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@ Abrégé :

This invention provides bicyclic heterocycles that are useful for treating cell proliferative .
disorders, such as cancer and restenosis, as well as angiogenesis and atherosclerosis. We have
now discovered a group of bicvclic combounds that are potent inhibitors of cyclin-dependent
kinases (cdks), growth factor-mediated kinases, and non-receptor kinases. The compounds are
readily synthesised and can be administered by a variety of routes, including orally, and have
sufficient bioavailability for clinical use. This invention provides compounds of formula (I)
where Z is N or CH; G is N or CH; W is NH, S, SO or SO,, R’ includes phenyl and substituted
phenyl, R? includes alkyl and cycloalkyl, R® includes alkyl and hydrogen, R® and R’ include
hydrogen and alkyl, and the pharmaceutically acceptable salts thereof. This invention also
provides pharmaceutical formulations comprising a 'compkfund of Formula (I) together with a

pharmaceutically acceptable carrier, diluent, or excipient therefor.
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BICYCLIC PYRIMIDINES AND BICYCLIC 3,4—DIHYDROPYRIMIDINES AS
~INHIBITORS OF CELLULAR PROLIF ERATION

FIELD OF THE INVENTION

This invention relates to bicyclic heterocycles that inhibit cyclin-dependent
kinase and tyrosine kinase enzymes, and as such are useful to treat cell

proliferative disorders such as angiogenesis, atherosclerosis, restenosis, and

cancer.

SUMMARY OF THE RELATED ART

Cell cycle kinases are naturally occurring enzymes involved in regulation
of the cell cycle (Meijer L., “Chemical Inhibitors of Cyclin-Dependent Kinases”,
Progress in Cell Cycle Research, 1995;1:351-363). Typical enzymes include the
cyclin-dependent kinases (cdk) cdk] (also known as cdc2), cdk2, cdk4, cdks,
cdk6, and wee-1 kinase. Increased activity or temporally abnormal activation of
these kinases has been shown to result in development of human tumors and other
proliferative disorders such as restenosis. Compounds that inhibit cdks, either by
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 cells.

Severalicompounds that inhibit cdks have demonstrated both preclinical
and clini’cal anti-tumor activity. For example, flavopiridol is a flavonoid that has
been shownito be a:potent inhibitor of several types of breast and lung cancer cells
(Kaur, et al., J..Natl. Cancer Inst., 1992;84:1736-1740; Int. J. Oncol.,

19969:1 143- 1168). The compound has been shown to inhibit cdk2 and cdkd4.
Olomoucine [2¢ (hydroxyethylamme)-6-benzylam1ne-9-methylpurme] is a potent
inhibitor of cdk2 and:cdk5 (Vesely, et al., Eur. J. Biochem., 1994;224:771-786),
and has been shown to inhibit proliferation of approximately 60 different human
tumor cell lines used by the National Cancer Institute (NCI) to screen for new
cancer therapies'(Abraham, et al., Biology of the Cell, 1995:83:105- 120).
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_ In addition, tyrosine kinases are a class of enzymes that catalyze the
transfer of the terminal phosphate of adenosine triphosphate (ATP) to tryrosine
residues on protein substrates. Tyrosine kinases are an integral part of growth
factor receptorsiand are essential for the propagation of growth factor sj gnal
transduction leading to cellular proliferation, differentiation, and migration.
Growth factor receptors are also known as receptor tyrosine kinases. (RTKSs). The
aberrant regulation of growth factors or their cognate receptors play é critical role
in the progression of proliferative diseases, For example, the fibroblast growth
factor (FGF) and the vascular endothelial growth factor (VEGF) have been -
impliﬁated as important mediators of 'tumor promoted angiogenesis. Solid tumors
are dependent:upon the formation of new blood vessels from preexisting vessels

(angiogenesis) to nourish their growth and to provide a conduit for metastases.

- Accordingly; inhibitors of the FGF and VEGF RTKSs, as well as other tyrosine

kinases, are useful agents for the prevention and treatment of proliferative diseases
dependent on these enzymes.

Despite the progress that has been made, the search continues for small
molecularweight compounds that are orally bioavailable and useful for tréating a
wide variety of human tumors and other proliferative disorders such as restenosis,

angiogenesis, diabetic retinopathy, psoriasis, surgical adhesions, macular

degeneration, and atherosclerosis.

SUMMARY OF THE INVENTION

This invention provides bicyclic heterocycles that are useful for treating
cell proliferative disorders, such as cancer, atherosclerosis, restenosis,
angiogenesis, diabetic retinopathy, psoriasis, and endometriosis. We have
discovered a group of bicyclic pyrimidine analogs that are potent inhibitors of
cyclin-dependent kinases (cdks) and tyrosine kinases. The compounds are readily
synthesized and can be administered by a variety of routes, including orally and
parenterally, and have little or no toxicity.

* The compounds of the invention are members of the class of compounds

of Formula I:
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and the pharmaceutically acceptable salts thereof,

wherein:

the dotted line represents an optional double bond;

Zis N or CH;

Gis N or CH;

WisNH, S, SO, or SO»p;

X is either O, S, or NR10;

R!,R2; and R10 are independently selected from the group consisting of H,

" (CHp)pAr, COR_4, (CHp)pheteroaryl, (CHj)pheterocyclyl, C1-Cqg alkyl,
C3-Cj cycloalkyl, Cy-Cq alkenyl, and C2-Cj0 alkynyl, wherein n is 0,
1,2, 0r 3, and the (CHp)pAr, (CHp)pheteroaryl, alkyl, cycfoalkyl, alkenyl,
and alkynyl groups are optionally substituted by up to 5 groups selected
from NR4R3, N(O)R4RS3, NR4RSRSY, alkyl, phenyl, substituted phenyl,
(CH)pheteroaryl, hydroxy, alkoxy, phenoxy, thiol, thioalkyl, halo, COR4,
CO2R%, CONR4RS, SO,NR4RS, SO3R, PO3R4, aldehyde, nitrile, nitro,
' ORS

heteréaryloxy, T(CH)mQRY, T(CH2)1,C-(CH)yQRA,

|
H

C(O)T(CH2)mQR4, NHC(O)T(CH5),,QRY, T(CH2)mC(OINR4NRS, or
T(CH);CO2R4 wherein each m is independently 1-6, T is O, S, NR4,
N(O)R#, NR4R6Y, or CR4R5, and Q i O, S, NR3, N(O)R3, or NRSRSY:

when the:dotted line is present, R3 is absent;
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otherwise R3 has the meanings of R2, wherein R2 is as defined above, as well as

OH, NR#R3, COOR#, OR, CONR4RS, SO,NR4RS, 505R4, PO3RY,
OR5

T(CH)MQRY, T(CH2),C-(CHy)mQR4,

I
H

wherein T and Q are as defined above;
R4 and RS are each independently selected from the group consisting of
* hydrogen, C1-Cg alkyl, substituted alkyl, C-Cg alkenyl, C2-Cg alkynyl,
N(C}-CgalkyD) or 2, (CHp)pAT, C3-Cj1g cycloalkyl, heterocyclyl, and
heteroaryl, or R4 and RS together with the nitrogen to which they are
attached optionally form a ring having 3 to 7 carbon atoms and said ring

optionally contains 1, 2, or 3 heteroatoms selected from the group

consisting of nitrogen, substituted nitrogen, oxygen, and sulfur;

when R4 and RS together with the nitrogen to which they are attached form a ring,
the said ring is optionally substituted by 1 to 3 groups selected from OH,

OR4, NR4RS, (CH,),OR4, (CH2)MNRARS, T-(CHp)mQRy,
CO-T-(CH2)mQR4, NH(CO)T(CH2),,,QRY, T-(CHz)mC02R4, or
T(CH2);yCONR4RS.

Rb s alkyl, ‘ }

R8 and RY independently are H, C1-C3 alkyl, NR4R, N(O)R4RS, NR4RSR6Y,
hydroxy, alkoxy, thiol, thioalkyl, halo, COR4, COoR4, CONRA4RS,
SO2NR4R3, SO3R4, PO3R4, CHO, CN, or NO»;

when the dotted line is absent, R is additionally carbonyl, thnocarbonyl imine
and substituted imine, oxime and oxime ether, and

Y is a halo counter-ion.

In a preferred embodiment, the invention provides compounds of
Formula 11, 111, and IV
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wherein R], R2, R3, W, R8, and R9 are as defined above. v
Additionally preferred compounds have the above formulas wherein W is

NH. Also preferred are those compounds wherein R! is substituted alkyl, phenyl,
or pyridyl. _

~ This invention also provides pharmaceutical formulations corhpﬁsing a
compound of Formula ] together. wnh a pharmacéutically acceptable carrier,
diluent, or excipient therefor.

Compounds within the scope of the present invention are inhibitors of the
cyclin-dependent kinases such as cdk2, cdc2, and cdk4. Some of the compounds
of the present invention also inhibit growth factor mediated tyrosine kinases
including those of platelet-derived growﬂl factor (PDGF), fibroblast growth factor
(FGF), and epidermal growth factor (EGF), as well as non-receptor tyrosine
kinases such as c-Src. As inhibitors of cyclin-dependent, as well as growth factor-
mediated and non-feceptor tyrosine kinases, the compounds of the instant

invention are useful in controlling proliferative disorders such as cancer, psoriasis,
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vascular smooth muscle cell proliferation associated with atherosclerosis, diabetic
retmopathy and angiogenesis, and postsurglcal vascular stenosis and restenosis in
mammals. | '

A further embodiment of this invention is a method of treating subjects
suffering from diseases caused by cellular proliferation. The method entails
inhibiting proliferation of tumorigehic cells of epithelial origin and vascular
smooth muscle proliferation, and/or cellular migration by administering a
therapeutically effective amount of a compound of Formula I to a subject in need
of treatment. '

A further embodiment of thlS invention is a method of treating subjects

suffering from diseases caused by DNA tumor viruses such as herpes viruses.

DETAILED DESCRIPTION OF THE INVENTION

We have discovered a new class of compounds that are potent inhibitors of
cyclin-dependent kinases (cdks) and tyrosine kmases that are useful agents for
treating subjects suffering from diseases caused by abnormal cell proliferation.
Compounds within the scope of the present invention are inhibsitors of the cyclin-
dependent kinases such as cdc2, cdk2, and cdk4, and tyrosine kinases such as

PDGF}. FGF, and c-Src. As inhibitors of these kinases, the compounds of the

instant invention are useful in controlling proliferative disorders such as cancer,
psoriasis. vascular smooth muscle proliferation associated with atherdsclerosis,
postsurgical vascular stenosis, angiogenesis, diabetic retinopathy, and restenosis

in mammals.

The compounds of the invention are members of the class of compounds
of Formula I:

8 g9
3
R
N| N | I
R'-W Z G2 X
R

and the pharmaceuticaHy acceptable salts thereof,
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wherein: G11 5 54

the dotted line (—-) represents an optional double bond;

Zis N or CH;

Gis N or CH;

WisNH, §, SO, or SO5;

X is either O, S, or NRIO;

R, R2, and R10 are independently selected from the group consisting of H,
(CHp),Ar, COR4, (CHp)pheteroaryl, (CHp)pheterocyclyl, C 1-C10 alkyl,
C3-Cyg cycloalkyl, C2-Cyg alkenyl, and C2-Cyg alkynyl, wherein n is 0,
1, 2, or 3, and the (CHz)nAr (CHj)pheteroaryl, alkyl, cycloalkyl, alkenyl
and alkynyl groups are optionally substituted byupto 5 groups selected
from NR4R5, N(O)R4RS, NR4R5R6Y, alkyl, phenyl, substituted phenyl,
(CHp)pheteroaryl, hydroxy, alkoxy, phenoxy, thiol, thioalkyl, halo, COR4,
CO3R4, CONR4RS, SOJNR4RS, SO3R4, PO3R4, aldehyde, nitrile, nitro,

OR5
I

heteroaryloxy, T(CH)QR4, T(CHy)C-(CHy),,QR?,

|

C(O)T(CH2),QRA, NHC(O)T(CH3),,QR4, T(CH2);C(O)NRANRS, or
T(CH),COoR4 wherein‘eachm is independently 1-6, T is O, S, NR4,
N(O)R4, NR4R6Y, or CR4R5 and Q is 0,8, NRS5, N(O)RS, or NR5R6Y

when the dotted line is present R3is absent;

otherwise (when --- is absent) R3 has the meanings of R2, wherein R,2 is as

defined above, as well as OH, NR4R5, COOR#, OR4, CONR4RS,
SO2NRAR3, SO3R4, PO3RY,

OR>

T(CH2)mQR4, T(CH)p,C-(CHy),QR,

|
H

wherein T and Q are as defined above;
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R4 and RS are each independently selected from the group consisting of
hydrogen, C1-Cg alkyl, substituted alkyl, Cy-Cg alkenyl, C2-Cg alkynyl,
N(Cy-Cgalkyl)] o 2, (CHp)4AT, C3-Cy9 cycloalkyl, heterocyclyl, and
heteroaryl, or R4 and RS together with the nitrogen to which they are
attached optionally form a ring having 3 to 7 carbon atoms and said ring '
optionally contains 1, 2, or 3 heteroatoms selected from the group

consisting of nitrogen, substltuted nitrogen, oxygen, and sulfur;

when R4 and RS together with the mtrogen to which they are attached form a ring,

~ the said ring is optionally substituted by 1 to 3 groups selected from OH,
" OR4, NR4RS, (CH2)p,ORY, (CH2)NRARS, T-(CHp);mQRy,
- CO-T-(CHp)mQR4, NH(CO)T(CH,),,QR4, T-(CHz)mC02R4, or
T(CH2)mCONRARS;
RO is alkyl;
R8 and R? independently are H, C}-Cj3 alkyl, NR4R5, N(O)R4RS5, NR4R5R6Y,
hydroxy, alkoxy, thiol, thioalkyl, halo, COR4, CO,R4, CONR4R5
SOoNR4R5, SO3R4, PO3R4, CHO, CN, or NO»;

when the dotted line is absent, RY is additionally carbonyl, thiocarbonyl, imine
and substituted imine, oxime and oxime ether, and

Y is a halo counter-ion.

An especially preferred group of compounds have the above formula
wherein X is O.

Another preferred group of compounds are those wherein W is NH.
A preferred group of compounds of Formula I have the above formula

wherein X is O or NHR10, and R3 is H or substituted aryl.

Also preferred are compounds of Formula I wherein RS and R9 both are
hydrogen.

Another preferred group of compounds of Formula I have the above

formula wherein X is O, and R2 is Et, Pr, i-Pr, i-Bu, i-pentyl, or cycloalkyl. In an

especially preferred group of compounds, X is O and R2 is cyclopentyl or ethyl.
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In yet another preferred group of compounds of Formula LXisO,Wis
NH, and R1 s alkyl, substituted alkyl, phenyl, or substituted phenyl, pyridyl or
substituted pyridyl. Preferred R ] substituted phenyl groups include 4-piperidiny]

(with or without substitution), 4-(2-diethylaminoethoxy), 4-pyrrole, 4-pyrazol, and
4-(4-methy] piperazin-1-yl). In an especially preferred £roup of compounds, X is
O, and R! is phenyl substituted with hydroxy, alkoxy, NR4RS, or T(CH, )mQR4,
where R4 and R3, T, m, and Q all are as defined above. In an even mo;e preferred
group of compounds, X is O, and R1 is phenyl substituted with NR4RS or
T(CH2)mQR4. where R4 and R3, T, m, and Q all are as defined above.

Another preferred group of compounds of Formula [ are those wherein X
is NH.

Further preferred compounds are the pyrimido [4,5-d)pyrimidines of
Formula I wherein Z is N. '

Especially preferred compounds provided by the invention have
Formulas 11, 111, and IV

11

1414




wherein R, Rz, R3, W, R8, R9, and X are as defined above.

Additiona]ly preferred compounds have the above formulas wherein W is

NH. Also preferred are those compounds wﬁércin Rlis alkyl, substituted phenyl
5 or pyridyl.

Further preferred compounds of the present invention have the Formula V:

ar PPN
\T)\N o ;

H - R?

where R2 is as defined above, and Ar is phenyl, substituted phenyl, oir hetéroaryl.
Ideally, R2 is alkyl such as ethyl, isopropyl, propyl, butyl, or isopéntyl, or

10 cycloalkyl such as norbornyl, cyclopentyl, cyclohexyl, or adamantyl. A most
preferred Ar group is phenyl, preferably substituted with 1, 2, or 3 groups selected
from phenyl. chloro, bromo, methyl, methoxy, hydroxy, hydroxymethyl, |
2-diethylaminoethoxy, methoxycarbor}ylmethyl, carboxy, carboxymethyl,
ethoxycarbonyl, 2-carboxyethyl, 2-etho>{ycarbonylethyl, NR4RS5, and

15 O(CH3)(.6NRR?, wherein R4 and R are as defined above. Another preferred
Ar group is pyridyl and thiazolyl, for example, 3-pyridyl, 2-thiazolyl, each
optionally substituted by alkyl, halo, phenyl, hydroxyphenyl, or alkoxyphenyl.

Other preferred compounds have Formula Vi

JAr

N™ ™ N

o MK "
alkyl —N N N X

heteroaryl  H l

R2
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where alkyl, Ar, aryl, heteroaryl, R2, and X are as defined above. Particularly
preferred compounds of Formula V1 are those where X is O or NHCOR#4, for
example, NHCO alkyl and NHCONH alkyl. Preferred aryl groups are phenyl and
substituted phenyl. Preferred heteroaryl groups are pyridyl and substituted pyridyl.

5 Compounds of Formula I wherein W is S, SO, or SO are especially
useful as intermediates leading to compounds where W is NH, but such
compounds also display inhibitory activity against cyclin-dependent kinases and
tyrosine kinases.

Unless otherwise expressly stated, the following definitions are adhered to
10 throughout this disclosure.
“Alkyl” means a straight or branched hydrocarbon radical having from
1 to 10 carbon atoms (unless stated otherwise) and includes, for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, teri-butyl, n-pentyl,
isopentyl, n-hexyl, and the like.
15 ~ “Halo” includes fluoro, chioro, bromo, and iodo.
“Alkenyl” means straight and branched hydrocarbon radicals having from
2 to 10 carbon atoms and one or two double bonds and includes ethenyl, 3-buten-
1-yl, 2-ethenylbutyl, 3-hexen-1-yl, 3,6-octadien-1-yl, and the like.
“Alkynyl” means straight and branched hydrocarbon radicals-having from
20 2 to 10 carbon atoms and one or two triple bonds and includes éthynyl, 3-butyn-
1-yl, propynyl, 2-butyn-1-yl, 3-pentyn-1-yl, 3,6-octadien-1-yl, and the like.
“Cycloalkyl” means a monocyclic or polycyclic hydrocarByl group such as
cyclqpropyl, cycloheptyl, cyclooctyl, éycfodecyl., cyclobutyl, adamantyl,
norpinanyl, decalinyl, norbornyl, cyclohexyl, and cyclopentyl. Such groups can be
25 substituted with groups such as hydroxy, keto, and the like. Also inciuded are
rings in which 1 to 3 heteroatoms replace carbons. Such groups are termed
“heterocyclyl”, which means a cycloalkyl group also bearing at least one

heteroatom selected from O, S, or NRj, examples being oxiranyl, pyrrolidinyl,
piperidyl, tetrahydropyran, and morpholine.
30 “Alkoxy” refers to the alkyl groups mentioned above bound through

oxygen, examples of which include methoxy, ethoxy, isopropoxy, fert-butoxy, and
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the like. In addition, alkoxy refers to polyethers such as -O-(CH2)2-O-OH3, and
the like. _
“Alkanoyl” groups are alkyl linked through a carbonyl, i.e., C 1-Cg-C(O)-.
Such ’groups include formyl, acetyl, propionyl, butyryl, and isobutyryl.
“Acyl” means an alkyl or aryl (Ar) group bonded through a carbonyl ;
group, ie, R-C(O)-. For example, acyl includes a Cy-Cg élkanoyl, including

substituted alkanoyl, wherein the alkyl portion can be substituted by NR4RS ora
carboxylic or heterocyclic group. Typical acyl groups include acetyl, benzoyl, and
the like. B

- The alkyl, alkehyl, alkoxy, and alkynyl groups described above are
optionally substituted, preferably by 1 to 3 groups selected from NR4RS5,
N(O)R4R5, NR4R5ROY, phenyl, substituted phenyl, thio C}-Cy¢ alkyl, C-Cyg
alkoxy, hydroxy, carboxy, C1-C1g alkoxycarbonyl, halo, nitrile, cycloalkyl, and a
5- or 6-membered carbocyclic ring or heterocyclic ring having 1 or 2 heteroatoms
selected from nitrogen, substituted nitrogen, oxygen, and sulfur. “Substituted
nitrogen” means nitrogen bearing C}-Cq alkyl or (CH),Ph wherenis 0, 1, 2,
or 3. Perhalo and polyhalo substitution is also embraced. |

Examples of substituted alkyl groups include 2-aminoethyl,
pentachloroethyl, trifluoromethyl, 2-diethylaminoethyl, 2-dimethylaminopropyl,
ethoxycarbonylmethyl, 3-phenylbutyl, methanylsulfanylmethyl, methoxymethyl,
3-hydroxypentyl, 2-carboxybutyl, 4-chlorobutyl, 3-cyclopropylpropyl,
pentafluoroethyl, 3-morpholinopropyl, piperazinylmethyl, and
2-(4-methylpiperazinyl)ethyl.

Examples of substituted alkynyl groups include 2-methoxyethynyl,
2-ethylsulfanyethynyl, 4-(1-piperazinyl)-3-(butynyl), 3-phenyl-5-hexynyl,
3-diethylarhino-3-butynyl, 4-ch’loro-3—butynyl, 4-cyclobutyl-4-hexenyl, and the
like. | | |

Typical substituted alkoxy groups include 2-aminoethoxy,

trifluoromethoxy, 2-diethylaminoethoxy, 2-ethoxycarbonylethoxy,

3-hydroxypropoxy, 6-carboxhexyloxy, and the like.
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Further examples of substituted alkyl, alkenyl, and alkynyl groups-include
dimethylaminomethyl, carboxymethyl, 4-dimethylamino-3-buten- I-yl,
S-ethylmethylamino-3-pentyn-1 -y1, 4-morpholinobutyl,
4-tetrahydropyrinidylbutyl, 3-imidazolidin-1 -ylpropyl, 4-tetrahydrothiazol-3-yl-
butyl, phenylmethyl, 3-chlorophenylmethyl, and the like.

The terms “Ar” and “aryl” refer to unsubstituted and substituted aromatic
groups. Heteroaryl groups have from 4 to 9 ring atoms, from 1 to 4 of which are
independently selected from the group consisting of O, S, and N. Preferred
heteroaryl groups have 1 or 2 heteroatoms in a 5- or 6-membered aromatic Ting.
Monb and bicyclic aromatic ring Systems are included in the definition of aryl and
heteroaryl. T)'pical aryl and heteroafyl groups include phenyl, 3-chlorophenyl,
2,6-dibfomophenyl, 2¥pyridyl, 3-methyl-2-pyridyl, 3-benzothienyl,
2,4,6-tribromopheny], 4-ethy1-2-benzothienyl, 2-furanyl, 3,4—diethyl-2-furanyl,
I-naphthyl, 4.7-dichloro-2-naphthyl, pyrrole, pyrazole, imidazole, thiazole, and

the like. An especially preferred heteroaryl group is pyridyl.

Preferred Ar groups are phenyl and phenyl substituted by 1, 2, or 3 groups
independently selected from the group consisting of alkyl, alkoxy, thio, thioalkyl,

hydroxy, -COOR7, amino of the formula -NR4RS, CONR4RS ,and
T(CH2),QR* or T(CH2),CO9R4 wherein m is 1 to 6, Tis O, S, NR4, N(O)R4,
NR4ROY, or CR4RS, Q is O, S, NRS, N(O)RS, or NRSR6Y wherein R4 and
RS are as described above, and R7 is H, alkyl or substituted alkyl, for example,
methyl, 2-aminoethyl, trichloroethyl, diphenylmethyl, and the like. The alkyl and
alkoxy groups can be subst.ituted"éis defined above. For example, ~typical groups
are carboxyalkyl, alkoxycarbonylalkyl, hydroxyalkyl, hydro;{yalkoxy, and
alkoxyalkyl. ‘

The invention compound will be named herein according to tﬁe following
position assignments

5 4

N3

lk when G=N
/ £ ]
7 7 G)Z

3 4

1
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4 5 :
and I\ _ when G = CH.
2 N7 T
8

It will be appreciated by those skilled in the art that the compounds

defined by the above formula can exist in tantomeric forms. For example, a 2-keto
compound can tantomerize to a 2-enol when R2 is hydrogen as follows:
RS . RO

3"
\/R

: xx LA

H
Similarly, 2-imino compounds can tantomerize to 2-amino compounds as
follows:
8 R9 RS R?
3 3
R ' _-R
NN HN
s =
RI—w™ ™7 G 10 RI—w™ 27 S67 N!0
H

3
\/R

? J\ /&

H

All of the tantomeric forms of compounds of Formulas I-1V are contemplated and

included within the scope of this invention.

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

well as solvated forms, including hydrated forms. In general, the solvated forms,
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including hydrated forms, are equivalent to unsolvated forms and are intended to

be encompassed within the scope of the present invention.

The compounds of Formula 1 are capable of further forming both
pharmaceutically acceptable formulations comprising salts, including but not
limited to acid addition and/or base salts, solvates and N-oxides. This invention
also provides pharmaceutical formulations comprising a compound of Formgla |
together with a phannaceutiéally acceptable carrier, diluent, or excipient therefor.
All of these forms are within the present invention.

Pharmaceutically acceptable acid addition salts of the compounds of
Formula linclude salts derived form inorganic acids such as hydrochlonc nitric,
phosphoric. sulfuric, hydrobromic, hydriodic, phosphorus, and the like, as well as
the salts derived from organic acids, such as aliphatic mono- and dicarboxylic
acids, phenyl-substituted alkanoic acids, hydroxy alkanoic acids, alkanedioic
acids, aromatic acids, aliphatic and aromatic sulfonic acids, eté. Such salts thus
include 'sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, nitrate, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
chloride, bromide, iodide, acetate, propionate, caprylate, isobutyrate, oxalate,
malonate, succinate, suberate, sebacate, fumarate, maleate, mandelate, benzoate,
chlorobenzoate, methylbenzoate, dinifrobenzoate, phthalate, benzenesulfonate,
toluenesulfonate, phenylacetate, citrate, lactate, maleate, tartrate,
methanesulfonate, and the like. Also contemplated are the salts of amino acids
such as arginate, gluconate, galacturonate, and the like; see, for example, Berge
et al., “Pharmaceutical Salts,” J. of Pharmaceutical Science, 1977;66:1-19.

The acid addition salts of the basic compounds are prepared by contacting
the free base form with a sufficient amount of the desired acid to produce the salt
in the conventional manner. The free base form may be regenerated by contacting
the salt form with a base and isolating the free base in the conventlonal 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 mvenuon

Phannaceutlcally acceptable base addition salts are formed with metals or
amines, such as alkali and alkaline earth metal hydroxndes, or of organic amines.

Examples of metals used as cations are sodium, potassium, magnesium, calcium,
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and the like. Examples of suitable amines are N,N’-dibenzylethylenediamine, -
chloroprocaine, choline, diethanolamine, ethylenediamine, N-methylglucamine,
and procaine; see, for example, Berge, et al., supra.

The base addition salté 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 éontacting the

salt form with an acid and isolating the free acid in a conventional manner. The

" free acid forms differ from their respective salt forms somewhat in certain

physical properties stch as solubility in polar solvents, but otherwise the salts are
equivalent to their respective free acid for purposes of the present invention.

‘ The compounds of the present invention are useful for treating cancer (for
example, leukemia and cancer of the lung, breast, prostate, and skin such as
melanoma) and other proliferative diseases including but not limited to psoriasis,
HSV, HIV, restenosxs and atherosclerosis. To utilize a compound of the present
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 muscle cell prollferatlon
Compounds within the scope of the present invention effectively mhxbxt 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 Formula| to a subject in need of treatment.

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, a
compound of Formula I or a corresponding pharmaceutically acceptable salt or
solvate thereof.

A further embodiment of this invention is a pharmaceutical formulation

comprising a compound of Formula I together with a pharmaceutically acceptable

carrier, diluent, or excipient therefor. For preparing pharmaceutical compositions
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suitable proportions and Compacted in the shape and sjze desired.

The formulations of this invention preferably contain from about 5% to
about 70% or more of the active compound. Suitabje carriers include magnesium
carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin,
tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. A preferred form for oral use are capsules, which
include the formulation of the active compound with encapsulating material as a
carrier providing a capsule in which the active component with or without other
carriers, is surrounded by a carrier, which is thus in association with it. Similarly,

cachets and lozenges are included, Tablets, powders, capsules, pills; cachets, and

- lozenges can be used as solid dosage forms suitabje for oral administration,

For preparing suppositories, a Jow melting wax, such as a mixture »of fatty
acid glycerides or cocoa butter, is first melted and the active component is
dispersed homogenously therein, as by stirring. The molten homogenous mixture
is then poured into convenient size molds, allowed to cool, and thereby to s'olidify.

Liquid form prep:a’r’ationé ‘include solutions, suspensions, and emulsions
such as water or water/propylene glycol solutions. For parenteral injection, liquid
Preparations can be formulated in solution in aqueous polyethylene glyco]
solution, isotonic saline, 5% aqueous glucose, and the like. Aqueous solutions
suitable for oral use can be Prepared by dissolving the active component in water
and adding suitable colorants, flavors, stabilizing and thickening agents as desired.

Aqueous suspensions 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, sodjum

carboxymethylcellulose, or other well-known suspending agents,
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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,
solubilizing 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 uniformally over a prolonged
period. ‘ '

The'pha'nhaceutical preparations of the invention are preferai)ly in unit
dosége form. In such form, the preparation is subdivided into unit doses
containing appropriate quantities of the active component. The unit dosage form '
can be a packaged preparation, the package containing discrete quantities of
preparation, such as packeted tablets, capsules, and powders in vials or ampules.
Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itseif, orit
can be the appropriate number of any of these in packaged form.

The therapeutically effective dose of a compound of Formula 1 and/or
Formula II will generally be from about 1 mg to about 100 mg/kg of body weight
per day. Typical adult doses will be about 50 mg to about 800 mg per day. The
quantity of active component in a unit dose preparation may be varied or adjusted
from about 0.1 mg to about 500 mg, préferably about 0.5 mg to 100 mg accbrding
to the particular application and the potency of the active component. The

composition can, if desired, also contain other compatible therapeutic agents. A

subject in need of treatment with a compound of Formula | and/or II 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 proteins having the ability to phosphorylate othér
proteins, such as cdks, PDGFr, FGFr, ¢-Src, and EG Fr-FL. Cdks form complexes
with cyclins, and these complexes phosphorylate key proteins allowing cells to

proceed through the cell cycle (Meijer L., Progress in Cell Cycle Research,

1995;1:351-363). The compounds of this invention inhibit this phosphorylation
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and therefore can be used as anti-proliferative agents for the treatment of cancer
and/or restenosis and 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.

While the forms of the invention herein constitute presently preferred
embodiments, many others are possible. It is not intended herein to mention all of
the possible equivalent forms or ramifications of the invention. It is understood
that the terms used herein are merely descriptive rather than limiting, and those
skilled in the art will realize that various changes may be made without departing
from the spirit or scope of the invention. |

The following compouhds illustrate specific embodiments provided by the
present invention, and the compounds listed below are among the preferred
embodiments.

