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Field of the Invention
Th_is invention relates to 8 -pteridine-7-ones, tetrahydropteridin-7-ones,

5 5H,8H-pteridine-6,7-diones and pteridine-7-ureas that inhibit cyclin-dependent
serine/threonine kinase, Wee 1 tyrosine kinase, and growth factor-mediated
tyrosine kinase enzymes, and as such are useful to treat cell proliferation diseases
and disorders. These include cardiovascular diseases including atherosclerosis and
restenosis; cancer; angiogenesis; viral infections including DNA. viruses such as

10 herpes and RNA viruses such as HIV; fungal infections; type 1 diabetes and
diabetic neuropathy and retinopathy; multiple sclerosis; glomerulonephritis;
neurodegenerative diseases incfuding 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 Cyclm-Dependent Kinases”,
Progress in Cell Cycle Research, 1995 1:351-363). Typlcal 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.
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[ Continued o @h&@ﬁ( fo inARR pra?feratn\%%%approxrmately 60 different human tumor cell
lines used by the National Cancer Institute (NCI) to screen for new cancer
10 therapies (Abraham, et al., Biology of the Cell, 1995;83:105-120). More recently,
the purvalanol class of cdk inhibitors have emerged as more potent derivatives of
the 6lom0ucine class of compounds (Gray, N.S., et al., Science,
1998;281:533-538). .
In addition, tyrosine kinases are a class of enzymes that catalyze the
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.
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(lec), (Id) wherein: Wis NH, S, SO or SOz; R2 is (un)substituted 00 aryl,
(un) substWOUAAet eroaryl, or (un)substituted carbocycl ePET/USEVEOBycl e; Q
i s hydrogen or |lower alkyl; R4 and R6 are the sanme 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 alRyMMARY &8 THE INMENTEON | ower al kyl or an

(un) substituted carbocyclic group containing from 3-7 nenbers, up to two .
of which nmenbers are optionally hetero atons sel ected from oxygen and

nitrogen; or R8 i Thisifvéntiea ptdvidthovall pridinelBompdifids wWhichduhed®iaar yl
(un)substituted arylal kyl or (un)substituted hetero_a\rﬁél al kyl .. These

conpounds ar entikitgrs pf ¢edlcycleaggulaignokiaases syshosithe eyalindependedt kivases aadich as

cancer and r eriosi & e . Eent. 1 nhi-a of

cyclin- depeng’géﬁ f,kalgE&g@ggﬁ%ﬁﬁg@?@%ﬁﬂ@éﬁi&%ﬁ%&%@%gi'h;i[urg,cd)ﬂ.‘ngfenases. The
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8H pteridine-7z0nes, tetr dropteriding7- S, . . -

S, b pt or | i aon G e RCEHoRl 55 et of e ventionis

cycl i n- dependgietted $€torisdunbs 6Pgenesal Fornasles Ia\Es 14, Idyamddene ki nase, and
grow h factor-nediated tyrosine kinase enzynmes, and as such are useful to
treat cell proliferation diseases




and di sorders. These include cardiovascul ar di seases i ncl udsfhrch 2004

at heroscl erosis and restenosis; cancer; angiogenesis; viral Infections

i ncl udi ngVONA 12 uses such as 10 herpes and RNA viruses s&EFUSVERE f yngal
infections; type 1 diabetes and diabetic neuropathy and retinopathy;

mul tiple sclerosis; glonerulonephritis;_4g_neurodegenerative diseases

i ncludi ng Al zhei ner's di sease; autoi mune di seases such as psori asis,
rheumatoid arthritis, |upuspdorgan transplant rej 'ectilgn and host versus
graft disease; Gout; polycygtic kidney disease; and ijhfl ammati on i ncl udi ng
15 inflamatory bowel diseage. Symmar ®f the Related ArtHCell cycle

ki nases are naturally ocoyfri mes invol ved ig<# NgtQ of the cell
cycle (Meijer L., gzem chl- 1 ghi bi tjors of Cyclj n- Depen i nases",
Progress in Cell Cy -‘a’lge’gkgi , 1. 351- &‘é i nes include
20 serine/threoni ne kinases uchlas tcﬁe cycl i n-depen i nases (cdk)

cdkl, cdk2, cdk4, cdk5, cdk6 as'wgell as tyrosine kinaseslinvolved in cel
cycle regul ation such as We | Rinase. Increased activit® or tenporally
abnormal activation or regul atjon of these kinases has fieen shown to
result in devel opnment of human tunors and other proliferative disorders.
Conpounds that inhibit cdks, egther by 25 blocking thg interaction between
a cyclin and its kinase partnef, or by binding to an§{

ki nase, cause inhibition of c el i f Rﬁti on, and a for
treating tunors or other ab y oliferating d% rch 2004 WO
01/ 19825 PCT/ US00/ 170342- 2- |Sevelial cbnpounds I{f’zﬁbat ' i t cdks have
denonstrated preclinicamn I ZAC N LY. W piridol is

a flavonoid that has been shown to potent inhibH or §f several types
of breast and |ung cancer cells (Kaur,,jkal ., J. Natl. Cag@er Inst., 1992;
84:1736-1740; Int. J. Oncol., 1996; 2‘%143-@168). 5 The conpound has been

shown to inhibit cdk2 and cdk4. ;0 omggci ne [ 2- Id
(hydr oxyet hyl am no) - 6- benzyl am ne-9-n&t hyl purine] is a potent inhibitor of
cdk2
¥ Rr°
"
e
6!’
2 : R
R: N
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RS
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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



and cdk5 (Vesely, et al., Eur. J. Biochem, 1994;224:771-78§8kar@Ngohps been
shown to inhibit proliferation of approximtely 60 different human tunor
cell |iNe@0UsWaS by the National Cancer Institute (NC) tBCEHEF@OEI¥or new
cancer 10 therapies (Abraham et al., Biology of the Cell, 1995;
83:105-120). More recently, the purval_spol cl ass of cdk inhibitors have
energed as nore potent derivatives of he ol onpbuci ne cl ass of conpounds
(Gray, N S., et afb), amineulleylamkd)BnHalkyBibd8). | n addition, tyrosine

ki nases area class_of enzynmes that catalyze the 15 transfer of the term nal

phosphat e of aden63i ridkexy, prawalkexy Jllytpmmoglkoyy.zaddialkyiaaingaléex¥hn protein
substrates. Tyrosjqne ki i r j of growth
factor signal tra@?dtﬁ(ﬁeﬁgﬁaﬁ)esgﬁng tgﬂéBF‘%“°E‘$’¢T’I§F%P§§%§§?%JR?9ce| | ul ar

proliferation, di(e)ertemirogti on, and mgration. Tyrosine kinases include

cel | syrface growt h ‘}?aCtr"@‘& eceptor tyrosine kinases such as FGr and
PDGFr ;2 as wel | as\'0 'fifh Khieor tyrosi ne ki nases, including-c-src and | ck.
I nhi bition of the ¥9yes have been denonstrated to cause antitunor and
anti angi ogenesis activity (Hanby, et al., Pharnmacol. Ther., 1999;
82(2-3):169-193) .(Hpespirbe t he progress that has been made, the search

continues for smal. | ecul ar. ight, c ounds, that are orally

bi oavai | abl e and ef a.l}og’;' af‘?‘é%@f% yla N%W%@kvg’?f’gflé/ of human tunors and
other proliferative diialyRafifcalktdiellidi ng restenosi s, angi ogenesis, diabetic
retinopathy, psoriasis, surgical adhesi ons, nmacul ar degeneration, and

at her 88cl erosi s. Ghe amisgeasbonyhalllaminosarbonyleandsdialirylapingsalenyl t heir
har maceuti cal foprRul gt ' 1 | roliferative
fi sor der s. 15 Mar@ﬁuz_ '2'89%'8??96‘@3%&‘#’?@0@&%‘ﬁb'%"%mm_ OF THE
| NVENTI ON Thi s i nvent%Mﬂéﬁg&@h%ggmwlﬁmﬂ@%@%% Ratfahgln function

as inhibitors of cell” cycl'e regulatory Kinases Such as the cyclin
dependent ki nases(IpndCOZ, CO,Z, SOZ, S0,Z, 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, aminoalkyl, alkyl and dialkylaminoalkyl

(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



We 1, as well as the growth factor-nediated tyrosine Ki nas;gsMargn%Mthese
5 corrpounds are useful to treat cell proliferative disorders such

at her osc| QW85 1q restendsis; cancer; angi ogenesis:; vi rBf W’W’é&% ons

i ncl udi ng DNA viruses such as her pes and RNA viruses such as H V; fungal
infections; type | diabetes and diabetig neuropathy and retinopathy;

mul tiple sclerosis; glonmerul onepbritis; neurodegenerative di seases

i ncl udi ng Al zhei ner " s (HB)s€p), tetrrzolydmune di seases 10 such as psoriasis,
rheumatoid arthritis, [upus; organ transplant rejection and host Vs. graft
di sease; Gout: pol@kysufiuoremesl di sease: and inflammation incl uding

i nf I ammat ory bé)v\%l ngseas Accordi ngly, a broad enbodi nent of t he

i nvention is K edn¢ B @Eﬁ"rpounds of general Fornulas Ia, I c and

le: 15 March / Id d

pﬁar maceu{ iCca(%?y acr}c{ge)g‘?iﬁ%%ﬁgé?fﬂ Aﬁ%ﬁ %ﬁ%ﬁﬁgﬁyﬁéggéhg%ﬁy}gérugs t éérﬁ([aof o

whereird Wis NH léwerSik3®, substititdealkyl; (Clyy)R2lkenyl, (THE) Palkikyl] (CIEDLC10

al kenyl, C2-C10 al kynyl, C3-C10 cycloalkyl, (CH2)n-aryl, COR4,

]£CH2) n- het elr Ealryl cyany a(lﬂdﬂ)anumaﬂmxymfmlnbmlh?rdmb:w@ﬂmsmhﬂf mlphe,» ord
oregoing a ar et.e an

het e?ocygl | cyIy gr %@%@H‘ ?fb@%lhml&’%l?dxguﬁ% qllﬁab‘ai\/ﬂ f’?%?n lto

carboxylic acnd carboxyhc 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;

R8is: |
(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,

(b) (CH2)n-aryl (CHz)n-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 alky, lower alkoxy, amino, mono- or dialkylamino and

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



10 5 substituent groups selected from (a) hal ogen 15 Mar chs2én Y6da
01/19825 (b) (O 5(d) (e) (fl (9) (h) 10(i) (j) (k) (1) 15 20(m 25 30
PCT/ USOOMQ 881825 ani no, al kyl ami no, and di al kyl ami no alBE$004@Hoal koxy,
al kyl am noal koxy, and di al kyl am noal koxy phenyl, substituted phenyl;
phenoxy, and substituted phenoxy hydroxy thio, aIkyIthio cyano nitro
al kanoyl , am noal kanoyl, al kyl am noal kanoyl, and

. thiol, thioalkyl, nitrile, nitro, carboxylic acid, carboxylic acid esters,

carboxamides, SO3Z, and PO3Z; and
nisan ihteger from O to 6;

provided that R8 is other than hydrogen or CI-C3 alkyl when R2 is metyl, ethyl,

5 or acetyl.
with the proviso that when W is S, R? is not methyl or benzyl.
It is noted that when R4 in Formula Ia is OH, then Iz is the tautomer of Id.

It will also be noted that RO and RS’ can be taken together to form 6-keto
compounds such as Formula Ib.

10 The present invention also provides a pharmaceutically acceptable
composition that comprises a compound of Formulas Ia, Ib, Ic, 1d, and Ie together
with a pharmaceutically acceptable carrier, diluent, or excipient.

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 @md by DNA tumor viruses such as herpes viruses comprising

administering a pteridine of the above formulas.



di al kyl am noal kanoyl am nocar bonyl, al kyl am nocarbonyl, angs parch 2004

di al kyl am nocar bonyl am no- C3- C7 cycl oal kyl car bonyl , alkylan1no -C7

cycl oal kyl carbonyl, and di al kyl am no- C3- C7 cycl oal kyl carbonyl CQz, C02Z,
SOz, S2Z, and PGBZ, where Z is hydrogen, hydroxy, al koxy, |ower alkyl,
substituted al kyl, am no, al kylam no, dialkylam no, piperidinyl,
substituted piperidinyl, norpholinyl, substituted norpholinyl, .

pi perazinyl, and substituted piperazinyl a carbocyclic group containing
from3 to 7 ring nenbers, one or two ofawhich may be a heteroatom sel ected
fromO or N, and wherein the carbocyclic group may be substituted with
one, two, or three substituent groups selected from halogen hydroxy

al kyl , aninoalkﬁ1 al kyl and di al kyl am noal kyl trifluoronmethyl alkoxy

ami no, al kyl ami H&¢ pmssmtm%n@lsoamaw UHRione ﬂeerape@mzally@j@ztmsoz sz, or

"L () Syl APk AT, SRR o A o
'PCT/ USO® 1 ¢6@iollifig prolifdtiveiirdert &i & amalrydl seletrd o the graupRiohyikting of
cancer, psoriasis, vascular smooth muscle proliferation associated with a disorder
selected from the group consisting of atherosclerosis, postsurgical vascular stenosis, and
restenosis,
The present invention also provides a use of a compound described above in the
10 manufacture of a medicament for inhibiting a cyclin-dependent kinase.
The present invention also provides a use of a compound described above in the
lﬁanufacture 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.



R4, R6, R6', and RO are: (a) the sane or different and are 4 gmﬁiﬁgﬁng@{ntly
hydrogen halo% | ower al kyl, or 5 |ower al koxy, substitut

(CH2) n- alW@AYI982Y CHR) n- al kynyl . (CH2)n- cyano, amino, ani %’é{pﬁ%&vﬁﬂphenoxy,
hydroxy, trifluoronethyl, nono- or dialkylamno, nono- or

di al kyl am noal koxy, thi ol , thioal kyl, &rl l e, nitro, carboxylic acid,
carboxyliic acid-esters, carboxam des, SO3Z, PO3Z, am noal kanoyl,

ani nocar bonyl, am no- QETAHER DESCRIPTIONOE THRINVENTIONONO-  Or

N, N- di al kyl am nocarbonyl; (b) the same or different and are independently
(CH2)- aryl, (CH2)n-heteroaryl, arylalkyl, or heteroarylal kyl, wherein
each aryland hetﬁfmeud:ntﬁproﬁdsmbﬁthxﬁ Hﬁzeﬂlcﬁfar&mhﬁbdw:hbéﬂw&h up to five

groups sel ected al ogen ydroxy, |ower alkyl. trifluoronethyl,
substi t ut ed g&f‘?ﬁiﬁ %ﬂfﬂ 1‘51 @pd d¢ st duth éb%’én@qd mﬁPWFeu“%lbét i t ut ed

al kynyl, | oWggepRdUfO Xaes, r@ofmndéEDQ&i lq,rdn%/s hes¥b@m no, trifluoromethyl,
thiol, thloalkyl nitrile, % I'itc acid, carboxylic acid esters,
car boxani de, SCBZ’re&nﬁd ng ﬂﬂ&:quou@ds)oﬂiicunm@ﬁsda, ]bplmeId ahdld are thebst i t ut ed
al kyl,  (CH2) n- al ke al kynyl, or a 20 (CH2)n-carbocyclic group
cont ai ni ng fPERPYT qugr‘r\%’g@ﬂup to two of which menbers are hetero atons
sel ected from oxygen and nitrogen, wherein the carbocyclic group is
unsubstituted or substituted with one, tvvo or three groups selected from
the group consisting of hal ogen, hydr ox;R | ower al kyl, |ower al koxy,

acet oxy, nono- or dial kyl angso, aryI 25 heteroaryl; (b) (CH2)n-aryl,
(CH2) n-heteroaryl, arylalk , erein each aryl or

het eroaryl i's unsubstituted up to five groups selected
fromthe group consisting of hydribxy, | ower al kyl, substgtuted
al kyl, | ower al koxy, am no, P y i and 30 trifluoronethyl,
al kenyl, substituted al kenyIR7 al kyr]i/I subst ||t ut eg al kynyl , 15 March 2004

rE

wherein R4, RS, and R3 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



WO 01/19825 PCT/ US00/ 17037 -7- thiol, thioalkyl, nitrile, WStMé?ch Q@élpoxyl ic
acid, carboxylic acid esters, carboxam des, SCBZ and PGBZ; and n Is an

i nt eger fwmewNsio 6; provided that RS is other than hydr agarmsesonfedr 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 Fornmula la is OH then
la is the tautoner of | It will al s?®be noted that R6 and R6' can be

t aken toget her t 0 The present
i nvention also p 6%/& gw{i?gﬂ?[raceut [ caﬁtﬁggbu@ tmg @‘oﬂﬁiggg%t i on that
conprises a corrpwdmcgjloﬁmr ality B $ower alkidxy, :immojdmemd drehdllqgmmhe;ror with a

phar maceuti ¢ acceptable carrier, dilyent exci pi The present
i nvention al &féﬂ%ﬂ@%%?%ﬁé“’l"&ﬁﬁ?rﬁﬁl 'EF’PPW&’S@EP fo '(E’ifb‘i’tg”h‘?'kgul atory
kinases such as gy&hidis SRRRRAS BonlsisBRERd ﬁ%ﬁo:ﬁ;g@ﬂﬁn&hﬂ@%@n,fvﬁfe}é?ﬁthe15

medi at ed tyrosi ne ki nase enzynmes conprising adm nistering a pteridine of
the dbove for nuicashorycle grmmmlunsﬂmum@@mbstnmémuhmneaivmrﬁh:@w des a-

thod of treat ubj d |1 ul
prol i ferati on. THORSCHAReLHY FEeuet ARmUTE Sy QRO dacettor
tunorigenic cell sydfo plomehu@Lb%ddedngn%msmmw %w&uncd&ysgmﬁow

proliferation, and/or cellular_ mgration, by adm nistering a

t her apeuti cal | y megmoeor diakkylareinn; argk heternanyl oeasexylic arigs sarboxamide, 1 b, | c, Id,

the above compoundtbonilis S £ morARARRkyL piogru il bippaa M AyE P ces
psori BBi s, vascultafazamakﬂ mmﬁ-mhﬂ;ypahﬂ aminaalﬁaﬂoﬁt ion 25 associ ated vm th

atheroscler05|s and_ post surgi cal vascul ar stenosi s, and restenosis in
mamal s. Preferred compounds of Formula II 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; ’



The present invention also provides a nethod of treating sybjggtis26¢4 feri ng
from di seases caused by DNA tunor viruses such as herpes viruses conprising
adni ni st &P P41%2%t eri di ne of the above formulas. -7a The HSES¥M78%vent i on
al so provides a use of a therapeutically effective pharnaceuti cal

formul ati on descri bed above in the manypacture of a medi cament for 5
controlling proliferative disorders in a mammal sel ected fromthe group
consi sting qfly Reaiadhe 4positibRandis seRoted fidin MEROLT dEAIBIAAINBAIRDKS,er at i on
associ ated wi,th a_disorder _selected fromthe group consisting of

at her oscl er osi s, Ny#aneyppNSidiallgdearpamoyd; aragrbpcyeliperovpeaigB®es . The
present inventio C | . . i e in the
10 manuf acture o%@%’dﬁ%@%‘%ﬁ%%@%i hll%ll I&gﬂg&gyc &Eéégiﬁ)g%%ee%?&él nase.
Tﬂe pr esePt [ nveIﬁ(icrﬁ)bxﬁ&g@nﬂmﬁmgéfﬂ,&wbqr&ﬁ@%@éqrbodwmwuﬂ ;\si?sabéthﬂddgbovedi n
the manufacture of a medicapent r.in iting a grow act or - medi at e
tyrosihe kinase. orﬁh@t'&rteéw PWFANEILAGY wﬁwﬂg&%pm@@y kv,

t herapeutically ef 1 CHRRR i i hovegi n t he
manuf act ure of aqulré%i&%gﬂglrlf? ’ %%&?&ie%lt%il’ng _aB&%%L %ﬁ?gﬁa@gﬂ??‘g’r@gg from
di seases CaysrRrO Ryhydassen!or mesR HenPlrA-gyridsl, lwiiktréth phéiyRbndpyridyThe present

invention also provides a use_of a therapeutjcally effective anount of a
conmpound descr i bemorpsareunstbstitatedon sbstitutadovith up toriv raupsweelectsd treating a

subj ect sufferin C . ‘ L I I royides a use of
a therapeuticall %‘%{‘@&T%g‘%ﬁ%ﬁﬁg&%&gﬁé g@%ﬁ%%ﬁ%@e@%ﬁ%%@hove in the
manuf Bt ure of a gaAixaadnhethoxy.t reati ng a’ mammual suffering from
cardi ovascul ar di_seases including atherosclerosis and _ restenosis; cancer;
angi ogenesi s: vi fBadditioathe present spventipm alsprpcompagses prefereed sompospdes  and
RNA viruses 07-3&415 . fungal infections; type 1 diabetes and di abetic
neur opat hy an re‘?-lﬁlr%ﬂpg%'hy; mul tiple sclerosis; glonerul onephritis;
neur odegenerati ve 25 di seases including Al zheiner's di sease; autoi nmune
di seases such as psoriasis, rheumatoid g#thritis, lupus; organ transplant
rejection and host versus graft disease;| Gout; polycystic kidney disease;
and inflamation including inflammatory howely RS

>

D~ A

5 m
57 B 0
R r’H |
8
R
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 Fofmula HI are those m 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 pl"eferred compounds of Formula II1 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.



di sease. WO 01/19825 15 March 2004 PCT/ USQQ 17037 -8 DETAWkER:EESSH] PTI ON.
OF THE I NVENTI ON The pteridines provided by this invention are those

descri bedwbyittbes general Fornmulas la, Ib, Ic, Id, and | epeptusé®iziy above,
and the pharnmaceutically acceptable salts, esters, am des, and prodrugs

t hereof 5 Preferred anong the conpounds of Fornulas la, Ib, Ic, Id, and le
are the conpounds of Fornmula Il: wherehln R4, R6, and R8 are as defined
above, and R5 ang, ﬁ?litﬁfr@ihe#@eséﬁt)inﬁéﬁﬁoﬁaﬁﬁ %vi&gsf&ﬁ{ﬁ%ﬂﬁd%qh £&rmifih ect ed
from hydrogen, hal ogen, amno, am noal kox;}), | ower koxy, phenoxy,

hydr oxy, thilV¥ganddiMbal kyl, nitrile, nitro, phenyl, substituted phenyl,

het eroaryl, hal ogen, am no, al kylam no, dial kylam no, trifluoronethyl,
nono- or dial kyl am no, nono- or dial kyl am noal koxy, am noal kanoyl ,

am nocar banoyl, am no-C3 |% C7-cycl oal kyl car bonyl , 40n@9 or N, N

di al kyl am nocar bonyl , or Z, 0z, Sz, or PO3z ere-I is HIower

al kyl, substituted al kyl, | hyd oxy, gl koxy, am no, NO' dig#l kyl am no,
pi peri di nyl, Iiny!.h/ i nyl st i t wEed™~g bstituted);
(b) I ower alky ubstijtut d-oﬁ.ﬁstit ith onelr to" ups
selected from | ogen, AW or
di al kyl am nog5aryl\ g arb ycIQc gRAUp A

to two of which nBnbers are e%er'o atons sel*ected from %gygen and
nitrogen, wherein the carboc}fs ic group is unsubstituted or substituted
with one, two or three lﬁvilavarch 2004 WD 01/ 19825 '

gi ni ng f,r menbers, up

IVb

- 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.

Rt »°
| |
NS NP
LI QL
RS }7H | R }7H

Ivd

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. , !



PCT/ US00/ 17037 - 9- groups i ndependent |y selected fromthe 95%0&995@4 sting
of hal ogen, hydroxy, |ower alkyl, |ower alkoxy, amno, or nono-

di al kyl aWG®&19835 (c) a carbocyclic group containing frompﬁl’ﬂfﬁ?@’ﬁﬂ’é?s up to
two of which nmenbers are hetero atons sel ected from oxygen and nitrogen,
wherein the 5 carbocyclic group is ungybstituted or substituted with one,
two or-three groups independently selected fromthe group consisting of

hal ogen,  hydr oxWolep&erréd lsa(rhpmb{daaﬂmwma:terthssbwe%mklﬂyé | ower

al koxy, ami no, nono- or dialkylam no, aryl, heteroaryl, carbxylic acid,
car boxam d&cyclﬁ?érhﬂmﬂllts 86 ﬁle%F@Sit,lomdﬂbpﬂesamﬁdnbvﬂollnm-ﬂﬁmemﬂiml kyl,

pi per adi nyl al ky 10 tetrazol kyl , am noal kyl, and am noal kanoyl .
Preferred cdnfi®iddectylpmsraand-yi are those in which: (a) R4 is hydrogen:
(b) R6 is hydrog JUiRN ryl or
het er oaryl , V\/neﬁgmsl&t}gh&ary egémalté‘{egﬁélg% E)lrs un?ﬁ%‘g%ﬁ(ﬁﬁg ?rﬁlllgt}gstltut ed
with one to 15 five groups selected from hydroxy, am no, carboxy, NH CHO
hal ogen, |ower al kyl, or lower alkoxy; (cy R8 is lower alkyl or a

car bocyclic group containing from3-7 ers; (d) R7 is hydrogen or

hal ogen; and (e) RS is in the 4-position (ie, paralg and is selected from
hal ogen, nono- or 20 dial kyl & o=—®%r N, N-di al kyl car banoyl ,
(CH2) n- carboxylic acid, (CHz ester or am de,
(CH2)n-S2Z, (CH2)n PO3Z, greyp containing from3-7
menbers, up to two of whi cdv heftperd” aravhete sel ected from oxygen

and nitrogen, wherein th&Tcar boRy(ﬁl C group is ugsubst I tuted or

substituted 25 with | ower al kyl, acyl, norpholg |, piperazinyl al kyl
pi per adi nyl al kyl, tetrazolyl al kyI : ani noal kyl ,“pnd al kanoyl am no. More
preferred conpounds of Formula Il are those whea@ein:

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



(a) R4 is hydrogen; (b) R8 is nethyl, ethyl, or cyclopentylismaenb6dsR7 is
hydr ogen; WO 01/19825 15 March 2004 PCT/ US00/ 17037 -10- (d) R5 is 1n the
4-posi tiwp @nes2ss sel ected from nono- or dial kyl am noal kecyushb/mosn- or

N, N- di al kyl car bamoyl, or a carbocyclic group. containing from 3-7 nenbers,
up to two of which nmenbers are hetero ajons selected from oxygen and
nitrogen, wherein the carbocyclic gr‘oUB is unsubstituted 5 or substituted

with | ower I ' ' Tkl Ly l

o1 por adi nyl 3144 FENOIARbPRRILRP R NG LD BRRRA P orometil. o (o)
R6 i s hydrogemioo evhyl, lapd 3-drimethyl-aounopropydi dyl , wherein phenyl and pyri dyl
Prom the group. conbieby apdcelmrb e Cortn el St WS RSP o no
10 car boxy, .ands ﬂ%ﬁx‘é addi ti EE}E, . A iy

enconpasses npre %rg;r'e c%?r#ﬁo%ﬁ%gu&ggqﬁe oﬁmﬁ%ﬂ&\éﬁh t&/ﬁgcr%}éfl%uﬂ}l R5,
R6, R&%& and, R§- ' K wi. ichP kfd}ﬁ' Eechlig sanme or
differSent aﬁ?}’gﬁ%@fﬁﬁ%@é&iﬁg‘?’&i e(ljéatﬁ th%] eagﬁmﬁonec of A, Bor D
is CH Prefer AP YN dimefhylar 1.|Subsafutedlal@ng] and aNGmED y one of A
B, and Dis ﬂl\rl;gﬁyégpand R7 I;Jtlreyhydbrﬂc!:}hgfn; R§ S Iowe?i al kyl org?ﬂtéar bocyclic
group cont #dlpdedh.4-dibromo-2-pentersil and Ramino-Ashekyydn and R6 i s hydrogen,
aryl, or 20 pyri « DS | 9 bgt i EE ive groups
selected from hyyo%%dmmn‘%&agg? oszi/ltd ?&I gg@%‘?"&m@r‘i@?‘%}%“? or | ower

al koxy. Mor gy REAEEIS" Hshnt RO W DA hEPERTH Akbky gdhfs hAVESEL t0iGsh D is N,

10 _atoms, preferably 1-6 carbon atoms bonded through an oxygen atom, such as, for
example, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, 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. “Aminoalkanoyl” 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-C1g 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. '



A and B are CH, R4 is hydrogen; R6 is hydrogen aryl, or pysigikh 2004
unsubstituted or substituted with up to four groups sel ected from?]al ogen,
hydr oxy, WOR®1982% kyl , 25 and | ower al koxy; and R8 is net BCT/UMOIY37 or
cycl opentyl. 15 March 2004 WD 01/19825 PCT/ US00/ 17037 In addition, the
present invention also provides conpo _Bgs of the Fornul a IVa and |IVb: |Va
| Vb wherein R4 and R8 are as defined abdve for Fornulas Ia, lc, and 1d;

and 5 R5 and R7. aggg« P’h@ﬁféaﬁsan@émﬂmaﬂm éllJ R4 @snln lerffg is H OH
NH2, |ower al kyl, }e stituted al kyl, gbléd’r:y ‘Hhﬁ Zr;% al kynyl ;

when R6 and (BE. phﬁ@l),trm&@wemge(mmblabermﬁoomvttplmonqud mgﬁnf or |\vd. [vc

Ivd Preferr orrrul n those in
10 whi ch Ra PEERGEPEE e Rraso Rt (e, L2 b aroRapgBL BBV, B

cont ai ni ng fcrr@mn&dﬁynewbah%an E’émoaohyliir@g@lﬁmmmioﬁﬁumbstnuﬁebmﬂ: posi tion
and represents a carbocycllc g?oup containing fromg3-7 nmenpers, up to two

of whith nerfe®yRalegen. loyier aliyl, Jeweralkaxyelowey hlpowlgew%wlnm%gen wher e
t he carbocy sybs r al kyl. 15
Var ch 2004 WD BB LEE ol S SG. RSk biciely AT 2 )
Formul a | Vc sabﬁ:tﬁtbd@emﬂ,aneludmg& 6-dlchlpncbphpey11 YHmetinpekyphenyd, 2, rdifluerel- posi ti on
and represen nmet hyl pi perazin-1-yl.
In addition ‘I'Fﬁg‘oﬁggs f‘%@“é“ﬁ?g‘wgg %P%E?ngﬁ‘ﬁounds of Fornula V:
3,5-diethoxyphenyl, 2,6-dimethylphenyl, 2,6—dlchloro-3-hydroxyphenyl, 2,6-
10 dichioro-4-hydrokyphenyL 3-aminophenyl, 4-aminophenyl, 2-chloro-6-

methbxyphenyl, 2-chloro-6-hydroxyphenyl, 2,6-dichloro-4-aminophenyl, and 2,6-
dichloro-3-aminophenyl. |
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.



lc, Id, and le; and R5 and R7 are defined as defined above for Formula II.
Pref erredv@@mp®ahds of Fornmula V are those wherein R4 is RGKPYYEA37 R6 is
aryl, pyridyl, hydrogen or lower alkyl, Qis lower alkyl, R5 is hal ogen or
10 hydrogen and R7 is | ower alkyl, unsyhstituted or substituted with a
carbocyclic group containing from3-7 menbers, up to two of which nenbers
are hetero at onsThecteifi t'@hcé” Aialades IRid it lifited @ QRe foMdNiRY Carichi:
carbocyclic group is wunsubstituted or substituted with | ower al kyl, acyl,
ami no, or noMeast.ovary peViky broastaey testis; esprhagys; sheiiastoma aeproblasion® Fornula v
are those | o | Kk STt jtuted with
nor phol i ne\,msgélgéér]}’ gg‘ﬂ’el,?erépt?%%%gl??’n Mh%’réﬁd&&%lgﬁu}cﬁ %oe"?iéa Eﬁ{:)l! which is
unsubst i t ut echrcifionid@psovdeiidnya, o tolon) aidnadatdinorh)\wdendrhk \pancraas, no or
nono- or dial kylam._no.- By "al kyl.", "lower alkyl', and,"Cl;Cl0 alkyl" in the
presen? inved PBWI‘F’Eom%GK}‘FBQn§°IL‘E‘%I%iCﬁfﬁ'“%’l‘@ HP%‘#@FR%‘H“’@H&PW‘%%I gr oups '
having 1-10 cag fi8fa, & LRI, SRLYmE b1idter ERERY I, BYHY | -
n- propyl , islgﬁg)?g‘ggﬁﬁjcn- u yﬁngs@%’-r%utyn?itent' %ut@,er pentyl] 2-pentyl,
i sopentyl, neogioomy, andbéiayy pas@ages kitigeyXaianorha, niedoid disoudeys, lyraphbid
3-net hyl pentyl. .These,qroups na e sybst.i t ut for . instance with hal o,
ami o 16° Nesleorassooudigs Paobls Aestheati Subaarys (rplfyie: el .
di al kyl ani nomehind W&M Hﬁesltihk,%old@‘%ﬁ%hl?%argé‘ﬁlké&ﬂﬁe,cr@étﬁ{n%ﬁhﬂhhd-. 2- ani no
y _

ethyl, and 3-dine -am nopropyl. "Al kenyl" and "al kynyl "~ nean C2-C10
car bod0chai neentralmergoussgstem; mﬁeukmadj acent double or triple bonds,

1S abthyl 3+ pent engie (R prEmsca e F ESHon i, pue e ol lodiis

as used herein refers to those carboxylate salts, amino acid addition salts, esters,

amides, and prodrugs of the compounds of the present invention which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues

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, lithtum, 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. Sci., 1977,66:1-19

which is incorporated herein by reference.)



