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[err] Abstract: The invention provides  compounds represented by formula
(I) in which  R[err], R[err], R[err], R[err], and n are as defined in the
application; and individual isomers, racemic  or non-racemic mixtures of
isomers, and  pharmaceutically acceptable salts thereof. The  compounds are
p38 inhibitors and may be used  in the treatment of arthritis, Crohn's
disease,  irritable bowel syndrome, adult respiratory distress  syndrome,
chronic obstructive pulmonary disease,  osteoporosis, or Alzheimer's
disease. 21 April 2004  WO 01/29042 PCTIEPOO/10088
HETEROALKYLAMINO-SUBSTITUTED BICYCLIC NITROGEN HETEROCYCLES AS INHIBITORS
OF  P38 PROTEIN E VASE The present invention relates to bicyclic nitrogen
heterocycles. More 5 particularly, the invention is concerned with certain
heteroalkylamino-substituted  dihydropyrimido[4,5-d]pyrimidinone
derivatives, pharmaceutical preparations  containing them, methods for
their use as therapeutic agents, and methods for their  manufacture. 10
Mitogen-activated protein kinases (MAP) are a family of praline-directed
serine/threonine kinases that activate their substrates by dual
phosphorylation. The  kinases are activated by a variety of signals
including nutritional and osmotic stress,  W light, growth factors,
endotoxin and inflammatory cytokines. One group of  MAP kinases is the p38
kinase group which includes various isoforms (e.g., p38a, 15 p380 and
p38y). The p38 kinases are responsible for phosphorylating and  activating
transcription factors as well as other kinases, and are themselves
activated  by physical and chemical stress, pro-inflammatory cytokines and
bacterial  lipopolysaccharide. 20 More importantly, the products of the p38
phosphorylation have been shown  



to mediate the production of inflammatory cytokines, including TNF and
IL-1, and  cyclooxygenase-2. Each of these cytokines has been implicated in
numerous disease  states and conditions. For example, TNF-a is a cytokine
produced primarily by  activated monocytes and macrophages. Its excessive
or unregulated production has 25 been implicated as playing a causative
role in the pathogenesis of rheumatoid  arthritis. More recently,
inhibition of TNF production has been shown to have  broad application in
the treatment of inflammation, inflammatory bowel disease,  multiple
sclerosis and asthma. 21 April 2004 WO 01/29042 PCTIEP00/10088 2 TNF has
also been implicated in viral infections, such as HIV, influenza  virus,
and herpes virus including herpes simplex virus type- 1 (HSV- 1), herpes
simplex virus type-2 (HSV-2), cytomegalovirus (CMV), varicella-zoster virus
(VZV), Epstein-Barr virus, human herpesvirus-6 (HHV-6), human herpesvirus-7
5 (HHV-7), human herpesvirus-8 (HHV-8), pseudorabies and rhinotracheitis,
among others. Similarly, IL-I is produced by activated monocytes and
macrophages, and  plays a role in many pathophysiological responses
including rheumatoid arthritis,  10 fever and reduction of bone resorption.
The inhibition of these cytokines by inhibition of the p38 kinase is of
benefit  in controlling, reducing and alleviating many of these disease
states. 15 In one aspect, the present invention provides compounds
represented by the  formula: N ~ N R~" NN NO  1 1  RI R3 (I) wherein  20
the subscript n is an integer of from 0 to 3; 



R' is aryl, heteroalkyl, optionally substituted arylheteroalkyl,
heteroalkenyl,  heteroalkynyl, heteroalkylcarbonyl, heterosubstituted
cycloalkyl,  heterosubstituted cycloalkylalkyl, heterosubstituted
cydoalkyl- alkenyl, heterosubstituted cycloalkylalkynyl,
heteroalkylsubstituted 25 cycloalkyl, optionally substituted heterocydyl,
optionally substituted  heterocydylalkyl, optionally substituted
heterocyclyl Spiro cydoalkyl,  -(alkylene)-C(O)-R" or
-(heteroalkylene)-C(O)-R'1; wherein: 21 April 2004 WO 01/29042
PCT/EP00/10088 3 R" 1 is alkyl, haloalkyl, amino, monosubstituted amino,
disubstituted amino,  optionally substituted cycloalkyl, optionally
substituted cycloaTkyl- alkyl, optionally substituted aryl, optionally
substituted aralkyl,  optionally substituted heteroaryl, optionally
substituted 5 heteroaralkyl, hydroxy, or alkoxy; R2 is each independently
in each occurrence alkyl, halo, heteroalkyl or vinyl;  R3 is hydrogen,
alkyl, heteroalkyl, optionally substituted aryl, optionally  substituted
aralkyl, optionally substituted heteroaryl, optionally  substituted
heteroaralkyl, optionally substituted cycloalkyl, 10 cydoalkenyl,
optionally substituted cycloallcylalkyl, haloalkyl,  cyanoalkyl,
heterosubstituted cydoalkyl, heterosubstituted  cydoalkylalkyl,
heteroalkylsubstituted cycloalkyl, optionally  substituted heterocydyl,
optionally substituted heterocydylallcyl,  -(alkylene)-C(O)R31, or
-(heteroalkylene)-C(O)R31; 15 wherein: R3' is alkyl, haloalkyl, hydroxy,
alkoxy, amino, monsubstituted  amino, disubstituted amino, optionally
substituted cycloalkyl,  optionally substituted cydoalkylalkyl, optionally
substituted aryl,  optionally substituted arallcyl, optionally substituted
heteroaryl, or 20 optionally substituted heteroaralkyl; and  R4 is
hydrogen, alkyl, or -(alkylene)-COR31; 



and their individual isomers, racemic or nonracemic mixture of isomers, and
their  pharmaceutically acceptable salts thereof. 25 The compounds of
formula I and their aforementioned salts are  inhibitors of protein
kinases, and exhibit surprisingly effective activity against p38 in  vivo.
Interestingly, the compounds of formula I do not exhibit activity against
the  T-cell tyrosine kinase p561Ck at levels below about 10 AM. The
compounds can be  used for the treatment of diseases mediated by the
pro-inflammatory cytokines such  30 as TNF and IL-1. As used herein: 21
April 2004 WO 01/29042 PCT/EPOO/10088 4 "Alkyl" means a linear saturated
monovalent hydrocarbon radical of one to  six carbon atoms or a branched
saturated monovalent hydrocarbon radical of three  to six carbon atoms,
e.g., methyl, ethyl, n-propyl, 2-propyl, tert-butyl, pentyL "Alkylene"
means a linear saturated divalent hydrocarbon radical of one to  5 six
carbon atoms or a branched saturated divalent hydrocarbon radical of three
to  six carbon atoms, eg., methylene, ethylene, propylene,
2-methyl-propylene, pentylene.  "Alkenylene" means a linear or branched
divalent hydrocarbon radical  containing from two to ten carbon atoms and
also containing at least one carbon 10 carbon double bond, e.g., -CH=CH-,
-CH2CH=CH-, -C(CH3)=CH-,  CH2CH=CHCH2-, and the like. "Alkenyl" means a
linear monovalent hydrocarbon radical of two to six  carbon atoms or a
branched monovalent hydrocarbon radical of three to six carbon  atoms,
containing at least one double bond, eg., ethenyl, propenyl. 15 "Alkynyl"
means a linear monovalent hydrocarbon radical of two to six  carbon atoms
or a branched monovalent hydrocarbon radical of three to six carbon  atoms,
containing at least one triple bond, e.g., ethynyl, propynyl. "Optionally
substituted cycloalkyl" refers to a saturated monovalent cyclic
hydrocarbon radical of three to seven ring carbons. The cydoalkyl maybe 20
optionally substituted independently with one, two, or three substituents
selected  



from alkyl, optionally substituted phenyl, or -C(O)R (where R is hydrogen,
alkyl,  hloalkyl, amino, monsubstituted amino, disubstituted amino,
hydroxy, alkoxy, or  optionally substituted phenyl). More specifically, the
term cycloalkyl includes, for  example, cyclopropyl, cyclohexyl,
phenylcyclohexyl, 4-carboxycyclohexyl, 25 2-carboxamidocyclohexyl,
2-dimethylaminocarbonylcyclohexyl. "Optionally substituted cycloalkylalkyl"
means a radical -Rae where Ra is an  alkylene group and Rb is a optionally
substituted cycloalkyl group as defined herein,  e.g., cyclopropylrnethyl,
cydohexylpropyl, 3-cyclobexyl-2-methylpropyl. "Aryl" means the group
-C(O)R', where R' is hydrogen, alkyl, hloalkyl, 30 heteroalkyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally
substituted aralkyl or optionally substituted heteroaralkyl. "Alkox)",
aryloxy , aralkyloxy , or "heteroaralkyloxy" means a radical -OR  where R
is an ai yl, optionally substituted aryl, optionally substituted aralkyl,
or 21 April 2004 WO 01/29042 PCTIEP00/10088 5 optionally substituted
heteroaralkyl respectively, as defined herein, eg., methoxy,  phenoxy,
pyridin-2-ylmethyloxy, benzyloxy. "Halo" or "Halogen," means fluoro,
chloro, bromo, or iodo, preferably  fluoro or chloro. 5 "Haloalkyl" means
alkyl substituted with one or more same or different halo  atoms, e.g.,
-CH2Cl, -CF3, -CH2CF3, -CH2CCl3, and further includes those alkyl  groups
such as perfluoroalkyl in which all hydrogen atoms are replaced by fluorine
atoms. "Hydroxyalkyl",,means an alkyl radical as defined herein,
substituted with  10 one or more, preferably one, two or three hydroxy
groups, provided that the same  carbon atom does not carry more than one
hydroxy group. Examples are 2-hydroxybtyl, 2-hydroxypropyl,
3-hydroxypropyl, I-(hydroxymethyl)-2-methyl- propyl, 2-hydroxybutyl,
3-hydroxybutyl, 4-hydroxy-butyl, 2,3-dihydroxypropyl,
1-(hydroxymethyl)-2-hydroxyetyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl, 15
2-(hydroxymethyl)-3-hydroxypropyl, l-(hydroxymethyl)-ethyl, 2-hydroxy-1,1-
dirnethylethyl,
2-(hydroxymethyl)-propyl,1,1-(dihydroxymethyl)-ethyl,1-methyl- 



2,3-dihydroxypropyl,1-(hydroxymethyl)-2-hydroypropyl, 1-hydroxymethyl-2-
inethylpropyl, l-hydroxymethyl-butyl,
l-hydroxymethyl-pentyl,1-hydroxymethyl-
3-methyl-butyl,1,1-dimethyl-2-hydroxybuyl, l-(hydroxymethyl)ethyl, 2,3 20
(dihydroxy)-1-methylpropyl, 2,3-(dihydroxy)-1,1-dimethylpropyl, 1-(hydroxy-
methyl)-2-hydroxypropyl, and 1-(hydroxymethyl)propyl, preferably 2-hydroxy-
ethyl, 2,3-dihydroxypropyl and 1-(hydroxymethyl)-2-hydroxyethyl.
"Monosubstituted amino" means a radical -NHR where R is alkyl, heteroalkyl,
haloallyl or an optionally substituted cycloalkyl, cycloalkylalkyl, aryl,
aralkyl, 25 aralkenyl, heteroaryl, heteroaralkyl,heteroaralkenyl,
heterocyclyl, or  heterocyclylalkyl group, e.g., methylamino, ethylamino,
phenylamino, bennylamino.  "Disubstituted amino" means a radical -NRR'
where R and R' are, independently of each other, alltyl, heteroalkyl,
haloalkyl, cycloalkyl or an optionally  substituted cycloalkylalkyl, aryl,
aralkyl, aralkenyl, heteroaryl, heteroaralkyl, 30 heteroaralkenyl,
heterocydyl, or heterocyclylalkyl group, or R and R' together with  the
nitrogen atom to which they are attached form a heterocydyl ring. Examples
include dimethylanzino, methylethylamino, di(l-methylethyl)amino,
piperazin-l yl. 21 April 2004  WO 01/29042 PCT/EPOO/10088 6 "Optionally
substituted aryl" means a monovalent monocyclic or bicyclic  aromatic
hydrocarbon radical of 6 to 10 ring atoms which is substituted
independently with one or more substituents, preferably one, two, or three
substituents selected from alkyl, haloalkyl, heteroalkyl, halo, nitro,
cyano, 5 methylenedioxy, ethylenedioxy, cycloalkyl, optionally substituted
phenyl, optionally  substituted heteroaryl, haloalkoxy, optionally
substituted phenoxy, optionally  substituted heteroaryloxy, -COR (where R
is alkyl or optionally substituted phenyl),  -(CR'R")A COOR (where n is an
integer from 0 to 5, R' and R" are independently  hydrogen or alkyl, and R
is hydrogen, alkyl, optionally substituted cycloalkyl or .10 optionally
substituted cycloalkylalkyl) or -(CR'R")n-CONRaRb (where n is an  integer
from 0 to 5, R' and R" are independently hydrogen or alkyl, and Ra and Rb
are, independently of each other, hydrogen, alkyl, optionally substituted
cydoalkyl  



or optionally substituted cydoalkylalkyl, or Ra and Rb together with the
nitrogen  atom to which they are attached form a optionally substituted
heterocyclyl ring). 15 Examples include phenyl, I-naphthyl, and 2-naphthyl,
and the derivatives thereof.  "Optionally substituted aralkyl" means a
radical -RaRb where Ra is an  alkylene group and Rb is an optionally
substituted aryl group as defined herein, e.g.,  benzyl, phenylethyl,
3-(3-chlorophenyl)-2-methylpentyL "Optionally substituted aralkenyl" means
a radical -RaRb where Ra is an  20 alkenylene group and Rb is an optionally
substituted aryl group as defined herein,  e.g., 3-phenyl--2-propenyL
'Optionally substituted arylheteroalkyl" means a radical -RaRb where Ra is
an heteroalkylene group and Rb is an optionally substituted aryl group as
defined  herein, e.g., 2-hydroxy-2-phenylethyl,
2-hydroxy-1-hydroxymethyl-2-phenylethyl. 25 "Optionally substituted phenyl"
means a phenyl ring which is optionally  substituted independently with one
or more substituents, preferably one or two  substituents selected from
alkyl, allcoxy, hydroxy, haloalkyl, heteroalkyl, halo, nitro,  cyano,
methylenedioxy, ethylenedioxy, cycloalkyl, cycloalkylalkyl, -COR (where R
is  alkyl or optionally substituted phenyl, -(CR'R")n-000R (where n is an
integer 30 from 0 to 5, R' and R" are independently hydrogen or alkyl, and
R is hydrogen,  alkyl, cycloalkyl or cycloalkylalkyl), ar -(CR'R")n CONRaRb
(where n is an integer  from 0 to 5, R' and R" are independently hydrogen
or alkyl, and Ra and Rb are, 21 April 2004 WO 01/29042 PCTIEPOO/10088 7
independently of each other, hydrogen, alkyl, cycloalkyl or
cycloalkylalkyl, or Ra and  Rb together with the nitrogen atom to which
they are attached form a heterocyclyl  ring). "Optionally substituted
heteroaryl" means a monovalent monocyclic or 5 bicyclic radical of 5 to 12
ring atoms having at least one aromatic ring containing  one, two, or three
ring heteroatoms selected from N, 0, or S, and the remaining  ring atoms
being C, with the understanding that the attachment point of the
heteroaryl radical will be on an aromatic ring. The heteroaryl ring is
optionally  substituted independently with one or more substituents,
preferably one or two 



10 substituents, selected from alkyl, hacoalkyl, heteroalkyl, halo, nitro,
cyano,  optionally substituted cycloalkyl, optionally substituted
cycloalkylalkyl, -COR  (where R is alkyl or optionally substituted phenyl,
-(CR'R")n-COOR (where n is an  integer from 0 to 5, R' and R" are
independently hydrogen or alkyl, and R is  hydrogen, alkyl, optionally
substituted cycloalkyl or optionally substituted 15 cycloalkylalkyl),
-NRaRb (where Ra and Rb are independently of each other,  hydrogen, alkyl,
optionally substituted cycloalkyl or optionally substituted
cycloallcylalkyl), or -(CR'R")n-CONR`Rd (where n is an integer from 0 to 5,
R' and  R" are independently hydrogen or alkyl, and R` and Rd are,
independently of each  other, hydrogen, alkyl, optionally substituted
cydoalkyl or optionally substituted 20 cycioalkylalkyl, or r and Rd
together with the nitrogen atom to which they are  attached form a
optionally substituted heterocydyl ring). Examples include, but are  not
limited to, pyridyl, fiuanyl, thienyl, thiazolyl, isothiazolyl, triazolyl,
imidazolyl,  isoxazolyl, pyrrolyl, pyrazolyl, pyrimidinyl, benzofuranyl,
tetrahydrobenzofiaranyl,  isobenzofuranyl, benzothiazolyl,
benzoisothiazolyl, benzotriazolyl, indolyl, 25 isoindolyl, benzoxazolyl,
quinolyl, tetrahydroquinolinyl, isoquinolyl,  benzimidazolyl,
benzisoxazolyl or benzothienyl, and the derivatives thereof  "Optionally
substituted optionally substituted heteroaralkyl" means a radical -RaRb
where Ra is an alkylene group and Rb is a heteroaryl group as defined
herein,  e.g., pyridin-3-ylmethyl, 3-(benzofuran-2-yl)-propyl, and the
like. 30 "Optionally substituted heteroaralkenyl" means a radical -RaRb
where Ra is  an alkenylene group and Rb is a optionally substituted
heteroaryl group as defined  herein, e.g., 3-(pyridin-3-yl)propen-2-yl, and
the like. 21 April 2004  WO 01/29042 PCT/EP00/10088  8 "Optionally
substituted heterocyclyl" means a saturated or unsaturated non- aromatic
cyclic radical of 3 to 8 ring atoms in which one or two ring atoms are
heteroatoms selected from N, 0, or S(O)n (where n is an integer from 0 to
2), the  remaining ring atoms being C, where one or two C atoms may
optionally be 5 replaced by a carbonyl group. The heterocydyl ring may be
optionally substituted  independently with one, two, or three substituents
selected from alkyl, hloalkyl,  



heteroalkyl, halo, nitro, cyanoalkyl, hydroxy, alkoxy, amino,
monosubstituted  amino, disubstituted amino, optionally substituted
aralkyl, -(CR'R")n-COR (where  n is an integer from 0 to. 5, and R is alkyl
or optionally substituted phenyl), 10 -(CR'R")n-000R (where n is an integer
from 0 to 5, R' and R" are independently  hydrogen or alkyl, and R is
hydrogen, alkyl, optionally substituted cycloalkyl or  optionally
substituted cydoalk),lalkyl), or -(CRR")n-CONRaRb (where n is an  integer
from 0 to 5, Wand R" are independently hydrogen or alkyl, and Ra and Rb
are, independently of each other, hydrogen, alkyl, optionally substituted
cycloalkyl 15 or optionally substituted cydoalkylalkyl, or Ra and Rb
together with the nitrogen  atom to which they are attached form a
optionally substituted heterocyclyl ring), or  -S(O)nRd (where n is an
integer from 0 to 2, and Rd is hydrogen (provided that n is  0), alkyl,
hloalkyl, optionally substituted cycloalkyl, optionally substituted
cydoalkylalkyl, amino, monsubstituted amino, disubstituted amino, or
hydroxy- 20 alkyl). More specifically the term heterocyclyl includes
tetrahydropyranyl,  piperidino, N-methylpiperidin-3-yl, piperazino,
N-methylpyrrolidin-3-yl, 3- pyrrolidino, 2-oxo-pyrrolidin-l-yl, morpholino,
thiomorpholino, thiomorpholino- 1-oxide, thiomorpholino-1,1-dioxide,
1,1-dioxo-tetrahydrothiophen-3-yl,  pyrrolinyl, imidazolinyl,
2-oxo-imidazolidinyl, and the substituted derivatives 25 thereof like
1-(phenylmethyl)-piperidin-4-yl,1-(aminocarbonylmethyl)-piperidin
4-yl,1-(methylsulfonyl)-piperidin-4y1,1-(hydroxyethyl)-piperidin-4-yl,1-(2,
3-
dihydroxypropyl)-piperidin-4-yl,1-(2-cyanoethyl)-piperidin-4-yl,1-(1-cyano-
methyl)-piperidin-4-yl,1-(aminocarbonyhnethyl)-piperidin-4-yl,1-(ethoxy-
carbonyl)-piperidin-4-y1,1-(2-trifluorethyl)-piperidin-4-yl,
piperidin-4-yl,1 30 methylpiperidin-3-yl and 1-methylpiperidin-4-yl.
"Optionally substituted heterocyclylalkyl" means a radical -RaRb where Ra
is  an alkylene group and Rb is a heterocyclyl group as defined herein,
e.g., 21 April 2004 WO 01129042 PCT/EP00/10088 9
tetrahydropyran-2-ylinethyl, 4-methylpiPerazin-1-ylethyl,
3-piperidinylmethyl, 1- (dimethylaminocarbonylmethyl)-piperidin-4-ylmethyl,
1-(2-methoxycarbpnyl- ethyl)-piperidin-4-ylniethyl,
l-(2-trifluorethyl)-piperidinyl-4-ylmethyl, l- 



(cyanomethyl)-piperidinyl-4ylmethyl, l-(aminocarbonylmethyl)-piperidinyl-4
5 y1methyl,1-(hydroxycarbonylmethyl)-piperidinyl-4-yhnethyl,
2-(piperidin-l-yl)- ethyl, 3-(piperidin-l-yl)-propyl,
2-(morpholin-l-yl)-ethyl, 3-(morpholin-l-yl)- propyl,
2-(2--oxo-imidazolidon-1-yl)-ethyl, 2-(2-oxo-pyrrolidin-l-yl)-ethyl, and
pyrrolidin -1-yl-ethyl. "Heteroalkyl" means an alkyl radical as defined
herein with one, two or 10 three substituents independently selected from
-ORa, -NRbR`, and -S(O)nRd (where  n is an integer from 0 to 2 ). Ra is
hydrogen,alkyl, haloalkyl, optionally substituted  cycloalkyl, optionally
substituted cycloalkylalkyl, optionally substituted heterocyclyl,
optionally substituted heterocyclylalky1, optionally substituted aryl,
optionally  substituted aralkyl, optionally substituted heteroaryl,
optionally substituted 15 heteroaralkyl, alkoxycarbonyl, optionally
substituted aryloxycarbonyl,  carboxamido, or mono- or di-alkylcarbamoyl.
Rb is hydrogen, alkyl, haloalkyl,  optionally substituted cycloalkyl,
optionally substituted cycloalkylalkyl, optionally  substituted
heterocydyl, optionally substituted heterocyclylalkyl, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted
heteroaryl or 20 optionally substituted heteroaralkyl. R` is hydrogen,
alkyl, haloalkyl, optionally  substituted cycloalkyl, optionally
substituted cydoa 7lalkyl, optionally substituted  heterocyclyl, optionally
substituted heterocyclylalkyl, optionally substituted aryl,  optionally
substituted aralkyl, alkylsulfonyl, alkylcarbonyl, alkoxycarbonyl,
optionally substituted aryloxycarbonyl, carboxamido or mono- or
di-alkylcarba 25 moyl. Rd is hydrogen (provided that n is 0), alkyl,
haloalkyl, optionally substituted  cycloalkyl, optionally substituted
cycloalkylalkyl, optionally substituted heterocyclyl,  optionally
substituted heteroryclylalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted heteroaryl, optionally
substituted  heteroaralkyl, amino, monsubstituted amino, disubstituted
amino, or hydroxyalkyl. 30 When Ra is hydrogen only, the term "heteroalkyl"
includes a subset which is further  defined under "hydroxyalkyl". Examples
include 2-methoxyethyl, benzyloxymethyl,  thiophen-2-ylthiomethyl,
2-hydroxyethyl, 2,3-dihydroxypropyl, 3-anuno-2,2- diniethylpropyl,
3-dimethylaminopropyl, 3-methylcarbonylaminopropyl, 3-amino 21 April 2004
WO 01/29042 PCT/EPOO/10088  



10 2-hydroxypropnl, 2-ethoxy-I-ethoxymethylethyl, 2-diethylaminoethyl, 2-
methylthioethyl, 3-dimethylaminoethyl, 3-dimethylamino-2,2-dimethylpropyl,
and  2-hydroxyethyl. "Heteroalkyiene" means a linear saturated divalent
hydrocarbon radical of  5 one to six carbons or a branched saturated
hydrocarbon radical of three to six  carbon atoms with one, two or three
substituents independently selected from  -ORa, -NRbR`, and -S(O)mRd (where
n is an integer from 0 to 2) where, Ra, Rb, R`,  and Ra are as defined
herein for a heteroalkyl radical. Examples include, but are not  limited
to, 2-hydroxyethan-1,1-diyl, 2-hydroxypropan-1,1-diyl and the like. 10
"Heterosubstituted cycloalkyl" means a cycloalkyl radical which is
optionally  independently substituted with one, two, or three substituents
selected from  hydroxy, hydroxyimino (=NOH), alkoxy, amino, monosubstituted
amino,  disubstituted amino, oxo (=O), -OC(O)Ra (where Ra is hydrogen,
alkyl, haloalkyl, amino, monosubstituted amino, disubstituted amino,
hydroxy, alkoxy, or 15 optionally substituted phenyl), ORb (where Rb is
hydroxyalkyl, haloallyl, alkenyl,  or alkoxyalkyl), -S(O)nR` (where n is an
integer from 0 to 2, and R` is hydrogen  (provided that n is 0), alkyl,
haloalkyl, optionally substituted cycloalkyl, optionally  substituted
cycloalkylalkyl, amino, monosubstituted amino, disubstituted amino, or
hydroxyalkyl) or NS(O)2Rd (where Rd is alkyl, haloalkyl, optionally
substituted 20 cydoalkyl, optionally substituted cycloalkyldkyl, amino,
monosubstituted amino,.  disubstituted amino, or hydroxyalkyl). Examples
include, but are not limited to, for  example, 4-hydroxycydohexyl,
2-aminocydohexyl, (2-methoxyethoxy)cyclohexyl,  4-oxocyclohexyl,
4-(methanesulfonylamino)cyclohexyl, allyloxycyclohexyl, and the like.  25
"Heteroalkylsubstituted cycloalkyl" means a cycloalkyl radical which maybe
optionally substituted with one, two, or three heteroalkyl groups as
defined herein.  Examples include 1-hydroxymethyl-cyclopent-1-yl,
2-hydroxymethyl-cyclohex-2 y1. "Heeerocyclyl spiro cycloalkyl" means a
spiro radical consisting of a 30 cycloalkyl ring and a heterocyclic ring
with each ring having 5 to 8 ring atoms and  the two rings having only one
carbon atom in common, with the understanding  



that the point of attachment of the heterocyclyl spiro cycloalkyl radical
is via the  cydoalkyl ring. The spiro radical is formed when two hydrogen
atoms from the 21 April 2004 WO 01/29042 PCT/EPOO/10088 11 same carbon atom
of the cycloalkyl radical are replaced with a heterocyclyI group as
defined herein, and may be optionally substituted with alkyl, hydroxy,
hydroxyalkyl,  or oxo. Examples include 1,4-dioxaspiro[4.5]
decan-8-yl,1,3-diazaspiro [4.5] decan- 8-yl,
2,4-dione-1,3-diaza-spiro[4.5]decan-8-yl,1,5-dioxa-spiro[5.5]undecan-9-yl,
5 (3-hydroxymethyl-3-methyl)-1,5-dioxa-spiro[5.5]undecan-9-yl.  "Leaving
group" has the meaning conventionally associated with it in  synthetic
organic chemistry, i.e., an atom or group capable of being displaced by a
nucleophile and includes halo (such as chloro, bromo, iodo),
alkanesulfonyloxy,  arenesulfonyloxy, alkylcarbonyloxy (e.g. acetoxy),
arylcarbonyloxy, mesyloxy, 10 tosyloxy, trifluoromethanesulfonyloxy,
aryloxy (e.g., 2,4-dinitrophenoxy), methoxy,  N,O-dimethylhydroxylamino,
and the like. "Isomerism" means compounds that have identical molecular
formulae but  that differ in the nature or the sequence of bonding of their
atoms or in the  arrangement of their atoms in space. Isomers that differ
in the arrangement of their 15 atoms in space are termed "stereoisomers".
Stereoisomers that are not mirror  images of one another are termed
"diastereoisomers", and stereoisomers that are  non-superimposable mirror
images are termed "enantiomers", or sometimes optical  isomers. A carbon
atom bonded to four nonidentical substituents is termed a  "chiral center".
20 "Chiral isomer" means a compound with at least one chiral center. It has
two enantiomeric forms of opposite chirality and may exist either as an
individual  enantiomer or as a mixture of enantiomers. A mixture containing
equal amounts of  individual enantiomeric forms of opposite chirality is
termed a "racemic mixture". A compound that has more than one chiral center
has 2" enantiomeric pairs,  25 where n is the number of chiral centers.
Compounds with more than one chiral  center may exist as either an
individual diastereomer or as a mixture of  diastereomers, termed a
"diastereomeric mixture". When one chiral center is  



present, a stereoisomer may be characterized by the absolute configuration
( R or S  ) of that chiral center. Absolute configuration refers to the
arrangement in space of 30 the substituents attached to the chiral center.
The substituents attached to the chiral  center under consideration are
ranked in accordance with the Sequence Rule of  Cahn, Ingold and Prelog.
(Cahn et al. Angew. Chem. Inter. Edit. 1966, 5, 385; errata  511; Cahn et
al. Angew. Chem. 1966, 78, 413; Cahn and Ingold J. Chem. Soc. 21 April 2004
WO 01/29042 PCT/EP00/10088  12 (London) 1951, 612; Cahn et al. Experientia
1956,12,81; Cahn, J. Chem.Educ.  1964, 41, 116). "Geometric isomers" means
the diastereomers that owe their existence to  hindered rotation about
double bonds. These configurations are differentiated in 5 their names by
the prefixes cis-and trans- or Z and E, which indicate that the groups  are
on the same or opposite side of a reference plane identifiable as common
among  stereoisomers, for example, a double bond in the molecule or to
designate positions  of substituents on rings relative to one another
according to the Cahn-ingold Prelog rules. 10 "Pharmaceutically acceptable
excipient" means an excipient that is useful in  preparing a pharmaceutical
composition that is generally safe, non-toxic and  neither biologically nor
otherwise undesirable, and includes an excipient that is  acceptable for
veterinary use as well as human pharmaceutical use. A  "pharmaceutically
acceptable excipient" as used in the specification and claims 15 includes
both one and more than one such excipient. "Pharmaceutically acceptable
salt" of a compound means a salt that is  pharmaceutically acceptable and
that possesses the desired pharmacological activity  of the parent
compound. Such salts include: (1) acid addition salts, formed with
inorganic acids such as hydrochloric  20 acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid, and the like; or  formed with organic
acids such as acetic acid, propionic add, hexanoic acid,
cydopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid,
malonic acid,  succinic acid, malic acid, maleic acid, fumaric acid,
tartaric acid, citric acid, benzoic  



acid, 3-(4-hydroxybenzoyl)benzoic add, cinnamic acid, mandelic acid,
methane 25 sulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid,
2-hydroxyethane- sulfonic acid, benzenesulfonic acid,
4-chlorobenzenesulfonic acid, 2-napthalene- sulfonic acid,
4-toluenesulfonic acid, camphorsulfonic acid, 4-methylbicydo [2.2.21 -
oct-2-ene- 1 -carboxylic acid, glucoheptonic acid, 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, 30 glutamic acid, hydroxynapthoic acid, salicylic acid,
stearic acid, muconic acid, and  the like; or (2) salts formed when an
acidic proton present in the parent compound  either is replaced by a metal
ion, e.g., an alkali metal ion, an alkaline earth ion, or an 21 April 2004
WO 01/29042 PCT/EPOO/10088 13 aluminum ion; or coordinates with an organic
base such as ethanolamine,  diethanolamine, triethanolamine, tromethamine,
N-methylglucamine, and the like. 'Pro-drugs" means any compound which
releases an active parent drug  according to Formula (I) in vivo when such
prodrug is administered to a 5 mammalian subject Prodrugs of a compound of
Formula (I) are prepared by  modifying functional groups present in the
compound of Formula (I) in such a way  that the modifications maybe cleaved
in vivo to release the parent compound.  Prodrugs include compounds of
Formula (1) wherein a hydroxy, amino, or  sulfhydryl group in a compound of
Formula (I) is bonded to any group that maybe 10 cleaved in vivo to
regenerate the free hydroxyl, amino, or sulfhydryl group,  respectively.
Examples of prodrugs include, but are not limited to esters (e.g.,
acetate, formate, and benzoate derivatives), carbamates (e.g.,
N,N-dimethylamino- carbonyl) of hydroxy functional groups in compounds of
Formula (I), and the like. "Protecting group" refers to a grouping of atoms
that when attached to a 15 reactive group in a molecule masks, reduces or
prevents that reactivity. Examples of  protecting groups can be found in
T.W. Greene and P.G. Puts, Protective Groups in  Organic Chemistry, (Wiley,
2nd ed. 1991) and Harrison and Harrison et a!.,  Compendium of Synthetic
Organic Methods, Vols. 1-8 (John Wiley and Sons. 1971 - 1996).
Representative amino protecting groups include formyl, acetyl, 



20 trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), tent-butoxycarbonyl
(Boc),  trimethyl silyl (TMS), 2-trimethylsilyl-ethanesulfonyl (SES),
trityl and substituted  trityl groups, allyloxycarbonyl,
9-fluorenylmethyloxycarbonyl (FMOC), nitro- veratryloxycarbonyl (NVOC) and
the like. Representative hydroxy protecting  groups include those where the
hydroxy group is either acylated or alkylated such as 25 benzyl and trityl
ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl
ethers and allyl ethers. "Treating" or "treatment" of a disorder includes:
(1) preventing the disorder, i.e., causing the clinical symptoms of the
disease not to develop in a mammal that may be exposed to or predisposed to
the  30 disease but does not yet experience or display symptoms of the
disease, (2) inhibiting the disorder, i.e., arresting or reducing the
development of  the disease or its clinical symptoms, or 21 April 2004 WO
01/29042 PCT/EP00/10088 14 (3) relieving the disorder, i.e., causing
regression of the disease or its  clinical symptoms. "A therapeutically
effective amount" means the amount of a compound that,  when administered
to a mammal for treating a disorder, is sufficient to effect such 5
treatment for the disorder. The "therapeutically effective amount" will
vary  depending on the compound, the disorder state being treated, the
severity of the  disorder treated, the age and relative health of the
subject, the route of  administration, the judgement of the attending
medical practitioner, and other factors. 10 In one aspect, the present
invention provides compounds represented by the  formula: (R2) n N N 'N"  I
I  R, No 



15 In the main embodiment of compounds of formula (I), R' represents an
acyl, heteroalkyl, optionally substituted arylheteroalkyl, heteroalkenyl,
hetero- alkynyl, heteroallcylcarbonyl, heterosubstituted cycloalkyl,
heterosubstituted  cydoalkylalkyl, heterosubstituted cycloalkylalkenyl,
heterosubstituted cycloalkyl_ 20 alkynyl, heteroalkylsubstituted
cycloalkyl, optionally substituted heterocydyl,  optionally substituted
heterocydylalkyl, optionally substituted heterocyclyl  spirocycloalkyl,
-(alkylene)-C(O)-R'1 group or (heteroalk)lene)-C(O)-R11; wherein  R"
represents an alkyl, haloalkyl, hydroxy, alkoxy, amino, monosubstituted
amino,  disubstituted amino, optionally substituted cycloalkyl, optionally
substituted 25 cycloalkylalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally  substituted heteroaryl or optionally
substituted heteroaralkyl group. In a preferred  embodiment, R' is acyl,
heteroalkyl, optionally substituted arylheteroalkyl,  heteroalkenyl,
heteroalkynyl, heteroalkylcarbonyl, heterosubstituted cydoallyl, 21 April
2004 WO 01/29042 PCTIEPOOI10088 15 heterosubstituted cydoalkylalkyl,
heterosubstituted cycloalkylalkenyl,  heterosubtituted cycloalkylalkynyl,
heteroalkylsubstituted cydoalkyl, optionally  substituted heterocyclyl,
optionally substituted heterocyclylalkyl, -(alkylene)-C(O)- Rll or
-(heteroalkylene)-C(O)-R"; wherein Rif is alkyl, haloalkyl, amino, 5
monosubstituted amino, disubstituted amino, optionally substituted
cycloalkyl,  optionally substituted cydoalkylalkyl, optionally substituted
aryl, optionally  substituted aralkyl, optionally substituted heteroaryl,
optionally substituted hetero- aralkyl, hydroxy or alkoxy. 10 In a more
preferred embodiment of the above main embodiment and  preferred
embodiment, R' is heteroalkyl, optionally substituted arylheteroaikyl,
heterosubstituted cydoalkyl, heterosubstituted cycloalkylalkyl,
heteroalkyl- substituted cycloaikyl, heterocyclyl or heterocyclylalkyl,
more preferably heteroalkyl  or heterosubstituted cycloalkyl. In the
embodiment where R' is heteroalkyl the alkyl 15 is preferably substituted
with one or two substituent independently selected from - 



