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[err] Abstract: The invention provides conpounds representeg hAyrifoooaul a
(I') inwhich Rerr], Rerr], Rerr], Rerr], and n are as defined in the
applicatiogn; and individual isonmers, racemic or non-racem c m xtures of

i somers, MAOVBNAR maceutical Iy acceptable salts thereof. RGE/ERISAMSYNds are
p38 inhibitors and may be used in the treatnent of arthritis, Crohn's

di sease, irritable bowel syndrone, adult respiratory distress syndrone,
chronic obstructive pul nonary di sease, osteoporosis, or Al zheiner's

di sease. 21 April 2004 WO 01/29042 PCTI EPOQ 10088

HETEROALKYLAM NO- SUBSTI TUTED BI CYCLI C Nl TROGEN HETEROCYCLES AS | NHI Bl TORS
OF P38 RROEE N M- I%.gﬁf | | e I C l.c_nitrogen
het er ocyclegs . eRMBES: ﬁng@sgtgﬁ:ul ar e%cx:‘%ggimﬁ\lfgn [ o%ﬁéEgé%%%‘ggr%%ghvﬁﬁIﬁoﬁ?eP ain
het er oal kyl am no-substituted di hydropyri m do[ 4, 5-d] pyri m di none
derivatives, pharmaceutical preparations containing them nethods for
their use as therapeutic agents, and nethods for their nanufacture. 10

Mt ogen-activated protein kinases (MAP) are a famly of praline-directed

serine/t hreoni ' i . t.heir substrat dual
phosphoryl at i o%%%gﬁﬁ?lﬁ%g%é rglgées é)(a:t%ﬂ%(/chf 2y ?ﬁ“g‘eﬁfﬁqqgﬁeﬁl%“’si gnal s
i ncl uBli ng rpartiulartyntile inveobtios iodonceratd with certain hieghdallg@uminbobsubstittieds ,
endotoxianﬁl i t okines.;.ne. aro of MAP ki nases is the p38
ki nase group r?%ﬁ’%ﬁﬁ%‘é SEUROE dertyatiy %G Pt{%fjb?cfutb‘f?ggr,epi%gﬁ%%o and
p38y). The p8&ikingthees matkodsdepthais ubd & thenapgitoragbes,andtrhéthodufdr thait | vat i ng
transcri pt irﬁ%Jfﬁ&ﬁ&rs as wel |l as other kinases, and are thensel ves

y phy

activated sical and chem cal stress, pro-inflamuatory cytoki nes and
bacterial |ipopolysaccharide. 20 More inportantly, the products of the p38

phospgoryl ation Iaﬁxgenb&%%ég'ﬁm?ein 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,

15 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.

20 More importantly, the products of the p38 phosphorylation have been shown
to mediate the production of inflammatory cytokines, including TNF and IL-1, and
cyclooxygenase-2. Each of these cytokines has been implicated in numerous disease
states and conditions. For example, TNF-at is a cytokine produced primarily by
activated monocytes and macrophages. Its excessive or unregulated production has

25 been implicate& as playing a causative role in the pathogenesis of rheu;hatoid
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.



to mediate the production of inflammatory cytokines, includingpiNeo@nd
IL-1, and cycl ooxygenase-2. Each of these cytoki nes has been |rrpl lcated in
nuner ous di sease states and conditions. For exanple, TNF-a is a cytokine
produced woomeood2y by activated nonocytes and macr ophagegcriepiofo8£SSi 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 treatnment of inflanmmation, inflammatory bowel disease, nultiple
sclerosis and asthma. 21 Apr|I 2004 WO 01/29042 PCTI EPOO/ 10088 2 TNF has

al so been inpl i chNEdws nlsvbcmlmpitmdnmnalmfmdmmuﬂia&mﬁhﬂmm Vi rus,

d h h
ol ex i r ek %p%ﬂﬁgp?ﬁé@gé?aﬁ 52 SRLDLE I 8 sy O e T PO e
(VZV), Epst gnplexaiins fypetid( H&mmmbmuu@m Hlalkieﬂl)a -zolsterrminusher pesvi r us- 7
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am()ng ot%ers Sf‘ﬂ?ﬁ&ﬁ)ﬁeﬁéﬂ%#ﬁ? 'S prog%&(rzvelﬁgby actl@aﬁ %and
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i ncl udi ng rha % carthritis, 10 fever and reduction of bone resorption.
The |nh|b|t|on Df these cytokines by inhibition of the p38 kinase is of
benefit in controlling, reducing and alleviating many of these disease

Fepr esent ed by RaiRparis} i BEoMcER Sphad R RS Gl SRR PRIRGRREC, |
t he subscr i Peys# 1oke inmmany paghophysiologival 1@spooses including rheumatoid arthritis,
10 fever and reduction of bone resorption.

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

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

N™ ™ N
R4 -
\NJ\;II\';&O

R? R?

formula:

ty;

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:




R is aryl, heteroalkyl, optionally substituted aryl heteroaljyhp 2004

het er oal kenyl , heteroalkynyl het er oal kyl car bonyl , heterosubstltut ed
cycloalkyl het er osubst i t ut ed cycl oal kyl al kyl , het er osubst i t ut ed

cydoal kyl WRPKEMI?  het erosubstituted cycl oal kyl al kynyl, PCT/EP00/10088

het er oal kyl substituted 25 cycl oal kyl, optionally substituted heterocydyl,
optionally substituted heterocydylal kyl, optionally substituted

het erocycl yl Spiro cydoal kyl, -(alkyleng)-C(O-R' or

- (heteroal kyl ene)-C(O -R 1; wherein: 21 April 2004 WO 01/ 29042

PCT/ EPOO/ 10088 3 '. 1.1 | kyl,, hal oal k n S_tl ted am no,
di substituted ani EP@B%’# DTN %‘B‘&P@F

~substituted cycl oaTkonpuahiiLylsubnmﬁUed) dajkyl; bhﬂlytsaﬂstﬁﬁteﬁ ga;mcﬂnal |y
substituted aral kyl, a wggg hetﬁ‘;&a{%1 gpt lL.onal |y
substituted 5 h-eteroa W’;}%rs'b ut - RBRYD tte &ependent | y
in each occurrence al Iophpniihlsﬂbsdnmhéhaaz}oknﬂ dptionhlyydubstiddted S hydr ogen,

al kyl ,z het er oal kyl , o onal stituted aryI optionally substituted
ar al ky'ri optional | y s ?ﬂ@nﬁ’tﬁl@?’@rg Xy optionally substituted

heteroaral kyl, o B iisozaah h;depeﬂnhhﬂy int each cqcnheﬁt 1, Hello, Gig cbosulllse By Vinyl;
ot oral Ty s e U0 o LS A
het er oal kyl subst i t ut edubs;muhterhk:laﬂdyl, opmnaﬂmalhﬁsyitutsdjh&tewaqﬂ,arpﬂmbw ocydyl :
??L;?Q?L;Ykirgzgl) ) uC(t g Egs%mﬁﬁ%ger eahﬁf%ﬁgonﬁé" s&F%ﬂ’teg) %%ﬂ hydr oxy,
al kox}@ ami no, nons ubs‘gqlodkemgﬂ optmmﬂy s@sﬁuined Eytclotatigtlaioyd, r]tﬂloallcm, i onal | y
Substitut ed aryl - opcTaeaRYt RESosthsBHRR it SHAGRE MRt cUbet Tt ut e
het eroaryl, or 20 opt m&wm«owbmmmmﬂkﬂ optiorchlly R4 i s
hydr ogen, alkyl, or - Q@Mﬁﬂt@@ﬁgter%, ‘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:



and their individual isomers, racenmic or nonracem c mxture ofajdgooed4s, and
their pharnmaceutically acceptable salts thereof. 25 The conpounds of
formula | and their aforenmentioned salts are inhibitors of protei.n

ki nases, wachiesdyebit surprisingly effective activity aga| EJ[ '?10{'&;3 Vi vo.
Interestlngly, t he conpounds of fornmula |I do not exhibit activi gai nst
the T-cell tyrosine kinase p561Ck at | evels bel ow about 10 AM The
conpounds can be wused for the treatnent of diseases nediated by the
pro-inflammat ory cytokines such 30 as 'ﬁNF and IL-1. As used herein: 21
April 2004 WO 01/29042 PCT/EPOQO 10088 4 "Al kyl" means a |inear saturated

nonoval ent  hydr 0GdiyYomedradilinRhr Qtur@itd théhovaledt 6B RAbOH RAR 106 dhelb anched
sat urat ed mopnoval ent hydr car£o§ radi cal of fhree. to six carbon atons,

e.g., met hyT* QPMACH CEP IMORQY; enbbf#Pmb@hFﬂca] Nf ‘Iby'?eene

neans a | i I‘l@&[xc&ﬁidﬁﬁbﬂx@,egt \adthyll ethYldszﬁ' Si X
carbon atons or anph saturated di V<ﬁ nt h ro ar bon r |caI of t hree
to six carbon a "‘r?g]l’% satyrated; W?eé‘ﬁé}’éﬁ?r‘%f o g#rlical of one to

2- et By - prﬁpwmtoﬁﬁlﬁﬂbﬁlﬁhedsa&ﬂﬁ%&ﬁxﬂl@th?&%@ﬁban HiReAbf flebtANChed
di val ent hydrocgr baon radi cal contﬂli gmtwo to ten car bon at ons and
Vi eciFB

al so cont ai Wf 5P APBUFE-dREYSES 6 A STTBELEY bEﬁ?tR}’ €B®g., - CH=CH,
- CH2CH=CH- ,pen€éid3) =CH-, CH2CH=CHCH2-, and the like. "Al kenyl" neans a

| i near nonoval ent, ;h ocar bon r.adi cal of twg, to Si rbon atons or a

br anched nonoval gﬁa{‘ﬁ{?ﬂ? &%8@%&@5@%%@&%1@ iRl at ons,

cont ai ni Ing camtimagﬁ-oﬂﬂﬁvl mﬁ&h earbe dton@dind ab lR6ftkining tIRBNYhe ca1=§onb-A| kynyl "
meang a i near ent y si X carbon atons
or a Br ancH ﬁo@%\%ﬁw %‘%&ﬁ& &QC}#\@E&%’SM carbon atons,
cont ai ni ng @Hﬂﬁa@t—l(ﬁﬁe,ahﬂmbéﬁkd)ond e.g., ethynyl, propynyl "Optionally

substituted cycl.Qal kyl" refers to a s turated nov nt. cycli.c
hydr ocar bon radig'gi ﬁfni‘ L‘???I%‘é’ﬁ ‘%ﬁié’ fryatsikyl maybe 20

optional | y catbomtatéms era bﬂdd}iﬁﬂﬁd&ﬁﬁﬂakn%?&oé&?&n ta@xal Sffthid 16 SixTdbtsl t uent s

‘'sel ected 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




fromal kyl, optionally substituted phenyl, or -C(QR (where R As;byei ogen,
al kyl, hloal kyl, am no, nonsubstituted am no, disubstituted am no,

hydroxy, al kox optionally substituted phenyl). Mre specifically, the
term cycl o‘é’%?émﬁﬁcl udes, for exanple, cyclopropyl, cycl okexgroosi00ss

phenyl cycl ohexyl , 4-car boxycycl ohexyl, 25 2-car boxam' docycl ohexyl ,

2- di met hyl am nocar bonyl cycl ohexyl . "Optionally substituted cycl oal kyl al kyl "
means a radical -Rae where Ra is an al kylene group and Ro is a optionally
substituted cycl oal kyl group'as defined herein, e. g., cycl opropyl rnet hyl ,

cydohexyl pro obe yl pr "Aryl" means the group
-C(OR, \Ahe%“‘?-*éaﬁ §'}iﬁ9 %Q}éﬁefoall fesPﬁCB‘éﬂ)()ky?l# defgd heradn.cag- mpethoxpt | onal |y

substit ut ed plietloxy. q@hﬂ@n:a.brlnye b'[=: heteroaryl, optional I y
substituted aral k, q,r Q‘Flt Iy substituted heteroaral kyl. "Al kox)"
aryl oxy , aralkyl ’ePb%'l‘P& Wpéb}@ron@'&ﬁp:artcaﬁ»peﬂferahlﬁ where R

is an ai vyl, ﬂmrbloﬁﬁh]bi—qz substituted aryl, optionally substituted aral kyl,
or 21 gpri | 2004 . Oalﬁvﬁ% P ngom 10088 5 optionally substituted
het eroaral kyl res FiEHter &Yy 9ne qx gnoresemi o different daloxy

pyri di n- 2- ylmmwgzxwﬂzmanwgam 2CHRlCH, O3 mlfaaﬁ&m ggajﬁmﬁ{sg@f
means

chloro, brono, or iodo, preferably quoro or chl oro.

al kyl subst i SFOERSFUGh aP r@ﬂkyﬂunevlsdma lﬂdm@cﬁhﬂumﬁrei‘@lﬂ:ed&ptﬁﬁsme g.,
-CH2A , - CF3tomeH2CF3, -CH2CA 3, and further includes those al kyl groups
such as perfluoroal kyl in which all hydrogen atons are replaced by fluorine
at oms. " Hydr oxyal kindroxyaikylnmeans i aligl radichl esadeﬁasdﬂafeime@bdmemtedmﬂa

A0 1 e OB e BB S VR o
hydroxy gr ogtbaneiessidess %atéawnwﬁdmmyhyd@mmxwmmds are
L S s o) S e A
1- (hydr oxymﬁrﬂwl’) ydrozytgity] yjd:gx)ybutyylz 3-8ibdrdebdyprbipgk ybut yl , 15
di 1 not byl 4t by A R s i T
2- ( hy#F oxy e HyAsegmsgyh)-3rhydroayprpylok dhdronymethyt hythyll 2 Aeidnnty-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




2, 3-di hydroxypropyl, 1- (hydroxynet hyl ) - 2- hydr oypropyl, 1-hydroxyimbbys - 2-

I net hyl propyl, |-hydroxynethyl -butyl,

| - hydr oxynet hyl - pentyl , 1- hydr oxynet hyl -

3- et hyl -\gtetledsz1- di met hyl - 2- hydr oxybuyl, |- (hydroxymet hpbygiebddeess?: 3 20
(di hydroxy) - 1- et hyl propyl, 2, 3-(di hydroxy) -1, 1-di net hyl propyl, 1-(hydroxy-
nmet hyl ) - 2- hydr oxypr opyl, and 1- (hydroxynethyl)propyl, preferably 2-hydroxy-
ethyl, 2, 3-di hydroxypropyl and 1-(hydro gnethyl)-Z-hydroxyethyI.
"Monosubstituted am no" neans a radical ©@NHR where R is alkyl, heteroal kyl,
hal oal |yl or an optionally substituted cycloal kyl, cycl oal kyl al kyl, aryl,
aral kyl, 25 ar aI mt;dnallhai‘:suuaéd/i 1"hRdéa0E Qﬁicﬁﬂokadbnﬂmbﬁﬁ &Ecaérk{'ﬁ&éll

het I teroc | am po, ‘et hyl am no,
phenyl am notoBRH e o £a %@aﬁéﬁ?@v@ st i ﬁisus.utr- di cal - NRR
where R andnﬂepelﬁfnﬂywdhpﬁadﬁﬂidrg/s:ﬂfsnmﬁh f&eﬂbly@dd twd, forhiﬁttlfeer?Lk?/l |
hal oal kyl cl.oa ORt i St cl oal kyl al ky aryl,
a?aﬁiyl Y ar "fsﬁté%\f?é)éﬂ%%%drg ﬂ#kyl’ﬂ@?c?béﬁ ?P:'k"tlg@f %‘?’m kenyl ,
het er &cydyl meﬁiyiehedlemeﬂqlepledilokylcydbﬂlﬁﬁ opﬂonal}as%stﬁutéd}ﬂﬂhfﬂ?b mﬁa!llEXt hel

anpl es
el ude. d nepRy i heigotE B EeR eRipRaL bt Photoes ho.
R e
substitute »
hydrocarbon(ragigawﬁéwlhgefb’sﬁﬁ% 2 %‘?%ﬁ{ g indgpengen
i ndependent hyAr¥éenlbrall§l, ahd RO BydreBad, blk??B Hondly

a/rﬂlﬁﬂpa , or three
substituents sel ected from a”;écm “hal oal k [, heterogfk al’o, nitro,

cyandd 5 neertipnelpsnbstiptedsayiippliaialiybroy ~(GR7BF paCRONR’ Robwhe:raald:gm substituted
phenyl, optjonal | y subst | tuted het eroaryl hal oal kox optional l.y

subst i t ut edtgenERsR 0 95 Rowngd Ry aredndependantizdydrogen losnd RY @@:R(Wnere R
|t ager £ oiar L gRRaly U aa el Sy RO ot TR R SR | o R
i s hydr ogengr Qyﬁo;wny apstitoredl dydoaligislal, of RYamiRY mgéthyd with thelfitrogdri 0 nal I y
Fust ot Sy oL al kL) G (O L NGRS (e D e
ar e, 16ndepehaarldsindideplenylt iriphtHy), dna gaikphtiyk whd tieddrivaatdsYhabdrst i t ut ed
cydoal kyl "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,




or optionally substituted cydoal kyl al kyl, or Ra and Rb togethespritpbby t he
nitrogen atomto whi ch they are attached forma optionally substltuted

het er ocycl ring). 15 Exanpl es i ncl ude phenyl, I|-naphthyl, and 2-naphthyl,
and the d ﬂﬂl&?ﬂﬂes thereof. "Optionally substituted ar aP(ZWEPOl!masss a

radi cal -RaRb where Ra is an alkylene group and Rbo is an optionally
substituted aryl group as defined herein, e.g., benzyl, phenylethyl,
3-(3-chl orophenyl) - 2-nmet hyl pentyL "Optiopal |y substituted aral kenyl" nmeans
a radical -RaRb where Ra is an 20 al kenylene group and Rb is an optionally

substltuted roup_as..defi erein 3-ph | - -2- pro enyL
' Opti onal | y%‘{%ﬁ‘?%"@y%a@?ﬁﬁ&%@gﬁﬁkﬂmﬂﬂéﬁgjﬁ @ﬂ%’ Ra is

an het er oal IRy k&fethed WRMRhaATropkn t5mA wHILH A h}aataa&atfbfﬂfa%é ygr oup as
defi ned herelg e.g., 2- hyc??mexy 2- phenyl etﬁ ‘ chyg
ro

2- hydr oxy- 13¥&#r oxynet hyl - 2- phenyl et hyl . 25 QOtlonaIIy substituted phenyl”
means a phenyl I"Oguwﬁﬁlwbu&sﬁuﬁé&héia%hﬂyy mé&4RSirhdndveRnt ﬁ@ﬁ@%&ﬁ@ﬂ%' y with one

mor e sub tltuenm ref abI or t substituents selected from

aI kyl ,“ allc >585t‘1’1 pEg pns %‘Péﬂ%@ﬁ?@%@cqﬂgﬁo@mm@ﬁano

met hyl enedi any,,twemy&le@em Mederoatorfid mc&ulﬁorﬁwtp@kb alﬁlttsy}ema;gg (where R
Is alkyl or. optionall %hﬁilﬂtuﬁaed pg’iﬂnﬁéﬁ CR R')n-0Q0R (where n is an

i nteger 30 FP&AY g dha dhertrchieRyprin 6r al kyl, and
Ris hydr Ogbaberoaaﬂrllfa’dlcal mwal &ydroﬁfaneﬁﬁgoqhkuétaﬂdsmhm ¥ optidaallk’ ) 1 CONRaRb
(where nis @) Int‘ﬁﬂ%ﬁg romQ0.to 5 R ang R are | % endent |y hydrogen
or al kyl, SRIES Y‘Z‘P%‘PW@W SRRt PoefamablsonempteP 10088 7

i ndlepmrgelnt hqbsafuemgm@teae&om Eiyely legeicyl Mdeatbalkd y&il@ah&wlcy@ﬁ

cycl oal kyl a

they are at ?8% Bﬁnge‘ﬂ@fcgggxlygfe’%‘?n yﬁ%%]!t&tegﬁf h%h‘i’? nl’gtﬁﬁ%f? u\tAQ:JICh

het er oar yl " (whaaR ialipin vpticmnlly subitaed peeryt, &:rbR%ct:oaaR aoh&rah i9in 5 to 12
ring atoms havi ng at | east one aromatic rin conta| ni one, two, or three
ring het er obitteses rom %EQ%@ prbR Ne iglepondegtlydiydrogeror Ja:n'dﬁls ring atons

being C, w b& gl\}?le q the
het er oaryl Irrrlzgdcflrlhcal B be o ﬂgaﬁﬁ%?%rg@tl%a&% @}qe teroaryl ring is
opti dral Iy cxigsdevialigd bﬂrﬁéﬂbﬁé@n@@RWhn@ﬁmﬂ@ﬁnﬂmfea@mhmt uents,

preferably BRfrogén, kI, optionally substituted cycloalkyl or optionally substituted
cydloalkylalkyl), 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 groﬁp 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.



10 substituents, selected fromalkyl, hacoalkyl, heteroal kylyq Rgh@oofi tro,
cyano, optionally substituted cycl oal kyl, optlonally substituted

cycl oal kyl al kyl, -COR (where Ris alkyl or optionally substituted phenyl,
- (CR R') nwi@bfkdpyhere n is an integer fromO to 5 R andd®&gEmbieo

I ndependent|ly hydrogen or alkyl, and Ris hydrogen, alkyl, optionally
substituted cycl oal kyl or optlonally substituted 15 cycloalkylalkyl),
-NRaRb (where Ra and Rb are lndependentlg of each other, hydrogen, alkyl,
optionally substituted cycloal kyl or optTonally substituted
cycloallcylalkyl), or -(CRR')Nn-CONR Rd (where nis an integer fromO to 5,
R and R' are i l'Optiexigstbsyitited hetgarydyl” aleknd 3 sanndtel? oramdatBehtal won-

i ndependent | of &8 h t dr'o n, al kyl tional.ly substituted
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=i i
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the |ike. 23ptiqidly s%ﬁﬁuted/‘@dlibﬂ@&ﬁéﬂ) BETCRROY, JOORR RB(wHepd h anal | Y

substituted het erocyclyl"™ means a saturated or unsaturated non- aromatic
cyclic radi tHegenfrom Q © B R prd RAarsindependernitythydragenor alkyl, end 8 andbRE ar e

het t 0t
51t gk By S bl g © 1
opti o¥fal |y beozﬂiqn@bfadmdmbgdqcmﬂcbbﬂql ogRoarde tugetﬂnetmth@dyitrogerng may be

[ h h
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—S(O)nR (where n is an integer from 0 to 2, and R% is hydrogen (provided that n is

0), alkyl, haloalkyl, optionally substituted cycloalkyl, optionally substituted
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 Rb where R®is

an alkylene group and RP is a heterocyclyt group as defined herein, e.g,,



heteroal kyl, halo, nitro, cyanoal kyl, hydroxy, alkoxy, am noz apri 2004
nonosubstituted am no, disubstituted am no, optionally substi tut ed

ar al kyl , h‘éCRIR' n-COR (where nis an integer fromO to. 5 and Ris alkyl
or opti on¥9P9PRMstituted phenyl), 10 - (CR R')n-000R (whePEIVERIG1@SS | Nt eger
fromO to 5, R and R' are independently hydrogen or alkyl, and Ris
hydrogen, al kyl, optionally substituted cycloal kyl or optionally
substituted cydoal k), lalkyl), or -(CRR')g-CONRaRb (where n is an integer
fromO to 5, Wand R’ are independently hydrogen or al kyl, and Ra and Rb
are, |ndepende y of hydrogen, alk optlonally substituted

cycl oal kyl y piperagindarik t&v”aﬁmrpendmﬂmdadmd Rb
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cydoal yI al k%/{ql qni ?}Mﬂ:nons bstituted am no, di sub ,
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1, 1- di oxo- tpyﬁamidrloﬁkuf@phen 3-yl, pyrrol inyl, imdazolinyl,

2- oxo-1 m dazol i dj t he subst fed derivatives 25 thereof Iike

1- (phenyl net hyl ) %%ﬂﬁa? nRgansan gl GAFBRAF heeein With-qriepbra e n

g Yl I0- { et tiybesubbomphds isddpendaitlp sdactodlirdrh YOROMNEERY b R3@AL Rt Y1 - 1- (2,
di hydr oxy prdgyan)insgeeironitrof- )y IR is lydragganlizt, hylbjlkyl meiorailn sdbsyitutdd ( 1- cyano-

t hyl h -
(r:rgr bﬁniu I)OI B%lerl %?})Pﬁl??/éry&ﬂs g-t r?ﬁﬁw PLP%er sgb%}tﬂteél}}étemq&e i
pi peri di InI gopHonpllgeubstituiod bﬂp@ﬂdﬁﬁdkﬂrqplhoadbwﬂlbmuteﬁlap;dp@uoﬁgy Rﬁ wq o
t THHAS: aq,g]f(g] ere
| gp :agngl k§sl ene gérc%)u ?jﬁﬁ@ﬂgéﬁdsﬁet eré&ﬂgﬁfggtﬁgﬂm E%%Wi ﬂed her ein,
e.g. 1221 Aphsterosmatiayl, m@zbwia opm@p@dfsmmamoxymbonyl

tetrahydr O P& B .| - r @B
3- pi peri di nyl pet hyzlid) di‘%&i/d or4h m&%%gﬁbgnklrhréf ﬁ l’p}‘éarl? rlf-4 yl met hyl ,

1- (2-met ho t?@/‘FY)Clqgu%PPmmn}asqhmm alkyl opuonally
l-(2-trifl %ﬁﬂﬁ&h&r@é‘dﬂ'dﬁﬁbmﬂyﬁhﬂ?ﬁ%ﬂ% heljerocyclylalkyl, optionally

substituted aryl, optionally substituted aralkyl, optionally substituted heteroaryl ér

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-




(cyanonet hyl ) - pi peri di nyl -4yl met hyl , |- (am nocar bonyl net hyl bﬂ%pﬂﬁ@b@ﬁ nyl -4
5 ylnet hyl, 1- (hydroxycarbonylnethyl) pi peri di nyl - 4-yhnet hyl ,

2-(piperid|n | -yl)- ethyl, 3-(piperidin-I-yl)-propyl,
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2-(2--oxo-i ni dazol i don-1-yl )-ethyl, 2-(2-oxo-pyrrolidin-1 Y| ethyte a
pyrrolidin -1-yl-ethyl. "Heteroal kyl" nmeans an al kyl radical as deflned

herein with one, two or 10 three substituents independently selected from
-ORa, -NRBR', and -S(OnRd (where n islfn integer from0 to 2 ). Rais
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substi tuted aral kyl optlona I'y substi tut
subst i t ut eI BORaTubsKped aminpslisubstisiessarning byirany, alkoxgicsubst i t ut ed

am nqgs or oRsNPs b Qg’a‘ﬂﬂ’t eroal kyl "
i ncl udes alnk}siﬁ:r set db%%tﬁtﬁ%%h\éhﬁ ﬁgR (?g?lérgﬁgﬁﬂ%[% J 3{1%1?&% Exanpl es
i ncl ude 2- n%ftﬁ%ﬁwﬂq'l G'( wwptegertﬁqora&ferz,an@/m.hadmwl

2- hydr oxyet (pybvided Btk I |

3-di et hyl a@ n‘gpropsl H;)O@ thglellr car %)r? Fam gugsot%u chélam no%%ﬂ%g% | 2004

VO 01/ 29045 1, amino, monosubstltuted amino, disubstituted amino, or
hydroxyalkyl) or —NS(O) sz (where R? is alkyl, haloalkyl, optionally substituted
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



10 2-hydroxypropnl, 2-ethoxy-I|-ethoxynethylethyl, 2-diethylanqigeebbyl, 2-
met hyl t hi oet hyl , 3-di net hyl am noet hyl , 3-di net hyl am no- 2, 2- di net hyl propyl ,
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hydr ocar bon radi cal of three to six carbon atons with one, two or three
substituents independently selected from -ORa, -NRbR, and -S(OnRd (where
nis an integer fromO to 2) where, Ra, Jgb, R, and Ra are as defined
herein for a heteroal kyl radi cal Exanpl es include, but are not limted

to 2- hydroxyet hap- 1, 1-di hydr o an-1 and like. 10
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i ncl utle, butosgbxy;mﬂubnmdthﬁ:eﬁxﬂfo:ﬁym aeplanples., 244-Binittspheayan mxthloxy,
2-am nocydo ¢y m hozﬁtﬂ 0X d)tﬁgﬂ(ohexyl 4- oxocycl ohexyl ,
4- (met hanes ”gl;‘ 5&7{ $1 oxycycl ohexyl , and the like. 25
" Het er oal kyl subs fﬁsbmtn@'tmbmbh;ﬁounﬂ@ﬁﬂﬁhﬂe tdemtiod lnkqléculaadémﬂael%\itc h maybe
optionally t ut \ reecﬁgﬁteroal Kyl roups as
et i nod. har SR Ol ahle? B i el e st
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W th egac hr fadr? g]jn st;’;cte e%lgé éereo n(‘)eﬁls; aneaemf%lgerf \%t?t ?‘ﬁeﬁ‘é)i nﬂ§9 ng only one
car bon at omimages ofmmnqnhd;rhr& ﬂaaner.h Uiastarenishimneys”, and stereoisomers that are
non-superimposable mirror images are termed "enantiomers”, or sometimes optical
isomers. A carbon atom bonded to four nonidentical substituents is termed a
"chiral center".
20 "Chiral isomer" means a compound with at least one chiral center. It has
two enantiomeric forms of opposite chirality and may exist either as an individual
enantiomer or as a mixture of enantiomers. A mixture containing equal amounts of
individual enantiomeric forms of opposite chirality is termed a "racemic mixture".
A compound that has more than one chiral center has 2™ enantiomeric pairs,
25 where n is the number of chiral centers. Compounds with more than one chiral
center may exist as either an individual diastereomer or as a mixture of
diastereomers, termed a "diastereomeric mixture". When one chiral center is
present, a stereoisomer may be characterized by the absolute configuration (R or §
) 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.



that the point of attachment of the heterocyclyl spiro cyclaal iyl 2pg4li 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
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al k?nesgl f onyl O’Geomﬁfi&!\ﬁmﬁif'wﬂtihé,diﬁtdﬁdzﬁﬁﬁ ﬁﬁnw@ﬁueiﬁ @d'ﬁ?ncé‘i@t oxy),

aryl car bonyl oxy, ,mesyl oxy, XYog LT or ojret hangsul f Qny| oxy,

aryl oxy (e. b’.n?é\é'?,dfpfﬁ%ﬁptagﬁﬁ%’%@%éf’ %?ﬁnggﬁfﬁow ﬁﬁqlsr&leﬁ?tG‘iW ani no,
and the |i keheir' lasoabyithepreiRanss-ndmpmsatZ iftbE, wiaseindtand theethe ?ﬂu@@ul ar
fornul ae but thtgt differ in.thg ﬁg\%}uge or {he. eq ehrice of bonding of their
atoms or i n*FPR 5548 BRPRBASIIGTECE e TeteLtSRBIanR 14epHaRble py comRmEn gdi ff er
iSn the arr aﬂgﬁaﬁameﬁi farkearfpleia ddublebdrd iﬁlfﬁéf:ﬁm&'tﬁeb@ Itcﬂﬂ&ig'tﬁteeﬁcﬁmoﬁgﬁer s".

t er eoi soner at are not m.rror_ inm of one anather, afe terne

7di ast er eol ShEFEeRts On Tiss FUBTE (h @S SO 55<Bang 4 A28 (ot THEOKEDI o i rr or

i mages are Pedegiiésenantiopers”, or sonetines optical isoners. A carbon
atom ponded to fgQur nonidentica ubstituents is terned.a ."chiral center”.
20 A rar i sombarmas e ARl SRR SR s s kSRR Aot Stulifer “°Tt Chas
two enant i oprspasing o phameicedtiabinipositivnrthitiis yenerdlly 2y, won-tdxicdddner as an

I ndi vi dual _enantioner .or as,a mxture enantiorers. A m xtur.e containing
equal anounf'§ qu?ﬁif%]iyd’l?éf)ﬂlém?%4?@{%36’1&8&?&&%&8%55%??@’%’Fﬁ‘faI ity is
termed a "r aceptablefoixtatieritiary dse@owpl asbnhivaphdramcearicel dseak one chiral center
has 2" enanti,oneric. .pairs whece .n i s the.nunb of chiral centers.
Compounds. wPHPRBHETEAY Rspaetle it Casied Ting SaseiceSon £2 SR an

i ndi vidual #ichelegbethrie and racre shati otiesneh edipiditast er eoners, terned a

di astereomeric @ﬁa&%@eﬁﬁcﬂﬁyea%ce%&%lg sQﬂt“ gg’ a go%'rl]f[)oeurndl reans 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



present, a stereoisonmer may be characterized by the absol ut ecggfibagg ati 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 i‘FQé’W%ﬂp‘éttached to the chiral center under consRGREREDIONSSAr e
ranked in accordance with the Sequence Rule of Cahn, Ingold and Prel og.
(Cahn et al. Angew. Chem Inter. Edit. 1966, 5, 385; errata 511; Cahn et
al . Angew. Chem 1966, 78, 413; Cahn andi$ngold J. Chem Soc. 21 April 2004
WD 01/ 29042 PCT/ EPO0O/ 10088 12 (London) 1951, 612; Cahn et al. Experientia

1956, 12, 81; hn. J. Chem Educ 1964, 41, 116). "Geqnetric isonmers” neans
the di asteré H‘BP%“%%&”S&%“&H&*‘?“& @%ﬁ%‘@céﬁesﬁhﬁdéaﬁﬂOkMd on about
doubl e bondsdiethhnsleminn trighamiiming, smetamiR] NhediRiichRiR, dlehe iRaMes by

the prefixes cis-gnd traps- or Z and E, L.ch indicate that the groups are
on the sane or op 5%1%35%3%@%0%@@%%&% TRRHVE PrtgBt &ufs comon

anong st er exkording o, Folmulaf pimphie, wikendadbpdagid admidifte-aw gcul € or to
desi gnate pogitions 199; %-UPStdﬁi[»‘ue ts on rlglggl:rel tm;e to one, anot her
Re A A PR gof tPEPe VG PHPUD szar e preraEd By accept abl e

according to tf
exci pi ent” neadifyiagfunxctopil gndupsipadsentsn tisedomponid op Féaith (I imshar@gceut i cal
conposition S neral | af.e on-toxic, an nei t her bi ol ogi cally nor
ot herwi se ur%%?%? gbﬂ‘%ﬁ“ﬁﬂas ﬁgﬁaﬁ&vegﬁp E%%PHF%?FF%PW”P?OH%P@HE& abl e for
veterinary (Rredargs iefideasmipounds of Formmia(l) whakinudfdrdky, alial smceut i cal |y
accept abl e . i ent " used in spegci fi.cati and cl ains 15 i ncl udes
both one an ﬁmo"?“er:’r Jté{glrlfgﬂn%%’s' E%“@@ﬁﬁf‘gﬂf?(h*bﬁ%ﬁaé%aw gRLp $hatmaybeanl e
sal t" 16f a clmpolindiweanegeacmitd the fleahydrexyl pheinspaaulthyil gfo@s;cept abl e and
t hat posses LI rmacol.ogi ¢al activity. of the parent
conpound. ‘Sa-gﬁ’es al %YS | ncﬁgeég)?g’(%é?%u‘%%hmarrf)ﬁ°g§¥'{t§‘?t°feﬂf Bad t h
i nor gani ¢ aerelstesforimatesad/ bezohte deticativey), @ebathatdsy( elgQ B, i @eyiachingul furi c
acid, nitri Wt [,C.:aC] and the like; .pr fo d.,wth organic
aci ds such a2ngh oPRAEBRP kistuBEa rodiin LotipanntE bt Formmuie 1) na the e
cydopent anepr opi ORretectiniggrogp yrels 1© agroupingyf atvine thae wden kldsdhed taci d,
mal oni€ aci : L.ai. ' lh¢ acid, malei cjd, fumaric gci
tart atrl? . ac? f“‘;"%‘ﬂ“@ ug glﬁgc}lg%%gr;%g%kg, 28:&s of preven?s t%a% reactivity. ii‘xam[?[es gf
protecting groups can be found in T.W. Greene and P.G. Futs, 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



acid, 3-(4-hydroxybenzoyl)benzoic add, cinnanmic acid, mandeljcagsisggs

met hane 25 sul fonic acid, ethanesul fonic acid, 1,2-ethane-disulfonic acid,
2- hydr oxyet hane- sul fonic acid, benzenesul fonic acid,

4- chl or obwix@vmenl f oni ¢ aci d, 2-napt hal ene- sul fonic acid

4-t ol uenesul fonic acid, canphorsul-fonic acid, 4-nethyl bi c%lc;mr%ﬂ.uf%gl -
oct-2-ene- 1 -carboxylic acid, glucoheptonic acid, 3-phenyl propionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,

gl uconic acid, 30 glutanic acid, hydr oxﬂ'ﬁapt hoi c acid, salicylic acid,
stearic acid, nmuconic acid, and the like; or (2) salts fornmed when an
acidi c proton prég3pent relievingahpdisesder, ¢ apqosing regeéssidaof e disRkagae by a netal
ion, e.g., a%a%llé%i netal ion, an alkaline earth ion, or an 21 April 2004
WO 01/ 29042 5 88 13 alum numion; or coordinates with an organic
base such as et hdAdhanapeuticallydifiettveneionnt teans thedrhane! ofaiBfpoh@ itham ne,

N- et hyl gl u 1 -and t;he |ike. J Pro-drugs,. ans apy.conpound which

rel eases an ac {l\agnﬁlgtgreeﬁgoaﬁuajnmglcég’bga%ﬁégtddscgg?rn’ﬁls et fheREctsichhen such
prodru§ is dowtmémtfertbedisordar.SThehherhpeatcAlthiffeaive RERMinUO&illGana compound of
Formula (1) [ d b i fying functional groups present in the
conpound of C%éf&rfali?ég?a{}% c?’?#’gﬂﬁn&rqhe %ﬁ‘gfgﬂtsﬁ%f%’f"ﬂﬁ%@fiﬁgﬁa@ egtEefitig be cl eaved
in vivo to rdidoedss erented, thaagrindoeltivsirdlth oPihedubiga, thagbu@ercompounds of
Formula (1) 21 Nn- i 0o, or,. sulfhydryl group in_a compound of
Formula (1) TS éon eog’%?%&r%xﬁPg@pﬁfﬁ%?dmﬁ& PE¥ BE6rRA OB t o
regener at e tfmorkr ee hydroxyl, am no, or sulfhydryl group, respectively.
Exanpygs of prodrugs include, but are not linited to esters (e.g.,

acetate, formate, and benzoate derivatives), carbamtes (e.g.,

N, N- di et hyl ani immoncapbatythe preséntlycntiony pfovides t&ﬁ?buﬁs&ldpﬁ:séﬂed:wunds of
For mul a (I),f&g_ﬁa:the like. "Protecting group” refers to a grouping of atons
t hat when at?ac ed to a 15 reactive group in a nol ecul e masks, reduces or
prevents that reactivity. Exanples of proteeting groups can be found in

T.W Geene and P.G Puts, Protective G o (g) anic Chemstry, (Wley,
2nd ed. 1991) and Harrison and i %endi um of Synthetic

Grgani ¢ Methods, Vol's. 1-8 (Joh WYey 6ns. 1971 - 1996).
Representati ve am no protaﬁgih? r Iil kacl ude fornyl, acetyl,
l I
R1 R

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,




20 trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), tent-butioxygapbenyl
(Boc), trinmethyl silyl (TMS), 2-trimethylsilyl-ethanesul fonyl (SES),

trityl and substituted trityl groups, allyloxycarbonyl,

9- f I uor eny¥A@¥EPFbxycar bonyl ~ (FMOC), nitro- veratryl oxycameayEHO/ANEC) and
the |like. Representative hydroxy protecting groups include those where the
hydroxy group is either acylated or al kylated such as 25 benzyl and trityl
ethers as well as al kyl ethers, tetrahydxppyranyl ethers, trialkylsilyl
ethers and allyl ethers. Tréating or "treatnment" of a di sorder i ncl udes:

1 reventi,ng the diso causing. the cli tonms of the
f:li )segse not 1338 é?%‘ﬁeiwgﬁdﬂfﬁlﬁﬁﬁli h?tﬁﬁ’r‘uh%}" q@b&?@@' ’(r)nr) predi sposed to
Ei he 30 d|( ;;am@gaﬁmﬂe@ Hafétcﬁﬂ@&ubs&xtdﬂe& Al NG HORBILP ftth he

i sease, i bi i sor arre e
. devel opnent Lh&Feg BPU?‘EziyéF'?ﬁ“btﬁ‘ﬁh (aécfﬂ-ﬁé E‘PO)ZOM WO
01/ 29042 PanlEBBQh&eﬂﬁchneﬂex GIO)-RFItﬁMéﬂ&Qlth%ﬂtﬁQfaﬁﬁﬂcy lamfine, Causing
regression of the.disegse .or i.ni cal Athera tically
ef fect Pve arfBEResubsRiLfcd amipo, éiﬂﬁﬁ‘%ﬁtft“ 8#*&5%{‘%@1]%{5&‘3? P ni st ered
to a marnrna:c cfpﬁotx:hﬂ)&ﬂﬂ)stﬁmtaﬂ cqiclsﬂkﬁlekyl opticrially htlﬂjlsﬂt‘iit?df m}ebﬁﬁ@ﬁaﬂyuch 5 .
treatnent for,the er era utlca effective a Wi
vary dependRit Bﬁg'taﬁagiﬁ’oqﬁ?(?ﬂ% “ﬁ’ prautf 55F%%W%¥B?@a§g?%%tgﬁ 0"t he
severity of drikyl, Hydioxydaralkoxgat ed, the age and rel ative health of the
subj ect, the route of admni stration t he judgenent of the attending

medi cal practitioner, and other factors 10 In one aspect, the present
I nventlpon provi dds aanofequedsed epbedierheds thy abdie miineaibodimdéfRapdn N N ' N' |

IR No preferred embodiment, R' is heteroalkyl, optionally substituted arylheteroalkyl,
heterosubstituted cycloalkyl, heterosubstituted cycloalkylalkyl, heteroalkyl-
substituted cycloalkyl, heterocyclyl or heterocyclylalkyl, more preferably heteroalkyl
or heterosubstituted cycloalkyl. In the embodiment where R' is heteroalkyl the alkyl

15 is preferably substituted with one or two substituent independently selected from -
OR® or -NR°R® wherein R* is hydrogen, R® is hydrogen, alkyl and R® is hydrogen,
alkyl and alkylcarbonyl. Particular R' groups are 3-amino-2,2-dimethylpropyl, 3-
dimethylaminopropyl, 3-methylcarbonylaminopropyl, and 3-amino-2-hydroxy-
propyl. In a preferred embodiment of heteroalkyl, R’ is hydroxya]kyi.

