Wc) 01/29042 PCT/ EPOQ 10088 SETERCALKYLANI NO- SI I BSTITII TED BI CYCLI C

NI TROGEN HETEROCYCLES AS | NHI BI TORS OF P38 PROTEI N KI NASE The present

i nvention rwbatemss o bicyclic nitrogen heterocycl es. Miperkesdabssgcul arly,
the invention is concerned with certain heteroal kyl am no-substituted

di hydr opyri m do[ 4, 5-dl pyri mi di none derivatives, pharmaceutical preparations
containing them nethods for their use as therapeutic agents, and net hods
for their manufacture. 10 Mtogen-activated protein kinases (MAP) are a
famly ofproline-directed serine/threonine kinases that activate their
substr at esnﬁ%g hosphoryl at i gn The kinases are activated a variety
of signal s LfiC ﬁgﬂf STHRRE QWGL?SW?‘@N&?%‘??“EWSIWHImé 8%t h
factors, endotoxin and I nflanmmatory cytokines. One group of MAP kinases is
t he p38 kinase group which includes various isoforns (e.g., p3 8a, 15 p3813
and p38y). The p38 ki nases are responsible for phosphoryl ating and
activating transcription factors as well as other kinases, and are =~

t hensel ves acti 0-i nflammatory

cyt oki nes and b\e;ﬂ{egrl a'fun &?&s%c%g ‘gllrll% 0%%96&%\‘7% |rrr‘g§)rtantly, t he
product® of particylal, thmefpmmys @nc@mdmﬂmuashetghdhiammg-snbdmde t he
production o SR and

cycl ooxygena%gmzlh Eacftlf%%S d:}ﬁerg?dglgtﬁ% éir{gesvgﬂgﬁhgﬁge n&ﬂ% Hé'ggog(sj in numerous
di sease st atesdeiningithemnmethpdsfer theipuseas therspentic ypentseandanethods fostheie pr oduced
primarily bymaméfhduyal ed nonocytes and nmacrophages. Its excessive or

unregul ated production has 25 been inplicated as playing a causative role
in the. pathogenesis of rheumatoid arthritis. Mre recently, inhibition

of TNF Pt oduct i on Miegeheaetivate pratein binkav@MARaccfamjpbf pralivealicectad t he tr eat ment

f fl i } d
osthira, v o/t BgA R ERG B ol SRR by B il BRoRREGRORRS BN
i nfections, kneses aeactvared byrefvatiety pbsigngls inglpding mytrisiongend NHPQ!ilssﬁtml udi ng
herpes si rrpl QVEﬁh%“&}V R&ors, é,b@dm&)and ReARSaory R Orde'grsuplofPe- 2 (HSV-2),

cyt orregal ovi rus vari ce | a- zoster virus
MAP kmases is the p38 kinase group which includes various isoforms (e.g, p38ct,

15 p38B 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-inflammiatory 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-o. is a cytokine produced primarily by
activated monocytes and macrophages. Its excessive or unregulated production has

©25 ° been implicated as playing a causative role in the pathogenesis of rheu}‘ﬂatoid .
arthritis. More recently, inhibition of TNE prodﬁctibn has been shown to iave
broad application in the treatment of inflammation, inflammatory bowel disease,
multiple sclerosis and asthma. -



(MZV),. Epstein-Barr virus, human herpesvirus-6 (HHV-6), human herpesvirus-7
5 (HH\/- 7), human her pesvi rus-8 (HHV-8), pseudorabies and rhinotracheitis,
anong ot her swoSiadkarly, IL-1 is produced by activated norcoopteesessnd

macr ophages, and plays a role in many pat hophysi ol ogi cal responses

i ncluding rheumatoid arthritis, 10 fever and reduction of bone resorption.
The inhibition of these cytokines by inhidition of the p38 kinase is of
benefit in controlling, reducing and al I eviating many of these disease
states. 15 In one ct e pr nt..i nventi Qn pravi C ounds
represented by the%ﬁkﬁg PP plicajegsi aFN%"ﬁF ﬁ%’ I’)”%ngﬂ‘f%rei n 20 the
subscript n |svmm, mdﬂxeqeswﬂfslﬂdmmgﬂleipésﬁm Tek viiriss tgpeyl (HIVB1 o hapdsky|
optionally sub 2508 het et er oal kynyl ,

het er oai kyl car o‘ %Qﬁ%ﬁ?)r%%("é 8 %T ‘@%t@?ﬁ&fﬂ%tltUt ed

cycl oal kyl al kyWZVB,eRmmﬁmmsuhmrdwmmﬂﬁHHWéhbmmwmmw{kt ituted
cycl oal kyd al ky@ﬂvq w nal | y
substituted he erocggﬂhﬂ{a optionally su%gpt g@o@%g%et er°3§§{c $;/’I al kyl ,

optional |y sub@eqngethess:het er ocydyl spiro cycloal kyl, - (al kyl ene)- C(O) -R11
or -(heteroal kylene)-C(O-R 1; wherein: WO 01/29042 PCT/ EPOO/ 10088 3 R |

is alkyl, haloalkyl nonosu I tut am no, subst I tuted am no,
optional Iy substitd® W%;@TUQPWP“B ﬁ?%‘gwngmﬂ‘ meeaPhegetcadky | - al kyl |
optional |y subsliystusleth miny patiophysivhagidalrespohises intluding rissualatoid arthritis,

10 fever and reduction of bone resorption.

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

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

formula:
Z
Y
R¢
\NAN/ ,?[,&O
R3

R o

whereii
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, heteroalkylsubstitated

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

wherein:



optionally substituted heteroaryl, optionally substituted 5 heteroaraixkyl -

hydr oxy, oxY; R2 i s each |ndependently In each o al kyl , '
hal o, het‘gi’(@%’{@y{ or vinyl; R3 is hydrogen, alkyl, ﬁglﬂgz&%‘ﬁs optionally
substituted aryl, optional I y substituted aral kyl, opt ionally substituted
het eroaryl, opti onal ly substituted heteroaral kyl, optionally substituted

cycl oal kyl, 10 cydoal kenyl, optional |\ substituted cycl oal kyl al kyl .,
hal oal kyl , cyanoalkyl het er osubstituted cycl oal kyl, heterosubstituted

ﬁygoal kylja: kyl, tRh'QE i k vh?mblmsmaﬁhrkmﬁaianU?sa 81}5(11

et erocydy optiona subsy i L{gg roc%g al %-\ é_ﬁ(éggne

or -(heteroal kyl ene) @ y subshitited L kyl,

opt1 onai 1y substi tut mgdl;@r nﬂmmm Aa“yd;hg ed cydoal Kyl al ky!
optionally substitu ed cydoal kyl al ky
optionally substi tutgﬁ sif %d%ﬁgawgﬁ% r{énfut E&Jhae?al kyl, optionally
subst 5t ut ed heteroarbﬂeroam]k!loh #Ymr@ﬂko}}"substltut ed heteroar al kyl; and . R4
i s hydrogen, al ka&{maé?@,&)ﬁh PR SR encd Byl B, heleRiRyl hipyl] Somer s,

racem c or nonragem ¢ e of 1 soners, oLthelr harrrgj:eutlcally
||l

accept abl e sal t§ Esﬂﬁfii’é’&“’ hetero Hﬂ’é@ly stitited vl SPUORAIN hei r
af orenmenti oned sal t ssibstruted akullyl, bpﬁ&;aﬂis@&tﬂh&ﬂheﬂ&dﬁﬁ;&,e@noﬂdw exhi bi t

ompounds of T or mul a¥Ps g5t YeietoeFigh eosely rerponld Mo’ °T Loty o8 ne
ki nas® p561k at | evetjslobkhnywoabmaﬂlygtﬂ)muteﬁlwd@hbﬁwbd!@loe&ﬂ be used for the
LR P e B RO e 61 e, 21t 0
means a |inear sat ur sxcoglklalkpvbatapilosphstiuied PRUGD one to
substituted heterocyclyl, optionally substituted heterocyclylalkyl,
-(alkylene)-C(O)R™, or -(heteroalkylene)-C(O)R*;
15 wherein: '
R* is alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted
amino, disubstituted amino, optionally substituted cycloalkyl,
optionally substituted cycloa]kylalkyl, optionally substituted aryl,
optionally substituted aralkyl, optionally substituted heteroaryl, or
20 optionally substituted heteroaralkyl; 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 p56icK 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:



siLx carpon atonms or a branched saturated nonoval ent hydrocarbon radical of
three to six carbon atons, e.g., nethyl, ethyl, n-propyl, 2-propyl,
tern-butyl, WeAt3M42 " Al kyl ene" neans a |inear saturated ROTAP&Gt0088

hydr ocar bon radical of one to 5 six carbon atons or a branched saturated
di val ent hydrocarbon radical of three to six carbon atons, eg., nethylene,
et hyl ene, propyl ene, 2-nethyl-propyl ene, 4 pentylene. "Al kenyl ene" neans a
l'inear or branched dival ent hydrocarbon radical containing fromtwo to ten

carbon atons and aj, gont ai at e.carbo 10,.carpbon . doubl e
bond, e.g., -CHe 'ﬁl%'l ?ﬂlﬁag @ﬂ@tm&—@ﬁ?? #the 1ike.
"Al kenyl e ani carbon a@as on® homahed ritutaplrmarmviient hydrdearkin radicalwbthree si x

carbon atons Q% 1§ &{1&%95{}0?%@{)@@‘21 g_ég{}%rgr Qﬁpﬁzﬁﬁlp &lthree to six

carbon atons, containin ‘henyl
propenyl . 15 Alky emmsalmmeqmmm&n@m waiwagofonam cal of two

to six gar bomx%&%ﬁa&hs%r%%&ﬁﬁgatﬁﬂ%‘émaﬁmhﬁy Bﬁiﬁléﬁﬂ‘egﬂ of three

to six carbon ﬂ% , contal n| ng at | east one ‘tri e.g., ethynyl,
propynyl . " OptsiXGAERPR gtogisirs imethdemesihrlene propyl %f%msthvlcprapﬂ%r at ed
nonoval ent cycyemgylené]ydrocar bon radical of three to seven ring car bons The

cycl oal kyl may be 2 I gnal | ubst it one, or
t%r ee su%st i tﬁent s ‘@é‘?’&‘?%dn“f‘%/‘b e%?(ﬁ““‘ﬁ?ﬂ%ﬁ‘éﬂ?ﬁ’gﬁd%%bé%‘%? d phenyl “or
-C(OR (whe[)e c&xﬁmzdg;ﬁdnmgmtptaidqblonatmisaaﬂk}yc}conmhmpatlmmmiermbbmiuz efl o
am no, subs na substitute
phenyl )qbl\/br eﬁg{%l ?"l‘ 2@%‘{}.‘3 é]hgzi-%rhrﬁ cyc?%%ﬂﬂ’fq%%c}ggw fo?/ exanpl e,

cycl opropyl, z-,ptn felkecl ohexyl , 4-carboxycycl ohexyl, 25
2- car boxani docycl oNaKAY sl I ekith SHTvRORHBOREb sy S IRA KM to'sRPt | onal I y

e o ot e g oC oL
e -g-, cycl opratims mtdit}ihgatdééed@baw’ﬂwbmﬂy&g,e&eﬁ}’l@x@bﬁﬁw - 2- et hyl pr opyl
T S R e R e,
het eroary I "o pzbom aﬂomy or sbriag¢hied mcedvadmahwbcadrom@caboﬁ}uey tasbetbanut ed
het er oaral kY1 -atoufl L Riing ArE0dnR X le bird, 2F Aoy ' Nt er oaral k
"Optionally substituted cycloalkyl" 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
allylene group and RP 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 heteroaralkyl.
"Alkoxy", "aryloxy", " aralkyloxy", or "heteroaralkyloxy" means a radical -OR
where R is an alkyl, optionally substituted aryl, optionally substituted aralkyl, or

L_




means a radical -OR where Ris an alkyl, optionally substituted aryl,

optional | évd)s‘ﬁ%‘; , tut ed aral kyl, or WO 01/29042 PCTI EPEI%%‘?B%%&O?S opti onal | yv

substi t ut eroaralkyl respectlvely, as deflned her e met hoxy, .
phenoxy, pyridin-2-ylnethyl oxy, benzyloxy. "Hal o" or "Hal ogen,"” means
fluoro, chioro, brono, or iodo, preferably fluoro or chloro. 5 "Haloal kyl"
means al kyl substituted with one or nmofPe sane or different halo atons,
eg., -CHC, -CF3, -CH2CF3, -CH2CCl13, and further includes those alkyl

groups SUChopﬁcrﬁRfidbbtﬁﬁﬁdhktﬁoataﬂkyY\hbptbu ] asldyfiieddRrein e Tetioky,r epl aced by
fluorine &f Ii‘%gﬂ%xe%%ﬂl’% rean a‘ﬁh’al kyl radical as déﬁ,ned her ei n,
substi t ut ed? n[oF,yp rably one, two or three hydroxy

groups, provi ded‘Haﬂﬂtort‘Hdowzf‘Bneanaﬂm:x,élmnbmms,omdrmocp:refeyabmpre t han one

hydr oxy groymm.o les are 2- hydroxyethyl 2- hydr oxypropyl ,

3- hydr oxypropyl,, dr oxynet hyl ) - 2- e propyl, 2- hydroxybutyl

3- hydraxybut yl , ﬁéﬁv subzhtyteé‘»@opeawpweordlfferenthalo

1- (hydroxynsfomla 2cb%dr 0pE L OMACE 2 é’{i#t&i‘l%%&%&iﬂdud%ﬁbﬂ'ah&ﬂroxybmy|
15 2- (hydroxynethyl) hydrox¥propyl (hydroxynet hyl ) - et hyl

2- hydr oxy- 1 groupsgisucle in which all hydrogen atoms are replaced by fluorine

2- (hydr oxyngg.a! ) - propyl 1, 1- (di hydroxynet hyl ) -et hyl , 1- net hyl -

2, 3- dlhydroxypro droxynet hyl ) hydr oypr opyl , 1- hydrox nmet hyl - 2-
nethylpropyl 5%@5%yﬂ£%ﬁy G??*Yh?lﬁ@ﬂVEQV%ﬁFﬁ?’ﬁb ydroxynethyl-
?dmﬁt gtyl - b;beé or rntii?]rkl piefeﬁbly»he,Zwbysﬂﬂaﬁee)d!@dﬂax& grl;uﬁé;lydimt auﬁ&mélsatfié hly I ( h2d3 20
i hydr oxy e | o) me ropy - (hydr oxy-
nmet hyl ) - 2- hyé?%x 4% ?%g X Ké%%@?? q%? E%Fg ferably 2- hydroxy-
ekgyl g ? a+hiygbecpetiyyb, GHWWMWL§4nﬁMﬁ:pyuvthﬁirhﬁﬂhvﬂhﬂk&emﬁMﬂh t .
nosubst i et er oal ky
hal oal kyl Pﬂgﬁﬁ |onaII bstltu eg g&ﬁ%ﬁ}%@fi? ﬁﬂﬁ%*gfk aryl,
aral kyl | 251dhﬁkk ﬂEEWQﬂW%ﬁ» kenyl

het er gg ydyl 2. (aydroﬂmemygcatﬁwhﬁpmﬂyl, 3L(RyiRoxythethyl)-<ill, fwhﬁmm p.et hyl ani no,
phenyl am no . beptu] 31 Aarocnakauthpuepy . TR Gl S0h, | SliGe! - MR
' 2,3-dihydroxypropyl, 1-(hydroxymethyl)-2-hydroypropyl, I-hydroxymethyl-z-
methylpropyl, 1-hydroxymethyl-butyl, 1-hydroxymethyl-pentyl, 1-hydroxymethyl-
3-methyl-butyl, 1,1-dimethyl-2-hydroxyethyl, 1-(hydroxymethyl)ethyl, 2,3-
20 (dihydroxy)-1-methylpropyl, 2,3-(dihydroxy)-1,1-dimethylpropyl, 1-(hydroxy-
methyl)-2-hydroxypropyl, and 1-(hydroxymethyl)propyl, preferably 2-hydroxy-
ethyl, 2,3-dihydroxypropyl and 1-(hydroxymethyl)-2-hydroxyethyl.
"Monosubstituted amino” means a radical -NHR where R is alkyl, heteroalkyl,
haloalky! or an optionally substituted cycloalkyl, cycloalkylalkyl, aryl, 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, aralkenyl, heteroaryl, heteroaralkyl,
30 heteroaralkenyl, heterocyclyl, or heterocyclylalkyl group, or R and R’ together with
the nitrogen atom to which they are attached form a heterocyclyl ring. Examples
include dimethylamino, methylethylamino, di(1-methylethyl)amino, piperazin-1-
yl



| ndependently of each other, al kyl, heteroallcyl, haloal kyl, cydoal kyl or
an optionally substituted cydoal kyl al kyl, aryl, aral kyl, aral kenyl,
het eroaryl , Wex®emeal kyl, 30 het eroaral kenyl, heterocycl ptr/EEbA0088
het er ocydyl al kyl group, or Rand R together with the nitrogen atomto
which they are attached forma heterocyclyl ring. Exanples include
di nmet hyl am no, net hyl et hyl am no, di (1- met hyl et hyl ) am no, pi perazin-1- yl.
WO 01/ 29042 PCT/ EPOO 10088 6 "Optionally substituted aryl" nmeans a
nonoval ent nonocycl jc or yclic romati c hydrocarbon radical of 6 to 10
ring atoms which |S°§E}B%atu?f Eﬁmd PR & mopgvalgnt moperclisror bisydic
substituents, maﬁmmmmﬁmnmmb mmgeﬁomswhﬁhistsme&el ected from
al kyl , hal oal k hal o,. nitro, nmet hyl enedi oxy,
et hyl enedi oxy, %‘g 3%“%%‘“%8%? P%’ﬁglfelsg}bsgﬂ’ﬁgftsﬂﬁ’f%‘%@yﬁﬁ%m ,°"é15?§ onal |y
substituted hmmsdehd ﬁramlaﬂoyyhaloaikyﬂ,maafddkybhdls,tmﬁajkﬁﬁophenoxy,
optional | al ptionally
substi tutse/d pheny}d) z ny%}.? Wﬂﬂ}b‘%’o& U %fﬂ%tﬁf fﬁl@' to 5 R
and R' are in Mbﬂyomyhﬂgdhmmpbahﬂlybubsam&d@hmﬂymgdh al k)1,
optional |y subgbitit K

bititite @ Heteh Bﬁ}; KEORAUhdE R PO pbnal R skiblt b heryt), 5

I Nt eg

| oal kyl al kyl
%‘ycaﬁg R'y Zr eyl(hﬁg’%hﬁégspl Vhﬁ?élr"iﬁj’éﬁte&?* 10,5, Br?&dlﬁa aggigdepgndently
i ndependent |y 8lir&ae gst | %%@iﬁ%&ﬁn&@p e‘i%/?'rd% t| tuted

cycl oal kf/ or ‘opt onal Iy “su ay ahd Rb
t oget her i t h emvengllysubsgtuted reloafklaliyiivire (CRRYy-CONRRL (windhenlisfanr m a

optionally substituted heteroc clyl ring 15 Exanpl es i ncl enyI
| - napht hyl , arfa"eéef% taFFéné@FF‘%f&ﬂ W—S‘ianﬁé?E‘b)‘L andi%pnd nal Iy

subst i t ut ed arad, lindep edaﬁﬁ[yﬁ)f@ach@ﬁieg dro 31851 géﬂﬂgzne group
and Rb is an optlonall substit ut egilyarr rou bas ?lnl cgére ,
benzyl, phenyl B©Rj BW‘E srdnabkslaliy et queﬁl:ry\f?lthth@pﬂmgnally

substituted araddesWhich FBRNS afach ly gﬁgﬁ al kenyl ene
group and Rb |§ an optl naI I?/ sugﬂt fr?utog {/%mgt?tgﬁﬁzﬂee |ne “herein,

e& 3-phenyl - 1bnww,§ué§mphrbﬁ¢ndm¢mmvmhmyﬁ means a
radi cal - RaRb vvhermﬁmnhmysumtﬁtea&mﬂi'hﬁé&xﬁ@@acﬁ&mﬁak%&‘ﬁn an optionally

subst i tut ed araﬁcyleg L ougp shd Ig’ isan optlonally 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 (whete n is 2n integer
30 from O to 5, R’ and R” are independently hydrogen or alkyl, and R is hydrogen,
alkyl, cycloalkyl or cycloalkylalkyl), or ~(CR'R”),-CONR®R® (where n is an integer
from Oto 5, R’ and R” are independently hydrogen or alkyl, and R® and R® are,




herein, e.g., 2-hydroxy-2-phenylethyl, . -
2- hydroxy | droxyrret hyl - 2- phenyl et hyI 25 "Optionall ted phenyl™
nmeans a p‘ﬁgﬂg 043 ng which is optionally substituted i )r‘;’ 3’3@@9 FI y with one
or nore substituents, preferably one or two substituents selected from

al kyl, al koxy, hydroxy, hal oal kyl , heteroal kyl, halo, nitro, cyan,

met hyl enedi oxy, ethyl enedi oxy, cydoalifyl, cycloal kyl al kyl, -COR (where R
is alkyi or optionally substituted phenyl, -(CR R')n-COOR (where n is an

i nteger 30 i‘nH@;SEnQeﬁ &aﬂoﬂﬁﬂﬂyﬁog@r ﬂkylr@elb slkyl entyicloalkyldikplgerR'andal kyl , and

R is hydrog k o al k 0 al.k ) n CONRaRb
(where n |sﬁ2'lr??tﬁ éég}th m’(gﬁﬁ?‘?’ﬁ?% E%'dé 'tta%lﬁ;ék oaepettaeﬁé ntly hydrogen
or al kyl, atifg)lRa and Rb are, WO 01/29042 PCT/ EPOQ' 10088 7 i ndependently of
each ot her hydr. Pal? mt%w%yhﬁg{sa%%%lmln@gﬂ% dic8f R3 and Rb

t oget her W|ththe ni en atomto they are attached forma
het er deycl yblcthmgycalof@oﬂ%nesatymgbwgqtlaaé@nﬁ@pe%aﬂyzconﬁaéaws a nonoval ent

mDnOC%’C' I C Ghe, &v@'to?ﬁﬁééxﬁa gtk datdmtledted ﬂﬁﬂazN 10, 86, aiﬁaff&rba atI I eflséI one
aromatic ring containing ree ri et eroatoms sel ected from
N, 0, or S, f‘ﬁ&ﬂ°{q§@e¥‘§ﬁ:ﬁmﬁ’§“&’r‘ﬁ§“§?ﬁi‘§ %ﬂ%‘” ?‘t'l?g under st andi ng
that the at h&@ﬂ&ﬁﬁhﬁadt&ﬂlvﬂnboénid‘neombmﬁig)amyheumﬂrybﬁhg ianopﬁozhﬂyon an aromatic
ring. The he er.o r|n S tionall ently wi th one
or nore sub%'i g ‘%f’gp&%?m”ﬁén%gs‘fbsggfbé i’y%g?bli'uen sel ected from
al kyl 10 hal omwugnmﬂmmmlkml@whbmﬂ@ym mtrfbp‘!ﬁ“@nal |y substituted

cycl oal kyl iR drhere R is alkyl
or opti onal F@tp&dagy;s]t | tu'?%g dg%% &B&lﬁ{ 8 5 | 1ghan i nteger .
fromO to 5 W}Rfeﬁﬁd‘nﬂ‘“eﬂl’ém!l%éﬂﬁﬁ }?“ﬂy'é? gﬂk@?‘“&ﬁﬂ‘ Ris

hydr ogen, alk | &l nal |
subst |gt ut ed %é cyc tOtPE% ﬁi ?ét‘ﬁ%g&% Wdﬂ%&%&l Ragggrlg | ndgpendent |y
of each ot hbydrogenyalkdgmtion R whstituggek oy ﬁﬁkﬂ?l’%ItMFHWSBE’WtE?doaI kyl or

optiopal 'y é}élbi[ldg dm&&mhakm&euﬂepmamylafmheﬁus Rd (where n.is

R and R aPEroR RS e td b apupr SRR B0 Or Tondi 1,
substit ut ed cytymlkyhlldym ore{ CRI? i ePANRR $whert nu.umedtem fropdtl 5{%(’ amdkyl, or R
and Rd tog Ekh arein epem‘ien&y ﬂycfrgg%g or alﬁ}] OarlpdtRQ anvm are, mf%maéenﬂy of each '
other, hydrogen, alkyl, optionally substituted cycloalkyl 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.
"QOptionally substituted optionally substituted heteroaralkyl" means a radical
-R°R® where R* is an alkylene group and R” is a heteroaryl group as defined herein,
e.g.» pyridin-3-ylmethyl, 3-(benzofuran-2-yl)-propyl, and the like.
30 "Optionally substituted heteroaralkenyl” means a radical -R°R® where R* is
an alkenylene group and R® is a optionally substituted heteroaryl group as defined
herein, e.g., 3-(pyridin-3-yl)propen-2-yl, and the like.
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0), alkyl, haloalkyl, optionally substituted cycloalkyl, optionally substituted
cycloalkylalkyl, amino, monsubstituted amino, disubstituted amino, or hydroxy-
20 alkyl). More specifically the texm heterocyclyl includes tetrahydropyranyl,
piperidino, N-methylpiperidin-3-yl, piperazino, N-methylpyrrolidin-3-yl, 3-
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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-(methyisulfonyl)-piperidin-4yl, 1-(hydroxyethyl)-piperidin-4-yl, 1-(2,3-
dihydroxypropyl)-piperidin-4-yl, 1-(2-cyanoethyl)-piperidin-4-yl, 1-(1-cyano-
methyl)-piperidin-4-yl, 1-(aminocarbonylmethyl)-piperidin-4-yl, 1-(ethoxy-
carbonyl)-piperidin-4-yl, 1-(2-trifluorethyl)-piperidin-4-yl, piperidin-4-yl, 1-

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

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

an alkylene group and RP is a heterocyclyl group as defined herein, .z,
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pyrrojsi di n-pliedd dikoxvdaes P@;H%EJI ST aftsted BryRhdiitboLfdi cal as defined
herein with nearﬁ%}\% oorxylo bst | tgﬁnts | ndegﬁz%ent sel ect ed from

- ORa, - NRoFOoX#fRdocqranoney 0{ picattgmog. Ra is
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bt onal |y BERRT desisih opuGily ShRerd ReRieraBl, Ep T i,
opti onal | y substitgted anyl, emmaﬂy@mmteﬁmaﬂuybbpgomﬂwmbsﬁméﬂedmﬂsﬂ oaryl ,
optiopal |y sBRinly'shbsBithited heteroaraliyl. 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 heterocyelyl,
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-dimethylaminopropyl, 3-methylcarbonylaminopropyl, 3-amino-
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substituted heterocydyl al kyl, optionally substituted aryl, optionally
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substituted cycloalkylalkyl, amino, monosubstituted amino, disubstituted amino, or
hydroxyalkyl) or -NS(O),R* (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 heterocyclic ring with each ring having 5 to 8 ring atoms and
the two rings having only one carbon atom in common, with the understanding
that the point of attachment of the heteracyclyl spiro cycloalkyl radical is via the
cycloalkyl ring. The spiro radical is formed when two hydrogen atoms from the
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isomers. A carbon atom bonded to four nonidentical substltuents is termed a

"chiral center”. _

20 "Chiral isomer" means a compound with at Jeast 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 ( Ror §

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

30 the substituents attached to the chiral center. The substituents attached to the chiral
center under consideration are ranked in accordance with the Sequence Rule of
Cahn, Ingold and Prelog. (Cahn et al. Angew. Chem. Inter. Edit. 1966, 5, 385; errata
511; Cahn et al. Angew. Chem. 1966, 78, 413; Cahn and Ingold J. Chem. Soc.
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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,
cyclopentanepropionic 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-hydro; ne-
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
the like; or
(2) salts formed when an acidic proton present in the parent compound
either is replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an
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are diffe ed in 5 their nanes by the prefixes cis or Z and
E, which indicate that the groups are on the sane or opposite side of a
reference plane identifiable as common anmobng stereoisoners, for exanple, a

doubl e bond in the nolecule or to desidhate positions of substituents on
rlngs relative to one another according to the Cahn-Ingold Prelog rules. 10
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"Treating” or "treatment” of a disorder includes:
(1)  preventing the disorder, i.e., causing the clinical symptoms of the

disease not to develop in a mammal that may be exposed to or predisposed to the
30 disease but does not yet experience or display symptoms of the disease,
(2)  inhibiting the disorder, i.e., arresting or reducing the development of
the disease or its clinical symptoms, or
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In the main embodiment of compounds of formula (I), R' represents an

acyl, heteroalkyl, optionally substituted arylheteroalkyl, heteroalkenyl, hetexro-
alkynyl, heteroalkylcarbonyl, heterosubstituted cycloalkyl, heterosubstituted
cycloalkylalkyl, heterosubstituted cycloalkylalkenyl, heterosubstituted cycloalkyl-

20 alkynyl, heteroalkylsubstituted cycloalkyl, optionally substituted heterocyclyl,
optionally substituted heterocyclylalkyl, optionally substituted heterocyclyl
spirocycloalkyl, -(alkylene)-C(O)-R" 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,
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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 hydroxyalkyl.

20 .

In the preferred embodiment of heteroalkyl where R' is hydroxyalkyl (R® is
hydrogen) such group is preferably selected from 2-hydroxyethyl, 2-hydroxypropyl,
3-hydroxypropyl, 1-(hyd.roxymethyl)—z-meﬂlyl-propyl, thydroxybutyL 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
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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 alkyl), 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 -S(O),R® (where n is an integer from 0 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-
yl, 3-pyrrolidino, 2-oxo-pyrrolidin-1-yl, morpholino, thiomorpholino, thiomor-
pholino-1-oxide, thiomorpholino-1,1-dioxide, 1,1-dioxo-tetrahydrothiophen-3-vl,
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20 . .
Where R is "heteroalkylsubstituted cycloalkyl" the cycloalkyl radical may be
optionally substituted with onie, two, or three, preferably one, heteroalkyl,
preferably hydroxyalkyl, groups as defined hereinbefore. Preferably such groups are
1-hydroxymethyl-cyclopent-1-yl and 2-hydroxymethyl-cyclohex-2-yl.

25 :
When R! is "optionally substituted heterocyclyl spiro cycloalkyl" it is
preferably 1,4-dioxaspiro[4.5]decan-8-yl, 1,3-diazaspiro[4.5}decan-8-yl, 2,4-dione-
1,3-diaza-spiro[4.5)decan-8-yl, 1,5-dioxa-spiro[5.5Jundecan-9-yl and (3-hydroxy-

methyl-3-methyl)-1,5-dioxa-spiro[5.5lundecan-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



preferably optionally substituted i ndependently with one, two, or three,
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)n-COOR (where nis an integer fromO to 5, R and R' are hydrogen, and R
is hydrogen or alkyl), or -(CRR')n CONRgltb (where n is an integer fromO
to 5, R and Ware hydrogen, and Ra and Rb are, independently of each ot her

hydr ogen or al kyl ere an r fro 2 30
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In a preferred embodiment, R? is selected from hydrogen, alkyl, heteroalkyl,
aryl, especially phenyl, aralkyl, especially phenylmethyl, cycloalkyl, haloatkyl,
25 cyanoalkyl, heterosubstituted cycloalkyl, heterocyclyl, -(alkylene-C(O)-R”; wherein
R* representy alkyl, hydroxy, alkoxy, amino, monoalkylsubstituted amino and
dialkylsubstituted amino.

In 2 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. In a particularly
preferred embodiment, R’ is hydrogen. In another particularly preferred
embodiment, R® is methyl. In yet another group of particularly preferred



oxo-pyrrolidin-1-yl)ethyl. 20 Were R is "heteroal kyl substituted .
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preferably 1, 4-di oxaspiro[4.5]decan-8-yl, 1, 3-di azaspiro[ 4S] decan- 8-yl ,

2, 4-di one-  lembodiriets, RPish@lodik] &psif mtmau&ediymsanéah&@:[oaﬂlwmdecan 9 vyl

gg?uﬁﬁi- Eéd{ ?%?’ﬁhi‘ﬁx‘f”m@’aﬁ%m@ et SPI rogﬁylﬁé?%ﬂ'gg?ﬂylg or vi nyI and
can be attaodiﬁﬂnyhnﬁﬂneﬂﬂherd(mmyh@mi-z a-ld;mahylpxhpyltmdsﬂ hydroxykthyle val ences

ot herw se W%e%ll%?@uﬁxggyrﬁ '}Pg occupi ed by hydrogen. The
subscrlptnls nn 0*3, indi [

er o rom i ndi cating that the phenyl ring
is substituted by fromzero to three R2 groups. For those enbodinments in
whi ch two or thr g AR Forfu®: (DY 1ES R6dos Eﬂm ent of the
other(s). In aERq ?(g'gl {nra(;IUt o?lmﬁn g og #‘ﬂd EH?L and the 5
preferred ené® nmpr ﬂﬁh?ﬂmewe Mm&sﬂlw&m@ R2 is halo

or fal kylj eéﬁmraéﬂtmeaﬁéﬁwbcfomkérdpm&ﬂ;mdgeWh&emak@resﬁtt&I | further
prererred w t

5 .enbo nt ose enbodi nents in which -(R2)"
represents Z]ﬁlfﬁe'éb 1%“1’6"1?‘“%[7? 'C}ﬁ’@é\}}gﬁ'ef erably 2-chloro or 2,6-dichloro
or whelke -(R2)" represents 2-methyl. 10 In the conpounds of formula (1) R3

represents hydrogg %1 “]l}ﬁ; uted aryl,
optionally substi tut eQA ar atPT(%% ogﬁﬁéﬂ 'y su #ut eg edt gr oaryl,
optional Iy srudsdqspmpbﬁm%%ﬂsﬁewblesaﬁp @ﬁgﬁqowpguaé&qlmstve@ cycl oal kyi ,

cycl oal kenyl m@da ERRR oF the T ﬁﬁddhﬁ&'a]ﬁ!&iﬁ&k%ﬂétﬁéﬂiﬂh pubdhiallfbah or £yanoal kyl ,
hetero 15 su stl uted cycl oa %Iof heterosubstltut ed cydoal kyl al kyl ,

het er oal ky| STREFERIF FyiERRg o other
15

Still further, combinations of the preferred groups described above will form
other preferred embodiments. In one group of the main, the preferred, and more
preferred R' embodiments R is heteroalkyl, R? is halo or methyl, 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 cis- 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-dibydropyrimido[4,5-d]-
pyrimidin-2(1H)-one, 7-{1-(2-hydroxyethyl)-piperidin-4-ylamino]-1-methyl-3-




cycloal kyl, optionally substituted heterocyclyl, optionally substituted
het ero- cydyl al kyl, -(ai kyl ene)-C(O R31 or -(heteroal kyl ene)-C(O R31;
wherei n R31WQUFPM3ents al kyl, hal oal kyl, hydroxy, al koxPCT/ZRI08088
nonsubstituted am no, disubstituted am no, optionally substituted
cycl oal kyl, optionally substituted 20 cydoal kyl ai kyi, optionally
substituted aryl, optionally substitutedgoaral kyl, optionally substituted
het eroaryl and optionally substituted heteroaralkyl. In a preferred

enbodi nent, R3_js l.ect.ed. from. 0 ; r I ryl,
especially ph8’&(}‘!‘?3@?35‘?%@Y@@’E&@%gwg@ﬁgﬁ‘@%%@?{gﬁ gé%‘?b‘éﬁ‘?"?ﬁ@ hal oal kyl ,
25 cyanoal kyl 7-[fretrerdemethatyicydohexl)methiybatiiot 1 -miathyled, &-dihydropyrimido{4,5-
- (al kyl ene- C( Q.5 eV Y "?331_ 1 [l ) q#%ly a} koxy, am no,
naonoal kyl subgqﬂaﬁﬁg\g%ﬁﬁgggn ggﬁ%suﬁ%???%ﬁﬁyﬁ 0. lﬁ%ﬁg nor e
preferred enmbsuthivi-dd-dikpiropyrimidals s-dipyrimidintAiHi bepasnd phaspraceuticdlycy c| oal kyl |
hal oal kyk, heteeoablk ¥dits theedo€r ocycl yl and heterosubstituted cycloal kyl.
More preferably R3 is hydrogen, alkyl, haloalkyl or heteroalkyl. In a
particularly preferred enbodinent, R3 is hydrogen. In another particularly
preferred enbodi IresiotheRaspecs, thepriyeht inventiyeproaided hethodyrobpueparinghe t i cul arl y
preferred WO O(Z)L/ 291%4&% ePscn eEI;’QQr/clOOSS 19 enbodi nents, R3 is hal oal kyl,
especially 2, SomP fiuore hy? , or R3 is heteroalkyl, with
2- et hoxy- 1- et hoxymet hyl et hyl , 2-di et hyl am noet hyl, 2-nethylthioethyl, 3-
di met hykam noet hy - ] seiullE hydr oxyet hyl
bei ng pé?ti cul ar ipnr_% (ﬁmﬁtﬁﬁﬁggﬁigﬁf%roups. %)Q %@ﬁ%qunggﬁ%gi%gf formula (1)
R4 represent s “PRER®%eNn, al kyl, and -al kylene- COR31. In a preferred
embodi ment, especial |y (apgatidy #oriprandsf ormadlpreferred R enbodi nent
menti oned before, R4 represents hydrogen. ere R4 represents
-al kylene-COR31 it is preferably -CH2CON O In addition to the conpounds
descri bed above, the present inventign i 6%2),all pharmaceutical ly
acceptabl e salts of those conp®in al®hig W'th prodrug forns of the
conpounds and al | isoners whet Hér iln apure chiral formor a
L N N "O
ls
R Uy
wherein n, R? and R? have the meanings provided for the
15 compounds of formula I above, with the proviso that any interfering reactive group

present is optionally in protected form, and L is a leaving group,

with an amine of formula HI
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 pharmaceutically acceptable
salt thereof.
25
In another method the compounds of formula I may be prepared by a
method comprising
(a)  treating a compound of formula IV



racem c mxture or other formof mxture. 15 Still further, conbinati.ons of
the prefer, ups described above will form other p erred
enbodi nent‘ggg\/g&%ne group of the main, the preferred, aﬁ‘g’;@r%’r“/gm%referred
R enbodinments R is heteroalkyl, R2 is halo or nmethyl, R3 is nmethyl, and
nis 1 or 2. 20 In another group, wherein R is heterosubstituted
cydoal kyl, R2 is halo or methyl, R3 idlnethyl and nis 1 or 2, especially
wherein R is hydroxycycloal kyl, including cis- or
t rans- hydroxycycl oal kyl, in rtiular cis- or trans-4-hydroxy- cycl ohexyl.
25 In a further group, wher Dy het erocycl yl or heterocydyl al kyl, R2
is halo or nethyl, R3 RS r drogen and nis 1 or 2, or wherein R2
is halo or methyl, R3 |sshet"éro 1 or 2. 30 Particular
pref erred corrpounds are selected Ffsr(bmt p of 7-(trans-

4- hydr oxycycl ohexyl am no) - 3, 4- di hydr opyr do [4 5-@pyri m di n-2(1H) - one,

(2 chl orophenyl ) - 7- (tetrahydropyran 4-yl ar |no) 3, 4-di hydropyri m do(4, 5-dj -
pyrim di n-2(1H) - one, Wherein(is hglayRoieplky! hgﬂd)Rppé&h@ﬂerﬁhmm no] - 1- met hyl - 3

f" WO 01129042 Pg{ Q%ﬂtﬁ@&ﬁnﬂﬁﬁnds of formulalmentxoned above, in the presence
ortho-tolyl - dro Lim

3- (2-chl orophenyl asetoaﬁ'ordacompoundol'gyrI A ! one,

7-[(traru-4-net hoxycycl ohexyl ) met hyl ami no) - 1- g&t hyl - 3, 4- di hydr opyri nudo[ 4, 5
- d)pyri mdin-2(1H) -one, and
3-(2-chl orophenyl)-7-(4-o0xo0-cyclo
met hyl - 3, 4- di hydropyri m do[ 4, 5-d]
acceptable salts thereof. In aRaq the present invention provides
nmet hods of preparing the conpouhds |E\es ibe%l above. 10 In one nethod the
conpounds of formula | naybe prepared byrnet hod corrpr({nsi ng

2(1H) - one and pharnaceutically 5

(b)  treating 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
for the compounds of formula I mentioned above) to afford a compound of

10 formula (I).
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



(a) treating a conmpound of formula Il (RRn NNI L NN Ris (II)

wherein n, R2 and R3 have the neanings provided for the 15 conpounds of
formula | abW@129Mth the proviso that any interfering repct/imMmeneeoup
present is optionally in protected form and L is a |leaving group, with an
amne of formula Il RR4-NH (I11.1) wherein R and R4 have the neaning
provi ded for the conpounds of 20 fornulg | above, wth 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. \Were desired, the corrpound §$§§Ebb converted into a

phar maceutical |y acce tab salt thereof. 25 In ot Iy et hod the
conmpounds of formnul ybé prepared by a rret dX rrpﬁ sing (a) treating
a conpound of fpgprru S-- - meeieT R - - AW/ 29042 PCT/ EPOO 10088
21 INXRCS NNR (3!\/) wherein Xis hal% Flel}ﬂ'ﬂkyI and R2 and R3
have t he neani ng ib



provi ded for the conpounds of formula I nentioned above, in the presence 5,
of a base (901 ‘ggrd a conpound of formula V(R2) n NRSNN O R3 (b)
treating ?rzp nd of formula V with an oxidi zi ng agen't TRROVRER B®Y by an
am ne of the formula R RANH (wherein and R and R4 have the neaning
provided for the conpounds of formula |I nentioned above) to afford a
conpound of 10 fornula (1). Were desi%%®d, the conpound obtai ned may
optionally be converted into a pharnaceutically accept abl e salt thereof

The conpounds of Tich@ndnt 85LBmp ay&@ﬂfbﬁmmr(whaememxeﬁ ofardiyl ety of 15
met hods, usi n ggﬁﬁedures well %mﬁ qyg{hose 0 h)agmgflgh art
Regar di ng t R&YP & PHERAEY 43ming( 23 es?ﬁ%“%‘ﬂﬂ’a Spresent
i nvention atacukrrﬁpadrﬁdmeﬁbjcauieﬂloﬂad aisolverit whidhdad inedt uhder Sedredtiod or as
outlined in_Schene 4..2 9042 PCT/ EPOQ/ 100 2 chene 1 CO2Et N
COPEt  R-S~RPRAHGRPrRfery Btlt "f‘é’g or e@ﬁtﬁ“ﬂé‘ as%&gbxﬁrﬂﬁlrgs# R SNN NH Id
R3 Ic R3 / haldgenatefkaliphatic hydroddrbon, especially dichloromethane, an optionally

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

Suitably, the reaction is carried out at about -20°C to about 120°C.

Reduction of a 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 70°C, 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, 4™ 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 09C to about 60°C.

25 Reaction of a carboxaldehyde of formula Id with a substituted aniline (R?),-
CsHs.nNH; provides a compound of formula Ie. This reaction niay 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



RCH SNNHR-S'CNNHRIR3 lelf |l (R, "\ (RR), N,NI N Rs R
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01/ 29042 PCWE&EM9p420088 23 Treat nent of a conpound of f ®CTmEPeioess( where R
is an al kyl, aryl or aralkyl group) with a primary am ne (R3-NH2) provides
a conpound of forrmula Ib. This reaction is conveniently carried out in a
sol vent which is inert under the reactigg conditions, preferably an
open-chain or cyclic ether (such as tetrahydrofuran), a 5 hal ogenated

al i phati c hydrocarbon, especially dichloronethane, an optionally

hal ogenat ed apkaw70C teypbiewsd 80960 especially ot the Aefts tevaperatye of thekelvesit o or wat er .

Sui tably, the,&B866 hidbtdduzétopiceeméil ofdtatgbout - 200C to about 1200C.
Reduction of a conpound of formula Ib provides an al cohol of fornula Ic.

10 This reduction is typically carried out using lithium alum nium hydride
in a manner well KedawibrdfalhBpsundiof foeinula Ik b divea ddfripoed &f formul£IfSOl vent
which is_inert ynder. ,the conditi onf of . the reductjon g%ierabl y an

open- chaf n or RN cAttied pptyst gb%‘eﬁﬂaeﬂg)’“dféﬂ“a’ﬁwe&ﬁ%?? "Whout -200 C to
about 700C, pbefobydxisleylithitmmodioninivdOkydride absdium triacewtybogolydride nader

conditions well known to those of skill in the art. Preferably, the compound of
formula Ie is not purified, but rather the reaction mixture in which it is prepared is

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

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

15

Cyclization of 2 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 2 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

25 500C, preferably at about —20 to 0°C.

Oxidation of Ig with a peroxy acid such as 3-chloroperbenzoic acid or with
Oxone® (potassium 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



15 Oxidation of an al cohol of fornmula Ic in the next step provides a. )
car boxal d%g @I& formula Id. The oxidation is typical lé carried out with
nmanganese VP2, al t hough numerous ot her methods can BFYEPUSRO08%y| oyed
(see, for exanple, ADVANCED ORGANI C CHEM STRY, e ED., March, John Wley &
Sons, New York (1992)). Depending on the oxidating agent enployed, the
reaction is 20 carried out convenientl $5in a solvent which is inert under
the specific oxidation conditions, preferably a hal ogenated aliphatic

hydr ocar bon .y &bwbodﬂwp%ﬂr td¥8R8 or BEnIAnRMah&3A4 hoabBal -0genat ed
aromati c hydrocar bon Swtab the oxidation is carried out at about 00C
to about 60QG Cﬁﬁbﬁaeant’c;piefeiabhabmbw&i dbobydematmpastird.a | d with a
substituted aniline (R2)n C6H5..NH2 provides a conpound of fornula |e.
This reaction may be carried out in the presence of an acid, e.g. an
aromat i ¢ sul f onFinaly, tdatnenodfdh svith wn dminel (RERTENH ) ploFides the taggetl, Wit h
azeotrepic r t [ Conveni ently,

t he regctl on8‘|r‘g§¥l§l{%1drs(i“Br %’n’%ﬂ%@ ﬂeé&g%%%ﬁgt QMB&%H%}%“R&@H t he 30
reaction corabhem:mfsolVgﬁe&éY@)m@atMY#MWdHMa@emonewlveegpec| ally tol uene

ooy atur e gud &kﬁ%égmﬁam by b A8 Bout - 1500C
enperature 0 abou ou ,
especi al |y 48rapAed Py Iprots Sob e Q%B’ 1 fopmaaide apd N Iggé"!‘%tbﬁr n the noted

azeotropic rp?ffaliﬁhozﬁi Gmb@ﬁenﬂﬁaﬁemwnmr&dmm&aﬁp&aiu&efﬁuha le to give
a corrpound of formula 5 can be carried out using, for exanple, hyride
reducitfg agéh?‘étOsGé%ab&é‘t%Q?dgtm‘PfelBEﬁf?SPR}H?t?%m%Wﬁ‘hﬁ“&? 19RPAMUM hydri de or
sodiumtriaqg géaquborohydrl de under conditions well known to those of skill
in the art. eferably, the conpound of formula le is not purified, but
rather the reaction mxture in which it is prepared is concentrated and

t he concentr at eAQéHraha§qhé§m§eﬁ{(ﬁwnl poﬁdeggmé%uo\ﬁp; ;}i,jgs inert 10 under

t he conditions reduct.i on, pre erabl r cyclic ether,
especi al | y tcewawfirogfoawah(fow% §ﬁwf tic

hydr oaar bon aatine(R'RENEE). al kanol , and t hen treated W|th an af or enent i oned
reduci ng agents. The reductl on is suitably carried out at about-loo Cto
about 100C, pr Dyut

eferably a
(R?), (R?),
N™ N
ios e
o — LA
I R’ R
l
In compound Ii, 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 trifluoromethanesulfonyl) 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 L.



OC. 15 Cydization of a conpound of fornula If provides a bicyclic nitrogen
het erocycle of fornmula Ig. The cyclization can be effected by reaction of
If with a o®®bE942ati ng agent such as phosgene or tri chliremaret/09ds

chl orof ormate (or another phosgene equivalent), conveniently in the
presence of a tertiary organic base, 20 preferably a tri(lower alkyl)am ne,
especially triethylamne. Mre particulagdy, the cyclization is carried
out in a solvent mhich is inert under the conditions of the reaction,

preferably an ope C|aII t ety ahydr of yr an,
optional Iy hal ogeﬂh tfé‘ﬁﬁ’&"i? Pl GEHbA BsCteBhat | c

hydr ocar bon. @mwm%ahlbymtiohecdaaaaateaﬂages;fwhesmksdenﬁiSca&ﬁuz -200C to
about 25 50C, preferably at about -20 to OC. Oxidation of g with a peroxy
acid such as 3-chl oroperbenzoic acid or with Oxonee (potassium
monoper sul phate triple salt) in an adicheme2 aprotic sol vent such as

t et rahydrof uran, provides a sulfone (I1h) (or, if desired, its_correspondi ng
30 sul foxide by controlling t# nXi ﬁ;ion condi ti ons) which )

converted to a variety of .:\ Rﬁ@m of Ig

ounds. Typically the pxiTdp
is carried out in N°S S

ch is inert undemnN
oxi dat i on, pre&era I y haHogenat ed -----< ST HW - -
PCT/ EPOO/ 10088" ™ I i ¢ hydrocarbon, e i a @f orm or
di chl or onet hane, and at about - 20C to about 50C prefg%ably about 0Cto
about roomtenperaturygg Finally, treatment of Ih witppdn am ne (R R4-NH)
provi des the target 5 conpounds for formula |I. The reaction can be carried
out in the presence or absence of solvent. Solvents that nmay be used
i nclude polar aprotic solvents including ethers such a$ di met hoxyet hane,
di met hoxyet hyl ether and tetrahydro- furan and di pol ar aprotic sol vents

such as di nethyl formam de and~lN, N-di met hyl - pyrrolidi ngne. B veni ently,
the reaction is carri ed out g enpes at ures of from 10 abou 0 (ﬁz)about
200C, nore preferab RO Jerature to %P t p@" "

e /g — a L

=z
W

5
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 ITa can follow the steps
provided in Scheme 1.



