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o3 {(57) Abstract: Disclosed are compounds of Formuolae (Ta), (Ib), (Ic), (Id) wherein: W is NH, S, SO, or 8O;; R? is (un)substituted
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different and represent hydrogen, halogen, lower alkyl, fower alkoxy, (un)substituted aryl, (un)substituted heteroaryl, {un)substituted
‘--. arylalkyl or (un)substitated heteroarylalkyl; and R¥ is hydrogen, lower alky] or an (un)substituted carbocyclic group containiig from
3-7 members, np to two of which members are optionally hetero atoms selected from oxygen and nitrogen; or R® is (un)sebstituted
aryl, (un)substituted heteroaryl, (un)substituted arylalky] or (un)substituted heteroarylalkyl. These compounds are nseful for treating
cell proliferative disorders, such as cancer and restenosis. These compounds are potent inhibitors of cyclin-dependent kinases (cdks)
and growth factor-mediated kinases. The present invention also provides a method of treating cell proliferative disorders. Also
provided by the present invention is a pharmacentically acceptable composition containing a compound of Formula (I).
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, WI C4 (57) Abstract: Disclosed are conpounds of Fornul ae4gl\ch Qb[g%,
(le), (Id) wherein: Wis NH, S, SO or SOz; R2 is (un)substituted aryl,
(un) substypligesbeteroaryl, or (un)substituted carbocycl epefRalgopscycl e; Q
i s hydrogen or |ower alkyl; R4 and R6 are the sane or different and
represent hydrogen, hal ogen, |ower alkyl, |ower alkoxy, (un)substituted
aryl, (un)substituted heteroaryl, (un)sul stituted 1 arylalkyl or
(un)substituted heteroaryl al kyl; and R8 is hydrogen, |ower alkyl or an

(un) substituted carbocycli 0 | Nj -7 menbers, up to two
of which nmenbers are optigﬁﬁﬂlﬁﬂm%mgg ‘L’@?&W@é from oxygen and
nitrogen; or R8 is (un)substituted aryl, (un)substituted heteroaryl,
(un)substituted aryl al kyl j | al kyl . These
conpounds are useful for tﬁégwgﬁﬁ?%%wm@% di sorders, such as
cancer and resteriosis. These conpounds are potent inhibitors of :
cyclin-dependent kinases (cdks) and growth factor-nedi ated ki nases. The

present invention also provides a nmethod of treating cell proliferative
di sorders. AFiehl ofthedndadidny t he present invention is a pharnaceutically

accept abl e conposjijion containin CONRO of For a (L). 15 March 2004
. v\op01/ 19825WR| JF J 1nyention H"‘FiI’% tﬁ@?i-meﬁﬁan‘é: Bkichigam ‘PR‘%‘P%‘[’TW‘?‘E?& 111l |
LETTTESTLL 1 337 seidptelHined7-didhes avid)pteridine-7RaE & that GRHibit Byoti efedent FOT

two-letter codes and otheéer abbreviations, refer to the"Guid- C, CM GA
G\, GW M., semnefiEeosne kingye, Ye. 1 arasineNdnass, and growtsfagier-mediated

Gazet o, PubDFeREnest dflmes Rt R o eadho GRE Poll BRREROTEIERE 0000
01/19825 PTERJADEMES. THesKindhde chidit Bk A Grdilbiby Glherddbletd¥id=Nal ON

PCT/ US00/ 17037 Field of the Invention This invention relates to
8H- pt er i di neteFteBpEs; caper angingergsise Vireli infertiopsaacludigg DNA viruses such as

5H, 8Hypt eri dj ne-6 ' seﬂwj e t i Rt
cycl mﬁdepengée}ﬁ?san?e@%%ﬁ%&gﬁl%e |’n§§%‘,ﬁl%e ?Stg’?%shd;‘%e%sr?é‘%e, and
growt h f act odiabetiti meuespatityyand setivephihyamaltphe soleresis; glomemioephritis; e useful to

treat cell proliferation di seasesg .. . . . .
pneuroéegeneratwe 15eases mcﬁudmg Alzheimer’s disease; autoimmune diseases

such as psoriasis, theumatoid arthritis, lupus; organ transplant rejection and host
versus graft disease; Gout; polycystic kidney disease; and inflammation including

15 ~ inflammatory bowel disease.

Summary of the Related Art
Celi cycle kinases are naturally occurring enzymes involved in regulation
of the cell cycle (Meijer L., “Chemical Inhibitors of Cyclin-Dependent Kinases”,
Progress in Cell Cycle Research, 1995;1 351-363). 'I:ypical enzymes include
20 serine/threonine kinases such as the cyclin-dependent kinases (cdk) cdkl1, cdk2,
cdk4, cdk5, cdké as well as tyrosine kinases involved in cell cycle regulation such
as Wee 1 kinase. Increased activitSr or temporally abnormal activation or
regulation of these kinases has been shown to result in development of human
tumors and other proliferative disorders. Compounds that inhibit cdks, either by
25 blocking the interaction between a cyclin and its kinase partner, or by binding to
and inactivating the kinase, cause inhibition of cell proliferation, and are thus

useful for treating tumors or other abnormally proliferating celis.



and di sorders. These include cardiovascul ar diseases incl uqF h2004
atherosclerosis and restenosis; cancer; angiogenesis; vira Fecti ons

i ncl udi ngWBNA 1§25 yses such as 10 herpes and RNA viruses sd’@ﬁ’lésé’“’i‘-ﬂo@"" f ungal
infections; type 1 diabetes and diabetic neuropathy and retinopathy;

mul tiple scl erosis; glonerul onephritis; _5_neurodegenerative di seases

i ncluding Al zheiner's di sease; autoi mmune di seases such as psoriasis,.
rheurmat oi d art hr i Seggral eompnnds ganinhibarsljss have desjonstrited peaclinibalsinti- ver sus

e

ki nases are fﬁ%’kﬁ’n@idhlbn%%%év’efwtﬁfb@bﬂsﬁaﬂ%@m@%ah&rrcéﬂyhﬁdr%aI of the cell
cycle (Meijer L., "Chem cal Inhibitors of cl i n- Dependent Ki nases"

Progress in deMuld@icer st e84 1.L79"’§5}71103®1~BG7§F01 ﬂ)996§3114é1’iﬂ§§bs i ncl ude

20 serige/th epde ses (cdk)
cdkl , c%kz ﬁg@hﬁﬁo@é@?ﬁ%ﬁ% W Hﬁg yr%@%‘g&kpgoa@é 6I ved in cell
cycle regul ai{hmomﬂ{ylamdﬂ&behzﬁhmﬂ&@-mbﬂﬁtlﬁﬁﬁxe]ils&(ﬁdtéﬂtﬁr}hllﬁifor&ﬁﬁm@r ally
abnormal activation or _ regul ation_of these kinases has been shown to

result in dedBd sdelMesely. stiakafir. t]uﬁtﬂcée'&nélg%ﬁm TH-589); anddhas begerti sor der s.
Conpounds th@ﬁ?dwﬁ'iﬂ 1thbxt°ﬂ5§fera‘?i'oh*b? p@rﬁx@ﬁtﬁ# %‘ﬁ'if?&eﬁttlﬁnﬁﬂtﬁﬁﬁ?% jpn bet ween

a cyclin and’i | nase ‘partner, ng to I nactivating the
ki nase, caus dinesumet ibyitheNafionad Danqmrdhstitﬂe GNCDrto sareen forenetmaacerusef ul  f-or

01/ 10688 pCTAsEHs Apiaar & Sy piae B T OIS Tt o Moceieelte

demonst r at ed g @ﬁwm(ﬁ %ias@‘ﬁf‘édkt inABitoAXtavY binkrpel Qs nﬁ%é‘?ﬂdeﬁt deivatifRiofi dol is
a flavonoid th has been shown to be a potent inhibltor of several types

of breast andhdangowaneelass:@ldomp(ona@(&ex,l‘és,,etal Segemce, Cancer Inst., 1992;
84:1736-1740; , 1996;9:1143-1168). 5 The conpound has been
shown to i nmlB%’?&%'dé?% “cdk4. O onouci ne [ 2-

(hydr oxyet hyl am ngn additien 2ylosiie kénBes i@t B :lapsiof ét)ymies tixt BAKIGHS thenhi bi t or  of
cdk2. 15 transfer of the terminal phosphate of adenosine triphosphate (ATP) to tyrosine
residues on protein substrates. Tyrosine kinases are essential for the propagation
of growth factor signal transduction leading to cell cycle progress:on, cellular
proliferation, differentiation, and migration. Tyrosine kinases include cell surface
growth factor receptor tyrosine kinases such as FGFr and PDGFr; as well as
20 nonreceptor tyrosine kinases, including c-src and Ick. Inhibition of these enzymes
have been demonstrated to cause antitumor and antiangiogenesis activity (Hamby,
et al., Pharmacol. Ther., 1999;82(2-3):169-193).
; Despite the progress that has been made, the search continues for small
molecular weight compounds that are orally bioavailable and useful for treating 2
25 wide variety of human tumors and other proliferative disorders, including
restenosis, angiogenesis, diabetic retinopathy, psoriasis, surgical adhesions,
macular degeneration, and atherosclerosis. The present invention provides such
compounds, their pharmaceutical formulations, and their use in treating

proliferative disorders.



and cdk5 (Vesely, et al., Eur. J. Biochem, 1994, 224:771-786)\Maréh€obfs been
shown to inhibit proliferation of approximtely 60 different human tunor
cell |inwWe®0i8885by the National Cancer Institute (NC) t8CEUSBENBDr new
cancer 10 therapies (Abraham et al., Biology of the Cell, 1995;
83:105-120). More recently, the purval %I’_IO| cl ass of cdk inhibitors have
emerged as nore potent derivatives of the ol omouci ne class of conpounds
(Gray, N.S., et al., ScienceSUMMARYASE TPESMEBBNTION addition, tyrosine

ki nases area class of enzynmes that catalyze the 15 transfer of the term nal
phosphat e of adenosine triphosphate (ATP) to tyrosine residues on protein

substrates. Tyr osiThg ikénfioR prvidesavverpteddiné E6mpdimdp vbdRheioh asof growt h
factor signal transduction [eading to cell cycle progressjon, cellular

prol i ferati omhibitars ef eallayaleiregnlatonkinnses suehois thegychinidependent kiaases apd |de

cell surface r r £ QS | Gr and
PDGFr; as vvelwgéz’ag’v%g’ e&%ﬁ&%ﬁ%ﬁﬁ%yrb@%@ ﬁ'ﬁ%%}aés‘@ﬁ%%%l u |’n€fl-§%:e!:sr c and | ck.
| nhi bi t5 on ofcotrpestisareysid to eaeel peslifeativndisodesdutivacathe®saersis unor and
anti angi ogenesi s activity (Hanmby, et al_., Pharnacol, r.,. 1999;

82( 2- 3) : 169- ADGyestenasi; Gance 1 ANLIESHPRS Viralinfectigrs w&@ﬁm&éﬁﬁf\ YipsesRich o
continues for Cﬁ]&ll ' ke d

bi oavai | abl eagir\? lli%e u gg&%se%P%%W%gﬁqg%cegﬁ g@&qoﬁﬁﬁé&%a# tunors and
ot her proli f elizbetiv aeugopahyandsretinopathyg mndtiple stlersisi glomendongpbnbs) s, di abetic

retinopathy, psorjasis,. syrgical hesi ons., cul ar degeneratd on, and

at her oscl er oé\eg‘f"d%f’é'eﬁﬂpé‘%aﬁ‘?asﬁ\?& | Wﬂme&@%ﬁ%“ 88%3[}?‘1@??35??16 r
phar megeut i cglic 2 fidhiadid PRBmaeetd abthgtis gﬁ@- bx%aﬁ hﬁﬂ%dld&ﬂ rejédtini dn@host Ve

di sorders. 15 March 2004 WO 01/19825 PCT/ US007 17037 -3 SUMVARY OF THE

| NVENTI ON Thi'és. grafiediscass) Gautinoliy sticokidneypdiseaseliand eflampoaeningiwding f unct i on

as 1nhibit Oﬁ%@a&fgmgtﬁ)b; béwel ldlesezriseeg wcgct)raxrn\élylf iari)?ga?dsen%b%glﬁ dritfe fVERLAA is

dependent Ki

C

directed to compounds of general Formulas Ia, Ib, Ic, 1d, and Ie:



We 1, as well as the growth factor-nediated tyrosine kinagggsardintigos t hese
5 conpounds are useful to treat cell proliferative disorders such as

at her osc| WOM{1882531q rest enosis; cancer; angi ogenesis; vi PSTYSIVEOET ons

i ncl udi ng DNA viruses such as herpes and RNA viruses such as H'V; fungal
infections; type | diabetes and diabetjsc neuropathy and retinopathy;

mul tiple sclerosis; glonmerul onepbritis; neurodegenerative di seases

i ncluding Al zhei ner’s di seagd autoi mmune di seases 1%4such as psori asis,
rheumatoid arthritis, |upus;] organ transplant rejectijon and host Vs. graft

di sease; Gout; polycystic kildneyydi se ; and inflamjati i nc(l)udi ng

infl ammat ory bowel di seasg?” ordnrgl y, a broad i t he
invention is directed to]co of general, For Ias‘, la, {Ib, Ic, 1Id, and
le: 15 March 2004 %\% VSQ0/ 1703 R4 | . R2 WId and
pharmaceutical ly accept’abl e esters, anid® an pr ogr ugsot her eof ,
wherein: Wis NH, 0, S, SO or ;. 5 R is: C1-C10 kyl, C2-C10

al kenyl, C2-C10 al kynyl, C3-C10 cloal kyl, (CH2)n-aryl, 4

(CH2) n-heteroaryl, and (CH2)n-hgterocyclicyl, wherein eagh of ihe
foregoing al kyl, al kenyl, al kynyl, cycloal kyl, aryl, heteroaryl, and
het erocycl i cyl groups can be ubstituted or substi tBt ed with fromlto

6 .
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; and pharmaceutically acceptable salts, esters, amides and prodrugs thereof,

wherein:
Wis NH, O, S, SO, or SO;
5 R2 is:
C1-C1o alkyl, C2-Cyp alkenyl, C2-Cjg alkynyl, C3-Cyq cycloalkyl, (CHp)y-aryl,
COR4, (CH3)-heteroaryl, and (Cﬂz)n-heterocyclicyl, wherein each of the
foregoing alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocyclicyl groups can be unsubstituted or substituted with from 1 to

10 5 substituent groups selected from: o
(a) halogen



10 5 substituent groups selected from (a) hal ogen 15 March
01/19825 (b) (O 5(d) (e) (fl (9) (h) 210(i) (j) (k) (1) 15 2% 25%0
PCT/ USCOMQ08¥82%- ani no, al kyl ami no, and di al kyl ami no al Re%yS004H#¥oal koxy,
al kyl am noal koxy, and di al kyl-am noal koxy phenyl, substituted phenyl;
phenoxy, and substituted phenoxy hydroxy thio, aI kylthio cyano nitro

al kanoyl, am noal kanoyl, al kyl am noal kanoyl, and

(b) amino, alkylamino, and dialkylamino
(c) alkoxy, aminoalkoxy, alkylaminoalkoxy, and dialkylaminoalkoxy
(d) phenyl, substituted phenyl, phenoxy, and substituted phenoxy
(e) hydroxy
5 (§ thio, alkylthio
(g) cyano
(k) nitro
(i) alkanoyl, aminoalkanoyl, alkylaminoaikanoyl, and
dialkylaminoalkanoyl
10 ' ® aminobarbonyl, alkylaminocarbonyl, and dialkylaminocarbonyl
| (k) amino-C3-C7 cycloalkylcarboriyl, alkylamino-C3-C7
cycloalkylcarbonyl, and dialkylamino-C3-C7 cycloalkylcarbonyl
() COZ, COyZ, SOZ, SOyZ, and PO3Z, where Z is hydrogen, hydroxy,
alkoxy, lower alkyl, substituted alkyl, amino, alkylamino,
15 dialkylamino, piperidinyl, substituted piperidinyl, morpholinyl,
substituted morpholinyl, piperazinyl, and substituted piperazinyl
(m) a carbocyclic group containing from 3 to 7 ring members, one or two
of which may be a heteroatom selected from O or N, and wherein the
carbocyclic group may be substituted with one, two, or three
20 substituent groups selected from:
| (1) Thalogen '
(2) hydroxy
(3) alkyl, ammoalkyl, alkyl and dlalkylammoalkyl
(4) trflooromethyl
25 (5) alkoxy
(6) amino, alkylamino, dialkylamino, alkanoylamino
(7) COZ,CO,Z, SOZ, SO9Z, or PO3Z

(8) anyl
(9) heteroaryl
30 (10) (CH»),, morpholino

(11) (CH»), piperazinyl '
(12) (CHjy) piperadinyl



di al kyl am noal kanoyl am nocarbonyl, al kyl am nocarbonyl, ands march 2004

di al kyl am _nocar bonyl am no- C3- C7 cycl oal kyl carbonyl, al kyl am no- C3-C7

cycl oal kyMAPUERA | and di al'kyl ani no- C3- C7° cycl oal kyl car bd¥yifUS0@d3037 o2z,
SQz, S2Z, and PGBZ, where Z is hydrogen, hydroxy, al koxy, |ower alkyl,
substituted al kyl, am no, alkylam no, d4alkylamno, piperidinyl, -
substituted piperidinyl, norpholinyl, substituted norpholinyl,

pi perazinyl, and subs{1R)ui@h)pitgeazabl nyl a carbocyclic group contai ning
from3 to 7 ring nenbers, one or two of which may be a heteroatom sel ected
from0 or N, and WRkr &iffporemethylir bocyclic group may be substituted with

one, two, or thr subst ht uent groups selected from hal ogen hydroxy
al kyl, am no ﬂ)ﬁ%?Rng?‘?RgﬁHe:di al kyl am noal kyl trifluoronethyl al koxy

peBz " (8) ar P DBt B SHeR) oD kAPBICAT, R, Kidbped iopes g oo ©F

pi perazi nyl (12) l¢wadikoxy, perstitiitedydlkyl, ECHA, altke9D) {CHYYR-akyid 337 )y

PCT/ US00/ 17037 -6 . (13) (CH2)n tetrazolyl (n) trifluoronethyl;
cyano, amino, aminocalkoxy, phenoxy, hydroxy, trifluoromethyl, mono- or
dialkylamino, mono- or dialkylaminbalkoxy, thiol, thioalkyl, nitrile, nitro,
carboxylic acid, carboxylic acid esters, carboxamides, SO3Z, PO3Z,
aminoalkanoyl, aminocarbonyl, amino-C3-C7-cycloalkylcarbonyl, and

10 N-mono- or N,N-dialkylaminocarbonyl;

' (b) the same or different and are independently (CHy)p-aryl, (CHo),-heteroaryl,
arylalkyl, or heteroarylalkyl, wherein each aryl and heteroaryl is |
unsubstituted or substituted with up to five groups selected from halogen,
hydroxy, lower alkyl, trifluoromethyl, substituted alkyl, alkenyl,

15 substituted alkenyl, alkynyl, substituted alkynyl, lower alkoxy, amino,
mono- or dialkylamino, trifluoromethyl, thiol, thioalkyl, nitrile, nitro,
carboxylic acicf, carboxylic acid esters, carboxamide, SO3Z, and PO3Z;

R3 is: |

(a) hydrogen, lower alkyl, substituted alkyl, (CHp)p-alkenyl, (CH2)y-atkynyl, or a

20 (CHgp)p-carbocyclic group containing from 3-7 members, up to two of
which members are hetero atoms selected from oxygen and nitrogen,
wherein the carbocyclic group is unsubstituted or substituted with one, two
or three groups selected from the group consisting of halogen, hydroxy,
lower alkyl, lower alkoxy, acetoxy, mono- or dialkylamino, aryl and

25 heteroaryl, .

() (CHy)p-ary), (CHz)n-heteroaryL arylalkyl, or heteroarylalkyl, wherein each
aryl ors heteroaryl is unsubstituted or substituted with up to five groups
selected from the group consisting of halogen, hydroxy, lower alkyl,
substituted alky, lower alkoxy, amino, mono- or dialkylamino and

30 trifluoromethyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, -



R4, R6, R6', and R9 are: (a) the same or different and areqs5Rfipaeseent |y
hydr ogen, hal ogen, lower alkyl, or 5 Iower al koxy, substituted al kyl,

( CH2) n- aM&@PIf1982Y CH2) n- al kynyl, (CH2)n- cyano, am no, amiB{GPR8EY037phenoxy,
hydroxy, trifluoronethyl, nono- or dialkylam no, nono- or

di al kyl am noal koxy, thiol, thioalkyl, n4trile, nitro, carboxylic acid,
carboxylic acid esters, carboxam des, SO3Z, PO3Z, am noal kanoyl,

am nocar bonyl , arthioh-thidalkyl, m)tnla)aitkybmhondimwcid amrtoxyliz ddidesters, or

N, N- di al kyl arri nocar bon ( he different and are i ndependeht |y
(CH2) - aryl, q’f@%éqeﬁagéﬁ angm I??‘il or heteroarylal kyl, wherein
each aryl andl et“(]atroz%{% bz 6unsubstltut ed or substituted with up to five
groups sel eclf S HPGRY ‘f"ag R hydr oxy, |ower al kyl, trifluoronethyl,

Syt PO it gl KO baeoBuTIROLI S Y bne PRI Moo 1 1t

t hi ol ,5thi oaI kyl o jle, nitro, carboxylic acid, carboxylic acid esters,
car boxam de, SCBZ, and POG3Z; R8 is: (a) hydrogen, I ower al kyl, substituted

al kyl, (CH2) witmits@roviso thaCBetwak kyRPI not @ethdl ordRndyH2) n- car bocycl i c group
containing from3-7 nenbers, up fo two of which nenbers are hetero atons

sel ected from oxylyismoerihat whesg®hin Fﬂmmlaalansf)&ﬁthﬂrlbm:&cltmorgcmﬁidl s

unsubstituted or substituted Wthw& or three groups selected from

the group consi stlt ngll also haneigd that  can bewakemtoggther todfmem Gekdtoxy
acet oxy, no I n aryI and 25 heteroaryl; (b) (CH2)n-dryl,
et ermendd Bt ko Py i

(CH2) n- het eroa ary "het er oaryl al kyl V\/nerel n each aryl or

heterb@ryl is un rb:ieﬂtiiﬁemon%ﬁrbwd&ﬁ&l Hﬂrirﬁcéiﬂ:cﬂ@idc% eoups sel ected
fromthe group consisting of halogen, hydroxy, |ower "al kyl, substituted

al kyl , | owercosIResiipn thatcpmprisasacompound of Ryminlasis, lanke, b and l togstherret hy | ,
al keny! Subgith b BhatthaBhiiRANy acBptabarmict BRehE, Ut Ettigibdtyny! . 15 March 2004

The present invention also provides methods for inhibiting cell cycle
regulatory kinases such as cyclin-dependent kinase, Wee 1 and growth factor- -

15 mediated tyrosine kinase enzymes comprising administering a pteridine of the
above formulas to a mammal.

The present invention also provides a method of treating subjects suffering
from diseases caused by cellular proliferation. The method comprises inhibiting
proliferation of tumorigenic cells of epithelial origin and vascular smooth muscle

20 proliferation, and/or cellular migration, by administering a therapeutically
effective amount of 2 compound of Formulas Ta, Ib, Ic, Id, and Te to a subject in
v need of treatment. '

The invention also provides the above compounds useful in the diagnosis

and treatment of cancer, psoriasis, vascular smooth muscle cell proliferation
25 associated with atherosclerosis and postsurgical vascular stenosis and restenosis in
mammals.

The present invention also provides a method of treating subjects suffering
from diseases caused by DNA tumor viruses such as herpes viruses comprising

administering a pteridine of the above formulas.



WO 01/19825 PCT/US00/17037 -7- thiol, thioalkyl, nitrile, Rbhffch8G5P0XYIIC
acid, carboxylic acid esters, carboxam des, SOC3Z, and PQBZ; anJ]n IS an
integer fromO to 6; provided that RS is other than hydrogen or Cl-C3 al kyl
when R2 is netyl, ethyl, 5 or acetyl. with the proviso that when Wis S, Rz
I's not nethyl or benzyl. It is noted that when R4 in Fornula la is OH, then
la is the tautoner of Id. It will also be noted that R6 and R6' can be

t aken together to form 6-keto conpounds such as Fornmula Ib. 10 The present
i nvention al so provides a pharnmaceuti cal’hy acceptable conposition that
conprises a conpound of Fornulas la, Ib, Ic, Id, and |l e together wth a
phar maceutically acceptable carrier, diluent, or excipient. The present

i nvention al so %fovides_nethods for inhibiting cell cycle- regulatory

ki nases such as Ik¢Prespatdayraign glsopronides, a weof p thesepeytioallyreffestivor - 15

medi ated t | ' : | Sl 1.3 st erin -pterjdine of
the - above Parisfull Srmuele I BT T I B S TSI GhEhl fsc .

‘met hod & tvomadllingpslifjratitesdisarfiére in #ghanfniaiReldiee &dasthe arsptoldis@ed dful ar
proliferation. The,nmethod conpri ses thib}%ing proliferation of

{unor i geni T PSORASTS BRCHEF FapoBmgrle BRLiTpata issciasbpith ariosdss 20
proliferati P20 | . Ml rd :

Pher apeut i car S o e ERyE A e e A o T B R, senopfp g, |
and | e to zestanbjiect in need of treatment. .. The invention also provides

t he above conpo e diagnosis .and tre nt, of cance

ds _useful i.n t
psori asi s, vascgﬂgpreg?fﬁdﬁ?nhﬂg S8 PEQIfes G use iof & campapndAgserihed abayem the + h
at her 090l erpalRcRRONOSLSdaEERTbr VARSI cRIBNRPERIANnARST EN0Si S 1N

manmal s. _ The present invention also provides a use of a compound described above in the
manufacture of a medicament for inhibiting a growth factor-mediated tyrosine kinase.
The present invention also provides a use of a therapeutically effective amount
of a compound described above in the manufacture of a medicament for treating a
15 subject suffering from diseases caused by vascular smooth muscle cell proliferation.
The present invention also provides a use of a therapeutically effective amount
of a compound described above in the manufacture of a medicament for treating a
subject suffering from cancer.
The present invention also provides a use of a therapeutically effective amount
20 of a compound described above in the manufacture of a medicament for treating a
mammal suffering from cardiovascular diseases including atherosclerosis and
. restenosis; cancer; angiogenesis; viral infections including DNA viruses such as herpes
and RNA viruses such as HIV; fungal infections; type 1 diabetes and diabetic
neuropathy and retinopathy; multiple sclerosis; glomerulonephritis; neurodegenerative
25  diseases including Alzheimer’s disease; autoimmune diseases such as psoriasis,
rheumatoid arthritis, lupus; organ transplant rejection and host versus graft disease;
Gout; polycystic kidney disease; and inflammation including inflammatory bowel

disease.



The present invention also provides a method of treating syBjgghsg64fering
from di seases caused by DNA tunor viruses such as herpes viruses conprising
adni ni st ¥PAY1%82Dt eri di ne of the above fornulas. -7a The BFEESM¥17PFventi on
al so provides a use of a therapeutically effective pharnaceuti cal

formul ation descri bed above in the manugacture of a nedicanent for 5
controll'ing proliferative disorders in a manmal selected fromthe group
consi sting of cancer ,DRFAHLEDR DESCRIPIUONOE T INVENTIGNpr ol i f er ati on
associated with a disorder selected fromthe group consisting of

at heroscl erosi s, postsurgical vascular stenosis, and restenosis. The
present inventi orThel geridinesvirdededibyl s ifvestictoarp ehune desibed Betheabove in the

10 manufacture of a midi cagent _for _inhi Ei ting a cyclin-dependent ki nase.
The present SERY@nY M %“I]é‘orrgg% @8d e st dorthyaboyecaykhsbe Rbrraesaiicaldy above in

the manuf a(‘ab&rgﬁaﬂ?é ﬁﬁts”@s@tj:rgaa?fﬁ@és o lio'aﬂngitﬁérEQEa growt h factor-nedi at ed
tyrosi ne kinase. The present |n</entFon so provides ‘a use of a ,
t her apeuti cal | y &refered amoagthernompoundsofifrommudasdesiby ichht) asdleare ihe t he
manuf acture of a ﬁo/ltig?rren#“i.or treating a 15 subject suffering from
di seases calf§8%° &r&? 2 oot h nuscie cell proliferation. The present
invention also provides a use of a therapeutically effective anount of a
conpound descri bed above in the manufacture of a nedicament for treating a
subj ect suffering from cancer. The pr es@ft invention also provi des a use of
a therapeutically effecti veRsarmunt 20 df a conpound descri bed above in the
manuf acture of a medi canment™Yor_ treat
cardi ovascul'ar di seases i ncl y [S and restenosis; cancer;
angi ogenesi s; viral infectidqps i \ i fuses such as herp and
RNA viruses such as H 'V, fung RS a0 di abet es and ‘di'abetic
neur opat hy and reti nopat hy; i pl® sclerosi]s; glonerulonephritis;
neur odegenerati ve 25 di seases including Al zhgj&®er's di sease; autoi nmune
di seases such as psoriasis, rheumatoid arthritis, |upus; organ transpl ant
rejection and host versus graft disease; Gout; polycystic kidney disease;
and inflammation i Qld %di ng | nflammat ory bowel

wherein R?, R°, and R® are as defined above, and

R> and R7 are: :

10 (a) the same or different and are selected from hydrogen, halogen, amino,
aminoalkoxy, lower atkoxy, phenoxy, hydroxy, thiol, thioalkyl, nitrile,
nitro, phenyl, substituted phenyl, heteroaryl, halogen, amino, alkylamino,
dialkylamino, trifluoromethyl, mono- or dialkylamino, mono- or
dialkylaminoalkoxy, aminoalkanoyl, amihocarbamoyl, amino-C3-

15 C7-cycloalkylcarbonyl, N-mono- or N,N-dialkylaminocarbonyl, or CO5Z,
COZ, SOyZ, or PO3Z where Z is H lower alkyl, substituted alkyl,
hydroxy, alkoxy, amino, mono- or diatkylamino, piperidinyl, morpholinyl
or piperazinyl (substituted or unsubstituted);

(b) lower alkyl unsubstituted or substituted with one or two groups sele&ed from

20 lower atkoxy, halogen, amino, hydroxy, mono- or dialkylamino, aryl or a
carbocyclic group containing from 3-7 members, up to two of which
members are hetero atoms selected from oxygen and nitrogen, wherein the

carbocyclic group is unsubstituted or substituted with one, two or three



di sease. WO 01/19825 15 March 2004 PCT/ USQCQ 17037 -8 DETAhkRREESSaY PTI ON.
OF THE I NVENTI ON The pteridines provided by this invention are those -
descri bewdgi/tobs general Fornulas la, Ib, Ic, Id, and | ecamisoberosh above,
and the pharnmaceutically acceptable salts, esters, am des, and prodrugs
thereof 5 Preferred anong the conpounds of Formulas la, Ib, Ic, Id, and le
are the conpounds of Fornula Il: wheré*n R4, R6, and R8 are as defl ned

above, and R5 a @glﬁegen&gflggg%&ﬁggﬁw %&rug’cgggg xy, Eﬁﬁée sel ect ed

from hydr ogen, wer - a noxy,

hydr oxy, thiol, wdmmwer skl ildweer alkuxy,r mnnphenybno-swblmlk)ﬂmnad ghenyl ,
het er oaryl , %O en, am no, alkyl arr% di aI kyl am no, | f.l.uor onet hyl ,
mono- or_ di 4F Syglic BB copaini PR B AR BRIC i ms'a#kanow

ani nocar banoyl , %@rﬁ%ré%e']éteg a%'s@!%l:ﬂéﬁ g Qﬂg\éh an%g@ge% vHerdih Ne

di al kyl am nocar bonyl , or CQz, SQ2Z, or I's H | ower
al kyl ,5 substi t ut e:drbabkqlic gromﬁnqubstlaﬂwubamwdmm tvgrordhrge ky| ami no,

plper|d|nyl nDrpholin Zi substitut.ed or..unsubstituted);
(b} ower  ai ki iR aNoepepdsatly BEeBRL Bm M8 SRoum I fen i ¥R oups

sel ected from 2@ Hﬂik?rloWekﬁﬂcyl,bPﬁde&ﬁlkyl HiflstomBHGT, SoVer AR, arfiho,

di al kyl am no, aryr or “a _ carbocyclic group containing from 3- 7 nenbers, up

to two of which maneber dialiydamiaoecaryl, heteraard ctadiylig atidoparbipgde, and

W th one, tuo or PRRSEPRRE mpbiiRp R@@%&H‘?‘ﬂw fifedlinifih, {1 o

10 tetrazolylalkyl, aminoalkyl, and aminoalkanoyl.
Preferred compounds of Formula I are those in which:
(2) R4 is hydrogen;
(b) RO is hydrogen, halogen, substituted or unsubstituted alkyl, aryl or heteroaryl,
where such aryl or heteroaryl is unsubstituted or substituted with one to
15 five groups selected from hydroxy, amino, carboxy, NH-CHO, halogen,
lower altkyl, or lower alkoxy;
(c) R8 is lower alkyl or a carbocyclic group containing from 3-7 members;
(d) R7 is hydrogen or halogen; and
(e) R? is in the 4-position (ie, para), and is selected from halogen, mono- or
20 dia]kﬁaminoalkoxy, N-mono- or N,N-dialkylcarbamoyl, (CH3),-
carboxylic acid, (CHp)p-carboxylic acid ester or amide, (CH),-SO2Z,
(CHp)y-PO3Z, 0ra carbocjclic group containing from 3-7 members, up to
two of which members are hetero atoms selected from oxygen and
nitrogen, wherein the carbocyclic group is unsubstituted or substituted
- 25 with lower alkyl, acyl, morpholinoalkyl, piperazinylalkyl,
" piperadinylalkyl, tetrazolylalkyl, aminoalkyl, and alkanoylamino.
More preferred compounds of Formula 1T are those wherein:
@R%4is hydrbgen;
() R8 is methyl, ethyl, or cyclopentyl; ‘
30 (¢) R7 is hydrogen; ’



PCT/ US00/ 17037 -9- groups independently selected fromthe gg%g}cﬁgg@i sting
of hal ogen hydroxy, |ower alkyl, |ower alkoxy, amno, or nono-

di al kyl amY Q8 1%?5 (c) a carbocyclic group containing fromp\?TWWH?ﬂé?s up to
two of which menbers are hetero atoms sel ected from oxygen and nitrogen,
wherein the 5 carbocyclic group is unggbstituted or substituted with one,
two or-three groups independently selected fromthe group consisting of

hal ogen, hxd)nﬁysnnltm%oﬁh&suhnd frsaieeked fidhkinbnodridididaminehlkpky, | over
al koxy, am no, nono- or dial ailgmam no, aryl, heteroaryl, carbxylic acid,

car boxam de, carTﬁmamr er Na¥-dialsdearbamayl il Garnsy il srowp eantainmgy | al kyl |

pi per adi nyl al kyl t Y, 0

Preferred corrpourjli‘-r of l&%@%‘{sa&ﬂowoeo (l)ésheﬁ%”ﬁgéﬁf’@r}gt&?‘ggb%f%l E&ﬁydrogen;
g b) R6 |sI hydmgmmbajrr]gmgmfnﬂtdgﬁh,lm&rendmécanbmybﬁé 'gxbup@hrgbksﬂitutegry! or .
eteroaryl, ere such ary r er oar i s, ynsupstitute ubstitute
with ohe'to 15 quﬂéb%%a*i) th e =far°8i:ﬂﬂfﬂlﬂ<§ P%TP}PGW y NH- CHO,

hal ogen, I ower aldtydradi laﬁ(gy\@%a%{r,nﬁwl 4%}0&“ 5?‘:{ ?mﬁ{oyﬂ,ﬁﬁ

car bocyclic group conta ers R/71's ogen or

hal ogen; angelRY isiydr eh'brfn’féﬂ) PRREVIdrakpyridgl, Wiktéls phéiy¥ ahdpyrgiyect ed from
hal ogen, m)(r:1(01- ﬁ@zoé%l al kg ay% noa*kox )ﬁ-ll?rmno- p élilﬂﬂl-dl aﬁﬁﬁyl car banoyl ,

(CH2) n- car boxyl | SEORRS| age ul )mwéara&wmt@mup&ﬁwgroupsaﬁe@@d
CH2) n- SC2Z, 3-7
henbbrs. up to.  cin gl it flusBifigbEaRKing Bpdfitd RyRR OhOLanR 0 o

and 10 trogen, \Ammxga dndemehisbocycl i c group is unsubst ituted or

substituted 25 w t h | ower al kyl, .acyl, noprpholinoal kyl, pjperazinylal kyl,
pi per adi nyl al kyl , taé#lilawilypsﬁswmveaﬁpmla@ Rwomp&ﬁﬁfsarqf@rmiﬁom d$ More

preferred cqjmu@gnforrml a ll are those wherein:

R4
6
RY.
I ] | | -
B +H I 0
R .
RS

wherein R4, R3, RS, R7, and R8 are as defined above; and
15 A, B, and D are the same or different and represent N or CH, provided that at least
one of A, B or D is CH.

Preferred compounds of Formula HI are those in which only one of A, B,

and D is N; R3 and R7 are hydrogen; R8 is lower alkyl or a carbocyclic group
containing from 3-7 members; R4 is hydrogen and RS is hydrogen, aryl, or

20 pyridyl unsubstituted or substituted with up to five groups selected from- hydroxy,
amino, carboxy, halogen, lower alkyl, or lower alkoxy.

More preferred compounds of Formula I are those in'which D is N;

A and B are CH; R4 is hydrogen; RS is hydrogen, aryl, or pyridyl unsubstituted or
substituted with up to four groups selected from halogen, hydroxy, lower alkyl,

25 and lower alkoxy; and R8 is methyl, ethyl, or cyclopentyl.



(a) R4 is hydrogen; (b) R8 is nethyl, ethyl, or cyclopentylpmaith 6604 R7 is
hydr ogen; WD 01/19825 15 March 2004 PCT/ US00/ 17037 -10- (d) R5 is 1n the
4-posi ti owoandes2s sel ected from nono- or dial kyl am noal korgt/usberposr or

N, N- di al kyl car bamoyl, or a carbocyclic group. containing from 3-7 nenbers,
up to two of which nenbers are hetero atons selected from oxygen and
nitrogen, wherein the carbocyclic gr'oup“i’s unsubstituted 5 or substituted
w th | ower al kyl, ;26 Q,}g‘%le'- : i s Aol NV

pi per adi nyl al kyl ,Itet Ete’aoznbn%l a ki}}t{]?@égﬁﬁ%g?ﬁ y ,l@%n%mﬁ I'R‘ﬁ#o‘i/fltg%l?%%?u%nd (e)
R6 is hydrogiVm and IVt hyl , phenyl or 4-pyridyl, wherein phenyl and pyridyl
groups are unsubstituted or substituted with up to five groups sel ected
fromthe group consisting of chlorine, fluorine, hydroxy; nethyl, am no,

10 carboxy, and nmethoxy. lp addition, the present inyentipén al so
enconpasses preferred conpounds of the Fornmula I1l:y 111 ywherein R4, R5,
R6, R7, and R8 are as def{nedHibove;g and 15 A, B, an re tf? sane or
different and e of A, Bor D
is CH Preferr i 'y one of A
B, and Dis S . BB ¢ (ﬂ car bocyclic
group contagpfing ¥ kg Y RARPS hydrogen and i s hydrogen,
aryl, or 20 pyridyR unsubstit ted or substituted with up:go five groups
sel ected from hydroxy, am no,Rcar boxy, hal ogen, | ower aIRk_yI , or |ower

al koxy. More preferred cmounds of Formula Il are those in which Dis N;
IVbh

- wherein R% and R8 are as defined above for Formulas Ia, Ib, Ic, and Id; and
5 R3S and R7 are defined as defined above for Formula I ROis H, OH, NHZ, lower
alkyl, substituted alkyl, (CHy)g-alkenyl, or (CHp)y-alkynyl; when RS and RS’ are
taken together as C=0 (IVc) or each is H for IVd.

rRY r°
| |
NG N
LI QL
RS }7H | R }7H
’ R8 !

Preferred compounds of Formula IVc when R? is H or methyl are those in
10 which R4 is hydrogen; R8 is lower alkyl or a carbocyclic group oontaini;lg from
3-7 members; f{7 is hydrogen; and RS is in the 4-position and represents a
carbocyclic group containing from 3-7 members, up to two of which members are

hetero atoms selected from oxygen and nitrogen, where the carbocyclic group is
unsubstituted or substituted with lower alkyl. , !



A and B are CH, R4 is hydrogen; R6 is hydrogen, aryl, or BW%Z
unsubstituted or ‘substituted with up to four groups selecte rom?‘ral .ogen,
hydr oxy, WOWWSH kyl, 25 and | ower al koxy; and R8 is net RHT/USSMAINT or

cycl opentyl. 15 Mar ch 2004 WO 01/19825 PCT/ US00/ 17037 In addition, the
present invention also provides conpouggs of the Formula |Va and IVb: |Va
| Vb wherein R4 and R8 are as defined above for Fornmulas la, Ib, Ic, and Id;
and- 5 R5 and R7 aisreqpéfeRtEdic@ifip dﬁﬁkﬂpﬁoﬁmﬂwé%tﬁ%mmmﬁ@ is H OH,
NH2, |ower alkyl, substitut ed al kyl, (CH2)n-al kenyl, or (CH2)n-al kynyl;
when R6 and oﬁﬁopémﬂ and el ik Aot @Sitl(ﬁﬁarﬁ-ran(e‘sé{ﬁé mﬁfpoﬁﬂmhyll 8-pipefofin-l Vd. [VC
I'vd Preferred corrpounds of Formula I'Vc when RO is Hor nethyl are those in
10 whi ch R4 Ird.osgddpethelpiperazin-d-ylower al kyl or a car bocycl ic group
containing from ggs{y; %@Qﬁé@resé?&nﬁ&nﬁé(ﬁm& Fbvufe@%oﬁg Bﬂﬂulﬂ'vpos'“o“
and represents a car ocC group contain ers up to two
of which nenbers are hetero atons selected from oxygen and nitrogen, where
t he carbocyclic group is unsubstituted of substituted with lower alkyl. 15
March 2004 WO 01/19825 PCT/ US00/ 17037 - - More preferred conmpounds of
Formula I'Vc are those wherein R8 is cyclppentyl and,R5 is in the 4-position
and represents norpolin-4-yl. A b ) R4 nmet hyl pi perazin-1-yl.
In addition, the present in i dep conpounds of Formula V:

5 S v
RS }7H HN/K
0

wherein R4, RS, and Q are as defined above for Formulas Ia, Ib, Ic, Id, and le; and

R3 and R7 are defined as defined above for Formula II.
Preferred compounds of Formula V are those wherein R4 is hydrogen,
RS is aryl, pyridyl, hydrogen or lower alkyl, Q is lower alkyl, R? is halogen or
10 hydrogen and R7 is lower alkyl, unsubstituted or substituted with a carbocyclic
group containing from 3-7 members, up to two of which members are hetero
atoms selected from oxygen and nitrogen, wherein the carbocyclic group is
unsubstituted or substituted with lower atkyl, acyl, amino, or mono- or
’ d_ialkylamino. | _ ’ |
15 More preferred compounds of Formula V are those wherein R7 is lower
alkyl unsubstituted or substituted with morpholine, piperidine, piperazine, or
pyrrolidine, each of which is unsubstituted or independently substituted with
lower alkyl, amino or mono- or dialkylamino. .
| By “alky!l”, “lower alkyl”, and “C]-Clo alkyl” in the present invention is
20 meant straight er branched chain alkyl groups having 1-10 carbon atoms, such as
preferably C-Cg, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl,
pentyl, 2-pentyl, isopentyl, neopentyl, hexyl, 2-hexyl, 3-hexyl, decyl, octyl, and
3-methylpentyl. These groups may be substituted, for instance with halo, amino,



N5V 7 Hwerein R4, R6, and Q are as defined above for Fognwiasobgs | b,
lc, Id, and le; and R5 and R7 are defined as defined above for Formula II.
Pr ef err ewomanpsasnds of Fornula V are those wherein R4 ispoydsogen37 R6 is
aryl, pyridyl, hydrogen or lower alkyl, Qis lower alkyl, R5 is hal ogen or
10 hydrogen and R7 is | ower alkyl, unsypstituted or substituted with a
carbocyclic group containing from3-7 menbers, up to two of which nenbers

are hetero aE(?rQ'Eﬁd ankgHimS RO YStehe BRE. BtalpRGS RO SiGiotet e

car bocycl.ic dup I's -unsubstituted or substituted with lower alkyl, acyl,
am no, or nBramingethyliaal Rydisethyb-amitopkopyd. pref erred conpounds of Fornula V

th wherei p,R7 is | Kyl bstituted. bstituted with

mor phot i ne. o per AleRd” spfl el deag S barbbh PR e e " &
betitot ! _ . . | .

oo or §L§?&jﬁagﬁ5ﬁ%§§3&%§%@ﬁm&ﬂr %@#ﬁfr@%ﬁtﬁég&s&@%ﬁ; "o

ﬁavi ng%t 1- 10%52}%{(}35(2?“0%, suicﬁ-g%ﬁ&g?efyg?gél ?mgﬁ%ﬁ%ﬁ%l ,c etehsl', P

n-propyl, i 20R6pRWA and'1 BLiiMethyESChubpyY | Substtediliieny] an | grodppent yl ,

i sopentyl, neopentyl, hexyl, 2-hexyl, 3-hexyl, decyl, octyl, and
3- net hyl penﬂ%ﬂlude‘ﬂwéd@rgﬂ%@nmm@ﬂ 3-gpune-Hchesynylf or i nstance with hal o,

am no, 15 March 2QQ £ 1 US04 1 -1 3r: ind

di al ky! ani no, hy%?’o%%agﬁq%%’géilguhﬁ‘g’&{:é{gn%‘eg?‘? %‘é‘t’%?ge'“gh _‘Jre%er?gt hyl, 2-amino
ethyl, and Srvihiisd e LRI branchéed KR hikoREroups KA 1 1R urber CLO
carbon chai ns having one or two nonadj acent douUble or tTiple bonds,

respel i vel ytoniy; pleferably o earbign @nsl toaded thyough anoxygerBatbos sohlas,aot

1-met hyl - 3- '%:ec{}}x&@}’ llnéth-cl)- ,i,e(t:hi%JI ,Crzl-_p(r:gpo?tly,k 1 (r)]grlopg{y? ltjlﬂ:)%ttl)xr}]/? !sel{:- eut(;»xy, tert-
| butoxy, pentoxy, 2-pentyloxy, isopentoxy, neopentoxy, hexoxy, 2-hexoxy,
3-hexoxy, and 3-methylpentoxy. These alkoxy groups may be substituted, for
example with amino, atkylamino, and dialkylamino groups. Examples include
15 aminomethoxy, 2-(methylamino)ethoxy, and 4-(dimethylamino)butoxy.