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



15 I'n the main enbodi nent of conpounds of fornmula (1), R reprgsepbss an
acyl, heteroal kyl, optionally substituted aryl heteroal kyl, heteroal kenyl,
het er o- al kynyl, heteroallcyl carbonyl, heterosubstituted cycl oal kyl,
het er osubsid bidegsh cydoal kyl al kyl, het erosubstituted cycIQQ%%%hgﬁ&ﬁgyl,
het er osubsti tuted cycl oal kyl _ 20 al kynyl, heteroal kyl subst’i e
cycl oal kyl, optionally substituted heterocydyl, optionally substituted
heterocydylalkyl optional ly substituted heterocyclyl spi rocycl oal kyl ,
-(al kyl ene)-C(O -R 1 group or (heteroal kit ene)-C(O-R11; wherein R’
represents an al kyl, hal oal kyl, hydroxy, alkoxy, am no, nonosubstituted

am no, di suhshj stattaeyedacmma%hlaml Mbré &?&as fcgﬁﬁgﬁﬂlyl( Mpiioptionally
substituted 2;"35 ’é’y# IaI kE 3pti&§£ |0¥ subs i tut ryl’, “optionally _
substi t ut ed PRy Fypnddy -®EOPBt er oaryl or opt i onal |y

substituted heteroaralkyl group. In a preferred enbodi nent, s acyl,
het er oal kyl , opti 1y, s bstlt Ihete oal kyl heteroalke

het er oal kznyl P elfqé'ﬁ%ﬁ%k?#?ﬁf‘ H%%‘{qlﬁeét‘:@"éO oﬁwcyqloaléi Apri |
2004 W6 01/ 2864 RBPOptoAaR ﬂEeﬂbﬂHéi{tI?%uBﬁithﬁeﬁtwﬁﬁa SHEBR, oY lr.%le%(

het er osubst i tuée fii%c cI oal kyl al keny heterosugﬂl tuted cycloal al kynyl
het er oal ky| sSFHSTEUIE SE Fﬁ"{] cts frogniaydroxy. bydropyimine (=NOH socycl yl |
optional | y sy drbiinembaéakd eiisstiviiad ino, daBlylibaitaledGniho, oRbl(=09,

- (het er oal kyl rein i s al kyl, hal oal ky amno, 5
nDnosubstltut %éﬁfﬁé&ﬂgkéﬁgh E4ogeh: ﬁ?ﬁﬁ’”HﬁFPQﬁEPbguﬁﬁéﬁﬁﬁ@%ted
cycl oal kyl , dislkflintitutsd fnipe] LORT @ﬁ;&éfﬁh@h &loa(?;;hyj}l , alRGHy, QR alihyyByBSt i t ut ed
aryl, pt e} %@y EUESt ituted ar é %ptl subsct i’t ut ed het eroaryl ,
optiondl Iy s Ty GYRGe idt 35 gtessy ?%ﬂm Y rangd Kdsbydregen n a nore
preferred er(bﬁduddrthatehsnh& gy er %(m)ﬁ?ﬁ(%lef@ﬁm , aiifRd, St dne iyl
enbodi nent, % get eroal h}/ahﬁ&flng n §Hyl?%%8$t | tgéed aryl he%yeroal kyl,
het er osubst i U5 t p-
het er oal kyl -submmedtptﬂ@ammb;arbxy clb thas cwheﬂﬁtﬁ@tlggﬁghxl al kyl ,
nore prefera ‘¥%$Ete$§g# hete u stlt cycloal kyl . 1'n the
enbodi ment Flo s gn gmpdexctodisxy) allylodyi ¢ ut ed
with @be or qzdohmbgthya:mtydmﬂqﬂﬁmmdxyq&waﬂ@l admbf9TParbonyloycyclo-
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,




ORa or -NRbR wherein Ra is hydrogen, Rb is hydrogen, alkyl ﬁﬂ@briﬁmdﬂﬁ
hydrogen, 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- et hyl ceWQ@H%“A?n nopr opyl and 3-am no-2- hydroxy propyl|eCIEPOw1gms®f er r ed
enbodi nent of heteroal kyl, R I s hydroxyal kyl. 20 In the preferred

enbodi nent of heteroal kyl where Rl is hydroxyal kyl (Ra is hydrogen) such
group is preferably selected from 2-hydrgxyet hyl, 2-hydroxypropyl,

3- hydr oxypropyl, 1- (hy(lroxyrnethyl) 2- nethyl propyl 2- hydr oxybut yl ,

3- hydr oxy- but hy.dr |, 2,3; d| pyI
1- (hydr oxymét 5%‘3’?&% %&W& ppfionally substituted

3h4ddl hydr ??bﬂttn‘ﬁ’one@béfbﬁéﬂm 4 aerﬁattuhdﬁ@%@m.aﬁm}mlpm&n 31, 1-

(v oxy et (pPsErmEyDpBenda-£ 3 i #aamew%% imebiipapidin-4-y, 1-(methyl

1- et hyl - 2, Jutth a-ap) 1-ThytdRoele ?qtebmid- 1, 1-(2,3-dih -

2- hydr gyprop mhlper:o Y Irgl)yjélth - -nEt I (dr >i }r;%xioxypn_) Lll% I

hydr oxynet h ?5@’!’[‘ if% H‘ “B’ﬁ? '-g ilpla éhydroxy
30 ethyl, 1-(afyestarbonsieidy %ﬂﬂ&-(éthbﬁ}%x%ﬁ eredihyd rppzcl 2, 3 (

’ ?K%?éi)ynaﬂﬁwdih%b%yﬁ%’? SR %%ﬂrestﬂé SRS R s a
group havi ng-g- mmmm@ﬂemy—bmnmm@aqum&m ithé yﬂ atom nore
preferably havin cﬁ o)\ﬁ; % %A%; 2004 WO 01/29042 PCT/ EPOO/ 10088 16
groups at t adhd" 15, EE GRTAEBH More preferably the hydroxyal kyl in Rl
is 1- lbydroxy 2- nethyl 2- propyl and 1-hydroxy-2-propyl. In the enbodi nent
where R is het tifu ' the ¢ oup S
preferably opti o %S é’Béﬁ SPbStEWﬁgthﬁeﬁ?%’&l %ﬁ?’ﬂ%b%terf’%g’ 81°%hr ee,
preferably anpr,efesamﬁas daﬁaacﬂ ﬁor§hétefdc§:dy1f‘ edeflied fDR) hebetbifRiWIgs N0 (=NOH) ,

| koxy, t di al bst I ed
(20" - o Rt By R Tl AP oo e e PGBk 1 ut od
am no, di ath;abthpbH(Bim&thdmmbnﬁylet}@?@lpuﬂdme&-ﬁhm&@l hy@l‘-ﬁiﬁﬁai-dﬂy}}l)- al ]Ic<enylbl
I | k to 2, era

2 andoR i SRR R i A et Tpoih o) 2R (wher e

Rd is al kyl caﬂ:mydmeﬂxﬂhp@leh;linyl-&i}ﬂmbthlybﬂdﬁy&ﬂﬁ?@rb@ﬂzﬂ&tﬁﬁ%ﬁ;&ﬁﬂﬁiﬂi ut ed

am no. More 4Pyr.11€1.f &Y? "2 éﬁhp cﬁn fi_e tl]ee&yi 3-(piperidin-1-yl)-propyl, 2-(morpholin-1-
y1)-ethyl, 3-(morpholin-1-y1}-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




substituted cydoal kyl is 4-hydroxycycl ohexyl, 2-am nocycl ohegqupri! 2004

(2- met hoxy- et hoxy)cycl ohexyl, 4-oxocydohexyl,

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

2- hydr oxywypadigbeysyl , 4- met hoxycycl oal kyl, 4-met hyl car bonyp&ye¥siPmodiexy! .

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.i nmethyl am nosul f onyl am no) cycl ohexyl, 4-

f or nyl oxycycl ohexyl, 4-(nmethoxycarbonyl gxy) cycl ohexyl, 4-(am nocarbonyl -

oxy) cycl ohexyl, or 4-(N-nethyl carbonyl ox ) cycl ohexyl, with

4- hydr oxycycl ohexyl 20 (including cis- or trans-4-hydroxycycl ohex),|) being

EDSt pref far lb&fhpx yBl-ogeﬁ Theibsai) t|nv&s sxlkliliﬁé e{rgﬂ%‘}nf@&b@ ﬁ%&'tﬁilg(tjhatt Ihe .
eterocycy ri.ng . s e i ona stitut ndependently wt

one, two, phegd ‘gf"gﬁsgﬁ’l §A1¥Yo{(ﬁ) 2e1938 £RHef Bn EOURS| g‘b‘t‘éﬂsef rom al kyl ,

hal oal kyl , hmbeﬂmﬁdnkmh,wkﬁﬂeﬁv&fcahhgéem@gf y&lelﬁféscn@éadwcﬂﬂ%h:kd@ en@eﬁrﬁ' kyl

preferably ri y e IS a eg m0t05
and Ris al gﬁ °¥h Eﬁ‘%")?m efr\;?ﬁc%'éé“ﬁ ?éméﬂmlpﬂl“é ?Bﬁf’é %53 and
War e Isydr ngl’af?rm’dthtﬁbcbcﬁmbnyﬂ‘}f mgﬁbnaiiﬁoivé,n@n or £ &4 Bach R*iORNBIRD (where n
is an integeg from.0.to and R’ .are an an a

i ndependen? 18?%%9?8@%?%@8‘?8’5%%% ‘sg‘%]g’ 3%51‘“‘3 @@feﬁﬁgt‘%ﬂ‘re nis an
i nt eger fr othiferhbodimedOarp tisdse embbdinintsin vhiech -l(Rz)J;lydﬂ;&&gﬁua 2Allowi 2led that n

o1 pot i di no, P FEET REFRRTKRPR R P STaTog e (R0 ksttaen. T

2- 0XO0- pyrr02+rdethyll -yl, norpholino, thionorpholino, thionor-

phol #g)o - oxi de,
t hi orior phol i no- 1, 1- di oxi de, 1, 1- di oxo-t et rahydr ot hi ophen-3-yl, 21 April 2004
WO 01/ 29042 PCT/ EP&ﬁ/cd:ﬂ@BBndﬂof}fqmmﬂi (IrmF repkésesita hpdriogy, a&@uhetemalkyl

2- 0X0-i m da bs uted .as Jrentioned before;
with piperi éﬁ%&@%ﬁ&’ﬁ asrt’f%ﬁ g‘g alf Rétf)‘f MPBH%“W suljstitut ed
(phenyl met hilbt)emagé,ropdh.onail}ﬂsubsumted heteroaralkyl, optionally substituted cycloalkyl,

Z{JI 1} o§1§/1 Im) Blo ‘Pa%wﬂngé%ﬁ%@’g? d;?ﬁ{?ﬁ}‘ﬁ%‘&ﬂﬁ%}?ﬁiﬁ» oengaliods Beterony gr oxypr op

yl) S5pi per std:snmtecintydba}iqzl- hgtamehshydtgzcbtypbh]l@laﬂqﬂhyﬂeroa]kylsubsﬁtuted

1-(1-cyano |
(am nocar bgﬁilclk‘%k% o?ﬁEﬁﬁlg gu@ﬁ%ﬂtﬁl&hﬁe’fﬁc{'@flﬁ?ﬂ%ﬁv}ﬁ mg‘f“)“ﬁ‘?d&b‘il?fa n-4-yl, 1-(2-
trifluor et hgtcybaliods enk)-;ﬂ(CXDRi @rnﬁteteyd}adkyﬂmb@(@ J wikdrbiyl B pi peri di n- 4- yl
,  1-(2-net
1- (hydr oxyc 8&% Q&%L?@M%I %’e‘# - gy]fmﬁ-}eei’ H’(j) nﬁ%’%“ﬁ?%f‘%‘ﬁoéd

disu stltuted amno, optionally subst;tuted cycloalkyl, optionally substituted

20 cycloalkylalkyl, optionally substituted aryl, optionally substituted aralkyl, optionally
substituted heteroaryl and optionally substituted heteroaralkyl.

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




10 Where R is "optionally substituted heterocydyl al kyl " th@1h%ﬁﬁ@9@yc|y|
group is preferably as defined for "heterocyclyl" as defined for

herei nafter. Most preferably the heterocydyl al kyl is

1- (di met hWYQ/M/288¢hr bonyl met hyl ) - pi peri di n-4- yl net hyl, PCT/EP00/10088

1- (2- met hoxycar bonyl et hyl ) - pi peridi n-4=yl nmethyl, |-(2-trifluorethyl) 15

pi peridi nyl - 4-yl net hyl , 1- (cyanonethyl) pi peridi nyl - 4-yl net hyl, 1- (am no-
car bonynet hyl ) - plper|d|nyl 4-yl rnethyl, g hydroxycar bonyl net hyl) - pi peri di ny
| - 4-ylmethyl, 2-(piperidin-1-yl)- ethyl 3- (piperidin 1-yl)-propyl,
2-(norpholin-1- yl)-ethyl,  3-(norpholin-1-yl

2- (2- 0X0- i mfﬁ&ﬁémmthﬁg Syhf)l%itﬂﬁ@ﬂesp%ﬂ?élyzz(?szzswtbxlr o1k Jgihqteraa;ky), witthy| . 20
Were R is j hBbgy. -@éWeﬁkmwtﬁ&ewM ey 2 aﬁ;hk#' radical may

be optional upstitu qQne or three prefera ly one,
het er oal kyl imﬁavé!%?ﬂ Yindrdeasthamino-2.4rdimsthylpsopandthydroaiednif or e.
Preferably %@Wﬁ@ﬂeéhm ¥Bk | -cyclopent-1-yl and

2- hydroxynethyl cyclohex-2-y|. 25 en is "optionally substituted
heteroéyclyl spiro cycloal kyl™ it is preferably
1, 4-di oxaspi ro[ 418ke@e aﬂi&oﬂfmﬁuﬁémﬁ 18add aﬂ&leﬂed' one-

1, 3-di aza-sp 4. 5] decan- di oxa-spiro ecan- 9-
( 3- hydr oxy- (#éﬁllyln %Pfe%ﬁ )%0 gltd?sﬁi%dlé’ﬁf—‘&a@%’? ema@@mrgégde 0
Ret ur ni ng thbeHHHér&nienﬁB?—xedBéfoéSRﬁIr ré&ritvh¥d:e OWHeE 8F fglrkthtsor vinyl and

can be attac to hen an remai ning five val ences
ot herwi se 2T F‘T'CQ%O %Ti’b@gg% £P00/ 10088 18 occupi ed by
hydrogen. The subscript n i's an int eger of fromO to 3, indicating that

the phenyl ring hst |t ted by from zer o three R2 groups. For those
enmbodi ments in mﬂ?é efﬁFﬁ@“Résg%ﬁﬁﬁg g?@* Hreguessnt IVeR0can be

i ndependent mﬂﬁdésléﬂpﬁiﬂﬂﬁcé@ﬂcall*Hcc@ptﬁbl@fsﬁ&r&ﬁlﬁgb&ﬂ?m&sda@énb eacomoougds of2
I one ove nitis or

and each. Ro BreSmg ot i erq%%‘njpo-@gd' Wmﬁfét‘w&i? Hot Buisreraligpnprre i s
hal 0. Still rheeddibgtixtifeedreith@donh bhinixture.
15
Still further, combinations of the preferred groups described 2bove will form
other preferred embodiments. In one group of the main, the preferred, and more
preferred R' embodiments R! is heteroalkyl, R? is halo or xﬂethyl, R? is methyl, and
nislor2.
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-



this enbodi nent are those enbodi nents in which -(R2)n repreggqﬁﬁﬂgoaglo or
2,6- dihalo, nore preferably 2-chloro or 2,6-dichloro or where -
represents 2-nethyl. 10 In the conpounds of formla (1) R3 represents

hydr ogen, wa &ydsoszhet er oal kyl, optional 'y substituted arylpes h?ﬁﬁﬁly
substituted aral kyl, optionally substituted heteroaryl, optrona
substituted heteroaral kyl, optionally substituted cydoal kyl, cycloalkenyl,

optional ly substituted cycl oal kyl al kyl, _hal oal kyl, cyanoalkyl, hetero 15
substituted cycl oal kyl het ef osubst i t ut €8 cydoal | cyl al kyl
heteroal I ryl substituted cycloal kyl, optionally substituted heterocyclyl,

OFL i ;)nal I ?/kaﬂb&tolylbﬁ &tﬂjﬁ}elko ek ny@mudamﬂﬁlyﬁﬁldm-ﬁﬁlm%&nf(lz%ﬁrl I an

et eroa Cf presents al ky oal ky

hydr oxy, %J@?ﬂ s Ao ﬁ%&?ﬂ@ﬂﬁﬁﬁ%ﬂ?‘ *me%&héeﬁoé'h?éwwmm[

0102I i olnﬁl : yI ﬁlﬂyﬁmﬂm-mmyweoaid&Kzt-c?lbgdpmajdbw-@ltimi- 12191110 1{ g
cydoal kyl a [0 e i ona su e

aral kyl , Fygiﬁéﬁ{/d&g%ghﬁfgégﬁg Tz(éﬁg' oFH AR Hé?"lr%“g Ytuted
heterdhralIaghpmbhsdupmekefred enbodi ment, R3 is selected from hydrogen
al kyl, heteroal kyl, aryl, especially phenyl, aral kyl, especially

phenyl met hyl , cycl oal kyl, hal oal kyl, 25 cyanoal kyl, heterosubstituted
cycl oal kyl , hethram;théryalspect (:hﬂ;b:egehenﬁeﬁﬁd})pﬂ@xdesnﬁdidﬂs%f F@iniégﬂfeesent y

al kyl, hydr alg a nnnoallc)rsubstrtuted am no an
diaIkyIsubsff#B? %%¥ﬁleg1 "nmore preferred enbodinent, R3 is selected
from hydrogen, alkyl, 30 chl oal kyl, hal oal kyl, het eroaI kyl , heterocydyl

o TP L Sl B SR S LR SRR, L)

hydr ogen. | coraposthger particularly preferred enbodinent, R3 is nethyl. In

yet anot her group of # a ref red .21 April 2004 WO 01/ 29042
Lot EPon 10086 15 oo R el E‘%P"D tnd of f%%‘f”%‘?h especi al | y

2,2,2-trifluorethyl, or RB i s heteroal kyl

2- et hoxy- | - et hoxyrret hyl et hyl , 2-di et hyl 2@ ) 2-met hyl t hi oet hyl, 3-

di met hyl am noet hyl , 3-dirnet h % propyl, and 2-hydroxyet hyl
bei ng particul ar preferred he Nero%i ky groups -

an

wherein n, R? and R3 have the meanings provided for the
15 compounds of formula I above, with the proviso that any interfering reactive group
present is optionally in protected form, and L is a leaving group,
with an amine of formula 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



5 In compound of formula (1) R4 represents hydrogen, alkyl, qqxngb@ylene-
COR31. In a preferred enbodi nent, especially regarding the main and
preferred R enbodi nent nentioned before, R4 represents hydrogen- Were R4
repr esent SVOOHPIKRY| ene- COR31 it is preferably - CH2CONH2. IciEpoadoiisgi on to
t he conpounds descri bed above, the present invention includes al

phar maceutical ly acceptable salts of those conpounds along with prodrug
forms of the conpounds and all isoners ther in a pure chiral formor a
racernic m xture or other formof mxture. 15 Still further, conbinations
of the preferred groups described above will form other preferred

enbodi nents. I n one group of Q, the preferred, and nore preferred
R enbodi nents Rl is heteroa|ky| "R2 |§ halo or methyl, R3 is nethyl, and
nis 1 or 2. 20 In anot ey, Rin R is het er osubst i t ut ed
cycloalkyl, R2 is halo or © net Pﬂ/ls ner k‘ﬁnd nis 1 or 2, especially
wherein R is hydroxycycloalkyl i#h@lud ng |s

t rans- hydroxycycl oal kyl, in partlcular ci sT or trans @Vydr oxy- cydohexyl .
25 In a further group, wherein RL is heterrocyclyl or heterocyclylal kyl, R2
is halo or nethyl, R3 is nmethyl or hydrogen _and nis 1 or 2, or wherein R2
is halo or methyl, R@fheseihéftieidaikgdaﬂaﬂmndﬂ snd Pﬁha@thafh@amgl cul ar

preferred conpou

- hydr oxycycl oheﬁﬂﬁ‘g?n&ﬁ%?%@%%wgﬁyﬁﬁﬁnﬁﬁ% 8 BB IERSIS - one
(2- chl @rophenyl ) Gfab(aseetpraﬁh mmlay) - 3, 4- d| hydr opyri ni do [ 4, 5- d]
- pyrimdin-2(1H)-one,

7-[ 1- (2- hydr oxyet hyl) - pi perl di n-4-yl am no] - 1-
01/ 29042 PCTI EPOO 10088 20
ortho-tol yl -3, 4-di hydropyrimdo[ 4,5

] .
3-(2-chl orophenyl ) - !
Rog A :]:’J*o

R3

I(éz)Zl April 2004 WO

)
(b)  treatinga 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 g 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



7- [ (trans-4-netho)ycycl ohexyl)nethyl am no] -1-nethyl-3, 4- @mgyd;}n opy4 i m do
[4,5 - d] pyrimdin-2(1H)-one, and

3-(2-chl orophenyl ) -7-(4-0)co-cycl ohexyl am no) - 1-

met hyl - 3, wodiihyekropyri m do[ 4, 5-d] pyri m di n-2( 1H) - one and BE?‘ f'dd&é cally 5
acceptabl e salts thereof In another aspect, the present invention provides
nmet hods of preparing the conpounds descri bed above. 10 In one nethod the
compounds of fornmula | maybe prepared by nmethod conprising (a) treating a
conpound of formula Il OR3 (Il1) where?h n, Rz and R3 have the meanings
provi ded for the 15 conpounds of fornula | above, wth the proviso that any
interfering reactive group present g.gefaPtionally in protected form and L

is a leaving group, with an amne'of formula Il RR4-NH CH) wherein R
and R4 have the £ ngCPLBYI ded for the conpoupgs COgEff ornul a | above,

with the proviso fhat fany interfering regactive g o present is optionally
3 protected group

in protect edFK% ere required, depr&%

present in the“fea ion&{Eroduct. VWher e desired, pound may be
converted into a phdanaceutically acceptable saltibt hggeof. 25 In another
met hod the conpounds of formula | may be prepared by a nethod conprising

(a) treating a conpound of formula IV 21 April 2004 01/ 29042
PCT/ EPOQ' 10088 21 (W wherein Xis halo, R is alkyl, d R2 and R3 have the

meani ng
CHO
0L — o
R\ N . :
s~ N NH Ri AL 2
id R3
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provided for the compounds of fornula I nentioned above, in ghgyppegence 5
of a base to afford a compound 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 R¥QKK®P¥herein and R and R have the meani ng pr oBCI&EEPob/b0ss he
conmpounds of fornula I nmentioned above) to afford a compound of 10 formula
M Where desired, the conpound obtained may optionally be converted into a
pharmaceutical |y acceptable salt thereofysThe compounds of the present
invention can be prepared by a variety of 15 nethods, using procedures
wel | known to th%se of sktj,ll int Regar di ng t he_above nenti oned

e art. .
processes, the ¢ ﬁif’é%ﬂ%"d‘fc"ﬂfé’“ﬁgég ulladmhersR s ee ik ped exiaraligl out | i ned

in nore det gidup)Rvi Aind FR'ONH, ) PRAideNa SSEIELof foRnd) 1EWPTRi 2004 WO
01/ 29042 22 Sebone ] aﬁ? e RO Rt Sppdind of fomds P ThR S R

R3 O (R2)nIY§n s conveniently carried out in a solvent which is inert under the reaction
conditions, preferably an open-chain or cyclic ether (such as tetrahydrofuran), a
5 halogenated aliphatic hydrocarbon, especially dichloromethane, an optionally

halogenated aromatic hydrocarbon, a formamide, a lower alkanol, or water.

Suitably, the reaction is carried out at about -200C to about 120°C,

Reduction of 2 compound of formula Ib provides an alcohol of formula Ic.

10 This reduction is typically carried out using lithium aluminium hydride in a
manner well known to those of skill in the art (e.g in a solvent which is inert under
the conditions of the reduction, preferably an open-chain or cyclic ether, especially
tetrahydrofuran, at about -20° C to about 709C, preferably at about 0°C to about
room temperature}.

15 Oxidation of an alcohol of formula Ic in the next step provides a
carboxaldehyde of formula Id. The oxidation is typically carried out with
manganese dioxide, although numerous other methods can also be employed (see,

for example, ADVANCED ORGANIC CHEMISTRY, 47" ED., March, John Wiley & Sons,
New York (1992)). Depending on the oxidating agent employed, the reaction is

20 carried out conveniently in a solvent which is inert under the specific oxidation
conditions, preferably a halogenated aliphatic hydrocarbon, especially
dichloromethane, or an optionally halogenated aromatic hydrocarbon. Suitably,

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

25 Reaction of a carboxaldehyde of formula 1d 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

30 reaction conditions, preferably an aromatic hydrocarbon, especially toluene or

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



E R Ji (R)n PCT/EPOO 10088 (R2) n 21 April 2004 WO 01/ 29G4 2prit 2004
PCT/ EPOO/ 10088 23 Treatnent of a conmpound of fornula la (where Ris an

al kyl, aryl or aralkyl group) with a primary am ne (R3-NH2) provides a
conmpound |a I'b. This reaction is conveniently carri [n a
sol vent mﬁ?%ﬂﬁ%ﬁ?% nert under the reaction conditions, pr%?gﬁg%?ykg%
open-chain or cyclic ether (such as tetrahydrofuran), a 5 hal ogenated

al i phatic hydrocarbon, especially dichloronethane, an optionally

hal ogenat ed aromatic hydrocarbon, a for®&nide, a |ower al kanol, or water.
Suitably, the reaction is ,carried out at about -200C to about 1200C.

Red ' f d I ' h f f la Ic.
10 Thi s et SR © TP b0 bRy R e SR ok o R Oy e

i N a mannerassist in thenowd kzotrhpseembvallof vhtetn the art (e.g. in a sol vent
which is inert .under the conditions of the reduction, preferably an
open-chain or cyclic ether, especially tetrahydrofuran, at about -200 Cto
about 700C, pr ef Reduistiyn afa adropdur@e formudb deito giveonemnmoynar aftforma)la If1 5

xi dati on o C f |- J rovi-des a

car boéal dehélagg}%o e@?’?rlllﬁ I"%LU’JS {%g&’& ?I&t‘t?? %eﬁﬁg@ﬁ?%?ﬁ%sgﬁpgs %:)Oadr1 lglrined out with
manganese dbaohydridealithiion glunnnives bydride dresodine tridetorgrorehghidearndap| oyed
(see, for , T ' ) I John W1 ey
& Sons, Nt GBS e e i Y e b P comBhad et SVod e
reacti on i sfofubelens red potified by mthenthé seattioramithzedntwhidli it bs preparedbist under

t he specifi ' | | L] t.qd. al | phatic
hydr ocar bo n?on%é%%%}é%ﬁhythﬁ g%%bgg%%%%ﬁ IiZ(E#r‘%l.' )eéllﬁ’ %% % '[% #lg%gt%%g Il%%-g nat ed :
ar omd®i ¢ hyander hdamditiéns phthle yeductihe, prfetkbly ancpen-dain oegrcdiakthet about 00C

to about 60 lﬁg,ﬁg?ﬁé! f . for Lth.a
substit ut edggﬁl 1 ne &gm?leé&%%hggp Oﬁ\%?éf%gﬁgﬁ’%%%% unﬁﬁcic%b\(gfﬁé&laa | e.
Thi s react i lowenaluseolcmdrthertreated with an aforementioned reducing agents. The

reduction is suitably carried out at about-10° C to about 100°C, preferably at about

geC.

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




in the presence of an acid, e.g. an aromatic sulfonic acid, Rrgfevedd y
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 wWWQ#/29842 nert under the 30 reaction conditions, PCEERSE@ishss an
aromati ¢ hydrocarbon, especially toluene or xylene, or an optionally

hal ogenat ed aronmati ¢ hydrocarbon, and at a tenperature of 21 April 2004 WO
01/ 29042 24 PCT/ EPOQ 10088 about 700C tgcabout 1500C, especially at the
reflux tenperature of the solvent to asSSist in the noted azeotropic
removal of water. Reduction of a conpound of fornula e to give a conpound
of formul a gliphaticdydrasarbensespecipllyghloreform or dighlassmpthhre, ahg ef about educi ng
agents such_as sodi um Qoroh¥dri de, |i t hi um al um ni um hydride or sodium

tri acet oxyb®? ShipcRbREE-Q) e BreterabiR abaut §ris toghqut RoprpdereRsTatiEsse of skill in the
art. Preferably, the conpound of forrmula le is not purified, but rather
the reaction mxture in which it is prepared is concentrated and the
concentrate obt Kinally trestrmemt ofIhiwith An aming (RERT-NERipsovides thewarget 10 under t he
condi tg ons %m}&abﬁn&%ﬁ%d. Ahe takabl Yardt &Hm&egks@(&'drf: ether,
especially tetrahydrofuran or an optionally halogenated aromatic _
hydr ocar bonasenge ofjsplyent. Solvanis that s bemsed nclade pelangprotieselvehts ement i oned
reduci ng agafthiling ABers sEHG iR BrhbRyeBiank AN HoAT Lt -10 C to
about 100C, prefé%ably at apout %&. 1% chlizd?%%%ﬂgyggg%b pound_ of
formula If &Iﬁ%?ﬂ%@P&%PEWiS@V@ﬁM%béﬁdlmﬁbﬂrfmléemdmiwranaﬂwb. The
cycl i zat i onppastidiRosd. fEsivesiehily, HRAsRR i9farkifa Y thpe Bykél{ ng_agent
such as phosgene or trichloronethyl chloroformte EorP anot her phosgene
equi V&l ent ) abad Vet et 200%C, mivee prefsably ebwit raomeetparatprotoghout base, 20

preferably a_tri(lower alkyl)amne, especially triethylamne. Mre
particularl}5,0 e cyclization is carried out in a 'solvent which is inert
under the conditions of the reaction, preferably an open-chain or cyclic
et her, especially tetrahydrofuran, an optionally hal ogenated aromatic

“hydrocarbon or &% e PEesany ipyeRtior PRYMIdesarerbed ofmspRasifigent |y, t he
reaction i scémpéed 0¥ Wmitlla BB teatirdionipbu@dVf beneral formula Ii with an

15 amine (R'R*-NH).
/@r(ﬂz)n /@(Rz),.
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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.




25 50C, preferably at about -20 to OC. Oxidation of 1g wtho3 Qafoxu 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 ahydrefgupi@pes2pr ovi des a sulfone (Ih) (or, if desired ﬁ P&ﬁ&gﬁ§ponding
30 sulfoxi.de by controlling the oxidation conditions) mhlc can be
converted to a variety of target conpounds. Typically the oxidation of Ig
is carried out in a solvent which is inert under the conditions of the

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

PCT/ EPOO/ 10088 25 al i phati,c hydrocarbon, especially chloroform or

dlb chlt or oret haneln a@adleabn%bﬁwlrent, tB%JQ étnrc%b?ége%lﬁ{léhﬁm %fﬁﬁ%lalcun R RgCNL;)
apou room I n reat men (6] W an amnm ne
provi des th fsf %E(’J’htb‘i‘fﬁ'r‘fﬁéaﬁ“’olratefﬁ?ﬁﬁﬁfasm eSS &E‘tméﬁh‘?ﬂ"hé -be carried

out in the presence or absence of solvent. Solvents that may be used

i ncl ude pol ar aprotic solvents |nclug|ng et hers such as di net hoxyet hane,
di met hoxyet hyl et her and tetrahydroSc and di pol ar aprotic solvents
such as dinethyl formam de aH- N, N-di et hyl - pyrrolidi none. Cg venrently,

the reaction is carried out ratures of from 10 about

200C, nore preferaghly ou (%E‘perature to about R@r aly,
t he present |nv t| prdvid a net hod of prepalNNOR

I, by treat lco ounh‘of general _fornul agli th :

(RLR4- NH) . N | "NeRpound 17, the synb@Ps end the
subscript n have t he neanlngs provi ded above mnth refeéence to formula I.
The letter L repreggnts a I'eaving group 20 which cappP¥ a hal ogen, a | ower
al kanesul fonyl or al kanesul finyl group (e.g., rnethanesulfonyl,

met hanesul finyl or trifluoronethanesul fonyl) or an aromgtic sul fonyl or

sul finyl group (e-g., benzenesul fouyl, benzenesulfinyl dr 4-

tol uenesul fonyl). Qther suitable |eaving groups are kno to those of skil
in the art and can be found_jn, for exanple,” ADVANCED Nl C CHEM STRY, 4

. Y
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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 March, John Wley & Sons, New York (1992). Suitable am neg Adfiobb) are
those in which R represents any of the R groups noted for formula |I. 21
April 2004 WO 01/29042 26 Schene 2 In anot her enbodi nent, the bicyclic
nitrogen NERBHY8YX| e can be constructed first and R3 canPoa/EPA/I0sRIced at
a later stage of synthesis as shown in Scheme 22 NN R~HSNNR ilalid
RSNNCO 1 R3 lic (R)n NRa NN -N "-O { | 5 10 R PCT/EPOO 10088
(R)n I_ (R)n (RR)n 4 NRCS NNLO 1 27

Cyclization of IIa provides a bicyclic nitrogen heterocycle of formula ITb.
The cyclization can be effected by reaction of ITa with phosgene or trichloromethyl
chloroformate (or phosgene equivalent), typically in the presence of a tertiary
organic base, preferably a tri(lower alkyl)amine, especially triethylamine. More
5 particularly, the cyclization is carried out in a solvent which is inert under the
conditions of the reaction, preferably an open-chain or cyclic ether, especially
tetrahydrofuran, an optionally halogenated aromatic hydrocarbon or a halogenated

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

about 500C, preferablx@f about 09C to about room temperature.
10 |
Introduction of an R? group to provide a compound of formula Ilc can be
accomplished under a variety of conditions. For example, ITb can be treated with
alkali metal hydride, especially sodium hydride, and subsequent reaction with a
compound of the general formula R*-L, wherein R’ has any of the values accorded
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




H1lb Y NI (R2)n | R3 Conpound Ha, the starting material imSghgpBo2, can
be prepared by the displacenent reaction of comercially available
conpounds of formula la to provide conpounds of fornmula |Ib as previously
descri bedwigorpebme 1. Briefly, treatnent of the mercapt gceRapRHagk W th a
sui tabl e am ne provides a conmpound of fornmula Ib (R3 = H). nversion of Ib
(R =H to Fla can follow the steps provided in Schene 1. 21 April 2004
WD 01129042 PCT/E1' 00110088 27 Cyclization of Ila provides a bicyclic
nitrogen heterocycle of formula Ilb. THe cyclization can be effected by
reaction of Ila with phosgene or trichloronethyl chloroformate (or

phosgene equi ically | e ence terti rganic -
base, pref gélﬂa%ﬁ/ceéa&%“} f“%t%o m%&gﬁ%??é%—%@fégosapg&t g{)qcﬁs’tp 4 ?%Fﬁwaéﬁﬁ ¥E. Mre 5
parti cul ar | (9C td oty 00 BrirOSmtempahtik ©d AQWhtH dthar SBIMESH mabtiogh s inert
under the conditiagns of tgﬁﬁéggc Hgn, prefe | y an_open-chain or cyclic
ether, espciEATRARGSEIGRIRLY ple arf the prashnghig Fpyrepciasyenier deeser omat i ¢
hydr ocar boneqaiditiordal ogenat ed al i phati ¢ hydrocarbon. Conveniently, the

reaction is carried out at about -200C to about 50C, preferably,at about
OC t 0”about roomtenperature. 10 Introduction of an R3 group to provide a

Eorrpound f)f f Iolr Bxdmwhhg:&emmgﬁ@f;sﬁmqesdmk i ﬂéﬁdﬁfi d%.pléﬁ_eié@wstsﬁs (ﬁpnﬂ tions.
or exanpl e, 4 treate i a I e ydride, especially
sodi um hydr’in&'é’flu%ﬁcﬁl?%ﬁ Sﬁfmflgé'é}ﬁd@ﬁ %ﬁ’("l‘?dé‘l g%&’ﬁ??oh?h?"&ito Py Yener al
formul a R3-fargenbshpoundsdf fiafauddly of the val ues accorded 15 to R3
herei nbef ore except hydrogen, aryl or heteroaryl and L represents a |eaving
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.



group (e'-g., halo, nethanesulfonate, trifluoronethanesul fongtg, apght he
like). The N-substitution is conveniently carried out in a solvent which
is inert under the reaction conditions, preferably a formam de, especially
N- et hy| pyweeleenone or di nmet hyl f or mani de, an open- chai recweEmygaddse et her
or an optionally hal ogenated 20 aromatic hydrocarbon. Suitably, the
reaction is carried out at about 500C to about 200C, preferably at about
500C to about 150C. Alternatively, the ajgkylation may be carried out wth
an inorgani c base such as potassium carbonate in a formam de solvent such
as N-net hyl pyrrolidinone tenperatures from about OC to about 25C. 25 An
alternative, and preferable method f Seheme3 i ntroducti on of R3 involves a
al kyl ation of the pyrimdinong nitrogen via the Mtsunobu reaction. In this
met hod, an al cohol of the gg fzor mula R3-OH i s conbi nedg% a_conpound
of general formula Ilb_in ce of, for example ' osphi ne
and di ethyl 30 azgdi™yar BNKy™3 e or di phenyl pyri ¢ RHOSTI
t ent - but yl azqgh ca’bo;. | at © (See Tet_gh_egroFerLet §497 4500 (1999).
The al kyl ati on“§7s NNVENHgnt |y carried out i ch is inert
under the reaction conditions, preferably an open-chai rHZl April 2004 WO
01/ 29042 PCT/ EPOO 100§fx 28 or cyclic ether, at tenpepgtures of about -200C
to about 100C, preferably at about OC to about 300C (or roomtenperature).
As with other al kylation nmethods, primary and secondary al cohols are the
nost suitable for reaction under these conditions. 5 Follow ng the
i ntroduction of R3, the oxjdation and displacenent step$ (to introduce
R R4N-) can be acconplished outlined in Schene | aboye trovi de
target conmpounds of fornula 0( zmusti |1 ot her errbodi msnt e(R orrpounds
o]

can be prepared b EeVexrsi er of al kyI at ce
steps, thereby réversfng %he order of -R3 and |n odu tion, shown
in Scheme 3B":2\1 r| 20

// \\
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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.




WO 01/29042 PCTI EPOO/ 10088 29 Schenme 3 (R2)n I_ ~(R2) n N Il#g AR %?N ~0 |
Hlib (RR)n ~ R,S NNH 0% (RR) n N -N "ORMA ANR R3 1 3R2n .5
Accordi ngly, a conpound of fornula Ila can be cyclized to Jib (as earlier
shown i npphgpm4z) . OXxidation of Jib to Illa provides theP&fl?%o?ltoﬁsf or the
subsequent di spl acenent and al kyl ati on steps. Thus, treatment o la with
R -NH2 wunder the conditions described above, provides Illb, which can be
al kylated using R3-L (wherein L has the neani ng noted above) or R3-CH
using a Mtsunobu 10 reactioh as descri38ed earlier to provide the target
conpounds of fornula I.
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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.




21 April 2004 WD 01/29042 PCTI EP00110088 30 Scheme 4 2) | VoM Bo& ' ~' 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 Wex@f2pee in Schenes | and 4, is comercially aveRCl/EbéroosBhe
treatnment of a conpound of fornmula la with a suitable a.rninating 10 agent
or nucl eophile as described in Schene 1, provides a conpound of formula Ib.
21 April 2004 WO 01/29042 PCT/EP0011008&331 Treatnent of a conpound of
formula Ib with a substituted or unsubstituted phenylisocyanate provides
an am de conpoupnd of formula IVa, This reaction is_ carried out in an inert
organi ¢ sol \r/rgntIT%P&F@@BW%Q"E@@WWMWWU@M upsubstigitedne o][

xyl enes, an iSo dyBRRE batvitl EmRQin i O f f el HR0 GhicreRRflugt i On of a
conmpound of g?‘?ry#ﬁ? a Ivgbpr ove?ggs an alh-éohola%gf forﬁ%a%hbﬁr. Tﬁlq"gs reduction
is carried SHFedePHR 35 et QFgaRIq R VBN RTSiSFably @B aromatichydrrcerbosisuch #hown t o

those skillgd,df otrli?leﬁé}, anPatS t):m.bgraﬁﬂeio@%c;ut%r’@%@l.\%u?%wt such as an

open-

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.



chain or cyclic ether, especially tetrahydrofiuan, at about »6Q% bgopbout
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 Wyggdogion X is brono, chloro, or iodo, preferabl ¥'CWE?’H&1 gIfdthough
nuner ous hal ogenati ng net hods can-be enpl oyed (see, for exanple, of
ADVANCED ORGANI C CHEM STRY, 4 ED., March, John Wley & Sons, New York
(1992)), this reaction can be carried out using phosphorus tribrom de or
phosphor ous pentachl oride to obtain the3korresponding brono or chloro
conpound, respectively. Conveniently, the reaction is carried out in a
sol vent  whi ch g ng@éa&memdm@ﬁéﬁmg?gen&smm&% 3-30lhiAflaPPen- chai n
0

or cyclic ether,. especially tet rah%(jr uran, or a hal ogenated aliphatic
t

hydr ocar borPr hlegingend Mater> andEnasias (R R 458 proyides hatirgnt empevadapbund of
formul a | V@oRheM | 9R% salfbiiay Gltbenddidts Qﬁﬁﬁourﬂa%f%ﬁﬁlzlgkg Tole i QGRUl @ 1 Vd. The
a

cyclization can be effected in the presence of ase, preferably
hexamet hy| dPqatigpiliplactpentizspgtionis earspe putin thepresegceofsolveat whichiin t he

presesce ofingrt 5RE4BLANBHE I the rée8b4, ﬁéﬂ%ﬁlﬁ%l&% fitld QIvenff1-flagyleaction,
preferably a dipolar organic _solvent, such as 1-frethyl-2-pyrroli‘di none,

N, N- di et hyA-Pyrelidiaereqd,Nhimepyhiorpamide of tetrabydraturap, Conweniently, thei phoxi de,

and at aboyt,:0$ EEP- t b o f bly the
reaction i s%qil1eate(;s O?}P aé%%%gol @?%QQ%HE%C‘U%&g?@g%geggbﬁgéglﬁggé out 150C.
21 April 2Gezhperior®l/ 29042 PCT/ EPOQ 10088 32 Finally, treatnent of Id
with, a oxidizing agent such as N-chl oro-succinimde or chlorine and

wat er, and an am ne (RLR4-NH) provides the target conpounds of fornula I
vi a ¥ sul f oxi dénenfekittdnl thet 2t wilpolendiarslf thiteertsinamadifid@tionis mo thetabove

oxi dation/ di [ -3 - rJ .0 the presence of sol vent
which is 5%%%??%%%’2‘% C@%%Ihtalgg r‘?}s‘&%‘?&{eﬁ!é&gé’g% ﬂ&ﬁfeng’r”é’?‘é‘%%l Tdi pol ar
aprotic solexempl, deriaist $isps-will ipipiveche pratestion andl Neptoteetitey bf feactivani de or

t et rahydr of | 4al . | ed t.at about OC t
about 1200, harE L RENENEN b ot ieck AR RaPR AT Bl 0711 T (he

art will understand that certain nodifications to the above

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




schenmes are contenplated and within the scope of the presentyqigygppppn. For
exanpl e, certain steps will involve the protection and deprotection of
reactive functional groups that are not conpatible with particul ar
reacti on copdud@ns. 15 I n another aspect the present i nvertrEroo/iedsgtes to
pharmaceutical conpositions containing the conmpounds of fornula I. The
conpounds of formula | and the pharnmaceutically acceptable salts of basic
conpounds of formula | with acids can be,used as nedicanments, e.g. in the
20 form of pharmaceuti cal preparations. *he pharmaceutical preparations can
be admnistered enterally, e.g. orally in the formof tablets, coated

tabl ets, drggpheae chsnlts. Suitibkahtrigefon thayrodagtium «fsolusiohsiindsysypsane)| Si ons or
suspensi ons, . nasal | . 0. .n the formof nasal sprays..or.rectally, e.g.
Th The for m 8F e et rebsls mitae fival g B S PRI SRLL o L

par ent er al | ycarmxys far suppusitdiesrarg ffor expmple, oatusad buhardesed &b, wheesfawpounds  of
formula | and their, afiore ti.one rmaceutically acceptable salts can
be processecfew'ltﬁﬁmghoarrhﬁ%:ﬁ%o&\ﬁ@th? et organic or inorganic carriers
for thé& production of pharnmaceutical preparations. Lactose, corn starch or

derivatives thergaf, talc, ..stearic id or its. salts and the lLi.ke can be
used, for exarrpllgl%%‘r%?egﬁ(gzaﬁup CAf ﬁnéﬁsscdapoarlsotcé’gfaé?gr,ese r}lwg&sf’g%%frg’, -dr agees
and hard gelsathiliversc wptinig egents, Sl sifier sweateriees, solbmnts fiitorgets atitanfer capsul es
are, for ex e, qvege e oil XeSa..fats. sem.-solid .and [iquid

pol yol s and itlig?é‘lg W%?méggéﬁ% g e'fshlgasr%%?’{]arggn%fm?ﬂ%om l%tf"v'ghelyr?ﬁ? edi ent no
carriers ar elsovoneietherapsutidally valeahle suldtanpestdiberdhaethefconpbinddofApri | 2004
WO 01429042 / . 1.Q0. ' ‘ | a5- ik carriers for the
pr oduéﬁ i on ofgg%@?gf'? g%gé%a%%%%ﬁlﬁ%@ daéh %&g%gﬁ%&gﬁgﬁggb?%aﬁ'r , pol yol s,
sucrose, invert sugar, glucose and the like. Suitable carriers for

st T qui d or - 1iedicAber GRh Eon A s ity tind\RGERREL 614 Bhosi¥tBical ! &
" prepar at i onsaceeptable st dfeibed¢ compestafdoimnds [ withlanticid ineswciation withlai zer s,
Wet ting agentgnyfoM!phhhh&ledrict WEREFRG Rl £OLRE M bBject diAOpAMS. Salts for

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

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

20 _

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

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

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

30 be exceeded when this is found to be indicated.

Finally, the use of compounds of formula I and their aforementioned

pharmaceutically acceptable salts for the production of medicaments, especially in



varying the osnotic pressure, buffers, nmasking agents or ant21%rm‘@@(§z§ They
can also contain therapeutically val uabl e substances other than the
conpounds of 10 fornmula | and their aforenentioned phar naceutlcal |y

accept abl wo@lbez Medi canents which contain a conpound of fﬁigp‘!v?qok or a
pharmaceutically acceptable salt-of a basic conpound of orrru %% th an
acid in association with a conpatible pharnmaceutical carrier material are
al so an object of the present 15 invention. Another aspect is a process for
the production of such nedicanents whi&h conprises bringing one or nore of
t hese conpounds or salts i,nto a galenical admnistration formtogether

With a conpiieitthenattasr Iabda@kufﬂa&rﬂlﬁé , ihmig SlokRe néd?ﬁ%@d' cament may
contain on er peuti call >Val uabl & su sta whi ch nay be
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i nvention 'ﬁ’é’lﬂé}f rexrion tolloping %ﬁ%@ﬁh‘rﬁ‘:’é&eﬂaé‘sﬁé{tﬁaﬂmﬂ@f the

antii ofl ammtraitibrﬁgent s or for the prevention of graft rejection follow ng

transpl ant surgery. The dosage can vary 25 within wide limts and wll, of
course, be fitted to the individual requirenents in each particul ar case.

