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as inhibitors of p38, along with a process for their manufacture

ALKYLAMINO SUBSTITUTED BICYCLIC NITROGEN HETEROCYCLES AS INHIBITORS OF P38 PROTEIN
KINASE

The present invention relates to bicyclic nitrogen heterocycles. More
particularly, the invention is concerned with alkylamino-substituted dihydro-
pyrimido(4,5-d}pyrimidinone derivatives, a2 process for their manufacture, their use,

pharmaceutical preparations containing them and a process for the manufacture of

the pharmaceutical preprations.

Mitogen-activated protein kinases (MAP) are a family of proline-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,
UV light, growth factors, endotoxin and inflammatory cytokines. One group of MAP
kinases is the p38 kinase group which includes various isoforms (e.g., p380;, p39f 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.

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-0. is a cytokine produced primarily by

activated monocytes and macrophages. Its excessive or unregulated production has

“been implicaied 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. -

TNE 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
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As used herein:

"Alkyl" means a linear saturated monovalent hydrocarbon radical of one to six
20 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, and the
like.

"Alkylene" means a linear saturated divalent hydrocarbon radical of one to six
carbon atoms or a branched saturated divalent hydrocarbon radical of three to six

25 carbon atoms, e.g., methylene, ethylene, propylene, 2-methylpropylene, pentylene,
' and the like. -

“Alkenyl" means a linear monovalent hydrocarbon radical of two to six
carbon atoms or a branched monovalent hydroéarbon radical of three to six carbon
atoms, containing at least one double bond, e.g., ethenyl, propenyl, and the like.

30 _ "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, and the like.
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her pesvirus-8 (HHV-8), pseudorabies and rhinotracheitis, anong others. 5
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plays ' a role in nmany pat hophysi ol ogi cal responses including rheunatoid
arthritis, fever and reduction of bone resorption. The inhibition of these
cyt oki nes by i nhi'liycloakkylfrefebetop3tukated amriosalent dyehiehydrorarbenmidiadl lof ng,

reduci ng and;al |.evi ati_n n t hes | sease_stat.es., 10 The conpounds of
formula | and THITFS %&%%ﬁsoﬂ%%q%ﬁﬁ‘% ?ﬂﬁ??ﬁaﬁl&sgbﬁmt otein :
ki nases, andindxgpendettlswithions; tag), yr thidestibititaemnts bélvdtéd/frogedlR@} o allp vivo.
Th d f f la | t L bi.t tiVi agai.nst the T-cell
ty?os?ggp EFE%‘?&‘?%“@&&%‘%YQPTT @rﬂg( e?&\ﬁ;gggé:gelf\éh%}iﬁg%ﬁchﬂ’lnds can be
used f6r thembnafistinnéd ahink didubanses afmish, diyarbxlyyalkdiey, or optididllgnmat ory

cyt oki nes sucg s, TNk a -1. ed herein:; "A.kyl." neans a |jnear
saturated nmoht \%aﬁ‘léﬁ#l}ﬁgﬂb&cfrﬁéﬁéi&%ﬁ%gﬁ‘e %fmﬁﬁgof]g‘ylég‘i}ud%?‘lfmieat ons or
a branched satlopadet] arclobasyl, phenflyydlobetyt bpearbagygabhadyl, Chéabokanidox ca(r]I boE
atons, e.g., hyl,,., et h n- propyl ,, 2- pr.opyl rt. butyl, pentyl, and the
like. "Al kyI??é%fﬁ%‘%ﬁ‘ﬁﬁ@é&%%ﬂ%ﬂéﬁ’h&%ﬁ@t& %r ocar bon radical of
one to six carbofCricaliengl” riedns it 0hetuatdduioat dndit ahdvalent epdiar bon

radi c of tihrege to six.2 rbon atons, e.dg., t hyl eng, ethyl ene :
pro pyﬁg ne, Zhﬁ?mﬁ?ﬂ ffé%"'g?é&eﬁéﬂ PYFRAEE ‘AEP??&ST ﬁgprpgegguveﬁx%@ﬂ;pm%ns a
lit fear  nonovaickhtxdnytumtaclopenteagdi cal of two to six carbon atoms or a
branched nonoval ent hydrocarbon radical of three to six carbon atong,
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is a cycloalkyl group as defined herein, e.g., cycdlopropylmethyl, cyclohexylpropyl, 3-
cyclohexyl-2-methylpropyl, and the like.

15 “Acyl” means the group —C(O)R’, where R’ is alkyl, haloalkyl, heteroalkyl,

| aryl, heteroaryl, aralkyl or heteroaralkyl. .
"Alkoxy", “aryloxy", " aralkyloxy", or "heteroaralkyloxy" means a radical -OR

where R is an alkyl, aryl, aralkyl, or heteroaralkyl respectively, as defined herein, e.g.,
methoxy, phenoxy, pyridin-2-yimethyloxy, benzyloxy, and the like.

20 "Halo" or “Halogen,” means fluoro, chloro, brome, or iodo, preferably fluoro
or chioro.

. "Haloalkyl" means alkyl substituted with one or more same or different halo
) atoms, e.g., -CHCl, -CF3, -CH,CF3, -CHCCl3, and the like, and further includes

those alkyl groups such as perfluoroalkyl in which all hydrogen atoms are replaced by

25 fluorine atoms. l

"Hydroxyalkyl" means an a]icyl radical as defined herein, substituted with one

or more, preferably one, two or three hydroxy groups, provided that the same carbon
atom does not carry more than one hydroxy group. Representative examples include,
but are not limited to, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-

30 (bydroxymethyl)-2-methyipropyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxy-butyl,
2,3-dihydroxypropyl, 1-(hydroxymethyl)-2-hydroxyethyl, 2,3-dihydroxybutyl,
3,4-dihydroxybutyl and 2-(hydroxymethyl)-3-hydroxypropyl, preferably
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limited to, dimethylamino, methylethylamino, di(1-methyl-ethyl)amino, piperazin-
1-yl, and the like.
15 "Aryl” means a monovalent monocydlic 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, methylenedioxy, ethylenedioxy, cycloalkyl, optionally
substituted phenyl, heteroaryl, haloalkoxy, optionally substituted phenoxy,
20 heteroaryloxy, -COR (where R is alkyl or optionally substituted phenyl), -(CR'R”) -
COOR (where n is an integer from 0 to 5, R’ and R” are independently hydrogen or
alkyl, and R is hydrogen, alkyl, cycloalkyl or cycloalkylalkyl) or (CR'R”)p-
CONR2RD (where nis an integer from 0 to 5, R’ and R” are independently hydrogen
or alkyl, and R2 and RD are, independently of each other, hydrogen, alkyl, cycloalkyl
25 or cycloalkylalkyl, or R and R® together with the nitrogen atom to which they are
attached form a heterocyclyl ring). More specifically the term aryl includes, but is not
limited to, phenyl, 1-naphthyl, and 2-naphthyl, and the derivatives thereof.
"Aralkyl" means a radical -R2RP where R? is an alkylene group and RP is an
aryl group as defined herein, e.g., benzyl, phenylethyl 3-(3- chlorophenyl)-Z-
30 methylpentyl, and the like.
“Aralkenyl" means a radical -R2RP where R is an alkenylene group and RD is
an aryl group as defined herein, e.g., 3-phenyl-2-propenyl, and the like.
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al kyl, hal oal kyl ,"Heteroaryl" means a monovalent monocychc or bicyclic radical of 5 to 12

15 ring atoms having at least one aromatic ring containing one, two, or three ring
heteroatoms selected from N, O, or S, 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 substituents, selected from alkyl,

20 . haloalkyl, heteroalkyl, halo, nitro, cyano, cycloalkyl, cycloalkylalkyl, -COR (where R
is alkyl or optionally substituted phenyl, -(CR'R”),-COOR (where n is an integer
from 0 to 5, R’ and R” are independently hydrogen or alkyl, and R is hydrogen, alkyl,
cycloalkyl or cycloalkylalkyl), or —(CR’R”)D—CONRaRb (where n is an integer from 0

to0 5, R’ and R” are independently hydrogen or alkyl, and R2 and Rb are,

25 - independently of each other, hydrogen, alkyl, cycloalkyl or cycloalkylalkyl, or R%and
R together with the nitrogen atom to which they are attached form a heterocyclyl
ring). More specifically the term heteroaryl inctudes, but is not limited to, pyridyl,
furanyl, thienyl, thiazolyl, isothiazolyl, triazolyl, imidazolyl, isoxazolyl, pyrrolyl,
pyrazolyl, pyrimidinyl, benzofuranyl, tetrahydrobenzofuraﬁyl, isobenzofuranyl,

30 behzothiazolyl, benzoisothiazolyl, benzotn’azolyl; indolyl, isoindolyl, benzoxazolyl,



het eroal kyl, hal o, nitro, cyano, nethylenedi oxy, ethylenedi oxy, cycloal kyl,
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substituted phenoxy, 20 heteroaryl oxy, -COR (where Ris alkyl or optionally
substitutved opomay| ), - (CR R')n- COOR (where n is an integepcteeovibotyo 5, R
and R' are independently hydrogen or alkyl, and R is hydrogen, alkyl,

cycl oal kyl or cycloal kylalkyl) or -(CR R') CONRaRb (where n is an integer
fromO to 5, R and R' are independently thydrogen or alkyl, and Ra and Rb
are, independently of each other, hydrogen, alkyl, cycloal kyl 25 or
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are attache oor ’ta e@ggl?gg*@ﬁﬁ%{gﬁggwyfvg? e Spgﬁgﬁyﬁ’%% y ef"F‘é’m aryl
i ncl udes, buhengathicoyl, amd&ietdédvatnr,esﬁmmﬂ , | -naphthyl, and 2-naphthyl, and

t he derivatives thereof.. "Aral kyl" r adi .- where Ra an
al kyl ene group anglee?&fo?'?]kﬁﬁmeép ?rﬁﬂeﬁﬁgﬁé@ H’S‘Fﬁeﬁ%!dsﬁ’é Hyjene gropp ﬁr}%yl ,
phenyl et hyl ,is 2héteérc2byl gt auphe dfinedheiein) R piridint 3ylmahd, 3-iBeddohigran-2-

"Aral kenyl " ans.a radi cal -RaRb where Ra is an al kenyl ene group and Rb is
an ary§ gr odf Pé@y&éﬂd%g%lﬁ]%r ein, e.g., 3-phenyl-2-propenyl, and the like.
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with jhe haloalkyl, heteroalkyl, halo, nitro, cyano, hydroxy, alkoxy, amino, monosubstituted
amino, disubstituted amino, -COR (where R is alkyl or optionally substituted
phenyl), -(CR'R”);-COOR (n is an integer from 0 to 5, R’ and R” are independently
hydrogen or alkyl, and R is hydrogen, alkyl, cycloalkyl or cycloalkylalkyl), or
~(CR'R™),-CONRARD (where n is an integer from 0 to 5, R’ and R” are

20 independently hydrogen or alkyl, and R2 and RD are, independently of each other,
iy hydrogen, alkyl, cycloalkyl or cycloalkylalkyl, or R* and R together with the nitrogen
atom to which they are attached form a heterocyclyl ring). More specificalty the term
heterocyclyl includes, but is not limited to, tetrahydropyranyl, piperidino, N-
methylpiperidin-3-yl, piperazino, N-methylpyrrolidin-3-yl, 3-pyrrolidino,
25 morpholino, thiomorpholino, thiomorpholino-1-oxide, thiomorpholino-1,1-
dioxide, pyrrolinyl, imidazolinyl, and the derivatives thereof.
"Heterocyclylalkyl" means a radical -R¥RD where R is an alkylene group and
Rbisa heterocyclyl group as defined herein, e.g., tetrahydropyran-2-ylmethyl, 4-
methylpiperazin-1-ylethyl, 3-piperidinylmethyl, and the like.
30 “Heteroalkyl” means an alkyl radical as defined herein with one, two or three
substituents independently selected from -OR?, -NRR’, and -S(O)an {where nisan
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and -S(O)an (where n is an integer from 0 to 2 ) where, R?, Rb, Rc, and RY are as

defined herein for a heteroalkyl radical. Examples iﬁdude, 2-hydroxyethan-1,1-diyl,
2-hydroxypropan-1,1-diyl and the like.

“Heterosubstituted cycloalkyl” means 2 cycloalkyl group wherein one, two, or

20 three hydrogen atoms are replaced by substituents independently selected from the
group consisting of hydroxy, alkoxy, amino, monsubstituted amino, disubstituted
amino, or ~SOpR (where n is an integer from 0 to 2 and R is hydrogen (provided that
n is 0), alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyciylalkyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, amino, monsubstituted amino, disubstituted

25 amino, or hydroxyalkyl). Examples include 4-hydroxycyclohexyl, 2-amino-
cyclohexyl, '

“Heteroalkylsubstituted cycloalkyl” means a cycloalkyl group wherein one,
two, or three hydrogen atoms are replaced independently by heteroalkyl groups.
Examples include 1-hydroxymethyl-cyclopent-1-y1, 2-hydroxymethyl-cyclohex-2-yl

30 and the like. _

"Leaving group" has the meaning coriventionally associated with it in

synthetic organic chemistry i.e., an atom or group capable of being displaced by 2



-10 of 3 to 8 ring atons in which one or two ring atons are heteroatorns
selected from NR (where R is independently hydrogen or al kyl21,Adil 2004 S(O) n
(where n_is an integer fromO to 2), the remaining ring atons being C,
where on®QPIARE C atons may optionally be replaced by a Eﬁf’ﬁmﬂogr oup
The heterocydyl ring nmay be optionally substitut ed i ndependently wi th one,
two, or three substituents selected from gl Ky 15 hal oal kyl, heteroal kyl,
halo, nitro, cyano, hydroxy, alkoxy, amn monosubstituted am no,

di substituted am no, -COR (where R is alkyl or optionally substituted
phenyl ), - ( CRa@eophioamd frclides daloi(suahps chioresbroma idio) Rilkaresulfonykxy

i ndependent | al kyl or
cycl oal kyl al %Pw ﬁgﬁf’%&yga@&&%gg?g f%ﬁ%%ﬁg‘%gb eIﬁI(ISIIHf eg%II&IIPom 0 to 5,
'R dand 5 ?I tospioxy, mdﬁmmdmhdqestﬂﬁmvmrﬂrdpﬁ[tfcgl 2,4ai|1nﬁt1|miq(awhlanebcy92bnemhexy,

i ndependen al kyl, cycl oal kyl or

cycl oal kyl al I%@ ﬁ%ﬁ%@?oge gIIkvm th the nitrogen atomto which

t hey ae attaphed'ﬂbme&dmﬂbrnmhlt exdipight” m@neaspmpxkntﬁiat'gsustfeliherm
piper i ot no, REPERRE Phochiieellal Ghopd il b8l B ech S M0 bR AR Mne peihr |
3-pyrroli di nbjoldicaltp nphothiersgise uﬁdmﬂﬂ;;hnﬂmdud@sfammmﬂmlthatmsdcc@uﬁe
thlonDrpholl ' L1 | Ry erivatives
t hereof. "He r%tgg/"&a'&aﬁ% Eng% rreE%IIrIISIRIéII %@@5&%&%’ %é@gﬁ&%mﬁé‘&%ﬁ al kyl ene
group and Rbcqeptahlehﬁmpreuﬂ;aslwéd igitheigpeatficatidn amdiclhimisainclpdes pth one and

tetra ropyran: net h t hyl pi perazi n-1-yl et hyl,
3- pi pIeIIIrﬁIIdl ny %‘#‘Jmes éI-I'II%"“PImnkq;e 30 "Heteroal kyl" nmeans an al kyl radi cal

as def i ned her ei n"Ehmimaoetmca]ﬂmccptaBlhsaéﬁ ofsubsipbhnéni@nsmdﬂpmaﬂrsnt |y
selected fro e an 21 r|I 4 WO
01196041 PCTPEECINBEIFY =rcsp B oot Hossets e aeiebd it oloRich ol

hal oal kyl , cybﬁthn@htepltpompotmil &;chaﬂkgahdudhet erocycl yl, het erocydyl al kyI

- I I kyl, h I -al k I 10X |,
oL e L 20y Lt sl s S GARPRIY b Bty sbony
hal oai¥yl , chgdabkorhic acm)dcktﬂﬁirlc)atdl, iytic adaé,t}dmrsplymhcydc;id, het ¢heolkaslipt ﬁ:lrk:tpﬂ

aryl, Eyﬁf 2 S orPRl AR M 2 o 1B EEEF BN JKia Wl 298 tyaBp M

proplomc 3.Cl.d glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic adid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic adid, shandelic acid, methanesulfonic acid,
20 ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-napthalenesulfonic acid, 4-

toluenesulfonic acid, camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene-1-

R

carboxylic acid, glucoheptonic acid, 4,4'-methylenebis- (3-hydroxy-2-ene-1-
carboxylic acid), 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic
25 add, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynapthoic acid, salicylic
acid, stearic acid, muconic acid, and the Iike; 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, oran
aluminum ion; or coordinates with an organic base such as ethanolamine,
30 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 mammalian
subject. Prodrugs of a compound of Formula (I) are prepared by modifying



' cyclbafkyIéTkyI, het er ocycl yl , heferocycLyIaIkyI aryl, aral kyl,
al kyl sul fonyl, al koxycarbonyl, aryl oxycarbonyl, car boxam doz@r;\pra'pm4 or
di -al kyl carbarmoyl. Rd is hydrogen (provi ded that n is 0), alkyl,

hyl oal kyio eiymbgaal kyl , cydoal kyl al kyl, heterocyclyl, het @rmmmyﬁlw'fkyl ,
aryl, aral kyl, heteroaryl, heteroaral kyI , amno, 10 rmnsubst I tuted am no,

di substiituted am no, or hydroxyal kyl. Representative exanples include, for
exanpl e, 2-nmet hoxyet hyl, benzyl oxynet hyl, 2hi ophen-2- ylthionethyl,
‘2- hydroxyet hyl, and 2, 3- dihydroxypropyl " Het er oal kyl ene" neans a linear

t ted d Fy% QHranched
::tm:t gd hlygall ocar boﬁhggﬁeg%%g? thre %‘dsﬁﬁé’%‘%%ﬂ)&“%@ one,
two or three @Qﬂbﬁﬁtm@ém@bercé@E%ueﬁmty’rsleaserch%narmtmmmd Pmbngs and :
-S(O nRd (wh ﬁ&,d TmB% ﬁqﬂ%f are
as( zzlgfl nfad %ﬁ%ﬂéc’fi‘n (%té)?grg{c%%qp |ca ]EQ :"T'g es rnctu g&rylg{bqug
- 2-hydroxyet hamompov@dyiﬂ-‘orrg 1@1@9 esifarany groupdthgl mapbie devedl ixkwivo to ‘

" Het bst i I e WO,
20t hr 6o hydr o e U T Bfteod e o R ol SR Eh R BB of 10
fromthe grm?dwgﬁmcb;denbutcﬁremdmxydtca@km;ﬂgmtnt;; fomnmmmdbmem am no
di substi tut Ris
hlyglrjo;eln l(Jp(ra(;ﬁw gm‘%)h n 'S Oé al Elu%e le?%ﬂaf’%&ﬁ&s{c)y%f[hgg%%tﬁgn&ﬁgp
cydoal kyl al kgroupsen@mwungao H@emeﬂ%ﬁ e@ndithe likd  aryl, aral kyl,
het |, het tuted 25
b oo by oot oy gt ey IR OBl 44 22
\%cl oht(kyl Tedstive sm@yngtm@k: eimagkse yasiuces| drpirevents dbas raacayn,’y oEXalngplesngfogp

rein one, , fa0

Y Sr%ups é’érgkg %e% | nc?%ggwoﬁﬁgaé &dﬁ@hi&ﬁﬁgdpﬂg@;ﬁ%&? 19{ d

hét er oal kyl roxymet opennt-1-
2- hydr oxymet IQ@&WWQQS%&WL‘@B@D&IML 1984) Ianﬁéiarriﬂ_oelamdr}@rgmmgfalhas the