1-Methyl-7-{4-(pyrazol- 1-yl)phenylamino}-3,4-dihydro-
pyrimido[4,5-d)pyrimidin-2(1H)-one;

1-Methyl-7-[4-(4-methylpiperazin-1 -y)phenylamino}-3,4-dihydro-
pyrimido[4.5-d]pyrimidin-2(1 H)-one; _

1-Methyl-7-[4-(4-hydroxypiperidin-1 -yDphenylamino}-3,4-dihydro-
pyrimido{4,5-d)pyrimidin-2(1 H)-one;

1-Methyl-7-{4-[4-(dimethylamino)piperidin-1-yl} phenylamino}-3 4-
dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one;

1-Isopropyl-7-[4- (pyrazol I-yl)pheny]ammo] 3,4- dlhydro-pyr1m1d0[4 5-
a'prnmldm-Z( 1H)-one;

1-Isopropyl-7-[4-(4-methylpiperazin- 1 -yD)phenylamino]-3.4-dihydro-

pyrimido[4,5-d]pyrimidin-2(1 H)-one;

1-Isopropyl-7-[4-(4-hydroxypiperidin-1 -y)phenylamino}-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one;
1-Isopropyl-7-{4-[4-(dimethylamino)piperidin-1 -yl]phenylamino}-3 ;4-
dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
' 1-Bicyclo[2.2.1]hept-2-yl-7-[4-(pyrazol- l-yl)phenylammo] 3,4-dihydro-
pynm1do[4 5-d)pyrimidin-2(1 H)-one (exo);
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-B1cyclo[2 2.1]hept-2-yl-7- [4-(4—methylp1perazm 1-yD)phenylamino]-3,4-
dihydro-pyrimido[4,5- -d]pyrimidin-2(1H)-one (exo0);
1-Bicyclof2.2.1 ]hept-2-y]-7-[4-(4-hydroxypiperidin-] -yDphenylamino]-
3,4-dihydro-pyrimido[4,5-d]pyrimidin—2( 1H)-one (exo); ,
1-Bicyclo[2.2.1 ]hept-2-yl—7.-{4-[4-(dimethylamino)piperidin- 1-
yl]phenylamino}-3,4—dihydro—pyrimido[4,5-d]pyrimidin-Z( 1H)-one (exo);
7-[4-(4-Aminoacetyl-piperazin-1 -yl)-phenylamino]-1-cyclopentyl-3 4-
dihydro~pyrimido[4,5-d]pyrimidin-2(1H)-one;
7-{ 4-[4-(2-Amhino-4-methyl-pentan6yl)-piperazin-1 -yl}-phenylamino}-1-
cyclopentyl-3 ,4-diyhydro-pyriimido[4,5-d'] pyrimidin-2(1 H)-one:
| 1-Methyl-7-{ 4—[4-(3-morpholin—4-ylpropyl)piperidin- 1-yl]phenylamino}-
3,4-dihydro-pyn'mido[4,5-d]pyrimidin-2(lH)-one;
1 -lsopropyl-?-{4-[4-(3-morpholin—4-yl bropyl)piperidin- 1-
yl]phenylamino}-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2( 1H)-one;
l.-Cycl.opentyl-7-{4-[4-(3-morpholin-4-ylpropyl)piperidin-l-
yl]phenylamino}-3 ,4-dihydro-pyrimido[4, 5-d]pyrimidin-2(1H)-one;
1-Bicyclo[2.2.1]hept-2-yl-7-{4-[4- (3-morpho11n-4-ylpropyl)pnpendm-1-
yllphenylamino}-3 4-dxhydro-pynrmdo[4 5- d]pynmldm-Z(lH)-one (exo);
1-Cyclopentyl-7- (pynd1n-4-ylam1no)—3,4-d1hydro-pyr1m1do[4,5-
dlpyrimidin-2(1H)-one;
1 -Cyclopentyl-7-(4—methanesulfonyl-phenylamino)-3 ,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1 H)-one;
1 -Cyclopentyl-7-(4-ﬂuoro-37methyl-phenylamino)-3 ,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7-[4-(3-Amino-pyrrolidin—l-yl)-phenylamino]-l-cyclopenty]-3,4-dihydro-
pyrimido[4.5-d)pyrimidin-2(1 H)-one;
7-[4~(4-Acetyl-piperazin- 1-yl)-phenylamino}-1- cyclopentyl 3,4- dlhydro-
pyrimido[4,5- d]pynmldm-Z(]H) -one;

1-Cyclopentyl-7-(4-piperazin-1 1-yl-phenylamino)-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1 H)-one; _

]-C_vclopentyl-7-[4-(5-methyl-hexahydro-pyrrolo[3,4-¢]pyrrol-2-yl)-
phenylamino]-3,4-dihydro—pyrimido[4,5-d]pyrimidin-2( 1H)-one;
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7-[4-(4-Aminoacetyl-piperazin-1-yl)-phenylamino}-3-(3 ,5-dimethoxy-
phenyl)-1 -ethyl-3,4-dihydro-pyrimido{4,5-d)pyrimidin-2(1 H)-one;
7-[4-(4-Aminoacetyl-piperazin-1 -yl)-phenylamino}-3-(2-chloro-3,5-
dimethoxy-phenyl)-1-ethyl-3,4-dihydro-pyrimido [4,5-d]pyrimidin-2(1 H)-one;
7-[4-(4-Aminoacetyl-piperazin-1 -yl)-phenylamino]-3-(2,6-dichloro-3,5-
dimethoxy-phenyl)-1 -ethyl-3,4-dihydro-pyrimido([4,5-d]pyrimidin-2(1 H)-one;
7-[4-(4-Aminoacetyl-piperazin-1 -yl)—pheriylamino]-3-(2-methyl-3 -
dimethoxy-phenyl)-1 -ethyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7-[4~(4-Aminoacetyl-piperazin-1 -yl)-phenylamino}-3-(2,6-dimethyl-3,5-
dimethoxy-phenyl)— 1-ethyl-3,4-dihydro-pyrimido([4,5-d]pyrimidin-2(1 H)-one;
7—[4-(2-Diethylamino-ethoxy)—phenylamino]—3-(3,5-dimethoxy-phenyl)- 1-
ethyl-3,4-dihydro-pyrimido{4,5-d]pyrimidin-2( 1H)-one;
7-[4-(2-Diethylamino-ethoxy)-phenylamino]‘3-(2-chloro-3,S-dimethoxy- |
phenyl)-1-ethyl-3,4-dihydro-pyrimido [4,5-d]pyrimidin-2(1 H)-one;
A 7—’[4-(2-Diethy1amino-ethoxy)~phenylamino]-3-(2,6~dich]oro-3,5-

'dim'ethoxy-phenyl)—l-ethyl-3 ;4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;

7-[4-(2-Diethylamino-ethoxy)—phenylamino]-3-(2-methyl-3,5-dimethoxy~
phenyl)-1-ethyl-3,4-dihydro-pyrimido[4,5- -d]pyrimidin-2(1H)-one; .
7-[4-(2-Diethylamino-ethoxy)-phenylamino}-3-(2,6- -dimethyl-3,5-
dlrnethoxy-phenyl)- 1-ethyl-3,4- d1hydro-pyr1m1do[4 S-d}pyrimidin-2(1 H)-one;
7~(4-Diethylamino-butylamino)-3-(3,5- -dimethoxy-phenyl)-1-ethyl-3 4-
dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one; :
7-(4-Diethylamino-butylamino)-3 -(2-chloro-3,5-dimethoxy-phenyl)- 1-
ethyl-3 ,4-dihydro-pyrimido{4,5-d]pyrimidin-2(1H)-one;
7-(4-Diethylamino-butylamino)-3-(2,6-dichloro-3 ,3-dimethoxy-phenyl)-1-
ethyl-3 ,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one;
~ 7-(4-Diethylamino-butylamino)-3 -(2-methyl-3,5-dimethoxy-phenyl)-1-
ethyl-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2(1H)-one;
7-(4-Diethylamino-butylamino)-3 -(2,6-dimethyl-3,5-dimethoxy-phenyl)-1-
ethyl-3,4-dihydro-pyrimido[4,S-d]pyrimidin-Z('lH)-one; ‘
7-(Pynidin-4-ylamino)-3-(3,5-dimethoxy-phenyl)-1 -ethyl-3,4-dihydro-
pyrimido[4.5-d]pyrimidin-2(1 H)-one;
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7-(Pyridin-4-ylamino)-3-(2-chloro-3 »S-dimethoxy-phenyl)-1-ethyl-3,4- -
dihyc_lro-pyrimido[4,5-d]pyrimidin-2( 1H)-one;

7-(Pyridin-4-ylamino)-S-(2,6-dichloro-3,S-dimethoxy-phenyl)- 1-ethyl-3,4-
dihydro-pyrimido[4,5-d]pyrimidin-2(lH)-one; ,

7-(Pyridin—4-ylamino)—3-(2,6-dimethyl-3 ,5-_dimeth0xy-phenyl)-_ I-ethyl-
3,4-dihydro-pyrimido[4, s-a]pyﬁmidin-z(lm-one-

7-(Pyridin-4-ylamino)-3- (2-methy] 3,5-dimethoxy-phenyl)- l-ethyl 3,4-
dihydro-pyrimido{4, 5-d]pyrimidin-2(1 H)-one;

- 7- (Pvndm-4-yla1mno) 3- (2,6-d1chloro-3 ,5-dimethoxy-phenyl)-1-
cyclopentyl -3 4-d1hydro-pynmxdo[4 5-d]pyrimidin-2(1H)-one;

3-(2-Chloro-3,5- dlmethoxy-pheny])-7-(4-d1ethylam1no-butylamino)-3,4-
dihydro-pyrimido[4,5-d]pyrimidin-2( 1H)-one; |

3-(2-Chloro-3,5-dimethoxy-phenyl)~7-[4-(2-diethylarnino-cthoxy)—
phenylamino]-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2( 1H)-one;

3-(2-Chloro—3,5-dimethoxy-phenyl)-7-(pyridin-.4-ylamino)-3,4-dihydro-
pyrimidb[4,5-d]pyrimidin-2(lH)-one'

3~(3.5-Dimethoxy-phenyl)-7- -(pyridin-4-ylamino)-3 4~ dlhydro-
pyrimido[4,5-d]pyrimidin-2(1 H)-one;

7-[4-(2-Dxethylammo-ethoxy)-phenylamino]—3-(3,5-dimethoxy-phenyl)-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(lH)-one;

3-(2_.6-Dichloro-3,5-dimethoxy-phenyl)-7-(pyridin-4-ylamino)-3,4-
dihydro—pyrimido[4,5-d]pyrimidin—2( ] I{)-one; _

3-(2,6-Dichloro-3,5-dimethoxy-phenyl)—7-[4-(2-diethylamino-ethoxy)~
phenylamino]-3,4-dihydro-pyrimido [4,5-d]pyrimidin-2(1H)-one;

7-[3-(Carboxy)—phenylamino]-3-(2,6-dichloro-phenyl)—1—methyl-3,4-
dihydro-pyrimido[4, 5-d]pyrimidin-2(1H)-one;

7-[3-(N- D1methylammopropyl-carboxamde)—phenylammo] 3-(2,6-
dichloro-phenyl)- 1-methyl-3,4- -dihydro-pyrimido[4,5- d]pynmnd1n-7(ll-1)-one
7-[3-(N- Dxmethylamlnopropyl-carboxarmde)—phenylammo]-3-(2,6-
dichloro-3-hydroxy-phenyl)-1 -methyl-3 ;4-dihydro-pyrimido([4,5-d]pyrimidin-
2(1H)-one; |
' 7-[3-(Carboxy)-phenylamino]-3-(2,6-dichloro-3-hydroxy-phenyl)-l-
methyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2( 1H)-one;
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3-(2,6-Dichloro-phenyl)-7-[4-(2-ethylamino-ethoxy)-phenylamino]Q 1-
methyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
3-(2,6-Dichloro-3-hydroxy-phenyl)-?-[4-(2-ethylamino-ethoxy)-
phenylamino}- 1-methyl-3 ,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7~[4-(Carboxamide)-phenylamino]-3-(2,6-dichloro-phenyl)- I-methyl-3,4-
dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7-[4-(Carboxamide)-phenylamino}-3-(2,6-dichloro-3 -hydroxy-phenyl)-1-
methyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
3-(2,6-Dichloro-phenyl)-7- (3-hydroxymethyl-phenylammo) ]-methyl-3 4-
dlhydro -pyrimido[4,5-d]pyrimidin-2(1 H)-one;
3-(2,6-D1ch]oro-phenyl)-7-(4-morphohn-4-yl-pheny1amino)-3,4—dihydro-
pyrimido[4,5-d]pyrimidin-2(1 H)-one; .
3-(2,6-Dichloro-3-hydroxy-phenyl)-1 -methyl-7-(4-morpholin-4-yl-
phenylamino)-3,4-dihydro-pyrimido[4,5-d) pyrimidin-2(1 H)-oﬁe;
3-(2,6-Dichloro-3-hydroxy-phenyl)-7-(3 -hydroxymethyl-phenylamino)-1-
methyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7- [4-(3-Carboxypropyl)—phenylamino];3 -(2,6-dichloro-pheny!)-1-methyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7-[4-(3-Carboxypropyl)-phenylamino]-3-(2,6-dichloro-3-hydroxy-phenyl)-
l-methyl-3 ,4-dihydro—pyrimido[4,5-d]pyrimidin-2( 1H)-one;
3-(2,6-Dic'hloro-phenyl)-7—[4-(formy1-phenylamino]- 1-methyl-3,4-
dihydro-pyrimido[4 5-dlpyrimidin-2(1H)-one;
3-(2,6-Dichloro-3-hydroxy-phenyl)-7-[4- -(formyl- -phenylamino]- l-methyl-
3,4-dihydro-pyrimido[4, 5-d]pynm1dm-2(1H)-one
1-Methyl-7-[4-(pyrazol- 1-yl)phenylammo]pynmldo[4 5-d}pyrimidin-
2(1H)-one;
1-Methyl-7-[4-(4-methylpiperazin-1 -yl)phenylamino]pyrimido[4,5-
dJpyrimidin-2(1H)-one;
1-Methyl-7-[4~(4-hydroxypiperidin-1 -yl)phenylammo]pynmldo[4 5-
dpyrimidin-2(1H)-one;
1-Methyl-7-{4-[4-(dimethylamino)piperidin- 1 -yl }phenylamino}-
pyrimido[4,5-d]pyrimidin-2(1 H)-one;
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1-Isopropyl-7-[4-(pyrazol-1 -yDphenylamino]pyrimido{4,5-d}pyrimidin-

2(1H)-one;

1-Isopropyl-7-[4-(4-methylpiperazin-1 -yDphenylamino]pyrimido [4,5-
d]pyrimidin-2(1H)-one;

1-Isopropyl-7-[4-(4-hydroxypiperidin-1 -yl)phenylarﬁino]pyrimido[4,5-
djpyrimidin-2(1H)-one;

1-Isopropyl-7-{ 4-[4-(dimethylamino)piperidin-1 -yl]phenylamino}-
pyrimido{4.5-d]pyrimidin-2(1 H)-one;

1 -Bicyclo[2f2. 1 ]hept~2-yl-7g[4—(p§fazol~ 1 -yl)phenylamino]pyrimido[4.5-
d}pyrimidin-2(1 H)-one (exo);

1-Bicyclo[2.2.1 Jhept-2-y1-7-[4-(4-methylpi perazin-|-
yl)phenylamino]pyrimido[4,5—d]pyrimidin-2( 1H)-one (exo0);

1-Bicyclo[2.2.1 ]hept-Z-y1-7-[4-(4-hydroxypiperidin~ 1-
yl)phenylamino]pyrimido[4,5-d]pyrimidin-2(]H)—one (exo);

1-Bicyclo[2.2.1]hept-2-yl-7-{ 4-[4-(dimethylamino)piperidin-1-
yl] phenylamino}pyrimido[4,5-d]pyrimidin-2(lH)-one (ex0);

7-[4-(4-Aminoacetyl-piperazin-1 -yl)-phenylamino}-1-cyclopentyl-
pyrimido[4.5-d]pyrimidin-2(1 H)-one; |

7-§ 4~[4-(2-Amino-4-methyl-pentanoyl)—piperazin- 1-yl}-phenylamino}-1-
c'yclopentyl-pyrimido[4,5—d]pyrimidin-2(lH)-one;

1-Methyl-7-{4-[4-(3 -morpholin-4-ylpropyl)piperidin-1-
yl}phenylamino} pyrimido[4,5-d]pyrimidin-2(1 H)-one;

1-Isopropyl-7-{4-[4-(3 -morpholin-4-ylpropyl)piperidin-1-
yllphenylamino} pyrimido [4,5-d]pyrimidin-2(1H)-one;

1 -Cyclopentyl-7-{4-[4-(3-morpholin-4-ylpropyl)piperidin- 1-
yllphenylamino}pyrimido [4,5-d]pyrimidin~2( 1 H)-one;

] #Bicyclo[Z.Z. 1]hept-2-y1-7-{4-[4-(3 -morpholin-4-ylpropyl)piperidin-1-
yl]phenylamino} pyrimido[4,5-d]pyrimidin-2(1 H)-one (exo);

1 -Cyc]opentyl-7-(4-methanesulfonyl -phenylamino)-pyrimido[4,5-
d]pyrimidin-2(1H)-one;

] -Cyclopentyl-7-(4-ﬂuoro-3-methyl-phenylamino)-pyrimido [4,5-
d)pyrimidin-2(1 H)-one;
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7-[4-(3-Amino-pyrrolidin-1-yl)-phenylamino]-1-cyclopentyl-
pyrimido[4.5-d}pyrimidin-2(1 H)-one;

1-Cyclopentyl-7-(4-piperazin-1-yl-phenylamino)-pyrimido[4,5-
djpyrimidin-Z( 1 H)-one;

1 -Cyclopentyl-7-[4-(5-methyl-hexahydro-pyrrolo[3,4-c]pyrrol-2-yl)-
phenylamino]-pyrimido(4,5-d]pyrimidin-2(1 H)-one;

7-[4-(4-Acetyl-piperazin-1-yl)-phenylamino}-1 -cycloheptyl-pyrimido[4,5-
d]pyrimidin-2(1H)-one;

_ 1-Cyclopentyl-7-(pyridin-4-ylamino)pyrimido{4,5-d]pyrimidin-2(1 H)-one;

1-[7-(4-F luoro—phenylamino)-pyrimido[4,5-d]pyrimidin-2-yl]-3~methyl-
urea;

1-Isopropyl-3-(7-phenylamino-pyrimido[4,5-d]pyrimidin-2-yl)-urea;

1-{7-[4-(3 -Arriinomethyl-pyrrolidin- 1-yl)-phenylamino]-pyrimido(4,5-
d]pyrimidin-2-yl}-3-isopropyl-urea; |

- 1-Isopropyl-3-[7-(4-piperazin-1 -yl-phenylamino)-pyrimido[4,5-

dlpyrimidin-2-yl]-urea;

1-{7-[4-(4-Acetyl-piperazin-1-yl)-phenylamino}-pyrimido[4,5-
d}pyrimidin-2-yl}-3-isopropyl-urea;

N-{7-[4-(3-Amino-pyrrolidin-1-yl)-phenylamino]-pyrimido [4,5-
d]pyrimidin-2-yl}-3-methyl-butyramide; ._

N-[7-(4-Piperazih- 1-yl-phenylamino)-pyrimido (4,5-d]pyrimidin-2-yl]-
isobutyramide; :

N-_{7-[4-(4-Acetyl-piperaz_in—1-yl)—phenylamirid]-pyrimido[4,5~
d]pyrimidin-2-yl}-3-methyi-butyramide; ‘

3-Methyl-N-[7-(pyridin-4-ylamino)-pyrimido[4,5-a’]pyrimidin—Z-yl]-
butyramide; |
1 -Isopfopyl-3-[7-(pyridin-4-y1amino)-pyrimido[4,5-d]pyrimidin-2-yl]-
urea; '

N-{7-[4-(3-Aminomethyl-pyrrolidin-1 -yl)-phenylamino]-pyrimido([4,5- 4
d]pyrimidin-2-yl}-3-methyl-butyramide; -

3-Methyl-N-{7-[4-(5-methyl-hexahydro-pyrrolo[3,4-c]pyrrol-2-y1)-
phenylamino]-3.4-dihydro-pyrimido[4,5-djpyrimidin-2-yl}-butyramid_e;
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1-{7-[4- (4-Acetyl-p1perazm— 1-yl)-phenylamino]-3,4- dlhydro-
pyrimido[4,5- d]pynmxdm—2-yl} -3-isopropyl-urea;

I -[7-[4-(2-Dlethylammo-ethoxy)-phenylammo]-3-(3,5-dimethoxy—
phenyl)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2-yl]—3-ethyl-urea; |

1-{3-(2-Chloro-3 ,5-dimethoxy—phenyl)—7-[4-(2 -diethylamino-ethoxy)-
phenylamino]-3,4-dihydro-pyrimido[4,5-d]pyrimidin—2-yl}-3-ethyl-urea;

1-tert-Butyl-3-[7-[4-(2-diethylamino-ethox y)-phenylamino]-3-(3,5-
dimethoxy-phenyl)—3,4—dihydro-pyrimido[4,5-d]pyrimidin-2-yl]-urea;

V-tert-Butyl-3-{3-(2-chloro-3 ,‘S-diméthoxy-phenyl)-7-[4—(2-diethylamino-
ethoxy)-phenylafnino]-i& ,4-dihydro-pyrimido [4.5-d]pyrimidin-2-yl]} -urea;

‘ l-terr-Buty]-3-[3-(3,5-dimethoxy-phenyl)—7~(pyridin-4-ylamino)-3,4-

dihydro-pyrimido[4,5-d]pyrimidin-.?-y]]-urea; A

1-[3-(3,5 -Dimethoxy-phenyl)-7-(pyridin-4-ylamino)-3 ,4-dihydro-
pyrimido[4,5-d]pyrimidin-2-yl]-3-ethyliurea;

1 -tert-Butyl-3-[3-(2-chloro-3,5-dimethoxy-phenyl)-?—(pyridin~4-yl amino)-
3,4-dihydro-pyrimido[4, 5-d)pyrimidin-2-yl]-urea; '

1-[3-(2-Chloro-3,5- -dimethoxy-phenyl)-7- (pyndm-4-ylammo) 3,4-dihydro-
pyrimido(4,5-d]pyrimidin-2-yl]- 3-ethyl-urea;

1-[3-(2-Chloro-3 ,5-d1methoxy-phenyl)—7-(4-diethylamino-butylamino)-
3,4—dihydro-pyrimido[4,S-d]pyrimidin-?.-yl]-3-ethyl—urea; |

1-tert-Butyl-3-[3-(2-chloro-3 ,5-dimethoxy-phenyl)-7—(4-diethylamino-
butylamino)-3,4-dihydro-pyrimido[4,S-d]pyrimidin-Z-yl]-urea;

1 -(2-Benzyloxyethyl)-7-[4-(4-methyIpiperazin- 1-yl)phenylamino]-3 4-
dihydro—pyrido[4,3-d]pyrimidin-2(]H)-one;

1 -(Thiophen-z-yl)-7-[4-(4-methylpiperazin- I-yl)phenylamino]-3,4-
dihydro-pyrido[4, 3-d]pyrimidin-2(1H)-one;

1-(Thiophen-2-ylmethyl)-7-[4- -(4-methylpiperazin- 1 -yl)pheny:ammo] 3,4-
dihydro-pyrido[4,3-djpyrimidin- -2(1H)-one;

1-(Tetrahydrofuran-2 -y1)-7-[4-(4-methylpiperazin-1 -yl)phenylamino]-3 4-
dihydro-pyrido[4,3-d]pyrimidin—Z(1H)-one;_ ,

1-(Hexa-2,4-diene-1 -y1)-7-[4-(4-methylpiperazin-1 -yl)phenylamino}-3,4-
dihydro-pyrido[4,3-d]pyrimidin-2( 1H)-one;
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1-(Prop-2-yne-1-yl)-7-[4-(4-methylpiperazin- ]-yl)phenylammo] 3,4-
dihydro-pyrido[4,3-d]pyrimidin- -2(1H)-one; '

1-[3-(Dimethylamino)prop-1 1-y1}-7-[4-(4-methylpiperazin-1-
yl)phenylamino]-3,4-dihydro-pyrido[4,3-d]pyrimidin-2( 1 H)-one;

1-(3-Hydroxyprop-1 -y)-7-[4-(4-methylpiperazin-1 -yDphenylamino}-3,4-
dihydro-pyrido{4,3-d]pyrimidin-2(1 H)-one;

1-(Pyridin-4-ylmethyl)-7-[4-(4- -methylpiperazin-1 -yl)phenylamino}-3,4-
dlhydro -pyrido[4,3-d]pyrimidin-2(1 H)-one;

1-(3.5-Dimethylhept-1 -y1)-7-[4-(4-methylpiperazin- | -yl)phenylamino]-

3 ,4-dihydro—pyn'do[4,3-d]pyrimidin-2( 1H)-one;

3-(3,5-Dimethoxy-phenyl)-7-(pyridin-4-ylamino)— 1-ethyl-3.4-dihydro-
pyrido[4,3-d]pyrimidin-2(1H)-one;

3-(2-Chloro-3,5-Dimethoxy- -phenyl)-7- (pyr1dm-4-ylammo) I-ethyl-3,4-
dlhydro -pyrido[4,3-d]pyrimidin-2(1 H)-one;

3-(2,6-Dichloro-3 ,5-D1methoxy-phenyl)-7-(pyridin-4-ylamino)- I-ethyl-

3,4-dihydro-pyrido[4_.3-a']pyrimidin—Z(lH)-one; .

3-(2-Methyl-3 ,5-Dimethoxy-phenyl)—7-(pyridin-4—ylarnino)- 1-ethyl-3 4-
dihydro-pyrido[4,3-d]pyrimidin-2(]H)-one;

3-(2,6-Dimethyl-3,5 -Dimethoxy-phenyl)-?-(pyridin—4-ylamin’o)- 1-ethyl-
3,4-dihydro-pyrido[4,3-d]pyrimidin-2(1 H)-one; .

7-{4-(4-Aminoacetyl-piperazin-1 -yl)-phenylamino]-3-(3 ,3-dimethoxy-
phenyl)-1-ethyl-3 ;4-dihydro-pyrido[4,3-d]pyrimidin-2( 1H)-one; .

7-[4-(4-Aminoacetyl-piperazin-1 1-y])-phenylamino]-3-(2- chloro-3 5-
dimethoxy-phenyl)-1-ethyl-3 4- d1hydro-pyndo[4 3-d]pyrimidin-2(1 H)-one;

7-[4-(4-Aminoacetyl-piperazin-1 -yl)-phenylamino]-3-(2,6-dichloro-3,5-
dimethoxy-phenyl)-1-ethyl-3 ,4-dihydro-pyrido[4,3 -d]pyrimidin-2(1H)-one;

7-{4-(4-Aminoacetyl-piperazin-1 -y!)-phenylamino}-3-(2-methyl-3 5-
dimethoxy-phenyl)-1 -ethyl-3,4-dihydro-pyrido[4,3-d] pyrimidin-2(1H)-one;

7-[4~(4-Aminoacetyl-piperazin-1 1-yl)-phenylamino}-3-(2,6-dimethyl-3,5-
dimethoxy-phenyl)-1-ethyl-3 4- -dihydro-pyrido[4,3- d]pynmxdm-Z(lH)-one

-1-(2-Benzyloxyethyl)-7- -[4-(4-methylpiperazin-1-
yl)phenylarmno]pyndo[4,3-d]pynm1d1n—2(lH)—one;
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1-(Thiophen-2-yl)-7-[4-(4-methylpiperazin-1 -yDphenylamino] pyrido[4,3-
d)pyrimidin-2(1H)-one;
1-(Thiophen-2 -ylmethyl)-7-{4-(4-methylpiperazin-1-
yhphenylamino]pyrido[4,3-d]pyrimidin-2(1 H)-one;
1 -(T etrahydrofuran—Z-yl)-7-[4-(4-methylpiperazi‘n~ 1-
yl)pheny]amino]pyrido[4,3-d]pyrimidin—Z(]H)—one;
| 1-(Hexa-2,4-diene-1 -y1)-7-[4-(4-methylpiperazin-1-
yhphenylamino]pyrido [4,3-d]pyrimidin-2(1 H)-one;
. 1-(Prop-2-yne-1 -Y1)-7-{4-(4-methylpiperazin-1-
yDphenylamino]pyrido[4,3-djpyrimidin-2(1H)-one: |
. 1-[3-(Dimethylamino)prop-1 -Y1]-7-[4-(4-methylpiperazin-1-
yl)phenylamino]pyrido[4,3-d]_pyrimidin-2(1H)-onei
| 1-(3-Hydroxyprop-1-yl)-7- [4-(4-methylpiperazin-1i-
yl)phenylamino]pyrido[4,3-d]pyn'midin-2(lH)-one; _
1 -(Pyridin-4-ylm'ethyl)-7—[4-(4—methylpiperazin- 1-
yl)phenylamino]pyrido[4,3-d]pyrimidin-2(1H)-one;
1-(3.5-Dimethylhept-1 -yl)-7-[4-(4-methylpiperazin-1-
yl)phenylamino]pyrido[4,3-d]pyrimidin-2(1 H)-one;
1-Cyclopentyl-7-(4-piperazin-1 -ylphenylamino)pyrido[4,3-d]pyrimidin-
2(1H)-one; ‘
7-[4-(3-Aminopyrrolidin-1 -yDphenylamino]-1 -cyclopentylpyrido[4,3-
dlpyrimidin-2(1H)-one; , ‘
2-[4-(3-Amino-pyrrolidin-1 -yl)-phenylamino}-8-isopropyl-8 H-pyrido [4,3-
d]pyrimidin-7-one;
8-Cyclopentyl-2—[4-(hexahydro-pyrrolo[3,4-c]pyrrol-2-yl)-phenylaminb]-
8 H-pyrido[4.3-d]pyrimidin-7-one;
2-{4-(4-Acetyl-piperazin-1 -yl)-phenylamino}-8-cyclopentyl-8 £-
pyrido[4,3-d]pyrimidin-7-one;
N-{2-[4-(4-Aminoacetyl-piperazin-1 -y1)-phenylamino}-8-cyclopentyl-
pyrido[4,3-d]pyrimidin-7-yl}-2,2-dimethyl-propionamide;

N-(2- {4-[4-(2-Amino-4-methyl-pentanoyl)—piperazin- 1-yl]-phenylamino}-
8-cyclopentyl-pyrido [4,3—d]pyrimidii1—7-yl)«2,2-dimcthyl-propionamide;
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I-Isopropyl-7-[4-(4-methylpiperazin- 1-yl)phenylamino]-1 H-pyrimido[4,5-
d]pyrimidine-2,4-dione;

-29.

7-[4-(2-Diethylaminoethoxy)phenylamino]- 1-1sopropyl-1H-pyrimido[4,5-
d]pyrimidine-2,4-dione;

7~(4—Diethylamino-butylamino)-3-(3,5-dimelhoxy-phenyl)— I-ethyl-1H-
pyrimido[4,5-d]pyrimidine-2,4-dione;

7-[4—(2-Diethylamino-ethoxy)—phenylamino]-3-(3 ,5-dimethoxy-phenyl)-1-
ethyl-1 H—pyrimido[4,5-d]pyrimidine-2,4-dione; and

4 7-(Pyridin-4-ylamino)-3-(3,S—dimethoxy-phenyl)-l-ethyl- 1 H-pyrimido[4,5-

dlpyrimidine-2,4-dione.