2-propynyl and 1, 1-di net hyl - 3-butynyl. Substituted al kenyl 41angarah EM
groups include 4, 4-di brono-2-pentenyl and 3-am no-5-hexynyl. By " oxy",
"l ower alweXy182:and " Cl- C10 al koxy" in the present invenrd:'uusdosﬂmant
strai ght or branched chain al koxy groups having 1 to 10 carbon 10 atons,
preferably 1-6 carbon atons bonded thrgﬁgh an oxygen atom such as, for
exanpl e, net hoxy, ethoxy Nn- pr opoxy, propoxy, n-butoxy, sec- butoxy

tert- butoxy, per:@aipl ?ﬁﬁﬁﬂﬂc@&ﬁ’oall % f&bwmonﬂ&e@eﬁé@wméﬂexoxy,
2- hexoxy,  3- hexox and Kk

met hyl 0X ese a OXYy groups may be
subst i t ut ed, compoundsofhis nrefemmmmﬁqd@r&l éBI@WYéﬁﬁtﬁég whereindhepliyl grebpo. gr oups.
Ex I | ude 15 th 2-(neth th d
4 (a1 ot hy| 2R AGYB B RRchrs SHesied Pt Mﬁ-m@aég-c@%émﬁ& G bonded
through a car qP ¥ a Ies i n¢l ude et t.ano
A noal kandyft S acdalS] fkdrss 5o ienEfinein B AR P o1
Exami g ?ﬂoz% TOPacsLy ;E%ﬁ 31, 27, 2Th00ResR szhaxe.ft%%i g nog'roup
nmeans an am noaﬁﬁ‘gnoaf) grou \%ﬂ' 1 %ﬁ} € 8&1 fe e &y e &d %\I
C1- C10 al kylccgrpmupdscﬁ'ﬂlie priegént itagnticemay ba prepassdeicydrdigdo conventlonal

4- (i sobutyl a g '%ﬁ octanoyl . "D al kyl am noal kanyl" nmeans an N, N
di - subst i t ut™8¢f8%k noal kanoyl group such as diisopropyl am noacetyl. The

term "am nocar borlam | car bonyl
‘group, for exanple ar?nﬁ@sat?i) “w‘%ﬁ&l& g@h@%?&%ﬁéﬁﬁgﬁ%g’dﬁ groups such
gs mﬁt hy| am confponnds of th;ﬁahvbdnai klplmlmanndardmn%dl fromarhmadia, primanys such as
oL Y™ RO Pl Bl S S i BRS e Somme”
Cl1- C10 al kyl ed.thr sul f ¥olu; Examl es i ncl ude
CL 10, 211l 8BS RS GO e bl S ol aBACEAC, 35 v o
2004 WO 01/ 1828so be in the form of a 5- or 6-membered heterocycle containing one

nitrogen atom. Amides derived from ammonia, C3-C3 alkyl primary amines and

C1-Co dialkyl secondary amines are preferred. Amides of the compounds of the

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.



PCT/ USO0/ 17037 -14- By' aryl"™ is neant an aronatic carbocyq§iMares 260y havi ng
a single ring (e.g., phenyl), nmultiple rings (e.g., biphenyl), or nmultiple
condensewg om@szsin  which at |east one is aromatic, (e.Q.BCT/US00/17037

1, 2, 3, 4-tetrahydronapht hyl , naphthyl, anthryl, or phenanthryl), which can

be nono-, di-, trisubstituted or tetrasubstituted wth, 5 e.g., hal ogen,

| ower al kyl, |ower al koxy, | ower alkyrﬁﬁTo trifluoronethyl, |ower

acyl oxy, aryl, heteroaryl, am no, ﬁpyoxy A preferred aryI i s phenyl
and substituted phenyl, |nclud|ng 2 i chl or ophenyl, 3-nmet hoxyphenyl,
2,3-di fluoro- 4-nethox trlfluoronethylphenyl hQr o- 6- bronDphenyI

3, 5-di et hoxyphenyl , 2, Tg?ﬁethylphenyl i ydr oxyphenyl , 2,6
10 di chl or o- 4- hydroxyp eny 3- nophen 8 |, 2-chloro-6-
met hoxyphenyl, 2-chl oro-86-hy pheny IN=2, 6<°di & or 0~4- anmi nophenyl, and
2, 6- di chl or o- 3- am nophenyl . eteroaryl i i pant one or nore aronatic

ring systens of 5-, 6-, or 3 iy | east one and up to
four heteroatons sel ected fron115 ni gr ogen, oxygen, or sul fur. Such

het eroaryl groups include, for exanple, thienyWe furanyl, thiazolyl,

i m dazolyl, (is)oxazolyl, tetrazolyl, pygidyl, pyridonyl, pyrimdinyl,
pyrazol e, (iso)quinolinyl, napthyridinyl, phthalimdyl, benzimdazolyl,
benzoxazolyl. Preferred heteroaryls of the present invention are pyridyl,
pht hal i m dyl and tetrazolyl. The heteroaryl grogﬂ can be substituted with
20 one, two, three, oQ}?ﬁbﬁ of the groups nenti d-aboye for aryl, such as
2,3,4,6-tetrachl oropyr|dyl land 2-nmet hoxy-3 trlfluor ylthien-4-yl. A
"carbocyclic group"” neags 0 omati ¢ used rings having
from3 to 7 ring carbon nenbe anp i ¢ cyc|opropyl, cyclobutyl,
and cycl oheptyl. These rings su i M th @ne or nore of 25 the
substituent groups nentioned abvve r ar exanpl e al kyl, hal o,

am no, hydroxy, and al koxy. TyplcaIHsubstltUEEd car bocyclic groups |nclude
2- chl orocycl opropyl, 2, 3- dlethoxycyclopentyl

2,2,4,4- tetrafluorocyclohexyl

TabIe 1 (cont’d)

ol




The carbocyclic group may contain one or two heteroatons sqkagdraglobdpm
oxygen, sulfur, and nitrogen, and such ring systens are referred to as

"het er ocy¥Q L4825 30 Exanpl es include pyranyl, tetrahydrobCr/asei7oznd

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 hydr oxynor phol i no. 15 March 2004 WO 01/ 19825
PCT/ US00/ 17037 - 15- The term "cancpible  (&dnrdys, but is not limted to, the
foll ow ng cancers: breast, ovary, cerviXx, prostate, testis, esophagus,

gl i obl ast oma, neurobl astoma,, stomach, skin, keratoacanthoma, |ung,

epi dernoi d carci noma, Iarge()ell carci noma, adenocg pma, bone, col on,
adenocar ci nona, adenoiRey._ pam . D adengcgarcj poid, follicular
carcinoma, undifferentiat¥d c [ nonme, semi nomy,

nel anome, sarcoma, bl addg car\\
passages, ki dney carcinona, nyeha ] Spoi d  di sorders,

Hodgki ns, hairy cells, buccal caV|tyI{and phar nx (oral), lip, tongue,
nmout h, pharynx, snall.intestine colon-rectum M€ rge intestine, rectum
brain, and 10 central nervous system andgleukem a. The term
“pharmaceutically acceptable salts, esters, amdes, and prodrugs" as used
herein refers to those carboxylate salts, am no aci d addition salts,

esters, amdes, and prodrugs of the conpounds ofy the present invention
which are, within the scopg of sound nedical judghgg#t, ~suitable for use in
contact with the tissues 15{jof patients w thout_ und Xicity, irritation,
al l ergic response, an#t : 1t 2N asonabl e
benefit/risk ratio, and effect se, as well as the
zwitterionic forns, whergt poss , A Ads @ the invention. The
term"salts" refers to the relatrvel WnonNoxi & in@rganic and organic
acid addition salts of conpounds of thhe presen ieinvention. These salts can
20 be prepared in situ during the final isolatioh and purification of the
conpounds or by separately reacting the @urified conpound in its free base
formwith a suitable




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

bi sul f at g §yifogAt €, acetate, oxalate, valerate, oleate, dofhi %037
stearate,({aurate, borate, benzoate, |actate, 25 phosphate, tosyl ate,
citrate, nmaleate, fumarate, succinate, tartrate, naphthylate nesylate,

gl ucoheptonate, |actobionate, and | aurybsul phonate salts, and the |ike.
These may include cations based o %Pe‘flkali and al kaline earth netal s,
such as sodium lithium potassi&ﬁ eLicep magnesi um and the |ike, as
wel | as non- toxic ammgium.~guaternary anmonium and am ne cations

i ncludi ng, but not 30 |imMed tjo anmoni um tetranet hyl anmoni um

t et raet hyl amoni um et hyl dlnethylanlne i | am ne,
triethyl am ne, ethylanm ne, G . (% | e, Berge S M et
al ., "Pharrmaceutical Salts," J. i '7 66 1-19 which is
|ncorporated herei n by reference ‘ g A3/ 19825 PCT/ US00/ 17037
oxi @ esters of the

, Wherein the al kyl

conpounds of this invention |nclude Cl- Co
group is a straight or branched, substituted or bstituted, C5-C7

cycl oal kyl -esters, as well as arylalk?l esters % as benzyl and

tri phenyl methyl, Cl-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 maybe prepared according to conventional nethods.
Exanpl es of pharmaceuti accept abl e, non-toxic am des of the conpounds
of this invention inclu anildes derived fromammonia, primary 10 Cl-C6

al kyl am nes and seconda . #n the al kyl groups
are straight or branched. ¢ eco dary am nes, the amne nmy
also be in the formof a 5- ; e containing one

11



Cl-C2 dial kyl secondary amnes are preferred. Ami des of thesgppap of
the 15 invention may be prepared according to conventional nethods. The
term " pradroegisref ers to conpounds that are rapidly transfamosod/z7e3m vivo to
yield the parent conmpound of the above fornul ae, for exanple, by

hydrol ysis in bl ood.- At horough discusgkﬁn of prodrugs is provided in T.

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

Per ganon Press, 1987, of which are herebyClwcoeparated by reference.
f in Table 1. 15
S fcont'd) Et | Et I

Represent ati've conpourgds of] the invention are sho
March 2004 WO 01/19825{- 17N Table | 1 2 H 3yTab
Me PCT/ US00/ 17037 4 15 Nufch 4’.164l O ON7T9835
- - H |
Me

12
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-18 Table | (cont'd) Et S Et d PCT/US00/ 17037 15 March 20045 Y¥ar&hlodd825
PCT/ US00/ 17037 -19- Table 1 (cont'd) Mew 15 March 2004 WO 01719525

PCT/ USOO{}y §hp163520 Table | (cont'd) 12 13 Ove Ove 14 Ove iy 19825
-21 Ove 15 March 2004 PCT/ US00/ 17037 Owe éﬁ@l%é
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Table | (cont'd) 18 Hi Me 19 15 March 2004 WD 01/19825 iﬂ@ Tshle |
(cont'd) PCT/USO0/17037 Ove OV H21 I M OW Et OV W O CZr!-E -23 Tabl e
| (cont' ®yo Gl/eskt 27 - H2SO4 15 March 2004 PCT/US00/17037
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PCT/ US00/ 17037 15 March 2004 . WO 01/19825 -24 Table 1(cont15%arg|$2§b4

PCT/ US00/ 17037 15 March 2004 WO 01/19825 PCT/ US00/ 17037 -25 Table

(cont' d) wlo bi/idgssch 2004 WO 01/19825 -26 Table | (cont'd) gc-gg 00/17037

PCT/ US00/ 17037 15 March 2004 WO 01/19825 -27 Table 1- (cont’ § 5 1 T-1-

N H2 43
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HO . OH PCT/ US00/ 17037 WO 01/19825 -28 Table | (cont'd) 151NRisfk, 264
PCT/ US00/ 17037 15 March 2004 WD 01/19825 -29 Table I (cont'd) 47

PCT/ USOOMG0RT9825 5 March 2004 WO 01/ 19825 PCT/ US00/ 17037 p8fvuimples7|
(cont'd) 50 OH 51 The pteridines provided by this invention are nanmed
according to the follow ng nunbering For exanple, conpound 51 shown in
Table | is nanmed as 6-(2, 6-di chl oro- 5-24-

3- hydr oxyphenyl ) - 8- net hyl - 2[ [ 4- ( i D | ) phenyl ] am no] - 8H

pteridi ne-7- one. Additional pr emﬂghé%b#g;dznds i'nclude the foll ow ng:
4- pi ;%er azi n-1-yl - phenyl am no) - 5, 8-

am _pg] - 8- cycl qpentyl - 5- met hyl - 5, 8-
ﬂ“\l
x
N 0
H

28 OH

8- (3 Et hoxycycl op
di hydro- 6H pteri
2-[4-(4-Acetyl - pi

I n- 73one;
erazin-1-yl)-

AN,
N\\ .
' N——NH N - N\
-2 HC1 0



-31- N-(1-[4-(8-Cycl opentyl -5-net hyl -7-o0x0-5, 6,7, 8-tetrahydro-pteridin-2

yl am no) wahenivs}s pyrrolidi n-3-yl }-3, 3-di net hyl - but yram d&iruseer17037

8- Cycl opent yl - 5- net hyl - 2- (4- nor phol i n- 4-yl - phenyl am no) - 5, 8- di hydr o-

6H pteridin-7--one; 5
8-cyc|opentyl42-(4-[4-(2-hydroxy-ethyk¥5piperazin-l-yI]-phenyIanino}-S-

nmet hyl - 5, 8- di hydro- 6H pteri di n-7- ; - opentyl - 2-{

4[4 (2-hydroxy-ethyl ) o3, 5 di met hoAe! ﬁ"é’?’?ﬁ?# n-1-yl]

phenyl am no} - 5- et hyl - 5, 8- disgydr o- 6H pteri di n-7-one;

1-[4-(8-1sopropyl -5-nethyl -7-0ko-5,6,7,8-tetrahydro-pteridin-2 ylam no)- 10
phenyl ] -pyrrolidine-3-carlgoxyl kc acid butyl afj de;
{4-[4-(8-Cycl opentyl - 5- et hy
yl am no) - phenyl | - pi perazin-1
6- (2, 6- Di chl or o- 3- hydr oxy- phewy
phenyl am no) - 8H pteri di n-7-one. 15 fRepresent gti ve conpounds of the present

i nvention, which are enconpassed by E , I'b, 1Ic, and Id, include,
but are not Iimted to the conpounds | and their pharmaceutically
acceptabl e acid or base addition salts, de or prodrugs thereof The
conpounds of the present invention can exist in unsolvated forns as 20
wel | as solvated forns, including hydrated forns. In general, the sol vated

fornms, including hydrated forns, _are equiyal eny to unsol vated fornms and
are intended to be enconpasseg i p f the present invention.
The conpounds of Formulas |a, : | djjar e qapabl e of further ‘
form ng both pharmaceuticgl SGef @ ' conprising salts,

HyC 33




25 including but not limted to acid addition and/ or base 3glMfch20byat es
and N-oxi des of a conpound of Formulas la, Ib, Ic, and Id. This invention
al so pr owdemi9sphar maceuti cal fornul ations conprising a caTausend703f.
Forrmulas la, 1b, Ic, and Id together with a pharnaceutically accept abl e
carrier, diluent, or excipient therefg of these forns are within the
pr esent invention. 30 Pharnaceutical |l y Qcceptable acid addition salts of

t he compounds of Fornulas |a, | b rabfe 1 @iyl i nclude salts derived form

i norgani ¢ acids such as hydrochloric, nitri'c, phosphoric, sulfuric,

hydr obrom ¢, hydri odi c, hor us
derived fromorgani c ac , sych a¥y
PCTI USOCQ 17037" -32- nonds_ angy di c&
al kanoi ¢ aci ds, hydroxy alXanoi

and the I|ke as well as the salts
aliphatic 1 5 March 2004 WO 01/ 19825
oxylic acid phenyl - substituted
Kangdi oNy acids, aromatic acids,

—

al i phatic, and aromatic sul foni Lg. uch alts thus include

sul fate, pyrosulfate, bisulfate, STi ' olitrate, phosphate,
nonohydr ogenphosphat e, dlhydrogenphosphﬂte taphosphate pyr ophosphat e,
chl oride, brom de, iodide, acetate, proplonate pryl ate, isobutyrate,
oxal ate, mal onate, succinate, suberate, sebacat marate, naleate,

mandel ate, benzoate, chl orobenzoate, né hylbenz , dinitrobenzoate,

pht hal at e, benzenesul fonate, tol uenesul fonate, phenylacetate, citrate,
lactate, nmaleate, tartrate, nethanesulfonate, and the like. Al so
contenplated are the salts of angpo acids such as arginate, gluconate,
gal acturonate, and the i ke, or exanple, Berge et al.,
"Pharmaceutical Salts,™J. Qf _F aceut i cal 1977;66:1-19. The
acid addition salts of the baS|c ‘é ed by contacting the
free base formw th a sufficient of lthe & pd acid to produce the
salt 15 in the conventional manne ' T orip may be regenerat ed
by contacting the salt formwith a base HBnd |solatrng the free base in the

conventional manner. The free base forns dlffer their respective salt
forms sonewhat in certain

F;C

Cl
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physi cal propertles such as solubility in polar sol vents, 99%wé%ﬁ§?&4se t he
salts are equivalent to their respective free base for purposes o
present wwv@anbigan. 20 Pharmaceutically acceptabl e base adaiti<erisahts are
formed with netals or amnes, such as al kali and al kaline earth netal
hydr oxi des, or of organic am nes. ngles of nmetals used as cations are
sodi um potassi um mnagnesi um cal ci um=7and the like. Exanpl es of suitable
am nes are NN -di benzyl et hyl enedi P roprocalne chol i ne,
di et hanol am ne, ethylenedlanlne %Qbﬂﬁk‘fﬁ Eganlne 25 and procaine; see,
for exanple, Berge, eH nr a The{ﬁase addition salts of acidic
conpounds are prepared i e free acid formwth a sufficient
amount of the desirdd,®ass he salt
The free acid form nmay be regenerat¥d J salt formw th an
acid and isolating theHgfee acid in " The 30 free acid
forms differ fromtheir respective sa Qe WhR .certa|n physi ca
properties such as solubility in polar solibnts but |ot herwi se the salts
are equivalent to their respective free acid for P oses of the present
invention. 1 5 March 2004 WO 01/19825 Pgd/ US00/ 170 3- The compounds of
the present invention are useful for treating cance or exanple, |eukem a
and cancer of the lung, breast, prostate, and skin such as nelanoma), and
other proliferative diseases including but not imted to psoriasis, HSV,
H'V, restenosis, and atherosclerqsis. To utilize a conpound of the- present
S invention to treat cancer, a p. i ent haV|ng cancer is adm nistered a
therapeutically effggs Qf A% . accept abl e
conposition conpr|5|ﬁ§ an r enbodi ment of this
invention is a nmethod of tre S
by vascul ar snooth nuscle cell prollf i . Comound@ within the scope
of the present invention effectively inhibit snoot h nuscl e cel
proliferation and migration. The nmethod entails inp i ng

41
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vascul ar snmooth nuscle proliferation, and/or mgration by agmpksb664 Ng an
ef fective anount of a conpound of Fornulas la, Ib, Ic, and Id to a subject
in need wbdotmemas nent. 15 The conpounds of the present i nperus@nzean be
formul ated and administered in a wide variety of oral and parenteral
dosage forns, including transdermal and rectal admnistration. It wll be
recogni zed to those skilled in the art?&hat the foll ow ng dosage forns nmay
conprise as the active conponent, ghRgf(coft’dompound of Fornulas la, Ib,

lc, and Id or a correspondi ng pharmaceutically 20 acceptable salt or
solvate of a conmpound of Formfl as la, Ib, Ic, and Id. A further enbodi nent

of this invention is a pharmageutical fornulati co i sing a conpound of
Formulas la, Ib, Ic. a i ar eutt%ally accept abl e
carrier, diluent, or excipiEndt : Qf eparing  phar maceuti cal

conpositions with the nds © B PFESE { jon, 25 :

phar maceutically acceptable carriers cah be'either a Solid or liquid. Solid
form preparations include powders, tablets, piliks, capsules, cachets,
suppositories, and dispensable granules. A so GQarrier can be one or
nore substances which may al so act as # 1 uent s agvoring agents, binders,
preservatives, tablet disintegrating agents, or.&n 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 conponegf ds nmxed with the carrier having the
necessary bi ndi ng properties I sui tabl e proportions and conpacted in the
shape and si ze desired. 01/ 19825 15 Nhrch13004 PCT/ US00/ 17037 -34- The
formul ati ons of this inventy Nty n from about 5% to about
70% or nore of the active cofp
car bonat e, nmagnesi um st ear ate

starch, gel atin, ‘H
' HN/KO




tragacant h, nethyl cel | ul ose, sodlun1carboxynethylcelIulose45qkham265ﬂtl ng
wax, 5 cocoa butter, and the like. A preferred formfor oral use are
capsul esywd\yels ncl ude the fornulation of the active cowm\i\iﬁg]{ﬂ
encapsulating naterial as a carrier providing a capsule in I'C he
active conmponent with or without other <carriers, is surrounded by a
carrier, which is thus in association-#Pth it. Simlarly, ,.cachets and

| ozenges are included. Tablets, g{f capsules, pills, cachets, and 10
-1 ozenges can be used as solid dog§§ ferE9kui tabl e for oral .

adm ni stration. Fox_pr ositories, a low nelting wax, such as a
m xt ure of fattﬁ/ngNd gl r cocoa butter, is first nelted and the
active conponen \\wrjdlspersed ho enously therein, by stirring. The
nol t en honogenous xture ist ged nt o

si ze nol ds,
allowed to cool, and thereby to solid
i ncl ude sol utions, suspensions, and eMy 3 s
wat er / propyl ene gl ycol solutions. For parent Pal nj ectiony*tiquid
preparations can be fornulated in solution in agueous pol%ﬁgpylene gl ycol
solution, isotonic saline, 5% aqueous glucose, and the HNke.~@queous
solutions suitable for oral use can bggprepared by diss Gkl t he active
conmponent in water 20 and addi ng suitable col orant stabilizing
and thi ckening agents .as desired. Aqueous suspensi hs SUIt 3e for oral
use can be nmade by dispersing the finely divided active conponent in water
and mxing wth a viscous material, such as natural or synthetic guns,
resins, methylcell rboxynethylcellulose or other well-known

suspendlng agent §. I are solid form preparations that- are
gg;ﬁ}ted, i qui
on. Such-

i ntended to be fore use form preparations

for oral adm ni 5, | NC € j ONS, suspensi ons,
and enul sions. These' preparations ne tain, |n| dditjon to the active
conponent, colorants, flavors, stabil i Nkers; Lﬂhiﬁ jal and

nat ural sweeteners, dispersants, thickeners, 30 s i i gents, and

the |ike. Waxes, polyners, mcroparticles, and the |ike be utilized to

prepar e sust ai ned-rel ease dosage forns. 48l so, osnotic p
enpl oyed to deliver the active conmpound uniformy over a CHzged'

H;C
/\/\Q
H,N
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period. 15 March 2004 WO 01/19825 PCT/ US00/ 17037 -35- The g ?ﬁ 4 ca
preparations of the invention are preferably in unit dosage form n such
form thavoogpaesation is subdivided into unit doses contBETIUSHW/12g30r Opri ate
quantities of the active conponent.' The unit dosage form can be a
packaged preparation, the package contglnlng discrete quantities of 5
preparation, such as packeted tablets, %apsules and powders in vials or
anpul es. Al'so, the unit dosage fefmﬂéﬁi Reqp capsule, tablet, cachet, or
| ozenge itself, or it can be the approgmlate nunber of any of these in
packaged form The therapeutically effective dose of @Meonpound of Formul as
la, Ib; Ic, and Id wll _generally be fronlabouF i t o about 100 ngy/ kg of
body wei ght per 10 day- i cal adult doses wi F g~abqut: 50 ngy to about
800 ny per, day. The gpantity of active conponent nit dose
preparati on may be varied agi v ‘ g to about 500 ny,
preferably about 0.5 ng to 10l rticular application
and the potency of the active --nepﬂqé} & composicliion can, if desired,
al so contain other conpatible tierapfuti dNaged§s. & 15 subject in need of
treatment with a conpound of Formulas la, Ib, ke, and Id is admnistered a
dosage of about 1 to about 500 ng per day, either singly or in nultiple
doses over a 24-hour period. The conmpound® of the present invention are
capable of binding to and inhibiting the activity of protein kinases, such
as cdks, We 1, PDGFr, FGFr, 20 c-src, and EGFr-FL. Cdks form conpl exes
with cyclins, and these conpl exes phosphorylate key pygteins that regulate
t he progression of ceIIs through the cell «cycle (Meijer L., Progress in
Cell Cycle Research, : 351-363). The conps _this invention
inhibit this phosphor atlo and therefore can be
e

anti-proliferative ag r thjtreat
0

=3 |

d/ or restenosis and

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 -hydroxyphenyl)—S-methyl-2[[4 (morpholin-4-yl)phenyl]amino}- 8H-ptend1ne—7-
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;



25 other proliferative diseases. Because of their |nh|b|t0ﬁ5“@§gﬁg@6y
agai nst cdks and ot her kinases, the conpounds of the present 1nvention are
al so usefwb ot/emesr ch tools for studying the nmechani sm ofp@giikdanred; t hose
ki nases, both in vitro and in vivo. The pteridines of this invention can be
prepared by any of several standard 30 synt hetic processes comonly
utilized by those skilled in the art oBlorganic chen1stry An illustration

of a typical prepar ?gﬁ e r m;g is shown in
Schene |I. Althougﬁ1 {? ggg@t:ﬁggﬁgpy terﬁ cg{ag%?ac ij ruc lg?es t hose
2004 VD 01/ 15825 PET/ LS00 17037 - 36 am“"e“’m’“ﬁm?“ e ot 15 harch
Q0 anal q eri di nes
and internediate ET%'PW‘ ‘@F@hg'zﬁﬁ?‘gﬂ‘&&‘%y -PBervilaraing)- ﬁgnélbﬁi)ﬁr ot ection
and depr ot e Bfeafn-7-8@€t i ve functional groups by nethods standard to the

art "of organic chem stry- For exanpl e, hydroxy groups, in order to prevent
unwant®d si de rea&?cymntygéf{éﬂdl-(ﬂ;hydm &tbyl)aﬁlpcmzimil-tyéhphanybmim}ﬁis or

esters durin en,cal re on t other sites in the nolecules. The
hydroxy pr dﬁ%’@ﬂ'%’c‘@%’ 'gﬁ t?‘EE%I'a}T?’ rempved to provide the free hydroxy
group. Amno gr @@ﬁ:l@&dtyﬁél{hc{&y(hll@dﬁﬁdyﬁbtﬂﬁjlgﬁsdnﬁ{ Ipieradiny AR i vatized

to protect them gai nst _unwant ed"si dé reactions. Typical prot ectl ng

groups and rﬂ‘ﬁﬂb‘ﬁ@!fﬂ}ﬁ -methy -3 8tdihyfrenddi-pleadin-frgneshem are described fully by

and Sone. New vor kA BIsGRRbS R 94854 RS A SHL I 2 sl iRE 1T

O ganl@® Cherphehyl}-pyirbkdiners Rasosylidieid bieylamidd;973. Schene | R2NH2 25C RONHD

- 78C {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



a H2/Pd/ C 15 March 2004 WO 01/19825 PCT/ US00/ 17037 -37- Ttp B3Ertiavh skill
in the art will recognize that the starting materials nmay be varle and
addi ti onsgo si/@pss enpl oyed to produce conpounds enconpasserCEays00AT8T pr esent
i nvention, as denonstrated by the follow ng detailed exanples. As shown in
Schene |, 2,4-dichloro-5-nitropyrimdine is reacted wwth an 5 appropriate
am ne at decreased tenperatures to afford the correspondi ng

4- am nopyri rm&sdn%ndﬁhﬁrb%xpm Qéu@g §hénﬂrsebﬁme@mm& glaamyarRRryri mdine is
reacted with anot her am ne at anbient tenperaturés to produce a

5-ni tro- 2, 4-akaaoicraspds; alkarwdrmc acmse aromates agidsugliphetie wind erpmeaticisylfemduced by

Py ogenat ! olhord S B St B TR sl e o 0

appropri at e giyitdVtosplske, nﬁifﬁh?dre%@iphak;ﬂié&l gthytiRgpaitdbphaes Of about S50C to
about 150C. The term"RI" in is an oxal ate or pyruvate ester

form ny gr oupetapigqubmwr@he;pl@@ shipyide, bg%tdea@duiehgqetatwm@lmehva v,

conmpounds of | r h

24 511 hal SR bl SlBETRGRAE Sublhndel serdle" Wcds, e,

'subst i t ut ed matenesnimichitd, benzoatd clloribentoaoy yietiltnacate Qigitrobatzoaw, t 0 gi ve a
2-halo pteridine i.s acco |ISh by rFactlo th br onmoacet yl chl ori de.

Anong t he f.chtf uenggnlfona agptate; girate, % ed from
o ot s OB N ol e |
10 of amino acids such as arginate, ghuconate, galacturonate, and the llke 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

15 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.

