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and pharnmaceutical preparations containing them 21 April 2004 WO
01129041 PCT/ EPO0/ 10077 -1 ALKYLAM NO SUBSTI TUTED BI CYCLI C 1 TRaBEEN04
HETEROCYCLES AS | NHI Bl TORS OF P38 PROTEI N KI NASE The present invention

rel ates W @irmysrl i ¢ nitrogen heterocycles. Mre 5 parti culpgflppookbd7

i nvention is concerned with al kylam no -substituted di hydro-

pyrim do[ 4, 5-d] pyri m di none derivatives, a process for their manufacture,
their use, pharnmaceutical preparations containing themand a process for
t he manufacture of the pharnaceutical preprations. 10 Mtogen-activated
protein kinases (MAP) are a famly 0T1prol I ne-directed serine/threonine
ki nases that activate their substrates by dual phosphorylation. The

ki nases are activated by a variety of signals including nutritional and
osnotic stress Wlight, growh factors, endotoxin and inflamratory

cyt oki nes. OALKYHAMISOS¥B BI¢X SIS NIIROG R HEFRORY FlES A SGNBBrORM DE F8iPROTEM e S
~various isof 3¥E(e.g., p38a, p390 and 15 p38y). The p38 kinases are
responsi bl e for phosphorylating and activating transcription factors as
wel | as ot her kji_gases, and are&aherrsel_ves. activated by physical and
cheni cal st r essIDHPESEHANSREAR Ei3lecipthirichenitipgan balstasyrley More

l'i popsl ysac@aeﬂdﬁy,th{@mehmkaﬂ&wed vﬁlﬂ?alﬂlglggﬁ'x%éuﬂftitﬁt@@ fdro-
phosphoryl a |on_c€!ive een shown 20 to nediate _the production of
¥

i nf | anmat or BYTEPIIOk BRSNS PYRmEd nenefisriTavesmprress fordheir sypanbsyadheisas. Each
of these cypRkhiesuhabpRestibiiboheAiRE Hetn BYIEpASssEhS 8RS RanutiRbgDrand

conditions.  For exanple, TNF-a is a cytokine pPoduced primarily by
activated ni freaceH@lpagrdifages. Its excessive or unregul at ed
production has been inplicated as playing a causative role in the
pat'hogenesi s of rheumatoid 25 arthritis. Mre recently, inhibition of TNF
proddfti on has biBEPZeRBRHvated pratesn kinases (M) lrrecadarnily dfproline-direstadhent of
| nf | amat i ofkrink/tht RATHRLIGH Y% DBYC]ctifh 8 BRHEUbI L] 1 ual ?ﬁbs‘?h%ﬂl&icﬁ{‘dﬂﬁs" hma.
TNF has al so, been inplicated in viral 1 nfections, suth a HV, Influenza
Vi rus, <inases are activated by a variety of signals including nutritional and osmotic stress,

UV light, growth factors, endotoxin and inflammatory cytokines. One group of MAP

kinases is the p38 kinase group which includes various isoforms (e.g., p380;, p39f and
15 p38Y). The p38 kinases are responsible for phosphorylating and activating |

transcription factors as well as other kinases, and are themselves activated by physical

and chemical stress, pro-inflammatory cytokines and bacterial lipopolysaccharide.

More importantly, the products of the p38 phosphorylation have been shown
o 20 to mediate the production of inflammatory cytokines, including TNF and IL-1, and
g cyclooxygenase-2. Each of these cytokines has been implicated in numerous disease
states and conditions. For example, TNF-0. is a cytokine produced primarily by
activated monocytes and macrophages. Its excessive or unregulated production has
“been implicaied as playing a causative role in the pathogenesis of rheumatoid
25 arthritis. More recently, inhibition of TNF production has been shown to have broad

application in the treatment of inflammation, inflammatory bowel disease, multiple

sclerosis and asthma.

TNE has also been implicated in viral infections, such as HIV, influenza virus,

30 and herpes virus including herpes simplex virus type-1 (HSV-1), herpes simplex virus



30 and herpes virus including herpes sinplex virus type-1 (HSV-1), herpes
sinmplex virus 21 April 2004 WO 01t 29041 PCTI EPOOI 10077 2 typeAgritsdos) ,
cytonmegal ovirus (CW), varicella-zoster virus (VZV), Epstein-Barr virus,
human hewpeswieds- 6 (HHV-6), human herpesvirus-7 (HHV-7), ¥WCIvEPO0/106077

her pesvi rus-8 (HHV-8), pseudorabies and rhinotracheitis, anong others. 5
Simlarly, TL-1 is produced by activated nonocytes and nacrophages, and
plays a role in many pat hophysi ol ogi cal rZsponses includi ng rheumat oi d
arthritis, fever and reduction of bone resorption. The inhibition of these
cyt oki nes byyhbah(REViHN émte oﬁﬁﬁ (bmi%hédaizo%%ifm; vz'vgl@@hreﬁi -BaR9,
reduci ng and all eviatin hese” di sease states. conpounds of
formula | arirusHyjmanh @pmﬁﬁﬁﬂ\f@; haman bernesiinist HIEHYF7), puBEai n

ki nases, an e?ffé&irx?nh IR £41d Afdch¥itit YanddRd 38 in vivo.
The corrpou%as of fo?rrul a Sﬁgég)g'{r\dgfﬁjéghl bl%ﬁéctlvﬁli agail nc'ys{tﬁb{sﬁe T-cel |
tyrosi ne kinase p56lck at levels bel ow about 10 p. M The conpounds can be
used fgr the trea};gg SRS SBRKOr Yy

cyt oki nes such as TNgﬂggi 1]{?% Szamgﬁlﬁﬁnb&&%d%&rb@g i" I |§1ear

sat ur at ed ndn@varelsin magy @é&mbmswl@mcebneskﬁnseﬁnédpé% Theurpgtaid Fﬁbﬁnat oms or
a branched se&aaaa%auma@m@ﬂym ﬁQﬁaTﬂPiBhfb?@de&*ﬂw.Qiec?fEl&? esly Six carbon
atoms, e.g., nethyl, g/ n-propyl, 2-propyl, tert-buty pentyl, and the
like. "Al ky|1éhibmqurtben 4 kinaseris ethaneft inrostipllingnredugme sodalloviatingimeny of
one to six &qﬁggam%ggﬁt%r a branched saturated dival ent hydrocarbon

radi cal of three to six carbon atons, e.g., nethyl ene, et hyl ene,
propyl®ne, 2-nethyl propyl ene, pentylene, and the like. "Al kenyF" neans a
inear monoval enyef ﬂ{ﬁ%ﬁ&? Of ot Al andGhei Workflert dhed SARNAR iiBHEs O 2

br anched monoval ent rocarbon radical of three to six carbon atons,

cont ai ni ng droteikinashand subibit syrprisingly gffectize aativity 25aingR38yn vivanbba he | i ke.

compounds of formula I do not exhibit activity against the T-cell tyrosine kinase

| pSGICk at levels below about 10 pM. The compounds can be used for the treatment of
15 diseases mediated by the pro-inflammatory cytokines such as TNF and IL-1.

As used herein:

"Alkyl" means a linear saturated monovalent hydrocarbon radical of one to six
20 carbon atoms or a branched saturated monovalent hydrocarbon radical of three to
six carbon atoms, e.g., methyl, ethyl, n-propyl, 2-propyl, tert-butyl, pentyl, and the
like.

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

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

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

30 _ "Alkynyl" means a linear monovalent hydrocarbon radical of two to six
carbon atoms or a branched monovalent hydrocarbon radical of three to six carbon

atoms, containing at least one triple bond, e.g., ethynyl, propynyl, and the like.



30 "Alkynyl" nmeans a |inear nonoval ent hydrocarbon radical of two to six
carbon atons or a branched nonoval ent hydrocarbon radi cal of 2ihxeit2004 si x
carbon atoms, containing at |east one triple bond, eg., et hynyI propynyl
and t he Wq@12941 Apri| 2004 WO OLt 29041 PCTI EPOO 10077 3 "RGK/ERMG

refers to a saturated nonoval ent cyclic hydrocarbon radical of three to
seven ring carbons. The cycl oal kyl may be_ optionally substituted

i ndependently with one, two, or three subdtituents selected from al kyl ,
optionally substituted phenyl, or -C(OR (where R is hydrogen, alkyl,

hal oal kyl , am no, "(Brclmhqﬂbefeﬂmta@dmmemmonibdmﬁythmﬁioaﬁbﬂﬁ,radiyzlroﬁxy,

| k , | | bst t ed Mb f | | the t
oyl ol kol cteti3eiehatie it The SERISTsbe SBhGuARRygcifd - (D term
et Srﬁwﬁmm S “ﬁbm“hftfﬁﬂw&m Sgoponally
unsat ur at ed W@ﬁmé#%%fﬁb @@ﬁ(ﬁ{he ?ﬁ‘?ﬂrﬂ{ﬂ%ﬂﬁﬁ ?IE%T %of three to
sevlen i ?g cmnohnﬂsntdhbdl b mﬁmﬁahbsmutedaﬂﬁdz@?yﬂfmdyl wiboxycyﬁbpﬂ@%d;l@yl and
cycl opent en radi ca i s, an
S Ryr o o s SRite ey Mol so ey, Bud i SRuoaERhanes frieampiey

fyﬁl opr1 gpykn@ﬁmpkop}n‘.,deh&m [phempityclobexyl ya&-kabaxydycldhant, hyb&b@%doand t he
i ke c

het er oal kyI ég'd PW?%Q %ﬂ?&g %&%wacﬁgnegfﬂﬁo@?ikgwyl 11h?|70?|1kyx: koxy"

, "aryloxy", " arﬂ#ﬁ%ﬁyl”ﬂaasbﬁhﬂfaﬁﬁhﬁdkﬂn%mmm@al@d

ot i ndll nor ot osfon Aol oS e ipt Sfona; Repe resvpe"“vf' %&rﬁfa oxy,

and the Ii keayaﬁﬁexdlﬁlmd@rdo bﬁﬂeﬁgen, " neans fluoro, chI oro, br omo, or iodo,

préeferably fluoro or chl'oro. "Hal oal kyl" means al kyl substituted wi th one
or. nore sane or dﬁCf}qclgaqu{a]lﬁryugeansaradJcal -R2RD where R2 is an alkylene group and Rb

is a cycloalkyl group as defined herein, e.g., cycdlopropylmethyl, cyclohexylpropyl, 3-
cyclohexyl-2-methylpropyl, and the like.
15 “Acyl” means the group —C(O)R’, where R’ is alkyl, haloalkyl, heteroalkyl,
| aryl, heteroaryl, aralkyl or heteroaralkyl. .
"Alkoxy", “aryloxy", " aralkyloxy", or "heteroaralkyloxy" means a radical -OR
where R is an alkyl, aryl, aralkyl, or heteroaralkyl respectively, as defined herein, e.g.,
methoxy, phenoxy, pyridin-2-yimethyloxy, benzyloxy, and the like.
20 "Halo" or “Halogen,” means fluoro, chloro, brome, or iodo, preferably fluoro

or chioro.
. "Haloalkyl" means alkyl substituted with one or more same or different halo
) atoms, e.g., -CHCl, -CF3, -CH,CF3, -CHCCl3, and the like, and further includes
those alkyl groups such as perfluoroalkyl in which all hydrogen atoms are replaced by
25 fluorine atoms. l
"Hydroxyalkyl" means an a]icyl radical as defined herein, substituted with one
or more, preferably one, two or three hydroxy groups, provided that the same carbon
atom does not carry more than one hydroxy group. Representative examples include,
but are not limited to, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-
30 (bydroxymethyl)-2-methyipropyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxy-butyl,
2,3-dihydroxypropyl, 1-(hydroxymethyl)-2-hydroxyethyl, 2,3-dihydroxybutyl,
3,4-dihydroxybutyl and 2-(hydroxymethyl)-3-hydroxypropyl, preferably




-atonms, e.g., -CHd, -CF3, -CH2CF3, -CH2CO 3, and the like, and further

i ncludes those al kyl groups such as perfl uoroal kyl in which 2dlAprihgaigen
atons are replaced by 25 fluorine atons. "Hydroxyal kyl" means an al kyl
radi cal woO@&dddled herein, substituted with one or nore, RFEERAMY one,
two or three hydroxy groups, provided that the sanme carbon atom does not
carry nore than, one hydroxy group. Representative exanples include, but
are not limted to, 2-hydroxyethyl, 2- hyd‘?‘oxypropyl , 3-hydroxypropyl,l 30
(hydr oxynet hyl ) - 2- net hyl propyl, 2-hydroxybutyl, 3-hydroxybutyl,