Compounds of Formula I wherein Z is N or CH may be prepared
according to the syntheses outlined in Schemes 1-3. Although these schemes often
indicate exact structures, those with ordinary skill in the art will appreciate that the
methods apply widely to analogous compounds of Formula I, given appropriate
consideration to protection and deprotection of reactive functional groups by
methods standard to the art of organic chemistry. For example, hydroxy groups, in
order to prevent unwanted side reactions, generﬁlly need to be converted to ethers
or esters during chemical reactions at other sites in the molecule. The hydroxy
protecting group is readily removed to provide the free hydroxy group. Amino
groups and carboxylic acid groups are similarly derivatized to protect them
against unwanted side reactions. Typical protecting groups and methods for

attaching and cleaving them are described fully by Greene and Wauts in Protective

Groups in Organic Synthesis, John Wiley and Sons, New York, (an Ed., 1991),

and McOmie, Protective Groups in Organic Chemistry, Plenum Press, New York,
1973.

Scheme 1 describes a typical method for the preparation of the bicyclic
pyrimidines and bicyclic 3,4-dihydropyrimidines of the invention. The synthesis
begins with 4-chloro-2-(methylthio)-5-pyrimidinecarbonitrile or 4-chloro-6-
(methylthio)~3-pyridinecarbonitrile, which are readily prepared from common
reactants. Displacement of the 4-chloro group with an amine in a solvent such as
tetrahydrofuran (THF) in the presence or absence of a tertiary amine such as
triethylamine provides the corresponding 4-amino-2-(methylttﬁo)—5-
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pyrimidinecarbonitrile or 4-amino-6-(methylthio)-3-pyridinecarbonitrile. The

~ amine used can be anhydrous or in an aqueous solution, as with methyl or ethyl

amine, or cyclopentylamine. The use of aqueous ammonium hydroxide provides
the corresponding primary amine at position 4. Reduction of the cyz{no group with
common reducing agents such as LAH, provides the corresponding aminomethyl
analog. Cyclization is accomplished by reaction with an agent such as 1,1
carbonyldiimidazole (CDI). Oxidation of the methylthio group with an oxidant
such as an oxaziridine in a solvent such as chloroform at room temperature
provides the methyl sulfoxide derivative. Displacement of the sﬁlfoxide with an
amine (HzNle results in formation of the corresponding 7-amino-3,4-dihydro-
bicyclic pyrimidine. The temperature required for the displacement depends upon
the amine used. Aromatic, secondary, and tertiary amines usually recjuire higher

temperatures than primary aliphatic or benzyl amines. When aromatic amines

such as aniline are used, the reaction is usually run with the amine as the solvent

~ at high temperatures (e.g., 80-150°C).

The bicyclic 3,4-dihydropyrimidines are readily oxidized by reaction with

oxidants such as potassium tert-butoxide and oxygen to provide the corresponding

bicyclic pyrimidines of the invention.
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Scheme 1a describes a typical method for prepan'ng bicyclic pyrimidines
of Formula I wherein R” is H and X is NHR10. A suitably substituted
2-methylthio-5-aminomethyl-4-amino-pyrimidine is first reacted with cyanogen
bromide to effect cyclization to a dihydropyrimido pyrimidine. The methylthio
group is oxidized to the sulfoxide by reaction with an oxidant such as an
oxaziridine or a perbenzoic acid. The methylsulfoxide'moiety is readily displaced
by reaction with an amine (RINHQ_) to provide a 7-amino-3, 4-dihydro bicyclic
pyrimidine having an amino group at the 2-position. These dihydro pyrimidines
are easily converted to the correspéhding aromatic pyrimidines by oxidation with
common oxidants such as postossium tert-butoxide and oxygen. The 2-amino
dihydropyrimidines and 2-amino pyrimidines are valuable biological agents, and
also serve as intermediates, wherein the 2-amino group is derivatizgd by standafd
methods, for example alkylation or acylation, to provide compounds of Formula I

where X is NHR10, e.g.,
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Schemes 1b and 1c describe general processes for preparing bicyclic
pyrimidines of Formula I wherein G is C. In Scheme 1b, a 2-methylthio-4-halo-5-

cyano pyrimidine is reacted with an alkyl malonate in the presence of a base such

as sodium hydride to provide a pyrimidyl malonate derivative. R2 groups such as
alkyl and cycloalkyl can be inserted by reacting the pyrimidyl malonate
intermediate with an alkyl or cycloalkyl halide in the presence of a base such as
sodium carbonate or triethylamine. The 5-cyano group of the pyrimidyl malonate
intermediate readily reacts with a reducing agent to effect reduction to an amino
methyl group, the amino of which then disf)laces one of the alkdxy groups of the
malonate portioh to effect ring closure to provide the éorresponding dihydro
pyridopyrimidine. Decarboxylation of the remaining malonate carboxy group is
readily accomplished by reaction with a base such as an alkali hydroxide, thus
affording a 2-methylthio-5,6-dihydropyridopyrimidine. The methylthio group is
oxidized to a sulfoxide, which is then readily displaced by reaction with an amine
(RINH_‘)__) to give a 2-amino-5,6-dihydropyridopyrimidine. Further oxidation by
reaction with an alkali metal alkoxide and oxygen provides a fully aromatic

7-hydroxy-pyridopryimidine of the formula

N7 | NN
/‘\\ ~
RI—N N OH
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Scheme 1b
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Scheme 1c shows a typical conversion of the 7-hydroxy pyridopyrimidine

prepafed as described above to 7-substituted amino compounds of Formula I

(X =NHRI10). The 7-hydroxy compound is first reacted with a phosphorus oxy
halide to provide the corresponding 7-halo pyridopyrimidine. The 7-halo group is
readily displaced by reaction with an amine such as ammonia to give a 7-amino
compound, which can be derivatized by standard processes to afford
' 0
I

pyridopyrimidine of Formula I whergX is NHR10, for example NHCR4.
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Scheme 2 illustrates a slightly different process for preparing invention

compounds. starting with a suitably substituted pyridyl or pyrimidy] aldehyde of

the formula
8
O
N AN H ’
.

where_ R2 is, for example, H or alkyl such as ethyl. All of the reactions in
Scheme 2 are carried out by Well-kno;)vn procedures. The aldehyde is cdndensed
with an N-substituted amine (H2NR3) to provide an imine. The imine is reduced
to a secondary amihe, and the reduced amine is cyclized and subsequently
converted to the key sulfoxide intermediate. The sﬁ]foxide group is readily
displaced by reaction with virtually any primary amine to give invention

compounds of the general formula

8 R9
_Ar
NN N
/Ik/ /&
0
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A preferred group of invention compounds have Formula I wherein R3 is
aryl such as disubstituted, trisubstituted, or tetrasubstituted phenyl. These are
readily prepared by any of the foregoing processes, for exainple, by reacting a
suitably substituted aniline witﬁ a pyridyl or pyrimidyl aldehydé as illustrated in

Scheme 2. Typical anilines that can be employed in the reaction have the formula

(Substituent)o 4
H,yN ,

where the substituents are selected from phenyl, chloro, bromo, methyl, methoxy,
hydroxy, hydroxymethyl, 2-diethylaminoethoxy, methoxycarbonylmethyl,
carboxy, caxbokymethyl, ethoxycarbonyl, 2-carboxyethyl, 2-ethoxycarbonylethyl,
NRAR3, and O(CHp)g. NR4R5, where R4 and RS are defined above.
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As noted above, a preferred group of invention compounds have Formula I
wherein X is NR1 0, as well as those wherein X is O. Typical invention

compounds are prepared according to Scheme 3, starting with the reduced imine

described in Scheme 2 (where R2 = H). The reduced imine is cyclized by reaction
with cyanogen bromide, and the 7-methylthio group is oxidized to the

corresponding sulfoxide, all as described above. The methylsulfoxide group is
displaced by reaction with a primary amine (HoNR1), followed by derivatization

of the 2-amino group by reaction with alkylating agents or acylating agents (e.g.,

alkyl isocyanates or acyl halides) to pfbvide invention compounds of Formula I

where X is NHR! O, e.g.,
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All of the invention compounds are readily purified by standard methods
when desired. Typical purification steps employed include chromatography over
solid supports such as silica gel or alumina. Elution generally is carried out using
common solvents such as acetone, ethyl acetate, tetrahydrofuran, ethanol,
triethylamine, and mixtures of such solvents. Other purification processes can
similarly be employed, including cr'ystallization from common solvents such as
methanol, ethanol, diethyl ether, ethyl acetate, and the like. Sometimes such
crystallizations can afford solvates such as an ethanol solvate, as well as hydrates,
and all such solvates and hydrates are included in the scope of this invention.

The foreg’ding general reaction schemes are further described by the
folldwing detailed examples which are for illustrative purposes only and are not
intended, nor should they be construed, as limiting the invehtion in any manner.
Those skilled in the art will appreciate that variations and modifications can be

made without violating the spirit or scope of the invention.

Preparations 1-10 and Examples 1-47 are specific embodiments of the

general reaction schemes shown in Scheme 1 above.

PREPARATION 1

4-Hydroxy-2-(methylthio)-5-pyrimidinecarbonitrile

To a 5°C solution of 119 g (703 mmol) of freshly distilled ethyl
(ethoxymethylene)cyanoacetate in 800 mL of methanol is added 108 .g
(599 mmol) of 2-methyl-2-thiopseudourea. To this mixture is added a solution of
sodium methoxide prepared by dissoh:/ing 35.6 g (1.55 mol) of sodium metal in
800 mL of methanol. The solution is warmed to room temperature and stirred for
6 hours. After standing overnight, the solvent is removed under reduced pressure,
the residue is dissolved in 1.5 L of water at 50°C with stirring, and the solution is
filtered hot. The filtrate is acidified to pH 2 with concentrated HCI and kept at

room temperature overnight. The precipitated product is collected and dried to

give 48.3 g (48%) of the title compound, which is used directly in the next step.
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PREPARATION 2
4-Chloro-2-(methylthio)-5-pyrimidinecarbonitrile
A mixture of 48.3 g (289 mmol) of 4-hydroxy-2-(methylthio)-
5-pyrimidinecarbonitrile and 150 mL of phosphorus oxychloride is heated at

reflux for 3 hours. The reaction mixture is cooled to room temperature, filtered,

and the filtrate is concentrated to dryness. The residue is partitioned between
dichloromethane and ice water. The organic phase is washed with water, dried
over magnesium sulfate, and concentrated to a residue that is diluted with 750 mL
of hexane. The stirred mixture is heated to reflux and the hot hexane solution is
decanted from the insoluble material. Upon cooling to room temperature, crystals

form and are collected to afford 32 g (60%) of the title compound.

PREPARATION 3

4 (Cyclopentylammo)-z-(methylthlo)-S—pyrlmldmecarbomtrlle

To a 0°C solution of 10.0 g (53.9 mmol) of 4-chloro-2-(methylithio)-
S-pyrimidinecarbonitrile in 100 mL of dichloromethane is added 9.0 mL
(64.6 mmol) of triethylamine followed by dropwise addition of 6.4 mL
(64.6 mmol) of cyclopentylamine. The reaction mixture is stored at 0-10°C for
16 hours, diluted with 100 mL of hexane, and filtered. The filtrate is
chromatographed on silica gel eluting with 1:4:5 ethyl acetate/dichloromethane/
hexane to obtain 4.6 g (36%) of product. The filtered solids, containing both
product and triethylamine hydrochléride are resuspended in 50 mL of
dichloromethane and chromatographed as above to obtain 7. 2 g (57%) of
additional product: mp 119-122°C.
Analysis calculated for C; 1H14N4S:

C,56.38; H,6.02; N, 23.91.
Found: C, 56.48; H, 5.99; N, 24.12.

PREPARATION 4
4—(Isopropylamino)-2-(methylthio)-S-pyrimidinecarbonitrile
Toa0°C solutioﬁ 0f 20.0 g (107.7 mmol) of 4-chloro-2-(methylthio)-
5-pyrimidinecarbonitrile in 200 mL of dichloromethane is added 18.0 mL
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(129.3 mmol) of triethylamine followed by dropwxse addition of 11.0 mL

(129.3 mmol) of isopropylamine. The reaction mixture j 1s stirred at 0°C for

3 hours, then for 30 minutes at room temperature. The resulting precipitate of
triethylamine hydrochloride is filtered. The filtrate is chromatographed on a short
column of silica gel eluting with dichloromethane. The pure fractions are pooled,
concentrated. suspended in hexane, and filtered to obtain 13.7 g (61%) of product.
The impure fractions, containing both product and triethylamine hydrochloride, |
are diluted with ethyl acetate, washed twice with water, and once with brine. The
organic phase i is dried over magnesium sulfate and concentrated. The residue is
crystallized from 1:9 ethyl acetate/hexane to give 3.6 g (16%) of additional
product: mp 121.0-122.5°C

Analysis calculated for C9H 12N4S:

C,51.90; H, 5.81; N, 26.90.
Found: C, 51.80; H, 5.82; N, 26.73.

PREPARATION 5 ,
4-(Bicyclo[2.2.1]hept-2-ylamino)—2-(methylthio)-S-pyrimidinecarbonitrile
(exo)

To a 0°C solution of 10.0 g (53.9 mmol) of 4-chloro-2-(methylthio)-5-
pyrimidinecarbonitrile in 100 mL of dichloromethane is added 9.0 mL
(64.6 mmol) of triethylamine followed by dropwise addition of 7.0,mL
(59.3 mmol) of exo-2-aminonorbornane. The reaction mixture is stirred at 0°C for
2 hours. The resulting precipitate of triethylamine hydrochloride is filtered. The
filtrate is washed three times with saturatéd aquebus solution of sodium
bicarbonate. The aqueous phase is back extracted twice with dichloromethane.
The combined organic phase is concentrated, and the residue is purified by
ﬁltermg through a short column of silica gel eluted with dichloromethane to give
8.9 g (64%) of the title compound.
Analysis calculated for C13H ] gN4S:

C,59.97;H, 6.19; N, 21.52.
Found: C, 59.70; H, 6.08; N, 21.41.
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PREPARATION 6

4-(Methylamino)—2-(methylthio)-S—pyrimidinecarbonitrile

Through a 5°C solution of 14.5 g (78.1 mmol) of 4-chloro-2-(methylthio)-
5-pyrimidinecarbonitrile in 800 mL of diethyl ether is bubbled methylamine gas
for a period of 15 minutes. The reaction mixture is allowed to warm to room
temperature, set overnight, and filtered. The solids are washed with diethyl ether,
then efficiently with 50 mL of water, and dried to give 12.0 g (81%) of the title
compound: mp 189-190°C.
Analysis calculated for CJHgN4S:

C.46.65;H, 4.47; N, 31.09.
Found: C, 46.79; H, 4.60; N, 31.26.

- PREPARATION 7
5-(Aminomethyl)-4-(cyclopentylamino)-2-(methylthio)pyrimidine
To a stirred 0°C suspension of 1.7 g (44.8 mmol) of LAH in 70 mL of

tetrahydrofuran is added dropwise a solution of 5.0 g (21 -3 mmol) of
4-(cyclopentylamino)-2-(methylthio)-5-pyrimidinecarbonitrile in 250 mL of
tetrahydrofuran. The reaction is allowed to warm slowly to room temperature
overnight. The mixture is recooled to 0°C, and treated with a saturated solution of
ammonium sulfate until there is no more effervescence. After siirring for another
15 minutes, the gray solids are filtered and washed four times with hot ethyl
acetate. The combined organic washes are concentrated, and the residue 1s
chromatographed on silica gel eluting with 1:1:8 methanoV/hexane/chioroform to
obtain 4.0 g (79%) of the title compound: mp 58-60°C.
Analysis calculated for Cj1HgN4S:

- C,5543;H,7.61; N, 23.51.
Found: C, 55.45; H, 7.56; N, 23.49.

PREPARATION 8
5-(Aminomethyl)—4-(isopropylamino)-2-(methylthio)pyrimidine
To a stirred 0°C suspension of 5.9 g (156.3 mmol) of LAH in 200 mL of
tetrahydrofuran is added dropwise a solution of 15.5 g (74.4 mmol) of
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4-(isopropylamino)-2 -(methylthlo) -5-pyrimidinecarbonitrile in 500 mL of
tetrahydrofuran. The reaction is allowed to warm slowly to room temperature
overnight. The mixture is recooled to 0°C , and treated with a saturated solution of
ammonium sulfate until there is no more effervescence. After stirring for another _
15 minutes, the gray solids are filtered and washed six times with hot ethyl
acetate. The combined organic washes are concentrated, and the residue is
purified by chromatography in two portionsona4 x 15 cm Biotage silica gel
column that is eluted with 60:38:2 acetomtnle/dxch]oromethane/trxethylamme
followed by 60:33:5: 2 acetomtnle/dlchloromethane/methanol/methylamme to
obtain 12.9 g (82%) of the title compound as a yellow oil.

Mass Spectrum (CI) (m+1)/z 213.

PREPARATION 9
S-(Aminomethyl)-4-(bicyclo [2.2.1]hépt-2-ylamino)-2-(methylthio)pyrimidine
(exo0) .

To a stirred 0°C suspension of 2.5 g (65.3 mmol) of LAH in 100 mL of
tetrahydrofuran is added dropwise a solution of 8.5 g (32.6 mmol) of |
4-(bicyclo[2.2.1 ]hept-Z—ylAalnino)-Z-(methylthio)—S-pyrimidineéarbonitrile in
375 mL of tetrahydrofuran. The reaction is allowed to warm slowly to room
temperature overnight. The mixture is recooled to 0°C and treated with a saturated
solution of ammonium sulfate until there Is no more effervescence. After stirring
for another 15 minutes, the gray solids are filtered and washed four times with hot
ethyl acetate. The combined organic washes are concentrated, and _thé residue is
purified by chromatography on silica gel that is eluted with methandl/
dichloromethane 1:9 followed by 2:8 to obtain 5.8 g (68%) of the title compound.
Analysis calculated for C13Ho(N4S:

C. 59.06; H, 7.62; N, 21.19.

Found: C, 58.94; H, 7.86; N, 21.04.

PREPARATION 10 ‘
5-(Aminomethyl)-4—(methylamino)-2-(methylthio)pyrimidine

To a stirred 0°C suspension of 17.0 g (448 mmol) of lithium aluminum

hydride in 500 mL of tetrahydrofuran is added dropwise a solution of 30.0 g
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(166 mmol) of 4-(methylamino)—Z-(methyllhio)-S-pyrimidinecarbonitrile inl.5L
of tetrahydrofuran. The reaction is allowed to warm slowly to room temperature
overnight. The mixture is recooled to 0°C, and treated with a saturated solution of
ammonium sulfate until there is no more effervescence (80-100 mL). After
stirring for another 15 minutes, the gray solids are filtered and washed 3 times
with hot tetrahydrofuran and once with hot ethyl acetate. The combined organic
washes are concentrated, and the residue is chromato graphed on silica gel eluting
with 0.5:25:75 triethylamine/methanol/chloroform to obtain 21 .6 g (70%) of an oil
which solidified on standing of the title compound.

Mass Spectrum (CI) (m+1)/z 185.

EXAMPLE 1 :
1-Cyclopehtyl-7-methanesulfanyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-
2(1H)-one - _

To a 0°C solution of 4.2 g (17.6 mmol) of 5-(aminomethyl)-4-

' (cyclopentylamino)-Z-(methylthio)pyrimidine in 100 mL of tetrahydrofuran is

added 3.4 g (21.1 mmol) of 1,1"-carbonyldiimidazole. The solution is stirred at
0°C for 30 minutes, then heated at a gentle reflux overnight. The mixture is
concentrated to a solid residue that is stirred as a suspension in chloroform for
4 hours. The powdery solid is collected and dried to give 2.6 g of product
contaminated with about 5% imidazole. The filtrate is chromatographed on silica
gel eluting with 6:4 ethyl acetate/dichloromethane to give 1.6 g of product
contaminated with about 10% imidazole. A small poﬁion is crystallized from
chloroform to obtain an éﬁalytically pure sample of the title compound:
mp 179-182°C.
Analysis calculated for Cj2H{gN4OS:

C,54.52; H, 6.10; N, 21.19.
Found: C, 54.42; H, 6.11; N, 21.29.
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EXAMPLE 2

l-Isopropyl-7-methanesulfanyl-3 4-dihydro-pyrimido[4, S-d]pynmldm-
2(1H)-one

Toa0°C solutlon of 12.0 g (56.5 mmol) of 5- -(aminomethyl)-4- _
(isopropylamino)-2-(methylthio)pyrimidine in 300 mL of tetrahydrofuran is added
11.0 g (67.8 mmol) of 1,1’-carbonyldiimidazole. The solution is stirred at 0°C for
30 minutes, then heated at a gentle reflux overnight. The mixture is concentrated
to a solid residue that is dissolved in chloroform washed twice with IN HC],
water, a saturated solution of sodium blcarbonate and brine. The organic phase is
dried over magnesium sulfate and concentrated. The crude solid residue is
crystallized from chloroform/hexane to obtain 9.7 g (72%) of the title compound
mp 175.0-176.50C.
Analysis calculated for CjgH4N40S:

C,50.40; H, 5.92; N, 23.51.
Found: C, 50.35; H, 5.90; N, 23.54.

EXAMPLE 3
1-Bicyclo[2.2.l]hept-Z-yl-7-methanesulfanyl—3,4-dihydro-pyrimido[4,5-
dlpyrimidin-2(1H)-one (exo0)

To a 0°C solution of 4.6 g (17.6 mmol) of 5-(aminomethyl)-4-
(bicyclo[2.2.1]hept-2-yl-amino)-2—(methylthio)pyrimidine in 100 mL of
tetrahydrofuran is added 3.7 g (22.7 mmol) of 1,1 ’-carbonyldiimidazole. The
solution is stirred at 0°C for 30 minutes, room temperature for 2 hours, then
heated at a gentle reflux for 48 hours. The mixture is diluted with brine and
extracted with dietiayl ether. The organic phase is concentrated, and the residue is
purified by chromatography on silica gel that is eluted with
methanol/dichloromethane 5:95 then 10:90 to obtain 2.2 8 (85%) of the title
compound: mp 133-134°C. |
Analysis calculated for C}4HgN40S:

C,5791; H,6.25; N, 19.29.

Found: C, 57.61; H, 6.09; N, 19.12.
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EXAMPLE 4

7-Methanesulfanyl-1-methyl-3,4-dihydro-pyrimido[4,5-a’]pyrimidin-
2(1H)-one
To a 0°C solution of 21.2 g (152.2 mmol) of 5-(aminomethyl)-4-

(methylamino)-2-(methylthio)pyrimidine in 900 mL of tetrahydrofuran and
100 mL of dimethylformamide is added 3.4 g (21.1 mmol) of 1,1’-
carbonyldiimidazole. The solution is stirred at 0°C for 1 hour, then heated at a
gentle reflux for 10 hours. The mixture is cooled, and the solid is collected,
washed with diethyl ether, and dried to give 18.6 ¢ g (78%) of the title compound:
mp 263-265°C.
Analysis calculated for CgH{gN40S:

C,45.70; H, 4.79; N, 26.65; S, 15.25.

- Found: C, 46.15; H, 4.59; N, 26.62; S, 15.51.

EXAMPLE 5
1-Cyclopentyl-7-methanesulﬁnyl-3,4-dihydfo-pyrimido[4,5-d]pyrimidin-
2(1H)-one |

To a room temperature solution of 3.7 g (14.0 mmol) of 1-cyclopentyl-
7-methanesulfanyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(lH)—one in 40 mL of
chloroform is édded 4.4 g (16.8 mmol) of 3-phenyl-2-(phenylsuifonyl)-
oxaziridine. The reaction mixture is stirred for 3 hours, filtered, and washed with
1:1 chloroform/hexane to give 2. 8¢ (73%) of the title compound mp 235-236°C
(dec).

Analysis calculated for C17_H16N402S:
C,51.41;H,5.75; N, 19.98.
Found: C, 50.43; H, 5.55; N, 19.52.

EXAMPLE 6
1-Isopropy!-7-methanesulfinyl-3, 4-dihydro-pyrimido[4,5- d]pyrlmldm-
2(1H)-one
To a room temperature solution of 7.0 g (29.4 mmol) of 1-isopropyl-

7-methanesulfanyl-3 -4-dihydro-pyrimido[4,5-d}pyrimidin-2(1 H)-one in 80 mL of




10

15

20

25

30

-50- 011554
chloroform is added 9.2 g (35.2- mmol) of 3-phenyl-2-(phenylsu]fonyl)oxaziridine.
The reaction mixture is stirred overnight, diluted with 40 mL of hexane, filtered,
and washed with 1:1 chloroform/hexane to give 6.4 g (85%) of the title
compound: mp 218-219°C (dec).

Analysis calculated for C10H]4N40,S:

C,47.23; H, 5.55; N, 22.03.
Found: C, 46.88; H, 5.40; N, 21.56.

, EXAMPLE 7
l-Bjcyclo[2.2.1]hept-Z-yl-7;methanesulﬁnyl-3,4-dihydro-pyrimido[4,5-
d]pyrimidin-2(1H)-one (exo)

To a room temperature solution of 2.0 g (6.9 mmol) of
1-bicyclo[2.2.1 ]hept-2-yl-7-methanesulfany1-3,4-dihydro-pyrimido[4,5-
d]pyrimidin-2(1 H)-one in 20 mL of chloroform is added 2.1 g (8.3 mmol) of
3-phenyl-2-(phenylsulfonyl)oxaziridine. The reaction mixture is stirred overnight,
200 mg (0.76 mmol) more of 3-phenyl-2-(phenylsulfonyl)oxaziridine is added,
and stirred overnight. The product is isolated by chromatography on a4 x 15 cm
Biotage silica gel column by applying the reaction mixture to the column and

eluting in a gradient fashion with methanol/chloroform 2:98 then 4:96 then 8:92 to

" give 1.1 g (51%) of the title compouﬁd: mp 220-222°C (dec).

Mass Spectrum (CI) (m+1)/z 307 and 264.

EXAMPLE 8
7-Methanesulfmyl-1-methyl-3,4-dihydro-pyrimido[4,’5-d]pyrimidin-2(1H)-one
To a room temperature solution of 9.0 g (42.8 mmol) of
7-methanesulfanyl-1-methyl-3 ,4-dihydro-pyrimido[4,5-d]pyrimidin—2(lH)-one
in 100 mL of chloroform is added 12.5 g (47.8 mmol) of 3-phenyl-2-
(phenylsulfonyl)oxaziridine. The reaction mixture is stirred for 6 hours, 3.1 g
(11.9 mmol) more of 3-phenyl-2-(phenylsulfonyl)oxaziridine is added, and stirred

overnight. The reaction mixture is stored overnight at 0°C, filtered, and dried

under vacuum at 75°C to a constant weight of 9.7 g (100%) of the title compound:

mp 225-228°C (dec).




10

15

20

25

30

Mass Spectrum (CI) (m+1)/z 227. 011554

EXAMPLE 9
l-Cyclopentyl-7—(4-methoxyphenylamino)-3,4-dihydro-pyrimido[4,5-
d]pyrimidin-2(1H)-one

A solution of 300 mg (1.07 mmol) of 1-cyclopentyl-7-methanesulfinyl-
3,4-dihydro-pyrimido[4,5-d}pyrimidin-2(1H)-one, 527 mg (4.28 mmol) of
p-anisidine. and 1.5 mL of dimethyl sulfoxide is heated at 130°C for 30 hours,
then cooled and diluted with ethyl acetate. The mixture is washed three times with
aqueous sodium chloride solution, dried over magnesium sulfate, and
concentrated. The residual solids are washed with 9:1:0.1:0.1 chloroform/ethyl
acetate/ethanol/triethylamine then with chloroform, and suspendedl in 150 mL of
7:3 chloroform/methanol. The suspension is diluted with 20 mL of hexane, stirred
for 3 hburs, and filtered to afford 88 mg (24%) of the title compound as an off-
white powder: mp 247-249°C (dec).

Analysis calculated for Cg gH21N50,:
C, 63.70; H, 6.24; N, 20.63.
Found: C, 63.45; H, 6.04; N, 20.62.

EXAMPLE 10
1-Cyclopentyl-7-[4-(piperidin-1-yl)phenylamino]-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one '

A solution of 377 mg (2.14 mmbl) of l_-(4-a-minophenyl)piperidine,
300 mg (1.07 mmol) of -1-cyclopentyl-7-methanesulﬁnyl-3,4-dihydro-
pyrimido[4.5-d]pyrimidin-2(1 H)-one, 745 mg (3.21 mmol) of camphorsulfonic
acid, and 2 mL of p-dioxane is heated at 130°C for 1 hour in a sealed tube. The
mixture is cooled and diluted with chloroform. The solution is washed twice with
saturated aqueous sodium bicarbonate and once each with aqueous sodium
chloride then brine. The organic phase is dried over magnesium sulfate and
concentrated to leave a dark green residue that is dissolved in chloroform and

chromatographed on silica gel eluting with 9:1:0.5 ethyl acetate/

ethanol/triethylamine. The product fractions are pooled and concentrated to leave
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aresidue that is dissolved in chloroform. The solution is diluted with ethyl acetate
while most of the chloroform is being boiled away. Upon cooling, crystals form
and are then collected to leave 101 mg (24%) of the title compound: .
mp 254-277°C (dec).
Analysis calculated for C22H)gNgO:

C,67.32;H,7.19; N, 21.41.
Found: C, 67.10; H, 7.06; N, 21.58.

EXAMPLE 11

1- Cyclopentyl-7-[4 (4-methylp1perazm-l-yl)phenylammo]-3 4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one

To a solution 0f 2.0 g (7.1 mmol) of 1-cyclopentyl—7—methanesulﬁnyl-
3,4-dihydro-pyrimid0[4,5-d]pyrimidin—2(1H)-one and 2.7 g (14.3 mmol) of
1-(4-aminophenyl)-4-methylpiperazine in 32 mL of acetonitrile is added 2.75 mL
(35.7 mmol) of trifluoroacetic acid. The mixture is heated at 85°C overnight. The ‘
cooled reaction mixture is diluted with ethyl acetate and washed two times with
saturated aqueous sodium bicarbonate solution and once with brine. The
combined aqueous phase is back extracted with diéhloromethane. The combined
organic phase is dried over magnesium sulfate and concentrated. The dark solid
residue is stirred for 2 hours in 30 mL of 1:1 dichloromethane/ethyl acetate,
filtered, washed with ethyl acetate, and dried to give 2.3 g (80%) of the title
compound: mp 236-239°C (dec).
Analysis calculated for Cy9HygN70:

C,64.84; H, 7.17; N, 24.06.
Found: C, 64.55; H, 7.00; N, 24.00.

General inethod for the preparation of other 1-cyclopentyl-7-(substituted
phenylamino)-3, 4-dihydro-pyrimido[4, S-d]pyrimidin-2(1H)-ones

To a solution of 200 mg (0.71 mmol) of 1 -cyclopentyl- -7-methanesulfinyl-
3 4-d1hydro-pyr1m1do[4 5-d]pyrimidin-2(1 H)-one and two equivalents of the

substituted aniline in 3.2 mL of acetonitrile is added trifluoroacetic acid. The

mixture is heated at 85°C overnight, cooled to room temperature, diluted with
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ethyl acetate or dichloromethane, and washed two times with saturated aqueous
sodium bicarbonate solution and once with brine. The organic phase is dried over
magnesium sulfate, and concentrated to leave a residue that is further processed as
described above to give a compound of Formula . .

The following specific invention compounds were prepared according to

the foregoing general process.

