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P38 PROTEIN KINASE

The present invention relates to bicyclic nitrogen heterocycles. More
particularly, the invention is concerned with certain heteroalkylamino-substituted
dihydropyrimido[4,5-d]pyrimidinone derivatives, pharmaceutical preparations
containing them, methods for their use as therapeutic agents, and méthods for their

manufacture,

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, p38a,

p38P 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-at is a cytokine produced primarily by
activated monocytes and macrophages. Its excessive or unregulated production has
been implicate& as playing a causative role in the pathogenesis of rheu;"natoid
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.
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HETEROALKYLAMINO- SUBSTITUTED BICYCLIC NITROGEN HETEROCYCLES AS INHIBITORS OF



[err] Abstract: The invention provides conpounds representeq Ay beg4rul a
(I') inwhich Rerr], Rerr], Rerr], Rerr], and n are as defined in the
application; and individual isomers, racem c or non-racem c m xtures of

i sonmers, walor/ypber maceutically acceptable salts thereof. Pagrpe@igegsnds are
p38 inhibitors and may be used in the treatnment of arthritis, Crohn's

di sease, irritable bowel syndrone, adult respiratory distress syndrone,
chroni c obstructive pul nonary di sease, st eoporosis, or Al zheinmer's

di sease. 21 April 2004 WD 01/29042 PCTIEPOCQO 10088
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OF P38 PROTEI N ENVAgEalstbequrigaphicated irveird infectioas,atdsas HIGiinfednze ni t r ogen

het er ocycl eg; -1 N2 o ion i ed with certain
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deri vat i vessimphexrvimpas &xpter & &S Pi2dpatantégalosiruc (N Y], varigellakeewster vighods f or
their use agrzyh)e {1 . I r nufacture. 10
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phosphoryl a4 /i9he o3 ki nases are activated by a variety of signals

including nutritional and osnotic stress, WIight, growh factors,
endot oxi n and i nflamratory cytoki nes. One group of MAP kinases is the p38

ki nase group whi gh:j.pc! i I 38Q and
p38y) . '?'he 838 Ki na_sz,d:el ’%ﬁﬁpgg%%%g?gkﬁ%?%%%sﬁﬁo% g}%?tr?é’%g%‘% al'lgcti vati ng
transcri pt i PAysaroteoingnany paghophysiolsgiral respionses dncluding rkeuenat bidrsthtitie,s

acti vat ed Fyer%&ﬁgmoﬁ%@gg@g%@%- gtress, pro-inflammatory cytokines and

bacteri al I popol ysacchar re inmportantly, the products of the p38
phosphoryl ati on have been shown

The inhibition of these cytokines by inhibition of the p38 kinase is of benefit
in controlling, reducing and alleviating many of these disease states.

15 In one aspect, the present invention provides compounds represented by the

formula:
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wherein
20 the subscript n is an integer of from 0 to 3;

R' is acyl, heteroalkyl, optionally substituted arylheteroalkyl, heteroalkenyl,
heteroalkynyl, heteroalkylcarbonyl, heterosubstituted cycloalkyl,
heterosubstituted cycloalkylalkyl, heterosubstituted cycloalkyl-
alkenyl, heterosubstituted cycloalkylalkynyl, heteroalkylsubstituted

25 ~ cycloalkyl, optionally substituted heterocyclyl, optionally substituted
heterocyclylalkyl, optionally substituted heterocyclyl spiro cycloalkyl,
-(alkylene)-C(O)-R" or -(heteroalkylene)-C(O)-R;

wherein:




to mediate the production of inflammatory cytokines, includijgs rW?OQE‘d
IL-1, and cycl ooxygenase-2. Each of these cytoki nes has been inplicated in
nuner ous dj sease states and conditions. For exanple, TNF-a is a cytokine
produced prPHA%Y by activated nonocytes and nmacr ophagesPCHWERIOMNSESSI ve
or unregul ated production has 25 been inplicated as playing a causative
role in the pathogenesis of rheumatoid arthritis. Mre recently,

i nhi bition of TNF production has been shpwn to have broad application in
the treatnent of inflanmation, inflammtory bowel disease, nultiple

sclerosis and as 2004 WO 01/29042, PCTI ERPOQ/ 10088 2 TNF has
al so been inpl i cz{ﬂ W%yﬁgﬁlhlr HPH gRQsub %@ﬁedfémﬂf’\fgﬂa?ﬁ"m RNy r s
“and herpes virus incl wptiogallysubeinited ajrllcﬂﬂcyvldpﬁ&: stﬂtu(el:’&?v’cloélkyl- her pes
sinplex virus type-2 ne. Vi varl | a-zoster virus
(VZV), Epstein-Barr vi OPhﬁ?PE%S}?@ ”F'P?'P'Lgpgg%u ﬁ'EPr]lkﬂlfer pesvi rus-7
5 (HHV-7), human herp@@‘nbnallysﬁbs(dﬂhfddBéteroﬁﬁj&,luiﬁoﬁbﬁ}%ilbaﬁldtddhl notracheitis,
anong ot hers. Siml arl " OL-H “? roducagg}wy activated nonocytes and
macr ophages, and pI a;%eé ) PHophysi ol ogi cal responses
i ncl udi ng r heuna®d iceazgh iridepéridently ilkatlevearenck aliededd, beteedallgd Bevingls Or pti on.
The inhibition ofys e nhlblt on of 38 Kin se s of
benefit in cont EROHI%%EB&?[‘ %@ﬁ%gﬂgﬁﬂflaﬁl‘]&? u#?@ ?f\%\% Ydi sease
states. 15 In one as peubsumthéaqaﬂqu eptioraily sulistiouted heteioded, aprigpaliynds
represented by the wherein 20
the subscript nis an p‘?\%ﬁéﬁgﬁl%tfmfua?ﬂ BPBISII}@YSUb&lmtEdCYRSOM
10 cycloa]kenyl optionally substituted cycloalkylalkyl, haloalkyl,
cyanoalkyl, heterosubstituted cycloalkyl, heterosubstituted
cycloalkylalkyl, heteroalkylsubstituted cycloalkyl, optionally
substituted heterocyclyl, optionally substituted heterocyclylalkyl,
-(alkylene)-C(O)RY, or -(heteroalkylene)-C(O)R?;
15 wherein:
R*! is alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted
amino, disubstituted amino, optionally substituted cycloalkyl,
optionally substituted cycloalkylalkyl, optionally substituted aryl,
optionally substituted aralkyl, optionally substituted heteroaryl, or
20 optionally substituted hetercaralkyl; and
R* is hydrogen, alkyl, or ~(alkylene)-COR>;
. and their individual isomers, racemic or nonracemic mixture of isomers, and their
pharmaceutically acceptable salts thereof.

25 The compounds of formula I and their aforementioned salts are
inhibitors of protein kinases, and exhibit surprisingly effective activity against p38 in
vivo. Interestingly, the compounds of formula I do not exhibit activity against the
T-cell tyrosine kinase p56lcK at levels below about 10 uM. The compounds can be

used for the treatment of diseases mediated by the pro-inflammatory cytokines such
30 as TNF and IL-1.

As used herein:



R is aryl, heteroalkyl, optionally substituted aryl heteroaldyApri 2004

het er oal kenyl, heteroal kynyl, heteroal kyl carbonyl, heterosubstituted
cycl oal kyl, heterosubstituted cycl oal kyl al kyl, heterosubstituted.

cydoal kylwoadikesyy! , het erosubstituted cycl oal kyl al kynyl ,

het er oal kyl substituted 25 cycl oal kyl, optionally substituygamﬁgyg?g%ydyl,
optionally substituted heterocydylalkyl, optionally substituted

het er ocycl yl Spiro cydoal kyl, -(alkylene)-C(O-R"' or
-(heteroal kyl ene)-C(O) -R 1; wherein: 214pril 2004 WO 01/29042

PCT/ EPOO/ 10088 3 R' 1 is al kyl, haloal kyl, am no, nonosubstituted am no,

di substituted arnifigl" megisiaditabit st Erbid rhdddvAdn Ak QAHOH radRRL bRl Y

substituted .c%/ag#oaTk}ﬁ - albk I tionally substjtuted aryl, optionally

subst i t ut ed®AFAPEFOmMS gL a; %EPF@ mipvalenbhydrocarhon rasical ofidireey

subst i t ut ectosiatiemeacmk e, métkel akyl, n@’mﬁﬂ,@ﬁﬁﬁpy%ﬁul%%ﬁﬂygdgpendent ly
i.s "hydr ogen,

in each occurre | kyl , halo, heteroal Kyl o i nyl ; 3
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aral kgl , opsit cmbdd stosishs bbraiched hebetaddivdlent ﬁE&io@ﬂ%h Yadi&dl BE{trbdioed

het er oar al kyl tionally substituted cycloal kyl, 10 cydoal kenyl,
optional ly %'ﬁ%‘?‘?nt Hesy %%’c‘?%‘g‘ﬁe&? etfpisne; P’HEI%G%FI’ Rypethylchronyieney | |

het er osubstpenutl@d. cydoal kyl , heterosubstituted cydoal kyl al kyl,

het er oal kyl subst,i,t.ut qycloalé%l, optionally = substituyted heterocydyl,
optionally substﬁpﬁngnﬁéP%W68 ?Féﬁ]6§W#kéd%é#ﬂihﬂ#ﬂﬁéhﬂqﬁﬂkﬁﬂ or

- (het er oal kyheiisihg Go6) Mlto 1drdcarbes efofis 433 'alsh %oﬁﬂaiiﬁﬁﬁ ath@dsPahddbordly dr oxy,

ubstht ut ol BB DD oR S AT CBCH o cLIGHRATkY a1 Kyl | opt i &

arkyt al kyl , optionally
subst i t ut edCH§GHI=CHOH - @andlthylildibst i tuted aral l cyl, optionally substituted

A I YT T T I e L
carbon atoms or a branched monovalent hydrocarbon radical of three to six carbon
atoms, containing at least one double bond, e.g., ethenyl, propenyl.

15 "Alkynyl" means a linear monovalent hydrocarbon radical of two to six
catbon atoms or a branched monovalent hydrocarbon radical of three to six carbon
atoms, containing at least one triple bond, e.g, ethynyl, propynyl.

"Optionally substituted cycloatkyl" refers to a saturated monovalent cyclic
hydrocarbon radical of three to seven ring carbons. The cycloalkyl may be

20  optionally substituted independently with one, two, or three substituents selected
from alkyl, optionally substituted phenyl, or -C(O)R (where R is hydrogen, alkyl,
haloalkyl, amino, monsubstituted amino, disubstituted amino, hydroxy, alkoxy, or -
optionally substituted phenyl). More specifically, the term cycloalkyl includes, for
example, cyclopropyl, cyclohexyl, phenylcyclohexyl, 4-carboxycyclohexyl,

25 2-carboxamidocyclohexyl, 2-dimethylaminocarbonylcyclohexyl.

"Optionally substituted cycloalkylalkyl" means a radical -R*R® where R® is an
alkylene group and R” is a optionally substituted cycloalkyl group as defined herein,
e.g- cyclopropylmethyl, cyclohexylpropyl, 3-cyclohexyl-2-methylpropyl.

“Acyl” means the group ~C(O)R’, where R’ is hydrogen, alkyl, haloalkyl,

30 heteroalkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted aralkyl or optionally substituted hetercaralkyl.

"Alkoxy", "aryloxy", " aralkyloxy", or "heteroaralkyloxy" means a radical -OR
where R is an alkyl, optionally substituted aryl, optionally substituted aralkyl, or




and their individual isomers, racem c or nonracem c mxture gfalsepgss, and
their pharnmaceutically acceptable salts thereof. 25 The. conpounds o
formula | and their aforenmentioned salts are inhibitors of protein

ki nases, aff®@2A8it surprisingly effective activity agai neCTEBS/ionss Vi vo.
Interestingly, the conpounds of fernula I do not exhibit activity agai nst
the T-cell tyrosine kinase p561Ck at | evels bel ow about 10 AM The
conpounds can be used for the treatnent sof diseases nedi ated by the
pro-infl ammatory cytoki nes such 30 as TNF and IL-1. As used herein: 21

April 2004 WO 01/ .PCT/ . EPOO 8 4 "Alkyl" nmeans a |inear saturated
monoval ent h§&H ?i{%?roﬁ?-ﬁﬁﬁ@sﬂeéu"%)f isé%ﬁrlﬁérhemmmethom anched
sat ur at ed mplosmkﬁ -911‘1@6&5&6 %@,l,ﬁﬁ,lxyof three to six carbon atons,

e.g., nmethyl, eth N- R 2 pr opy tert-butyl, pentyL "Al kyl ene"
means a |inear sa %t%di'ﬁfcéﬁ?’eﬂeaﬁygﬁlﬁéa‘?%ﬁ:}Pf&’m%armﬁfo preferebly 5 si x

car bon at onsflwsroar bhlareched sat ur at ed di val ent hydrocarbon radical of three
to six carbon at, et hyl ene, propyl ene,

2- et hél pr opy| eng‘ﬁdﬁ@ﬁ W%ﬁ‘}éa{w RB&‘EH A& ongo mmorg spg en different haloc hed

di val ent hy datonareyonrCHdl,caF3, -CHYGH3) %é@l%@ﬂd’ﬂrtb&;h@!ﬁ&@@{hmﬂglﬁ}lo“ and

al so containi ng at Ieast one car bon 10 car bon doubl e bon CH=CH,
- CH2CHECH-,  STerpysvsketperfluqpakyHiambiich all hydtbgeh etdndare repﬁdédlbyﬁuoﬂﬁ@ns a
|'i near rmnova%j,g,gt hydrocar bon radical of two to six carbon atons or a
branched nonoval gnt hydrocarbon radical of three to six carbon atons,
containing at | eaﬁydmwﬂhﬂumeénmﬂkyle@lqal et dufingd herpirg petyituted trithAl kynyl

or 3 Branchegq s e’ﬁ‘?‘taﬁ%ﬂ%%?%on AR el Reved b 3080 "ot o,
cont ai ni ng SRTRAERemiqes RaticprE nivya thaneng hydwingropp, Egampjeswte " Opti onal |y
Ryar ocar bon £ Ak al o i G Lo e Fe e B o s ey be 20
optional |y RiBeH;i3- b Bbeh’GSé hpdseryhptyli 4-hydrowy-butph 2,3edibydregpsophkt i t uent s
sel ected 1-(hydroxymethyl)-2-hydroxyethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl,

15 2-(hydroxymethyl)-3-hydroxypropyl, 1-(hydroxymethyl)-ethyl, 2-hydroxy-1,1-
dimethylethyl, 2-(hydroxymethyl)-propyl, 1,1-(dihydroxymethyl)-ethyl, 1-methyl-
2,3-dihydroxypropyl, 1-(hydroxymethyl)-2-hydroypropyl, 1-hydroxymethyl-2-
methylpropyl, 1-hydroxymethyl-butyl, 1-hydroxymethyl-pentyl, 1-hydroxymethyl-
3-methyl-butyl, 1,1-dimethyl-2-hydroxyethyl, 1—(hydroxymethyl)ethy1, 2,3-

20 (dihydroxy)- 1-methylpropyl, 2,3-(dihyd:oxy)~l,I-dimetﬁylpmpyl, 1-(hydroxy-
methyl)-2-hydroxypropyl, and 1-(hydroxymethyl)propyl, pfeferably 2-hydroxy-
ethyl, 2,3-dihydroxypropyl and 1-(hydroxymethyl)-2-hydroxyethyl.

"Monosubstituted amino" means a radical -NHR where R is alkyl, heteroalkyl,
haloalkyl or an optionally substituted cycloalkyl, cycloalkylatkyl, ary], aralkyl,

25 aralkenyl, heteroaryl, heteroaralkyl, heteroaralkenyl, heterocyclyl, or
heterocyclylalkyl group, e.g., methylamino, ethylamino, phenylamino, benzylamino.

"Disubstituted amino” means a radical -NRR' where R and R’ are,
independently of each other, alkyl, heteroalkyl, haloalkyl, cycloalkyl or an optionally
substituted cycloalkylalkyl, aryl, aralkyl, ara]kenyl; heteroaryl, heteroaralkyl,

30 heteroaralkenyl, heterocyclyl, or heterocyclylalkyl group, or R and R' together with
the nitrogen atom to which they are attached form a heterocydlyl ring. Examples

| include dimethylamino, methylethylamino, di(1-methylethyl}amino, piperazin-1-
yL




fromal kyl, optionally substituted phenyl, or -C(OR (where R Agsi bygd ogen,
al kyl, hloal kyl, am no, nonsubstituted am no, disubstituted am no,

hydr oxy, al koxy, or optionally substituted phenyl). Mre specifically, the
term cycl waldaypbosencl udes, for exanple, cyclopropyl, cycl gbeXpbosi00ss

phenyl cycl ohexyl, 4-carboxycycl ohexyl, 25 2-carboxam docycl ohexyl,

2-di met hyl am nocar bonyl cycl ohexyl. "Optionally substituted cycloal kyl al kyl"
means a radical -Rae where Ra is an alkylene group and Ro is a optionally
substituted cycloal kyl group as defined herein, e. g., cycl opropyl rnet hyl ,
cydohexyl propyl, 3-cycl obexyl -2-nmethyl propyl. "Aryl" neans the group

CE) O%F\’t t\/\gere R'Optj?oriauyflﬁlldlgatutecﬂi V|mealﬂg Qﬁ.{c{ﬁbbﬂeﬁﬁn&ﬁ f_]gtaérlq?i%-yd] gptionally
substituted a a eter i ona
substituted Qnéf"ﬁwg%’ 8?%‘?15#@3 g‘if‘%ﬁ*@@ﬁ”&’é‘{%‘ﬁ Xlkox)
aryl oxy , anﬂhﬁgdden&ylwrnthbng behﬁt@axbahkuhaxptefem@gﬂﬁn@h&@gjreﬁlee Od? V\,hﬁr( eI R
is an ai tiona stit ut.e substituted ara
or 21 Aprllsui’ﬁ@ %efg% %@W%@%@M% b FYdbst it ut ed Y
het e(r]I Sar gl kyﬂetbympmoky,wﬂiykned&xﬂejrdaﬂﬁylr@tﬁmﬁuy ﬁﬂ:sﬁtuf@lt;klﬁhyl,, @&I WRMOXY

ridin- " nmeanps uor o,
E%I oro, brg gedqb%% argp%%moggpﬁﬂyguw%tﬁ&gﬁ@o% ORBAYZEY kyl " means
aIClIEéIC1 substs@sﬁm&d/hddtomybxpc,aogk (%wb@ém mﬂkﬂloir bpﬁ@imlybalbh@xtut%a Henylg- O-
- an t hose a roups
such as peripuoé]g{ﬁ%&?f{(%ﬁ%’ﬁhﬁ eﬁf gﬁogriﬁ ggr%é“er F%%’élﬂ ?I uolroi ne
atoms. " Hy drysd@dntorlalicl, FRARSs ﬁmb&ymﬁegﬁ&laug&%ﬂt J{sﬁ@ 1

or’ thrée hydroxy

substi tuted Wlt?'l 10 One or nore, prefera
groupd, pr oemtinsally substituted eysleelkylsliaybm - é(ﬁlel”HﬁQQI\HbR Cehery nripare t han one
hydroxy grou Exanples are 2- hydroxyb |, 2-hydroxypropyl,

3- hydr oxy prioHge frem@pd: BxandR hatejindependanily hygiogey bt alzylhand Riand R’y | |

1. (hyar oxyrseng iR g dher, B 8*%*%?‘3%@ B bt byt 10

3 (hydaorymdPﬁOﬁﬂB‘@mm@mydpﬂkﬂaﬂwlﬁ his'ﬁ?mdy bathdr-weitite niBofardr oxy- 1, 1-
irnethyle

t
2- (hydr oxy n’f%WP yibich ey are attaghediform 8 opterally sybstitpied hetepaayelyl tng).
15 Examples include phenyl, 1-naphthyl, and 2-naphthyl, and the derivatives thereof.

"Optionally substituted aralkyl" means a radical -R*R® where R* is an
alkylene group and R®is an optionally substituted aryl group as defined herein, e.g.,
benzyl, phenylethyl, 3-(3-chlorophenyl)-2-methylpentyl.

"Optionally substituted aralkenyl” means a radical -R*R® where R® is an

20 alkenylene group and R? is an optionally substituted aryl group as defined herein,
e.g., 3-phenyl-2-propenyl.

“Optionally substituted arylheteroalkyl” means a radical -R*R® where R® is
an heteroalkylene group and R is an optionally substituted aryl group as defined
herein, e.g., 2-hydroxy-2-phenylethyl, 2-hydroxy-1-hydroxymethyl-2-phenylethyl.

25 "Optionally substituted phenyl" means a phenyl ring which is optionally

substituted independently with one or more substituents, preferably one or two
substituents selected from alkyl, alkoxy, hydroxy, haloalkyl, heteroalkyl, halo, nitro,
cyano, methylenedioxy, ethylenedioxy, cycloalkyl, cycloalkylalkyl, -COR (where R is
alkyl or optionally substituted phenyl, -(CR’R”),-COOR (where n is an integer

30 from 0 to 5, R’ and R” are independently hydrogen or alkyl, and R is hydrogen,
allyl, cycloalkyl or cycloalkylalkyl), or (CR'R™),-CONR’R” (where n is an integer
from 0 to 5, R’ and R” are independently hydrogen or alkyl, and R* and R® are,




2, 3-di hydr oxypropyl , 1- (hydroxynet hyl ) - 2- hydr oypropyl, 1-hydroaxysmbbys - 2-

I net hyl propyl, |-hydroxynethyl -butyl,

I-hydroxynethyl pentyl, 1- hydroxynethyl

3- net hyl - W& 8U29%121 - di net hyl - 2- hydr oxybuyl , | - (hydr oxymet hPCTEP100882, 3 20
(di hydroxy) - 1- met hyl propyl, 2, 3-(di hydroxy) -1, 1-di net hyl propyl, 1-(hydroxy-
nmet hyl ) - 2- hydr oxypr opyl , and 1- (hydroxynet hyl ) propyl, preferably 2-hydroxy-
ethyl, 2, 3-di hydroxypropyl and 1-(hydroxynethyl)-2-hydroxyethyl.
"Monosubstituted am no" neans a radical -NHR where R is al kyl, heteroal kyl,

hal oal Iyl or an optionally substituted cycl oal kyl cIoaIkyIaIk |, aryl,
ar al kyl , "%H%QW&WD’ F?égé%&?&i?'ﬁwgﬁﬁt iﬁépﬁl’ Oﬁél’“ﬁ dkkepr/R ayan

het er ocycl yR? t@g‘ethdﬂaﬁ@xrtﬁélﬁﬂoéhﬁitlsﬂ toSFREthef afd attaBRld R HA TTHARro H*Y' am no,
phenyl am no, ?nnyl am no substituted am no" nmeans a radic NRR

where R and 8 ‘are, independently of each other, alltyl, heteroal kyl ,

hal oal kyl , cycl oaobﬁbnmysﬁmantdmabhw xﬁe&t@talntaﬁ&meﬁmbﬂa&,wtat kyl, aryl,
30 het erparal kenyl ,

aral kyl , ar n @lé-itl het oar al :

het er otydyl , ‘Cé’? & c?c,fg ﬁ éW(?f l‘.’t‘Bg aB ORG AORANCIHGIIOBEININEL  t he

ni t lrogendat afﬁ ttfro)/‘(ﬁtltﬁi‘ke %hﬁﬁzll"cﬁt&ﬁfﬂé&&dﬁ-&ﬁmll , 0, B?ﬁeafrﬂftﬁgli%m&hﬁ% Exanpl es
i ncl ude di e anzj no, . Ne am.no, di(l-me e am no

pi per azi n-| r’?s% %Zlﬁb?gq: Wigythe “9@1‘6@7@961]23 Iié?ﬂ 4 UEFB%;t they)t j onal | y
substi tut edhatreydarylmematW@ﬂtaumgcmbhaa%ﬁmgg dptiorAllpAL i C

hydrocarbon a 6 to 10 ring ato Lch is subtltuted
i ndependent FYP 5% ﬁéﬁﬁépﬂdeﬁb’r‘é‘ ﬁ‘b"s‘?‘i’flﬂ SUtHERS PrefRTanly s OTdwe, or t hree
substitt uent sutsahmtsegtlécfearﬁoa;h mdrl, |l¥e¥éroalﬁﬁ£l@dl@%&¥'cyaﬁ@ nitro,

cyano, 5 meth edi ox edi QX cIoaI substituted
phenyl , opt f’Bﬁ %%gﬁfﬂf{@ﬁw %?‘%;QW bstifutp chlﬁi‘ﬁg”hﬁ’g Iy

substit ut ed(tphﬁlﬁﬁyalkﬂm&bpﬁaidllysut&ﬁbﬂédphﬁr@ﬂ ((ﬁlRf’%aCﬂOR(Wher@Q% iphere R
is alkyl or_ optiognally substituted phenyl), )A COOR (where n is an

i nt eger fr olateser om 0 @ 5, RnandR” are dndep, Ogenhydkjdg@ﬂl&ns al kyl, and R
i's hydr ogenpygoky], allkop B‘ﬂélfmwu&ttm&d %&ﬁ%h suBLritutdd optional I y

substituted c}/é:i’oa or - I's an integer

froml@ to 56 |(Wb@98na%fh Efehi}@ﬁmg‘mﬂmofaidhwthﬂand Ra and Rb
are, i ndepeﬂp&aggdamd gﬁ@hagt,gﬂ,rsmu %ﬂ&'dﬁbnalﬁ%b&ﬂﬁ{e'dy substituted

cydoal kyl , cnd
cycloalkylalkyl), or —(CR’R”),~-CONRR® (where n is an integer from 0 to 5, R’ and

R” are independently hydrogen or alkyl, and R® and R? are, independently of each
other, hydrogen, alkyl, optionally substituted cycloatkyl or optionally substituted

20 cycloalkylalkyl, or R® and R together with the nitrogen atom to which they are
attached form a optionally substituted heterocyclyl ring). Examples include, but are
not limited to, pyridyl, furanyl, thienyl, thiazolyl, isothiazolyl, triazolyl, imidazolyl,
isoxazolyl, pyrrolyl, pyrazolyl, pyrimidinyl, benzofuranyl, tetrahydrobenzofuranyl,
isobenzofuranyl, benzothiazolyl, benzoisothiazolyl, benzotriazolyl, indolyl,

25 isoindolyl, benzoxazolyl, quinolyl, tetrahydroquinolinyl, isoquinolyl,
benzimidazolyl, benzisoxazolyl or benzothienyl, and the derivatives thereof.

"Optionally substituted optionally substituted heteroaralkyl" means a radical

-R°R® where R* is an alkylene group and R°isa heteroaryl grot:p as defined herein,
e.g., pyridin-3-ylmethyl, 3-(benzofuran-2-yl)-propyl, and the like.

30 "Optionally substituted heteroaralkenyl” means a radical -R°R® where R? is
an alkenylene group and R’ is a optionally substituted heteroaryl group as defined
herein, e.g, 3-(pyridin-3-yl)propen-2-yl, and the like.
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(where n i s*RHP9 Béﬁmt ABTRY optomallygubstitate & B-e‘bém (whésgdr ogen
or alkyl, a : , ' 4. 1129042 . PCTI EPOO 10088 7
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atom to which they are attached form a optionally substituted heterocyclyl ring), or

-S(0),R* (where n is an integer from 0 to0 2, and R% is hydrogen (provided that n is

0), alkyl, haloalkyl, optionally substituted cycloalkyl, optionally substituted
cyctoalkylalkyl, amino, monsubstituted amino, disubstituted amino, or hydroxy-

20 alkyl). More specifically the term heterocyclyl includes tetrahydropyranyl,
piperidino, N-methylpiperidin-3-yl, piperazino, N-methylpyrrolidin-3-yl, 3-
pyrrolidino, 2-oxo-pyrrolidin-1-yl, morpholino, thiomorpholino, thiomorpholino-
1-oxide, thiomorpholino-1,1-dioxide, 1,1-dioxo-tetrahydrothiophen-3-yl,
pyrrolinyl, imidazolinyl, 2-oxo-imidazolidinyl, and the substituted derivatives

25 thereof like 1-(phenylmethyl)-piperidin-4-yl, 1-(aminocarbonylmethyl)-piperidin-
4-yl, 1-(methylsulfonyl)-piperidin-4yl, 1-(hydroxyethyl)-piperidin-4-vl, 1-(2,3-
dihydroxypropyl)-piperidin-4-yl, 1-(2-cyanoethyl)-piperidin-4-yl, 1-(1-cyano-
methyl)-piperidin-4-yl, 1-(aminocarbonylmethyl)-piperidin-4-yl, 1-(ethoxy-
carbonyl)-piperidin-4-yl, 1-(2-trifluorethyl)-piperidin-4-yl, piperidin-4-y}, 1-

30 methylpiperidin-3-yl and 1-methylpiperidin-4-yl. _

"Optionally substituted heterocyclylalkyl" means a radical -R*R® where R*is

an alkylene group and RP is a heterocyclyt group as defined herein, e.g,,
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substituted heterocydyl, optionally substituted heterocyclylalkyl, optionally
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20 optionally substituted heteroaralkyl. R°is hydrogen, alkyl, haloalkyl, optionally
substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally substituted
heterocyclyl, optionally substituted heterocyclylalkyl, optionally substituted aryl,
optionally substituted aralkyl, alkylsulfonyl, alkylcarbonyl, alkoxycarbonyl,
optionally substituted aryloxycarbonyl, carboxamido or mono- or di-alkylcarba-

25 moyl. R%is hydrogen (provided that n is 0), alkyl, haloalkyl, optionally substituted
cycloalkyl, optionally substituted cycloalkylalkyl, optionally substituted heterocyclyl,
optionally substituted heterocyclylalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted heteroaryl, optionally substituted
heteroaralkyl, amino, monsubstituted amino, disubstituted amino, or hydroxyalkyl.

30 When R® is hydrogen only, the term "heteroalkyl" includes a subset which is further
defined under "hydroxyalkyl". Examples include 2-methoxyethyl, benzyloxymethyl,
thiophen-2-ylthiomethyl, 2-hydroxyethyl, 2,3-dihydroxypropyl, 3-amino-2,2-
dimethylpropyl, 3-dimethylaminopropy], 3-methylcarbonylaminopropyl, 3-amino-
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20 cycloalkyl, optionally substituted cycloalkylalkyl, amino, monosubstituted amino,
disubstituted amino, or hydroxyalkyl). Examples include, but are not limited to, for
example, 4-hydroxycyclohexyl, 2-aminocyclohexyl, (2-methoxyethoxy)cyclohexyl,
4-oxocyclohexyl, 4-(methanesulfonylamino)cyclohexyl, allyloxycyclohexyl, and the
Like.

25 “Heteroalkylsubstituted cycloalkyl” means a cycloalkyl radical which may be
optionally substituted with one, two, or three heteroalkyl groups as defined herein.
Examples include 1-hydroxymethyl-cyclopent-1-yl, 2-hydroxymethyl-cyclohex-2-
yL

“Heterocyclyl spiro cycloalkyl” means a spiro radical consisting of a

30 cycloalkyl ring and a heterocydlic ring with each ring having 5 to 8 ring atoms and
the two rings having only one carbon atom in common, with the understanding
that the point of attachment of the heterocyclyl spiro cycloalkyl radical is via the
cycloalkyl ring. The spiro radical is formed when two hydrogen atoms from the
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20 "Chiral isomer" means a compound with at least one chiral center. It has

two enantiomeric forms of opposite chirality and may exist either as an individual
enantiomer or as a mixture of enantiomers. A mixture containing equal amounts of
individual enantiomeric forms of opposite chirality is termed a "racemic mixture".

A compound that has more than one chiral center has 2™ enantiomeric pairs,

25 where n is the number of chiral centers. Compounds with more than one chiral
center may exist as either an individual diastereomer or as a mixture of
diastereomers, termed a "diastereomeric mixture". When one chiral center is
present, a stereoisomer may be characterized by the absolute configuration (R or §

) of that chiral center. Absolute configuration refers to the arrangement in space of

30 the substituents attached to the chiral center. The substituents attached to the chiral
center under consideration are ranked in accordance with the Sequence Rule of
Cahn, Ingold and Prelog. (Cahn et al. Angew. Chem. Inter. Edit. 1966, 5, 385; errata
511; Cahn et al. Angew. Chem. 1966, 78, 413; Cahn and Ingeld J. Cherm. Soc.
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nis an integer fromO to 2) where, Ra, Rb, R, and Ra are as defined
herein for a heteroal kyl radical. Exanpl%s i nclude, but are not |imt-ed
to, 2- hydr oxyet han-1, 1-di yl, 2-hydroxypropan-1,1-diyl and the |ike. 10
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2- hydr oxynet, cl.ohex- 2 Heeer,pcyc |ro ¢l oal means a
spiro radicdl aﬁlgﬁg u&é“ﬁ'gacﬁ?&#%ﬁa@wto‘gxﬁﬁmﬁg '&W@i“téﬁ'ﬂfd ic ring
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carbon atomin C%Hmnmceu L yacce[.u%Izl%&if:e sraﬁr' SN congpound means a salt that is

pharmaceutically acceptable and that possesses the desired pharmacological activity

of the parent compound. Such salts include:
(1) acid addition salts, formed with inorganic acids such as hydrochloric

20 acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or
formed with organic acids such as acetic acid, propionic acid, hexanoic acid,
éyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid,
succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic
acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methane-

25 sulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethane-
sulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-napthalene-
sulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 4-methylbicyclo[2.2.2]-
oct-2-ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid,

30 glutamic acid, hydroxynapthoic acid, salicylic acid, stearic acid, muconic acid, and
thelike; or

(2} salts formed when an acidic proton present in the parent compound
either is replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an



that the point of attachment of the heterocyclyl spiro cyclogl ki opa4li cal

Is via the cydoalkyl ring. The spiro radical is formed when two hydrogen
atons fromthe 21 April 2004 WD 01/ 29042 PCT/ EPOQ 10088 11 sane carbon atom
of the cycVBMM2y adical are replaced with a heterocycl yIPQ/ERS16088
defined herein, and may be optionally substituted with al kyl, hydroxy,
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2, 4-di one- 1, 3-di aza-spi ro[ 4. 5] decan- 8-yl , 1, 5-di oxa-spi ro[ 5. 5] undecan- 9-yl ,
5 (3- hydroxynet hyl - 3- net hyl ),: 1, 5-dj.oxa-spi,ro[ 5. 5] undecan-9-yl. "Leaving
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or gani ¢ chendiethayolainires, trictharlomine) trghatpmERPHOhahlleehin sidhkfced by a
such as c¢hloro,. brono, jodo),

| hi | d iggcl »hal
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formul ae butmodifiang flivkfienaligroups presamtin ehexonipdens 00 BenEEa Off iDaRMiaReayof their
atons or int{nﬁethe?{ogﬁﬁ@ﬁ”em o{) theia.at.om; |§{1 space. lsoners that "differ
in the arrangémen 8P mpE be elegied 7 viggto release the pargpi Fompopd o soner s” .
St er eoi sonerBrotihegs irsduderompuuntoot Farmia3) wherane Iydedyeimmosod er ned
"di ast er eoi

Br sy and. st ereoi so t hat...ar n- superi nposabl e mrror
i mges are tss gr Tea’ *‘%ﬁ%‘?d]%’} %E@cagogndgc'f{% i(mg%#ﬁéaﬁnﬁsrgamaé maxbear hon
at om Bonded devédinrvivedniregentiatethe eb hydroxe nsinb Sorls lgroup;hi ral center”.
20 "Chiral i y o nd. .w,t t 1 east..one, chiral center. It has
two enanti ‘orlr-es%:ggévfd or M- OF ?63 Sggl;s)q séﬂﬁ:l\“‘g‘?’ EPWS\ﬁﬂt hrpedig esterslegner as an
i ndi vi dual acetatet foomete, and benzeatridetivitive)f cafanitésqag, B, NAlifethylahfngont ai ni ng
equal anmoun i ad] vl tionetic for 0f.. 0pposj.t e irality is
termed a "r Efgreb%;]g“l) %?g*duljro %Hﬂnﬂg g%ﬂnﬁlé%r? 31t foppqpnds Prfﬁ‘gg:‘ﬂ%m’&ﬂg%ﬁ?al cent er
has 2" enant i omer Peotpetinggrouptrefeinetoe groupsing bfatometiert whbn eitidhall tcent er s.
Conpowads w : LI enter may . exi st as.either an
i ndi v:llgual 5{:%3?% eghe%?gg?&g%&%%%’trﬁ Fecort Pr&Y%ﬁ%?%ﬁﬂ@' WEF of
" di ast er eonprotectinggranes' can\Wedourghia TW. Grbeneand B1G.iButs, Protective Groups in
Organic Chemistry, (Wiley, 2nd ed. 1991) and Harrison and Harrison et al.,
Compendium of Synthetic Organic Methods, Vols. 1-8 (John Wiley and Sons. 1971-
1996). Representative amino protecting groups include formyl, acetyl,
20  wifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), tert-butoxycarbonyl (Boc),
trimethyl silyl (TMS), 2-trimethylsilyl-ethanesulfonyl (SES), trityl and substituted
trityl groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl (EMOC), nitro-
veratryloxycarbonyl (NVOC) and thelike. Representative hydroxy protecting
groups include those where the hydroxy group is either acylated or alkylated such as

25 benzyl and trityl ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl
ethers and allyl ethers.

"Treating" or "treatment” of a disorder includes:

(1)  preventing the disorder, i.e., causing the clinical symptoms of the
disease not to develop in a mamumal that may be exposed to or predisposed to the
30 disease but does not yet experience or display symptoms of the disease,
(2)  inhibiting the disorder, i.e., arresting or reducing the development of
the disease or its clinical symptoms, or



present, a stereoisoner may be characterized by the absol ut e%p,QMinggrati on
( Ror S ) of that chiral center. Absolute configuration refers to the
arrangenent in space of 30 the substituents attached to the chiral center.
The subst woevmes2at t ached to the chiral center under cong} ' are
ranked in accordance with the Sequence Rule of Cahn, Inggf:?ﬁgﬁ&éioﬁ’érkel 0g.
(Cahn et al. Angew. Chem Inter. Edit. 1966, 5, 385; errata 511; Cahn et
al . Angew. Chem 1966, 78, 413; Cahn and Ingold J. Chem Soc. 21 April 2004
WO 01/ 29042 PCT/ EPOO/ 10088 12 (London) #951, 612: Cahn et al. Experientia
1956, 12, 81; Cahn, J. Chem Educ. 1964, 41, 116). "Geonetric isonmers” neans
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i norgani c a%gﬁﬂ%uch as hydrochloric 20 acid, hydrobromc acid, sulfuric
acid, nitric acid, phosphoric acid, and the like; or formed with organic

aci ds such as acetic acid, propionic add, anoi c acid,
cydopent anepropi onic acid, glycolic acid, [pyry iq id, lactic acid,
mal oni ¢ acid, succinic acid, nal4 i.d | ¢i c Yac¥®, fumaric acid,

tartaric acid, citric acig{,&\be oi/ /’L
l?! N II\I @)
R Rs

(@.
15
In the main embodiment of compounds of formula (I}, R} represents an

acyl, heteroalkyl, optionally substituted arylheteroalkyl, heteroalkenyl, hetero-
alkynyl, hetercalkylcarbonyl, heterosubstituted cycloalkyl, heterosubstituted
cycloalkylalkyl, heterosubstituted cycloalkylalkenyl, heterosubsﬁtufed cycloalkyl-

20 alkynyl, heteroalkylsubstituted cycloalkyl, optionally substituted heterocydlyl,
optionally substituted heterocyclylalkyl, optionally substituted heterocyclyl
spirocycloalkyl, -(alkylene)-C(Q)-RM group or (heteroalkylene)-C(O)-R"; wherein
R" represents an alkyl, haloalkyl, hydroxy, alkoxy, amino, monosubstituted amino,
disubstituted amino, optionally substituted cycloalkyl, optionally substituted

25 cycloalkylalkyl, optionally substituted aryl, optionally substituted aralkyl, optionally
substituted heteroaryl or optionally substituted heteroaralkyl group. In a preferred
embodiment, R' is acyl, heteroalkyl, optionally substituted arylheteroalkyl,
heteroalkenyl, heteroalkynyl, heteroalkylcarbonyl, heterosubstituted cycloalkyl,




acid, 3-(4-hydroxybenzoyl)benzoic add, cinnamc acid, nandeliicaggblos

met hane 25 sul fonic acid, ethanesulfonlc acid, 1, 2- ethane di sul foni c acid,
2- hydr oxyet hane- sul foni ¢ aci d, benzenesul f oni ¢ aci d,

4-chl or ob WP 8HEWH f oni ¢ aci d, 2-napthal ene- sul foni ¢ aci dPCI/EP00/10088

4-t ol uenesul foni c acid, canphorsulfonlc acid, 4-nethyl bicydo [2.2.21 -
oct-2-ene- 1 -carboxylic aci d, glucoheptonic acid, 3-phenyl propionic acid,
trimethylacetic acid, tertiary butylacetis acid, lauryl sulfuric acid,

gl uconic acid, 30 glutan1c aci d, hydroxynapth0|c acid, salicylic acid,

stearic aci ni.c e I| rmed when an
acidic protg?f‘ﬁf’ Hﬁutﬁ?d?ﬂg‘ﬁéiﬂg’ﬁ%ﬂet&w dé’f‘%‘ﬁi‘fyﬁa@nﬁ’gpl aced by a netal
w0 017 'ngaza‘ktﬁ?*éﬂ’“"“t?%os B o S g o
a ion,,or co a Wi organi c
- base such asf'“gT %Y}HPE?’H%GF iyted hﬁF’T"&Y‘ﬁﬂ% len?)rG%Sl “hami ne,
N- net hyl gl uqdhbﬂqhetammyngej Ck®)- R“E’wﬂeﬁm@’é is ANBAY @?g ,agfipeund whi ch

rel eases an activ ar ent dru accordi ng to For in VI when such
pr odr ug i s éBPﬁ“?ﬁ“gftgF g daﬂlﬂg ?ﬁm mpound of

Formula (1) nanﬁmmdtdawdanﬂymyymgpﬁmy uﬂsaﬂtut@mwps ﬁéx%l?nt in the

' Vivo to rPER et RN BeBrot GRS AR BBROBLRE of

Formul a (1) ashkylehydrexyhorchilkoy, ami no, or  sul fhydryl group |n a corrpound of
Formula (1) is bonded to any group that maybe 10 cleaved in vivo to

regenerate the free hydroxyl, am no, or sulfhydryl group, respectively.
Exanplies of prodrlmg:smnqirefdﬁed hubodmﬁnﬂofthhhbﬂﬁeeﬂmh@nﬁ%ﬂﬁﬁ@t(aﬁdg ,

acetate, formm n 1€ ves car.b
NN di et hy 1 BERHERSE SRR RO o PO RPRE, P aT SRR e o Mpounds of
Formula (1) hmdsdbh’étuk&d«qdoa]ﬁylohaatowtgugxtedjpycloraﬂdfyhﬂlql tb@te@oagk):bupl ng of atons
t hat when att e actl ecul e es or
prevents tha ugcti}ggefj fl?ﬁ& éié' ?8&%‘?’&‘:@&%&3&% n%’iﬁﬁéﬁ%m din
T.W G eene cadxitd?oﬁbstﬂut@,cy&odkﬁcm the exgbodinsent whei@ R} asthererGaliop the iyl (W | ey,
2nd e 1991L Harrj Ly of, nt hetic
& ganie vt rbaEtErgh sbstRReR O CRECF 30 seliineinaSRURERT i s34t
Repr esent at i QR® armNRﬂ’wahmnt R¥ighyiroggs RP isdlydebeeh calkpy hnd B.&Bthy&:;ogen,
alkyl and alkylcarbonyl. Particular R' groups are 3-amino-2,2-dimethylpropyl, 3-
dimethylaminopropyl, 3-methylcarbonylaminopropyl, and 3-amino-2-hydroxy-
propyl. In a preferred embodiment of heteroalkyl, R' is hydroxyalkyl.

20
In the preferred embodiment of heteroalkyl where R' is hydroxyalkyl (R® is

hydrogen) such group is preferably selected from 2-hydroxyethyl, 2-hydroxypropyl,
3-hydroxypropyl, 1-(hydroxymethyl)-2-methyl-propyl, 2-hydroxybutyl, 3-hydroxy-
butyl, 4-hydroxy-butyl, 2,3-dihydroxypropyl, 1-(hydroxymethyl)-2-hydroxyethyl,

25 2,3-dihydroxybutyl, 3,4-dihydroxybutyl, 2-(hydroxymethyl)-3-hydroxypropyl, 1-
(hydroxymethyl)-ethyl, 2-hydroxy-1,1-dimethylethyl, 2- (hydroxymethyl}-propyl,
1,1-(dihydroxymethyl}-ethyl), 1-methyl-2,3-dihydroxypropyl, 1-{(hydroxymethyl)-
2-hydroypropyl, 1-hydroxymethyl-2-methylpropyl, 1-hydroxymethyl-butyl, 1-
hydroxymethyl-pentyl, 1-hydroxymethyl-3-methyl-butyl, 1,1-dimethyl-2-hydroxy-

30 ethyl, 1-(hydroxymethyl)ethyl, 2,3-(dihydroxy)-1-methylpropyl, 2,3-(dihydroxy)-
1,1-dimethylpropyl, 1-(hydroxymethyl)-2-hydroxypropyl, and 1-(hydroxymethyl)-
propyl In still other preferred embodiments, R' is a group having a tetrahedral
carbon atom attached to the nitrogen atom, more preferably having lower alkyl



20 trifluoroacetyl, benzyl, benzyl oxycarbonyl (CBZ), tent- bqﬁq%*ggb@pnyl
(Boc), trinmethyl silyl (TMs), 2-trimethylsilyl-ethanesul fonyl (SES),

trityl and substituted trityl groups, allyloxycarbonyl,

9- f | uor enywaveigvgioxycar bonyl (FMOC), nitro- veratryl oxycawooﬁw ) and
the |like. Representative hydroxy protecting groups include ose ere the
hydroxy group is either acylated or al kylated such as 25 benzyl and trityl
ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl
ethers and allyl ethers. "Treating" or "Mreatnent" of a disorder includes:
(1) preventing the disorder, i.e., causing the clinical synptons of the

di sease not uﬁlﬁt&h@@ltbﬂhﬁoﬁﬁ?ﬁﬁ&'toﬂlhﬁ/loré@b’ef&%bl RORRA G 1‘?9 Sposed to
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devel opment of  the di sease or |ts cI i ni cal synptons, or 21 April 2004 WO
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effect bve argwm;b is pr&aﬁszytdpaoaﬂquﬁaepzhd@mmﬁaaﬁafédtvhﬁ{ one, A8 dr g, ni st ered

to a mammmal {e;%»eat'n dISO S ff|C|ent toefect such 5
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severity of L sar t ed, age and relatjve health of "the
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(provided that n is 0) or atkyl) or —NS(O);Rd (where R%is alkyl, amino, monoalkyl-
substituted amino, or dialkylsubstituted amino. More preferably, the hetero-
substituted cycloaltkyl is 4—hydroxycydohexyl, 2—am1nocyclohexy1 (2-methoxy-
ethoxy)cyclobexyl, 4-oxocyclohexyl 4-(methanesulfonylamino)cyclohexyl, allyloxy-
15 cyclohexyl, 2-hydroxycyclohexyl, 4-methoxycycloalkyl, 4-methylcarbonyloycyclo-
hexyl, 2,3-dihydroxypropyloxycyclohexyl, 4-(hydroxyimino)cyclohexyl, 4-(methyl-
sulfonylamino)cyclohexyl, 4-(dimethylaminosulfonylamino)cyclohexyl, 4-
formyloxycyclohexyl, 4-(methoxycarbonyloxy)cyclohexyl, 4-(aminocarbonyl-
oxy)cyclohexyl, or 4-(N-methylcarbonyloxy)cyclohexyl, with 4-hydroxycyclohexyl
20 (including cis- or trans-4-hydroxycyclohexyl) being most preferred.

When R! is "optionally substituted heterocyclyl", the heterocyclyl ring is
-preferably optionally substituted independently with one, two, or three, preferably
one, substituents selected from alkyl, haloalkyl, heteroalkyl, preferably hydroxyalkyl,

25 cyanoalkyl, aralkyl, preferably phenylalkyl, -CR'R"),-COR (where n is an integer
from 0 to 5, and R is alkyl), -(CR'R"),-COOR (where n is an integer from 0 to 5, R’
and R" are hydrogen, and R is hydrogen or atkyl), or -(CR'R"),-CONR’R® (where n
is an integer from 0 to 5, R' and R" are hydrogen, and R* and R® are, independently
of each other hydrogen or alkyl) or -5(0),R¢ (where n is an integer from O to 2,

30 preferably 2, and R? is hydrogen (provided that n is 0) or alkyl). More specifically
“heterocyclyl” is tetrahydropyranyl, piperidino, piperazino, N-methylpyrrolidin-3-
¥l, 3-pyrrolidino, 2-oxo-pyrrolidin-1-yl, morpholino, thiomorpholino, thiomor-
pholino-1-oxide, thiomorpholino-1,1-dioxide, 1,1-dioxo-tetrahydrothiophen-3-yl,




15 I n the nain enbodi nent of conpounds of fornmula (1), R reprgsenbss an
acyl, heteroal kyl, optionally substituted aryl heteroal kyl, heteroal kenyl,
het er o- alkényl heteroallcylcarbonyl het er osubsti tuted cycl oal kyl
het er osubs¥VPOLR¥E cydoal kyl al kyl , het er osubst i t ut ed cycl cettksHontidossy |
het er osubsti tuted cycl oal kyl _ 20 alkynyl, het er oal kyl substituted
cycl oal kyl, optionally substituted heterocydyl, optionally substituted
het er ocydyl al kyl , optional |y substitutedjpeterocyclyl spirocycloal kyl,
-(alkylene)-C(O-R 1 group or (het eroal k) I ene) - C(O) R11; wherein R

represents an al dro al.kqx am no, npnosubstituted
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Ee: eros:JEslt |(?W&Mtléﬂ);ﬂ%&ﬁﬂﬂ%§}yh@étﬁbﬁ&ﬂ&bhﬁm &%ﬁﬁdﬂﬂ ﬁf\i -kal al Ikylnyl
et er oal kyl suhsti C na su ed heterocycly
optional |y STHHEP% )é’éPeﬁ%lFb?d’ 3; gﬁPm %‘5"?&?2‘3%3’1 Yhor
- (het er oal kyi- (aqm)etlﬁ(x@)aﬂ%nylemﬂ)-pip&nmﬂ-uyﬁ adti Ry (hy, aﬁbdﬁy}me@ﬁ)ﬂo S
nDnOSUbStItULedcﬁ%#éﬁP di substituted am no, optlona |y substituted

cycl oal kyl , PRt Ws&b%rﬂ’f‘if?"é ‘cydoal kyl al kyl, optionally substituted
aryl, ioptionally substituted aralkyl, optionally substit ut ed het er oaryl ,

optionally substi 1het er.o- hydr ox | k ) n a nore
preferred enbodi r}&ﬁ glf“t ﬁBugﬁﬂ@éwtﬁfeg%ﬁ?ﬁ%lﬁﬁﬁﬁﬁahe %TP@F}YL&'“P
enbodi ment, iRprefesabipsedefinkd for,"hepidepdsl bydehned FortRi theskimfet. h@@ser oai kyl ,
heterosubstlt I S tut ed C cI al
het er oal kyl Pr%%ﬁg’p%‘ﬁﬁgt %?%Ylg"g?%?s(%? q“f?ﬁ%{-"br B’Bé%‘i“?r%l kyl ,
nmore pref erqhhmhybﬁdzmmmcmbnmﬁgt)eppEﬁdmtyymwQLQaix-iﬁﬁbret‘rh )-t he
enbodi gpent wher e R | K al k pr. ef er abl subst I tuted
wth 3o or HEES TrilNE T bt R i eat Rt £ G-
ca:bonyimethyi)—pxpendmyl—ét—ylm&thyl 1- (hydroxycarbonylmethyl)-piperidinyL
4-ylmethyl, 2-(piperidin-1-yl}-ethyl, 3-(piperidin-1-yl)-propyl, 2-(morpholin-1-
yl)-ethyl, 3-(morpholin-1-yl)-propyl, 2-(2-oxo-imidazolidin-1-yl)ethyl, and 2-(2-
oxo-pyrrolidin-1-yl)ethyl.

20 .

Where R' is “heteroalkylsubstituted cycloalkyl" the cycloalkyl radical may be
optionally substituted with one, two, or three, preferably one, heteroalkyl,
preferably hydroxyalkyl, groups as defined hereinbefore. Preferably such groups are
1-hydroxymethyl-cyclopent-1-yl and 2-hydroxymethyl-cyclohex-2-yl.

25 .

When R' is "optionally substituted heterocyclyl spiro cycloalkyl" it is
preferably 1,4-dioxaspiro[4.5]decan-8-yl, 1,3-diazaspiro[4.5]decan-8-vl, 2,4-dione-
1,3-diaza-spiro[4.5]decan-8-yl, 1,5-dioxa-spiro[5.5]undecan-9-yl and (3-hydroxy-
methyl-3-methyl)-1,5-dioxa-spiro[5.5]undecan-9-yl.

30

Returning to formula I, R? represents alkyl, halo, heteroalkyl or vinyl and

can be attached to the phenyl ring at any of the remaining five valences otherwise




ORa or -NROR wherein Ra is hydrogen, Rb is hydrogen, alkyl anghfRzohs

hydr ogen, al kyl and al kyl carbonyl. Particular R groups are

3-am no- 2, 2-di net hyl propyl, 3- di met hyl am nopropyl,

3- met hyl cwolynydsanm nopropyl, and 3-am no- 2- hydroxy propyperkPocfiobisef erred
enbodi mrent of heteroal kyl, R is hydroxyalkyl. 20 In the preferred

enbodi nent of heteroal kyl where Rl is hydroxyal kyl (Ra is hydrogen) such
group is preferably selected from 2- hydagxyethyl, 2- hydr oxypropyl ,

3- hydr oxypropyl, 1- (hy(lroxyrnethyl) 2 t hyl - propyl, 2-hydroxybutyl,

3- hydr oxy- butyI 4- hydr oxy- butyl, 2, 3-di hydroxypropyl,

1- ( hydr oxy metduph e&&fﬂmwg@xya?hhwbs nasa:ﬂit 6m<¢&hwit)z5|3, indicating that
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30 ethyl, 1- net th id dr.a me
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group havi ng.a,tetrahe o} ac e nitrogen atom nore
preferabl y ﬁg\ﬂhglqrgagfﬂ%l&%ﬁﬂ fh‘{p‘%’%ﬁ ?BQGE"?I?S@‘FSGEPOOI 10088 16
groups at t agheethtlo that carbon atom Mre preferably the hydroxyal kyl in Rl

is 1- ydroxy 2-net hyl - 2- propyl and 1-hydroxy-2-propyl. In the enbodi nent
wher e i's "heterosubstituted cycloalgg " the cycloalkyl 5 group is

preferably opti otratHey:ompdamkmfémm;la €0 BStdpiesentd hydroBerm abkyl, ﬂz\é&ro:@l&ylt hr ee

Preterably 8§§onaﬁﬁsa§ﬁ-<§, c{‘%se{; ﬂi‘éeig“"‘ '941%‘?%%%2?}@%' %ngm no, oxo

al koxy, amn

(=0, - O tR@atyliuptionilly wbsmyddhgemnﬂqﬂyépumaﬂmbmmmbdykk:b&ybst i tuted
o0 o R LA AR SRR R BB ol kenyl
2, and R i slhsydnﬂbqnloal@cﬂg beterbsubstihzted cycloatk§ialkyt, hedekodlylsubstitaédd) 2Rd (wher e
R 115 20 K91 o0 opRRGG ik B RS ATy s had ML RUDS 1 ¢ vt e
cyclylalkyl, ~(alkylene)-C(O)R* or -(heteroalkylene)-C(O)R>'; wherein R*
represents alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted amino,
disubstituted amino, optionally substituted cycloatkyl, optionally substituted
20 cycloalkylalkyl, optionally substituted aryl, optionally substituted aralkyl, optionally
substituted heteroaryl and optionally substituted heteroaralkyl.

=1

-

In a preferred embodiment, R’ is selected from hydrogen, alkyl, heteroalkyl,
aryl, especially phenyl, aralkyl, especially phenylmethyl, cycloalkyl, haloalkyl,
25 cyanoalkyl, heterosubstituted cycloalkyl, heterocyclyl, -(alkylene-C(O)-R*, wherein
R* representy alkyl, hydroxy, alkoxy, amino, monoalkylsubstituted amino and
dialkylsubstituted amino.

In a more preferred embodiment, R is selected from hydrogen, alkyl,
30 cycloalkyl, haloalkyl, heteroalkyl, heterocyclyl and heterosubstituted cycloalkyl.
' More preferably R is hydrogen, alkyl, haloalkyl or heteroalkyl. Ina particularly
preferred embodiment, R? is hydrogen. In another particularly preferred
embodiment, R? is methyl. In yet another group of particularly preferred




substituted cydoal kyl is 4-hydroxycycl ohexyl, 2-am nocycl ohexyAgrii 2004
(2- met hoxy- et hoxy)cycl ohexyl, 4-oxocydohexyl,

4- (met hanesul f onyl am no) cydohexyl, allyl oxy 15 cydohexyl,

2- hydr oxy Y@ PEME43/| | 4- net hoxycycl oal kyl , 4- net hyl car bonyPEr@Epde10088XY| |,
2, 3-di hydr oxypr opyl oxycycl ohexyl , -4- (hydr oxyi m no) cycl ohexyl, 4-(nethyl -
sul f onyl am no) cydohexyl, 4-(d.inmethyl am nosul f onyl am no) cycl ohexyl, 4-

f or myl oxycycl ohexyl, 4- (nethoxycarbonquﬁy)cyclohexyl 4- (am nocar bonyl -
oxy)cyclohexyl or 4- (N—nethylcarbonyloxy)cyclohexyl W th

4- hydr oxycy hexyl 20,(including cis- or trans-4- hydr X cyclohex) I) bei ng
nost prefer r"§§’ R’ i haloallgl; espegially 22,2 trifluogethyl, ok 4 ge

het erocycl yla. éthﬂﬁy-l-%th gﬁﬁ_.lgg}y @t ihyeRHPA L dIfghd ependent I y Wi th

one, two, or_threge, qne, Substituents sel ected from al kyl,
hal oal kyl , Kimsthy eth T S@P%PB YiomERRi?.&dime diaethyipropd, angahbudreyrethydr al kyl ,
preferably Mmawm?e&@ﬁ%&ﬁ (,Hﬂere nis an integer fromO to 5,

and Ris aIkyI) whére nis an integer fromO to 5, R and
War e h§drogen and Ris hydrogen or alkyl), or -(CR R" )n-CONRaRb (where n

is an integer framcBmbOud offormiH (BRﬁEﬁre&)ﬁ@d’lﬂ%&g n,aa‘]ﬂylr ‘3]1(%3 are,

i ndependent | Qf _each_ot her hydrogen or _al kyl") or "Rd (where,n is an
i nt eger fror#%Rto Inpa prefe WQ@@OQWWQ“P%@YWEF EW@@WW@E@F%B that n
is 0) or al kbodidyitenmRaktd badld, K rep P&&:ﬁ&ﬁ@d&% beAl. V\me'ie Rétappbiysisopyranyl

pi peri di no, era Q pyLral i 3-pyrrolidino,
2- 0X0- pyrrol’ “‘T'éﬂqz !Wrﬁfﬁ%ﬁ%&r’ CH# +phol i no, thi onor -
phol i m@- | - oxi de,

t hi onor phol i no-1 axi de 1-di ox e rot hi ophen-3-yl, 21 April 2004
WO 01/ 29042 PCT/ @6&)‘?@@8‘8@#’5@%‘8&? ﬁifﬁnb BI¥es Hhe BEgsenhHyyention

2- OXO0-i mi daz@ﬂu@&s@n hm;héz;bu@craﬂy @&tﬂamkm of st t&rﬁf)&%ds%ﬂgﬂﬂiﬁ oned before;
with piperidin grlva% such a | pi peridin- 3-
( phenyl met h)Hr?‘fo)"“p Qrm$ q ezp:ompoun an 1somers W. ether ina pure ' chiral form or a
, 1- (am nocgacehgnixeatdatl oerFermh df frixdndel , 1- (et hyl -
U|fOT | ) pi peridin-4-yl, 1-(hydroxyethyl)piperidin-4-yl, 1-(2, 3-di hydroxyprop
1) 5 %iperidin 4-yl, 1- (2-cyanoet hyl ) pi peri di n-4-yl,

(1- cyanonet hy SH] Iﬁlilﬂidr;iioﬂnlﬁna/donl of the preferred groups described above wﬂl forrn

am nocar bony, met car ban , 1-(2-

rifluoret hﬁﬁ? iP) %}/ﬁ‘%ﬂo"r@ﬁq%}?’eﬁm Icﬁy%ftgﬁ %Otﬁ% ?)?%Rl)ﬁéﬂ%gﬁ)n B‘E—?rl d| -4-yl
1- ( 2- met heefyeed Rbebodtinkyis)R' 4 Mérbdlcfl H iy halo@ @nethyl, R? is methyl, and

- (hydr oxycar. b?n}/Erret hyl )- piperidin-4-yl being nore preferre

S
y
1-
(
t
1
20
In another group, wherein R’ is heterosubstituted cycloalkyl, R? is halo or
methyl, R’ is methyl and n is 1 or 2, especially wherein R' is hydroxycycloalkyl,
including cis- or trans-hydroxycycloalkyl, in particular &is- or trans-4-hydroxy-
cyclohexyl.
25 )
In a further group, wherein R' is heterocyclyl or heterocyclylalkyl, R? is halo
or methyl, R® is methyl or hydrogen and n is 1 or 2, or wherein R? is halo or methyl,
R3 is heteroalkyl and nis 1 or 2.

30 Particular preferred compounds are selected from the group of 7-(trans-
4-hydroxycyclohexylamino)-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1H)-one, 3-
(2-chlorophenyl)-7-(tetrahydropyran-4-ylamino}-3,4-dihydropyrimido[4,5-d}-
pyrimidin-2(1H)-one, 7-[1-(2-hydroxyethyl)-piperidin-4-ylamino]-1-methyl-3-



10 Wiere R is "optionally substituted heterocydylal kyl" the{helgrgeyclyl

group is preferably as defined for "heterocyclyl" as defined for R

herei nafter. Most preferably the heterocydyl al kyl is

1- (di met hwiasgeerar bonyl nmet hyl ) - pi peri di n-4- yl net hyl,

1- ( 2- met hoxycar bonyl et hyl ) - pi per i di n-4=yl methyl, |-(2-trifluorerryr] 15

pi peridi nyl - 4-yl nmet hyl , 1- (cyanonet hyl ) - pi peri di nyl - 4-yl net hyl , 1- (am no-

car bonynet hyl ) - pi peri di nyl - 4-yl rnet hyl , 1- (hydr oxycar bonyl et hyl ) - pi peri di ny

| - 4-yl net hyl, 2-(piperidin-1-y|)-ethy|?03-(piperidin-l-yl)-propyl,

2- (mor pholin-1- yl)-ethyl,, 3-(norpholin-1-yl)-propyl,

Wher e R | oot er phl kL SUnaL Lt o AT al ey Dreely e EoR I T4y
ere Is."-het erpa su I e clo " e cl.oal kyl _radi cal may

be optionalll %’ﬁb‘gﬂ W%T)Sﬂeéhﬁ 10 b]r“x'leﬁ‘i‘yé'éf*'%flﬂi’éﬁ@}d@ﬁé:

fFl)et ]frr 0a|b:<y ! d]pyﬁinﬁﬂﬁf-mm-mdilﬂ&&&-kwbmpl@ﬁ;ldw-@foﬂﬁ&dmﬁx*lﬁhﬁiémef ore.
referably su r s.are. 1: r gxynet - opent-1-yl an

2- hydr oxy maf’}%&f Y-I%S%%QS?P Wdoqég' é‘?lml‘—é}x'lzé (I\IYIS'&PF Bﬂ% paticelly e ed

het er dcycl yhccspliable selysctherzbkyl " it is preferably

1, 4- di oxaspi ro[ 4. 5] decan- 8-yl , 1, 3-di azaspi ro[ 4. 5] decan- 8-yl , 2, 4-di one-

1, 3-di aza-spiro[ 4. 5] decan- 8-yl , 1, 5-di oxa-spi ro[ 5. 5] undecan-9-yl and

(3-hydroxy- net hydndtherraspday ke prsent Hivestorspiovided mzthdds df pevpafinythe 30

Returning to formi . represents al kyl, hal o, heteroal kyl or vinyl and
can be attach,d&Fgg?ﬁéi$Eéﬁ§FQTing at any of the remaining five val ences

otherwi se 21 April 2004 W) 01/29042 PCT/ EPO0/ 10088 18 occupi ed by
hydr n. The s i is an inte of, from,0 to 3, ,indicatjng that
the phenyl ri ngﬂllbér%s%lgélplgt etcecWrbooMgﬁO%}"]& R‘Bax?ﬁ%répﬁfdbymfg%".d For those

enbodi nent scémpmdingh two or three R2 groups are present, each can be

i ndependent of the OE@%%@&“%%‘#ﬁﬁgﬁé%?&ﬁﬁmom ment of the conpounds of

formula | and the 5 p n menti oned above, nis 1 or 2
and each R2 is halo or alkyl, especiall hyl, nore preferably R2 is
=

halo. Still further preferred within _i__'_(Ra)
; n
>
—
L)\N r;:’&o
R° m

wherein n, R? and R® have the meanings provided for the
15 compounds of formula I above, with the proviso that any interfering reactive group
present is optionally in protected form, and L is a leaving group,
with an amine of formula II}
R'R*-NH (1)
wherein R' and R® have the meaning provided for the compounds of
20 formula I above, with the proviso that any interfering reactive group present is
optionally in protected form, and where required, deprotecting any protected group
present in the reaction product.
Where desired, the compound may be converted into a pharmaceuticaily acceptable
salt thereof.
25
In another method the compounds of formula I may be prepared by a
method comprising

(a)  treating a compound of formula IV



thi s embodi ment are those enbodi ments in which -(R2)n represgmisi2ofipl o or
2,6- dihalo, nore preferably 2-chloro or 2,6-dichloro or where -(R2),,
represents 2-nmethyl. 10 In the conmpounds of fornula (1) R3 represents

hydr ogen, VePRYP904het er oal kyl, optionally substituted arylecogtooaomss! vy
substituted aral kyl, optionally substituted heteroaryl, optionally
substituted heteroaral kyl, optionally substituted cydoal kyl, cycl oal kenyl,
optional |y substituted cycl oal kyl al kyl , | oal kyl, cyanoal kyl, hetero 15
substituted cycl oal kyl, heterosubstituted cydoallcyl al kyl,

het eroal | ryl substituted c¢ycloal kyl, optionally substituted heterocyclyl,
optionally substituted heter . Rgalkyl, -(al kyl ene) -C(O R31 or

- (het eroal kyl ene) - C(O) R31; iH represents al kyl, hal oal kyl,

hydr oxy, al.koxy, am no, ThQpe Tt edyanino,  di substituted am no,
optional ly substituted cycloal'kyl,|ofitio V. ( stituted 20
cydoal kyl al kyl , optionally substi ti’ a optTonal | y substituted

aral kyl, optionally substituted heteroaryl and opti offd)ly substituted
heteroarallcyl. In a preferred enbodinent, R3 is selected from hydrogen

al kyl, heteroal kyl, aryl, especially phenyl, aralkyl, especially

phenyl net hyl, cycl oal iwhereinX iohtlkyR js 4&y],apd R ahl\R® hateshe meaningt i t ut ed

cycl oal kyl, heter 2 iy i / representy
al kyl, hydroxy, aﬁﬁ%ﬂ"én@%%%%hg‘gﬁf%@s‘%@?ﬂ%%%%eh%% eSdicd

di al ky$ subst i t ut ef adaserto affprd acompandraf fermmda Venbodi ment, R3 is sel ected
from hydrogen, al kyl, 30 cycloal kyl, hal oal kyl, heteroal kyl, heterocydyl
and heterosubstituted cycloal kyl. Mre preferag¥ Iﬁ&g s hydrogen, al kyl,
hal oal kyl or heteroal kyl. In a particylarl dir enbodi ment, R3 is
hydrogen. I n another particularly pNef edNentdodi nent, R3 is nmethyl. In
yet another group of particularky p lef edred |21 April 2004 WO 01/29042
PCT/ EPOQ' 10088 19 enbodi nent s, Sis N Ioafgét) especially
2,2,2-trifluorethyl, or R3 is heteroalkyl ] with

2_ et hoxy-I - et hoxynet hyl et hyl , 2-di et hyl anfHoethyl , 2-metkyl t hi oet hyl, 3-
di met hyl am noet hyl, 3-dirnethyl am no-2, 2-di net hyl propyl ,* ‘and 2-hydroxyet hyl
bei ng parti db) ar tpatings ceripoendeofdatriyle Vowith ps oxidizing agent followed by an

amine of the formula R'R*NH (wherein and R' and R* have the meaning provided

for the compounds of formula I mentioned above) to afford a compound of
10 formula (J).