2N 09 GO USRS Sl sl o Y UK S ARRSEoE5
01/ 29041 PCTAESEX). Qp@%ﬁn@nve amino protecting groups include formyl acetyl,
15 trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), tert-butoxycarbonyl (Boc),
trimethyl sityl (TMS), 2-trimethylsilyl-ethanesulfonyl (SES), trityl and substituted
trityl groups, allyloxycarbonyl, 9-ﬂuoreny1methyldxycarbonyl (FMOC), nitro-
veratryloxycarbonyl (NVOC) and the like. Representative hydroxy protecting groups
include those where the hydroxy group is either acylated or alkylated such as benzyl
20 and trityl ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl ethers
and allyl ethers. |
"Treating” or "treatment" of a disease includes:

R

(1)  preventing the disease, i.e. causing the clinical symptoms of the disease

not to develop in a mammal that may be expased to or predisposed to the disease but
.25 does not yet experience or display symptoms of the disease,

(2) ihhibiﬁng the disedse, i.e., arresting or reducing the development of
the disease or its clinical symptoms, or

(3)  relieving the disease, ie., causing regression of the disease or its

" clinical symptoms. | |
30 "A therapeutically effective amount" means the amount of 2 compound that,

when administered to a mammal for treating a disease, is siufﬁcient to effect such
treatment for the disease. The "therapeutically effective amount” will vary depending



-nudeophi |l e and i ncludes halo (such as chloro, brono, iodo),

al kanesul fonyl oxy, arenesul fonyl oxy, al kyl carbonyl oxy (e.g. 24093020604
.aryl carbonyl oxy, nesyloxy, tosyloxy, trifluoromethanesul fonyl oxy, aryl oxy
(e.0., ZwIed';moaI ophenoxy), methoxy, N, O dinethyl hydr oxylgeiRpeeormdsy t he
i ke. 5 "Pharmaceutically acceptable excipient” nmeans an excipient that is
useful in preparing a pharmaceutical conposition that is generally safe,
non-toxi c and neither biologically nor. 8herw se undesirabl e, and incl udes
an excipient that is.acceptable for veterinary use as well as human

phar maceut i ¢ e NntF,as used in
the specifi ca;t’%ﬁggﬁﬁmggﬁ%ﬁgﬁg%ﬁ%&%ﬁﬁﬁﬁggm w%%’ﬁ% l%\;? éﬁ{g one such
exci pi ent . "mPamoatebe weated.y acceptable salt” of a corrpound nmeans a salt
~that is pharnaceutically acceptable and that -possesses the desired

phar macol ogi cal activity of the parent conpound. Such salts include: (1)
acid addition sallnt@'leaﬁmﬁd: Rresent invenigemprovaiss dempauhdasphysentedblyahé ¢ aci d,

15 hydgobr ongy sul furic acid, nitric acid, phosphoric acid, and the
i ke; or forne mnth organic aC|ds such as acetic add, propionic acid,
hexanoi ¢ acid, cyclopentane- propionic a chollc aC|d pyruvi c aC|d

| actic acid, malonic acid, SUCCInIC aC|d |d mal ei ¢ aci d, fumari c

acid, tartaric acid, citric - hydroxybenzoyl ) benzoi c
acid, cinnamc acid, mandeli aC| hanesul fon| c acid, 20 ethanesul fonic
aci d, 1, 2- et hane-di sul f oni m yet hanesul foni ¢ acid,

suI

benzenesulfonlc acid, 4-c robenze onic acid, 2- napthalenesulfonlc
arid, 4- t ol uenesul f oni ¢ aqﬂh canp sul fonic aC|d t hyl bi cydo [ 2. 2. 2]
-:0Ct - 2-ene-1 - carboxylic acid, glucoheptonic acid, 4,%"-nmethylenebis-
(3<hydr oxy-2-ene-1- carboxylic acid), 3-pheny|propionic aci d,
trimethylacetic agpdleiptertiary butylacetic .25 acid, lauryl sulfuric acid,
gl uconic acid, glutamc acid, hydroxynapth0|c acid, salicylic acid,
stearic acid, nudbﬁﬁ@sez@ptdllsanmttgeeot’ﬁhm,om3(2) salts for rred when an

Ton. oG an ol ear Pl ApRiIRly SAROL BRACHRAY o) fos ISR, R on:
or coordi nates Wcﬂ’hlo@lkﬂdkﬂawcbaﬂqb&wﬂbwclmﬂﬁdﬂwl amd au:e],kyBO
Id: E; hanol ami ne, tLEeRNRAGBM MRy QTR AT S group”%&ap’Xmg’ S aﬁﬂ'}l o 2nd the
heteroalkyl and vinyl; and
R® is heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylcarbonyl,
15 heterosubstituted cycloalkyl, heterosubstituted cycloalkylatkyl,
heterosubstituted cycloalkylatkenyl, heterosubstituted cycloalkylalkynyl,
heteroalkylsubstituted cycloalkyl, heterocyclyl, heterocyclylalkyl,
o arylheteroalkyl, heteroarylheteroalkyl, - (alkylene)-C(O)R* and
| -(heteroalkylene)-C(O)R®;
20 wherein
R* is alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted amino,
disubstituted amino, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, and
heteroaralkyl;

and their pharmaceutically acceptable salts.

In formula (I), the symbol R! represents a hydrogen, alkyl, alkenyl, alkynyl,
alkylcarbonyl, cycloalkyl, cycloalkenyl, cycloalkyla]kyl cycloalkylalkenyl,
cycloalkylallynyl, or aralkyl group.




"Pro-drugs" neans any conpound which rel eases an active parent drug
according to Forrmula (I) in vivo when such prodrug is adm ni StHexm#i2om a
manmal i an subj ect. Prodrugs of a conpound of Formula (1) are prepared by
modi fyi ngve1/29841 | 2004 WO 01/ 29041 PCT/ EPO0/ 10077 9 f unct PEHEPOOGOBITHS
present in the conmpound of Fornmula (1) in such a way that the

nodi fications may be cleaved in vivo to r {ease t he parent conpound.
Prodrugs include conpounds of Fornula (I§ wherein a hydroxy, am no, or
sul fhydryl group.in -a corrpound of Formula (1) is bonded to any group that
maybe cleaved in vivo to 5 regenerate the free hydroxyl am no, or

sul f hydryl group, Exanpl e f r but are not
limted to esters oge%reég!a&%trg?r?sgxf ?‘g&%ﬁ’g’ Pgl ac]'kg,\xpg’vat i ves),

~ car bamat es ( slkpicarbiyidcyaalin] acycloatigiabioh yidloalkylbikelyd oy clbalkyitlicgnyd) or gr oups
I n conpounds 03 gorrrul a (1), and the like. "Protecting group"” refers to a

gr oupi ng of t when attached to a 10 reactive group in a nolecule
masks, & educes or prevents that reactivity. Exanples of protecting groups

be f d T W d.P. Fut ct O
onors ot 1o ey S PG e 857 eimmocitigt R ot MyioeeptrSh oGt o 921 ©
o 056 Oﬁ‘mwm’ff @C‘e”ﬂm ieBD ofleyci s hﬁjﬁfe‘ﬁkﬁh?‘ﬁ‘ﬁdmm Socetyl
18 0T vo) ohEEE oSt B 2 et el oo A BB a o Bl N g 200 Y
(Boc), I t r i rmitkqgen atdrg lis 4 iﬂbﬁhﬂdﬂ] tarbmhﬂ&!ﬂ,wéfyiabbrtm&mgb DdrflaimathddSES) |
t t S Itute rno.
o 11 hotEnot oHTRDEt B ot prefeiih B, it b 2R Re St P bR oD and

the |ike. Reaydbﬂﬁ&ylamdsePM&ab}y)Z—mbﬂinmpragylgr oups include those where the
hydroxy group is either acylated or alkylated such as benzyl 20 and trityl

ethers as well as al kyl ethers, tetrahydropyranyl et hers, trlalkyIS|IyI
ethers and allyl Iefdremdal, t]liéeﬁhbdslg:t &lteﬂky‘lﬂliulo,lﬁferﬁﬂdﬂsm?l Rhednudes:

(1) Brevert g L0g Boeseit e spintdn! Lo Sl g B the |
the dir®ase butupied 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 R? groups, preferably by 1 or 2 R®
groups. For those embodiments in which two or three R? groups are present, each
'~ can be independent of the other(s). In a preferred embodiment of R* in compounds
of formula (I), n is 1 or 2 and each R? is halo or alkyl, more preferably R? is halo.
20 Further preferred are those embodiments in which -(R%), represents 2-halo or 2,6-
dihalo, more preferably 2-chloro or 2,6-dichloro.

o 3 As mentioned above, the symbol R’ represents heteroalkyl, heteroalkenyl,

heteroalkynyl, heteroalkylcarbonyl, heterosubstituted cycloaikyi, heterosubstituted
25 cycloalkylalkyl, heterosubstituted cycloalkylalkenyl, heterosubstituted cycloalkyl-
alkynyl, heteroalkylsubstituted cycloalkyl, heterocyclyl, heterocyclylatkyl, arylhetero-
alkyl, heteroarylheteroalkyl, -(alkylene)-C(O)R* or -(beteroalkylene)-C(O)R*;
wherein R* represents alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted
amino, disubstituted amino, ¢ycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl o
30 heteroaralkyl.

In a preferred embodiment of Rlin con_:pounds of formula (1), R’ is selected
from heteroalkyl, heterocyclyl and heterosubstituted cycloalkyl. In one group of




.25 does not yet experience or display synptons of the disease, (2)
i nhibiting the disease, i.e., arresting or reducing the devebomprntogydf the

di sease or its clinical synptoms, or (3) relieving the disease, i.e

causi ng mayorme4ion of the disease or its clinical synptoRCT/EXD0/10977

t herapeutically effective anmount” neans the anount of a conpound that,

when adm nistered to a mammal for treating a disease, is sufficient to
effect such treatnment for the disease. e "therapeutically effective
amount™ will vary depending 21 April 2004 WO 01/29041 PCTI EPOO/ 10077 10 on
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In another group of particularly preferred R? embodiments, R? is hetero-
cyclylalkyl. Particular heterocyclylalkyl groups include 2-(N-piperidinyl)ethyl or 2-

10 (N-(2-pyrrolidinonyl))ethyl.

In yet another group of particularly preferred embodiments, R? is -(alkylene)-

C(O)R?; wherein R* is hydroxy, amino, methylamino, dimethylamino, methyl, and

ethyl. More preferably the alkylene portién is methylene, ethylene or propylene.

15
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 racemic mixture
or other form of mixture. |
20

Still further, combinations of the preferred groups described above for

compounds of formula (I} will form other preferred embodiments. In one group of

R

particularly preferred embodiments R' is alkyl or cyclbaJkyl, R? is halo, R® is hetero-

alkyl or -(alkylene)-C(O)R*; and n is 1 or 2. In another groups R is alkyl or cyclo-
25 alkyl, R? is halo, R’ is heteroalkyl and n is 1 or 2; or R is alkyl or cycloalkyl, R? is halo,

R is heterocyclyl and n is 1 or 2; or R' is alkyl or cycloalkyl, R’ is halo, R’ is hetero-

substituted cycloalkyl and n is 1 or 2 or R is isopropyl, R?is halo and nis 1 or 2.

In particular, 2 compound of formula (I) is selected from the group consisting

30 of

3-(2—chloro-phenyl)-1-ethoxycarbonyhnethyl—7-isopiopy1amino-3,4—dihydr0-

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



15 heterosubstituted cycl oal kyl, heterosubstituted cydoal kyl ai kyl ,

het erosubstituted cydoal kyl al kenyl, heterosubstituted cycl oab1ysipddoanyl ,
het er oal kyl substituted cycl oal kyl, heterocydyl, heterocyclylal kyl,

aryl het eWsu01Pp41 het er oar yl het er oal kyl , - (al kyl ene) - C( O) RBCT&P§0/10077
(heteroal kylene)-C(OR3 ; 20 wherein R3' is alkyl, haloal kyl, hydroxy,

al koxy,- am no, nonsubstituted am no, di%gbstituted am no, cycl oal kyl,
cydoal kyl al kyl , aryl, aral kyl, heteroaryl’; and heteroarallryi; and their
‘pharmaceutically acceptable salts. 25 In forrmula (1), the synmbol R

rep{esFEts ? hydﬁngﬂpn?b??thakk&gy#?fﬂ?krEyhnﬁmﬂhhﬁgﬁnfﬁﬁFwFE-cyfloaIkyI,
cycl oal kenyl , cy. al | ; oal kyl al kenyl, cydoal kyl al kynyl, or
ar al kyl .groJH'.n%‘ 0%'11“@{?@6’6‘%%%&?%041 PCT/ EPOO/ 10077 11 More preferably
R represents a hjchigenphalylcyd(2-médhonyethyl al4soprdpylaraidoys ¢ adibairy! |
cydoal | cyl, cydoal kyl ,..C g | al kenyl, cycl oal kyl al kynyl, or
~aral | cyl grcﬂ%‘%ﬁ?@%%hmf% E@Héﬁ?%d enbodi nent, R is hydrogen, aikyt,
cycl oabkyl, or 3Z(atkypto-phird)-prisipeopianing-1-(3-madthylbulfonyledadrBiyl . I n
preferred enhodi nents .af bei ng. a R is a branched al kyl group in
whi ch the can‘gg Oﬁmﬂ"ﬁﬂ%ﬂw‘?@%\m'??ﬁgen atomis a tetrahedral
Car]E)Oﬂ gf o prGﬁc-lel-aﬂbyo-ﬁh&ﬂyﬂ%llQZQWdlimﬁfEﬂﬁll)mtkoﬂ:fb h'I tycl oh . :Vbre
preferably, R . w 2-pr cl ohexyl or 1-nethyl- cycl ohexyl, nost
preferably ZPWPJQ'%E)WGW%E‘Y’PHPE%P%I a 1, the symbol R2 represents alkyl,
hal o, ~ het er oal ky3-(DehlotdphlenylRA - (28)-2 Badibfdracyeelyl]-B-itdpeopianito-3 4ng at any
of the.remaining five vale S otherw 15 occupi ed by hydrogen. The
sﬁg_bscﬁppt n %Y%H'RW&Qt‘l’%%i]?m%é“'y&ﬁ%)fo?%di cating that
b _ 3-(2-chlorophenyl)-1-[(2R})-2,3-dihydroxyethyl]-7-isopropylamino-3,4-
dihydro-pyrimido[4,5-d]}pyrimidin-2(1H)-one, and
7-isopropylamino-3-(2-chlorophenyl)-1-(2-piperidinyl-ethyl)-3,4-dihydro-
pyrimido-{4,5-d]pyrimidin-2(1H)-one;

15 and the pharmaceutically acceptable salts thereof.

Gty

In another aspect the present invention provides methods of preparing the
compounds of formula (I) described above. Briefly, the methods involve either:

(a) treating a compound of formula Il
e
—(Ra
NN
N

20 | R® (1)

wherein n, R? and R® have the meanings provided with reference to formula I
above, with the proviso that any interfering reactive group present is optionally
in protected form, and L is a leaving group,

25 with an amine of formula III
RI-NH, (TII)

wherein R' has the meaning provided with reference to formula I above,



the phenyl ring is substituted by fromzero to three R2 groups, preferably
by 1 or .2 R - groups. For those enbodi nents in which two or 24 npEE208%
groups are present, each can be independent of the other(s).. In a

pr ef er r ewoesdmsgéinent of R2 in conpounds of formula (1), ROTEPPOGHOT2 and
each R2 is halo or alkyl, nore preferably R2 is halo. 20 Further preferred
are those enbodi ments in which -(R2),, represents 2-halo or 2,6- dihalo,
more preferably 2-chioro or 2,6-dichloro.l4As nmentioned above, the synbol R3
represents heteroal kyl, heteroal kenyl, heteroal kynyl, heteroal kyl carbonyl ,
het er osubst i {uih @ik 5066156 Bt ey iIEFR TSRS e iR préRent K Wptidhklly Al fabtected

het er osubsti t ut ed ¢cydoal kyl al kenyl , “het er osubsti t ut ed cycl oai kyl - al kynyl
het er oal ky| siesas radwhereaggrizadk geprotecting sy piofactedrepive gianpsal kyl |

~aryl hetero- gl kyl, heteroaryl heteroal kyl, -(alkylene)-C(OR3" or

- (heteroal kyl ene) -C(0),R31; whereipn R31 represents al kyl, hal oal kyl,

hydr oxy, al koxy,zbéﬁieﬁ ,g%?@ﬂ%’é’icle?{}f’@!}“l"ampno, di substituted am no,

cydoal kyl , cycl oal kyl al kyl, aryl, aral kyl, he
In a preferred enbodi nrent of R3 in conpounds{®of -lo la (1), R3 is selected
from heteroal kyl, heterocydyl and er osubsiydt ukte doal lcyl. In one
group of 21 April 2004 WO 01/290 PCY EPAYY 10077 12 particularly preferred
R3 enbodi nents, R3 is heteroal kyl e prkferably bydroxyal kyl or

al koxyal kyl . Particul ar hydr oHNil kyN"andNal KOxyai kyl groups are 2-

met hox§et hyl , 2-hydroxyet hyl, JF':‘.thydr oxyf?- propyl, 2-hydroxy-1-pr o&%,

1- hydroxy- 2-(hydroxynethyl)-3-propyl, 1, 3-dihydroxy-2-propyl,

1, 3-di met hoxy- 2- propyl, 1- methoxy-2-(nethoxynethyl)-3-propyl, -

3;:4- di hydroxy-1-cydop | . e particular 2,3-di.hydroxy-I|-propyl and

2- et hoxyet hyl . er&’%ér%ﬁ%&‘%‘&ﬁq’%ﬁPJP?ée‘gchfyf‘éﬁn?‘@g IR’ enbodi nent s,
R3 i s het er owitt\hé provists \that iﬂti:x@éﬁrfg’rehkﬂiv&rgﬁmtgpftl&&lnkjdo oaupsin protadha

2- (N pi peridinyl) %t hyl or agfi 10 (N-(2-pyrrolidi nonyl ))pgt h?/ﬂfbs.s Ipzlmyet

anot her groufP™% particularly preferred enbodi nents, R3 is -(alkyl ene)-

C(O R3b,  wheg@hanRByldtihghyeit@f fornild WO, net hyl ami no, di net hyl ar ni no,
nmet hyl, and

oaryl 0.- 30 heteroaral kyl.

R-X (V)

wherein R? has the meaning provided with reference to formula I, and X is a
15 . leaving group or a hydroxy group that is activated during the reaction,
with the proviso that any interfering reactive group present is optionally in protected
form, and where required, deprotecting any protected reactive groups, and optionally
) converting a compound of formula I into a pharmaceutically acceptable salt.