EXAMPLE 12
1-Cyclopentyl-7-[4-(pyrazol-l-yl)phenylamino]-3,4-dihydro-pyrimido[4,5-
dlpyrimidin-2(1H)-one

Prepared from 222 mg (1.43 mmol) of 1-(4-aminophenyl)-4-(pyrazol-
1-yl)piperidine and 165 pL (2.1 mmol) of trifluoroacetic acid. After heating, a

heavy precipitate forms. The cooled reaction mixture is diluted with 4 mL of ethyl

 acetate and filtered. The solids are washed with ethyl acetate and dried to give

275 mg (79%) of the trifluoroacetate salt of the title compouhd: mp 256-258°C
(dec).
Analysis calculated for C22HpgNgO7-CoHF305:
C, 53.99; H, 4.53; N, 20.03.
Found: C, 53.82; H, 4.52; N, 20.05.

EXAMPLE 13
1-Cyclopentyl-7-{3-methyl-4-[2-(diethylamino)ethoxy]phenylémino}-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(lH)-pne_ |

' Prcpéred from 31‘7ﬂmg (1.43 mmol) of 3-methyl-4-[2-(diethylamino)-
ethoxy]aniline and 165 uL (2.1 mmol) of trifluoroacetic acid. The crude residue is
suspenaed in ethyl acetate/dichloromethane and stirred for severél .hours. The
solids are collected, washed with ethyl acetate, and dried to give 210 mg (67%) of
the title compound: mp 175-177°C.

Analysis calculated for Ca4H34Ng09:

C, 65.73; H, 7.81; N, 19.16.
Found: C, 65.42; H, 7.73; N, 19.17.
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EXAMPLE 14

l-Cyclopentyl-7~|4-(pyrrol-1-yl)phenylamiho]-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one

Prepared from 226 mg (1.43 mmol) of 1-(4-aminophenyl)pyrrole and
165 uL (2.1 mmol) of trifluoroacetic acid. The crude residue is suspended in ethyl
acetate/dichloromethane/acetonitrile and stirred for several hours. The solids are
collected, washed with ethyl acetate, and dried to give 90 mg (32%) "o‘f the title
compound: mp >200°C (dec).
Analysis calculated for C21H22Ng0-0.33 QZO:

C.66.31; H, 6.00; N, 22.09.
Found: C, 66.35; H, 5.92; N, 21.94.

EXAMPLE 15
1~Cyclopentyl-7-[4—(4-hydroxypiperidin-l-yl)phenylamino]-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one

Prepared from 274 mg (1.43 mmol) of 1-(4-aminophenyl)-
4-hydroxypiperidine and 330 uL (4.3 mmol) of trifluoroacetic acid. The crude
residue is suspended in ethyl acetate/dichloromethane/acetonitrile and stirred for
several hours. The solids are collected, washed with ethyl acetate, and dried to
give 140 mg (47%) of the title compound: mp >200°C (dec).

Analysié calculated for CooHpgNg07:0.5 HyO:
C.63.29; H,7.00; N, 20.13.
Found: C, 63.27; H, 6.65; N, 19.99.

, 'EXAMPLE 16
1-Cyclopentyl-7-[4—(3-hydroxypiperidin-l-yl)phenylamino]-3,4-dihydr0—
pyrimido[4,5-d]pyrimidin-2(1H)-one

Prepared from 274 mg (1.43 mmol) of 1-(4-aminophenyl)-
3-hydroxypiperidine and 330 pL (4.3 mmol) of trifluoroacetic acid. The crude

residue is suspended in ethyl acetate/dichloromethane and stirred for several

hours. The solids are collected, washed with ethyl acetate, and dried to give

135 mg (42%) of the title compound: mp >200°C (dec).
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Analysis calculated for C39HagNgO5 -0.15 CH>Cly:
C, 63.16; H, 6.77; N, 19.95.
Found: C, 63.18; H, 6.66; N, 19.97.

EXAMPLE 17
1-Cyclopentyl-7-{4-[4-(dimethylamino)piperidin-l-yl]phenylamino}-
3,4-dihydro-pyrimido[4,5—d]pyrimidin-2(1H)-one

Prepared from 313 mg (1.43 mmol) of 1-(4-aminophenyl)-
4-(dimethylamino)piperidine and 275 pL (3.75 mmol) of trifluoroacetic acid. The
crude residue is suspended in ethyl acetate/dichloromethane and stirred for several
hours. The solids are collected, washed with ethyl acetate, and dried to give 80 mg
(24%) of the title compound: mp >200°C (dec).

Analysis calculated for Co4H33N705-0.23 CH)Cly:
C,63.95 H, 741; N, 21.54.
Found: C, 63.99; H, 7.38; N, 21.28.

EXAMPLE 18
1-Cyclopentyl-7-[4-(3,S-dimethylpiperazin-l-yl)phenylamino]-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one

Prepared from 292 mg (1.43 mmol) of 1-(4—aminophehyl)-
3,5-dimethylpiperazine and 165 mL (2.1 mmol) of trifluoroacetic acid. The crude
residue is purified by chromatography onal.2 x7cm Biotage éilica gel column
that is eluted with 50:40:5:5 acétonitrile/ethyl acetate/methanol/triethylamine.
Product fractions are pooled and concentrated to leave a residue that is crystallized
from dichloromethane/ethyl acetate to give 16 mg (5%) of the title compound:
mp >200°C (dec).

Analysis calculated for Cy3H31N70-0.15 CH3Cl>0.01 C4HgO»:
C, 64.01; H, 7.27; N, 22.53.
Found: C, 63.98; H, 7.06; N, 22.60.
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EXAMPLE 19

1-Cyclopentyl-7-[4-(2-hy'droxymethylpiperidin-l-yl)phenylamino]-
3,4-dihydro-pyrimido[4,S¥d] pyrimidin-2(1H)-one

Prepared from 294 mg (1.43 mmol) of 1-(4-aminophenyl)-
2-hydroxymethyipiperidine and 330 pL (4.3 mmol) of trifluoroacetic acid. The
crude residue is purified by chromatography on a 1.2 x 7 cm Biotage silica gel
column that is eluted with 3:2 ethyl acetate/dichloromethane. Product fractions are
pooled and concentrated to give 130 mg (43%) of the title compound:
mp 220-221°C. T |
Analysis calculated for C23H3 oNgO2:

C, 65.38; H, 7.16; N, 19.89,
Found: C, 65.13; H, 7.15; N, 19.87.

EXAMPLE 20
1-Cyclopentyl-7—{4-[4-(3-hydroxypropyl)piperidin-1-yl]phenylamim_)}-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one

Prepared from 335 mg (1.43 mmol) of 1-(4-aminophenyl)-
4-(3-hydroxypropyl)piperidine and 330 pL (4.3 mmol) of trifluoroacetic acid. The
crude residue is suspended in ethyl acetate/dichloromethane and stirred for several
hours. The solids are collected and crystallized from ethyl acetate/
dichloromethane. The impure product is further purified by dissolution in
9:2:1 ethyl acetate/ethanol/triethylamine then passage through a column of silica
gel eluting with the same solvent to give 31 mg (10%) of the title compound:
mp >230°C.

Analysis calculated for C25H34N602: '

C, 65.67; H, 7.51; N, 18.31.
Found: C, 65.50; H, 7.40; N, 18.30.
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EXAMPLE 21

1-Cyclopentyl-7-[4-(2-(morpholin-l-yl)ethyl)piperidin-l-yl)phenylamino]-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one
Prepared from 500 mg (1.43 mmol) of 1-(4-aminophenyl)-4-(2-(1-

morpholino)ethyl))piperidine and 275 pL (4.3 mmol) of trifluoroacetic acid. The
crude residue is dissolved in 15 mL of dichloromethane, and the solution is
concentrated to 5 mL, then diluted with 15 mL of ethyl acetate to precipitate
solids. The suspension is stirred for 2 hours, filtered, and washed with ethyl
acetate. The brown powder is dissolved in dichloromethane and filtered throﬁgh a
short column of silica with 1:9 methanol/chloroform. The filtrate is concentrated
to a pink powder that is dissolved in 20 mL of dichloromethahe and 3 drops of
methanol. The solution is diluted with 30 mL of ethyl acetate, then while stirring
slowly, concentrated to 30 mL under a stream of nitrogen. The precipitated pale
powder is filtered and dried to give 54 mg (11%) of the title compound: mp
218-220°C.
Analysis calculated for CooHygNg02-0.1 CH3Clp-0.1 HO:

C,65.41; H, 7.70; N, 19.00.
Found: C, 65.70; H, 7.74; N, 19.37.

General method for the preparation of 1-isopropyl-7-(substituted
phenylamino)-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2(1H)-ones

To a solution of 1-isopropyl-7-methanesulﬁnyl-3,4-dihydro- ,
pyrimido[4,5-d]pyﬁmidin—2(lH)-_me and two equivalénts of the substituted
aniline in acetonitrile is added trifluoroacetic acid;. The mixture is heated at 85°C
overnight, cooled to room temperature, diluted with ethyl acetate or
dichlorometha.ne, and washed two times with saturated aqueous sodium
bicarbonate solution and once with brine. The organic phase is dried over
magnesium sulfate, and concentrated to leave a residue that is further processec{ as
described in the following examples to give a compound of Formula I.

The following specific invention compounds were prepared according to

the foregoing general process.
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EXAMPLE 22
1-150propyl-7-[4-(4-methylpiperazin-l-yl)phenylamino]-3,4;dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one

Prepared from 400 mg (1.57 mmol) of l-iso'propyl-7-methanesu1ﬁnyl-

5 3,4-dihydro-pyrimido[4,5-d]pyrimidin-2( 1H)-one, 600 mg (3.14 mmol) of
1-(4-aminophenyl)-4-methylpiperazine and 605 KL (7.85 mmol) of trifluoroacetic
acid in 6.4 mL of acetonitrile. The reaction mixture is heated at 85°C for 48 hours.
After the workup, the crude residue is triturated in ethyl acetate/dichloromethane
and filtered. The solids are redissolved in dichloromethane, and the solvent is

10 evaporated under a flow of hitrogen while ethyl acetate is added to maintain a
volume of 5 mL. The suspension is filtered, and the solids are washed with ethyl
acetate/dichloromethane, and dried to give 470 mg (78%) of the title compound:

‘mp 234-237°C (dec).

Analysis calculated for CogH27N70-0.15 C4Hg07:0.05 CH,Cly:
15 C,62.17; H,7.15; N, 24.58.

Found: C, 62.01; H, 7.06; N, 24.57.

EXAMPLE 23
7-[4—(4-Hydroxypiperidin-l—yl)phenylamino]-1-isopropyl-3,4-dihydro—
pyrimido[4,5-d]pyrimidin-2(1H)-one |

20 Prepared from 200 mg (0.79 mmol) of 1-isopropyl-7-methanesulﬁnyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin¥2(1H)-one, 302 mg (1.57 mmol) of
1-(4-aminophenyl)-4-hydroxypiperidine and 182 UL (2.36 mmol) of
trifluoroacetic acid in 3.2 mL of acetonitrile. After the workup, the crude residue
is triturated in ethyl acetate/dichléromethane and filtered. The filtrate is

25 concentrated further to produce a second crop of crystals. The two are combined

and dried to give 45 mg (13%) of the title compound: mp >120°C (dec). .

Analysis calculated for CygHpgNg02:0.3 C4Hg07:0.5 HHO:

C, 60.93; H, 7.09; N, 20.11.
Found: C, 60.95; H, 6.82; N, 20.35.
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EXAMPLE 24

7-{4-[4-(Dimethylamino)piperidin-l-yl]phenylamino}-l—isopropyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one; compound with
trifluoroacetic acid

Prepared from 400 mg (1.57 mmol) of 1-isopropyl-7-methanesulfinyl-
3,4-dihydro-pyrimido[4,5-d}lpyrimidin-2(1 H)-one, 690 mg (3.14 mmol) of
1-(4-aminophenyl)-4-(dimethylamino)piperidine and 605 UL (7.86 mmol) of
trifluoroacetic acid in 5 mL of acetonitrile. After heating the reaction mixture
overnight, a heavy precipitate forms. The cooled reaction mixture is diluted with
6 mL of ethyl acetate and filtered. The solids are washed twice with ethyl acetate,
once with ethyl acetate/dichloromethane and dried to give 389 mg (38%) of the
trifluoroacetate salt of the title compound: mp 215-217°C (dec).
Analysis calculated for CoH3{N70-2.0 C2HF302:0.1 C4Hg0>:0.25 H,0:

C, 48.72; H, 5.31; N, 15.06.
Found: C, 48.67; H, 5.15; N, 15.05.

EXAMPLE 25
1-Isopropyl-7-[4-(pyrazol-l-yl)phenylamino]-3,4-dihydro-pyrimido[4,5-
dlpyrimidin-2(1H)-one; compound with trifluoroacetic acid

Prepared from 200 mg (0.79 mmol) of 1-isopropyl-7-méthancsulﬁnyl-
3.4-dihydro-pyrimido[4,5-d}pyrimidin-2(1 H)-one, 250 mg (1.57 mmol) of
1-(4-aminophenyl)pyrazole and 182 pL (2.36 mmol)_ of trifluoroacetic acid in .
3.2 mL of acetonitrile. After heating the feactioq mixture overnight, a heavy
precfpitate forms. The cooled reaction mixture is diluted with ethyl acetate and
filtered. The solids are washed with ethyl acetate and dried to give 315 mg (86%)
of the trifluoroacetate salt of the title compound: mp 249-252°C (dec).

Analysis calculated for C} gH19N70-CoHF 307:

C,51.84; H,4.35; N, 21.16.
Found: C, 51.94; H, 4.37; N, 21.02.
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EXAMPLE 26
1-Isopropyl-7—{4-[4-(3-(morpholin-l-yl)propyl)piperidin-l-yl]phenylamino}-
3,4-dihydro-pyrimido[4,5-d] pyrimidin-Z(iH)-one

Prepared from 200 mg (0.79 mmol) of 1-isopropyl-7-methanesulfinyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one, 477 mg (1.57 mmol) of
1-(4-aminophenyl)-4-(3-(1-morpholino)propyl))piperidine and 303 uL
(3.93 mmol) of trifluoroacetic acid in 3.2 mL of acetonitrile. After the workup, the |
crude residue is triturated in ethyl acetate/dichloromethane and filtered. The solids
are washed with ethyl acetate and dried to glve 140 mg (33%) of the title
compound: mp 203-205°C (dec) _

Analysis calculated for C27H39N7072-0.1 C4Hg072-0.25 HO:
C,64.92; H, 8.01; N, 19.34.
Found: C, 65.14; H, 7.96; N, 19.27.

EXAMPLE 27

1-Bicyclo [2.2.1]hept-2-yl-7-[4-(4-methylpiperazin-1-yl)phenylamino]-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(lH)-one (exo0) |

To a suspension of 300 mg (0.98 mmol) of 1-bicyclo[2.2.1]hept-2-yl-
7-methanesulﬁnyl-3,4-c_lihydro—pyrimido[4,5-d]pyrifnidin—2(lH)-one and 374 mg
(1.96 mmol) of 1-(4-aminophenyl)-4-methylpiperazine in 4.0 mL of acetonitrile is
added 377 uL (4.90 mmol) of trifluoroacetic acid. The mixture is heated at 85°C
overnight. The cooled reaction mixture is diluted with ethyl acetate and washed
two times with saturated aqueous sodium bicarbonate solution and once with
brine. The organic phase is dried over magnesium sulfate and concentrated. The
dark solid residue is triturated in 4 mL of 1:1 dichloromethane/ethyl acetate,
filtered, washed with ethyl acetate, and dried to give 266 mg (63%) of the title
compouﬁd: mp 251-254°C (dec).

Analysis calculated for Cp4H31N70:

C,66.49; H, 7.21; N, 22.61.
Found: C, 66.14; H, 7.16; N, 22.22. ' .
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1—Methyl-7-|4—(4-methylpiperazin-l-yl)phenylamino]-3,4-dihyd ro-

pyrimido[4,5-d]pyrimidin-2(1H)-one; compound with trifluoroacetic acid
To a solution of 300 mg (1.32 mmol) of 7-methanesulfinyl-1-methyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one and 507 mg (2.65 mmol) of
1-(4-aminophenyl)-4-methylpiperazine in 5 mL of acetonitrile is added 510 pL
(6.6 mmol) of trifluoroacetic acid. After heating the reaction mixture at 85°C
overnight. a heavy precipitate forms. The cooled reaction mixture is diluted with
2 mL of ethyl acetate and filtered. The solids are washed three times with ethyl
acetate/acetonitrile and dried to give 560 mg (84%) of the trifluoroacetate salt of
the title compound: mp 234-235°C (dec).
Analysis calculated for C1gH3N70-2.0 CoHF 309:
C,45.44; H,4.33; N, 16.77.
Found: C, 45.49; H, 4.35; N, 16.77.

. EXAMPLE 29
7-[4-(4-Hydroxypiperidin-1—yl)pheny.lamino]-l-methyl-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one; compound with trifluoroacetic acid

To a solution of 400 mg (1.77 mmol) of 7-methanesulfinyl-1-methyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one and 680 mg (3.53 mmol) of
1-(4-aminophenyl)-4-hydroxypiperidine in 6 mL of acetonitrile is added 408 uL
(5.3 mmol) of trifluoroacetic acid. After heating the reaction mixture at 85°C
overnight, a heavy precipitate forms. The cboled reaction mixture is diluted with
2mL of ethyl acetate and filtered. The solids are washed with ethyl acetate and
recrystallized from acetonitrile to give 565 mg (51%) of the trifluoroacetate salt of
the title compound: mp 228-229°C (dec).

Analysis calculated for C18H22N602-2.0 CoHF305-CoH3N:
C, 46.23; H, 4.36; N, 15.72.
Found: C, 46.55; H, 4.48; N, 15.52.
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EXAMPLE 30
7-{4-[4-(Dimethylamino)piperidin-l-yl]phenylamino}-l-methy1-3,4-dihydro-

pyrimido[4,5-d]pyrimidin-2(1H)-one; compound with trifluoroacetic acid

To a solution of 400 mg (1.77 mmol) of 7-methanesulfinyl-1-methyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin—Z(1H)-one and 775 mg (3.53 mmol) of
1-(4-aminophenyl)-4-(dimethylamino)piperidine in 6 mL of acetonitrile is added
680 uL (8.8 mmol) of trifluoroacetic acid. After heating the reaction mixture at
85°C overnight, a heavy precipitate forms. The cooled reaction mixture is diluted
with 6 mL of ethyl acetate and filtered. The solids are washed with ethyl acetate
and recrystallized from acetohitrile then acetonitrile/dichloromethane/
triﬂu'oroacetic'acid to give 202 mg (17%) of the trifluoroacetate salt of the title
compound: mp 190-191°C (dec).
Analysis calculated for CogHy7N70-2.0 C2HF302-H0-0.3 CoH3N-0.2
CH,Cly: ‘

C.45.39; H, 4.96; N, 15.59.
Found: C, 45.37; H, 5.12; N, 15.42.

- EXAMPLE 31
1-Methy]-7-[4-(pyrazol~1-yl)phenylamino]-3,4-dihydro-pyrimido|4,5-
d]pyrimidin-2(1H)-one; compound with trifluoroacetic acid

To a solution of 200 mg (0.88 mmol) of 7-methanesulfinyl-1-methyl-
3,4-dihydro-pyrimido[4,5-d}pyrimidin-2(1 H)-one and 281 mg (1.77 mmol) of
1-(4-aminophenyl)pyrazole in 3.2 mL of acetonitrile is added 204 uL (2.65 mmol)
of trifluoroacetic acid. After heating the reaction mixture at 85°C overnight, a
heavy precipitate forms. The cooled reaction mixture is diluted with > mL of ethyl
acetate and filtered. The solids are washed with ethyl acetate to give 356 mg
(93%) of the trifluoroacetate salt of the title compound mp 250-251°C (dec)
Analysis calculated for CjgH{5N70-CoHF305:

C, 49.66; H, 3.70; N, 22.52.
Found: C, 49.70; H, 3.60; N, 22.18. | "
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General Procedure for oxidation of 1-alkyl-7-[(substituted)phenylamino]-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-ones to 1-alkyl-7-
[(substituted)phenylamino]-pyrimido[4,5—d]pyrimidin-Z(lH)—onés

To a room temperature solution of the 1-alkyl-7-[(substituted)
phenylamino]-3 ,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one in THF or
DMSO is added 4 equivalents of potassium fers-butoxide. An oxygen atmasphere
is introduced, and the solution is stirred overnight. The mixture is diluted with
ethyl acetate and washed sequentially with saturated aqueous sodium bicarbonate,
water, and brine. The organic phase is dried over magnesium sulfate and
concentrated to give a residue that is triturated in an appropriate solvent, then the

precipitated product is collected. Further purification can be carried out by

standard procedures to provide a compound of Formula I.

EXAMPLE 32
l-Cyclopentyl-7-[4-(4-methylpiperazin-1-yl)phenylamino] pyrimido-
[4,5-d]pyrimidin-2(1H)-one

Prepared from 150 mg (0.37 mmol) of 1-cyclopentyl-7-[4-(4-
methylpiperazin-1 -yl)phenylamino}-3,4-dihydro-pyrimido[4,5-d]} -pYrimidin—
2(1H)-one and 165 mg (1.47 mmol) of potassium zert-butoxide in 6 mL of THF.
The dark orange semi-solid is triturated in diethyl ether, and the yeliow powder is
collected and dried to give 100 mg (67%) of the title compound: mp 220-225°C
(dec).

Analysis calculated for Cy9Hp7N70:
© C,65.16;H, 6.71; N, 24.18.
Found: C, 65.22; H, 6.55; N, 23.78.

EXAMPLE 33 ,
1-Cyclopentyl-7-[4-(4-hydroxypiperidin-l-yl)phenylamino]pyrimido[4,5-
dpyrimidin-2(1H)-one |

Prepared from 60 mg (0.15 mmol) of 1-cyclopentyl-7-[4-(4-

‘hydroxypiperidin-l-yl)phenylamino]-S,4-dihydro—pyrimido[4,5-d]pyrimidin-

2(1H)-one and 66 mg (0.58 mmol) of potassium zert-butoxide in 1.5 mL of
DMSO. The crude semi-solid residue is triturated in 15 mL of 2:1 diethyl
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| ether/hexane, and the orange amorphous solid is collected and dried to leave

20 mg (30%) of the title compound: mp >185°C (dec).
MS (CI) (m+1)/z 407.

EXAMPLE 34
l-Cyclopentyl-7-{3-methyl-4-[2-(diethylamino)ethoxy]-
phenylamino}pyrimido[4,5—d]pyrimidin-2(lH)-one

Prepared from 70 mg (0.16 mmol) of 1-cyclopentyl-7-{3-methyl-
4-[2-,(diethylamino)et’hoxy]phenylargino}-3‘;4-dihydro~pyrimido[4,5-d]pyrimidin—
2(1H)-one and 72 ’mg (0.58 mmol) of potassium fert-butoxide in 3.0 mL of
DMSO. The crude semi-solid residue is dissolved in a mixture of tert-butyl
methy] ether and hexane. The solution is allowed to evaporate slowly to less than
I mL, then diluted with 2 mL of 1 3 diethyl ether/hexane. The precipitated solids
are collected and dried to give 17 mg (24%) of the title compound: mp >95°C
(dec).

"MS (CI) (n+1)/z 437 and 232.

EXAMPLE 35
1-Cyclopentyl-7—[4-(3-hydroxypiperidin—l-yl)phenylamino]pyrimido[4,5—d]-
pyrimidin-2(1H)-one

Prepared from 75 mg (0.18 mmol) of 1-cyclopentyl-7-[4-(3- |
hydrbxypiperidin— 1 -yl)phenylamino]-},4-dihydro-pyrimido[4,5-d] pyrimidin-
2(1H)-one and 82 mg (0.73 mmol) of potassium tert-butoxide in 4.0 mL of THF.
The semi-solid residue is triturated in diethyl ether, and the orange amorphous
solid is collected and dried to give 35 mg (45%) of the title compound: mp
>135°C(dec).

Analysis calculated for C22H26N602-0.15 CoH{0:0.75 HyO:
C,62.96; H, 6.78; N, 19.49.
Found: C, 62.98; H, 6.54; N, 19.47.

. EXAMPLE 36
l-Cyclopentyl-7-[4-(pyrazol—l-yl)phenylamino] pyrimido{4,5-d]pyrimidin-

2(1H)-one
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Prepared from 100 mg (0.20 mmol) of the trifluoroacetate salt of
l-cyclopentyl-7-[4-(pyrazol-1 -yl)phenylamino]-3,4-dihydro-pyrimido(4,5-
d]pyrimidin-2(1H)-one and 115 mg (1.02 mmol) of potassium terr-butoxide in
5.0 mL of THF. The semi-solid residue is triturated in diethy! ether, and the
orange amorphous solid is collected and dried to give 31 mg (40%) of the title
compound: mp >135°C (dec).
Analysis calculated for CygHgN70-0.1 CoH1(0-0.5 H>O:

C,62.85; H, 5.43; N, 25.15.
Found: C, 63.09; H, 5.30; N, 25.04.

EXAMPLE 37
l-Cyclopentyl-7-(4-methoxyphenylamino)pyrimido[4,S-d]pyrimidin-
2(1H)-one ,

Reaction of l-cycl0pentyl-7-(4-methoxyphenylamino)-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one by the general procedure described above
gives the title compound.

MS (CI) (m+1)/z 338.

EXAMPLE 38
l-Cyclopentyl-7-[4-(piperidin-l-yl)phenylamino]pyrimido[4,5-d]pyrimidin-
2(1H)-one

Reaction of 1-cyclopentyl-7-[4-(piperidin-1 1-yl)phenylamino]-3,4-dihydro-
pyrimido[4,5- d]pyr1m1dm-2( 1H)-one by the general procedure described above
gives the title compound.

MS (CI) (m+1)/z 391.

EXAMPLE 39
1-Cyclopentyl-7-[4-(2-(morpholin-1 -yl)ethyl)piperidin- l-yl)phenylammo]
pyrimido[4,5-d]pyrimidin-2(1H)-one _

Prepared from 37 mg (0.07 mmol) of 1-cyclopentyl-7-[4-(2-(morpholin-
1-ylethyl)piperidin-1-yl)phenylamino]-3 ,4-dihydr6-pyrimido[4,5—d]pyrimidin-
2(1H)-one and 33 mg (0.29 mmol) of potassium fert-butoxide in 2.0 mL of THF.

The semi-solid residue is triturated in diethyl ether, and the orange amorphous
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solid is collected and dried to give 11.8 mg (32%) of the title compound: mp
>140°C (dec).

MS (CI) (m+1)/z 504.

EXAMPLE 40
l-Isopropyl-7-[4-(4-methylpiper&in-l-yl)phenylamino]pyrimido[4,5-
dipyrimidin-2(1H)-one

Prepared from 200 mg (0.52 mmol) of 1-isopropyl-7-[4-(4-
methylpiperazin-1 ~yl)phenylamino]—.‘3,4-dihydro-pYIimido[4,5-d] pyrimidin-2(1H)-
one and 235 mg (2.10 mmol) of potassium fert-butoxide in 10 mL of
tetraLhydrofuran. The semi-solid is triturated in 14 mL of 1:1 diethyl ether/hexane,
and the powder is collected and dried to give 135 mg (68%) of the title compound:.
mp 228-229°C (dec).

Analysis calculated for CpgH5N70-0.03 CgHj4-0.5 HyO:
C,61.98; H, 6.81; N, 25.07.
Found: C, 61.95; H, 6.73; N, 25.04.

EXAMPLE 41 ,
7-{4-[4-(Dimethylamino)piperidin-1-yl} phenylamino}-1-isopropyl-
pyrimido[4,5-d]pyrimidin-2(1H)-one ‘

Prepared from 200 mg (0.31 mmol) of 7-{4-[4-(dimethylamino)piperidin-
1-ylJphenylamino}-1-isopropyl-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2(1 H)-one,
trifluoroacetic acid and 211 mg (1.88 mmol) of potassium tert-butoxide in 7 mL
of tetrahydrofuran. The reaction mixture is stirred for 48 hours, and the workup is
done as described in the general procedure, then the reaction is repeated for 72

hours. After the workup, the semi-solid is triturated in diethyl ether, and the

~ powder is collected and dried to give 24 mg (18%) of the title compound:

mp >100°C (dec).

Analysis calculated for C2pHp9N70-H70-0.1 CHCly:

C,61.16; H, 7.25; N, 22.59.
Found: C, 61.11; H, 6.98; N, 22.49,
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l-lsopropyl-7-[4-(pyrazol-l-yl)phenylamino] pyrimido[4,5-d]pyrimidin-2(1H)-
one

Prepared from 150 mg (0.32 mmol) of 1-isopropyl-7-[4-(pyrazol-1-
yl)phenylamino]-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2( 1 H)-one, trifluoroacetic
acid and 218 mg (1.94 mmol) of potassium fert-butoxide in 10 mL of
tetrahydrofuran. The reaction mixture is stirred for 48 hours, 50 mg (0.44 mmol)
of potassium fert-butoxide is added, and the reaction is continued for 72 hours.
After the workup, the semi-solid is triturated in diethyl ether, and the powder is
collected and dried to give 86 mg (73%) of the title compound: mp 243-247°C
(dec).
Analysis calculated for C1gH{7N70-0.75 H20-0.15 C4H1O:

C, 60.05; H, 5.42; N, 26.36.
Found: C, 60.19; H, 5.36; N, 26.09.

EXAMPLE 43
1-Isopropyl-7-{4-[4-(34(morpholin-4-yl)propyl)piperidin-1-yl]pbenylamino}-
pyrimido[4,5-d]pyrimidin-2(1H)-one ,

Prepared from 100 mg (0.20 mmol) of 1-isopropyl-7-{4-[4-(3-(morpholin-
4-yDpropyl)piperidin-1 -yl]Jphenylamino}-3 ;4-dihydro-pyrimido[4,5-d]pyrimidin-
2(1H)-one and 88.5 mg (0.79 mmol) of potassium fert-butoxide in 10 mL of
tetrahydrofuran. The reaction mixture is stirred ovemlght 88.5 mg (0.79 mmol) of
potassium tert-butox1de 1s added -and the reactxon is contmued for 48 hours. After
the workup, the semi-solid is five times suspended in diethyl ether and rotovapped
to dryness to give 87 mg (85%) of the title compound: mp >95°C (dec)

Analysxs calculated for C13H1 7N70-0.8 Hy0-0.1 C4H;(0:

C, 64.09; H,7.77; N, 19.10.
Found: C, 64.02; H, 7.50; N, 19.08.
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EXAMPLE 44 011554
1-Bicyclo[2.2.l]hept-2~yl—7-[4-(4-methylpiperazin-l-yl)phenylamino]-
pyrimido[4,5-d]pyrimidin-2(1H)-one, exo

Prepared from 200 mg (0.46 mmol) of 1-bicyclo[2.2.1]hept-2-yl-7-[4-(4- _
methylpiperazin-l-yl)phenylamino]-3,4—dihydro-pyrimido[4,5—d]pyrimidin-2(IH)-
one, exo and 207 mg (1.84 mmol) of potassium tert-butoxide in 10 mL of
tetrahydrofuran. The reaction mixture is stirred for 48 hours. After the workup, the
semi-solid is triturated in diethyl ether/hexane, and the powder is collected and
dried to give 140 mg(70%) of the title compound: mp >210°C (dec).

Analysis calculated for C24H29N7O'0.5 HyO:
C,65.43; H, 6.86; N, 22.26.
Found: C, 65.29; H, 6.74; N, 21.90.