2. 50 hydr oxybuty é%mﬁwﬁl"? i emmpmatin) 3ot |
i hydr oxybu u

2~ (hydr oxy ‘;ﬁn%h’#?;?d’ﬁ"cfgbﬂ% % t%e*‘%‘i‘é‘ﬁ?ﬂl“ﬁﬁ?‘ﬁ"m“\‘/\Ef%?izgom
PCT/ EPODY 10%?31-63]2,-1@‘ Xyet hyI 2, 3-di hydr oxypropyl and
1 (hydr oxynet hyI DXég AccordldH_%i )iﬂé?s useg ae_%ﬁtg% 1term

"hydr oxyal kyl " i f"ﬁ“ﬁ'@ o

" Monosgbst i thﬂ&(ﬂq@, pa’zﬂyl afﬂﬂi&l%ﬁk@yﬂ? heSer&JulyM hetehetradkyal kyl ,
Reteroary!, Ik %ra@sea%kw‘éy é%ep%ﬂa Seiheecristiplisgine. Gpviamine,
het erocydyl aﬁﬂeﬁ hmlgoq,cnqr]ﬁhﬂw and g liet hyl am no, phenyl am no,
whero R and R""”ipés“u SHHbET 0 h T - DRRCHBES1d Rl e oal kyl ,
netorqalyi . harer nat &yl e et 61 001 Bl Kenyl - ML e Rer e op gt
het er 88y dyi eﬁ‘%y %e ?Bi}%{;ﬁ %\F/@I}qy ﬁ%ﬂﬁf"{ hﬁrteﬁ‘?ﬁyflﬁl Qhi ch they
: g.r_.ie, att aCPQSialtére )ﬂa]laﬁt I&BE&M&RVTog@tHEQMtBQBé ﬁﬁﬁg&@btdﬁet@wmltb@aracl ude,

ut are no [ , dime am_no
di ( 1- met hyl %Fﬁg%‘i g?%— I?Pmseméﬁ%e kqskﬁaué%buhﬁln"’t neans a

nmonoval ent  NMBRREYE, Hﬁnéth%rlmﬁﬂ@'m&hﬁlféﬂfﬁmﬁof& T-@fediiQthyl)ah#dogiperofinG to 10
ring atons Whlcp.@k bstituted i ndependently with one or nore

- substituent sl y one, two, or three substituents selected from
al kyl ,1shal oal kyI "Aryl” means a monovalent monocydlic or bicyclic aromatic hydrocarbon

-radical of 6 to 10 ring atoms which is substituted independently with one or more

substituents, preferably one, two, or three substituents selected from alkyl, haloalkyl,
heteroalkyl, halo, nitro, cyano, methylenedioxy, ethylenedioxy, cycloalkyl, optionally
substituted phenyl, heteroaryl, haloalkoxy, optionally substituted phenoxy,

20 heteroaryloxy, -COR (where R is alkyl or optionally substituted phenyl), -(CR'R”) -
COOR (where n is an integer from 0 to 5, R’ and R” are independently hydrogen or
alkyl, and R is hydrogen, alkyl, cycloalkyl or cycloalkylalkyl) or (CR'R”)p-
CONR2RD (where nis an integer from 0 to 5, R’ and R” are independently hydrogen
or alkyl, and R2 and RD are, independently of each other, hydrogen, alkyl, cycloalkyl

25 or cycloalkylalkyl, or R and R® together with the nitrogen atom to which they are
attached form a heterocyclyl ring). More specifically the term aryl includes, but is not
limited to, phenyl, 1-naphthyl, and 2-naphthyl, and the derivatives thereof.

"Aralkyl" means a radical -R2RP where R? is an alkylene group and RP is an
aryl group as defined herein, e.g., benzyl, phenylethyl 3-(3- chlorophenyl)-Z-
30 methylpentyl, and the like.
“Aralkenyl" means a radical -RaRD where R2 is an alkenylene group and Rbis
an aryl group as defined herein, e.g., 3-phenyl-2-propenyl, and the like.



het eroal kyl, hal o, nitro, cyano, nethylenedi oxy, ethylenedi oxy, cycloal kyl,
optional |y substituted phenyl, heteroaryl, hal oal koxy, opti @1aigry2004
substituted phenoxy, 20 heteroaryl oxy, -COR (where Ris alkyl or optionally
subst it uNQIOIRMWH | ), -(CR R')n- COOR (where n is an integ 8{180% o 5 R
and R' are independently hydrogen or alkyl, and R is hydrogen, alkyl,

cycl oal kyl or cycloal kylalkyl) or -(CR R') CONRaRb (where n is an integer
fromO to 5, R and R' are independently “hydrogen or alkyl, and Ra and Rb
are, independently of each other, hydrogen, alkyl, cycloal kyl 25 or

cydoal kyl al kyl , @rﬁrﬁg g&]@y‘m%t o laRb%epgRagggtheggr@mqqga bGP t hey
are attached forma hg’t%erocycl yl ralhx‘r?%gl)dﬁlI III\}bre specifically the teérlgr%ba?yl

i ncl udes, bundiRY isah aryl ighoupes definedheein| ¢.g.) 2-hagtutdn2-pheanytbtidd Pabyddoyy-,  and

t he derivatiyves, thereof, . "Aralkyl, ns.a radi cal -RaRb where Ra is an

al kyl ene gr&Gﬁyddﬂﬁy%t?‘ygz?ﬁmgi%‘?ﬂ’ﬁ?q%ﬁ‘ﬁiﬁ' defined herein, e.g., benzyl,
phenyl et hyl , 3- ( 3Optonaliphassitgedplihyltendans pphenyl ring mthidhhie optidamally

"Aral kenyl " neans a.radical g RaRb where Ba is.an allk and Rb is
an aryl gr o&gggi}“ﬁgf‘?%é’ BREATY; with gne,or mggepﬁgé%trxg > g%ga%ﬁ] (,?negc% the |ike.
21 April 20G4bstituéritd 296:44d P MB0Hakoliql, hetetdullpil Hedm mitad leyitio,means a

radi cal -RaRb ere,.Ra i n _het er oal e 2 ' | __group
e def | neq. AEFETERESs: ey e P 3ok Rcin gy S00R cte RS Aot o

1- hydr oxy netdprionZMyphbetiturédyhenyh A(CR'RE) FCOER (vahre niisdr integabfomt Qtoet

phenyl " means a phenyl ring which is optionally 5 substituted
i ndependent IR apgth %ﬁ@@?@@@Y@M@)@@F‘%@éﬂk&%@? yApEn Ayl loghyl or

NI N G T e
nis an int geﬁ;xfr}g%eﬁ&{)n&iy&y%r%ngﬁgﬁﬂ,a%ég f“ﬁ‘gggé%%é“ﬁ?%%é%g%or

al kyl, and Rythér, hydiiogerrlkyh|dkibalkd Yo epdloalitylalikyl, 1 R\enld Roabgerhalwitlythe, or
(CR R')n-CONRaRb (where n js an integey froa%:o toc? R.and R' are
form argstaPerclyl

i ndependent | BiTRgeY ¥gantogwhigh fyay aresite Fig8bendent |y of each

ot Pﬁr : hhydr ogen, ‘'alt¥loarylVinkARldoibndValeay SRabiHiE bKbicycli radieal 308 t&lp2 t 0get her
W e

15 ring atoms having at least one aromatic ring containing one, two, or three ring

heteroatoms selected from N, O, or S, the remaining ring atoms being C, with the
understanding that the attachment point of the heteroaryl radical will be on an
aromatic ring. The heteroaryl ring is optionally substituted independently with one
or more substituents, preferably one or two substituents, selected from alkyl,

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

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

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

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



nitrogen atomto which they are attached form a heterocydyl ring).
"Heteroaryl" neans a nonoval ent nonocydic or bicyclic radi cal21cfprib20@4 12
15 ring atons having at |east one aromatic ring containing one, two, or

t hree ri ™o olredoer oat ons sel ected fromN, 0, or S, the renapOTMgesio0y at ons
being C, with the wunderstanding that the attachnment point of the
heteroaryl radical will be on an aromatic ring. The heteroaryl ring is
optionally substituted i ndependently withb one or nore substituents,
preferably one or two substituents, selected fromal kyl, 20 hal oal kyl,

het er oal kyl , , Egﬁ] 3 | VG oahikY. (where R
is allryl orq‘%g‘%l btna g‘%ﬂ‘%@%ﬁ%ﬁﬂ?ﬁ%mﬁ%@%}ﬁ Of-ii g‘%—? nis an
i nteger fr dieneothigngl, 2nd theddriretives thereafependent | y hydrogen or al kyl, and R
I s hydrogen, al ky, cyc | kyl or o | al k)...1), o -(CR R")n- RaRb
(where n is an inh{?@f‘éf’ mf%‘%ﬁ%'ﬁﬁ%wgﬂgéésﬁd&ggﬂéﬁw Fogen
or al kyl, arisla Reervay] igboup 8 defBed heteRs BES pifidinos-yRaethyl 03 iBénzoindnogen,

al kyl , _cycl Oﬂp%al or .c d] al kyl al kyl, or Ra and together with the
nitrogen at ot Yhiaod ‘f%@y are attached forma heterocyclyl ring). Mre
specifically thew At ¥lad ':IH:?P- apbUl1 d-s pB [y t Fdyl
furanyl, thienyl P%Fﬁ%%%g‘? | sotshalr]%zo y% trilzliézrgﬁy%tadl %g&dé;%]eﬁq?upﬁa

i soxazol yl , RIVisabetéroarylpyowzas defined B)ifeiﬂ!ie,gi, BY{pyrid&i351 ypt SpuH-2-yl, and the
tetrahydr ob%of uranyl, 1sobenzofuranyl, 30 benzothi azol yl,

benzor sot hi yl, benzotriazolyl, indolyl, isoindolyl, benzoxazolyl, 21
April 2004 WO O1/"BR4dcydST/ni00 4 100 fated ofiuhaohitted riodl-drofaticestidediay|

i soqui pol yl , nzi_m dazol yl ,, .benzi soxazal yl or benzothi enyl., and the
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al'’kyl ene gr QUR (wiaste Riis iﬂd%p@:d&ﬁﬂ?h?&roghn l@:; allefl) 39, S ONg Gwhare@l 18 anGlteger

pyridin-3-yl met hyl, 3-(benzofuran-2 Jpropyl, and the |ike.
"Het er oar al Keam0'to gbgheremainigg ciag at ing 6 wheee ane oatwa lkasapisaney gr oup and

"Rb is a hetgy Vi ' i Ay . )

3- (pyri din- 3‘%@? p P’o‘%%l‘%t"%f@ﬁseydi%éﬁ (i1 BRGE he t“é_?"é%?f‘j 2 B¢ gpsiopelly

saturated orsu ﬁgmedrlaql@gn%nsdya\n&mﬁ, tweyos(thrse sablititegnts selected from alkyl,

15 haloalkyl, heteroalkyl, halo, nitro, cyano, hydroxy, alkoxy, amino, monosubstituted

amino, disubstituted amino, -COR (where R is alkyl or optionally substituted
_phen}rl), -(CR'R"),-COOR (n is an integer from 0 to 5, R’ and R” are independently
hydrogen or alkyl, and R is hydrogen, alkyl, cycloalkyl or cycloalkylalkyl), or
~(CR'R™),-CONRARD (where n is an integer from 0 to 5, R’ and R” are

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




10 of 3 to 8 ring atons in which one or two ring atons are heteroatorns
selected from NR (where R is independently hydrogen or al kyl21,Addl 2004 S(O n
‘(where nis an integer fromO to 2), the remaining ring atonms being C,
where ond¥@PI2W1 C atons may optionally be replaced by a RGFERANIOr oup.
The heterocydyl ring nmay be optionally substitut ed i ndependently wi th one,
two, or three substituents selected from gl Ky 15 hal oal kyl, heteroal kyl,

- halo, nitro, cyano, hydroxy, alkoxy, amn monosubstituted am no,

di substituted anmino, -COR (where Ris alkyl or optionally substltut ed
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01129041 PC%&%%%I%W af’f('igr% %hY‘ﬁ)m r° i s hydrogen, alkyl,
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hanaIkyI cycl o
defined herein for a heteroalkyl radical. Examples mdude, 2-hydroxyethan-1,1-diyl,
2-hydroxypropan-1,1-diyl and the like.