Where desired, the compound obtained may optionally be converted into a

pharmaceutically acceptable salt thereof.

The compounds of the present invention can be prepared by a variety of
15 methods, using procedures well known to those of skill in the art. Regarding the
above mentioned processes, the compounds of the present invention are prepared
as outlined in more detail in Scheme 1 or as outlined in Scheme 4.

20



5 In compound of formula (1) R4 represents hydrogen, alkyl, r]gpﬂ QbﬂW' ene-
COR31. In a preferred enbodi nent, especially regarding the main and
preferred R enbodi nent nentioned before, R4 represents hydrogen- Where R4
repr esentwo (a2bkgsy! ene- COR31 it is preferably - CH2CONH2. %,g @ﬂﬂbél on to
t he conpounds descri bed above, the present invention inc a
pharmaceutically acceptable salts of those conpounds al ong vmth pr odr ug
forms of the conpounds and all isonmers whether in a pure chiral formor a
racernic mxture or other formof nixtut®. 15 Still further, conbinations
of the preferred groups descri bed above will form other pref erred

enbodi ments. I n one group of the maighehd® preferred, and nore preferred
R enbodinents Rl is heteroalkyl, RZ1s halo or nethyl, R3 is nethyl, and

nis 1or 2. 20 I QELEYroup, wherein R is Beit i t ut ed
cycl oal kyl, R2 s'\r’;?;ii{:or methyl. R3 ig methyl jpnd n is 1 or 2, especially

wherein R i Bm &I oal kyl, including

t rans- hydr oxyc kyl7”in particular cis- A{q'ﬂydroxy cydohexyl .
25 In a further grodp, wher ein RL is het errocycl yIlbor r-htet erocyclyl al kyl, R2
is halo or nethyl, R3 is nmethyl or hydrogen and nis 1 or 2, or V\,hereln R2
is halo or nethyl, R3 is heteroaikyl and nis 1 or 4. 30 Particular
preferred conpounds are sel ected fromthe group of 7- 4t rans-

4- hydr oxycycl ohexyl am 3, 4-di hydr opyrl m do[ 4, 5-d] pyrim di n-2(1H)-one, 3-
(2-chl or ophenyl ) N7- ghydr opyr an- 4-yl am no) - Shopyrl m do [ 4, 5-d]
- pyrin‘idiné(l } ong, - l

7-[1-(2-hydr 'H;)er'i di n-4-yl am no] - B4 lll ﬁfl-l April 2004 WO

01/ 29042 PCTI EPOO’ 1008 ]
ortho-tol yl -3, 4-di kydr &yri mi do[ 4, 5-d] pyri mi di n- 2(j&H) - pae,

3-(2-chl orophenyl) -
/@L (R?), /@-(ﬁz)n
Re */I\

le - if




7- [ (trans-4- netho)ycyclohexyl)nethylan1no] -1-met hyl - 3, 4- dithyshiepy4 i m do

[4,5 - d]py

rimdin-2(1H) -one, and

3-(2-chl orophen 7- (4-0) co-cycl ohexyl am no) - 1-
ViR,

met hyl - 3, Q¢
acceptable

nmet hods of

conmpounds o
conmpound of
provi ded fo
interfering
is a leavin
and R4 have
with the pr
in protecte
present in

pyrim do[ 4, 5-d] pyri m di n-2(1H)-one and RcavEpaeewss cally 5

salts thereof In another aspect, the present invention provides

preparing the conpounds described above. 10 In one nmethod the

f formula | maybe prepared bysethod conprising (a) treating a

formula Il OR3 (I1) wherein n, Rz and R3 have the neani ngs

r the 15 co nds of fornulal above wth thgﬁErOV|so t hat any
e

r eactiFAETERRN coptrosed of farmyla TadwheraR is an gligrh

etarelyln  and L

@ralip) Wigth Aprlifad indnk Uﬁaﬂﬁzjgﬂﬁi&e@a% Sufdof bt 1 V‘T’ﬁ tgein R

t he neani ng .provided for the co un s of 20 for

above,

ERACHER (AP VAHSRHY FREadut fya syt ma%des@nﬁeacgm@pt i onal |y
Gorhditibhs, pRederwblo af ob &%ﬁﬁ@rcﬁ&?%ﬂfeﬁ&hkﬁ‘%t@ﬂnﬁ%ﬁ%j group

e reac .0 prodg Where desired, the co
a

farhom, espesiallpdichlosemeth %F@@ptm{agm n anot her
ﬁﬂﬁg&hﬁéﬂsaxﬁﬁzaﬁeh arboflBMoRBaRiRPAIRAr A¥aribl JFaldiQd conpri sing

g a conpound of formula IV 21 April 2004 WO 01/ 29042

Bidabily, theayeaciinsr ié icarried outrtlabouR20SC a0 Kbydut 120RC.R2 and R3 have t he

Reduction of 2 compound of formula Ib provides an alcohol of formula Ic.
This reduction is typically carried out using lithium aluminium hydride in a
manner well known to those of skill in the art (e.g in a solvent which is inert under
the conditions of the reduction, preferably an open-chain or cyclic ether, especially
tetrahydrofuran, at about -20° C to about 709C, preferably at about 0°C to about
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, ADVANCED ORGANIC CHEMISTRY, 47" ED., March, John Wiley & Sons,

converted i
net hod t he
(a) treatin
PCT/ EPCQO 10
meani ng

10

15

20

25

30

New York (1992)). Depending on the oxidating agent employed, the reaction is
carried out conveniently in a solvent which is inert under the specific oxidation
conditions, preferably a halogenated aliphatic hydrocarbon, especially
dichloromethane, or an optionally halogenated aromatic hydrocarbon. Suitably,

the oxidation is carried out at about 0°C to about 60°C.

Reaction of a carboxaldehyde of formula Id with a substituted aniline (R?),-

CsHs.nNH; provides 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-toluene-
sulfonic acid, with azeotropic removal of the water formed during the reaction.
Conveniently, the reaction is carried out in a solvent which is inert under the

reaction conditions, preferably an aromatic hydrocarbon, especially toluene or

Xylene, or an optionally halogenated aromatic hydrocarbon, and at a temperature of -



provided for the conpounds of formula I nentioned above, inhg,ppesence 5
of a base to afford a conpound of formula V (R2)n |V) (b) treating a
conmpound of forrmula V with an oxidi zing agent followed by an am ne of the

formul a RERiNBRsewherein and R and R have the neaning pr O\bkgﬁ%f’&wfﬁé he

conpounds of formula I nentioned above) to afford a conpou formul a
M Where desired, the conpound obtained may optionally be converted into a
phar maceutical ly acceptable salt thereof The conpounds of the present

i nvention can be prepared by a variety & 15 nethods, using procedures
wel | known to those of skill in the art. Regarding the above nenti oned

' mor o dbr Ao PR R S0 SRR nt AR bRl 265 BEER 30966 2004 o
01/ 29042 22asSistiarthe hotpd addolrkpicRemoBafMater. O O 1 R3 1h N CO2Et NN "N' R
R3 C (R2)n (R2) n
Reduction of a compound of formula Ie to give a compound of formula If
5 can be carried out using, for example, hyride reducing agents such as sodium

borohydride, lithitzm aluminium hydride or sodium triacetoxyborohydride under

conditions well known to those of skill in the art. Preferably, the compound of

formula Ie is not purified, but rather the reaction mixture in which it is prepared is

concentrated and the concentrate obtained is taken up in a solvent which is inert

10 under the conditions of the reduction, preferably an open-chain or cyclic ether,
especially tetrahydrofuran or an optionally halogenated aromatic hydrocarbon or a
lower alkanol, and then treated with an aforementioned reducing agents. The
reduction is suitably carried out at about-10° C to about 100°C, preferably at about
0°C.

15

Cyclization of a compound of formula If provides a bicyclic nitrogen
heterocycle of formula Ig. The cyclization can be effected by reaction of If with a
carbonylating agent such as phosgene or trichloromethyl chloroformate (or another
phosgene equivalent), conveniently in the presence of a tertiary organic base,

20 preferably a tri(lower alkyl)amine, especially triethylamine. More particularly, the
cyclization is carried out in a solvent which is inert under the conditions of the
reaction, preferably an open-chain or cyclic ether, especially tetrahydrofuran, an
bptiona]ly halogenated aromatic hydrocarbon or a halogenated aliphatic

hydrocarbon. Conveniently, the reaction is carried out at about -20°C to about

25 50°C, preferably at about —20 to 0°C.

Oxidation of Ig with a peroxy acid such as 3-chloroperbenzoic acid or with
Oxone® (potassiurn monopersulphate triple salt) in an aqueous aprotic solvent such
as tetrahydrofuran, provides a sulfone (Ih) (or, if desired, its corresponding
30 sulfoxide By controlling the oxidation conditions) which can be converted to a

variety of target compounds. Typically the oxidation of Ig is carried out in a solvent

which is inert under the conditions of the oxidation, preferably a halogenated




ERc Ji (R)n PCT/EPOO 10088 (R2) n 21 April 2004 WO 01/ 29Q42pril 2004
PCT/ EPOO/ 10088 23 Treatnent of a conpound of fornula la (where Ris an

al kyl, aryl or aralkyl group) with a primary am ne (R3-NH2) provides a
conpound WO 892 a | b. This reaction is conveniently carCT/EH0I088 N a
solvent which is inert under the reaction conditions, preferably an
open-chain or cyclic ether (such as tetrahydrofuran), a 5 hal ogenated

al i phatic hydrocarbon, especially dichl ggonet hane, an optionally

hal ogenat ed aronmati c hydrocarbon, a foriam de, a | ower al kanol, or water.
Suitably, the reaction is, carried out at about -200C to about 1200C.
Reduct i on ofliphatiskydipsarbep. espegially shiorofprmowr dishlaapmetheehand efaboot rrul a | c.
10 This reducdion_ is typically carried out using |ithium alun nium hydride
in a manner29\/@40MB&P&%@P{%@YBW%QWFO?b?‘&*ﬁ%oiaﬁftmr(eé%tgf.e-i n a sol vent
which is inert .under the conditions of the reduction, preferably an

open-chai n or c¥_cl c ether, especially. tetlrg%rofqran, at about -200 Cto
about 700C, pr eFimelpitseatmensioblh wishen arpine{BOR - NED o videstes targete) . 15

Oxi datsi 0N Ofo@Bosthds3BPfor@iklaTO MR k@ ctin é&ﬁéﬁﬂﬁﬁutﬁﬁl@ PLOYldES a .
car boxal dehyde” of fornula |d. The oxidation |s typica Fy carried out with
manganese dalsenerof salvemo Sglvents tat s1ay bstused ingludn peler apaptiagobeentse enpl oyed

(see, for meRhEthADVANERIERFON fhabtFdinetRYyetfyl tePand MahGiiroJOhn Wl ey
& Sons, New Yor kfi(aég%)). Dependi rfgaggl t he oﬁedtgy{i ng %lnent e Iooi:ed, t he

reaction i sfuren and Aipelpr gprotic seiyens sichag dimpethyldonmasnide epd NilNidimedtt under
t he specifi ShdabhO Corveridhdly. dtSreadtiogh Lphatic

hydr ocar bon,ﬁylgspeci ally di‘ch'%l%r onetdf?gﬁel;géag{r%%%ﬁggtl %%éﬁgﬁégﬁnat ed

ar onellli ¢ hyabhwd 76 omabsui20076], yore preferably dadiitsoomsemparatuedtoabbunt about 00C
to about 600C. 25 Reaction of a carboxal dehyde of forrmula Id with a

substi t ut ed?@h& i ne (R2),,- CBH-nNH2 provides a conmpound of fornula |e.
This reaction maybe carried out

Accordingly, the present invention provides a method of preparing
compounds of formula I, by treating a compound of general formula Ii with an

15 amine (R'R*-NH).
N
I
1

L — = O
L/l\N/ l;l/ko RK!?I/I\N/ t?s’go
iR R R?

I

In compound I, the symbols R, R, R* and the subscript n have the meanings
‘ provided above with reference to formula I. The letter L represents a leaving group
20 which can be a halogen, a lower alkanesulfonyl or alkanesulfinyl group (e.g.,
methanesulfonyl, methanesulfinyl or trifinoromethanesulfonyl) or an aromatic

sulfonyl or sulfinyl group (e.g,, benzenesulfonyl, benzenesulfinyl or 4-

toluenesulfonyl). Other suitable leaving groups are known to those of skill in the
art and can be found in, for example, ADVANCED ORGANIC CHEMISTRY, 4 ED.,

25 March, John Wiley & Sons, New York (1992). Suitable amines (R'-NH,) are those
in which R’ represents any of the R? groups noted for formula I.




in the presence of an acid, e.g. an aromatic sulfonic acid, Rrgfiesedd v
4-tol uene- sulfonic acid, with azeotropic renoval of the water forned
during the reaction. Conveniently, the reaction is carried out in a

sol vent whiocdizbgyzi nert under the 30 reaction conditions, PEfle%(ﬁRh?@ an
aromati ¢ hydrocarbon, especially toluene or xylene, or an optionally

hal ogenat ed aronati ¢ hydrocarbon, and at a tenperature of 21 April 2004 WO
01/ 29042 24 PCT/ EPOQ 10088 about 700C to about 1500C, especially at the
reflux tenperature of the solvent to a3&ist in the noted azeotropic
renoval of water. Reduction of a conpound of fornula |le to give a conpound

of formula If Insdthddembodimee, tﬁélbicytﬂc%ﬁroéelﬁ?lme&)fé&le%n'bﬁkbﬂﬁrdc&@UCi ng
a

agents such_as sadi um borohydride, l1thiu m_ni um hydri de or_ sodi um
triacet oxyb’é’fsbﬂsﬁgﬁ‘i}ebﬁﬁ%?%ce%ﬁfoﬂlﬁ%ﬁég%&ﬂm shownHpSeheme 3ki || in the
concentrate obtained is taken up in ent which is inert 10 under the
conditions of the reduction, referably an open-chain or cyclig¢ ether,
reduci ng agent s.NTABY rebliict™on i s suitably carriNsd
about 1OOC,FRg§LEg§b aft about 0C _15 GQycl jzatilbn g

1 d
such as phosgene omg richloronethyl chloroformate (ofahother phosgene
equi val ent), conveniently in the presence of a tertiary organic base, 20
under the conditions of the reaction, preferably an open-chain or cyclic
ether, especially tetrahydrofuran, an optionally hal ogegpated aronmatic

art. Preferably, the conpound of forrmula le is not purified, but rather
the reaction mxture in which it is gﬁegared is concentrated and the
especially tetrahydrofuran
hydr ocar bon or- a ower._al
a donmpound of

formula If pr a hMHyyclic nitrogen hete yC 0 la 1g. The
cyclization can be effected by reaction of If with a c%rbonylating agent
preferably a tri(lower alkyl)am ne, especially triethylagmne. Mre
particularly, the cyclizationis carried out in a 'solvient which i's inert
hydr ocar bon or a hal ogenat g& aly p i ¢ hydrocarbon. Conveni , the
reaction is carried out at QEOI' C to about (R3,
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Compound IIa, the starting material in Scheme 2, can be prepared by the

displacement reaction of commercially available compounds of formula Ia to

provide compounds of formula Ib as previously described in Scheme 1. Briefly,

10 treatment of the mercapto compound with a suitable amine provides a compound
of formula Ib (R* = H). Conversion of Ib (R> = H) to Ha can follow the steps

provided in Scheme 1.




25 50C, preferably at about -20 to OC. Oxidation of Ig wtha &y, acid
such as 3-chl oroperbenzoic acid or with Oxone(r) (potassium

rnonopersul phate triple salt) in an aqueous aprotic solvent such as

t et r ahydr é‘f‘g%{%ﬂoﬂor ovides a sulfone (1h) (or, if desired, PCEEPOGI8E poNndi ng
30 sulfoxi.de by controlling the oxidation conditions) which can be
converted to a variety of target conpounds. Typically the oxidation of Ig
is carried out in a solvent which is ipgrt under the conditions of the

oxi dation, preferably a hal ogenated 21 April 2004 WO 01/29042

PCT/ EPOO/ 10088 2 | i phatj.c hydrocarpon, especially chlqroformor

di chl or onet hane, Cafipaien af ﬁPrqwd%Qe&%%ﬁ%%}erwgu@?myﬂaa%ut 0C to
about room Theprligdtiontan bk Bfbdtad by feBa{oRITIIa0kitH Phoveédt Gt iridilbrdghetityl R4- NH)
provi des the target 5 c%ggpunds for fﬁrnu%& I.. .The reactjon can be carried
out in the g‘#@g‘?é te for Phgsgsne sawvaleny)gpirally dp feiesenehafis taihe used

i ncl ude pol afgadiRitatd, prefahbifats(lovacifantng efRERIP tidthRan®le."BIhOXY et hane,
di net oxyeth¥L Qer and.tetrahydro; furan and dj.po| ar aﬁéftic sol vent s
such &s dinE‘%V&Ef8ﬁhﬁﬁFﬂﬁnﬁﬁﬂséFRFﬁ?W@PHfPFe 6 isansrbrRaer Ehveni ent |y,
the reacti anﬂcﬁﬁ&&rcift‘@djrg@wonapref&ﬂﬂ?ﬁﬁibpérﬁah@ﬁ of e;%m- dler BNt t OdabO:Jt
200C, nore prefera about. r enperature ou 15 ccordi ngly,

t he presentgwﬁb@thH%L dTP&B%%Qhﬁﬁgﬁﬂﬁg6?“%?%35&Fﬁ@%oe§ﬁﬁg%%EEPQﬁd'fornula
|, by treatj 0 y- T NI 3pt
(RIS SEpRiEn CofRiatl, hEr U calii bullh it SCH

subscri pt nabax&0eQpraesablyaabopr (90 Weboalrovs: tatdperatedeer ence to fornmula I.
The legtter L represents a |eaving group 20 which can be a hal ogen, a | ower

al kanesul fonyl or al kanesul finyl group (e.g., rnethanesul fonyl,
met hanesul finyl trdduicfibniof &anR1 granp sapioeid¢la)cofipoand of ffmtladlc Gulbeonyl or

UYL O S ta BRSSO bR O Bt o i1
in the artalkdilmesahhxiridepespelcialiy, sotlinm hydridy, end ABYANEI6MGAMIA £HEM STRY, 4
ED., compound of the general formula R*-L, wherein R’ has any of the values accorded
15 to R® hereinbefore except hydrogen, aryl or heteroaryl and L represents a leaving
| group {e.g., halo, methanesulfonate, trifluoromethanesulfonate, and thelike). The
N-substitution is conveniently carried out in a solvent which is inert under the
reaction conditions, preferably a formamide, especially N-methylpyrrolidinone or

dimethylformamide, an open-chain or cyclic ether or an optionally halogenated
20 aromatic hydrocarbon. Suitably, the reaction is carried out at about 50°C to about

2000°C, preferably at about 50°C to about 150°C. Alternatively, the alkylation may

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

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

250C.
25
An alternative, and preferable method for the introduction of R’ involves a
alkylation of the pyrimidinone nitrogen via the Mitsunobu reaction. In this
method, an alcohol of the general formula R’-OH is combined with a compound of
general formula ITb in the presence of, for example, triphenylphosphine and diethyl
30 azodicarboxylate or diphenylpyridyl phosphine and tert-butylazodicarboxylate (See,

Tetrahedron Lett., 40: 4497-4500 (1999). The alkylation is conveniently carried out

in a solvent which is inert under the reaction conditions, preferably an open-chain




25 March, John Wley & Sons, New York (1992). Suitable am nes A4%iobhi2) are
those in which R represents any of the R groups noted for fornmula |I. 21
April 2004 WO 01/29042 26 Schene 2 In another enbodi nent, the bicyclic

nitrogen Q& @r@epmcl e can be constructed first and R3 canngng%,{dagched at
a later stage of synthesis as shown in Scheme 22 NN R~HSNNH ilalid

RS\NNCO 1 R3 lic (RR)h NRa NN -N "-O { | 5 10 R PCT/ EPOQ 10088
(R)n I_ (R2)n (R2)n 4 NRCS N NLO 1

or cyclic ether, at temperatures of about -20°C to about 1000C, preferably at about

0°C 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.
5
Following the introduction of R’, the oxidation and displacement steps (to
introduce R'R*N-) can be accomplished as outlined in Scheme 1 above to provide
target compounds of formula 1.
10 In still other embodiments, the compounds can be prepared by reversing the

order of alkylation and displacement steps, thereby reversing the order of -R> and
-NR'R! introduction, shown in Scheme 3.



H1lb Y NI (R2)n | R3 Conpound Ha, the starting material iniSchepgog, can
be prepared by the displacenent reaction of comercially available
conpounds of formula la to provide conpounds of fornmula |Ib as previously
descri bedwaogesdze 1. Briefly, treatnent of the nercapt ecrmousdsW th a
sui tabl e am ne provides a conmpound of fornmula Ib (R3 = H). Conversion of |Ib
(R =H to Fla can follow the steps provided in Schene 1. 21 April 2004
WO 01129042 PCT/ E1' 00110088 27 Cyclizatign of Ila provides a bicyclic
nitrogen heterocycle of formula Ilb. Thé cyclization can be effected by
reaction of Ila with phosgene or trichloronethyl chloroformate (or
phosgene equivalent), typically in tidhemekence of a tertiary organic
base, preferably a tri(lower al kyl)an ne, especially triethyl amne. Mre 5
particularly, the cyclizatig %%Jrled out in a solvent wA ‘IIS i nert
under the conditions of thg T preferably an open- c dR%eyclic
et her, especiallwv t goro ran, an optional |y gOEeTg aromati c

hydr ocar bon Q% a al ggenatied allphat C hydr car-bn CbnvEn ently, t he
reaction is cargT edNOu NiJ, about -200C to B ] abl y, at about
OC to about roomtenperature. 10 Introductlon of an R3 group to provide a
conpound of formula Iy can be acconplished under appariety of conditions.
For exanple, Ilb can be treated with alkali nmetal hydride, especially
sodi um hydri de, and subsequent reaction with a conpoung of the general
formula R3-L, wherein R3 has any of the values accorded{15 to R3

herei nbef ore except hydroggn, aryl or heteroaryl and L epresents a | eaving
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5 Accordingly, a compound of formula I1a can be cyclized to Ilb (as earlier

shown in Scheme 2). Oxidation ofIIb to Illa provides the template for the
subsequent displacemnent and alkylation steps. Thus, treatment of IITa with RLNH,
under the conditions described above, provides IlIb, which can be alkylated using
R’-L (wherein L has the meaning noted above) or R*-OH using a Mitsunobu

10 reaction as described earlier to provide the target compounds of formula L.




group (e'-g., halo, nethanesul fonate, trifluoronethanesul fongtsg, apeht he
like). The N-substitution is conveniently carried out in a sol'vent which
is inert under the reaction conditions, preferably a formam de, especially
N- et hyl pweroghbdgdb none or  di net hyl f or mam de, an open- chai ?C'E’FPW%hgsc et her
or an optionally hal ogenated 20 aronmatic hydrocarbon. Suita PhE
reaction is carried out at about 500C to about 200C, preferably at about
500C to about 150C. Alternatively, the alkylation may be carried out with
an inorgani c base such as potassium cadBonate in a formam de solvent such
as N-net hyl pyrrolidinone tenperatures fromabout OC to about 25C. 25 An
alternative, and preferable nmethod §@enfelde | Ntroduction of R3 involves a

al kyl ation of the pyrimdinone nitrogen via the Mtsunobu reaction. In this
nmet hod, an al cohol of the general fornmula R3-CH is conbined with a conpound
of general formula{lkxdm the presence of . f@o@xanple, triphenylphosphine
and di ethyl 30 azogir]arboxyl ate~e% di hﬁgl dyl phosphi ne and

t ent - but yl azodi aqate (See, Tetr Nmett., 40: 4497-4500 (1999).
The al kylation is conveniently carried out i rkaa solvent which is inert
under the reaction ¥onditions, preferably ®n open-chain 21 April 2004 WO
01/ 29042 PCT/ EPOQO 10088 28 or cyclic ether,|at tenperatures of about -200C
to about 100C, preferably at about OC to out 300C (or roomtenperature).
As with other al t met hods, primary andgg@condary al cohols are the
nost suitabl e_forf rgactign undér—these gonditions. 5 Follow ng the

i.ntroduction Gts i Bxjaati on andRei-Spl# eps (to introduce

R RAN-) can be acconprfghmﬁutl ined in chﬁgk@@’)a to provide

target conpounds dY° fornul @%1.-10 In stillVather e di rents, the conpounds
can be prepared by r¢versing the order of alkylation and di spl acenent

st eps, thereby revergi ng the order of -R3 and -NRIR4 introduction, shown

in Schene 3. 21 April 2004
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5 Scheme 4 provides an alternative method of preparing the compounds of

Formula 1.

Compound Ia, the starting material in Schemes 1 and 4, is commerdcially
available. The treatment of a compound of formula Ia with a suitable aminating

10 ~ agent or nucleophile as described in Scheme 1, provides a compound of formula Ib.




WO 01/ 29042 PCTI EPOO/ 10088 29 Schenme 3 (R2)n I_ ~(R2) n N Ilg adg 8HpN'~O |
Hlib (R2)h ~ R,S NNH 0%(RR) n N -N "OR4 ANR R3 | (RR)n .5
Accordi ngly, a conpound of fornula Ila can be cyclized to Jib (as earlier
shown in BOHERR042) . Oxidation of Jib to Illa provides therCEEpbzinessf or t he
subsequent di spl acenent and al kyl ati on steps. Thus, treatnent of Illa with
R -NH2 wunder the conditions described above, provides Illb, which can be
al kylated using R3-L (wherein L has thegjmeani ng noted above) or R3-CH
using a Mtsunobu 10 reaction as descri bed earlier to provide the target

conpounds of formula I
P Treatment of a compound of formula Ib with a substituted or unsubstituted

phenylisocyanate provides an amide compound of formula IVa. This reaction is

carried out in an inert organic solvent, preferably an aromatic hydrocarbon such as

toluene or xylenes, and at a temperature of about 0°C to about 150°C.

5
Reduction of a compound of formula IVa provides an alcohol of formula IVb.
This reduction is carried out using lithium aluminium hydride in a manner well
known to those skilled in the art (e.g., in an inert organic solvent such as an open-
chain or cyclic ether, espécially tetrahydrofuran, at about -60°C to about 90°C,
10 preferably at about -20°C to about room temperature,

Reaction of an alcohol of formula IVb with a halogenating agent provides a
compound of formula IVc wherein X is bromo, chloro, or iodo, preferably bromo.
Although numerous halogenating methods can be employed (see, for example,

15 ADVANCED ORGANIC CHEMISTRY, 4™ ED., March, John Wiley & Sons, New York
(1992)), this reaction can be carried out using phosphorus tribromide or
phosphorous pentachloride to obtain the corresponding bromo or chloro
compound, respectively. Conveniently, the reaction is carried out in a solvent
which is inert under reaction conditions, preferably an open-chain or cydlic ether,

20 especially tetrahydrofuran, or a halogenated aliphatic hydrocarbon, and at about

0°C to about 60°C.

Cyclization of 2 compound of formula IVc provides a bicyclic nitrogen
7 heterocycle of formula IVA. The cyclization can be effected in the presence ofa
25 base, preferably hexamethyldisilazane. Typically the cyclization is carried out in the
presence of a solvent which is inert under the conditions of the reaction, preferably
a dipolar organic solvent, such as 1-methyl-2-pyrrolidinone, N,N-dimethyl-
formamide, or N,N-dimethyl-acetamide, or dimethyl sulphoxide, and at about
10°C to about 200°C for about I to 50 hours. Preferably the reaction is heated for

30 about 1 to 10 hours at about 60°C to about 150°C.



21 April 2004 WD 01/29042 PCTI EP00110088 30 Schene 4 2) 'VC21N\dril RB& ' ~ N
rl~ NA-11 0 1 R3 IVd A(R2)1 1 5 Schene 4 provides an alternative
nmet hod of preparing the conpounds of Formula 1. R2)" Conpound la, the

starting e edogd> i N Schenmes | and 4, is commercially avaj e
treatnment of a conpound of fornmula la with a suitable a. r%kk&%%ﬁ%}m{% agent

or nucl eophile as described in Schene 1, provides a conpound of formula Ib.
21 April 2004 WO 01/29042 PCT/ EP00110088 31 Treatnent of a compound of
formula Ib with a substituted or unsubs}i tuted phenylisocyanate provides
an am de conmpound of fornyla IVa. This reaction is carried out in an inert

organi ¢ sol VentFindﬂ?r?&@d‘cﬁa@hﬁ’oﬁ& “athq@ﬁaﬁngxgén@mwém%-@écd gene or

xyl enes, and at a fenperature of Aabout ,0 o about 150C. 5 Reduction of a
conpound oforicBlomme and vatesyand apeuniae (BB Providesthetargey sampounds of r educt i on

is carried Bphuld$ vt sulfbRis Meaindidth bothpotdid Fornillf ATBNAGH sp! | known to
those skilled in the art (e.g.) i,n an inert organic solvent such as an
open- oxidation/displacement reaction is carried out in the presence of solvent which is
5 inert under conditions of the reaction, preferably dipolar aprotic solvents 1-methyl-
2-pyrrolidinone, N,N-dimethyl formamide or tetrahydrofuran. Conveniently, the
reaction is carried out at about 0°C to about 120°C, more preferably about room

temperature.

10 One of skill in the art will understand that certain modifications to the above
schemes are contemplated and within the scope of the present invention. For
example, certain steps will involve the protection and deprotection of reactive
functional groups that are not compatible with particular reaction conditions.

15 In another aspect the present invention relates to pharmaceutical

compositions containing the compounds of formula 1.

The compounds of formula I and the pharmaceutically acceptable salts of
basic compounds of formula I with acids can be used as medicaments, e.g. in the
20 form of pharmaceutical preparations. The pharmaceutical preparations can be
administered enterally, e.g. orally in the form of tablets, coated tablets, dragées, hard
and soft gelatine capsules, solutions, emulsions or suspensions, nasally, e.g. in the
form of nasal sprays, or rectally, e.g. in the form of suppositories. However, they

may also be administered parenterally, e.g. in the form of injection solutions.

25
The compounds of formula I and their aforementioned pharmaceutically
acceptable salts can be processed with pharmaceutically inert, organic or inorganic
carriers for the production of pharmaceutical preparations. Lactose, corn starch or
derivatives thereof, talc, stearic acid or its salts and the like can be used, for example,
30 as such carriers for tablets, coated tablets, dragées and hard gelatine capsules.

Suitable carriers for soft gelatine capsules are, for example, vegetable oils, waxes,
- fats, semi-solid and liquid polyols and the like; depending on the nature of the

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




chain or cyclic ether, especially tetrahydrofiuan, at about »6Q bgofpbout
90C, 10 preferably at about -20C to about roomtenperature. Reaction of an
al cohol of fornmula Vb with a hal ogenating agent provides a conpound of
formul a WewaloeRsiim X i s brono, chloro, or iodo, preferablypdrepmsmoosdl t hough
nuner ous hal ogenati ng net hods can-be enpl oyed (see, for exanple, 15
ADVANCED ORGANI C CHEM STRY, "4 ED., March, John Wley & Sons, New York
(1992)), this reaction can be carried o usi ng phosphorus tribrom de or
phosphor ous pentachl oride to obtain the torrespondi ng brono or chloro
conpound, respectively. Cqonveniently, the reaction is carried out in a

sol vent  whigeluting capseles. Suitible camrdart foo theqaoditticans solptiehedmbiyyumnrrgpen- chai n

or cyclic ether, 20 especiall.y tetrahydrofuran, or a, halogepat EFpaIiphatic
hydr ocar bon,éﬁﬁﬁ“ﬁe’éﬁ%ﬁtpﬁﬁﬁégf'&q%eo e’éﬁ@”(&%‘f"ﬁ%ﬁ#&’r’?l@‘% Sm?g’ ound of
formul a | Vc qatrders e suppdsiteyeslare for exmmpknnathed] er hardeh« aifs, waxesifhd, | Vd. The

cyclization gan,hbe..effiected.in th .esence of a 25 base, preferably
hexanet hyl di ST gg‘élneqrhﬂ%af%oellmq@a?cﬁtggﬁ%l ization is carried out in the
presende of a solvent which is inert under the conditions of the reaction,
preferably a diqpal ar_or I.¢_sol vent uch as. 1-nethyl-2-p | i di none,
N, N- di met hy| - f o %“e?‘gg‘[r}‘ % f“r?e%f’ﬂilf"’?‘a"’gsé’t‘é’%f“&%?r ?%%?Vr?&tsﬁ(ﬂ%ﬂ‘é‘fﬁs'phoxi de,
and at aboutstabll¥ersf wetiingagent) eMulsifters bwerterlerd, colbfinhy flawrakisahits fabl y t he
reaction is jeat for about | -t o 10.;hours at abouf.,6QC about 150C.
21 April 200‘%’%fﬁ?§ggﬁr@gﬁrfﬂgﬁsl’6‘6§€“§ n i°ﬁ%‘f“i‘?f?d"f“3%a it of 1d
with, a oxi diicogtaaytherapsutitalip valbalihbubstnsesatherithamithe compobhdy éfne and

wat er ,,and ' 4N -QV] ‘ et 0 s of formula l
o 21801 T on 0Bk Ao M BB R B S BRIRRE® P1

oxi dati on/ di spl acenent reaction is carried out in the presence of solvent

aproti ¢ so vent SSERBPeEPARh B coinb ik ion Fofy PhARtalial O

"t et r ahydr of waceaptabbosaltafrdatit gompornd ofdormmile fi with apacidi is dswogtatian witheut 0C t o
about 120C, . . . .t ' skill in the
art will under Spfa g% t ha ?égé?t&g?%hﬁ%%?%%laa??gﬁéﬁﬁ gll;’? ﬁeo]fg%f%&gﬁ%

15 invention. Another aspect is a process for the production of such medicaments

D

which comprises bringing one or more of these compounds or salts into a galenical
administration form together with a compatible pharmaceutical carrier. If desired,
the medicament may contain one or more other therapeutically valuable substances
which may be added during the process of preparing said medicament.

20 _

As mentioned earlier, the compounds of formula I and their aforementioned

pharmaceutically acceptable salts can be used in accordance with the invention as
therapeutically active substances, especially as antiinflammatory agents or for the
prevention of graft rejection following transplant surgery. The dosage can vary

25 within wide limits and will, of course, be fitted to the individual requirements in
each particular case. In general, in the case of administration to adults a convenient
daily dosage should be about 0.1 mg/kg to about 100 mg/kg, preferably about
0.5 mg/kg to about 5 mg/kg. The daily dosage may be administered as a single dose
or in divided doses and, in addition, the upper dosage limit referred to earlier may

30 be exceeded when this is found to be indicated.

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



schenes are contenplated and within the scope of the presentyqigygppspn. For
exanpl e, certain steps will involve the protection and deprotection of
reactive functional groups that are not conpatible with particul ar
reaction g@¢inbe@ns. 15 In anot her aspect the present inv? hﬂ’poiq%?t es to
pharmaceutical conpositions containing the conpounds of formi Y

conpounds of fornmula | and the pharmaceutically acceptable salts of basi C
conpounds of formula | with acids can be used as nedi canents, e.g. in the
20 form of pharmaceutical preparations.3%he pharnmaceutical preparations can
be admnistered enterally, e.g. orally in the formof tablets, coated

Lablets, o SeeasumbistproilasRLtRbdhicnd, SARSHERROhILRDS, ol Sl ons or
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derivatives thereof, talc, stearic acid or its salts and the |ike can be
used, for exanple, 30 as such carriers for tablets, coated tablets, dragees
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supposi tori are, for gexa o.I e, natur or hard ned 0| I S, waxes,
sem -1 i qui CF%%fm[ & HtRRPS Bisrisras ameuph aiqopgg)oug fe@eut i cal

prepar at i orlﬂnanaac@hsﬂlyaﬁfﬁp&ib[bﬂt%ﬁ&mt@héﬂ&ﬁ&eoﬁm ubl i zer s, stabilizers,
wetting agents, enmulsifiers, sweeteners, colorants, flavorants, salts for
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15 More specifically, the compounds of formula I may be used in the treatment
of arthritis, Crohn’s disease, irritable bowel syndrome, adult respiratory distress
syndrome, chronic obstructive pulmonary disease, osteoporosis, or Alzheimer’s
disease. Compounds of Formula [ would be useful for, but not limited to, the
treatment of inflammation in 2 subject, and for use as antipyretics for the treatment

20 of fever. Compounds of the invention would be nseful to treat arthritis, including
but not limited to, theumatoid arthritis, spondyloarthropathies, gouty arthritis,
osteoarthritis, systemic lupus erythematosus and juvenile arthritis, arthritis and
other arthritic conditions. Such compounds would be useful for the treatment of
pulmonary disorders or lung inflammation, including adult respiratory distress

25 syndrome, pulmonary sarcoidosis, asthma, silicosis, and chronic pulmonary
inflammatory disease. The compounds are also useful for the treatment of viral and
bacterial infections, including sepsis, septic shock, gram negative sepsis, malaria,
meningitis, cachexia secondary to infection or malignancy, cachexia secondary to
acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related

30 complex), pneumonia, and herpesvirus. The compounds are also useful for the
treatment of bone resorption diseases, such as osteoporosis, endotoxic shock, toxic
shock syndrome, reperfusion injury, autoimmune disease including graft vs. host

reaction and allograft rejections, cardiovascular diseases including atherosclerosis,



varying the osnotic pressure, buffers, masking agents or anthggglagis. They
can also contain therapeutically val uabl e substances other than the
conmpounds of 10 fornmula | and their aforenentioned pharmaceutically

accept abl W&e#/29842 Medi canent s which contain a conpound of PCIVERMW/#088 or a
pharmaceutically acceptable salt-of a basic conpound of fornula | with an-
acid in association with a conpatible pharmaceutical carrier nmaterial are
al so an object of the present 15 inventggn. Another aspect is a process for
t he production of such nmedicanents which corrpri ses bringing one or nore of

t hese conpoynds,or, salts.into al eni,cal | str.ation faqrmtogether
R B bsis, e e U B o dis R Bl AR I T80 & apent ey
cont ai N onercperfiféeinfirhdivet Bigéaspand heptritis, Ml pdlbias dudbetiafedsn. whi ch may be
added during the process of preparing said nedicanent. 20 As nenti oned

earlier, the conmpounds of formula |I and their aforenentioned
phar maceut | cal | Yheasungpuaks a:e&l%bmsefﬁhﬁbrb]& tiedtlehtofdafhisdanasltipld h t he

[ nven ion as, thera eutL ally actl subst ances, eci.al | S
ant 1151 | armiAesP SR b ST SRR P aRos (gt FEMeaL f on f ol | owi ng
t ranspl ant &ﬁc@@fmm&ﬁl& pd@ﬁﬁﬁeecaaﬂa,\karms darmatity, Relviddorhiatiod, andedrwi | 1, of
course, be fiitted tqg tha in nts . e I cul ar case
I n general, tlszef B&gesﬁ’?l B‘ﬁﬁksrﬂ%glf‘? g’?)%h‘) %Fa‘ﬁﬁllﬂfii’eé{“ ‘?e?ﬁ% dai ly
dosage shou ﬁtrbmtaﬁﬁaltcoﬁdxﬁoﬁgddcb aﬁhxﬂihﬁnitoiyaﬁbv@ﬂkgasemmmsaﬁﬁeyseabout 0.5
nmy/ kg to abo do a,ggn | ste single
dose fifﬁ%&g E%sb ﬂ'&gmt% %{b%ﬁ??raﬁagﬁoﬁgs %?oragg t referred
to eawd | er ﬂl&)’be GRfl in thearetnsht whiephthhinsic idisedses) mach 3 rbgnikindi cat ed. Finally,
t he use of ds of..far theiy renent.
phar maceut | FOPRREL o suiss PodtoBRibip B o 3ol SRR lABE Srr o e s
especially Cnrr@buﬁthoﬂthé?ﬁ@ehudﬁ@lsmmﬂﬂﬂbe uEKﬁ]]/fEP&ltﬂlﬁﬁBBf a@ﬂogehmst r eat ment
or prophyl axi f inflamaiory.. i n I
br onchopul n@r?g"rc@r,‘g W@P‘rﬁ’f‘ ’&P%)tﬁ'{%géﬁ’ @ a%é@%#%%& n&ilﬁég %& o 88“1681 g3t he
treatnent edjecishjovalar nemmaﬂarizemmueum} stmdﬂ&rmaﬂan tnabuding abet i c
conpl jcati ons or for the revent i on. .9 f ti on follo
transpl ant St¥ gecru;a,m?%onaqolsl% il d%ryec’;[ efcg{)ﬁ’ c{lgbel AVENt t thy, el

fibroplasta and neovascular glaucoma, ulcerative diseases such as gastric ulcer;

pathological, but non-malignant, conditions such as hemaginomas, including

invantile hemaginomas, angiofibroma of the nasopharynx and avascular necrosis of

bone; diabetic nephropathy and cardiomyopathy; and disorders of the female

20 reproductive system such as endometriosis. The compounds of the invention may

also be useful for preventing the production of cyclooxygenase-2 and the

compounds of this invention are also expected to be useful in the prevention and

treatment of cancer, in particular colon cancer. The compounds of this invention

are also expected to be useful in the prevention and treatment of Alzheimer’s

25 disease.

Besides being useful for human treatment, these compounds are also useful
for veterinary treatment of companion animals, exotic animals and farm animals,
including mammals, rodents, and the like. More preferred anirnals include horses,

30 dogs, and cats.

The present compounds may also be used in co-therapies, partially or

completely, in place of other conventional antiinflasnmatories, such as together with



Compounds of Formula | would be useful for, but not |imted}onf bgos
treatnent of any disorder or disease state in a human, or other mammal,
which is excacerbated or caused by excessive or unregul ated TNF and/ or

I L- lor pR@dipv@se 10 production by such mammal . Accordi ”?hﬁm b foody esent

I nvention provides a nethod of treating a cytokine-nediate gl Sease which
conprises adm nistering an effective cytokine-interfering anmount of a
conmpound of Forrmula I, or a pharmaceutically acceptable salt or tautomner
thereof. 15 More specifically, the conp¥unds of formula | maybe used in the
treatment of arthritis, Crohn's disease, irritable bowel syndrone, adult
respi rat or %tedbid, (988 oxysie QRhibRBEDNSATIN) B ARDE VighRithIMPAYeYsifl Sease,

osteoporosis, or Al zheiner!s_ .diséease. Conpounds of Fornufa | would be
useful for 288 SndROMyBERpRIRRILOT fd Bs pRtagemieinandk TArhydaelnssinkihiters. a

subj ect, and for use as antipyretics for the treatnent 20 of fever.
Conmpounds of the iné/entj on woul d be usefu] to treat arthritis, including

but not |initedstised heraimmthedran FiNF madiated disprder) refarste paipendales, gouty

arthrgtis, disdeoaid Bisédsé States WSWRIKh TNRIINS 13bl! AiRbPesmraddTvEVeNi | e
arthritis, .ar hrgrﬁ\g:and . other arthrjtic conditions, Such conmpounds woul d
t

be useful fSfEER 2FaNERE 2ppthepmoppkias fo be xelsrsedr wich s butmptiigtiedmmat i on,
i ncl udi ng agul-1, 1106 Bt TaBORVisth s siR6 fr WHCBOEINSHRe, P B Rk r Sar coi dosi s,
asthma, silicosis, g‘_gg ghr onig (ﬁigl m)nar_%k_i nf | abrgm ory di sease. The
conpounds &PEPIPEYH: JREVAPSSRIPARIHOROT ACHO 1t EXRFerRALGPT S5prgledin EesppRss|

i nf ecti ons to TNH, wduRDtheREste be cofiddréd £ B06dder ShedilteddgANR e sepsis, mal ari a,
meni ﬂ(gl tis, cachexia secondary to infection or malignancy, cachexia

secondary to acquired i mune deficiency syndrone (AIDS), AIDS, ARC (AlDS
rel ated 30 conmplsexd heremytitedn "FItinfHERE Titbides" refthfoGayRRYMES are al so
useful for gthe, treatnent of bongiigeggrﬁtion di seages, Such as.

ost eopor osidsoTdERR ARG Hscase fateqn £°°8 role; RERe B coppkatmagitsdlt i nj ury,
aut oi mmune odb;tpg_seaﬂsmg dlllﬂ&iﬂé_ﬁgi@'ftb bﬁelea{sétﬁ?sudfﬁaﬁt hoflig | el @!ILOHE?%;@ .
rej ections, r.di,oyvascul ar .di seasges.inclu ‘at heroscl erosi s, ri
2004 VIO 0158080 Aftiscascsiate i Pibeis ‘%%"6&3@2‘%%;‘ DN FOSIORERaRd t failure,
and tar di acvhospprddustiemor ajtishyis exsafbatedor Bedréted ir0respdiistita/p38, weald di sease
and nepnr i 4 urodle SYALAER: HiSabombalEa by 9%

As TNF-B has close structural homology with TNF-o. (also known as
cachectin), and since each induces similar biologic responses and binds to the same
20 cellular receptor, the synthesis of both TNF-a. and TNF-f are inhibited by the

compounds of the present invention and thus are herein referred to collectively as
“TNF" unless specifically delineated otherwise.

EXAMPLES
25 '
_ The following examples are offered to illustrate, but not to limit the claimed
invention.
In the examples below, unless otherwise stated, temperatures are given in
30 degrees Celsius (°C); operations were carried out at room or ambient temperature

(typically a range of from about 18-25°C; evaporation of solvent was carried out
using 2 rotary evaporator under reduced pressure (typically, 4.5-30 mmHg) with a
bath temperature of up to 60°C; the course of reactions was typically followed by



The conpounds are also useful for the treatnent of influenzg, A’ﬂm@g@{e 5
sclerosis, cancer, diabetes, systemc |upus erthrematosis (SLE)

skin-rel ated conditions such as psoriasis, eczemm, buns, dermatiti s, keloid
formati onwawnt2®enr tissue formation. Corrpounds of the irpmliwﬂmhso

woul d be useful to treat gastrointestinal conditions such as inflamuatory
bowel disease, Crohn's disease, gastritis, irritable bowel syndrone and

ul cerative colitis. The compounds woul d al so be useful in the treatnent
of ophthal m ¢ di seases, such as retiniti%, retinopathies, uveitis, ocular
phot ophobi a, and of acute.,injury to the eye tissue. Conpounds of the

i nvention aI'EbCandlt@C@@Mmept@ﬁddifeaﬂmmaﬁoxﬂmghdgmg]mhs arei ncl udi ng

neopl asi a; I such as raf t .
el ect on. QnaieBRprolRit ARG o RAMIRR S BRIl Ul ng
15 neovascul)aeldiaplp@md@fboﬂlunganonmﬂya@dthmfoﬂommpmhmioaﬂ c retinopathy,
retrol ental di segses such
as gastric uﬂbfggér% %%ﬂﬁqgeccgwgﬁ?%ghoﬁfﬂgﬁan )) ¥ers Emé% as
hemagi Aonas, (miflzholes n@ (grams)amgi rralhammﬂignmmutea)ngmd)hl(bmmwh of the
nasophar ynx IEEQD%Y%%%E&%&H? ?&RQ}’?QQ”E di abeti c nephropat hy and

car di onyopat I sor enal e 20 reproductive system such as

endonet ri os@hh@nd&)ﬁpmommmhtq on may also be useful for
preventing thgRf bef‘38i1m% Q%Y f'el@éﬁ unds of this
invention are also expect’e %E usé@ ﬁ h%ﬁq é &gﬁg‘gnd t r eat ment
of cancer, in particular cglon cancer. The corrpounds of this invention are
al so %pect ed to be useful in the pr i.qn and treatnment of Al zheiner's
25 di sease. Besi des being useful for%ﬁ%reat ment, these conpounds are
al so useful for veterinary treatnment of conpanion animls, exotic aninmals

and farm ani mal s,ppik E’&Hﬁ%@%ﬁﬁwkﬁ’f a&q‘%ﬂtoﬁea%gdlmg Plhgn 1z)lybr e preferred

ani mal s i nclude horses at's bresen unds may al so

be used in coetharesulfors-1 -lp)aﬂlufl-é#@lh!ﬂmpﬂun@%‘i,ﬁd}pynrmdm a(:]é{bbneot her

t | 2004 WO
01120042 PCRERBBIABIRETS 4"%’%13?%?*3‘3&“@?%’3‘%%%%%% Foitors, NSAI Ds,

DVARDS, i nmmunosuppr essi ve
/H\/L
HsC. ” Cl
80 NN o

1
15 00 CHs

1.1 Preparation of ethyl 4-methylamino-2-methylthiopyrimidine-5-
carboxylate

| - |
sC S/kN cl HsC S/l\N/ NH

CHg
20 A solution of ethyl 4-chloro-2-methylthiopyrimidine-5-carboxylate (20 g,
86 mmol) (Aldrich Chemical Co., Milwaukee, Wisconsin, USA) in 250 mL of
dichloromethane was cooled to 0°C and treated slowly with a 33% solution of
methylamine in ethanol (35 mL, 281 mmol). After stirring for 30 minutes, 150 mL
of water were added and the phases were separated. The organic phase was dried

25 over magnesium sulfate and filtered. The filtrate was evaporated under reduced




agents, 5-lipoxygenase inhibitors, LTB4 antagonists and LTAh{ygobase

I nhibitors. As used herein, the term"TNF nediated d'isorder' refers to any
and all 5 disorders and di sease states in which TNF plays a role, either by
control o ki sel f, or by TNF causi ng anot her nonokin eased,
such as bﬁ“{aﬁ%’”ﬁm ted to IL-1, -IL-6 or 1L-8. A di sease%'g:r?ftl’g&?@gémi ch,
for instance, IL-1 is a major conponent, and whose production or action,

i s exacerbated or secreted in response to TNF, would therefor, be

consi dered a di sorder nmediated by TNF. 13 As used herein, the term "p38
medi ated di sorder” refers to any and all disorders and di sease states in
whi ch p38 p';ﬂh’ﬁuﬂ:t6@iv@19§i(9m7oﬁthﬂqtkhé&llylaﬁfmdﬁ&péﬂlfﬂhﬁ yrifididpt5p38 causi ng
anot her factor, tq be released, such as but not limted to IL-1, IL-6 or
|L-8. A di sé:éé’é’ng‘%aéai“ﬁ“‘iﬁﬁ? , for instance, IL-1 is a major component,
and 15 whose production or action, is exacerbated or secreted in response
to p38, would therefqre be. considered a disorder. nedi ated by p38. As TNF-P
has dose structut}a{ h “Hﬂs?"\fa;‘l ﬁf”ef&l&'ﬁ""(’éﬁ’?éthk opyrigdimecwedane) | and
since each induces siml bi@bgHt ¢ responses and bin he sane 20

cel l'ul ar receptor, tﬁyﬁt esi s of both TNF-a and ™F-Ryar eOHhi bited by

the conpounds ofy.ghe e t i nvent+en—ane t g arA]her inreferred to
collectively as TRE™ O es¥NHpeci fical |y deliheged Nt heNe se. EXAVPLES
25 The foll ow ng exanpl es arq‘:gffered to illustrate, but n%o limt the
claimedl invention. In the exanpl es bel ow, unless otherw s at ed,

tenperat ures ar e Igihuen alumifihnhpdridy 9@eP3 mmol)Gyas seired ai 3GNKL\WEGey carri ed
HERE a* e N RO IR RN G LT
under r educanethylddspyrnfidiypiscaitorcylate 3430148ntghblMh BLO tnl dfalp t enperat ure of
oD 0, S0, SR e LS L L Lo ue by 21 o | 2004
i | 1 usi® at i oraotidbusly treatddi drgpwise with 18mel of water. Thirty six mL of 2M sodium
hydroxide solution were added dropwise, followed By 48 ml. of water. The resulting
suspension was stirred for 17 hours at room temperature and then filtered. The
filter residue was washed twice with 100 mL of ethyl acetate each time and the
combined filtrate and washings were evaporated under reduced pressure. The
15 residue was suspended in 200 mL of dichloromethane/hexane (2:1) and the solid
was off and dried to give 23.5 g (86%) of 4-methylamino-2-methylthiopyrimidine-
5-methanol as a yellow solid.

1.3 Preparation of 4-methylamino-2-methylthiopyrimidine-5-
20 carboxaldehyde

CHO
HeCag N\ NH RGeS\ NH
CH CH

3 3
4-Methylamino-2-methylthiopyrimidine-5-methanol (20 g, 108 mmol) and

1L of dichloromethane were combined with stirring and treated with manganese

dioxide (87 g, 1 mol). The resulting suspension was stirred for 24 hours and then
25 filtered through a filter aid. The filter residue was washed with 100 mL of

dichloromethane and the combined filtrate and washings were evaporated under




uncorrected; products exhibited satisfactory 'H NVR and/ or @195(&@5@64,4 I cal

data; yields are provided for illustration only; and the follow ng
conventional abbreviations are also used. np (nelting point), L
(liter(s))worpn/2go2| liliters), mol 5 (mllinoles), g (gransQsErY/10088

(mlligranms), mn (mnutes), and h (hours). DEAD stands for diethyl

azodi car boxyl ate DI AD stands for diisopropyl azodi carboxyl ate DMPU st ands
for 1,3-dinethyl-3,4,5, 6-tetrahydro-2(1Hgqg pyrim di none 10 Exanple 1 15 d
This exanple illustrates the preparation of 3-(2,6-dichlorophenyl)-7-

met hanesul fonyl -1 - et hyl - 3, 4- di hydr opyri m do[ 4, 5-d] pyri miidi n-2(1H)-one
begi nni ng vm'%eﬁu'éqdrwwutedﬁ|gaﬁed5-§gi(ﬁ%%ﬁ9ﬂ-m oo -metigldionyoinyidimee. A - N
-N- -0 CHRedibbxRaanae at 4 eRiodoligt hy!

4- et hyl am no- 2- met hyl't hi opyri m di ne-5- carboxylate H3C. CO2Et ' CO2Et N C
H3C,S NH i CH3 20 A solution of ethyl

4- chl or o- 2- met hy| 1 Bi Opp¥ebhraish 478: (2;6CHBENIS SRRV Darktdniihyl- (Al drich
Chem cgl Co. , vvaukee,?p,w scodzgi(g, USA) % g@o m_n%% 7t %_i@géﬁll?}(’)%)r?gt#ane was
cool ed’t o OCPHAWTPRXPRF B owly with a 33% sol ution of rmethyl aznine in
ethanol (35 m, 281 innol). After stirring for 30 m'nut§§ 150 mL of water
wer e added and the phases were separated. The organi c phasg-Wway dried 25

over magnesiumsulfate a \fibp@ed. The filtrate was evap !
=

reduced 21 April 2004 N N7 X

H.C. | — I
gy N Hac\s)\N/ " Ci

CH; CH;
A mixture of 4-methylamino-2-methylthiopyrimidine-5-carboxaldehyde
(6 g, 32.8 mmol), 2,6-dichloroaniline (5.5 g, 33.9 mmol) and 4-toluene-sulfonic
acid (1 g, 5.3 mmol) in 70 mL of toluene was heated under reflux with azeotropic

IZ

10 removal of water for 17 hoﬁrs. The mixture was concentrated to a volume of about
10 mL under reduced pressure and then treated with 120 mlL of ethanol. The

suspension obtained was heated to 759C and treated over a period of 15 minutes
with 6.2 g (160 mmol) of sodium borohydride pellets. The mixture was stirred for a
further 15 minutes and cooled to room temperature. The solvent was evaporated

15 under reduced pressure and the residue was stirred in a mixture of 200 mL of 2M
sodium hydroxide solution and 200 mL of ethyl acetate for 1 hour. The phases were
separated and the organic phase was dried over magnesium sulfate and filtered.
Evaporation of the filtrate under reduced pressure and flash chromatography of the
residue using 3:7 diethyl ether/hexane for the elution gave 5.2 g (48%) of 5-(2,6-

20 dichlorophenyl)aminomethyl-4-methylamino-2-methylthio-pyrimidine as a white
solid.



WO 01/29042 PCT/ EPO0O/ 10088 38 pressure to give 19 g (979 ok si¥bos

4- met hyl am no- 2- nmet hyl t hi opyri m di ne-5- carboxylate as a white solid.
Preparation of 4-nmethylam no-2-nethylthiopyrimdine-5-nmethanol CO Et 5

H3C, S N I%oMilab#de S2ZNNH | | CH3 CHs Lithium al um pi um hi‘éi‘/%iﬂ@)ll%assg’ 237
mmol) was stirred in 300 nL of dry tetrahydrofuran and tréate ropw se
with a solution of ethyl 4-nethylam no-2-

rn, et hyl thi o-pyrim di ne-5-carboxylate (34 g, 143 mmol) in 300 nL of dry
tetrahydrofuran and left to stand for 14 mnutes. The nixture was cooled in
ice and 10 cautiously treated dropw se with 18 nL of water. Thirty six nL

of 2M sodi um hyik oXi Blepdasatids df s 2\6edichlorasinsty L) Opeiy Ehiofz%lemyﬁﬂz;by 48 nL of
wat er . Theéﬁg}%ultl ng. ?usgj:ns_l oi%ﬁvva(sﬁﬁtl rred for 17 hours at room .
t enper at ur R pidol 4,3 midifel (11908 1 esi due was washed twice with
100 nL of ethyl acetate eagfy tire and the conbined filtrge and washi ngs
wer e evapor at ed under reduced sure. The 15 residue was sed in 200
) and the solid was off and bd to give

- 2yet hyl t hi opyri m diNfe=xg~ angt” as a

yel | ow sol i : ithn of, 4- me \np- 2- nigt hyl t hi dpyrikyi di ne-5- 20
car boxal deh?/.lo%é CNIC S _'N' -NH S- -H3&> F cf
4- Met hyl am no- 2-r net hyl t I&_?pyri m di ne- 5- net hanol (20 g, (13918 nmol ) and

3 3

, 1.1
5 A stirred solutioh, cooled in ice, of 12 mL of phosgene (20% solution in

toluene; 23 mmol) in 100 mL of tetrahydrofuran was treated dropwise with a
solution of 5-(2,6-dichlorophenyl)aminomethyl-4-methylamino-2-methylthio-
pyrimidine (5 g, 15.2 mmol) and triethylamine (4 mL, 29 mmol) in 80 mL of
tetrahydrofuran. After stirring for 1 hour the mixture was treated with 100 mL of

10 saturated aqueous ammonium chloride solution and the phases were separated.
The aqueous phase was extracted with 100 mL of tetrahydrofuran and the
combined organic solutions were dried over magnesium sulfate and filtered. The
filtrate was concentrated under reduced pressure to give 4.8 g (89%) of 3-(2,6-
dichlorophenyl)-7-methylthio-1-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-

15 2(1H)-one (sulfide 1.1) as a white solid.

1.6  Preparation of 3-(2,6-dichlorophenyl)-7-methanesulfonyl-1-methyl-
3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one

Cl Cl
HaCn > |~ HC.
LAl [}I/&OC HSC/,S\\)\N/ l}z’&o ci
CHj, OO0 CH,

20 1.1 Sulfone 1.2
A solution of 3-(2,6-dichlorophenyl)-7-methylthio-1-methyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (1.1) (5 g, 14.1 mmol} in 200 mL of
dichloromethane was cooled in ice and treated with 3-chloroperbenzoic acid (10 g,

28.9 mmol). The mixture was stirred at room temperature for 17 hours, then




| L of dichloronmethane were conbined with stirring and treatachpm dioa
manganese dioxide (87 g,1 nol). The resulting suspension was stirred for
24 hours and then 25 filtered through a filter aid. The filter residue was
washed wi WO @@90421. of di chl oronet hane and t he conbi ned f ptiErb@i0asy

washi ngs were evaporated under 21-April 2004 WO 01/29042 39 PCT/ EPOQ 10088
reduced pressure to give 15.8 g (80% of

4- et hyl am no- 2- met hyl t hi opyri m di ne- 5;¢carboxal dehyde as a white solid.
1.4 Preparation of5-(2,6-di chl orophenyl ?gm nonet hyl - 4- net hyl am no-2- 5
methylthio pyrimdine NI ,S~ H3C, J~SN,... CHONH CH3 H3C, A m xture
of 4- et hy| atreated with@wily bf dimspyl sulfatidernadJefc v standefiod #hdeuted. 6Sappradl 8 Mol ),

2, 6-di chl or i1 ng: Raha . ol -1 @l -sul f oni acid (1 g,
5.3 mmol) i%&%&n%%f)@%)o ueﬁ%@ﬁﬁ‘é‘@@é@“&ﬁ“ﬁ%@&ﬁ’gﬁ"ﬁ%% egg%%fropi c 10
renoval of warestparaied.1Thaéerganic plitse was dtied ovenasagoesicmsulfateadd ilteredvol une of
about 10 . ) e nL of et hanol
The suspeEgjog%q%?g]?g@gg%%&@%ge(%gg%ég%ﬁé%%ﬁ? trsg(tggbc/f ) g’ééﬁgg'peri od of 15
m nut &  wi dishiprephgnyl-Zemethanesulfonyt-dcnethybddohlypiropwripiof46s. The ni xture
was stirred ?%inﬁ - f I %%}fgj] . lted to roomtenperature. The
sol vent Wasdj vapocrhgt%gHTghﬁ er ?g‘gﬁ%e%@%rt%%g&'re and the residue was

stirred in a mxture of 200 niL of 2M sodi um hydroxi de sol ution and 200 nL

of ethyl acetate = AT BE p.TbEﬁ?‘ &, r and _prganic
phase was dr | ed %&géte‘}m“g@géﬁdmgg& a gﬁléérﬁhﬁ F&g?%gﬁl E’%YFT métﬁﬁ £4
dihydropyrimidin-2(1H)-one (sulfone 1.3) was prepared using 2-chloroaniline in

10 place of 2,6-dichloroaniline in step 1.4, above.
Be
e
Heo AL A A
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Hy
Sulfone 1.3
Similarly, 7-methanesulfonyl-3-ortho-tolyl-1-methyl-3,4-dihydropyrimidin-
2(1H)-one (sulfone 1.4) was prepared using o-toluidine in place of

/r\

X N
N =
,S N N O
(AN 1
0 CHs
Sulfone 1.4

Example 2
20 Compound 1-7

This example illustrates the preparation of 3-(2-chlorophenyl)-7-{2-
hydroxy-1,1-dimethylethylamino)-1-methyl-3,4-dihydropyrimido[4,5-d] -
pyrimidin-2(1H)-one, in which the displacement reaction is carried out in the

absence of solvent.




Evaporation of the filtrate under reduced pressure and flasm(;r_tyrpg@@@graphy
of the residue using 3:7 diethyl ether/hexane for the elution gave 5.2 ¢
(48% of 5-(2,6 20

di chl or opkeipiladsi nonet hyl - 4- met hyl ami no- 2- met hyl t hi o- pyr ip@diphgRss @ White
solid. 21 April 2004 WO 01/29042 PCT/ EPOQO' 10088 40 1.5 Preparation of

3-(2, 6-di chl orophenyl)-7 nmethylthio-1 -nmethyl-3,4 dihydro

pyrimdo[4,5-d] pyrimdin-2(IH-one C1-'_C , H3C. ~ HCH3C C S NNHSN
NCGH3 CH3 1.1 5 Astirred solutioti, ooled in ice, of 12 nL of phosgene
(20% solution in toluene; ,23 nmmol) in 100 nL of tetrahydrofuran was treated

dropwi se with a sol uti@~o0 Ci :
5- (2, 6-di chl orophenyl )-am n§ yl - 4- met hyl am no- 2- net hyl t hi o- p' dine (5
g, 15.2 mmol) an ' axpne (4 m., 29 nmol)_in

tetrahydrofuran.kt r sgirring for_1 hour the H treated with 100
m. of 10 safbfag oammoni um chl ori de §8

ases were
separ at ed. Tr‘(é"bqueou?_l hase was extracted wt O nL of t rahydr of uran
and the conbined organic solutions were dried o¥vér magnesi sul fate and

filtered. The filtrate was concentrated under reduced pressure to give 4.8
g (89% of 3-(2,8-.di henyl)-7-pet hyl t hi o-, . )

| - et hyl - 3, 4- di hg‘é‘f‘%fb"ﬁﬁ %*ﬁ%%‘j“ﬁﬁ%%‘&ﬁ"ﬂ"ﬁ“?@ﬁwé}&ﬁ% de 1.1) as
a white sol iGrofand) {U.ERAL,A13 Ainol). The mixture was heated to 100-110 °C for 1 h

“of 3-(2, 6-di c‘r:\i)l OI‘Oth’]W ) - 7- met ha)nesglr?onyleiwlEL§ rr%?teh ? 0°C for T hour

3, 4- dithydr opywhigh tigjedt WasHogladitairegm temperagurenBhe i@éﬂuwas\wriﬂﬂd’ﬁy) --' H3C, SN
N~O Cl mcs@é\hﬁlﬁ@h@matography on silica gel using 25:15 hexane/acetone. The column
fractions containing product were combined and concentrated in vacuo to an oil
which was redissolved in ethyl acetate. Addition of hydrochloric acid (1.0M/Et;0O,
1.0 equivalent) gave the salt which was filtered and dried to give 0.150 g of the
10 hydrochloride salt of 3-(2-chlorophenyl)-7-(2-hydroxy-1,1-dimethylethylamino)-
1-methyl-3,4-dihydropyrimido-{4,5-d}pyrimidin-2(1H)-one.

Replacement of 2-amino-2-methyl-1-propanol with the requisite amine
R'R*NH gave additional compounds of the invention as listed on Tables 1-3.
15
Example 3
" Compound 1-13
This example illustrates the preparation of 3-(2-chlorophenyl)-7-((15,2R)-
2-hydroxy-1-hydroxymethyl-propylamino)-1-methyl-3,4-dihydropyrimido-
20 {4,5-d)pyrimidin-2(1H)-one.

Y oo
H.C - ———
00 CH, | % CH,
OH OH

Sulfone 1.3 (0.800 g, 2.27 mmol) was combined with 2-methoxyethyl ether
(3 mL) and D-allothreoninol ((2R, 35)-2-amino-3-hydroxybutanol) (0.480 g,



CH3 0 0 CH3 Sulfone 1.2 A solution of ;
3-(2, 6- di chl or ophenyl ) - 7- net hyl t hi o- | - net hyl - 3, 4- 21 April 2004
di hydropyrirnido[4,5-d]pyrimdin-2(1H-one (1.1) (5 g, 14.1 mmol) in 200 nL
of di chl o¥eR¥2MWdhe was cooled in ice and treated wi th 3- iTERrepaedsenzoi c
acid (10 g, 28.9 mmmol ). The m xture was stirred at roomtenperature for 17
hours, then 21 April 2004 WO 01129042 PCT/ EPOQ 10088 41 treated with 2 nilL
of dinethyl sulfoxide and left to stand fzor 10 minutes. Saturated aqueous
sodi um bi carbonate solution ({100 nL) was then added and the phases were
separated. The organi ¢ phase was dried over magnesium sulfate and filtered.
Concentr at i qu&)mmq%\b Thdmmremnhatedatdaaé@fm@@mamhehmthw% of

3(265d|chloro - 7- esul f on -nmet h yd yrimdo
U 50 Ol pyr ARSI g Heita T L0 e T o oE Eotatietey e 381 at ed
gohrrpgund 3- :ﬁgm@éslzi(h‘lé&%@ﬂ%%l cfx?ﬁﬁkmﬂ%hﬁ@wwa},wag@w ro%nflz |
i hydropyrimdin one (sul fone 1. prepared using 2-c roanl i ne
in 10 pl acéeepewereg?fbﬁpﬁ%m%ecqw &pvacug an 3 Hhssss uﬂdﬁ%@%
Sul fong 1.3 by sk kh(mmato%r ﬁ)hy on silica gel using 70:5:1 dichloromethane/

0

7- met hanesul fonyl -3-orth yI -1 -methy) - 3, 4-di hydropyrim d| n- 2(1H) - one
(sul f one 1.4)16%%016%@5313 amine; Fhe eelppn fraghipns qont 595#

2, 6- di chi or eRiYihéEardont&ftratedto 2aIMehicHNvad R Esdohdin &}ﬁ)oac%&te.
Addition of hydrochloric acid (1.0M/Et;O, 1.0 equivalent) gave the salt which was
filtered and dried to give 0.448 g of the hydrochloride salt of 3-(2-chioro-phenyl}-7-

10 ((18,2R)-2-hydroxy-1-hydroxymethylpropyl-amino)-1-methyl-3,4-
dihydropyrimido-{4,5-d]pyrimidin-2(1H)-one.