In general, inChe aﬂxsﬁdf?oﬂﬁhﬂhmlw%mdﬂiél%ﬁﬂﬁ:rﬁﬂkt'nb%hﬁn&:&@é(@ﬂ%em daily
dosage sho | d be %g‘o rrg ‘#Klg to about 100 rrg . pref era Iy about 0.5

ng/ kg to ab d‘s?ﬁié’ Llipcaseigiats v 2 hum 1§ si ngl e
dose or |nf:xdaotrbiedidh&&§ed @xcewve&ﬁdn&ég@mtectmwﬂ&ﬁérmo ¢ referred
toe I|er 30bee§:]_§s%gqthenths|sfoundtobe|n|cate Finally,
the e of %r aAFC%ﬂH’g YhihePresent akaiiongrevides
pharrraceutlma:ﬂzbgioﬁ&@am ke inedia e didRSse RHRENEIrh Y05 d AR ;gtga,qgms,
especially e)ﬁn I | 200? WO 01/ 29042 PCT/ EP 10088 34 the treatment
or prophyl & egRg 2moRt A OFroRnd of fernwglcen2

br onchopul rphaanyceuﬂeﬂl?wccdp%lmltoamit&ﬁéx%@féaﬁcm ar dl sorders, in the
treatment of asthma, central nervous system di sorders or diabetic

conplications or for the prevention of graft rejection foll ow ng
trandpl ant sur ddowe spedifiellg,ahacompperts offorinits PmbFleRe 9R 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,



Conpounds of Formula I would be useful for, but not I|imted sty Bgoa
treatnent of any disorder or disease state in a hunman, or ot her manmmal ,
which is excacerbated or caused by excessive or unregul ated TNF and/ or

| L- lor p¥PW2%Ee 10 producti on by such manmmal . Accor di nGIGI/EPOdEN0RS esent

I nvention provides a nethod of treating a cytokine-nedi ated di sease which -
conprises adm nistering an effective cytokine-interfering anmount of a
conmpound of Forrmula I, or a pharmaceutggally acceptable salt or tautomner

t hereof. 15 More speC|f|caIIy, the conpounds of formula | maybe used in the
t r eat nent f arthritis, . Crohn'.s, disegse,..irr bl e .bowel ndr one, adult
respirat or y“f P%%§°ng§§7ﬂ’6rh§ﬁ'§f“ﬂélﬁ?6‘ﬁ cagiag ?Eﬁi‘i%“ﬁlﬁ%ﬁﬁ%ﬂy di sease,

0St eopor 0si fepeffisidd # FIﬁWIIBJI&r iseadt sRbaephritl/pARgdgial ditofatibn.woul d be
useful for, but not mted to, the treatnent of inflammtion in a

subj ect, and for use as antipyretics for the treatnent 20 of fever.
Corrpounds of thEhd wﬁqmmamanmubdxséfel fdﬁﬂimdreamemr&ahﬂmizh,rﬁ;mit@le i ncl udi ng

but n I|m ed .to, t0|d ard | r|tis ond thi.es, gouty
arthr| i s, P%ﬁ?ﬂt‘:ﬁ’f"%{ gtes, ST ?S?f &ﬂg{)b{i‘ﬂl‘éggﬁt&dj uvenil e

grt hri ]E | is fadﬁdiﬁdﬂslsﬁcmq:so@ishef éczanh,mdrhs deﬁﬁmtist,d keloid. foﬁn@dibm@ﬂ@wﬂds woul d
e usefu Qr the treatpent o nonar l,sord ng i1 nfl ammati on,

i ncl udi ng aHff’P‘FP‘F% P?a{fg‘?? gsttﬁglg%mfgn 00%‘?1‘1?5’6 V’ax?ércm dosi s,
ast hma, ; si | 'gats&shﬁesuaﬂctoﬁ&naﬁs .mcﬁ ab hﬂa&rxyamryﬁdmlrﬂhén&,ﬁﬁh&&aﬁmsﬁh e
conpounds are or sthe tre and cterial
Cnfecti ons. $ihfete] Phatatis 14 BBRRYe iy TRyt Xy ar i o
meningitis, als@bélweﬁﬂusﬂmmndﬁﬁqmbﬁophidmhmdneam, sadh g ratigiyis, cachexi a
secondary to ired i.nmun f| c ncy | D DS, ARC (Al DS
rel ated 30 E%WBP% es’uﬁfﬁlgﬁr?ﬁﬁf 1?"paeps agteml’%gt@%‘ﬁ%nt&gﬂ %re al so
useful for Cbmpom@dfM\rafudnam W@.ﬂd bpuse:fal fdi qestseat oémgno@sesls,

ost eoporosi g, , ef: dot ox ¢._shoc S e ioneinjury,
aut oi mune HE aF‘ﬁ’cfP?oﬁha sr‘sé%ht&/lsalm ‘%118&%“'1 ?égglég H?‘?]uc g% il ﬁ*
rejections, re;a:ndn,mmlicnbmsaﬂaems remmﬂndmmgcﬁrimﬁasuiqlucbags 21 Apri
2004 WO 01/ 29042cu?anzalh CTé)EgG)%lOOSS ]ithrfeg[rgg +§Uen%o P%{E_hée Ier%?e&a]f ailure,

and c]e?rdl ac Fepe uston 1 njur usi on PVE  di sease
and nephri t fibyophased anglanlegwaacsﬂzd'lghummanlﬁlecmﬁmﬂ:seases 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



The conpounds are al so useful for the treatment of influenza, AgMbhgye 5
sclerosis, cancer, diabetes, systemc |lupus erthrematosis (SLE),
skin-related conditions such as psoriasis, eczena, buns, dermatitis, keloid
formati onwoariBegear tissue formation. Conpounds of the i E&@ﬁ,wﬂ, & SO

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

ul cerative colitis. The compounds would 10 al so be useful in the treatnent
of ophthal mic diseases, such as retinit¥&, retinopathies, uveitis, ocular
phot ophobi a, and of acute.,injury to the eye tissue. Conpounds of the

I nvention atesadwRyHEoBRentieUhhib@brs] N@ﬁmmg,mﬂﬁ&ﬁgﬁéssivé ncl udi ng
neopl asi a; netastasis; "opht hal nol i('})_%l cal conditions such as$ corneal graft

rej ection, 3EUHarlipRggenssinkihitoss LdBs antagonigts ancblolAwlevdrelpseinbibisorsi ncl udi ng
15 neovascul arization following injury or infection, diabetic retinopathy,
retrolental fibroplasia and negvascul ar gl aucoma; ul cerative di seases such

as gastric ul _cérs,use_ ?‘ﬁ’é‘!’gﬁ-‘lt@‘a‘,'ﬂﬁﬁﬁm_ quéﬁaﬁ%f:?r_sé@ﬂwmdoﬂs such as
hemags nonadisokdegh kel Aideasé BURE i WRich INFOSIERATER, eitRgbPLoftFQERTRE t he

nasophar ynx a d ;v ul ar, necrgsi s of bone;, djabetic, nephropathy and

car di onyopa¥ 8:‘” %d N @ypiggreoiGer meackiag i ke reisasedpiushas brinotdimitedm such as
endonet r i 0gh §.-1,711e6 6PNPUAUEsce stdtein WMeR!fbPihstR, IR $9a Rgjorsef ul for
preventing the Br oduc ign of gycj ooxygenase- 2 gjnd c{ahe conpounds of this

i nventi on &PEPIPER @}‘%@ PYEPTPOITHOT T AFN IS FXREFEDRCLUCTEETetSH 1M ARFPORSEe At Nt
of cancer, tb TNFwouldthefef¢rebe Bofdadeed a dilbderRePiateddy TF.L his invention are
al so @xpect ed to be useful in the prevention and treatnent of Al zheiner's
25 di%ease. Besides bei ng useful for human treatnent, these conmpounds are

al 3Of usef ul _ fWsIM@:_IEérieiﬂgfbétéinﬁaéﬂgﬁﬂédi&@céﬁﬁgﬂﬁﬂ'ir@g&f\tﬁiﬁ?!aﬁd a]p)ﬁ(/gt ic anic mal Sd
an arm anj.mal s, cl udi ng pa s, _rodents, e [ike. Mre preferre
animls i n@%&%&rﬁ?ﬁig‘é?&se %gaﬁg%ﬁés Blgﬁ'%? mi‘hé%"r"é%’éﬁ?“@’cﬂﬁi’éﬁﬁ&f’ ﬁay al so
be used i n ogbypB&EaARIRSanofif: Fickdr ty befreleed]Rhe! vt nbilimpital® 10f1, ot ger
conventi onal ti,inflammatories uch as gg ether with 21 lEA)trpri 2004 WO
01129042 P@ﬂ% 0y 1%?"5% r%%,““(‘:%PEF’ Xy o’ Y- PBRE s, NSAI Ds,
DVARDS, | mwhicsspiiduetiat weaction, is exacerbated or secreted in response to P38, would

therefore be considered a disorder mediated by p38.

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



agents, 5-1ipoxygenase inhibitors, LTB4 antagonists and LTA% g obgse
inhibitors. 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 ofwONE290i2sel f, or by TNF causi ng anot her nonoki nepd@eiue/it6@E eased,
such as but not limted to IL-1,-1L-6 or IL-8 A disease state in which,
for instance, IL-1 is a major conponent, and whose production or action,

i s exacerbated or secreted in response %’P TNF, woul d therefor, be

consi dered a di sorder mediated by TNF. 10° As used herein, the term "p38
medi ated di sorder” refers,to any and all disorders and di sease states in
whi ch p38 pIB@@aadI@béonémemeqﬁMﬂorﬂﬂuMﬁmﬁﬁﬂrméﬁﬁgpomtsdw p38 causi ng

anot her fact t ted.to |
T8 A o sebicglptlf Bl e St it wrORME L b Sanabiba gl 0 "
and 15 V\/nose’lﬁd@da@tr@odetifprdh!ﬁir@tmnmrdvmdmwbmg@nnwmoatbd in response

to p38, woul gy, Q%ggﬁﬂﬁﬁﬁﬂgﬁ?ﬂ )sgr(gg;(\s,\ﬂ? mlﬂillﬁé{‘ %)p38 OIAS TNF- P

has dose structura W t cac and
si nce Bach |(ﬁ@iﬂ@@@e§»gr(gmns bmzl( anesd poins(esinates), bmdnli:{hd;ms).he sane 20
cellular re tar{t}i@ TNF-a and TNF-i are inhibited by
the conpounds of ?Or'r%%ésﬁé %él’cﬁ\c/ag%t%g&r%pand thus are herein referred to
col | ecti vel PH@SMdﬁbfdmo@S@ﬁM@rMYlaye deI i neat ed ot herw se. EXAMPLES
25 The fol | qusqy E3%e91{§ﬁ%d6-fe‘&ah mg_‘ HinAQs to limt the
cl ai ned |nvent| on. In the exa es bel ow, un rmse stated,

tenperatures are given in 30 degrees Cel sius (C) operations were carried
out atgroom or anbient tenperature glypi féeil ly a range of from about

18- 25(1, evaporation of solvent was cafrlred out wusing a rotary evaporator
under reduced pressure (typically, 4.5-30 nmmHg) with a bath t enper ature of

up to 60C, the c mggﬁ I 1 April 2004
WO 01/ 29042 PCT/ %%Tg&é% #ﬁ%ﬁaﬁ%r eacHE%rbl &n‘géﬂlg rb%i?/l%ded for
i || ustrat i ormethagesulfemyliimmethyl-att slibydropyrimido[4,5- ]pynrmdm—Z(lH) -one

beginning with ethyl 4- chloro—2-—methylth10pyr1m1dme-5—carboxylate.

Ci
D
HzCw = Cl
TR NN o
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




uncorrected; products exhibited satisfactory 'H NVR and/or m€iganabytical
data; yiel ds are provided for illustration only; and the foll ow ng
conventional abbreviations are also used. np (nelting point), L

(liter(s)woblndE!liliters), mmwl 5 (millinoles), g (gra@mﬂgfﬁ?%
etny

(mlligrans), mn (mnutes), and h (hours). DEAD stands

azodi carboxyl ate DI AD stands for diisopropyl azodi carboxyl ate DMPU st ands

for 1,3-dinethyl-3,4,5 6-tet r_ahydro-2(1:¥-pyri m di none 10 Exanple 1 15 C

This exanple illustrates the preparatiorP®f 3-(2,6-dichl orophenyl)-7-

met hanesul fonyl -1 - et hyl - 3, 4-di hydr opyri m do[ 4, 5-d] pyri mi i di n-2(1H) - one

begl nni ng &s@ieh&bwé-ﬂ@(ﬂv%} 8fdtﬂﬁf4tﬁ&bﬂ1|§}1a9ﬁﬁ{6-nlﬁt&hﬁﬁu5pﬁ§hmﬁ%lbﬁt e. A-N
x%]éPrepar ati of éthyl

4- rret hyl am (AL terﬁﬁf"fli’r‘tﬁﬁé)lfdrmdl ne-5- carboxylate H3C. COREt ' CO2Et N C

H3C,S N\H i CH3 20 A sol ution of ethyI

4-chl oro- 2- net hyl t rirnidi r boxyl at 0 g, ..86 rnmpl) (Aldrich
Chemical Co., MI PGB S ?‘"FFt }f?ﬂﬂﬁ"or m ﬁ?_ dt?r‘fe”'h’fnéﬁhéﬁ%lt hane was

cooled to OC and treated | oyt Rt th a 33% sol ution of. metlyl aznine in
et hanol (35 m, 281in I3\. After stirring for 30 milut 1 mL.  of water
were added and tpﬁ? re separated—He 19 arﬂ{m dried 25
over magnesi um sul'f ate a filHered. The filtr (ft e Sas NvapNHat ed under
reducegl 21 April 2004 éHs CH3
Lithium alumigium hydride (9 g, 237 mmol) was stirred in 300 mL of dry
tetrahydrofuran and treated dropwise with a solution of ethyl 4-methylamino-2-
methylthio-pyrimidine-5-carboxylate (34 g, 143 mmol) in 300 mL of dry ‘
tetrahydrofuran and left to stand for 15 minutes. The mixture was cooled in ice and
10 cautiously treated dropwise with 18 mL of water. Thirty six mL of 2M sodium
hydroxide solution were added dropwise, followed By 48 ml. of water. The resulting
suspension was stirred for 17 hours at room temperature and then filtered. The
filter residue was washed twice with 100 mL of ethyl acetate each time and the

combined filtrate and washings were evaporated under reduced pressure. The

15 residue was suspended in 200 mL of dichloromethane/hexane (2:1) and the solid
was off and dried to give 23.5 g (86%) of 4-methylamino-2-methylthiopyrimidine-
5-methanol as a yellow solid.

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

CHO
HaCag ™7 NH HeCag N NH

CH3 CHS
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




WO 01/ 29042 PCT/ EPOO/ 10088 38 pressure to give 19 g (97% of A’;:WF&)M
4- met hyl am no- 2- met hyl t hi opyri mi di ne-5- carboxylate as a white solid. 1.2
Preparation of 4-nmethylam no-2-nethylthiopyrimdine-5-nmethanol CO Et 5

H3C, S N 14WRH12%E82S2NNH | | CH3 CHs Lithium al um pi um hysiri/genofiosg, 237
mmol) was stirred in 300 nL of dry tetrahydrofuran and treated dropw se
with a solution of ethyl 4-nethylam no-2-

rn, ethyl thi o-pyrim di ne-5-carboxylate (3 g, 143 mmol) in 300 nL of dry
tetrahydrofuran and left to stand for 15 mnutes. The m xture was cooled in
ice and 10 cagtlously treated dro wise with 18 nL of water. Thirty six niL
of 2M sodi uniedpsedrRssssHee Q@I &8 (FR%bbotdtmethmoipar Smethdthiopysignidine48 nl of
wat er. The rga&%mgehf}aggpg{}gkp@hwas stirred for 17 hours at room
tenperature and then |tered. The filter residue was washed twice with
100 nL of ethyl acetate each time and the conbined filtrate and washi ngs

were evaporated under PRgMe wzazlormeen zﬁﬁz%hﬂyﬁz-%ﬁerﬁ gi3ded in 200
mL of dichl or%rﬁelt hane/, hexane (62}151) and t he s% id was“off a ried to give
23.5 g’(86%™ ﬁ‘i’no 2-met hyl t hi opyri m di ne- 5-net hanol as a
yell ow solid. 1.3 Preparatlon of 4-net hyl am no- 2- rrethyl | opyrimdine-5- 20
car boxal dehyde CHO H3C, H3C S~ _N' -NH S -N' -NH E
4- Met hyl am no- 2-r net hyI t op ©H@ di ne- 5- net hanol ) and
H3C. /k — HiCo /l\
l |
CH3 CH3

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



| L of dichloronmethane were combined with stirring and treatedhiM dbhos
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 i g}26hsal of di chl oronet hane and the conbi ned fgghg%%ﬁﬂygg

washi ngs were evaporated under 21-April 2004 WO 01/ 29042 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 or ophenyl4%ni nomet hyl - 4- met hyl ani no-2- 5

nmethylthio pyrimdine NI ,S~ H3C, J~SN,... CHONH CH3 H3C, A mxture
of 4- met hyl am no-125 net atrm Bi(A60dichlSroph i ) FoxeshgRIY demedh§l-g4- 32. 8 Mol ),
26d|chlor I|n’8§d5 % marg?)}gb and4to|uene sulfonlc acid (1 g,
5.3 mol) of bF-Glmamigis- €l under reflux with azeotropic 10

renoval of mater for 17 hagys
about 10 nL under reduced pr
The suspensi on obtajned was

. _Ahe mxture was concentratesg to_a volunme of
@‘ and then treated with 1

cat®#d to 750C and treat ed gver i od of 15
mnutes wth 6.?Jﬂ\( , SOdIUﬁ]bOFOhydrl I . e mxture
was stirred a Mf put es—and,.c n1t nper ture. The
sol vent was lie%Mrat reduced preggbrg an ' was
stirred in a m xture of niL of 2M sodi um hydrOX|de é%ution and 200 ni

of ethyl acetate for 1 holir® The phases were separated the organic
phase was dried over magnesiumsulfate and filtered.

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

Ci Cl
HyCu. /I\/I\/& I — H,C. ):I\,& ci
3 l/\\ 3
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




Evaporation of the filtrate under reduced pressure and fl ash1ciypp@iQgr aphy
of the residue using 3:7 diethyl ether/hexane for the elution gave 5.2 ¢
(48% of 5-(2,6 20

di chl or opWexaa2peéazi nonet hyl - 4- met hyl am no- 2- net hyl t hi o- pyr pordipo®10ass 2 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

pyri m do[ 4, 5-d] pyri m di n-2(1H)-one CI-'4_ Cl , HBC ~HCH3C C S NNHSN
NGCGH3 CH3 1.1 5 Astirred solutioti, %ool ed inice, of 12 nL of phosgene
(20% solution in toluene; .23 nmmol) in 100 nL of tetrahydrofuran was treated
dr opwi se wi treated withRuel ofdiofethyl sulfoxide and left to stand for 10 minutes. Saturated

o\ 1572 mor el iticl Bt BOREE Mituida (R0 ML SVt e gl gpadty "1 1 (5
t et r ahydr of Werersepasited The orgatiaghdsswag diediover meagnesivmrselfa@snt fiftatedd wi th 100
- of 10 SaEhahetafbeny BRI & RAPH 6o AW S 8o bes Tt gohases were

separ at ed. e aqueous phase was extr et’rahydr of uran
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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
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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.




_ CH3 0 0 CH3 Sulfone 1.2 A solution of 21 April 2004

3-(2, 6-di chl orophenyl ) -7-nmet hyl t hi o-1-net hyl - 3, 4-

di hydropyrirnido[4,5-d]pyrimdin-2(1H-one (1.1) (5 g, 14.1 mmol) in 200 nL
of di chl er@ewishane was cooled in ice and treated W th 3- ghapaRfRenzoi 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 dinmethyl sulfoxide and left to stand for 10 m nutes. Saturated aqueous
sodi um bi carbonat e sol ution (100 m) wa% hen added and the phases were
separated. The organi c phase was dried over magnesium sulfate and filtered.

Concentration of the fildLaie _under reduced pressure gave 5 gi(92% of
3-(2,6 5 dichl orophenyl )-an'esul fonyl -1 -nethyl -3, 4-di hydro m do
[ 4, 5- d]pyl‘lmdlrh e | fone 1.2) as a white ed

conpound, = 3- 2 cl')i | orfophényl ) - ~7- et hanesul f onyl Ha& et y! -
di hydr opyri (sulfone 1.3) was é

in 10 place Q§Q3 6- dléﬂloroanlllne in step 1. 4 bate.
Sulfone 1.3 Simlarly,
7- met hanesul fonyl - 3-ortho-tol yl -1 -nethyl -3, 4- dlhydropyrinidin- 2(1H) - one

(sulfone 1.4) wa re {rbc%bsi t oJ.ui di ne._ | ce of 1
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- 1-propanol (0.11ml, 1.2 mmol). The mixture was heated to 100-110 °C for 1 hour
5 at which time it was cooled to room temperature. The residue was purified by
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column chromatograp}iy on silica gel using 25:15 hexanefacetone. 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.
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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 Sulfone 1.4 Exanple 2 Conpound 1-7 This exanple iIIust2*1aA§;.P hhg
preparation of 3-(2-chlorophenyl)-7-(2- hydroxy-1, 1-di net hyl et hylam no) - |
-nmet hyl - 3, 4-di hydropyrim do [4,5-d] - pyrimdin-2(1H)-one, in which the
di spl acend¥® 0t/@¥d2ion is carried out in the absence of scCIERCN/IGBSApri |
2004 WO 01/ 29042 42 HO PCT/ EPOOI 16088 ,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-net hyl - 1-propanol (0.1Inl, 1. Zymol). The mi xture was heated to
100- 110 C for 1 hour 5 at which tine it was cooled to roomtenperature. The
resi due was purified by colum chromatography on silica gel using 25:15
hexanel acet oh¥ mit). camixture was heasedsatd 60 PG fori ang houo dtehicheimes thonbi ned and
concentrated in vacuo to.an oi whi ch was redi ssolved jn ethyl acetate.
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Addi tion of 'RPBFGEHESMS QG Sy readtion Y3 ROb 5978 Phe salt
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2- am ng- 2- Mgy itlumh chidhRSgraphybrl $llidalpel usBRFI0S: 1 QicRIGkSYBethane/
methanol/isopropylamine. The column fractions containing product were
combined and concentrated to an oil which was redissolved in ethyl acetate.
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 requisite 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.
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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




R RANH gave additional conpounds of the invention as |istedqmdhpbhes 1-3.
15 Exanple 3 Conpound 1-13 This exanpl e |IIustrat es the preparatlon of
3-(2-chl orophenyl)-7-((1S,2R)- 2-hy(iroxy-"|

- hydr oxy ngydi /290420y | am no) - 1- met hyl - 3, 4- di hydr opyri m do %T/El'oonooss
[4,5-d)pyrimdin-2(1H-one. -, & N\ N~- N\ H3C, -NNOHNN 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-allothreoninol ((2R

3S) - 2- ami no- 3- hydr oxybutanol) (0.480 g, “Z1 April 2004 WD 01/ 29042 43

PCT/ EPOO/ 10088 4.56 mmol )., The m xture was heated at 100 C for one hour at
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ethyl &cetate. Addition of hydrocl&lompounddiii (1. OM Et 20, 1. 0 equi val ent)
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10
Sulfone 1.3 (0.200 g, 0.57 mimol) 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
(1.0M/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.




15 Exanple 4 Conpound 1-2 This exanple illustrates the prepardti f
3-(2-chl orophenyl)-7-(2- % ;?bt"& 2004

hydr oxy- | - met hyl et hyl am no) - 1- met hyl - 3, 4- di hydropyri m do [4,5-d] pyrimdin-
20 2(1H) - ¥v@o1/3%042N- -N' v CH3 ~I -Y I H~ HONN -N' 'p@rmeodioss H CH3
OOL;"3 Sulfone 1.3 (0.200 g, 0.57 nmmol) was conbined with D, L-2-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 room t enper gkure and the m xture was purified
by colum chromat ography on silica gel “Using 9:1 dichl oronet hane/ met hanol
as eluant. The colum fractions containing product were conbi ned and
concentrated in vacuo to an oil which wa di ssolved in ethyl acetate.
Addi tion of hydrochloric agid (1:0OM Et20 0 equival ent) gave the salt

whi ch was filtedgd and—eki ed t | ve—R1 2004 WO 01/29042 44

PCTI EPOO 10088°.0." 14204 of hydtochl orj delsalt of

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

met hyl et hyl am no) - 1- net hyl - 3, 4- di hydr o~¥ | Wé—l d]
pyrirnidin-2(1H)-one. _
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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,




5 10 Exanple 5 Conpound 1-3 This exanple illustrates the prapaymboen 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 O0"pi CH3 CHS CH3 Sul fone

1.3 (0. 2000%1/260457 mmol) was conbi ned with 1-ani no-2- pr opgRpk 9 nmi,
1.17 nmmol ) and heated at 100-110 € for 30 m nutes. The reactl%or?il\agsg t hen

cooled to roomtenperature and the m xture was purified by colum
chromat ography on silica gel using 9:1 dichloronethanel met hanol as el uant.
The 15 colum fractions contai ning prottict were conbi ned and concentr at ed
In vacuo to an oil which was redissolved in ethyl acetate. Addition of
hydr ochl or icmnmnitnﬂte(dlIMEicﬁﬂ,wﬁpﬁriﬁqdlbyaM&ﬁm)c}gammogf@h?&kﬁuFmi ch was

sa

filtered and_dri to. qive.0 165 . t hydr ochl ori d t of
5 (2 chl or QAT P63t RS MR Byt Lo o fep ey aihinof-5°
nmet hyl - 3, 4-mdethyibutapsHli2adidb- [ 4, 5-d] pyrim din-2(1H)-one. 20 . Exanple 6
Compound 3-28 This exanple illustrates the preparation of
3-(2-chl orophenyl)-7-(2, 3-
di hyds oxy- 1, 1- G+{Beettygdrybaroinp) Srmethylbixaet NYIdid (81 ¢ tngnopyl) and i do [4, 5- 25
d] pyrim di rﬁaﬁé&@fh%csﬁc?e](lépé)'i:lz mze%(x)al}noYBSOn]int%gézshéc%n%_lnder hydrogenin 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-dimethylpropylamino)-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.



OH Preparation of 3-am no-3-nethyl butane-1, 2-di oL PCT/ EPO0/ ngo,%g,[g@o@
solution of 3-nethyl-2-buten-l-ol (20 ni, 0 2 nmol) in 800 wat er

was added sodi um bi carbonate (42.5 g, 0.5 nol). The solution was cool ed to
5C and 3- PO/} benzoic acid (54 g, 0.22 nol) was added PCI/PRO0L10ERSS over
a 1 hour period. The m xture was-stirred at roomtenperature for 12 hours,
then saturated w th sodiumchloride and extracted with dichl oronet hane.
The layers were separated, and the orgapic |ayer 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 net hyl oxi ranyl ) met hand¥ an oil. A solution of
(3, 3-di net hyl o) dranyl ) net hanol ( 98 mmol ) in 15 dichl
m.) was conbined with tltanlum|s QRO
(50, 169. 4r nrmn%qq]n i chllor %t hane (TOU ™) ard
axni nodi phenyl 0 235 mol ) i 0 ane (100 nL), and
the reaction mxtubé(yvas stikred at room t esgdr at ur e fior hours. A

sol ution of ~ 10% sodi um hydroxi de in bri R dded &## the suspension
stirred for an 20 additional 12 hours, filt and washed with 0.2M
hydrochloric acid. The | ayers were separatev nd the organic | ayer was
dried over magnesiumsulfate, filtered, 21 April 2004 WO 01/29042

PCT/ EP00/ 10088 Salfersi® (300m d-20hel) weséatobingdiwith drdtineel -by col um

ghE ggﬁég%f&?& aﬁﬂg&%%%%‘thélml '@ﬁﬁﬁ%@%&l} gﬁgﬁaéﬁe& agéessﬂﬂ!s@% J e Ctenn, 1 9 Of
3- ( Benzhydr YPéfmi%m) 98- h;nﬂaumamd 2-pyrrglidinops(Limk). The @ixtursiwasand
pal | adg um hﬁgﬁtgéiod?zo(’éf% 39910151@ Fﬁ%ﬁﬁ*e ik @ %@oied%&gorﬁquﬁ 5é}a{-H?Q]?fﬁ1J"ydr ogen

in a par apparatus at he suspensi oh was tered,

and the fil F¢S@f-’0@WW@@bﬁﬂ@h&MﬂomﬂwaYoihéqgélum9MS suspended in
hexane, sti i &fhbflettn taﬁﬁl’asiﬂ\%&{.hﬁne%ﬁﬁﬁi %1:?%@%@4@:&%%&‘1 The

resi due was concentrat |n vacuo
3- ani no- 3- rrﬁerg/c;onlblgecbmcbmp@urated in vacuo to a solid wlnch 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.

t hane (735

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.



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

- di net hyl propyl am no) -| - net hyl - 3, 4-di hydropyri m do 14 5- deyrlnldln 2(1
H)-one. 15 Sulfone 1.3 (700 ng, 1.7 nenol) was conbined with

3-am no-3 2- butanediol (500 nmg, 2.1 mml) and 2-

ether (2 nL E)m(r"llﬁellrnxture was heated to 100C for 6 hourslgﬁﬁ@ﬂ%%ﬁ PIHE it
was cooled to roomtenperature and concentrated in vacuo. The residue was
purified by colum chromatography on silica gel using 99:1

di chl or or net hane/ et hanol as el uant. Thé8col um fractions 20 contai ni ng
product were conbi ned and,concentrated in vacuo to the title conpound as

an oil, which was_re-di ssol ved lom ethyl acetate. Addition of hydrochloric

acid (1 OM Et 20, g. 0 equi val e*nts) gave the salt which was filtered and

dried to give 258y of the drochl oride salt of

3-(2-chl or ophen 0 -(2,3-

di hydr oxy- 1, 1- di el hyI propy |u 0) - 1- net hyl - 3, 4-di hydro-pyrimdo [4, 5-d]
25 pyrimdin- Z(ﬂ(;?_/ npo,un,md343 This exanple illustrates
t he preparation 3- (2 chI henyl - 3D “7- [ (1-hydroxynethyl cycl ohexyl)

am no] -1-nethyl -3, 4-di hydropyri m do-

5-d] pyrimdin-2(1Hgk 21 April
2004 WD 01/ 29042 PCT/ EPOO/ 10088 N H3 C NNO 00 CH 47 N@ N HO

J~ CH3 Sul fone 1.3 (500, l~2nmol) wag”Cgrbined with
cycl ohexanenet hanol (602ng 6mm|) (prapared as Hesciy béd /Q J.
Chem, 1966, 9(6),19Fty92¢)y &-d 1-net hyl - 2- yrrol i di nBne N'1 Nan The

m Xt ure was HSC\S,I\\ CH3

7\
o0 J

Preparation of 1,4-dioxaspiro[4.5]dec-8-ylamine

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



5 heated to 120C for 3 hours at which tine it was cool ed t o0 249 2004
tenperature. The residue was purified by col um chronmat ograph on silica
gel using 98:2 dichloronethane/ methanol as eluant. The colum fractions
cont ai ni nVPouvatr were conbi ned and concentrated i n vacgeriErosides i d
which was triturated with water,-filtered, dried and suspended in ethyl
acetate. Addition of hydrochloric acid 10 (1. OM Et20, 2.0 equival ents) gave
the salt which was filtered and dried t 9give 328ngy of the hydrochl oride
salt of 3-(2-chlorophenyl)-7-[(I-hydroxyfethyl- cycl ohexyl)am no]

-1- et hyl - 3, 4-di hydropyrinm do [4,5-d] pyrimdin-2(1H)-one. 15 Exanple 8
Conmpound 3- °THos5 hawsp The rdabtitst mﬂtt&& waseh@t @pedab rodm @émperature and
3-(2-chlorophenyl):7:(1..4: di oxasjiro . )

Gec- eyl am 18 Srkvish e S U rior | Thedbyepamvers ssparasoh e 1S RIB2RE ) - ome.
21 Apri | 20Rfer\Mas a3 RDARh #8teBakdbri, Hn@dmths@diﬁnbkulﬂé@&o&a%&e&’irﬁpar ation
of 1, 4-di oxas |rodEP gg ﬁl%mc?:ne PCT/ EPO0/ 1,008 HIS 1lz~ NIN-: k-O N
To a mxtur% “ﬂ%% ¥ BRI GRremategtaphy, on siifed 8eng 05 %‘QE“’I“%I) and
5 hydroxy| ahydrexidy it ethill acetatias 1R3nE The HROnBraEHDN} cduitamaigame phdthctil) was
added were combined and concentrated under reduced pressure to give 1.3 g of
3-(2-chlorophenyl)-7-(1,4-dioxaspiro{4.5)dec~8-ylamino)-1-methyl-3,4-

dihydropyrimido{4,5-d]pyrimidin-2(1H)-one as an off-white solid.

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.
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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



portionw se sodium carbonate (102.4 g, 966.2 mmol ). The reagy Wﬂp Q?]@g ure
was stirred for 40 mnutes at roomtenperature then extracted wth ethyl
acetate. The organic |ayer was washed with brine, dried over nmagnesi um

sul fate, {iddi@bed and concentrated in vacuo to give 68.2
1, 4-di oxaspiro[ 4. 5] decan- 8-one 10-oxinme. To a solution of PErfboilabi®

1, 4-di oxaspiro[ 4. 5] decan-8-one oxinme (68 g, 400 rmmol) in ethanol (200
niL) was added Raney Nickel as a suspeng'bon in ethanol (52 nL). The
resulting mxture was shaken at 50 psi hydrogen for 18 hours. The
reaction was 15 filtered and concentrated in vacuo to give 57.5g of

1, 4- di oxasptdérapdurnd aiem]ﬂte)foalnn Adleitidy efadf By dx@EhlG:flc acid in diethyl ether gave

3-(2-chlaro a dec- 8-yl a net yI

3, 4- di hydr o&?ﬁ%%‘ﬁ#&%ﬁ @fo 3’{?‘8 "?P‘é%?ﬁ}‘ By §31F§38%1%€ 3 g, 10
ol ) was cdﬂbraphdnm-ﬂﬂ3hydr@i¢;meds,ﬂ>43nm[e&y51 Setiotkspiyd{5IH]aeddcB- 4 g, 41 mol )
in 20 nmL.of ,1-unmeth r | none . heat ed. ril 2004 49 100C
for 5 hours: h‘ﬁ% )'%&%’Eﬁ gﬁ g{[ﬁ’gn& ‘ﬁnt%}ﬂﬁg’ﬁﬁ enperature and
was diSuted with ethyl acetate and water. The | ayers were separated, and
the organic |ayer was washed with g&ter1 aad brine, dried with sodi um

sul fate, concentrated in vacua, an ed by col um chronmat ography on
silica gel using 0.5% amoni um 5 r(suiﬁpourdes-m ethyl acetate as eluant. The

colum fracti ons.gggnt ai?iS %fhe O}%‘éﬁa‘tmmnof% &ggﬁi&r}% enﬁfj% gno%%ptrat ed

under reduced pr

3-(2-chlor op}wﬂiﬁk)}laxﬁn(ol-l4nﬂt}qka&p&hﬁdx[oﬁyxﬁhd}zﬂ4 8—¢}¥ﬁm&xflﬂﬂr2|(}H)%bﬁ¢4I -3, 4-
di hy 0pyrlmdo[4 -d] pyrimdin-2(1H) -one as an off-white solid. 10 15 CH3

A m xture of the 3-(2-chl orophenyl) 7- (1 4- di oxaspi ro[ 4. 5] dec-8 yl am no) -

1- et hyl - 3, 4-di hydropyrirnido[ 4,5 d]p |n--2(1H) one (O. 0 70
nmmol ) (prepared as described in Exa p-t ol uenesul phoni
nonohydrate (0.17 g, 0.91 nunoIN -tri s(hydrgq hane

(0.84 g, 7.0 mnol) |n40n1_\/'\
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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 teﬁlperature and diluted with
water, ethyl acetate, and brine. The layers were separated, and the aqueous layer
extracted with ethyl acetate. The organic layer was washed with saturated aqueous
sodium bicarbonate and brine, dried, and concentrated under reduced pressure.

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

20 silica gel using 4% 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.




20 toluene was heated to reflex and allowed to stir at reflgﬁggyﬁg@wght
The reaction mxture was cooled to roomtenperature, then ted wth
ethyl acetate and saturated aqueous sodi um bi carbonate. The | ayers were
separ at edwamonkspize aqueous |ayer was extracted w th ethylpcaasb@iosss 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. Thecolum fractions containing
product were conbi ned and concentrated 0 give 0.32 g of the title WD
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Cl Exanple 9 Conpound 3-47 This exEﬂgngdelustrates t he preparation of
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A mixture of 3-(2-chlorophenyl)-"]-(4-oxo-cydohexylamino—l-methyl-
3,4-dihydropyrimido[4,5-d]pyrimidin-2-one (0.31 g, 0.80 mmol) (prepared as
described in Example 10) and hydroxylamine hydrochloride (0.22 g, 3.2 mmol) in 5

10 mL pyridine was heated at 65 °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.
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of 3- (2- chl orophenyl )-7-(1, 4-di oxaspi ro[ 4. 5) dec- 8-yl am no) - 1-
met hyl - 3, 4-di hydropyri rni do[4 5-d] pyrimdin-2(1H) -one (6.0 g, 14 mmol)
(prepar edwapo@ser i bed in Exanple 8) in 60 nL of 80% acetpgrpphdhongs heated
to 65 15 CC overni ght The reacti on was then cooled to roomtenperature and
diluted with water, ethyl acetate, and brine. The |ayers were separ at ed,
and the aqueous Iaye‘r extracted with ethyl acetate. The organic |ayer was
washed with saturated aqueous sodi um bi"tarbonate and brine, dried, and
concentrated under reduced pressure. The residue was taken up in
chloroformand purified by flash chron@ﬁhy on 20 silica |l ~ysing 4%
d

met hanol | di cbl or omet hane as eluant to g of the t|tIe
(0.30,49, 7

a white foam A portion of th y"é|~L ‘

di ssol ved i cetate, ﬁf—)r“ ith 1M h o 4 cidin
diethyl et h%é‘ﬁBF%L'g?vmag of th'g h@dr chi-ori-ee sa td%‘r N

3-(2-chl or ophenyl) - 7- ( 4- oxo- CH,

cycl ohexyl am no) -1 - net hyl - 3, 4- dr opyr| m do[ 4, 5-d] rimdin-2(1H)-one as
a 25 white precipitate, which filtered, washed ©t hyl acetate, and
concentrated under reduced pressure. | CH3 21 Apri}— 004 WD 01/29042 51

PCTI EP40110088 Exanpl e 11 Corrpound 3-50 This exanpDe illustrates the
preparatlon of 2 chl

7- (4- hydr oxyi ni I‘?gigf éﬁ ﬁ%ﬁheﬁYlPer Wyaxoscyalobemamisg)limedsl| 4, 5-d) -

3,4-dihydropynm1do[ﬂ55 -d}pyrimidin-2(1H)-one (0.33 g, 0.86 mmol) (prepared as
described in Example 10), potassium cyanide (0.084 g, 1.3 mmol), and 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- methyl -3,4-dihydropyrimido[4,5- d]pyrm'ud.m-

2(1H)-one.
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HO-'N A m xture of 3-(2-chl orophenyl)-7-(4-o0xo0-cydohexyl am no-I-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 bedwooi2easzpl e 10) and hydr oxyl am ne hydrochl ori de $8rZBodieoss 2 ol )
in 5 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 separated.,The organic phase was filtered,
dri ed under reduced pressure, and suspgﬁded i n methanol - Addition of IM
hydrochloric acid in diethyl ether gave the hydrochloride salt of

3-(2- chI or ophenylsyllfdhe(wm@gd)%ﬂinmw -wasaobinddavithntp)nsi4-amino- . f
hyl - ' .
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52;0[ ghl( Z eﬁ me %% fdrM:lﬁhx;@ﬂ&ﬁ liohﬁedﬁhﬁ:p@ﬁtgi Igﬁ?adﬂé&d with etrl:yldacetate, dnec(lj oveir4 5- d]
chl or ophenyl ) - 8- ne XO0- t et rahydropyrim do
pyrimi di n- 2 BAEAFHE pilfate, an %/ gl ngacyos Ther E%‘g‘%fffé‘s gbﬁ 8astp1 Apri |

2004 WO 01/ 2EfdatSptaphyl er.di!ﬁ:a kelRasig 2249 Db DO LN i Hohkettane a%eiMant to
give a yellow 1-methyl-2-pyrrolidinone-based oil. This oil was redissolved in ethyl
acetate, washed with water, dried over magnesium sulfate, and evaporated in vacuo
to yield 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1-methyl-3,4-
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.



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 hydropyrim do[ 4, 5-d] pyri m di n-2(1H)-one (0.33 g, 0.86 nmol) (prepared
as descriegopyzExanpl e 10), potassi um cyanide (0.084 g, péy3 Wbé& and
amoni um 5 carbonate (0.25 g, 2.6-mmol) in 25 nL of 1:1 waterf anol was
stirred at 650C overnight. The reaction m xture was diluted with 40 nL of
water and allowed to boil for 15 m nutes, then cooled to roomtenperature
and poured into 100 nmL of ice-cold wat€r. This m xture was filtered and
the residue was made into.,a slurry in nethanol. Addition of 1M
hydr ochl ori c 8glfgthei1B di et hyl et her gave the salt which 10 was concentrated
under a stream off nitrogen to give 39 ng of the hydrochloride salt of

8-[ 6- (2-chl or ophgnyl ¢ 8- et hyl - 7- 0x0- 5, 6, 8- L&t r ahydr opyri ngido; |
[4,5-d] pyrimdin-2-yla ]1-1, 3-di azaspi ro[4 ecane- 2, 4-di on a yell ow
e i I I umt

powder. 15 Exarmf‘z(l\:n ound 3- 42N
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ani i no) - 3- (2-¥hl ¥r offheRyl y=1=Tret hyl - hygr opyri m%o Ny, B d?pyrl m di n-

2(1H) - one. T:Done CH3 Dim N HN~©D ~C'NlaN N p @M OFB, 20 OH 4"-' 2"

OH 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.



21 April 2004 WO 01/29042 PCT/ EP0O0/ 10088 53 Sul fone 1.3 (2. & 1%prif 2064 mol )
was conbined with trans-4-am no- cycl ohexanol (1.63 g, 14.2 nmol) in 10
1-net hyl - 2-pyrrolidinone and stirred at 120 C for 4 hours, then poured
into watewoemtwacted wth ethyl acetate, dried over nagpesiEriyfdkd at e,
and evaporated in vacuo. The residue was purified by flash 5 chromatography
on silica gel using 2-4% nmet hanol / di chl oronet hane as eluant to give a

yel | ow 1-nethyl - 2-pyrrolidi none-based O.dd . This oil was redissolved in
ethyl acetate, washed with water, dried over magnesium sulfate, and
evaporated in vacuo to yield

3-(2-chl orophenyl ) -7-(trans-4-hydroxy hexyl am no) - 1- nefd 3, 4- _
di hydro-pyrimdo[4,5 ;d]pyrimdi.n-2(1 ne as an off-white hm (2. 80 g,

7.21 10 rnnol). A portion ofmﬁag‘N "I N
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1-met hyl - 3, 4- di hydr opyr i mi doll4, 50 dfbyr®ni di n-2( 1HY orld (§ 2% g, 0.706
nmol) was taken up with p Si umgger t - but oxi de (04119 gH,1. 06 mml) inb5
m. 15 tetrahydrofuran. All rom de 3(0.061 rnL, 06 mol’) was added to
this solution, which was hefited at 50C overnight,I then cooled to room
tenperature and purified byOKlash chromat ographme/s-idfrca gel using

10- 25% acet one/ hexanes as eluant. The colum fractions containi ng product
wer e conbi ned and concentrated in vacuo. The concentrate was taken up in

met hanol , treat L h dr orig.acid 20.(1. Et 20, 1. uj val ent),
r e- evapor at ed tsg&d%é ,enﬂlﬁ%&%%éw%ﬁ’fy ﬁy%é}ﬁefﬂ’ a’é‘flf‘éfl;'me%?ﬁ%e‘ifed, and
dried to gidibydrodfyfingdef4,5-dppyhiyddiacH{l Hiotte (6.800 g, 0773 nhinoBr{preparedlay | oxy-
cydoh xylaninqﬁi- 2- chl henyl.).- 1- net hyl - 3. 4-di hydro i.,gido [4,5-d] -
pyri mgdi n- 2‘5‘5(';?'l %%@mgg?g\g?ﬁ%) ined %B%ﬁffﬂ%m%gx@ﬁb&%béghgr his exanpl e
i | I ustr at esl.bdmaop plod@rml itarehyrcdu@aR: CtBromopthghwiletuylethér @i$-ME, 1.55
nmet hoxycydo i - et hyl -3, 4-.di hydr o i.rnid 4, 5-d rimdin-2
(1H)- . one 25 3\_9{%@%# t;b rtg%ﬁg%yﬂl’- \%@ffxw& h&Red at room?eprératurl £
(trans- 4- meddyoxddditond prigssiumeatrirphtoxidecias 2[d3€d (0.174 g, 1.55 mmol) and the
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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.
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3-(2- Chl orophenyl ) - 7- (t rans- 4- hydr oxycycl ohexyl am no) - 1- met hyl - 3, 4

di hydropyrirnido[ 4, 5-d)pyrim din-2(1H) -one (0.300 g, 0.773 mmol) (prepared
as 5 desgg LN Exanpl e 13) was conbi ned with potassiu xi de
(0.174 91WEJ51%90#”O|) in 5 nm tetrahydrofuran. Methyl |od|rpggﬁ{l%wg@gé)

0.851 mml) was added to this solution, which was stirred at room
tenperature for 3 days. Additional nethyl iodide (0.053 niL, 0.851 mmol)
and potassiumtert-butoxide (0.174 g, 1.5 nmmol) were added, followed
after 4 hours by further potassiumtert-butoxide 10 (0.350 g, 3.12 nmol).
The reaction was stirred at 60C over nigghfplel¥3en cooled to roomtenperature
and purified by flash chromatography on SII [ica gel using 25-35% .
acet one/ hexanes as eluant to yi el cempovad 341t wo products. The separate
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3-(2-Chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1-methyl-3,4-
dibydropyrimido[4,5-d]pyrimidin-2(1H)-one (0.200 g, 0.516 mmol) (prepared as
described in Example 13) was taken up in 2 mL dichloromethane, and combined
10 with acetyl chloride (0.074 mL, 1.03 mmol). The reaction was stirred at room
temperature overnight, then purified by flash chromatography on silica gel using 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.