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

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

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

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

30 and the like. _

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

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




-cycl oal kyl al kyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,

al kyl sul fonyl, al koxycarbonyl, aryl oxycarbonyl, carboxam do 2drApnbpgc4 or

.di -al kyl carbanmoyl. Rd is hydrogen (provided that n is 0), alkyl,

hyl oal kyWO@ | kyl, cydoal kyl al kyl, heterocyclyl, het e?GE’FéW’ﬂW’yI ,
aryl, aral kyl, heteroaryl, heteroaral kyl, am no, 10 nonsubstituted am no,

di substituted am no, or hydroxyal kyl . Repgesent ative exanples include, for
exanpl e, 2-nethoxyethyl, benzyl oxynethyl, "t hi ophen-2- ylthionethyl,

2- hydroxyet hyl , and 2, 3-di hydroxypropyl. "Heteroal kyl ene" neans a |inear
sat ur at ed di watenphileayod amdudes halod shitabads chloro.drenip ialo), dkareswifonyloxy, br anched

saturated hy di ' t ' i th one,
two or thr eei{ﬁ%@@gﬁ%%ﬁ%ﬁ%&ﬁ%:;éﬁg?f éﬁﬁ%ﬂﬁ%&%&d and
"~ -S(O nRd ( whirsgoxy, itsfleeronreteapesulfonyloxg, drplo2y (s e?.é;difitwophbnoiy, meihdxRd ar e
as defined %%a&%&@%ﬁé'ﬂﬁ%ﬁﬂé cal Exanpl es i ncl ude,
2- hydr oxyet han=1,T-dryt, -hydroxypropan-1, |-diyl and the like.
" Het er @subst i t ut ePleyuiecdutizhlly aveeiable exoypibmtd Inkgains gn exxipishethat 1 usefel int wo, or
20 three hyd B are . t] | nt;l y..gel ect ed
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di substitut el;liqlcm’daﬂp ponotheSGsRu{ddsratde,and $nclndesranetyeipidnt tmt@s 4coeRalad R i s
Cydoal iyl af h veElpitilse Pyt achlymd et 6 o BELERER Iy
het eroaryl, hetprblareatipent” asasidio thespesifiostion amddainms indpdels bathohetud ed 25
am no,;0r hydroxyal kyl ) . .Ex | es include 4-hydroxycycl ohexyl, 2-am no-

01 K e s

cycl ohexyl, Tt ed cycl oal kyl " neans a cycl oal kyl group
wherein one, two'Plermhbaeieallydregable st ivf 2 aompoapt aeads & sdetenident |y by

het er oal kyl oups, .. Exanpl es,J_ncl 1- hydr gxypet hyl- cvdopennt,- 1-.V.

- hydr oxy et RUTRS gialy SR pibisgRy i phssdidlt ORI R ORRBM Y,

nmeani ng conv efithe pasdnt yorapownd.afwel swidinciutle: n - synthetic organic chenistry
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15 hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed

with organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentane-
propionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic adid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic adid, shandelic acid, methanesulfonic acid,
20 ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-napthalenesulfonic acid, 4-
toluenesulfonic acid, camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene-1-
carboxylic acid, glucoheptonic acid, 4,4'-methylenebis- (3-hydroxy-2-ene-1-

R

carboxylic acid), 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic
25 add, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynapthoic acid, salicylic
acid, stearic acid, muconic acid, and the Iike; or
(2) salts formed when an acidic proton present in the parent compound
either is replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, oran
aluminum ion; or coordinates with an organic base such as ethanolamine,
30 diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and the like.
"Pro-drugs" means any compound which releases an active parent drug
according to Formula (I) in vivo when such prodrug is administered to a mammalian
subject. Prodrugs of a compound of Formula (I) are prepared by modifying



nudeophi |l e and includes halo (such as chloro, brono, iodo),

al kanesul fonyl oxy, arenesul fonyl oxy, al kyl carbonyl oxy (e. 9. 22a9@kiP2004

aryl carbonyl oxy, mesyloxy, tosyloxy, trifluoronethanesul fonyl oxy, aryl oxy
(e. 0., 2wbeimpdr ophenoxy), nethoxy, N, O di nethyl hydr oxylrreresnesd t he

i ke. 5 "Pharmaceutically acceptable excipient” neans an excipient that is
useful .in preparing a pharmaceutical conposition that is generally safe,
non-toxic and neither biologically nor otherw se undesirable, and includes
‘an excipient that is acceptable for veterinary use as well as hunman

phar mceutlcmmﬂéouppgfm .ncfﬂeﬁ‘%?% ﬁ%&%ﬁ@hﬁ%%&% gagagesed in
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like. trityl groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl (FMOC), nitro-
veratryloxycarbonyl (NVOC) and the like. Representative hydroxy protecting groups

include those where the hydroxy group is either acylated or alkylated such as benzyl
20 and trityl ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl ethers
and allyl ethers. |
"Treating” or "treatment" of a disease includes:

R

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

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

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

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

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

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



-"Pro-drugs" neans any conpound which rel eases an active parent drug
according to Formula (I) in vivo when such prodrug is adm ni sfeygil2og a
.manmeal i an subject. Prodrugs of a conmpound of Formula (I) are prepared by
nodi fyi nov@bd12emi| 2004 WO 01/ 29041 PCT/ EPOO/ 10077 9 functp@eiiboudiodtds
present in the conmpound of Fornmula (1) in such a way that the

nodi fi cations may be cleaved in vivo to rel ease the parent conpound.
Prodrugs include conpounds of Forrmula (B wherein a hydroxy, am no, or
sul fhydryl group.in .a conpound of Forrnula (I) is bonded to any group that

fhydryl group i |
ul Thydryl - orais cErRnd e ARISPRANErck Oty BTN Wb, SO AL or o ot

limted to esemmaltebgtreatebet ate, formate, and benzoate derivatives),

- carbamates (e.g., NN-dinethylam nocarbonyl) of hydroxy functional groups
in compounds of Fornula (1), and the like. "Protecting group” refers to a
groupi ng of at onk aneaspash e preseat vention provifies eampbuadgreprgented bythé ecul e
nasks,sredu$§mgia; prevents that reactivity. Exanples of protecting groups
can be found In T.W Geene and P.G Futs, Protective Goups in Oganic
Chem stry, (Wley, 2nd ed. 1991) and Har g4
Conmpendi um of Synt hetic O ganic Mt hods,
1971- 1996). Representative ] e
15 trifluoroacetyl, benzyl,

and_Harrison et al.,

- (John Wl ey and Sons.

¥ grou & i ncl ude fornyl, acetyl,
ar bonyl (CBZ), tent-butoxycarbonyl
(Boc), trimethyl silyl (. | silyl-ethanesul fonyl (SES),
trityl and substituted t ,_}/ O] yl oxycar bonyl , :
9-fl uorenyl met hyl oxycar bomR" ( FMOC) R3ni tro- veratryl o&g%car bonyl (NvVOC) and
t:hey | i ke. Representative hydroxy protecting groups include those where the
hydroxy group is either acylated or alkylated such as benzyl 20 and trityl
ethers as well|l asgplkyl ethers, tetrahydropyranyl ethers, trialkylsilyl
ethers and allyl ethers. "Treating” or "treatnent" of a disease includes:
(1) preventing t Haesibsedpta is an éntegenofrom @ to3scl i ni cal synptoms of the

di seage not 0 ARuChpRokd, AEMREyL NGyl BRaBRAS Bl cyPloBhlesIOS Y T O
cycloalkylalkyl, cycloalkylalkenyl, cycloalkylalkynyl and aralkyl;
each R? is independently selected from the group consisting of alkyl, halo,
heteroalkyl and vinyl; and |
R® is heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylcarbonyl,

15 heterosubstituted cycloalkyl, heterosubstituted cycloalkylatkyl,
heterosubstituted cycloalkylatkenyl, heterosubstituted cycloalkylalkynyl,
heteroalkylsubstituted cycloalkyl, heterocyclyl, heterocyclylalkyl,

o arylheteroalkyl, heteroarylheteroalkyl, - (alkylene)-C(O)R* and
| -(heteroalkylene)-C(O)R®;

20 wherein

R* is alkyl, haloalkyl, hydroxy, alkoxy, amino, rmonsubstituted amino,
disubstituted amino, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, and
heteroaralkyl;

and their pharmaceutically acceptable salts.

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




.25 does not yet experience or display synptons of the disease, (2)
inhibiting the disease, i.e., arresting or reducing the develqutrmmjzo@i t he
di sease or its clinical synptons, or (3) relieving the disease, i.

causi ng re@oOae¥Wrbn of the disease or its clinical syrrptonBCT/BED"0“’1,4'«0'77

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

when adm nistered to a mammal for treating, a disease, is sufficient to
effect such treatnent for the disease. ﬂ% "therapeutically effective
amount™ wi Il vary depending 21 April 2004 WO 01/29041 PCTI EPOO/ 10077 10 on
t he conmpound, the disease and its severity and the age, weight, etc., of

th mal - t b t t i id
compounds. 1 epr esoNIEA PPk B FBERSS by AR kg AN N RL R
" wherein thealkyibabbigl cpcéaldycyiclvatighikyt cyfloakylalkenylXycdlaakhikjsylhgrdr ogen,

al kyl, al kenyl | Kk nyI al kyl carbonyl, cycl oal kyl ., cycl oal kenyl,
cydoaikyla.lﬁvmq?€§é' yl al kenyl , cycloalkylalkynyl and arai kyl; each R2

i s independently selected fromt he gr oup consi sting of alkyl, halo,
2o ) S B AL A W o
aralkyl. More preferably R’ is a]lcyl or cycloalkyl. In preferred embodiments of R!
being alkyl, R is 2 branched alkyl group in which the carbon atom attached to the
nitrogen atom is a tetrahedral carbon atom, preferably having 0 or 1 attached
10 hydrogen atoms. More preferably, R' will be 2-propyl, cyclohexyl or 1-methyl-
- 3 cyclohexyl, most preferably 2-methyl-2-propyl.

In formula 1, the symbol R? represents alkyl, halo, heteroalkyl or vinyl. R can

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

15 occupied by hydrogen. The subscript n is an integer of from 0 to 3, indicating that
the phenyl ring is substituted by from zero to three R? groups, preferably by 1 or 2 R®
groups. For those embodiments in which two or three R? groups are present, each

'~ can be independent of the other(s). In a preferred embodiment of R* in compounds

of formula (I), n is 1 or 2 and each R? is halo or alkyl, more preferably R? is halo.

20 Further preferred are those embodiments in which -(R%), represents 2-halo or 2,6-
dihalo, more preferably 2-chloro or 2,6-dichloro.

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

heteroalkynyl, heteroalkylcarbonyl, heterosubstituted cycloaikyi, heterosubstituted
25 cycloalkylalkyl, heterosubstituted cycloalkylalkenyl, heterosubstituted cycloalkyl-

alkynyl, heteroalkylsubstituted cycloalkyl, heterocyclyl, heterocyclylatkyl, arylhetero-

alkyl, heteroarylheteroalkyl, -(alkylene)-C(O)R* or -(beteroalkylene)-C(O)R*;

wherein R* represents alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted

amino, disubstituted amino, ¢ycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl o

30 heteroaralkyl.

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




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

het er osubsti tut ed cydoal kyl al kenyl ; het erosubstituted cycloab1ywhaQMymyl
het er oal kyl substituted cycl oal kyl, heterocydyl, heterocyclylal kyl,

aryl het emamoia41 het er oaryl het eroal kyl, -(al kyI ene)-C(O RPCTHERIO/10077
(heteroal kyl ene)-C(O R3 ; 20 wherein RB is alkyl, haloalkyl, hydroxy,

al koxy, am no, nonsubstituted am no, dlsubstltuted am no, cycl oal kyl,
cydoal kyl al kyl , aryl, aral kyl, heteroaryl2 and heteroarallryi; and their
'pharnaceutically acceptable salts 25 In formula (1), the synbol R

replresleEts ? ﬂaﬂtmal Het’lehkdlks?ﬁlbdfc&ﬂﬁéhts ntts?asutoalkya,ldw% e |i< cycl oal kyl,
cycl oal kenyl , eyc y C e 0 a

aral kyl groupY aﬁfemﬁqwg W?ﬁ‘é&@%@ﬁlﬂ{g’WPg%%f erably
R represent gje@; ggrh &, aiykgﬁjﬁlz-paiﬁyxayth drofq} Kéﬁr@ ppiytroxy-

cydoal | cyl, c a cyd al_k ken al. I aI r
aral | cyl groa ‘?&‘5‘ ?h)%t’-’ﬁ@ Pﬁﬁ ﬁe‘i‘#’g‘ﬁf%‘ﬁ%&ﬂ’ﬂénig %B%’ﬂ L-aj kyt,
cycl oalxyl, &ieth KilethoMpn&hfl ﬂ:,t yﬂmy&oﬁﬂy&ympeﬁwﬂm&yl I'n
preferred errbodj n%% g&yiﬁ 3 br anched al kyl group in
whi ch the caPBdif RE rFF‘FES om is a tetrahedral
carbon atom preferably having 0 or 1 attached 10 hydrogen atons. More
pref erably, b pr o b o1- ohexyl, nost
preferably 2- rre%ﬁn%gﬁ‘%%'ﬂyl’gymﬁu?‘é‘f’hﬁw @I/Tedt 3&“%%“@%%?’65%nts al kyl ,
hal 0, het er og{diylhlicfll Péididhlar hEtér ylalkol g&bhgﬁhaddég (ghgxpléﬁﬂmﬂ)eﬂiyﬂ@ral any
occupi e :

of the remaining five. vale erw se y hydrogen. The
subscrtopt n N-Grpyrrli B tﬁﬁflomo to 3, indicating that

In yet another group of particularly preferred embodiments, R? is -(alkylene)-
C(O)R?; wherein R* is hydroxy, amino, methylamino, dimethylamino, methyl, and
ethyl. More preferably the alkylene portién is methylene, ethylene or propylene.