20 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, -
25 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
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
30 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.



Br . NRM-NH2 di C13C G RO-NH2 C PCT/US00/ 17037 Cqpgtedsosd the
Fornmulas |a-le wherein Wis S, SO or SO2 are biologically active, as well
as bei ngwmefriogzs arly useful as internedi ates | eadi ng to perRsgpouUNds
wherein Wis NH For exanple, Schenme IIl shows that a

2-al kyl t hi o- 4, 5-di hal opyri m di ne can be the starting material for animation
as shown in Scherre H. Fol | owi ng nor meB33cyclization to formthe pteridine
ring, the 2-alk ion with
matg chl or oper b?nzgoc pg{cn?&ci'%fﬁggB&%ﬁ@ﬁgﬁéﬂyfgg%%miﬁ§%n&?gﬁ’}uI fone (n
= 2). The 1&x&up!fep§euklenmrand chiicznefihs hu@ﬂrdast piostatea@ebskinysuchast i on wi th an

am ne such as,an cal corrpounds have .t he
structures %W?"F‘ﬁ éﬁﬁq *'Pr l&re%/arpvgﬂ@e@eéﬁg. udie-Rut gptlimited i PEERFIHy al kyl

S(On-. VWO Gisht 48RP ré§9n0§E N&ftEathdrbsdrosiBTAk%E aSoiPoddd ofthe PREGR 2004
PCT/ US00/ 17037 'RONF2

invention to treat cancer, a patient having cancer is administered a therapeutically

effective amount of a pharmaceutically acceptable composition comprising an
invention compound. '
A further embodiment of this invention is a method of treating subjects

- - suffering from diseases caused by vascular smooth-m.usclecell proliferation. - -
10 Compounds within the scope of the present invention effectively inhibit vascular

smooth muscle cell proliferation and migration. The method entails inhibiting -
vascular smooth muscle proliferation, 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.



| n=1o0or 2 The pter| dine ureas of Formula Ic can be conveghenil ¥o dp‘{epared

by acylating a 7-amno pteridine, which in turnis readily prepared usi ng
a 4,5- diveoonmsysimdino. This is illustrated in Schene IRCHm$00M70325 March
2004 WO 01/ 19825 QNCO' NaH Q -40 Schene IV Aryl NH2 PCTI1JSOQ 17037 0 611 R
CCN I In the foregoing Scheme 1V, 2,4 %chl oro-5-nitropyrimdine is
reacted wth ammonia to afford the 4 &M no- 2- chl or o- 5- nitropyrimdine.
Reduction of the metfbamﬁagmuﬁm&afvehﬁtﬁm@feeaﬂpycézﬁaﬁtﬂ&ﬂamws%wrogen in
the presence of a catalyst such as palladiumon carbon, provides the
2-chl or o- 4, BbanFA% 6F mpre of the acivesiomppunrd. Suitable sarrieromeluin magnesivem M

Cycllzatlont teridine is -CtIO

25 ot am nogyiaelt fabfiefiin xR AECAR sl bl pERS nBn JudL iy ¢
afford the qedgm&mnﬂamgcahmeogoamh aﬁb@@mahylébiﬁﬂoseTﬁlﬁ)v?nﬁhingﬁ@xgr oup is
readi | 1 1 10 displaced hy reaction with an _am ne, for instance an

aryl an® ne, t@°st bettaranddhe l dopraferrgd formm s oral yseiare capsulesoPBIShdi ne. This is

t ant; t b
oact on wi (RMEIERidor e vt EphPolF ¥nBRIE Bimatell £ TTTE Y

I nventi on urcasrier previdinga capsuldin wladi thieadtivecbmponent with or without other

carriers, is surrounded by a carrier, which is thus in association with it. Similarly,
~xcachets and lozenges are included. Tablets, powders, capsules; pills, cachets, and
10 Jozenges can be used as sofid 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.
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processes such as chromatography, crystallization, and the I ke.

di scl osuwasoiysishi s application of all articles and ref eperassoriopc! 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 limting the invention i n‘3§‘Cope or spirit to the specific
procedures and c ( ' : 41 3 sstarid Lal s and
various inter mdmg%f%@&ggﬁggﬁggﬁggﬂe ?gmo?cﬁkfeg%’%%ie@mﬁr epar ed
from conmmredosagelfyrmaaishetbfoempthg préparaonposubdeidedrintonmitaloses usi ng wel |

known 10 synthetic nethods. Each Ex | e. provi des eneral procedure for
prepari ng - S0VEIMTE SRERRAALE AEBHHELALS 2 lYroBpPONRL TS daspee P
nunerical | y ca8béa pﬁ%ﬁé&bfe‘ﬂ)ﬂragﬁnﬁﬁéﬁ%&ﬁg@&n@iﬁﬁgH%gre@l qiilieslofSynt hesi s of

2- Hal 0- 4- (substituted-am no)-5-nitropyri m di nes

2- Chl & o- 4- (Prepataionnsush ps Backieteddphletsniagiules, Andpowdersin G4ls 5r 8mpyes. 30 Mol )

f 2, 4-di chlgro-5-ni. i di Wi . , :
Tses 1570) 1Pt Wit SFREE kb o o ipanti il Socbek b adtoe BB e o
sol ution of cdn 66t dpPFOPHARY durfer 60 2hyPeRIBEK SN padkap®] foysham ne in 20 nlL of

2-propanol is added dropwi se over 5 minutes- After a further 10 m nutes- at
-78C, the mi xt ur dhesherppesically effegtiverdess of asempewpbeliammalas Iadb. Iche sol vent

is renoved The b due i Yoo ) acet ate
(Bt oney e SHALTE ot Gty B SO dndod R 106 MG HOBY Bicfibilier

Eemovm/ Eofm Tdhg.s émga)iulaaqlsee Mtzhggb@n?gfgg%mﬁbwhamg pém:tayl daiy/TDheni 5 h

exane/ Et OAc ) :8), gives 4., g. of the tifle cqonmpoynd: .np
(hexane) 86-9y%etity of petive,pompenediea umtﬁpswwwonﬂaﬂremneg@a .aHJP@Ff’

1967: 954- 95§)om ;l'i_’o%rlcﬂggg Qout 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 singly-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



WO 01/ 19825 PCT/ US00/ 17037 -42- 1H NMR (CDCI3): S 9.05 (s, 13-, Mércﬁlz 4 8.40
(br, 1 H exchangeable with D20, NH), 3.23 (d, J= 5.1 Hz, 13C
NVR ( CDC¥8) 01/88264. 25 (s, C-2),156.89 (d, C6), 156.10 (sPC'rIUSt)o/rid:ﬁG 80 (s,
C-5), 28.28 (q, CH3). 5 Further elution with solvent gives 0.48 g.(8.5% of
4-chloro-2 (nethyl am no)-5-nitropyrimdjne np (hexane) 167-169C, (lit. np:
172-173C, GB. Barlin, J. Chem Soc. TB), 1967:954-958). 1H NWR [ (CD3)2S0]
(2 conf or mergply wdefy féaenaﬂagéﬁs t&@n&%ﬁﬁﬂteﬂn%t@@tb&efér Eiven 'Eb;ﬁ))pmﬁe97 (br,
1 H exchangeabl e wi'th I% 92 and 2. Hz, 10 3 H,
CH3). 2. 2- Ginsideration twmbtepm gndednpmt):ctslnmﬂrcamyc iﬁmctionaé g@pxbya sol ut i on

of 5.82 g (30 di hor05 Ltropyglmdin Wi ttaker, J.

chem son. | Rl daflasdulnd st Ot Slatiip BeblfP FURnRR biret boi B 3o
over 5 ni nut@aerao:jﬁévm m@ied%uﬂelrem(oﬁe geitralty Qeectwecuaﬁ%rwdameﬂﬁrs n 20 nL
THF. After a further 10 m putes at -78C the mxture is allowed to warm to

r oom tenper ANFSEErs drinsighemical rmvnonisgt pibgnsiteg intheanolomues, e ydroxesi due i s

Removal of THSCRNP ek e tBRAEON bR e A0EYRG b g™

hexane/ Et CAcgrots dnd cthogylveacid Srodps ge(s&ﬁﬂ@rlpﬂeﬂdﬁﬁzéd tblpeotecytheund: np
(hexane) 80-81,5C 1H 03 (s, H, H6), 838 (br, 1 A

exchangeabl PERINSHUTYRR t%reaqu% @é‘k@@f"t‘xﬁmg 370‘6’5%6 “feﬂi‘i’ds(f%l opent yl

, 2.21-2- éﬁﬁlﬂgaﬁd'd’ea %’meﬁpﬁghﬂc}we&ﬁﬁﬁrl&v smProtectlve
cycl opent 1762-1 m 2 H, cycl opent 1982515 March 2004

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

1973.
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PCT/ US00/ 17037. -43- 13C NWR (CDC13): 8 164_I15 (s, C 2), lﬁga&% K Jaod" 6)
154.96 (s, CG4), 126.43 (s, GC5), 53.23 (d, CH, 32.99 (t, 3: g% 69 (t,
CH2) . AnWMOM{188283| cul ated for CgH 1 CLN402: C, 44.55; PBCTAISGHI708] 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 opengy! am no)-5-nitropyrimdine: np
(hexane) 149- 153C. 1H NMR (CDC13) (2 conformers; ratio ca. 1:1): 5 9.,07 and
8.96. (2 s, 1 H, The®)having skill mrthe art Yill (2ognize thaHthecstarting pewinhls mayt h D20, -
NH), 4.38 (sextet

J =.7.0 Hz, 10,1 H, | | , 2.17-2.05 .2 H,
cycl opent yI Pe vaneshand agditiopal Sﬁ?ﬁf“&%%ﬁ%ﬁ?‘f#??%%@“@@ﬂﬂa“fg By (m

cycl opent yl khe éré&n%&@%&e‘moﬁs&%dg RSN RfheBdbtdiRdSxarhplds.. 158. 08 and
157.39 (2°d, C6), 155.89 and 154.94 (2 s, C2), 132.71 and 132.75 (2 s,

G5), 53.84 and 5AszboyainiSchenie I, 24-dichlonodS-Bitrapyrigidding isgemted wishen and 23. 54

(2 t, 2). 15 HREINS cal cul at for Hl | C1 2. 242. 0571/ 244. 0541.
Found:> 2ay, GRRPIA mtbe AL 4etts it Vem Brapiiti o o hECoebpontile, ' 0700 4
~ B O H-anopytinidine0Thé 2-QRloed-51i@@4Gubsttulki@mindPyrimidine is

2, 4-dichloro-5-nitropy6m dine (N. Whittaker, J. Chem Soc., 1951:1565-1570)
in 100 nL Tiiackd wiltBaotiser amiedR2NED)) et smbizvtteniperatures eepradwelaut i on of 3. 87
g (60 mmol) of 70% aqueous ethylamne in 20 nL of 2-propanol. After being
stirred at -S7g@o2HA-diaminppyrimadine. The nitro group is subsequently reduced by

hydrogenation to form a 2,4,5-triaminopyrimidine, which is then cyclized to the
10 desired pteridine-7-ore or -6,7-dione by reaction with the appropriate pyruvate or

oxalate at elevated temperatures of about 50°C to about 150°C. The term “R1” in

Scheme I is an oxalate or pyruvate ester forming grohp, 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.



the reaction mxture is allowed to warmto room tenperaturgg pah} g%?gﬁ
solvent is 25 renoved under vacuum The residue is worked up In c and
chr omat oOWRSWERSNO2 , 15 March 2004 WO 01/ 19825 PCT/ USOICEAGR99/17042- on
silica, eluting with hexane/ Et OAc (92:8), to give 4.90 g (81% of the title
conpound: np (hexane) 64-66C. 1H NWR (RCI3): 5 9.04 (s, | H H6), 8.38
(br, 1 H, exchangeable with D20, NH), "3.72 (qd, J= 7.2, 5.3 Hz, 2 H CH2),
1-35 (t, J= 7.3 Hz, 3 H CH3). 5 1-3(Sdeﬁe([EDClS) 6 164.24 (s, CG2), 157.05
(d, G6), 155.40 (s, C4), 126.50 (s, C5),36.58 (t, CH2), 14.20 (q, CH3).
Anal ysi s cal cul ated for C6H7CI NA02: C,35.57;H, 3.48; N, 27.65. Found: C
35.52; H 3.22; N, 27.57. 10 Further -elution with hexane/ Et OAc (g91) gives
0-43 g (799 of 4- chl oro- 2- (ethyl am no)-5-nitropyrimdine: np

(|-Pr20) 122-123C_~J1H ) confprners; ratio ca. 1: 1}z 6 9.10

and 9.02 (2 s, H, 49, -
3.46-3.35 (m 2| H, 2), RI.NHB and o 24, JE-NH3 Hz,
NVR [ (CD3) 2 (nConfar Mers; T ag - 816077
C-4), 158.47 and 157.95 (2 d, C6), 154 44|and 153. 67 S, )|131. 45 (s,
C-5), 36.34 and 36.17 (2 t, CH2), 13-94 apr8 13.86 (2 q, CHB) Apél ysi s
cal cul ated for C6H/CLN4AO2: C, 35.57; H, 3.48; N, 27.65. 20 Found: C,
35.46; H, 3.30; N, 27.43. EXAMPLE Z Synthesis of
2- (Substi t ut ed- @ no) - 4- (substi't uRed- am no) - 5- nltropyrlmdl
4-( Met hyl ami no)/i&[/[4 (nor phol i n- 4 yl) phenyl ] am no] - 5-

Cl

— C,)\Il = HNJ\NIL

R

e

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-.



ni tropyrimdine 15 March 2004 .WO 01/19825 PCT/ US00/ 17037 - 45 \iQcogdem
tenperature solution of 0.943 g (5 mmol) of 2-chl oro-4- '
(met hyl aM BBy VE25i t ropyrimidine in 25 nL THE i s added a FSIHHIUYA3T 1.96 g
(11 mmol) of 4-(4-am nophenyl)norpholine in 100 nL of 2-propanol, and the 5
resulting mxture is heated and stirreggat 50C for 30 m nutes. The m xture
is then diluted with water, the solid precipitate is collected, washed
with water, and dried, to give 1.63chemi®BY) of the title conpound: np
(EtOH) 240-241 C. 1H NWMR [(CD3)2SO: S 10.24 (br, 1 H, exchangeable with
D20, 2NH), 8.93 (s, | H HG6), 8.87 (br, I H exchangeable wth D20, 4NH),

7.71 (br d, J = 8.1 Hz, 10 X Br Br
2H, H2' ,6'),%6. 94(d,J:8.8Hz,2H,"t#/ig),3. 73RByky. J= 4. 7 Hz, 44, 20), 3.07 (br
t, J = 4.7 Hz, 4 H, CHZN),%J\gw J=4.7f?H2,- 3 H CH3NY. al ysi s
cal cul ated for CLS5H18MAGBS .S54CIH, 5.49; N, 28kA4~ FONnd: MH 54. 81;
H 5.63; N, 25.59. 15 2. -
2-[[4-]2-(Di et hyl am no) et hoxy] phenyl ] am no] - 4- (net hyl am no) - 5- RS
nitropyrimdine To a solution of 1.89 g (10 nmol) of

2-chl oro-4-(methylam no)-5- nitropyrimdine in 100 nL THE af -48C i s added
‘a solution of 2.48 g (12 -nmol) 20 of 4-[2-(diethyl anino)et hgx&JMHpline in
100 nL of 2-propanol, and the resulting mxture is allowedyto warm sl owy
to roomtenperature. The precipifate is WO 01/19825 15 March 2004

PCT/ USO0/ 17037 -46- col |l ected, shed wth 2-propanol, and di ssok¥ed in
water. After being filtered thfough celite, the aqueous sol uti o|1 i's

basified with agueous a nd t he
o I Cr
Br - |
/
o ¢ alkyl § |
RS

RS
l Oxidize
L )
X XN
PP - L
——— B
alkyl S(0),; | aryl NH | 0
r8 | 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




resulting precipitate is collected, washed with water, and 4 %Wﬁ& gi ve
2.88 g (80% of the title corrpound np ( Et OH) 163- 164C 51

[ (CD3) 2S0YO 019825 27 -(br, | ‘H, exchangeable w th D20, 2NHB3QUS047037] H,
H6), 8.87 (br, I H exchangeable with D20, 4NH), 7.73 (br d, J = 6.9 Hz,
2 H HZ2,6), 6.92 (d, J = 8.7 Hz, 2 H0H-3 5), 3.99 (t, J =6.1 Hz, 2 H,
. CH20O, 3.04 (d, J =4.0 Hz, 3 H, CHSNf' 2.75 (t, J =6.2 Hz, 2 H CH2N),
154 (q, J=7.1 Hz, 4H, CH2N), 0. 97(t, J=7. 1$themd IOH3). 10 Anal ysi s 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-(Diethylam nocarbonyl)phenyl]am noj - 4- (met hyI am no) - 5-

ni tropyrimdine Ei 15 Tqoga room tenperaturgesol ution of 0.

2-chloro- 4- (nNth m no¥-5-nitro [
solution of 2.1 g/(ll mml 8f 4- noNI\I—dlet-hyJ—benz deln 100 nL of

2- propanol , ul tT e

1 hour. The m xture |séftshen 20 ?Iuted wtﬁ%ater the solid preciditate is
col |l ected, washed with water, and dried, to give 1.50 g ($7% of the title
conmpound: np (EtOH) 213-215C. 1H NMR [(CD3)2SQ: S$0.49 (br, 1 H
exchangeabl e with D20, 2NH), 8.99 (s, 1 H H6), glbo (br] 1'H
exchangeable with D20, 4NH), 7.88 (br d, J = 7.6 RZ C15CNa¥ch 2004 WO

01/ 19825 PCT/ USG0/ 17037 -47- 2 H, H2',6' ), 7. 34 (d, J= 8.5 Hz, % H,

H3,5), 3.34 (m 4 R87 (d, = 4.7 H R°10 (br, 6
H, CH3). Analysis c r/cull t edYf or C16H20NE]OI§HZ C 55N850: 85: N, 24.40.
| SNOW CY’L§N
| NH, | | NH,
Aryl
lQNCOﬂhH
(;=o
HII’
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 |



S Found: C, 55.85; H 5.54; N, 24.50. 4. 4-(Cyclopentyl am R8Lzh 2004

[ 4- (mor phol i n-4-y1) phenyl)] am no]-5- nitropyrimdine To a roomterrperature
solutionvwponi®dadss g (5 mol ) of 2-chloro-4 10 PCT/US00/17037

(cycl opentyl anino)-5-nitropyrimdinein 50 nL THE i s added a sol uti on of
1.96 g (11 nmol) of 4-(4-am nophenyl)norpholine in 100 nL of 2-propanol,
and the resulting mxture is heated urder reflux for 30 m nutes. The
mxture is theffied Bystih@sd\Wrd 5&dh aslchRonSAb e I lect ed,
washed with éi/\‘/;itﬁer 5(and dr:yéd&s%@g give 1.77 ggrgpl @S{ggﬁzta{ﬁgn’ta?‘??? corrpound
mp (MeOH) 21ikep13C. 15 1H NVR [ (CD8)2S0]: S 10. 30 (br | H, exchangeabl e
wi th D20, 2NH),

exchangeabl e w tﬁ”ﬁé’d@%ﬁ%ﬁm 9‘.’%@"%‘8?“0& % glml‘gésﬂaqqzregﬁeqcfs I—f—‘é @%6 94 (d,
J= 8. 9 Hz, 2pakéntd'|a§ém&)ri)oraﬂad%rdilﬂbyfeféﬂenceCyC' opentyl CH)1 3.73 (br t, J=
4.7 4H CH2Q), .3.07 (br_t, J=4 209201(m2H
cycl op%ntyl) 1.7 eﬂﬂwtlems l@uﬂrateél@rtbgebm}lp)follozons\daﬂaﬂsd examplen| at ed for

2175 15 v iR F508 tnd e aeu e e B ifsponlof spirfio e 12 1

4- (Cycl opentspkdfic ptt)ce&r[zél&d(wnmhdd qusgritedzhéreih. THé JtpRBR\hiteAdls and -

5-nitropyri mdine, a sol yti 9 (4 .mol ) of

2- chl or o- 4- (BEPYS ‘é?ﬁs L%@twlqdrfgwppwrﬂ@ SOHTCSS HﬁEPaTﬂE&a‘P 78Cis
added a sol WdnBfergihit{ a%lagle(oq' SBRhgoundd, or repa{ed using well

| - (4- am nophenyl ) -4-Tret hyl pi p razme In 50 2- propanol, Wand t he

resul 1¢ ng ms}rmlnﬁecmﬂ'@ﬂk cEmHEumnphrpmuﬂm/dgemnl pnmadureﬁqnaneparh;g After

acidification et i c aci ent re d under vacuu and
t he \.rcra]t spec: i€ compounds, eacn of wg is 1d%nth & numgr‘l)caﬁ m

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—dichloro—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). ’



residue is dissolved in water. After being washed with Et O%’Mér@f?z eous
10 solution is basified with aqueous ammoni a, and the product 1S €xtracted
into EtWROHHWE2ried, to give 1.15 g (77% of the titl e RCEMINGAII7
(MeOH) 204-206C. 1H NWR [(CD3)2S0]: 8 10.26 (br, 1 H, exchangeable with
D20, 2NH), 8.94 (s, 1 H H6), 8.51 (by, d, J = 6.3 Hz, 1 H exchangeable
with D20, 4NEl), 7.67 (br d, 15J =8.2 Hz, 2 H H2 ,6"), 6.92 (d, J= 8.9
Hz, 2 H H 3pNME EéDb d3.(sCvdl 030} H3 _ itH 8 Hz, 4 It
aoN, 244 (b 9?‘.59b|—?zj,(s’4yﬁm%ﬁi§ﬁ) (92-1)12% ?"gs*,ﬁ"é&h,lé%?ﬁé..og-z.oo
(m 2 H cyavapsmyid) J=15.V8=]13 $0 ). 6 H cyclopentyl). Analysis

cal cul ated for C20H27N702: 20 C, 60-44; H, 6.85;, N, 24.67. Found: C,
60136; H, 6.18Z NMR Z3DER): FYSPSS & €O, P56 8P, Tk §56.16 (QTAh e28860C Wash
gives a solid which'is “dentified . as _

4- (cycl oper@y})mﬁa‘@%]c&:;?,[ 4-[14-[4-(cycl opentyl ami no)-5- nitropyrimdin
2-yl] pi perazin-1-yl]phenyl]am no]-5-nitropyrimdine: np (EtOAc) 25
244-24%. 5C. 15 Ndiurthe? ladonyWith soh8Rve3O45(X5%) 084-chibde-21H NVR (CDC13): 8
9.01 and 9.00 (2.s,. , .H6,6"), 8.5 exchangeabl e with D20,

2 H 3 (br. 1 H ,
N B0 ( Bmethyiaizo) sitrppyriifine s thekgRBFE P gy I RELTIH550 (b1 |
H h i 7. &7, H H2,6), 6.97 (d, J =090
Hze)écHanEféﬁbgB)\M'Q%pﬁ"W‘?f ?%ﬁ;d%%ﬁ pent yl CH),)S 4.18- 4.(06 (m 4 H

CH2N), 3. 25 Yepape [ ESrnrerd . | 11l 85- 1. 54
(m 12 H, cy]g?opent[%?%%fzyg?s cal 63?‘2%%%5%)21%%%%&51% 57.03; H,

5.98; N, 26.H3), 8.97 (br, 1 H, exchangeable with D50, NH), 2.92 and 2.90 (2 d, J = 4.7 Hz,
10 3 H, CHy).

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

NO,

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).



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 isnhgarﬂh%o%ure of
0. 64 g (YOgH§250f 2-chl oro4- (cyci opentyl am no)-5- nitro@ATUR0U1IHWE7 and 0. 62
g (6.6 mol) of 4-amnopyridine in 5 nL of DMSOis stirred at room :
tenperature for 15 mnutes. The sol ut i_gg_ Is diluted wth water and 15 .
basified with agueous ammnia to give 0.41 g (44 % of the title conpound:

Et 219 [ o : 66_4b : bl ith .
D20, 214y, 9, Gaur (CHEIMS JHR el 1o e g B A S el o
ith D20, 4 ’ ' .6"), 7.79 (br d, J =6.3
\I,—M|z, 2 H, Hgt&)ss)ﬁzézdg%b{)(,ggxg?été{ﬁ{ﬁ}?? g; gﬁlglg', 1 %—| cycl OE)eLtyI CH),

2.13-2.02 (mna@sid,ca!bﬁ{ﬂtapﬁ)ﬁt)g}ﬂl CINf®y:1. 60 (m 6 H, cyclopentyl). Analysis
cal cul ated for Cl14HL6NG02: , gS. 99; H, 5.37; N, 27.98. Found: C, 55.095;

H, 5.56; N, 27.89.CW3.35 Hl 98&Z5NPEI.00SO0 17037 -50- 7. 2-[

[4-[2-(Di et hyl am nQ) et hoxyl ph m no] -4-(ethylam no)-5-.

ni tropyrim %PH%‘]-T‘Et‘g ‘Et%rﬁéf’%s&%%@n of 1.013 g (5 mml) of

2-chl oro-4- (et hymm}a@r&,ﬁwﬁﬁgawrvgs@[ﬂe% (74%9 of d-ctiible-at - 78C i s added a
solution of 2.48 g (12 lgrrml ) of 4-[2-(diet §/I ams)no)et hoxy]aniline in 50 nL
of 2- pr opan@HcycoperntylamiredHaitrapyrimidinen mp (hexamie) ddRd53I°€. warm slowy to room
tenperature. After renoval of the solvent, the residue is dissolved in

aqueous acetHINMR (CREB)2 corforers;itatogh LB §O07 amiigd6e@sebdt o) ution i s
then basified with agueous _ammnia, and the resulting 10 precipitate is

col l ected, fedired 351 Wad 8, cxehamseabiconith 29, NED), 468 lgHesshy 16 e
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): 3 160.81 and 160.84 (2 s, 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 calculated for CgHj1CIN4O5:

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 '



title conpound: np (MeCOH)134-136[err]C. 1H NMR [ (CD3) 2S0]: 1%%9 @ép&pr
H, exchangeable with D20, 2NH), 8.95 (s, | H H6), 8. ) F )
exchanged®BPOUWER D20, 4NH), 7.17 (br d, J = 72 Hz, 2 H, PEXPSBITP3IT 6. 92
(d, J =89 H, 2 H H3 5)399(t,J 6.2 Hz, .2 H CH20, 15 3.57
(br q, J= 7.1 Hz, 2 H, CH2N), 2.75 (t, = 6.2 Hz, 2 Ha CH2N), 2.54 (q, J =
7.1 Hz, 4 H CHN), 1.21 (t, J 7.1 Hz, HCH3)097(tJ:71Hz 6 H,
CH3) Anal ysien mhba;ulmﬁgdvﬂﬂrexﬁ‘ﬂm@& 8), to.give/4. 98 g (Bl %Y offhe tle 22. 44. 20
Found: C, 57.87; H 7.24; N,

4- (Et hyl am nﬁf)m@“fl p‘}'Pl@ﬁxﬁn@fﬂ'%tﬁ% no] 5- nltropyrl m di ne WO 01/ 19825 15

2 Ch or 0-4- (eﬁéﬁfﬁﬁﬁv@%ﬁq‘r’#@pyﬁ B0 b 8L sucipmaesbieralh D2t
resul tng SoNIV DI [ dri 1R e TR Chadelti il @y%e%e ﬁS?d[;Pﬁuon i th
T M R e
exchangeagl eevﬁt#g@%gﬁﬂ)%w%(ﬂﬂcgah( J = 5.0, 1)5 Hz, (

RO TagiAfedanfa e SR, 50, % S4(bra, 7T A T At e
50.77; H, " 65; N, 33529.1, F4ndi27/%s.50- 59 H 4.61; N 32.27. 9.

2-[[4-[4-(tert But oxycar’bonyl ’pi’perazin- 1-yl ] phenyl ] ami noJ- 4-
(cycl opennt yFamdnolC; 3562 H,0h92;i N 27 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



t Bu 15 0 To a solution of 0.73 g (3 mmol) of 15 March 2004
2-chl oro-4-(cycl opentyl am no)-5- nitropyrimdine and 0.49 g (4 mm??

NN- di nt etwiQloaim¢ssne in 10 nL THE i s added a solution of BrBdswis74 Mol )
of 1-(tert-butoxycarbonyl)-4-(4-am nophenyl)- piperazine in 20 nL of
2-propanol, and the resulting m xture 14% heat ed under 20 reflux for 2
hours. After cooling and acidification™ith acetic acid, the mxture is
diluted with water to give 1.37 g .(94% of the title conpound: np (MCOH)
194-196C. 15 March 2004 WO 01/749825 PCT/ US00/ 17037 -52- 1H NWR [ (CD3)2SQ :
6 10.28 (br, 1 H, exchangqabl elw th D20, 2NH), gs, | It H6), 851 (br
d J =6.4 H, 1 H exchan it D20, 8 (br d, . J =7.9 H,
,2 H H2,6"), 6.95 (d, J =8.9 ‘ 5), 4.44 (m | H,
cyclopentyl CH), 3.45 (br t, J =S 2 NLMe. 06-(br t, J = 5.0
Hz, 4 H 5 CH2N), 2.10-1.98 (m 2 cye opelltyl )N 1.78-1.57 (m 6 H,
cyclopentyl), 1.42 (s, 9 H CH3). Analysis calculated for (G4H33N704: C,
59.61; H 6.88; N, 20.28. Found: C, 59.63; H 7.17; N, 20.42. 10 -10.
2-[[4-[3-(tert-Butoxycarbonyl am no)pyrrolidin-1-yl] henyl}parri noj-4-

(cycl opent yl ani noJo 8Team feseraturedpiyiionaf 8. 943 . (3 manolpef 2-chlorerdt 1. 69 ol ) of

2- chl ot o- 4- ) = Do iz r gl : ) NN
ai ot by an | RAnIRERGY s Diniaing th 29 B TP IfBMlolleion SR 417 (o)
of 3-(tert b{itlanmyobbd+{amimophenyl)riepholine in 100 mL of 2-propano), and the

5 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 (EtOH) 240-241°C.

1H NMR [(CD3)2S01: 3 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'),6.94 (d, J=8.8Hz, 2H,H-3',5"),3.73 (brt, J=4.7Hz, 4 H,

CH30), 3.07 (br t,J=4.7 Hz, 4 H, CHN), 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 -

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



am nophenyl ) pyrrolidine in 10 nmL of 2-propanol, and the rej‘fi'l\ﬁé By ofghAt ur e
Is heated under reflux for 2 hours. After coollng and acidification with
acetic aM0V198%e mixture is diluted with water to gi ve CRGZUSPOIIBRAY) of
the title conmpound: np (MeOH) 186-189C. 20 1H NVR [(CD3)2SQ: S 10.19 (br,

| H exchangeabl e with D20, 2NH), 8.91 (s, H H6), 850 (br d, J =6.8
Hz, 1 H, exchangeable with D20, 4NH), _? 61 (br d J =8.8 Hz, 2 H,
H2',6"), 7cdlfectdd; washeli-with 3-prEpandl, hhdd)ssdsiaagmabduer Vifieh bBIAg filtad01/ 19825 15
March 2004 PCT/US 17037 -53- 3 16 d J="8.9 Hz, 2,}1,H3,5"),
4.43 (m 1 firo ?‘3%6 $63queppy solutwpssH%)ﬁﬁl ied with gapecysammapia, epdshe 3. 45 (m 1

H pyrrolid 1 H,
pyrrolidi ny:r&)\ﬂt N%i l%@dt% Jo‘llhﬁgd’&/arsﬁlg?%&ﬂ ﬁqérn : 2?%% %%}8%{@ H,

pyrroli di nyl(sQ%)zof&aemleaompmmﬁ:: mp(ﬁyemp@nwp 1.88 (m 1 H 5
pyrrolidinyl), 1.77-1.56 (m 6 H, cyclopentyl), 1.40 (s, 9 H, CH3).