This exanple illustrates the preparation of 3-(2-chlor ophenyh)gp?ﬁ{zéd@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 EPOO/ 10088 54 w H3CI% NN [ N .L HEN NK N110 21
April 200WOAD29G4229042 PCT/ EPOO/ 10088 55 Sul fone 1.3 N H-RCI/EPookddedsl, , O
CH3 OH O./-~03 - (2-Chlorophenyt) - 7- (trans-4-hydroxycycl ohexyl 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 Exanpd-£ 13) was conbi ned with potassium
tert-butoxide (0.174g, 1.55 nmol) in 2 nL tetrahydrofuran. 2-Bronoet hyl
met hyl ether (0.15 nL,1.55 mol) was added to this solution, which was
heat ed at roomterrperature for 3 days |onal pot assi u 'm but oxi de
a

was added (0.174 g, 1.55 mmol) and_. rature vvas r u rai sed to
80C. The reaction residue wasy re ss I@i@ln 2 10

N, N- di net hyguifope Ay de, saddi tlb umtert- bl]‘t fk 48 g, 3.10
mol ) was added, and ttre—reacti Gn mxt re was stirre overzélght at 80C.
Sodi um hydride (60%in oil; O 1 g, 0.%73 mol) ddeay™'and t he
reaction stirred for one day a 00C and the follo glpy at 140C and
then cooled to room tenperaturg. Ihe reaction was p \?d(icmo wat er,
extracted with ethyl acetate, 15 drred over magnesi um¥ulY¥ate, and
evaporated in vacuo. The residue was purified by$ash chronatography on
silica gel usi ngla%S 50% g%et one/ hexanes as_eluant. The columm fractions

contai ni ng pr odudhe ige Paseob Atffrratid-aliflogrmelohemiaraiac)A-(G-sblasorhenill-k-he

concent r at Gndafl-3,2aaydkipytithiasluSadPyrintiaRas @) Wde10.24 9/ 0633 Bhidf) aci d
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.



(1.OM Et 20, 1.0 equivalent), re-evaporated to dryness, washeq A(}irfl ho®4 hyl
ether, 20 filtered, and dried to give 0.040 g of the hydrochl oride salt of
3-(2-chl orophenyl)-7- [ trans-4- (2-nethoxyethoxy)cyclohexyl am no ]

- 1- met hyl +@o41/8¢03ydr opyri m do- [4, 5-d] pyri m di n-2(1H)-one. P‘ﬁ%ﬁg&bdssmm WO
01/ 29042 56 PCT/ EP00110088 Exanple 16 Conpound 3-41 This exanple

Illustrates the preparation of 3-(2- chI orophenyl)-7-[(trans- 4-

met hyl car bonyl oxy) cycl ohexyl ami no j - thyI 3, 4-di hydropyrimdo [4,5 5
d) pyri m di n-2(1H)-one. Suifone 1.3 H ~ I@N H11% 'K N O O OH CH3 CH3
OyCH3 0 3- (2-Chlorophenyl) ‘

-7-(trans-4- hydr oxycydohex)@lan/Q) - 1- net hyl - 3, 4- Cl

0. 516

di hydr opyri m do[ 4, 5-d] pyri m di (1H)-one (0.200 g,
as described in Exa %ES taken up in 2 nL dy

conbi ned 10 w t-h—lamz ,di\l de (684w 1. 03\mIQl Tj@ reacti on was
stirred at room kg% e @verni ght, then puri i bnyI@sh
- chromat ography on sillca g:eﬂ-l3 using |- 5% met hano chI (mqmat hane as

el uant. The columm fractions containing product @ e conb? ned and
concentrated in vacuo_ The concentrate was takenyp in nethanol, treated
with hydrochloric acid (1. OMEt20,1.0 equivalent)NHand re 15 evaporated to
dryness, washed with ethyl ether, filtered, and dried to give 0.200 g of

t he hydrochl oride salt of 3-(2-chlorophenyl)-7-

E:§/E:Ir gEszl gﬁ} Eg;ll %%ift}ﬂ?%lgﬂé %gdl %ly ro yvﬁsﬁoﬁ.‘gme[dfig' gfﬁ‘/% rmdin-2 (1H
-one. 20 dxammocyciohexane (161 g 14.1 mmol) and 5 mL of 1-methyl-2-pyrrolidinone.

5 The reaction mixture was stirred at 85 °C for 4 hours. After cooling, the reaction
mixture was diluted with 50 mL of 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.
D 1@

Sulfone 1.3 — H\NA/I\/k — H J\ ,k

Q- i)

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)



Exanple I Conpound 3-44 This exanple illustrates the preparza}tqulpzég
3-(2-chl orophenyl)-7-[trans-4- (2, 3-di hydroxypropoxy)cycl ohexyl'am noﬁ

-1-net hyl - 3, 4-di hydropyrimdo [4,5 d] pyrimdin-2(1H)-one. 21 April 2004 WO
01/ 29042 WOWIERPGB/ 10088 57 N Sulfone 1.3 - ---> HN, N'-NeQ/EPQOIB083 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 descri bed above in Exanpl esgl3) was taken up in 4.9 nL
tert-butanol, to which an aqueous solution of AD-m x 13 (Adrich Chem cals)

was added .91 ore heatl 0,10 for ays, and then
80C for 3 ( H%?é%ﬁ@ﬁ@%f}vem &&R%i@éiwcgf%’@a&ha%v%ﬁ brine, _
extracted %&d@d@ﬁéﬂﬂaﬁﬁﬁgﬁﬁﬂmﬂﬂlﬁ%ﬁ%f I)Endﬂ%ﬂﬁﬁkﬂtﬂfﬁﬁﬁ : de?&ﬁhﬁVapOfat ed
i n vacuo. e cr esi due was pur| ie ash c ro on
oot TS Fna che et aR Sr K PE HE A G At ST SRS SrmpATere Tor A BORR
fraCtI?nsthmﬁhfﬂdmk &hgewcﬁﬂrﬁzﬁbhmt ,ﬁcﬁaﬁth ﬂal(ﬁjb t%: in vacuo The
concentrate was taken up |go an eated W rochl ori

(1. OMPEL 20, ciaremémsr % mRethre @é%‘&?%& apesAluARL gave hed with
e]E hgl (Zet Erléﬁthé %&Batsedftha@éodifaﬁdwmt@mae m&&geMseWaetamadﬁp&hl oride salt
0 -(2-chlo ; ] .

phenyl) - 7- [ ShECEategnd sxeatef YR o SRS PESCUBRO N Tar sy bytserblonie. 5, 4-
ghrgd;gg%{):iﬂtﬁﬁbﬂ(tﬁndk 1.géﬂtihe ic:d?rgm?ﬂ (t r?ﬁgmmo n ﬁﬂ?ﬁbﬁéigl -20
ani no) - 3- (21'”8 YLS p‘ﬁﬁﬂg‘P?}fmﬁld&L%eﬁa gﬂ%%ﬁlg?)o%‘msﬁl‘éﬂ [PZ?“%C%] pyri m'ydi n-

2( 1H)xpone.

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.

Cljg /Y\ j@

Sulfone 1.3 —> Hy ,k/f,k — B A A
H

e TR

NH .
2 Flha
//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]-



H1I1ll- L N ONNNO 21 April 2004 WD 01/29042 PCT/ EPQQAgpQﬁ)ggm 58
H3C,~~, ONNOHN-KOCHNCHO 3 3 NH2 Sulfone 1.3 (605 ng, 1.71 mol)
was conbined with trans-1, 4- diam nocycl ohexane (4.61 g, 14.1 mml) and 5
mL of 1- matdlegnpyrrolidinone. 5 The reaction m xture vvag.&@'l,w@ﬁs%t 85 C
for 4 hours. After cooling, the reaction mxture was diluted w 0 nmL of
ethyl acetate. The organic |ayer was sequentially washed with water and
brine, dried, and concentrated in vacuo to give 654 ng (99% of the free
base of the product as a pale yellow fo&h The free base was taken up in
ethyl acetate and treated with a 1M solution of HOIEt20to formthe 10

di hydr ochl ogi(glehibphedl)-1-methyl-3,4-dikydropyrimido-{4,5-d] pyrimidin- .

7-(trans-4- a(' noc dphewl -am r¥o) - 3- (%- cﬁl oroph[enyldgIz 1- din-2(1F)-one as

met hyl - 3, 4- 8M GPéb'g?rr m do-[ 4, 5-d) pyrirnidin-2(1H) -one as a white powder.
Exanpl e 19 Conpound 3-57 15 This exanple illustrates the preparation of
7-(trans-4-net hyl sul fonyl - am docydghexyl am no) - 3- (2-chl orophenyl)

- 1- net hyl - 3, 4-di hydropyrim do- [4,5 le2li ni di n-2(1H)-one. Sulfone 1.3 N
'~ HE%BNN -N"O 1 Compound 3-9

This example illustrates the preparation of 7-(trans-4-hydroxycyclohexyl-
amino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido{4,5-d Jpyrimidin-2(1H)-one.

8e e

. !\}/Y\N HO\O N]/T\N
e r———
Hsc‘S*N/ /&o "’NJ\N/ NAO
oo H ’
CH

/N ’}!
CH, 3

H

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.



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

nmet hyl - 3, 4- di hydropyri m do(4, 5-d] pyrimdin-2(1H) -one (88 ng, 0.227 mmol) 21
April 200¥0WD20M229042 PCTJEPOO/ 10088 59 (prepared as deskci/bew/ia#ssve in
Exanple 18) in 8 rnL of dichloronmethane were added triethylam ne (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 tenperatygre for 3 hours. The reaction

m xture was concentrated in vacuo and purification by 5 chromat ography

usi ng 5% net hanol ! di chl oronet hane as el uant gave 86 ng (81% of the free

base of the product as a wiM,g peyder. The free base wWHsE{ akeq up in  ethyl
acetate and treated with a 1M§ ion of HC/Et20 to for

hydrochl oride salt e N

7-(trans-4-net hyl sul n?l am gdocycl ohexyH—ani no) -hi%-( - chl'jor ophenyl ) -1 -

nmet hyl - 3, 4- di hy ' 5= d] pyri m di n- 2“ (y\,hi te powder. 10
Exanpl e 20 Conpo 3-58 This exanple illustrfates th reparati on of
7-[trans-4- (NN-di yl sufHanoyl am do) cycl Wd;?*ﬁ

-3-(2-chl orophenyl ) - 1-net hyl -3, 4- 15 £

di hydropyrim do-[4,5-d]-pyrirnidin-2(1H-one. C@1 O N Sulfone 1.3 ----~

H1 NL11 NKNCls el 4 455 mg, 1.5N0bhdD) SBER)-3HhnindH2-Bhtanbio {360 HE
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.
T O
[ -
H.C. - P

2 I,fs\\ N '}' o HN N I}I/RO
c 0 CH, CH
. OH 3
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



To a sol ution of 7-(trans-4-aninocydohexylanino)-3-(2-ch|orqpngﬂyhéogs

nmet hyl - 3, 4- di hydropyri m do[ 4, 5-d] pyri mdin-2(IH)-one (171 ng, 0.442 mol)
(prepared as described above in Exanple 18) in 15 nL of dichl oronet hane
were 20 awderd/2veszet hyl amine (0.11 nli, 0.79 mol) and a sopgiepid9bss

di et 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 by6 hr omat ogr aphy usi ng 5% net hanol !
di chl oronet hane as el uant 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 tr eat ed<hionatogmrpimarGilics gelbsing 9%l divllommhdtharietiaethanbltas @fuant. The

7-[t - 4- i . ' X | ani 21 i| 2004 WO
01120045 PO ERRCT LRy bR IR AR SR B A riREgto 50 v
CH3 10 Sul giznthetite coggoung as an oih3viiviowys reatissolvedimethlylaicstatet Baddiriod- ani no

doh | . ' d i t ored TLC (5%
ot hanot/ R o Hloricacld (IR0 2 ER1dRts palvne BRI WP Riegy |
conceft r at egnd duaikd togivadimeofedf the liyikdredildsidesilt of il B3rditpidyoxyi-1,b- 5- 10%

t hanol / di ' i Lol d.(2 , 0.716 |,
15 700k yi el B ARRnL s BHAK AR Lo R s O T

-

equi val ent d me@b)mmeci pitate the HO salt of
7- (trans-4- hydroxy-cydohexyl am no)-1- -

. Example 24
10 N 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)-

OTE.
$e ' 0
N™ ™= N N N
o3 o~
A A A
CH 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.



met hyl - 3-ortho-tol yl -3, 4-di hydropyri m do[ 4, 5-d] pyri m din- Z(ZJ}AE%IZW 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 i MQ8¥%84%es t he preparation of 7-(trans-4-hydr oxy®¢EEPNEKPES

am no) - 1- met hyl - 3-ortho-tol yl -3, 4-di hydropyriniido [4,5-d] pyrimdin-2(1
H) - one. Exanple 22 Conpound 3-23 This exanple illustrates the preparation
of 7-((R R)-2, 3-di hydroxy-1- nethyl propgbam no)-3-ortho-tolyl- |

-met hyl - 3, 4-di hydropyrim do {4,5-d] - pyri rnidin-2(IH-one. N 21 April
2004 WO 01/29042 61 NN H3CS NNO O {7 CH3 PCT/EPOO/ 10088 OH Sul fone
1.4 (455 ng, 1.37 nmmwol) and (R R)-3-am no-1, 2-butanediol (180 ng, 1.71
mmol ) in 1,2-di methoxyethane (1 nl) wBgariglaped to 1000C for 2 hours under
argon. The reaction was cooled to {:&gmte{rﬁ rature and diluted with 9:1 5
di chl or onet hane/ net hanol and purif omat ogr aphy on silica gel using

'?g 3. Vgi'crllggromeof t IetI ateaﬂﬁlfgfarmmﬁr??é Whlgll’-; 3/25(3' Hants
di ssol¥ed i M@ 3;1""5 ef‘é\ le”‘fgﬁﬂ E‘é?’t‘gﬁ%gt‘ﬁ 'é‘chl‘ &é‘LP“%f hydr ochl oric

acid (1.OMin ether). The preci plta-tae i col l ected by vapuum £l tration,

washed with ethyl acetate and drled |n a to 10 give 190 ny

r7re§ gsl B2 %"ﬂéﬂ# tgﬁ%%nft} pyr Nm di ;T%;gﬁ t%l i d.

o

In a three-necked flask under nitrogen was charged with 10% palladium on

o

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.



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

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

propyl am no] - 3-ort ho-tol yl -1 -nethyl -3, 4-di hydropyrim do [4,5-d] pyrim din-
2(1H) -onewON12982~-S~ N N''40 OO0 CH3 OHC H3 OH Sul fone Jpc4drddo®. 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 was,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 onet hane/ net hanol as el uant. um fractions dd

product were conbined and concentrated mcuo to give t corrpound
as an oil, QMRmh1WBSﬂFeedISSO| cetate. T:;E?h

hydrochlorlc acid (1. OWET20, 2i0 _gdqui alents) gave t whi ch was
filtered 5 and dried to glveH my.loNo a he hydrocHNo oof

7- (2, 3-di hydroxy-1, 1- di. | pr opy. alnlno]

-3-ortho-tolyl-I-nethyl-3, 4 di dropyr|n1do- [4,5 d] yr|n1d|n 2 (1H) - one.
10 Exanmpl e 24 Conpound 2-9 s exanple illustrat he preparation of

7- (1- benzyl pi peri di n-4- vyl amﬁlo
-1-net hyl - 3-ortho-tol yl -3, 4-di hydropyri m do [4, 5-d] I‘pyﬂ\ral_gl n-2(1H)- one. O
OH

O
A mixture of 7-(R:;peridin-lJz-ylamino)-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
5 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

10 silica gel using 95:5:0.2 ethyl acetate/methanol/isopropyl amine as eluant. The
column fractions containing the product {0.157 g, 0.34 mmol) was then dissolved in
10 mL of isopropanol, 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

15 and was again concentrated. The residue was purified by chromatography on silica
gel using 18:2:0.5 dichloromethane/methanol/isopropyl amine as eluant to give
90 mg of the product, which was dissolved in 1.5 mL of ethyl acetate and 1.5 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-

20 methyl-3-ortho-tolyl-3,4-dihydropyrimido(4,5-d}-pyrimidin-2(1H)-one.



S_'N "N, ~OHNC ~N CH3 C-3 CH3 15 Sulfone 1.4 (1 g, 3 mbk)aswpsodonbi ned
Wi th 4-am no-1|-benzyl piperidine (687 ng, 3.6 mmol) and 2-net hoxyet hyl

ether (1 nmL). The m xture was heated to 120C for 4 hours at which tinme it
was cool adoY290d>m t enperature and concentrated i n vacuopciveeooriesssdue was
purified by colum chromatography-on silica gel using 97:3

di chl oronet hane/ net hanol as eluant. The columm fractions 20 containing
product were conbined and concentrated dsn vacuo to an oil that was re-

di ssolved in ethyl acetate. ‘Addition of "hydrochloric 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 Example 27

7- (1- benzyl pi peridi n-4-yl am no) - 1~gm ~qrt ho-tol yl -3, 4- di hydropyri m do
[4,5-d] pyrimdin-2(1H)-one. 21 Apri *’%%%13@ 01/ 29042 PCT/ EPOO/ 10088 63
Exanpl e 25 Conjdusekampl ihastestesthéprepariatipm of 7-41-¢2-hytwoxyethyh rpipéridin-of

7- (pi peri digand- i ~dak § 2 A .o _ ST T _
nmet hyl - 3- or4t ﬂ%l}it}ﬂo ;/TJ} H‘gkblﬂaf"ﬁy"ﬁ rtglggl?’l‘inqﬂé%?ﬁ?g}mdﬁﬁ’ﬁnqlgﬁxpiﬁlgl)q%%e. H3C / ~
H3C Sultonene. 4 HN In a three-necked flask under nitrogen was charged with
10% pal | adi um on carbon (3.0 g), arﬂg H.C
7- (1- benzyl pi peri di n-4-yl am no) - 1- ne %ort ho-tol yl -3, 4-*
di hydr opyri & - dlpyrimdin_2(1K)- 13.0 g, 6.7 ared as
10 descri beghfgr?lkékgrrpl e—24- i N6OL Nt thm&d*—mas”,acm d dhder ni trogen

o o e

fl

through a syringe. Ammoniu @ 19, 34 4rep added in one
batch. The m xture was heat'gd t0 r for 30 mrutes .ur}%%l the reaction
was conpleted. The catalys s fiPbered off throl Cel i and washed
wi th nethanol. The filtrat concentrated under peduced pressure to
givel .937 g (81% of 7-(pipéridin-4 15 N
yl am no) - 1- net hyl - 3-ort ho-t o'l"yl -3, 4-di hydropyrim dA\[}oE- d -pyrimdin-2 (1
H - one as a white solid.
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 mmol) (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.



Exanpl e 26 Conpound 2-14 20 This exanple illustrates the prepagipbsd of
(R-7- [ 1-(2,3-di hydroxypropyl)- piperidin-4-ylam noj

-1-nmet hyl -3-ortho-tolyl -3, 4-di hydropyrimdo [4,5-d]- pyrimdin-2(1H)-one.
21 April 9apet/3963201/ 29042 PCT/ EPOO/ 10088 64 Sul fone 1.4 - prrmbonooss 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] pyri m din-2(1H)-one (0.2 g, 0.568 mmol) (prepared as
described in Exanple 25), piperidine L-Tsopropylideneglycerol-y-tosylate
(0.264 g, 0.92 5 mmol ), and potassium carbonate (0.12 g, 1.1 mmol) in 5nL
of N, N-di.nethyl- formam de was heatgel ai. 100C for 17 hour $,C.Ihe s eaction
m xture was diluted wth 75 nmL of d extracted with 1:

t ol uene/ ethyl acetate, and th Sgpar at ed. They ' er was
washed with \ilfere 3dd Brihe, ?ieﬁ, f1 | tered—s=eoncenfiraffed jnder reduced
pressure, and purified by ce c m6$?m ogr aphy onHN'O "#| 'wa @el using
95:5:0.2 ethyl acetate/nethahol/i so&qopyl am ne as k| uant.cdhe colum
fractions containing the pfoduct (0. 157 g, 0.34 was then dissolved in
10 mL of isopropanol,lnm o er and 0.2 nL of c ntrated hydrochloric

acid, and was refluxed for hour until hydrolysi s! vvas\corrpl eted. The
m xture was concentrated under reduced pressure, an NI esi due was taken

up in methanol 15 and s ,agai.n, concentrated. The resjdue was purified by
chr omat ogr aphy Wg/g?-(gmen -ﬁ-gfairesg).- d-methyl-3-o-tolyl-3,4-dihydro-

di chl or onet BasieidaitBalip)rimsdnr g PH)-oAB (018438 0SRURRMb])(PréPaied as described
in Example 25), 1.5 mL of acrylonitrile, 0.5 mL of triethylamine, 0.5 mL of 1-

5 methyl-2-pyrrolidinone, and 5 mL of tetrahydrofuran was heated to 75°C for 1.5
hours until the reaction was completed. The reaction mixture was concentrated
under reduced pressure and was purified by chromatography on silica gel using
10% methanol in ethyl acetate as eluant to give 0.157 g (75%) of the product. 1M
Hydrochloric acid was added to 75 mg of the product dissolved in ethyl acetate, and

10 the mixture stirred at room temperature for 1 hour, and the residue filtered under

| nitrogen to give the hydrochloride salt of 7-[1-(2-cyanoethyl)piperidin-4-ylamino]-

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

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
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90 ng of the product, which was dissolved in 1.5 nL of ethyly{aG6f ah&s 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- & 8rzdodydr oxypr opyl ) pi peridin-4-ylamno]-1 20 PCI/EP00/16088

met hyl - 3-ortho-tol yl -3, 4-di hydropyri m do[ 4, 5-d] - pyrimdin-2(1H)-one. 21
April 2004 WO 01129042 PCT/ EPOO/ 10088 65 Eagle 27 Compound 2-13 This
exanple illustrates the preparation of Z;[1-(2-hydroxyethyl)-piperidin-

4-yl am noj

-1-net hyl - 3-ort ho-tol yl -3, 4-di hydropyrim do[ 4, 5- d] pyr| m din-2(1H) 5 one.

Sul fone 1.4 - - -TheRs{{i-hoxymrbonyipiperidin-4-ghamizad-1-methyk3prthoxtolyl-3,4of

7-(piperidi &'ihg ?ﬁhﬂ%& 4]5'%*5 fltljlgné (y?)ﬂwq yi3 taken up in

do[ 4, ’ :
pyr ol 5, SR T e T CE AP s,
triethyl am &ecn%ght(, %&ﬂ%ue%hed%qﬁfh HQE%%thﬁﬂbl%Hd BapefatéDiiabe. i dby5 nL of

DVMPU was heat ed”at for 17 hours. The sol vent was evapor ated under

reduc&d pr e@éﬂéwaﬁtﬁdE%@lVe4%mﬁbéﬂQH§VﬁEﬁh 2&mLinf 0 sedivegretbpyiden silica

gel using 4Qdr3 Wihddeadseop &%%vhé@%&%@%?@yﬂ&hﬁ uant to
give 70 ny (1‘52% of 7-[1- (2 hy roxye eridin am no
- 1- met hyl - XhsprRtngraniy ensilicageliys y40¥ me&ipm@shlprorg ane with 1%

pyri i di n- 2 HnaRg h @a&aua@eﬁém GEROMAth BackBnd Blifa B Mpfpelibhupt rates the

reparation of 7- cyanoget hy iperidi
prep ylammo—g—methyl ~ortho-toljl- 3) 4-dih B p 0pynrn1do[4 5-d]-pyrimidin-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.



20 _ o 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
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 acrgl onitrile, 0.5 nL of
triethylamne, 0S nL of 1 5 nethyl -2-pyfS ol i dinone, and 5 nL of
tetrahydrofuran was heated to 75C for 1.5 hours until the reaction was
conpleted. The reaction mxture was cdfiCentrated under rediEed~pressure
and was purified by chromatography on si gel using 10% nol in
ethyl acetate as eluant to give N4 NC7TS#) of the CiN
Hydrochl oric _aci d was added t 754 of it he product dT\ss veld in ethyl
acetate, andSuioR®d.4i xrore—stillr ety afil r &dnrtemperdblur &'t " TOnour, and the
residue filtered under nitro to ging the hydr ri decﬁéal t -of
7-[1- (2-cyanoet hyl ) pi peri di n- 4-yljJam no] -
1-nmet hyl - 3-ort ho-tol yl - 3, 4-di hy¥ir opyri m do- [4, 5-d[NpyQ m di n-2(1H)-one. 15
Exanpl e 29 Conpound 2-16 This Hxanple illustrates LQngpéelbblg ation of
7-[1- (2-cyanoet hyl ) pi peri di n-4- yl am no]
-1-nmet hyl - 3-ortho-tol yl -3, 4-di hydropyrimdo [4, 5-d]pyrimdin-2(1H)-one.
| f 1.4 N :N.HN N . g .
Sul fone A mixture o%\%- 8)_1pendm—4—ylammo)-1-met.hyl-3—oﬂho—toly1-3,4—dihyd:o-
pyrimido[4,5-d]pyrimidin-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-2-pyrrolidinone, 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.
H,C HC
Sulfone 1.4 —— ,li\lj\,l(\i@ HzNTO /l\ll:r\i:g
HN N N0 N™"N""N"T0
(ﬁ CH, (jj CH,
N

\ N
H l\r(NHz
O




C83 NO-1-O-1- N N N-OH\-N N-O CH3 CH3 *N 21 April 20041Q:933@P042
PCT/ EP00110088 67 The 7- [ (1-ethoxycarbonyl pi peridin-4-yl)am noj

-1-nmet hyl -3-ortho-tolyl-3,4- di hydropyrim do[ 4, 5-d] pyri m din-2(1H)-one (52
ng, 1.28 mmbi29es taken up in 5 nL dichl oronet hane wi t hpcT/EPO0/10088

i odotrinethylsilane (0.88 nL, 6.18 nmml) 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/

met hanol was added before again evaporating in vacuo and purifying by flash
chromat ography on silica gel using 10-40% et hanol / di chl oronmet hane with 1%
amoni um hydr oxVdBipgsdin-{rataminghé-reeshyl rinorthoatol il Gpb dydtagiyninmido-

-piperid hid BB - Brdbsal y6i do [ 4, 5-d
e 4oy b AIAO ABLL iely Ga AR 00 1457

7- (Pi peri di Bxample 2p wWes taliernnep iyl mB-DoN: dimethyllfprmamitdediitly trospyacetaingtis-

4,5-d - .035.9,.0-099 nool ) in 1 nm. N, N-di methyl -
1[orma_m] Sg“ sg%%flﬁmgﬁégrs ek e?qgﬁi%vfrﬁrg‘[{(éylﬁ%ﬁrﬂfn%ﬁoﬁ%d ;Tenno?/) and
15 stigred B}orﬁ&%tﬁﬁﬁ&é‘}d(ﬁgzgWé@ﬁd&&ﬁ'bbfok@x%ﬂi&ﬁo’tﬁépea%r?ﬁédq@g; phy on

silica gel usi ng . 3-109 g anmoni um hydr oxi dé/ net hano r onet hane
as el uant. %erend pightinhhe yeaetigromixture wasperifieg by fladly chrommtegrephshomsilicaand
concent r at egeiBin¥ &C -9 D RS RS a MRS 1 ; m@?g[, ted with
hydr ochl ori g é%ﬁ“é%%_la 20, f%?%l(h qui vgf %E%&?gﬁled-léeh\}é%or ated af.%l{l ryness,

t hen washed Tht e¢lumpHyactiepheqntainingpeedagt wensgombintdiaad concagitsatedin 007 g of the

Loty ae e enets ST SRR R A SRR 0 - one
10° (1.0M/Et;0, 1.0 equivalent), re-evaporated to dryness, then was%ed 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.

< N/ N
Sulfone 1.4 —— H. )\\;\/](\,&O — s HO J%/I\,K

. N N N"'N” "N" 70
SIR e N
N
H Ok,
He” O
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




25 Exanple 30 Conpound 2-20 This exanple illustrates the pr abhon of
7-1 |-(2-methoxycarbonyl et hyl)- piperidin-4-ylam noj ZQ%}'?‘%&
-1-nethyl -3-ortho-tolyl-3,4-di hydropyrimdo [4,5-d] - pyrimdin-2(1H)-one.
21 April WO@42004 01/ 29042 PCT/ EPOO/ 10088 68 N _ N " N pdikpopdbdsgne 1.4
HN N1 NAO> HN NI N1,, 4 CH3 CH3 H3 A mixture of

7- (pi peridin-4-ylam no) - 1- net hyl - 3-ort ho-tol yl -3, 4-di hydr o-

pyri mydo[ 4, 5-d] pyri m di n-2(1 H)-one (0. g, 0.54 mmol) (prepared as
described 5 in Exanple 25), 1.0 nL of thyl acrylate, 0.5 nL of
triethylarnine, 05 nL of 1- nmethyl-2-pyrrolidinone, and 5 nL of

t et r ahydr ofpurified b sotheat chtbrastograghy on silida gdh asing 1:1F meethasdtdicdiorol Xt ure was
and the. .residue WaSF&lﬂ ifi.ed, by

evapor at ed _upder-reduc ressur g’
chr onat ogr é‘b@m&?‘sgﬂ “@gﬂ‘ge‘: ﬁlt?%rl’ ﬁﬁcqﬁ%sﬁ%?tﬁﬁ’r‘ﬂﬁprlo uctyyerh RedAlde as
ei uant to gonent3tdnyv{aedpidahelfina prodiet prditoleed inld\nifimdysivelafle@fi ¢ acid in
et her was LWt gn ,of .t he Hradu in st e, and the
suspensi on%g&i}%&eage %t‘&%(%%ﬁ]n ér’%‘%g%% gl Y?B‘%ﬁffﬁ%éﬁ.(%mﬁﬁﬁ?r e was
evapo? at ed eguistdent) gaeabelsatrvasichiwes filtered wed ditied foygivedid4gr dfthe sal t  of
7-11-(2- g%)ém- ethylhpiperd o - o o N )
n- 4-yl mi g%}' - né}?@épgg%@of¢lh%l-e %hg'hgﬁ%ggﬁp IPEFﬁl)l}dr XBy]I' F’rﬁ&&gg' ortho-tolyl
[ 4, 5- d] pyr iBi-dibmd@pytignidaiés-d pydxidipi261B)onConpound 2-18 This exanpl e
illustrates the preparation of 7- [(1-carbanoyl nethyl -
pi peri di n-4-yl)carbanoyl met hyl am no] -1-nethyl-3-ortho-tolyl-3,4-di hydro-
20 pyri i do- (4, 5-d] pyri ni dj n- 2( 1H) Exmmpleti3C

10 ‘ Compound 2-17

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.
el O
w Y Y

N

Ny .
Sulfone 1.3 ——— L/ﬁ oy, T (Ij CH,

N N

H

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.



N__1>HZN ON Sulfone 1.4 N\ I N NO HNAN c~0 N 6CMV3 CI-quAmnl,\bodily NH2
0 21 April 2004 WO 01/29042 PCT/ EPO0O/ 10088 69

7- (Pi peridin-4-ylam no)-1-met hyl - 3-ortho-tolyl -3, 4-di hydropyri m do-

[ 4, 5-d] pywWorddion+22( 1H) - one (0.030 g, 0.080 mmol ) ( prepar eccamErdesmss bed in
Exanpl e 25) was taken up in I nm N N-dinethylformanide with bronmpacetam de
(0.022 g, 0.161 nmmol) and stirred at 50C overnight. Another portion of 5
br ompacet ani de (0.022 g) was added beforg returning the reaction to 50C for
a second night. The reaction mxture was purified by flash chromat ography
on silica gel using 6-20% (1:9 amoni um hydr oxi de/

nmet hanol ) I di chl oronet hane as eluant. The columm fractions containing
product were conbi ned and concentra%muo The final product was
taken up in nethanol, treated with y Nloric aC|d 10 (LOMEt20, 1.0

equi val ent), re-evaporfadpine-3-h¢ngyltue hiameyycdrogxalfertydet hy| et her,
filtered, and dried to give O. 001 g of the hyﬁ Pfhl oride salt of 7- [(1
-car bam)yl met hyl pi peridin-4-yl)carb y am no]

-1-net hyl -3-ortho-tolyl -3, 4- di hydropy[ imd [4 5- d] pyrimdin-2(1H)-one.

15 H3C /° H3C Exam'lie 32 Co‘g"gaﬂﬂ% ﬁd ﬁHexarrpIelllustratesthe
preparation of 7-(1-nethanesul’t'onyl gl peridin-
4-vyl )-51- met hyl - 3-ort ho-t ol yl -3, 4-di hydr opyri m do[ 4, 5-d] pyri m di n-2( 1H) - one.

34.1 Preparation of 4-amino-5-carbethoxy-pyrimidine-2-thiol

Sodium ethoxide (272 g, 4.0 mol) (Lancaster) 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.



Sul fone 1.4 ~--- H-J -ill NNN CH3 CH3 QS QHSCZ%1AF]|2004
7- (Piperidin-4- yl ami no) - 1- net hyl - 3-ort ho-tol yl - 3, 4-di hydropyrlrﬁ
[4,5-d] pyrirnidin-2(1H)-one (0.200 g, 0.567 nmmol) (prepared as descrlbed in

Exanpl e 2§)owhsmeiaken up in 5 nl pyridine, and the sol utiqp. b@(ﬂsz}o 0oC
before addi ng nmet hanesul fonyl chloride (0.046 ni, 0.596 nnDi; e

reaction was stirred at OC for 2 hours then quenched with ice water and
extracted with ethyl acetate. 25 The organi c extracts were washed with

wat er and saturated aqueous sodi um bicdfbonate, then rewashed with water
and evaporated in vacua. The residue was NN~ HNI.N N~O ~ 21 April 2004

70 purified by cgk gmp?a;a%w,ﬂgrmyw@nbewm&ygﬂmﬂé

met hanol | di chl oro- met hane_as el uant. The “col uim fract i ons cont ai ni ng )
product were conﬁlsﬁ]é’(ﬂloaﬁéefh&b%é@ﬂ?‘&t@dzﬂthlmdmaﬁdcaﬁh@fﬂatﬂ&5214@9duct

di | ved t f
redi ssol ved jighngl) Hfﬁﬂi@ﬁbl’ﬁé%&ftetr@lﬁm %tg\?g@{‘ﬂ Wgﬂ%cﬁw ion o

hydrochloric acid (1AM . eqw va ent

filtered and IMF@HUPE)"@F%IB &mﬂlbﬂ@@a@@@fﬂm

7- (1- et hangadriaGhth dorth 41
3, 4- dlr?\ydropyrl r?i do T4, 5- Ig]g#&l;rl m éfeglﬁogﬁ% Yth%gg{d&%%\%hgﬁﬁggaom%m

PCTI EPOO/ 10@3&1@&@@@@»«: eb®207@ On wmp‘lleuen efthepdition) thetmiaties t he

preparation of ]:lf:ategd2 to(gal’(? Pr%gty gl )caul?tlo(u%ly o8 mL of water during 1.5 hours.
15% aqueous sodium hydroxide (60.8 mL)was added during 30 minutes, followed
by 182.5 mL of water 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




met hyl pi peri di n-4-yl am no) -i - met hyl - 3, 4-di hydr opyri m do[ 4, 5-2q]Arpm(5q di n-
2(1H)-one. NNH-I NJ'’N.3N'"--O Suifone 1.3 HCH 3 LN 15

3- (2- Chl or ophenyl ) - 7- ( pi peri di n-4-yl am no) - 1- net hyl - 3, 4- di hydr o-

pyri m do[ WG0H239¥2 i rni di n- 2( 1H) - one (0.030 g, 0.080 mmol) ¥mveoeiads
simlarly as described in Exanple 29) was taken up in 1 niL

N, N- di net hyl f ormam de with bronoacetonitrile (0.011 nL, 0.161 nmol) and
stirred at 50C overnight. Another 0.01l.nl bronpacetonitrile was added
before returning the reaction to 50C for"a 20 second night. The reaction

m xture was purified by flash chromatography on silica gel using 1-20%
(1: 9 anmoni um hy@bdxi dedparationahdi(3-chidrophtrlomindrattyl-dszmieb2ant . The col um
fractions c . DGRkmguct were’ conbi ned and concentrated in vacuo,

whi ch was tg%zjtﬁgﬁ?’n met hanol, treated with hydrochloric acid

(LOM Et 20, 1.0 equivalent), re-evaporated to dryness, the@lyaskhed with ethyl
ether, 25 filtered, and dried toH%; ve 0.002 g of the hydroc de salt of

-3-(2-chl oro- phenyl ) - N G
7- (1- cyanonet hyl pi peridin I%m’ noy—t—ret-hyl -3,/%{5“ ydr gpyrimdo [4,5-d] -
pyrim din-2(1H) - A{x _@4V\DO 29042 P 088 71 X34

4- Am no- 2- benzy; ' -eéar bo hyd(,s 5 iy Preparation of
4- am no- 5- car be #y-pyri m di ne-2-thi ol\Sgeli um et hoxic"e (272 g, 4.0 nol)
(Lancaster) was stirred in | L of ethanol and treated with thiourea (304

g, 4.0 mol) (Avodamixturelst hymintIchenrpthiypeiaiditynoabeeldhodé 6748 9. 4.0 nol)
_( Avocgdo) V%.éalgigﬁao(i),' T c;rga.mipne ifihe EZLHSQ mﬂeﬁtf (xjmggl) 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
oo S o ¢
©/\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



10 reflux for 8 hours. After cooling to roomtenperature OV%rﬂr{ﬂﬂFE@O& 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 owmamwbanperature, and the suspension filtered. PEJPE: ag{ologg was
washed three 500 nL portions of water, two 500 niL portions oTP 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-pyrim dine-2-thiol_as a cream solid of nelting point
>250C. 34.2 Preparation of 4-am no-2- be?f‘{;yl t hi opyri m di ne-5-car boxyl ate A
stirred sus&%nsi on of 4-am no-5-carbet hoxy-pyrimdine-2-thiol (473 g, 20
2.377 nol) duop@iss withof sobitirarafiphosgene (6ckstall ofi20% splatias i toluawy bonat e (180. 4

g, 1.307 b k- tde (447. 1.,9.. 2.61 ). i Xxture was
heat ed at ;Tie)ﬂf % %%%i ¥'o$ﬂé %5%?@3% %@#%‘#Fsoﬁggh%d%%}’%ﬁ%@me erature
over ni ght . 7hesels pensdded follvaeedbyiphesgede (020! ntlhef 2694 sot:tvasiadluend;h t wo 500
nmL portions a . -and (wo 500 okt ofwat er. The
pr oduct vvass'ghng%mi ?B%/%egé%&no‘giesr%%% I%%go%%{reﬁn e[%aen egble%g& &?t% 0 give 416
g (61%9) of wetsmdndsstigreddor 30 mbmtesy Thhraption was then flteredanbakenatleras a cr eam
solid of ' ' APkid, 2004, WO G/ 29042 PCT/,EP00/ 10088
72 34.3 PFEIE) dr°gtg’iagg6‘{cﬁfn%§%%§&ﬁ%é“r’m’?g{l‘?ﬁf’%"p’gé?‘anﬁwdi eeﬁo‘?%%‘i‘ﬁ"é%}fe% sol uti on
of ethyl 4-eoleaed by vasaryl filtreteryaiddmitdie vacuodo gz §183tgnf34@2. 4 g, 1.6 nol)

of in 2.3 ' -Gl | t4a . Qg € d sl.o ith stirring
Co a1 W sebrophanie AbbRgubl L R A DR S b g4

t et r ahydr of WhisasoBd éswdde &1)i t r ogen at nosphere with ice-cooling. The

sol uyjpon was added at a rate to maintain a tenperature of 18-20C. On
conpletion of the addition, the m xture was heated to 60C and treated
cautiously with 60.8 mL of water dulizanglel3s hours. 15% aqueous sodi um
hydr oxi de (602 3,_ =% I )2 [ s. fo Oy by 182.5 nL of
wat er duri ng%ﬁ%g?}%ﬁ%ﬁ@ e ﬂ?%?fmvﬁg& cfr&mfrf :fi 02%@_&1)5?‘{"31%%_‘6[_ ni ght
then filtered through Hyflo filter 2{#)whel e still hot, and the solid

washed wth two 1 L porti onscgf t et r ahydr of uran. Evaporatcjlon of the

- filtrate to dryness gave 3925 (99% of

4- am no- 2- benzyl t hi opyri \'di e-J ithanol as an off-white

LY 6
———
o
s” N NS0 ,,s\\/l\N/ r;:’ko
H OO0 H _
Sulfone 8.1
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.
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solid which was used in the next step without further purifigaldPpagdS 34. 4
Preparation 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 LWEX018P43| or onet hane under a nitrogen at nosphere REIEPHEHOSR] Wi th
activated manganese di oxide (1.382 Kg, 15.9 nmol) (Acros). The reaction

m xture was stirred at anbient tenperature overnight then filtered through
Hyflo 20 filter aid. The solid was washegl with three 1 L portions of

di chl oronet hane and the conbined filtrates evaporated to give 340.5 g

88% of 4-am no-2-benzylthio: riraidi ne-5-carboxal d e as a pale
3(/el |/?)W solid of %?l?tFa(jg‘BBPﬁ'Ed’fg%qnf@@%gm@é é‘t@%ﬁ%‘cgggi ©¢hl or ophen 1
-7-ben thi 'ﬁd@;ﬂsdﬂmﬁﬂﬁﬂz@ﬂLbﬂé(dﬂ%z&ﬂﬂwu%@a?édﬁiﬁgbﬂ}?@04 VO

01/ 29042 PCT[EP00/ 10088 73 35.1 Preparatiqn_of
5- (2-chl or oﬁ?ﬁi’@%)‘%ﬂlﬁﬁ% ﬁ@?@&@&#ﬁbaﬁ?mﬁeﬁ%w t hi opyrimidine A mixture of
4- am no- 2- benzyl t hi opyri m di ne- 5- car boxal dehgde A5 g, 5 20.4 nrnol),

2-chloroaniline (2.25 nm., 21.4 nmol) and 4-tol ¢- sul fonic acid
nonohydrate (0.1 g, 0.5 nsnol) in 60 0 S was heated under reflux
with azeotropic renoval of water foryg 3 HQours. The m xture was cooled to
OOC and the precipitate was-taltedd MeEC¥ym filtrati on and was washed
Wi th hexanes and air dried.s(g id vvaﬁ t hen dissolved in 100 nL
tetrahydrofuran and the sol utwon 10 cooled to OC. Lithium al um nium hydride
(0.735 g, 18.8 mol) was added in smadlidp@ld bons over 45 mnutes. Once the
addition was conplete, the mxture was stirred for a further 15 m nutes
and carefully treated sequentially with 0.8 nL water, 0.8 nL of 15%
aqueous sodi um hydr oxi de and then 2_4 m_1 water. The m xture was stirred
for 30 mnutes, filtered through c 2€4Ad the filtrate concentrated in
15 vacuo. The solid was stirred wddmpbu@lsyte ether, filtered and air dried
to give 6.1 g of __ . ] ;

5- (2- chl or ophenyPyaRFRRIE Hirates thepsepasation pfor Zaehdorophandi-Adraes 4 white
solid. 35. 2hfrepayabhalamino)-1-(2-pymrolidin-1-yi-ethyl)-3,4-dihydropyrimido[4,5-d] -
-}z)-_ct))ltlaenzyl t hi o- 3, 4-di hydr opyri m do

of 3- (120- chl °£;?;P£%E\¥-5Z1

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.