20 The compounds of the present invention can be prepared by a variety of
methods, using procedures well-known to those of skill in the art. For example, in
one embodiment, the compounds are prepared using methods similar to those
outlined in Scheme 1.



ethyl. More preferably the al kyl ene portion is nethylene, ethylene or
propylene. 15 In addition to the conpounds described above, bheaphrzsant
invention includes all pharmaceutically acceptable salts of those
conmpoundsy@bfp@seiv t h prodrug fornms of the conpounds and apqrikepRibs
whether in a pure chiral formor a racemc mxture or other Torm of

m xture. 20 Still further, conbinations of the preferred groups descri bed
above for conpounds of formula (1) will fisrm ot her preferred enbodi nents.
In one group of particularly preferred enbodinents R is al kyl or

cycloal kyl, R is halo, R3 is hetero- %}I%EIP jC)r -(al kylene)-C(O R31; and n
is 1 or 2. In another groups R ‘is alk§l yclo 25 alkyl, R2 is halo, R3
is heteroallyl and n 's 0, or Rl |s al kyl or c oaI(K@ gt RZ i s hal o,
R3 is heterocyclyl ndNf is 2L or 2 or i s alkyl mloal kyl, R is
hal o, R3 is hetpero-lsubstituted cycI'O‘a‘I‘kyT"anan i 2 or RlLis

i sopropyl, R2 i sSal oNandGh is 1 or 2. In partic8larNa d\pround of fornmul a
(1) is sel ected from tige group consisting 30 of

3-(2-chl oro- phenyl ) - 1-et hoxycar bonyhnet hyl - 7- |sopropy?am no- 3, 4-di hy dro-
pyri mdo[ 4, 5-d] pyrimdin-2(1H)-one, 21 April 2004 WO 01/,29041

PCT/ EPOQ) 10077 13 J

3-(2-chl or o- phenyl) - 1- car boxynet hyl - 7-i sopr opyl am no- 3, 4- di hydro- pyri m do

[ 4, 5-d] pyri rnidin-2 0O, 3-(2-chloro-phenyl)-1-
(2- met hoxyet hyl ) - 74y sopr opyl am no- 3_4- di hydr o- pyril\{n' 4,6H]

pyrimdin-2( 1HR<Q R.

3- (2-chl or o- phenyl ) - Wi sd¥rlopy! ami no- I - (2- met hy &l chhyI Ryl ) -3, 4-
di-fydr o- pyri i do[ 4, 5141 Py mi di n-2(1 H) - one,

3-(2-chl oro- phenyl ) - !L (2- hydr oxyet hyl )-7-i sopr opyl anit®o- 3R4 di hydro
pyrimdo [4,5-d] pyrimdin-2(1H)-one, 3-(2-chlorophenyl)-1- |

(2S) -2, 3-di hydroxyethyl] -7-isopropyl am' no- 3, 4-
e L
l_( )n
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sandE e n
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10 di hydro-pyri m do[ 4, 5-d] pyri nzi di n-2(1H)-one, 3-(2-chlorophenyl)-1- [
(2R) - 2, 3-di hydroxyethyl] -7-isopropylam no -3, 4- 21 April 2004

di hydr o- pyri m do[ 4, 5-d] pyri m di n-2(1H) - one, and

7-1 sopr opWioeni2a@H 3- ( 2- chl or opbenyl ) - 1- (2- pi peri di nyl - et hy PCTAPpdaab7hydr O-
pyrimdo- [4,5-d]pyrimdin-2(1H)-one; 15 and the pharnmaceutically
acceptabl e salts thereof In another aspect the present invention provides
met hods of preparing the conpounds of fodful a (1) described above.
Briefly, the nethods involve either: (a) treating a conpound of fornula II
NLNNOZ20 13 R wherein n, R2 and R3 have the neanings provided with
reference to for al above, wth t provi so that any interfering
reactive group preS&fHmendo ?)F‘PIBH%‘F‘F%/"&SH“HPX? @’é@‘é’cﬁ’%?’fﬁanélﬁﬂ? aic'g\TI'&Z)I eavi ng

group, 25 W tgtotidesdiidifpind sAforthda lTb.| TIRs rédcBonh i conbé@iienty BrridPsut ine
meani ng provi dgd with referenge to formula J .above, 21i]’] April 2Q04 WO
O 1 29041 PCTISRIER) a6k & 1nart {inder tha seaction ronsditions PEafsrably asn opany 8hct i ve

group ps esentcytisc @Réri (QRed ds YetkahyBf e, athaldgehisbed anphatdyErd e, ed,

deprotecting any.nr ted reactive gro . or (b) treafjng a conpound of
foPrruI a |V gq@qﬁeﬁy%ormthane,an opn%naﬁljpﬁalogenaged)aromaﬁc hy ocarbog,p a

formamide or a lower alkanol. Suitably, the reaction is carried out at about -20°C to

about 1200C.

10 Reduction of a compound of formula Ib provides an alcohol of formula Ic.
This reduction is typically carried out usmg lithium aluminium hydride in a2 manner
well known to those of skill in the art (2.g. in a solvent which is inert under the
conditions of the reduction, preferably an open-chain or cyclic ether, especially
tetrahydrofuran, at about -20° C to about 70°C, preferably at about 0°C to about

15 room temperature).

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,

20 ADVANCED ORGANIC CHEMISTRY, 4™ ED., March, John Wiley & Sons, New York
(1992)). Depending on the oxidating agent employed, the reaction is carried out
Yy conveniently in 2 solvent which is inert under the specific oxidadon conditions,
’ preferably a halogenated aliphatic hydrocarbon, espedially dichloromethane, or an
optionally halogenated aromatic hydrocarbon. Suitably, the oxidation is carried out

25 at about 0°C to about 60°C.

Reaction of a carboxaldehyde of formula Id with a substituted aniline to
provide a compound of formula Ie. This reaction may be carried out in the presence
of an acid, e.g. an aromatic sulfonic acid, preferably 4-toluenesulfonic acid, with

30 azeotropic removal of the water formed during the reaction. Conveniently, the
reaction is carried out in a solvent which is inert under the reaction conditions,

preferably an aromatic hydrocarbon, esf)ecially toluene, or an optionally halogenated



Rt H (R2)n wherein R1, n, and R2 have the neanings provided for fornula I,
with the proviso that any interfering reactive group present 2it gpap2oonal |y
in protected form 10 with an al kylating agent of forrmula V wherein R3 has
t he meaniyag ophdtyi ded with reference to fornula I, and X i spérmpiudoddyi N9
‘group or a hydroxy group that is activated during the reaction, wth the
proviso that any interfering reactive group present is optionally in
protected form and where required, depre¥ecting any protected reactive
‘groups, and optionally converting a conpound of formula | into a
pharmaceutically acceptabl e salt. 20 The conpqQunds of the present invention
can be pr epardEempic hydyagariean; apd at ?T?FFRF@%"PI%QP sheuproUe kot ddPPChnown to

those of ski ldspdcRliy B rfuxOhperstiielo? thd dolvedR fo SIRPHI HERbted REocopROUNdS
are prepared using nethods si nFI ar to those outlined in Scheme 1.7 21 April

2004 WO 01/ 29e@eval §f WelPF-EP00110077 Scheme 1 CHO RCS NNH 3 Id Rt le 1
/I~(R2) nN "NR s
5 Reduction of a compound of formula Ie to give a compound of formula If can
be carried out using, for example, sodium borchydride, 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
o 10 up in a solvent which is inert 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 0° C to about 100°C,

preferably at about 0-25°C.

Cyclization of a compound of formula If provides 2 bicyclic nitrogen
heterocydle of formula Ig. The cyclization can be effected by reaction of If with
phosgene or trichloromethyl chloroformate (or phosgene equivalent), conveniently
in the presence of a tertiary organic base, preferably a tri(lower alkyl)amine, especially

20 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,
e especially tetrahydrofuran, an optionally halogenated aromatic hydrocarbon or 2
| halogenated aliphatic hydrocarbon. Conveniently, the reaction is carried out at

about -20°C to about 50°C, preferably at about 0°C to about room temperature.

Oxidation of Ig with 3-chloroperbenzoic acid provides 2 sulfone (Ih) which
can be converted to a variety of target compounds. Typically the oxidation ofIg is
carried out in a solvent which is inert under the conditions of the oxidation,
preferably a halogenated aliphatic hydrocarbon, especially chloroform or

30 dichloromethane, and at about -20°C to about 500C, preferably about 0OC to about

room temperature.



1g NOH RCSNNHIc RBIf HHNNO Ry R31 21 April 2004 WO 01/29041
PCT/ EPOQ' 10077 16 Treatnent of a conpound of fornula la vmthzaqunsgmzy
am ne (R3-NH2) provides a conpound of formula Ib. This reaction is
conveni e y/madr i ed out in a solvent which is inert undepct/iroormersti on
conditions, preferably an open-chain or 5 cyclic ether (such as
tetrahydrofuran), a hal ogenated aliphatic hydrocarbon, especially

di chl or onet hane, an optionally hal ogenat ed@aromati ¢ hydrocarbon, a
formam de or a | ower al kanol. Suitably, the reaction is carried out at
about -200C to at'ﬁiéﬂ**@ﬁﬁenﬁ@flﬁ%ﬁ?# %&éRaI\ﬁqw&ﬂges%e%}?&“l alb
provi des an al cohol formula Ic. IS reduction’is typicalTy carried out
usi ng | it hi uferapeymds effemmyde Iddhe reastion sarebe cagded oktiowhe presenvo o8 absenski | |

in the art ( é—}‘ﬁﬁ, I t he
reducti on, prgg%(la‘;éggl goan ope ﬁ%arlg%dg?l %%&%Hﬁte&?é@ﬁ%@%‘%%&rﬁ%o@
| tetrahydrof u{)%xoahoﬂmubiﬂ&ﬁﬁemmt?&ﬁ@texﬂpﬁima@abo@t15&9011'( CCto
about 15 roomtenperature). Oxidation of an al cohol of fornula Ic in the
next step provides a carboxal dehyde of formula Id. The oxidation is

typ|h cgl ly carri eﬂ;cnrﬂmgi ﬂaer;ﬂl&mmmnndnpmﬁ@s a&h&thﬁ&lD\g/ NOEﬁDﬁﬁQmpéxhﬁis
t
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t he oxi dating agent enployed, the reaction is carried out conveniently in

a solvent which is inert under the specific oxidation conditions,
~ l ) — l .
' xS B : (Rz)n

c) N/\I\N NN
AL — UL
' i i

10

In compound Ii, the symbols R?, R? and the subscript n have the meanings
provided above with reference to formula L. The letter L represents a leaving group
which can be 2 halogen, a lower alkanesulfonyl group (e.g., methanesulfonyl or
trifluoromethanesulfonyl) or an aromatic sulfonyl group (e.g., benzenesulfonyl or 4-

15 toluenesulfonyl). Other suitable leaving groups are known to those of skill in the art
and can be found in, for example, ADVANCED ORGANIC CHEMISTRY, 47 ED., March,
John Wiley & Sons, New York (1992). Suitable amines (R'-NH,) are those in which
R’ represents any of the R' groups noted for formula I.

L
K

20 In a preferred embodiment, the bicyclic nitrogen heterocycle can be
' constructed and R’ can be introduced at a later stage of synthesis as shown in Scheme
2.



preferably a hal ogenated aliphatic hydrocarbon, especially dichloronethane,
or an optionally hal ogenated aromatic-hydrocarbon. Suitably21tapsi googdati on
is carried out 25 at about OC to about 60C. Reaction of a carboxal dehyde
of formnvedidomsith a substituted aniline to provide a comr@gavErde/wd07f or nul a
le. This reaction may be carried out in the presence of an acid, e.g. an
aromati.c sulfonic acid, preferably 4-toluenesulfonic acid, with 30
azeotropi c renoval of the water formed ddPing the reaction. Conveniently,
the reaction is carried out in a solvent which is inert under the reaction

conditions, preferably an aromatic hydrocaghgine gspeci al ly tol uene, or an
~at the reflux tenperature of e solvent to assist in the noteg~azeotropic

bor ohydri de, |Ithith Iunanu (E}grlde or sodi umNTi

which it is prepared is concentrated and the concentraterpbtalned is taken

optionally hal ogenated aromatic hydrocarbon or a | ower aj kanol, and then

Cyclization of a conpound of formula If provides a bicyclyc nitrogen

optionally hal ogenated 21 April 2004 WO 01/29041 PCT/ EPOO/ 10077 17 aromatic
renoval of water. 5 Reducti A ofy a conpound of formula le to givefa ,

under condi tyons heLL nowd to t of_skil| | th

10 up in a solvent ghich is inert under the conditiongppf  the reduction,
treated with an aforenenti oned reducing agents. The redugtion i s suitably
het erocycle of formula Ig clization can be effected byfFfea thp of

If with phosgene or trlchnggggﬁmaﬁnchlorofornate (or phosgehe = (R%)n

hydr ocarbon, and at a tenperature of about 700C to about 1500C, especially.
conpound of formnul rried out using, fq
o) ydri de
t. eferably, the
conpound of fos "'l e’MHElnot purified, but ra N ctY®n mxture in
preferably an open-chain or cyclic ether, especially tetrahydrofuran or an
carried out at about 00 C to about 100C, preferably at apout 0-25C. 15

equi val ent) conn 'YNTT e presence of a tgqti base,
preferably g tri o r al kyl ) ami ne, espeC|aII¥{ _
R S e e, J L
R® ' Ls
lid e

Compound I1a, the starting material in Scheme 2, can be prepared from
5 commercially available ethyl 4-amino-2-mercapto-pyrimidine-5-carboxylate. Briefly,
treatment of the mercapto compound with a suitable alkylating agent (R-X) provides
a compound of formula Ib (R¥=H). Conversion of Ib (R = H) to Ifa can follow the
steps provided in Scheme 1.

10 " Cyclization of IIa provides a bicyclic nitrogen heterocycle of formula IIb. The
cyclization can be effected by reaction of Ila with phosgene or trichtoromethyl



20 triethylam ne. Mre particularly, the cyclization is carried out in a
solvent which is inert under the conditions of the reaction21ppsf2ocdly an
open-chain or cyclic ether, especially tetrahydrofuran, an optionally
hal ogenatyd othspadRt i ¢ hydrocarbon or a hal ogenated al i phatpcr/EBedriogir bon.
Conveniently, the reaction is carried out at about -20C to about 50C,
preferably at about OC to about roomtenperature 25 Oxidation oflgwith
- 3-chl oroperbenzoic acid provides a sul fon® (1h) which can be converted to
.a variety of target conpounds. Typically the oxidation of Igis carried
out in a sol | ISl : kot 1 g
preferably axﬁlﬁ%fégrhg%é?gﬁ%ﬁéﬁﬁcﬂﬂﬁ{%?%m%gﬂ ?ﬁ.ggﬁéﬁ%d}%é%% Il(?(lii&%dcor 30
di chl or oi net haseepreferablyta trfower allodlzmine.eopasiallz edsthypming: Mese papderlathic t o

about  room @W&%&ﬁﬁcﬁfﬁaﬁﬂ ih a?s_gf%né%@lfr\"_lz' Qﬁqnnﬁ)ggﬁnggﬂﬁggg dith8

Finally, treatmne 0 an amne (R - provi des_the target
~ conpounds of réastioml preferabinen epeacetiaimoraislipethen espesiglipistrahydrofanragsence or

Fempor &t ur es AP AR Al oatar R RS U oA PR %about room
t enper at ur e h9daRatbon] Taveliedtly; tetieadion.is tdified basarbonn26PC koibgqrovi des a
nmet hod of preparing conpounds of formula I, by treating a conpound of
%_en% r a: i f (i B m30ACH prefaratily arrbant PRC (orebaytipgom kerpperafyrN-~~ [N N O HN-N N-O R
Introduction of an R group to provide a compound of formula Ilc can be
0 10 accomplished under a variety of conditions. For example, ITb can be treated with
' alkali metal hydride, especially sodium hydride, and subsequent reaction with a
compound of the general formula R>-L, wherein R> has any of the values accorded to
R? hereinbefore except hydrogen, aryl or heteroaryl and L represents a leaving group
(e.g., halo, methanesulfonate, toluenesulfonate, trifluoromethanesulfonate, and the
15  like). The N-substitution is conveniently carried out in 2 solvent which is inert under
the reaction conditions, preferably a forrnamide, espedially N-methylpyrrolidinone or
dimethylformamide, an open-chain or cycic ether or an optionally halogenated
aromatic hydrocarbon. Suitably, the reaction is carried out at about 50°C to about

200°C, preferably at about 50°C to about 150°C. Alternatively, the alkylation may

20 be carried out with an inorganic base such as potassium carbonate in a formamide

solvent such as N-methylpyrrolidinone temperatures from about 0°C to about 25°C.

An alternative, and preferable method for the introduction of R’ involves
_ alkylation of the pyrimidinone nitrogen under Mitsonobu conditions. In this
25 method, an alcohol of the general formula R>-OH is combined with a compound of
general formula IIb in the presence of, for example, triphenylphosphine and diethyl
azodicarboxylate or diphenylpyridyl phosphine and t-butylazodicarboxylate (Ses,
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 or
30 cyclic ether, at temperétures of about -20°C to about IOOdC, preferably at about 09C

to about 30°C (or room temperature). As with other alkylation methods, primary

and secondary alcohols are the most suitable for reaction under these conditions.



In co'rrpuound‘ [ i, the synbols R2, R3 and the subscript n have the neanings
provi ded above with reference to formula |I. The letter L repraspni20e4
| eavi ng group which can be a hal ogen, a | ower al kanesul fonyl group (e.g.,

met hanesyd @fibhg0r  trifluoronmet hanesul fonyl) or an aromat, ,?Qﬁyl gr oup
(e.g., benzenesul fonyl or 4 15 toluenesul fonyl). O her sui ta eavi ng
groups -are known to those of skill in the art and can be found in, for

exanpl e, ADVANCED ORGANI C CHEM STRY, 4 ' 24 ED., March, John Wley & Sons,

New York (1992). Suitable amnes (Rl-NH2) are those in which R represents
any of the R groups noted for fornula I. 20 In a preferred enbodi nent, the
bicyclic nitrogen heterocycle can be constructed and R3 can be introduced

at a later stage Bbllewing ﬂﬁih&o&ﬁctﬁ:hmﬁmﬁtheSﬁﬁQﬂBnaﬁdd%ﬁlaéﬁhbﬁt ££i£34td/\0

_ ORl/S§IQRIé1pPETI'/ I%goocpl 1??% g ac%gg% as ouﬂmeg agove to pro\a%e target HN-—N1
compounds of formula 1.
5

In alternate routes, IIb may be converted to IId by first alkylating ITb under
Mitsonobu conditions to introduce R?, followed by oxidation of the sulfide to the
corresponding sulfone Iid.

10 In still other embodiments, the compounds can be prepared by reversing the

.y

order of alkylation and displacement steps, thereby reversing the order of -R? and
-NH-R' introduction, shown in Scheme 3.