ORa or -NRbR` wherein Ra is hydrogen, Rb is hydrogen, alkyl and R` is
hydrogen,  alkyl and alkylcarbonyl. Particular R' groups are
3-amino-2,2-dimethylpropyl, 3- dimethylaminopropyl,
3-methylcarbonylaminopropyl, and 3-amino-2-hydroxy  propyl. In a preferred
embodiment of heteroalkyl, R' is hydroxyalkyl. 20 In the preferred
embodiment of heteroalkyl where R1 is hydroxyalkyl (Ra is  hydrogen) such
group is preferably selected from 2-hydroxyethyl, 2-hydroxypropyl,
3-hydroxypropyl, 1-(hy(iroxyrnethyl)-2-methyl-propyl, 2-hydroxybutyl,
3-hydroxy- butyl, 4-hydroxy-butyl, 2,3-dihydroxypropyl,
1-(hydroxymethyl)-2-hydroxyethyl, 25 2,3-dihydroxybutyl,
3,4-dihydroxybutyl, 2-(hydroxyrnethyl)-3-hydroxypropyl,I-
(hydroxymethyl)-ethyl, 2-hydroxy-1,1-dimethylethyl, 2-
(hydroxymethyl)-propyl,  1,1-(dihydroxymethyl)-ethyl),
1-methyl-2,3-dihydroxypropyl,1-(hydroxymethyl)-
2-hydroypropyI,1-hydroxyrnethyl-2-methylpropyl,1-hydroxymethyl-butyl,1-
hydroxymethyl-pentyl, 1-hydroxymethyl-3-methyl-butyl,1,1-dimethyl-2-hydroxy
30 ethyl, 1- (hydroxymethyl)ethyl, 2,3-(dihydroxy)-1-methylpropyl, 2,3-(
dihydroxy)- 1,1-dimethylpropyl,1-(hydroxymethyl)-2-hydroxypropyl, and
1-(hydroxymethyl)- propyl. In still other preferred embodiments, R' is a
group having a tetrahedral  carbon atom attached to the nitrogen atom, more
preferably having lower alkyl 21 April 2004  WO 01/29042 PCT/EP00/10088  16
groups attached to that carbon atom. More preferably the hydroxyalkyl in R1
is 1- hydroxy-2-methyl-2-propyl and 1-hydroxy-2-propyl. In the embodiment
where Rl is "heterosubstituted cycloalkyl" the cycloalkyl  5 group is
preferably optionally independently substituted with one, two, or three,
preferably one, substituents selected from hydroxy, hydroxyimino (=NOH),
alkoxy, amino, monoa]kyl substituted amino, dialkylsubstituted amino, oxo
(=O),  -OC(O)Ra (where Ra is hydrogen, alkyl, amino, monoalkylsubstituted
amino,  dialkylsubstituted amino, -ORb (where Rb is hydroxyalkyl, alkenyl,
or alkoxyalkyl), 10 -S(O)nR` (where n is an integer from 0 to 2, preferably
2, and R` is hydrogen  (provided that n is 0) or alkyl) or NS(0)2Rd (where
Rd is alkyl, amino, monoalkyl- substituted amino, or dialkylsubstituted
amino. More preferably, the hetero- 



substituted cydoalkyl is 4-hydroxycyclohexyl, 2-aminocyclohexyl,
(2-methoxy- ethoxy)cyclohexyl, 4-oxocydohexyl,
4-(methanesulfonylamino)cydohexyl, allyloxy 15 cydohexyl,
2-hydroxycyclohexyl, 4-methoxycycloalkyl, 4-methylcarbonyloycydo- hexyl,
2,3-dihydroxypropyloxycyclohexyl, 4-(hydroxyimino)cyclohexyl, 4-(methyl-
sulfonylamino)cydohexyl, 4-(d.imethylaminosulfonylamino)cyclohexyl, 4-
formyloxycyclohexyl, 4-(methoxycarbonyloxy)cyclohexyl, 4-(aminocarbonyl-
oxy)cyclohexyl, or 4-(N-methylcarbonyloxy)cyclohexyl, with
4-hydroxycyclohexyl 20 (including cis- or trans-4-hydroxycyclohex),l) being
most preferred. When Rl is "optionally substituted heterocyclyl", the
heterocyclyl ring is  preferably optionally substituted independently with
one, two, or three, preferably  one, substituents selected from alkyl,
haloalkyl, heteroalkyl, preferably hydroxyalkyl, 25 cyanoalkyl, aralkyl,
preferably pheriylalkyl, -CR'R")n-COR (where n is an integer  from 0 to 5,
and R is alkyl), -(CR'R")"-COOR (where n is an integer from 0 to 5, R'  and
Ware hydrogen, and R is hydrogen or alkyl), or -(CR'R" )n-CONRaRb (where n
is an integer from 0 to 5, R' and R" are hydrogen, and r and Rb are,
independently  of each other hydrogen or alkyl) or -S(O)"Rd (where n is an
integer from 0 to 2, 30 preferably 2, and Rd is hydrogen (provided that n
is 0) or alkyl). More specifically  "heterocyclyl" is tetrahydropyranyl,
piperidino, piperazino, N-methylpyrrolidin-3- yl, 3-pyrrolidino,
2-oxo-pyrrolidin-l-yl, morpholino, thiomorpholino, thiomor-
pholino-l-oxide,
thiomorpholino-1,1-dioxide,1,1-dioxo-tetrahydrothiophen-3-yl, 21 April 2004
WO 01/29042 PCT/EP00/10088 17 pyrrolinyl, imidazolinyl and
2-oxo-imidazolidinyl which are optionally substituted  as mentioned before;
with piperidino derivates such as N-methylpiperidin-3-yl, 1-
(phenylmethyl)piperid.in-4
yl,1-(aminocarbonylmethyl)piperidin-4-yl,1-(methyl-
sulfonyl)piperidin-4-yl,1-(hydroxyethyl)piperidin-4-yl,1-(2,3-dihydroxyprop
yl) 5 piperidin-4-yl,1-(2-cyanoethyl)piperidin-4-yl,
1-(1-cyanomethyl)piperidin-4-yl,1-
(aminocarbonylmethyl)piperidin-4-yl,1-(ethoxycarbonyl)piperid n-4-yl,1-(2-
trifluorethyl)piperidin-4-yl,1-(dimethylaminocarbonylmethyl)-piperidin-4-yl
,  1-(2-methoxycarbonyl.ethyl)-piperidin-4-yl, and
1-(hydroxycarbonylmethyl)- piperidin-4-yl being more preferred. 



10 Where R' is "optionally substituted heterocydylalkyl" the heterocyclyl
group  is preferably as defined for "heterocyclyl" as defined for R'
hereinafter. Most  preferably the heterocydylalkyl is
1-(dimethylaminocarbonylmethyl)-piperidin-4- ylmethyl,
1-(2-methoxycarbonylethyl)-piperidin-4=ylmethyl, l-(2-trifluorethyl) 15
piperidinyl-4-ylmethyl,1-(cyanomethyl)-piperidinyl-4-ylmethyl,1-(amino-
carbonymethyl)-piperidinyl-4-ylrnethyl,1-(hydroxycarbonylmethyl)-piperidiny
l- 4-ylmethyl, 2-(piperidin-1-yl)-ethyl, 3-(piperidin-1-yl)-propyl,
2-(morpholin-l- yl)-ethyl, 3-(morpholin-1-yl)-propyl,
2-(2-oxo-imidazolidin-1-yl)ethyl, and 2-(2- oxo-pyrrolidin-l-yl) ethyl. 20
Where R' is "heteroalkylsubstituted cycloalkyl" the cycloalkyl radical may
be  optionally substituted with one, two, or three, preferably one,
heteroalkyl,  preferably hydroxyalkyl, groups as defined hereinbefore.
Preferably such groups are  1-hydroxymethyl-cyclopent-1-yl and
2-hydroxymethyl-cyclohex-2-yl. 25 When R' is "optionally substituted
heterocyclyl spiro cycloalkyl" it is  preferably
1,4-dioxaspiro[4.5]decan-8-yl,1,3-diazaspiro[4.5]decan-8-yl, 2,4-dione-
1,3-diaza-spiro[4.5]decan-8-yl,1,5-dioxa-spiro[5.5]undecan-9-yl and
(3-hydroxy- methyl-3 -methyl) -1,5-dioxa-spiro[5.5] undecan-9-yl. 30
Returning to formula 1, Rz represents alkyl, halo, heteroalkyl or vinyl and
can be attached to the phenyl ring at any of the remaining five valences
otherwise 21 April 2004  WO 01/29042 PCT/EP00/10088 18 occupied by
hydrogen. The subscript n is an integer of from 0 to 3, indicating that
the phenyl ring is substituted by from zero to three R2 groups. For those
embodiments in which two or three R2 groups are present, each can be
independent  of the other(s). In a preferred embodiment of the compounds of
formula I and the 5 preferred embodiment of R' mentioned above, n is 1 or 2
and each R2 is halo or  alkyl, especially methyl, more preferably R2 is
halo. Still further preferred within  



this embodiment are those embodiments in which -(R2)n represents 2-halo or
2,6- dihalo, more preferably 2-chloro or 2,6-dichloro or where -(R2),,
represents 2-methyl. 10 In the compounds of formula (I) R3 represents
hydrogen, alkyl, heteroalkyl,  optionally substituted aryl, optionally
substituted aralkyl, optionally substituted  heteroaryl, optionally
substituted heteroaralkyl, optionally substituted cydoalkyl,  cycloalkenyl,
optionally substituted cycloalkylalkyl, haloalkyl, cyanoalkyl, hetero 15
substituted cycloalkyl, heterosubstituted cydoallcylalkyl,
heteroallrylsubstituted  cycloalkyl, optionally substituted heterocyclyl,
optionally substituted hetero- cyclylalkyl, -(alkylene)-C(O)R31 or
-(heteroalkylene)-C(O)R31; wherein Rai  represents alkyl, haloalkyl,
hydroxy, alkoxy, amino, monsubstituted amino,  disubstituted amino,
optionally substituted cycloalkyl, optionally substituted 20
cydoalkylalkyl, optionally substituted aryl, optionally substituted
aralkyl, optionally  substituted heteroaryl and optionally substituted
heteroarallcyl. In a preferred embodiment, R3 is selected from hydrogen,
alkyl, heteroalkyl,  aryl, especially phenyl, aralkyl, especially
phenylmethyl, cycloalkyl, haloalkyl, 25 cyanoalkyl, heterosubstituted
cycloalkyl, heterocyclyl, -(allcylene-C(O)-R3'; wherein  R31 representy
alkyl, hydroxy, alkoxy, amino, monoallc)isubstituted amino and
dialkylsubstituted amino. In a more preferred embodiment, R3 is selected
from hydrogen, alkyl,  30 cycloalkyl, haloalkyl, heteroalkyl, heterocydyl
and heterosubstituted cycloalkyl. More preferably R3 is hydrogen, alkyl,
haloalkyl or heteroalkyl. In a particularly  preferred embodiment, R3 is
hydrogen. In another particularly preferred  embodiment, R3 is methyl. In
yet another group of particularly preferred 21 April 2004 WO 01/29042
PCT/EPOO/10088 19 embodiments, R3 is haloalkyl, especially
2,2,2-trifluorethyl, or R3 is heteroalkyl, with
2-ethoxy-l-ethoxymethylethyl, 2-diethylaminoethyl, 2-methylthioethyl, 3-
dimethylaminoethyl, 3-dirnethylamino-2,2-dimethylpropyl, and 2-hydroxyethyl
being particular preferred heteroalkyl groups. 



5 In compound of formula (I) R4 represents hydrogen, alkyl, and -alkylene-
COR31. In a preferred embodiment, especially regarding the main and
preferred R'  embodiment mentioned before, R4 represents hydrogen- Where R4
represents  -alkkylene-COR31 it is preferably -CH2CONH2. 10 In addition to
the compounds described above, the present invention  includes all
pharmaceutically acceptable salts of those compounds along with  prodrug
forms of the compounds and all isomers whether in a pure chiral form or a
racernic mixture or other form of mixture. 15 Still further, combinations
of the preferred groups described above will form  other preferred
embodiments. In one group of the main, the preferred, and more  preferred
Rl embodiments R1 is heteroalkyl, R2 is halo or methyl, R3 is methyl, and
n is 1 or 2. 20 In another group, wherein R' is heterosubstituted
cycloalkyl, R2 is halo or  methyl, R3 is methyl and n is 1 or 2, especially
wherein R' is hydroxycycloalkyl,  including cis- or
trans-hydroxycycloalkyl, in particular cis- or trans-4-hydroxy- cydohexyl.
25 In a further group, wherein R1 is heterrocyclyl or heterocyclylalkyl, R2
is halo  or methyl, R3 is methyl or hydrogen and n is 1 or 2, or wherein R2
is halo or methyl,  R3 is heteroaikyl and n is 1 or 2. 30 Particular
preferred compounds are selected from the group of7-(trans-
4-hydroxycyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one, 3-
(2-chlorophenyl)-7- (tetrahydropyran-4-ylamino)-3,4-dihydropyrimido [4,5-d]
- pyrimidin-2(1H)-one,
7-[1-(2-hydroxyethyl)-piperidin-4-ylamino]-1-methyl-3 21 April 2004  WO
01/29042 PCTIEPOO/10088  20
ortho-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one,
3-(2-chlorophenyl)- 



7- [ (trans-4-metho)ycyclohexyl)methylamino] -1-methyl-3,4-dihydropyrimido
[4,5 - d]pyrimidin-2(1H)-one, and
3-(2-chlorophenyl)-7-(4-o)co-cyclohexylamino)-1-
methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one and pharmaceutically 5
acceptable salts thereof In another aspect, the present invention provides
methods of preparing the  compounds described above. 10 In one method the
compounds of formula I maybe prepared by method  comprising (a) treating a
compound of formula II O R3 (II)  wherein n, Rz and R3 have the meanings
provided for the 15 compounds of formula I above, with the proviso that any
interfering reactive group  present is optionally in protected form, and L
is a leaving group, with an amine of formula Ill R'R4-NH OH)  wherein R'
and R4 have the meaning provided for the compounds of  20 formula I above,
with the proviso that any interfering reactive group present is optionally
in protected form, and where required, deprotecting any protected group
present in the reaction product. Where desired, the compound may be
converted into a pharmaceutically acceptable  salt thereof. 25 In another
method the compounds of formula I may be prepared by a  method comprising
(a) treating a compound of formula IV 21 April 2004 WO 01/29042
PCT/EPOO/10088 21 (W) wherein Xis halo, R is alkyl, and R2 and R3 have the
meaning  



provided for the compounds of formula I mentioned above, in the presence 5
of a base to afford a compound of formula V (R2)n lV) (b) treating a
compound of formula V with an oxidizing agent followed by an  amine of the
formula R1R4NH (wherein and R' and R have the meaning provided for the
compounds of formula I mentioned above) to afford a compound of  10 formula
M. Where desired, the compound obtained may optionally be converted into a
pharmaceutically acceptable salt thereof The compounds of the present
invention can be prepared by a variety of  15 methods, using procedures
well known to those of skill in the art. Regarding the above mentioned
processes, the compounds of the present invention are prepared  as outlined
in more detail in Scheme 1 or as outlined in Scheme 4. 20 21 April 2004 WO
01/29042 22 Scheme I [a N-lk~ R., S~N N~O  O O I R3 1h N CO2Et N N `N"  Rj
R3 CI (R2)n (R2) n 



E Rc J i (R2)n PCT/EPOO/10088 (R2) n 21 April 2004 WO 01/29042
PCT/EP00/10088 23 Treatment of a compound of formula la (where R is an
alkyl, aryl or aralkyl  group) with a primary amine (R3-NH2) provides a
compound of formula lb. This  reaction is conveniently carried out in a
solvent which is inert under the reaction  conditions, preferably an
open-chain or cyclic ether (such as tetrahydrofuran), a 5 halogenated
aliphatic hydrocarbon, especially dichloromethane, an optionally
halogenated aromatic hydrocarbon, a formamide, a lower alkanol, or water.
Suitably, the reaction is carried out at about -200C to about 1200C.
Reduction of a compound of formula lb provides an alcohol of formula lc.
10 This reduction is typically carried out using lithium aluminium hydride
in a manner well known to those of skill in the art (e.g. in a solvent
which is inert under  the conditions of the reduction, preferably an
open-chain or cyclic ether, especially  tetrahydrofuran, at about -200 C to
about 700C, preferably at about 00C to about  room temperature). 15
Oxidation of an alcohol of formula Ic in the next step provides a
carboxaldehyde of formula Id. The oxidation is typically carried out with
manganese dioxide, although numerous other methods can also be employed
(see,  for example, ADVANCED ORGANIC CHEMISTRY, 4'H ED., March, John Wiley
& Sons,  New York (1992)). Depending on the oxidating agent employed, the
reaction is 20 carried out conveniently in a solvent which is inert under
the specific oxidation  conditions, preferably a halogenated aliphatic
hydrocarbon, especially  dichloromethane, or an optionally halogenated
aromatic hydrocarbon. Suitably,  the oxidation is carried out at about 00C
to about 600C. 25 Reaction of a carboxaldehyde of formula Id with a
substituted aniline (R2),,- C6H~nNH2 provides a compound of formula le.
This reaction maybe carried out  



in the presence of an acid, e.g. an aromatic sulfonic acid, preferably
4-toluene- sulfonic acid, with azeotropic removal of the water formed
during the reaction.  Conveniently, the reaction is carried out in a
solvent which is inert under the 30 reaction conditions, preferably an
aromatic hydrocarbon, especially toluene or  xylene, or an optionally
halogenated aromatic hydrocarbon, and at a temperature of 21 April 2004 WO
01/29042 24 PCT/EPOO/10088 about 700C to about 1500C, especially at the
reflux temperature of the solvent to  assist in the noted azeotropic
removal of water. Reduction of a compound of formula le to give a compound
of formula If  5 can be carried out using, for example, hyride reducing
agents such as sodium borohydride, lithium aluminium hydride or sodium
triacetoxyborohydride under  conditions well known to those of skill in the
art. Preferably, the compound of  formula Ie is not purified, but rather
the reaction mixture in which it is prepared is  concentrated and the
concentrate obtained is taken up in a solvent which is inert 10 under the
conditions of the reduction, preferably an open-chain or cyclic ether,
especially tetrahydrofuran or an optionally halogenated aromatic
hydrocarbon or a  lower alkanol, and then treated with an aforementioned
reducing agents. The  reduction is suitably carried out at about-10 C to
about 100C, preferably at about  0C. 15 Cyclization of a compound of
formula If provides a bicyclic nitrogen  heterocycle of formula Ig. The
cyclization can be effected by reaction of If with a  carbonylating agent
such as phosgene or trichloromethyl chloroformate (or another  phosgene
equivalent), conveniently in the presence of a tertiary organic base, 20
preferably a tri(lower alkyl)amine, especially triethylamine. More
particularly, the  cyclization is carried out in a 'solvent which is inert
under the conditions of the  reaction, preferably an open-chain or cyclic
ether, especially tetrahydrofuran, an  optionally halogenated aromatic
hydrocarbon or a halogenated aliphatic hydrocarbon. Conveniently, the
reaction is carried out at about -200C to about  



25 50C, preferably at about -20 to 0C. Oxidation of Ig with a peroxy acid
such as 3-chloroperbenzoic acid or with  Oxone(r) (potassium
rnonopersulphate triple salt) in an aqueous aprotic solvent such  as
tetrahydrofuran, provides a sulfone (Ih) (or, if desired, its corresponding
30 sulfoxi.de by controlling the oxidation conditions) which can be
converted to a  variety of target compounds. Typically the oxidation of Ig
is carried out in a solvent  which is inert under the conditions of the
oxidation, preferably a halogenated 21 April 2004 WO 01/29042
PCT/EP00/10088 25 aliphatic hydrocarbon, especially chloroform or
dichloromethane, and at about - 20C to about 50C, preferably about 0C to
about room temperature. Finally, treatment of Ih with an amine (R'R4-NH)
provides the target 5 compounds for formula I. The reaction can be carried
out in the presence or  absence of solvent. Solvents that may be used
include polar aprotic solvents  including ethers such as dimethoxyethane,
dimethoxyethyl ether and tetrahydro- furan and dipolar aprotic solvents
such as dimethyl formamide and N,N-dimethyl- pyrrolidinone. Conveniently,
the reaction is carried out at temperatures of from 10 about 0C to about
200C, more preferably about room temperature to about  150C_ Accordingly,
the present invention provides a method of preparing  compounds of formula
I, by treating a compound of general formula Ii with an  15 amine
(R1R4-NH). RI R3  I In compound Ii, the symbols R2, R3, R4 and the
subscript n have the meanings  provided above with reference to formula I.
The letter L represents a leaving group  20 which can be a halogen, a lower
alkanesulfonyl or alkanesulfinyl group (e.g., rnethanesulfonyl,
methanesulfinyl or trifluoromethanesulfonyl) or an aromatic  sulfonyl or
sulfinyl group (e-g., benzenesulfouyl, benzenesulfinyl or 4-
toluenesulfonyl). Other suitable leaving groups are known to those of skill
in the  art and can be found in, for example, ADVANCED ORGANIC CHEMISTRY, 4
ED., 



25 March, John Wiley & Sons, New York (1992). Suitable amines (R'-NH2) are
those  in which R' represents any of the R' groups noted for formula I. 21
April 2004 WO 01/29042 26 Scheme 2 In another embodiment, the bicyclic
nitrogen heterocycle can be constructed  first and R3 can be introduced at
a later stage of synthesis as shown in Scheme 2. N N  R`~ H S N NH2 ila lid
R,SN:NCO  1  R3  lic (R2)n N Ra N N' -N- "-O  { I 5 10 RI PCT/EPOO/10088
(R2)n I_ (R2)n (R2)n 4 N RCS N NLO  1  



H Ilb Y N I (R2)n I R3 Compound Ha, the starting material in Scheme 2, can
be prepared by the  displacement reaction of commercially available
compounds of formula la to  provide compounds of formula lb as previously
described in Scheme 1. Briefly,  treatment of the mercapto compound with a
suitable amine provides a compound of formula lb (R3 = H). Conversion of lb
(R3 = H) to Fla can follow the steps  provided in Scheme 1. 21 April 2004
WO 01129042 PCT/E1'00110088 27 Cyclization of Ila provides a bicyclic
nitrogen heterocycle of formula Ilb.  The cyclization can be effected by
reaction of Ila with phosgene or trichloromethyl  chloroformate (or
phosgene equivalent), typically in the presence of a tertiary  organic
base, preferably a tri(lower alkyl)amine, especially triethylamine. More 5
particularly, the cyclization is carried out in a solvent which is inert
under the  conditions of the reaction, preferably an open-chain or cyclic
ether, especially  tetrahydrofuran, an optionally halogenated aromatic
hydrocarbon or a halogenated  aliphatic hydrocarbon. Conveniently, the
reaction is carried out at about -200C to  about 50C, preferably,at about
OC to about room temperature. 10 Introduction of an R3 group to provide a
compound of formula IIc can be  accomplished under a variety of conditions.
For example, Ilb can be treated with  alkali metal hydride, especially
sodium hydride, and subsequent reaction with a  compound of the general
formula R3-L, wherein R3 has any of the values accorded 15 to R3
hereinbefore except hydrogen, aryl or heteroaryl and L represents a leaving



group (e'-g., halo, methanesulfonate, trifluoromethanesulfonate, and the
like). The  N-substitution is conveniently carried out in a solvent which
is inert under the  reaction conditions, preferably a formamide, especially
N-methylpyrrolidinone or  dimethylformamide, an open-chain or cyclic ether
or an optionally halogenated 20 aromatic hydrocarbon. Suitably, the
reaction is carried out at about 500C to about  200C, preferably at about
500C to about 150C. Alternatively, the alkylation may  be carried out with
an inorganic base such as potassium carbonate in a formamide  solvent such
as N-methylpyrrolidinone temperatures from about OC to about  25C. 25 An
alternative, and preferable method for the introduction of R3 involves a
alkylation of the pyrimidinone nitrogen via the Mitsunobu reaction. In this
method, an alcohol of the general formula R3-OH is combined with a compound
of  general formula IIb in the presence of, for example, triphenylphosphine
and diethyl 30 azodir_arboxylate or diphenylpyridyl phosphine and
tent-butylazodicarboxylate (See,  Tetrahedron Lett., 40: 4497-4500 (1999).
The alkylation is conveniently carried out  in a solvent which is inert
under the reaction conditions, preferably an open-chain 21 April 2004  WO
01/29042 PCT/EPOO/10088 28 or cyclic ether, at temperatures of about -200C
to about 100C, preferably at about  OC to about 300C (or room temperature).
As with other alkylation methods,  primary and secondary alcohols are the
most suitable for reaction under these  conditions. 5 Following the
introduction of R3, the oxidation and displacement steps (to  introduce
R'R4N-) can be accomplished as outlined in Scheme I above to provide
target compounds of formula I. 10 In still other embodiments, the compounds
can be prepared by reversing the  order of alkylation and displacement
steps, thereby reversing the order of -R3 and  -NRIR4 introduction, shown
in Scheme 3. 21 April 2004 



WO 01/29042 PCTIEP00/10088 29 Scheme 3 (R2)n I_ ~(R2) n N Ila  R,SN N"~O  I
H lib (R2)n ~  R ,S` N N H  0% (R2) n  N- -N" 'O R4 A N R' R3 I (R2)n .5
Accordingly, a compound of formula Ila can be cyclized to Jib (as earlier
shown in Scheme 2). Oxidation of Jib to Illa provides the template for the
subsequent displacement and alkylation steps. Thus, treatment of IIIa with
R'-NH2  under the conditions described above, provides IIIb, which can be
alkylated using  R3-L (wherein L has the meaning noted above) or R3-OH
using a Mitsunobu 10 reaction as described earlier to provide the target
compounds of formula I. 



21 April 2004  WO 01/29042 PCTlEP00110088 30 Scheme 4 2) lVc N I R"S"'~'N-;
rl~ N-A-11 0  1  R3  IVd A (R2)1 I 5 Scheme 4 provides an alternative
method of preparing the compounds of  Formula 1. R2)" Compound Ia, the
starting material in Schemes I and 4, is commercially  available. The
treatment of a compound of formula Ia with a suitable a.rninating 10 agent
or nucleophile as described in Scheme 1, provides a compound of formula Ib.
21 April 2004 WO 01/29042 PCT/EP00110088 31 Treatment of a compound of
formula Ib with a substituted or unsubstituted  phenylisocyanate provides
an amide compound of formula IVa. This reaction is  carried out in an inert
organic solvent, preferably an aromatic hydrocarbon such as  toluene or
xylenes, and at a temperature of about 0C to about 150C. 5 Reduction of a
compound of formula IVa provides an alcohol of formula IVb.  This reduction
is carried out using lithium aluminium hydride in a manner well  known to
those skilled in the art (e.g.) in an inert organic solvent such as an
open- 



chain or cyclic ether, especially tetrahydrofiuan, at about -60C to about
90C, 10 preferably at about -20C to about room temperature. Reaction of an
alcohol of formula IVb with a halogenating agent provides a  compound of
formula We wherein X is bromo, chloro, or iodo, preferably bromo.  Although
numerous halogenating methods can be employed (see, for example, 15
ADVANCED ORGANIC CHEMISTRY, 4 ED., March, John Wiley & Sons, New York
(1992)), this reaction can be carried out using phosphorus tribromide or
phosphorous pentachloride to obtain the corresponding bromo or chloro
compound, respectively. Conveniently, the reaction is carried out in a
solvent  which is inert under reaction conditions, preferably an open-chain
or cyclic ether, 20 especially tetrahydrofuran, or a halogenated aliphatic
hydrocarbon, and at about  0C to about 60C. Cyclization of a compound of
formula IVc provides a bicyclic nitrogen  heterocycle of formula IVd. The
cyclization can be effected in the presence of a 25 base, preferably
hexamethyldisilazane. Typically the cyclization is carried out in the
presence of a solvent which is inert under the conditions of the reaction,
preferably  a dipolar organic solvent, such as 1-methyl-2-pyrrolidinone,
N,N-dimethyl- formamide, or NN-dimethyl-acetamide, or dimethyl suiphoxide,
and at about  10C to about 200C for about I to 50 hours. Preferably the
reaction is heated for 30 about I to 10 hours at about 60C to about 150C.
21 April 2004  WO 01/29042 PCT/EPOO/10088  32 Finally, treatment of Id
with, a oxidizing agent such as N-chloro-succinimide  or chlorine and
water, and an amine (R1R4-NH) provides the target compounds of  formula I
via a sulfoxide intermediate compound of formula A. The in situ
oxidation/displacement reaction is carried out in the presence of solvent
which is 5 inert under conditions of the reaction, preferably dipolar
aprotic solvents 1-methyl- 2-pyrrolidinone, N,N-dimethyl formamide or
tetrahydrofuran. Conveniently, the  reaction is carried out at about 0C to
about 120C, more preferably about room  temperature. 10 One of skill in the
art will understand that certain modifications to the above  



schemes are contemplated and within the scope of the present invention. For
example, certain steps will involve the protection and deprotection of
reactive  functional groups that are not compatible with particular
reaction conditions. 15 In another aspect the present invention relates to
pharmaceutical  compositions containing the compounds of formula I. The
compounds of formula I and the pharmaceutically acceptable salts of  basic
compounds of formula I with acids can be used as medicaments, e.g. in the
20 form of pharmaceutical preparations. The pharmaceutical preparations can
be  administered enterally, e.g. orally in the form of tablets, coated
tablets, dragees, hard  and soft gelatine capsules, solutions, emulsions or
suspensions, nasally, e.g. in the  form of nasal sprays, or rectally, e.g.
in the form of suppositories. However, they  may also be administered
parenterally, eg. in the form of injection solutions. 25 The compounds of
formula I and their aforementioned pharmaceutically  acceptable salts can
be processed with pharmaceutically inert, organic or inorganic  carriers
for the production of pharmaceutical preparations. Lactose, corn starch or
derivatives thereof, talc, stearic acid or its salts and the like can be
used, for example, 30 as such carriers for tablets, coated tablets, dragees
and hard gelatine capsules.  Suitable carriers for soft gelatine capsules
are, for example, vegetable oils, waxes,  fats, semi-solid and liquid
polyols and the like; depending on the nature of the  active ingredient no
carriers are, however, usually required in the case of soft 21 April 2004
WO 01/29042 33 PCT/EP00/10088 gelatine capsules- Suitable carriers for the
production of solutions and syrups are,  for example, water, polyols,
sucrose, invert sugar, glucose and the like. Suitable  carriers for
suppositories are, for example, natural or hardened oils, waxes, fats,
semi-liquid or liquid polyols and the like. 5 The pharmaceutical
preparations can also contain preservatives, solubilizers,  stabilizers,
wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for  



varying the osmotic pressure, buffers, masking agents or antioxidants. They
can  also contain therapeutically valuable substances other than the
compounds of 10 formula I and their aforementioned pharmaceutically
acceptable salts. Medicaments which contain a compound of formula I or a
pharmaceutically  acceptable salt of a basic compound of formula I with an
acid in association with a  compatible pharmaceutical carrier material are
also an object of the present 15 invention. Another aspect is a process for
the production of such medicaments  which comprises bringing one or more of
these compounds or salts into a galenical  administration form together
with a compatible pharmaceutical carrier. If desired,  the medicament may
contain one or more other therapeutically valuable substances  which may be
added during the process of preparing said medicament. 20 As mentioned
earlier, the compounds of formula I and their aforementioned
pharmaceutically acceptable salts can be used in accordance with the
invention as  therapeutically active substances, especially as
antiinflammatory agents or for the  prevention of graft rejection following
transplant surgery. The dosage can vary 25 within wide limits and will, of
course, be fitted to the individual requirements in  each particular case.
In general, in the case of administration to adults a convenient  daily
dosage should be about 0.1 mg/kg to about 100 mg/kg, preferably about 0.5
mg/kg to about 5 mg/kg. The daily dosage may be administered as a single
dose  or in divided doses and, in addition, the upper dosage limit referred
to earlier may  30 be exceeded when this is found to be indicated. Finally,
the use of compounds of formula I and their aforementioned -
pharmaceutically acceptable salts for the production of medicaments,
especially in 21 April 2004  WO 01/29042 PCT/EPOO/10088  34 the treatment
or prophylaxis of inflammatory, immunological, oncological,
bronchopulmonary, dermatological and cardiovascular disorders, in the
treatment  of asthma, central nervous system disorders or diabetic
complications or for the  prevention of graft rejection following
transplant surgery, is also an object of the 5 invention. 



Compounds of Formula I would be useful for, but not limited to, the
treatment of any disorder or disease state in a human, or other mammal,
which is  excacerbated or caused by excessive or unregulated TNF and/ or
IL- Ior p38 kinase 10 production by such mammal. Accordingly, the present
invention provides a  method of treating a cytokine-mediated disease which
comprises administering an  effective cytokine-interfering amount of a
compound of Formula I, or a  pharmaceutically acceptable salt or tautomer
thereof. 15 More specifically, the compounds of formula I maybe used in the
treatment  of arthritis, Crohn's disease, irritable bowel syndrome, adult
respiratory distress  syndrome, chronic obstructive pulmonary disease,
osteoporosis, or Alzheimer's  disease. Compounds of Formula I would be
useful for, but not limited to, the  treatment of inflammation in a
subject, and for use as antipyretics for the treatment 20 of fever.
Compounds of the invention would be useful to treat arthritis, including
but not limited to, rheumatoid arthritis, spondyloarthropathies, gouty
arthritis,  osteoarthritis, systemic lupus erythematosus and juvenile
arthritis, arthritis and  other arthritic conditions. Such compounds would
be useful for the treatment of  pulmonary disorders or lung inflammation,
including adult respiratory distress 25 syndrome, pulmonary sarcoidosis,
asthma, silicosis, and chronic pulmonary  inflammatory disease. The
compounds are also useful for the treatment of viral and  bacterial
infections, including sepsis, septic shock, gram negative sepsis, malaria,
meningitis, cachexia secondary to infection or malignancy, cachexia
secondary to  acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS
related 30 complex), pneumonia, and herpesvirus. The compounds are also
useful for the  treatment of bone resorption diseases, such as
osteoporosis, endotoxic shock, toxic  shock syndrome, reperfusion injury,
autoimmune disease including graft vs. host  reaction and allograft
rejections, cardiovascular diseases including atherosclerosis, 21 April
2004 WO 01/29042 35 1'CT/EPO0/10088 thrombosis, congestive heart failure,
and cardiac reperfusion injury, renal  reperfusion injury, liver disease
and nephritis, and myalgias due to infection. 