The term “alkanoyl” means an alkyl group bonded through a carbonyt
moiety. Examples include acetyl and pentanoyl. “Aminoatkanoyl” means the alkyl
group is substituted with an amino group. Examples include aminoacetyl and
3-aminohexanoyl. “Alkylaminoalkanoyl” means an aminoalkanoyl group wherein

20 the amine is substituted with a C1-Cyq alky! group, and includes
methylaminoacetyl and 4-(isobutylamino)-octanoyl. “Dialkylaminoalkanyl”

‘ means an N,N-di-substituted aminoalkanoyl group such as

~ diisopropylaminoacetyl.
The term “aminocarbonyl” means an amino group bonded through a

25 carbonyl group, for example aminoformyl. “Alkylaminocarbonyl” includes groups
such as methylaminoformyl, and “dialkylaminocarbonyl” includes groups such as
diethylaminoformyl. -

By the term “halogen” in the presént invention is meant fluorine, bromine,
chlorine, and iodine.

30 “Alkylthio” means the above C;-Cyg alkyl groups bonded through a sulfur
atom. Examples include methylthio, isopropyithio, decylthio, and -
1,1-dimethylbutylthio. '



2-propynyl and 1, 1-di met hyl - 3-butynyl. Substituted al kenyl 48ng. a4 w%l
groups include 4, 4-di brono-2-pentenyl and 3-am no-5-hexynyl. By "al koxy",
"l oner alW@RY19825nd " Cl- C10 al koxy" in the present invenRGCUHSI0G798Tant
straight or branched chain al koxy groups having 1 to 10 carbon 10 atons,
preferably 1-6 carbon atons bonded thrgggh an oxygen atom such as, for
exanpl e, met hoxy, ethoxy, n-propoxy, isOpropoxy, n-butoxy, sec-butoxy,

tert- butoxy, perBp¥ay3s ﬂﬂaﬁadn%mati&&mgfa&ygmﬁfﬁﬂﬁﬁg 2%glempoXy,
2- hexoxy, 3-hexoxy, and _3-nethyl pentoxy. These al koxy groups may be

subst i t ut ed,{e@ephenyd) anpliplewingh (a8 biphenyl )k or mnltiple caadensedl sRyinam no gr oups.

Exanples in 1 N0 ho - L.am et hoxy

4- (di met hyl %nﬁﬁlﬁ?%ig?sg@gg ‘%‘é‘“ﬁ“g‘%’ﬁ?‘é'aﬁ%@Xyﬁﬁm}%‘%ﬁ@hg‘ﬁ)ﬁaqaﬁg‘% AatY onded
through a casripheydnthryl)] @hich clx BeRioRs-, dirCirisaisstianed yit tearimhbiitaed i, .

" Am noal kanoyl " neans_the al kyl group Is substituted with an am no group.

Exanples i ncBidkalegan, ket alkyl dower atkoxy; losee 2imlibip, triflypramethylnlomek anoy|

G a0 a1 ky 1 TRALROY @Il U oA Mfted Syl Biehyitdhad WL @

4- (i sobut yi aabstinyted phemdyincludibg 2 6efichlorophahi adymethoxyphenyl, 2;8-HifMoro-

Fer m ~ am nockMOIRFFS IRGRE R TURRTSE o oS HOmPPBbUgh = 25 cal bonyl
group, for. %mﬂ%ﬁﬁ%%%gﬂﬁw@,Glﬂﬁﬁfoﬁ’&@_)ﬁj&rdxgﬁhéiﬂﬁ%,&r oups such

as net hyl am r’]of.orrry ] ocar bonyl " includes groups such as
di et hi® am naofichigro-4-Bydrofigphenyly 3 “amihephenyl, #+antihephenys2chlorméent i on i s neant

CLo G108l ky 1 PRbeRt b HRrPPbaD ) o cicplof napipr e and 08
met hyl t hi o, distdérooPuhidtpienydecyl thio, and 1,1-dinmethylbutylthio. 15 March
2004 WD 01/ 19825 :
By “heteroaryl” is meant one or more aromatic ring systems of 5-, 6-, or
7-members containing at least one and up to four heteroatoms selected from
15 nitrogen, oxygen, or sulfur. Such heteroaryl groups include, for example, thienyl,
furanyl, thiazolyl, imidazolyl, (is)oxazolyl, tetrazolyl, pyridyl, pyridonyl,
pyﬁmidinyl, pyrazole, (iso)quinblinyl, napthyridinyl, phthalimidyl,
benzimidazolyl, benzoxazolyl. Preferred heteroaryls of the present invention are
pyridyl,'phthalimidyl and tetrazolyl. The heteroaryl group can be subs_titutéd with
20 one, two, three, or four of the groups mentioned above for aryl, such as
2,3,4,6-tetrachloropyridyl and 24methoxy—3-triﬂuoromethylthien—4—yl.
A “carbocyclic group” means a nonaromatic cyclic ring or fused rings
having from 3 to 7 ring carbon members. Examples include cyclopropyl,
cyclobutyl, and cycloheptyl. These rings may be substituted with one or more of
25 _ the substituent groups mentioned above for aryl, for example alkyl, halo, amino,
hydroxy, and alléoxy. Typical substituted carbocyclic groups include
2-chlorocyclopropyl, 2,3-diethoxycyclopentyl, and 2,2,4,4-tetrafluorocyclohexyl.
The carbocyclic group rﬁay contain one or two heteroatoms selected from oxygen,
sulfur, and nitrogen, and such ring systems are referred to as “heterocyclicyl”.

30 Examples include pyranyl, tetrahydrofuranyl, and dioxanyl. These heterocyclicyl
groups may be substituted with up to four of the substituent group§ mentioned for

aryl to give groups such as 3-chloro-2-dioxanyl, and 3,5-dihydroxymorpholino.



PCT/ US00/ 17037 -14- By' aryl" is meant an aromatic carbocyqkinga el 0bdy havi ng
a single ring (e.qg., phenyl), nmultiple rings (e.g., biphenyl), or nmultiple
condensedVOON§®B2fn which at | east one is aromatic, (e.qg. PCTIU800117037

1, 2, 3, 4-tetrahydronapht hyl, naphthyl, anthryl, or phenanthryl) whi ch can
be nmono-, di-, trisubstituted or tetraﬁﬁbstltuted with, 5 e.g., halogen,

| ower al kyl, |ower al koxy, |ower alkylt trlfluoronethyl | ower

acyl oxy, aryl, herlearteﬁﬁ%ancefmIMdeartduwmthed/éoaheﬁﬂrom@amérsjs phenyl
and substituted phenyl , including 2, 6-di chl or ophenyl, 3-methoxyphenyl,

2, 3-di f | uor chreast VAR, REIVis, pmsfatq,;tﬁwscmh si5ealjoblastoram nepEobstopheny | |

3, 5-di et hoxy, h xyphenyl , 2,6
10 di chl oro- Siaﬁgéﬂ’oxéb é‘%}{&h@%ﬁ ﬁg he Pﬁ %—%%"ﬁ%p e%rgf\!?élg- chl oro- 6-
met hoxy phenydarcinemé| adenocardinmiia) Syid) eolph, ad&n(ﬁcadimckﬁlﬂraﬂerbrﬁmljan@'hanw and

2, 6- dichl oro-3-am_nophenyl Y teroar megnt .one,or nore aromatic
ring syst ensdspocarcingina, tﬁ\"‘O‘d??‘?ﬂé aai“ﬁ‘ih reppialed SACIOMA, and up to

four hetero uch
het er oar yl SI% ups” | ncﬁa@g’ or eg %I{&%Eareny?(‘gﬁ@ ngar{?/ﬁdbﬁﬂhll“éez?ol yl,
i m dazol yl , &(arm)lmna,zanﬂﬁhary pissages) lydneypnpmmtyha, nmyelaid disptders, iymphiidli nyI

D S b ORE e R B b R0 Y

pht hal i m dyl maing, fal%jhﬁé%‘.ﬂ'l mtéfslﬁﬂefw&me@ﬂ, 1435 Oifbeshiad) rb&uﬁ.gbﬁ.s i, anded with

20 one, two, three, or four of the groups nenfi oned above for aryl, such as
2,3, 416t et rmnabuagwxslswemami leukesinoxy- 3 trifl uoromet hyl t hi en- 4- yI A

Foarbocyol e o1 ouple B AR e ElE M, O, APobE B o, ha 0
and cycl ohepistised hreifrefor@ahoRcaitRx§ltdhits, hiab ¥did Additien edltspestars,0f 25 the
substituent groups nentjoned above for aryl, for _exanple_ alkyl, halo,

am no, hydr@'&%&ﬁzles apd P&?waw ¢ Presa invention whichare,vthis i ncl ude

2-chl orocycl g
2,2,4, 4- tetra Iu Ocyélluﬁ;‘. H]W&L(mﬁmé’fmu@@f*contactwnththetlssues

15 of patients without undue toxicity, irritation, allergic response, and the like,

commensurate with a reasonable benefit/risk ratio, and effective for their intended
use, as well as the zwitterionic forms, where possible, of the compounds of the
invention. The term “salts” refers to the relatively non-toxic, inorganic and
organic acid addition salts of compounds of the present invention. These salts can

20 be prepared in situ during the final isolation and purification of the compounds or
by separately reacting the purified compound in its free base form with a suifable
organic or inorganic acid and isolating the salt thus formed. Representative salts

g include the hydrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate,
oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate,

25 phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate
mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts, and the hke.
These may include cations based on the alkali and alkaline earth metals, such as
sodium, lithium, potassium, calcium, magnesium, and the like, as well as non-
toxic ammonium, quaternary ammonium, and amine cations including, but not

30 limited to ammonium, tetramethylammonium, tetracthylammonium, methy-la'mine,
dimethy!amine, trimethylamine, triethylamine, ethylamine, and the like. (See, for
example, Berge S.M. et al., “Pharmaceutical Salts,” J. Pharm. Sc: 1977;66:1-19

which is incorporated herein by reference.)



The carbocyclic group nay contain one or two heteroatons sqkegl el 266pm
oxygen, sulfur, and nitrogen, and such ring systens are referred to as

"het er ocyOW0L¥4825 30 Exanpl es include pyranyl, tetrahydrofCrasezizoznd

di oxanyl. These heterocyclicyl groups may be substituted with up to four
of the substituent groups nentioned for, aryl to give groups such as

3-chl oro- 2-di oxanyl, and 3, 5-di hydroxyﬂéfphol ino. 15 March 2004 WO 01/ 19825
PCT/ US00/ 17037 - IHamphd dfphiPmacahidlly ateptabiie fontblic biterd@F el M ted to, the
foll ow ng cancers: breast, ovary, cervix, prostate, testis, esophagus,

gl i obl ast onecompoundsfabis inwgntion inslvsleC1-Ckiakky! Ritera: whereintthoalityl grong,

epi dernoi d carci nopa, .| arge cell carcinopma, aﬂenocarci noma, bone, col on,
adenocar ci ndﬁﬁ_,“%!&%r"ﬁ?‘“ﬁ%é\"é%’_é‘}t? O'éﬂ'é‘h‘gg&‘@ refn&:7 %@P&Yh?ﬁ?r&! 3Si cul ar
el anomn. s e BRSSP an Siheny Byl b SRR
LK ¢ | oi . o ; . ,
Fodok e, nebtelotel that AR Uy £ SuiORERy, bRk BRRI S,
mout h, phar yoompoandsl df thepresdnt irentied Mmay be répared art@rdingib @Ghventiondlect um

brain, and 10 central nervous systen. and | eukemi a. The term
"phar maceut i 8 P‘}B- acceptabl e salts, esters, am des, and prodrugs" as used

herein refers to %ﬁ@@esc(g?hmd tﬁ:ﬁﬁ?lélo b1 ﬂBn—?&%iﬁaﬁ%to?% salts,

esters, amdes, . prodrugs - of the ounds o e present invention
whi ch are, vddniponndsdfehis droeatiad inchide drisdeti desived fidgnammonia primidtye f or use in

cont a with.t i ssues 15, of tient 1 ut _undue t oxici irritation,
STt " i Re sl Rlies and Secohdiny T L il aimifiy WerBbE kYl o
benefit/risk rati nd.effective.fqr theig intended. .u as well as the
i tor i ont PRl s bEGkhAE 1l e lC sck OB Blings e alifiel oL 10 T
term "sal t s"mageiles be indhé Fani ofl 2281 or@-meib Brell Métefocycle@odRaitisg amel  or gani ¢
acid addition salts of cg{gounds of the present invint_i on. These salts can

20 be prepar¥dosst adem Amies deriveddromammenis) Gex-{a 3 lkeyh armary amings peth of t he

compounds orc. by SR BLSIy SRS 08 e B e of RTINS drle o0 bae

15 invention may be prepared according to conventional methods.
The term “prodrug” refers to compounds that are rapidly transformed
in vivo to yield the parent compound of the above formulae, for example, by
hydrolysis in blood. .Athorough discussion of prodrugs is provided in T. Higuchi
and V. Stella, “Pro-drugs as Novel Delivery Systems,” Vol. 14 of the A.C.S.
20 Symposium Series, and in Bioreversibk Carriers in Drug Design, ed. Edward B.
Roche, American Pharmaceutical Association and Pergamon Press, 1987, both of

‘ * which are hereby incorporated by reference.

Representative compounds of the invention are shown below in Table 1.



organic or inorganic acid and isolating the salt thus fornmgMarch 2004
Representative salts include the hydrobrom de, hydrochloride, sulfate,

bi sul f at wo owisgmt e, acetate, oxal ate, valerate, ol eate, paimmdoatws7
stearate, laurate, borate, benzoate, lactate, 25 phosphate, tosylate,
citrate, nmaleate, fumarate, succinate, tartrate, naphthylate nesylate,

gl ucoheptonate, |actobionate, and IaurQVsquhonate salts, and the |iKke.
These nmay include cations based on thgpalkali and alkaline earth netals,
such as sodium [lithium potaSS|un1 calcium magnesium and the |ike, as

well as non- toxic a quat er nary anmpni um a A ne cations
irntedto anmoni um [ -nlum

i ncl udi ng, but not 30
t et raet hyl amoni um et _hyl
triethyl amne, ethylani e any 2y i ke~ Sy of . ¢ anple Berge S.M et
al ., "Pharmaceutical Salts, ‘ [
|ncorporated herei n by referen~f
-16- Exanpl es of pharnaceutically- acgepta Ie pon- tOXIC esters of the
conmpounds of this invention include Cl-C6 al kyMeesters, wherein the al kyl
group is a straight or branched, substituted or unsubstituted, C5-C7
cycl oal kyl esters; as well as arylal kyl esters such as benzyl and
triphenyl methyl, Cl1-C4 alkyl esters are 5 preferred, such as nethyl, ethyl
2,2,2-trichioroethyl, and tert-butyl. Esters of .,the conpounds of the
present invention may prepared according to cg onal net hods.
Exanpl es of pharmaceutycallly acceptable non- tOXIC #s of the conpounds
of this invention inclbtde d p i '
al kyl am nes and secondary C1}< 1 wherpin the alkyl groups
are straight or branched. In 4 ndagy_ angnes, the amne may
also be in the formof a 5- or % ocy@© e containing one
nitrogen atom Am des derived fron1aHnDn|a Cid C3 al kyl primry anlnes and

2

TabIe 1 (cont’d)
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Cl-C2 dial kyl secondary am nes are preferred. Am des of thqsepyeRunss of
the 15 invention may be prepared according to conventional nethods. The
term " prod@ayI9seef ers to conpounds that are rapidly transPormsa/17037 vivo to
yield the parent conmpound of the above fornul ae, for exanple, by

hydrol ysis in bl ood. Athorough discussign of prodrugs is provided in T.

Hi guchi and V. Stella, "Pro-drugs as vel Delivery Systens," Vol. 14 of
the A.C.S. 20 Synposium Series, anghidi tgpigyersible Carriers in Drug
Design, ed. Edward B. Roche, Anmerican Pharnaceutical Association and

Per ganon Press, 1987, both a‘ whi ch are hereby incorporated by reference.
Represent ati ve conpounds of the i nvention are shown in Table 1. 15

March 2004 WO 01/ 1982%Ft<17- HJable. | 1 2 NAH 3N[abl g eont'd) Et | Et |
Me PCT/ US00/ 17037 4 15 ch 2 WO 01N108 ~ '
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HO . OH PCT/ US00/ 17037 WD 01/19825 -28 Table | (cont d) 151 aﬁé}-%@f‘
PCT/ US00/ 17037 15 March 2004 WD 01/19825 -29 Table |I (cont'd)

PCT/ USOOMIG 0310835 5 March 2004 WO 01/ 19825 PCT/ US00/ 17037 pS0uimiahes7!
(cont'd) 50 OH 51 The pteridines provided by this invention are nanmed
according to the follow ng nunbering F%r exarrpl e, conpound 51 shown in
Table | is nanmed as 6-(2, 6-di chl oro-

3- hydr oxyphenyl ) - 8- imet hyl - 2[ [ 4- ( rmfaqﬁpi (&hﬂvayl ) phenyl ] am no] - 8H
pteridine-7- one. Additional preferred conpounds include the follow ng:
8- (3 Et hoxycycl opentyl) -5- et hyl - 2- ( 4- pi perazi n-1-¢l | am no) -5, 8-
di hydr o- 6H pteri di n-7- one; N '

'2-[4-(4-Acetyl - pi peE@Nn]J-\)O | am no]




10 di hydr o- 6H—pter|d|n 7-one; 1 5 March 2004 WO 01/19825 PGENMGOQLadP37
-31- N-(1-[4-(8-Cycl opentyl -5-net hyl -7-o0x0-5, 6,7, 8-tetrahydro-pteridin-2
yl am no) siadenilsds pyrrolidin-3-yl }-3, 3-di net hyl - butyranld
8-Cyc|opentyl-5-nethy|-2-(4-nnrpho|in-4-y| phenyl am no) - S?gng&wuﬂnz

6H pteridin-7--one; 5

8-cyc|openty| 2-(4-14-(2- hydroxy et hyl ¥23pi per azi n- 1- yI] phenyl am no} - 5-
nmet hyl - 5, 8- di hydro- 6H pteri di n-7- opentyl - 2-{

4- 4- (2 hydr oxy- et hyl ) - 3, S- et hiAdle | ﬁ&%@bn 1-yi]

phenyl am no} - 5- met hyl - Me8: di hydr o- 6H pteri di n-7-one;

1-[4-(8-1sopropyl -5- nethyl 7-0X9-5, 6,7, 8- tetrahydro pterldln 2 ylamno)- 10
phenyl ] - pyrrolidi ne-3-carbagxyli H

{4-[4-(8-Cycl opentyl -5-neth
yl am no) - phenyl ] - pi perazin-1-yl}-
6- (2, 6- Di chl or 0- 3- hydr oxy- phenyl ) - 8yt P 4T
phenyl anmi no) - 8H pt eri di n- 7-one. 15 Repreggnt atlve
i nvention, which are enconpassed by Fornulas Ia,
but are not limited to the conpounds in2Fable | dNt hei r pharmaceutical ly
acceptabl e acid or base addition salts, or am de prodrugs thereof The
conpounds of the present invention can exi st in unsolvated forms as 20
wel | as solvated forns, including hydrated forns. In general, the sol vated
fornms, including hydrated fqggEanare equi val ent to unsol vated fornms and
are intended to be enconpass ithin the scope of the present invention.
The conpounds of Forrmulas la, IR, Ic, and Id are capable of further

bn-4-y|-
nds of the present
, lc, and 1d, include,

formi ng both pharnmaceuti calfi t abl gtions conprising salts,
| N/KN |
0
H
25
Cl
F NF I hL\
3
0
H
26




25 including but not limted to acid addition and/or base §3hiseh S6H4vat es
and N-oxi des of a conpound of Formulas la, Ib, Ic, and Id. This iInvention
al so prowdeswssphar naceuti cal fornul ati ons conprising a ceoryosoed7ed
Formulas la, 1b, Ic, and Id together with a pharnaceutically acceptable
carrier, diluent, or excipient therefaor. Al of these fornms are within the
present invention. 30 PharnaceutlcalIyZ&CceptabIe acid addition salts of
the conpounds of Fornulas la, Ib, thie lgag,J i nclude salts derived form
inorganic acids such as hydrochloric, nitric, phosphoric, sulfuric,

hydr obrom ¢, hydrj

apd the like, as well as the salts

derived from organic liphatic 1 5 March 2004 WO 01/ 19825
PCTI USCQO 17037 i campoxyllj ¢ aci ds, .phenyl - substituted
al kanoi ¢ aci ds, hydroxy al kanoi c~aci dg anedGi Cyac aromati c acids,

aliphatic, and aromatic sulfonic acid§ hus i ncl ude

sul fate, pyrosulfate, bisulfate, sulfit®e Sy , phosphat e,
nonohydr ogenphosphat e, di hydr ogenphosphat e, 5Hnetaphosp ate, pyrophosphat e,
chl oride, brom de, iodide, acetate, propionate, 3 i sobutyrat e,
oxal ate, mal onate, succinate, suberat®, sebacate, OHul eat e,
mandel at e, benzoate, chl orobenzoate, nethyl benzoate, _
pht hal at e, benzenesul fonate, tol uenesul fonate, phenylacetate, citrate,

- lactate, nuleate, tartrate, nethanesulfonate, and the like. Al so

contenpl ated are th 1 no acids such as arginate, gluconate,
gal acturonate, a i v exanpl e, Berge, et al.,

“Phar maceutical S eut i cal Sci ence, 77;66:1-19. The
acid addition sal PO contacting the
free base formw th a sufficient anmount to produce the
salt 15 in the conventional nmanner- be regenerated
by contacting the salt formwith a base and i sS4 ©e base in the
conventional manner. The free base forns differ fromthdir respective salt
forns sonewhat in certain 29

m@’NU ~ Nl

AN,
NQ .
' N»NH N - N\
0
H

-2 HCl

31



physi cal properties such as solubility in polar solvents, bng@%mgoguse t he
salts are equivalent to their respective free base for purposes of the
present wyoenissgn. 20 Pharmaceutically acceptabl e base addifispe19ahts are
formed with netals or amnes, such as alkali and al kaline earth netal
hydr oxi des, or of organic amnes. Exanples of netals used as cations are
sodi um potassium nmagnesi um cal cium-23and the |ike. Exanples of suitable
am nes are NN - dlbenzylethylenedlﬁﬁlﬂf %Phgroprocalne, chol i ne,

di et hanol am ne, et hyl enedi ani ne, nme h&?b utam ne, 25 and procaine; see,
for exanple, Berge, et al., gupra The base addition salts of acidic
conpounds are prepared by conthacting the free acid formwth a sufficient
amount of the desired basg_to hroduce t i n.CHhe conventional manner.
The free acid formmay be rgge nt ing the salt formwth an
acid and isolating the free ntiopal manner. The 30 free acid
forms differ fromtheir resped what in certain physica
properties such as solubility in pg ut otherwi se the salts
are equivalent to their respective fr$2§r for purposes of the present
invention. 1 5 March 2004 WD 01/19825 17037 -33- The conpounds of
the present invention are useful for treati ancer (for exanple, |eukem a
and cancer of the lung, breast, prostate, and skin such as nelanoma), and
other proliferative diseases including but not limted to psoriasis, HSV,
H'V, restenosis, and atherosclergsis. To ulilizg a conpound of the- present
5 invention to treat cancer, a 3 ; 9 is adm nistered a
therapeutically effective anoy i a p| :ceutlcally accept abl e
conpOS|t|0n conprising an 3 ) .
invention is a nmethod of treati suf ering from di seases caused
by vascul ar snoot h nuscl e cel i i npounds within the scope




vascul ar snpoth nuscle proliferation, and/or mgration by admmircsbehi Ng an
ef fective anount of a conpound of Fornulas la, Ib, Ic, and Id to a subject
in need waofymemt nent. 15 The conpounds of the present i mcImrsSoon703an be
formul ated and administered in a wide variety of oral and parenteral
dosage forns, including transdernmal and rectal admnistration. It will be
recogni zed to those skilled in the art“that the foll ow ng dosage fornms nmay
conprise as the active conponent,j%bkhp?xmgd onmpound of Formulas la, Ib,
lc, and Id or a correspondi ng pharmaceutically 20 acceptable salt or
sol vate of a conpound o | as , I'b, Ic, and 1d. A further enbodi nent
of this invention is a rnageuti | formulation conprising a conpound of
Formulas la, Ib, lc. and {d tmgether with a hamnmceuti cal |y acceptabl e

pr inveftion, 25

carrier, diluent, or exciprent <

conpositions wth the conpounds {Q

pharmaceutical |y acceptable carrie lid or liquid. Solid
form preparations include powders, talliets, pillls, capsules, cachets,

suppositories, and dispensable granules. A solid~garrier can be one or
nore substances which may al so act as diluents, oring agents, binders,
preservatives, tablet disintegrating aﬁents, o] encapsul ating material .

30 In powders, the carrier is a finely divided solid such as talc or starch
which is in a mxture with the finely divided active conponent. In
tablets, the active conpon is npxed with the carrier having the
necessary binding properties i abl e proportions and conpacted in the
shape and si ze desired. 1 04.N.PCT/ US00/ 17037 -34- The

70% or nore of the active conmpoungd tabllg cawrierg include nmagnesi um
carbonate, nmagnesium stearate, tal IS0, ectin, dextrin,
starch, gel atin, | H

37

39 l



tragacanth, methylcellul ose, sodi um carboxynethyl cel | ul oseqsqd@yofd ti ng
wax, 5 cocoa butter, and the like. A preferred formfor oral use are
capsul eswodil@besi ncl ude the formul ati on of the active comuauwibembdsh
encapsul ating material as a carrier providing a capsule in which the
active conmponent with or without other _carriers, is surrounded by a
carrier, which is thus in association¥th it. SSmlarly, ,.cachets and

| ozenges are included. Tablets,-pqﬂgﬁ;?‘xﬁggfules, pills, cachets, and 10
-1 ozenges can be used as solid dosage Srns suitable for oral.

adm ni stration. For piBparing pposi tories, a low nelting wax, such as a
m xture of fatty acid™g I is first nelted and the
active conponent is Hgl s by stirring. The
nol t en honobgenous m xtureg is en ) gnt  si ze nol ds,
allowed to cool, and tHgkeby to soli prepar ati ons

i ncl ude sol utions, suspensions, and éRn Q
wat er / propyl ene gl ycol solutions. For pareBteral injé¢ction, liquid
preparations can be fornulated in solution in aqueol yet hyl ene gl ycol

solution, isotonic saline, 5% aqueous ghgcose, and | i ke. Aqueous
solutions suitable for oral use can be prepared byvdi/ssol ving the active
conponent. in water 20 and addi ng suitable colorants, flavors, stabilizing
and thi ckening agents as desired. Aqueous suspensions suitable for oral
use can be made by dispersing thegfinely divided active conponent in water
and m xing with a viscous materi a such as or synthetic guns,
resins, nethylcellulggg' sod hetyE 8., or other well-known
suspendi ng agents. 25<Al so predarations that are
intended to be converted, L quikd. form preparations
for oral adm nistration. > ®ons, suspensions,
and enul sions. These' preparations nay cont addition to the active
conponent, colorants, flavors, stabilizers, buffe grtificial and
natural sweeteners, dispersants, thickedgrs, 30 sol i zing agents, and
the Iike. Waxes, polyners, mcroparticles, and the e can be utilized to
prepar e sust ai ned-rel ease dosage forns. Al so, osnptic punps can be

enpl oyed to deliver the actkye conpound uniformy over a prol onged

g
1
o

H,C




period. 15 March 2004 WO 01/19825 PCT/ US00/ 17037 -35- The RB3jifrassts4 cal
preparations of the invention are preferably in unit dosage form 1In such
form thavpoepsesti on i s subdivided into unit doses contedTIUS®/18¢RIr opri at e
guantities of the active conponent.' The unit dosage form can be a
packaged preparation, the package containing discrete quantities of 5
preparation, such as packeted tablets,'%%psules, and powders in vials or
anpules. Al'so, the unit dosage forgyeanchf'd capsul e, tablet, cachet, or
| ozenge itself, or it <can be the appropriaté nunber of any of these in
packaged form The therapeutilally effective dose of a conpound of Fornul as
la, Iby Ic, and Id will genegally_ be from about,;1 ny about 100 ngy/ kg of
' & é%g

odit: 50 ng to about
800 ng per, day. The quanti} yQof C npodent iln a unit dose
preparation may be vari adj st e igh%ﬁb ~3.nmg to about 500 ny,
preferably about 0.5 ng to 100 ng acconging  to §he particular application
and the potency of the active conponent. The ¢ osition can, if desired,
al so contain other conpatible therapeutic agenfs. 15 subject in need of
treatment with a conpound of Fornul as 44, Ib, |c, and Id is adninistered a
dosage of about 1 to about 500 ng per day, eithee~Singly or in multiple
doses over a 24-hour period. The conmpounds of the present invention are
capable of binding to and inhibiting the activity of protein kinases, such
as cdks, Wee 1, PDGFr, FGFr, g @0 c-src, and EGFr-FL. Cdks form conpl exes
with cyclins, and these conppb<es phosphoryl ate key proteins that regul ate
the progression of cells &hrouuh t he cell c&&le (Meijer L., Progress in
Cel | Cycle Research, 1995; T35 : ompounds of this invention

i nhibit this phosphorylation her forelcan used as :
anti-proliferative agents folf r and/ or restenosis and

v ks

body wei ght per 10 day




25 other proliferative diseases. Because of their inhibitorynagti ¥hdsy

agai nst cdks and ot her kinases, the conpounds of the present 1nvention are
al so usefgy ofi@gRAr ch tools for studying the nechani sm of,gGtdegAR735 those
ki nases, boté Invitro and in vivo. The pteridines of this invention can be
prepared by any of several standard 30 synthetic processes conmmonly
utilized by those skilled in the art of29eorganic chemstry. An illustration
of a typical preparation of conpo t he, present invention is shown in
Schene |. Although these schenes gﬁg@hpbﬁﬁ}gbte exact structures, those

W th ordinary ski i n-the t wl | appreciate that the nmethods 1 5 March
2004 WO 01/1982% P apply wdely to anal ogous pteridines
and i nternedi at \Bihéreforﬁ gi propriate consideration to protection
and deprotectio reactive fu Rad= grRpuUpSs By [

art of organic chem stry- For exanple oxy |gr ouf order to prevent
unwant ed side reactions, generally need :'-g s e{ hers 5 or
esters during chem cal reactions at other si Qs i

hydroxy protecting group is readily renoved to provide thgJfree hydroxy
group. Am no groups and carboxylic acid groups are siriNarlyderivatized
to protect them against unwanted sidggreactions. Typic pEbE ect i ng
groups and nmethods for -attaching and cleaving th i{ibed fully by
G eene and Wits in Protective 10 G oups in Organi ce@/nt hesi $,°3John W ey
and Sons, New York, (2' Ed., 1991), and McQmie, Protective Goups in
Organic Chem stry, Plenum Press, New York, 1973. Schenme | R2NH2 25C R8NH2

LI

48 0

/\/\Q
H,N

, -HBr




G H2/Pd/C 15 March 2004 WO 01/19825 PCT/ US00/ 17037 -37- TR$mHRYH ski |
inthe art will recognize that the starting materials nmay be varied and

addi t i onavo 81/eg825 enpl oyed to produce conpounds enconpasseechysootihgs7pr esent

i nvention, as denonstrated by the follow ng detail ed exanples. As shown in
Schene |, 2,4-dichloro-5-nitropyrimdine is reacted wwth an. 5 appropriate
am ne at decreased tenperatures to af f-8Pd the correspondi ng

4-am nopyri mdine. The 2-ch|oro-5~fmﬂg;)dgﬁﬁg?stituted am nopyrimdine is
reacted with another am ne (R2NH2) at a%bien tenperatures to produce a
5-nitro-2,4-diam nopyrimdine. The nitro group is sulig
hydrogenation to forma 2,4,5-trianinopyrinidin%i whi
the 10 desired pteridi@éf7xgne or -6, 7-dione by rege
appropriate pyruvate o oxal ate at el evated tenper
about 150C. The tern1"ku;2 2L . ¢ e
formng group, typically a Cl
conpounds of Fornula IVvd are s
2,4,5-trihalopyrinidine is reacted wtth appropriately
substituted amnes to afford a 5, 6-di'am nopyr iyl di ne. Cyclization to give a
2-halo pteridine is acconplished by reaction wth bronpacetyl chl ori de.
Anong the preferred compounds of the in&dntion are those derived from
reaction of the 2-halo pteridine with an appropriately substituted
aryl am ne such as an aniline. 1 5 March 2004 WO 01/ 19825 -38 Schene |

~ w b
Qg ool

=3 |

Mguent |y reduced by

h is then cyclized to
OR With the

gs of about 50C to
pyruvate ester

Al ternatively,
hSch@enme ' |Il. A

The pteridines provided by this invention are named according to the

following numbering

N
) N34 56
, Qj}‘ 87 ,

For example, compound 51 shown in Table 1 is named as 6-(2,6-dichioro-
5 3-hydroxyphenj}i)—S~methyl-2[[4-(morpholin-4—yl)phenyl]amino]-SH-pteridine-’]-
one. Additional preferred compounds include the following; ‘
8-(3-Ethoxycyclopentyl)-5-methyl-2-(4-piperazin-1-yl-phenylamino)-5,8-
dihydro-6H-pteridin-7-one;
2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino}-8-cyclopentyl-5-methyl-5,8-
10 dihydro-GH-ptelidin_-'I-one;



Br . NRn"-NH2 di ClL 3 C C RO-NH2 C PCT/US00/ 17037 Coppp4tisisosd the
Fornmulas | a-le wherein Wis S, SO or SO2 are biologically active, as well
as bei ng weot/isses arly useful as internmedi ates | eadi ng to fibSeaessaounds
wherein Wis NH. For exanple, Scheme IIl shows that a

2- al kyl t hi o- 4, 5-di hal opyri m dine can be the starting material for animation
as shown in Scheme H. Foll owi ng norneBltyclization to formthe pteridine

ring, the 2-alkwy _tzﬁi[g _(g_rd}ggp?%pl_g)&aﬁygg;?’ggﬁ 16];)@#“5‘%&?@‘12?% dih@action with

meta chl oroperbenzoic aci pr ovi or 'a sulfone (n
= 2). The 10/aminbpphayllepyrslidined gl -3 3 +dbmdihylbatyvegmhideed by reaction with an

' h | am H2) . Typi nds _haye th .
Structuras shown ShodaBte-maih2hamadin--pbemiamisor s dbEioDy ol ky)
S(On-. WO G bR3dm-7.38e;Scheme 111 N .. Br alkyl s ~A A .15 March 2004

PCT/ US00/ 17037 RONH2 RO _
5 8-cyclopentyl-2-{4-[4-(2-hydroxy-ethyl)-piperazin-1-yl}-phenylamino}-5-

methyl-5,8-dihydro-6H-pteridin-7-one;
8-cyclopentyl-2-{4-[4-(2-hydroxy-ethyl)-3,5-dimethyl-piperazin-1-yl}-
phenylamino}-5-methyl-5,8-dihydro-6H-pteridin-7-one; |
_ I-[4-(8-Isopropyl-5-meﬂlyl-'l—oxo-s,6,7,8-tetraliydro-pteridin—2—ylamino)-
10 phenyl}-pyrrolidine-3-carboxylic acid butylamide; '
{4-[4-(8-Cyclopenty!-5-methyl-7-ox0-5,6,7,8-tetrahydro-pteridin-2-
ylamino)-phenyl}-piperazin-1-yl}-acetic acid; and
6-(2,6-Dichloro-3-hydroxy-phenyl)-8-methyl-2-(4-morpholin-4-yl-
phenylamino)-8H-pteridin-7-one.

15 _ Representative compounds of the present invention, which are
encompassed by Formulas Ia, Ib, Ic, and 1d, include, but are not limited to the
compounds in Table 1 and their pharmaceutically acceptable acid or base addition
salts, or amide or prodmgs thereof.

The compounds of the present invention can exist in unsolvated forms as

20 well as solvated forms, including hydrated forms. In general, the solvated forms,

including hydrated forms, are equivalent to unsolvated forms and are intended to

be encompassed within the scope of the present invention.
The compounds of Formulas fa, Ib, Ic, and 1d are capable of further
forming both pharmaceutically acceptable formulations comprising salts,

25 including but not limited to acid addition and/or base salts, solvates and N-oxides
of a compound of Formulas Ia, Ib, Ic, and Id. This invention also provides
pharmaceutical formulations comprising a compound of Formulas Ia, Ib, Ic,
and Id together'with a pharmaceutically accéptable carrier, diluent, or excipient
therefor. All of these forms are within the present invention.

30 Pharmaceutically acceptable acid addition salts of the compounds of
Formulas Ia, Ib, Ic, and Id include salts derived form inorganic acids such as
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydriodic, phosphorus,

and the like, as well as the salts derived from organic acids, such as aliphatic



l n=1o0r 2 The pteridine ureas of Formula lIc can be convegll\/pé?&ﬂg ¢y epar ed
which in turn is readily prepared usi ng
This is illustrated in Schene |p¢Hmedoonrosi5 March
NH2 PCTI1JSOQ 17037 0 611 R
ichI oro-5-nitropyrimdine is

by acylating a 7-am no pteridine,
a 4,5- dwsorompgys i mi'di no.
2004 WO 01/19825 ONCO NaH Q -40 Schene 1V Aryl
In the foregoing Schenme |V, 2,4-

C-CN |

reacted wth ammonia to afford the 4-a&fino-2-chloro-5-nitropyrimdi

Reducti on ofpmédie aﬂﬂﬁi{c@rb‘é
t he presence of a catal

2- chl or o- 4, Salkfingie MSngKanndmm acids; iangrhatic acisls, alirdnatlemmomat@@hmcwl

Arfsnee: S Sl AR o eCPiHER e bl
afford the Cxﬁfrit@???@ﬁ\awn%n@ﬂ#&b@en?rh@ﬁﬂhﬁ&pﬁﬂﬂdﬁﬂgeﬁ)ho? tez- chl oro group is

Cycli zatlon
4, 5-di am no

readi |
aryl a

ne,

1110

t’BetQPhR@P ® ryenhosphte chigride, dupmide; 19dMeyacehite, HRRRWIALE, ne

d by reaction with an am ne or instance an

ne.

'i@hkﬁds Bﬁényu}ﬁlss%med Bikak 8 6LilQ hyWokp hydrogen in
such’as “pal | adi um on carbon, “provi des the

This is

an | por tantc bMRL el e,ax%tg,%ngﬁ Sy SRAL A5 Akt iadalst an0C bY

reaction wt

an 1socyanate rve

invention urmaeatdhaandelate, besizdate, thiotatierzbats) (ihethylbenzoate, d:mtrobenzoate

10

15

20

25

30

phthalate, benzenesulfonate, toluenesulfonate, phenylacetate, citrate, lactate,

--maleate, tartrate; -metlianesulfonate, and the like. Also contemplated are the salts

of amino acids such as arginate, glhuconate, galacturonate, and the like; see, for
example, Berge, et al., “Pharmaceutical Salts,” J. of Pharmaceutical Science,
1977,66:1-19.

The acid addition salts of the basic compounds are prepared by contacting
the free base form with a sufficient amount of the desired acid to produce the salt
in the conventional manner. The free base form may be regenerated by contacting
the salt form with a base and isolating the free base in the conventional manner.
The free base forms differ from their respective salt forms somewhat in certain .
physical properties such as solubility in polar solvents, but otherwise the salts.are
equivalent to their respective free base for purposes of the present invention.

Pharmaceutically acceptable base addition salts are formed with metals or
amines, such as alkali and alkaline earth metal hydroxides, or of organic amines.
Examples of metals used as cations are sodium, potassium, magnesium, calcium,
and the like. Examples of suitable amines are N,N'-dibenzylethylenediamine, -
chloroprocaine, choline, diethanolamine, ethylenediamine, N-methylglucamine,
and procaine; see, for example, Berge, et al., supra.-

The base addition salts of acidic compounds are prepared by contacting the

free acid form with a sufficient amount of the desired base to produce the salt in

t he

the conventional manner. The free acid form may be regenerated by contacting the -

salt form with an acid and isolating the free acid in a conventional manner. The
free acid forms differ from their respective salt forms somewhat in certain
physical properties such as solubility in polar solvents, but otherwise the salts are

equivalent to their respective free acid for purposes of the present invention.



15 March 2004 WO 01/19825 PCT/ US00/ 17037 -41- purified by s,gzm%gﬁg 4
processes such as chromat ography, crystallization, and the I1ke. Q'?le

di scl osumapoi/Psishi s application of all articles and referpgRag®etege! udi ng
patents, are incorporated herein by reference. 5 The invention is
illustrated further by the follow ng detail ed exanples which are not to be
construed as limiting the invention im33cope or spirit to the specific
procedures and c ‘ ' e 1.0g- ' and
various inter rredﬁgtggéﬂﬁa%g& %Zﬁg%%g&ﬁéggﬁ@g{%onc%%@%¥h§%ﬁ cegé,elr i gpar ed
from comerzampleyieakemiaant eanveg afithe lmgybeastcprosiate, pidegkiv @dhasi ng wel |
known 10 synthetic nethods. h Exanpl e provides a general prqcedure for
preparing é’é?r}%’loé?a)sfé& ?rd’r‘gﬁf%{‘fﬁgbg?”@égﬁ?”ﬁ“&wt apt himitedfo RSpRIasy _
nureri cal |y iy 3TV Y0seidsis Chdofth&8&dlerBLi0 Ath lﬁﬂﬁ%lcﬁmpm- bresylpt hesi's of
2- Hal 0- 4- (substi tuted-am no)-5-nitropyrimdines 15 1. _ _

2- Chl dr o- 4- (mvenhoh tntreat caken jat pationtr liawing) caecetisaiministenedod thBrapautizalld0 ol )

of 2,4-dichl@to-5-nitr rijndine Wi ttaker, J...Chem Soc., 1951;

T565. 1570)  reqRts HrousR O R PRt Puicti FeCepBiE ompOUiRE BRI REAL and a

sol ution of iﬂveﬁﬁogcéﬁgoﬁﬁapl) of 40% aqueous 20 nethylamne in 20 nL of

2-propanol i's added dropwi se over 5 minutes- After a further 10 m nutes at
-78C, the nixt ur e\ fusther pobrdimest ofthininvention i 2 mathed af teating subjgctshe sol vent

I's renoved resigue. g, t e cted |r et hyl acetate
(£t ong) »  waSREgng ot eadR Saf B2 91 abon HBRUEHREFrhnp o fihaty)

Renovidl of tQuenpahdewithinibe sduperaftiegirésehyinOéntion! dffedtivedy inhibOvastilhy ‘
hexane/ Et QAc 25 (92:03), ives 4, 87 (869 of the title_ conpound:

(hexane) 86-Sgwpeth mus ¢°¢¥€£rolai$9r§m nugration) The methodentails ighibitingg) |

1967: 954- 958} scular s%'bﬁhma&i’e‘lproliferation, and/or migration by administering an
effective amount of a compound of Formulas Ia, Ib, Ic, and Id to a subject in need

of treatment.

15 The compounds of the present invention can be formulated and
administered in a wide variety of oral and parenteral dosage forms, including
transdermal and rectal administration. It will be recognized to those skilled in the
art that the following dosage forms may comprise as the active component, either
a compound of Formulas Ia, Ib, Ic, and 1d or a corresponding pharmaceutically

20 acceptable salt or solvate of a compound of Formulas Ta, Ib, Ic, and Id.

A further embodiment of this invention is a pharmaceutical formulation
comprising a compound of Formulas Ia, Ib, Ic. and Id together witha
pharmaceutically acceptable carrier, diluent, or excipiént therefor. For preparing
pharmaceutical compositions with the compounds of the present invention,

25 pharmaceutically acceptéble carriers can be either a solid or liquid. Solid form
preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispensable granules. A solid carrier can be one or more substances which
may also act as'diluents, flavoring agents, binders, preservatives, fabiet '
disintegrating agents, or an encapsulating material. |

30 In powders, the carrier is a finely divided solid such as talc or starch which
is in 2 mixture with the finely divided active component. In tablets, the active
component is mixed with the carrier having the necessary binding properties in

suitable proportions and compacted in the shape and size desired.



WO 01/ 19825 PCT/ US00/ 17037 -42- 1H NMR (CDCI3): S 9.05 (s, 1%[\4}:’(:@@4 8. 40

(br, 1 H exchangeable with D20, NH), 3.23 (d, J= 5.1 Hz, ) . 13C
NVR ( CDC¥3) 01/881%54. 25 (s, G 2),156.89 (d, C-6), 156.10 (SeCTHSbp/17aB26. 80 (s,
C-5), 28.28 (g, CH3). 5 Further elution with solvent gives 0.48 g.(8.5% of
4-chl oro-2 (nethyl am no)-5-nitropyrimdi,ne np (hexane) 167-169C, (I it. np:
172-173C, GB. Barlin, J. Chem Soc. é) 1967: 954-958). 1H NMR [ ( CD3) 2S0]

(2 conforners; rafﬂe‘l'oﬁﬁulaﬁoﬂs)oftﬁs %w%ﬁtl&f'ﬂeﬁf% f:é’ntﬁm ﬂ'orﬁ'abodt‘"S%ﬁo 8.97 (br,
1 H, exchangeable with D20,. NH), 2.92 and Hz, 10 3 H,

c:js) . 2. 2- @W@tlﬂ%%@&@ﬁf@gﬂﬁh&mn@u@i ﬁptmbipymm#mdedmamsmnsm ution
5.82 g (30
Shem soc. \ iHlel plkndiis SRl bR SdrahaRd b BSabh o 0 eBIE . O

over 5 m nutwﬁgaaaxﬁlelmethﬁaemﬂoé sbliugn éﬁﬂomﬁﬂﬂ)yleénmdsél oRsningltagivae, in 20 L
THF. After a further 10 mnutes at -78 the mxture is allowed to warm to

room t @nper Aogpebuttgspandithe k. \féﬂ@fq@drf‘é‘%%d’rﬂﬁﬁ%?m\ﬁéﬁﬂ% whicd esidue is

Removal  of TRAVELER o GAE A Dnb b i Byt bt

hexane/ Et CAcca(r®s pogvididg gicapsulé . \ﬂﬁclgﬂa(e&B%e m’mpdm:nt with er mhqmwﬂd:r
(hexane) 80-81.5C. 1H NWR err] (br 1A
exchangeabl 3§ HppToun bvac%v é"é&?”e‘ﬁm g%sos' wﬂlm? Sem!?r entyl

CH), 2.21- 2- I &!Hd}’
cyc(l)opentc:‘/rllaile(tgrhnd?mll_lméeg)ﬁ%lﬁ‘B H, Rtg?% ﬁdﬁ@%aé/%les%ms%c%he% anI\/Iar ch 2004

lozenges can be used as solid dosage forms suitable for oral administration.