EXAMPLE 45
1-Methyl-7-[4-(4-methylpiperazin-l-yl)phenylamino]pyrimido[4,5—
dlpyrimidin-2(1H)-one .

Prepared from 250 mg (0.50 mmol) of 1-methyl-7~[4—(4-methylpiperézin-
1-yl)phenylamino]-3 ;4-dihydro-pyrimido[4,5-d}pyrimidin-2(1 H)-one,
trifluoroacetic acid and 336 mg (2.99 mmol) of potassium fert-butoxide in 12 mL
of tetrahydrofuran. The reaction mixture is stirred for 48 hours. After the workup,
the semi-solid is triturated in diethyl ether, and the powder is collected and dried
to give 110 mg (61%) of the title compound: mp 259-260°C (dec).
Analysis calculated for C1gHp1N70-0.4 HyO:

C,60.29; H, 6.13; N, 27.34.
Found: C, 60.54; H, 5.99; N, 27.05.

EXAMPLE 46
7-{4-[4-(Dimethylamino)piperidin-l-yl]phenylamino}-l-methyl-
pyrimido(4,5-d]pyrimidin-2(1H)-one

Prepared from 170 mg (0.26 mmol) of 7-{4-[4-(dimethylamino)piperidin-
1-ylJphenylamino}-1 -methyl-3,4-dihydro-pyrimido[4,S-d]pyrimidin-2(1 H)-one,

trifluoroacetic acid and 233 mg (2.07 mmol) of potassium fert-butoxide in 20 mL
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of tetrahydrofuran. The reaction mixture is stirred for 6 days, and the workup is
done as described in the general procedure, including a back-extraction of the
combined aqueous phase with chloroform. The combined organic phas¢ was dried
over magnesium sulfate, filtered, and concentrated. The semi-solid is triturated in
diethyl ether/hexane, and the powder is collected and dried to give 64 mg (60%)
of the title compound: mp 198-202°C (dec).
Analysis calculated for CogHpsN70-1.7 H7O:

C, 58.58; H, 6.98; N, 23.91.
Found: C, 58.73; H, 6.71; N, 23.92.

EXAMPLE 47

l-Methyl-7-[4-(pyrazol-l-yl)phenylamino] pyrimido[4,5-d]pyrimidin-2(1H)-
one ’

Prepared from 200 mg (0.46 mmol) of 1-methyl-7-[4-(pyrazol-1-

‘yDphenylamino]-3,4- -dihydro-pyrimido[4, 5-d)pyrimidin-2(1 H)-one, trifluoroacetic

acid and 309 mg (2.76 mmol) of potassium rers-butoxide in 15 mL of

tetrahydrofuran. The reaction mixture is stirred overnight. After the workup, the

semi-solid is triturated in diethy! ether, and the powder is collected and dried to

give 102 mg (65%) of the title compound: mp >290°C (dec).
Analysis calculated for C1gH13N70-0.4 H30-0.2 C4H1(O:

C,59.11; H, 4.67; N, 28.72.
Found: C, 59.42; H, 4.39; N, 28.46.

Examples 48-65 are speciﬁc embodimenté of the general reaction schemes
shown in Scheme 2.

EXAMPLE 48
5-[(3,5-Dimethoxy-phenylimino)—methyl]-Z-methylsulfanyl-pyrimidin-
4-ylamine

To a suspension of 4.36 g (23.7 mmol) of 4-am1no-2-methylsulfanyl-
pynrmdme 5-carbaldehyde (made as described in WO 98/33798) and 3.65 g
(23.7 mmol) of 3,5-dimethoxyaniline in 165 mL of water was added 4.5 mL of

glacial acetic acid. The reaction was stirred at 25°C overnight and filtered. The
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filter pad was washed with water, and the filtrate was dried in vacuo to give 7.02 g

(96%) of the title compound, which was used as is in the next step.
MS (APCI) (m+1)/z 305.1.

EXAMPLE 48a
{5-[(3,5-Dimethoxy-phenylimino)-methyl]-Z-methylsulfanyl-pyrimidin-4-yl}-
ethyl-amine

To a stirred suspension of 4-ethylamino-2-methylsulfanyl-pyrimidine-5-
carbaldehyde (5.0 g, 25.09 mmol, made by the method described in J, Med.
Chefm., 1998;41(17):3276-3292) and 3,5-dimethoxyaniline (3.84 g, 25.09 mmol)
water (190 mL) was added glacial acetic acid (5 mL). The reaction mixture was
stirred at ambient temperature for 24 hours and the suspension filtered. The
insoluble product was dried on the filter to afford 7.79 g (92%) of the titled
compound: mp 100-105°C.

Mass Spectrum (APCI, 80/20 CH3CN/I-120,“Probe =450°C) (m+1)/z 333.1

~ Analysis calculated for C16HagN405S1:

C,57.81; H, 6.06; N, 16.85.
Found: C, 57.63; H, 6.06; N, 16.86.

EXAMPLE 49
S-[(3,5-Dimethoxy-phenylamino)-methyl]-z-methylsulfanyl-pyrimidin-
4-ylamine |

Into 18.2 mL (18.2 mmol) of a 1 M solution of lithium aluminum hydride
(LAH) in tetrahydrofuran (THF) cooled to 5°C was added a solution of 555¢
(18.3 mmol) of 5-[(3,5-dimethoxy-phenylimino)-methyl]-2-methylsulfanyl-
pyrimidin-4-ylamine in 94 mL of dry THF over 20 minutes. The reaction was
stirred for 1.5 hours at 5°C, then quenched by slow sequential addition of 0.72 mL
of water, 3.0 mL of 25% NaOH, and an additional 1.66 mL of water. The reaction
mixture was filtered through Celite, and the filter pad was washed weéll with THF.

The filtrate was concentrated to dryness in vacuo. The residue was dissolved in

ethyl acetate. The ethyl acetate solution was washed three times with a solution of
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saturated sodium chloride, dried over magnesium sulfate, and concentratéd
in vacuo to give 5.10 g (91%) of the title compound.
Analysis calculated for C14H; gN40,S:
C, 54.88; H, 5.92; N, 18.29; S, 10.47.
Found: C, 54.92; H, 5.93; N, 18.32; S, 10.68.

EXAMPLE 49a
{5-[4-(3,5-Dimethoxy-phenylamino)-methyl]-2-methylsulfanyl-pyrimidin-
4-y!}-ethyl-amine

To a solution of {5-[(3,5-dimethoxy-phenylimino)-methyl]-z-
methylsulfany]-pyrimidin-4—yl}-ethyl-amine (5.91 g, 17.78 mmol) in dry THF
(100 mL) at 5°C was added dropwise 17.78 mL of a 1 M solution of LAH in THF
over a period of 20 minutes. The reaction mixture was stirred at 5°C for 1 hour
and then quenched in the following order‘ with the dropwise addition of 0.8 mL of
wafer, 3.2 mL of 25% NaOH, and 1.8 mL of water. The reaction mixture was
partitioned between one-half saturated brine and EtOAc. The organic layer was
separated, washed with water, dried over magnesium sulfate, filtered, and
evaporated. The residue was purified by column chromatography eluting with a
solvent gradient of 1% to 3% methanol in dichloromethane to give 5.4 g (91%) of
the titled compound: Mass Spectrum (APCI, 80/20 CH3CN/H>0, Probe = 450°C)
(m+1)/2335.2
Analysis calculated for C16H22N40585:

C,57.46; H, 6.63; N, 16.75.

Found: C, 57.75; H, 6.62; N, 16.52.

_ EXAMPLE 50
3-(3,5-Dimethoxy-phenyl)-7-methylsulfanyl-3,4-dihydro-pyrimido[4,5—
dlpyrimidin-2(1H)-one ,_

Into a solution of 5.0 g (16.3 mmol) of 5-[(3,5-dimethoxy-phenylamino)-
methyl]-2-methylsulfanyl-pyrimidin-4-ylamine in 55 mL of dimethylformamide-
cooled to 5°C, was added 1.63 g (40.8 mmol) of sodium hydride as a 60% mineral

oil suspension. The ice bath was removed, and the reaction was stirred for 1 hour.
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To the reaction was then added 7.94 g'(48.9 mmol) of 1,1 ’-carbonyldiimidazole.
After stirring the mixture a further 2.5 hours, the mixture was concentrated
in vacuo. The residue was partitioned between dichloromethane and a saturated
solution of ammonium chloridef The dichloromethane layer was washed twice
with each of saturated ammonium chloride, water, and a saturated solution of
sodium chloride. The dichloromethane solution was dried over magnesium sulfate
and concentrated in vacuo. The residue was chromatographed on silica gel, eluting
with chloroform/methanol (10:0.25 v/v), to give 3.24 g (60%) of the title
compound. o ) |
MS (APCI) (m+1)/z 3332

EXAMPLE 50a
3-(3,5-Dimethoxy-phenyl)—l-ethyl-7-methylsulfanyl-3,4-dihydro-
pyrimido{4,5-d]pyrimidin-2(1H)-one

To a solution of {5-[4-(3,5-dimethoxy-phenylamino)-methyl]-2- _
methylsulfanyl-pyrimidin-4-y1}-ethyl-amine (6.42 g, 19.2 mmol) and diisopropyl
ethylamine (4.96 g, 38.39 mmol) in dichloromethane (120 mL) at 5°C was added
dropwise 10 mL of a 20% solution of phosgene in toluene over a period of
20 minutes. The reaction mixture was allowed to warm to ambient temperature
and stirred for 4 hours. The mixture was washed with one-half saturated
NaHCOg3 and water, then dried over magnesium sulfate and filtered. The filtrate
was evaporated under reduced pressure and the residue purified by column
chromatography, eluting with a solvent gradient of 1% to 3% methanol in
dichloromethane to afford 5.96 g (86%) of the titled compound: mp 134-136°C.
Mass Spectrum (APCI, 80/20 CH3CN/H70, Probe = 450°C) (m+1)/z 361.2

Analysis calculated for C17H,gN403S:

C, 56.65; H, 5.59; N, 15.54.
Found: C, 56.49; H, 5.54; N, 15.33.
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EXAMPLE 51

3-(3,5-Dimethoxy-phenyl)-7-methanesulﬁnyl-3,4-dihydro-pyrimido[4,5-
dlpyrimidin-2(1H)-one

Into a solution of 2.0 g (6.02 mmol) of 3-(3,5-dimethoxy-phenyl)-
7-methylsulfanyl-3,4-dihydro-pyrimido[4,5~d]pyrimidin—2(lH)-one in 450 mL
chloroform was added 1.73 g (6.62 mmol) of trans-2-(phenylsulfonyl)-
3-phenyloxaziridine. The reaction was stirred at room temperature overnight, then
concentrated in vacuo. The residue was chromatographed down silica gel, eluting
first with chloroform., then with a solution of chloroform/methanol (10/0.25 v/v),
and finally chloroform/methanol (9:1 v/v), giving 1.87 g (85%) of the title
compound: mp 220-222°C.
Analysis calculated for C15H16N4045-0.30 Hy0-0.10 CHCl5:

C,49.59; H, 4.60; N, 15.32; S, 8.77, H,0, 1.48.
Found: C, 49.62; H, 4.34; N, 15.20; S, 8.87; Hy0, 1.42.

EXAMPLE 51a
3-(3,5-Dimethoxy-phenyl)-l-ethyl-7-methanesulfinyl-3,4—dihydro-
pyrimido[4,5-d]pyrimidin—2(1H)-one

To a solution of 3-(3,5-dimethoxy-phenyl)-1 -ethyl-7-methylsu1fanyl-
3,4—dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one (5.61g, 15.57 mmol) in
dichloromethane (100 mL) at ambient temperature was added 3-phenyl-2-
(phenylsulfonyl)oxaziridine (4.88 g, 18.69 mmol, PD 0191006, Org. 'Synth.,
198'/_';66:203-21 0) in portions. The reaction mixture was stirred overni ght, then
washed with brine and water. The organic layer was dried over magnesium
sulfate, filtered, and evaporated under reduced pressure. The residue was purified
by column chromatography eluting with a solvent mixture of 3% methanol in

dichloromethane to yield 4.6 g (78%) of the titled compound: mp 167-169°C.
Mass Spectrum (APCI, 80/20 CH3CN/H70, Probe = 450°C) (m+1)/2377.1 .

Analysis calculated for C17H0N403S:

C,54.24; H, 5.36; N, 14.88.
Found: C, 53.95; H, 5.27; N, 14.51.
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EXAMPLE 52
7-(4-Diethylamino-butylamino)-3-(3,5-dimethoxy-phenyl)-3,4-dihydro-
pyrimido{4,5-d]pyrimidin-2(1H)-one

A suspension of 0.2261 g (0.65 mmol) of 3-(3,5-dimethoxy-phenyl)-
7-methanesulfinyl-3,4-dihydro-pyrimido[4,5-d]Jpyrimidin-2(1 H)-one and 0.103 g
(0.71 mmol) of diethylaminobutylamine in 10 mL of dry dioxane was warmed to
60°C and stirred overnight. To the reaction mixture was added 0.306 g
(2.13 mmol) of diethylaminobutylamine and 0.1658 g (0.71 fnmol) of
camphorsulfonic,aci'd. The reaction mixture was stirred for another 18 hours at
60°C. The reaciion solutioﬂ was concentrated in vacuo, and the residue was
partitioned between ethyl acetate and a saturated solution of sodium bicarbonate.
The ethyl acetate layer was washed with a saturated solution of sodium
bicarbonate, then with water, dried over magnesium sulfate, and concentrated
in vacuo. The residue was chromatographed down silica gel, eluting with ethyl
acetate/ethanol/triethylamine (9:2:1 v/v/v) to give 0.173 g (62%) of the title
compound: mp 203-207°C.

Analysis calculated for CooH37NgO3:
C. 61.66; H, 7.53; N, 19.61.
Found: C, 61.31; H, 7.32; N, 19.23.

EXAMPLE 53
7-(4-Diethylamino-butylamino)-3-(3,5-dimethoxy-phenyl)-1-ethyl-
3,4-dihydro-pyrimido[4,5-d)pyrimidin-2(1H)-one '

A mixture of 3-(3,5-dimethoxy-phenyl)-1-ethyl-7-methanesulfinyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one (0.5 g, 1.33 mmol),
4-diethylaminobutylamine (0.38 g, 2.66 mmol,) and trifluoroacetic acid (0.31 g,
2.66 mmol) in acetonitrile (6 mL) was heated in a sealed tube at 90°C for
18 hours. The solvent was removed under reduced pressure and the residue taken
up in IN HCI. The solution was made basic with 50% NaOH and extracted twice

with dichloromethane. The combined organic layers were dried over magnesium

sulfate, ﬁltered, and evaporated. The residue was purified by radial
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chromatography eluting with a solvent mixture of ethyl acetate/methanol/ethyl
(89:10:1 v/v/v) to give 0.34 g (56%) of the titled compound: mp 83-85°C.
Mass Spectrum (APCI, 80/20 CH3CN/H50, Probe = 450°C) (m+1)/z 458.2
Analysis calculated for Co4H36NgO3:

C,63.13; H,7.95; N, 8.41.
Found: C, 62.85; H, 7.84; N, 18.06.

EXAMPLE 53a

7-[4 (2-Dlethylammo-ethoxy)-phenylammo]-3 (3,5-dimethoxy-phenyl)-
1-ethyl-3,4- -dihydro-pyrimidol[4, S-dlpyrimidin-2(1H)-one

A mixture of 3-(3, 5-dimethoxy-phenyl)- -1-ethyl-7- -methanesulfiny]-
3,4- -dihydro-pyrimido[4,5- -d]pyrimidin-2(1 H)-one (0.5 g, 1.33 mmol),
4- (7—dlethylammoethoxy)amlme (0.55 g, 2.66 mmol, Helv. Chim. Acta,
1960;43:1971-1979) and trifluoroacetic acid (0.46 g, 3.98 mmol) in acetonitrile
(6 mL) was heated in a sealed tube at 100°C for 18 hours. The solvent was
removed under reduced pressure and the residue dissolved in water. The solution
was made basic with IN NaOH and extracted twice with EtOAc. The combined
organic layers were dried over magnesium sulfate, filtered, and evaporated. The
residue was suspended in ether (20 mL), triethylamine (0.27 g, 2.66 mmol), and
BOC>0 (0.32 g, 1.46 mmol) added, and the mixture stirred at ambient

temperature for 4 hours. The reaction mixture was dxluted with hexane and cooled
to 0°C. The insoluble product was collected by filtration and washed with hexane ,

to afford 0.56 g (81%) of the titled compound: mp 139-141°C.
Mass Spectrum (APCI, 80/20 CH3CN/I-120, Probe = 450°C) (m+1)/z 521.3

Analysis calculated for C28H36Ng04:0.19 CF 3CO7H:
C, 62.86; H, 6.73; N, 15.50.
Found: C, 62.85; H, 6.65; N, 15.56.
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General Experimehtal for the Parallel Synthesis of 3-Aryl-7-(substituted
alkylamino)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-ones and 3-Aryl-1-
alkyl-7-(substituted alkylamino)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-
2(1H)-ones _ ‘

Into an Argonaut Technologies® Quest 210 10 mL reactor was added
0.100 g (0.287 mmol) of 3-(3,5-dimethoxy-phenyl)-7-methanesulfinyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one in 5 mL of dry dioxane or
0.100 g (0.266 mmol) or 3-(3,5-dimethoxy-phenyl)- 1-ethyl-7-methanesulfinyl-
3,4-’dihydro-pyfi'mido[4,5-d]pyrimidin-2(1H)—one in 4 mL of dry dioxane and
0.0753 g (0.3157 mmol) of camphorsulfonic acid in 2 mL of dry dioxane. To the

reaction mixture was added a solution of from 2.7 to 3.3 equivalents of amine
(RINHz) in 1 mL dioxane. The reaction mixture was agitated at 65°C for

18 hours, then cooled to room temperature. The dioxane was evaporated under a
stream of nitrogen, and the residue was partitioned between ethyl acetate and a
solution of saturated sodium bicarbonate. Thé ethyl acefate layer was washed
twice with a dilute solution of sodium bicarbonate, then once with water. The
ethyl acetate layer was dried with magnesium sulfate and concentrated to dryness
using a stream of nitrogen. The residue was chromatographed down silica gel

giving the title compound.

' EXAMPLE 54
3-(3,5-Dimethoxy-phenyl)-7-{2-[(pyridin-4-ylmethyl)-amino]-ethylamino}-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one \

Using the general procedure above, 3-(3,5-dimethoxy-phenyl)-
7-methanesulfinyl-3,4-dihydro-pyrimido[4,5-d}pyrimidin-2(1 H)-one and 0.1423 g
(0.941 mmol) of N-(4-picoly)ethylenediamine were reacted. The residue was

chromatographed eluting with ethyl acetate/ethanol/triethylamine (9:2:1 v/v/v)

then ethyl acetate/ethanol/triethylamine (9:3:2 v/v/v) to give 0.0162 g (13%) of
the title compound: HPLC = 92% pure.
MS (APCI) (m+1)/z 436.2
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EXAMPLE 54a
3-(3,5-Dimethoxy-phenyl)—7-[3-(4-methyl—piperazin-l-yl)—propylamino]-
3,4-dihydro-1H-pyrimido[4,5-d]pyrimidin-2(1H)-one

Using the general procedure above, 3-(3,5-dimethoxy-phenyl)-7-

methanesulﬁnyl-3,4-dihydro-pyrimido[4,5-a’]pyrimidin-2(lH)-one and 0.1234 g
(0.785 mmol) of 3-(4-methyl-piperazin-1-yl)-propylamine were reacted. The
residue was chromatographed over silica gel, eluting with ethyl
acetate/ethanol/triethylamine (9:2:1 v/v/v), then ethyl
acetate/ethanol/triethylamine (9:3:2 v/v/v) to give 0.0443 g (35%) of the title
compound: HPLC = 92% pure.

MS (APCI) (m+1)/z 442.2

EXAMPLE 54b
3-(3,5-Dimethoxy-phenyl)-7-[4-(4-methyl-piperaiin-l-yl)-butylamino]-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-Z(lH)-one

Using the general procedure abo-ve, 3-(3,5-dimethoxy-phenyl)-
7-methanesulﬁnyl-3,4-dihydro-pyrimido[4,5-a']pyrimidin-2(lH)-one and 0.1354 g
(0.791 mmol) of 4-(4-methyl-piperazin-1-yl)-butylamine were reacted. The
residue was chromatographed over silica gel, eluting with ethyl acetate/ethanol/
triethylamine (9:2:1 v/v/v) then ethyl acetate/ethanol/triethylamine (9:3:2 v/v/v) to
give 0.0401 g (31%) of the title compound: HPLC = 99% pure.

MS (APCI) (m+1)/z 456.2

" EXAMPLE 54¢
3-(3,5-Dimethoxy-phenyl)-7-[5-(4-methyl-piperazin-l-yl)-pentylamino]-
3,4—dihydro-pyrimido[4,5-d]pyrimidin-Z(lH)-one

Using the general procedure above, 3-(3,5-dimethoxy-phenyl)-
7-methanesulfinyl-3 ,4-dihydro-pyrimido[4.,5-d]pyrimidin-2(IH)-one and 0.1475 g
(0.805 mmol) of 5-(4-methyl-piperazin-1-yl)-pentylamine were reacted. The

residue was chromatographed over silica gel, eluting with ethyl acetate/ethanol/
triethylamine (9:2:1 v/v/v) then ethyl acetate/ethanol/triethylamine (9:3:2 v/iviv) to
give 0.0322 g (24%) of the title compound: HPLC = 97% pure.

MS (APCI) (m+1)/z 470.2
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EXAMPLE 55
7-(3—Diethylamino-propylamino)-3-(3,5-dimethoxy-phenyl)-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one
Using the general procedure above, 3- -(3,5-dmethoxy-phenyl)-7-
methanesulfinyl-3,4- ~-dihydro-pyrimido[4,5- d]pynmldm-Z(lH) -one and 0.1121 g
(0.861 mmol) of diethylaminopropylamine were reacted. The res1due was
chromatographed eluting with acetonitrile/ethanol/triethylamine (8:1:0.5 VIVIV) to
give 0.0476 g (40%) of the title compound HPLC = 89% pure.
MS (APCI) (m+1)/z 4152

EXAMPLE 56
3-(3,5-Dimethoxy-phenyl)—l-ethyl-7-{2-[(pyridin-4-ylmethyl)-amino]-
ethy]amino}-3,4-dihydro-pyrimido[4,5—d]pyrimidin-Z(lH)—one

Using the general procedure above, 3-(3,5-dimethoxy-phenyl)-l-ethyl-7~
methanesulfmyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(lH)—one and 0.1317 g.
(0.871 mmol) of N-(4-picoly)ethylenediamine were reacted. The residue was
chromatographed over silica gel, eluting with ethyl acetate/ethanol/triethylamine
(9:2:1 v/iviv), to give 0.0307 g (25%) of the title compound: HPLC 87% pure.

‘MS (APCI) (m+1)/z 464.2

EXAMPLE 57
3-(3,5-Dimethoxy-phenyl)-l-ethyl-7-[3-(4-methyl-piperazin—1 -yh)-
propylamino]-3,4-dihydro-pyrimido[4,5—d]pyrimidin-Z( 1H)-one

Using the general procedure above, 3-(3,5-dimethoxy~phenyl)-1-ethyl-?-
methanesulﬁny]-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(IH)-one and 0.1142 g
(0.726 mmol) of 3-(4-methyl-piperazin-l -y1)-propylamine were reacted. The
residue was chromatographed over silica gel, eluting with ethyl acetate/ethanol/
triethylamine (9:2:1 v/v/v), to give 0.0712 g (57%) of the title compound:
HPLC = 96% pure.

MS (APCI) (m+1)/z 470.2
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EXAMPLE 58
3-(3,5-Dimethoxy-phenyl)-1-ethyl-7-[4-(4-methyl-piperazin-1-yl)-
butylamino}-3,4-dihydro-pyrimido[4,5-d}pyrimidin-2(1H)-one

Using the general procedure above, 3-(3,5-dimethoxy-phenyl)- 1-ethyl-

7-methanesulfinyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one and 0.1253 g
(0.732 mmol) of 4-(4-methyl-piperazin-1-yl)-butylamine were reacted. The
residue was chromatographed over silica gel, eluting with ethyl acetate/ethanol/
triethylamine (9:2:1 v/v/v), to give 0.0527 g (41%) of the title compound:
HPLC = 94% pure.
MS (APCI) (m+1)/z 484.3

EXAMPLE 59
3-(3,5-Dimethoxy-phenyl)-1-ethyl-7-[5-(4-methyl-piperazin-1-yl)-
pentylamino}-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one

Using the general procedure above, 3-(3,5-dimethoxy-phenyl)- 1-ethyl-7-
methanesulfinyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one and 0.1365 g
(0.745 mmol) of 5-(4-methyl-piperazin-1-yl)-pentylamine were reacted. The
residue was chromatographed over silica gel, eluting with ethyl acetate/ethanol/
triethylamine (9:2:1 v/v/v), to give 0.041 g (31%) of the title compound:

HPLC = 98% pure. _
MS (APCI) (m+1)/z 498.3

EXAMPLE 60
7~(3-Diethylamino-propylamii;o)-3-(3,5-dimethoxy-phenyl)—i -ethyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one

Using the general procedure above, 3-(3,5-dimethoxy~pheny1)-] -ethyl-7-
methanesulfinyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one and 0.1038 g
(0.797 mmol) of diethylaminopropylamine were reacted. The residue was
chromatographed over silica gel, eluting with acetonitrile/ethanol/triethylamine

(8:1:0.5 v/viv), to give 0.0719 g (61%) of the title compound: HPLC = 81% pure.

MS (APCI) (m+1)/z 443 2 |
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PREPARATION 11
2-Chloro-3,5-dimethoxy-benzoic acid
Into a solution of 12 g (52.0 mmol) of 2-chloro-3,5-dimethox§f—benzoic
acid methyl ester (prepared according to the method of T. R. Kasturi and
E. M. Abraham, Indian Journal of Chemistry, 1973;11:1099-1 104) in 40 mL of
methanol was added 60 mL (60 mmol) of IN potassium hydroxide solution. A fter
stirring overnight at room temperature, the methanol was remdved in vacuo, and
the residue was suspended in 800 mL of water. The aqueous layer was extracted
three times with dlethyl ether and the acidified with concentrated hydrochloric
acid to a pH of 3. The resulnng white solid was filtered, washed well with water,

and air-dried to give 9.82 g (87%) of the title compound.

MS (APCI) (m+1)/z 217

PREPARATION 12

(2-Chloro-3,:—d|methoxy-phenyl)-carbamlc acid, fert-butyl ester

Into a solution 0f 9.57 ¢ g (44.18 mmol) of 2-chloro- 3,5- dxmethoxy benzoic
acid and 4.78 g (47.3 mmol) of triethylamine in 250 mL of toluene was added
13.57 g (49.3 mmol) dlphenylphosphoryl azide. The reaction was refluxed for
4 hours. To the reaction was added 3.63 g(49.0 mmol) of ters-butanol. The
reaction was refluxed overnight then concentrated in vacuo. The residue was
partitioned between a cold 1IN solution of citric acid and ethyl acetate The ethyl
acetate layer was washed twice with each of the following: cold IN citric acid
solution, water, and then saturated sodium bicarbonate solution. The ethyl acetate
layer was dried with magnesium sulfate and concentrated in vacuo. The residue
was dissolved in tetrahydrofuran, added silica gel and concentrated to dryness.
The residue was chromatographed on silica gel, eluting with hexane/dlethyl ether
(9:1 viv), to give 8.14 o g (64%) of the title compound: mp 94.5-95.5°C.
Analysis calculated for C; 3H1 gNO4Cl:

C,54.26; H, 6.31; N, 4.87; Cl, 12.32.
Found: C, 54.20; H, 6.17; N, 4.90; Cl, 12.08.
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PREPARATION 13
2-Chloro-3,5-dimethoxy-phenylamine
To 6.01 g (0.021 mmol) of (2-chloro-3,5-dimethoxy-phenyl)-carbamic
acid ferr-butyl ester was added 15 mL of trifluoroacetic acid. The reaction was
5 stirred for 3 hours at room temperature, then concentrated in vacuo. The residue

was made basic with a saturated solution of sodium bicarbonate, then extracted
three times with dichloromethane. The combined dichloromethane iéyers were
dried with magnesium sulfate and concentrated in vacuo to give 3.98 g of the title

compound, which was used as is in the following example.
10 MS (APCI) (m+1)/z 188

EXAMPLE 61 '
. {5—[(2-Chloro-3,5—dimethoxy-phenylimino)-metbyl]-z-methyIsulfanyl-
pyrimidin-4-yl}-ethyl-amine '
Into a solution of 3.78 g (20.2 mmol) of 2-chloro-3,5-dimethoxy-

15 phenylamine in 110 mL of toluene was added 3.97 g (20.15 mmol) of
4-ethylamino‘2-methylsulfanyl—pyrimidine-S—carbaldehyde. The reaction vessel
was equipped with a Dean-Stark trap, and the reaction was warmed to reflux.
After 3 hours, two drops of concentrated sulfuric acid were added to the reaction.

The reaction was refluxed overnight then concentrated in vacuo to give 7.36 g

20 (93%) of the title compound, which was used as is in the following example:
mp 196.5-198.5°C.
MS (APCI) (m+1)/z 367.0
EXAMPLE 62

{5-[(Z-Chloro—3,5~dimethoxy-phenylamino)-methyl]-Z-methylsulfanyl-

25 pyrimidin-4-yl}-ethyl-amine

Into a suspension of 6.96 g (18.97 mmol) of { 5-[(2-chloro-3,S-dimethoxy-

phenylimino)-methy]]-2-methylsulfanyl-pyrimidin-4—yl}-ethyl-aminc in 200 mL
of dry THF cooled to 5°C was added 18.97 mL (18.97 mmol) of a 1 M solution of
LAH in THF. After stirring for 1 hour, the cold reaction was quenchéd by

30 sequential addition of 0.8 mL of water, 3.0 mL of 25 NaOH, and 1.7 mL of water.
The reaction was filtered through Celite, the filter pad washed well with THF, and
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the filtrate conéentrated in vacuo. The residue was dissolved in dichloromethane,
added silica gel, and concentrated in vacuo. This residue was chromatographed on
silica gel, eluting with hexane/ethyl acetate (2:1 v/v), giving 5.15 g (74%) of the
title compound: mp 116.5-118.5°C. !
Analysis calculated for C1gH1N407CIS:

C,52.10; H, 5.74; N, 15.19; Cl, 9.61; S, 8.69.
Found: C, 52.45; H, 5.67; N, 14.99; Cl, 9.38; S, 8.66.

, EXAMPLE 63
3-(2-Chloro-3,5-dimethoiy-phenyl)-l-ethyl-7-methylsulfanyl-3,4-dihydro-
pyrimido|4,5-d]pyrimidin-2(1H)-one

Into a solution of 1.00 g (2.71- mmol) of {5-[(2-chloro-3,5-dimethoxy-
phenylamino)-methyl]-2-methylsulfanyl-pyrimidin-4-yl } -ethyl-amine in 7 mL of
dry DMF cooled to 5°C was added 0.271 g (6.78 mmol) of sodium hydride as a
60% mineral oil suspension. The ice bath was removed, and the reaction was
stirred for 1 hour. To the reaction was then added 1.32 g (8.13 mmoi) of 1,1”-

carbonyldiimidazole. After stirring a further 2 hours, the reaction was

concentrated in vacuo. The residue was partitioned between dichloromethane and

a saturated solution of ammonium chloride. The aqueous layer was washed twice
with dichloromethane. The dichloromethane layers were combined, dried over
magnesium sulfate, and concentrated in vacuo. The residue was dissolved in
dichloromethane, added silica gel, and concentrated in vacuo. The residue was
chromatographed on silica gel, eluting with dichloromethane/ethy] acetate
(9:0.5 v/v). to give 0.7507 g (70%) of the title compound: mp 189-191°C.
Analysis calculated for C17H|gN403CIS:

C.51.71; H, 4.85; N, 14.19.
Found: C, 51.95; H, 4.81; N, 13.88.