The compounds are also useful for the treatment of influenza, multiple  5
sclerosis, cancer, diabetes, systemic lupus erthrematosis (SLE),
skin-related conditions such as psoriasis, eczema, bums, dermatitis, keloid
formation, and scar  tissue formation. Compounds of the invention also
would be useful to treat  gastrointestinal conditions such as inflammatory
bowel disease, Crohn's disease,  gastritis, irritable bowel syndrome and
ulcerative colitis. The compounds would 10 also be useful in the treatment
of ophthalmic diseases, such as retinitis,  retinopathies, uveitis, ocular
photophobia, and of acute injury to the eye tissue.  Compounds of the
invention also would be useful for treatment of angiogenesis,  including
neoplasia; metastasis; ophthalmological conditions such as corneal graft
rejection, ocular neovascularization, retinal neovascularization including
15 neovascularization following injury or infection, diabetic retinopathy,
retrolental  fibroplasia and neovascular glaucoma; ulcerative diseases such
as gastric ulcer,  pathological, but non-malignant, conditions such as
hemaginomas, including  invantile hernaginomas, angiofibroma of the
nasopharynx and avascular necrosis of bone; diabetic nephropathy and
cardiomyopathy; and disorders of the female 20 reproductive system such as
endometriosis. The compounds of the invention may  also be useful for
preventing the production of cyclooxygenase-2 and the  compounds of this
invention are also expected to be useful in the prevention and  treatment
of cancer, in particular colon cancer. The compounds of this invention  are
also expected to be useful in the prevention and treatment of Alzheimer's
25 disease. Besides being useful for human treatment, these compounds are
also useful  for veterinary treatment of companion animals, exotic animals
and farm animals,  including mammals, rodents, and the like. More preferred
animals include horses,  30 dogs, and cats. The present compounds may also
be used in co-therapies, partially or  completely, in place of other
conventional antiinflammatories, such as together with 21 April 2004  WO
01129042 PCTiEP00/10088 36 steroids, cyclooxygenase-2 inhibitors, NSAIDs,
DMARDS, immunosuppressive  



agents, 5-lipoxygenase inhibitors, LTB4 antagonists and LTA4 hydrolase
inhibitors. As used herein, the term "TNF mediated d'isorder' refers to any
and all 5 disorders and disease states in which TNF plays a role, either by
control of TNF  itself, or by TNF causing another monokine to be released,
such as but not limited  to IL-1, IL-6 or IL-8. A disease state in which,
for instance, IL-1 is a major  component, and whose production or action,
is exacerbated or secreted in response  to TNF, would therefor, be
considered a disorder mediated by TNF. 10 As used herein, the term "p38
mediated disorder" refers to any and all  disorders and disease states in
which p38 plays a role, either by control of p38 itself,  or by p38 causing
another factor to be released, such as but not limited to IL-1, IL-6  or
IL-8. A disease state in which, for instance, IL-1 is a major component,
and 15 whose production or action, is exacerbated or secreted in response
to p38, would  therefore be considered a disorder mediated by p38. As TNF-P
has dose structural homology with TNF-a (also known as  cachectin), and
since each induces similar biologic responses and binds to the same 20
cellular receptor, the synthesis of both TNF-a and TNF-i are inhibited by
the  compounds of the present invention and thus are herein referred to
collectively as  "TNF" unless specifically delineated otherwise. EXAMPLES
25 The following examples are offered to illustrate, but not to limit the
claimed  invention. In the examples below, unless otherwise stated,
temperatures are given in 30 degrees Celsius (C); operations were carried
out at room or ambient temperature  (typically a range of from about
18-25C; evaporation of solvent was carried out  using a rotary evaporator
under reduced pressure (typically, 4.5-30 mmHg) with a  bath temperature of
up to 60C; the course of reactions was typically followed by 21 April 2004
WO 01/29042 PCT/EPOO110088 37 TLC and reaction times are provided for
illustration only, melting points are  



uncorrected; products exhibited satisfactory 'H-NMR and/or microanalytical
data;  yields are provided for illustration only; and the following
conventional  abbreviations are also used. mp (melting point), L
(liter(s)), mL (milliliters), mmol 5 (millimoles), g (grams), mg
(milligrams), min (minutes), and h (hours).  DEAD stands for diethyl
azodicarboxylate DIAD stands for diisopropyl azodicarboxylate DMPU stands
for 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone 10 Example 1 15 Cl
This example illustrates the preparation of 3-(2,6-dichlorophenyl)-7-
methanesulfonyl-l-methyl-3,4-dihydropyrimido[4,5-d]pyrimniidin-2(1H)-one
beginning with ethyl 4-chloro-2-inethylthiopyrimidine-5-carboxylate. A -N-
-N- -""'n CH3 1.1 Preparation of ethyl
4-methylamino-2-methylthiopyrimidine-5- carboxylate H3C. CO2Et ' C02Et N Cl
H3C,S NH  i CH3 20 A solution of ethyl
4-chloro-2-methylthiopyrirnidine-5-carboxylate (20 g,  86 rnmol) (Aldrich
Chemical Co., Milwaukee, Wisconsin, USA) in 250 mL of  dichloromethane was
cooled to 0C and treated slowly with a 33% solution of  methylaznine in
ethanol (35 ml, 281 inmol). After stirring for 30 minutes, 150 mL  of water
were added and the phases were separated. The organic phase was dried 25
over magnesium sulfate and filtered. The filtrate was evaporated under
reduced 21 April 2004  



WO 01/29042 PCT/EP00/10088  38 pressure to give 19 g (97%) of ethyl
4-methylamino-2-methylthiopyrimidine-5- carboxylate as a white solid. 1.2
Preparation of 4-methylamino-2-methylthiopyrimidine-5-methanol CO Et 5
H3C,S N 14 NH H3C.S2NNH  I I  CH3 CHs Lithium alumipium hydride (9 g, 237
mmol) was stirred in 300 mL of dry  tetrahydrofuran and treated dropwise
with a solution of ethyl 4-methylamino-2-
rn,ethylthio-pyrimidine-5-carboxylate (34 g, 143 mmol) in 300 mL of dry
tetrahydrofuran and left to stand for 15 minutes. The mixture was cooled in
ice and 10 cautiously treated dropwise with 18 mL of water. Thirty six mL
of 2M sodium  hydroxide solution were added dropwise, followed by 48 mL of
water. The resulting  suspension was stirred for 17 hours at room
temperature and then filtered. The  filter residue was washed twice with
100 mL of ethyl acetate each time and the  combined filtrate and washings
were evaporated under reduced pressure. The 15 residue was suspended in 200
mL of dichloromethane/hexane (2:1) and the solid  was off and dried to give
23.5 g (86%) of 4-methylamino-2-methylthiopyrimidine- 5-methanol as a
yellow solid. 1.3 Preparation of 4-methylamino-2-methylthiopyrimidine-5- 20
carboxaldehyde CHO H3C, H3C S- _N" -NH S- -N" -NH  E I CH3 CH3
4-Methylamino-2-rnethylthiopyrimidine-5-methanol (20 g, 108 mmol) and  



I L of dichloromethane were combined with stirring and treated with
manganese  dioxide (87 g,1 mol). The resulting suspension was stirred for
24 hours and then 25 filtered through a filter aid. The filter residue was
washed with 100 mL of  dichloromethane and the combined filtrate and
washings were evaporated under 21 April 2004 WO 01/29042 39 PCT/EPOO/10088
reduced pressure to give 15.8 g (80%) of
4-methylamino-2-methylthiopyrimidine- 5-carboxaldehyde as a white solid.
1.4 Preparation of5-(2,6-dichlorophenyl)aminomethyl-4-methylamino-2- 5
methylthio pyrimidine N I S~  H3C, J~ S N ,... CHO NH  CH3 H3C, A mixture
of4-methylamino-2-methylthiopyrimidi.ne-5-carboxaldehyde  (6 g, 32.8 mmol),
2,6-dichloroaniline (5.5 g, 33.9 mmol) and 4-toluene-sulfonic  acid (1 g,
5.3 mmol) in 70 mL of toluene was heated under reflux with azeotropic 10
removal of water for 17 hours. The mixture was concentrated to a volume of
about  10 mL under reduced pressure and then treated with 120 mL of ethanol
The  suspension obtained was heated to 750C and treated over a period of 15
minutes  with 6.2 g (160 mmol) of sodium borohydride pellets. The mixture
was stirred for a  further 15 minutes and cooled to room temperature. The
solvent was evaporated 15 under reduced pressure and the residue was
stirred in a mixture of 200 niL of 2M  sodium hydroxide solution and 200 mL
of ethyl acetate for 1 hour- The phases were  separated and the organic
phase was dried over magnesium sulfate and filtered.  



Evaporation of the filtrate under reduced pressure and flash chromatography
of the  residue using 3:7 diethyl ether/hexane for the elution gave 5.2 g
(48%) of 5-(2,6 20
dichlorophenyl)aminomethyl-4-methylamino-2-methylthio-pyrimidine as a white
solid. 21 April 2004 WO 01/29042 PCT/EPOO/10088 40 1.5 Preparation of
3-(2,6-dichlorophenyl)-7 methylthio-I -methyl-3,4 dihydro
pyrimido[4,5-d]pyrimidin-2(IH)-one CI-'_ CI , H3C. ~ H C H3C. CI S N NH S N
N CiH3 CH3  1.1  5 A stirred solutioti, cooled in ice, of 12 mL of phosgene
(20% solution in toluene; 23 mmol) in 100 mL of tetrahydrofuran was treated
dropwise with a  solution of
5-(2,6-dichlorophenyl)aminomethyl-4-methylamino-2-methylthio- pyrimidine (5
g, 15.2 mmol) and triethylaxnine (4 mI., 29 mmol) in 80 mL of
tetrahydrofuran. After stirring for 1 hour the mixture was treated with 100
mL of 10 saturated aqueous ammonium chloride solution and the phases were
separated.  The aqueous phase was extracted with 100 mL of tetrahydrofuran
and the  combined organic solutions were dried over magnesium sulfate and
filtered. The  filtrate was concentrated under reduced pressure to give 4.8
g (89%) of 3-(2,6- dichlorophenyl)-7-methylthio-
l-methyl-3,4-dihydropyrimido [4,5-d]pyrimidin 15 2(1H)-one (sulfide 1.1) as
a white solid. 1.6 Preparation
of3-(2,6-dichlorophenyl)-7-methanesulfonyI-I-methyI
3,4-dihydropyrimido[4,5-d]pyrimidin--2(IH)-one  CI" Cl N ~ N-^')--' H3C,SN
N~O CI H3CSAN N~O CI 



_ CH3 0 0 CH3  Sulfone 1.2 A solution of
3-(2,6-dichlorophenyl)-7-methylthio-l-methyl-3,4-
dihydropyrirnido[4,5-d]pyrimidin-2(1H)-one (1.1) (5 g, 14.1 mmol) in 200 mL
of  dichloromethane was cooled in ice and treated with 3-chloroperbenzoic
acid (10 g,  28.9 mmol). The mixture was stirred at room temperature for 17
hours, then 21 April 2004 WO 01129042 PCT/EPOO/10088 41 treated with 2 niL
of dimethyl sulfoxide and left to stand for 10 minutes. Saturated  aqueous
sodium bicarbonate solution (100 mL) was then added and the phases  were
separated. The organic phase was dried over magnesium sulfate and filtered.
Concentration of the filtrate under reduced pressure gave 5 g (92%) of
3-(2,6 5 dichlorophenyl)-7-methanesulfonyl-l-methyl-3,4-dihydropyrimido
[4,5- d]pyrimidin-2(1H)-one (sulfone 1.2) as a white solid. A related
compound, 3-(2-clilorophenyl)-7-methanesulfonyl-1-methyl-3,4-
dihydropyrimidin-2(1H)-one (sulfone 1.3) was prepared using 2-chloroaniline
in  10 place of 2,6-dichloroaniline in step 1.4, above.  HC~SANNO  OO CHs
Sulfone 1.3 Similarly,
7-methanesulfonyI-3-ortho-tolyl-l-methyl-3,4-dihydropyrimidin- 2(1H)-one
(sulfone 1.4) was prepared using o-toluidine in place of 15
2,6-dichioroaniline in step 1.4, above. N  H3CII S N N 00 20 



CH3  Sulfone 1.4 Example 2  Compound 1-7 This example illustrates the
preparation of 3-(2-chlorophenyl)-7-(2- hydroxy-1,1-dimethylethylamino) - l
-methyl-3,4-dihydropyrimido [4,5-d] - pyrimidin-2(1H)-one, in which the
displacement reaction is carried out in the  absence of solvent. 21 April
2004 WO 01/29042 42 HO PCT/EP00l10088 ,N, -N,  _N, i S -";'0 v I  O O f
CH3 H3C H CH3 Sulfone 1.3 (0-200 g, 0.57 mmol) was combined with
2-amino-2-methyl- 1-propanol (0.1ImL,1.2 mmol). The mixture was heated to
100-110 C for 1 hour 5 at which time it was cooled to room temperature. The
residue was purified by  column chromatography on silica gel using 25:15
hexanelacetone. The column  fractions containing product were combined and
concentrated in vacuo to an oil  which was redissolved in ethyl acetate.
Addition of hydrochloric acid (LOMIEt20,  1.0 equivalent) gave the salt
which was filtered and dried to give 0.150 g of the 10 hydrochloride salt
of 3-(2-chlorophenyl)-7-(2-hydroxy-1,1-dimethylethylamino)-
1-methyl-3,4-dihydropyriraido-[4,5-d)pyrimidin-2(1H)-one. Replacement of
2-amino-2-methyl- l -propanol with the requisite amine  



R'R4NH gave additional compounds of the invention as listed on Tables 1-3.
15 Example 3  Compound 1-13 This example illustrates the preparation of
3-(2-chlorophenyl)-7-((1S,2R)- 2-hy(iroxy-'l
-hydroxymethyl-propylamino)-1-methyl-3,4-dihydropyrimido 20
[4,5-d)pyrimidin-2(1H)-one. Cl-, CI N \ N~ - N \ H3C , -N NO HN~N S N~O  O
CH3 CH3 OH OH Sulfone 1.3 (0.800 g, 2.27 mmol) was combined with
2-methoxyethyl ether  (3 mL) and D-allothreoninol ((2R,
3S)-2-amino-3-hydroxybutanol) (0.480 g, 21 April 2004 WO 01/29042 43
PCT/EP00/10088 4.56 mmol). The mixture was heated at 100 C for one hour at
which time the  temperature was raised to 130C since the reaction was not
complete. After 30  minutes, the reaction was complete and the mixture was
cooled to room temperature. The mixture was concentrated in vacuo and the
residue was purified  5 by column chromatography on silica gel using 70:5:1
dichloromethane/  methanol/isopropylaznine. The column fractions containing
product were  combined and concentrated to an oil which was redissolved in
ethyl acetate.  Addition of hydrochloric acid (1.OM/Et2O,1.0 equivalent)
gave the salt which was  filtered and dried to give 0-448 g of the
hydrochloride salt of 3-(2-chloro-phenyl)-7 10
((1S,2R)-2-hydroxy-1-hydroxymethylpropyl-amino)-l-methyl-3,4-
dihydropyrimido-[4,5-d]pyrimidin-2(1H)-one. Replacement of D-allothreoninol
with the requisite amine R'R4NH gave  additional compounds of the invention
as listed on Tables 1-3. 



15 Example 4  Compound 1-2 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(2-
hydroxy-l-methylethylamino)-1-methyl-3,4-dihydropyrimido [4,5-d] pyrimidin-
20 2(1H)-one. N  N- -N" v CH 3  ~I -Y I  H ~ HO N N- -N" 'O  N N O I  H CH3
O O L;"3 Sulfone 1.3 (0.200 g, 0.57 mmol) was combined with D,L-2-amino-1-
propanol (0.09 mL,1.13 mmol) and heated at 100-110 C for 30 minutes. The 25
reaction was then cooled to room temperature and the mixture was purified
by  column chromatography on silica gel using 9:1 dichloromethane/methanol
as  eluant. The column fractions containing product were combined and
concentrated  in vacuo to an oil which was redissolved in ethyl acetate.
Addition of hydrochloric  acid (1.OM/Et2O, 1.0 equivalent) gave the salt
which was filtered and dried to give 21 April 2004 WO 01/29042 44
PCTIEPOO/10088 0.142 g of the hydrochloride salt of
3-(2-chlorophenyl)-7-(2-hydroxy-l-
methylethylamino)-1-methyl-3,4-dihydro-pyrimido[4,5-d]
pyrirnidin-2(1H)-one. 



5 10 Example 5  Compound 1-3 This example illustrates the preparation of
3-(2-chlorophenyl)-7- (2-hydroxypropylamino)-1-methyl-3,4-dihyd.ropyrimido
[4,5-d] pyrimidin-2 (1H)  one. N H3C,S-Q, N N0  0"p i CH3  CHS CH3 Sulfone
1.3 (0.200 g, 0.57 mmol) was combined with 1-amino-2-propanol  (0.09 mL,
1.17 mmol) and heated at 100-110 C for 30 minutes. The reaction was  then
cooled to room temperature and the mixture was purified by column
chromatography on silica gel using 9:1 dichloromethanelmethanol as eluant.
The  15 column fractions containing product were combined and concentrated
in vacuo to  an oil which was redissolved in ethyl acetate. Addition of
hydrochloric acid (1.OM/Et2O, 1.0 equivalent) gave the salt which was
filtered and dried to give 0.165  g of the hydrochloride salt of
3-(2-chlorophenyl)-7-(2-hydroxypropylamino)-1-
methyl-3,4-dihydropyrimido-[4,5-d] pyrimidin-2(1H)-one. 20 . Example 6
Compound 3-28 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(2,3-
dihydroxy-1,1-(iimethylpropylamino)-1-methyl-3,4-dihydropyriniido [4,5- 25
d]pyrimidin-2(1H)-one. 21 April 2004 WO 01/29042 45 OH 



OH Preparation of 3-amino-3-methyIbutane-1,2-dioL PCT/EP00/10088 To a
solution of 3-methyl-2-buten-l-ol (20 mL, 0.2 mol) in 800 mL of water  5
was added sodium bicarbonate (42.5 g, 0.5 mol). The solution was cooled to
5C and 3-chloroperbenzoic acid (54 g, 0.22 mol) was added in portions over
a 1 hour  period. The mixture was stirred at room temperature for 12 hours,
then saturated  with sodium chloride and extracted with dichloromethane.
The layers were  separated, and the organic layer was dried over potassium
carbonate, and 10 concentrated in vacuo. The residue was purified by flash
chromatography using 2:1  hexane/ethyl acetate as eluant to give 10.02 g of
(3,3-dimethyloxiranyl)methanol as  an oil. A solution of
(3,3-dimethylo)dranyl)methanol (10 g, 98 mmol) in 15 dichloromethane (735
mL) was combined with a solution of titanium isopropoxide
(50mL,169.4rnmol) in dichloromethane (100 mL) and a solution of
axninodiphenyl-methane (40.6 mL, 235 mmol) in dichloromethane (100 mL), and
the reaction mixture was stirred at room temperature for 48 hours. A
solution of  10% sodium hydroxide in brine was added and the suspension
stirred for an 20 additional 12 hours, filtered and washed with 0.2M
hydrochloric acid. The layers  were separated, and the organic layer was
dried over magnesium sulfate, filtered, 21 April 2004  WO 01/29042
PCT/EP00/10088 46 concentrated. The residue was purified by column
chromatography using 4:1  hexane/ethyl acetate as eluant to give 5.1 g of
3-(benzhydryl-amino)-3- methylbutane-1,2-diol. 5
3-(Benzhydrylamino)-3-methylbutane-1,2-diol (5.1 g, 17.9 mmol) and
palladium hydroxide (1.2 g) in methanol (25 mL) were shaken under hydrogen
in a  par apparatus at 49 psi for 18 hours. The suspension was filtered,
and the filtrate  was concentrated in vacuo. The residue was suspended in
hexane, stirred for 2  minutes, and the hexane,.layer was decanted. The
residue was concentrated in vacuo 10 to give 1.74 g of
3-amino-3-methyl-1,2-butanediol. 



Preparation of 3-(2-chlorophenyl)-7-(2,3-dihydroxy-l,I
-dimethylpropylamino)-l- methyI-3,4-dihydropyrimido j4,5-dJpyrimidin-2(I
H)-one. 15 Sulfone 1.3 (700 mg, 1.7 mznol) was combined with
3-amino-3-methyl-1,2- butanediol (500 mg, 2.1 mmol) and 2-methoxyethyl
ether (2 mL). The mixture was  heated to 100C for 6 hours at which time it
was cooled to room temperature and  concentrated in vacuo. The residue was
purified by column chromatography on  silica gel using 99:1
dichlorornethane/methanol as eluant. The column fractions 20 containing
product were combined and concentrated in vacuo to the title  compound as
an oil, which was re-dissolved in ethyl acetate. Addition of  hydrochloric
acid (1.OM/Et2O, 2.0 equivalents) gave the salt which was filtered and
dried to give 256 mg of the hydrochloride salt of
3-(2-chlorophenyl)-7-(2,3-
dihydroxy-1,1-dimethylpropylarniuno)-1-methyl-3,4-dihydro-pyrimido [4,5-d]
25 pyrimidin-2(1H)-one. Example 7  Compound 3-43 This example illustrates
the preparation of 3-(2-chlorophenyl)- 30 7- [ (1-hydroxymethylcyclohexyl)
amino] -1-methyl-3,4-dihydropyrimido- [4,5-d] pyrimidin-2(1H)-one. 21 April
2004 WO 01/29042 PCT/EP00/10088 N H3 C S~ N N O  0 0 CH3 47 N HN N N  HO-
J~ CH3 Sulfone 1.3 (500mg, 1.2mmol) was combined with 1-amino-1-
cyclohexanemethanol (602mg, 4.6mmol) (prepared as described in J. Med.
Chem.,  1966,9(6),911-920) aid 1-methyl-2-pyrrolidinone (1 nnL). The
mixture was 



5 heated to 120C for 3 hours at which time it was cooled to room
temperature. The  residue was purified by column chromatography on silica
gel using 98:2  dichloromethane/ methanol as eluant. The column fractions
containing product  were combined and concentrated in vacuo to a solid
which was triturated with  water, filtered, dried and suspended in ethyl
acetate. Addition of hydrochloric acid 10 (1.OM/Et20, 2.0 equivalents) gave
the salt which was filtered and dried to give  328mg of the hydrochloride
salt of 3-(2-chlorophenyl)-7-[(I-hydroxymethyl- cyclohexyl)amino]
-1-methyl-3,4-dihydropyrimido [4,5-d] pyrimidin-2(1H)-one. 15 Example 8
Compound 3-45 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(1,4- dioxaspiro [4.5]
dec-8-ylamino)-1-methyl-3,4-dihydropyrimido [4, 5-d] pyrimidin- 2(1H)-one.
21 April 2004 WO 01129042 48 S-OH  N H C.. ) a S N_'NCO  0 CH3 Preparation
of l,4-dioxaspiro [4.5]dec-$ ylamine PCT/EP00/10088 HIS, N.11z~' NJN-:k-O N
To a mixture of 1,4-dioxaspiro [4.5] dec an-8-one (50.3 g, 322.1 mmol) and
5 hydroxylamine hydrochloride (89.5 g, 100.3 mmol) in water (450 mL) was
added 



portionwise sodium carbonate (102.4 g, 966.2 mmol). The reaction mixture
was  stirred for 40 minutes at room temperature then extracted with ethyl
acetate. The  organic layer was washed with brine, dried over magnesium
sulfate, filtered and  concentrated in vacuo to give 68.2 g of crude
1,4-dioxaspiro[4.5]decan-8-one 10 oxime. To a solution of
1,4-dioxaspiro[4.5]decan-8-one oxime (68 g, 400 rmnol) in  ethanol (200
niL) was added Raney Nickel as a suspension in ethanol (52 mL). The
resulting mixture was shaken at 50 psi of hydrogen for 18 hours. The
reaction was  15 filtered and concentrated in vacuo to give 57.5g of
1,4-dioxaspiro[4.5]dec-8 ylarnine. Preparation of
3-(2-chIarophenyI)-7-(1,4-dioxaspiro [4.5]dec-8-ylamino)-I -rnethyl-
3,4-dihydropyrimido f4,5-d]pyrimidin-2(IH)-one 20 Sulfone 1.3 (3.6 g, 10
mmol) was combined with 1,4-dioxaspiro[4.5]dec-8- ylamine (6.4 g, 41 mmol)
in 20 mL of 1-methyl-2-pyrrolidinone and heated at 21 April 2004 49 100C
for 5 hours. The reaction mixture was then cooled to room temperature and
was diluted with ethyl acetate and water. The layers were separated, and
the organic  layer was washed with water and brine, dried with sodium
sulfate, concentrated in  vacua, and purified by column chromatography on
silica gel using 0.5% ammonium 5 hydroxide in ethyl acetate as eluant. The
column fractions containing the product  were combined and concentrated
under reduced pressure to give 1.3 g of
3-(2-chlorophenyl)-7-(1,4-dioxaspiro [4.5]dec-8-ylamino)-l-methyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one as an off-white solid. 10 15 CH3
A mixture of the 3-(2-chlorophenyl)-7-(1,4-dioxaspiro[4.5]dec-8 ylamino)-
1-methyl-3,4-dihydropyrirnido[4,5-d]pyrimidin--2(1H)-one (0.30 g, 0.70
mmol)  (prepared as described in Example 8), p-toluenesulphonic acid
monohydrate (0.17  g, 0.91 nunol), and 1,1,1-tris(hydroxymethyl)ethane
(0.84 g, 7.0 minol) in 40 mL 



20 toluene was heated to reflex and allowed to stir at reflux overnight.
The reaction  mixture was cooled to room temperature, then diluted with
ethyl acetate and  saturated aqueous sodium bicarbonate. The layers were
separated, and the aqueous  layer was extracted with ethyl acetate. The
organic layer was washed with brine,  dried, concentrated under reduced
pressure, and purified by flash chromatography 25 on silica gel using
50-60% acetone in hexane as eluant. The column fractions  containing
product were combined and concentrated to give 0.32 g of the title WO
01/29042 PCT/PP00/10088 dihydropyrimido [4,5-d]pyrimidin-2(1H)-one. CI~_~
CI Example 9  Compound 3-47 This example illustrates the preparation of
3-(2-chlorophenyl)- 7-(3-hydroxymethyl-3-methyl-1,5-dioxaspiro
[5.5]undec-9-ylamino)-1-methyl-3,4 Sulfone 1.3 H~N~N" NO HNNIN 0 N" `N" v N
I  CH3 21 April 2004  WO 01/29042 PCT/EPOO/10088  50 compound as a white
foam. Addition of 1M hydrochloric acid in diethyl ether gave  the salt,
which was filtered to give 160 mg of the hydrochloride salt of 3-(2-
chlorophenyl)-7-(3-hydroxymethyl-3-methyl- l,5-dioxaspiro[5.5] undec-9-
ylamino)-1-methyl-3,4-dihydropyrirnido[4,5-d]pyrimidin-2(1H)-one. 5 Example
10  Compound 3-46 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(4-oxo- cydohexylamino)-1-rrkethyl-3,4-dihydropyrimido
[4,5-d]pyrimidin-2(IH)-one. 10 N 



H H~ F  ~ N NO NON N 0  Sulfone '1.3 -- ---~ N ~ 0 0  L-i CH3 A solution
of3-(2-chlorophenyl)-7-(I,4-dioxaspiro[4.5)dec-8-ylamino)-1-
methyl-3,4-dihydropyrirnido[4,5-d]pyrimidin-2(1H)-one (6.0 g, 14 mmol)
(prepared as described in Example 8) in 60 mL of 80% acetic acid was heated
to 65 15 CC overnight The reaction was then cooled to room temperature and
diluted with  water, ethyl acetate, and brine. The layers were separated,
and the aqueous layer  extracted with ethyl acetate. The organic layer was
washed with saturated aqueous  sodium bicarbonate and brine, dried, and
concentrated under reduced pressure.  The residue was taken up in
chloroform and purified by flash chromatography on 20 silica gel using 4%
methanolldicbloromethane as eluant to give 2.2 g of the title  compound as
a white foam. A portion of the title compound (0.30 g, 0-78 mmol)  was
dissolved in ethyl acetate, then treated with 1M hydrochloric acid in
diethyl  ether to give 150 mg of the hydrochloride salt of
3-(2-chlorophenyl)-7-(4-oxo-
cyclohexylamino)-l-methyl-3,4-dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one as
a 25 white precipitate, which was filtered, washed with ethyl acetate, and
concentrated  under reduced pressure. I  CH3 21 April 2004 WO 01/29042 51
PCTIEP40110088 Example 11  Compound 3-50 This example illustrates the
preparation of 3-(2-chlorophenyl)-
7-(4-hydroxyiniinocydohexylamino)-1-methyl-3,4-dihydropyrimido [4,5-d} - 



5 pyrimidin-2(IH)-one. N N N' Sulfone 1.3 NN' NO H%% NJN~N~C 1 CH3 CH3
HO-'N A mixture of 3-(2-chlorophenyl)-7-(4-oxo-cydohexylamino-l-methyl-
3,4-dihydropyrimido[4,5-d}pyrimidin-2-one (0.31 g, 0.80 mmol) (prepared as
described in Example 10) and hydroxylamine hydrochloride (0.22 g, 3.2 mmol)
in 5 10 mL pyridine was heated at 65 oC for 90 minutes. The reaction
mixture was then  cooled to room temperature, diluted with water and ethyl
acetate, and the phases  were separated. The organic phase was filtered,
dried under reduced pressure, and  suspended in methanol- Addition of IM
hydrochloric acid in diethyl ether gave the  hydrochloride salt of
3-(2-chlorophenyl)-7-(4-hydro)yimino-cydohexylamino)-1 15
methyl-3,4-dihydropyrirnido [4,5-d]pyrimidin-2(1H)-one as a yellow foam
which  was concentrated under reduced pressure. Example 12  Compound 3-54
20 This example illustrates the preparation of
8-[6-(2-chlorophenyl)-8-methyl- 7-oxo-5,6,7,8-tetrahydropyrimido [4,5-d]
pyrimidin-2-ylamino] -1,3 -diazaspiro- [4.5] decane-2,4-dione. 21 April
2004 WO 01/29042 52 Sulfone 1.3 -- ~ H~NILN0 N N N H~ I ~ % N 



D PCT/EPOO/10088 CH3 0 A mixture of
3-(2-chlorophenyl)-7-(4-oxo-cyclohexylamino)-1-methyl-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (0.33 g, 0.86 mmol) (prepared
as  described in Example 10), potassium cyanide (0.084 g, 1.3 mmol), and
ammonium 5 carbonate (0.25 g, 2.6 mmol) in 25 mL of 1:1 water/ethanol was
stirred at 650C  overnight. The reaction mixture was diluted with 40 mL of
water and allowed to  boil for 15 minutes, then cooled to room temperature
and poured into 100 mL of  ice-cold water. This mixture was filtered and
the residue was made into a slurry in  methanol. Addition of 1M
hydrochloric acid in diethyl ether gave the salt which 10 was concentrated
under a stream of nitrogen to give 39 mg of the hydrochloride salt  of
8-[6-(2-chlorophenyl)-8-methyl-7-oxo-5,6,7,8-tetrahydropyrimido-
[4,5-d]pyrimidin-2-ylamino]-1,3-diazaspiro[4.5]decane-2,4-dione as a yellow
powder. 15 Example 13  Compound 3-42 This example illustrates the
preparation of 7-(trans-4-allyloxycyclohexyl.-
aniino)-3-(2-chlorophenyl)-1-methyl-3,4-dihydropyrimido [4,5-d]pyrimidin-
2(1H)-one. Sulfone 1.3 Dim N  HN~ J ND  ~ N N N'`p -- CH3 CH3 20 OH 4"-'z"'
. 



21 April 2004 WO 01/29042 PCT/EP00/10088 53 Sulfone 1.3 (2.6 g, 7.48 mmol)
was combined with trans-4-amino- cyclohexanol (1.63 g, 14.2 mmol) in 10 mL
1-methyl-2-pyrrolidinone and stirred at  120 C for 4 hours, then poured
into water, extracted with ethyl acetate, dried over  magnesium sulfate,
and evaporated in vacuo. The residue was purified by flash 5 chromatography
on silica gel using 2-4% methanol/dichloromethane as eluant to  give a
yellow 1-methyl-2-pyrrolidinone-based oil. This oil was redissolved in
ethyl  acetate, washed with water, dried over magnesium sulfate, and
evaporated in vacuo  to yield
3-(2-chlorophenyl)-7-(trans-4-hydroxycydohexylamino)-1-methyl-3,4-
dihydro-pyrimido[4,5 ;d]pyrimidi.n-2(1H)-one as an off-white foam (2.80 g,
7.21  10 rnmol). A portion of the
7-(trans-4-hydroxycyclohexylamiino)-3-(2-chlorophenyl)-
1-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (0.274 g, 0.706
mmol)  was taken up with potassium tert-butoxide (0.119 g, 1.06 mmol) in 5
mL 15 tetrahydrofuran. Allyl bromide (0.061 rnL, 0.706 mmol) was added to
this solution,  which was heated at 50C overnight, then cooled to room
temperature and purified  by flash chromatography on silica gel using
10-25% acetone/hexanes as eluant. The  column fractions containing product
were combined and concentrated in vacuo.  The concentrate was taken up in
methanol, treated with hydrochloric acid 20 (1.OM/Et20,1.0 equivalent),
re-evaporated to dryness, then washed with ethyl ether,  filtered, and
dried to give 0.102 g of the hydrochloride salt of 7-(trans-4-allyloxy-
cydohexylanrino)-3-(2-chlorophenyl)-1-methyl-3,4-dihydropyrimido [4,5-d]-
pyrimidin-2 (1 H)-one. 25 Example I4  Compounds 3-38 and 3-39 This example
illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-4-
methoxycydohexylamino)-1-methyl-3,4-dihydropyrirnido [4,5-d] pyrimidin-2
(1H)- .one and 3-(2-chlorophenyl)-7-[
(trans-4-methoxycyclohexyl)rnethylamino]-1 30
methyl-3,4-dihydropyrirnido[4,5-d]pyrimidin-2(IH)-one. 21 April 2004 



WO 01/29042 Sulfone 1.3  CI N JI- H-1 N' N" NO  CH3 OH CiH3 CH3
3-(2-Chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1-methyl-3,4
dihydropyrirnido[4,5-d)pyrimidin-2(1H)-one (0.300 g, 0.773 mmol) (prepared
as  5 described in Example 13) was combined with potassium tert-butoxide
(0.174 g, 1.55 mrnol) in 5 mL tetrahydrofuran. Methyl iodide (0.053 mL,
0.851 mmol) was  added to this solution, which was stirred at room
temperature for 3 days. Additional  methyl iodide (0.053 mL, 0.851 mmol)
and potassium tert-butoxide (0.174 g, 1.55  mmol) were added, followed
after 4 hours by further potassium tert-butoxide 10 (0.350 g, 3.12 mmol).
The reaction was stirred at 60C overnight, then cooled to  room temperature
and purified by flash chromatography on silica gel using 25-35%
acetone/hexanes as eluant to yield a mixture two products. The separate
column  fractions were each separated and concentrated in vacuo. The
separate concentrates  were each taken up in methanol, treated with
hydrochloric acid (LOMIEt2O, 15 1.0 equivalent), re-evaporated to dryness,
washed with ethyl ether, filtered, and  dried to give 0.049 g of
3-(2-chlorophenyl)-7-(trans-4-methoxycyclohexylamino)-
1-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one and 0.217 g of 3-(2-
chlorophenyl)-7- [ (trans-4-methoxycydohexyl) methylaminoj -3,4- dihydro
pyrimido [4,5-d] pyrimidin-2(1H)-one. 20 Example 15  Compound 3-40 



This example illustrates the preparation of 3-(2-chlorophenyl)-7-[trans-4-
(2-methoxyethoxy)cyclohexylamino] -1-methyl-3,4-dihydropyrimido [4,5 25
d]pyrimidin-2(1H)-one. PCTIEP00/10088 54 w H3CI% NN [ N .L HEN NK N110 21
April 2004 WO 01/29042 PCT/EP00/10088 55 Sulfone 1.3 N H~N,I,- NJ~N1,, O
CH3 OH O-./-~O 3 - (2-Chlorophenyl) - 7- (trans-4-hydroxycyclohexyl amino)
-1-methyl-3,4- dihydro-pyrirnido[4,5-d]pyrimidin-2(IH)-one (0.300 g, 0.773
mmol) (prepared as 5 described in Example 13) was combined with potassium
tert-butoxide (0.174g,  1.55 mmol) in 2 mL tetrahydrofuran. 2-Bromoethyl
methyl ether (0.15 mL,1.55  mmol) was added to this solution, which was
heated at room temperature for 3  days. Additional potassium tent-butoxide
was added (0.174 g, 1.55 mmol) and the  temperature was gradually raised to
80C. The reaction residue was redissolved in 2 10 mL
N,N-dimethyl-formamide, additional potassium tert-butoxide (0.348 g, 3.10
mmol) was added, and the reaction mixture was stirred overnight at 80C.
Sodium  hydride (60% in oil; 0.031 g, 0.773 mmol) was added, and the
reaction stirred for  one day at 100C and the following day at 140C and
then cooled to room  temperature. The reaction was poured into water,
extracted with ethyl acetate, 15 dried over magnesium sulfate, and
evaporated in vacuo. The residue was purified  by$ash chromatography on
silica gel using 25-50% acetone/hexanes as eluant. The  column fractions
containing product were combined and concentrated in vacuo,  and the
concentrate was taken up in methanol, treated with hydrochloric acid  