For preparing suppositories, a low melting wax, such as a mixture of fatty
acid glycerides or cocoa butter, is first melted and the active component is
dispersed homogenbusly therein, as by stirring. The molten homogenous mixture

~ is then poured into convenient size molds, allowed to cool, and thereby to solidify.
15 Liquid form preparations include solutions, suspensions, and emulstons
such as water or water/propylene glycol solutions. For parenteral injection, liquid
preparations can be formulated in solution in aqueous polyethylene glycol
solution, isotontc saline, 5% aqueous glicose, and the like. Aqueous solutions
suitable for oral use can be prepared by dissolving the active component in water
20 and adding suitable colorants, flavors, stabilizing and thickening agents as desired.
.Aqueous'wspensions suitable for oral use can be made by dispersing the finely
divided active component in water and mixing with a viscous material, such as
~-natural or synthetic gums, resins, methylcellulose, sodium
carboxymethylcellulose, or other well-known suspending agents.
25 Also included are solid form preparations that are intended to be
converted, shortly before use, to liquid form preparations for oral administration.
Such liquid forms include solutions, suspensions, and emulsions. These
preparations may contain, in addition to the active component, colorants, flavors,
stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners,
30 solubiiizing agents, and the like. Waxes, polymers, microparticles, and the like
can be utilized to prepare sustained-release dosage forms. Also, osmotic pumps
can be employed to deliver the active compound uniformly over a prolonged

period.



PCT/ US00/ 17037. -43- 13C NMR (CDC13): 8 164_15 (s, CG2), 1%4\0A8:H shos 6) .
154.96 (s, C4), 126.43 (s, C5), 53.23 (d, CH), 32.99 (t, CH2), 23.69 (t,
CH2). Anedgyeirmsmsal cul ated for CgH 1 CIN4AO2: C, 44.55; WkcrAsbofizoby 23. 09.
5 Found: C, 44.80; H 4.54; N, 22.90. Further elution with solvent gives
0.54 g (7.4% of 4-chloro- 2-(cycl opentgl am no)-5-nitropyrimdine: np
(hexane) 149- 153C 1H NWVR (CDC13) (2 codPorners: ratio ca. 1: 1): 5°9.,07 and

8.96. (2 th D20
NH) | 4( 385( sext et.l{ﬂ- ?’Lmﬁﬁ‘}%fza%‘%f%’aﬁ&#&c@éc “Xé'glr?t“y @g@?ﬂgﬁ% 2W05 (m.2 H
cycl opent yl dosdge&dr. 16 4u¢infors] the prgparasioe ng gdb):hv:dbdﬁﬁtoihmﬁﬂoém 2 H,

cycl opentyl) 13C NVR 81 .and 160. 84 158. 08 and
157.39 (2 dFomagyneg apps '!?éea‘ﬁ?d“%&l"'ghe ggtive coppggent .“f'i‘ dé’ﬁ?izelfgfz'“ 75 (2 s,

€3) 53. 84 : : 61 d 23.54
21 oo, 8853 pZ8ab 21 repShion Jhe %%"%%F%@#ﬁ%%*&% g

Found:5 242 osemramn, 96h As packeteditabiets, @Pﬁldeﬂaynmw @ -vials oopypules.di ne N 4

2, 4-ai chlor &S he i et tirm B Be pepiag i Sefip lowcppe sl o1 ity 55 1570)

in 100 mL Tiden Bé the@pprd aﬁﬂdﬁﬁberéfmﬁﬁese\iﬂpa&agamms a solution of 3.87
g (60 mml) of 70% aqueous ethylammne in 20 nL of opanol_. After bei ng

stirred at -78C {Ihe therapautigelbseffective dose of a compound of Formu Ia, Ib, Ic,
and Id will generally be from about 1 mg to about 100 mg/kg of body weight per

10 day. Typical adult doses will be about:50 mg to about 800 mg per day. The

quantity of active component in a unit dose preparation may be varied or adjusted
from about 0.1 mg to about 500 mg, preferably about 0.5 mg to 100 mg according
to the particular application and the potency of the active component. The
composition can, if desired, also contain other compatible therapeutic agents. A

15 subject in need of treatment with a compound of Formulas Ia, Ib, Ic, and Id is
administered a dosage of about 1 to about 500 mg per day, either smgly or in
multiple doses over a 24-hour period.

The compounds of the present invention are capable of binding to and
inhibiting the activity of protein kinases, such as cdks, Wee 1, PDGFr, FGFr, -

20 c-src, and EGFr-FL. Cdks form complexes with cyclins, and these complexes
phosphorylate key proteins that regulate the progression of cells through the cell
cycle (Metjer L., Progress in Cell Cycle Research, 1995;1:351-363). The
compounds of this invention inhibit this phosphorylation and therefore can be
used as anti-proliferative agents for the treatment of cancer and/or restenosts and
25 other proliferative diseases.

Because of their inhibitory activity against cdks and other kinases, the
compounds of the present invention are also useful research tools for studying the
mechanism of action of those kinases, both in vitro and in vivo.

The pteridines of this invention can be prepared by any of several standard

30 synthetic processes commonly utilized by those skilled in the art of organic
chemistry. An illustration of a typical preparation of compounds of the preseni
invention is shown in Scheme I. Although these schemes often indicate exact

structures, those with ordinary skill in the art will appreciate that the methods



the reaction mxture is allowed to warmto room tenperat urqg pdeh bH64
solvent is 25 renoved under vacuum The residue is worked up In Et QAc and
chr omat ogvapiress2NO2 , 15 March 2004 WO 01/19825 PCT/ USOOpAT/0S0d/1768%- on
silica, eluting with hexane/ Et OAc (92:8), to give 4.90 g (81% of the title
conpound: np (hexane) 64-66C. 1H NIVR( 13): 59.04 (s, I H H®6), 8.38
(br, 1 H, exchangeable with D20, NH),™3772 (qd, J= 7.2, 5.3 Hz, 2 H CH2),
1-35 (t, g,me Profbnatehiils piidAG ARt RRA RS th@rek@‘égﬁén bfpropiiatk. 157, 05
(d, G6), 15 0 (s, CG4), 50 (s, G5),36.58 (t 4.20 (g, CH3).
Anal y5| S calmsdﬁmonmpw@ aatdeprotertm, af Teaqtige Aol geslps bfound: C,

35,57 U Bfoadl b o CufHE e SpUBIRD, B SBRRORTABH BRub L) 0 ves
(I Pr 20) 122- draacio pmeh!\ﬁviaﬁﬂa%)&SQct(oas cgmé:anmeed torb%tdoﬁv&eed t& efhers 6 9. 10

and 9.02 (2 s, H6),.9.05 (m H, exchangeabl e wth D20, NH) ,,,,
3.46-3%35 (AT ezteﬁ dtms)chem@llr@aramszt athey sites imthe molecules. The hydroxg) . 15 13C

ca) 1ss. 4 PrRserEBRB Bidy sipyé Gfhrojsitine Fog il GBth. %Z’lléi 3 (s
C-5), 36. 34greonpk dd chﬂao@(ﬂm acuCgE))xps ad-strilahyddérBratifed 18 prote€iBgm . Anal ysi s

cal cul ated for. CoH7C1N4 2 C.35.57. H 3.48; N, 27.65. . 20 Found: C-
35.46; H, 3. %’W‘Wﬁ idereagtiong Pffﬁe‘fﬂélsgowsan ‘methods for

e A B i 0 5, B i

Groups in Organic Synthesis, John Wiley and Sons, New York, (2™ E4d,, 1991),
and Mc_Om:e, Protective Groups in Organic Chemistry, Plenum Press, New York,

1973.
Scheme I
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ni tropyrimdine 15 March 2004 WO 01/19825 PCT/ US00/ 17037 -4p Mciob@Pm
tenperature solution of 0.943 g (5 mml) of 2-chloro-4-

(met hy| a5 tropyrimidine in 25 nL THE is added a B6WABPUHOZT 1.96 g
(11 mmol ) of 4-(4-am nophenyl)norpholine in 100 nmL of 2-propanol, and the 5
resulting mxture is heated and stirregpbat 50C for 30 minutes. The m xture
Is then diluted wwth water, the solid precipitate is collected, washed
with water, and d‘hb&"ﬂhavimgcskgl mh&m@ﬂvn@re(c@gﬂl)ze dfat tﬁeestamng matmalsonayd np

D50 one) . B ariedand apiyjongl Sgsp sapleyep o Dicdugs capites ST B AN BY D50, 4NH)

7.71 (br d, gpreﬁnﬂmb@ntmnlgs demonstrated by the fo]lowmg detal!ed exatlr_lple
2H H2' , 6'), 6. 94(d, I=8. 8Hz, 2Hh b+ 3.5' ), 3 73(brt, J= 4.7 GOy, 3.07 (br

t, J = 4.7 Hz, 4A|a showzig Sciene, zﬂ-dxdllww-mtmynmadme GHEagted withanysi s
ﬁal gul t ed fagé' g@:ﬁy %%ll\lrgoa% decCrbas5eé temperathre% té gﬂ‘orw 'the corresponc{: ggnd- G 54.8L;
2-[[4-[2- (Dl4€¥£uhﬁ Tpayﬁnlﬁa?net rmkaslﬂm%bm&u&amﬂdp@mmhe%

ni tropyri m di ne a solution of 1.89 g (10 mmol) of

2- chl or 0- 4- (eaetedybitininoter Gmind (R274)iarhudbivat iempififures toTpiBdude a- 78C i s added
a solution of 2.48 g (12 mol) 20 of 4-[2-(diethylam no)ethoxy]aniline in
100 nL of 25ﬁn@m§lﬁ%ﬂlﬁmmmmdmes'ﬁietmwggmms subsequently resineed b)o war m sl ow y

1 1 1 h t.at MO,.01/
beT! o001y Bauttation K forfta s 4 oo riaNeie, srch R afitn el 6387 veq 1
vat erio Af t erdesid Meridine-Fof6 or 16)7-aitae bg%achen v&.ﬁh&hétap;ﬁepﬁatsgymw%rl s

basified with agueous ammoni a, and t
oxalate at elevated temperatures of about 50°Cto about 150°C. The term “R1” in

Scheme I is an oxalate or pyruvate ester forming group, typically a C1-Cg alkyl

such as ethyl.
_ Alternatively, compounds of Formula IVd are made according to
15 Scheme II. A 2,4,5-trihalopyrimidine is reacted sequentially with appropriately
substituted amines to afford a 5,6-diaminopyrimidine. Cyclization to give a 2-halo
pteridine is accomplished by rea&ion with bromoacetylchloride. Among the
preferred compounds of the invention are those derived from reaction of the

2-halo pteridine with an appropriately substituted arylamine such as an aniline.



resulting precipitate is collected, washed with water, and, é“kf?é"zw“gl ve
2.88 g (80% of the title corrpound np (EtOH) 163-164C. 5 1

[ (CD3) 2SWI0 01419835, 27 (br, | H, exchangeable with D20, 2NHIIRSpR7037| H,
H6), 8.87 (br, I H exchangeable with D20, 4NH), 7.73 (br d, J = 6.9 Hz,
2 H H2,6), 6.92 (d, J = 8.7 Hz, 2 HpeH3',5), 3.99 (t, J =6.1 Hz, 2 H
CH20, 3.04 (d, J =4.0 Hz, 3 H CH3Njy, 2.75 (t, J =6.2 Hz, 2 H CH2N),
154 (q, J=7.1 Hz, 4H CH2N), 0. 97(t, J=7chemedH, CH3). 10 Anal ysis cal cul at ed
for CL7H24N603: C, 56.65; It 6.71; N, 23.32. Found: C, 56.77; H, 6.52; N,
23.57. 3. 2-[[4-(D et hyl am nocar bonyl ) phenyl ] am no] - 4- (net hyl am no) - 5-
nitropyrimdine Et 15 To a roomtenperature solution of 0.943 ¢ ﬁ§ mol ) of
2-chl oro- 4- (rrethyl anmno)-5-nitropyrimdine in 25 nL THE is added a
solution of 2.11 Lgrmol ) of 4-ani pQ- N, B di et hyl benzani de_in mL of

2-propanol, andNth resulxing m xt heat eq, and stir reflux for
1 hour. The m;&: is thRmN dilut ed W th watkerNHphe sol | d- ecipitate is
col l ected, wg i wat er "‘an@l girve— 50 he title

conpound: nmp (EtOH) 213- 215C. 1H NM R [(CD:{;%ZSO]. S 10.49 (br 1|
exchangeabl e with D20, 2NH), 8.99 (s, H-6), 8.90 (br, 1 H g8
exchangeable with D20, 4NH), 7.88 (br d, J = 7.6 Hz, 15 March 2004 WO
01/ 19825 PCT/ US00/ 17037 -47- 2 H, 2", 6'), 7.34 (d, J=8.5 Hg, 2 H

H3',5), 3.34 gn 4 H, CH2), 3.0R°(d, J = 4.7 H, 3 H , L10 (br, 6
H°~ CH3). Anal ysi aI cuI ated for ¢16H20N603 C, 55.80; H, 5185 N, 24.40.
= L, == L
. N, N
R7
&S

Compounds of the Formulas Ia-Ie wherein W is S, SO, or SO are

biologically active, as well as bt;ing' particularly useful as intermediates leading to
5 the compounds wherein W is NH. For example, Scheme IIT shows that a
2-alkylthio-4,5-dihalopyrimidine can be the starting material for animation as
shown in Scheme II. Following normal cyclization to form the pteridine ring, the
2-alkylthio group can be oxidized, for example by reaction with meta-
! chloroperbenzoic acid, to provide a sulfoxide (n = 1) 6r a sulfone (n =2). The
10 sulfoxide or sulfone is readily displaced by reaction with an amine such as an

arylamine (aryl NH»). Typical compounds have the structures shown in Table 1
with the 2-arylamino group replaced by alkyl S(O)p-.



5 Found: C, 55.85; H 5.54; N, 24.50. 4. 4-(Cyclopentylam H‘Q)\na?cﬂz

[ 4- (m)rphol | n 1) phenyl)] am no]-5- nitropyrimdine To a room terrperature
sol uti on¥ ?yg (5 mml ) of 2-chloro-4 10 PCT/US00/17037

(cycl opentyl am no)-5-nitropyrimdinein 50 nL THE is added a sol uti on of
1.96 g (11 mmol ) of 4-(4-am nophenyl)Rgerpholine in 100 nL of 2-propanol,
and the resulting mxture is heated under reflux for 30 m nutes. The
mxture is then diluted with water SchémeBblid precipitate is coll ected,
washed with water, and dried to give 1.77 g (100% of the title compound:
np (MeOH) 211-213C. 15 1H NWR [(CD3)280] S 10. 30 (br I H, exchangeabl e
with D20, 2NH), 8.94 (s, 1 H -6 r852(brd J =
exchangeable with D20, 4NH), Nﬂ d, 8 4 Hz,
J=8.9 Hz, 2 H H3,5), H, entyICH) (br t, J=
4.7 Hz, 4 H CHO, 3, 1SrtJ—€l7Hz 4H 5772, (m 2 H,
cyclopentyl), 1.77-1.57 (m 6 H, cyclopentyl). 20 Anal yS| s cal cul ated for
Cl9H24N603: © C, 59.36; H, 6.29; N, 21.86. Found: C, 59.43; H 6.3, N
21.73. 15 March 2004 WO 01/19825 PCT/ USOQ 17037 -48- 5.

4- (Cycl opentyl am no) - 2- [ 14- (4- et hyl pi perazi n-1. -yl ) phenyl ] lar@, noj -

76),6.94 (d,

'S5-nitropyrimdine Mo To a solution of 0.97 g (4 mml) of
2-chl oro-4-(cycl opentylam no)-5 5 nltropyrlmdl ne in 50 nL
added a solution of 0.91 g (4. &irm)

| - (4- am nophenyl) - 4- net hyl pi per ne in 50 m. of 2- propanol andrfhe
resulting mxture is allowed to| warmslowy to roomterrperature Af ter
acidification with acetlc C|dNthe sol verBs wer e rem)ved u der Nﬁcuum and

t he
alkyls)\N o C' alkyl s/kN

HE at -78C is.

l Oxidize

R 9
N N

N~ Y N™ ™

PP - L

—_—
alkyl S(0),; | aryl NH | 0
8 | RS
. n=1or2 ' ‘

The pteridine ureas of Formula Ic can be conveniently prepared by
acylating a 7-amino pteridihe, which in turn is readily prepared using a 4,5-
5 diaminopyrimidino. This is illustrated in Scheme IV below: ‘

1




residue is dissolved in water. After being washed w th Et OAgmdH¢2 eous
10 solution is basified with agueous ammoni a, and the product 1s extracted
into Et®QO0H$2¥ried, to give 1.15 g (77% of the titl e RERHBIHOAAI3TND
(MeOH) 204-206C. 1H NWR [ (CD3)2S0]: 8 10.26 (br, 1 H exchangeable with
D20, 2NH), 8.94 (s, 1 H H©6), 8.51 ('Qé 6.3 Hz, 1 H, exchangeabl e
~with D20, 4NEl), 7.67 (br d, 15 J = 2 H, H2,6"), 6.92 (d, J=8.9
Hz, 2 H H3,5 1 4.45 (m I H, CyCIOpGSkihy:lne@hD, 3.10 (br t, J=4.8 Hz, 4 It
CH2N), 2.44 (br t, J = 4.9 Hz, 4 H CHN, 2.22 (s, 3 H CH3), 2.09-2.00
(m 2 H cyclopentyl), 1.78-1.56 (m 6 H, cyclopentyl). Analysis
cal cul ated for C20H27 2 20 C, 60-44; .85; N, 24.67 F W&c
60136; H, 6.82;NN, por at Non the ol ¥ignt fr Et wash
r——

gives a solid ich/ls |d 3fiedfhs , ,
‘ g-[[FT4 y| a0 ' imidin
m in@e:hrrp( tOAc)N%JS

4-[(cycl openg
2-yl]piperazin-I-yl] phenyl ] am no 5 nitropyr
244-246.5C. 15 March 2004 WO 01/19825 PCTI USOOY 17037 -49- 1H NWR (CDC13): 8
9.01 and 9.00 (2 s, 2 H H6,6"), 853 (br, 1 H, hangegabl e wi t h D20,
NH), 8.40 (br d, J = 6.6 Hz, 1 H, exchangeabl e V\ntg D20, NH), 7.89 (br, |
H, exchangeabl e Wi th D20, 2NH) 7.57 (br, 2 H HZX CB"—)CN .97 (d, J =9.0
Hz, 2 H H3 5) 4.54- 4 42 (m 2 H, cyclopentyl CH), 5 4. 18-43% (m 4 H,
85-1.54

CH2N), 3.25 (br H -2. 07 H, cycl
(m 12 H, cyclopent r/ | na Si s cal cuI or C2 C, 57.03; H,
5.98; N, 26.13.
Ci. NH,
lQNCO/NaH
C=O
m’
Q

In the foregoing Scheme IV, 2,4-dichloro-S-nitropyrimidine is reacted with

ammonia to afford the 4-am1no-2~chloro~5-mtropynm|dme Reductlon of the nitro
5 group, for instance by reaction with hydrogen in the presence of a catalyst such as
palladium on carbon, provides the 2-chloro-4,5-diamino-pyrimidine, similar to
that shown in Scheme ITI. Cyclization to a pteridine is accomplished by reac’;ion
of the 4,5-diaminopyrimidine with an agent such as a ketoniﬁ‘ile (RGCOQN) to
afford the oorrespdnding 2-chloro-7-aminopteridine. The 2-chloro group is readily
10 displaced by r&&ion with an amine, for instance an arylamine, to give the

corresponding 2-substitued-7-aminopteridine. This is an important intermediate in
that it is readily acylated, for instance By reaction with an acyl halide, or

preferably an isocyanate, to give the invention urea. The urea can be isolated and |



Found: C, 56.57; H 5.88; N, 25.76. 10 6.

4- (Cycl opentyl am no)-2-[ (pyridin-4-yl)am no]-5-nitropyrim ?r%arixh %9% ure of
0. 64 g (WoALI9e2Df 2-chl or 04- (cyci opentyl am no) - 5- ni t r omaTwseditms7and 0. 62
g (6.6 mol) of 4-aminopyridine in 5 nL of DMSOis stirred at room
tenperature for 15 m nutes. The sol uti_gtl‘n Is diluted with water and 15
basified with agueous ammonia to give U041 g (44 % of the title conpound:
mp (Et OH) 2]9\&,1-&3& sthld A deSde3 kichPs c ; able with
D20, 2NH), 9.04 (g?, I H%IE(I[)G), %.53 (gr?niﬁegﬁgﬂsg?gdﬁ;@a}l%%gﬁngeable
with D20, 4Nkke; 8.45 (d, J = 6.0 Hz, 2 H H2,6'), 7.79 (br d, J = 6.3

Hz, 2 H H3,5 ).4.5 sextet, 20 J.= 1 H cl opent.yl. CH),
2.13-2.02 (m 2 ,hecdﬁsc Oospeeﬁtlg/ﬁﬁls, a@?%g@_%@ﬁfﬁzlde%a:a fef%‘iﬂ"Sgé‘h‘ia‘i@‘?% Anal ysi s
cal cul at ed fpaen(s] 4tdlinddaparated Gered®bPferbheed. 37; N, 27.98. Found: C, 55.95;

H 5.56; N, 27.89, WD 01/19825 PCT/USQQ 17037 -50- 7. 2-
[ 4- [ 2-3 Di et hyl ani Hhs)iavendien s inarted Awtherdyy the follavips detailed examples

nitropyrim dj - td of - .

2-chl or o- 4- ?ﬁﬁ% a?ﬁoﬁg J‘%@“ﬁ? @r%gwhné) g‘leﬁ’é‘peljnﬁogb‘( ?ﬁ?ﬁ%ﬁ%‘ﬁ&oﬁﬁ i s added a
S ?I ution of sli)edﬂc grdcﬁcﬂxmmaidl)co@ipouﬂds[ &suﬁrﬁiedtth@rbilalnTh@ztﬁttbngwdtamlkhmV&E in 50 nL
of 2-propanol,. and the resulting, nmxture is allowed to warms|lowy to room
t enper at ur e.vaRPP%ﬁnt‘?r@ﬁ%?i’P“Whel@mgél commezcialSopregs, H‘@’”B‘F‘g ®Pved in

aqueous acetéﬁg&&ﬁl@%fauet&%ﬂc E&ﬁ%g&%bﬁp&ﬁdﬁ}ﬁ% %pﬁ% solution is

then basified wth agueous anhoni a, t he -precipitate is
col | etl ed, veysthetic wethodsdiach Examgleqirowdest ageyierad procedurg f¢rofreparmg t he

several specific compounds, each of which is identified numerically as a

subsection of each broad Example.

"EXAMPLE 1
Synthesis of 2-Halo-4-(substituted-amino)-5-nitropyrimidines
15 1. 2-Chloro-4-(methylamino)-S-nitropyrimidine

~
/I%NI
&

A solution of 5.82 g (30 mmol) of 2,4-dichioro-S-nitropyrimidine
(N. Whittaker, J. Chem. Soc., 1951;1565-1570) in 100 mL of tetrahydrofuran
(THF) is cooled to -78°C and a solution of 4.66 g (60 mmol) of 40% aqueous

20 methylamine in 20 mL of 2-propanol is added dropwise over 5 minutes. After a
further 10 minutes at -78°C, the mixture is allowed to warm to room temperature,
and the solvent is removed under vacuum. The residue is then extracted ‘into ethyl
acetate (EtOAc), washed with water, and dried with sodium sulfate (NapSO4).
Removal of the solvent and chromatography on silica, eluting with hexane/EtOAc

25 (92:8), gives 4.87 g (86%) of the title compound: mp (hexane) 86-87°C _

(lit. mp: 90-91°C; G.B. Batlin, J. Chem. Soc. (B), 1967:954-958). ’



title conpound: np (MeCOH)134-136[err]C. 1H NMR [ (CD3) 2S0]: gl\ﬂaq @ép&pr
H, exchangeable with D20, 2NH), 8.95 (s, | H H6), 8.88 ( ?
exchangedP &VIBIH D20, 4NH), 7.17 (br d, J = 72 Hz, 2 HPGFUS0087937 6. 92
(d, J =8.9 H, 2 H H3, 5), 3.99 (t, J 6.2 Hz, .2 H CH20O, 15 3.57
(br q, J=7.1 Hz, 2 H CH2N), 2.75 (t, 44= 6.2 Hz, 2 Ha CH2N), 2.54 (q, J =
7.1 Hz, 4 H CH2N), 1.21 (t, J 7.1 Hz, HCH3)097(tJ:71Hz 6 H,
CH3) Anal ysi g SRR YEC ( 8Hg6 40Gr 2.44. 20
) el el wm;%? 3905'2% tﬂ,ﬁﬁéﬁs @r, 2 H, EdchafizeabldWith B, 02

4- (Et hyl am rle)I)zz;;( HI=03 n}]é,yl-]),@m r)o] 5-nitropyrimdine WO 01/ 19825 15
March 2004 PCT/ USOO/ 17037 -51- Tq a solution of 1.013 g (5 mnol). of

2- chl or o- 4- (IBdwha{OD 52 5116495)@ t:nz)dw@sgm @th@io@\/@%ﬁmw@@
tenperature i s added 4-am nopyri dine, “and th

resul ting sc(lj.ls)lms@ cH yred at room terrperature overnight. Dl utlon W th
wat er and neutralization vmth aqueous 5 K2CO3 then gives 0.72 g (55% of
the tifle corrpourlﬁmh&rﬁuﬁéfbﬁi&sﬁ&ﬁn@%04&gl(m)bfm)o2&} S 10 60 (br, 1
H, exchangeibl e wth D20, 2NH), . 9.03 (l .

exchangeabl “W‘IM‘PIBZG)‘SMWPYTWQWGW eyane)éﬁblﬁa%(htzmp Barrd;

2H, H2,6"), % 5 3.64(brqg,J=7.1 Hz, 21t CH2N),
1.26 (t, ) G?%ﬂjcpﬁm&)‘g} ’1?6knal yS| )cal cul(at gd for ClL1H12N602: N)C,
50.77; H, 4 ﬁ?so ] (Peornfers; 2o, 1H) §96é1an&'|90§ 2%,71}19
2-[[4-]4- (tert Butoxyc bonyl ) pi perazi n-1-yl ] phenyl ] am no

(cycl opennt yH-&ly1 8197 (Bz; DH, efihdfigdablé wieh D,O, NH), 2.92 and 2.90 (2d,J 4.7 Hz,
10 3 H, CHy).

2, 2—Chlorw(cyclopentylamiho)-s-nitropyrimidine

NO,

N7 i
\I /O

H

To a solution of 5.82 g (30 mmol) of 2,4-dichloro-5-nitropyrimidine
(N. Whittaker, J. Chem. Soc., 1951:1565-1570) in 100 mL THF at -78°C is added
I5 dropwise over 5 minutes a solution of 5.11'g (60 mmol) of cyclopentylamine in
: 20 mL THF. After a further 10 minutes at -78°C, the mixture is allowed to warm
to room temperature, and the solvent is removed under vacuum. The residue is
then extracted into EtOAc, washed with water, and dried with NapS04. Removal

of the solvent and chromatography on SiOs, eluting with hexane/EtOAc (95:5)
20 gives 6.20 g (85%) of the title compound: mp (hexane) 80-81.5°C. -
1H NMR (CDCL): 5 9.03 (s, 1 H, H-6), 8.38 (br, 1 H, exchangeable with D70,

NH), 4.60 (sextet, J = 7.0 Hz, 1 H, cyclopentyl CH), 2.21-2.13 (m, 2 H,
cyclopentyl), 1.85-1.68 (m, 4 H, cyclopentyl), 1.62-1.54 (m, 2 H, cyclopentyl).



t Bu 15 0 To a solution of 0.73 g (3 mmol) of

2-chl oro-4-(cycl opentyl am no)-5- nitropyrimdine and 0. 49 &5(“ﬂarﬁ1hrgp94

NN- di nt eMOMAA825Ii ne in 10 nL THE is added a sol ution of PETOHYIPIZ? 4 nmol )
of 1-(tert-butoxycarbonyl)-4-(4-am nophenyl)- piperazine in 20 nL of
2-propanol, and the resulting m'xture_h?_ heat ed under 20 reflux for 2
hours. After cooling and acidification wth acetic acid, the mxture is

diluted with3 A PIRY y; 949 he_di : - Me

Toa-106c 15 SATIR (ANS p 8 CH B7e (€A AR e s PRet ) 250
6 10.28 (br . hery) ' 206 8.94 (s, | It H6), 8.51 (b
d, J = 6.(4r ﬁz%)’Fi—bﬁ,g)(g’xchagg?gglt’\g%mﬂi%%%&%h), 7.Ggs(br d, . 3 =7.9 I(—|zr

,2 H H2', GnhlysR Afeulsted for €08 JCRHO02 H H3', 5'), 4.44 (m | H,
cycl opentyl CH), 3.45 (br t, J =5.0 Hz, 4 H CH2N), 3.06 (br t, J =5.0
Hz, 4 H 5 CH2N), @.440551 HD&.57oN, 23.PP. cycl opentyl), 1.78-1.57 (m 6 H,

cyclopentyl), 1,42 (s, 9 H._.( nal ysi s cal cul ated for C24H33N704: C,
S5 615 o Feuad Co 4%‘%.52- 0.'59.63; H, 7.17, N, 20.42. 10 -10.
2-[[4-[ 3- (tert - Bgl,ARACARRIWIER S10G e 95404 7.4y bf 2888)-] am no] - 4-
(cycl opentyl am no)-5-nitropyrimdiné To a solution of 0.41 g (1.69 nmmol) of
2- chl ot 0- 4- Relgptlopamnylginau)deditrEpyrimidinep ypi (extine® 147 d53C25 g (2 mmol ) NN
dimethylaniline in 10 nL THE is added 15 a solution of 0.47 cl;{él.69 mol )
of 3-(tert BHSMR ECDEHI(2nonfolmers;(ratio ca. 1:1): 5 9.07 and 8.96}{2 s, 1 H, H-6),
' 6.11 and 5.97 (2 br, 1 H, exchangeable with D20, NH), 4.38 (sextet, J = 7.0 Hz,
10 1 H, cyclopentyl CH), 2.17-2.05 (m, 2 H, cyclopentyl), 1.81-1.64 (m, 4 H,

cyclopentyl), 1.56-1.47 (m, 2 H, cyclopentyl).

13C NMR (CDCl3): 5 160.81 and 160.84 (2 5, C-4), 158.08 and 157.39 (2 d, C-6),

155.89 and 154.94 (2 s, C-2), 132.71 and 132.75 (2 5, C-5), 53.84 and 53.79 (2 4,

CH), 32.96 and 32.91 (2 t, CHp), 23.61 and 23.54 (2 t, CHp).
15 HREIMS calcutated for CoHj 1CIN4O5:

242.0571/244.0541.
Found: 242.0574/244.0547.

3. 2~Chloro-4-(ethylamino)-S-nitropyrimidine

4 N / N02 '
“ A I e
| H
20 . To a solution of 5.82 g (30 mmol) of 2,4-dichloro-5-nitropyﬁmidine

(N. Whittaker, J. Chem. Soc., 1951:1565-1570) in 100 mL THEF at -78°C is added
dropwise over 5 minutes a solution of 3.87 g (60 mmol) of 70% aqueous
ethylamine in 20 mL of 2-propanol. After being stirred at -78°C for 15 minutes,
the reaction mixture is allowed to warm to room temperature, and the solvent is

]

25 removed under vacuum. The residue is worked up in EtOAc and chromatographed '



am nophenyl ) pyrrolidine in 10 mL of 2-propanol, and the reiglh}'é 5'192664“”6
is heated under reflux for 2 hours. After coollng and aci dPficat Fon' wit h
acetic acWBOIPHE nixture is diluted with water to gi ve OPEPUSIWITOZRY of
the title conmpound: np (MeOH) 186-189C. 20 1H NVR [(CD3)2SQ: S 10.19 (br,

| H exchangeable with D20, 2NH), 8.91 (s, H H6), 850 (br d, J =6.8
Hz, 1 H exchangeable with D20, 4NH), 761(brd J =8.8 Hz, 2 H,
H2',6), 7.dasilite emtmg:mﬁ;l&xkhefﬁﬂmt(%mrwrm&a@mg\{sm)ammm 01/ 19825 15
March 2004 PCT/ US 0/17037 -53- 3 "NH), 6.50'(d, J="8.9 Hz, 2 }1,H3,5"),
4.43 (m 1 |¢oERung @ M§A-66fC13 (m lH pyrrolldlnyl CHN) 3.45 (m 1

e
E\zr Ir ol | di n);: g‘"’% %@f’g: #25 %L]EP 4%@:}%%%/ t")J" .38§§ j%é;%b é8 F i c
56.90: 51y 6 ?&Mg@ﬁ%%ﬁ%aﬂ%ﬁb R0 s, 45390 6 ey 13850 ™"

g- ,(A;mrjlzt I4t ?L@gﬂﬁga#)hof‘ﬂéfq?}b((t u@g ?Imnnz) yl5) pﬁ;ﬂnglo]ng nmo]dI n;e);r |1m di ne 15

Hydrogenatl % lir 4- nor phol i nophenyl ) am no] - 5-
nitropyri m ??rom g%gh%{%&g (’i Oove) over palladiumon charcoal (Pd/C)
gave the t|tIe corr@oyglg7 48y 231651"' NVR I(CDB)ZSO] S 8.22 (br, I H,
exchangeabl e with Ij20, m 1°(d, J .9 Hz, 2 H H2%), 7.33 (s, |
H, H6), 6.8Boynd; ETBQSQMZZMNL—S‘B 5'); -

- 10 : Further efution with hexane/EtOAc (9:1) gives 0.43 g (7%) of 4-chloro- -

2-(ethylamino)-5-nitropyrimidine: mp (i-Pro0) 122-123°C.
1H NMR [(CD3)2S0] (2 conformers; ratio ca. 1:1): §9.10 and 9.02 (25, 1 H,
H-6), 9.05 (m, 1 H, exchangeable with D70, NH), 3.46-3.35 (m, 2 H, CHy),
1.16 and 1.15 (2t,J = 7.2 Hz, 3 H, CH3).

15 13C NMR [(CD3)280] (2 conformers; ratio ca. 1:1); § 160.77 and 160.71 (2 s,

C-4), 158.47 and 157.95 (2 d, C-6), 154.44 and 153.67 (2 5, C-2), 131.45 (s, C-5),
36.34 and 36.17 (2 t, CHy), 13.94 and 13.86 (2 q, CHj).

* Analysis calculated for CgH7CIN4O»:

C, 35.57:H, 3.48; N, 27.65.
20 Found: C, 35.46;H, 3.30; N, 27.43.

_ EXAMPILE 2
Synthesis of 2-(Substituted-amino)-4-(substituted-amino)-5-nitropyrimidines

1. = 4-(Methylamino)-2-[[4-(morpholin-4-yl)phenyllJamino]-5-

nitropyrimidine



20 6.37 (g, J = 4.6 Hz, 1 H, exchangeable vvith D20, 4NH), 35%&@@0%
exchangeable with D20, NH2), 3.72 (br t, J =4.7 Hz, 4 H CH2 % (br

t, J=4. WD omses2N) , 2. 89(d, J=4. 5Hz, 3H, CH3). 1 5 March 208¢r/de1d3%9825
PCT/ USO0/ 17037 -54- 2. 5-Anmino-2-[[4-[2-(diethylam no)ethoxy] phenyl

am no] -4 (net hyl am no) pyri m di ne Et Hydrogenation of

2-[[4-[2-(di et hyl am no) et hoxy] phenyl ] a‘ﬁ"lsno] 4 5

(met hyl ami no) -5-nitropyrim dine (from Exanpl e 2(2) above) over Pd/C gave
the title conpound as anQoil .y 1H NWVR [(CDB)ZSO] b 826 (br, 1 H,
exchangeabl e with D20, 2NH), N62 (d, J 9 0 Hzl_é g.H2' ,6),7.33(s, 1H

H6) , 6. 76(d, J=9. OHz, 2H, H- 3" | 538, (g, 2 H exchangeable with
D20, 4NH), 3.94-3.90 (m 4 H, 10 and H2) 2.89 (d, J = 4.5 Hz, 3 H,
CH3N), 2.73 (t, J = 6.2 Hz, 2 H, N . JMe 7.1-Hz, 4 H CH2N),
0.97 (t, J =7.1 H, 6 H CH3)_ 3 N |
5- Am no- 2- [ [ 4(di et hyl am nocar bonyl )phenﬁ ] am no] Ii (et hyl am no) pyri m di ne
Et 15.Hydrogenati on of 2- [ [ 4- (di et hyl am nocar bonyl ) phenyl ] ani no] -

4- (met hyl am no) - 5-ni tropyri m di ne (f.rom Exanpl e 2(3% above) over Pd/ C gave
the title conpoun#oagqm neaamrfﬁompf@%) géomme)) of Zghlogp-4- | H

L CHey, 7 1 hylalad st pindilin o4t PP i et o ,305@9}%7 ;1

exchangeabl e(ilishinopaf4-(4tdnjinophef)radrpholinetin 106 nﬂhoﬁhpﬂﬁﬂéob/\ﬂld)ﬂ:bl%ZS

PCTI US 17037
éjol resulting mixture is heated and stirred at 50°C for 30 minutes. The mixture is then

diluted with water, the solid precipitate is collected, washed with water, and dried,

to give 1.62 g (98%) of the title compound: mp (EtOFT) 240-241°C.

1H NMR [(CD3),S0]: 5 10.24 (br, 1 H, exchangeable with D;0, ;NH), 8.93 (s,

1 H, H-6), 8.87 (br, 1 H, exchangeable with D0, 4NH), 7.71 (br d, J = 8.1 Hz,
10 2H,H-2,6'),694(d,J=88Hz 2H,H-3",5),3.73 (brt,J=47Hz 4 H,

CH20), 3.07 (brt,J=4.7Hz, 4 H, CHpN), 3.04 (4, J = 47 Hz, 3 H, CH3N).

Analysis calculated for C15H;gNgO3: '

C, 54.54; H, 5.49; N, 25.44,
Found: C,54.81;H, 5.63;N, 25.59.

15 2. 2-[{4-[2-(Diethylamino)ethoxy]phenyllamino]-4-(methylamino)-S-
¢ nitropyrimidine

Et o) ' NO
= 2
| \%1/\/ | N
Et NS Me
H H o

Y

To a solution of 1.89 g (10 mmol) of 2-chioro-4-(methylamino)-5-
nitropyrimidine in 100 mL THF at -78°C is added a solution of 2.48 g (12 mmo})
20 of 4-[2-(diethylamino)ethoxy]ariline in 100 mL of 2-propanol, and the resulting

mixture is allowed to warm slowly to room temperature. The precipitate is



-55- exchangeable with D20, NH2), 3.34 (m 4 H CH2), 2.92 1‘5%ar€h§0§45 Hz,
3 H CH3N), 1.10 (t, J = 7.0 Hz, 6 H CH3). 4. '

5- Ami no- WQ @i8$28pent yl ami no) - 2- [ [ 4- (nor phol i n-4- yl) phenyBGXE$8AFHr i mi di ne
5 Hydrogenation of 4-(cycl opentyl am no)-2-[[4-(norpholin-4-

yl) phenyl )] am no] - 5-ni tropyrimdine (fremexanple 2(4) above) over Pd/C
gave the title conpound as a solid. 1IHNWVR [(CD3)2SO: 8 8.18 (br, 1 H,
exchange?bl eol\luctd(ddm%edmﬂ) 2—p?o;ﬂo(, dnd dils@ols}ed=m9w£leHzA(ﬁde2 being tered) , 7. 33 (s,
1H H6 6. 79 J= 9.0 Hz H .H3'..5 J—67Hz 1H,
exchangeabl dhrgpgihcatie, th %W“ilsoﬁﬁ‘%ékﬁ%ﬁed ‘J"th agueousiammopia, fnd tiec| opent v

CH), 4.30 a 2 (br t, J
=47 He, 4 ,“ﬁlgg ré&p‘pite ??'fg %ﬂg@%ﬁ?\%’t o ﬁ&@a%% 38T o (m 2
H, cycl open(&ﬂ%)oﬂthﬁ’ﬁtl&cﬁﬁp(mnd mpl-(,EtOyl)mmm@) 1.62-1.45 (in, 15 4 H,
cycl opentyl) 5- Ami no- 4- (cycl opentyl am no) - 2. 1] 4- (4- et hyl pi per azi n-1-

yl ) phényl i ar’rﬁmwmgazm] % 19.2%:(bc,l Hpehn@eatleis?DOCINEFE P4 @37 - 56-
Hydr ogenati on of 4-(cycl opentyl am no)-2-[[4-(4-nethyl pi perazin-1

yl ) phenyl ] ami,d)-63-8187 (bapy H, exchiangeabler with Bs@¥NEN21 53 (sd)V/e) 69U, Pd/ C gave
the title conmpound: np (i-Pr20 CH2C12) 212C (dec). 1H NWVR [(CD3)2S0]: 6
8.14 (br, | 2, B2669ge2ld, d wB.IHD2E], B8 %), 399&7J(={ﬁ1Hz,]2H,€}Q0)]z 2 H,
H2,6"), 7.32 (s, 1 H, H-éi678dJ-90Hz 2 H H3,5), 6.08 (d, J
= 6.7 Hz, 13194 (dxdreth@ElebB ELGHAND2GS (N4 62382 Mo@HN), 258 (g, 6.7 Hz, 1 H,

cycl opent vyl r H,_ exchangeable with D20, NH2 2.99 br t,
yetopentyl Oy s Tu'Qipng, 067 & S o7 PR 6 1, ey ) (

10 Analysis calculated for C17Ho4NgO3:

C, 56.65.H, 6.71; N, 23.32.
Found: C, 56.77;H, 6.52; N, 23.57.

3. 2-[[4-(Diethylaminecarbonyl)phenylJamino]-4-(methylamino)-5-

nitropyrimidine
O
Et\N NO,
s
I
Et N _Me
15 H H

To a room temperature solution of 0.943 g (5 mmol) of 2-chloro-4-
(methjlamirio)—S-nitropyrimidine in 25 mL THF is added a solution of 2.11 g
(11 mmol) of 4-amino-N,N-diethylbenzamide in 100 mL of 2-propanol, and the
resulting mixture s heated and stirred at reflux for 1 hour. The mixture is then
20 diluted with water, the solid precipitate is collected, washed with water, ;1nd dried,
to give 1.50 g (87%) of the title compound: mp (EtOH) 213-215°C.

1H NMR [(CD3)280]: 8 10.49 (b, 1 H, exchangeable with D50, )NH), 8.99 (s,

1 H, H-6), 8.90 (br, 1 H, exchangeable with D,0, 4NH), 7.88 (br d, J = 7.6 Hz,



J= 4.7 Hz, 4 H CH2N), 2.43(brt J= 4.7 Hz, 4 H CH2N), %ﬂ?rgﬁ204

CH3), 2.05-1.95 (m 2 H, cyclopentyl), 1.76-1.45 (m 6 H, C open yI) 10
Anal ysi swaméigisbzst ed for C20H29N7.0.5H20: . C, 63.89; ITPdrl@SbDflMs'fZG 08.
Found: C, .64.24; H 7.90; N, 25.71. 6.

. 5- Ami no- 4- (cycl opentyl am no) - 2- [ (pyri i d| n-4-yl)am no] pyri m di ne 15

Hydr ogenati on of 4-(cycl opentyl am no) - -B7 [(pyridin-4-yl)amno]-5

s o S0l i 0. TR “?mg"%esé(’gi&?’%%?@“@%ﬁ% ST Door N
740 (5, 1'33“372‘?3*‘3*0 N FICRS R ] (1 1 evehangeabl 6 with D20,

4NH), 4. 39- Aﬁ@s{ﬁalc’&!dtbdﬁx@mwt) €H and NH2), 2.13-1.98 (m 2 H,
cyclopentyl), 1.78-1.66 (m 2 H, cycl opentyl), 1.64-1.47 (m 4 H,
cyclopentyl). 15 MBrEh8QG 04 3HON)2AMBE25 PCT/ US00/ 17037 -57- 7.