Replacement of D-allothreoninol with the requ1s1te amine R'R*NH gave
additional compounds of the invention as listed on Tables 1-3.
15
Example 4
Compound 1-2
This example illustrates the preparation of 3-(2-chlorophenyl)-7-(2-
hydroxy-1-methylethylamino)-1-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-

20 2(1H)-one.
e
e o

4. ,I:I\,g — W L
o

I/ \\

Sulfone 1.3 (0.200 g, 0.57 mmol) was combined with D,L-2-amino-1-

propanol (0.09 mi, 1.13 mmol) and heated at 100-110 °C for 30 minutes. The

25 reaction was then cooled to room temperature and the mixture was purified by
column chromatography on silica gel using 9:1 dichloromethane/methanol as
eluant. The column fractions containing product were combined and concentrated
in vacuo to an oil which was redissolved in ethyl acetate. Addition of hydrochloric
acid (1.0M/Et;0, 1.0 equivalent) gave the salt which was filtered and dried to give



CH3 Sulfone 1.4 Exanple 2 Conpound 1-7 This exanple illustraigsod
preparation of 3-(2-chlorophenyl)-7-(2- hydroxy-1, 1-di net hyl et hyl am no) - |
-nmet hyl - 3, 4-di hydropyrim do [4,5-d] - pyrimdin-2(1H)-one, in which the

di spl acengih of/magt ion is carried out in the absence of sqlciaidyenabhs APr I
2004 WO 01/ 29042 42 HO PCT/EPOOI 10088 ,N, -N, _N, i S-";'0vI OOf

CH3 H3C H CH3 Sulfone 1.3 (0-200 g, 0.57 mml) was conbined with

2-am no-2-nmet hyl - 1-propanol (0.1Im., 1.2 mMmmol). The m xture was heated to
100-110 C for 1 hour 5 at which tine it %as cooled to roomtenperature. The
resi due was purified by c¢olum chromatography on silica gel using 25:15
hexanel acet @rig2 gHif checloiduoahloridesselt ioH3£2-chiot aphrenpl)-7p(2ekipdroxyskr e conbi ned and

concentrated_in.,vacuo.t n. i Whi: ch_was. r edi ved i acet at e.
St on-of HeBpEAERS- B AR RS ES R il SO0 RE° 31 |
which was filtered and dried to give 0.150 g of the 10 hydrochl oride salt

of 3-(2-chl orophenyl)-7-(2-hydroxy-1gl- dilggt hyl et hyl am no) -
1- net hyl - 3, 4- di hydropyrirai do-[ 4, 5- o%érgr%‘mdi n-2( 1H) - one. Repl acenent of
2-am n®- 2-met hyl - | -propanol w t hCongpouaddi3ite am ne

This example illustrates the preparation of 3-(2-chlorophenyl)-7-

(2-hydroxypropylamino)-1-methyi-3,4-dihydropyrimido[4,5-d]pyrimidin-2{1H)-

e X
ooy e
HSC\ )I\ = /& k
ST N N 0
(Y i
00 CH, Ha

r\i ~
0 oy
CH, C

one.

10
Sulfone 1.3 (0.200 g, 0.57 mmol) was combined with 1-amino-2-propanol

(0.09 mL, 1.17 mmol) and heated at 100-110 °C for 30 minutes. The reaction was™
then cooled to room temperature and the mixture was purified by column
chromatography on silica gel using 9:1 dichloromethane/methanol as eluant. The

15 column fractions containing product were combined and concentrated in vacuo to
an oil which was redissolved in ethyl acetate. Addition of hydrochloric acid
(1.OM/Et;0, 1.0 equivalent) gave the salt which was filtered and dried to give 0.165
g of the hydrochloride salt of 3-(2-chlorophenyl)-7-(2-hydroxypropylamino)-1-
methyl-3,4-dihydropyrimido-[4,5-d]pyrimidin-2(1H)-one.

20

- Example 6
Compound 3-28

This example iHustrates the preparation of 3-(2-chlorophenyl)-7-(2,3-
dihydroxy-1,1-dimethylpropylamino)-1-methyl-3,4-dihydropyrimido[4,5-
25 d]pyrimidin-2(1H)-one.




R RANH gave additional compounds of the invention as |istedQm [abhgs 1-3.
15 Exanple 3 Conpound 1-13 This exanpl e iIIustrat es the prepa atron of
3-(2-chl orophenyl)-7-((1S,2R)- 2-hy(iroxy-"|
- hydr oxy nshga28p20py| ami no) - 1- net hyl - 3, 4- di hydropyri m do Z@T1/EP00/10088
[4,5-d)pyrimdin-2(1H)-one. -, € N\ N - N\ H3C, -NNO HN-N S N-O o)
CH3 CH3 OH OH Sulfone 1.3 (0.800 g, 2.27 mmol) was conbl ned with
2- met hoxyet hyl ether (3 nlL) and D all otjareoni nol ((2R
3S) - 2- am no- 3- hydroxybut anol) (0.480 g, 21 April 2004 WD 01/29042 43
PCT/ EPOO/ 10088 4.56 mmol ). The m xture was heated at 100 C for one hour at
which tinme the tenperature was raised to QC since the reaction was not
conplete. After {30 m nutes, the reactlon conpl ete and the m xture was .
cooled to rooT/LFp.Qr at-k-e. m xtake wasyconcentrated in vacuo and the
resi due was pur.i fiedoH5 by m‘P*bhro Al 0g T“%hy on silica gel using 70:5:1
di chl oronet hane/ net hanol /i sopr opyl az. e columm fractions containing
product were conbi ned and concentrat e840 ich was redissolved in
ethyl acetate. Addition of hydrochloric agid Et 20 1. 0 equi val ent)
gave the salt which was filtered and drlear to l(f]lve 0-448 g of the
((1S, 2R) - 2- hydr oxy- 1- hydr oxyf@h ropyl & no) - | - met hyl - B
di hydropyrim do-[4, 5-d] pyri m d| ] 1H) - Rep acenent  of

,,\\ HN™ N f;l 8]
CH, /%/\OHCHS

hydr ochl ori de salt of 3-(2-chloro-phenyl )N,.V 10
with the requisite a C addi tional @
as listed on Tabl es
A A
OH

t hr eoni nol
i nvention

Preparation of 3-amino-3-methylbutane-1,2~diol.

To a solution of 3-methyl-2-buten-1-ol (20 mL, 0.2 mol) in 800 mL of water
5 was added sodium bicarbonate (42.5 g, 0.5 mol). The solution was cooled to 5°C

and 3-chloroperbenzoic acid (54 g, 0.22 mol) was added in portions over a 1 hour
period. The mixture was stirred at room temperature for 12 hours, then saturated
with sodium chloride and extracted with dichloromethane. The layers were
separated, and the organic layer was dried over potassium carbonate, and

10 concentrated in vacuo. The residue was purified by flash chromatography using 2:1
hexane/ethyl acetate as eluant to give 10.02 g of (3,3-dimethyloxiranyl)me&mhol as

an oil.

A solution of (3,3-dimethyloxiranyl)methano! (10 g, 98 mmol) in
15 dichloromethane (735 mL) was combined with a solution of titanium isopropoxide
(50mL, 169.4mmol) in dichloromethane (100 mL) and 2 solution of
aminodiphenyl-methane (40.6 mL, 235 mmol) in dichloromethane (100 mL), and
the reaction mixture was stirred at room temperature for 48 hours. A solution of

10% sodium hydroxide in brine was added and the suspension stirred for an
20 additional 12 hours, filtered and washed with 0.2M hydrochloric acid. The layers

were separated, and the organic layer was dried over magnesium sulfate, filtered,




15 Exanple 4 Conpound 1-2 This exanple illustrates the prepargi 9oLf
3-(2-chl orophenyl ) -7-(2-
hydr oxy- | - met hyl et hyl ami no) - 1- met hyl - 3, 4- di hydr opyri i do [4 5-d] pyri m' di n-

20 2(1H -woRi2882N -N' v CH3 ~ -YI H~HONN -N #’BML
OOL;"3 Sulfone 1.3 (0.200 g, 0.57 nmol) was conbined wt S am no 1-

propanol (0.09 nL, 1.13 mml) and heated at 100-110 C for 30 m nutes. The 25
reaction was then cooled to roomtenper‘i;\%ure and the m xture was purified
by colum chromat ography on silica gel®using 9:1 dichl oronet hane/ net hanol
as eluant. The columm fractions containing product were conbi ned and
concent r at enbncenn'atedcﬂhetmchnvmslpurdﬁledb volanmredirsmalogephiynsiaglanl acet at e.

Addi ti on of, hydr 1. 0 equi val ent) gave the salt
o ch was RS Rl kit sb e Lo S e gL Pho0a 4

PCTI EPOQ 1G088ylButhde-1@-dibl.t he hydrochl ori de salt of

3-(2-chl orophenyl ) -7-(2-hydroxy-1 -

met hyl et hyl am no) - 1- net hyl - 3, 4- di hydr o- pyri m do[ 4, 5-d]

pyri ryi di n- 2( 18yBenghydrylamino)-3-methylbutane-1,2-diol (5.1 g, 17.9 mmol) and

palladium hydroxide (1.2 g) in methanol (25 mL) were shaken under hydrogen in a

par apparatus at 49 psi for 18 hours. The suspension was filtered, and the filtrate

was concentrated in vacuo. The residue was suspended in hexane, stirred for 2

minutes, and the hexane layer was decanted. The residue was concentrated in vacuo
10 to give 1.74 g of 3-amino-3-methyl-1,2-butanediol.

Preparation of 3-(2-chlorophenyl)-7-(2,3-dihydroxy-1,1-dimethylpropylamino)-1-
methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

15 Sulfone 1.3 (700 mg, 1.7 mmol) was combined with 3-amino-3-methyl-1,2-
butanediol (500 mg, 2.1 mmol) and 2-methoxyethyl ether (2 mL). The mixture was
heated to 100°C for 6 hours at which time it was cooled to room temperature and
concentrated in vacuo. The residue was purified by column chromatography on
silica gel using 99:1 dichloromethane/methanol as eluant, The column fractions

20 containing product were combined and concentrated in vacuo to the title
compound as an oil, which was re-dissolved in ethyl acetate. Addition of
hydrochloric acid (1.0M/Et;0, 2.0 equivalents) gave the salt which was filtered and
dried to give 256 mg of the hydrochloride salt of 3-(.2—chlorophenyl)-7-(2 3-
dihydroxy-1,1- dlmethylpropyla.mmo) 1-methyl-3,4-dihydro-pyrimido[4,5-d]-

25 pyrimidin-2(1H)-one.

Example 7
Compound 3-43

This example illustrates the preparation of 3-(2-chlorophenyl)-
30 7-[(1-hydroxymethylcyclohexyl)amino]-1-methyl-3,4-dihydropyrimido-
[4,5-d] pyrimidin-2(1H)-one.



5 10 Exanple 5 Conmpound 1-3 This exanple illustrates the pr bhen of
3-(2-chl orophenyl)-7- (2-hydroxypropyl am no) - 1- net hyl - 3, 4- di hyd. ropyri m do
[4,5-d] pyrimdin-2 (1H one. NH3C,SSQ NNO O"pi CH3 CHS CH3' Sul f one
1.3 (0.200vQ 01722087 ol ) was conbi ned with 1-am no- 2- pr oparCI/EPQPOOGS i,
1.17 nmmol ) and heated at 100-110 € for 30 m nutes. The reaction was then
cooled to roomtenperature and the m xture was purified by colum

chromat ography on silica gel using 9:1 djzchl oronet hanel met hanol as el uant.
The 15 columm fractions containing product were conbined and concentrated
In vacuo to an oil which was redissolved in ethyl acetate. Addltlon of
hydrochloric acid (1. CNTEt20(3‘ aqui val ent) gave the &

filtered and dried to glve 0.16 of the hydrochloride S
3-(2-chl orophenyl) - 7- (2~ Tye yprepy | am no) -

met hyl - 3, 4-di hde%pyrllin d [4 5. d] pyrim d’n 2( nek . Exanple 6
Conmpound 3-28 This |}l gl rates the pr,

3- (2-chl or ophenyl ) ”7-@2 3- &y
di hydroxy-1,1-(iinmethyl pr opﬁ &mi no) - 1- mebRy| @ di hy(ﬁ*‘bpyrl niido [4,5- 25

IS

d] pyrimdin-2(1H)-one. 21 April 2004 WO 01/ 2 45 OH

Sulfone 1.3 (500mg, 1.2mmol) was combined with 1-amino-1-
cyclohexanemethanol (602mg, 4.6mmol) {prepared as described in . Med. Chem.,
1966, 9(6), 911-920) arid 1-methyl-2-pyrrolidinone (1 mL). The mixture was
5 heated to 120°C for 3 hours at which time it was cooled to room temperature. The

residue was purified by column chromatography on silica gel using 98:2
dichloromethane/ methanol as eluant. The column fractions containing product
were combined and concentrated in vacuo to a solid which was triturated with
water, filtered, dried and suspended in ethyl acetate. Addition of hydrochloric acid

10 (1.0M/Etz0, 2.0 equivalents) gave the salt which was filtered and dried to give
328mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-[(1-hydroxymethyl-
cyclohexyl)amino}-1-methyl-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one.

Example 8
15 Compound 3-45

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(1,4-
dioxaspiro[4.5]dec-8-ylamino)-1-methyl-3,4-dihydropyrimido{4,5-d]pyrimidin-
2(1H)-one.



OH Preparation of 3-anino-3-nethylbutane-1, 2-di oL PCT/ EPO0/ 14088 3604
solution of 3-nethyl-2-buten-1-ol (20 n., 0.2 nol) in 800 nL of water 5
was added sodi um bi carbonate (42.5 g, 0.5 nol). The solution was cooled to
5C and 3- benzoic acid (54 g, 0.22 nol) was added | [ OnNS over
a 1 hour %?P%.Hme m xture was-stirred at roomtenper atﬂu&égﬁg}}b@g hour s,
then saturated w th sodiumchloride and extracted with dichl oronet hane.
The | ayers were separated, and the organic |layer was dried over potassium
carbonate, and 10 concentrated in vacuo#®The residue was purified by flash
chromat ography using 2:1 ,hexane/ethyl acetate as eluant to give 10.02 g of
(3, 3-di met hyl oxi ranyl ) met hanol @& an oil. A solution of

(3, 3-di net hyl o) drgnyl ) met handy (10 g, 98 mml) in 15 di chl oronet hane (735
nm.) was conbi ne Nt h a solugfon of titaniumisopropoxide

(50n., 169. 4r nnol dichl othane (100 nL) and a sol ution of

axni nodi phenyl - ane (40.6<pt, 235 mml) in dichloronethane (100 nm.), and
the reaction mi R ur® was st®fred a roongg.enper at ure for 48 hours. A
solution of 10%S0di um hydr de in\brihe was added and the suspension

stirred for an 20 additional 12 hours, tered and washed wgth Q. 2M
hydrochloric acid. The |l ayers were se ted, and the organic er was
dri ed over magnesi um suldiat filteredg”™2d April 2004 p 20047

PCT/ EPO0O/ 10088 46 concentrftel. The residie was pudifi &d cRl um
chromat ogr aphy usipg T ne/ et hyl acet ate as el ntNtol?!gi e 5.1 g of
3- (benzhydr y;Gagi nh) - 8- %hyl but ane-1, 2-diol". 5 C
3- (Benzhydryl ani,ﬁ\o) N3- gt Fl but ane-1, 2-diol (5.1 g, 9 mmrl)3 and
pal | adi um hydr dXi@e (1. 93g) i n nmethanol (25 nlL) wer haken under hydrogen
in a par apparatus at 49 psi for 18 hours. The suég_ﬁglion was filtered,
and the filtrate was concentrated in vacuo. The restdue was suspended in
hexane, sti prSgrdkidh of1,4 WHlp8d (4. 510EL-8 HRmbipxane, . | ayer was decanted. The
resi due was cegncent rgt ed in va[cu’;y 10 Jg}o give 1.74 g of
3-am no- 3- net hyl -1, 2- but anedi ol . '
To a mixture of 1,4-dioxaspiro[4.5}decan-8-one (50.3 g, 322.1 mmol) and
5 hydroxylamine hydrochloride (89.5 g, 100.3 mmol) in water (450 mL) was added

portionwise sodium carbonate (102.4 g, 966.2 mmol). The reaction mixture was

stirred for 40 minutes at room temperature then extracted with ethyl acetate. The
organic layer was washed with brine, dried over magnesium sulfate, fittered and
concentrated in vacuo to give 68.2 g of crude 1,4-dioxaspiro[4.5]decan-8-one

10 oxume.

To a solution of 1,4-dioxaspiro[4.5]decan-8-one oxime (68 g, 400 mmol) in
ethanol (200 mL) was added Raney Nickel as a suspension in ethanol (52 mL). The
resulting mixture was shaken at 50 psi of hydrogen for 18 hours. The reaction was

15 filtered and concentrated in vacuo to give 57.5g of 1,4-dioxaspiro[4.5]dec-8-

ylamine.

Preparation of 3-(2-chlorophenyl)-7-(1,4-dioxaspiro[4.5]dec-8-ylamino)-1-methyl-
3,4-dihydropyrimido[4,5-d[pyrimidin-2(1H)-one
20 '
Sulfone 1.3 (3.6 g, 10 mmol) was combined with 1,4-dioxaspiro[4.5]dec-8-
ylamine (6.4 g, 41 mmol) in 20 mL of 1-methyl-2-pyrrolidinone and heated at



Preparati on of 3-(2-chlorophenyl)-7-(2, 3-di hydroxy-I, I 21 April 2004

- di et hyl propyl am no) -1 - net hyl -3, 4-di hydropyrim do j4,5-dJpyrimdin-2(l
H)-one. 15 Sulfone 1.3 (700 ng, 1.7 nenol) was conbined with _

3- am no- 3weoteb421, 2- but anedi ol (500 ng, 2.1 mol) and 2-peaidrowyRkdy!
ether (2 m). The m xture was heated to 100C for 6 hours at which tine it
was cooled to roomtenperature and concentrated in vacuo. The residue was
purified by col um chromat ography on shbica gel using 99:1

di chl or or net hane/ met hanol as eluant. Thé colum fractions 20 contai ni ng
product were conbi ned and,concentrated in vacuo to the. title conpound as
an oi |, whi t00°@efsr § heoukiss The vactiomnmétthse waakérndodledAd dodh aempératuy giidchl ori ¢

0 2 O 528k SOt L Sl BRE Slt 8  Sho

3- (2- chl or opherwis)waghdddwith water and brine, dried with sodium sulfate, concentrated in

oo B B AR S5 s G AL b
t he prsepar ahydroxide iBethl-actateras phagny | The c3lhntn frhctiohs bdxitﬁjgﬁgr?}?yddwﬁl ohexyl)

0, b Dot LR e B e & 8

NHN NN HO
J~ CH3 Sul f B(2-chla3oytRagHTy- (1)4-Zionmipirof@s]deosbjlanihollthethy BB no- 1-

e o gl R WP SR o RRRRl T oy rhe
m xt ure was

10 Example 9
Compound 3-47

This example illustrates the preparation of 3-(2-chlorophenyl)-
7-(3-hydroxymethyl-3-methyl-1,5-dioxaspiro[5.5]Jundec-9-ylamino)-1-methyl-3,4-
dihydropyrimido[4,5-djpyrimidin-2(1H)-one.

Cl@ Clm
o0 oe

"Sn o v I N0
H, ¢H,

B
f”’?‘
C

0O O 0O 0
J

Sulfone 1.3 — 5

s H,C OH
A mixture of the 3-(2-chlorophenyl)-7-(1,4-dioxaspiro[4.5)dec-8-ylamino)-
1-methyl-3,4-dihydropyrimido[4,5-d}pyrimidin-2(1H)-one (0.30 g, 0.70 mmol)
(prepared as described in Example 8), p-toluenesulphonic acid monohydrate (0.17
g, 0.91 mmol), and 1,1,1-tris(hydroxymethyl)ethane (0.84 g, 7.0 mmol) in 40 mL
20 toluene was heated to reflux and allowed to stir at reflux overnight. The reaction
mixture was cooled to room temperature, then diluted with ethyl acetate and
saturated aqueous sodium bicarbonate. The layers were separated, and the aqueous
layer was extracted with ethyl acetate. The organic layer was washed with brine,
dried, concentrated under reduced pressure, and purified by flash chromatography
25 on silica gel nsing 50-60% acetone in hexane as eluant. The column fractions

~ containing product were combined and concentrated to give 0.32 g of the title



5 heated to 120C for 3 hours at which tinme it was cool ed to 9} 2004
tenperature. The residue was purified by colum chronmat ography on silica
gel using 98:2 dichloronethane/ nethanol as eluant. The colum fractions

cont ai ni ngPyiRdeet were combined and concentrated in vacygy @Qa‘ﬂ“’ﬁg id
which was triturated with water,-filtered, dried and suspénded 1n ethyl

acetate. Addition of hydrochlorlc acid 10 (1 OM Et 20, 2.0 equival ents) gave
the salt which was filtered and dried tg.give 328ng of the hydrochloride
salt of 3-(2-ch|orophenyl)-7l[(l-hydrox§ﬂethyl- cycl ohexyl ) am no]

-1-nmet hyl - 3, 4-di hydropyrim do [4,5-d] pyrimdin-2(1H)-one. 15 Exanple 8
Conpound 3- édmpdursl Saawhitecfoasnl usidithinast IMRydrogilariaidid in dikthyl ether gave

3-(2-chloro di oxa
dec- 8-yl ani ﬁ’c?) 2'% %fth‘&f’sétei % g@ﬁé?ﬁ%%ﬁm‘%b&feﬁ%}??frﬁ Hn- 2(1H) - one.
21 Apri | 206 oMypheiiyl B9 hydBoxpniethyl-8-idethyl-1,b-dio@spiro [SGundec @3 Pr epar aL i on
of |, 4-diox l,ami ne . /_ER00/,1008 . N 11z~ NIN-:k-O N
To a m xturalsa%‘fmﬁ if"bea?ggs‘*pm %gg ‘ﬁ %%goﬁf' 322.1 mml) and
5 hydrsoxyl am ne hydrochl oride (89 5 g, 100.3 mml) in water (450 nL) was
added E le 10
Compound 3-46
This example illustrates the preparation of 3-(2-chlorophenyl)-7-(4-oxo-
cyclohexylamino)-1-mgthyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

PN o IS
s "‘\ ,g H\N"*NI N0

Sulfone 1.3 — N e I
o 0
vt

A solution of 3-(2-chlorophenyl)-7-(1,4-dioxaspiro[4.5]dec-8-ylamino)-1-
methyl-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one (6.0 g, 14 mmol)
(prepared as described in Example 8) in 60 mL of 80% acetic acid was heated to 65

i5 °C overnight. The reaction was then cooled to room temperature and diluted with

10

water, ethyl acetate, and brine. The layers were separated, and the aqueous layer
extracted with ethyl acetate. The organic layer was washed with saturated aqueous
sodium bicarbonate and brine, dried, and concentrated under reduced pressure.

_ The residue was taken up in chloroform and purified by flash chromatography on

20 silica gel using 4% methanol/dichloromethane as eluant to give 2.2 g of the title
compound as a white foam. A portion of the title compound (0.30 g, 0.78 mmol)
was dissolved in ethyl acetate, then treated with 1M hydrochloric acid in diethyl
ether to give 150 mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(4-oxo-
cyclohexylamino)-1-methyl-3,4-dihydropyrimido{4,5-d}-pyrimidin-2(1H)-one as a

25 white precipitate, which was filtered, washed with ethyl acetate, and concentrated

under reduced pressure.




portionw se sodi um carbonate (102.4 g, 966.2 mmol). The reacyi Q% ure
was stirred for 40 mnutes at roomtenperature then extracte wi th ethyl
acetate. The organic |ayer was washed with brine, dried over nmagnesi um
sul fate, Wooemest and concentrated in vacuo to give 68. 2pgTairo®icosie

1, 4- di oxaspi ro[ 4. 5] decan-8-one 10-oxi ne. To a solution of

1, 4-di oxaspiro[ 4. 5] decan-8-one oxinme (68 g, 400 rmmol) in ethanol (200
ni L) was added Raney N ckel as a suspen% on in ethanol (52 nL). The
resulting mxt.ure was shaken at 50 psi 11 hydrogen for 18 hours. The
reaction was 15 filtered and concentrated in vacuo to give 57.5g of

1, 4- di oxaspi r o[ 4. 5] dec- 8 yl arni ne. Exampledili on of

3-(2-chl arophenyl)-7-(1, 4-di oxasp éqﬁﬁgg& 8-ylam no)-1 -rnet hyI

3, 4-di hydropyrimdo f4,5-d yr|m ? one 20 Sulfone 1.3 (3.6 g, 10
mol ) was conbi n&bisgkarhple uamdmmm@;af@e@achlwo@h:m)(a 4 g, 41 mmol)

for 5 hours CFrgdreenBtde b RNT. PRLANFR S o gl 3280 ot o ana

was didl ut edpwimidie2tiH)-aset ate and water. The layers were separated, and
the organic |ayer was washed w th wat and brine, dried w SOdI um
sul fate, concentrated in vacua, and puri @m by columm chro aphy on
silica gel using 0 5% anmoni um 5 O, et hyl acgt . ant. The
colum frac ns nt al ni ng tHe p od ct ] were corrbu-med n icofEcentrat ed
under reducgﬂﬁ) Q %’?N;; dﬁ*o —_— N’[gN N™~0
3-(2- chlorophenyl) 7(14d|ox |ro[('§1H5]dec8yIa )-I-@F_fhyl-3,4-
di hydr opyri m do[ 4, 5-d] pyri i di 1H) -ont as an of f te soli¥d. 10 15 CH3
A m xture of the 3-(2-chl orophewyl)-7-(1, 4-di oxaspir . 5] dec-8 yl am no) -
1- net hyl - 3, 4-di hydr opyri rni do[ 4€b-d] pyri m di n--2( zlone (0.30 g, 0.70
nmmol ) (prepared as described in Exanple 8), p-toltténesul phonic acid
ono hydrat e0< 0. Azmem B SL1>-PHRBbpheni -4 droleyelohhA@xy ARk ) et hane

A P

d:ropynnndo[4 5-d}pyrimidin-2-one (0.31 g, 0.80 mmol) (prepared as
descnbed in Example 10) and hydroxylamine hydrochloride (0.22 g, 3.2 mmol) in 5

10 mL pyridine was heated at 65 °C for 90 minutes. The reaction mixture was then
cooled to room temperature, diluted with water and ethyl acetate, and the phases
were separated. The organic phase was filtered, dried under reduced pressure, and
suspended in methanol. Addition of 1M hydrochloric acid in diethyl ether gave the
hydrochloride salt of 3-(2-chlorophenyl)-7-(4-hydroxyimino-cyclohexylamino)-1-

15 °  methyl-3,4-dihydropyrimido(4,5-d]pyrimidin-2(1H)-one as a yellow foam which

was concentrated under reduced pressure.

Example 12
Compound 3-54
20 This example illustrates the preparation of 8-[6-(2-chlorophenyl)-8-methyl-

7-oxp-5,6,7,8-te&ahydropyrimido[4,5-d] pyrimidin-2-ylamino]-1,3-diazaspiro-
[4.5]decane-2,4-dione.




20 toluene was heated to reflex and allowed to stir at refluws gQyesmopht.
The reaction mxture was cooled to roomtenperature, then diluted with
ethyl acetate and saturated aqueous sodi um bi carbonate. The | ayers were
separ at edywpsthobfre aqueous |ayer was extracted with et hyﬁcﬁg%@foﬁs The
organi c | ayer was washed with brine, dried, concentrated under reduced
pressure, and purified by flash chromatography 25 on silica gel using

50- 60% acet one in hexane as eluant. The_¢olumm fractions containing
product were conbi ned and concentrat ed t5 - give 0.32 g of the title WD

01/ 29042 PCT/ PP0O0/ 10088 di, hydropyrimdo [4,5-d] pyrimdin-2(1H)-one. Cl ~_~
Cl Exanple 9 Conpound 3-47 This exanpl@-] strates the pre Lon of
3-(2-chl orophenyl)- 7-(3-hydroxynet hyl -SEW -1, 5- di oxaspi m :
[ 5. 5] undec- 9-yl am no) - 1- et hyl - 3, & faee7 3 H-N~N' N@“ZENI‘ " N' v N
| CcH3 21 A@Jfgngq%l WO Q1/2 10088 Hin QIRE ndkas a white
foam Addit oH°B hydedck! ori r fav e salt,

aci dji n=di ethy=et h§
which was filtered to give 160 of t@H, hydrochl ori sal t Obf; 3-(2-

chl orophenyl ) - 7- ( 3- hydr oxynet h -met hyl - |, 5-di ox ro[5.5] undec-9-
yl am no) - 1- et hyl - 3, 4- di hydr opyrf r ni do[ 4, 5-d] pyri m gi“m201H) - one. 5 Exanpl e
10 Conpound 3-46 This exanple iflustrates the prepakafi on of

3-(2-chl orophenyl) - 7- (4- oxo- cydohexyl am no) - 1-rrke®hyl - 3, 4- di hydropyri m do
[4,5-d]pyrimdi Kz%&kt@eb??—?}c%i%rcl\ll:henyl)-7—(4-oxo-cyclohexylamino)—1-methyl-
3,4-dihydropyrimido [ﬁ?S-d}pyﬁnﬁdin-Z(lH)—one (0.33 g, 0.86 mmol) (prepared as
described in Example 10), potassium cyanide (0.084 g, 1.3 mmol), and émmonium
5 carbonate (0.25 g, 2.6 mmol) in 25 mL of 1:1 water/ethanol was stirred at 65°C
overnight. The reaction mixture was diluted with 40 mL of water and allowed to
boil for 15 minutes, then cooled to room temperature and poured into 100 mL of
ice-cold water. This mixture was filtered and the residue was made into 2 sturry in
methanol. Addition of IM hydrochloric acid in diethyl ether gave the salt which
10 was concentrated under a stream of nitrogen to give 39 mg of the hydrochloride salt
of 8-[6-(2-chlorophenyl)-8-methyl-7-0x0-5,6,7,8-tetrahydropyrimido-
[4,5-d] pyrimidin-2-ylamino]-1,3-diazaspiro[4.5]decane-2,4-dione as a yellow
powder. '

15 Example 13
Compound 3-42

This example illustrates the preparation of 7-(trans-4-allyloxycyclohexyl-

amino)-3-(2-chlorophenyl)-1-methy}-3,4-dihydropyrimido[4,5-d] pyrimidin-

Clj@ C]@

2(1H)-one.

|
N
O

OH O~

Sulfone 1.3 —

"z
mZ

20




HH-F ~ NNONONNO Sulfone "1.3 -- ---~ N~00 L-i CH3Apohadion
of 3- (2- chl orophenyl )-7-(1, 4-di oxaspi ro[ 4. 5) dec- 8-yl am no) - 1-

nmet hyl - 3, 4- di hydropyrirnido[ 4, 5-d] pyri mdin-2(1H)-one (6.0 g, 14 mol)
(preparedvwasomesri bed in Exanple 8) in 60 nL of 80% acet peraebdhosgs heat ed
to 65 15 CC overni ght The reaction was then cooled to roomtenperature and
diluted with water, ethyl acetate, and brine. The |ayers were separ at ed,
and the aqueous layer extracted with et5 yl acetate. The organic |ayer was
washed wi th saturated aqueous sodium bi'Carbonate and brine, dried, and
concentrated under reduced pressure. The residue was taken up in

chl or of orm and pGulféneddd (6 & |7akShmmiol)oveastcogibapdywitnt-@8-4hainireae gel usi ng 4%
met hanol | di f. t i ye fithe title.. C ound as
uhi te oncf O (EBFe A% AN ip 18 ol KEnnst Bp ol tieptd i ®n

di ssol ved i m2@t@fdr 4picgtien gonedd intewitet] extridiedMibydtiyioeblagy, Heed6id i N
diethyl ether to give 150 ny of the hyerﬁlhI oride salt, of
3- ( 2- chl or opREASHYm pulfate, gnd evaporated in vazuo. The residue was purified by flash

cycl ofexy! aghiedatbgrapty vt silitageldistisdr-on\hbtdhskl dchiodhieBidnk B} dufntkolH) - one as
a 25 white precipjtate, &lch s. filtere ,_was_hg&(g w th ethy] acetate, and
concent r at e&Ve AXERAW 1= e wlipope-has "Eiyis off wps redisepivéonethyiooa2 51

PCTI EP4?_110@&&te>mmdewimwa@ma R¥erdnBfheliahbsuB RN FevhpdrdbddiabB&It he
preparation

of. 3-.(2-chl orpphenyl) - .
7- (4- hydr ox$A HF@#%@;@@W@R@&B&‘%&%@%YWF‘Y%@WW%}ﬂ?ﬂw}cﬁ%n, 5-d} -
dihydro-pyrimido{4,5-d}pyrimidin-2(1H)-one as an off-white foam (2.80 g, 7.21
10 mmol).

A portion of the 7-(trans-4-hydroxycyclohexylamino)-3-(2-chlorophenyl)-

1-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (0.274 g, 0.706 mmol)
was taken up with potassium tert-butoxide (0.119 g, 1.06 mmol) in 5 mL

15 tetrahydrofuran. Allyl bromide (0.061 mL, 0.706 mmol) was added to this solution,
which was heated at 50°C overnight, then cooled to room temperature and purified
by flash chromatography on silica gel using 10-25% acetone/hexanes as eluant. The
column fractions containing product were combined and concentrated in vacuo.
The concentrate was taken up in methanol, treated with hydrochloric acid

20 (1.0M/Et,0, 1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether,
filtered, and dried to give 0.102 g of the hydrochloride salt of 7-(trans-4-allyloxy-
cyclohexylamino)-3-(2-chlorophenyl)-1-methyl-3,4-dihydropyrimido[4,5-d]-
pyrimidin-2(1H)-one. '

25 Example 14
- Compounds 3-38 and 3-39

This example fHlustrates the preparation of 3-(2-chlorophenyl)-7-(trans-4-
methoxycyclohexylamino)- I-methyl-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1H)-
one and 3-(2-chlorophenyl)-7-[ (trans-4-methoxycyclohexyl)methylamino]-1-
30 methyl-3,4-dihydropyrimido{4,5-d}pyrimidin-2(1H)-one.



5 pyrimdin-2(IH-one. NNN Sulfone 1.3 NN NO H%®6 NJN-N-G1Iadgrigodd3
HO-'N A m xture of 3-(2-chl orophenyl)-7-(4-o0xo0-cydohexyl am no-1-nethyl -

3, 4-di hydr opyri m do[ 4, 5-d} pyri m di n-2-one (0.31 g, 0.80 nmmol) (prepared as
descri bedwgwipsesrpl e 10) and hydroxyl am ne hydrochl ori de ﬁ@'rl%@o@mogs 2 mol )
in5 10 nL pyridine was heated at-65 oC for 90 m nutes. The reaction

m xture was then cooled to roomtenperature, diluted with water and et hyl
acetate, and the phases were separat e%. The organi ¢ phase was filtered, .
dri ed under reduced pressure, and sus énded i n methanol - Addition of IM
hydrochloric acid in diethyl ether gave the hydrochloride salt of

3- (2- chl or ophggitne-143 ( 4- hydr o) yi m no- cydohexyl am no)-1 15

met hyl - 3, 4- di hydaopyri rnido [4,5-d] pyrimdin-2(1H)-one as a yell ow foam

whi ch was concegtragged under reduced pressur Exanpl e 12 und 3-54
20 This exanmple i'll uss the preparation
SNt 1N 4,5-d]

8-[6-(2-chloro N thyl - 7-ox N etrahydl\tfmj[o\/\n
pyrim di n-ZHyIaJm'EE K1,3 -di azﬁsﬁ)irm&} decandl2 Avgiflanes,. 21 April
2004 WD 01/29@42“52&Supf0nﬁ‘ff3 o NONNINNGON RN ;ﬁﬁl g @§n10

S TG

OH oL O.

3-(2-C}ﬂor0phenj}i) -7-(trans-4-hydroxycyclohexylamino)-1-methyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H}-one {0.300 g, 0.773 mmol) (prepared as
5 described in Example 13) was combined with potassium terr-butoxide (0.174 g,
1.55 mmol) in 5 mL tetrahydrofuran. Methyl iodide (0.053 mL, 0.851 mmol) was
added to this solution, which was stirred at room temperature for 3 days. Additional
methyl iodide (0.053 mL, 0.851 mmol) and potassium tert-butoxide (0.174 g, 1.55
mmol) were added,‘fo}lowed after 4 hours by further potassiumn tert-butoxide

10 (0.350 g, 3.12 mmol). The reaction was stirred at 60°C overnight, then cooled to
room temperature and purified by flash chromatography on silica gel using 25-35%
acetone/hexanes as eluant to yield a mixture two products. The separate column
fractions were each separated and concentrated in vacuo. The separate concentrates
were each taken up in methanol, treated with hydrochloric acid (1.0M/Et;0,

15 1.0 equivalent), re-evaporated to dryness, washed with ethyl ether, filtered, and
dried to give 0.049 g of 3-(2-chlorophenyl)-7-(frans-4-methoxycyclohexylamino)-
1-methyl-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one and 0.217 g of 3-(2-
chlorophenyl)-7-[(trans-4-methoxycydohexyl)methylamino)-3,4-dihydro-
pyrimido[4,5-d}pyrimidin-2(1H)-one.

20
Example 15
Compound 3-40
This example illustrates the preparation of 3-(2-chlorophenyl)-7-{trans-4-
(2—methoxj(ethoxy)cyclohexylamino]-1—methy1—3,4-dihydropyrimido[4,5-
25 d]pyrimidin-2(1H)-one.



D PCT/ EPOQO 10088 CH3 O A m xture of 21 April 2004
3-(2-chl orophenyl ) -7-(4-oxo-cycl ohexyl am no) - 1- net hyl -

4-di hydropyri m do[ 4, 5-d] pyri m din-2(1H)-one (0.33 g, 0.86 mol ) (prepared
as descr vmoat/2904Exanpl e 10), potassi um cyani de (0.084 g, pérEpoiRogs and
amoni um 5 carbonate (0.25 g, 2.6-nmmol) in 25 nL of 1:1 water/ethanol was
stirred at 650C overnight. The reaction m xture was diluted with 40 nL of
water and allowed to boil for 15 mnutgs, then cooled to roomtenperature
and poured into 100 nL of ice-cold wat€r. This mixture was filtered and
the residue was made into.,a slurry in nethanol. Addition of 1M
hydrochloric acid in diethyl ether @i he salt which 100hq

under a streamof nitrogen to giveé 39 f the hydrochl orid al t  of
8-[6-(2-chl orophenyl) - 8- et hylny> 8tetrah YN

[ 4, 5- d] pyr i Siiftine123 HW-armadi< 1,8 az,é§ 4-4i one as a yel | ow
powder. 15 Exanple 13 Corrpo‘ﬂnd 3- S exarrpl edll rHst Platé% t he
preparation of 7-(trans-4- ony@{.q:l ohexyl . CH

ani i no) - 3- (2- chl or ophenyl )@Et hyl -3 4-di hydr op 1 do [ 4, °5- d] pyri m di n-
2(1H)-one. Sulfone 1.3 Dm HN~J ND ~ NNN @ -- CH3 CH3 20 OH 4"-'z""
: . OH Ou~g”

3-(2-Chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1-methyl-3,4-
dihydro-pyrimido [4,5-3] pyrimidin-2(1H)-one (0.300 g, 0.773 mmol) (prepared as
5 described in Example 13) was combined with Potassium tert-butoxide (0.174g,
1.55 mmol) in 2 mL tetrahydrofuran. 2-Bromoethyl methyl ether (0.15 mL, 1.55
mmol) was added to this solution, which was heated at room temperature for 3
days. Additional potassium ters-butoxide was added (0.174 g, 1.55 mmol) and the
temperature was gradually raised to 80°C. The reaction residue was redissolved in 2
10 mL N,N-dime'thyl-formamide, additional potassium tert-butoxide (0.348 g, 3.10
mmol) was added, and the reaction mixture was stirred overnight at 80°C. Sodium
hydride (60% in oil; 0.031 g, 0.773 mmol) was added, and the reaction stirred for
one day at 100°C and the following day at 140°C and then cooled to room
temperature. The reaction was poured into water, extracted with ethyl acetate,
15 dried over magnesium sulfate, and evaporated in vacuo. The residue was purified
by flash chromatography on silica gel using 25-50% acetone/hexanes as eluant. The

column fractions containing product were combined and concentrated in vacuo,

and the concentrate was taken up in methanol, treated with hydrochloric acid
(1.OM/Et;0, 1.0 equivalent), re-evaporated to dryness, washed with ethyl ether,

20 filtered, and dried to give 0.040 g of the hydrochloride salt of 3-(2-chlorophenyl)-7-
[ trans-4-(2-methoxyethoxy)cyclohexylamino]-1-methyl-3,4-dihydropyrimido-
[4,5-d]pyrimidin-2(1H)-one.




21 April 2004 WD 01/29042 PCT/EP0O0/ 10088 53 Sul fone 1.3 (2. @1 Q\prif 26 nmol )
was conbined with trans-4-am no- cycl ohexanol (1.63 g, 14.2 nmol) in 10 nL
1-net hyl - 2-pyrrolidinone and stirred at 120 C for 4 hours, then poured

i nto wat cted with ethyl acetate, dried over nmag I ate,
and evapg?Vaot(g?b{?% vacuo. The residue was purified by f|asﬁ’%§}#@/§’#§ ogr aphy
on silica gel using 2-4% nmet hanol / di chl oronet hane as eluant to give a

yel | ow 1- et hyl - 2-pyrrolidi none-based oil. This oil was redissolved in
ethyl acetate, washed with water, dried®ver magnesi um sul fate, and
evaporated in vacuo to yield

3-(2-chl orophenyl ) -7-(trans-4-hydr oxygxgabBpxg am no) - 1- net hyl - 3, 4-

di hydro-pyrimdo[4,5 ;d] pyrimdi .h-2(IF|5-oine as an off-white foam (2.80 g, .
7.21 10 rnmol). A portion of the Compound3-41

7- (trans- 4- hydr ofT%eesh@BRINh R Tt SraDATSt PPRERYIIH A e

1- met hyl - 3, 4-dj hydr o%{r ?m dog4é§@§%%§?§r§1ﬁ€#tﬁ%?lm - oégah_e?f)l.) 57%”8?5 6 706
mol )  was P@%@H‘@O W) yeleaeTianmne b tmethylodAibydgoryrimigol45-06 mmol) in 5
nL 15 3 et r aQysihidiad(1H) énel. brom de (0.061 rnL, 0.706 mml) was added to
this solution, which was heated at 50C overnight, then cooled to room

tenperature and purified by flash chEbrgsegraphy on silica @ i ng
10- 25% acet one/ hexanes as el uant._The @ fractions contai pr oduct
t

wer.e conbi ned and concentrated Nrf'zfc\ . he concent ridt’ eyhady en up in
met hanol , t reuliond W& th—hydr owzéusi 201 EM Er 0 jval ent),
re-evaporated to dryness, the vva{ghe@ witth ethyl ether, " fiftered, and
dried to give 0.102 g of the dr ochCbiyi de salt of randet; al | yl oxy-
cydohexyl anri no) - 3- (2- chl or ophenyl ) - 1- net hyl - 3, 4- di opyrimdo [4,5-d]-
pyrimdin-2 (1 H-one. 25 Exarple |4 Conpounds 3-38land 3-39 This exanple

illustrates the preparation ofPtB-(2-chl orophenyl)-7- - 4-
met hoxycydohexyl am no) - 1- et hyl - 3, 4-di hydropyrirnido [, 5-d] pyrimdin-2
(1H)- .one and 3-(2-chl orophenyl)-7-] :
(t r ans- 4- met hox§<3«Tidbmpheny e trghsatrhydioxgcy8dhexylamino)-1-methyl-3,4-
et hy! -3, 4- OB a6 isI8lpfrina o 9 e T0.360 Eo S18%nmBh (phleadR04
described in Example 13) was taken up in 2 mL dichloromethane, and combined
10 with acetyl chloride (0.074 mL, 1.03 mmol). The reaction was stirred at room
temperature overnight, then purified by flash chromatography on silica gel using 1-
5% methanol/dichloromethane as eluant. The column fractions containing product
were combined and concentrated in vacuo. The concentrate was taken up in
methanol, treated with hydrochloric acid (1.0M/Et;0, 1.0 equivalent), and re-
15 evaporated to dryness, washed with ethyl ether, filtered, and dried to give 0.200 g of
- the hydrochloride salt of 3-(2-chlorophenyl)-7-{(trans-4-methylcarbonyloxy)-

cyclohexylamino}-1-methyl-3,4-dihydropyrimido-[4,5-d}pyrimidin-2(1H)-one.

Example 17
20 Compound 3-44

This example illustrates the preparation of 3-(2-chlorophenyl)-7-{trans-4-
(2,3-dihydroxypropoxy)cyclohexylamino]- 1-methyl-3,4-dihydropyrimido[4,5-
d]pyrimidin-2(1H)-one.



WO 01/29042 Sulfone 1.3 C NJI- H1 N N NO CH3 OH OH32%HE2004

3-(2- Chl orophenyl ) - 7- (trans- 4- hydr oxycycl ohexyl am no) - 1- met hyl - 3

di hydr opyrirnido[ 4, 5-d)pyrimdin-2(1H)-one (0.300 g, 0.773 nm)l) (prepared
as 5 deswOidigdo42n Exanpl e 13) was conbi ned wit h pot assi upCT/@Pdo/loeasoxi de
(0.174 g, 1.55 mrnol) in 5 nL tetrahydrofuran. Methyl iodide (0.053 ni,
0.851 mml) was added to this solution, which was stirred at room
tenmperature for 3 days. Additional metéyl iodide (0.053 ni, 0.851 nmol)
and potassiumtert-butoxide (0.174 g, 1.55 mmol) were added, foll owed
after 4 hours by further potassiumtert but oxi de 10 (0.350 g, 3.12 nmol).
The reaction was stirred at 60C overn| en cooled to r nper at ure

and purified by flash chromatogra a gel using.25:35
acet one/ hexanes as eluant to |eI a m ure two produttsy The separate
colum fragijspeg. aveLe gach sebm concentra . The
separate concentrates —were eac taken p in nmet “Tetnanol: tre;{/lg:cjl wth

hydrochloric acid (LOM Et 20 1 l'val ent), re hpor to dryness,
washed with ethyl ether, filte , and dried to gi Odift9 g of

3-(2-chl orophenyl)-7-(t rans-4- t haxycycl ohexyl am no)s
1- et hyl - 3, 4- di hydr opyri m do[ 4, S%rl m di n-2(1 H) - one\/a% d—|217 of 3-(2-
chl orophenyl) 7- [ (trans-4-net hoxycydohexyl) methyl am an -3, 4- d| hydr o
pyrimdo [4,5-d]_pyri md|? grl H) -one. 20 Exani) 15 ound 3-40

of 7-(¢ra amino)-3- (

Thefree base ns-4-allyloxycyclohexy Q orophenyl)-1-
methyl-3,4-dihydropyrimido(4,5-d] pyrimidin-2(1H)-one (0.40 g, 0.935 mmol)
5 (prepared as described above in Example 13) was taken up in 4.9 mL tert-butanol,
to which an aqueous solution of AD-mix B (Adrich Chemicals) was added (2.91 gin

4.9 mL) before heating to 100°C for 2 days, and then 80°C for 3 days. The reaction
mixture was poured into saturated brine, extracted with ethyl acetate, dried with
magnesium sulfate, and evaporated in vacuo. The crude residue was purified by

10 flash chromatography on silica gel using 3-5% methanol/dichloromethane as
eluant. The column fractions containing product were combined and concentrated
in vacuo. The concentrate was taken up in methanol, treated with hydrochloric acid
(1.0M/Et,0, 1.0 equivalent), and re-evaporated to dryness, then washed with ethyl

_ ether, filtered, and dried to give 0.019 g of the hydrochloride salt of 3-(2-chloro-

15 phenyl)-7-[trans-4-(2,3-dihydroxypropoxy)cyclohexylamino]-1-methyl-3,4- '

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

Example 18
' Compound 3-59
20 This example illustrates the preparation of 7-(trans-4-aminocyclohexyl-
amino)-3-(2-chlorophenyl)-1-methyl-3,4-dihydropyrimido{4,5-d]pyrimidin-
2(1H)-one.



This exanple illustrates the preparation of 3-(2-chlorophenyl)spfy [Zb(lj@ns 4-
(2- met hoxyet hoxy) cycl ohexyl am no] -1-nethyl -3, 4-di hydropyrimdo [4,5
d] pyri m di n-2( 1H) - one. PCTI EPO0/ 10088 54 w H3CI% NN [ N .L HEN NK N110 21
April 2004y@1Qdsi29042 PCT/ EPOO/ 10088 55 Sul fone 1.3 N H-Ndprps qyg
CH3 OH O./-~03 - (2-Chlorophenyt) - 7- (trans-4- hydroxycyc'ﬁ % am no)
-1-net hyl - 3, 4- di hydro-pyrirnido[4,5-d]pyrimdin-2(1H-one (0.300 g, 0.773
mol ) (prepared as 5 described in ExarrpIS%LB) was conbi ned with potassium
tert-butoxide (0.174g, 1.55 mml) in 2 t et rahydr of uran. 2-Bronoet hyl
met hyl ether (0.15 nL,1.55 mmol) was added to this solution, which was
heated at room tenperat ure @l days. Additional potassmi [mient - but oxi de
was added (0.174 g, 1.55 mol fid the tenperature was grly rai sed to
80C. The reaction redifitg"Wag Tedi ssolved in 2 10 ny#
N, N- di net hyl - f orHgoTi addilg i onal -petassbum t diy - bly oli g\\(o 348 g, 3.10
nmol ) was added,%ggé e rMac®ion m xture was stibire®o rnbght at 80C.
- Sodi um hydride (60%71 n oi #, 0.031 g, 0.773 mmol }was adggd, and the
reaction stirred for one day at 100C and the fdg i ng day at 140C and -
then cooled to room tenperature. The reaction wag poured into water,
extracted with ethyl acetate, 15 dried over nmagneNHym sul fate, and
evaporated in vacuo. The residue was purified by$ash chronat ography on
silica gel using 25-50% acet one/ hexanes as eluant. The columm fractions
cont ai ni ng produ yac and the
concentrate was ta f‘éﬁéﬁ.ﬁ@%@’%@f}ﬂ?ﬂﬂﬁdﬁﬁ?@a %td‘ﬂ‘ icjfgl oric acid
dxammocyciohexane (1.61 g, 14.1 mmol) and 5 mL of l—methyl-z-pyrrohdznone.

5 The reaction mixture was stirred at 85 °C for 4 hours. After cooling, the reaction

mixture was diluted with 50 mL of ethy] acetate. The organic layer was sequentially
washed with water and brine, dried, and concentrated in vacuo to give 654 mg
(99%) of the free base of the product as a pale yellow foam. The free base was taken
up in ethyl acetate and treated with a 1M solution of HCV/EO to form the

10 dihydrochloride salt of 7-(trans-4-aminocyclohexyl-amino)-3-(2-chlorophenyl)-1-
methyl-3,4-dihydropyrimido-[4,5-d]pyrimidin-2(1H)-one as a white powder.

Example 19
Compound 3-57

15 - This example illustrates the preparation of 7-(¢rans-4-methylsulfonyl-
amidocyclohexylamino)-3-(2-chlorophenyl)-1-methyl-3,4-dihydropyrimido-

[4,5-d]-pyrimidin-2(1H)-one.
T

Sulfone 1.3 — H\ ,L ,k — H{ NJ\ J§

S

To a solution of 7-(trans-4-aminocyclohexylamino)-3-(2-chlorophenyl)-1-
20 methyl-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one (88 mg, 0.227 mmol)

/ Hg
\\



(1.OMEt20, 1.0 equivalent), re-evaporated to dryness, washed & hyl
ether, 20 filtered, and dried to give 0.040 g of the hydrochlo |de salt of
3-(2-chl orophenyl)-7- [ trans-4- (2-nethoxyethoxy)cycl ohexylam no ]

- 1- met hy| W8 23048y dr opyri m do- [ 4, 5-d] pyri m di n- 2( 1H) - onePCREPHIONES 2004 WO
01/ 29042 56 PCT/ EP00110088 Exanple 16 Conpound 3-41 This exanpl e
Illustrates the preparation of 3-(2-chlorophenyl)-7-[(trans-4-

met hyl car bonyl oxy) cycl ohexylam no | - |59- met hyl - 3, 4-di hydropyrimdo [4,5 5
d)pyrimdin-2(1H)-one. Suifone 1.3 H~"N~-N L ) H11% 'K N O O CH CH3 CH3
OyCH3 0 3-

or ophen
-7-(trans- 4%%(%&9%&% y‘%oafmmplﬁ%ms L pf dichloromethane were
di hydr opyr i 1adé@ Aethylshhiier (020 &l 026 Hihol) Rad (etRAHs@foric bydBe O mEPr epar ed

as descri bed i n le 13) was taken up in 2 nL dichlor and
conbi ned 100 ‘gi;% TERqHIOR AYRITE WagskTad at am tmﬁramﬂg%g’ﬁefsr on was
SLI rre? at Tﬁ@f&cd&alm&tﬁbw&ﬁc&kaﬁﬁt&lim%?tm ﬂdaﬂd:;ﬂb flash
chr omat ogr aphy on o met ano i chl or as
el uan®, The BF’GW#X ﬁ%’ 6‘#??‘2‘?41?1‘?3@%?‘8 aé‘ §?Yﬁ‘%g‘3 @ﬁ@
Conﬁ eﬂt (rj at e@lfths &*éasas@gfiﬁh@x@du&cﬁmwil&(t) epomadert akeﬂeeulﬁase Waﬂﬁk&ﬁﬂpin treat Sd
Wi t y roc ri ¢ aci equ rated to
dryness, W{eﬁn&%@%ﬁ@ﬁ% Folptien 8%&8&;% t'%e@?]ag‘éﬁ%o g of
'E ?e hydr ZC h&a&r dfdetmnt-4- rfiéth}asﬂﬁ:n?lbhﬁd&pﬁehgﬂyl-aﬁnno) -3-(2-chlorophenyl)-1-
trans- 4- net r hpnyl oxy) - . s i
Ll ohexy el SA BT oPPb ol S mveimidinR 8D 928 8 2N EOM . 2 (11
-one.1020 :
Example 20
Compound 3-58
This example illustrates the preparation of 7-{trans-4-(N,N-dimethyl-
sulfamoylamido)cyclohexylamino}-3-(2-chlorophenyl)- 1-methyl-3,4-
15 dihydropyrimido-{4,5-d]-pyrimidin-2(1H})-one.
Ci C’j@
Nﬁ N~ N

N/
— H i | — s H A
Sulfone 1.3 \NAN N"*o ~ AN NAO

© CH, é ?HSCHS

NH ._N
2 N
//S\\ CH,

To a solution of 7-(trans-4-aminocyclohexylamino)-3-(2-chlorophenyl)-1-
methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (171 mg, 0.442 mmol)
(prepared as described above in Example 18) in 15 mL of dichloromethane were

20 added triethylamine (0.11 mL, 0.79 mmol) and a solution of dimethylsulfamoyl
chloride (0.31 g, 0.21 mmol) in 5 mL of dichloromethane. The reaction mixture
was stirred at ambient temperature for 19 hours and concentrated in vacuo.
Purification by chromatography using 5% methanol/ dichloromethane as elnant
gave 143 mg (65%) of the free base of the product as a white powder. The free base

25 was taken up in ethyl acetate and treated with HCIEt;O to form the hydrochloride
salt of 7-[trans-4-(N,N-dimethyl-sulfamoylamido)cyclohexylamino]-



Exanpl e | Conpound 3-44 This exanple illustrates the prepanatdpp &
3-(2-chl orophenyl)-7-[trans-4- (2, 3-di hydroxypropoxy)cycl ohexyl'am nozﬁ

-1-net hyl - 3, 4-di hydropyrimdo [4,5 d] pyrimdin-2(1H)-one. 21 April 2004 WO
01/ 29042 Rgd:=p3/ 10088 57 N Sulfone 1.3 - ---> HN, N’ -NPQTﬁ:tPoﬂﬂ)og OH The
free base of 7-(trans-4-allyl oxycydohexyl am no)-3-(2-chl orophenyl’)-1-

nmet hyl - 3, 4- di hydr opyr uni do[ 4, 5-d] pyri mdin-2(IH)-one (0.40 g, 0.935 mmol) 5
(prepared as described above in Exanple 13) was taken up in 4.9 nL
tert-butanol, to which an aqueous sol uffon of AD-nmix 13 (Adrich Chenicals)
was added (2.91 g in 4.9 nlL) before heating to 100C for 2 days, and then

80C for 3 days-chibh He@gnui-mathyxrb;@t&hfdraﬁmﬂwpgs-limyein%aid-li@m%n%k ne,

extracted with,eth acetate, dried wt magnesi um'sul f at e, and evapor at ed
in vacuo. Th¥HFBA¥dfesi due was purified by 10 flash chromatography on
silica gel using 3-5% nethanol /dichl oronethane as eluant. The col um
fractions containing product were cgnbi ged and concentrated in vacuo. The
concentrate was taken up in methano# ed with hydrochloric acid

(1. OMBEt 20, 1. 0 equival ent), and recevmppeidsed to dryness, then washed with

ethyl ether, filtered, ari\ﬂj dried to give 0.019 g of the hydrochloride salt
of 3-(2-chloro 1Ehis example illustrates the preparation of 7-(trans-4-hydroxycyclohexyl-

phenyl)-7- 33-14methyB 3 L At Lhyd - 3, 4-
di hydr opyri m dof 4, 5-d Syr%qgl?}rf-y’%( 1%%‘%@%@% 18 Oo%’%lgﬁ)n 43-59 20

This exanple illustrates the preparation of 7-(trans-4-am nocycl ohexyl -

am no) - 3- (2-chl orophenyl) g 1-qet hyl - 3, 4- di hydropyri m do [4ye-d]Ryrim din-
2(1H) - one. CH3 CH3 sjinj 3
0L —0L 00
————
HSC': ,S\\ N/ ’}! 0 "lﬁJ\N/ l}l/go
O CH, CH,

o)

10 Sulfone 1.4 (300 mg, 0.903 mmol) was combined with trans-4-amino-
cyclohexanol (312 mg, 2.71 mmol), stirred at 120°C, and monitored by TLC (5%
methanol/ dichloromethane). When complete, the reaction mixture was
concentrated under vacuum and purified by chromatography with 5-10%

~methanol/dichloromethane to provide the title compound (263 mg, 0.716 mmol,

15 79% yield) which was taken up in ethyl acetate and treated with 1 equivalent
HCVEO to precipitate the HCl salt of 7-(trans-4-hydroxy-cyclohexylamino)-1- -
methyl-3-ortho-tolyl-3,4-dihydropyrimido{4,5-d] pyrimidin-2(1H)-one.

Example 22
20 Compound 3-23
This example illustrates the ?reparation of 7-((R,R)-2,3-dihydroxy-1-
methylpropylamino)-3-ortho-tolyl- 1-methyl-3,4-dihydropyrimido{4,5-d]-
pyrimidin-2(1H)-one.



H1I1ll- L N ONNNO 21 April 2004 WD 01/29042 PCT/EPQ@’AHPQ@@O
H3C,~~, ONNOHN- KOCHNCHO 3 3 NH Sulfone 1.3 (605 1 mol)
was conbined with trans-1,4- dianinocycl ohexane (4.61 g, 14. 1 nmol ) and 5
mL of 1- nWOH29B2pyrrol i dinone. 5 The reaction m xture waBCHEPGOrieetsat 85 C
for 4 hours. After cooling, the reaction mxture was diluted wwth 50 nL of
ethyl acetate. The organic layer was sequentially washed with water and
brine, dried, and concentrated in vacuo 61 O give 654 mg (99% of the free
base of the product as a pale yellow foam The free base was taken wup in
ethyl acetate and treated with a 1M solution of HOIEt20to formthe 10

di hydrochl oride salt of  HC HC
7- (trans-4-am nocydohexyl - am n (2-chl orophenyl )-1- Q
met hyl - 3, 4- di hydr opy d yrirnidin-2( Qs t e powder .

Exanpl e 19 Conpound’iB-5 15’6}Th| s exanpest| | ust at t e preparation of
a"h ocydohexyl am rp_m/'& ophenyl)
I\5(1 -one Sul fone 1.3 N

7-(trans-4-net hy
-1- et hyl - 3, 4- d| hé cfipyrlmldo- [4,5-d] -pyrimgin-

"~ H1% N N’ OH

OH
Sulfone 1.4 (455 mg, 1.37 mmol) and (R,R)-3-amino-1,2-butanediol (180 mg,

1.71 mmol) in 1,2-dimethoxyethane (1 mL) was heated to 100°C for 2 hours under
argon. The reaction was cooled to room temperature and diluted with 9:1

5 dichloromethane/methanol and purified by chromatography on silica gel using 96:4
dichloromethane/methanol and 9:1 dichloromethane/methanol as eluants to give
175 mg of the title compound as a colorless oil, which was dissolved in ethyl acetate
and treated with 1 equivalent of hydrochioric acid (1.0M in ether). The precipitate
was collected by vacuum filtration, washed with ethyl acetate and dried in vacuo to

10 give 190 mg of 7-((R,R)-2,3-dihydroxy-1-methylpropylamino]-3-ortho-tolyl-1-

methyl-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H}-one as a white solid.

Example 23
Compound 3-33

15 This example illustrates the preparation of 7-(2,3-dihydroxy-1,1-dimethyl-
propylamino]-3-ortho-tolyl-1-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-

2(1H)-one.
HC :<j] Hﬁ@
o, ):Il J:jf\/k

I,f \\

H,
OH

OoH
Sulfone 1.4 {400 mg, 1.2 mmol) was combined with 3-amino-3-methyl-1,2-
20 butanediol (305 mg, 2.1 mmol) and 1-methyl-2-pyrrolidinone (1 mL). The
reaction mixture was heated to 100°C for 4 hours at which time it was cooled to

room temperature and concentrated in vacuo. The residue was purified by column



CH3 NH2 HN, S~CH3 O O To a solution of 7- (trans-4- 21 April 2004

am nor ycl ohexyl ar ni no) - 3- (2- chl orophenyl )-1- 20

met hyl - 3, 4- di hydropyri m do(4, 5-d] pyrim din-2(1H) -one (88 ng, 0.227 mmol) 21
April 200wOowWir200229042 PCTJEPOO/ 10088 59 (prepared as desgethpg@agve i n
Exanple 18) in 8 rnL of dichloronmethane were added triethylamne (0.40 ni,
0.29 nrnol) and net hanesul foni ¢c anhydride (60 ng, 0.34 mmol). The reaction
-m xture was stirred at anbient tenperat& e for 3 hours. The reaction

m xture was concentrated in vacuo and pufification by 5 chronatography

usi ng 5% net hanol ! di chl oronet hane as el uant gave 86 ng (81% of the free
base of thechroowiearaphy on silidatgel yringRS1 didhlerdmetharisAnethanal dsak@ant. (fhei n et hyl
ﬁ;g? gt(::ﬁl g??d(se {lﬁﬁ’{[?ﬁn}ﬁ%} &r@mﬁMg%%dﬁclt%reocfomlﬂ daEnA Cof&nttd mqvgcuo to

7- (trans 4 giwe tﬁlﬂ@mﬂadﬁ@lmyﬁ,hﬁhdwumfmm}ye&n(ahﬂhkmmptmdd;do)a | -

Baml e 20 O i A D Al e R B e o

7-[tr&ns-4- dﬁ@t%jﬁﬁm¢fafdwmatb)mybISdhe&8f[qudroxy-l i-
-3-(2-chl orm%{ E
di hydropyr| m do iz1 g}%ﬁﬁ@y% roﬁlhgt%l}g J;.]}—el)thyl 5 dl&"dmpﬁ""&ﬁ"s&‘f?one 1.3 ----~
H 1 N111, H)-one~ ~NNOCHSH3 H3 NH2 HN, N. OSO CH3
N Example 24
10 Compound 2-9

This example illustrates the preparation of 7-(1-benzylpiperidin-4-
ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d}pyrimidin-2(1H)-

one.
g I
0 .

N N™ ™
od A A A )'\/I\/&
CH CH,

=

15 Sulfone 1.4 (1 g, 3 mmol) was combined with 4-amino-1-benzylpiperidine
(687 mg, 3.6 mmol) and 2-methoxyethyl ether (1 mL). The mixture was heated to
120°C for 4 hours at which time it was cooled to room temperature and
concentrated in vacuo. The residue was purified by column chromatography on
silica gel using 97:3 dichloromethane/ methanol as eluant. The column fractions

20 containing product were combined and concentrated in vacuo to an oil that was re-
dissolved in ethyl acetate. Addition of hydrochloric acid (1.0M/Et,0, 2.0
equivalents) gave the salt which was filtered and dried to give 198 mg of the
hydrochloride salt of 7-(1-benzylpiperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-
dihydropyrimido{4,5-d] pyrimidin-2(1H)-one.



To a solution of 7-(trans-4-am nocydohexyl am no) - 3-(2-chl or@phgwb@ml-

nmet hyl - 3, 4- di hydropyri m do[ 4, 5-d] pyri mdin-2(IH)-one (171 ny, 442 mmol )
(prepared as described above in Exanple 18) in 15 nL of dichl oronet hane
were 20 adHeeL/39942%t hyl amine (0.11 nli, 0.79 mmol) and a soPGEIEFHO/1088

di met hyl sul famoyl chloride (0.31-g, 0.21 mmol) in 5 nL of dichl oronet hane.
The reaction mxture was stirred at anbient tenperature for 19 hours and
concentrated in vacuo. Purification bygghromatography usi ng 5% net hanol !
di chl oronet hane as eluant gave 143 rng (65% of the free base of the
product as a white powder. The free base 25 was taken up in ethyl acetate
and treated with HO I Et20 to formthe hydrochloride salt of

7-[trans-4- (N, NNdi net hyl - sul f anoyl am EM@Q ghexyl am no] 21 April 2004 WO
01129042 PCTI EPOO' 10088 60 5 HO 1, H C )Q? aNN ISONNNO & CH3 H
CH3 10 Sulfone 1.4 (300 ng, 0.903CHRBPYH combi ned with trans-4-am no

cydﬁhexia?olj (312Mexﬁm ﬂe)nnﬁmlaiesﬂﬁtprélfa&!ﬂlcﬂiofrl]ﬂ@ﬁ?perﬁﬁﬂ- gRnaig)ad by TLC (5%

met hano [ r.omet ha en co e.reacti m xt ure was

concem r at e(ﬁn%lll’ﬂaear"’ Eﬂi’% a%gﬁ%ﬁo?ﬂ%bd%ﬁ&él rzégtﬁg/c’ﬂfth 5- 10%

net hanol / di chl or onet hane to provideqthe &tle conpound (268, . 716 mol ,

15 79%yield) which was taken up in et cetate and treat ed 1

equi val ent t"r:l;g /Et12 to preci at salt of N

7-(trans-4- e"é‘ﬁy ydonhe yI /]§ — > /le/\/(\i
HNT O NT N

N0
CH, CH,

o

In a three-necked flask under nitrogen was charged with 10% palladium on
carbon (3.0 g), and 7-(1-benzylpiperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-
dihydropyrimido[4,5-d] pyrimidin-2(1H)-one (3.0 g, 6.78 mmol) (prepared as

10 described in Example 24) in 60 mL of methanol was added under nitrogen through
_ asyringe. Ammonium formate (2.1 g, 34 mmol) was then added in one batch. The
mixture was heated to reflux for 30 minutes until the reaction was completed. The
catalyst was filtered off through Celite and washed with methanol. The filtrate was
concentrated under reduced pressure to givel.937 g (81%) of 7-(piperidin-4-
15 ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido{4,5-d]-pyrimidin-2(1 H)-
one as a white solid.