15
In addition to the compounds described above, the present invention includes
all pharmaceutically acceptable salts of those compounds along with prodrug forms
of the compounds and all isomers whether in a pure chiral form or a racemic mixture
or other form of mixture. |

20
' Still further, combinations of the preferred groups described above for
compounds of formula (I} will form other preferred embodiments. In one group of
particularly preferred embodiments R' is alkyl or cyclbaJkyl, R? is halo, R® is hetero-
alkyl or -(alkylene)-C(O)R*; and n is 1 or 2. In another groups R is alkyl or cyclo-
25 alkyl, R? is halo, R’ is heteroalkyl and n is 1 or 2; or R is alkyl or cycloalkyl, R? is halo,

R is heterocyclyl and n is 1 or 2; or R' is alkyl or cycloalkyl, R’ is halo, R’ is hetero-
substituted cycloalkyl and n is 1 or 2 or R is isopropyl, R?is halo and nis 1 or 2.

R

In particular, 2 compound of formula (I) is selected from the group consisting
30 of
3-(2—chloro-phenyl)-1-ethoxycarbonyhnethyl—7-isoptopy1amino-3,4—dihydr0-
pjrimido[4,5-d]pyzimid.in—Z(lH)—one, :



the phenyl ring is substituted by fromzero to three R2 groups, preferably
by 1 or .2 R - groups. For those enbodi nents in which two or 2 NpgE208a
groups are present, each can be independent of the other(s).. In a

pref err eWeGi¥8®inent of R2 in conpounds of formula (1), RCTEPLOBIOT? and
each- R2 is halo or alkyl, nore preferably R2 is halo. 20 Further preferred
are those enbodi nents in which -(R2), %gresents 2-hal o or 2,6- dihalo,
more preferably 2-chioro or 2,6- di chi or03?As ment i oned above, the synbol R3
represents heteroal kyl, heteroalkenyl het er oal kynyl, heteroal kyl car bonyl

et o osubst ¢ Snyblommplatl) bebdapuatyi T dadoamim patdigyaelyl
et er osubsti t ut e eterosubstituted cycl oai kyl - al kyny
het er oal kyl éﬂ'@é‘ﬁg f%gg?@?é%%’képﬁ%%@%r ocyclyl, heterocydyl al kyl,

aEKLP g? ggl()[(yﬁlaﬁf (2-bﬁbm—phemyﬂhe¢(e¥ma%%¢eﬁhgéxr ?s?ﬁ\ﬂt s al kyl, haI ogrck)ill

~ hydroxy, al iK%y, ')d %%&FWQ%§ ﬁkﬂf’@ﬁ am no, disubstituted am no,

e pr et erfyC' sl yhlakdhenyd)plsopscglising ¢7 snelirlcasiens ba of oar a1
from het er od Vﬁ 1ﬁ@?&ﬁ8@§%¢IWﬂﬁ#&mﬁyqﬁgﬁﬂﬁtltuted cydoal lcyl. In one
group of 21 Aprii- (26?61&6%&3}429&4-11}&%5&1 L0QpropyRanjine3,4-ditedky- preferred

R3 enbodi nent s 4]5&151 eter ?g nor e p?e%E eragl ﬁ bydr oxyal kyl or
Ay koxyal kyl .P PRIl }ﬁ%i%ﬂa;& HYPR&nd al koxyai kyl groups are 2-
rlreL ngyet hyl, 2- ﬁ%}@y?hbﬁi)d) -11H(B§)R, exah?dgam]r gg;%%?ww,mpyl :
1, 3- dil tho>4§71{")2‘¥r E?Béﬂ‘% {f]*y% M’H’%Q@% lr%}ﬂ’&?eymat hyl ) - 3- propyl ,
g 4- d|h hydr oxy I xmiamefdhghlenylmnﬁmpaﬁ dﬁy&:@f:yét}aﬁidlqbyp}bf py(lyn-ld mcpeﬁylj and

Tret oxyethyl .. 1n anot cularly preferred R3 embodi nents,
R3 is heterod <§f I’Wﬁ[&"{ %@1‘%&% -8P%@Pdy1 al kyl groups i ncl ude
2- (N-pi peri di ny|7)—196pfbﬂylaﬁ[m8-3 (D cKidrdpheyty-1 abisipeadiyiyl) otyiial4-dibydyst

anot her grou t| Iarl p rred embodi ments, R3 is -(alkylene)-
C(O) R31; V\,he‘l? g %552131?&?’ met hyl ani no, di net hyl ar ni no,

met hyl15 and and the pharmaceunca]ly acceptable salts thereof.

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

5 (Rn
N 2

20 | R® (1)

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

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

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



ethyl. More preferably the al kyl ene portion is nethylene, ethylene or
propylene. 15 In addition to the conpounds described above, th@parzyent
invention includes all pharmaceutically acceptable salts of those
conpoundwaréimsgdini t h prodrug forns of the conpounds and RICI/ERSOAENTS
whether in a pure chiral formor a racemc mxture or other form of

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

cycl oal kyl ﬁim'tﬁe%i%bﬁoﬂfﬁah d@&ff@{@rreﬁ’dﬂ%lgr&f ?&é’énkié'o%'ﬁ%haﬂ?}(@ﬁ%léctﬁ\d n
is 1 or 2. In another groups R, is al kyl or cyc o 25 alkyl, R2'i1s halo, R3
i s heteroal | {ormaprd wh Fr§r§qla¥ed2densptemn$§nwt9§qct TERGWE KNP | RZ is hal o,

"R3 is heterogyclyl and nis 1 or 2; R is alkyl or cycloalkyl, R is
hal o, R3 is hetero- substltuted Q)f&joal and nis 1 or 2or RlLis
i sopropyl, R2 i s{biiregtingqcompaun oumn aerartl cul ar, a conpound of fornula

(1) is sel ected from the group consi sting 30

3-(2-chl oro- phenyl ) - 1- et hoxycar bonyhnet hyl - 7§71 sogr | am no- 3, 4-di hy dro-
pyri m do[ 4, 5-d] pyri m di n-2(1H) - one 1 riI 20 W1/ 29041

PCT/ EPOQ 10077 13 N

3-(2-chl oro- phenyl)-1-car boxymetDLL-}l sopkopyl am no- 3, 4-di hydro- pyrim do
[ 4,5-d] pyrirnidin-2(1 H)-one, }-EN(ZNION nyl ) - 1-

(2- met hoxyet hyl ) - 7-i sopr opyl amr_rglo 3, 4- dl,_pydro- pyrimdo [4,5-d] v
pyrlmcrl’ln 2(1H)-one, 5 av)
3-(2-chl oro-phenyl)-7-i sopropyl am no-1-(2-met hyl sul fonyl et hyl) -3, 4-
di:Rydr o- pyri ni do n- 2

3-{2-chl oro- phen{ﬁ‘?’eﬁld% ?ﬁgﬂfﬁ%@q‘%?%‘ﬂ%f?@@ai di hydro

pyrim do [ 4, Gittlthy/piovise thatda} Miterithg Radtide@hduy prakan jsloptibnally in protected
(2S)-2, 3-di h¥droxyet hyl] -7- |sopropyl am no- 3, 4-

10 with an alkylating agent of formula V
RBx (V)

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

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



10 di hydro-pyri m do[ 4, 5-d] pyri nzi di n-2(1H)-one, 3-(2-chlorophenyl)-1- [
(2R) - 2, 3-di hydroxyethyl] -7-isopropylam no -3, 4- 21 April 2004
dihydro-pyrinido[4,5-d]pyrinidin-2(1FD one, and

7-1 sopr ogyéd airkdadr 3- (2- chl or opbenyl ) - 1- (2-pi peridi nyl - et hyk &Tm?wﬁmghhydro
pyrimdo- [4,5-d]pyrimdin-2(1H)-one; 15 and the pharnmaceutica

acceptabl e salts thereof In another aspect the present invention provides
nmet hods of preparing the conpounds of fongula (1) described above.
Briefly, the nethods involve either: (a) treating a conpound of fornula I
NLNNOZ20 13 R wherein n, R2 and RS ve t he neani ngs provided with
reference to formula I above, with th %1 so t hat any interfering

reactive group presepk is tonally in protected fotm @OJeLi s a | eaving
group, 25 with an ﬁé of formula Il R-NH2 |1) ergin has t he
meani ng provi degl ference to forma| apovgl\ ril 2004 WO

Q129041 PCTI EPCﬁ 10 7 I€lwith the proviso that SanyN nt eNlﬂerl ng reactive
group present is optiggally in protected form and “@er¢$¥eqU|red
deprotecti ng any protected reactive groups, or (b) treating a compound of

formula IV5 NHN'" "N' -NO 1
, CHO
LG, — JOO
R« = l
§” "NT TNH R‘s’|\N/ NH
3 .
) R o R
L e .
N~ ™ N . . 2\ )
r — A AL H
87 "N” TNH ~8” N7 "NH
B3 R3
le If




Rt H(R2)n wherein R1L, n, and R2 have the meanings provided for formula I,
with the proviso that any interfering reactive group present 2ifapgp2ogmnal |y
in protected form 10 with an al kylating agent of forrmula V wherein R3 has
t he meani W@ qur28ddided with reference to formula |, and X i sPeT/EPBOMEAYI Ng
group or a hydroxy group that is activated during the reaction, with the
proviso that any interfering reactive group present is optionally in
protected form and where required, deprégecting any protected reactive
groups, and optionally converting a conpound of formula | into a
pharmaceutically acceptable salt. 20 The conpounds of the present I nvention

can be prepared by_.a varie ng procedures -knpown to
t hose of skill y¥ O{PTX—B?mE ‘Péfdnﬂ’lh? Iﬁe ounds
are prepared smaesma:t Soffotriila 16 m@s@cu@ﬂwdomineﬂuy%hﬁéaao&m?al Apri |

2004 1/ 29041 15 /EPOOl 0077 S NH3 IRt lel
/O?R \2/? g N' SORyeRf wgf? 1s inert under the rea?:trllgxrrr?on&nons PII%C{‘S a!Hv an open-chain or
5 - cyclic ether (such as tetrahydrofuran), 2 halogenated aliphatic hydrocarbon,

especially dichloromethane, an optionally halogenated aromatic hydrocarbon, a
formamide or a lower alkanol. Suitably, the reaction is carried out at about -20°C to

about 1200C.

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

15 room temperature).

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

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

25 at about 0°C to about 60°C.