Cl
oy 0
e e
< | ——e SNTONTTO

S)\N :;1’1*0 KI
: 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




[4,5-d]pyrimdin 2(1H)-one -, CI 20 Sulfide 8.1 To a stirr ; | on,
cooled to -10C, of 5-(2-chlorophenyl) am nonethyl - 2?%p$[Pﬁ(584

4- am no- 2- benzyl thi opyrimdine (4.3 g, 12.1 mmol) in 100 nlL of

t et rahydr®plyiashsy Was added triethylarnine (3.1 m., 22.2 my Ib%ﬂf g@gs
solution was then treated 21 April 2004 WD 01/29042 PCT/'E g .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 mol) was added fol I'owed by pho¥gene (2.0 m, of 20%solution in
toluene; 3.8 mol). The reaction was warned to roomtenperature, treated

W th 0.5 my-bénzyhiers-@ehlslophéf)-1 Qn-p3ProliRUI-SRthylllS4s €acti on was then
filtered ancﬁ%;fGe npt _I}g[%%l %or_ was concentratéed and stirred with _
di chl or omet OpyFHal depyriaadinnddH)©ar pré residuphstarting matenals r at i on and
dried in vacuo.to give 3.83 g of 3-(2-

chl or ophenyl ) -7-benzyl t hi 0;: 3, 4-di hydropyrim do- [4,5-d]pyrimdin-2(IH)-one
as a white sol i*-4 sﬁ’fﬂ“ﬁ@"’&."i}fi%ew %Wfb?észblomf’h‘—’"yz)'}'(g'P}"T"hdm'l'

3- (2- shl or ophenpyll s dibapsysido[ D pyinfdidiifydy @Ry rimdo [4,5 d]pyrimdin 2
LI -one d- n G | Sul'fone 9.1 A suspension of sulfide 8.1 (1 g, 2.61
nmml) in 10 rnL of dichloro e was cooled in ice ted wwth 70%
3-chl oroperbenzoic acid (1.29 .23 mol). The mixture tirred at

roomtenperature for R*hgur SN ten treated vvithoml 6 aqueous
sodi um t hi osul phat e a.ﬂusi ft,kto stir for 3% m ,gresulting m xture
was diluted with 10 rrLNdi\‘ | Ponet hane and t he hayes r® 20 separ at ed.
The organi c ph s washed with 10% aque tassiu ar bonat e,

N

J

Oxidation of 7-benzylthio-3-(2-chlorophenyl)-1-(2-pyrrolidin-1-ylethyl)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was accomplished using 3-

chloroperoxy-benzoic acid (0.94 g, 3.92 mmol) in dichloromethane with stirring at
10 room temperature for 1 hour. The reaction was quenched with saturated sodium
sulfite (aqueous, 1 mL) and extracted with dichloromethane. The combined
extracts were dried, and concentrated in vacuo to provide 7-benzylsulfonyl-3-(2-
chlorophenyl)-1-(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 ]p}virﬁidin-Z( 1H)-one.
CI@ Cij@
I98: .o
O‘"*‘"’I\\lxiI N’EO' ';'J*“NI fo
3 S
U OH U

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



then brine, and then dried over nagnesium sulfate and fI|t€@ﬁQﬁrﬂ20 4
Concentration of the filtrate under reduced pressure gave O f ?
3-(2-chl or ophenyl ) - 7-

benzyl sul Mn91/298424- di hydr opyri m do[ 4, 5-d] - pyri, m di n- 2( 1HPcIEPO(S0ISEONE
9.1) as a white solid. 25 21 April 2004 WO 01/29042 PCT/ EPOO/ 10088 75 A
rel ated conpound, 7-benzyl sul fonyl-3-ortho-tolyl-3,4-dihydro-

pyrinudo[ 4, 5-d] pyrirnidin-2(lH)-one (sultone 9.2) was prepared using ortho-
toluidine in place of 2-chloroaniline in Exanple 35. H3C Sulfone 9.2 5
Exanpl e 37 _ Conpound 3-26 This exarrpl e illustrates the_ preparation of

3- ( 2- chl or obeiEsy Tie mixturesfias prrified by chromatography on silica gel using 3-30%

i ydr OXyCyCh@Hﬁl‘xﬁi/@mh!B}bné&fage ayaamtlte bemhaa/ﬁle%u@%&. dudd tisygr opyrim do
[4,5-d] - 10 rrmdln- -.one. Preparation o F

7- benzyl t hi 89 |13hf‘dpi+¥ |P)roqiuct(@s pferapiialpiyl acetpre and treated with 1
ethyl)-3, 4- %Mﬂmum@e& BreeipitaRithb &bemaﬁae = of@f@»c}ﬂéo%éxfgé e 8.1 (500

ng, 1.31 was .t aken u |n2m_terayrouranan d with
1 ( 2- Rydr oxy&trasgs W@WW ohexyl-ampno il -(2-pyowlidizol -ylethil 3:.8heny| phosphi ne
(514 ny, 1. 8Hyaep @1@5tﬁ?§}lﬁ.@ L (1H)-0hed6 Mol ). The reaction mxture

was stirred a roomterrpera ure for 3 hours, when additional quantities of
1- (2- hydr oxyet hyl ) pyrrolidi ne, triphenyl phosphl ne, and DEAD were 20 added
(another 1.96 nmol each). The m xtu 3gt| rred at roomtenperature
overni ght and sem purified by chro togra on silica gel using 2.5-10%
met hanol / di chl or omet hane ag el uantCe %‘&7% de >1 g mixture of product 21

Apri 13102004 WO 011Ri3@4xnpip illustrates the prepa:auon of 3-(2-chlorophenyl)-7-(trans-4-
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.



PCTI EPO011008S 7- benzyl t hi 0-3- (2-chl orophenyl)-1-(2-pyrrol izin'b”, 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- benzymsnubgmoapl - 3- (2- chl or ophenyl )-1-(2 pyrrolidin-J 5PCTIEP0{} 10088

yi -ethyl)-3, 4-di hydropyrim do(4, 5-dj pyri mdin-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(1 E)-one was acconplished using 3-

chl or oper oxy- benzoi ¢ acid (0.94 g, 3.92Tnnol) in dichloronmethane with
stirring at 10 roomtenperature for 1 hour. The reaction was quenched wth
sat ur at ed sodi un#8-3ul Preperatienjefokenzylulfiny)-3ai@cchixaphantlpd- (@i ditthylamino-

di chl or onet 10 dr| ed, and concentrated in
vacuo to prg% dé”?blg ﬂ%??[§£%WT%"%{® ophenyl) 1- (2pyrrolidin-|

-yl ethyl)-3, 4-di hydropyri m dol -d] pyrimdin- 2(1H)-on€j ch was used
W t hout purification. 15 37.3 ration of m

3-(2-chl or ophenyl ) - 7- (N; peroxycycl ohexyl - ' < rolidin-I
yl et hyl) -3, 4-di hydr opyl do 4, 5-d] pyr| m di n- 20\H)/Lon i@CI The crude
7-benzyl sul f onyl - -chl oridp @nyl =TIt Z-py™rol i § n-N- yNe 1)- 20

3, 4-di hydropyri Lagdel4, 5-d] r|md|n 2(1H)
diglyrne with t $- 4- am nocyildohexanol (165 1.44 mmol) and stirred at
120C for 3 21 2004 042 PCT/ EP 0088 7 s~ The m xture

-was purified by chromatography on silica gel Using 3-30% nethanol'
di chl or onet hane Qxidatiomatthe 3- hxn@%hcteS{(ae:hiqrbp]mngbrﬂp&Jdﬂﬂ(yMnﬂigerh@l)O96

T 5 e MR R W B R | I RRELRL £y oot ed wi
3- (2-chl oroﬂﬂwpr)oxsbxzm(owmm@sﬁgdl 6&md¢mwomab;ne1wmsmmgmru din-1

yiethyl)-3, fbongtemﬂéfﬁ@érfbm Hour{ 4hez8laby Wa%zgéngﬁgc{\%@l 10M%0af2Rke 38
Compound 3-27

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.

pAs takeh up in 6 no

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

o Qo

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



10 This exanple illustrates the preparation of 21 April 2004
3-(2-chl orophenyl)-7-(trans-4- hydroxycycl ohexyl am no) - 1-

(2-di et hyl am noet hyl) -3, 4-di hydropyrimdo [4,5-d] - pyriznidin-2(1H)-one.
38. 1 Prepwitdiii2d®20f 7- benzyl t hi o- 3- (2-chl oi ophenyl) - 1- ( 2- BCE/ERYY/R0OBIN0- 15
et hyl ) -3, 4-di hydropyri m do[ 4, 5-d] pyrirnidin-2(IH-one. Sulfide 8.1 (500 nyg,
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-rnol), triphenyl phosphine (514 ny,
1.96 mmol ), and DEAD (0.31 ni, 1.96 nmol), and stirred at roomtenperature

for 20 3 hours, dditional, quanti of. di.et hyl et hanol ar ni ne,
tri phenyl pHﬁBW?]ﬁWﬁEH &Héﬂé‘@?&dﬁéﬂ Qp%éz‘ﬁ&%"@é % The
m xture was:- -4 ahded Eﬂﬂbﬂexﬁ%ﬁbml{a%&hﬁ&ﬂﬁﬂ&&hﬂ Ngas@fydrgti fied by

glhlrjgmat ogr aphy g)cg s;hl ca gﬁp@kﬁ‘lgpn?_ . 5% net hanol 1 di chl or onet hane as

benzyl t h| o 3-(2-chl orophenyl )-1-(2-di et hyl am noet hyl ) - 3, 4-di hydr opyri m do

[4,5 25 d] pyrimdin-2(1H)-one and residyal starting materials 21 April 2004
WO 017 29042° 78 PCT/ EPOQ 10088 38. 2&&@9§rﬁti on

of 7- benzyl sul fi nyl - 3-(2-chl or ophem(y,h odnd 23di et hyl am no
et hyl) -3, 4-di hydropyr| m do[

r|md|n21 Qne Oxi dati on of
the 7-benzyl t hi o- 3- Brﬁ ¥ ‘(E‘eﬂ?lé?ﬂ?lf;%i GE]PHWI)CH% 1-(2-
3, 4-di hydr Qmiém &@ﬂ?ww&m@ 8r Lékﬁch dished using 3
chl or oper ox;j/m%%ﬁgl C aC| g&z_{y il 6 mol) in d| cﬁilﬂgr onet hane with
stirring atP )‘1 Ehour The reaction was quenched with
10% gwdi um sul fite soI ution (ag, 5 nlL), poured into saturated agueous
-sodi um bi car bon extr or.onej hane. conbi ned
extracts were ds?éd ?Hmi’@"ﬂg%?i ﬁr‘(‘?@%&?‘é@‘g édn@éﬁiff’?‘%yéd in vacua to
provi de 7- kedgoehs)3, M}Hﬁ'dﬁvpﬁmzdoﬂ 5-d]pynmzdm-2(1H)—one
chl orophenyl ) - 1- (2- di et hyl ani i no-et hyl') - 3, 4- di hydr opyr i o- [4,5-d]

pyr mm di n- 2(1H)-one, vvh| ctl used wit hout purifi catl orqrﬂ Preparation
of 3- (2-chl or ophenyl ) -1 -(2-dim am noet hyl ) -7- (tra
hydr ox) - cycl ohexyl anNfAO) 3, M- ydropyrimdgl 4,5 r] mi (1 H) one.

SA\N N’go
H
Oy ©’ 3

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.



G CI N -N" Nv ~ CH The crude _
7-benzyl sul finyl -3-(2-chl orophenyl)-1-(2-di et hyl am noet hyl) 21 Aprii 2004
3, 4-di hydr opyri mi do[ 4, 5-d] pyri m di n-2(1H) - one was taken up in 2 nL diglynme

wi t h trangolei@ssgpocydohexanol (150 ng, 1.31 mmol) and sti &,ﬁ%ﬁ ?; 0C for 4
20 hours. The m xture was purified by chromatography on sil d%ﬂ si ng

5- 35% net hanol / di chl or onet hane as eluant to provide the title conpound (52
ng, 0.110 nmol). The purified product was taken up in ethyl acetate and
treated with 21 April 2004 WO 01/29042 B&T/ EPOO 10088 79 5 10 1 equi val ent
HCI /Et20'to precipitate the hydrochloride salt of 3-(2-chlorophenyl)-

7- (trans-4- hydr o342y Pepexyibn of0-benzyldulforylB-£2-hibaphangBiingl. ) - 3, 4- di hydr o-
rima4ol 4, 5-d rim di,ns.2 .- ahe. .EX Le .39, | und 3-30 This exanpl e
YT et r ot oc B DS g itk s imiprigin 2 b)-one "

di met hyl am noet.hyl)-7-(trans-fchydro)ycycl ohexyl am no) - g4- di_hydr o-
pyrimdo[4,5-d] -pyrimdin-2 (1 ne. 39.1 Preparation of

7-benzyl t hi o- 3- (2- chl og e 2-di et hyl - NZ N
am noet hyl ) - 3, 4- di hydr dqyrii m do34, 5-d) pyri mi di @-\Q’(,kl—l)l ong. H3 C CH3
Sulfide 8.1 in 5 rnL $etNahr & uranwas cordt nedSw N i nethyl 15
et hanol am ne (0. . 3.92 1), triphenylphgsphine (M. 04 g, 3.92 mmol),
and DEAD (0.62 3.92 innof), and sti rre roomtenperature for 1
hour. The m xturewwas serng purirdyed by chrometogr aph)(| sbhi ca gel with
1-3% : y ® N
Oxidation of the sulfide was accomplished using 3-chloroperoxybenzoic
5 acid (1.35 g, 7.84 mmol) in dichloromethane with stirring at room temperature for

1 hour. The reaction was quenched with saturated sodium sulfite (aqueous, 1 mL)

and extracted with dichloromethane. The organic extracts were washed with

saturated aqueous sodium bicarbonate, dried with magnesium sulfate and

concentrated in vacuo to provide 7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2-

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@ CI@

Y
N

I
H,C CH, - OH H,C CH,

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)-



net hanol I di chl oronet hane as eluant, to provide >1 g m Xt ure29fapri 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 rwd®12¢d4kl) - one and residual triphenyl phosphi ne oxpgerpsdliofdari| 2004
WD 01129042 80 PCT/ EPOO/ 10088 39.2 Preparation

of 7- benzyl sul f onyl - 3- (2-chl or ophenyl)-1-(2..

di met hyl am no- et hyl ) - 3, 4- di hydr opyri m f 4,5-dlpyrimdin-2(1 H-one. CS
Cr -"11 Oti H3C NMCH3 H3C. NNCH3 Oxi dation of tle sulfide was acconplished
usi ng 3-chl oroperoxybenzoic 5 acid (1.35 g, 7.84 mol) in_dichl oronmet hane
with sti rri1n@-g@eﬁhﬁ%ﬁm\!@ﬁﬁbﬂ)ﬁ-(Fr@sf%hYdIQWdﬂhmmm‘@a%ﬂf@hYdMS quenched

w th satur : i ' us, | nL and extracted with
Shasamp e dapEes, | )

di chl orone anic extracts were washed with saturated aqueous
sodi um bi carbonate, dried with magnesium sul fate, and concentrated in

vacua to provide 7-benzyl sul fonyl - fk@r ophenyl ) -1-(2 10
di met hyl am noet hyl ) - 3, 4- di hydr o- pyrim do- [ 4, 5-dj pyrirnidin-2(1H)-one,
whi ch® was used without purificatéempognd3-22reparation of

3-(2-chl orophen s oo (P {'Jiif‘aft ) hyl - - ERZE

4- gydr oXy<cC (F:)I ohg%%/sl %X%m%%lg& 4%%}r‘%%%%%Sﬁtﬁz%agf%’frhf’r%|7n(zz( | H) - one.
O~ O 15 hydnxygeethggthgamisg- Hipiperidinc4-ytled.4-dihydropyrimido{4,5-d]-

7- benzyl sulpg,ﬂg*gﬁlaz(gﬁ-)%le_or ophenyl ) - 1- (2- di et hyl am . noet hyl ) -

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.

0
N oo

& Sale

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.




3, 4-di hydropyri.mdo[ 4, 5-d] pyri m din-2(1H)-one was taken up 'rhp%i Bhodi gl ynme
Wi th trans-4-am nocycl ohexanol (331 ng, 2.87 nmmol) and sti rred at 120C for
4 hours. The m xture was purified by chromatography on silica gel using
10- 30% 20 weedbhraged / di chl or omet hane as el uant to provide 5@ ﬂﬁﬂ + §onpound
(180 ng, 0.405 mol). The purified product was taken up in et acetate
and treated with 1 equivalent HCUEt20 to precipitate the hydrochl oride salt
of 3-(2-chl orophenyl) 21 April 2004 WO g&/29042 PCT/ EPOO/ 10088 81 5

1- (2-di net hyl am noet] yl)-7-(trans-4-hydfoxycycl ohexyl am no) -3, 4-di hydro-
pyrimdo [4,5-d] pyrimdin-2(1H)-one. Exanple 40 Conpound 3-22 This

exanpl e il ustra#8g t Reeppragipapfi- bertzybﬁl_ﬁ:(;ﬁ)s-&-@?orﬂ;fﬂeﬁ IR in/

B-
e A RS )+ 0 o 40

of 7- benzyl t hi c-.3- (2- chl or ophengl pi peridin-4 yl)-3,4¢
di hydr opy7i m do(4, 5-d j pyrim din- -one. H To a suspen3|o sul fide
8.1 (850 ng, 2.22 rnnol

furan (10
t en- butyl - 4- hydr oxy- | - p¢ perji di carboxylate (4 ; 15 rnnnl) and
phl ng, 3. nnDKL_ utes di -

Bi phenyl - 2- pyri dyl phq
yl at e 68% 33§ nmol vvaé“ad dé-?}dthereactlon

tert-butyl-azodicarbo

was stirred at t enper e over the mgekend. Th eaction was placed
directly on a h silicg collum using 2: 1 hexadne hyl acetate and
1: 1 hexane/eth Eet ate uants to ghyve~930 ny

7- benzyl t hi o- 3- (2 chl oropheny ) - 1- (plperldln 4-yl) 20 N

3, 4-di hydr opyri m do[ 4, 5-d] %7{r|n1d|n -one. 21 Hq 2004 WO 01129042

PCT/ EP00/ 10088 Lo 2 solution of 7-benzylthio-3- (2- orophenyl)-1- (pxpendm—4 -y1)-

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



82 40.2 Preparation 21 April 2004

of 7- benzyl sul fi nyl - 3- (2-chl or ophenyl ) -J- (pi peridi n-4-yl)

3, 4-di hydropyrimdo[4,5-d jpyrimdin-2(I H-one. " n d H To a solution
of 7-benzweolkies3z (2-cbl orophenyl)-. 1-(piperidin-4-yl)- 5pcT/EP00/10088

3, 4-di hydropyri m do[ 4, 5-d] pyri m din-2(1H)-one (920 ng, 1.62 mmol) in

di cbl oronet hane (16 rnL) cooled to OC was added 3-chl oroperbenzoic acid
(403 ng, 1.64 mmol ). After an hour at rgom tenperature 5 ni of 10% sodi um
t hi osul phate was added. After 10 minutes, the dichl oronethane |ayer was
separated and washed with 10% pot assi um carbonate and brine, dried over

magnesi um 1Geastippasae plaseshdizastly an & dashrsilica colummousing $2:8:90: 1@glichoro-
3- (2-chl or oghag Mje%mehaHﬁ )éiléﬂﬂ tBI‘g{léébg() gofg_he ﬁs) 3. (2 chlorcfphe%}{uly (2_

| - (pi peridin-4 " one as a
white foam M&Wﬁrwﬁﬂ n@ -1- (PlPendm-4-Y1) 3,4- thYdIOPYrmudo 4,5-

(S)-3-(2- chI - Ronsly eridin-4
yl)-3, 4-di h bdn-h&ge py(raf?(a)réhxdji ?? §%%?f@&%ﬁﬁ%ﬁgggla@ ensi on
of 7- bénzyl Oaz;e@tQa ehonys 1olygjt§)ypqegpmoz¢edﬂn)mcuo and 5

3, 4-di hydronx@th m&s&&a%ﬁimom@&a:@&&%gm@@m Tﬂe&gﬁm{mm .

1, 2-di net hoxyet ane (0.5nl) was 2-am no-1| -prop
20 3. 33 mollver yResepargtad; washgA wi edoyeomweﬁmp @ﬁfg@?ﬁfor 2 hours.

The 21 Apri lcoﬁ%aié@:Q%A@@Qé ive' 0 & Q%ﬁ%%o&gow@%é%tmﬂhﬁeed
directly on a flash silica col um ug&nﬁg : 8-90:.10 di chl oro-

met hane/ net s GRsselgeddin e agetatgandirentest wigh éfeqm@lent of hydrochloric acid in

(S) - 3162- chlqpMphREY e freti ttate was collected, washed with ether and dried #n vacuo to
hydr oxy- | - met hyl et hyl anmi no) - 1- ( pi peri di n- 4€%I) 3, 4-di hydrog%/frl m do [4, 5-
d] pyri ni di n-EXEYP meef thehy ﬁhla@derselﬂp%%ﬁr cRlgrosphenybr 7-@-dd¥sriet hane and

S5 otriflhan E&Iahﬁn@CI Ahdigl4-y1)-BAUiS v )iﬁﬁi Al5sd)pefimidigioved in
vacuo and 5 ﬂof ?et hyl a-g%Fate an’g)S anLyofg A)dségdl ur;?glrcar bonate were
added. The }PEE | ayer was separated, washed with brine, dried over
magnesi um sul fate and concentrated in vacuo to give 130 ng of the title

conpouynd as a white foamthat
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-



was dissolved in ethyl acetate and treated with 1 equival ent40f, 2004
hydrochloric acid in 10 LOM ether. The precipitate was coll ect é)dl washed
with ether and dried in vacuo to give 115 ng of the hydrochloride salt of

(S) - 3- (2-¢4 @roephenyl ) - 7- (2- hydr oxy- | -

 net hyl et hyl am no) - 1- (pi peri di n-4-y1) - 3, 4- di hydr opyri mi dof 4, 5 | pyri m di n-
2(1H)-one. 15 20 Exanple 41 Conpound 3-21 This exanple illustrates the
preparation of (R) -3- (2-chlorophenyl)- 7- [ (2-

hydr oxy-1 - met hyl et hyl )am no]" -1 -(2-et hoﬁ%/- | - et hoxymet hyl et hyl ) - 3, 4-

di hydropyrim do- [4,5-d] pyrirnidin-2(1H)-one. 41.1 Preparation

of 7- benzyl thitdatbdicrbidyhe(5a2 my, 24 thmbD-ie bhe yyriongihdihe resiltidgy | et hyl ) - 3,

o Mo OB o S s, OB i 21
and 1h3dd| feettlmxgasadﬂcd:mairthh eX28%oh@nt Wasev: I aporated aﬁaﬁstdhggdie\ted:tu:afor I
tetrahydro tro Tp. S ut, an s a ert 21 Apri
2004 WO 01%‘3343“1‘%6%5} %%Eﬂﬁ QB'EJ? E@‘F‘%@%%“&P% ’(‘gﬁ‘i’i% 2.4
mol ) 5i n onaxid (Fhei copanialaglertwes dmétmhré:i sngmnmxﬁfam eonveatrated ané cheatsidxom

t enper at ur a 1M h chl dded and the
eX(r:ne)ss sol S‘girft Tas ega%%‘%éﬁ f&{a g?'loPrs gflﬂlé%%bt/e?%%ﬁ B/ hour. The
resi due vvasheutamle}awtl Thestdhenn drdtiomssioathining pradueens coydiredhhdri ¢ aci d.
The organi Ced r..sodi sul.f.a cen nd the

resi dug was pur| ‘% ﬁglgg’ﬁ%tsg &ZQ%IH #gﬁf’ﬁ@’éﬂ&iﬁj&g ng 30%

et hyl acet atthodynl- eﬂ@m&h&?ﬂﬂ)uﬁﬁ&hﬁh@mm,iwmm 2@bf)aomei ng product

vere onbi ned and concentrated in vacuo to give 566 ng of
7- benzyl t hi o- 3- (2- chl or ophenyl ) - 1-( 2-

et hoxy- 1- et hoxynﬁtx‘hylB'Bpwht)orﬁqfﬁ-btnh;glddfbﬁyB+(mcﬂbrépﬁe@4}}]-p)’y-rethamﬂﬁﬂ 2(1 H)-one.
10 41.2 P t | ) - 2-eth I
et hoxy- ma'[ ﬁ@ﬁ?&?@%}?ﬂ%ﬁ%]& h@gﬁr 414[53'&]%73 n EZ%I ! H§ oﬁe o

]Q DS
JC “/\I\“
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@J A @J
A suspension of 7-benzylthio-3-(2-chlorophenyl)-1-(2-ethoxy-1-ethoxy-
15 methylethyl)-3,4-dihydropyrimido[4,5-dJpyrimidin-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.



Cl"- d A suspension of 21 April 2004
7-benzyl t hi o- 3 (2 chl or ophenyl ) -1-(2-et hoxy-1-ethoxy- 15

nethylethﬁﬁi 4- di hydropyrim do[ 4, 5-d] pyri m di n-2(1H)-one (566 ng, 1.1
mol) in W2PBnet hane (5 nmL) was cooled in an ice bat hramkrGy/wmossor 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: gsdi chl or omet hane/ net hanol . The
colum fractions containing product 20 mere conbi ned and concentrated in

vacuo to yield 4 f 7- benz

chl or ophenyl ) - 1- %g 6?9" g Iﬁ@‘)é\?} eﬁél’? -H2-bydroryrdrambint mi do

[4,5-d] - pyed )ﬂhﬁwﬁal@eﬂw_l—etm@zh 0314 HopedRdtl[£5-Fy EPOCO 10088 85
41. 3 Preparat?non Of@&ﬁ) (2 chl oropheny ) 7- [({thdroxy I-rr%t hyl -

et hyl) am noPJ™ d?V - et hoxynet hyl et hyl ) -3, 4 dlhydropyr|n1d0[4,5-d]-
pyrimdin 2(1H) one ci

7- Benzyl sul finyl - 3-(2- chlorophen -(2-et hoxy-1- ethoxy hyI) 3, 4-
di hydropyri m do[ 4, 5- dj -or a (425 rn-:

(R) -2-am no- 1-propano (T m_) vaas heat ed to 140 f\r 18 our at whi ch
tine it was cool edOLo)L er at ure—and>concent . ed vacuo. The

resi due was purified by ol u Enr omat ogr aphy Mn N1 geq’ using 98:2

di chl or onet hanelagt banol . The.col umm 10 fractiohs cont gAni ng product were
conbi ned and c¢ trated |n vdcuo to give an oif, ich mas re di ssol ved
in ethyl acetate.Additio drochloric acid ch-l
equi val ent s) gave t he salft Whl chjwas filtered and d|r| ed 156 rrg of the
hydrochl oride salt of (R)-3-(2-chorophenyl)-7-(2-hy roxy I met hyl et hyl -

am no) - 1- ( 2- et hoxy-1 - et hoxy- net hyl et hyl ) - 3, 4-di hydropyrim do [4,5-d] 15

pyri msdi n- 2( 1H) 7. 15@-{}? SRROHNd i snSX ARl fechi)- 45t rates the
pr eparsatl on _of %@?2 ch qu zm QHW(fe&QX)TH ¢th ﬁe&}ﬂ 532
dihydropyrimido[4,5- ]pymm -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.




20 7-(trans-4-hydroxycycl ohexyl am no)-1-(2,2,2-trifl uoroet hyh)xm3u d4o64 hydr o-
pyrimdo [4,5-d] pyrirnidin-2(1H)-one. 21 April 2004 WO 01/29042 86 42.1
Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(2,2,2- tnf

| uor oet hyigo @/29ei hydropyrim do[ 4, 5-dJpyrimdin-2(1 H -e¢perEshordoss & - H
'O PCT/EPOO 10088 SI1z~" NI NFO ~ F F To sulfide 8.1 (0.563 g, 1.47
nmmol) in dry N,N-dinmethylformamide (3 nL) 5 was added sodi um hydri de (60%
0.1 g, 25 mol) at 0 C. After stirringgthe mxture at roomtenperature for
30 minutes, 2,2,2-trifluorornethane sul f8nat e (1 m) was added and the

m xture was stirred overnight. Ethyl acetate was added to the reaction

m xture, and the42dl uPraparasas ofebérepithio3h(2bahionephedylj-¢e22r sodi um

SRS v A PRl S o 00 o Lt

7- benzyl t hi o- 3-(2- chl or ophenyl 1.1- 2 2- Cl
trifluoroethyl)- 34d|hydropyr|m 5d] pyrim din- 2(1H) or@mch was
used directly in the ne but purlflcatlonN ation of

7- benzyl sul f onyl - 3- ( 2- chﬁg/rjgem I)-I ‘(‘Z,_Z_Z"Trlfluoo

ethyl) - 34d|hydr@ﬂ=&gddﬂ4ﬂ- ipyrimdin 2(I@ef\é i(r_@ S NN

To sulfide 8.1 (0.563 g, 1.47 mmol) in dry N,N-dimethylformamide (3 mL)

5 was added sodium hydride (60%, 0.1 g, 2.5 mmol) at 0°C. After stirring the
mixture at room temperature for 30 minutes, 2,2,2-triftuoromethane sulfonate { 1
ml) was added and the mixture was stirred overnight. Ethyl acetate was added to
the reaction mixture, and the solution was washed with brine, dried over sodium
sulfate, filtered, and evaporated. The resulting oil residue was trituated with

10 hexanes to give 0.65 g of crude 7-benzylthio-3-(2-chlorophenyl)-1-{2,2,2-

trifluoroethyl)-3,4-dihydropyrimido{4,5-d] pyrimidin-2(1H)-one, which was used
directly in the next step without purification.

42.2  Preparation of 7-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 F

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-



SNNO | F1/ OFFFFTo 21 April 2004
7-benzyl t hi 0-3- (2- chl orophenyl)-1-(2,2,2-trifluoroethyl)-3,4-di hydro-

pynm do[ 4, 5-d) pyri m din-2(1H)-one (0.67 ng) in tetrahydrofuran (7 rnL) at
0C was a Solution of Oxone(r) (2.27 g) in water (7 m xture
was t hen ggﬂﬁ{l rred at roomtenperature for one hour. Add?ﬁ%ﬁ%ﬁm 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 andd7 evaporated to give 0.65 g of crude
7 benzyl sul fonyl - 3-(2-chl orophenyl) 1-(2,2,2 21 April 2004 WD 01129042

PCTI EPCO/ 10&&&&&@) 3,4-dihydropyrimido{4,5-d]- Eymmdm I(}Tfligj onegss "r_vi)hftgﬁc)eh L whi e

trifluoroeth |hydropyr| nfldo 4
solid, whi b’é‘i@é&“ )é’é’tthF’ﬁsieﬁé‘mﬂ?@RiP@’é tight hout purification. 42.3
Preparation of -3-(2-chlorophenyl)-7- (trans 4- hydr oxycycl ohexyl 5

am no) - 1- (2 2, 2- tnfluoroethyl) 3,.4-di hydrqpyri m do[ 4, 5- d]pyr| md| n-2(1H) - on
e O | | f % OH 433 efrEparaign ¢fidyie- @bffpi'f@ﬂf %1(86 ygroxycyclohexyl-
(2,2, 3t rl fb;u%%t@w}nﬁwméi Wb, LAy oPiritRias [ s-BlopyitlidnB(IERLAED - one (300
ny, 0 604 mmol ), trans am r?g- cyc%hexar ol (Zogjpw, 3 e (w %I ents) and
1- met hyl - 2- pyrrol i di none (@} were 10 heated with stir t 110 C for
20 m nutes, at vvhichtirreit cooled to roomtenper tue resi due
was purlfled usi ng in |layer chro |n et hyl
acetate as el uant, \o ngy of._.3_(.2_c.h;Lo ar u- 4-
hydr o) ycydohex ) ( 02 trifluoroethyl)- r| rni do
[ 41 oS- d] -
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
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 dithydropyrimido-[4,5-d]pyrimidin-2(1H)-one.



pyri mdin-2(1H-one as an off-white powder. 15 Exanple 43 Gamppupghs-32
Thi s exarrpl e illustrates the preparation of 3-(2-chlorophenyl)-

7-(trans- hydroxycycl ohexyl am no. ) - 1- (di net hyl am nocar bonyl net hyl ) -3, 4- 20
di hydr opywiod189g44. 5- d] pyri n-ddi n-2(1H) -one. 21 Apri l 200&%%038%042 88
PCT/ EPOQ' 10088 43.1 Preparation of7-benzylthio

3-(2-chl orophenyl ) - 1- (et hoxycar bonyl - net hyl) -3, 4-di hydr opyri m do
j4,5-djpyrimdin 2(IH-one 5 Sulfide 8.1 (2.0g, 5.22muol) in

N, N- di met hy!l f or mani de (10 ni) was conb$hed with sodi um hydride (230 ny,
5.75 mol ), and the reaction m xture was stirred for 20 m nutes, then

et hyl br onpacet at43.1 1. moﬂﬁ:%a@mbysw&hbd@ﬁaz D- Af(éhtﬁfxyaa Bl 1 h$h
reaction was into ethyl acetate. e
conbi ned or’ﬁg Lﬁgé{;?’?‘é‘@\af@”ﬁﬁfv%%%é?%?ﬁé dried, filtered, 10
concentrated in vacua, and the residue was purlfled by col um

chromat ography on silica gelCiugsing 30% acet one/ hexane ag.gel yant. The
colum fractions containing prdd@ wer e conbi ned and con ated in

vacua to give 1.438 g Q-3-
(2- chl or ophenyl ) - 1- (e}i\oxy arnyl et hyl ) - 3, 4- di HYdr opyr iNA do- [ 4, 5-d] -
pyr| m di n- 2(1H) one Prepar at irommof iN /K

- (hydr oxycar bopyl
yl‘lmej4,5-djpyl‘Im- | H) -oneNCEO O OH A mixture
of 7-benzylthi 2-chl orophenyl)-l-(ethrbonyl met hyil ) - 20

3, 4-di hydropyrih¥do[ 4, 5-d] pyri m di n- 2( 1H) -s&®& (1. 435 g, $36 mml) and

| i t hi um hydr oxi de nonohydrate (481 ng, 11.5 mmol) in metharfol (10 ni) and

waterg21 April <P0f 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.

rrethyl) 3, 4- d|

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



WO 01/29042 89 PCT/ EPOO/ 10088 (30 nL) were refluxed for 48 heups2dde
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 ace conbi ned organic extracts were dried, | [ nd
concentra?g%gyﬁﬁegcuo to give 1.2 g of 7-benzylthio-3- (2<§#¢#§%ﬁ@ﬁgl) 5

1- (hydr oxycar bonyl net hyl ) - 3, 4- di hydropyri m do[ 4,5-d]j -pyrimdin-2 (1H)-one.
43. 3 Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(dinethylam no

car bonyl met hyl) - 3, 4- di hydr opyri rni do[ 4, $%d3pyrim din-2(1 H-one CIS i~ G
OH 10 To a solution of 7-benzylthio-3-(2- chlorophenyl) 1- (hydr oxycar bonyl -
met hyl ) - 3, 48 ﬂn,cjwweﬁﬂea%méh&lhpyrhé@e%ﬁbn re W38 céolOPsdBord - 13 rnmol )
and benzotriazol-1-y ri s(pyrrolidino)phosphoni um hexaf | uor ophosphat e)
(885 ny, 1 t%P?FﬂWf%FI) ‘ilhl '-éieﬂ’éﬂc wtaﬁ%wmm'g@%%smlamévaﬁaéwﬁf@é

di met hyl am pe I-D@é:d aheawmmma h&@#ath OThd dRnBThén'd mckhﬁﬁb@%{er&f&dl n a

seal ed tube gours .15 reaction_m xtyre guenc hed with water
and extract eﬂtaé‘ éE’Fl‘th"é'i? Fhyqcu0 Thgive %ﬁtﬂfﬁé{fnﬁfl% 2eshioraphenyher e
washeds wi t hlvmefoxr&&b@gxmémylygr@dm SRpGARLISTLSU]L 9(1@ﬁ9n&he resi due
was purified by colum chronatograpﬁy on S|I|ca gel” using 36:

di cl oronet hane/ net hanol as eluant. The column fractions contai n| ng product
\évgr e conbi ned and38onPrphiatibR Of 7-DentpRhia-3t @-BlotSpHRM) -1 ddhetkylRfiéy | t hi 0- 3- (2
chl orophenyl“}’bin)(b&ﬁ‘i’%lt’ﬁﬁ dhydramaingdnkho-AprryEdin (U eng dr opyri mi do[ 4, 5-d] -
pyrimdin-2(1 H) one. 21 Aprilg 004 WO 01129042 90 PCT/ EBQO 1Q088 43. 4

Preparation of 7-benzyl sul fonyl -J ‘ chl or ophenyl )-I (d| me am no
car bonyl methyl)-3, 4-di h | .. 4, 5- d]pyrlrnld Hwaoe CIS C
N B9 1
—r
O S N N O
Hﬁ Lo
OH N
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.



To a solution of 7benzyl t hi 0-3-(2-chl orophenyl ) - 1- (di r net hyl 25143 2004

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 nmol Wo eiRbes2m xture was stirred for 2 hours then waspegrmdsivedd %o
solution of sodium sulfite in water and sodi um bi carbonate aqueous
solution, dried, filtered and concentrated to give 550 ng of

7- benzylsulfonyl 3-(2- chlorophenyl) 1 1?

(di met hyl am nocar bonyl net hyl) - 3, 4- di hyd %-pyrinido[4 5-d] pyri m din-2(1H) -
one. 43.5 Preparation

of 3- (2- chl or ophef®4 ) quamfl-bmtm%mydkmwﬁnphmﬂ-) ~I-(dimethylamino-
o oot O RGPS Bkl mitadtl SYAlp RpH Ao 1R fori ) PYTT M - 2(1

: 7 Benzyl sul f onyl - 3- (2- chl or opfk Y < 1- (di met hyl am nocar b@irylLpet hyl )
34d|hydropyr|mdo[45d]pyrlm 2(1H) - one(550 ng, 1.1 ) was

conbined with trans-4- ariol (253 ny, e m xture was
at mhlch time ot S, cooljed to room
purlfled by graphy on

heated to 100-105C fo;ﬂg h
tenperature. 20 Thegre N° S

silica gel using 9:1]jdidorongthagpne/ net hanol as Eluant. |{The_.colum fractions
cont ai ni ng pro 1 April WO 01/2 PCT/ EPOO/ 8 91 were

conbi ned and c trated in cuo to a s@lidithat was tgiturated with

net hanol, filter&d, dried and stspended i n &t hyl acetaré “Addi tion of

hydr ochl ori c whi ch was
filtered and drled to oride

y agd & Jl&né%f%&-ﬁ%gyﬁm@ f@ﬁﬂ@@ E@h%? \éﬁa a.ﬁﬁxké
2 m( ﬁo)ém1 OE dﬁﬂ@nﬂ-?neﬂlﬂﬁ,é:@hﬁhhmﬁyﬁ%&-ﬂmn@n—Z(lH) one (490 mg, .13

pyri m din-2 h%ﬁgi& @%@gﬁéﬁ‘mwﬁggﬁg@}fﬁ#@l@%x 41 ZI]{m??lgst rat es
t he prepar athegpixpire 3uag M‘tﬂ raémwthyn waghed withdl03%k yolution hiysdinmret hy| -
|- met hyl et @i \0dtesart S bREWonHe dGuddhs Soldhion, AYEd, ERkAl a2 (1H) -one.

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

A e

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



15 Sulfone 9.1 (0.500 g, 1.21 nmol) was conbined with 2-am na-Ayiedw! - 1,
3- propanediol (0.253 g, 2.41 mmol). The m xture was heated to 120-130 C
for 2 hours at which time it was cooled to roomtenperature. The residue
was tritugas gheein di cl oronet hanel net hanoL The slurry was Pﬁrbﬁé’%/ﬁﬁséo give
the free amne of the title conpound, which was then slurried I n nethanol.
Addi tion of hydrochloric 20 acid (1.0 MEt20,1.0 equivalent) gave the salt
whi ch di ssolved in nmethanol. The sol ut%gn was filtered and the filtrate
concentrated in vacuo to yield a hygroséopic solid which was triturated in
ether, filtered and dried,to give 0.195 g of 3-(2-

chl or ophenyiretofribitgdinabepntenngtbdan yiazio Iy b stlidmbatwisatibythetdiwith) - 3, 4- di hydr o-

2L e B el e SRR T

D P oxy- | il oo Tt by o opy LA Eacs gt i e o et e Crlad & e

G G R Ty I RN D NN PR
W t h 6RR) - Samina)d-{dim2thylniinoed oyl @B )13p4 -dihydropyrimido-i4s-d}- met hoxyet hyl

ether (5 nmL). .Th i re was heated to 120C for 3 hours, at which tine it
was cool ed W‘B@ﬂ%(m P4ture and 10 concentrated in vacuo. The residue
was purified by colum chromatography on silica gel using 97:3

di chl or onet hanel net hanol as el uant. ;The .,col,.um fractions containing
product were conbi ned and concentraili’éadn?—lﬁ—vggacuo to give an oil, which was
re-di ssolved in ethyl .acetate. AddCémpoumnd 4i1lydrochloric acid (1. OM Et 20,
2.0 .equival ents).,gave the,salt ich was filter and dr. to give 159 ny
of thl 15 hydro C%qp%ref%tgplg LFg-gﬁes%prepavr\a/atxon ofl 3-&-&(foropgenyi)l-“fa-q2-

3- ( 2- chl or ohyrroyy-} -Bde ¢fppiejhy1 hp ethpbethylardind)-8 4ydihydropyrimido[4,5-d] -

nmet hyl pr opyl am ncﬁl)l:z%lﬁj_ghpydropyri mdo [4,5-d] -pyrimdin-2 (IH)- one.

Exanpl e 46 pyrim
SeoagivEse
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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



Conpound 4-8 20 This exanple illustrates the preparation of 29 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 Apgid oi28fd WO 01/ 29042 PCTI EPOQ 10088 93 Sul f one %C]rln(Pgm?& g, 1.21
mmol ) was conbined with a racem c-m xture of 4-am nocycl ohexano .70 g,
6.0 mol ; lyophilized from 50% aqueous solution (ICN)) in 2 ni

N- net hyl pyrrol i di none. The mi xture was heated to 120 C for 1.5 hours at
which time it was cooled to roomterrper&?ure The residue was purified 5 by
col um chromat ography on silica gel using 1-5% net hanol /di chl oronet hane as
el uant. The colum fractions contai gifghlpygduct were conbi ned and
concentrated in vacuo to give the 'e conpound as yel | ow granul es which
were redissolved in ethyl acetat eCOIAEﬁ‘Hd‘@aﬁ of hydrochloric acid

1. OMEt20 1.0 gﬁn?] dried t
éi ve 0.258 e’?ﬁg hy rgyﬁggﬁgﬂagg?p:ﬂdonW3c@ c‘!}ﬁérofﬁhlaﬁﬁﬂl?ct(ﬂﬁg rred to

of
chl or opheny?’)hyf}m]?‘(' A- e amesdpropEiamine)nd. ulib @r@m@m{ﬁéﬁlrmmpm 5-d) -
pyri msdi n- 2§ 3H)-gpae. Exanple 47 Conpound 2-10 15 This exanple illustrates
the preparation of 3-(2-chlorophenyl)-7-(tetra-

hydr opyr an- 4-yl arni no) -3, 4-di h imdo [4,5-d] pyri ﬁli,@(ll—b-.one.
N N - . N7 TR N
o [/I\ ’/\A'/\
O‘é i ’J%o HN/’\N/ N/&O

N
. */\ :
Hac Y OH
OH

Sulfone 9.1 (776 mg, 1.9 mmol) was combined with (R,R)-3-amino-1, 2-
butanediol (238 mg, 2.3 mmol) and 2-methoxyethyl ether (5 mL). The mixture was
heated to 120°C for 3 hours, at which time it was cooled to room temperature and

10 concentrated in vacuo. The residue was purified by column chromatography on
silica gel using 97:3 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
©/\IS*N N/[*O N’I“N N’&O
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0 0 | H

Y




0 H2NOH. 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 washeggéiiBg@not her 15 nL ethanol into a solution of porppaeio0ss
tetrahyropyran-4-one (5 g, 49-9 mmol) in 30 nL pyridine. ?ﬁ react1 on was
stirred overnight at roomtenperature then evaporated in vacuo to a thick
pyri di ne- based syrup, which was poured §£to saturated aqueous HO N 21
April 2004 WO 01129042 PCT/ EPOQ 10088 4 copper sulfate and extracted
with ethyl acetate. The conbined extracts were dried wth sodiumsulfate,
evapor at ed i n \Gdfoae 9an(0. 500311’-:211 inkrid]) wisitpintacel witk a rddathid nbitiRlef  was

ted 4- h :
C o o o A ah Bt b B, B Sl el B e
(2.8 g, 24 (3CN'}Pﬂn)2fﬁ@3N1n§’éfﬁﬂpy‘rﬂﬂl n'é%ﬁhﬁ&&;&@@%&i&&&@h@‘@f&h‘é ' ed to 0C
before sl ow y addl nglal It hium aI um ni um hydrid

portions. tmeiibwaspegled é@rﬂﬂﬁé!@lpetr#ém e'&@tne@dluemspur@néved from
the isge batﬂy oﬁmﬁe&%ﬁtoﬁ%ﬁ it 1-56, fﬁ@élahtmcﬂ J@%e\%t h

car ef ul addltlon of water_a O%a ueous. sodi um hyd rox e reaction

m xture wastlganty Tb@cglpm@ﬁlpmmg@rqcbm verergmbieddnnd comqnt:etqdng of f
the al um nyp.galtes gﬁ:@%éhﬂ@é aﬂnufss?et W *J?ﬁi&ﬁweﬂ'&%d%édl 3he was

evaporated in vacu am no dro ran as a brown |iquid
(1.74 g, Cethyiapstefe) - Addtion of hydrochloric acid (1. MlEtz 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




Preparation of 21 April 2004
3-(2-chl orophenyl)-7-(tetrahydropyran-4-yl am no) - 3, 4-di hydr o-
pyrimdo-[4,5-d]pyrimdin 2(1H)-one. Sulfone 9.1 (0.205 g, 0.494 mol) in 5
rnL 1-net wboef290y2 rol i di none was conbi ned wi th 4-am not etpcanyEhoafies an
(0.100 g, 0.988 nmol ). The reaction was 20 stirred at 100C for 24 hours
and purified by colum chromatography on silica gel using 3-7%

met hanol / di chl or omet hane as el uant. The %ol um fractions contai ning

product were conbi ned and concentr at ed ? vacua to a give the title
conpound as a brown gum which was redissolved in nethanol. Addition of
hydr ochl or i eoppes shlfatelandxracial with@thyljaietate. e cogabinedex®26ts grené dtibd

hydr ochl ori 4 3o 4D C ) .

phenyl) - 7- (?ﬁ%’?‘zﬁﬁy r%’%‘%‘}eéﬁ}-a%‘%%?n” y2quo7ngl elited with ethyl acetate, TheBlwate | i di n-
2( 1H) - one. Wxeaypperated in @ampde pidldaettahydoopyinirs4 ouempinge as 4 gre¢nisht sedidt he

prepar ati ongafs 3p -&FJ Brophenyl ) 7- [ (1-hydroxynethyl cycyl opentyl) am noj
-3, 4-di hydr{)byr m do 2 5-d] pyrimdin- 2(1H)-one. 21 April 2004 WO .