(1.OM/Et2O, 1.0 equivalent), re-evaporated to dryness, washed with ethyl
ether, 20 filtered, and dried to give 0.040 g of the hydrochloride salt of
3-(2-chlorophenyl)-7- [ trans-4- (2-methoxyethoxy)cyclohexylamino ]
-1-methyl-3,4-dihydropyrimido- [4,5-d]pyrimidin-2(1H)-one. 21 April 2004 WO
01/29042 56 PCT/EP00110088 Example 16  Compound 3-41 This example
illustrates the preparation of 3-(2-chlorophenyl)-7-[(trans-4-
methylcarbonyloxy)cyclohexylamino j - l -methyl-3,4-dihydropyrimido [4,5 5
d)pyrimidin-2(1H)-one. Suifone 1.3 Hl~'N~N L ) H11% 'K N O O OH CH3 CH3
OyCH3  0 3- (2-Chlorophenyl)
-7-(trans-4-hydroxycydohex)lamino)-1-methyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (0.200 g, 0.516 mrnol) (prepared
as  described in Example 13) was taken up in 2 mL dichloromethane, and
combined 10 with acetyl chloride (0.074 mL, 1.03 mmol). The reaction was
stirred at room  temperature overnight, then purified by flash
chromatography on silica gel using I- 5% methanolldichloromethane as
eluant. The column fractions containing product  were combined and
concentrated in vacuo_ The concentrate was taken up in methanol, treated
with hydrochloric acid (1.OM/Et20,1.0 equivalent), and re 15 evaporated to
dryness, washed with ethyl ether, filtered, and dried to give 0.200 g of
the hydrochloride salt of 3-(2-chlorophenyl)-7-
[(trans-4-methylcarbonyloxy)-
cyclohexylamino]-1-methyl-3,4-dihydropyrimido- [4,5-d]pyrimidin-2 (1H)
-one. 20 



Example I  Compound 3-44 This example illustrates the preparation of
3-(2-chlorophenyl)-7-[trans-4- (2,3-dihydroxypropoxy)cyclohexylamino]
-1-methyl-3,4-dihydropyrimido [4,5 d] pyrimidin-2(1H)-one. 21 April 2004 WO
01/29042 PCT/EP00/10088 57 N Sulfone 1.3 - ---> HN, N-'-N O,,t,OH 0 OH The
free base of 7-(trans-4-allyloxycydohexylamino)-3-(2-chlorophenyl)-1-
methyl-3,4-dihydropyrunido[4,5-d]pyrimidin-2(IH)-one (0.40 g, 0.935 mmol) 5
(prepared as described above in Example 13) was taken up in 4.9 mL
tert-butanol,  to which an aqueous solution of AD-mix 13 (Adrich Chemicals)
was added (2.91 g in  4.9 mL) before heating to 100C for 2 days, and then
80C for 3 days. The reaction  mixture was poured into saturated brine,
extracted with ethyl acetate, dried with  magnesium sulfate, and evaporated
in vacuo. The crude residue was purified by 10 flash chromatography on
silica gel using 3-5% methanol/dichloromethane as  eluant. The column
fractions containing product were combined and concentrated  in vacuo. The
concentrate was taken up in methanol, treated with hydrochloric acid
(1.0M/Et2O,1.0 equivalent), and re-evaporated to dryness, then washed with
ethyl  ether, filtered, and dried to give 0.019 g of the hydrochloride salt
of 3-(2-chloro 15
phenyl)-7-[trans-4-(2,3-dihydroxypropoxy)cyclohexylamino]-1-methyl-3,4-
dihydropyrimido[4,5-d] pyrimidin-2(1H)-one. Example 18  Compound 3-59 20
This example illustrates the preparation of 7-(trans-4-aminocyclohexyl-
amino)-3-(2-chlorophenyl)- 1-methyl-3,4-dihydropyrimido [4,5-d]pyrimidin-
2(1H)-one. CH3 CH3 



H-1 Ill- _L_ N" O N N N 0 21 April 2004  WO 01/29042 PCT/EPOO/10088  58
H3C,~~,O N N~O H_N~ K O CH N CH O  3 3 NH2 Sulfone 1.3 (605 mg, 1.71 mmol)
was combined with trans-1,4- diaminocyclohexane (4.61 g, 14.1 mmol) and 5
mL of 1-methyl-2-pyrrolidinone. 5 The reaction mixture was stirred at 85 C
for 4 hours. After cooling, the reaction  mixture was diluted with 50 mL of
ethyl acetate. The organic layer was sequentially  washed with water and
brine, dried, and concentrated in vacuo to give 654 mg  (99%) of the free
base of the product as a pale yellow foam. The free base was taken  up in
ethyl acetate and treated with a 1M solution of HCllEt2O to form the 10
dihydrochloride salt of
7-(trans-4-aminocydohexyl-amino)-3-(2-chlorophenyl)-1-
methyl-3,4-dihydropyrimido-[4,5-d)pyrirnidin-2(1H)-one as a white powder.
Example 19  Compound 3-57 15 This example illustrates the preparation of
7-(trans-4-methylsulfonyl- amidocydohexylamino)-3- (2-chlorophenyl)
-1-methyl-3,4-dihydropyrimido- [4,5-d] -pyrimidin-2(1H)-one. Sulfone 1.3 N
'~  H1% N N" -N"`O  1  



CH3 NH2 HN,S~CH3  O O To a solution of 7- (trans-4-
aminoryclohexylarnino)-3-(2-chlorophenyl)-1- 20
methyl-3,4-dihydropyrimido(4,5-d]pyrimidin-2(1H)-one (88 mg, 0.227 mmol) 21
April 2004 WO 01/29042 PCTJEP00/10088 59 (prepared as described above in
Example 18) in 8 rnL of dichloromethane were  added triethylamine (0.40 mL,
0.29 mrnol) and methanesulfonic anhydride (60 mg,  0.34 mmol). The reaction
mixture was stirred at ambient temperature for 3 hours.  The reaction
mixture was concentrated in vacuo and purification by 5 chromatography
using 5% methanol! dichloromethane as eluant gave 86 mg (81%)  of the free
base of the product as a white powder. The free base was taken up in  ethyl
acetate and treated with a 1M solution of HCl/Et2O to form the
hydrochloride  salt of
7-(trans-4-methylsulfonylamidocyclohexyl-amino)-3-(2-chlorophenyl)-I-
methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one as a white powder. 10
Example 20  Compound 3-58 This example illustrates the preparation of
7-[trans-4-(NN-dimethyl sulfamoylamido)cyclohexylamino j
-3-(2-chlorophenyl)-1-methyl-3,4- 15
dihydropyrimido-[4,5-d]-pyrirnidin-2(1H)-one. Cl-- Cl N Sulfone 1.3 ----~
H-1 N111, NKN(1 0 H-1 .l. .~  ~N N O CH3 H3  H3  NH2 HN, N. OSO CH3 



To a solution of 7-(trans-4-aminocydohexylamino)-3-(2-chlorophenyl)-1-
methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one (171 mg, 0.442 mmol)
(prepared as described above in Example 18) in 15 mL of dichloromethane
were 20 added triethylamine (0.11 mL, 0.79 mmol) and a solution of
dimethylsulfamoyl  chloride (0.31 g, 0.21 mmol) in 5 mL of dichloromethane.
The reaction mixture  was stirred at ambient temperature for 19 hours and
concentrated in vacuo.  Purification by chromatography using 5% methanol!
dichloromethane as eluant  gave 143 rng (65%) of the free base of the
product as a white powder. The free base 25 was taken up in ethyl acetate
and treated with HCllEt2O to form the hydrochloride  salt of
7-[trans-4-(N,NNdimethyl-sulfamoylamido)cyclohexylamino] 21 April 2004  WO
01129042 PCTIEPOO/10088  60 5 HO 1  H C )L L a N N  IS O N"N"N~O  &O CH3 H
CH3  10 Sulfone 1.4 (300 mg, 0.903 mmol) was combined with trans-4-amino
cydohexanol (312 mg, 2.71 mmol), stirred at 120C, and monitored by TLC (5%
methanol/ dichloromethane). When complete, the reaction mixture was
concentrated under vacuum and purified by chromatography with 5-10%
methanol/dichloromethane to provide the title compound (263 mg, 0.716 mmol,
15 79% yield) which was taken up in ethyl acetate and treated with 1
equivalent  HCI/Et2O to precipitate the HCI salt of
7-(trans-4-hydroxy-cydohexylamino)-1- - 



methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1 H) -one. 20
3-(2-chlorophenyl)-1-methyl-3,4-dihydropyrimido- 4,5--d]
pyrimidin-2(1H)-one as  a white powder. Example 21  Compound 3-9 This
example illustrates the preparation of 7-(trans-4-hydroxycyclohexyl-
amino)-1-methyl-3-ortho-tolyl-3,4-dihydropyriniido [4,5-d] pyrimidin-2(1
H)-one. Example 22  Compound 3-23 This example illustrates the preparation
of 7-((R,R)-2,3-dihydroxy-l- methylpropylamino)-3-ortho-tolyl- l
-methyl-3,4-dihydropyrimido {4,5-d] - pyri rnidin-2(IH)-one. N 21 April
2004 WO 01/29042 61 N N H3C;S N N O  O {7 CH3 PCT/EP00/10088 OH  Sulfone
1.4 (455 mg, 1.37 mmol) and (R,R)-3-amino-1,2-butanediol (180 mg, 1.71
mmol) in 1,2-dimethoxyethane (1 mL) was heated to 1000C for 2 hours under
argon. The reaction was cooled to room temperature and diluted with 9:1 5
dichloromethane/methanol and purified by chromatography on silica gel using
96:4  dichloromethane/methanol and 9:1 dichloromethane/methanol as eluants
to give  175 mg of the title compound as a colorless oil, which was
dissolved in ethyl acetate  and treated with I equivalent of hydrochloric
acid (1.OM in ether). The precipitate  was collected by vacuum filtration,
washed with ethyl acetate and dried in vacua to 10 give 190 mg of
7-((R,R)-2,3-dihydroxy-1-methylpropylamino]-3-ortho-tolyl-l-
methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one as a white solid. 



Example 23  Compound 3-33 15 This example illustrates the preparation of
7-(2,3-dihydroxy-1,1-dimethyl-
propylamino]-3-ortho-tolyl-l-methyl-3,4-dihydropyrimido [4,5-d]pyrimidin-
2(1H)-one. N H 3C~S~ N N"'40  O 0 CH3 OHC H3 OH  Sulfone 1.4 (400 mg, 1.2
mmol) was combined with 3-amino-3-methyl-1,2 20 butanediol. (305 mg, 2.1
mmol) and 1-methyl-2-pyrrolidinone (1 mL). The  reaction mixture was heated
to 100C for 4 hours at which time it was cooled to  room temperature and
concentrated in vacuo. The residue was purified by column 21 April 2004  WO
01/29042 PCTIEP00/10088 62 chromatography on silica gel using 99:1
dichloromethane/methanol as eluant. The  column fractions containing
product were combined and concentrated in vacuo to  give the title compound
as an oil, which was re-dissolved in ethyl acetate. Addition  of
hydrochloric acid (1.OM/Et20, 2.0 equivalents) gave the salt which was
filtered 5 and dried to give 71mg of of the hydrochloride salt of
7-(2,3-dihydroxy-1,1- di.methylpropylainino]
-3-ortho-tolyl-l-methyl-3,4-dihydropyrimido- [4,5- d]pyrimidin-2 (1H)-one.
10 Example 24  Compound 2-9 This example illustrates the preparation of
7-(1-benzylpiperidin-4- ylamino)
-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido [4,5-d] pyrimidin-2(1H)- one. O
O' 



S_ 'N' 'N, ~O HNC ~N CH3 CI-3 CH3 15 Sulfone 1.4 (1 g, 3 mmol) was combined
with 4-amino-l-benzylpiperidine  (687 mg, 3.6 mmol) and 2-methoxyethyl
ether (1 mL). The mixture was heated to  120C for 4 hours at which time it
was cooled to room temperature and  concentrated in vacuo. The residue was
purified by column chromatography on  silica gel using 97:3
dichloromethane/ methanol as eluant. The column fractions 20 containing
product were combined and concentrated in vacuo to an oil that was re-
dissolved in ethyl acetate. Addition of hydrochloric acid (1.OM/Et2O, 2.0
equivalents) gave the salt which was filtered and dried to give 198 mg of
the  hydrochloride salt of
7-(1-benzylpiperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4- dihydropyrimido
[4,5-d] pyrimidin-2(1H)-one. 21 April 2004 WO 01/29042 PCT/EP00/10088 63
Example 25  Compound 2-8 This example illustrates the preparation of
7-(piperidin-4-ylamino)-1 5
methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.  H3C_/~
H3C Sultone 1.4 HN In a three-necked flask under nitrogen was charged with
10% palladium on  carbon (3.0 g), and
7-(1-benzylpiperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (3.0 g, 6.78 mmol) (prepared as
10 described in Example 24) in 60 mL of methanol was added under nitrogen
through  a syringe. Ammonium formate (2.1 g, 34 mmol) was then added in one
batch. The  mixture was heated to reflux for 30 minutes until the reaction
was completed. The  catalyst was filtered off through Celite and washed
with methanol. The filtrate was  concentrated under reduced pressure to
givel.937 g (81%) of 7-(piperidin-4 15
ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido [4,5-d] -pyrimidin-2 (1
H) - one as a white solid. 



Example 26  Compound 2-14 20 This example illustrates the preparation of
(R)-7- [ 1-(2,3-dihydroxypropyl)- piperidin-4-ylamino]
-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido [4,5-d]- pyrimidin-2(1H)-one.
21 April 2004 WO 01/29042 PCT/EP00/10088 64 Sulfone 1.4 ---~ N -} i HNN-
-N- 'O HN- -N- -N--";'O  CH3 CH3  H Y ' ^ OH  OH A mixture of
7-(giperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one (0.2 g, 0.568 mmol) (prepared as
described  in Example 25), piperidine L-isopropylideneglyceroI-y-tosylate
(0.264 g, 0.92 5 mmol), and potassium carbonate (0.12 g, 1.1 mmol) in 5mL
of N,N-di.methyl- formamide was heated at 100C for 17 hours. The reaction
mixture was diluted  with 75 mL of water and extracted with 1:1
toluene/ethyl acetate, and the layers  separated. The organic layer was
washed with water and brine, dried, filtered,  concentrated under reduced
pressure, and purified by column chromatography on 10 silica gel using
95:5:0.2 ethyl acetate/methanol/isopropyl amine as eluant. The  column
fractions containing the product (0.157 g, 0.34 mmol) was then dissolved in
10 mL of isopropanol,lmL of water and 0.2 mL of concentrated hydrochloric
acid,  and was refluxed for 1 hour until hydrolysis was completed. The
mixture was concentrated under reduced pressure, and the residue was taken
up in methanol 15 and was again concentrated. The residue was purified by
chromatography on silica  gel using 18:2:0.5
dichloromethane/methanol/isopropyl amine as eluant to give 



90 mg of the product, which was dissolved in 1.5 mL of ethyl acetate and
1-5 niL of  methanol. Addition of 1M hydrochloric acid in ether gave 113 mg
(72.5%) of the  hydrochloride salt of
(R)-7-[1-(2,3-dihydroxypropyl)piperidin-4-ylamino]-1 20
methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one. 21
April 2004 WO 01129042 PCT/EP00/10088 65 Eagle 27  Compound 2-13 This
example illustrates the preparation of 7-[1-(2-hydroxyethyl)-piperidin-
4-ylamino]
-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H) 5 one.
Sulfone 1.4 ---~ HN p HN_ -N- _N` 'O  i CH3 CH3  6 . N A mixture of
7-(piperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(IH)-one (0.1 g, 0.284 mmol) (prepared as
described  in Example 25), 2-bromoethanol (0.024 mL, 0.34 mmol), and
triethylamine 10 (0.047 mL, 0.34 mmol) in 10 mL of toluene and 1.5 mL of
DMPU was heated at  100C for 17 hours. The solvent was evaporated under
reduced pressure and the  residue was purified by chromatography on silica
gel using 40:10:2 ethyl acetate/  methanol/ isopropylamine as eluant to
give 70 mg (52%) of 7-[1-(2-hydroxyethyl)- piperidin-4-ylamino]
-1-methyl-3-ortho-tolyl-3,4-dihydropyrirnido[4,5-d]  15
pyrimidin-2(1H)-one. Example 28  Compound 2-15 This example illustrates the
preparation of 7-[1-(2-cyanoethyl)-piperidin-4- 



20
ylamino]-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(lH)-
one. 21 April 2004 WO 01/29042 PCTIEP00/10088 66 6N  H Sulfone 9.4 HN1111
N-IJI. N~O CH3 HN N A mixture of
7-(piperidin-4-ylamino)-1-methyl-3-o-tolyl-3,4-dihydro-
pyrimida[4,5-d]pyrim din-2(1H)-one (0.184 g, 0.52 mmol) (prepared as
described  in Example 25), 1.5 mL of acrylonitrile, 0.5 mL of
triethylamine, 0S mL of 1 5 methyl-2-pyrrolidinone, and 5 mL of
tetrahydrofuran was heated to 75C for 1.5  hours until the reaction was
completed. The reaction mixture was concentrated  under reduced pressure
and was purified by chromatography on silica gel using  10% methanol in
ethyl acetate as eluant to give 0.157 g (75%) of the product. 1M
Hydrochloric acid was added to 75 mg of the product dissolved in ethyl
acetate, and 10 the mixture stirred at room temperature for 1 hour, and the
residue filtered under  nitrogen to give the hydrochloride salt of
7-[1-(2-cyanoethyl)piperidin-4-ylamino]-
1-methyl-3-ortho-tolyl-3,4-dihydropyrimido- [4,5-d] pyrimidin-2(1H)-one. 15
Example 29  Compound 2-16 This example illustrates the preparation of
7-[1-(2-cyanoethyl)piperidin-4- ylamino]
-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido [4,5-d]pyrimidin-2(1H)-one.
Sulfone 1.4 N" -N HN N N O  



CH3 N O~1-O'-1- N' N N~O HN~N N~O  CH3 CH3  *N 21 April 2004 WO 01129042
PCT/EP00110088 67 The 7- [ (1-ethoxycarbonylpiperidin-4-yl)amino]
-1-methyl-3-ortho-tolyl-3,4- dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (52
mg, 1.28 mmol) was taken up in  5 mL dichloromethane with
iodotrimethylsilane (0.88 mL, 6.18 mmol) and refluxed  overnight, then
quenched with 1 mL methanol and evaporated in vacuo. The dry 5 residue was
redissolved in methanol, to which 1.28 mL of 0.5M sodium methoxide/
methanol was added before again evaporating in vacuo and purifying by flash
chromatography on silica gel using 10-40% methanol/dichloromethane with 1%
ammonium hydroxide as eluant. The column fractions containing
7-piperidin-4- ylamino-l-methyl-3-ortho-tolyl-3,4-dihydropyrimido [4,5-d]
-pyrirnidin-2(1H)-one 10 were combined and concentrated in vacuo.
7-(Piperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido-
[4,5-d]pyrimidin-2(1H)-one (0.035 g, 0.099 mmol) in 1 mL N,N-dimethyl-
formamide was combined with bromoacetonitrile (0:014 mL, 0.199 rmnol) and
15 stirred at 40C overnight, then purified by flash chromatography on
silica gel using  3-10% (1:9 ammonium hydroxide/methanol)/dichloromethane
as eluant. The  column fractions containing product were combined and
concentrated in vacuo.  The product was taken up in methanol, treated with
hydrochloric acid (LOM/Et20,  1.0 equivalent), re-evaporated to dryness,
then washed with ethyl ether, filtered, and 20 dried to give 0.007 g of the
hydrochloride salt of 7-[1-(2-cyanomethyl)piperidin-4- ylamino]
-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido [4,5-d] -pyrimidin-2(1H)- one. 



25 Example 30  Compound 2-20 This example illustrates the preparation of
7-[ l-(2-methoxycarbonylethyl)- piperidin-4-ylamino]
-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido [4,5-d] - pyrimidin-2(1H)-one.
21 April 2004  WO 01/29042 PCT/EP00/10088  68 N _ N- " N' ill Sulfone 1.4
HN'N 1 NAO > HN N I N1,, 4 CH3 CH3 H3 A mixture of
7-(piperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydro-
pyrimYdo[4,5-d]pyrimidin-2(IH)-one (0.19 g, 0.54 mmol) (prepared as
described 5 in Example 25), 1.0 mL of methyl acrylate, 0.5 mL of
triethylarnine, 05 mL of 1- methyl-2-pyrrolidinone, and 5 mL of
tetrahydrofuran was heated at 75C for 17  hours. The reaction mixture was
evaporated under-reduced pressure, and the  residue was purified by
chromatography on silica gel'using 5% methanol in  dichloromethane as
eiuant to give 132 mg (56%yield) of the product. 1M 10 Hydrochloric acid in
ether was added to a solution of the product in ethyl acetate,  and the
suspension stirred at room temperature for 1 hour. The mixture was
evaporated under reduced pressure to give the hydrochloride salt of
7-[1-(2- methoxy-carbonylethyl)piperid
n-4-ylmnino]-1-methyl-3-ortho-tolyl-3,4- dihydropyrimido-
[4,5-d]pyrimidin-2(IH)-one. 15 Example 31  Compound 2-18 This example
illustrates the preparation of 7- [(1-carbamoylmethyl-
piperidin-4-yl)carbamoylmethylamino] -1-methyl-3-ortho-tolyl-3,4-dihydro-
20 pyrimido-(4,5-d]pyrimidin-2(1H)-one. H3C 



N'__1> HZN O N  Sulfone 1.4 N \ I N NO  HNAN c~0 N 6CM3 CH3 a N N  H ly NH2
0 21 April 2004 WO 01/29042 PCT/EP00/10088 69
7-(Piperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido-
[4,5-d]pyrimidin-2(1H)-one (0.030 g, 0.080 mmol) (prepared as described in
Example 25) was taken up in I mL N,N-dimethylformamide with bromoacetamide
(0.022 g, 0.161 mmol) and stirred at 50C overnight. Another portion of 5
bromoacetamide (0.022 g) was added before returning the reaction to 50C for
a  second night. The reaction mixture was purified by flash chromatography
on silica  gel using 6-20% (1:9 ammonium hydroxide/
methanol)Idichloromethane as eluant.  The column fractions containing
product were combined and concentrated in vacuo. The final product was
taken up in methanol, treated with hydrochloric acid  10 (LOM/Et2O,1.0
equivalent), re-evaporated to dryness, then washed with ethyl ether,
filtered, and dried to give 0.001 g of the hydrochloride salt of 7- [(1
-carbamoyl- methylpiperidin-4-yl)carbamoylmethyl-amino]
-1-methyl-3-ortho-tolyl-3,4- dihydropyrimido [4,5- d] pyrimidin-2(1H)-one.
15 H3C` /` H3C Exam lie 32  Compound 2-12 This example illustrates the
preparation of 7-(1-methanesulfonylpiperidin-
4-yl)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.



Sulfone 1.4 ~---_ _  H~ J -ill N N N  CH3 CH3  Q/S` Q H3C 20
7-(Piperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido-
[4,5-d]pyrirnidin-2(1H)-one (0.200 g, 0.567 mmol) (prepared as described in
Example 25) was taken up in 5 mL pyridine, and the solution cooled to 0C
before  adding methanesulfonyl chloride (0.046 mL, 0.596 mmol). The
reaction was stirred  at 0C for 2 hours then quenched with ice water and
extracted with ethyl acetate. 25 The organic extracts were washed with
water and saturated aqueous sodium  bicarbonate, then rewashed with water
and evaporated in vacua. The residue was N N ~  H.N.I.N N~O ~ 21 April 2004
70 purified by column chromatography on silica gel using 1:15
methanolldichloro- methane as eluant. The column fractions containing
product were combined and  concentrated in vacuo, and the final product
redissolved in a minimum volume of  ethyl acetate and methanol. Addition of
hydrochloric acid (1AMIEt2O,1.0 5 equivalent) gave the salt which was
filtered and dried to give 0.124 g of the  hydrochloride salt of
7-(1-methanesulfonylpiperidin-4-yl)-1-methyl-3-ortho-tolyl-
3,4-dihydropyrimido [4,5-d] pyrimidin-2 (1H)-one. 10 WO 01129042
PCTIEP00/10088 Example 33  Compound 2-17 This example illustrates the
preparation of 3-(2-chlorophenyl)-7-(1-cyano- 



methylpiperidin-4-ylamino)-i-methyl-3,4-dihydropyrimido[4,5-d] pyrimidin-
2(1H)-one. N N HI-I NJ`N .3N"'--O Suifone 1.3 H CH 3 LN 15
3-(2-Chlorophenyl)-7-(piperidin-4-ylamino)-1-methyl-3,4-dihydro-
pyrimido[4,5-dlpyrirnidin-2(1H)-one (0.030 g, 0.080 mmol) (prepared
similarly as  described in Example 29) was taken up in 1 mL
N,N-dimethylformamide with  bromoacetonitrile (0.011 mL, 0.161 mmol) and
stirred at 50C overnight. Another  0.011 mL bromoacetonitrile was added
before returning the reaction to 50C for a 20 second night. The reaction
mixture was purified by flash chromatography on silica  gel using 1-20%
(1:9 ammonium hydroxide/ methanol)/ dichloromethane as  eluant. The column
fractions containing product were combined and concentrated  in vacuo,
which was taken up in methanol, treated with hydrochloric acid
(LOM/Et20,1.0 equivalent), re-evaporated to dryness, then washed with ethyl
ether, 25 filtered, and dried to give 0.002 g of the hydrochloride salt of
-3-(2-chloro-phenyl)-
7-(1-cyanomethylpiperidin-4-ylamino)-1-methyl-3,4-dihydropyrimido [4,5-d] -
pyrimidin-2(1H)-one. 21 April 2004 WO 01/29042 PCT/EPOO/10088 71 X34
4-Amino-2-benzylthiopyrimidine-5-carboxaldehyde CHO 5 34.1 Preparation of
4-amino-5-carbethoxy-pyrimidine-2-thiol Sodium ethoxic"e (272 g, 4.0 mol)
(Lancaster) was stirred in I L of ethanol  and treated with thiourea (304
g, 4.0 mol) (Avocado). Ethyl ethoxymethylene  cyanoacetate (676 g, 4.0 mol)
(Avocado) was added and the mixture heated at 



10 reflux for 8 hours. After cooling to room temperature overnight, the
reaction  mixture was treated sequentially with 2 L of water and 400 mL of
acetic acid. The  reaction mixture was heated at reflux for 30 minutes,
cooled to room temperature,  and the suspension filtered. The solid was
washed three 500 mL portions of water,  two 500 mL portions of acetone, and
500 mL of diethyl ether. The product was 15 dried to give 473.3 g (60%) of
4-amino-5-carbethoxy-pyrimidine-2-thiol as a cream  solid of melting point
>250C. 34.2 Preparation of 4-amino-2-benzylthiopyrimidine-5-carboxylate A
stirred suspension of 4-amino-5-carbethoxy-pyrimidine-2-thiol (473 g,  20
2.377 mol) in 3.5 L of ethanol was treated with potassium carbonate (180.4
g, 1.307  mol) and benzyl bromide (447.1 g, 2.615 mol). The mixture was
heated at reflux  for 2 hours then allowed to cool to room temperature
overnight. The suspension  was filtered and the solid washed with two 500
mL portions of ethanol, 2 L of water  and two 500 mL portions ofwater. The
product was dried in vacuo over 25 phosphorus pentoxide at 50C to give 416
g (61%) of ethyl 4-amino-2- benzylthiopyri.midine-5-carboxylate as a cream
solid of melting point 117-118C. 21 April 2004 WO 01/29042 PCT/EP00/10088
72 34.3 Preparation of 4-amino-2-benzylthiopyrimidine-5-methanol A solution
of ethyl 4-amino-2-benzylthiopyrimidine-5-carboxylate (462.4 g,  1.6 mol)
of in 2.3 L of sieve-dried tetrahydrofuran was added slowly with stirring
to  a 1 M solution of lithium aluminium hydride (1.6 L,1.6mol) in
tetrahydrofuran 5 under a nitrogen atmosphere with ice-cooling. The
solution was added at a rate to  maintain a temperature of 18-20C. On
completion of the addition, the mixture  was heated to 60C and treated
cautiously with 60.8 mL of water during 1.5 hours.  15% aqueous sodium
hydroxide (60.8 mL)was added during 30 minutes, followed  by 182.5 mL of
water during 30 minutes. The suspension was stirred at 60C 10 overnight
then filtered through Hyflo filter aid while still hot, and the solid
washed  with two 1 L portions of tetrahydrofuran. Evaporation of the
filtrate to dryness  gave 392.5 g (99%) of
4-amino-2-benzylthiopyrimidine-5-methanol as an off-white  



solid which was used in the next step without further purification. 15 34.4
Preparation of 4-amino-2-benzylthiopyrimidine-5-carboxaldehyde  A
suspension of 4-amino-2-benzylthiopyrimidine-5-methanol (392.5 g, 1.59 mol)
in 7.75 L of dichloromethane under a nitrogen atmosphere was treated  with
activated manganese dioxide (1.382 Kg, 15.9 mol) (Acros). The reaction
mixture was stirred at ambient temperature overnight then filtered through
Hyflo 20 filter aid. The solid was washed with three 1 L portions of
dichloromethane and the  combined filtrates evaporated to give 340.5 g
(88%) of 4-amino-2-benzylthio- pyriraidine-5-carboxaldehyde as a pale
yellow solid of melting point 136-139C. Example 35 25 3- 2-chloro hen 1
-7-ben thio-3 4-dih dro 'do 4 5-d imidin-2 1H - one 21 April 2004 WO
01/29042 PCT/EP00/10088 73 35.1 Preparation of
5-(2-chlorophenyl)aminomethyl-4-amino-2- benzylthiopyrimidine A mixture of
4-amino-2-benzylthiopyrimidine-5-carboxaldehyde (5 g, 5 20.4 mrnol),
2-chloroaniline (2.25 mL, 21.4 mmol) and 4-toluene-sulfonic acid
monohydrate (0.1 g, 0.5 msnol) in 60 mL of toluene was heated under reflux
with  azeotropic removal of water for 3 hours. The mixture was cooled to
OOC and the  precipitate was collected by vacuum filtration and was washed
with hexanes and air  dried. This solid was then dissolved in 100 mL
tetrahydrofuran and the solution 10 cooled to OC. Lithium aluminium hydride
(0.735 g, 18.8 mmol) was added in  small portions over 45 minutes. Once the
addition was complete, the mixture was  stirred for a further 15 minutes
and carefully treated sequentially with 0.8 mL water,  0.8 mL of 15%
aqueous sodium hydroxide and then 2.4 mL of water. The mixture  was stirred
for 30 minutes, filtered through celite, and the filtrate concentrated in
15 vacuo. The solid was stirred with diethyl ether, filtered and air dried
to give 6.1 g of
5-(2-cblorophenyl)aminomethyl-4-amino-2-benzyltbiopyrimidine as a white
solid. 35.2 Preparation
of3-(2-chlorophenyI)-7-benzylthio-3,4-dihydropyrimido 



[4,5-d]pyrimidin 2(1H)-one Cl-, CI 20 Sulfide 8.1 To a stirred solution,
cooled to -10C, of 5-(2-chlorophenyl) aminomethyl-
4-amino-2-benzylthiopyrimidine (4.3 g, 12.1 mmol) in 100 mL of
tetrahydrofuran  was added triethylarnine (3.1 ml., 22.2 mmol). This
solution was then treated 21 April 2004  WO 01/29042 PCT/EP00/10088  74
dropwise with a solution of phosgene (6.15 mL of 20% solution in toluene;
11.8 mmol). After stirring for 30 minutes, additional triethylamine (1.0
mL, 7.1 mmol) was added followed by phosgene (2.0 ml, of 20% solution in
toluene;  3.8 mmol). The reaction was warmed to room temperature, treated
with 0.5 mL  5 water and stirred for 30 minutes. The reaction was then
filtered and the mother liquor was concentrated and stirred with
dichloromethane. The product was then  collected by vacuum filtration and
dried in vacuo to give 3.83 g of 3-(2-
chlorophenyl)-7-benzylthio-3,4-dihydropyrimido- [4,5-d]pyrimidin-2(IH)-one
as a  white solid (sulfide 8.1). 10 Example 36
3-(2-chlorophenyl)-7-benzylsulfonyl-3,4-dihydropyrimido [4,5_d]pyrimidin 2
Ll -one Cl- n Ci I  H Sulfone 9.1 15 A suspension of sulfide 8.1 (1 g, 2.61
mmol) in 10 rnL of dichlorornethane  was cooled in ice and treated with 70%
3-chloroperbenzoic acid (1.29 g, 5.23  mmol). The mixture was stirred at
room temperature for 2 hours, then treated with  25 mL of 10% aqueous
sodium thiosulphate and left to stir for 30 minutes. The  resulting mixture
was diluted with 100 mL dichloromethane and the phases were 20 separated.
The organic phase was washed with 10% aqueous potassium carbonate,  



then brine, and then dried over magnesium sulfate and filtered-
Concentration of  the filtrate under reduced pressure gave 0.73 g of
3-(2-chlorophenyl)-7-
benzylsulfonyl-3,4-dihydropyrimido[4,5-d]-pyri,midin-2(1H)-one (sulfone
9.1) as a  white solid. 25 21 April 2004 WO 01/29042 PCT/EP00/10088 75 A
related compound, 7-benzylsulfonyl-3-ortho-tolyl-3,4-dihydro-
pyrinudo[4,5-d]pyrirnidin-2(IH)-one (sulfone 9.2) was prepared using ortho-
toluidine in place of 2-chloroaniline in Example 35. H3C Sulfone 9.2 5
Example 37  Compound 3-26 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(trans-4-
liydroxycyclohexylamino)-1-(2-pyrrolidin-l-yi-ethyl)-3,4-dihydropyrimido
[4,5-d] - 10 pyrrmidin-2(1H)-one. 37.1 Preparation of
7-benzylthio-3-(2-chlorophenyl)-I -(2 pyrrolidin-I -yl-
ethyl)-3,4-dihydropyrimido[4,5-djpyrimidin-2(I H) -one. 15 Sulfide 8.1 (500
mg, 1.31 mmol) was taken up in 2 mL tetrahydrofuran and  combined with
1-(2-hydroxyethyl)pyrrolidine (0.23 mL, 1.96 mmol),  triphenylphosphine
(514 mg, 1.96 mmol), and DEAD (0.31 mL, 1.96 mmol). The  reaction mixture
was stirred at room temperature for 3 hours, when additional  quantities of
1-(2-hydroxyethyl)pyrrolidine, triphenylphosphine, and DEAD were 20 added
(another 1.96 mmol each). The mixture was stirred at room temperature
overnight and semipurified by chromatography on silica gel using 2.5-10%
methanol/dichloromethane as eluant, to provide >1 g mixture of product 21
April 2004 WO 01/29042 76 



PCTIEP0011008S 7-benzylthio-3- (2-chlorophenyl)-1-(2-pyrrolidin-
l-ylethyl)-3,4- dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one and residual
starting materials. 37.2 Preparation
of7-benzylsulfonyl-3-(2-chlorophenyl)-I-(2 pyrrolidin-J 5
yi-ethyl)-3,4-dihydropyrimido(4,5-djpyrimidin-2(IH)-one. Cl-~' CI Oxidation
of 7-benzylthio-3-(2-chlorophenyl)-1-(2-pyrrolidin-l-ylethyl)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one was accomplished using 3-
chloroperoxy-benzoic acid (0.94 g, 3.92 rnmol) in dichloromethane with
stirring at 10 room temperature for 1 hour. The reaction was quenched with
saturated sodium  sulfite (aqueous, 1 mL) and extracted with
dichloromethane. The combined  extracts were dried, and concentrated in
vacuo to provide 7-benzylsulfonyl-3-(2- chlorophenyl)-1-(2pyrrolidin-l
-ylethyl)-3,4-dihydropyrimido [4,5-d]pyrimidin- 2(1H)-one, which was used
without purification. 15 37.3 Preparation of
3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexyl- amino)-I-(2pyrrolidin-I
ylethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one. Cl, CI The crude
7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2-pyrrolidin-1-ylethyl)- 20
3,4-dihydropyriraido14,5-d]pyrimidin-2(1H)-one was taken up in 6 mL
diglyrne with trans-4-aminocydohexanol (165 mg, 1.44 mmol) and stirred at
120C for 3 21 April 2004 WO 01/29042 PCT/EP00/10088 77 hours- The mixture
was purified by chromatography on silica gel Using 3-30%  methanol'
dichloromethane as eluant to provide the title compound (45 mg, 0.096
mmol). The purified product was taken up in ethyl acetate and treated with
1  equivalent HCIIEt2O to precipitate the hydrochloride salt of
3-(2-chlorophenyl) 5 7-(trans-4-hydroxycydohexyl-amino)-1-(2-pyrrolidin-1
yiethyl)-3,4- dihydropyrimido (4,5-d] pyrimidin-2(1H)-one. Example 38
Compound 3-27 



10 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(trans-4- hydroxycyclohexylamino)-1-
(2-diethylaminoethyl)-3,4-dihydropyrimido [4,5-d] - pyriznidin-2(1H)-one.
38.1 Preparation of 7-benzylthio-3-(2-chIoiophenyI)-1-(2-diethylamino- 15
ethyl)-3,4-dihydropyrimido[4,5-d]pyrirnidin-2(IH)-one. Sulfide 8.1 (500 mg,
1.31 mmol) was taken up in 2 mL tetrahydrofuran with
N,N-diethylethanolamine (0.26 mL, 1.96 mrnol), triphenylphosphine (514 mg,
1.96 mmol), and DEAD (0.31 mL,1.96 mmol), and stirred at room temperature
for  20 3 hours, when additional quantities of diethylethanolarnine,
triphenylphosphine,  and DEAD were added (another 1.96 mmol each). The
mixture was stirred at room  temperature overnight and semipurified by
chromatography on silica gel using 1- 3.5% methanolldichloromethane as
eluant, to provide >1 g mixture of 7-
benzylthio-3-(2-chlorophenyl)-1-(2-diethylaminoethyl)-3,4-dihydropyrimido
[4,5 25 d]pyrimidin-2(1H)-one and residual starting materials 21 April 2004
WO 01/29042 78 PCT/EPOO/10088 38.2 Preparation
of7-benzylsulfinyl-3-(2-chlorophenyl)-1-(2-diethylamino
ethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1 H)-one. CI-, C1 Oxidation of
the 7-benzylthio-3-(2-chlorophenyl)-1-(2-diethylaminoethyl)- 5
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was accomplished using 3
chloroperoxy-benzoic acid (0.339 g, 1.96 mmol) in dichloromethane with
stirring at  room temperature for 1 hour. The reaction was quenched with
10% sodium sulfite  solution (aq, 5 mL), poured into saturated aqueous
sodium bicarbonate, and  extracted with dichloromethane. The combined
extracts were dried with 10 magnesium sulfate and concentrated in vacua to
provide 7-benzylsulfinyl-3-(2-
chlorophenyl)-1-(2-diethylaniino-ethyl)-3,4-dihydropyrimido- [4,5-d]
pyrmmidin- 2(1H)-one, which was used without purification. 38.3 Preparation
of3-(2-chlorophenyl)-I-(2-diethylaminoethyl)-7-(trans-4- 15
hydrox)-cyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin 2(IH)-one. 