Accordi ngly, the present invention provides a nethod of preparing . .
corrpounds.v%mf(%f'gzl al, by treating a conpound of genergl forpula Ii with

an 15 ami'ne “NH. (R )n (Rn NNNK LNNO 9% R3 R R3
li In compound Ii, the synbols R2, R3, R4 and the subscript n have the
meani ngs provi ded above with reference to fornmula I. The letter L

represents a |leaving group 20 which c¥h be a hal ogen, a | ower
al kanesul fonyl or al kanesul finyl group (e g., methanesul fonyl,
met hanesul finyl QyclikdtiohwfIIa provides &bidydio nytogentietarocyale offokmala Iyl f onyl or

sul finyl gr . q.. benz sl fonyl nzanesul {1 . 4-
t ol uenesul fgﬁgf#ﬁza&”hﬁ"ebsﬁﬁ%ﬁ%%%\w ﬁgﬁag‘r%‘@hﬁ“ %ng%h‘b%r?rgetpﬂose of skill
in the art clidowferenateier plinsgeheieguivdlent), typicalyt in theydesehi@ida GR@AKI C CHEM STRY, e
ED., 25 Mar ; ' ‘eﬂﬁ!ﬁin&' I m nes (R -NH2)
are those ﬁm?%’%@gﬁe@ﬁ%“ﬁyf@% eé%ﬁﬁg!}c_) ps li;ill'?é)thg() for fornula I.
WO 01/29042pptivamhp treqpdizationds carpied ot imasolvenpyiehicthisinert under the cycl i ¢ ni tr ogen:
hteteroc]ycl ecc%‘nh'ﬂi'ti&@o%@%éﬁw&{,Qgefeé-ilgf&{o@ﬂdhgﬁoﬁéf&ﬁg&h%ésbaﬂﬂl )ed at aNI ﬁt ﬁlr_
stage of synthesjs.as shown i eme 2. che n ~ ja
B SN N etaRpdegrudn, fa gptboel halokened 4pmatt BypFogaion o hilogebated.

aliphatic hydrocarbon. Conveniently, the reaction is carried out at about -200C to

about 50°C, preferably at about 0°C to about room temperature.
10 .
Introduction of an R? group to provide a compound of formula Iic can be
accomplished under a variety of conditions. For example, IIb 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 the like). The
N-substitution is conveniently carried out in a solvent which is inert under the
reaction conditions, preferably a formamide, especially N-methylpyrrolidinone or
dimethylformamide, an open-chain or cyclic ether or an optionally halogenated
20 aromatic hydrocarbon. Suitably, the reaction is carried out at about 509C to about

2000C, 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 IIb 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
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|  Conpound Ha, the starting nmaterial in Schene 2, can be prepared by the
di spl acenentWo 8u¥f42on of commercial ly avail abl e conpoundPCIEPHBIINEl a | a to
provi de conmpounds of formula | b as previously described in Schene 1.
Briefly, 10 treatment of the nercapto conpound with a suitable am ne

provi des a conmpound of formula Ib (R3 3gH). Conversion of Ib (R3 =H to
Il a can follow the steps provided in Schenme 1. WO 01/29042 PCT/ EPOQ 10088
27 Cyclization of Ila provides a bicyclic nitrogen heterocycle of formula

|1 b.  The cyclor gvskid etheros tenipsraiiresaf pbant B3P a ahaud HOASC, preferahinat abidsgene or

trichloromethyl~,chl orofarmate (or osgene .aqui v . typically in the
presence of a&%ﬂ#&?{ﬁ géﬂ'afﬁ?%'(tgﬁ%@g{{mﬁ ‘e&g“r’%g‘fl{baa ir%;‘%’? &%ﬁdﬁl kyl ) am ne,
especi al | y tr petdamy aadsevendakjpaleohbls peerthé mast switaple formeactipnlundarithmse i s carri ed
out in a sol veptgddycch is inert under the conditions of the reaction,

preferably an open-chain or cyclic ether, especially tetrahydrofuran, an
optional Py hal ogenated aronmatic hydrocarbon or a hal ogenated aliphatic

hydrocarbon. Convepilgiing ¥he ihh6ducBEE 5 IO th Sxifiohia88 dBplhcedlenf (to- 200C to
about 500C, pr,efoihae%ﬁ gabt{out 0C_to abou rqomten‘qegature. 0
| ntroduct i on YYEOHC ‘a\?’ (A% hegegorlished ase Fnchewe 1eBeYalP BT% can be
acconpl i shed tdight torfipatmds sftfyrmiilla Icondi tions. For exanple, I|1b can be treated
with alkali netal hydride, especially sodium hydride, and subsequent
reaction with a
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.



conpound of the general formula R3-L, wherein R3 has any of the val ues
accor ded % her ei nbef ore except hydr ogen, aryl or heteroaréll and L
represents a [‘éaving group (e -g-,, halo, net hanesulfom
trifluoronethanesul fonate, and the like). The N-substitution is
conveniently carried out in a solvent which is inert under the reaction
conditions, preferably a formam de, eszp?eci ally N-nethyl pyrrolidinone or

di met hyl f or mam de, an open-chain or cyclic ether or an optionally

hal ogenat ed 20 aromati ¢ hydrocar borschéme 3 ably, the reaction is carried out
at about 500C to about 200C, preferably at about 50C to about 150C.

Alternatively, the al kyl ati be carried out wth ap or ani ¢ base
such as pot assi um car bgnat Plar mani de  sol vent such (R3),
N- net hyl pyrrol i dj t e ures from about ﬂ abRdt 2Z5C. 25 An

al ternative, gandllprefler abl e net hod for §heqint t|o of R3 involves a

al kyl ati on of “gfie r "NHJi none ni trogen V|§\s 0 reaction. In this
nmet hod, an al cohol of the general formnula R3-CH |s c nbined with a conpound
of general fornmula I in the presence of, for edmple, triphenyl phosphine
and di ethyl 30 azodi carboxyl ate or di phenyl pyridyl phosphi ne and '
tert-butyl azodi car boxyl ate (See, Tetrahedron Lett., {40: 4497-4500 (1999).
The al kylation is conveniently carried out in a solJyent which is inert
under the reaction conditions, preferably an open-chdin t WO 01/ 29042

PCT/ EPOO/ 10088 28 or cycl | her, at tenperatures -200C to about
1000C, preferably at about (Bz)about 300C (or roomte (BRg). As with

ot her alkylatio mary and seconda e the nost
sui tabl e fohpre:Eilo unfler these _conditi 5 F IIo ng the introduction
of R3, the oxrgdt spl aceitent step \g NPt e RIRAN-) can be

acconplished a outI inéd in Schene 1 above 0\‘ rovi dﬁ target conpounds of
formula I. 10 T'n still' ot her enbodi nents, e conpou ds can be prepared by
reversing the litb a

.
“ /@(Rﬂ).,
H&Nigf;lo |

3
R? R

5 Accordingly, a compound of formula I1a can be cyclized to IIb (as earlier
shown in Scheme 2). Oxidation of IIb to Illa provides the template for the
subsequent displacement and alkylation steps. Thus, treatment of IIla with R*-NH,
under the conditions described above, provides IIIb, which can be alkylated using
R:-L (wherein L has the meaning noted above) or R-OH using a2 Mitsunobu

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



or-der of- al kyl ati on and di spl acenent steps, thereby reversing the order of
-R3 and -NRLR4 introduction, shown in Schene 3. WO 01/29042 PCT/ EPOQ' 10088

29 Scheme 3 WO®#M4h \ H\ Nja(R2) --~ R .S N NH2 R-S-pthdpooadass |1a 11D
(RR)n (R)N RR, \ N\ .~~- NN\ NNNORNNO RL HO11,01 HIllb Ilia
M (RR) na IIl RNNO R R3 15 Accordingly, a conpound of fornula Ila

can be cyclized to Ilb (as earlier showg in Schene 2). Oxidation of Jib to
Il1la provides the tenplate for the subsequent displacenent and al kyl ati on
steps. Thus, treatnment of Illa with -NH2 under the conditions described
above, provides I11b, which can be aPB8m8dd using R3-L (wherein L has the
meani ng noted above) or R3-OH using a Mtsunobu 10 reaction as descri bed
earlier to provide the ta&ggt conmpounds of for%uzba . WO 01/ 29042
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Scheme 4 provides an alternative method of preparing the compounds of
Formulal.

Compound Ia, the starting material in Schemes 1 and 4, is commercially
available. The treatment of 2 compound of formula Ia with a suitable aminating
10 agent or nucleophile as described in Scheme 1, provides a compound of formula Ib.



R*ISN CIl RSJ~-N~NH i la lb R3 OHEH~COzEt N NN G ~, RSNJ~ I~f (f.iin Nb.
IVa R 3_( RSNIhr IVc R Ota2)nl. (R2)n "o~ 1lr R
SN R . N :%%H'é”:”‘ INNO R3 + (R2]) Rl R3 |Wd ~~%~g~’gipﬁﬁg‘?‘“‘8" % R3 A
5 Schenme 4 provides an alternative nethod of preparing the conpounds of
Formula |I. Conpound la, the starting rraqt;erial in Schenes | and 4, is
commercially available. The treatnent of a conpound of fornula la with a
suitable am nating 10 agent or nudeophile as described in Schene 1,

provi des a conpdiedmefit dfakompoundof faifmulhllbEtvisubdifuttdOOUnkabtitutedB1 Tr eat nent

BLeﬁyf?ggy%qﬁ?‘iﬁsfg%(}%é?@ﬁw £ ‘ge ?:@?%@S%%gﬁqmﬁ%‘r%m&?%?g reaction is

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

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

5
Reduction of a compound of formula IVa provides an alcohol of formula IVb.
This reduction is carried out using lithium aluminium hydride in a manner well
known to those skilled in the art (e.g., in an inert organic solvent such as an open-
chain or cyclic ether, especially 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 [Vb with a halogenating agent provides a
compound of formula IVc wherein X is bromo, chloro, oriodo, preferably bromo.
Although numerous halogenating methods can be employed (see, for example,

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

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

0°C to about 60°C.

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

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




carried out in an inert organic solvent, preferably an aromatic hydrocarbon
such as toluene or xylenes, and at a tenperature of about OC to about
150C. 5 ReduwDiodR90é3 a conpound of forrmula Na provides anPGI/ERSHIN0SDT
formula Nb. This reduction is carried out using lithium alum ni um hydride
in a manner well known to those skilled in the art (e.g., in an inert
organi ¢ solvent such as an open- chain o cyclic ether, especially
tetrahydrofuran, at about -60C to about 90C, 10 preferably at about -20C to

about room tenper React | an,.al coho f f la 1 Vb, w,th a

hal ogenati ng agen ma-[Yovmgntngd@&ﬂ%%{}ZW%ﬁﬁH&} Iﬁo’ﬁgu’fﬁﬁ%‘r“ép’ﬁ‘ s bron,
chloro, or IOdﬁdﬂ&ﬁﬁaﬁ&ahtey,ahdmmnem‘khu]{)tprmﬂﬁuﬂgétabmpemmg met hods
can be enpl oy e 5 ADVAN STRY, 4 ED.,

Mar ch, John gﬁagevgaonéﬂfwﬂéw’ma it ﬁgﬂ 'Hﬁl S reac Fd"¢an be carried
out using phowﬂdﬂnmﬁdxkplacmmdenmxscqxhcr‘atpﬂmfbgprepmmeﬁ@hhmlmmo obtain the

d I th
Cenct; oo it HNeOlonSRoY ot ez UG, BecfedliP MO SpEbLI soffBEY PR oﬁ )
condi ti ons, pﬂemnoh nyneaNJ%émm&ma@ ideoytetkydsafap, Convenisptpithe |
t et rahydrof “r?%/m H&io‘?ﬂ &%Bﬁt%"é't& %gﬁ} iboa)fg&r g&%a&gg{a =Y about oC

to about 60C. |za I'on o a conp ovides a bicyclic
nitrogen het éemypyatume. of fornul a IVd The cycllzatlon can be effected in
the presence of a 25 base, preferably hexamethyldisilazane. Typically the .
cydi zation is carried out in the esence of a solyvent mhlch s inert
under tA® conditi 9ﬁ§°§ﬂ“nt1%@e|a€a‘eqll?ﬁ[?" tand that ceptapm m 0%3%69%81“3%" PRI ¢
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NN- di et hyl - acet a | | de nd aL a 1 to about
200C f or aboufxa{npg% %“h%??fyﬁ? V%Yeetﬁ ’Ip cﬁ( and deprofestion @ rﬁaézgfed for 30
about 1 to 10 fimstiosal gﬁoupdihattareﬁﬁﬁi&mpaibbtmmﬁiaulavﬁaﬁngﬂdiﬁom / EPOO 10088
32 Finally, treatnment of Id with a oxidizing agent such as

N-chl oro-succinimde or chlorine and water, and an am ne (R R4-NH)
provi ded5t he t ar geln anothooaspestthe presens inventionirelgtestophamacexicale i nt er medi at e

conpound of f %xﬁysl)@aoﬁs commhé‘ﬂﬁ lcbipounds of formula I.

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



oxi dati on/ di spl acenent reaction is carried out in the presence of solvent .
which is & inert under conditions of the reaction, preferably dipolar
aprotic sHOSUAIM2 1 et hyl - 2-pyrrolidi none, NN-dirnet hfFTfEBP%&Pﬁsde or
tetrahydrofuran. Conveniently, the reaction is carried out at about 0C to
about 120C, nore preferably about room tenperature. 10 One of skill in the
art will understand that certain nodif3cations to the above schenes are
contenplated and within the scope of the present invention. For exanple,
certain stens i Lipsd1etY 3litsbld Afriddt RF Bk bcAGHoFBREBhEAIsPRpOLre €aCt i ve
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conpounds cfEmi-dawAopliquidpelrolsandithelike, e ysed as nedicanents, eg. in the
20 forsm of pharmaceutical preparations. The pharmaceutical preparations can

be adm ni steredyenterall 0. Qf ' f . coat ed
tablets, dr agegi.,heﬁle{?rglac%&rgiadj’é&%am%gﬁ%{alxﬁlesg (c:él%%ﬁlpg%%‘ﬁe%?ﬁ 1(Sﬁisl?ersérrul si ons or
suspensi onsstabilizem! wettingagentsremulsifiers, greetentrsicologants favorants, ealtsferct al |y, e g.
in the for ngap}tin QBQﬁ&&?}F&&m me’ H‘?ﬁﬁo y&m@&gﬁawﬁaﬁa&t@m Biphi stered

parenterally,”eg. int I nj.ection _solutions. 25 The conmpounds of
formula | aiﬂ@@ﬁ@mma@mvﬁb‘ﬂ@&s‘&ﬁf&??ﬁéeg‘ﬁ{Whé%ﬂ?wmQEE‘éddPgbl e salts can
be pr pgessegrith Dafdiheivafopsthéntiohéd/pHanfideutillpaddbptalidé saltflor gani ¢ carriers
for the production of pharnaceutical preparations. Lactose, corn starch or
derivatives thereof, talc, stearic acid or its salts and the |ike can be
used, for examMelican@ftsashichohtaims cingpound of formibla & bs3 psmaesticallp| et s,

dr agees and | 108 | { e, QoW 2 0€l ati ne
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capsul es are, exanpl e, e ol l's, waxes, , sem-solid and
li qui d pol yesmpatiblg phareaceutisal carsisematerid aggpliona abjeck pfdhepresept  active
i ngr eg ent ﬂQexﬁi%ﬁfA:ﬁftﬁer@fgﬂct iDDPRCESE for UieybduktibR Gfutie thelliBarhdifts case of soft
WO 01/ 29042 PCT/ EPOO/ 10088 33" gel at'lfgﬁa capsul es. ngtstiag{a}farrlers for the
product i on BRI SIBRTGHYENE B P FEOTLY &1ese ¢BPP gﬂfﬂs ; fenieali vol s,
sucrose, i nadniihissatiarform togetheewiing cérymtiblelpharnBicettivhl 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



carriers for suppositories are, for exanple, natural or hardened oils,
waxes, fats, sem-liquid or liquid polyols and the like. 5 The

phar maceut | 3¢} 01#8@par at i ons can al so contain preservati vEST/ERBWNNBE| | zer s,
stabilizers, wetting agents, enulsifiers, sweeteners, colorants,
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agents or antioxidants. They can also ggntain therapeutically val uable
substances ot her than the conpounds of 10 fornmula | and their
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34 syndrome, chronic obstructive pulmonary disease, osteoporosis, or Alzheimer’s
disease. Compounds of Formula I would be useful for, but not limited to, the
treatment of inflammation in a subject, and for use as antipyretics for the treatment
20 of fever. Compounds of the invention would be useful to treat arthritis, including
but not limited to, rheumatoid arthritis, spondyloarthropathies, gouty arthritis,
osteoarthritis, systemic lupus erythematosus and juvenile arthritis, arthritis and
other arthritic conditions. Such compounds would be useful for the treatment of
pulmonary disorders or lung inflammation, including adult respiratory distress
25 syndrome, pulmonary sarcoidosis, asthma, silicosis, and chronic pulmonary
inflammatory disease. The compounds are also useful for the treatment of viral and
bacterial infections, including sepsis, septic shock, gram negative sepsis, malaria,
meningitis, cachexia secondary to infection or malignancy, cachexia secondary to
acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related
30 complex), pneumonia, and herpesvirus. The compounds are also useful for the
treatment of bone resorption diseases, such as osteoporosis, endotoxic shock, toxic
shock syndrome, reperfusion injury, autoimmune disease including graft vs. host
reaction and allograft rejections, cardiovascular diseases including atherosclerosis,
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20 reproductive system such as endometriosis. The compounds of the invention may

3

o3

also be useful for preventing the production of cyclooxygenase-2 and the
compounds of this invention are also expected to be useful in the prevention and
treatment of cancer, in particular colon cancer. The compounds of this invention
are also expected to be useful in the prevention and treatment of Alzheimer’s

25 disease.

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

30 dogs, and cats.

The present compounds may also be used in co-therapies, partially or
completely, in place of other conventional antiinflammatories, such as together with



WD 01/29042. PCT/ EPOQ 100S8 35 thronbosis, congestive heart failure, and
cardi ac reperfusion injury, renal reperfusion injury, liver disease and
nephritis, amaomgsd2gi as due to infection. The conpounds reTEPa/massusef ul
for the treatnment of influenza, nultiple 5 sclerosis, cancer, diabetes,
system c lupus erthrematosis (SLE), skin-related conditions such as
psoriasis, eczemm, burns, dermatitis, kgkoid formation, and scar tissue
formati on. Conpounds of the invention also would be useful to treat
gastrointestinal _conditions such_as infl tory howel disease, Crohn's
di sease, gas#tioids<crclpexyeenass-2inbikiers @W@PEME"WP%WV?‘%I itis. The
conpounds Woubgn&k(5-EpS§gdn@selifkibitdrs, LB} dheagbiiets - 1TAdiydrofisd inhibitde. di seases,
such as retinitis, retl nopat hi es, uveitis, ocular photophobia, and of
acute injury to the eye tissue. Corrpounds of the invention also would be
useful for treat nbndsedhereingthe tren@ENE medinted disciide refaofal agiand alhet ast asi s;
opht hal npl ogi a cul ar
eovascul ar 2 RS A Bk AR Bl TREDER o Qhihey bREL! "

neovascul ar i z#selfor bydINFsansing 4nother monekinatp be relessed, S@daﬁéﬂlmotﬂ-’@@ﬂedopat hy,

retrol ental {dI@Iloﬁ.-ééfﬁ.-@”ﬁdﬂ@a@é’ﬁﬁ&ﬁ'vﬁﬁchgfoﬁﬁﬁﬁﬁ&;ILUiS%ﬁdxve di seases such
as gastric ulcer; pat hoI ogi cal,, but non-malig nt condi {ions such as

henagi nomas, FHRPRGRE#d whmaqup@l%@ﬁa@%ﬁﬁecer o BrETteHE TePORsh e

nasophar ynx agdrNmamald dérefoecheasnsidesdd daivoader tHedlarl bg TNBphr opat hy and

cardi omr(é)pat hy; and di sorders of the femal e 20 reproductive system such as
endonetrrosis. The conpounds of the invention may also be useful for
preventing the prMuedh@mﬂhe&yﬂépﬁSy@W@&h@r@ddefeheoammﬂ@ﬂmds of this

i nvention ar e 4‘8‘9@“%?5%9'&@%‘94’329@ ?ﬁf@%‘“‘ r eat nent

of cancer, in partl col on cance i's invéntion are

al so expect edot &y 138 C%Rﬁélgemﬁhﬁff?ﬁ@tﬁbemeﬁdﬁ%ﬁd’“w@é@@ﬁfoﬂfl N-$hei ner' s
25 di sease. BeﬁlLOhBSAaieéamm@ﬁfvmlchtﬁiuﬁuﬂ&nmmahrﬁmkompmﬁeaﬁmpounds are

al so usﬁ gr veterinary treat rren % ani on_ani maI%ie w@l c aninals
and f ar ir ani mPese ProdyEHoR ST AGHOR HiEicer “F ﬁ’ff&s?t(’ﬁt?tPP e preferred
ani mal s incl uflferelﬁﬁébemnmd&@dddi;sr,demeﬂmails/p%‘he present compounds may al so
be used in co-therapies, partially or

As TNE-B has close structural homology with TNFE-a (also known as
cachectin), and since each induces similar biologic responses and binds to the same
20 cellular receptor, the synthesis of both TNF-o& and TNF-$ 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 illustrafe, 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 a rotary evaporator under reduced pressure (typically, 4.5-30 mmHg) witha
bath temperature of up to 60°C; the course of reactions was typically followed by



conpl et el y, in place of other conventional antiinflammtories, such as

t oget her 01129042 PCT/ EPOQ 10098 36 steroids, enase- 2

i nhi bitors, ﬁg , DMARDS, i mmunosuppressive agents, ggﬁvg@f(@%enase

i nhi bitors, LTB4 antagonists and LTA4 hydral ase inhibitors. As used

her ei n, the term "M nedi ated disorder” refers to any and all 5 disorders
and di sease states in which TNF plays & role, either by control of TNF
itself, or by TNF causi ng anot her nonokine to be rel eased, such as but not
l'imted tO'FLCahdrédch&Mesbkcﬁrow&edifoSﬂRﬁﬁzﬁﬁﬁhﬁrmﬁlﬁﬂg simsafr@r Instancg ;
IL-1is a ent ll("TIO or .acti exacer bat e
or secr et ed PfCF lﬁgg %h$%ﬁd%%ﬁg S ERGR %E"E"Sﬁ‘éa:i))ﬁ’éflé% 35 di sorder
medi at ed byyiEkEaréﬁoﬁdedfeeﬂudteﬁenonlyidndthefoﬂmmg&maﬁmbd d| sorder" refers
to any and g gi I d }M;“Lc ?Mﬁ a role,
ei t her by conif &?a%%g“?ﬂefng(ﬁﬁ%?lgg 5“955%“*%3 QMH’?% acgor to be
rel easéd, s&@ﬂh@gle@us gaasns)] g q@esrw;m(mmutes)@n (hpursy. A di sease state

in which, f@EANhRR%S didihyl bzodabcRBate! conmponent, and 15 whose production:
or action, @AQX%EJ? ed ‘or secreted ggeresponse to p38, would therefore
be consi der diisopgogy’ As TNF-J3 has cl ose structural
horol ogy Wi DMFUistatid fot §8-dicheki- %ssmhsa&btzom) -piiinidindae each induces
simlar biologic responses and binds to the same 20 cellular receptor, the
synthesis of both TNF-a and TNF-P are inhibited by the conpounds of the
presedd invention and thus are her &xampkflerred to collectively as "TNF"
unl ess specifically delineated otherwi se. EXAMPLES 25 The follow ng

exarrpl es are offered to illustrate, but not to limt the clainmed

i nvention. In thdhisgempleillusiatesfie prenasationof fé2 Gidichlosepheal)-7¢ errper atures are
gi ven in 30 leRdn@¥folsf 1131hbtﬁyl(ﬁ dxh?&%i:?ﬁﬂn%%&l %Ip@nﬁﬁ&hlzfﬁ-l)lklﬁe room or

anbi ent tenperature V. e of from ahout, 18-25C, evaporation
of sol vent 3?”?‘@6’5’%&'&3‘?}?%@3 Flatender reduced
pressure (typically, 4.5-30 nmmHg) with acn

HsC /':\/E\/& ¢

l/ \\

15
1.1  Preparation of ethyl 4-methylamino-2-methylthiopyrimidine-5-
carbo:g/late
COgEt CO,Et
HyCug /k ——=H,C. /K/I
CHa
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



bath tenperature of up to 60C, the course of reactions was typically

foll owed by WO 01/ 29042 PCT/ EPOO/ 10088 37 TLC and reaction tines are
provi ded forWOmiayez ati on only, nelting points are uncorprertmiaogs oduct s
exhi bited satisfactory 1H NVR and/or mcroanalytical data; yields are

provided for illustration only, and the foll ow ng conventi onal
abbrevi ations are also used: nmp (neltingsgoint), L (liter(s)), nL
(mlliliters), mmol 5 (mllinoles), g (granms), nmg (mlligrans), mn

(T ies), S abgb il AT oA ienl Gt RSB  © D10

1, 3-di net hyl - 3catbdxyBtetaps whitgalid- 2( 1H) - pyri mi di none 10 Exanple 1 This
exanple illustrates the preparation of 3-(2,6-dichlorophenyl)-7-

net hanesul fonyl -1 -net hyl - 3, 4- di hydr opyri m do[ 4, 5-d] pyri m di n- 2(1H) - one
begi nning with et hy#2 4- Preverat Q‘& ﬂ@%ymﬂvﬂﬂdvmeﬂ&ﬁ@afmﬂyhdte Cl NN

H3C ,S~ NC N-O 15 00 1. ¢oPgeparation of ethyl

4- et hyl ani no- 2- et hy | t hNopYrT m 8rne-5- car boxyl at e t "QH CO2Et

H3C, SAN CI H3C1, SH\’C /&G—B 20 A setuti-oem- Of 3%Thyl

4-chl oro-2-net hyi t hr op$T i nNdi NNH5- car boxyl at e 'z ) (Aldrich
Chem cal Co., M| waukee, Wscoé;sll n, USA) in 250 nL of bl or onet hane was
cool ed t@ OC and treat ed slowy fith a 33%sol ution of met iyl ani ne in

et hanol (35 mlL, 28Lithive aluminiyre hydrider(9 g+237 ool 3as mumed'xaﬁpo h@fdty of water
vere added anCefrhidRIFASR Snd Blafed O GHL 2 HBoR LAY & PR SiRES. A7 1 ed
methylthio-pyrimidine-5-carboxylate (34 g, 143 mmol) in 300 mL of dry
tetrahydrofuran and left to stand for 15 minates. 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 dichloromethanefhexane (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.

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

HaCo .
N8N M HC g~ NH

CH, CH,
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 cornbined filtrate and washings were evaporated under



25 over magnesiumsul fate and filtered. The filtrate was evaporated .under .
reduced WO 01/ 29042 PCT/ EPOQ 10088 38 pressure to giv % of ethyl
4- et hy| SWPAY2%$4ret hyl t hi opyri ni di ne-5- car boxyl at e as?’g%(%ﬁﬁ){‘é‘%gol id 1.2

Preparati on of 4-nmet hyl am no 2-net hyl t hi opyri m di ne-5-net hanol N CO2Et N\
OH H3C-S' | IMNNHHEC..StNNHS5 CH3 CH3 Lithium alumniumhydride (9 g,
237 mol ) was stirred in 300 nmL of dr)?9 tetrahydrofuran and treated

dropwi se with a solution of ethyl 4-nethylam no-2-

met hyl t hi 0- fidedpelissuge fo-pRNbS)Y 80% Eofdamietylarhitiv-2rmethylthiopR@ididide- of dry
tetrahydroyraﬂ ’iaag@gl ft tgjttstﬁnd for 15 mnutes. The m xture was cooled in
ice and 10°E4b? chaf?g 1360 %’ropw’ se with 18 mL of water. Thirty six nL
of 2M sodi um hydroxi de sol uti on were added dropw se, followed by 48 nL of

ter. Th |t i j ; ind-.
wat er e resu 14}2%@%&% 503, 6B 107 phbAyBmiiimetnyi- RHRylatind-20M

tenperature and then'tfltered” The filter residue was washed twice with
100 mi5 of emethyithicpyrimidineach time and the combined filtrate and washings

wer e evapor at ed under reduced pressure. The 15 residg suspended in 200
mL of di chl oronet hane/ hexane (2:1) and the solid was o d dried to give
23.5 g (86% of 4-neth anpoMo 2- net hyl t hi opyr L dinxe- hanol as a

yel low solid. 1.3 PrefNaraxfi on of 4- net hyl am ndN2-Wgt hyNt hi gpyri mi di ne-5- 20
car boxal dehyde N _§yz~ CHO Hse-5+N 10 lBc g N H |t CHs CH3

4- Met hyl ani no- 2- Fet Byl t opH ni di ne- 5- met ¥anoIN(2Nd, 108 mol) and | L
of dichl oromet hane were comgHjed with stirring and &Hgat ed with manganese
dioxide (87 g, | mol). The resulting suspension was stirred for 24 hours

and then 25 fi | tAmixtureiof dwatthylantinp 2emethyithiopyrignding Sefargogddehyde vas washed
with 100 m—(éjé, 32.8 mmol), 2,6-dichloroaniline (5.5 g, 33.9 mmol) and 4-toluene-sulfonic

acid (1 g, 5.3 mmol) in 70 mL of toluene was heated under reflux with azeotropic
10 removal of water for 17 hours. The mixture was concentrated to a volume of about
10 mL under reduced pressure and then treated with 120 mL of ethanol. The

suspension obtained was heated to 750C and treated over a period of 15 minutes
with 6.2 g (160 mmol) of sodium borohydride pellets. The mixture was stirred for a
further 15 minutes and cooled to room temperature. The solvent was evaporated

15 under reduced pressure and the residue was stirred in a mixture of 200 mL of 2M
sodium hydroxide solution and 200 mL of eﬂ1yl 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.



di chl or,onet hane and the conbined filtrate and washi ngs were evapor at ed
under WD 01/29042 PCT/ EPOO/ 10088 39 reduced pressure to give 15.8 g (80%
of 4-net hyl W@me982 net hyl t hi opyri m di ne- 5-car boxal dehydeCHEPIS/1488 t € sol i d.
1.4 Preparation of 5-(2,6-dichlorophenyl)am nonethyl -4-nethylam no-2- 5

met hylthi o-pyrimdine I CHONNN IIlIl _~H H3C SN NH H3C, SAN NH Cl
CH3 CH3 A m xture of 4-nmethylam no-2-ng$hylthi opyri m di ne- 5- car boxal dehyde
(6 g, 32.8 mmwl), 2,6-dichloroaniline (5.5 g, 33. mlsol) and

4-t ol uene- sul f oni Jyas heat ed
under refl ux with(irfz P%%Fegﬁ@?@ﬁ%*o)ogkmé?gp"&%%ﬁ The mi xt ure
was concent r adilyaird-pyranidel¥ Srdipyoimidib@(tH)-d@ nl under reduced pressure and
then treated with 120 niL ofpgt hapol . The suspension obtzt't'ne was heated to

750C and treated over a per 5 mnutes with 6.2 g I) of
sodi um bor ohydri de pel | ets. Th ture was stirred for ‘ er 15
m nutes and cool ed t ture. The solve Kpokdt ed 15 under

reduced pressulagand the reslrldue nas s_t_u_r,eg_hbg allm x ure of 0 nmL of 2M
sodi um hydr oxi NOMprd 209 mL of et hy r. The

phases were separated and% t.he organi c phase was dried g%gr magnesi um
sulfate and filtered. Eva ation of the filtrate unde educed pressure
and flash chronmat ography of the residue using 3:7 diethyt ether/hexane for

f}lihghlelolrJt (hgng?;/gn?‘rﬁ‘ﬁ‘gfl ‘E} %3}1(‘ ‘]fi??Lr?éP}h‘ifg?ﬁ.(%oo/ﬁﬁﬂl‘i“’rﬂ“d?ne as a white

solid. WO 01/ ﬁﬂﬁﬂ@z?ﬁ]ﬂﬂﬁﬂﬂdﬂﬂbﬂi&mbﬂ;ﬂrdﬁlﬁn Ruepertaidropwicf with a
3-(2, 6-dichl opppaeny é }2 & dﬂ:ﬁltop%lhgm)gm nou[w-x me:ﬁlyf'zimino-}methylthio—
pyrimidine (5 g, 15.2 mmol) and triethylamine (4 mL, 29 mamol) 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.

L6  Preparation of 3-(2,6-dichlorophenyl)-7-methanesulfonyl-1-methyl-
3,4-dihydropyrimido[4 5—d]pyrimidin-2( 1H)-one
C

HiCng AT/& G~ HC. /k/j(\/& c

I/ \\

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



di hydro pyrim'dof45deyrim'din 2(IH)-one C1 CI ~,. NNNHTf HSCSNNH

Cl H3C S~ I 1 CHB3 CHs 1.1 5 Astirred solutio inice,
12 L of gﬁ g’%ne (20% solution in toluene; 23 nmol) ECI%B"%HE&?)

tetrahydrofuran was treated dropwise with a solution of 5-

(2, 6-di chl orophenyl ) am nonet hyl - 4- net hyl am no- 2- net hyl t hi o- pyrimdine (5
g, 15.2 mol) and triethylamine (4 nL, 429 mmol) in 80 nL of
tetrahydrofuran. After stirring for 1 hour the mxture was treated with 100
. of 10dsat¢rtﬁﬁaaﬂchmaﬁmammaifmmidqeﬂtéetaaalfdttlgmnaad Saﬁﬁaﬂa&ﬁsgs }Nere
separ at ed. e a eou t et r ahydr of ur an
and the corfgPdys iﬂ‘g’ OBt ﬁ’\fN? §M@5W%‘%éfg?@§fhégbﬁm sul fate and

filtered. Th&reie'pirhteé.t Ehwmmwmmm&omdﬂgnﬁmdtmﬂdtepnéﬁkmé to give 4.8

?- §n8at9(r){ill ° ?Jdl%ﬁlq‘a‘ r| m 5§pyr é&{g ?%5 9f9(r_)‘)of3 (%’6(5u| fide 1. 1)

as a Wi te s;b¢hlrer0p11en -Prmghmqlbnyl methyl 3,4-dihydropyrimido(4,5-

of 3- (2, 6-di 4 N %i&ﬂﬂé soliget hyl - 3, 4-di hydropyrim do f
4, 5-dj pyrim Cd(]‘;jn}_fngi(ahl ’L&“Eﬂné’ eCFEEiHé}iL ) NJLN H3C SN NOG H301% SN N O
ClLCH3 ~O1 3 CH3 20 1.1 Sulfone 1. 2 Asolutlon of

3- (2, 6-di chl or opheiapieicdm éi(mmoiopﬂaiyl)w méthinesulfonyl-1 -methyl—3 4-

¢ hyﬁfﬁﬁ?é?%dﬁmwé@y%ﬁ Nodtkp L38 e trpraridstiingh lordutiag i r bonool ¢

acid (10 g, plat8of2,6xdithloroahiline ini stépir. 4 ab@e. stirred at roomtenperature for 17

hours, then cl
HsCx )\/I\/k

l/ \\ :

Sulfone 1.3
Similarly, 7-methanesulfonyl-3-ortho-tolyl-1-methyl-3 ,4-d1hydroyynn'ndm-
2(1H)-one (sulfone 1.4) was prepared using o-toluidine in place of

15 2,6-dichloroaniline in step 1.4, above.
' 0
HsCug ):I\ /&

// \\

Sulfone 1.4

Example 2
20 Compound 1-7

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



WO 01/ 29042 PCT/ EPOO/ 10088 41 treated with 2 nL of dinethyl sulfoxide and
left to stand for 10 m nutes. Saturated aqueous sodi um bi carbonate

sol ution (18P H2P4das t hen added and t he phases were sepBEFEPWHISThe

organi ¢ phase was dried over magnesium sulfate and filtered. Concentration
of the filtrate under reduced pressure gave 5 g (92% of 3-(2,6 5

di chl or ophenyl ) - 7- net hanesul f onyl - 1- et gl - 3, 4- di hydr opyri nudo [ 4, 5-

d] pyri mdin-2(1H)-one (sulfone 1.2) as a white solid. A related compound,
3-(2-chl orophenyl ) - 7-met hanesul f onyl -1 - et hyl - 3, 4- al

di hydr opyri m di n-2(1 H) - one fone 1.3) was prepared using roani |l i ne
in 10 place of 2,6-dichloragnfiline in step 1.4, aboy H3C;S N N
O OHO CHs Sul foneNL.3YSiMilarly, N N

| e )ti*
7- met hanesul f ¢g&d ,31\ 8I yl -1 -Tethyl - 3, 4-@@,@&,@:&“ LRy 2(1H) - one
1
I

(sul fone 1.4) wpreparied Using o-toluidine i age of
2,6-dichloroaniline in &p 1.4, above. H3C N H3C S O 00 CH3
Sul fone 1.4 Exanple 2 20 Conmpound 1-7 This exanple illustrates the
preparation of 3-(2-

hydr oxy-1, | - di met h ?‘{H?rr;’ 5 c”% 047 %&%@sgwb‘&ﬁw LBy sl 5 q) -
pyrim di n- 2( 1&gl (00160 K midd8. TheSRIxBGEWRI Keale@ BF100QN0 PSfozdbobed out in
the absence of sal vent . )
5 at which time 1t was cooled to room temperature. The residue was purified by
column chromatography on silica gel using 25:15 hexane/acetone. The column
fractions containing product were combined and concentrated in vacuo to an oil
which was redissolved in ethyl acetate, Addition of hydrochloric acid (1.0M/Et,0,
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-dibydropyrimido-[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.
JO SO
= N : N™ N
SO0 0
1

OH OH

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



Wc) 01/29042 PCTJEPOO' 10088 42 A C \ NNHCNNHC-~NNOHOHNN O

O %w CH3 Sul fone 1.3 (0.200 g, 0.57 mmol ) was
2-anino-2ﬁﬁé? yl ﬁ.propanol (0.11n, 1.2 mol ). The n1xt%gggh&§awg;ted to
100-110 C for 1 hour 5 at which tine it was cooled to roomtenperature.
The residue was purified by colum chromatography on silica gel using
25: 15 hexane/ acetone. The colum fracf?ons cont ai ni ng product were

conbi ned and concentrated in vacuo to an oil which was redissolved in

et hyl acet atgse hghdl)! Thomditurewes Beabddat 100 *@fbfordehoulvhdiihith timd tHe equi val ent)
gave the salt which was filtered and dried to give 0.150 g of the 10

hydr ochl or i cemperrtureas raised to 130°C since the reactlon was not complete. After 30

3-(2- chloro
1- net hyl - %)t%%g/e&%ﬁﬁ@&f&iﬂ%&e]}n ﬁ%%@%ﬁ’g& Repl acenent of
2- ami no- 2- néﬁﬁyﬁﬂ#u"br s amigture,asiconden m"&f“t"é“ﬁﬁheﬁé“ erwaspugfisde additi onal

conpoungds Ofbytcﬁﬁlxﬁﬂ'élﬂéﬁﬂ@ﬁaﬂ%ddsﬂkﬁgdﬁﬂngm :£8ichlofomethanefxanpl e 3 Conpound
1-13 This exa o)‘)l | ustrates aratlon

3- (2-chl or Optﬁ s?prﬂa TLe coltimn Fractions contammg product were
2- hydr oxy-"' lcoh;bﬁhedwdmﬂtyﬂmmdxpyhaﬂmhithm&rmkdi\yddxﬁe&ylducMI opyri m do- 20
4,50 oYY | 4 e £ omBed, 1 e v e st~ O H N N N
ﬁltered and dried to give 0.448 g of the hydrochloride salt of 3-(2-chloro-phenyl)-7-
10 ((1S,2R)-2-hydroxy-1-hydroxymethylpropyl-amino)-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.
j@ | i j: j
CHs N" XY "N

. ,CCg = AL
Fo e

Sulfone 1.3 (0.200 g, 0.57 mmol) was combined with D,L-2-amino-1-
propano} (0.09 mL, 1.13 mmol) and heated at 100-110 °C for 30 minutes. The
25 reaction was then cooled to room temperature and the mixture was purified by
column chromatography on silica gel using 9:1 dichloromethane/methanol as
eluant. The column fractions containing product were combined and concentrated
in vacuo to an oil which was redissolved in ethyl acetate. Addition of hydrochloric
acid (1.0M/Et;0, 1.0 equivalent) gave the salt which was filtered and dried to give




Sul fone.1.3 (0.800 g, 2.27 mol) was conbi ned with 2-net hoxyethyl ether (3
m.) and D-all ot hreoni nol ((2R, 3S)-2-am no-3-hydroxybutanol) (0.480 g, WO
01/ 29042 PCTWPH®BI04)088 43 4.56 nmmol ). The mi xture was heciER/2d0ssl00 C f or
one hour at which tinme the tenperature was raised to 130C since the
reaction was not conplete. After 30 mnutes, the reaction was conpl ete and
the m xture was cooled to room tenperatuyge. The m xture was concentrated
in vacuo and the residue was purified 5 by colum chronatography on silica

gel using 70: % ,gg)%{] ol /4 The col um
fracti ons contail nfyﬁmeq{ Qﬁgere"'[édwf:%%ag i&%lgﬁ P@Y}g ¥ited to an oi |

whi ch was r edisebyl daMOé‘tll'i}lﬂhﬁéeQ -dihpdro- p}&\ddndq[ﬁﬁ-ddﬁyrﬂuydind(:ﬁﬂ)emec acid
(I.OMEt20 1.0 equivalent) gave the salt which was filtered and dried to
give 0.448 g of the hydrochloride salt of 3-(2-chloro-phenyl)-7- 10

((1S, 2R) - 2- hydr oxy- 1- hydr oxymet hyl pr &gampledi no) - 1- net hyl - 3, 4-

di hydr opys i m do-[ 4, 5- d} pyr| m di n- 2(@5&, Gm.ﬁil-ﬁepl acenent of D-all othreoninol

with the requisite m ne ANH addl ti conmpounds ofthe invention
as |isted on Tabl e %amlis EiePa&ﬂ?BGgﬁ‘gz‘fh&mPhwl e"’xarrpl e

illustrates tHhe- hydmmmrapylmne)-1&&&1—6@@5;@%@%11&0{1 5
- met hyl et hyl arg Qo) - et hyl - 3, 4-di hydropyrim do [4, 5- pyr| m | n- 20
2(1H) - one. e H3C, HO- 3 A1 NNONNNO H CH3 CH3 Sulfone 1.3

(0.200 g, 0.57 mml) was co@eipged with D, L-2-amno-1- pro Q 0. 09
m., 1. 13 mmol ) and heat ed at 1 O Cfor 30 mnutes. The
HoCug — H PPN
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10
Sulfone 1.3 {0.200 g, 0.57 mmol) was combined with 1-amino-2-propanol
(0.0 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 illustrates 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.



25 reaction was then cooled to roomtenperature and the m xture was -
purified col unm chr omat ography on silica gel using
dichloroﬁgﬁﬁ§ﬁ%V%ethanol as eluant. The columm fractlgﬁim%%wwg?ning
product were comnbi ned and concentrated in vacuo to an oil which was

redi ssolved in ethyl acetate. Addition of hydrochloric acid (I. CNTEtZO 1.0
equi val ent) gave the salt which was fi4tered and dried to give pia;.: WO
01/ 29042 PCT/ EPOQ 10088 44 0.142 g of the hydrochloride salt of

3-(2-chl orophenyl)-7-(2-hydroxy-|- methylgthyl am no)

- 1- met hyl - 3, 4-di hydr o- pyri rni do[ 4, 5- d] mdin-2(IH-one. EMMe 55
Compound 1-3 Thj s exaople ill | ystratgs thegpreparati on of

3-(2-chl oroph - (2- oXPPr opy no) - 1- met hyl - 3, 4- di hydr opyri m do
[4,5-d] pyrimdin-2 (IH- one. C C YC. M / K HSNIdO~~NNO OO
CHs CH3 CH3 10 Sulfone 1.3 (0.200 g\&5 byas conbined with

1-am no-2-propanol (0.09 nL, 1.17 mmol) and ated at 100-110 C for 30

m nutes. The reaction was then cooled tdf roomtenperature and the m xture
was purified by colum chromatography omusilica gel usipg 9:1

di chl or onet hane/ net hanol as ngk\%S\colunn fra ont ai ni ng
product were conbi ned and concgﬂ!ﬂ i\ va@tlio to an oil ch was

redi ssol ved in ethyl ¥t 1i on _of%hydro 'C 8] LOM Et 20,1. 0
equi val ent) gavgéghe balt mh ch was flltered and! drjled tlo give 0.165 g of
t he hydrochl ori ochlorophenyl) -HN( y Xypropyl am no)- |-
nmet hyl - 3, 4- dlhyerﬁyy|n1do [4 5-d] pyrimdinR (I Qm@ 20 hawRl e 6

OH
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)methanol as

an oil.

A solution of (3,3-dimethyloxiranyl)methanol (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 a 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 hydrochloﬂc acid. The layers

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



Conpound 3-28 This exanple illustrates the preparation of

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

| - di met h) | pM&p§Ir28#2 no) - 1- net hyl - 3, 4-df fi ydropyri m do[ 4, 5PBHEP00/10088

d] pyri mdi n-2(1H)-one. WD 01/29042 PCT/EPO0O/ 10088 45 )---OHOOHNH il-c
OHC NH2 G OH NOHN HSCC, AOSONNOHNCHO CHs OH OH
Preparati on of 3-am no-3-nethyl butane-148-diol. To a solution of

3-nmethyl -2-buten-1-0ol (20 nm., 0.2 nol) in 800 nL of vvater 5 was added

sodi um bi carb 2 to 50C and

3-chl oroperbe%%%%gegil ggf%?dgeéﬁr@?h%ﬁmma%ﬁ% g?‘iﬁs over al

hour peri od. haXane/ethyl acetate aselnant togive d. latofﬁdmhﬁhﬂmn@rié for 12 hours,

t hen saturat eﬁleth?l h&ngqu&{m chloride and extracted with dichl oronet hane
epar

The | ayers wer ate and the organic |ayer was dried over potassium
carbonate, and 10 concentrated in vacuo. The residue was purified by flash

?grgrrgt 0gr aphy usi- mnawawxamnﬁﬁﬂwmhtﬁe@pa&@(asg,eimsmnox)@nal ve 10.02 g of
I ne (0]
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(3, 3-di met hy! BX@
nL) was conbi padpparnthsa4spk1tﬁn16rhoa:fs t[‘hémpenstbancﬁlmp@kmﬂaheﬁrﬁ@m 169. 4nmol )

i n di chl orone e n a e t hane (40.6
m., 235 mmol )%Qsa‘:% CES tg‘rifr)y_) Fﬁaq‘hgfe%gk ﬁi g?ldgdl?nhée]agéégtg %én inr:axt ure was
stirred at r omtlt@n@dﬁhﬁhﬂ@eﬂm%dﬂmted The esitlu¢ Wasrsontentratedfnsmcioum
hydroxigg i n Ry dma Mor 3ddsh-antalyle 25uteRems) on stirred for an

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-methoxyethy! 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.