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

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

preferably an aromatic hydrocarbon, especially toluene, or an optionally halogenated



lg NOH RCS NNHIc RBIf HNNNO Ry R3 1 21 April 2004 WO 01/29041

PCT/ EPOQ' 10077 16 Treatnent of a conmpound of fornula la vmthzqm@,m;gmpy

am ne (R3-NH2) provides a conpound of formula Ib. This reaction is

conveni eRih Y18yl i €d out in a solvent which is inert undepciipodifgsti On
condi tions, preferably an open-chain or 5 cyclic ether (such as
tetrahydrofuran), a hal ogenated aliphatic hydrocarbon, especially

di chl oronet hane, an optional ly hal ogenat edzaronmati c hydrocarbon, a

formam de or a | ower al kanol. Suitably, the reaction is carried out at
about -200C to about 1200C. 10 Reduction of a congound of formula Ib
provides an AeBA hydrosashon pad pea temprrature el Aoub AVTG 1 ghautdBPYCearri ed out
using lithiu T TR skill
in the art (re& ﬁéd&mr'lgﬂaﬂ&gg%%&lﬁmagﬁ% IS 1 ner‘{mﬁﬁddﬁesﬁ i&?ﬁl\éﬂe hgt%r??ﬁgﬁ%f t he
reducti on, prféF’éY"éBfVa‘éfFr open-chain or cyclic ether, especially
tetrahydrofuran at about -200 C to about 700C, preferably at about OC to
‘about 15 roomtenperature). Oxidation of an alcohol of forpmula Ic in the
next step provi deReduction efaxemnaupdotsormela fetegivea compownd afformwla ¥ can
typically CarHe'c@ﬁxeﬁ%tﬁkﬁaQ Bmgﬁgﬁé‘%odﬁih‘i’ﬁb%gdﬁ & enial, Al ﬁ%ﬁf&ﬂi@

met hods can al so_be enplo 3 exa 20 ADVAN(

CHEM STRY, e GEBPd “%PPGFF‘O%HFP § uRAERA q:wweélrlmo“(nltgghﬁe ofpkiflandhag on
the oxidati nw%@ﬂaﬁgpﬂwﬁﬁgﬁhﬁg@&g@mk%@gﬁﬁﬁ&ﬂ betta &%x%&ycaeﬁ' y in

a solvent which is in und fic oxidation con tlons
mixture in which it is prepared is concentrated and the concentrate obtamed is taken

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

preferably at about 0-25°C.

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

20 triethylamine. More particularly, the cyclization is carried out in a solvent which is
inert under the conditions of the reaction, preferably an open-chain or cyclic ether,
) especially tetrahydrofuran, an optionally halogenated aromatic hydrocarbon or 2
halogenated aliphatic hydrocarbon. Conveniently, the reaction is carried out at

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

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

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

room temperature.



preferably a hal ogenated al i phatic hydrocarbon, especially dichloronethane,
or an optionally halogenated aromatic hydrocarbon. Suitably2{taApsi 2oogat i on
is carried out 25 at about OC to about 60C. Reaction of a carboxal dehyde
of formukmapbrhosat h a substituted aniline to provide a conpormeooafoof7or mul a
le. This reaction may be carried out in the presence of an acid, e.g. an
aromatic sulfonic acid, preferably 4-toluenesulfonic acid, with 30
azeotropic renoval of the water forned dul8ng the reaction. Conveniently,
the reaction is carried out in a solvent which is inert under the reaction

conditions, prefe E‘qp& |Qn; j: ene, or an
optionally hgl ogeﬁgﬁy tgélat%prl nzlgggy%;o 01 W@%?ﬁ%@ot}%%% 17 aromatic
hydr ocar bon, cemiowsdsoffermaed: The resctighsan ez@med outapshe prseBEor abgrpeti al |y
at the refl ugsismuper @BW&J Xt{}%%réé’én*b%rlé e@?ﬁff é&eﬁ?a&ﬁ%e@&éﬁ‘&n%%ﬁ roprc

renoval of water. 5 Reductio a conpoun or mu to give a

~ conpound of o@@whboumoo%n mére peeferabioabout ravth Egnpdraturewadtiple 156°adi um
bor ohydride, lithium alum nium hydride or sodiumtriacetoxyborohydride
under Conditions well known to those of skill in the art. Preferably, the

conmpound of .f or mkeordinglys throprepdnt ifveaton bmwdahhﬁéthb@efp@pﬁﬁmg)cbmp&midsr ein

10 up in o sB PORPILhPERATES REPEEORL P ERE oL BRI Brem e Badton,

preferably an open-chain or cyclic ether, especially tetrahydrofuran or an
optionally hal ogenated aropamtic hydrocarbon or a | ower al kanol_, and then

treated with an af orenent iohe reduci ng agents. The reducti g# 5] sw tabl y
carried out at about Q0 Clto (ﬁ%)n 100C, preferably_at about (R?
Qycl i zati on of NA OUN formula If provides aybi | Ty ogen
het erocycl e of for | a g The cyclization can be gffegted by reaction of
hps&ﬁ

If with pho engor g | or omet hyl~ chi or of or gyE (N e
equi val ent), conveni in the presence of a ﬁerti ar yﬁgrgani c base,
preferably a tri (lfowe aI kyl )am ne, especially I

10

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

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

L
K

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



20 triethylam ne. Mrre particularly, the cyclization is carried out in a
solvent which is inert under the condi-tions of the react|0n21p&ﬁfgmﬁply an
open-chain or cyclic ether, especially tetrahydrofuran, an optionally

hal ogenatvexbizeenat i C hydrocarbon or a hal ogenated al i phatrica/Eppoitaczar bon.
Conveniently, the reaction is carried out at about -20C to about 50C,
preferably at about OC to about roomtenperature 25 Oxidation oflgwith

3-chl oroperbenzoic acid provides a sul foA® (1h) which can be converted to
a variety of target conmpounds. Typically the oxidation of Ig is carried
out in-a solvent which is inert under the ggRghibons of the oxidation,
preferably a hal ogenated aliphatic hydrocarbon, especially chloroformor 30
di chl oroi net hane, and at about -20C to about 50C, preferably about OC to

" about roomtenperature. 21 il 2004 WD 01129041 PCT/ EPOQ 10
Finally, treatnment of Ih wt a amne (R -NH2) provides th arg t
t a

conpounds of form The ion can be carried qut s@%ae or
absence of sol viht nveNle yf the reaction i s NarrNyed

tenperaturesRof Pogl boull abQuL_ZDOC nor pr fer Iy about room
t enper ature t 0Sabow” 1 B, 5 Accordingly, the ﬁr Se i nt(pn provi des a
nmet hod of preparing conpounds of forrmula I, by treatlng conpound of

general fornmula Ii pghath an amne (R -NH2). H2) ~ N hk1n, NOHNNNO R
R R 1li 10

s” "NT N7 o S N N
(AN { ) I
0 RS 53
lid e

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

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



In compound li, the synbols R2, R3 and the subscript n have the neani ngs
provi ded above with reference to formula |I. The letter L represgrl 2004

| eavi ng group which can be a hal ogen, a | ower al kanesul fonyl group (e.g.,
met haneswvh@iwdospr trifluoromet hanesul fonyl) or an ar omatpcr/ERdoflossy] group

(e.g., benzenesul fonyl or 4 15 toluenesulfonyl). Qher suitable |eaving

groups -are known to those of skill in the art and can be found in, for

~ exanpl e, ADVANCED ORGANI C CHEM STRY, 4''“20ED., March, John Wley & Sons,
‘New York (1992). Suitable amines (R1-NH2) are those in which R represents

any of the chlg;mﬁﬁtaeggggh%%mf eiml R?t@d i fhefh &bsts s eapbaeat, the

bi cyclic.-nitrogen & ca ted d R3 can be |nt°roduced
at a later sba@epmfersblm@mﬁovemmeamp%ﬂéme vamine. Afese papgodarip

ORfL/SiIg Rlél 0 P?@B%%élf éﬁnécﬁ Buth Re8RreAt Which N iBePuNadPht tbnditiofd Hthe-N 1

reaction, preferably an open-cham or cyclic ether, especially tetrahydrofuran, an

5 optionally halogenated aromatic hydrocarbon or a halogenated aliphatic
hydrocai'bon. Conveniently, the reaction is carried out at about -20°9C to about

509C, preferably at about 0°C to about room temperature.

Introduction of an R group to provide a compound of formula Ilc can be
0 10 accomplished under a variety of conditions. For example, ITb can be treated with
- alkali metal hydride, especially sodium hydride, and subsequent reaction with a
compound of the general formula R>-L, wherein R> has any of the values accorded to
R? hereinbefore except hydrogen, aryl or heteroaryl and L represents a leaving group
(e.g., halo, methanesulfonate, toluenesulfonate, trifluoromethanesulfonate, and the
15  like). The N-substitution is conveniently carried out in 2 solvent which is inert under
the reaction conditions, preferably a forrnamide, espedially N-methylpyrrolidinone or
dimethylformamide, an open-chain or cycic ether or an optionally halogenated
aromatic hydrocarbon. Suitably, the reaction is carried out at about 50°C to about

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

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

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

An alternative, and preferable method for the introduction of R’ involves
_ alkylation of the pyrimidinone nitrogen under Mitsonobu conditions. In this
25 method, an alcohol of the general formula R>-OH is combined with a compound of
general formula IIb in the presence of, for example, triphenylphosphine and diethyl
azodicarboxylate or diphenylpyridyl phosphine and t-butylazodicarboxylate (Ses,
Tetrahedron Lett., 40: 4497-4500 (1999). The alkylation is conveniently carried out

in a solvent which is inert under the reaction conditions, preferably an open-chain or
30 cyclic ether, at temperétures of about -20°C to about IOOdC, preferably at about 09C

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

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



Conmpound Ila, the starting material in Schene 2, can be prepared from5
commercially avail abl e ethyl 4-am no-2-nmnercapto-pyrim di ne-5-Xasgivzgdat e.
Briefly, treatnment of the nercapto conpound with a suitable al kylating
agent (R 9@yl des a conpound of formula Ib (R3 H. Co b (R3
H to PI?% can follow the steps provided in Schenme I. %E@gﬁﬂ‘%w Lz~O
R3 10 Cyclization of Ila provides a bicyclic nitrogen heterocyde of fornula
I1'b.. The «cyclization can be effected by oeaction of Ha with phosgene or
trichloronethyl 21 Apr112004 WO 01/29041 PCT/ EPOO/ 10077 20 chl or of ormat e
(or phosgene equivalent), typically in the presence of a tertiary organic
base, preferably a tri(lower alkyl)am ne, especially triethylamne. Mre
particul arly, t h@ommhg ﬂﬁhhﬁbdt&o&&i’ffﬂ3,€iﬁe©uidatlﬁn ané aispaaémwm $épsi(fo 1 nert
under the co gtgﬁ_h reacti ﬁﬁﬂ pr ef ﬁ%%g F an en—chal n or cyclic
et her, espec ?/ §PHPEFGRmP 3 9"eht8l ag‘r‘?&t"@'ﬂetar omatic
, hydrocar bon oompodin@ds@ﬁﬁﬁﬁﬁm aliphatic hydrocar bon. Conveniently, the
reacti 2{1 is carried out at about -200C to about 50C, preferably at about
OCto out roomtenperature. Introduction of an R3 group to provide a
conmpound of for rru[:aaltdrﬂateﬁfut&heﬂblﬂay&fecd@ﬁﬁéﬂtﬁMIdJ Hrstallyddtir Vb ﬁﬁder

copeci a1y s SBR Y HiAiens St tice hudnio Tt ti?a%HftﬁE @h% " the

general for rrubﬁesﬁanﬂingwﬁ&jmlmiRB has any of the values accorded to R3
her ei nbef ore -except hydrogen, aryl or heteroaryl and L represents a | eaving
group (eg., halo, nmethanesulfonate, toluenesulfonate,

triflueronet hanes i §iilahe entbudihbies, the wﬂsp&,undﬁf&nblepb&pﬁddwm&s the
coﬂvenl ent | y c rr agrout i oI vent &5 i,S inert der ‘Eflhgd ction
condi ti ons, ‘iﬂE’fem%tﬁé*c FIOY TRECTTIRE HRA 5T 2ABne or

di met hyl formsrmabmn@aumnsmﬁmsahexﬁysl ic ether or an 0pt| onal I'y

hal ogenated aromatic hydrocarbon. Suitably, the reaction is carried out at
“about 500C to about :




200C, preferably at about 50C to about 150C. Alternatively, the alkylation
may 20 be carried out with an inorganic base such as potassi naAmi pomate in
a formam de solvent such as N-nethyl pyrrolidi none tenperatures from about
OC to abwb o224 An alternative, and preferabl e nethod foPCT/ER00/10077

i ntroduction of R3 involves alkylation of the pyrim dinone nitrogen under
M t sonobu conditions. In this 25 nethod, an al cohol of the general formula
R3-OH is conbined with a conpound of genéfal fornula Ilb in the presence
of, for exanple, triphenyl phosphine and diethyl azodicarboxylate or

di phenyl pyri dyl phosphi ne and t-butyl agagigas boxyl ate (See, Tetrahedron
Lett., 40: 4497-4500 (1999). The alkylation is conveniently carried out in

a solvent which is inert und e reaction conditions, prefer an
open-chain or 30 cyclic ethef, ajj tenperatures of about -20C tjo ah hzﬁgoc,
preferably at ab ] r

" 30C (or roomtenp LeT> ot
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above to provide targ ja conpounds of formula |I. 5 In Pternate routes, I1Db
may be converted to Ed by first alkylating IIlb under M tsonobu conditions
to introduce R3, followed by oxidation of the sulfide to tlhe corresponding
sulfone Ed. 10 In still other enbodi nents, the conpounds dan be prepared
byreversing the order of alkylation and displacenent stegs, thereby
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5 Accordingly, a compound of formula Ila can be cyclized to IIb (as initially
shown in Scheme 2). Oxidation of IIb to Ilia provides the template for the
subsequent displacement and alkylation steps. Thus, treatment of I1Ia with R'-NH,
under the conditions described above, provides 1IIb, which can be alkylated using
R>-L (wherein L has the meaning noted above) or R>-OH under Mitsunobu

10 conditions to provide the target compounds of formulal.
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(R2) n .t ~1 5 Accordingly, a conpound of formula Ha can Ipa Ayieboged to
II'b (as initially shown in Scheme 2). Oxidation of IIb to Illa provides

t he tenplyadoerpemar t he subsequent displacenent and al kyl at i gr/Bhgaase77 Thus,
treatnment of Illa with R-NH2 under the conditions described above,

provides I1lIb, which can be alkylated using R3-L (wherein L has the
meani ng .noted above) or R3-OH under M tsuBdbu 10 conditions to provide the
‘target . conpounds. of fornula I. 21 April 2004 WO 01{29041 PCT/ EPOON0077 23
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functional groups that are not compatible with partlcular reaction conditions.