Anal ySi s c all BUNMReH{ClDa)» SOU BIONTOdr, 10H, S@hedgeable vaitIsB>ONoNEI)L: 2B (s, Found: C,
59.90; H, 6.80; N, 20.02. EXAMPLE 3 10 Synthesis of

2- ((Subst i t utleH-Hu6),r887 ¢br( b Hb sxdhiangcatileowrith D)5 4 ANTY, NP Y(bri dyi/ck: 69314 .
5- Ami no- 4- (et hyl ani no) - 2-[[ 4- (nor phol i n-4 yl') phenyl ] am no] - pyrim dine 15
Hydr ogenat i @iLA-246)ne@P(d, drv 8.0)HZ 2[HLH+34,61), 309 (o gkt HeaHNCHLD),
nitropyrimdine (from Exanple 2(1) above) over palladi umon charcoal (Pd/C)

gave the ti 8i04 (dofpotiftiza3 Giij)d2 7§I€t, 2@@%@21‘1}525-412, (br, I H,
exchangeabl e with 1) 20 2-&3 , 2 H H2%), 7.33 (s, |
H H6), 6.80 (dHz341, GH @HL-FE?IBTZ)GPLC%)
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,



20 6.37 (q, J = 4.6 Hz, 1 H exchangeable W|th D20, 4NH), éa%rgﬁgo%
exchangeable with D20, NH2), 3.72 (br t, J = 4.7 Hz, 4 H, g (br

t, J=4. warodds3H2N) , 2. 89(d, J=4. 5Hz, 3H, CHS) 1 5 March 20&rW¥00Q10329825
PCT/ US00/ 17037 -54- 2. 5-Anmi no-2-[[4-[2-(diethylam no)ethoxy] phenyl
.am no] -4 (methyl am no) pyrim di ne Et Hydrogenat i on of

2-[[4-[2-(di et hyl am no) et hoxy] phenyl ] ari’ noj4 5

the 1 ile commonpPsa e, B R THam S 1 Plk) e T © oove

exchangeabl gmtmga()ﬂ éﬁlimg Y16ér( 8 Ci-l 9.0 Hz, 2H H2',6),7.33(s, 1H
H6), 6. 76(d, J=9. OHz, 2H a) H’ ﬁ\]— 4.6 Hz I H exchangeable wth

D20, 4NH), &l&ﬂys&&&u(mdﬂ)ﬂﬁllél:@o%%?and NH2), 2.89 (d, J = 4.5 Hz, 3 H
CH3N), 2.73 (t,” J = 6.2 Hz, 253(q,J=7.1Hz,4H,CHZN),

0.97 (t, J = 7.1 H2,5%804H,G-85; N,24.40.

5- Am Y, henyl ] am no] - 4- (et hyl ani no) pyri m di ne
Et 15 dr o%é’f(‘lﬁ‘lil ﬁ%qﬁ fg‘?ﬁ?éﬁr@r am nocar bonyl ) phenyl ] am no] -
4- (met hyl ami no) -5-ni tropyrim dine (from Exarrpl e 2(3) above) over Pd/ C gave:

the title compound as a solid. 1H NVR [ (CD3) 2 6 8.76 (br H,
exchangeabl & wi t H-{Sxslopenty 'a“‘T“%[[“'(‘P‘“PBO -#Eyl)pjlepyl)]anynohﬁ-) 7.39 (s, 1

i H6), 719 (duidggyf 2 H H3,5), 206.48 (q, J= 4.6 Hz, 1 H
exchangeabl e with Dby '4.08 (br, 2 H, 15 March 2004 WD 01/ 19825

PCTI USOO 17037

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 IH NMR [(CD3)7S0]: 5 10.30 (br, 1 H, exchangeable with D50, 2NH), 8.94 (5,
1 H, H-6), 8.52 (br d, J = 6.5 Hz, 1 H, exchangeable with D0, 4NH), 7.69 (br d,

J=84Hz, 2 H, H-2,6", 6.94 (d, J=8.9 Hz, 2 H, H-3",5'), 444 (m, 1 H,
cyclopentyl CH), 3.73 (brt, J=4.7 Hz, 4 H, CH,0), 3.07 (brt, J= 47 Hz 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.



-55- exchangeable with D20, NH2), 3.34 (m 4 H, CH2), 2.92 ' saf 5 Hz,
3H OBN), 1.10 (t, J = 7.0 Hz. 6 H, CH3). 4. 15%arch Zod

5- Ami no- WQ&¥2r3pent yl am no) - 2-[ [ 4- (nor phol i n-4- yl ) phenypP¢ausow7psm | m di ne
5 Hydrogenation of 4-(cyclopentylam no)-2-[[4-(norpholin-4-

yl ) phenyl )] am no] - 5-ni tropyri m di ne (flrfﬁ{r exanpl e 2(4) above) over Pd/C
gave the title conpound as a solid. 1 MR [(CD3)2SQ: 8 8.18 (br, 1 H,
exchangeabl es.wi t h4- loé’Nﬁlanﬁn 4 et pipBrabi ifanG}. 733 (s,
1 H H6), 6.79 (d(@gc_ ?9249’( h;yp'p Ec}ﬁhﬁlyﬁrﬁ’i ﬁhz
exchangeabl e wtkﬁ'@ﬂﬂopmbdmel 33 (sext et J 6 7 Hz, 11T, cycl opentyl
CH), 4.30 and 4.03 (2 br, 2 H, exchangeable vmth D20, NH2), 3.72 (br t, J
= 4.7 Hz, 4 H CH20O, 2. 97 (br t, J= 4.7 117., 4 H, CH2N), 2.04-1.95 (m 2
H, cyclopentyl), 1.76Me 2'H, cyclopentyl), 1.62-1.45 (in, 15 4 H,
cyclopentyl). 5. 5-Am no-4p (cyal opentyl am no) - 2. 1[ 4- (4- net hyl pi per azi.n- 1-
yl') phenyl i am no] pyri m di nell SNvar ch 2004 WO Q1/ 198®b, PCT/ USOQ 17037 - 56-

Hydr ogenati on of 4-(cycl opentyl anj [ B '( ret hylpiperazin-1
' i i mi di np g} 2(5ve) over Pd/ C gave
the title conmpound: np (i-Pr2Q CH2GL: FZC MVR [ (CD3) 2S0]: 6

yl) phenyl ] am no] - 5-ni tropyri mdin

8.14 (br, 1 H exchangeable with D20, 2NI1), 757ﬁd 5J=9.0 H, 2 H,
H2.,6'"), 7.32 (s, 1 H H6),6.78 (d, J= 9.0 Hz, 2 H H3,5), 6.08(d, J
= 6.7 Hz, 1 H exchangeable with D20, 4NH), 4.32 (sextet, J = 6.7 H, 1 H,

cyclopentyl CH ., 1o Qdolelibn of0.5F g% GHANY BP0 100 U cf i benYiminof s 99 (br t,

5 nitropyrimidine in 50 mL THF at -78°C is added a solution 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. | |



J= 4.7 Hz, 4 H CH2N), 2.43 (br t, J= 4.7 Hz, 4 H CH2N), %éﬁofh
CH3), 2.05-1.95 (m 2 H, cyclopentyl), 1.76-1.45 (m 6 H, cyclopen yI) 10
Anal ysi swerbicrddst ed for C20H29N7. 0. 5H20: . C, 63.89; | T,pchaskbes1es7 26. 08.
Found: C, 64.24; H 7.90; N, 25.71. 6.

5- Am no- 4- (cycl opentyl am no) - 2-[ (pyriidin-4-yl)am no] pyrimdine 15

Hydr ogenati on of 4-(cycl opentyl am no) -‘29‘[(pyri din-4-yl)am no] -5

1 U OPYTL ko ORRESAMET o Bgddourh BHE RS AR 1 BB
;s Eg: 1 |t°ﬂ35’g3&%lé_%5hg)7?ol\?928’4%@"d g(’(qﬂﬁ %%‘Sﬁ%%%bé% Pt o Dgo)
cyel openty! D202 N, 7 kettor 1L SBReknir i ian N, 257 o5 2 Mo b By,
gyg\lr]f}r:])gntzyl[ FAIW]@ ‘rgﬁﬁé%ﬁfﬁ% %é%%ﬁﬁ@ﬁ O‘g{ qg’g‘]:‘)g'h(:ﬁg’ethyl am no) pyri m
i di ne 5Hydr ogersad. 06 (mod K2 Ol 226%&&%5}1{2}@01%% Piét?g gave he

(ethyl ami no)-5-nitropyrim dine (from e 2(7) above) over
title conpourds-hS4 ém, 1l H, cﬁc&d);whﬁl)[(CDS)ZSO] S 821(br, I H, exchangeable

with D20, 2 7.6 d =89 1.3 Hz, 2 H H2",6'), 7.35 (s, 1 H,
H6), 6.76 ?@"IE‘SCQP"E#%&?%BBHBSEH@' , 6.28 (br t, J =51 Hz, 1H
exchangeabl e wit 3 2 H, 10 exchangeable with D20, NH2),
3.93 (t, J= 6.2 HZ(P%? %ﬁéﬁgﬁig(br 9, J =7.2 H, 2 H C&N), 2.73
(t, J 6.2 H;:ougdHccgdzg\;)}ng@?,Mﬂgﬂg = 7.1 Hz, 4 H CH2N), 1.19 (t, J=7.2
Hz, 3 H CH3), 0.97 (t, J= H CH3).

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 5 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.



8. 5-Am no-4(ethylamno)-2- [(pyridin-4-yl)am no] pyrimdi 08 Mztch 20
Hydr ogenation of 4-(ethylam no)-2-[(pyridin-4-yl)am no]-5- n|tropyr| m di ne
(from Exsphk192158) above) over Pd/ C gave the title conpourcirasvogarsel id. 1

1IH NWR [(CD3)2SO: 6 9.05 (br, | It exchangeable w th D20, 2NH), 8.19 (d,
J =6.3 H, 2 H HZ2 6)767(d J—54Hz 2 H H32517.41 (s, | H
H6), 20 6 49 (br t, 5.0 Hz, 1 H,~exchangeable w th D20, 4NH) 3.44

(qd, J = 11,7 5. 3. qﬂ?—;b@k%hkmzﬂo)@ﬁm&&}pimﬁyﬁhﬁmo?ﬂ -(ebflamidv)dar ch 2004 WO

01/ 19825 PCT/ USO0/

5- Ami no- 2- [ (4] 4- @iteppyrmridingcar bony! ) pi per azi n- 1-yl ] phenyl | ani no]
4-(cyclopentylam no)pyrimdine O t-BuO N ~N Hydrogenati on of
2-[[4-[4-(tert-butoxycarbonyl)piperazin-I-yl]phenyl] 5

am no]j - 4- (cycl opent yl aiiwo -/5<1|/L® ' (hom X@ypl e 2(9) above)
over Pd/C gave the title I onpound 3 MR [ (CD3)2S0]: S 8.18
(br, 1 H exchangeable wt
7.33 (s, 1 H H®6), 6.81 : J= 9.0 , 4 , 609(d J =6.7
Hz, 1 H, exchangeable with D20, 4NH), 4.32H sextet, H =66 Hz, 10 1 H,
cycl opentyl CH), 4.30 and 4.03 (2 br, 2 H, exchangeabl e wth D20, NH2) ,
3.44 (br t, J = 4.8 Hz, 4 H CH2N), 2.94 (br t, J =5.0 Hz, 4 H CH2N),
2.05-1.95 (M 2 Ho £umtRRGHIOI, (ts E:Zml) &@-ém&o-ﬂ(éfhylsﬂiﬁiowe ntyl),
1.63-1.45 (m 4 H, cyclopentyl) CH3)".

5- Ani ro- 2- [[quwn(mémc il oﬁy'EHFlab n’&&°§n$ ndx;qdwsobmomqufl&g(lz mmol) of

yl1phenyl] a@.ﬁ?édleﬁ-.ﬁar}{fnlofe%? r;cy\fama]m 04Vt Te -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, 2NH), 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, 2 H, H-3',5), 3.99 (t, /= 6.2 Hz, 2 H, CH,0),

15 3.57(brq,J=7.1Hz, 2 H, CH,N), 2.75 (t, J= 6.2 Hz, 2H, CHyN), 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:
| 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

QEQ Hz,-2 H H2,6"),



15 March 2004 WO 01/19825 PCT/ US00/17037 -59- Hydrogenati 0R5@farch 2004
2-[[4-[3-(tert-butoxycarbonyl am no) pyrrolidin-|

yl ] phenyM AP H83: 4- (cycl opent yl ani no) - 5-ni tropyri ni di ne (RGTEWRBRAI 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, 2§NH), 7.51 (d, 5 J

9.0Hz,2H, H2' ,6"),7.31 (s, 1H H6),7.13(brd,J=6.7Hz, 1H,. exchangeable with
D20, 3"NH), 6. 39 To salutich &F110132g (3 mhiol) of 2-ghlo®-Bethiydamino}56. 7 Hz, | H,

L TR i 7
exchangeabl QIY\HI%)_I})&m—aHﬁ%%yﬁainégmﬁrﬂ:e teshitinBXbl@bh & #¥ted @Eom 3. 26 (m 1H,
N, 3.15°(m 1 H di nyl - CHN)

10 pyrrolidinyl ] . H, pyrroll yl - C , 2.96 (m 114,
pyrrol i di nyltempptung overnigle. Dution withpyaterganddientyplization edthiageeoysm 211,

cycl opgntyl 84 1 old di nyl 1.77-1. o

cyel opont vl 3%2@%%%5%5(’?22 Et%%c%ﬁ%%‘i% Beundﬁggﬁ{eﬁﬁ)gﬁé%ﬁ). EXAMPLE
4 15 Syntheslis of ruvates 1. Ethyl 2-(3,.5-dichlaro yrigi n- 4- I%-Z-o
voacet ate O FENMR [ERRpSQT o i0,600rg! Patxchmpsepblsrith B20, ZMFB-3B315 di ne i n
40 mL of THE is added dropw se over 30 mnutes to a stirred solution of 23
L (35 ol )1 Bf H-§08.96 $nvi EDaxchangebla wirkiD2R), “NFDCB.4A(dd Y = S0ul S, 15

m nutes at -78C,_ a solution of 6.13 §42 mol ) of diethyl oxalate in 15 nL
THE i s addec?,HaHoP’iﬁﬁe7-7§é%efr-—a§Qrb5iP§z, HL.dW8a59.3 ¢4 @8 sy G-y Hzo2 HhoC. The

reaction m %ﬁr]%g_széa(?r(ef\? EgLﬁE%rﬁdCﬁ%jh aqueous ammoni um chl ori de, -t he

solvent is rend
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

8]
t-BU\
0 .

15 | | H  H

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. |



residue is worked up in EtOAc. Chronmat ography on silica, el Hli\ajld?&%d 25
hexane/ Et OAc (9:1), gives 2.4 g (32% of the title conmpound as an oil. 15
Mar ch 208M0 0¥)9825 19825 PCTI USOQ 17037 -60- H NVR ( CDCl 3) :P(I/8S®HAT(3, 2 H,
H2,6"), 444 (q, J =7.2 Hz, 2 H CH2), 1.40(t,J=7.0Hz,3H CH3). 13C NMR
(CDC13): S 182.35 (s, CO, 158.42 (s, Q2), 147.75 (d, G2',6"), 141.94
(s, G4'), 128.64 (s, CG3', 5), 63.797(t, CH2),.13.84 (g, CH3). 5 high

resol ution dpRMNCINY,SOPS (PES(HEPER EAH HR 2 $EU{EC 2NO03:
Meo 246, 9803] A8 o oA ook SR (RPER ERsanminic ALY 0, "R, 34T,

2- (3, 5-dichl Z ' Feby i Ry 4 - 2- & Oove A
sol ution of I?%%@%%W?;ggﬁ %ﬁgr%leé(ﬁ*%}ggabgégﬁt@ﬁﬂrﬁ X pglgibg}n#g()
Bratt, H Suschi Jry 452 'nggjﬁé' C 9 ' nL THE i s
added dr opvﬁZ'%%PgbﬂrﬁJfgggk%Ja g'ol ut %0%6%1?31‘]259’%%@014 ol) of 1.5
MDA in 20 rdyclbpiEntek CHY,3CI5 (bne, e S0 Hz, AgHSOHHNY, 306 Gr stfi= 5.6dznu H,78C for 1
hour, and '15 4.5 nL (33 mmol ). of diethyl oxalate is then added. The

t enperdat ur e GERM), Roketi98 6m, 2 s eyclopantyl), t1678- bsi(me bk cytlopantyd)ad.4ds.eous
arnmoni um chl oride solution is added, and the solvent is renbved under
vacuum The ¥dstHadk is extracted into EtOAc and chronmat ographed on Si 02,

el uting wth, hexane- Et QA .1 ive 5.97 g (78% of the title
conpound: n&'{“ﬁ%‘ﬁ’éﬁ“%@ﬁ%&ﬁhﬁ% “NVR (CDC13): S 4.41(q, J= 7.2 Hz, 2
Ho GH2), 4.04 (s, & & 6fH5 %8s, N 308" .

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

HN

O’ ‘ y NO,

’ To a solution of 0.41 g (1.69 mmol) of 2-chloto-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-(fert-butoxycarbonylamino)-1-(4-
anﬁnophenyl)pynolidine 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 D0, 4NH), 7.61 (br d,
J=28.8Hz 2H, H-2,6", 717 (br d, J= 6.5 Hz, 1 H, exchangeable with D70,



J=7.1Hz, 3H CH3). 15 March 2004 WO 01/19825 PCTI USOQ 17037 ~ é‘ﬂ r&r‘?’gq@lg"?
(CDC13) S 183.02 (s, CO, 158.50 (s, C02), 156.27 (s, C 99
(s, C4WOu@BR0 (s, ¢3',5'), 63.51 (t, CH2), 54.83 (qPC@@@;ﬂ?‘% 84 (q,
CHB) Anal ysi's cal cul ated for C11H11C12NO5: C, 42.88; H, 3.60; N, 4.55.
Found: C, 42.99; H 3.46; N, 4.55. 3. _&hyl

2- (3, 5-di bronmopyridi n-4-yi)-2-oxoacetate Eta Lithiation of 4.74 g (20 nmol)

of 3,5-di br3¥ 650 @eswig b 3asvar 4y t %}%ﬁ) B re procedure
(Y.G Cu, E. K Bay burt Tet rhheglr’on Letyt @1%99% ?56@ H!\g fol | owed by

quenchi ng wiaB (e bfhmok@nul@m% Gy bﬁhp@gﬁh{bhylféimiﬁlii"c@k It i ng wi th

rexane) £ O bl GSF 8 S o 9.5 G TR O
(t, J=7.1 Bmslzlq&)lm%ﬁrwnﬂm@l 995(@&313&(%@@@183@%, ﬁﬁ,(s co, .
150,23 (d, C.2'.6') " 14593 (s ), 3 (t,

cH2) , 313. szpﬁ(lﬁohd@m TTHRES (1, @ﬁimkzmﬁyl)wm @3218%)336 8772/ 338 8752 20

g??g%-gﬁiegﬂgl?[ésﬁgﬁ&ﬂ%ﬁ é@%&'ﬁ%’l@; March 2004 WO 01/19825 -62 4. Ethyl

C, 59.61; H, 6.88; N, 20.28.
Found: C, 59.90; H, 6.80; N, 20.02.

EXAMPLE 3
10 Synthesis of 2-(Substituted-amine)-4-(substituted-amino)-5-

aminopyrimidines

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).



Ove Eta O Owve PCT/ US00/17037 To a solution of 5.28 g (20 Mar@ﬁ 004
1-i odo- 3, 5-di net hoxybenzene (W R edhl, F. Imhof; Justus Li eb| gs %\

Chem , 1%8808982353-157) in 100 nL 5 of THE at -78C is RS0 76B7 L (21
mmol) of 1.7 Mert-BuLi in pentane, and after a further 5 mnutes 4.4 g
(30 mol ) of diethyl oxalate is added. [After being allowed to warmto 20C,
the m xture is quenched w th aqueous NlélﬂCI and the THE is renoved under

vacuum Wor k2, up ISJAEI]QQQ,.[ 492 ];humajm Pn3AinslM-si | i ca, eluting
wi t h hexane/ Et CAc (9 1) gives 3.38 g (71% the title 10 conpound as an
oil. | HNNR(CDctmylsmmomr(-mldlye—24Hz 2 H H2,6), 6.73 (d, J = 2.3

Hz, 1 H H4), 4.44 (q, J=7.2 Hz, 2 H CH2), 1.42(t,J_:7.1Hz,34
CH3). 13C NWR (CDC13): 6186 18 (s CO) 163. 77 (s, ©02), 160.97 (s,
C3,5), 134.11 (s, ‘. - (4 -2' 400 30 (t, CH20, 55.63
(g, CH30), 15 14.08 (q, ‘ 05:37 M+; "238. 0841 Found:
238. 0836. EXAMPLE 5 20 Sy heS| s of i di %
8- Met hyl - 2-[[ 4- (nor phol i n- H-pterldln- 7-one A
m xture of 0.15 g (0.5 mmol) of 5-am no-4- Hmathylaml-ho) 2-[[4- -
(ror phol i n-4-yl ) phenyl ] am no] pyri m dine (from Exanple 3(1)), 0.1 g (0.6
mmol ) 15 March 2004 WD 01/ 19825

Hydrogenation of 2-[[4-[2-(diethylamino)ethoxy]phenyl]Jamino]-4-

5 (methylamino)-5-nitropyrimidine (from Examplé 2(2) above) over Pd/C gave the
title compound as an oil. ,
1H NMR [(CD3)»SO7: 8 8.26 (br, 1 H, exchangeable with D0, 2NH), 7.62 (d,
J=90Hz 2H, H-2',6"), 7.33 (s, 1 H, H-6), 6.76 (d, /= 9.0 Hz, 2 H, H-3",5"),
6.33 (q,/=4.6 Hz, 1 H, exchangeable with D,0, 4NH), 3.94-3.90 (m, 4 H, |
10 CH,0 and NH»), 2.89 (d, J = 4.5 Hz, 3 H, CH3N), 2.73 (, J=6.2 Hz, 2 H,
CH3N), 2.53 (q,J = 7.1 Hz, 4 H, CH3N), 0.97 (t, /= 7.1 Hz, 6 H, CH3).

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,



PCT/ US00/ 17037 -63- net hyl benzoyl formate and 0.25 niL HOO\C1 ngT 4EtC]-l
is heated under reflux for 12 hours, and cooled to give O. f ?ﬂ&% of the
title comsbewitds2:Conpound | in Tables 1 and 2): np (Et C]—i)PCZl!IEO@’mDS*BC 1H
NVR [ (CD3)2S0]: S 10.15 (br, I H, exchangeable with D20, NH), 8.86 (s, 51
H H4), 820-8.17 (m 2 H H2",6"), 5570 (br d, J 6.1 Hz, 2 H,

H2,6"), 7.50-7.48 (m 3 H H3",4" 697(d J:90Hz,2H,

H- 3’ ,S )+ 3.ekbhdpBéable with D10, 3446:1,43?2@}12)&@23 (d g.= 35z, GHBN), 3.08 (br

t, J =4.7 Hz, 4 H CH2N). Ana yS|s cal cul at ed for C23H22N602: C, 66. 65;

H 5.35; ,(Z@;MBIIOIQJIEomnd-Iz C€H,&839; H, 5.35; N, 20.49. 2.

6- (2, 6-Di chl orophenyl) - 8- met hyl - 2-[[ 4- (nor phol i n- 4-

yl') phenyl ] aini no] -8H pteridin-7-one A mxture of 0.60 g (2 nmol) of

5- am no- 4- (gt hyl H"?'Q‘hi am no] pyrimdine, 0.74
g (3 mmol) gfhyl %%R%g%&ﬁilﬁ?ég%gr ophe WLH")‘@E‘Q%E% ate (T.H Kress and

M R Leanna, Syntyliphesyllaniia8fhysisidd®s), and 0.3 nl HOAc in 25 ni of -
2- met hoxyet hanol is heated under reflux for 16 hours before the solvent is
renoved under vacuum The residue is extracted into Et OAc and, after being
washed with water, the s ion is dried over Na2SO4. Renoval of the
sol vent and chromat ogra W silica, eluting.with 20 hexane/ Et OAc 3: 2

gives 0.36 g (37% of the tifl e crrpound (

QNP LN 2 in Tables | and 2):

np (EtOH) 292-293C. 1H N (CRZ H, exchangeable with

D20, NH), 8.90 (s, | H H4), 7.62 (br d, J = 8.0

Hz, 2 H H3",5"), 7.55(dd, , A 4"), 6.98 (d, J=9.0
A1H, CHZO) 3.63 (s, 3 H,

, 151 H-3,S), 3.75 (br t, 25 J=}p.
3.09 (br t, J =4.7Hz, 4 H CH2N). Analysis calculated for
C23H2C£12N602 C, 57.15; H 4.17; N, 17.39.

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



Found: C, 57.17; H3.91; N, 17.37. 15 March 2004 WD 01/ 1982 17037
-64- 3. 6- é3 5- D| chl oropyridin-4-yl)-8-nethyl-2-[f 4- (mrpﬁgﬁlﬁ%.fch’%%

yl ) phenyY@PHEN] - SH-pteridin-7-one A mixture of 0.30 g RAT/HMHIPOLS

5-am no- 4- (net hyl am no) - 2-[[ 4- (norpholin-4-yl)phenyl]am no] pyri m dine,
0.37 g (1.5 nmml) of ethyl 5 2-(3,5-digloropyridin-4-yl)-2-oxoacetate, and
0.3 nL HOAC in 15 nL . 2-net hoxyet hanol as heated under reflux for 16
hours, and mrked{momaadnwy{wcmpeﬁﬂytammmb@{msmm mlipunam;l eluting with

20 8 Sl SRR

I H, h 4 8 84 2 H,
A ZX;: agqgéllﬁhecdmg&n@&p éNﬁ}Gzo@r%% 9@5212%@3& ), e (s TRANN

ﬁz754( i az‘éwﬂzmq)gsblu i ST T c “sa. 05

5 2 e, M i e p s,
(or phol i n- 4 o ) owhﬂiﬂlr}ﬂlexéﬁ &mmztgn(? WI n_igaﬁ% rf’on’%g (2

mmol ) of 5-am no-4-(nethyl am no)- 2- noj

pyri m di ne, IHZchpeftyTH))4.01 (8 DH, exchadgdable with D70, NH»), 2.99
di chl oro- 2, 6-di matﬁgxypyrldln 4- yI) 2- oxoacet at e, a2nd 12) c |n 20 nL

2- met hoxyet e 817 Hz 418 CHONN 24T (br 611 -4. 77k, 416, @HEN$, 220063 H, Crisit OAc,

foll owed by chromat ography on silica, eluting hexane- Et OAc (3: 2),

gi ves 0. 55 Z03-58%(mo? H, legcloperty), do?ﬁsbﬂﬁdm( 6:<Hn:ngulnpentﬂ) mp ( Et OH)
205-2{8C  Analysis calculated for CogHygN7-0.5H,0:

. C,63.89;H, 791; N, 26.08.
Found: C, 64.24;H, 7.90; N, 25.71.

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

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).



25 1H NVR [(CD3)2S0]: 8 10.36 (br, I H, exchangeable with .91
(s, 'l H H4), 7.70 (br, 214, H2',6'), 6.98 (d, J = 8.9%@{'3%90?

H 3,5 ) wd adsS, 6 H CH3O, 3.75 (br t, J = 4.8 Hz, . 3.62
(s, 3 H w(i%’ﬁb;?&&og (br t, J= 4.7 Hz, 4H, CGH2N). Anal ysisAPc(glLlf%%%a f or
C24H23C12N704: 30 C, 52.95; H, 4.26; N, 18.01. 15 March 2004 WD 01/19825
PCT/ US00/ 17037 -65 Found: C, 52.78; H,-52.13; N, 17.84 5.

6-(3,5-D br pyrJ-di n-4-yl) - 8- hyl.-2-[i.4- (gorpholin-4- . -

yl ) phenyl ] anfr noj - 'E‘é-FTMLH&ES‘&'!Y%‘WPS%?’@?&CW?W'@%T mol ) of

5- am no- 4- ( met hy g = : rphol i n-4-yl ) phenyl ] am no] pyri m di ne,
0.67 g (2 nmmol) éf@t’ﬁg%rﬁg{ %??—“‘ﬂ?bronopyri di n-4-yl)-2-oxoacetate (from
preparation 17), and 0.5 nL, of HOAc in 15 nL of 2-nethoxyethanol 'is
heat ed under- refl,ux_fog 18 hours.OW)r kup in EtQAc, f.g owed by

chr omat ogr aphy on si | i Eh~ gt UM $7: ) *2), gives 0.15¢g
(2699 of the title conmpound (Conpou : 10 204-206C. Il NWR
[(CD3)2SO : S 10.40 (br, IEtH, excharggakb i+ DFe rJE NH), 8.94 (s, 1 H,
H4), 892 (s, 2 H H2",6"), 7.70 (br ] > ,6'3)x, 6.98 (d, J = 8.7 Hz,
2 H H-3,S), 3.75 (bf t, J =4.7 Hz, 4H CH2O, 3.64 (s, 3 H CH3N),
3.09 (br t, J= 4.6 Hz, 4H CH2N). 15 Analysis cal cul ated for C22H1gBr 2N702:

S [[3:12: (D ot by FhiiomsTeiontasa TMEgicTummop ctrointgm dupheldi 1
pteri d§n-7- Q&ﬁg%glirﬁ:g-@ i @gd_u(;’e om Bx4fpR 2F7PAbove) over PA/C gave the

5-ami no- 2- [ [4] 2- (di éthyl am n
title compound as an oil.

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).



et hoxy] phenyl ] am no] - 4- (et hyl am no) pyri mdine, 0.1 g (O. 6 53? %l géo t hyl
benzoylformate, and 0.2 nL of HOAc in 10 nL of EtOH is heat eﬁib ef | ux
for 20 howooi/dmbl owi ng renoval of the solvent, the resideer/usooireésated with
aqueous ammoni a solution and extracted with Et QAc. Chromat ography on
alumna, 25 eluting with EtOAc, gives 90 ng (40% of the title conpound
(Compound 3): np (MeOH) 162-165C. 1H I\WR[ CD3)2S0]: S 10.15 (br, 1 H,
exchangeabl vvlth

o6y e by g bl (ol *'z;ﬁ“ilmgmzﬁaﬁ»’*%@"{mgﬁ

H 3", 4",5"), 6.954chclopen§ylmidm)p@rikjdine3’' ,5'), 4.00 (t, WO 01/ 19825 15
March 2004 PCT/ US00/ 17037 - 66- J= 6. 2 Hz, 2 H CH20), 3.62 (s, 3 H,
CH3.N),.2.77 (t, J 6.2 Hz; 2 H CH2N), 2.55(q,J=7.1Hz, 4lt

CH2N), 0. 98(t, J=7. OHz, 6H, CB) . Anal ysi s cal cul ated for C25H28N602: C,
67.55; H 6.35; N, 18.91. {|5 Found: C, 67.22; H 6.22; N, 18.93. 7.