5- Am i /l.amg po ] phenyl] am no]-4- (ethylam no)pyrim
i di ne dro%@Hﬁ‘sl ﬂﬁgé‘ﬁgﬁfé?%g%@hyl am no) et boxy] phenyl Jam no] -4 5

(et hyl am no) - 5-ni tropyri m di ne (f rom Exanpl e 2(7) above) over Pd/C gave the
title conpound as, an oil. 1H N i;i CD3) 2SO ;. S 821(br, |1 H,_ exchangeabl e
with D20, 2MM), #-(ﬁrcéwntylamm(@- [4(mprpholin-4;yDphepyDlpminol, S35 (s, 1 H,
H-6)676(dJ%3é, et H3,5), 6.28 (br t, J =5.1Hz, 1H,
exchangeable with 3.96 (m 2. H, 10 exchangeable wth D20 NH2) ,
3.93 (t, J=6.2 Hz, 2 H, CHZO) 3.40 (br q, J =7.2 Hz, 2 H CH2N), 2.73
(t, J 6.2 Hz, 2 H CH2N), 53(q J=7.1H, 4H CHN, 1.19 (t, J=7.2
Hz, 3 H CH3), 0.97 (t, Hz, 6 H CH3). '

O\N»QQD

To a room temperature solution of 1.21 g (5 mmol) of 2-chloro-4-

10 (cyclopentylamino)-5-nitropyrimidinein S0 mL THF is added a solution of 1.96 g
(11 mmol) of 4-(4-aminophenyl)morpholine in 100 mL of 2-propanol, and the
resulting mixture is heated under reflux for 30 minutes. The mixture is then
diluted with water, the solid precipitate is collected, washed with water, and dried
to give 1.77 g (100%) of the title compound: mp (MeOH) 211-213°C.

15 HNMR [(CD3)280]: 6 10.30 (br, 1 H, exchangeable with D20, 2NH), 8.94 (s,
1 H, H-6), 8.52 (br d, J = 6.5 Hz, 1 H, exchangeable with D0, 4NH), 7.69 (br d,
J=84Hz 2H, H-2,6",6.94 (d, J=89Hz, 2H, H-3",5"), 4.44 (m, 1 H,
cyclopentyl CH), 3.73 (brt, J= 47 Hz, 4 H, CH0),3.07 (brt,J=4.7Hz, 4 H,
CH5N), 2.09-2.01 (m, 2 H, cyclopentyl), 1.77-1.57 (m, 6 H, cyclopentyl).

20 Analysis calculated for C1gHyNgO3:

C, 59.36; H, 6.29; N, 21.86.

Found: C, 59.43; H_, 6.12; N, 21.73.



8. 5-Am no-4(ethylam no)-2- [(pyridin-4-yl)amn no] pyrim di 08 Mpeh h 2004 .
Hydr ogenation of 4-(ethylam no)-2-[(pyridin-4-yl)am no]-5- nitropyrimdine
(from ExX2MPIO&1BWEB) above) over Pd/ C gave the title conpourdt/aisoc7ass i d. 1

IH NWR [(CD3)2SO: 6 9.05 (br, I 1t exchangeable with D20, 2NH), 8.19 (d,
J =6.3 H, 2 H HZ2 6) 7.67 (d, J= Q4 Hz, 2 H H3 251 7.41 (s, | H,
H6), 20 6.49 (br t, 5.0 Hz, 1 H, "€xchangeable with D20, 4NH), 3.44

d, J = 11,5 5. 3%4- 2004 WO
gg/ 19825 PCT/ US00/ E%%gbﬁg%hﬂnmﬂyﬁﬂiﬁrﬂleﬁlﬂﬁﬁerﬁiﬂ-%})heﬂ]aM‘ihGp

5- Ami no- 2- [ (4[ 4- (Yeitroprimidieer bony! ) pi per azi n- 1- yl ] phenyl | ani no]

4- (cycl opentyl am no)pyrimdine O t-BuO N ~N Hydrogenation of

2-[[4-[4-(tert-butoxycarbonyl) pi perazin-|-yl]phenyl] 5

anmi no] - 4- (cycl opent y| a¥¢ itropyrimdine (from Exanple 2(9) above)

over Pd/C gave the title Ctonpgund as a solid. 1H NWR [(CD3)280] S 8.18

(br, 1 H, exchangeable w tfQ D2§ , 7. ‘ N99.0 Hz,-2 H H2,6"),

7.33 (s, 1 H H®6), 6.81 (d,~J=09 Al N H3 ' 6.09(d, J =67

Hz, 1 H, exchangeable with D20, 4 ;

cyclopentyl CH), 4.30 and 4.03 (2 ™ ; %G

3.44 (br t, J = 4.8 Hz, 4 H CH2N), 2.94H(br t, JH:50Hz 4 H, CHZN)

2.05-1.95 (m 2 H, cyclopentyl), 1.77-1.65 (in, 2 H cyclopentyl),

1.63-1.45 (m 4 H, cyclopentyl), 1.42 (s, 9 H, CH3). 10.

5- Amino-2-[[4-[3- tyia'i‘n 5

yl] phenyl ] am no] ’56 %lgﬁ%%g?g&@%%@gb POk ?6-9—(&9&16}:&1 in0)-3
nitropyrimidine in 50 mL THF at -78°C is added a soiutlon of 0.91 g (4.8 mmol)

of 1-(4-aminophenyl)-4-methylpiperazine in 50 mL of 2-propanol, and the
resulting mixture is allowed to warm slowly to room temperature. After
acidification with acetic acid, the solvents were removed under vacuum, and the
residue is dissolved in water. After being"washed with EtOAc, the aqueous

10 solution is basified with aqueous ammonia, and the product is extracted into
EtOAc and dried, to give 1.15 g (77%) of the title compound: mp (MeOH)
204-206°C.

TH NMR [(CD3),80]: & 10.26 (br, 1 H, exchangeable with D70, 2NH), 8.94 (s,
'1H, H-6), 8.51 (brd, J = 63 Hz, 1 H, exchangeable with D0, 4NH), 7.67 (br d,
15 J=82Hz 2H, H-2,6'), 692 (d, /=89 Hz, 2H, H-3,5"), 445 (m, 1 H,
cyclopentyl CH), 3.10 (brt, J= 4.8 Hz, 4 H, CH)N), ’2.44 (brt, J=49Hz 4 H,
CHgN), 2.22 (s, 3 H, CHg3), 2.09-2.00 (m, 2 H, cyclopentyl), 1.78-1.56 (m, 6 H,

c:.}clopentyl).
Analysis calculated for CogHy7N705:
20 . C,60.44;H, 6.85; N, 24.67.
' Found: C, 6036;H, 6.82; N, 24.58.

Evaporation of the solvent from the EtOAc wash gives a solid which is
identified as 4-[(cyclopentyl)amino}-2-[[4-[4-[4-(cyclopentylamino)-5-
nitropyrimidin-2-yljpiperazin-1-yl]pheny!Jamino}-5-nitropyrimidine: mp (EtOAc)

25 244-246.5°C. | |



15 March 2004 WO 01/19825 PCT/ US00/ 17037 -59- Hydrogenatio
2-[[4-[3-(tert-butoxycarbonyl am no)pyrrolidin-| 5 Rlarch 2004

yl ] phenywoseur1ogds- 4- (cycl opent yl am no) - 5- ni tropyri m di ne (grasebzxaapl e 2(10)
above) over Pd/.C gave the title compound as a solid. 1H NWVR [(CD3)2SO: S

7.95 (br, 1 H, exchangeable with D20, 2NH), 7.51 (d, 5 J
9.0Hz, 2H, H2' ,6'),7.31 (s, 1H H6),7.13f%rd, J=6. 7Hz, 1H,. exchangeabl e with

2 amona o %ﬁ%@%“&h@ﬁpé&fﬁ%ﬂs ﬁ%%&ﬁf 1 (el opent 1
S)jl:hl\l)anggaé?g%vaa?%&:g&e‘w{{lﬁébW ‘&W‘? JI3—| %gﬁjr‘]gln ?A“gﬁt—“f\ﬁ %HZG (m 1 H,
éﬁﬁ{ edlt 'n:y’ T ”égﬁéﬁﬁrﬁ%ﬁ'a‘\fﬁbﬁ%ﬁé%ﬁ? 2?,7?7?#) 93% %@31 %ﬂ%’ 211

cvol oBent%l 36971@6% %ﬁ‘ztﬂiﬂp ?irsr)ci’éﬁ“’%in "Qré“» WfiL"? H ' CH3). EXANPLE
io;getsg?te (ejalléfg‘s orﬂﬁgﬁﬁ%ﬁ 3553&&'52—%8:3%%}1)2(12# 3, |3§’o§§rf§| (r)Ie in
40 mL of THE85-E5addell Hi opldpeatydver 30 minutes to a Stl rred sol ution of 23

m. (35 mmol ), of .20 1,5 L in 30 THE at -78C. After a further 15
m nutes at - F’SésaL"HlaEﬁ%ﬁ%BHBSNBI ‘(42 mmol ) of diethyl oxalate in 15 nL

THE i s added, and t : s allowed to rise slowy to -20C. The
reaction mxture |ér§h(§mﬁr§?§wé§13\n t h aqueous ammoni um chl ori de, the
solvent is Feimy¥ed, SHBY; H)8.88; N, 25.76.

10 6. 4-(Cyclopentylamino)-2-[(pyridin-4-yl)amino}-5-nitropyrimidine

= = 302
> | AN l /O
, . H H

A mixture of 0.64 g (3 mmol) of 2-chloro-4-(cyclopentylamino)-5-
nitropyrimidine and 0.62 g (6.6 mmol) of 4-amihopyridine in S mL of DMSO is
stirred at room temperature for 15 minutes. The solution is diluted with water and

15 basified with aqueous ammonia to give 0.41 g (44 %) of the title compound:

, mp (EtOH) 219-221°C. _ )

TH NMR [(CD3)2S0]: & 10.66 (br, 1 H, exchangeable with D0, 2NH), 9.04 (s,
1 H, H-6), 8.53 (br d, J = 6,9 Hz, 1 H, exchangeable with D,0, 4NH), 8.45 (d,
J=6.0Hz, 2 H,H-2,6"), 7.79 (br d, J= 6.3 Hz, 2 H, H-3",5"), 4.53 (sextet,

20 J = 6.4 Hz, 1 H, cyclopentyl CH), 2.13-2.02 (m, 2 H, cyclopentyl), 1.80-1.60 (m,
6 H, cyclopentyl).
Analysis calculated for C14H;gNgO2:

C,5599: H, 537; N, 27.98.

Found: C, 55.95;H, 5.56; N, 27.89.



residue is worked up in EtOAc. Chronmat ography on silica, el chhé?&%é 25
hexane/ Et OAc (9:1), gives 2.4 g (32% of the title conmpound as an oil. 15
March 2090 WWh98%/ 19825 PCTI USOO 17037 -60- H NVR (CDCI 3) :pxr8sioa7433, 2 H,
H2,6"), 444 (q, J =7.2 H, 2 H CH2), 1.40(t,J=7.0Hz, 3H CH3). 13C NWR
(CDC13): S 182.35 (s, CO, 158.42 (s, 2), 147.75 (d, CG2',6'), 141.94
(s, G4'), 128.64 (s, CG3', 5'), 63.79°(f, CH2),.13.84 (g, CH3). 5 high

L O L e O R A AR Aty 017 O 2103

2- (3, 5-di chl or o- pitsopynmidiogypyri di n-4-yl )-2-oxoacetate Ove Eta 10 Ove A
solution of 5.20 g (25 mmol ) of 3, 5-dichloro-2, 6-di net hoxypyridine Q
Bratt, H Suschitzky, J. GS. Perkin 1, 1983:1689-1693) in 40 nL THE is
added dropw se over 38t 0] . O30 mol ) of 1.5
M.DA in 20 nL THE at _78?1\1%5“ Fonif s stlérred at -78C for 1
hour, and '15 4.5 nL (33 ). of - ! S en added. The
tenperature is allowed to rise slow NeEmpeR4dt ure and aqueous
ammoni um chl ori de solution is added, and H1e sol venld i s renpved under
vacuum The residue is extracted into EtOAc and chromat ographed on Si 02,
eluting with hexane-EtOAc (9:1), to give 5.97 g (78% of the title
conpound: np ( hexyEsolutda-okI6i3 %gs &hﬁdﬂ@i&@&bﬁ (etByldmihbf3. J= 7.2 Hz, 2

H, CH25) 4.04 (s, 6 H CH30)
mtropynmldme in 50 mL THF at -78°C is added a solution of 2.48 g(12 mmo!) of

4-[2-(diethylamino)ethoxyJaniline in 50 mL of 2-propanol, and the resulting
mixture is allowed to warm slowly to room temperature. After removal of the
solvent, the residue is dissolved in aqueous acetic acid and filtered through celite.
The aqueous solution is then basified with aqueous ammonia, and the resulting
10 precipitate is collected, washed with water, and dried to give 1.65 g (95%) of the
| title compound: mp (MeOH) 134-136°C. _

IH NMR [(CD3)2S0]: & 10.24 (br, l.H, exchangeable with D0, ZNH), 8.95 (s,
1 H, H-6), 8.88 (br, 1 H, exchangeable with D20, NH), 7.17 (br d, / = 72 Hz,
2 H,H-2,6"), 6.92(d, J=8.9 Hz, 2H,H-3",5"), 3.99 (t, /= 6.2 Hz, 2 H, CH;0),
15 3.57(brq,J=7.1Hz, 2 H, CHpN), 2.75 (t, /= 6.2 Hz, 2H, CH,N), 2.54 (q,
J=71Hz 4H, CHN), 1.21 (t, J=7.1Hz, 3 H,CH3), 097 (t J=7.1 Hz, 6 H,
CH3).
Analysis calculated for C1gHygNgO3:

r

C, 57.74; H, 7.00; N, 22.44.
20 Found: C, 57.87.H, 7.24;N, 22.52.

8. 4-(Ethylamino)-2-[(pyridin-4-yamino]-5-nitropyrimidine




J=7.1Hz, 3H, CH3). 15 March 2004 WO 01/ 19825 PCTI USOQ 17037 =|§é4 rgﬁg%é\)g/R
(CDC13): S 183.02 (s, CO, 158.50 (s, C@02), 156.27 (s, C2', 45. 99
(s, C4 WoauWszpy (s, c3',5), 63.51 (t, CH2), 54.83 (qF n183 84 (q,
CH3). Analysis calculated for CL1H11C12NO5: C, 42.88; H, 3.60; N, 4.55.
Found: C, 42.99; H 3.46; N, 4.55. 3. _I_F,tl_hyl

2- (3, 5-di bronmopyridin-4-yi)-2-oxoacetate Eta Lithiation of 4.74 g (20 nmol)
of 3, 5-di br onopyrTodk sodutiant ¢f LA, g Omaot)orf@-chjoroed-(dibylamine)-&t ur e procedur e

Y.G Qu, E K Bayhuyrt., trah Lett., 1996;37:25365-2568), followed b
((:]uenchi ng witEe 'ﬁw ‘%ggf"gt %FS% AR IETBEYAYER Y éae‘gﬁ)?cga) el uting w t%
hexane/ Et OAQ1{ Bimol) oﬁ&-ﬁ%dﬂgﬁ@inﬁ drfd 438 re3hltingRBIutibh I SstFRARP Y 1H NWR
(CDC13): S 8.72 (s, 2 H, W2 ,6), 4.44 (q, J= 7.2 Hz, 2 H, CH2), 15 1.40
(t, J= 7.1 HemperatucHyermglCDilvEOR BB vAter drgatrdgzation wiih)aqueds. 66 (s, CO),

150.23.(d, G 2..6' . 14593 C-ed ) 116.84 (s, C3' 5 ) oZ8 (t,
cH2), 3. 82%1%21?%?@??8‘""1% | @3%?‘2‘%\%%0“&%4‘?‘8%@%%’3623&@@38. 8752 .20
Found: 334.88031336, 8771/ 338668754. 15 March 2004 WO Q1/19825 -62 4. Ethyl
2- (3, 5- di net %&g}m@]:! 10560651 H, exchangeable with D0, “NH), 9.03 (5,
1 H, H-6), 8.96 (br, 1 H, exchangeable with D50, 4NH), 8.44 (dd, J = 5.0, 1.5 Hz,
2H,H-2'6), 7.78 (dd, J=5.0, 1.5 Hz, 2 H, H-3',5"),3.64 (br ¢,/ = 71 Hz, 2 H,
CHpN), 1.26 (t, J = 7.1 Hz, 3 H, CHj). :
10 Analysis calculated for Cy1HaNgO9:

C, 50.77. H, 4.65; N, 32.29.
Found: C, 50.59;H,4.61; N, 32.27.

9. 2-{[4-[4-(fert-Butoxycarbonyl)piperazin-1-yljphenyl]amino}-4-
(cyclopentylamino)-S-nitropyrimidine

15
To a solution of 0.73 g (3 mmol) of 2-chloro-4-(cyclopentylamino)-5-
nitropyrimidine and 0.49 g (4 mmol) N, N-dimethylaniline in 10 mL. THF is added
a solution of 0.94 g (3.4 mmol) of 1-(fert-butoxycarbonyl)-4-(4-aminophenyl)-
piperézine in 20 mL of 2-propanol, and the resulting mixture is heated under
20 reflux for 2 hours. After cooling and acidiﬁcation with acetic acid, the mixture is

diluted with water to give 1.37 g (94%) of the title compound: mp (MeOH)
194-196°C.



OVe Eta O Ove PCT/ US00/17037 To a solution of 5.28 g (20 mBl.:&f 2004
1-i odo- 3, 5-di net hoxybenzene (W R edhl, F. Imhof; Justus Li eb| gs %\

Chem , 1%30B®$25153-157) in 100 nmL 5 of THE at -78C is RIRAASIDATBT L (21
mmol) of 1.7 Mert-BuLi in pentane, and after a further 5 mnutes 4.4 g
(30 mmol ) of diethyl oxalate is added. After being allowed to warmto 20C,
the mxture is quenched with aqueous NHACI, and the THE is renoved under

vacuum \V\or Reiige x%é) 5s0t-Q imgrbmc] 'ngfeaﬁliWD eniZﬁm'm;( el uting
wi t h hexane/ Et OAC gives 3.3 1% t he t|t e 10 corrpound as an

e 1M NN%% 31?"76?%9‘2*%@*%%%&2@ Q. R, 60§, 75,

Y KO NS MGt TR WAL PH IR 7 (5 oo s

(q, CHSO) cyElofeéntGIBCKDY, 3. 43HD) 1, HREIONE, @ HAEHIND3.06 (W1, J23800E4 4 Hound:
238.0836. EXAMPLE 5 20 Synthesis of 8H Pteridin-7-ones 1.

8- Met hy/| - 2- [QHzIﬂ)zﬂrlmﬁbBS (m42 ¥1, yytlepeptyl), drﬁ&abwsmpﬁéhyycl@énpﬂ)em@(n- 7-one A
m xt ure of 0.5 mmol ) of 5-am no-4-(nethylam no)-2-[]4-

(nor phol i n- - %ﬂ nyl ] am no] pyrimdine (fromExanple 3(1)), 0.1 g (0.6

mol) 15 I\/B.I’&al)%%Oél V\?atg for%824?13 3N704:
C,59.61; H, 6.88; N, 20.28.
Found: C, 59.63;H, 7.17; N, 20.42.

10 10.  2-[[4-[3-(fert-Butoxycarbonylamino)pyrrelidin-1-yl]phenyllamino]-4-
 (cyclopentylamino)-5-nitropyrimidine

t-BuQ

=0

BN
N ~ NO,
)\xl
. H H

’ To a solution 0f 0.41 g ('1.69 mmol) of 2-chloro-4-(cyclopentylamino)-5-
nitropyrimidine and 0.25 g (2 mmol) N, N-dimethylaniline in 10 mL THF is added

15 a solution of 0.47 g (1.69 mmol) of 3-(tert-butoxycarbonylamino)-1-(4-
anunophenyl)pyrrohdme in 10 mL of 2-propanol, and the resulting mixture is
heated under reflux for 2 hours. After cooling and acidification with acetic acid,
thé mixture is diluted with water to give 0.82 g (100%) of the title compound:
mp (MeOH) 186-189°C. |

20 IH NMR [(CD3),S0]: § 10.19 (br, 1 H, exchangeable with Dy0, 2NH), 8.91 s,
1 H, H-6), 8.50 (br d, J = 6.8 Hz, 1 H, exchangeable with D,0, 4NH), 7.61 (brd,
J=28.8Hz 2H, H-2,6", 717 (br d, J= 6.5 Hz, 1 H, exchangeable with D70,



PCT/ US00/ 17037 -63- net hyl benzoylformate and 0.25 nL HOAc 'rMélr 4EtC]-l
is heated under reflux for 12 hours, and cooled to give f % § of the
title coWPIMP2 Conpound | in Tables 1 and 2): nmp (Et C]—I)PC@@@' W3EC. - 1H
NVR [ (CD3)2S0]: S 10.15 (br, I H, exchangeable with D20, NH), 8 86 (s, 51
H-4),820817(m2H H 2" 6)_§70(brdJ 6.1 Hz,

), 7.50-7.48 (m 3 H, H-34 ), 6.97 (d, J:90Hz 2H,
, S ),

4.

50 ¢ +$ 3.08 (br
Hzm I—? %g;sé}ﬁ'gﬁgg cal cul at epﬂ? or 033%22% 2: C, 66. 65;(

H
H2',6
H3,S

= 4.7

35; N, 428 (mg] H, pgrrpbdinyt CEN),65430m, HH, pyashidinyl CANY3.39(m, I H,
6-Di c

e

n

—+

J
. 5.
;2)h nyl ] gll’ﬁ;%@? Y@ﬁ@ﬁ?% (E‘Xf B,y opofiRl AR, 3% my g 1 ywolidigy)  of

0- 4- (cpm\r)yi Wﬂﬁ?lfgpﬁfﬁéhdnﬂ?lopilm-ll ), 12) h&RWpkal)DB®YH| DERli ne, 0.74

nmol ) et hyl or gphe - 2-oxoacetate (T.H Kress and

i's
M R éeannaPWB?,llﬁiEWDsl]sﬂ'l 266m; &5 cyglap “tﬂhdl@p@’ LGB i n 25 nL of

2- nethoxyet flux for 16 hours before the sol vent is
renoved undef @W%W?Féﬁdlgw1§4 extracted into Et OAc and, after being

washed wi th wat eg&gg%& ﬁygéholg #(? §Ir| ed over Na2SH4. Renoval of the
p i

sol vent and chro eluting.with 20 hexane/ Et CAc 3: 2
gi ves 0. 36 Bound? %, 30 90hH, 6180 N, m)m)ound (Conpound 2 in Tables | and 2):

H
6- (
yl)
5-am
g (3

np (Et OH) 292-293C. 1H NMR [ (CD3)2S0]: 8 10.31 (br, I H, exchangeable with
D20, NH), 8.90 (s, | H H4), 7.70 (br, 2 H H2 ,6'), 7.62 (br d, J =8.0
Hz, 2 H H3",5"), 7.55 (dd, J = gxlamP18+z, | H H4"), 6.98 (d, J=9.0
Hz, 211, H-3',S ), 3.75 (br t, 25 J= 4.6 Hz, 4 H CHO, 3.63 (s, 3 H,

CH3N)IO 3. 09Symthesis oﬂZisubmmted-mino}@-@npst-tumhwm@&a| cul ated for

C23H2m12N69!%n0%yr|5nZi 5 H 4.17; N, 17.39.

1.  5-Amino-4-(methylamino)-2-{[4-(morpholin-4-yl)phenyllamino]-
pyrimidine

15 Hydrogenation of 4-(methylamino)-2-{(4-morpholinophenyl)amino}-5-
nitropyrimidine (from Example 2(1) above) over palladium on charcoal (Pd/C)

gave the title compound as a solid.
TH NMR [(CD3),801: 5 8.22 (br, 1 H, exchangeable with D,0, 2NH), 7.61 (d,
J=89Hz 2H,H-2'6),733 (s, 1 H H-6), 6.80 (d, J=9.0 Hz, 2 H, H-3",5");
20 6.37 (q,J = 4.6 Hz, 1 H, exchangeable with D0, 4NH), 3.92 (br, 2 H,
exchangeable with D>0, NHj), 3.72 (brt,J =47Hz, 4 H, CH20), 2.97 (brt,
J =4.7Hz, 4 H, CHpN), 2.89 (d,J = 4.5 Hz, 3 H, CH3).



Found: C, 57.17; H3.91; N, 17.37. 15 March 2004 WD 01/198234 Wﬁl%&ll?%?
-64- 3. 6-(3,5- D|chI oropyridin-4-yl)-8-nethyl-2-[f 4-(norpholin-

yl ) phenyWQPHINS] - SH-pteridin-7-one A mxture of 0.30 g RCI/6§00/17030f

5-am no- 4- (net hyl am no) - 2-[[ 4- (norpholin-4-yl)phenyl]am no] pyri m dine,
0.37 g (1.5 nml ) "of ethyl 5 2-(3,5-dichl oropyridin-4-yl)-2-oxoacetate, and
0.3 mL HOAc in 15 nmL .  2-methoxyet hanol ™ as heated under reflux for 16
hours, and vmrkeds.nﬂnﬁs.z dith¥larhino Naf¥ingllatmi na, eluting with
CH2Cl 21 Et QAC (4: 1) gi ve?lw ( 18% g‘rﬁ?he lﬁhltyl e co(grpound (Compound 12
in Tables 1 and Amet 3?%@19-&""12@!39245C 10 IH NWR [ (CD3)2S0]: 6 10.41 (br,
I H exchangeable with D20, NH), 8.93 (s, 1 H H4), 8.84 (s, 2 H,
H2",6"), 7.71 (br 2 H, H-2 6 , 6.98 (d J=89H, 2H HS3I,6S),

3.75 (br t, J= 4 03 _Mﬂsog(brtJ_47
Hz, 4 H CH2N). Anal ysis &%l cu at ed SCION02- - 25H20 15 C, 54.05;
H 4.02; N, 20.06. Found: g, 54.07; 63 N 19093.

6- (3, 5- Di chl or o- 2, 6- di met hoxypyri di n-3<y
(nor phol i n-4-yl ) phenyl ] anm no] - 84 pteridin-H-one A erture of 0.60 g (2
mmol ) of 5-am no-4-(nmethylamno)-2-[[4 20 (norpholin-4-yl)phenyl]am no]
pyrimdine, 1.23 g (4 mol ) of ethyl 2-(3,5-

oHPAC in 20 nmL

di chl oro- 2, 6- di mMelIviREydMtidbIbI-ff4y2) Ivianime eticy Jphesil
2- met hoxyet hanol is h%ate und g[r (fl ux_for ‘16 hoLrgﬁy&o kup in EtOAc,

fol'l owed by @M&Wmnydm&ﬁom@%mpwm @bpvnb&mé’dég ere the: 2)

g;\é?;m% 55 tgcle(t%m@ouﬂéastﬁeoﬁ.' tl e. conmpound (Conpound 18): mp (Et OH)

1H NMR [(CD3)»SO7: 8 8.26 (br, 1 H, exchangeable with D0, 2NH), 7.62 (d,
J=90Hz 2 H,H-2,6),7.33 (s, 1 H, H-6), 6.76 (d, J=9.0 Hz, 2 H, H-3",5"),
6.38 (q,/=4.6 Hz, 1 H, exchangeable with D,0, 4NH), 3.94-3.90 (m, 4 H, |
10 CH,0 and NHp), 2.89 (d, J = 4.5 Hz, 3 H, CH3N), 2.73 (t, /= 6.2 Hz, 2 H,
CHN), 2.53 (q,J = 7.1 Hz, 4 H, CHyN), 0.97 (t, / = 7.1 Hz, 6 H, CHg).

3. S5-Amino-2-[[4-(diethylaminocarbonyl)phenyl]amino]-4-

(methylamine)pyrimidine
0
Et p NH,
! 1
Et NS I e
H H
15 Hydrogenation of 2-[[4-(diethylaminocarbonyl)phenyljamino]-

4-(methylamino)-5-nitropyrimidine (from Example 2(3) above) over Pd/C gave

~ the title compound as a solid. :
1H NMR [(CD3),S0};: §8.76 (br, 1 H, exchangeable with D,0, 2NH), 7.78 (d,
J =8.5Hz, 2 H, H-2'6"),7.39 (5, 1 H, H-6), 7.19 (d, J=8.6 Hz, 2 H, H-3",5"),
20 6.48 (g, J = 4.6 Hz, 1 H, exchangeable with D70, 4NH), 4.08 (br, 2 H,



25 1H NVR [(CD3)2S0]: 8 10.36 (br, I H, exchangeable wth 91
(s, '| H H4), 7.70 (br, 214, H2',6), 6.98 (d, J = 8. 9q§zq‘"a%°°§
H3',5" ) wWooQmstss, 6 H CH3O, 3.75 (br t, J 4.8 Hz, 2CHUSOHPOR7 3.62
(s, 3 H CHIN), 3.09 (br t, J= 4.7 Hz, 4H, CHZN). Anal ysis cal cul ated for
C24H23C12N704: 30 C, 52.95; H, 4.26; 18.01. 15 March 2004 WO 01/ 19825
PCT/ US00/ 17037 -65 Found: C, 52.78; H~"Z4.13; N, 17.84 5.

6- (3, 5- Di br eueiRMmpédblewith Y D@m@tmu(ﬁ,«nﬂdﬂmrm d, J-44.5 Hz, 3 H,

yl') phenyl ] ani no] - SH—pterlt% -one A m xture of O. 6 (1 mol) of

5- am no- 4- ( rGHAy), ariIOr(Q)I=27pﬂwIk,5}LrﬁH;)hol in-4-yl )phenyl ] am no] pyri m di ne,
0.67 g (2 mol ) of ethyl 2-(3,5- dibronopyridin-4-yl)-2-oxoacetate (from
preparation 17), and 0.5 nL, of HOAc in 15 nL of 2-nmethoxyethanol 'is

heat ed undery ref lqux 196-4-](&14{3 ngyla%,‘mﬂt;ﬁ CL%&ZGEE% 4fol | oned by

chromat ography on silica tOACc (4:1), gives 0.15 g
(2699 of the t|tlyt)pbenyi]nnmdolmrpnimnj 19): np (EtOH) 10 204-206C. Il NWR -
[(CD3)2SO: S 10.40 (br, I H exchangeable with Djerr]0, NH), 8.94 (s, 1 H,
H4), 8.92 (s, 2 H H2",6"), 7.70 (br, 2 H HZ2 ,6"), 6.98 (d, J = 8.7 Hz,
2 H H-3,S), 3.75 (Dbf J =4.7 H, 4 H . CH0O, 3.64 (s, 3 H CH3N),
3.09 (br t, J= 4.6 Hz, , CHEN) . 15 Anal yS|s cal cul ated for C22H1gBr 2N702:
C, 46.10; H 3.34; N 1410.n : .12; N, 17.09. 6.
2-[[4-[2- (D et hyl am no) et hoxy] A 6- phenyl - 8H
pteridin-7-one 20 A m xture of '
5-am no-2-[[ 4[ 2- (di et hyl am no) -~y
5 H H

Hydrogenation of 4-(cyclopentylamino)-2-[[4-(morpholin-4-
yD)phenyl)Jamino]-5-nitropyrimidine (from example 2(4) above) over Pd/C gave
the title compound as a solid.
1H NMR [(CD3),SO]: & 8.18 (br, 1 H, exchangeable with D,0, 2NH), 7.59 (d,

10 J=90Hz 2H H2,6),733 (s, 1 H H-6),6.79 (d, /=90 Hz, 2 H, H-3,5"),
6.09 (d, J = 6.7 Hz, 1 H, exchangeable with D20, 4NH), 4.33 (sextet, J = 6.7 Hz,
1 H, cyclopenty! CH), 4.30 and 4.03 (2 br, 2 H, exchangeable with DO, NHp),
3.72 (brt,J = 4.7 Hz, 4 H, CH,0), 2.97 (brt, J= 4.7 Hz, 4 H, CHyN),
2.04-1.95 (m, 2 H, cyclopentyl), 1.76-1.65 (m, 2 H, cyclopentyl), 1.62-1.45 (m,
15 4 H, cyclopentyl).

5. 5-Amino-4-(cyclopentylamino}-2-[{4-(4-methylpiperazin-1-
yl)phenyljamino]pyrimidine



et hoxy] phenyl ] am no] - 4- (et hyl ami no) pyrimidine, 0.1 g (0.6, Bogﬂat hyl
benzoylformate, and 0.2 nL of HOAc in 10 nL of EtOH is heate er reflux
for 20 hd¥PQVIZY | owi ng renoval of the solvent, the resi dHéT/TJ§0ﬂllr7@ﬁt ed with
aqueous ammoni a solution and extracted with Et OAc. Chromat ogr aphy on
alumna, 25 eluting with EtOAc, gives 3@ ng (40% of the title conpound
(Compound 3): nmp (MeOH) 162-165C. 1H NWR [(CD3)2S0]: S 10.15 (br, 1 H,
exchangeabl e wi t Hylzogenhtihn oB4-Eayclapentylaniino)}-2-4j4- (@mﬁ&y&xrﬁazﬂmﬂ- 2 H,
H2",6"), 50-7.4 3 H

H 3", 4", 5") Y %’hg‘é"‘](a@‘n‘g]j‘g“@wm‘@“?&%'?g‘aﬁhp d 2() 6‘6"’62 oV BAR05 15

March 2004 3 o CH20), 3.62 (s, 3 H,
CH% c 094, %R@(lé@ﬂ{gééum thp éﬁﬁrzdm%ci’z)%zﬁ h'lzc o 1?*2’ 3¢ (s

??.22')5 OHggétﬁW@?ﬁzﬁ? Xt %@‘@%ﬁﬁi&%“ Pho RIS 93¢, ©
B ot by - S pt o HRA M e v 30 (8 1L WIATR. ARUE OB KRS 3085101
5-am no- 2- [ [gled &t J 6. 9%'1@{'(&9% ﬁ%blemmD&%:ng) 482&3%%6/5 rrrmf[f’ of et hyl

et hoxy] phenyl ] am no] - 4- (et hyl am no) pyrim

10 2-(2, 6-dikH] atyy CH) 24.0X ¢ 2 HR efchaigddbl dWitE H0) MHY)R2 0b gar!
Synt hesi s, 1988@{30 805)H)and gﬂg mL of cin 102?1_ of " 2- net hoxyet hanol

is heated ukvedi7 Hz M HXCHON), D34h(bot,s/ = 7z dadf CHANYI2A 1UG 3 HsCihked up as
above in 6 to give 85 ng (33% of the title conpound (Conpound 4)

(Nxc}b 182 (1621Q§ 1.961(mVR H, cotiopaty).: 1’56-13531;3, 6ﬁizwtlgpbntﬂ%cggng(ggablje \‘gm[rﬁ?DSO,
, , r

He, 2TH, @%ﬁ%@@%@wm@ 1H H4"), 6.96 (d, J= 8.9

He, 2 H, H3 5 _) 630, &, 7.9 19 28 082

Found: C, 64.24;H, 7.90; N, 25.71.

6. S-Amino—4—(cyclopentylamino)—2—[(pyridiri-4-yl)amino]pyrimidine

9US
H H
15 _ Hydrogenation of 4-(cyciopentylamino)-2-[(pyridin-4-yl)amino}-5-

nitropyrimidine (from Example 2(6) above) over Pd/C gave the title compound as
a solid.

TH NMR [(CD3),80}: 6 9.05 (br, 1 H, exchangeable with D0, 2NEH), 8.18 (d,
J=62Hz, 2 H, H-2,6'),7.67 (d, J= 6.2 Hz, 2 H, H-3",5"), 7.40 (s, 1 1, H-6),

20 6.30 (d, J = 6.6 Hz, 1 H, exchangeable with D50, 4NH), 4.39-4.30 (m; 3H,
cyclopentyl CH and NH»), 2.13-1.98 (m, 2 H, cyclopentyl), 1.78-1.66 (m, 2 H,
cyclopentyl), 1.64-1.47 (m, 4 H, cyclopentyl).



2 H CH20), 3.63 (s, 3 H CH3N), 2.77 (t, J = 6.2 Hz, 2 H, 5 (q,
J=7.1H 4H CGBN), 0.98 (t. J=7.0H, 6H CB). Aﬂgﬁ%?;"s‘ﬁ“‘?
clua

5. 04

t%élgf’gI;EZSHZGClZNGOZ 20 C 58481 T 510-N 1637 FOU%T[[?SOO/?%IS?? H,

6- (3,5 Di chl or opyri di n-4-yl)-8-net hyl - 2- ([ 4] 2- (di et hyl am no) et hoxy] -
phenyl ] ami no] -8H-pteridin-7-one A mxt@re of 0.465 g (1.4 mml) of

5-ar ni no- 2- di,et hy,

et hoxy] - phe%l]a%ﬂ'%wﬂ%g b@ﬂif?‘&%ﬁd‘}'ﬂww’aﬂ%ﬂ)@la&w@ 42, 8 mol ) of ethyl
2-(3,5-dichlorop acetate, and 0.5 nL of HOAc in 15 nL of
2- met hoxyet hanol Xf“é‘“ﬁé"a‘?gw ‘ﬁld@'“r)efl ux for 18 hours, and the reaction is
worked up as above in .6 to give 0.11 g (15% of the title conpound
(Compound 20): np (Me 179-180. 5C. 15 March 2004 1/ 19825

PCT/ US00/ 17037 -67- 1 . 43 2 exchangeable with
D20, NH), 8.95 (s, | H HH), 8.84 { , “Le'), 7.72 (br, 2 H,
H2,6), 6.97 (d, J =8 FtHz, 2 H, ' R (LEtI= 6.1 Hz, 2 H,
CH20), 3.63 (s, 3 H CHIN, 2.78 (t, N, CH2N), 2.56 (q, J =
7.1 Hz, 4 H CH2N), 0.98 (t, J = 7.1 Hz, CH3) . Anal ysi s cal cul at ed
for CZ4H25C12N702: C, 56.04; H 4.90; N 19. 06. Found: C, 56.34; H 5.19;

N, 19.32. 9. 6-( chhlor02 t hoxypyri di n-4-yl)-8-nethyl -2-[[ 4] 2-
(di et hyl ami no) et R of %y Eﬁ"r[aj(gﬁﬂny&r@pplﬁtmlm@y @mAOH'xture of 0.66

gt glcz)xg?glhzanyl ]gm?g&ﬁéﬁ@ﬁ%%ﬁ%y%%%g abfvg)?)over ¢ avetheof et hyl

2- (3, 5-di chititlecopbund assnhmikypyri di n- 4-yl ) - 2- oxoacetate, and 1 m, of HOAc
in
TH NMR [(CD3)2S01: & 8.21 (br, 1 H, exchangeable with D»0, 2NH), 7.60 (dd,

J=89,13 Hz, 2 H, H-2',6), 7.35 (s, 1 H, H-6), 6.76 (d, /= 9.1 Bz, 2 H, H-3",5),
6.28 (brt, J= 5.1 Hz, 1 H, exchangeable with D,0, 4NH), 3.96 (m, 2 H,

10 exchangeable with D,O, NHp), 3.93 (t, J=6.2 Hz, 2 H, CH,0), 3.40 (br g,
J =72 Hz, 2 H, CHyN), 2.73 (1, /= 6.2 Hz, 2 H, CH,N), 2.53 (q, /= 7.1 Hz,
4H,CHpN), 1.19 t, /= 7.2 Hz, 3 H, CHz), 0.97 (t, /= 7.1 Hz, 6 H, CHj).

8. 5-Amino-4-(ethylaminoe)-2-[(pyridin-4-yl)amino]pyrimidine

= I ’ 2
’ NN x | _Et
. H
15 ' Hydrogenation of 4-(ethylamino)-2-[(pyridin-4-yl)amino]-5-

nitropyrimidine (from Example 2(8) above) over Pd/C gave the title compound as

a solid. ;
TH NMR [(CD3)280]: § 9.05 (br, 1 H, exchangeable with D,0, 2NH), 8.19 (d,
J=63Hz 2 H,H-2',6), .67 (d,J = 6.4 Hz, 2 H, H-3',5"), 7.41 (s, 1 H, H-6),

20 649 (brt,J=5.0Hz 1 H, exchangeable with DO, 4NH), 3.4 (qd, J = 7.1, )
5.3 Hz, 2 H, CHpN), 1.21 (t,J = 7.2 Hz, 3 H, CHz).



20 nmL of 2-nethoxyethanol is heated under reflux for 16 hoqé . &?I‘E as in
6 above gives 0.59 g (519 of the title conmpound (Conpound Tﬂa‘v’% t

15 - 239-R00@1929 1H NVR [(CD3)2S0]: S 10.38 (fir, | H excirespaatize Wlth
D20, NH), 8.92 (s, | H H4), 7.72 (br, 2 H H2,6"), 6.96 (d, J= 9.0 Ha,
2 H H3,5), 404 (s, 61t CH3O, 4.01 (t, J =62 H/, 2 H CHO, 3.62
(s, 3 H CH3N), 2.77 (t, J = 6.1 Hz, 258 CH2N), 2.55 (q, J = 7-1 Hz, 4 It

CH2N), 0.98 Y-E Slitokvear ' _£.1 sl

SR N, C 5&“‘5“%"'%,‘“%‘5"5‘; N, yeprRORyipErat %,g'h?ﬁ?'%’ﬂ,"q'hf“']s. 14; N,
16.94. 10. 2- [ [4~¢:dlaptenpilaminv)pwimitint ) phenyl |

am no] - 8- net hyl - 6- phenyl -8H pteridin-7-one 25 A m xture of 0.157 g (0.5
mol ) of 5-am no-2-[[4-

(di et hyl am nocar bonyl ) phe¥l | am no] - 4- (et hyl am no) pyrim dine, 0.1 g (6
mmol ) net hyl. benzoyl formatle, and 0.2 nL of HOAc in 10 nL of EtCH is -heated
under reflux for 14 {dmins, led to give 0.17 g (79% of the title
conmpound (Conpound 5): np (EjOH) R50- 25200 15 March 004 WO 01/19825

PCT/ US00/ 17037 -68- 1H NWVR | e 10. 46 exchangeabl e with
D20, NH), 8.96 (s, 1 H H4), 8. 21181 (m
8.6 Hz, 2 H HZ2 ,6"), 7.52-7.50 (A '
Hz, 2 H H3,5), 3.66 (s, 3 H, ‘ Irh4 :
= 6.5 Hz, 6 H CH3). Analysis calculated f8r c24H24®b02: C 67.27; H,
5.65; N, 19.61. - Found: C, 67.23; H, 5.34; N, 19.68. : -

Hydrogenation of 2-[[4-[4-(tert-butoxycarbonyl)piperazin-1-yljphenyl]-
5 - amino}-4-(cyclopentylamino)-5-nitropyrimidine (from Example 2(9) above) over
Pd/C gave the title compound as a solid.

1H NMR [(CD3),S0]: 5 8.18 (br, 1 H, exchangeable with D,0, 2NH), 7.60 (d,
J =90 Hz 2H, H2.6), 733 (s, 1 H, H-6), 681 (d, J=9.0Hz, 2 H, H3',5),
6.09 (d, J = 6.7 Hz, 1 H, exchangeable with D70, 4NH), 4.32 (sextet, J = 6.6 Hz,

10 1H, cyclopéntyl CH), 4.30 and 4.03 (2 br, 2 H, exchangeable Wxth D70, NH»),
3.44 (brt,J=4.8Hz, 4 H, CHyN), 2.94 (br t, /= 5.0 Hz, 4 H, CHoN),

2.05-1.95 (m, 2 H, cyclopentyl), 1.77-1.65 (m, 2 H, cyclopentyl) 1.63-1.45 (m,
4 H, cyclopentyl), 1.42 (s, 9 H, CH3).

10.  3-Amino-2-[[4-[3-(tert-butexycarbonylamine)pyrrolidin-1-

15 yl]lphenyl]amino]-4-(cyclopentylamino)pyrimidine
t-BuO
: >:'0
HN
N / 2
o



11. 6-(2, 6-Di chl orophenyl)-2-[ [4-(diethylam nocarbonyl) ph 11 am -
8-nethyl -8Hpteridin-7-one 10 A m xture of 0.314 g (1 mol 3%%4;&”12881

5- am no- 254764k et hyl am nocar bonyl ) - -

phenyl ] aéwhgﬂ?{léé%%rret hyl amrmi no) pyri mdine, 0.37 g (1.5 mmTS"T’HF“%‘t"WI

2- (2, 6-dichl orophenyl)-2-oxoacetate (T.H Kress, MR Leanna, Synthesis,

1988: 803-805), and 0.4 nL of HOAc in 15l of 2-nethoxyethanol is heated
under reflux for 16 hours. ;?I | owi n nmoval of the salvent, the residue is

worked 15 up in BERvdon 3&&1‘5@8‘&% tpxyerreenyiamino)pygolidig-1 t h

CH2Cl 2/ Et OAc ' || <l ' ound
6): np (IVEO—B' lﬁ@%}lﬁr@:&oﬂh ¥E¥cﬁﬁéﬁmggéé{?o@%$lbgh?%‘ﬁ%%?ed%égﬁgﬁgeabI e
wi t h D20, NHhove) Oder (Pd/C gavd, thetidd corfp@ihd@sla sdlidc 8.5 Hz, 2 H, H2',6'), 7.64
-(br d, J = gﬂo Hz, 2. H H3",5"), 7.56 (dd, J = 9.2, 6.9 Hz, 1 H H4"),
7.39 (d, J= SHRWR [(OD3)2SAI3D 395 (br, | H,exehangadleawitlsDp®, 3NH), THBKY, 3 32 (ni
4 HVI-1..) 1 17 thr t g{ 6 H CH Anal ysis cal cul ated for C24H22C12N602: C,
57.96;3H, 4.46:9-%Hz 8 BH#l-2T@), A1 (s;,llsléﬂz(z); 703 (r3d =07 Heol 8. 12.

6- (3, 5-Di chl or gpyri dji n-4- Ié-%,— 4- (di et hyl am nocar bonyl ) phenyl]- 25

ani noj - 8- rret??&qhawqﬁb'él"?lﬁifxz . 6ra%duf & 94t Hg 200, B-3(,5)66.88€d,)  of 5- anino
2-[[4-(di et hyl am nocar bonyl )- phenyl ] am no] - 4- (et hyl am no) pyri m di ne, 0.8

g (3.2 ol )J 6t6.¢Hhayl H, 2x¢@ngeatilecitio Doy FNHI)#. 3t (sejte Jex6adEs dtHE, and 0.5
mL of HOAc in 20 nL of 2-nethoxyethanol is heated under reflux for 16
hours. Wor kugydapeptybfdIN); 4 1féme h IR pgrrolidinp ICHNR 359 5@t/ 390 (@ 72 3%

“exchangeable with D20, NHy), 3.39 (m, 1 H, pyrrolidinyl CHN), 3.26 (m, 1 H,
10 pyrrolidinyl CHN), 3.15 (m, 1 H, pyrrolidinyl CHN), 2.96 (m, 1 H, pyrrolidinyl
CHN), 2.13 (m, 1 H, pyrrolidinyl), 2.04-1.95 (m, 2 H, cyclopentyl), 1.84 (m, 1 H,
pyrrolidinyl), 1.77-1.65 (m, 2 H, cyclopentyl), 1.62-1.44 (m, 4 H, cyclopentyl),
1.39 (s, 9 H, CHy). - | '

EXAMPLE 4
15 Synthesis of Pyruvates

1.  Ethyl 2-(3,5-dichloropyridin-4-yl)-2-oxoacetate

Cl
| 0 | N
Et /
) ‘ _ \0 _‘
0] Cl .