01/ 29642 PCTI EPO0/ 10088 95 CEO C H HN N Sulfone 9.1 (500 ng, 1.2 mmmol)

was conbi ned w = 410 t 158 41 % P”! |) and 1
nm. 1- et hyl - 2- pé??%?%ﬁgﬁgﬁa@%%wﬁ?%%éﬂgmsQﬁ%g?’e%'to éb org% hour s,
at whi ch tiwpid 30 shigeteahydsafutan andahilled tedfitbefberskowlBaddin ol was added
and the suspensi.on V\%tkrre for 1Q mnute filtered, and the residue
was washed i hehnick (4§81 L8 Bmelan RISy When ??éff‘t‘%@ta%\te. Addi ti on
of hydr ochl eorhpletectha réaktiGh/hnat Zohoved Groanthie i b, StirredXierefih8veralght Whi ch was
filtered and ied to,qive, 260 f. hydrochl or | salt of,k63-(2-
chi orBpnenyiad s gupieil Wit Siea Radion o bien ot | Whanigous Sodi
- 3, 4- di hydrlpplroxide.dThe 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-dihydropyrimido[4,5-d)pyrimidin-
2(1H)-one. : '




10 [4,5-d] pyrirnidin-2(1H)-one. Exanple 49 Conpound 4-16 Thﬁ%ﬁﬁ%@@@ie
illustrates the preparation of 3-(2-chlorophenyl) 15

7-[ (1- hydr oxynet hyl cycl ohexyl ) ami no] - 3, 4- di hydr opyri m do[ 4, 5-d] pyri m di n-
2(1H) - one | fone 9.1 (500 ng, 1.2 mml) was conbing m no- 1-
cyclohexaﬁgzgyﬁgﬁﬁl (623 ng, 4.8 mmol ) (prepared as descrlgeﬁbﬂﬂuéaé

Chem, 20 1966, 9(6), 911-920) and 1-nethyl-2-pyrrolidinone (1 nL). The

m xture was heated to 120C for 3 hours at which tine it was cooled to room
tenperature. 21 April 2004 WO 01/ 290429PCT/ EPOOI 10088 96 Met hanol (3 n)
was added, the suspension,was stirred for 10 mnutes, filtered. The

preci pitate was washed thoroua,ly M th methanol, dried aml_suspended in

et hyl acetate. Addition ofhydroc c acid (1. CW1Et20 2. 0 valents)
gave the salt which wa f|| er-a ) drled to g|v 32

hydrochl ori de salt
chl orophenyl ) - 7- [(ég]n cycl ohexyl ) am anS/ d,i%dropyrl m do-
[4,5-d] -pyri.mnidin9(1H)- on arrple 50 CopppundN2- Zﬁ OThi s exanpl e

illustrates the _greparation f 3-(2-chl or apdenyh) - 7- [ ( 1-

met hyl pi peri di | ) met hyl am noj - 3, 4- di hydr of mdo[45d]pyr|m
idin-2(1H) - onk, B Sulfone 9.1 (0.512 g, 1.2 ma¥) was conbined with
1-nethyl -4 15 (mét hyl ami no) pi peridine (2 nmL) (Al drich Chemcals) in 0.3 rnL

of 1-nethyl-2- gyegpld, ﬂ(s’@@ , 1.208mB1) 4oy ESmBRRd RaRliesnalo-1.00 C for 3 hours,
at which time it was _cOol ed to room tenperature, dlluted\Mtrlethy

acet at e andcydemsatylmethane(pHms bmoenlbend EmiHamethyh3-ryFrodidinoper TBddi um
sulfate, fijhauatdvaKt.R430250CT8: 3 Ho\Gs Gk WlEh time it was cooled to room

5 temperature. 3 mL Methanol was added and the suspension was stirred for 10

minutes, filtered, and the residue was washed with methanol, dried and suspended -
in ethyl acetate. Addition of hydrochloric acid (1.0M/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.

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.




product was purified by colum chromat ography on silica gel;gggﬂgzg§@10@620

nmet hanol in dichloronmethane as eluant, and finally 1% triethylam ne/ 10%

met hanol in dichloronethane. The solids obtained were suspended in 5 niL

met hanol , wiydalleggd W t h hydrogen chloride for 30 seconds, @,I&q.ﬂ%l,la&, o%gé vent s

were evaporated. The solids were-then stirred in ethyl acetate 1%

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 opyri m do[ 4, 5-d] 2pyri rni di n-2(1H)-one. 21 April 2004

WO 01/29042 97 PCT/ EPO0/ 1Q088 Exanple 51 Conpound 4-18 This exanple

yr oxy oy doheael arnaL 3 A s O e e one. O N

ydr oxycydohexyl am no) - 3, 4-di ropyrim do , 5-d] pyri in-2(1H) - one.

O 88N N Hrer Puahia? e Aboio Ry b g hanol AR SRR b nad wi Lh

fi s&] 4-am Egg&ﬂ%@%?g@&d&éﬂy&oﬂo?cIEH&'(%.EME%@@E.@QqP&g&ﬁ&? gm;?ﬁei n AutS_t :
enz., , 14, in, 2. o] et hyl - 2- pyrrql i di none, e reaction

m xt ure' was “i’t‘ﬂ’ll?‘FléH’%l%lteI?bﬁéo‘i’bm‘ia ©HVEIEP B8 ‘HJtth?\N%ﬁ prEe teiBelct i on

m Xt ure vas Kleiphehyl 7] (ehydreapaéthfitdhad)amifof-Blat @h9dropfhitiidd] trate was -

suspended IB%% ¥dnoqﬁﬁ géﬂnol, collected and dried "precCipitate to give

0.400 g of sOgPyTE ﬁﬁ i3%s a white solid (mp. 263.7-264.6 Q Wite

solid was dissolved in a 10:1 chl orof orm net hanol and 1M hydrochloric acid

in ether was added. The reaction mxture stirred for 1 hour, concentrated

and dried in vacuo, and the residdéﬁgﬂg%ﬂgllized from met hanol /ether to

give 0.285 g of 15 the hydrochl or iGdgpoahs 20fs

3-(2-chl oro-phenyl] )-7-(ci s-4-hydroxycycl ohexyl arni no) -
3, 4- di%hydr opyri #%W@%E%Wtﬁf ﬁﬁeﬁf@@lwgﬁé‘@%’iﬂﬁhﬂﬁ%&[ﬁh
methylpiperidin-4-yl)methylamino]-3,4-dihydropyrimido{4,5-d}pyrimidin-2(1H)-

one.
Cl ' Cim
N7 ™~ N N™ N
S ee et oo
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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.




Exanpl e 52 Conpound 2-26 20 This exanple illustrates the p@qpqﬁﬁgmgp 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 N NJNAO "N JI- NRINi Il 0O H-HN~-NKN)~ 0O

Sul f one 9%??1%90%: 2A1 mol) was taken up in 5 nL et hyl 'ﬂcﬁjﬁﬁw‘{f;ogs

pi peri di necarboxylate (29 mmol) and stirred at 150C. After 1 hour, the
reaction slurry was cooled to roomtenperature, poured into 50 niL

met hanol, and filtered 5 to collect a Wiite solid. The solid was washed
with an additional 50 nL nethanol and dried in vacuo to yield 0.569 g of
3-(2-chl orophenyl ) - 7- (1- et hoxycar bo%

pi peri di n-4-yl am no) - 3, 4-di hydro-p r"_lmgo l 5-d] pyrimdin-2(1H)-one.
3- (2- Chl or ophenyl ) - 7- ( 1- et hoxycar ppipd i18i n- 4- yl amino) -3, 4- 10

di hydr opyri m do[ %p‘ﬁﬂ e’lﬁ;e $3 gk (s

di chl or omret hane \;4\51%1 I odotri met&ﬁ%% g %l% t( %é&%behﬂ%é @Sand heated to
60C for 2 hdwdsexygudaherdamino 4%@@@@@5 -(HY-a080. The dry
residue was taken up again in m ni rrum rret hanol , treated w tg&_sadi um

met hoxi de (0.5 equival ent, &dnprci al sol ution of 0.5M net , and
re-evaporated. The 15 dry re id as purified by fla raphy
using 5,10% (1:9 ann® t hghe as el uant.

The columm fracti or’%\
vacuo to yield 0

de/ met hanol ) / di HQ' 010
[ pr oduct Were conbi MGG NCogcentrated in
) of the cleaved pgiperi dine internediate,

3-(2-chl orophe = (pi p i di n-4-ylam no)- 3, 4- dropyrimdo
[4,5-d] pyrima Z2( 1H) - one.” PCTI EPOQ' 10088
5 OH

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.




N 21 April 2004 WO 01/29042 PCTI EPOQ 10058 99 21 April 2004

3-(2- Chl or ophenyl) - 7- (pi peri di n-4-yl am no) - 3, 4- di hydropyrimdo [4,5
pyrimdin-2(IH-one (0.050 g, 0.139 nmmol) was taken up in 1 nL N N

di r net hyl Wworgrepisde with bronpacet am de (0.029 g, 0.209 nmpEI/EResdsi rred at
roomtenperature for 2.5 hours, then raised to 40 C for one hour and 80 C 5
overnight. The reaction was purified by flash chromat ography using 5-40%
met hanol / di chl or onet hane + 1% ammoni um gy dr oxi de as el uant. The col um
fractions containing product were conbi ned and concentrated in vacuo, and
the final product redi ssol ved in a mnimum vol unme of methanol. Addition of

hydrochloric acid (1. OVG 4‘3 1.0 equi val entQl the salt wilch-was
filtered and 10 drled to @ e 0. 007 g of he Hj:ﬁrochloride sa
3- (2-chl orophenyl )N7- N™ caf bano I di n- 4-

- 3, 4-di hydr opyrQ: )& ] pyr| 4-&) one. Conpound
2-27 This exanpl ugf rat es_the preparat,J’on oi_a_,gz- henyl )-7-[1-
(2,2,2-trifl t hyl ) pi'peri di n-4-yfam no] -3, 4-di hydyo i m'do [4,5-d]
pyri m din- -one. NN "N -N H 20 21 Apri 04 WO 01129042

PCT/ EPOQ' 10088 100 Preparation of T[\
-(2,Z2-trifluoroethyl)piperidin-4- i e Pi peridin- !il-yl-carbam'c aci d
tent-butyl ester (commercially available from

°'1©

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.




ASTATECH) (5 g, 24.96 mml ), 2,2,2,-trifluoroethyl trichloroqeihhfbeos
sulfonate 5 (7.03 g, 1 equivalent), and potassium carbonate (4.1 g, 1.2
eq) were taken up in acetone (80 nlL) and heated at reflux with stirring
for 17 hoW@LVIaE2 sol vent was renoved under reduced presROTEMUIGBE 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, dgltered, and 10 concentrated to
give a dark colored solid. Purification by chromatography on silica gel

usi ng 15% et hyl te xanes as th eIu

[1-(%, 2,2-tri 1¥I éo&oé@ﬂ*}? n{sﬁf e&i‘&ﬁ“ﬁ“ﬁr‘lﬁ %&@Y‘;‘HPW‘MME&HS/I ester

Eif ?39)2 SST Ilm\t\ﬁtltﬂﬁlgjmv(deso %I,fﬂ Bzmﬁ?l)%éb%éguﬁﬂglﬁﬁﬂtzﬁg t15 t :
-(2,2, ri e i n- car bami caci ent.- bu ester was

t hen taken F Yg%ﬁ@)?‘ﬂgﬁ?ﬁ % srtpda (G H2he O r’PH’@E@&QSRH§X%be ed

through th %o&ﬁ't%g%tﬁrg FortDs ﬁ&lﬁk‘ ttﬁén %@‘g t(f £634¢ F b Eoaf nd BFeE apped

tightly and stirre ours. ol vent was renoved under reduced
pressu? e at otemighthdhe wcd@rewawmm edlberrﬁa@lpdmnmzogrmhyofsu@ 5540% odi u m

met hoxi de i o LG r r
filtered. Thrhé@qa}r@%%m\?vglse%%gggn?rat eé&'Q n(%é%é %ne%aheh.r? %c at e
filtered, arfticiommemtainingproductivens CmebngEd@hd_‘pO(IQE;mEdthﬁandehhyl ) -

g:‘ gez Izdi:ﬂl g;op d:?poﬁi@eglﬁ}&% ho mS’girucI)%t tF% er| gil' nyl - atl |On 25
~ amino] - 3, 4- diy raicidh (@ Qd]lﬁmuwnldnﬂgthnh)esdhyhshlvifagﬁ&e@dan(lzoo ny,
0. 482;4mol ) d}mél%o nfob#g'o?ﬁ{e%%m dgﬁggéffg?c%ﬂ@ﬂe gzﬁ mg, 3

equi vaI ents) va nbi ne , and the
reaction ni ﬁﬁibﬁ@%ﬁh%ﬁthﬂanlewdmt%ﬂ!ﬁmm] -Ad- ﬁﬂamrm@m- whi ch
tinme it was ¢ et 0 roomtenperature. Puri f| cation by preparative thin 30
| ayer chr omat ograp?ly usi ng 60%t hyl acetate in hexanes as eluant gave 12 ng
of 3- (2-chlorophenyl)-7-[ 1-(2,2,2-trifluoroethyl)piperidinyl-4-ylam noj
-3, 4- di hydropyrimdo[ 4, 5-d] pyrirni %&éﬂ%-one as an off-white powder. 21
April 2004 WO 01/29042 101 PCT/ EPOQ anpl e 54
15 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.

N
Clj© Q F>[F cl
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Conpound 4-17 This exanple illustrates the preparation of 24 april 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) - onexwdlot#go N H Sul fone 9.1 (400 ng, 0.96 mmol) was %ﬂﬁﬂ@ﬁoo\%th

4- am nonet hyl 10 cycl ohexanol (470 ma, 3.6 mmol) and 0.4 ni

1- met hyl - 2- pyrrohdi none. The m xture was heated to 120C for 3 hours, at
which tinme it was cooled to room terrper ture. Methanol (3 nL) was added,
t he suspension was stirred for 10 m nut%ls s, filtered, and the precipitate
was washed with nethanol, .dried and suspended in ethyl acetate. Addition
of hydrochloric acid (I. O\/!EtZO 2.0 15 equival ents) gave the salt which
was filtereg and .dri of,. t he drochl ori de salt of

B o bt or clraRgrigs o A2 e B RS aette | o o ol

-3, 4-di hydroperlﬁbﬂdm[—ﬂ-yEcaiba:ﬂkraumtdit-rbu &drBr(@cElﬁme?&a]E»@&Hﬂﬁbﬂ?eﬁ&n Conpound

2-21 Thi t t | or ophenyl ) -
(2,22 CASTREECk (har desTamell p 2B Hubroc Hictlormnetfane silforad
yl am 3ol - @3' Y‘*@ﬁbﬂenmﬁﬁiﬁbt&sﬂhpwbomdm $02g) voreulalughar || 2004 VO

01/ 29042 102 88. H.F f
4- ani nomet h¥f gg )Qﬂfl yeﬁtf?‘ﬁcr 4%5%&;}]\‘#)?391&5\ foF élours PrARa so?telngvru]raso

removed under reduced pressure at 40°C and ethyl acetate and water were added to

(@)

the residue. The layers were partitioned and then separated. The organic layer was
washed with water and.brine, dried over magnesium sulfate, filtered, and

10 concentrated to give a dark colored solid. Purification by chromatography on silica
gel using 15% ethyl acetate in hexanes as the eluant gave [1-(2,2,2-trifluoroethyl)-
piperidin-4-yi]-carbamic acid terz-butyl ester (4.45g) as an off-white powder, m.p.
99.2-99.8°C, (M+H)}+=283.

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.




A m xture of (4-benzyl oxycarbonyl am nonet hyl) piperidine (41g‘A&@2éoﬁﬂDI)
2,2,2-trifluoroethyl trichloronethanesul fonate (5.58 g, 20 mml), and
pota55|un1carbonate (2.67 g, 19 mmol) in 40 nL of acetone was refl uxed for
17 hour s wOhr2gixt ure was evaporated and treated w th et pdyaaghalse 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 geIHﬁglng 10% 20% et hyl acetate in
hexanes as eluant to give 2.25 g of 4 1
benzyl oxyam nonet hyl -1-(2,2,2-trifluoroethyl)-piperidine, mp. 93.8 - 95.1
C. 4-Benzyl oxyam nonet hyl -1-(2, 2, 2-trifl uoroethyl)pi peridi ne was di ssol ved
~in ethanol (50 nL) and hydrogenateg r5£096pallad|un1on carbon (0.5 g) .
for 10 hours. The m xture was fllte¥§§ﬁ¥hrough a pad of celite and washed
with methanol. 15 The filtrate wascenapowdat-¢d to give 1.17 g of

o et ™ b i Bis el Ot Prbd PSS - B oRpnA™ ~o01 10 2

April 2004 103 Pre
of 3- (% chl ovdpé}hmoﬁ@cmhe@mahﬂ)mmbjamdxhy@pmm (48t dipgripidian noJ-
3,4-dihydro§ f%%Fﬂ435-d]pyrinidin-2(|kb-one. Sul fone 9.1 (0.389 g,

nmol ) was conbi'ned wi th 4-am nonethyl -1-(2,2,2- trifluoroethyl)piperidine
(0.50 g, 2.5 mol) in 0.4 nL d¥l\l
at 100 C for 4 hours. The m xtur

pet hyl - 2- pyrrol i di nonegt and was heat ed
B then cooled to room t ¢rature, and

treated wi th nethanol, ! ate7 and et her ol med were
filtered and mashed vmt acetaté"“TﬁE—PEsuﬁiln soljl ds (0 22 g) were
di ssolved in 5 pydrogen chl onj ed t hrough t he

solution for e nlnu e. Theksolvents were re ved an the resi due was
titurated 10 mn of met hanol and 4 ether to give 210 ng of the
di hydrochl ori de t of
3-(2-chl orophenyMy=7-[1-(2,2,2-trifl ug ) pi peridin-4-yl am no] - 3, 4-
di hydropyrim do [4, 5-d] pyrlnldln 2(1H)-one. 15 20 WO 01/29042
PCT/ EPOO/ 10088 Exam In a 56 Conpound 2-22 '
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. '




This exanple illustrates the preparation of 3-(2-chloropheny)a rﬁ20b4
(1-cyanonet hyl pi peridin-4-ylnethyl) amno ] -3, 4-di hydropyrim dD 5-d]
pyrimdin-2(1H) -one. Sulfone 9.1 N N~O HN11:~-. INN-O HH Sulfone 9.1
(2.24 g, vowreR) was conbi ned with N-terD but oxycar bonylpctmpoosrooss

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 ethyl agefate was added. The resultant
white solid was 25 filtered and washed with ethyl acetate to give 2.3 g of
3-(2-chl orophenyl)-7-[(1- t,ert- but oxycar bony- pi peridi n- 4-y| met hyl ) am no] -
3, 4- di hydropyri n‘iﬁ%c[4, 5-d] %ﬂﬂ i mdin-2(1H)-one (M 473) . Hydrogen
chl ori de gas was bl ed into Hl g of the protected am ne which was
suspended in 1, 45di oxane (22 , and the 21 April 2004 WD 01/29042

PCT/ EPOO/ 10088 - fO04)suspet»sioh stirred for 1 hour, concentrated in vacua

and dried to giveyhe inter 'ate

3-(2-chl orophenyl }# 7-[ (pi peri di \\get hyl ) am no] - 3, 4-

di hydr opyri rni do[ 4, 5- d]pyl‘ll‘nldf} 2 ﬁ e as a white solid. 5 3-
(2-Chl orophenyl) -7- [(piperidin-4-yl 91)am' noj - 3, 4-di hydro- pyrim do
[4,5-d] pyrimdin-2(1H) -one (0.23 g, O%DI) was dissolved in

N, N- di met hyl f ormam de (8 ml). Anhydrous{_sgdi um carbonate (0. 175 g, 1.6

mol ) and chl oroacetonitril eClQ,836 niL, . 54 mol ) were adde e m xture
was stirred for 17 hours at rerrper re and was partlt onel into
ethyl acetate and 1Q e »dyers wéref separatg gtreous | ayer
was extracted V\ntI‘OQ\t\hJL egate The organi ¢ | aye was wa hed with water,
dried, and concentraged Nn l}’ac&% and the resi dug fi; od by

chr omat ogr aphyf oRy.siH i ca gel using 10% net hanoldi chl or oitet hane as el uant.
The fractions ai ning product were concentrgtedyin vacua and di ssol ved

in 40 nL of 1,4-dioxane. Hydrogen chloride 15 gas s bubbled in and the
m xture was concentrated in vacua. The resultant N :

o
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.



residue was triturated in ether, filtered and dried to give;ﬁj&&izg pf the
hydrochl ori de salt of 3-(2- chlorophenyl) 7-1(1- cyanonethylplperldln 4-

yl met hyl ) am no] - 3, 4- di hydr opyri m do[ 4, 5-d] pyrimdin-2(1H)-one. 20 Exanple
57 Conmpowodi29@@ This exanple illustrates the pr epar at i ORCOfEP00/10088

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

d|nethylan1nocarbony|nethylplperldln 4-yl rnet hyl ) am no]

- 3, 4-di hydropyri m do- [4,5-d]- pyr|n1dlq %(1H) one. HN NN OHN N NO
Suifone 9.1 ---- 11 NH1 H 25 N 3- P Chl orophenyl ) -7- [

di | met hy| 3, 4- di hydr o-
BB eiipipbioct rharinaim o 56)

0.3 g, 21 ’7"%’4”‘ ( 10088 105 0. 67 |
éISSOPVEd |%¥$ﬁif§ yg?%%ﬁé%?ﬁgﬁﬁgiéﬁyggénhydrous sodlunrngaZbgﬁZte (0. 26
g, 2.4 nmmol) arf 2%?}%0 %W@M)ﬁwmmmm@maowﬂwmﬂmmml) wer e
added. The yiggbilefy W%eﬁ&ﬁa%(@go 025%61?#{/?4?&1,61%3& &ﬁm@ ne] N€

reaction m xture artitionegd into e acetat e e’ | ayers
were 5 sepaandivas hated 21903 J@%bowayﬁemméiﬁﬁmohdtmreomw acet ate

A rovt o SRRAAANGIhd TR UM IR, GLIRRLGY BUELAVCTE: MASDROA D |

saturated sod [ oride solution an fied over an
sul fate. Afwﬁﬁkwéméwmdmﬂiqﬁb}da@@tatﬁhEhwv@ng@ph@(iﬂeas‘zgiw@sen ved in 50%

met hanol / 1, @sdivedis Rethansol, ygwgar emo%k%gamw@gg%u Bbhed in, and the

sol ution was_evaporated i n vacua, he resulting res e“was trlturated
in ether, fﬁOIl%b@Pé‘ar ensanitee %OHF%WYQ®EC§‘e®mﬂﬁb€f%WG@H tiserated salt of

3- (2qghl or qpmmﬂx)af?m{thinﬂei i g Hﬂjdﬁfﬂepwg P@Wﬁ%ffhyé ydrochloride
pi peri di n- 4af/|m3 dﬂ)amno] dropyrimdo” 5-d pyrlrn|d|u2
(1H) - one. t of 3-(2-chlorophenyl)- 7-['1 (2,2,2-mﬂuoroethyl)p1pendm-4-y amino]-3,4-

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

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.
SO O
N N

N* N™
Sulfone 9.1 — | —— /\lAr\
HNA\N N'&O HNAN NAO
G he!
NH Ny

Sulfone 9.1 {2.24 g, 5.4 mmol) was combined with N-terz-butoxycarbonyl-4-

20

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



15 Eganpl e 58 Conpound 2-23 This exanple illustrates the prg Fﬁ% on of
3-(2-chl orophenyl)-7-[(1 a m nocar bonyl net hyl pi peri di n-4-yl met iyl ) am no]
-3,4-di hydro-pyrimdo [4,5-d] - pyrimdia-2(1H-one. CL O Sulfone 9.1 N _
I H\N=N N W bis2g8e 3- (2- Col or ophenyl ) -7- [ (piperidin-4-yl rRitisod 698501

-3, 4-di hydropyri m do- [4,5-d]pyrimdin-2(IH)-one (prepared as descrlbed I n
Exanpl e 56) (0.3 g, 0.67 rnnol) was dissolved in N, Ndinethylformamde (7
m.). Anhydrous sodium carbonate (0. 26 9 2.4 mmol ) and 2- bronpacet am de
(0.111 g, 0.81 Mol ) were added. The mi¥ ure was stirred for 17 hours at
roomtenperature. The reaction 25 m xture was partitioned into ethyl

acet at e and swspension Fmed &yé&mumpacmpmdanmbuaadddnbétcagms | ayer was

extracted oDk 0 Ioro rm The conbi ned
organic | a;\%étgnﬁ\;véé?ée%\%a h&@rﬁ?%qrglﬁmpaé %Jﬂﬂﬁﬁh 'Psol ution and
then dried M&Wd@%-dmﬂﬂ&)mneﬁitmtevdpbrat|on in vacuo, HN
-N" -N--0 21 April 2004 WO 01/29042 PCT/ EPOQ 10088 106 the white solid
was suspended in 1, 4-di oxane. drogen chl oride gas was bubbled in, and

the sd uti on was- (év@lpigrca?bemﬂ)-ﬁ (/plpmqudﬁﬂmeda@lamm@ -3,é<iilgkdzonas triturated

in ether hlEg dr loride salt of
3-(2 chl oro% en CF ’?aﬂ?m?' -am n gg?z%gfe "‘ﬁ ggalsrc]&ﬁ g@fnmet hyl ) am no]
-3,4- 5 di hN;IN Lhﬂlﬁmﬁm@—(ﬁ]ln@y rAnhydrqms soctima)ca:hwate (0.175g, 1.6

mmol) and chloroacetonitrile (0.036 mL, 0.57 mmol) were added. The mixture was

stirred for 17 hours at room temperature, and was partitioned into ethyl] acetate and

L

10 water. The layers were separated and the aqueous layer was extracted with ethyl
acetate. The organic layer was washed with water, dried, and concentrated in 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



Examlie 59 Conpound 2-24 This exanple illustrates the preparati f 3-
(2-chl orophenyl)- 7- [ (1 10 %'@F}rﬂ 2004

hydr oxycar bonyl net hyl pi peri di n- 4-yl net hyl ) anai no] - 3, 4-di hydropyri m do
[4,5-d] -wpymiedidi n-2 (1H)-one. Cl- Cl Sulfone 9.1 HN N' pd¥/Epoo@odgsN- - N-
-N-"zOHO NA OH3 -(2- Chlorophenyl)-7- [ (piperidin-4-ylnmethyl) 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. 261 5 2.4 nunol) and ten-butyl

2- brompacetate (0.12 m, 0.81 rrrml(%m wer e added. The m xture was stirred
for 17 hourk6Zmmalpwas dssobved iniNGN-diinethylfenrnida (fink).us ehydreupsardiuhi oned

into et hyl L N : ch
et SRR Witk T SNSRI, ST,
conbi ned o Lcwéra gddesd. idreanisaur e wds stirted forl Thaure at rosodiemperdtine: i de

| uti . dri | . y
sol ution a%&%ﬁ%ﬂ%ﬁﬂﬁgmﬁ pﬁ-ﬁ.ﬁl}ﬁ é@ﬂﬁo&ﬁ Ia%é&égégﬁagerlﬁggygmwggor ation

i n vacuo, I'ne ite so wer e suspen Xane:

Hydr ofen cseparattd and shavepteousisgen ovas extragted witheetbyllagetaterands¥%t i rred for 10
hours at 2 g,r@ﬁ{ e %\@gg [ v lting residue
was tritur g?cg‘%&gar# ° et er??o&‘% I'I?l_g(r%é an §;eéil;rfﬁgré “’E%Hgl ve ﬁ%&gdgﬁg Y he

hydr ochl or ickéoridelsplugion3and thendriedrayghanhydouz sodium sulfate. After evaporation

R e s e b

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,




PCT/ EPOQ 10088 Exanple 60 Conpound 3-29 This exanple illusbrates,sde
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 m diwo éfabbdp- one. Sul fone 9.1 -~--- ~p N "-$ N %P&}Efpﬁ?d)ﬂw?s 1 (500
ng, 1.21 mmol) was taken up in 2 AL tetrahydrofuran with

1-(2-nmethyl thio)ethanol (0.16 nL,1.81 mol), tri phenyl phosphl ne (474 ny,
1.81 mml ), and DEAD (0.28 nmi, 1.81 r‘r‘r’rnlloz5 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 ) -the avhite kylitt wpssuspended 4 54<iﬂ]iqxﬁné rﬂigiﬂj‘mg&(dﬂibndb&@smbuﬁblabor ated in

vacua and e er cat . 15. The ¢

3-(2-chl or B%h%“rﬁﬂﬁh% Q@“E%’ﬁzﬁ &J“P?‘%ﬁ n|Vasug. VHWG%?‘?.%‘Y“?HM“‘“‘

di hydropyrleﬁzﬁoﬁlﬂerﬁddpcb;lncdtugiverﬂ P&ﬂg—bfthﬂhydmdﬂbwtmﬁ%(a- 2 nL diglyne

wth trans ST.II’I’ at 120C for

4 hours. Tﬁﬁorﬁpﬁ{h&f)wm' y rﬁr%gﬁg‘%ﬂﬁi%él ?gzlr')al‘)“ﬁél”gﬁ"‘é’i‘ ]I ‘g gel using

2.5-455% 2 B 1)p omd.uant to provide the title
Odihpdriopyriinidiil 4,6 dd ymaidmarﬁélﬁb . d h I

conmpound (226 ng, 0.511 nmmol)_ The purified product was taken up in ethyl

acetate and treated with | equivalent HOIEt20 to precipitate the
hydrochl oride salt of 3-(2-chl orophmglg

7-(trans-4-hydroxycycl ohexyl am nok? § gﬁeﬂyl t hi oet hyl) -3, 4-

di hydropyrimdo [4,5-d]-pyrimdin- 25 21 April 2004 WO 01/29042
PCTI EPO0/ 10088 1Tkds Examgpleilfritratiop prepdration of FHRechivraphdngl)i 1-[Ust rat es t he
pr ep?bat | O%}%IO}%IC&%OS%%&WS@HM— 7y]1(1;[e£hyi5ammo -3,4-dthydropyrimido(4,5-d]-

pyrimidin-2(1H)-one.
Be Be
N N

N* N~
Sulfone 9.1 —— | — :\J(\
HNJ\N N’ko HN"\N N’RO
H H
l\O lT? R
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

[@]

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.




4- hydr oxycydohexyl am no) - 1- (3-di rnet hyl am no- 2, 2- di net hyl prque@rp, 2R§44 5
di hydropyricnido- [4,5-d)pyrimdin-2(1H)-one. Sulfone 9.1 N - - "0 OH
Sul fone 9.1 (500 ng, 1.21 mmol) was taken up in 2 nL tetrahydrofuran with
10 3-d rved byt no- 2, 2-di net hyl - | -propanol (0.28 nli, 1. §erdbhensk’ 1| 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% net hanol / di cT&Pronet hane as eluant, to provide >1
g mxture of )

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 mdin-2(1H)-one and residual triphenyl- _
phosphi ne oxide. 3 - (2-Chlorophen -#-h enzyl sul fonyl- | - (3 -

di met hyl ani n o- 2, 2- di et hyl - Eixbmp )

propyl ) -3, 4-di hydropyri m do[ 4, 5- dCempoumd3-29- 2( 1H) - one was taken up in 3 nL

20 di gl ithtr -4 h I o La21 ti d
at 1200 or 4 rith SamHOToR e pEEaREm b 2l Sorm et on si 1 ca
gel uSi ng ZyAbdycyddherylahind)-dR(2emethyithibethyl) &¢-dihydrdpyrimido#s-de the title
d (5 - . ). Th i fied duct t ak [ t hyl
conpoun (Oﬁ?gg%{cgﬂagﬁ?%nm ) e purified product was taken up in ethy

acetate an onq equi val ent HCL1Et20 to precipitate the
hydrochl ori de salt of 3-(2-chl oropheﬁl )- 25 Ci
n_

7-(trans-4-hydroxycycl ohexyl - am no) - 4 met hyl ar ni no- 2, 2-di

)- 3, 4-di hygdropyrin do[ 4, 5- d] py
109 PCT/ Eko‘gwli‘g%/%ﬁ-txa—"r*np €620
preparation of 3-(2-chl orophty
_31 /

@

hyl pr opyl
D 01/ 29042

L di m-one. 21 AgFi DoA™
ontpou 3-36 Thi & ex 'I.ngétrates t he
N7 TT@ns- 4-hydrox¥cyd OHQ(‘y am no) -1-

(1-methyl pip eridin-4-yl)
d]-pyrimdin-2(1H)-one. S

di hydiopyri m do [4,
bne 9.1 S.
EN CH,
CH, OH -

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




OS'--N NCONII NN -N-QO OHA mxture of sulfone 9.5 Q%H929042 4
nmol ), di phenyl - 2-pyri dyl phosphine 10 (1.9 g, 7.23 mol) d

4- hydr oxy- 1- nmet hyl pi peridine (0.555 g, 4.8 nmol) was dissolved in anhydrous
t et r ahydr afp@igagainder an at nosphere of nitrogen To thisi%ﬁﬁ#ﬂﬁh

added di-tert-butyl azodi carboxylate (1.67 g, 7.23 mmol) an resultlng
m xture was stirred at roomtenperature for 2 hours then concentrated in
vacuo. The residue was purified by colum chronatography on silica gel
using 9:1 15 di chl or onet hane/ met hanol ad30%| uant. The col um fractions
contai ni ng product were conbined and concentrated in vacuo to give 354ny
of 7-benzyl sul fonyl -3-(2- chl or opherBiajple 61

(1-net hyl pi peridin-4-yl)-3, 4-di hydro- pyr|n1do [4,5-d] pyriinidin-

2(1H) - one. 20 Compound 3-31

7- Benzyl sul f onyl 7354 &asipltionhraithd erér%ﬁﬁﬁb@ﬂ(@kﬁ%b%leﬁyﬂﬂ@m& 4

di hydropyrin ‘_3 m. di n- i e (354 was conbi ned
with trans- f‘%?’WGﬁ &%‘ﬁéﬁ%@ é‘éﬁ“ﬁgﬁ #:%F)e thylproprH -3¢t et hy! - .
pyr rol s di norEhydFeSrivhidbl[eS- Whemm-omoc for 1 hour at which ti rre it
was cooled to roomtenperature. The re5|due was purified by colunn

chromat ography 25 on silica gel using 9CH di chl or omet han&

met hanol | di i sopropyl am ne as el uant. The m fracti | o s cont

product were conbi ned, concentrgiL@ and susp

acetate. Add@dliicme @ hydreehl api \}i ’ OM E-20-1. Gy 004 WO
| ettt s

01/ 29042 PCTI EPOO110088 110 5 egqui
and dried to give 135ng of #he hydr oc
"3-(2-chl orophenyl )-7-(trans ydr oxycytC

i de salt
ohexyl am n
N~

i Pgavethe salt Wnlch sflltered

N/
i OH I

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—aminocyclohexanol (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.
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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
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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
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4- am no- 2- et hyl t hi opyri m di ne- 5- car boxal dehyde (9.5 g, 561 mmol),
2-chloroaniline (6.7 m., 63.7 mml) and 4-tol uene-sul fonic acid 10
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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.



27.2 nenol ). After stirring for 2 hours, an additional ,ngzo 4
triethylamne (35.9 mmol) was added foI | owed by phosgene (6.5 ? 20%
solution in toluene; 10 12.5 mmol ). After stirring for an addltlonal 2

hour s, addWa ©fraM2t r i et hylarnine (2 nil, 14.3 nmol) was pgfgsooiebdsoned by
phosgene (3 nmL of 20% solution in-toluene; 5.8 nrnol). The reaction was
stirred for one additional hour then warnmed to room tenperature, poured
onto a heterogeneous solution of 75 rnL ter and 150 nL ethyl acetate.
The m xture was then filtered and the phaSes separated. The aqueous 15
phase was re-extracted twi,ce with 150 nL ethyl acetate. The conbi ned et hyl
acetate extracts were concentrated Exemple 64duced pressure. The residue was
stirred with 3_ uum
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4-chl oro- 2- et hyl t hi opyrim din < X (1450 g, 6.23 nmole) (Aldrich
Chem cal Co., M| waukee, Wsconsin, USA)f(in 87 nmL of 10 tetrahydrofuran
was cooled to 5-100 C and treated sIova yHwith a mixture of 2407 nL of a

37% sokuti on of %qqonl hy.dr Arie amne, After
stirri %g for 16 hours, e‘%roe f?qgﬁh%r%??mf %’s“”ﬁ‘?fl}ﬂ’g’ SEPUIPAT i n vacua t o
appr oxi rratelryetBJLthaapsdnfmdmer ed. The filter cake was washed with hexanes and

dried in a vacuum oven at 60-65C. The filtrate was ev&Por at ed under
reduced pressure 15 to give 1314 g (94% of ethyl
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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.



white solid. mp.130.1-130.7C. 65.2 Preparation of ethyl 21 April 2004
4-{{(2-chl or ophenyl ) 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 WOMH2HE22- net hyl t hi opyri m di ne-5-carboxyl ate ( 13dfgrechosksnol 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 mxture wasjgaised to 120 C and stirred for 14
25 hours. Heating was stopped and slow cooling to 110 C was begun. \Wen 21
April 2004 WO 01/2902% PCT/_EPOO’éOO 8 115 crystallization began, _slow
addition of 525644 efTRRATAtRA S -@&mh@%&?wﬁéhﬂ@wéﬁadrkxdzwmﬁdowhe

m xture was @@jﬁﬂnﬁgn&(pg{paﬁfi | tered. The cake was washed wth ethyl
acetate and was placed in_a vacuum oven and dried for 10-12 hours at 60 to

80 Cto give 1895g (90. 79%Iaferbyl 4-{[(2-cl al or opheny!l Fdsinoh_ 5
car bonyl am no} - 2- net hyl t hi op di ne-5-car boxyl ate, m p. 177 72.6 C.
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2- et hyl t hi opyr¥m d - 5¥car boxyl ate (1,000 g,%.?é\lm)llﬂ) i@ 4.7 L
anhydrous tetrahydrofuran, at -25C under nitrogen, wasHqadded a 1.0 M
solution of lithium alumniumhydride in tetrahydro%lg_ n 612, 730 nmL, 3.19
nol e) over a 3 hour period. 15 The resulting yell ow h%’g% dous sol ution

was held at -25C.for.an, additional, 4 Ny t hen al,l owed to rmto 0OC
over the next 90 ¢ ﬁ'lftreedss.c’ﬂ%pf'c‘%ﬁ%ﬂ v?’log of;’% v O?é’glgmta%fnoﬁeéﬁ“ﬁ%ﬁg ester.
Thé sél ut i onmine2-triethylthioppriddine (1.0 g24St mrmob)dn 200 mIMRewdigidrefusans al t
sol ution ( [ i eth cetate. The.pool ed. éextracts,
cont ai ni ngag%sagéﬁdeg ﬂlsif]s'oli ﬁfgf‘g’r’%ﬁ%ﬁv’%ﬁ%d@ﬁ ?0%9\%?%‘” otﬁlgﬁ %ded and
, dropwise with a solution of phosgene (14.2 mL of 20% solution 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
mi, 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



20 filtered. The yellow solid was washed with hexanes then gqisggl bghaacuo
at 60Cto give 69.3% (617 g) of
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were added to the mxture over 1 ng was. continued for 4
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A solution of ethyl 4-chloro-2-methylthiopyrimidine-5-carboxylate (1450 g,
6.23 mole) (Aldrich Chemical Co., Milwaukee, Wisconsin, USA) in 2987 mL of
10 tetrahydrofuran was cooled to 5-109 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
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



pyrrolidi none was added 136 nL hexanet hyl di sil azane. The m t,qj( | Y@y 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 aWO®1R%ER2for 2 hours and filtered. The filters wa@EEsbliessed 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-methyl thio-3,4 Cl 124 April 2004 WO 01129042 117

PCT/ EPOO/ 10088 di hydr opyri m do[ 4, 5-d] pyri m di n- 2(1H) one (sulfide 10.1) as

an off-white sqolid. 08) A rel ted conmpou

7-met hyl t hicﬁf"@ﬁ&“’f‘ﬂ%b?ﬁﬁpyﬁo@ addigpp gg’é{’(ﬁcstafeﬁoﬁl?ﬁtﬁ@/ﬁem di n-2(1H)-one
(Isulfldfe %Q tamz&ﬁ%nmammme%edw%wmggm@eg t[ﬁkﬂ%bv&%@?ﬁ?ﬂ% ello g

pl ace o C phen isocyanaje in step ove ul i

Exanpl e 66 “ﬂgt%‘{*ﬁ GPéaﬁéﬁfaFe‘i P AW QY H}ﬂ/ﬁ"f@ far }-h3 Bees gt ﬁf}n dol4
5-dI pyri r niteBof-C & dike musF(sbfh ﬁ@bdﬁf@ 111{{02 AlsrdpRapBaRmopd 3-

(2-chl orophenyl) 7- met hy th|o ydrop rimdo 15

[ 4, 5-¥] pyr icboaylampol ) atg, m-BA7H3-1736 °€hl or of or m was
cooled in ice and treated W|th 70%3 chI or oper benzoic acid (9.8 g, 39.8
nmml ). The mxture was stirred at roomtenperature for 2 hours, then

treated tw ce wi6bi3 1Fdeparativh OIﬁ%czképJ@bawfkmdndﬂNt[m(bﬁhb@meduéh& left to
stir for 3%&3}?1% Jﬂ%’ﬁ@%ﬁ%’%&‘ s diluted with 400 nmiL di chl or oxnet hane

and the phase separa e organi c phase was washed with a
sat ur at ed aqueous | ution_of sodi um bi carbonate and then dried over

magnesi um sul f H t éred. Concentration of rat e under
reduced press/Ll\ ave-a SO|I WhICh was sti rred tH et acet fe,

T .
O
10
To a stirred suspension of ethyl 4-{ [(2—chlorophenyl)amino]carbonylamino}?

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
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.



21 April 2004 WO 01/29042 PCT/ EPOQ 10088 118 5 10 then filtgﬁqqxﬁgo@ive 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+ = 3o%dokzsmpl e 6 Conpound 4-19 This exanpl e ill ust nat@spobhfoss

preparation of 3-(2-chlorophenyl)-7-(4-

hydr oxynet hyl cycl ohex) | am no) - 3, 4-di hydropyri m do [ 4, 5-d] pyrim di n-2(1H) -

one. H O H Sulfone 11.1 (350 ng, 1.04 | ) was conbi ned with 4-am no-

cycl ohexyl met hanol (1:lcis/trans) (400 , 3.3 mmol) (prepared as descri bed

in ChemBer.; GE 96; 1963, 2377-2386) with 0.3 nL of

1- net hyl - 2- pyr r ob%-di nBreparatién daft{€2-chilorophreayliasiriapdN-¢6 (fabmbRtHyljr2-2 hour s at

which time | e t tenperature. The reaction mxture was

added to mab%yﬁgﬁﬁﬁgﬁ%ﬁggf%ﬁﬁﬁﬁgﬁwg ﬁyl acetate, washed with water, dried,

and concentr at egA QQO. The residue was purif] col um
|

chromat ogr aphy ¢n iha Eel ¢ging 10: 90 _met hanof di| hl &o- net

el uant _ The cg cti fns dontai ning theé pr ke e cc&h ated 20 to
a foam whi ch faas resus\gﬁﬁde ¥ et hanol . Addi fi on' of ‘ aci d
(1.OM Et 20, 1. 0 equi val ot) 08 a salt which s filtereff to t he

O

hydrochl oride salt of

o el opur + mt dof 3 GBS R ppraidisg 042 110
PCTI EF00/ 10688 cibaxamhide 63363 g) was mixed with 8L of tetrahydrofuran and mechanical

stirring begun under nitrogen. Then phosphorus tribromide (135 mL) in 800 mL

tetrahydrofuran were added to the mixture over 15 minutes. Stirring was continued
for 4 hours, at which time the reaction was stopped and filtered. The filter cake was

washed once with tetrahydrofuran and dried overnight at 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
‘ 20
N
0

C
N= Br
I N7
2 W XX
10 r

15 Sulfide 10.1

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-



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(1 H) -onewoe129@2H Sul fone 11.1 (1.3 g, 3.75 mmol) was takeq/pefoiodset hy!
4-am no- 1- piperidi necarboxylate (3.7 nL, 21 rnnol) and heated to 120 C, at
whi ch 10 tenperature the initial suspension fully dissolved, then
reprecipitated into suspension 10 m nytes | ater. This secondary suspension
was heated at 150C for 1 hour, then coolfed to roomtenperature and poured
into water to forma_gumy mass- Wen stirred-with 50 nL ether, the gum
produced a WPFH@«%H@@PYIW%Z(E&]-ME (suMide A0 8s e f-adiitdsolidThe

remai ni ng gcéup, ytreated with 10-15 nL methanol 15 to forma white solid.
The conbi ne Ité solids totalled 0.685 g (1.59 mmvl), of which 30 ng
were submtted as the free base. Exanple 69 Conpound 4-25 20 This exanple

illustrates the ! LS % -_-_g@'n_ cl pl | -__ani.;No) - 3-
(2-chl or ophenyl jpg&ﬁé%%?gropyr?lérh&%glﬂ?3%5 %@%ﬁ?gﬁﬁ@pﬁ%@%ne. 21 April
2004 WO 01/ Bgodlpynimidin-338)-ope Gudide 102) (M+14280TWERDEp 6D 88ng orthd-' N N

tolyl isocyanate in place of 2-chlorophenyl isocyanate in step 65.2 above.