20 additional 12 hours, filtered and washed with 0.2M hydrochloric acid. .
The | ayer separated, and the organic |ayer was d magnesi um
sulfate. AYPMEEE 0N 01725042 PCT/ 19P0Q 10088 46 concghfiggﬁ)éﬁ'ssThe

resi due was purified by colum chromat ography using 4:1 hexane/ et hyl
acetate as eluant to give 5.1 g of 3-(henzhydryl -am no) - 3-

nmet hyl but ane-1, 2-di oL 5 3-(Benzhydryl ati no) - 3- net hyl but ane-1, 2-diol (5.1 g,
17.9 mmol) and palladium hydroxide (1.2 g) in nmethanol (25 mL.) were shaken
under hydrogen in a par ap at 49 psi for 18 hopur The suspensi on
was filtered, and the fiItr% concentrat ed |n vac he residue was
suspended i n hexane, § N m nut es o¥qNe’ | ayer was
decanted. The rei_ﬂ:du mentratm vacﬁﬁ T give 1.74 g of

3- am no- 3- net hyl*s (gtw D. Preparatig

3-(2-chl orophenyl) (2 %_pydroxy 1.1 -4 th{’l pr ylam no) - 1- net hyl

3, 4-di hydropyrlmdofg 5 dJpyri mdin 2(IH¢B 8, 15 SGione 1.3 (700 ng, 1.7
nunol ) was conbi ned with 3-am no- 3- net hyl - but anedi ol (500 ny, 2.1
mmol ) and 2-net hoxyethyl ether (2 nL). The ture was heated to 100C for
6 hours at which time it was_cooled to roomtenperature and concentrated
in vacuo. The re¥fogesd-3(aQ0mg, L 2mmal) vis combinad with LsmiResdr aphy on  silica gel
using 99:1 djddhepinenRthansld60mig) %Bﬁh‘noﬂs( fb uaaasdembeamnmzdfmﬁﬁztl ons 20

cont ai ni ng conhi n cancent gAY cuo to the title
conpound ang%dg@ 9%?%4?"\%2 fthl' %qu%@*é‘a Df ﬁﬁﬁ %% Addition of
hydr ochl ori heaedtd 1@(1"(0\1!)3 Boyrs & vhidgime/it wesito®led ganemnt tempsahtre.\flhech was

filtered ang W?¥%ol@cﬂﬂm&tog&ﬂﬁy%¥%9fé&@ﬁgcﬁ salt of

3-(2-chloro %en
di ﬁlydr oxy- 1%@19}/ eraethgnehmsthanels elugnt. Theqohymn Gadtiogs ¢pptaiing pradustdo [ 4, 5- d]
25 pyrim di Qrerdcbidbia8nd EofeRtRedlin viRPRALMA I whbbitug¥awiite i || ustrates

the preparation 2-.chl.orophenyl )- .30 . ..
7-[(1-hydr o ﬁiﬁea éfad&néwp%ﬁ? ﬁb%ﬂlﬂaw&tmddgl% AdERSarEpyT I do-
[ 4, dp pyri i.obdrELLD, 126 equivelents) gave the salt which was filtered and dried to give

328mg of the hydrochlonde salt of 3-(2-chlorophenyl)-7-[(1-hydroxymethyl-

cyclohexyl)amino)-1-methyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

Example 8 _
15 Compound 3-45

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



WO 01129042 PCT/EPOO 10088 47 C/ C Ni N HC aS NNOHNN OO
CH3 HO CH3 Sul fone 1.3 (500ny, 1. 2nmmol ) was conbined with 1-am no-1-

cycl ohexanem&tapm@e (602ng, 4. 6mmol ) (prepared as descri BETEPA/16088 Med.
Chem, 1966, 9(6), 911-920) and 1-nethyl-2-pyrrolidinone (1 nL). The

m xture was 5 heated to 120C for 3 hours at which tinme it was cooled to
roomtenperature. The residue was purifged by col um chromat ography on
silica gel using 98:2 dichloromethane/ nethanol as eluant. The col um
fractions containing product Ve e conbi ned and concentrated in vacuo to a
solid which was trigturated wi {4y water, filtered, dried and suspended in
ethyl acetate. AddM{i on of hyurochlorlc acid 10 (1.OMEt20, 2.0
equi val ents) gave salt was filtered and dried to give 328ngy of
t he hydrochl ori de t of 3- hl.or ophenyl ) - 7-[ ( 1- hydr oxynet hyl -

cycl ohexyl ) am no]Q- 18 et hyl -& %o di drogMﬁinido [ 4, 5-d]

pyrimdin-2(1H)-one’ Exam 13—Zonpo 5 This exanple illustrates the
preparation of 3-(2-chlorophenyl)-7-(1 di oxaspiro [4.5] g
dec- 8-yl am no) - 1- net hyl - 3, 4- di hydr opyr \gi_do [ 4, 5-d] pyr| m di (1H) - one.
WO 01/ 29042 PCT/ EPOQ 100&$ O, b -0 1--0O
H
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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, filtered and
concentrated in vacuo to give 68.2 g of crude 1,4-dioxaspiro[4.5)decan-8-one
10 oxime,

To a solution of 1,4-dioxaspiro[4.5]decan-8-one oxime (68 g, 400 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-dioxaspirof4.5 ]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



H3C~ .11~ i'. .L CH3 "Sk NN OO 0 CH3 02 V Preparation of

1, 4- di oxaspir i 5] dec-8-ylam ne To a m xture of

1, 4- di oxazﬁbtﬂ@% 5] decan- 8-one (503 g, 322.1 mmwl) and PETEBWI8YS| ani ne
hydrochl oride (89.5 g, 100.3 mmol) in water (450 nL) was added portionw se
sodi um carbonate (102.4 g, 966.2 mol ). The reaction m xture was stirred
for 40 mnutes at roomtenperature thed%extracted with ethyl acetate. The
organi c | ayer was vvashed with brine, dried over magnesiumsul fate, filtered

and concenfy 6"(,‘3{3 xte&ugh YfixtBf whas %eﬂfcoaﬁc!'f&%oom tem ?erature and

1, 4- dloxasp|r0[4 ecan -one 10 oxine. To a solution o

1, 4- di oxaspiwasfiduted wish sthylncetate ans water. (Be layersagoe sapasatpd, jand theongamisl (200 nl)

was added wa&wésﬁédﬁ&;ﬁat&m%ﬂﬁé q&eawﬁfsmmkulfaﬁe?cme}ndmn resul ting

m xture was shake 5% psqim’.‘é ydro n fors;ﬂ' ours. The reaction was 15

filtered and#8 @F e 8“‘[""6’%@!’ hgonsilics g £0.5% ammoniim

% ?Zdl ﬁf(aspl Q{o&nﬁmaﬁyl&zetgtaﬂ dheant. Theblubii fradtiod containing the producr:]t I _
chloro i o met -
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mol ) was cGnii-abbetophentl)-7; (4 4cdiosastsimn[ £.6]déc-8-ytheund)-1-plethyl-¢- (6.4 g, 41 mol)

in 20 nL of 4% =2 | 01/ 29042 PCT/ EPQQ 1
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OARS 49 100 reaction mxture was then cooled to room
tenperature and was diluted with ethyl acetate and water. The | ayers were
separ gped, and the organic [|ayer vww with water and brine, dried
with sodium sul fate, concentrated %Clr:&D and purified by colum
chromat ography on silica gel usi n@@% drftfoni um 5 hydroxi de in et hyl
acetate as el uantThisEkangleilusiratésitheprepatationwiddRthlogophbeyl)er oduct  were

o e A SR TE SS i Sl
dnhydropymmdo[li 5-d]pyrimidin-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

Sulfone 1.3 ——-

mixture was cooled to room temperature, then diluted with ethyl acetate and
saturated aqueous sodium bicarbonate. The layers were separated, and the aqueous
layer was extracted with ethyl acetate. The organic layer was washed with brine,
dried, concentrated under reduced pressure, and purified by flash chromatography
25 on silica gel using 50-60% acetone in hexane as eluant. The column fractions
containing product were combined and concentrated to give 0.32 g of the title



dj hydropyri m do[ 4, 5-d] pyri m din-2(1H)-one as an off-white solid. 10 Exanple
9 Conpound 3-47 This exanple illustrates the preparation of

3-(2-chl or omeobd427- ( 3- hydr oxynet hyl - 3- net hyl - 1, 5- di ox 2EEP@/10088

[ 5. 5] undec- 9-yl am no) - | - net hyl - 3, 4-

di hydropyrim do[4,5-d]pyrinmdin-2(1H-one. C C HJ :I N Sulfone 1.3y
NNO--~NNMO CHs CH3 02 O LJ H3CspH 15 A mi xture of the

3-(2-chl orophen)l)-7-(1, 4-di oxaspi ro[ 4. 5] dec- 8-yl am no) -

1- met hyl - 3, 4-di hydr gpyrim 4. 5-dl.pvrinkdin-2¢1H) -.qne . Q.70 mMmol )
(prepared as 8%%%?‘1“@ 3%3 Y’ﬁi‘te&gﬂp?g&baoﬁﬁo{ g]’%%‘ﬁ’i?’u Iaﬁﬁ Sh fh(ceg‘é{g&l&g ﬁ%‘%o hydr at e
(0.17 g, 0. 9thesalgiwhichavasfilterdd to-giveil§§ img df the hpdro¢hldrjdetsdbofs-(20. 84 g, 7.0
rnmol) in 40 ___%gaqg egd g Ji‘i{:}%a@ G.to stir at
reflux overnig ?‘2“9‘?%{‘31’?@@%. on” m iﬁ%’fé"ﬁ%?cgo ﬁg[%é]{rlg%% enper at ur e,
then dil ut ed Waminatlhpethydet-dibpdrapatimideiddrdppimidina2@tig-onedi um bi car bonat e.
The | ayegs were separated, and the aqueous |ayer was extracted with ethyl
acetate. The organic | ayer was washed with brine, dried, concentrated
under reduced pressure, and purifiedXspldsh chronmat ography 25 on silica

gel using 50-60% acetone in hexaneCampéhiddds The columm fractions
cont ai ni ng product,. were c I ned and concent ed. to.give. Q.32 g of the
title WD 01129042 W@@ﬁ‘ﬁﬁ%’ﬁs&%@mm?@‘ f%h%{’ﬁ)“?'gﬁﬁ?“"Addition of
1M hydr ochl or icgclahexythmino)eli-aiethyl-3,8{ditgdroppimido{ 445 d patimidind2{ 1) -oves filtered to
give 16 00 of the hydrochloride salt of 3-(2-

chl or ophenyl ) - 7- ( 3- hydr oxynet hyl - 3- net hyl -1, 5- di oxaspi ro [5. 5] undec- 9-

yl am no) - 1- et hyl - 3, 4- di hydr opyrt m do Fkﬁ] pyri m di n-2( 1B}j@. 5
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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

15 °C overnight. The reaction was then cooled to room temperature and diluted with
water, ethyl acetate, and brine. The layers were separated, and the aqueous layer
extracted with ethyl acetate. The organic layer was washed with saturated aqueouns
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.



Damle 10 Conpound 3-46 This exanple illustrates the preparation of .
3-(2-chlor -7-(4-oxo- cycl ohexyl am no) -1-nethyl - -

di hydropyr@ﬁ?ﬁ%\‘{%, 5-d] pyrimdin-2 (1H) -one. 10 C CF&@@"“P—?@N‘N N'~ XY
~ uifone 1.3 ~~- i ONNNO S CHs CHs U O A solution of

3-(2-chl orophenyl)-7-(1, 4-di oxaspi ro[ 4. 5] dec- 8-yl am no) -1

met hyl - 3, 4- di hydr opyri m do[ 4, 5-d] pyri nPtdin-2(1H-one (6.0 g, 14 nmol)
(prepared as described in Exanple 8) in 60 nmL of 80% acetic acid was heated
to 65 15 OC overnight. The reacti @ranple It hen cooled to room tenperature
and diluted with water, ethyl acetate brine. The |l ayers were
separated, and the aqueous |ayer ‘39?‘?’“3?‘[}'3 with ethyl acetate. The organic
| ayer was washedThis exanspl¢ illnsttates thepreparationsod 84(2Hehloraphetyd):at e and bri ne,

dried, and ¢ofc rgﬂgg If:ﬁﬁ!ldﬁ'q SSHI j duye was taken up
i n chl orof o?ﬁqlgﬁ’g}op ri ?%Qgﬁélxy as elc %ﬁsﬁf’%&rﬁgﬁ%ﬁ#@y’gﬁ Ica gel using
4% et Banol /pfiicidie20Brérene as el uant to give 2.2 g of the title conpound

as a white foam A portion of the titlg _campound (0.30 g, £ 78 nmml) was

di ssolved in ethyl acetate, then treated h 1M hydrochlori® agid in

diethyl ether to give 150 rrgHof/k 'e hl ori de say i N

3- (2- chl or ophigeNd ¥ 37—(4-gxo- By s L. . N

cycl ohexyl alﬁgr?l@;no - T- methy—2, 4-Mi NVdfppy? i nidof, 5- Y] - ByrNmi @i n-2(1H) - one

as a 25 white precipitate, whi was GHg tered, wa @ w t BHet hyl acet at e,
Q

and concentrated under reduc ressure. WO 01/29Q42 PCT/ EPO0O/ 10088 51

Exanple 11 Conpound 3-50 l
o) HO’N

A mixture of 3_-(2-chlorophenyl)-.7- (4-oxo-cyclohexylamino-1-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 diethy] 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-
7-0x0-5,6,7,8-tetrahydropyrimido{4,5-d] pyrimidin-2-ylamino]-1,3-diazaspiro-
(4.5]decane-2,4-dione.

ne



This exanple illustrates the preparation of 3-(2-chlorophenyl)-
7- (4- hydr oxyi m nocycl ohexyl am no) - 1- net hyl - 3, 4-di hydropyrimdo (4,5-d). 5
pyrimdin-20opr2p3. CL CI N~ N ( N~ n~l Sulfone 1.3 - PCFEPHIINED H-

~ I "~ NNNO CHs CH3 0 HO'N A m xture of
3-(2-chl orophenyl ) - 7-(4- oxo-cycl ohexyl am no- 1- net hyl -
3, 4-di hydropyrimdo[4,5-djpyrimdin-2-om2 (0.31 g, 0.80 mmol ) (prepared as
described in Exanple 10) and hydroxyl am ne hydrochloride (0.22 g, 3.2 muol)
in5 10 nL pyridine was heated at 65 oC jor_90 m nutes. The eaction
m xture was then cooled to roomtenpera diluted with and et hyl
acetate, and the phases were sepayj ~yTFiesor gani ¢ pn | t ered,
dried under reduced pressure, a&hd Jsu e%%eed in methang . liAdgition of 1M
hydr ochl ori ¢ aligne A-3di-ethyt et héd davé't ¥ _hydgochitbri ealQ of
3-(2-chl orophenyl) - 7- (4- hydr oxyi#™Nno- cygH. ohexyl am -g 15CH

| %

nmet hyl - 3, 4-di hydropyrimdo [4,5 yrim'c?in-Z(IH)-o S ayé"llowfoam
whi ch was concentrated under redlced pressure. Exagphgdl2 Conpound 3-54
20 This exanple illustrates the feparation of N

8-[6-(2-chl orophenyl)-8-nethyl - 7-o0xo-5,6,7,8-tetrapydropyrimdo [4, 5-d]

01126042 PCT] EPOOA i otd A2 Hloregheny- S SXos OB MERIne) Laeon 1 N N O _T
NNO 3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (0.33 g, 0.86 mmol) (prepared as
described in Example 10}, potassium cyanide (0.084 g, 1.3 mmol), and ammonium
5 carbonate (0.25 g, 2.6 mmol) in 25 mL of 1:1 water/ethanol was stirred at 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 a shurry in
methanol. Addition of 1M hydrochloric acid in diethy] 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-o0x0-5,6,7,8-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]pyrimidin-

2(1H)-one.
O e
N*= N N N

Sulfone 1.3 —— NN ]}l,ko —_— N” NN

20



CH3 CHs 0O ON<c A mxture of

3 (2-chl ng hﬁ% - 7- (4- oxo- cycl ohexyl am no) - 1- net hyl -

4- di hydropy do[ 4, 5-d] pyri m di n-2(1H)-one (0.33 g, B.C%P‘Wﬁmsﬂ (prepared
as described in Exanple 10), potassium cyanide (0.084 g, 1.3 mml), and
ammoni uxn 5 carbonate (0.25 g, 2.6 mmol) in 25 nL of 1:1 water/ethanol was
stirred at 65C overnight. The reacti oAnm xture was diluted with 40 nmL of
water and allowed to boil for 15 mnutes, then cooled to roomtenperature

and poured into s&%ﬁusqusgtmeﬁﬁidmwatcembmww&hwwmws filtered and

t he residue slur n I tion of.
hydr ochl or i cfy\,\g‘ilr h@? é@lepemg‘yggmwt\%ﬁ‘%ﬂﬂ“f@d\m’ge‘i%ncent r at ed
e 2 SL{W%M:H;W: &rm@&;ﬂz’%;ﬂ?ﬂ? fashonsstgal o

chl or opheny et hy X0 et r ahydropyri m do-
[ 4, 5-d] pyr i ragpeswn shlfate, 034‘635‘2&% ymﬁz% 8#sBne as a yell ow
powder 5 15 Ekesndi6griph dslﬁg M%Txhetﬁmarranoﬁomé:haﬁtas ahas té he

B hoy -3 (2 20% P 7%%%%?% wﬁh@vﬁfrgy B P e a0 i i -

2(1H) - one. Gketfk, washedKyith-vater, driedSivief magnediu siifadd) aivd edfa@orated idlviddudN O | CH3 .

o) e oG R R AL AU St} W L2, © 0 7 45
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. Allyi bromide (0.061 mL, 0.706 mﬁxol) was added to this solution,
which was heated at 50°C overnight, then cooled to room teinperature 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-dihydropynnndo [4,5-d)-
pyrimidin-2(1H)-one.

25 Example 14
Compounds 3-38 and 3-39

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-4-
methoxycyclohexylamino)-1-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.



cydohexanol (1.63 g, 14.2 mml) in 10 nL 1-nethyl-2-pyrrolidi none and
stirred at 120 C for 4 hours, then poured into water, extracted with ethyl
acetate, driwdoowmez nagnesi um sul fate, and evapor at ed i neorapagiooghe
residue was purified by flash 5 chromatography on silica gel using 2-4%
met hanol / di chl or onet hane as eluant to give a yell ow

1- et hyl - 2-pyrrol i di none-based oil. Thiggoil was redissolved in ethyl
acetate, washed with water, dried over magnesi um sul fate, and evaporated in
vacuo to yield

3- (2- chl or ophenyd¥lore. %3 r ans- 4- hydr oxycycl ohexyl ami no) - 1- et hyl - 3, 4-

di hydr o- pyr|n1d0[4 -d] pyri mdi n-2(1H)-one as an off-white EPan1(2 80 g,
7.21 10 mmol ). A rtC t he

7-(trans-4-hydro c o am no) - 3- S\%nf enyl)

1- net hyl - 3, 4- yrf mdo[ 4, 5|.d]_-; y dliOZ(lH) ne 0 2 g, 0.706
mmol) was take‘rNﬁqu po.t.a,ssLuthrtN | (OI-D\]&)Q\N; N."@6 mml) in 5
m. 15 tetrahydr uran'HAIIyl brom d 0. OE‘de_ 0 70 I)CHgas added to
this solution, ich wés heat ed at@c overni ght ooI ed to room
tenperature an urified by flash cliromat ography on |I|ca gel using

10- 25% acet one/ lG#kanes as el uant. Th€< col umm fracti &hs cont ai ni ng product
wer e conbi ned and concentrated in vacuo. The concentrate was taken up in
nmet hanol , treated with hydrochloric acid 20 (LOM Et 20, 1. 0 equi val ent),
re-evaporated to M}@b&phbﬂi}&WW&dxyﬂtWydeamﬁMl—methvll-ﬁ,‘br ed, and
dried to give 02 /= Ionxy-
cydohexyl ami n&%"’ PE%E}%P[) %g?ﬂ?cﬁ&? 1 t‘%g 0%%0}6)?73 ?ﬁﬁ‘% [4,5-d] -
pyri mi di A- 2( 1Id¥smhdm2&n®lalﬁdw@simblmm31@n38*'h%n§¢ 748 s exanpl e
Il lustrates th%s?ﬁrﬁ&?fn%tﬂxﬂfbugﬁyﬁoﬁ?mcm BHE@E‘W@SSMUS&D&IMH) was

nmet hoxycycl ohexgl am no) - 1- net h -3 hydr |m doé);l #e&x #l%?ijl n- 2(I H)
one and 3-(2- @A "élrtBEFr%ﬁq tpn; ki wag %F"Bﬁ %? ‘9 nol -

net hyl - 3, 4- di by ide 10.053[rdL, 9:83] ﬁﬂdlmndlpﬂm%(tﬁirl)endnﬁonmwﬂ 290562

PCT/ EPOO 1008 %nmo 4wer§lzjxllc];e% nf?)llowe% agler &ouks fufther potassium 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-(trans-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-methoxyethoxy)cyclohexylamino)-1-methyl-3,4-dihydropyrimido{4,5-
25 d]pyrimidin-2(1H)-one.



NN N~ rINHW-NI1NXO HsC- Ik NNNO-~NNNO+ CHs CHs CHs, OH Q
O 3-(2 enyl ) - 7- (trans-4- hydroxycycl ohexyl am no) - 1-met hyl - 3, 4

di hydropy%&%%’?g 5-d] pyrim di n-2(1H)-one (0.300 g, 0. PFIERAK988( o epar ed
as 5 described in Exanple 13) was combined with potassiumtent butoxide
(0.174 g, 1.55 mmol) in 5 nL tetrahydrofuran. Methyl iodide (0.053 ni,
0.851 mml) was added to this soluti®h, which was stirred at room
tenperature for 3 days. Additional et hyI i odide (0.053 m_., 0.851 mmmol)

and potassiumtert-butoxide (0.174¢g)g, 1. 55 mmol) wereqddgd, followed
after 4 hours by further potassiumt but oxi de 10 (0. 35p 3.12 mmol ).

The reaction was stirred at t, then cn NO oom t enper ature
and puri fi egiféne 1.3 ash—shiHyalg g L‘Q( or—s+i cH n,d§25 35%

acet one/ hexanes as el uant t'l') ﬁ g«a m Xt ure t p d O The separate
colum fractions were ea separgfied and conc at ect:uan vacuo. The
separate concentrates vveach t aken up in nol, treated with

hydrochloric acid (1.OMEt 0, 15 1.0 equival ent ), re-evaporat ed to dryness,
washed with ethyl ether, flql'ﬂered and dried t¥~gi™v@ 0.049 g of
3-(2-chl orophenyl )-7-(trans-4-net ho) gcycl ohexyl am no) -

1- met hyl - 3, 4-di hydropyri m do[ 4, 5-d] pyri m di n-2(1H)-one and 0.217 g of 3-(2-
chl orophenyl) 3-(2-Chl m:v ::-xﬁ&h Al&ﬁsﬁ}mmx@mr}ﬁ&thﬁ,a% di hydro

pyrim do[ 4, rjm n ound 3-40 This
exanpl e il |dav§34*> Eﬂ%&ﬂa ?291'91'0 g%ﬁ@?% &A@t ans- 4-

(2-nes hoxyelbdaﬁugd)m)mimﬁexyj wasicombined with p bt;ksnﬂn krdbdwﬁdo(mdm&gn do[ 4,5 25
d) pyri m di §52CAENs APl W RRas f%&%@&‘}{ &P ether (0.15 mL, 1.55

mmol) was added to this solution, which was heated at room temperature for 3

days. Additional potassium tert-butoxide was added (0.174 g, 1.55 mmol) and the

temperature was gradually raised to 80°C. The reaction residue was redissolved in 2
10 mL N,N-dimethyl-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 reactioﬁ stirred for

one day at 100°C and the following day at 140°C and thqh 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
(1.0M/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.



55 A, NJ~) N Sulfone 1.3 -- - ~~ -~ H- NNNON-NNO CH3 CH3
OH 3- (2- Chl or ophenyl ) -7-(trans-4-hydr oxycydohexyl am no) - 1- net hyl - 3, 4-

di hydr o- pyr i wodepsn- d] pyri m di n-2(1 H)-one (0.300 g, 0.778cTmmbloogsr epar ed
as b5 described in Exanple 13) was conbined with potassiumtert-butoxide
(0.174g, 1.55 mmol) in 2 nL tetrahydrofuran. 2-Bronoethyl nethyl ether
(0.15 m.,, 1.55 mmol) was added to this gglution, which was heated at room
tenperature for 3 days. Additional potassiumtert-butoxide was added
(0.174 g, 1.55 mmol) and the tenperatyre W@ gradually raised to 80C. The
reaction residue was redissolved in 2 ¥§gﬁE—iﬁ+dinethyl f or mar ni de,

addi tional potassiumtert-butoxide CéRgéur@3-€ 10 mmol) was added, and the

0031 g 0. 773 ol T R AR E oy %%%%sq?aszc@mw tenf 8000

100C and the fu*ﬂn&mﬂgnﬂaq%add&ﬂﬂﬁmanBlunﬂhﬂédbmkwhmunnnmﬁﬂ5{enperature.

The reaction enater, extracted with ethyl acetate, 15 dried
ol une A e

over nagnesi um vaporat ed in vacuo. The residue was purified
by flash chromatography on silica gel 25- 50% acet one/ ks s as
eluant. The colum fractions cont a| ni ng duct were c;?le

t anol

concentrated in vacuo, and t at was t enNJ
treated with h@#f%1-§ml qu -evaporat ed
to dryness, washed with ethyl e her Iltered, an drle to give 0.040 g

of the hydrochloride salt of -chI GH@phenyI )-7-

[trans-4-(2-nmet hoxyet hoxy) cycl xyl am no] - 1- met hylIN374- di hydr opyri m do-
[4,5-d] pyrimdin-2(1 H)-one. 01/ 29042 PCT/ EPOQ 13088, 56 amle 16
Conpound 3-41 b

o]
3-(2-Chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-1-methyl-3,4-

dihydropyrimido[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-[(#rans-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- cIorophenyI) 7-[(trans-4- .
nmet hyl car bong’l oxy) cycl ohexyl am no] - 1-rnet hyl - 3, 4-di hydro% m do [4,5 5

d]pyrlm
N ON O CHg

(2 Chl orophenyl )-7-(trans-4-hydroxycycl ohexyl am no) - 1- net hyl

-one. CIl CI N~ NN Sulfone 1.3 ----%
CH9 OH O-,.CH3 0 3-

-3, 4-

8_"HEN ' ~N N

di hydropyri ni do[ 4, 5-d] pyri mi di n-2(1H) 3bne (0.200 g, 0.516 rnnol) (prepared

as described in Exanple 13) was taken up in 2 nbL dichioronethane,

conbined 10 with acetyl chloride (0.0&‘m 1.03 mmol ). Tg

stirred at

chr omat ography on silica gel usm%‘rQb
el uant . ol u fract i onsHe pr oduct
At Sl e

concentrat

room tenperature overnight n purified by flza

t hanol /d| ¢

con s—t—a'l?en u N t hanol ,

and

eacti on was

treated

wi th hydrochloric aC| d (1 oM O, 1. GHgqui val ent) nd r@HaS evaporated to

dryness, washed with ethyl et

the hydrochl oride salt of o_A_OH

3-(2-chlor

cydohexyl am no] - 1- net hyl -

ophenyl ) - 7-[ (trans- 4 hﬁyl car bonyl oxy) -

, filtered, and d do}_‘o give 0.200 g of

3, 4-di hydropyrlmdo [ 4, 5-d] pyri nni di n-2(1H) - one.

Exanple 17 20 Co ound 3-44 Thls’go I |l ustrates the pr@garation of

3- ( 2- Chor ophenyThe freghas Z(H“"‘(%an

P&k shlesaphem

]yl am no]

- 1- et hyl - gnethyth 3tzyaihﬂnwrﬁmdq4[54d]§yﬁihdwzuma)c&na {@40&0:9858emeND 01/ 29042
PCT/ E?CDI ! 088 Zs dechlnbg abovein ].J.xample llél) was tkitch up 19121 9|h'1]l:§ert‘]bu%anof‘l

1.3 NN N

10

15

20

to wh1ch an aqueous solution of AD-mix B (Adrich Chemicals) was added (2.91 g in

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 #n vacuo. The crude residue was purified by
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 h&drochloride salt of 3-(2-chloro-
phenyl)-7-([trans-4-(2,3-dihydroxypropoxy) c}'dohexylamino] -1-methyl-3,4-
dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

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

Sul f one



aNO CH3 CH3 OO0'ZOH The free base of

7-(trans-4-all yl oxycycl ohexyl am no) - 3- (2-chl or ophenyl ) -1

met hyl - 3, 4- Mam@s@pyri m do[ 4, 5-d] pyri m di n- 2( 1H) - one (0. BOT/gP00Q00B85 nmol ) 5
(prepared as described above in Exanple 13) was taken up in 4.9 nL
tert-butanol, to which an aqueous solution of AD-m x O (Adrich Chem cal s)
was added (2.91 gin 4.9 nL) before heaging to 100C for 2 days, and then
80C for 3 days. The reaction mxture was poured into saturated bri ne,
extracted with ethyl acetat dried with nagne3|untsul and evapor at ed
in vacuo. The crude re5|due urlfled by 10 fl ash ch raphy on

silica gel using 3 5% chloronethane as col um
fractions contai od ctjwere conbi ned andHcoﬂted ra ed in vacuo. The
concentrate was t g N I hanol, treated w" oric acid

(1L.OMEt20 1.0 equﬂQannt) ppnd re- evaporated t gAdryne t hen washed with
ethyl ether, filtered, r|ed to give 0.019 !f t fe3hydrochl ori de sal't
of 3-(2- chloro 15 phen)l) 7 [trans-4-(2, 3- d|hyo_-xypropoxy)
cydohexyl ami no] -1-methyl -3, 4- di hydropyrinm do[ 4nf: d] pyri m di n-2( 1H) - one.
Exammpl e 18 Conpound 3-59 20 This exanple illustrafes the preparation of

7- (trans-4-am nocydohexyl -

am no) - 3- (2-choro + 3. 4xdi _hydr i do 45-d]pyrirn'din-
2(1H) - one. WO 01/ %ﬁ%ﬁﬁfﬂt@ﬁﬁ‘gﬁm%x‘gﬂ’ﬁgﬁwﬁgﬁ‘ L HsC. H- L 3
.~ (c)S, ON Nd@n@dwaoﬁrﬁsl‘l NHQnol&ndeGnEOﬂl-&eﬂiﬁbEquhdinom mol ) was
conbi ned Wit hTﬂé Jgegcsno mln'eWas stirred at 85 °C for 4 bours. 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 HC/Et,O 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-(trans-4-methylsulfonyl-
amidocyclohexylamino}-3-(2-chlorophenyl)-1-methyl-3,4-dihydropyrimido-
[4,5-d]-pyrimidin-2(1H)-one.

$e

Cl
Sulfone 1.3 —> H\ j;;l??t — H{ ):TIT:E
CH

I:IO Nr;lo

H, Hﬁ,s,CHa

7N
o)

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)

4



di am nocycl ohexane (1.61 g, 14.1 mmol) and 5 nL of

1- et hyl - 24 l,4 dinone. 5 The reaction mxture was Stll’ d at 85 Cfor 4
hour s. Afte@ﬁcl?)@lilng, the reaction mixture was dil uted N &ﬁ"%'@% of ethyl
acetate. The organic | ayer was sequentially washed with water and bri ne,
dried, and concentrated in vacua to gi gf 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 IMsolution of HCOIEt20to formthe 10

di hydr ochl or{(prpared hs desdribed above in Example 18) in 8 mL of dichloromethane were

7- (trans 4- gﬁg Bt
nmet hyl - gﬂgy rﬂﬁgrl m cfb4?§h'58%ig pyrl%&gn‘?&g -(k}ne agdnde\gx%o?%’ owder .
Exanpl e 19 W‘IQHW%M 4tlambsqﬂtmﬁt¢refq1r3d}9ar8atlon of
7- ('([jr ansl 4hnﬁfe:? & Evas%olncenn'atedmvacuoland uﬁxlc ik .
am ocycoe am n cope et hy [ ri m do-
[ 4, 5-dP -py@’fﬁ"&ﬂ‘?ﬂ"?&hf"‘ﬁé‘g ‘g}‘f‘ dr‘]‘gﬁ‘kmﬂewas\?“asiﬂa?‘iﬁ‘ém ?32‘%~ H, ,~
--~ H~ --~Cofuld‘ﬁ-e@b&elaf&;ep%caslawhub+§omr T&Bedﬁsevmtaceﬁ&buh on of
7-(trans-4-3a )
ret byl -3, 4. QLML PSR ReaB AR PHL ofoR o HE IR korkn s Bparogionde 7 o
WO 01/ 29042 sElfIﬂIEﬁﬁmﬁ-iﬁﬁﬁhyklﬁ@nﬂmﬂpqmbhe%mmf}@edﬂqbﬂwﬂylm Exanpl e 18)
in 8 nmL of (j, r ﬂrggﬁ.l gg&g' , 0.29 mrnol)
and net hanesu‘Tq%lg(r]i"l‘fg&qgl y rlngﬁr)?goﬁ ‘%’539%'1%)%9%“9?@2% on m xture was
stirrel® at anbient tenperature for 3 hours. The reaction nixture was
concentrated in vacuo and purlflcatlmg_o_chronat ogr aphy usi ng 5%
met hanol / di chl or onet hane as el u avs\i ng (81% of the free base of
the product as a white powder.- mponddn8, was taken up in ethyl acetate
and treated wt hThislekérﬁ]ﬂénhﬁmmﬁeﬂﬂ@a%&iomaqu%m:MNMMymhl oride
sulfamoylamido)cyclohexylamino]-3-(2-chlorophenyl)- 1-methyl-3,4-
15 dihydropyrimido-(4,5-d]-pyrimidin-2(1H)-one.
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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 eluant
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 HCI/Et,0 to form the hydrochloride
salt of 7-[trans-4-(N,N-dimethyl-sulfamoylamido)cyclohexylamino]-



salt of,

7- (trans-4- et hyl sul f onyl am docycl ohexyl - am no) - 3- (2- chl or ophenyl ) - 1-
met hyl - 3, 4- WMy ri m do[ 4, 5-d] pyri m di n-2(1H) -one as XCHEPWAOSEWder. 10
Eunp-l1e 20 Conpound 3-58 This exanple illustrates the preparation of

7-[trans-4- (N, N-di net hyl - sul f anoyl am do)
cydohexyl am no] - 3- (2- chl or ophenyl ) - 1- netggyl - 3, 4 15

di hydropyrim do-[4,5-dl -pyrimdin-2(iH-one. N NNYIN Su ltone 1.3 H-H-N

N O CH3 CHg 2 HN S\ N CH. LTQ a solutd,Qn,of . ...

7-(trans-4- anﬁ%&yg f%ﬁ%’??’?l’gﬁ%&'gé%‘?’-gﬁmdéﬁé%ﬂ}wgmm'z (1H)-one as

met hyl - 3, 4- di hytlitepgwdeni do[ 4, 5-d] pyri ni di n-2(1H)-one (171 ng, 0.442 mol)
(prepared as described above in Exanple 18) in 15 nL of dichl oronet hane
were 20 added triethylamne (0.11 nL, 0.79 mmol) and a sol ution of

di met hyl sul famoyl chloride (0.31 g, EmmpE2Zdnpl) in 5 nL of dichloronethane.
The reacgion mxture was stirred , h&Blg temperature for 19 hours and

Rh usi ng 5% net hanol /
K: Y‘K@@’ ; T the
product as a Hh’ﬂirfo?—lmwﬂﬁf&orﬂiﬂ&oﬁtﬂﬁ-dhﬁaﬁp%ni&@&ﬁ-djﬁﬂnﬂﬁn&

concentrated in vacuo. Purjfication by chromatogra
di chl or omet hane asTif example lnstrates the pregaragomaf 7dfrapsrs:

and treated with HCVEt20 to form the hydrochl ori de

salt o

?}gtd’h\éj acetate
7-[trans-4- (N, N

di et hyl - sul f anoyl am do) cycl ohexyl am no] WO 01/29042 PCT/ EPOQ 10088 60
3-(2-chl orophenyl ) - 1- met < 3,4< di hydr opyri mi do- [ 4, 5- d) pyH,CQi ghp- 2( 1 H) - one
as a white powder. EMM ple
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10 Sulfone 1.4 (300 mg, 0.903 mmol) was combined with #rans-4-amino-
cyclohexanol (312 mg, 2.7} 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

HCI/Et;O 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 preparation of 7-((R,R)-2,3-dihydroxy-1-
methylpropylamino}-3-ortho-tolyl-1-methyl-3,4-dihydropyrimido[4,5-d]-

pyrimidin-2(1H)-one.



5 Conpound 3-9 This exanple illustrates the preparation of 7-

(trans-4- cl ohexyl - am no) - 1- net hyl -

ort ho-tol w § %‘“&yhydropyrl mdo [ 4,5-d) pyr| mdin-2(1 FET’E};@{W"SI%BC HsC . +r
N:OHO N\ N R m3SN NCO ~N N~\O O ~O CH3 CH3 10 Sulfone 1.4 (300 ny,
0.903 nmol ) was conbined with trans-4-am no- cycl ohexanol (312 ng, 2.71
mmol ), stirred at 120C, and nonitored BY TLC (5% methanol/

di chl oronet hane). When conplete, the reaction mixture was concentrated

under vacuum and purified Ryschronmatography with 5- 1G4&

met hanol / di chl or onet hane to p e the title compound ( , 0.716 mmol ,
15 79% vyield) which wa n et hyl acet a a t wth 1

equi val ent  HClI/ Et 20 re pi tate th.e__l.—,D sa

7-(trans-4-hydr e m no) - )\

met hyl - 3-ort ho-t ol -3 4- d opyrlmdo[4 gld) yrlg?&oih?\ 2 (1H) -one. came
22 20 Conpound 32 This @%ﬁrrpl e illustrat ration of

7-((R R) -2, 3-di hydr oxy- 1-

et hyl propyl am no) - 3-ortho-tol yl -1-nethyl -3, 4- &’F"hydropyrlmdo [4,5-d] -

pyri mdin-2(1H) sﬁlﬁ?ne 1\0Q49§ QmBQWagJ’ )RJ-8038n0-0 2 -Biltdnelddl (180 ng | N NN

H3Ckh N O 1. 781 mmol) inl 2—d1 e oxyetha.ne 1 mL) was hg;'ed 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 hydrochloric 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-dibydropyrimido[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.
0 0
o, )\TA ,Cfl

I/ \\

OH
Sulfone 1.4 (400 mg, 1.2 mmol) was combined with 3-amino-3-methyl-1,2-
20 butanediol (305 mg, 2.1 mmol) and 1-methyl-2-pyrrolidinone (1 mL). The
reaction mixture was heated to 100°C for 4 hours at which time it was cooled to
room temperature and concentrated in vacuo. The residue was purified by column




Sul fone.1.4 (455 ng, 1.37 mmol) and (R, R)-3-am no-1, 2- but anedi ol (180 ng,
1.71 mmol ) in 1, 2-di met hoxyethane (1 nL) was heated to 100C for 2 hours
under ar gonWOPI942acti on was cool ed to room t enper at ur ercmepookidost ed wit h
9:1 5 dichl oronet hane/ met hanol and purified by chromatography on silica gel
using 96:4 dichl oronet hane/ net hanol and 9:1 di chl or onet hane/ net hanol as
eluants to give 175 ng of the title conggund as a colorless oil, which was
di ssolved in ethyl acetate and treated with 1 equival ent of hydrochloric

acid (1.OMin gther The precipit.at e, col lL.ected by vacuum fjltration,
washed with etﬁwmﬁ%@t&%}fyeo"gsﬁ] 487 "dgs anl @@%ﬁ%ﬁnﬁwg‘ﬂf@é% ﬂ‘e

7- ((R R) - 2, 3- dédhynam Fagtions ecomtdinihg prodyitavetevoinbied atdantaitistedlin vacuo to

met hyl - 3, 4-di h i m - VA 'g'! N -QnN S white.solid.
Exanpl e 23 Con%getrjﬁr}gxgé%ﬂcﬁﬁ %]@&%hrr’%e I F@é@%ﬁ%%‘@ﬁﬁgﬁ%ﬁ%ﬂ on of

7- (2, 3- di hydr ofjaydrorhlarieacid{1i0M/Et,0, 2.0 equivalents) gave the salt which was filtered

br opy! anisno] - Sefardind et ede oret Y hydlodighdd AU BB D AL Py i i n-
2(1H)-one. HsC,/ HBC %J’N‘NgN oI RNNTE 20 ‘Ef} $oHCH3 OH
Sul fone 1.4 (4%eetigiprapylrorng]r3rondaoctolylhmmetieyd 3 dibydoopymimido-BbSret hyl - 1,2 20
but anedi ol ( 308pyfmidar-2(1M)@Np. and 1-net hyl - 2-pyrrolidinone (1 nl). The
reaction m xture was heated to 100C for 4 hours at which tinme it was cool ed
to roomtenperature and concentrated in vacuo. The residue was purified by
col um WO 01/29042 PCT/ EPOQO/ 10088 6 Exafwlepsit ogr aphy on silica gel using
99: 1 di cfyf or onet hane/ met hanol as el pgl% bun‘l;ﬁeg columm fractions containing

product were combi ned and concentra I'n vacuo to give the title conmpound
as an oil, which wd$isesarnple Blustvases theprepamtional B hbenzylpipetiidinan  of

hydrochl oric aglnéyl1- G130 a8y 1M Y kB Piliada S8 bfmBRl- 3 Ch was

filtered
: one,
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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 ir vacuo to an oil that was re-
dissolved in ethy] 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-
dibydropyrimido[4,5-d]pyrimidin-2(1H)-one.



5 and dried to give 71ng of of the hydrochloride salt of

7-(2,3-di hydroxy-1, 1- di met hyl propyl am no]

-3-ort ho-Wﬁ“;/P?‘\X% met hyl - 3, 4- di hydropyri m do- [4,5- dI pfrci'r%mg'lnr(l"-mf (1H) - one.
Exanple 24 10 Conpound 2-9 This exanple illustrates the preparation of

7- (1- benzyl pi peri di n- 4-
ylanino)-l-nethyl-3-0rtho-to|y|-3,4-dﬁﬁydropyrinido[4,5-d]pyriz di n-2(1H) -
one. HP H3/ N N NN N NOHNNOCH3 CH3 CH3 N 15 Sulfone 1.4 (1 g, 3
mol ) was conbined with 4-am no-I1-benzyl pi peridine (687 ng, 3.6 nmol) and
2- met hoxyet hyl ether (1 nL). The n1§§¥; S heated to 120C for 4 hours at
which tinme it was cooled to roon1tenp€r§¥g$e and concentrated in vacua.
The residue was purified by col urGemgennd@i8ogr aphy on silica gel using 973
di chl or onet hanet Eg@ 1. 8Bfeparitibn SE-1 £hiag3s0)2Q cont ai ni ng
product were coéggge §%&h§§#§§ﬁtpé?8§ ﬁ% vacua to a? oil)that was re-

di ssoled i metyhorthe-taldt3e4-dinyrsppimisideltsndlayrmidien{ ER0eq (1. OM Et 20, 2.0

equi val ents) gave the salt which was _filtered and driedHgQ e 198 ng of
the hydrochloride salt of s :i::EL

7- (1 -benzyl %“Eeri di n-4-yl am - 3-ortho-talyd -3 dropyri m do
[ 4, 5-d] pyri SulPRR 3 rr—oms. 1/ 2042 PCTTEPEY 1 64 Exanpl e 25
Conmpound 2-8 Thi s exanpl Ei-l[\il R the prepaggt™y¥ o\ o

7- (pi peridin-4-ylamno)-1-15 1 1
met hyl - 3- ort ho-t ol yi - 3, 4C|Ljydrop9'|"d m dof 4, 5- dIEYSj m di 2 1H)-one. H3C /
H3C N -

N

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

10 described in Example 24) in 60 mL of methanol was added under nitrogen through
_ asyringe. Ammonium formate (2.1 g, 34 mmol) was then added in onebatch. 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(1H)-

one as a white solid.
Example 26
Compound 2-14
20 This example illustrates the preparation of (R)-7-{1-(2,3-dihydroxypropyl)-

piperidin-4-ylamino]-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido(4,5-d] -
pyrimidin-2(1H)-one.



Sulfone, 1.4 N\ N\ -~ IN 7, ~HNNNOHNNNO CH3 CGH3 6N In a

t hree-necked fl ask under nitrogen was charged with 10% pal | adi um on car bon
(3.0 g), answwdoreif2904benzyl pi peri di n-4-yl am no) -1 - et hyl - 3- ect/iepochiedsy | - 3, 4-

di hydr opyri m do[ 4, 5-d] pyri m din-2(1H)-one (3.0 g, 6.78 nmml) (prepared as
10 described in Exanple 24) in 60 nL of nethanol was added under nitrogen
through a syringe. Amoniumformate (2¢4 g, 34 mmol) was then added in one
batch. The m xture was heated to reflux for 30 mnutes until the reaction
was conpleted. The catalyst was filtered off through Celi and washed
with nethanol. The filtrate was conc’%ﬂﬁ d under reduc ure to

givel .937 g (81% of 7-(piperidin4 15
yl am no) - 1- ma§‘|"§9 éﬁorml yl N py%m—dO[Lﬁ(B\d yr d| n-2( 1H) -
d2142 Ielllustrates
droxypropyl ) er -4-yl am no)
m do [ 4, 5- pyr d|n2(1l—|) one.

one as a white solid. Exanple
the preparation of (R)-7- (1-f
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-1-nmet hyl -3-ortho-tol yl -3, 4-
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A mixture of 7-(piperidin-4-ylamino)- I-methyl-3-ortho-tolyl-3,4-dihydro-
pyrimido(4,5-d]pyrimidin-2(1H)-one (0.2 g, 0.568 mmol) (prepared as described
in Example 25), piperidine L-isopropylideneglycerol-y-tosylate (0.264 g, 0.92

5 mmol), and potassium carbonate (0.12 g, 1.1 mmol) in 5SmL 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 IM 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.



A m xture of 7-(piperidin-4-ylamno)-1-nethyl-3-ortho-tolyl-3,4-dihydro-
pyrimdo[4, 5-d m di n-2(1H)-one (0.2 g, 0.568 nmol) ared as
descri bed WPA! ’%ﬁéﬁple 25), piperidine L-isopropylidenegﬁe Y10%81 osyl ate
(0.264 g, 0.92 5 Mol ), and potassium carbonate (0.12 g, 1.1 mol) in 5nL
of N, N-di met hyl - formainide was heated at 100C for 17 hours. The reaction
m xture was diluted with 75 nL of wat6¥ and extracted with 1:1

tol uene/ ethyl acetate, and the |ayers separated. The organic | ayer was
washed with water and brine, dried, f§ £d, concentrated under reduced
pressure, and purified by colum hr'oma toqaaphy on 10 silica gel using
95:5:0.2 ethyl acetate/nethanol/i mne as eluant. The colum

fractions contai ﬂ'hﬂﬁxdnhﬂem&ﬁﬁkﬂ&&hé&eﬂa%oﬁnfﬂ[%}m&yéﬂ@&) 151 &mucll ssolved in

aci 0, and vRRSRBP-LA drorertoOl SRR PR P R A i o The

m xt ur & was onencentrat ed under reduced pressure, and the residue was taken
up in nmethanol 15 and was again conﬁ trat ed The resi due, t,yvas purified by
chromat ography on silica gel u3|ng

dlchloronethgnﬁhgquhanolglsopro s eluant of t he
product, which was di ssetvwed | ethy™acej at 1.5 m, of

met hanol . Addition of I M hygl[\l BCI din ethf ny (72 5% of
the hydrochloride salt of

(R)-7[1(23d|hydroxypro |per|d’|n4ylamrE]J:E

nmet hyl - 3-ort ho-tol yl - 3, 4-di opyri m dof 4,5-dZI i m din- 2(1H) one. WO
01/ 29042 PCT/ EPOO/ 10088 65 éxanRI S 27 Conpound 2*)1”3 Thi s exanpl e
illustrates the preparation of 7- [ 1-(2-hydroxyettw4SH pi peri din-

4-yl am no]

- 1- et hyl - 3- or t AdREBIs P72 (Pipegdin dvbmndragpd-So#ist et g1 5 one.
H3C /| HsC Suyfifridudd,3-ddpyrimidin-2(NINohE (01 g, 0.4 i) (prepared bidwibed  6CH3 CH3

NN in Example 25), 2-bromoethanol (0.024 mL, 0.34 mmol), and triethylamine
10 (0.047 mL, 0.34 mmol) in 10 mL of toluene and 1.5 mL of DMPU was heated at
1100°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.




H~ OHA mxture of

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

pyrim do[ 4, S¥1342 i di n- 2(1H)-one (0.1 g, 0.284 nmol) ( BEHERAENSS
described in Exanple 25), 2-bronoethanol (0.024 nL, 0.34 mmol), and
triethylamne 10 (0.047 nm., 0.34 mmol) in 10 nL of toluene and 1.5 nlL of
DVMPU was heated at 100C for 17 hours. Tgse sol vent was evaporat ed under
reduced pressure and the residue was purified by chromatography on silica
gel using 40:10:2 ethyl acetate/ rrg_Lﬁanol/ i sopropyl am ngsas _eluant to
give 70 ng (52% of 7-(1-(2-hydroxy pi peri di n-4-yl am -1-met hyl -3
-ortho-tolyl -3, 4-di hydropyri m dg 3@ pyri m di P Exanpl e 28
Compound 2-15 '@wgneemml—w | 1 /\%\it e pr _eqparatl ryﬁ

1- (2-cyanoet hyl ) - pi peri di n-

yl am no} - 1- met hyl - 3- or t ho- toI hydropyr| md [4 5- szy” m di n lH)
one. WD 01/29042 PCT/ EPOQ 1 66 CHC N SHN NN OHN NN
O 6CHP CHF N N H A mxture of

7- (pi peri di n-4-yl amino) - 1- methyl - 3- o-t ol yI - 3, 4- di hgdr o-

pyri m do[ 4, 5-dl pyri m di n- 2(1H) one (0.184 g, 0.52 N(prepared as
described in Exanple 25), 1.5 nL of acrylonitrile,

triethyl ani ne, 0.4 mpgtugsrof Z‘@Pﬂ%@ﬁﬁ)ﬂa}mﬁ ?'@Pqﬂﬂ’ﬂ’ﬁ@n@lﬂﬁﬁdﬁ]&?’dﬁi of

tetr ?hyd r of UL PPrichiEs [ 4 alpPHmidan-BHFN de (6.18% g, 092! FrSndl) (pképatel 8s d@@fbled ON WasS
and vas pur i 1 PORBpIeCRL drbb B Spie O sl Lm'@ 508 et hanol 11
et hyl acetate n&&ybﬁwbhdtmoxg; ard S0mil bfftetgahlydio¥ram fvas Heate tao?H0C for 15M

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.

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.

Sufione 1.4

I-=2



Hydrochl oric acid was added to 75 nag of the product dissolved in ethyl ,
acet at e, he mxture stirred at roomtenperature f 1 hour, and the
resi due flwere({hunder nitrogen to give the hydrochl or."&ﬁ“gg‘r/m&

7-] 1- (2-cyanoet hyl ) pi peri di n-4-yl am no) -

1-met hyl - 3-ortho-tol yl -3, 4-di hydropyrinido-[4, 5-d) pyri mdin-2(1H)--one.
Exanpl e 29 15 Conpound 2-16 This exa fe illustrates the preparation of 7-
[ 1- (2-cyanoet hyl ) pi peri di n- 4-

yl am noj - 1- net h{The 2-{(i-tthoxcabynyliBpetidih-fyhamimp}-il rmethyl-3-ortho-tolyl-3,4-

i NN o a8 it o (g A bR dpe il ™ N
e - 5.ml dichlopgmethareytthiodetrimethplsilang (B8 mE;6.18hmol) and refluxed
7-[(1-et hOXW@ﬁQﬁEXﬁ&!@ﬁﬁéﬂ&%ﬂiﬂﬂﬁ@&&iﬂla&dé@b&ﬂ&d%ﬁ{cw@fﬂe%)\v" -3, 4

di hydr opyri rimdi (IH-q was taken up
in 5 AL di éFﬁ“gF V‘?ﬂ‘f‘ﬁ“’ﬂﬁﬂ%‘t@l"ﬂ%&ﬁé Wg%M(seg hoxide(g mol ) and
refl uxed O\tﬁdﬂiuxﬁmvasaﬂﬂedlb&thIg‘dﬁedm brhtin Janrncumm ﬂﬁhaporat ed in

. The d d d ol 1.28 nlL of
gégll\J/losodi ﬁm %Mre?@fg‘s Sﬁéﬁﬁl‘gs@a@é'g gﬁ“@a’? ﬁ’ﬁg‘f“ﬂ %E’gr ating i nO
vacuo and puwmirhgniimg hydrokidesheluanihr Tirescobgprefodryionsconiaining7-giperidisiaag 10- 40%

et hanol / di Giigre: ng&gﬁes Wik ohs 4 AR 928 iR oA oghe COl U

fractions c erid
yl ami 8- | - miers/gomi q@d@mewatsdwe%ydropyn mi dof 4, 5- d]
-pyrimdin-2(1H)-one 10 were conbl ned and concentrated in vacuo.

7- (Pi peridin-4- ¥|(§1pen82n 41_Ylmat h 1_ Sagyrl:%k_laorﬂ!togtlo _é’idéilﬂyglmwdrocpoyrl m do-
{4,5-d)pyrimidin-2(1H)-one (0.035 g, 0.099 mmol) in 1 mL N,N-dimethyl-
formamide was combined with bromoacetonitrile (0.014 mL, 0.199 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.

Example 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.



[4,5-d]pyrimdin-2(IH)-one (0.035 g, 0.099 mmol) in | nL N, N-di net hyl -
formam de was conbined with bronoacetonitrile (0.014 nL, 0.199 mmol) and 15
stirred at 3Oe¢@ni ght, then purified by flash chronmat @§T/EPIWIGH silica
gel using 3-10% (1:9 ammoni um hydr oxi dei net hanol )/ di chl or onet hane as
eluant. The colum fractions containing product were conbined and
concentrated in vacuo. The product was ggaken up in nethanol, treated with
hydrochloric acid (1.OMEt20, 1.0 equivalent), re-evaporated to dryness,

t hen washed with ethyl ether, fllterequalnd 20 dried to gh\ee 0. 007 g of the

hydrochl oride salt of 7-(1- (2 cyanorretrfy er|d| n- 4-

yl am no] - 1- et hyl - 3- or t ho- tonI ghRQpA/ri m do
[4,5-d]-pyrimdin-2(1H) - one. %p 3 25 Conpoun /24\,?(; hi s exanpl e

il lustrates thgupsmppgatiTarof HiV : the*yearl—ﬂbny“e

pi peri di n-4-yl am no] -1-nethyl - orth olyl-3,4 dro ,[,lmdo[45d] -
pyrim di n-2(1H)-one. WD 011290 /10088 8 H3C YON 1)
Sulfone 14 HNN O ----~ HNNN CHB | CH3 .6 N UOCHS A m xture of
7- (pi peri di n-4-yl am no) - 1- met hylt 3- ort ho-t ol yl - 3, 4-q] LOH,

pyri m do[ 4, 5-d) pyri m di n-2(1H)-one (0.19 g, 0.54 nmol) prepared as
described 5 in Exarrple 25), 1.0 nL of methyl acrylate, 0.5 nL of

triethylam ne, | -2 ol i.dj no
t et rahydr of i uran WW&&%@&"&?‘#‘S&YW‘%@?{ i "ﬁ%g’?y:}géﬁ‘?ig% M xture was
evapor at ed unggimideldisedigyrinidas2(18)-oaa (0.1910.54 m«h){prepa&dpudasénbedl by

chr omat ogr aph ] L chhar hane as
cluant 5 g1 vib SRsblegSl SO0t ac el S AL Bl b S5
methyl-2-pyrrolidinone, and 5 mL of tetrahydxoﬁzran was heated at 75°C for 17
hours. The reaction mixture was evaporated underreduced pressure, and the

D

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-dihydro-
20 pyrimido-{4,5-d}pyrimidin-2(1H)-one.