6- (2, 6-Di chl or ophenylgy®@1 [ 2-(di et hyl am no) et hoxy] phenyl ] am no] -
8-nmet hyl - SH-pteri din-7-one m xture of 0.165 g (0. %Hmml) of

5-am no-2-[[4-[2- (diethylam _

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

10 2-(2, 6-di chl orophenyl) - 2- oxoacet 4

Synt hesi s, 1988:803-805), and 0.3 nlL 0@ , |anO N of 2- met hoxyet hanol
is heated under reflux for 18 hours. The Heaction M xture i s worked up as
above in 6 to give 85 ng (33% of the title conpound (Conpound 4):

(MeOH) 156- 161C. 1H NMR [(CD3)2SQ: S 10.34 (br, | H, exchangeable with D20,
NH) 8.92 (s 15Hydﬂdge¢¢ti4)1 of 2-[[[4-Gert-bRtdriycab @yl piperazin-631}phemyd]- J = 7.9

o 5 % Iy o] -GyelSpealy imind) Smigpyriniding (from Example 200) abovel over O~ ©°

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=4.8 Hz, 4 H, CHN), 2.94 (br t, /= 5.0 Hz 4 H, CHpN),

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).

65 mmol ) of et hyl
Leanna,

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

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



H CH2O), 3.63 (s, 3 H, CH3N), 2.77 (t, J = 6.2 Hz, 5 (q,
71H)Z 4 H (CZZN) 098(N% J:7(0Hz 6 H, CH3) 3?@%’}:@2&0? (a
u

2

J =

glo | at q?gogé%(%SHZGClZNGOZ 20 C 58481 T 510-N 1637 FoungCTf%}SGO?lal{)B@; H,
6-(3,5 D| chl oropyri din-4-yl)-8-nethyl -2- ([ 4[ 2- (di et hyl am no) et hoxy] -
phenyl ] am no]-8H—pter| din-7-one A m xtjge of 0.465 g (1.4 mmol) of

5-ar ni no- 2-[ [ 4- t hy| 25 . . )
et ﬁ(r»r:;/]n OpheLg/l]aanl Eaﬂ% amﬁy’r’;*ro[%%Syfagmqw%nrh@ylmeg)pgneﬁdia-ln'm|) of ethyl

2- (3, 5-dichl 5 nmL of
2- gret hoxyet hgl ol mﬁh fﬂﬁl‘%‘ﬂ %S}?ﬁﬁﬁ)ztj?m ﬁ%&"ﬁo‘ﬁ?@")'ﬁ%&gﬁ?&i@oﬁtion S
wor ked up a@MMrWCQamhguﬂec@nﬂmmaéiMd of the title conpound

( Conpound 20%:,171 (( OH) 179- 180. 5C. 15 March 2004 WO 01/ 19825

PCT/ US00/ 170 Nﬁ{ TP )esR1 & t@é)@tsa)]& e@cmgmble(m DpOL2NERCc A gdabl e wit h
D20, NH), 8.95 ‘%fh (s, 2 H H2",6"), 7.72 (br, 2 H,
H2',6%). 6. -é?‘é%ﬁzeﬂﬂﬁé’ 732(H1H#I36) B3 (bral, 0= (T Hz2J G, 1 Hz, 2 H,
CH20), 3.63 (s, 3 H,_ CH3 2% 5.9 Hz, 2HCHZN),256(q,J=
7.1 Hz, 4 H, exchpageabls vth AI%zo I‘&DZ6139|@;J‘69WH€I%3I)LH5¥A35169§K¢ cal cul at ed

for C24H25C12N702: C, 56.04; H 4.90; N, 19.06. Found: C, 56.34; H 5.19;

N, 19.32. 9.J6-¢3Hs D&hkdnog@bﬁrmhﬁqﬂoﬁmﬂm Gertety V)= 6717t NYEL- 2- [ [ 4] 2-
(di et hyl am no) et hox henyl am no] -8H-pteridin-7-one 10 A m xture of 0.66
g (2 mol) ofyckopsaty k%;!{)[ﬂ«l wi,@ymhtgwlrﬁi)m) 3.95and3.92(2br, 2 H,

e L g AT 7 g R o e
in 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,
pyrrohdmyl) 1.77-1.65 (m, 2 H, cyclopentyl) 1.62-1.44 (m, 4 H, cyclopentyl),
1.39 (s, 9 H, CHz). -

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.



20 nL of 2-nmethoxyethanol is heated under reflux for 16 hoqéya gﬁ%&?‘% as in

6-above gives 0.59 g (519 of the title conmpound (Conpound

15 - 239-®éQar9® 1H NVR [(CD3)2S0]: S 10.38 (fir, | H epehanegsase W|th
D20, NH), 892(s | H, H4), 7.72 (br, 2 H, H-2 ,6'), 6.96 (d, J= 9.0 Ha,
2 H H3,5), 404 (s, 61t CH3O, 401(t J = 62 H7, 2 H CH20O, 3.62
(s, 3HCH3N) 277(tJ:61Hz 26,C|—|2N) 255(q J=7-1Hz, 41t

gﬁﬁ%goﬁzﬁ?oﬁ%@%% %G&%%fﬁ%“@oﬁ g?i%‘z’ ﬁ@?&i{z% 5.14: N,

16.94. 10. 2 h carbonyl)phenyl] 7
am noj - 8- net F]yp %ﬂphenﬁz’%#—_ﬁ@ﬁgrl din-7-one 25 A m xture of 0.157 g (0.5
mol ) of 5-ap

(el byl am noiGRARETTROD 15235 (L0 LHRAAG SORNII G 626D 0.1 g (o6
) 1ot PE0E Gy 128 8a Sy b L6 Trs Y DB B B of the 1i 1o "

conmpougd (Co Et 0. 2520C Q4 VO 01/ 19825

oo oego; | vo MR Hutn o[Bblrndlsigafas Sge&bosw?@?@ﬁ% SLchangeati o with
- D20, NH), 8.@§H(EI;NC3:H, H-4) 8.21-8.18 (m 2 H, H2",6"), 7.91 (d, J =
8.6 Hz, 2 H H2,6'), 7.52-7.50 (m 3 H H3",4",5"), 7.38 (d, J = 8.6
Hz, 2 H, I-I-3M*52)|69§9ﬁﬁ4§§3743 H CH3N), 3.36 (m 4 H, CH2), 1.12 (br t, J
= 6.5 Hz, 6 H CH3). Analysis cal cul ated for C24H24N602: C, 67.27; H,
5.65; N, 19.Baund: 240,9801/248.998623: H, 5.34; N, 19.68. .

Yot

2, Ethyl 2-(3,5-dichlero-2,6-dimethoxypyridin-4-yl)-2-oxoacetate

OMe
5 | N
Et P
~o 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).



11. 6-(2, 6-Di chl orophenyl)-2-[ [4-(diethylam nocarbonyl) ph | ' -
8-nethyl -8Hpteridin-7-one 10 A m xture of 0.314 g (1 mol ?%éf\flelr@l%ﬂ@l

5- am no- &d difog@i et hyl ami nocar bonyl ) - PCT/US00/17037
phenyl ] am no] - 4- (et hyl ammi no) pyri mdine, 0.37 g (1.5 mmol) of ethyl

2- (2, 6-di chl orophenyl ) - 2- oxoacetate (T.H Kress, MR Leanna, Synthesis,
1988: 803-805), and 0.4 nmL of HOAc in 16l-nL of 2-nethoxyethanol is heated

worked 15 e ANMRAEDUAR oS e gTRa0Sh o B B ke T ° % 1°
o) - o (vea> 338 £r0% PR i Fauh Foiel B S 4o 0% Ta¥ Gcnangean e

wi th D20, N@éd 9.01 (s, 1 H H4), 7.91 (d, J =85H, 2 H H2,6), 7.64
S(or d, J =E3 b, 20 H  H3",5"), 7.56 (dd, J = 9.2 6.9 Hz, 1 H H4"),

7.39 (d, J= §i'§'%ﬁl : 556 A H 20 3.68 (s 3 14 CH3N) 3 32 (ni
4 HVI-1.. A?aﬁr t rcg!tat%déa%émﬁg—!l%ﬁigp Sis calcul ated for C24H22C12N602: C,
57.96;5 H 4.46; Nc 49.991 ByenN: 465 58.25; H 4.36; N, 16.97. 12.

6- (3, 5-Di chl oropyri'di n-4-yi)-2-1[4-(di et hyl ani nocar bonyl) phenyl ]- 25 |
am no] - 8- mneFoyid: 81, #@r9% Hn 3 A6oNed ASni xture of 0.50 g (1.6 mmwol) 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 mol) of ethyl 2-(3,5-dichloropyridin-9-yl)-2-oxoacetate, and 0.5
m. of HOAc Bn 20Ethyld-(3,2dilebimwpyeiiimdol)-2-oxpacetatd under reflux for 16
hours. Workup in EtQAc, 15 March 2004 WD 01/19825 PCT/ US00/ 17037

Br
0 | ~
Et /
\0

O Br

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.



-69- followed by chromatography on silica, eluting with th}g %52@4(3: 2),
gives 0.22 g (28% of the title conpound (Corrpound 13): (CM §3

230- 231C.woled19dyR [ (CD3) 2S0]: & 10.71 (br, 1 H, exchangeahl;mgﬂohhoﬁZO NH) ,
9.04 (s, | H H4), 8.85 (s, 2 H, H—2",6"), 7.91 (d, J = 8.5 Hz, 2 H,
H2,6"), 7.39 (d, 5 J= 8.6 Hz,2H,H3',S' , 3.68(s,3 H, CH3N), 3 33 (m4IL
CH2), 1.12(brt, J=6.1 Hz, 6 H, CH3). al ysis calculated for C23H21
C12N702: C, 455. 4Binvi2- 55.12; H, 4.05; N, 19.44.
10 13. 6-(3, 5- Dc%ltﬁggz‘%d'é':&r%&%ﬁég;ndm 4‘%“) 2.1 [ 4- (di et hyl ani no

car bonyl ) phenyl ] am no] - 8- net hyl - 8H-pteridin-7-one A mxture of 0.47 g (1.5
mmol ) of 5-am no-2-[[4-(diethyl anni nocar bog

phenyl ] am no] - 4- (et hyl am no) pyri m di ne, O,
di chl oro- 2, 6- dlnethoxypyrldln 4-yl) - 2- 0XQAGE
m. 15 of 2 met hoxyet hanol is heat eg ‘ 2
Et OAc, followed by chromatogrgplly oM si

(1: 1), gives 0.42 g (56% of th®tithe cormpourd@dMeConpound 22): np (Et OH)
274-276C. IHNWR [(CD3)2SO: & 10.66,{br, I H exchangeable with D20, NH),
9.02 (s, 1 H H4), 7.91 (d, J =8.5 , 21t - H2,6"), 7.38 (d, J = 8.6
Hz, 2 H H3,S), 4.05(s, 6 H OCB), 367 (s, 3 H CBN, 3.33 (m 4, H
CH2), 1.12' (br t J=6, 3Hz, 6H CI;?& Anal ysi s cal cul ated for C25H25C12N704:
C, 53.77. H, 4. 5170 psolpfiongf’S. 28 (33 mmol) 9B 1-4wio-1,3-dimethoxyhenzene39. 25 14

e oPer Wil AR SRR AL DL S e A

( Imor ph?)l in- 40%1‘1)@ m\c;vgl;s]fq:mdaleat pm :ﬂl,@hmmdl) 361. gM%gﬂlle)m gfé%tﬁif %{L 19%
oxyl ate : nt
gn)é 0?/5 m. Oq(ﬁqq@@gxther S minutes 4. ‘i g (30 mmol) of d?gthyl oxalate is added. After being .

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

g (2 mol) of ethyl 2. (3,5-

flux for 16 hours. Workup in
| uting with hexane/ Et OAc

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)



in 10 mL of EtOH is heated under reflux for 12 hours. Rermvalpginbbss
solvent and 15 March 2004 WO 01/19825 PCT/ US00/ 17037 -70- dilution with

wat er - gi Wee olifigg26r ude product which is chronmatographed onP&M%J\@%? el uting
with CH2C12IEt CAc (4:1) to give 90 ny (23% of the title conpound (Conpound
7): np (MeOH) 182-184C. 1H NMR [(CD3)280 6 9.97 (br, I H, exchangeabl e

with D20. NH), 8.77 (s, 51 H HA4) : (s, 1 H H6), 753(br

, J =
Cycl opentyl BEfHS i oringd fhy 075 3*129% @,@ag;ggmgw aipaplleghill o\
4 H CH2N), ﬂnzahauﬂsaa:(dnooaeutow QP esde) ofthk 1818 cdmpéurki(Cofngound 1

cycl opentyl), 1.64- s cI 0 entcﬁ Anal ysi s cal cul ated for
C21H24N602: ~ i Bakles ‘63"2? lm(Et@ Found: C, 64.39; H, 6.40; N,

TR ST
(S;Tgppﬂgl |4n Y&%&h%%@ﬁﬁé}%é hﬁd '397 8. @'5d=g{ T ¢.14iz, %IH’%@ ),90% met hyl
E)c/nrjlrj\s{ét 'el'heaPn thu%egq"%’ cooﬁ{ed ar‘ld‘%‘l5 ?u gd&b%%ﬁ?wg?\?@r %?écr g.r t ;t2e

whi ch is cofekl Bd, 4l CH»0)(3.68 (gi3vig, CH3ZN), 3481604, Jo14.7 b2, 4 H, ound
(Conpound 10): np (EtOH) 230-2340C 20 1H NMR [(CD3)2SO: S 9 8 (br,
exchangeabl mlyhsmlmlaqur@gﬁﬁsz%OQ It H4), 7.54 (br d, J = 8.9 Hz
211, H2' ,6'), 694% H H3,5), 5.69 (m 11,
cyclopentyl cH, 3% 6{66er53§,=N¢ﬁ(82&|z 4 H CH20, 3.06 (br t, J= 4.8 Hz,

4 H, 2.17 2 H, | tyl 1.97-1.74
(m 4H cycﬁ%pengg??ﬂ%%'%g’%’z%(fn&z H, f:)r/ncl opent 3C/Iy)C openy ) :

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, thg solution is dried

over NapSQO4. Removal of the sqlven_t and chromatography on 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.



25 Anal ysis calculated for C22H26N602: C, 65.01; H, 6.45; 1'§Me§’@h§6®4
Found: C, 65.01; H, 6.56; N, 20.47. 15 March 2004 WD 01119825

PCT/ US00/ WP0BM98251- 16. PCT/US00/17037

- Cycl opentyl -2-[[4- (nmor 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 nmol) of 5-am nor 4- (cycl opentyl am no) - 2-[[ 4-

(nmor phol i n-4-yl ) phenyl ] am no] pyr| m di né®®%nd 5 nL (32 nmmol ) of diethyl

oxalate 5 i8 20 643 SEDRIRHIV /gl@is-métlm-@l (MBHSHotme4) Ux for 3 hours
and then cooled to ghve 0. 20 of thée title conmpound (Conpound 23):
P

np (EtOH) 283- 286X eﬂaﬂ]mmmt[]( @3!1}:-7-@,-:11 87 (br, 1 H, exchangeable with

750 (br d, 3 = ggrigurtlyr 36 BEHERR Br Wafincrimsd NSQ@RS&Q%@(H H?-’ )
Z 32 (pgg; et (madrpholth-8-yijpherily] faminol Pyringictisey 01374 (1@'%m21 cg“bl m 2 H = 4.7 Hz,
cycl opént yl )§ (§§9§°qﬂorgﬁy?4fﬂ42ylﬁ2'%§’é?%§rﬁf‘9I0)3 mLHQAcIn 33 mlyy 2 H,

| tyl —niletlﬁﬁqr df
C1HRANBO3: )20 61, %tgggﬂ(ag?e‘éi&h?\@%ﬁgm 1§ po ‘Eo’éuﬁnig)%éﬁe‘g@é%"lb%, 5. 86: N,
20.73. 17. 8inGyEhoqreatogtaphy o1 dlufrdnaretubin witheCHz Clp/BtOA (@hBngilves 851ingo] - SH-
pteridin-7-one A mxture of 0.367 g (1 mvl) of
5-am no- 4- (C%Vdﬁﬁh%mqwad (Campaund 12 in Tables 1 and 2): mp (MeOH)

met hyI pi peraﬁ&n ) phenyl ] am no] pyri m di ne (from preparation 13), 0.26 g
20 BVt glyoxylate (F.J. Wlf, J. Wijlard, Og. Synth. Coll.,

i?fﬁour o and IRARICODTon S ol e L EcHpiialrob i B30, REDY B8 6. %0 1k e
Wi th 1H, H-4), 8.84 (5,2 H, H-2",6"), 7.71 (br, 2 H, H-2',6"), 6.98 (d, /= 8.9 Hz, 2 H,
H-3,5'),3.75 (br t, J=4.7 Hz, 4 H, CHy0), 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, 1993,

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 cal_culate_xi_ for Co4Hp3ClhN70y4: | "

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



aqueous ammoni a sol ution and extracted into Et OAc. Chronat og sty 2004
alumna, eluting with CH2C12/Et QAc (4:1), gives 0.26 g (64%. of the title
25 conpoUMe 0/e¥Apound 8): np (MeOH) 208-211C. 1H NMWR [ ( COBYDBEJ0/176879. 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, H-2656) 6.94 (d, J= 9.0 Hz, 2 H,
H3,5), 566 (m 1 H cyclopentyl CH7, 3.10 (br t, J 4.9 Hz, 4 H,
CH2N), 2. 45 Famdt , CJSZ7& 19 4413; Nt 1H,84CH2N) , 2. 27- 2. 18 (m 2 H cyclopentyl),
WD 01/19825 1 5 March 2004 PCT/US00/ 17037 -72- 2.22 (s, 3 H CH3),"
1.94-1.74 (m 4 H, cyclopentyl), 1.64-1.52 (m.2 H, cyclopentyl). Analysis
cal cul ated f®r CZQ(ﬂmﬂrom@ynﬁﬁn%ﬂ)—lﬂ,—m&h@k}ﬁ[\h—(%rﬁlﬁ?olm-zﬁ Found: C, 65.02;

H 6.96; N, 24.47. 18.
8- Cycl opent yl - 6- rﬂélﬂhﬁpyl}awmﬂ(ﬂﬂmnﬁmﬂrw azi n-1-yl ) phenyi ] ani n(¢c)] -
8H- pt eri di n- 7- oney /560, ?’(5 EQ ﬁﬁg?lg?fiaml (i?xfethylannno)-z-[[.t_i;

5-am no-4-(cycl openty am no

met hyl Bi perammpholmw-phpimpy]]amim@ﬂmlﬂmedo|6é,g(Qniﬂ:ot) of éthyl 2a(H6) of 90%

met hyl XLuvate énrrL HOAC n 10 L O—I 's h atﬁg under refl ux
for 14 hours APy HBRCLT) 2o ciae D BPrepikon, Rhcar the
residue with I coI I ect ed and
dried to gi VlesiﬂEQﬁ"szeiﬁ % ﬁgﬁ%&ﬁt&??nﬂér‘é’gﬁup%ﬁgbg%omound 93 (MeOH)

210-211C. 1HEKMR, fqlm)iz)s@rwor&tggrapl(mm silic® elutingiveithy EHlp Clo/Tit @ Ac (921)). NH) ,

8.69 (s, 15 1 H H4) brd, J=8. 9Hz, 2H, H2' , 6'), 6. 92(d, J=8. 9Hz, 2| L
H 3,5 ), %ts@%ﬁgﬂﬁs@ yibe e pempound)(Commpundth9)1 mp (EOH) 8 7, 4 H,
CH2N) é o) = 4.8 Hz, 4 H CHN), 2.34 (s, 3 H 6-CH3), 2.28-2.15
(m 29! cyc opentyl) 222(s 3 H CHIN) 1.95-1.73 (m 4 H,

cycl opentyl) 1 \nek 16c1353,86Y: #1640 (br, 1 H, exchangeable with D50, NH), 8.94 (s,
1 H, H-4), 8.92 (s, 2 H, H-2",6"), 7.70 (br, 2 H, H-2,6"), 6.98 (d,J= 8.7 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=46Hz, 4 H, CHpN).
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 (¢,



cyclopentyl).. 20 Analysis calculated for C23H29N70: C, 65580archl206497: N
23.37. Found: C 65.85; H 7.22; N, 23.66 19.

8- CydoperW Q0119825 4- ( 4- et hyl pi per azi n-1 yl ) pbenyl ] ani nol - BEX/&S00/17637
pteridine-6,7-dione 25 A m xture of 0.367 g (1 mmol) of

5-am no-4-(cycl opentyl am no)-2-[[ 4- (4- 6

nmet hyl pi perazi n-1-yl ) phenyl ] am no] pyri ﬁ?di ne and 5 nL (32 mmol) of diethyl
oxal ate in 20=rd2 B, 21 CH»Q)e8 62193 H,CHEH), od7 upde: ghall, gﬁf@%)@),hour s, and

cooled, to give 0.22 g (529% of the title conmpound (Conpound np (Et OH)
266- 270C. 152.8Ag/ 200uHn@ H1CHIBY. 98 LSOOI HZ08H, €Ag). 1H NMVR [ ( CD3) 2S0] :
S 11.86 (br, I H,_ exchangeable with Jerr]0, H5), 9.27 (br, 1 H,
exchangeabl eAﬂﬁlUﬁsmla@%}fB’f,CBSI‘l%N(é?zil H H4), 7.48 (br d, J = 9.0 Hz, 2
H H2,6'), 6.88 (d,__J=9.1 H, 2 H H3,5), 5.62 (pentet, J = 8.8 H7, 1
H  cyclopentyl  CHF:53586H(0A5(N, 1894 8 1z 4 H CH2N), 2.45 (br t, J =

4.8 Hzg 4 H goumdCHENs7 23: B26.68-N3 2 CH3), 2.19-2.11 (m 2 H; cyclopentyl),
1.99-1.86 ¢ m02 H, "¢éycl oblg’nt'y?’)lf’ 18!'_%34- 1.74 (m 2 H, cyclopentyl), 1.63-1.52
(m 2 H, cyclopentyl). Analysis calculated for C22H27N702. 0. 5H20: C

S oyl opent y1- 2- | TERE T Morb NG LTie e AibonToacSshoRuohenifmipt-oi o, 524
g (1.2 mol) of 53-meethel-SH{ptyddinpBohy| ani no) - 2-
(E 3 Velt, 3. venvanashire ofp g5 gaSimmelof Semie l4 Re sy iamipey 0 5 nt. of
rompval of oS pberllaiol ariyiiigioy Finkidhg 816 Fl088 fifon SPEMAR 2. ana
chr omd® ogr ap€3 6glichlorophenyl)-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 Hg, 2 H, H-3",5"), 7.55 (dd,
J=91,70Hz 1H,H-4"),6.96 (d, J=89 Hz, 2 H, H-3',5),4.01 (t, J= 62 Hz,
2 H, CHp0), 3.63 (5, 3 H, CH3N), 2.77 (t, /= 6.2 Hz, 2 H, CHpN), 255 (g,
J =7.1Hz, 4 H, CH3N), 098 (t, /= 7.0 Hz, 6 H, CHz).
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.



alumna, eluting with EtQAc, to give 90 ng (24% of the tit{sgRRRERd
(Conpound 11): np (MeOH) 236-238C. 1H NVMR [(CD3)2S0]: 8 10.55 %br, I H,
exchanged¥® el/ytisgshh D20, NH), 8.95 (s, 1 H, H4), 8.44 (breaiuseoa76s74 Hz, 2
H H2%'), 7.99 (s, | H H6), 7.76 (br d, 2?0 J=6.0 Hz, 2 H H3,5),
5.73 (pentet, J = 8.8 Hz, 1 H, cyclopeg yl CH, 2.31-2.21 (m 2 H,

cyclopentyl), 2.04-1.93 (m 2 H, cyclopéntyl), 1.93-1,81 (m .2 H,

g MR g0t O SR O SRS 1,
L L D PRI 6 4 g 7o)

5-am no- 2- [ [HR3[,29,(402{thy+ & Hg)2 H, CH,0), 3.63 (s, 3 H, CH3N), 2.78 (t, J = 5.9 H%
et hoxy] phenyl ] am no] 4- (et hyl am no) pyri m di ne pyrimdine, 0.83 g (35 mmuol)

of WO 01119828, CEFNYSDSS (7 0377.1 Hi; 481, IGH,N), 0.98 (t, /= 7.1 Hz, 6 H, CHj).
2- (3, 5-di met hoxyphenyl ) - 2- oxoacetate (from Exanple 4(2)), and 1 nlL of
aceti & aci d Anelyss eaicuiatedfor ConHasCNyer reflux for 14 hours, and the

solvent is rem)vgg under vacuum The residue is then dissolved in water
and washed with BE04Hha-95bed2861 ayer is made basic with aqueous

ammoni a, angt,h Ugkes LO@URE 14 8,extracted into fresh EtOAc. -
Chr omat ograpk?y %z_nc% um4‘r51§’) S'Cei?tuﬁ‘ r11%§3'v| th hexane/ EtQAc (1:1), then gives

0.81 g (56% of the title conmpound (Conpound 14): np (MeOH) 154-155C. 1H
NVR [ (CD3) 20 : $. , H _exchangeabl e . wth.D NH, 8.87 (s, | H,
H4), 7.71 (br d,%'(?’k:'i)g‘?'@gﬁﬁ’&‘?“ﬂfﬁﬂxﬁﬂé‘?ﬁi'ﬂ%"te&ﬁ%é[[i‘i%‘ Hz, 2 H -
H2",6%), 10 6. Qdietisklamine)@héxylpherylimitof lﬁt‘ﬁzerid@n-ea?m{et , 4 =2.3 H, | H
H-4"), 4.32 (q, J=(.0Hz, 2H CHN), 4.00(t, J=6. 2Hz, 2H, CH2013. 80('s, 6H, CH30),
2.76 {4, 3= 6.2 Hymuguig of &g (2 mmod) of -amine-2r[[4-[RAdiethylamigplN) . 1.30 (t,
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= 7.0 Hz, 3H,CH3),0.98(t,J=7.0Hz, 6H CH3). Analysis cal culsat
C28H34C1LN604: 15)C 64( 85; 11 6.61; N, 16. 21. Found: C, 64. g'm%CEgb%%; 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 mmol) of 5amno4(ethy|amno) 2-[(pyridin-4- 20
yl)anmi no]pyrinmdine, 0.71 g (3 mmvl) of E:’et hyl 2-(3, 5-di net hoxyphenyl) - 2-

6 h d
ool cq. The BAMRTCBOACR 51038 6 1341 ﬂ?“gﬁ*""‘eﬂ%‘a% f%@&f Oﬁ)ﬁﬁrér?Qd
245- %hé%gcg’%gﬁfﬁ%m B AR S T R A B | ¢ win 020

NH), 9.02 (s',7 52-71-50(1’11,43}1,}1-3454(,5?(),738fd,51=986112321-1,}?3'2.‘|>_34 66’?{23}],6 /.83

(dd, J= 5. g%, H 2", 6"),

6.67 (t, J —053%3361(%4&6}{2)41 (l(rq,Jﬁﬁ.Sf-Jz,ﬁHIzCHQ)H CH2N), 3.81 (s, 6
15 March 2004 WO 01/19825

PCT/USg0/17O a’S'?Ecﬂﬁ%!FEPQJf%fF%%@m%% for C21H20N6OB C, 62.37; H, 4.098;

N, 20.78. Found: C 7 20. 56.
8- Cycl opentyl - 2- [[E ?gizge 56341% %?ghenyl]am no] -8H pteridi,n-7-one a)

2-[[ 4] 4- (t enFowidt Oy 6212B0HY$ Bai NEr®ss.n- 1- yl j phenyl ] am no] - 8
cycl opentyl -8H-pteridin-7-one t-BuO 52 11

11. 6—(2 &chhlorophenyl)—z—[[4-(dlethylammocarbonyl)phenyl]ammo}-
8-methyl-8H-pteridin-7-one
10 A mixture of 0.314 g (1 mmol) of 5- ammo-z-[[4-(d1ethylammocarbonyl)-
ph_eny[]ammo] -4-(methylamino)pyrimidine, 0.37 g (1.5 mmol) of ethyl
2-(2,6-dichlorophenyl)-2-oxoacetate (T.H. Kress, M.R. Leanna, Mthesis,
1938:803-805), and 0.4 mL of HOAc in 15 mL of 2-methoxyethanol is heated
under réﬂux for 16 hours. Following removal of the solvent, the residue is worked
15 up in EtOAc and chromatographed on silica, eluting with CHZClzlEtOAc (4:1)to
give 0.25 g (50%) of the title compound (Compound 6): mp (MeOH) 239-241°C.
THNMR [(CD3)2S0}: 8 10.63 (br, 1 H, exchangeable with DO, NH), 9.01 (s,
-1H, H-4), 791 (d, J=8.5Hz 2 H, H-2',6"), 7.64'(51' d,J=80Hz 2H,
H-3",5"), l7.56 (dd,J=9.2,69 Hz, 1 H, H4"), 739 (d,/=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 Ca4H22CINgO5: |
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,



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 no) pyri m di ne
10 (fromwao epysas i on 14A), 0.52 g (4 mmol) of butyl gl yopdmdsefimsd. 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 %Ot h aqueous ammoni a sol ution and

D e B0l Qo SRR ARRY, SRR A Rio R (e iy ane O
215- 217C. 1mmi&@1@tﬂ§ﬁilec&n 8 (Coin ohnl!LB?)iﬁ@gf[&ng!Zm-Mﬁcho, NH) ,
8.77 (s, | H 11-4),7.84(s, 1 H6)75(de91 2H, H2' 6)694(d,

J= 9.1 Hz, 2NNk 1

4.9 Hz, 4 H, mzm%(cﬁ%}és?iﬁﬁﬁ’,m'” ]Hoe%’gﬁéfgﬁ@ h]%&’ NP B | (m % H
cycl opent yl ' 1 . m 2 H,

C§C| oBent §I gl Hiﬁmz) S%G 27[4,Iﬁ 64’)H!9F%€/ %ggggﬂ%g’gngﬁifgac(% cul ated for
C26H33N703: J=€86&z,5H:LH!—3’6')71768I& 3H(§E43N):613r3c{m,@1{,({3{;951 12(brG, 90; N,
19.82. 15 Mar.ch 2004 PCTI USOO 17037 b) A solution of 0.15 g (0.3 nmol) of
2-[[4-[4- (te*’f‘?ﬂﬁm@liaﬁlﬁghyl) |

pi perazin-1- phen '-l]hm noj - cycl opentyl -8H-pteridin-7-one in 10 n., of
CH2CI 2 is tr e thﬁEEQﬁBHZIFﬂZ Hacetic acid, and the mixture is
stirred at roomt ngg gh_gr e%g_ ours. After rempval of the sol vent
under vacuum the # 424 =i ated with aqueous ammonia to give 0.112
g (949 of tﬂ‘lﬁmﬁ‘tt sfi:@rmwb(%rmound 16): mp (MeOH) 215-217C. 10 1H NMR
[ (CD3) 2509 : .92 (?) H, exchangeable with D20, NH), 8.76 (s, | H,
H4), 783(s I H, H—6) 7.50 (dd, J 9.0, 3.4 Hz, 2 H H2,6"), 6.92

d, 10 13.  6-(3,5-Dichloro-2,6-dimethoxypyridin-4-yi)-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



J= 9.1 Hz, 2 H H3,5), 565 (m | H cyclopentyl , 3@%&% ?04\] =
4.9 Hz, 4 H CH2N), 2.82 (br t, J = 4.9 Hz, 4 H, CHZN) 2.28

cycl open™o 1/198%5. 94-1. 73 (m 4 H, cycl opentyl) 1. 64- 1. 52qTmsod/1137
cyclopentyl). 15 Analysis cal culated for C21H25N70.0.5 H2O C, 62.98; H,
6.54; N, 24.48. Found: C, 63.32; H, 6,[?,(2_ N, 24.34. 15 March 2004 WO
01/ 19825 PCTI JS00117037 -77- 24. 2-] (3- Am nopyrrolid

in-1-yl)phe [
T P bt gt et o g iy 6l n v,

phenyl ) am néfutds with GHeGlfEiCse ($tlaite eiva%mé?’:‘%)mfm]w(tm eogpound70 g (1.5
nmol ) of 5-am no- 2-
but oxycar bo{:PEPOHB %}rfﬁlb(MG@m 183184¥%enyl ] ami no] - 4- (cycl opent yl ami no) -

R R S

h 1 f 4 h h | d und

yiibﬁi‘a The 1N 2 @Ehh@%t(hriqﬂa&@%mﬂgé&éﬁ?‘i “and extract ed
gives 021 § (B0 2of TR I HRlobbbancH S B Tty

226-228C. 14 FNEHHORBAN) G, J=54.9 Hi3 4 (H)'CH ijzmh&(tg,ezm,eycwﬁehqﬂ)?o 2NH) ,
8.73 (s, 151 H H4), 7.80 (s, 1 H H®6), 7.44 (dd, J =8.8, 3.4 H7,2 It

H2',6'), 7.198-1.B4 (ui, 4 H) cydogentyl), 154H,.5%mhHg)ewdddmentyl}. h D20 '3 H) 6.51
(d, J= 8.9 3 (m I H cyclopentyl CHN, 4.13 (m 1
H, pyrroli d%ys@%ﬁi’%’d@ I‘-:QFPIZ‘!_ 692" pyrrolidinyl), 3.34 (m 1 H

pyrrojq dinyl), 3. r dinyl), 3.03 (m 1 H, pyrrolidinyl),
2.28-2.19 (m 2 H?8C(§14C 70%‘@#9)?%3521.”1‘6 (m 1 H pyrrolidinyl), 20 1.93-1.73
(m 5 H, (mMFolnd, @)64:3%; Hlsp} Naprssycl opentyl), 1.63-1.52 (m 2 H,

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



cyclopentyl), 1.40 (s, 9 H CH). 15 March 2004 WO 01/1982% ﬁg{,g&gl 17037
-78 Analysis calculated for C26H33N703: C, 63.53; H, 6.77; N, 19.94.