Example 26
Compound 2-14

20 This example 1llustrates the preparation of (R)-7-[1-(2,3-dihydroxypropyl)-
piperidin-4-ylamino]-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido{4,5-d}-
pyrimidin-2(1H}-one.



met hyl - 3-ortho-tol yl -3, 4-di hydropyri m do[ 4, 5-d] pyri m din- 2(23}/4%12@61‘? 20
3-(2-chl orophenyl) - 1- et hyl - 3, 4- di hydr opyri m do- 4, 5--d]
pyrimdin-2(1H) -one as a white powder. Exanple 21 Conpound 3-9 This

exanpl e | Wauet29ad2es t he preparation of 7-(trans-4-hydroxy®calsiaeiinks

am no) - 1- met hyl - 3-ortho-tol yl -3, 4-di hydropyriniido [4,5-d] pyrimdin-2(1

H) - one.

of 7-((R R)-2, 3-di hydroxy-1- nethyl propy} am no)-3-ortho-tol yl- |

- met hyl

Exanpl e 22 Conpound 3-23 This exanple illustrates the preparation
-3, 4-di hydropyrimdo {4,5-d] - pyti rnidin-2(IH-one. N 21 April

2004 WD 01/29042 61 NN H3C,S NNO O {7 CH3 PCT/ EPOO/ 10088 OH Sul fone

nmol ) in 1, 2-di net hoxyethane (1 nlL) vvas

The Sdifonkiloh was—eoo0l ed N Rper at ure ang Qe ;
di chl or onet hane/ net harior—and p il fi ed chr onat 0g ogr aplly pn 5| i ca gel using
96: 4 dichl oronet hane/ net handii™ a chI or onmet Hehe

ar gon.

to give

1.4 (455 ng, 1.37 mol) and (R R)-3- éﬂgﬁiz but anedi ol ( 13C
eal]

ed to 1000C for 2 .

175 ng of the title npoundHas a colorles 0|I ch was

171

under
9:1 5

as el uants

di ssolved in ethyl acetate d treated with | eqyi va ent of hydrochl oric
acid (1.OMin ether). The phecHpitate was coll ect y vacuumfiltration,
washed with ethyl acetate angqdried in vacua to 10 ‘al\\éﬁwlgo ng of

7-((R R) -2, 3-di hydr oxy- 1- net hyI propyl am no] - 3-ort ho-

met hyl -

10

15

20

3, 4-di hydr opyri m do[ 4,5

A mixture of 7-(R:;pendm-lJz-ylarnmo)-l-methyl-S-mho-tol}d-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one (0.2 g, 0.568 mmol) (prepared as described
in Example 25), piperidine L-isopropylideneglycerol-y-tosylate (0.264 g, 0.92
mmol), and potassium carbonate (0.12 g, 1.1 mmol) in 5mL of N,N-dimethyl-
formamide was heated at 100°C for 17 hours. The reaction mixture was diluted
with 75 mL of water and extracted with 1:1 toluene/ethyl acetate, and the layers
separated. The organic layer was washed with water and brine, dried, filtered,
concentrated under reduced pressure, and purified by column chromatography on
silica gel using 95:5:0.2 ethyl acetate/methanol/isopropyl amine as eluant. The
column fractions containing the product {0.157 g, 0.34 mmol) was then dissolved in
10 mL of isopropanol, 1ml. of water and 0.2 mL of concentrated hydrochloric acid,
and was refluxed for 1 hour until hydrolysis was completed. The mixture was
concentrated under reduced pressure, and the residue was taken up in methanol
and was again concentrated. The residue was purified by chromatography on silica
gel using 18:2:0.5 dichloromethane/methanol/isopropyl amine as eluant to give
90 mg of the product, which was dissolved in 1.5 mL of ethyl acetate and 1.5 mL of
methanol. Addition of 1M hydrochloric acid in ether gave 113 mg (72.5%) of the
hydrochloride salt of (R)-7-[1-(2,3-dihydroxypropyl)piperidin-4-ylamino]-1-
methyl-3-ortho-tolyl-3,4-dihydropyrimido(4,5-d}-pyrimidin-2(1H)-one.

-d] pyrimdin-2(1H)- onegﬁ gwhlte solid.



Exanpl e 23  Conpound 3-33 15 This exanple illustrates the ppeparipbdeyn of

7-(2, 3-di hydroxy- 1, 1- di met hyl -

propyl am no] - 3-ort ho-tol yl -1 -nethyl -3, 4-di hydropyrim do [4,5-d] pyrim din-

2(1H) - ona¥ORLRILC~S~ N N'"'40 OO0 CH3 OHC H3 OH Sul f one BCHEPWAOIRSY, 1.2

mmol ) was conbined with 3-am no-3-nethyl-1,2 20 butanediol. (305 ng, 2.1

nmol ) and 1-nethyl -2-pyrrolidinone (1 nL). The reaction m xture was heated

to 100C for 4 hours at which tinme it cooled to roomtenperature and

concentrated in vacuo. The residue was purified by colum 21 April 2004 WO

01/ 29042 PCTI EPOO/ 10088 62 chromat ography on silica gel using 99:1

di chl or oret hane/ net hanol as el uant. Ezsmple@7umm fracti ons cont ai ni ng

product were conbined and concentgat, sgm% Macuo to give the title conpound
as an oil, which was re-dissolved I n et y? acetate. Addition of

~ hydrochloric ac |'Iané(q&ampi€|’_lﬂ2®rat@ ﬂ@empm&benf%)[l-dmdtdwe@al)tplpmm was

filtered 5 v f I I

7o (2. 3 di hyahaor eldmfeg;yﬂs o‘?ﬁzZJt ogﬁ‘% gﬁﬁ&ﬁi&?&? | AphAsigaldaR)-

-3-or¥ho-t gl -| - net hyl - 3, 4- d| hydropyrlmdo- [4,5- d]pyrimdin-2 (1H)-one.

10 Exanple 24 Conpound 2-9 This exq@l e illustrates the PRgRar tion of

7- (1- benzyl pi peridi n-4- yl am no) 3
- 1-met hyl - 3eg#didq-4 ol yl -3, 4-di hydro [45d] 2N - one. O
° TS by b
HN N/ l:l 0
~ CHS . CHS
N

L o
A mixture of 7-(piperidin-4-ylamino)- 1-methyl-3-ortho-tolyl-3,4-dihydro-

pyrimido[4,5-d}pyrimidin-2(1H)-one (0.1 g, 0.284 rﬁmol) (prepared as described
in Example 25), 2-bromoethanol (0.024 mL, 0.34 mmol}, and triethylamine

10 (0.047 m1, 0.34 mmol) in 10 mL of toluene and 1.5 mL of DMPU was heated at
100°C for 17 hours. The solvent was evaporated under reduced pressure and the
residue was purified by chromatography on silica gel using 40:10:2 ethyl acetate/
methanol/ isopropylamine as eluant to give 70 mg (52%) of 7-[1-(2-hydroxyethyl)-
piperidin-4-ylamino}-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d}-

15 pyrimidin-2(1H)-one.
Example 28
Compound 2-15
This example illustrates the preparation of 7-[1-(2-cyanoethyl)-piperidin-4-
20 ylamino}-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1H)-
one.



S_.'N "N, ~OHNC ~N CH3 CI-3 CH3 15 Sulfone 1.4 (1 g, 3 mMBk)s RS (ﬁpnbl ned
wi th 4-anino-1-benzyl pi peridine (687 ng, 3.6 mml) and 2- meth(?xy

ether (1 nmL). The m xture was heated to 120C for 4 hours at which tinme it
was cool ewd a/x9eem tenperature and concentrated in vacuo.pcti@obffssue was
purified by colum chromatography-on silica gel using 97:3

di chl or onet hane/ net hanol as eluant. The columm fractions 20 containing
product were conbi ned and concentrat ed iér% vacuo to an oil that was re-

di ssolved in ethyl acetate. ‘Addition of fiydrochloric acid (1.OMEt20, 2.0
equi val ents) gave the salt which was filtered and dried to give 198 ng of
the hydrochloride salt of HC.
7-(1- benzylplper|d|n4ylamno) 1: math ort ho-tolyl -

[4,5-d] pyrimdin- 2(1H) one. WO 01/ 29042 % 088 63
Exampl e 25 tpaeid ixa /K | | ust+atwes thg{\pr a,gtl on of -
7(p|per|d|n4ylamno) 1 5HN

met hyl - 3-ort ho-tol yl - 3, 4-di dropyr&,m do[4 5-d] pyﬁdl n- 2& H) one. H3C/~

fopyri m do

H3C Sultone 1.4 HN In a thfeeJnecked ¥l ask under fitrjogen was charged with
10% pal | adi um on carbon ( ), and

7- (1-benzyl pi peri di n-4-yl amgho) - 1- net hyl - 3-ort ho-to| yl -3, 4-
di hydr opyri m do[ 4, 5- d] pyrimdin-2(1H)-one (3.0 g, 6. ) (prepared as

10 described in e 24).in.6 of nethanol was added under nitrogen
through a syri ﬁ*d%“‘gg % mepmgwohlﬁne@ﬂ’%ﬁﬁﬁ)ﬂ'ﬁrés&b@ﬁ‘ added in one
batch. The piisidH]e5v }’Ibﬁﬁ.lﬁqz(lﬂ)-roﬁé tmm 0.53 Qo abdlds edciBed €aCt i ON
was corrpleted Th ?alyt was, fjltere g) throgg ?egellte and Svashed
with met handt E"&P@e?ﬂﬂ Owoﬁﬁﬂfé‘e P&t‘ééf-"ﬁﬂ’d!bmé&ﬁ@éoéﬂmsure to
gi vel .937 gpfeBiyidp- &lrcﬁﬂlidé%ﬂéﬁ ﬁﬂ.%flétrahgdrofuran was heated to 75°C for 1.5
yl am no) - 1- gethyl -orthQ toly %I-hﬂl rop rimdo [4,5-d] -pyrimdin-2 (1
H - one asPQC 6f:qcaon was complete e rea on mixture was concentrated
under reduced pressure and was purified by chromatography on silica gel using
10% methanol in ethyl acetate as eluant to give 0.157 g (75%) of the product. 1M
Hydrochloric acid was added to 75 mg of the product dissolved in ethyl acetate, and
10 the mixture stirred at room temperature for 1 hour, and the residue filtered under
nitrogen to give the hydrochloride salt of 7-[1-(2-cyanoethyl)piperidin-4-ylamino]-
1-methyl-3-ortho-tolyl-3,4-dihydropyrimido-[4,5-d}pyrimidin-2(1H)-one.

i Example 29
15 Compound 2-16

This example illustrates the preparation of 7-[1-(2-cyanoethyl)piperidin-4-
ylamino]-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d }pyrimidin-2(1H)-one.

Sulfone 1.4




Exanple 26 Conpound 2-14 20 This exanple illustrates the prgppabpep of
(R-7- [ 1-(2,3-di hydroxypropyl)- piperidin-4-ylam noj
-1-net hyl -3-ortho-tolyl-3,4-di hydropyrimdo [4,5-d]- pyrimdin-2(1H)-one.
21 April X@a124»201/ 29042 PCT/ EPO0O/ 10088 64 Sul fone 1.4 - -pci/mroesiooss HNN-
-N "OHN -N -N--";'0 CH3 CH3 -HY " ~ OH OH A mixture of
7-(gi peridin-4-ylam no) - 1-net hyl -3-ortho-tol yl -3, 4-di hydro-
pyrim do[ 4, 5-d] pyrimdin-2(1H)-one (0.249, 0.568 mml) (prepared as
descri bed in Exanple 25) p‘l peri di ne L-1sopropylidenegl ycer ol -y-tosylate
(0.264 g, 0.92 5 rrrmlim pot assi um car bonate (0. 12% 1 nmol) in 5nL
of N, N-di . net hyThe T-4¢ WPWY@W@@-’&VD&@G@]TIOECW crthy-tolghd.4 eact i on
m xt ure was

djfly%sé% midb[ials- Z&K%xﬁﬁ NBIRbnEL X 1% Raldenlup in

tol uene/ eth ate, and | ayers ' separ at & ani ¢ | :fyer was

washed wit m{@ﬂﬂamnﬁhammﬂamdeamthﬂﬁi@é@ 88 ewéﬂééﬁmrap @nd peflixed educed
pressure, a&%na i, ftﬁ&?c;&\icﬁé?ﬂﬁ@l ﬁﬂrﬁéﬁhﬂ%ﬁ@m/ap%até@z@aku&ar}ﬁ%us' ng

95:5:0.2 ethyl aceta nmet hanol /1 sQpr opyl am ne-as el uant. col um

fract Pons cishidas wantpdisselved sumethanad, tosvpich 1.28 @Lqmmswgﬂm@hmﬁg’sol ved in
10 niL of 'Wﬂﬁﬁ@f‘@bd&&'edﬁ&fo\@%%ﬁr Qm?gnzmvaaia a‘ﬁagﬁ%&ﬁ @befladpydrochl oric

acid, and was refluxed faqr was_ conhpl eted. The

m xture m§}€9Wé€?ﬁ'¥I&}Yéﬂliﬂ#&@ﬂqﬁéﬁd@e@%%é@ﬂp‘ég‘@ﬁ@m?@m%ﬁﬁ 4% was taken

up in net hap@ihohruAM d%@d@ﬁ%‘luﬁn&%%ﬂhhﬁ{ %uoﬁ?@oﬂtﬁﬁiﬂk@piﬁﬁﬁdﬁuy fied by
chromat ography_on_silica g

di chl or onetﬂ&ﬁé)%hfﬂﬁhﬁ]r?‘?ggw(ﬁ%lﬁn‘g %Yﬁ@%%@%léﬁrd]rawwﬂ -2(1H)-one

10 were combined and concentrated in vacuo.

7-(Piperidin-4-ylamino)-1-methyl-3-ertho-tolyl-3,4-dihydropyrimido-

[4,5-d}pyrimidin-2(1H)-one (0.035 g, 0.099 mmol) in 1 mL N,N-dimethyi-
formamide was combined with bromoacetonitrile (0.014 ml., 0.199 mmol) and

15 stirred at 40°C overnight, then purified by flash chromatography on silica gel using
3-10% (1:9 ammonium hydroxide/methanol)/dichloromethane as eluant. The
column fractions containing product were combined and concentrated in vacuo.
The product was taken up in methanol, treated with hydrochloric acid (1.0M/Et,0,
1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether, filtered, and

20 dried to give 0.007 g of the hydrochloride salt of 7-[1-(2-cyanomethyl)piperidin-4-
ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d] -pyrimidin-2(1H)-

one.

Exampile 30
25 Compound 2-20

This example illustrates the preparation of 7-{1-(2-methoxycarbonylethyl)-
piperidin-4-ylamino]- 1-methyl-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d]-
pyrimidin-2(1H)-one.



90 ng of the product, which was dissolved in 1.5 nL of ethyly1agef apgs and
1-5 niL of nethanol. Addition of 1M hydrochloric acid in ether gave 113 ng
(72.5% of the hydrochloride salt of

(R) - 7-[ 1- &8 Gr@od2ydr oxypr opyl ) pi peri di n-4-ylam no]-1 20

met hyl - 3-ortho-tol yl -3, 4-di hydropyri m do[ 4, 5-d] - pyri m di nPg{Tl?igq/%Orqses 21
April 2004 WO 01129042 PCT/ EPOO/ 10088 65 Eagle 27 Compound 2-13 This
exanple illustrates the preparation of Zé[ 1- (2- hydr oxyet hyl ) - pi peri di n-

4-yl am noj

-1-nmet hyl - 3-ortho-tol yl-3,4-di hydropyri mdo[ 4, 5-d] pyri mdin-2(1H) 5 one.
Sulfone 1.4 ---~ HN p HN -N- N 'O HLCHRCH3 6 . N A nHe
7- (pi peri di n- 4-yl ani no) - 1- et hyl - 30rtho- V| - 3, 4- di hydr o-
pyrlmdo[45d]pyr|md|n 2(IH) omf(;ﬁ/) . 284 mml,[)i/
described in 25), 2 an (0 024 nL 3 1),
triethyl am n§”ﬁ@nn8 7-n'|_—>-0 rrNDI ’dg 10 10-m=of HNG @éneNn?i%@ 1.5 L of
DMPU was heated at 100C for ourSCH'ghe sol vent eva@qrat ed under
reduced pressure and the resiidug was purified by {chrpmat ography on silica
gel using 40:10:2 ethyl acetatd$” nethanol/ isopropMlafi ne as eluant to
give 70 ng (52% of 7-[1-(2-hydoxyethyl)- piperidi Mba@Hgo]

-1-net hyl - 3-ortho-tolyl -3, 4-di hydropyrirnido[4,5-d] 15
pyrimdin-2(1H)-one. Exanple 28 Conpound 2-15 This exanple illustrates the

preparation of Z antugez of 7- ?px}?e%ﬂ 2 ylgrngles | qxlngthyl-}oﬂho—tolyl 3,4-dihydro-
pyrimido [4,5-d]pymmdm—2(1H)—one (0.19 g, 0.54 mmol) (prepared as described
5 in Example 25}, 1.0 mL of methyl acrylate, 0.5 mL of triethylamine, 0.5 mL of 1-
methyl—?.-pyrrolidinohe, and 5 mL of tetrahydrofuran was heated at 75°C for 17

hours. The reaction mixture was evaporated underreduced pressure, and the

residue was purified by chromatography on silica gel using 5% methanol in
dichloromethane as eluant to give 132 mg (56%yield) of the product. 1M
10 Hydrochloric acid in ether was added to a solution of the product in ethyl acetate,
and the suspension stirred at room temperature for 1 hour. The mixture was
| evaporated under reduced pressure to give the hydrochloride salt of 7-[1-(2-
methoxy-carbonylethyl)piperidin-4-ylamino}-1-methyl-3-ortho-tolyl-3,4-
dihydropyrimido- 4,5-d]pyrimidin-2(1H)-one.

15
Example 31
Compound 2-18
This example illustrates the preparation of 7-[(1-carbamoylmethyl-
piperidin-4-yl)carbamoylmethylamino]- 1-methyl-3-ortho-tolyl-3,4-dikydro-
20 pyrimido-[4,5-d]pyrimidin-2(1H)-one.
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20 21 April 2004
yl am no] - 1- net hyl - 3-ort ho-t ol yl - 3, 4-di hydr opyri m do[ 4, 5-d] pyri m di n-2(1 H) -

one. 21 April 2004 WD 01/29042 PCTI EPOO/ 10088 66 6N H Sul fone 9.4 HN1111
N-1JE. N-aokRobd N A m xture of PCT/EPO0/10088

7- (pi peridin-4-yl am no) - 1- met hyl - 3-o-tol yl -3, 4-di hydr o-

pyrimdal 4, 5-d] pyri mdin-2(1H)-one (0.184 g, 0.52 mmol) (prepared as
described in Exanple 25), 1.5 nL of acrylonitrile, 0.5 nlL of
triethylamne, 0S nL of 1 5 nethyl-2- pypgol i di none, and 5 nL of
tetrahydrofuran was heated to 75C for 1.5 hours until the reaction was

conpl eted. The 7dBiperidin-friylarnine)- hasethdricenio-wl dd,4-digdropyeishided pressur e
and was pur t hanol in
oyl bt af & St QFW?%%@WR%% S0 SR rendfld i oM AR

Hydr ochl or| Exarapld 2%@&3@&@&@@ v@Lr?ﬁN eﬂerl m;dmule witlsbrinmeadetamidst hy |

acet at e, t t rr ure for 1 hour, and the
residue fil Eoeé% ﬁ taflg e‘f% g’t’%"’?“ﬁ’ég% FBPFUPE Lal t of
7-[1-(2-cya &Bélar)aﬁh&)@dﬁi' Yra¥ b g e

1- net hyl - 3- g?tﬁ{?\o tolyl - g zgg)h%rﬁégerlﬁlg%%r%ﬁu?ﬁl, Sth%ireagtfl?l?‘ﬁﬁsdoc%(ll—i) one. 15

Exanpl e 29 secondoight ’Jz‘helmqtmmmmwepwﬁquhmm olnmtpgreplay ext §ldn of

ety S P A A el s R o

Sul fone 1. 47 so:ontammg product were cornbined and concentrated in
vacuo. The final product was taken up in methanol, treated with hydrochloric acid

10 (1.0M/Et:0, 1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether,

filtered, and dried to give 0.001 g of the hydrochloride salt of 7-[(1-carbamoyl-
methylpiperidin-4-yl)carbamoylmethyl-amino]- 1-methyl-3-ortho-tolyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2{1H)-one.

15 Example 32
Compound 2-12
This example illustrates the preparation. of 7-(1-methanesulfonylpiperidin-
4-y1)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido{4,5-d} pyrimidin-2(1H)-ore.

]
Sulfone 1.4 — _ H: J;;(\,g
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20 7-(Piperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido-

[4,5-d]pyri_midin—2(1H)-one (0.200 g, 0.567 mmol) (prepared as described in
Example 25) was taken up in 5 mL pyridine, and the solution cooled to 0°C before
adding methanesulfonyl chloride (0.046 mL, 0.596 mmol). The reaction was stirred
at 0°C for 2 hours then quenched with ice water and extracted with ethyl acetate.

25 The organic extracts were washed with water and saturated aqueous sodium

bicarbonate, then rewashed with water and evaporated in vacuo. The residue was




CH3 N O-1-O-1- N N N~O H\-N N~O CH3 CH3 *N 21 April 20044 rij)gd&gmz
PCT/ EP00110088 67 The 7- [ (1-ethoxycarbonyl piperidin-4-yl)am

-1-nmethyl -3-ortho-tolyl-3,4- di hydropyrim do[ 4, 5-d] pyri m di n-2(1H)-one (52
my, 1.28 wowmkomas taken up in 5 nL dichl oronet hane w t hecrEpoosiooss

i odotrinethylsilane (0.88 nL, 6.18 nmmmol) and refluxed overnight, then
quenched with 1 nL nethanol and evaporated in vacuo. The dry 5 residue was
redi ssol ved in methanol, to which 1.28 of 0.5M sodi um net hoxi de/

nmet hanol was added before again evapordting in vacuo and purifying by flash
chromat ography on silica gel using 10-40% et hanol / di chl oronmet hane with 1%
amoni um hyperifird be calemal disorhatogiaphy oh sifita geﬂ aﬂhg @118 mahﬁmmlhdhgaro—

7- di I h d 4,5-d
Cogr et ai ety 2R fEbibe Rations Sapming Bafprtrektiephbipatans |
7- (Pi gerl diconekntratediin edcud,- amﬂt(;hqﬁnﬂmddwrddﬁﬂsqlheﬁmébmﬂwmﬁdmémod?h I

4, 5- ri I me -
1[ormam] Sg mﬁé&%émdmg&sﬂ&bf&%%n%% W@é‘ddigwcgl%Q rrrnol>/) and
15 st rr ed eguivdeg) grerthe glittwhithens ﬂmred amiid:bgd ol g 0. T pofithegr aphy on
silica gel h%i}r‘ @Elonlﬁeg:ﬁt/ #71'19111%@189&&“;1% émd‘f/ﬁ hanol )3/ di chI @ omet hane

as el uant. ons cont and
concent r at 8et-dikydropymmidofss- ﬁpwmxixn-\%ﬁ-li—aken up in met hanol treat ed with
hydrochloric acid (LOMEt20, 1.0 equivalent), re-evaporated to dryness,
then washed with ethyl ether, filtered, and 20 dried to give 0.007 g of the
hydrochl ori de salt of 7- [1 (2 cyanmmgﬁpl peridi n-4- ylam no]

-1- r’r%hyl 3-ortho-tolyl-3,4-di hydémggrlrﬂfl??M 5-d] -pyrimdin-2(1H)- one.

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(1-cyano-
methylpiperidin-4-ylamino)- 1-methyl-3,4-dihydropyrimido[4,5-d ] pyrimidin-

2{1H)-one.
Ci@ . CI@
NZY N NTN
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15 3-(2-Chlorophenyl)-7-(piperidin-4-ylamino)-1-methyl-3,4-dihydro-

pyrimido{4,5-d]pyrimidin-2(1H)-one (0.030 g, 0.080 mmol} (prepared similarly as
described in Example 29) was taken up in 1 mL N,N-dimethylformamide with

bromoacetonitrile (0.011 mL, 0.161 mmol) and stirred at 50°C overnight. Another

0.011 mL bromoacetonitrile was added before returning the reaction to 50°C for a
20 second night. The reaction mixture was purified by flash chromatography on silica
gel using 1-20% (1:9 ammonium hydroxide/ methanol)/ dichloromethane as
eluant. The column fractions containing product were combined and concentrated
in vacuo, which was taken up in methanol, treated with hydrochloric acid
(1.0M/Et;0, 1.0 equivalent), re-evaporated to dryness, ther washed with ethyl ether,
25 filtered, and dried to give 0.002 g of the hydrochloride salt of -3-(2-chloro-phenyl)-
7-(1-cyanomethylpiperidin-4-ylamino)-1-methyl-3,4-dihydropyrimido[4,5-d]-
pyrimidin-2(1H)-one. | -



25 Exanple 30 Conpound 2-20 This exanple illustrates the pr of
7-1 |-(2-methoxycarbonyl et hyl)- piperidin-4-ylam noj zﬁgﬁﬁﬁﬁmﬁﬁ
-1-nethyl -3-ortho-tolyl-3,4-di hydropyrimdo [4,5-d] - pyrimdin-2(1H)-one.
21 April Wwa12909 01/ 29042 PCT/ EPOO/ 10088 68 N _ N " N pdrierBokdoene 1.4
HN N1 NAMO > HNNI N1,, 4 CH3 CH3 H3 A m xture of

7- (pi peridin-4-ylam no)-1-net hyl -3-ortho-tolyl -3, 4-di hydro-

pyri nydo[ 4, 5- d] pyri ni di n-2(1 H) - one (O. 1949, 0.54 nmol) (prepared as
described 5 in Exanple 25), 1.0 niL of nethyl acrylate, 0.5 nL of
triethylarnine, 05 nL of 1- nethyl-2-pyrrolidinone, and 5 nL of
t et rahydr of uran was heated at 75C for 17 - hours. The reaction m xture was
evapor at ed under-reduced pressure;, gpg. resi due was purified by
chromat ography on silica gel'using SWFﬁégggnol in dichl oronet hane as
eiuant to give 132 ngy 2 1A vhie fecarbosaldehydedr ochl oric acid in
et her was added to a solution of the pro uct ' Cfthyl acetate, and the
suspensi on stirred at room tenperat ur eNf oI our. The m xture was
evapor at ed under reduced pressure to‘gﬂ\e the hydrochl ori de salt of
7-[1-(2- nethoxy- carbonylethyllg4hw

-4-yl mi no] - 1- net hyl - 3- ort ho-*t Iylsg 4- t\ldlhylén"lapyrlmdo-

[4,5-d] pyrimdin-2(1H)-one. 15 Exanple 31 Conpound 2-18 This exanple

il lusttates the preparation of 7- [(1-carbanoyl nethyl -

pi peri di n-4-yl ) cgghanpyl e &zm# &mz}w SlchBétFMy;?yrﬁﬁzHBzQ A-ghiy - 3, 4-di hydro-
20 pyrimdo- (4, 5- d!hpyrl m d| n-
um ethoxide (27 4 0 mol) (Lancastcr) was stirred in 1 L of ethanol
and treated with thiourea (304 g, 4.0 mol) (Avocado). Ethyl ethoxymethylene

cyanoacetate (676 g, 4.0 mol) {(Avocado) was added and the mixture heated at

10 reflux for § hours. After cooling to room temperature overnight, the reaction
mixture was treated sequentially with 2 L of water and 400 mL of acetic acid. The
reaction mixture was heated at reflux for 30 minutes, cooled to room temperature,
and the suspension filtered. The solid was washed three 500 mL portions of water,
two 500 mL portions of acetone, and 500 mL of diethyl ether. The product was

15 dried to give 473.3 g (60%) of 4-amiﬁ0-5-carbethoxy-pyrimidine;2vﬂ1iol as a cream
solid of melting point >250°C. |

34.2  Preparation of 4-amino-2-benzylthiopyrimidine-5-carboxylate
A stirred suspension of 4-amino-5-carbethoxy-pyrimidine-2-thiol (473 g,
20 2.377 mol) in 3.5 L of ethanol was treated with potassium carbonate {180.4 g, 1.307
mol) and benzyl bromide (447.1 g, 2.615 mol). The mixture was heated at reflux
for 2 hours then allowed to cool to room temperature overnight. The suspension
was filtered and the solid washed with two 500 mL portions of ethanol, 2 L of water
and two 500 mL portions of water. The product was dried in vacuo over

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



N _1> HZNON Sulfone 1.4 N\ | NNO HNAN c~0 N 6CMB CH3 g A ANoodd |y NH2
0 21 April 2004 WO 01/29042 PCT/ EPOO/ 10088 69
7- (Pi peridin-4-ylam no)-1-met hyl - 3-ortho-tolyl -3, 4-di hydropyri m do-

[ 4, 5-d] pykidrofe9s22( 1H) -one (0.030 g, 0.080 mmol ) (prepar e%ﬁﬁsﬁﬁ’ﬁ(ﬁ)% bed in
Exanmpl e 25) was taken up in I nL N, N-dinethyl formam de w th bronbacet am de

(0.022 g, 0.161 nmol) and stirred at 50C overni ght. Another portion of 5
br onpacet am de (0.022 g) was added before returning the reaction to 50C for
a second night. The reaction mixture wd3 purified by flash chromatography
on silica gel using 6-20% (1:9 amoni um hydr oxi de/

met hanol ) | di chl oggBet PARG Aforedfueihing- 2 SHRinliBAe LS. gnt ai ni ng
product were conbi ned andrconcentrattngd I n “vacud. The f5=na product was

taken up in net hAselutionof ethatd-amine-Rihenaitthiopyrioidise ¢-caboxylaon{4622@, 1. 0

i | t y 1 - H . 7 T ’
Pl tored. nadHoF BRI BELG-GralteagydTanr i B A by S BhB8 | )
- car banoy| - 2 pglnpen ef hthiym aluminiym badﬁﬁﬂ(h&ihmrmh imdptrahydrofuran

- 1- metdy| - 3uARdhiGutrBhed ardiofphdlé WHH QPGS dPhd BliriondbasRifbdindi Hreab1H) - one.
15 H3C /° H3C ExamTie 32 Conpound 2-1Z This exanple illustrates the
pr epar at i onnwfintZin(altempeiatiure 96 13-3030. pfOp eomplietion of the addition, the mixture

)1 ety 5 0 oL S SN P SR 2010 - ome
15% aqueous sodium hydroxide (60.8 mL)was added during 30 minutes, followed
by 182.5 mL of water diiring 30 minutes. The suspension was stirred at 60°C
10 overnight then filtered through Hyflo filter aid while still hot, and the solid washed
with two 1 L portions of tetrahydrofuran. Evaporation of the filtrate to dryness-
gave 392.5 g (99%) of 4-amino-2-benzylthiopyrimidine-5-methanol as an off-white
solid which was used in the next step without further purification.

15 34.4 Preparation of 4-amino-2-benzylthiopyrimidine-5-carboxaldehyde
A suspension of 4-amino-2-benzylthiopyrimidine-5-methanol (3925 g,
1.59 mol) in 7.75 L of dichloromethane under a nitrogen atmosphere was treated
with activated manganese dioxide (1.382 Kg, 15.9 mol) (Acros). The reaction
mixture was stirred at ambient temperature overnight then filtered through Hyflo
20 filter aid. The solid was washed with three 1 L portions of dichloromethane and the
combined filtrates evaporated to give 340.5 g (88%) of 4-amino-2-benzylthio-

pyrimidine-5-carboxaldehyde as a pale yellow solid of melting point 136-139°C.

25




Sulfone 1.4 ~--- H-J -ill NNN CH3 CH3 Q@S Q"‘3C2C21Apn|2004

7- (Piperidin-4- yl ami no) - 1- met hyl - 3-ort ho-t ol yl - 3, 4- di hydr opyri m

[4,5-d] pyrirnidin-2(1H)-one (0.200 g, 0.567 mmol) (prepared as described in
Exanpl e 2WO0W8H2%082ken up in 5 nL pyridine, and the sol uti eorarehesiss 0 0C
before addi ng net hanesul fonyl chloride (0.046 nL, 0.596 mmol). The
reaction was stirred at OC for 2 hours then quenched with ice water and
extracted with ethyl acetate. 25 The organic extracts were washed with

wat er and saturated aqueous sodi um bicdrbonate, then rewashed with water
and evaporated in vacua. The residue was NN~ HNI.NNO~ 21 April 2004
70 purified by cé’ﬁdnnPc@ﬂmn@ﬁﬁéwbwhmyﬂ)umayeEhﬂﬂ+mnd215

met hanol | di ?’gﬁ’t‘ e as eluant. The columm fractions containing

pr oduct vvergmczg{% e ig?i'{i} concentrated in vacuo, and the final product
redi ssolved in.a mninmmvolunme of ethyl acetate and nefl Addi ti on of
hydrochloric acid (1AM Et 20, 1. 0 5 eqw val ent) gave the salt h was

filtered and dried to glv HY of the hydro Q| 2
7- (1- met hanesulfonyl pi p di n] 4- yI)-—]_--ﬁ‘e*t-:-IityI ho tolﬁ-

I%Cfll'l (é:ag%;jrlgggrsl Igﬁaﬁgl 2 1 | S &( e N gtz?gftzas t he
preparation of chI orophenyl )-7- (1- -
A mixture of 4-amino-2-benzylthiopyrimidine-5-carboxaldehyde (5 g,

5 20.4 mmol), 2-chloroaniline (2.25 mL, 21.4 mmol) and 4-toluene-sulfonic acid
monohydrate (0.1 g, 0.5 mmol) in 60 mL of toluene was heated under reflux with
azeotropic removal of water for 3 hours. The mixture was cooled to 0°C and the
precipitate was collected by vacuum filtration and was washed with hexanes and air
dried. This solid was then dissolved in 100 mL tetrahydrofuran and the solution

10 cooled to 0°C. Lithium aluminium hydride (0.735 g, 18.8 mmol) was added in
small portions over 45 minutes. Once the addition was complete, the mixture was
stirred for a further 15 minutes and carefully treated sequentially with 0.8 mL water,
0.8 mL of 15% aqueous sodium hydroxide and then 2.4 mL of water. The mixture
was stirred for 30 minutes, filtered through celite, and the filtrate concentrated in

15 vacuo. The solid was stirred with diethyl ether, filtered and air dried to give 6.1 g of
5-(2-chlorophenyl)aminomethyl-4-amino-2-benzylthiopyrimidine as a white solid.

35.2  Preparation of 3-(2-chlorophenyl)-7-benzylthio-3,4-dihydropyrimido-
[4,5-d]pyrimidin-2(1H)-one

e o v
©/\s NZ NH, S/kN/ r}l/&o

H
20 Sulfide 8.1

To a stirred solution, cooled to -100C, of 5-(2-chlorophenyl) aminomethyl-
4-amino-2-benzylthiopyrimidine (4.3 g, 12.1 mmo}) in 100 mL of tetrahydrofuran
was added triethylamine (3.1 mL, 22.2 mmol). This solution was then treated



met hyl pi peri di n-4-yl am no) -i - met hyl - 3, 4-di hydr opyri m do[ 4, 5'2@”Ap‘?ﬂ’§(bdﬂ di n-
2(1H)-one. NNH-I NJI'N.3N''--O Suifone 1.3 HCH 3 LN 15

3-(2-Chl orophenyl ) - 7- (pi peri di n-4-yl am no) - 1- met hyl - 3, 4- di hydr o-

pyri m do[ sceidho@igr i rni di n-2(1H) -one (0.030 g, 0.080 mol)

simlarly as described in Exanple 29) was taken up in 1 ﬁéﬁﬁaﬂﬁ&

N, N- di net hyl formam de with bronoacetonitrile (0.011 nL, 0.161 nmol) and
stirred at 50C overnight. Another 0.01] nlL bronoacetonitrile was added
before returning the reaction to 50C foffa 20 second ni ght. The reaction
m xture was purified by flash chromatography on silica gel using 1-20%
(1: 9 ammnldmpmsdmthamluttmdf@hodg):ﬁe tﬁ_ﬁhhbbﬁmtsdnaoamtcéhmnt The col um

fract t ,
which s + SRb RS ARkl 0PSCot Bl A8iHaRd oS ARPERR I L, " V201
(LOM Et 20, 17. @)naq@li)wasedde)i fom@aed\bequmgead(mnﬂrqme%somﬁmmwamhﬁd with ethyl

et her 25 T4 h }‘E@f?—:a&fdn%gastvpargfea ?0 1’00%’9‘?&[1%61’&1:111‘6, g:e:!{%&l t%tH.é)mide salt of

-3-(2- chloro p en
7-(1- éyanonee Sp;lemdcfonﬁmmg,dm b} réactiod Wysﬂ)ﬁnﬂtdneﬂyaddmwmbﬂiedo [4,5-d] -

pyri m din- 204 PCT/ POO’ X34
4- Am no- 2- tz)lgﬁlwg'ﬂl%%cgﬁr [ neg'g'pe Mgb é“é & CQIW‘% fFati on of
4- ani no- 5- celleded )’(‘yacpymlﬁitrdhmalﬁldrﬁndchV&dltumveﬂlﬁégqﬁe(ze272 g, 4.0 nol)

g a0 ol ) AR Fopdimions R AUFRAMAmaR S S ARBIBATELAOH 52 O

( Avocado) vmbxtmhé&sdﬁ@&hb m xture heated at
10

Example 36

Sulfone 9.1

15 A suspension of sulfide 8.1 (1 g, 2.61 mmol) in 10 mL of dichloromethane
was cooled in ice and treated with 70% 3-chloroperbenzoic acid (1.29 g, 5.23
mmol). The mixture was stirred at room temperature for 2 hours, then treated with
25 mL of 10% aqueous sodium thiosulphate and left to stir for 30 minutes. The

- resulting mixture was diluted with 100 mL dichloromethane and the phases were

20 separated. The organic phase was washed with 10% aqueous potassium carbonate,
then brine, and then dried over magnesium sulfate and filtered. Concentration of
the filtrate under reduced pressure gave 0.73 g of 3-(2-chlorophenyl)-7-
benzylsulfonyl-3,4-dihydropyrimido(4,5-d]-pyrimidin-2(1H)-one (sulfone 9.1) as a
white solid.

25




10 reflux for 8 hours. After cooling to roomtenperature overniginbgod he
reaction mxture was treated sequentially with 2 L of water and 400 nL of
acetic acid. The reaction mxture was heated at reflux for 30 m nutes,

cool ed t oWUPe@nperature, and the suspension filtered. PTHEPSWLIOSE Was
washed three 500 nL portions of water, two 500 nL portions of acetone, and
500 nL of diethyl ether. The product was 15 dried to give 473.3 g (60% of
4- am no- 5- car bet hoxy- pyri m di ne-2-thi ol 7&s a cream solid of nelting point
>250C. 34.2 Preparation of 4-am no-2-benzylthiopyrim dine-5-carboxylate A

stirred suspension of ,4-an no; 5 car 0X imd iol (473 g, 20
2.377 mol) |n 3. %rﬂats‘ﬁcwnaﬁ%# ‘é’g’t‘"@%F’W‘?‘ﬂ‘tﬂéK g’g‘s‘ﬁ] ©ar bonat e (180. 4

g, 1.307 mlde) 61464(31ﬂfozﬁ,9.ﬂwﬁals§réﬁhkédus-fﬁ§ozm0ﬂUre was
heat ed at r%&-gélsgﬁ for %& %o cool to roomtenperature
over ni ght . B ?he solid washed with two 500

mL portions of ethanol, 2 L of vvater and ngg 50Q nL portions ofwater. The
product was dried in vacuo over 25 phosphorus oxi de at 50C to give 416
g (61% of ethyl 4-am no-2- benzylth| OPYL i~ Qe~5- car boxyl ate as a cream
solid of nelting point 117-118C. 21 r| 204 WO 01/29042 PCT/ EPO0/ 10088
72 34.3 Preparation of 4-am QPG M di ne- 5- met hanol A sol ution
~of ethyl 4-am no-2-benzylthi hne- 5 ‘._t'arboxyl ate (462.4 g, 1.6 nol)
of in 2.3 L of sieve-dried t ahydrofuran was added slowy with stirring
to a 1 Msolution of lithiumalum ni wyfydrdde (1.6 L,1.6nol) in
tetrahydrofuran 5 under a pitrogen at m)sphere with ice-cooling. The

sol utison was added at a rate to maintain a tenperature of 18-20C. On
conpletion of the addition, the m x ure . ugs heated to 60C and treated
cautiously with 60.8 nL of water duhﬁ%ﬁg hours. 15% aqueous sodi um
hydr oxi de (60.8 nL)was added duri rgdusidzuzées, fol lowed by 182.5 ni of

wat er during 30 nut es. e suspensi on was Stjr over ni ght
then filtered th ?Fﬁefﬂﬁﬁpéﬁ’ﬂi‘r%ﬂnl Jtzl‘l"h‘i"rf‘l"B ean%a](Fﬁas olid
washed  wi t hydrgmy bhmamlﬁ@)sl-@ ptyﬂbﬁ&hyﬂ?p&uﬁMA-&hgaﬁfp@hnﬁdb[@Is-&]he

filtr eto dc ave 392.5 g (99% o
4- ami {bl“?'uﬁ "PM-di ne-5-net hanol as an off-white

37.1  Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(2-pyrrolidin-1-yl-
ethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.
e

Cl
iTNQ LK

" R —
SN :;1’1*0
: N
Sulfide 8.1 i }
15 Sulfide 8.1 (500 mg, 1.31 mimol) was taken up in 2 mL tetrahydrofuran and

combined with 1-(2-hydroxyethyl)pyrrolidine (0.23 mL, 1.96 mmol),
triphenylphosphine (514 mg, 1.96 mnol), and DEAD (0.31 mL, 1.96 mmol). The
reaction mixture was stirred at room temperature for 3 hours, when additional
quantities of 1-(2-hydroxyethyl)pyrrolidine, triphenylphosphine, and DEAD were
20 added (another 1.96 mmol each). The mixture was stirred at room temperature
overnight and semipurified by chromatography on silica gel using 2.5-10%

methanol/dichloromethane as eluant, to provide >1 g mixture of product




solid which was used in the next step without further puri fi29%tpiriP§b0415 34. 4
Preparati on of 4-am no-2-benzylthiopyrim di ne-5-carboxal dehyde A

suspensi on of 4-am no-2-benzylthi opyri m di ne-5-net hanol (392.5 g, 1.59 nol)
in 7.75 fo1Bogak| or onet hane under a nitrogen atnosphere d wth
acti vat eélwgé)rliggﬁgse di oxide (1.382 Kg, 15.9 nmol) (Acros) .%Mr”égé:sgi on

m xture was stirred at anbient tenperature overnight then filtered through
Hyf lo 20 filter aid. The solid was washed with three 1 L portions of

di chl oromet hane and the conbined filtr&tes evaporated to give 340.5 g
(88% of 4-am no-2-benzylthio- pyriraidine-5-carboxal dehyde as a pal e

yell ow sol idpgs bi3-9cHISicBh .2h 3- 2-chloro hen 1
e R ot | 2004 WD

-7-ben thio:, 4-di_h_rgé'gj) 5-d . .
01/ 29042 P rgl-pyrimiginaAdHyopg angfesidual starting materials.
5- (2-chl or ophenyl ) am nonet hyl - 4- am no- 2- benzyl t hi opyri m dine A m xture of
4- am no- 2- benzyl t hi opyri m di nz- -car bg}al dehyde (5 g,. 5 20.4 nr.nol),
2-chl or oani | i ne ¥2 25 Teparansg o} 7 ulforri-3-(slownbersth I-SAipprrabdin 1-
nmonohydr at e/{efhyl-34-dfh EI-OWd)J[isld?gqmidisz(yHbJéﬁé]e was heat ed under refl ux
wth azeotroplyc renD\J;aI of water for 3 hours. The m xture was cooled to
OOC and the precipitate waSlsgkhected by vacuum fi | t r at%log-and was washed
wi th hexanes and air dried. TsoI id was then dissolved LO0 niL
t et rahydrof uran and tN& UNIO10 cool ed to O@ Nty uiNalufi ni um hydri de
(0.735 g, 18.8 mmmol) d in small paqrtigdsls 4580 nut es. Once the
addi ti on was conpl etye, rt‘hej\lm' WPurée was strrred ForNa irtker 15 minutes
and careful ly ed sequé\n.sially with O. wh At er, 8 mL of 15%
aqueous sodi um r oxi de andlgt hen 2.4 nL of er. The mixture was stirred
for 30 m nutes, ltered t gh celite, and¥the filtra oncentrated in
15 vacuo. The solid was sti d with diethyl ether, filft d and air dried
to give 6.1 g of _ .. . ) .
5- ( 2- cbl or ophem%idsHornfErhsprrithiondr Fochbergrhenyl by lidiar irdetyla white
sol i d. 35. Z.2dsRaropytigfido(4,5-d] Kﬂm.l idin-2(1H)-one was accomplished using 3-
of 3- (2-chl ocliji)opheng)I(} -7-benzyl t hi o- 3, 4-di H drc% rim go . g. .
roperoxy-benzoic acid (0.94 g, 3.92 mmo i/m chloromethane with stirring at
10 room temperature for 1 hour. The reaction was quenched with saturated sodium

sulfite (aqueous, 1 mL) and extracted with dichloromethane. The combined

extracts were dried, and concentrated in vacuo to provide 7-benzylsulfonyl-3-(2-

chlorophenyl)-1-(2-pyrrolidin-1-ylethyl)-3,4-dihydropyrimido{4,5-d}pyrimidin-

2(1H)-one, which was used without purification.

15
37.3  Preparation of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexyl-
amino)-1-(2-pyrrolidin-1-ylethyl)- 3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one.
oS 0 YR
O I;lJ\N NS0

X ol
OH .
The crude 7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2-pyrrolidin-1-ylethyl)-

20 3,4-dihydropyrimido{4,5-d]pyrimidin-2{(1H}-one was taken up in 6 mL diglyme
with trans-4-aminocyclohexanol (165 mg, 1.44 mmol) and stirred at 120°C for 3




[4,5-d]pyrimdin 2(1H)-one d-, C 20 Sulfide 8.1 To a stlrrzqqqﬁgpbemon
cooled to -10C, of 5-(2-chlorophenyl) am nonethyl -

4- am no- 2- benzyl thi opyrimdine (4.3 g, 12.1 mmol) in 100 nlL of

t et r ahydr Y@ PH2P042vas added triethylarnine (3.1 m., 22.2 reawBPoo/Iboss
solution was then treated 21 Apritl 2004 WO 01/29042 PCT/ EPOO/ 10088 74
dropwi se with a solution of phosgene (6.15 nL of 20% sol ution in tol uene;
11.8 mml ). After stirring for 30 mnutes, additional triethylamne (1.0
m., 7.1 mmol) was added fol |l owed by phosgene (2.0 m, of 20%solution in

t ol uene; 3 8 muol ). The reaction_was warnmed to roomterrperature treated
with 0.5 nL OIES«AE%!@?DJ%H@F‘&%&W@@ o chagnzfogaphon siliea geéa@ngéﬁowas t hen

filtered anﬂaeaﬂaﬁom&mmﬂe&uaé ayvaam&qaga%m?@&%% @egmgahﬁ& 25

di chl or onet hane. The product was then “col |l ect e acuum f 1 tratlon and
dried in valdd mme)). Ehepgifieg R;p ductwas taken up in ethylacetateandtreatedmthl

chl Orophen%quaiéiﬁ'IMEti'ﬁ)@o mtﬁéﬁpd%bmbﬂee sdltbf3=@l dsoPhdiyfy-2(1 H) - one

as a vvhlte solid (sul fide, 8.
3- (2- &nl or ofhERFS4-hydigerergiob WOhIAZMWé@pWIeﬁhYMﬁﬂ 5 dlpyrinidin 2

LI -one O - aiyfopyrimifiotd st ORerididinIH1K)-dwepensi on of sulfide 8.1 (1 g, 2.61
nmmol) in 10 rnL © dICh| orornethane was cooled in ice and treated with 70%

3-chl oroperbenzoic acid (1.29 g, 5.23 mml). The m xture was stirred at

roomtenperature for 2 hours, then gkgabedgwith 25 nL of 10% aqueous
sodi um t hi osul phate and left to stir fTor m nutes. The resulting m xture

was diluted with 100 nL di¢hl or onéamaprmgh2{ he phases were 20 separat ed.

The ofggani ¢ phasghieganifle MR the I AMGPHS-PRLASIpHEAARY RBRAL-8.
hydroxycyclohexylamino)-1-(2-diethylaminoethyl)-3,4-dihydropyrimido[4,5-d]-
pyrimidin-2(1H}-one.

38.1 Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(2-diethylamino-
15 ethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.
X0

Ci

2 | | NZ N
O
H

Sulfide 8.1 (500 mg, 1.31 mmol) was taken up in 2 mL tetrahydrofuran with

N,N-diethylethanolamine (0.26 mL, 1.96 mmol), triphenylphosphine (514 mg,

1.96 mmol), and DEAD (0.31 ml, 1.96 mmol), and stirred at room tempefature for
20 3 hours, when additional quantities of diethylethanolamine, triphenylphosphine,

and DEAD were added (another 1.96 mmol each). The mixture was stirred at room

temperature overnight and semipurified by chromatography on silica gel using 1-

3.5% methanol/dichloromethane as eluant, to provide >1 g mixture of 7-

benzylthio-3-(2-chlorophenyl)-1-(2-diethylaminoethyl)-3,4-dihydropyrimido{4,5-
25 d}pyrimidin-2(1H)-one and residual starting materials.



then brine, and then dried over nagnesium sulfate and filtergdyyi 2004
Concentration of the filtrate under reduced pressure gave 0.73 g o
3-(2-chl or ophenyl ) - 7-

benzyl sul womgl298424- di hydr opyri mi do[ 4, 5-d] - pyri, m di n-2( 1Hp Qﬂg? %g%g one
9.1) as a white solid. 25 21 April 2004 WO 01/ 29042 PCT/ EPOO! 1 75 A
rel ated conpound, 7-benzyl sul fonyl-3-ortho-tolyl-3,4-dihydro-

pyrinudo[ 4, 5-d] pyrirnidin-2(1H -one (sukéone 9.2) was prepared using ortho-
toluidine in place of 2-chloroaniline ih"Exanple 35. H3C Sulfone 9.2 5
Exanpl e 37 Conpound 3-26 ,This exanple illustrates the preparation of

3- (2- chl or opheny$8.2 7- Prepemtioniof 7-bmzy15ulﬁnyl-3-(2-chlorophenyl) 1-(2-diethylamino-

| d t hyl 3, 4-di hyd id
/5 a1 SRR A TRt o oy > Yo e

7- benzyl t hi o- 3-(2- chl or ophengi -(2 pyrrolldln I -yl -
et hyl ) -3, 4-di hydropyri m do[ 4, 5r|md|n 2(1 - one. |de81(500

ng, 1.31 nmol) was ta tetrahydrofurqq ed W th
1- (2- hydr oxyet hyI)pyrﬁle (0.23 m., 1.96 rrml) r| yI phosphi ne
(514 nmg, 1.96 mol),$ Q0. 3T, 1798 ction mxture

was stirred at errpera ure for 3 hours add|t| aI quantities of
1- (2- hydr oxyet yrrolidin tri phenyl pho ne and D were 20 added
(another 1.96 each) . \'l:hél-m/xture was s d at r (_eprper ature
-overni ght and sem purified by chromatography on silica gel using 2.5-10%
met hanol / di chl or @eetiemef the 7diconithjo-8 o 2whipropleenyl)- I (2rilicthylamipbethyhduct 21
Aprl | 52004 y@ﬂf@%ﬁ@[‘iﬁ -d]pyrimidin-2(1H)-one was accomplished using 3-
chloroperoxy-benzoic acid (0.339 g 1.96 mmol) in dichloromethane with stirring at

room temperature for 1 hour. The reaction was quenched with 10% sodium sulfite

in

solution (ag, 5 mlL), poured into saturated aqueous sodium bicarbonate, and
extracted with dichloromethane. The combined extracts were dried with

10 magnesium sulfate and concentrated in vacuo to provide 7-benzylsulfinyl-3-(2-
chlorophenyl)-1-(2-diethylamino-ethyl)-3,4-dihydropyrimido-[4,5-d]pyrimidin-
2(1H)-one, which was used without purification.

38.3  Preparation of 3-(2-chlorophenyl)-1-(2-diethylaminoethyl)-7-(trans-4-
15 hydroxy-cyclohexylamino)-3,4-dihydropyrimido[4,5-d Ipyrimidin-2(1H)-one,
S 0
N~ N
o ) LI
AL g ,g

*AAVERNCINY

The crude 7-benzylsulﬁny1-3-(2—chlorophenyl)-1—(2—diethy1aminoethyl)—
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was taken up in 2 mL diglyme
with trans-4-aminocyclohexanol (150 mg, 1.31 mmol) and stirred at 120°C for 4

20 hours. The mixture was purified by chromatography on silica gel using 5-35%
methanol/ dichloromethane as eluant to provide the title compound (52 myg,
0.110 mmol). The purified product was taken up in ethyl acetate and treated with



PCTI EPO011008S 7- benzyl t hi 0-3- (2-chl orophenyl)-1-(2-pyrrol '2‘4'Abr|l 2004

| -yl ethyl)-3,4- di hydropyrim do[4,5-d]-pyrimdin-2(1H)-one and resi dual
starting materials. 37.2 Preparation

of 7- benzyWe11i280#¢| - 3- ( 2- chl or ophenyl )-1-(2 pyrrolidi n-J S5PCI/EP00/10088

yi -ethyl) -3, 4-di hydropyrim do(4, 5-djpyrimdin-2(IH-one. d-~" C Oxidation
of 7-benzylthio-3-(2-chlorophenyl)-1-(2-pyrrolidin-I-ylethyl)-

3, 4-di hydropyri m do[ 4, 5-d] pyri m di n-2( I*&)) - one was- acconpl i shed usi ng 3-

chl or oper oxy-benzoic acid (0.94 g, 3.92 rnnol) in dichloronethane with

stirring at, 10, ro rature for ur e reaction was quepnched with
sat ur at ed slcfamhen&iﬁ?ﬂ) @ te&qmeéeﬂlfw% %éﬂlra -6 loraphnyl)-

di chl or omet7hgngs %apqt@ dethflafindhy pRd-diRpsent rated in
vacuo to provi d 7 b(ﬁnzyl S ?r% -3-(2- chl orophenyl -1-(2pyrrolidin-|

-yl ethyl) - 3’)‘&11859{ ar W—F‘ﬁ‘g #H4)808] pyri i din- 2(1H)-one, which was used
W t hout purifi catl on. 15 37.3 Preparation of

- 3-(2-chl orophenyl)-7-(trans-4-hydrqxycycl ohexyl - ami no)-1-(2pyrrolidin-I
yl et 1) - 3, 4- di hydr opyri ni do[ 4, 5- d%@?&-@ n-2(1H-one. d, O The crude
7- benzyl sul f onyl - 3- (2-chl or opheny(l;()n1 oﬁ&ﬁgor olidin-1-ylethyl)- 20

3, 4-di hydropyrirai dold, 5-d] pyr. mdln -one s ta

diglyrne with trans Z:h%frﬁxi’l’BE éﬁ € pregye A&CE%PI;LC&VJS 13@ rred at

120C for 3 dzchethil o0 - YDl 299 A a@@ﬁg@@@ a,h?aw.s- The m xture

was purified by 0jhro to %th @?Slll‘?ggel Usi ng 3-30% net hanol"’

di chl ororretpﬁf‘&ﬁ’éd li%i’ﬁ%m é? ¥¥-the title conpound (45 ng, 0.096

mol }9 The purified product vvas taken up in ethyl acetate and treated with
-1 equival ent HClI Et Oto re th roch r| e salt of

3- (2- chl or ophenyfy 5 &d% &yd‘i" }'Q’lpyrrolldl n-1

yiethyl) - 3aﬂnnawiwdsmyumpﬁemid%[ésdﬂ]pjﬁwﬁmw1mf)2dnkkb one. Exanple 38

Compound 3- 27 ol j@
o ye.
H

N™ "N” 0
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H,C ™ CH,

Sulfide 8.1 1n 5 ml tetrahydrofuranwas combined with N,N-dimethyl-
15 ethanolamine (0.39 mL, 3.92 mmol), triphenyiphosphine (1.04 g, 3.92 mmol), and
DEAD (0.62 mL, 3.92 mmol), and stirred at room temperature for 1 hour. The
mixture was semipurified by chromatography on silica gel with 1-3%
methanol/dichloromethane as eluant, to provide >1 g mixture of 7-benzylthio-3-(2-
chlorophenyl}-1-(2-dimethylamino-ethyl)-3,4-dihydropyrimido[4,5-d] pyrimidin-
20 2(1H)-one and residual triphenylphosphine oxide.



10 This exanple illustrates the preparation of 21 April 2004
3-(2-chl orophenyl)-7-(trans-4- hydroxycycl ohexyl am no) - 1-

(2-di ethyl am noet hyl') - 3, 4-di hydropyrimdo [4,5-d] - pyriznidin-2(1H)- one
38. 1 Prepqicadsi9py20f 7-benzyl t hi o-3-(2-chl oi ophenyl) - 1-(2- ?ﬁ@gx@ﬁ’%

et hyl ) -3, 4-di hydropyri m do[ 4, 5-d] pyrirnidin-2(IH)-one. E{]SOO ng,
1.31 mmol) was taken up in 2 nL tetrahydrofuran with

N, N- di et hyl et hanol am ne (0.26 nL, 1.96 nrnol), triphenyl phosphi ne (514 ng,
1.96 nmmol ), and DEAD (0.31 niL, 1.96 mol $9 and stirred at roomtenperature
for 20 3 hours, when additional quantities of diet hyI et hanol ar ni ne,

H;mfgykggospm% afmj ﬁm}ér at uﬁdﬂ(()%@m d Isem pﬁ?lcpl) edTgs

chr onat ogr ap'ﬁi/%hd’??"%’f’? |eg’gﬁg§n'f" d%f?gr?mm’%?% H Hé‘rﬂ"ér onet hane as

el uant, to provide >1 g m xt gy 7- Cl

benzyl t hi 0- 3- (2-chl or ophenyl ) -1 di et hyl am noet hyl ) - 3, 4@dropyri m do
[4,5 25 d] pyri m din-2( esi dual startl 21 April 2004

WO 01/29042 78 PCT/ EP@V\\ld 88,J§38 2 Pr epar ati ono ..A

of 7-benzyl sul fi nyl - 3-32-dhl & ofenyT )= I=( 2=t et (Y| ali nd) O
et hyl) -3, 4-di hyd m do[ 4&5- d] pyrlmdl n- - one. Cl Oxi dati on of
t he 7-benzylt hi 2- chl orop enyl)-1-(2-di | am noet h I )

3, 4-di hydropyrim 4, 5- dlipgri'nggi n- 2( 1H) - one®was acg ed using 3
chl or oper oxy- benzoi c aC|d (0 339%Y, 1.96 mmol) in di cPl oro ?hane W th

stirring at rOO(DSdHEﬁMtSﬁmB @@lﬁa@{vaslada%fahshléa%sﬁ;@@;c&ﬂ&@ WRgyiesiched with
10% sqdi um su ﬁ | uti ) redinto sgturat ed aqueous

sodi urh bi caﬁ'CHJo & 7 LRdnmg th 1!5@%1 SEFiEAt Feor terprsatsemiorned |
extragts V\ﬁrbouir%dr&khbniﬁs &m%ﬁéﬁsﬁﬂﬁlﬁﬂﬂ%%ﬁe@hﬁqmﬂ) vacua to
provi de 7-be

ul | 5
chl or opheny?™ e{&r ‘E M&ﬂéﬁ%@h%fogaﬂlmﬁfUWrWﬁ@%mq4 5-d]
pyr mmi di n- sa(ﬂaﬁedaqaeomahnmwu@me w@@mraagde&hﬁﬁsu@ﬂa and8. 3 Preparation

of 3- (2-chl or ophen di eth 7-(trans-4- 1
hydr (()x) cy 1% 8&3%%%#1‘\%’8%"@04"8?%92'?6 fsi“ﬂ:f’ t34(2(SC}HfWPF1Fﬁ1bFT(2'2( | H) - one.
10 dimethylaminoethyl)-3,4-dihydro-pyrimido- [4,5-d]pyrimidin-2(1H)-one, which
was used without purification.

39.3  Preparation of 3-(2-chlorophenyl)-1 -(2-dimethylaminoethyl)-7-(trans-
4fhydraaqzqzcloheagzlamino )-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

Cl
oo o ,.:td@

Ny

O
HC” CH, - H,

The crude 7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2-dimethylaminoethyl)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was taken up in 2 ml. diglyme
with frans-4-aminocyclohexanol (331 mg, 2.87 mmol) and stirred at 120°C for 4

15

hours. The mixture was purified by chromatography on silica gel using 10-30%

20 methanol/ dichloromethane as eluant to provide the title compound (180 mg, 0.405
mmol). The purified product was taken up in ethyl acetate and treated with
1 equivalent HCI/Et,O ) precipitate the hydrochloride salt of 3-(2-chlorophenyl)-



C CI N -N" Nv ~OH The crude 21 April 2004
7-benzyl sul fi nyl -3-(2-chl orophenyl)-1-(2-di ethyl am noet hyl)

3, 4-di hydr opyri m do[ 4, 5-d] pyri m di n-2(1H)-one was taken up in 2 nL diglyne
wi th tramvodiamspocydohexanol (150 ny, 1.31 nmmol) and sti peedpaliodssOC for 4
20 hours. The m xture was purified by chromat ography on silica gel using

5- 35% net hanol / di chl or onet hane as eluant to provide the title conpound (52
mg, 0.110 nmol ). The purified product s taken up in ethyl acetate and
treated with 21 April 2004 WD 01/ 29042 / EPOO 10088 79 5 10 1 equi val ent
HCI /Et 20'to precipitate the hydrochloride salt of 3-(2-ch]orophenyl)-

7-(t rans-4—1h&d eshyl)- afﬁmjihﬂrgwelpmbmm@e@:ﬁyi@moﬂ di hydr o-

pyri m 4o0[ 4 ) Sihb(1aNeneEXanpl e 39  Conpound 3-30 This exanple
illustrate el%[?epa fn(g)n of( 5'(? chl orophenyl ) -1 -( 2-

di et hyl am noet hyl ) -7- (t rans- 4- hydr o) ycycl ohexyl am no) - 3, 4- di hydr o-
pyrimdo[4,5-d] -pyrimdin-2 (1H)- 9401 Preparati on of
7-benzyl t hi o- 3- (2- chl or ophenyl ) -1 - (Z- yl -

am no®t hyl ) - 3, 4- di hydropyrim d03406m@?p§tdﬁf%2d| n-2(1H-one. H3 C CH3

Sulfide 8.1 ‘S*ML“ hyl 15
e'ltjhalnofam neI ( E%Igsruxa&%&er &tyéﬁépaﬁﬁg WFE%@%%"&H%Q:%W} aq§3y92 nmol ) ,
and DEAD (hadmﬂme@wbzthiyhmq) lémesdwwﬂ m—&hyémmé@%si;db for 1
hour. The oxlisne (HBS-o3em purified by chromatography on silica gel with

1-3%
10 40.1 Prepamﬁ%n of 7-benzylthio-3-(2-chlorophenyl}-1-(piperidin-4-yl)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

, \-
N N N

XL — AL

T

To a suspension of sulfide 8.1 (850 mg, 2.22 mmol) in tetrahydrofuran
(10 ml) was added tert-butyl-4-hydroxy-1-piperidine carboxylate (411 mg, 2.22
15 mmol) and ‘diphenyi-z—pyridylphosphine (878 mg, 3.3 mmol). After 5 minutes di-
tert-butyl-azodicarboxylate (768 mg, 3.33 mmol) was added and the reaction was
stirred at room temperature over the weekend. The reaction was placed directly on

a flash silica column using 3:1-2:1 hexane ethyl acetate and 1:1 hexane/ethyl acetate
as eluants to give 930 mg of 7-benzylthio-3-(2-chlorophenyl)-1-(piperidin-4-yl)-
20 3,4-dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one.




met hanol | di chl oronet hane as eluant, to provide >1 g m xture afaqi 2004
7-benzyl t hi o- 3- ( 2-

chl orophenyl ) - 1- ( 2- di net hyl a. m no- et hyl ) - 3, 4- di hydropyri m do[ 4, 5-d]

pyri m di nw®oi24ebkd - one and residual triphenyl phosphine Oxbe%mm&%uﬁﬁg'l 2004
WO 01129042 80 PCT/ EPOO/ 10088 39.2 Preparation

of 7- benzyl sul f onyl - 3- (2-chl or ophenyl)-1-(2..
dinethylanino-ethyl)-3,4-dihydropyrinid% f 4,5-d]pyrinidin-2(| H)-one. CI'S
G -'11 Oti H3C NYCH3 H3C. NNCH3 Oxi daffon of tle sulfide was acconpl i shed
usi ng 3-chl oroperoxybenzoic 5 acid (1.35 g, 7.84 mml) in dichloronethane

with stirring at 40130nﬁ@mnabfﬂ-beﬁzykubﬁﬂylmmichl&b}dzeﬁﬁ}qtdpi}j&nﬂﬁﬁﬁyenC hed
with satura and extracted wt _
di chl or onet %%%ﬁ}g%lﬁémor ga[fﬁstg]g&'?'géae’f ?@r‘g’ewashed Wi th saturated aqueous

sodi um bi carbonate, dried w thCkapgeesi um sul fate, and cORce ated in
P- chl orophenyl )-1-(2 1
26 JA do- [ 4, 5-dj _'r 'q& -one,

vacua to provide 7- benzylsulfonyl
39. 3 Preparjati gn of

di met hyl am noet hyl ) - 3, Ah
whi ch was used w t hout

3-(2-chl orophenyl ) -1 - m noet hyl ) -O& A
4- hydr oxycycl ohexyl arfl no) dropyrimdo ["34 5”1] p i mQi n- 2(1 H)-one.

C~ O 15 N N @8 _CH3 OHHRC HBC The crue

7- benzyl sul f on (2-chl orfophgnyl ) - 1-( 2-t hyl am .Jnoet}lhyl ) -
N
o H N
To a solution of 7-benzylthio-3-(2-chlorophenyl)-1-(piperidin-4-yl)-
5 3,4-dihydropyrimido{4,5-d}pyrimidin-2(1H)-one (920 mg, 1.62 mmol) in

dichloromethane (16 mL) cooled to 0°C was added 3-chloroperbenzoic acid (403
mg, 1.64 mmol). After an hour at room temperatﬁg 5 mL of 10% sodium
thiosulphate was added. After 10 minutes, the dichloromethane layer was separated
and washed with 10% potassium carbonate and brine, dried over magnesium

10 sulfate, concentrated in vacuo to give 650 mg of 3-(2-chlorophenyl)-7-
benzylsulfinyl-1-(piperidin-4-y1)-3,4-dihydropyrimido[4,5-d]-pyrimidin-2( 1H)-
one as a white foam.