Conpound Ila, the starting material in Schenme 2, can be prepared fromb5
commercially avail abl e ethyl 4-am no-2-nercapto-pyrim di ne-5293gdhizedat e.
Briefly, treatnment of the nercapto conpound with a suitable al kylating
agent (RwWOopzeo4i des a conpound of forrmula Ib (R3 H). ConperEponmosi? | b (R3
= H tolla can followthe steps provided in Schene I. N R S AN N'Lz~O
R3 10 Cyclization of Ila provides a bicyclic nitrogen heterocyde of formula
I1b. The «cyclization can be effected by Péaction of Ha with phosgene or
trichloromethyl 21 Apr112004 WO 01/29041 PCT/ EPOO/ 10077 20 chl or of ormat e
(or phosgene equivalent), typically ingilendsesence of a tertiary organic
base, preferably a tri(lower alkyl)am ne, especially triethylamne. Mre
particularly, the cyclizatig# > carried out in a solvent whi NS i nert
under the conditions of the ition, preferably an open-chaijn O'LIJ(V-‘{@Z' o
et | ¢

et her, especial | yy oft: n‘?) an 5 optionally
hydr ocar bon gr a pal ogenatipd al (@) ati ¢ hydrocarbo Copvenlgently, the
reaction is 'B&rg' about -200CT0 abouBR< ILI y at about

OC to about rodmtenperaltfe. Introduction of anSRS d\’oup,to ovi de a
conmpound of forrmula Ile can be 10 acconplished under a vdriety of
condi tions. For exarrplI ! ||b can be treated with al kal HPnet al hydri de,
especi ally sodi um hydri de, and subsequent reaction with a 6 conpound of the
general fornula R3-L, wherein R3 has any of the values acdorded to R3
her ei nbef ore except hydrogen, aryl or heteroaryl and L regresents a | eaving
group (eg., halo, nethanesul fonate, toluenesulfonate,
trifluoromethanesul fonate, a e 15 like). The N-substithutiopz
conveniently carried out inja sg_l_y(tﬁtz.sv\hi ch is inert under the r_e_l__tri%hgl
de, r obidi

condi tions, pref : pecially Nrn I
di met hyl f or mam'q'%\, an opgnh-chain or cyclic ether anj opt NonalT y
hal ogenated ar ti arbon. Seably, tRe reactpon idgcarried out at
about 500C t oHjboutN Kll O S NONTO
1
R H OO0 H
llib Illa
‘ ’ (R
oSS
-
HN N N/go
. i i3
5 Accordingly, a compound of formula Ila can be cyclized to IIb (as initially

shown in Scheme 2). Oxidation of IIb to Ilia provides the template for the
subsequent displacement and alkylation steps. Thus, treatment of I1Ia with R'-NH,
under the conditions described above, provides 1IIb, which can be alkylated using
R>-L (wherein L has the meaning noted above) or R>-OH under Mitsunobu

10 conditions to provide the target compounds of formulal.



.200C, preferably at about 50C to about 150C. Alternatively, the al kylation
may 20 be carried out with an inorganic base such as potassi @nAp Bopate in
a formam de solvent such as N-nethyl pyrrolidi none tenperatures from about
0C to abaudoraddes An alternative, and preferable nmethod fosciBsserioors

I ntroduction of R3 involves alkylation of the pyrim dinone nitrogen under
M t sonobu conditions. In this 25 nethod, an al cohol of the general formula-
R3-CH i s conbined with a conpound of gen2sal forrmula Ilb in the presence
of, for exanple,.triphenyl phosphine and di ethyl azodicarboxylate or

di ph | pyri dyl ' c ' . Tet rahed
Lottt aa37- U000 TRgBye oLt Fag Ak ROk BlitcBBos fr BIGLL 1

a sol vent whischemes areeonterupldted ant evithem the ssopeofitiie prasest inpemgforr &bky an

open-chain or | o [ es. of .-20C t 0. about 100C,
preferably at a 8%%/84&%& ﬁ%}gﬁgﬁ 0\13‘%3'“?@%&%%%0% gﬁ%g?%gétJUro&?&ﬁ%&ﬁet h ot her
al kyl ati on mfensivsal grobpsthyt aremdt ceopatibde vithipertiolas reaction kenditishs.sui t abl e
for reagtion under these conditions. 21 April 2004 WO 01129041

PCTI EPOO/ 10077 21 Followi ng the introduction of R3, the oxidation and

di spl acenent st epB afiother aspectdie pees@it-iFentiongotidesmmpnstticnl edmpsisingtal i ned

- above to proy - a| nate roytes, |lb
may be conveﬁhggn%%hgg&gﬁg%wg% %@f@%ﬁ%ﬁ%g%‘?‘gh%dgtgrﬁqas oaﬁé%ffribgﬁdi tions
to introduce aRgve.fol | owed by oxidation of the sulfide to the corresponding

sulfone Ed. 10 In still other enbodi nents, the conpounds can be prepared

byreversing the order of alkylation and di spl acenent steps, thereby -
rever sthg the or dédve compoRgdsofdormbi Bhd thetphatimetdutingllystrospnablo sadfs lod besid. 21

Aprii | 2004 V\Qoglyoaggsd'&f iRl With acids can be used as medicaments, e.g. in the form of
pharmaceutical preparations. The pharmaceutical preparations can be administered
enterally, e.g. orally in the form of tablets, coated tablets, dragées, hard and soft

_ gelatine capsules, solutions, emulsions or suspensions, nasally, e.g. in the form of
15 nasal sprays, or rectally, e.g. in the form of suppositories. However, they may also be
administered parenterally, e.g. in the form of Injection solutions.

The compounds of formula I and their aforementioned pharmaceutically
acceptable salts can be processed with pharmaceutically inert, organic or inorganic
20 ~ 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,

as such carriers for tablets, coated tablets, dragées and hard gelatine capsules.

py

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

25 ingredient no carriers are, however, usually required in the case of soft gelatine

| capsules. Suitable carriers for the production of solutions and syrups are, for

example, water, polyols, sucrose, invert sugar, glucose and the Iike. Suitable carriers
for suppositories are, for example, natural or hardened oils, waxes, fats, semi-liquid
or liquid polyols and the like.

30 |

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



HNIN N R HIIllb PCT/EP00/ 10077 22 Scheme 3 N -N1)-- SNNOO OH Ilia

(R2) n .t ~1 5 Accordingly, a conpound of formula Ha can be Apyicdeozed to
b (as initially shown in Schene 2). Oxidation of Ilb to Illa provides

t he tenpm&n @1/29041 t he subsequent di spl acenent and al kyl at iRIT/EBR08{18077 Thus,
treatnment of Illa with R-NH2 under the conditions described above,

provides Illb, which can be alkylated using R3-L (wherein L has the

~ meaning noted above) or R3-OH under Mt stAfobu 10 conditions to provi de the
‘target conpounds of formula I. 21 April 2004 WO 01/ 29041 PCT/ EPOON0077 23

One of stal | confaih Beerapdutivhlly valibis sibs@atlcdsibiieraBid tHeRofipdubiceifonnslalo the

above schenes, are contenplated-and within the scope of the present
i nventi on. Ifd’rd‘g@i&ﬁ’ﬁf:‘@?n %‘?’eldeﬂqﬁr@f‘%ﬁ?? ﬂﬁcc‘?m@f’ Bt he protection and
deprotection of reactive functional groups that are not conpatible with

articular reactjion conditions. 5. ]
P Medicaments which contain a compound of formula I or a pharmaceutically

5 acceptable salt of 2 basic compound of formula I with an acid in association with a
compatible pharmaceutical carrier material are also an object of the present
invention. In still another aspect, the present invention provides methods of
prepaxing medicaments useful for the treatment of the p38 mediated diseases and
conditions. The process comprises bringing one or more of these compounds or salts .

10 and, if desired, one or more other therapeutically valuable substances into a galenical
) | administration form together with a compatible pharmaceutical carrier.

As mentioned earlier, the compounds of formula I and their aforementioned
_ pharmaceutically acceptable salts can be used in accordance with the invention as

15 therapeutically active substances, especially as antiinflammatory agents or for the
prevention of graft rejection following transplant surgery. The dosage can vary
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

20 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 be exceeded
when this is found to be indicated.

Finally, the use of compounds of formula I and their aforementioned
25 . pharmaceutically acceptable salts for the production of medicaments, especially in
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
30 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



I n anot her aspect, the present invention provides conpositions conprising a
phar maceutical | y acceptabl e excipient and a conpound of for m2iapkil 2604
descri bed above. 10 The conpounds of forrmula | and the pharnaceutically
accept ablwovakbmiof basic conpounds of fornmula | wth acimsI/ERNe/10877used as
medi canents, e.g. in the formof pharmaceutical preparations. The

phar maceuti cal preparations can be admnistered enterally, eg. orally in
the formof tablets, coated tablets, drag%%s hard and soft gel ati ne

capsul es, solutions, enulsions or suspensions, nasally, e.g. in the form of
15 nasal ‘spr f k IR8duddONEMEr |
they may al S?f%gus@&bz‘ n%%lte%loerd g?“!adr??de?gﬁ?m‘gﬁ F he f%{en%ﬁgf I njection
sol uti ons. Tﬁécltmﬂdécmrdm}mﬁue@rﬁseam"ﬁnmPrawéﬁ%asﬂmsh%fdxeaW’a

phar maceut i o\aneaﬁﬁamea%s%as%%hﬁ& Sfipriges RAQEASSSE W dfecBRaEgigaet | cal |y

i nert, organi I norgani c_ 20 carrlers for the production_of

phar maceut i cantepfﬁ@paa@p}l@rr@f a cogprune of taspiia b ok p PeErmagerncally peceptabifesaliof |
talc, s eariGragidmff tHekdssal ts and the |ike can be used, for exanple, as
such carriers for tablets, coated tablets, dragees and hard gel ati ne
capsules. Suitable carriers for soft gelatine capsules are, for exanple,
vegetabl e oi I's, VE85oudd o formufTwaal bd useHd] fok, Wik Hotlathited fo, Biiréditeht Ke;
dependi ng on the nature of the active .25 |ngred| ent no carriers_are,
however , usuaifiylaremationin 4 sibjereand e use asaTipyRaicaior tee tresmsnt ekfeveryi ¢ apl e

carriers for é&‘rﬁg&&xﬂﬂ%‘ﬁﬂeq{?v&fnoﬁ Wolid POEseBll Fo EthiitRthritfs Sincdlhing 13! €,
wat er , (gol yol s ucrose, invert sugar, gl ucose and the |ike, “Suitable

carri et for rheetmaécy ﬁ@nﬁﬁ:épo@i? opaibies; BARtY GFthRdisdened oi | s,
waxes, fats, terﬂi"cl aﬁétxah%nagev&h@m&hﬁﬁs oeodieritis,
pharnaceutlc preparat ons. ¢ n SO contain preservatjves, solublllzers
stabilizers, SoutyirHey t%her@#hngp Fordiions; Suish eprapaundsgraitd ke gseful

flavorants, Sglhgadd yqjﬂwo%ggldm Q&8 vn ik bidih&hs adiBSkKi Ng
agents or antl%)m dants O Hhe Al S0 O% ABTIL 2004 VO 01/ 28041

PCTf EPOQ/ 100 APspizpteryigiess am dromsepulmanarysarenidess asthmpsilicpeissngigheenichan
the cogpounds, ffnohQfyMhifniatory 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 s'yndrome (AIDS), AIDS, ARC (AIDS
related complex), pneumonia, and herpesvirus. The compounds are alsc useful for

20 the treatment of bone resorption diseases, such as osteoporosis, endotoxic shock,
toxic shock syndrome, reperfusion injury; autoimmune disease indudjhg graft vs.
host reaction and allograft rej.ections, cardiovascular diseases including
atherosclerosis, thrombosis, congestive heart failure, and cardiac reperfusion injury,

renal reperfusion injury, liver disease and nephritis, and myalgias due to infection.

25
The compounds are also useful for the treatment of influenza, multiple
sclerosis, cancer, diabetes, systemic lupus erthrematosis (SLE), skin-related
conditions such as psoriasis, eczéma, burns, dermatitis, keloid formation, and scar
tissue formation. CompoundS of the invention also would be useful to treat
30 gastrointestinal conditions such as inflammatory bowel disease, Crohn's disease,

gastritis, irritable bowel syndrome and ulcerative colitis. The compounds would also
be useful in the treatment of ophthalmic diseases, such as retinitis, retinopathies,
uveitis, ocular photophobia, and of acute injury to the eye tissze. Compounds of the



and their aforenentioned pharmaceutically acceptable salts. Medi canents
which contain a compound of formula I or a pharmaceutically 23 mricepifabl e
salt of a basic conpound of formula | with an acid in association with a
conpat i bMWD pdiaceut i cal carrier material are al so an objREVEBIVACHE
present invention. In still another aspect, the present invention provides
nmet hods of preparing nedi canents useful for the treatnent of the p38
nmedi at ed di seases and conditions. The process conprises bringing one or
nore of these conpounds or salts. 10 and, if desired, one or nore other
t her apeut i cainvinticl dablveuld besisefalfos tieatrertt of ahgiogearbis, indwidinigstaopldsian f orm-
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reat ment or efyeerlyb Bxisefdlin ItlEBf RVeTRioRrnd theaen fghasd, inqaetbdg wiin
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treat ment of “204E% hrhRE CORBILR, g %ﬁf‘&lf"@fr‘?&rg E‘é“;ﬁe
conplicati Onﬁreﬁ)énﬁ&faﬂd\@eatﬂéﬁt/@m%@i’s%ﬁsé rejection fol | owi ng
transpl ant surgery, is also an object of the 30 invention. Conpounds of
formula | would be useful for, but not limted to, the treatnment of any

di sordgy or dis CBESIS bER sEFubfoR WiBHAn tefatatRethesPEopoundiarBalss useful for

excacerbated 21 April 2004
veterin treatment of companion animals, exotic animals and farm apimals,

including mammals, rodents, and the like. More preferred animals include horses,

dogs, and cats.

20 The present compounds may also be used in co-therapies, partially or
' completely, in place of other conventional antiinflammatories, such as together with
steroids, cyclooxygenase-2 inhibitors, NSAIDs, DMARDS, immunosuppressive
agents, 5-lipoxygenase inhibitors, LTB, antagonists and LTAy hydrolase inhibitors.

A
p—

25 As used herein, the term "TNF mediated disorder” refers to any and all
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 2 major component, and
whose production or action, is exacerbated or secreted in response to TNF, would
30 therefore be considered a disorder mediated by TNF.

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



WD 01/29041 PCT/ EP00110077 25 or caused by excessive or unregul ated TNF
and/ or IL-1 or p38 kinase production by such manmal. Accor dii pghiy2o04he
present invention provides a nethod of treating a cytokine-nedi ated
di sease v¥WoOdn28@pri ses adm ni stering an effective cytoki nRCT/ERWAPET | ng
anount of a conpound of fornmula I, or a pharmaceutically acceptable salt 5
or tautoner thereof. Conpounds of fornmula_l would be useful for, but not
limted to, the treatment of inflammatioR/in a subj ect, and for use as
‘antipyretics for the treatnment of fever. Conpounds of the invention would
be Esef ul to daagalg aﬁﬁﬂhﬁf fatcios to berdieasidnnchiab Eﬂ@ﬁqﬂlﬁnitédﬁoﬂﬁdl,ﬁﬁﬁ_drﬂﬁmoi d
arthritis, spandyl oarthr thies, gouty arthritis, osteogrthritis,
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~arthritis andprotiiedorbér dttibh i€ exxradated Of Secrétedih LOPRERE Brlsas\auld therdfsref ul
for the treagﬁrrent.dof pucggaggar #i S E’deéﬁ or lung inflammation, including
adult respi rftSPycaeda %ry‘ﬁ BYe Y Bt nonary sarcoidosis, asthna,
silicosfs, and chronic 15 pul nonary inflanmatory di sease. The conpounds are
al so useful for the treatnment of viral and bacterial jnfections, including
sepsis, septic sHotk! g&%ﬁ‘ﬂ%@%@a&m&ﬁ | ENF-& (e kpAwRes s, cachexi a
secondary to d,gh&Qeih)UAdMncEBAHIAARGY sinfRE BRI r&%%ﬁﬂ&cjé{d)biﬁ@s RGHE bR
i mrune deficiency syndronme (AIDS), AIDS, _ARC™(Al related conpl ex),
pneuroni a, aretlinler presplorube synitkess@ibotidNF-arandaT NB-fuase inbibifegdibyxbe t he
treatment of HonS RSl AN SGaRER il 45 HORLEARLATHS 1RGNN QKT ©
Shock syndr org, ease

shock, toxic repertusion I npury, autol mmuune di's :

i ncl udilfg gr afliNE/ snlesh epecificdlyrddlipnatedothetviogr af t rej ections, cardiovascul ar
di.seases including atherosclerosis, thronbosis, congestive heart failure,
~and cardiac reperfusion injury, renal reperfusion injury, liver disease
and nephritis, and nyal gi as due to i nfEESANBRES 25 The conpounds are al so
useful for the treatnent of influenza, nmultiple sclerosis, cancer,

di abetes, systemc lupus erthrematosis (SLE), skin-related conditions such
as psoriasis, ecZanhe ekampissbaliewmatiest dthervkisd satedd ftempetatwres aragivendar ti ssue

format ign. - Cognounds R BBE oh YRR Al Blrifa KR ToBS A58l ilnt 8nb LRl

(typically a range of from about 18-25°C; evaporation of solvent was carried out

using a rotary evaporator under reduced pressure (typically, 4.5-30 mmHtg) with a
bath temperature of up to 60°C; the course of reactioﬁs was typically followed by TLC
and reaction times are provided for illustration only; melting points are uncorrected;
20 products exhibited satisfactory ‘H-NMR and/or microanalytical data; yields are

provided for illustration only; and the following conventional abbreviations are also

2N used: mp (melting point), L (liter(s)), mL {milliliters), mmol (millimoles), g (grams),
mg (milligramns), min (minutes), and h (hours) ‘
DEAD stands for diethyl azodicarboxylate

.25 DIAD stands for diisopropy! azodicarboxylate

Example 1

This example iHlustrates the preparation of 3-(2-chloro-phenyl)-1-

30 ethoxycarbonylmethyl-7-isopropylamino-3,4-dihydro-pyrimido(4,5-d]pyrimidin-
2(1H)-one and 3-(2-chloro-phenyl)-1-carboxymethyl-7-isopropylamino-3,4-
dihydro-pyrimido{4,5-d] pyrimidin-2(1H)-one beginning with 7-benzylthio-3-(2-
chloro-phenyl)-3,4-dihydro-pyrimido{4,5-d]pyrimidin-2(1H)-one.