C- C1 N" -N" N v ~ OH  The crude
7-benzylsulfinyl-3-(2-chlorophenyl)-1-(2-diethylaminoethyl)
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was taken up in 2 mL diglyme
with trans-4-aminocydohexanol (150 mg, 1.31 mmol) and stirred at 120C for 4
20 hours. The mixture was purified by chromatography on silica gel using
5-35% methanol/ dichloromethane as eluant to provide the title compound (52
mg,  0.110 mmol). The purified product was taken up in ethyl acetate and
treated with 21 April 2004 WO 01/29042 PCT/EPOO/10088 79 5 10 1 equivalent
HCI/Et20'to precipitate the hydrochloride salt of 3-(2-chlorophenyl)-
7-(trans-4-hydroxycyrlohexyl-amino)-1-(2-diethylaminoethyl)-3,4-dihydro-
pyrimi4o[4,5-d]pyrimidin-2(1H)-one. Example 39  Compound 3-30 This example
illustrates the preparation of 3-(2-chlorophenyl)-l-(2-
dimethylaminoethyl)-7-(trans-4-hydro)ycyclohexylamino)-3,4-dihydro-
pyrimido[4,5-d] -pyrimidin-2 (1H)-one. 39.1 Preparation of
7-benzylthio-3-(2-chlorophenyl)-I-(2-dimethyI-
aminoethyl)-3,4-dihydropyrimido34,5-d)pyrimidin-2(IH)-one. H 3 C CH3
Sulfide 8.1 in 5 rnL tetrahydrofuranwas combined with N,N-dimethyl 15
ethanolamine (0.39 mL, 3.92 mmol), triphenylphosphine (1.04 g, 3.92 mmol),
and  DEAD (0.62 mL, 3.92 inmol), and stirred at room temperature for 1
hour. The  mixture was semipurified by chromatography on silica gel with
1-3%  



methanolldichloromethane as eluant, to provide >1 g mixture of
7-benzylthio-3-(2-
chlorophenyl)-1-(2-dimethyla.mino-ethyl)-3,4-dihydropyrimido[4,5-d]
pyrimidin 20 2(1H)-one and residual triphenylphosphine oxide. 21 April 2004
WO 01129042 80 PCT/EP00/10088 39.2 Preparation
of7-benzylsulfonyI-3-(2-chlorophenyI)-I-(2..
dimethylamino-ethyl)-3,4-dihydropyrimido f 4,5-d]pyrimidin-2(I H)-one. CIS
Cr -'11  O ti H3C-N%CH3 H3C.NNCH3 Oxidation of tle sulfide was accomplished
using 3-chloroperoxybenzoic 5 acid (1.35 g, 7.84 mmol) in dichloromethane
with stirring at room temperature for  1 hour. The reaction was quenched
with saturated sodium sulfite (aqueous, I mL)  and extracted with
dichloromethane. The organic extracts were washed with  saturated aqueous
sodium bicarbonate, dried with magnesium sulfate, and  concentrated in
vacua to provide 7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2 10
dimethylaminoethyl)-3,4-dihydro-pyrimido- [4,5-djpyrirnidin-2(1H)-one,
which  was used without purification. 39.3 Preparation of
3-(2-chlorophenyl)-I -(2-dimethylaminoethyl)-7-(trans-
4-hydroxycyclohexylamino)-3,4-dihydropyrimido [4,5-d]pyrimidin-2(IH)-one.
C!~ Cr 15 N  N .CH3  CH3 OH H3C H3C The crude
7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2-dimethylami.noethyl)- 



3,4-dihydropyri.mido[4,5-d]pyrimidin-2(1H)-one was taken up in 2 mL diglyme
with trans-4-aminocyclohexanol (331 mg, 2.87 mmol) and stirred at 120C for
4  hours. The mixture was purified by chromatography on silica gel using
10-30% 20 methanol/ dichloromethane as eluant to provide the title compound
(180 mg, 0.405  mmol). The purified product was taken up in ethyl acetate
and treated with 1 equivalent HCUEt2O to precipitate the hydrochloride salt
of 3-(2-chlorophenyl) 21 April 2004 WO 01/29042 PCT/EP00/10088 81 5
1-(2-dimethylaminoet] yl)-7-(trans-4-hydroxycyclohexylamino)-3,4-dihydro-
pyrimido [4,5-d] pyrimidin-2(1H)-one. Example 40  Compound 3-22 This
example illustrates the preparation of (S)-3-(2-chlorophenyl)-7-(2-
.hydroxy-1-methyl-ethylamino)-1-(piperidin-4-yl)-3,4-dihydropyrimido[4,5-d]
- pyrimidin-2(1H)-one. 10 40.1 Preparation
of7-benzyIthic-3-(2-chlorophenyl)-1-(piperidin-4 yI)-3,4
dihydropy7imido(4,5-d jpyrimidin-2(IH)-one. H To a suspension of sulfide
8.1 (850 mg, 2.22 rnmol) in tetrahydrofuran  (10 mL) was added
ten-butyl-4-hydroxy-l-piperidine carboxylate (411 mg, 2.22 15 rnmol) and
Biphenyl-2-pyridylphosphine (878 mg, 3.3 mmol). After 5 minutes di-
tert-butyl-azodicarboxylate (768 mg, 3.33 mmol) was added and the reaction
was  stirred at room temperature over the weekend. The reaction was placed
directly on  a flash silica column using 3:1-2:1 hexane ethyl acetate and
1:1 hexane/ethyl acetate  as eluants to give 930 mg of
7-benzylthio-3-(2-chlorophenyl)-1-(piperidin-4-yl) 20
3,4-dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one. 21 April 2004 WO 01129042
PCT/EP00/10088 



82 40.2 Preparation
of7-benzylsulfinyl-3-(2-chlorophenyl)-J-(piperidin-4-yl)
3,4-dihydropyrimido[4,5-d jpyrimidin-2(I H)-one. Cl" n Cl H To a solution
of 7-benzylthio-3-(2-cblorophenyl)-.1-(piperidin-4-yl)- 5
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (920 mg, 1.62 mmol) in
dicbloromethane (16 rnL) cooled to 0C was added 3-chloroperbenzoic acid
(403  mg, 1.64 mmol). After an hour at room temperature 5 mL of 10% sodium
thiosulphate was added. After 10 minutes, the dichloromethane layer was
separated  and washed with 10% potassium carbonate and brine, dried over
magnesium 10 sulfate, concentrated in vacuo to give 650 mg of
3-(2-chlorophenyl)-7- benzylsulfinyl-
l-(piperidin-4-yl)-3,4-dihydropyrimido [4,5-d] -pyrimidin-2(1H)- one as a
white foam. 40.3 Preparation- of
(S)-3-(2-chlorophenyI)-7-(2-hydroxy-I-methyl 15 ethylamino)-I-(piperidin-4
yI)-3,4-dihydropyrimido[4,5-d)pyrimidin-2(IH)-one. CIS CI To a suspension
of 7-benzylsulfinyl-3-(2-chlorophenyl)-1-(piperidin-4-yl)-
3,4-dihydropyri.naido[4,5-d]pyrimidin-2(1H)-one (650 mg, 1.136 mmol) in
1,2-dimethoxyethane (0.5mL) was added (S)-(+)-2-amino-l-propanol (250 mg,
20 3.33 mmol). The reaction was warmed to 100 OC under argon for 2 hours.
The 21 April 2004 WO 01/29042 PCTIEP00110088 83 reaction was placed
directly on a flash silica column using 92:8-90:10 dichloro-
methane/methanol as eluant to give 300 mg of the
(S)-3-(2-chlorophenyl)-7-(2-
hydroxy-l-methylethylamino)-1-(piperidin-4-yl)-3,4-dihydropyrimido [4,5-
d]pyrimidin-2(1H)-one, which was redissolved in 5 mL of dichloromethane and
5 5 mL trifluoroacetic acid. After 5 hours the solvents were removed in
vacuo and 5 mL  of ethyl acetate and 5 anL of 10% sodium bicarbonate were
added. The organic  layer was separated, washed with brine, dried over
magnesium sulfate and  concentrated in vacuo to give 130 mg of the title
compound as a white foam that  



was dissolved in ethyl acetate and treated with 1 equivalent of
hydrochloric acid in 10 LOM ether. The precipitate was collected, washed
with ether and dried in vacuo to  give 115 mg of the hydrochloride salt of
(S)-3-(2-chloro-phenyl)-7-(2-hydroxy-l-
rnethylethylamino)-1-(piperidin-4-y1)-3,4-dihydropyrimido[4,5-d] pyrimidin-
2(1H)-one. 15 20 Example 41  Compound 3-21 This example illustrates the
preparation of (R) -3- (2-chlorophenyl)- 7- [ (2-
hydroxy-l-methylethyl)amino] -l-(2-ethoxy- l-ethoxymethylethyl)-3,4-
dihydropyrimido- [4,5-d] pyrirnidin-2(1H)-one. 41.1 Preparation
of7-benzylthio-3-(2-chlorophenyI)- I-(2-ethoxy-l-ethoxy- methylethyl)-3,
4-d ihydropyrimidof 4,5-d]pyrimidin-2(1 H)-one. A mixture of sulfide 8.1
(600 rug, 2.4 mmol), diphenyl-2-pyridylphosphine  25 (619 rug, 2.4 mmol)
and 1,3-diethoxy-2-propanol (232 mg, 0-6 nnmol) was dissolved in
tetrahydrofuran under nitrogen. To this solution was added di-tert 21 April
2004  WO 01/29042 PCT/EPOO/1OO88 84 butylazodicarboxylate (542 mg, 2.4
mmol) in one portion, and the resulting  mixture was stirred at room
temperature for one day. 1M hydrochloric acid in  ether was added and the
excess solvent was evaporated after stirring the mixture for  1 hour. The
residue was dissolved in ether and washed with aqueous hydrochloric  acid.
The organic layer was dried over sodium sulfate, concentrated and the
residue  was purified by column chromatography on silica gel using 30%
ethyl acetate in  hexane as eluant. The column fractions containing product
were combined and  concentrated in vacuo to give 566 mg of
7-benzylthio-3-(2-chlorophenyl)-1-(2-
ethoxy-1-ethoxymethylethyl)-3,4-dihydropyrimido [4,5-d]pyrimidin-2(IH)-one.
10 41.2 Preparation of 7-benzylsulfinyI-3-(2-chlorophenyI)-i-(2-ethoxy-I
ethoxy-methyIethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(I H)-one.  



CI"- Cl A suspension of
7-benzylthio-3-(2-chlorophenyl)-1-(2-ethoxy-l-ethoxy- 15
methylethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (566 mg, 1.1
mmol) in dichloromethane (5 mL) was cooled in an ice bath and 3-chloroper-
benzoic acid was added. The reaction mixture was stirred for 1 hour,
concentrated  in vacuo, and the residue was purified by column
chromatography on silica gel  using 98:2 dichloromethane/methanol. The
column fractions containing product 20 were combined and concentrated in
vacuo to yield 425mg of 7-benzylsulfinyl-3-(2-
chlorophenyI)-1-(2-ethoxy..1-ethoxymethylethyl)-3,4-dihydropyrimido
[4,5-d]- pyrimidin-2(IH)-one.  21 April 2004 WO 01/29042 PCTIEPOOI10088 85
41.3 Preparation of (R)-3-(2-chlorophenyl)-7-[(2-hydroxy-I-methyl-
ethyI)amino j-1-(2-ethoxy-I -ethoxymethyIethyl)-3,4-dihydropyrimido[4,5-d]-
pyrimidin 2(1H)-one. 5
7-Benzylsulfinyl-3-(2-chlorophenyl)-1-(2-ethoxy-1-ethoxymethylethyl)-3,4-
dihydropyrimido[4,5-djpyrimidin-2(1H)-or a (425 mg, 0.8 rnmol) in
(R)-2-amino- 1-propanol (1 mL) was heated to 140C for 18 hours at which
time it was cooled to  room temperature and concentrated in vacuo. The
residue was purified by column  chromatography on silica gel using 98:2
dichloromethane/methanol. The column 10 fractions containing product were
combined and concentrated in vacuo to give an  oil, which was re-dissolved
in ethyl acetate. Addition of hydrochloric acid  (1.OM/Et2O, 2.0
equivalents) gave the salt which was filtered and dried to 156 mg of  the
hydrochloride salt of (R)-3-(2-chorophenyl)-7-(2-hydroxy-l-methylethyl-
amino)-1-(2-ethoxy-l-ethoxy-methylethyl)-3,4-dihydropyrimido [4,5-d]  15
pyrimidin-2(1H)-one. Example 42  Compound 3-60 This example illustrates the
preparation of 3-(2-chlorophenyl)- 



20 7-(trans-4-hydroxycyclohexylamino)-1-(2,2,2-trifluoroethyl)-3,4-dihydro-
pyrimido [4,5-d] pyrirnidin-2(1H)-one. 21 April 2004 WO 01/29042 86 42.1
Preparation of 7-benzylthio-3-(2-chlorophenyl)-I-(2,2,2- tnf
luoroethyI)-3,4-dihydropyrimido[4, 5-dJpyrimidin-2(I H) -one C! S- -N- -H-
'O  PCT/EPOO/10088 Sllz~" N I N FO  ~  F F To sulfide 8.1 (0.563 g, 1.47
mmol) in dry N,N-dimethylformamide (3 mL)  5 was added sodium hydride (60%,
0.1 g, 2.5 mmol) at 0 C. After stirring the mixture at room temperature for
30 minutes, 2,2,2-trifluorornethane sulfonate ( 1  mL) was added and the
mixture was stirred overnight. Ethyl acetate was added to  the reaction
mixture, and the solution was washed with brine, dried over sodium
sulfate, filtered, and evaporated. The resulting oil residue was trituated
with 10 hexanes to give 0.65 g of crude
7-benzylthio-3-(2-chlorophenyl)-1-(2,2,2-
trifluoroethyl)-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1H)-one, which was
used  directly in the next step without purification. 42.2 Preparation of
7-benzylsulfonyI-3-(2-chlorophenyl)-I -(2,2,2-trifluoro- 15
ethyl)-3,4-dihydropyrimido[4,5-djpyrimidin 2(IH)-one N ,_Iz~ O ~  S N N  



S N N O ` l F 1 / O F F F F To
7-benzylthio-3-(2-chlorophenyl)-1-(2,2,2-trifluoroethyl)-3,4-dihydro-
pynmido[4,5-d)pyrimidin-2(1H)-one (0.67 mg) in tetrahydrofuran (7 rnL) at
0C  was added a solution of Oxone(r) (2.27 g) in water (7 mL). The mixture
was then 20 stirred at room temperature for one hour. Additional Oxone(r)
(0.8 g) in 2 mL of  water was added and the mixture was stirred for another
1 hour. The mixture was  diluted with ethyl acetate, washed with brine,
dried over sodium sulfate, filtered and  evaporated to give 0.65 g of crude
7 benzylsulfonyl-3-(2-chlorophenyl)-1-(2,2,2 21 April 2004 WO 01129042
PCTIEPOO/10088 87
trifluoroethyl)-3,4-dihydropyri.nfido[4,5-d]-pyrimidin-2(1H)-one as a white
solid,  which was used directly in the next step without purification. 42.3
Preparation of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexyl 5
amino)-1-(2,2,2-tnfluoroethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-on
e CI I I f % OH  7-Benzylsulfonyl-3- (2-chlorophenyl)-1-
(2,2,2-trifluoroethyl)-3,4-dihydro pyrimido[4,5-d]pyrimidin-2(1H)-one (300
mg, 0.604 mmol), trans-4-amino- cyclohexarol (208 mg, 3 equivalents) and
1-methyl-2-pyrrolidinone (0.3mL) were  10 heated with stirring at 110 C for
20 minutes, at which time it was cooled to room temperature. The residue
was purified using preparative thin layer chromatography  using ethyl
acetate as eluant, to give 155 mg of 3-(2-chlorophenyl)-7-(traru-4-
hydro)ycydohexylamino)-1-(2,2,2-trifluoroethyl)-3,4-dihydropyrirnido
[4,5-d] - 



pyrimidin-2(1H)-one as an off-white powder. 15 Example 43  Compound 3-32
This example illustrates the preparation of 3-(2-chlorophenyl)-
7-(trans-4-hydroxycyclohexylamino.)-1-(dimethylaminocarbonylmethyl)-3,4- 20
dihydropyrimido-[4,5-d]pyrin-ddin-2(1H)-one. 21 April 2004 WO 01/29042 88
PCT/EPOO/10088 43.1 Preparation of7-benzylthio
3-(2-chlorophenyl)-1-(ethoxycarbonyl- methyI)-3,4-dihydropyrimido
j4,5-djpyrimidin 2(IH)-one 5 Sulfide 8.1 (2.0g, 5.22mmol) in
N,N-dimethylformamide (10 mL) was  combined with sodium hydride (230 mg,
5.75 mmol), and the reaction mixture was  stirred for 20 minutes, then
ethylbromoacetate (1.16 mL, 10.45 mmol) was added.  After 3 hours the
reaction was quenched with water and extracted into ethyl acetate.  The
combined organic extracts were washed with water, dried, filtered, 10
concentrated in vacua, and the residue was purified by column
chromatography on  silica gel using 30% acetone/hexane as eluant. The
column fractions containing  product were combined and concentrated in
vacua to give 1.438 g 7-benzylthio-3-
(2-chlorophenyl)-1-(ethoxycarbonylmethyl)-3,4-dihydropyrimido- [4,5-d] -
pyrimidin-2(1H)-one. 15 43.2 Preparation of
7-benzylthio-3-(2-chlorophenyl)-I-(hydroxycarbonyI
methyI)-3,4-dihydropyrimido j4,5-d jpyrimidin-2(IH)-one C!" Cl OH A mixture
of 7-benzylthio-3-(2-chlorophenyl)-I-(ethoxycarbonylmethyl)- 20
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (1.435 g, 3.36 mmol) and
lithium hydroxide monohydrate (481 mg, 11.5 mmol) in methanol (10 mL) and
water 21 April 2004 



WO 01/29042 89 PCT/EP00/10088 (30 mL) were refluxed for 48 hours. The
reaction mixture was cooled to room  temperature and diluted with ethyl
acetate/water. The aqueous layer was adjusted  to pH 4 and extracted with
ethyl acetate. The combined organic extracts were dried,  filtered and
concentrated in vacuo to give 1.2 g of 7-benzylthio-3-(2-chlorophenyl) 5
1-(hydroxycarbonylmethyl)-3,4-dihydropyrimido[4,5-dj -pyrimidin-2 (1H)-one.
43.3 Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(dimethylamino
carbonylmethyI)-3,4-dihydropyrirnido[4,5-d3pyrimidin-2(1 H)-one CIS i~ Ci
OH 10 To a solution of 7-benzylthio-3-(2-chlorophenyl)-1-(hydroxycarbonyl-
methyl)-3,4-dihydropyrimido[4,5-dlpyrimidin-2(1H)-one (500 mg, 1.13 rnmol)
and benzotriazol-l-yloxytris(pyrrolidino)phosphonium hexafluorophosphate)
(885  mg, 1.70 mrn.ol) in N,N-dimethylformamide (15mL) was bubbled
dimethylamine  gas into the solution for two minutes, then stirred in a
sealed tube for 2 hours. The 15 reaction mixture was quenched with water
and extracted into ethyl acetate. The  combined organic extracts were
washed with water, dried, filtered, concentrated in  vacuo, and the residue
was purified by column chromatography on silica gel using  36:1
dicloromethane/methanol as eluant. The column fractions containing product
were combined and concentrated in vacua to give 490 mg of 7-benzylthio-3-(2
20
chlorophenyl)-1-(dunethylaminocarbonyl-methyl)-3,4-dihydropyrimido[4,5-d]-
pyrimidin-2(1 H)-one. 21 April 2004 WO 01129042 90 PCT/EPOO/10088 43.4
Preparation of 7-benzylsulfonyl-3-(2-chlorophenyI)-I -(dimethylamino
carbonylmethyI)-3,4-dihydropyrimido[4,5-d]pyrirnidin-2 (I H)-one CIS CI
/-N\ 



To a solution of7benzylthio-3-(2-chlorophenyl)-1-(dirnethylamino 5
carbonyl-methyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (490 mg,
1.13  minol) in chloroform was added 3-chloroperoxybenzoic acid (780 mg,
4.52 mmol).  The mixture was stirred for 2 hours then washed with 10%
solution of sodium  sulfite in water and sodium bicarbonate aqueous
solution, dried, filtered and  concentrated to give 550 mg of
7-benzylsulfonyl-3-(2-chlorophenyl)-1 10
(dimethylaminocarbonylmethyl)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-
one. 43.5 Preparation
of3-(2-chlorophenyl)-7-(trans-4-hydroxycycloxylamino)- I
-(dimethylaminocarbonylmethyI)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(I
H)-one CIS Cl 15 OH
7-Benzylsulfonyl-3-(2-chlorophenyl)-1-(dimethylaminocarbonylmethyl)
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (550 mg, 1.1 mmol) was
combined with trans-4-aminocydohexanol (253 mg, 2.2 mmol). The mixture was
heated to 100-105C for 3 hours, at which time it was cooled to room
temperature.  20 The residue was purified by column chromatography on
silica gel using 9:1 didoromethane/methanol as eluant. The column fractions
containing product 21 April 2004  WO 01/29042 PCT/EP00/10088  91 were
combined and concentrated in vacuo to a solid that was triturated with
methanol, filtered, dried and suspended in ethyl acetate. Addition of
hydrochloric  acid (1.OM/Et20, 2.0 equivalents) gave the salt which was
filtered and dried to give  90 mg of the hydrochloride salt of
3-(2-chlorophenyl)-7-(trans-4-hydroxycycloxyl 5
amino)-1-(dimethylaminocarbonylmethyl)-3,4-dihydropyrimido-f 4,5-d]-
pyrimidin-2(1H)-one. Example 44  Compound 4-1 10 This example illustrates
the preparation of 3-(2-chlorophenyl)-7-(2- hydroxy- l -hydroxymethyl-
l-methylethylamino)-3,4-dihydropyrimido [4,5-d] - pyrirnidin-2 (1H)-one. 



15 Sulfone 9.1 (0.500 g, 1.21 mmol) was combined with 2-amino-2-methyl-1,
3- propanediol (0.253 g, 2.41 mmol). The mixture was heated to 120-130 C
for 2  hours at which time it was cooled to room temperature. The residue
was triturated  in dicloromethanelmethanoL The slurry was filtered to give
the free amine of the  title compound, which was then slurried in methanol.
Addition of hydrochloric 20 acid (1.0 M/Et20,1.0 equivalent) gave the salt
which dissolved in methanol. The  solution was filtered and the filtrate
concentrated in vacuo to yield a hygroscopic  solid which was triturated in
ether, filtered and dried to give 0.195 g of 3-(2-
chlorophenyl)-7-(2-hydroxy-l-hydroxymethyl-l-methylethylamino)-3,4-dihydro-
pyrimido[4,5-d]pyrunidin-2(1H)-one. 25 21 April 2004 WO 01129042 92
PCT/EPOOII0088 Example 45  Compound 4-6 This example illustrates the
preparation of 3-(2-chlorophenyi)-7-((R,R)-
2-hydroxy-l-hydroxymethylpropylamino)-3,4-dihydropyrimido [4,5-d]
-pyrimidin- 5 2(IH)-one. HN Sulfone 9.1 (776 mg, 1.9 rnmol) was combined
with (RR)-3-amino-1, 2- butanediol (238 mg, 2.3 mrnol) and 2-methoxyethyl
ether (5 mL). The mixture was  heated to 120C for 3 hours, at which time it
was cooled to room temperature and 10 concentrated in vacuo. The residue
was purified by column chromatography on  silica gel using 97:3
dichloromethanelmethanol as eluant. The column fractions  containing
product were combined and concentrated in vacuo to give an oil, which  was
re-dissolved in ethyl acetate. Addition of hydrochloric acid (1.OM/Et2O,
2.0  equivalents) gave the salt which was filtered and dried to give 159 mg
of the 15 hydrochloride salt of
3-(2-chlorophenyl)-7-((R,R)-2-hydroxy-l-hydroxy-
methylpropylamino)-3,4-dihydropyrimido [4,5-d] -pyrimidin-2 (IH)- one.
Example 46  



Compound 4-8 20 This example illustrates the preparation of
3-(2-chlorophenyl)-7-[(4- hydroxycyclohexylarnino)-3,4-dihydropyrimido
[4,5-d]pyrimidin-2(IH)-one. Ck_ Cl N III_L .~ N KI. O  S O O H H 1N l N'~O
N H 21 April 2004  WO 01/29042 PCTIEPOO/10088 93 Sulfone 9.1 (0.500 g, 1.21
mmol) was combined with a racemic mixture of  4-aminocyclohexanol (0.70 g,
6.0 mmol; lyophilized from 50% aqueous solution  (ICN)) in 2 mL
N-methylpyrrolidinone. The mixture was heated to 120 C for 1.5  hours at
which time it was cooled to room temperature. The residue was purified 5 by
column chromatography on silica gel using 1-5% methanol/dichloromethane as
eluant. The column fractions containing product were combined and
concentrated  in vacuo to give the title compound as yellow granules which
were redissolved in  ethyl acetate. Addition of hydrochloric acid
(1.OMIEt2O,1.0 equivalent) gave the  salt which was filtered and dried to
give 0.258 g of the hydrochloride salt of 3-(2 10
chlorophenyl)-7-[(4-hydro)ycyclohexyl-amino)-3,4-dihydropyrimido[4,5-d)-
pyrimidin-2(1H)-one. Example 47  Compound 2-10 15 This example illustrates
the preparation of 3-(2-chlorophenyl)-7-(tetra-
hydropyran-4-ylarnino)-3,4-dihydropyrimido [4,5-d] pyrimidin-2(1H)-.one. 



0 H2NOH.HCI pyridine/EtOH HN'ill N NJ" O N'  Preparation of
4-aminotetrahydropyran Hydroxylarnine hydrochloride (4.19 g, 59.9 mmol) was
taken up in 13 mL  20 ethanol at room temperature and the resulting slurry
was washed with another 15 mL ethanol into a solution of
tetrahyropyran-4-one (5 g, 49-9 mmol) in 30 mL  pyridine. The reaction was
stirred overnight at room temperature then evaporated  in vacuo to a thick
pyridine-based syrup, which was poured into saturated aqueous HO. N 21
April 2004  WO 01129042 PCT/EPOO/10088  94 copper sulfate and extracted
with ethyl acetate. The combined extracts were dried  with sodium sulfate,
evaporated in vacua, and eluted with ethyl acetate. The filtrate  was
evaporated in vacua to yield tetrahydropyran-4-one oxime as a greenish
solid  (5.05 g, 0.44 mmol). 5 A portion of the tetrahydropyran-4-one oxime
(2.8 g, 24.3 mmol) was taken  up in 50 mL tetrahydrofuran and chilled to 0C
before slowly adding lithium  aluminium hydride (4.6 g, 122 mmol) in
portions. When the addition was  complete, the reaction .was removed from
the ice bath, stirred at reflux overnight, 10 and then quenched with
careful addition of water and 10% aqueous sodium  hydroxide. The reaction
mixture was stirred at room temperature for 1 hour before  filtering off
the aluminum salts and rinsing with dichloromethane. The filtrate was
evaporated in vacua to yield 4-aminotetrahydropyran as a dark brown liquid
(1.74  g, 0.17 mmol). 15 



Preparation of
3-(2-chlorophenyI)-7-(tetrahydropyran-4-ylamino)-3,4-dihydro-
pyrimido-[4,5-d]pyrimidin 2(1H)-one. Sulfone 9.1 (0.205 g, 0.494 mmol) in 5
rnL 1-methyl-2-pyrrolidinone was  combined with 4-aminotetrahydropyran
(0.100 g, 0.988 mmol). The reaction was  20 stirred at 100C for 24 hours
and purified by column chromatography on silica gel using 3-7%
methanol/dichloromethane as eluant. The column fractions containing
product were combined and concentrated in vacua to a give the title
compound as a  brown gum which was redissolved in methanol. Addition of
hydrochloric acid  (1.OM/Et2O, 1.0 equivalent) gave 0.026 g of the
hydrochloride salt 3-(2-chloro 25
phenyl)-7-(tetrahydropyran-4-ylamino)-3,4-dihydropyrimiclo[4,5-d]pyrimidin-
2(1H)-one. Example 48  Compound 4-14 30 This example illustrates the
preparation of 3-(2-chlorophenyl) 7- [ (1-hydroxymethylcycylopentyl) amino]
-3,4-dihydropyrimido [4,5-d] pyrimidin- 2(1H)-one. 21 April 2004 WO
01/29042 PCTIEP00/10088 95  CEO Cl H HN N Sulfone 9.1 (500 mg, 1.2 mmol)
was combined with 1-amino-l- cyclopentylmethanol(550 mg, 4.8 minol) and 1
mL 1-methyl-2-pyrrolidinone. The  mixture was heated to 120C for 3 hours,
at which time it was cooled to room 5 temperature. 3 mL Methanol was added
and the suspension was stirred for 10  minutes, filtered, and the residue
was washed with methanol, dried and suspended  in ethyl acetate. Addition
of hydrochloric acid (1.OM/Et2O, 2.0 equivalents) gave  the salt which was
filtered and dried to give 260 mg of hydrochloride salt of 3-(2-
chlorophenyl)-7- [ (1-hydroxymethylcycylopentyl)amino]
-3,4-dihydropyrimido- 



10 [4,5-d]pyrirnidin-2(1H)-one. Example 49  Compound 4-16 This example
illustrates the preparation of 3-(2-chlorophenyl) 15
7-[(1-hydroxymethylcyclohexyl)amino]-3,4-dihydropyrimido[4,5-d]pyrimidin-
2(1H)-one. HN H Sulfone 9.1 (500 mg, 1.2 mmol) was combined with 1-amino-1-
cyclohexanemethanol (623 mg, 4.8 mmol) (prepared as described in J. Med.
Chem., 20 1966, 9(6), 911-920) and 1-methyl-2-pyrrolidinone (1 mL). The
mixture was  heated to 120C for 3 hours at which time it was cooled to room
temperature. 21 April 2004  WO 01/29042 PCT/EP00I10088  96 Methanol (3 mL)
was added, the suspension was stirred for 10 minutes, filtered.  The
precipitate was washed thoroughly with methanol, dried and suspended in
ethyl acetate. Addition ofhydrochloric acid (1.OM/Et2O, 2.0 equivalents)
gave the  salt which was filtered and dried to give 328 mg of the
hydrochloride salt of 3-(2 5
chlorophenyl)-7-[(1-hydroxymethylcyclohexyl)amino]-3,4-dihydropyrimido-
[4,5-d] -pyri.midin-2(1H)-one. Example 50  Compound 2-25 10 This example
illustrates the preparation of 3-(2-chlorophenyl)-7-[(1-
methylpiperidin-4-yl)methylaminoj-3,4-dihydropyrimido[4,5-d]pyrim
idin-2(1H)- one. H Sulfone 9.1 (0.512 g, 1.2 mmol) was combined with
1-methyl-4 15 (methylamino)piperidine (2 mL) (Aldrich Chemicals) in 0.3 rnL
of 1-methyl-2- pyrrolidinone. The mixture was heated at 100 C for 3 hours,
at which time it was  cooled to room temperature, diluted with ethyl
acetate and washed with brine. The  organic phase was dried over sodium
sulfate, filtered and evaporated. The crude  



product was purified by column chromatography on silica gel using 2%-10% 20
methanol in dichloromethane as eluant, and finally 1% triethylamine/10%
methanol in dichloromethane. The solids obtained were suspended in 5 mL
methanol, bubbled with hydrogen chloride for 30 seconds, and the solvents
were  evaporated. The solids were then stirred in ethyl acetate and
filtered to give 190 mg  of the dichloride salt of 3
(2-chlorophenyl)-7-[(1-methylpiperidin-4-yl) 25
methylamino]-3,4-dihydropyrimido[4,5-d]-pyrirnidin-2(1H)-one. 21 April 2004
WO 01/29042 97 PCT/EP00/10088 Example 51  Compound 4-18 This example
illustrates the preparation of 3-(2-chlorophenyl)-7-(cis-4-
hydroxycydohexylamino)-3,4-dihydropyrimido [4,5-d]pyrimidin-2(1H)-one. O N
O ' 5S N'~N"O  CI 5 OH  Sulfone 9.1 (0.81 g, 1.95 mmol) was combined with
cis-4-amino-cydohexanol (0.45 g, 3.9 mmol) (prepared as described in Aust.
I Chenz.,1961,14, 610) in 2.0 mL  of I methyl-2-pyrrolidinone. The reaction
mixture'was stirred at 120 C for 24 hours, at which time the reaction
mixture was cooled to room temperature and  10 filtered. The filtrate was
suspended in anhydrous methanol, collected and dried  precipitate to give
0.400 g of the title compound as a white solid (m.p. 263.7-264.6   Q. White
solid was dissolved in a 10:1 chloroform/methanol and 1M hydrochloric  acid
in ether was added. The reaction mixture stirred for 1 hour, concentrated
and  dried in vacuo, and the residue crystallized from methanol/ether to
give 0.285 g of 15 the hydrochloride salt of
3-(2-chloro-phenyl)-7-(cis-4-hydroxycyclohexylarnino)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one as a white solid 