40.3  Preparation of (S)-3-(2-chlorophenyl)-7-(. 2-hydroxy-1-methyl-
15 ethylamino)-1-(piperidin-4-yl)-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one.
Y X
o ML
H
To a suspension of 7-benzylsu1ﬁny1—3—(2—chloropheny1)-1-(piperidin—4—yl)-
3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one (650 mg, 1.136 mmol) in

1,2-dimethoxyethane (0.5mL) was added (8)-(+)-2-amino-1-propanol (250 mg,
20 5.33 mmol). The reaction was warmed to 100 °C under argon for 2 hours. The



3, 4-di hydropyri.mdo[ 4, 5-d] pyri m din-2(1H)-one was taken upmrp&,;g@o@ gl ynme
Wi th trans-4-am nocycl ohexanol (331 ng, 2.87 nmmol) and stirred at 120C for
4 hours. The m xture was purified by chromatography on silica gel using
10- 30% 20 wieviraaeat / di chl or omet hane as el uant to provi de teeaEpebhépssonmpound
(180 ng, 0.405 nmmol). The purified product was taken up in ethyl acetate
and treated with 1 equivalent HCUEt20 to precipitate the hydrochloride salt
of 3-(2-chlorophenyl) 21 April 2004 WO %%/29042 PCT/ EPOO/ 10088 81 5

1- (2-di net hyl am noet] yl)-7-(trans-4-hydfoxycycl ohexyl am no) -3, 4-di hydr o-

pyrimdo [4,5-d] pyrimdin-2(1H)-one. |l e 40 Conpound 3-22 This
exanple ill l;rsthﬁapws Phéeqﬁ‘éf}SéYaﬂﬁ(ﬁﬁs}kﬂhC@S)) m?%sﬁpﬁewom(z-

_h%;';my dlln[rﬁét%e@%@xha%@mnéoggwgggg b dFife 6)5-&-AugidPRlEARYL oM dol 4, 5-d]

of 7- benzyl t mvérm(lzn@mﬁﬂmﬁmb)l (Pl;(epfipbﬁmr&mhlwdyowmudo [4,5-
di hydr opy7i rg) gﬁiﬁ.&, 9 rgﬂahémm.‘;’a(ské&ssa%a % %%cﬁfd?é!ﬁwas BRkAeghasyl 11 de

8.1 (850 ny r nno I n tetrahydrofuran
t en- bubyl - 4- i trifoyosceris arad. & hoaryibg yoluents eremgve@mq@qdﬁml) and
Bi phenyl - 2- pyfeigyiRpasa %@?@%%R&uﬁz lﬁcéIBQﬁQte wiielddide@ Thé

tert-butyl -azodi carboxylate (768 ng, 3. nmol ) was added an e reaction
was sti rredamw%ﬁﬂw%@%éﬁﬁhMQdﬂ?é%@WéwﬂW@ﬂmﬁd on was pl aced

directly on coacefdna&h:ﬁwus@ogﬂé 50 m arﬂﬁnﬁe%o&gauﬂ&wﬁhﬁémnaﬁet ate and

1: 1 hexane/ et hyl acet ate | uant wx%a
7- benzyl t hi 723 dfssolied Iareémk e%ts and iregteskwithl ﬁwglpr}t ofrydrochloric acid in

g C4T/ cé gg%;i ; 8%%;08}1{ e[ Fhdpdlipite ik SRRl MAshaDRith echefRhd HriddRA D ©1129042
give 115 mg of the hydrochloride salt of (S)-3-(2-chloro-phenyl)-7-(2-hydroxy-1-
methylethylamino)-1-{piperidin-4-yl)-3,4-dihydropyrimido[4,5-d] pyrimidin-

2(1H)-one.

15 Example 41
Compound 3-21

This example illustrates the preparation of (R)-3-(2-chlorophenyl)-7-[(2-
hydroxy-1-methylethyl)amino]-1-(2-ethoxy-1-ethoxymethylethyl}-3,4-
dihydropyrimido-[4,5-d] pyrimidin-2(1H)-one.

20 '

41.1  Preparation of 7-benzylthio-3-(2-chlorophenyl)- 1-(2-ethoxy-1 -—etho-xy—

methylethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

ol N Cl@
oY - O

0
A mixture of sulfide 8.1 (600 mg, 2.4 mmol), diphenyl-2-pyridylphosphine

25 (619 mg, 2.4 mmo}) and 1,3-diethoxy-2-propanol (232 mg, 0.6 mmol) was
dissolved in tetrahydrofuran under nitrogen. To this solution was added di-tert-



82 40.2 Preparation .

of 7- benzyl sul fi nyl - 3- (2-chl or ophenyl ) -J- (pi peridi n-4-yl) 21 April 2004

3, 4-di hydropyrimdo[4,5-d jpyrimdin-2(I H-one. " n d H To a solution
of 7-benzwigfii9643- (2- cbl orophenyl ) -. 1- (pi peridi n-4-yl)- Spepppoosiooss

3, 4-di hydropyri m do[ 4, 5-d] pyri m di n-2(1H)-one (920 ng, 1. ggrmm(]) I'n

di cbl oronet hane (16 rnL) cooled to OC was added 3-chl oroperbenzoic acid
(403 ng, 1.64 mmol ). After an hour at roomtenperature 5 nL of 10% sodi um
t hi osul phate was added. After 10 m nut e® the dichl oromet hane | ayer was
separated and washed with 10% pot assi um carbonate and brine, dried over
mag(g nes |h:1m littglutddidacboxybube(@AL hig, 24 rhihol)ds e portidiny endR re@ltifg

3-(2-chloro

henyl )-7- b | sul finyl - .y
| - (pi peri di %ﬁ%&@éﬁlﬂ?@%&ﬁ%ﬁﬁ%ﬂ&& forpne dgy- IM Aydrechioricnddip. one as a
white foamhethﬁ.v&s Iat:lé‘,':!:‘:‘a\zitrﬁ7 t‘hg mkilces:sfsolvenﬁ was e;rapcrrat{:d afterhst}rring the muctu:'l efor din.a

S)-3-(2-c Q -(2- r oxy- |- me <3 am -1 = (pLperid n-
§/I g -3, Sf di h{/@‘?“égﬁ’i@ égo%ﬁel‘%dﬁ%%ﬁdl(%e&lﬁaﬂa?(ﬁh%n@% %ﬂ"b‘oﬁnﬁ%‘)‘fﬁ‘&fgpensi on
gf 47a§ﬁnéyl@iiﬁhq@rg&i(l&yagkamrdqa&@gw s))dﬂmﬁz ; pilfaes ,icdﬂédm&agtﬂ)uid ﬂ];gesiduﬁ) _

, 4-di r ri . nai - [ i R- -one 0 . .ol ) in
1 2. di met h%&“ﬁ%@%@%ﬂ&% a@&&@@(’éﬁ%@ﬁ%ﬁ%&%ﬂ% S (250 n,
20 3. 33 mmohexancseluanbcThomlwas fmatiomstonzidiAf peddustaere cammpirredfand 2 hours.
The 21 [ 4 [.2 RCT| EP 10088 .8 ti d
e 2, oy R SRS it
met hane/ net étbowyt1-athosymethylethyl)ed, ¢-elilBRidopyinsid of % d | pyrimidin-2(1H}-one.

(S) - 31D( 2- chl orophenyl ) - 7- (2-

hydr oxy- | - met hyl et hyl am no) - 1- (pi peridi n-4-yl)-3, 4-di hydropyrimdo [4,5- -
d] pyri m di n- 2( 1HL.2nePrepdriatidn ofdsbenedsidfopl-94a-dhiboréphetyl i -(BHetHakpi-onet hane and

S5 trif [ L& 1aGi A r. 5. hgur s, t he .sol s _were renoved in
vacuo and 54‘ %%@ﬁ%@ﬁ;@%ﬁ@pgﬁgw %ﬁg@l’g?mi‘%%zzggf 8% bi car bonate were
added. The organic |ayer wa€hseparated, washed with brinei diied over
magnesi um sul fate and concen in vacuo to give 130 ny etitle

conpound as a white f'@aTm
A,
S

N NNO —__J‘_o“*‘sj\/nj:q\lo
N O N
o )

A suspension of 7-benzylthio-3-(2-chlorophenyl)-1-(2-ethoxy-1-ethoxy-

15 methylethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (566 mg, 1.1
mmot) in dichloromethane (5 ml) was cooled in an ice bath and 3-chioroper-
benzoic acid was added. The reaction mixture was stirred for 1 hour, concentrated
in vacuo, and the residue was purified by column chromatography on silica gel
using 98:2 dichloromethane/methanol. The column fractions containing product

20 were combined and concentrated in vacuo to yield 425mg of 7-benzylsulfinyl-3-(2-
chlorophenyl)-1-(2-ethoxy-1-ethoxymethylethyl)-3,4-dihydropyrimido{4,5-d]-
pyrimidin-2(1H)-one.



was di ssolved in ethyl acetate and treated with 1 equivalenbQfy o004

hydrochloric acid in 10 LOM ether. The precipitate was col |l ected, washed

with ether and dried in vacuo to give 115 ng of the hydrochloride salt of

(S) - 3- (2- MO W2804Bhenyl ) - 7- (2- hydr oxy- | - _ PCT/EP00/10088

rnet hyl et hyl am no) - 1- (pi peri di n-4-y1)-3, 4-di hydropyri m do[ 4, 5-d] pyrimdin-

2(1H)-one. 15 20 Exanple 41 Conpound 3-21 This exanple illustrates the

preparation of (R) -3- (2-chlorophenyl)gs7- [ (2-

hydr oxy- | - met hyl et hyl ) am no] -1 -(2-ethoxy- |-ethoxynethylethyl)-3, 4-

di hydr opyri m do- , 5-d rirp din-2(1H) -one. 41.1 Preparatian

of 7- benzyl t hi o- 3-4-3- CRT%?%%W{,PBS‘-}(IZ:‘(” -TQE’}PFBXIx)JrE(%‘}W@W'lMMT et hyl ) - 3,

4- d i hydr opyshyaslisb]-4+ (3=t ory-1idth b e ylbthi)- DOGihyBrdbyiitniofs, 8477 sul fide 8.1

(600 rug, 2. 4}.’ IL ggi heO%I -Z-Wi d')(’/l pzﬂgsphi ng&%ﬁ(Glg rué, 2.4 mol)

and 1, 3-di emn&?’?g b‘gﬁbl (232 ng, 0-6 nnnol) was dissolved in

t et rahydr-of uran under nitrogergih T his sol ution was added diztert 21 April

2004 WD 01/29042 PCT/ EPOQ 10088 ut yl azodi car boxyl ate g, 2.4

mol ) in one portion, ane.t 03N ng m xture SLAY T ed room

tenperature for one da % Fochl oric acid in Nethgr s added and the

excess sol vent wasOgyvapQr d_after stirrn¥ the g re£0r 1 hour. The

resi due was dissolveq i nNet hr aRd washed with québus Mydr@®chl oric acid.

The organic | ayenwas dried er sodi um sul fat e, _conceptyated and the

residue was p ed by cglu chromat ography onj siljca jgel using 30%

et hyl acetate iNq_~hexane a@ el GRT' The col umm fr@agti®ns cgﬁnt ai ni ng product
[ f

wer e conbi ned and concerftrated fjn vacuo to give 566 ng o
7- benzyl t hi o- 3- (2- chl or ophenyl ) - 1- ( 2-
et hoxy- 1- et hoxynet hyl et hyl ) - 3, 4-di hydropyri m do [4, 5-d] pyrimdin-2(IH)-one.

10 127, L e b oply TRy o
ydropyrimido[4,5-d]pyrimidin-2(1H)-one (425 mg, 0.8 mmol) in (R)-2-amino-

1-propanol (1 mL) was heated to 140°C for 18 hours at which time it was cooled to
room temperature and concentrated in vacuo. The residue was purified by column
chromatography on silica gel using 98:2 dichloromethane/methanol. The column

10 fractions containing product were combined and concentrated in vacuo to give an
oil, which was re-dissolved in ethyl acetate. Addition of hydrochloric acid
{1.OM/Et;0, 2.0 equivalents) gave the salt which was filtered and dried to 156 mg of
the hydrochloride salt of (R)-3-(2-chlorophenyl)-7-(2-hydroxy-1-methylethyl-
amino)-1-(2-ethoxy-1-ethoxy-methylethyl)-3,4-dihydropyrimido[4,5-d] -

15 pyrimidin-2(1H)-one.

Example 42
Compound 3-60

This example illustrates the preparation of 3-(2-chlorophenyl)-
20 - 7-(trans-4-hydroxycyclohexylamino)-1-(2,2,2-trifluoroethyl)-3,4-dihydro-
pyrimido{4,5-d]pyrimidin-2(1H)-one.




Cl"- d A suspension of 21 April 2004

7- benzyl t hi o- 3- (2- chl or ophenyl ) - 1- ( 2- et hoxy-1| - et hoxy- 15

met hyl et hyl ) - 3, 4- di hydr opyri m do[ 4, 5-d] pyri m di n-2(1H)-one (566 ny, 1.1
mmol ) i n dicdleseret hane (5 nL) was cooled in an ice bat hpafgpgor@issr oper -
benzoic acid was added. The reaction m xture was stirred for 1 hour,
concentrated in vacuo, and the residue was purified by colum

chromat ography on silica gel using 98:2_.dichl oronethane/ nmet hanol. The
colum fractions containing product 20 re conbi ned and concentrated in
vacuo to yield 425mg of 7-benzyl sul finyl-3-(2-

chl or ophenyl) - 1- 21 et Rogrgrativn ef Trbangpithibnsl @k dijdryphend)-di(@y23-opyr i mi do

L D T T 00 o

ethyl)amno j-1-(2-et hoxy -echﬁt hyl et hyl ) - 3, 4- di hydr o do[ 4, 5-d] -

pyrimdin 2(1H)-one.
7- Benzyl sul finyl - 3-(2- ch (2- et hoxy-1-ethN
dlhydropyrlmdo[45djpy mildi n (1H) o a (2425 ny, 0)8 ) in

(R)-2-am no- 1-propa E heated to 1 P hur® at which
time it was cool roomt rrperature and c trated i acuo. The
resi due was purif by col um chronat ogr aphy silica ggf Bsing 98:2

di chl or onet hane/ net hanol . The col unm 10 fractions contai ning product were
conbi ned and conderstifide8d (Dﬁﬁﬁach&m@)m&mN,Ntduneﬂfopuhmmk (Benldi ssol ved

in ethyl acghal e %{H'% r éﬁség}ﬂg{a 0
equi v?ﬁlent s) .gave ?ﬂ%ﬁg{a e|(c 6)? § ereg ang’( Fled %ltgg of the
hydrochl ori Haxtyg at ropm(tRnperafure &T&O@MWJ %,2qu@ummed>@;xlsu]fma1w kbt hyl -
am no) - 1- (25 ) %{m Hﬁﬁtg; d 15 :
pyrimdin-2 Q&gﬁg&e ?'( M@ﬁ%ﬂgﬂg@gﬂg@k %ﬂg&gﬁgﬁp dléi eﬁg)t rates the
preparatio nthﬁregz{ommp@]déhwautxon was washed with brine, dried over sodium
sulfate, filtered, and evaporated. The resulting oil residue was trituated with
10 hexanes to give 0.65 g of crude 7-benzylthio-3-(2-chlorophenyl)-1-{2,2,2-
trifluoroethyl)-3,4-dihydropyrimido{4,5-d] pyrimidin-2(1H)-one, which was used
directly in the next step without purification.

yl)-3,4-

42.2  Preparation of 7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2,2,2-trifluoro-
15 ethyl)-3,4~dihydropyrimido(4,5-dJpyrimidin-2(1H)-one
O

j@ .
d A,I\,L\ — @W(%iméo
F p ]

To 7-benzylthio-3-(2-chlorophenyl)- 1-(2,2,2-trifluoroethyl)-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one (0.67 mg) in tetrahydrofuran (7 mL) at 0°C
was added a solution of Oxone® (2.27 g) in water (7 mL). The mixture was then

20 stirred at room temperature for one hour. Additional Oxone® (0.8 g) in 2 mL of
water was added and the mixture was stirred for another 1 hour. The mixture was
diluted with ethyl acetate, washed with brine, dried over sodium sulfate, filtered and
evaporated to give 0.65 g of crude 7 benzylsulfonyl-3-(2-chlorophenyl)-1-(2,2,2-



20 7-(trans-4-hydroxycycl ohexyl am no)-1-(2, 2, 2-trifl uoroet hyl)ac 4064 hydro-
pyrlmdo[45d] pyrirnidin-2(1H)-one. 21 Apl’l| 2004 V\DOl/290286 42.
Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(2,2,2- tnf

Iuoroethy hydr opyri m do[ 4, 5-dJpyrim din-2(]I H)

'O PCT/ Eg)&iﬁfg%%s Silz=" NI NFO ~ F F To sulfide 8. 9‘?@"3&;%%‘%&33 1, 47
nmmol) in dry N,N-dinmethylformamide (3 nL) 5 was added sodi um hydri de (60%
0.1 g, 2.5 nmol) at 0 C. After stirring the m xture at roomtenperature for

30 minutes, 2,2, 2-trifluorornethane sul$onate ( 1 nl) was added and the
m xture was Stl rred overni,ght. Ethyl acetate was added to the reaction

mi xture,  angiffdRodiyiys Mhﬁﬁp?ﬁﬁﬂ%[%l Y- Byfho 8- z(m?-%ﬁegy%h&@%n&ﬂ
sulfate, filtered, u@qrz_l\)chreva orat ed he resulting o resi due was trituated

with 10 hex¥hish v egtlipin the pext stepaithout puritication.
7- benzyl t hi o- 3-( 2- chlorophenyl) 1-(2, 2, 2-

trifluoroethyl)-3, 4-djhydrqpy yr| m di n-2( 1H) - one, whi ch was
used directly i #2-3 hePreRareti @%@lﬁf%‘?‘&%ﬂ;‘ T(Fé’&‘ﬁ‘ -Gudroxpcydo aration of

7be”5y'5“'3ﬂ% 2! F 4 Yitlyd n%dgz.ltS'H 9{1@;- .
RO e

l

. f© j@
] i;\’l(w\’h%__o S ees
8]

S(F
g 7
OH
7-Benzylsulfonyl-3-(2-chlorophenyl)-1-(2,2,2-trifluoroethyl)-3,4-dihydro-
pyrimido{4,5-d]pyrimidin-2(1H)-one (300 mg, 0.604 mmol), trans-4-amino-

cyclohexanol (208 mg, 3 equivalents) and 1-methyl-2-pyrrolidinone (0.3mL) were

mZ

10 heated with stirring at 110 °C for 20 minutes, at which time it was cooled to room
temperature. The residue was purified using preparative thin layer chromatography
using ethyl acetate as eluant, to give 155 mg of 3-(2-chlorophenyl)-7-(trans-4- |
hydroxycyclohexylamino)-1-(2,2,2-trifluoroethyl)-3,4-dihydropyrimido[4,5-d]-
pyrimidin-2(1H)-one as an off-white powder.

15

Example 43
Compound 3-32
This example illustrates the preparation of 3-(2-chlorophenyl)-
7-(trans-4-hydroxycyclohexylamino)-1-(dimethylaminocarbonylmethyl)-3,4-
20 dihydropyrimido-[4,5-d}pyrimidin-2(1H)-one.



7-benzyl t hi 0- 3- (2-chl orophenyl)-1-(2,2,2-trifluoroethyl)-3,4- d|hy ro-

pynm do[ 4, 5-d) pyri m din-2(1H)-one (0.67 ng) in tetrahydrofuran (7 rnL) at
0C was ag@afd9p4s0! ution of Oxone(r) (2.27 g) in water (7p ?} Q‘ gM Xture
was then 20 stirred at roomtenperature for one hour. AdditioOnha one(r)
(0.8 g) in 2 nL of water was added and the m xture was stirred for another
1 hour. The mixture was diluted with ethyl acetate, washed with brine,
dried over sodiumsulfate, filtered and 8evaporated to give 0.65 g of crude
7 benzyl sul fonyl -3-(2-chl orophenyl )-1-(2,2,2 21 April 2004 WD 01129042

F’CT:c Fpm 10ﬁ88 84B.1 Prepaé'atzon of?-benzylthto-3 (Z-Chbrophenyl)dl (etg%:?-/ﬁz)rban yl- whi
trifluoroet ro yrimdin- one as a white
sol i d, \/\hl’B%%‘%@é %égaﬁ%w’é%?éﬁ %“41633? 8’[’5‘3 wi thout purification. 42.3
Preparati on of 3-(2-chlorophenyl)-7-(trans-4- hydroxycyclohexyl 5

am no)-1-(2, 2, 2-tnfl uoroet hyl g3 di hydr opyri m do[ 4, 5- dgRyr Lai di n-2(1H) - on
ed | I f %04 7-Benzylsul fon (2-chl orophenyl ) - 1-
(2,2,2-trifluoroethyl) yrimdo[ 4, 5-d hdi H) - one (300

ny, 0 604 mmol ), transﬂ4?\nin - cycl ohexarol (208)ymg,] 3 ui val ents) and
1-met hyl - 2-pyrrolidi wer e —I0™heat el W Ky ing at 110 C for
20 mnutes, at which{tine it was cooled to roo terf%er ur The residue

was purified uss reparative thin | ayer Rt ogr aph i ng et hyl
acetate'as elu to give 155 ng of 3-(2 br ophenyl ) - 74- (traru- 4-
hydr o) ycydohexy no)-1-(2,2,2-trifluoroewddl ) -3, 4-di hy pyrirnido
[ 41 5- d] - B ’

5 Sulfide 8.1 (2.0g, 5.22mmol) in N,N-dimethylformamide (10 mL) was

combined with sodium hydride (230 mg, 5.75 mmol), and the reaction mixture was
stirred for 20 minutes, then ethylbromoacetate (1.16 mL, 10.45 mmol) was added.
After 3 hours the reaction was quenched with water and extracted into ethyl acetate.
The combined organic extracts were washed with water, dried, filtered,

10 concentrated in vacuo, and the residue was purified by column chromatography on
silica gel using 30% acetone/hexane as eluant. The column fractions containing
product were combined and concentrated in vacuo to give 1.438 g 7-benzylthio-3-
(2-chlorophenyl)-1-(ethoxycarbonylmethyl)-3,4-dihydropyrimido-[4,5-d]-
pyrimidin-2(1H)-one.

15

43.2  Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(hydroxycarbonyl-
methyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one

@j,Cf\fj — ,Cf\,g

A mixture of 7-benzylthio-3-(2-chlorophenyl)-1-(ethoxycarbonylmethyl)-
20 3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (1.435 g, 3.36 mmol) and lithium
hydroxide monohydrate (481 mg, 11.5 mmol) in methanol (10 mL) and water



pyrimdin-2(1H) -one as an off-white powder. 15 Exanple 43 Gamppupshs3- 32
This exanple illustrates the preparation of 3-(2-chlorophenyl)-
7-(trans-4- hydroxycycl ohexyl am no. ) - 1- (di net hyl am nocar bonyl net hyl ) -3, 4- 20

di hydr opyRibfiami#, 5- d] pyri n-ddi n-2(1H) -one. 21 April 200 42 88
PCT/ EPOOY 10088 43. 1 Prepar ati on of 7- benzyl t hi o Pllbhdil

3-(2-chl orophenyl) - 1- (et hoxycar bonyl - nethyl) -3, 4-di hydropyri m do
j4,5-djpyrimdin 2(IH-one 5 Sulfide 8.1 (2.0g, 5.22nml) in

N, N- di met hyl formami de (10 ml) was conbi®ed with sodi um hydride (230 ng,
5.75 mol ), and the reaction m xture was stirred for 20 m nutes, then

et hyl br onbagst aig Mfeﬂe r%ﬁuié’d for 4B HouriPhe red@fonddifiche wabbdSlEd & RRWE S the

reacti on was quenche wat er and extracted into ethyl acetate. The
conbi ned or JEAPEEEE F&@@@t%wh\R@é{h@&tw@vﬁtev\amaqvwwéwerwaﬁ@md 10

concent r at eqo pH yﬁi&@m@c@@w&ﬁ%ﬁﬁ 8¢eite TRScIMBihéd &gty eﬁﬂamere dried
chr omat ogra&li]%%aegm lica Sl usi ngsl 30% acet one/ heXane as el uant. The

col um frac (FPRICAITAGS VK 8‘\')(%?«3 gcﬁgﬁﬁ-‘leﬁﬁéﬂ%a @underophenidy i n

vacua 30 gi Ve(hydb3PchboiryRRAEY)34-8ihgdropyrimidof4,5-d]-p yrimidin-2(1H)-ope,
(2-chl orophen;]I%() 1- (et hoxycar onylaﬂrrlzt h)I/J z{ di Hy ropyrim do)- T 5-d] -
pyrimdin-2(1H)-one. 15 43.2 Preparation of

7- Pﬁnlzgfl g hi40OI h(Zsehl PrpRieDY b 7-ber(zbm513xe§acaﬂ hyl)-1- (dmcz:ffthylzammao:l A i xt
nme | ri I N- one m Xture
of 7ybenzyl fﬁbsxgmfgmﬁ#rgo‘? M&W"}I‘fj?&{%éﬁw *Ez? )-frea hyl)- 20

3, 4-di hydropyri m do[ 4, 5-d] pyrigd din-2(1H)-one (1.435 g, 8.36 ) and
| it hi um hydroxi de mnohydrate%, 11.5 mml ) in net hanﬁio m.) and

water 21 April 2004
O T o o

o ¥ O X

10 To a solution of 7-benzylthio-3-(2-chlorophenyl)-1-(hydroxycarbonyl-
methyl)-3,4-dihydropyrimido[4,5-d}pyrimidin-2(1H)-one (500 mg, 1.13 mmol)
and benzotriazol-1-yloxytris(pyrrolidino)phosphonium hexafluorophosphate) (885
mg, 1.70 mmol) in N,N-dimethylformamide (15mL) was bubbled dimethylamine
gas into the solution for two minutes, then stirred in a sealed tube for 2 hours. The
15 reaction mixture was quenched with water and extracted into ethyl acetate. The

combined organic extracts were washed with water, dried, filtered, concentrated in
vacuo, and the residue was purified by column chromatography on silica gel using
36:1 dicloromethane/methanol as eluant. The column fracions containing product
were combined and concentrated in vacuo to give 490 mg of 7-benzylthio-3-(2-

20 chlorophenyl)-1-(dimethylaminocarbonyl-methyl)-3,4-dihydropyrimido[4,5-d] -
pyrimidin-2(1H)-one.



WO 01/29042 89 PCT/ EPOO/ 10088 (30 nL) were refluxed for 48 bheupysi2dde
reaction mxture was cooled to room tenperature and diluted with ethyl
acetate/water. The aqueous |ayer was adjusted to pH 4 and extracted with
et hyl acewa@/29df2e conbi ned organic extracts were dried, ptirldresfssgnd
concentrated in vacuo to give 1.2-g of 7-benzylthio-3-(2-chlorophenyl) 5

1- (hydr oxycar bonyl net hyl ) - 3, 4- di hydropyri m do[ 4,5-d] -pyrimdin-2 (1H)-one.
43.3 Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(dinmethylam no

car bonyl net hyl ) - 3, 4-di hydropyrirni do[4,5-d3pyrimdin-2(1 H-one CISi~ G
OH 10 To a solution of 7-benzylthio-3-(2-chlorophenyl)-1-(hydroxycarbonyl -

met hyl ) - 3, 4- di hy&b pyRrieprireridniofs-bngpiadforydi3at22ddmpplanel {15 (metlylamirb3 r nnol )

(385 g, 12 %%”*“’é’?fﬁ%’iﬁﬁ@é“%ﬁ?F% PR as bunbred

.dlrrethylamne .gas into the s6l for two m nutes, thar rred in a
seal ed tube for 2 hours. The 15 t|on m xt ure was quenc @ th water
2 Rgets were
/vacgo and t he residue
N

and extracted into et h combi ned q
washed with water, | | tre concentrat ed §n
was purified by col u aphy on 311 iy

di cl or onet hane/ net hanol as e uang The columm fyaction cogt al n| ng product
wer e conbi ned ncentrate n vacua t e 490 ny benzyl t hi o-3-(2

20
chl or ophenyl ) - 1- dunet hyl am rfoc}r bonyl met -3, 4-di hyﬂ'r opyri m do[ 4, 5-d] -

P eparat i on of . barol REn i, U ae %‘e’ﬁ R ne
car boAyl rretqaybomlamthﬁ/ Tddm%omrdn{dn ﬁd]mymmdm-a(ﬂ'l}zom (499 mg .18l S C
/- N\ mmol) in chloroform was added 3-chloroperoxybenzoic acid (780 mg, 4.52 mmo}).
The mixture was stirred for 2 hours then washed with 10% solution of sodium
sulfite in water and sodium bicarbonate aqueous solution, dried, filtered and
concentrated to give 550 mg of 7-benzylsulfonyl-3-(2-chlorophenyl)-1-
10 (dimethylaminocarbonylmethyl)-3,4-dihydro-pyrimido[4,5-d] pyrimidin-2(1H)-

Oone.

43.5  Preparation of 3-(2-chlorophenyl)-7-(trans-4-hydroxycycloxylamino)-
1-(dimethylaminocarbonylmethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one

3864 X

S

ST TSy

15 OH
7-Benzylsulfonyl-3-(2-chlorophenyl)- 1-(dimethylaminocarbonylmethyl)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (550 mg, 1.1 mmol) was
combined with trans-4-aminocyclohexanol (253 mg, 2.2 mmol). The mixture was
heated to 100-105°C for 3 hours, at which time it was cooled to room temperature.
20 The residue was purified by column chromatography on silica gel using 9:1
dicloromethane/methanol as eluant. The column fractions containing product



To a solution of 7benzyl t hi o-3-(2-chl orophenyl ) - 1- (di rnet hyl a7 A}pii boo4
car bonyl - net hyl ) - 3, 4-di hydr opyri m do[ 4, 5-d] pyri m di n-2(1H) - one (490 ny,
1.13 mnol) in chloroformwas added 3-chl oroperoxybenzoic acid (780 ng,

4. 52 mol o 01}34@42m xture was stirred for 2 hours then washeqodloedd %0
solution of sodium sulfite in water and sodi um bi carbonate aqueous

solution, dried, filtered and concentrated to give 550 ng of

7-benzyl sul fonyl - 3- (2-chl or ophenyl ) -1 1?

(di met hyl am nocar bonyl net hyl) - 3, 4-di hyd b- pyri m do[ 4, 5-d] pyri m di n-2(1H) -
one. 43.5 Preparation ,

of 3- ( 2- chl owerhembijed/zndtcoacentritedyid vacuy ¢y & belidihanwasayiturbted with

‘H§ ?"Oggt gy lsa%]e °C%g%&@%h{?ﬁeﬁyahb;%p%hgéc{%%)ﬁ%Eétar{‘e.dﬁhcﬁﬁ%ﬁ dERYd-bgl0- 2(!

7- Benzyl sul dqdyl.0BFER0ch) equipdlans) gave the dilowhithivastihaed zhd dyieded giyt )

3, 4-di hydr opyri m.do - i m di - - qQne v k.l Mo S

conbi ned wi ?%mﬁr‘)&gléé&%ﬂﬁ%{{?&%8&%&%7%@8%5'%2&?%%0’7%&%%ur e was
heat ed to 1&@in)SCc(dinretilaninocrbatylméthylh-3{4-dihydtopypamidmpd, 2]t 0 room
tenperature, .20, T i due was purified by colum chromatography on
silica gel BW’@&?I%F%?ONH hane/ met hanol as el uant. The colum fractions
cont ai ni ng product 21 April 2004 WO 01/29042 PCT/ EPOO/ 10088 91 were

conbi ned and concentrated in vacuo %o a galli d that was triturated with

met hanol, filtered, dried and suspe ethyl acetate. Addition of
hydrochloric acid (1.0M Et20, 2. 0Ceqpowad 1t s) gave the salt which was

filtered and drigd.to give, 90 of the. hydrochl,oride sal f

5 (2380 or opheny R feiipl sy el TheFrenaifiaR 0@ st opRedB-F-(8

am no) - 1- ( dhydzblag-it dhyideexyaretigt} imethilpthylatride BB dydihpdrypyrimide{£,54) 5- d] -
pyrim din- 2)%1'1_'313 n%l%gggl e 44 Conpound 4-1 10 This exanple illustrates
t he prepara 16105 -(2-Chl orophenyl)-7-(2- hydroxy- | -hydroxynethyl -

| - met hyl et hyl am no) - 3, 4-di hydropyrimdo [4,5-d] - pyrirnidin-2 (1H)-one.

Cl]@ Clj@
J L JLL

15 Sulfone 9.1 (0.500 g, 1.21 mmol) was combined with 2-amino-2-methyl-1, 3-

HO
—_—

propanediol (0.253 g, 2.41 mmol). The mixture was heated to 120-130 °Cfor 2
hours at which time it was cooled to room temperature. The residue was triturated
in dicloromethane/methanol. The shurry was filtered to give the free amine of the
title compound, which was then slurried in methanol. Addition of hydrochloric

20 acid (1.0 M/Et;O, 1.0 equivalent) gave the salt which dissolved in methanol. The
solution was filtered and the filtrate concentrated in vacuo to yield a hygroscopic
solid which was triturated in ether, filtered and dried to give 0.195 g of 3-(2-
chlorophenyl)-7-(2-hydroxy-1-hydroxymethyl-1-methylethylamino)-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one.

25



15 Sulfone 9.1 (0.500 g, 1.21 nmol) was conbined Wi th 2-am na-gsimepdw! - 1,
3- propanediol (0.253 g, 2.41 mmol). The m xture was heated to 120-130 C
for 2 hours at which tinme it was cooled to roomtenperature. The residue
was trituias @gheedan di cl oromet hanel met hanol The slurry was f n%’% ﬁio give
the free amne of the title conmpound, which was then slurrie t hanol .
Addi tion of hydrochloric 20 acid (1.0 MEt20,1.0 equivalent) gave the salt
whi ch di ssolved in nmethanol. The solution was filtered and the filtrate
concentrated in vacuo to yield a hygros@dpic solid which was triturated in
ether, filtered and dried.,to give 0.195 g of 3-(2-

chl orophenyl ) - 7- (2- hydr oxy- | - hydr oxgp®hf¥ls! - met hyl et hyl am no) - 3, 4- di hydr o-
pyri m do[ 4, 5- d] pyr uni di n- 2( 1H) -on'e._Z"T%_lpri | 2004 WD 01129042 92

PCT/ EPOO | 0088 Exanpl e 45 Corrpoun‘am!!PG“Iﬂﬁ'f? exanple illustrates the

pr eparation of 3tkidesdth éQﬂB&Eﬁéﬂb‘eiaréﬁaPat@nofS-(Z-chloro henyl)- -((gaa
2- hydroxy-1 - r 0X r%fqul pro | am fio) - 3, 4-d] hydropyr m%ly [g ]
-pyrimdin-2 @Y%F’IXF& PWWQ' Tihydgopyrimidoib -Ryisnidnbi ned

with GRR)-32@M)ael, 2- butanediol (238 ng, 2.3 nrnol) and 2-net hoxyet hyl
ether (5 nL). The m xture was heated to 120C for 3 hours, at which time it

was cooled to roomtenperature®a . concentrated in vibs he resi due
was purified by colum chronatogr silica gel u5|ng
K he colunh fm ste a|n|ng
c-nceEt ated Th vacuo ve gn oil, which was
re-di ssolved in ethyhs ition of hyamoc or d (1 OM Et 20,
3-(2-chl or ophen - ((R R)-2-hydroxy- I-hydroxy-
butanediol (238 mg, 2.3 mmol) and 2-methoxyethyl ether (5 mL). The mixture was

di chl or onet hanel met hanojy~a
2.0 equivalents) _gave the “saflt which was fi I%.e/d\and"drled to give 159 ng
nmet hyl propyl am no)- 3, 4- di hydropyri m do [ 4, 5-d] -pyr| mdin-2 (IH)- one.

heated to 120°C for 3 hours, at which time it was cooled to room temperature and

Hiw

product were conbin ‘? agjd
of the 15 hydr 1@ de salt of H,C
Exanpl e 46 Sulfone 9.1 (776 mg, 1.9 mmol) was combined with (R,R)-3-amino-1, 2-

10 concentrated in vacuo. The residue was purified by column chromatography on
silica gel using 97:3 dichloromethane/methanol as eluant. The column fractions
containing product were combined and concentrated in vacuo to give an oil, which
‘was re-dissolved in ethyl acetate. Addition of hydrochloric acid (1.0M/Et,0, 2.0
equivalents) gave the salt which was filtered and dried to give 159 mg of the

15 hydrochloride salt of 3-(2-chlorophenyl)-7-((R,R)-2-hydroxy-1-hydroxy-
methylpropylamino)-3,4-dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one.

Example 46
Compound 4-8

20 This example illustrates the preparation of 3-(2-chlorophenyl)-7-{(4-
hydroxycyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.
CI@ Cl
) IO Y S
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Conmpound 4-8 20 This exanple illustrates the preparation of 21 april 2004
3-(2-chl orophenyl)-7-[(4- hydroxycycl ohexyl arni no) -3, 4-di hydr opyri m do
[4,5-d]pyrimdin-2(IH-one. Ck_d NIIl L.~NKI. O SOOHHINI N-O

N H 21 Apwid 01294 WO 01/29042 PCTI EPOO 10088 93 Sul f one Sctm "9"1%9% , 1 21
mmol ) was conbined with a racem c-m xture of 4-am nocycl oﬁexano 0.

6.0 mmol ; |yophilized from 50% aqueous solution (ICN)) in 2 nL

N-met hyl pyrrolidinone. The m xture was g,:teat ed to 120 Cfor 1.5 hours at
which time it was cooled to roomtenperature. The residue was purified 5 by
col um chromat ography on silica gel using.1-5% et hanol /dichl oronet hane as
el uant. The colSulfont8a00I500g, mrmmm@qahﬂﬂwdmm@a&ﬁﬁ@mm&ewd

trate tit el | I whi ch.
er e rod scbrrAbYaehEent ClE AP Eab PR R Bl heem ol "
(1. OM Et 20,(icf T)Fiﬁ%:‘ﬁﬁ'%&h)ﬂ%ﬁﬁ%né%&n%ﬁ.&@v@é@ﬁmftécﬂﬂ)%@dc?&q gried to
give 0.258 g of the hydrochloride salt of 3-

chl or ophenyhouryatvhy cln@meaw@%ﬁ@pkﬁéqwonamrma@m Therpddegryasipuicified 4, 5- d) -
pyr i msdi n- a&,ﬂd&ﬁmehm%aﬁg%}hg.ophenyl Pitich 2590l thalBY RS RR Rarllak USt r at es

t he preparation of
hydr opyr an-edu3ntalhe ﬁQl fractipnseantging PFQﬂélCE WCB‘-C@PW amddioncertrzigl | one.

in vacuo to give the t1tle compound as yellow granules which were redissolved in
ethyl acetate. Addition of hydrochloric acid (1.0M/Et,0, 1.0 equivalent) gave the
salt which was filtered and dried to give 0.258 g of the hydrochioride salt of 3-(2-

10 chlorophenyl)-7-[(4-hydroxycyclohexyl-amino)-3,4-dihydropyrimido[4,5-d]-
pyrimidin-2(1H)-one.

Example 47 ‘
Compound 2-16
15 This example illustrates the preparation of 3-(2-chlorophenyl)-7-(tetra-
hydropyran-4-ylamino)-3,4-dihydropyrimido{4,5-d] pyrimidin-2(1H)-one.

HQ,
N

o} i
H,NOH.HC O
——————

o pyridine/EtOH 0o LAH
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Preparation of 4-aminotetrahydropyran
Hydroxylamine hydrochloride (4.19 g, 59.9 mmol) was taken up in 13 mL
20 ethanol at room temperature and the resulting slurry was washed with another
15 ml ethanol into a solution of tetrahyropyran-4-one (5 g, 49.9 mmol) in 30 mL

pyridine. The reaction was stirred overnight at room temperature then evaporated

in vacuo to a thick pyridine-based syrup, which was poured into saturated aqueous




0 H2ZNOH. HCI pyridine/EtOH HNill N NJ* ON Preparation of 21 April 2004

4- am not et r ahydr opyran Hydr oxyl arni ne hydrochloride (4.19 g, 59.9 mmol) was
taken up in 13 nL 20 ethanol at roomtenperature and the resulting slurry
was washedvowisposnot her 15 nL et hanol into a solution of pcr/EPO/I00SS
tetrahyropyran-4-one (5 g, 49-9 mmol) in 30 nL pyridine. The reaction was
stirred overnight at roomtenperature then evaporated in vacuo to a thick
pyri di ne- based syrup, which was poured bgto saturated aqueous HO N 21
April 2004 WD 01129042 PCT/ EPOQ 10088 4 copper sulfate and extracted
with ethyl acetate. The conbined extracts were dried wth sodiumsulfate,
evapor at ed ¢appensilfate andextractedwithiettyl atebapé. Froatcatinedidmratisiteradded was

evaporat ed & el S n| sh
solid O%ﬂhwﬁu? % @aggﬁgdﬁg?%hﬁ%femﬁé@@ﬁh%?cﬁ ot%y ngflfm he oxi nme
(2.8 g, 24 B’a?rmpfyramlsnwmmoWtﬁmméfmmwmmmﬂl led to OC
before Slowsaéjﬁ q%}égkhl um alum nium hydride (4.6 g, 122 mmol) in
portions. en The additiion was conplete, the reaction .was renoved from
the i & bath, stirred at reflux overnight, 10 and then quenched with
careful additio aadn ﬁg% reaction

m xt ure was stlgpggn%%%mte%%{%at urqg or EK gr%*d%ore {;irl ng off
the al um nuap ﬁﬁﬁﬁ&WaﬁMdWWbﬂfﬁehbﬁ&yﬁﬁiﬁgﬁﬂbﬁﬁmate was
(e\iaggr atged |.n vacualitd%%(gsg, am ”thﬁth@JnngeﬂlatﬂeS“fdmﬂ%ﬁ brown |iquid

compiete, the reaction was removed from the ice bath, stirred at reflux overnighrt,

10 and then quenched with careful addition of water and 10% aqueous sodium
hydroxide. The reaction mixture was stirred at room temperature for 1 hour before
filtering off the aluminum salts and rinsing with dichloromethane. The filtrate was
evaporated in vacuo to yield 4-aminotetrahydropyran as a dark brown liquid (1.74
g, 0.17 mmol). |

15 ‘

Preparation of 3-(2-chlorophenyl)-7-(tetrahydropyran-4-ylamino)-3,4-dihydro-
pyrimido-[4,5-d]pyrimidin-2(1H)-one.

Sulfone 5.1 (0.205 g, 0.494 mmol) in 5 mL 1-methyl-2-pyrrolidinone was
combined with 4—aminotef:rahydropyran (0.100 g, 0.988 mmol). The reaction was

20 stirred at 100°C for 24 hours and purified by column chromatography on silica gel
using 3-7% methanol/dichloromethane as eluant. The column fractions containing
product were combined and concentrated in vacuo to a give the title compound as a
brown gum which was redissolved in methanol. Addition of hydrochloric acid
(1.0M/Et;0, 1.0 equivalent) gave 0.026 g of the hydrochloride salt 3-(2-chloro-

25 phenyl)-7-(tetrahydropyran-4-ylamino)-3,4-dihydropyrimido[4,5-d] pyrimidin-

2(1H)-one.
Example 48
Compound 4-14 _
30 This example illustrates the preparation of 3-(2-chlorophenyl)-
7-[(1-hydroxymethylcycylopentyl)amino]-3 4-d1hydropynnudo [4,5-d] pynrmdm-
2(1H)-one.




Preparation of 21 Apni 2004
3-(2-chl orophenyl)-7-(tetrahydropyran-4-ylam no) 3, 4-di hydro-

pyrimdo-[4,5-d]pyrimdin 2(1H)-one. Sulfone 9.1 (0.205 g, 0.494 rrm)l) inb
rnL 1- met Qb ogsogyd ' 0l i di none was conbi ned with 4-am not eg{&g}rk

(0.100 g, 0.988 nmol ). The reaction was 20 stirred at 10

and purified by colum chromatography on silica gel using 3-7%

met hanol / di chl or omet hane as el uant. The colum fractions containing
product were combi ned and concentrated $h vacua to a give the title
conpound as a brown gum which was redissolved in nethanol. Addition of
hydrochloric acid (1.O0M Et20g.l. O.equi val ent) gave 0.02@1g t he
hydrochl ori de salt 3-(2-chloro

phenyl ) - 7- (tetrahydropyr n- - 3, 4-di hydr opyxl n_e] o[ 4 d] pyri m din-
2(1H)-one. Exanple 4 /E;ﬁ 4- 43@—lh4-s-aexa%\llutra es the
preparation of 3- (@49 or he ) 7- [ (1-hydrox t | opentyl) am no]
-3, 4-di hydr opyri m do$ E d]prrOm din- 2(1H . %1 Adri 192004 WO

01/ 29042 PCTI EP/188 95 TEO O H HN N TTdore 9.1 (500 ny, 1.2 muol)
was conbi ned (- am no-| - cycl opentyl net ha 550 ng, 4.8 mnol) and 1
nm. 1- et hyl - 2- bl i di none. The m xture was ated to 120C for 3 hours,
at which tinme it7was cooled to room5 tenperature. 3 nmL Mt hanol was added

and the suspensg,gfbr fajgogﬁ sz&oﬁ%%ﬁgﬁggmﬁﬂﬂ&ﬁ{n%dl_ and the residue
was washed with nethano dried and ‘suspended in ethyl acetate. Addition

of hydrochl W@%@MC@FW@( me 4. &mfdhmd/hmérir@)‘:ﬂqh@ yerotidineaes Thii ch was
filtered anmlﬁuee\damawa\t@ 1260 003 REurbagtaedhl 1hd A Srad 8ddlecPdo rdof?-
chior Ophenyl ) ( ) midr %ﬁ(gnrg?wgzlxdc eg&ggﬁgwlezlggnn Qv%]s stirred for 10
-3, 4- & hydr Eﬁﬂﬁ‘? P _
minutes, ﬁltered, and the residue was washed with methanol, dried and suspended
in ethyl acetate. Addition of hydrochloric acid (1.0M/Et;0, 2.0 equivalents) gave
the salt which was filtered and dried to give 260 mg of hydrochloride salt of 3-(2-
chlorophenyl)-7-{(1-hydroxymethylcycylopentyl Jamino]-3,4-dihydropyrimido-
10 [4,5-d}pyrimidin-2(1H)-one.

ours _

Example 49
Compound 4-16

This example 1llustrates the preparation of 3-(2-chlorophenyl)-
15 7-[(1-hydroxymethylcyclohexyl)amino]-3,4-dihydropyrimido{4,5-d]pyrimidin-

2{(1H)-one.
SO — OO
\ .
0'SsS N/ /g HN N ﬁ/go

Sulfone 9.1 {500 mg, 1.2 mmol) was combined with 1-amino-1-

cyclohexanemethanol (623 mg, 4.8 mmol) (prepared as described in J. Med. Chem.,
20 1966, 9(6), 911-920) and 1-methy1—2—pyrrolidinone (1 mL). The mixture was
heated to 120°C for 3 hours at which time it was cooled to room temperature.




10 [4,5-d] pyrirnidin-2(1H)-one. Exanple 49 Conpound 4-16 T@ﬁquﬁ(%m{e
illustrates the preparation of 3-(2-chlorophenyl) 15

7-[ (1- hydr oxymet hyl cycl ohexyl ) am no] - 3, 4- di hydr opyri m do[ 4, 5-d] pyri m di n-
2( 1H) - onewdN2dgsqul fone 9.1 (500 ng, 1.2 mmol) was conbi ne, g#"t"ﬁl‘%"‘@m no- 1-
cycl ohexanenet hanol (623 ng, 4.8 mmol) (prepared as describé

Chem, 20 1966, 9(6), 911-920) and 1-nethyl-2-pyrrolidinone (1 nli). The

m xture was heated to 120C for 3 hours at which tine it was cooled to room
tenperature. 21 April 2004 WD 01/290429PCT/ EPOOI 10088 96 Met hanol (3 ni)
was added, the suspension was stirred for 10 mnutes, filtered. The

o o PLL ot ehRRaURhaL) vhRaduhy ispilsions i 3natd lﬁ%ﬁ%&oﬁ”&@&”dfd o)

et hyl aceta Ltion o c ci equi val ents
gave the STRe pisrpRe S Wﬁf%aéﬁ ughly .raﬁh%rep apshsugpensie

hydrochl ori et lsa&étbteOfAdart(o% dof hydrochloric acid (1.0M/Et;0, 2.0 equivalents) gave t_he

chl or opheny dro ycl ghexyl) A4-di h dro rim do-
[4,5-d] -py?% &H“Q%‘ &(%@“é@ %U‘g% OEQei ~exanpl e

i || usty at esdﬁb@ néxqm)am(l cfck&h@kﬂﬁhﬂﬂks -B4Ldih f'clro do-
met hyl pi per ap E;R Sm noj - 3, 4-di hydropy]rl m do[ 4 gygﬁl)yrl m
i di n-2(1H) - 'P 03€-(0.512 g, 1.2 mmol) was conbined with

1-net hyl -4 15 (et hyl am no) pi peridine (2 nL) (Aldrich Chemicals) in 0.3 rnL
of 1-nmethyl-2- pyrrolidinone. The njxture _was heated at 100 C for 3 hours,
at which tine it was cooled to ro ature, diluted with ethyl
acetate and washed with brjne. Th&€onfopgdbsphase was dried over sodium

sulfate, filtered and eva orated. The crude
10 ’9 his exampl 1¢ Hivisirates the preparation of 3-(2-chlorophenyl)-7-[(1-

methylpiperidin-4-yl)methylamino]-3,4-dihydropyrimido{4,5-d}pyrimidin-2(1H)-

one.
SO e
N N NT N
] e e OO
of /I\N A /Ko HO N/‘\ N N’J%o
|
CH,
Sulfone 9.1 (0.512 g, 1.2 mmol) was combined with I-methyl-4-

15 (methylamino)piperidine (2 mL) (Aldrich Chemicals) in 0.3 mL of 1-methyl-2-
pyrrolidinone. The mixture was heated at 100 °C for 3 hours, at which time it was
cooled to room temperature, diluted with ethyl acetate and washed with brine. The
organic phase was dried over sodium sulfate, filtered and evaporated. The crude
product was purified by column chromatography on silica gel using 2%-10%

20 methanol in dichloromethane as eluant, and finally 1% triethylamine/10%

methanol in dichloromethane. The solids obtained were suspended in 5 mL
methanol, bubbled with hydrogen chloride for 30 seconds, and the solvents were

-evaporated. The solids were then stirred in ethyl acetate and filtered to give 190 mg
oof the dichloride salt of 3 (2-chlorophenyl)-7-{(1-methylpiperidin-4-yl)-
25 methylamino]-3,4-dihydropyrimido(4,5-d}-pyrimidin-2(1H)-one.




product was purified by colum chronmatography on silica gel 5 Fﬁgzé@@ 10% 20
nmet hanol in dichloronethane as eluant, and finally 1@6tr|ethylan1ne/10@6

met hanol in dichloronethane. The solids obtained were suspended in 5 niL

met hanol wi th hydrogen chloride for 30 seconds, vent s
wer e evapora?h@nghe solids were-then stirred in ethyl ?@ﬂg%@&gﬁgé
filtered to give 190 ngy of the dichloride salt of 3

(2-chl orophenyl ) -7-[(1-net hyl pi peridin-4-yl) 25

met hyl ami no] - 3, 4- di hydr opyrim do[ 4, 5-d] -§9yri rni di n-2(1H)-one. 21 April 2004
WO 01/29042 97 PCT/ EPO0O/ 10088 Exanple 51 Conpound 4-18 This exanple
illustrates the preparation of 3-(2¢gh [égmenyl) 7-(cis-4-

hydr oxycydohexyl am no) - 3, 4- di hydro ‘Fi%#d [4,5-d] pyrimdin-2(1H)-one. ON
O' 5 N~N'O . C 5 OH Sul fone 9. !PBOEHd@431 95 nml ) was combined with

ci s-4-am no-cydo d in Aust.
I ! Chenz. 1961y14 g ; pﬁ&ﬂ&&a&stﬁeﬁr thbﬁg)?g Sﬁgﬁgﬁgﬂzzﬁgh heI reagtl on
mi xt ur e’ was hygroxyeel C&lﬂfﬂl@m@)‘ﬁdrdlbﬁdmﬁn@ldf&ﬁ&ﬂﬂmm@né(Hﬁkoﬂeact| on

m xture was cooled to roomtenperature and 10 filtered. Thg. filtrate was
suspended i n anhydrous net harﬁl I | ected and dried preci pi [ate to give

0.400 g of the title corrpoun white solid (mp. —.«. o 5 Q Wiite

eirl 1 6r of or m et hanoIHan(j/[\ll\/I hyrochl oric acid
@ i xt are—stiPred fon T NOW ~Qoncent r at ed
»residue crystallized f n1netﬁano|/ether to

solid was dissol ved
in ether was added.
and dried in uo,
give 0.285 ¢ e hydg hl oride salt of

3-(2-chl oro-ph -7- (CIS ‘4- hydr oxycycl ohexyl ar ni -
3,4-di?ydropyrinido[4 -d] pyrimdin-2(1H)-one as a fte solid

Sulfone 9.1 (0.81 g, 1.95 mmol) was combined with ¢is-4-amino-cyclohexanol
(045 g, 3.9 mmol) (prepared as described in Aust. J. Chemn.,1961,14, 610) in 2.0 mL

of 1 methyl-2-pyrrolidinone. The reaction mixture was stirred at 120 °C for

24 hours, at which time the reaction mixture was cooled to room temperature and
10 filtered. The filtrate was suspended in anhydrous methanol, collected and dried

precipitate to give 0.400 g of the title compound as a white solid (m.p. 263.7-264.6 °

C). White solid was dissolved in a 10:1 chloroform/methanol and 1M hydrochloric

acid in ether was added. The reaction mixture stirred for 1 hour, concentrated and

dried in vacuo, and the residue crystallized from methanol/ether to give 0.285 g of
15  the hydrochloride salt of 3-(2-chloro-phenyl)-7-(cis-4-hydroxycyclohexylamino)-

. 3,4-dihydropyrimido[4,5-d}pyrimidin-2(1H)-one as a white solid.

Example 52
Compound 2-26
20 This example illustrates the preparation of 3-(2-chlorophenyl)-7-({1-
carbamoylmethylpiperidin-4-yl)amino}-3,4-dihydropyrimido[4,5-d] pyrimidin-
2(1H)-one.



Exanpl e 52 Conpound 2-26 20 This exanple illustrates the peepgrpbden of
3-(2-chl orophenyl)-7-[(1- carbanoyl net hyl pi peridin-4-yl) amn 0]

-3, 4-di hydropyrirnido [4, 5-d] pyrimdin- 2(1H)-one. 21 April 2004 WO
01/ 29042 WwWoo0x/2904h- N NINAO "N JI- N RINilIl O H-N-NKN) ~ O pCB@réd/ioodd

Sul fone 9.1(1.0 g, 2A1 mml) was taken up in 5 nL ethyl 4-amno-1

pi peri di necarboxylate (29 mmol) and stirred at 150C. After 1 hour, the
reaction slurry was cooled to roomte rature, poured into 50 niL

met hanol, and filtered 5 to collect a ite solid. The solid was washed
with an additional 50 nL nethanol and dried in vacuo to yleld 0 569 g of
3-(2-chl orophenyl ) - 7- ( 1(&t b
pi peri di n-4-yl am no) - 3,
3- (2- Chl or ophenyl )N7-
di hydr opyri m dé45
di chl or onet hane
60C for 2 h guenched with netiansl, and evapor cuo The dry
resi due was en up again in mni nmet hanol , trea g mnth sodi um

IN

taken ™

car bonyl - a
dr o- pyri m_do pyrlmd|n 2(
ycar ponyNpi erﬁU 74- ylan1m6)
a?ud heated to

met hoxi de (0.5 equi val ent, connerq;gl solutlon of 0. aM net hanol ), and
re-evaporated. The 15 dry residue QvasD’pthfled by flaSh chronmat ography
using 5,10% (1:9 anmoni um hydroxi de/ met hanol )/ di cblor onet hane as el uant.
The col umm fractions containing pro «-re co ned and concentrated in
vacuo to yield 0.280 g (7.80 nmol MCleav d piperidine internediate,
3-(2-chl orophenyl)-7- (pip, er|d 7 4-di hydr opyri m do

[ 4, 5-d] pyrimdin-2(1H)-one. 888 .

Sulfone 9.1 (1.0 g, 2.41 mmol) was taken up in 5 mL ethyl 4-amino-1-
piperidinecarboxylate (29 mmol) and stixred at 150°C. After 1 hour, the reaction
slurry was cooled to room temperature, poured into 50 mL methanol, and filtered

5 to collect a white solid. The solid was washed with an additional 50 mL methanol
and dried in vacuo to yield 0.569 g of 3-(2-chlorophenyl)-7-(1-ethoxycarbonyl-
piperidin-4-ylamino)-3,4-dihydro-pyrimido[4,5-d}pyrimidin-2(1H)-one.

3-(2-Chlorophenyl)-7-(1-ethoxycarbonylpiperidin-4-ylamino)-3,4-

10 dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was taken up in 2 mL
dichloromethane with iodotrimethylsilane (0.94 mlL, 6.60 mmol) and heated to
60°C for 2 hours, quenched with methanol, and evaporated in vacuo. The dry
residue was taken up again in minimum methanol, treated with sodium methoxide
(0.5 equivalent, commercial solution of 0.5M methanol}), and re-evaporated. The

15 dry residue was purified by flash chromatography using 5,10% (1:9 ammonium
hydroxide/methanol)/dichloromethane as eluant. The column fractions containing
product were combined and concentrated in vacuo to.yie}d 0.280 g (7.80 mmol) of

the cleaved piperidine intermediate, 3-(2-chlorophenyl)-7-(piperidin-4-ylamino)-
3,4-dihydropyrimido[4,5-d}pyrimidin-2(1H)-one.
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phenyl)-7-(pi peridin-4-ylam no) -3, 4-di hydropyri mdo [4,5-d
(I'H)-one (0.050 g, 0.139 nmmol) was taken up in 1 nL N N

0. 209 nEQT/ERO1IGN8E r r ed at
-then raised to 40 C for one hour and 80 C5

ature for 2.5 hours,

The reaction was purified by flash chromatography using 5-40%

chl oronet hane + 1% ammoni um hydr oxi de as el uant. The col um

ont ai ni ng product wer e conbi ned and concentrated in vacuo, and

roduc di s V. n a.m n| m vol u nmet ha Add| tion of
¢ acraShermRent1- GRedRrAT TRy TR £ na
dﬁhtz(qﬂ_{ IdheQ{D‘wOQ oom Iﬂmef) wa*sealmsdfﬁﬁhlrﬁtm sal t of :
pk M rbanoyl rret yl - er|d|n 4 mno%
d%?F ‘Bﬁ?‘ 91"‘i°ﬁ?eéﬂq’|1 é‘% ﬁf-é) 8 Conpound
I o yl)-7-11-
o Eb) ip. EE‘?%%?%“‘%? EERAERt 40 @§°°’f J%P%Et%?%%? 145 ]
yvansighsn $he Neahtion s pmﬁgdbyﬂaﬂn dﬁoﬂmtdmaphy 1BOYA-4U0 01129042

?ﬁor oet %ﬁ%@%@ﬁ@ i omurn ]:gdr%:?d%zlasnelu t"l - carog)am c acid
duicony ontaining [pa¢du§zt mmpatbhgedfamdmpncentrated in vacuo, and the

final product redissolved in a minimum volume of methanol. Addition of
hydrochloric acid (1 OM/Etzo 1.0 equivalent) gave the salt which was filtered and
dried to give 0.007 g of the hydrochloride salt of 3-(2-chlorophenyl)-7-[{1-
carbamoylmethyl-piperidin-4-yl)amino]-3,4-dihydropyrimido[4,5-d]pyrimidin-
2(1H)-one.

Example 53
Compound 2-27

. This example illustrates the preparation of 3-(2-chlorophenyl}-7-[1-
(2,2,2-trifloroethyl)piperidin-4-ylamino}-3,4-dihydropyrimido[4,5-d ] pyrimidin-
2(1H)-one.

NH




ASTATECH) (5 g, 24.96 mml), 2,2,2,-trifluoroethyl trichlorofeidp Q§04
sulfonate 5 (7.03 g, 1 equivalent), and potassium carbonate ( g, 1.2
eq) were taken up in acetone (80 nlL) and heated at refl ux with stlrrlng
for 17 howygor2ee sol vent was renoved under reduced pressgidémbadies and
ethyl acetate and water were added to the residue. The | ayers were
partitioned and then separated The organic | ayer was washed with water
andbrine, dried over magnesiumsulfate, filtered, and 10 concentrated to
give a dark colored solid. Purificati onty chromat ography on silica gel
using 15% ethyl acetate in hexanes as the eluant gave
[1-(2,2,2-trifluoroethyl)- piperidin-4-yl]-carbamc acid tent-butyl ester

4, 45 ff. 8C, (MrH) +=283. 15

El (2g)2 SST Q’??”&B?’b@#%&#g rﬁﬁ’f‘f’ﬁﬁqaﬂﬁk’-ﬂfp?‘"é%?@%ecagl dH% ent-butyl ester was
tﬂen tﬁken up i Pipeti@xahel- éa?ganﬁc)acﬁﬁdﬂw m&qc&hmfmﬂg@[atabwﬁoﬁubbl ed
t hrou m pu vesse
tight Igy andﬁgfﬁgﬁég??%g%;‘lg%smm é‘Si’I’ "é’B? 593 V\ﬁg $preduced
pr eﬁ s lsrg at (74@K‘g 1 Egeiveleat)gare pdmxuha@bbzng&t (a1 A41. zielquw&e ﬁké-l\/drx]pﬁﬂl um

met hoxi de in e e ur e ours, and
filtered. T?ﬁf Q?&g}% aﬂgg‘ tS‘g%terﬁ@ c’i“ﬁs ’@ﬁﬂ?? Vent¥Wesit e,
filtered, apghsedendt RieddiResshseatd0°C aﬂd@{h h&%@& Whief verRraatdwd ) -

pi peridi n-4-ylam ne as a dark col ored_ oi| MrH) +=183. Preparati on
of 3- ( 2- chl othspesidie. YThe Jayersvwerp partitioned anskthen sapriatash. ke arganj¢ laaerwas 25

3, 4- f 200
P trl?ﬁ%%e%ﬁ "Em"q%’“’—é%ﬁ“ﬁ*fa%??&% s 3

equi VA ent sfongEmTatedEn gieR dankicolprefso 914 P@Wﬂenbmhmmtggrsp hen sﬂl%d t he
reaction i i Uine W5 RALEAaE Redhisds iDGIGh: LIRGLIOD Rt Suthdf. whi ch

time it was®cool &d to room.tenperature. Purif %Q‘gtlon by preparative thin 30
| ayer chr onBiPeadiapiytltrarhagnic aog taybutykastea{4432) aneeffiedhitepoidenmt-Pgave 12 ny

of 3- (2-ch 5( 2,2, 2-trifluoroethyl)piperidinyl-4-ylam no]
-3,4- di hyd%%%%rg?me’d‘g\%-kﬁ%ld%%yrl rnidin-2(1H)-one as an off-white powder. 21

April 2004 WO 01/29042 101 PCT/ EPOO/ 10088 Exanpl e 54

15 {1-(2,2,2-Trifluoroethyl)piperidin-4-yl}-carbamic acid tert-butyl ester was
then taken up in dioxane (80 mL) and hydrogen chloride gas was bubbled through
the solution for 10 minutes. The reaction vessel was capped tighﬂy and stirred for
1.5 hours. The solvent was removed under reduced pressure at 4b°C. The residue
was taken up in 42 mL of 0.5M sodium methoxide in methanol, stirred at room

20 - temperature for 3 hours, and filtered. The filtrate was concentrated, taken up in
ethyl acetate, filtered, and concentrated to give 1.0 g of 1-(2,2,2-trifluoroethyl)-
piperidin-4-ylamine as a dark colored oil, (M+H)+=183.

' Preparation of 3-(2-chlorophenyl)-7-[1-(2,2,2-trifluoroethyl)-piperidinyl-4-yl-
25 amino]-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one
Sulfone 9.1 (200 mg, 0.482 mmol), 1-(2,2,2-trifluoroethyl)piperidin-4-
ylamine (263 mg, 3 equivalents) was combined with 1-methyl-2-pyrolidinone(0.3
mL), and the reaction mixture was heated with stirring at 110°C for 2 hours, at
which time it was cooled to room temperature. Purification by preparative thin

30 layer chromatography using 60%ethyl acetate in hexanes as eluant gave 12 mg of 3-
(2-chlorophenyl)-7-[1-(2,2,2-trifluoroethyl)piperidinyl-4-ylamino]-3,4-
dihydropyrimido[4,5-d]pyrimidin-2{1H)-one as an off-white powder.




Conpound 4-17 This exanple illustrates the preparation of 29 ppsil 2004
3-(2-chl orophenyl) 5 7-]

(4- hydr oxycycl ohexyl net hyl ) am no] - 3, 4- di hydr opyri m do[ 4, 5-d] pyri m di n-

2( 1H) - one wolotAd0N H Sul fone 9.1 (400 ng, 0.96 mmol) was Giariedessst h

4- am nonet hyl 10 cycl ohexanol (470 ma, 3.6 mmol) and 0.4 nlL of

1- met hyl - 2- pyrrohdi none. The m xture was heated to 120C for 3 hours, at
which tinme it was cooled to room tenpe{(g]tsure. Met hanol (3 nL) was added,
t he suspension was stirred for 10 mnu , filtered, and the precipitate
was washed with nethanol, .dried and suspended in ethyl acetate. Addition
of hydrochloric acid (I1.OMEt20, 2.0 15 equivalents) gave the salt which

~was filtered and dried to give 198 L. tSQe hydrochl ori de salt of
3-(2-chl orophenyl ) -7-[(4-hydroxy- cy%l met hyl ) - am no]

-3, 4-di hydropyrimdo [4,5-d] pyri Gaapoudi4-}7 one. 20 Exanpl e 55 Corrpound
2 2% TS examn Sl dtBbic Rl SO 3-8 lolBrelgr opheny!) - 7- L

1-(2,2,2- trifluoro

yl ami Sol - 3, 2-[(4 —hydhoapqyclnhm@ethﬁ)aﬂupy}—smﬂﬂydmﬁﬁhhdo [¢3ed]ppdmidini | 2004 WO
01729042 10 NH . NH PCT/ EPOO/ 10088 H F -F Preparation of

4amnorrethy ,2,2-trifluoroethyl)piperidine
NT N — NTTR N
X300 XXX

s7 NN
|  H H

Sulfone 9.1 (400 mg, 0.96 mmol) was combined with 4-aminomethyl-

10 cyclohexanol (470 mg, 3.6 mmol) and 0.4 mL of 1-methyl-2-pyrrolidinone. The
mixture was heated to 120°C for 3 hours, at which time it was cooled to room
temperature. Methanol (3 mL) was added, the suspension was stirred for 10
minutes, filtered, and the precipitate was washed with methanol, dried and

_ suspended in ethyl acetate. Addition of hydrochloric acid (1.0M/Et,0, 2.0

15 equivalents) gave the salt which was filtered and dried to give 198 mg of the
hydrochloride salt of 3-(2-chlorophenyl)-7-{(4-hydroxy-cycylohexylmethyl)-
amino]-3,4-dihydropyrimido[4,5-d)pyrimidin-2(1H)-one.

: Example 55
20 Compound 2-21

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[1-(2,2,2-
trifluoroethyl)piperidin-4-ylamino)-3,4-dihydropyrimido[4,5-d}pyrimidin-2(1H)-

one.