5

In another aspect, the present invention provides compositions comprising a
pharmaceutically acceptable excipient and a compound of formula I as described
above.

10 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 form of
pharmaceutical preparations. The pharmaceutical preparations can be administered
enterally, e.g. orally in the form of tablets, coated tablets, dragées, hard and soft

_ gelatine capsules, solutions, emulsions or suspensions, nasally, e.g. in the form of

15 nasal sprays, or rectally, e.g. in the form of suppositories. However, they may also be

administered parenterally, e.g. in the form of Injection solutions.

The compounds of formula I and their aforementioned pharmaceutically
acceptable salts can be processed with pharmaceutically inert, organic or inorganic
20 carriers for the production of pharmaceutical preparations. Lactose, corn starch or
. derivatives thereof, talc, stearic acid or its salts and the like can be used, for example,

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

py

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

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

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

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

30 |

The pharmaceutical preparations can also contain preservatives, solubilizers,

stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for

varying the osmotic pressure, buffers, masking agents or antioxidants. They can also



I n anot her aspect, the present invention provides conpositions conprising a
pharmaceutically acceptable excipient and a conpound of for mghapkl 2004
descri bed above. 10 The conpounds of forrmula | and the pharnaceutically
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wat er ,._pol on sucrose, invert gI ucos I i ke, Suitahl
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pharnaceutlcal preparations can al so contain ‘preservatives, solubilizers,
stabilizers, wetting agents, enulsifiers, sweeteners, colorants,
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PCTf EPOQ 100FRarmacesically %chéblaﬁquaeéﬁmy 1) a¢eondanee Ith HisARENEPREE t han
the cqgpoundhefipeh@Eilyhatile substances, especially as antiinflammatory agents or for the

prevention of graft rejection following transplant surgery. The dosage can vary
within wide limits and will, of course, be fitted to the individual requirements in each
particular case. In general, in the case of administration to adults a convenient daily
dosage should be about 0.1 mg/kg to about 100 mg/kg, preferably about 0.5 mg/kg to

20 about 5 mg/kg. The daily dosage may be administered as a single dose or in divided
doses and, in addition, the upper dosage limit referred to earlier may be exceeded
when this is found to be indicated.

Finally, the use of compounds of formula I and their aforementioned
25 . pharmaceutically acceptable salts for the production of medicaments, especially in
the treatment or prophylaxis of inflammatory, immunological, oncological,
bronchopulmonary, dermatological and cardiovascular disorders, in the treatment of
asthma, central nervous system disorders or diabetic complications or for the
prevention of graft rejection following transplant surgery, is is also an object of the

30 invention.

Compounds of formula I would be useful for, but not limited to, the treatment

of any disorder or disease state in a human, or other mammal, which is excacerbated
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excacer rl
d bactenal infections, including sepsis, septic shock, gram negative sepsis,

malaria, meningitis, cachexia secondary to infection or malignancy, cachexia
secondary to acquired immune deficiency s'yndrome (AIDS), AIDS, ARC (AIDS
related complex), pneumonia, and herpesvirus. The compounds are alsc useful for
20 the treatment of bone resorption diseases, such as osteoporosis, endotoxic shock,
toxic shock syndrome, reperfusion injury; autoimmune disease indudjhg graft vs.
host reaction and allograft rej.ections, cardiovascular diseases including
atherosclerosis, thrombosis, congestive heart failure, and cardiac reperfusion injury,
renal reperfusion injury, liver disease and nephritis, and myalgias due to infection.

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

gastritis, irritable bowel syndrome and ulcerative colitis. The compounds would also
be useful in the treatment of ophthalmic diseases, such as retinitis, retinopathies,
uveitis, ocular photophobia, and of acute injury to the eye tissze. Compounds of the
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di abetes, systemc lupus erthrematosis (SLE), skin-related conditions such
as psoriasis, eczemn, burns, dermatitis;, keloid formation, and scar tissue

formatjson. ConpoBasides BeinghRefulfoe hukAR tedafBentDtHese fAnpG@idslart slsd uedil for

veterinary treztment of companion animals, exotic animals and farm apimals,

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

dogs, and cats.

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

A
p—

25 As used herein, the term "TNF mediated disorder” refers to any and all
disorders and disease states in which TNF plays a role, either by control of TNF itself,
or by TNF causing another monokine to be released, such as but not limited to IL-1,
IL-6 or IL-8. A disease state in which, for instance, IL-1 is 2 major component, and
whose production or action, is exacerbated or secreted in response to TNF, would
30 therefore be considered a disorder mediated by TNF.

As used herein, the term "p38 mediated disorder” refers to any and all disorders
and disease states in which p38 plays a role, either by control of p38 itself, or by p38



.30 gastrointestinal conditions such as inflammatory bowel disease, Crohn's
di sease, gastritis, irritable bowel syndrome and ul cerative2¢@plif2004 The
conpounds woul d also be useful in the treatnent of ophthal m c di seases,
such as rwoioReedd, retinopathies, wuveitis, ocular phot ophBGT/EPIEIETIOf
acute injury to the eye tissue. Conpounds of the 21 April 2004 WD 41/29041
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reprodusti ve system such as endonetriosis. The conpounds of the invention
may al so be useful -.faor preventing 10 fhe production of_ cycl ooxygenase-2 and
t he conpounds of 4%?@5%‘@&&136%351’%‘80108& I RFedalsekpewrad in the

prevention angchdctial,mRalsiRe WA es kithiRABildgH ASpGRECIA HiRdCR the diRe
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dogs, and cats. 20 The present conpounds nmay al so be used in co-therapies,
- partially or conpletely, in place of other conventi onal
antiinflammtories, such as together EXAMPEES®roids, cycl ooxygenase-2
i nhi bitors, NSAIDs, DMARDS, i mrunosuppressive agents, 5-1ipoxygenase
i nhi bitors, LTB4 antagonists and LTA4-hydrol ase inhibitors. 25 As used
herei n, the ter mICoRNEexadplesmdiowisdesdothérwied satsd ttemaaptaedaralglvendn sor der s

and di 3gase 4163 A1 opbbiiBhANRe fhckh Sue Srb B or BTN ERberlurd -
(typically a range of from about 18-25°C; evaporation of solvent was carried out
using a rotary evaporator under reduced pressure (typically, 4.5-30 mmHtg) with a
bath temperature of up to 60°C; the course of reactioﬁs was typically followed by TLC
and reaction times are provided for illustration only; melting points are uncorrected;

20 products exhibited satisfactory ‘H-NMR and/or microanalytical data; yields are

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

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

.25 DIAD stands for diisopropy! azodicarboxylate

Example 1

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

30 ethoxycarbonylmethyl-7-isopropylamino-3,4-dihydro-pyrimido(4,5-d]pyrimidin-
2(1H)-one and 3-(2-chloro-phenyl)-1-carboxymethyl-7-isopropylamino-3,4-
dihydro-pyrimido{4,5-d] pyrimidin-2(1H)-one beginning with 7-benzylthio-3-(2-
chloro-phenyl)-3,4-dihydro-pyrimido{4,5-d]pyrimidin-2(1H)-one.
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18- 25C, evaporation of solvent was carried out using ﬁot’gry evapor at or
under reduced pressure, typically, 4.5-30 mmHg) with a batltg t enper ature of
up to 60C, the course of reactions was typically followed by TLC and
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azodi car boxy mahele) was added. The resulting mixture was stirred for twenty minutes, then ethyl

10 bromoacetate (0.87 mL, 7.84 mmole) was added. After 3 hr, the reaction was

guenched with water and extracted three times with ethyl acetate. The combined

extracts were washed five times with water, dried over MgSO,, and concentrated in
vacuo. The residue was purified with columnn chromatography on silica gel using
30:70 acetone/hexane to give 1.283 g of ester 1b.
15
1.2 Oxadation of benzyl sulfide

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

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

(w/w) aqueous sodium sulfite, once with saturated aqueous sodium bicarbonate, and
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was purified with colum chrom@togeaphy on silica gel using ,
er Ib. 15 N i SNNOEtOZC—

acet one/ hexane to give 1.283 g o
- Ester. I b (0-600g, 1.28 \pexgdi-ssol ved in chl
3-chl or oper oxybenzoi c a io‘I/(SO 0. 883 g, 2.56 mm(%'[é'i)3 dde at room

) Et0,C , _ EtOzc
1c id

Benzyl sulfone 1c (0.520 g, 1.04 mmole) and isopropylamine (0.18 mL, 2.08
10 mmole) were combmed and heated to 90 100 °C for one hour. The reaction was
cooled to room temperature and the mixture was purified by column
chromatography on silica gel using 18:1 CH;Cly/MeOH. Fractions containing the
product were combined and concentrated to provide 0.366 g of 1d, 3-(2-chloro-
pheny!)-1-ethoxycarbonylmethyl-7-isopropylamino-3,4-dihydro-pyrimido{4,5-
15 - d]pyrimidin-2{1H)-one (mass spec. MH"* =404. Mpt.188.8-191.4 °C).

1.4 Saponification of Ethyl ester

Cli Cl
1 I
°”U:I\,g —— Y

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

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



tenperature. The m xture was stirred for 2 hr, then washed three tines with
101010 (W w) aqueous sodiumsulfite, once wth saturated agqueqgsi seus um
_bicarbonate, and 1.1 Al kylation of Pyrimdinone d-" C 1.2 Oxidation of
benzyl swéptese@d .. C 21 April 2004 WO 01/29041 PCT/ EPOOPCOEPIN/BO7ONCE
with water. The organic |ayer was dried over MJSO4 and concentrated in
vacua to provide 0.670 g of benzyl sulfone 1lc. 1.3 D splacenent of sulfone
5 Benzyl sulfone is (0.520 g, 1.04 mol e)3%nd i sopropylamne (0.18 nil,
2.08 10 nmmol e) were.conbined and heated to 90-100 C for one hour. The
reaction vas ThegdsRThetvs t@RiFhied R Ethat, Wieredngdidifedth w@zzlsrg'opw; gi(hed by

col um chrog&t ogrgphi on silica _gel using _18:1 CHZClI 2/ MeOH, Fractions

cont ai ni ng t RRCTGPRERIE: 1 karhoxymetivird dsepsap demengd AadibydiooPyimidald.50. 366 g

of id, 3-(2-apweifidin-2(1H)-one ?mass spec. MH" =376, mpt, 172.0-188.0°C.

phenyl ) - 1- et hoxycar bonyl met hyl - 7-i"'sopr opyl am no- 3, 4-di hydro-pyrimido [4, 5-
15 d] pyram di n-2(1H) - one (mass spec. IVH} =404. Mpt.188.8-191.4 . 1.4
Saponi fg cati on of Ethyl ester d. C @__%ﬂ&‘~ CH3 N H3C'~ N "N N kO H3CN
NNO HE®RCHHRXC 1d le 20 To a solufron of 1d (0.266 g, 0.66 mmole)
in MeOH (10 nL) was added sodi um hydroxide (0.026 g, 0.66 nmmole) and water

(3 m.). The react TAR thokbl¥iBustrates the preparation of 3-(2-chloro-phenyl)-1-(2-
methoxyethyl)-7-isopropylamino-3,4-dihydro-pyrimido[4,5-d]}pyrimidin-2(1H)-
one, in which an alkylation is carried out using Mitsunobu conditions.

g :
CHa N/T\N
—_— |
S Ao S

ci
CHa N{Y\N
HSC)\N/]\N/ IIJAO
H
OCH;

10

2a 2b

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

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

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

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

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

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



.was stirred at roomtenperature for 12 hr. The m xture was concentrated in
vacuo and triturated in ethyl acetate, then redissolved in by@dipsshs
concentrated in vacuo. 21 April 2004 WO 01/29041 PCTI EPOOI 10077 30 The
resi due Y@aSoeiddolkpirated in ether, filtered and dried to gi ye-ferbdRoesr7of | e,
3-(2- chloro-phenyl)-1-carboxynet hyl - 7-i sopropyl am no- 3, 4- di hydro- pyri m do
[4,5- d]pyrimdin-2(1H)-one (mass spec. M = 376, npt.172.0-188.0 C
Exanple 2 This exanple illustrates the prgparation of

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

met hoxyet hy [ L m rim.do 5- 4] L @ 2 (IH
T ooy Wb BER LSRN daclo AR SRR BB o0l D 2 (!