-30 gastrointestinal conditions such as inflamuatory bowel disease, Crohn's
di sease, gastritis, irritable bowel syndronme and ul cerati ve2¢®@prit 2604 The
conpounds woul d also be useful in the treatnent of ophthal m c di seases,
such as ™&0pI94ls, retinopathies, wuveitis, ocular photophBGI/APIMWEA770f
acute injury to the eye tissue. Conpounds of the 21 April 2004 WD 41/29041
PCT/ EPOQ 10077 26 invention also would be _useful for treatnent of

angi ogenesi s, including neoplasia;, net astdisi s; opht hal nol ogi cal conditions
such as corneal graft rejection, ocular neovascularization, retinal
neovascul ari zati on includi ng neovascul ari zation followng injury or

i nfection, diabetic retinopathy. retyolental fibroplasia and neovascular 5
gl aucoma; ul cerat il\cie df‘@@’%’é’g"m%ﬂ%st ric ulcer, pathological, but

non- mal i gnant, conditions su as~henmagi nomas, including invagjll e

hemagi nomas, - angi of i broma of th opharynx and avascul ar necr 0% Df
bone; di abetic nephrop onyopat hy; and di sorder f A emal e
reproductive system su ag ejldonetriosis. The conpoun oﬂ t hg i nvention

may al so be usefy Q r NVL’@ 10 the productsQn fs’f‘tﬁl ygs ase-2 and
t he conpounds @ his inventpgon are al so exp to“be Usefyll imn the
preventi on and eat ment of Hancer, in parti cubag~ col on @. r. The

|

conpounds of this invention are al so expected to be useful iin the
prevention and treatnment of Alzheiner's disease. 15 B pdesobeing usef ul

for human treatnent, tfigse conpounds are al so useful for terinary
treatnent of conpanion aninmals, exotic animals and farmanimals, including
ma | s3 rodents, and the like. Mre preferred animals include horses,

dogs, and cars. 20t bASERLARRDOIAS I 8150, OB BRI
antii nf | amapgiinédin-2{LidM-oas, (1 6geB IS minble) prepaeedasdiescribed in Bxygpleds eva2
i i tor s, CREaHP B e e FAA By ar aduty R (bt BRI
herein, the wenoke) Whitadded Thetksalitsgmlitire wek etitred forawyngndiniids, tidnetiyller s
and i spase g5, YA N AL fol e, RREThs e SQTLOLST TVF
guenched with water and extracted three times with ethyl acetate. The combined
extracts were washed five times with water, dried over MgSO,, and concentrated in
vacuo. The residue was purified with columnn chromatography on silica gel using
30:70 acetone/hexane to give 1.283 g of ester 1b.
15

1.2 Oxadation of benzyl sulfide

P e 0
S/l\N/ N/KO _— S/kN/ NAO
I Fo b
Et0,C E10,C
1b _ 1c

20 Ester 1b (0.600 g, 1.28 mmole) was dissolved in chloroform (15 mL} 2nd
3-chloroperoxybenzoic acid (50%, 0.883 g, 2.56 mmole) was added at room
temperature. The mixture was stirred for 2 hr, then washed three times with 10%

(w/w) aqueous sodium sulfite, once with saturated aqueous sodium bicarbonate, and



-or by TNF causi ng anot her nonokine to be rel eased, such as but not limted
to IL-1, [IL-6 or IL-8. A disease state in. which, for instage@prl2o0kis a
‘maj or conponent, and whose production or action, is exacerbated or

secr et edyigarngRonse to TNF, would 30 therefore be consi dedc@qeppofbs9r der
medi at ed by T As used hereln the term"p38 nedi ated disorder” refers to
any and all dlsorders and dlsease states in which p38 plays a role, either
by control of p38 itself, or by p38 21 Amd | 2004 WD 01/ 29041

PCT/ EPOQ 10077 27 causi ng anot her factor to be rel eased, such as but not

limted to IL- |L-8. A, disease stat r,instance,

L1 TS o i e TE ran L er ot T SN S EP et B850 o
or secreted torproeip 060 gtof bpdfy]l sulfurledct heref ore  be considered a di sorder
medi ated by p38. As TNF-P has cl ose structural honology with TNF-a (al so
known as cachectin), and since each induces simlar biologic responses and
bi nds to the sanei.3cel Disphicern@g@piubfone t he synthesis of both TNF-a and TNF-O
are ingi bited by the conpounds of the present invention and thus are

tenperatures are given in 15 degr
as carried out us 1ro ar apor at or
under reduced p 4. 5-30—mmHg) t/g?erature of

herein“referred to collectively as 10 "TNF" unl ess specifically delineated
ot herw se. EXAMPLES In the exadipl es~bel ow, unless otherw se sta e

Celsius (O); operati ons ri ed
-out at room or anbi ent l.enpers typlcallyar
18- 25C, evaporation of

T8 s

up to 60C, th sg\Bf readti ons was typicall ysvef ol lHowe and
reaction times™sfe proviggggefor illustration onIy mel tg 0|nts are
uncorrected; 20 products exhibited satisfactory 'H NVR an /or

m cr oanal ytlcal data; JYrelds are provided for illustratiolMonly; and the
foll ow ng conventi onal abbreviations are also used: np (rreltl ng point), L
(liter(s)), mL (nmilliliters), mml (nillinoles), g (grans)

(mlligrans), m nBémiyhsiflfemp lc é@lﬂzmg,(ll:ﬂmns)old)ﬁﬁ memm%amme (em&uﬁwz 08
azodi Cfl%r boxy] at cﬁe) were combmed and heated to 90-100 °C for one hour. The reaction was
cooled to room temperature and the mixture was purified by column
chromatography on silica gel using 18:1 CH;Cly/MeOH. Fractions containing the
product were combined and concentrated to provide 0.366 g of 1d, 3-(2-chloro-
pheny!)-1-ethoxycarbonylmethyl-7-isopropylamino-3,4-dihydro-pyrimido{4,5-
15 - d]pyrimidin-2{1H)-one (mass spec. MH"* =404. Mpt.188.8-191.4 °C).

1.4 Saponification of Ethyl ester

Cli Cl
1 I
°”U:I\,g —— Y

Eto,_c HO,C
1d _ : le
20 '

To a solution of 1d (0.266 g, 0.66 mmole) in MeOH (10 mL) was added
sodium hydroxide (0.026 g, 0.66 mmole) and water (3 mL) The reaction mixture
was stirred at room temperature for 12 hr. The mixture was concentrated iz vacuo
and triturated in ethyl acetate, then redissolved in MeOH and concentrated in vacuo.



.25 DI AD stands for diisopropyl azodicarboxylate Exanple 1 This exanple
illustrates the preparation of 3-(2-chloro-phenyl)-1 30 21 April 2004

et hoxycar bonyl met hyl - 7-i sopr opyl am no- 3, 4- di hydr o- pyri m do[ 4, 5-d] pyrirnidin
- 2(1H) - ove onea#4B- ( 2- chl or o- phenyl ) - 1- car boxynet hyl - 7- i sopPOPFEPaO/1MTO- 3, 4-
di hydr o- pyri m do[ 4, 5-d] pyri m di n- 2( 1H) - one begi nning with

7-benzyl t hi o- 3- ( 2-

chl or o- phenyl) - 3, 4-di hydr o- pyri m do[ 4, 5- d-’f(byrl m din-2(1H)-one. 21 April
2004 WD 01/ 29041 PCTI EPOO 10077 28 la H Sulfide |a,

7-benzyl thi Olﬁefe%rdiiah%%ﬁﬁﬁﬂﬁéh)in&hér , iltevedr@d R ddth $ove d. 2257 8f 16 3-(2-
pyrimdin-2(l ne, é}l 3.92 mol e, prepared as_described in Exanple
6) was diss hﬁ*Y h’éﬁ%ﬂ%@ﬂ%@ -ArigRprerramino-ddadibydionpynydalds- (60%

- 0.1729, 4.314 ﬁ?‘i‘ﬁhﬂ}n— $Re6e Cr ik - irred for
twenty m nut.e]s, t hen et hyI lognbrormacgtﬁgte mrgi;e(tl#g%\%?% nol e) was

added. After 3 hr, the reaction was quenched with water and extracted

three tg nes with et hyl acetate. The c%@}%@z extracts were washed five

times with water, dried over MgSO4, and concentrated in vacua. The residue

was purified with colum chronmatography on silica gel using 30:70

acet one/ hexane tOTgis\@aﬁi fe&ﬁug_r,ﬁé atal ol J Ib 20
Ester Ib (0-600Qg, 28 | e) vvass%'lggﬁ% laon|Jcﬁ3c I%lrl‘(%‘8 %ﬂg%r% nd

3- chl or oper om@#‘l’ a?cﬁGP{f&UIﬁFHOO@B%d@)’ )r oom
one, in which an alkylation is carried out using Mltsunobu condmons.

RS
CHaxi:qu:ﬁ\N CHa ﬁ’QTI:A\N
M {'yko o Hﬁ)ﬂ)W/NA%

| ;

OCH,

10

2a 2b

15 To a solution of pyrimidinone 2a (0.500 g; 1.57 mmole, prepared by
treatment of 7-benzylsulfonyl-3-(2-chloro-phenyl)-3,4-dihydro-pyrimido[4,5-
d}pyrimidin-2(1H)-one with isopropylemine under conditions as in 1.3 above) in

) THF (20 mL) was added triphenyl phosphine (0.413 g, 1.57 rﬁole) and 2-
methoxyethanol (0.12 mL, 1.57 mmole). The mixture was cooled to 0°C and DIAD

20 - (0.31ml, 1.57 mmole) was added. The reaction was allowed to warm to room

| temperature and stirred for 12 hr. . Additional portions of 2-methoxyethanol (0.12
mL, 1.57 mmole), triphenylphosphine (0.413 g, 1.57 mmole) and DIAD (0.31 ml,

1.57 mmole) were added and the mixture was stirred for another 12 hr at room
~ temperature, then heated to 55-60 °C. After 2 hr, the mixture was concentrated in

25 vacuo and the residue was purified by column chromatography on silica gel using 1:1
hexane/ethyl acetate as eluant. The fractions containing pfoduct were combined and
concentrated to an oil which was redissolved in ethyl acetate. Hydrochloric acid
(1.0M/Et,0, 0.6 mL) was added to provide the salt. The mixture was stirred for 12



.tenperature. The m xture was stirred for 2 hr, then washed three tinmes with
101010 (W w) aqueous sodiumsulfite, once with saturated angq:gﬁ"m um

bi carbonate, and 1.1 Al kylation of Pyrimdinone d-" C 1.2 X tion of
benzyl swhdb f}% .. G 21 April 2004 WO 01/29041 PCT/ EPOG)H4ERp6/186570NCe
wth water. e organic |layer was dried over MgSO4 and concentrated in
vacua to provide 0.670 g of benzyl sulfone 1lc. 1.3 Displacenent of sulfone
5 Benzyl sulfone is (0.520 g, 1.04 mmol e)3and isopropylam ne (0.18 nil,
2.08 10 mmol e) were.conbi ned and heated to 90-100 C for one hour. The

reaction wasy I gaperaty x1.U ri:fj.ed by
col um 'chro %d‘rﬁg%%gnceﬁ Plﬂggacé'g‘l sfﬁbﬂf&%%ﬂfﬁéﬁ%&%%l%ns
cont ai ni ng t@dslpnﬂwmlhiwenhloemmnblrnmd temgemature ap theahixthre stippedford@ . 366 g
of id, 3-(2-¢ I .
phenyl ) - 1- ot RS e Ban et i3 £v 020 p LRI droshloridy s /f FESPTRIERD (4,5
15 d] pyram dkb- (ﬁ@ébbi):p«anbﬂ(ha§§63pﬁc126\m}l31:6@@))wpt 188. 8 191.4 Q. 1

Saponi fd cation of Ethyl ester . C CH3 NN-~ CH3 NH3C'~ N"NN kO H3CN
N NO Et Q2C H HO2C) 1d e 20 To a solution of 1d (0.266 g, 0.66 mmole)

in MOH (10 nL) was added sodi um hydrExsantide 0. 026 g, 0.66 mmol e) and wat er
(3 mL). The reaction m xture

This example illustrates the preparation of 3-(2-chloro-phenyl)-7-
isopropylamino-1-(2-methylsulfonylethyl)-3,4-dihydro-pyrimido[4,5-d] pyrimidin-
10 2{1H)-one.

3.1 “Mitsunobu” Alkylation of Pyrimidinone
00 e
57N I;J’l*o s No
~ /
la : 3a

SCH,

Benzyl sulfide 1a (500 mg, 1.31 mmol) was taken up in 2 mlL THF with 2-
2 (methyithio)ethanol (114 pl, 1.31 mmol), triphenylphosphine (343 mg, 1.31 mmol),
and DEAD (0.21 mL, 1.31 mmol). The mixture was stirred at rt for 4 days, |
evaporated in vacuo, and purified by chromatography on silica gel with 5-20%
20 acetone/hexanes as eluant, to provide 3a (529 mg, 1.16 mmol, 88%).



-was stirred at roomtenperature for 12 hr. The m xture was concentrated in
vacuo and triturated in ethyl acetate, then redissolved in [e@priPzob4
‘concentrated in vacuo. 21 April 2004 WD 01/ 29041 PCTI EPOOI 10077 30 The
resi due waseirdopdiur ated in ether, filtered and dried to gi waEshdhoegr7of | e,
3-(2- chl oro-phenyl)-1-carboxynet hyl - 7-i sopropyl am no- 3, 4- di hydr o- pyri m do
[4,5- d]pyrimdin-2(1H)-one (mass spec. M = 376, npt.172.0-188.0 C
Exanple 2 This exanple illustrates the pri¥paration of

3-(2-chl oro-phenyl )-1-(2-

rrethoxyethyl) 7-1 r ORYL AR NGF ro-pyrimdo [4,5-djpyrimdin-2 (IH
)- one, in which g%pal %}Jilatlon S carilmgd out using M tsunobu conditions.

1I0CLC HN CHN 3 ~v 3° -~ ., H3C.N NN OHC N Nl H
wa KJ ﬁ
/,\\ l)

SCH3 SO,CH,
3a 3b
5 Oxidation of 3a was accomplished using m-CPBA (1.19 g, 5.8 mmol)} in

CH,Cl, with stirring at rt for 5 hr. The reaction was quenched with 10% Na>SO; (aq,
50 ml) and extracted three times with CH,Cl.. The combined extracts were washed
with sat. NaHCO; and concentrated in vacuo to provide 3b, which was used without

_ purification.
10 »
3.3  Displacement of sulfone
©/\,,s\\ o Hsc/kN o
H
. SOcha 8020H3

!

’ 3b 3¢

15 The crude product 3b was taken up in isopropylamine (5 mi, 58 mmol) and

stirred neat at rt for 2 days. The mixture was concentrated in vacuo and purified by

chromatography on silica gel using 10-50% acetone/hexanes as eluant to provide 3¢

(287 mg, 0.732 mmol, 63% from 3a, 56% from 1a). The purified product was taken

up in ethyl acetate and Ueated.Mth 1 equivalent HCI/Et;O to precipitate the HCl salt
20 of3c. (mass spec. MH" = 424)



2a 2b 15 To a solution of pyrimdinone 2a (0.500 g, 1.57 mmmol e, prepared by
treatment of 7 benzyl sul fonyl-3-(2-chloro-phenyl)-3, 4-di hydr o4 pgkil 2ogdo[ 4, 5-
‘d]l pyri idin-2(1H)-one with isopropylam ne under conditions as in 1.3 above)
in THE #aPomopamas added tri phenyl phosphine (0.413 g, 1.JA/ERDEYOTANd 2-
met hoxyet hanol (0.12 nL, 1.57 mmole). The m xture was cooled to 0C and DI AD
20 (0.31 nm, 1.57 mvle) was added. The reaction was allowed to warmto

-~ room: tenperature and stirred for 12 hr. 3&dditional portions of
2-met-hoxyethanol (0.12 nl, 1.57 nmole), triphenyl phosphine (0.413 g, 1.57
mmole) and DIAD (0.31 xnL,  1.57 nmol g),MBl& added and the m xture was
stirred for another 12 hr at room tenperature, then heated to 55-60 C
After 2 hr, the m xture was concentrated in 25 vacuo and the residue was
~purified by colu Q,Eagﬁr@ N e,ﬂ@( g/ et hyl
acetate as el uantrqthgl' he f a?g{sgg{}x trg An’j?ﬁgngrﬂé%?t %g%i)go %gd and
concent r at edhyidsossthyl )r7wwe¢p3¢mmpewﬁlwdyerpmﬁmémﬁ dkﬁ’é’(ﬂé}ﬁé‘l 2(WHreehl ori c
acid 1.OMEt20 0.6 nL) was added to provide the salt. The m xture was
stirred for 12 21 Apri| 2004 WD 01129041 PCT/EP00/ 10077 31 hours then
concentrated in vhtuo. “MireunobuT dlkplapan of Piriruidittosd in et her over dry ice

and slowy allowed to warmtogoomtenperature as the mxtureystirred for
12 hr. The solid was filtered t9® e 0. 139 g of the hydroch ol salt of
the title conpound, 2b s = 376, npt. 126 6 L)), 5

Exanpl e 3 This exanple jll{s
3-(2-chl or o- phemy
(2- mathylsulfth%)-

str tes t he pregaratlon of

gl m no- | - /K
( , 4- dj hydr o-pyri m do 5 d]S py'?llx di /- 10
2(FH) - one. 3. 1~ t sunobu” Al Kyl attion of Pyrifigfnone 4 -
OTIPS
la 4a
10 Benzyl sulfide 1a (500 mg, 1.31 mmol) was taken up in 7 mL DMF and treated

with tri-isopropylsilyl protected iodoethanol (555 mg, 1.57 mmol, prepared
according to the procedures described in J. Am. Chem. Soc., 112(10), 4078-9 (1990)
and .Chem. Soc. Perkin Trans, 1(6), 1417-23, (1998)) and chilled to 0°C. Sodium
hydride (60% in oil, 63 mg, 1.57 mmol) was added and the reaction mixture was
15 warmed from 0°C to 30°C, then stirred overnight at 30°C. An additional 63 mg of

60% sodium hydride was added. After another 6 hr, the reaction was quenched by

o additon of 10 mL of water. The resulting mixture was extracted with EtOAc and
CH.Cl,, and the combined extracts were dried over MgSOy, concentrated in vacuo,

and purified by chromatography on silica gel using 10-20% acetone/hexanes as eluant
20 to provide 4a (430 mg, 0.738 mmol, 56%).



SCH3 1a 15 3a Benzyl sulfide la (500 ng, 1.31 mml) was taken up in 2 nL
THE with 2- (nmethylthio)ethanol. (114 L, 1.31 mol), triphenyl phogahpdig (343
ng, 1.31 nmmol), and DEAD (0.21 m, 1.31 mmol). The m xture was stirred at
rt for Zewrnigspgqrevaporated in vacuo, and purified by chrorrdTaEradeT7 on
silica gel wth 5-20%"' 20 acet one/ hexanes as eluant, to provide 3a (529 ny,
1.16 nmol, 88% . 21 April 2004 WO 01/29041 32 PCTI EPOO/ 10077 3.2 Oxidation
of benzyl sulfide Ck O 3a SO2CH3 3b 5 &idation of 3a was acconplished
‘using mCPBA (1.19 g, 5.8 mol) in CH2CI2 with stirring at rt for 5 hr.
The reaction was en .t 9 03 (aq, 50 nlL) and extracted three
times with CH2C12. The%%%arﬁgﬂrégg&% ts were washed with sat. NaHC03 and

concentrated in vacuo to pro¥ide 2k Whl ch was used wi t hout &l at i on.

10 3.3 Displ acenent of sul fone c@ G 3b S02CH3 3¢ 15 The cr ud duct

3bwastakenup|n|swarY‘a m., 58 nmmol) and N\
©/\ |) I/\\ (,

OTIPS ' OTIPS
4a 4b
5 .

"} ) Oxidation of 4a was accomplished with m-CPBA (500 mg, 2.46 mmol) in
CH,Cl,. After quenching the reaction with Na,SOs(aq), the crude product 4b was
extracted with CH,Cl,, washed with sat. NaHCQj3, concentrated in vacuo, and used
without purification.

10
4.3  Displacement of sulfone
']@ '?©
Sra
. oTIPS o OTIPS
) | b 4
15 The crude benzyl sulfone 4b was taken up in 3 mL CH,Cl; containing

isopropylamine (1 mL, 11.7 mmol), stirred at 80°C overnight, concentrated in vacuo,
and purified by chromatography on silica gel with 5-20% acetone/hexanes as eluant,
to provide 4c (281 mg, 0.542 mmol, 73% from 4a).