Y
|
H

Sulfide 10.2

S
/

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,



NO HNH Sulfone 11.1 (196 ng, 0.579 nmmol) and 0.36 ¢ (3221rA}mpbéo4)f
trans-1,4 di am nocydohexane were dissolved in 5 nL of

1-net hyl - 2-pyrrolidinone. The reaction mxture was stirred at 80 C for 3
hours, coWwael/29e42en 30 nL of ethyl 5 acetate and 30 nlL of peEiseMbiss added.
The organic | ayer was separated and the aqueous |ayer was re-extracted
with 30 nL of dichloronethane. The conbined organic |ayers were
concentrated in vacuo and the crude liq 8d formed a white precipitate upon
standing. The solids were filtered and shed with ethyl acetate to give
28 rug (13% of the title cor;pound as a white powder, mp. >300 C. The 10

product was theaifibtaredpo igive ity ot 3atlathdor-phehyl )k 2atebylnilfonyl-E3/ Et 20 to formt he

hydrochl ori -0f: N Y T _ . .

7-(trans-4- g%\’(ﬁ%k’%%ﬁ%%’lsaﬂfﬁog %n(z éugP] °GF (g‘cio"%fé’ﬁﬁ Il)l'-lé?sﬁ wﬁﬂtﬁ?&‘%%% do
[4,5-d] pyrF@b#in-2 (IH)-one as a white powder. 15 d] pyrimdin-2 (1H)-one.
a"' -" C Exanple 70 Conpound 4-26 This exanple illustrates the '

preparation of 3-(2-chlorophenyl) -7- [ trans-4- _
(N, N- & net hyl sul f anoyl ami do) cycl ohekxdmple63] - 3, 4- di hydropyrimido [4,5

H'l,- K NLCS M3 1,0.-,Si M3 9313 H2 HN. NCHHNNCHOOs 0O
3 20 To a solution of 7-(trans-4- ér%grgocyc %%%Ixyl am no) - 3- (2-chl orophenyl ) -1
din-2

[ 2-(trimethyl siTisexanple dinstateythe prépatatibohofB-(Pyhloraptenyit754d] pyri i
(I'H) - one Nyyiroxymethyleyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-

one.
C'\/© | cl
N7 N H. @
. I/I\ O/\O\ N/\I\
\‘é’j\uf N’&o — NJl\N/ N’J§
| H H

N
] @]
0]

10

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.

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.



L-- NN N21 April 2004 WO 01/29042 PCT/ EPOO/ 10088 1212(131%0 0-632
nmol )" (prepared as described in Exanple 87) in 20 nL of dichl oronethane
were added triethylaniine (0.10 nL, 0.72 nmol) and a sol ution of

di met hy| SkiOam#9d42chl oride (0.12 g, 0.84 nmmol) in 5 nL of ®Ceikbaywest hane.
The reaction mxture was refluxed for 18 hours, cool ed, then concentrated
in vacuo. 5 Purification by chromatography using 5% net hanol |

di chl oronet hane as eluant gave 271 ngy é % of

3-(2-chl orophenyl)-7-[trans-4-(N, N-di ne %yl sul f am oyl -

a. mdo) cycl ohexylamno ] -1- [2-(trimethylsilyl)ethoxynmethyl] -3, 4-dihydro-
pyri m do[ 4, 5-d] pyri m di n-2(1H) - one &anﬂlﬁ&te foam (MH} = 610,

m p. 106. 5-110. 0 0C) 10 The

3- ( 2- chl or ophenyi ) - 7- [trans 4- (NI\I-CJ’ r%tlﬁldl su?f anoyl am do) - cycl ohexyl am no
] I 2- (trinEkifgxanp 9llbuseﬂmstgem§cwauqn of3-(2-chlhyephemyg)}-7rlldo [ 4, 5-

ﬂLFK;hQ BN A R s 2 A T R R TR R

react Pon mi3db®nes was stirred at 50 C and nonitored by TLC (5%

met hanol / di chl or onet hang) The reaction tenperature was r, |sed to 85 C for
3 hours, and the reacti on ure was concentrated in va e resul ting
341

suspensi on was f| e a white solid, Whl ) : with ethyl
acetate to gi 5 ( 9% of t he hydr chlor It| oN
3-(2-chl oroph -4 (N N di et hyl - sul Mk}:) ycl ohexyl 20

am no] -3, 4-di hy

opyr m do[ 4, 5-d] pyri m di n- 2(1H) ne asll_g ite powder.
Exanple 71 Conpound 4- 24 This exanple illustrat he preparation of
3-(2-chl or ophenyl) 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
Cempound 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.



25 X
7- (1, 4-di oxaspiro[ 4. 5] dec- 8-yl am n6) - 3, 4-di hydr opyri m doJ 4, ?cﬁ%%?on% di n-

2(1H) -one. 21 April 2004 WD 01/29042 122 QJ J. S NO H3C H PCT/ EPOO 10088
Sul fone 1WQ@0{/29082g) 13 mmol ) was conbi ned with 1, 4-di oxasgrieped/1adsgec- 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 tinme it was coole L 0 room tenperature, diluted with
ethyl acetate and water, and filtered 10 give an off-white solid. IM
hydrochloric acid in diethyl ether was added to a slurry of the product

(0.12 g, 0.29 mml) in mef . and the resulting soluti@
due was taken up in net hanolﬁ
iy flash chromat ogr aphyN© NNTC el using 2%

concentrated in vacuo, The r
di chl or onet hanFI ﬁndeu fINd
et ahg)ras etTamt—to 3yt ve thhe p’u.r ]tijge conpound as
; ro@hl ic acid in diethyl etflerMwad¥added to a slurry

10 rnet hanol /d
the free base.

of the product in nethaHol. The resulting sol utiemnwas ¢pncentrated under
a streamof nitrogen, then punped under reduced dssure to give 80 ng of
t he hydrochloride salt of the 3-(2-chlorophenyl)-7-(1, 4-dioxaspiro [4.5]
dec- 8-yl am no) - 3, 4- di hydropyri ani do 15 [4, 5-d] - pyrii] di n-2(1H) -one as a
yel |l ow solid. Exanple 72 Conpound 4-23 This exanple illustrates the
preparation of Sulfenediilofl8ptngnQ.67% ihnjol) andH.389 (32 mmol) of trans-1,4-

L P AN s, i e

reaction mixture was stirred at 80 °C for 3 hours, cooled, then 30 mL of ethyl

5 acetate and 30 mL of water were added. The organic layer was separated and the
aqueous layer was re-extracted with 30 mL of dichloromethane. The combined
organic layers were concentrated in vacuo and the crude liquid formed a white
precipitate upon standing. The solids were filtered and washed with ethyl acetate to
give 28 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 &
Y CHy 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




NNN -N"OJ, H A mxture of
3-(2-chl orophenyl) 7- (1, 4-di oxaspiro[ 4. 5] dec- 8-yl am no) - 3, 421 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 bedWR@zpi4e 71) in 1:1 tetrahydrofuranl 3N aqueous hych/pedeliosgsc aci d
was 5 stirred at roomtenperature-overnight. The reaction m xture was then
diluted with ethyl acetate and treated with saturated aqueous sodi um

bi carbonate. The layers were separateqy;and the aqueous |ayer extracted
with ethyl acetate. The organic |ayer 'was washed with brine; dried with
sodi um sulfate and concentrated under reduced pressure. The residue was

di ssol ved i(A1&meHRH3 mmal) (paeparedas described imExanplh 88 int20gulaphy on silica gel
using 2% aramﬂkbxumemaﬂ.@%éifadeau%&?{ YlaBefd @ ﬁ@&f%ﬁﬂ.&ngﬁ Rl élun-gg% ¢fractions

cont ai ni ng product were conbi ned and concentrate uced pressure

to a white Seehylspfamay] dhlerids @O0 1 8@4immolydn haobf dicdaiomethanef The/
hydr ochl or Ireacﬁsh%ﬁcﬂneiw% 2abLix&f BL1 8 HBYS, Jo'agegsa.'eh cweﬁ{}m&@év@gpcem rated

and punped under reduced pressure to give e pure

hydr oghl or i @@ﬁé%nqnwdgowzmﬂpévwﬁﬁw ngxblcxxgmeuheszwackwmno) 3, 4-
di hydr OPY! e ﬁbxﬂ’)’é%ﬂﬂzd&ﬂo:%{:hﬁli%})ﬂgnﬁés-@ ch: e %ﬁ%ﬁ n%%}( meg: L 2004

WO 01/ 2904 ST/ EP%E)/ 10088 1]mé{1 Eg*na

i |l ustrat e§-mc1 \i ﬂﬁg’)éﬁmztbifﬂ’r?@% difiydreyl ) - 7-
(trans-4-h &qmst &Hlﬂ‘i?ﬂj%néagb%ﬁé%ﬁ'm{-@“—%fb5 d] py“ mdin 5

2( 1H) - one. 1 Preparation ", d 10 Sul fone 11 1 (0.400 g, 1.18 mml)
was comnbi nc-{*’(‘ﬁ’\/\}q‘slwrS (%915&4 ami no-
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. .



cycl ohexanol (0.272 g, 2.36 mml) and 2- et hoxyet hyl et her (Zq. rflTbé 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 cWodmPEr aphy on silica gel using 9:1 dichl or onepbamedinbdzancl .
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. 203,,1. 0 equi val ent) gave the salt

whi ch di ssolved in the solvents. The solution was concentrated in vacuo to
a solid which was triturated in ether, filtered and dried to give 0.220 ¢
of 3-(2-chl orophenyl)-7-(trans-4-hydroxyeycl ohexyl 20

am no) - 3, 4- di bydr opyri m do[ 4, 5-d] pyri g-d

in-2(1H) -one. 21 ril 2004 WO
01/29042 125 73.2 Alterndtive Prepara S -N -NO H %& 10.1 OH
PCT/ EPOQ' 10088 A sol uti opQf _sul fide <l (700 g) iQ“
/I:\Dlorosucci ni m de

1- met hyl - 2- pyrrolidi none (30 m) wa onbi neld, Wi _Lh

(350 g) in 500mp1- “pyrrolidinone 5 and 48lg Wit éN, “@nd t he'ini xture
was stirred foO\5kholirsiat 25 C~To THIS S0 ut j«

A wasgadded
trans-4-am nocydoﬁex&hoN( 5g). The m xture was ted to 60 C for 12-26
hours, cool ed tc20-25 qj.land treated with 10500

) k- water. This m xture was
cooled to 5-8 Cand stirred for 2 hours- The sol@dGwvas col | ected by
filtration, washed with water, hex=es and dried 65 C in a vacuum oven
to provide 3-(254fne11.1 (4.6 g 13 mmol bined with 1,4-digxaspi .8

chl orophenyl) - 7-(t rngns- Z{ hf(’:lr o%%oy)cvlvgshcé)ﬂ é‘r’ﬁ’_ n“%‘t‘§:44‘318?‘%§59@p§39.“m3do[ 4,5-

d] pyri ni di n¥l2gming)(4dse 27 mwedlh(ptepartd oy desaibedin Example 8)iudbmlilhmethgl- on of

2’5 ga noli c hydyiaehlnabhs e AANREGhixRle WaShdA&R3B8 S olr@m@iﬁ,rg? Whid# Conmpound
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.



This exanple illustrates an alternative preparation of 7-(tr - r oxy-
cydohexyl am no) - 3-ort ho-tol yl -3, 4-di hydr opyri m do ﬁ%rﬁZWP
[4,5-d] pyrimdin-2(1H) -one. H Sulfide 102 OH 20 A solution of sulfide 10.2
(2 g) in WOAL230det hyl - 2- pyrrol i di none was combi ned wi t hPCI/EP00/10088

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 312l ution was added

trans- 4- am nocycl ohexanol (2.65g). The m xture was heated to 60 C for 48
hours, cooled to 20-25 C and treated with 10 rnL water. hrs mxture was

cool ed to 5C and stirredX hours The solid was col |

filtration, 5 washed . w th , hexanes and dried | vcu esolrd was
purified by flth N:ol| rmNch omat ogr aphy usi ngH95/ ,njgg\ 0

di chi or onet han eI uant to give 614

converted to t ydrochl oride salt by the act of ethereal hydrochloric
aci d/ et hyl acet oon 10 the free base. Exanple 75 Compound 4-15 Thi s
exanple illustrates the preparation of 3-(2-chl og)phenyl) 7-(trans- 15
4-fornyl oxycycl ohexyl am no) - 3, 4- di hydr opyr hni do[ 4, 5- d] pyri m di n- 2( 1H) - one.
O—l HN H A m xt urdemgfture of 3- 2—chlorophenyl) -7-(1,4-dioxaspiro[4.5]dec-8-ylamino)-3,4-

di ﬁ;z/d(r:g:ogi?ﬂﬂ%ﬁ*&zﬁ%{ﬁ%%?ﬁ@ﬁ%@@%&g%% l|3<£3’|-e}mr(eprepar ed as 20
descri bed ides pdaefirapSitiaquzond hydrachietic zaidewaat 60 C for

3 hoyrs, tstteré %9@%%1@,.. am éghgd%gg gégﬂttg%m%tfamsm%s

triturated ere rie
3-(2-chl or (gglﬁé ReAtate and treatedswith saturated aqueous sochum blcarbonate The layers

were separated, and the aqueous layer extracted with ethyl acetate. The organic

7-(trans-4- hydrox cyclo e am no)y=3-ortfo-tol yl - I
di hydr opyri m do -d] p¥tirni di n-2(1H) - one. TheuI tihg solid was

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.




f or myl oxycycl ohexyl am no) - 3, 4-di hydropyrim do [4,5-d] -pyri @1%}@{] é)&l
H) -one. 21 April 2004 WO 01/29042 PCT/ EPOQ 10088 127 Exanpl e npound
4-13 This exanple illustrates the preparation of 7-(trans-4-acetyl oxy-

cycl ohexyvadonzp48- (2- chl or ophenyl ) -3, 4-di hydropyri m do [pé&rar@db/degg i m di n-
5 2(1H) -one. ~N Sulfone 11.1 ; NH HN NNOHO A suspension of

3-(2-chl orophenyl)-7-(trans-4-hydroxycycl ohexyl ai ni no)

3, 4-di hydropyri m do[ 4, 5-d] pyri m din-2(1 K} ;one (400 ng, 1.07 mmol) (prepared -
as described in Exanple 73), acetic anhydride (0.3 nL, 3.2 mml) and
pyridine 10 (0.34 nL, 4.3 nrnol) in 5 nL dichloronethane was stirred at 25C
for 18 hours. The reaction m xture Examplei?3t ered and the precipitate was
washed with dichl oronmethane, drie nded in ethyl acetate.

Addi tion of hydrochloric acid (1. %ﬂ%@?ﬂ%ﬁipfﬁo equi val ent gave the salt

whi ch was filt er ddise¥ampld lustratesghedterpgiye prepafativheof3-R-chlotapliedd)sal-t  of

7-(trans-4-ac QX Eﬁgﬁg 5'.‘1‘1':5}9:))- > 33 . . _ o1
3-(2-chl orogﬁgilayl%%- § % [ ye(ﬁéggyrl m d%fﬂ{hggmpml%)[éian]fm@gﬁe. Exanpl e
77 Cohpounéd %anfhi s exanple illustrates the preparation of

3-(2-chl orophenyl)-7-(trans- 20

4- met hoxycar bonyl oxycycl ohexyl am no) - 3, 4- di hydropyri m do[ 4, 5-d] pyri m di n-
2(1H) - one. 21 Ap#Bil 2@eparation

CID Cl

H )@
o UL T OB @

W = —

S A | .

o
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.




WO 01/29042 128 OH PCT/ EP00110088 Y O CH3 O A suspension of21 April 2004
3-(2-chl orophenyl)-7-(trans-4-hydroxycydohexyl am no) -

4-di hydropyriinido[ 4, 5-d] pyrimdin-2(1H)-one (200 ng, 0.5 mmol ) (prepared
as descrwbadrprizExanpl e 73), and 4-di net hyl am nopyri di nep¢feRofigess0. 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 tr} precipitate was purified by
col um chromat ography on silica gel us]I 98: 2 di chl or omet hane/ net hanol
as eluant to obtain 30 ng of the title corrpound Addi ti on of hydrochloric
acid (1.OM Et 20,7320 AHernstimedneppragaue 10 the salt which was filtered and

dried to give 34 ng of the hydrochloride salt of 3- (2-chl orqﬁhi )-7-

(trans- 4- net hoxycarmgponyl oxycyclfohexyl a NEio)z 3| 4-di hydro- pyrimyd

[ 4, 5-d] pyrimdin- 2( ne 15 Exarrpl e L@ ound 4- ZNT
iIIustratesthl s ylamno) 3-
(2- chlorop - di hydropyr\\ 8 d] {pyrim d| é( Q?l) ne.

April 2004 PCT/ EPOQ/ £00388 129"HN N Sul f on HOH HN A

suspensi on of 3= (Zichl or ophenyl]) - 7- (tr'élns 4- hydr oxycy hexyl am no) -
3, 4-di hydr opyr sofigof{ods 5- d] pyri m di n-2(1H) -one (285 ng,pf. 77 mmol ) (prepared

A solution of sulfide 10.1 (700 g) in 1-methyl-2-pyrrolidinone (3000 mL) was

combined with N-chlorosuccinimide (350 g) in 500mL 1-methyl-2-pyrrolidinone
5 and 40g water, and the 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
00— o |
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



as described in Exanple 73) in 3 nL dichloronmethane was cool,gd ., i ce
bath, 5 and chl orosul fonyl -i socyanate (0.09 ni_, 1. 01 nmol) was Sdaed The
reactiion mxture was stirred at 25C for 18 hours, then treated with 0.5
mL wat er . Woha29bizphasi ¢ m xture was stirred for 8 hours, prriEpiefhegnd t he
precipitate was purified by colum chromatography on silica gel using 97:3
di chl oronet hane/ net hanol to obtain |l | Omg of the title conpound. Addition
of hydrochloric acid (1. OM Et20, 10 2. Q,gqui valent) 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 ophenydnd-(8} 25-giv4tgnd g thel mixthore Avabstitraaly/fivt biSdionrs2dt REIPCoMe.thik5 Exanpl e 79
Compound 4-22 This exanple i]lustra th reparati on of 3-

(> Bh or op B s GERG Ens AR AT e BE0) IB5 yanahass heatids) -3, 4-
di hydr opyr i gb @ofol 48 Botrs) cod¥edi 812012392 dnll t¥dhited With 10%RT ARdtér. THOOAAR.01/ 29042
PCT/ EPOQO' 10088 130 Sulfone 11.1 as N HN-N' N_~O H OH HN A suspensi on of
3- ( 2- chl or opisenykl 1q 570 amhsirdedfpd 2 baysy Thoswdidwanrbibated by filtration,

- 3, 4-dpLhyd im 4.5-d i m,di h-2( 1H) - 350 ,..0..94 | d

o oy I bR Waeed, SRSy A e B s GRE <O i TR, Lot D0 B
R 5d(exmm)m;rhbmdtog'rspigymmgh 95/5}aawmdith1dr6mthb' Thué/&mtm _olﬂlﬁuﬁit])c(.tilre wgs
stirre undader . ro t NDS eJ e 0] on wee e re t n was Iltere
and the pr egigbﬁq%g%glggﬁéﬁmﬁgly ’fyﬁycg‘?bfﬁﬁﬁ?b?f’éfaﬁﬁﬁ;é","‘ Yl"% and suspended
in et hlyl a;rﬁhﬁirepyrﬁdiﬂo' {%,M]p}_&inﬁh tyh QCII]!CI_II):-G):fei. (o} h&&e&ﬂlét(ndgsaigﬁageomﬁr@% EOO f
equl val ent \/ t,he .sa C was ter.e Lari [ |ve (0]
THe b s oot Y etlEri: vy the hekior et Bl Bidro e el Padllal o >0 M

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.



10 4- et hyl am nocar bonyl oxycycl ohexyl - am no) - 3, 4- di hydr opyrlzmpe)q %6’0 »-d] -
pyrimdin-2 (1H)-one. Exanple 80 Conpound 4-3 15 Th| s exanpl e , ustrates
t he preparation of 7-(3-carboxy-isopropyl am no) -

(2- chl or opeanazb42 3, 4- di hydr opyri m do 14, 5-d] pyrinidin-2 etTiPoor R

Sul fone 11.1 20 Sulfone 11.1 (1.0-g, 2.97 nmol) was conbined with 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 01{ 9042 131 PCTI EPOO/ 10088 tine it
was cooled to réomtenperature. The residue was purified by colum

chromat ography on silica gel using 10:1 dichloromnethanelrnethanol. The
colum fractions containi ng producExample7gé

7- (3-carbet ho) cy-i sopropyl am no) - ?ﬂ% da

chl orophenyl ) - 3, 4- di hydr opyri m do EF yrlnldln 2(1H) - one were conbi ned
5 and concentrat'EhllSmamBicdﬁwt@eﬁhs@kmmmmf?gotranfmqes’ﬂm-(0 500 g, 1.24

THZ)|4) m\AT/gIS) %IC% %\L}gter y fr@L‘?ﬂ}%& ﬂe so 1##%9%%%\(/\3505 5

conce#t r at lﬁiomcuotoa solid WhICh was trlturated in ethyl acetate for
1 hour, filtered and dried to give Ogft
7- (3-carboxy-i sopropyl am no) 3- (2 chFo yI) 3, 4-di hydropy 0[4 5 10

d] - pyrirnidin-2(1H)-one. 0. 0- 1855
Conpound 3- g' ’%1! xarpr_e,l us} at t prepar at|
1- benzyl - orophenyl

7-(trans- 4 hydr oxycycl ohex%’l\'am Mo) -I8, 4-Qii hydropyr*ﬁ'bh ddﬂ d] @/rl m di n-

2(1H)-one. 81.1 PreparatiopAQf 3-( Tehl or ophenyl ) - (trans 4-

t ent - but yl di net hyl -

si |yl oxy-cycl ohexyl ar ni no) -di hydropyrirnido[ jpyrim d| n 2(1H) - one.
HO 20

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.




A suspension of 3-(2-chlorophenyl)-7-(trans-4-hydroxycycl oh%yl ch w%
3, 4-di hydropyrirnido[4,5-d]pyrimdin-2(1H-one (1.86 g, 5 mml'%p P% epar ed
as described in Exanple 73) was conbined with tert-butyl di methyl silyl
chloride 28001249%29, 7 mmol) and imdazole (0.75 g, 11 mMOJr/kFbosiooss

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 1.88,4 of 3-(2 21 April 2004 WO

01/ 29042 132 PCT/ EPOQO 10088 -

chl orophenyl )-7-(trans-4-tent-butyl -di net hyl, siiyl oxyrycl ohexyl am no) -3, 4-

di hydr opyri m do[ 4, 5-d) pyri m di n- 2( 1THC,eges~m p. 289- 294C 81. €l ration of
1- benzyl - 3- (2- chl orophenyl ) -7-(trans- 4 -butyl 5

di et hyl si I yl oxycycl ohexyl am P AR opyr i m dof4ng: in-2(1H) -
one. Sodi umSufané 461 (44T 1% 60% oi"r—cﬁ'sper/iion ) /vgs added to a
suspensi on HN NZ SN X0 . HN” NS SN

of 3- (2-chl or ophenyl ) - 7- (t r aris- 4- t er H- but yl di et hyl &i | yl oxyt) r(ﬂ ohexyl -

am no) - 3, 4- di hydr opyri m do -dl pyrimdin-2(1H) 2y (486 mg, 1 nmml) in 10
1- met hyl - 2- pyrrol i di none, was stirred at roo perature for 25

m nutes- To this solution Was added benzyl brom &g (0.12 niL 1 nmol) and
stirred at room tenperaturegor 4 hours. The reacgiompym xture was added to
wat er and extracted wth ethyl acetate. The | ayers reCHyepar at ed, and the
organic |l ayer was washed with water, dried with nmagyesi um sul fate,

concentrated in vacuo. The residue was 15 purified by col um chronmat ography
usi ng 25: 75 acedsweepignabd-4-chlogephenyly-7gitres-4-hydroxycydohexylamino)-

benzyl - 3- (2 i gﬁﬁmﬂ %ﬁ-ﬂ-ﬁr a - i = shl | ohexyl -
am n)c/))-3, Eli@ihy rcgp ri zr?btfj%sﬁl‘,] -d 513? ?%ﬁ&%gﬁﬁ@%?h@%ﬁgﬁ%ﬂgl Apr?ll
2004 HO 1- ﬂ#@@@@wiﬂﬁmﬁyﬁ@%th@%m &k&-5 mg QL% meld By | si | yl oxy-
5 cydghexy| @ifaRRirofhrdn Haddedlein ah Rt Ditdiipiotaboaaé i ndhe was

di ssol ved ipn_ tetrahydrofuran, and tetrabutylanmoni oum fluoride (1.0
M t et rahydr%?@?’%‘i was a@%@i@ﬁmyﬁd@é@aﬂéf@d&hw- Mbgt ur e was

stirred at fepai8r WiiTRferéd R the preciftalOlspurified bR esiafnt Brdih®Eraphybhact ed
with ethyl :i\lcl:etae{e,, drlegjcmth gne5|ut£r}m . :
silica gel using 98:2 oromethane/ 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.



sul fate, and concentrated in vacuo. The residue was purifi e%%

chromat ography on silica gel in 90:10 dichl oronet hane/ net hanol s e ant

- The colum fractions containing the product were conbi ned and concentrated
in vacuo Wod1gpas@ the title conpound. The product was suspenseeh/ionss

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 5§iltered and dried to give 130 ng
of the hydrochloride salt of 1-benzyl - % (2-

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% g42 133 PCT/EPOO/l(IU 3

Preparation of | -benzyl-3-(2-chl Oroph -7-(trans-4-

hydr oxycycl ghexyl - am no) - 3, 4-igh" iy v -0o( 4, 5-d] -one
Exanpl e 82 Se#fsotiell 3755>Thi rrpl e i || usTTaTes the rep ration of
3-(2-chl orophenyl ) - 7- (tranBN cl ohexyl aiq t hyl - 3, 4-

di hydropyri rnido [4,5-d] pyrl m din-2(1H) -one. Z1 Apri I H2004 WO 01/ 29042
134 HO PCT/ EPO0O/ 10088 11
3-(2-Chl orophenyl )-7-(tra t ent - but yl di met hyl gl oxycycl ohexyl - am no) -

3, 4-di hydropyri m do[ 4, 5-d] pgri m di n-2(1H) -one (48§ ng, 1.0 rmmol) (prepared
as described in Exanpl e 81gHwas suspended in 1-mg hyl2- pyrrolidinone (7
inL), and 5 to this was added sodi um hydride (44 rrg\,[(l. mmol (60% oi |

di spersion)). The reaction mxture was stirred at omtenperature for 25

mnutes. To this sol uti
A suspens}on 0?3 “(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-

3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (285 mg, 0.77 mmol) (prepared
as described in Example 73) in 3 mL dichloromethane was cooled in an ice bath,

5 and chlorosulfonyl-isocyanate (0.09 mL, 1.01 mmol) was added. The reactiion
mixture was stirred at 25°C for 18 hours, then treated with 0.5 mL water. The
biphasic mixture was stirred for 8 hours, filtered and the precipitate was purified by

column chromatography on silica gel using 97:3 dichloromethane/methanol to
obtain 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—(tmns~4-carbamoyléxycyclohexylamino)-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.



was added i odoacetonitrile (0.167 ng, 1.0 mml) and stlrred2qt rﬁﬁé@#
tenperature for 4 hours. The reaction m xture was added to Wathe

extracted with ethyl acetate, washed with water, dried over magnesi um

sul f at e, WEd1R¥EPOr at ed under 10 reduced pressure to gi vepe®rPod/goddhe Oil
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 evapor at ed under reduced rgssure to give 510 ng of

3-(2-chl orophenyl )-7-(trans-4-tent-butyldi methyl -silyl oxycycl ohexyl am no) -1
- cyanonet hyl - 3, 4- dlhydropyr|n1d0[4 5- d]pyr|n1d|n 2(1H) - one as a mhlte
solid. 15 (MrH)t 527, m p. 100.2-148. ¢

3-(2- chlorophenyl) 7-(trans-4-tert-buty et hyl si | yl oxy-

cydohexyl am anomet hyl Aerdl Tyl rdg r|n1d0[4N ' n-2(1FD-
one (510 nm, 1) maiigyg§o vedlin téTTﬁﬁyd ag, ard tetrabutyl 20
anmoni un quorlde (L.OMin E N 1. ecllvalent)H_ d . “bhe reaction

nperature for 12 hofrs, added to water,

m Xture was stirred at roo
* 135 with ethyl acetate,

extracted 21 April 2004
dried over magnesi um sul fa and evapor at ed undg educed pressure to
give the title conpound as oil. This residue wh di'Jrified by col umm
chromat ography on silica gelo"b5| ng 90: 10 dichl or met hanol as el uant
The fractions containing the product were evaporatied in®vacuo to give 249
ng of 3-(2 5

cbl or ophenyl ) - A fuspanionio wdﬁmphém)exxtmﬁmmwmscy efgeizmdoﬁ 4-

LS P e e e
3- (2- chl or apHdesnyibgd abave lizaﬂﬁample 73)in3mL d.lchloromethane was treated with 1 mL

4- hygésriﬁxg%gggﬁﬁh? no)- n@gpgxgcarﬁo ﬁ%ﬂ 3, eQE£¥8£%8¥£'£)dO [ 4, 5-
( t rans- 4-t enﬂregmtaydndsphztdﬂﬂoh‘ oht whdx)?ﬁ;&&b(d&@ﬁﬂaalﬁ[&ﬂé& ahd the preap1tate

3, 4~y ar QL 0k ek DT e Q00 63 2 Pacefard DA T €P2" €0

2 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

¢ c Ci
) N/j:\ o N N: :
| : J 1 T
H H H H
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



described in Exanple 81) was suspended in 1-nethyl-2-pyrrol izin”%PE (%115 m),
and sodium hydride (88 ng, 2.2 mmol (60% oil dispersion)) Wwas padd% . The
reaction mxture was stirred at roomtenperature for 30 m nutes, nethyl

br onpacet¥0@12®420. 190 nl, 2 mmvl) was added. The m xt ur ereEEP®Itoossed 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 magnesiumsulfate, and evapggpted under reduced pressure. The
residue was purified by colum chromatography on silica gel using 70:30
hexane/ acetone, as el uant. The fractions containing the product were

conbi ned arfimeirxs copleditorhasytempedtnied The esiipe avas pugfichbncolumy of 3-

(2- chl or ophgpyhitographi bR Sz Rfihg 0:1 dichloromethane/methanol. The column

but yl di met ht%:,ql si | yFoxycycl oheq%/I am no;i- 1- met hoxycar bony]| net h(ﬁl -3, 4-
di hydr opyr ifactien§ eontaiging pyedud et 2(rpbethexgisoprapyiaiame - ((M-H) * 560,
m p. 165. 7- 4-dihydropyrimido{4,5-d]-pyrimidin-2(1H)-one were combined
3-(2-chl ors)%gogﬁ%e)n}g%(t,r ar?s-f—tent_-[gut ]I gl net hyl (i I ) | oxycycl opexyl 10

ami no¥- 1- randinBsspeRRtesanyeme iy sohd 4L 1] gy Jhs 14 a,léﬁd'j'mo)was

pyri m di n- 2fddobved BmeBoldisgtitl onest sbdiubEiydrbyide of.08 AN . 2NEmol) and

t et rabut yl anmoni un_f 1l uor.i de(1. . 0 .equi val ents) was .added, and stirred
at room t erfRiFEIRE) g8 ﬂff“ﬁl‘b‘ﬂ’roi\‘/!t- %PésolPBaEF‘T“E)FPI}FF&W inpcuafed to wat er,

exg ract eg vgoga u@ﬁéwas&ﬁﬁ.{_lx_'ﬁ&@in &hﬂg&@etﬂietf@r:LlS H&ﬂﬂ_ﬁ?@:ﬂéglaﬁ& Hﬁa}.a.a) giddglaevapor at ed
under reduce ressure., The resjdye urified, by. coluym

chr omat ogr eﬂa‘]’ﬁﬁ@n%"?Wc’@@éPYlﬂ‘émﬁ’g'?’Q&? ‘%éo’d’ip mﬂ)—éﬁé@lﬁéﬁepmwﬁ%zﬁm as

el uagp The J]L } zgmt@ﬁéntmwuwﬁpmqqo_omgsas@nbi ned and evaporated
under reduced pressure to give the title conpound as a foam This product

was di ssolved in nethanol, and hydrochloric acid (1.0OM | A equivalent) was
added, stirred for 30 m nutes and %@isgd under reduced pressure. The 20
residue was stirred with methanol et hyl Sth r, for 4 hours, filtered and
dried to give 294 ng of Compound 3

3- (2- chl or ophenythis éraphpleMstfatbytile proparaondF Y REEA®- (2L chlorophenyl)-
nmet hoxycar bonyl - mehh | -3, 4- di hydr.opyri rgﬂtljo- [4, 5; d{ E)Q’I m dj n-2(1H)-one as
a whtte sof-(Gansoshy pgeJ@]émm -3,4-dihydropynmidoi4, X Jpyrimidin-

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 g @
L O
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-



Compound 3-53 This exanple illustrates the preparation of 21 April 2004
3-(2-chl orophenyl) - _
7-(trans-47hydroxycyclohexylanino)-l-hydroxycarbonylnethyl-3,4-

di hydr opywiond1¢#80424, 5-d] -pyri m din-2(1H)-one. 21 April 20@¢Dipodided9042 137
PCT/ EPOO/ 10088 The

3-(2- chlorophenyl) 7-(trans-4- hydroxycyclohexylanrno) 1- met hoxy- N

car bonyl net hyl - 3, 4- di hydr opyri m do[ 4, 5-@},- pyri m di n-2(1H)-one (395 ny, 0.88
5 mol) (prepared as described in Exanpl’é€ 83) was suspended in ethanol (5
m.) and to_this was added a solution of aqueous sodi um hydroxide (0.85 nL

1. 037N, 0. gdlgraphenylriétrersttartbutyl-dimathylsitdoxycidotedylaminaedrt enper at ur €
for 72 hour r d duced [e to give the title
conpound as‘ﬁhay *BW@Q d?%ﬁ“%“@“ \%@S}&gﬂ’?’r’:ﬁd’%sﬁ'sézrﬁ xture of

met hanol / di et hyl ether for 2 hours, filtered, and 10 dried to give 327 ng
Pydr oxycar bony| Hathy 74 S AR b b ane s o
whi t e5sol i dizm&ﬁyﬁlﬁm@b&bﬁExykﬁaﬂ@)@ﬂﬂdiz@rdﬂﬁ)ﬁ:ﬂmﬁo[@ﬁ&[@bﬂmhdzh%lﬂ RbRS the
preparation of 3-(2-cblorophenyl)-7-(trans-

4- hydr oxycycl ohexyl am no) - 1- ( 2- hydr oxyet hyl})- 3, 4- di hydropyri mdo [4,5-d] -
pyrimdin-2 ( <one. 20 85.1 Preparation ¢f

1-(2-triisopropyl silyloxyethyl ) chlor np-henyl)
7-(trans-4- teru-butyldrnethylsrly

fcycl o am no drpyrr m do[ 4
, 5- d] pyri m di *iiitﬂ-o BT A, 004 WO 904 1 00 10088
| e
NP

Sodium hydride (44 mg, 1.1 mmol {(60% oil dispersion)) was added to a
suspension of 3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxycyclohexyl-
amino)-3,4-dihydropyrimido{4,5-d} pyrimidin-2(1H)-one (486 mg, 1 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.



NOH~-0l *" Y~ Sodium hydride (44 ng 1.1 mml (60% oil dlS@ﬁQﬁh@Qéé4wﬁs
added to a suspension of

3-(2-chl orophenyl)-7-(trans-4-tert-butyl di met hyl silyl oxycycl ohexyl -

am no) - 3WP &394 opyri m do[ 4, 5-d] pyri m di n- 2(1H) - one (48&amgEkprod/iésgmol ) 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 nmol);y@As added, and the reaction mxture
stirred at room tenperature for 4 hours The sol ution was added to water
and extracted with ethyl acetate, washed with water, dried over magnesi um

sul fate, and ev&pdr afedaabqeef &'@%ﬁ@l’t{%ﬂhlﬁf*’éé@w)@{’@my‘r‘ﬁre the silyl
proctect ed hya}ro%rmmeeﬁf‘anﬁﬁa)amqmydr Pgﬁnﬁam L8, WBRidiREI )&, by col um

chr omat ogr aphy on sil’ica gel wusing 75 acet Orie/ hexane as eluant and the
fractions con i ng the product and evaporated under reduced pressure to

give 604 ng of Y-(2-trii soprop}él si |l yl oxyet hyl)-3-(2-chl orgphenyl) 7-
(trans-4- tert—km-t—yl di met hyl \;‘ydohexyl am no) -3, 4 dfj@- pyri m do

[4,5- 15 d]pyrldndn2(1 : O OI|H +68 04 WO
01/29042 t IL N
1-(2- Tr||sopropy Y 3(2 chl or 4tert- 5

but yl di net hyl si yI oxycydoﬁ]exy am o) 3 Z-ai hydropyr| m do -d] pyrimdin
2(1H)-one (604 ng, 0.88 m was dissolved in tetr ofuran

Tet r abut yl amoni um f | uor (LOMin tetrahydrofura s added to the
reaction mxture, and st _red at roomtenperature f 12 hours. The

sol ution vas aqqed h%.(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxy-
t 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 acétate, 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.




wat er and extracted with ethyl acetate, dried over nagnesiughgg; 34&, 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 onWMaH042and the fractions containing the product mermerooqoszent r at ed
In vacua to give 145 ny of

1- (2- hydroxyet hyl) - 3-( 2- chloropherlyl) 7-(trans-

4- hydr oxycycl ohexyl - anmi no) - 3, 4- di hydr opyg4 m do[ 4, 5-d] pyri m di n-2(1H) - one as
15 a foam Exanple 86 Conmpound 3-52 Thi's exanple illustrates the
preparation of 3-(2-chlorophenyl)-7-(trans-4- 20

hydr o) ccycl ohexyl am no) - 1- phenyl - 3, 4- di hydrjopyri m doJ[ 4, 5- d]pyr|n1d|n 2(1H) -
one. 139 PCT/ 10088 85.2 Preparation o

1- (2- hydr oxyet hyl ) -3-(2-chl or oph - 7- (dgprs-

4- hydr oxy- cyclofexyl am no) - 3, 4- di ; pyri @ do[ 4, 5- de%¥ﬁﬂLd | H) - one.
21 April 2004 Q 9042 R 10088 140%86. 1 Pr¥p ethyl 4
phenyl am no- 2 xgkﬁzijrio yri di

Cl McS )~ N NHPh hyl 4-chl or G- 2ﬁ‘re

car box N> 912 1 CO2Et MeS N

| opyri m di ne-5-
carboxylate (15 g, 64.5 mmol )Hand aniline (12 nL, ,132 ) in 200 nmL of
acetonitrile was stirred at roomtenperature for 24 hollfs. The mixture was
t hen evaporated and ethyl acetate and 2M aqueou hydro&%loric acid were
added to the residue. The phases were sepatated and the organi c phase was
washed wi th aqueous hydrochloric aC|d dried pver sodi um sul f at e,

filtered and evaporat ed. *m g purified by trituation
with 1:3 ether/hexanes to 9’4 219}
b

f et hyl 4-phenyl am no- 2-
net hyl t hi o- pyrim di ne-5-car e solid, np 88.2 - 88.7 'C

86. 2 Preparation of 4- phenyl am no- 2- net h Lit hi opyri m d| ne- 5- met hanol

3-(2-Chlorophenyl)-7-(trans—4-tert—butyldimethylsﬂyloxycyciohexyl-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




COEt N15 2 N'Y CH2CH MeS N NHPh MeS N- -NHPh A sol ution gﬁigﬁﬁyé
4- phenyl am no- 2- net hyl t hi opyri m di ne-5-carboxylate (14.2 ¢ qd)

100 nL of tetrahydrofuran was added dropwi se to lithium alum nium hydride
(1.9 g) iWOB®29420f tetrahydrofuran at OC, at which tine PCEER@®/10088t ure 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 nL of waggr and 500 nlL of ethyl acetate. The
resulting suspension was filtered through a filter aid, and the filtrate
was concentr The roduct was filtered and washed with ether to give 7
g of 4- pheWﬁéﬁﬁ%ﬁkﬁ%mﬁ%ﬁﬁé‘gﬁwmwmtﬁénéfY@Pﬁé%Pﬂ% rgdugedgnt | y

col or ed_Solgdseufa a2 idddorio Siridld o481 THRORAINRAAZHABy BETEPCD) 10032

141 86.3 Preparation of4 en mn02 hylthio rlmdlne- -
car boxal derfg’g‘ém pﬁlh a' om)p/qpﬁthgng ¥nethanol as eluant. The

4- Phenyl am fe&uanmidmﬂdyﬁ@yfddﬁudw@eépsﬁ&mﬂ%amo gwea&g $agdl®fy-2-0f  was

(25 5. ooeHirophen e e R b S HP o aTORSIPESad thn
filtered, ajibydrBpyrihi dd{4at@~1?@memaz@ﬁ§1¢@,gas;hﬁlﬂ_e5| due was trituated with
f

1:3 et her/hexanes to give ©
4- phenyl am no- 2- met hyl t hi opyri m di ne- 5- car boxal dehyde as a white solid,

Example 83
_ Compound 3-49
10 . This example i]ﬁistrates the preparation of 3-(2-chlorophenyl)-7-(trans-
4-hydroxycyclohexylamino)-1-methoxycarbonylmethyl-3,4-dihydropyrimido{4,5-
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,




10 mp. 105.6-106.2 C. 86.4 Preparation of 5-(2-chlorophenyl )Igﬁ}'ring hyl - 4
phenyl am no-2- nethylthiopyrimdine ,.~~CHO UP, -N L 11 ~ ﬁH NHPh
McSN 15 A m xture of

4- phenyl arw@éu2oset hyl t hi opyri m di ne- 5- car boxal dehyde( 6. 4 peEg/Erfasibosgnol ), 3
mL of 2-chloroaniline, and 4-tol uenesulfonic acid (300 ng) in 150 nL of
tol uene was heated at reflux with the azeotropic renoval of water for 2.5
hours. The m xture was cool ed and filterlgg to give 6.6 g of solids. To this
solid in 50 nL of tetrahydrofuran was added 20 nlL of lithium alum nium
hydride solutigon 20 in 1M tetrahydrofuran. After stirring for 1.5 hours 1.2
nL of wat er dried pven megnesigny sulfaiei and ¢¥ppemeseddmdantedacadl priessute. Elieesidee e added

to the mixt ' ' LDy ' d and

washed w thCRUTELE) CMaR chliarSblphT b HEa e lhE /030 LherachbRE S 21

et her / hexanetu2pb Hhefeactons esmtgning theproduptiesry cymbined mptleydporated under

4- pheny! ani ' itensobifd, ., mp. 131.1- 131.5

c pzé”éfi\“p??‘?“"ﬁo Ef%%%‘?ﬁ%"“ﬁé—?ﬁéﬁ?@ﬁgﬁ?‘é@@%w ation of

3- (12- chi or optH Yﬂﬁﬂﬂoﬁw S’Wmiﬂixﬁ'm ethyir3.fi do f

4, 5-d] pyri magtydraiyHlid6,1,50 )Ny hbnddiNR1 Hy-Ghe as a white solid (M+H)" 560,
m.p.165.7-167.4°C.

The 3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxycyclohexyl-

10 amino)- l-metlloxycarbonylmethyl-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.



N MeS N NHPh Ph 5 A cool ed sol ution of 21 April 2004
5-(2-chl orophenyl ) am nonet hyl - 4- phenyl am no-2.. nethylthi opyri m Ine (6 Q)
and 5.2 nL of triethylamine in 75 nL of tetrahydrofuran was added dropw se
8.5 nL ofw@huzmgene (20% in toluene) in 35 nL, of tetrahydrotrenaonss The

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 wt ter and ethyl acetate. The
phases were separated and the organic ase was washed with brine, dried
over sodiumsulfate, filtered and evaporated. The crude product was

purified by colum chromat ogr@ph sing 10:45 ethyl acetatekl es as
23, 4-dihy&'P iy B yrimdin
36
2<" dN d\*

eluant to glve21 of 3-(2-

chl or ophenyl ) | t O}~

15 2(1H)-one as e lbolld lmp. 79.5.;.;&2 rlepakation of
3-(2-chl orophenyl) mét hanesf‘u Bnyl -1 phenyl - op¥rimdo f
4,5-d] pyrimdin- 2(IH) one00/MeS ~N N Q | PhTo o]

3-(2-chl orophenyl ) -7-met hyl i hi o- 1- phenyl - 3, 4- di hydr opyri m -

[4,5-d] pyrinidin-2(1H-one®2 g) in 20 nL of tetrahydrofu at 0C was
added a solution of 8.1 g of Oxone(r) in 24 nL of water. The m xture was

stirred for 5 u room era di lyted with ethyl_ acetate,
washed wit h brltl'g‘ég’ farq%iwoab@w o5 %ﬂgam ehexylaminelsd-metheisy apor at ed

t 2 &
PCC)JT /g IE \F/>80/ 1%&@:&&;@3@&&9&%@% o[ 2,3-APyrimid@04(1¥0- e (399 f, 0.88

met hahesul PHHSII) ](&reaﬁréﬂw deseribed Ry BB AabFHPeRdefiy Fibaneh (3R one,
mp. - 185. & fiB6wasadd88 a éolbtiePaf &jueOils sodium hydromde (0 85 mL 1.037N,

of 3- (2-chl phen nethanes fonyl.- | phenyl 4 5
di hydr opyr grﬁ% &?ﬁS)‘r&fﬁ “?(‘I“’H)mﬁrﬁ aggooan Gmperamre 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.