Example 52  Compound 2-26 20 This example illustrates the preparation of
3-(2-chlorophenyl)-7-[(1- carbamoylmethylpiperidin-4-yl) amin o]
-3,4-dihydropyrirnido [4, 5-d] pyrimidin- 2(1H)-one. 21 April 2004 WO
01/29042 N ~Y -"N- N NJNAO "N'JI- N'RINill 0 H~N~NKN)~ 0 H 98 H H 0
Sulfone 9.1(1.0 g, 2A1 mmol) was taken up in 5 mL ethyl 4-amino-1
piperidinecarboxylate (29 mmol) and stirred at 150C. After 1 hour, the
reaction  slurry was cooled to room temperature, poured into 50 mL
methanol, and filtered  5 to collect a white solid. The solid was washed
with an additional 50 mL methanol and dried in vacuo to yield 0.569 g of
3-(2-chlorophenyl)-7-(1-ethoxycarbonyl-
piperidin-4-ylamino)-3,4-dihydro-pyrimido [4,5-d] pyrimidin-2(1H)-one.
3-(2-Chlorophenyl)-7-(1-ethoxycarbonylpiperidin-4-ylamino)-3,4- 10
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was taken up in 2 mL
dichloromethane with iodotrimethylsilane (0.94 mL, 6.60 mmol) and heated to
60C for 2 hours, quenched with methanol, and evaporated in vacuo. The dry
residue was taken up again in minimum methanol, treated with sodium
methoxide  (0.5 equivalent, commercial solution of 0.5M methanol), and
re-evaporated. The 15 dry residue was purified by flash chromatography
using 5,10% (1:9 ammonium  hydroxide/methanol)/dicbloromethane as eluant.
The column fractions containing  product were combined and concentrated in
vacuo to yield 0.280 g (7.80 mmol) of  the cleaved piperidine intermediate,
3-(2-chlorophenyl)-7- (pip eridin-4-ylamino)- 3,4-dihydropyrimido
[4,5-d]pyrimidin-2(1H)-one. PCTIEPOO/10088 



N 21 April 2004 WO 01/29042 PCTIEPOO/10058 99
3-(2-Chlorophenyl)-7-(piperidin-4-ylamino)-3,4-dihydropyrimido [4,5-d]-
pyrimidin-2(IH)-one (0.050 g, 0.139 mmol) was taken up in 1 mL N,N-
dirnethylformamide with bromoacetamide (0.029 g, 0.209 mmol) and stirred at
room temperature for 2.5 hours, then raised to 40 C for one hour and 80 C 5
overnight. The reaction was purified by flash chromatography using 5-40%
methanol/dichloromethane + 1% ammonium hydroxide as eluant. The column
fractions containing product were combined and concentrated in vacuo, and
the  final product redissolved in a minimum volume of methanol. Addition of
hydrochloric acid (1.OM/Et2O,1.0 equivalent) gave the salt which was
filtered and  10 dried to give 0.007 g of the hydrochloride salt of
3-(2-chlorophenyl)-7-[(1- carbamoylmethyl-piperidin-4-yl)amino]
-3,4-dihydropyrimido [4,5-d] pyrimidin- 2(1H)-one. 15 Example 53  Compound
2-27 This example illustrates the preparation of3-(2-chlorophenyl)-7-[l-
(2,2,2-trifloroethyl)piperidin-4-ylamino] -3,4-dihydropyrimido [4,5-d]
pyrimidin- 2(1H)-one. N N- 'N" -N O  i  H 20 21 April 2004 WO 01129042
PCT/EPOO/10088 100 Preparation of I
-(2,Z2-trifluoroethyI)piperidin-4-ylamine  Piperidin-4-yl-carbamic acid
tent-butyl ester (commercially available from 



ASTATECH) (5 g, 24.96 mmol), 2,2,2,-trifluoroethyl trichloromethane
sulfonate  5 (7.03 g, 1 equivalent), and potassium carbonate (4.1 g, 1.2
eq) were taken up in  acetone (80 mL) and heated at reflux with stirring
for 17 hours. The solvent was  removed under reduced pressure at 40C and
ethyl acetate and water were added to  the residue. The layers were
partitioned and then separated The organic layer was  washed with water
andbrine, dried over magnesium sulfate, filtered, and 10 concentrated to
give a dark colored solid. Purification by chromatography on silica  gel
using 15% ethyl acetate in hexanes as the eluant gave
[1-(2,2,2-trifluoroethyl)- piperidin-4-yl]-carbamic acid tent-butyl ester
(4.45g) as an off-white powder, m.p.  99.2-99.8C, (M+H)+=283. 15
[1-(2,2,2-Trifluoroethyl)piperidin-4-yl]-carbamicacid tent-butyl ester was
then taken up in dioxane (80 mL) and hydrogen chloride gas was bubbled
through  the solution for 10 minutes. The reaction vessel was capped
tightly and stirred for  1.5 hours. The solvent was removed under reduced
pressure at 40C. The residue  was taken up in 42 rnL of 0.5M sodium
methoxide in methanol, stirred at room 20 temperature for 3 hours, and
filtered. The filtrate was concentrated, taken up in  ethyl acetate,
filtered, and concentrated to give 1.0 g of 1-(2,2,2-trifluoroethyl)-
piperidin-4-ylamine as a dark colored oil, (M+H)+=183. Preparation
of3-(2-chlorophenyl)-7-[]-(2,2,2-trifluoroethyI) piperidinyl-4 yi- 25
amino]-3,4-dihydropyrimido[4,5-d]pyrimidin-2(]H)-one Sulfone 9.1 (200 mg,
0.482 mmol),1-(2,2,2-trifluoroethyl)piperidin-4- ylamine (263 mg, 3
equivalents) was combined with 1-methyl-2-pyrolidinone(0.3  mL), and the
reaction mixture was heated with stirring at 110C for 2 hours, at  which
time it was cooled to room temperature. Purification by preparative thin 30
layer chromatography using 60%ethyl acetate in hexanes as eluant gave 12 mg
of 3- (2-chlorophenyl)-7-[ 1-(2,2,2-trifluoroethyl)piperidinyl-4-ylamino]
-3,4- dihydropyrimido[4,5-d]pyrirnidin-2(1H)-one as an off-white powder. 21
April 2004 WO 01/29042 101 PCT/EP00/10088 Example 54  



Compound 4-17 This example illustrates the preparation of
3-(2-chlorophenyl) 5 7-[
(4-hydroxycyclohexylmethyl)amino]-3,4-dihydropyrimido[4,5-d]pyrimidin-
2(1H)-one. H HO HN H Sulfone 9.1 (400 mg, 0.96 mmol) was combined with
4-aminomethyl 10 cyclohexanol (470 ma, 3.6 mmol) and 0.4 mL of
1-methyl-2-pyrrohdinone. The  mixture was heated to 120C for 3 hours, at
which time it was cooled to room  temperature. Methanol (3 mL) was added,
the suspension was stirred for 10  minutes, filtered, and the precipitate
was washed with methanol, dried and  suspended in ethyl acetate. Addition
of hydrochloric acid (I.OM/Et2O, 2.0 15 equivalents) gave the salt which
was filtered and dried to give 198 mg of the  hydrochloride salt of
3-(2-chlorophenyl)-7-[(4-hydroxy-cycylohexylmethyl)- amino]
-3,4-dihydropyrimido [4,5-d] pyrimidin-2(1H)-one. 20 Example 55  Compound
2-21 This example illustrates the preparation of 3-(2-chlorophenyl)-7-[
1-(2,2,2- trifluoroethyl)piperidin-4
ylaminol-3,4-dihydropyrimido[4,5-d]pyr-imidin-2(1H)- one. 21 April 2004 WO
01/29042 102 o0 BOC  NH .NH PCT/EP00/10088 H F' -F  Preparation of
4-aminomethyl--N-(2,2,2-trifluoroethyl)piperidine 



A mixture of (4-benzyloxycarbonylaminomethyl) piperidine (4 g, 16.1 mmol),
2,2,2-trifluoroethyl trichloromethanesulfonate (5.58 g, 20 mmol), and  5
potassium carbonate (2.67 g, 19 mmol) in 40 mL of acetone was refluxed for
17  hours. The mixture was evaporated and treated with ethyl acetate and
brine. The  organic phase was separated, washed with brine, dried over
sodium sulfate, filtered,  and evaporated. The crude solids were purified
by column chromatography on  silica gel using 10%-20% ethyl acetate in
hexanes as eluant to give 2.25 g of 4 10
benzyloxyaminomethyl-l-(2,2,2-trifluoroethyl)-piperidine, m.p. 93.8 - 95.1
C. 4-Benzyloxyaminomethyl-1-(2,2,2-trifluoroethyl)piperidine was dissolved
in  ethanol (50 mL) and hydrogenated over 10% palladium on carbon (0.5 g)
for 10  hours. The mixture was filtered through a pad of celite and washed
with methanol. 15 The filtrate was evaporated to give 1.17 g of
4-aminomethyl-1-(2,2,2-trifluoro- ethyl)piperidine as a semi-solid. 21
April 2004 103 Preparation
of3-(2-chlorophenyI)-7-f1-(2,2,2-triffuoroethyl)piperidin-4-yl-aminoJ-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one. Sulfone 9.1 (0.389 g, I
mmol) was combined with 4-aminomethyl-l-(2,2,2- trifluoroethyl)piperidine
(0.50 g, 2.5 mmol) in 0.4 mL of 1-methyl-2-pyrrolidinone,  5 and was heated
at 100 C for 4 hours. The mixture was then cooled to room temperature, and
treated with methanol, ethyl acetate, and ether. The solids formed  were
filtered and washed with ethyl acetate. The resulting solids (0.22 g) were
dissolved in 5 mL methanol, and hydrogen chloride was bubbled through the
solution for one minute. The solvents were removed, and the residue was
titurated 10 with 2 mL of methanol and 40 mL of ether to give 210 mg of the
dihydrochloride  salt of
3-(2-chlorophenyl)-7-[1-(2,2,2-trifluoroethyl)piperidin-4-ylamino]-3,4-
dihydropyrimido [4,5-d] pyrimidin-2(1H)-one. 15 20 WO 01/29042
PCT/EP00/10088 Exam In a 56  Compound 2-22 



This example illustrates the preparation of 3-(2-chlorophenyl)- 7- [
(1-cyanomethylpiperidin-4-ylmethyl) amino ] -3,4-dihydropyrimido- [4,5-d]
pyrimidin-2(1H)-one. Sulfone 9.1 N N~O HN11:~-. IN N~O  H H Sulfone 9.1
(2.24 g, 5.4 mmol) was combined with N-terD-butoxycarbonyl-4-
aminomethylpiperidine (5.6 g, 16.2 mmol) and 1-methyl-2-pyrrolidinone (9
mL).  The mixture was heated to 100-110 C for 2 hours at which time it was
cooled to  room temperature and ethyl acetate was added. The resultant
white solid was 25 filtered and washed with ethyl acetate to give 2.3 g of
3-(2-chlorophenyl)-7-[(1-tert- butoxycarbony-piperidi n-4-ylmethyl)amino] -
3,4- dihydropyrimido [4,5-d] - pyiimidin-2(1H)-one (MH' = 473). Hydrogen
chloride gas was bubbled into 2.1 g  of the protected amine which was
suspended in 1,4-dioxane (22 mL), and the 21 April 2004  WO 01/29042
PCT/EP00/10088  104 suspension stirred for 1 hour, concentrated in vacua
and dried to give the  intermediate
3-(2-chlorophenyl)-7-[(piperidin-4-ylmethyl)amino]-3,4-
dihydropyrirnido[4,5-d]pyrirnidin-2(1H)-one as a white solid. 5 3-
(2-Chlorophenyl) -7- [(piperidin-4-ylmethyl)amino]-3,4-dihydro- pyrimido
[4,5-d]pyrimidin-2(1H)-one (0.23 g, 0.52 mmol) was dissolved in
N,N-dimethylformamide (8 mL). Anhydrous sodium carbonate (0.175 g, 1.6
mmol) and chloroacetonitrile (0.036 mL, 0.57 mmol) were added. The mixture
was  stirred for 17 hours at room temperature, and was partitioned into
ethyl acetate and 10 water. The layers were separated and the aqueous layer
was extracted with ethyl  acetate. The organic layer was washed with water,
dried, and concentrated in vacua,  and the residue was purified by
chromatography on silica gel using 10%  methanol/dichloromethane as eluant.
The fractions containing product were  concentrated in vacua and dissolved
in 40 mL of 1,4-dioxane. Hydrogen chloride 15 gas was bubbled in and the
mixture was concentrated in vacua. The resultant  



residue was triturated in ether, filtered and dried to give 0.107 g of the
hydrochloride salt of 3-(2-chlorophenyl)-7-[(1-cyanomethylpiperidin-4-
ylmethyl)amino]-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1H)-one. 20 Example
57  Compound 2-19 This example illustrates the preparation of
3-(2-chlorophenyl)-7-[(1-
dimethylaminocarbonylmethylpiperidin-4-ylrnethyl)amino]
-3,4-dihydropyrimido- [4,5-d]-pyrimidin-2(1H)-one. HN N N O HN N- NO
Suifone 9.1 j ---- _ 11 N H I H 25 N 3-(2-Chlorophenyl) -7- [
(piperidin-4-ylmethyl) amino] -3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one (prepared as described in Example 56)
(0.3 g, 21 April 2004 WO 01/29042 PCT/EPOO/10088 105 0.67 mmol) was
dissolved in NN-dimethylformamide (7 mL). Anhydrous sodium  carbonate (0.26
g, 2.4 mmol) and 2-chloro-NN-dimethylacetamide (0.098 g, 0.81  mmol) were
added. The mixture was stirred for 17 hours at room temperature.  The
reaction mixture was partitioned into ethyl acetate and water- The layers
were 5 separated and the aqueous layer was extracted with ethyl acetate,
and 10%  isopropanol/ chloroform. The organic layers were washed with
saturated sodium  chloride solution and then dried over anhydrous sodium
sulfate. After evaporation  in vacua, the white solid was dissolved in 50%
methanol/1,2-dichloroethane.  Hydrogen chloride gas was bubbled in, and the
solution was evaporated in vacua. 10 The resulting residue was triturated
in ether, filtered and dried to give 0.182 g of the  hydrochloride salt of
3-(2-chlorophenyl)-7-[ (1-dimethyl-aminocarbonylmethyl-
piperidin-4-ylmethyl)amino] -3,4-dihydropyrimido [4,5-d] pyrirnidiu-2
(1H)-one. 



15 Egample 58  Compound 2-23 This example illustrates the preparation of
3-(2-chlorophenyl)-7-[(1 a minocarbonylmethylpiperidin-4-ylmethyl)amino]
-3,4-dihydro-pyrimido [4,5-d] - pyrimidia-2(1H)-one. CL Cl Sulfone 9.1 N _
I HN~N N'"O H  20 3-(2-Cblorophenyl)-7- [ (piperidin-4-ylmethyl)amino]
-3,4-dihydropyrimido- [4,5-d]pyrimidin-2(IH)-one (prepared as described in
Example 56) (0.3 g, 0.67 rnmol) was dissolved in N,N-dimethylformamide (7
mL). Anhydrous sodium  carbonate (0.26 g, 2.4 mmol) and 2-bromoacetamide
(0.111 g, 0.81 mmol) were  added. The mixture was stirred for 17 hours at
room temperature. The reaction 25 mixture was partitioned into ethyl
acetate and water. The layers were separated and  the aqueous layer was
extracted with ethyl acetate and 10% isopropanollchloro- form. The combined
organic layers were washed with saturated sodium chloride  solution and
then dried over anhydrous sodium sulfate. After evaporation in vacuo, HN`
-N" -N--O 21 April 2004  WO 01/29042 PCT/EPOO/10088  106 the white solid
was suspended in 1,4-dioxane. Hydrogen chloride gas was bubbled  in, and
the solution was evaporated in vacuo. The resulting residue was triturated
in  ether, filtered and dried to give 0.185 g of the hydrochloride salt of
3-(2 chlorophenyl)-7- [ (l -aminocarbonylmethylpiperidin-4-ylmethyl)amino]
-3,4- 5 dihydropyrimido [4,5-d] pyrimidin-2 (1H)-one. 



Exam lie 59  Compound 2-24 This example illustrates the preparation of 3-
(2-chlorophenyl)- 7- [ (1 10
hydroxycarbonylmethylpiperidin-4-ylmethyl)anaino] -3,4-dihydropyrimido
[4,5-d] - pyrimidin-2 (1H)-one. CI- CI Sulfone 9.1 HN N" -N"'~'O FIN- -N-
-N-"zO H 0  NA, OH 3 -(2- Chlorophenyl)-7- [ (piperidin-4-ylmethyl) amino]
-3,4-dihydropyrimido- 15 [4,5-d]pyrimidin-2(1H)-one (prepared as described
in Example 56) (0-3 g, 0.67 mol) was dissolved in N,N-dimethylformamide (7
miL). Anhydrous sodium  carbonate (0.26 g, 2.4 nunol) and ten-butyl
2-bromoacetate (0.12 ml, 0.81 mmol)  were added. The mixture was stirred
for 17 hours at room temperature. The  reaction mixture was partitioned
into ethyl acetate and water. The layers were 20 separated and the aqueous
layer was extracted with ethyl acetate and 10%  isopropanollchloroform. The
combined organic layers were washed with saturated  sodium chloride
solution and then dried over anhydrous sodium sulfate. After  evaporation
in vacuo, the combined white solids were suspended in 1,4-dioxane.
Hydrogen chloride gas was bubbled in, and the solution was stirred for 10
hours at 25 room temperature and evaporated in vacuo. The resulting residue
was triturated in  ether, filtered and dried to give 0.195 g of the
hydrochloride salt of 3-(2- chlorophenyl)-7- [
(1-hydroxycarbonyl-methylpiperidin-4-ylmethyl)amino] -3,4- dihydropyrirnido
[4,5-d] pyrimidin-2(1H)-one. H 21 April 2004 WO 01/29042 107 



PCT/EPOO/10088 Example 60  Compound 3-29 This example illustrates the
preparation of 3-(2-chlorophenyi)-7-(trans-4- 5
hydroxycyclohexylamino)-1-(2-methylthioeth)l)-3,4-dihydropyrimido[4,5-
d]pyrimidin-2(1H)-one. Sulfone 9.1 -~---~ p N' '-$' N CH3 Sulfone 9.1 (500
mg, 1.21 mmol) was taken up in 2 mL tetrahydrofuran with  10
1-(2-methylthio)ethanol (0.16 mL,1.81 mmol), triphenylphosphine (474 mg,
1.81 mmol), and DEAD (0.28 mL, 1.81 mmol), and stirred at room temperature
for  2 days. The crude product,
3-(2-chlorophenyl)-7-benzylsulfonyl-1-(2-methyl-
thioethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one, was evaporated in
vacua and used without further purification. 15 The crude
3-(2-chlorophenyl)-7-benzylsulfonyl-l-(2-methylthioethyl)-3,4-
dihydropyrimido[4,5-djpyri.midin-2(IH)-one was taken up in 2 mL diglyme
with  trans-4-aninocydohexanol (139 mg, 1.21 mmol) and stirred at 120C for
4 hours.  The mixture was purified by chromatography on silica gel using
2.5-4.5% 20 methanol/dichloromethane as eluant to provide the title
compound (226 mg,  0.511 mmol)_ The purified product was taken up in ethyl
acetate and treated with  I equivalent HCllEt2O to precipitate the
hydrochloride salt of 3-(2-chlorophenyl)-
7-(trans-4-hydroxycyclohexylamino)-1-(2-methylthioethyl)-3,4-
dihydropyrimido [4,5-d]-pyrimidin-2(1H)-one. 25 21 April 2004 WO 01/29042
PCTIEP00/10088 108 Enmple 61  Compound 3-31 This example illustrates the
preparation of 3-(2-chlorophenyl)-7-(trans- 



4-hydroxycydohexylamino)-1- (3-dirnethylamino-2,2-dimethylpropyI) -3,4 5
dihydropyricnido- [4,5-d)pyrimidin-2(1H)-one. Sulfone 9.1 N- -N" -N- "'0 OH
Sulfone 9.1 (500 mg, 1.21 mmol) was taken up in 2 mL tetrahydrofuran with
10 3-d rnethylamino-2,2-dimethyl- l-propanol (0.28 mL,1.81 mmol), triphenyl
phosphine (474 mg, 1.81 mmol), and DEAD (0.28 mL,1.81 mmol), and stirred at
room temperature overnight. The mixture was semipurified by chromatography
on  silica gel with 3-15% methanol/dichloromethane as eluant, to provide >1
g mixture  of
3-(2-chlorophenyl)-7-benzylsulfonyl-l-(3-dirnethylamino-2,2-dimethylpropyl)
15 3,4-dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one and residual triphenyl- _
phosphine oxide. 3 - (2-Chlorophenyl) -7-b enzylsulfonyl- l - (3 -
dimethylamin o-2,2-dimethyl-
propyl)-3,4-dihydropyrimido[4,5-d]pyrimiclin-2(1H)-one was taken up in 3 mL
20 diglyme with trans-4-aminocyclohexanol (139 mg, 1.21 mmol) and stirred
at 120C  for 4 hours. The mixture was purified by chromatography on silica
gel using 4-25%  methanolldichloro-methane as eluant to provide the title
compound (52 mg, 0.107 rnmol). The purified product was taken up in ethyl
acetate and treated with  1 equivalent HC11Et2O to precipitate the
hydrochloride salt of 3-(2-chlorophenyl)- 25
7-(trans-4-hydroxycyclohexyl-amino)-1-(3-dimethylarnino-2,2-dirnethylpropyl
)- 3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one. 21 April 2004 WO 01/29042
109 PCT/Ek00/10088 Example 62  Compound 3-36 This example illustrates the
preparation of 3-(2-chlorophenyl)-7-(trans- 4-hydroxycyd ohexylamino) -1-
(1-methylpip eridin-4-yl) -3,4-dihydropyrimido [4,5- 5
d]-pyrimidin-2(1H)-one. Suifone 9.1 



O'S-'--N' NCO N II N N" -N"-Q'O  OH A mixture of sulfone 9.1 (1.0 g, 2.4
mmol), diphenyl-2-pyridylphosphine  10 (1.9 g, 7.23 mmol) and
4-hydroxy-1-methylpiperidine (0.555 g, 4.8 mmol) was dissolved in anhydrous
tetrahydrofiuran under an atmosphere of nitrogen. To this  solution was
added di-tert-butylazodicarboxylate (1.67 g, 7.23 mmol) and the  resulting
mixture was stirred at room temperature for 2 hours, then concentrated in
vacuo. The residue was purified by column chromatography on silica gel
using 9:1 15 dichloromethane/methanol as eluant. The column fractions
containing product  were combined and concentrated in vacuo to give 354mg
of 7-benzylsulfonyl-3-(2- chlorophenyl)-1-
(1-methylpiperidin-4-yl)-3,4-dihydro-pyrimido [4,5-d] pyriinidin-
2(1H)-one. 20
7-Benzylsulfonyl-3-(2-chlorophenyl)-1-(1-methylpiperidin-4-yl)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (354 mg, 0.69 mmol) was combined
with trans-4-arninocyclohexanol (160 mg, 1.38 mmol) and lmL 1-methyl-2-
pyrrolidinone. The mixture was heated to 110C for 1 hour at which time it
was  cooled to room temperature. The residue was purified by column
chromatography 25 on silica gel using 9:1:0.5 dichloromethane/
methanolldiisopropylamine as eluant.  The column fractions containing
product were combined, concentrated in vacuo  and suspended in ethyl
acetate. Addition of hydrochloric acid (1.0MIEt2O,1.0 21 April 2004 WO
01/29042 PCTIEPOO110088 110 5 equivalents) gave the salt which was filtered
and dried to give 135mg of the  hydrochloride salt of
3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1- 



(1-methylpiperidzn-4-yl)-3,4-dihydropyrimido [4,5-d] -pyrirnidin-2(1H)-
one. Example 63  Compound 4-4 This example illustrates the preparation of
(R,R)-7-(2,3-di iydroxy-1-
methylpropylamino)-3-ortho-tolyl-3,4-dihydropyrinxido [4,5-d]
pyrimidin-2(1H)- one. 0 OJk H HN H  OH OH 10 Preparation of
(R,R)-3-aminobutane-I,2-dial. 3-Aminobutane-1,2-diol was similarly prepared
as described in Tetrahedron:  Asymmetry, 1995, 6(9), 2329-2342. Briefly, to
a solution of (2S,3S)-trans-3 15 methyloxirane-2-methyl-4-nitrobenzoate
(10.0 g, 42.2 mmol) (Fluka) in  dichloromethane (150 mL) under argon, was
combined with titanium isopropoxide  (25 mL, 84.3 mmol), and stirred for 10
minutes at room temperature.  Aminodiphenyl-methane (14.5 mL, 84.4 mmol)
was added, and the reaction was  stirred at room temperature overnight. A
solution of 10% sodium hydroxide in 20 saturated brine was added and the
suspension was stirred for 2 hours. The mixture  was filtered and extracted
with 0.2M hydrochloric add. The acidic layers were 21 April 2004 WO
01/29042 PCT/EPOO/10088 111 extracted with dichlotomethane and discarded.
The acidic layer was basified with  sodium hydroxide pellets until pH 9,
and then extracted into dichloromethane. The  layers were separated, and
the organic layer was dried over magnesium sulfate, and  concentrated in
vacuo to give an oil that was purified by flash column 5 chromatography
using 2:1 to 1:1 hexanes:ethyl acetate and 2:1 ethyl acetate:hexane  



as eluants to give 2.6g of (RR)-3-(benzhydrylamino)butane-1,2-diol. To a
degassed solution of (RR)-3-(benzhydryiamino)butane-1,2-diol (2.6 g,  9.59
mmol) in methanol (20 mL) was added palladium hydroxide on carbon 10 (260
mg). The reaction was evacuated and charged three times with hydrogen and
then charged with hydrogen at 50 psi and shaken on the hydrogenator
overnight at  room temperature. The reaction mixture was filtered and
concentrated to give 922  mg of (R,R)-3-aminobutane-1,2-diol as an oil,
which was washed with hexane and  then dried in vacua. 15 Preparation of
(R,R)-7-(2,3-dihydrox)-I -methylpropylamino)-3-ortho-tolyl-3,4-
dihydropyrimido[4,5-dJpyrimidin 2(IH)-one. Sulfone 9.2 (622 mg, 1.58 mmol)
was combined with (R,R)-3-amino--butane- 1,2-diol (250 mg, 1.9 mmol) in
1,2-dimethoxyethane (1 mL) was heated at 100C  for 2 hours under argon. The
reaction was cooled to room temperature and diluted 20 with 9:1
dichloromethanelmethanol and placed directly on a flash silica column
using 96:4 dichloromethane/methanol and 9:1 dichloromethane/methanol as
eluant  to give 120 mg of a colorless oil, which was dissolved in ethyl
acetate (10 rnL) and  treated with 1 equivalent of hydrochloric acid (1.OM
in ether). The precipitate was  collected by vacuum filtration, washed with
ethyl acetate and dried in vacua to give 25 118 mg of
(R,R)-7-(2,3-dihydroxy-l-methylpropylamino)-3-ortho-tolyl-3,4-
dihydropyrimido[4,5-d]pyrimid n-2(1H)-one as a white solid. 21 April 2004
WO 01/29042 PCT/EP00/10088 112 Example 64
3-(2-chlorophenyl)-7-methylthio-3,4-dihydrotyrimidof4 5-d jgjMj din-2(IH)-
one 5 64.1 Preparation of 5-(2-chlorophenyl)aminomethyl-4-amino-2-
methylthiopyrimidine CHO H 



S- -N- -NH2 S! -%%~ 'NH2 A mixture of
4-amino-2-methylthiopyrimidine-5-carboxaldehyde (9.5 g,  561 mmol),
2-chloroaniline (6.7 mL, 63.7 mmol) and 4-toluene-sulfonic acid 10
monohydrate (0.85 g, 4.5 mmol) in 350 ml, of xylene was heated under reflux
with  azeotropic removal of water for 6 hours. The mixture was cooled to
250C and the  precipitate was collected by vacuum filtration and was washed
with hexanes and air  dried. This solid was then dissolved in 300 nil,
tetrahydrofuran. and the reaction  cooled to OOC. Lithium aluminium hydride
(2.3 g, 60.6 mmol) was added in small 15 portions over 45 minutes. Once the
addition was complete, the mixture was stirred  for a further 15 minutes
and carefully treated sequentially with 4.5 mL water, 4.5  mL of 15%
aqueous sodium hydroxide and then 20 mL of water. The mixture was  stirred
for 30 minutes, filtered through celite, and the filtrate concentrated in
vacuo.  The solid was purified with column chromatography on silica gel
using 25% 20 acetone/hexane. The fractions containing product were
concentrated under  reduced pressure to a solid which was recrystallized
from ethyl to give 7.0 g of 5-(2-
chlorophenyl)amino-methyl-4-ammo-2-methylthiopyrimidine as a white solid.
21 April 2004 WO 01/29042 PCT/EP00/10088 113 64.2 Prepardtion of
3-(2-chlorophenyl)-7-methylthio-3,4-dihydropyrimido
E4,5-d]pyrimidin-2(IH)-one  Cl" n Cl HN ------~  NH2 'S N N H Sulfide 10.1
To a stirred solution, cooled to OOC, of 5-(2-chlorophenyl) aminomethyl-4-
5 amino-2-methylthiopyrimidine (7.0 g, 24.9 mznol) in 200 mL of
tetrahydrofuran was added triethylamine (10 mL, 71.7 mrnol). This solution
was then treated  dropwise with a solution of phosgene (14.2 mL of 20%
solution in toluene, 



27.2 mznol). After stirring for 2 hours, an additional 5.0 mL of
triethylamine (35.9  mmol) was added followed by phosgene (6.5 mL of 20%
solution in toluene; 10 12.5 mmol). After stirring for an additional 2
hours, additional triethylarnine (2  nil, 14.3 nmiol) was added followed by
phosgene (3 mL of 20% solution in toluene;  5.8 mrnol). The reaction was
stirred for one additional hour then warmed to room  temperature, poured
onto a heterogeneous solution of 75 rnL water and 150 mL  ethyl acetate.
The mixture was then filtered and the phases separated. The aqueous 15
phase was re-extracted twice with 150 mL ethyl acetate. The combined ethyl
acetate  extracts were concentrated under reduced pressure. The residue was
stirred with  ethyl acetate- The product was then collected by vacuum
filtration and dried in  vacuo to give 3.2 g of
3-(2-chlorophenyl)-7-methylthio-3,4-dihydropyrirnido[4,5-
d]pyrimidin-2(IH)-one (sulfide 10.1)as a white solid. 20 21 April 2004 WO
01/29042 PCT/EPOO/10088 114 Example 65 An Alternative pre aration of 3-
2-chloro hen 1 -7-meth lthio-3 4-dih dro ido- 14 5-d . "din-2 1H  one 5
65.1 Preparation of ethyl 4-amino-2-methylthiopyrimidine-5-carboxylate N
Ct. / N N  H A solution of ethyl
4-chloro-2-methylthiopyrimidine-5-carboxylate (1450 g,  6.23 mole) (Aldrich
Chemical Co., Milwaukee, Wisconsin, USA) in 2987 mL of 10 tetrahydrofuran
was cooled to 5-100 C and treated slowly with a mixture of  2407 mL of a
37% solution of ammonium hydroxide in 2978 mL triethylamine.  After
stirring for 16 hours, the reaction mixture was concentrated in vacua to
approximately 5L and filtered. The filter cake was washed with hexanes and
dried  in a vacuum oven at 60-65C. The filtrate was evaporated under
reduced pressure 15 to give 1314 g (94%) of ethyl
4-amino-2-methylthio-pyrimidine-5-carboxylate as a  



white solid. m.p.130.1-130.7C. 65.2 Preparation of ethyl
4-{{(2-chlorophenyI)amino)carbanylaminoj-2
methylthiopyrimidine-5-carboxylate  0 H --- -- . _ h H H 20 To a suspension
of ethyl 4-amino-2-methylthiopyrimidine-5-carboxylate  (1215g, 5.7 moles)
in 2600 mL xylenes heated at 100-105 C was added (956.5g,  6.23 moles)
2-chiorophenylisocyanate so as to maintain the temperature at --100C.  The
temperature of the reaction mixture was raised to 120 C and stirred for 14
25 hours. Heating was stopped and slow cooling to 110 C was begun. When 21
April 2004 WO 01/29042 PCT/EPOO/10088 115 crystallization began, slow
addition of 5256 mL ethyl acetate completed the  crystallization. The
mixture was cooled to 20C and filtered. The cake was washed  with ethyl
acetate and was placed in a vacuum oven and dried for 10-12 hours at 60  to
80 C to give 1895g (90.7%) of ethyl 4-{[(2-clalorophenyI)amino]  5
carbonylamino}-2-methylthiopyrimidine-5-carboxylate, m.p.172.3-172.6 C.
65.3 Preparation of j(2-chlorophenyl)aminoj-N-[5-(hydroxymethyl)-2-
methyIthio pyrimidin-4-yl]carboxamide 0 10 To a stirred suspension of ethyl
4-{[(2-cblorophenyl)arnino]carbonylarnino}-
2-methylthiopyrimidine-5-carboxylate (1,000 g, 2.73 mole) in 4.7 L
anhydrous  tetrahydrofuran, at -25C under nitrogen, was added a 1.0 M
solution of lithium  aluminium hydride in tetrahydrofuran (2,730 mL, 3.19
mole) over a 3 hour period. 15 The resulting yellow homogeneous solution
was held at -25C for an additional 45 minutes, then allowed to warm to 0C
over the next 90 minutes. HPLC analysis  showed absence of starting ester.
The solution was then quenched into a stirred 1.0  M Rochelle's salt
solution (8.0 L) and extracted with ethyl acetate. The pooled  extracts,
containing suspended insoluble yellow product, were concentrated and 



20 filtered. The yellow solid was washed with hexanes then dried in vacuo
at 60C to  give 69.3% (617 g) of
[(2-chlorophenyl)amino]-N-[5-(hydroxymethyl)-2-
methylthiopyrirnidin-4-yl]-carboxamide as yellow crystals; rn.p. 182.5C to
182.9C.  This run was repeated on 1,168 g substrate to give 717.8 g of the
title compound. 21 April 2004 WO 01/29042 116 PCTIEP00/10088 65.4
Preparation of f (2-chlorophenyI)aminoJ--N-[5-(bromomethyl)-2- methylthio
pyrimidin-4-yI]carboxamide al 0 O [(2-Chlorophenyl)ami.no]
-N-[5-(hydroxymethyl)-2-methylthiopyrirnidin- 5 4-yl] carboxamide (1363 g)
was mixed with 8L of tetrahydrofuran and mechanical stirring begun under
nitrogen. Then phosphorus tribromide (135 mL) in 800 mL  tetrahydrofuran
were added to the mixture over 15 minutes. Stirring was continued  for 4
hours, at which time the reaction was stopped and filtered. The filter cake
was  washed once with tetrahydrofuran and dried overnight at 55C in vacuum
oven to 10 give 1360 g (71%) of
[(2-chlorophenyl)amino]-N-[5-(bromomethyl)-2-
methylthiopyrimidin-4-yl]carboxamide (M+1377). 65.5 Preparation of
3-(2-chlorophenyl)-7-methylthio-3,4- dihydropyrimido[4,5-d]-pyrimidin-2(1
H)-one N Br  ~ N N_ ,N_ N  I  H 15 Sulfide 10.1  To a suspension of
[(2-chlorophenyl)amino] -N--[5-(bromomethyl)-
2-methylthiopyrimidin-4-yl]carboxamide (1360g, 3.62 mole) of in 10 L
1-methyl-2 



pyrrolidinone was added 136 mL hexamethyldisilazane. The mixture was heated
to  an internal temperature of 105-115 C for 1.5 hours. The mixture was
then cooled  20 to 30 C and treated with 20L water. The mixture was then
stirred at 5-8 C for 2 hours and filtered. The filters were collected and
washed sequentially with water  and hexanes. The product was placed in a
drying oven and heated under vacuum  for 16 hours to give 780 g (70.1%) of
3-(2-cblorophenyl)-7-methylthio-3,4 CI 21 April 2004 WO 01129042 117
PCT/EP00/10088 dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (sulfide 10.1) as
an off-white solid.  (M+1308) A related compound,
7-methylthio-3-ortho-tolyl-3,4-dihydropyrimido 5 [4,5-d]pyrimidin-2(IH)-one
(sulfide 10.2) (M+1=287) was prepared using ortho- tolyl isocyanate in
place of 2-chlorophenyl isocyanate in step 65.2 above. H3C Sulfide 102
Example 66 10 3- 2-chlorophenyl -7-methylsulfonyl-3,4-dihydropyrimido14
5-dlpyrirnidin- 2 IH -one H Sulfone 11.1 A suspension of 3-
(2-chlorophenyl)-7-methylthio-3,4-dihydropyrimido 15
[4,5-d]pyrirnidin-2(1H)-one (4.1 g, 12.8 mmol) in 50 mL. of chloroform was
cooled  in ice and treated with 70% 3-chloroperbenzoic acid (9.8 g, 39.8
mmol). The  mixture was stirred at room temperature for 2 hours, then
treated twice with 100 mL of 10% aqueous sodium thiosulfate and left to
stir for 30 minutes. The  reaction was diluted with 400 mL dichloroxnethane
and the phases were separated.  20 The organic phase was washed with a
saturated aqueous solution of sodium bicarbonate and then dried over
magnesium sulfate and filtered. Concentration of  the filtrate under
reduced pressure gave a solid which was stirred with ethyl acetate, 



