment and control of breast, colon, hepatic or

20  pancreatic cancer.
22. The use of claim 20 wherein the cancer is breast or colon cancer.

23. A process for the preparation of a compound of formula I of claim 1, which

process comprises

a) reacting a compound of the formula

R7
CH, |
~ R’ It
Y ITJ/KO
R1

25
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15

R R2 #3 RA R 5 wherein RO is H and if desired, b)
reacting the conpound of fornmula Ib with an acid

wh2doudersor anhydride to obtain O R19 R20 O [|PCREPH03/011892

conpound of forrmula I, whereinsgQ is -GCOCOCR or
COR17, and wherein R17, R19, R20 and R21 are as

delfareiod is Tl of 8@5@1—13, aild R&I’Rﬂ Pﬁ REAnd R® 8@k BEfhed in claim 1, with an
ﬂMgQEhO “%Qﬁ %nd of formula | into a

arnaceu 8ptab|e salt. 24. A conpound of
fornula | of any one of clai “Hl to 16 prepared by a
process according to claim 28.225. A conpound
selected fromthe group: 15 acetic acid
2-{3-[8-(3-cyano-phenyl) - 6- et hoxy- phenyl ) - 5- et hyl
- 7- OXO-
5,6, 7,8-tetrahydro- pyrlﬂ$do[4 5- dﬁpyr|n1d|n 2-yl am no]
-phenyl }-ethyl ester and ()-methanesul fonic acid
(2-(3-[8 (3 cyano- phenyl ) - 6- (4- met hoxy- phenyl ) - 5- et hy

r ahydr rim
ﬁ\i}lrelrerlﬁ1 - f deﬁ,f S cfi ‘%/fg'ﬁ)%ia}e%’ %ta'@satf@fnpw of the formula
2004/ 041821 PCT/EP2003/011892 -56 26. The novel
conmpounds, pharmaceutical conpositibns, processes, and
uses as described hereln bef or e.

CH,
N7 N R®
| 5
O T
R1
R? R*
R3

wherein R’ is H, and if desired,

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

\/ o,
—0—C—R

a compound of formula I, wherein R’ is _C O-

17 519 120 21
wherein R, R, R® and R*! are as defined in claim 1,

or CORY, and

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

24. A compound of formula I of any one of claims 1 to 16 prepared by a process
according to claim 23.

25. A compound selected from the group:

(+)-acetic acid 2-{3-[8-(3-cyano-phenyl)-6-(4-methoxy-phenyl)-5-methyl-7-oxo-
5,6,7,8-tetrahydro-pyrimido(4,5-d] pyrimidin-2-ylamino)-phenyl}-ethyl ester and

(£)-methanesulfonic acid (2-{3-[8—(3-cyano—phenyl)-6—(4-methoxy-pheny1)-S-methyl-
7-0x0-5,6,7,8-tetrahydro-pyrimido(4,5-d] pyrimidin-2-ylamino]-phenyl}-ethyl)-ester.
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26. The novel compounds, pharmaceutical compositions, processes, and uses as

described herein before.

* %%