A m xture of (4-benzyl oxycarbonyl am nonethyl) piperidine (4, A&ﬁ;géoml ),
2,2,2-trifluoroethyl trichloromethanesul fonate (5.58 g, 20 mmol),

pot assi um carbonate (2.67 g, 19 mmol) in 40 nL of acetone was refl uxed for
17 hour sWO&9M2xt ure was evaporated and treated with et prymogiate and
brine. The organic phase was separated, washed with brine, dried over
sodium sul fate, filtered, and evaporated. The crude solids were purified
by col umm chromat ography on silica gel;g4sing 10% 20% et hyl acetate in
hexanes as eluant to give 2.25 g of 4 16

benzyl oxyam nonmet hyl -1-(2,,2,2-trifluoroethyl)-piperidine, mp. 93.8 - 95.1
C. 4-Benzyl oxyam n thyl -1-(2, @02 trifluoroethyl)piperidine was di ssol ved
in ethanol (50 Hand hydro ted over 10% pal | adi um on carbon (0.5 @)
for 10 hours. TRe_ m xture wa iltered through a pad of celite and washed
wi th nethanol. 1 e f++orat S evaporated to give 1.17 g of

April 2004 103 Préparation
of 3- (2-chl orophenyl)-7-f1-(2, 2,2~ or.oet hyl ) pi peri di n-4-yl -am noJ-

3, 4-di hydr opyri m do[ 4, 5-d] pyri m di n-2(| Hone. Sulfone 9.1 (0.389 g, |
nmol ) was conbi ned with 4-am nonet hyl - | 2,2- trifluoroethyl)piperidine
(0.50 g, 2.5 mol) in 0.4 nL of 1-nethyl-2+pyrrolidinone, 5 and was heated
at 100 C for 4 hours. The m &i vvas th n lg;ool ed to room tERpera

4- am nonet hyl - ,2-triflu - e%lu)pi peridine as a sem-solid. 21
F
iff

treated with nethanol, ethyl ag e, ther The sol i ds f d were
filtered and vvashedQin\f?\ﬁ[\:ﬁw tate 'Fhe resul tig | g) were
di ssolved in 5 m_ hdgo akd hydr©6gen chi ortde s biibbl ¢d through t he
solution for one m nyte.NThY s& vents were renmoves: /: : @si due was
titurated 10 i tR of nbt hanol and 40 nL of <elher to Hive 210 ng of the

di hydrochl ori d alt of

3-(2-chl orophenyl)-7-[1-(2,2,2-trifluoroethyl) pilpersdi n-4-yl am no] - 3, 4-
di hydropyrim do [4,5-d] pyrimdin-2(1H)-one. 15 2§ WD 01/ 29042 :

PCT/ EPO0/ 10088 Exam In a 56 Conpound 2-22 - F

Y
Preparation of 4-aminomethyl-N-(2,2,2-trifluoroethyl)piperidine
A mixture of (4-benzyloxycarbonylaminomethyl) piperidine (4 g,
16.1 mmol}, 2,2,2-trifluoroethyl trichloromethanesulfonate (5.58 g, 20 mmol), and
5 potassium carbonate (2.67 g, 19 mmol) in 40 mL of acetone was refluxed for 17

hours. The mixture was evaporated and treated with ethyl acetate and brine. The
organic phase was separated, washed with brine, dried over sodium sulfate, filtered,
and evaporated. The crude solids were purified by column chromatography on
silica gel using 10%-20% ethyl acetate in hexanes as eluant to give 2.25 g of 4-

10 benzyloxyaminomethyl-1-(2,2,2-trifluoroethyl)-piperidine, m.p. 93.8 — 95.1 °C.

4-Benzyloxyaminomethyl-1-(2,2,2-trifluoroethyl)piperidine was dissolved in
ethanol (50 mL) and hydrogenated over 10% palladium on carbon (0.5 g) for 10
hours. The mixture was filtered through a pad of celite and washed with methanol.
15 The filtrate was evaporated to give 1.17 g of 4- am.momethyl 1-(2,2,2-trifluoro-
ethyl)p1per1dme as a semi-solid.



This exanple illustrates the preparation of 3-(2-chlorophenys) s, i{>pba
(1-cyanonet hyl pi peridin-4-ylnmethyl) amno ] -3, 4-di hydropyrim dp - P4, 5-d]
pyrimdin-2(1H) -one. Sulfone 9.1 N N~O HN11:~. IN N~O H H Sulfone 9.1
(2.24 g, wolumeik) was conbined with N-terD butoxycar bonypedmpoosiooss

am nonet hyl pi peridine (5.6 g, 16.2 mmol) and 1-nethyl -2-pyrrolidinone (9
m.). The mxture was heated to 100-110 C for 2 hours at which tine it was
cooled to roomtenperature and et hyl 3pstate was added. The resultant
white solid was 25 filtered and washed With ethyl acetate to give 2.3 g of
3-(2-chl oroghenyl_) - 7-[&1- tert- butoxycarbony-piperidi n-4-ylnethyl)amno] -
3, 4- di hydrggaratiandt 3{(4-chlogapherydly 74{ ii(3R-vifluptoeibpidpiprpivin=4-glz@ypinoHy dr ogen
chl ori de gasg4) ' Rl 1 protected am ne which was
suspended ﬁ4ﬁdﬁ’?}g§gﬁg[4%g&%%ﬁd%rﬂ?{%tgngl April 2004 WD 01/29042

PCT/ EP00/ 10088 Sulfgre %1 §h3%f8. drmBrolrwasgombined wigut-aminamethyi-dt(@2.2-n vacua

L dried toeq 5P . _ o
o chi o AR B A TS0 i) 8 oy gty 2 ymoidinne,
di hydPopyr i 304i wrshaated &) 190 r Cifen 4thonrs.(Theymixiere as theprdooteddolrpom 5 3-

el ors T AR ol a4 i d
ST por B oy e Lo Ol e SOt fiprchts 1 00
N, N- di met hywere yeshed wi aeedats- Thelragmitingsolide0S2 D wers g, 1.6

mmol ) and cqlpneaaes ﬂmiﬂi&hh?d,(a@raqr’y@xedrg;n cﬂ}oﬁaemi)%bl\yl\lg%%q fhe The m xture

was stirred for 17 hours at _room’t erature, an _partitioned into
ethyl acet avritigadonenespinete. Thesolvants Weresemovedsar sheresidug was iturgiedous | ayer

was qyt r actywih Winlthofdhdibdnol AE@LRI of EiRr 8§ GRO2R) ;B %P the @S ay_%%msgdw th water,
dried, and concentrated_in vacua nd the resi die was Eﬁl‘lfle by

chr omat ogra‘ﬁhyf6152§11]PFQP$15§1§P'7U[4'F@ﬁ@@@“%@thﬂh@w@ﬂi@h*ﬁ ibehdde as el uant.

The fracti ofifydy hidb[0s5-B I’ggﬂ,gw%g)_&gncent rated in vacua and di ssol ved
in 40 nmL of 1, 4-'di oxane. rogen chl oride 15 gas was bubbled in and the

m Xture was concentrated in vacua. The resultant

Example 56
15 Compound 2-22

This example illustrates the preparation of 3-(2-chlorophenyl)-
7-{(1-cyanomethylpiperidin-4-ylmethyl)amino]-3,4-dihydropyrimido-
{4,5-d]pyrimidin-2(1H)-one.

N -
Sulfone 9.1  —— /k:j\/\ A
HN

° X
I
N""N
H

| cl
£ — O
o) HN™ SN N0
H
i\()NH KOM\/%N

20 -
Sulfone 9.1 {2.24 g, 5.4 mmol) was combined with N-terz-butoxycarbonyl-4-

aminomethylpiperidine (5.6 g, 16.2 mmol) and 1-methyl-2-pyrrolidinone {9 mL).
The mixture was heated to 100-110 °C for 2 hours at which timne it was cooled to
room temperature and ethyl acetate was added. The resultant white solid was

25 filtered and washed with ethyl acetate to give 2.3 g of 3-(2-chlorophenyl)-7-{(1-tert-
butoxycarbony-piperidin-4-ylmethyl)amino}- 3,4-dihydropyrimido[4,5-d}-
pyrimidin-2(1H)-one (MH" = 473). Hydrogen chloride gas was bubbled into 2.1 g
of the protected amine which was suspended in 1,4-dioxane {22 mL), and the



residue was triturated in ether, filtered and dried to gi vezq.;qpqihgoﬁpf t he
hydrochl ori de salt of 3-(2-chlorophenyl)-7-[(1-cyanonethyl pi peridin-4-

yl met hyl ) am no] - 3, 4- di hydr opyri m do[ 4, 5-d] pyrimdin-2(1H)-one. 20 Exanple
57 Conpowyoloid2ed$: This exanple illustrates the preparati op&fgpgosi00ss
3-(2-chl orophenyl)-7-[(1-

di net hyl am nocar bonyl net hyI pi peri d| n- 4-yl r net hyl ) am no]j

- 3, 4-di hydropyri m do- [4, 5-d]-pyrimdin; §41H) one. HN NN O HN N NO
Suifone 9.1 j ---- 11 NHT H 25 N 3-(2=Chl orophenyl) -7- [

(pi peridin-4-yl met hyl ) amino] -3, 4-dihydro-

pyri m dof 4, Sustp]aps)wmmrdcdlfOZ(lbld)n,@nac@ptaEﬂanmaandidﬂedt ide the Exanpl e 56)

i ssol ved | KRR T eRRH- T ok el 3 Cat bonat e (0. 26

g, 2.4 mol )illa'dubpzfrmﬂohcﬁ-dﬂm’dnménhglﬂlﬁﬁmemdwh(tesﬂﬁB g, 0.81 mmol) were
added. The m xture was stirred for 17 hours at roomtenperature. The
reaction mxture was partitioned into ethyl acetate and water- The | ayers

were % separ at ed-(@rGhlotophanyl3ri{pipenidin-dndmethyl laainale3 diditiydeohy|  acet at e,
and 10% g)g{,%ﬁ) lel%]?,%&gsm ‘ggg 9%'6'53& g,@as\@ glvvxglshed W th

sat ur at ed S chl over-ann ’dlrous sodi um
sul fate. Af DeN-dmepytfarmamide (8 mfa)clfaxhydtwswdlm csﬂ:iqndtex&ﬁﬂ?ﬂg,s]sﬁ)l ved in 50%

methanol /1, gty BhetRstiehsnilN @008 RN, 65! HnAFAASAIAS PRPBLAT] By and the

sol uti on was ev orate e resulting 88T aue urated
in ether, f Sﬂntr@d laﬁﬁ@umalt gebm tergparatude, 218@ wgs partitiheed myujq:thplhlcemtecimds alt of

> (260 or cogRay a’%‘”%afg 5%’“%’%?%@%%%%&6 SR e - 2

(1H) - one. acetate T e organic layer was washe with water, dried, and concentrated in vacuo,

and the residue was purified by chromatography on silica gel using 10%
methanol/dichloromethane as eluant. The fractions containing product were
concentrated in vacuo and dissolved in 40 mL of 1,4-dioxane. Hydrogen chloride
15 gas was bubbled in and the mixture was concentrated in vacuo. The resultant
residue was triturated in ether, filtered and dried to give 0.107 g of the
hydrochloride salt of 3-(2-chlorophenyl)-7-[(1-cyanomethylpiperidin-4-
ylmethyl)amino}-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

20 _ Example 57
Compound 2-19

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[(1-
dimethylaminocarbonylmethylpiperidin-4-ylmethyl)amino]-3,4-dihydropyrimido-

{4,5- d]-pyru:mdm -2(1H)-one.

Sulione 9.1 —_— /l\lr\/k — /l\ ,k

. kw

3-(2-Chlorophenyl)-7-{(piperidin-4-ylmethyl)amino]-3,4-dihydro-
pyrimido{4,5-d]pyrimidin-2(1H)-one (prepared as described in Example 56} (0.3 g,

25



15 Eganple 58 Conpound 2-23 This exanple illustrates the prg r?%b(‘% of
3-(2-chl orophenyl)-7-[(1 a m nocar bonyl net hyl pi peri di n-4-yl nmet hyl ) am no]
-3,4-di hydro-pyrimdo [4,5-d] - pyrimdia-2(1H-one. CL O Sulfone 9.1 N _
| HN~-N NWOOH29@0 3- (2- Cbl orophenyl)-7- [ (piperidin-4-ylpeihydo)asgsno]

-3, 4-di hydropyrimdo- [4,5-d]pyrimdin-2(IH)-one (prepared as described in
Exanple 56) (0.3 g, 0.67 rnnol) was dissolved in N, Ndinethylformamde (7
m.). Anhydrous sodium carbonate (0. 26 el 2.4 mmol ) and 2- bronpacet am de
(0.111 g, 0.81 mvl) were added. The %t ure was stirred for 17 hours at
roomtenperature. The reaction 25 m xture was partitioned into ethyl

acet at e and-gdamarol) Waedissalved in NaW glimethyifermadnide 7 mLhecAabydroussddaymr was

extracted vHbngilacie oo S e SISO HANSLENL YRS (6503 e comb ned

organi c | ayers were saturate dtion and
t hen dri ed mwel) werhpddasy SThe gaixtnre was $tirresl forl 7 houre vtaporsteingrrdtarevacuo, HN'

wes suspendalf TPl 8y Srsb SRt e i bt Tpt BT g

t he sbl uti capaatedand sy aquecis layey avas extrafred wigsethyliangjatesmiddifo was triturat ed

U I O B et B 52

-3,4- 5 di plution anfl shep dtjedryrer anhidrowa s¢dimgn sylfate. After evaporation
in vacuo, the white solid was dissolved in 50% methanol/1,2-dichloroethane.

Hydrogen chloride gas was bubbled in, and the solution was evaporated in vacuo.
10 ' The resulting residue was triturated in ether, filtered and dried to give 0.182 g of the

hydrochloride salt of 3-(2-chlorophenyl)-7-{(1-dimethyl-aminocarbonylmethyl-

piperidin-4-ylmethyl)amino]-3,4-dihydropyrimido[4,5-d]}pyrimidin-2(1H)-one.

Example 58
15 Compound 2-23

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[(1-
aminocarbonylmethylpiperidin-4-ylmethyl)amino}-3,4-dihydro-pyrimido[4,5-d}-
pyrimidin-2(1H)-one.

CI@ Cl:@
NN N”T\N :
Sulfone 8.1 —— o J;NI{_\}\ ,go -——-—-:-— " JQNI : /go
e o X
NH N\)]\NHa
20 3-(2-Chlorophenyl)-7-[(piperidin-4-ylmethyl)amino]-3,4-dihydropyrimido-

[4,5-d}pyrimidin-2(1H)-one (prepared as described in Example 56) (0.3 g,

0.67 mmol) was dissolved in N,N—dime_ﬂwlfonnanﬁde {7 tnl). Anhydrous sodium

carbonate (0.26 g, 2.4 mmol) and 2-bromoacetamide (0.111 g, 0.81 mmol) were

added. The mixture was stirred for 17 hours at room temperature. The reaction
25 mixture was partitioned into ethyl acetate and water. The layers were separated and

the aqueous layer was extracted with ethyl acetate and 10% isopropanol/chloro-

form. The combined organic layers were washed with saturated sodium chloride

solution and then dried over anhydrous sodium sulfate. After evaporation in vacuo,




Examlie 59 Conpound 2-24 This exanple illustrates the pre@qr,@}ﬁi] ogpLf 3-
(2-chl orophenyl)- 7- [ (1 10

hydr oxycar bonyl net hyl pi peri di n- 4-yl net hyl ) anai no] - 3, 4-di hydropyri m do
[4,5-d] -wayédogin-2 (1H)-one. C- Cl Sulfone 9.1 HN N’ Ph‘tli‘}ﬁ’b oﬁgzd\" - N
-N-"zOHO NA OH3 -(2- Chlorophenyl)-7- [ (piperidin-4-ylnethyl) am noj
-3, 4-di hydropyrimdo- 15 [4,5-d] pyrimdin-2(1H)-one (prepared as descri bed
in Exanple 56) (0-3 g, 0.67 nol) was di 9 ol ved in N, N-di nmet hyl f ormam de (7
m L). Anhydrous sodium carbonate (0. 28 é 2.4 nunol) and ten-butyl

2- brompacetate (0.12 m, 0.81 nmol) were added. The m xture was stirred
for 17 hourtheathitesalid wenguspaidad in 1,4 hloxane aHydogemthibridegasams pabbled i oned

into ethyl .acet water. The'layers re 20. separated _and the aqueous
| ayer was ei?(it ?néig% gagl\(}mg?ﬂwtgf 2\ O?Eeec{’gt 3‘"3h§%fﬁ%”&n§5gsﬁé§be§ﬁﬁltp@+ﬂtﬁab? orm The
conbi ned ordhe Gltéreg end duet ® giashigh gefithe spdrocldorde sak@dB4«(@ chl ori de

sol ution an | £d-j0ver odi um sul.f ale,, Aftar, evaporation

i n vacuo, t%’é&égﬂn%nsﬂr?egcf%? (e og%ﬁxgg]&%% rygo igélﬁdp%%dyelﬁlefhﬁ’nfnﬁqogf%ﬁ'ane.

Hydr o§en chdibydrdpympasiolés-d)ppimisiin20lHaome.t he sol ution was stirred for 10
hours at 25 roomtenperature and evaporated in vacuo. The resulting residue

was triturated in ether, filtered and dried to give 0.195 g of the
hydrochl ori de salt of 3-(2- chloropfemgld 59- [

(1- hydr oxycar bonyl - et hyl pi peri di p- 4-yl | yam no] -3, 4- di hydropyrirnido
[4,5-d] pyrimdin-2(1H)-one. H 21%&3\6@@3% WO 01/ 29042 107
This example ﬂigstrates the preparation of 3-(2-chlorophenyl)-7-[{1-

10 hydroxycarbonylmethylpiperidin-4-ylmethyl)amino]-3,4-dihydropyrimido{4,5-d] -

pyrimidin-2(1H)-one.
Be Be
N¥ N N* N
Sulfone 9.1 —— :I\ — :\,l(\
HNJ\N ﬁ’ko HN’I\N ﬁ’ko

e O
NH N\)’\OH

3-(2-Chlorophenyl)-7-[(piperidin-4-ylmethyl)amino]-3,4-dihydropyrimido-
15 {4,5-d]pyrimidin-2(1H)-one (prepared as described in Example 56) (0.3 g,
0.67 mol) was dissolved in N,N-dimethylformamide (7 mL). Anhydrous sodium
carbonate {0.26 g, 2.4 mmol) and tert-butyl 2-bromoacetate (0.12 mL, 0.81 mmol)
were added. The mixture was stirred for 17 hours at room temperature. The

LD

reaction mixture was partitioned into ethyl acetate and water. The layers were

20 separated and the aqueous layer was extracted with ethyl acetate and 10%
isopropanol/chloroform. The combined organic layers were washed with saturated
sodium chloride solution and then dried over anhydrous sodium sulfate. After
evaporation in vacuo, the combined white solids were suspended in 1,4-dioxane.
Hydrogen chloride gas was bubbled in, and the solution was stirred for 10 hours at

25 room temperature and evaporated in vacuo. The resulting residue was triturated in
ether, filtered and dried to give 0.195 g of the hydrochloride salt of 3-(2-

chlorophenyl)-7-{(1-hydroxycarbonyl- methylpiperidin-4-ylmethyl}amino)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H}-one.




PCT/ EPOQ' 10088 Exanpl e 60 Conpound 3-29 This exanple ill us%a,g&m&@g
preparation of 3-(2-chlorophenyi)-7-(trans-4- 5

hydr oxycycl ohexyl am no) - 1- ( 2- met hyl t hi oet h) 1) - 3, 4- di hydr opyri m do[ 4, 5-

d] pyri mi dvoetshkd - one. Sulfone 9.1 -~--- ~p N '-$ N CHpSWea6s9- 1 (500
ng, 1.21 mmol) was taken up in 2 AL tetrahydrofuran with 10

1-(2-nmethyl thio)ethanol (0.16 nL,1.81 mol), triphenyl phosphine (474 ny,
1.81 mmol ), and DEAD (0.28 ni, 1.81 ”“?6) and stirred at roomtenperature
for 2 days. The crude product,

3-(2-chl orophenyl ) -7-benzyl sul f onyl - 1- ( 2- net hyl -

t hi oet hyl) - 3, 4-di hydr opyri m do[ 4, 5-d] pyri m di n-2(1H) - one, was evaporated in
vacua and used wi t hout further puriﬁn% i6(an. 15 The crude

3-(2-chl orophenyl ) -7-benzyl sul f onyf= —gg—rre =tret hyl t hi oet hyl ) - 3, 4-

di hydropyri m do[ 4, 5-dj pyri . m di n-Qémphurahd2%as taken up in 2 nL diglyne

ith t - 4- anj d I 39 1.2 d i d 120C f
4 hours.  The moELPE RGBT BeP By EHPb e SR sR R ke Th "using
2. 5- 455% 2 hydedxiyeyriihexiflahino)-driPtinethgl thisethyiksma-dthydpopyvimidof46 titl e
conpound (g‘ﬁG . 9 1 mml)_ The purified product was taken up in ethyl
Brigidn R

acetate an oug equi valent HCOIEt20 to precipitate the
hydrochl ori de salt of 3-(2-chlorophe II ) - C

7- (trans-4-hydroxycycl ohexyl am no) - 1- hyl t hi oet hyl ) -3, 4 Q

di hydropyrim do [4,5-d]-pyrim djp<2 . 25 21 Aprrm‘\ﬁfo 1/ 29042
PCTI EPOO/ 10§1B@°r1%g-15nrrp & 61 OCGnppuny 3-31 Thi s’exam l{l
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Sulfone 9.1 (500 mg, 1.21 mmol) was taken up in 2 mL tetrahydrofuran with
10 1-(2-methylthio)ethanol (0.16 mL, 1.81 mmol), triphenylphosphine {474 mg,
1.81 mmol), and DEAD (0.28 mL, 1.81 mmol), and stirred at room temperature for
2 days. The crude product, 3-(2-chlorophenyl)-7-benzylsulfonyl-1-(2-methyl-
thioethyl)-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one, was evaporated in

vacuo and used without further purification.

15
The crude 3-(2-chlorophenyl)-7-benzylsulfonyl-1-(2-methylthioethyl)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was taken up in 2 mL diglyme with
trans-4-aminocyclohexanol (139 mg, 1.21 mmol) and stirred at 120°C for 4 hours.
The mixture was purified by chromatography on silica gel using 2.5-4.5%
20 methanol/dichloromethane as eluant to provide the title compound (226 mg,

0.511 mmol). The purified product was taken up in ethyl acetate and treated with
1 equivalent HCI/Et,O to precipitate the hydrochloride salt of 3-(2-chlorophenyl)-
7-(trans-4-hydroxycyclohexylamino)-1-(2-methylthioethyl}-3,4-
dihydropyrimido[4,5-d]-pyrimidin-2(1H)-one.

25




4- hydr oxycydohexyl am no) - 1- (3-di rnet hyl am no- 2, 2- di met hyl prﬁp,g’(\ﬁ;fp, 2R§4 4 5
di hydropyricnido- [4,5-d)pyrimdin-2(1H)-one. Sulfone 9.1 N - - 0 H
Sul fone 9.1 (500 ng, 1.21 mmol) was taken up in 2 nL tetrahydrofuran with
10 3-d rnayhwi@dpyno- 2, 2-di net hyl - | -propanol (0.28 ni, 1.8 émoéllot[sﬁi phenyl
phosphine (474 ng, 1.81 mmol), and DEAD (0.28 ni, 1.81 mmol); and stirred at
roomtenperature overnight. The m xture was sem purified by chromatography
on silica gel with 3-15% et hanol / di chl oronet hane as eluant, to provide >1
g mixture of C 108

3-(2-chl orophenyl)-7-benzyl sul fonyl -1 -(3-di rnet hyl am no- 2, 2- di net hyl propyl)
15 3, 4-di hydropyri m do[ 4, 5-d] - pyri mgi diH) -one and residual triphenyl- _
phosphi ne oxide. 3 - (2-Chl oropheh&% - ;% enzyl sul fonyl- | - (3 -

di met hyl am n o- 2, 2- di net hyl - mpound 3-31

propyl) -3, 4- di hy dieqeske vl dratesdhopfepiiatibh 'of 24 - ?\Kﬁ@ up in 3 nL
20 diglynme v‘!iéyraqtran -4- 'r]o%ycl oaggg al (?39 (@oﬁ@fﬁ?ﬁnﬁ- and stirred
at 120C for= W%.Oﬁ?@ﬂ-‘m% o634 e‘gﬂm‘é‘aﬂ%ﬂ@ﬁmﬂfﬁ?ﬁlﬁﬁhy on silica
gel using 4-dipfitro Bk |50 l;:{-;ﬁﬁgn 1H edS eluant to provide the title
conpound (52 ng, 0.107 ﬁnrml]%. The f)mt;ri I ed product was taken up in ethyl

acetate and treated with 1 equival ent 20to precipita
hydrochl ori de salt of 3-(2-chlorophenyl)-
7- (trans- 4- hydroxycycl ohexyl - ani wa Nt hyl ar ni n(N_?,E-?Nr! n&t hyl pr opyl

)- 3, 4- di hy Sulfonei ol dof4-5~d] wﬁ - 2(J H) - epe>21 WO 01/ 29042
7 un

109 PCT/ EKOO/ 10088 Exanpl e_ 62 0 3336 This exagpl e i l)fustrates the
preparation of 3-(2-chl oroph@nyt)-7-(trgas- 4-hydro d ohe%f’am’ no) -1-
“(1-methylpip eridin-4-yl) - di hydro imdo [4,5 _

d] - pyrim di n-2(1H) - one. Sui f 1 N &y N

Sulfone 9.1 (500 mg, 1.21 mmol) was taken up in 2 mL tetrahydrofuran with
10 3-dimethylamino-2,2-dimethy}- I-propanol (0.28 mL, 1.81 mmol), triphenyl-
phosphine (474 mg, 1.81 mmol), and DEAD (0.28 mL, 1.81 mmol), and stirred at
room temperature overnight. The mixture was semipurified by chromatography on
silica gel with 3-15% methanol/dichloromethane as eluant, to provide >1 g mixture
of 3-(2-chlorophenyl)-7-benzylsulfonyl-1-(3-dimethylamino-2,2-dimethylpropyl)-
15 3,4-dihydropyrimido{4,5-d]-pyrimidin-2(1H)-one and residual triphenyl-
phosphine oxide.

3-(2-Chlorophenyl)-7-benzylsulfonyl-1-(3-dimethylamino-2,2-dimethyl-
propyl)-3,4-dibydropyrimido[4,5-d]pyrimidin-2(1H)-one was taken up in 3 mL
20 diglyme with trans—4—aminocyclohéxan01 (139 mg, 1.21 mmol) and stirred at 120°C
for 4 hours. The mixture was purified by chromatography on silica gel using 4-25%
methanol/dichloro-methane as eluant to provide the title compound (52 mg,

0.107 mmol). The purified product was taken up in ethyl acetate and treated with

1 equivalent HCI/Et;O to precipitate the hydrochloride salt of 3-(2-chlorophenyl)-
25 7-(trans-4-hydroxycyclohexyl-amino)-1-(3-dimethylamino-2,2-dimethylpropyl)-

3,4-dihydropyrimido(4,5-d]pyrimidin-2(1H)-one.




OS'--N NCONII NN -N-QO OHA mxture of sulfone 9. . 2.4
nmol ), di phenyl - 2-pyri dyl phosphine 10 (1.9 g, 7.23 mol) a#ﬁQﬁx£2@b4

4- hydr oxy- 1- met hyl pi peridine (0.555 g, 4.8 nmmol) was dissol ved i n anhydrous
t et rahydrwiaarzapszunder an at nosphere of nitrogen. To thi spocEebatiioess Was
added di-tert-butyl azodi carboxylate (1.67 g, 7.23 mmol) and the resulting
m xture was stirred at roomtenperature for 2 hours, then concentrated in
vacuo. The residue was purified by colqﬂﬁ chromat ography on silica gel
using 9:1 15 dichl or onet hane/ net hanol as~ el uant. The colum fractions
contai ni ng product were conbined and concentrated in vacuo to give 354ny
of 7-benzyl sul fonyl -3-(2- chl or opheBydnple 62

(1- et hyl pi peridin-4-yl)-3, 4-di hy - DV ik [4,5-d] pyriinidin-

2(1H) - one. 20 CaS 5

7- Benzyl sul f ony| TBis g2angplé Blustpitentte)prdpagdtiomstf By(2pibjreoplkinyl)4Z-{iryns3, 4--

di hydropyri ji - | Lo R- < {354 Q. D] ). .conbi ned
W th tr oo eadrcx e hB e - do o iR yes ol 4 g iR T D!
pyrrobi di nodepytinglim2(iHrenanas heated to 110C for 1 hour at which tine it
was cooled to roomtenperature. The residue was purified by~col um

chromat ography 25 on silica gel using :‘);.‘ di chl or onet han%/
acuo

net hanol | di i sopropyl am ne as el uant. The um fracty i ng

product were conbi ned, concentr gﬁd n and sus%\&d et hyl

acet ate. AdSufoae 96F hvamhlaeg SRe OMEr20 1. § 2004 WO
S

\
C

01/29042 PCTI EPOO110088 110 5 efjui val gnt gave the Zalt ch was filtered
and dried to give 135nmg of hydr gChtori de sal t @
3-(2-chl orophenyl)-7-(tran hydr oxkcyel ohexyl am ns -

OH H,

I
CH,

A mixture of sulfone 9.1 (1.0 g, 2.4 mmol), diphenyl-2-pyridylphosphine

10 (1.9 g, 7.23 mmol) and 4-hydroxy-1-methylpiperidine (0.555 g, 4.8 mmol) was
dissolved in anhydrous tetrahydrofuran under an atmosphere of nitrogen. To this
solution was added di-tert-butylazodicarboxylate (1.67 g, 7.23 mmol) and the
resulting mixture was stirred at room temperature for 2 hours, then concentrated in
vacuo. The residue was purified by column chromatography on silica gel using 9:1

15 dichloromethane/methanol as eluant. The column fractions containing product
were combined and concentrated in vacuo to give 354mg of 7-benzylsulfonyl-3-(2-
chlorophenyl)-1-(1-methylpiperidin-4-yl)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-
2(1H)-one.

20 7-Benzylsu1fonyl—3—(2—chloroi:henyl)- 1-(1-methylpiperidin-4-yl)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (354 mg, 0.69 mmol} was combined
with trans-4-aminocyclohexanol (160 mg, 1.38 mmol) and lmL 1-methyl-2-
pyrrolidinone. The mixture was heated to 110°C for 1 hour at which time it was
cooled to room temperature. The residue was purified by column chromatography

25 on silica gel using 9:1:0.5 dichloromethane/ methanol/diisopropylamine as eluant.

The column fractions containing product were combined, concentrated in vacuo
and suspended in ethyl acetate. Addition of hydrochloric acid (1.0M/Et,0O, 1.0




(1- et hyl pi peridzn-4-yl)-3, 4-di hydropyrimdo [4,5-d] -pyrirnidihyg36d4 -
one. Exanple 63 Conpound 4-4 This exanple illustrates the prepda}r at1on of
(RR-7-(2,3-di iydroxy-1-

met hyl pr omwd ammeog) - 3- ort ho-t ol yl - 3, 4- di hydr opyri nxi do [ 4, 55

pyrimdin-2(1H) - one. 0 QADk HHN H OH OH 10 Preparation c%‘ﬁEPOO/mO&S

(R R) -3-am nobut ane-1, 2-di al. 3-Am nobutane-1,2-diol was simlarly prepared
as described in Tetrahedron: Asymetry 995, 6(9), 2329-2342. Briefly, to
a solution of (2S,3S)-trans-3 15 net hyl 3!( rane- 2- net hyl - 4- ni t robenzoat e
(10.0 g, 42.2 mol) (Fluka) in dichloronethane (150 nlL) under argon, was
conbi ned wi teéquivakeats) gaveitbogaltogish ses fil{ed A3 drded 3 gived3pmgaifthesti rred for 10

m nutes at r r . m hodi | - met,hane ((14..5 , .84.4 mol)
e added. A1AABIRER B £ ol gL e A A a i g . A
sol ution of (1ofethyigipenidmydhyby3,deiliydr@frindtlofds-diphrimidinvi{sHadged and t he
suspension was stirred for 2 hours. The mxture was filtered and extracted
with 0.2M hydrochloric add. The acidic |ayers were 21 April 2004 WO

01/ 29082 PCT/ EPOQ 10088 111 extract @kampldwi chl ot onet hane and di scar ded.
The acidic |layer was basified with . sodi u$1 h&/droxi de pellets until pH 9,
and then extracted into dichl orometq? QN | ayers were separated, and

t he organi c | ayerThinexadipleiliuaves thopipaatioh 80{#,R)-g- (2@ dihygRagant rat ed in

ieing 2°1° e eRmBb Ry ot s n bty b et DR

° @
4'5

H,C NH, HC
0 A 0
O%J\N/ N/KO
H

10

Preparation of (R,R)-3-aminobutane-1,2-diol.

3-Aminobutane-1,2-diol was similarly prepared as described in Tetrahedron:
Asymmetry, 1995, 6(9), 2329-2342. Briefly, to a solution of (25,35)-trans-3-

15 methyloxirane-2-methyl-4-nitrobenzoate (10.0 g, 42.2 mmol) (Fluka) in

dichloromethane (150 mL) under argon, was combined with titanium isopropoxide
{25 mL, 84.3 mmol), and stirred for 10 minutes at room temperature.
Aminodiphenyl-methane (14.5 mL, 84.4 mmol) was added, and the reaction was
stirred at room temperature overnight. A solution of 10% sodium hydroxide in

20 saturated brine was added and the suspension was stirred for 2 hours. The mixture
was filtered and extracted with 0.2M hydrochloric acid. The acidic layers were




as eluants to give 2.6g of (RR)-3-(benzhydryl am no) but ane-l,zg-pg;ripbaoﬂo a
degassed sol ution of (RR)-3-(benzhydryiam no)butane-1,2-diol (2.6 g, 9.59
mol ) in nethanol (20 nL) was added pal | adi um hydroxi de on carbon 10 (260
mg). The MABYIBR was evacuated and charged three tines weCH/ERyuiroosgn and
then charged with hydrogen at 50 psi and shaken on the hydrogenat or
overnight at roomtenperature. The reaction m xture was filtered and
concentrated to give 922 ng of (R R)-3igm nobutane-1,2-diol as an oil,

whi ch was washed with hexane and then dried in vacua. 15 Preparation of

(RR-7-(2,3-di rox)«h.-nethyl propyl am z3-qritho-toly] -3 4- .

di hydr opyri ﬁ#%ﬁ%%?@%ﬁbﬁ?rﬂ?‘a%ngwﬁ% %@@Fﬁﬁﬁ’éq@eé“’% ifigd with 58 nmol )
vva; gonbi Redodm h h)(di’oﬂ)ieﬁelhﬁhﬁmi?] pH\Y, &E@theiagﬁ%ﬁﬁt?l m(%&%ma&,méthgnm d in "
1, 2-di met hoxyet hane (1 eat ed at or ours upnder argon. e
reaction wa yyfﬁso‘feé'ﬁ s‘%"@"&%‘%ﬁ?\,\@g’r‘?ﬁé@é’t‘ LT 3733 GEES VR Spagpesiipsuliate, and

di chl or onet kanedntsatddan ehcuansigipt a6ttt wasphificdbydath @itimsi | i ca col um

using 96:4 dichl oronef hane/ et hanol and 9:.1 di chl or ot hane/ net hanol as

o uant® o Groenog R e Tl B PecBRtemi aefipendad g streeerihiot hy
acet at e (10 as alupntamelgive 2.6a bR, R)-3{bénzhpdiiviandirsibuabehyddpthl oric acid (1. OM
in ether). The precipitate was collected by vacuumfiltration, washed with
ethyl acetate and dried in vacua to give 25 118 ng of

(R R-7-(2, 3-di hydroxy-1 - net hyl propyl am no) - 3-ort ho-tol yl -3, 4-
di hydr opyri mi do(l4,®deghssed solrtipnrof 2R, R)3- (reazlgsirpamino)tartaed-1,0-didll(240g,i | 2004
WO 01/ 29042 P , | & .6 . .
3-(2-chl or oghenyl )OB%%PT Iguyioﬂzl%o- @,‘%@?ﬁffcﬁ?ﬁaﬁw}%f’ﬂd%% FBORY i n- 2(1 H) -
one 51%4. 1 R2&pmght Thereadtios wa ecithated pivd chydrjedrthreo tinteb Withhydrogea-add
met hyl thi Op)f.ﬁérmhq}élﬁ vﬁﬂ%ﬁ:ogen at 50 psi and shaken on the hydrogenator overnight at

room temperature. The reaction mixture was filtered and concentrated to give 922

mg of (R,R)-3-aminobutane-1,2-diol as an oil, which was washed with hexane and

then dried in vacuo.

15 Preparation of (R,R)-7-(2,3-dihydroxy-1-methylpropylamino)-3-ortho-tolyl-3,4-
dihydropyrimido(4,5-d]pyrimidin-2(1H)-one.

Sulfone 9.2 (622 mg, 1.58 mmol) was combined with (R,R)-3-amino-butane-
1,2-diol (250 mg, 1.9 mmol) in 1,2-dimethoxyethane (1 mL) was heated at 100°C
for 2 hours under argon. The reaction was cooled to room temperature and diluted

20 with 9:1 dichloromethane/methanol and placed directly on a flash silica column
using 96:4 dichloromethane/methanol and 9:1 dichloromethane/methanol as eluant
to give 120 mg of a colorless oil, which was dissolved in ethyl acetate (10 mL) and
treated with 1 equivalent of hydrochloric acid (1.0M in ether). The precipitate was
collected by vacuum filtration, washed with ethyl acetate and dried in vacuo to give

25 118 mg of (R,R}-7-(2,3-dihydroxy-1-methylpropylamino)-3-ortho-tolyl-3,4-
dihydropyrimido{4,5-d]pyrimidin-2(1H)-one as a white solid.



S -N -NH2 S!' -9%%6 'NH2 A m xture of 21 April 2004

4- am no- 2- et hyl t hi opyri m di ne- 5- car boxal dehyde (9.5 g, 561 mol),
2-chloroaniline (6.7 m., 63.7 mml) and 4-tol uene-sul fonic acid 10
monohydr at WO(@/2882g, 4.5 mmol ) in 350 m, of xylene was hep&gpspndeys ref | ux
with azeotropic renoval of water-for 6 hours. The m xture was cooled to
250C and the precipitate was collected by vacuumfiltrati on and was washed
w th hexanes and air dried. This solid g@s t hen dissolved in 300 nil,
tetrahydrofuran. and the reaction cooled"to OOC. Lithium alum nium hydride
(2.3 g, 60.6 mol) was added in small 15 portions over 45 m nutes. Once the
addi tion was conpl et e, the mxture vkxample 64 ed for a further 15 m nutes
and careful | y3 t7 gabR : PAT .

aqueous sodi um hyd nen 20 1 : @S stirred
for 30 mnutes, filtered through cellteL_and the f||trate concentrated in
vacuo. The soI Id was purified with col umsbchromat ography on silica gel

usi ng 25% 20 acet one/ hexane. The fraction oY, i ng product were
concentrated under reduced pressure to a soI ich was recrystallized
fromethyl to give 7.0 g of 5-(2- y"™Xx

chl or ophenyl ) am no- net hyl - 4- ammo- 2| et hyl tliopyri m dine as a white solid.
21 April 2004 WO 01/29042 PCT. 4.2 Prepardtion of

3-(2-chl orophenyl)-7-nmet hyl t h| 0-3, 4-di hy'a‘rop i m do
E4,5-d]pyrimdin-2(IH-one d" n d HNH----- ~ NH2 SNNHSquidelOl

To a sktirred sol i;on coo 2ch|o penl) am nonet hyl -

5 ani n(B) 2- et hyl ti%l Opfrnlzpar é’}c ?i%“’éﬁ"fé)(“ﬁﬁﬂ'ﬁ%t‘jf T '%é‘oh?_’ of

t et r ahydr of unawlﬂmq:yamtbdetrl ethylamne (10 nL, 71.7 mrnol). This solution
was then treated dropwise with a solution of phosgeneCI( 14.2 nmL of 20%

solution in tol uene,

ol oo o
H
. o
§7 N N, e NH,
A mixture of 4-amino-2-methylthiopyrimidine-5-carboxaldehyde (9.5 g,

56.1 mmol), 2-chloroaniline (6.7 mL, 63.7 mmol) and 4-toluene-sulfonic acid
10 monohydrate (0.85 g, 4.5 mmol) in 350 mL of xylene was heated under reflux with

azeotropic removal of water for 6 hours. The mixture was cooled to 25°C and the
precipitate was collected by vacuurn filtration and was washed with hexanes and air
dried. This solid was then dissolved in 300 mL tetrahydrofuran. and the reaction

cooled to 0°C. Lithium aluminium hydride (2.3 g, 60.6 mmol) was added in small

15 portions over 45 minutes. Once the addition was complete, the mixture was stirred
for a further 15 minutes and carefully treated sequentially with 4.5 mL water, 4.5
mL of 15% aqueous sodium hydroxide and then 20 mL of water. The mixture was
stirred for 30 minutes, filtered through celite, and the filtrate concentrated in vacuo.
The solid was purified with column chromatography on silica gel using 25%

20 acetone/hexane. The fractions containing product were concentrated under
reduced pressure to a solid which was recrystallized from ethyl to give 7.0 g of 5-(2-
chlorophenyl)amino-methyl-4-amino-2-methylthiopyrimidine as a white solid.



27.2 nenol ). After stirring for 2 hours, an additional ?S&Hn 2004
triethylamne (35.9 mmol) was added foI | owed by phosgene ( q 20%
solution in toluene; 10 12.5 mml). After stirring for an additional 2
hours, ad¥WxQ18HER triethylarnine (2 nil, 14.3 nniol) waspcrigemnbessl owed by
phosgene (3 nmL of 20% solution in-toluene; 5.8 nrnol). The reaction was
stirred for one additional hour then warned to room tenperature, poured
onto a heterogeneous solution of 75 rnlywater and 150 nL ethyl acetate.
The m xture was then fi I ter e’d and the phases separated. The aqueous 15
phase was re- extract ;}1 ethyl acetate. The conbi ned et hyl
acetate extract® |3 et %?ﬂﬁ'é’?ﬂ)‘@d%@dthﬁrééﬁkﬁmmwﬁ@m due was
stirred w tp_z5.@}ppﬁ}ma§§g(m}amgl'he product was then collected by vacuum :
filtration and dried in yacuo to give 3.2 g of

3-(2-chl orophenyl) - 7- met , 4- di hydr opyri rni do[ 4, 5C!
.1)as a white solid. 20 21 I 2004 WO

dlpyrimdin-2(IH)- one (sulfl
] , ; Dle 65 An Altern on of 3-

01/ 29042 PCT/ EP X
2-chloro hen 1 0-3 4-dih dro ido- 14 -d " Nn2 1H one 5

65. 1 Prepar atixo 4-am no- 2- BT YT t hi~q ' e-&ycar boxyl ate N

. / NN HA<=ol Nonﬁﬁzethyl N N0

4-chl oro-2-met hyl t hi opyri m di ne- 5- carboxyl ate (1450 g, H6 23 nole) (Al drich
Chem cal Co., M I|waukee, Wsconsin, USA) in 2987 rrLgI 0 tetrahydrofuran
was cooled to 5-100 C and treated sIovay with a mxtaH&I012407" L of a

37% sol ution of ni_u dI’OXI 9 rie m ne. Lt er
stirring for 16 oa ,ec{n 1R Bakqde dntogt § ?fs E%v&l%l ﬁ?&%ﬂfﬁt"é’&’ﬁ RAicua to
appr o%i mat ed:ganﬁtz-mednylﬂﬁdpeneﬂdmﬁﬁeo i 24t%emmol)ie 208 slveftbeshydrdéfirdnexanes and
dried in a £ he fi{l S, ev at.ed under
reduced pr ngés%?gg{ig%t&gﬂgl vg?%&%i%l‘%—ﬁﬂ%ﬁ‘o’#h’ cﬁ%mn was ther tréate
4- am no- 2- ndrohyist with-apphitionaif pbegena(ll @xmLaif 20%ssohution in toluene,

27.2mmol). After stirring for 2 hours, an additional 5.0 mL of triethylamine (35.9

mmol) was added followed by phosgene (6.5 mL of 20% solution in toluene;

10 12.5mmol). After stirring for an additional 2 hours, additional triethylamine (2
ml, 14.3 mmol) was added followed by phosgene (3 mL of 20% solution in toluene;

5.8 mmol). The reaction was stirred for one additional hour then warmed to room

temperature, poured onto a heterogeneous solution of 75 ml water and 150 mL
ethyl acetate. The mixture was then filtered and the phases separated. The aqueous

15 phase was re-extracted twice with 150 mL ethyl acetate. The combined ethyl acetate
extracts were concentrated under reduced pressure. The residue was stirred with
ethyl acetate. The product was then collected by vacuum filtration and dried in
vacuo to give 3.2 g of 3-(2-chloropkenyl)-7-methylthio-3,4-dihydropyrimido[4,5-
d]pyrimidin-2(1H)-one (sulfide 10.1)as a white solid.

20



white solid. mp.130.1-130.7C. 65.2 Preparation of ethyl 21 April 2004
4-{{(2-chl orophenyl ) am no) car banyl am noj - 2

met hyl t hi opyri m di ne-5-carboxylate O H--- -- . h HH 20 To a suspensi on
of ethyl WO28@R22- et hyl t hi opyri m di ne-5-car boxyl ate (12&bwroomodssol es)
in 2600 nL xyl enes heated at 100-105 C was added (956.5g, 6.23 nvoles)
2-chi orophenyl i socyanate so as to naintain the tenperature at --100C. The
tenperature of the reaction m xture wa Jial sed to 120 C and stirred for 14
25 hours. Heating was stopped and sl ow cool ing to 110 C was begun. Wen 21
April 2004 WO 01/29042 PCT/ EPOQ 10088 115 crystallization began, slow
addition of 5256 mL ethyl acetate dxemplaéd the crystallization. The

m xture was cooled to 20C an ) gwas washed with ethyl :
acetate and was placed in a \Q/Aéicﬁltlﬁénﬁﬁ%vv Dr_gg&aggﬁf‘gd for 10-12 hours at 60 to
80 C to gi Zel2ichdargphanyll7Bimethyitiong|d-d pyeirmton] 4 bidiprricnidin2G1H)-5

car bonyl amgpa} - 2- met hyl t hi opyri m di ne- 5 carboxylate, mp.172.3-172.6 C

. 65.3 Preparation of j(2-chlorophenyl)amn noj-N-[5-(hydroxymethyl)-2-

met hy$t hi o pyrim din-4-yl]carboxam de 0 10 To a stirred suspension of ethyl

4-{[ (2-cbl oroph 1) &, e

2- et hyl t hi Opyl’l%g‘lxdl ne ajg%?%‘gmyﬂﬁgﬁ?lfr%%ﬁmdkhlfww ¢ 3 mrbaﬂ'hfe L
anhydrous tetrahydrofura® at -25C under nitrogen, wWds added a 1.0 M
solution of |ithium jum hydride in tetrah of anf\LZ, 730 m, 3.19
nol e) over a 3 hour O15 The resul ting yel vv|hon9 eneous sol ution
was held at -25C f fditional 45 m nutes dtowarmto OC
over the next 90 p}?nut es. HPLC anal ysi s showg% absenge of starting ester.
The solution was then quenched into a stirred”1.0 MRocheI le's salt
solution (8.0 L)

cont ai ni ng sus p&@gglq%r)%%ﬁ}ﬂﬁ%é‘}ﬁ%% Mﬁmﬁgmgﬁﬁxéﬁgm >

6.23 mole) (Aldrich Chemical Co., Milwaukee, Wisconsin, USA) in 2987 mL of

10 tetrahydrofuran was cooled to 5-109 C and treated slowly with a mixture of
2407 mL of 2 37% solution of ammonium hydroxide in 2978 mL triethylamine.
After stirting for 16 hours, the reaction mixture was concentrated in vacuo to

I)

er i|od

approximately 5L and filtered. The filter cake was washed with hexanes and dried
in a vacuum oven at 60-65°C. The filtrate was evaporated under reduced pressure

15 to give 1314 g (94%) of ethyl 4-amino-2-methylthio-pyrimidine-5-carboxylate as a
white solid. m.p. 130.1-130.7°C.

65.2  Preparation of ethyl 4-{{(2-chlorophenyl)amino Jcarbonylamino}-2-
methylthiopyrimidine-5-carboxylate

20
To a suspension of ethyl 4-amino-Z—methylthiopyrinﬁdine-S-carboxylate
(1215g, 5.7 moles) in 2600 mL xylenes heated at 100-105 °C was added (956.5g,
6.23 moles) 2-chlorophenylisocyanate so as to maintain the temperature at ~100°C.
The temperature of the reaction mixture was raised to 120 °C and stirred for 14
25 hours. Heating was stopped and slow cooling to 110 °C was begun. When



20 filtered. The yellow solid was washed with hexanes then dnigg bfhayacuo
at 60Cto give 69.3% (617 g) of

[ (2-chl or ophenyl )am no] - N-[ 5- (hydr oxynet hyl ) - 2-

met hyl t hi WhPLRPMHR di n- 4-yl | - car boxani de as yel | ow cryst al secyEeop/106882. 5C to
182.9C. This run was repeated on-1,168 g substrate to give 717.8 g of the
title conpound. 21 April 2004 WO 01/29042 116 PCTI EPOO/ 10088 65. 4
Preparation of f (2-chlorophenyl)am noj4sN-[5-(bronmonethyl)-2- nethylthio
pyri m di n-4-yl] carboxam de al 0 -O [(2-Chlor ophenyl )arri noj

-N-[ 5- (hydr ox t hy |op rirnidin- -yl ] carboxam de (1363 Q)
was m xed W\éﬁgﬁt‘%‘?i’?@f’g‘i’l‘ﬁf&i M@W‘aﬂ?ﬁé&lwﬁ‘%ﬂl?‘?dﬂ’g begun under
nitrogen. &u&aﬂsﬂhpwﬁm&ﬁf&mmbsﬁd&&wdmm@reaoqh@hketx@akmmék of uran
wer e added t Ei mxtur ove mnutes. Stirrjin was cont| nued _ for 4
hours, at mﬁﬁﬁﬁx laﬁﬁa"FﬁE MEse F‘H’g‘n\ﬁa‘?c%%ﬁ’ﬁ%‘ﬂ ifox 1-&ghoumsat 66° t er cake

was washedoeol’c(etd/glirms%%(M;&fe&ma-{@(adcmt&bﬁ&nw&hﬁioqmt at 55C in vacuum
oven to 10 give 1360 g (

[ (2- chl or oskdenyiRas inyerAinetfy farbaylate, m.p.172.3-172.6 °C.

met hyl t hi opyri m di n- 4 yI ] car boxam de (M+1377). 65.5 Preparation of
3-(2-chl orophenyl)-7-net hyl t hi o-3, 4- di hydropyrimdo[4,5-d]-pyrimdin-2(1
H-one N Br ~ M5R Pxepaktion ofﬂziﬁl@pi&nﬂbm@qu—[ﬁhﬁhmm&-zm of

[ (2-chloro - N brgapnet hyl ) -
2- rrethylthlop rlmgln m%I- a éxamde (1360g, 3.62 mole) of in 10 L

1- met hyl -
N= o N= OH
| . g .
s’l*”N N N - s’k“m N N
0 O

To a stirred suspension of ethyl 4-{ [(2—chlorophenyl)amino]carbonylanﬁno}¥
2-methylthiopyrimidine-5-carboxylate (1,000 g, 2.73 mole) in 4.7 L anhydrous
tetrahydrofuran, at -25°C under nitrogen, was added a 1.0 M solution of lithium
aluminium hydride in tetrahydrofuran (2,730 mL, 3.19 mole) over a 3 hour period.

15 The resulting yellow homogeneous solution was held at -25°C for an additional

10

45 minutes, then allowed to warm to 0°C over the next 90 minutes. HPLC analysis
showed absence of starting ester. The solution was then quenched into a stirred 1.0
M Rochelle's salt solution (8.0 L) and extracted with ethyl acetate. The pooled
extracts, containing suspended insoluble yellow product, were concentrated and

20 filtered. The yellow solid was washed with hexanes then dried in vacuo at 60°C to
give 69.3% (617 g) of [(2-chlorophenyl)amino]-N-[5-(hydroxymethyl)-2-
methylthiopyrimidin-4-yl]-carboxamide as yellow crystals; m.p. 182.5°C to 182.9°C.
This run was repeated on 1,168 g substrate to give 717.8 g of the title compound.



pyrrolidi none was added 136 nL hexanet hyl di sil azane. The m >g1q«_( | Y654 heat ed
to an internal tenperature of 105-115 C for 1.5 hours. The ure was
then cooled 20 to 30 C and treated with 20L water. The mxture was t hen
stirred atwgo®294for 2 hours and filtered. The filters werg98ohRedsgd and
washed sequentially with water . and hexanes. The product was placed in a
dryi ng oven and heat ed under vacuum for 16 hours to give 780 g (70.1% of
3-(2-cbl orophenyl)-7-nethyl thio-3,4 C y.erl% April 2004 WO 01129042 117

PCT/ EPOO/ 10088 di hydr opyri m do[ 4, 5-d] pyrim di n-2(1H)-one (sulfide 10.1) as
an off-white solid. (M1308) A rel ated conmpound,

7- met hyl t hi o- 3- o63.#i0- P@Pwtt@?#[d? Wmmymmm]W-Vﬂ[ﬁoﬂhbehyMﬁl n-2(1 H)-one
(sul fide 10 5& #ﬁ.ﬁ,@z 199 using ortho- tolyl isocyanate in

pl ace of 2-cC ana I'n step 65.2 above H3C Sul fide 102

Exanple 66 10 3g=z Qﬁophenyl - 7 met hyl sul f onyl - | hydr opyri m dol4
5-dl pyrirnidin- I]H e HS éfone 11.1 A _suspefsi ofB"3-

(2-chl or opheng ,\7 hyl th 0-{3, 4- di hydr opyri \é
in 50

[ 4, 5-d] pyrirnidin-2(1Hy0one g, 12.8 mmol) 8%0f or m was
cooled in ice and tredied 70% 3-chl orop rben20|c agji d ( @ 39.8
nmml ). The mxture waLstirrdd at roomterrperature for © hour t hen

treated tw ce f_10% I OSU ate an’left to
stir for 30 m %@rh&g%qﬂknyﬁe%’é??folﬁqmg%%l %’% %] or oxnet hane
and t e phaéﬁ'!;]cavbomrmépé.‘r%ﬂ ghtwas mﬁ:e&hmhﬁgﬁmmhyldaﬁmmd\medh&ﬁhcﬂ th a
saturat ed a f rbon e ver
magnesi um su e %ndﬂ#de {lm% (ft?o@)enrcpb%ts S Ryh r?mcpﬁg(éggfrﬁt) ?géj der
reduced pr emh}edrgﬁwm wezadal withemixae aytn 15 miinwties, [Stiztihy wascaititued

for 4 hours, at which time the reaction was stopped and filtered. The filter cake was

washed once with tetrahydrofuran and dried overnight at 55°C in vacuum oven to
10 give 1360 g (71%) of {(2-chlorophenyl)amino]-N-{5-(bromomethyl}-2-
methylthiopyrimidin-4-yl]carboxamide (M+1 377).

65.5  Preparation of 3-(2-chlorophenyl)-7-methylthio-3,4-
dihydropyrimido(4,5-d]-pyrimidin-2(1H)-one

Br
H H Cl
N TN, f
O

15 Sulfide 10.1

C:;@

N~ |
/S/I\\N ITJAO

To a suspension of [(2-chiorophenyl)amino}-N-{5-(bromomethyl)-
2-methylthiopyrimidin-4-yl}carboxamide (1360g, 3.62 mole) of in 10 L 1-methyl-2-
pyrrolidinone was added 136 mL hexamethyldisilazane. The mixture was heated to
an internal temperature of 105-115 °C for 1.5 hours. The mixture was then cooled

20 to 30 °C and treated with 20L water. The mixture was then stirred at 5-8 °C for 2
hours and filtered. The filters were collected and washed sequentially with water

and hexanes. The product was placed in a drying oven and heated under vacuum
for 16 hours to give 780 g (70.1%) of 3-(2-chlorophenyl)-7-methylthio-3,4-



21 April 2004 WO 01/29042 PCT/ EPOO 10088 118 5 10 then fil t%eﬁprﬁ 90& ve 2.6
g of 3-(2-chloro-phenyl)-7-nethyl sul fonyl -3, 4-

di hydr opyri m do[ 4, 5-d] pyri mi di n-2(1H)-one (sulfone 11.1) as a white solid.
(M+ = 3 oi2eanple 6 Conpound 4-19 This exanple ill ustparReod/idess
preparation of 3-(2-chlorophenyl)-7-(4-

hydr oxynmet hyl cycl ohex) | am no) - 3, 4-di hydropyri m do [4, 5-d] pyri mdin-2(1H)-
one. H O H Sulfone 11.1 (350 ng, 1.04 r’rﬁgl) was conbi ned with 4-am no-

cycl ohexyl net hanol (1:1cis/trans) (400 nmg, 3.3 nmol) (prepared as descri bed
in ChemBer.; GE 96; 1963, 2377-2386) with 0.3 nL of

1- met hy| - 2- ifydrepyritnidedss-Hpyrimidim2«tH)-enesslfide 104 Y asdn affevHimnol@l hour s at
which tinme ﬂ'tm_[,y\@gs cooled to room "tenperature. The reaction m xture was
added to water angl extracted with ethyl acetate, washed with water, dried,
and concentrated in vacuo. The residue was purified by colum

chr omat ogr aphy o [+L b i 90 hanel.l di oro-. et hane as

el uant _ The col u@r%éét%%g‘?}i ns %Zrﬁ%ﬁ@ﬁggt@%?o%ué?d%@%oﬁgﬁgﬁ rated 20 to
a foaf whi cl4ndlpyrimddiopdAHewne tﬁsuhiddwlﬂ:ﬂgl(MﬂdﬁBf)mprbpdrydinﬂngnbrmd—c aci d

(1. OM Et 20 ; L yvial v | | lter to give the

(e O 1 20 chiyhisBp8 i Plade (B RRbiyt HBEAa AR kb 65 %aBEvd

3- (2-chl orophenyl ) - 7- (4- hydr oxymet hyl cyt/CGahgxyl am no) - 3, 4-

di hydr opyri m do[ 4, 5-d] pyri nudi n- 2( 3H) - one. @Ao | 2004 WO 01/29042 119

PCTI EPOO/ 10088 Exanpl e 68 NJ"I\N
A S/L\\N N/g

/ I

H

O

Sulfide 10.2

Example 66
10

Sulfone 11.1

: A suspension of 3-(2-chlorophenyl)-7-methylthio-3,4-dihydropyrimido-

15 [4,5-d]pyrimidin-2(1H)-one (4.1 g, 12.8 mmol) in 50 mL of chloroform was cooled
in ice and treated with 70% 3-chloroperbenzoic acid (9.8 g, 39.8 mmol). The
mixture was stirred at room temperature for 2 hours, then treated twice with
100 mL of 10% aqueous sodium thiosulfate and left to stir for 30 minutes. The
reaction was diluted with 400 mL dichloromethane and the phases were separated.

20 The organic phase was washed with a saturated aqueous solution of sodium
bicarbonate and then dried over magnesium sulfate and filtered. Concentration of
the filtrate under reduced pressure gave a solid which was stirred with ethyl acetate,



Conpound 2-28 This exanple illustrates the preparation of .

3-(2-chl orophenyl)-7-(1- 21 April 2004

et hoxycar bonyl pi peri di n-4-yi am no) - 3, 4-di hydropyri m do[ 4, 5-d].pyrimdin- 5
2(1H)-onewoer29@2H Sul fone 11.1 (1.3 g, 3.75 mol) was takgiidelibesst hy!
4-am no- 1- piperidinecarboxylate (3.7 nmL, 21 rnnol) and heated to 120 C, at
whi ch 10 tenperature the initial suspension fully dissolved, then
reprecipitated into suspension 10 m nu%f'gs | ater. This secondary suspension
was heated at 150C for 1 hour, then coGled to roomtenperature and poured
into water to forma gummy nmass- Wien stirred with 50 nL ether, the gum

produced a thealfilterpddngiveyd &ﬁoﬁm(l-dﬂomephcnyl)aﬁmdﬂmlﬂﬂfoagl-i&& de. The

The. conbi ned i PEean ae- el S holE iREs 1ha)s WER DS, Ty ¢

wer e subnitEd84as the free base. Exanple 69 Corrpound 4- 25 20 This exarrpl e
illustrates the preparation of 7-(trans-4-amnocycl ohexyl - aniino)- 3-

(2-chl orophenyl) -3, 4-di hydropyrimdo [4,5-dJ pyrimdin-2 (1H)-one. 21 April
2004 VWD 01/29042 120 N H3CG 11 D. S, ~Exdmply67H PCT/ EPOO' 10088 L H' N N

Compound 4-19
This example ifllustrates the preparation of 3-(2-chlorophenyl)-7-(4-
hydroxymethylcyclohexylamino)-3,4-dihydropyrimido(4,5-d] pyrimidin-2(1H)-

one.
C'\/© | cl
N ™= N H\O X @
1 P — |
\S/J\N N/go N J\N/ N ,&
I H N ©
0

Sulfone 11.1 (350 mg, 1.04 mmol) was combined with 4-amino-
cyciohexylmethanol (1:1cis/trans) (400 mg, 3.3 mmol) (prepared as described in
Chem.Ber.; GE; 96; 1963; 2377-2386) with 0.3 mL of 1-methyl-2-pyrrolidinone.

10

15 ° The mixture was heated at 100° for 2 hours at which time it was cooled to room
temperature. The reaction mixture was added to water and extracted with ethyl
acetate, washed with water, dried, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel using 10:90 methanol/dichloro-
methane as eluant. The column fractions containing the product were concentrated

20 to a foam which was resuspended in methanol. Addition of hydrochloric acid

' (1.0M/Et;0, 1.0 equivalent) gave a salt which was filtered to give the hydrochloride
salt of 3-(2-chlorophenyl)-7-(4-hydroxymethylcyclohexylamino)-3,4~
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.



NO HNH Sulfone 11.1 (196 ng, 0.579 mmol) and 0.36 g (32 r4uy; f
trans-1,4 di am nocydohexane were dissolved in 5 nL of ¢ AHFPE@M’

1-net hyl - 2-pyrrolidinone. The reaction mxture was stirred at 80 C for 3
hours, co¥Da@d29ken 30 nL of ethyl 5 acetate and 30 nlL of posieeso/ivesse added.
The organic | ayer was separated and the aqueous |ayer was re-extracted
with 30 nL of di-chl oronethane. The conbined organic |ayers were
concentrated in vacuo and the crude quyigd formed a white precipitate upon
standing. The solids were filtered and washed with ethyl acetate to give
28 rug (13% of the title conpound as a white powder, mp. >300 C. The 10
product was taken up in ethyl acetaEsample68reated with HCI/Et20to formthe
hydrochl ori de salt of ' _

7- (trans-4-am nocydohexyl am no) - 3305{'%?1‘111gr%%ﬁenyl )-3,4- di hydropyrimdo
[4,5-d] pyrinm di'ﬁg‘zﬁ{ﬁqmi)ledhlétra@fiﬁle\mﬂ?a@am:dﬁ-ﬂ-ﬂﬂom]phpmﬂ)-ﬁ’i(dﬁ n-2 (1H)-one.

or epar at | ors APIse S RIS A in0) 3% S AR idd L Rk

(N, N- &i met BfAE)temgnoy| ani do) cycl ohexyl ani no] -3, 4-di hydropyrinido [4,5
H'l,- K N LC-Si M3 |,@z-, iMe3 Y CH3 CH3 NH2 HN . NNCHAN N.CH 0 0

s 00
3 20 To a solution of 7- @: - 4-am nocycl ohexyl am no) - 3- (Z-¢fl gr ophenyl ) -1
[ 2-(trimathy|siIM hyI] -3,4-dihydropyrim N pyri m din-2

(IH)- one N - | : H i
O“s.-)O\N N’&o \N/l\\N N’ko

! H ﬁj H
N
oJ"o’\
Sulfone 11.1 (1.3 g, 3.75 mmol) was taken up in ethy! 4-amino-1-

piperidinecarboxylate (3.7 mL, 21 mmol) and heated to 120 °C, at which

10 temperature the initial suspension fully dissolved, then reprecipitated into
suspension 10 minutes later. This secondary suspension was heated at 150°C for 1
hour, then cooled to room temperature and poured into water to form a gummy
mass. When stirred with 50 mL ether, the gum produced a small quantity of white
solid, which was set aside. The remaining gum was treated with 10-15 mL methanol

15 to form a white solid. The combined white solids totalled 0.685 g (1.59 mmol), of
which 30 mg were submitted as the free base.

Example 69
Cémpound 4-25

20 This example lustrates the preparation of 7-(trans-4-aminocyclohexyl-
amino)-3-(2-chlorophenyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.



L- - NN N21 April 2004 WO 01/29042 PCT/ EPO0O/ 10088 1212(13;%35“% 0-632
nmol )" (prepared as described in Exanple 87) in 20 nL of dichl oronet hane
were added triethylaniine (0.10 nL, 0.72 nmol) and a sol ution of

di met hyl sovaev@¥04zhl oride (0.12 g, 0.84 mmol) in 5 nL of dpehHkroasgikhane.
The reaction mxture was refluxed for 18 hours, cool ed, then concentrated
I n vacuo. 5 Purification by chromatography using 5% net hanol |

di chl oronet hane as eluant gave 271 ngy ﬁ% % of

3-(2-chl orophenyl)-7-[trans-4- (N, N-di met'hyl sul fam oyl -

a. m do)cycl ohexylamno ] -1- [2-(trinethylsilyl)ethoxynmethyl] -3, 4-dihydro-

pyrim'do[4,5-d]pyrim'din-@t one as a white foam (M} =gl
m p. 106. 5-110. 0 0C) N—l’[ Theﬁ) ' Nm
3-(2-chl or ophepyi) - ari$- 2¥TNN- di net hyl sul f anpyl SNEY hexyl am no
] -1- [ 2- (trFyaétg%eﬁ' Lkethoxyrrerhw—j*&&*ﬂ{ m;@do [4, 5-
d] pyri mi di n- 2( 1Hy 49 (2%0 %, 0.410 mol) was di s¥ol PedW'n"@ ni of

met hanol and treated witdh 10 nlL of 10% aqueous ochl¢qi c acid- The
reaction m xture 15 was stirred at 50 C and noni d by TLC (5%

met hanol / di chl oromet hane). The reaction tenperatuye was raised to 85 C for
3 hours, and the reaction m xture was concentratedHin vacuo. The resulting
suspension was filtered to give a white solid, which was washed with et hyl
acetate to gi veSulfsheid.l|(396 2ig, 6672 andlyandiddé o (32 ensall) of trofs-1,4-

3-(2-ch|orog%§_\lﬁx = - Az | BRIty - gyl ak.ni do) cyel ohexyl 20
am no] -3, 4-di y!()j 8%’?%9%{*4?‘%&8%% m di %‘%‘?M%ﬁg%?%ﬁ% powder .
Exanpl ﬁl 71 rﬁoﬁqurmﬁﬁuﬁe% stifted aedEiQfor 3iohtss tdoMd; thenB® A1 @Pathat | on of
3-(2 G o Ogce%ancgax)nd 30 mL of water were added. The organic layer was separated and the

aqueous layer was re-extracted with 30 mL of dichloromethane. The combined

organic layers were concentrated in vacuo and the crude liquid formed a white

precipitate upon standing. The solids were filtered and washed with ethyl acetate to
give 28 mg (13%) of the title compound as a white powder, m.p. >300 °C. The

10 product was taken up in ethyl acetate and treated with HCI/Et;O to form the
hydrochloride salt of 7-(trans-4-aminocyclohexylamino)-3-(2-chlorophenyl)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2{1H)-one as a white powder.