H,C
Sulfone 1.4 ——» f\/f\ @ Hs \fo,k/j\/\):@



10 Hydrochloric acid in ether was added to a solution of the product.in

et hyl ace nd t he suspension stirred at roomtenp re for 1 hour.
The m xt uﬁvg&ﬁgsg evapor at ed under reduced pressure to gféﬂﬁﬁqﬁmss

hydrochl oride salt of 7-[ 1-(2-

met hoxy- car bonyl et hyl ) pi peri di n-4-yl am no) -1 -net hyl -3-ortho-tolyl -3, 4-

di hydropyri mi do- (4,5-djpyrinmidin-2 (16%-one. 15 Exanple 31 Conpound 2-18
This exanple illustrates the preparation of 7-[(1-carbanmoyhnethyl -

pi peri gi n[j yl )m@mlmmmbammﬁ3-mbhywka44amyamp§rﬂin;ao3 j di hydrlo- 20
rim do- L u ---~ e

PN = H R N 185 el Rt Wg0E: o 480 menpl ekt as S4BEER 5004 Y

PCT/ EPOQ' | OE88npl€25) was taken up in 1 mL N,N-dimethylformamide with bromoacetamide

7- (Pi peridi Q) - ho-tol yl,-3..4-di hydr rimdo-

[4(5 gj pyri Eﬁ)ﬁpﬁg g%%#%gé ai:’igﬁ)(’ °5e§5‘g'hr¥rm°ﬂteﬁpclér3§f’8gpgsl described in

(Eéagglzs 252) b\i%?oic&liﬁ!ﬂel{o 02?%)lv£kddﬂdbbﬂtémﬁzh}ihéﬂkm' serovsotdfaomacet ani de

g, nm

irred at verni ght. Another portion of 5

br omoacet amsﬁf@n‘f Ugbéflﬁye%ﬁgn%@gd“ﬁé?%&b&ﬂ@ﬁh ogzapby oasilish to 50C for
a s e?:ond ni amsm Ifwy% @aacamzw :ﬁanmnxyafoeldmsetnmdl)‘/@gdoﬁmeﬁiaas Bs diimhmenat ogr aphy
on silica n r.0X .
net hanol )/ dﬂ?‘ﬁf‘g Hg{aﬁ%?{g g ta‘é‘frﬁé’ﬁ? ueleEC ﬁ?‘ﬂ%‘ﬁr‘%ﬁeﬁgﬁ?‘l%nt ai ni ng
product wer a@aaonDhefirchl amluctovasm_kmw mdn¢tlnnol;ax_ntedw_ithhydrbddbriqmiﬂduct was
taken 14 i N (TEBUAARS) 1.0 dubialeRt], Michdbobte 8 Ridls] thewhihed 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)-one.

Sulfone 1.4 ——> H~N/k:\/l(\/g — K )\:I\/k

. N" N0 N"'N"'N"T0
SRR NS
- N | N
| H,C
20 7-(Piperidin-4-ylamino)-1-methyl-3-ortho-tolyl-3,4-dihydropyrimido-

{4,5-d]pyrimidin-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




10 (1.QM Et 20, 1.0 equi valent), re-evaporated to dryness, then washed with

ethyl ether, filtered, and dried to give 0.001 g of the hydrochloride salt

of 7- [ (1-cwsrdoermab - PCT/EPOD/10088

met hyl pi peri di n-4-yl ) car banoyl net hyl - am no] - 1- et hyl - 3-ort ho-tol yl -3, 4-

di hydropyrimdo [4,5- d]pyrimdin-2 (1 H-one. 15 Exanple 32 Conpound 2-12

This exanple illustrates the preparatiogyof 7-(1-nethanesul fonyl piperidin-

4-yl)-1-nmet hyl -3-ortho-tolyl-3,4-di hydropyri m do[ 4, 5-d] pyri m di n-2( 1H) - one.
%WVl F L, N-- N Sulf 4 HNI-t, "'~ N NN

EBE oNo N H{ g:xgﬁqg@r cajymn cﬁ%ma?ogreapﬁy on slilica gel utsing l:lls_i?nraha%olll\ldi ooro~ O G

7- (Pi peri di n- ghetithdds @laant] Thetdhyhn &a@hhh&ntﬂkiﬁgfﬁdﬂad&ekwﬁmmeaimd do-

Exarpl & 55) ERSERi 7 ek o5t (e predoria el

e%' &preoalrme\d ﬁs described in
Ré 2P ES ed to OC
bef ore addi nghyletéraassirhétbanpl. Additmiof bydrchletr acid, (1.0MEBQOMD| ). The

reacti ong was ' 0 “.]El %F‘ﬁtbeﬁ ] I ce water and
extractgsd W tﬁ&ﬁe‘{a{?gﬁg%‘?et?eas? ) %‘?{:@&(&)ﬁrﬁ%ﬁ?@e@% acfs4 ol}fglewashed W th

wat er and sat kdsechloride saitnfi2-(Suerthanesulfonyipiprsidin- YDt heathyedvaghrstobdi t h wat er
and evapor at eglaigihy idE[@‘,~a}%‘z}iﬁ;@D.\2@§§)mte/29042 PCT/ EP00110088 70
purified by colum chromatography on silica gel using 1:15

met hanol / di chl oro- methane as eluant. The col unm fractions containing
product were conbined and concentr gkafpled3 vacuo, and the final product

r edi sso}Aved in a mninmumvol ume of ., et Qél Zﬁa ate and net hanol . Addition of
hydr och %ric acid (1. OMCEt 20,1.0 SCWﬂ §|2- t) gave the salt which was
filtered and dri edhisexample ilistiides the repardtion offi §-2-ohlotaphemnid)-&-8l-tyansd-

7- (1- met hanesyll

3, 4- di hydr opy? F‘?T‘%%ge'?éfﬂ?’gﬁ)@?f Ll 3’?%%‘@?‘%&&25%,%@&_

2(1H)-one.
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15 3-(2-Chlorophenyl)-7-(piperidin-4-ylamino)-1-methyl-3,4-dihydro-
pyrimido[4,5-d]pyrimidin-2(1H)-one (0.030 g, 0.080 mmol) (prepared similarly as
_described in Example 29) was taken up in 1 mL N,N-dimethylformamide with
bromoacetonitrile (0.011 mL, 0.161 mmol) and stirred at 50°C overnight. Another

0.011 mL bromoacetonitrile was added before returning the reaction to 50°C for a
20 second night. The reaction mixture was purified by flash chromatography on silica
gel using 1-20% (1:9 ammonium hydroxide/ methanol)/ dichloromethane as
eluant. The column fractions containing product were combined and concentrated
in vacuo, which was taken up in methanol, treated with hydrochloric acid :
(1.OM/Et;0, 1.0 equivalent), re-evaporated to dryness, then washed with ethyl ether,
25 filtered, and dried to give 0.002 g of the hydrochloride salt of -3-(2-chloro-phenyl)-
7-{1-cyanomethylpiperidin-4-ylamino)-1-methyl-3,4-dihydropyrimido[4,5-d}-
pyrimidin-2(1H)-one.



Exam | p a 33 10 Compound 2-17 This exanple illustrates the preparation of .

3-(2-chl or‘QBHﬁ%}‘Q -7-(1-cyano-

met hyl pi peri yl am no) - 1- et hyl - 3, 4- di hydr opyri m dopf'ﬂl,":g“-"ﬂf"sﬁyri m di n-
2(IH-one. cl A4 N\ [ )(-N HN.~ NNO NNN40 Sulfone 1.3 ----30 6
CHe ----- a-. | (H3 }{ L4N 15

3-(2-Chl orophenyl ) -7-(pi peridin-4-yl am'7ho) - 1- et hyl - 3, 4- di hydr o-

pyri m do[ 4, 5-d] pyri m di n-2(1H)-one (0.030 g, 0.080 nrnol) (prepared

simlarly as described in Exanple 29) was taken up in 1 nL

NN- di rnet hyl f ormam de with Dbroi no%et %n'bgri le (0.011 nL, 0.161 nmol) and

stirred at 50C overni ght. Anot her bronmpacetonitril e was added

before returning the dotminoibénaylH{iébyrimidine-? dehyde ght . The reaction

m xture was purified by flash chromatogr aph3b silica gel using 1-20%

(1: 9 amoni um hydr oxi de/ nethanol )/ dy onmet hane as eluant. The col um

fractions containing product were confli neq and concentrated 1in vacua,

whi ch was taken up in net hanoi;.h N ydrochl oric acid

(1.OMEt 20 1.0 equivalent), re-evaporated to ®&yness, then washed with

ethyl ether, 25 filtered, and dried to give 0.002 g of the hydrochloride

salt of -3-(2-chloro-phenyl)-

7- ( 1. - cyanonet hyB#ilpePregarstidn 9f aming)>-¢arbaghdxypyrdmidingi2pédl opyri m do [ 4, 5-d] -

pyri mdin-2 (1H) «Qne / 42 P P .71 .

4- Am no- 2- benzy >§§§iﬁ%eﬁ$ﬁx@%§7§% %gx%ggﬁg%%%g%gmggd 1@1%’%}%%&
and treated with thiourea (304 g, 4.0 mol) (Avocado). Ethyl ethoxymethylene

cyanoacetate (676 g, 4.0 mol) (Avocado) was added and the mixture heated at

10 reflux for 8 hours. After cooling to room temperature overnight, the reaction
miXture was treated sequentially with 2 L of water and 400 mL of acetic acid. The
reaction mixture was heated at reflux for 30 minutes, cooled to room temperature,
and the suspension filtered. The solid was washed three 500 mL portions of water,
two 500 mL portions of acetone, and S00 mL of diethyl ether. The product was

15 dried to give 473.3 g (60%) of 4-atr1ino;5;carbethoxy-pyrin1idine;2-thioI 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 sﬁspension
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.



CHO N PhS NH2 5 34.1 Preparation of

4- am no- 5- car bet hoxy- pyri m di ne-2-thi ol Sodi um et hoxide (272 g, 4.0 nol)
(Lancaster) Wia&1/28042rred in 1 L of ethanol and treated wrch/EPhi/0essea (304
g, 4.0 mol) (Avocado). Ethyl ethoxynethylene cyanoacetate (676 g, 4.0 nol)
(Avocado) was added and the mi xture heated at 10 reflux for 8 hours. After
cooling to roomtenperature overnight, t/he reaction mxture was treated
sequentially with 2 L of water and 400 nmL of acetic acid. The reaction

m xture was heat ed reflux, for 30 mnte coqled om t enperature,
and the suspensi on3£ | tFegraaationRE4-gmimor- ffg'getgmplm_ portions of

wat gr t t wo ioodmmﬁﬁanﬂSth 4%aﬁxﬁbanfénz;@mm ?&Qﬁxdﬁiie-slf:arﬂdn@lal’é’@ﬁﬁl her. The
roduct was ri

2- ani no- 5:car %"bg??'r#ﬂfvﬁég‘fgf% é’fdgﬁ‘m&vﬁ%@ﬁfls@g}wﬁﬂbwtﬂ ng poi nt
>250C. 34.2 PlaéMscﬁmumfhﬁmﬁaalunmmﬁm&lmy(wm Dfiyiol)) ini @iralepdbofomnboxyl ate A
ti d 1,0l 73 20
SULot e $SPeUsAg il LA AR LR AN 08 Aol b7 0, | 20,

g, 1.307 nol )mandnbemp;fanheofﬂseW’C4@Z cdmglptuﬁuﬁﬂiezﬁﬁit)on fhie enixure Ur e was
heated at refl ux hours then all owe %éﬂto room tenperature

over ni ght . Th¥asheats gﬁ%%ﬁ“‘é\ﬂﬁ“ﬁ‘l@%‘?"é@f“& atef dgesdd Hh two 500

nL portions 0&5%%&%@& sodrint-hydfoxiR %smmsawmgnmm&esomnoﬁd water. The
product was dried’in_vacuo over p osghor us pentoxi de_at 50C to give 416

g (61% of et hyl826mhphwate: d“ﬁé&%@/ﬂﬂﬂt@p h¢ syPREntien WagstiredR1405€e as a cream
SO' id ofjgmel t b@&m@ﬂtﬂ&é&?ed%l% ﬂfﬂ&ﬁ{e?ﬁ@%ﬂ?&ﬁ'h%? %ﬁ(}%ﬁlw&ﬂe@‘l 3

cthyl 4-an ngfwhs@%?,%em%%ﬁmhmrﬁ B Exmsesion o Begiiga 16 471 6 mol) of i n
2.3 L of sievea@nprsig(98te) aMde-m n&B-@MUtUan\M_ ishnsﬂwmt'eng to a |l
nder . it r ot bR e iR Pt b a\@ﬁ@ﬂm@&gﬁ% [ on vas added At a
rate to
15 34.4  Preparation of 4-amino-2-benzylthiopyrimidine-5-carboxaldehyde
A suspension of 4-amino-2-benzylthiopyrimidine-5-methanol (392.5 g,
1.59 mol) in 7.75 L of dichloromethane under a nitrogen atmosphere was treated
with activated manganese dioxide (1.382 Kg, 15.9 mol) (Acros). The reaction
mixture was stirred at ambient temperature overnight then filtered through Hyflo
20 filter aid. The solid was washed with three 1 L portions of dichloromethane and the
combined filtrates evaporated to give 340.5 g (88%) of 4-amino-2-benzylthio-

pyrimidine-5-carboxaldehyde as a pale yellow solid of melting point 136-139°C.

25




mai ntain a tenperature of 18-20C. On conpletion of the addition, the.

m xture ed to 60C and treated cautiously with . of water
during 1\&;@@8{}%@} 15% aqueous sodi um hydr oxi de (60. 8 nfgmg“%mﬁd during
30 minutes, followed by 182.5 nL of water during 30 m nutes. The
suspension was stirred at 60C 10 overnight then filtered through Hyflo
filter aid while still hot, and the sof#d washed with two 1 L portions of
tetrahydrofuran. Evaporation of the filtrate to dryness gave 392.5 g (99%

of 4-am no- 2- bengykthp,eﬁw&ﬂdmoﬁ Wﬁh Mmoﬁet QifingMri te  solid which
out further

was used in. the next, s purlflcatlon 15 34.4 Preparation
of 4-am no- ﬁ'e'ﬁéﬁth’%f’ rirnidine-5-carboxal dehyde A suspension of

4- am no- 2- benzyl t hi opyri m di ne-5-nmethanol (392.5 g, X189 5Ql) in 7.75 L of
di chl oronet hane under a nitrogen atnosphere was treated activated

manganese di oxi de (1.382 6H® nol ) (Acros). Q m xture was
stirred at anbi ent terrpe ptufe overntghtt hen :

filter aid. The 5% ﬁglw'thﬁ . s of dichl oronet hane
and the conbi |Itrates evapérate gi ve 340.5°92(88% of

4- am no- 2- benzy 0- pyrim di ne-5-caMNg®al dehyde as a pale yell ow solid of
mel ting point 136-139C. Exanple 35 25

3-(2- chI orophenyﬂﬁ%@#ﬁ%@?@@WﬁM@W@%ﬂ(é;gr| m di n-2(1H -
one thloh‘ $chlbkhRilAd (2802, Zlf@TﬂaEfPoWnaqqgﬁenezﬁﬂéﬁckler eparation

?f5 (E~Cr|_]|| grﬂi\‘iP"NﬁiZ‘Y"Sé m norret h oi}tla,ﬁgngf&tglueneenz ! % re uxm%? Cl N CHO N
4-am no- 2- b%wobielraﬁwax St ForS Il P1R Infledayet@as ol€l to 00C 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

DO O
N N N™ N
l H |
Q\SJ\N/ NH, —_— @/\S*N/ I}l/go
H

20 Sulffide 8.1

To a stirred solution, cooled to -10°C, of 5-(2-chlorophenyl) aminomethyl-
4-amino-2-benzylthiopyrimidine (4.3 g, 12.1 mmol) in 100 mL of tetrahydrofuran
was added triethylamine (3.1 mL, 22.2 mmol). This solution was then treated



5.20.4 nunol), 2-chloroaniline (2.25 rnL, 21.4 mmol) and 4-tol uene-sul fonic
acid nonohydrate (0.1 g, 0.5 mml) in 60 nL of toluene was heated under
reflex withwae3042opi c renoval of water for 3 hours. Th@CRERNINMSEWAS
cooled to OOC and the precipitate was collected by vacuumfiltrati on and
was washed with hexanes and air dried. This solid was then dissolved in
100 nmL tetrahydrofuran and the solution730 cooled to OOC. Lithium alum nium
hydride (0.735 g, 18.8 mmvl) was added in snall portions over 45 ninutes.

ot oo and ¢ BpikRng SOG Mont A To k) p S MR Bl RSl @ (V51 IP 0
15% aqueous sbh8m¢1 mmnafmsqmmt@,addmndmmlmemm xture was
stirred for 36;mq4 %ﬁsadﬁédfoﬁév?é&ib}r?ﬁ%&ﬁ ($8lir! Qo%r&gluhbﬁﬁﬂoiukﬁ@t e

concentrated 1 n 15 vacuo stirre di et hyl ef her,
filtered and ASmmel-cthareacypr wasgraimed tgfroom temPel'at“l‘ex treated With 0.5 L.

oS- (_2 chl r ophgat ivdBiRed Rk BY irtt@NTHOredctid g waY theh fREYd Add tHé fRthas a white
solid. 35.2 l;gltﬂparatlon of ,3-

benzyi t hi o- 3, KOG APUFRGERtA 4o AR TRk Res TPEroghE M O N v N N N
| SNNH S chlle@edbjrva’a‘ﬁu&ﬁltxfatxdeaﬂdhe&mﬂcﬁottbgived,ssglofﬁ-(mn cooled to
-100C of 5-( ny n rlmdine
(4.3 5, 12, 1 GEpAsRR Sl PR A B G RE S T e
(3.1 m, 22. ZWMO)ld(Sﬂlﬁdssdbl ution was then treated WO 01/29042

PCTI 19P¢¥Y 10088 74 dropwise with a solution of phosgene (6.15 nL of 20%

solution in toluene; 11.8 mml). After stlrrlng for 30 m nutes, additional
triethylamine (1.0 ni, 7.1 rmol) wadxameled6fol | owed by phosgene (2.0 niL of

20% sol uti on i n3ilhsiphenyd-5b 48 M%%@room
tenperature, treated wth 0.5 nL 5 ﬁﬁéer and stirre or 30 mnutes. The

reaction was then filtered and the 08 i quor was concentrated and
stirred with dichl oronethane. The product was then coll aite y vacuum
filtration and dried in vacuo to @ 3.83 g of 3-(2-

fesa oo
SRS
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Sulfone 9.1

15 A suspension of sulfide 8.1 (1 g, 2.61 mmol) in 10 mL of dichloromethane
was cooled in ice and treated with 70% 3-chloroperbenzoic acid (1.29 g, 5.23
mmol). The mixture was stirred at room temperature for 2 hours, then treated with
25 mL of 10% aqueous sodium thiosulphate and left to stir for 30 minutes. The
resulting mixture was diluted with 100 mL dichloromethane and the phases were

20 separated. The organic phase was washed with 10% aqueous potassium carbonate,
then brine, and then dried over magnesium sulfate and filtered. Concentration of
the filtrate under reduced pressure gave 0.73 g of 3-(2-chlorophenyl)-7-
benzylsulfonyl-3,4-dihydropyrimido[4,5-d])-pyrimidin-2(1H)-one (sulfone 9.1) as a
white solid.

25



chl orophenyl ) - 7- benzyl t hi 0- 3, 4-di hydr opyri m do-[ 4, 5-d] pyri m di n-2(1 H).- one
as a whit . (sulfide 8.1). 10 Exanple 36

3-(2-chl Or@gﬁ@%ﬂ% - 7-benzyl sul fonyl - 3. 4- di hydr opyri m i dBFH’F@W‘ﬂ‘Wi mdin- 2
IH-one 1 / C N\ 1\ N1I0 SNNIIk, OSNINNLOHI ,~Cfl H
Suifone 9.1 15 A suspension of sulfide 8.1 (1 g, 2.61 innol) in 10 nil. of
di chl oromet hane was cooled in ice and’®reated with 70% 3- chl or oper benzoi c
acid (1.29 g, 5.23 mol). The m xture was stirred at roomtenperature for
2 hours, then tr datlewd eompour@s7-renzykuliiit-squhetadylSetddihpdrohi osul phat e and

left to stir @[IQH . _ | ) BsSndist ed with 100 i
di chl or onet I? r@%ﬁgst f%’ﬁg‘é‘e%@%ﬁég%if&sdé%%?%ﬁq’%ﬁe or%%’##c phase was
washed wi t h taloidinedn plocssof@oshioresnilinedn Exaonple 35. then brine, and then dried
over magnesium sul fate and filtered. Concgngration of the filtrate under

reduced pressure gave 0.73 g of 3-(2-chlordp? i)'7'
benzyl sul fonyl - 3, 4- di hydr opyri m do[ d N A n-2(1H) -one (sul fone 9.1)
as a white solid. 25 WO 01/29042 PQy/ ERO0/|L0088 75 A rel ated conpound,
7- benzyl sul fonyl -3-ortho-to 237 Bg o '
pyrim do[ 4, 5-d] pyri mi di n- 2( ng psul foﬂg 9.2) was prepared using ortho-
toluidine in place of 2-chlordaniline in anple 35. HSC | % OSON O H
Sul fone 9.2 5 Sulfone 9.2
5
Example 37
Compound 3-26

This example illustrates the preparation of 3-( 2-chlorophenyl)-7-(trans-4-
hydroxycyclohexylamino)-1-(2-pyrrolidin-1-yl—ethyl).-?:,4-d1'hydropyrimido[4,5-d] -
10 pyrimidin-2(1H)-one.

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
Cl
N*= N
R — A
& _
N

Sulfide 8.1 ' < 7

15 Sulfide 8.1 (500 mg, 1.31 mmol) was taken up in 2 mL tetrahydrofuran and
combined with 1-(2-hydroxyethyl)pyrrolidine (0.23 mL, 1.96 mmol),
triphenylphosphine (514 mg, 1.96 mmol), and DEAD (0.31 mL, 1.96 mmol). The
reaction mixture was stirred at room temperature for 3 hours, when additional
quantities of 1-(2-hydroxyethyl)pyrrolidine, triphenylphosphine, and DEAD were

20 added (another 1.96 mmol each). The mixture was stirred at room temperature
overnight and semipurified by chromatography on silica gel using 2.5-10%
methanol/dichloromethane as eluant, to provide >1 g mixture of product




Exanpl e .37 Conpo

und 3-26 This exanple illustrates the preparation of

3-(2-chl orophenyl)-7-(trans- 4-
( PRE S .

hydr oxycycl

-dj - 10 pyrimdi
of 7- benzyl t hi o- 3-
et hyl) -3, 4-di hydr
N7- N ~~ 310 N N
1.31 mmol ) wasyj

#4 no) - 1- (2-pyrrolidin-1-yl-ethyl)-3, 4- dkdwymmappss ni do[ 4, 5
n-2(1H)-one. 37.1 Preparation

(2-chl orophenyl)-1-(2 pyrrolidin-1-yl-

opyrimdo f 4,5-d]pyrimglin-2(1 H-one. € d , I O N
O ~SNNMNI1I--ON Sulfide 8.1 v 15 Sulfide 8.1 (500 ng,

: ' t.r ah . nbi ned with
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(another 1.96 mmo
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enperature for 3 hours, when additional quantities of

)9 rrolidine, triphenylphosphi ne, and DEAD were 20 added
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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]pyrimidin-2(1H)-one.
Cl
e RS
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The crude 7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2-pyrrolidin-1-ylethyl)-
20 3,4-dibydropyrimido[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



C] , G O NNONNO 01 NNOO Oxidation of
7-benzyl t R}, 0-3- (2- chl orophenyl ) -1-(2-pyrrolidin-1-ylethyl)-

3, 4-di hydr Qﬁfgéqédo[a 5-dj pyri m di n-2( 1H) - one was accon%?%@mﬂm\ﬁ%i ng 3-

chl or oper oxy-benzoic acid (0.94 g, 3.92 mmol) in dichloronmethane with
stirring at 10 roomtenperature for | hour. The reaction was quenched with
saturated sodium sulfite (aqueous, 1 ) and extracted with

di chl oronet hane. The conbined extracts were dried, and concentrated in
Pl o Opheny L et o ol ] o BB o e 6 e et 4. 5. ] pyr i mi d
chl orophenyl ) - 1- (.2-pyrrol id n-1- - - di r 0PV, o[ 4, 5-d] pyri m di
n- 2(1I—|)-on5),e'}§m1g]iﬂioch]ﬁ’é°"‘ﬂf§léa&e @ﬁ#%ﬁ?&'\#ﬂﬁ’éﬁe .p‘i‘g}/dé"'yg’gt?reparation of
3- ( 2- chl or ophgdunimol)7 -The pexifiedprbduit wastaken uphiaethyl acetaiennd treat¢@with i ot i di n- 1

yl et hyl) -3, 4-d] A Do 1k dPnfliae Staes- (3! NO NNON
NNO Il Z~éﬁiﬁ%§ﬁ@ﬂ§f,@h§}ﬂ%ﬁ§g@% "Iae G Gs-(31Hordghet

7- benz¥| sul 7dtrgrs-4shydroxyrcinhenframing)-1t (2-pyrmlidinolykethyt3.4/ et hyl ) 20

3, 4- di hydr opiyadbpahitio pr sl pytinidif 2018 ddd. - one was taken up in 6 nL diglynle
with trans-4- Zﬁocydg exanol (1650% 1.44 mmol) and stirred at 120C for 3
WO 01/ 29042 PCT/ EPOQ 10088 77 hours. The m xture was purified by

chromat ography on silica gel using g8 net hanol / di chl oronet hane as
eluant to provide the title conpgééndé) 4&8 , 0.096 nmml). The purified

product was taken up in ethyl acetX “Yreated with 1 equival ent
HC1l E8QO t o pr ecTlps exampletilhestratesl thepinéparatide of 34(2-cldbrophéidl)eh(tomoghenyl ) 5

7- (trans- 4- fydr oy GMARS by 21T B Ry kikifo B8l il i dpykbSddly 5y 3. 4-

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.
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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 temperature 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-dibydropyrimido[4,5-
25 d]pyrimidin-2(1H)-one and residual starting materials.

PR



di hydropyrimdo [4,5-d] pyrimdin-2(1H)-one. Exanple 38 Conpound 3-27 10
This exanple illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-4-

hydr oxycycl owoxykes no) - 1- (2-di et hyl am noet hyl ) - 3, 4- di hyRGETERMN/EB%] 0

[4,5-d] - pyrimdin-2(1H)-one. 38.1 Preparation of

7- benzyl t hi o- 3- (2- chl orophenyl ) -1-(2-di et hyl am no- 15
et hyl) -3, 4-di hydr opyri m do[ 4, 5-d] pyri m dgg- 2(1 H) - one.
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stirred at romﬂl}d)eirﬁdﬂtatdmp}emhdn{%SZbyﬁmm&élH)men addi tional quantities of
di et hyl et hanol am ne, tri phenylcﬁhosphl ne, and DEAD were

mrol each). The m xture was st
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Oxidation of the 7-benzylthio-3-(2-chlorophenyl)-1-(2-diethylaminoethyl)-
5 3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was accomplished using 3-

chloroperoxy-benzoic acid (0.339 g, 1.96 mmol) in dichloromethane with stirring at

room temperature for 1 hour. The reaction was quenched with 10% sodium sulfite

10

15

20

solution (aq, 5 mL), poured into saturated aqueous sodium bicarbonate, and
extracted with dichloromethane. The combined extracts were dried with
magnesium sulfateand concentrated in vacuo to provide 7-benzylsulfinyl-3-(2-
chlorophenyl)-1-(2-diethylamino-ethyl)-3,4-dihydropyrimido-[4,5-d]pyrimidin-
2(1H)-one, which was used without purification.

38.3  Preparation of 3-(2-chlorophenyl)-1-(2-diethylaminoethyl)-7- (trans-4-

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

Cl

e N o o o
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©/" \j“k/

The crude 7-benzylsulfinyl-3-(2-chlorophenyl)-1-(2-diethylaminoethyl)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one was taken up in 2 mL diglyme
with trans-4-aminocyclohexanol (150 mg, 1.31 mmol) and stirred at 120°C for 4
hours. The mixture was purified by chromatography on silica gel using 5-35%
methanol/ dichloromethane as eluant to provide the title compound (52 mg,

=z

o
§
{

" 0.110 mmol). The purified product was taken up in ethyl acetate and treated with

N NO

1.96



Oxi dation of the 7-benzylthio-3-(2-chlorophenyl)-1-(2-diethylam noethyl)- 5
3, 4-di hydw&w i M do[ 4, 5-d] pyri m di n-2(1H) - one was acconplished using 3-

chl oroperoxy-[ﬁg'fq}zoi c acid (0.339 g, 1.96 mol) in di ch{pD&FG%‘FE‘FWQﬂ?e with
stirring at roomtenperature for 1 hour. The reaction was quenched with
10% sodi um sul fite solution (ag, 5 nl), poured into saturated aqueous

sodi um bi carbonate, and extracted w { di di | oroi net hane. The conbi ned
extracts were dried with 10 magnesi um sul fate and concentrated in vacuo to
provi de 7- Bequiydles HGUERD toPrécipitate the hydrochloride salt of 3-(2-chlorophenyl)-

chl or ophenyl - 1- £ 2= ,ﬁ#& }ﬂg}l nQ=et\y ) 1A n%m iyl do-

[4, 5-d] pyr|}§r1(|)tr31|13n4‘1?1]§cﬂ ] -.é).ne, %E%y\%géﬁigg W g%i pu ?ﬂ cation. 38.3

Pr epar at i o@%@@l%?ﬂg’ﬂ’m@p%ﬁi)'?n% (2-di et hyl am noet hyl)-7-(trans-4- 15
hydr oxy-tycl ohexyl am no) - 3, 4- dt hydr opyri m dof 4, 5-dj pyri m di n-2(1H)-one. C
, ~ ~0 NENNNSNNON NNO, ~~N ~N~ OH The crude

7- benéyl sul f nyl - 3- (2- chl or ophen) r Example 3P i et hy| ani noet hyl ) -

3, 4-di hydropyri m do[ 4, 5- d] pyr i mMctnipodnd B)3gone was taken up in 2 nL diglyne
wi th trans-4-am nocygdohexanpl.. (150 1.3 d stiryed at 120C for 4
20 hours. The mi xt urﬂ"ﬁfﬁémﬁf‘)fﬁhgsfréﬁs g@*’&%?’&ﬁﬁ?%’?ﬁﬁ?°f8ﬁ£’éﬂ’ﬁﬁ@’ge| usi ng
5-35% net kdanghylaminoéthyl)-Brtetincdrbydrexyefdichriyldminp)j-8idilydréte titl e conpound
(52 mg, O ;&Q e - Bukikihed product was taken up in ethyl acetate
and treat eg W t%hbgﬁglgﬁﬁggﬁ%ﬁbm 10088 79 1 equivalent HCl Et20to
precilfi tate the hydrochl oride salt of 3-(2-chtorophenyl)- 7-

(trans-4-hydr oxyey cl mhardtlond '-Bﬂﬁlﬂlﬁ&&(ﬂwﬁ&%ﬂeﬁiﬂ-ﬁ%ﬂmﬁ&lﬂ& 4- di hydr o-
pyrim do [%h?ﬁogghylﬁg,glﬂy(}lmr}])}nmgo[ , -&ﬁ?&ﬁtid?n-%_ volng 39 Coripound 3-30
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Sulfide 8.1 in 5 mL tetrahydrofuranwas combined with N,N-dimethyl-
15 ethanolamine (0.39 mL, 3.92 mmol), triphenylphosphine (1.04 g, 3.92 mmol), and
DEAD (0.62 mL, 3.92 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.




This exanple illustrates the preparation of 3-(2-chlorophenyl)-1-(2-

di met hyl am noet hyl ) -7-(trans-4- hydr oxycycl ohexyl am no) - 3, 4- di hydr o-

pyri m doJ 4, ij]uzwzi m di n-2(1H) -one. 10 39.1 Prepar ati onPOT/EP00/10088

7-benzyl t hi o- 3- (2- chl orophenyl ) -1 -(2-di met hyl -

am noet hyl ) - 3, 4-di hydropyri m do(4, 5-d] pyrimdin-2(1H)- one. C C NNNNO
HIlzt: H3C N CH3 Sulfide 8.11in5 mgotetrahydrofuranwas conbi ned with

N, N-di met hyl 15 et hanol am ne (0.39 nL, 3.92 mmol ), triphenyl phosphine (1.04

g, 3.92 mol), 0. N d at room
tenperature for dﬁ:ﬁ%%mng %ﬂ%k&ggﬁ?@&ﬁ&ﬂ @Jlr{/zechrorrat ogr aphy on
silica gel wi dﬂmeﬂbyla%nmbﬂihhéidﬂddmryrmdnﬁﬂ-ldjmam-éfllhﬁfvm to provide >1 g
m xture of 7-benzylthio- 3- (2

chl orophenyl ) - 1- ( 2- di net hyl| am hyI ) - 3, 4- di hydr opyr |C 4, 5-dj
pyrimdin 20 2(1H)-one el\’ ;s » tri phenyl phosgbwﬁe\ Rge. WO 01129042
PCT/ EPOQ' 10088 80 39 2 Prepar t|on of benzycggj f olpyl

3-(2- chlorophenyl) 1- d}lh rd&pyrimdo[ 4, 5-d

Oxi dati on of the S de was a corrpl I shed u 3-chl or peroxybenzm c 5

acid (1.35 g, 7.84 FCigpr omet hane h stiy room

tenperature for 1 hour The3 reactli on was quenched W|th satﬁrat ed sodi um

sul fite (aqueous, mﬂﬂétlonmﬁ&eemﬁdaﬁise&omphﬁxedhﬁhgsxtlﬁlaﬁ:bhaﬁfbenz'l')he organic
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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

j pyrimdin-2(l ; ONNOS$ N CH3 H3C.,% CH3

concentrated in vacuo to provide 7-benzylsulfonyl-3-(2-chlorophenyl)-1-(2-
10 dimethylaminoethyl)-3,4-dihydro-pyrimido-[4,5-d}jpyrimidin-2(1H)-one, which
was used without purification.

39.3  Preparation of 3-(2-chlorophenyl)-1-(2-dimethylaminoethyl)-7-(trans-
4-hydroxycyclohexylamino)-3,4-dikydropyrimido[4,5-d]pyrimidin-2(1H)-one.
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15 s OH
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 trans-4-aminocyclohexanol (331 mg, 2.87 mmol) and stirred at 120°C for 4

hours. The mixture was purified by chromatography on silica gel using 10-30%

20 methanol/ dichloromethane as eluant to provide the title compound (180 mg, 0.405
mmol). The purified product was taken up in ethyl acetate and treated with
1 equivalent HCI/Et,O to precipitate the hydrochloride salt of 3-(2-chlorophenyl)-



concentrated in vacua to provide 7-benzyl sul fonyl -3-(2-cbl orophenyl)-1-(2
10 di net hy, 1 hyl ) - 3, 4-di hydr o-pyri m do-[4, 5-dj pyri m._di n-2(1H) - one,

whi ch msﬁ@@e@ﬁg\% thout purification. 39.3 Preparation SFT’EP"“"%““

3-(2-chl orophenyl)-J-(2-di nett hyl am noet hyl )-7-(trans-

4- hydr oxycycl ohexyl am no) - 3, 4- di hydr OR&/H m do[ 4, 5-dj pyrimdin 2(IH)-one. Cl
Cl ,, '"NN 09 NN'40 NN N O H3C,. NetH3 OH H3C' N, CH3 15 The crude

7- benzyl sul f onyl - 3- (2- chl or ophenyl ) - 1- ( 2- di et hyl am noet hyl ) -

3, 4- di hydr opy@iditnethjldmmoethpl)+7H(mads--hPdrbid)cyclobexylamidopd@Aditipdron 2 nL di gl yne
W th trans-4-am dohe | 31 1y, 2.87 mmol) and stirred at 120C for 4
hours. The ﬁféﬂﬁgﬁﬁ%ﬁ‘?‘?gﬁéﬁ%ﬂ%mom ography on silica gel using

10- 30% 20 et hanol / di chl oromet hane as eluant to provide the title conmpound
(180 nmg, 0.405 nmmol). The purifi eﬁxa%@éiwt was taken up in ethyl acetate
and treated with 1 equival ent HCl/ 0 precipitate the hydrochloride
salt of 3-(2-chlorophenyl) WO 01/pgwepnddR2EPO0/ 10088 81 .
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[4,5-dl- pyrimdin-2 (I H-one. 10 40.1 Preparation of
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dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.
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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 diphenyl-2-pyridylphosphine (878 mg, 3.3 mmol). After 5 minutes di-
tert-butyl-azodicarboxylate (768 mg, 3.33 mmol) was added and the reaction was
stirred at room temperature over the weekend. The reaction was placed directly on
a flash silica column using 3:1-2:1 hexane ethyl acetate and 1:1 hexane/ethyl acetate
as eluants to give 930 mg of 7-benzylthio-3-(2-chlorophenyl)-1-(piperidin-4-yl)-
20 3,4-dihydropyrimido(4,5-d]}-pyrimidin-2(1H)-one.




./ N 6 H To a suspension of sulfide 8.1 (850 ng, 2.22 nmol) in
tetrahydrofuran (10 rL) was added tent-butyl -4-hydroxy-I|-piperidine

car boxyl at eWIRIMg 2. 22 15 mol) and di phenyl - 2- pyri dyPEHERISHPER (878 ny,
3.3 mol). After 5 mnutes di- tertbutyl-azodi carboxylate (768 ng, 3.33
mmol ) was added and the reaction was stirred at roomtenperature over the
weekend. The reaction was placed directl8 on a flash silica colum using
3:1-2:1 hexane ethyl acetate and 1:1 hexane/ethyl acetate as eluants to
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give 930 ng of 7-h ylli,%
3, 4-di hydropyri m dof 4, 5| | di [
82 40. 2" Pr epaddtditydropyran e{ﬂ-z%dfmmzﬁw% Hporen| or ophenyl ) - | - (pi peri di n- 4yl ) -

3,4-di hydropyrimdo f4,5-dJpyrigidin 2(IH-one. Ck G P NS NO o0~ ~NN
Ol H.6 To a solution of
7- benzyl t hi o- 3- (2- chl or opheny.- eridin-4-yl

3, 4-di hydr opyri mi do[ 4, ;'Eopri : in-2(1|—|)-one(ii(\) , W62 fmol) in

di chl oronet hane (16 nL d OOC was added 3 r rbenzoi c acid
(403 ng, 1.64 mol). Aft Y al ho@r ai” room tefgperNturlt 5L of 10% sodi um
t hi osul phate was 3z 4. After~Q mnutes, di chl orenet hane | ayer was
separated and wag 1 with 1J0% pot assi um onate a rine, dried over
magnesi um 10 sul 8 i q
3-(2-chl orophenyl)-7- benzyl su f

H
Whi e foam 403 prifailtien st bhuaiys bRk or oxy 1 - ot hy
15 5 3,4-d_ihydrqpy;imido[4,5-d]pyrimid1’_n—2( 1H)-one (920 mg, L.62 mmol}in
ethylam no) - | afcfloRiehdclnl 1 b il y oded oL A5 O 5 Thidfdpdroaftidatld @bl n-2(1H) -on
o mg, 1.64 mmol). After an hour at room temperatufe 5 mL of 10% sodium
thiosulphate was added. After 10 minutes, the dichloromeéthane 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—yl)~3,4—dihyd1"opyzimido [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(1 H)-one.
e e
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To a suspension of 7-benzylsulfinyl-3-(2-chlorophenyl)-1-(piperidin-4-y1)-
3,4-dihydropyrimido(4,5-d]pyrimidin-2(1H)-one (650 mg, 1.136 mmol) in

1,2-dimethoxyethane (0.5mL) was added (S)-(+)-2-amino-1-propancl (250 mg,
20 3.33 mmol). The reaction was warmed to 100 °C under argon for 2 hours. The



G C NNNO ~NNAONNNO NH To a suspension of

7-benzyl s | (2-chl orophenyl) - 1- (pi peridin-4-yl)-
3, 4-di hydr‘(&éy?lyr%“goM 5-d] pyrimdm 2(1H) -one (650 nyg, Pfg@PW?sf' in

1, 2-di met hoxyet hane (0.5nL) was added (S)-(+)-2-am no-1-propanol (250 nyg,
20 3.33 mmol ). The reaction was warned to 100 C under argon for 2 hours.

The WO 01/29042 PCT/EPO0/1 0088 83 red#tion was pl aced directly on a flash
silica colum using 92:8-90:10 di chl oro- nethane/ net hanol as eluant to give
. 300 ng of tresctipfowadplaced direaiyopladiash sjlicZ ¢fldmniugislg 62:8-90:10 dichloro-

| - hyl h

d] gif'l ?1/1 Slt nyé%m’ Wﬁe@%ﬁﬂo&wﬁggg{) }sn§(ﬂf gkﬁé’-‘?%%f&gw {1 (%t onet hane and
55 trif Ihﬁrmdamﬁwﬂaﬁyhmm{leﬁplmrlm -31)-Bitedibydropimineidols% r enpved i n
vacuo and 5 {z QH)- d%@%ﬁéﬁv@'?éﬁxs@ol@idiﬂfsnli?o@cﬁ&ﬁéﬂdfﬂeﬁiaﬁ@mate wer e

added. The organic vvaz separ at ed, washed wth_brine d over

ayer
magnesium supk fifozeageticagide Shougs the salyantsyvereregioyed sp3geupgndpmlne tit| e
conpound as &eﬂﬂléc@taieQﬁHB&ﬂ%ﬂO%dﬂhﬁﬁ&U&ﬂtdereid&éﬂ Thedrgific and treat ed

B ey e ie D ]
was Coll ecC I e (0} e
hy;:l[]orh![ﬁr: d@neatrated\z:n(a‘a)ota-g(vz l&Oﬂngnﬁdaphﬁawmpoimdashyﬁne)fo;nithat " y

ne e rimdin-
21 - one. | T RRMHCIGR LA B ada bateaint L b E Uyl iRloni e bE Y]
prepar # i on bQM(eﬂeer T:hep(r@mmqwa@s@lbﬁty&)whedwﬁxethmm@edm vaewo gy et hyl )

4, 5 pyri En"ﬁtﬁ B L FIS) 2 - chlode Phestlf 2 B o
R AR oarlo it} o - GRS el e pyrimidin-

2(1H)-one.

15 - Example 41
Compound 3-21

This example illustrates the preparation of (R)-3-(2-chlorophenyl)-7-[(2-
hydroxy-1-methylethyl)amino]-1-(2-ethoxy- l-ethoxymetlwlethyl) -3,4-
dihydropyrimido-[4,5- d}pyrmndm—Z(lH)-one.

20

41.1  Preparation of 7-benzylthio-3-(2-chlorophenyl)- 1-(2-ethoxy-1-ethoxy-

methylethyl)-3,4-dihydropyrimido|- 4,5-d Jpyrimidin-2(1H)-one.

o O
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A mixture of sulfide 8.1 (600 mg, 2.4 mmol), diphenyl-2-pyridylphosphine
25 (619 mg, 2.4 mmol) and 1,3-diethoxy-2-propanol (232 mg, 0.6 mmol) was
dissolved in tetrahydrofuran under nitrogen. To this solution was added di-tert-




nmet hyl et hyl ) - 3, 4-di hydropyri m do[4,5-d Jpyrimdin-2(IH-one. G C \ ~ N!
N SNNONO H1001 A mxture of sulfide 8.1 (600 rng, 2.4 mol),

di phenyl - 2- M@ H1@9Mphosphine 25 (619 ng, 2.4 nmmol) and PCT/EPO0/10088

1, 3-di et hoxy-2-propanol (232 ng, 0.6 mmol) was dissolved in
tetrahydrof uran under nitrogen. To this solution was added di-tert it WO
01/ 29042 PCT/EPOO | OOSS 84 butyl azodi cagboxyl ate (542 ng, 2.4 mmol) in one
portion, and the resulting mxture was stirred at roomtenperature for one
day. 1M hydr 1954 sol vent was
evapor at od af Pl iaBbbie 2 g 26 nlf) AUAERLR0G bl TEAREY O\ 12

di ssol ved i n wiXane wanst shmmmeramumddpurmw@pﬁﬂwm:m The organic

layer was dri &Qer%eaa&aqwmewemsﬁm g&;ﬁ@a Siter 3in g was
purified by co]um arorra graphy on s usmg O%et _acetate in
hexane as el uhheur ¥ %“é’é}l‘m‘f?f W@m*ﬁﬁ@%@ﬁt Mwathaaueoys by f€onbi ned and

concent rat ed idd, VEHeWRgahid I Rasdeied Beer 8ddium sulfate, concentrated and the residue

AR (Pﬁ@fﬁﬁé ﬂhenl’?&&“ﬂﬁmﬂbvwml&ﬁ?a%a?ﬂwmmn 2

(1H)-one. 10 Hekaxi’e Reimpatt The columh fractions containing product were combined and

et oy ot hyl SRS ﬁmﬁ{qﬁﬁxﬁﬁégﬁ%@q%"E{}d*f“%fhm@( one c1 ¢ s

NNOO~ NN @hombtﬂx@meﬁw .ﬁdlhadmpynmxdous pyrimidin-2(1H)-one.
7- benzykg hi o- 3- (2- chl or ophenyl ) - 1- (2 et hoxy- I - et hoxy 15
nnet hyl et hyl ) - 3, 4- di hydr opyr.i m do[ 4 d] pyri (566 ng, 1.1

mol ) i n di chl or orfd?haké “?ﬁ_‘)f7vbé§zl'é’dﬁ’l’)éé (Fﬁmawp’i%‘)ﬂa(?ﬁthmdl's chl or oper -
ethoxy-methylethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.
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A suspension of 7-benzylthio-3-(2-chlorophenyl)- 1-(2-ethoxy-1-ethoxy-
15 methylethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (566 mg, 1.1
mmol) in dichloromethane (5 mL) was cooled in an ice bath and 3-chloroper-
benzoic acid was added. The reaction mixture was stirred for 1 hour, concentrated
in vacuo, and the residue was purified by column chromatography on silica gel
using 98:2 dichloromethane/methanol. The column fractions containing product
20 were combined and concentrated in vacuo to yield 425mg of 7-benzylsulfinyl-3-(2-
chlorophenyl)-1-(2-ethoxy-1-ethoxymethylethyl)-3,4-dihydropyrimido(4,5-d]-
pyrimidin-2(1H)-one.



benzoic acid was added. The reaction m xture was stirred for 1 hour, .
concentr at yacua, and the residue was purified by

chr omat ogr‘gghy %n silica gel using 98:2 dichloronet hangﬁﬁ@%ﬂw. The
colum fractions containing product 20 were conbi ned and concentrated in
vacuo to yield 425ng of 7-benzyl sul $nyl -3-(2- chl orophenyl)-1- (2-ethox)r-

| -ethoxynet hyl et hyl) -3, 4-di hydropyrlrrisﬁo [4,5-d] - pyrimdin-2(1H)-one. WO
01/ 29042 PCT/ EPOO/ 10088 85 41.3 Preparation of (R)-3-(2-chlorophenyl)-

[ (2- hydroxy-| - metdty3| - Preparation of (R)-3-(2-chlorophenyl)-7-[(2-hydroxy-1-methy-

byt i n- 2 (AR gHR T o R W@?%%""ﬁ“ﬁ?ﬁ? 0006ai00s
7- Benzyl sul fpyriviidig-2(1H)edveor ophenyl ) - 1- (2- et hoxy- | - et hoxynet hyl et hyl ) - 3, 4-
di hydropyri m do[ 4, 5-d] pyri m digp- 2(1H) -one (425 ng, 0. 8o in

(R -2-am no- 1-propanol (1 ni) meated to 140C for 18 at which
time it was cooled to r m ienp ure and conce cuo. The
residue was purified b urmN ch onmat ography ’QI‘:\C using 98:2
di chl or onet hane/ netda | ng product were

conbi ned and concent rat eB’ in acho to give a oi N, i clPwas re-dissolved
in ethyl acet a|t| on hydrochl oric aynjtatH (1 Et20 2.0
equi val ents) ga he salt Whl h was filtered d diied{to 156 ng of the
hydrochl ori de sa of (R) (20 hl or ophenyl) 7- P hQdr 09#‘ 1-nethyl ethyl - -

ani no) - 1- (2- et hoxy- 1- et h xy rreth | et hyl ) -3, 4-di hydropyrinmdo [4,5-d] 15
pyrimdin-2(1H)-one. Exanple 42 Corrpound 3 60 This exanple illustrates the
preparation of 3-(2-chlorophenyl)- 20
7- (tr ads- 4- hydr @xBeogyubfirek§4(2rchlomphdnyl)21 -22- ethoxyi- 1 Hethoxoadthyiéthyl B3 4- di hydr o-
pyrim do[ 4, M&Xﬁfrﬁh@& [Q,’S-?rﬂfrﬁ)rﬁﬁﬂlez(lH)-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
(1.0M/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.



WO 01129042 PCT/ EPOO/ 100A8 86 42.1 Preparation of

7-benzyl t hi o- 3- (2-chl orophenyl )-1-(2,2,2- tr

ft uor oet hyl WwoBni29@2 hydr opyri m do[ 4, 5-d] pyri m di n-2( 1 H) - oreT/@po0@b08y N N S
NHOSNNOY F To sulfide 8.1 (0.563 g, 1.47 mml) in dry

NN- di met hyl formam de (3 nL) 5 was added sodi um hydride (60% 0.1 g, 2.5
mmol) at 0 C After stirring the mxturgg at roomtenperature for 30

m nutes, 2,2,2-trifluoronethane sulfonate (1 ) was added and the m xture

was stirred overni C d t.h action m xture,
and the solution \Ag}twgg‘f%%m f’ﬁ @a%&%ﬁmg&%’lﬂ)slo@i’iﬁ sul f at e,
filtered, andfiuarethyl- M&Wwpmdbkﬂsﬁpmmtdmeﬁlﬂhms trituated with 10
hexanes to give 0.65 g of crude 7-benzyl t hi 0- 3- (2-chl or ophgayl) - 1- (2, 2, 2-

trifluoroethyl)- 34d|hydropyr| , 5-d] pyrimdin-2(1H)-0on i ch was
used directly in the next ut purificationy ration
of 7-benzyl sul fonyl - 3-(2-c¢ oj!op yl) - 1—6—%—2—3—tr|fly\or -

et)iyl)-3, 4-di hydropyri pyrlmd|n 2(1H) N ONON fIT
NNON. IFFFF o7bE|nzyIth|03(2 Mphenyl A-(2,2,2

trifluoroethyl)-3, hydr o- pyriinido[ 4, 5-d) m di n- 2( gpone (0.67 np)
in tetrahydrofuran (7 nL) at 0 C was added a sol ution of Oxone(r) (2.27 @)

in water (7 nli). ThesuifideSur(6.5658 1tﬂmammNmmmﬁmmmmm ure for

one hour Add’w%éag%l Y }({@e?&%ﬁ ﬁ?:ixﬁmm—atﬂf’c m&%rrn%%eadded and the

m xt ure was strrr Xt ure was uted with ethyl
acetate, washadxtyferahroom temperdturefor é@/@!nlé@cﬂ.%mfsﬂ]llofm@ham isplfaapted 1and

evaporated t Onﬁg\@s dUdEcParfll tBE m%&ﬁi‘i‘%vaz stirred overnight. Ethyl acetate was added to
benzyl sul fonyl (2-chlor ophertlﬁ/ 2,
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)-34-dihydropyrimido [4,5-dJpyrimidin-2{1H)-one
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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-



WO 01/ 29042 PCT/ EPOO/ 10088 87 .
trifluoro -3 4-di hydropyri m do[ 4, 5-dl - pyri m di n-2( E%’E a white
solid, vvhe‘i;"lcgz?ﬂ’\;/\gla({‘is)2 used directly in the next step wt houi’ ?‘{&?‘P@gtl on. 42.3
Preparati on of 3-(2-chl orophenyl)-7-(trans-4-hydroxycycl ohexyl- 5
amno)-1-(2,2,2-trifluoroethyl)-3,4-di hydropyri m doj 4, 5-dj pyrimdin
2(IH-one C CAAO' C N7- NN %H- 1A SNNYFNNNO OFFFF OH
7- Benzyl sul fonyl - 3- (2-chl orophenyl )-1-(2,2,2-trifluoroethyl)-3,4-di hydro
pyri mi do[ 4, Griffhgryethyl):B didihyd¢cpybimidod4,5-d)Pyrimidie: 2 GBE)-orrenk ) white solid; 4- ami no-
cycl ohexanol_.( 3 E‘ﬂHi = @ﬂg - | - 2- pyrrolidinone (0.3m)
were 10 heé'fhé%lq'\%sg%ds@ﬁe?ri ngﬁﬁl&éﬁ%’ 3#’ Z..JI;'I'IBIOI'?[:I'[ es, at which tine it was
cooled to roomtenperature. The residue was purified using preparative thin
3202 chl or opheny - T RirRin gl 3. A GHRRS) Pl ERdrosyjebhet. 105 10 OF
hydr ox§cydow&é§q)a')n€2rfé§-me’2, i 3hdilydreprrisetelSydlpyrimidind@dHyeye i ni do[ 4, 5-d] -
pyrinlidin-2(IH)-one as an @f f-white powder. 15 Faanple & npound 3- 32
This exanple illustrates t aration of 3-(2-chl orophe

hyl)-3, 4- 20

7-(trans-4-hydroxycyc e ) - 1- (di et hyl am ngEa
di hydr opyri m do-[4,&-¢j pfri i di n-2(1H) - one. WOH]/2Q042 PCT/ EPO0110088 88
43. 1 Preparation Z D 0- 3- (2- chl onphenyl )@I -'I‘etNSozf_.?car bonyl -

S
met hyl ) - 3, 4- di oyri rridbxF 4,5-d)pyri m'dm2(@-one
~ FF

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

F F

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-triftuoroethyl)-3,4-dihydropyrimido([4,5-d} -
pyrimidin-2(1H)-one as an off-white powder.
15
Example 43
Componnd 3-32
This example fllustrates the preparation of 3-(2-chlorophenyl)-
7-(trans-4-hydroxycyclohexylamino)- 1-(dimethylaminocarbonylmethyl)-3,4-
20 dihydropyrimido-[4,5-d]pyrimidin-2(1H)-one.