Found: Cw@@ui$25 H, 6.74; N, 19.82. b) A solution of O. 14’@[(19)0&1803m’r0|) of.
2-[[4-[3-(tert-butoxycarbonyl 5

am no) pyrrolidin-I-yl]phenyl]am no]- 8- &l){c' opentyl -8H-pteridin-7-one (from
exanple 23) in 10 nl. CH202 is treated With I nlL of trifluoroacetic acid,

and the resp.ti rn;cguzspwﬁn.zq[ﬁimsmdnau-ymmnpﬂanﬁﬁatm%fi-?ferfai.h@ur .

After renoval of the sol vent he residue’is iturated W th aqueous
ammoni a to give O%1-diape( 1009 of the title compound (Conpound 17): np

Ve CH 197- 200 0.1 S S 9. ble
Wth D20 N o i pipre StOEA g Loy Sty pind Pt Rpgryiapin LA 9372 §
3.4 Hz, 21l (ntdqamhﬁ-atnyl);ﬁleﬁﬁi]éxdmo]pynnﬁd&eHad sanltlorhﬁmlﬁoﬂdwtﬁyl&&aiafe 114
cycl opentyl &1 pent et H, pyrrolidi nyI CHN), 3.39

(m 1I 5i-|d py lr‘P 3p|“§r ﬁtﬂ‘)? ogyethanols @aﬁd Unﬁ?’rfPﬁF’F fﬂfﬁy'!‘)ms andtheq egoled 19

D open o roS A nto U 1525 OU Sl

a1 cul ated 1 or SSIEIRAESOY S B 80 10 Gishbieabie i IROOREN Yo e B 51 ©
62.41; H 6.Ph; eﬂhar?géalﬁé vafh ]?95@ iygﬂ@l mnp%pﬂgg) prﬂ{g{@qj L1g manal ogous

fashion are as follows: 8-Cy¢lop 4-pi per azi n-
| -yl - pheny!| aHNE)2 %), 890{(d Y0 9-1 420y Frisds 576@ ntet, J
2-[4- §4 Acet yl - pi per)a2| nl((!tl é& ME)I%lgnﬂll’am noI 8- cg‘% oet’entyl 5- rreH'hyI 5, 8-
di hydt® eHmyelopmleﬂbﬂeﬂ t, -‘[47HZ,4H, H70),3.03 (brt,J=47Hz 4H,
1-[4-(8- Q/clo ent yl - 5- net hyl - 7- ox tetrah%/dro pter|d|n2
CHN),2.21-2, 11 (m, 2H, cyc]opentyl) 197-1 84 (m, 2 H, cyclopentyl),
1.84-1.74 (m, 2 H, cyclopentyl), 1.63-1.52 (m, 2 H, cyclopentyl).
Analysis calculated for Co1Hp4NgO3:
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-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),



yl am no) - phenyl ] - pyrrolidin-3-yl }-3,3-dinethyl-butyram dejs March2004

8- Cycl op thyl -2-(4- m)rphol I n-4-yl - phenyl am no) -5
6H pteri 2’96 hi/n(?‘;krztgere 8-cycl opentyl - Pgn% °°y17037

(4-[4-(2-hydroxy-ethyl)-pi perazi n- 1 yl]-phenylamno }-5- 30
met hyl -5, 8-di hydro-6H . pteridin-7-one; -5 March 2004 WD 01/19825
PCT/ US00/ 170

8- cycl opent y?Zy{%I[LAlCI(IQL Hydr b4 (s 45 syclopentyl)d 6yl 5B (BF Hein- 1 yI ]

phenyl am no)c c§ é, | -5, 8-di hydro-6H pteridin-7-one;
1-[4-(8- Isopr}"opfg‘ria et hyl - 7- oxo-5, 6, 7, 8 tetrahydro-pteridin-2-ylan no)-

phenyl | - pyrrAhalglsmealaut@&dlf@txaﬁiﬂgﬁwcd but yl ani de; 5
{4-[4-(8-Cycl opentyl - 5- et hyl 0xo0-5, 6, 7, 8-t et rahydr o- pterldln - 2-

yl am no) - phenyl] - pﬂpéﬁaﬁ;liiﬁ;'yn}l zmtaa ic acid; and

6(26D|chl r o-.3- y-pheny. thyI2(4rmrphoI|n4yI o
phenyl Am no)*= %‘Fl—dpt 2991?’51% gﬁg- LE 6 10 The pharnmaceutical utilities

of pteridines of this i nvent ion are established by the follow ng assays
for kinase inhibition. We 1 OY assax_ These ki nase assays are carried

out on 96- wel$ fu?‘@ﬁ‘omem!é‘-?mhw-aoﬂ%{ meshylpipsoeniedsy)phenydominglr | L

ki nase assay buff ld pH 8.0, 10 mM 15 Nad, 10 mM MyCl2, 10 pM
ATP with 0.25 [erﬁ’é ?%%?XTP -1 nMDIT) with 0.1 pg purified N

-terminal tr uncatAdn\Mnfe bf @.ﬂd?g(bgarpdwf SraminoRH(ryeldpehtyianine)-2PR66H) . The
assa S start addi.ng, ATP nd cubat,.i ro mte rat re for 20
m nu%/els Wi t hmg ‘#é I eﬂ}p@ﬁ@ﬂ EE'HE‘I’ “’c’é’ q}\ﬁ S&Ig %oé(u?“‘ﬁhyl ce-

cold 20% TCAp)G'ﬁGdtSHﬁ(PO@GﬂE HOACio ¥ {dF Mol Nhﬁ!&@? Ui Y ﬁ%?{}%??&‘ﬁ&& and 20

'shaking the resultant mxture for 1 mnute. The plate is en i néubat ed at
4C for | hownd theselvensus emsved nndes vpewuh Trestiment aﬁbs ecsjiluatvath aqueoushen

washed 5 ti nﬁﬁmgﬁltat}olutton gives a solid which is collected and dried to give 0.39 g (93%)

of the title compound (Compound 9): mp (MeOH) 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-z-[[4-(4-methylplperazm-l-yl)phenyl]ammo]—SH 8H-
. pteridine-6,7-dione :

25 A mixture of 0. 367 g (1 mmol) of 5-annno—4-(cyclopentylammo)-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. | |



200 pL ice-cold 10% TCA and with 0.1 M sodi um pyrophosphatg ysichYash-
Twenty-five mcroliters scintillation liquid is then added to each well,
and the WO#149%828 counted in Wallac's M croBeta counter 1#68msigsis 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 evatuation were performed in 96-well

cont af i ng. & Tk KGRBY LA g 130 i R RO 3500 2o 10025
PCT/ US00/ 17037, -8Q- (tri ' h | H 7.4, 50

NaCl U 1 M dﬁ%ieﬁ%ﬁé‘%{b@s‘g"w%%&F@&h?&goﬁﬁ%ﬁ)&%ﬂgt&EF@O szg a of
appr opt 1 at o AFPEEPSHE ot @Y cehbliar P eemth frck bont B T "

conponent s exefipentyd CH)TR0086:Q, Addpg 1y, Hﬂ@l%ﬂﬁ?b!ﬁ GG tPeppl afe wes

pl aced on a plate mixer for 2 mnutes. The- reaction was started by addi ng
[ 32P] ATP andCHhN),2.22 ¢, B, WHY)eD 1642 PHE,f0H, dRldpentyl)e$.99-1] @3gti on was
termnated by addition of 0.1 nL of 20% TCA.~ai%hdeﬁegt?gte was n{épfﬂat 4C for
at |east 1 heyslopentyd) 1 84-1 Fe(rs ubH] cydapentylpn €6 D52 ah 2 HIGRIopehtyh. were  t hen
washed five {ines w,th O. : nNT d 32P incorporation 10 '
det er ni ned vﬂ%ﬂs%fgaﬁf@?g&%ﬁ%}iﬁg}éZm&éc Inc., Gaithersburg, -
Maryl and). 3. PDGF { ept Jyrosi ne Kinase Assays Full-1length
cDNAs for the mus_ggg&il%‘é;g%e}ﬁu%%&FG:-l (flg) receptor tyrosine kinases
wer e obt ai nefbdndonC) 61 B8cHP&dS NP g0.epared as described in J. Biol.

Chem, 1991; 262: 1482-1487. PCR prinmers were designed to 15 anplify a
fragment of DNA that codes for the intracellular tyrosine kinase domain.
The f1mgnent20)as $-Cyelopestyl-2t (pyridRCAlyDiinii)-82ThidinoRbsans ected with

AcMNPV DNA, and the reconbinant virus isol ated. "SF9 insect cells were
i nfected-with theAgmixtpse pb0.334 8 &k 3memel) of §-amine-dr (eyclopeatylaminoplt | ysate was

used for [(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 give 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, H4), 8.44 (brd, J = 64 Hz, 2 H, H-2'6"), 7.99 (s, 1 H, H-6), 7.76 (br 4,
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



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

[err]L/i r{?ﬁgﬁj%ﬁ%n/ml ), and 20 conditions were optimzed to neasure the
i ncor por a 1#P532P from y32P-ATP into a gl ut amat e-t yr oBCRESBHLIOH yner
substrate. Briefly, to each well was added 82.5 pL of incubation buffer
containing 25 nmM Hepes (pH 7.0), 150 nmMgNad, 0.1% Triton X-100, 0.2 nM

PMBF, 0.2 nM Na3VO4, 10 mM MiCl2, and 750 g/nL of Poly (4: 1)
gl ut amat e- t yetbyliZ6,3-dimashexyphenyl)-B-okoasktaten(iiasm Esampledi(Z)5arfsl pinLaff enzyme

| ysate (7.5 -pL EGEL TK 0.a/lerr]L PPDGF.TK) to initiate the
reaction. Fo%%égma%g lﬁziﬁﬂ‘%ﬁ&l&f I%ﬁ%ﬁb‘&b?’dﬁ&gf:fofgdhofﬁ% ﬁﬂ‘sg?“?l}e?'iisATP (0.4
G plus 50 gModddPindevaamhee THeQeskfie!ls tehldissaREd ftvile SndVofasheditipat ed for
an additional_ 10 mnutes at 25C. The reaction was term nated by the

addi ti on of H&MGThepquesys inger isaradgibasia vithaaprousammenipyandshespidat e and

precipttatio : &%&,? I : ' t VWal lag).. Filiers were
vvashedsthree&'tofh%%slg)é\’ﬁdt 5@8'9&3?@%%%?3 V%h%%?ggfé “@E‘Ff‘@s@ﬁ?’i&\ﬁf} -81- 15%
TCA cont ai ni xad@BtOi 6l thenpives 0I81SP{58Y6). of dictild\eonislindact i vity ret ai ned
on the filters counted in a Wallac 1250 Betapl ate reader. Nonspecific
activity vvas((gi!ﬂ?‘ﬂﬂ!ﬂ 14): mp AMEOHD; 158t A557@t ai ned on the filters fol |l ow ng

hCtivit iy:? e AR o0 216 1Sl LB Pramablevin Dga”ﬁud %f’sﬁﬁi”:t '
Cpecrtic not T8 Hrbny7a b6 oot Wa2 mdle B 2a2 WU A gk, 2 Rt 1 on
curveyp4. C-égg((fi_]n_aglq}.s&z?g.gq{_ 0§o?j(‘6_é§ @Qﬁgz\@aﬁzpyﬂfgi_e@ﬁbi 59 bacul ovi rus

i nfected insect Cell si ng an antipep nocliBnal anti body
di rect ed agaln3t0 Hhe2 H; CHpN), 00 @yd #6.2 Hej 2H, CH30)3.86 ()% B-GHJOopf c-src.
The anti body, covalently linked to 0.65 pm |atex beads, was added to a
suspensi on 037§ ﬁséftﬁ-uiéZW%mm.ﬁé(q,dmﬁrliHadl BfCHABY, 130 {aCl, 50 nM
Tris pH 7.5, 1 _nmM.DTT, 1% NP40, 2 nM EGTA, 1 nM sodi um vanadate, 1 mM
PVBF, | g/ m BddhHa3 HeGHabiO 98 (tpkpd O30, HAGH3).

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). ,]



15 aprotinin. Insect cell lysate containing c-src protein wasubhaulghed
wth these beads for "3 to 4 hours at 4Cwith rotation. At the end of the
| ysat e | NCQBHIMBE, the beads were rinsed three tines in ¥GRUSOONGINTEr
resuspended in lysis buffer containing 10% glycerol, and frozen. These
l'atex beads were thawed, rinsed three .tines in assay buffer (40 nMTris,
pH 7.5, 5 mM ngd 2) and suspended in the 20 sane buffer- In a MIIlipore
96-wel | pl atAnalysiscaiculatébfop O Hob¥yOgy!l i di ne  menbrane bottom were added

t he reaction conponents: 10 p L Csrc beads, 10 pL of 2.5 ng/nL poly

A uTyr substrate, G @MAHIR4BMNRATEG 0.2 jC | abel ed 32P-ATP, 5 gL DVBO
cont ai ni ng inhi bitaqr ) ) t control, and buffer to nake the
final vol ume °1'3% p &IﬁLPﬁgaﬁ?\ghg%gs started at roomtenperature by 25
addition of the ATP and quenched 10 m nutes |l ater by the addition of 125 gL

of 30% TCA,,.O. 1#51%& um‘ggr Qsphate for 5 minutes gn ice, The plate was
then filterdd afaCyHersytZl rhyDphenykigmipol 8 Hpteriding7-ongo, TCA, -

0.1 Mg pyrophosphgt ea. thopel ‘ bedn hpea |1 quid
scintillation cgﬁnt gr[jfhgﬁgutﬁ@tgg%}g&ﬁmg ?orP?ﬂR?%@?@ng ?i vity in
conpari son to a knowaydopdniyk-$HipseridimeTrone erbstatin. The nethod is al so
described in J. Med Chem, 1994;37.598-609. 15 March 2004 WO 01/19825
PCT/ US00/ 17037 -82- 5. Cyclin-Dependent Kinase Assays (cdk2/cyclinE,
cdk2/ cyclinA, cdc2/cycli ) Enzynme assays for | C50 determ nations and
kinetic evaluation were pRgrforpged in a 96-well filter plate (MIlipore
MADVNG6550) in a total.pyo 0.1 nL of 20 MM TRI'S, pH 7.4, 50 mM
NaCl, 1 mMdithiothreitol, 1 mM MgCl2, 12 pM ATP containing 0.25 G of

[ 32P] ATP, 20 ng of enzyne ((e{i\t\he dk2(cycl i pea~ed clinA or
cdc2/cyclinB), | p.g retinobl astons, app opril te | utions of the
particul ar invention conpound. All chgp n-

18]
H

52

N

A mixture of 0.82 g (1.8 mmol) of 5-amino-2-[[4-f4—(tert-

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).



except the ATP were added to the wells, and the plate was p|sg % % pl ate
m xer 10 ‘L@&yz m nutes. The reaction was begun by addition of ? B%PR P, and
the plat " RAY P8 cubated at 25C for 15 ninutes. The react PEHUSHMI0F 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 precipijqate. The wells were then washed
five times with 0.2 nL of 10% TCA and 32p incorporation determ ned using a
beta pl ate cdralyses cgliadated for QsHapN70%Gai t her sburg, Maryl.and) Several of the
i nvention conpounds exhi bited good inhibitory activity when evaluated in
the foregoing assafs63-83 iy 9.d&tN.at%¥. by the data in Table 2. In the table,
t he col unms . the 1w i1gs: C-src neans C-src kinase 20 FGF
means full Iﬂ‘eb%\g?h ?T %%'g%’llg‘g'agrm actor receptor kinase PDG- neans

pl atel et derived growth factor kinase CDK4D neans cyclin dependent ki nase

4/ cyclin D1 conpl C;QK% .nmea yclin_depe &%_: ase 2/ cyeclin A conpl ex
CDK1B neans cycl itﬁxdepeﬁ ﬁﬁ%?ﬁﬁé?&@ﬁﬂ% nor}%e_@%_ (%?%%O’@B%/{%@ﬂb‘ans
cycl i rs depe maziﬁq1ngameamminbps&ye@pmﬂmm&&jdiﬁmﬁnetiﬂqo?ﬂ.ﬂﬁp ntration of
t est corrpoum;hl mcr 0"3'28@ to_inhibit the activity of a specified kinase
by 50 percert'?24'2 IREFalg A pp of triflucyoacetigycidrand the mixtgry iysiGed #2037 Cnpd
VEEI Of C-sr %og:%erﬁggnne 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. _

10 TH 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 (br t, 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).
15 Analysis calculated for C31HpsN70-0.5 HyO:

>

C, 62.98; H, 6.54; N, 24.48.
Found: C,6332;H, 6.29; N, 24.34.



CDK4AD CDK2A CDK1B CDK2E No.I1C50 IC50 1GC50 1C50 1C50 1G50
g s

(wn) (pm (pmM (pmM (pM (pm (pmM (pm) 1>50>50>50>50 20. 14450. 057> .
3>501. 5330 55 40. 86050. 015690/, @50.70 5. >50>5038%EHEN0/17037

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. 047%2 7841 10>503457% @ 50>500. 441. 848-
11>501131‘V@>501 250. 036. 0.3540.05 121.°010. 3825. 4 134.490.5017% @5 1430

15 163. 30. 0ZAO 1&9[:154{3ﬁﬂmmopyrrohdm-l-yl)phenyl]ammo]-&cyclopentyl—SH-
pteridin-7-one
a)  2-[|4-[3-(tert-Butoxycarbonylamino)pyrrolidin-1-
Yl]phenyllamino]-8-cyclopentyl-8 H-pteridin-7-one

t-BuQ

-

HN

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)- .
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

10 under reflux for 14 hours, and the solvent is rémoved 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,

15 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),

20 1.93-1.73 (n, 5 H, (m, 1 H, pyrrolidinyl and cyclopentyl), 1.63-1.52 (m, 2 H,
cyclopentyl), 1.40 (s, 9 H, CH3): - : .



1752. 190. 04350. 0940.41.9 1 5 March 2004 WO 01/19825 PCT/ US%%&;%,Q%&QE%4
Table 2 (cont'd) Crmpd WEE J OY C-src FGF PDG- CDK4D CDK2A

(NSW{ (Cg%l(prr)(prr)(prr)(tun)(pn)(tun) 18>50200. 23 197. 41. 45 207.070.12 21..

I C50 1 G50 1C50 1C50 | G50 PCT/US00/17037

6.8.0. 054 22>50470. _78.

10

15

20

25

30

~ Analysis calculated for CogH33N703:

C, 63.53; H, 6.77: N, 19.94.
Found: C, 63.54;H, 6.74; N, 19.82.

b) A solution 0f 0.14 g (0.28 mmol) of 2-{[4-[3-(fert-butoxycarbonyl
amino)pyrrolidin—I-yl]phenjrl]amino]-8-cyclopentyl-8H-pteridin—7-one (from
example 23) in 10 mL CHyCly is treated with 1 mL of trifluoroacetic acid, and the
resulting mixture is 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.

TH NMR [(CD3),S0]: 6 9.82 (br, 1 H, exchangeable with D70, 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)

2.28-2.18 (m, 2 H, cyclopentyl), 2.07 (m, 1 H, pyrrolidinyl), 1.98-1.66 (m, 7H,
NH;)_, 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, 24.33.-

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;
- 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- _
methyl-5,8-dihydro-6H-pteridin-7-one; | | -

>50



23 244.35 52>501.80.534.5 53 620.077 The foll ow ng exanpl es15f,ﬂ£|tcn%o4 _
iI'lustrate typical pharmaceutical formulations provided by thrs invention.
Exanpl e W@oupeati on of Pharmaceutical Conpositions 5 1 pcfupdarsgceutical
formulation in the formof hard gelatin.capsules for oral adm nistration
are prepared using the followi ng ingredients: Quantity (ng/capsule) Active
conpound250 Starch powder 200 Magnesi um’St earat e10 Tot al 460 mg 1 5 March

2004 VWO 01/ 19825 BeTéldaR@lol {AR (- 8hNAVE iR i e argyni xed and

filled into hard gelatin capguﬁég %Eﬁ%%—g _ qt’JantnF%ll @?'S%%gpl}?lﬂ active

i ngredi ent iP&heﬁ)d@@JW}dﬁ-wﬂUisﬁpﬂwélhydr))-%i@tﬁddﬂﬂ-one; i 7 "

di et hyl am noet hoxy) r nyl am po] -.8-n- but yl_- ter di n-7-one. e

conmposition is adlﬁ 'nfﬁs‘f@/@&% ?—&%ﬁtlyl-?laow-g,p%tegr;g : °fSIHF"qlP'@a)flﬂ'Erl°)'of i ont

post sur gi cal phehyl B8hdifié-S-carboxyRE Bl Bl iger al Suspension | ngredien

Amount _ S- Sepc- gﬂtﬂ-@ - 2- phenyl am'xg'o- 8H 6-(2,3- 500 ng difluorophenyl)-7-one
5 {¥l~[4- 8-Cyclopentyl-5-methyl-7-0x0-5,6,7,8-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.

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 [-32PJATP, 1 mM DTT) with
‘ 0.1 pg purified N-terminal truncated Wee 1 and 6 ug 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



Sorbitol solution (70%N.F) 40 nL Sodi um benzoate 150 ny +Zppghaldons 10 Mo
Cherry Flavor 50 nmg Distilled water g.s. ad 100 nL The sorbitol so utlon
i s added WO UB'HE of distilled water, and the naphthyri dPEEUSENVENSDended
therein. The saccharin, sodium benzoate, and flavoring are added and

di ssol ved. The volume is adjusted to 108, with distilled water. 10 Each

mlliliter of syrup contains 5 ng of active ingredient. The suspension is
wel | - sui t ed(tfisfhydroemethgl]amineatetiemt), an gH. 4\56nhMONaCff 1 aiMelithighreltolsi S. 3_
Tabl ets each containing 60 ng of active ingredient Active ingredient60 ng

Starch45 ng MCMGI%IEQSIM'E%WMZMCWH%IM]P @Pmegoifi done (as 10%
solution in .4 ng water) 4.5 ng Sodi um car boxynet hyl starch Magnesi um
stearate- 0.Gkdfyvin By compiexTditig of rgtipblaptomeeandoariprepriategtibtioanofa st ar ch
and cel lul ose, are passed through_a No. - 45 nesh U S.. sieve and m xed

t hor oughl y. a9vapasgd @f thsrPresentigrention, Al Gommonemrsn exgept the ARBwareddded  he
G anul 2. ar o Cdry 25G nd BRLIREIRS ikl B ite Bitper Koy FTiiucs, Tog rjollSF; £7°
March 2004 Vﬂ@&ﬁ&ﬁ?ﬁa&ﬂﬁg [O2PPA Q3 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 pezformed in 96-well plates (100 plfmcubatlon/well) and
20 conditions were optimized to measure the incorporation 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



-86- sieve. The sodi um carboxymethyl starch, magnesi um st eays q\plg,g 629 gatalc,
previously passed through a No. 60 nesh U S. sieve, are then a H to the
granul es whierims2s after mi xi ng, are conpressed on a tabl et paREBIOMCed70 Vi 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 tredlnent of psoriasis. 4. A parenteral

: db
conposi ti on B trel &);ﬁﬁﬁ ng(iml) %ﬁ%?ﬁhhﬂ}r;@%ﬁdﬁ@*ﬁ&%ﬁ%& %d[o%h?\g@rl ed by

di ssol ving 100

met hyl pi per arzianggoytlthe ﬁﬁ@nybmdlm]&mdllm 1250 Betaflateneaden. Ro@padifiof 0. 9%
aqueous sodi_y hl ori olutj.on _.and adju of the solution to
about afﬂ]}’]g Y Va1 ﬂgﬁrﬁﬁiaﬁ Fadiactaty reé%ljf'?‘i a%rél’fqli%g’ltﬂf"@’é‘!&r’éﬁ‘ﬂ aypn efncer,

for exarrpl e sbmpmwﬂmmcnhwéﬁya.e rspeﬁ’ﬁ%teazﬁam@&ouvﬁ& epRfsC nomas,
col orectal cancer, and small-cel Iung car ci nona. tron for

Suppos? t or i duffar)was defined)es ot a@@ntyfmmus nonspecific actmty The coneentratlon

nyar ocnl of i §4 s epBBE ERnkBReR Sacsi ety B st Ik et eried o i 1y a

60C. The m )Hawdeonﬁle(i‘ﬂﬁﬂuﬁdnbm84C I n tapered nolds- Each suppository wll
wei gh about 2 g and can be adm nistered froml to 2 tines each 20 day for

treatment of inflamuatory bowel disease. 6. Topical Preparation
| ngr edi ent Anpunt (g0 Kidsé Axbayd- (4- met hoxyphenyl am no) - 6- phenyl - 20 8H

pteridin-7-one Propylene dycol 100
C-stc kinase was purified from baculovirus infected insect cell lysates
10 using an antipeptide mon_oclonal 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 components: 10 pl. C-src beads, 10 pL
of 2.5 mg/mL poly GluTyr 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.



Whitt Petrol atunb00 Cetearyl Al cohol 50 G yceryl StearatelOQsRESch98
St earat €100 Cet et h- 2050 Monobasi ¢ Sodi um Phosphat e80 TOTAL 1000 WO 81/ 19825

-87- The ¥BN®@I82Hgr edi ents are bl ended to uniformty int oPCI/ESESAMINd

applied topically for treatnment of nelanoma. 15 March 2004 WO 01/19825 -88

CLAI M5 What

R PCT/ US00/ 17037 5 and pharnmaceutical |y acceptable salts, esters; anides,

is clainmed is: 1. A conpoung of the fornmula R2 INl WN

-N'

and prodrugsS. t he€Cxdin-Rieperdent Kinase Adshysqed Sy dinESelk2/cydinAs: C1- C10

al kyl, C2-C10 al ke‘g
COR4, (CH2) n- het ef

10

15

20

I
%(‘JSYF,"' d (CH2) n- het er ocycl yi , |
Enzyme assays for ICs5q determinations and kinetic evaluation were

performed in a 96-well filter plate (Millipore MADVN6550) in a total volume of
0.1 mL of 20 mM TRIS, pH 7.4, 50 mM NaC}, 1 mM dithiothreitol,

10 mM MgCly, 12 uM ATP containing 0.25 pCi of [3?P]ATP, 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

 for2 minutes. The reaction was begun by addition of [32P]ATP, and the piate was '

incubated at 25°C for 15 minutes. The reaction was terminated by addition 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
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 following meanings:

C-src means C-src kinase

FGF means full length fibroblast growth factor receptor kinase

" PDGF means platelet derived growth factor kinase

25

. 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
CDK2E means cyclin dependent kinase 2/cyclin E complex

ICsp means the concentration of test compound in micromoles to inhibif the

activity of a specified kinase by 50 percent.