EXAMPLE 64
3-(2-Chloro-3,5-dimethoxy-phenyl)-1-ethyl-7-methanesulfinyl-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one
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Into a solution of 0.7457 g (1.89 mmol) of 3-(2-chloro-3,5-dimethoxy-
phenyl)-1-ethyl-7-methylsulfanyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-
2(1H)-one in 7 mL chloroform was added 0.5428 g (2.08 mmol) of trans-
2-(phenylsulfonyl)-3-phenyloxaziridine. The reaction was stirred at room
temperature overnight, then concentrated in vacuo. The residue was
chromatographed down silica gel, eluting with ethyl acetate/ethanol (9:1 v/v), to
give 0.697 g (90%) of the title compound.

Analysis calculated for C;7H19N404Cl1S-0.06 CH7Cl5:

, C,.49.26; H,4.63; N, 13.47.
Found: C. 49.58; H, 4.69; N, 13.08.

EXAMPLE 65
3-(2-Chloro-3,5-dimethoxy-phenyl)-7-(4-diethylamino-butylamino)-l-ethyl-
3,4-dihydro-pyrimido{4,5-d}pyrimidin-2(1H)-one | _ |

A solution of 0.1074 g (0.2614 mmol) of 3-(2-chloro-3,5-dimethoxy-
phenyl)-7-(4-diethylamino-butylamino)-1-ethyl-3,4-dihydro-pyrimido [4,5-
dlpyrimidin-2(1H)-one, 0.113 g (0.784 mmol) of diethylaminobutylamine, and
0.067 g (0.287 mmol) of camphorsulfonic acid in 4 mL of dry dioxane was
warmed at 60°C. After stirring overnight the reaction was concentrated in vacuo,
and the residue was dissolved in dichloromethane. The dichloromethane solution
was extracted three times with a saturated solution of sodium bicarbonate, dried
over magnesium sulfate, and concentrated in vacuo. The residue was
chromatographed down silica gel, eluting with ethyl acetate/ethanol/triethylafnine
(9:1:0.5 v/viv), to give 0.106 g”(82%) of the title compound.

MS (APCI) (m+1)/z 491.1

Examples 66-67 are depicted in Scheme 3.

EXAMPLE 66
3-(3,5-Dimethoxy-phenyl)-7-methylsulfanyl-3,4-dihydro-pyrimido{4,5-
d}pyrimidin-2-ylamine '

Into a solution of 25.0 g (81.6 mmol) of 5-[(3,5-dimethoxy-phenylamino)-
methyl]-2-methylsulfanyl-pyrimidin-4-ylamine in 125 mL of dry
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dimethylformamide cooled to 5°C, was added a solution of 10.1 £ (95.5 mmol) of
Cyanogen bromide in 25 mL of dry dimethylformamide portionwise. After the
addition of the cyanogen bromide solution the ice bath was removed, and the
reaction was allowed to warm to room temperature over 30 minutes. The reaction
was warmed to 80°C for 4 hours, then added to 500 mL of 1IN NaOH. The
aqueous suspension was extracted with dichloromethane (7x 150 mL). The
dichloromethane layers were combined and concentrated in vacuo. The residue
was dlssolved in dichloromethane, extracted three times with a saturated solution
of sodlum chloride, dried over magnesium sulfate and concentrated in vacuo. The
residue was dlssolved in tetrahydrofuran, added silica gel, and concentrated
in vacuo. The residue was chromatographed down silica gel, eluting first with
ethyl acetate, then switching to ethyl acetate/ethanol (9:1 v/v), giving product
which was slightly impure. This product was rechromatographed down silica gel,
eluting with first chloroform, then switching to chloroform/methanol (9:0.5 v/v),
to give 7.34 g (24%) of the title compound: mp 198-204°C.

Analysis calculated for C}5H}7N5055-0.30 CHClj3:
C, 50.04; H, 4.75; N, 19.07; S, 8.73.
Found: C, 50.1 1; H,4.59; N, 19.18; S, 8.91.

EXAMPLE 67 :

3-(3 S-Dlmethoxy-phenyl)-7-methanesulﬁnyl—3 4- dlhydro-pyrlmldo[4 5-
dlpyrimidin-2-ylamine

Into a solution of 2.00 g (6.04 mmol) of 3-(3,5-dimethoxy-phenyl)-7-
methylsulfanyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2-ylamine in 50 mL of
chloroform was added a solution Qf 1.73 g (6.64 mmol) of trans-2-
(phenylsulfonyl)-3-phenyloxaziridine in 20 mL of chloroform. The reaction was
stirred ovérnight at room temperature, then concentrated in vacuo. The residue
was dissolved in dichloromethane, added silica gel, and concentrated: in vacuo.
The residue was chromatographed down silica gel, eluting first with ethyl acetate

then ethyl acetate/ethanol/triethylamine (9:2:1 v/v/v), to give 1.4306 g (68%) of
the title product.




10

15

20

25

85- 011554

Analysis calculated for C15H7N50350.25 EtOAc-0.25 HoO: |
C,51.37; H, 5.26; N, 18.73.
Found: C, 51.15; H, 5.23; N, 18.44.

PREPARATION 14

Ethyl 4-(isopropylamino)-z-(methylthio)pyrimidine-S-carboxylate

To a 0°C solution of 10.0 g (43.0 mmol) of ethyl 4-chloro-2-
(methylthio)pyrimidine-5-carboxylate and 7.2 mL (51.6 mmotl) of triethylamine in
100 mL of dichloromethane is added 4.4 mL (51.6 mmol) of isoproylamine. The
reaction solution is stirred at>0°C for 2 hours then allowed to warm to room
temperature. The reaction mixture is diluted with ethyl acetate, washed twice with
aqueous HCl, twice with water, once with a saturated solution of sodium
bicarbonate, and brine. The organic phase is dried over magnesium sulfate,
filtered, and concentrated to give 11.1 g (quant.) of the title compound as an oil
which solidified on standing: mp 159-160°C.
Mass Spectrum (CI) (m+1)/z 256.

PREPARATION 15

4-(Isopropylamino)-2-(methylthio)pyrimidine-S-carboxylic acid

To a solution of 5.0 g (19.6 mmol) of ethyl 4-(isopropylamino)-2-
(methylthio)pyrimidine-5-carboxylate in 20 mL of ethanol is added a solution of
0.8 g (20.6 mmol) of sodium hydoxide in 30 mL of water. The reaction
suspension is stirred at room temperature overnight. The reaction solution is
diluted with 100 mL of water and washed twice with diethyl ether. The aqueous
phase is neutralized with 20.6 mL of 1N HCL. The precipitate is filtered and
washed twice with water, dried under vacuum at 70°C to give 4.0. g (90%) of the
title compound: mp 202-203°C (dec).
Analysis calculated for CgH3N3S0;:

C,47.56;H, 5.77; N, 18.49.
Found: C, 47.38; H, 5.70; N, 18.29.
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PREPARATION 16 ’
N-Allyl-4-(isopropylamino)-2-(methylthio)pyrimidine-S-éarboxamide

To 3.5 (15.4 mmol) of 4-(isopropylamino)-2-(methylthio)pyrimidine-S-
carboxylic acid is added 9.0 mL (123.2 mmol) of thionyl chioride, and the
reaction mixture is heated at 50°C for 1 hour, cooled to room temperature, and
concentrated. The residue is twice suspended in anhydrous toluene and
concentrated to give a colorless solid, 4- (1sopropylammo) 2-(methylthio)
pynmldlne -3-carboxylic acid chloride.

To a0°C suspensnon of 4- (xsopropy]ammo) 7-(methylth10)pyr1m1dme~5-
carboxylic acid chlorlde in 10 mL of tetrahydrofuran is added 3.5 mL (46.2 mmol)
of allylamine and 20 mL of tetrahydrofuran. The reaction suspensmn is allowed to -
warm briefly to room temperature, then stored at 0°C overnight. The reaction
mixture is diluted with ethyl acetate, washed with 1N HCI, a saturated solution of
sodium bicarbonate, and brine. The organic phase is dried over magnesium
sulfate, filtered, and concentrated to give 2.1 g (51%) of the title compound:
mp 159-161°C.

Analysis calculated for C1oHgN4SO:

C,54.11; H, 6.81; N, 21.03,
Found: C, 54.42; H, 6.69; N, 21.13.

PREPARATION 17 :
N-(4-Methoxybenzyl)-4—(lsopropylammo)- -(methylthlo)pynmldme-S-

carboxamide

To a 0°C suspension of 4-(isopropylamino)-2-(methylthio)pyrimidine-
5-cérboxylic acid chiloride (as prepared in the above example, Preparation 16) in
30 mL of tetrahydrofuran is added 6.0 mL (46.3 mmol) of 4-methoxybenzylamine
and 30 mL of tetrahydrofuran. The reaction suspension is allowed to warm briefly
to room temperature, then stored at 0°C ovemnight. The reaction mixture is diluted
with dichloromethane, washed with 1N HCI and water. The combined aqueous

phase is washed with dichloromethane. The combined organic phase is washed

with a saturated solution of sodium bicarbonate and brine, dried over magnesium
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sulfate, filtered, and concentrated. The residue is crystallized from ethyl
acetate/hexane to give 3.27 g (61%) of the title compound: mp 176-177°C.
Analysis calculated for C17H25N4S05:

C,58.94;H,6.40; N, 16.17.
Found: C, 58.87; H, 6.34; N, 16.26.

EXAMPLE 68
3-Allyl-7-(imidazol-l-yl)-l-isopropy]-lH-pyrimido[4,5-d] pyrimidine-2,4-dione
_ To a 0°C suspension of 563 mg (14.1 mmol) of sodium hydride (60%

disp.) is added 1.5 g (5.63 mmol) of N—ally]-4-(isopropylamino)-24
(methylthio)pyrimidine-5-carboxamide, and the reaction mixture is stirred for
15 minutes. To the reaction mixture is added in small portions 2.7 g (16.9 mmol)
of 1,1’-carbonyldiimidazole. The reaction mixture is stirred overnight at room
température, diluted with ethyl acetate, and washed with a saturated solution of
sodium bicarbonate, water, and brine. The combined aqueous phase is washed
with ethyl acetate. The combined organic phase is dried over magnesium sulfate,
filtered, and concentrated. The residue is chromatographed on silica eluting with
4:6 ethyl acetate/hexane. The single component fractions are collected and
crystallized from dichloromethane/hexane to give 457 mg (26%) of the title
compound: mp 158-160°C. '
Analysis calculated for C) 5HjgNgO»:

C,57.68;H,5.16; N, 26.91.
Found:C,57.57;H,4.90; N, 26.98.

The mixed component fractions are also collected and crystallized as

above to give 782 mg (44%) of analytically pure title compound. -

EXAMPLE 69
7-(Imidazol-1 -yl)-l-isopropyl-3-(4-methoxybenzyl)-1H-pyrimid0[4,5-
d]pyrimidine-2,4-dione .
Toa 0°C suspension of 865 mg (21.6 mmol) of sodigm hydride (60%

disp.) is added 3.0 g (8.66 mmol) of N-(4-methoxybenzyl)—4—(isopropylamino)—2-

(methylthio)pyrimidine-5-carboxamide, and the reaction mixture is stirred for
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1 hour. To the reaction mixture is added in small portions 4.2 g (26.0 mmol) of
1,1’-carbonyldiimidazole. The feaétion mixture is warmed at 50°C for 5 hours,
concentrated to dryness, and dissolved in 300 mL of 6N HCL. The solution is
washed with diethyl ether, made basic with 50% aqueous solution of sodium
hydroxide while maintaining the solution temperature below 40°C. The
suspension is cooled to 15°C, and the precipitate is filtered, washed with water,
and dried under vacuum at 65°C to give 3.1 g (91%) of the title compound:
mp 148-150°C '(dec)..
Analysis calculi_ated for Co0H29NgO3:

C,61.22; H,5.14; N, 21.42.
Found: C, 60.92; H, 5.25; N, 21.17.

EXAMPLE 70 _

3-Allyl-1 ~isopropyl—7-[4-(4-methylpiperazin-l-yl)phenylamino]-lH-
pyrimido{4,5-d]pyrimidine-2,4-dione

A mixture of 300 mg (0.96 mmol) of 3-allyl-7-(imidazol-1 ~yl)-1-
isopropy]-lH—pyrimido[4,5-d]pyrimidine—2,4-dione and 551 mg (2.88 mmol) of
1-(4-aminophenyl)-4-methylpiperazine is‘ heated at 180°C for 2 hours. The
reaction mixture is cooled, dissolved into chloroform, and chromatographed on
silica eluting with 4:96 methanol/chloroform. The resulting material is crystallized
from methanol/water to give 251 mg (60%) of the title compound: mp 176-177°C.
Analysis calculated for C33Hy9N705-H,0:

C,60.91; H,6.89; N, 21.62.
Found: C, 60.79; H, 6.80; N, 21.54.

. EXAMPLE 71
1-Isopropyl-3-(4-methoxybenzyl)-7—[4-(4-methylpiperazin-l -y)phenylamino]-

1H-pyrimido(4,5-d]pyrimidine-2,4-dione

A mixture of 700 mg (1.78 mmol) of 7-(imidazol-1-yl)-1-isopropyl-3-(4-
methoxybenzyl)-1H-pyrimido[4,5-d]pyrimidine-2,4-dione and 1.02 g (5.35 mmol)
of 1-(4-aminophenyl)-4-methylpiperazine is heated at 180°C for 2 hours. The

reaction mixture is cooled, dissolved into chloroform, and chromatographed on
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silica eluting with 5:95 methanol/chloroform. The resulting material is crystallized
from methanol/water to give 530 mg (58%) of the title compound: mp 215-216°C.
Analysis calculated for CogH33N703:
C,65.22; H, 6.45; N, 19.02.
Found: C, 65.28; H, 6.41; N, 19.00.

EXAMPLE 72
3-Allyl-7—[4-(2-Diethylaminoethoxy)phenylamino]-l-isopropyl-lH-
pyrimido[4,5-d|pyrimidine-2,4-dione

A mixture of 200 mg (0.64 mmol) of 3-ally}-7-(imidazol-1-yl)-1-
isopropyl-1H-pyrimido[4,5-d]pyrimidine-2,4-dione and 400 mg (1.52 mmol) of
4-(2-diethylaminoethoxy)aniline is heated at 180°C for 3 hours. The reaction
mixture is cooled, dissolved into chloroform, and chromatographed on silica
eluting with 4:96 methanol/chioroform. The resulting oily material partially
crystallizes on standing, and the mixture is triturated with diethyl ether/hexane and
filtered to give 106 mg (36%) of the title compound: mp 90-96°C.

Analysis calculated for Co4H37NgO3:
C,63.70; H, 7.13; N, 18.57.
Found: C, 63.39; H, 7.15; N, 18.36.

EXAMPLE 73
7-[4-(2- -Diethylaminoethoxy)phenylamino)- l-lsopropyl-3-(4-methoxybenzyl)
1H-pyrimido[4,5-d] pyrimidine-2,4-dione ,

A mixture of 700 mg (1.78 mmol) of 7-(imidazol-1-yl)-1~isopropyl-3-(4-
methoxybenzyl)-1H-pyrimido[4,5-d]pyrimidine-2,4-dione and 1.1 g (5.35 mmol)
of 44(2—diethylaminoethoxy)aniline is heated at 180°C for 4 hours, then cooled. To
the reaction inixture is added 357 mg (3.6 mmol) of succinic anhydride, 1 mL of
chloroform, and 3 mL of dimethylformamide. The reaction mixture is heated at
50°C for 2 hours, cooled, and diluted with chloroform. The mixture is washed
with a saturated solution of sodium bicarbonate and brine. The organic phase is
dried over magnesium sulfate, filtered, and concentrated. The residue is

chromatographed on silica eluting with 5:95 methanol/chloroform to give a yellow
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solid which is crystalhzed from methanol/water to give 590 mg (61%) of the title

.compound: mp 139-141°C.

Analysis calculated for CygH3 6NgO4:

C,65.39; H, 6.81; N, 15.78.
Found: C, 65.35; H, 6.83; N, 15.70.

As noted above, the compounds of this invention are potent inhibitors of
cyclin-dependent kmases and tyrosine kmases and accordingly, are useful in
treating and preventmg atherosclerosis, and other cell proliferative disorders like
cancer. The compounds have low toxicity. The compounds have exhibited
excellent inhibitory activity against a wide variety of cychn—dependent kinases, all
in assay systems routinely ptlhzed to measure such activity. A typical assay, for
instance, measures inhibitory activity against the cyclin D dependent kinase 4
enzyme (cdk4/D). The invention compounds of Formula I exhibited 1C5() values
ranging generally from about 0.04 UM to >40 uM. The cdk4 assay was carried out

as follows.

Cyclin-Dependent Kinase 4 (cdk4) Assay

- Enzyme assays for IC5( determinations (Tables 1 and 2) and kinetic
evaluation were performed in 96 well filter plates (Millipore MADVN6550). The
total volume was 0.1 mL containing a final concentration of 20 mM TRIS
(tris[hydroxymethyl]aminornethan’e); atpH 7.4, 50 mM NaCl, | mM
dithiothreitol, 10 mM MgCly, 25 uM ATP containing 0.25 pCi of [32P]ATP,
20 ng of cdk4, 1 pg of retinoblastoma, and appropriate dilutions of a compound of
the present invention. All components except the ATP were added to the wells,
and the plate was placed on a p]ate mixer for 2 minutes. The reaction was started
by adding [32P]ATP and the plate was incubated at 25°C for 15 minutes. The
reaction was terminated by addition of 0.1 mL of 20% trichloroacetic acid (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 was determined with a beta plate counter (Wallac Inc.,
Gaithersburg. MD).
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Cyclin-Dependent Kinase Assays (cdk2/cyclinE, cdk2/cyclind. cdc2/cyclinB)

Enzyme assays for ICs( 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 (tris[hydroxymethyl]aminomethane), at pH 7.4, 50 mM
NaCl, 1 mM dithiothreitol, 10 mM MgCl, 12 mM ATP containing 0.25 pCi of
[32P]ATP, 20 ng of enzyme (either cdk2/cyclinE, cdk2/A, or cdcé)cyclinB), Iug
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 for 2 minutes. The reaction was begun by addition of ['32P]ATP,
and the plate was incubated af 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 I 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 with a beta plate counter
(Wallac Inc., Gaithersburg, MD),

When measured against cdk2/E, the invention compounds exhibited IC5
values ranging generally from about 0.9 HM to >40 uM. Against cdk2/A, the
compounds exhibited IC5() values ranging from about 0.5 uM to >40 MM, and
against cdc2/B, generally from about 5 UM to >40 puM. The assays were carried

out as described above, and specific data for the invention compounds is given in

the following tables.



TABLE 1
Nl/\/\NH
1 /k //k /g
R N N N 0]
, R2
Example Rl R2 IC50 (M) or % Inhibition at 40 uM
cdk4/D cdk2/E cdk2/A cdkl/B
9 Ph-4-OMe cyclopentyl  5.75
10 Ph-4-piperidine . cyclopentyl 1.55
11 Ph-4-(4-Me)piperazine cyclopentyl  0.039 212 0.76 116
12 Ph-4-pyrazole cyclopentyl  1.80 4.60 1.33 1220
13 Ph-3-Me-4-OCHyCH)NE!) cyclopentyl 0.3
14 Ph-4-pyrrole cyclopentyl 17.8 38% 5.1 >20
15 Ph-4-(4-OH)-piperidine  cyclopentyl  0.70 22 0.6 16.76

16 Ph-4-(3-OH)-piperidine cyclopentyl  0.63 1.5 0.64 1493
17 Ph-4-(4-NMe»)-piperidine cyclopentyl  0.31 3.55 131 2020

18 Ph-4-(3,5-Mey)-piperazine cyclopentyl  0.35 20
19 Ph-4-(2-CHpOH)-piperidine cyclopentyl 0.5

20 Ph-4-{4-(CH,)30H]- cyclopentyl 042 5.35 272 >40
piperidine

21 Ph-4-[4-(CHp)y cyclopentyl  0.165 3.00 137 3614
morpholine]-piperidine

22 Ph-4-(4-Me)piperazine isopropyl 0.34  68% 9.31 25%

23 Ph-4-(4-OH)-piperidine isopropyl 16.85 - 439 >40

24 Ph-4-(4-NMej)-piperidine  isopropyl 3400 1235 >40

25 Ph-4-pyrazole isopropyl 10.00 231  36.50

26 Ph-4-[4-(CHj);3 isopropyl 47%  27.0C 6.46 >40
morpholine]-piperidine

27 Ph-4-(4-Me)piperazine norbornyl 0.77 .10 053 9.77

28 Ph-4-(4-Me)piperazine methyl 15% 22% >40 >40

29 Ph-4-(4-OH)-piperidine methyl >40 28% >40 >40

30 Ph-4-(4-NMe>)-piperidine methyl 18.25 >40 >4()

31 Ph-4-pyrazole methyl 18%  21% >40 >40
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TABLE 1a

0
R’

N7 | N
Rl /&
SN e

Example )3 R3 IC50 (LM) or % Inhibition at 40 uM
cdk4/D  cdk2/E cdk2/A cdk1/B

70 Ph-4-(4-Me)piperazine allyl 3.45 0% >40 >40

72 Ph-4-O(CH3) NEty allyl 7.33 0% >40 >40

71 Ph-4-(4-Me)piperazine 4-OMe-benzyl 2.1 >40 >40

73 Ph-4-O(CHp); NEtp  4-OMe-benzyl 4.5 >40 >40

Table 2 presents data for specific pyrimido[4,5-d]pyrimidines (double
bond at the 3.4-position). '

TABLE 2

N XY SNH
1 /“\ = /&
R'—N N N 0
H l
R2
Example R! R2 IC50 (uM) or % Inhibition at 40 UM
‘ ’ cdk4/D  cdk2/E cdk2/A cdkl1/B
32 Ph-4-(4-Me)piperazine cyclopentyl = 0.05 138 083 751
33 Ph-4-(4-OH)-piperidine cyclopentyl  0.038 42 098 976

34 Ph-3-Me-4- cyclopentyl  0.079 3.15 3.22 7.51
OCH,CH)NE(,

35 Ph-4-(3-OH)piperidine ~ cyclopentyl  0.082 1.05 0.99 8.54

36 Ph-4-pyrazole cyclopentyl  0.435 2.44 1.33  16.13

37 Ph-4-OMe cyclopentyl  0.22 0.9 0.40 4.76

38 Ph-4-piperidine cyclopentyl  0.15 278 0.77 3525

39 Ph-4-[4-(CHj)» cyclopentyl 0.3 1.85 i44 2461

morpholine]-piperidine
40 Ph-4-(4-Me)-piperazine isopropyl 16.50 451 42%
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TABLE 2 (cont’d) '

K

RI—N7 N N Y

H | .
R2
Example Rl R2 IC50 (LM) or % Inhibition at 40 pM
cdk4/D  cdk2/E <dk2/A cdk1/B
4] Ph-4-(4-NMe»)- isopropyl >40 14.76 >40
piperidine . :
42 Ph-4-pyrrazole . isopropyl 3.9 >40 5.81 >40
43 Ph-4-[4-(CH2)3 isopropyl 0.54 38.0 749  >40

morpholine}-piperidine
44 Ph-4-(4-Me)-piperazine  norbornyl 0.018 1.2 .03 736

45 Ph-4-(4-Me)-piperazine  methyl 16.2 16%  >40 >40

- 46 Ph-4-(4-NMe))- methyl >40 >40 >40
piperidine

47 Ph-4-pyrazole methyl >40 41%  >40 >40

Several of the invention compounds have also shown good inhibitory

activity against cdk6/D7 and cdk6/D3 enzymes. These assays are carried out in a

manner similar to that described above for cdk4, by simply employing the

appropriate cdk6 kinase enzyme.

The compounds of Formula I also have shown gbod inhibitory activity
against certain growth factor receptor tyrosine kinase enzymes, including those of
fibroblast growth factor (F GF) and platelet derived growth factor (PDGF). The
invention compounds range in ICs) inhibition against FGF tyrosi:ie kinase
generally from about 0.3 uM to >50 pM. Against PDGF tyrosine kinase, the
invention compounds exhibit IC5( from about 0.02 uM to >50 KUM. The assays

used to determine these activities were carried out as follows:

PDGF and FGF Receptor Tyrosine Kinase Assays
Full-length cDNASs for the mouse PDGF-B and human FGF-1 (fig)

receptor tyrosine kinases were obtaired from J. Escobedo and prepared as

described in J. Biol. Chem., 1991 ;262:1482-1487. PCR primers were designed to
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amplify a fragment of DNA that codes for the intracellular tyrosine kinase
domain. The fragment was inserted into a baculovirus vector, cotransfected with
AcMNPYV DNA, ard 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 performed in 96-well plates (100 pL/incubation/well), and
conditions were optimized to measure the incorporation of 32P from ¥32P-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 Na3VOyq, 10 mM MnCl>, and

750 pug/mL of Poly (4:1) glutamate-tyrosine followed by 2.5 uL of inhibitor and

5 pL of enzyme lysate (7.5 pg/uL FGF-TK or 6.0 ng/uL PDGF-TK) to initiate the
reaction. Following a 10 minute incubation at 25°C, 10 mL of y32P-ATP (0.4 uCi
plus 50 uM ATP) was added to each well, and samples were incube::d for an
additional 10 minutes at 25°C. The reaction was terminated by the addition of
100 nL of 30% trichloroacetic acid (TCA) containing 20 mM sodium
pyrophosphate and precipitation of material onto glass fiber mats (Wallac). Filters
were washed three times with 15% TCA containing 100 mM sodiurﬁ
pyrophosphate, and the radioactivity retained on the filters counted in a

Wallac 1250 Betaplate reader. Nonspecific activity was defined as radioactivity
retained on the filters following incubation of samples with buffer alone (no
enzyme). Specific enzymatic activity (enzyme plus buffer) was defined as total
activity minus nonspecific activity. The concentration of a compound that

inhibited specific activity by 50% (IC50) was determined based on the inhibition

curve, and typical results are reported in the following tables.
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TABLE 3
N™ X NH
1 J’\ = /g
R*—N N N 0o
H | ,
R_ ' .
Example Rl 1C50 (LM) or % Inhibition at 40 uM
R2 PDGF FGF
9 Ph-4-OMe cyclopentyl 0.36
10 Ph-4-piperidine .. " cyclopentyl ’ 0.64
11 ‘Ph-4-(4-Me)piperazine cyclopentyl 0.175 0.023
13 Ph-3-Me-4-OCH2CH2NEt2 cyclopentyl - 0.5-0.05

15 Ph-4-(4-OH)-piperidine cyclopentyl 0.5-0.05

16 Ph-4-(3-OH)-piperidine cyclopentyl  0.83

17 Ph-4-(4-NMe>)-piperidine cyclopentyl 0.32

18 Ph-4-(3,5-diMe)-piperazine cyclopentyl 021

19 Ph-4-(2-CH)OH)-piperidine cyclopentyl 0.5-0.05

21 Ph-4-[4-(CHj)>-morpholine]- cyclopentyl 1.1

piperidine

22 Ph-4-(4-Me)-piperazine isopropy!

25 Ph-4-pyrazole isopropyl

27 Ph-4-(4-Me)-piperazine norbornyl

30 Ph-4-(4-Me)-piperazine methyl




Example R! R6 -ICSO (LM)
"PDGFFGF
53 (CH3)4NE1, Et H OMe OMe H 5 0.06
53a Ph-4-O(CH)>NEt»  Et H OMe OMe H <0.5 0.02
TABLE 3b
0
3
R
-~
N~ | N
1
R )\\ /&
~
N N N 0
PN
Example Rl R3 IC50 (uM) or % Inhibition at 40 p
__PDGF FGF -
71 Ph-4-(4-Me)piperazine - allyl >50 >50
73 Ph4-O(CH,)NEty allyl >50 >50
72 Ph-4-(4-Me)piperazine 4-OMe-benzyl >50 >50
74 Ph-4-O(CH3)oNEty  4-OMe-benzyl >50 >50
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TABLE 4
N™ XY NH

0]
H |
R? |
Example ): 3! R2 IC50 (UM) or % Inhibition at 40 uM
PDGF ‘ FGF
32 Ph-4-(4-Me)piperazine  cyclopenty] 1.63 0.37
35 Ph-4-(3-OH)-piperidine cyclopentyl 2.8 ‘ 3.49
36 Ph-4-pyrazole cyclopentyl >50 . >50
39 Phd-[4-(CHp);  cyclopentyl 3.76
morpholine]piperidine : '
40 Ph-4-(4-Me)piperazine  isopropyl » 1.13
4] Ph-4-(4-NMe») isopropyl >50 . 11.73
piperidine :
43 Ph-4-{4-(CHj), isopropyl 4.93
morpholine]piperidine
44 Ph-4-(4-Me)piperazine norbornyl . 047
46 Ph-4-(4-NMe») methyl 22.6
piperidine

The Src (the transforming gene of the Rous sarcoma retrovirus) family of
non-receptor protein kinases, which all contain a SH2 domain, are i.nvolved.in a
number of cellular signaling pathways. For example, Src is involved in growth
factor receptor signaling; integrin-médiated signaling; T- and B-cell activation and
osteoclast activation. It is known that the Src SH2 domain binds to szveral key
receptor and non-receptor tyrosine kinases such as tyrosine kinases containing
receptors for PDGf‘ EGF, HER2/Neu (an oncogene form of EGF), FGF, focal
adhesion kinase, p130 protein, and p68 protein. In addition, pp60c-Src has been
shown to be involved in the regulation of DNA synthesis, mitosis, and other
cellular activities.

Thus, it would be useful to have compounds that inhibit the binding of
proteins containing an SH2 domain to cognate phosphorylated proteins, as the

inhibition of binding of proteins containing an SH2 domain to cognate

phosphorylated proteins can be used to treat proliferative diseases such as cancer,
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osteoporosis, inflammation, allergy, restenosis, and cardiovascule: disease, which

all rely on signal transduction involving proteins that contain an 3H?2 domain that
binds to phosphorylated proteins during the cellular signaling process.