10 CL C H Nandslobdy ﬂlowed t’éwarm tdlroom temperaHﬁ@aNth rhix@rkistired fdr'12dr. H H
OCH3 . The solid was filtered to give 0.139 g of the hydrochloride salt of the title compound,

2b (mass spec. MH" = 376, mpt. 126.0-131.6 °C).).

Example 3

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

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

SCH,

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



-2a 2b 15 To a solution of pyrimdinone 2a (0.500 g, 1.57 mmol e, prepared by
treatment of 7 benzyl sul fonyl -3-(2-chl oro-phenyl) -3, 4-di hydr @4 py¥il Zoo#o[ 4, 5-
‘d] pyri idin-2(1H) -one with isopropyl am ne under conditions as in 1.3 above)
in THE WwitPpidopsiwas added tri phenyl phosphine (0.413 g, l.ictpeeapom@nd 2-
met.hoxyet hanol (0.12 nL, 1.57 mmole). The m xture was cooled to 0C and DI AD
20-(0.31 M, 1.57 mole) was added. The reaction was allowed to warmto
room. tenperature and stirred for 12 hr. 3&dditional portions of

2- nethoxyethanol (0.12 ni, 1 57 nnnle) tri phenyl phosphine (0.413 g, 1.57
nmol e) and DI AD (g.;31. Z .Were added and the m xture was
stirred for another 12 erature then heated to 55-60 C

After 2 hr, the mxture mas cd¥ls ted in 25 vacuo and the r@si was
purified. by col um chronatograph silica gel using 1:1 hexan yl
acetate as eluant. The {13 SeAt ai ni ng product werng PO RET e

~ concentrated to_an 0|I s redi ssol ved in_ethyl e ]Fwdrochlorlc
acid (1.OMEt . BsL)NWAY d t o—prewi dg The re was
stirred for 1i| 2004 01129041 PCT/ § 1@55’?@ 31 h urs then
concentrated i n~Vacuo.. The fesidue was triturated in ether over dry ice
and slowy allowed to vvarmg@qd;oomterrperature as the m xt@wmcs,irred for
12 hr. The solid was filtered to give 0.139 g of the hydroc orlde salt of

the title conpound, 2B3(mass spec. MHO = 376, npt.126.0-3B1.6 QC).). 5
Exanple 3 This exanple illustrates the preparation of
3-(2-chl oro- phenyd- - i sopropylam no- |-

b

(2- - et Byl sul f onyl '%mn@faawahwpmp@mdmw 1-GPBA §1-19 gr $-Rmmmph-in10
2(VH) - one. 3y, M itk BB A KihAS b OPhea i WsHuRRARAGHTh 1696 Na2SOs (ag,
50 ml) and extracted three times with CH,Cl.. The combined extracts were washed
with sat. NaHCO; and concentrated in vacuo to provide 3b, which was used without
_ purification.
10 »
3.3  Displacement of sulfone

cl Ci

S P8e
s’I\i/NIN\’io . Hscﬁ;i/n;f;’lo

& J e

3b 3c

15 The crude product 3b was taken up in isopropylamine (5 ml, 58 mmol) and
stirred neat at rt for 2 days. The mixture was concentrated in vacuo and purified by
chromatography on silica gel using 10-50% acetone/hexanes as eluant to provide 3¢
(287 mg, 0.732 mmol, 63% from 3a, 56% from 1a). The purified product was taken
up in ethyl acetate and Ueated.Mth 1 equivalent HCI/Et;O to precipitate the HCl salt

20 of3c. (mass spec. MH" = 424)



SCH3 la 15 3a Benzyl sulfide la (500 ng, 1.31 mmwol) was taken up in 2 nL
THE with 2- (nmethylthio)ethanol. (114 L, 1.31 mol), triphenyl phogahzore (343
‘mg, 1.31 mmol), and DEAD (0.21 ml, 1.31 mmmol). The mixture was stirred at
rt for 4wtam9o41evaporat ed in vacuo, and purified by chr orROITHERBHENI7 ON )
silica gel wth 5-20%"' 20 acet one/ hexanes as eluant, to provide 3a (529 ny,
1.16 mmol, 88% . 21 April 2004 WO 01/29041 32 PCTI EPOO/ 10077 3.2 Oxidation
- of benzyl sulfide Ck A 3a SO2CH3 3b 5 B3 dation of 3a was acconplished
using mCPBA (1.19 g, 5.8 mol) in CH2CI2 with stirring at rt for 5 hr.
The reaction was quenched with 10% Naggbapleafl. 50 nlL) and extracted three
times with CH2Cl2. The conbi ned extracts weI re washed wth sat. NaHCO3 and
concentrated in vacuo to provide 3b, which was used wi thout purification.

10 3.3 Displ acerremls%ﬁgkﬁﬁ{g&aﬁkm?%aﬁho%?%(ﬁm% -Phényt)-uge- product

3b was taken up in_i ;) pyl am ne
hydroxyethyl)- 1sopropylammo -3,4- dlhydro-pynmldo [4,5-d]pyrimidin-2(1H)-one.

5 ‘ -
4.1 “Mitsunobu” Alkylation of Pyrimidinone

c cl .
Ne
ool — oo
@f\ ) ©/\s N HN o

OTIPS
la 4a

L

10 Benzyl sulfide 1a (500 mg, 1.31 mmol) was taken up in 7 mL DMF and treated
with tri-isopropylsilyl protected iodoethanol (555 mg, 1.57 mmol, prepared
according to the procedures described in J. Am. Chem. Soc., 112(10), 4078-9 (1990)
and [.Chern. Soc. Perkin Trens, 1(6), 1417-23, (1998)) and chilled to 0°C. Sodium
hydride (60% in oil, 63 mg, 1.57 mmol) was added and the reaction mixture was

15 warmed from 0°C to 30°C, then stirred overnight at 30°C. An additional 63 mg of
60% sodium hydride was added. After another 6 hr, the reaction was quenched by
o additon of 10 mL of water. The resulting mixture was extracted with EtOAc and
CH.Cl,, and the combined extracts were dried over MgSOy, concentrated in vacuo,
and purified by chromatography on silica gel using 10-20% acetone/hexanes as eluant
20 to provide 4a (430 mg, 0.738 mmol, 56%).



stirred neat at rt for 2 days. The m xture was concentrated in vacuo and
purified by chromatography on silica gel using 10-50% acet opglapgradias as
eluant to provide 3c (287 ng, 0.732 mol, 63% from 3a, 56% fromla). The
purifi edwyqigugss was taken wup in ethyl acet ate and tr eat @CTMERN0/10077

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

‘hydr oxyet hyl ) - 7-i sopr opyl am no- 3, 4- di hydro-pyri mido

[4,5-d]pyriaiidi (1 N, nobu" Al kyl ati on of Pyrirnidinone
Cl-, 5C lai 22 :—z’%a%a 1gb;8"ezﬁzyl sulfide la (500 ng, 1.31 noI) was
taken up in 7 ni DI\/F and tredtlegw th tri-isopropylsilyl proté{!rT

i odoet hanol (555 ng, 1.57 rnnol, gpared according to the proced i
described in T. Am ¥.2(10), 4078-9 (1990) N F SecC_
Perkin Trans_, 1(6), 144y-23, (1998)) and chilled to 0C od| dri de (60%
inoil, 63 ne ¥ ed apd-the r on Ne SSH5 war ned

fromOCto 3P then stirred overni ght at 30 a |‘ ional 63 ng of 60%
sodi um hydritde~nas added. ter another 6 hr, "tHe reactl on s quenched by
19 resul ting mxture was extrac th Et CAc

additon of 10 nL of water
and CH2Cl12i and the conbOrT extracts were dried over concentrat ed

in vacua, and purified by chronatography on silica gel u5| ng 10-20%
acet.one/ hexanes as el ugnt -20 to provide 4a (430 rng, 0.73® mmol, 56%.

5 .

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

10
4.3  Displacement of sulfone

Im lj@
)\ /& — ,k/'\ /&

ey
OTIPS . OTIPS

15 The crude benzyl sulfone 4b was taken up in 3 mL CH,Cl; containing
isopropylamine (1 mL, 11.7 mmol), stirred at 80°C overnight, concentrated in vacuo,
and purified by chromatography on silica gel with 5-20% acetone/hexanes as eluant,
to provide 4c (281 mg, 0.542 mmol, 73% from 4a).



.21 April 2004 WO 01/29041 34 PCT/ EPOQ 10077 4.2 Oxidation of benzyl sulfide
Cl--- A 4a OTIPS 4b Oxidation of 4a was acconplished w th m€RpAI 26620 no,
2.46 mnol) in CH2Cl2_ After quenching the reaction with Na2SG3(aq), the
crude provimer298i1 was extracted with CH2Cl2, washed wi th SRET/BROKTEET
concentrated in vacuo, and used wthout purification. 10 4.3 D spl acenent
of sulfone C-- O 4b 4c 15 The crude benzyl sulfone 4b was taken up in 3
mL CH2C12 containing isopropylamne (1 RP., 11-7 mol ), stirred at 80C
overni-ght, concentrated in vacuo, and purified by chromat ography on silica
gel with 5-20% aceg onebbmrsapgs up to provide 4c (281 ny, 0.542
mol, 73% from4a). 21 ril 2004 V\DOl/2%041 35 PCTIEPOO’100744

‘Deprotection of hydroxy grouﬁ’@d CH3 N -N V CH., ’l@
N~ =%

CH,§ N
ST — L

H

OTIPS : _ OH
4c 4d

5 Deprotection of 4c was accomplished with tetrabutylammonium fluoride (0.54
) mL IM/THF, 0.542 mmol) in THF, with stirring at rt for 4h. The mixture was
evaporated in vacuo and purified using chromatography on silica gel with 10-40%
acetone/hexanes as eluant, to provide 4d (179 mg, 0.495 mmol). The purified
product was taken up in ethyl acetate and treated with 1 equivalent HCVEL,O to
10 precipitate out the HCI salt of 4d. (mass spec. MH" = 362)

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

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

P15
a) 272g (4.0 mol) of sodium ethoxide (Lancaster) was stirred in 1 L of ethanol
and treated with 304g (4.0mol) thiourea (Avocado). 676g (4.0 mol) of ethyl
ethoxymethylene cyanoacetate (Avocado) was added and the mixture heated at
20 reflux for 8 hours. After cooling to room temperature overnight, the reaction mixture

was treated sequentially with 2 L of water and 400 mL of acetic acid. The reaction

- mixture was heated at reflux for 30 minutes, cooled to room temperature, and the
suspension filtered. The solid was washed three 500 ml. portions of water, two 500
ml portions of acetone, and 500 mL of diethyl ether. The prociuct was dried to give



H3CN-N N--~O H3C--~ N-'- N~-NfiO H H 4c OH 4d 5 Deprotection of 4c was
acconpl i shed with tetrabutylamoniumfluoride (0.54 nlL 1M T A 2d@ nmol )
in THF, with stirring at rt for 4h. The m xture was evaporated in vacuo
and puri Wediadkisng chromat ography on silica gel wth 10- 408¢T/EPO0/10077
acetone/ hexane's as eluant, to provide 4d (179 ng, 0.495 mol). The
purified product was taken up in ethyl acetate and treated with 1

equi vaI ent HCI/Et20 to 10 preci pitate out3ét he HCl salt of 4d. (nass spec.
AM = 362) Exanple 5 4-Am no-2-b enzylthiopyri m di ne-5-carboxal dehvde 15

00 T 5 N ME BhoTif {n P Bhet S SR SR =

(Avocado) . 6f6Eing4othtBREd°@f ethyl ethoxynethyl ene cyanoacetate (Avocado)
was. added and thé m xture heated at 20 reflux for 8 hours. After cooling
to roomtenperature overnight, the reaction mxture was treated

- sequential | ypyi t haZsibe®b &snam;s%f@mﬁénaf E.h‘ﬁn@%l-élrbem _eaction

m Xture was heated at ref m nut es, " cool to roomt rrperature

~and thé suspiEHBidsRe- 21thdpbmeﬂ5Lvﬁethg@olms\mmda@ﬂebﬁ%gé@%momm foorti ons of

vater, two 500, Hlm%&h&@%n&’h?a FEQ_Q.@W\: The
pr oduct was dri sesd to give P?t(ﬁz)ggsf‘%wgd%l/ 29041 PCTI %%uf%%&s
473.3 g (60%eabid at refiiprfor %h@aﬁsmm@]loy%éw caoldp Aeom temperiature oaewmﬁbgl id
of melting aRp&isicitwii$iltered and the solid washed with two 500 mL portions of ethanol, 2L

of water and two 500 mL portions of water. The product was dried in vacuo over

Hy—

. ) 10 phosphorus pentoxide at 50°C to give 416 g (61%) of ethyl 4—amino-2-i:enzy1-
o thiopyrimidine-5-carboxylate as a cream solid of melting point 117-118°C.