-C10 al kynyl, C3-Cl10 cycl oal kyl, 10 (CH2)n-aryl,

18



wherein each of the foregoing alkyl, alkenyl, alkynyl, cycleaikyho00ary!.
heteroaryl, and heterocyclyl groups can be unsubstituted or substituted
with froWe@ol/adsssubstituent groups selected from (a) habogesectzoih)

am no, al kyl am no, and di al kyl am no (c) al koxy, am noal koxy,

al kyt am noal koxy, and 20 (d) (e) (f) ..(g) (h) (i) dialkylam noal koxy
phenyl, substituted phenyl, phenoxy, aftf substituted phenoxy hydroxy thio,
al kylthio- cyano nitro al kanoyl, am pggkkanoyl, al kyl-am noal kanoyl, and

di al kyl am noal kanpoyl .15 March 2004 WO 01/19825 5 10 15 20 25

PCT/ US00/ 1703¢mpd |WEE10Y]{ C-src | FGF PDGF | CDK4D |{CDK2A|{CDKIB | CDK2E

No. | ICsq |ICsq ICso | ICsp | ICso | iCsp | ICsg | XCsg

(um) j(um) | (um) | (um) | (pm) | (pm) | (um) | (pm)
1 >50 >50 >50 >50

2 0.1445 | 0.057 >50 1.7

3 >50 153 | 54% @5 | 1755

4 0.8605 |0.015|69% @5 | 0.70

5 | >50 | >50 |38% @5 | >50

6 | 0987 [029 | 0.05 313

7 1 >50 |847 [33%@5] 1195 | 006 | 0.064 0.65

8 >50 | 335 [41%@05| 6 | 0041 | 026 0.95

5 | >50 3 [91% @03]59% @5 0.047 | 2.78 41
10 >50 | 34 [57%@50| >50 | 044 | 1.84 | 8

11 >50 11 {31% @5 | >50 1.25 | 0.036 | 0354 | 0.05

12 1.01 038 254

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




-89-- (j.) am nocarbonyl, alkyl am nocarbonyl, and di al kyl am1@%§rgpga?ﬂ (k)
am no- C3- C7 cycl oal kyl car bonyl, al kyl am no- C3 C7 cycl oal kyl car bony

di al kyl anfW®Y¢¥8287  cycl oal kyl carbonyl (1) COzZ, CCRZ, SOZPCIASH/1MAY PCBZ
where Z is hydrogen, hydroxy, al koxy, SQZ, |ower alkyl, substituted al kyl,
amno, alkylam no, dialkylam no, piperddinyl, substituted piperadinyl;

nor phol i nyl, substituted nmorpholinyl, piperazinyl, and substituted
pi per azi nyl (r’r) a car bocyclic grouﬂ‘atzleat(amtrd)g from3 to 7 ri ng nmenbers,
one or two ich-mayv be a hetergatomselected fromQ or N and wherel n

t he carbocyc FE’I’% WEHE 1R Crsee [ udiGE ¢ ¢ RRGKY [ GPKORCDR 4] DN 18| (GDK2E
substituent -gri8ups defect #Gs¢ [ odCs¢ 1 lf@j(pgeriCﬂ(Z 168ygirioX@so 3) 1&g |
am noal kyl Wl kyl | a i Bl kyd Bm_ noal k 4) tr or t hy| al lkox 6
am no, al>lkyl am Xn @?‘gfk ,kpérﬁ} m,(’"g krykﬂﬂ')( 1) mei(?) A, ('6%32'(%%& SQXZ,( )
or POBZ (8) arld [9)>Met brdhr I 4280) [(cH2) | norphplino | (11) {(CH2)
pi perazinyl [(12)](CH2)n| pi pefadinyl | (13) [(CH2)njtetrazol yl-j(n)

trifluoronet hyl9, 7.4 145 :

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



R4 and R6 are: 30 (a) the sane or different and are indeperq@qmg,lcxzhpgjrogen
hal ogen, |ower al kyl, or |ower al koxy, substituted al kyl, (CH2) kenyl
(CH2) n 13VQAF¥822004 WO 01/ 19825 PCT/ US00/ 17037 5 10 - OPCTASHPATZT

(CH2) n-cyano, . amino, am noal koxy, phenoxy, hydroxy, trifluoronethyl,
nmono- or di al kyI am no, nono- or dial kgbam noal koxy, thiol, thioalkyl,
nitrile, nitro, carboxylic acid, carboxylic acid esters, carboxani des,
S02Z, PGBz, CQz, Tieazbpve mgkdicmts a:eaiﬂ&myllﬁlledmtbdﬁai Qemidca autesim- C3- C7- -

cycl oal kyl ¢ and nono- X i al. kyl am pocar bonyl b) the sane
YTt o) o el aiastiine SR ialackiye terpientis § (5 bbb 2 S4031
aryl al kyl, qietﬂﬁﬁﬁir%ﬁwxﬁi-ﬁxén%aﬁﬁﬁé]eﬁ-ﬂ-bﬁgﬁ Hagﬂéhdﬂlnﬂoné"qth%r oaryl ' s

unsubstituted or substitlte roups selected from hal ogen,
hydr oxy, | ommpasmyn 1s aslpisisieradt fean altwlt;mesal dagrigt treambsttdftpostsargivhkeny|

al kyny , l}%{}%ﬁo%ts(ad al kynyl, lower al koxy, am no, nono- or dialkylam no,
trlfluororret Bhi ol , thioal kyl, nitrile, nitro, carboxyltc acid,

carboxylic acid esters, carboxam de, SO3Z, and PQ3Z; 15 R8 is: (a)

hydr ogen, ‘| gner (CH2) n- al kenyl , substituted

al kenyl , (CH2)n- gilth‘l Fahl?ﬁtl%{ar%&i; l%’hﬁlkynyl or a (CH2)n- carbocyclic
group contai ni ng from3 [ nenbers, up to two of which nenbers are hetero
atons sel ected from oxygen arigRdient t r ogen, wher ei MAsmbgntcar bocyclic group

i s unsubstituted org-s@.lhﬁfuz_yﬁ@gm{“ﬁ@ggn@.@ gyvo or thr_;@@mgr oups sel ected
fromthe gr oup difluorophenyl)-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 carboxymcthyl starch 4.5 mg
Magnesium stearate 05mg .
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.



consi sting of hal ogen, hydroxy, |ower alkyl, |ower alkoxy, fgﬂﬂé,g &004am ngS

CQz, (C02Z, SOz, Sz, P@BZ, nono- or dialkylanmno, aryl eteroaryl;
(b) (CH2}WOMYPP8FCH ) -heteroaryl, arylal kyl, or heteroar ytmsw;"mmerel n
aaake30ryryywerin nn, ,, each aryl or heteroaryl is
unsubstituted or substituted with up to,.5 five groups selected fromthe-
group consisting of hal ogen, hydroxy, ?%wer al kyl, substituted al kyl,

| ower al koxysiewailhe sodmmmarbo&ymdlh&l Sty ohTinBgnesiuim §t&ﬂﬂt{eﬁ£§ﬁtlt|5hb| ﬂe@iolhﬁ |y|
i 0 i oal ky

substituted _al ke ubstituted al ky
nitrile, ni t??ﬁsedltg}/‘wﬂ‘ %@é@?ﬁi’)l@@ &‘9‘8‘25@1@# Q&éﬁqmgmwbagboxygl c
aci d, carbox Q{g’ ﬁgﬁ@ S an
PC3Z; and n ixiérg%lﬂﬁiﬁf aejger P?egsﬁé&%nb@i& % iz Fovid ﬁta?t %we!§ her than
hydrogen or 150 mg.
5 A typical active ingredient utilized in the above preparation is the _
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 '




Cl-C3 al kyl when R2 is nethyl, ethyl, or acetyl 5 with the1@q@,hﬁ90?3at
when Wis S, R2 is not nethyl or benzyl. 2. A conpound of th ormul a

and phar Y@ eU19823al | y acceptable salts, esters, am des, anpcpuseuags 10 ;, 15
20 25 thereof: wherein: R2 is: Cl-Cl0 al kyl C2-C10 alkenyl, C2- C10

al kynYl, C3-C10 cycloal kyl, (CH2)n aryl., COR4, (CH2 heteroaryl, and (CHZ)-
het erocyclyl, wherein each of the for&Yoing al kyl, al kenyl, alkynyl,

cycloal kyl, ar ylTherwoeéﬁag&edmm@&«ém@fd@a%uﬁr&hn@n%%&ﬁ@mhﬁamwbst i tuted
or substltuted with from1lto substituent groups selected from hal ogen
am no, al ky!taaicaldy fcart@am@mﬁ/mahmma al koxy, ani noal koxy, al kyl am noal koxy,
and di al kyl am noal koxy phenyl,- substituted phenyl, -phenoxy, and
substituted phenoxy hydroxy thio, alkylthio cyan nitro al kanoyl,

am noal kanoyl , al kyl am noal kanoyl, and di al kyl am noal kanoyl- 1 5 March 2004



WO 01/19825 PCT/ US00/ 17037 -92- (j) am nocarbonyl, al kyl am4aqg. EP%M& and
di al kyl am nocar bonyl (k) am no-C3-C7 cycl oal kyl car bonyl, al kyl'am no- C3- C7
5 (1) 10(WPuf88250 25 cycl oal kyl carbonyl, and di al kyl am nBCIZ!ISQIVI‘ms?

cycl oal kyl carbonyl - CQOzZ, CQ2zZ, SOz, 8022 and PG3Z, where Z is hydrogen,
hydroxy, al koxy, |ower alkyl, substi tutﬁg al kyl, am no, alkylam no,

di al kyl am no, pi peridinyl, subst I tuted “piperi d| nyl, nofpholinyl, .
substituted norpholinyl, piperazinylCLAIMSsubstituted piperazinyl a
carbocyclic group containing from3 to 7 ring nenbers, one or two of which
may be a heteroatom selected fromO or N, and wherein the carbocyclic
group may be Whabitdlaitedds:wi th one, two, or three sub stituent groups
selected from (1) halogen (2) hydroxy (3) alkyl, aninoalkyl, alkyl and

di al kyl am noal kyl  (4) trifluoronethyl (5) alkoxy (6) am no, alkylamnm no,

di al kyl am noJ. al kArspoihd of tHe forofefl, CO2Z, SOz, SQ2Z, . or PGBZ

5 and pharmaceutically acceptable salts, esters, amides, and prodrugs
thereof, wherein:
Wis NH, S, SO, or SO5;
R2 is:
C1-Cqo alkyl, Co-C; g alkenyl, C5-Cjg alkynyl, C3-Cq cycloalkyl,

10 (CHp)py-aryl, COR4, (CHp),-heteroaryl, and (CHy)y-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



(S) aryl (9) heteroaryl (10) (CH2)n norpholino (11) (CH2) mm%ﬁ@gb@yl
(12) (CH2)n piperadinyl (13) (CH2)n tetrazolyl (n) trifluoronethyl;

and R6 aM&O 08D8¢sn) the sane or different and are mdepend&mm}soohymogen,
hal ogen, lower alkyl, or |ower alkoxy, substituted al kyl, (CH2)0-al kenyl,
15 March 2004 WO 01/19825 PCT/ US00/27Q37 5 10 15 -93- substituted al kenyl,
(CH2) n-al kynyl , substituted al kynyl, ( )n- cyano, am no, am noal koxy,
phenoxy, hydroxy, trifuonaiRédyonyl, SRGRmiAScafichlykuh@m no, nono= or

di al kyl am noal koxy, thiol, thioal K nitrite, hitro, carboxylic acid,
carboxylic acid esters, G&lbﬂammc’debpnﬁmz P38z, COz, CRZ, SOz,

am noal kanoyl, am noc b ~C7- cyel oal kyl car honyl , and N-nono-
or N, N-dial kyI am noca o(r%y nof% Eéaélﬂé °“(¥?ra:"8ff"éﬂ't“ 'b(r?}i&are -

i ndependently (CHZ)n-aryl . gld-ﬁ(a, eﬁnﬁﬁﬂ
het eroaryl al kyl, wherein each erbgﬁ%) tlm %‘%?B il:]gkédﬁsubstltut ed or

substiguted Wt h up to fi \(ﬁclgﬁﬂwg;grboﬁﬁ| ected from hal ogen, hydroxy, | ower
al kyl , substituted aIk |, “al kenyl, substituted-al kenyl, al kynyl,

substituted al kynyl, 1COZ) Q@z&,S%S(ng ankh 8038; Wéim&Iqulludmg@n,
trifluoronethyl, th| oI
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
' (8 aryl ’
(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-



thioal kyl, nitrite, nitro, carboxylic acid, carboxylic aci tiseak@h2004

car boxam de SBZ, and PO3Z; R8 is: (a) hydrogen | oner al kyl, substituted
al kyl, (CEO)WIMRenyl, substituted 20 25 30 al kenyl, (CH2PETASKMITYST,
substituted al kynyl, or a (CH2)n- carbocyclic group containing from3-7
menbers, .up to two of which nenbers arg, _hetero atons sel ected from oxygen
and nitrogen,- wherein the carbocyclic group i s unsubstituted or

substituted with one, dkymyh(CHp)peyayioouming amiimialkdxy, shendte hgdonp,

consi sting of hal ogen, hydroxy, lower alkyl, |ower alkoxy, acetoxy,

am nes, carboxylic ac|td§uomelﬂwl,ymomo-e:8ttm1kylammobnmyam:des am no, COZ,
c2z, SOZ S22z, PQ3Z, 0- .or .di al a and eroaryl; (b)
(CHH)n-aryl, (CH2)n- he@@?@ “%ﬂ’%é'?{ tr}n’il“"’ %r“&é‘i’ﬂ“’gﬁoﬁwc“%erei n

each aryl or heteroar ydaxﬂoiyliéls&beﬁﬂewbﬁﬁoﬁrmaéwsbzzut'éqzvtbh eoypo five
groups sel ected fromthe group consisting of haloden, ~hydroxy, 10

.alkyl,5substituted al KSOZ, dniinealkaridyhaynincoakionyl, afiweC3aC4-di at kyl am no
trifluoronethyl, alkenyl, substituted 15 March 2004 5 '01/19825 .

PCT/ US00/ 17037 -94- al cwelnylkykamoymy land Dtrono mlﬁ,N—dnh]kylmﬂmodarbonlyi
L el B B oS
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 Vor 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,



nis an integer fromO to 6, and provided that RS is other wmg,-dwﬁoqgen'or

Cl-C3 al R2 is methyl, ethyl, or acetyl. 3. A conpound of the
fornul a I%bf@;@gs 25 and pharnmaceutical |y acceptabl e sal t sPCEASRY/AT03ni des,

and prodrugs thereof wherein: R2 is: Cl-Cl0 al kyl, C2-C10 al kenyl, C2-Cl10
al kynyl, C3-C10 cycl oal kyl, (CH2)n-aryy3. COR4, (CH2)n-heteroaryl, and

(CHI - heterocyclyl, wherein each of the_ foregoing alkyl, alkenyl, alkynyl/
cycloal kyl, ~aryl, hetrRResic acish garhexyicaeid-espers,athopamisies, GRZG6uBst i t ut ed
or substituted with f%ﬁ?é t2 Sd%stituent groups selected from hal ogen
' amno, alkylam no, » 9Pz KA o ang| koxy, am noal koxy,

al kyl am noal koxy, and _ di al kyl am noal koxy phenyl,_ substituted phenyl,
phenoxy, and substis@nistesesemto 6, pad psoyidedithat RE &k pthenthen hygropenort r o

al kanoyl , am noal kanoy),, al kyl ami noal kanoyl, an d . di al kyl am noal kanoyl 15
March 2004 WO 01/ 1982 P@%ﬂédom lsmetiyf, ethyl, or acetyl.

ra

5 with the proviso that when W is S, R? is not methy! or benzyl.

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 '



-95- (j) am nocarbonyl, alkyl am nocarbonyl, and di al kyl am ngaaska®sbs (K)
am no- C3-C7 cycl oal kyl carbonyl, al kylamno-C3-C7 5 (1) 10(m 15 20 25 30
cycl oal kyVOMBERS 1, and di al kyl ani no-C3 -C7 cycl oal kyl cPGHH§I/ICGT, C02Z,
SOz, S2Z, and PGBZ, where Z is hydrogen, hydroxy, al koxy, |ower alkyl,
substituted al kyl, am no, al kylam no, _gh_al kyl am no, pi peridinyl,
substituted piperidinyl, norpholinyl, substituted norpholinyl,

pi perazi nyl, "and subst {(j} utaminpcasbonyl, aliplaminoearbomy,cdndc  gr oup cont ai ni ng
from3 to 7 ring nenbers, {’nliw or. t of, whi ch may be a heteroatom sel ected
from0 or N, and wherein 4 @5?'6 .&“ch group may be substituted with

o koS o SarCOL - QYA ek tefy iy iopen (2
trifluoromethyl (5) al koxyychallyisarmnyhhkd ddliylamindiGy-€y! ani no,
al kano%/l amno (7) CQz, CC‘J:Z%I alsk(y)lzéarbsogzlz, or PG3Z
yclo y
() COZ, COyZ, SOZ, SO,Z, and PO3Z, where Z is hydrogen,
hydroxy, alkoxy, lower alkyl, substituted alkyl, amino,
-alkylamino, diaikylamino, 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 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 RO are:
30 ' (a) the same or different and are independently hydrogen, halogen, lower
alkyl, or lower alkoxy, substituted alkyl, (CHp)y-alkenyl,



(8) aryl (9) heteroaryl (10) (CH2)n norpholino (11) (mZ)mng@haggoayl
(12) (A&2)n piperadinyl (13) (CH2)n tetrazolyl (n) trifluoromethyl;

is: (a) tW@OAMESor different and are independently hydro@féTiUSWéll'?mjen

| ower al kyl, or |ower al koxy, substituted al kyl, (CH2)n-alkenyl, (CH2)n 1
5 March 2004 WO 01/19825 5 10 PCT/ US00/gk7037 -96- al kynyl, (CH2)n-cyano,
am no, am noal koxy, phenoxy, hydroxy, “trifluoronmethyl, nono- or

di al kyl ami no, nono- orsubstitated alienyln (GHKalkynyhisabstittted atkylyt] (CHip )i t e,
nitro, carboxylic acid, carboxylic acid esters, carboxam des, SO2Z, PQGBZ,
coz, CRzZ, SOz, ani nocamm@yno aannmlcxawbphvy:bxy,alwdrmeycmfmmmemy]

cycl oal kyl car bonyl , a r N _N-dial kﬁ nocar hon b) the sane
or different and are i n%epenglaﬂfﬁvmf'&—ﬁ’f’ﬂo Eig ﬁg"(l H‘ HimtB'P aryI _

aryl al kyl, or het er oartiicalkyy Initrid) @I, l&ar%@ﬁghlcaicid c&'ﬂ@ mﬁéc?d i's
unsubsélltut ed or substituted, with up to f|ve r oups sel ect ed from hal ogen,

hydroxy, |ower alkyl, <tssemidascsO IRQ » (42, SQbaminentkanoyl, keny! |

al kynyl , substituted aI k k QX o- Qqr dial kyl am no,
trifluoromethyl, thiol? X?‘)r/ﬁ’%%ﬂyiwm%iﬁr(? éYCl?ﬂr-{H]S‘ﬂfbe%x LN mongc P,
carboxylic acid ester %’J,N—dlalkylammoca:bonyl;

(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



carboxam de, CQZ, CO2Z, SQZ, SM2Z, and PGBZ; 15 R8 is: (a) 1adaeHSPgs! OVEr
al kyl, substituted al kyl, (CH2)n-al kenyl, substituted al kenyl, (CHg) n

al kynyl , W@{P828t ed al kynyl, or a (CH2)n- carbocyclic grBOpUSNt7a3TI Ng
from3-7 nenbers, up to two of which nmenbers are hetero atons sel ected
from oxygen and 20 nitrogen, wherein the carbocyclic group is unsubstituted
or substituted with one, two or three groups selected fromthe group

consi sting of hal ogen, alkemyl, aligynyl, euisstitated ylkynyl othiv], tldeleyy, nigl€inxy,,  am no,
CQz, CzZ, Sz, sz, P@Z, .car.aoga)}lic' acids, esters, amdes, nono- or

di al kyl amino, aryl and“ARAXIHEAfi) carbaxyligpcid esteys, carbgxamidesB0L.He@2.0ar I |

aryl al kyl, or heteroar | &l [y ach aryl or heteroaryl is

unsubstituted or substiydt)%’tée/(éz%ﬁ#’\ﬁ%ﬁ%@&n&i' five groups selected fromthe

group consi sting of hal oge dr ox | ower .al kyl., substituted al kyl, -

| ower al koxy, ani ﬂ&a“‘ﬂtﬁgﬂih%?%?éi rgﬁwﬁ%! ?FFR¥|IWP§@@%.§)yqua¢Wny|,

- substituted 30 al kenylg._ - nyl . substituted al.kynyl, thiol,-thioalkyl,
nitri t%, nitro, 15 w%h%%‘ﬁ%%ﬁ'@é‘?@"ﬁéﬁﬁ&%@%%w -97- carboxylic

acid, carboxylic acid esters, carboxam des, CQZ CQ2z, SOz, S2Z, and P034

and nis an integer fromO to 6, and provided that R8 is other than

hydr ogen or 3-Cl - G cappgundgfdhe fopmpla et hyl, ethyl, or acetyl. 5 4. A
conpound of the formula . 10 15 _ ,

BN N
. R2 \| I
N N Yo
H | .
R8

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



e e T T T A " i i e PETIEEII Y ST ol e

20 25 RS and pharmaceutically acceptable salts, esters, amMsi@smch2064
prodrugs thereof, wherein: RS and R7 are the sane or different and

sel ect ed WQ 6119825) hydr ogen, hal ogen, am no, ami noal koxy,PdIuUsi/i120380XY,
phenoxy, hydroxy, thiol, thioalkyl, nitrile, nitro, phenyl, substituted
phenyl, heteroaryl, trifluoronethyl, no- or dial kyl am no, nono- or

di al kyl am noal koxy, .al kanoyl am no, amTocar bonyl '

am no- C3- C7-cycl oal kylégar B@tdcarbant M&gm&fbonpq Nggli al kyl am nocar bonyl ;
(b) CORz, COz, SOZ, SO?Z or PO3Z, where Z is H [odwer alkyl, hydroxy,

al koxy, substituted al kyl dialplaminoesshenylor di al kyI am no, piperidinyl,

ool I P B Y b R ol BB SRR g5 L0V 211

unsubstituted or subs

al koxy, hal ogen, am no, h¥§m<%wylcﬂ‘9&5¥lrﬂfd dlﬁ'lcgfalﬁ%%@é-— carboxylic acid,

car boxam de, carboxylic acid ester car Tic group cont ai ni ng
from 37 menbers, up to Qﬁylmbgﬁylrrenbers are hetero atonms sel ected
fromoxygen and nitro vvherel n the carbocyclic group is unsubstituted

or substituted with & C%Cé?zzt,ﬁ% S627upnd PRdépwhetedt is hydeogent ed 15

March 2004 WO 01/ 19825 PCT/ Us00/ 17037, 5 10_15 20
hydroxy, alkoxy, lower 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) 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~



25 -98- fromthe group consisting. of halogen, hydroxy, |owgrmglckyboa! over
al koxy, am no, or nono- or dial kylam no; (d) a carbocyclic group containing
from 3-7 YWhHEPES up to two of which nenbers are hetero ZCTaSIGENSTt ed
from oxygen and nitrogen, wherein the carbocyclic group is unsubstituted
or substituted with one, two or three %oups I ndependent|ly sel ected from

the group consisting of hal ogen, hydr oxy, |ower al kyl, branched al kyl,

trifluoronethyl, |ower amyhﬂxmﬂg)glldy@no,lmﬂﬂo, 2in6RIRONGY bRHORY, hydrokly,
het eroaryl, carboxylic acid, carboxam de, carboxylic acid ester, aryl,

thet eroalry: X Ir(mlr phol i noaﬂliﬂ;;ﬂrommgpblnﬁmbnwtﬁhl:kylamincjgié}m@rogdggyl al kyl( ,) .
etrazolyl al kyl, am no an anay| ani no; an are;. (a e same
or different and are iﬁ@é&%’é‘ﬂ?‘%’%&H%Lg@ﬂ‘;]ﬁﬂa%@'@n’,‘“mo%‘?owm rGA, or
| oner al koxy, substit ucgatoRliedcid éﬂ@kﬂ:ﬁ%&&ﬁﬂ%&;s?ﬁﬁ%@&i@%%ﬁyl Tono-

(CH2) n-cyano, am no, am noal koxy, phenoxy, hydroxy,

or di abkyl am no, nono- SOZ, dinlosikaasylnafinkeatbongl aino-¢2C9al kyl, nitrile,
nitro, carboxylic acid, carboxylic acid esters, carboxam des, SQ2Z, PQO3Z,

CQz, C2z, Sz, am noa}rd{ealbylba:bmylmﬂa‘i-_lnmiw or N;NWE&a:ﬁboga:bonYl;

L A e e ks P A Gt
aryl al kyl ; or heteroar ly, rein,each aryl.and .heterogryl, is :
unsubstituted or subst_l}‘%tg{péé']’\m%g %&eﬁeﬂfﬁlaﬁ% ereé'éf"’é’gtaéﬁ af\4?iom hal ogen,

hydroxy, |ower alkyl, hetematylis@iubdtitited or albkifirdd withBsid fivd @dugd kenyl ,

al kynly]I , substituted al kynyl, |ower al koxy, am no, nono- or dialkylam no,
trifluBromethyl, thiol sclegted Gambalogen, hydroxy, lawaralkyl,cubsiosted plylci d,

carboxylic acid estersgyeny) substituted alkenyl, 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,



| ower
al kyl, substituted al kyl, (CH2)n-al kenyl, substituted al keny {éy%ﬂ%oz; '
(CH2) n- alWOyi19828ubst i t ut ed  al kynyl, or a (CH2)n 15 Mar chp@f@dedm7dsy 15 WO
01/ 19825 PCT/ US00/ 17037 -99- carbocyclic group containing from 3-7 nenbers,
up to two of which nenbers are hetero gjons sel ected fromoxygen and
nitrogen, wherein the carbocyclic grouﬁ&f's unsubstituted or substituted
with one, two or threecgboniiic Rl eab&eylfcraom dshes, GhrBbamia St id@%z)f
hal ogen, hydroxy, |ower alkyl, |ower alkoxy, acetoxy, amno, carboxylic
acids, esters, ani des, SOZnB8O,&s amdiRO4Z;landi no, aryl and heteroaryl; (b)
(CH2)n-aryl, (CH2)n-heteroaryl, arylalkyl, or heteroarylal kyl, wherein
each aryl or het eninadryinteigsrﬁimlﬂh&té,hﬁﬂ@@vﬂéd%@kﬂiﬁ&héﬂh%ﬂ%ﬁ&r{& five
groups selected fromthe group consisting of hal ogen, hydroxy, |ower
al kyl , substituted al k€h:Cq dhﬁml&lnlﬁ%(i)s,mahy'lnahyl, odeetyl.or di al kyl ami no,
trifluoronethyl, alkenyl, substituted alkenyl, alkynyl, substituted
al kynyl, thiol, thioalkyl, nitrile, nitro, carboxylic acid, carboxylic
acid esters,4car bﬂ)&ﬁip@ﬁﬁdomgforﬁf, SOz, Sz, and PGBZ; and n is an
integer fromO to 6, and provided that R8 is other than hydrogen or C-C3
al kyl when R2 is nethyl, ethyl, or acetyl .Ra. -A conmpound of the fornula 20
and pharnmaceutically accept abIRe\5 salts, estgrs, am des, and prodrugs

6
g
0

R/ H gy
8

car boxam de, CQZ, CO2zZ, SOz, S2Z, and PO3Z; R8 is: 30 (a) @Iﬂ

and pharmaceutically acceptable salts, esters, amides, and prodrugs
thereof, wherein:
R3 and R7 are the same or different and selected from:

10 . (2) 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

15 N,N-dialkylaminocarbonyl;

‘ () CO2Z, COZ, SOZ, SOyZ or PO3Z, where Z is H, lower alkyl,
hydroxy, alkoxy, substifuted alkyl, amrino, mono- or dialkylamino,
| piperidinyl, morpholiny] or piperazinyl (with or without
7 substitufion);

20 + (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

25 | nitrogen, wherein the carbocyclic group is unsubstituted or |

substituted with one, two or three groups independently selected



thereof, wherein: A B, and C are the sanme or different andsgmacaoe0s N or
CH, provided that at |least one of A) B, or Cis CH R5 and R7 are the sane
or diffeMhVB sel ected from. 1 5 March 2004 WO 01/ 19FXE/PEHHNTSOO 17037
-100- (a) hydrogen, hal ogen, am no, am noal koxy, |ower al koxy, hydroxy,
trifluoromethyl, nono- or dialkylam noggnono- or dial kyl am noal koxy,

al kanoyl am no, carbanoyl, am no-C3-C7- cycl oal kyl carbonyl, N nono- or

NN-di al kyl car banmoyl ,  dronbthelgro@GnsiSIigy of laGagenIgRFox R MBwer atlydy lowér i s H,

| ower al kyl, hydroxy, ,al kox am no, 0- di al kyl am no, piperidinyl,
nor phol i nyl or pi per&gﬂoﬁiﬁ’la‘%B? ?rﬁoq%\ﬁéa%y%ﬁ'mﬂnsubst ituted or

substituted withg camsocym: gbayi%maﬁﬁdgeﬁ&ﬁ@:ﬁ hﬁmﬂe%gt {Jé&eﬁlvwhl@ﬁl ogen,

ani no, hydroxy, m)no- kyl am ho, arvyl ocyclic group
containing from 3-7 mmd?egﬁarg[bemctwmsalewnﬂﬁ‘hnh@mgensnénﬁrdgen,ero at ons

sel ected from oxygen ro erein.the c clic

unsubssfl tuted or substw\ fﬁ"«ggj vﬁ%{%r?%%gr?%’s&ns? ?é‘ge‘gg{)ﬂ%’?t%eﬁdgﬂﬁndent |y
sel ected fromthe grougea®0or Shired groRbs fidepaRIontlyl&Idedl Rum thé evmp al kyl ,

| ower al koxy, amino, or nono- or ~dialkylanmno,” or (d) a carbocyclic group

contai ni ng from 3-7 nepwstiag @babﬁe%\md@()’mwhaﬂwb bedialbsyhet ero at ons
oL oot £ om 0o ST 805, by R BB o
sel ected fromthe grobgtercanylsésbonydicatidhedrbemidéydrvkylic beidesten! Kyl |
i lﬂ)or onethyl, -l ower aryl, heteroaryl, morpholinoalkyl, piperazinylaikyl,
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 pnsubstituted 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, CO5Z, SOZ, SO3Z, and PO3Z;

R8 is:
30 (a) hydrogen, lower alkyl, substituted alkyl, (CHy),-alkenyl, substituted
alkenyl, (CHp)y,-alkynyl, substituted alkynyl, or a (CHp)p



al koxy, am no, nono- or dial kylam no, aryl, heteroaryl, ITDI’1[5|‘mé|lcﬁQ@bl§y|

pi per azi nyl al kyl, pi peradi nyl al kyl, tet razol yl al kyl, am noal kyl and

al kanoyl amwwms R4 and R6 are the same or different andpet@seiriest ed
from (a) the same or different and are independently hydrogen, hal ogen,

| ower al kyl, or |ower al koxy, substituted al kyl, (CH2)n-al kenyl, (CH2)n-
al kynyl, (CH2)a cyan, am no, am noal kox%ﬁ; phenoxy, hydroxy
trifluoronethyl, nono- al koxy, -
thiol, thioal kyI ni trﬁbeoﬁﬁl tro, agﬁ%&wgmggf @ég}bg%’?%é() c&gm d esters,
car boxam des, SO2Z, Pwmchmbmzhemﬁo Mbmslseléﬁ@dlﬁﬁnﬂ&yg&l&ﬂi 25 WO

01/ 19825 PCT/ US00/ 17037, - 101- ,SCZ, ..ani noal ano am nocar bonyl '
ami no- C3- C7- cycl oal kyM" ggg%rbmher 10, thg CRE gumuaf’%skwf‘éirﬁfnocar bonyl ;

(b) the same or dlfferﬁmtsmafaavauﬁoﬂdﬂ@lﬁ@s%t drdu th%gfaﬂ%\ﬂ he%%&‘ﬁ)

heteroaryl, arylal kyl, or heteroaryl’al , Wherein e ary
heterodryl is unsubsti¢asistngef kalegen; b Qw,dwwfhaﬂprltlowénalkomaeqwcy,sel ect ed

from hal hyd i tuted alk kenyl .
ubet i tut od al konyl . s aroRR it Rl A8l ey modes s ARISRERD,  ari no,

nmono- or di al kyl am no, aryraﬁdlhewroa]?t hyl, thiol, th| oal kyl, nitrile, nitro,
car boxylic acid, (%? 8&;3" I c,acid esters, car boxam de, COZ, czz, SQz,
S02Z, and PCBZ; ( -aryl, (CHp)q-heteroaryl, arylalkyl, or heteroarylalkyl, wherein

each aryl or heteroaryl is unsubstituted or substituted with up to
10 five groups selected from the group consisting 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, COZ

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

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: .