.stirred neat at rt for 2 days. The mi xture was concentrated in vacuo and
purified by chromatography on silica gel using 10-50% acet onelApgk2g®es as
eluant to provide 3c (287 ng, 0.732 mol, 63%from 3a, 56% fromla). The
purifi edwoon2e081 was taken up in ethyl acetate and treat RCHERN/10077

equi val ent HC11Et20 to precipitate the HC salt 20 of 3c. (mass spec. MA
= 424) 21 April 2004 WO 01/29041 33 Exanple 4 PCT/ EPOQ 10077 This exanple
illustrates the preparation of of 3-(2-cI3fF’oro-phenyI )-1-(2-

hydr oxyet hyl ) - 7-i sopropyl ami no- 3, 4- di hydro pyrimido

[4,5-d] pyriaiidi néﬁ(ll-ﬂ)eﬁaﬁaﬁhaghyﬂo gpu” Al kyl ation of Pyrirnidinone
Cl-, 5C lai HOTPS 4a ﬁ) enzyl sulflde la (500 ng, 1.3] nrnol) was
‘taken up in 7 nL DVF and tre th tri-isopropylsilyl pro

i odoet hanol (555 ng, 1.57 rnnol @f pared accordi ng to the ro
described in T. q;l MRy'So N, (10), 4078-9 (1Y

Perkin Trans £7- 998)) and._chilled t /%?\;)/dl um hydr| de (60%
inoil, 63 rrgH30: N ded and the raa4a7 urd 15 war ned
fromOC to 30C, thel stirred overnight at 30C. An adﬂltlon 63 ng of 60%
sodi um hydri de was added. {After another 6 hr, the reactionfwas quenched by
additon of 10 nL of watergryie resulting m xture was extrggjed with Et OAc
and CH2C12i and the conbined extracts were dried over MgJSQ4, concentrated
in vacua, and purifiefi€by chromatography on silica gel usthg 10- 20%

acet one/ hexanes as eluant -20 to provide 4a (430 rng, 0.738 nmol, 56% .
5 Deprotection of 4c was accomplished with tetrabutylammonium fluoride (0.54
) mL IM/THEF, 0.542 mmol) in THF, with stirring at rt for 4h. The mixture was

evaporated in vacuo and purified using chromatography on silica gel with 10-40%

acetone/hexanes as eluant, to provide 4d (179 mg, 0.495 mmol). The purified

product was taken up in ethyl acetate and treated with 1 equivalent HCVEL,O to
10 precipitate out the HCI salt of 4d. (mass spec. MH" = 362)

Example 5
4-Amino-2-benzvylthiopvyrirtnidine-5-carboxaldehvde

N OO
|
e
Ph/\S)\N NH,

P15
a) 272g (4.0 mol) of sodium ethoxide (Lancaster) was stirred in 1 L of ethanol
and treated with 304g (4.0mol) thiourea (Avocado). 676g (4.0 mol) of ethyl
ethoxymethylene cyanoacetate (Avocado) was added and the mixture heated at
20 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 prociuct was dried to give



21 April 2004 WD 01/29041 34 PCT/ EPOQ 10077 4.2 Oxidation of benzyl sulfide
Cl--- a 4a OTIPS 4b Oxidation of 4a was acconplished w th m2ERipsi 2660 ny,
2.46 minol) in CH2Cl2_ After quenching the reaction with Na2S@3(aq), the
crude predyeingln Wwas extracted with CH2C12, washed with sgg,

concentrated in vacuo, and used wthout purification. 10 4.3 D spl acenent
of sulfone A-- C 4b 4c 15 The crude benzyl sul fone 4b was taken up in 3
m. CH2C12 containing isopropylamne (1 6., 11-7 nmmol), stirred at 80C
.overnight, concentrated in vacuo, and purified by chromatography on silica

ol 739 1 r b ARK0 B o Bar R oG byge ol Bt R A R 4

Deprot ect i onmefinBydi@sesgi@up A -'_ C1 CH3 N -N V CH, N OTIPS

b) A stirred suspension of 473 g (2.377 mol) of 4-amino-5-carbethoxy-

5 pyrimidine-2-thiol in 3.5 L of ethanol was treated with 180.4 g (1.307 mol) of
potassium carbonate and 447.1 g (2.615 mol) of benzyl bromide. 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, 2L
of water and two 500 mL portions of water. The product was dried in vacuo over

) 10 phosphorus pentoxide at 50°C to give 416 g (61%) of ethyl 4-amino-2-benzyl-
thiopyrimidine-5-carboxylate as a cream solid of melting point 117-118°C.

c) A solution of 462.4 g (1.6 mol) of ethyl 4-amino-2-benzylthiopyrimidine-5-

carboxylate in 2.3L of sieve-dried tetrahydrofuran was added slowly with stirring to
i5 1.6 L (1.6 mol) of a 1M solution of lithium aluminium hydride in tetrahydrofuran

under a nitrogen atmosphere with ice-cooling. The solution was added at a rate to

maintain a temperature of 18-20°C. On completion of the addition, the mixture was

heated to 60°C and treated cautiously with 60.8 mL of water during 1.5 hours. 60.8
mL of 15% agueous sodium hydroxide was added during 30 minutes, followed by
20 182.5 mL of water during 30 minutes. The suspension was stirred at 60°C overnight
then filtered through Hyflo filter aid while still hot, and the solid washed withtwo 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.
25 '
d) A suspension of 392.5 g (1.59 mol) of 4-amino-2-benzylthiopyrimidine-3-
~ methenol in 7.75 L of dichloromethane under a‘nitrogen atmosphere was treated
with 1.382 Kg (15.9 mol) of activated manganese dioxide (Acros). The reaction
mixture was stirred at ambient temperature overnight then filtered through Hyflo
30 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-




H3CN-N N--~O H3C--~ N-'- N-NfiO H H 4c OH 4d 5 Deprotection of 4c was
acconplished with tetrabutyl ammoni um fluoride (0.54 nlL 1M TBIEAp@l 2004 nmol )
in THF, with stirring at rt for 4h. The m xture was evaporated in vacuo
and puri W@iL/2984ing chr omat ography on silica gel w th 10- 40BGI/EP00/10677
acetone/ hexane's as eluant, to provide 4d (179 ng, 0.495 nmol). The
purified product was taken up i n ethyl acetate and treated with 1

equi vaI ent HCI/Et20 to 10 precipitate out3’the HO salt of 4d. (mass spec.
AM = 362) Exanple 5 4-Am no-2-b enzylthiopyrim di ne-5-carboxal dehvde 15

. cHO Ph 'S N biyldhiopyrafidide-6-cart dxaldbhdedis 4 PaRtyalaw delid bARRRdGointBS-
stirred in 1 L of ethanol and treated with 304g (4Anol) thiourea

(Avocado) . 6173(§’gc(4.0 nol) of ethyl ethoxymnethyl ene cyanoacetate (Avocado)
was. added and the m xture heated at 20 reflux for 8 hours. After cooling
to roomtenperature overnight, the reaction mxture was treated
sequentially with 2 L of water and 40@_(@21:@ acetic acid. The reaction

m xture was f 0 L es,  Ccool Q e ture,
and thg) Sus‘g%'%é'% 31 opRelis eSS d 2 lé‘nr_gt%?t rons of
water, two 500 niL portlons of acetone, and 500 nL of diethyl ether. The

duct dri edg 1/ 2904 PG EPOD, 10077 36
B;g gcg \(Nzgg% rl)t? 45 gmgjrbt\(ég‘ga Agﬁkzﬁorﬁﬁg\oﬂfgamﬁ%mfjt@ﬂ of ™ é’?’ creamsolid
of nelting paerithicppbotdine

H

. 0
o

10
A mixture of 5 g (20.4 mmol) of 4-amino-2-benzylthiopyrimidine-5-
carboxaldehyde, 2.25 mL (21.4 mmol) of 2-chloroaniline and 0.1 g (0.5 mmol) of 4-
toluene-sulfonic acid monohydrate in 60 mL of toluene was heated under reflux with
15 azeotropic removal of water for 3 hours. The mixture was cooled to 09C and the

precipitate was collected by vacuum filtration and was washed with hexanes and zir

dried. This solid was then dissolved in 100 mL THF and the reaction cooled to 0°C.
Lithium aluminum 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

20 15 minutes and carefully treated sequentially with 0.8 mL H,0, 0.8 mL of 15% aq.
NaQOH and then 2.4 mL of H,O. The mixture was stirred for 30 minutes, filtered
through celite, and the filtrate concentrated in vacuo. The solid was stirred with
diethyl ether, filtered and air dried to give 6.1 g of 5-(2-chlorophenyl}aminomethyl-
4—3:nino-2-benzylthiopyrimidihe as a white solid.

25




b) A stirred suspension of 473 g (2.377 nol) of 4-am no-5-carbethoxy 5
pyrimdine-2-thiol in 3.5 L of ethanol was treated with 180. 21pfil2@®B¥ nol )
of potassium carbonate and 447.1 g (2.615 nol) of benzyl brom de. The

m xture waeolhsmied at reflex for 2 hours then allowed to ®CEEPDIIEGDM
tenperature overni ght The suspension was filtered and the solid washed
with two 500 nL portions of ethanol, 2L of water and two 500 nlL portions
of water. The product was dried in vacuo &%er 10 phosphorus pentoxide at
S0C to give 416 g (619 of ethyl 4-anm no-2-benzyl -

t hi opyri m di ne- 5- gar boxpbsd:Rrido _SabropknyD-2 b ilto- 117-118C. c¢)
A sol ution of 462 1&%i nol ) "g‘ ert hylﬁ4 gﬁ‘l n%m?beér'{?%fmﬁl opyri m di ne- 5-
car boxyl at e PHVBL 4gf Brréneediar2( Bd)-08¢ 1 ahydr of uran was added siowly with
stirring to 15 1.6 L (1.6 nol) of a iMsolution of lithium alum nium
hydride i n tetrahydrofuran under a nitrogen atnosphere with ice-cooling.

- The sol ution was added at a rat & |j ntain a tenperature of ¥8-20€~.0On

conpl etion of the addl tion, the m was heated to 60C and treg
cautiously with 60.8 g 1.5 hours. 60.8 xgueous
sodi um hydr oxi de was a d\d ring 30 mnutes, foll owed/giy1 5 mL of
wat er during = ht then

pension wa .
f|| er 'le"e while still an%thé’sol d weshed

with two | L »'tions of tetrahydrofuran. Evgporiati on of the}#lltrateto
dryness. gave 392.5 g (99% of 4-am no-2-benzyl ttThi opyri m di ne-5-net hanol as
an of f-white solid which was used in the next step without further

filtered thrd

puri fication. Do £5IHIPLIMSER] cObled 8- 1509‘,, btla. 53&@1 )nneél) of 5-(2-
4=.gm no- 2- benz Ith| op rlmdl ne- 5- met hanol 1n | di chl ororrethane
under a nit r 64EFORR mgthyl-ragine-b hmypmwd«gemy)ognh@f) of

activated mm&a&ﬂm&é&rﬁm@q ﬁﬁ%ﬁtdf%emﬂbﬁﬁiﬂé erﬁﬁ%léﬁéﬂ wwed at
anbi ent tenperature overnight then filtered throug O filter aid.

The solid m@%%@#dawmaidehpepﬁé%@lo?fnhoeg%&%ﬂ%m&ﬁenamd t he

(23882' %0‘1'/ Izté‘?)l?i&l‘% 12YARRNRS Akel RirdingFortimpntles{ 8884diRbnA 13 NG 2 21 April
triethylamine (7.1 mmol) was added followed by 2.0 mL of phosgene (20% solution

in toluene; 3.8 mmol). The reaction was warmed to room temperature, treated with
0.5 mL H,0 and stirred for 30 minutes. The reaction was then filtered and the
mother liguor was concentrated and stirred with dichloromethane. The product was

15 then collected by vacuum filtration and dried in vacuo to give 3.83 g of 7-benzylthio-
3-(2-chlorophenyl)-3,4-dihydro-pyrimido-[4,5-d]pyrimidin-2(1H)-one as a white
solid.

Example 7
20 7-benzvlsulfonvl-3-(2-chlorophenyl)-3,4-dihvdro-pvrimidol4.5-d 1 pvrimidin-2{1H)-

one

[ Cl@ cnji)
U\SA\N E o) @/\0 \\/I\ ’J%

A suspension of 1 g (2.61 mmol) of 7-benzylthio-3-(2-chlorophenyl)-3,4-
dihydro-pyrimido[4,5-d}pyrimidin-2(1H)-one in 10 mL of dichloromethane was




" PCTI EPO0/ 10077 benzyl t hi opyri mi di ne- 5- car boxal dehyde as a pal e yel | ow sol i d

of nmelting point 136- 139C. Exanple6 5 7-benzvlthio-3- 2-chbepprhzond -3

4-di hvdr -- "do 4 5-d vrimdin-2 1H) -one 6.1 Preparation of

5- (2- chl g¥opfon ) am nonet hyl - 4- am no- 2- benzyl t hi opyri m drawEHRR/18077i Xt Ur e

of 5 g (20.4 mvl) of 4-am no-2-benzylthiopyrim di ne-5- carboxal dehyde,

2.25 n, (21.4 mol) of 2-chloroaniline and 0.1 g (0.5 nml) of 4-

t ol u'ejne-sulfonl c acid nonohydrate in 60 A2 of toluene was heated under

reflux with 15 azeotropic renoval of water for 3 hours. The m xture was

cooled to O I | Vi Hnbalblen and

was washed Qog%gr%%ﬁggt%%{geﬁl&{??\?gs ﬁg%ﬁsgggr%swgﬁ e; el(?&ésol ved in

100 nL THE élﬁumia@mmmmdwobmememefmhpumﬁlearﬁqamduwluﬁﬁéé-qﬁ). 735

g, 18.8 nnnl ﬁﬂﬁl rdgi QS QV 2a Rkl [Tz

addi tion mas co %ﬂaﬁgln1xtur§9jgg stf%rg&'#ofmghfurt er 20 15 m nutes

~and car ef ul IpLd# me&yqa@mﬂlthe Phases weregeprrated HIbe orgagiqphaseivay oshe

NaCH agd th 2 S,
%&?1@/0 ’Z‘g] %Cdﬂ,, BmaJ Qﬁdfﬁ}éﬁt diéd JRre nﬁ%h%s{nrigt i teSRdHIAHE

flltered t hrou trate con I N vacuo. The solid
was stirred chhntrchcat ofithe Gltrage under redirced prassiraigeveft.7ag of ¢-bghwdsdfonyly of

col 1. 20 b Ao AR ARl P RIB B B8 il TN 1 ©
3-(2-chl or ophbdyl ) - 7- benzyl t hi o- 3, 4- di hydro- pyri m do[ 4, 5-d

jpyrimdin-2(IH)-.one 5 To a stirred solution, cooled to -10C, of 4.3 g
(12.1 mol ) of 5-(2-
10

N Example 8
".‘:'r;i) : 3-(2-chlorophenyl)-1-{(28)-2,3-dihydroxyethyl]-7-isopropylamino-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one
Step1

Cij:ij Cl
F'e 6 . oo i

o ez

15
A mixture of 1.0g (2.6 mmol) of 7-benzylthio-3-(2-chlorophenyl)-3.4-
S dihydro-pyrimido-[4,5-d} pyrimidin-2(1H)-one, 1.5 g (5.2 mmol) L- o,B-
isopropylidene glycerol- Y- tosylate and 1.44 g (10.4 mmol) of potassium carbonate
20 was stirred in DMF (20 ml) and heated at 80° under nitrogen atmosphere. After 16

h, the reaction mixture was cooled to room temperature, poured in to a brine
solution, extracted with ethyl acetate and dried over sodium sulfate. The solution

was concentrated under vacumn, purified by flash chromatography (eluting with .
40% EtOAc/Hexane) to give 1.1 g of the isopropylidene ketal adduct as an oil. (mass
25 spec. MH™ = 496).




chl orophenyl ) am nonet hyl - 4- am no- 2- benzyl t hi opyri mdine in 100 nL of
tetrahydrofuran was added 3.1 nL (22.2 mmol ) of triethylam ne1 Abhi 2004
solution was then treated dropwi se with a solution of 6.15 nL of phosgene
(20% sol woomzdome 10 toluene; 11.8 mmol ) After stirring fa@CBEPINIG0T7es, an
additional 1.0 nL of triethylarnine (7.1 rnnol) was added followed by 2.0
mL. of phosgene (20% solution in toluene; 3.8 nrnol). The reaction was
~warned to roomtenperature, treated with 49.5 M. H20 and stirred for 30
‘m nutes. The reaction was then filtered and the nother |iquor was
concentratedggiad stirred with dichl oronethane. The product was 15 then
col |l ected by vacuum fi Itratélon and dried in vacuo to give 3.83 g of

7-benzyl t hi o- Cl
3-(2-chl or ophenyl) - BAN-? dr r|rn|d0[45d]pyr|md|n2 -o a
O

white solid. Exanple N

7-benzvl sulfonvl- 3- (g~ éﬁbenyl)—3—4—d'r‘h?dro pvri m do“ééb O
pvrimdin-2(1 on C[5 I Hi H A suspensio ‘g(26 nmol ) of

7- benzyl t hi o- chl or ophenyl ) - 3, 4-

di hydro-pyrir [ 4, 51‘£|gyr|md|n 2(1H)-one in 10 f die’-rffqyorrethane was
21 April 2004 WO 01/29041 PC /EP00110077 39 10 15 cooled in ilce and treated
with 1.29 g (5.23 Mol ) of 70% 3-chl oroperbenzoic acid. The m xture was
stirred at roomtenperature for 2 hours, then treated with 25 nL of 10%
aq. Na2S2a3 and | ) ?ﬁﬁh o ' ith
100 nL dichl orone qfc%agnoqeh%&r# 6f]h?é£)%gggﬂga\?\tgr?§h%e§%g ; 1e“§%ﬂ$ﬁ|ﬁ:i@;ﬁﬁe§é“e
was washed above, in methylene chloride (25 ml), cooled in a wet ice bath under nitrogen

R

_II‘\H

S atmosphere, was added 1.8 g (9.6 mmol) of m-chloroperbenzoic acid portionwise.

The resulting suspension was stirred and allowed to warm to room temperature.
After 16 h, the reaction mixture was cooled in a wet ice bath and a 10% aqueous
solution of sodium bisulfite {50 ml) was -added dropwise. The mixture was stirred for

10 30 minutes and the layers were separated. The aqueous layer was extracted with
methylene chloride and the combined organic fractions were washed with brine,
dried over sodium sulfate and concentrated to dryness. The residue was purified by
flash chromatography (gradient elution: 60- 100% ethyl acetate/hexane). The sulfone
product was isolated (0.73 g} as a foam. (mass spec. MH*= 529).