A & N~NN~N NNOSNNOS5 Sulfide 8.1(2.0g, 5.22annol) in

N, N-di net hyl formam de (10 nL) was conbined with sodi um hydride (230 ny,
5.75 mol ), W&M2942 reaction mxture was stirred for 20PEA/ERINAENSS t hen
et hyl bronpacetate (1.16 nL, 10.45 nmol) was added. After 3 hours the
reacti on was quenched wth water and extracted into ethyl acetate. The
conbi ned organic extracts were washed wggh water, dried, filtered, 10
concentrated in vacuo, and the resi due was purified by colum

chr omat ogr aphy on il nt. The
colum fractions COI:QIIt a?ﬁ?ﬂrgﬁ‘lmﬁg conb?‘ ga(?zghg%ncen rated in
vacuo to gi vemQFthBS4giﬂwd@exmmﬁ@[ﬁ,ﬁdigmmzdm-z(1H)—one

(2- cbl orophenyl ) - 1- (et hoxycar bonyl net hyl ) - 3, 4- di hydr opyri m do- [4, 5-di -

pyri m di n-2(1H) one. 15 43. 2 Rsieparati on of al
7- benzyl t hi o- 3- ( 2- chlorophenyl) dr oxycar bonyl -
nmet hyl ) - 3, 4- di hydr opyri imdin-2(1 n %I NONNO

YO YO 11k / O DH A ni xfjur &[ of N

7-benzyl t hi 0- 3- (2-chl @ /)ké (et hoxyTar bo Mﬂk 20

3, 4-di hydr opyri m do[ 4,]5-dj pyri m di n-2( 1H) - one . 435 g} 3236 mol ) and

l'ithium hydroxi ?.‘ ohydrate (481 ny, 1 1) in anol (10 nL) and
(l

wat er WO 01/ 29044 5 / EPOCQ/ 10088 89 (30 re refluded for 48 hours.
The reaction m xtofe was cooled to room t erature an ‘jiluted wi th ethyl
acetate/water. The aqueous |ayer was adjusted to pH 4 and extracted with

oneent rat od | n et oAl ] ?*"E‘enzlw‘*gm%’cﬁiﬁ cphenyl) 5
1- (hydr oxycar%ﬂ?‘?ﬁeﬁrﬂ’ P‘}‘g?\i‘l’dﬂ‘?er{ggq@hﬁ'z rﬂ"ﬂ'B%S “gﬂéﬂ rY'paﬁ( 1I¥I) one.
stirred for 20 minutes, then ethylbromoacetate (1.16 mL, 10.45 mmol) was added
After 3 hours the reaction was quenched with water and extracted into ethyl acetate.
The combined organic extracts were washed with water, dried, filtered,
10 concentrated in vacuo, and the residue was purified by column chromatography on
silica gel using 30% acetone/hexane as eluant. The column fractions containing
product were combined and concentrated in vacuo to give 1.438 g 7-benzylthio-3-
(2-chlorophenyl)-1-(ethoxycarbonylmethyl)-3,4-dihydropyrimido- [4,5-d]-
pyrimidin-2(1H)-one.
15
43.2  Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(hydroxycarbonyl-
methyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one
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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



43. 3 Preparation of 7-benzylthio-3-(2-chlorophenyl)-1-(dinethyl am' no-

car bonyl 4-di hydropyrimdo [4,5-d] pyrimdin-2( [ C N
N~ r,- ¥'l”l“’g”/ N2~ NNOSNNO YOYO OH/ /N kg)"FB“" “‘L“ﬁlutmn of

7-benzyl t hi o- 3- (2- chl or ophenyl ) - 1- ( hydr oxycar bony!

met hyl ) - 3, 4-di hydr opyri m do[ 4, 5-d) pyri m di n-2(1 H)-one (500 ng, 1.13 nmol)
and benzotriazol - 1- onxytrls(pyrroI|d|ﬁ8)phosphon|un1hexafluorophosphate)
(885 ng, 1.70 mmol) in N, N-di et hyl formarni de (15nmL) was bubbl ed

di met hyl am n@o nggs\referrtmu&dmraahuﬁrkonhémcu‘bmamffhﬁuiaeaoolémrrosmi rred in a

| ed tube f th t
ona oxt r act dpPrEBCI e St el The P Rnk SRS el e
washed with mﬁanm&emdm«bﬂachmc&ha@mbmédrgamceWemddei he residue
f
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were c@nbi n%(demheﬂ%)&#ﬁw&mmo&ﬁrél-Em%“%ﬂH? Qﬁs‘nzyl thi o-3-(2
20

chl orophenyl) - 1- drre Iamnocrbo d yimdo[4,5-d
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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 fractions containing product
were combined and concentrated i 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.




nmol ) in chl orof ormwas added 3-chl oroperoxybenzoic acid (780 ng, 4.52
nmmol). The mxture was stirred for 2 hours then washed with 10% sol uti on
of sodium Wa®28™2in water and sodi um bi car bonat e aqueoBRET/ERIAI®HN, dri ed,
filtered and concentrated to give 550 ng of

7- benzyl sul f onyl - 3- (2-chl or ophenyl )-1 10

(di rnet hyl am nocar bonyl met hyl ) - 3, 4- di hydgo- pyri m do[ 4, 5-dl pyri m di n-2( 1H) -
one. 43.5 Preparation of

3- (2-chl or ophenyl 4- cl | am - . ,

1- Edl net hyl gm n)c/)c)g?ﬁo eﬁ‘gfs‘%%owg %ﬁ%?’d’%%ifgglﬁq%%’yf)ﬂfgf%’ﬁ'm’?ﬁ’di n-2(1
H -one C1 / a@rba@zmml)@d@?vrdropmda{gs-dfmmzaH)—m NNO YOYO N /M
15 OH 7-Benzyl sul fonyl -3- (2-cgl orIphenyI) 1- (di met hyl aai nogar bonyl met hyl ) -

3, 4-di hydropyrimdo f 4 5-d] pyri 2( 1H) - one (550 ng,
conbined with trans-4-am | (253 ng,
heated to 100-105C for 3
tenperature. 20 The resks ARf ography on silica
gel using 9:1 diciord anef nethanol as elua he tol Omn fractions

cont ai ni ng produ @ : 91 wer enggfbi ned and

concentrated in turated wi fh et hanol
filtered, dried amd( suspended-in~ethyl acedtdte. Addition>of hydrochl oric

201 8, OO EL 20, 5 S0 RS o gl 0Bl o7 0 anc
3- (2-chlr oprrsrhmyl-metbxl}-éﬁsdmdmmm@wéid&mmd@-z(IH)~one (490 mg, 1.13

am no) - 1- (di fEﬁlinlEm'ﬁéﬂl&@%@%!&&ﬂ%&ﬂ&oﬁ&&%&éﬁ&@vfsb mg?@si fhar1)d]
pyrim din- 2(1FD one. Exa npound 10, This exa lustrates the

pr eparat i on ofh egmtctzlrecxmsépg%@ﬁg qury thep yvashed with 10% soluuon of sodmm
sulfite in water and sodium bicarbonate aqueous solution, dried, filtered and

concentrated to give 550 mg of 7-benzylsulfonyl-3-(2-chlorophenyl)-1-
10 (dimethylaminocarbonylmethyl)-3,4-dihydro-pyrimido[4,5-d]pyrimidin-2(1H)-
one.

43.5  Preparation of 3-(2-chlorophenyl)-7-(trans-4-hydroxycycloxylamino)-
1-(dimethylaminocarbonylmethyl)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one

o§ I]QEQ J\TJ;@

QX

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

1

15

dicloromethane/methanol as eluant. The column fractions containing product



hydr oxy- | - hydr oxymet hyl - 1- met hyl et hyl am no) - 3, 4- di hydropyri m do[ 4, 5-d] - .
pyrim din- -one. CC f I NIN N 0gl' ' ~ HO I NHO HO
15 Sul fonevgg.(‘%z%. 500 g, 1.21 nmol) was conbined with Zk’gﬁfgﬁ‘&gg‘mﬂet hyl -1, 3
propanedi ol (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 rgom'terrperature. The resi due was
triturated in dicloromethane/ met hanol 2! The sl urry was filtered to give the

free amine of the title conmpound, which was then slurried in nethanol.
Addi tion of weyahombliredrand c@itemteatell i vado id £doH@thiat Fasteiirated with) gave t he salt
whi ch di ssol v i pLa The Ut faighds filtrate
concentr at e&leﬁan\eggmc?’?“%%?ddﬁ%e%%%tg% palcgﬁé.s(})\fi{h%\géﬁfhﬁ?%o l‘t%ri turated in
ether, filt eriddl.0MEte0.i2elequiyalgnts):gape the saltgviich Was(filtered and dried to give
chl or opheny lgp sf-de i hydpdiibride S OF 92 ERbIpheni IR EAhrk AL u}oggayag a3, 4- di hydr o-
pyrimdo [4 5.0 pycim d nflze(é )-Egﬂe.@se_% 051,2-904@' AT 8s 0
EMM e 35 CamiRflrid(dimgthylaminogarbomylmethyl)-3.4r dibydzepyrimidgsi4esdl-at i on of
3- (2-chl or op in-20tH X dheR) - _ _ o .
2- hydr oxy- 1- hydr oxynet hyl pr opyl am no) - 3, 4- di hydr opyri m do
(4,5-d]-pyrimdin- 5 2(1H-one. G / C / | NN~ NN ,L'"SNNOHNNH
O - Example 44
Compound 4-1 -
10 This example illustrates the preparation of 3-(2-chlorophenyl)-7-(2-

hydroxy-1-hydroxymethyl- 1-methylethylamino)-3,4-dihydropyrimido [4,5-d]-

pyrimidin-2(1H)-one.
B Bg
N XY N N N
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15 Sulfone 9.1 (0.500 g, 1.21 mmol) was combined with 2-amino-2-methyl-1, 3-

propanediol (0.253 g, 2.41 mmol). The mixture was heated to 120-130 °C for 2

hours at which time it was cooled to room temperature. The residue was triturated

-

in dicloromethane/methanol. The slurry was filtered to give the free amine of the
title compound, which was then slurried in methanol. Addition of hydrochloric

20 acid (1.0 M/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




HI H3C __OH | / OH Sulfone 9.1 (776 ng, 1.9 nmmol) was conbined with
(PR)-3-am no-1, 2- butanediol (238 ng, 2.3 mmol) and 2-net hoxyet hyl et her
(5 nL). Thewanbemde was heated to 120C for 3 hours, at woi/EPotivose it was
cooled to roomtenperature and 10 concentrated in vacuo. The residue was
purified by colum chromatography on silica gel using 97:3

di chl or onmet hane/ net hanol as el uant. Theggolum fractions containing
product were conbi ned and concentrated in vacuo to give an oil, which was
re-di ssolved in ethyl acetate. Additjon of hydrochloric acid (LOVMEt20, 2.0
equi val ents) gave the salt which wa ed and dried to give 159 ng of
the 15 hydrochl oride salt of Compound 4-6

3-(2-chl h R
msg hyICpr 8|ro§ Parenn%LgTh? %ﬂ%}ﬁ‘f%%?rtﬁﬁya%‘t‘%@ < ?%ﬁﬁﬂo’fﬂp&ﬁﬂﬂ (BRne. Exanpl e
46 Conpound 42-BydoxyFhhgdrexyamtiiydpropylansine p3,édiltybepprirajsdeaf45-dbpyrididin-

3-(2- chI rophg@fl:) [ (4-

hydr oxycycl oh am 'no) - 3, 4-di hydropyri m do[4,5-d] pyrimdin-2 (IH-one.
Cl N HO 311. 4)a N I ~0i O'HO H' e 1/ 29042 PCT/ EPOQO ®#8Q32~_ 93 Sul fone 9.1
(0.500 g, 1.21 mmol) was conbi nm a racemc mxture

4- am nocydohexanol (0. 70X | yophi |i Zﬂ Sedqueous sol ution
(ICN)) in2nLN-met Irr0|d|none The mixt S h%atedto 120 C for
1.5 hours at whlchtl led to room The residue was

purified 5 by colu C romato df aphy on silicalgel usﬂ'ﬁg 1- 5%

met hanol / di chl oro ne as eluant. The cHAmYfraoHi ons contai ni ng
product were comnbi and concentrated in vacugyto give the title conpound
as yellow granul es which were redissolved in ethyl acetate. Addition of
hydrochl ori ¢ aci GulfdneOM GEr&fg,11. Omenpl) wa kembihed@ivle (R, RR3-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 #n 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.
NN HO, NZ Nj:jl
' i
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salt which was filtered and dried to give 0.258 g of the hydrochl oride salt
of 3-(2 1 henyl )-7- |

(4- hydrox;"é’%}’gﬁg’gw - ami no) - 3, 4- di hydr opyri ni do[ 4, 5-d] FCEEPIROYREA-2 (1

H) - one. Eanple 47 Conpound 2-10 15 This exanple illustrates the
preparation of 3-(2-chlorophenyl)-7-(tetra-

hydr opyr an- 4-yl am no) - 3, 4- di hydr opyri %o [4,5-d] pyrimdin-2(1 H)-one. HO
N Ol H2NOH HClI Opyridine/EEOH OLAH THE NH2 C C YINNOONNI illm
"N ~ OSON H O Hbulfdn©9.100.560 g 121 ahrol) wad cofabdadiwithed maedmyicl imbpiyre i

d I ani i .n [ . . 9 | in 13 nL 20
et hanol at . POSHRRERARE @0 kbR pSRnEraiToa o8 Bl e, "

th 15 N o2 1L N-ndethydpysolidin Thie niietiaf 28°0fa 1(50 g, 49.9
ml)eirn 30mnc1_ » idine.. The r.e c‘tmi“gn was t?yﬁgﬁgf/??r%i ‘ﬁt. al( rgom
t enper at ur e hPH’éﬁ%f}'ﬁg SPsbps Cf’ﬂe‘gté’c,‘ﬂ%mtt?fn%e'%mec BoFFidae W@sgpd‘éﬁgé syrup,
whi ch 8as pobyreldmntheomatograpliyen sdigugeb usng FE%MrtidnoldiRileraiethine@d 10088 94
copper sul f af g, A SXLEAGE EHlol bl Bk AR Pl SomifiACs SATRASHAEA! ract s ver e

dried wth sodrum's _ evap n vacuo, an . . et hyl
acet at e. Then fdcuq tocgive theitle compoundasydliowigremdesovhich were redissolved in

t et r ahy dr opyAaciat A dditod®f BidrachidrRaI NoRPELS, 1.0 equitaleflt) giedte MTTOI ) .
salt which was filtered and dried to give 0.258 g of the hydrochloride salt of 3-(2-
10 chlorophenyl)-7-[(4-hydroxycyclohexyl-amino)-3,4-dihydropyrimido[4,5-d}-
pyrimidin-2(1E)-one. | |

Example 47
Compound 2-10
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.
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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



5. A portion of the tetrahydropyran-4-one oxinme (2.8 g, 24.3 nmmol) was taken
up in 50 nL tetrahydrofuran and chilled to OC before slowy adding lithium
al um ni um hxrq1g804¢ 4. 6 g, 122 mol ) in portions. Wien theCHEBinpSss was
conplete, the reaction was renoved fromthe ice bath, stirred at refl ux
overnight, 10 and then quenched with careful addition of water and 10%
aqueous sodi um hydroxide. The reactionggn xture was stirred at room
tenperature for 1 hour before filtering off the alum numsalts and rinsing

o an not ot + angERS Sos SRR s el 18 60l AptaFHE bRl 1 ¢
Preparation oﬁlﬂxqoﬂumh&&tymw@dﬁvqmmmdhm«gh@hﬂdcegalearﬁhnd)tr@: 4- di hydr o-
oY1 00 4, Sl D AR SRS AAS Sl L% i 1) 1 S

mL 1- net hyl - g I none amnadtetra ropyran
(0.100 g, 0.9885gfAdmmplle reaction was 20 stirred at 100C for 24 hours
and purig‘led by col um chromat ography on silica gel using 3-7%

met hanol / di chl or gnet hane s el.ugnt. The col umm fract | ons. .cont ai ni ng

product were comntiBAEHOR Hend-ons oFRa (888024 Bmel Way Ptle
conpound as ayp 19%@%@%&\]};' m%hmeaitosmlb\éﬁﬁemwl umAddltlon of
hydrochl oric acid Et 20_1. 0 equi val ent)_gave 0 of the

hydr ochl ori d eahsramtunzhxdzxde %-08d22mmol) in pornons &' e addition ves
phenyl ) - 7- (t edo Mgm&ymaasxkxa&eaﬁbn&hémdbmwn&ﬁaau remlda{vémighdl pyri m din-
pz)g élp;i)ar g eon cﬁnqgi‘ 7 48?ﬁhg$§8ﬁ %“";Ld itiop ff‘}{r{yﬁ‘?@ﬁ&p"ﬁw %ﬁ%ﬁgﬁf; ; 2??1 noj
- 3, 4- di hydr opydraxiddo [He feadipp yrixtatecyas shric(d]altl)om’emp\éﬂtﬁ&foi 9 Gid@r Hefoké EPOO' 10088
9 4 4 oo éltehlné oftthe 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 Jpyrimidin-2(1H)-one,
Sulfone 9.1 (0.205 g, 0.494 mmol) in 5 mL 1-methyl-2-pyrrolidinone was
combined with 4-aminotefrahydropyran (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/Bt;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-dilydropyrimido([4,5-d}pyrimidin-
2{1H)-one.



OAS" N NO HN-N NAO HO H Sul fone 9.1 (500 ng, 1.2 mmol) was conbined. with
1-am no- 1- entyl net hanol (550 ng, 4.8 mpl) and 1

1- net hyl z“’%ﬁ’% di none. The mxture was heated to 125@@5‘1""@8ﬂours, at
which time it was cooled to room5 tenperature. 3 nL Methanol was added and
t he suspension was stirred for 10. mnutes, filtered, and the residue was
washed wi th nethanol, dried and suspen?ﬁed in ethyl acetate. Addition of
hydrochloric acid (1. OM Et20, 2.0 equival ents) gave the salt which was
filtered and dried to give 2@k g.Qf hydrochl ori de sal CiQf

chl orophen)!l) -7- [ (1-hydroxy :@I ryryl opent)!l)am noj

- 3, 4-di hydr opyri m do- ~Q- Ry m di n-2(1H) - .
4-16 This exanple igl I‘*str tesNtl he pr eparatt?n gﬁys- 2-clil orophenyl) 15

7-[ (1- hydr oxynmet hyod 1.n0j - 3, 4-di hyg‘1 O&HNI\EN- k?g- deﬁoi g f'} n- -
~ ul 1T one

2(IH-one. G A i iITNVY _ 4 N\ N\ QT
9.1 (500 ng, 1 ool ) was conbi ned withHR apfRp- 1- cydohexanenet hanol (623
Chem, 20 1966, 9(6),

ng, 4.8 mmol)
911-920) and 1~wthyl -2-pyrrolidinone (1 mL).” The m xture was heated to
120C for 3 hours at which tinme it was cooled tQ roomtenperature. WO

01/ 29042 PCT/ EP#fong844500gps. Vi mmebwas combined with Liaming-1+t he suspensi on was

stirred for ojdbpehtylshéSanol (550 8igE4l8 mnldlPand 1961 Pinketliyd-2Ferotambed THaor oughly
w th et hanol., dri ecfi‘ %15? slg%%e‘gdgﬂ in o efu}é%# acetat e ddi tion of _
hydr ochl or | BBV hegfy e 3T Bor § bawfmab ¥ T SOV TAPL whi ch was
filtergd andenjeraoret 8 ngi Metha®d wagjadsled tirbthia yespersivinovais etixraisfot 100f 3-(2
minutes, filtered, and the res_idue was washed with methanol, dried and suspended
in ethyl acetate. Addition of hydrochloric acid (I.OM[Etzo; 2.0 equivalents) gave
the salt which was filtered and dried to give 260 mg of hydrochloride salt of 3-(2-
chlorophenyl)-7-[(1-hydroxymethylcycylopentyl)amino]-3,4-dihydropyrimido-
10 {4,5-d}pyrimidin-2(1H)-one.

Example 49
Compound 4-16

This example illustrates the preparation of 3-(2-chlorophenyl)-
15 7-[(1-hydroxymethylcyclohexyl)amino}-3,4-dihydropyrimido[4,5-d]pyrimidin-

2(1H)-one.
400 — oo
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Sulfone 9.1 (500 mg, 1.2 mmol) was combined with 1-amino-1-
cyclohexanemethanol (623 mg, 4.8 mmol) (prepared as described in J. Med. Chem.,
20 1966, 9(6), 911-920) and 1-methyl-2-pyrrolidinone (1 mL). The mixture was
heated to 120°C for 3 hours at which time it was cooled to room temperature.



5 .chl oraphenyl ) -7-[ (1- hydr oxymet hyl cydohexy] ) am no] -3, 4-di hydropyri m do-
[4,5-d]-pyrimdin-2(1H)-one. Exanple 50 Conpound 2-25 10 This exanple
illustrates Wbeuym&par ation of 3-(2-chlorophenyl)-7-[(1- pCT/EPOO/10038

met hyl pi peridin-4-yl)methylamno | -3, 4-di hydropyrimdo [4,5-d] pyrimdin-2
(1H)- one. & /, O O0~1i ---~HCNNONNHO CH3 Sulfone 9.1 (0.512
, 1.2 mol) was conbined with 1-nethyl -4 15 (nethyl am no)pi peridine (2 niL)
(Al drich Chem cal s) in 0.3 nL of 1-nethyl-2- pyrrolidinone. The m xture was

heated at 100 u t ich tjime it cool ed t

t enperature, &&?‘E élé\ﬂ‘f% taﬂ% tggé‘i‘ﬁ?”émﬁﬁﬁs%&\gﬁgb‘ 1QRiRUYs; ﬁﬁ?’egThe organic
phage was dri éﬂxc(pvﬁpll?;(édlaumﬁai ﬁafdﬁghli't/vithﬂ{e&ﬁn&%ﬁ?é&ﬁ@ﬁ@bﬁidd- he cr ;Jge 100t
product was puky YA t 0 | C usi 20 0
20 nethanol i F%ﬁﬁebrmﬁ‘ﬁﬁngh’%“&m%‘% @%‘% ng|°|e9‘ni )ig&¥ets ani ne/ 10%
met hanol in d|selthbxthmsﬁterdanilﬂaecktolgwd§2&ﬂngafnheﬂydm¢lﬂorﬂ¢$ﬁeo@e@-i n5n

met hanol , bub r oL he sol vents
wer e evaporatb"Jl"g)g %ﬁeﬁ) %(ﬁd@gm%g@n sﬁgﬁamg&’ 3% %" ce d e and
filtered to gil¢S-digurimidin@{IH)Hmedi chl oride salt of

(2-chl orophenyl)-7-[ (1-nethyl pi peridin-4-yl) 25

nmet hyl am no] - 3, 4- di hydropyri m do[ 4, 5-d] - Eyri m di n-2(1H) - one. WD 01/ 29042
PCT/ EPOO/ 10088 97 Exanple 51 Conp This exanple illustrates the
preparation of 3-(2-chlorophenyl) - Cofpoind2-25

glydr oxycl)bdohexyl aml‘ﬂg)exa:r)’np e IIJSQ ageg e)é;elpranraggnLt%-&_-ngrgg en% C;I [?1-2( 1 H -one.
methylpiperidin-4-yl)methylamino]-3,4-dihydropyrimido{4,5-d] pyrimidin-2(1H)-

one.
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Sulfone 9.1 (0.512 g, 1.2 mmol) was combined with 1-methyl-4-

15 {methylamino)piperidine (2 mL) (Aldrich Chemicals) in 0.3 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
of the dichloride salt of 3 (2-chlorophenyl)-7-[({1-methylpiperidin-4-yl)-

25 methylamino]-3,4-dihydropyrimido(4,5-d}-pyrimidin-2(1H)-one.



|l ~ 00\ NI NH J-~NNO SNNOH™H 5 Sulfone 9.1 (0 81 g,.1.95
nmol ) was conbi ned with cis-4-am no-cycl ohexanol (0.45 1)
(prepar edWRMBW4Z i bed in Aust. J. Chem, 1961, 14, 610) BG ﬂhymﬁm of 1

met hyl - 2- pyrrol i di none. The reaction nixture was stirred at 120 C for 24
hours, at which tine the reaction mxture was cooled to roomtenperature
and 10 filtered. The filtrate was suffended i n anhydrous net hanol,
collected and dried precipitate to give 0.400 g of the title conpound as a
white solid (mp. 263.7-264.6 Q Ihje150! i d was dissolved in a 10:1

chl or of ormf met hanol and 1M hydrochlforirc. acid in ether was added. The
reaction nixture stirred for 1 h&empoweddddtrated and dried in vacuo, and

th reﬁ: duedcrysilelgg 11;15‘{3&?,;@5 ﬁeﬁbig%mgzwdﬂ%ﬂ)msg-ﬁfhﬁ ]the 0)-
ydrochl ori de, sal t AEP c [.0 I S § cl ohexyl am no
3, 4- di hydr ol¥r %ﬁgﬂ A #%‘*HFLEPPZ(‘M[ it e Exanpl e 52
Conmpound 2-26 20 This exarrplcf il lustrates the preparati oGl
3- (2-chl or ophenyl) - 7 [(1-

d] pyri m din-

carbannylnethylplp o] 3, 4- dlhydropyN
2(1H) - one. V[)Ol/%9 00/ 1008898 ¢l ~[ N '"NO1

O J..~ HE H J~. NONNN HHH

OH

Sulfone 9.1 (0.81 g, 1.95 mmol) was combined with cis-4-amino-cyclohexanol
(0.45 g, 3.9 mmol) (prepared as described in Aust. . Chem.,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 0
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-
carbamoyimethylpiperidin-4-yl)amino]-3,4-dihydropyrimido{4,5-d] pyrimidin-
2(1H)-one.



}.NN O0- -O--- H A N HNN,1'-OH NHNH OSulfone 9.1 (1.0 g, 2.41
nmol ) was taken up in 5 nL ethyl 4-am no-1- pip eridinecarboxylate (29
nmol ) and swOmadesat 150C. After 1 hour, the reaction skorERMess cool ed to
roomtenperature, poured into 50 nL nethanol, and filtered 5 to collect a
white solid. The solid was washed with an additional 50 nL nethanol and
dried in vacua to yield 0.569 g of 3-(2-ghl orophenyl)-7-(1-ethoxycarbonyl -
pi peridi n-4-yl am no) 3, 4-di hydro- pyri niido[ 4, 5-dj pyrim din-2(IH)-one.

3- (2- Chl or ophenyl ) - 7- (1- ef hoxycar bonyl pi perd,di n-4-yi am no) - 3, 4- 10

di hydr opyri m do[ 4, 5-d] pyrt -2(1H) -one en up in 2

di chl or onet hane w t

hyl si | heated to
60C for 2 hours, guehc ed/k_th nmethan nmlaniﬂ?vapormt vgcuo. The dry

resi due was take 8P NgaNnT N mnlrru treal di um

met hoxi de (0. ival eMt, comerc sol Wt i o™ o? Q&M netthanol ), and

re- evapor at ed. e 15 dry resi due sjpurified by flash chromat ography
using 5, 10% (19 anmoni um hydr oxi delimet hanol ) / di chl & onet hane as el uant.
The columm fractions containing py wer e conbi néd and concentrated in

vacuo to yield 0.280 g (7.80 mmol) of = the |eaved piperidine |nterned|ate
3-(2-chl orophenyl)-7- (piperidin-4-y Cfﬁnn)

pyrimdin-2 (1 H-one. WD 01129042 P

3- (2- Choor ophenyl ) - 7- (pi peridin-g ,
pyri m din-2(1H)-one (0. OSOQHO,L was#t aken upinlm_N,N-

di met hyl formam de with brormacé‘i\jrﬂ dé'( ) 029 g, 0.209 mml) and stirred at

H

¥

Ny

Sulfone 9.1 (1.0 g, 2.41 mmo}) was taken up in 5 mL ethyl 4-amino-1-

piperidinecarboxylate (29 mmeol} and stirred 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 mL, 6.60 mmol) and heated to
60°C for 2 hours, quenched with methanol, and evaporated i vacuo. The dry
residtie 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 yield 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.



roomtenperature for 2.5 hours, then raised to 40 C for one hour and.80 C 5
over ni ght action was purlfled by flash chronmat og ng 5-40%
nethanol/d?§mﬁg&§%ethane + 1% amoni um hydr oxi de as elugﬁB£&*ﬁ§héolunn
fractions containing product were conbi ned and concentrated in vacuo, and
the final product redissolved in a mninmmvolune of nethanol. Addition of
hydrochloric acid (1. OMEt20 1.0 eqU|v§ ent) gave the salt which was
filtered and 10 dried to give 0.007 g of the hydrochloride salt of

3-(2-chlor opheanm-Ohl{)(oj:henybﬁeW Iyl,ahm;m)w -dibiydropyrithida f4,5:d)-
-3, 4-di hyd 53 15 Co d
2- 27 Tlhlg (ra%g%/n' gnnd%q {&058 rdﬁg%ﬁ%l I on "ﬂ’eig %@%grophenyl) np?li?
(2,2, 2- trufld;me&vlﬁgm)ap:néfe mmvagﬂmﬂm@qﬂgsoaoﬂwmam@wr a0

5] 5 | ol tpplcktihe RS 5 bl fen (e G40 B ot fuFndilc F O F F O

overnight. The reaction was purified by flash chromatography using 5-40%

methanol/dichloromethane + 1% ammonium hydroxide as eluant. The column
fractions containing product were combined and concentrated in vacuo, and the
final product redissolved in a minimum volume of methanol. Addition of
hydrochloric acid (1.0M/Et,0, 1.0 equivalent) gave the salt which was filtered and

10 dried to give 0.007 g of the hydrochloride salt of 3-(2-chlorophenyl)-7-[(1-
carbamoylmethyl-piperidin-4-yl)amino}-3,4-dihydropyrimido[4,5-d]pyrimidin-
2(1H)-one.

Example 53
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]pyrimic_lin-
2(1H)-one.

SNTNTYO

20



20 WO 01/29042 PCT/ EPOQO 10088 100 Preparation of 1-(2 2;
2-trifluoroethyl)piperidin-4 ylam ne Piperidin-4-yl-carbamc and
tert-butyl e¥P829¢omercially avail able from ASTATECH) (ECTEPI@%0®6 nmol ),
2,2,2,-trifluoroethyl trichloronethane sulfonate 5 (7.03 g, 1 equivalent),
and potassium carbonate (4.1 g, 1.2 eq) were taken up in acetone (80 i)
and heated at reflux with stirring for 3igp hours. The solvent was renoved
under reduced pressure at 40C and ethyl acetate and water were added to
the residue. The | ayers were partitioned and then separated. The organic

| ayer was washed wth water and brine, dried over magnesium sul fate,
filtered, andPtpamstiercefdt@2i2etifleaoetfiylpiperidiadiylaetnecor ed sol i d. Purification by

h t h Shd: 4 [ 0 WP th
ol uant gave [ 1- ;31"?**’]54‘?%’?9?8?‘3’2‘?@ fjf?”{q‘f’tﬁ% (oftfBbify Sileaas o5 10
tert-butyl esASTATECHE( S 36oGmmed:Z uhitriBuoroethy trichinrpmethare splforata C
EMTD ;=t28|3- 1?7.«3%,&%@&&7,%&&;&&%%!&&3&&& 7] é,‘l.éae)ﬂ n}l_fﬂé?ﬁ&b@ﬁh 'in'dC aci d

ent - bu est er en.taken up in,di.oxane an r ogen

chlori deygas ﬁ&é°°‘3’2§%ﬁnl«gﬂ{}’meafﬁ§ﬁr “Ffé“@df‘{}'ﬂggﬁ I%SP“‘.’EO)TH? ‘."asTﬁe reaction
vessel was CapiRsed ifidir keAuddichrastirt 5628°¢ 1 ettlyl 2RO wald) RerQUYENL WaS

renoved under reduced gressur.e at 40C. The residue was taken up in 42 nL
of 0.5M sodi uthererdnsx Thelayes were Rartitioned and then sepamatedo The onganielspsmas ure for 3

hour s, an]g_ }‘ i Mﬁfg&drithﬂ%&rﬁﬁdﬁﬁn%}&i%er%ﬁ_ @ﬁ%ﬂgﬂﬁﬁ,t};ﬁ@é&?ﬁh@p in ethyl

acetate,  filtere ngd concentratedq t.o qlve 1. 0 )

1-(2, 2, Ptrif F%%%%@'Pﬁ&“5?&&3‘8{%%%%&wﬁﬁgoaégsbraramgmvoml%i B

(M+H) +=183. Pgd psingi13% athyfacate i leivhnes aythedydn} gave [1-(2,2,3-Fiffiolocthyl)f | uor oet hyl )
I peridinyl-4 = 1 ] el | 1] | m di n-2(1H)-one

Suone o 1 (BE6™E+ Al ach S B BRSU b MR bRt Rl 24

yl am ne (263 A%2-938%G(M+El)ene8) was conbined with

1- net hyl - 2-pyrolidinone(0.3 nlL), and the reaction m xture was heated with

stirrin% at 110C for 2 hours, at which tinme it was cooled to room
t enper atthre. Puri [ @22 Buifldpyosthybpipeadin ieyl}-tarbandOadidesrbutil eserataogr aphy usi ng

V(5,2 2t 1 Pk [ EOLASREFegSlIARY bR R g wikbibtr MG nYL)~
& the solution for %6) mFi)nutes. They reaction vessel was capped tightly and stirred for

1.5 hours. The solvent was removed under reduced pressure at 40°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-triflucroethyl)piperidin-4-

ylamine (263 mg, 3 equivalents) was combined with 1-methy}l-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.



di hydr opyri m do[ 4, 5-dj pyri m di n-2(1H)-one as an off-white powder. WO

01/ 29042 / /10058 101 Exanple 54 Conpound 4-17 This exanpl e

i |l ustrat ngi’ﬁ’gg reparation of 3-(2-chlorophen)l) 5 PCT/EPO/1000S

7-[ (4- hydr oxyc) rdohexyl met hyl ) am no] - 3, 4- di hydr opyri m do[ 4, 5-d] pyri m di n-
2(1H-one. G N~ NN~ ~NO3:. ) NNHNNN-~O HH HO Sulfone 9.1
(400 ngy, 0.96 mmol) was conbi ned with 8 ani nonethyl 10 cydohexanol (470 ny,
3.6 rnmol) and 0.4 niL of 1-nethyl-2-pyrrolidinone. The m xture was heated
to 120C for 3 hours, at which tine it was cooled to room tenperature.

Met hanol (3 nlL) was added, the suspension was stirred for 10 m nutes,
filtered, and the precipitate was i th nmethanol, dried and
suspended in ethyl acetate. Addi Compoahd#drochloric acid (1.OMEt20, 2.0

15 equi val ent s) ve the .salt ich . filLter n ied to give 198 nyg
of the hydrochl 'g'?f %‘é"?g"l ’@'ﬁéﬁf‘“m"%‘q’%%m of 3858 oAb Heri.

3- ( 2- chl or optiehbydroxgcidebetpnietbyljanminelyd.didihydtapytitmidol4,5 sl pyislidin-
-3, 4-di hydrggy_f):_(medo [4,5-d] pyri mdin-2(1H)-one. Exanple 55 20 Conpound
e

2-21 This exanple illustrates the preparation of 3-(2-chlorophenyl)-7-[
1-(2,2,2- trifluoroethyl) pi pefingi~gd-yl ami no] - 3, 4-di h i m do
[4,5-dl pyrimdin-2(1H) - one. WO 9042 PCT/ E1' 00110088 2 goo aoC
N™™ N —_—— N N
G AL, oS

HO

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 suspensién 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.



NHNH hN HXf FFNH2 G NC SNNONNNOGQGAH N XF FF
Preparation of 4-am nonmethyi N (2,2,2-trif uoroethyl)piperidine A mxture
of (4 benzyWB&V@@Fbonylanlnonethyl) pi peridine (4 g, 16. PCHEPI10088
2,2,2-trifluoroethyl trichloronethanesul fonate (5.58 g, 20 mmol ), and 5
potassiun1carbonate (2.67 g, 19 miol) in 40 nil.. of acetone was refluxed
for 17 hours. The m xture was evaporatgq@g2and treated with ethyl acetate
and brine. The organic phase was separated, washed with brine, dried over
sodi um sul fat e, filtﬁg and eyaporated. The crude solids were purified
by col umm chr omat ogrlaphy on S|H|ca gel using 10% 20% et hyl acetate in
hexanes as el uant ?glve 2.25 of 4 10

benzyl oxyam nonet h -(2,2,2- | uoroet hyl ) -pi peridine, mp. 93.8 - 95.1
C. 4-Benzyl oxyam honget hyl -'1- ( L 2-trifluoroethyl)piperidine was di ssol ved
in ethanol (50 nL)Nand hydroge atg ver 10% pal | adi um on carbon (0.5 @)
for 10 hours. The m xture was f er t hrough a pad of celite and washed
with methanol. 15 The filtrate Was' evapg ed to give 1.17 g of

4-am nonet hyl -1- (2,2, 2-trifluoro- ethyl Dpiperidine as a sem-solid. WO

01/ 29042 PCT/ EPOQO 10088 103 Preparatio o

3-(2-chl orophenyl)-7-11-(2, 2, 21t rif | uor o® hyl ) pi peri di n- 4€k ] _Noj -
34d|hydropyr|mdo[45d)pyrlm -2(1'H) e. SulfoneQzMSQ g, |
mol ) was conbi ned wiOh M AP

iRyl - |- 2F2,2 tri |per|d| ne
(0.50 g, 2.5 mmmol) iOQ\E),Q i ok 1- rretﬁ"l"-z—-p'yl"ell :19’06, 5 and was heat ed

at 100 C for 4 hoTrs. $, heNn‘i%:tuQa was t hen cool &

F F

Preparation of 4-aminomethyl-N-(2,2,2-trifluoroethyl)piperidine
A mixture of (4-benzyloxycarbonylaminomethyl) piperidine (4 g,
16.1 mmol), 2,2,2-trifluoroethyl trichloromethanesulfonate (5.58 g, 20 mmol), and
5 potassium carbonate (2.67 g, 19 mmol) in 40 mL of acetone was refluxed for 17

hours. The mixture was evaporated and treated with ethyl acetate and brine. The
organic phase was separated, washed with brine, dried over sodium sulfate, filtered,
and evaporated. The crude solids were purified by column chromatography on
silica gel using 10%-20% ethyl acetate in hexanes as eluant to give 2.25 g of 4~

10 benzyloxyaminomethyl-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-aminomethyl-1-(2,2,2-trifluoro-
ethyl)piperidine as a semi-solid.



tenperature, and treated with nethanol, ethyl acetate, and ether. The
solids for re filtered and vvashed with ethyl acet e resulting
sol i ds (0%9&9\9&6 di ssolved in 5 nL nethanol, and h?éT’BB’@HM@ﬁI ori de was
bubbl ed through the solution for one mnute. The sol vents were renoved,
and the residue was titurated 10 with 2 ni of nethanol and 40 nL of et her
to give 210 ngy of the dihydrochl oride 1033t of

3-(2-chl orophenyl)-7-[1-(2,2,2-trifluoroethyl)piperidin-4-y]amno)-3, 4-

di hydr opyr i Preparafidn &f 3e(P-chipraphengil)+7-[¢(2}2)2-mifleorodtiyipipenidinbs-ylidmiigfrpound 2- 22
Thi s exanpl f 3 (2-chl orophenyl)- 7- [
(1-cyanonet %&fl plﬁgﬁrﬁs’%@mfﬁg’%’ﬁgﬂ Hggn 4- di hydr opyri m do-

[ 4, 5-d] pyrim d|&ﬂ®@gm(®mg,¢mml)wa¢mnmmddumh Sarhinonettyl-1-(22,20A HN N N O H

II;I-NFerl\I ﬁgt ?xyca?wypﬁn&ﬂegos% |per| |ne %ﬂyl\,!@&%m%l&mnf) and

1- met h§l - 2- ppd W@qheaﬁemrieo @fqm)hwsr midurg was then doem 100- 110 C for 2
hoursdgt dWh_HI:_h &hpebdthi anuaeaﬁdmlneedharngl ethfIid: 25&?@?Veﬁeﬂr’§h@d%ﬁdﬁhﬂiééd atCﬁt a{ﬁ |
was adde e es wa | e wasnea w e
acotate to Jetrdlisr %ag‘? pebgd s efl gebtatio T sesulting P () Ware 4
but oxycar bord;ssq:lveﬁémsdiLnnefthgﬂonmhﬂw&raganmh]mﬂeMﬂbbﬁdmmnghMﬂo[ 4,5-d] -

pyrimi din- Z(scLlF%;:oﬂgor(eM%ﬁteA'mﬁol@ﬁgr&egg&m géd)aﬁc?ﬁ;fg%§%x‘é@§as {6&? dinto 2.1

g of the pro rrL), and
the WH001/ 294th2 micgf metinmol aabi) m&gﬂcthm@mszl&nnmﬂ the ditydroehlori

concent r at eg,ji 3\1 - b ifi -
o e L e e
di hydr opyri g{"ﬂ'ﬁm ‘%7 |nyrigp ‘3%/ H)gueone as a white solid. 5
3-(2-Chl orophenyl)-7-[(pi peridin-4 ylnmeth)l)am no) -3, 4-di hydro-

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.

X e
Sulfone 9.1 — ,I\F\,I(\N —_— jlj\/l(\i
] HN SN N0 HN" N N"o
H KCH
I\G\JH N\/%N

Sulfone 9.1 (2.24 g, 5.4 mmol) was combined with N—tert-butoxycarbonyl—4-

aminomethylpiperidine (5.6 g, 16.2 mmol) and 1-methyl-2-pyrrolidinone (9 mL).
The mixture was heated to 100-110 °C for 2 hours at which time it was cooled to
room temperature and ethyl acetate was added. The resultant white solid was

25 filtered and washed with ethyl acetate to give 2.3 g of 3-(2-chlorophenyl)-7-[(1-tert-
butoxycarbony-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

20



pyrim do[ 4, 5-d] pyrimdin-2(1H)-onne (0.23 g, 0.52 mmvl) was dissolved in
NN- di et hyl formam de (8 nlL). Anhydrous sodi um carbonate (0.175 g, 1.6

mmol ) and cWerHeaweetonitrile (0.036 nl, 0.57 nmol) were =addeebonddse m xture
was stirred for 17 hours at roomtenperature, and was partitioned into
ethyl acetate and 10 water. The | ayers were separated and the aqueous | ayer
was extracted with ethyl acetate. The ggganic |ayer was washed with water,
dried, and concentrated in vacuo, and the residue was purified by

chr omat ogr aph on 5| a 0 et hanol,l.di Ior t hane as el uant.
The fractions B?’Pf‘gf’ ﬁd%’FLhﬁ‘& gm%eégn@&fﬁaf‘gtdg&g? ?Jo and di ssol ved
in 40 nL of linderdiediata3e(2-dhlotophgayl)-ti(piperidin-£4Angthyl)aminobaibl ed in and the

' d d
Gt her. 1111 or SRR RS LR JE G Pl o ET) COF, O oo ol ot

3-(2-chl orophenyl) - 7-[ (1- cyanomet hyl pi peri di n-4- yl ni et hyI ) am noJ

- 3, 4-di hydr opyri m_gotsorsp ﬂ L—)- fHefidig (alyThed ymmg Conpound 2-19
Thi s exanplelllustratest paration of (2-C Ioro henyl) 7-[(1-
di met hy| ani noBEFBdals 19ne 40 %ﬁ%m@rﬂ’%@sﬁ"e in

53,14;4di’\|hmr~glpml\lf tioﬂmﬁnﬂla(wu rnrmymroaéswhmmeoon@te (0.8s54 18 N[ Sulfone
ta@%«faﬁmﬁw@ 2R Pl ed Thomigpee e

3- (2-Chl or ophBRAL
pyri m do[ 4, 5- sirgedifornti7dhionzs2( fidin temperatniee piat el partitideatintdostity] acetafecmdpl e 56)

§\IRI— gl ?n,et yl f O%@giﬁ%?&%&aﬁ&%@gﬁéﬁ%@mﬁ@hﬁ%ar onat W%hé | I n2 4
nmol ) and 2- cidetater The mmﬁwﬁwaa@m tivith weter, dged, gnd eprgentrated in muo,

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]-pyrimidin-2(1H)-one.

e 0
Sultone 9.1 —_— i:j\/\N N N

—_— ]
HN™ N N’gO HN)%N N*O
H |\C’H
'\Q\IH N\/EN/
|
3-(2-Chlorophenyl)-7-[(piperidin-4-ylmethylJamino]-3,4-dihydro-
pyrimido{4,5-d]pyrimidin-2(1H)-one {prepared as described in Example 56) (0.3 g,

25



mmol ) were added. The m xture was stirred for 17 hours at room tenperature.

The reaction mxture was partitioned into ethyl acetate and water. The
| ayers wer%O#8t ’ygﬂar ated and the aqueous |ayer was extraRCBEPUYISBet hy|
acetate, and 10% isopropanoll chloroform The organic |ayers were washed
Wi th saturated sodium chloride solution and then dried over anhydrous
sodium sul fate. After evaporation in ¥acuo, the white solid was dissol ved
i n 50% net hanol / 1, 2-di chl or oet hane. Hydrogen chl ori de gas was bubbl ed in,

and the sol Wé79Rmdn wasdiseRedinad N-BimeaHitBrmakii tvanﬂ. AHbyERGs S Ue Was
trit ted th filt 18 f th

h;{jr urated | onste (026 g, 24 el S‘J‘ddz-%ﬂhr“z}dzq%?d%ethynac factodos & b8

3- (2- chl or orum6l wereadHédl -Thie taktayd was stided for bnnmirmtrbothtempermne

Banpl o 58 T CARIRAEIE 9 P aoned BV st apd valer B WREPS | on of
35( i clgl ﬁr gplqmgtéc)anﬂ-t{x( &tueamlaymmwmﬁy@ylpeatatdlmdm%l met hyI )am' aoN]
- , - | y _~

Sul fone 9.1 ~-Ppagahﬂr\lgﬁlmli—)|€%§ Q'Leorﬁ%é[:la NH N NHZV8 %am%ti &dfor ophenyl )-7-

[ (piperi di rehleride selution and themdried gver aphydronsspdinmpuliate. After evaporation
[4, 5-d] pyri th&cﬂo,%ﬁ%te%ﬂk‘d{v&rma{r&ﬂnés%dﬁ&ﬁiﬂdwd di¢hidzsaimes 56) (0.3 g,

0. 67 mol s, di ss d in t hyl f.or mam de ( Anhydr ous sodi um
car bonat e)(\(,)*%?@gj“ "rﬁ?ﬁ?”?swﬁ’r‘?gie F‘é é Eﬂ?lffés?’ﬂ"’f%‘fdﬁ”’“é‘%l mmol ) were

added.10The r‘ﬂi‘betresnhmgmdmwas“md;rﬁﬁd inlethérpfiltesedodndrdriedtd givaei82tg ofehe The

| ayer s ver o HUsoRal AR S LUGAREEVLY PIdiN PERLBLANEBNET . (07
acet at e and pip¥idios MM%%MY&QPWHB&éM@(%@@ | ayers were

washed with saturated sodiumchloride solution and then dried over

anhydrous sodiumsulfate. After evaporait Lon in vacuo, iEi.i
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.
e $e
Y — 0

N?
Sufone9.d  — N | "o SN N O
H H
he O
NH N\)LNH2
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-dimethylformamide (7 mL). Anhydrous sodium
carbonate (0.26 g, 2.4 mmol) and 2-bromoacetamide (0.111 g, 0.81 mmol) were
added. The mixture was stirred for 17 hours at room temperature. The reaction

25 mixture was partitioned into ethyl acetate and water. The layers were separated and
the aqueous layer was extracted with ethyl acetate and 10% 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,



WO 01/ 29042 PCT/ EPOQ 10088 106 the white solid was suspended in

1, 4-di oxane. Hydrogen chloride gas was bubbled in, and the solution was
evaporated WPURMS. The resulting residue was triturat e@CT/EPOOEOSS
filtered and dried to give 0.185 g of the hydrochloride salt of 3-(2-

cbl orophenyl)-7-[ (1-am nocarbonyl net hyl pi peridi n-4-yl nmethyl)am nol-3,4 5
di hydropyri m do[ 4, 5-d] pyri mdin-2(1H)-ores. Exanple 59 Conpound 2-24 This
exanple illustrates the preparation of 3-(2-chlorophenyl)-7-[(1 10

hyd b Al 4l - 4e vl I ' - ' ism do[ 4, 5-d1
v o ﬁ%%@%ﬂ%ﬁ ABbihe) Atbgar it iyl B 114, 202
HN ~! H O H N& e@h{t’@n@m evaperiated ¢t yacyo. [The resulting residue was triturated in

(pi per] & n- & apacgidationn) b wiibyrebiaae Moy 0 (o

, 0= ) pyri n- ; p SCIL | l -5 0,
0.67 nol) ms%@éﬁ%ﬂ’ﬁhaﬂgpﬂﬁf Y%ﬁﬁﬁ‘ﬁﬁ ‘ﬁ’?etﬂ?iﬂ)a.mnﬁﬁ‘y"ﬁrous sodi um
car bonatse (0. &Rydjopyitnidsials)d]pimidin2(DH)whe.2- br onpacetate (0.12 ni, 0.81
nmol) were added. The mixture was stirred for 17 hours at room
tenperature. The reaction mxture was partitioned into ethyl acetate and
water. The |layers were 20 separ at ed Easfple B¢ aqueous | ayer was extracted

with ethyl acetate and 10% isoproegmpoll{n%lil_ roform The conbi ned organic

| ayers were washed with saturated ~“sodium chl oride solution and then dried
over anhydrous sodibisexsmple dustratesftheprepagationef 31(2-ghlotophergbib[(1t he conbi ned

white sgyi dsanrz]yg; &Hﬁ&ﬁﬂﬂ&ﬁ’yl'iagﬂdhﬂaﬁin% min O,HQ&I ofRiaRAd[48-gJas was

bubbl ed in, t.he solution s stirred for ours dat 25 roo

t enper at ure awaméd‘i&p%i”é?‘éﬂai n vacuo. The resulting residue was triturated
in ether, filtered and dried to give gl g of the hydragilsi de salt of
3-(2- chl orophenyl)-7-((1-hydroxycarbonyl t hyl pi peri di n-4- t hyl ) am
nol -3, 4- Sulfone 8.t —> v ] N —_— i/ | N

] NN ﬂ"*o HN SN0

. G,

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 xoom 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 i 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.



di hydropyri m do[4 5-dl pyri mdi n-2(1H) -one. WO 01/ 29042 PCT/ EPOQ 10088 107.
al e 60 -29 This exanple illustrates the prep

3-(2-chlor opﬁeny‘f -7-(trans-4- 5 %%h%m%

hydr oxycycl ohexyl am no) - 1- ( 2- net hyl t hi oet hyl ) - 3, 4- di hydr opyri m do[ 4, 5-
d)pyrirnidin-2(1H-one. CI A NG N~ _ Sulfone 9.1 NN~ 0%'N )1- NN NO
NOi S\ sCH3 CH3 OH Sulfone 9.1 (50’f97rrg, 1.21 mmol ) was taken up in 2 nL
tetrahydrofuran with 10 1-(2-methylthio)ethanol (0.16 nm, 1.81 nmol),

tri phenyl phosphine (474 ng, 1.81 mmol), and DEAD (0.28 nm, 1.81 nmml), and
stirred at roomtenperature for Zpgaﬁfh a‘he crude product

3-(2-chl orophenyl ) -7-benzyl sul fony™=T1- t hyl -

t hi oet hyl ) -3, 4-di hydropyri m dof 4, Gompqupdi3rd%di n- 2( 1H) - one, was evaporated in

vacuo and used 9%], {q“p@ 1e_ .