Example 70
15 Compound 4-26

This example illustrates the preparation of 3-(2-chlorophenyl)-7-[trans-4-
(N,N-dimethylsulfamoylamido)cyclohexylamino]-3,4-dihydropyrimido{4,5-
dlpyrimidin-2(iH)-one.

cl . ci Ci
H\Ni/hl]\/l:io — H\Nl/NIN\iO — i;r:y\io
H

i Lo~SiMe, i kO,\,SiMea &
X CH, CH,

NH, HN. o.N. HN.o-N.
S B H
_ oo O oo
20 To a solution of 7-(trans-4-aminocyclohexylamino)-3-(2-chlorophenyl)-1-
[2-(trimethylsilyl)ethoxymethyl] -3,4-dihydropyrimido{4,5-d] pyrimidin-2(1H)-one




25
7- (1, 4-di oxaspiro[ 4. 5] dec- 8-yl am n6) - 3, 4-di hydr opyri m doJ 4, gjcﬁpm r2(|)?1€|l di n-

2(1H) -one. 21 April 2004 WD 01/29042 122 QJ J. S NO H3C H PCT/ EPOO 10088
Sul f one 1WO0101249048 g) 13 mmol ) was conbi ned with 1, 4-di oxasgrrEejedodsgdec- 8-
ylamne (4.2 g, 27 mmtl) (prepared as described in Exanple 8) in 40 nL
1-met hyl - 2-pyrrolidinone. The reaction m xture was heated to 100 oC
overnight, at which 5 time it was cool g¢;to roomtenperature, diluted wth
ethyl acetate and water, and filtered to give an off white solid. I'M

hydrochlorlc acid in dleth | ether was added to slurry of the product
(0.12 g, 0.(318 mgh-§32 mmal) Wedwmdmgmmplngﬂmdom@ﬁ was

concent r at YEhire weiEa stRyMAEn Mt ﬂﬁﬂ% ?h&
di chl or orreﬁ%ﬂrllée}oﬁ pﬁrl;gf [ ec{j&altﬂf I al\gﬂ cé@lg‘rérat oRﬁg Iaq’ls{dcaaﬂgeol usi ng 2%
p

10 r net handiimgihy themde %:Q&r#tmmel)gw é‘d@r@mqﬂnan@ grpound as
the free hag@on hidireRCRARKILCHOAES Hoﬁz@ éyo?etdh%en%éﬁl%ﬁtr‘é\éa iAgfed to a slurry

of the product in methanol. The resulti na solution was concentrated under

a st ream ofP URIBCRERIERY, chromatogmphy daing Remethanol dirhloremethere aselupnte 80 ny of
the hyd oYdeat ) 4.5
dec- syy{gﬁq%ﬁ?memgw/ A I A B M’%“ﬁ e as
yel | ow sol iag @fﬁ‘%‘ﬁ! ?;21'-“‘%0 Z‘Hﬂn Ybﬁﬂ'@% 18.4-dihydra-at es t he
prepar at i opyginido[@d- @jyyﬁ&@memm-&eeéa ¥hie foath. (MH* =

6
cycl ohexyl am ng) - 3, 4- dropyri m do[ 4, 5-d] pyri m di n- Z%I H) -one. 21 April
2004 WO 01/“2“9014%53&9%?&1&0088 123 Ck Cf

10

The 3-(2-chlorophenyl)-7-[trans-4-(N,N-dimethylsulfamoylamido)-
cyclohexylamino]-1-[2-(trimethylsilyl)ethoxymethyl]-3,4-dihydropyrimido{4,5-
d]pyrimidin-2(1H)-one (250 mg, 0.410 mmol) was dissolved in 10 mL of methanol
and treated with 10 mL of 10% aqueous hydrochloric acid. The reaction mixture

15 was stirred at 50 °C and monitored by TLC (5% methanol/dichloromethane). The

reaction temperature was raised to 85 °C for 3 hours, and the reaction mixture was
concentrated in vacuo. The resulting suspension was filtered to give a white solid,
which was washed with ethyl acetate to give 125 mg (59 %) of the hydrochloride salt
of 3-(2-chlorophenyl)-7-[trans-4-(N,N-dimethyl-sulfamoylamido)cyclohexyl-

20 amino]-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one as a white powder.

Example 71
Compound 4-24

| This example illustrates the preparation of 3-(2-chlorophenyl)-
25 7-(1,4-dioxaspiro[4.5}dec-8-ylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-
2(1H)}-one. .



NNN -N"OJ, H- Amxture of .

3-(2-chl orophenyl)-7-(1, 4-di oxaspi ro[ 4. 5] dec- 8-yl am no) - 3, 4-21 April 2004

di hydr opyri m do[ 4, 5-d] pyri mi di n-2(1H)-one (0.17 g, 0.41 mol) (prepared as
descri bedwB@ipis2 71) in 1:1 tetrahydrofuranl 3N aqueous hypdieedi/@bssc aci d
was 5 stirred at room tenperature-overnight. The reaction m xture was then
diluted with ethyl acetate and treated with saturated aqueous sodi um

bi carbonate. The layers were separatedyy,and the aqueous |ayer extracted
with ethyl acetate. The organic |ayer was washed with brine; dried with
sodium sul fate, and concentrated under reduced pressure. The residue was
di ssol ved in nethanol and purified by fftash 10 chromat ography on silica gel
usi ng 2% anmoni um hydroxi de in 35% acetqQne/ hexane as el ugpt. .The fractions
cont ai ni ng product were conbi ned and centrated under r pressure
to a white solid which wag.syspended i< net hanol . pjefth i1 2 -1M
hydrochl oric acid in diet hy her ga\9\e_fhe sali wh \chl concentrat ed
and punped underQr RFesstre to give 80 ng olN't PNT €015

hydr ochl ori de 9%\)@‘ - (4;chl orophenyT)-7- 27~ oxQ dohe,ﬂqyl azni no) - 3, 4-
di hydr opyri mi do[ 255- 8 pyW¥'i @di n-2(1 H)-one as a @- foam 21 April 2004
WO 01/ 29042 PCH_EP00/ 10498 124 Exanpl e 73 Conpodwd 4-2 This exanpl e

illustrates the %alternative preparations of 3-(XcKorophenyl)- 7-
(trans-4- hydroxycycl ohexyl am no) - 3, 4-di hydropyrinmdo [4,5-d] pyrimdin5

2(1H)-one. 73. 1sRfeRa5 At 8%, {3 mmdB wileontbif@\Girth 4kai60asB 00151 ade-48 MMO!)
was combi ned with trans-4-3gm no-
ylamine (4.2 g, 27 mmol) (prepared as described in Example 8) in 40 mL 1-methyl-
2-pyrrolidinone. The reaction mixture was heated to 100 °C overnight, at which
5 time it was cooled to room temperature, diluted with ethyl acetate and water, and
filtered to give an off-white solid. IM hydrochloric acid in diethyl ethe: was added

to a shurry of the product (0.12 g, 0.29 mmo}) in methanol, and the resulting

solution was concentrated in vacuo. The residue was taken up in methanol/
dichloromethane and purified by flash chromatography on silica gel using 2%

10 methanol/dichloromethane as eluant to give the pure title compound as the free
base. 1M Hydrochloric acid in diethyl ether was added to a slurry of the product in
methanol. The resulting solution was concentrated under a stream of nitrogen,
then pumped under reduced pressure to give 80 mg of the hydrochloride salt of the
3-(2-chlorophenyl)-7-(1,4-dioxaspiro[4.5]dec-8-ylamino)-3,4-dihydropyrimido-

15 [4,5-d]-pyrimidin-2(1H)-one as a yellow solid.

Example 72
Compound 4-23

| This example illustrates the preparation of 3-(2-chlorophenyl)-7-(4-oxo-
20 cyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.



cycl ohexanol (0.272 g, 2.36 mmol) and 2-nmet hoxyethyl ether (.4, b) 4The

m xture was heated to 100-105 C for 1 hour at which tinme it was cooled to
roomtenperature and concentrated in vacuo. The residue was purified by
colum cWOMEPY3r aphy on silica gel using 9:1 di chl or onePtamesnisdssancl .
The columm 15 fractions containing product were conbi ned and concentrated
in vacua to an oil which was re-dissolved in ethyl acetate and net hanol .
Addi ti on of hydrochloric acid (LAME. 2031. 0 equi val ent) gave the salt

whi ch dissolved in the solvents. The solution was concentrated in vacuo to
a solid which was triturated in ether, filtered and dI’IEd to glve 0.220 g

of 3-(2-chlorophenyl)- 7-(3! 4- hydroxycycl ohexyl 20
am no) - 3, 4- di bydr op do d] pyri m di n-2( 1H) on 2004 WO
i Preparation S - 0| H/'Eul ide 10.1 OH

01/ 29042 125 7%!&\2
PCT/ EPOQ 10088 sul fide 10.1 (700

1- met hyl - 2- pyrrolj d| non (3000 nli)y~was—eonbi ned th NIchI orosucci ni m de
(350 g) in 500 met h¥d - 2- pyrrol i di none 5 and wat Er, and the'inixture

was stirred for ‘hours at 25 C. To this solu was added
trans- 4- am nocy anol (865g). The m xture was heat ed to 60 C for 12-26
hours, cooled top2P-25 C and treated with 10500 A water. This mixture was

cooled to 5-8 C and stirred for 2 hours- The solid was coll ected by
filtration, washwmdxtwreds 3vfét¢éﬂ0ropbw—}éb7dh,&-tﬂox&ﬁm[t4 FBecByhminoRns,d4um oven

t id

cﬁl g; ggheﬁmns[%s ﬁg}) roxyc eﬁn”c%’ 03415“%"%8“8%@39?%1 do[ 4, 5-

d] pyri ni di Exarople ThbinHyLt V@Oﬁ@t@n@al aquegus hyrdrechidwyc adikwact i on of
ethangl i ¢ hydreaehl ik fenfelathrd@elnigit. THE L4060 BASGre was dEQER:Ra (. CompoOUNd

4-5
ethy] acetate and treated with saturated aqueous sodium bicarbonate. The layers

were separated, and the aqueous layer extracted with ethyl acetate. The organic
layer was washed with brine; dried with sodium sulfate, and concentrated under
reduced pressure. The residue was dissolved in methanol and purified by flash
10 chromatography on silica gel using 2% ammonium hydroxide in 35%
acetone/hexane as eluant. The fractions containing product were combined and
concentrated under reduced pressure to a white solid which was suspended in
methanol. Addition of 1M hydrochloric acid in diethyl ether gave the salt which
was concentrated and pumped under reduced pressure to give 80 mg of the pure
15  hydrochloride salt of 3-(2-chlorophenyl)-7-(4-oxo-cyclohexylamino)-3,4-

dihydropyrimido[4,5-d]pyrimidin-2(1H)-one as a yellow foam.




This exanple illustrates an alternative preparation of 7-(tr2qr}§p-rﬁ12 pr oXYy-
cydohexyl am no) - 3-ort ho-tol yl -3, 4-di hydr opyri m do

[4,5-d] pyrimdin-2(1H)-one. H Sulfide 102 OH 20 A solution of sulfide 10.2
(2 g) in WohwBoeet hyl - 2- pyrrol i di none was conbi ned w t h pcr/EPOO/10088

N-chl orosuccinimde (1.03 g) in 4-nL 1-nethyl-2-pyrrolidinone 21 April 2004
WO 01/ 29042 PCT/ EPOQ 10088 126 and 0. 125 g water, and the m xture was
stored for 1.5 hours at 25 C. To this §?‘1 ution was added

trans- 4- am nocycl ohexanol (2.65¢g). The mXture was heated to 60 C for 48
hours, cooled to 20-25 C and treated with 10 rnL water. This m xture was
cooled to 5C and stirred for 2 hour £xample®ol i d was col | ected by
filtration, 5 washed with water, hey, %ﬁnga_ch dried in vacuo. The solid was
purified by flash colum chromatography usi'nhg 95/5 - 90/ 10

di chi or orret hane/ fisexaoipleilugtaesthe altepnajive préparatiogs of 3-(2-chlorophenyl)-

7-(trans-4- Ry C l - 3-0f |~ = o1

di hydr opyri ng,(r) 4'54§3§i p@ri ré}l?e%}rl%o’éﬁi g'{rglg’a} e r“go u15t‘il]|ﬁ’6ngléibina was

conver ed t @(1Hhentydrochl oride salt by the action of ethereal hydrochloric
acid/ ethyl acetate on 10 the free base. Exanple .75 Conpound 4-15 This
exanple illustrates the preparation of 3-(2-chlorophenyl)-7-(trans- 15

4-f or nyl oxycycl oédy| direasestios, 4- di hydr opyr hni do[ 4, 5-d] pyri mi di n-2( 1H) - one.
OH HN H A m xture of ci

3-(2-chl orophenyl)-7-(t rgln frydr oxycycl ohexyl am no) - 3, 4-
di hydr opyri m do[ 4, 5-di pyrir

_,2(1H)-on§ (300ny, 0.8 real) (prd as 20
described in Exa )M Nd~=86% f ormi c Cing m.) Sxs#Trped 8t-60 C for
3 hours, thef cdihce trat d under_reduced pr r%ﬂﬂg?{ esiji\e was

e N~ 0
H H

trituratedin\\é i\ ed and dried to ¢
3-(2-chl orophegyl )-7-(tHans- 4- -

10 Sulfone 11.1 (0.400 g, 1.18 mmol) was combined with trans-4-amino-
cyclohexanol (0.272 g, 2.36 mmol) and 2-methoxyethyl ether (0.4 mL). The
mixture was heated to 100-105 °C for 1 hour at which time it was cooled to room

temperature and concentrated iz vacuo. The residue was purified by column

chromatography on silica gel using 9:1 dichloromethane/methanol. The column

15 fractions containing product were combined and concentrated in vacuo to an oil
which was re-dissolved in ethyl acetate and methanol. Addition of hydrochloric
acid (1.0M/Et,0, 1.0 equivalent) gave the salt which dissolved in the solvents. The
solution was concentrated in vacuo to a solid which was triturated in ether, filtered
and dried to give 0.220 g of 3-(2—chloropheny1)-7-(tmns-4-hydroxycyclohexy1—

20 amino)-3,4-dihydropyrimido[4,5-d}pyrimidin-2(1H)-one.




f or myl oxycycl ohexyl am no) - 3, 4- di hydropyri m do [ 4, 5-d] -pyrlghg%ﬂuégég
H) -one. 21 April 2004 WO 01/29042 PCT/ EPOQ 10088 127 Exa

4-13 This exanple illustrates the preparation of 7-(trans 4- acetyloxy-

cycl ohexyWweniine)+23- (2-chl orophenyl) -3, 4-di hydropyri m do pdrbpddliogrgr i m di n-
5 2(1H) -one. ~N Sulfone 11.1 ; NH HN NNOHO A suspension of

3 (2 chl or ophenyl ) -7-(trans-4-hydroxycycl ohexyl ai ni no)

4- di hydropyrim do[ 4, 5-d] pyri m di n- 2(Ig% one (400 nmg, 1.07 mmol) (prepared
as described in Exanple 73),  acetic anh & ride (0.3 nm., 3.2 nmol) and
pyridine 10 (0.34 nlL, 4.3 mnol) in 5 nL dichloronethane was stirred at 25C
for 18 hours. TE%Zreé&@ndn&dkﬁmuH@nmas filtered and the precipitate was

washed with dichloronmethane, dried and suspended in ethyl acgtafe.

Addi tion of hydroclgoric acidj(1.ov Et@,O . 0 equi val ent gave@ sal t
which was filtered a gried to give 200 f the hydr A salt of
7-(trans-4-ac \Q —— \ by ,k

3-(2-chl orop 4 di hydro yﬁv@g\ d] yrim di neZ(HH)ror% Exanpl e
77 Conpoun h|s exanple Iy ustrate th¢ prepar on dtf

3-(2-chl orophenyl) 7-(trans-
4- met hoxycar bosytigecy cl ohexyl am no) - 3, 4-di hydr opyri m gdg[ 4, 5-d] pyri m di n-
2(1H)-one. 21 ril 2004

solution of sulfide 10.1 (700 g} in 1-methyl-2-pyrrolidinone (3000 mL) was

combined with N-chlorosuccinimide (350 g) in 500mL 1-methyl-2-pyrrolidinone
5 and 40g water, and the Hixture was stirred for 1.5 hours at 25 °C. To this solution

was added frans-4-aminocyclohexanol (865g). The mixture was heated to 60 °C for
12-26 hours, cooled to 20-25 °C and treated with 10500 ml water. This mixture
was cooled to 5-8 °C and stirred for 2 hours. The sol_id was collected by filtration,
washed with water, hexa.nes. and dried at 65 °C in a vacuum oven to provide 3-(2-

10 chlorophenyl)-7-(trans-4-hydroxycyclohexlamino)-3,4-dihydropyrimido[4,5-
d}pyrimidin-2(1H)-one. The hydrochloride salt is formed by the action of
ethanolic hydrochloric acid/water on the free base.

Example 74
15 Compound 4-5

This example lustrates an alternative preparation of 7-(trans-4-hydroxy-
cyclohexylamino)-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1H)-one.

PO G oy
) N= N
0 — [ |
I

Sulfide 102 . OH

20 _
A solution of sulfide 10.2 (2 g) in 4 mL 1-methyl-2-pyrrolidinone was
combined with N-chlorosuccinimide (1.03 g) in 4 ml 1-methyl-2-pyrrolidinone



WD 01/29042 128 OH PCT/ EP00110088 Y O CH3 O A suspension oty April 2004
3-(2-chl orophenyl)-7-(trans-4-hydroxycydohexyl am no) -

3, 4-di hydropyriinido[4,5-d]pyrimdin-2(1H)-one (200 ng, 0.5 nmol) (prepared
as descrwioed/mm2Exanpl e 73), and 4-di net hyl am nopyri di nept®apodiossO. 05
mmol) in 5 tetrahydrofuran was cooled in an ice bath. D nethyl pyrocarbonate
(0.6 nm., 5.35 mvl) was added and the m xture was stirred at 25C for 18
hours. The reaction was filtered and tjhe precipitate was purified by

col um chr omat ography on silica gel using 98:2 dichl oronet hane/ nethanol
as eluant to obtain 30 ng of the title conmpound. Addition of hydrochloric
aci d (1. OMdada) 252 Wateq and tHeanixturg amaestirfed fhe 1 Sdloursvdt 26 ROV thisl t er ed and

. STBotl Lt SRR T ] o R )
[ 4, 5-d] pyr i g0 < far 26 hblrsORRledkd 25230 Bid R ateBURBPH L 40atdr. THiSmBXGRP! €

illustrates the preparation of 7-(trans-4-carbanoyl oxy- cycl ohexyl an no)- 3-
(2- chl or opkasrepbled 80 A°@akd/stivoglfor Arhdars] Thésalid vmsrcolléctédby feratihnone. 21

Seperici on el v afes besmicnit e i e TR SR DY AN no) -

3, 4- di hydr apjuritchiopbtSeraptpyusing o5/51- 20/10HichRrofmehandgnetRanbl agelgdn: ( pr epar ed
to give 614 mg of 7-(trans-4-hydroxycyclohexylamino)-3-ortho-tolyl-3,4-
dihydropyrimido(4,5-d]pyrimidin-2(1H)-one. The resulting solid was converted to
the hydrochloride salt by the action of ethereal hydrochloric acid/ethy! acetate on

10 the free base.

Example 75
Compound 4-15

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-
15 4-formyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

0~

Ci
Sulfone 11,1 —> JL/\/E\/L > /m/n
BN N NS0 >

HN” N7 N7 o
H
OH 0. -0

A mixture of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-3,4-
dihydropyrimido{4,5-d} pyrimidin-2(1H)-one (300mg, 0.8 mal) (prepared as
20 described in Example 73) and 96% formic acid (2 mL) was stirred at 60 °C for 3
hours, then concentrated under reduced pressure. The residue was triturated in
ether, filtered and dried to give 250 mg of 3-(2-chlorophenyl)-7-(trans-4-
formyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-d]-pyrimidin-2 (1H)-omne.



as described in Exanple 73) in 3 nL dichl oromet hane was coolzqq%jr-pz ice
bath, 5 and chl orosul fonyl -i socyanate (0.09 nm_, 1. 01 nmol) was dde . The
reactiion mxture was stirred at 25C for 18 hours, then treated with 0.5
nmL wat er . wohma29dazphasi ¢ mi xture was stirred for 8 hours, priikese@doesend t he
precipitate was purified by columm chromatography on silica gel using 97:3
di chl oronet hane/ net hanol to obtain |l | Ong of the title conpound. Addition
of hydrochloric acid (1.OMEt20, 10 2. OIﬁQUi val ent) gave the salt which was
filtered and dried to give 94 ng of the "hydrochloride salt of

7- (trans-4-car banoyl oxycycl ohexyl am no) - 3- ( 2-

chl or ophenyl ) - 3, 4- di hydr opyri m do[ 4Efmplegéi mi di n- 2( 1H) - one. 15 Exanple 79
Compound 4-22 This exanple ill ust @Eﬁ{%&ﬁ%gg eparation of 3-

(2-chl orophenyl )-7-(trans- 4-nethyl am nocar bonyl oxycycl ohexyl am no) -3, 4-

di hydr opyri mi do This8xanple gipstratesithn pPeparatidn of Jagrane-#-agetyldxy2004 WO 01/ 29042

PCT/ EPOQ 10( faome Ny I ' = ), . Ispensi on of
3-(2-chloro hekﬂﬂ@k&? r3a s#ﬁé%@%?&dy%dé amdﬁg’gé]muﬁiﬁﬁj

3, 4- didhydr o¥ytH)rango[ 4, 5-d] pyri m di n-2(1H)-one (350 ngy, 0.94 mmol) (prepared
as described above in Exanple 73) ingg ni dichl oronet hane treated with
I mL 5 (excess) nethyl isocyanate, t ‘triethylam ne. ture was
stirred under nitrogen atnos veek The reactign iltered
and the pr e@uﬁr‘ie@iﬁ \/\/a.s_masg%l orongt hand™ dvy’ed N uspended
in ethyl acetate. Addition i ockl oric aciddgi. 20,42.0

equival ent) gave the salt Y ciNwafifilQered andiiiri &¥ tq¥gi ¥ 250 ng of
the hydrochl oride salt of 3A(2-chlorophenyl)-7-(tLans

OH O.__CH,

T

: O
A suspension of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-

3,4~dihydropyrimido{4,5-d}pyrimidin-2(1H)-one (400 mg, 1.07 mmol) (prepared
as described in Exémple 73), acetic anhydride (0.3 ml, 3.2 mmol) and pyridine

10 (0.34 mL, 4.3 mmol) in 5 mL dichloromethane was stirred at 25°C for 18 hours.
The reaction mixture was filtered and the precipitate was washed with
dichloromethane, dried and suspended in ethyl acetate. Addition of hydrochloric
acid (1.OM/Et20, 2.0 equivalent gave the salt which was filtered and dried to give
200 mg of the hydrochloride salt of 7-(trans-4-acetyloxycyclohexylamino)-

15 3-(2-chlorophenyl)-3,4-dihydropyrimido{4,5-d] pyrimidin-2(1H)-cne.

Example 77
Compound 4-20

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-

20 4-methoxycarbonyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-d ] pyrimidin-
2(1H)-one.




10 4- et hyl am nocar bonyl oxycycl ohexyl - am no) - 3, 4- di hydr opyr izqi dgi %404{5 d]
pyrimdin-2 (1H)-one. Exanple 80 Conpound 4-3 15 This exanpl eApl I| %s rates
t he preparation of 7-(3-carboxy-isopropyl am no)- 3-
(2- chl or oph@wykYe48, 4- di hydr opyri mi do 14, 5-d] pyrim din-2 (detReonliis
Sul fone 11.1 20 Sulfone 11.1 (1.0.9g, 2.97 nmol) was conbined wth ethyl
3-am nobutyrate (0.87 rnL, 5.94 mmol). The m xture was heated to 110-115 C
for 1 hour at which 21 April 2004 WO 0149042 131 PCTI EPO0/ 10088 tine it
was cooled to réomtenperature. The residue was purified by colum
chromat ography on silica gel using 10:1 dichl oronet hanel rnethanol. The
colum fractions containing product Cl
7- (3-carbet ho) cy-i sopropyl am no) - 3- ( 2@3@ J:J :
chl or ophenyl ) - 3, 4- di hydr opyri R} ; i m din-2( P conbi ned
5 and concefuferedliin vacud td| a gol ioﬂk(l' 16—g)y> Thejjestpr ({0.500 g, 1.24
nmmol ) was dissolved in ne 7 I'Fpon of sodyy f (0.05 g,
1.24 mmol) and water (1 nlL)i gave tHe sodium salt Fhe sol Hion was
concentrated in vacuo to a 9l i d which was trity ed in ethyl acetate for
1 hour, filtered and dri ed give 0.41 g of
7- (3-carboxy-i sopropyl am no) 3- (2-chl orophenyl ) -3~di hydropyrimdo[ 4,5 10"
dl -pyrirnidin-2(1H-one. (Mgyq= 376, mp. 170.0- 185.3%) Exanple 81
Conpound 3-48 This exanple illustrates the preparatign ofH,
1- benzyl - 3- (2-chl orophenyl ) - 15 0O :
7-(trans-4-hydroxycycl ohexyl am no) - 3, 4-di hydropyri m do[ 4, 5-d] pyri m di n-
2(1H) - one. 81. 1APrsgETian P&%(%fhbr?&iwgﬂoﬂrmﬁ;hyﬁrwq hesylamino)-
tent - but yl d3 ARtikWAropyrimido[4,5-d]pyrimidin-2(1H)-one (2 !
silyl oxy- cygl ohbex _I%r ni n?} 3, Jlr-’di hydr og)yr)j r ni((_j(c)).0 2g593jnbm?]i)$r§}>%rjaczl(ail_b - one.
HO 20 escribed in Example 73), and 4-dimethylaminopyridine (6.5 mg, 0.05 mmol) in

5 tetrahydrofuran was cooled in an ice bath. Dimethylpyrocarbonate (0.6 mL,

5.35 mmol) was added and the mixture was stirred at 25°C for 18 hours. The

reaction was filtered and the precipitate was purified by column chromatography on
silica gel using 98:2 dichloromethane/ methanol as eluant to obtain 30 mg of the
title compound. Addition of hydrochloric acid (1.0M/Et,0, 2.0 equivalent) gave

10 the salt which was filtered and dried to give 34 mg of the hydrochloride salt of
3-(2-chlorophenyl)-7-(trans-4-methoxycarbonyloxycyclohexylamino)-3,4-dihydro-
pyrimido{4,5-d] pyrimidin-2(1H)-one.

. Example 78
15 Compound 4-21

This exal;lple illustrates the preparation of 7-(trans-4-carbamoyloxy-
cyclohexylanﬂno)-3-(2-chlorophenyl)-3,4-dihydropyrimido[4,5-d]pyrimidin—
2(1H)-one.



A suspension of 3-(2-chlorophenyl)-7-(trans-4-hydroxycycl ohexy ,B%p%
3, 4-di hydropyrirnido[ 4, 5-d] pyrimdin-2(1H-one (1.86 g, 5 mmol P%repared

~as described in Exanple 73) was conbined with tert-butyl di methyl silyl

chl ori de WO /2983 g, 7 nmol) and imdazole (0.75 g, 11 rmpEy/EPEV/10088

di ret hyl formam de (35 nL). The reaction m xture was heated at 50C for 24
hours, cooled to roomtenperature and added to water, stirred for 30
mnutes, filtered and dried to give 1.88¢g of 3-(2 21 April 2004 WO

01/ 29042 132 PCT/ EPOQ 10088 °

chl orophenyl)-7-(trans-4-tent-butyl -di nethyl, siiyl oxyrycl ohexyl am no) -3, 4-
di hydr opyri m do[ 4, 5-d) pyri mi di n- 2( 1Hb~qee~.m p. 289- 294C 81.G ration of
1- benzyl - 3- (2- chl orophenyl ) - 7- (trans 4 t-butyl 5
di net hyl si | yl oxy 1\;‘gl ohexyl am et opyri m def- in-2(1H) -
one. Sodi unrHijefie; |/j&60% oT‘I—EITspe)\lo )) /v@s added to a
suspensi on

of 3- (2-chl orophenyl )-7-(t ra‘ S- 4 ter"i butyI di et hyI.S| I yI oxy‘t) rcI ohexyl -

am no) - 3, 4-di hydr opyri m dg b-dl pyri m di n-2( 1H) 8 (486 ng, 1 mmol) in 10
1- met hyl - 2- pyrrol i di none, d was stirred at roo dnperature for 25
mnutes- To this solution Jas added benzyl bromye (0.12 nL 1 nmol) and
stirred at room tenperatur@Hfor 4 hours. The reagi ojydyi xture was added to
wat er and extracted wth ethyl acetate. The | ayers ré separated, and the
organic |l ayer was washed with water, dried with magnesi um sul fate,

concentrated in vacuo, due was 15 purified by colum chronmat ography
usi ng 25: 75 acét ﬁﬁ@?%@i‘é&é é reahwﬁ& i 47s-4r hy droxycyclohexylamino)-

benzyl - 3- (errhiﬁ?ﬂfdwﬁﬂﬁ&d 1.5-d]p gﬁﬂﬁdaﬂf(ﬁ%-ohh'tzés% L FWinnkil) (prépeysy C! ohexyl

am no) - 3, 4- di,hydr opyr.i zni m di one .as an oi I . 21 Apri
2004 HO 1- B& HQ%PLSX%*}‘&W ger H‘é?\ﬁjj ‘?ll"lf’{% a‘lF‘t’@r"toolfétWPﬁllqer?éﬂhyl silyl oxy-
g cyd?heéyImcm)osaﬁgnﬁtﬁwmwmwﬁnm%ﬁm&lld@wmﬂea fi‘lﬁékgacﬁaﬁ( \f/ag
i ssol ved in.tetrahydr t et r abut yl apmoni oum f | uori

‘Mtetr ahydr"BerH'}rﬁﬁ"aiy %ﬂﬁ&?@ﬁf’éﬂg}wm t?‘ éﬁte‘i’f‘ﬁg‘ G2 3t WesRr- ure was
stirred at biplesicteivpes shistiereidor 8 Rdurb flitesed Mmistha geteibitale Wiad Ririfiedblyr act ed
with ethyl 3 & athfoma{ég?a%)h\{rmotngﬂlncgga%gfn%%j dichloromethane/methanol to

obtain 110mg of the title compound. Addition of hydrochloric acid (1.0M/Et;O,
10 2.0 equivalent) gave the salt which was filtered and dried to give 94 mg of the

hydrochloride salt of 7-(trans-4-carbamoyloxycyclohexylamino)-3-(2-

chiorophenyl)-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one.

Example 79
15 Compound 4-22

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(¢rans-
4-methylaminocarbonyloxycyclohexylamino)-3,4-dihydropyrimido{4,5-
d]pyrimidin-2(1H)-one.



sul fate, and concentrated in vacuo. The residue was purifie
chromat ography on silica gel in 90:10 dichl oronet hane/ net ha%glwmg%g#{]gn

The colum fractions containing the product were conbined and concentrated
in vacuo wWpa@igpese the title conpound. The product was suspengesh/iobss

met hanol, and hydrochloric acid (1. OM Et 20, 1. 0 equi val ents) was added,
stirred for 30 mnutes and then evaporated to give a foam The foam was
stirred with nmethanol /diethyl 15 ether Plltered and dried to give 130 ng
of the hydrochloride salt of 1-benzyl - 3‘1

chl orophenyl) - 7- (trans- 4- hydr oxycydohexyl am no) - 3, 4- di hydr opyri m do-

[4,5-d] pyrimdin-2(1H)-one. 20 WO 0%M298%

Preparation of | -benzyl- 3 (2-chl or ophe|

133 PCT/ EPOO/ 1B083-81. 3
-7-(trans-4-
hydr oxycycl o m no) - 3, 4- di'Mrgir opyr I R-to( 4, 5- d] H) - one.
gﬁ'ﬁ%’@ﬁj 3135 | exanpl b i || USTTAL es

Exanpl e 82 hi gf ex llh re ar at| on of
3-(2-chl orophenyl)-7-(trangitN'4- Nydrigxywycl ohexy! Hk met hyl - 3, 4-
di hydropyri rnido [4,5-d] -_Ayrimdi'n-2(1H)-one. Aprl H 2004 WO 01/ 29042
134 HO PCT/ EPOO/ 10088 11

3-(2-Chl orophenyl )-7-(tran t ent - but yl di met hyl | oxycycl ohexyl - am no) -

3, 4-di hydropyrim do[ 4, 5-d] pyiri m di n-2(1H)-one (48 mji' 1.0 rmmol ) (prepared

as described in Exanple 81)0'1/vas suspended in 1- ~~r pyrrolidinone (7
inL), and 5 to this was added sodi um hydride (44 1.1%mmol (60% oi |

di spersion)). The reaction mxture was stirred at Toomtenperature for 25
m nutes. To t hisssispénsionost 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-

3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (350 mg, 0.94 mmol) (prepared
as described above in Example 73) in 3 mL dichloromethane was treated with 1 mL

5 (excess) methyl isocyanate, and 1 ml triethylamine. The mixture was stirred under
nitrogen atmosphere for one week. The reaction was filtered and the precipitate
was washed with dichloromethane, dried and suspended in ethyl acetate. Addition
of hydrochloric acid (1.0M/Et;O, 2.0 equivalent) gave the salt which was filtered
and dried to give 250 mg of the hydrochloride salt of 3-(2~chlorophenyl)-7-(trans-

10 4—methylaminocarbonyloxycyclohcxyl-énﬁno)—3,4-dihydrop,yrimido [4,5-d]-

pyrimidin-2(1H)-one.

Example 80
Compound 4-3

15 This example illustrates the preparation of 7-(3-carboxy-isopropylamino)-
3-(2-chlorophenyl)-3,4-dihydropyrimido([4,5-d]pyrimidin-2(1H)-one.

Sulfone 11.1

DR 5
VS TE oot

20 Sulfone 11.1 (1.0 g, 2.97 mmol) was combined with ethyl 3-aminobutyrate
(0.87 mL, 5.94 mmol). The mixture was heated to 110-115 °C for 1 hour at which



was added i odoacetonitrile (0.167 ng, 1.0 mml) and stirredzqt P984
tenperature for 4 hours. The reaction m xture was added to watrer “and
extracted with ethyl acetate, washed with water, dried over magnesi um
sul fate, WOd1RWdpor at ed under 10 reduced pressure to gi verecmERiorioosthe oi |
was purified by colum chromatography on silica gel using 25:75
acet one/ hexane as eluant. The fractions containing the product were
conbi ned and evaporated under reduced gggssure to give-510 ng of
3-(2-chl orophenyl)-7-(trans-4-tent-butyl di methyl -silyl oxycycl ohexyl am no) -1
- cyanonethyl-3,4-dihydropyrinido[4,5-Tprrjnidin-2(1}2-one as a white
solid. 15 (tmeftiwassqoledioyoompenipsragireClhapgsidue was purified by column
3- (2- chl or oph&A¥oYraphi bh Slies €e1 h8hd 10 BichiH BRlethah8imheth A - The column
cydohexyl am no) - 1-cyanonet hyl - 3, 4- di hydr opyri m do[ 4, 5-d] . pyri m di n-2(1H) -
one (510 mracionycantaningpEedudt este Tr&3 cahethory-A1oPERYIAmINC)3rid- t et r abut yl 20
ammoni un f |cﬂ&ﬂfrbﬂﬁ‘erﬁrﬂ)-ﬁ%ﬁﬂ}dﬂﬁﬁnﬁ&o[@,ﬁdp?%ﬁﬁﬁh(I’Hﬁoﬁgd@%coHBi‘nédeaCt I on

e or

m xture was stitr at, ,roomtenper_;%ure 12 hggsrs, added t(g wat er,
extra2ted Rndxgprentzatrssnygsug 1to2solid (btog)epdeesisn b0 IiAmmaas acet at e,

dried over JiagResinetidhblatsdditRbrey@Ral MidRexile (rss g aducatholundssure to
give the title conpound as &in oi | . hlsl resi due was purified by colum

chr ormat ogr afRtsr Grnk) gave thesafiugys salptign ¥as EONSERENSA Y MMl as el uant

The f f g a<(:t2 i sgna WhH Wsttiffated & RhAdethie 6 EhevR BRErl Qfld dFied 8Fife 0.91 i ve 249
ng of 3-

cbl or ophenyd 9£7% (%WE?F@’-"&QHgBYlﬁ%M@I‘ Griehiororhen il $41dibydreprrmidnl48: 4-

di hydgopyr i diigieirdidar-adf 1EpysdenMHT =2{Acl dr. @005 185.5@@m Exanpl e 83 Conpound
3-49 10 This ‘exanple illustrates the preparation of

3-(2-chl orophenyl)-7-(trans '

4- hydr oxycycl ohexyl am no) - 1- met hoxyBaadpmngi met hyl - 3, 4- di hydropyrim do [4, 5-
d] -pyriznidin-2(IH)-one. HO 15 3-(2-Chl grophenyl) -7-

(trans-4-tent-butyl di nethyl si |yl o%§EPEFBRaAER anmi no ) -

3, 4-di hydr opyr i r'Thidl etnple MluRYdtbsthél prepatatith 081 behdl 3 - (W chidrdphehyl)-( pr epar ed
s 15 7-(trans-4-hydroxycyclohexylamine)-3,4-dihydropyrimido{4,5-d]pyrimidin-

2(1H)-one.

81.1  Preparation of 3-(2-chlorophenyl)-7-(trans-4- tert-butyldimethyl-
silyloxy-cyclohexylamino)-3,4-dihydropyrimido[4,5-djpyrimidin-2(1H)-one.

“ >LSE/ cl

HO NN A @
CLCLC
ALK

s
N N
20
A suspension of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (1.86 g, 5 mmol) (prepared as
described in Example 73) was combined with zert-butyldimethylsilyl chloride
25 (1.05 g, 7 mmol) and imidazole (0.75 g, 11 mmol) in dimethylformamide (35 mL).

The reaction mixture was heated at 50°C for 24 hours, cooled to room temperature

and added to water, stirred for 30 minutes, filtered and dried to give 1.88 g of 3-(2-



described in Exanple 81) was suspended in 1-nethyl-2- pyrrolbqlﬂg 20%}5
and sodium hydride (88 ng, 2.2 mol (60% oil dispersion)) wa

reaction mxture was stirred at roomtenperature for 30 nlnutes, nethyl

br onpacet Wi0=01280420. 190 nli, 2 mmol) was added. The m xture pm@arwbhéosgd for 6
hours. The reaction m xture was added to water and extracted wth ethyl
acetate, washed with water, 21 April 2004 WO 01129042 PCT/ EPOO/ 10088 136
dried over magnesi um sul fate, and evapqgated under reduced pressure. The
residue was purified by colum chromat'égraphy on silica gel using 70:30
hexane/acetone as eluant. The fractions containing the product were

conbi ned arflEoBRWR: Edtranctrert-betlidiseethylsidoryeydohexylamins)ss gy of 3-
2- chl 4-t
l(aut)(;l uf mof RE Yy ?’Mﬂc’?&l@%“fe“é{r‘ﬁ %651{)1°ﬂ%trﬂz§’5?3§8aﬁ9609y| et hyl - 3, 4-

d|hydropyr|n1do [4,5-d] pyrimdin-2(1H) -one as a white solid ((MH)* 560,

m p. 165. 7- 167. 4 Th .

3-(2-chl orophen%l e‘pr@“a{ﬁ%anﬂfoftlélﬁ"f@ﬁL?f%ﬂﬁ@f@l”l‘ﬁ/"l”@ﬂ‘ﬁ%%fé%’f -Bkyl 10

an nos - 1- dsmthplslaybalug tybintins)- 34 oy il M Al AmRdifla (1H)-one.
pyrimdin-2(1H) - one was dissolved in tetrahydrofuran and

tetrabutyl anmong un fluoride(1.OM 1 .0 equijval ents) was added, and stirred
at room tenpe re for 12 hours The rea¢tion m xture wag; added to water,
extracted with thyI acet at e, i t h—@&egnesi um sul f at €, evapor at ed
under reduced pressure The re5|d as 15opurified by colu

chr omat ogr aphy “ -- 0 10 dic omethatg/ Nret Hanol as

el uant The fractl a| EI n%ge preodust we ;iqoerE 21 ALNAT evapor at ed
under reduced press title conpound as m “This product
was di ssolved in nethanol anH hydrochl oric acid (1.@M4+A equivalent) was
added, stirred for 30 m nut es and evapor ated under ed pressure. The 20
resi due was stirred vvith met hanol / et hyl ether, for fours, filtered and
dried to give 294 ng

3- ( 2- chl or ophe#pfiuny hydride (44 amgh § dmosapk{606h ol disprisiva) ) was added to a

et hoxy oar BOmhBE ORI 2t G LU R by R BB ASRLALD - one as

a white solid
amino)-3,4- thyd:opyrmdo[é 5-d}pyrimidin-2(1H)-one (486 mg, 1 mmol) in
10 1-methyl-2-pyrrolidinone, and was stirred at room temperature for 25 minutes. To
this solution was added benzyl bromide (0.12 mL 1 mmol) and stirred at room

temperature for 4 hours. The reaction mixture was added to water and extracted

with ethyl acetate. The layers were separated, and the organic layer was washed with
water, dried with magnesium sulfate, concentrated in vacuo. The residue was

15 purified by column chromatography using 25:75 acetone/hexane as eluant to give 1-
benzyl-3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethyl-silyloxycyclohexyl-
amino)-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one as an oil.



Conpound 3-53 This exanple illustrates the preparation of o4 April 2004
3-(2-chl orophenyl) -

7-(trans-4- hydroxycycl ohexyl am no) - 1- hydr oxycar bonyl net hyl - 3, 4-

di hydr opWO 6#/2#647 4, 5-d] - pyri m di n-2(1H)-one 21 April 20ErnMoQdsR9042 137
PCT/ EPO0O/ 10088 The

3-(2-chl orophenyl) 7-(trans-4- hydroxycycl ohexyl am no) - 1- met hoxy-

car bonyl met hyl - 3, 4- di hydropyri m do[ 4, 5;44 - pyri m di n-2(1H)-one (395 ng, 0.88
5 mol) (prepared as described in Exanple 83) was suspended in ethanol (5
m.) and to this was_added a solution of aqueous sadi um hydroxide (0.85 nL

1. 037N, 0.88 méiy¥. Treeambas of bhenwyki(i-chigeghaylrf-&aans4T oom t enper at ur e
for 72 hounsdrox)p@sheSNanmnal 84-AmaRipy eI £9- }efnsw,gzm Me the title
conmpound as arof oam e%l S ?e& dué vvgyﬁstl rredﬂé {ur)géo

met hanol / di et yjl .ether for 2 hours, filtered, and 10 dried to give 327 ny
of 3-(2-chl orophenyl)-7-(trans: f- hydroxycycl ohexyl am no) - &r.

hydr oxycar bony-lsre{ hyl - 3, 4 di hy -— m do[4 S-d] pyrim d n- 2 one as a

white solid. rrple \’3 5610 exa es t he
preparation of 3- (trans-
4- hydr oxycycl ohe droxyet hyI dn do [4,5-d] -

pyrimdin-2 (1H)-one. '&0 §51 aratton
1-(2-triisopropylsilyl o@) 3-(2- chlorophenyl)

7-(trans-4-tert-butyl di | silyl oxycycl ohexyl am 3, 4- di hydr opyri m do[ 4
,5- dlpyrimidin 2(IH-onex21 April 2004 WO 01/29042%138 PCTI EPOQ' 10088

1-Benzyl-3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxy-
5 cyclohexylamino)-3,4-dihydropyrimido(4,5-d] pyrimidin-2(1H)-one was dissolved
* in tetrahydrofuran, and tetrabutjrlammonioum fluoride (1.0 M/tetrahydrofuran, 1.0
equivalent) was added. The reaction mixture was stirred at room temperature for
24 hours, was added to water, extracted with ethyl acetate, dried with magnesinm
sulfate, and concentrated in vacuo. The residue was purified by column
10 chromatography on silica gel in 90:10 dichloromethane/methanol as eluant. The
column fractions containing the product were combined and concentrated in vacuo
to give the title compound. The product was suspended in methanol, and
hydrochloric acid (1.0M/Et;0, 1.0 equivalents) was added, stirred for 30 minutes
and then evaporated to give a foam. The foam was stirred with methanol/diethyl
15 ether, filtered and dried to give 130 mg of the hydrochloride salt of 1-benzyl-3-(2-
chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-3,4-dihydropyrimido-
{4,5-d] pyrimidin-2(1H)-one.

Example 82
20 Compound 3-55

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-
4-hydroxycyclohexylamino)- 1-cyanomethyl-3,4-dihydropyrimido[4,5-d]-

pyrimidin-2(1H)-one.




NOH~O0I * Y~ Sodium hydride (44 ng 1.1 mmol (60% oi | disquﬁﬁﬁggdimas
added to a suspension of

3-(2-chl orophenyl)-7-(trans-4-tert-butyl di met hyl silyl oxycycl ohexyl -

am no) - 3, WVeIP3sdsDpyri m do[ 4, 5-d] pyri m di n-2(1H) - one (486 waxEfodoossol ) 5
(prepared as described in Exanple-81) in 1-nethyl-2-pyrrolidinone (7 nL),
and stirred at roomtenperature for 25 m nutes. 2-(I|odoethoxy)
triisopropylsilane (328 ng, 1.0 mmuol) added, and the reaction mxture
stirred at room tenperature for 4 hours.” The solution was added to water
and extracted with ethyl acetate, washed with water, dried over magnesi um
sul fate, and evaporated under 10 reduced prlessure to give the silyl

proct ect ed |nbeined|ate as an oil. The re§4dﬁe was purlfled by col um
chr omat ogr aphy silica gel usgng

fractions confagiing the product

75-aQ¢Lone/hexane as el t and t he

vaporc,a\te under redyc essure to
give 604 ng of @ r oxyet hy opNen -
(trans-4-tert- bu?‘r | -¢i | o)7cydohggy % dro pyr| m do
[4,5- 15 d]pyrlm NX Gn oil, ﬁr|I°2004V\D
01/29042 t ILNO--4 0 Y HO GH
1- (2-Trii sopropyl silyl oxy-ethyl)-3-(2-chl orophenylf-7- (lltans-4-tert- 5
but yl di net hyl si yl oxycydohexyl ani no) - 3, 4-di hydropggri m d5'[4, 5-d] pyrimdin

2(1H) -one (604 ng, 0.88 mml) was dissol vemi p~{etrahydrof uran.
Tetrabutyl ammonium fluoride (LOMin tet rahyd @] an) was added to the
xiar e for 12 hours. The

reaction nixture, and sth® t rRem
sol uti on was added to /l /- /g

3-(2-Chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxycyclohexyl-amino)-
3,4-dihydropyrimido(4,5-d] pyrimidin-2(1H)-one (486 mg, 1.0 mmol) (prepared as
described in Example 81) was suspended in 1-methyl-2-pymrolidinone (7 mL), and
5 to this was added sodium hydride (44 mg, 1.1 mmol (60% oil dispersion)). The
reaction mixture was stirred at room temperature for 25 minutes. To this solution
was added iodéacetoniu'il-e (0-.1.67 mg, 1.0 mmol) and stirred at room temperature
for 4 hours. The reaction mixture was added to water and extracted with ethyl
acetate, washed with water, dried over magnesium sulfate, and evaporated under
10 reduced pressure to give an oil. The oil was purified by column chromatography on
silica gel using 25:75 acetone/hexane as eluant. The fractions containing the
product were combined and evaporated under reduced pressure to give 510 mg of
3-(2-chlorophenyl)-7- (trans-4-tert—butyldimethyl silyloxycyclohexylamino)-1-
cyanomethyl-3,4- dlhydropynmdo[4 5-d]pyrimidin-2(1H)-one as a white solid.
15 (M+H)" 527, m.p. 100.2-148.7°C.

The 3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxy-
cyclohexylamino)-1-cyanomethyl-3,4-dibydropyrimido[4,5-d]pyrimidin-2(1H)-
one (510 rng, 0.97 mmol} was dissolved in tetrahydofuran, and tetrabutyl-

20 ammoniun fluoride (1.0M in THF, 1.0 equivalent) was added. The reaction

mixture was stirred at room temperature for 12 hours, added to water, extracted




wat er and extracted with ethyl acetate, dried over nagnesiugﬁggJ i 864 and 10
evapor at ed under reduced pressure to give the title conpoun an ol l. The
resi due was purified by colum chronmat ography on silica gel using 90:10

di chl or orQWaRYI2and t he fracti ons containing the productP@QEERIOMSENt I at ed
in vacua to give 145 ng of

1- (2- hydroxyet hyl) - 3-( 2- chloropherlyl) 7-(trans-

4- hydr oxycycl ohexyl - am no) - 3, 4- di hydrogggi m do[ 4, 5-d] pyri m di n-2(1H) -one as
15 a foam Exanple 86 Cbnpound 3-52 This exanple illustrates the
preparation of chl qQr.ophenyl )-7-(trans- 4-

hydro)ccycIWﬁ]éi‘g‘V]é}‘FF 8{‘ PSR JagDestu S ?’GBQFY‘#PIOB%[@“B&%]IB%‘F@I di n-2(1H) -
one. 139 PGe&ie eﬁﬂeé’o &QﬂraQTah of. Tfusreszdue was purified by column

1-(2- hydro ethyl) (2 o Jor phen & ﬁ?&f

4- hydr oxy- %’e?laﬁ@ﬁgapabﬁc’ﬁ I3 86} Ui §& 8 Oﬁ?%@an@rrtffwmﬁszfhﬂ) one.
21 April 2GR4de kA0 EBQGleé Sralé&n%aétgrgﬂﬁééﬁ@hhg)é‘f?gégt hyl 4
phenylanlnghf Pﬁﬁﬂé'thlo gug}ne a a&{ boxyl ate N~ &EfEt nl Et MeS N
a M3 )~ R IN % ﬁ? THPXEFHOR J-F2RemR ﬁﬁbpyrlnidine 5-
car boxyl at th)]cﬁ-ogmm%[ﬁsmjtﬂyhnﬁ&ﬁh-ﬁmﬁmdﬂgaﬁéfbaﬁi_ 132 mmol ) in 200 nL of
acetonitrile was. stirred at roomtenperature for 24 hours. The m xture was

t hen evaporated and ethyl acetate and 2M aqueous hydrochloric acid were
added to the residue. The phases mq@ggﬂ%ggprated and the organi c phase was
washed wi th aqueous hydrochloric Eg red 10 over sodium sulfate,
filtered and evaporated. The resu P%F@“% was purified by trituation
with 3 et her/ hepiaResnd10 kY. fo RhRY no- 2-

met h)l/(lit hi o- pyri m di ne- 1gar bof‘f/sjéfg 6gzu(agé},#lf?e(zso |%phﬂenngbg}§¥t|§ﬁ-}188 7'C
86. 2 Pr epardahjdmxysydobereaianinn-henthorycarbbofinethyt-8 4 dihpdrobyrimiduia o

d}-pyrimidin-2(1H)-one.

N N o]
oﬁ)
O
15 3-(2-Chlorophenyl)-7-(trans-4-tert-butyldimethylsityloxycyclohexylamino)-

3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (972 mg, 2 mmol) (prepared as
described in Example 81) was suspended in 1-meﬂ1yl-2-pyrrolidinone (35 ml), and
sodium hydride (88 mg, 2.2 mmol (60% oil dispersion}) was added. The reaction
mixture was stirred at room temperature for 30 minutes, methyl bromoacetate

20 {0.190 mL, 2 mamol) was added. The mixture was stirred for 6 hours. The reaction

mixture was added to water and extracted with ethyl acetate, washed with water,




COEt N15 2 N'Y CH2OH MeS N NHPh MeS N -NHPh A sol ution %@tﬁp%
4- phenyl am no- 2- net hyl t hi opyri m di ne-5-carboxylate (14.2 ¢ mm%

100 nL of tetrahydrofuran was added dropwi se to lithium alum nium hydride
(1.9 g) iWeEI2A4Df tetrahydrofuran at 0C, at which tine twer/@bobeggur € was
stirred at roomtenperature for 9-hours. The m xture was then cooled in

I ce and cautiously treated dropwise with 3.3 nL of water, 3.3 nL of 2M
aqueous sodi um hydroxide, 4.4 nlL of wate i and 500 nL of ethyl acetate. The
resulting suspension was filtered throug afilter aid, and the filtrate
was concentrated. The product was filtered and washed with ether to give 7

g Ff 4dphe|n>4r!§§rioﬁ%}' -mpagnssingy sfatepanshsmepetattidrimdsr redubed pressase. alls riejtind y10088

col ored sol i

141 86 3" pr S poiRedBfcch “‘l’ﬁ%&t"%&P‘%\%ﬁ HHEP i i 10,26 BICelecdioht
aiﬁmﬁampmw

car boxal deh @iniggthe product wplqombmed and evaporated under
4- Phenyl am '}le%ed?{-é%dré{y %rosrnpg bS5 trea#lg'g?%g%"ﬁ%t& mmol ) of was

stlrred in 130_rnL of dic hane a manganese di oxi de

(25 g7 289 bhyhtdimethylsilyloxyqyelobrolamine)-d tinethoyycarhonyioheshyls3.4nd t hen |
filtered, anghjdispyridi HBI[@%%]WPRKE §-8le adDERAESUBUGMIGT) Sdot uat ed wi th

1: 3 et her/hexanes to give 6
4- phenyl am m@ﬁﬁfWHfﬁl opyri m di ne- 5- car boxal dehyde as a white solid,

The 3-(2- chlorophenyl) 7-(trans-4- tert-butyldJmethyisﬂyloxycyclohexyl-

10 amino}-1-methoxycarbonylmethyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-
one was dissolved in tetrahydrofuran and tetrabutylammoniun fluoride(1.0M,
1.0 equivalents) was added, and stirred at room temperature for 12 hours. The
reaction mixture was added to water, extracted with ethyl acetate, dried with
magnesium sulfate, and evaporated under reduced pressure. The residue was

15 purified by column chromatography on silica gel using 90:10 dichloromethane/
methanol as eluant. The fractions containing the product were combined and
evaporated under reduced pressure to give the title compound as a foam. This
product was dissolved in methanol, and hydrochloric acid (1.0M, 1.0 equivalent)
was added, stirred for 30 minutes and evaporated under reduced pressure. The

20 residue was stirred with methanol/ethyl ether, for 4 hours, filtered and dried to give
294 mg of 3-(2-chlorophenyl)-7-(trans—4-hydroxycyclohexylamino)-1-
methoxycarbonyl-methyl-3,4-dihydropyrimido-[4,5-d] pyrimidin-2(1H)-one as a
white solid.

25 - Example 84
Compound 3-53

This exarnple fllustrates the preparation of 3-(2-chlorophenyl)-
7-(trans-4-hydroxycyclohexylamino)-1-hydroxycarbonylmethyl-3,4-
dibydropyrimido{4,5-d]-pyrimidin-2{1H)-one.



10 mp. 105.6-106.2 C. 86.4 Preparation of 5-(2-chlorophenyl )lgﬂgring hyl -
phenyl am no-2- nethylthiopyrimdine ,.~~CHO UP, -N L 11 ~ NH NHPh
McSN 15 A m xture of
4- pheny| and az9B4aret hyl t hi opyri m di ne- 5- car boxal dehyde( 6. 4ciggprodGodss nmol ), 3
mL of 2-chloroaniline, and 4-tol uenesul fonic acid (300 ng) in 150 nL of
toluene was heated at reflux with the azeotropic renmoval of water for 2.5
hours. The m xture was cool ed and fllti:g?ed to give 6.6 g of solids. To this
solid in 50 nL of tetrahydrofuran was™added 20 ni of Iithium al um nium
hydride solution 20 in 1M tetrahydrofuran. After stirring for 1.5 hours 1.2
m. of water, 1.2 nL of 15% so@iyuplydroxide and 3.8 nL of w&ter-were added
to the mxture, The m'xture was rred for 5 m nut es and fld and .
washed with etH9 et at N1 TR at e was t edn
et her/ hexanes to g )Qp 5.(2- chl araphepy! ) ,orre'h
4- phenyl am no- 2- et yTi‘Ehl Ypymi'm&@ine as a white soli H .1- 131.5
C. 25 21 April 2004 WO 010@42 PCT/ EPOQO' 10088 142 86. 50%,915& ation of
3-(2-chi orophenyl)-1-methyl§7 phenylthl 0- 3, 4-di hydr o- pyr| do f

5-d] pyrimdin-2(1H-one APN N1 S '~0"

The 3-(2-chloi-ophenyl)-7—(trans-4-hydroxycyclohexylamino)-I—methoxy-
carbonylmethyl-3,4-dihydropyrimido(4,5-d]}-pyrimidin-2(1H)-one (395 mg, 0.88
5 mmol) (prepared as des¢ribed in Example 83) was suspended in ethanol (5 mL) and
to this was added a solution of agueous sodium hydroxide (0.85 mL 1.037N,
0.88 mmol). The reaction mixture was stirred at room temperature for 72 hours,
then evaporated under reduced pressure to give the title compound as a foam. This
residue was stirred in a mixture of methanol/diethyl ether for 2 hours, filtered, and

10 dried to give 327 mg of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1-
hydroxycarbonylmethyl-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one as a
white solid.

Example 85

15 Compound 3-56

This example llustrates the preparation of 3-(2-chlorophenyl)-7-(trans-
4-hydroxycyclohexylamino}-1-(2-hydroxyethyl)-3,4-dihydropyrimido[4,5-d] -
pyrimidin-2(1H)-one.

20 85.1  Preparation of 1-(2-triisopropylsilyloxyethyl)-3-(2-chlorophenyl)-
7-(trans-4-tert-butyldimethylsilyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-
dfpyrimidin-2(1H)-one.



N MeS N NHPh Ph 5 A cool ed sol ution of u 004
5-(2-chl or ophenyl ) am nonet hyl - 4- phenyl am no-2.. nethylthi opyr| ine (6 Q)
and 5.2 nL of triethylamine in 75 nL of tetrahydrofuran was added dropw se
8.5 nL of wihaspesze (20%in toluene) in 35 L, of tetrahydicgigtositoesd Ne

m xture was stirred at roomtenperature overnight. Additional 3 nxL
phosgene (20% in toluene) was added to the m xture. After 10 stirring for
15 minutes the mxture was treated with ter and ethyl acetate. The
phases were separated and the organic pi"n e was washed with brine, dried
over sodiumsulfate, filtered and evaporated. The crude product was
purified by colu chr omat ography using 10: 45 et hyl acetate/ hexanes as
eluant to giv% g of 3-(2-

chl or ophenyl ) =% et hyl t hi o-1 - pk , 4- di hygdropyri mi do [ 4, 3 Qyrim din
15 2(1H)-onea awhlte solid, m 9.5 - 8.4 C 866Preparn of
3-(2-chl orophe =1 phenyr® di P g6 f

U 5, 4
45d]pyr|mdlnm ; NNQ—I—*-P P ] P
3-(2-chl or ophenyl) rNst hyl t f:ll phenyl - drﬁpyrhfm -0

[4,5-d]pyrimdin-2(IH)-one (2°g) in 20 nL of tetrahydrofulﬁ?\ at 0C was
added a solution of 8.1 g of Oxone(r) in 24 nL of . The m xture was
stirred for 5 hours at roomtenperature, diluted 'thﬁ—ﬂwl acet at e,
washed with brine, dried over 25 sodium sul fate, fiwl\“s’r d, and evaporated
to give 2 g of 3-(2-chlorophenyl)-7 21 April 2004 WO 01/29042

PCT/ EPOO/ 10088 143

met hanesul f onyl - ﬁoﬁhmﬁ}'ﬂﬁgé'ﬁ&@hg)‘tdrmm (600 ol 4ispersiopy)) was afided R(4 H) - one,

g} b (2 12;3” grvjsgﬁle:}% 31%6 &Eﬁ&ﬂ»ﬁ J-91 ztrrms—é-t t-bupidjmgtylsityloxycyclohexyl-
di hydr opyr i aERs)-8,454diy] éWPITW@ éfd]ﬂ)}’ngném@(’iﬂ)@ne (486 mg, 1.0 mmol)
5 (prepared as described in Example 81) in 1-methyl-2-pyrrolidinone (7 mL), and
stirred at room temperature for 25 minutes. 2-(Iodoethoxy) triisopropylsilane
(328 mg, 1.0 mmol) was added, and the reaction mixture stirred at room
temperature for 4 hours. The solution was added to water and extracted with ethyl
acetate, washed with water, dried over magnesium sulfate, and evaporated under
10 reduced pressure to give the silyl proctected intermediate as an oil. The residue was

purified by column chromatography on silica gel using 25:75 acetone/hexane as

eluant and the fractions containing the product and evaporated under reduced

pressure to give 604 mg of 1-(2-triisopropylsilyloxyethyl)-3-(2-chlorophenyl)-

7-(trans-4~tert-butyldimethyl-silyloxycyclohexylamino)-3,4-dihydro-pyrimido[4,5-
15 d}pyrimidin-2(1H)-one as an oil, (M+H)* 688




QA HII SNNONNNGOPhPh OH A suspension of 21 April 2004
3-(2-chl orophenyl) - 7- net hanesul f onyl - | - phenyl - 3, 4

di hydr opyri m do[ 4, 5-d] pyri m di n-2(I H-one (0.212 g) and 1-am no-4-

cycl ohex@Dpi/294219 g) in 0.3 nL of 1-nethyl-2-pyrrolidi newammsnbeeat ed at
1000C 10 for 2 hours. The m xture was cooled, treated with 1:2

et her/ hexanes, and filtered. The residue was purified using 10% net hanol in
dic h oromethane to give 149 ng of thelstgitle conmpound, which was taken up
in 10 nL of ethanol. Hydrogen chloride "gas was bubbl ed through the
solutiijon for 5 mnutes, concentrated, and treated with nethanol and ether.

The resul ting sobids Reerasason efdr@ihysdnexyofudhdd 2wiloropsemdl-7t(gag-ve 15 100 my
of the hydrp L loB B lariho 33,4201 @F.f% EidddiaBosfn)-

hydr oxycycl oﬁ}ey;%%aﬁo)é{yl- ph%)ﬁyl - :3,5’% hy?@gyﬁyﬁini do [4(,11511-)c§’f&pyri m di n- 2
(1H)- one. 20.-|[Exanple 87 Conpound 4-28 This exanple illustrates the
preparation of 13- (2-chl orophen)el).-7-[trans-4- (et hanesul fgayl am no)

cycl ohexyl am i+ - 3, 4- di hydr opy 'do [4,5-d] pyrirnidin- -one. 25
87.1 Preparati(in 7=(trans-4- am nokyddhexyHaRi ne) - 3- ( 2+g y 1)-1-
[2-(trirrethy|si| ;{ms,-di hydrd§ i il

[ 4, 5-d] pyrimdin- ) [ 2004 WO™S N l),é Q' 10088 144 O

oxXy meYrhy
\Jasd o= N -NzoN ?\NgNN L SV H

: O
\ri L
1-(2-Triisopropylsilyloxy-ethyl)-3-(2-chlorophenyl)-7-(trans-4-tert-
5 butyldimethylsilyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-d] pyrimidin-
2(1H)-one (604 mg, 0.88 mmol) was dissolved in tetrahydrofuran.

Tetrabutylammonium fluoride (1.0M in tetrahydrofuran) was added to the reaction
mixture, and stirred at room temperature for 12 hours. The solution was added to

OH

water and extracted with ethyl acetate, dried over magnesium sulfate and
10 evaporated under reduced pressure to give the title compound as an oil. The
residue was purified by column chromatography on silica gel using 90:10
dichloromethane, and the fractions containing the product were concentrated in
vacuo to give 145 mg of 1-(2-hydroxyethyl)-3-(2-chlorophenyl)-7-(trans-
4-hydroxycyclohexyl-amino)-3,4-dihydropyrimido{4,5-d] pyrimidin-2(1H)-one as
15 a foam.

Example 86
Cbmpound 3-52 ‘
This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-4- -
20 hydroxycyclohexylamino)-1-phenyl-3,4-dihydropyrimido(4,5-d]pyrimidin-2(1H)-

one.




O~ ~e3 NH2 To a solution of sulfone 11.1 (3.0 g, 8.87 erI)A .2&,@4“ of
1-met hyl - 2- pyrrolidinone was added 60% sodi um hydride (390 g b
mneral oil). The reaction was stirreddfor 15 m nutes at room terrperature

and then 3wéoftswiaret hyl silyl)ethoxy-nmethyl chloride (1.57 piyerde Bobgsmo! )
was added. The reaction was stirred at roomtenperature for 4 hours. To
this solution was then added 5.06 g of trans-1, 4-di am no-cydohexane

predi ssolved in 15 nL 1-methyl-2- pyrro]jidinone. The reaction was then
warnmed to 60C for 24 hours. The reacti of® was poured into brine and the
product extracted into ethyl acetate. The conbined 10 organic extracts were

washed with sat us@f ed Pespaiiation bf etied bphatyiureind-2aihyithidpirbeidiever nagnesi um
sul f at e, and El(;ntrated in vacuo to give a light brown oil. Purification
by chronmat ogr p’ﬂ’y usi ng 2% net hanol / di chl or onet hane to 5%

met hanol f di chl or onet h Co gant gave 2.8 g of CO,Et
7- (trans- 4- ani nocycl oh xyll am no) -3- (2-ghl Ioropherﬁ)i/I
[2(tr|nethyIS|IyIm yI] 34d|hydr01

pyri m do[ 4, 5-d] pyrim di n-2( -one as a pale y w l?loarw'“?ﬂ/l—i{ = 502). 87.2
Preparation 3- (2 chI orophenyl )-7- f trans-4- (rret hanesul fonyl am no) -

cycl ohexyl am no | me lsily oxy.net hyl hydropyr| m do f
4,5 dJbyrini din- € ghebp Lokl b b tedlaesi M3 21
ApE i 200?1 m&idlé’l?lﬁﬂﬁ afdGhé BRGRL, 31@@&&11&1&%1 pIcy) M&Qh&&bg&&ﬂ@% stirred ath silv
trans-4-am nocycl ohe no chl or ophe rinethylsily
) et hoxyret h?]"l"ﬁm? FFy%F g‘%ﬁ%’?fﬁq 'Hg %’B“Sred]'as ??%Bﬁ?’ﬁteﬁ@f“a) ﬁ%)’ hacetyisno ny,
1. 04 mmol I) mmue?mmﬁ&hgmehﬁm mllre]g t@ﬂﬂﬁdﬂﬁﬁé et haaasn&:ré 0.29 n,
?rr ﬁgr) ol ) se%grdatgd and t'EILIé Io?ggm% phgtrseetmra{js1 rv]veashs a %‘é&ueggs ({rogﬁoéc acid, %’negi 14
10 over sodium sulfate, filtered and evaporated. The resulting solid was purified by
trituation with 1:3 ether/hexanes to give 14.2 g (64%) of ethyl 4-phenylamino-2-
methylthio-pyrimidine-5-carboxylate as a white solid, mp 88.2 - 88.7 °C.

86.2  Preparation of4~phenylamin0—2—methylthiopyrimidine—S—methanol

co gt xICH ,OH
MeS’L/\’[ > Mes* NHPh

15 NHPh
A solution of ethyl 4-phenytamino-2-methylthiopyrimidine-5-carboxylate
(14.2 g, 49 mmol) in 100 mL of tetrahydrofuran was added dropwise to lithium
aluminium hydride (1.9 g) in 50 mL of tetrahydrofuran at 0°C, at which time the
20 mixture was stirred at room temperature for 9 hours. The mixture was then cooled

in ice and cautiously treated dropwise with 3.3 mL of water, 3.3 mL of 2M aqueous
sodium hydroxide, 4.4 mL of water and 500 mL of ethyl acetate. The resulting
suspension was filtered through a filter aid, and the filtrate was concentrated. The
product was filtered and washed with ether to give 7 g of 4-phenylamino-2-

25 methylthiopyrimidine-5-methanol as a slightly colored solid, m.p. 142.27143.2 °C.