15
Step3
g Cl cl
G e SO '
o ‘gf;f Al
20 - |

A solution of 0.7 g (1.3 mmol) of the sulfone prepared above in 10 ml of
isbpropylamine was heated at 40° under nitrogen atmosphere. After 3 h, the reaction
mixture was cooled to room temperature, concentrated to dryness and purified by



with 10% ag. K2CO3, brine, and then dried over magnesium sul fate and
iltered. Concentration of the filtrate under reduced presswieamgngeod. 73 ¢

f 7-benzyl sul fonyl - 3-(2-chl orophenyl) -3, 4-di hydro- pyri m do

4, 5-d) pywobmeain- 2(1H) -one as a white solid. Exanple 8 PCI/EPO0/10077

3-(2-chl orophenyl)-1-.[(2S)-2, 3-di hydroxyet hyl ]-7-isopropyl am no- 3, 4-di hydr

o pyrimdo[4,5-d]pyrimdin-2(1H)-one step | A mxture of 1.0y (2.6 nmmol) of

7-benzyl t hi 0- 3- (2-chl or ophenyl ) -3, 4- 41

di hydr o- pyri m do-[ 4, 5-d] pyri m di n-2(1H) - one, g (5.2 mol) L- o,--

| sopropyl i depghGhydifit8braphy (élﬁd/ﬂ ﬁ'&ﬁ Gﬁﬂtﬂyl%éeﬂte((ﬂ@caﬂ Yidive Qlt2 %Q:tfﬂﬁs' um

carbonate 20 was stirred % and heated at 80 under i trogen

at nosphere. APP@PﬂWlﬁeadﬁmﬁéﬁiq%n mxture was cooled to room

tenperature, poured in to a brine solution, extracted with ethyl acetate

and dried over sodiumsulfate. The solution was concentrated under vacum,

~purified by £%€Béh chromatography (eluting with 40% Et OAcl Hexane) to give

1.1 g of the isopropylidene ketal adduct as an oil. (mass .25 spec. MH'* =

f
0
[

496). 21 April 2004 WO 01/29041 40 Step 2 PCTIEPOO 10077 N o X ~1 S N
"N' -00;.~ To a soluti@ 1.2 g (2.4 mol) of the isopro i e ketal
adduct prepared
/j\/\
( HO.
SV o HO

To a solution of 0.4 g (0.93 mmol) of the isopropy! amine adduct prepared

above in methanol (15 ml) and water (7 ml) was added 0.05 g p-toluene sulfonic acid

10 and the mixture was heated to 50°. After 16 h, the methanol was removed under
reduced pressure and the resulting aqueous solution was extracted with ethyl acetate.
The organic fractions were washed with 5 % aqueous sodium bicarbonate solution
and brine, then dried over sodium sulfate, concentrated and purified by flash
chromatography (gradient elution: 40- 100% ethyl acetate/hexane) to give 0.2 g of

15 product, 3-(2-chlorophenyl)-1-[(25)-2,3-dihydroxyethyl]-7-isopropylamino-3,4-
dihydro-pyrimido [4,5—d]pyrimidin-2(lH)eone (mass spec. M" = 391.Mpt. 130.8-
134.7)



5 above, in nethylene chloride (25 m), cooled in a wet ice bath under

ni trogen atnosphere, was added 1.8 g (9.6 mmol ) of m chl or openbgrir2eess aci d
portionwi se. The resulting suspension was stirred and allowed to warmto
room t enper@r9e4- After 16 h, the reaction mxture was coRCHErN/IQ9Tet ice
bath and a 10% aqueous solution of sodiumbisulfite (50 mM) was added
dropwi se. The mixture was stirred for 10 30 minutes and the | ayers were
separated. The aqueous | ayer was extract &4 with net hyl ene chl oride and the
‘conbi ned organic fractions were washed with brine, dried over sodium

sul fate and concentrated to dryness. Henples due was purified by flash
chromat ography (gra el uti at e/ hexang

sul fone product V\%lg raP]%‘H‘YgO 'igzq@)'%gs‘ﬁ%ﬁ‘%mth’gﬁzﬁp§ ““W%QO@ 529). 15
Step 3 CISC1L 20 -To A sgi]ﬁai-@ yAni&oe 4,9 d{Pyrinididl) 1t odehe sul fone prepared
above in- 10 m _of isopropylam ne was heated at 40 under nitrogen

at nosphere. Stepder 3 h, the reaction nmixture was cooled to room

t empesat ur e, concentrated to dryness and purified by N NON N N O 21 April
2004 WO 01129041 41 PCT/ EPOO/ 10077 Bash chromat ography (el utlon wi th 60%

et hyl acet at ef hexane) to g| g of the isopropyl amine add a
foam Step 4 5 N' "N' -N--' N NOOHO -70

J:\/(\"* J:I\,g
%) O// ®// 7<o

A mixture of 1.0g (2.6 mmol) of 7-benzylthio-3-(2-chlorophenyl)-3,4-
| dihydro-pyrimido-{4,5-d]pyrimidin-2{1H)-one, 1.5 g (5.2 mmol) D- ¢.B-
10 isopropylidene glycerol- y- tosylate and 1.44 g (10.4 mmol) of potassium carbonate
was stirred in DMF (25 ml) and heated at 80° under nitrogen atmosphere. After 16

h, the reaction mixture was cooled to room femperature, poured in to a brine

solution, extracted with ethyl acetate and dried over sodium sulfate. The solution

was concentrated under vacumn, purified by flash chromatography (eluting with
15 40% EtOAc/Hexane) to give 1.2 g of the isopropylidene ketal adduct as an oil.

2 ) Step 2

Cl
e
ke ,(TE@

o # @J%

To a solution of 1.2 g (2.4 mmol) of isopropylidene ketal adduct prepared

20

above, in methylene chloride (30 ml), cooled in a wet ice bath under nitrogen



HO To a solution of 0.4 g (0.93 muvl) of the isopropyl am ne adduct
prepared above in nethanol (15 m) and water (7 ml) was added ApriD20m8
p-tol uene sulfonic acid 10 and the m xture was heated to 50. After 16 h,

t he met hwoaii2easd renoved under reduced pressure and the PEIHERPAYPTAqueous
solution was extracted with ethyl acetate. The organic fractions were
washed with 5 % aqueous sodi um bi car bonal#e solution and brine, then dried
- over sodium sul fate, concentrated and purified by flash chronatography
(gradient elution: 40- 100% et hyl acetate/ hexane) to give 0.2 g of 15
product, atmosphere, was added 1 1 g (5.6 mmol) of m-c.bloroperbenzmc acid portionwise.

3-(2- chloro en | sopropyl aniino-3, 4-

di hydr o- pyr&ﬂ?ﬁ%[“l)ﬁmg ﬁ? 1?%%19 f‘“"ﬁ%‘g %ﬁ%é‘?ﬂ?&&@o tempPERILG: 130, 8-
184A7) 23 Anﬁ&#ﬁﬁi%é:&&@ﬂhﬁﬁ@ﬁéwwoﬁﬁﬁﬁ/ab&?ﬁ&Bbgh&édapﬁlﬂ]%a@;oh’s IS "N W
i m xture .0 i 0 chl or gphe

di hydr o- pyr FHHPHeR f’gs%é&ﬁﬁlggfmﬁ%ﬁ '%?“2{’) gﬁ@/érog“a (gﬁ’frﬁ%‘f) @% %for

i sopr | i depenifthtes eidihe layerstvosy beplata a:hdI‘He J¢:1 l’wdﬂmtr)acmﬂ it assi um
car Eo(r?;%/e n}@ﬂ t?éf d. anﬁgf%;% i and. ?gegu(at 800 wlatrogen -
at nospher e. Yi ergloride apg the PEhOTRRIC Y 8’3&338 T:h &

t enper at ur e drip@ bv&dodiand sulfatdund@ncattatid © .r'ﬁh&ﬁaidm tues dbget ate
and dried oyer, sodi 3m su te.. Thncsolz_iU! i ?rr?rymsg l e@} Wéerf

Vaci unn. - pulEh Gaomsoearb eRisAhtaaRE s peartles HER MRl Gy aodlst

Et QAc/ Hexan%ekﬂf@ie\p@oduﬁugsleatdﬂle(lllsg)ﬁﬁﬁmdmctﬁﬁBskps‘cMaddmﬁ) as an oil.
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A solution 0f 0.22 g (0.42 mmol}) of the sulfone prepared above in 5 ml of
isopropylamine was heated at 40° under nitrogen atmosphere. After 3 h, the reaction
mixture was cooled to room temperatuze, concentrated to dryness and purified by
flash chromatography (elution with ethyl acetate) to give 0.088 g of the product, 3-(2-

20 chlorophenyl)-1-[(2R)-2,3-dihydroxyethyl]-7-isopropylamino-3,4-dihydro-
pyrimido{4,5-d]pyrimidin-2(1H)-one as a foam. (mass spec. MH" = 392).



Example 9 3-(2-chl orophenyl) 1- [

(2R) - 2, 3-di hydroxyet hyl ] -7-i sopropyl am no- 3, 4- di hydro-pyri rgnqb@,n[ﬂ)(ﬁ- d]
pyrirridin-2(1H)-oneS.~. .~ NNO S "N"N'" NOCf NQASI, N'-- 0 To
a soluti o @ined4i2 9 (2.4 nmmol ) of isopropylidene ketal addp@fmmm(med
above, in nethylene chloride (30 m), cooled in a wet ice bath under
‘nitrogen 21 April 2004 WD 01/29041 PCT/ EPOQ 10077 43 at nosphere, was added
1.1 g (5.6 nmol) of mchl oroperbenzoic aaidd portionwi se. The resulting
‘suspension was stirred and allowed to warmto roomtenperature. After 6 h,

the reaction nmixture was cooled in a Pl bath and a 10% aqueous
solution of sodiumbisulfite (50 m) 18 0d dropwi se. The m xture was

‘stirred for 5 Wisopropybsnianed- (Zrehlloamﬂmylbﬂr-é?-pwadmybdthymmdmms | ayer
was extracted with nethyle Rl i ned organic fractions
were washed wi th brine, S o‘\i/(g J?ﬂ-ﬁ j}f‘fi;?@aﬁ‘ﬁ concentrated to
dryness. The residue was pur| fied by fl ash chromat ography (gradient
elution: ethyl acetate- 10% net hanol /et hyl acet at e) The S fone pr oduct

was isolated (1.1 g) as a f mass spec. M+ 529). 15 YA
solution of 0.22 g (0.42 Sn he sul f one prepared bo e | m of

| sopropyl am ne was hezi\tl er nitrogen atnosp ere ANter h, the
reaction )\ A *

) 5 O

7-benzylthio-3-(2-chlorophenyl)-3,4-dihydro-pyrimido-[4,5-d}pyrimidin-
2{1H)-one, {500 mg, 1.31 mmol) was taken up in 2 mL THF with 1-
piperidineethanol (0.173 ml, 1.31 mmol), triphenylphosphine (343 mg, 1.31 mmol),
and DEAD (0.21 mL, 1.31 mmol) and stirred at 1t for 4 days, then purified by
10 chromatography on silica gel with 2-5% methanol/dichloromethane as eluant, to
provide 350 mg of the N-(2-piperidinylethyl) adduct.

Simij? O:Simj\‘q?
D N

15 Oxidation of the sulfide was accomplished using m-CPBA (0.201 g, 0,708
mmole) in dichloromethane with stirring at 1t for 1 hr. The reaction was quenched
with 0.5 ml 25% aqueous sodium sulfite and extracted with dichloromethane. The

extract was dried with magnesium sulfate and concentrated in vacuo to provide the

sulfoxide, which was used without purification.
20



-m xture was cooled to roomtenperature, concentrated to dryness and
purified by flash chromatography (elution with ethyl acetat ey Apsl 2004
.0.088 g of the product, 3-(2 20

chl or ophﬁﬁy 1(2R) 2, 3-di hydroxyet hyl ] -7-i sopropyl am n -éﬂﬂ, r o-
pyrim do lisltgj?“‘pyrl m di n-2(1H)-one as a foam (nass spec. @h&?}%’g) 21
April 2004 WO 01/24041 PCT/ EPOOI 10077 44 Exanple 10

7-i sopropyl am no-.3- (2-chl orophenyl ) - 1- ( 2¢5pi peri di nyl - et hyl ) - 3, 4-di hydro
pyrixnido- [4,5-d) pyrimdin-2 (1 H -one NY-NNO NUS5 7-benzylthio-3-
(2-chl orophenyl) -3, 4-di hydro-pyri m do- [4,5-d] pyri rn| | n- 2(1H)-one, (500

ng, 1.31 rrnnol) was t akeflupmin 2 mL THE with 1- p|p thanol (0.173
m, 1.31 nmol), triphenyl pne (343 ng, 1.31 -n DEAD (0. 21
m. 1. 31 mol ) and sﬁh’r € l‘d for 4 days, the pulllea 5y 10

chr omat ogr aphy ©« \IN with 2- 5% than thane as el uant,
to. provide 350 ¥ th 2p|per|d|nyleth ddugt . s C1 NO - 5NN

O NNCO x+dat i on the sulfide was a |ISh u5|ng m CPBA (0. 201

g, 0,70S r ) in dichlQromethane with stirring at for 1 hr. The
reacti on was ftdenched ' 0.5 m 25% aqueous sodiu su fite and extracted
wi t h di chl or omet hane. The xtract was dried with magkesfum sul fate and

concentrated.in vacua to provide the

The crude sulfoxide was taken up in 5 ml isopropylamine and stirred at 40C
overnight, then 80C for 4 days. The mixture was purified by chromatography on
5 silica gel using 1-10% methanol/dichloromethane as eluant to provide the amine (48

mg, 0.112 mmole). The purified product was taken up in ethyl acetate and treated
with 1 equivalent HCI/Et;O to precipitate the HCI salt of 7-isopropylamino-3-(2-
chlorophenyl)- 1-(2-piperidinyl-ethyl)-3,4-dihydro-pyrimido-[4,5-d} pyrimidin-
2(1H)-one.

10 :

Example 11

In vitro p38 MAP kinase inhibition assay

This example illustrates a p38 (MAP) kinase in vitro assay useful for
15 evaluating the compounds of the present invention.

The p-38 MAP kinase inhibitory activity of compounds of this invention in
vitro was determined by measuring the transfer of the y-phosphate from y-33P-ATP

by p-38 kinase to Myelin Basic Protein (MBP), using 2 minor modification of the
20 method described in Ahn, et al,, J. Biol. Chem. 266:4220-4227 (1991).

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

25 Nickel column. |




sul f bki'd'e', ‘whi ch was used wi t hout 'purification. 20 21 April 2004 WO
01/29041 PCT/ EPOO/ 10077 45 C1, C N'Y -N' N ON N N O The cr pdeapsvpdexi de
was taken up in 5 m isopropylamne and stirred at 40C overnight, then 80C

for 4 da)l/‘g%o'{r;é%gi xture was purified by chromatography on ?E%Jﬂpb&;?oo

I
using 1- anol / di chl oronet hane as eluant to provide the amne (48
ny, 0.2112 mole). The purified product was taken up in ethyl acetate and
“treated with | equivalent HO/Et20 to prggipitate the HCl salt of
7-i sopropyl am no- 3- ( 2-
chl orophenyl ) - 1- ( 2- pi peri di nyl - et hyl) -3, 4-di hydr o- pyri m do- [4, 5-d]
pyrimdin- 2(1H)-one. 10 Exanple 11 In vitro p38 MAP ki nase inhibition

assay This exanpl Thé phasphoaifed p3pBBK MiR)e Wistihfed # Whdse Buffes@y mkes-ul for
~ 15 eval uati n&]the conmpaounds of the present invention. The p-38 MAP ki nase

i nhi bi tory a¥imerpholino)pmpsserdionitachipd 7 dvahmds B-glycerdliphosphets SdaMer ni ned

by neasuri ng,, f PR f - - Al
' kiynase to Nﬁ%*?ﬁn%%ﬁ.bg%%-iW%ﬁﬂ?@%ﬁﬁg’@mﬁﬁg rty azh?) |cfa;éi((:i§fl F?% s§¥h :}str?ne 20
met hod 3descr¢ithervanrdaten | mvl dithiothreiRil, 40 mEhemegneditm 4BReid4 R Tes¢ d@8pdundhe
hosphor yl at r ' P i - _expressed
o oh S 1o e MO S LR IR ot Wiadic AT aliintes " °00T,
272: 11057- 1156dbAtdDHF 1P riifdt BORD. WHE kidaedrebdticH Wheihitarad ByoihebagitRRRf aUSi NY

a 25 Nickel colum. 21 April 2004
substrate cocktail containing MBP and y-33P-ATP. After incubating for an

additional 20 min at 30°C, the reaction was terminated by adding 0.75% phosphoric

)10 acid. The phosphorylated MBP was then separated from the residual y-33P-ATP
using 2 phosphocellulose membrane (Millipore, Bedfrod, MA) and quantitated using
a scintillation counter (Packard, Meriden, CT).

The p38 inhibitory activities (expressed as ICsgq , the concentration causing
15 50% inhibition of the p38 enzyme being assayed) of the compounds of the invention
described in Exarnples 1-4 were less than 10 puM.:

Example 12

In vitro TNF inhibition assay
20

This example illustrates an in vitro assay to evaluate the inhibition of LPS-
induced TNF-¢ production in THP1 cells. |

The ability of the compounds of this invention to inhibit the TNF-xt release
25 was determined using a minor modification of the methods described in Blifeld, ez al.
Transplantation, 51:498-503 (1991).

(a) Induction of TNF biosvnthesis:
THP-1 cells were suspended in culture medium [RPMI (Gibco-BRL,
30 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




WD 01/ 29041 PCT/ EPOQ 10077 46 The phosphoryl ated p38 MAP ki nase was
diluted in kinase buffer (20 nmM 3- (N-norpholino)propanesul f Qnigpripgoch pH
7.2, 25 nmM n-glycerol phosphate, 5 mM ethylene glycol-bis (beta-

am noet hywoatihes4) - N, N, N , N -tetraacetic acid, 1 m M sodi urecGr/epoo/10077
ortho-vanadate, | nmMdithiothreitol, 40 nmM magnesi um chl oride). Test
conpound dissolved in DMSO or only DVMSO (control) was added and the
sanples were incubated for 10 min at 30€X The kinase reaction was
initi-ated by the addition of a substrate cocktail containing MBP and

y- 33P- ATP.  Afl, @liqudis #hakh Wil f. OFesBddmpytiids werddissdRe AN DM SGAGd thdie reaction
was term natgd by addi ng 0. 75% phosphoric 10 acid. The phosphoryl ated MBP
was then seﬁglr“éﬁdéﬂ‘%hW%MPWhW@WWW@E%HMBH%QWUI ose

Count or (Packarey St SRl 8 B A I R PN SR Bt s as

1 C50 , the GAde®n éadhiwell. THE &N Werclinciiiled BPBYLIH O Pfot NEPH Eig@azstTe bei ng
assayed) of the conpounds of the invention descri bed in Exanpl es 1-4 were
| ess than 10.owishMO Pwasndded tpthiewells atradimphroricantiratian of0-apghnl, 20d dlss exanpl e

illustrates an. in yit assay. o _eval et hnhi bi.tj.on_of. LPSs induced
TNF-a produc ﬁrglr?cflpa%&r a(‘:lea? tl.onﬁlﬁzeﬁa%ﬁthfetc‘?ggf eﬁ%cutpa %Eﬁﬂg%’oﬁ‘ﬂ?ﬁ S

i nvention t Gup&fb@its wdie cdiNered ah€ tiRasSount of THF- pt&ER WAt ddsrnifleudThd Or
nodi fication of the nethods described in Blifeld, et al. Transplantation,

51: 498- 503 (@RJHISA agsay ag desariheddslont TNF bi osynt hesis: THP-1 cells were
suspended in culture nedium[RPM (G bco-BRL, 30 Gailthersburg, M)
containing 15% f et ?I bovi ne serum 0.02 mM 2-nercapto- ethanol], at a
coriceAfration of ()5 »EL8EAs®N s/nl and then plated in 96 well plate (0.2

217April 2004 VO-QU/ 20041 PRILECPRELS Bzegent was determined by a specific trapping

ELISA assay using two anti-TNF-«t antibodies (2TNF-H12 and 2TNF-H34) described
in Reimund, J. M., et al. GUT: Vol. 39(5), 684-689 (1996).