3-(2-chl oropheny E e%l {t?s ﬁ%ﬁﬁﬁwsh%%pﬁh‘éﬁgf? (g“'}f‘}-

di hydr Gpyri rif cysbhmmm)dr(%m 45 i di gl yne with
trans-4-am rmg*ﬂgilaﬁg( P)-ohd39 ng, 1.21 rrm)l) and sti rred at 120C for 4
hours. The m Xxture was purified by chromatography on sil I{S gel using

2.5-4.5% 20 net hanol / di chl or omet hane gks _gl uant to provide
conpound (226 ng, 0.5 11 nmmol ). The pur ed pr oduct
acetate and Sﬁﬁ?@g wm_ﬂeung?lfh /Et-QO-)t—o precilpi tate the
hydrochl ori de salt of 3-(2- 53 N” NN "0
7- (trans- 4- hydr oxycycl ohexyl a E‘ met hyl t hi O|iijyl )-3,\'4-

_ S.
CH,

H, 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-chlorophmyl)-7-benzylsulf<_$r’1yl—1-(2-methy1thioethyl)—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 HCVEt,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




di hydr opyri m do[ 4, 5-dJ-pyritnidin-2(IH-one. 25 WO 01/29042 PCT/ EPOO/ 10088
108 Ennrk 61 Conpound 3-31 This exanple illustrates the preparation of
3-(2-chl or oPHENRPM27- (t r ans- PCT/EP00/10088

4- hydr oxycydohexyl am no) - 1- ( 3- di ni et hyl awi no- 2, 2-di net hyl propyl )-3,4 5

di hydropyrim do-[4,5-d}pyrimdin-2(1H-one. € C NN Sutfone 9.1 ,~ .~
NN11I-O NNO '~ ~ N OH Sulfone 9.1 {00 ng, 1.21 mmol) was taken up in
2 nmL tetrahydrofuran with 10 3-dinet hyl am no- 2, 2-di net hyl -1 - propanol (0. 28
m., 1. 81 mmol ), triphenyl- phosphine (474 , 1.81 mmol ), and DEAD (0.28 ni,
1.81 nmmol ), and stirred at roomtewe overnight. The m xture was
sem purified by chromat ography on Cempowal333d w th 3-15%

met hanol / di chl or ongt: : QV| > ' f

3-(2-chl or ophenyl ;’P&?p%g%?%ﬁ%%fp{eg {lé)ﬂ én%ﬁ%&#é’mﬂnﬂg@g#%?%’%at hyl propyl)

1ﬁ 3, ﬁ-' di hyd_rWﬁ@mmuywbwﬁﬁmthﬂ@(nnmﬁmemmmﬁf%al tri phenyl -

phosphi ng  OXl imido-[4,5- imidin-2(1H)-one.

3-(2-Cnhlor opheng’/cllrfgg{%le%-z[y saﬁ’yf’g‘ﬁg/‘f‘ ﬂ}(I):%?I(ljel met hyl am no- 2, 2-di rnet hyl -

propyl ) -3, 4-di hydropyri m dof 4, 5-d] pyriGhidix- 2(1H) - one was Q‘up in 3 nmL
| ]

20 diglyme with trans-4-am nocycl ohexanol g9 ngy, 1.21 stirred
at 120C for 4 hours. The m xt ureNwa ed by chrimal}og phy on silica
gel using 4- 2Stiforreed.hanot+et c hO e as—eruany {M’;de the title

conmpound (52 ng, 0.107 nmol). product vwas taken up in ethyl
acetate and treated with 1 /Et20tocipit e the
-
Ky 2, 2- di n’;lat hyl propyl ) -

hydr ochl ori de salt of 3-(2-&uUsrophenyl)k 25
7- (trans-4- hydroxycydohexyl - am no) - 1- ( 3- d}' met hyl am

Sulfone 9.1 (500 mg, 1.21 mmol) was taken up in 2 mL tetrahydrofuran with
10 3-dimethylamino-2,2-dimethyl- 1-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-dimethy}-
propyl)-3,4-dihkydropyrimido{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,0 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.



3, 4-di hydropyrimdo [4,5-d] pyrimdin-2(1H)-one. WO 01/29042 PCT/ EPOQ' 10088 .
109 EMVpl e ound 3-36 This exanple illustrates t reparation of
“ﬁ‘gﬁ%? _p7 '}%1'91‘:?‘3(910088

3-(2-chloro -(trans- 4-hydroxycydohexyl am no) - 1-

(1- net hyl pi peridin-4-yl)-3, 4-di hydropyrunido [4,5- 5

d-pyrimdin-2(1H-one. d C NN Sulfone 9.1 all O-.ici -"~ NONN~O N N
O I~-NN CH3 OHCHg A mxture of sul®bne 9.1 (1.0 g, 2.4 mol),

di phenyl - 2- pyri dyl phosphine 10 (1.9 g, 7.23 mol) and

4- hydr oxy- | - met hyl pi peri di ne (0. 55%FExgmpl62 nmol ) was dissolved in
anhydr.ous tetrahydrofuran under ap_atnosphere of nitrogen. To this

sol ution was added di-tert-butyl a%ﬁ’&’%‘ﬁgg%l ate (1.67 g, 7.23 mml) and
the resulting nmRisaemplsilustrates thel preparatiomofi3e(Ppchlarophieayl) Fr(s@nkours, t hen

concentrat ed, i - L el gw}-la'_fi 0 Q;gihgg{ ?H:u § mt ogr aphy
on silica ge? hﬁ%ﬁ?%ﬁ?ﬂ&iﬂi}%ogal(g?g%gne rrét@gaﬁol S o«!’ uan@[&)’ﬁe col um
fracti dhs codl-amtggl-%{#ﬁbﬂm- wer e combi ned and concentrated in vacuo to
gi ve 354ny of 7-benzyl sul fonyl - 3-(2-

chl or ophenyl ) - 1- ( 1- net hyl pi peri di n- 4- y¥Y
[4,5-d] pyrimdin- 2(1H)-one. 20 '\f-l (Nl Bj\é\J(\N

7- Benzyl sul f -3a42-chlgrop ) 41- (iL- r net hylpi pechdil- 41yl ) - 3, 4-

di hydr opyri mg%%rlf%(,d] pyri m d|B IISIXN\ © (354 ng, U 6H 1 YOwas conbi ned

wi th trans-4-am nocycl ohex 160 1. 38 nmol ) d 1 - et hyl - 2-
heat €d tjo 110C for urlatiwhich tine it
uti

. . Gl
- di hydro-pyri m do

pyrrolidinone. The m xture @
was cooled to roomtenperatdre. The“N€si due was p fied'}by col um
chromat ography 25 on silica gel usi ngé,g: 1: 0.5 di chl @Honet itage/

met hanol / di i sopropyl am ne as el uant. $

, 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 fetrahydroﬁua.n under an atmosphere of nitrogen. To this
solution was added di-tert-butylazodi_carboxyléte (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-Benzylsulfonyl-3-(2-chlorophenyl)- 1-(1-methylpiperidin-4-yl)-3,4-
dihydropyrimido{4,5-d]pyrimidin-2(1H)-one (354 mg, 0.69 mmol) was combined
with trans-4-aminocyclohexanol (160 mg, 1.38 mmol) and 1mL 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,0, 1.0




The col umm fractions containing product were conbi ned, concentrated in
vacuo and suspended in ethyl acetate. Addition of hydrochloric acid

(1. OM Et 20, wanr@s\O 01/ 29042 PCT/ EPOO/ 10008 110 equi vakernepp/iigmye t he
salt which was filtered and dried to give 135ng of the hydrochloride salt
of 3-(2-chl orophenyl)-7-(tr-ans-4-hydroxycycl ohexyl am no) - 1-

(1- et hyl pi peridin-4-yl) -3, 4-di hydropyrjgi do (4, 5-d} -pyrimdin-2
(1H)-one. 5 Exanple 63 Conmpound 4-4 This exanple illustrates the
preparation of (R/R)-7- 3-dl I OXY,- 1- . )

et Pyl pr opy! aNIEHE) G RbE Ml s i ot tr s opme sty

pyri m'kdi n- 2( 1 Hydrochleridegalt oﬁ—(wﬂorapmnﬂw-(ﬁa%-ﬁy&d?ﬂcmmminé}ﬁ I ot -,
03 -Ak S N NO .0 . OH Prepanhat i.0

(PR) - 3- am nobLSFg#fgy%%n&gﬁ:%%ﬁ%ﬂéﬁg@?%@i’pymv\%'g'zépr{ﬁ'?%f |y prepared
as described in Tetrahedron: Asymetry, 1995, 6(9), 2329-2342. Briefly, to

a solutign of (2Sy,3S)-trans-3 15 l.r ane- 2- met hyl - 4-ni t r obenzoat e
(10.0 g,g42.2 mol ) (Fluka) in di gﬁ‘%&@nﬁ:hane (150 nlL) under argon, was

conbined with titanium isopropoxi deConpmnd@4 84. 3 mol ), and stirred for 10
mnutes at room t efRgbaidbiEillustrates the preparation of (R,R)-7-(2,3-dihydroxy-1-
methylpropylamino)-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-
one.
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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 2 solution of (2S,3S)-trans-3-
15 methyloxirane-2-methyl-4-nitrobenzoate (10.0 g, 42.2 mmol) (Fluka) in
dichloromethane (150 mL} under argon, was combined with titanium isopropoxide

10

(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



Am nodi phenyl - et hane (14.5 nL, 84.4 mmvol ) was added, and the reaction was.
stirred ate gnperature overnight. A solution of 10Q/ i um hydr oxi de
in 20 saturé(a@%'? {)I’I ne was added and t he suspension was 8??@?@8“@& 2 hours.
The m xture was filtered and extracted with 0.2M hydrochloric acid. The
acidic layers were WD 01129042 PCT/ EPOQ/ 10088 111 extracted with

di chl or omet hane and di scarded. The aci #tk | ayer was basified with sodium
hydr oxi de pellets until pH 9, and then extracted into dichloronethane. The
| ayers were a:apaedwmﬂdlchhcbmétbamagdl&smdedyé‘he Mcliyemdsbasiﬁedmi@nea um

| f at d db
lash col um AR ERAbERL Ao Do B8 € by LirRaite dciBon BBl Bhe o 2V
2:1 ethyl adeyenswerhesparated, and the erganiclayes wys duiedxvermagnesium sulfate, and

R R-3-(b { | ut f
(KR 3 bono A eHas Al DN i Sn b gk o poribRa By BRERGRER, °P) 11 OF P ol (20
m) wad addé@fﬁ)‘a?‘l"&’&l’wmg&]cfkl é‘%%ﬁhﬂé%@&“{%b“ﬁﬂ)ﬂcm eXaBACt | on was

evacuat ed ang eilats36givé N6Lef (RIR)BS(bezhpdipMaiinyBiamnt2-didlen charged with
hydrogen at 50 psi and shaken on the hydrogenator overnight at room

tenperature. The reaction mxture was filtered and concentrated to give 922

nmg of (R R)-3-am nobutane-1,2-diol as an oil, which was washed w th hexane
and then dried TonadmmeisolllﬁOPp%([Bdi)a?{-(h;nzfcyﬂry!@iﬂ))bﬂta(le-;la-tﬂblf@@rgoxy I

-met hyl pr opyd, %ﬁf&nﬁ nﬁﬂlalﬂgl'(ﬁ@lﬂ,gwgs a‘h‘de&iiﬂm aaai%%ar'iso Ipyrimdin,
2(1H)-one. Sulfone 9 (62 ed w

(R R -¥ ani @6 %ngétn'@.lerfacﬂ%lmWQ%Bdﬁﬁddffﬁdﬁhfﬁﬂ‘mFerﬂ’lﬂdmmﬁh@)xyet hane (|
m.) was heateén aiargeaaﬂﬁhgalﬁgeﬁathopﬁﬁnaas&én & geh drIﬁk@nafoeaﬁ‘érhigﬂt atas cool ed

d d Y I d
bl acod. i r ccPy BRP R ol SroErutiad s s apdgRbopmaed gzl ol 1

di chl or onet hlalef R raminabnting 1,2- didl@h amoib nwidharae ivashed st hegme ehdiant  to
give 120 ng g &p %JI&SS oil, which was dissolved in ethyl acetate (10
m.) and treate vvlth equi val ent of hydrochloric acid (1 -OMin ether).

IR IER e At e SR AR S S

(R R) - 7- ( 2, 3diHydnyparimmido{4,5-dfpiytinddin-0(1§)@me.n0) - 3- or t ho-t ol yl - 3, 4-

di hydr opyri i do [ 635Y P Yé2b Mgt B Aol R WmBhedwith (A,8)-3 Adifs-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.



WO 01/ 29042 PCT/ EPOO/ 10088 112 Exanpl e 64 3-(2-chlorovhenyl)-7-nethyy
0-3.4- drotrvrimdor4.5-dlpyrimdin-2(1x)- one CI ~,. NN "SNNLO HS5
64.1 Prepar aWodm2982 5- ( 2- chl or aphenyl ) am nonet hyl - 4- am noP@rEPIO/10088

met hylthiopyrimdine CI CHONNHN'S NNH2 S N NH2 A m xture of

4- am no- 2- net hyl t hi opyri m di ne-5-car boxal dehyde (9.5 g, 56.1 mol),
2-chloroaniline (6.7 niL, 63.7 mmol) andj4-tol uene-sulfonic acid 10
nonohydrate (0.85 g, 4.5 mmol) in 350 nL of xylene was heated under refl ux
with azeotropic renoval of water fog 6 hours. The m xture was cooled to
25C and the preC|p|tate was coIIectéﬁmg&uéacuun1flItratlon and was washed
Wi th hexanes arfd(2# v dohrydthin i j Divvie ¥

t et r ahydr of uran. and the reaction cooI ed to OC L| thi'um al um ni am hydri de
(2.3 g, 60.6 rnnol) was added in small °®8 portions over 45 ninutes. Once
the addition was conplete, the mxture wa€lstiged for a further 15

m nutes and carefully treated sequentially W .5 nL water, 4.5 nlL of

15% aqueous sodi um hydroxi de and th ter. The m xture was
stirred for 30 m nutes, fllteredt ro th| , and the filtrate
concentrated in vacuo. The soI\Ld spUur iided with col um chromat ogr aphy

on silica gel using 25% 20 acet oﬁeJh@xa e fractions containing product
were concentrated under reduced pressur[q to a solid which was

recrystallized from et to . give 7.0 g
chl or ophényl ) ani no%hbt %@%W%CZZ*MWUW%W*MGFm@% a white solid.

VO 01/ 29042 PGhtipiiogytnfadte 113

e
—_—
~ 2
57N NH, ~s T NH,
A mixture of 4-amino-2-methylthiopyrimidine-5-carboxaldehyde (9.5 g,

56.1 mmol), 2-chloroaniline (6.7 mL, 63.7 mmol) and 4-toluene-sulfonic acid
10 monchydrate (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 vacuum 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 2 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 2 white solid.



64.2 Preparation of 3-(2-chlorophenyl)-7-nethylthio-3,4-di hydropyrim do-
[4,5-djpyrimdin-2(IH-one d / C Nz~ INSNNI N SNNH SSNNO H

Sul fide 18YA98%2 stirred solution, cooled to OC, of 5-PCUEREMN8Hheny|)

am nonet hyl -4- 5 am no-2-nethylthiopyrimdine (7.0 g, 24.9 muvol) in 200 niL
of tetrahydrofuran was added triethylamne (10 nL, 71.7 mml). This
solution was then treated dropw se willth a solution of phosgene (14.2 nlL of
20% solution in toluene, 27.2 mmol). After stirring for 2 hours, an

addi tional 5.0 nganf Brepairianlopsynenldr 1)-FORRnY B3, LaRFHopyRlridved by
phosgene (6.; of aﬁ%@ Iut"’laon I n fg%le%e)ne; 1% 12.5 mol )éygAfter stirring
for an addi {$%i e 6’&% 1)-%fditional triethylamine (2 nml, 14.3 mmol) was

added fol |l owed by phosgerGi L of 20% solution in tolc,un 5.8 mol).
The reaction was stirred for J addi ti onal hour then warféd flo room

tenperature, poure nt.aa ogeneous solutio f Pavarder and 150 nL
ethyl acetate. Thg§ mYtur& was then filtered a t ph&ses ‘separated. The
aqueous 15 phage S -extracted twreTe™w t R 1 t acetate. The

conbi ned ethyl 8cetBte Nbgtracts were concentPat el unber “Peduced pressure.
The residue was stirred with ethyl acetate. The proddhct was then coll ected
by vacuumfiltration and dried in vacuo to give 3 213 %1

3- (2-chl orophenyl) - 7- net hyl t hi o- 3, 4- di hydropyri m d§f"ﬁ g 1o

PO cPoc 10088 114 B nsbfEoid BFT, B L orphinth s M 000, or op
enyl ) - 7- met Agpinon?-snethythiopyrimidine {7 8@ 240 mmel)in Wf mL of teteahydepfuragne
was added triethylamine (10 mL, 71.7 mmol). This solution was then treated
dropwise with a solution of phosgene (14.2 mL of 20% solution in toluene,
27.2 mmol). After stirring for 2 hours, an additional 5.0 mL of triethylamine (35.9
mmol) was added followed by phosgene (6.5 mL of 20% solution in toluene;
10 12.5 mmol). After stirring for an additional 2 hours, additional triethylamine (2
| mL, 14.3 mmol) was added followed by phosgene (3 mL of 20% solution in toluene;
5.8 mmol). The reaction was stirred for one additional hour then warmed to room
temperature, poured onto a heterogeneous solution of 75 mL water and 150 mL
ethyl acetate. The mixture was then filtered and the phasés separated. The aqueous
15 phase was re-extracted twice with 150 mL ethyl acetate. The combined ethyl acetate
extracts were concentrated under reduced pressure. The residue was stirred with
ethyl acetate, The product was then collected by vacuum filtration and dried in
vacuo to give 3.2 g of 3-(2-chlorophenyl)-7-methylthio-3,4-dihydropyrimido[4,5-
d]pyrimidin-2(1H)-one (sulfide 10.1)as a white solid.
20



5.65.1 Preparation of ethyl 4-am no-2-nethylthiop)rimdine-5-carboxylate O
O 0---,, 1V OS N~ NC S ~NNCHH A solution of ethyl

4- chl or o- 2- NQ M4 opyri m di ne-5-car boxyl ate (1450 g, ®CPBPuWONSS (Al drich
Chem cal Co., M| waukee, Wsconsin, USA) in 2987 nL of 10 tetrahydrofuran
was cooled to 5-100 C and treated slowy with a m xture of 2407 nL of a
37% sol ution of ammoni um hydroxide in 2448 nL triethylamne. After
stirring for 16 hours, the reaction m xture was concentrated in vacuo to
approximately 5L and filtered. The Ei I tﬁr Ei:ake was washed wi th hexanes and
dried in a vacuum oven at 60-650C. trate was evaporated under
reduced pressure 15 to give 1AnAlterraditeprepirativrof

4- am no- 2- net Q- Al R8s 5a ¢ akhaxy] af ' ind.

m b 130, 1. 1oc e oA T i AN Rl ool SPLEDS

4- (] (2-chl or gaeenyl ) am no] car bonyl am no} - 2- net hyl t hi opyri rni di ne
5-carboxylate OO NO S* NNHNNNY 20 0 To a suspension of ethyl
4-am no- 2- et hyl t hi opyri m di ne-5-car boxyl at e 1(1_215_g,. 5.7 noles) in 2600 nL
xyl enes heat ed at 63d0- Rprrationefethid dwninod eretdyithiomgripndingpsrpoxylate

2-chl orophenyl i socyanate sgas to maintain the tenpergture at 100C. The
tenperature of the reactio mxture was raised to 12Q] C and stirred for 14
25 hours. Heating msgl%;}fﬁg@ and sl ow cooling g 30 € begun. When WO
01/ 29042 PCT/ EPOO/ 10 crystalTTzatron W addition of 5256
mL. ethyl acetate corﬁl etled Fhe crystallizatign. Q’he M xture was cooled to
20C and filtered. The cake was washed H

A solution of ethyl 4-chloro-2-methylthiopyrimidine-5-carboxylate (1450 g,
6.23 mole) (Aldrich Chemical Co., Milwaukee, Wisconsin, USA) in 2987 mL of
10 tetrahydrofuran was cooled to 5-100 C and treated slowly with a mixture of
2407 mL of a 37% solution of ammonium hydroxide in 2978 mL triethylamine.
After stirring for 16 hours, the reaction mixture was concentrated in 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)aminoJcarbonylamino}l-2-
methylthiopyrimidine-5-carboxylate

o 0
NZ o~
)ij:lLO/\ . /k\/ﬁ o o
s N N/H SN N N
20 o

To a suspension of ethyl 4-amino-2-methylthiopyrimidine-5-carboxylate
(1215g, 5.7 moles) in 2600 mL xylenes heated at 100-105 °C was added (956.5g,
6.23 moles) 2-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



with ethyl acetate and was placed in a vacuumoven and dried for 10-12
hour s at 00 C to give 1895g (90.7%of ethyl

4-{[ ( 2- chl6‘g(r)8p egzyl yam noj 5 PCT/EP00/10088

car bonyl am no} - 2- et hyl t hi opyri m di ne-5-car boxyl ate, mp.172.3-172.6 C.

65.3 Preparation of ((2-chlorophenyl)amnod-N (5-(hydroxynethyl)-2-
met hyl t hi o pyri m di n-4-yljcarboxam de BS NNOHI I~ SSNNNSNNNYI OO
10 To a stirred suspension of ethyl

4-{[ (2-chl prcqmmngﬂommamnmwn off 526@inL ethyl acetate completed the
e ous | CRPpgber e abALATY Lahe 2 Omaduecha TlBIE kel fgfed |-

anhydr ous
sol ution of wWithieth m%wmﬁyanwmummm@ ferf19r Rrhopgs a¥6¥ ni, 3. 19
mol e) over 34 go°toleivie 8895290, 298)0F L£H0-LHING H&M SidnBRNMogeneous sol ution
was held at -25C fc%_lr an %gdltl)c?na YQSH% nuteg then a{ll owed to warmto 0OC
over the nexerbotylsingl-2gnethythiopyrimiding-5-carboxylasel mpiBA 26 °Gt art i ng est er .
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,

cont ai ni ng suspeﬁ%léd m¢m|o_é[%Momhw%md-%&éﬁ@dcmm@hﬂﬁ-&t ed and 20 -
filtered. Thgs Qg:,s,gj,;,_q_})mbmmd wi th hexanes then dried in vacuo at

60C to give 69.3% (617 g) 0
[ (2-chlor ophenyl ) amiyno] - N-[ 5- (hydr o) gqnet hyl ) - 2-
met hyl t hi opyri g i &~V - car boxani de as yell ow @hs m p. 182 5Cto
182.9C. This n re eat on 1,168 g substrqt )4e 7 T 8 of the
title corrpou‘?fm\4 2 2 / EPOO/ 1008 NQ[ ephl
[ (2-chl or ophenyl ) am ngf- N rormrrethyl)-2- n'ethylthl
pyrim di n-4-yijcarboxayl de r HHj H
10 - :

To a stirred suspension of ethyl 4-{ [(2-¢hlorophenyl)amino]carbonyla.mino}-
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.




NNN~/OO

[ (2- Chl or ophenyl ) am no] - N-[ 5- (hydr oxynet hyl ) - 2-nmet hyl t hi opyri mdin- 5
4-yljcarbox®PaaRI¥2363 g) was mxed with 81, of tetrahydPCrERMGMEHI

mechani cal stirring begun under nitrogen. Then phosphorus tribrom de (135
m.) in 800 nL tetrahydrofuran were added to the m xture over 15 m nutes.
Stirring was continued for 4 hours, atjyghich tinme the reaction was stopped
and filtered. The filter cake was washed once with tetrahydrofuran and
dried overnight at.55G,in vacu en o .10 .gi 99 of

[ (2-chl or ophenyl )g‘?ﬁ?no - r‘(@"(‘%ﬂ%%@ ﬂb}hpﬁgo]%{"’l—%ﬁ?mwﬁ)@'

met hyl t hi opy rrathydhia-paripidiredryfioboxardigde (M-1377) . 65.5 Preparati on of

3-(2-dzl orophenyl ) - 7- pet hyl t hi o- 3, 4- di hydropyri m do[ 4, 5-d]
pyriMdin-Z(II—l)fe]f@OBr HCNN NNN YI & gbul fide 10.1 To a
suspensi on of fr ophigny! flani mor=t+152t br orky

2- et hyl t hi opy@ miM¥i nNac wrihsasbgxani de (1360g,5 3. ¥2 i’ 10 L

1-net hyl -2 pyrrolidi nongi was ed 136 nL hexémat hyl di sjf| az The m xture
was heated to an intermal tehg€rature 0105-115 C for <

. The
m xture was then_cogql.ed , 20,.to, 3 d treated wt OL water. The m xture
was then stirred [éf&gqrgpl@nyléqm@oﬁyﬁﬁgﬂgﬂ{@meﬁygrgg{e&y OPYt S were
col | ect &d andi-phafhegknide(1863 g)atas yhixetd Wwhith\8h b tetraltdtofamx and mechkhizalpr oduct was
pl aced in a dpyvi ven and. heat denr v .£0 tt0 give 780 g
(70,190 of 3 ptEgnhdataofs. %ﬁﬁ@@%%@%@?%ﬁgg‘%@ﬁww 10088
117 di hydr opyetrabiydrofitaswey pddeil o thie migteldyerdienifates. fStigng0as tpntimed n
of f-whi te solg,ds houkd/ A8 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-dj~pyrimidin-2(1H)-one
Cl
N'/’I\ Br 2 @
BN ST N NTN
N N\n/M f /S)\N r,*”*o
0 H

15 Sulfide 10.1

To a suspension of [(2-chlorophenyl)amino]-N-[5-(bromomethyl)-
2-methylthiopyrimidin-4-ylJcarboxamide (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-



A rel ated conmpound, 7-nethylthio-3-ortho-tolyl-3,4-dihydropyrimdo 5 .

[ 4, 5-d] pYr A dAhbie( 1H) -one (sul fide 10.2) (M1=287) was ared using
ortho- tol w(ﬁ}ggbgganate in place of 2-chl orophenyl isoc;’%"&ﬁg"’wﬂssstep 65. 2
above. H3COM i ' V7 NNO H Sulfide 10.2 Exanple 66 10

3-12chl or ophenyl ) - 7- net hyl sul f onyl 3, 4iii ydropyri m doi 4, 5-d] pyrimdin- 2 1H
-one CIl C NNNN SNANO-~-S~-NNOI & HH Sulfone 11.1 A
suspensi on of 3-(2-chl orophenyl)-7-nmnethylthio-3,4-di hydropyri m do 15

[ 4, 5- d] pyr i ndibirdnep¥fritnile [died)prrithidin-2(1LH) Snenfmlfideil0.158s andofivhitezblid. of or m was
cooled in i@?“f%g treated with 70% 3-chl or operbenzoic acid (9.8 g, 39.8
nmol ). The X ur?e was stirred at roomtenperature for 2 hours, then
treated twice with 100 nL of 10% aqueous sodiumthiosulfate and left to

stir for 30 M NUlESIateBBm E,ggd:,tﬂ,,ggh#qﬁo_gjohyg_g&ylyyﬁ;_gﬂﬁ;@gg%q#chI or onet hane

and the phases were separated. 2 ani c. phase” wa shed with a

h
sat ur at%ed ad&é&]%@!‘?@ﬁ)cﬁneﬁﬂ‘i@ﬁpg? &régbﬁ?ﬁ waspreparedaning orthet over
nmagnesi um s WofyBfscyadie ﬁxiﬂlacebﬁzicm&@gﬁemis&wﬁ& iftktep 62 abdvke! r at e under
c

reduced pressure gave a solid whi Waél étl rred wth ethyl acetate, WD
01129042 PCT/ EPOQ 10088 118 then filt€s

give 2.6 g of
3-(2-chl oro-phen)l)-7-nmet hyl sul f onyl- 3,.4-
di hydr opyri m do[ 4, 5-d] pyri ni di n- ZEV -01 (30l fone 11.1) as a white solid.
(MH  364) 'S \N N0

/ H

Sulfide 10.2

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,



5.EIMM e 67 Conpound 4-19 This exanple illustrates the preparation of
3-(2-chl orophenyl)-7-(4-

hydr oxynet hyWwoytiesexyl am no) - 3, 4- di hydr opyri m do[ 4, 5- d] py¥dwerds/ivosk( 1H) -
one. 10 C1 C1 \ H\O~ N.Oi N NNONNI1IVO p HH Sulfone 11.1 (350
ng, 1.04 mmol) was conbined with 4-am no cydohexyl met hanol (I:1cis/trans)
(400 ng, 3.3 mmmol) (prepared as describgggin ChemBer.; G5 96; 1963;
2377-2386) with 03 nL of 1-nethyl-2-pyrrolidinone. 15 The m xture was

heated at 100 for urs | ch me.it _was co 0 roomtenperature.
The reaction %%ﬁ%?"&%é\éﬁ@‘ﬁé‘wrPhﬁ?iﬁ)'Eﬂ ing‘EPY\ENP#h ethyl acetate,
washed with wadilepdropytitédh]4,8dibyeiatidie-2( THt 61 (bulfoi@ D). as  Whité REIAWEINaS
purified by COIW chromat ography on silica gel using 10:90

met hanol / di chl oro= net hane as el uant The colum fractions containing the
product were concentrated 20 to a foam which was resuspended in nethanol.
Addi tiongof hydrochloric acid (I OV J, Oequi val ent) gave a salt which

was flltered to give the hydrochlori of
3- (2-chl orophenyl ) - 7- (4- hydr oxynet Bpmpoerdsadky| ani no) - 3, 4- di hydropyri mi do

[4,5-d] pyrin din-2pi kb mnesua%éghgg;feg?&é&lg’g(ﬁﬁ’é%%&ﬁgf? (419 Exanple 68

Conmpound 2-28 ,This ex rI‘pI ustra the preparat]
3- (2- chl or ophd¥gAP yly mino)-3,4-dihydropyrimidol 4 ,5-d]pyrimidin-2(1H)-

et hoxycar bonylopé.per i d| n-4-yl am no) - 3, 4-di hydropyrimdo [4,5-d] pyrimdin- 5
2(1H-ong. A C i

N cnjij' X o
oo aiicact e os

Sulfone 11.1 (350 mg, 1.04 mmol) was combined with 4-amino-
cyclohexylmethanol (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.OM/Et;0, 1.0 equivalent) gave a salt which was filtered to give the hydrochloride
salt of 3-(2-chlorephenyl)-7-(4-hydroxymethylcyclohexylamino)-3,4-
dihydropyrimido(4,5-d]pyrimidin-2(1H)-one.



NNO7 O la~H .LX.~ NONNNO~OHH C OO Sulfone 11.1 (1.3 g,
3.75 mol ) was taken up in ethyl 4-am no-i- piperidine |l ate (3.7 m,
21 mol ) WRIB¥RR ed to 120 C, at which 10 tenperatureq’?h&gﬁﬁ"&%al
suspension fully dissolved, then reprecipitated into suspension 10 m nutes
| ater. This secondary suspension was heated at 150C for | hour, then cool ed
to roomtenperature and poured into wdd®r to forma gumry mass. Wen
stirred with 50 nL ether, the gum produced a small quantity of white

solid, which was set aside. The rcEnimplesg gum was treated with 10-15 ni

met hanol 15 to forma white solig, The &r?[ipl ned white solids totalled 0.685
g (1.59 mml), of which 30 ngy BPOURRf*Ped as the free base. Exanple 69

Conpound 4-25 20ThiSiexampledhipstrates the pséparition of 3+¢2-chlorophenyl)i 7o€1- of
7-(trans-4-arninocycl,ahexyl - NPT .. : NPT

ami oy - 3. ( 2 BRPGPEERARpRIdn ¢ plapino)s &-dhydropyrimidola srdipyrimiding, | ooy oo
WO 01/290422@H)/dnPO0' 10088 120 CL NP CL O H, 0SS ONNONO HH NH

Sul fone 11.1 (196 ny, 1579 mol ) and 0.36 g (3.2 nmol ) ecpf Lrans-1,4-
di am nocycl ohexane were @I ved in 5 nL of 1-nethyl -Z-mi di none. The

at 80 C for 3 hours, 30 nmL of

reaction m xture MQTNN |
et hyl « [ H «
O :JO\N "o NS0
H

. | ﬁj »
ojl‘o’\

Sulfone 11.1 (1.3 g, 3.75 mmol) was taken up in ethyl 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
Compound 4-25

20 This example illustrates the preparation of 7-(trans-4-aminocyclohexyl- -
amino)-3-(2-chloropbenyl)-3,4-dihydropyrimido[4,5-d} pyrimidin-2(1H)-one.



5.acetate and 30 nL of water were added. The organic | ayer was separated
and the aqueous |ayer was re-extracted with 30 nL of dichl oronethane. The
conbi ned oMYuHBRayers were concentrated in vacuo and PHEEBRMLSS| i qui d
formed a white precipitate upon standing. The solids were filtered and
washed with ethyl acetate to give 28 ng (13% of the title conpound as a
white powder, mp. >300 C. The 10 produrp was taken up in ethyl acetate and
treated with HCl/Et20 to formthe hydrochloride salt of

7- (trans-4-am nocydohexyl a&n nQ) - 3- ( 2- chl or ophenyl ) - 3, 4
di hydr opyri m do[ 4, 5-dj pyrim 2(1H)-one as a white po anple 70 15

Conmpound 4-26 This GW trates the prepar atﬂ
3-(2-chl or ophenyy an%g- (NN 5
sbrﬁi)ﬁ) O P I 014 35-

di met hyl sul f anoyl™a cym exyl am no) - 3, 4-di hy

d}pyrimidin-2(1H ®n@. dhca ¢” NNO- N1 H. NOH-~H N' NO ,- HS
~~NJ. 10"SI Me3 LO. ,SiMe3 9H3 H cH3 NH2 HN A N HNC NCH OO3 00 20
To a solution of 7-(trans-4-arni nocydohexyl am nojN3- (2-chl orophenyl) - 1-

(2-(trinetbylsilyl)ethoxynethylj-3,4-di hydropyri nygol[ 4, 5-d] pyri mi di n-2( 1H) -
one WO 01/29042 PCT/ EPO0/ 10088 121 (318 ngy, 0.632 3mol) (prepared as
described in Exarmlf@neai)] (m:ﬁ@,aﬁzm‘molmnekm thfmpowr@mdded

triethylam ne,. . I suf anoyl
chloride (0.1 &é’ﬁ%ﬁm@o‘%‘) g’f’&d’?g %tfyg yﬁ'&h €reaction
m xture was r ﬁ&éﬂémdmt:ferwa&&xm 80 °<t;fwb B6hars, cb61ed, BRRG0 I @ﬁeﬁﬁ}l In vacuo. 5
Purification chrgn{g %ra usi rret ha ol / dichl or ?}E{tgane as el uant
gave 27F ny ( "‘? f YIHA 1 ???"Yfas(sﬂ’?‘\'ﬁ $1 sul f amoy! -
am do) cycl oheaguk@iilaye]wat re-g@racted wﬂhmyﬂ.&f&iym;amh’mﬁmyecemwdohb&ed di hydr o-

organic layers were concentrated i1 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-
d}pyrimidin-2(1H)-one.

O e e
N N NT YN
el m I

0/\,SIM83 & 0/\,S|Mes H
Y CH, CH,

NF, HN. s o, ”":s “CH,

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



pyrimdo[ 4, 5-d] pyrimdin-2(1H)-one as a white foam (M+ = 610, mp. .

106. 5-110. 0 The
3- (2-chl orVgB@%?j"f’) 7-[trans-4- (N, N-di met hyl sul f anoy| ani §GJ/EP00/10088

cycl ohexyl am no]

-1-[2-(trinmethyl silyl)ethoxymet hyl]-3, 4-di hydropyri m do[ 4, 5-

d] pyri m din-2(1H)-one (250 ng, 0.410 rMl) was di ssolved in 10 nL of
nmet hanol and treated with 10 nL of 10% aqueous hydrochloric acid. The
reaction m xsmrneg,ﬂussmd)taprépaftdatdé&ﬂﬁd&mgxmwsnmmmoﬂc (5%

met hanol / di hane r,eact.i o tur sed to 85 C for
3 hours, g“k‘ﬁ rrgé e}] ?ﬂﬁﬂ?g‘%&?ﬂ @0’:95{?;{ ell)ﬁnqs/% onpfe resul ting
suspensi on ﬂaseth’lyrldmfamawchlm@p (042 g, G:d4 thmoldn Ed;Lof\ﬁuhldnomahaneaghed with ethyl

gc(etza'éﬁl E)(r)og%eny él%ﬂ ?\1ﬁ%ﬂmﬁpﬁ%%wﬁgtm%%cydohexyl 20

ani no] 53, 4- unﬁmgmwhrwemras mnmgfr%mmm thaneas elgdnte powder .
Exampl e 71 HQ éfﬂl}gﬂofﬁbézschﬁiiéﬁmhﬁ)-ﬂ[wﬁst{ AR dinfiehyRulRAsAL | on of

3-(2-chl h
L o oy aw ey taeingl- s frimeuisethommet St 5 d] pyr i i di n-
2(1H)-one V\ﬁmmma]ﬁﬁhﬁaqaﬂpmsamefm(mr:fsm, i asH,NGN O
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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.



Sulfone 11.1 (4.6 g, 13 mmmol ) was conbined with 1, 4-di oxaspiro[4.51ldec-8
ylarnine (4.2 g, 27 mmol) (prepared as described in Exanple 8) in 40 niL

1- et hyl - 2wW9meMe di none. The reaction m xture was heat edT/ERN/A@B8s QC
overnight, at which 5 tinme it was cooled to roomtenperature, diluted with
ethyl acetate and water, and filtered to give an off-white solid. 1M
hydrochloric acid in diethyl ether was ggded to a slurry of the product
(0.12 g, 0.29 mmol) in nmethanol, and the resulting solution was
concentrated in vacuo. The residue was h ken up in methanol/

di chl oronet hane and purified by flash chromat ography on silica gel using 2%

10 net hanol / di chl or onet hane as el uant go ve the pure t orrpound as
di et hyl ethe d to a slurry
n

the free base. IMHydrochI orlc acid iW

of the product in net han resul¢| g sol ytio c ntrated under
a stream of nitrogen, ed undé&+/r educ 50 give 80 ng of
t he hydrochl ori dgg\all‘{ 3- (2-—chloropbenyl) d| oxaspiro
[4.5)dec-8-ylam ropyrlmdo 15[45 pyrl idin-2(IH)-one as a
yel | ow sol i d- Exa 2 lCorrpound 4-23 This .m e illustrates the

preparation of 31 chI orBphenyl ) - 7- (4- oxo- 20 o
cycl ohexyl am no) - 3 4- d| hydr opyri m do[ 4, 5-dl pyri rﬁ_dl n-2(1 H)-one. WD 01/29042

PCTI EPOOI 100RR 110 ---c0 HH Uo O
A mixture of 3- (2 ’rﬁpﬁ%ﬂ%\‘ @fﬁcw‘ﬂﬁst‘%ﬂg%@“a Jé“yﬁ ani no) - 3, 4-
di hydropyrim dhfx&;eﬁ4ﬂkmmmﬂ(preﬁréﬂ%)sdmﬁb€(dﬁn%@1e®ﬂ40 midkhethgr epar ed as
descri bed BxanByfofdbodd the feal EhT AR RL UL S NoPRUGRHTRREN O © ac ¢

was 5 stirred erat uré over ni ure was then
diluted ®ith mnem@azsﬁgqledetee@m&mmm,@du@éwmmﬂwﬂaﬁeaaém@qmus sodi um

bi carbonate. Ffteres 8Ypfehn WEIwhiR SO QWHydr&ﬂerEE@dﬁa%&ﬁﬂ%&e@%@s&d&é@ ract ed

w t h-et hyl aceta e organic -- _|layer was washe th brine, dried with
sodi um sul f at @aé‘l’ﬁl}' SheRrAdycs (17 gjpra%qnmol)mmethanol an theresultmg

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. IM Hydrochloric acid in diethyl ether was added to a slurry of the productin
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.



reduced pressure. The residue.was dissolved in nethanol and purified by .
flash --_10 mat ogr aphy on silica gel using 2% amuni um hydroxi de in 35%
acet one/ H@"&&g‘hgs el uant. The fractions containing prd’ﬂ@‘i"" 8 conbi ned
and - concentrated under reduced pressure to a white solid which was
suspended in nethanol. Addition of 1M hydrochloric acid-in diethyl ether
gave the salt which- was concentrat ed?Aind punped under reduced pressure to
give 80 ng of the pure 15 hydrochloride salt of

3-(2-chl orophenyl) - 7- (4eiexg<cycl ohexyl am no) - 3, 4- ---GidiAydropyri m do
[4,5-d}pyrimdin-2(1H) -on¢ af a yell ow foam -
&~73 Conpound 4-2 ThN§ g%
al ternative pibpagdat flonsof 3-(2-chl or ophenyly BN A
7- (trans- 4- hydr dkydYclWheQyl ani rey—8—4=di hydr g yWni®o P4, 5-d]pyrinidin 5.
2(1H) -one. 73. }FRepargtion € C INNHOIMMNO -H~ SHHNH O10 .
Sul fone 11.1 ( )O g, 1.18 mmol) was conbi n& ith trans-4-am no-

cycl ohexanol (. '. g, 2.36 ntnol) and 2-nethrihryethyl ether (0.4 niL). The
m xture was heaed to 100-105 C for 1 hour at Qhich time it was cooled to
room tenperature and concentrated in vacuo. The residue was purified by
col um  chr omatéomixwie pf 3(2-chlptophenyb7-(ls4-digxspiro[4iSiddcc-Paminodddt met hanol .

The col umyg; ] N TR T L I i .concentrat ed
in vacuo t%‘ﬂgﬂﬁ%ﬁ%&a%?cﬂsag?%?gms%ﬁ%jg %ﬁ"%tﬂﬁlﬂ ﬂ?g%}gg‘:a?&ggaﬁd met hanol .

Addi tion ofestrhed Examele 7@1“&%?‘?11“@‘1‘.1'&%7'1‘3/%?&‘.“19 hlaiceridy®ye the salt :
whi ctp di ssgirteddt odm te@pé&ratuyesietnight The feldtioh nfiRuresasthdcdtddatisd | n vacuo-to

0 A e 058 e S el TSR0 61 Ve 0220

were separated, and the aqueous layer extracted with-ethyl acetate. The organic

layer was washed with brine, dried with sodium sulfate, and concentrated under
reduced pressure. The residue was dissolved in methanol and purified by flash
10 chromatography on silica gel using 2% ammonium hydroxide in 35%
acetone/hexane as eluant. The fractions containing product were combined and R
concentrated under reduced pressure to a white solid which was suspended in
methanol. Addition of IM 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.



20 am no) - 3, 4-di hydr opyri m do[ 4, 5-d] pyri m di n-2(1H) -one. WD 01/ 29042

PCT/ EPOO/ 10088 125 73.2 Alternative Preparation & ~ d CI CN IN ~ ~
- H-N NI wo@n2sd2H HON OH Sulfide 10.1 OH A sol uti eecTaPosodsi de 10. 1
(700 g) in 1-methyl-2-pyrrolidinone (3000 mL) was conbined with N

chl orosucci ni nude (350 g) in 500nL 1-nethyl-2-pyrrolidinone 5 and 40g
water, and the mxture was stirred for 3pp hours at 25 C. To this solution
was added trans-4-am nocydohexanol (865g). The m xture was heated to 60 C
for 12-26 hours, cooled to 20-25 C End reated with 10500 nL water. This
m xture was cooled to 5-8 C and sti 2 hours. The solid was
collected by filtration, washed W Cémpsindd,2 hexanes and dried at 65 Cin a
vacuum oven to proyide 3-

chl orophenyl) - 7-(t é’ﬁ E}p&%p%ab%%aléﬁ&tfvgR{eﬁgfngmgf%«(%ylalprolggﬂy}h do[ 4, 5-

d] pyri ni di n- 2(ilprokbydrékeydoierdanino)-3.dditydtopyrimsido b Idlbytimidine action of

et hanol i g hydr?ﬁbl Jd C acid/water on the free base. Exanple 74 15 Conpound

4-5 Thi s exanple SUstrates an alternative preparation of
7-(trans-4-hydroxy-

c) rdohexyl am no) - 373)It hp}ﬁ;up‘{ty,;, 3, 4-di hydr opyr| m do[ 4, 5-d] pyri m di n-2(1H)-on
e. H3CC OONI N NAINNHH
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10 Sulfone 11.1 (0.400 g, 1.18 mmol) was combined with trans-4-amino-
cyclohexanol (0.272 g, 2.36 mmol) and 2-methoxyethyl ether (0.4 mL). The
mixture was heated to 100-105 °C for 1 hour at which time it was cooled to room
temperature and concentrated in vacuo. The residue was purified by column
chromatography on silica gel using 9:1 dichloromethane/methanol. The column

15 fractions containing product were combined and concentrated in vacue 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 iz vacuo to a solid which was triturated in ether, filtered
and dried to give 0.220 g of 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexyl-

20 amino)-3,4~dihydropyrimido(4,5-d]pyrimidin-2(1H)-one.



Sulfide 102 OH 20 A solution of sulfide 10.2 (2 g) in 4 nL . .
1- met hyl - ?‘ﬂB?‘{lé"%i di none was conbined with N-chlorosuccinimde (1.03 g) in
4 L 1-methyl - 2-pyrrol i di none WO 01/ 29042 PCTI EP00/ 10085CT/E/ M8} o 105 ¢
water, and the m xture was stirred for 1.5 hours at 25 C. To this solution
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 ¥Seated with 10 nL water. This

m xture was cooled to 5C and stirred for 2 hours. The solid was coll ected
by filtration, 578@shaliernativePrpdration hexanes and dried in vacuo. The solid
was purified by flash colum chromatography using 95/5 - 9{'9/ 10

di chl or onet hane/ metdhangl as el fant tocQi ve pl4 ng
of 7- (trans- 4- hydr oxyﬁ@ohexyl A rtolyi-3, 4y N

di hydr opyri m WN rim di 19__L_es.LH~§hj,hﬂl W d was .
converted tos/&n Mochl ori dp acti on oft et'he ed hydr ochl ori c
acid/ethyl agetateion 10 the f ﬁ'l 75 Co nd B-15 This exanpl e
illustrates the pr%par ation of L3-(2-chl orophknyl)-7-4Tans- 15

4-f or nyl oxycyc|Suifidxid-tnm no) - 3, 4- di hydropyri m do [ 4, 508 pyri m di n-2( 1H) - one. .

of 3 (2-chl of opeyre o sdidetodelin i lometh Orndepidmpry o b wae A 14U €

gi hydr opéri rdodﬂ)[xﬁdlﬁétﬂ];‘gyh]br%uﬁgciéni;ﬁ?b 350ghin S_(OBﬁm.rzigmemyBZ-wdr?I_idjxmngpa{ egoaé f20
escrihed in e an % form o Irred a or

3 houPs. 1 HB GG PR deHrer Ptk ieh 5 het a5 *Crrip Plaatid ves

triturated ivwhsa@ded9fans-iahlifdcfdoltisholl(d6§8). trRle HiittBre3ni3 heHedd 60 °C for .

3-(2-chl orophenyl)-7-(trans-4- o o

f or nyl oxycyd2ciedoptsagaoted to 20-25 3C andireatedrwith 1950q L Ivated] Thip paixtntedi n- 2

(1H) - one.

was cooled to 5-8 °C and stirred for 2 hours. The solid was collected by filtration,
washed with water, hexanes 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 hy&ocMoﬁde salt is formed by the action of
ethanolic hydrochloric acid/water on the free base.