21 April 2004 WO 01/29042 PCT/EPOO/10088 118 5 10 then filtered to give 2.6
g of 3-(2-chloro-phenyl)-7-methylsulfonyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (sulfone 11.1) as a white solid.
(MH+  = 364) Example 6  Compound 4-19 This example illustrates the
preparation of 3-(2-chlorophenyl)-7-(4-
hydroxymethylcyclohex)lamino)-3,4-dihydropyrimido [4,5-d]pyrimidin-2(1H)-
one. H,0 H Sulfone 11.1 (350 mg, 1.04 mmol) was combined with 4-amino-
cyclohexylmethanol (1:lcis/trans) (400 mg, 3.3 mmol) (prepared as described
in  Chem.Ber.; GE; 96; 1963; 2377-2386) with 0.3 mL of
1-methyl-2-pyrrolidinone. 15 The mixture was heated at 100 for 2 hours at
which time it was cooled to room  temperature. The reaction mixture was
added to water and extracted with ethyl  acetate, washed with water, dried,
and concentrated in vacuo. The residue was  purified by column
chromatography on silica gel using 10:90 methanolldichloro- methane as
eluant_ The column fractions containing the product were concentrated 20 to
a foam which was resuspended in methanol. Addition of hydrochloric acid
(1.OM/Et2O,1.0 equivalent) gave a salt which was filtered to give the
hydrochloride  salt of
3-(2-chlorophenyl)-7-(4-hydroxymethylcyclohexylamino)-3,4-
dihydropyrimido[4,5-d]pyrinudin-2(3H)-one. 21 April 2004 WO 01/29042 119
PCTIEP00/10088 Example 68  



Compound 2-28 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(1-
ethoxycarbonylpiperidin-4-yiamino)-3,4-dihydropyrimido[4,5-d].pyrimidin- 5
2(IH)-one.  - rO H Sulfone 11.1 (1.3 g, 3.75 mmol) was taken up in ethyl
4-amino-1- piperidinecarboxylate (3.7 mL, 21 rnmol) and heated to 120 C, at
which 10 temperature the initial suspension fully dissolved, then
reprecipitated into  suspension 10 minutes later. This secondary suspension
was heated at 150C for 1  hour, then cooled to room temperature and poured
into water to form a gummy  mass- When stirred with 50 mL ether, the gum
produced a small quantity of white  solid, which was set aside. The
remaining gum was treated with 10-15 mL methanol 15 to form a white solid.
The combined white solids totalled 0.685 g (1.59 mmol), of  which 30 mg
were submitted as the free base. Example 69  Compound 4-25 20 This example
illustrates the preparation of7-(trans-4-aminocyclohexyl- aniino)-3-
(2-chlorophenyl)-3,4-dihydropyrimido [4,5-dJ pyrimidin-2 (1H)-one. 21 April
2004 WO 01/29042 120 N H3C-11 D.S,~ N" -N  H PCT/EPOO/10088 L  H ' N N 



N'O  H NH2  Sulfone 11.1 (196 mg, 0.579 mmol) and 0.36 g (32 rnmol) of
trans-1,4 diaminocydohexane were dissolved in 5 mL of
1-methyl-2-pyrrolidinone. The  reaction mixture was stirred at 80 C for 3
hours, cooled, then 30 mL of ethyl 5 acetate and 30 mL of water were added.
The organic layer was separated and the  aqueous layer was re-extracted
with 30 mL of dichloromethane. The combined  organic layers were
concentrated in vacuo and the crude liquid formed a white  precipitate upon
standing. The solids were filtered and washed with ethyl acetate to  give
28 rug (13%) of the title compound as a white powder, m.p. >300 C. The 10
product was taken up in ethyl acetate and treated with HC1/Et2O to form the
hydrochloride salt of
7-(trans-4-aminocydohexylamino)-3-(2-chlorophenyl)-3,4- dihydropyrimido
[4,5-d] pyrimidin-2 (IH)-one as a white powder. 15 d] pyrimidin-2 (1H)-one.
Cl"'-" CI Example 70  Compound 4-26 This example illustrates the
preparation of 3-(2-chlorophenyl) -7- [ trans-4-
(N,N-dimethylsulfamoylamido)cyclohexylamino] -3,4-dihydropyrimido [4,5
H-'I,- K' N LC~SiMe3 l,0.-,SiMe3 Y CH3 CH3  NH2 HN . N-CH HN N.CH 0 0 s 0 0
3 20 To a solution of 7-(trans-4-aminocyclohexylamino)-3-(2-chlorophenyl)-1
[ 2-(trimethylsilyl) ethoxymethyl] -3,4-dihydropyrimido [4,5-d] pyrimidin-2
(IH)- one N 



L - -  N N0  N 21 April 2004 WO 01/29042 PCT/EP00/10088 121 (318 mg, 0-632
mmol)'(prepared as described in Example 87) in 20 mL of  dichloromethane
were added triethylaniine (0.10 mL, 0.72 mmol) and a solution of
dimethylsufamoyl chloride (0.12 g, 0.84 mmol) in 5 mL of dichloromethane.
The  reaction mixture was refluxed for 18 hours, cooled, then concentrated
in vacuo. 5 Purification by chromatography using 5% methanoll
dichloromethane as eluant  gave 271 mg (70%) of
3-(2-chlorophenyl)-7-[trans-4-(N,N-dimethylsulfam.oyl-
a.mido)cyclohexylamino ] -1- [2-(trimethylsilyl)ethoxymethyl] -3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one as a white foam. (MH} = 610,
m.p.106.5-110.0 0C) 10 The
3-(2-chlorophenyi)-7-[trans-4-(NN-dimethylsulfamoylamido)- cyclohexylamino
] -1- [ 2- (trimethylsilyl) ethoxymethyl ] -3,4-dihydropyrimido [4, 5-
d]pyrimidin-2(1H)-one (250 mg, 0.410 mmol) was dissolved in 10 mL of
methanol  and treated with 10 mL of 10% aqueous hydrochloric acid- The
reaction mixture 15 was stirred at 50 C and monitored by TLC (5%
methanol/dichloromethane). The  reaction temperature was raised to 85 C for
3 hours, and the reaction mixture was  concentrated in vacuo. The resulting
suspension was filtered to give a white solid,  which was washed with ethyl
acetate to give 125 mg (59 %) of the hydrochloride salt  of
3-(2-chlorophenyl)-7-[trans-4-(N,N dimethyl-sulfamoylarnido)cyclohexyl 20
amino] -3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one as a white powder.
Example 71  Compound 4-24 This example illustrates the preparation of
3-(2-chlorophenyl) 



25
7-(1,4-dioxaspiro[4.5]dec-8-ylamin6)-3,4-dihydropyrimido[4,5-d]pyrimidin-
2(1H)-one. 21 April 2004 WO 01/29042 122  OJ J. S N 0  H3C H PCT/EPOO/10088
Sulfone 11.1 (4.6 g) 13 mmol) was combined with 1,4-dioxaspiro[4.5]dec-8-
ylamine (4.2 g, 27 mmcl) (prepared as described in Example 8) in 40 mL
1-methyl- 2-pyrrolidinone. The reaction mixture was heated to 100 oC
overnight, at which 5 time it was cooled to room temperature, diluted with
ethyl acetate and water, and  filtered to give an off-white solid. IM
hydrochloric acid in diethyl ether was added  to a slurry of the product
(0.12 g, 0.29 mmol) in methanol, and the resulting  solution was
concentrated in vacuo. The residue was taken up in methanol/
dichloromethane and purified by flash chromatography on silica gel using 2%
10 rnethanol/dichloromethane as eluant to give the pure title compound as
the free  base. 1M Hydrochloric acid in diethyl ether was added to a slurry
of the product in  methanol. The resulting solution was concentrated under
a stream of nitrogen,  then pumped under reduced pressure to give 80 mg of
the hydrochloride salt of the  3-(2-chlorophenyl)-7-(1,4-dioxaspiro [4.5]
dec-8-ylamino)-3,4-dihydropyrianido 15 [4,5-d]-pyrimidin-2(1H)-one as a
yellow solid. Example 72  Compound 4-23 This example illustrates the
preparation of 3-(2-chlorophenyl)-7-(4-oxo- 20
cyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one. 21 April
2004 WO 01/29042 PCT/EP00110088 123 Ck Cf 



N N N- -N-"O J,  H~ A mixture of
3-(2-chlorophenyl)-7-(1,4-dioxaspiro[4.5]dec-8-ylamino)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (0.17 g, 0.41 mmol) (prepared as
described Example 71) in 1:1 tetrahydrofuranl3N aqueous hydrochloric acid
was 5 stirred at room temperature overnight. The reaction mixture was then
diluted with  ethyl acetate and treated with saturated aqueous sodium
bicarbonate. The layers  were separated, and the aqueous layer extracted
with ethyl acetate. The organic  layer was washed with brine; dried with
sodium sulfate, and concentrated under  reduced pressure. The residue was
dissolved in methanol and purified by flash 10 chromatography on silica gel
using 2% ammonium hydroxide in 35%  acetone/hexane as eluant. The fractions
containing product were combined and  concentrated under reduced pressure
to a white solid which was suspended in  methanol. Addition of 1M
hydrochloric acid in diethyl ether gave the salt which  was concentrated
and pumped under reduced pressure to give 80 mg of the pure 15
hydrochloride salt of 3-(2-chlorophenyl)-7-(4-oxo-cydohexylaznino)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(IH)-one as a yellow foam. 21 April 2004
WO 01/29042 PCT/EP00/10088 124 Example 73  Compound 4-2 This example
illustrates the alternative preparations of 3-(2-chlorophenyl)- 7-
(trans-4-hydroxycyclohexylamino)-3,4-dihydropyrimido [4,5-d] pyrimidin 5
2(1H)-one. 73.1 Preparation Cl", Cl 10 Sulfone 11.1 (0.400 g, 1.18 mmol)
was combined with trans-4-amino- 



cyclohexanol (0.272 g, 2.36 mmol) and 2-methoxyethyl ether (0.4 mL). The
mixture was heated to 100-105 C for 1 hour at which time it was cooled to
room temperature and concentrated in vacuo. The residue was purified by
column  chromatography on silica gel using 9:1 dichloromethanehnethanol.
The column  15 fractions containing product were combined and concentrated
in vacua to an oil which was re-dissolved in ethyl acetate and methanol.
Addition of hydrochloric  acid (LAM/E.20,1.0 equivalent) gave the salt
which dissolved in the solvents. The  solution was concentrated in vacuo to
a solid which was triturated in ether, filtered  and dried to give 0.220 g
of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexyl 20
amino)-3,4-dibydropyrimido[4,5-d]pyrimidin-2(1H)-one. 21 April 2004 WO
01/29042 125 73.2 AIterndtive Preparation S- -N- -N`0  H Sulfide 10.1 OH
PCT/EPOO/10088 A solution of sulfide 10.1 (700 g) in
1-methyl-2-pyrrolidinone (3000 mL) was  combined with N chlorosuccinimide
(350 g) in 500mL 1-methyl-2-pyrrolidinone 5 and 40g water, and the'inixture
was stirred for 1.5 hours at 25 C. To this solution  was added
trans-4-aminocydohexanol (865g). The mixture was heated to 60 C for  12-26
hours, cooled to 20-25 C and treated with 10500 mL water. This mixture  was
cooled to 5-8 C and stirred for 2 hours- The solid was collected by
filtration,  washed with water, hex=es and dried at 65 C in a vacuum oven
to provide 3-(2 10
chlorophenyl)-7-(trans-4-hydroxycyclohexlamino)-3,4-dihydropyrimido[4,5-
d]pyrimidin-2(1H)-one. The hydrochloride salt is formed by the action of
ethanolic hydrochloric acid/water on the free base. 15 Example 74  Compound
4-5 



This example illustrates an alternative preparation of 7-(trans-4-hydroxy-
cydohexylamino)-3-ortho-tolyl-3,4-dihydropyrimido
[4,5-d]pyrimidin-2(1H)-one. H Sulfide 102 OH  20 A solution of sulfide 10.2
(2 g) in 4 mL 1-methyl-2-pyrrolidinone was  combined with
N-chlorosuccinimide (1.03 g) in 4 mL 1-methyl-2-pyrrolidinone 21 April 2004
WO 01/29042 PCT/EPOO/10088 126 and 0.125 g water, and the mixture was
stored for 1.5 hours at 25 C. To this  solution was added
trans-4-aminocyclohexanol (2.65g). The mixture was heated to  60 C for 48
hours, cooled to 20-25 C and treated with 10 rnL water. This mixture  was
cooled to 5C and stirred for 2 hours. The solid was collected by
filtration, 5 washed with water, hexanes and dried in vacuo. The solid was
purified by flash  column chromatography using 95/5 - 90/10
dichioromethane/methanol as eluant  to give 614 mg of
7-(trans-4-hydroxycyclohexylamino)-3-ortho-tolyl-3,4-
dihydropyrimido[4,5-d]pyrirnidin-2(1H)-one. The resulting solid was
converted to  the hydrochloride salt by the action of ethereal hydrochloric
acid/ethyl acetate on 10 the free base. Example .75  Compound 4-15 This
example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans- 15
4-formyloxycyclohexylamino)-3,4-dihydropyrhnido[4,5-d]pyrimidin-2(1H)-one.
OH HN H A mixture of
3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-3,4-
dihydropyrimido[4,5-dipyrimidin-2(1H)-one (300mg, 0.8 real) (prepared as 20
described in Example 73) and 96% formic acid (2 mL) was stirred at 60 C for
3  hours, then concentrated under reduced pressure. The residue was
triturated in  ether, filtered and dried to give 250 mg of
3-(2-cblorophenyl)-7-(trans-4- 



formyloxycyclohexylamino)-3,4-dihydropyrimido [4,5-d] -pyrimidin-2 (1
H)-one. 21 April 2004 WO 01/29042 PCT/EPOO/10088 127 Example 76  Compound
4-13 This example illustrates the preparation of 7-(trans-4-acetyloxy-
cyclohexylamino)-3- (2-chlorophenyl)-3,4-dihydropyrimido [4,5-d] pyrimidin-
5 2(1H)-one. ~N Sulfone 11.1 ; N H  HN N N OH 0  A suspension of
3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylainino)
3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one (400 mg, 1.07 mmol) (prepared
as described in Example 73), acetic anhydride (0.3 mL, 3.2 mmol) and
pyridine 10 (0.34 mL, 4.3 mrnol) in 5 mL dichloromethane was stirred at 25C
for 18 hours.  The reaction mixture was filtered and the precipitate was
washed with  dichloromethane, dried and suspended in ethyl acetate.
Addition of hydrochloric  acid (1.OM/Et2O, 2.0 equivalent gave the salt
which was filtered and dried to give  200 mg of the hydrochloride salt of
7-(trans-4-acetyloxycyclohexylamino) 15
3-(2-chlorophenyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one. Example
77  Compound 4-20 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(trans- 20
4-methoxycarbonyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-
2(1H)-one. 21 April 2004 



WO 01/29042 128 OH PCT/EP00110088 Y O`CH3  O A suspension of
3-(2-chlorophenyl)-7-(trans-4-hydroxycydohexylamino)-
3,4-dihydropyriinido[4,5-d]pyrimidin-2(1H)-one (200 mg, 0.5 mmol) (prepared
as  described in Example 73), and 4-dimethylaminopyridine (6.5 mg, 0.05
mmol) in 5 tetrahydrofuran was cooled in an ice bath. Dimethylpyrocarbonate
(0.6 mL,  5.35 mmol) was added and the mixture was stirred at 25C for 18
hours. The  reaction was filtered and the precipitate was purified by
column chromatography on  silica gel using 98:2 dichloromethane/ methanol
as eluant to obtain 30 mg of the  title compound. Addition of hydrochloric
acid (1.OM/Et2O, 2.0 equivalent) gave 10 the salt which was filtered and
dried to give 34 mg of the hydrochloride salt of 3- (2-chlorophenyl)-7-
(trans-4-methoxycarbonyloxycyclohexylamino)-3,4-dihydro- pyrimido
[4,5-d]pyrimidin-2(1H)-one. 15 Example 78  Compound 4-21 This example
illustrates the preparation of 7-(trans-4-carbamoyloxy- cyclohexylamino)-3-
(2- chlorophenyl)-3,4-dihydropyrimido [4,5-d] pyrimidin- 2(1H)-one. 21
April 2004 WO 01/29042 PCT/EP00/10088 129 HN N Sulfone 11.1 OH HN A
suspension of 3=(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (285 mg, 0.77 mmol) (prepared



as described in Example 73) in 3 mL dichloromethane was cooled in an ice
bath, 5 and chlorosulfonyl-isocyanate (0.09 mL,1.01 mmol) was added. The
reactiion  mixture was stirred at 25C for 18 hours, then treated with 0.5
mL water. The  biphasic mixture was stirred for 8 hours, filtered and the
precipitate was purified by  column chromatography on silica gel using 97:3
dichloromethane/methanol to  obtain I I Omg of the title compound. Addition
of hydrochloric acid (1.OM/Et2O, 10 2.0 equivalent) gave the salt which was
filtered and dried to give 94 mg of the  hydrochloride salt of
7-(trans-4-carbamoyloxycyclohexylamino)-3-(2-
chlorophenyl)-3,4-dihydropyrimido[4,5-djpyrimidin-2(1H)-one. 15 Example 79
Compound 4-22 This example illustrates the preparation of 3-
(2-chlorophenyl)-7-(trans- 4-methylaminocarbonyloxycyclohexylamino) -3,4-
dihydropyrimido [4,5 d ] pyrimidin-2 (I H) -one. 21 April 2004 WO 01/29042
PCT/EPOO/10088 130  Sulfone 11.1 as N HN~N" N__~O  H OH HN A suspension of
3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (350 mg, 0.94 mmol) (prepared
as described above in Example 73) in 3 mL dichloromethane was treated with
I mL 5 (excess) methyl isocyanate, and 1 mL triethylamine. The mixture was
stirred under  nitrogen atmosphere for one week The reaction was filtered
and the precipitate  was washed with dichloromethane, dried and suspended
in ethyl acetate. Addition  of hydrochloric acid (i.OM/Et20, 2.0
equivalent) gave the salt which was filtered  and dried to give 250 mg of
the hydrochloride salt of 3-(2-chlorophenyl)-7-(trans 



10 4-methylaminocarbonyloxycyclohexyl-amino)-3,4-dihydropyrimido [4,5-d] -
pyrimidin-2 (1H)-one. Example 80  Compound 4-3 15 This example illustrates
the preparation of 7-(3-carboxy-isopropylamino)- 3-
(2-chlorophenyl)-3,4-dihydropyrimido 14,5-d] pyrimidin-2 (1 H) -one.
Sulfone 11.1 20 Sulfone 11.1 (1.0 g, 2.97 mmol) was combined with ethyl
3-aminobutyrate  (0.87 rnL, 5.94 mmol). The mixture was heated to 110-115 C
for 1 hour at which 21 April 2004 WO 01/29042 131 PCTIEP00/10088 time it
was cooled to r6om temperature. The residue was purified by column
chromatography on silica gel using 10:1 dichloromethanelrnethanol. The
column  fractions containing product ester,
7-(3-carbetho)cy-isopropylamino)-3-(2-
chlorophenyl)-3,4-dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one were combined
5 and concentrated in vacuo to a solid (1.10 g). The ester (0.500 g, 1.24
mmol) was  dissolved in methanol- Addition of sodium hydroxide (0.05 g,
1.24 mmol) and  water (1 mL) gave the sodium salt The solution was
concentrated in vacuo to a  solid which was triturated in ethyl acetate for
1 hour, filtered and dried to give 0.41  g of
7-(3-carboxy-isopropylamino)-3-(2-chlorophenyl)-3,4-dihydropyrimido[4,5 10
d]-pyrirnidin-2(IH)-one. (MR' = 376, m.p. 170.0- 185.5C) Example 81
Compound 3-48 This example illustrates the preparation of
1-benzyl-3-(2-chlorophenyl)- 15
7-(trans-4-hydroxycyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-
2(1H)-one. 81.1 Preparation of 3-(2-chlorophenyl)-7-(trans-4-
tent-butyldimethyl-
silyloxy-cyclohexylarnino)-3,4-dihydropyrirnido[4,5-djpyrimidin 2(1H)-one.
HO 20 



A suspension of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-
3,4-dihydropyrirnido[4,5-d]pyrimidin-2(1H)-one (1.86 g, 5 mmol) (prepared
as  described in Example 73) was combined with tert-butyldimethylsilyl
chloride 25 (1.05 g, 7 mmol) and imidazole (0.75 g, 11 mmol) in
dimethylformamide (35 mL).  The reaction mixture was heated at 50C for 24
hours, cooled to room temperature  and added to water, stirred for 30
minutes, filtered and dried to give 1.88 g of 3-(2 21 April 2004 WO
01/29042 132 PCT/EPOO/10088
chlorophenyl)-7-(trans-4-tent-butyl-dimethyl,siiyloxyryclohexylamino)-3,4-
dihydropyrimido[4,5-d)pyrimidin-2(1H)-one, m.p.289-294C 81.2 Preparation of
1-benzyl-3-(2-chlorophenyl)-7-(trans-4- tert-butyl 5
dimethylsiIyloxycyclohexylamino)-3,4-dihydropyrimidof4,5-d]pyrimidin-2(1H)-
one. Sodium hydride (44 mg, 1.1 mmol (60% oil dispersion)) was added to a
suspension
of3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxyc)rclohexyl-
amino)-3,4-dihydropyrimido[4,5-dlpyrimidin-2(1H)-one (486 mg, 1 mmol) in 10
1-methyl-2-pyrrolidinone, and was stirred at room temperature for 25
minutes- To  this solution was added benzyl bromide (0.12 mL 1 mmol) and
stirred at room  temperature for 4 hours. The reaction mixture was added to
water and extracted  with ethyl acetate. The layers were separated, and the
organic layer was washed with  water, dried with magnesium sulfate,
concentrated in vacuo. The residue was 15 purified by column chromatography
using 25:75 acetone/hexane as eluant to give 1-
benzyl-3-(2-chlorophenyl)-7-(trans-4-tent-butyldimethyl-silyloxycyclohexyl-
amino)-3,4-dihydropyriznido[4,5-d)pyrimidi.n-2(1H)-one as an oil. 21 April
2004 HO 1-Benzyl-3-(2-chlorophenyl)-7-(trans-4-tert-butyldirnethylsilyloxy-
5 cydohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was
dissolved in tetrahydrofuran, and tetrabutylammonioum fluoride (1.0
M/tetrahydrofuran,1.0  equivalent) was added. The reaction mixture was
stirred at room temperature for  24 hours, was added to water, extracted
with ethyl acetate, dried with magnesium  



sulfate, and concentrated in vacuo. The residue was purified by column 10
chromatography on silica gel in 90:10 dichloromethane/methanol as eluant.
The  column fractions containing the product were combined and concentrated
in vacuo  to give the title compound. The product was suspended in
methanol, and  hydrochloric acid (1.OMIEt2O,1.0 equivalents) was added,
stirred for 30 minutes  and then evaporated to give a foam. The foam was
stirred with methanol/diethyl 15 ether, filtered and dried to give 130 mg
of the hydrochloride salt of 1-benzyl-3-(2-
chlorophenyl)-7-(trans-4-hydroxycydohexylamino)-3,4-dihydropyrimido-
[4,5-d] pyrimidin-2(1H)-one. 20 WO 01/29042 133 PCT/EP00/10088 81.3
Preparation of I -benzyl-3-(2-chlorophenyl)-7-(trans-4-
hydroxycyclohexyl-amino)-3,4-dihydropyrimido(4,5-d]pyrimidin-2(I H)-one.
Example 82  Compound 3-55 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(trans- 4-hydroxycyclohexylamino)-1-cyanomethyl-3,4-
dihydropyri rnido [4,5-d] - pyrimidin-2(1H)-one. 21 April 2004 WO 01/29042
134 HO PCT/EP00/10088 11 N
3-(2-Chlorophenyl)-7-(trans-4-tent-butyldimethylsilyloxycyclohexyl-amino)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (486 mg, 1.0 rmnol) (prepared
as  described in Example 81) was suspended in 1-methyl-2-pyrrolidinone (7
inL), and 5 to this was added sodium hydride (44 mg, 1.1 mmol (60% oil
dispersion)). The  reaction mixture was stirred at room temperature for 25
minutes. To this solution  



was added iodoacetonitrile (0.167 mg, 1.0 mmol) and stirred at room
temperature  for 4 hours. The reaction mixture was added to water and
extracted with ethyl  acetate, washed with water, dried over magnesium
sulfate, and evaporated under 10 reduced pressure to give an oil. The oil
was purified by column chromatography on  silica gel using 25:75
acetone/hexane as eluant. The fractions containing the  product were
combined and evaporated under reduced pressure to give 510 mg of
3-(2-chlorophenyl)-7-(trans-4-tent-butyldimethyl-silyloxycyclohexylamino)-1
- cyanomethyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one as a white
solid. 15 (M+H)t 527, m.p.100.2-148.7C. The
3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxy-
cydohexylamino)-1-cyanomethyl-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1H)-
one (510 mg, 0.97 mmol) was dissolved in tetrahydofuran, and tetrabutyl 20
ammoniun fluoride (1.OM in THE', 1.0 equivalent) was added. The reaction
mixture was stirred at room temperature for 12 hours, added to water,
extracted 21 April 2004 WO 01/29042 PCTIEPOO/10088 135 with ethyl acetate,
dried over magnesium sulfate, and evaporated under reduced  pressure to
give the title compound as an oil. This residue was purified by column
chromatography on silica gel using 90:10 dichloromethane/methanol as eluant
The  fractions containing the product were evaporated in vacuo to give 249
mg of 3-(2 5
cblorophenyl)-7-(trans-4-hydroxycyclohexyl-amino)-1-cyanomethyl-3,4-
dihydropyrimido[4,5-d]-pyrimidin-2(IH)-one as a foam. Example 83  Compound
3-49 10 This example illustrates the preparation of
3-(2-chlorophenyl)-7-(trans
4-hydroxycyclohexylamino)-1-methoxycarbonylmethyl-3,4-dihydropyrimido [4,5-
d] -pyriznidin-2(IH)-one. HO 15 3-(2-Chlorophenyl) -7-
(trans-4-tent-butyldimethylsilyloxycyclohexylanmino )-
3,4-dihydropyrirnido[4,5-d]pyrimidin-2(1H)-one (972 mg, 2 mmol) (prepared
as  



described in Example 81) was suspended in 1-methyl-2-pyrrolidinone (15 mL),
and  sodium hydride (88 mg, 2.2 mmol (60% oil dispersion)) was added. The
reaction  mixture was stirred at room temperature for 30 minutes, methyl
bromoacetate 20 (0.190 mL, 2 mmol) was added. The mixture was stirred for 6
hours. The reaction  mixture was added to water and extracted with ethyl
acetate, washed with water, 21 April 2004 WO 01129042 PCT/EP00/10088 136
dried over magnesium sulfate, and evaporated under reduced pressure. The
residue  was purified by column chromatography on silica gel using 70:30
hexane/acetone as  eluant. The fractions containing the product were
combined and evaporated under  reduced pressure to give 425 mg of 3-
(2-chlorophenyl)-7- (trans-4-tert 5
butyldimethylsilyloxycyclohexylamino)-1-methoxycarbonylmethyl-3,4-
dihydropyrimido-[4,5-d] pyrimidin-2(1H)-one as a white solid ((M+H)* 560,
m.p.165.7-167.4C. The
3-(2-chlorophenyl)-7-(trans-4-tent-butyldimethylsilyloxycyclohexyl 10
amino)- 1-rnethoxycarbonylmethyl-3,4-dihydropyrimido[4,5-d]
pyrimidin-2(1H)- one was dissolved in tetrahydrofuran and
tetrabutylammoniun fluoride(1.OM, 1 .0 equivalents) was added, and stirred
at room temperature for 12 hours. The  reaction mixture was added to water,
extracted with ethyl acetate, dried with  magnesium sulfate, and evaporated
under reduced pressure. The residue was 15 purified by column
chromatography on silica gel using 90:10 dichloromethane/  methanol as
eluant The fractions containing the product were combined and  evaporated
under reduced pressure to give the title compound as a foam. This  product
was dissolved in methanol, and hydrochloric acid (1.OM, lA equivalent)  was
added, stirred for 30 minutes and evaporated under reduced pressure. The 20
residue was stirred with methanol/ethyl ether, for 4 hours, filtered and
dried to give  294 mg of
3-(2-chlorophenyl)-7-(trans-4-hydroxycydohexylamino)-1-
methoxycarbonyl-methyl-3,4-dihydropyrimido- [4,5-d] pyrimidin-2(1H)-one as
a  white solid. 25 . Example 84  



Compound 3-53 This example illustrates the preparation of
3-(2-chlorophenyl)-
7-(trans-4-hydroxycyclohexylamino)-1-hydroxycarbonylmethyl-3,4-
dihydropyrimido [4,5-d] -pyrimidin-2(1H)-one. 21 April 2004 WO 01/29042 137
PCT/EP00/10088 The
3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1-methoxy-
carbonylmethyl-3,4-dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one (395 mg, 0.88
5 mmol) (prepared as described in Example 83) was suspended in ethanol (5
mL) and  to this was added a solution of aqueous sodium hydroxide (0.85 mL
1.037N, 0.88 mmol). The reaction mixture was stirred at room temperature
for 72 hours,  then evaporated under reduced pressure to give the title
compound as a foam. This  residue was stirred in a mixture of
methanol/diethyl ether for 2 hours, filtered, and 10 dried to give 327 mg
of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1-
hydroxycarbonylmethyl-3,4-dihydropyrimido[4,5-d]pyrimid n-2(IH)-one as a
white solid. 15 Example 85  Compound 3-56 This example illustrates the
preparation of 3-(2-cblorophenyl)-7-(trans-
4-hydroxycyclohexylamino)-1-(2-hydroxyethyl)-3,4-dihydropyrimido [4,5-d] -
pyrimidin-2 (1H)-one. 20 85.1 Preparation of
1-(2-triisopropylsilyloxyethyl)-3-(2-chIorophenyl)-
7-(trans-4-tert-butyldimethylsilyloxycyclohexylamino)-3,4-dihydropyrimido[4
,5- d]pyrimidin 2(IH)-one. 21 April 2004 WO 01/29042 138 PCTIEPOO/10088  



N 0 H ~-0I *'Y~ Sodium hydride (44 mg 1.1 mmol (60% oil dispersion)) was
added to a  suspension of
3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxycyclohexyl-
amino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (486 mg, 1.0 mmol) 5
(prepared as described in Example 81) in 1-methyl-2-pyrrolidinone (7 mL),
and  stirred at room temperature for 25 minutes. 2-(Iodoethoxy)
triisopropylsilane  (328 mg, 1.0 mmol) was added, and the reaction mixture
stirred at room  temperature for 4 hours. The solution was added to water
and extracted with ethyl  acetate, washed with water, dried over magnesium
sulfate, and evaporated under 10 reduced pressure to give the silyl
proctected intermediate as an oil. The residue was  purified by column
chromatography on silica gel using 25:75 acetone/hexane as  eluant and the
fractions containing the product and evaporated under reduced  pressure to
give 604 mg of 1-(2-triisopropylsilyloxyethyl)-3-(2-chlorophenyl) 7-
(trans-4-tert-butyldimethyl-silylo)7cydohexylamino) -3,4-dihydro-pyrimido
[4,5- 15 d]pyrimidin-2(1H)-one as an oil, (M+H)+ 688 21 April 2004 WO
01/29042 t IL N O --4 0 Y HO OH
1-(2-Triisopropylsilyloxy-ethyl)-3-(2-chlorophenyl)-7-(trans-4-tert- 5
butyldimethylsi yloxycydohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin
2(1H)-one (604 mg, 0.88 mmol) was dissolved in tetrahydrofuran.
Tetrabutylammonium fluoride (LOM in tetrahydrofuran) was added to the
reaction  mixture, and stirred at room temperature for 12 hours. The
solution was added to  



water and extracted with ethyl acetate, dried over magnesium sulfate and 10
evaporated under reduced pressure to give the title compound as an oil. The
residue was purified by column chromatography on silica gel using 90:10
dichloromethane, and the fractions containing the product were concentrated
in  vacua to give 145 mg of
1-(2-hydroxyethyl)-3-(2-chloropheriyl)-7-(trans-
4-hydroxycyclohexyl-amino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one as
15 a foam. Example 86  Compound 3-52 This example illustrates the
preparation of 3-(2-chlorophenyl)-7-(trans-4- 20
hydro)ccyclohexylamino)-1-phenyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-
one. 139 PCT/EPOO/10088 85.2 Preparation of
1-(2-hydroxyethyI)-3-(2-chlorophenyl)-7-(trans-
4-hydroxy-cyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one.
21 April 2004 WO 01129042 PCTIEP00110088 140 86.1 Preparation of ethyl 4
phenylamino-2-methylthiopyrimidine-5- carboxylate N~ {CO2Et n1 CO2Et MeS N
CI McS' )~ N NHPh 5 A mixture of ethyl 4-chloro-2-methylthiopyrimidine-5-
carboxylate (15 g,  64.5 mmol) and aniline (12 mL, 132 mmol) in 200 mL of
acetonitrile was stirred at  room temperature for 24 hours. The mixture was
then evaporated and ethyl acetate  and 2M aqueous hydrochloric acid were
added to the residue. The phases were  separated and the organic phase was
washed with aqueous hydrochloric acid, dried 10 over sodium sulfate,
filtered and evaporated. The resulting solid was purified by  trituation
with 1:3 ether/hexanes to give 14.2 g (64%) of ethyl 4-phenylamino-2-
methylthio-pyrimidine-5-carboxylate as a white solid, mp 88.2 - 88.7 'C
86.2 Preparation of4-phenylamino-2-methylthiopyrimidine-5-methanol 



CO Et N 15 2  N"Y CH2OH MeS N NHPh MeS N- -NHPh A solution of ethyl
4-phenylamino-2-methylthiopyrimidine-5-carboxylate  (14.2 g, 49 mmol) in
100 mL of tetrahydrofuran was added dropwise to lithium  aluminium hydride
(1.9 g) in 50 mL of tetrahydrofuran at 0C, at which time the 20 mixture was
stirred at room temperature for 9 hours. The mixture was then cooled  in
ice and cautiously treated dropwise with 3.3 mL of water, 3.3 mL of 2M
aqueous  sodium hydroxide, 4.4 mL of water and 500 mL of ethyl acetate. The
resulting  suspension was filtered through a filter aid, and the filtrate
was concentrated. The  product was filtered and washed with ether to give 7
g of 4-phenylamino-2 25 methylthiopyrimidine-5-methanol as a slightly
colored solid, m.p.142.2-143.2 C. 21 April 2004 WO 01/29042 PCTIEPOO/10088
141 86.3 Preparation of4-phenylamino-2-methyIthiopyrimidine-5-
carboxaldehyde CH2OH  NHPh N I CHO MeS N' NHPh 5
4-Phenylamino-2-methylthiopyrimidine-5-methanol (7 g, 28.3 mmol) of  was
stirred in 130 rnL of dichloromethane and treated with manganese dioxide
(25  g, 289 mmol). The suspension was stirred for 7 hours and then
filtered, and the  filtrate was evaporated. The residue was trituated with
1:3 ether/hexanes to give 6.4  g of
4-phenylamino-2-methylthiopyrimidine-5-carboxaldehyde as a white solid, 