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 ohexamad of®o429 g) in 0.3 nlL of 1-nethyl-2-pyrrolidi noRgEseises ed at
1000C 10 for 2 hours. The m xture was cool ed, 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 the1 jtl e conpound, which was taken up
in 10 nL of ethanol. Hydrogen chloride as was bubbl ed through the
The resulting golids were filtered and washed with ether to give 15 100 ng
of the hydroc ride salt of 3-(2-chlorophe -7-(trans-4-
hydr oxycycl o /L ami no) - 1- phen$l 4 di hydrogyrirni do [4, 5- dpyaNmdin-2
anpl e 87 Corrpou- 28 Thig exanple ill ustt he
preparation of 2trans-4- 2t ha onpt ak-no)
cycl ohexyl am no ]
[2-(trinmethylsilyl)ethoxynmethyl]-3, 4-di hydropyrim do Cll)
[4,5-d] pyrimdin-2(1H)-one 21 April 2004 WO 01/290 / EPOO 10088 144 O
\l/Si
Sodium hydridé (44 mg 1.1 mmol (60% oil dispersion)) was added to a
amino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (486 mg, 1.0 mmol)
5 (prepared as described in Example 81) in 1-methyl-2-pyrrolidinone (7 mL), and

solution for 5 mnutes, concentrated, and treated with nethanol and ether.
(1H)- one. 20 -
hi n -
A-dl h ro%. m do—f#5-dl_ pyyi rHi dip- 2(1H) -one. 25
87.1 Preparation t rIiNsNA- a1 nBzydohexyl anmi no)< 3-{2- dhl oNophenyl ) -1 -
\JASd =N -NZON' "N -"NCOL S MH -0
suspension of 3-(2-chlorophenyl)-7-(¢rans-4-tert-butyldimethylsilyloxycyclohexyl-
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




O~ ~e3 NH2 To a solution of sulfone 11.1 (3.0 g, 8.87 )ad mL of
1-met hyl -2- pyrrolidi none was added 60% sodi um hydri de (3318@%9'6,@{8?%4 nmol
mneral oil). The reaction was stirreddfor 15 mnutes at roomtenperature
and t henVeO B1/290#3 et hyl si | yl ) et hoxy- met hyl chl ori de (1.5®grnxzpo8160ésnmol )
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-nethyl-2- pyrroisigdi none. The reaction was then
warmed to 60C for 24 hours. The reaction” was poured into brine and the

produgt extracted into ethyl acetate. The conbined 10 organic extracts were

washed with sat #oet edPrermretnn ¢ lc&bsnenethhd- (Redhlorophenild-(trawser magnesi um

sulfate, a 1R, W j; _ia(#g;‘n- W hl Purification

by chr omat d%?%ﬁﬁyﬁﬁﬁ%ﬁ%&%%’% %gﬁ?ﬁoﬂ}ﬁ%ﬁgﬁo ﬁgt ngg ?%\A%(%ﬁ) one

met hanol f di chl dr gnet hane as el uant gave 2.8 g of

7-(trans-4-am nfocycl ohexyl - am_no) - 3- (2-chl orophenyl )-1- ¢

[ 2- (trinethylsidigd ) et hoxynet hyl'| =8724%di hydro 15
1H.-ong. ad a p&og 502). 87.2

pyri m doJ 4, 5-d] rim di n- 0 S
Preparation 3- (ré)ﬂma )LL; trans- 4- han sul on’g}kam' no) -

cycl ohexyl am no | 1 f silyl) et hoxywret- & Rydropyrimdo f
4,5 dJpyrimdin-2(1 H>-one d¥, 200077~SiMe3 OSNH QIJCH3 0 - SiMe3 21
April 2004 WO 01/29042 PC}/ 10088 145 To a sol uti ongof

7-(trans-4-am nocycl oh apm no) - 3- (2- chl orophenyl ) - 1-g4 2- (tri met hyl si |l yl

) et hoxynet hyl ] -3,4-dihﬁgj§‘zrimdo [4,5-d] pyrimdin-2(1H)-one (500 ng,

Q

1.04 mol) in 5 nmL of diicl 3+ernethane were added triethylamne (0.29 nl,
0.207 nmmol ) and a sol utio of met hane sul fonic anhydride (0.2 g, 1.14

nrnol) 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
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.




51in 5 nL of dichloronmethane. The reaction m xture was St'”ﬁ%ﬁz&?
tenperature for 24 hours, diluted with ethyl acetate, and was

aqueous 10% sodi um bicarbonate. The organic extracts were concentrat ed in
vacuo, anavQuiszdized by chromatography using 2% net hanol / gicel¥res/ees 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 f onyl am no) cydohexyl am no] - 1-[ 2- (t rieﬂtét hyl si |l yl ) et hoxymnet hyI ]-3-,4-dihyd
ro- pyrimdo[4,5-d]pyriznidin-2(1H -on s a white foam (M+'= 581) 87.3
Preparation 3-(2-chlorophenyl)-7-[trans-4-(nethanesul fonyl am no) -

ycl ohexyl am no] 86.4- dPi'e?drranptyoﬁwﬁﬂ@{pﬂMﬁyQ—mﬂyﬂkﬁW;&%&-lS N H11%

N L~ N#4& }Fg ,-,,SIM3 "S.:NH 0 ICH3 0.S,NH OCH 3 To a solution
of the 3-(2- c’ﬁ?’g phenyl) 7- [trans 4- (et hanesulfonyl am no) -

cydohexyl am no]. [ 2= Elnyl silyl)et hoxyrre d gl hydropyri m do
[4,5- d] pyrimdi n-2(1 % (290 |n n1_| met hanol was added
4.0 nL 20 of 10% agya éliOCh|OI’IC aci d. Th Hﬂ,ture was
stirred at 40C for 24 hours, and was concentr d | Repeat ed

triturations of the colorless oil with ethyl acetate gave

3-(2-¢chl oropheny t esu onyl am no) cycl o-
hexyl no] - 3, 4- & gﬁ#‘ﬂrﬁ é'g‘Fr&’, “iﬁﬁ}? dinepcabrEyiatefi? &e sol i d
whi ch was CGLBﬁﬁhelglab&aﬂﬁﬁélwmﬁi|1132&im@101m2@%Loﬁﬁédtbm&@@%&édeﬁ9042 146

PCTI EPOO/ 10080%11 temperature for 24 hours. The mixture was then evaporated and ethyl acetate
and 2M aqueous hydrochloric acid were added to the residue. The phases were
separated and the organic phase was washed with aqueous hydrochloric acid, dried

10 over sodium sulfate, filtered and evaporated. The resulting solid was purified by
trituation with 1:3 ether/hexanes to give 14.2 g (64%) of ethyl 4-phenylamino-2-

methylthio-pyrimidine-5-carboxylate as a white solid, mp 88.2 - 88.7 °C.

86.2  Preparation of4~phenylamin0—2—methylthiopyrimidine—S—methanol

co g /ICH _OH
,L,I e
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.



TABLE | 7-Hydroxyal kyl am no- and 7-Hydroxycycl oa] kyl azni no- %th;;, %?43
1- met hyl - 3, 4-di hydr opyri m do4, 5-d] pyri m di n-2(1H) -one derivatives CpdR

.nip (C orMethod of M5 (&' )Preparation |-IHO-~ 334Exanple 2 1-2
H0348Exanwb€n1é9(ﬁh+3 1-3CH3 / 348Exanple 5 HO_ v) |-4 HO-258:-PrFsoasnise 2
255. 0C 1-5HO 364Exanple 2 HO 1-6HO'T"-j OH364Exanmple 2 1- 7H3C~( CH3 Hb6
362Exanpl e 2 1-8HO 362Exanple 2 H3C 21 April 2004 WO 01/29042

141

86.3 Prepara'tion of 4-phenylamino-2-methylthiopyrimidine-5-

carboxaldehyde
/j:CH ,OH N_/,ICHO
MeS/I\ NHPh MeSJQ'N NHPh
5 4-Phenylamino-2-methylthiopyrimidine-5-methanol (7 g, 28.3 mmol) of

was stirred in 130 mL of dichloromethane and treated with manganese dioxide (25
g, 289 mmol). The suspension was stirred for 7 hours and then filtered, and the
filtrate was evaporated. “The residue was 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




147 PCT/ EPOQ 10088 CpdRnp (C) or Method of M5 (M I}) Preparatibgn
H3C/ ~362Exanpl e 2 1- 10H3c~ O—|362Exarrpl e 2 1-11H3C HO378Exanpl

PetiL 2

1-12~~" 108- 130CExanple 3 H3C v '"OH OH 1-13w**- H3C199- 204C; Exanple 3 OH

OH378 1- 1WwotiGeddr~) 378Exanpl e 3 OH OH 1- 150H (376Exanmpl e 3chidPodriooss -

1-16CH --j 376Exanple 2 | H3C

10

15

20

25
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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

@

———— ~

’T\N MeS”™ N r;:’go
Ph

N
MeS NHPh

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
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-
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

J\/\/(\,&@ | MeSO; /L/\’L/\’Ezj

MeS

To 3-(2-ch]orophenyl)-7-methy1thio—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 -
solﬁtion 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
sodium sulfate, filtered, and evaporated to give 2 g of 3-(2-chlorophenyl)-7-

CH3



, 21 April 2004 WO 01129042 PCT/ EPOO/ 10088 148 CpdRmp (O Orm%&f
(M) Preparation 1-17 388Exanple 3 :: ;390Exanple 2 1-19CH & anp

1- 200H388Exanpl e 3 1-21C388Exanple 2 HO 1-22CH3 H3C390Exanple 2 HO 1-23H3C

CH3 390Exwmophee3d2 OH The | C50's of conpounds 1-1 through lpégmretdedg | N

vitro p38 assay were less than 10 pM 21 April 2004 WD 01/29042

PCT/ EPOQ' 10088 149 TABLE 2 7-Heterocyclylam no- and

7- Het erocycl yl al kyl am no- substituted

3, 4-di bydr opyri m do[ 4, 5-d] pyri m di n- 2( ilﬂI)”- one derivatives
methanesulfonyl-1-phenyl-3,4-dihydropyrimido[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

¢
@) N’ N

QLT — J\/I\A

/S N ¥ O I;I
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



R NNNO 5 R3 CpdRI R3R2R4np (C)Ex=ple M5 (MH) 2- 1CYCH32- O H4Q12 -
CH32- C1H4152 G 2- 3r N°~CH32- Cl H4022 O) 2-4CH,' 2-Cl H4172 O -gﬁéﬁ%@mmosz

, S Y~f 0 2-60 CH32-CIH:::: HL~ CH32-CIH 21 April 2004 WO 01/ 29042
PCT/ EPOO/w@Q8Re0i30 CpdRLR3R2R4Np ( C) Exanpl e PCT/EPO0/10088
144
0_?J\ A Myl
é of\/SIMe
NH,

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

8e e

H{ J\ ,& LN J\ #
@ 0/\/81Me @ o/\,SIMe
H ' 0 H
NH, \‘.:_;IS.\NH
o C}H3

20




MS (VH) 2- 8CH32- CH3H212. 6- 25 N~218. 9C 2- 9NCH32- CH3H253- 24%%@%}@4
2- 10H2- C1H36047 2- 110CH32- CH3H41052 N, 1- 12N 2- 12CH32- CH3H2 H C 4l
.N233.0C' S it 0 2-130HCH32- CH3H250- 257C27 ~N397 2- 140HCH32- CH3H195- 208C26
HO' f ~N42 Aw6 01/5Sa4B2- CH3H195- 28 N, : J208. 5C 406 N 2- 16y CH32p&HpbibABosk7 2C29

N, 410 2- 17CH32- Ol H41233 *~N
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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 glve 292 mg of 3-(2-chlorophenyl)-7-[trans-4-{methane-
10 sulfonylammo)cyclohexylammo] -1-[2-(trimethylsilyl)ethoxymethyl}-3,4-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

@]
e
N J\ /Kjg —_— H\Ni/N\IJ\/l’IJ\iO
H

L

Ox, NH O, _NH
//S “CH ,,S \

0 3 O CH,

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



N 21 April 2004 WO 01/29042 PCT/ EP00/ 10088 151 CpdRl R3R2R4rr@1(,%@@dg)|
(NM) 2-18CH32- CH3048731 NF i 2N H2N O 2- 19H2- O H210. 2- 57 H3&, " 21454C

N CH3458 2- 20CH32- CH3H241. 6- 30 O242. 1C 347 OCH3 2- 21FH2- O H260. 6-55 F
N261. 5C F wéB1/29022H2- CLH207. 2-56 No 207.7C N 412 2- 230H2- G20 R0@S

~N232. 2C H2N
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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

V5
No




430 2-24H2- C1H215-219C59 ~431 HO 2- 25H2- Cl CH3243. 2-50 243. 7@1'7%9! Eho4- 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 Gwdherdsdb0' s of conpounds 2-1 through 2-11, 2-13 gdy/pp@noesss24, and
2-28 in the in vitro p38 assay were less than 10 M TABLE 3

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- 2{47H) -one derivatives

Cpd R mp (°C) or Method of
MS (MH") Preparation
1-9, OH
362 Example 2
HeC % pe
1-10
HaC
_ ® /\Cl)/H\§ 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 e
HsC : 378 Example 3
OH OH
1-15 OH
376 Example 2
HoC : | pie
CHj4
1-16 OH
/\/[ 376 Example 2
HsC §




NI RN N-NNO1 1. R4 R3 CpdRI RBRZRANP (C)ExaMPl P Ot her qhagy biyy (M)
3- 1CH3- CHB2- Cl H183- 2352 H2N375 CH3 3- 2CH3CH32- CI H3752 H2N f ' "CH3
3- 31 CH33CH32- CH3H3552 ~ H2N- CHs 21 April 2004 WO 01/29042 PCT/ EP00110088

153 CpdR1RaReRMIR (C) Exanpl ¢ Qther than HVB (MH) 3- 49H3CH33:
H3C-N~/\ 3-50C1-132-C H3753 H CAN-~"-"-" 3 7‘590“%&82
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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
O\§ 388 Example 3
1-20 OH '

©s§ 388 Example 3
1-21
&§ 388 Example 2

HO
1.22 CHa
HoC 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.



H 3- 6H21VCH32- Cl H3872 3- 7OHCH33- Cl H3902 H3C 3- 8HX, CH32- CI H3632,rbona
3- 9HOCH32- 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 2WoMur98422004 WO 01/ 29042 PCT/ EP00/ 10088 154 CpdRpReRBRHMss

(O E=nple Cther than HVB (MH*) 3- 150HCH32- CH3H3562 H3C CH3 3- 16CH32- FH3723
of f 3-17CH32- CH3H3683
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TABIE 2
7-Heterocyclylamino- and 7-Heterocyclylalkylamino-substituted
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one derivatives

<t
N™ ™~ N
LA
o |

O
A 4 3
5 R R
Cpd R1 R3 Rz R4 mp (°C) Example
MS (MH™)
2-1 O/\/ CH, 2-Cl ' 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




OH 3-18CH CH32- FH3723 0 3- 190HCH32- CHBH3683 3- 20( Y~OHCH32- ChhiafRBady21CH3
C O ~/ 2- Cl H169. 7- 41 HO- J 175.1C ' H3C 464 O 3-22CH362- Cl H244- 40" 248 C
N417 3- 230HCH32- CH3H119. 8- 22 HO ,, 121. 8C CH3358 3- 24NH2CH32- Cl H3873 ( Dooo,
21 Apri| 0DdAMN01/ 29042 PCTI EP00110088 155 CpdR1R3R2RAMPCLErENaisE
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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

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 O/ CH; | 2-CH;, H 165-172°C 28
NN 410

2-17 ) O/ CH; . 2-C H 412 33
N’?\/N




Qher than HVS (M) 3-25NH2CHB2-OHBB73 326 ~2- CLIUTIS7 HOUMy 04
3-27H3C2- O HA7338 HOHBC V N, -~ 3- 28CHCH32- O H203. 1-6 HO,, , 5041 €

H3C/\ CH3392 3-292- 0H44860 HO aH3C 3-30,, "H3C2- O H44539 2 ~N HOCH3 3-3laH C
H3 2- GLHABB®1as42N HOH3C CH3 3- 32042- O H45943 1l f HO ~/¢dmyerebRooss

3- 33HCH32- CH3H37223 HO H3C CH3 21 April 2004
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Cpd R1 - R3 R2 R4 mp (°C) [Example
MS (MH")

2-18 CH, 2-CH, O 487 31
[ .

HNT O
2-19 o H 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 F H 2-Cl H 260.6- 55
F7|\/N 261.5°C
F
- 455
2-22 ‘/\j/\ H 2-Cl H 207.2- 56
NN 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 H 2-Cl H 416 52
AT




WD 01/ 29042 156 PCT/ EP00/ 10088 CpdRI R3R2R4ni p (° C) Ermpl e QIquAé)tﬁhQ@bd-ﬂ\/B
(NM) 3-340HCH32-Cl H--3 H3C( OH 3-35."  2-ClH47162 HO CH3 3- 36HR- Cl H41762
CH, 3-37.°002-Cl H43143 HOH2N' v 3-38..  CH32- Cl CH341614 H3C, O

3-39. CH3®b 64960214 H3C. O 3-40S H3CH32- Ol HA4615 co O Gpopsepdo/fobas

CH32- Cl H43016 ~D :

152
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,




10, H3C 3-42~" CH32- O 42813 H2C ~~ 0 3-43- CH32- O H203. 7- 7 G 2808C Cf

402 21 April 2004 WD 01/29042 157 PCT/ EP00/ 10088 CpdRI R3R2RANi p ( C) Exanpl e
Qther than HVS {MH*) 3-44. ' CH32-ClH46217 Ho ( O OH 3-45CH32- O H164. 1-8

168. 1C 43¢0 sy#HGH32- Cl H233. 4- 10 O236. 3C 386 3- 47CH32- O H¢§ @ ides. 7C HO
0488 CH3 \-

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




3-48HO2- . Cl H218. 5- 81 221C 464 3-4902-Cl H212-83" O HC215C HH4

3-50CH32- Cl H181. 0- 11 HO N225.0C 401 3-52..+

3-5302- A H230- 84 ~cr H0240C HO 432 21 April

2-Cl H277.6- 86

2004 WD 01/ 29042

PCT/ EPQ ciwiolédB842158 CpdR1IR3R2R4np (C) Exanpl e Ot her than pivpaebéioess
3-54CH32- A H>300. C12 O~ 456 N :

ril 2004

79.1C

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 121.8°C
CH, 358
3-24 NH, CH, 2-Cl H 387 3




N O 3-55. " " ~v~2-C H130.8C82 HO413 3-56HO -"~2-C H96. 6- 85 :?J@% iﬁ%dhw
3-57CH32- C1H263. 3-19 264.4C 3-58CH32-Cl H221. 8-20 O 225C ; 1r H3C
3-59CH32- Cl H247-18 255C H N z F 130- 3-60F 2-C H133.5C42 F HO56 The
1C50' s of wapegmoeads 3-1, 3-3, 3-5 through 3-10, 3-12, 3-14 poreesimooss 23,

3-27 through 3-36, 3-38, 3-39, 3-41 through 3-58, and 3-60 in the in vitro p38

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 'J::::I§& kgc\] 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
IodliCae
HO
3-30 o Hac,\ 2-C1 H 445 39
O N’\\/’
]
HO CH,
- o 2-Cl H 487 61
3-3] . Hﬁ‘N’<EE\\ 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,




assay were less than 10 p.M 5 21 April 2004 WO 01/29042 PGY/AgP8h3d4088
159 TABLE 4 7- Heteroal kyl am no- and

7- Het er osubst i t ut edcydoal kyl arn. i no-substituted

3, 4- di hydwominpeei do[ 4, 5-d] pyri m di n-2(1H) - one deri vat i vescereRl/8es4

(C) Exanple M5 (MN 4-1HO CH2- Cl H44 HO 4-22- C1H193. 7- 73 194.5C HO375 4- 3HO
COY 2-ClH170-185.5C80 2 CH3 4-40H2-H161-172C63 HO " ~CH 344 3 CH3

4-5, .. 2-H214.0-74 HOCH3217. 5C 4- 60H2- (ligsHlZS- 129C45 HO .. 364 CH3

4- 7THO2- Gl H3484 H3C CH3

de Rl , R3 R2 R4 mP (°CJ Yampla

Otherthan H MS (MET)
3-34 QH CH,3 2-Cl H - 3
H.C ;
OH
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




21 April

.~ 2- O RyBARssA

21 Apri |

2004 WD 01/29042 160 PCTI EP00110088 CpdRI R2RANp (C)Zm?m)mm
(Mr) 4-82-Cl H167-178. 5C46 HOB73 4- 9HR- CLH3963 4- 10HCR- CLH3344 CH3
4- 11H3CEO (2- Cl H---3 H3CO 4- 12HsC ~2- aH177. 4-3 OH184. 5C 4- 130

2004 WO 01/ 29042

2aH3CA16 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.

3

0C75

51%%"%? . 9C 388

157
Cpd R1 R3 R2 R4 mp (°C)  [Example
Otherthan H - MS (MH*)
3-44 O..-“‘ CH; 2-Ct H 462 17
HO Y o
OH
3-45 CH; 2-Cl H 164.1- 8
o e
o . 430
3-46 CH; 2-Cl H 2334- 10
Q/ 236.3°C
C
386
3-47 CH; 2.l H 148.3- 9
O\O/ 263.7°C
CH,
3-48 2C | H | 2185 | 81
) ©/\ 221°C
HO
464
3-49 o O 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 = 2-Cl H 277.6- 86
O 279.1°C
HO
3-53 ’O“‘ i/ 2-Cl H 230- 84
240°C
HO HO
' 432




PCTI EP00/ 10088 161 CpdRi R2R4np (C) Exanpl e M5 (MH) 4-18Ho2- dzhiggé;, | 3o@d 2051
4-192- C1Hs| ui nks67 HO 171C bubbl es 181C 388 4- 200 .~ 2- O HX260Gr7 H. 4,0 C
432 0 4.2102- CLH267- 267. 6C78 H2N O417 4-220 .+~ 2-C H269-271C79 H3C 431 O H
4-232- O HaRsefhod 0210. 0C 372 4-242-C1HL73.6-71 189.7C L

P006/10088
4-252- C1H>300C69 H2N.. 373 4-262-Cl H235.5-237C70 Hg , 11
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
3-55 O Ng~ 2-Cl H 1308°C | 82
-56 S 2-Cl H 6 85
3 O HO/\/ 96
, 122.8°C
HO
418

3.57 o O/ CH, 2-Cl H 263.3- 19
Iy , 264.4°C
H.CTN® :
0
3.58 CH, 2-Cl H 221.8- 20
He 2
3 \ ! " 225°C
N/S\NN‘

3-59 CH; 2-Cl H 247- 18
|\U 255°C -
HNY

3-60 o 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.



H3Cf 0 21 April 2004 WO 01/29042 162 PCT/ EPOO/ 10088 deRlRZIQAr il §po£xanpl e
M5 (Mny) 4-27HO-,,.~,'2-ClH3344 CH3 4-282-ClH292.8-87 3 1 N 293.2C - C 451
1 The TC 's of compounds 4-1 through 4-8, 4-10 through 4-28 in the in vitro
p38 assaywgenedess than 10 M 5. Exanple 88. In vitro p3gciMiPoddopsse

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 corrpolléPds of this invention in vitro was
determ ned by nmeasuring the transfer of""They-phosphate fromy-33P-ATP by
p- 38 kinase to Myelin Basi,c Protein (MBP), using a mnor nodification of
the method described in Ahn, et al .TABLE&i ol . Chem 266 4220- 4227 (1991).

15 The phosphor gl &I BRhnl PE&E0MRARR PR SRRk 15 SRS CO
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one derivatives

G

N N

I/I\

|:{1\N/kN/ I?I/KO
H

R4
Cpd RI . R2 R4 mp (°C) 1 Example
MS (MH")
4-1 HO 2-Cl H
CH, . “
HO
4-2 2-C} 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,




expressed with SEK-1 and MEKK in E. Coli (see, Khokhl atchev1edyripbgod-

Biol. Chem 272:11057-11062 (1997)) and then purified by affinity

chromat ogr aphy using a N ckel colum. 20 The phosphoryl ated p38 MAP ki nase
was di | utwe dinstaznase buffer (20 mM 3- (N-ror phol i no) pr opggegshdRpss aci d,
pH 72,25 nM 3-gl ycerol phosphate,-5 nM ethyl ene gl ycol - bi s(bet a-am noet hyI
ether)-N,N N ,N -tetraacetic acid, 1 nmM 21 April 2004 WO 01/ 29042

PCTI EPOO/ 10088 163 sodi um ort ho-vanadatég 1 mMdithiothreitol, 40 nM
magnesi um chl oride). Test conpound di &l ved in DVSO or onl y DVBO
(control) was added and the sanples were incubated for 10 rain at 30C. The
kinase reqcicp@ny was inkfiated by [the dddggion pf a substrdtg, gogktail

cont ai ni ng MBPjand y-33P- ATP. Aftjer incubating b fmc?r n additionhal 20 mn
at 30C, the redgction was term natied by jaddi ng O} 2a&tMErespharic acid. The
phosphor yl ated vBPwas threm—separgregd—fronrthe—restduat F3p—AH using a
phosphocelfl ulesg<e menbrang” (M | | i p(‘;&r@ Bedft od, [MM7-ERETC quan??t ated using a
scintillation dounter dckard, Neriden, CT). 10 Bxgggple 89 In vifro TNF-a

inhibitiop assay THO exanple illlustratles an inj vitro assay to_evaluate the
i nhi bi ti oM qfg TPS— T NQUTER TNF-a oy gugt TP cetts—i5Thelabil ity
of the conpounds of H®hi § i nventiqn To ijnhibit the -a rellease was

determned using a mn nodi ficgtion af the net hods descrilbed in{Blifeld,
et at. Thanspllantatio 1:498-3503 (1991). 20 ((a) Induction of TNF_

bi osynt hegis: THP-1 ce wer e syspendgd in culture nmedi umi[ RPM
(G bco-BRL,__Gilthersburg, M) dgontaining 15%fetal boving serunt 0.02 mM
2- mer capt ¢- 444 hanolllio/a% ‘concentzeitidn of 2.5 x 136 cel | $/ L anfl t hen
plated in[96 wel| plat 0.2 rnlf aliquots in gach well). Test cofrpounds
were disslved|in DVSO &h% then 45 dildted with the cultur¢ mediupm such

that the fTha] uv}?%;gggxaj)du O Y&s 9% 4 — 5
/\O
4-12 H C/\( 2-Cl H 177.4- 3
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




Twenty five itL aliquots of test solution or only nmedium w th
added to each well.
at 37 oC. LPS (Sigma, St.

(control) were

Loui s,

The cells were i ncubated for

AIMPeho4
30 mn.,

MO) was added to the wells at a final

concent r awigo06420. 5 p. g/ nL, and cells
h. At the end of the incubation period,
PCT/ EPOO/ 10088 164 supernatants were collected and the anount of TNF-a

say as described below. (b) ELISA

present was determ ned

usi ng an ELI SA

Assay: 5 The anount of human TNF-a pre

wer e incubat ed fopcamear@dbds onal
2004 WO 01/29042

cul ture

21 April

2

t was determ ned by a specific

trapping ELISA assay using two anti-TNF-a antibodies (2TNF-H12 and
2TNF- H34) cfi bed | gy Rei mund, J.p-M, jetgal . UL é{@ 39( Plampf$4- 689
(1996). Pofystyfene 96 well pl ates werejcoated hi t T pl fder well of
anti body {0 2TNF-H12 in PBS (10 ¢/ nL) and incul)aMs(MI'-m a Hum difiled
chanmber atr=% %C overntght—The—ptat Y pe—-w-t+-h—PBStrane—the¢n bl ocked
with 5% nophf8t-fHiry ni PBS f b hourHat rpdM-F&Rer atjurd and washed
with 0.1%BSA (povine um al bupin) ip PBS. 1p TNF standdrds wefe
prepared fyom aj st sol uti on of { human{r econbi pant TNF a (R&D Syst ens,
M nneapol i ., YNy The CORCERTTat I pg bf— thegstangar g assay began at
10 ng/ L f I‘ﬁ owed bMI og sargicgl Egi Ilati ons I ty f| véﬁpL | i quots
of the abole cult i@ sdpgrhat ants|or TNF st andaf ds 1739 or dnly medi um
(control) re mxed with 25 gL aliquot$ of biofi mydbeiesed ngnocl onal
anti body 2[TNF-HB4 (2 p.g/rnL in PBS containing 0. 1% BéA) and thenj added to
each well .| The panpl es werg incubated for 2 hr at roomtenrerature wth
gent| e shaki ng and then washed 3. |rres Mth 0.1 oBSRSl n PB<;. 50 pl of
per oxi dase SITEPt avith n \L |||.-,'y, SanFrancisto; sotgti-ormr—epnt ai ni ng
0.416 tg/ 0 75 per streo?é: n and 0O ’%‘@’A in I§§ $ added to
each well .| The A- et i ncupat ed 1or an ajdltygnal 1thr at foom
t enper at ur and her‘?vvag hed 4 tines with 0.1% BSA in PBS. {Fifty pl of
0- phenyl engdi anl ne solution (I pglnL O |phenyl ehe-di am ne gnd 0.08 %
hydr ogen perexi e i n 0. 2M~Cidv at ef bud fef phl 4.5] 267\/\@636@dec e ea¢h wel |
and t he sappl es vvere|ned|nthe dark for 80 mn., at
HN" O 417
4-22 0 O‘“\\‘ 2-Cl H 269-271°C 79
HC\N/U\O 431
H
4-23 2-Cl H 204.0~ 72
¢O/ 210.0°C
o}
372
4-24 2-Cl H 173.6- 71
{g 189.7°C
O 416
4-25 O/ 2-Cl H ~300°C 69
HZN“‘\ 373
4-26 o Cr 2-Cl H 235.5-237°C 70
H,C I
N/%\N“‘ 373




30 roomtenperature. Optical density of the sanple and the rgfgengs were
read at 450 21 April 2004 WD 01/29042 PCT/ EPOO/ 10088 165 nm and 650 nm
respectively. TNT-a | evels were determ ned froma graph relating the
optical daweitysad 450 nmto the concentration used. The |{SfHeMphbifsWas
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 uat fdg%he i nhibition of LPS- 10 induced
TNF-a production in mce (or rats). The ility of the conmpounds of this

invention to inhibit the TNF-a release, in vivo, was determ ned using a

m nor nodi i@ ijon of tge nmethods|dgscrifbegsin descr cléed N Lanekti. et
aL, J. | , 148: 1890 (1992) and Sekut|, et. all 15 Ciph. Md.,
124:813 (1 94) Femal e BALBIc m ce wei ghi ng 18- 2lhgsr(m)(Charl es Rver,

Hol i ster, WETE aC IILIblL Sloma Jh e [we Griotps-contatitrg—8 ce each
wer e dosed ora?ly di®hen ™ wi th the“test |co ounds s&‘%ended or* di spolved in

an aqueous|vehigle 20 comtgi ning 0. 9% sqdi um chliori de, 0.5% sodi un
car boxynet hyl -cel | ul ose 0.4% polysorbate 80, Q.9% benzyl &l cohol| (CMC
vehicle) ol opsy veh| rol { grawup). BAfter Sngma.n t hega ce| were
injected i ftrapgrito @ﬂh 20 jig of LPS (Sig g Louis, MO . After
1.5 h, thelmce|we @'\.‘; iced by CO2 ijnhal atign and2 | ood] was hprvest ed
by cardi ocént esils Qod was clar{fied By centriif ugasi on at|15, 600 X g for
25 5 mn., anmd—Sera were-transferred—to ctrean—tubes—and—frozen—at— 20C
until analyzed for TNF-a Py ELI SA assay (Bi osource International,

Camarillo, CA) f ) er st ood

t hat 't he exanpl eghg%g%éddﬁpﬁedr@ggdescrl §§8i[ﬁ&9 éf%]%-?ge t'iirew;lpll dstrative -
pur poses onlp$8 assay weralesythan d0gMrodi fi cat i ons or changes in |ight thereof

w Il 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

cl ai M8 21 April 2004 WD 01/29042 PCT/lgPOOﬁ 1§)088

In vitro p38 MAP kinase inhibition assa

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 phospldate, 5 mM
ethylene glycol-bis(beta-aminoethyl ether)-N,N,N',N'-tetraacetic acid, 1 mM



1. 166 Cains A conpound selected fromthe group of conpoqusgﬁﬁgoggented

by formula l: 5 10 15 2025 RI ~ NN~O NRL R3 (1) wherein

subscript nis an integer of fromO to 3; R is acyl, heteroalkyl,

opti onal I'ywosmhstset ut ed’ aryl het eroal kyl, heteroal kenyl ,  betrermabbsgnyl ,

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 substitut cycl oal kyL optionally

substituted heterocydyl, optionally substituted heterocydylallryl,

optlonally substituted heteroc d spiro cycloal kyl, -(al kyl ene) - CXC» R1'
-(heter owldkl,mgﬁép ~epgatRy: tleoﬂn,reltdkl 40mMmla$1ydsmnheﬂlloaﬂd<)le&tam no,

m)nos ubstit olval ‘B-pﬁﬁ,fgd Ut Sy Bk §§ lgccranbti vﬁé},'addd)éd HPEES %:bifﬂ@sd

cycl oal kyl , |ona y su Ituted cycl |onal
substi t ut edwaey:hcubauaalfmﬂi mjh £B0SCI The Eﬂm@d’ﬁh&ﬁdnwasﬁﬂiﬁlafbﬁ&iykb{e substituted

heteroaryl, optionally substituted heteroaral k droxy or al koxy; R2
i s each i no@ﬁ&mais}d ptrate sedktaslconiaining MBF ryd y- hﬁ‘lf‘éﬁ/ AesabSag or  vi nyl ;
5 for an additional 20 min at 309C, the reaction was terminated by adding 0.75%
phosphoric acid. The phosphorylated MBP was then separated from the residual y-

33P-ATP using a phosphocellulose membrane (Millipore, Bedfrod, MA) and
quantitated using a scin_tillation counter {Packard, Meriden, CT).

10 Example 89
In vitro TNF-¢¢ inhibition assay

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/ml, and celis

were incubated for an additional 2 h. At the end of the incubation period, culture




Wis hydrogen, alkyl, heteroallryl, optionally substituted an\dpri od4 onal |y
substituted aral kyl, optionally substituted heteroaryl, optionally
substituted heteroaral kyl, optionally substituted cycloal kyl, cydoal kenyl,
optional | woweledisz ut ed cycl oal kyl al kyl, hal oal kyl, cyanogdestpoosiooss

het er osubstituted cydoal kyl, heterosubstituted cycloal kyl al kyl,

het er oal kyl substituted cydoallcyl, optionally 21 April 2004 WO 01/ 29042
PCT/ EPOQ/ 10088 167 substituted heterocygclyl, optionally substituted

het erocyclylal kyl, -(allrylene)-C(O R3LT* or -(heteroal kyl ene)-C(0O R31;
wherein: R31 is alkyl, haloal kyl, hydroxy, al koxy, am no, nonsubstituted
5 am no, di supehdtint edreivliofed A1l the Bidlobyr SUINNE-ip#tRft wyRadkithea OPti onal |y
substituted cycl oal kyl al kyl,. optionally substituted aryl, optionally

subst i t ut edUSHPERRFLISARSaY s drsgibed blowi ut ed heteroaryl, or optionally
substituted heteroaral kyl; and R4 is hydrogen, alkyl, or -(alkyl ene)-COR31;
10 and an indiviﬂral Lsomer, a racemc or nonracem c m xture of isoners, or
a pharmaceutica L5y a@&gﬁwﬁﬁﬂ@ salt thereof. 2. A conpound according to

cl ai mgl, wherein | t lLonal |y subst.i-t ut ed
aryl hét er oal kyl ,Tﬁé?igégg{%éﬁ#s ]ﬁggg!rgo%%e%/ﬁ%oé,m at"éerd)c‘)baYIWthi 2REPBony! |
het er osubst ELISAedsa\RHg! s ant TNR6QeUbsdibd GITett-HY S hedbivEaiigy! |

het er osubsti tuted. cycl oal | cyl al kenél het er osubsti tuted cycl oal kyl al kynyl ,
het er oal | ryfeseHRed in Reiud:-di Maleksh GUTpYpbAR(5)y684:89(1996-ed het er ocydyl
optionally substituted heterocydyl al kyl, optionally substituted
heterocyclyl spiro cydoal kyl, -(alkylene)-C(O-Rl1 or

- (het er oal kyl enePolgstmienRe¢-mhell ipdites:wez cdried wish 50 kper wellobahtihddy ami no,

nonosubstity m nQ, di substituted am no, optionally substituted
cycl 3l kyl , 2@‘5?7% BBS{30 dte/miy andl ingubated Toya bumidified shymber a5@t9Gnal | y

Subst 1t Ut edoiigki | ThaiteoRBlhaHRA $5¢ £1h dheh BORLNyie SRARALLY

substituted hetéroaral kﬁ/l , hydroxy, or f conpound.
accor dance Wikkan 8Baifor Lhoyr atrepmtempepginreand wRah¢dswith 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 solution (1 ug/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




hydrogen. 4. A conpound in accordance with Caiml or Caim2apshes@in n is
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-diyglopaeedd April 2004 WO 01/29042 168 PCT/ EPOO/ 10q&_8fh,&ooﬁmggrrpound
I n accordance with Caim4, wherein -(R), represents 2-nethyl 7. A

conpound in accordance with Claiml1l or Caim2, wherein R3is 5 hydrogen,
al kyl, hal oal kyl, or heteroaikyl. 8. A conpound in accordance with Claim?7,
wherein R3 is hydrogen, alKkyl or heterd&&l kyl. 10 9. A conpound in

accordance with daim7 or Caim8, wherein R3 is hydrogen or nethyl. 10.

Pscompound dd 288 85 AANcapUlskvlly ORI feydhefeHeferRind Phrdm giapt delabin O 0t Y1 -

15 11. A conpound I n acc e Wt aim?7 or alm 8, ereln IS

het er oal kylthe dpticaldensityetizf nm tathescdeantrtioh ibedCl ai m 1 or O aim 2, wherein
Rs is 20 heteroal kyl, optionally substituted aryllreteroal kyl,

het erosubstituted cycl oal kyl, heterosubstituted cycl oal kyl al kyl,

het er oal kyl substThﬁlésteWN@aﬂk@deﬁ apheiconednioption gbtheitexcextphenckr ocycl yl, or

optiopally substituted . heteracyglylalkyl. _13. Ac ound in accordance with
S ai o1z, ihErapendiag iohmrama i 450 Rim SheotbRet or oal kyl . 14 A
compound in accordance with Caim 13, wherein R is hydroxyal kyl. 30 15. A
conmpound i n accordance with C aim 14, : vvherl%lga R2 is halo or

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

10 induced TNF-¢ production in mice (or rats).

The ability of the compounds of this invention to inhibit the TNF-« release,
in vivo, was determined using a minor modification 6f the methods described in
described in Zanett, et. al., J. Immunol., 148:1890 (1992) and Sekut, et. al., J. 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.



nethyl, R3 is nmethyl and nis 1 or 2. 21 April 2004 WO 01/ 29Q4¢ i 5G4

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,
wher ei n ' oor 5 nmethyl, R3is nethyl and nis 1
corrpound%(r(\iog'gg%r&dance with Caiml7 wherein R is hydrog%égf'%%o%yl . 10
19. A conpound in accordance with Caim112, wherein Rl is optionally
substituted heterocyclyl or optionally substituted heterocyclylal kyl. 20. A
conpound in accordance with daim19, wHfrein RZ is halo or methyl, R3is
met hyl or hydrogen and n iis 1 or 2. 15 21. A conpound in accordance wth
Claim 18, wherein R2 is halo or nethyl oy B3si s heteroalkyl and nis 1 or 2.
22. A conpound according to Claiml whi¢h s 20

3-(2-chl orophenyl)-7-(trans-4-hydroxycyc| ohexyl am no) -3, 4- di hydropyri m do
[4,5-d] pyrim dif2( 1Ifbaom,unéﬁﬂe%é%ﬂﬁégasﬁoealq?waee\éﬁﬁsp@sgrﬁfc{ ¥t her eof .
23. A conmpoyshd@serording to Caiml selected from 25

3-(2-chl orophenyl)-7-(tetrahydropyran-4-yl am no) -3, 4-di hydropyri rni do[ 4, 5-
d] pyrimdin-2(IH-one, 7- [ 1-(2-hydroxy 1) - pi peridin-4-yl am no]

-1-met hyl - 3-ortho-tolyl.-3,4- di hydropyri i de—4(R%)|] pyri m di n-2(1H)-one,

3-(2-chl orophenyl)-7-] (t rans;ﬁ xyl) met hyl am no] - 1- net hyl - 30
3, 4-di hydr opyri m do 14, 5(&] pyfii m di n-
3-(2-chl orophenyl)-7-(4-0dXxv< @

I

(1H) - one, and
'L@o) -1-nmet hyl - 3, 4 di hydropyri m do
[4,5-d] pyrimdin-2(1H) -one;}" and phgt m
x R1 Rs

utically acceptable salts thereof

Ly

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




21 April 2004 WO 01/29042 PCT/EPOO/ 10088 170 24. A net hod S0t hgoa
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

conmpound vob offevogail @ 11 (1D 10 wherein n, Rz and R3 have tger/omenodigs
provided in claiml, with the proviso that any interfering reactive group

present is optionally in protected form and L is a |eaving group, with an
amine of fornmula Il RR4-NH (ill) wherein R and R4 have the neaning

provided in claim1, with the provisol®hat any interfering reactive group
present is optionally in protected form and where required, deprotecting
any protected group pubssiested heteidagelyl paistionally ubstitréelBéteroaydylalifler e desi red,

cai .25 A ot hod 1 TR BRRON G o AR RO eR formula (1) 20
according to C ahereln: wherein R -R4 are as defined in Claim1l, said nethod
01/ 20042 FCT! EPCY L0B86° 11 RRBRE v ons “Reeh st b seriBledy o and Rs
have 3 he neaning pr amitedisubstEhedmmine, optichallywubsttacsd tloslkfiase to afford
a compound of - for rmlo%ti})/na(.ll%}absrt]ituted cycloalkylalkyl, optionally substituted aryl,

optionally substituted aralkyl, optionally substituted heteroaryl, or

optionally substituted heteroaralkyl; and

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.



B S e

NI Rs NAN-Q 1 R35 10 (V) (b) treating a conmpound of formudgiYomth an
oxi di zing agent followed by an am ne of the formula R RANH (wherein and
and R4 have the neaning provided in Claim1l) to afford a conpound of
formula (I where desired, optionally converting th ndg.into a
phar rraceutvl}%g y“2 acceptabl e salt.- 26. A conpound accordi ﬁpgéﬁgpeﬁﬁ‘)&(gne of
clainms 1-23 for use as nedicanents. 27. A pharnmaceutical conposition
conprising a conpound of any one- 15 of Cains 1-23, or an isoner, racemc
or non-racem c m xture of isoners, or al@harnmaceutically acceptable salt
thereof, in adm xture with at | east one pharma- ceutically acceptable
carrier. 28. A cgnpou mi- 'E{:@E_ in the
20 treat nment of grthrﬁdﬁs, Qohﬁgg&g‘?@gg@?@?ﬁ%gﬁe (l)(vl\g/eﬁ’rg%esrone, adul t
respirat oryz“fﬂ‘Fther ess syndrone, chronic obstructive pul nonary di sease,
osteoporosis, or Alzheinmer's disease. 25 21 April 2004 WD 01/29042

PCT/ EPOO/ 10088 172 5 10 15 29. A process for the preparation of, a

nedi canent whi ch?conpd @Eapousdiip acgegdance with Sdaim herleun Agwhkereindy ipne of

cl ai ms5 1- 23 h@drogerk ARGITHGRMIYTE 8F héteroalkyl.

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.



acceptabl e salt thereof into a galenical admnistration formtggebbesr 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 mentwefo1phipritis, Crohn's disease, irritable bowel psyadhdifess 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 according to a process of claim 24 or
claim25. 32. The new conpounds, i nt er A4 at es, processes and
pharmaceutical conpositions as descri bed herei nbefore.

16. A compound in accordance with Claim 12, wherein R' is

heterosubstituted cycloalkyl.

17. A compound in accordance with Claim 16, wherein R? is halo or
5 methyl, R® is methyl and n is 1 or 2.

18 A compound in accordance with Claim 17 wherein R is
hydroxycycloalkyl

10 19. A compound in accordance with Claim 12, wherein 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.
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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.