5in 5 nm of dichloronmethane. The reaction m xture was sti rrzqqgﬁﬁﬁz@@@m
tenperature for 24 hours, diluted with ethyl acetate, and washed w th
aqueous 10% sodi um bicarbonate. The organic extracts were concentrated in
vacuo, anwomurddized by chromatography using 2% met hanol / gighpsy@oRt hane to
3% et hanol / di chl oro- nethane as eluant to give 292 ng of

3-(2-chl orophenyl)-7-[trans-4-(nethane 10

sul fonyl am no) cydohexyl am no] - 1-[2- (trinethyl silyl)ethoxymethyl]-3-,4-di hyd
ro- pyrimdo[4,5-d]pyriznidin-2(1H)- onéqgs a white foam (MH'= 581) 87.3
Preparati on 3-(2-chlorophenyl)-7-[trans-4-(nmethanesul fonyl am no) -

ycI ohexyl am no] 88,34- d?rkpa&ktibmﬁd%d@{wnﬁoéﬂ-ﬂynhykﬁidp}min&a{ﬂé)s-one 15 N H11%

N L ~-N4I7f‘8ﬁ&g -,,SiMve3 "S.NH O ICH3 0.SNH OCH 3 To a solution
of the 3 (facbi‘? ﬁﬁ enyl ) - 7- [trans- 4- (et hanesul f onyl ani no) -

cydohexyl am no] - 1- 2 Hyl silyl)ethoxymeth HModi hydr opyri m do
[4,5- d]pyrimdin- 2(1 -gpe (290 ng—0-Ssaol) in nqmethanol was added
4.0 mL 20 of 10% ﬁ hloric acid. Thge Hipgt ure was
stirred at 40C for 24 ours, and was concentr at ed I n vacuo. Repeated

triturations of the colorl ess oil with ethyl acetate gave
hexyl A nol -3, 4 R RAEE g2 e SRR BRI R L B ehoS e sol i d
whi ch was G@dslsﬁﬁé@ﬂ: 180 rub ofidichibtdrhethtincand tP2ated wilpmiahgat204didade 229042 146
PCTI EPOO/ 100§§9 mmol). The suspension was stirred for 7 hours and then filtered, and the
filtrate was evaporated. “The residue was tritnated with 1:3 ether/hexanes to give 6.4
g of 4-phenylamino-2-methylthiopyrimidine-5-carboxaldehyde as a white solid,
10 m.p. 105.6-106.2 °C.

86.4  Preparation of 5-(2-chlorophenylJaminomethyl-4-phenylamino-2-

methylthiopyrimidine
/\/ECHO /\/(\ND
—-...——}.
Mes’l‘ NHPh MGSJ\ NHPh
15 A mixture of 4-phenylamino-2-methylthiopyrimidine-5-carboxaldehyde(6.4

g, 26.5 mmol), 3 mL of 2-chloroaniline, and 4-toluenesulfonic acid (300 mg) in 150
mL of toluene was heated at reflux with the azeotropic removal of water for 2.5
hours. The mixture was cooled and filtered to give 6.6 g of solids. To this solid in
50 ml of tetrahydrofuran was added 20 mL of lithium aluminium hydride solution
20 in 1M tetrahydrofuran. After stirring for 1.5 hours 1.2 mL of water, 1.2 mL of 15%
sodium hydroxide and 3.8 mL of water were added to the mixture. The mixture
was stirred for 15 minutes and filtered and washed with ethy] acetate. The filtrate
was trituated with 1:1 ether/hexanes to give 6 g of 5-(2-chlorophenyl)aminomethyl-
4-phenylamino-2-methylthiopyrimidine as a white solid., m.p. 131.1 - 131.5 °C.

25




TABLE | 7-Hydroxyal kyl am no- and 7-Hydroxycycl oa] kyl azni no- %‘%Trii é%}z‘ed
1- met hyl - 3, 4-di hydr opyri m do4, 5-d] pyri m di n-2(1H) -one derivatives C CpdR
,..nip (C orMethod of M5 (&H')Preparation |-IHO-~ 334Exanple 2 1-2
HOB48Exanmiceorkeédd3 1- 3CH3 / 348Exanple 5 HO_ v) |-4 HO-253c&Hps@idake 2
255. 0C 1-5HO 364Example 2 HO 1-6HO'T"-j OH364Exanple 2 1-7H3C~( CH3 Hb6
362Exanpl e 2 1-8HO 362Exanple 2 H3C 21 April 2004 WO 01/29042
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86.5 Preparation of 3-(2-chlorophenyl)-1-methyl-7-phenylthio-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one
e
N
0O

| C
. v
———— ~
/l\tI\TN MeS™ N rlxi’k
MeS” N~ “NHPh Ph

5 A cooled solution of 5-(2-chiorophenyl}aminomethyl-4-phenylamino-2-
methylthiopyrimidine (6 g) and 5.2 mL of triethylamine in 75 mL of
tetrahydrofuran was added dropwise 8.5 mL of phosgene (20% in toluene) in 35 mL
of tetrahydrofuran. The mixture was stirred at room temperature overnight.
Additional 3 mL phosgene (20% in toluene) was added to the mixture. After

10 stirring for 15 minutes the mixture was treated with water and ethyl acetate. The
phases were separated and the organic phase was washed with brine, dried over
sodium sulfate, filtered and evaporated. The crude product was purified by column
chromatography using 10:45 ethyl acetate/hexanes as eluant to give 2.1 g of 3-(2-
chlorophenyl)-7-methylthio-1-phenyl-3,4-dihydropyrimido(4,5-d] -pyrimidin-

15 2(1H)-one as a white solid, m.p. 79.5 - 82.4 °C.

86.6  Preparation of 3-(2-chlorophenyl)-7-methanesulfonyl-1-phenyl-3,4-
dihydropyrimido{4,5-d]pyrimidin-2(1H)-one

" 0
: > N* N
N UY
—
Mes SN N0 MeSO; "N N0
Ph Ph
20
To 3-(2-chlorophenyl)-7-methylthio-1-phenyl-3,4-dihydropyrimido-
[4,5-d]pyrimidin-2(1H)-one (2 g) in 20 mL of tetrahydrofuran at 0°C was added a -
solution of 8.1 g of Oxone® in 24 ml. of water. The mixture was stirred for 5 hours

at room temperature, diluted with ethyl acetate, washed with brine, dried over
25 sodium sulfate, filtered, and evaporated to give 2 g of 3-(2-chlorophenyl)-7-



147 PCT/ EPOQ 10088 CpdRmp (C) orMethod of M5 (MI}) Preparat |2<:fr}3\epjr g?_@ﬁ
H3C/ ~362Exanpl e 2 1- 10H3c~ OH362Exanple 2 1-11H3C HO378Exa E

1-12~~" 108- 130CExanple 3 H3C v '"OH OH 1-13w*~- H3C199- 204C Exanpl e 3 OH
OH378 1- old36hoYs "') 378Exarrpl e 3 OH H 1-15CH (376Exarrpl e ﬁci‘ﬂﬁo&[ﬂmss - 1 CH3
1-16CH --j 376Exanple 2 | H3C -

143

methanesulfonyl-1—phény1-3,4—dihydropyﬁmido[4,5—d] pyrimidin-2(1H)-one, m.p.
185.8-186.3°C.

86.7  Preparation of 3-(2-chlorophenyl)-7-methanesulfonyl-1-phenyl-3,4-
5 dihydropyrimido{4,5-d]pyrimidin-2(1H)-one
e
—_—-
QTN o

0 "y

/ PR | Q
OH
A suspension of 3-(2-chlorophenyl)-7-methanesulfonyl-1-phenyl-3,4-
dihydropyrimido{4,5-d]pyrimidin-2(1H)-one (0.212 g) and 1-amino-4-
cyclohexanol (0.19 g) in 0.3 mL of I—methyl-Z-pyrrolidinone was heated at 100°C
10 for 2 hours. The mixture was cooled, treated with 1:2 ether/hexanes, and filtered.
The residue was purified using 10% methanol in dichloromethane to give 149 mg of
the title compound, which was taken up in 10 mL of ethanol. Hydrogen chloride
gas was bubbled through the solution for 5 minutes, concentrated, and treated with
methanol and ether. The resulting solids were filtered and washed with ether to give
15 100 mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(trans-4-
hydroxycyclohexylamino)-1-phenyl-3,4~dihydropyrimido[4,5-d]pyrimidin-2(1H)-

one.

Example 87
20 Compound 4-28

This example illustrates the preparation of 3-(2-chlorophenyl)-7-{trans-4-
(methanesulfonylamino)cyclohexylamino]-3,4-dihydropyrimidof4,5-d]pyrimidin-
2(1H)-one.

25 87.1  Preparation 7-(trans-4-aminocyclohexylamino)-3-(2-chlorophenyl)-1-
{2-(trimethylsilyl)ethoxymethyl]-3,4~dihydropyrimido[4,5-d]pyrimidin-2(1H)-one



, 21 April 2004 WO 01129042 PCT/ EPOO/ 10088 148 CpdRmp (O org@gﬁggo { M5
(M) Preparation 1-17 388Exanple 3 :: ;390Exanple 2 1-19CH 6 anple 3

1- 200H388Exanpl e 3 1-21C388Exanpl e 2 HO 1-22CH3 H3C390Exanple 2 HO 1-23H3C
CH3 390BExwowig963i2OH The 1C50' s of conpounds 1-1 through 1;,%%’8&, fobs i N
vitro p38 assay were less than 10 pM 21 April 2004 WO 01 4£

PCT/ EPOQO' 10088 149 TABLE 2 7-Heterocyclylam no- and

7- Het erocycl yl al kyl am no- substituted

3, 4- di bydropyri mi do[ 4, 5-d] pyri ni di n- 2( i1 - one derivati ves

QXL — w X
N

}
N
_\.
O-——-?NI![ O O

o~-SiMe,
NH,

cC

To a solution of sulfone 11.1 (3.0 g, 8.87 mmol) in 10 mL of 1-methyl-2-
pyrrolidinone was added 60% sodium hydride (390 mg, 9.76 mmol, mineral oil).
The reaction was stirred for 15 minutes at room temperature and then 2-

5 (trimethylsilyDethoxy-methyl chloride (1.57 mL, 8.87 mmol) was added. The
reaction was stirred at room temperature for 4 hours. To this solution was then
added 5.06 g of trans-l,4—diamino-cydohexane predissolved in 15 mL 1-methyl-2-
pyrrolidinone. The reaction was then warmed to 60°C for 24 hours. The reaction
was poured into brine and the product extracted into ethyl acetate. The combined

10 organic extracts were washed with saturated sodium bicarbonate and water, dried
over magnesium sulfate, and concentrated in vacuo to give a light brown oil.
Purification by chromatography using 2% methanol/dichloromethane to 5%
methanol/dichloromethane as eluant gave 2.8 g of 7-(frans-4-aminocyclohexyl-
amino)-3-(2-chlorophenyl)-1-{2- (trimethylsilyl)ethoxymethyl]-3,4-dihydro-

15 pyrimido[4,5-d]pyrimidin-2(1H)-one as a pale yellow foam. (MH* = 502).

87.2  Preparation 3-(2-chlorophenyl)-7-{trans-4-(methanesulfonylamino)-
cyclohexylamino]-1-[2-(trimethylsilyl }ethoxymethyl]-3,4-dihydropyrimido[4,5-

d]pyrimidin-2(1H)-one

Cl@ Ci

NZNN N= N
H\NJ%/I\I\/I(N\,&O ———— H\NA/NII:)%O

@ (g~ SiMe, (‘) N

o/\/SiMea
H, Oxg-NH

& CH,

z 1]

20




R NNNO 5 R3 CpdRI R3R2R4nmp (C) Ex=ple M5 (MH) 2- 1CYCH32-d Hﬁg%gpaz_%@
CH32- CLH4152 G 2- 3r N*~CH32- Cl H4022 O) 2-4CH, ' 2-Cl H4172 O) 2- - C1H4082

, S Y~f 0 2-60 CH32-CIH:::: HL~ CH32-CIH 21 April 2004 WD 01/29042
PCT/ EPOO/36 08890150 CpdRIR3R2R4Anp ( C) Exanpl e PCT/EP00/10088
145

To a solution of 7-(trans-4-aminocyclohexylamino)-3-(2-chlorophenyl)-1-
[2-(trimethylsily1)ethoxymethy1]-3,4—d.ihydropyrimido[4,5-d] pyrimidin-2{1H)-one
(500 mg, 1.04 mmol) in 5 mL of dicloromethane were added tﬁethylamiﬁe (0.29
mL, 0.207 mmol) and a solution of methane sulfonic anhydride (0.2 g, 1.14 mmol)
5 in 5 mL of dichloromethane. The reaction mixture was stirred at room temperature
for 24 hours, diluted with ethyl acetate, and washed with aqueous 10% sodium
bicarbonate. The organic extracts were concentrated in vacuo, and purified by
chromatography using 2% methanol/dichloromethane to 3% methanol/dichloro-
methane as eluant to give 292 mg of 3-(2-chlorophenyl)-7-[trans-4-(methane-
10 sulfonylamino)cyclohexylamino]-1-[2- (trimethylsilyl)ethoxymethyl]-34-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one as a white foam. (MH" = 581)

87.3  Preparation 3-(2-chlorophenyl)-7-[trans-4-(methanesulfonylamino)-

cyclohexylamino]-3,4-dikydropyrimido[4,5-d]pyrimidin-2(1H)-one
15
Cl C’@
NTNIJ Nf\J\/\N
H I He Jo |
ahdadky A
O I\o/\/SiMe3 © H
H o z
ANH *.~NH
X S

7\

O CH3 O CH3

A

O

~
i

To a solution of the 3-(2-chlorophenyl)-7-{trans-4-(methanesulfonylamino}-
cyclohexylamino]-1-[2-(trimethylsilyl )ethoxymethyl]-3,4-dihydropyrimido[4,5-
d}pyrimidin-2(1H)-one (290 mg, 0.5 mmol) in 5 mL methanol was added 4.0 mL

20 of 10% aqueous hydrochloric acid. The reaction mixture was stirred at 40°C for 24
hours, and was concentrated in vacuo. Repeated triturations of the colorless oil with
ethyl acetate gave 3-(2-chlorophenyl)-7-{trans-4-(methanesulfonylamino)cyclo-
hexylamino]-3,4-dihydro-pyrimido(4,5-d]pyrimidin-2(1H)-one a white solid
which was collected by vacuum filtration.

25



M5 (MH*) 2- 8CH32- CH3H212. 6- 25 N-218. 9C 2- 9NCH32- CH3H253- 24235% ggodgtg
2- 10H2- CLH36047 2- 110CH32- CH3H41052 N, 1- 12N 2- 12CH32- CH3H230 H C 4l
.N233.0C' S it 0 2-130HCH32- CH3H250- 257C27 ~N397 2- 140HCH32- CH3H195- 208C26
HO f ~N427 Wo bHiid3L- CH3HLO5- 28 N, : J208. 5C 406 N 2- 16y CH32-KeridkinGRockd 2C29

N, 410 2- 17CH32- Ol H41233 *~N
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TABLE 1
7-Hydroxyalkylamino- and 7-Hydroxycycloalkylamino-substituted
- 1-methyl-3,4-dihydropyrimido[4,5-d] pyrimidin-2(1H)-one derivatives

e

N N

g/I\

R‘\ﬁJ\N/ f?l/ko
CH

Cpd R ., mp (°C) or Method of
MS (MH™) Preparation
1-1
v~
A 334 Example 2
12 : |
HO/\|/ 348 Example 4
CH;
13 CHs
HO /j\/i 348 Example 5
1-4 §
HO/\r 253.8- Example 2
255.0°C
1-5 %
HO/\/'/ 364 Example 2
HO
1-6
HO § 1
/\Olj\ 364 Exarmple 2
1-7 HaC, ,CH;
H § 362 Example 2
1-8 §
HO/\/r 362 Example 2
HaC




N 21 April

2004 WO 01/29042 PCT/ EPOO/ 10088 151 CpdRI R3R2R4np
(NM) 2-18CH32-CH3048731 NF i 2N H2N O 2-19H2- A H210. 2- 57 H3C,

itk

IeMS

N CH3458 2- 20CH32- CH3H241. 6- 30 O242. 1C 347 OCH3 2- 21FH2- O H260. 6-55 F.
N261. 5C RvoS5280422H2- CLH207. 2-56 No 207.7C N 412 2- 230H2- KRR BodsS

~N232. 2C H2N
147
Cpd R mp (°C) or Method of
MS (MH") Preparation
1-9, OH
362 Example 2
HeC % pe
1-10 HoC %
OH 362 Example 2
1-11 HC =
HO § 378 Example 2
HO
1-12 "‘j"\/\
HC ; OH 108-130°C Example 3
OH
1-13 e
HsC\/H 199-204°C; Example 3
OH OH 378
1-14 o~
HsC : 378 Example 3
OH OH
1-15 OH
376 Example 2
HoC : | pie
CHj4
1-16 OH
/\/[ 376 Example 2
HsC §




430 2-24H2- C1H215-219C59 ~431 HO 2- 25H2- O CH3243. 2-50 243. 7G1HR4Gi ShoL- 26H
H2- Cl H41652 N 2 21 April 2004 WO 01/29042 PCT/ EPOQ 10088 152 5

CpdRI RBR2R4np (C) E=Mple M5 (MH) 2-27FH2-Cl H44153 F No 2-28H2-Cl H43168
H3C~OyN Owitherdses0' s of conpounds 2-1 through 2-11, 2-13 WQI&QQQ and
2-28 in the in vitro p38 assay were less than 10 M TABLE

7- Het er oal kyl am no- and 7-Het er osubsti tutedcycl oal kyl am no-substituted

3, 4-di hydropyri m do[ 4, 5-d] pyri xni di n- Z(M—SD -one derivatives

Cpd R mp (°C) or Method of
MS (MH™) Preparation

1-17 3
O 388 Example 3
HO | '
1-18 0
Hy CV\/E; 390 Example 2
1-19 OH
[:j:]ﬂs; 388 Example 3
120 on |

li')\g 388 Example 3
1-21
&§ 388 Example 2

HO
1-22 CHj,
HyC 390 Example 2
HO %
1'23 Hsc CH3
g 390 Example 3
OH

The ICsy’s of compounds 1-1 through 1-23 in the in vitro p38 assay were less
than 10 pM.
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3-1CH3- CH32- Cl H183- 2352 H2N375 CH3 3- 2CH3CH32- Cl H3752 H2N f
3- 31 CH33CH32- CH3H3552 ~ H2N- CHs 21 April 2004 WO 01/ 29042 PCT/ EP00110088

153 CpdRIWGRARM (C) Exanplc Qther than HVS (MHt) 3- 49H3CpBeamhdridbik?
H3C-N~/\ 3-50CI -132-C H3753 H CAN-A"-'-" 3
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TABIE 2
7-Heterocyclylamino- and 7-Heterocyclylalkylamino-substituted
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one derivatives

4 3
5 R R
Cpd R1 R3 Rz R4 mp (°C) Example
MS (MH™)
2-1 O\I A~ CH;, 2-Ci ' H 401 2
2-2 O‘/\/\ CH;, 2-Cl H 415 2
2-3 (\N/\/ CH; 2-Cl H 402 2
o)
2-4 (\ AN CH, | 2Cl H 417 2
. N
O

25 Oq Q/ CH, | 2-Cl H 408 2
O’/

2-6 j‘)k CH; 2-Cl H 402 2
HN™ N\~
/
2.7 0 CH; | 2-cl H 415 2




H 3- 6H21VCH32- Cl H3872 3- 7OHCH33- Cl H3902 H3C 3- 8HX, CH32- CI H3632,rboo4
3- 9HOCHB2- CH3H36821 3- 10NOCH32- FH3713 3- 11HOCH33- aH3622 H3C CH3

3- 12HOCH32- CH3H3422 3C CH3 H 3- 13HO-CH33- CH3H2 H3C CH3 3- 140HCH33- Cl H3762
H3C CH3 2WaM\wi%42004 WO 01/ 29042 PCT/ EP00/ 10088 154 CpdRpBRBR# s

(C) E=npl e Cther than HVS (MH*) 3- 150HCH32- CH3H3562 H3C CH3 3- 16CH32- FH3723
of f 3-17CH32- CH3H3683

150

Cpd Rl 1 R3 R2 R4 mp (°C) [Example

MS (MH")

2-8 CH, 2-CH; H 212.6- 25
2-9 CH; 2-CH; H 253- 24

443

2-10 ' H 2-Cl H 360 47
St

2-11 o O/ CH, 2-CH, H 410 52
»e |

2-12 o CH; | 2-CH, H 230.0- 32
Hac\\g,N 233.0°C
i
0O

213 OH O/ CH, | 2-CH, H 250-257°C | 27
‘\,N 397

2-14 QH O/ CH; | 2-CH; H 195-208°C | 26
HO. _A_N 427

2-15 CH;, | 2-CH, H 195- 28
(r ' 406
ift
N

2-16 CH; 2-CH; H 1565-172°C 29
2-17 _ CH, [ 2-c H 412 33
N’?\/"O/




OH 3-180H CH32- FH3723 0 3- 190HCH32- CH3H3683 3- 20( Y~OHCH32- Cl igz
CrO ~/2-CI H169. 7-41 HO- J 175.1C" Z% -4

H3C 464 O 3- 22CH362- Cl H2
N417 3- 230HCH32- CH3H119. 8-22 HO ,, 121. 8C CH3358 3- 24NH2CH32- Cl H3873 ( Dooo,
21 Apri| wWO@4230 01/ 29042 PCTI EP00110088 155 CpdR1R3R2RAMr-EnekAauEan
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G2 1CH3

248 C

Cpd R1 R3 R2 R4 mp (°C) [Example
MS (MH")
2-18 CH; | 2-CH, 0 487 31
,EN .
HN 0
2-19 0 B 2-Cl H 210.2- 57
H:,,c:\!?I M n 214.4°C
Ch, 458
2-20 CH; | 2-CH, 'H 241.6- 30
OY\/N 242.1°C
347
OCH,
2-21 E H 2-Cl H 260.6- 55
F7|\/N 261.5°C
F
: 455
2-22 ‘/\j/\ H 2-Cl H 207.2- 56
N{&\‘/N 207.7°C
412
2-23 o O/\ H 2-Cl H 229.9- 58
N 232.2°C
HZNJK/
430
2-24 0 O/\ H 2-Cl H 215-219°C 59
HOJ\/N 431
2-25 H 2-Cl CH, 243.2- 50
H,C
2-26 o O/ H 2-Cl H 416 52
HzN/LK/N




Other than HVB (VH*) 3- 25NH2CH32- O H3873  3- 26. ~2- CLHA7137 HQVANri 2004

3- 27H3C2- Cl HA7338 HOH3C V N, _-~ 3- 280HCH32- €l H203. 1-6 HO,,, 204.1 C
H3C/ \ CH3392 3-292- 0H44860 HO aH3C 3- 30, ,  H3C2- O H44539 2 ~N HOCH3 3-3laH C
H3 2- GLHA8FG81m0sN HOHBC CH3 3- 32%QR- Cl H45943 1l f HO ~/ IderPoRi00ss

3- 33HCH32- CH3H37223 HO H3C CH3 21- April| 2004
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Cpd Rl ) R3 R2 R4 mp {°C) [Example
MS (MH")

227 £ H 2-Cl H 441 53

ST

F
2-28 H 2-Cl H 431 68

H3Cv0\n/"|o/
o

The ICsy’s of compounds 2-1 through 2-11, 2-13 through 2-24, and 2-28 in
the in vitro p38 assay were less than 10 M.

5 TABLE 3
7-Heteroalkylamino- and 7-Heterosubstitutedcycloalkylamino-substituted
3.4-dihydropyrimido[4,5-d]pyrimidin-2(1 H)-one derivatives

s
NN
FF\IIJJI\/NJ\/!TJ\/kO

R4 R3
Cpd Rl R3 R2 R4 mp (°C) [Examplg
Other than H MS (MH)
3-1 CH3 - CH, 2-Ct H 183-235 2
H,N 375
CH,
3.2 CH, CH; 2-Cl H 375 2
HN
CH,
33 CH, CH, 2-CH; | H |[355 2
HN
CH,
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CH, 3-37.7°002-Cl H43143 HOH2N' v 3-38.. " CH32- Cl CH341614 H3C, O

3-39. Che@offtgdH214 H3C. O 3-40S H3CH32- Cl HA4615 cO O peyepodndbbs

CH32- Cl H43016 ~D \-

153
Cpd R1 . R3 R2 Rt |mp(C) [Exampld
Other thanr H MS (MH")
34 | CH, CH; 2-C H 361 2
~N
HSC ~TN
3-5 /?L CH,3 2-Cl H 375 3
HSC HA\/

3-6 /O/ CH, 2-Cl H 387 2
H,N ' ,
3-7 OH CH, 3-Cl H 350 2
Hac\/\L

3-8 : CH, 2-Cl H 363 2

3-9 O CH, 2-CH, | H 368 21
HO

3-10 CH, 2.F H 371 3
HO” :

3.11 CH 3-C1 H 362 2
HO ? .
HC CH,
3.12 cH 2-CH H 342 2
HO 3 -3
H,C CH,
313 CH. 3.CH 2
HO : 1 B
H,C CH,
3-14

OH CH, 3-Cl H 376 2
o L

CH




10, H3C 3-42~"CH32- G H42813 H2C ~~ 0 3-43- CH32- Cl H203. 7- 7 )4 QP83 8C
402 21 April 2004 WO 01/29042 157 PCT/ EPOO/ 10088 CpdRI R3R2R4ni p ( C) Exanpl e
QG her than HVS {MH*) 3-44. ' CH32-Cl H46217 Ho ( O OH 3-45CH32-Cl H164.1-8

168. 1C 43W@BerkBGH32- Cl H233. 4- 10 O236. 3C 386 3- 47CH32- O H1481Apl0/2fgs 7C HO

488 CH3

154
de R1 R3 RZ R4 mp (“C) anm?le
Other than H MS (MH")
3-15 OH CH, 2-CH, H 356 2
o L
CH,
3-16 O CH, 2-F H 372 3
“OH
3-17 O CH, 2CH; | H 368 3
“OH
3-18 CH, 2-F H 372 3
: “OH
3-19 a\ CHs 2‘CH3 H 368 3
OH
3-20 OL\ CH, 2-Cl H 388 3
OH
3-21 CH 2-Cl 7-
: —~ 175.1°C
HC 0
464
3-22 CH, 2-Cl H 244- 40
HO\/L,,,,’ Hj 248°C
N 417
3-23 OH CH, 2-CH, H 119.8- 22
HO o 12148°C
CH, 358
3-24 NH, CH, 2-Cl H 387 3




3-48HO2-. Cl H218. 5- 81 221C 464 3-4902-Cl H212-83' O HC215C H%i 2004
3-50CH32- Cl H181. 0- 11 HO N225.0C 401 3-52..+ 2-ClH277.6- 86 Jib(?l.C
3-5302- A H230- 84 ~cr H0240C HO 432 21 April 2004 WO 01/29042

PCT/ EPQ( cwhlei®8®2158 CpdRLR3R2R4np ( C) Exanpl e O her than piyiiepddriopss
3-54CH32-C H>300.C12 O~ 456 N - -

155
Cpd R R3 R2 R4 mp (°C)  {Example
Other than H MS (MH")
3-25 NH, CH; 2-Cl H 387 3
3-26 O H 2-Cl H 471 37
HO N
3-27 O Hscj 2c1 | H 473 38
c. N
HO HC N~
3-28 OH CH; - 2-Cl H 203.1- ]
HO\)\/( 204.1°C
HC CH, 392
3-29 S 2-Cl H 448 60
=
HO
3-30 o Hac,\ 2-C1 H 445 39
O N’\\/’
]
HO CH,
- o 2-Cl H 487 61
3-31 . HOw,, ’ﬁ\ C
,l: J {
HO H,C CH,
3.32 o H c le) 2-Cl H 459 43
3
,O N
HO |
CH,
3-33 H CH; 2-CH;, H 372 23
HO
. HC CH,




N O 3-55. " ~v~2-C H130.8C82 HM13 3-56HO -"~2-C HI96. 6- 85 HQJ;%,&QO@;LB
3-57CH32- C1H263. 3-19 264.4C 3-58CH32-Cl H221.8-20 O 225C H3 1r 0 H3C
3-59CH32- O H247-18 255C- H N z F 130- 3-60F 2- O H133.5C42 F HO456 The
1C50' s of woanpemeds 3-1, 3-3,3-5 through 3-10, 3-12, 3-14 pbiasedhiooss 23,
3-27 through 3-36, 3-38, 3-39, 3-41 through 3-58, and 3-60 in the in vitro p38

156
de Rl , R3 R2 R4 mP (°CJ Yampla
Other than H MS (ME)
3-34 OH CH,3 2-Cl H - 3
H,C
3-35 o 2-Cl H 471 62
HO

3-36 2-Ct H 417 62

O-| §-

O_
o~

zzo

3-38 CH;, 2-Cl CH, 416 14

HO :
3-37 ’O,\\\“ 2-Cl H 431 43
HO HN

3-39 O CH, c | H 402 14
HC.q

3-40 H, CH, 2-Cl H 446 15

3-41

o O . CH, 2-Cl H 430 16
Hsc’u\o
3-42 CH, 2-Cl H 428 13
HZCV\ O’O
3-43 : CH, 2-Cl H 203.7- 7
OH 207.8°C

402




assay were less than 10 p.M 5 21 April 2004 WO 01/29042 PGY/AzRPH440088
159 TABLE 4 7- Het er oal kyl am no-
7- Het er osubst i t ut edcydoal kyl arn. i no-substituted

3, 4- di hy digefabgdhi do[ 4, 5-d] pyri nmi di n-2(1H) - one derivative
(C)Exanpl e M5 (MY 4- 1HO CH2- Cl H44 HO 4- 22- CLH193. 7-73 19

and

COy 2- C1H170 185.5C80 2 CH3 4-40H2- H161-172C63 HO " "~CH 344 3 CH3
4-5, T 2-H214.0-74 HOCH3217. 5C 4-60H2- C1H123-129C45 HO .. 364 CH3
4- 7HO2 Cl H3484 H3C CH3 157
Cpd R1 R3 R2 R4 mp (°C)  [Example
Otherthan H - MS (MH*)
3-44 O..-\“ CH, 2-Cl H 462 17
OH
3-45 CH; 2-Cl H 164.1- )
o e
o . 430
3-46 CH; 2-Cl H 2334- 10
g 236.3°C
O
386
3-47 CHj - 2-Cl H 148.3- 9
O\O/ 263.7°C
CH,
3-48 2C | H | 2185 | 81
HO
464
3-49 o 9] 2-Ct H 212 83
,O Hsc\OJl\/ 215°C
HO
446
3-50 CH, 2-Cl H 181.0- 11
HO\N/,O/ 225.0°C
401
3-52 o 2-Cl H 277.6- 86
O 279.1°C
HO é
3-53 ’O“‘\“ O 2-Cl H 230~ 84
HO Ho’lk/ 240°C
' 432




21 April

,» ~ 2- Cl Hpad9@2p042H3C416 4- 14\ 2- Cl H249. 9- 48 OH250. 1C 374 4
0n0402 4-16~-2-Cl1H241.8-49 \OH 242.4C 0 387 4-172-C1H208.

21 Apri |

2004 WO 01/ 29042 160 PCTI EP00110088 CpdRI R2R4mp (C
(Mr) 4-82-C HL67-178. 5C46 HOB73 4- 9HOR2- CLH3963 4- 10H2- C1H334
4- 11H3CEO (2-Cl H--3 H3CO 4- 12HsC ~2- aH177. 4-3 OH184. 5C 4- 130

SR o Ses

2004 WO 01/ 29042

bGo4Te
cH3

158
de R1 R3 Rz R4 mp (°C) Yamp]
Other than H MS (MH"Y)
3-54 CH, 2-Cl H >300.°C 12
N
¢ 456
N
o}
3-55 O Ng~ 2-Ci H | 1308°C | 8
3-56 e 2-Cl H 96.6- 85
122.8°C
HO
418
3.57 o CH, 2-Cl H 263.3- 19
S O/ 264.4°C
HC TN
3.58 CH, 2-Cl H 221.3- 20
He 2
3 \ ! " 225°C
N/%\'N‘
Vd
e o ©
3.59 CH, 2-Cl H 247- 18
O/ 255°C
HN®
3-60 . F 2-Cl H 130- £
Q >l\/ 133.5°C
HO F
456

The ICs’s of compounds 3-1, 3-3, 3-5 through 3-10, 3-12, 3-14 through

3-23, 3-27 through 3-36, 3-38, 3-39, 3-41 through 3-58, and 3-60 in the in vitro p38

assay were less than 10 uM.



PCTI EP00/ 10088 161 CpdRi R2RAnp (C) Exanple M5 (MH) 4- 18Ho2- Clohlsli 0@ 2C51
4-192- ClHsl ui nks67 HO 171C bubbl es 181C 388 4-200 .~ 2-C HX260G/7 H. 4,0 C
432 0 4.2102- C1H267-267. 6C78 H2N O417 4-220 .+~ 2-Cl H269- 271C79 H3C 431 O H

4-232- O HM@NIRSFR 0210. 0C 372 4-242- C1HL73.6- 71 189. 7C LOéé-ﬁ;EPooﬂooss
4-252- CLH>300069 H2N.. 373 4-262-Cl H235.5-237C70 Hg , 11N3

159

TABLE4
7-Heteroalkylamino- and 7-Heterosubstitutedcycloalkylamino-substituted
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one derivatives

G

N N

I/I\

|:{1\N/kN/ I?I/KO
H

Cpd RI . R2 R4 mp (°C) Example
MS (MH")
4-1 HO 2-Cl H
CH, . “
HO
4-2 2-Ci H 193.7- 73
. O 194.5°C
HO
375
4-3 2-Cl H -
HOE:./\/ 170-185.5°C 80
CH,
4-4 OH 2- H 161-172°C 63
HO o
L o 344
CH,
4-5 2- H 214.0- 74
O CH; 217.5°C
HO™ .
4-6 OH 2-Cl H 123-129°C 45
HO “\\‘
: 364
CH,
4-7 -
HO 2-Cl H 348 4
H,C CH,




H3Cf 0 21 April 2004 WO 01/29042 162 PCT/ EPOO/ 10088 deRlRZIQAr ril &8po£xanpl e
M5 (Mn) 4-27HO-,,.~,'2-ClH3344 CH3 4-282-ClH292.8-87 3 1 N 293.2C - C 451
1 The TC 's of conpounds 4-1 through 4-8, 4-10 through 4-28 in the in vitro
p38 assaywoeniastsess than 10 M 5. Exanple 88. In vitro p3gcipPodiiodsdse

I nhibition assay This exanple illustrates a p38 (MAP) kinase in vitro assay
useful. for evaluating the conpounds of the present invention. 10 The p-38
MAP ki nase inhibitory activity of conpggtpds of this invention in vitro was
det erm ned by nmeasuring the transfer o hey- phosphate from y-33P-ATP by
p-38 kinase to Myelin Basic Protein (MBP), using a mnor nodification of
the nethgd gcribed gn Ahn, et jaks, J. Bgol. Chem,266: 4‘2%@% (1991).
15 The phgsphorjyl ated form of thg reconbi nant p38"wl& ki nage

CO-
MS (MH") . .
4-83 /Ej/ 2-Cl H 167-178.5°C 46
HO 373

4-9 HO 2-c H 396 3

4-10 HO 2-Cl H 334 4
CH,
4-11 Hac/\o/j/ 2-Cl H —— 3
HC o _ .
4-12 H30 . 2-Cl H 177 4- 3
184.5°C
OH

4-13 0 ’O.«“‘ 2-Cl H >300°C 76
H C/u\o 416 -

4-14 : / 2-Cl H 249.5- 43
OH 250.1°C

374
4-15 o 2-Cl H >300°C 75
O//‘\O 402
4-16 2Cl H 241.8- 49
OL\OH 242.4°C
387

4-17 g\ 2-Ccl H 208.3- 54
217.9°C
HO

388




expressed with SEK-1 and MEKK in E. Coli

Bi ol . Chem

chromat ography using a Nickel
was di | ut wd aweobd2nase buffer (20 nM 3-
pH 72,25 nM 3-gl ycer ol
N -tetraacetic acid, 1 mM 21 April
1 mMdithiothreitol,

ether)-N, N N,

phosphat €,

PCTI EPOO/ 10088 163 sodi um ort ho- vanadat

magnesi um chl ori de).
(control) was added and the sanpl es

Test

(see,

-5 mM et hyl ene glycol

Khokhl at chev 21e4pripbgo4] -
272:11057-11062 (1997)) and then purified by affinity

colum. 20 The phosphoryl ated p38 MAP ki nase

(N-mor phol i no) pr oppagesbo/@bssc aci d,
- bi s(bet a- am noet hyl

2004 WO 01/ 29042

40 nmM
conpound di sjéal ved in DVSO or only DVSO

were incubated for 10 rain at 30C. The

ki nase reagtgpn{was inighi ated by {hg addigjon of a str 3t g cogkt ai l
cont ai ni ng P and y-33P-ATP. After inc batl ng % fo?(san addi t1 o(rBi'aI 20 mn
at 30C, thg reagtion was term nat¢d by dding O 7ﬂ%;mht;sphcr| c acifd. The
phosphor yl gteg—nMBP—was—then—sepat fon-the CDIUUQIG y=—133p—AHP using a
phosphocel Lﬁ'@sa menbr@ MIITi p)??‘ Bedf fod, MAf!- la??écquc nPttateéd using a
scintillat)jon cpunter atkard, Meridenj CT). 10 Exanple 89 In viiro TNF-a
i nhi bition| assay THIQ exanple illpustratges an infvitro assay to evgluate the
i nhi bi ti onfof,,LPS—TNducad INF-a ptgducyl M THPE Celrts. (15 Thejability
of the conpounds ofMentimtohhi it the TNF-a rellease S
det er mi ned} usi ng aH® dification ol the mef{hod®°@descrijbed injBlifeld,
et at. Trjanspl Antation, 51:498-5p3 (1991). 20 (a)vubmelucti gn of TINF_
bi osynthesjs: THP-1 cells were sugpended in cul tur di um}[ RPM
(G bco-BRL Gaj | t hersburg,, MD) cpntaining 15% f et A Bovi nd seru 0.02 mM
2- mer capto ethanol] at a concen ratio1 of 2.5{x 188 cell g/ nL and then
plated in B6 H—ptate \UL{IIL ht-s T meach—wet—Fest—cofnpounds
were di ssorv‘iezg(e n Dlvzgnan &n 2'?5;“ uf ed™wi t h| t R2SEGI t ur 4 kdi um such
that the f}nal tionfwas 5% 432
4-21 o Q 2-Cl H 267-267.6°C 78
JLO 417
4-22 0 O,«\“ 2-Cl H 269-271°C 79
o 431
4-23 2-Cl H 204.0~ 72
¢O/ 210.0°C
o}
372
4-24 2-Cl H 173.6- 71
C))U 189.7°C
O 416
4-25 O/ 2-Cl H ~300°C 69
HzN"‘\ 373
4-26 o 2-Cl H 235.5-237°C 70
H,C I
N/?S-N\“ 373




Twenty five itL aliquots of test solution or only nmediumw th 04
(control) were added to each well. The cells were incubated for 30 mn.,
at 37 oC. LPS (Sigma, St. Louis, M) was added to the wells at a final
concent r atwowniedosd. 5 p. g/ nL, and cells were incubated forp@Epepfbdsgonal 2
h. At the end of the incubation period, culture 21 April 2004 WO 01/29042
PCT/ EPOO/ 10088 164 supernatants were coI | ected and the anmount of TNF-a
present was determ ned using an ELISA g%[say as described below. (b) ELISA
Assay: 5 The anount of human TNF-a pres was determ ned by a specific
trapping ELISA assay using two _anti-TNF-a anti bodies (2TNF-H12 and

2TNF- H34) |desgcri bed i nggRei mund, J. , letpal . . . 39( pmHSH- 689
(1996). Pol ystﬁf/rene 96 well plates RVZI\/B}/Ire cogfﬁed i hnp¥%)p| per V\BB‘? of

anti body 10 2TNF- H12 |n PBS (10 ¢/ nlL) dnd i ncubateskMH) @ hpimi di fi pd
chamber at (2 ETover T oitt— CTire ptat wer e washed—w-ti—PBS—and—thep bl ocked
wi t h 5% nonpf a?-cry wWoT KY'n PBS f )?‘—q at rgom taé“frperat ir & and{ washed
with 0.1% BSA (bovi ne sem—gm al bufrin) in PBS. 15 TNF standafds werp
prepared flomajstock solution of {human [reconbi nant TNF-a (R&D Syptens,

M nneapol i $, 4-B)}. The.co ati pp-af tlhemst andar dgzsn the gssay| began at
10 ng/rrLf()IIovved by 4 @‘I’;g serial dilutiong. X%&yfl/e pL aliquots
of the aboye cul|t S&up at ant s{ or TNF st andarid hly nmedj um
(control) Wwere m xedQMth 25 gL aliquotg of biotl nyl4aied nohocl ona
ant i body 2TNF-H3Z—(Z p-orrrit T PBSTomtar mrnyg— 019 BSA—and—tfen— added to
each well. The sanples werg incubated for 2 hr at roomtenperature with

gentl e shaking ange§{hen p@ﬂ){ﬁﬂl as W@ﬁ: é% v of
per oxi dase- strept gw |ﬁ (Z msél1 %1 Jg&r%%%—isog%ﬁ 412? F%sr?l cont ai ni ng -
0. 416 t g/ n_pd8 a8y werdess hasd0 ghM.ept avidin and 0.1 %BSA | n PBS was added to

each well. The sanples were incubated for an additional 1 hr at room
tenperature and then washed 4 tines wth 0.1%BSA in PBS. Fifty pl of
O-pheggll enedi am ne solution (I pg/nL % Bhﬁn%! ene-diam ne and 0.03 %

hydr oden peroxide in 0.2Mcitrate buf was added to each well
and the sanpl es were InCUbatﬁiwgm g&l@[ﬂﬁanasfecglh%monassa

This example illustrates a p38 (MAP) kinase in vitro assay useful for.
evaluating the compounds of the present invention.
10
The p-38 MAP kinase inhibitory activity of compounds of this invention in
vitro was determined by measuring the transfer of the y-phosphate from y-23P-ATP
by p-38 kinase to Myelin Basic Protein (MBP), using a minor modification of the

method described in Ahn, et al,, J. Biol. Chem. 266:4220-4227 (1991).
15

The phosphorylated form of the recombinant p38 MAP kinase was co-
expressed with SEK-1 and MEKX in E. Coli (see, Khokhlatchev, et al, J. Biol. Chem.
272:11057-11062 (1997)) and then purified by affinity chromatography using a
Nickel column.

20

The phosphorylated p38 MAP kinase was diluted in kinase buffer (20 mM 3-
(N-morpholino)propanesulfonic acid, pH 7.2, 25 mM B-glycerol phosphate, 5 mM
ethylene glycol-bis(beta-aminoethyl ether)-N,N,N',N'-tetraacetic acid, 1 mM



30 roomtenperature. Optical density of the sanple and the rgfgsgnges were
read at 450 21 April 2004 WD 01/29042 PCT/ EPO0/ 10088 165 nm and 650 nm
respectively. TNT-a | evels were determ ned froma graph relating the
optical dwoaikgesat 450 nmto the concentration used. The pPEHBprovakess was
defined as the concentration of the test conpound 5 corresponding to

hal f - maxi mal reduction in 450 nm absorbance. Exanple 90 This exanpl e
illustrates an in vivo assay to eval uatlesst he inhibition of LPS- 10 induced
TNF-a production in mce (or rats). The ability of the conpounds of this

invention to inhibit the TNF-a rel ease, in vivo, was determned using a
m nor nodi fsodinm orthofvanpdaterd ithivbiditidethesitdbeld mM mdgmasivinpdaloride) 7Ansst t i, et

aL, J. Immu : ] ' Ln. Med.,
124: 813 (19@%‘?%?&%%&%% Ic%isr%?1 §‘§°§i%&?’%$£°fé@1wﬁa§#%@?%%h%?es ver,
Hol I'i ster, wépinstberdde:cl0 mbi #30P0r ThB RindeeteactionovSnitiarddytheig 8 m ce each

were dosed orally either with the test corrpou?rs%?sus ended or dissolved in
an aqueous adshtiern ef 2xybstoate sodkiarontaining dEBR and: 1@'&5 Aftggeabalingm

car boxynet hyl -cel, L.ul o 0. 4% | ysorbate 80, 0.9%.henzyl alcohol (CMC
Cehi oPey or bk godARaRD e hee St Bagfon warmRing A RUng N ce wor o

I njected i i ] ] Kl (SN f ). After
1.5 h, the%@%ﬁ%i&%&%@%ﬁb@gw&gy?&ﬁg%ﬁ%&gﬁgﬁﬁ%gjaeqv%é?al arvest ed
by car di oce¥peaTB usiBgaqthoypiocelhisdeimhanbiayie Qdillipore) Balficanvet) 248, 600 X g for
25 5 mn., and %ﬁ??r)‘f were transferred tQD (H(%a&g{tu esqa[nd frozen at -20C
until anal y3EgY “W?ﬁ%ﬁﬁ?gﬂ%% \a st GXt er nat i onal |
Camarillo, CA) following the nanufacturer's protocol. It is understood

t hat bhe exanpl es and enbodi nents dgscrilbgg 30 herein are for illustrative
purp& es only and that various nodi s or changes in light thereof

W 'l be suggested to persons rskittd BFIinhiftiéd dss@pd are to be included

within the spirit and purview of This application and scope of the appended
clains. 21 April 2004 WO 01/29042 PCT/ EPOO/ 10088

This example illustrates an 7n vitro assay to evaluate the inhibition of LPS-
induced TNF-a production in THP] cells.

15
The ability of the compounds of this invention to inhibit the TNF-ct release
was determined using a minor modification of the methods described in Blifeld, et
al. Transplantation, 51:498-503 (1991).
20 (a) Induction of TNFE biosynthesis:

THP-1 celis were suspended in culture medium {RPMI (Gibco-BRL,
Gailthersburg, MD) containing 15% fetal bovine serum, 0.02 mM 2-mercapto-

ethanol], at a concentration of 2.5 x 105 cells/mL and then plated in 96 well plate
(0.2 mL aliquots in each well). Test compounds were dissolved in DMSO and then
25 diluted with the culture medium such that the final DMSO concentration was 5%.

Twenty five pL aliquots of test solution or only medium with DMSO (control) were
added to each well. The cells were incubated for 30 min., at 37 °C. LPS (Sigma, St.
Louis, MO) was added to the wells at a final concentration of 0.5 pg/mlL, and celis

were incubated for an additional 2 h. At the end of the incubation period, culture




1. 166 Cainms A conpound sel ected fromthe group of conpoundngrepigsent ed
by formula l: 5 10 15 2025 RI ~NN~O NRL R3 (1) wherein the
subscript nis an integer of fromO to 3; R is acyl, heteroalkyl,
opti onal | wowolrsdoisz ut ed’ aryl het er oal kyl , heteroalkenyl, G L VA
het er oal kyl car bonyl , heterosubstituted cycl oal kyl, heterosubstituted
cydoal kyl al kyl , heterosubstituted cycl oal kyl - al kenyl, heterosubstituted
cycl oal kyl al kynyl , heteroal kyl substi tut cycl oal kyL optionally
substituted heterocydyl, optionally sub$tituted heterocydylallryl,
optionally substituted heterocydyl spiro cycloal kyl, -(alkylene)-C(O-Rl
- (het er oghpeyhtie wekeQollRed aﬂaame bfountBf TNE-cHrkéht wikdedhdiyta am no,
nDnosubstltuted anmi no, disubstituted amino, optionally substituted
cycl oal kyl , U$ipg AR ERISA2ssay9s describedibalgwl oal kyl - al kyl, optional Iy

substituted aryl, optionally substituted araikyl, optionally substituted

heteroaryl, optignally substituted heteroaral kyl, hydroxy, or al koxy; R2

i s each i ndepend I y—Mﬁf?occurrence al kyl, hal o, heteroal kyl or vinyl;
5 The amount of human TNF-o present was determined by a specific trapping

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

Polystyrene 96-well plates were coated with 50 ul per well of antibody

10 2TNF-H12 in PBS (10 pg/ml) and incubated in a humidified chamber at 4 ©C
overnight. The plates were washed with PBS and then blocked with 5% nonfat-dry
milk in PBS for 1 hour at room temperature and washed with 0.1% BSA (bovine

serum albumin) in PBS.

15 TNF standards were prepared from a stock solution of human recombinant
TNF-a (R&D Systems, Minneapolis, MN). The concentration of the standards in
the assay began at 10 ng/mL followed by 6 half log serial dilutions.

Twenty five pL aliquots of the above culture supernatants or TNF standards
20 or only medium (control) were mixed with 25 pL aliquots of biotinylated
monoclonal antibody 2TNF-H34 (2 ug/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 pl of peroxidase-
streptavidin (Zymed, S. San Francisco, CA) solution containing 0.416 pg/mL of
25 | peroxidase-streptavidin and 0.1% BSA in PBS was added to each well. The samples

were incubated for an additional 1 hr at room temperature and then washed 4 times
with 0.1% BSA in PBS. Fifty pL of O-phenylenediamine squtton (1 pg/mL O-
phenylene-diamine and 0.03 % hydrogen peroxide in 0.2M citrate buffer pH 4.5}

was added to each well and the samples were incubated in the dark for 30 min., at

30 room temperature. Optical density of the sample and the reference were read at 450




Wis hydrogen, alkyl, heteroallryl, optionally substituted &k o@id onally
substituted aral kyl, optionally substltuted heteroaryl, optionally
substituted heteroaral kyl, optionally substituted cycloalkyl cydoal kenyl ,

opt i onal lyoaybsiys t ut ed cycloalkylalkyl, hal oal kyl , cyanqgg 0/10088
het er osubsti tuted cydoal kyl, heterosubstituted cycloal kyl al kyl,

het er oal kyl substituted cydoal I cyl, optionally 21 April 2004 WO 01/ 29042
PCT/ EPOQ 10088 167 substituted het erocycl yl, optionally substituted
heterocyclylal kyl, -(allrylene)-C(O R3$> or -(heteroal kyl ene)-C(O R31;
wher ei n: RBl IS aIkyI hal oal kyl , hydroxy, al koxy, am no, nonsubstituted

S RO e PN S s bagl onel 1

substltute ptionally su stltut aryl optional ly
substi t ut edhapan@ﬂﬁtnsup’tatémmyo thelson¢engtation keader oaryl, or  optionally
substituted heteroaral kyl; and R4 is hydrogen, alkyl, or -(alkyl ene)-COR31;
10 and an individual isoner, a racem c or nonracem c m xture of isoners, or

a pharmaceuti caThB)lCaooféblEa\m defygtas ﬂNGpecﬁnﬁaﬁanfﬂlmp‘iﬁsﬁ@Pa@cbr ding to
cl ai 1 wherein .het er,oal ti.on substituted
aryl h teroé*??*P°$£ﬁ ﬁ?F‘ Kap fséﬁﬁﬁﬂygl %@P§%Ikyl- 15 car bonyl,

het erosubstituted cycoal kyl, heterosubstituted cycl oal kyl al kyl,

het er osubstituted cycl oal | cyI al kenyl , _het ok ubstituted cycl oal kyl al kynyl ,
het eroal | ryl substituted cycl oal kyl, OE¥?§§%+§y substituted heterocydyl,

optionally substituted heterocydylalkyl optionally substituted

het er ocycl yl spi cydo al kyl ene

- (het er oal kyl ene imff’é)méiﬁ%ﬁtﬁtﬁ%‘ fé"’ }chév%% t}‘eﬁ%h“h’é’loﬂﬁfm%m no,
monogybst i tiHBRELJAMNING: prddstthalih tME€@r Mtyn0, optionally substituted
cycl oal kyl, optlonally substituted cycloal kyl al kyl, aryl, optionally

substit ut ed aral kyl, optionally substituted het eroaryl optionally

substituted het epoan: ﬁﬂ%gple&ég{p%x ds?%;%léi? %né%u?oSm%Jbléhgmo&pgealsQ

accordance with
in vivo, was determmed using a minor modification 6f the methods described in

described in Zanett, et. al., J. Immunol., 148:1890 (1992) and Sekut, et. al., . Lab.
15 Clin. Med., 124:813 (1994).

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
either with the test compounds suspended or dissolved in an aqueouns vehicle

20 containing 0.9% sodium chloride, 0.5% sodium carboxymethyl-cellulose, 0.4%
polysorbate 80, 0.9% benzyl alcohol (CMC vehicle) or only vehicle (control group).

After 30 min., the mice were injected intraperitoneally with 20 pg of LPS (Sigma, St.
Louis, MO). After 1.5 h, the mice were sacrificed by CO5 inhalation and blood was
harvested by cardiocentesis. Blood was clarified by centrifugation at 15,600 X g for
25 5 min., and sera were transferred to clean tubes and frozen at -20°C until analyzed
for TNF-ct by ELISA assay (Biosource International, Camarillo, CA) following the

manufacturer’s protocol.

It is understood that the examples and embodiments described
30 herein are for illustrative purposes only and that various modifications or changes
in light thereof will be suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of the appended claims.



hydrogen. 4. A conpound in accordance with Caiml or Cai mZajesein nis
an integer of from1l to 2, and each R2 is independently halo or alkyl. 30
5. A conpound in accordance with Caim4, wherein -(R2)A represents 2-halo
or 2,6-di April 2004 WO 01/29042 168 PCT/ EPOO/ 100 ound
in accordgﬁice w&%h Caim4, wherein -(R), represents g?ﬁgﬂ'@mﬁ%ﬂp
conpound i n accordance wt h Caiml or daim2, wherei n R3 is 5 hydrogen,
al kyl , hal oal kyl, or heteroaikyl. 8. A corrpound in accordance with daim?7,
wherein R3 is hydrogen, alkyl or heter¥fikyl. 10 9. A conpound in
accordance with Gaim7 or Caim8, wherein R3 is hydrogen or nethyl. 10.
A conpound in accordance with Caim7, whgrgin R3 is 2,2,2- trifluoroethyl.
15 11. A conpound in accordance with darm /7 or Caim 8, vvherei n R3is
het er oal kyl . 12. A corrpound |§ % g‘{,& nctﬁ W|th aim1l C ai mcﬁ) wherein
Rs is 20 heterodtkyl AGHROYRISE SR e BYP AN GPIPR ﬁP‘[?;‘rfF“te b4

het er osubst it 881- cycl oal kyl , het er osubstitut ed cycl oal kyl al kyl ,

het er oal kyl substi t ut ed cycloalkyl optionally substituted heterocyclyl or
optionally substituted heterocycl yI al kyl . ~, A conpound in accordance with
Claim12, wherein Rl is optionally 25 supst H—u-t-(ﬂ?)lﬂeteroal kyl. 14. A

conpound in accordance with d R hydr oxyal kyl . 30 15. A
conmpound i n accordance WIFEII Clim 4 erein R2 |s hal o or
~ o
I|\| N I?l O
= R R3
R 6

wherein
the subscript 1 is an integer of from 0 to 3;
R! is acyl, heteroalkyl, optionally substituted arylheteroalkyl, heteroalkenyl,
heteroalkynyl, heteroalkylcarbonyl, heterosubstituted cycloalkyl,

10 heterosubstituted cycloalkylalkyl, heterosubstituted cycloalkyl-
alkenyl, heterosubstituted cycloalkylalkynyl, heteroalkylsubstituted
cycloalkyl, optionally substituted heterocyclyl, optionally substituted
heterocyclylalkyl, optionally substituted heterocyclyl spiro cycloalkyl,
-(alkylenva)-C(O)-RH or -(heteroa]kylene)—C(O)-Rn;

15 wherein: ‘

RY is alkyl, haloalkyl, amino, monosubstituted amino, disubstituted amino,
optionally substituted cycloalkyl, optionally substituted cycloalkyl-
alkyl, optionally substituted aryl, optionally substituted aralkyl,

: optionally substituted heteroaryl, optionally substituted

20 heteroaralkyl, hydroxy, or alkoxy;

R?is each independently in each occurrence alkyl, halo, heteroalkyl or vinyl;

R? is hydrogen, alkyl, heteroalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted heteroaryl, optionally
substituted heteroaralkyl, optionally substituted cycloalkyl,

25 ' cycloalkenyl, optionally substituted cycloalkylalkyl, haloalkyl,
cyanoalkyl, heterosubstituted cycloalkyl, heterosubstituted
cycloalkylalkyl, heteroalkylsubstituted cycloalkyl, optionally




nethyl, R3 is methyl and nis 1 or 2. 21 April 2004 WO 01/ 2944l 6804

PCT/ EPOO/ 10088 16. A conpound in accordance with Caim112, wherein RL is
het er osubstituted cydoal kyl. 17. A conpound in accordance with C ai m 16,
wherein RRobgadead 0o or 5 nethyl, R3 is nethyl and n is 1 mfr/@rooA&oséd
conmpound in accordance with Caim17 wherein R is hydroxycycloal kyl. 10
19. A conpound in accordance with Caim112, wherein Rl is optionally
substituted heterocyclyl or optionally_ substituted heterocyclylalkyl. 20. A
conpound in accordance with C aim 19, Werein RZ is halo or net hyl, R3 is
met hyl or hydrogen and n i,s 1 or 2. 15 21. A conpound in accordance with

G ai m 18, wherei n R2 sulsstiogtedheterocyatiloptionBy substinited batdogycidslllyln is 1 or 2.

22. A conpound accor dj to Loy 1 ich i,s ,20 31,
3-(2-chl or ophenyl ) - 7-'{@8’5%2'&@;@’&{37 ‘T‘Bﬂgﬂﬁ?gfﬁ;%& 3, 4- di hydropyrim do
[4,5-d] pyrim dwhkeid:H) - one, and pharnmaceutically acceptable salts thereof.
23. A conpound accor gjsng 0o ai sel ected from 25 ;
3- (2-chl or ophenyl ) - 7+ t’gflﬁ‘zh%?ﬂgﬁﬁyﬁﬂxyy?@%&w’@%%@WB%. rni do[ 4, 5-
d]1 pyf Ih rr} d|3 n- 25 IhH) t o:ammcidssgxbﬂntgﬁdhnﬂnm@p@johﬂh)mbgmmedohydp&m amz?(ﬂ_')
-1-met hyl - 3-ort ho-tol yl.. - -, di hydro | - Jom di ne - one,
3-(2-chl or ophenyl ) - 7O?kf?ailgﬁgb%tﬁ%g%@%%ﬁhﬁ%ﬁﬂ%%‘%ﬂtﬁgﬁrﬁl nmet hyl - 30
g, ?2 di Elydr OpK“ mI ;jo7bpz5azdl]y spbmrmmJ hdian]lé}rl 1,_(013H)>n£illys,u:3ﬁrtldteg hjteéqa;ylaor -

- (2-chl orophenyl ) - 7- (4- ox0- Q am -1- yl -3, i hydropyrim do
[4,5-d] pyrimdin-2( fﬁf‘i’%ﬁ;&%ﬁﬁe‘%ﬁ%ﬁ?&é ’I%'%‘tilnley acceptabl e salts thereof

R* is hydrogen, alkyl, or -(alkylene)-COR*;

10 and an individual isomer, a racemic or nonracemic mixture of isomers, or a
pharmacentically acceptable salt thereof.

2. A compoimd according to claim 1, wherein R! is acyl, heteroalkyl,
optionally substituted arylheteroalkyl, heteroalkenyl, heteroallq'nyl, heteroatkyl-

15 carbonyl, heterosubstituted cycloalkyl, heterosubstituted cycloalkylalkyl,
heterosubstituted cycloalkylalkenyl, heterosubstituted cycloalkylalkynyl,
heteroalkylsubstituted cycloalkyl, optionally substituted heterocyclyl, optionally
substituted heterocyclylalkyl, optionally substituted heterocyclyl spiro cydoalkyl,
~(alkylene)-C(O)-R" or -(heteroalkylene)-C(0)-R*. wherein:

20 Rilis alkyl, haloalkyl, amino, monosubstituted amino, disubstituted amino,
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, aryl,
optionally substituted aralkyl, optionally substituted heteroaryl, optionally
substituted heteroaralkyl, hydroxy, or alkoxy.

25 3. A compound in accordance with Claim 1 or Claim 2, wherein R* is
hydrogen.
4, A compound in accordance with Claim 1 or Claim 2, wherein nn is an

integer of from 1 to 2, and each R? is independently halo or alkyl.
30
5. A compound in accordance with Claim 4, wherein -(R?), represents
2-halo or 2,6-dihalo.



et et e

21 April 2004 WO 01/29042 PCT/EPOO/ 10088 170 24. A nethod F10&prh beog
preparation of a conpound of forrmula (1) according to Claim1l, wherein

R -R4 are as defined in Claiml, said method conprising: 5 (a) treating a
conpound all (ID 10 wherein n, Rz and R3 have t |.n

provi ded ﬁ?\ogﬁg%ar# 1, with the proviso that any interferi %ﬁ%@b?@g gr oup
present is optionally in protected form and L is a |eaving group, with an
amne of formula Il RR4-NH (ill) wherein R and R4 have the neaning
provided in claiml, with the proviso @6t any interfering reactive group
present is optionally in protected form and where required, deprotecting
any protected grgup preaﬁﬁi; I i | QAlEdin - , %\Jgger desired,
optionally convergti ngi%t he cood#%éﬁjﬁgco?%gégﬁg%?ﬁg%eut |J(1:%I @’yﬂ, rg ce&%abl e
salt. 25. A2reethPld for the preparation of a conmpound of formula (1) 20
according to Claim1l, wherein R-R4 are as defined in Cdaim1l, said nethod
conprising: (a) treating a conpound of formula IV (1V) 21 April 2004 WO
01/ 29042 PCTI EPOHY 10086-ontHoumddr aqqerdance with4llgm Rot Glauh RywhergiadRR® and R3

have the nmegpd , y,qlqli.-,q]lig’,g {hatiGatkyl.i N the presence of a base to afford
?&B?eol} ﬁuﬂf}a ( )On ¢ 1

a conpound o Vv
8. A compound in accordance with Claim 7, wherein R® is hydrogen,
allql or heteroalkyl.
10 9. A compound in accordance with Claim 7 or Claim 8, wherein R? is
hydrogen or metbyl.
10. A compound in accordance with Claim 7, wherein R*is2,2,2-
trifluoroethyl.
15
11. A compound in accordance with Claim 7 or Claim 8, wherein R? is
heteroalkyl.

12. A compound in accordance with Claim 1 or Claim 2, wherein R' is
20 heteroalkyl, optionally substituted arylheteroalkyl, heterosubstituted cycloalkyl,
heterosubstituted cycloalkylalkyl, heteroalkylsubstituted cycloalkyl, optionally
substituted heterocyclyl, or optionally substituted heterocyclylalkyl.

13. A compound in accordance with Claim 12, wherein Rlis optionally

25 substituted heteroalkyl.
14.  Acompound in accordance with Claim 13, wherein R' is
hydroxyalkyl.
30 15. A compound in accordance with Claim 14, wherein R? is halo or

methyl, R? is methyl and n is 1 or 2.



NI Rs NAN-Q 1 R35 10 (V) (b) treating a conpound of formAmi > th an
oxi di zing agent followed by an am ne of the fornmula R RANH (wherein and Rl
and R4 have the neaning provided in Claim1l) to afford a conpound of
formul a (Wb o1ppsk2 Where desired, optionally converting the-¢RBROIHIEE | NtO a
pharmaceutically acceptable salt 26. A conpound accordi ng to any one of
clainms 1-23 for use as nedicanents. 27. A pharnmaceutical conposition
conprising a conpound of any one- 15 of Clains 1-23, or an isoner, racemc
or non-racenic mxture of isoners, or &6%har maceutical ly acceptabl e salt
thereof, in adm xture with at | east one pharma- ceutically acceptable

carrier. 28. A qenpownszﬁpmﬁfddnmgcdr@arﬁeynmrtﬁa@i 1z vitier®n R' 23 for use in the
20 treatne t of rt hrldt |a ?]%lghn s disease, irritable bowel syndrome, adult
respirator ftétgge 8 chroni c obstructive pul nonary di sease,

ost eopor osi s, or Al zhe| nmer's disease. 25 21 April 2004 WO 01/29042

PCT/ EPOO/ 10088 72 10 15 29. A rocess r.t arati.on of a
medi cament  whi cl]r; "‘%‘r”f‘ﬁ&foﬁ Wﬁgﬁlﬂatfgé%f%? ]??T%ﬂﬂl one of
claing 1- Zhahylathmmdeu&ncﬁl by?2.

18 A compound in accordance with Claim 17 wherein R is
hydroxycycloalkyl

10 19. A compound in accordance with Claim 12, wherein R’ is optionally
substituted heterocyclyl or optionally substituted heterocyclylalkyl.

20. A compound in accordance with Claim 19, wherein R? is halo or
methyl, R? is methyl or hydrogen and nis 1 or 2. |
15
21. A compound in accordance with Claim 18, wherein R? is halo or
methyl, Riis heteroalkyl and nis 1 or 2.

22. A compound according to Claim 1 which is
20 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one,
and pharmaceutically acceptable salts thereof.

23. A compound according to Claim 1 selected from
25 3-(2-chlorophenyl)-7-(tetraliydropyran-4-ylamino)-3,4-dihydropyrimido[4,5-
dlpyrimidin-2(1H)-one,
7-[1-(2-hydroxyethyl)-piperidin-4-ylamino]-1-methyl-3-ortho-tolyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one,
3-(2-chlorophenyl)-7-[(trans-4-methoxycyclohexyl)methylamino}-1-methyl-
30 3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one, and
3-(2-chlorophenyl)-7-(4-oxo-cyclohexylamino)-1-methyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one;
and pharmaceutically acceptable salts thereof.



acceptabl e salt thereof into a galenical adm nistration formtggethesr wth
a conpati bl e pharnmaceutical carrier. 30. The use of a conpound according to
any one of clainms 1-23 in the preparation of a nedicanent for the

treat mnentwofelasdsbritis, Crohn's disease, irritable bowel peyrpt@igess adul t
respiratory distress syndronme, chronic obstructive pulnonary disease,
osteoporosis, or Al zheiner's disease. 31. A conpound according to any one
of clainms 1-23 whenever prepared accorﬂ@ng to a process of claim24 or
claim25. 32. The new conpounds, internedi ates, processes and
pharmaceutical conpositions as descri bed herei nbefore.

24. A method for the éreparation of 2 compound of formula (I)
according to Claim 1, wherein R1-R® are as defined in Claim 1, said method
comprising: '

5 (a) treating a compound of formula II
/@ 3
~—(R
()
N

R® | (m
wherein n, R and R? have the meanings provided in claim 1, with
the proviso that any interfering reactive group present is optionally in protected
form, and L is a leaving group,
10 with an amine of formula ITI
R'R:-NH (1)
wherein R' and R* have the meaning provided in claim 1, with the
proviso that any interfering reactive group present is optionally in protected form,
- and where required, deprotecting any protected group present in the reaction
15 product, .
and, where desired, optionally converting the compound into a pharmaceutically
acceptable salt. l

25. A method for the preparation of a compound of formula (I)
20 according to Claim 1, wherein R'-R* are as defined in Claim 1, said method
comprising:

{a)  treating a compound of formula IV
N7 X
R AN, 2 H |
e
Rs O n
(Iv)
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wherein X is halo, R is alkyl, and R? and R? have the meaning

provided in Claim 1, in the presence of a base to afford a compound of

formula V
/@(Rfﬁ)ﬂ
N/\I\N
R AL AL

R3
(V)

(b)  tréating a compound of formula V with an oxidizing agent
followed by an amine of the formula R'R*NH (wherein and R* and R* have
the meaning provided in Claim 1) to afford a compound of formula (I),
and, where desired, optionally converting the compound into a pharmaceutically
acceptable salt.

26. A compound according to any one of claims 1-23 for use as

medicaments.

27. A pbarmaceutical composition comprising a compound of any one
of Claims 1-23, or an isomer, racemic or non-racemic mixture of isomers, or a
pharmaceutically acceptable salt thereof, in admixture with at least one pharma-
ceutically acceptable carrier.

28. A compound according to any one of claims 1-23 for use in the
treatment of arthritis, Crohn’s disease, irritable bowel syndrome, adult respiratory
distress syndrome, chronic obstructive pulmonary disease, osteoporosis, or

Alzheimer’s disease.
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29. A process for the preparation of a medicament which comprises
bringing a compound according to any one of claims 1-23 or a pharmaceutically |
acceptable salt thereof into a galenical administration form together with a

compatible pharmaceutical carrier.

30.  Theuse of a compound according to any one of claims 1-23 in the
preparation of a medicament for the treatment of arthritis, Crohn’s disease, irritable
bowel syndrome, adult respiratory distress syndrome, chronic obstructive
pulmonary disease, osteoporosis, or Alzheimer’s disease.

10 | |
31. A compound according to any one of claims 1-23 whenever prepared
according to a process of claim 24 or claim 25.

32.  Thenew compounds, intermediates, processes and pharmaceutical

15 _compositions as described hereinbefore.