10 m.p. 105.6-106.2 C. 86.4 Preparation of 5-(2-chlorophenyl)aminomethyl-4
phenylamino-2- methyIthiopyrimidine  ,.~~CHO UP, -N L 11 ~ NHPh MeS N NHPh
McSN 15 A mixture of
4-phenylamino-2-methylthiopyrimidine-5-carboxaldehyde(6.4  g, 26.5 mmol), 3
mL of 2-chloroaniline, and 4-toluenesulfonic acid (300 mg) in 150  mL of
toluene was heated at reflux with the azeotropic removal of water for 2.5
hours. The mixture was cooled and filtered to give 6.6 g of solids. To this
solid in  50 mL of tetrahydrofuran was added 20 mL of lithium aluminium
hydride solution 20 in 1M tetrahydrofuran. After stirring for 1.5 hours 1.2
mL of water, 1.2 mL of 15%  sodium hydroxide and 3.8 mL of water were added
to the mixture. The mixture  was stirred for 15 minutes and filtered and
washed with ethyl acetate- The filtrate  was trituated with 1:1
ether/hexanes to give 6 g of 5-(2-chlorophenyl)aminomethyl-
4-phenylamino-2-methylthiopyrimidine as a white solid., m.p. 131.1- 131.5
C. 25 21 April 2004 WO 01/29042 PCT/EPOO/10088 142 86.5 Preparation of
3-(2-chiorophenyl)-I-methyl-7 phenylthio-3,4-dihydro- pyrimido f
4,5-d]pyrimidin-2(1H)-one N N N 1 McS '~O ` 



N  MeS N NHPh Ph 5 A cooled solution of
5-(2-chlorophenyl)aminomethyl-4-phenylamino-2..  methylthiopyrimidine (6 g)
and 5.2 mL of triethylamine in 75 mL of  tetrahydrofuran was added dropwise
8.5 mL of phosgene (20% in toluene) in 35 mL,  of tetrahydrofuran. The
mixture was stirred at room temperature overnight.  Additional 3 nxL
phosgene (20% in toluene) was added to the mixture. After 10 stirring for
15 minutes the mixture was treated with water and ethyl acetate. The
phases were separated and the organic phase was washed with brine, dried
over  sodium sulfate, filtered and evaporated. The crude product was
purified by column  chromatography using 10:45 ethyl acetate/hexanes as
eluant to give 2.1 g of 3-(2-
chlorophenyl)-7-methylthio-l-phenyl-3,4-dihydropyrimido [4,5-d] -pyrimidin
15 2(1H)-one as a white solid, m.p. 79.5 - 82.4 C: 86.6 Preparation of
3-(2-chlorophenyI)-7-methanesulfonyl-1 phenyl-3,4- dihydropyrimido f
4,5-d]pyrimidin-2(IH)-one 20 MeS ~N N Q  I  Ph To
3-(2-chlorophenyl)-7-methylthio-1-phenyl-3,4-dihydropyrimido-
[4,5-d]pyrimidin-2(IH)-one (2 g) in 20 mL of tetrahydrofuran at 0C was
added a  solution of 8.1 g of Oxone(r) in 24 mL of water. The mixture was
stirred for 5 hours  at room temperature, diluted with ethyl acetate,
washed with brine, dried over 25 sodium sulfate, filtered, and evaporated
to give 2 g of 3-(2-chlorophenyl)-7 21 April 2004 WO 01/29042
PCT/EP00/10088 143
methanesulfonyl-1-phenyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one,
m.p.  185.8-186.3C. 86.7 Preparation
of3-(2-chlorophenyl)-7-methanesulfonyI-I phenyl-3,4 5
dihydropyrimido[4,5-d]pyrimidin 2(IH)-one Ci`^ Ci 



OA HIII S N N O N N N O Ph Ph OH  A suspension of
3-(2-chlorophenyl)-7-methanesulfonyl-l-phenyl-3,4
dihydropyrimido[4,5-d]pyrimidin-2(IH)-one (0.212 g) and 1-amino-4-
cyclohexanol (0.19 g) in 0.3 mL of 1-methyl-2-pyrrolidinone was heated at
1000C  10 for 2 hours. The mixture was cooled, treated with 1:2
ether/hexanes, and filtered. The residue was purified using 10% methanol in
dic h oromethane to give 149 mg of  the title compound, which was taken up
in 10 mL of ethanol. Hydrogen chloride  gas was bubbled through the
solution for 5 minutes, concentrated, and treated with  methanol and ether.
The resulting solids were filtered and washed with ether to give 15 100 mg
of the hydrochloride salt of 3-(2-chlorophenyl)-7-(trans-4-
hydroxycyclohexylamino)-1-phenyl-3,4-dihydropyrirnido [4,5-d] pyrimidin-2
(1H)- one. 20 -Example 87  Compound 4-28 This example illustrates the
preparation of 3-(2-chlorophenyl)-7-[trans-4- (methanesulfonylamino)
cyclohexylamino ] -3,4-dihydropyri.mido [4,5-d] pyrirnidin- 2(1H)-one. 25
87.1 Preparation 7-(trans-4-aminocydohexylamino)-3-(2-chlorophenyl)-I-
[2-(trimethylsilyl)ethoxymethyl]-3,4-dihydropyrimido
[4,5-d]pyrimidin-2(IH)-one 21 April 2004  WO 01/29042 PCT/EPOO/10088 144 O
\J CIS Cl O= N" -N-ZO N" 'N- -"NCO L S'M H 



O~~ ~ e3  NH2 To a solution of sulfone 11.1 (3.0 g, 8.87 mmol) in 10 mL of
1-methyl-2- pyrrolidinone was added 60% sodium hydride (390 mg, 9.76 mmol,
mineral oil).  The reaction was stirreddfor 15 minutes at room temperature
and then 2 5 (trimethylsilyl)ethoxy-methyl chloride (1.57 mL, 8.87 mmol)
was added. The  reaction was stirred at room temperature for 4 hours. To
this solution was then  added 5.06 g of trans-1,4-diamino-cydohexane
predissolved in 15 mL 1-methyl-2- pyrrolidinone. The reaction was then
warmed to 60C for 24 hours. The reaction  was poured into brine and the
product extracted into ethyl acetate. The combined 10 organic extracts were
washed with saturated sodium bicarbonate and water, dried  over magnesium
sulfate, and concentrated in vacuo to give a light brown oil.  Purification
by chromatography using 2% methanol/dichloromethane to 5%
methanolfdichloromethane as eluant gave 2.8 g of
7-(trans-4-aminocyclohexyl- amino)-3-(2-chlorophenyl)-1-
[2-(trimethylsilyl)ethoxymethyl]-3,4-dihydro 15
pyrimido[4,5-d]pyrimidin-2(1H)-one as a pale yellow foam. (MH{ = 502). 87.2
Preparation 3-(2-chlorophenyI)-7- f trans-4-(methanesulfonylamino)-
cycIohexylamino j-I -(2-(trimethylsilyI)ethoxymethyl]-3,4-dihydropyrimido f
4,5 dJpyrimidin-2(I H)-one Cl-, CI 20 O.,~SiMe3 O'SNH  Q CH3 0 - SiMe3 21
April 2004 WO 01/29042 PCT/EPOO/10088 145 To a solution of
7-(trans-4-aminocyclohexylanmino)-3-(2-chlorophenyl)-1- [2-(trimethylsilyI
)ethoxymethyl] -3,4-dihydropyrimido [4,5-d] pyrimidin-2(IH)-one  (500 mg,
1.04 mmoI) in 5 mL of diclorornethane were added triethylamine (0.29  ml,
0.207 mmol) and a solution of methane sulfonic anhydride (0.2 g, 1.14
mrnol) 



5 in 5 mL of dichloromethane. The reaction mixture was stirred at room
temperature  for 24 hours, diluted with ethyl acetate, and washed with
aqueous 10% sodium  bicarbonate. The organic extracts were concentrated in
vacuo, and purified by  chromatography using 2% methanol/dichloromethane to
3% methanol/dichloro- methane as eluant to give 292 mg of
3-(2-chlorophenyl)-7-[trans-4-(methane 10
sulfonylamino)cydohexylamino]-1-[2-(trimethylsilyl)ethoxymethyl]-3-,4-dihyd
ro- pyrimido[4,5-d]pyriznidin-2(1H)-one as a white foam. (MH-'= 581) 87.3
Preparation 3-(2-chlorophenyI)-7-[trans-4-(methanesuIfonylamino)-
yclohexyIamino] 3,4-dihydropyrimido[4,5-d]pyrimidin-2(IH)-one 15 N H11%
N'L;~- N 4' .,  LC,-,-,,SiMe3 `S..NH  0 ICH3 0.S,NH  O CH 3 To a solution
of the 3-(2-chlorophenyl)-7-[trans-4-(methanesulfonylamino)-
cydohexylamino] -1- [ 2-(trimethylsilyl)ethoxymethyl] -3,4-dihydropyrimido
[4,5- d]pyrimidin-2(1H)-one (290 mg, 0.5 mmol) in 5 mL methanol was added
4.0 mL 20 of 10% aqueous hydrochloric acid. The reaction mixture was
stirred at 40C for 24  hours, and was concentrated in vacuo. Repeated
triturations of the colorless oil with  ethyl acetate gave
3-(2-chlorophenyl)-7-[Irani-4-(methanesulfonylamino)cyclo-
hexylamino]-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-one a white solid
which was collected by vacuum filtration. 25 21 April 2004 WO 01/29042 146
PCTIEP00/10088 



TABLE I 7-Hydroxyalkylamino- and 7-Hydroxycycloa]kylaznino-substituted
1-methyl-3,4-dihydropyrimido4,5-d]pyrimidin-2(1H)-one derivatives CI CpdR
,..nip (C) orMethod of MS (&H{')Preparation I-IHO~~ 334Example 2 1-2
HO348Example 4 CH3 1-3CH3 / 348Example 5 HO_ v) I-4 HO~253.8-Example 2
255.0C 1-5HO 364Example 2 HO 1-6HO"T"-j OH364Example 2 1-7H3C~( CH3  H6
362Example 2 1-8HO 362Example 2 H3C 21 April 2004 WO 01/29042 



147 PCT/EPOO/10088 CpdRmp (C) orMethod of MS (Mil})Preparation 1-9,OH
H3C/~362Example 2 1-10H3c~ OH362Example 2 1-11H3C  HO378Example 2 HO
1-12^^^ 108-130CExample 3 H3C` v 'OH OH 1-13w^^- H3C199-204C;Example 3 OH
OH378 1-14 H3C Y"~)378Example 3 OH OH 1-15OH (376Example 2 H3C )--, - I CH3
1-16OH --j376Example 2 l H3C  



, 21 April 2004 WO 01129042 PCT/EP00/10088 148 CpdRmp (C) orMethod of MS
(MH+)Preparation 1-17 388Example 3 :: ;390Example 2 1-19OH 0388Example 3
1-20OH388Example 3 1-21C388Example 2 HO 1-22CH3  H3C390Example 2 HO 1-23H3C
CH3 390Example 3 OH The IC50's of compounds 1-1 through 1-23 in the in
vitro p38 assay were less  than 10 pM. 21 April 2004 WO 01/29042
PCT/EPOO/10088 149 TABLE 2 7-Heterocyclylamino- and
7-Heterocyclylalkylamino-substituted
3,4-dibydropyrimido[4,5-d]pyrimidin-2(iH)-one derivatives  



R NNNO 5  R3 CpdRIR3R2R4mp (C)Ex=ple MS (MH`) 2-1CYCH32-ClH4012 2-2N
CH32-C1H4152 G 2-3rN^~CH32-CIH4022 O) 2-4CH,'2-CIH4172 O) 2-50'CH32-C1H4082
,S  Y ~f  0 2-60 CH32-CIH:::: H L~ CH32-CIH  21 April 2004 WO 01/29042
PCT/EP00/10088 150 CpdR1R3R2R4mp (C)Example 



MS (MH*) 2-8CH32-CH3H212.6-25 N~218.9C 2-9NCH32-CH3H253- 24 253.9C 443
2-10H2-C1H36047 2-110CH32-CH3H41052 N, 1-12N 2-12CH32-CH3H230.0-32 0 H C 4I
.N233.0C S  it 0 2-13OHCH32-CH3H250-257C27 ~N397  2-14OHCH32-CH3H195-208C26
HO`f~N427 2-15CH32-CH3H195-28 N,:J208.5C  406 N 2-16yCH32-CH3H165-172C29
N,410 2-17CH32-ClH41233 *~N 



N 21 April 2004 WO 01/29042 PCT/EP00/10088 151 CpdRIR3R2R4mp (C)Example MS
(NM-) 2-18CH32-CH3048731 NF i2N H2N O 2-19H2-ClH210.2-57 H3C, 214-4C ,~'No
N CH3458 2-20CH32-CH3H241.6-30 O242.1C 347 OCH3 2-21FH2-ClH260.6-55 F
N261.5C F 455 2-22H2-C1H207.2-56 No 207.7C N 412 2-23OH2-ClH229.9-58
~N232.2C H2N 



430 2-24H2-C1H215-219C59 ~431 HO 2-25H2-ClCH3243.2-50 243.7C H3C O  2-26H
H2-CIH41652 N 2 21 April 2004 WO 01/29042 PCT/EPOO/10088 152 5
CpdRIR3R2R4mp (C) E=Mple MS (MH+) 2-27FH2-CIH44153 F No  2-28H2-CIH43168
H3C~OyN O The 1C50's of compounds 2-1 through 2-11, 2-13 through 2-24, and
2-28 in  the in vitro p38 assay were less than 10 M. TABLE 3
7-Heteroalkylamino- and 7-Heterosubstitutedcycloalkylamino-substituted
3,4-dihydropyrimido[4,5-d]pyrixnidin-2(IH)-one derivatives 



N I  R N, N~N N~O 1 1. R4 R3 CpdRIR3R2R4MP (C)ExaMPIP Other than HMS (MH*)
3-1CH3- CH32-CIH183-2352 H2N375 CH3 3-2CH3CH32-CIH3752 H2N f ' CH3
3-3lCH33CH32-CH3H3552 ^  H2N- CHs 21 April 2004 WO 01/29042 PCT/EP00110088
153 CpdR1R3R2R4mp (C)ExampIc Other than HMS (MHt) 3-49H3CH32-ClH3612
H3C-N~/\ 3-50CI-132-ClH3753 H  CAN-^"-'-" 3 



H 3-6H21VCH32-CIH3872 3-7OHCH33-CIH3902 H3C 3-8HX,CH32-CIH3632 OH
3-9HOCH32-CH3H36821 3-10NOCH32-FH3713 3-11HOCH33-aH3622 H3C CH3
3-12HOCH32-CH3H3422 3C CH3  H 3-13HO~CH33-CH3H2 H3C CH3 3-14OHCH33-CIH3762
H3C CH3 21 April 2004 WO 01/29042 PCT/EP00/10088 154 CpdRIR3R2R4mp
(C)E=mple Other than HMS (MH*) 3-15OHCH32-CH3H3562 H3C CH3 3-16CH32-FH3723
off 3-17CH32-CH3H3683 



OH 3-18OH CH32-FH3723 0 3-19OHCH32-CH3H3683 3-20(Y~OHCH32-CIH3883 3-21CH3
C^O'~/2-CIH169.7-41 HO~ J 175.1C ' H3C 464 O 3-22CH362-CIH244- 40  248  C
N417 3-23OHCH32-CH3H119.8-22 HO ,,121.8C CH3358 3-24NH2CH32-CIH3873 (Dooo,
21 April 2004 WO 01/29042 PCTIEP00110088 155 CpdR1R3R2R4mp (C)Examph 



Other than HMS (MH*) 3-25NH2CH32-ClH3873  3-26.~2-C1H47137 HOrN
3-27H3C2-ClH47338 HOH3C V N,_-~ 3-28OHCH32-ClH203.1-6 HO,,,204.1 C
H3C/\CH3392 3-292-0H44860 HO aH3C 3-30,,`H3C2-Cl H44539 2 ~N HOCH3 3-31aH C
H3 2-G1H48761 s ~N HOH3C CH3 3-32%Q2-ClH45943 rI  f HO ~//I  CH3
3-33HCH32-CH3H37223 HO H3C CH3 21 April 2004 



WO 01/29042 156 PCT/EP00/10088 CpdRIR3R2R4nip (`C)Emmple Other than HMS
(NM-) 3-34OHCH32-CIH--3 H3C(  OH 3-35."` 2-CIH47162 HO CH3 3-36HO2-CIH41762
CH, 3-37.``002-CIH43143 HOH2N" v 3-38..``CH32-CICH341614 H3C,O
3-39.``CH32-CIH40214 H3C.  O 3-40S'H3CH32-CIH44615 co  0 0 `  3-41~
CH32-CIH43016 ~D 



10,  H3C 3-42~"CH32-CIH42813 H2C  ~~ 0 3-43-CH32-CIH203.7-7 \OH 207.8C Cf
402 21 April 2004 WO 01/29042 157 PCT/EP00/10088 CpdRIR3R2R4nip (C)Example
Other than HMS {MH*) 3-44. '`CH32-CIH46217 Ho ( O  OH 3-45CH32-ClH164.1-8
168.1C 430 3-46CH32-CIH233.4-10 O236.3C 386 3-47CH32-ClH148.3-9 263.7C HO
O488 CH3 



3-48HO2-.CIH218.5- 81 221C 464 3-4902-CIH212-83' O HC215C H 446
3-50CH32-ClH181.0-11 HO,N225.0C 401 3-52..+` 2-ClH277.6- 86 HO279.1C
3-5302-ClH230-84 ~cr H0240C HO 432 21 April 2004 WO 01/29042
PCT/EPO(c)110088 158 CpdR1R3R2R4mp (C)Example Other than HMS (MH+)
3-54CH32-ClH>300.C12 O~ 456 N 



N O 3-55. ``~v~2-ClH130.8C82 HO413 3-56HO--"~2-ClH96.6-85 HO122.8C 418
3-57CH32-C1H263.3-19  264.4C  3-58CH32-CIH221.8-20 O 225C H3 ; 1r 0  H3C
3-59CH32-ClH247-18 255C- H N  z F 130-  3-60F 2-ClH133.5C42 F HO456 The
1C50's of compounds 3-1,3-3,3-5 through 3-10, 3-12, 3-14 through  3-23,
3-27 through 3-36,3-38,3-39,3-41 through 3-58, and 3-60 in the in vitro p38



assay were less than 10 p.M. 5 21 April 2004  WO 01/29042 PCT/EP00/10088
159 TABLE 4 7-Heteroalkylamino- and
7-Heterosubstitutedcydoalkylarn.ino-substituted
3,4-dihydropyriniido[4,5-d]pyrimidin-2(1H)-one derivatives CpdRIR2R4mp
(C)Example MS (MW) 4-1HO CH2-CIH44 HO 4-22-C1H193.7-73 194.5C HO375 4-3HO
COY 2-C1H170-185.5C80 2 CH3 4-4OH2-H161-172C63 HO ``~CH 344 3 CH3
4-5,..`2-H214.0-74 HOCH3217.5C 4-6OH2-C1H123-129C45 HO ..` 364 CH3
4-7HO2-ClH3484 H3C CH3 



21 April 2004 WO 01/29042 160 PCTIEP00110088 CpdRIR2R4mp (C)Example ms
(Mir) 4-82-ClH167-178.5C46 HO373 4-9HO2-C1H3963 4-10HO2-C1H3344 CH3
4-11H3CEO (2-CIH---3 H3CO 4-12HsC ~2-aH177.4-3 OH184.5C 4-13O
,,~`2-CIH>300C76 H3C416 4-14\2-CIH249.9-48 OH250.1C 374 4-152-C1H>300C75
0n0402 4-16~-2-C1H241.8-49 \OH 242.4C 0 387 4-172-C1H208.3-54 HQ217.9C 388
21 April 2004 WO 01/29042 



PCTIEP00/10088 161 CpdRiR2R4mp (C)Example MS (MH) 4-18Ho2-ClH271.1-272C51
4-192-C1Hsluinks67 HO`171C bubbles 181C 388 4-200 .~`2-ClHX260G77 H.4,0 C
432 0 4.2102-C1H267-267.6C78 H2N O417 4-220 .+~`2-ClH269-271C79 H3C 431 O H
4-232-ClH204.0-72 0210.0C 372 4-242-C1H173.6-71 189.7C LO416
4-252-C1H>300C69 H2N.. `373 4-262-CIH235.5-237C70 Hg , 11N373 



H3Cf 0 21 April 2004 WO 01/29042 162 PCT/EP00/10088 CpdR1R2R4mp (C) Example
MS (Mw) 4-27HO~,,.~,'2-CIH3344 CH3 4-28O2-CIH292.8-87 3  1 N 293.2C - C 451
1 The TC 's of compounds 4-1 through 4-8, 4-10 through 4-28 in the in vitro
p38 assay were less than 10 M. 5. Example 88. In vitro p38 MAP kinase
inhibition assay This example illustrates a p38 (MAP) kinase in vitro assay
useful. for  evaluating the compounds of the present invention. 10 The p-38
MAP kinase inhibitory activity of compounds of this invention in  vitro was
determined by measuring the transfer of they-phosphate from y-33P-ATP  by
p-38 kinase to Myelin Basic Protein (MBP), using a minor modification of
the  method described in Ahn, et al., J. Biol. Chem. 266:4220-4227 (1991).
15 The phosphorylated form of the recombinant p38 MAP kinase was co- 



expressed with SEK-1 and MEKK in E. Coli (see, Khokhlatchev, et aL, J.
Biol. Chem.  272:11057-11062 (1997)) and then purified by affinity
chromatography using a  Nickel column. 20 The phosphorylated p38 MAP kinase
was diluted in kinase buffer (20 mM 3- (N-morpholino)propanesulfonic acid,
pH 72,25 mM 3-glycerol phosphate, 5 mM  ethylene glycol-bis(beta-aminoethyl
ether)-N,N,N',N'-tetraacetic acid, 1 mM 21 April 2004 WO 01/29042
PCTIEP00/10088 163 sodium ortho-vanadate, 1 mM dithiothreitol, 40 mM
magnesium chloride). Test  compound dissolved in DMSO or only DMSO
(control) was added and the samples  were incubated for 10 rain at 30C. The
kinase reaction was initiated by the  addition of a substrate cocktail
containing MBP and y-33P-ATP. After incubating 5 for an additional 20 min
at 30C, the reaction was terminated by adding 0.75% phosphoric acid. The
phosphorylated MBP was then separated from the residual y- 33p-ATP using a
phosphocellulose membrane (Millipore, Bedfrod, MA) and  quantitated using a
scintillation counter (Packard, Meriden, CT). 10 Example 89 In vitro TNF-a
inhibition assay This example illustrates an in vitro assay to evaluate the
inhibition of LPS- induced TNF-a production in THP1 cells. 15 The ability
of the compounds of this invention to inhibit the TNF-a release  was
determined using a minor modification of the methods described in Blifeld,
et  at. Transplantation, 51:498-503 (1991). 20 (a) Induction of TNF_
biosynthesis: THP-1 cells were suspended in culture medium [RPMI
(Gibco-BRL,  Gailthersburg, MD) containing 15% fetal bovine serum, 0.02 mM
2-mercapto- ethanol], at a concentration of 2.5 x 106 cells/mL and then
plated in 96 well plate  (0.2 rnL aliquots in each well). Test compounds
were dissolved in DMSO and then 25 diluted with the culture medium such
that the final DMSO concentration was 5%.  



Twenty five itL aliquots of test solution or only medium with DMSO
(control) were  added to each well. The cells were incubated for 30 min.,
at 37 oC. LPS (Sigma, St.  Louis, MO) was added to the wells at a final
concentration of 0.5 p.g/mL, and cells  were incubated for an additional 2
h. At the end of the incubation period, culture 21 April 2004  WO 01/29042
PCT/EP00/10088  164 supernatants were collected and the amount of TNF-a
present was determined  using an ELISA assay as described below. (b) ELISA
Assay: 5 The amount of human TNF-a present was determined by a specific
trapping  ELISA assay using two anti-TNF-a antibodies (2TNF-H12 and
2TNF-H34)  described in Reimund, J. M., et al. GUT. Vol. 39(5), 684-689
(1996). Polystyrene 96 well plates were coated with 50 pl per well of
antibody  10 2TNF-H12 in PBS (10 g/mL) and incubated in a humidified
chamber at 4 oC overnight. The plates were washed with PBS and then blocked
with 5% nonfat-dry  milk in PBS for 1 hour at room temperature and washed
with 0.1% BSA (bovine  serum albumin) in PBS. 15 TNF standards were
prepared from a stock solution of human recombinant  TNF-a (R&D Systems,
Minneapolis, MN). The concentration of the standards in  the assay began at
10 ng/mL followed by 6 half log serial dilutions. Twenty five pL aliquots
of the above culture supernatants or TNF standards  20 or only medium
(control) were mixed with 25 gL aliquots of biotinylated monoclonal
antibody 2TNF-H34 (2 p.g/rnL in PBS containing 0.1% BSA) and then  added to
each well. The samples were incubated for 2 hr at room temperature with
gentle shaking and then washed 3 times with 0.1% BSA in PBS. 50 p1 of
peroxidase- streptavidin (Zymed, S. San Francisco, CA) solution containing
0.416 tg/mL of 25 peroxidase-streptavidin and 0.1 % BSA in PBS was added to
each well. The samples  were incubated for an additional 1 hr at room
temperature and then washed 4 times  with 0.1% BSA in PBS. Fifty p1 of
0-phenylenediamine solution (I pg/mL O- phenylene-diamine and 0.03 %
hydrogen peroxide in 0.2M citrate buffer pH 4.5)  was added to each well
and the samples were incubated in the dark for 30 min., at 



30 room temperature. Optical density of the sample and the reference were
read at 450 21 April 2004  WO 01/29042 PCT/EP00/10088 165 nm and 650 nm,
respectively. TNT-a levels were determined from a graph relating  the
optical density at 450 nm to the concentration used. The IC50 value was
defined as the concentration of the test compound  5 corresponding to
half-maximal reduction in 450 nm absorbance. Example 90 This example
illustrates an in vivo assay to evaluate the inhibition of LPS- 10 induced
TNF-a production in mice (or rats). The ability of the compounds of this
invention to inhibit the TNF-a release,  in vivo, was determined using a
minor modification of the methods described in  described in Zanetti, et
aL, J. ImmunoL,148:1890 (1992) and Sekut, et. al., J. Lab.  15 Clin. Med.,
124:813 (1994). Female BALBIc mice weighing 18-21 grams (Charles River,
Hollister, CA)  were acclimated for one week. Groups containing 8 mice each
were dosed orally  either with the test compounds suspended or dissolved in
an aqueous vehicle 20 containing 0.9% sodium chloride, 0.5% sodium
carboxymethyl-cellulose, 0.4%  polysorbate 80, 0.9% benzyl alcohol (CMC
vehicle) or only vehicle (control group).  After 30 min., the mice were
injected intraperitoneally with 20 jig of LPS (Sigma, St  Louis, MO). After
1.5 h, the mice were sacrificed by CO2 inhalation and blood was  harvested
by cardiocentesis. Blood was clarified by centrifugation at 15,600 X g for
25 5 min., and sera were transferred to clean tubes and frozen at -20C
until analyzed  for TNF-a by ELISA assay (Biosource International,
Camarillo, CA) following the  manufacturer's protocol. It is understood
that the examples and embodiments described 30 herein are for illustrative
purposes only and that various modifications or changes  in light thereof
will be suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of the appended
claims. 21 April 2004 WO 01/29042 PCT/EP00/10088 



1. 166  Claims A compound selected from the group of compounds represented
by formula l: 5 10 15 20 25  RI ~ N N ~O  N R1 R3 (1) wherein  the
subscript n is an integer of from 0 to 3; Rl is acyl, heteroalkyl,
optionally substituted' arylheteroalkyl, heteroalkenyl,  heteroallynyl,
heteroalkylcarbonyl, heterosubstituted cycloalkyl,  heterosubstituted
cydoalkylalkyl, heterosubstituted cycloalkyl- alkenyl, heterosubstituted
cycloalkylalkynyl, heteroalkylsubstituted  cycloalkyL optionally
substituted heterocydyl, optionally substituted  heterocydylallryl,
optionally substituted heterocydyl spiro cycloalkyl,  -(alkylene)-C(O)-R1'
or -(heteroalkylene)-C(O)-Ru; wherein:  RI' is alkyl, haloalkyl, amino,
monosubstituted amino, disubstituted amino,  optionally substituted
cycloalkyl, optionally substituted cycloalkyl- alkyl, optionally
substituted aryl, optionally substituted araikyl,  optionally substituted
heteroaryl, optionally substituted  heteroaralkyl, hydroxy, or alkoxy; R2
is each independently in each occurrence alkyl, halo, heteroalkyl or vinyl;



W is hydrogen, alkyl, heteroallryl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted heteroaryl, optionally
substituted heteroaralkyl, optionally substituted cycloalkyl,  cydoalkenyl,
optionally substituted cycloalkylalkyl, haloalkyl,  cyanoalkyl,
heterosubstituted cydoalkyl, heterosubstituted  cycloalkylalkyl,
heteroalkylsubstituted cydoallcyl, optionally 21 April 2004 WO 01/29042
PCT/EPOO/10088 167 substituted heterocyclyl, optionally substituted
heterocyclylalkyl,  -(allrylene)-C(O)R31, or -(heteroalkylene)-C(O)R31;
wherein:  R31 is alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted
5 amino, disubstituted amino, optionally substituted cydoalkyl, optionally
substituted cycloalkylalkyl, optionally substituted aryl,  optionally
substituted aralkyl, optionally substituted heteroaryl, or  optionally
substituted heteroaralkyl; and R4 is hydrogen, alkyl, or -(alkylene)-COR31;
10 and an individual isomer, a racemic or nonracemic mixture of isomers, or
a  pharmaceutically acceptable salt thereof. 2. A compound according to
claim 1, wherein R1 is aryl, heteroalkyl,  optionally substituted
arylheteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkyl- 15 carbonyl,
heterosubstituted cycoalkyl, heterosubstituted cycloalkylalkyl,
heterosubstituted cycloallcylalkenyl, heterosubstituted cycloalkylalkynyl,
heteroallrylsubstituted cycloalkyl, optionally substituted heterocydyl,
optionally  substituted heterocydylalkyl, optionally substituted
heterocyclyl spiro cydoalkyl,  -(alkylene)-C(O)-R11 or
-(heteroalkylene)-C(O)-R1,wherein: 20 R1' is alkyl, haloalkyl, amino,
monosubstituted amino, disubstituted amino,  optionally substituted
cycloalkyl, optionally substituted cycloalkylalkyl, aryl,  optionally
substituted aralkyl, optionally substituted heteroaryl, optionally
substituted heteroaralkyl, hydroxy, or alkoxy. 25 3. A compound in
accordance with Claim 1 or Claim 2, wherein R4 is  



hydrogen. 4. A compound in accordance with Claim I or Claim 2, wherein n is
an  integer of from 1 to 2, and each R2 is independently halo or alkyl. 30
5. A compound in accordance with Claim 4, wherein -(R2)A represents  2-halo
or 2,6-dihalo. 21 April 2004 WO 01/29042 168 PCT/EP00/10088 6. A compound
in accordance with Claim 4, wherein -(R), represents  2-methyl 7. A
compound in accordance with Claim 1 or Claim 2, wherein R3 is  5 hydrogen,
alkyl, haloalkyl, or heteroaikyl. 8. A compound in accordance with Claim 7,
wherein R3 is hydrogen,  alkyl or heteroalkyl. 10 9. A compound in
accordance with Claim 7 or Claim 8, wherein R3 is  hydrogen or methyl. 10.
A compound in accordance with Claim 7, wherein R3 is 2,2,2- trifluoroethyl.
15 11. A compound in accordance with Claim 7 or Claim 8, wherein R3 is
heteroalkyl. 12. A compound in accordance with Claim 1 or Claim 2, wherein
Rs is  20 heteroalkyl, optionally substituted aryllreteroalkyl,
heterosubstituted cycloalkyl, heterosubstituted cycloalkylalkyl,
heteroalkylsubstituted cycloalkyl, optionally  substituted heterocyclyl, or
optionally substituted heterocyclylalkyl. 13. A compound in accordance with
Claim 12, wherein R1 is optionally  25 substituted heteroalkyl. 14. A
compound in accordance with Claim 13, wherein R' is  hydroxyalkyl. 30 15. A
compound in accordance with Claim 14, wherein R2 is halo or  



methyl, R3 is methyl and n is 1 or 2. 21 April 2004 WO 01/29042 169
PCT/EP00/10088 16. A compound in accordance with Claim 12, wherein R1 is
heterosubstituted cydoalkyl. 17. A compound in accordance with Claim 16,
wherein R2 is halo or  5 methyl, R3 is methyl and n is 1 or 2. 18 A
compound in accordance with Claim 17 wherein R' is  hydroxycycloalkyl. 10
19. A compound in accordance with Claim 12, wherein Rl is optionally
substituted heterocyclyl or optionally substituted heterocyclylalkyl. 20. A
compound in accordance with Claim 19, wherein RZ is halo or  methyl, R3 is
methyl or hydrogen and n is 1 or 2. 15 21. A compound in accordance with
Claim 18, wherein R2 is halo or  methyl, R3 is heteroalkyl and n is 1 or 2.
22. A compound according to Claim 1 which is 20
3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-3,4- dihydropyrimido
[4,5-d] pyrimidin-2(1H)-one, and pharmaceutically acceptable salts thereof.
23. A compound according to Claim 1 selected from 25
3-(2-chlorophenyl)-7-(tetrahydropyran-4-ylamino)-3,4-dihydropyrirnido[4,5-
d] pyrimidin-2(IH)-one, 7- [ 1-(2-hydroxyethyl)-piperidin-4-ylamino]
-1-methyl-3-ortho-tolyl.-3,4- dihydropyrimido [4,5-d] pyrimidin-2(1H)-one,
3-(2-chlorophenyl)-7-[ (trans-4-methoxycyclohexyl)methylamino]-1-methyl- 30
3,4-dihydropyrimido 14,5-d] pyrimidin-2 (1H)-one, and
3-(2-chlorophenyl)-7-(4-oxo-cyclohexylamino)-1-methyl-3,4 dihydropyrimido
[4,5-d] pyrimidin-2(1H)-one;  and pharmaceutically acceptable salts thereof



21 April 2004  WO 01/29042 PCT/EP00/10088  170 24. A method for the
preparation of a compound of formula (I)  according to Claim 1, wherein
R'-R4 are as defined in Claim 1, said method  comprising: 5 (a) treating a
compound of formula II (ID 10 wherein n, Rz and R3 have the meanings
provided in claim 1, with  the proviso that any interfering reactive group
present is optionally in protected  form, and L is a leaving group, with an
amine of formula III R'R4-NH (ill)  wherein R' and R4 have the meaning
provided in claim 1, with the  proviso that any interfering reactive group
present is optionally in protected form,  and where required, deprotecting
any protected group present in the reaction 15 product, and, where desired,
optionally converting the compound into a pharmaceutically  acceptable
salt. 25. A method for the preparation of a compound of formula (I)  20
according to Claim 1, wherein R'-R4 are as defined in Claim 1, said method
comprising: (a) treating a compound of formula IV (IV) 21 April 2004  WO
01/29042 PCTIEPOO/10088 171 wherein 'X is halo, R is alkyl, and R2 and R3
have the meaning  provided in Claim 1, in the presence of a base to afford
a compound of  formula V (R2) n 



N I R's NAN -Q  1 R3 5 10 (V) (b) treating a compound of formula V with an
oxidizing agent  followed by an amine of the formula R'R4NH (wherein and Rl
and R4 have  the meaning provided in Claim 1) to afford a compound of
formula (I), and, where desired, optionally converting the compound into a
pharmaceutically  acceptable salt. 26. A compound according to any one of
claims 1-23 for use as  medicaments. 27. A pharmaceutical composition
comprising a compound of any one- 15 of Claims 1-23, or an isomer, racemic
or non-racemic mixture of isomers, or a pharmaceutically acceptable salt
thereof, in admixture with at least one pharma- ceutically acceptable
carrier. 28. A compound according to any one of claims 1-23 for use in the
20 treatment of arthritis, Crohn's disease, irritable bowel syndrome, adult
respiratory  distress syndrome, chronic obstructive pulmonary disease,
osteoporosis, or  Alzheimer's disease. 25 21 April 2004  WO 01/29042
PCT/EP00/10088  172 5 10 15 29. A process for the preparation of a
medicament which comprises  bringing a compound according to any one of
claims 1-23 or a pharmaceutically  



acceptable salt thereof into a galenical administration form together with
a compatible pharmaceutical carrier. 30. The use of a compound according to
any one of claims 1-23 in the  preparation of a medicament for the
treatment of arthritis, Crohn's disease, irritable  bowel syndrome, adult
respiratory distress syndrome, chronic obstructive  pulmonary disease,
osteoporosis, or Alzheimer's disease. 31. A compound according to any one
of claims 1-23 whenever prepared  according to a process of claim 24 or
claim 25. 32. The new compounds, intermediates, processes and
pharmaceutical  compositions as described hereinbefore. 