Several of the invention compounds have been evaluated ih a standard
assay to measure their ability to inhibit cellular Src protein kinase .(c-Src). The
inveﬁtion compounds exhibited IC5( values ranging generally from about 0.4 to
about 50 pM. The assay was carried out as follows:

c-Src kinase was purified from baculovirus infected insect éell lysates
using an antipeptide monoclonal antibody directed against the N-terminal amino
acids (amino acids 2-17) of ¢-Src. The antibody, covalently linked to 0.65 pum
latex beads, was added to a suspension of insect cell lysis buffer comprised of
150 mM NaCl, 50 mM Tris pH 7.5, 1 mM DTT, 1% NP-40, 2 mM EGTA, | mM
sodium vanadate, I mM PMSF, 1 pg/mL each of leupeptin, pepstatin, and
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 lysié buffer
containing 10% glycerol, and frozen. These latex beads were thawed, rinsed three

times in assay buffer (40 mM Tris, pH 7.5, S mM ugCly) and susjended in the
same buffer. In a Millipore 96-well plate with 2 0.65 pm polyvinylidine
membrane bottom were added the reaction components: 10 KL c-Src beads, 10 pL
of 2.5 mg/mL poly GluTyr substrate, 5 pM ATP containing 0.2 pCi labeled
32p.ATP. 5 UL DMSO containing inhibitors or as a solvent contrél, and buffer to
make the final volume 125 ].LL The reaction was started at room temperature by

addition of the ATP and quenched 10 minutes later by the addition of 125 puL 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 aliquots 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 knéwn
inhibitor such as erbstatin. The method is also described in J. Med. Chem.,
1994;37:598-609. Tables 5 and 6 list c-Src inhibitory concentrations (ICs¢) for

representative invention compounds.
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TABLE 5
NN NH
1 /Ik - /‘K
R N N 0]
H l
. R2
Example Rl ’ R2 c-Src IC5q (uM)
10 Ph-4-piperidine cyclopentyl >50
11 Ph-4-4-(Me)-piperazine ‘ cyclopentyl 0.71
14 _ ‘ Ph-4-pyrrole ' - cyclopentyl >50
15 ~ Ph-4-(4-OH)-piperidine ' cyclopentyl 2.4
16 Ph-4-(3-OH)-piperidine cyclopentyl T 412
17 Ph-4-(4-NMez)-pip¢ridine cyclopentyl ' 0.37
18 Ph-4-(3,5-diMe)-piperazine cyclopentyl 0.40
19 Ph-4-(2-CH,OH)-piperidine cyclopentyl ' 4.42
21 Ph—4-[4-(CH2)2morpholine]-pipen'dine cyclopentyl 1.60
22 _ Ph-4-(4-Me)-piperazine isopropyl 1.51
TABLE 6
N7~ ~N
1 /k\ l /g
R'—N N N 0
H |
RZ
Example - Rl R2 © ¢-8rc IC50 (uM)
32 Ph-4-(4-Me)piperazine cyclopenty] 3.95
35 Ph-4-(3-OH)piperidine cyclopentyl 4.65
39 Ph—4-[4~(CH2)2morpholine]piperidine cyclopentyl 3.23
40 Ph-4-(4-Me)piperazine isopropyl 4.30
41 Ph-4-(4-NMe,)piperidine isopropyl . 3.06
44 Ph-4-(4-Me)piperazine norbornyl ' 230

The compounds of Formula I are useful for treating cell proliferative

disorders concerning angiogenesis and have been evaluated in a human umbilical

vein endothelial cell in vitro assay. The assay described below is used to
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-101-
determine the anti-proliferative effects of the invention compounds on human

umbilical vein endothelial cells, and the results are shown in Table 7.

Human Umbilical Vein Endothelial Cell (HU VEC) Proliferation Assay

Ninety-six well tissue culture plates are seeded with 100 HUL of cells in all
wells of rows A->G with row H remaining empty as a blank. HUVEC (Clonetics,
San Diego, CA) are grown in endothelial growth medium (EGM média,
Clonetics), containing 2% fetal bovine serum. The cell seed density for HUVEC
cells is 20,000 per mL. C6 cells (ATCC Cat. No. CCL-107) are seeded at 6000 per
mL in F10 medium (nutrient mixture Hemes) supplemented with 15% horse
serum, 2.5% fetal bovine seruni, and 6.0 mL 200 mM Glutamine per 600 mL
medium. A90 cells (Suny, Buffalo, NY) are also seeded at 6000 per mL, but they
are grown in RPMI 1640 (Roswell Park Memorial Institute) plus 10% fetal bovine
serum. Unless noted otherwise, tissue culture media and components are from
GIBCO. The cells are allowed to incubate at 37°C, 5% CO», and 100% relative_
humidity for 16-24 hours.

Invention compounds are prepared by dissolving them in DMSO at a
concentration of 5 mM, followed by dilution to 50 pM in EGM media. One
hundred microliters of the compounds are applied to duplicate wells.in column 1
of the previously prepared cell plates. Column 1 row H receives 106 uL of EGM

media. The compounds in column 1 are diluted across the plates using serial two-

fold dilutions.

The plates are incubated as above for an additional four dayé“before being
stained with Sulphorhodainine B. Staining is performed as follows: The media is
removed from the plates, and the cells are fixed using 10% trichloroacetic acid for
30 minutes at 4°C. Following fixation, the plates are washed five times with
distilled water after which 100 pL of Sulphorhodamine B is added to each well.
Sulphorhodamine B is dissolved in 1% acetic acid to a concentration of .075%.
Following staining, excess stain is removed from the wells, and the plates are |
washed four times with 1% acetic acid. The plates are allowed to air dry before
the bound dye is solubilized in 100 pL of 10 mM unbuffered TRIS base.

Absorbance is measured on a 96 well plate reader at 540 nM using a reference
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filter wave]ength of 630 nM. The concentration of compound needed to suppress

50% of cell proliferation (IC50) is determined from the absorbance measurements.

Sulphorhodamine B and TRIS are from Sigma Chemical Company.‘ Acetic acid

and trichloroacetic acid are from Mallinckrodt AR.

TABLE 7

R4

3

/& 6

Rz
Example Rl R2 R3 R4 RS R6 HUVEC

- ICsp (M)
52 (CHp)4NEt, H H OMe OMe H 665
53 (CHp)4NEt, EtE. H OMe OMe H 0192
53a Ph-4-OCCH))NEty Et H OMe OMe H
54 (CHpNHCHy(4pyridy) H H OMe OMe H 535
54a (CHp)3-4-Me-piperazine H H OMe OMe H 599
54b (CHp)4-4-Me-piperazine H H OMe OMe H 4.96
54c (CHp)s4-Me-piperazine - H H OMe OMe H 5.78
55 (CH2)3NEt, H H OMe OMe H  >25
56 (CH2)>NHCHp-4- Et H OMe OMe H 193
pyridyl)

57 (CHp)3-4-Me-piperazine  Et H OMe OMe H 0.152
58 (CHp)4-4-Me-piperazine Et H OMe OMe H 0134
59 (CHp)s5-4-Me-piperazine  Et H OMe OMe H 0112
60 (CH2)3NEt, EE H OMe OMe H 0943
65 (CHp)4NEt, Et Cl OMe OMe H 0036
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The compounds of Formula I have also been evaluated in several standard
in vivo cell culture assays and shown to have good inhibitory activity against
tyrosine kinase enzymes.

The invention compounds can be formulated in conventional manners to
provide convenient dosage forms for delivery to mammals by various routes,
including oral, parenteral (i.e., subcutaneous, intravenous, and intramuscular),
transdermal, e.g., slow release skin patch or cream, as well as by slow release
delivery devices such as osmotic pumps, suppositories, and buccal seals. The

following examples further illustrate how the compounds are readily formulated.

EXAMPLE 75
50 mg Tablet Formulation i
Per . Per 10,000
Tablet ' Tablets
0.050¢ 1-Cyclopentyl-7-{3-methyl—4~[2-(diethylamino)- 500 g

ethoxy]phenylamino}-3 ;4-dihydro-1H-pyrimido-
[4,5-d]pyrimidin-2-one

0.080g lactose - 800 ¢
0.010g  com starch (for mix) 100 g
0.008 2 corn starch (for paste) 80 g
0.002g  magnesium stearate (1%) ‘ 20¢g

The pyrimido;i&rimidine, lactose, anci corn starch (for mix) are blended to
uniformity. The corn starch (for paste) is suspended in 600 mL of water and
heated with stirring to form a paste. This paste is used to granulate the mixed
powders. The wet granules are passed through a No. 8 hand screen and dried at
80°C. The dry granules are then passed through a No. 16 screen. The mixture is
lubricated with 1% magnesium stearate and compressed into tablets in a
conventional tableting machine. The tablets, as well as all invention compounds,

are useful for treating cancers such as breast, prostate, lung, ovarian, colon,

pancreatic, melanoma, esophageal, brain, Kaposi’s sarcoma, and lymphomas.
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Particular concerns to be treated include small-cell lung carcinoma, low grade

human bladder carcinoma, and human colorectal cancer.

EXAMPLE 76

Preparation of Oral Suspension '

Ingredient ‘ ' ' Amount
1-Cyclopentyl-7-{4-[4-(dimethylamino)piperidin-1 -yllphenylamino}- 500 mg

3,4-dihydro-1 H-pyrimido[4,5-d]pyrimidin-2-one
Sorbitol solution (70% N.F.)

40 mL
Sodium benzoate _ 150 mg
Saccharin 10 mg
Cherry flavor 50 mg
Distilled waterqs - . 100 mL

The sorbitol solution is added to 40 mL of distilled water, and the pyrido

pyrimidine is suspended therein. The saccharin, sodium benzoate, and flavoring

~ are added and dissolved. The volume is adjusted to 100 mL with distilled water.

Each milliliter of syrup contains 5 mg of invention compound.

EXAMPLE 77
Preparation of Parenteral Solution ,

In a solution of 700 mL of propylene glycol and 200 mL of water for
injection is suspended 20.0 g of 1-cyclopentyl-7-[4-(4-methylpiperazin-
1-yl)phenylamino]pyrimido[4,5-d]pyrimidin-2(1H)-one with stirring. After
suspension is complete, the pH is adjusted to 5.5 with hydrochloric acid, and the
volume is made up to 1000 mL with water for injection. The formulation is
sterilized, filled into 5.0 mL ampoules, each containing 2.0 mL (representing

40 mg of invention compound) and sealed under nitrogen.

EXAMPLE 78
Suppositories

A mixture of 400 mg of 1-cyclopentyl-7-[4-(piperidin-
1-yl)phenylamino]pyrimido[4,5-d]pyrimidin-2(1H)-one, and 600 mg of
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theobroma oil is stirred at 60°C 1o uniformity. The mixture is cooled and allowed

to harden in a tapered mold to provide a 1 g suppository.

EXAMPLE 79
Slow Release Formulation o
Five hundred milligrams of 1-cyclopentyl-7—[4-(3—hydroxypiperidin-
1-yl)phenylamino]~3,4-dihydro~1H—pyrimido[4,5-d]pyrimidin-2—one Is converted
1o a hydrochloride salt and placed into an Oros osmotic pump for controlled

release for treatment of atherosclerosis.

EXAMPLE 80

Skin Patch Formulation

Fifty milligrams of 1-cyclopentyl-?-{3-methyl—4-[2-(diethyl,amino)—
ethoxy]phenylamino}-pyrimido[4,5-d]pyrimidin-2(1H)—one is admixed with
50 mg of propylene glycol monolaurate in a polydimethylsiloxane adhesive. The
mi#ture is layered onto an elastic film made with an adhesive formulation of
polybutene, polyisobutylene, and propylene glycol monolaurate. The layers are
placed between 2 layers of polyurethane film. A release liner is attached to the
adhesive surface, and is removed prior to application to a skin surface. The

propylene glycol monolaurate serves as a permeation-enhancing agent.
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CLAIMS

What is claimed is:

1. A compound of Formula I

5 and the pharmaceutically acceptable salts thereof,
wherein:
the dotted line représents an optional double bond,;
ZisNor CH;
GisNorCH;
10 WisNH, S, SO, or SO»;
X is either O, S, or NR10;
’ R1 .R2,and R10 are independently selected from the group consisting of
H, (CHp)pAr, COR4, (CHp)pheteroaryl, (CHp)pheterocyclyl,
C1-Cyp alkyl, C3-Cj cycloalkyl, C7-Cjq alkenyl, and Cr-Cyo
15 alkynyl, whereinnis 0, 1, 2, or 3, and the (CHz)n&,
(CHp)pheteroaryl, alkyl, cycloalkyl, alkenyl, and alkynyl groups
are optionally substituted by up to 5 groups selected from NR4R5;
N(O)R4R5, NR4R5R6Y, alkyl, phenyl, substituted phenyl,
(CHp)pheteroaryl, hydroxy, alkoxy, phenoxy, thiol, thioalkyl, halo,
20 COR4, CO7R4, CONRARS, SO,NR4RS, SO3R4, PO3R4,

aldehyde, nitrile, nitro,
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ORS?
|

heteroaryloxy, T(CH2);,QR4, T(CH2)i,C-(CHg) OR4,

|
H

C(O)T(CH2)mQR4, NHC(0)T(CHy),QR4,
T(CH)mC(O)NRINRS, or T(CHy);,CO5R? wherein each m is
independently 1-6, T is O, S, NR4, N(O)R4, NR4R6Y, or CR4RS,
and Q is O, S, NR>, N(O)R5, or NRSR6Y:

when the dotted line is present, R3 is absent;

otherwise R3 has the meanings of R2, wherein R2 is as defined above, as
well as OH, NR4R>, COOR?, OR4, CONR4RS, SO,NRARS,
SO3R4, PO3R4, |

ORS5
I
T(CH2);,QR4, T(CH2)mC-(CH),QRY,

I
H

wherein T and Q are as defined above;

R% and RS are each independently selected from the group consisting of
hydrogen, Cy-Cg alkyl, substituted alkyl, C2-C6 alkenyl, C-Cg
alkynyl, N(Cl-C6alkyl)1 or 2> (CH2)pAr, C3-Cy cycloalkyl,
heterocyclyl, and heteroaryl, or R4 and RS together with the |
nitrogen to whiéﬁ they are attached optionally form a ring having
3 to 7 carbon atoms and said ring optionally contains 1, 2, or
3 heteroatoms selected from the group consisting of nitrogen,
substituted nitrogen, oxygen, and sulfur;

when R4 and RS together with the nitrogen to which they are attached

form a ring, the said ring is optionally substituted by 1 to 3 groups

selected from OH, OR4, NR4R5, (CH,),,OR4, (CH2)NR4RS,
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 T(CHg)mQR4, CO-T-CHY)mQRY, NH(COYT(CHy)mQRY,
T-(CH2);CO2R4, or T(CH3); CONR4RS.

RO is alkyl;

R8 and R? independently are H, C1-C3 alkyl, NR4R3, N(O)R4R5,
NR4RSROY, hydlroxy, alkoxy, thiol, thioalkyl, halo, COR4,
COzR4, CONRAR3, SO;NR4R3, SO3R4, PO3R4, CHO, CN, or
NOy;

when the dott_ed line is absént, RI is additionally carbonyl, thiocarbonyl,

imine and substituted imine, oxime and oxime ether, and

Y is a halo counter-ion.

A compound of Claim 1 wherein Z and G both are N, W is NH, and RS,
and R? both are hydrogen.

A compound of Claim 2 having the formula
N 4\/1(\\1
] /k\ /‘K
R'—N N N 0

H |
22

A compound of Claim 3 wherein R! is pheny! or substituted phenyl,
pyridyl or substituted pyridyl.

A compound of Claim 4 wherein R2 is an alkyl, substituted alkyl, or

cycloalky! unsubstituted or substituted.

A compound selected from:

1-Methyl-7-[4-(pyrazol-1 -yDphenylamino]pyrimido[4,5-
d)pyrimidin-2(1H)-one;
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1-Methyl-7-[4-(4-methylpiperazin-1-
yhphenylamino]pyrimido[4,5-d]pyrimidin-2(1 H)-one;

1-Methyl-7-[4-(4-hydroxypiperidin-1-
yh)phenylamino]pyrimido[4,5-d]pyrimidin-2(1 H)-one;

1-Methyl-7- {4-[4-(dimethylamino)piperidin-1 -yl}phenylamino}-
pynimido[4,5-d}pyrimidin-2(1H)-one;

1-Isopropyl-7-[4-(pyrazol-1 -yl)phenylamino]pyrimidn[4.5-
dpyrimidin-2(1 H)-one;

1-Isopropyl-7-[4-(4-methylpiperazin-1-

| yl)phenylamino]pyrimido[4,5-d]pyrimidin-2( 1 H)-one;

1-Isopropyl-7-[4-(4-hydroxypiperidin-1-
yl)phenylamino]pyrimido[4,5-djpyrimidin-2( 1 H)-one;

1-Isopropyl-7- {4-[4-(dimethylamino)piperidin-1 -ylJphenylamino}-
pyrimido[4,5-a]pyrimidin-2(1 H)-one; |

1-Bicyclo[2.2.1Fhept-2-yl-7-[4-(pyrazol-1 -yl)phenylamino]-
pyrimido[4,5-d]pyrimidin-2(1 H)-one (exo);

1-Bicyclo[2.2.1]hept-2-yl-7- [4-(4-methylpiperazin-1-
yl)phenylamino]pyrimido [4.5-d]pyrimidin-2(1 H)-one (exo);

1-Bicyclo[2.2.1 Jhept-2-yl-7-[4-(4-hydroxypiperidin-1-
yl)phenylamino]pyrimido[4,5-d]pyrimidin-2( 1H)-one (exo);

1-Bicyclo[2.2.1]hept-2-yl-7-{ 4-[4-(dimethylamino)pir-ridin-1-
yl}phenylamino} pyrimido[4,5-d]pyrimidin-2(1 H)-one (exo03;

7- [4-(4-Aminoacet'yl-piperazin- 1-yl)-phenylamino]-1 ~cyclopenty1-

~ pyrimido[4,5-d)pyrimidin-2(1 H)-one;

7- {4-[4-(2-Amino-4-methyl-pentanoyl)—piperazin- 1-yl]-
phenylamino}-l-cyclopentyl-pyrimido[4,5-d]pyrimidin—2(lH)-one;
1-Methyl-7-{4-[4-(3-morpholin-4-yl propyl)piperidin-1-

yl]phenylamino} pyrimido[4,5-d]pyrimidin-2(1 H)-one;

1 -Isopropyl-7-{4-[4-(3-morpholin-4-ylpropy1)piperidin- 1-
Yllphenylamino} pyrimido[4,5 -d]pyrimidin-2(1 H)-one;
1-Cyclopentyl-7-¢ 4-[4-(3-morpholin—4-ylpropyl)piperidin-1 -
yl]phenylamino}pyrimido[4,5-d]pyrimidin—2( 1H)-one;
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1-Bicyclo[2.2.1]hept-2-yl-7-{4-[4-(3-morpholin-4-
ylpropyl)piperidin-1-yljphenylamino} pyrimido[4,5-d]pyrimidin-2(1 H)-
one (exo); _

1-Cyclopentyl-7-(4-methanesulfonyl-phenylamino)-pyrimido[4,5-
djpyrimidin-2(1H)-one;

1-Cyclopentyl-7-(4-fluoro-3-methyl-phenylamino)-pyrimido[4,5-
d]pyrimidin-2(1 H)-one;

7-{4-(3-Amino-pyrrolidin-1-yl)-phenylamino}- 1 -cyclopentyl- |
pyrimidof4,5-d]pyrimidin-2(1 H)-one; |

1 ;Cyélopentjl—7-(4-piperazin- 1-yl-phenylamino)-pyrimido[4,5-
dlpyrimidin-2(1 H)-one; |

1-Cyclopentyl-7-[4-(5-methyl-hexahydro-pyrrolo[3,4-c]pyrrol-2-
yl)~phenylamino]-pyriﬁ1ido [4,5-d]pyrimidin-2(1 H)-one;

7-[4-(4-Acetyl-piperazin-1 ;yl)-phenylamino]- 1-cycloheptyl-
pyrimido{4,5-d]pyrimidin-2(1H)-one; and '

1-Cyclopentyl-7-(pyridin-4-ylamino)pyrimido[4,5-d]pyrimidin-
2(1H)-one. |

A compound of Claim 2 having the formula

| R3
R}_EJ\\N ]TI/&O :

R2

A compound of Claim 7 wherein R1 is alkyl, pyridyl, or phenyl, each
optionally substituted with hydroxy, alkoxy, NR4R3, or T(CHz)mQR4.

A compound selected from:
1-Methyl-7-{4-(pyrazol-1-yl)phenylamino}]-3,4-dihyio-

pyrimido[4,5-d]pyrimidin-2(1 H)-one;
1-Methyl-7-[4-(4-methylpiperazin-1-yl)phenylamino}]-3,4-dihydro-

pyrimido[4,5-d]}pyrimidin-2(1 H)-one;
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1-Methyl-7-[4-(4-hydroxypiperidin-1 -yl)phenylamino]-3,4-
dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;

1-Methy1-7-{4-[4-(dimethylamino)piperidin-1 -yl}phenylamino}-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;

1-Isopropyl-7-[4-(pyrazol-1-yl)phenylamino}-3,4-¢ihydro-
pyrimido[4,5-d]pyrimidin-2(1 H)-one;
1-Isopropyl-7-[4-(4-methylpiperazin-1 -yl)phenylamino}-3,4-
dihydro-pyrimido[4,3-d]pyrimidin-2(1H)-one;
' 1-Isopropyl-7-[4-(4-hydroxypiperidin- l-yl)phenylam1no]—3 4-
dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
1-Isopropyl-7-{4-{4-(dimethylamino)piperidin-1 -yljphenylamino}-
3.4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
1-Bicyclo[2.2.1}hept-2-yl-7-[4-(pyrazol-1 -yDphenylamino]-3,4-
dihydro-pyrimido[4,5-d]pyrimidin-2( 1H)-one (exo);

1-Bicyclo[2.2.1 Jhept-2-yl-7-[4-(4-methylpiperazin-1-
yl)phenylamino]-3,4-dihydro-pyrimido[4,5-d]pyrimidin-z(lH)-one (ex0);

1-Bicyclo[2.2.1 Jhept-2-yl-7-[4-(4-hydroxypiperidin-1-
yl)phenylamino]-3,4-dihydro~pyrimido[4,5—d]pyrimidin-.?( 1H)-one (exo);

1-Bicyclo[2.2.1}hept-2-yl-7-{4- {4-(dimethylamino)piperidin-1-
yl]phenylamino}-3,4-dihydro-pyrimido[4,5-d]pyrimidin-Z( 1H)-one (ex0);

7-[4-(4-Aminoacetyl-piperazin-1 -yD)-phenylamino]-1-cyclopentyl-
3.4-dihydro-pyrimido[4,5-dlpyrimidin-2(1 H)-one;

7- {4-[4—(2-Amino-4—methyl-pentan'oyl)—pipefazin— 1-yl}-
phenylamino}-I'-cycldl-)entyl-3,4-dihyliro-pyrimido[4,5-djpyrimidin-
2(1H)-one;

1-Methyl-7-{4-[4-(3-morpholin-4-ylpropyl)piperidin-1-
yl]phenylamino}-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2\1H)-one;

1-Isopropyl-7-{ 4-[4-(3-morpholin-4-ylpropyl)piperidin-1-
yl]phenylamino}-3 ,4-dihydro-pyrimido(4,5-d] pyrimidin-Z( 1 H)-one;

1-Cyclopentyl-7-{4-[4-(3 -morpholin-4-ylpropyl)piperidin-1-
yl]phenylamino}-3,4-dihydro-pyrimido [4,5-d]pyrimidin-2(1 H)-one;
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1-Bicyclo[2.2.1]hept-2-y1-7- {4-[4-(3-morpholin-4-
y]propyl)piperidin~l-yl]phenylamino}-3,4-dihydr0-pyrimido[4,5-
d]pyrimidin-2(1H)-one (exo); ;

1-Cyclopentyl-7-(pyridin-4-ylamino)-3 s4-dihydro-pyrimido[4,5-
d]pyrimidin-2(1 H)-one;

1 -Cyclopentyl-7-(4-methanesulfonyl-phenylamino)-3 ,4-dihydro-
pyrimido([4,5-d]pyrimidin-2(1H)-one;

1 -Cyclopem’yl-7-(4-ﬂuoro-3-methyl-phenylamino)-3,4-dihydro-
pyrimido [4,5id]pyrimidin-2('1-H)eoﬁé; | .

7-[4-(3-Amino-pyrrolidin-1-yl)-phenylamino}-1-cyclopentyl-3 4-
dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one; _

7-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-1 -cyclopentyl-3,4-
dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;

1-Cyclopentyl-7-(4-piperazin-1-yl-phenylamino)-3 ,4-cihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one;

1 -Cyclopentyl-?-[4-(S-methyl-hexahydro-pyrrol0[3 ;4-c]pyrrol-2-
y1)-phenylamino]-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2(1 H)-one;

7-[4-(4-Aminoacetyl-piperazin-1 -yl)-phenylamino}-3-(3,5-
dimethoxy-phenyl)-1-ethyl-3,4-dihydro-pyrimido [4.5-d]pyriraidin-2(1 H)-
one; | ,

7-[4-(4-Aminoacetyl-piperazin-1 -yl)-phenylamino]-3-(2-chloro-
3,5-dimethoxy-phenyl)-1-ethyl-3 ;4-dihydro-pyrimido[4,5-d}pyrimidin-
2(1H)-one; .

7-[4-(4-Aminoacetyl-piperazin- 1 -y1)-phenylamino}-3-(2,6-
dichloro-3,5-dimethoxy-phenyl)-1-ethyl-3 ,4-dihydro-pyrimido[4,5-
d)pyrimidin-2(1H)-one;

7-[4-(4-Aminoacetyl-piperazin-1 -y1)-phenylamino]-3-(2-methyl-
3,5-dimethoxy-phenyl)-1-ethyl-3 ,4-dihydro-pyrimido[4,5-d]pyrimidin-
2(1H)-one;

7-[4-(4-Aminoacetyl-piperazin- 1 -yl)-phenylamino]-3-(2,6-

dimethyl-3,5-dimethoxy-phenyl)-1-ethyl-3 ;4-dihydro-pyrimiis[4,5-
dlpyrimidin-2(1H)-one;
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7-[4-(2-Diethylamino-ethoxy)-phenylamino]-3-(3,5 -dimethoxy-
phenyl)-1-ethyl-3.4-dihydro-pyrimido[4.5-d]pyrimidin-2(1 H)-one;
7-[4-(2-Diethylamino-ethoxy)-phenylamino]-3-(2-chioro-3 -
dimethoxy-phenyl)-1 -ethyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2( 1 H)-
one;
7-[4-(2-Diethylamino-ethoxy)-phenylamino}-3-(2,6-fichloro-3 -
dimethoxy-phenyl)-l-ethyl-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2(1 H)-
one;
7-[4-(2—Diethylamino-ethoxy)—phenylamino]-3—(2-methyl-3,5-
dimethoxy-phenyl)-1 -ethyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2( 1 H)-
one;
7—[4-(2-Diethylamino-ethoxy)-phenylami}no]-3-(2,6-dimethyl-3,5-
dimethoxy-phenyl)-1 -ethyl-3,4-dihydro-pyrimido[4,S-d]pyri;nidin~2( 1 H)-
one; |
7-(4-Diethylamino-butylamino)-3-(3,5 -dimethoxy-phenyl)-1-ethyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one;
7-(4-Diethylamino-butylamino)-3-(2-chioro-3 ,5-dimethoxy-
phenyl)-1-ethyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7-(4-Diethylamino-butylamino)-3-(2,6-dichloro-3 ,5-dimethoxy-
phenyl)-1 -ethyl-3,4'-dihydro-pyrimido[4,5-d] pyrimidin-2(1H)-one;
7-(4-Diethylamino-butylamino)-3-(2-methyl-3 ,5-dimethoxy-
phenyl)-1 -ethyl-3,4-dihydro-pyrimido[4,5-d]pyrimidinj2( 1 H)-one;
7-(4-Diethylamino-butylamino)-3-(2,6-dimethyl-3,5dimethoxy-
phenyl)-1 -ethyl~3';4-dihYdro-pyrimido [4,5-d]pyﬁmidin-2( 1H)-one;
7-(Pyridin-4-ylamino)-3-(3 ,5-dimethoxy-phenyl)-1-ethyl-3,4-
dihydro-pyrimido{4,5-d]pyrimidin-2(1H)-one; '
7~(Pyridin-4-ylamino)-3-(2-chloro-3 ,5-dimethoxy-phenyl)-1 -ethyl-
3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7-(Pyridin-4-ylamino)-3-(2,6-dichloro-3,S-dimethoxy-phenyl)-1 -
ethyl-3,4-dihydro-pyrimido[4, 5-dlpyrimidin-2(1H)-one;

7-(Pyridin-4-ylamino)-3-(2,6-dimethyl-3,5 -dimethoxy-phenyl)-1-
ethy1-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(lI-I)-one;
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7-(Pyridin-4-ylamino)-3-(2—methyl-3 ,5-dimethoxy-phenyl)-1-ethyl-
3.4-dihydro-pyrimido[4,5-d)pyrimidin-2(1 H)-one;
7-(Pyridin-4-ylamino)-3-(2,6-dichloro-3 ,>-dimethoxy-phenyl)-1-
cyclopentyl-3,4-dihydro-pyrimido [4,5-d]pyrimidin-2(1 FD-ox;e;
3-(2-Chloro-3 ,5-dimethoxy-phenyl)-7-(4-diethylamino-
butylamino)-3 ;4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
3-(2-Chloro-3,5-dimeth0xy—phenyl)-7-[4-(2-diethy1amino-ethoxy)- '

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

3-(2-Chloro-3,5-dimethoxy-phenyl)-7-(pyridin-4-ylamino)-3 4-
dihydro-pyrimido[4,45 -d]pyrimidin-2(1H)-one;
3-(3,S-Dimethoxy-phenyl)-7-(pyridin—4-ylamino)-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7-[4-(2-Diethylamino-ethoxy)-phenylamino]-3-(3,S-dimethoxy-
phenyl)-3,4-dihydro-pyrimido[4,5-d)pyrimidin-2(1 H)-one;
3-(2,6—Dichloro-3,S-dimethoxy-phenyl)-7-(pyridin-4;ylamino)—3,4-_
dihydro-pyrimido[4,5-d}pyrimidin-2(1H)-one; and ,
3-(2,6-Dichloro-3,S-dimethoxy-phenyl)—7-[4-(2-diethylamino-
ethoxy)-phenylamino]-3 ,4-dihydro-pyrimido{4,5-d] pyrifnidin;Z( 1 H)-one.

A compound of Claim 2 having the formula

' 3
NI/T ~R
H ~ //K
RI__N/|\N N

N 0
I
NHC— R4

A compound selected from: _.
| 1-{7-[4-(2-Diethylamino-ethoxy)-phenylamino}-3-(3,5-dimethoxy-
phenyl)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2-yl]-3-ethyl-urea;
1-{3-(2-Chloro-3,5-dimethoxy-phenyl)-7-[4-(2-diethylamino-
ethoxy)-phenylamino]-3 ,4-dihydro-pyrimido[4,5-d]pyrimidin-2-y1}-3-
ethyl-urea;
1 -rert-Butyl-3-[7-[4—(2—diethylamino—ethoxy)-phenyé}amino] -3-(3,5-

dimethoxy-phenyl!)-3 ,4-dihydro-pyrimido([4,5-d]pyrimidin-2-yl]-urea;
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I-tert-Butyl-3-{3-(2-chloro-3,5-dimethoxy-phenyl)-7-[4-(2-
diethylamino-ethoxy)-phenylamino]-3,4-dihydro-pyrimido[4,5-
dpyrimidin-2-yl}-urea;

1-tert-Butyl-3-[3 ~(3,5-dimethoxy-phenyl)-7-(pyridin-4-ylamino)—
3.4-dihydro-pyrimido[4,5-d]pyrimidin-2-yl]-urea; '

1 —[3-(3,5-Dimethoxy-phenyl)-7-(pyridin-4-ylamin0)-3 ,4-dihydro-
pyrimido[4,5-d]pyrimidin-2-yl]-3-ethyl-urea; 1

1-tert-Butyl-3-[3-(2-chloro-3,S-dimethoxy—phenyl)-7-(pyridin-4-
ylamino)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-z-yl]-ure_a;

1 -[3-(2-Chloro-3,5-dimethoxy-phenyl)-7-(pyridin-4-yl amino)-3,4-
dihydro-pyrimido[4,5-d]pyrimidin-2-yl]-3-ethyl-urea;

1-[3-(2-Chloro-3,5 -dimethoxy-phenyl)-7-(4-diethylamino-
butylamino)-3 ,4-dihydro-pyrimido[4,5-d]pyrimidinfz-yl]-3'—ethyl-urea;

3-Methyl-N-{7-[4—(5-methyl-hexahydro-pyrrolo[3,4-c]pyrrol-2-yl)-
phenylamino]-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2-yl}-butyramide;

1-{7-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]-3 ,4-dihydro-
pyrimido[4,5-d]pyrimidin-2-yl}-3-isopropyl-urea; and A

]-tert-Buty1-3-[3-(2-chloro-3,5-dimethoxy-phenyl);7-(4-
diethylamino-butylamino)-3,4-dihydro-pyrimido[4,S-d]pyfimidin-?.-yl]-

urea.