A solution of 4.44 g (30 mmol) of 3,5-dichloropyridine in 40 mL of THF
is added dropwise over 30 minutes to a stirred solution of 23 mL (35 mmof) of
20 1.5 M LDA in 30 mL THF at -78°C. After a further 15 minutes at -78°C, a
solution of 6.13 g (42 mmol) of diethyl oxalate in 15 mL THF is added, and the
temperature is allowed to rise slowly to -20°C. The reaction mixture is then
quenched with aqueous ammonium chloride, the solvent is removed, and the
residue is worked up in EtOAc. Chromatdgraphy on silica, eluting with
25 hexane/EtOAc (9:1), gives 2.4 g (32%) of the title compound as an oil.



-69- followed by chromatography on silica, eluting with Ehﬁ)é/h%?‘(g 4(3 2)
gives 0.22 g (28% of the title conpound (Conpound 13): ?‘f‘ @§

230- 231C. woldwbdR [ (CD3) 2S0]: & 10.71 (br, | H  exchangeaplbemshiivos0, NH),

9.04 (s, | H H4), 885 (s, 2 H H2",6"), 7.91 (d, J = 8.5 Hz, 2 H,
H2,6"), 7.39 (d, 5J—8.6H22HHS‘S 368(53HCHBN) 3.33 (m4lL
CH2), 1.12( brt J=6.1 Hz, 6 H CH3) ysis cal cul ated for C23H21

10 13. 6-(3, Sﬁ%wméﬁw@océf%sﬁnﬁ@%p@' ?ﬁ%%ﬂwy%z%@z BByl am no
car P?ngi)ghg%xhkémé}%m&ﬁ gg: gggglr (tj):)zyI?) one A mxture of 0.47 g (1.5
G chl of o- 2, 61 i NNRAGHGHES BTRESS (4 1O E%%%@f&?)@ﬁh@% f8h tone in 20
o, fol | oW R)" ErY Diey 8@?%&‘2@%63?9%? ﬁ?&@mﬁﬂ“ﬁéiineyﬁ[ o
Y74 b8 Vesﬂgﬂlﬁé%[“?&ﬁg%@a(‘){m‘éﬁ%”é% SCBFetRgseop Ound@%@%l S wi D00 N

-9.02 (s, 1 &H %.91 (d, J 8.5 Hz, 21t H2',6"), 7.38 (d, J = 8.6
Hz, 2 H H3 S) 405(s 6HOCH3),367(s 3HCH3N),333(m4,H
CH2), 1.12' (pﬁ 46 908gf28HAH, CH3),. Anal ysis cal cul ated for C25H25C12N704:
C, 53.77; H _4’51: N, 17.56. Found: C, 53.68; 14,4.30; N, 17.39. 25 14.

8- Oycl opent yFoundf R46. 23R ASATBE. 4- yi ) phenyl ] ami no) - SH-pt eri di n-7-one A

m xture of 0.354 g (1 mmol) of 5-am no-4-(cyclopentylamno)-2-[[4

(mor phol i n-4-yl ) phenyl]am no] pyrimdine, 0.26 g (2 nmol) of butyl

gl yoxyl ate Z2ZF. J. EthylfZ-(3.5-dWorﬂﬁdélmbowmmn-@wqxoa%mm 124-125),

and 0.5 nL of HOAc

OMe
5 | N
Et
~o N OMe
10 o

A solution of 5.20 g (25 mmol) of 3,S-dichloro-2,6~dimethoxypyﬁdiné
(J. Bratt, H. Suschitzky, J.C.S. Perkin I, 1983:1689-1693) in 40 mL THF is added
dropwise over 30 minutes to a solution of 20 mL (30 mmol) of 1.5 A/LDA in
20 mL THF at -78°C. The resulting solution is stirred at -78°C for 1 hour, and
15 4.5 mL (33 mmol) of diethyl oxalate is then added. The temperature is allowed to
rise slowly to room temperature and aqueous ammonium chiloride solution is
_added, and the solvent is removed under vacuum. The residue is extracted into
EtOAc and chromatographed on SiO», eluting with hexane-EtOAc (9:1), to give

| 5.97 g (78%) of the title compound: mp (hexane) 195-196°C.
20 1H NMR (CDCl3):  4.41 (g, J=7.2 Hz, 2 H, CHy), 4.04 (s, 6 H, CH30), 1.38 (¢,
J=7.1Hz, 3 H, CHy).



in 10 nL of EtOH.is heated under reflux for 12 hours. RermL/} %’rth@
sol vent and 15 March 2004 WO 01/19825 PCT/ US00/ 17037 -70 rutro vdth
wat er - gi waporiegzscr ude product which is chromat ographed opcajusawimsy €l uting
with CH2C12I Et QAc (4:1) to give 90 ng (23% of the title conpound (Conpound
7): nmp (MeOH) 182-184C. 1H NWMR [(CD3)280] 6 9.97 (br, I H exchangeabl e
vmthD20N,877(s 51 H HA4) : s,lHH—6)753(br,J:

cycl opentyl cﬁ&ﬁ\@z(?ﬁ%ﬁl(ﬂqﬁz@@%%ﬁ"f(ﬁ [ LT L AP
gy?l o?gﬁ'lt\lg/l )‘gségéséf(%g ?rﬂ(qrﬁ% G, %péiﬁ%e¢n%¥f Sigaf(%éféé@lééf‘éﬂ,ed f or

C21H24N602: %3 C, 64.27; 11, 6.16; N, 21.41. Found: C, 64.39; H, 6.40; N,

21.55. 15. g cl opentyl - 6- net hyl - 2- [ [ 4- (nor phol i n-4-yl') phenyl ] am no] - SH

pteridin-7- 9 mmol ) of _
Ay Sischl yﬁ[&lf&fc‘f&ﬁf @zﬁ%s

5-am no- 4-(cy am no)

(ror phlol i n-4-yl )p@nmlﬂga g(gbg)qrulggdl ne, 0.15 g (1.35 mmol) of 90% et hyl
pyruvate, and O. in m. of EtOH is heated under reflex for 12
hours. The ﬂfpmd;lr é3,i4§-990ﬂ,éd6aNd4dﬁJ uted with water to give a precipitate
which is collected and dried to give 0.28 g (76% of the title conpound
(Conmpound 10): np (EtOH) 230-2340C 20 1H NMR [(CD3)2SO: S 9.81 (br, 1 H,
exchangeabl &. wi t EtBAC-(IHFdibranepyfidin-H-yi)-21dxddcetate54 (br d, J = 8.9 Hz,
211, H2',6"), 6.94 (d, J= 9.1 Hz, 2 H H3,5), 569 (m 11,
cyclopentyl CH), 3.74 (br t, J= 4.8 Hz, 4 H CH0O, 3.06 (br t, J= 4.8 Hz,
4 H CH2N), 2.34.(s, 3 H CH3), 2.28-2Bf - H, cyclopentyl) 1.97-1.74
(m 4 H cyclopentyl), 1.64-1.53 (m 4 Dpent yl ) . '

Lithiation of 4.74 g (20 mmol} of 3,5-dibromopyridine with LDA,

10 according to the literature procedure (Y.G. Gu, EX. Bayburt, Tetrahedron Lett,
1996;37:2565-2568), followed by quenching with diethyl oxalate, and
chromatography on silica, eluting with hexane/EtOAc (5:1), gives 4.53 g (67%) of
the title compound. |
THNMR (CDCl3): § 8.72 (s, 2 H, H-2',6), 4.44 (q,J = 7.2 Hz, 2 H, CHy),

15 1.40 (t,J=7.1 Hz, 3 H, CH3).

’ 13C NMR (CDCI3): 5183.38 (s, C'Oj, 157.66 (s, CO5), 150.23 (d, C-2',6"),"
145.93 (s, C4"), 116.84 (5, C-3',5"), 63.78 (1, CHy), 13.82 (g, CHy).
IREMS CgH7BraNO3:

Mt 334.8793/336.8772/338.8752
20 Found: 334.8$03/336-8771I338.8_7574.



25 Anal ysis cal cul ated for C22H26N602: C, 65.01; H, 6.45; /N, .
Found: C, 65.01; H 6.56; N, 20.47. 15 March 2004 WO 01119§§I¥a%gh%04

PCT/ USOO/vi@®@3/d98251- 16. ‘ PCT/IS00/17037

- Cycl opentyl -2-[[ 4- (nor phol i n-4-yl ] phenyl ] am no] - 5H, 8H pt eri di ne- 6, 7-di one
A mxture of 0.354 g (1 mml) of 5-am ng-4-(cyc| opentyl am no)-2-[[ 4-

(nor phol i n-4-yl ) phenyl ] am no] pyri m di né Zind 5 nL (32 nmmol ) of diethyl
oxalate 5 ig, 20 k-3 Ew ' under reflux for 3 hours
and then cool ed tghg?ee(%b?g%%“?i %ﬂ%?l‘zf%;e&?%t?ﬁe ‘conpound (Conpound 23):
mp (EtOH) 283-286C. 1H NMR [(CD3)2S0]: S 11.87 (br, 1 H, exchangeable wth
D20, H5),9.29 (br, 1 H exchangeable wt 0, 2NH), 8.12 (s, | H H4),
7.50 (br d, J =9.0Hz, 2 H H2,6"), 6.9 d J=9.1 H, 2 H H3,5),
5,62 (pentet, J =8.8 Hz, 1 H 10 gyclo | CH), 3.74 (br t, J = 4.7 Hz,
4 H CH20, 3.03 (br t, J = 4.7 Hz, N, 2.21-2.11 (m 2 H,
cyclopentyl), 1.97-1.84 (m 2gH_cC 1.84-1.74 (m 2 H,
cyclopentyl), 1.63-1.52 (m 2 H, Gycl ). @Ml ysis cal culated for
C21H24N603: C, 61.75; H, 5.92; N, 20,57. 15 Found: C, 61.56; H, 5.86; N,
20.73. 17. 8-Cyclopentyl-2-[[4-(4-nethnyl pi perazin-1-yl)phenyl] .am no] - SH
pteridin-7-one A mxture of 0.367 g (1 mmol) of

5-am no-4-(cycl opentyl ami no

=2-[[4-(4- . .

met hyl pi per azi n- | TW)Sﬁh@Hl}P% 2P BAEPmed) af frdoder3.Sriipethpabeniess 13), 0.26 g
20 (2 mml) | kO = Ay, ). o€ichh.aEH 1 0. th. Coll.,
1963; 4: 124- 1%) %%L 5 Eiﬂ%ﬁ *ﬁ@%é%’é‘s”% %’Wéﬁ&?ﬁ?-ﬁéﬁ{%ﬁlﬁ 19981 Gty oy for
14 hous, anof THE as<I89€1is added n2/30uE ¢2 Linthes]) SEL.0 MirerABELi in peatdne ahs di | ut ed
with .

after a further 5 minutes 4.4 g (30 mmol) of diethyl oxalate is added. After being

allowed to warm to ~20°C, the mixture is quenched with aqueous NH4Cl, and the

4 H,

THF is rémoved under vacuum. Work-up in EtOAc, followed by chromatography
on silica, eluting with hexane/EtOAc (9:1) gives 3.38 g (71%) of the title
10 compound as an oil. |
IH NMR (CDCl3): $7.13 (d, J=2.4 Hz, 2 H, H-2',6), 6.73 (4, =23 Hz, 1 H,
H-4"), 4.44 (q,J=7.2 Hz, 2 H, CHp), 1.42 (t, J = 7.1 Hz, 3 H, CHy).
13C NMR (CDCl3): 5 186.18 (s, CO), 163.77 (s, COs), 160.97 (5, C-3"5"),
134.11 (5, C-1"), 107.51 (4, C-2',4',6"), 62.30 (t, CH,0), 55.63 (q, CH30),
15 14.08 (g, CH3).
HREIMS C19H}405:
M*: 238.0841
Found: 238.0836.

EXAMPLE 5
20 ‘ Synthesis of 8H-Pteridin-7-ones

1. 8-Methyl-2-[[4-(morpholin-4-yl)phenyl)]amino]-6-phenyl-8H-pteridin-
7-one
A mixture of 0.15 g (0.5 mmol) of 5-amino-4-(methylamino)-2-[{4-
(morpholin-4-yl)phenylJamino}pyrimidine (from Example 3(1)), 0.1 g (0.6 mmol)



aqueous ammoni a solution and extracted into Et QAc. Chromat qgrm@]@u. Ba
alumna, eluting with CH2C12/Et OAc (4:1), gives 0.26 g (64% tl%e title

25 conpouwwd effesgrpound 8): np (MeOH) 208-211C. 1H NMR [(CDB&%QM—,&-,Q 95
(br, 1 H, exchangeable with D20, NH), 8.76 (s, 1 H H4), 7.83 (s, 1 H,

H6), 7.50 (br d, J =8.9 Hz, 2 H H2  ,6'), 6.94 (d, J 9.0 Hz, 2 H,
H3,5), 565 (m 1H cyclopentyl CH)-63-3 10 (br t, = 4.9 Hz, 4 H,

2 ks Wb b oy e 3 0 et

1.94-1.74 (nfor42ﬂ-lputsyﬁzl(bmlﬁd}¢b)gave10 6@-(18%20fﬂihnﬂebbmp&¥ﬁ|(m{ﬁ0¥lhhl Anal ysi s
cal cul ated for C22H27N7Q; H, 71; N, 24.18. 5 Found: C, 65.02;
H 6.96: N, byTlables}gnd 2): mp(EtOH)302—304 5°C

Sr pter ai n: SRR HI01GH 16158 8 L serirpesabiaronth b3, Nen) 886 06,
et hy 1 91 per o) FhEFEh BROREHY et 7 ?"WJP&BM,@/WQH:@%%%@ of 90%

met hyl 10 pykg) ” under reflux
for 14 hourgy a\r?gdaf%ng%%gsngﬁvf Temg%%g?er vgguum reat Pltr‘lt of the

resi due wt h]aqldkasﬂhﬂ?ﬁQﬁ])aS 68 1(s)BI K CHFMES. 08(5ﬂt,11d=407ﬂﬂzh4|}§(1ﬂ§N)ect ed and
dried to give 39 g (93% of the title conpound (Conpound 9): np (MeOH)

210-211C. 1%%1{:(:11@3)1@@@&@&227%% 1 R exchangeable with D20 NH) ,
8.69 (s, 15 1 H H4),7.51 (brd, J=8.9Hz, 2H, H2' ,6'), 6. 92(d, J=8. 9Hz, 2I L

H3,5), 5.69 ( 66ﬁ5HyéB§>§&rﬂq/2804) 3.0 (br t, J = 4.8 Hz, 4 H,
T i G PR, L 2 D T
cycl opentyl) .64-1.53 (m 2 H
‘ 2. 6-(2,6-Dichlorophenyl)-8-methyl-2-[[4-(morpholin-4-
yl)phenyl]amino]-8 H-pteridin-7-one
A mixture of 0.60 g (2 mmol) of 5-amino-4-(methylamino)-2-[[4-
(morpholin-4-yl)phenyljamino]pyrimidine, 0.74 g (3 mmol) ethyl 2-(2,6-

15 dichlorophenyl)-2-oxoacetate (T.H. Kress and M.R. Leanna, Synthesis,
1988:803-805), and 0.3 ml. HOAc in 25 mL of 2-methoxyethanol is heated under
reflux for 16 hours before the solvent is removed under vacuum. The residue is
extracted into EtOAc and, after being washed with water, the solution is dried
over NapSOy. Removal of the solvent and chromatography 6n silica, eluting with

20 hexane/EtOAc 3:2 gives 0.36 g (37%) of the title compound (Compound 2 in

Tables 1 and 2): mp (E1OH) 292-293°C. ’

TH NMR [(CD3),S0]: 5 1031 (br, 1 H, exchangeable with D,0, NH), 8.90 (s,

1 H, H-4), 7.70 (br, 2 H, H-2,6), 7.62 (br d, J = 8.0 Hz, 2 H, H-3",5"), 7.55 (dd,

J=9.1,69Hz, 1 H,H4"), 6.98 (4, /= 9.0 Hz, 2, H-3'5),3.75 (br ¢,

25 J= 46Hz,4H,CH20)363(s 3 H, CH3N), 309(brT,J 47Hz,4H,CH2N)_
Analysis calculated for C93HyqClhNgOs:

C, 57.15; H, 4.17; N, 17.39.
Found: C,57.17;H,3.91; N, 17.37.



cyclopentyl).. 20 Analysis calculated for C23H29N70: C, 695%garchizof4 97 N
23.37. Found: C, 65.85; H, 7.22; N, 23.66 19. -

8- CydopenW 1298254~ ( 4- met hyl pi perazi n-1 yl ) pbenyl ] am nol - beir@se0/17037
pteridine-6,7-dione 25 A m xture of 0.367 g (1 mmol) of

5- am no- 4- (cyclopentyl am no)-2-[[4-(4-

met hyl pi perazi n-1-yl ) phenyl ] am no] pyri nq'4d| ne and 5 nL (32 mmol) of diethyl

oxal ate in 28, mL 6{(33-Pichryfiianal-yl-3-Realykd-[(Agabrgiftinig for 3 hours, and
cool ed, to give O. 52 g ‘520 ﬁ%f t he ?Qt-le corrpllgﬂ-nd (Oorrr')lound 24): np (EtO—I)

266-270C. 15 Nar cHplsawtiapinol8ipreidiei7-0800/ 17037 - 73- 1H NNR [(003)250]

S 11.86 (b I Q, L 2.7

exchangegblre W|thA%%Hﬂg%ﬁ?%%(yfkrFo}%ggﬁ}mﬁz'ﬂﬁ@#yigm BiB(EM' = 9 0 Hz, 2
H H'2 , 6") , (thordBol{re4- gl)glé&lygahliino]gyﬁmmiﬁébﬁgcl S5mﬁ12>2)( 23@45 b ? 83 H7, 1
H, | open r = r -
4.8 Hz p 5¥§5gﬁéﬂﬁropzn‘§§4cﬂ)~?@wwats)andé’ ﬁ@L'LH@éc(lﬁhwﬂllH cycl opent yI ),

1.99-1. 86 (mp.. 1.63-1.52
(m 2 H cyé‘?gﬁé‘*‘wﬁ?ﬁ*‘&%ﬁﬁ Fafed wncks i £ 16 et Sy D05 HY bl

61.37; H, 6. @62 QOlirora@og@phy Fmalndnnacpluﬁhg@ﬂth (EHZGIZZ&DM (42D, §i0es 8S)mg0
S—Cyclopentyl 5& pyridin-4-yl)am no]-8Hpteridin-7-one A m xture of 0.324
g (1.2 mol ) (1§e)=F the title compoynd (oemponadiil 2 &) Tables 1 and 2): mp (MeOH)

[ (pyridin- 4%49_%@&?]pyrlmdl ne, 0.31 g (2.4 mml) of butyl glyoxylate
(F.J. WoIf I JTard, Org. Synth. Coll, 1963;4:124-125), and 0.5 nL of

o 107 15, B R TG EROIRF 6 0O b g i RAB D, RSP Et e and
chromat ogr ap{ifpRy 8 84 (s, 2 H, H-2",6"), 7.71 (br, 2 H, H-2',6"), 6.98 (d, /=89 Hz, 2 H,
H-3',5),3.75 (br t, /= 4.7 Hz, 4 H, CH0), 3.64 (s, 3 H, CH3N), 3.09 (br t,
J=4.7Hz, 4 H, CHoN). |
Analysis calculated for CyyH)9ClyN705-0.25H,0
15 C, 54.05; H, 4.02; N, 20.06.
Found: C,54.07;H,3.63 N, 19.93,

4. 6-(3,5-Dichloro-2,6-dimethoxypyridin-d-yl)-8-methyl-2-[[4-
{morpholin-4-yl)phenyllamino]-8 H-pteridin-7-one
A mixture of 0.60 g (2 mmol) of 5-amino-4-(methylamino)-2-[[4-

20 (morpholin-4-yl)phenylJamino]pyrimidine, 1.23 g (4 mmol) of ethyl 2-(3,5-

4 dich]oro-z,6-dimethoxypyﬁdin-.fl-yl)—z-oxoaceta:te, and 1 mL HOAc in 20 mL
2-methoxyethanol is heated under reflux for 16 hours. Workup in EtOAc,
followed by chromatography on silica, eluting with hexane-EtOAc (3:2), gives
0.55 g (51%) of the title compound (Compound 18): mp (EtOH) 275-276°C.

25 TH NMR [(CD3)280): 6 10.36 (br, 1 H, exchangeable with D,0, NH), 8.91 (s,
1 H, H-4), 7.70 (br, 2 H, H-2',6"), 6.98 (d, /= 8.9 Hz, 2 H, H-3",5"), 4.07 (s, 6 H,
CH30), 3.75 (brt,J=4.8 Hz, 4 H, CH,0), 3.62 (s, 3 H, CH3N), 3.09 (brt,
J=47 Hz, 4H, CHZN)

Analysis calculated for Co4Hy3ClyN704: | "

30 C, 5295;H, 4.26; N, 18.01.



alumna, eluting with EtQAc, to give 90 ng (24% of the t|t1l5qw§@mgy@d
(Compound 11): np (MeOH) 236-238C. 1H NI\/R [(CD3)2S0]: 8 10.55 (br, I H,
exchange_éﬁpélwsﬂfﬁ D20, NH), 8.95 (s, 1 H H4), 8.44 (brPQI/UOATSETI4 Hz, 2
H H2%'), 7.99 (s, | H H6), 7.76 (br d, ’>0 J=6.0 Hz, 2 H, H-3',5'),
5.73 (pentet, J 8.8 Hz, 1 H cyclopentyl CH, 2.31-2.21 (m 2 H,

cycl opentyl), 2. 04 1.93 (m 2 H cyclopéntyl), 1.93-1.81 (m .2 H,

cycl opent yl ) Fouhd71€15598;(Hn 4. P3; B, 1§y8 opentyl ) .. Anal.ysi s cal cul ated for
Cl6H 6N60: C, 62.33; H, 5.23; N, 27.27. 25 Found: C, 62; 38; H, 5.21; N,
27.49. 21. .6-(3,5-D nethoxyphenyl)-8-ethyl-2-[[4-[2-(di et hyl am no) et hoxy] -

phenyl] ami ng) - 8H-{8,5-DibidindpyaidinA-§i)-8inethyd2-[(4-B@ogphelindsmol ) Of
5-am no-2-[[ 4- [Zﬁdlethéllam no) -
et hoxy] phenyl ] ani ¥ahenylaminog %}W‘Pﬁwme pyrinidine, 0.83.g (35 mml)

of WD 01119825 P

2- (3, 5-di net hoxy%eny: E-%f-?oxo (fa?né?(g r-gxr%“g( %e%hym?):z-g.d | nL of
aceticSaci d (norglolm4-)fidnyHainamimaimidoe; 0,681 @muhiol) of éthyb2H(3,5- and t he
solvent is noved . nder vacuum The residue, is ihen dissol i n water
and washed vfipRom b Q&ﬂ?&%@qﬁawrewgatﬁ%ﬁ)b% %mslt o ﬁ@d&aﬁs
ammoni a, andi4 je &Q%ﬂ@théx;ﬁé"ﬂ?ﬂk}ﬁs Heaemsﬁ&&%ﬁ& fori8 C‘?ﬁ{

Chr omat ogr aphy on alum nd, eluting wth hexane/Et (1: 1) then gi ves

0.81 g (56%Ei§iAq Faflomred by’ choompaagapliyCompibion cluting: mﬂpcwta_mm&sc 1H
NVR [(CD3)2SQ : S 10.15 (br, 1 H, exchangeable w th D20 , 8.87 (s, | H,
H4), 7.71 (gvesd. ISJgQQ%)anHhe title ppmppud ( 0Ppmmz90mpﬁtqﬂ)3 2 H,

H-2 ‘io) 1%)04620%4C(d J=9.1H, 2H H3,5), 663(t,J:23Hz | H,
4.32 J=7. OHz, 2H, CH2N) , 4. 00(t, J=6. 2Hz, 2H, CH2013. 80( s, 6H, CH30) ,

> 76 (t, 3= By AR (G0 s6T2M0.46 (251 8 excharigdhible ith DO N ¥, 1 30 (T,
1 H, H-4), 8.92 (s, 2 H, H-2",6""), 7.70 (br, 2 H, H-2',6"), 6.98 (d, /=87 Hz, 2 H,
H-3',5'), 3.75 (brt, J = 4.7 Hz, 4 H, CH0), 3.64 (5, 3 H, CH3N), 3.09 (brt,
J=4.6 Hz, 4 H, CHoN).
15 Analysis calculated for C2oH}9BraN70:
C, 46.10; H, 3.34; N, 17.10.
Found: C, 46:14,H, 3.12; N, 17.09.

6. 2-[[4-[2-(Diethylamine)ethoxy]phenyl]amino]-8-methyl-6-phenyl-8 H-
pteridin-7-one

20 A mixture of 0.165 g (0.5 mmol) of 5-ammo—2-[[4—~[2-(d1ethylammo)
ethoxy}phenyl]amino]-4-(methylamino)pyrimidine, 0.1 g (0.6 mmol) of methyl
benzoylformate, and 0.2 mL of HOAc in 10 mL of EtOH is heated under reflux
for 20 hours. Following removal of the solvent, the resfdue is treated with aqueous
ammonia solution and extracted with EtQAc. Chromatography on alumina,

25 eluting with EtOAc, gives 90 mg (40%) of the title compound (Compound 3):
mp (MeOH) 162-165°C.
IH NMR [(CD3),S01: & 10.15 (br, 1 H, exchangeable with D70, NH), 8.87 (s,
1 H, H-4), 8.20-8.17 (m, 2 H, H-2",6"), 7.71 (brd,J = 82 Hz, 2 H, H-2'¢'),
7.50-7.48 (m, 3 H, H-3",4",5"), 6.95 (d, /= 8.9 Hz, 2 H, H-3",5"), 4.00 (¢,



J= 7.0 Hz, 3H,CH3), 0. 98(t,J=7.0Hz, 6H CH3). Analysis cal culgi@gchoh
C28H34C1N604: 15 C, 64.85; 11,6.61;N,16.21. Found: C, 64.78; H 6 8% N,
16. 39. 22W0 01/19825 ' PCT/US00/17037

6- (3, 5- D net hoxyphenyl ) -8-et hyl -2-1(pyridin-4-yl)am no]-SH pteridin- 7-one
A mxture of 0.46 g (2 Mol ) of 5-am noéél-(et hyl am no) - 2-[ (pyri di n-4- 20
yl)ami no] pyrimidine, 0.71 g (3 mol) of ethyl 2-(3,5-dinethoxyphenyl)-2-

oxoacet at e, Andb.2Hz2 B, CHyO)| 8.62¢4,0 IE[,SC]I‘I?H),Qd?w,dB-E&QQﬁQ&LfGH%Qﬁ hours and
cooled. The resulting precipitate is collected, washed with MeOH, and dried
to give 0.385§ (4479 bHzi4H, CHpNY, ©98fiodind ¢ BappHUGH3)L5) : np (Et OH)
245-246.50C 25 1H NMVR [(003)28%538 10.66 (br, | H exchangeable with D20,
NH), 9.02 (sAnalygis cpiculpteddon€agtpgNgD2: 5.0, 1.4 1-17,2 14, H2',6'), 7.83
(dd, J= 5.1, 1.4 Hz, 2 H, H3'-,5l'53)79 7.42 (d, J = 2.5 Hz, 2 H H2",6"),
6.67 (t, J = 23 HC 875 6PN WP g J = 7.1 Hz, 2 H, CH2N), 3.81 (s, 6

H CH39), l.8md s Je6T72%: fi 632 N o3 CH3). 15 March 2004 WO 01/19825
PCT/ US00/ 17037 - 75 Anal y’SII:II’S ‘cal’cul at'ed for C21H20N6GB C, 62.37; H, 4.98;

N, 20.78. Found: C, 62.60; H, 4.75; N, 20.56. o
2 (a4 (tent Bt S{ERERLSRRaE LS AT AR ok Bhelndiiibol e
cycl opentyl - 8H pt &methpl-SHgteridinBlond2 11
A mixture 0 0.165 g (0.5 mmol) of 5-amino-2-{[4-[2-(diethylamino)-
ethoxy]phenyljamino}-4-(methylamino)pyrimidine, 0.16 g (0.65 mmol) of ethyl
10 2-(2,6-dichlorophenyl)-2-oxoacetate (T.H. Kress and M.R. Leanna, Synthesis,
1988:803-805), and 0.3 mL of HOAc in 10 mL of 2-methoxyethanol is heated
under reflux for 18 hours. The reaction mixture is worked up as above in 6 to give
85 mg (33%) of the title compound (Compound 4): mp (MeOH) 156-161°C.
LH NMR [(CD3),S0]: 5 10.34 (br, 1 H, exchangeable with D»0, NH), 8.92 (s,
15 1 H, H-4), 7.72 (br, 2 H, H-2',6"), 7.63 (br d, J = 7.9 Hz, 2 H, H-3",5"), 7.55 (dd,
J=9.1,7.0¥Hz 1H,H4"),6.9 (d, J= 8.9 Hz, 2 H, H-3",5), 4.01 (t, /=62 Hz,
2 H, CHy0), 3.63 (5, 3 H, CH3N), 2.77 (1, /= 6.2 Hz, 2 H, CHpN), 2.5 (g,
J = 7.1 Hz, 4H, CH3N), 0.98 (t, J = 7.0 Hz, 6 H, CH3).
Analysis calculated for Co5HagCloNgO»: -
20 C, 58.48; H, 5.10; N, 16.37.
Found: C, 58.67; H, 5.04; N, 16.25.

8. 6-(3,5-Dichloropyridin-4-yl)-8-methyl-2-[[4-[2-(diethylamino)ethoxy]-
phenyllaminoe]-8H-pteridin-7-one
* A mixture of 0.465 g (1.4 mmol) of S-amino-2-[[4-[2-(diethylamino)-

25 ethoxy}-phenyl]amino]-4-(methylamino)pyrimidine, 0.69 g (2.8 mmol) of ethyl
2-(3,5-dichloropyridin-4-yl)-2-oxoacetate, and 0.5 mL of HOAc in 15 mL of
2-methoxyethanol is heated under reflux for 18 hours, and the reaction is worked
up as above in 6 to give 0.11 g (15%) of the title compound (Compound 20):
mp (MeOH) 179-180.5°C.



A mxture of 0.82 g (1.8 mmol ) of 5-am no-2-[[4-[4-(tent 15 March 2004

but oxycar bonyl ) pi per azi n- 1-yl ] phenyl ] am no] - 4- (cycl opent yl am noS pyrimdine
10 (fromvPepwsaii on 14A), 0.52 g (4 mmol) of butyl gl yoxsdmtuseofifesd. VoI f,
J. Wijlard, Og. Synth. Coll., 1963,4:124-125), and 0.5 nL HOAc in 15 nL
of EtOH is heated under reflux for 14 hours, and the solvent is renoved
under vacuum The residue is diluted '\ﬁi fh aqueous amoni a sol ution and

AR 6‘.“85“?‘%“%%?%5}??@‘0? B Bxchand<ate "ﬁ&“ﬁéﬁﬂw@%??%é”?’wﬁb%“
S157LLC IMBAERNESR B 300 Wiy A £EE03I8Y Sebiad 238>

J= 9.1 Hz, HB,5W802 G, .J~63 8BS A H) Ci,B), 83 (RENICH ; : , J =
4.9 Hz, 4 H, CI—IZ%, 2l (brﬁfﬁ, DR Hz,t4 vy CI—?Z}%’_‘?TS%QQ%Z$28 m 2 H

cycl opent yl )2 H, QHpIN) 56 (q7 4 (T} He, #H, CHEINpOssy )/ = 2164 6 IBTHs 2 H,
cyclopentyl), 1.42 (s, 9 H CH3). WO 01/19825 -76 Analysis ealcul ated for
C26H33N703: Arglyséacabailated fos CagHrpCloNyQp4.  Found: C, 63.55; H, 6.90; N,
19.82. 15 March 2004 PCTIUSOQJ 17037 b) A solution of 0.15 g (0.3 nmol) of
2-[[ 4- [ 4- (tert - butex3hBbmA0 N, £9.06.

pi per azi n- | -%L,]l&he@ygdﬁWhy?Ngyg??pent yl -8Hpteridin-7-one in 10 m., of
0 ri

CH2Cl 2 is treated Wit uoroacetic acid, and the m xture is
stirred at roomtenperature for 3 hours. After renoval of the sol vent

under vacuufy the. s IS teityrated.with: eo La to give 0.112
g (949 of Phe t %ﬁ%ﬁ’é@!%&%dc‘b%‘#ﬁgm%ﬁ . Yﬂgﬁl'wg%ﬂ;ﬂﬁﬁimm 10 1H NMWR
[(CD8)2SO : S 9. q@ietliylamindytthoxs]phagdRiinc]sHipleddinMdne 8. 76 (s, | H,
H4), 7-83 (s, | H . H+6), 750 (dd, J =90 34 H 2H H2, 6), 692
(d, A mixture of 0.66 g (2 mmol) of 5-ammo-2~[[4-[2-(dzethylammo)- |
ethoxy]phenyljamino]-4-(methylamino)pyrimidine, 1.23 g (4 mmol) of ethyl
2-(3,5-dichloro-2,6-dimethoxypyridin-4-yI)-2-oxoacetate, and 1 mL of HOAc in
20 mL of 2-methoxyethanol is heated under reflux for 16 hours, Workup as in
6-above gives 0.59 g (51%) of the title compourd (Compound 21): mp (EtOH)
15 - 239-240°C. : | -
1H NMR [(CD3),50]: § 10.38 (br, 1 H, exchangeable with D50, NH), 8.92 (s, |

1 H, H-4), 7.72 (br, 2 H, H-2',6), 6.96 (d, J= 9.0 Hz, 2 H, H-3",5"), 4.04 (s, 6 H,
CH30), 4.01 (t, J = 6.2 Hz, 2 H, CH,0), 3.62 (s, 3 H, CH3N), 2.77 (. J = 6.1 Hz,
2 H, CHpN), 2.55(q,J = 7.1 Hz, 4 H, CHpN), 0.98 (t, J=7.1 Hz, 6 H, CHg)

20 Analysis calculated for CogHpoCloN704:

C, 54.36;H, 5.09; N, 17.07. B
Found: C, 54.17;H,5.14; N, 16.94.

!

10.  2-[[4-(Diethylaminocarbonyl)phenyljamino}-8-methyl-6-phenyl-8H-
| pteridin-7-one - |
25 A mixture of 0,157 g (0.5 mmol) of 5-amino-2-[[4-
(diethylaminocarbony!)phenyl]aminb]-4—(methy]amino)pyrimidine, Olg
(6 mmol) methyl benzoylformate, and 0.2 mL of HOAc in 10 mL of EtOH is
heated under reflux for 14 hours, and cooled to give 0.17 g (79%) of the title '
compound (Compound 5): mp (EtOH) 250-252°C. o |



J= 9.1 Hz, 2 H H3,5), 565 (m | H cyclopentyl J =
4.9 Hz, 4 H CH2N), 2.82 (br t, J = 4.9 Hz, 4 H, CHZN) gqﬂé'?ng""‘
cycl opentWO01/19825094-1. 73 (m 4 H, cycl opentyl) 1.64-1. 52PC’|IJ[USG)IH037
cyclopentyl). 15 Analysis cal culated for C21H25N70.0.5 H2G C, 62.98; H,
6.54; N, 24.48. Found: C, 63.32; H, 6. 238 N, 24.34. 15 March 2004 WO
01/19825 PCTI JS00117037 -77- 24. 2-[ [4¥(3-Anm nopyrrolid

2L e ISR R A A oo
phenyl ) am 1 a%iﬁgﬁ%f[sﬁzzef‘gﬂknLWWﬁ 876198y 2 &6 1 Y MR- Pn0- 70 9

but oxycar bon§I5a+7.500nm)3 HoHi 31 412 $5)y ¥ BB i 03+ BGIH@Q][L‘I-LQCS’; I3q$5a@t y}vl\ilm Ino) "
N ijlar

pyri m di ne, 52 oxyl at e

Og. Synth. ‘QJHaN)gﬁ‘ &@é&ﬂ'}l@ﬂzﬂ,ﬂsﬂaﬁd’%‘éﬁﬂ& m) 15 m_ of EtOH is

heat ed.10 undger, r.ef l ux. fqr ur. and the solvent is renoved under
vacuun? The %?Vﬂﬁgalcﬁ’@teaf?héﬁ%ﬁﬁp%tqueous anmoni a sol uti on and extracted
into EtOAc. Chro LaPRY eluting w th hexanef Et OAc (3:2),

gi ves 0.21 (280@”%t el T choﬁgound (Conpound .53): np (MeCH)

226-228C. 1I-FNME [(?@93)23%53&’& @362{ br, | H exchangeable with D20, 2NH),
8.73 (s, 15 1 H H4), 7.80 (s, 1 H HG6), 7.44 (dd, J = 8.8, 3.4 H7,2 It
H2,6"), 7.17 (br d, J= 6.5 Hz, 1 H exchangeable wth D20, 3"H), 6.51

d, J— 8.9 2 13 (m 1
I(—| pyrroli drﬁll Cﬁl% &ﬁchﬁr&phen’il [Mmg;/érur!olaﬁﬂé?ﬂ)?ﬂ%wh 4%‘““@4 (

pyrrolidinyl), 3. &-zm(thfl-&!fwtelpywbbndu nyl), 3 03 (m 1 H, .pyrrolidinyl),
Earti 0 2 AR e s g 0 7
phenyljamino}-4-(methylamino)pyrimidine, 0.37 g (1.5 mmol) of ethyl
2-(2,6-dichlorophenyl)-2-oxoacetate (T.H. Kress, M.R. Leanna, Mthesis,
1988:803-805), and 0.4 mL of HOAc in 15 mL of 2-methoxyethanol is heated
under réﬂux for 16 hours. Following removal of the solvenf, the residue is worked
15 up in EtOAc and chromatographed on silica, eluting with CHZCIZEtOAc (4:1)to
give 0.25 g (50%) of the title compound (Compound 6): mp (MeOH) 239-241°C.
1THNMR [(CD3)2S0}: 8 10.63 (br, 1 H, exchangeable with DO, NH), 9.01 (s,
‘1H,H-4),7.91(d,J = 8.5 Hz, 2 H, H-2'6), 764 (brd,J =80 Hz, 2 H,
H-3",5"), 7.56 (dd, J = 9.2, 6.9 Hz, 1 H, H4"), 7.39 (d,J=8.6 Hz, 2 H, H-3",5),
20 3.68 (5, 3 H, CH3N), 3.32 (m, 4 H, CHp), 1.12 (brt,J=6.4Hz, 6 H, CH3).
 Analysis calculated for C24H22C12N602: |
C, 57.96; H, 4.46; N, 16.90.
Found: C, 58.25;H, 4.36; N, 16.97.

12, 6-(3,5-Dichloropyridin-4-yl)-2-[[4-(diethylaminocarbonyl)phenyl]-
25 amino]-8-methyl-8H-pteridin-7-one
A mixture of 0.50 g (1.6 mmol) of 5-amino-2-{[4-(diethylaminocarbonyl)-
phenyljamino]-4-(methylamino)pyrimidine, 0.8 g (3.2 mmol) of ethyl
2—(3,_S—dichloropyﬁdin-4—yl)—2-oxoacetaie, and 0.5 mL of HOAc in 20 mL of \
2-methoxyethanol is heated under reflux for 16 hours. Workup in EtOAc,



cyclopentyl), 1.40 (s, 9 H CH3). 15 March 2004 WO 01/ 19821% ﬁ%@%ﬁ‘qj/ 17037
-78 Analysis calculated for C26H33N703: C, 63.53; H, 6.77; N

Found: CwdoeybissH 6.74; N, 19.82. b) A solution of O. 149(@,1(,59,0&303ml) of
2-[[4-[3-(tert-butoxycarbonyl 5

am no) pyrrolidin-I-yl]phenyl]am no]-8-cycl opentyl-8H pteridin-7-one (from
exanple 23) in 10 nL CH202 is treated th | nL of trifluoroacetic acid,

dth h :
o er ' ey SIS OPR LU bla6 ok bnd S, Al Pl FRIREDELAE T2l dl 2012
ammoni a to .32 (2884) @fth&ﬁﬁ%orﬁf)ouﬁdf(ﬁoidﬁduﬁdngﬂplgft’rﬁ@mgmﬂ(i7) np
(MeOH(aq)) 197- 200C 10 1H NWR [(CD3)2SO © S 9.382 ( H exchangeabl e

wth D20, Neg N, g((§[§3)%Séy$ld'|714§br Frﬁ&oﬁﬁng?ébl'é'miﬁﬁio, 5311{?5 62€§( n T

3.4 Hz, 211,
cycl opentyl f 41§§sqpamqm2®t6"1 P9 é&,?ﬂsrﬂz,mm'r@jzg@? CHN) 3.39

(m 1 H pyrrofidinyl) pyrrolidinyl), 3

pyrrold di nylJj= 82 18 2(H) Hi3' 1), MSI(S)BIHLI@%N) 318 (th, 28, THP, Irm(&ﬂ,—l
cyclopentyl), 2.07 (m | H pyrrolidinyl), 1.98-1.66 (m 7 H NH2,
pyrrolidi nyIJ=aﬁd Hy(ﬂﬁp@HB)II) 1.63-1.52 (rn, 2 1, cyclopentyl). Analysis
cal cul ated for C21H25N70. Q.66 H20: C, 62.51; H,6.58;N, 24.30. Found: C,
62.41; H, 6.Amraly Caiwggdﬁl!%@i Qﬁﬂﬂozonpounds prepared in an anal ogous

fashion are as fol Lo I pen | - 5- met hyl - 2- (4- pi per azi n-

| -yl - phenyl am no) - 35435,}?,4@%1\? teridin-7-one;

2- [ 4- (4- Acetpdymp! pgrggzlﬁﬁtyd@ -bph@nml ami no] - 8- cycl.opent y1-5-net hyl -5, 8-
di hydro-6Hpteridin 7-one;

1-[4- (8- Cycl opentyl - 5- net hyI 7 oxo 5,6,7,8-tetrahydro-pteridin-2
10 13.  6-(3,5-Dichloro-2,6-dimethoxypyridin-4-yl)-2-{[4-(diethylamino
carbon-yl)phenyl]amino]—8-methy!—SH-pteridin-7-one
A mixture of 0.47 g (1.5 mmol) of 5-amino-2-{f4-(diethylaminocarbonyl)-
phenyl]axnino]—4—(methylamino)pyﬁmidine, 0.62 g (2 mmol) of ethyl 2-(3,5-
dichloro-2,6-dimethoxypyridin-4-yl)-2-oxoacetate and 1.0 mL of HOAc¢ in 20 mL
15 of 2-methoxyethanol is heated under reflux for 16 hours. Workup in EtOAc,

followed by chromatography on silica, eluting with hexane/EtOAc (1:1), gives
0.42 g (56%) of the title compound (Compound 22): mp (EtOH) 274-276°C.

TH NMR [(CD3)780]: 8 10.66 (br, 1 H, exchangeable with DO, NH), 9.02 (s,

1 H, H-4), 7.91 (d, J = 8.5 Hz, 2 H, H-2',6'), 7.38 (d, J=86 Hz, 2 H, H-3',5"),
20 4.05 (s, 6 H, OCHg), 3.67 (s, 3 H, CH3N), 3.33 (m, 4,H, CHy), 1.12 (brt,

J=6.3 Hz, 6 H, CH3).

Analysis calculated for CosHo5CloN704:

C, 53.77,H,4.51; N, 17.56.
Found: C,53.68;H,4.30; N, 17.39.

25 14.  8-Cyclopentyl-2-[[4-(morpholin-4-yl)phenyl]amino]-8 H-pteridin-7-one
A mixture of 0.354 g (1 mmol) of 5-amino-4-(cyclopentylamino)-2-[[4-
(morpholin-4-yl)phenyl]amino]pyrimidine, 0.26 g (2 mmol) of butyl glyoxylate
(F.J. Wolf, J. Weijlard, Org. Synth. Coll., 1963;4:124-125), and 0.5 mL of HOAc
in 10 mL of EtOH is heated under reflux for 12 hours. Removal of the solvent and



yl am no) - phenyl ] - pyrrolidin-3-yl }-3, 3-di nethyl -butyram de;
8- Cycl opent yl - 5- et hyl - 2- (4- nor phol i n- 4-yl - phenyl am no) - 5, 8154\03{%2894
6H- pt er i ¥¥mow/1982%e; 8- cycl opentyl - 2- PCT/US00/17037
(4-[4-(2-hydroxy-ethyl)-piperazin-1-yl]-phenylamno .}-5- 30

met hyl -5, 8-di hydro-6H . pteri di n-7-one; 6L5 March 2004 WO 01/19825
PCT/ US00/ 17037 - 79-

8- cycl opent Windod %th%a&&gmed l’tlswﬁ&é prile vkt @ﬁmﬂto&aﬁﬁéd% dharhing |
phenyl am no) -5-net ydr o- 6H-pteri di n-7-one

1-[ 4- (8- |soﬁhéwgmﬁléﬂzﬁwE%(d 1 i@ give §0treg f?éﬂfy)onfcth@tnérp cetpoundy| ami no) -
phenyl ] -pyrrolidine-3-carboxylic acid butylamde; 5
{4- [ 4- ( 8- Oy dComerupd 75-mip 961‘1?18)3(68‘5’(16 7, 8- tetrahydro pteridin.-2-

5 ooh Eﬂﬁgi’lai@? B30 RS o s Sl YRR VDA &

h - 7- 6 10 _Th I

b ot &1 i nd LR 84 (nd S B 53PS p e BUCERD: S 351@i ng assays
ot on 90wl 1>-Pifh 21 13, 58S 45 G 1ABURSESCRprRaBaRI Pl T 1 o

ki nase assay BCH0), 3507 (M, Ti= 4.8 Ht 1431, CHAN), 21¢8-2.58 (A H, $tlopém 12 10 pM
ATP with 0.25 [err] G [r-32P] ATP, -1 nmM DT ) with 0.1 pg purifie

-term nal Erlmeh%(thaH, bydmptﬂg@l)g@%ell&%@uﬁt }D’yyt:ddpeht)(l)tsl gne, tP4534]2 ng
assay is s a ncubating at roomtenperature for
mnutes wit éﬁ‘%b‘“fj%‘%@aﬁzﬁﬁ@%re term nated by adding 50 pL ice-
cold % TCA (trichlgr th 0.1 M sodium pyrophosphate and 20
shakiﬁ)g the result @ﬁc?{" g’aﬁbﬁiwm nute. The plate is then incubated at

4C for | h@eund:0 @/84089; B, 6140} N, 2Dspreci pitate. These plates are then
washed 5 tinmes with

15.  8-Cyclopentyl-6-methyl-2-[[4-(morpholin-4-yl)phenyljamine]-8H-
pteridin-7-one _ |
A mixture of 0.32 g (0.9 mmol) of 5-amino-4-(cyclopentylamino)-2-[[4-
15 : (morpholin#yl)phenyl]amino]pyrimidine, 0.15g(1.35 mmol) of 90% methyl
pyruvate, and 0.2 mL HOAc in 10 mL of EtOH is heated under reflux for
12 hours. The mixture is cooled and diluted with water to give a precipitate which
is collected and dried to give 0.28 g (76%) of the title compound {Compound 10): |
mp (EtOH) 230-234°C.