Example 74
15 Compound 4-5

This example illustrates an alternative preparation of 7-(trans-4-hydroxy-
cyclohexylamino)-3-ortho-tolyl-3,4-dihydropyrimido[4,5-d) pyrimidin-2(1H)-one.
~ -
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Suffide 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



WO 01/ 29042 PCT/ EPOO/ 10088 127 Eunp-le 76 Conpound 4-13 This exanple
Illustrates the preparation of 7-(trans-4-acetyl oxy-

cydohexyl aniW®§1/280422- chl or ophenyl ) - 3, 4- di hydr opyri mi do[ 4 PET@EPEIR8AT di n- 5
2(1H)-one. C Ca Sulfone 11.1 --~"N, \ \ --~ NNAN HNNNN- " ~-0
HN NNOHH OHO CH3 A suspension of

3-(2-chl orophenyl)-7-(trans-4-hydroxycytisohexyl am no) -

3, 4-di hydr opyri m do[ 4, 5-d] pyri m di n-2(1H)-one (400 ng, 1.07 nmol) (prepared
as described in mpl e 73),,, acetic anhydrid 0.3 ) and
pyridine 10 (#%2 g,“i?’s“"?‘h%ﬁ °‘$""‘rFE¥’8‘ﬂ?ﬁ?8 B%P%n"éf\?és‘mg?i rred at 25C
for 18 hours. soldtion wae added aransit-sinitioeyddhexanb] (265€)d Thetidtive was katedits at e was
washed with i ch] or onet hane,, dried _and suspended in ethyl  acgetate.

Addi tion of h RAChes _°%‘§?4f°(29’_.2§1\ﬁﬁ?@€fat"§."03’e]8 Wt e he sal t

whi ch was fi 'stﬁ%gle&l{bds@ahﬁ%ﬁéa&y@%%ﬁ&%%&&&dﬁ;ﬁ%ﬁ&{,' de salt of

7-(trans-4-acetyloxycycl ohexyl am no) )
3- ( 2- chl r ophwashed witldwater hexadescad dried idohake ST lsplid wasipdiifiediyfifh one. Exam | p

a 77 Conpound.4- ' ' IS :
2 (3. chmoundedart kSl 531590/ R SR BESRABIR s Blant

4- met hoxycar bygiest Bgof siaasréhidsesycysloheglamjrmdmsriiortlib4, 5- d] pyri ni di n-
? (1H) - one. WOii}drdPR1IIdEE. EPREEEH)-bAE THelrestliink 661RI whab cdnvilted N L | N-~O
NN the hydrochloride salt by the action of ethereal hydrochloric acid/ethyl acetate on
10 the free base.

Example 75
Compound 4-15

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-
15 4-formyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one.

0

c
Sulfone 1.1 ——> /bﬂ:n — );\m
HY N o 7 o

HN® "N° °N
g i H
OH O =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)-one.



H OH Oy1CH ~( a O A suspension of . ,
3-(2-chlor, )-7-(trans-4-h)rdroxycycl ohexyl am no) -

3, 4-di hydrvgggﬁ%zdo[a 5-dl pyri mdi n-2(1H)-one (200 ng, qum?ofs(prepar ed
as described in Exanple 73), and 4-di net hyl am nopyridine (6.5 ng, 0.05
mmol) in 5 tetrahydrofuran was cooled in an ice bath. D nethyl pyrocarbonate
(0.6 mL, 5.35 mml) was added and thel%fi xture was stirred at 25C for 18
hours. The reaction was filtered and the precipitate was purified by

col uimm chromat ography on silica gEBkamplep® 98: 2 di chl or onet hane/ net hanol
as eluant to obtain 30 ng of the ~title ound Addition of hydrochloric
acid (1. OM Et 20, 2.0 equi val ent) %o 3 Si‘foﬁg salt which was filtered and
dried to give 34Thiyexdmpléiblustsatios thedpreparationfiV1(trads-4-acetyloxy-

3-(2-chloro = 7= ({ bahSHi- XY & ( a1_no) - 3, 4- di hydr
o pyrin doiﬁ%ﬂr’%&? o Al s AR, T 21
exanpl & i || 2§¥kerss t he preparation of 7-(trans-4-carbanoyl oxy-

cycl ohe) yl am no) - 3- (2- chl or ophenyl) -di hydropyri m do[ 4g)3- dlpyri m di n-
2(1H) -one. WD 01/29042 PCT/ EPOOh008S Cl C Sulfone 1% = ol _1,1~

420 A sus [

3-(2-chl oropi;@n,yséhj-(t—ﬁaﬁ-s-zf' hyd cl okexypt am o) - N
3, 4-di hydr opyri m do[ 4, 5-d] QNAFJILJH/ R XdH - one (Z& z /TJ%OnunoI )
H H
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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 Example 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 (1.0M/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)-one.

Example 77
Compound 4-20

This example illustrates the preparation of 3-(2-chlorophenyl)-7-(trans-
20 4-methoxycarbonyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-d ] pyrimidin-
2(1H)-one.




as described in Exanple 73) in 3 nL dichl oromethane was cooled in an ice
bath, 5 and chl orosul fonyl -i socyanate (0.09 nmi_, 1. 01 nmol) was added. The
reactiion MWMPE2was stirred at 25C for 18 hours, thenPCrERw0adssi th 0.5
m. water. The biphasic m xture was stirred for 8 hours, filtered and the
precipitate was purified by colum chromatography on silica gel using 97:3
di chl oronet hane/ net hanol to obtain 110ym of the title conpound. Addition
of hydrochloric acid (1.OM Et20, 10 2.0 equivalent) gave the salt which was
filtered and dried to give 94 ng of the hydrochl ori de salcli of
e

7-(trans-4-carbanoyl oxycycl ohexyl am n
chl or ophenyl ) - 3, 4-di hydropyr| m [ 4.5- | m di n- ne, le 79 15
Conpound 4- 22g} g%\e t N pregar at on of N

3-(2- chorophenym '} (t ans- /k

4- et hyl am nocar bonyl oxycycT1 heﬂll a no? 3, 4-di hWr o;ﬂ/rl &l do°[4 5-

d] pyri mdin-2(1H)-one. WO Q1 30 d Sulfone 11.1
] HNNHOHNNHO H
3- (2 chl orophenyl )-7-(trans
3, 4- di hydropyri m do[ 4, 5- d] pysi,m di n- 2(1H) - one (35 0.94 mmvol ) (prepared
as described above in Exanplé 73) in 3 nL dichloro TgAg was treated with

| mL 5 (excess) nmethyl isocyanate, and 1 nl, trletmam' ne. The m xture was

stirred under nitrogen atnosphere for one week The reaction was filtered
and the preci pi t dtsespepgion ofis@edlomprhind}-ZHrenschbydnmerdobesykaiend suspended

in et h?/l ?;:etsai.&:hg hi 9[4931 {dﬁfﬂ 1@1&5&90 dsg}%&{@& ax%dQsZ - f
equl val en VE, a | ere an r e 0 ve (6]
tﬁe hydr ochl glgfcﬁ‘be‘g'gl leggc %E%FB‘;L@HWB”“‘}“’(’ ¢ W&OOS ) i ™

5 tetrahydrofuran was cooled in an ice bath. Dimethylpyrocarbonate (0.6 mL,
5.35 mrnol) was added and the mixture was stirred at 25°C for 18 hours. The
reaction was filtered and the precipitate was purified by column chromatography on
silica gel using 98:2 dichloromethane/ methanol as eluant to obtain 30 mg of the
title compound. Addition of hydrochloric acid (1.0M/Et;0, 2.0 equivalent) gave

10 the salt which was filtered and dried to give 34 mg of the hydrochloride salt of

3-(2-chlorophenyl)-7-(trans-4-methoxycarbonyloxycyclohexylamino)-3,4-dihydro-
pyrimido(4,5-d])pyrimidin-2(1H)-one.

O
I

Example 78
15 Compound 4-21

This example fllustrates the preparation of 7-(trans-4-carbamoyloxy-
cyclohexylamino)-3-(2-chlorophenyl)-3,4-dihydropyrimido{4,5-d]} pyrimidin-
2(1H)-one.



10 4- et hyl am nocar bonyl oxycycl ohexyl - am no) - 3, 4-di hydropyrimdo [4, 5-d] -.
pyrimdin one. BUMPl e 80 Conpound 4-3 15 This ¢ i|lustrates
t he preparﬁé dﬁ}"gf 7- (3-car boxy-i sopropyl am no) - éT/%P‘mﬁ“ms

3-(2-chl orophenyl) -3, 4-di hydropyri m do [4, 5-d] pyri m din-2(1H)-one. Sul fone
11,1 NNOHONNO HHHH 20 Sulfone 11.1 (1.0 g, 2.97 mol) was
conbined with ethyl 3-am nobutyrate (01 87 nL, 5.94 nmol ). The m xture was
heated to 110-115 C for 1 hour at which WO 01/29042 PCTI EPOO 10088 131

time it was cooled to room tenperat @ he residue was ptl |f ed by col um
chromat ography on silica gel using lﬁchl or onet hane/ rre . The
colum fractions containing N

7- ( 3- car bet hSulfpre $8.0pr opyt™ani Eo) !3 (B- IJﬁS

chl or ophenyl ) - 3, 4- di hydr opy ¢!) -pyri n‘Hﬂ wer e conbi ned
5 and concentrated in vacuoito a sUI id (1.10 g). iThe estHar (0.500 g, 1.24
nmol ) was dissolved in ol . Addition of godrym hydroxide (0.05 g,
1.24 mmol) and water (1 ave the sodi um sd The sol ution was
concentrated in vacuo to a J[solid which was tritrated in ethyl acetate for
1 hour, filtered and dried ©O8 give 0.41 g of

7- (3-carboxy-i sopropyl am no) - 3- (2- chl or ophenyl ) - 3\H/d| hydr opyri m do[ 4,5 10
d) - pyrim di n-2(1H) - one. (M—I+ 376, mp. 170.0-185.8C) Exanple 81 Conpound

3-48 This exa Al r a
1- benzy: S3 E(ergﬁ‘l%g%ﬂ op| enyl @s‘hgdilg?ﬁ%ﬁpa (1%;'5-‘p hfHJ'OKYC)'clohaﬂcylammo)-

7- (t r ans- 4- Bydibydrepinidel)srHryrimidin 20 Hyiong (38598 017 awpdl) @renaped i i di n-
2(1H) - one. &l ddscitBedRREREEY ﬁnﬁnml&wr%eamrwds)coae& fnf A& Bhth,
ert oty 0 SIS VLIRS i e B S 9
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-(trans-4-carbamoyloxycyclohexylamino)-3-(2-

chlorophenyl)-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-(trans-
4-methylaminocarbonyloxycyclohexylamino)-3,4-dihydropyrimido[4,5-
d]pyrimidin-2(1H)-one.



NI ~Si G HO/I N~ONNNO-~a, H--N-N.-020 H A suspension of
3-(2-chl orophenyl)-7-(trans-4-hydroxycycl ohexyl am no) -

3, 4-di hydr oo éwvev@e| 4, 5-d] pyri m di n-2(1H)-one (1.86 g, 5rpomePy/10qs8epared as
described in Exanple 73) was conmbined with tert-butyldimethylsilyl chloride
25 (1.05 g, 7 mol) and i mdazole (0.75 g, 11 mmol) in dinethylformam de
(35 nL). The reaction mxture was heat ggh at 50C for 24 hours, cooled to
roomtenperature and added to water, stirred for 30 mnutes, filtered and
dried to give 1.88 g of 3-(2 j.A WO Q1/29042 PCT/EPOCO 10Q88 132

chl orophenyl)-7-(trans-4-tert-but)rl -4 | si |yl oxycycl 6hgfytyam no) - 3, 4-
di hydropyri m do[ 4, 5-d] pyri m di n- - m p. 289- Z%C\Ezl. 2 epar ati on of
t
8

| - benzyl - 3- (2- chilgropeny-=<- (B r afis- rt=hyt yl N
di et hyl si tyl o%}lcyc?gﬂexyi an;'_i g Ny dropyr % ,GLL yrimdin-2(IH)-
one. d C S N'Nk NO ", """ a -KNNN ~ di Um hydride (44

nmg, 1.1 mmol (60% oil dispern)) was added to & suspensi on of

3-(2-chl orophenyl)-7-(trans ent butyl di et hyl yl oxycycl ohexyl -

am no) - 3, 4-di hydr opyri m do[ 4,8~ d} pyri m di n- 2(1H) -~ pneH(486 ng, 1 nmml) in 10
1- net hyl - 2- pyrrol i di none, andomas stirred at roonpg erature for 25
mnutes. To this solution was added benzyl brom d (09".[32 rnL 1 nmol) and
stirred at room tenperature for 4 hours. The reactd on m xture was added to

oL LRSS s <. e

y 3,4—dihydropyrimi3,x\)n[4,5—d]pyrimidin-z( 1H)-one (350 mg, 0.94 mmol) (prepared
as described above in Example 73) in 3 mL dichloromethane was treated with 1 mL

5 (excess) methyl isocyanate, and 1 mL triethylamine, The mixture was stirred under
nitrogen atmosphere for one week. The reaction was filtered and the precipitate
was washed with dichloromethane, dried and suspended in ethyl acetate. Addition
of hydrochloric acid (1.0M/Et,0, 2.0 equivalent) gave the salt which was filtered
and dried to give 250 mg of the hydrochloride salt of 3-(2-chlorophenyl)-7-(trans-

10 4-methylaminocarbonyloxycyclohexyl-amino)-3,4-dihydropyrimido(4,5-d]-
pyrimidin-2(1H)-one.

Example 80
Compound 4-3

15 This example illustrates the preparation of 7-(3-carboxy-isopropylamino}-
3-(2-chlorophenyl)-3,4-dihydropyrimido{4,5-d}pyrimidin-2(1H)-one.

Sulfone 11.1

h/r)\/\cm N mj@
/\oj\/Lﬁ/k: ﬂ/&o _—,.Hoj\/‘\ﬁl:nif_:\*o

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



water, dried with magnesi um sul fate, concentrated in vacuo. The residue was
15 purifl Wmﬁﬂ umm chr omat ogr aphy usi ng 25: 75 acet one/ hexane as el uant
to give 1- 3-(2-chl orophenyl }-7-(trans-4-tert  PCT/EPO0/10088

butyl di net hyl - S|Iyloxycyclohexyl

am no) - 3, 4-di hydropyri m do[ 4, 5-d] pyri mi.din-2(IH-one as an oil. WO 01/ 29042
PCT/ EPOO/ 10088 133 81.3 Preparation 31

1- benzyl - 3- (2- chl orophenyl ) -7- (trans- 4-

hydr oxycycl Qbﬂedywwmohd)eﬁapﬂrdmbgtdmmmmmﬂmﬁu&p&iﬁédjbpwlhnﬁﬂi n-2(1 H)-one.

a d C)FK)\

T Benzyl - 5. (SRR I IR B b ol Gioropeibpe/msthapel, The colgm) .
cydohexyl ammerswnmm@mﬂmdeﬁfa&ﬂ&&dixywprmhm@ ¥{(2H) - one was

di ssol ved i f I 0, | (1.0
Mtetrahydro t??%&?}{ggq dﬂ;ﬁ&’em %J[%g?%%%d Eﬁ)r%%gﬁ%%rn&n@%dure was
stirred at ﬁP?‘Gﬁﬁi@F‘&tﬂdﬂ‘é‘offGﬂ solpd (148 g}- sThqﬁatsr QP98 & 124 mprobwasext r act ed
with ethyl anRbRédn mkthadl. mddthoﬁwmﬂﬁydraﬁhéam,g,mdnmpmrat ed in
'R°00; 10 di TN AR iarath sl TE iR s SRR A I | ons
cont ai ni ng tsbid whioH was triteaated inoethyl acethtaforl 1 bowg Slndredameltried tvgiceid41 t 0 gi ve t he
title conpo (&l grochloric
add (Lo B AR %Qéab%*ﬁ%?é#@?ﬁnﬁﬁﬂgﬁﬁﬁ%ﬁﬁﬁf s ¥iaror3iiiadtt s °°7 0 Fen
evapori@t ed td-Ryrigndin-2AYaheneT(MHY 5376 mb. 1700 1855°@ t h et hanol / di et hyl 15
et her, flltered and dried to give 130 ng of the hydrochloride salt of

1- benzyl 3-(2-

chl orophenyl ) - 7- (t r ans- 4- hydr oxycym%-ﬁ’am no) - 3, 4- di hydr opyri mi do-
[4,5-d)pyrimdin-2(1H)-one. PEdidpoudd 3QA8pound 3-55 This exanpl e

Illustrates the par ati of 2-chl oro nyl
4- hydroxycycohex%ﬁf le ﬁp 315%?" atien, 4’?3% 8&% Z"e'[’w'S d -
15 7-(trans-4-hydroxycyclohe1quammo)-3 4-d1hydropym_mdo[4 5-d]pyrimidin-
2(1H)-one. :

81.1  Preparation of 3-(2-chlorophenyl)-7-( néns-4- tert-butyldimethyl-
silyloxy-cyclohexylamino )—3,4-dihydropyrimido [4,5-d]pyrimidin-2(1H)-one.

ROU GG OES g GO

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 terz-butyldimethylsily! 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-

20



pyrimdin-2(1H) -one. WO 01129042 PCTI EPOO 10088 134 C1 G -Si- J
**'0.,-NI .~fd~OO NNNO~Cl 1~ NLNNNOZL(1 N

3- (2- Chl or opy¥@emyA90427- (t r ans-4-tent buryl di met hyl si | yl oxy ®¢TEBINIRESE - ami no)
3, 4-di hydropyri m do[ 4, 5-d] pyri m di n-2(1H)-one (486 ng, 1.0 mmol) (prepared
as described in Exanple 81) was suspended in 1-nethyl-2-pyrrolidinone (7
rnL), and 5 to this was added sodium hysiride (44 ng, 1.1 mmol (60% oil

di spersion)). The reaction m xture was stirred at roomtenperature for 25

m nutes. To t d ni 6/ nmg, 1.0 nmmol)
and stirred afkmérgg%#ﬁ P@“ﬁ%?ﬁ‘gﬁ dlﬁ'gﬁlo%?yg ‘iyﬁfg%gﬁg‘gog]s xt ure was
added to wat e&hﬁd}dpﬁiﬁﬁﬁ[@tﬁd!pymmﬂuemm-ona,&ﬁpawzwm:shed with water, dried
over nmagnesi um sul fate, and evaporated under 10 reduced pressure to give an
oil. The oil was purified by colum chromat ography on silica gel using

25: 75 acet one/ hexag1e asPr@hmam of 17teszyl- B«ﬁ%ﬁlmphenﬂpﬂdimismg tarklutylpr oduct wer e

mbi d d ?
go( 2I gﬁl o?gph P'y{"%’ A”"r'ﬁ&?f%gih% %ﬁgs‘iﬂyxﬁoxéggﬁgo"hexyl am no)-1
- cyanonet hyl - 3, 4-di hydr opyrl m do[ 4, 5-dl pynim din-2(1H)-one as a white
solid. 15(M+H) 7, mp.100.2-148.7C. T

3-(2-chl orophenyl ) - 7- (trans- 4- t@i |H yl d-l-gp-t.hyIsHyI oxy-

cycl ohexyl am noJ-g-=tyanomnet hyl - ydro do[ 4 5- d| n-2( 1H) -

one (510 ng, 0.97M xe i n tet i'% etrabutyl 20
ammoni un fluoride ( WﬁT equuLaJ_,e E Be reaction
m xture was stirre @ture for 12 ho edto wat er

extracted WO 01/ 29042 PCT/ EP00/"10088

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-sityloxycyclohexyl-
amino)-3,4-dihydropyrimido(4,5-d]pyrimidin-2(1H)-one as an oil.



135 with ethyl acetate, dried over magnesi um sul fate, and evaporated. under .
reduced %5 re to give the title conpound as an oil. This residue was
purified E& chr omat ogr aphy on silica gel using §6TERN/10088
dichloronethane/nethanol as eluant. The fractions containing the product
were evaporated in vacuo to give 249 of 3-(2 5
cl orophenyl ) - 7- (tr ans- 4- hydr oxgr ydohex}- ani no) - 1- cyanonet hyl - 3, 4-
di hydropyri m do[ 4,5-d] -pyrimdin-2(1H) -one as a foam Examl|p a 83
gozrrz)oulnd 3-49 1081bi SPRYyaaRINDf 1 benspl-3-td-EiflorbphenDL BORdrLd ON " Of

cl orop

4- hydroxycyg’é’?féﬁ%ﬂ"?ﬂ#’ﬁ%@f"’)@#M@g%ﬁﬁﬁr?eﬂﬂmm’émélﬁg{ﬂfﬂ?‘opyr| m do [4, 5-

d] - pyrimdin-2(1H)-one. -Si-- ~ -Si- t ~f~NNNHOC
HO, N~\O NN Q 15
3- (2 Chl or ophenygi)-- 7- (tr ans- 4-C tyldlnethyI5|Ionxyc xyl am no) -.

3, 4-di hydropyr| nd.dol 4, 5- dj_pyr im (1HheQnse (972 Q, -(prepared as
descri bed in Exa u 1) ’%:s\u pended in hyI 2> yr Mol i'di none (15 nl),
and sodlun1hydr|-- Ziqyn (60@60 N oWas added. The
reaction mxture was @ilr ed\at oom t enp erature for m nut es, net hyl

br onbacetate 20 (0. 190 | ) was added. The- re was stirred for 6
hours. The reaction mx was added to water a

tracted with ethy
acetate, washed with watery WO 01/29042 PCT/ EPOO/ 10088
' 1-Benzyl-3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxy-

5 cyclohexylamino)-3,4-dihydropyrimido(4,5-d]pyrimidin-2(1H)-one was dissolved
in tetrahydrofuran, and tetrabutylammonioum fluoride (1.0 M/tetrahydrofuran, 1.0
equivalent) was added. The reaction mixture was stirred at room temperature for
24 hours, was added to water, extracted with ethyl acetate, dried with magnesium
sulfate, and concentrated in vacuo. The residue was purified by column

10 chromatography on silica gel in 90:10 dichloromethane/methanol as eluant. The
column fractions containing the product were combined and concentrated in vacuo
to give the title compound. The product was suspended in methanol, and
hydrochloric acid (1.0M/Et;O, 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.



136 dried over magnesi um sul fate, and evaporated under reduced pressure.
The residue was purified by colum chromatography on silica gel using

70: 30 hexanW&p@re as eluant. The fracti ons contai ni ngcrEepomsiuct were
conbi ned and evaporated under reduced pressure to give 425 ng of

3-(2-chl orophenyl)-7-(trans-4-tert 5

but yl di nmet hyl si | yl oxycycl ohexyl am no) - 13get hoxycar bonyl net hyl - 3, 4-

di hydropyri m do-[4,5-d)pyrimdin-2(1H) -one as a white solid ((M+H) + 560,

m p. 165. 7-167. 4C. The 3-(2-chl orophenyl)-7-(trans-4-tent

but yl di met hyl si | yJ oxycycl ohexyl 10

am no) - 1- met hox bonyl net hyl - 3, 4-dr | hydr opyri m do[ 4, 5- dhyrim di n-2( 1H) -
one was dissolvedyin tetrahydro aa~and T\?'t"r abut yl anmoni umori de(LOM
1.0 eqU|vaIents) s added, and st ed atoggeNqte 12 hours.
The reaction m as m et er, ‘te [WI h NthyI acet at e,
dried with rragne5| uI d evapm—at opressure. The
resi due was 15 purif edN "d:ol er:hrorrat ography on SI I| a gel using 90:10

di chl or onet hane/ et hanol as eI uant The fraction con ai ni ng the product
wer e conbi ned and evaporated under reduced presgure t® give the title
conpound as a foam This product was di sgpl ved i n net hanol, and
hydrochloric acid (1.0OM 1. 0 equi val ent) vva dded, stirred for 30 m nutes

and evapor at ed under redud#d ssu SI due was stirred with
met hanol / et hyl et her, for‘m |Itere and dried to give 294 ng of
3-(2-chl orophenyl)-7- (tracts xyl am no) - 1-

met hoxycar bonyl - met hyl - 3, 4- di hydr opyri m o- [4,5-dj pyrimdin-2(IH)-one as

a white solid. 25 Examl|lp a 84 Corrpo d 3-53 This exanple illustrates the
preparation of 3-(2-chl orophenyl)

G byl opyr i m do. AR DT e o R R DR8P0/ 10088
137 HO | HO 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-pyrrolidinone (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 iodoacetonitrile (0.167 mg, 1.0 mmol) and stirred at room temperature
for 4 hours. The reaction mixture was added to water and extracted with ethyl
acetate, washed with water, dried over magnesium sulfate, and evaporated under
10 reduced pressure to give an oil. The oil was purified by column chromatography on
silica gel using 25:75 acetone/hexane as eluant. The fractions containing the
product were combined and evaporated under reduced pressure to give 510 mg of
3-(2-chlorophenyl)-7-(trans-4-tert-butyldimethbyl-silyloxycyclohexylamino)-1-
cyanomethyl-3.4-dihydropyrimido{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-cyanomethyi-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-
one (510 mg, 0.97 mmol) was dissolved in tetrahydofuran, and tetrabutyl-

20 ammoniun fluoride (1.0M in THF, 1.0 equivalent) was added. The reaction
mixture was stirred at room temperature for 12 hours, added to water, extracted



NO', | CNfNONNNO O- ~0 OH The

3- (2 chI orophen)|)-7- (trans-4-hydroxycydohexyl am no) - 1-

car bonyhne ‘?ﬁﬁf’%z) di hydr opyri m do[ 4, 5-d] - pyri m di n- 2(1?6:1"8}’1@%("%5 ng, 0.88
5 mmol) (prepared as described in Exanple 83) was suspended in ethanol (5
m.) and to this was added a sol ution of aqueous sodi um hydroxi de (0.85 nL
1.037N, 0.88 mmol). The reaction mxtu¥® was stirred at room tenperature
for 72 hours, then evaporated under reduced pressure to give the title

co {rﬁou n|d/ gs vflﬁi‘ é@l@ﬂﬁfﬂﬂé fsaned e&; d!d@mééﬁfﬁx slﬁlfité Jafd e#dﬁgﬁ:tLdgl dﬁﬁbhfxgdlgﬁed 497

nmet hano I e et ner our I Ive

0F B (9 chl GFORHE R the Bls cntorn sl Shik sk v Pwiediy ool "
hydr oxycar bohydnmbgryphy&nékﬂmwdsmgo'mdmir[rémsﬂadﬁqmp andal asiel@qntHThone as a
whi te solid. O&@%@%&.@%&H@%& rgaﬁgd_m'vﬁm%){@g% £49h¢ Spi[At es the

preparation
4- hydréxycy(ﬂﬂml"}hﬁ)ﬁf(é’)‘ﬂsi‘i'bzﬁw -apino)d-ganpstbl dedrr i mi do [ 4, 5-d] -
pyrim di n-2 dalidhopynfido(48- iR s @ foam.
1-(2-triisopr Opy??sylﬁ yloo[xyecgﬁaﬁ) 3- ( I?h‘ir%r ophenyl) -
7-(trans-4-tert-butyl di nethyl silyl oxycydohexyl am no) -3, 4-di hydropyrim do f
4,5- dJpyrinidin-2(1H)-one. WO 01/ 2904ge RCTTh POOMp088 138 C1 CI  aN .- N
"0 X~ NN NONNNO H.O

Compound 3-49

10 ' This example Hlustrates the preparation of 3-(2-chlorophenyl)-7-(trans- -
4-hydroxycyclohexylamino)-1-methoxycarbonylmethyl-3,4-dihydropyrimido[4,5-
d}-pyrimidin-2(1H)-one.
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15 3-(2-Chlorophenyl)-7-(trans-4-tert-butyldimethylsilyloxycyclohexylamino)-
3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (972 mg, 2 mmol) (prepared as
described in Example 81) was suspended in 1-methyl-2-pyrrolidinone (15 mlL), and
sodium hydride (88 mg, 2.2 mmol (60% oil dispersion)) was added. The reaction
mixture was stirred at room temperature for 30 minutes, methyl bromoacetate

20 (0.190 mL, 2 mmol) was added. The mixture was stirred for 6 hours. The reaction
mixture was added to water and extracted with ethyl acetate, washed with water,



\'S Sodium um hydride (44 ng 1.1 mmol (60% oil dispersion)) was added to a
suspensi on of

3-(2-chl or optieen2bg427- (trans-4-tert - but yl di met hyl si | yl oxy egriepdeanogs

am no) - 3, 4-di hydr opyri m do[ 4, 5-d] pyri m din-2(1H)-one (486 ng, 1.0 mvol) 5
(prepared as described in Exanple 81) in 1-nethyl-2-pyrrolidinone (7 znL),
and stirred at roomtenperature for 25y%g nutes. 2-(|odoet hoxy)
triisopropylsi I ane (328 ng, 1.0 mmol ) was added, and the reaction m xture
stirred at ro erature r 4,hours on was to water
and extract ed ‘hve% AgResium & E{f’g éndmg?féﬁd\%}‘&ﬁ %é‘feéirpmd?ﬁee &“enagnem um
sul fate, and exepoified bylcalurthe chrbfhatogeiphyeah @lﬂmgdmsmgﬂ&S@hmnﬂhmtoaekwl
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chr omat ogr aphy on” Si one exane el'uant and the
fractions cont@mmmmeww&mm&(wﬁpmhmﬂ-bm 4rtetuced pressure to

give 6045ng of, tdgxﬁ%}[’ﬂel?ﬁ _8 é{ﬁh&:ﬂoﬁvﬁfﬁ %arﬁbn@ﬁn&iyl%r@phenyl) 7-

(trans-4-tert oxyc cl ohexyl am nq) g;h dr o- pyri m do

[4,5- 15 djp Idﬂ’BﬁlWPﬁ'l pide -om(qw Mpate s (A5t
PCT/ EPOO/ 1008 f:“? BCPr epar at [ on of
1-(2- hydroxyet 2-chl orophenyl ) - 7- (trans-

4- hydr oxy- rydohexyl am no) - 3, 4 di hydr opyri m do[ 4, 5- deyri m di n- 2( 1 H) - one.
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ope 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 elnant. 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-dibydropyrimido-[4,5-d] pyrimidin-2{1H)-one as a
white solid.

25 Example 84
Compound 3-53

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



2(1H)-one (604 ng, 0.88 mmol) was dissolved in tetrahydrofuran.
Tetrabutydéﬁgﬁﬁyégnfluorlde (1. OMin tetrahydrofuran) was added to t he
reaction 9 and stirred at roomtenperature for YOTEPI1L088 11,0
solution was added to water and extracted with ethyl acetate, dried over
magnesi um sul fate and 10 evaporated under reduced pressure to give the
title conpound as an oil. The residueld3as purified by col um

chromat ography on silica gel using 90:10 dichloronethane, and the

fractions containing the produg re concentrated in vac t o gi ve 145 ny
of 1-(2- hydroxyet hyI) 3- (2 chl o'mnyl) 7- (trans- @m

4- hydr oxycycl ohd ropyri mfd 1H) - one as
15 a foam EurrpLe oynd [3-52 This e arrpl u t te the

preparation of 3-( - 7- (trans 4- 20

hydr oxyrydohexyl ami no -1- I -3, 4-di hydropyrim do[4 pyr| m di n-2( 1H) -
one. is . WO 01/29042 PCT/E O0h10088 140 86.1 Preparatign of ethyl

4- phenyyl am no 2- net hyl t hi O'Byrl m di ne-5- carboxylate N -Ppl "p- | CO2Et
MeS N G MeS N NHPh 5 A mixture of ethyl 4-chloro-2-nethyltbiopyrim dine-5-

b | 15 4 | d ani,l 200 nL of
;g(rat g?(]iyt ?It Fe(m;ﬂg?"l(?%@r%gw})éﬁgﬁﬂf . |ne %ygl%]hg»}ylaﬂn oh%wmﬁlﬁg m xtureovvas

t hen evapor axﬂadnﬁmthel-hﬁdﬂadmmimid%&dimq@maﬂﬁiwhe@%mg,|0c88ac| d were

dded th X
alasﬁedts\(/)\n t hq%&gﬁoﬂaﬁzﬁeg%?ﬁ%rl C %&ﬁegrl e a%pg%\l/egr%gg%gﬁum su?#’lﬂt prase was
filtered andoBysywreddede soitionofaqneoystgdivm hvdrapide (B8? MLi1EE7By  trituation.

Wi t E I1 ﬁ et loegs/hashThe ieectia:h\tﬂxﬂaﬂe was@tifréddfrosth t@ﬁﬂtyimﬂf&fmmhﬁm no- 2-
56, 2 Pr opar JHRSTEFUE BRIRRAMA R =So R Ayt B FPmaan A o thanol
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 illustrates 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-
dJpyrimidin-2(1H)-one.



|.CH2OH.N COP . MeS N NHPh 15 MeS N NHPh A sol ution of ethyl

4- phenyl am no- 2- net hyl t hi opyri rni di ne-5-carboxylate (14.2 g, 49 mol) in
100 nL of t &veeMpe2of uran was added dropwi se to |ithium PETERIPSM hydri de
(1.9 g) in 50 n. of tetrahydrofuran at OC, at which tinme the 20 m xture was
stirred at roomtenperature for 9 hours. The m xture was then cooled in
ice and cautiously treated dropwi se withsgd.3 nL of water, 3.3 nL of 2M
aqueous sodi um hydroxide, 4.4 nL of water and 500 nL of ethyl acetate. The
resulting suspension was filtered through a filter aid, and the filtrate
was concentrated,| Jhe product was filtere d washed with ether to give 7

g of 4-phenylam rjo-2 25 methyl t gi opyri m di nek 5- met hanol ascf sl ghtly
col ored solid, 'rnsp-142 2-143.2 C 1/ 2904 PCTI EPOC)’ 10088 | 86. 3

Preparation of 4- am i opyri e ‘.\-- yde N |
CH2OH | CHO MeS N h
4- Phenyl am no- 2- net Ryt e- 5- net hano ) of was

stirred in 130 nL of dichl oronét hane and treated vvlth nan anese di oxi de (25
g, 289 mmol). The suspension was stirred for 7 hours then filtered, and
the filtrate was evaporated. The residue was trituyat Sd—QNIth 1:3

et her/ hexanes to give 6.4 g of 4-phenylam no-2-m

et hyl t hi opyri m di ne-5-car boxal dehyde as a white soli )—0 m p. 105. 6-106. 2
C. 86.4 Preparation of 5-(2-chlorophenyl)ani nonethyl - 4 phenyl am no- 2-

met hyl t hi opyri ni di $mslivgh hyddde GH4@ng\i. mixnol K696 il dlsirinsidn Swas oB5 A mixture

of 4- pheny! amings2: el B L RBME T isRGs- 25 RE RPN ARNGB R ydohexy
amino)-3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one (486 mg, 1.0 mmol)
5 (prepared as described in Example 81) in 1-methyl-2-pyrrolidinone (7 mL), and
stirred at room temperature for 25 minutes. 2-(Todoethoxy) 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



g, 26.5 mmol), 3 nL of 2-chloroaniline, and 4-tol uenesulfonic acid (300 np)
in 150 mvé(géu;g%uene was heated at reflux with the azeotropi c renoval of
wat er for ‘2. urs. The nmixture was cool ed and filter BHVERMOGIER 6.6 g of
solids. To this solid in 50 nL of tetrahydrofuran was added 20 nlL of

| i thi um al um ni um hydride solution 20 in 1M tetrahydrofuran. After stirring
for 1.5 hours 1.2 nL of water, 1.2 nL 8 15% sodi um hydroxide and 3.8 nL
of water were added to the m xture. The m xture was stirred for 15 mnutes
and filtered and ssashegpamiion uhRhydogiettyp-3-(Bhhlordphérmyt 2 (srapirs trituated
with 1:1 etheg/hexan t I vie f 5:(.2-chloropheny. i nomet hyl -

4- phenyl ani Ehg? SRR agne 34 3&%&“@'&"&%?1‘@”’5‘%{"%* )‘ﬁpﬁ‘.’* 131.1 - 131.5
C. 25 WD 01/29042 PCT/ EP09/10088 142 86.5 Preparation

of 3- (2- chl or ophygnyl ) - 1- net hyl -%—phenyl thi o- 3, 4--di hydro- cpyrifnido j4,5-d
jpyrimdin-2(I&s-ene O C N, “Mg#~N N O MS.N NHPh Ph Sbcool ed

sol ution of 5-($c or oph I 1 pt hy IHOL- pReny| g N
mathylthiopyrim'(Gei nd ®. 2¥nlL of trila'n in{75 nmL of
t et rahydrof uran was_ad e 8.5 nb ofN\phbage ae&dn tol uene) in.

35 nil, of tetrahydroturan. Jhe i xTUr& was stirred at roomtenperature
overnight. Additional 3 osgene (20% i n tol uene) s added to the

m xture. After 10 stirrfﬂgékpr 15 minutes the mxtureowas treated with

wat er and ethyl acetates e phases were separated and the organi c phase
was washed with brine, dfi over sodiumsulfate, filtered and evapor at ed.
The crude product was purified by columm chromat ography using 10: 45 et hyl

acet at e/ hexanes la(Q-ﬁEb@PépylsﬂYlgiw&hﬁ)-Q-(g-cﬂbro%h )-7-(trans-4-tert-

) T W bR b A
Pr epar at i on 2{1H)-pRe (604 oigopdtcimyiol) was distdieed s tehrblypdydfufanphenyl - 3, 4-

di hydropyri rﬂ‘é&%ﬁétyﬁixﬂo%’&ﬂl ﬁhgﬁ& (% .Q)M_ﬂﬂ%%ydroﬁuan) 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
Compound 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.



CLC NN NNMSONNO MS NNO 20 Ph Ph To

3-(2-chl orophenyl ) - 7- et hyl t hi o- 1- phenyl - 3, 4- di hydr opyri m do-

[ 4, 5-d] pyri WQ1/29@¢ 1H) -one (2 g) in 20 nL of tetrahydrof RCHEPMHOIBE was
added a solution of 8.1 g of Oxone(r) in 24 nL of water. The m xture was
stirred for 5 hours at roomtenperature, diluted with ethyl acetate,
washed with brine, dried over 25 sodiunmggul fate, filtered, and evaporated
to give 2 g of 3-(2-chl orophenyl) 7 WD 01/ 29042 PCT/ EPOO/ 10088 143

ot hanes f oy ORS00 4, 5 Bl B 2(1H - one.

mp. 185.8-186.3
3 (2 chl or ophearbpic)late - rret hanesul fonyl -1 phenyl -3, 4- 5 di hydropyrimdo f

5-dJpyrimdin-2(1H)- oneCIﬁ QaTJ. .~- . HJ, & NONNNO Ph
Ph OH A suspensi on of R (8 2%tr ophenyl) - 7- met ha‘d% t-1-pheny| -3, 4-
di hydr opyri m do[ 4, 5; Jﬁo,k i n-2( TA=one™( 0. 212 - am no- 4-

cycl ohexanol (0. 19 38'm_ of 1-nethyl - 2-Me$7T oNj leHﬁlb was heated at

100 C 10 for 2 hours. The nixture was cool ed, treated with 1:2
et her/ hexanes, and filtered. The residue was purified using 10% met hanol

i n di chlr omet haneh mixtyge pethyl ¢-chigra?-methylthiopyrimidine oeadoxsiate 08 ewas t aken up

in 10 nL of egfxnalol) Al hBREN2 Gl ?len%ol APSOOMRES ofHetBhiR e Wiy @il o he
solution for 5 m nut'es, concentrated and treated w tqﬁ@pgef:%\ anol and et her.

The resul ti ngreB temeeriuretor 24 havrse dhe mirtyze was thepieyaporst *ae15 100 ng
of the hydrocklddM skghesas Hydfkchldrid atidkdroddiet €3 ke Yesiftué.t Tl Phasks 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 2 white solid, mp 88.2 - 88.7 °C.

86.2  Preparation of 4-phenylamino-2-methylthiopyrimidine-5-methanol

0
/I:j:co Et - )\’ICH H

NHPh
15 MeS NHPh

A solution of ethyl 4-phenylamino-2-methylthiopyrimidine-5-carboxylate

{14.2 g, 49 mmol) in 100 ml of tetrahydrofaran 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 agueous
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. 142.2143.2 °C.



hydr oxycydohexyl am no) - 1- phenyl - 3, 4-dl ydr opyri m do[ 4, 5-d] pyri m di n- 2( 1H) -
one. Exa 0 Conpound 4-28 This exanple illustrates the preparation
of 3-(2- gﬁ*@rﬂgéﬁ%}nyl )-7-[trans-4- E’C'I‘IEPOII/IO 88

(et hanesul f onyl am no) cycl ohexyl am no] - 3, 4- di hydr opyri m do[ 4, 5-d] pyriniidin
- 2(1H) -one. 25 87.1 Preparation

7- (trans- 4- ami nocydohexyl ami no) - 3- ( 2- cHlor ophenyl ) -1 -

[ 2-(trinmethykilyl)ethoxynethyl]-3,4-di hydropyri m dof4,5-dJpyrimdin

2(1'H) - one WO 01/ 3894 2Prefatation OPh-pREFamidd I riethykRiopyHimidindlsO N N O H

LOY, . Si Mea NH2 T%fd? sol ution of sulfone 11.}’1 .0 g, 887 mvol) in 10 nL
of 1-nethyl L4 WH‘ di none was added 60% sodi um hydride (390 ng, 9.76

mol, mneral oil). }\‘ GHJOWN was stirred for HQt es at room
tenperature and then 5 jtrinet hylsidydgeet hoxy-ngthjfl chloride (1.57 ni,
8.87 mml) was addgés NigBti on was stirrgg NOoqHPgMPerature for 4

hours. To this solution was then added 5.06 g of
trans-1, 4-di am no-cycl ohexane predissolved in 15 m, 1-nethyl-2-

pyrrol kdi none. ThehtodahiheD-Medyli lmm@-r}.&hﬁgﬁgﬁgas%&mrsﬁ -The -
reaction was poured 1nto ?I’.I e and 't he product, extract egwl,n et hyl

acet ate. Thag¥Hsdird’amls ﬂ;‘éﬂP’E? 3ng ap ueﬂé“r%é"‘ﬂh@%“ﬁ xide (3% at ed sodi um
bi car bonat e gaz89 bR Thekukmalsion was stitfed Aeri Hotrsind titdndltefedfar@aheent rat ed in
vacuo to gi | i ght bro ol Lea PUrificatl by.chromat ogra usi ng 2%
met hanol / di ﬁtfa?g oAt o %es‘%tvﬂaﬁﬁo &%‘ﬁﬁi‘gﬁﬁg{'ﬁ%ﬂgﬁ?’gg%ant gave
2.8 g of 7- (tof dphendaminodepethylthdoqyrimidine-5-carboxaldehyde as a white solid, -

am nojp3- (2£h! ByE) - L-[2-(trinethylsil-yl)ethoxymethyl]-3, 4-di hydro
15 pyrim do[nﬁ?Sliag]%gl?fG?mtdi n-2(1H)-one as a pale yellow foam (Mg = 502).
87.2 Preparation 3-(2-chlorophenyl)-7-(trans-4-(nethanesul fonyl am no) -

cycl ohexy| arm no. b4 (refiridchef Sk Shbisphay SRR phimlarknsiphy dr opyr i ni do
4, 5- |

methylthiopyrimidine .
Cl
N7 CHO | NT‘N@
1 G e
MeS” "N~ “NHPh '- MeS™ "N” "NHPh
15 A mixture of 4—phenylamino-z—merhylﬂﬁopyﬁnﬁdiﬂéS-carboxaldehyde(6.4

g, 26.5 mmol), 3 mL of 2-chloroaniline, and 4-toluenesulfonic acid (300 mg) in 150
mlL of toluene was heated at reflux with the azeotropic removal of water for 2.5
hours. The mixture was cooled and filtered to give 6.6 g of solids. To this solid in
50 mL of tetrahydrofuran was added 20 mL of lithium aluminium hydride solution

20 in 1M tetrahydrofuran. After stirring for 1.5 hours 1.2 mL of water, 1.2 mL of 15%
sodium hydroxide and 3.8 mL of water were added to the mixture. The mixture
was stirred for 15 minutes and filtered and washed with ethyl acetate. The filtrate
was trituated with 1:1 ether/hexanes to give 6 g of 5-(2-chlorophenyl)aminomethyl-
4-phenylamino-2-methylthiopyrimidine as a white solid., m.p. 131.1 - 131.5°C.

25



dlpyrimdin-2(1 H-one d C () | ~ ------------ vo-,rO6NNO N N
LO.. SiMe3 LO-~SiMe3 NH2 S.NH 20 9 ~CH3 - -cocoemononin-

----------- WO 0129042 - --------- WD 01/ 29042 PCT/ EPOQO 100%1‘/11}%0% a
solution of 7-(trans-4-am nocydohexyl am no)-3-(2-chl orophenyl)-1-
[2-(trinmethylsilyl)ethoxynethyl]-3,4-di hydropyrimdo[4,5-d)pyrimdin-2(1H)-
one (500 ng, 1.04 mol) in 5 nL of didgonethane were added triethylam ne
(0.29 ni, 0.207 mmol) and a solution of net hane sul fonic anhydride (0.2 g,

2t Toom t erper at ul” {OPPPRLEE Al et 2P o A ¥ ashed
wi t h aqueous pyBtGdl-dipyrilidie2@Hhasee. The organic extracts were

concentrated in vacuo, and purified by chromatography US'Cﬂ 2%
met hanol / di chl or onet hane to 3% et hanol / di chl or o- net hane as pyant to give

292 ng of 3-(2-chl oroph - [trans 4- (et hane 10
sul fonyl am no) cycl ohex -I - [2-(trinmephylsil ylt);ét hipxy thyI ) - 3, 4-di hyd
ro- pyrimdo[4,5- N 2(I H) one as a whi trﬂe$ 581) 87.3

Preparation BN&'% ﬁhenyl) 7-(trans-4- (et hanesuf f ony am no) -
cycl ohexyl am SNL N eropyrl mdo f4,5-d]pyrimdin-2(1I one 15 C N
NNONN HH1I11Z4~ NNONNO

5 - A cooled solution of 5-(2-chlorophenyl}aminomethyl-4-phenylamino-2-
methylthiopyrimidine (6 g) and 5.2 mL of triethylamine in 75 mL of
tetrahydrofuran was added dropwise 8.5 mL of phosgene (20% in toluene) in 35 mL
of tetrahydrofuran. The mixture was stirred at room temperature overnight.
Additional 3 mL phosgene (20% in toluene) was added to the mixture. After

10 stirring for 15 minutes the mixture was treated with water and ethyl acetate. The
phases were separated and the organic phase was washed with brine, dried over
sodium sulfate, filtered and evaporated. The crude product was purified by column
chromatography using 10:45 ethyl acetate/hexanes as eluant to give 2.1 g of 3-(2-
chblorophenyl)-7-methylthio-1-phenyl-3,4-dihydropyrimido[4,5-d] -pyrimidin-

15 2(1H)-one as a white solid, m.p. 79.5 - 824 oc,

86.6  Preparation of 3-(2-chlorophenyl)-7-methanesulfonyl-1-phenyl-3,4-
dihydropyrimido(4,5-d]pyrimidin-2(1H)-one

Cljg I:j
Bees Meso»T b
i

20
To 3-(2-chlorophenyl)-7-methylthio-1-phenyl-3,4-dihydropyrimido-
[4,5-d]pyrimidin-2(1H)-one (2 g) in 20 mL of tetrahydrofuran at 0°C was added a
solution of 8.1 g of Oxone® in 24 mL of water. The mixture was stirred for 5 hours
at room temperature, diluted with ethyl acetate, washed with brine, dried over
25 sodium sulfate, filtered, and evaporated to give 2 g of 3-(2-chlorophenyl)-7-



ald-. SMM3HO~NHO,S,NH o' CH3 O~ CH 3 To a solution of the
3-(2-chl or&p@%‘lﬁ) -7-[trans-4- (et hanesul f onyl am no) - cycl ohexylam no | -

- 2- (t silyl) ethoxymethyl ] -3, 4-dihydropyr W@B""[" 088 _

dl pyrimdin-2(1H)-one (290 ng, 0.5 muol) in 5 nL net hanol was added 4.0 nL
20 of 10% aqueous hydrochloric acid. The reaction m xture was stirred at
40C for 24 hours, and was concentrat ed3i n vacuo. Repeated trituration of
the colorless oil with ethyl acetate gave

3- (2- chl or opiedinyksuifdnyl {1+ sHeaylsb,4-dibiyidp prinddo PH5- A Bpytinndia 2¢1@)-one, m.p.

hexyl am noj - 3, 4-di hydro-pyrirnido[ 4, 5-djpyrimdin-2(1H) -one a white solid
whi ch was cafr&ds y vacuum filtration. 25 WD 01/29042 PCT/ EPOQ 10088
146 TABLE | 7-Hydroxyallrylam no- and 7-Hydroxycycl oal kyl am no-substituted

1-net hyl 3, 4-di hydropyri m do - ri in-2(1H)-one_derivatives CE N N
N .40 H O3 deg‘g? it 4(“(3}“06% i&-%ﬂpn"ﬁﬁg-m%&ngzlfw&ﬁw Hf 1-1 334
Exanpl 6 2  Yikpdiofgrindidéf4 5 pipimidit-2((HBode 3 CH3 HO- 348 Exanple 5 1-4

Nf\/l(\mj<J N7 NKj

o)
— |
OQ\\SJ\\N r'u’L\o_ H\lg"“N r;l’l\‘o
/ Ph : Ph

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 1-methyl-2-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
méthanol 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-dihydropyrimido[4,5-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



HO 253. 8- Exanple 2 255.0C 1-5 HO 364 Exanple 2 HO 1-

HO
Exanple 2 1-7 H3C CH3 H6Z 362 Exanple 2 1-S HO X 362 arrp
01/ 29042 PCWGEARH420088 147 Cpd R np (C) or Method of  WBr/Ekds

e

2
8

l)ms

Preparation 1-9 OH H3C* 362 Exanple 2 1-10 H3C 1 OH 362 Exanpl e
H 1-

H3C HO 378 Exanmple 2 HO 1-12 H3C- " OH 108-130C Exanple 3
199-204C, Exanple 3 OH OH 378 1-14 H3G44 378 Exanple 3

0 N y —_—
NS J§ Moy ey g
o/\,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 (trimethylsilyl)ethoxy-methyl chloride (1.57 mL, 8.87 mmol) was added. The
reaction was stirred at room temperature for 4 hours. To this solution was then
added 5.06 g of trans-1,4-diamino-cyclohexane 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 vacue 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-(trans-4-aminocyclohexyl-
amino)-3-(2-chlorophenyl)-1-[2-(trimethylsilyl)ethoxymethyl]-3,4-dihydro-

15 pyrimido[4,5-d]pyrimidin-2(1H)-one as a pale yellow foam. (MH" = 502).