A compound of Claim 2 having the formula

Nl 0
RN >N N NNHC— g4

A compound selected from:
1-[7-(4-Fluoro-phenylamino)-pyrimido[4,5-d] pyrimidin-2-yl]-3-
methyl-urea;

l-Isopropyl-3-(7-phenylamino-pyrimido[4,5-d]pyrimidin—2-yl)-

urea;
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1-{7-{4-(3-Aminomethyl-pyrrolidin-1 -yl)-phenylamino]-
pyrimido[4,5-a’jpyrimidin—2-yl}-3-isopropyl—urea;

1-Isopropyl-3-[7-(4-piperazin-1 -yl-phenylamino)-pyrimido [4,5-
dlpyrimidin-2-yl}-urea;

1-{7-[4- (4-Acetyl-piperazin-1 -y1)-phenylamino}- pynrmdo[4 5-
d}pyrimidin-2-yl}-3-isopropyl-urea;

N-{7-[4-(3-Amino-pyrrolidin-1 -yl)- phenylammo]-pynmldo[él 5-

- d]pyrimidin-2-yl}-3-methyl- butyramlde

[7 (4- Plperazm-lnyl-phenylarnmo) -pyrimido{4,5-d]pyrimidin-2-
y]]-isobutyramlde,

N-{7-[4-(4-Acetyl-piperazin—1-yl)-phenylamino]-pyrimido[4,S-
d]pyrimidin-2-yl}-3-methyl-butyramide;

3-Methyl-N-[7-(pyridin-4-ylamino)- -pyrimido[4,5- a’]pynrmdm-"-
yl}-butyramide;

1-Isopropyl-3-[7- (pynd1n-4-ylammo)-pynmldo[4 5- d]pynm1d1n-2-
yl]-urea; and

N-{7-[4-(3-Aminomethyl-pyrrolidin-1 -y1)-phenylamino]-
pyrimido[4,5-d]pyrimidin-Z-yl}-3-methyl-butyramide.

A compound of Claim 1 wherein W is S, SO, or SO».

A compound of Claim 1 having the formula
3
N7 | -
s A
RN )
H I
R2

A compound selected from:

1-Isopropyl-7-[4-(4-methylpiperazin-1 -yl)phenylamino]-1H-
pyrimido[4,5-d]pyrimidine-2,4-dione;
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7-[4-(2-Diethylaminoethoxy)phenylamino]-1-isopropyl-1 H-

pyrimido[4.5-d]pyrimidine-2,4-dione;
7-(4-Diethylamino-butylamino)-3-(3,5-dimethoxy-phenyl)-1 -ethyl-
|H-pyrimido(4,5-d]pyrimidine-2,4-dione;
7-[4-(2-Diethylamino-ethoxy)-phenylamino]-3-(3,5-dimethoxy-
phenyl)-1-ethyl-1H-pyrimido[4,5-d]pyrimidine-2,4-dione; and
7-(Pyridin-4-ylamino)-3-(3,5-dimethoxy-phenyl)-1-ethyl-1 H-
pyrimido[4,5-d)pyrimidine-2,4-dione.

A compound of Claim 1 wherein Zis N, G is CH, W is NH, and R8 and
R9 both are hydrogen.

A compound of Claim 17 having the formula

A compound selected from:
2-[4-(3-Amino-pyrrolidin-1 -yl)-phenylamino]-8-isopropyl-8 H-
pyrido[4,3-d]pyrimidin-7-one;
8-Cyclopentyl-2-[4-(hexahydro—pyrrolo[3,4-c]p$'nol-2-yl )-
phenylamino]-8_H-pyrivc‘io[4,3-d]pyrimidiﬁ-7-one; '
2-[4-(4-Acetyl-piperazin-1-yl)-phenylamino]—8-cyclopentyl-8H-
pyrido[4,3-d]pyrimidin-7-one; |
N-{2-[4-(4-Aminoacetyl-piperazin-1-yl)-phenylamino]-8-
cyclopentyl-pyrido[4,3-d]pyrimidin-7-yl}-2,2—dimethyl-pr0pionamide; and
N-(2-{4-[4-(2-Amino-4-methyl-pentanoyl)-piperazin-1 -yi}-
phenylamino}-8-cy¢lopentyl-pyrido[4,3-a’]pyrimidin-7-yl)~2,2-dimethyl-

propionamide. .
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20. A compound of Claim 1 wherein Zis CH, G is N, W is NH, and R8 and
R9 both are hydrogen.

21. A compound of Claim 20 having the formula

N e l N
H
';I{Z
5 22. A compound selected from:

1 -(2-Benzyloxyethyl)-7—[4-(4-methylpiperazin—l -
yl)pheny]amino]pyfido [4,3-d]pyrimidin-2(1 H)-one;
1-(Thi ophen-2~yl)-7-[4-(4-methylpiperazin—l -
yl)p_henylamino]pyrido[4,3-d]pyrimidin-2( 1H)-one;
10 I~(Thiophen-2-ylmethyl)-7-[4-(4-methylpiperazin. 1
yl)phenylamino]pyrido[4,3-d]pyrimidin-Z( 1H)-one;
1 -(Tetrahydrofuran—Z-yl)—7-[4—(4-methylpiperazin- 1-
' yl)phenylamino]pyrido[4,3-dj pyrimidin-2(1H)-one; _
1-(Hexa-2,4-diene-1 -yl)-7-[4-(4-methylpiperazin— I- :
15 yl )phenylamino]pyrido[4,3-d]pyrimidin-2( 1H)-one;
1-(Prop-2-yne-1-yl)-7- [4-(4-methylpiperazin-1-
yl)phenylamino]pyrido[4,3-d]pyrimidin—2(1 H)-one;
| -[3-(Dimethylamino)prop-1 -yl]-7-[4—(4-methylpiperazin— 1-
yl)phenylamino]pyrido[4,3-d]pyrimidin-2(lH)-one;
20 v 1-(3-Hydroxyprop-1 -y1)-7-[4-(4-methylpiperazin-1-
yl)phenylamino]pyrido[4,3~a’]pyrimidin-?.(l H)-one;
1 -(Pyridin—4-ylmethyl)-7-[4-(4-methylpiperazin- 1-
yl)phenylamino]pyrido[4,3-d]pyrimidin—Z( 1 H)-one;
1-(3,5-Dimethylhept-1 -y1)-7-[4-(4-methylpiperazin-1-
25 yl)phenylamino]pyrido[4,3-d]pyrimidin-2(1H)-one;
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1-Cyclopentyl-7-(4-piperazin- 1 -ylphenylamino)pyrido(4,3-
djpyrimidin-2(1 H)-one; and

7-[4-(3-Aminopyrrolidin-1 -yl)phenylamino]-1-
cyclopentylpyrido[4,3-d]pyrimidin-2(1 H)-one.

A compound of Claim 20 having the formula

R
NT N~

RZ

A compound selected from:
1-(2-Benzyloxyethyl)-7-[4-(4-methylpiperazin-1 -yl)phenylamino]-
3,4-dihydro-pyrido[4,3-d]pyrimidin-2(1 H)-one;
1-(Thiophen-2-yl)-7-[4-(4-methylpiperazin- 1 -yl)phenylamino]-3,4
dihydro-pyrido[4,3-d]pyrimidin-2(1 H)-one;
1-(Thiophen-2-ylmethyl)-7-[4-(4-methylpiperazin-1-
yhphenylamino]-3,4-dihydro-pyrido[4,3-d]pyrimi din-2(1H)-one;
1-(Tetrahydrofuran-2-yl)-7-[4-(4-methylpiperazin-1-
yl)phenylamino]-3 ;4-dihydro-pyrido[4,3-d]pyrimidin-2(1 ¥)-one;
1-(Hexa-2,4-diene-1-yl)-7-[4-(4-methylpiperazin-1-
yl)phenylamino]—S,4-dihydro-pyrido[4,3-d]pyrimidin—2(1 H)-one;
1-(Prop-2-yne-1 -yl)—7-{4-(4-methyipiperazin~1 -y)phenylamino]- _
3.4-dihydro-pyrido[4,3-d]pyrimidin-2(1 H)-one;
1-[3-(Dimethylamino)prop- 1-y}]-7-[4-(4-methylpiperazin-1-
yl)phenylamino]-3,4-dihydro-pyrido[4,3-d] pyrimidin-2(14)-one;
- 1-(3-Hydroxyprop-1-y1)-7-[4-(4-methylpiperazin-1-
yl)phenylamino]-3,4-dihydfo-pyrido[4,3—d] pyrimidin-2(1H)-one;
1-(Pyridin-4-ylmethyl)-7-[4-(4-methylpiperazin-1-
yl)phenylamino] -3,4-dihydro-pyrido[4,3-d]pyrimidin-2(1 H)-one;
1-(3,5-Dimethylhept-1 -y1)-7-[4-(4-methylpiperazin-1-
yl)phenylamino]-3,4—dihydro-pyrido[4,3-d]pyrimidin~2(lh’)-one;

]
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3-(3, 5 Dlmethoxy-phenyl) 7-(pyndm-4—y1ammo)—1-ethyl-s 4-
dlhydro-pyndo[4 3- d]pymmdm-Z(lH)-one ‘
- 3-(2-Chloro-3 S-Dlmethoxy-phenyl) 7—(pyrxd1n-4-ylarmno) I-
_ ethyl -3,4-dihydro-pyrido[4,3- d]pyrumdm 2(1H)-one

5 | 3-(2,6-Dichloro-3,5-Dimethoxy-phenyl)-7-(pyridin-4-ylamino)-1-
ethyl-3,4-dihydro-pyrido[4;3-dlpyrimidin-2(1H)-one;

. . 3-(2-Methyl-3 ,9-Dimethoxy-phenyl)-7- (pyndm—4-ylam1no)-1- '
ethyl-3,4-dihydro-pyrido[4,3- -d|pyrimidin-2(1H)-one;
3-(2,6-Dimethyl-3, 5~D1methoxy-phenyl)-7;(pyr1din-4-ylamino)-1-

10 . ethyl-3,4- dxhydro-pyndo[4 3-d]pyrimidin-2(1H)-one;

| 7-[4-(4- Ammoacetyl-pxperazm- -yl)-phenylarmno] 3- (3 5-
dimethoxy-phenyl)-1-ethyl- 3,4-d1hydro—pyndo[4,.>-d]pynm1d1n~2(1H)-'
one; - : E : ' : ’ '

’ ' 7-[4-(4-Aminoacetyl-piperaziri-léyl)-phenylamino}?»-(Z-Chléro-

15 3,5-dimethoxy-phenyl)-1-ethyl-3 4-dihydro-pyrido[4,3-d]pyrimidin-
2(1H)-one; .

7-[4-(4-Aminoacetyl-piperazin-1 ' 1-yl)-phenylamino]-3- (2 6-
dichloro-3,5-dimethoxy-phenyl)-1-ethyl-3 4- d:hydro—pyndo% 3-
d]pynrmdm-'?(lH)-one _

(20 S 7-[4-(4~Ammoacetyl-piperazin— —yl)-phenyla.miho]-B ('5-methyl-‘
3 3-d1methoxy—phenyl)- -ethyl-3 4-d1hydro-pyr1do[4 3- d]pynmldm-
2(1H)-one; and '

7-[4-(4 Ammoacetyl-p1perazm— -yl)-phenylamno] -3-(2,6-
ditnethyl 3,5- dlmethoxy-phenyl)- -ethyl-3,4-dihydro-pyrido[4,3-

25  d]pyrimidin-2(1 H)-one. o . »

25. . Use of a compound of Formula I

30

and the pharmaceutically acceptable salts thereof, ~ wherein:
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the dotted line représents an optional double bond;
Zi1sNor CH;

GisNorCH;
W isNH, S, SO, or SO9;

X is either O, S, or NR10;

RI, R2, and R10 afe independently selected from the group consisting of
H, (CHz)nAr,- COR4, (CHg)nheteroaryl, (CH)pheterocyclyl,
C1-C10 alkyl, C3-C1g cycloalkyl, Co-C1 alkenyl, and C-Cy
alkynyl, wﬁerein nis0, 1,2, 0r3, and.the'(CHz)nAr, |
(CHz')hheteroaryl, élkyl, cycloalkyl, alkenyl, and alkynyl groups
are bptionaliy substituted by up to 5~groups selected from NR4R5,

" N(O)R4R3, NRARSROY, alkyl, phenyl; substituted phenyl,
(CHz)nhcteroaryl, hydroxy, alkoxy, phenoxy, thiol, thioalkyl, halb, ,
COR4, COpR#, CONR#R, SOpNR4R3, SO3R4, PO3R4,
aldehyde, nitrile, nitro,

OR3

|

heteroaryloxy, T(CH2)mQR4, T(CH2)mC-(CH2)mQR%,

|

C(OYT(CHY)mQR4, NHC(O)T(CH2)mQR4,

T(CH2)mC(O)NRANR, orf‘T(CszmC02R4 wherein each m is
. independently 1-6, T is O, S, NR4, N(O)R4, NR4R6Y, or CR4RS,
and Qis O, S, NRS, N(O)R3, or NR3R6Y;
when the dottéd line is present, R3 is absent;
otherwise R3 has the meanings of Rz, wherein R? is as defined above, as
well as OH, NR4RS, COOR4, OR4, CONRARS, SO,NR4RS,
~ SO3R4, PO3RA, | |
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ORY
|
- T(CH)MQRY, T(CH2)y C-(CH),QRY, -

l
H

wherein T and Q are as defined above;
R4 and RS are each independe_ntly selected from the group consisting of
| hydrogen, C1-Cg alkyl, substituted alkyl,. Cy-Cg alkenyl, C5-Cg
alkynyl, N(C1-Cgalkyl); or é’, (CHp)pAr, C3-Cj cycloalkyl,
' heterocyclyl and heteroaryl, or R4 and RS together with the

nitrogen to which they are attached optxonally form a ring g having
3 to 7 carbon atoms and said ring optlonally contains 1, 2, or
3 heteroatoms selected from the group consisting of nitrogen,
substituted nitrogen, oxygen, and sulfur; -

when R4 and RS together with the nitrogen to which they are attached
forma ring, the said ring is optionally substituted bylto3 groups |

selected from OH, OR%, NR4RS, (CHy),,ORY, (CHz)mNR4R5
T-(CH2)mQR4, CO-T+(CHY)mQR4, » NH(CO)T(CH)m QR
T-(CH2);yCOoR4, or T(CHz)mCONR4R5

R6 is alkyl;

R8 and R9 independently are H, C;-C3 alkyl, NR4RS, N(O)R4R5

NR4R5R6Y hydroxy, alkoxy, thiol, thioalkyl, halo, COR4,
CO2R4, CONR4RS, SO,NR4RS, SO3R4 PO3R4, CHO, CN, or
NO2;

when the dotted lme is absent, R9 is additionally carbonyl thlocarbonyl

.imine and substmxted imine, oxnne and oxime ether, and
Y is a halo counter-ion .
for the manufacture of a medicament to control proliferative disorderg selet;ted
from the group consisting ‘of cancer, p‘soriasis, vascular smooth muscle
proliferation associated with a disorder selected from the group consisting of

atherosclerosis, postsurgical vascular stenosis, and restenosis in mammals,

diabetic retinopathy and angiogenesis. _
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~ 26."  Use of a compound of Formula I

wherein:
' 10 the dotted line represents an optional double bond;
ZisN or CH;

GisNor CH;

WisNH, S, SO, or SO»y;

X is either O, S, or NR10: |

15 R!,R2, and R10 are independently selected from the group consisting of
H, (CHp)pAr, COR#, (CHp)pheteroaryl, (CHy)pheterocyclyl,
C-C1o alkyl, C3-Cy g cycloalkyl, C5-C¢ alkenyl, and C-Cjg

alkynyl, wherein n is O, 1,2, or 3, and the (CHz)nAr, |

. (CHp)pheteroaryl, alkyl, cycloalkyl, alkenyl, and alkynyl groups
20 , - ,
are optionally substituted by up t0 5 groups selected from NR4R5,
N(O)R4RS, NR4RSRSY, alky), phenyl, substituted phenyl,
. (CH)pheteroaryl, hydroxy, alkoxy, phenoxy, thiol, thioalkyl, _ha}o, !

COR#, COzR4, CONRARS, SOoNR4RS, SO3R4; PO3R4,
25 aldehyde, nitrile, nitro, ’

P
heteroaryloxy, T(CH)mQR?, T(CHp)mC-(CHa)mQRA,
C(O)T(CH)mQR4, NHC(O)T(CHp)mQR4,

0 T(CH)mC(OJNRANRS, of T(CHy)mCO2R* wherein each m is
independently 1-6, T is O, S, .NR4; N(O)R4, NR4R6Y, or CR4RS5, |

and Q is O, S, NR5, N(O)RS, or NRSRSY;
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" when the dotted line is present, R3 is absent

' otherw:se R3 has the mcanmgs of R2, wherein R2js as defined above as

well as OH, NR4RS, COORY, 0 OR%, CONR4RS, SO,NR4RS,
5 SO3R4, PO3R4,
ORS
ol
+ H(CH)mMQR, T(CH)pC{CHy) QRY,
H P
10 wherein T and Q are as defined above;
R4 and R are each mdependently selected from the group consisting of
* hydrogen, C1-C6 alkyl, substituted alkyl, C?-Cg, alkenyl, C»-Cg
alkynyl, N(C; “Cealky)] or 2. (CHp)pAr, C3-Cy cycloalkyl,

heterocyclyl and heteroaryl, or R4 and R3 t together with the
mtrogen to which they are attached opuonally form a ring having

3to 7 carbon atoms and sajd ring optlonally contains 1,2

15

3 heteroatoms selected from the group consxstmg of nitrogen,
substituted mtrogen Oxygen, and sulfur; |

'2 0 ‘ . When R4 and RS together with the nitrogen to wmch they are attached

: ) form a ring, the said ring is optionally subsntuted bylto3 groups

selected from OH, OR4, NR4RS, (CHy),, ORY, (CH)mNR4RS,
T-(CHv)mQRA, CO- T-(CHz)mQR4 » NH(CO)T(CHp),,QR4,

. T-(CHz)mCOQ_R“ or T(CHz),nCONR4R5

25 .

R6 is alkyl;

R8 and RY independently are H, C1-C5 alkyl, NR4RS, N(O)R4RS5,
NR4R5R6Y hydroxy, alkoxy, thiol, thioalky], halo, COR4,
C02R4 CONRARS, SO,NR4RS, SO3R4, PO3R4, CHO, CN or
'NO»;

30

: when the dotted line is absent, R9 is additionally carbonyl th;ocarbonyl

* imine and substituted i imine, oxnne and oxxme ether, and

Y is a halo counter-ion for the manufacture of a medicament to inhibit a

cyclin-dependent kinase. |
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" 29.  Useas claimed in Claim 26 wherein said cyclin

27.  Usé as claimed in Claim 26 wherein said cyclin-dependent kinase is cdc2..

28.  Use as claimed in Claim 26 wherein said cyclin-dependent kinase is cdk2.

-dependent kinase is cdk4 or cdk®.'
30.  Use of a compound of Formula I

or a pﬁarmaceutieally acceptable salt thereof
~ wherein: ' |
' .the dotted line represents an optional double Bo_nd;
ZisNor CH;
Gis N or CH;
WisNH, S, SO, or SOy;
X is either O, S, or NR10; ‘
RT,'RZ, and R10 are independently selected from the group consisting of |
H, (CHy)gAr, COR4, (CHy)gheteroaryl, (CHp)gheterocyclyl,
C1-C1¢ alkyl, C3-Cy g cycloalkyl, C2-Cjg alkenyl, and Cy-Cyg
alkynyl, whereinn is 0, 1,2, or 3, and the (CHp)yAr, |
(CHz)nheteroaryl alkyl, cycloalkyl alkenyl and alkynyl groups
are optionally substltuted by up to 5 groups selected from NR4R3,
N(O)R4R3, NR4R5R6Y, alkyl, phenyl, substituted phenyl,
(CH;)_)nheteroaryl hydroxy, alkoxy, phenoxy, thiol, thloalkyl halo,
COR#, CO2R4, CONR4RS, SO;NR4RS, SO3R4, PO3R4,
aldehyde, nitrile, nitro, |

OR3 ' » ‘
| o
‘beteroaryloxy, T(CH2)mQR4, T(CH2)m C-(CH3),QR,

|
H
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COT(CH)mQR?, NHC(O)T(CH))mQRY,
T(CHY)mC(O)NRANRS, or T(CH, ) COoR? wherein each m is
s independently 1-6, T is O, S, NR#, N(O)R4, NR4R6Y, or CR4RS,

and Qis O, S, NR3, N(O)R5, or NRSR6Y:

when the dotted line is present, R3 is absent:

otherwise R3 has the meanings of RZ, wherein R2 is as defined above, as
well as OH, NR4R5, COOR4, OR4, CONR4RS, SO7NRARS,

. SO3R4, PO3RY,
10 3 3R
ORS
l )
T(CH)mQR?, T(CHp);,C-(CHp)mQRA,

I
H

‘wherein T and Q are as defined above;

15 R# and RS are each independently selected from the group consisting of

hydrogen, C1-Cg alkyl, substituted alkyl, C2-Cg alkenyl, Cr-Cg
alkynyl, N(C1-Cealkyl)] o 2, (CHp)gAr, C3-C1g cycloalkyl,
heterocyclyl, ahd heteroaryl, or R4 and RS together with the
20 nitrogen to which they are attached optionally form a ring having
3 to 7 carbon atoms and said ring optionally contains 1, 2, or
3 heteroatoms selected from the group consisting of nitrogen,
substituted nitrogen, oxygen, and sulfur;

when R4 and R5_ together with the nitrogen to which they are attached

25 form a ring, the said ring is optionally substituted by 1 to 3 groups

selected from OH, OR4, NR4RS, (CHy),,OR%, (CHp);,NR4RS,

T-(CH2)mQR4, CO-T-(CH2)mQR?, NH(CO)T(CH2),,QR4,
T-(CH)mCO2R4, or T(CH2),y CONR4RS.

30
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RE is alkyl;

R8 and R independently are H, C1-C3 alkyl, NR4R5, N(O)R4R5,
NRARSR6Y, hydroxy, alkoxy, thiol, thioalkyl, halo, COR#,
CO,R4, CONRAR5, SOoNR?RS, SO3R#4, PO3R4, CHO, CN, or

' NOy; ‘

when the dotted line is absent, RY is addmonally carbonyl thiocarbonyl,

imine and substituted imine, oxime and oxime ether, and
|
Y is a halo counter-ion for the manufacture of a medicament

to inhibit a growth factor-medlated tyrosme kinase,

Use as claimed in Claim 30 wherein said growth factor-mediated tyrosineA kinase

is platelet derived growth factor (PDGF).

Use as claimed in Claim 30 wherein said growth factor-mediated tyrosine kinase
is fibroblast growth factor (FGF). "

Use as claimed in Claim 30 wherein said growth factor-mediated tyrosine kinase

is vascular endothelial growth factor (VEGF)

Use of a compound of Formula I

or a pharmaceutically acceptable salt thereof
wherein:

“the do_ttéd line repr,eéents an optiQnaJ double bond;
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ZisNor CH;
GisNor CH;
WisNH, S, SO, or SO9;
X is either O, S, or NR10;
5 R1 R2, and R10 are independently selected from the group consisting of -
H, (CHp)pAr, COR4, (CHp)pheteroaryl, (CHz)nheterécyclyI,
C1-Cyg alkyl, €3-Cg cycloalkyl, C5-Cj ¢ alkenyl, and Cp-Cyq
a]kynyl; wherein n is 0, i, 2,0r 3, and the (CHp)pAr,
(Cﬁz)nhetérdaryl, alk'yl, cycloalkyl, élkényl, and alkynyl groups
10 are Optionally'éubstituted by up to 5 groups selected fr'om. NR4RS5,
N(O)R?RS, NR4RSRSY, alkyl, phenyl, substituted phenyl,
- (CHp)pheteroaryl, hydroxy, alkoxy, phenoxy, thiol, thxoalkyl halo,
COR4 CO,R4, CONR4R5 SOzNR4R5 so3R4 PO3R4,
aldehyde nitrile, mtro

15 | | ORS
‘ |

heteroaryloxy, T(CHz)mQR#, T(CH2)mC-(CHy) QR4

H
20 C(0)T(CH2);;QR?, NHC(O)T(CH3)m QR4
T(CHy) C(OJNRANRS, or T(CHa)mCO2R4 wherein cach m is
independently 1-6, T is O, S, NR4, N(O)R4, NR4R6Y, or CR4RS,
and Qis O, S, NR3, N(O)R5, or NRSR6Y:
when the dotted line is present, R3 is absent;
25 . othérwisc R3 has the meanings of R2, wherein R2 is as defined above, as

well as OH, NRR3, COOR4, OR4, CONR4RS, SO,NR4RS,

SO3R4, PO3R4,
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OR53
|
- T(CH2)mQR4, T(CH2)mC-(CH2)mQRA,

_ |
5 H

wherein T and Q are as defined above;

R4 and R3 are each independently selected from the group consisting of
hydrogen, C1-Cg alkyl, substituted alkyl, Cp-Cg alkenyl, C3-Cg
alkynyl, N(C1-Cgalkyl){ or 2, (CHp)pAr, C3-Cjg cycloalkyl,

10 heterdcyclyl, and heteroaryl, or R4 and RS together with the

nitrogen to which they are attached optionally form a ring having
3 to 7 carbon atoms and said ring optionally contains 1, 2, or
3 heteroatoms selected from the group consisting of nitrogen,

- substituted nitrogen, oxygen, and sulfur; A |
15 - whenR%and RS togéther with the niirogen to which they are attached
| form a ring, the said ring is optionally substituted by 1 to 3 groups
selected from OH, OR%, NR4RS, (CH2)OR4; (CH2);NR4RS,
T-(CH)mQR4, CO-T-CHy)mQR4, NH(CO)T(CHy)mQRY,

T-(CH2)mCO2R4, or T(CHp)y CONRARS.

o
[

RO is alkyl; |

R8 and R independently are H, C1-Cj alkyl, NR4R5, N(O)R4RS,
NRARSR6Y, hydroxy, alkoxy, thiol, thicalkyl, halo, COR4,
CO,R4, CONR4RS, SO;NR4RS, SO3R4, PO3R4, CHO, CN, or
NOz;‘_‘ R

25 when the dotted line is absent, R? is additionally carbonyl, thiocarbonyl,

imine and substituted imine_, oxime'and oxime ether, and

Y is a halo counter-ion for the manufacture of a medicament to inhibit a

non-receptor tyrosine kinase .

'35, Useas claimed in Claim 34 wherein said non-receptor tyrosine kinase is selected

30 from a transforming geﬁe. of the Rous sarcoma retrovirus (Src) family.
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Use of a compound of Claim 1 for the manufacture of a medicament for

inhibiting a serine kinase in a mammal,

Use of a compound of Claim 1 for the manufacture of a medicament for the .

treatment of a disease caused by vascular smooth muscle cell proliferation.

Use of a compound of Claim 1 for the manufacture of a medicament for the

treatment of cancer.

Use of a compound of Claim 1 for the manufacture of a medicament for inhibitirg

a disease state caused by angmgenesxs

Use as claimed in claim 39 wherein the disease state caused by angiogenesis is .
selected from human cancer, macular degeneratlon dlabetlc retinopathy, surgical

adhesions and psona31s

Use of a compound of Claim 1 for the manufacture of a medicament for mhlbxtmg

a wee- 1 kinase enzyme in a mammal.

A compound selected from: | ,
7~[3-(Carboxy)—phenylammo] -3-(2,6-dichloro-phenyl)-1-methyl-
3,4-dlhydro-pynm1do[4,5-a']pymmdm-2(1H)—one,
7-[3-(N-Dimethylaminopropyl-carboxamide)-phenylamino]-3-(2,6-
dichloro-phenyl)-1-methyl-3 ,4-dihydro—pyrimido[4,5-d]pyrimidin—Z( 1H)-

one;

7-[3- (N-Dxmethylammopropyl-carboxamlde)-phenylarmno] -3-(2,6-
dichloro-3-hydroxy-phenyl)- l-methyl-B 4-dihydro-pyrimido[4,5-
d)pyrimidin-2(1H)-one;

7-[3-(Carboxy)-phenylamjno]-3-(2,6-dichloro-3-hydroxy-phenyl)—
1-methyl-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2(1 H)-c;ne;
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3-(2,6-Dichloro-phenyl)-7-[4-(2-ethylamino-ethoxy)-
phenylamino}-1-methyl-3,4-dihydro-pyrimido[4,5-d}pyrimidin-2(1 H)-one;
3-(2,6-Dichloro-3-hydroxy-phenyl)-7-[4-(2-ethylamino-ethoxy)-
phenylamino]-]-rnet.hyl-3,4-dihydfo—pyrimido[4,5-d]pyrimidin-2( 1H)-one;
7-[4-(Carboxamide)-phenylaming]-3-(2,6-dichloro-phenyl)-1-
methyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7-[4-(Carboxamide)-phenylamino}-3-(2,6-dichloro-3-hydroxy-
pheny!)-1-methyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one;
3-(2,6-Dichloro-phenyl)—7-(3-hydroXymethyl-phenylarni'no)- I-
methyl-3,4-dihydro-pyrimido{4,5-d}pyrimidin-2(1 H)-one;
3-(2,6-Dichloro-phenyl)- 7-(4-morphohn—4-yl-phenylarmno) -3,4-
dihydro-pyrimido[4,5- d]pyrumdm-Z(lH)-one
3-(2,6-Dichloro-3-hydroxy-phenyl)- 1 -methyl-7-(4-morpholin-4-yl-
phenylamino)-3,4-dihydro-pyrimido[4,5-dlpyrimidin-2(1 H)-one;
' 3—(2,6-D‘ichloro-3-hydroky-phenyl)-7-(3 -hydroxymethyl-
phenylamino)-1-methyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-oné;
7—{4—_(3-Carbbxyprqpyl)—phenylamino]-3_-(2,6—dichloro—phchyl)—1 -
methyl-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1 H)-one;
7;[4-(3-Carboxypropy1)—phenylamino]-3—(2 6-dichloro-3-hydroxy-
imenyl )-1-methyl-3, e—dxhydro-pynmido [4 5-a']pynmlam-2( 1H)-one;
3-(2,6-Dichloro-phenyl)-7-[4-(formyl-phenylamino}- 1-methyl-34-
dihydro-pyrimido[4, 5-d]pynm1dm-2(lH)-one and
32, 6-D1chloro-3-hydroxy-pbenyl)—7 [4-(formyl-phenylarmno] 1-
methyl-3,4-dihydro-pyrimido[4,5- d]pynrmdm—2(lH)-one _

A pharmacéutical formulation comprising a compound of Claim 1 in

combination with a pharmaceutically acceptable carrier, diluent, or

excipient.
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