20 1 NMR [(CD3)280]: 8 9.81 (br, 1 H, exchangeable with D20, NH), 8.69 (s,

1 H,H-4), 7.54 (br d, J = 8.9 Hz, 2 H, H-2',6), 6.94 (&, J=9.1Hz 2 H, H-3,5"),
5.69 (m, 1 H, cyclopentyl CH), 3.74 (br t, J=4.8 Hz, 4 H, CH0), 3.06 (brt,
J=48 Hz 4 H, CH3N), 2.34.(5,3 H, CH3), 2.28-2.17 (m, 2 H, cyclopentyl),

1.97-1.74 (m, 4 H, cyclopentyl), 1.64-1.53 (m, 2 H, cyclopentyl).
25 Analysis calculated for CooHygNgO5:

C, 65.01; H, 6.45; N, 20.67.
Found: C, 65.01;H, 6.56; N, 20.47. .



200 pL ice-cold 10% TCA and with 0.1 M sodi um pyrophosphat& pastnhvash.
Twenty-five mcroliters scintillation liquid is then added to each well,
and the wWoev®ses counted in Wallac's McroBeta counter Ipdusogasesrts for .
several of the 25 pteridines of the invention are shown in Table 2. 2.

Cycl i n- Dependent Ki nase 4 (CDK4) Assay_Enzyne assays for 1C50 .
determ nations (Table 1) and kinetic evaruation were performed in 96-well

filt | at Mg o ' ‘ i ~pteri
ilter plateg,( d—byﬂ@bé‘ntmg?fméﬁ Oiﬁhm@RﬂﬂY?“mle@%gt&V@% 1/ 19825

containing a final conceniration of 20 | S"15
PCT/ US00/ 17037 - g67-dfamej s( hydr oxnet hyl ] ani nonet hane), at pH 7.4, 50 mm

NaCl, 1 nmM dithiofhreitol 1 25. TP, cont ai ni .25 C . of
[ 32P] ATP, 20 ng 04‘ m"?ﬁ%ﬁi’coy%%{l)%%@g Iséwlnﬁ%'écryf ﬁ"@%ﬂ%ﬂ’i“fﬁs@f‘ast oma and
appropri ate (didrpﬁdliﬁ%yl%heﬁyi]Qﬁm@giyﬁiﬁlidfnefah@ SRAE $3DNinmolVEMdietAil oxalake -
conponents except. the ATP were added 5 to the wells, and the plate was

pl aced® on a 'BRAmL ﬁf%‘&ﬂ‘%‘h@%m@g ungeraefiyefor3 kawrsend themeaaled 19y addi ng
32P] ATP . ' ' '
o nat eq Vo520 pRiova) BERRE Lo BbodaiyColfpalind D4} B TEOHNRLEREL, ©) 70,

at least 1 NN { LRI T, ?E}were t hen
washed fiveh'(t}?rres m@gs ?Taﬂ:#)ﬁ %a%’&é‘ﬁﬁog% g’i‘%‘%‘ﬁi@?&?ﬁ?’?@? ?

determ ned w gh Q@egb . I H@c. , bah @Qjm,

Maryl and) . \é“ ?&lé:h and lggﬂ;ﬂ%g%gb or ’%/%T ingEKi né‘s?'esoﬁgg’ﬁml Il engt h

cDNAs for t EHTEUBS)PESH (& PAd. 1MRIH ISR 3) (4 6B lpente CPRBY HEVIGSI ne ki nases
were obtained fromJ. Escobedo and prepared as ‘described in J.” Biol.

Chem 10 1991 :cyelepantgbCHY, 3774 (bR Jo7 #.4d1s 440 CHp) i303clr t, o 18 7dHmUiHy a
fragnment of DNA that codes for the intracellul ar tﬁos'i ne ki nase donain.

The f r agmentCHaR). i 27det-1 bim; 2B, cyclopgatils i 970k 84 6w 3, cyddepesiddl.ect ed with
Ac MNPV DNA, r nmbi,nant virys_ i gql a . SF9 insect cells were
i nfected wi t]ﬂg‘{iﬂ%\eﬂ"r zi'ﬁt%d%@rtﬂxr}r@s'gs?ﬁ@v %ﬁ'gtcéf?’ HPC'%S{’) the cell lysate was
used for Analysis calculated for Co1Hp4NgO3: - '
C,’61.75; H, 5.92; N, 20.57.
15 Found: 9, 61.56; H, 5.86; N, 20.73.

.17.  8-Cyclopentyl-2-[[4-(4-methylpiperazin-1-yl)phenyljamino]-8H-
pteridih-’?—one
A mixture of 0.367 g (1 mmol) of 5-amino-4-(cyclopentylamino)-2-[{4-(4-
methylpiperazin-1-yl)phenyllamino]pyrimidine (from preparation 13), 026 g
20 (2 mmol) of butyl glyoxylate (F.J. Wolf, J. Weijlard, Org. Synth. Coll.,
1963;4:124-125) and 0.5 mL HOAc in 15 mL of EtOH is heated under reflux for
14 hours, and the solvent is removed under vacuum. The residue is diluted with
aqueous ammonia solution and extracted into EtOAc. Chromatography on
alumina, eluting with CHyClp/EtOAc (4:1), gives 0.26 g (64%) of the title
25 compound (Compound 8): mp (MeOH) 208-211°C.
1TH NMR [(CD3),SO0]: 6 9.95 (br, 1 H, exchangeable with D70, NH), 8.76 (s,
1H, H-4),7.83 (5, 1 H, H-6), 7.50 (br d, J = 8.9 Hz, 2 H, H-2',6"), 6.94 (d,
J=9.0 Hz, 2 H, H-3",5"), 5.65 (m, 1 H, cyclopentyl CH), 3.10 (brt, J = 4.9 Hz,
4 H, CHoN), 2.45 (brt, J = 4.9 Hz, 4 H, CHN), 2.27-2.18 (m, 2 H, cyclopentyl),



the assay. Assays were perfornmed in 96-well plates (100 15 March 2004

[err]L/i \Qn/wel 1), and 20 conditions were optim zed _to neasure the
[ ncorporgg#?%&%#QSZP fromy32P-ATP into a gl utamat e-tyro]s’%wgs?;%uﬂgl yner
substrate. Briefly, to each well was added 82.5 pL of incubation buffer
containing 25 mM Hepes (pH 7.0), 150 mMNaCl, 0.1% Triton X-100, 0.2 nmM

ol ut i o- yPA2he T HEhd 1, 781§ o fsclomhobi. distahed B2 B pt. of enzyme

| ysate (7.5 wo&;@ -TK or 6.0 g/[err]L PDGF-TK) to initiate the
reaction. Fol10 ng’f a 10 mnute incubation at 25C, 10 nL of y3 2P-ATP (0.4

G plus 50 Ab:YdiRYalvalated doe0 %I% - wel |, and sanpl es were incubated for
an additional 10 m nutes at % : e reaction was term nated by the

addition of 100 pLCyb5369HTE&RI N4l ng 20 MM sodi um pyr ophosphat e and

precipptatio 0 erial _aqnto ass fiber mats (Wallac). Filters were
vvashedgt hreeﬁ?‘f'ﬁesi)‘{a\/ﬁgﬁgw%’?@#%4' WD 01/ 19825 PCT/ US00/ 17037 -81- 15%
TCA contai ning 100 nM sodi um pyrophosphate, and the radioactivity retained
on the filters counted in a Wallac 1250 Bet apl ate reader. Nonspecific

activity wasl®ef i r&arclepeptykioomethyli2- 4-(¢mathelpipsrazind -yhpheayHaminalowi ng

i ncubation of sagplas.Wdlfonuffer alone (no enzyne). Specific enzymatic
activity (enzyne Wt@ gmbu?'foe#) was defined as total activity mnus

.nonspeci fic acti vAtmgxuifaef @.36¢ gi{l nahold of S-ainino-¢{oydepedtyldininoe)-pf4{4-ed
specific activity.by 50% 0).,was det.er.m ned _based on the inhibition
cgrve. 4. C—@F’%‘y%l“?% “'/ié‘éﬁ\%n@we" %@nﬁdyﬂbﬁﬁ-g i"gﬁ‘r’}) PHR Vi r us
i nfected i nsgghivai€hhd 035AL EOAL R HPinD LIFRORNS AR Lilfer !F%ﬂs&?o{i g@i,g‘gig} i body

directed against the N-termnal amno acids (amno aci C-Src.
The ant i bodyanddbe seleentliyremavkd yndes vac@sn phreatientof the agtilueweith apident t 0 a

Tri pH 75 A Y ek sBid Whyciis AT B toipivg BB L
PVBF, | g/ nlofahéfitl®tompoinaCornpde@idsd)2inp IMeOH) 210-211°C.
TH NMR [(CD3),S01: 5 9.79'(br, 1 H, exchangeable with D0, NH), 8.69 (s,
15  1HH4),751(@rd,J=89Hz2H H2,6),692(d,J=89 Hz 2 H, H-3",5),
5.69 (m, 1 H, cyclopentyl CH), 3.09 (brt, J = 4.8 Hz, 4 H, CH,N), 2.45 (br,
J =48 Hz, 4 H, CHpN), 234 (s, 3 H, 6-CHz), 2.28-2.15 (m, 2 5, cyclopentyl),
222 (s, 3 H, CH3N) 1.95-1.73 (m, 4 H, cyclopentyl), 1.64-1.53 (m, 2 H,
cjclopentyl). _
20 Analysis calculated for Co3HygN7O:
'  C,6585H,697;N,2337. '
Found: C, 65.85; H, 7.22; N, 23.66.

19, 8-Cyclopentyl-2-[[4-(4-methylpiperazin-1-y)phenyl]amino]-SH,8 H-
. pteridine-6,7-dione - s
25 A mixture of 0.367 g (1 mmol) of 5-amino-4-(cyclopentylamino)-2-[[4-(4-
methylpiperazin-1-yl)phenylJamino]pyrimidine and 5 mL (32 mmol) of diethyl
oxalate in 20 mL of 2-ethoxyethanol is heated under reflux for 3 hours, and
cooled, to give 0.22 g (52%) of the title compound (Compound 24): mp (EtOH)
266-270°C. :



15 aprotinin. Insect cell lysate containing c-src protein waSahir4¥8a4ed
with these beads for '3 to 4 hours at 4C with rotation. At the end of the
| ysat e i EQ9atidPasn, the beads were rinsed three tinmes in pypiSedishier .,
resuspended in lysis buffer containing 10% gl ycerol, and frozen. These

| at ex beads were thawed, rinsed three | mes in assay buffer (40 mM Tris,
pH 7.5, 5 mM ngd 2) and suspended in th& 20 sanme buffer- In a MIIlipore

i; e T bach Lﬁtnﬁféﬁ"‘n%f?r@%‘?éfz%@f%“E’-%E.*é'i"2ﬁ%%h@a%gﬁﬁﬁffﬁgf@%ﬁﬁé}%ﬁoﬁﬁded

T .5 pM, ATP. 0] i - 32P-ATP, 5 gL DWMBO
](c:ogt %/ur niS ngit Lﬁ’ %ﬁh&pgea& ¢ \ggﬁ &rf]!bg?%ﬂ? Sggi‘f’JrloﬁL, H%ag’f—ﬂeﬁﬁbr drJ £ PO %-keit he

: ' : g s |
haai i on of 7 ke TRIp bR (RSl R TR PR S eg Y n Ria d Hon of 195 oL

of 30% TCA, cﬁ;dpemws@@nymam&pbewmzfeﬁm&%}%rg%wsm@ﬁ =i:€€g{&w§;5pl ate was

then filtered and the wells washed w t L "al T quot's 15% TCA,
0.1 M5 pyr opBHsPhHAZ.22 (sTBEH,fCII-K%)?Q.SQ-VEIB(rﬁJEH, Wﬁ@n £ooNtgsdni, 2 4@ | iquid

scintillation counter, and the data exam ned for inhibitory activity in
conpar i son teyclopentyln 138-1.%h(mi 2 H; cylapentd), aré3s1.52 (n, 2 Aheychopehwl. i s al so
described in,J.. Med 1Ct'ie : &M@S}S% . 15 March 2004 WO 01/19825
PCT/ US00/ 17037l gS calgh a@%‘?‘i 03K 2Rase Assays (cdk2/ cyclinE,

cdk2/ cyclinA, cdc ] NZY. ssays for I C50 determ nations and

ki netic eval uati on%/\?vggh]g’gér?%pﬁ'e?’{g a 96-well filter plate (MIIlipore
MADVN6550) iFoumdt 0Cab1.08] H/@28fN, 2.90.1 nL of 20 M TRI'S, pH 7.4, 50 mM

NaCl, 1 mMdithiothreitol, 10 mM MyCl2, 12 pM ATP containing 0.25 C of
[ 32P] ATP, 20 ng of enzyne (either cdk2/cyclinE, cdk2/cyclinA or :

cdc2/ pycl i nBo. | $Cyclopeny2L R 130 -4-3)Imind} 8RR bAdiR-Hbae!t | ONs of the
particul ar invention conmpound. All conponents
) A mixture of 0.324 g (1.2 mmol) of 5-amino-4-(cyclopentylamino)-2-
[(pyridin-4-yl)amino]pyrimidine, 0.31 g (2.4 mmol) of butyl glyoxylate
(F.J. Wolf, J. Weijlard, Org. Sy}rth. Coll., 1963;4:124-125), and 0.5 mL of HOAc
‘ in 15 mL of EtOH is heated under reflux for 14 hours. Following removal of the
15 solvent, the basified residue is worked up in EtOAc and chromatographed on
alumina, eluting with EtOAc, to g'ﬁ/e 90 mg (24%) of the title compound
(Compound 11): mp (MeOH) 236-238°C.
IH NMR [(CD3)280]: 8 10.55 (br, 1 H, exchangeable with D10, NH), 8.95 (s,
1 H, H-4), 844 (brd,J = 6.4 Hz, 2 H, H-2',6), 7.99 (s, 1 H, H-6), 7.76 (br d,
20 J=6.0Hz, 2H,H-3,5), 5.73 (pentet, J = 8.8 Hz, 1 H, cyclopentyl CH),
'2.31-2.21 (m, 2 H, cyclopentyl), 2.04-1.93 (m, 2 H, cyclopentyl), 1.93-1.81 (m,
2 H, cyclopentyl), 1.71-1.59 (m, 2 H, cyclopentyl).
Analysis calculated for CygHygNgO:
C, 62.33; H, 5.23; N, 27.27.
25 Found: C,6238;H,521;N,27.49.

21. 6-(3,5-Dimethoxyphenyl)-8-cthyl-2-[[4-[2-(diethylamino)ethoxy]-
_ phenyl]amino}-SH-pteﬁdin-’?—ohe
A mixture of 0.96 g (2.8 mmol) of 5-amino-2-{{4-[2-(diethylamino)- ‘
ethoxy]phenyl}amino]-4-(ethylamino)pyrimidine pyrimidine, 0.83 g (35 mmol) of



except the ATP were added to the wells, and the plate was plsaggdn % plate
m xer 10 \L&&ﬁ m nutes. The reaction was begun by addition of 32%6% P, and
the plate " cubated at 25C for 15 ninutes. The react PERURBATE ni nat ed
by addition of 0.1 nL of 20% TCA. The plate was kept at 4C for at least 1
hour to allow the substrate to precipijsate. The wells were then washed
five tinmes with 0.2 nL of - 10% TCA and 32p incorporation determ ned using a
beta pl ate cebivitZe(3,3-dihétbexyphenyla-oxo@ataddrapErampes(2))aad) 1 Bkvefr al of the

i nvention co nds - |Bi od i.nhi.bitpry_activit en evaluated in
t he foregoi n%(}%ggg%ésfﬁg%"?‘l #ﬁh?ﬁﬁ“@ﬂ ugder s @"%Eﬁf 411}?‘“?%811‘2/&?.5_0 YeRt Bhe tabl e,
the col ums faoved BAddrohh@oh. Mhe Feskle 19 fhien diss bR el BPRateFasd Sakiledanith 20 FGF
means full length fibroblast gromh factor receptor kinase PDG neans

pl atel et derEi2Ac. Jheraveons tayer isimads dasicpithpanecnsemmenippanddpe aidat ki nase

4/ cyclgn D1 E;ggé g@ﬁég_ [ ndent ki nase 2/.cyclin, A conplex
CDK1B ?reans %@%#Eg%pen ?F\tt |ir§1§‘gﬁi /((E:}ilrgﬁ%imr?? p@&%@lag% %b%%wﬁgans
cyclin depenkixahe/EiDAs €1: P), thenlgives B.81a(5668) of @tideesitpdund concentrati on of
test conmpound. in mcronoles to_inhibit the activity of a specified kinase

by 50 per cerkCompowag H4): mpe(EDIPA1IG83E. - 93- Tabl e” 2 -PCT/ US00/ 17037 Cnpd
VEEEI OY G- sr ey,
3" 151 MR 1{€D3),501: 5 10.15 (br, 1 H, exchangeable with D0, NH), 8.87 (s

1H,H-4),7.71 (brd, J = 8.6 Hz, 2 H, H-2',6), 7.42 (d,/=2.3 Hz, 2 H, H-2" 6"),
10 6.94(d,J=9.1Hz 2H,H-3",5"), 663 (t, /=23 Hz, 1 H,H-4"), 432 (q,
J=70Hz, 2 H, CHyN), 4.00 (t, J=6.2 Hz, 2 H, CH»>O0), 3.80 (5, 6 H, CH30),
2.76 (t, /J=6.2Hz,2 H, CHoN), 2.55 (q, / = 7.1 Hz, 4 H, CH)N), 1.30 (¢,
J=7.0Hz, 3 H, CH3), 0.98 (, /= 7.0 Hz, 6 H, CH3).
Analysis calculated for CogH34CINgO4:
15 C, 6485, H,6.61; N, 16.21.
Found: C, 64.78;H, 6.63; N, 16.39.

22.  6-(3,5-Dimethoxyphenyl)-8-ethyl-2-[(pyridin-4-yl)amine]-8 H-pteridin-
7-one
A mixture of 0.46 g (2 mmol) of 5-amino-4-(ethylamino)-2-[(pyridin-4-
20 ylamino]pyrimidine, 0.71 g (3 mmol) of ethyl 2-(3,5-dimethoxyphenyl)-2-

F oxoacetate, and 1 mL of acetic acid is heated under reflux for 16 hours and
cooled. The resulting precipitate is collected, washed with MeOH, and dried to
give 0.38 g (47%) of the title compound (Compound 15): mp (EtOH)
245-246.5°C.

25 1H NMR [(CD3),SO}: 6 10.66 (br, 1 H, exchangeable with D,0, NH), 9.02 (s,

1 H, H-4), 8.43 (dd,J = 5.0, 1.4 Hz, 2 H, H-2',6"), 7.83 (dd, J=5.1, 1.4 Hz, 2 H,
H-3'5"), 742 (d, J= 2.5 Hz, 2 H, H-2",6"), 6.67 (t, J= 23 Hz, 1 H, H4"),
4.37(q,J=17.1Hz 2 H, CHoN), 3.81 (s, 6 H, CH30), 1.35 (, J= 7.1 Hz, 3 H,
CH3). ,]



CDK4D CDK2A CDK1B CDKZ2E No. | C50 IC50 1C50 1C50 1C50 |1 C50 I@Mg,gﬁ(%oc)‘;

(wn) (pm (pmM (pM (pM (pM (pmM (pm 1>50>50>50>50 20. 14450. 057>507.7
3>501. 533VOMA8% 55 40. 86050. 015690/, @ 50. 70 5. >50>5038WEHAEEN0/17037

60. 9870. 290. 053. 13 7>508. 4733%@ 511. 950. 060. 0640. 65 8>503. 3541% @
0. 560. 0410. 260. 95 9>50341%. 559%H0. O?ZZ. 7841 10>503457% @ 50>500. 441. 848-

11>501131%@>501. 250. 036. 0.3540. 05 12717010. 3825. 4 134.490.5017% @5 1430
15 163. 30. 00%lys0RfMIfidd for Co3HyoNgO3: »

C, 62.37; H, 4.98; N, 20.78.
Found: C, 62.60; H, 4.75; N, 20.56.

23.  8-Cyclopentyl-2-[[4-(piperazin-1-yl)phenyl}amino]-8H-pteridin-7-one
5 a)  2-[{4-[4-(tert-Butoxycarbony!)piperazin-1-yl]phenyljamino]-8-
cyclopentyl-8H-pteridin-7-one

0

t-BuO

H
52

A mixture of 0.82 g (1.8 mmol) of 5-amino-2-[[4-[4-(tert-

Uy
T,

butoxycarbonyl)piperazin—l-yl]phenyl]amino]—4—(cyclopentylamino)pyrimidine
10 (from preparation 14A), 0.52 g (4 mmol) of butyl glyoxylate (F.J. Wélf; |
). Weijlard, Org. Synth. Coll., 1963;4:124-125), and 0.5 mL HOAc in 15 mL of
EtOH is heated under reflux for 14 hours, and the solvent is removed under
vacuum. The residue is diluted with aqueous ammonia solution and extracted into
EtOAc. Chroinatography on silica, eluting with hexane/EtOAc (3:2) gave 0.38 g
15 (43%) of the title compound (Compound 52): mp (MeOH) 215-217°C.

TH NMR [(CD3),S0): 6 9.96 (br, 1 H, exchangeable with D»O, NH), 8.77 (s,

1 H, H-4), 7.84 (s, 1 H, H-6), 7.50 (dd, J = 9.1,3.2 Hz, 2 H, H-2',6"), 6.94 (4,

J=9.1Hz 2 H,H-3",5"), 5.66 (m, 1 H, cyclopentyl CH), 3.46 (brt,J =49 Hz,

4 H, CHpN), 3.05 (br t, J = 5.0 Hz, 4 H, CH,N), 2.28-2.18 (m, 2 H, cyclopentyl),
20 1.94-1.74 (m, 4 H, cyclopentyl), 1.64-1.53 (m, 2 H, cyclopentyl), 1.42 (s, 9 H,

CHj3).



1752. 190. 04350. 0940.41.9 1 5 March 2004 WO 01/19825 PCT/ US

Table 2 (
No. | C50 |
(prr)(prr)(prr)(prr)(prr)(tun)(prr)(tun) 18>50200. 23 197.41.45 207.070.12 21.

gtﬂﬂd Cmpd VWEE J OY C-src FGF PDGF CDK4D CDK2A %ﬁ]é‘%@@g%ll

® 1 C50 1C50 1 C50 1C50 | C50 PCT/US00/17037

6.8.0.054 22>50470. -

10

15

Analysis calculated for CogH33N703:

C, 63.53; H, 6.77; N, 19.94,
Found: C, 63.55; H, 6.90; N, 19.82.

b) A solutton of 0.15 g (0.3 mmol) of 2-{[4-[4-(fert-butoxycarbonyt)-
piperazin-1-yl]phenylJamino}-8-cyclopentyl-8 H-pteridin-7-one in 10 mL of
CH2C12l is treated with 1 mL of triflucroacetic acid, and the mixture is stirred at
room temperature for 3 hours. After removal of the solvent under vacuum, the
residue is triturated with aqueous ammonia to give 0.112 g (94%) of the title
compound (Compound 16): mp (MeOH) 215-217°C. _
1H NMR [(CD3)280]: 6 9.92 (br, 1 H, exchangeable with D0, NH), 8.76 (s,

1 H,H-4), 7.83 (s, 1 H, H-6), 7.50 (dd, J = 9.0,3.4 Hz, 2 L H-2',6'), 692 (4,
J=9.1 Hz, 2H, H-3',5'), 5.65 (m, 1 H, cyclopentyl CH), 3.00 (brt,J = 49 Hz,
4 H, CH)N), 2.82 (brt, J = 4.9 Hz, 4 H, CH3N), 2.28-2.18 (m, 2 H, cyclopentyl),
1.94-1.73 (m, 4 H, cyclopentyl), 1.64-1.52 (m, 2 H, cyclopentyl).
Analysis calculated for C21HpsN70-0.5 HyO: |

C, 62.98; H, 6.54; N, 24.48.
Found: C,6332;H, 6.29; N, 24.34.

.>50



23 244.35 52>501.80.534.5 53 620.077 The foll ow ng exanpl es15f

illustrate typical pharmaceutical formulations provided by t% S i

Exanpl e W@PH¥S2%Rti on of Pharmaceuti cal

formulation in the formof hard gelatin capsules for oral admnis
are prepared using the follow ng i ngregﬁgnts: Quantity (ng/capsule) Active
conmpound250 Starch powder 200 Magnesi um st earatelO Total 460 ng 1 5 March
2004 WO 01/249822-AEHBUSRMpPRTidiR -yl ipiRngl) aend OERNRARI-M-€ - N
filled into hard Iggl_a;i n capsules in 460 ng quantities. A'typical

I ngr edi ent

i s 6- (Heddm-&onexyphenyl ) - 2- [ 4- ( 2-

di et hyl am noet hoxy) - b g@ A8 ol - bdi.ns7-one. The
conposition is adm ni sﬁgjﬁé— ro%ﬁo%y%gﬂﬁﬁ?’l}aﬁﬁh}ﬁ&ﬁ@}; f%fl t r eat ment
postsurgi cal 5 rest gliphesyl]dninbpSrayclbpentyl-88f-pterilinSuaRensi on | ng
Amount S Sec- butyl - 2- phenyl anm no- 8H- 6- ( 2,3- 500 ng difluorophenyl)-7-one

10

15

20

t-BuQ
>=o
HN
N
N7 | Xy
N

53

A mixture of 0.70 g (1.5 mmol) of 5-amino-2-[[4-[3-(tert-
butoxycarbonylamino)pyrrolidin-1-yl]phenyl]Jamino}-4-(cyclopentylamino)- .

EIICHQOO

nvént i on.

Conpositions 5 1 pCcAuUsharesceut i cal

tration

xed and
active

of
r edi ent

pyrimidine, 0.52 g (4 mmol) of butyl glyoxylate (F.J. Wolf, J. Weijlard, Org.” -~ -

Synth. Coll., 1963;4:124-125) and 0.5 mL HOAc in 15 mL of EtOH is heated
under reflux for 14 hours, and the solvent is rélﬁoved under vacuum. The residue
is diluted with aqueous ammonia solﬁtion and extracted into EtOAc.
Chromatography on silica, eluting with hexane/EtOAc (3:2), gives 0.21 g (28%)
of the title compound (Compound 53): mp (MeOH) 226-228°C.

TH NMR [(CD3),80]: 6 9.83 (br, 1 H, exchangeable with D»0, 2NH), 8.73 (s,

1 H, H-4), 7.80 (s, 1 H, H-6), 7.44 (dd, /= 8.8, 3.4 Hz, 2 H H-2',6'), 7.17 (br d,
J=6.5Hz, 1 H, exchangeable with D0, 3"H), 6.51 (d, /=89 Hz, 2 H, H-3',5",
5.63 (m, 1 H, cyclopentyl CHN), 4.13 (m, 1H, pyrrolidinyl CHN), 3.45 (m, 1 H,
pyrrolidinyl), 3.34 (m, 1 H, pyrrolidinyl), 3.22 (m, 1 H, pyrrolidinyl), 3.03 (m,

1 H, pyrrolidinyl), 2.28-2.19 (m, 2 H, cyclopentyl), 2.16 (m, 1 H, pyrrolidinyl),

1.93-1.73 (m, 5 H, (m, 1 H, pyrrolidinyl and cyclopentyl), 1.63-1.52 (m, 2 H,
cyclopentyl), 1.40 (s, 9 H, CH3): -



Sorbitol solution (70% N.F) 40 nL Sodi um benzoate 150 ng 210 ny
Cherry Flavor 50 mg Distilled water g.s. ad 100 nL The sor so utlon
i s added VYO UI*HE of distilled water, and the naphthyri dPﬁUUBQ,oIms;pended
therein. The saccharin, sodium benzoate, and flavoring are added and

di ssol ved. The vol une is adjusted to 10, m. with distilled water. 10 Each
mlliliter of syrup contains 5 ng of active ingredient. The suspension is
wel | - suitedAn Slshelco}a&ldfbréw';&pd prevention of atherosclerosis. 3_
Tabl ets eaech cont a| nin rrgl of active ingredient Active ingredient60 ng
St arch45 ny M croc %3 Hné 72eN) 10.96e35 ng' Pol yvi nyl pyrrol i done (as 10%

solution i n m car boxynet-hyl starch Magnesi um
st ear at e- W‘Iaté?% %é.?%?{gsfiéjgi’o ng The active ingredients, starch
and cel | ul ose are passed through a No. -45 nesh U S si eve and mxed
t horoughly. The spl utiqn of. Vi N rrolj.d th t he
resul t ant pow:lerseia &f@ﬁ‘mﬁﬁ 4%@% blﬁgge[ﬁrfﬁéﬁrgy P’é)()e The
granul &s ar eardfnbﬁjjrrﬂﬂldﬁﬂi héHs %ﬁﬁ@cﬁmp@HQHSH-ﬁ\ﬂqdnﬁ&.&%s(*ﬂ—okﬁ S. 15

March 2004 WO 01119825 PCT/
example 23) in 10 mL CH,Cly is treated with 1 mL of trifluoroacetic acid, and the

resulting mixture is s stirred at room temperature for 3 hours. After removal of the
solvent, the residue is triturated with aqueous ammonia to give 0.11 g (100%) of
the title compound (Compound 17): mp (MeOH(aq)) 197-200°C.
10 TH NMR [(CD3),SO0]:  9.82 (br, 1 H, exchangeable with D0, NH), 8.72 (s,
1 H, H-4), 7.80 (s, 1 H, H-6), 7.42 (dd, J = 8.9, 3.4 Hz, 2 H, H-2',6"), 648 (d,
J=89Hz, 2H, H-3",5"),5.62(m, 1 H, cyclopentyl CHN), 3.55 (br pentet,
J=5.8 Hz, 1 H; pyrrolidinyl CHN), 3.39 (m, 1 H, pyrrolidinyl), 3 34(m, 1 H
pyrrohdmyl) 3.22 (m, 1 H, pyrrolidinyl), 2.86 (m, 1 H, pyrrohdmyl)
15 2.28-2.18 (m, 2 H; cyclopentyl), 2.07 (m, 1 H, pyrrolidinyl), 1.98-1.66 (m, 7H,
NHjy, pyrrolidinyl and cyclopentyl), 1.63-1.52 (m, 2 H, cyclopentyl).
Analysis calculated for C53Hy5N70-0.66 H20:
C,62.51;H, 6.58; N, 24.30.
Found: C,62.41;H, 6.55;N, 2433,
20 Additional compounds prcpared'in an analogous fashion are as follows:
8-Cyclopentyl-5-methyl-2-(4-piperazin-1-yl-phenylamino)-5,8-dihydro-
6H-pteridin-7-one; A
2-{4-(4-Acetyl-piperazin-1-yl)-phenylamino}-8-cyclopentyl-5-methyl-5 8-
dihydro-6H-pteridin-7-one;
25 - N-{1-[4-(8-Cyclopentyl-5-methyl-7-ox0-5,6,7,8-tetrahydro-pteridin-2-
ylamino)-phenyl]-pyrrolidin-3-y1}-3,3-dimethyl-butyramide;
8-Cyclopentyl-5- methyl-z-(4-morpho]m-4~yl-phenylammo)-5 8-d1hydro——
6H-pteridin-7-one;
8-cyclopentyl-2-{4-{4-(2-hydroxy-ethyl)-piperazin-1-yl}-phenylamino}-5-
30 methyl-5,8-dihydro-6H-pteridin-7-one; | | - |



-86- sieve. The sodi um car boxynet hyl starch, nagnesium ste tal c,
previously passed through a No. 60 nesh U S. sieve, are tﬁgﬁf&grgaggg?o t he
granul es WO0Lks2s after mi xi ng, are conpressed on a tabl et peypgbeongei7zo yi el d
tabl ets each weighing 150 ng. 5. A typical active ingredient utilized in
t he above preparation is the conpound of Exanple 6 (7). This formnulation
Is well-suited for prevention and tredPment” of psoriasis. 4. A parenteral

conposi tion suit ahkg AT T 8 1% Wala gy o\ R N VYot Ml I -epaned by
i S50t vi ng 100y o RIS L AL, By D) S8k Ferifd 5
met hyl pi per aienylamyio}-mstipil-SR-dibjdrer6lpiptardimé-onepne in 250 nL of 0. 9%

about 7.0, Thi o TEHERaBReN IS BT AhbratpEatienaginoancer

for exanpl e gheRA$pyrr6BdIGES cakikyBEh@d bRfyRihidke cancer, bl adder carcinomas,
colorectal cancer, and small-cell lung carcinoma. 15 5. Preparation for

Suppos?tories A midoSeCyslopatylfymethyl-7-0x0-5,6,7,8-tetrahydro-pteridin-2-

2- (3- net hyl - 4= ) 3 no-8-cyel ohexyl,- 8H pteridine-7-one
hydr ochl ori Jgaékgykg%?%b%%mpggﬁﬁﬁgé%c%cll >"are blended to wuniformty at
60C. The ni xtur e 6-62,6®ithorotB>hidkEiy-phéPeg-atbtip2der mbasHalinAKAPOSi tory will
wei gh about %ﬁeg andm?gan be ,adm' nistered from1 to 2 tinmes each 20 day for
treat ment ofPBepyl SEFptedinel-om- sease. 6. Topical Preparation
| ngr edi ent Anpunt (ng) $Met hyl - 2- (4- met hoxyphenyl am no) - 6- phenyl - 20 8H
pteridin-7-one Propylene dycol 100
‘ EXAMPLE 6
10 The pharmaceutical utilities of pteridines of this invention are established

by the following assays for kinase inhibition. .

1. Wee 1 OY assay
These kinase assays are carried out on 96-well filter plates (Millpore,
Cat. MADPNOBS50) in 50 pL kinase assay buffer (50 mM Tris, pH 8.0, 10 mM
15 NaCl, 10 mM MgClp, 10 uM ATP with 0.25 uCi [r-32PJATP, 1 mM DTT) with
0.1 pg purified N-terminal truncated Wee 1 and 6 pg poly(Orn, Tyr)4:1 (Sigma,
P4534).-The assay is started by adding ATP and incubatihg at room tempeféture
for 20 minutes with shaking. The reactions are terminated by adding 50 pL ice- ‘
cold 20% TCA (trichloracetic acid) with 0.1 M sodium pyrophosphate and
20 shaking the resultant mixture for 1 minute. The plate is then incubated at 4°C for
1 hour to allow protein to ﬁrecipitafe. These plates ari; then washed 5 times with
200 pL ice-cold 10% TCA and with 0.1 M sodium pyrophdsphate ﬁer wash.
Twenty-five microliters scintillation liquid is then added to each well, and the
plate is counted in Wallac’s MicroBeta counter 1450. Resulis for several of the

25 pteridines of the invention are shown in Table 2.

2. Cyclin-Dependent Kinase 4 (CDK4) Assay _
Enzyme assays for IC5q determinations (Table 1) and kinetic evaluation

were performed in 96-well filter plates (Millipore MADVNG6550). The total )
volume was 0.1 mL containing a final concentration of 20 mM TRIS



Whitt Petrol atunb00 Cetearyl Al cohol 50 G yceryl StearatelO0gHa5-408
St earat €100 Cet et h- 2050 Monobasi ¢ Sodi um Phosphat e80 TOTAL 1000 WO 8[_}L/ 19825
-87- The WBAMNA%§28gr edi ents are bl ended to uniformty int oPETEISEM AN
applied topically for treatnment of nelanoma. 15 March 2004 WO 01/19825 -88
CLAIMS What is clained is: 1. A conpounghof the formula R2. INL WN' -N' 18
R PCT/ US00/ 17037 5 and pharnaceutical |y acceptable salts, esters; am des,
and pr odr ugs(tris{hpdresiethyHaminomettiang), dtHpHS. 4, S0, mbf NACR 1 mNRAithivthreitelC10

al kyl, C2-C10 al kenyl, C2-C10 al kynyl, C3-C10 c%cl oal kyl, 10 (CH2)n-aryl,
COR4, ( CH2) nlhedMimetily, 25 MATREe)tAning B2 pt bf32PIATP, 20 ng of

cdkd/cyclin Dy complex, I ug of retinoblas.toma and appropriate dilutions of a
compound of the present invention. All éoinponents cxcepf the ATP were added
3 to the wells, and the plate was placed on a plate mixer for 2 minutes. The reaction
7 was-started by adding [32PJATP and the plate incubated at 25°C for 15 minutes.
The reaction was terminated by addition of 0.1 mL of 20% TCA. The Vplate was
kept at 4°C for at least 1 hour to allow the substrate to precipitate. The wells were
~ then washed five times with 0.2 mL of 10% TCA and 32P incorporation
10 determined with a beta plate counter (Wallac Inc., Gaithersburg, Maryland).

3. PDGF and FGF Receptor Tyrosine Kinase Assays
Full-length cDNAs for the mouse PDGF-f and human FGF-1 (flg)
receptor tyrosine kinases were obtained from J. Escobedo and prepared as
described in J. Biol. Chem., 1991;262:1482-1487. PCR. primers were designed to
15 amplify a fragment of DNA that codes for the intracellular tyrosine kinase
domain. The fragment was inserted into a baculovirus veétor, cotransfected with
AcMNPV DNA, and the recombinant virus isolated. SF9 insect cells were
| infected with the virus to overexpress the protein, and the cell lysate was used for
the assay. Assays were ‘pezforlmed in 96-well platés (100 plfmwbaﬁon/well), and
20 conditions were optimized to measure the incorpﬁration of 32p from y32P-ATP
into a glutamate-tyrosine co-polymer substrate. Brieﬂy, to each well was added
82.5 uL of incubation buffer containing 25 mM Hepes (pH 7.0), 150 mM NaCl,
0.1% Triton X-100, 0.2 mM PMSF, 0.2 mM NazVOy, 10 mM MnCly, and
750 pg/mL of Poly (4:1) glutamate-tyrosine followed by 2.5 pL of inhibitor and
25 5 pL of enzyme lysate (7.5 pg/pL FGF-TK or 6.0 ug/uL PDGF-TK) to }nitiate the
reaction. Follo;wing 2 10 minute incubation at 25°C, 10 mL of y32P-ATP (0.4 pCi
plus 50 UM ATP) was added to each well, and samples were incubated for an
additional 10 minutes at 25°C. The reaction was terminated by the addition of
100 pL of 30% TCA containing 20 mM sodium pyrophosphate and precipitation '

30 of material onto glass fiber mats (Wallac). Filters were washed three times with



wherein each of the foregoing alkyl, alkenyl, alkynyl, cyclgahkyshzo08rY!.
het eroaryl, and heterocyclyl groups can be unsubstltuted or substituted

wi th frofwae1msss substituent groups selected from (a) hapbepeRootHedsd)

am no, al kyl am no, and di al kyl am no (c) aI koxy, am noal koxy,

al kyt am noal koxy, and 20 (d) (e) (f) _"(g) (h) (i) dialkylam noal koxy
phenyl, substituted phenyl, phenoxy, ar®d-substi t ut ed phenoxy hydroxy thio,

kg AT SR 005 SO BRI BB -
PCT/ US00/ 1708tained on the filters counted in a Wallac 1250 Betaplate reader. Nonspecific
activity was defined as radioactivity retained on the filters following incubation of
samples with buffer alone (no enzyme). Specific enzymatic activity (enzyme plus
5 buffer) was defined as total activity minus nonspecific activity. The concentration
of a compound that inhibited specific activity by 50% (ICso) was determined

based on the irhibition curve.

4.  C-sre Kinase Assays
C-src kinase was purified from baculovirus infected insect cell lysates
10 using an antipeptide mon_oblonal antibody directed against the N-terminal amino
. acids (amino acids 2-17) of c-src. The antibody, cbvalently linked to 0.65 pm
latex beads, was added to a suspension of insect cell lysis buffer co:ﬁprised of
150 mM NaCl, 50 mM Tris pH 7.5, 1 mM DTT, 1% NP-40, 2 mM EGTA, 1 mM
sodium vanadate, 1 mM PMSF, 1 pg/mL each of leupeptin, pepstatin, and
15 aprotinin. Insect cell lysate containing c-src protein was incubated with these
beads for 3 to 4 hours at 4°C with rotation. At the end of the lysate incubation, the
beads were rinsed three times in lysis buffer, resuspended in lysis buffer
containing 10% glycerol, and frozen. These latex beads were thawed, rinsed three
times in assay buffer (40 mM Tris, pH 7.5, 5 mM mgCl,) and suspended in the
20 same buffer. In a Millipore 96-well plate with a 0.65 um polyvinylidine
membrane bottom were added the reaction coniponen;_s: 10 pL. C-src beads, 10 1L
of 2.5 mg/mL poly GluTyf substrate, 5 uM ATP containing 0.2 uCi labeled

32p_ATP, 5 pL. DMSO containing inhibitors or as a solvent control, and buffer to
make the final volume 125 pL. The reaction was started at room temperature by

25 addition of the ATP and quenched 10 minutes later by the addition of 125 pL of
30% TCA, 0.1 M sodium pyrophosphate for 5 minutes on ice. The plate was then

filtered and the wells washed with two 250 mL aliqﬁots of 15% TCA, 0.1 M

pyrophosphate. The filters were then punched, counted in a liquid scintillation
counter, and the data examined for inhibitory activity in comparison to a known

30 inhibitor such as erbstatin. The method is also described in J. Med. Cheﬁ.,
1994;37:598-609.



-89-- (j) am nocarbonyl, alkyl am nocarbonyl, and di al kyl amz0g cﬁ‘%@fﬂl (k)
am no- C3- C7 cycl oal kyl carbonyl, al kyl am no-C3-C7 cycl oal kyl car bony

di al kyl anVRAM%2Ez  cycl oal kyl carbonyl (1) COZ, CRZ, SOZCHUS®/176dTd PCBZ
where Z is hydrogen, hydroxy, alkoxy, SQOZ |ower alkyl, substituted alkyl,
amno, alkylam no, dialkylam no, pipergdinyl, substituted piperadinyl;

nor phol i nyl, substituted norpholinyl, piperazinyl, and sub-sft I tuted _

pi perazi nyl $n) aCyelibDependent §inage A‘ssaysa(lcdkﬂgydmmmd/aydmﬂ ng menbers,
one or two of whi % e a heteroatomselected fromO or N, and wherein
t he carbocyclic g‘f‘% 6"%&& substituted with one, two, or three

substituent groupEnseheabag fbr /Yy delormhatiotiomd KitticRy kg wade al ky! .
am noal kyl , al kyl and di aﬁgyl arrﬁgnoal kyl (4) trifluoronethyl (5) al koxy (6)

anmino, al ky|pmfampdm abbylelirfilre plasd nmpdzn)amvuﬁzlm @%m{f%a?néggi S2Z,
or PO3 (8) ? On&*@ n nor phol.i no n

pi per azi nyl &g b @Qﬁﬁ%ﬁgﬁéa 9% (IGPIQEﬁﬂF@ﬂlF t;R&I yl - (n)
trifluoromet ftY JnM MgCly, 12 M ATP containing 0.25 uCi of [32PJATP, 20 ng of enzyme

' (either cdk2/cyclinE, cdk2/cyclinA, or cdc2/cyclinB), 1 ug retinoblastoma, and

appropriate dilutions of the particular invention compound. All components

- except the ATP were added to the wells, and the plate was placed on a plate mixer

10 for2 minutes. The reaction was begun by addition of [32P]JATP, and the piate was
incubated at 25°C for 15 minutes. The reaction was terminated by additibn of
0.1 mL of 20% TCA. The plate was kept at 4°C for at least 1 hour to allow the
substrate to precipitate. The wells were then washed five times with 0.2 mL of

10% TCA and 32P-incorporation determined using a beta plate counter (Wallac
15 Inc., Gaithersburg, Maryland). :
Several of the invention compounds exhibited good inhibitory activity
when evaluated in the foregoing assays, as illustrated by the data in Table 2.
In the table, the columns have the follomng meanings:
VC-src means C-src kinase
20 FGF means full length fibroblast growth factor receptor kinase
* PDGF means platelet derived growth factor kinase
‘ . CDK4D means cyclin dependent kinase 4/cyclin Dy complex
CDK2A means cyclin dependent kinase 2/cyclin A complex
CDK1B means cyclin dependent kinase 1/cyclin B complex
25 CDK2E means cyclin dependent kinase 2/¢yclin E complex

ICsp means the concentration of test compound in micromoles to inhibif the

activity of a specified kinase by 50 percent.



R4 and R6 are: 30 (a) the same or different and are independapklcy Joydr ogen,
hal ogen, |ower alkyl, or |ower alkoxy, substituted al kyl, (CH2)- al kenyl,
(CH2) n 15vMe1/29822004 WO 01/19825 PCT/ US00/ 17037 5 10 - 90pCeiukyuniyihs?