15 Polystyrene 96-well plates were coated with 50 pl per well of antibody 2TNF-

H12in PBS (10 pg/ml) and incubated in 2 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.
20
N TNF standards were prepared from a stock solution of human recombinant
TNEF-0t (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.
25 Twenty five puL aliquots of the above culture supernatants or TNF standards

or only medium (control) were mixed with 25 pL aliquots of biotinylated

monoclonal antibody 2TNE-H34 (2 pg/mL 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 W of peroxidase-
30 streptavidin (Zymed, S. San Francisco, CA) solution containing 0.416 pg/mi of



47 nmL aliquots in each well). Test conpounds were dissolved i n DVMSO and

then diluted with the culture nediumsuch that the final DV3®Apri2004

concentration was 5% Twenty five L aliquots of test solution or only

medi um \Ngﬁ?omﬁg(control) were added to each well. The cpbtg&pdiodrs

I ncubat e or 30 mn., at 37 0OC. LPS (Sigma, St. 5 Louis, M) was added to

-~ the wells at a final concentration of 0.5 pg/m, and cells were incubated

for an additional 2 h. At the end of thed48ncubation period, culture

- supernatants were collected and the amount of TNF a present was determ ned
using an E ek unt of

human TNF- ayﬁge%%%tgﬁ%a detern‘%gggpnggY\gB%cé %bg%a?\éﬁ geggy

usi ng two arwere ifidEbated 1 aroatiditio a!zTNFat—mImtnun}&TNﬁr thee sGshddetitimen

6. wol | pl B PR B B bt EBePisRatt e pitign i) MO 112 1 e

- (10 pg/ i) Hnjiesd BRbEde bid 0.0 95 hilro g@@l m%m&ﬁgwr@mm}waﬁhe
pl at es V\ereéﬁa ed th PB? and then Dbl gck \#th Ejﬁégggpfat dry milk in PBS
for 1 hour ? aé‘?{g é’b‘“\%ﬁ'cﬁ [ HRieet E9Mm
al bunin) i ReMB&ate. Oprcstianst 1088 @erbfdrbidhviers tadlat 830 athi on of
human r econbi nant TNF a (R&D ste nneapolis, MN). The concentration
of the standaddéS0inm, trh@ew@bamﬁ@dnveéawm d¢gﬂrm¢d)ﬂr¢m\maﬁyr$ﬁmglthe | og
seri al dllut|%§1ﬁgT ) V, f the above culture
super nat ant STof tég% b?ﬁ&“()&e |u§n&()control) were mxed with 25

pL aliquots of biotinylated nonocl onal antl body 2TNF-H34 (2 pg/ n1_ i n PBS

contaipning 0.1% ach

|n? i ed for 2 @I gﬁgs‘%ﬁgg@% uarséﬁ ?%mesetﬁ?qgg@ﬁé??rﬁ%n hen washed
| Mes W t RoBredpéndSfy 1o0haiBRaxifhl PeuefioR ¥ 230 SiassiBasdd ept avi d! n (Zymed,

S.. San Francisco, CA) solution containing 0.416 pg/nL of 21 April 2004 WD

01/ 29041 PCT/ EP00110077
' Example 13

15 This example illustrates an in vivo assay to evaluate the inhibition of LPS-

induced TNF-o production in mice (or rats).

The ability of the compounds of this invention to inhibit the TNF-t release,
in vivo, was determined using a minor modification of the methods described in
20 described in Zanett, et. al., J. Immunol., 148:1890 (1992) and Sekut, et. al., J. Lab.
B Clin. Med., 124:813 (1994). o

Female BALB/c mice weighing 18-21 grams (Charles River, Hollister, CA)
were acclimated for one week. Groups containing 8 mice each were dosed orally
25 either with the test compounds susﬁended or dissolved in an aqueous vehidle
containing 0.9% sodium chloride, 8.5% sodium ca:bokymethyl-cellulose, 0.4%
polysorbate 80, 0.9% benzyl alcohol (CMC vehide) or only vehicle (control group).
After 30 min., the mice were injected intraperitoneally with 20 g of LPS (Sigma, St.
- Louis, MO). After 1.5 h, the mice were sacrificed by CO» inhalation and blood was

30 harvested By cardiocentesis. Blood was clarified by centrifugaﬁen at 15,600 X g for 5
min., and sera were transferred to clean tubes and frozen at -20°C until analyzed for



48 peroxi dase-streptavidin and 0.1% BSA in PBS was added to each well. The
sanples were incubated for an additional 1 hr at room tenpepatapfie2eoad t hen
‘washed 4 times with 0.1%BSA in PBS. Fifty pL of 0O- phenyl enedi anm ne

. sol ution, 0- phenyl ene-di am ne and 0.03 % hydr ogen i in 0.2M
citrate bugj eér[ﬂ}pH 4.5) was 5 added to each well and the sPefIFggdd\kg?e

i ncubated in the dark for 30 mn., at room tenperature. Optl cal density of
- the sanple and the reference were read afg 450 nm and 650 nm respectively.
TNF-a | evel s were determ ned froma graph relating the optical density at
450 nmto the concentration_used. 10 The |1C50 val ue was defined as the
concent r at i BNFw% bx BelShcassayd Bigsoutes Intemationpb hamagliedCabiollowing thal reducti on
in 450 nm ah ?.9619 eﬁ F]%ﬁ)ggﬂe 13 15 This exanple illustrates an in vivo
assay to evaluate the Ition of LPS- induced TNF-a production in mce
(or rats). The ability of the conpounds of this invention to inhibit the

TNF-a rel t f th
et hods descr | Bolf TSR e R PGSt Bbladp gl o dlaptir o' 1hE
148: 1890 ( 1idiogyatre gugeises oulpiand that vatiousmbdificaions or Kbinges: nglm.l&rqm 94)
Femal e BAL e@sﬁ%&é@e‘c&%%@&ﬁﬂ% ided3h 3P oot LHALL b&ﬂ&ﬁded‘i‘ﬁ%%@{

were acclina one oups contalnlng each were sed

oral ly 25 eindpwuvigdf thivepplietionengscnpdof thesgppendad daimdi ssol ved in an
aqueous vehicle containing 0.9% sodi um chloride, 0.5% sodium

car boxymet hyl -cel | ul ose, 0.4% polysorbate 80, 0.9% benzyl al cohol (CMC
vehicle) or only vehicle (control group). After 30 mn_, the mce were
injected intraperitoneally with 20 }.tg of LPS (Sigma, St. Louis, M.
Afftier 1.5 h, the mice were sacrificed by CO2 inhalation and bl ood was 30
harvested by cardi ocentesis. Blood was clarified by centrifugation at
15,600 X g for 5 min., and sera were . transferred to clean tubes and frozen
at -20C until analyzed for 21 April 2004 WD 01129041 PCT/ EPOCQ 10077 49




"TNF-a by ELI SA assay (Biosource International, Camarillo, CA) follow ng the
manuf acturer's protocol. It is understood that the exanples @id\pinkoay nents
described herein are for 5 illustrative purposes only and that various
nmodi fi caty changes in light thereof will be suggest ns
skilled ?ﬁ??ﬁgﬁ%ﬁt and are to be included within the spirﬁﬂzﬁgﬁ ﬁ%ﬁf?viewof
this application and scope of the appended clains. 21 April 2004 WO
01/29041 PCT1EPOQ 10077 50 Clainms 1. A gompound sel ected fromthe group of
.compounds represented by formula I: (RR)N N~ ~ N HN-N -"-0RL Rs 5 (1)
wherein the subscript nis an integer of fromO to 3; R is hydrogen,

al kyl, al kenyl, aikynyl, alkyl carbonyl,, cydoal kyl, cydoal kenyl ,

cycl oal kyl al kyl, cycl oal kyl al kenyl, ¢ *kyl al kynyl and aral kyl; 10 each
R2 is independently selected fromthe group consisting of alkyl, halo,

het er oal kyl and, vj : i n kynyl ,
'heteroalkglcarb%ﬁ§E%Lpﬁggg$ggﬁg§?ﬁﬁﬁﬁéﬁ%k§%F8§P§§ﬁﬁgﬁ%$§?%gﬁ E?F uted yn
cycl oal kyl al:kyl, heterosubstituted cycloal kyl al kenyl, heterosubstituted
cycl oal kyl al kynyl ,

/_'_.__2
e
0
A

HN®™ 'N° 'N” "0
{ I3

R R )
) 5 |
wherein
the subscript n is an integer of from 0 to 3;
R! is hydrogen, alkyl, alkeny), alkynyl, alkylcarbonyl, cycloalkyl, cycloalkenyl,
cycloalkylatkyl, cycloalkylalkenyl, cycloalkylalkynyl and aralkyl;
10 each R?is ihdependently selected from the group consisting of alkyl, halo,

heteroalkyl and vinyl; and
R’ is heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylcarbonyl,

heterosubstituted cycloalkyl, heterosubstituted cycloalkylalkyl,
heterosubstituted cycloalkylalkenyl, heterosubstituted cycloalkylalkynyl,

15 heteroalkylsubstituted cycloalkyl, heterocyclyl, heterocyclylalkyl,
arylheteroalkyl, heteroarylheteroalkyl, —(alk‘ylvene)—C(O)R‘n’I and
-(heteroalkylene)-C(O)R?;
wherein _

_ R* is alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted amino,

20 disubstituted amiﬁo, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl,

and heteroaratkyl;
and their pharmaceutically acceptable salts.

2. A compound in accordance with claim 1, wherein R? is 2 member selected
25 from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, alkylcarbonyl,
cycloalkyl, cycloalkylalkyl, cycloalkylalkenyl, cycloalkylalkynyl and aralkyl.




15 heteroal kyl substituted cycl oal kyl, heterocyclyl, heterocyclylal kyl, 20
aryl heteroal kyl, heteroaryl heteroal kyl, -(alk)lene)-C(O R3" @andhpril 2004
-(heteroal kyl ene)-C(O R31; wherein R3' is alkyl, haloal kyl, hydroxy,

al koxy, @ﬁ5ﬁﬁngpnsubstituted am no, disubstituted am nop

cycl oal kylal'ky aryl, aral kyl, heteroaryl, and heteroaralky ; an thelr
phar maceutical ly acceptable salts. 2. A conpound in accordance with claim
1, .wherein R is a nmenber selected 25 frsamthe group consisting of
hydrogen, alkyl, alkenyl, aIkynyI, al kyl car bonyl , cydoal kyl,

cydoal kyl al kyl , ydoal K ken c cI. aI kyl al_ kynyl .and aral.k 1, April
2004 WO 01129041> écﬁ‘)%’-‘éa%i Mdﬁﬁ&g‘i‘#&&%w&?ﬁg?#ﬁ clai m
1, wherein Rrom&hagfaﬁ@&ehsxsﬁhge@ﬁlqdmgehmik)ﬂrmlgﬂkﬂmndmsﬂ@lt| ng of hydrogen,

~al kyl, cycl oal kyl and aral kyl. 4. A corrpound in accordance with claim 3,
wherein RL is al A c.onpou CGOr clyal,m 3, wherein R
~1s cycl oal kyl . Si(écoﬁn%oo r’f‘&c?aa% &d‘gﬁlﬁgvﬁr eﬁe’%?‘ﬁ 1 wherein n is an

integer of froml to "2, and each R2 is |.ndependentl¥ sel ected from the

group consi st i ngs.df cdmpaurahis aatdeghncepvithiclaionhotrdin R” docyolodbitybe with cl ai m
6, wherein n is an integer of from1l to 2, and each R2 is independently a

hal oge 8. A cogmound : o ﬁg ﬂ%P& | |

represgnts 2- haI%rg%) cag{: &Wﬁaﬁ%ﬁp‘@ﬁﬁe wgglgciﬂ(}r a%igo\?\} cI aim
1, wherein R3and ehdi%r:emdcylendemlysﬂqudrﬁomfbegrouac:ons:d@mg:efhalq maalkylm 1,
V\,herel n R3 is heterocyclylalkyl. 11. A conpound in accordance with claim

7, wherein R is?%%:‘éﬂm &{ncﬁ%&c?&]dgﬂée ﬂf@mh?érlﬂlef’ﬁ 0 I %ﬁu\%ﬁ% ?&B%Vi fd:nd n

is 1 or 2. 15 12 N accor ance Wt rern
al kyl or cycl.aablegth R is mdependenﬂyahalogen

8. A compound in accordance with claim 7, wherein -(R?), represents 2-halo or
10 2,6-dihalo.

9. A compound in accordance with claim 1, wherein R? is heteroalkyl.
10. A compound in accordance with claim 1, wherein R® is heterocyclytalkyl.

11. A compound in accordance with claim 7, wherein R’ is alkyl or cycloalkyl,
R%is halo, R?is heteroalkyl andn is 1 or 2.

15 12. A compound in accordance with claim 7, wherein R' is alkyl or cycloalkyl,
R? is halo, R? is heterocyclyl and nis 1 or 2.

L
T

~ 13. A compound in accordance with claim 7, wherein R! is alkyl or cycloalkyl,
R? is halo, R is heterosubstituted cycloalkyl and n is 1 or 2.

14. A compound in accordarnice with claim 1, wherein R! is isopropyl, R? is halo
20 andnis1or2.

15. A compound accordiﬁg to claim 1 selected from the group consisting of
3-(2-chloro-phenyl)-1-ethoxycarbonylmethyl-7-isopropylamino-3,4-dihydro-
pyrimidof4,5-d]pyrimidin-2(1H)-one,

25 3-(2-chloro-phenyl)-1-carboxymethyl-7-isopropylamino-3,4-dihydro-
' pyrimido{4,5-d}pyrimidin-2(1H)-one,




R2 is halo, R3 is heterocydyl and nis | or 2. 13. A conpound in accordance
with claim7, wherein R is alkyl or cycloalkyl, R2 is hal 021 Rpril 2004
het er osubstituted cycloal kyl and nis 1 or 2. 14. A conmpound i n accordance
with cl aweogiszeafierein R is isopropyl, R2 is halo 20 andpPcTEFod/10877 2. 15.
A compound according to daim1l selected fromthe group consisting of 3-
(2-chl oro- phenyl ) - 1- et hoxycar bonyl net hyl - 7-i sopr opyl am no- 3, 4- di hydr o-
pyri m do[ 4, 5-d] pyri mi di n-2(1H) - one, 25 22

3-(2-chl oro- phenyl ) - 1- car boxynet hyl - 7-i sopr opyl am no- 3, 4-di hydro- pyri m do

[4,5-d] pyrinid - ,Q%,g,gggﬁ P00/ 1 0077
E} (2- c]hl g?/ol phescg;%h{%og%rergﬂﬁl @é?ﬁ%b) 7- |ggpl¥§€)y am no&ﬁd%ﬁi/dgr o-

pyri m do [ 4P¥3eH #:5rd] aymmpdinid il hene3. (2- chl or o- phenyl ) - 7- i sopr opyl ani no-

I(1 H§ ZOggt hyl sul 3 Psehdrbpihkayl)-4-iscPrByfaidy 11 (G indthylditensbdyr) 134.di n- 2

3- (2-chl orod-%(é{'fyP)}UW‘%oi’* ﬁyﬂt’m&-‘%ﬁ(}ﬂ?ﬂp@opropyl ani no- 3, 4- di hydr o-

pyrimglo [4,5-djp yrdhrael I roxyethyl)-7-i -3,4-dihydro-
3-(2-chl 6r ophenyl) : }(’g ( hy?irgx;ye) 3}?0 m‘?”.?énp"r opyl a‘Fn ﬁo 3,4

di hydr o- perW@éjiO[[ﬂﬁ@]B]’W@m?&l}ﬁ -9D&:H) - one, 3- (2-chl orophenyl)-1-]

(2R) -2, 3-di hydrQ%Y-Q:%Iﬁfbﬁheﬁyl)sfll{bggﬁﬁa% i’*réjth 1 @-iib RipR¥bj3E-do

[4 5- d] pyrim din-2(1H) -9 | sopf opyl a nr 2-¢chl orophenyl)
1- ( 2- pi per i @ibygro-pymgndol 454 ) pymispisin- 264 -engo- [ 4, 5 d] pyrinmidin-2(1 H

- d th L L 2t hod f

the preparation o?f%’f"ifgérp%ﬁ% R B R e . (#)

treatithg a Edhgounrrieid 65714]1’&11!1} -2(1H) -one, 2n

) 7-isopropylamino-3-(2-chlorophenyl)- 1-(2-piperidinyl- ethyi) 3,4-dihydro-
pyrimido-[4,5-d}pyrimidin-2(1H)-one;
and the pharmaceutically acceptable salts thereof.

16. A method for the preparation of a compound of claim 1, said method
15 comprising:

(2) treating a compound of formula II

R® I

wherein n, R? and R? have the meanings provided in claim 1,
20 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'-NH. (D)
wherein R has the meaning provided in claim 1, ‘
25 with the proviso that any interfering reactive group present is optionally in protected
form, and where required, deprotecting the protected reactive group present in the
reaction product, and optionally converting a compound of formula I into a

pharmaceﬁﬁcally acceptable salt.




R2_) n wherein n, RZ and R3 have the neanings provided in clﬁﬂbg', 084 W th
the proviso that any interfering reactive group present is opti onzgl 'y in
protected form and L is a |leaving group, with an amine of forrmula II1

R -NH2 ( %lmmer ein R has the neaning provided in clai ”i'éfmﬁill%'hh t he
proviso that any interfering reactive group present is optionally In
protected form and where required, deprotecting the protected reactive
group present in the reaction product, sand optionally converting a

conpound of forrmula | into a pharnaceutically acceptable salt. 21 April
2004 WO 01/ Zggﬁ%‘aP [ EP .1?077 5'31 17. A pharmaceuti gal com sition
conprising a c FRATRREBPH AYPBS UGN fOMBRIEINGR OMEOHEC geepacing fo any

phar maceut ionalof ylaic b At eplidink cdutie ilodcceprable dale thepsaf,iaad e coptpatibleceut i cal
carrier. 18, A co (c);Hnd according to any one of clainms 1-15 for use as a

t her apeut | F18TH YK compound according to any one of clains 1-15 for
use as a therapeutic agent in the treatnent or prophylaxis of a p38

medi at ed di sor dér A c3fhpoAnd acqeding taeaposk ofcliimsdnys fonaseds achadapsuatic- 15 f or
use ip the treatnment or prophylaxis of arthritis, Crohns disease,
irritable B8®t syndrome adult respiratory 10 distress syndrome and chronic
obstructive pul nonary di sease. 21. The use of a conpound according to any
one of claims 1918 cbotpouhd aoandiihgtd unponodf daimsdi-Thive nte fsarthedapeitticeat nent

or prophyl axis,.of, a p38 di at ed .disorde e cially in the treatnment or
ot ophyl axi 2esr B pERieiEes SRt BEE S riPi frdionel synar one, | adul
respiratory distress syndronme and chronic obstructive pul nonary di sease. 15
22. A process {2 Atdomponegarairding tohnpophef duiosut1 Tk ugrieghe tredtorent

Cﬁr}pr Ising o prophylaxis of arthritis, Crohns disease, irritable bowel syndrome adult respiratory
10 distress syndrome and-chronic obstructive pulmonary disease.

21. The use of a compound according to any one of claims 1-15 for the manufacture
of a medicament for the treatment or prophylaxis of a p38 mediated disorder, especially in
the treatment or prophylaxis of arthritis, Crohns disease, irritable bowel syndrome, adult
respiratory distress syndrome and chronic cbstructive pulmonary disease.

15 '

22. A process for the preparation of a pharmaceutical preparation comprising
bringing one or more compounds according to any one of claims 1-15, or a salt
thereof, and, if desired, one or more other therapeutically valuable substance into a
galenical administration form together with a compatible pharmaceutical carrier.

fiy 20

23. The use of a compound according to any one of claims 1-15 in the
preparation of a pharmaceutical composition for the treatment or prophylaxis of
arthritis, Crohns disease, irritable bowel syndtome adult respiratory distress
syndrome and chronic obstructive pulmonary disease.

25 '
24. A compound according to claim 1 whenever prepared according to a

process according to claim 16.



bri ngi ng one or nore conpounds according to any one of clains 1-15, or a
salt thereof, and, if desired, one or nore other therapeuti &lApil 2604 abl e
substance into a galenical admnistration formtogether with a conpati bl e
phar maceuwpoakemarrier. 20 23. The use of a conpound accor BCREPOWIMATH one
of claims 1-15 in the preparation of a pharmaceutical conposition for the
treatnent or prophylaxis of arthritis, Crohns disease, irritable bowel
syndronme adult respiratory distress syn8onme and chronic obstructive
pul nonary di sease. 25 24. A conpound according to claim21 whenever prepared
according to a B PRERSeAFRPABLANHIS £/t eRbkfore dbschibell] es04IMRIR 1/ 29041
PCT/ EPOO/ 10077 54 25. The invention substantially as_herei nbefore
descri bed, dasiseanices tothenewrcompprndsnprosesses, PharmeinishpERAtAions ApE BsSes
phar maceut i Gglrepf €parati ons and uses thereof.
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