87.2  Preparation 3-(2-chlorophestyl)-7-[trans-4-(methanesulfonylamino)-
cydohexylamino-1-[2~(trimethylsilyethoxymethyl]-3,4-dihydropyrimido{4,5-
d]pyrimidin-2(1H)-one

$e e

\ J\ ,k —_— \ ’L /k
oNS[Me c)/\,SlMe3
NH, O3 -NH
g TCH,

20

( OH 364
|

2
13

H3 WO
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OH OH 1-15 OH r~ H3C 376 Exanple 2 CH3 1-16 OH 376 Exanple 2 H3 WO

01/ 29042 PCT/EPOQ 10098 148 Cpd np (C) or Method of MS (M| Preparation'
1-17 1.1 °E§§‘ﬁ)l e3 ::; 1-18 39 0 Exanple 2 1-19 oFFfif'ﬂg‘é’?é"‘E&anpl e 3

1-20 OH 388 Exanple 3 1-21 0~ 388 Exanple 2 HO 1-22 CH3 H3C 390 Exanple 2
HO 1-23 H3C CH3 390 Exanple 3 OH The 1C50's of conmpounds 1-1 through 1-23
inthe in vitro p38 assay were | ess 145

To a solution of 7-(¢rans-4-aminocyclohexylamino)-3-(2-chlorophenyl)-1-
[2-(trimethylsilyl)ethoxymethyl]-3,4-dihydropyrimido(4,5-d] pyrimidin-2(1H)-one
(500 mg, 1.04 mmol) in 5 mL of dicloromethane were added triethylamine (0.29
mL, 0.207 mmol) and a solution of methane sulfonic anhydride (0.2 g, 1.14 mmol)
5 in 5 mL of dichloromethane. The reaction mixture was stirred at room temperature
for 24 hours, diluted with ethyl acetate, and washed with aqueous 10% sodium
bicarbonate. The organic extracts were concentrated in vacuo, and purified by
chromatography using 2% methanol/dichloromethane to 3% methanol/dichloro-
methane as eluant to give 292 mg of 3-(2-chlorophenyl)-7-[trans-4-(methane-
10 sulfonylamino)cyclohexylamino]-1-[2- (trimethylsilyl)ethoxymethyl]-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-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one
e
N

_ | .
e s v e

15

c
N 0
Lo~ SiMe, |

O NH O, NH
~ ’ .
¢ CHg O CH,

cyclohexylamino]-1-(2-(trimethylsilyl Jethoxymethyl]-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



than 10. )jM WO 01/29042 PCT/ EPOO/ 10088 149 TABj dE 2 7-Heterocycl yl am no-
and 7-Heterocydyl al | cyl am no-substituted

3, 4- di hydr o¥OM2PER[ 4, 5-d] pyri midin 2(1H) - one deri vati veBCT/ER0ADOSEN "' a
R-NFNN N-~-OR4A R3 5 Cod RLRBR RA nmp (O inple M (M#) 2-1 N~ CH3
2-C H401 2 2-2 CH3 2-d H 415 2 2-3 CH3 2-C H 402 2 of 2-4 "N~ CH3
2-C H 417 2 aJ CH3 2-C1 H408 2 2-5 fy, 2-6 CH3 2-d H 402 2 HNJ ~~
2-7 CH3 2-C H 415 2 WD 01/ 29042 PCT/ CP00/ 10088 150 Cpd R R3 R2 R4 nip (O
Eunple msw) 2-8 CH3 2-CH3 H 212.6-@_}8. 9C 2-9 CH3 2-CH3 H 253- 24

7-Hydroxyalkylamino- and 7-Hydroxycycloalkylamino-substituted
1-methyl-3,4-dihydropyrimido{4,5-d]pyrimidin-2(1H)-one derivatives

e

Cl
N N
l/I\
R,\m)\N/ I}I,&o
CH

Cpd R mp (°C) or Method of
MS (MH") Preparation
1-1
N
HO % 334 Example 2
1-2 §
HO/Y 348 Example 4
CH;
13 CH,
H O/|\/§ 348 Example 5
1-4 §
HOﬁ/ 253.8- Example 2
255.0°C
1-5 %
HO/j/ 364 Example 2
HO
1-6
HO
/\]/\% 364 Example 2
OH
1-7 HsC, ,CHj
H°\><§ 362 Example 2
1-8 %
Hoj 362 Example 2
Hj




253.9C 443 2-10 H2-d H 360 47 O 2-11 CH3 2-CH3 H 410 52 HaN kr()**"
2-CH3 H 230.0- 32 H~tit~iNJ 233.0CC]’L

212 O f/~~
2-CH3 H 2%‘/-’

sizkfier

27 N 397 2-14 (H CH3 2-CH3 H 195-208

Sy

213 OH CH3
88> 15 Cc OB

2-CHs H 195- 28 208.5C 406 N 2-16 CH3 2-CHs H 165-172C 29 410 2-17 CH3
2-C H 412 33 WO 01/29042 PCT/ EP00/ 10088 151 Cpd RL R3 R2 R4 np (C)

Exarrpl e

210. 2- 57

Cpd R' mp (°C) or Method of
MS (MH)) Preparation
1-9 OH
362 Example 2
H3C/K/\§ ple
1-10 HsC §
OH 362 Example 2
1-11 HsC
Ho/j/% 378 Example 2
HO
1-12 e
. o) .
Hac/ki/\OH 108-130°C Example 3
OH
1-13 wan
HaC\_/KI 199-204°C; Example 3
OH OH 378
1-14 o~
Hs ) 378 Example 3
OH OH
1-15 OH
376 Example 2
HaC § e
CHg
1-16 OH
(\/E 376 Example 2
Hy $

MS (M) 2-18 CH3 2-CH3 Q 48¥%B1 Nig H2N N~ H2 0 2-19 H2-d H




H3CN NI.UO 214.4C CH3 458 2-20 r CH3 2-CH3 H 241.6- 30 O N 242.1C 347
OCH3 2-21 F H2-d H 260.6- 55 F~N ~ 261.5C F 455 2-22 H 2-Cl H 207.2- 56
N 207. 7C 41W0 @292~ ~\' ~/\ H 2-C H 229.9- 58 H 2N N JPCHEPIMDMB0 2-24 O
H 2-Cl H 215-219C 59 431 HO 2-25 Doo,, H 2-0 CH3 243.2- 50 .N 243.7C
H3C 2-26 H 2-Cl H 416 52 ~N H2N WD 01/29042 PCT/ EPOQ 10088 152 Cpd Rl R3
RO R4 nmp (C) anple MS (MH+) 2-27 F H 2@ H 441 53 FN-—~/// F

Cpd R mp (°C) or Method of
MS (MH™) Preparation
1-17 3
Q 388 Example 3
HO
1-18 8)
390 2
Hq C\/\/E§ 9 Example
1-19 OH
O_,\\‘g 388 Example 3
120 OH
~§ 388 Example 3
1-21 %
388 Example 2
HO
1-22 CH,
3 le 2
HyC 90 Example
HO. %
1-23 H:C.__CHsz
% 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.



2-28 H2-C1 H 431 68 H3C1,,0aN f The 1C50's of conpounds 2-1 through .
2-11, 2-1 2-24, and 2-28 in the in vitro p38 | ess t han
10 pM 5 %XB@E%%; Het er oal kyl am no- and 7 Betbooiulss
Het er osubsti t ut edcycl oal kyl am no- substituted
3, 4-di hydropyri m do[ 4, 5-d) pyrim di n-2(1H)-one derivatives R2 N N\ N N NO
{[ RARERCpdR RBR RInmp (C pl MPher than H M5 (MH+) 3-1 ~~\ CHs CH3
2-C H 183-235 2 375 CH3 3-2 CH3 2-C H375 2 H2ZN CHs 3-3 CHs CH3 2-CH3
H355 2 ° HZNI -i CHg WO 01/29042 PCT/ EPOO/ 10088 153 Cpd RL R3 R2 R4 np
(0C) Exanple OQher than HMS (MH )35 H3 CH3 2-CI H 361 2 HSC 3-5 Q CH3
2-Cl H 375 3 1ABiE 7

7-Heterocyclylamino- and 7-Heterocyclylalkylamino-substituted

3,4-dihydropyrimido[4,5-d]pyrimidin-2(1H)-one derivatives

S G— A
AL

| °
4 3
5 R R
Cpd R1 R3 R2 R4 mp (°C) [Example
. MS (MH")
2-1 Ol/\/ CH;, 2-Cl H 401 2
2-2 OM CH, 2-Cl H 415 2
2-3 I/\N/\/ CH, | 2- H 402 2
OJ
2-4 (\N/\/\ CH: 2-Cl H 417 2
OJ
2-5 Oy, CH, | 2-C1 H 408 2
0
2-6 j\ CH, | 2-a H 402 2
HN™ NN\~
/
27 CH, 2-Ch H 415 2
N/\/\




H3C H~~. 3-6 CH3 2-CI H 387 2 HZN 3-7 OHCH3 3-C1 H 390 2 H3C V\ 3-8 HzZN
CH3 2-C H363 2 TOH 3-9 a CH3 2-CH3 H 368 21 HO 3-10 CH3 2-F H 371 3

H 362 2 HSC CH3 3-12 HO*~K CH3 2rCrBros/i@82 2 H3C
CH3 3-13 HO& CH3 3-CH3 H2 H3C CH3 3-14 OH CH3 3-A H 376 2 HSC CHS WO
01/ 29042 PCT/ EPOQO 10088 154 Cpd Ri
M5 (MR) 3-15 OH CH3 2-CH3 H 356 2 HSC 3 3-16 CH3 2-F H 372 3 OH 3-17

HO ,r 3-11 WO a@p®43- Cl

CH33 2-CH3 H 368 3 OH

R3 R2 R4 nip {C) EXMPII

G her than H

Cpd Rl 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-C1 H 360 47
Y
2-11 j\/ O/ CH, | 2-CH, H 410 52
N
H,N
2-12 o O/ CH; | 2-CH; H 230.0~ 32
H,CILN 233.0°C
i
o}
2-13 OH O/ CH; | 2-CHs H 250-257°C 27
k/N 397
2-14 OH CH; | 2-CH; H 195-208°C 26
HO_A_N 27
2-15 CH; | 2-CH, H 195- 28
O/ 208.5°C
(ﬁ N
]
N
2-16 O/ CH, | 2-CH, H 165-172°C 29
NP~ 410
2-17 O/ CH, [ 2-a H 412 33
N
NA/




3-18 CH$ 2-F H 372 3 aoH 3-19 CH3 2-CH3 H 368 3 OH 3-20 CH3 2-O H.388 3.
C~~CH 3-2 0 ~O- 2-Cl H 169.7- 41 HO 175. 1C H3C _22 CH3 2-0
H 244- 40%%?9@2480 6N 417 3-23 OH CH3 2-CH3 H 1109. sgcﬁ’g‘l’l"“ﬂ@“" 21.8C CH3
358 3-24 L4H2 CH3 2-C H 387 3 WO 01/29042 PCT/ EPOO/ 10088 155 Cpd R R3
RRRA mp (C) . pl Oher than HMS (M) 3-25 NH2 CH3 2-C H 387 3 3-26
.~ 2-C H471 37 HONO 3-27 H3C 2188 H 473 38 HsC~/N~/\ Ho 3-28 OH
CH3 2-d H 203.1- 6 HO 204.1C H3C CH3 392

Cpd R1 | R3 R2 R4 mp (°C) [Example

MS (MH*)

2.18 | CHs | 2-CH, j)\/ 487 31
N, H,N

HN"0
2-19 H 2-Cl H 210.2- 57
Hsc\Nj\/:\O/\ 214.4°C
|
CH, 458
2-20 ~ CH, | 2-CH, 'H 24L.6- 30
o) N . 242.1°C
I - 0
OCH,
2-21 E H 2-Cl H 260.6- 55
Fvi\/l\o/\ 261.5°C
F _

455

2-22 O/\ H 2-cl H 207.2- 56
N%N ; 207.7°C

412

2-23 j\/ O/\ H 2-Cl H 229.9- 58
N 232.2°C
H,N

430

2-24 o O/\ H 2-Cl H 215-219°C | 59
HO)I\/N 431
2-25 H 2-Cl CH, 243.2- 50
Y
H,C”

2-26 O/ H 2-C1 H 416 52




3-29 " .HC2-d H448 60 3 HO 3-30 H3C 2-C H 445 39 N HO CHs 3-31 r%
H3H3 2-C H 487 61 H3CQN 1 HO H3C CHs 3-32 0 2-A H 459 43 H3C Ho a CH3
3-33 H CH3 s0HRe2372 23 HO H3C CH3 WO 01/ 29042 PCT/ EPeOTt/teiaass 156 Cpd

RLR3 R2 R4 np (C) np OtherthanB M5 (MH) 3-34 QH CH3 2-C H --- 3
H3G~-,C OH 3-35" H2-O H471 62 HO CH3 3-366 2-C H 417 62 HO N CHs
152
Cpd R1 RS | R2 R4 mp (°C) [Example
MS (MH")

2.27 E H 2-Cl H 441 93
m@”
F

2.28 H | 2 H 431 68
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 uM.

5 TABIE3
7-Heteroalkylamino- and 7-Heterosubstitutedcycloalkylamino-substituted
3,4-dihydropyrimido[4,5-d)pyrimidin-2(1H)-one derivatives

(3=

N/Y\N
Fv\NJI\N/ N/&O
| |

R4 R3
Cpd R1 R3 R2 | R4 |mp(c) [Exampld
Other than H MS (MH")
3-1 H, CH, 2-Cl H 183-235 2
HN 375
CH,
3-2 H, CH, 2-C1 H |[375 2
H,N
CH,
3-3 CH, CH, 2CH, | H |355 2
HaN/\k\
CH,




3-37 2-C H 431 43 H2N']1 pv' HO 3-38 CH3 2-Cl CH3 416 14 H3C 0 a 3-39 .
CI—I32-0H‘§}8§%9%4 H3C. O 3-40 ra CH3 2-C H 446 15 3-41 2-a H 430
16 H3C OVOAY¥?M2 3 5 0 H 4:28 13 0 343 CH3 2-C HPE'HgP“?I1“"f8 cTJ' OH
207.8C 402 WD 01/ 29042 PCT/ EP00/ 10088 157 Cpd Rl R3 R2 R4 np (C) EXWPIC
Other than HMS (Mr) 3-44 ,/~,,,~ " CH3 2-0 H 462 17 HO -r' O-~J{ OH 3-45
CH3 2-0d H 164.1- 8 00"' 168.1C co 4363 3-46 ~ CH3 2-q H 233.4- 10 O
236.3C 386 3-47 CH3 2-d H 148.3- 9

Cpd RI R3 R2 | R [mpec) [Exampd
Other than H MS (MHY)
34 GH, CH, 2a | H 361 2
RGN
35 j)\ CH, 2l | H 375 3
HC™ N

3-6 /O/ CH, 2-cl H 387 2
HN
3-7 OH CH;, 3-Ct H 390 2
HSCV\/E

3-8 H,N CH; 2-Cl H 363 2
3-9 ) /O““‘ CH, 2-CH; H 368 21
HO :
3-10 : R CH; : 2-F H 371 3
3-11 CH: 3-Cl H - 362 2
HO ’
HC CH,
3-12 CH 2-CH. H 342 2
HO ? ?
H,C CHG
3-13 CH, ' 3- H 2
% N
HC CH,

3-14 OH CH, 3-Cl H 376 2
”°°Y(

CH,




O 0263.7C HO 488 CH3 3-48 N \ 2-d H 218.5- 81 ~ 221C HO 464 3-49
e 2-C H212- 83 % H3C215C HO 446 3-50 33 2-q H 181.0- 11 HORN
225.0C 401 WB@29@2q H 277.6- 86 \ 279.1C HOU 1 ~ 3- 53PCT/EPIA@SS H 230- 84
a Ho~ 240C HO 432 WO 01/29042 PCT/ EP00/ 10088 158 Cpd RL R3 R2 R4 np (C)
Exanpl e OtherthanH M5 (MH*) 3-54 CH3 2-Cl H >300..C 12 456 NN O

154
Cpd R1 R3 R | R4 |mpee) Fmpld
. Other than H MS (MHY)
3-15 OH CH, 2CHs | B 356 2
H,C.
CH,

3-16 O“\\ CH3 2-F H 372 3
“OH

3-17 o CH; 2’CI{5 H 368 3
: “OH

3-18 CL CH, 2-F H 372 3
OH

3-19 @\ CH, 2-CH, H 368 3
OH

3-20 CH; 2-Cl H 388 3
OH
3-21 CH 2-C] H 169.7- 41
\/Ka chl\o
HO ~ 175.1°C
HC o
464
3.22 CH, Q0 | H 2A44- 0
"iO\/t 'lql' é 24800
N 417
3.23 OH CH, 2CH, | H 119.3- 2
H O\A‘.\“\ 12 I.BDC
CH, 358
324 NH, CH, 2t | H 387 3




3-55 2-0 H 130.8C 82 HO 413 3-56 2-Cl H 96.6- 85 122.8C HO 418 3-57 CH;
2-Cl H 26 264AC H3C~IPN O 3-58 o CH3 2-C 43 \ g!~
225C . 110386'0"#38 0 3-59 C% 2-Cl H 247- 18 255C HzZN I_[Ség&‘gg“ﬂ% H 130-
42 F 133.5C HO F 456 The 1C50's of conpounds 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 as were less than 10 M 5 WO
01129042 PCT/ EPOO 10088 159 TABLE 4 7- Het eroal kyl am no- and

7- Het er osubisgpd ;’t edcycl gal kyl ai nj no- sghstituf egy R4 |m (,C) Enmple!
3, 4-di hydropyrinfi do[ 4, 5-d] pyrim fdin 2(1H) -one derijati V eg s R2
Other than H MS (MH")
325 NH, CH, 2-Cl H 387 3
\\‘\\
3-26 ,O‘,\-\\ k‘ 2-Cl H 471 37
HO N
3-27 O Ko H:‘Cﬁ 2-Cl . H 473 38
Cc N
HO HC AN
3-28 OH CH;, 2-Ci H 203.1- 6
HO\/S( 204.1°C
H,C CH, 392
3-29 S 2Ccl . { H 448 60
O w7
HO
-30 -l H 445 39
G A R A
]
HO CH,
3-31 ’O‘\,\.‘ s H, 2-Cl H 487 61
HO' Hsé CH,
3-32 - (o} 2-cl H 459 43
| SO |
HO [
CH,
3-33 H CH, 2CH, | H 372 23
HO
CH,




NNR,, N\N40 111 4 HCpd RL R2 R4 nip (C) Exanple M (MY 4-1 HO CH
2-C H44 s HO 4-2r. 2-q H193.7- 73 1 1 194.5C HO\// 375 4-3 HO2
2-Cl H 170-W1Be480 CH3 4-4 OH 2- H 161-172C 63 HO ~. PCTZE®0ZHM8 CH3 4-5
,,~ 2- H214.0- 74 CH3 217.5C HO w/ 4-6 OH 2-q H 123-129C 45 HO _ ~ 364
CH3 4-7 HO 2-q H 348 4 H3C CH3 {i WD 01/ 29042 PCT/ EPOQ 1008 160
156
Cpd R1 R3 R | R |mp(o) pmmﬂ
Otherthan H MS (MH")
3-34 OH CH, 2cl | H 3
H,C
OH

3.35 ,O° 2-Cl H ian 62
o 3
N‘CH

3-36 o Hj 2-Cl H 417 62

HO :
3-37 O.«\“ j\/ 2Cl H 431 43
HO HN

3-38 /O‘\\“‘ CH; 2-Cl CH, 416 14
HCug

3-39 /O,s\“‘ CH; -l H 402 14
HGxg

?Hs CH, 2-Cl H 446 15
Cr
o)
3.41 /Oo CH; 2-Cl H 430 16
H,C” 0
3-42 o CH, 2-Cl H 478 13
Hzcv\ o

343 CH; 2-cl H 203.7- 7
OH 207.8°C

402

3-40




Cpd RO R2 R4 np (C) Exanple MS (MH) 4-8 2-O H 167-1785C 46 HO 373 4-9.
HO 2-d H 4-10 HO'-1 2-Cl H 334 4 CH3 4-11 2-C _H - -- H3CO 4- 12
H2-d H 1@8?‘@"? H 3 184.5C OH 4-13 2-C H >300C 76 Pg%mﬁ‘Tgﬁ“sﬁ&c O 4-14
2.Cl H 249.9- 48 ~OH 250.1C 374 4-15 .~ 2-C1 H >300C 75 n ~ 402 O O 4- 16
2-Cl H 241.8- 49 pH 242.4C 387 4-17 2-C H 2083- 54 HO 217.90C 388 WO

01/ 29042 PCT/ EPO0/ 10088 161 Cpd Rl R21% np (C) Exanple NB ( NHH)

Cpd Rl R3 rR2 R4 mp (°C)  [Example
Otherthan H - MS (MH*)
3-44 Oﬁ“\ CH: 2-Cl H 462 17
OH
3-45 CH, 2-C] H 164.1- 8
o) e
O 430
3-46 CH, 2-Cl H 233.4- 10
Q/ 236.3°C
O i
386
3-47 CH; 2-Cl H 148.3- 9
O\O/ 263.7°C
| HO O 488
CH,
3-48 o 2-Cl H 218.5- 81
_ ©/\ 221°C
HO
464
3-49 o 2-Cl H 212- 83
HC~ j\/ 215°C
HO o
446

3-50 CH, 2-Cl H 181.0- 11
HO\N/ 225.0°C

401

3-52 - 2-ql H 277.6- 86
279.1°C
HO

3-53 ,Oﬂ“\ J?\/ 2c | H | 230 | &
240°C
HO HO

432




4-18 2-0 H 271.1-272C 51 HO 4-19 2-Cl H shrinks 67 HOL,):~ 171C bubbles
181C 388 4-20 Oo  2-C H >260C 77 H3C ~ 432 O 04-21 ~" 2-Cd H
267-267. 6C "0 01psM@2 H2N O 4-22 ,~ 2-C H 269-271C 79 HyCrreddiooskl O 4- 23
2-Cl H 204.0- 72 210.0C 372 4-24 2-C H 173.6- 71 Co O 189.7C 416 4-25
2-C1 H >300C 69 "C 373 H2N 4-26 2-Cl H 235.5-237C 70 HSO ~% N. 0000 373
H3C 0 WO 01/29042 PCT/ EPOO/ 10088 162 Cpsp R R2 R4 mp (C) Exanple

Cpd Rl R3 R2 Rt | mp(°C) lExxmplq
Other than H MS (MHY)
3-54 CH, 2-Cl H | >30°c | 12
N
‘ 456
N
6]
3-55 ’O@“ N 2Cl H 1308°C | 8
HO ) 413
3-56 > 2-C1 H 96.6- 85
HO N
122.8°C
HO
418

3-57 P CH; 2-C1 H 263.3- 19
Hacf?(‘m (:I/ 2644°C
0O
3.58 0 CH; 2-C H 221.8- 20
HSC\N/%’\ \\‘U 225°C
N LS

3-59 CH, 2.0 H 247- 18
\“O/ 255°C
H,N

3-60 o L F 2 | H | 130 | &
O A 133.5°C
HO

F
456

The ICsy’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 pM.



M5 (MH) 4-27 HO m 2-d H334 4 iCH3 4-28 2-Cl H292.8- 87 ~OH3C N .
293.2C O e | C50's of conpounds 4-1 through 4-8, t hrough 4-28 in
the in vi t‘?g%"ﬁ%_% assay were less than 10 M 5 Ei papl e §§T’%F| POOPes o p38 MAP
ki nase inhibition 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 actidPty of conpounds of this invention
in vitro was determ ned by nmeasuring the transfer of the y -phosphate from
y- 33P- ATP by p-38 kinase to I\/yel i NTBBEE £ Protein (I\/BP) -:using a mnor

nodi fication o ho ed .

266: 4220- 4227 %fgfé“f dﬂﬁ%‘“ﬂ% ‘%?P%}'ngf‘%‘&?%}?’rﬂ"g “E‘é‘g‘bL‘ﬁ%hnant p38 MAP
| dnase was co- expﬁas&hudmpmﬂﬁ[&s-d]@mwz(ﬁm-@e&‘n?anvéssee, Khokhl at chev,
et aL, J. BioL Chem 272:11057-11062 (1997 and then purified by affinity
chromat ography using a N ckel colum. 20 i
was diluted in kinase buffer (20 nM 3-

pH 7.2, 25 nmM A-glycerol phosphg <
gl ycol - bi s(bet a- am noet hyl gt her|) - u, N, N]J_ N -tetraacetic acid, 1 nM WD

01/ 29042 PCT/ EPOQ 10088 163 ™ppdipmh O¢vanadate, | mMdithiothreitol, 40
nmM nmagnesi um chl ori de). Test Icorrpounij| di ssol ved in DVSO or only DVSO
(control) was added and the sd&fpl es

no) pr opanesul foni ¢ aci d,
yI ene

Cpd R2 R4 mp (°C) Example

MS (MH")
2-Cl H 44

42 o 2-Cl H 193.7- 73
: Q 194.5°C
HO

© 375
4-3 2-Cl H -185,5° 80
HOzc/Y 170-185.5°C
CH,
44 OH 2- H 161-172°C 63
HO\*(\\“\‘ C}Ii 344 :
CH,
45 o 2- H 214.0- 74
O CH; 217.5°C
HO®
4-6 OH 2-Cl H 123-129°C ]
HO\Ar\““ 364
CH,
47 2-Ci H 348 4

HO
H,C CH,




were incubated for 10 mn at 300C. The kinase reaction was initiated by the
addition of a substrate cocktail containing MBP and y-33P-ATP. After

i ncubating Wdav29a additional 20 min at 30C, the reacti eoraes/mnessn nat ed
by addi ng 0. 75% phosphoric acid. The phosphoryl ated MBP was then separated
fromthe residual y- 33P-ATP using a phosphocel |l ul ose nmenbrane (M1 Ii pore,
Bedfrod, MA) and quantitated using a sgntillation counter (Packard,
Meriden, CT). 10 Exanple 89 In vitro TNF-a inhibition assay This exanple
illustrates _vitrgo assay-to evaluate the inhibition LPS-, i nduced
TNF-a productiGed [in THPRIcells. 15 Rhe qbiBdity of mpF€) conpobmuigle of t his
invention tojinhijbit the TNF-a.reljease jwas detf é?’% usijng a nor

nodi fication{ of tjhe nmethods descrilbed im Blifeld Transpl ant ati on,
51:498-503 ({1984)]. 20 (ayJnpducti qre-of TNFRHbI osym;hmg»@. [Hes 1 cel | s were
suspended inj cul tfure rre [ RPM |(G bc¢-BRL, [Gail thersburg,

contai ning 1% f gt al ypowiae serumj 0. 02 M 2-merca5f3o- et hanol ], at a
concentratiop—of 125 x 106.cells and en plated in 96 well late (0.2
mL aliquots § r-®dch wed est cqi@gdunds Bere |di s8¥ ved ijn 3DMSQ and t hen
25 dil ut ed th tlhe cul tule mediuf such|that the final DMBO concentration

was 5% wenty flive L g1 quots off test{solutiodn or only nediumw th DVSO
(control) Were gdded ta h well|. Thejcells re incubated forf 30 mn.,
at 37 C LPY (Sidma, St. Llouis, MO was$ added jto the wellls at final
concentration 4aﬁ O.S*i+ . and g¢eldis |weme incubaied fon an additional 2
h. At the end of |the incufati on pgriod, |culture WO 01/ 29042 PCT/{EPC9/ 10088
164 supernat nts jwere col ted and thejamount lof TNF-a present

determ ned g an S ay 45 _&Aestriped et ow,_ (b)) ECI,SA Assay: 5 The
armount  of hurnam1 'INF‘:’&bL)\r%se t was ec'?er i nrgd byl a specifig¢ £r apgisng ELI SA

assay usin vvo nti-I nti bodi es (2TNF- H12 and 2TNF- H34
y g gnti JhF~g-anti bodies (} )
4-12 HC | 2-C1 H 1774~ 3
184.5°C
OH
413 j\ 2Cl H >300°C 76
HC 0/( j 416
4-14 2-Cl H 249.9- 48
G OH 250.1°C

374
4-15 o 2-Cl H >300°C 75

o7 >0 402

4-16 2-Cl H 241.8- 49
2424°C
387

o
4-17 /O/\ 2-Cl H 208.3- 54
HO

217.9°C
388




described in Reimund, J. M, et al. GJT. Vol. 39(5), 684-689 (1996). :
Pol ystyre 9 -wel | pI ates were coated with 50 | per well of antlbody 10
2TNF- H12 | 0"(210 g/ L) and incubated in a humdified PCHERMAM8E: 4" oC
overni ght. The plates were washed with PBS and then bl ocked with 5%

nonfat-dry mlk in PBS for 1 hour at roomtenperature and washed with 0.1%

BSA (bovine serumalbumin) in PBS. 196FNF standards were prepared froma
stock solution of human reconbi nant TNF-a (R&D Systens, M nneapol is, MN).
The concen{TarIom of U Standar ) ”ﬁm Fg M. at fol | owed
by 6 half lfog serial diTutions. Twentyi{five pYy a gﬁbts q bove
cul ture supernatants or TNF standards {20 or dniwsgemeel um ) were
m xed W t h 25—pt—att+guot-sof—bretiiyipted 2TNF-H34 (2
Wil in PBS|chH A n| ng 5BsA) 4ddt hen H_ addedl14878Gch he sanpl es
were incubated {o room errper ature with gentle and then
washed 3 tines MtH"Cb 1% BSA in PBS. 50 | of strept vi di n
(Zynmed, S. [Sap Franciscg A) solfyglg onfcant al Ml NGudakA 106 0. gF N
per oxi daseq{strept avi di d 0.1%BSA i p PBS was qgfigd t o leach The
sanpl es re i pcuthd Or an additiopal 1 hr om t gnper at re and then
washed 4 tifnes [with 0 1% BSA i n|PBS. Fifty L |of bdblshenylienedi ai ne
solution (1 .9/ LrL 0- phenyl ene-difam nefand 0. 03 Y%sf¥gdr ogen pero |de in 0.2M
citrate bufffer pH 4.5) was added to eqach well ang t he scrrpl es
i ncubated ifn_the dark for 30 m'n . at B0 roomjte %srature. Qot i I den5|ty
of the sanpl ezoaﬁd the ref Werk readiat 450>z60°c | \NO701120042
PCT/ EPOO/ 111088 0 mm regpectively. TNF-a llevel s re
deterrrinedfrom r atlng the pptical [den 2ty at 1450 nmto the
concentratijon U>ed The | C50 val lie was|defined as the cofcentraltion of the
test conpoymgy; COI’I'e aryg T f mg:U g 450 nm-
absor bance| am E%Jexanpl r?lll st r at eg| g’fﬁ% ¢/| vy assay| to eval uate
t he inhibifion OfHk nduced TNF-& productiomisin mge (or frats).
4-22 j\ ,O“ 2-Cl H 269-271°C 79
HC o _' ' 431
H
4-23 2-Cl H 204.0- 72
o)
372
4-24 2-Cl H 173.6- 71
(?70/ 189.7°C
O 416
4-25 O/ 2-Cl H >300°C 69
AN 373
4-26 2-Cl H 235.5-237°C 70
N¥es
N/ﬁ‘N“‘ 373
s 0O
H,C




The abil.ity of the conpounds of this invention to inhibit the TNF-a

rel ease, in vivo, was determ ned using a mnor nodification of the nethods
descri bed | nWOd®2%43 bed in Zanetti, et. alL, J. |nmunolL, 148cTa®018092) and
Sekut, et aL, J. Lab. 15 din. Med., 124:813 (1994). Fermal e BALB/c m ce
wei ghing 18-21 grans (Charles River, Hollister, CA) were acclimted for
one week. G oups containing 8 mce each jggre dosed orally' either with the
test conmpounds suspended or dissolved in an aqueous vehicle 20 containing
0. 9% sodi um chterree—0—5%-sedi-uearboxyrethy—eceltHese—0-4%
pol ysor bat e 80,09d 9% benz;ﬂ1 al cohol { (B@MC VeRtcl e)| omp 6@ y veHixamsrle|( cont r ol
group). Aftgr 30imn., the mce were in]ected mhrsgﬂﬁxltmeally with 20 1g
of LPS (Sig St L oui s M) . Affer 1.5 h, th sacri fli ced by
CQ2 i nhal ati dn4dhd bl *  harvegied py Rardijocepesi s. | Bkood |was
clarified by centrifugatioEHat 15,600 X g for 25 5 mn., apd serd were
transferred tlo dean tubes and frozen at }20C untjil| anal yzegd for [TNF-a by

ELI SA assay ({Biggaurce |nt‘i? | ongl,_cy Caang 1 10,[ Chj, 4 Of TOW g tfle

manuf acturer'|s prctocoL0 under st oofd t hat tlhe exanpl ef and gnbodi nents
descri bed 30 |herei | | ust fative| purposds BAFY and|that \arious
nmodi fi cationg or chH"ng@s in light{therepf wll |be mggest bd to _Hersons
skilled in the—art—antd—are—to—be+hctuded—w-thtn—the STt atreh prVi ew of
this application and scope of the appended clains. WO 01/29042

PCT/ 19P00/ 10088 1Qﬁelégpg5§orl,ﬁu‘ﬁ,d§9m§g§héﬁ ERIERuERABSIBH AP OF

conpounds represented by for
P38 assay were less than 10 uM.

5 Example 88
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-33P-ATP
by p-38 kinase to Myelin Basic Protein (MBP), using a minor modification of the
method described in Ahn, et al., J. Biol. Chem. 266:4220-4227 (1991).
15
The phosphorylated form of the recombinant p38 MAP kinase was co-
expressed with SEK-1 and MEKK in E. Coli (see, Khokhlatchev, et al., J. Biol. Chem.
272:11057-11062 (1997)) and then purified by affinity chromatography using a
Nickel column.
20
The phosphorylated p38 MAP kinase was diluted in kinase buffer (20 mM 3-
(N-morpholino)propanesulfonic acid, pH 7.2, 25 mM fB-glycerol phospl;ate, 5 mM
ethylene glycol-bis(beta-aminoethyl ether)-N,N,N’,N'-tetraacetic acid, 1 mM



the subscript nis an integer of fromO to 3; R is acyl, heteroal kyl

opti onal | tuted aryl heteroal kyl, heteroalkenyl kynyl ,
heteroalkémN§$§3% het er osubbst i t ut ed cycl oal kyl , ﬁ&&%ﬁ%@ﬁ%stituted
cycl oal kyl al kyl heterosubstituted cycl oal kyl - alkenyl, het er osubsti t ut ed
cycloalkylalkynyl, het er oal kyl substituted cydoal kyl, optionally
substituted heterocyclyl, optionally 36bstituted heterocyclylalkyl,

optionally substituted het erocyclyl spiro cycloal kyl, -(al kylene)-C(O) - Rat
or - ( het er ogldiith enkg-visadite R’ meﬁthMtﬁfe&b];lmﬁMmhgne&hbydhlorﬁa) Gabtkyl , ami no,

s | e g AR DSORGB g e >
SUDSL i LUl 0Chya ea@hd 810 o006 Thoiile saicias iniGab oy ¥ subst | t ut ed

het er oaryl tionall substltuted 20 heteroaral k hydroxy, or al koxy; Ra
i s each |nd€4§§?ﬂ!@ftals strptecaektaibrontainingMBP and y13§Pﬁ§1PoAﬂ%mev Betingy| or vinyl;

e R R p B SRR SRR g ot om

subst i t ut edph@pldriRakidl The phasphorglatd MBI wixthérd s¢phrshed ﬁeﬁaﬁé teyidual 35
cycloalkenyr gtlonallg substi t ut ed cycloalky Sgé% hanaIkyI
cyanoal | cyl 33PaTB ngngwphisphecelinloss aesmbiryrie (Millipeze ot Ma

cydoal | cyl aénka\b'tmtélﬁisﬁ{ Q%L&Mﬂaﬁéh%&ﬁﬂt&ﬂ(?@l&ﬂ&cmﬁh&b{br opt i onal ly 111111fI
trarinr e 1111 lllllf M's + WD 01129042 PCT/ EPOQ 10088 167 substituted

het erocycl yl, optionally substituted heterocydyl al kyl,
- (al kyd ene) - C(O) R31, or -(heteroal Bxanlefd C(O) R31; wherein: R3' is alkyl,

hal oai kyl , hydroxy, al koxy, amn n ugst ituted 5 am no, disubstituted
ami no, optional |y subst|tuté€13¥§g%£3§é24@$¥$§ﬁﬁlIy substit uted

cycl oal kyl al kyl, optionally substituted aryl,

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

15
The ability of the compounds of this invention to inhibit the TNF-c.xrelease
was determined using a minor modification of the methods described in Blifeld, et
al. Transplantation, 51:498-503 (1991).
20 (a) Induction of TNF biosynthesis:

THP-1 cells were suspended in culture medium [RPMI (Gibco-BRL,
Gailthersburg, MD) containing 15% fetal bovine serum, 0.02 mM 2-mercapto-

ethanol], at a concentration of 2.5 x 106 cells/mL and then plated in 96 well plate
(0.2 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 uL 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 pug/mL, and cells
were incubated for an additional 2 h. At the end of the incubation period, culture




optionally substituted aral kyl, optionally substituted heteroaryl, or
optionally substituted heteroaral kyl; and R4 is hydrogen, al kyl, or

- (al kyl ene. )wG@Ram42 10 and an i ndividual isomer, a racen ECTEPIICINSLACEN C

m xture of isonmers, or a pharnmaceutically acceptable salt thereof. 2. A
conmpound according to claim1, wherein R is aryl, heteroal kyl, optionally
substituted aryl heteroal kyl, heteroal kegy4, heteroal kenyl, heteroal kyl- 15
carbonyl, heterosubstituted cydoal kyl, heterosubstituted cycl oal kyl al kyl,
het er osubstituted cydoal kyl al kenyl, heterosubstituted cydoal kyl al kynyl ,

het er oal ky! suisepernainsewers eollsetedand thersmoust of TNF-gupsesentiwss detenmingd ocycl yi |

optionally s | r&&%»g |, optionally substituted
het er ocydy!l s%?‘?%%%‘g%‘%y 8 - la%dkﬂoéwhe) -C(O-R1l'" or
-(heteroal kylene)-C(O -R'; wherein: 20 R' is al kyl, hal oal kyl, am no,

nonosubstituted ampy)o, EliiSARshy.t uted am no, optionally substituted
cydoal kyl, opti ongﬁ)y substituted cycloalkylallryl, aryl,  _optionally
a 1

substituded aral kyThe apeynsafima ¢ present Wapdataminedpy a s
substituted h oaral kyl . _hydr oL al k und in
accordance w ﬁrﬁréla&f%“fx%wod%%%?%beoﬁgf%fﬁgz%Hiy rog']enlg 4. A conpound

i n accor dance deictibedGh Rieimuindpl M et aInGUT. Wdhe3964)684-683 (1986). i nt eger of from 1

to 2, and each R2 is independently halo or alkyl. 30 5. A compound in

accordance with Claim4, wherein -(R2)n represents 2-halo or 2,6-dihalo. |

|~"1 11 CL WO 01/ PolgstteiROB-kdi(ldtésORB oate b &ith 50 Al prowglbefagtibedyaccor dance

with Caim4, wherein %RZ? " represents 2-nethy] g A corrpo&épd I n

accor dard®e wi ZANErR]Zin PBS {100g{mby) end iperbated in sburidified chambepafd'C o) |y |

hal oal I ryl, Olgubiais8f OfleloHtes wire whsked WRABY ahd iR BREKEAVGE 3% hénfid-dym 7,

wherein R3 |snrl%<<1ro%§?, . .
in PBS for 1 hour at room temperature and washed with 0.1% BSA (bovine

serum albumin) in PBS.

15 TNF standards were prepared from a stock solution of human recombinant
TNE-0, (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 UL 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 pg/mL in PBS containing 0.1% BSA) and then
-added to each well. The samples were incubated for 2 hr at room temperature with
gentle shaking and then washed 3 times with 0.1% BSA in PBS. 50 ul of peroxidase-
“streptavidin (Zymed, S. San Francisco, CA) solution containing 0.416 pg/mL of
25 pperoxidase-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 uL of O-phenylenediamine solution (1 pg/mL O-
phenylene-diamine and 0.03 % hydrogen peroxide in 0.2M citrate buffer pH 4.5)
was added to each well and the samples were incubated in the dark for 30 min., at
30 room temperature. Optical density of the sample and the reference were read at 450



al kyl or heteroal kyl. 10 9. A conpound in accordance with Claim7 or. Claim
8, wherei hydrogen or nmethyl. 10. A conpound in accordance with
Caim?7, ¥ Fﬁ’éoﬁz% is 2,2,2- trifluoroethyl. 15 11. A FRGIRS8UNGS;
accordance with daim 7 or Claim 8, wherein e is heteroalkyl. 12. A
conpound in accordance with daiml or daim2, wherein R is 20

het eroal kyl, optionally substituted al$¥heteroal kyl, heterosubstituted
cydoal kyl, heterosubstituted cycloallrylal kyl, heteroal kyl substituted

ccloakl bstituted
y 1 ky Taﬁkgpﬁf’ﬁé}’res g@ggomlm Wre xtdeﬂme@ﬁ%mtg&ﬁm tingSUPSt It U

het erocycl yl a n accor ance wth CTarm1l erein R

i s opti onal thy op@l density #1450 por th theasopeentrytion used. A conpound i n accor dance
with Claim1l13, wherein R is hydroxyal kyi. 30 15. A conpound in accordance
with Caim14, wherein met h s methyl and nis | or 2.

;

i 1t1 f11111111%ﬂ‘£§0jal‘131v|i%93§!“§ av@emezg%wnpéﬁeémeﬂ 169 16. A

conpougd i n, 0%%91% § hik! Akl W86 £hAbddrbdnge. Net erosubstituted
e hon

cycl oal kyl . npound 1N acco nce wt h alm 16, wherein R2 is halo
or 5 nmethyl, eis nmethyl and nis 1 or 2. 18 A conpound in accordance with
G aim17 wherein R is hydroxycycl ogkdipleodO0 19. A conpound in accordance
with Caiml2, wherein R is optionally substituted heterocydyl or
optionally substituted heterocydylal kyl. 20. A conpound in accordance with
Cl ai m 19, wher eiThifBampletithistrates an in vivo assay to evaluate the inhibition of LPS-

10 induced TNF-o. producﬁon in mice (or rats).

The ability of the compounds of this invention to inhibit the TNF-ct release,
in vivo, was determined using a minor modification of the methods described in
described in Zanetti, et. al., J. Immunol., 148:1890 (1992) and Sekut, et. al., J. Lab.

15 Clin. Med., 124:813 (1994).

Female BALB/c mice weighing 18-21 grams (Chailes River, Hollister, CA)
were acclimated for one week. Groups containing 8 mice each were dosed orally
either with the test compounds suspended or dissolved in an aqueous vehicle

20 containing 0.9% sodium chloride, 0.5% sodium carboxymethyl-cellulose, 0.4%
polysorbate 80, 0.9% benzyl alcohol (CMC vehicle) or only vehicle (control group).
After 30 min., the mice were injected intraperitoneally with 20 pg of LPS (Sigma, St.
Louis, MO). After 1.5 h, the mice were sacrificed by CO, 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-oc 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.



methyl, .R3 is nmethyl or hydrogen and nis 1 or 2. 15 21. A conpound in
accordance with. Caim18, wherein R2 is halo or nethyl, R3 is heteroal kyl
and n is 1 owodinzdd®z A conpound according to Caim1l whi gictmee@ioss
3-(2-chl orophenyl)-7-(trans-4-hydroxyrydohexyl am no)-3,4 di hydropyri m do
[4,5-d] pyrimdin-2(1H) -one, and pharnaceutically acceptable salts thereof.
23. A conpound according to Caim1l sele d from25

3-(2-chl orophenyl)-7-(tetrahydropyran-4-ylam no) -3, 4-di hydropyri m do[ 4, 5-
d] pyri m di n-2(1H)-one, 7- )

[ 1- (2- hydr oxyet hyl ) - pi peri di n- 4-yl am no] Cleims ¢ hyl - 3-ortho-tol yl -3, 4-

di hydropyrimdo [4,5-d] pyrimdin-2(1H)-one, 3- (2-dilorophenyl)-7- [
(trans-4- net hoxycydbhex dompetulid/deleeted fidbm the grow dficbmpdihds represented by

3, 4-di hydr opyr%or' dof;4, 5-d] pyri m di n-2(1H) - one, and

3-(2-chlor ophenW‘kM- oxo0- cycl ohexyl am no) - 1- net hyl - 3, 4

di hydropyri m do[ 4, 5-d] pyrimdin-2(1H)-one;
acceptable salts thereof 11111111 111111 |
01/ 29042 PCT/ EPO0/ 10088 170 24

of formula (1) according 4CI m
1, said. nethod conprisin \"N
(RRY)h NNLNNO Rs (1) |

R

nd pharmaceutically
II-I}--I-(]R#)In 111111 * CL MS WO

t he preparation of a conpound
rein Rz-R4 are as defined in daim
' a conpound of formula Il |

iy

wherein
the subscript n 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 cycloatkyl,
-(alkylene)-C(O)-R' or -(heteroalkylene)-C(O)-R";

15 wherein: .

R" 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 heteroaratkyl, hydroxy, or alkoxy;

R*is each independently in each occurrence alkyl, halo, heteroalkyl or vinyl;

R? is hydrogen, alkyl, heteroalkyl, optionally substituted ary), 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

AN



wherein n, R2 and R3 have the nmeanings provided in claiml, with the

provi so th interfering reactive group present is tlonally I n

pr ot ect ed %T%F?ﬂxz and L is a leaving group, 10 with an ﬁﬁf?@ 088, hnula 111
RR4A-NH (I'11) wherein R and R4 have the neaning provided in claiml, wth
the proviso that any interfering reactive group present is optionally in
protected form and where required, #@protecting any protected group
present in the reaction 15 product, and, where desired, optionally

method for the praparaoiiEdheedt)dy "@5“%"““ ?%‘?‘“*@“&E‘BW‘%‘VSE‘L& ding to
| i
Claim1, wherein R - F@ﬁ‘&k@‘ cﬁ@fa‘ﬁé eFﬁ’i‘”@FYéﬁ“ﬁ) & OR3js d rret hod conpri sing:

(a) treating a cehereind of formJIaIV N~XRCSNN~~ (Ra)n Ra O (N)
11) 111) 1111111 I i1 Hhl. 9042 PCT/ EPO 088 171 wherein
Xis halo, Ris al kyﬁ ’%ﬂ%&’éﬁ ?’We%ghtflﬂ gﬁ’%‘b\? ded in daim1,

in thé presence of aahamedmubsaﬁidruhmo,opnmﬂmduh;ﬁmté@yduﬂhyl,v /| (R2), NNf
RS-N NI~ O 1 optionally substituted 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
pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein R! is acyl, heteroalkyl,
optionally substituted arylheteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkyl-

15 carbonyl, heterosubstituted cycloalkyl, heterosubstituted cycloalkylalkyl,
heterosubstituted cycloalkylalkenyl, heterosubstituted cycloalkylalkynyl,
heteroalkylsubstituted cycloalkyl, optionally substituted heterocyclyl, optionally
substituted heterocyclylalkyl, optionally substituted heterocyclyl spiro cycloalkyl,
~(alkylene)-C(O)-R" or -(heteroalkylene)- C(0) -R*. wherein:

20 R is alkyl, haloalkyl, amino, monosubstituted amino, disubstituted amino,
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, aryl,
optionally substituted aralkyl, optionally substituted heteroaryl, optionally
substituted heteroaralkyl, hydroxy, or alkoxy.

25 3. A compound in accordance with Claim 1 or Claim 2, wherein R* is
hydrogen.
4 A compound in accordance with Claim 1 or Claim 2, wherein n 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.

e

[T .



R3 (V) .5 (b) treating a conmpound of fornmula V with an oxidizing agent

foll owed by an am ne of the formula R RANH (wherein and R and R4 have the
meani ng provwoet29me Claim 1) to afford a conmpound of f or nedTER)0088aN,
where desired, optionally converting the conpound into a pharnaceutically
acceptable salt. 10 26. A conpound according to any one of clains 1-23 for
use as nedicanments. 27. A pharnmaceuticgkggconposition conprising a conmpound
of any one- 15 of Clains 1-23, or an isonmer, racen c or non-racem c mXxture

of isonmers, or a har maceuti c t the m xture
with at |east one Phar °°’E‘B‘Eﬂni%d‘é¥‘?°9‘%é'&‘% 't?‘a?g‘f‘@a‘}tgp?rflg g’éﬂ”ﬁeﬁ npound
according to Meﬁhple of claims 1-23 for use in the 20 treatnent of

arthritis, Crohn's disease, irritable bowel syndrone, adult respiratory

di stress syndrone chronic obstructive pul nonary di sease, ostegpor03|s or
Al zhei ner' s di seas§. 29Acb'mpomden@dcoralamanmhlﬁldmalmr(§ﬂaiﬂnr2gw eeindy isone of

clainms 1423 i ﬁﬁ]ﬁﬁ%} hritis, Crohn's disease, irritable
bowel syndro IL tgﬁ?'esp Orl;/éi'érg tress syndrone, chronic obstructive

pul nonary di sease osteopor osis, or Alzheinmer's disease. | 111111 111111

LEEEE TTErE 10 111 C LAM MQdel&c%&%m?ceRﬁIﬁk&ﬁQ@ﬂrﬁ&SRRﬁsﬁ@dﬁ;@en,A process

for the prepar 0 dlcanent whi ch conprises bringing a conpound
according to éﬂ?’i HE( a?]grggl nms 1-23 or a pharnmaceutically acceptable salt

thereof into a galenical admnistration formtogether with a conpatible
phar maceyt cal cargier. A%ompoundinaccordancewith Claim 7 or Claim 8, wherein R is

hydrogen or methyl.

10. A compound in accordance with Claim 7, wherein R’ is 2,2,2-
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 heterocydyl, or optionally substituted heterocyclylalkyl.

13. A compound in accordance with Claim 12, wherein R’ is optionally
25 substituted heteroalkyl.

14. A compound in accordance with Claim 13, wherein R’ is
hydroxyalkyl.

30 15. A compound in accordance with Claim 14, wherein R’ is halo or
methyl, R? is methyl and nis 1 or 2.
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31. The use of a conpound according to any one of clains 1-23 in the
preparati a nedi canent for the treatnent of arthritis, Crohn's

di sease, ﬁ'ﬁ“?'%%{'ﬁ?e bowel syndrome, adult respiratory JCIEPULIOORS, 4, e
chronic obstructive pulnonary di sease, osteoporosis, or Al zheiner's

di sease. 10 32. A compound according to any one of clainms 1-23 whenever
prepared according to a process of cd6im 24 or claim25. 33. The new
conpounds, internedi ates, processes and pharmaceutical 15 conpositions as

descri bed herei ppef oA @empound'ih &cordance 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 nis 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, R is heteroalkyl and n s 1 or 2.

22. A compound according to Claim 1 whichis
20 3-(2-chlorophenyl)-7-(trans-4-hydroxycyclohexylamino)-3,4-
dihydropyrimido(4,5-d]}pyrimidin-2(1H)-one,
and pharmaceutically acceptable salts thereof,

23. A compound according to Claim 1 selected from
25 3-(2-chlorophenyl)-7-(tetrahydropyran-4-ylamino)-3,4-dihydropyrimido[4,5-
d]pyrimidin-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-
dibydropyrimido(4,5-d] pyrimidin-2(1H)-one;
and pharmaceutically acceptable salts thereof.
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24. A method for the preparation of a compound of formula (I)
according to Claim 1, wherein R*-R* are as defined in Claim 1, said method
comprising:

5 (a) treating a compound of formula I

e
PO OE
N 1}:’&0
R’ ()
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 Il
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. -

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

)
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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
/@(ﬂm
N/j\/\N
r. AL~ /&0

R3
(V)

(b)  treating 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 pbarmaceutically
acceptable salt.

26. A compound according to any one of claims 1-23 for use as
medicaments.

27. A pharmaceutical composition comprising a compound of any one
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.

29.  The use of a compound according to any one of claims 1-23 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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30. 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.

31.  Theuse of 2a 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.

32. A compound according to any one of claims 1-23 whenever prepared
according to a process of claim 24 or claim 25.

33.  Thenew compounds, intermediates, processes and pharmaceutical
compositions as described hereinbefore.
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