(CH2) n-cyano, . am no, am noal koxy, phenoxy, hydroxy, trifluoronethyl,
nmono- or dial kyl am no, nono- or dial ky] am noal koxy, thiol, thioalkyl,
nitrile, nitro, carboxylic acid, carbd*¥ylic acid esters, carboxam des,
S02Z, PGBz, COZ, CRZ, SCOZ, am noal kggel, am nocarbonyl, am no-C3-C7- -
cycl oal kyl carhaony and N-nmono- or N. N di al kyl ami nocarbonyl; (b) the sanme
or different]@mpd BVEEIQ¥pGendentiGF ( (HPDGF JrGDXK4ALY [CHIR A | ODK 18| CDIZE, '
aryl al kyl , or Nt pr Iaidkanl b WOl eilnieac ac | He ogr | §
unsubstituted or sung{ﬂ?/t te i thﬁLp to T1ve g¥¢)uogdsosel gg{oevc der:Séjm hal ogen,
hydroxy, |ower_al kyf®msup&tmk ut demhi Ky (m) o) k6w | (smbdt (it qd (emkdny | |

al kynyl , subgtilt uf ec5al Ky, | | ovi@r [alds0xy, am np, norjo- or [di al kyl am no,
trifluoromethyl, fhiol, |thioalkyl, nitrildg, nitrp, carlboxyl§c acid,
carboxylic I'gd efloaads | ¢.a500Xalgde,| SpPgZ,| and PB8Z T s (o)
hydr ogen, | ower a] kyl, substifuted alikyl, (ICH2)n-pl kenyl, suljsti tutjed

I,
al kenyl, (CHyg= K&g“ﬂ_ 71%'3;E5&%:‘ Hr—egrboeeyqdl i c
ne

@gll a=7='%n‘yl ] GI o \LG_:L LR} A"R 4|
group contaipning from 3- ers>~up to'two of Wwhichlnenberls are fhetero

atons sel ectled frjom oxygen and 20 nitjrogen,{ wherej n thd carbgcyclid group
i s unsubsti tiut 4d pr0.868%bisA.015Ut 6% @ 51) @8, {two or| thred grougs sel gcted
fromthe grqup

5 | >50 | >50 |38% @5 | >50

6 | 0987 [029 | 0.05 313

7 | >50 | 847 |33%@5 ] 1195 | 006 | 0.064 0.65
8 | >50 | 335 |[41%@05| 6 | 0041 | 026 0.95
5|7 >50 | 3 [1%@03[%%@>3| 0.047 | 278 a1

10 | >50 | 34 |57%@50] >50 | 044 | 184 1§

11 | >50 | 11 |31%@5| 550 | 125 |0.036 | 0354 | 0.05

12 | 101 |038 354

13 4.49 050 [ 17% @5

14 30

15

16 33 0.007 | 0.18 075 0.61

17 719 {00435 ] 0094 | 04 T 19




consi sti.ng of hal ogen, hydroxy, |ower alkyl, |ower alkoxy, 1@q\ﬁérg Y004 @M NO,
CcQz, €027, SOz, SC2Z, PGBZ, nono- or dialkylamno, aryl and teroaryl
(b) (CH2)WOSAIICH ) _ het eroaryl, arylalkyl, or heteroar PCAMGS)M1709her i n
aaake30ryryywerin nn, ,, each aryl or heteroaryl is
unsubstituted or substituted with up tq? 5 five groups selected fromthe-
group consisting of hal ogen, hydroxy, lTower alkyl, substituted al kyl,

| ower al koxy, ani no, m)no- or di alfeble@r@cowt;d)t ri fl uoromethyl, al kenyl,

substituted ralkem upyl substituted alkvny t hi ol t P'| oal kv
nitrile, nit QE“P‘IWEEF@H Sotm M@l/]%ﬂ@%@b@@%’sﬁmﬁﬂ eyl c
aci d, carboxylNe acil@ses} &5 | cAChpxaniCas,| ICK) S, - land

PO3Z; d [ - f to o, d i d t hat [ th th
hydr oggg oP sl:‘n I?f;ipe %22)0“9(::«;9 ar5 pr(}%i e?umya (ﬁma) ! S(lgn) T an

19 14 1.45

20 7.07 0.12

21 >50. 6.8 0.054

22 >50 47 0.16

23

24 4.35

52 >50 1.8 0.53 4.5
53

62 0.077

The following examples further illustrate typical pharmacentical

formulations provided by this invention.

 Example 7
Preparation of Pharmaceutical Compositions ,
5 1. A pharmaceutical formulation in the form of hard gelatin capsules for oral

administration are prepared using the following ingredients:

Quantity
) (mg/capsule)
Active compound 250
Starch powder 200
Magnesium stearate 10

Total 460 mg | o v



Cl-C3 alkyl when R2 is nethyl, ethyl, or acetyl 5 with the g Hcﬁ‘%of)h‘at
when Wis S R2 is not nethyl or benzyl 2. A conpound of the or mu

and phar "R ABHIMERI |y acceptable salts, esters, am des, amEHWWEAMSE 10 : , 15
20 25 thereof: wherein: R2 is: Cl- ClO al kyl C2-C10 al kenyl, C2-C10

al kynyl, C3-Cl10 cycloal kyl, (CH2)n aryl; COR4, (CH2 heteroaryl, and (CHZ)-
het erocyclyl, wherein each of the foregoing al kyl, al kenyl, alkynyl,

cycl oal kyl, arylTherabbes imgreﬁientsaaielmmm&ubﬂyﬁtogramlgaTtMpgﬂ?ymsubﬁt : t ut ed
or substituted with from1l to 5 substijuent s, selecte rom hal ogen
am no, al kyl &%qu@ﬁﬂeﬂlAaWRW‘a‘fﬁ“Nﬁmgé‘? ks 6 %ﬁﬁ@%ﬂ“k enyd)-2f-4%i noal koxy,

and . di al ky|&éhf %kdﬁ@ﬁ%ﬁjﬂﬁ%@ﬁ&%ﬁ%&ﬁ%}paﬁﬂuinamn@ g% .

substituted phenoxy hydrooxy thio

and
cyan nitro al kanoyl ,

ani noal kanoylompasikigh mmmmlslleaﬁu‘(ﬁcbm Zamd tirgtisal daylfarﬁremmbina)fqnpktsdrg&a!\/ar ch 2004

5 restenosis.
2 Formulation for Oral Suspension
Ingredient Amount
8-Sec-butyl-2—phenylammo-SH—G-(Z 3- 500 mg
difluvorophenyl)-7-one : ,
Sorbitol solution (70% N.F)) 40 mL
Sodium benzoate 150 mg
Saccharin 10mg
Cherry Flavor 50 mg
Distilled water g.s. ad 100 mL
The sorbitol solution is added to 40 mL of distilled water, and the
naphthyridine is suspended therein. The saccharin, sodium benzoate, and flavoring
are added and dissolved. The volume is adjusted to 100 mL with distilled water.
10 Each millifiter of syrup contains 5 mg of active ingredient. The suspension is well-
suited for the oral treatment and prevention of atherosclerosis.
3. Tablets each containing 60 mg of active ingredient
Active ingredient 60 mg
‘ Starch ’ 45 mg
Microcrystatline cellulose 35mg’
~ Polyvinylpyrrolidone (as 10% solution in - 4mg
water) |
Sodium carboxymethyl starch 45mg
Magnesium stearate ‘0.5mg .
Talc 1.0 mg
Total 150 mg
The active ingredients, starch and cellulose, are passed through a No. 45
mesh U.S. sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is
15 mixed with the resultant powders and then passed through a No. 14 mesh U.S. |

sieve. The granules are dried at 50-60°C and passed through a No. 18 mesh U.S.



WO 01/ 19825 PCT/ US00/ 17037 -92- (j) am nocarbonyl, al kyl am{sqg‘%r cR%gyk . and
di al kyl am nocar bonyl (k) am no-C3-C7 cycl oal kyl car bonyl, al kyl am no- C3- Cr
5 (1) 10(WP@As250 25 cycl oal kyl car bonyl, and di al kyl am neCCRIS@¥17037

cycl oal kyl carbonyl - COZ, C2z, SQOZ, 8022 and PQ3Z, where Z is hydrogen,
hydr oxy, al koxy, |ower alkyl, substitut g% al kyl, am no, al kyl am no,

di al kyl am no, piperidinyl, substituted | peridinyl, norpholinyl,

substituted smvepﬂ‘d;h mgmm cathxgmaﬂwhsthrchamd ddiued stwa@darm AR previdvblya
g nenbers, one "or two of which

car bocyclic ai_nin m3to7r|n
may be a het g"ﬁé"ﬁf aé%‘? ‘P‘? H-§- sieveyare thepadded tethe sranmlesavhicsy cl i c
group may bea@;lg,ﬁ;d é} e Lhuend oups
sel ected from (1) gen I' §$ E d}}a}))i&"?%"ngﬁg‘?! etsgﬁ?}kwfﬂgh%]lgkyl and
di al kyl-am no&$dapg. (4) trifluoromethyl (5) al koxy (6) ani no, al kyl ani no,
di al kygam no, al kﬁ%’ﬁ’i'caﬁ@ct?@e ingc)die%%ﬁli%r% ’thesa%’ve g%fraugrﬂ 1sPthCIgZ

compound of Example 6 (7). This formulation is well-suited for prevention and

treatment of psoriasis.

4 A parenteral composition suitable for administration by injection is
prepared by dissolving 100 mg of 6-pyﬁdinc—2yl-8-(1-ethylpropyl)-z-[4—(4-

10 methylpiperazin-1-yl)-phenylamino]-8H-pteridine-7-one in 250 mL of 0.9%
aqueous sodium chloride solution and adjusting the pH of the solution to about
7.0. This formulation is well-suited for the treatment of cancer, for example breast
cancer, leukemia, prostate cancer, bladder carcinomas, colorectal cancer, and

small-cell lung carcinoma.

15 5. Preparation for Suppositories
A mixture of 500 mg of 2-(3-methyl-4-fluorophenyl)amino-8-cyclohexyl-
8H-pteridine-7-one hydrochloride and 1500 mg of theobroma oil are blended to
uniformity at 60°C. The mixture is cooled to 24°C in tapered molds. Each
suppository will weigh about 2 g and can be administered from 1 to 2 times each
20 day for treatment of inflaminatory bowel disease.

6. Topical Preparation

Ingredient Amount
(mg)
8-Methyl-2-(4-methoxyphenylamino)-6-phenyl- 20
8H-pteridin-7-one
- Propylene Glycol 100
White Petrolatum 500
Cetearyl Alcohol 50
Glyceryl Stearate 100
PEG 100 Stearate 100
Ceteth-20 50
Monobasic Sodium Phosphate 80

TOTAL 1000 '




(S) aryl (9) heteroaryl (10) (CH2)n norpholino (11) (CHZ)WSHMB%ﬁ§P6$y|
(12) (CH2)n piperadinyl (13) (CH2)n tetrazolyl (n) trifluoronmethyl; R4
and R6 avéQ@ 0BD3ga) the sane or different and are i ndependegt/syoonyesyogen,
hal ogen, |lower alkyl, or |ower alkoxy, substituted al kyl, (CH2)O0-al kenyl,
15 March 2004 WO 01/19825 PCT/ US00/ 27037 5 10 15 -93- substituted al kenyl,
(CH2) n-al kynyl , substituted al kynyl, (TH2)n- cyano, am no, am noal koxy,

phenoxy, hydroxy, Tﬂdwowmg@émédwhre bleHAB to Bhif ity iXloWTréfin altPADTie®”

di al kyl am noal koxy, thi ol thioal kyl, nitrite, nitro, carboxylic acid,
carboxyl i c depialsfosteatmensobmrlanpmas. Sz, PCBZ, Oz, CORZ, SOZ,
am noal kanoyl , ‘am nocar bonyl, -am no- C3-C7fcyc[oalkylcarbonyl, and N-nono-

or N,N—dialkylaninocarbonyl; (b) the sanme or different and are

i ndependently (CHZ)n-aryl, (CH2)n heteroaryl, arylalkyl, or

het eroaryl al kyl , wherein each aryl and heteroaryl is unsubstituted or
substituted with up to five groups selected from hal ogen, hydroxy, |ower
al kyl, substituted al kyl, alkenyl, - substituted al kenyl, al kynyl,
substituted al kynyl, |ower al koxy, am no, nono- or dialkylam no,
trifluoronethyl, thial, ' . o



thioal kyl, nitrite, nitro, carboxylic acid, carboxylic acidsqs4ehS004
carboxam de, SMBZ, and PO3Z; R8 is: (a) hydrogen, |ower alkyl, substituted
al kyl, (CHOH8$Renyl, substituted 20 25 30 al kenyl, (CH2PETAISKY/17B7
substituted al kynyl, or a (CH2)n- carbocyclic group containing from3-7
menbers, up to two of which nmenbers arg, hetero atons sel ected from oxygen
and nitrogen, wherein the carbocyclic group is unsubstituted or
substituted with one, two or three grciusBMSel ected fromthe group

consi sting of hal ogen, hydroxy, |ower alkyl, |ower alkoxy, acetoxy,

am nes, carboxylic acids, carboxylic esters, -carboxyam des, am no, CQZ,
C2z, SOz, SWatisRCdmedino- or dial kyl ami no, aryl and heteroaryl; (b)
(CHH) n-aryl, (CH2)n-heteroaryl, arylalk}rl, or heteroarylal kyl, wherein
each aryl or heteroaryl is unsubstituted or substituted with up to five
groups sel ectied f Aasonigvandobthe feemgasti ng of hal ogen, hydroxy, | ower

al kyl, substituted alkyl, |ower al koxy, am no, nono- or dialkylam no,
trifluoromethyl, alkenyl, substituted 15gftarch 2004 5 WD 01/ 19825

PCT/ US00/ 17037 -94- al kenyl, al kynyl, substituted al kynyl, thiol,

thioal kyl, nitrile, nitro, carboxylic agid,
car boxam des, CQOZ, CO2Z, SOz, SQ2Z,

arbggrflic acid esters,
~arid :
RE /JQﬁq-
w o N7 0

R®
5 and pharmaceutically acceptable salts, esters, amides, and prodrugs
thereof, wherein:
Wis NH, S, SO, or SO5;
R2 is:
C1-C1p alkyl, C2-Cyg alkenyl, C2-Cy g alkynyl, C3-Cg cycloalkyl,
10 (CHp)p-aryl, COR4, (CHy),-heteroaryl, and (CHg),-heterocyclyl,

wherein each of the foregoing alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, heteroaryl, and heterocyclyl groups can be unsubstituted or
substituted with from 1 to 5 substituent groups selected from:
~ {a) halogen

15 (b) amino, alkylamino, and dialkyla{nino

(c) alkoxy, aminoalkoxy, alkylaminoalkoxy, and
dialkylaminoalkoxy

(d) phenyl, substituted phenyl, phenoxy, and substituted phenoxy
(¢) hydroxy

20 ' (f) thio, alkylthio

| @ oyano

(h) nitro

() alkanoyl, aminoalkanoyl, alkylaminoalkanoyl, and-

dialkylaminoalkanoyl




nis an integer fromO to 6, and provided that RS is other {gWaachydppgen or
Cl-C3 al kyl when R2 is nethyl, ethyl, or acetyl. 3. A conpound of the
fornmul a M0 &F1988 25 and pharmaceutical |l y accept abl e sal t £CT#30013037am des,
and prodrugs thereof wherein: R2 is: Cl-Cl0 al kyl, C2-Cl10 al kenyl, C2-C10
al kynyl, C3-C10 cycl oal kyl, (CH2)n-ar él , COR4, (CH2)n-heteroaryl, and

(CHI - heterocyclyl,  wherein each of tht 9foregoi ng al kyl, al kenyl, al kynyl,

cycloal kyl, aryl, het®y ogiihocafitiylik§laafiiSdationyl aH@S can be unsubstitut ed
or substituted with from1 to 5 substituent groups selected from hal ogen

ani no, al kyl ani no, and dilleyikspirmaarhonylal koxy, ani noal koxy,
Phenoxy. and subst i rutl aGEs Crout o BB AR Eah0 1 t1 o
Ner ch 2004 W0 01/ 10825 Poty ERBBT I AR dalflinfino %Y1 aM noal kanoyl 15
5 cycloalkylcarbonyl i ‘
) COZ, COyZ, SOZ, SO9Z, and P63Z, where Z is hydrogen,
hydroxy, alkoxy, SOZ, iower alkyl, substituted alkyl, amino,
alkylamino, dialkylamino, piperidinyl,- substituted
- piperidinyl, morpholinyl, substituted morpholinyl,
10 piperazinyl, and substituted piperazinyl
(m) a carbocyclic group containing from 3 to 7 ring members, one
or two of which may be a heteroatom selected from O or N,
and wherein the carbocyclic group may be substituted with
one, two, or three substituent groups selected from:
15 (1) halogen
(2) hydroxy
(3) alkyl, aminoalkyl, alkyl and dialkylaminoalkyl
(4) tnfluoromethyl
(5) alkoxy
20 (6) amino, alkylamino, dialkylamino, alkanoylamino
(7) COZ, COyZ, SOZ, SO3Z, or PO3Z
: ® ayl ’
(9) heteroaryl
(10) (CHj), morpholino
25 | (11) (CHy), piperazinyl
(12) (CHy), piperadinyl
o (13) (CHp)y, tetrazolyl
(n) trifluoromethyl;
R* and RO are:
30 - (2) the same or different and are independently hydrogen, halogen, lower
alkyl, or lower alkoxy, substituted alkyl, (CHy)y-alkenyl, (CHy)y-



-95- (j) am nocarbonyl, al kylam nocarbonyl, and di al kyl am ngoaska?pbs (k)
am no- C3-C7 cycl oal kyl carbonyl, al kylamno-C3-C7 5 (1) 10(m 15 20 25 30
cycl oal kyWOHMBHY| | and di al kyl ani no-C3 -C7 cycl oal kyl caPEBW§e/ZER, CO2Z,
SOz, S2Z, and P(3Z, where Z is hydrogen, hydroxy, alkoxy, |ower alKkyl,

substituted al kyl, amino, alkylamno, gl alkylam no, piperidinyl,
substituted piperidinyl, norpholinyl, "substituted norpholinyl, o
pi perazi nyl, and substalktynytdChiopecearion snim, ami J she@6:04 By€:@Ry,ai ni ng

from3 to 7 ring nenbers, one or tw of which nay be a heteroatom sel ected
fromO or N, and whertgfinoromethyls hony-airidialylemnopapnbeorsubst i t ut ed with

one, two, or three subgt,jtuent groups.selected f.rom (1) hal ogen. (2)
hydroxy (3) al kyl, amdf%%}%!r‘ﬁ%",mgﬁw ﬁ‘é?id“’b‘?%’éﬁ?ﬁ&%‘% oxytig acid,
trifluoronethyl (5) aldatbexyli®icid@stess, cablyviniabs) 80,8 POKY! €0ZNE0,Z,

al kanoyl amino (7) COz, CO2Z, SOZ, SO2Z, or PQ3Z
5 , SOZ, aminoalkanoyl, aminocarbonyl, amino-C3-C-

cycloalkylcarbonyl, and N-mono- or N,N-dialkylaminocarbony;
(b) the same or different and are independently (CHa)p-aryl, (CHy)p-

heteroaryl, arylalkyl, or heteroarylalkyl, wherein each aryt and
heteroaryl is unsubstituted or substituted with up to five groups

10 selected from halogen, hydroxy, lower alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, lower
alkoxy, amino, mono- or dialkylamino, triflucromethyl, thiol,
t_hioalkyl, nitrile, nitro, carboxylic acid, carboxylic acid esters,
carboxamide, SO3Z, and PO3Z; .

15 R8is:

(a) hydrogen, lower alkyl, substituted a]kyl; (CHy)g-alkenyl, substituted
alkenyl, (CHp)p-alkynyl, substituted alkynyl, or a (CHp),-
carbocyclic group contai:iing from 3-7 members, up to two of
which members are hetero atoms selected from oxygen and

20 nitrogen, wherein the carbocyclic group is unsubstituted or

substituted with one, two or three groups selected from the group

consisting of halogeh, hydroxy, lower :llkyl, lower alkoxy, acetoxy,

amino, COZ, CO,Z, SOZ, SO,Z, P0_3Z, mono- or dialkylamino,

aryl and heteroaryl;

25 (b) (CHp)y-aryl, (CHp)p-heteroaryl, arylalkyl, or heteroarylalkyl, wherein

. each aryl or heteroaryl is unsubstituted or substituted with up to

five groups selected from the group consisting of halogen,
hydroxy, lower alkyl, substituted alkyl, lower alkoxy, amino,
mono- or dialkylamino, trifluoromethyl, alkenyl, substituted

30 alkenyl, alkynyl, substituted alkynyl, thiol, thioalkyl, nitrile, nitro,



(8) aryl (9) heteroaryl (10) (CH2)n norpholino (11) (CH2) ni®piMasthedoay!
(12) (CH ' adi nyl (13) (CH2)n tetrazolyl (n) trifluoronethyl; R4
is: (a) t Qogg%ggor di fferent and are independently hydro&@ﬁ{"sﬂ%ﬂ%’é'én,

| omer al kyl, or |ower alkoxy, substituted alkyl, (CH2)n-al kenyl, (CH2)n 1
5 March 2004 WO 01/19825 5 10 PCT/ USO0Lgy037 -96- al kynyl, (CH2)n-cyano,
am no, am noal koxy, phenoxy, hydroxy, trifluoronmethyl, nono- or

di al kyl am no, nono- orcaﬂeman‘lwp@m%axsnwpd esters,| carbiokanidek \COZNCOREZS e,
nitro, carboxylic acid carboxylic acid esters, carboxam des, SO2Z, PQO3Z,
COz, CORzZ, SOz, am no%p%aSég »,zﬂrﬁ%aﬁﬂgonyl , am no- C3- C7-

cycl oal kyl'carbonyl, and N-nono- or N, N-di al kyl am pnocarbonyl; (b) the sane
or different and his@niipgephiem o, amipiovidedyhat R%Gsi2her than hydugen oy

aryl al kyl, or heter oarqy'lg;l Kyl , wher%n each aryl and heteroaryl is
unsubstituted or subst$ittcdkyliwhendy isgnethylo ediyb@secetdel ect ed from hal ogen,
hydr oxy, |ower alkyl, substituted al kyl, alkenyl, substituted al kenyl, :
al kynyl, substituted al kynyl, 1ower al koxy, am no, nono- or dial kyl anm no,
trifl udromet With theptuivisb that tvhéroWl ik §J R* iswdt ieth®] oriehdy®, car boxyl i c aci d,
carboxylic acid esters,

2. A compound of the formula

Rr8

and pharmaceutically acceptable salts, esters, amides, and prodrugs
_ thereof, wherein:
10 R? is:
C1-C10 alkyl, C3-Cj alkenyl, C-Cy g alkynyl, C3-C1q cycloalkyl,
(CHp)p-aryl, COR4, (CHp)y-heteroaryl, and (CHp)y-heterocyclyl,
wherein each of the fofegoing alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, heteroaryl, and heterocyclyl groups can be unsubstituted or
s 15 substituted with from 1 to 5 substituent groups selected from:
(a) halogen
(b) amino, alkylamino, and dialkylamino
(c) alkoxy, arhinoalkoxy, alkylaminoalkoxy, and
' dialkylaminoalkoxy
20 ‘(d) phenyl, substituted phenyl, phenoxy, and substituted phenoxy
(e) hydroxy '
() thio, alkylthio
(® cyano .
(h) nitro ’
25 ()  alkanoyl, aminoalkanoyl, alkylaminoalkanoyl, and
" dialkylaminoalkanoyl '



car boxam de, COZ, CO2Z, SOZ, SO2Z, and PC3Z; 15 R8 is: (a) 1sywdareaedos! oner
al kyl, substituted al kyl, (CH2)n-al kenyl, substituted al kenyl, (CH2)n

al kynyl , ¥Rt ed al kynyl, or a (CH2)n- carbocyclic grREKUSWATEInI ng
from3-7 nenbers, up to two of which nmenbers are hetero atons sel ected
from oxygen and 20 nitrogen, wherein thg_carbocyclic group is unsubstituted
or substituted with one, two or three groups selected fromthe group

consi sting of hal ogen, (hycaminpcarbonybraligllaminpocarbomyl, amidkoxy, acet oxy, am no,
CQz, C2Z, Sz, SZ, POBZ,. gcayboxyli.c i ds, esters, amdes, nono- or

di al kyl ani no, aryl and het%‘f’%ﬁkﬂ"} C}@O(lgf (CH2)n-aryl, (CH2)n-heteroaryl,
arylal kyl, or heteroar gi)al ifino-Of€f Yy loalRPehrbanyl! alRflahgioeCpary! 1S

unsubstituted or substituted with up to ti1 five groups selected fromthe

group consisting of hal ogeycloatiydivatbonyl, hndwdiallgildeyino-Cubst i t ut ed al kyl
| ower al koxy, am no, nono- or dialkylamno, trifluoronmethyl, alkenyl,
substifuted 30 al kenyl, aldygloalkyleadimay] t ut ed al kynyl, thiol, -thioal kyl,

aci o, carboxyl | ¢ aci d Obt arats E0ef 0% a7, AP0 Lerhers ZighiEsn, and Poss
Pydrogen or | C1-ca al kyl wirchoR, SRRy BR 6, dffalsd i A0, 27"
conpound of the fornul a .  adlkyladino, diaikylamino, piperidinyl, substituted
| piperidinyl, morpholinyl, substituted morpholinyl,
100 .. _ piperazinyl, and substituted piperazinyl |
(m) a carbocyclic group containing from 3 to 7 ring members, one
or two of which may be a heteroatom selected from O or N,
and wherein the carbocyclic group may be substituted with
one, two, or three substituent groups sele&ed from: .
15 (1) halogen
(2) hydroxy
(3) alkyl, aminoalkyl, alkyl and dialkylaminoalkyl
(4) trifluoromethyi

- (5) alkoxy
20 ' ~ (6) amino, alkylamino, dialkylamino, alkanoylamino
(7) COZ, COyZ, SOZ, SOZ, or PO3Z
. ®) aryl |

(9) heteroaryl
(10) (CHy),, morpholino
25 (11) (CHp)p piperazinyl
(12) (CHp), piperadinyl
) (13) (CHjy),, tetrazolyl
(n)  trfluoromethyl;
R4 and RS are:
30 ' (a) the same or different and are independently hydrogen, halogen, lower
alkyl, or lower alkoxy, substituted alkyl, (CHp)y-alkenyl,



20 25 RS and pharmaceutically acceptable salts, esters, amgiggrchaitdg
prodrugs thereof, wherein: R5 and R7 are the sane or different and

sel ect ed WPAM#9828) hydrogen, hal ogen, amino, ami noal koxy, PCHUBI0/1A03T0XY
phenoxy, hydroxy, thiol, thioalkyl, nitrile, nitro, phenyl, substituted
phenyl, heteroaryl, trifluoromethyl, pgno- or dialkylamno, nono- or

di al kyl am noal koxy, .al kanoyl am no, am nocar bonyl, .

am no- C3- C7- cycl oal ky|substitotedlalkeapld (CHppradkynyl, subbtissteid alkpyiyia(CHiggpar bonyl ;
(b) Cx2z, CQZ, SOz, S2Z or PG8Z, where Z is H, lower alkyl, hydroxy,

al koxy, substituted al®ho, amine@mingalkoxyppheaiony,.hyideodyntifluopsmethyldi ny! |

nor phol i nyl or piperaz] Cwkth or.owi t hout titutjon); ) | ower alkyl
unsubstituted or substzljlrl?%% e"éw\‘/ﬁt“ﬁﬂa%w& Tenes® dza?%aﬁ@m_o@gﬁo@%’ttgéif romlower
al koxy, hal ogen, ani ncthidalk§l, atyile, RRAR ca®bxylid lfd ChdBAR ackPédhayy! i ¢ aci d,

car boxgtm' de, carboxylic acid,ester, aryl or a carbocyclic group containing

from 327 nmenbers, up tPP@midss, $Pr2P A 0% CO2Z 0% ramipeatleanoyk| ect ed
from oxygen and nitrogen erein.the carbo ic groyp is_unsubstituted
or substituted with d 'é':'b?akf\go'wi aPHP‘E&g‘SB&b@%H@%BH NGNS PBg 15

March 2004 WO 01/ 1982%,%5{3}@?3%%39&7on5yl;| 0 15 20 ,

C

(b) the same or different and are independently (CHp)y-aryl, (CHp),-

heteroaryl, arylatkyl, or heteroarylalkyl, wherein each aryl and
10 | heteroaryl is unsubstituted or substituted with up to five groups
selected from halogen, hydroxy, lower alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, lower
alkoxy, amino, mono- or dialkylamino, triﬂuororﬁethyl, thiol,
thioalkyl, nitrile, nitro, carboxylic acid, carboxylic acid esters,
15 carboxamide, SO3Z, and PO3Z;
R8is:
(2) hydrogen, lower alkyl, substituted alkyl, (CHy),-alkenyl, substituted
. alkenyl, (CHp)y-alkynyl, substituted alkyny!l, or a (CHp)y,-
carbocyclic group containing from 3-7 members, up to two of
20 which members are hetero atoms selected from oxygen and
nitrogen, wherein the carbocyclic group is unsubstituted or
substituted with one,!two or three grouf:s selected from the group
consisting of halogen, hydroxy, lower alkyl, lower alkoxy, acetoxy,
amines, carboxylic acids, carboxylic esters, carboxyamides, amino,
25 COZ, CO2Z, SOZ, SO4Z, PO3Z, mono- or dialkylamino, aryl and
‘ heteroaryl; ‘

(®) (CHy)-aryl, (CHz)n-heferoaxyl, arylalkyl, or heteroarylalkyl, wherein
each aryl or heteroaryl is unsubstituted or substituted with up to
five groups selected from the group consisting of halogen,

30 hydroxy, lower alkyl, substituted alkyl, lower alkoxy, amino, )
" mono-or dialkylamino, ui‘fl_ﬁoromethyl, alkenyl, substituted



25 -98- fromthe group consisting. of halogen, hydroxy, |owermalckybos! oner
al koxy, ami no, or nono- or dial kylamno; (d) a carbocyclic group containing
from 3-7 WOR@IRS up to two of which nembers are hetero BCHNSOEINETt ed
from oxygen and nitrogen, wherein the carbocyclic group is unsubstituted
or substituted with one, two or three groups independently selected from
the group consisting of hal ogen, hydroxy, |[ower alkyl, branched al kyl,
trifluoronmethyl, | oweralkényhaficyngiyisaiostitured atkywyl, thicl] 0yl Nfiril@ mitro,

het eroaryl, carboxylic a]ci dliccar boxam de, carboxylic acid ester aryl,

e
het eroaryl, norphoij no®F A PeraRReXIC AFidypsters, sarberammites; IGO%(02Z,
tetrazol yl al kyl, am no Vé~ahnd W | am no; R4 and R6 are: (a) the sane
or different and are in e’pée(r)mzie]'r?t"? }/’B‘Sén, hal ogen, -1 ower al kyl, or
| ower al koxy, substituted kyl., (CH2)n-al kenyl . o(CH2)n- al kynyl, )
(CH2) n-cyano, ani ﬂlﬁa"dﬂﬁeﬁ%’?f%%bﬁ?gp"f'ﬂé’)rﬂﬂﬁ,de‘ﬁ%l;&%ﬁ other than hydregen ofy| ;. nono-
~or diakkylam no, nono-~o0¢_dihahkyl amsnoal koxy, . t.hiol, thioalkyl, nitrile,

ni t ro,kcar boxylic aci £1 bé%(‘))@/ﬁep a'éi"&?iapé’té@g’, Orafbxani des, SORZ, POBZ,
CQz, CRZ, - Sz, am noal kanoyl, am nocarbonyl, am no-C3-C7
cycl oal kyl carbonyl, and N-nono- or N, N dial kyl am nocar bonyl; (b) the sane
or different3and Acerppdafibeformpla cH2) - aryl, (CH2)n- heteroaryl,
aryl al kyl ; or heteroaryl al kyl, wherein eaq“vh aryl and heteroaryl is

unsubstituted or substituted with up to ®Vve groups selected from hal ogen,
hydr oxy, lower al kyl, substituted al kyl, | al kgnyl, substituted al kenyl,
’ H .

al kynyl , substituted al kynyl, | ower nono- or dial kyl am no,
trifluoronmethyl, thiol, thioal kyli nigri Iet ni tffo, carboxylic acid,
carboxylic acid esters, - R :
N O
H I

and pharmaceutically acceptable salis, esters, amides, and prodrugs
thereof, wherein:
10 RZis:
- C1-Cyo alkyl, C2-Cyg alkenyl, C5-Cyg alkynyl, C3-C1g cycloalkyl,

- (CHp)yraryl, COR4, (CHp)pr-heteroaryl, and (CHg)y-heterocyclyl,
wherein each of the foregoing alkyl, alkenyl, alkynyl, cycloalkyl, _
aryl, heteroaryl, and heterocyclyl groups can be unsubstituted or

15 substituted with from 1 to 5 substituent groups selected from:

‘ , (@) halogen ' '

| (b) amino, alkylamino, and dialkylamino
(c) alkoxy, aminoalkoxy, alkylaminoalkoxy, and
dialkylaminoalkoxy

20 » {(d) phenyl, substituted phenyl, phenoxy, and substituted phenoxy
(¢) hydroxy
(© thio, alkylthio
{(g) cyano
(h) nitro

25 () alkanoyl, aminoalkanoyl, alkylaminoalkanoyl, and

| " dialkylaminoalkanoyl B



car boxam de, COZ, CO2Z, SOZ, SO2Z, and PC3Z;, R8 is: 30 (a) 1syndacaedpq! over
al kyl, substituted al kyl, (CH2)n-al kenyl, substituted al kenyl, ‘

(CH2) n- aM@ /19825 ubsti tuted al kynyl, or a (CH2)n 15 Mar che@00sbof7d36 15 WO
01/ 19825 PCT/ US00/ 17037 -99- carbocyclic group containing from 3-7 nenbers,
up to two of which nenbers are hetero _gtons sel ected from oxygen and
nitrogen, wherein the carbocyclic grou‘fj’ s unsubstituted or substituted

with one, two or threﬁ)greﬁm@cmbﬁﬁsmﬂa&rﬁﬂ&&hﬂm [, Q4P consisting of
hal ogen, hydroxy, |ower al !k?}/kl | ower al koxy, acetoxy, am no, carboxylic

aci ds, esters, ami des, nodwlkylamigbearkgndni no, aryl and heteroaryl: (b)
(CH2) n-aryl, (CH2)n-h r | ¢, . . het eroaryl al kyl , wherein
each aryl or heteroar %FI g%%%%ﬁ%%k%%?&%’ﬁgtaﬁfﬁ %'O%Tﬁ?up to five
groups sel ected fromthe @m%6 l,iﬁlrghﬁ;lk?l%hﬂ&ﬁﬁg-—cofydr oxy, | ower

| ca1po; C

al kyl, substituted al kyl ower y, am no, nonos: di al kyl ami no,

trifluworonethyl, alkenyl ,c@m@wg,@@l al kenyl , al kynyl, substituted

al kynyl, thiol, thioalkyl, nitrile, nitro, carboxylic acid, carboxylic
acid esters, carboxaniBesCOZOE0EBOZ, SENZ, agtPR3Zawhere @3B hydmogem, i s an
integer fromO to 6, and Er vided that R8 js other than hydrogen or Cl-C3
al kyl when R2 is nethyl, 8BYHOXY Xyclower alkyl, substivgad el aming, he formul a 20

and pharmaceutically aCCe%?ﬂh&é%hﬁﬁylaﬁ?ﬁo?bﬁ:eﬁﬁﬂyﬂ%ﬁbgtmgd pr odr ugs
piperidinyl, morpholinyl, substituted morpholinyl,
10 piperazinyl, and substituted piperazinyl
(m) a carbocyclic group containing from 3 to 7 ring members, one
or two of which may be a heteroatom selected from O or N,
and wherein the carbocyclic group may be substituted with
one, two, or three substituent groups selected from:
15 (1) halogen
(2) hydroxy
(3) alkyl, aminoalkyl, alkyl and dialkylaminoalkyl
(4) trfluoromethyl
(5) alkoxy
20 (6) amino, alkylamino, dialkylamino, alkanoylamino
(7) COZ,COyZ, SOZ, SO,Z, or PO3Z
/ (8) aryl : '
(9) Theteroaryl
. (10) (CHp);, morpholino
. 25 (11) (CHy), piperazinyl
| (12) (CHy)y piperadinyl
v (13) (CHy)p tetrazolyl
(n)  rifluoromethyl;
R4 is:
30 (a) the same or diﬂ'erqnt and are independently hydrogen, halogen, lower .
s alkyl, -or lowér alkoxy, substituted alkyl, (CHp)y-alkenyl, (CHp)p~



t hereof, wherein: A B, and C are the same or different andggRc98p4 N or
CH, provided that at |least one of A) B, or Cis CH R5 and R/ are the sane
or differ®014a8Ssel ected from. 1 5 March 2004 WO 01/ 198PETRSIV1IBEO 17037
-100- (a) hydrogen, hal ogen, am no, am noal koxy, | ower al koxy, hydroxy,
trifluoromethyl, nono- or dialkyl am no, no- or dial kyl am noal koxy,

al kanoyl am no, carbanoyl, am no-C3-C7- '%étgl oal kyl car bonyl , N-nono- or

NN- di al kyl car banmoyl! , oaﬂ@nﬂbicmrcy@ﬁ&,&ni%iﬁ%%xf%xy\h@ﬂﬁ)& is H,
am

| ower al kyl, hydroxy, alkoxy, am no, nono- or dialKy no, pi péridinyl,
mor phol i nyl or pi per atiifindromethyl, @jonbooedialklayline/nsodes br t ut ed or

substituted wth one or,. roups sel ected from.]ower al koxy, hal ogen,
am no, hydroxy, mono- gfaikvﬁ@g@Pg‘RRw’éWPﬁ&mng “Wlea“'éfaf%mm acigy oup
containing from 3-7 meghebgyliciRid Stdridafoxiiidel $BIR P zate)zm%{ at oms
sel ected from oxygen and n)ii}{'lrog:an, wherein the ’car%%’c;% I'c grou l?s

unsubsti tuted or subst SOZ, afkindalkanoylcamindCarBbnyl iriRodTQ0Rs tndependent |y
selected fromthe group consisting of hal ogen, 15 hydroxy, |ower alkyl,

| ower al koxy, amino, orychealiylcarbonydj aidRy-neomion ar NoN-dialllylaminacdrbensd] i ¢ group
cel ot od Tr om oxy G8itha e or il ent sndife MdependREe ARy ot (s
el ect ed 1 om the ar ouft s VgD oF Reterostlatioh ety e abBand cyi
trifluoromethyl, | ower heteroaryl is unsubstituted or substituted with up to five groups
10 - selected from halogen, hydroxy, lower alkyl, substituted alkyl,
' alkenyl, substituted atkenyl, alkynyl, substituted alkynyl, lower
alkoxy, amino, mono- or dialkylamino, trifluoromethyl, thiol,
thioalkyl, nitrile, nitro, carboxylic acid, carboxylic acid esters,
carboxamide, COZ, CO,Z, SOZ, SO»Z, and PO3Z;
15 RS is: '
(2) hydrogen, lower alkyl, substituted alkyl, (CHp),-alkenyl, substituted
alkenyl, (CHp)y-alkynyl, substituted alkynyl, or a (CHp),-
carbocyclic group containing from 3-7 members, up to two of
which members are hetero atoms selected from oxygen and
20 : | nitrogen, wherein the carbocyclic group is unsubstituted or
substituted with one, two or three groups selected from the group
consisting of hajogén, hydroxy, lower altkyl, lower alkoxy, acetoxy,
amino, COZ, CO,Z, SOZ, SO,Z, PO3Z, carboxylic acids, esters,
amides, mono- or dialkylamino, aryl and heteroaryl;
25 (b) (CHp)p-aryl, (CHp),-heteroaryl, arylalkyl, or heteroarylalkyl, wherein
| each aryl or heteroary! is unsubstituted or substituted with up to
‘five groups selected from the group 'consi-sting of halogen,
hydroxy, lower alkyl, substituted alkyl, lower alkoxy, amino,
~ mono- or diatkylamino, trifluoromethyl, alkenyl, substituted
30 : - alkenyl, alkynyl, substituted alkynyl, thiol, thioalkyl, nitrile, nitro,



al koxy, am no, nono- or dialkylam no, aryl, heteroaryl, ”Drﬁhﬂéricﬂ%
pi peradi nyl al kyl , tetrazolyl al kyl, am noal kyl an

pi per azi nyl al kyl ,

al kanoy| MOM®/19825 R4 and R6 are the sane or different andpergsspigst ed
from (a) the same or different and are independently hydrogen, hal

| ower al kyl, or

| ower al koxy, substituted al kyl, (CH2)n-al kenyl, (

al kynyl, (CH2)a cyan, am no, am noal kox¥y,” phenoxy, hydroxy,

trifluoromnethyl,
thiol, thioalkyl,

MoNo- carboxyilielakid, atb&eslicRiMestedd, caBogiriuky CvE fcalg#ié

nitrite, nitro, carboxylic acid, carboxyli¢

ogen,
CH2) n-

oxy,
esters,

car boxam des, SO2Z, POSQZ, 80gZ, &dP)3ZLanhr ch 2004 5 10 15 20 25 WO
01/19825 PCT/ US00/ 17037 -101- SOz, am noal kanoyl, am nocarbonyl,

ani no- C3- C7- cycl nil dtyineged®om!o to@nshd\brovided 1t REIN Sl |

(b) the sanme or differ efrrlﬁtg and are fndd;?oendently (%ﬁ%?ﬁltgﬁ/lﬁy%?%ﬁ%ﬁ
heteroaryl, arylal kyl , CotCaralkplrvairanR Zislaydthylnéthylebincegeh aryl and
heteroaryl is unsubstituted or substituted with up to five groups
from hal ogen, hydroxy, |ower alkyl, substituted al kyl, alkenyl,

substisuted 4l kenx!coﬂ@(,{gy@ghhe?mg# uted al kynyl, lower alkoxy, a

nmono- or dial kyl am no, trifluoronet

car boxylic acid,
S02Z, and PQG3Z;

10

15

20

25

yl, thiol, thioalkyl, nitrile,

onyl ;

sel ect ed

m no,
nitro,

carboxylic acid esters, boxam de, CQOz, CO2z, SQZ,

6
g
7 0

RS

and pharmaceutically acceptable salts, esters, amides, and prodrugs

thereof, wherein:

R> and R7 are the same or different and selected from:

(a) hydr(;gen, halogen, amino, aminoalkoxy, lower alkoxy, phenoxy,
hydroxy, thiol, thioalkyl, nitrile, nitro, phenyl, substituted phenyl,
heteroaryl, trifluoromethyl, mono- or dialkylamino, mono- or
dialkylaminoalkoxy, alkanoylamino, aminocarbonyl,
amino-C3-C7-cycloalkylcarbonyi, and N-mono- or
N,N-dialkylaminocarbonyl;

(b) COLZ, COZ, SOZ, SO7Z or PQ3Z, where Z is H, lower alkyl,
hydroxy, alkoxy, substifuted alkyl, amrino, mono- or dialkylamino,

| piperidinyl, morpholiny] or piperazinyl (with or without
substitufion);

+ (c) lower alky! unsubstituted or substituted with one or two groups

selected from lower alkoxy, halogen, amino, hydroxy, mono- or
dialkylamino, carboxylic acid, carboxamide, carboxylic acid ester,
aryl or a carbocyclic group containing from 3-7 mémbers, up to
two of which members are hetero atoms selected from oxygen and
nitrogen, wherein the carbocyclic group is unsubstituted or
substituted with one, two or three groups independently selected



R8 is: (a) hydrogen, lower alkyl, substituted al kyl, (CH2)nsalikenrybos
substituted alkenyl, (CH2)n al kynyl substituted aI kynyl, or a (CH2)n

car bocycMWQO¥8% cont ai ning from 3- 7 menbers, up to two ROT/USOBILE7 menber
are hetero atons sel ected fromoxygen and nitrogen, wherein the
carbocyclic group is unsubstituted or ggbstituted with one, two or three
groups selected fromthe group consisting of hal ogen, hydroxy, |ower

al kyl, lower al koxy, émmﬂmygroupamdmistingzaﬂhnhgdnj hychokyjslowasalhylsl,omm des,

nono- or di al kyl am no, .and_ het eroar%\ é"g) (CH2)n-aryl,
(CH2) n- het eroaryl , ﬂke?wmmﬁ’rc’rﬁﬂ?‘?é’ré’éfi Kylqpino; wherein ~each aryl or

et er oaryl 1S Ungupsikbo ek Hou p Bkl Bk 1 Eretbel-Oup 4 Ko SEOHER. Se! ect ed

fromthe group consisting of ha ogen, ydroxy, | ower stituted
al kyl, 1ower al koxy, rs argdipkgro ammalsellemﬂ foimaexygen iahd umxugm,t hyI

al keny , Substituted substi t.u | k t,hi

thi oalkyl, nitrile, m“?\?}%?'mﬁa?ﬁ’é’fﬁrcﬁg ff unsubs %’g‘ﬂvﬁ){:x‘@é té)’“éls"f’g} s,

car boxam des, COZ, CORde, th@Zﬂu&%up@ﬁﬂeEﬁﬂZntlyl&lé\&é&ﬂoﬁQﬁé 01/ 19825
PCT/ US00/ 17037 -102 6 A conpound of "the. formil a and pharmaceutically

acceptabl e salts, est é?%SISt’&&lO@@Glog%dlYﬂWw lﬂ’g@f alkyb beastchedplsyki n: 5 R5 and

A o, taﬂ?nii{rﬁoi;, | SR A00 154 MEHGT o FibM: SKIIRARD R, 07

di al kyl ani no, nono- omctediaa)l}(gdrbdmyﬂmablldpwboﬁnkdﬂ B@amd%ﬁtbf}mw

. am noI-OC3- C?- cycl-oal kyl ?ahre?gg%/rlyl ml\cl;qrarl?cﬁgaoal?cyl, plperaog“%! zI:ﬁ:ycar banoyl, or
piperadinylalkyl, tetrazolylalkyl, aminoalkyl and alkanoylamino;

R4 and RO are:
(2) the same or different and are independéntly hydrogen, halogen, lower
alkyl, or lower alkoxy, substituted alkyl, (CHy)p-alkenyl, (CHy)q-

15 alkynyl, (CHp),-cyano, amino, aminoalkoxy, phenoxy, hydroxy,
tnﬂuoromethyl mono- or dialkylamino, mono- or
diatkylaminoalkoxy, thiol, thioalkyl, nitrile, nitro, carboxyhc acid,
carboxylic acid esters, carboxamides, SO2Z, PO3Z, COZ, COyZ,
SOZ, aminoalkanoyl, aminocarbonyl, amino-C3-C7-

20 cycloalkylcarbonyl, and N-mono- or N,N-dialkylaminocarbonyl;

(b) the same or different and are independently (CHy)y,-aryl, (CHp)y-

’ heteroaryl, arylalkyl; or heteroarylalkyf, wherein each aryl and
heteroaryl is unsubstituted or substituted with up to five groups
selected from halogen, hydroxy, lower alkyl, substituted alkyl,

25 alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, lower
alkoxy, amino, mono- or dialkylamino, trifluoromethyl, thiol,
thioalkyl, nitrile, nitro, carboxylic acid, carboxylic acid estess,
carboxamide, COZ, COyZ, SOZ, SO5Z, and PO3Z;

R8 is: U

30 (a) hydrogen, lower alkyl, substituted alkyl, (CHy),-alkenyl, substituted

alkenyl, (CH;;)n-aIkynyl, substituted alkynyl, or a (CHp)y-



10 (b) C2z, COz, SOz, S2Z, PO8Z, where Z is hydrogen, | owsrmalckyYooa

hydr oxy, al koxy, am no, nono- or dial kylam no, piperidinyl, norpholinyl or
pi perazi W0,0109826c) | ower al kyl unsubstituted or substitupegydbdfrpene or
two groups ‘selected from|ower al koxy, halogen, am no, hydroxy, nono- or
15 di al kyl am no, aryl or a carbocycli cag?qrjoup containing from3-7 nenbers,
up to two of which nenbers are hetero ns selected from oxygen and

ni trogen, wherein the ' SRl S ht Lt sybstituted
with one, two or three%?%zﬁgbé&é]ib%gggmled ?/Msﬁz)fjg%{ﬂgg&f'?lgtrﬁ oe"'H:tg;roup

consi sting of hal ogen, whizh ntembresxare hewveatonisisslected fomrogbbwand ani no, or
nono- or dial kyl am no,.. or cli c@grou containing from3-7

d), a.carbo )
menbers, up to two of WHPE TR _cﬁ‘?ﬁ%’%’cc BUBI SRubsared Ay fr om oxygen

and nitrogen, wher ei NsibBRuEANRBENE, ho BF MR drdupselebish Ko
substituted with 25 one, two or three %roups gll'rn ependen;ﬁ{oy @glgg%utped from

the grdup 15 March 200@ngstitg pfildomnpytrosoiyvereikyl,- 1008 atkons asdtong of
hal ogen, hydroxy, |ower_alkyl. -trvifl.uoronethyl, |ower | koxy,. am no, nono-
or dial kyl am no, aryl ,5‘1@%’@‘?%%?’94‘? et (e (14 F%&?F’@ ?O'ﬁfa@hﬁé%/'ﬁvpal kyl ,

pi peradi nyl al kyl, tetargzaidHetdriatyl; am noal kyl and al kanoyl ami no; 5 R4, R,
R61, and R9 are: e s or different and are independently hydrogen,
hal ogen, | ower #ﬁﬁﬁ%w%z&mﬂyms@aéﬂkvhpebetenowla,lkxtmmrem kenyl ,
(CH2) - al kynyl, (CH2) n-cgan?, Erri no, ., am noal koxy, phenoxy, hydroxy,
trifluoronethyl, nmono-%§ 8 Reteroaih & unspbgituted on substitated Wyitlhepioal koxy,

thiol gothioal kyl, nitrfifegrolps defoctedFr R e drbuPcdiisting of halogen,

' hydroxy, lower alkyl, substituted alkyl, lower alkoxy, amino,
mono- or dialkylamino, trifluoromethyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, thiol, thicalkyl, nitrile, nitro,
carboxylic acid, carboxylic acid esters, carboxamides, COZ, CO»Z,

15 ' SOZ, 8057, and PO3Z; and

n is an integer from 0 to 6, and provided that R3 is other than hydrogen or
C1-C3 alkyl when R2 is methyl, ethyl, or acetyl.