R8 is: (a) hydrogen, |ower alkyl, substituted al kyl, (CH2)msahkenYoos
substituted al kenyl, (CH2)n al kynyl, substituted al kynyl, or a (CH2)n

car bocycM@ 1% contai ning from 3-7 menmbers, up to two BETUSHVIIMTnenber s
are hetero atons sel ected fromoxygen and nitrogen, wherein the
carbocyclic group is unsubstituted or gmbstituted with one, two or three
groups selected fromthe group consisting of hal ogen, hydroxy, |ower

al kyl, Tower al kdxyhydasgenohalogenaamino, amitoatoxy) lowee tllloxy, dgtimixg, am des,

nmono- or dial kylam no, ._aryl and heteroaryl; (b) (CH2)n-aryl,

(CH2) n- het eroaryl , ar}Fg‘FQ%’F‘,egﬁﬂ W%PBZ%%'&W; PR Ai n  each aryl or
heteroaryl is unsubstidiikAgmoakeRs d1kaHofBmihd Rabiniod aiﬂiﬂtf’-(g[@ Ips sel ected
fromthe group consisting of hal ogen, - hydroxy,; |ower ‘al kyl, “substituted
al kyl, lower al koxy, %Sfi:lﬂﬁ_lkylcﬁifbﬂﬂil, N-mdhé! M,mmﬂcgldafﬂaiﬂdﬂrd?rret hyl,

al kenyl, substituted _alkenyl, alkynyl, substituted al kynyl, thiol,

thi oalkyl, nitri (B CAZ £02Z, 89Zp8Q9¥i ROa%: where £ &k jowes alleilchyslsersy, s

-car boxam des, CQz, CQ27, SOz, SOQ2Z, a%@({%zi 15 March 2004 WO 01/ 19825
PCT/ US00/ 17037 - 102 6 2RX¥ARE0Rone- ertdatkylaming. pincrdingh spomblinvl €81 | v
accept abl e salts, est?;p%aﬁqgld&s, and prodrugs thereof, wherein: 5 R5 and
R7 are the same or different” and are sel ected from (a) hydrogen hal ogen,

am no, am noal koXg),lowenalkylainsebstituted dr substitutedrwith ooe emeiolhgrbypsnono-. or

di al kyl am ng, nono- or i al.kyl am noal ko al kanoyl ani no, car banoyl ,

am no- C3- C7- cycl oal kff’lféf’ggrr?é} E’Wﬁ@(ﬂﬁ’%k’wmé# @W@%’ B8y PT 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,



10 (b) G2z, COz, Sz, SM2Z, PCGBZ, where Z is hydrogen, | oweymalck¥oos

hydr oxy, al koxy, am no, nono- or dial kyl am no, piperidinyl, norpholinyl or
pi perazi myo o1/o825(c) | ower al kyl unsubstituted or substit useglugdoiibazone or
two groups selected fromlower al koxy, halogen, am no, hydroxy, nono- or
15 di al kyl am no, aryl or a carbocyclic Qq](rjoup containing from3-7 nenbers,
up to two of which menbers are hetero-8lbons selected from oxygen and

nitrogen, wherein the sgpt RGNS oY, Aind cirborPs HaRid- 1 or substituted
with one, two or three groups inggﬁeﬁ%ler?t%{f glgFecfegyfromthe group

consi sting of hal ogencycldf@kiigiRiyl, ahd®WeroRd-or N, NLB¥RY1afiKSbaYbonlli NO, OF
nono- or dial kyl am no, or é_d a.carbocyclic - group containing ffom3-7
members, up to tW® WBE sape en 1f§%@%m#@%ﬂ@"ﬂ¥é Ha)h'@é’ﬂ,e(ﬁfg%-from-oxygen
and nitrogen, wherein the ca‘rb?qc“ clic group is unsubstituted or
substituted with 25 of&tereang. leer helgsopylallyhopharaacach aybardt ed from
the grpup 15 March 20 ; : . . . - L.sting of

P Ubre ll.é aﬁﬁﬁlﬂgﬂ&%@%&nﬁﬁol@g@& !

hal ogen, hydroxy, |ower alkyl, tritluorone ower - a am no, nono-
or di al kyl am no, aryl selketed froar hdlogenphydrory,ilower dtkyl, subistimealzdliog) al kyl ,
pi peradi nyl al kyl, tetrazaolyl.al.kyl m noal k d. al kapoyl ami no; 5 R4, RG,
R61, and R9 are: (a) f"h‘&nglaﬁ‘éb“a “‘%"ﬁﬁ%‘fﬂ@%ﬁh sypslityt el hydr ogen,
hal ogen, |ower al kyl alkQky! £itfab, RbKSXor didkRahidoutithRbithyl, (ihi2) al kenyl,
(CH2) - al kynyl, (CH2)n-cyano, am no, am noal koxy, phenoxy; "hydr oxy, :
trifluoronethyl, nonothioalkyl aitrilel aitioncarbexylis-acish carboxiyliad dojd estérmoal koxy,
thiolyg thioal kyl, nitihhSeahide! GozSBRL KL s857%md 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 is 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, SO5Z, and PO3Z.



carboxylic acid esters, carboxam des, SO2Z, PC8Z, COZ, CO245 MarcH 2004
am noal kanoyl , am nocar bonyl, am no-C3-C7 cycl oal kyl carbonyl, and N-nono-
or N, N-diV¥PIYA¥IF nocarbonyl ; (b) the same or different aRATaS®/17037
i ndependently (CH2)n-aryl, (CH2)n 15 heteroaryl, arylalkyl, or
het er oaryl al kyl , wherein each aryl andJQQEeroaryl I s unsubstituted or
substituted with up.to five groups seleCted from hal ogen, hydroxy, |ower
al kyl, substét ut ed caimpound ofdhsdomuia substi tuted al kenyl, al kynyl,
substituted al kynyl, |ower al koxy, am no, nono- or dialkylan no,
trifluoronethyl, thiol, 20 thioalkyl, nitrile, nitro, carboxylic acid,
carboxylic acid esters, carboxamde, COZ, CgrZ, &0Z, S2Z, and.PC3Z;, R8
is: (a) hydrogen, | ower alkyl, substituted ;I'kylR (CH2) n- al kenyl ,
substituted al kenyl, (CH2)n-al kynyl, subst tuteh alhyﬁyl, or a (CH2)n 25
30 carbocyclic group containing S ; to two of which
menbers are hetero atons sel éctE and L.{,60gen, - wherei n the
9 te i one, two or three
groups selected fromthe gro I ng ¥t haffoge® hydroxy, |ower
al kyl, | ower al koxy, acetoxy, am n®’ arboxyliclacids, esters, am des,
mono- or dialkylamno, aryl and heteroaryl; 15 @frch 2004 5 10 15 20 WO
01/ 19825

and phannaceutically acceptable salts, esters, amides, and prodrugs
thereof, wherein:
5 R3 and R7 are the same or different and are selected from
(2) hydrogen halogen, amino, aminoalkoxy, lower alkoxy, hydroxy,
trifluoromethyl, mono- or dialkylamino, moﬁo- or
dialkylaminoalkoxy, alkanoylamino, carbamoyl, amino-C3-C7-
cycloalkylcarbonyl, N-mono- or N,N-dialkylcarbamoyl, or
10 (b) CO,Z, COZ, SOZ, SOZ, PO3Z, where Z is hydrogen, lower akkyl,
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 |



PCT/ US00/ 17037 -104- (b) (CH2)n-aryl, (CH2)n-heteroaryl, ary4hichlzoo8r

het eroaryl al kyl , wherein each aryl or heteroaryl is unsubstituted or
substitutedowiasks up to five groups selected fromthe gropEr/gSRaieis 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, t#P3alkyl, nitrile, nitro, carboxylic

acid, carboxylic acid : am lgﬁ)zlﬁ and
P03Z. 7: A conpound 'of@hglﬁ%?nﬁg%hg}%ﬁg’r{%ﬂl ca 9“"2’%&“ tigéﬁgrsal ts,
esters, am des, and prakexyyamind)eionof or diakkyhintino, aRA, lsetoltyl ar e the same or
different and are selected from (a) hydrogen, .hal ggen. am no, am noal koxy,
| ower al koxy, hydroxy,mo'm(iil@h'b‘?@lfyltﬂ’f%’%" ,‘“Yﬁﬁ%’ﬂeﬂ‘?@ﬁqmﬂiﬂkyh nitril, phenyl,
substituted phenyl,  heigidMaNKyl, ahdidditi0 RGN dyariRpO- OF di al kyl amino,
mono- or dial kyl ami noal koxy, al kanoyl @m no, carbanoyl, ani no-C3-C7-

cycl oa$ kyl car bonyk4, R6, RS amd RO deN- di al kyl carbanoyl, or (b) €@z, COz, SOz,
S2Z, PCBZ, where Z is hydrogen, |ower alkyl, substituted alkyl, am no,
nono- or di al kyl 483 the sape e differentland aredngépshienglly hydrogemdwmlogenylbwemi t h or

T 0L T SR A G,

G al ky i nor aryl or SEgh(CELAEfend S, abiERbE, RS, Hrow,

trifluoromethyl, mono- or dialkylamino, mono- or

10 dialkylaminoalkoxy, thiol, thioalkyl, nitrile, nitro, carboxylic acid,
carboxylic acid esters, carboxamides, SOZ, PO3Z, COZ, CO»Z,
SOZ, aminoalkanoyl, aminocarbonyl, amino-C3-C7-
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 s unsubstituted or substituted with up to five groués
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;

R8 is; |

(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,

afyl and heteroaryl,



menbers, up to two of which nmenbers are hetero atons sel ectigduirchbeHa oxygen
and nitrogen, wherein the carbocyclic group is wunsubstituted or

subst i t uteA 0BRSS one, two or three groups independentl|y Bet/wsdoadodr om t he
group consi.sting of hal ogen, hydroxy, |ower alkyl, |ower alkoxy, am no, or
nmono- or dial kylamno, or 10 (d) a cangcycl ic group containing from3-7
menbers, up to two of which nenbers at® hetero atons sel ected from oxygen
and ni trogen,  Wip) €CHy eyl CCHOE b arg], aHPalk§i, %Pﬁ&bﬁiaiﬂélkflgwﬁérein
substituted with one, two or three groups 1 ndependently selected fromthe
group consisting of hakthamhor hateioary is ursiulsstinged vt subktitutddusitipagichy! . | over
15 al koxy, am no, nono: or dial kylam no, aryl, heteroaryl,

mor phol i noal kyl , pi per%‘ﬁﬂ?‘l’%ﬁsﬁ ed drosa the groNn eoneishng Ofgfﬂ?%flol yl al kyl ,

am noal kyl and al kano alel| : r%mg}é (o) i.fferent and
are selected from (agﬂﬁﬁaé&g?n@glr@gisﬁ elrngg(tiagkﬁ%t@rg% I'n béenr]\[ 8’nt|y

hydr ogen, hal ogen, | oweono-20 dialkydminoy trifimasomethylpalienyd dnbitithteied al kyl |
(CH2) n- al kenyl , (CH2)n-, al I 2) n- no, an.no, { noal koxy, phenoxy,
hydroxy, trifluor orretq]l'ﬁ",y EWBYI’ g‘%%%‘ﬁ?‘i lﬂ@f‘)ln@}?&ﬁ‘%rmm&e: nitio,

di al kyl ani noal koxy, t hafoxyli®hdd! davoxylit héill leSters) chrbOx ' id,
carboxylic acid esters, gglr[boxanﬁ des, ySO%Z, leP03Z,b cofﬁ%%w%%coz

am noal kanoyl, am noca#80i0M0,Z and PO3Z3- C7 cycl oal kyl carbonyl, and N-nono-
or N, N-di al kyl am nocarbonyl; (b) the sanme or different and are

i ndependently (CH2)n-aryl, (CH2)n heteroaryl, arylalkyl, or

het er oaryl alkyl , J and heteroaryl is unsubstituted or
substi t ut ed ‘)v(\n th %%Ebﬁd\ﬁqg?%l%gh% sel ect ed from hal ogen, hydroxy, | ower
al kyl, substituted al kyl, alkenyl, substituted al kenyl, al kynyl,
substituted al kynyl, | ower al koxy, am no, gono- or di al kyl am no,
trifluoronethyl, thiol, R

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 !



15 March 2004 WO 01/ 19825 PCT/ US00/ 17037 -106- thioal kyl, nM3 mat@ 2004t r o,
carboxylic acid, carboxylic acid esters, carboxam de, COZ czz, SQz,
S22z, and’VOM&&nd Q is hydrogen, |lower alkyl, or substi Pcrmsomﬁoy} 8. A
conmpound which is selected from 5
8- Met hyl - 2-[[ 4- (nor phol i n-4-yl ) phenyl )] ﬂg‘n noj - 6- phenyl - BH- pteridin-7-one;
6- (2, 6-Di chl or ophenyl ) - 8- met hyl - 2-[[ 4- '( T phol i n- 4-
| ) phenyl ] ani no] @Hq@\te‘ifhlkg}l ﬁhsﬁbﬁnﬁted or substituted with one or two groups

(3, 5-Dichloropyridin 8-nmethyl -2-[[4-(norpholingd 1 6r
| ) phenyl ] ani no] - 8H pt%?qcédrﬁ"m tveer abkqxy, halogen, amino, hydroxy, mono- or

Di chl or o- 2, 6- di net ho
nor phol i n-4-yl ) phenyl X g?ﬁ(g -1%6& |°§{Hr¥%w%r%°u“wmm“mgﬁ°m3'7
(3, 5- Di bronopyri di n- members &prtetthr}blofébvl{l&ﬂmémbéﬂ@fwé héterd atoms selected
| ) phepyl ] am no] - SH-pteridin 7-
[[4-%1 2-(Di et hyl ami n %R&%ﬂﬂmﬁ’gﬁpﬂf?&m wheregn thecaghocyclisrgrayp is
H-

pteridi n-7-one; tut
(2, 6-Di chl or ophenyl )ungutfsfl4-fdzc-)r(%llbgt'[lﬁﬁutﬁda‘rlnﬂ}lg eét 8)?{/%%%%%])%
m no] - 8- net hyl - SH pt endependehtlgrsel;ected from the group consisting of halogen,
6- (3, 5-Di cbl oropyri di L{( 2- |ethylamno- 20
et hoxy] phenyl ] am no] - Qﬁﬁﬁ’%@ 1°a‘feﬁ ﬂ@w‘:% a§n1no Or mono- or
5- Di chl oro- 2, 6- di met hakMRYIainthid) of- V! ) - 8- rrethyl 2-[[4-] 2-
(diet h | am no) et hoxy] phenyl ] am no] - 84 pt eri di n-7- one;

2- [ [ 41%et hyl ani ndéhab@r 9eyrlib eropp|containing Srome3-Ayhersberh amytb-two of which
8H pteridin-7-one;

6- (2, 6- Di chl or ophenyl )meémlﬁriar(ed}earﬂﬂom Tt Tom CypsroApdnitrogen,

am no] - 8- met hyl - 8H- pt ewheitifi the @fS6cyclic group is unsubstituted or substituted with
one, two or three groups independently selected from the group

y
6-
y
5-
(

6-
y
2
8
6-
a

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,



6-(3,5-Dichloropyridin-4 yl)-2-[[4-(diet hyl-am' nocar bonyl ) phgnwarkh 2004
am no] - 8- net hyl -

8H pteridin-7-one; 6-(3, 5-Dichloro-2,

6- di net hO%Q Py/E988 n-4-yl )-2-1 [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) phenyl ] am no] - 8H-pteridin 7-one;

March 2004 5 10 15 20 25 30 WD 01/ 198230 / US00/ 17037 -107-

8- Cycl opent yl - 6- met hy| th2sikdyf-rith I, RIRRY ic&:?é- i&é&i&ﬁwbhﬁﬂi@&#\q

pteridi n-7-one;

am no] - 8H pteri di n- 7-@fwxagudsy

8- Oycl opentyl - 2- [[ 4- (4- net hyl pi per azi
é%mﬂ,mw, and PO4Z{ andnet hyl

pi perazin- | -yl)pheny]]- am no]-8H pteridin-7-one;
8- Oycl opent yl - 2- [Q phvdgegengloyyer alivh or sehatipited alleyln- 7- one;
2-[[4-(3- Ami nopyrrolidin-|-yl)phenyl]am no]-8-cycl opentyl - BH

pteridin-7-one;

-yl ) pheny! ] &i noJA gempeend whigh 7s splecteddrgra, .
5- Di meg hoxypheny!') - 8- &f Rydned-ol (RNl oRindTiAaYy B TS Tanttis]

10

15

20

25

30

8- Cycl openty] -2-[[ 4- (pi perazin- |

pteridin-7-one; _
6-(2,6-Dichlorophenyl)-8-methyl-2-{[4-(morpholin-4-
yDphenylJamino]-8H-pteridin-7-one;
- 6-(3,5-Dichloropyridin-4-yl)-8-methyl-2-[{4-(morpholin-4-
yDphenyljamino)-8H-pteridin-7-one;
6-(3,5-Dichloro-2,6-dimethoxypyridin-4-yl)-8-methyl-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;
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)-

_ 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;
6-(2,6-Dichlorophenyl)-2-[{4-(diethylaminocarbonyl)phenyl]-

* amino]-8-methyl-8 H-pteridin-7-one;

6-(3,5-Dichloropyﬁdin-4-yl)-2-[[4-(diethylaminocarbonyl)phenYl]—
amino]-S-methyl-SH-pteridin-7-one; '

6-(3,5-Dichloro-2,6-dimethoxypyridin-4-yl)-2-[[4-
(diethylaminocarbonyl)phenyljamino}-8-methyl-8 H-pteridin-7-one;

8-Cyclopentyl-2-[[4-(morpholin-4-yl)phenyl]amino]-8 H-pteridin-

7-one;

ey?ﬁr%henyl ]

15

PG L - one

e R



6- (3, 5-Di met hoxyphenyl)-8-ethyl-2-[[4-[2-(diethyl am no) et hgMrch 2004
phenyl ] am no] - 8Hpteridin-7-one; 2-[[4[4-(tert-butoxycarbonyl)piperazin- |
-yl ] phenW@Q 06198250] - 8- cycl opentyl - SH pteri di n-7-one; PCT/US00/17037
2-[[4-[3-(tert-butoxycarbonyl am no)pyrrolidin-1-yl]phenyl]-

am no] - 8- cycl opentyl - 8H pt eri di n- 7- one;

8- Cycl opentyl - 2- (4-f | uor o- 3- net hyl - phe;lu?/—f am no) - 8H pteridin-7 one;

2-(3- Chl oro-4-f 1l uoro- hepsb - ol peRbos ] .
8- Cycl ohexyl - 2- (4-f | uor 093 ?rég[tﬂ "%ﬁ%w@ﬁ?nﬁ 8Hh‘;‘%§1hgf5g]hrﬁnopgﬁ

8- Cycl opentyl 2- (Befdingranes- [ 4- (3 m)rphol i n-4-yl -propyl) -

g'_ ?2[ '[ g'_ ? 31m>;'r thlhfﬂ}’ 483;1',5}'8 ?éna;%*[[g.(g %yrﬁipe‘fa”z%-ll]y’l)%nyﬁ%%?&&'8H-

phenyl ani no) - 84 qit_e:ﬁcjidimmb one; 8-Cycl opentyl -2-4[4-(3-piperazin

1-yl - propyl)-piperidin- I I nyl am no. }-8H pteridin-7-o0ne;

8- Cycldpentyl -2- (4-{ 39(’H‘F‘FIY&Fﬁmzd{%(ﬁvaf%ﬂeﬂbmeﬁﬂﬂ' yl }

- phenyl am no) - 8H-pt-erq. iankd March 2004 WO 01/ 19825 PCT/i 1SOQ 17037
-108- 8- Cycl opentagl?lﬁé]-%gfw%%%%m%bt hyl - phenyl am no) - 6- net hyl - 8H=

pteridin-7-one; 5-(8- (Bfﬁlydppﬂsmw-z—f(pgudm?; -ghaiminpB8&-preddini-one - vl
7 e B st sorestt
ptenidin-7-one;
10 8-Cyclopentyl-2-[[4-(piperazin-1-yl)phenyl]amino]-8 H-pteridin-7-
’ one; ' '
6-(3, 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 ] - propi onam de; N-[4-(8-Cycl opentyl - 6- net hyl - 7- 0xo- 7,15 March 2004
8-di hydro-pteridin-2- ylam no)-phenyl]-propi onam de; 2-(3-Chloro-

- pi peraziwg)lqlﬂ}‘&&zﬁhenyl ani no) - 8-cycl opentyl -8H 10 pt eri dPAT/ISONMET037
2-[3-Chl oro-4-(3-chloro-pyrrolidin-1-yl)-phenyl am no] - 8-

cycl opentyl - 8H pteridi n-7-o0ne; 08-
2-[3-Chloro-4-(3-chl.oro-4-trifl uoromet'Hy?- pyrrolidin-1 yl)-

phenyl am no] - 8- cycl opeBiGyicidpleintyl-2«(# divorol3-Mivthyl-phenylamino)-6-methyl-8H-
N-{1-[4-(8-Cycl opent.\él - {- 0X0- 7, 8- (Hhydr o- pt eri di n- 2-yl am no)

phenyl ] - pyrrol i di REEE W‘{'QB‘?’S- di net hyl - butyrami de; 2-{4-[3-(1-Anino-|
-met hyl - et hyl ) - pyrrol i il =31 ¢l o074 ST SN _
phenyl ani no} - 8- cycl opegt(gﬁjygﬁp%?%¥ ?E)lk ﬁ.@g glrl]tgc;lro—ptendm 2-ylamino)-2-methyl
2- [ 4- ( 3- Anmi no- cycisoipdalealhdimigpny| ) - phenyl ami no] - 8- 20

o Cycl Spent yI -2- (. met NaBEYaoRepoyieamor Lageospiseing-siamino)-

pteridin-7-one; ApkhyMbplopdhige; 6- met hyl - 7- oxo- 7, 8
di hydro-pteridi n-%-y?am no) - benzenesul f onam de; 25
8- Cycl opent yl - 6- net hy| NA4H&-Cyslonentyltérmasthyl-Bokd-3)8ydihydro-pteridin-2-

phenyl am no] - 8H p Ldina 7-gne: . ‘1

6- (2, 6- Di chi or o- é'ﬁ%‘?%@}‘%‘ﬁ@ﬂ@f‘?@%‘!%y| _2- { [4-(morpholin-4

yl) phenyl ] ani no} - 84 pt B-ﬂ-lﬂhlbrmgéraﬁﬂﬁL l-phenylamino)-8-cyclopentyl-8H-

6- (2, S Di chl or o- 3- hydr oxyphenyl ) - 8- net hyl -2-{" [ 4- (nor p¥10| I n-"4- 30

yl) ph ﬂyl ] afi no} - B PRfn-7-one. 9. A conpound which is selected from

15 March 2004 VO 01/ 19825 Chioko 43 %di 83 mrotti%1-y1)-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:



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 opemoyslliﬁ}zﬁM (4- et hyl pi perazin-1 -y1) phenyl ] an nopct/ekhes17037
8H pteridine-6, 7-dione; 5 8-Cyclopentyl-5-nethyl-2-(4-piperazin-|
-yl - phenyl am na) - 5, 8- di hydro-6Hpteridi n- 7 one,

2-[4-(4-Acet yl pi perazi n-1-yl)-phenyl am] - 8- cycl opentyl -5- et hyl -

8- di hydr o- 6H—pter|d|n .
1L (5. Oyl opent yl - 5 veU g G mernolin ylghny lgminp - St st
pteridin:2-ylam rmyencpheﬁw-qneq:eyamcbl i di n- 3- yI )-3, 3- d| met hyI utyram' de;

8- Cycl opent yl - 5- net hyl 4- nor I n-4- phenyl am no) -
di hydr o- 6H pt eri di n- 7- %ﬁ@(glopemy}% ﬁ4—(4—meti\1/ylplperazm— —yl)phenyljammo]—

8-cycl opentyl - 2- {sﬂhﬁlﬁé’,ﬂ)g{@ngﬁo@ hyl ) - pi perazin- 1-yl]-
phenyl am no} - 5- net hyl - 5, 8- di hydr o- 6H pt eri di n- 7-one; ~ 15 8-cycl opentyl -

4-[ 4- (2- hydr oxy- et hyl )3-§y°l®€m)fh§t-mwlhybﬁf(éwemzm4l-yl-phenylammo) 5,8-
yl]-phenyl am no} % dro-6H pteridin-7-one;

1-[4-(8- Isopropyldl}@'raeﬁ% jprend: QQO@YG 7,8-tetrahydro- pt eridin-2-
yl am no) - phenyl | - pyrrd—[ﬂ(%l%&%ﬁJngl}gﬁbﬂlﬁﬁl Ryl Rpenty)-5-

{4-[4-(B-Cycl opentyl - 5- et hyl - 7- 0Xo- t et rahydr o-"pteri di n-
2-yl ani no) - pheny|Méthyl p%?‘éﬂ'wﬁmt&;[ﬁef&hléﬂr@eam d; and

ghc(aﬁylesaz ﬁgl) O%rBI(zl- ;3)t 2¥?r ryﬁ;@.g@ X'L%?Bgmﬂe‘% g%ﬁ%ﬁ doﬁcﬁ? @V@%’[ ed from
1-t er10 But yl - 3- [ téritlifi-Rydamind)-piwin E pﬁfb@lﬂiﬂ-&-@l}lgg} ashﬁm)qtrbnq}aﬂﬂde% urea;
1-te_rt_-BEJt}/I 3-[2-(4- flagquo 3{}11nEtm lggen Iam(r’l!o 8-
pteridin-7-yl]-urea; erenti-prmathyb2-(4-morph MW”‘*‘W‘MW)
propyl) - pi peri di giyd¢d-KH-pteridin-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—Cyc!openty]-5-methyl-7~oxo—5,6,7,8-tetrahydro-pteridin-
20 2-ylamino)-phenyl}-piperazin-1-yl }-acetic acid; and
_ 6-(2,6—Diclﬂoro—3—hydroxy—phenyl)—8-methyl-z-(4-morphoiin-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-propyl)-plpendm- -yl}-
phenyla:mno}-ptendm—?-y])—urea and

2-{

30



phenyl am no}-pteridin-7-yl)-urea; 1l-tertButyl-3-(2-{4-[4-(3=Rh3H0H

1=yl -propyl)-piperidin-1 yl]- phenylamno}-pteridin-7-yl)-urea; and 15
March 2004 WO 01/19825 PCT/ US00/17037 -110-

1-[2-(4-(4-[3-(3-Am no-pyrrolidin- 1-yl)-propyl]-piperidin-1-yl)

phenyl am n# -pteridin-7-yl]-3-tert-butyl-urea. 11. A pharnaceuti cal

f or mul a¥¥@ ”é’g:ff’pri si.ng a conpound of Claim1 in conbi naticanustb/ifasf
pharmaceutically acceptable carrier, diluent, or excipient. 12. Use of a
therapeutically effective pharnaceuti ﬁ? formul ation according to Claim |
in the manufacture of a nedicanment far*controlling proliferative disorders

in a mammual - sel ected- 4-feeg X iSial C 16N RSOl fasi s,
vascul ar snoot h rmsclEL@E{OIqln?(erg??g%%gggg%?a?ggq&ﬂ%ﬁpgﬁgpg@rg&ir} sel ect ed
fromthe group 8Bﬁ§i@mﬂﬁgpteﬁlﬂuhi7+}é}-3r§eﬁ-bnmms¢a. post surgi cal vascul ar
stenosis, and restenosis. 13. Use of a conpound selected fromCaim1l in
t he manufacture of a nedicanent for inhibiting a cyclin-dependent Kkinase.
14. The usé&lof & phasmacuiipalfermulstionicamptising depmpdent oRkCRARY jhs cdc2.  15.

The use of d ai i.n _said cycl.in: dependent kjnase is ¢dk2. 16. The
use of Claim 13%\%@5‘%@‘?&,}&%1‘%9%%3 taﬁ‘ieﬁég@rsi@h@ak&for cdk6.. 17.
Use of a conpouexttipiehiected fromCaim1l in the manufacture of a

medi canment . for inhibiting a gromh factor-nediated tyrosine kinase. 18.
The use of Claim 17 wherein said growth factor-nedi ated tyrosine kinase is

platel et derivaske@rathdtafRGEAly SERRE Ghalm 7 el n said
growt h factor-nedi at ed t%/r osl r‘?re fgl na%sgh%%acémﬁflg%ﬁggian&?83&%#5%§FWFGZ) .
1 5 March 2004 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.

13. Use of a compound selected from Claim 1 in the manufacture of a medicament for

inhibiting a cyclin-dependent kinase.
14. The use of Claim 13 wherein said cyclin-dependent kinase is cdc2.
15, "I‘he use of Claim 13 wherein said cyclin-dependent kinase is cdk2.
‘ 16.  The use of Claim 13 whergin said cyclin-dependent kinase is cdk4 or cdké.

17. Use of a compound selected from Claim 1 in the manufacture of a medicament for

inhibiting a growth factor-mediated tyrosine kinase.

18.  The use of Claim 17 wherein said growth factor-mediated tyrosine kinase is
- platelet derived growth factor (PDGF).

19.  The use of Claim 17 wherein said growth factor-mediated tyrosine kinase is
fibroblast growth factor (FGF). "



WO 01/19825 -111 PCT/ US00/ 17037 20. Use of a therapeutical |y hfcabbye
amount of a conpound selected fromCdaim1 in the manufacture of a

medi cament for treating a subject suffering fromdi seases caused by
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 canent for treating a subject suffering from cancer.
22. Usewgf @éhérapeuti cally effective amount of a conpound sel ected from
d ai ms 12 %% the manufacture of a medicanent for t r e RADAGS00/1Me3mR |
suffering from cardi ovascul ar di seases including atherosclerosis and
restenosis; cancer; angi ogenesis; vi_{ﬂl_ i nfections including DNA viruses
such as herpes and  RNA viruses such as HV; fungal infections; type 1

di abet es d diabetd ¢, neur h nd_reti.n hy: | tipl |- gr.0st s
gl oner ul o?@phr ilﬁlsl soff agﬂé%rr é:e&glg%h'e%/fgﬁcﬁ\‘/’%aﬁ? té)ggggpﬁg%@d?eieg&%efzr I%idriinam?11 ﬁﬂ
di sease; aut oi nhdfRnGsRESE S Bedifandént BerGfdatltg & subjediuffaig Holrdisbakdsi S,

| upus; organ transplant rejection and host versus graft disease; Gout;
“pol ycystic ki diféysedibysmsailargmootinmpsieesll pralifertiondi ng i nfl anmat ory bowel
di sease.
21.  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.

"~ 22. . Use of a therapeutically effective amount of a coﬁipound selected from Claim;v, 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.