5. -Acompound of the formula

cZ A
E‘B’%\N
RS

20 and pharmaceutically acceptable salts, esters, amides, and prodrugs

thereof, wherein:

A, B, and C are the same or different and represent N or CH, brovided that
at least one of A, B, or C is CH '

" RS and R7 are the same or different and selected from: .



carboxylic acid esters, carboxam des, SQ2Z, PC3Z, COZ, CO245MSH 2004

am noal kanoyl , am nocar bonyl, am no- C3-C7 cycl oal kyl carbonyl, and N-nono-
or N, N-diWaFPﬁWs‘é?ﬁ nocarbonyl; (b) the same or different aReT/HF/17037

i ndependently (CH2)n-aryl, (CHZ)n 15 heteroaryl, arylal kyl, or
het er oaryl al kyl , wherein each aryl and;feteroaryl is unsubstituted or
substituted with up.to five groups seilect ed from hal ogen, hydroxy, |ower
al kyl, ‘substit ut da) lgidkygen, haddgennythinos afaitoatkoke dolek ekysty, hatitoxay |
substituted al kynyl, | aq al kox o nono- or dial kyl am no,
trifluoronethyl, t hi olt %OFWF}UE '%‘EHO‘OH falkylaming; mogo- oryy boxylic acid,
carboxylic acid ester and. PO3Z: R8
ol | o T o P A T

is: (a) hydrogen, ‘| ower 'substituted al Kyl

substituted al kenyl, cgabakywb%nwnmsu@samwaml@h&wmbyl% a (CH2)n 25
30 cargocycl Ic gro épcont ai nin to two of which

menbery are het ed® @Pénk0gé) & eﬁ%loﬂQ&%yn‘g@fe%@}ﬂmwffr@&@ﬂ hydiexsei n t he

~car bocyclic group is u substituted or stituted wi.th one, two or three
groups sel ected from r YHHO, TR %rtdiﬁgylemlrwam&@ﬁmy}ammwmu 18fer

al kyl, lower alkoxy, £4)yl, or2M no, car boxyl ic acids, esters, am des,
mono- or dial kyl ami no,” = aryl” and heteroaryl; 15 March 2004 5 10 15 20 WO

01/ 19825 (c) lower alkyl unsubstituted or substltuted with one or two groups
‘ selected from lower alkoxy, halogen, amino, hydroxy, mono- or
10 . ' dialkylamino, aryl or a carbocyclic group containing from 3-7
members, up to two of which members are hetero atoms selected
from oxygen and nitrogen, wherein the carbocyclic group is
unsubstituted or substituted with one, two or three groups
independently selected from the group consisting of halogen,
15 hydroxy, lower alkyl, lower alkoxy, amino, or mono- or |
diatkylamino, or
@ a‘carbocyclic group containing from 3-7 members, up to two of which
members are hetero atoms selected from oxygen and nitrogen,
‘wherein the carbocyclic group is unsubstituted or substituted with
20 _ ~ one, two or three groups independently selected from the group
- ' _ " consisting of halogen, hydroxy, lower alkyl, triﬂubromethyl, lower
alkoxy, amino, mono- or diatkylamino, aryl, heteroaryl,
 morpholinoalkyl, piperazinylalkyl, piperadinylalkyl,
tetrazolylalkyl, aminoalkyl and alkanoylamino;
25 R4 and RS are the same or different and are selected from:
(a) the same or different and are independently hydrogen, halogen, lower
| alkyl, or lower alkoxy, substituted alkyl, (CHy)g-alkenyl, (CHy),-

alkynyl, (CHp),-cyano, amino, aminoalkoxy, phenoxy, hydroxy,

trifluoromethyl, mono- or dialkylamino, mono- or
30 dialkylaminoalkoxy, thiol, thicalkyl, nitrile, nitro, carboxylic acid,
carboxylic acid esters, carboxamides, SOZ, PO3Z, COZ, CO5Z,



PCT/ US00/ 17037 -104- (b) (CH2)n-aryl, (CH2)n-heteroaryl, argm@hicnloooqr
het er oaryl al kyl, wherein each aryl or heteroaryl is unsubstituted or

subst it umenlowdssts up to five groups selected fromthe gropPrregueareyi ng of
hal ogen, hydroxy, |ower alkyl, substituted al kyl, |ower al koxy, am no,
nmono- or dial kylam no, trifluoronethyl, alkenyl, substituted alkenyl,

al kynyl, substituted al kynyl, thiol, tMlalkyl, nitrile, nitro, carboxylic

aci d, -carboxylic acid mﬁﬁﬁmﬂﬁng%ggﬁmbogggﬁ?%ﬁ_fgoz, SQ2Z, and

P03Z. 7: A conpound of the formula and pharnma cceptabl e salts,
esters, am des, and p&:?@\bklﬂ?lcafb@ﬁyl?ﬁﬁd NWRBAG: g N, NESiafkYRnitdo@tonyie Same or
different and are selected trom .gﬁ hydr ogen, hal ogenh, am no, am noal koxy,
| oner al koxy, hydpbHeg same pedifierent end ane indeperdently (CHohi-amvd, (Chig-i | - phenyl |
substituted phenyl, heteroaryl, trifluoromethyl, nono- or dial kyl am no,
nmono- or di al kyl am né‘ﬁﬁek%f!?; arylalieyl oon hetsragylaliyl pabessin eagharybands” C7-

cycl o kyl car bonyl - NsgaRguyios whulMseiufiHsCRRRER i Blio BYL RS- O, STZ

Sz, PMZ, where Z is hydrogen, lower a , substi am no,
mono- or di al kyl am no selpetpd fiiodi Imldgen, hydrpky | lower alkyl, subseirused ally]l, (Wi th or
wi t hout substitution), or 15 March, 2004 01/19825 PCT/ US00/ 17037 - 105-
(c) lower alkyl unsub2kepyk stpsy “t%—du%lg?ﬂ.’\&méﬂ‘yi-ﬁsllﬁs%ﬁ'ﬁgr Yo loy¥edups

sel ected from | ower alh@xy, ariinbO@8ho- G HidlRylalA¥, ﬂmﬁorai%%y Wjol,

]
di al kyl ami no, aryl or a carbocyclic group containing front3-7
, thioalkyl, nitrile, nitro, carboxylic acid, carboxylic acid esters,

10 carboxamide, COZ, CO»Z, SOZ, SO»Z, and PO3Z;

R8 is: .

(a) hydrogen, lower alkyl, substituted alkyl, (CHp),-alkenyl, substituted
alkenyl, (CHp)y-alkynyl, substituted alkynyl, or a (CH3),,-
carbocyclic group containing from 3-7 members, up to two of

15 which members are hetero atoms selected from oxygen and
nitrogen, wherein the carBocyclic group 1is unsubstituted or
substituted with one, two or three groups selected from the group
consisting of halogen, hydroxy, lower alkyl, lower alkoxy, acetoxy,
amino, carboxylic acids, esters, amides, mono- or dialkyla;nino,

20 . aryl and heteroaryl; | '

' (b) (CHp)y-aryl, (CHp)p-heteroaryl, arylalkyl, or heteroarylalkyl, wherein

- each aryl or heteroafyl is unsubstituted!or substituted with up to
five groups selected from the group consisting of halogen,
hydroxy, lower alkyl, substituted alkyl, lower alkoxy, amino,

25 mono- or dialkylamino, triflucromethyl, alkenyl, substituted

' alkenyl, atkynyl, substituted alkynyl, thiol, thicalkyl, nitrile, nitro,
éa;boxylic acid, carboxylic acid esters, carboxamides, COZ, CO5Z,
SOZ, SO7Z, and PO3Z.



menbers, up to two of which nenbers are hetero atons sel ectigduarch 2ofa oxygen
and nitrogen, wherein the carbocyclic group is wunsubstituted or

substit ut\e8 %1933 one, two or three groups independently Bermst@osr om t he
group consi sting of hal ogen, hydroxy, |ower alkyl, |ower alkoxy, ami no, or
nmono- or dial kylamno, or 10 (d) a cah%ﬁgyclic group containing from3-7
menbers, up to two of which nenbers are“hetero atons sel ected from oxygen
and ni trogen§. whAreimpauhdofhelfomyddi c group i s unsubstituted or
substituted with one, two or three groups independently selected fromthe
group consisting of -hal ogen, hydroxy, |lower alkyl, trifluoronmethyl, |ower
15 al koxy, ami no, nono- or dialkylam no, aryl, eroaryl, .

nor phol i noal kyl , pi perazi nyl al kyl, piperadi‘ylaﬂF%l, tetrazol yl al kyl,

am noal kyl and al kanoyl am no; and R4 and R6jare [ he or different and

are selected from (a) the sane cpt~apeavqr & 1T ndependent |y
hydr ogen, hal ogen, |ower 20 al ower Hl koxy; ﬁgbstituted al kyl ,
r@ am_RBQ, “am noal koxy, phenoxy,
i Al ky M nd o- or

(CH2) n-al kenyl, (CH2)n- al kynyl
hydr oxy, trifluoromethyl, -

di al kyl am noal koxy, thiol, tHtoal kyIR7 titrile, nl tro, carboxylic acid,
carboxylic acid esters, carboxanm des, SO2Z, P03ZR3CCOz, CRz, 25 SOZ,

am noal kanoyl , am nocar bonyl, am no-C3-C7 cycl oal kyl carbonyl, and N-nono-
or N, N-di al kyl am nocarbonyl; (b) the sane or different and are

i ndependent |y ( CHg\s . ) [Qar rvlal k r

het eroaryl al kyl , wh r%ﬁﬁgcggé riﬁeﬂiﬁ%@&%& éért%rg,?aﬁd ssaﬁ]grﬁggrgpt uted or
substituted with thereof whemgn:gr oups 30 sel ected from hal ogen, hydroxy, |ower
al kyl,_substituted.al kyl,, alkenyl, substituted al kenyl, al kynyl,
substituted al kyrB«? and e the s pr dififerent andraresseleoted diioad ky| ami no,

trifluoromethyl, (raf]h?cjlrbgen halogen, amino, aminoatkoxy, lower alkoxy, hydroxy,

trifluoromethyl, mono- or dialkylamino, mono- or

dialkylaminoalkoxy, alkanoylamino, carbamoyl, amino-C3-C7-
cycloalkylcarbonyl, N-mono- or N,N-dialkylcarbamoyl, or
10 (b) COZ, COZ, SOZ, SOZ, PO3Z, where Z is hydrogen, lower alkyl,
hydroxy, alkoxy, amino, mono- or dialkylamino, piperidinyl,
moxpholinyl or piperazinyl, or
(c) lower alkyl unsubstituted or substituted with one or two groups
_ selected from lower alkoxy, halogen, amino, hydroxy, mono- or
15 dialkylamino, aryl or a carbocyclic gfbup containing from 3-7
members, up to two of which r_nember; are hetero atoms selected
from oxygen and nitrogen, wherein the carbocyclic group is
unsubstituted or substituted with one, two or three groups
independently selected from the group consisting of halogen, -
20 ' hydroxy, lower alkyl, lower alkoxy, amino, or mono- or ‘
diatkylamino, or
(d) a carbocyclic group containing from 3-7 merhbers, up to two of which
members are hetéro atoms selected from oxygen and nitrogen,
wherein the carbocyclic group is unsubstituted or substituted with ,
25 one, two or three groups independently selected from the group |



15 March 2004 WO 01/19825 PCT/ US00/ 17037 -106- thioal kyl, m™Mgmhich.208k4tr O,
carboxylic acid, carboxylic acid esters, carboxamde, CQZ, CO2Z, S,
SO2Z, anweaeBszand Q is hydrogen, |ower al kyl, or substipgi/gsoopdiiad - 8. A
conpound which is selected from 5 o
8- Met hyl - 2-[[ 4- (nor phol i n-4-yl ) phenyl )] am no] - 6- phenyl -BH pteridin-7-o0ne;
6- (2, 6-Di chl orophenyl ) - 8- net hyl - 2-[[ 4- 837 phol i n- 4-

| ) phenyl ] am no] - 8H pt

%g 5. bi chl oropyr i d n&i{kg ?géf Qﬂg%enr h)édrﬂ%l wer . al L, triflyoromethyl, lower
| ) phenyl ] ami no] - 8H pt dkoxd, am?no)mmno@e( dialkylammo aJyl, heteroaryl,

ror phol 1 n- 4 1) phany| THRRBRORR W RtramHAKSY pperadinylalkyl,

no

(3, 5-Di bromopyri di n-gryiol lgtkﬁﬂatahﬂxlldaﬂ(y[l bftd &IREGYRRhinG: 4
| ) phenyl ] am no] - SH-pteridin 7-0n
[
H-

[ 4-§ 2- (Di et hy | RiRQRA mayzpp;hgnyl ] am no] - 8- met hyl - 6- phenyk -

pteridi n-7-one;

(2, 6- Di chl or opH@hthejsame pr diffepert and areinderiendsnsly tyslsogpidiaydgen, lower
m no] - 8- met hyl - SH- pt

6- g} 3, 5- Dlhcbl f)r opyri di n‘%ﬁy{;"} ’Z)g%{]%%( ﬂ’ff’f s‘ibs[t'[t%e‘f 5“7 F%?%r"d'ﬁ‘f%)(c%
D1 chl oro- 2, 6. di mot hou i b (G Ey iR pmblic dninoglcony, ghgnoxy, hydrony,

(di et hyl ami no) et hoxy] pl@tdmeih V10mofst ddedlichMing; %ﬁ%
2- [[4B£)et hyl am nocar bonyl )iphenyl ] am no] - 8- et hyl - enyl -

8H pt Bt i di n- 7- one; dialkylaminoalkoxy, thiol, thioalkyl, nitrile, nitro, carboxylic acid,

6- (2, 6-Di chl orophenyl) | am nocar.boayl )phanyl
am no] - 8- net hyl - 8H- pt eF diﬂ%ﬁ?glgi etste}/s ca%oxamzdes gb k 983¥ J:OZ CO»Z,

SOZ, amlnoalkanoyl, aminocarbonyl, amino-C3-C7-

y
6-
y
5
(

6-
y
2-
8
6-
a

cycloalkylcarbonyl, and N-mono- or N,N-diatkylaminocarbony};
(b) the same or different and are 'i_ndependcntly (CHp)y-aryl, (CHp),-

15 "~ heteroaryl, arylalkyl, or heteroarylalkyl, wherein each aryl and
heteroaryl is unsubstituted or substituted with up to five groups
selected from halogen, hydroxy, lower alkyl, substituted alky],
alkenyl, substituted alkenyl, alkynyl, substituted atkynyl, lower
alkoxy, amino, mono- or dialkylamino, trifluoromethyl, thiol,

20 thioalkyl, nitrile, nitro, carboxylic acid, carboxylic acid esters,

carboxamide, COZ, CO2Z, SOZ, SO,Z, and PO3Z;

R8is:

(a) hydrogen, lower alkyl, substituted alkyl, (CHy),-alkenyl, substituted

' alkenyl, (CHp)p-alkynyl, substituted alkynyl, or a (CHy),-

25 " carbocyclic group containing from 3-7 members, up to two of
which members are hetero atoms selected from oxygen and
nitrogen, wherein the carbocyclic group is unsubstituted or
substituted with one, two or three groups selected from the group
consisting of halogen, hydroxy, lower alkyl, lower alkoxy, acetoxy,

30 | ' amino, carboxylic acids, esters, amides, mono- or dialkytamino,

aryl and heteroaryl,



6-(3,5-Dichloropyridin-4 yl)-2-[[4-(diethylam nocarbonyl) phgnwikh 2004
am no] - 8-net hyl -8H-pteridin-7-one; 6-(3, 5-Dichloro-2,

6- di met hdXQ By n-4-yl)-2-[ [4 30 PCT/US00/17037
(di et hyl am .nocar bonyl ) phenyl ] am no] - 8- net hyl - 8H pt eri di n- 7- one;

8- Cycl opentyl -2-[[ 4- (nor phol i n-4-yl )phgb‘%l ]am no] -8H-pteridin 7-one; 15
March 2004 5 10 15 20 25 30 WO 01/19825%PCT/ US00/ 17037 -107-

8- Cycl opentyl - 6- () (GH)p- MM«CHQI ﬁ&@érb&yﬂaﬁlilkb?BYh&té#@aﬂﬂﬂlkﬁ"bvherem
pteridin-7-one; 8-Cyclopentyl - [ 4- (4- fret Kyl pi per azi n- yi ) phenyl ]
am no] - 8H pteridin-7- eanbaryBeﬂyﬂbr@p@ﬂlisydnsﬁ:smiﬁitb& bﬂsdbs{nﬂte{d%m[hw

pi perazin- | -yl)phenyl]- ami nokﬁ‘Sl—l- teridin-7-o0

8- Cycl opentyl - 2- [ ( pyr i SHGEr9YRA ¢ &Dommepar@m mnslsv%ﬁéhalogen
2-[[4-(3- Ami nopyrroli ]

pteridin-7-one; 8- Q/c?ggredn }/imﬂ*ﬁi (sﬁﬁ'gti‘gé{gg%kw%@&eiﬂ% ﬂ?hm

-yl ) phenyl ] ami no] - 8H phesd-ar diatkybanginoStriftipromethyl, alkenyl, substituted

501 methoxypheny!) - - ey 23 CRYCIlfd ST ARk Sldandl St B O

carboxylic acid, carboxylic acid esters, carboxamides, COZ, CO»Z,
SOZ, SO2Z, and PO3Z.

7. A compound of the formula

10

and pharmaceutically acceptable salts, esters, amides, and prodrugs

thereof,

“wherein:

RS and R7 are the same or different and are selected from:

15 : (a) hydrogen, halogen, amino, aminoalkoxy, lower alkoxy, hydroxy,
phenoxy, thiol, thiolalkyl, nitro, nitril, phenyl, substituted pheny!,
heteroaryl, trifluoromethyl, mono- or dialkylamino, mono- or
dialkylaminoalkoxy, alkanoylamino, carbamoyl, amino—é3-C7-
cycloalkylearbonyl, N-morio- or N,N-dialkylcarbamoyl, or

20 ' (b) COLZ, COZ, SOZ, SO2Z, PO3Z, where Z is hydrogen, lower alkyl,
substituted alkyl, amino, mono- or dialkylamirio, piperidinyl,

morpholinyl or piperazinyl (with or without substitution), or !



6- (3, 5-Di nmethoxyphenyl )-8 'et hyl -2-[[4-[2- (di et hyl am no) et Mhrch 2004
phenyl ] am no] - 8H pt er| din-7-one; 2-[[4[4-(tert-butoxycarbonyl)piperazin- |
-yl ] phenyW9 8#282%0] - 8- cyclopentyl - SH pt eri di n- 7- one; PCT/US00/17037
2-[[4-[3-(tert-but oxycar bonyl am no) pyrrolidin-1-yl]phenyl]-
am no] - 8-cycl opentyl - 8H pteri di n-7- one;
8- Cycl opentyl - 2- (4-f| uor o- 3- net hyl - pherh()ﬁam no)-8H-pteridin-7 one;
2-(3-Chloro-4-fl u@ow«mmyl ikubsitnid G hpienty Wil dnB be gl bRups  One;
8- Cycl ohexyl - 2- (4-fluoro nmet hyl - phenyl am no) - 8H pteridin-7- one;
8- Cycl opentyl 2-(3-fl Lﬁﬂeétedf{mn{ cmllgmyt hajogeny kmino pydrpxy, montly-or
pi peridin-1-yl]-phenyl r one |
2-(4-[4-(3-norpholin- 4(ﬁ§/ﬁ}(9%"ho% ﬁ&%%%ecraﬁ; %H 1c|gro§/|;|)fon(f¥mng %_7
phenyl am no) - 8H pteri dnemﬁer@,n@,toawwl I\ﬂﬁani}nyig}ﬁfrs%éheg&om;@ﬁg 8dbdied
1-yl - propyl) - pi peridi nyl am no pteridin-7-one;
8- Oycl %pent yl-2- (4- {2%?‘?,0 %&@ﬁr‘%&%@sWPﬁeﬂbﬁb@ﬁﬂbpcm ligearpap rs;| -13>c/>|o/ }17037
- phenyl am no) - 8H pteri mﬂ@ﬁ) [
-108- 8-Cycl opentyl - 2- l?iﬁﬁﬁszulg?%?%{%mhy en %a??ﬂg;bég&né%ﬁgg
pteridin-7-one; 5-(8- @d&p@p&ﬂlylselécmdtﬁﬂn&ecgrbgpimmlﬂg oflhilogen |
am no) - 2- et hyl - i soi le-1,3 ne;, 5 .
N- [ 4- ( 8- Cycl opent y1 - %350’9’ @v{ffﬂ@?ﬁdﬂﬂa’éﬂ‘%ﬁw’&ﬁm}k or

-dialkylamino, or

10 (d) a carbocyclic group containing from 3-7 members, up to two of which

members are hetero atoms selected from oxygen and nitrogen,
wherein the carbocyclic group is unsubstituted or substituted with
one, two or three groups independently selected from the group
consisting of halogen, hydroxy, lower alkyl, trifluoromethyl, lower

15 alkoxy, amino, mono- or dialkylamino, aryl, heteroaryl,
morpholinoalkyl, piperazinylalkyl, piperadinylalkyl,
tetrazolylalkyl, aminoalkyl and alkanoylamino; and

R4 and RS are the same or different and are selected from:
(2) the same or different and are independently hydrogen, halogen, lower

20 alkyl, or lower alkoxy, substituted alkyl, (CHp)p-alkenyl, (CHp),-
alkynyl, (CH3),-cyano, amino, aminoalkoxy, phenoxy, hydroxy,

, | trifluoromethyl, mono- or dialkylamino, mono- or
diatkylaminoalkoxy, thiol, thioalky), nitrile, nitro, carboxylic acid,
carboxylic acid esters, carboxamides, SO,Z, PO3Z, COZ, CO5Z,

25 SOZ, aminoalkanoyl, aminocarbonyl, amino-C3-C7-
cycloalkylcarbonyl, and N-mono- or N,N-dialkylaminocarbony;
(b) the same or different and are independently (CHp)p-aryl, (CH2)y-
heteroaryl, arylatkyl, or heteroarylalkyl, wherein each aryl and
heteroary! is unsubstituted or substituted with up to five groups
30 ' selected from halogen, hydroxy, lower alkyl, substituted atkyl,
' alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, lower

alkoxy, amino, mono- or dialkylamino, trifluoromethyl, thiol,



phenyl ] - propi onam de; N-[4-(8-Cycl opentyl-6-nethyl -7-0x0-7,15 March 2004
8-di hydro-pteridin-2- ylam no)-phenyl]-propi onam de; 2-(3-Chloro-

- pi per aziw@ 2/¥B2phenyl am no) - 8-cycl opentyl -8H 10 pteri dPaCETS00NR037
2-[3-Chl oro-4-(3-chloro-pyrrolidin-1-yl)-phenyl am no] - 8-

cycl opentyl - 8H-pteridin-7-one;

2-[3-Chl oro-4-(3-chloro-4-trifl uorometﬁ% pyrrolidin-1 yl)-

phenyl am no] - 8- cycl opeg I

N-{1-[4-(8-Cyclopentyl - gﬁl&(g%@ﬂ@ rid %omgcr?ccl#%rboﬁhc aoid Smrs
phenyl |- pyrrol i di n- 3- yeaFbcamia, @Z)ﬂ()ﬂ;tsﬂzarﬁ(lﬂ,, ath{)g;Z{eBld( 1- Ani no- |
- met hyl - ethyl) pyrcolidin-1-yl]-3-chloro-

phenyl ani no} - 8- cyf@ Kopiregen, lomwes alipi, or substitiied alkyl.

2-[4-(3- Am no- cycl opent anecar bonyl ) - phenyl am no] - 8- 20

cycl opentyl -8H-pteridin-7-one;

8- Cycl opent - - 2- (&Wﬁ%‘&ﬂ!ﬂch&wc@mam no) - 6- met hyl - 8H- -

t 7- -
G bydro- pt eri di n- 2. yi Sa e BB ey FigRinol-6- phenyi-sir-
8- Cycl opent yl - 6- peéridih-720de4- (pi peri di ne-1 -sul fonyl)-
phenyl am no] - 8H pteri dj n- 7 one; . .
6- (2, 6- Di chl or o- 3- et %PWBEWWCI@J*%[[‘MWWPBMM n- 4

)él %ghgng Lﬁlmopg} 3%3 old“q ggfr{%g"d’&t A2 2-{ [ 4- (nor phol i n-4- 30

yl ) phenyl ] ami no} - 8H pt(e(ﬂ ﬁ-i[)leliletﬂpgnd:ﬁ-4-fl)48&ﬁp«hyhﬁ-[Wrﬁrph(ﬂinsgl ected from

15 Meyh 2004 VO Gal 10875 ECTLSROLATGS] - 10

6-(3,5-Dichloro-2,6-dimethoxypyridin-4-yl)-8-methyt-2-[[4-
(morpholin-4-yl)phenyljamino}-8H-pteridin-7-one; -
6-(3,5-Dibromopyridin-4-yl)-8-methyl-2-[f4-(morpholin-4-
yl)phenyl]amino]-SH-pteﬁdin—?—one;
15 2-{[4-[2-(Diethylamino)ethoxy]phenyl}amino]-8-methyl-6-phenyl-
8H-pteridin-7-one;
6-(2,6-Dichlorophenyl)-2-[[4-[2-(diethylamino)ethoxy]phenyl]-
amino]-8-methyl-8 H-pteridin-7-one;
6-(3,5-Dichloropyridin-4-yl)-8-methyl-2-[[4-[2-(diethylamino)-
20 _ ethoxy]phenyl]amino]-8H-pteridin-7-one;
6-(3,5-Dichloro-2,6-dimethoxypyridin-4-yl)-8-methyl-2-[[4-[2-
(diethylamino)ethoxy]phenyl]amino}-SH-pterfdin—?—one;
2-[[4«(Diethylaminocarbonyl)phenyl]amino]-8-methyl-6-phenyl- .
8H-pteridin-7-one;
25 6-(2,6-Dichlorophenyl)-2-[[4- (d:ethylammocarbonyl)phenyl]—
* amino]-8-methyl-8 H-pteridin-7-one;
6-(3, S-D1chloropyndm-4-yl)-2-[[4-(dlethylammocarbonyl)phenyl]—
amino]-8-methyl-8H-pteridin-7-one;
6-(3,5-Dichloro-2,6-dimethoxypyridin-4-yl)-2-[[4-
30 (diethylaminocarbonyl)phenyljamino}-8-methyl-8 H-pteridin-7-one;
8-Cyclopentyl-2-[[4-(morpholin-4-yl)phenyl]amino]-8 H-pteridin-

7-one;

e R



8- Cycl opentyl -2-[[ 4- (nor phol i n-4-yl ] phenyl ] am no] - 5SH8H- 15 March 2004
pteri di ne-6, 7-di one; and

8- Cycl opd¥@ 91/19823 [ 4- (4- met hyl pi perazi n-1-y1) phenyl] am ndCT/8$60/17037
8H pteridine-6, 7-dione; 5 8-Cyclopentyl-5-nethyl-2-(4-piperazin-|

-yl - phenyl am na) - 5, 8- di hydro- 6H pter Irrﬂ’{g 7-one; '
2-[4-(4- Acetyl pi perazin-1-yl) - phenyl art )] - 8- cycl opentyl -5- net hyl -

8- di hydro- 6H pt eri di n-g.c9élepedtyi6-methyl-2-[[4-(morpholin-4-yl)phenyl}amino SH-
1-[4- (8- Cycl opentyl - 5- net hyf 7- 0X0- 5y6 7[[8(t e{prahydr)(r))p vl F

pteridin-2-ylam dﬂ?ﬂdjhﬂr@m} pyrrolidin-3-yl)-3, 3-di net hyl -utyram de;

gl %glr gpgnl—l-t %’![ er5| gﬂ]hy g ﬁ)g&épéﬂ?ﬁ@ﬁh-(ﬁ-metﬁyfppptleazyn—?nﬁ)pﬂgnyﬁammo] 8H-

8- cycl opent yl - 2- {ptedidin{72ortey dr oXxy- et hyl ) - pi per azi n- 1 yl]-
phenyl am no} - 5-met hyl - 5, 8- di hydro- 6H-pteridin-7-on 15 8-cycl opentyl 2-{
4-[ 4- (2- hydr oxy- et hyI) @yc sptiﬂt Hipth ygﬂ Mlpiperazm- -yDpheny

yl]-phenyl am no} - 874 ydro 6H pter|d| n- 7- one;
1-[4-(8-1sopropyl - Hﬁte% ’g"‘gzg“ 76,7, 8-tetrahydro-pteridin-2-

yl am no) - phenyl ] - pyrr cﬂ-Cgclopexﬁyle:h[(bgm&:h%ybmﬂmﬂ}shyﬂ)tanﬁldd-one

{4-]4-(B-Cycl opentyl - y] -.7- 0X0 t et ahyd - pteri din-

2-yl am no) - phenyl ] - pi p’eﬁg'z(srA'T“?ﬂ"%’t"léy' eaylﬁaawao -cyclopentyl- SH'

6- (2, 6- Di chl or o- 3ibydinPmephenyl ) - 8- met hyl - 2- (4- nor phol i n- 4-yl

phenyl am no) - 8H pteri di n-7- one. 10 A compound which is selected from

1-t er¥Q But yl - 3- [ 2- ( 4- f8-Cyelopshtyled-fi-(piplecazyi- &M)ph&nyﬂlannncﬂﬁﬂ-iﬁteynﬂu@%- urea; 30
1-tert-"Butyl - 3- [2 4-f | uor o- 3- et hyI phenyl am no) - 6- et hyl -
pteridin-7-yl]- ur®®r 1-tert- Butyl - 3- (2-{4-[4(3-norpholin-4-yl

propyl) - pi peridin-1-yld-, S-Dlmethoxyphenyl)-S—ethy1—2—[(pyndm-4—yl)ammo] 8H-
pteridin-7-one;
‘ 6-(3,5-Dimethoxyphenyl)-8-ethyl-2-{[4-[2-(diethylaminoc)ethoxy]-
15 phenyllamino]-8H-pteridin-7-one;
2-{[4-[4-(tert-butoxycarbonyl)piperazin-1-yl]phenylJamino]-8-
cyclopentyl-SI:_T-pteﬁdin-'I-one;
2—[[4-[3-(terr-butoxycarbonylamino)pyﬁoﬁdin—1-yl]pher_xyl]—
amino}-8-cyclopentyl-8 H-pteridin-7-one;
20 8-Cyclopentyl-Z—(4-ﬂuor&3—methyl-pheriylamino)-SH—pteridin—?—
' one;
2-(3-Chloro-4-fluoro-phenylamino)-8-cyclopentyl-8H-pteridin-7-
one; ‘ '
-8-Cyclohexyl-2-(4-fluoro-3-methyl-phenylamino)-8H-pteridin-7-
25 one; |
8- Cyclopentyl-z-{3-ﬂuoro-4-[4-(3-morpholm-4—yl-propyl)—
- piperidin-1-yl]-phenylamino}-8H-pteridin-7-one;
8-Cyclopentyl-2-{4-[4-(3-morpholin-4-yl-propyl)-piperidin-1-yl]-
phenylamino}-8H-pteridin-7-one;
30 8-Cyclopentyl-2-{4-[4-(3-piperazin--yl-propyl)-piperidin-1-y1]-
' phenylamino}-8H-pteridin-7-one;
8-Cyclopentyl-2-(4-{4-[3-(1H-tetrazol-5-yl)-propyl]-piperidin-1-
y1}-phenylamino)-8H-pteridin-7-one; '



phenyl am no}-pteridin-7-yl)-urea; 1-tertButyl-3-(2-{4-[4-(350ah2004

1=yl - prop%l -piperidin-1 yl]- phenylam no}-pteridin-7-yl)-urea; and 15

Mar ch 200 Wl $19825 PCT/ US00/ 17037 - 110- PCT/US00/17037
1-[2-(4-(4-[3-(3-Am no-pyrrolidin- 1-yl)-propyl]-piperidin-1-yl)

phenyl am no)-pteridin-7-yl]-3-tert-but ﬁg-_urea. 11. A pharnmaceuti cal

formul ati on conprising a conpound of d ?m 1in conbination with a

phar maceuti cal | y accep8alycipentyl-2€n.fludid-B:amthylPhenglifint)@inethlRsHlUse of a
therapeutically effe Ii,ye har maceutical fornulation according to daim |
in the nmanuf act ur B*Bf%5/AB4di canent for controlling proliferative disorders

ina mmmal selected gf(9-@ﬁrb?g%99%x&%hﬁ?%@gp&9ﬁgiﬁ-ﬁilgﬁlétl’i%(ﬁ—sﬁﬁlieﬁigi-s’

vascul ar smooth nuscl e prol tion assoc rder sel ected
from the group comsindplenig3-dadfneat her oscl erosi s, postsurgical vascul ar

st enosi.s, and restenosj 3 e of ,.a c nd sel egt e romClaiml in
the manufacture of a n@gﬁié' OWBWE'—’T‘H‘H%?‘%HW&OJPW ]ﬁ‘ﬁ'y BMent ki nase.

14. The use of O gheiylirpishfhidesai d cyclin-dependent kinase is cdc2. 15.
The use of Claim 13 wherein said cyclin-dependent kinase is cdk2. 16. The
use of O ai m 13 wher ei N-4dBLyrjapentyl-Gapashylehoxdcifadibydro-ptesidin®- cdk6. 17.

Use of a conpoun . eGt Claiml in the manufacture of a
medi canent . f or %‘aﬁ%@ipﬁgn%j@fgmwn%ct or-nedi ated tyrosi ne ki nase. 18.
The use of O aim 17 wheq®Ohlsraipigérarinl1-jlasenyanm)ad-egtispenitishe ki nase is

pl at el 8t derived growh factor (PDGF). 19. The use of Caim'1l7 wherein said
growtﬂ f actor - rredli’tﬁ’&@'&'}WQési ne kinase is fibroblast growh factor (FGF).

15 March 2004 2-[3-Chloro-4-(3-chloro-pyrrolidin-1-yl)-phenylamino]-8-
cyclopentyl-8H-pteridin-7-one;
2—[3-Chloro—4-(_3-ch]oro-tl-triﬂuoromethyl-pyrrolidin—1-yl)-
phenylamino]-8-cyclopentyl-8H-pteridin-7-one; '
15 N-{ 1-{4-(8-Cyclopentyl-7-ox0-7,8-dihydro-pteridin-2-ylamino)-
phenyl]-pyrrolidin-3-yl}-3,3-dimethyl-butyramide;
2-{4-[3-(1-Amino-1-methyl-ethyl)-pyrrolidin-1-yl]-3-chloro-
phenylamino}-8-cyclopentyl-8H-pteridin-7-one;
2-[4-(3- Amino-cyclopentanecarbonyl)-phenylamino]-8-
20 cyclopentyl-8H-pteridin-7-one;
8-Cyclopenty!l-2-(4-methanesutfony!-phenylamino)-6-methyl-8H-
pteridin-7-one; | | .
4-(8-Cyclopentyl-6-methyl-7-oxo-7,8-dihydro-pteridin-2-ylamino)-
‘ benzenesulfonamide;
25 8-Cyclopentyl-6-methyl-2-[4-(piperidine-1-sulfonyl)-
phenylamino}-8H-pteridin-7-one;
6~(2,6-Dichloro-3-methoxyphenyl)-8-methyl-2-{[4-(morpholin-4-
yl)phenyljamino}-8H-pteridin-7-one; and '
6-(2,6-Dichloro-3-hydroxyphenyl)-8-methyl-2-{ [4-(morpholin-4-

30 yDphenyl]amino }-8H-pteridin-7-one.

9. A compound which is selected from:



WO 01/19825 -111 PCT/ US00/ 17037 20. Use of a therapeutical |45 @hfc8%opye
anount of a conpound selected fromCaiml in the manufacture of a

medi canerwoporses eati ng a subj ect suffering from di seasespcp@deRody
vascul ar snooth nuscle cell proliferation. 21. Use of a therapeutically
effective anmount; of a conpound selected fromCains 1- 10 in the

manuf acture of a medi cament for treati-Hf-a subject suffering from cancer.

22. Use of a therapeutg.ggkh 1iLfhi ing 0 n%é ected from
Clainms 1- 10 in the rran%?ac et??;e of[ é}ﬁmﬁeﬁﬁ”i‘%ﬂ%@? §§I' mammal . '
suffering from qaendine-6Jedibree; and seases i ncl udi ng at heroscl erosis and

restenosi s; cancer: [ I nfections including DNA viruses

: el
such as herpes and R@g&a\’c”f@’g@-'22-Ué%hiﬁetﬁlmpefﬂﬁg&wl)lph@réé}apﬁml,- type 1

di abetes and di absy Bg-gigimRgionednd retinopathy; multiple sclerosis;
gl omerul onephritis; neurodegenerative di seases including Al zheimer's

di seas®; aut oi mune di%Eudepentykchmetbyb2ddimpsrazin-1-ylephenylainina)r i ti s,

| upus; organ tra | an | ecti-on and host versus graft disease; Gout;
pol ycystic Ki dneﬁ@‘f@%’g&ﬁhﬁﬂ' % anmation including inflanmmatory bowel

di sease. : 2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino}-8-cyclopentyl-5-
methyl-5,8-dihydro-6H-pteridin-7-one;
N-{1-[4-(8-Cyclopentyl-5-methyl-7-0x0-5,6,7,8-tetrahydro-
10 pteridili-z-ylamino)-pheny!]-pyrrolidin—S-yl}-3,3-dimethy1—butyramide;
8-Cyclopéntyl—-S-methyl-z-(4-morpho!iﬁ—4-yl-phenylamino)—5,8—
dihydro-6H-ptenidin-7-one;
8-cyclopentyl-2-{4-[4-(2-hydroxy-ethyl)-piperazin-1-y1}-
phenylamino}-S-methyl-S,8-dihydro-GH—pteridin—?—one;
15 8-cyclopentyl-2-{4-[4-(2-hydroxy-ethyl)-3,5-dimethyl-piperazin-1-
yil-phenylamino}-5-methyl-5,8-dihydro-6H-pteridin-7-one;
1-[4-(8-Isopropyl-5-methyl-7-0x0-5,6,7,8-tetrahydro-pteridin-2- -
ylamino)-phenyl]-pyrrolidine-3-carboxylic acid butylamide;
{4-[4-(8-Cyclopentyl-S-methyl-7-ox0-5,6,7,8-tetrahydro-pteridin-
20 2-y!amino)-phényl]-piperazin—lvyl}-acetic acid; and
_ 6-(2,6-Dichloro-3-hydroxy-phenyl)-8-methyl-2-(4-morpholin-4-yl-
phenylamino)-8H-pteridin-7-one. |
10. A compound which is selected from:
1-tert-Butyl-3-[2-(4-fluoro-3-methyl-phenylamino)-pteridin-7-yl]-
25 urea;
1-tert-Butyl-3-[2-(4-fluoro-3-methyl-phenylamino)-6-methyl-
pteridin:7-yl]-urea;
1-tert-Butyl-3-(2-{4-[4-(3-morpholin-4-yl-propyl)-piperidin-1-yi}-
phenylamino}-pteridin-7-yl)-urea;
30 ' 1-tert-Butyl-3-(2-{4-[{4-(3 -piperazin-l-‘yl-prdpyl)—piperidin—l-yl]-
phenylamino}-pteridin-7-yl)-urea; and - -



15 March 2004

WO 01/19825 _ _ PCT/US00/17037

Il

12.

13.

14.

15.

16.

17.

18.

19.

-110-
1-[2-(4-{4-[3-(3-Amino-pyrrolidin‘-1-yl)-propyl]-piperidin-l-yl}- .
phenylamino)-pteridin-'f-yl]-3-tert—butyl-urea.

A pharmaceutical formulation comprising a compound of Claim 1 _in
combination with a pharmaceutically acceptable carrier, diluent, or

excipient.

Use of a therapeutically effective pharmaceutical formulation according to Claim
1 in the manufacture of a medicament for controlling proliferative disorders in a
mammal selected from the group consisting of cancer, psoriasis, vascular smooth
muscle proliferation associated with a disorder selected from the group consisting

of atherosclerosis, postsurgical vascular stenosis, and resteriosis.

Use of a compound selected from Claim 1 in the manufacture of a medicament for

inhibiting a cyclin-dependent kinase.

The use of Claim 13 wherein said cyclin-dependent kinase is cdc2.

"I‘he use of Claim 13 wherein said cyclin-dependent kinase is cdk2.

The use of Claim 13 whergin said cyclin-dependent kinase is cdk4 or cdké.

Use of a compound selected from Claim 1 in the manufacture of a medicament for

inhibiting a growth factor-mediated tyrosine kinase.

The use of Claim 17 \;\;rherein said growth factor-mediated tyrosine kinase is

- platelet derived growth factor (PDGF).

The use of Claim 17 wherein said growth factor-mediated tyrosine kinase is
fibroblast growth factor (FGF).
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Use of a therapeutically effective amount of a compound selected from Claim 1 in

the manufacture of a medicament for freating a subject suffering from diseases

caused by vascular smooth muscle cell proliferation.

Use of a therapeutically effective amount of a compound selected from Claims 1-
10 in the manufacture of a medicament for treating a subject suffering from

cancer.

Use of a therapeutically effective amount of a coﬁipound selected from Claims 1-

10 in the manufacture of a medicament for treating a mémmal suffering from

- cardiovascular diseases including atherosclerosis and restenosis; cancer;

angiogenesis; viral infections including DNA viruses such as herpes and RNA
viruses such as HIV; fungal infections; type 1 diabetes and diabetic neuropathy
and retinopathy; multiple sclerosis; glomerulonephritis; neurodegenerative diseases

- including Alzheimer’s disease; autoimmune diseases such as psoriasis,
rtheumatoid arthritis, lupus; organ transplant rejection and host versus graft
disease; Gout; polycystic kidney disease; and inflammation including

inflammatory bowel disease.