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

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

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

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

heated to 60°C and treated cautiously with 60.8 mL of water during 1.5 hours. 60.8
mL of 15% agueous sodium hydroxide was added during 30 minutes, followed by
20 182.5 mL of water during 30 minutes. The suspension was stirred at 60°C overnight
then filtered through Hyflo filter aid while still hot, and the solid washed withtwo 1 L
portions of tetrahydrofuran. Evaporation of the filtrate to dryness gave 392.5 g -
(99%) of 4-amino-2-benzylthiopyrimidine-5-methanol as an off-white solid which
was used in the next step without further purification.
25 '
d) A suspension of 392.5 g (1.59 mol) of 4-amino-2-benzylthiopyrimidine-3-
~ methenol in 7.75 L of dichloromethane under a‘nitrogen atmosphere was treated
with 1.382 Kg (15.9 mol) of activated manganese dioxide (Acros). The reaction
mixture was stirred at ambient temperature overnight then filtered through Hyflo
30 filter aid. ‘The solid was washed with three 1 L portions of dichloromethane and the
combined filtrates evaporated to give 340.5 g (88%) of 4-amino-2-




b) A stirred suspension of 473 g (2.377 nol) of 4-am no-5-carbethoxy 5
pyrimdine-2-thiol in 3.5 L of ethanol was treated wi th 180. 21@ptl2®@&7 nol )
of potassium carbonate and 447.1 g (2.615 nol) of benzyl brom de. The

m xture WeE01/29@dted at reflex for 2 hours then all owed to ROGUEPIIITEOM
tenperature overni ght The suspension was filtered and the solid washed
with two 500 niL portions of ethanol, 2L of water and two 500 nL portions
of 'water. The product was dried in vacuo Hver 10 phosphor us pent oxi de at
50C to give 416 g (61% of ethyl 4-am no-2-benzyl -

. thiopyrini di berzpudgapRonidind-8-cafbcxalleBpde 5 Qlpalt yelloweblid 88mRiddpoldt15618C. c)
A sol ution of 462. 4159 (1-6 nol) of ethyl 4-Plan‘iyr?g- 2- benzyl t hi &?yri m di ne- 5-
car boxyl at e 139°6. 3L of sieve-dried tetrahydrofuran was added slowy with
stirring to 15 1.6 L (1.6 nmol) of a iMsolution of Iithium alum nium
hydride in tetrahydrofuran wunder a nitrogen atnosphere with ice-cooling.
The solution was added at a rate to Emimpkién a tenperature of 18-20C. On
conpl etsi on of 4L hs i e_ 17}
cautiously 50~ S Ol Wat er ~uu O L. . 0U. O v

sodi um hydr oxi de was added during 30 m nutes, followed by 20 182.5 nL of

wat er during 30 minuteg. The su Sin SpStil-rre t, 60C oyerni ght then
filtered through % f|oﬁ?“'i"f'f”gi?"ﬁ%@/ﬁ%’?’é’%‘f@?’f)f‘mﬁb‘{’?g@ﬁ‘ SRAEET | d washed
with two | Lbenpdtitapynisiidifie t et r ahydr of uran. Evaporation of the filtrate to
dryness gave 392.5 g (99% of 4-am no-2-benzylthiopyrim ding;5-nmethanol as
an off-white solid which was used in the next step w thout *

purification. 25 d) A suspensioncpﬁ%SQZ.S g (1.59 nol) of

4--am no- 2- benzyl t hi opyri m = thanol in 7.75 '
under a nitrogen atnmospherfe wap treated wth 1.382Kg
activated mangas AT ow Z: . The_reggti i

anbi ent tenper aj
The solid was waspet with three 1 L port >
conbined filtrates evaporated to give 340.5 g (88% of 4-am no-2 21 Apri
2004 M@ 01/29041 37

2 W ey

hane

A mixture of 5 g (20.4 mmol) of 4-amino-2-benzylthiopyrimidine-5-
carboxaldehyde, 2.25 mL (21.4 mmol) of 2-chloroaniline and 0.1 g (0.5 mmol) of 4-
toluene-sulfonic acid monohydrate in 60 mL of toluene was heated under reflux with

15 azeotropic removal of water for 3 hours. The mixture was cooled to 09C and the

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

dried. This solid was then dissolved in 100 mL THF and the reaction cooled to 0°C.
Lithium aluminum hydride (0.735 g, 18.8 mmol) was added in small portions over 45
minutes. Once the addition was complete, the mixture was stirred for a further

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

25




PCTI EPOO/ 10077 benzyl t hi opyri m di ne-5-car boxal dehyde as a pale yellow solid
of nmelting point 136- 139C. Exanple6 5 7-benzvlthio-3- 2-chlRdrAprineeod -3
4-di hvdr -- "do 4 5-d vrimdin-2 1H) -one 6.1 Preparation of

5- ( 2- chl owophgengl ) am nonet hyl - 4- am no- 2- benzyl t hi opyri m dPae/EPO0/£00aT Xt ur e
of 5 g (20.4 muol) of 4-am no-2-benzylthiopyrimdine-5- carboxal dehyde,
2.25 m, (21.4 mmol) of 2-chloroaniline and 0.1 g (0.5 nmol) of 4-

tol uene-sul fonic acid nonohydrate in 60 nB8of toluene was heated under
reflux with 15 azeotropic renoval of water for 3 hours. The m xture was
cooled to 0C and tghe Wréfdrﬁﬁéﬁﬁ-@%lﬁ@}%ﬁe%ﬂ)gdb_ A5 3UO ! ati on and
was washed with h 7anes and air.” dried. This solid was then dissolved in
100 mL THE aﬂunmﬁg'%éaﬂﬂwyﬁ"%66¥éﬁ}ﬁseoc. Li t hi um al um num hydri de (0.735
g, 18.8 mmol) was added in small portions over 45 mnutes. Once the
addition was conplete, the mxture was stirred for a further 20 15 m nutes
~and carefully treated sequentiaﬂI 0.8 nL H20, 0.8 niL of :

NaOH and then 2.4 nL of H20. The m 0 was stirred for 30 m'nute

filtered through celit

- ate concentrated v , golid
was stirred with dieth ﬂ etEer,ﬁfiltered and air driedﬁto 9iv§aﬁgl g of
5-(2-chl oroph 0% - 4-am no- 2- t hi épiqi e white
solid. 25 21 2084 WO 01/¥Ye41 38 PCTIE 07796. 2MNpredhratPon of
3-(2-chlorop - 7- benzyl t hi o- 3, 4- di hydr o- m do[ 4,5-d H

jpyrim'sdi n-2(1H)-.one 5 To a stirred solution, cooled to -10C, of 4.3 g
(12.1 mol) of 5-(2-

) To a stirred solution, cooled to -109C, of 4.3 g (12.1 mmol) of 5-(2-

o chlorophenyl) aminomethyl-4-amino-2-benzylthiopyrimidine in 100 mL of
tetrahydrofuran was added 3.1 mL (22.2 mmoD of triethylamine. This solution was
then treated dropwise with a solution of 6.15 mL of phosgene (20% solution in

10 toluene; 11.8 mmol) After stirring for 30 minutes, an additional 1.0 mL of
triethylamine (7.1 mmol) was added followed by 2.0 mL of phosgene (20% solution

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

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

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

) one
X X
s” "N” "NT O =3 N” r}t’&o
H 00 H

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




chl orophenyl) am nonet hyl - 4- am no- 2- benzyl t hi opyri mdine in 100 nL of
tetrahydrofuran was added 3.1 nL (22.2 mmol) of triethylam ne1 ApFi 2004
solution was then treated dropwi se with a solution of 6.15 nL of phosgene
(20% sol wgp@ihopyn 10 toluene; 11.8 nmol) After stirring fac@frasrinemzes, an
additional 1.0 mL of triethylarnine (7.1 rnmol) was added foll owed by 2.0
m. of phosgene (20% solution in toluene; 3.8 nmnol). The reaction was
warmed to roomtenperature, treated with390.5 M. H20 and stirred for 30
m nutes. The reaction was then filtered and the nother |iquor was

concent r at q.afad idelabdeaich it £5 D(SIPLIADS of TR REBNTeHBSo Sciien

col l ected by vacuum tration an led 1n vacuo to g
7- benzyl t hi oChe mixture was stirred at room temperature for 2 hours, then treated with 25 mL of

3- (2-chl or ngoexgax{é,éh 35 @%%glr&f £ S0 o9 Bk, TrdlRydb Al it 6o as a
white solid. rrpalze2
7- benzvl sulfmbdichbrometine rapgthaphasegwarediparated- Jie praagis ppsewes washed

S ot . ) _ . 0 of
e 81 2 SiyloRa8 KEa, Fhint, anlfdien didd G2 BERALARbifhtcnltTled ™! ) ©
di hydr o- pyr iGoricentrakidn off thy filtrateliinde? fddyced presiure gaveR.7d g ofi 7 dehglatonilane was

21 April 2004, _2BCss ﬁgggi&#;g}g? _ %111%1 30( IelcewAid treated
with 1.29 g%g@@%%ﬁﬁ%g&% - |or‘§é&§§e‘ﬂ§ I C %g?é?ﬁ)#%ga%xture was
stirred at rsobd t enperature for 2 hours, then treated with 25 nL of 10%
agq. Na2S2@38 and left to stir for 30 mnutes. The reaction was diluted with

100 nL dichl oronet hane and the phases were separated. The organi c phase
was wdghed Example 8
Vi 3-(2-chlorophenyl)-1-{(28)-2,3-dihydroxyethyl]-7-isopropylamino-3,4-dihydro-

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

C‘\Kj cl
s g
/I\ N
N rp’ko 0O

H

N N7
& > s’l*;\’lfm\’g

O// @Jj&f

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

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

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




with 10% aq. K2CO3, brine, and then dried over magnesium sul fate and
filtered. Concentration of the filtrate under reduced pressgnephp2E0L0. 73 ¢
of 7-benzyl sul fonyl - 3-(2-chl orophenyl) -3, 4-di hydro-pyri m do
[ 4, 5-d) pwo omadén- 2( 1H) -one as a white solid. Exanple 8 PCI/EPG0/10077
3-(2-chl orophenyl)-1-.[(2S)-2, 3-di hydroxyet hyl ]-7-i sopropyl am no- 3, 4-di hydr
0 pyrimdo[4,5- d]pyrlmdln 2(1H) one step I A mxture of 1.0y (2.6 nmol) of
- 7-benzyl t hi 0- 3- (2-chl or ophenyl) - 3, 4-

~di hydr o-pyri m do-[4, 5-d] pyri m di n- 2(1H)-one, 13 g (5.2 mol) L- o,--

| sopropyl i degépggl ycerol - y- tosylate and 1.44 g (10.4 mmmol) of potassium
carbonate 20"was stirred in DM~ (20 nl) and heated at 80 under nitrogen
at nosphere. After 16 h, t hel ion mxture was cooled to roomCl
t enper ature, poured |n 0 solution, extracted with ethyl acefate
and dried over sodium IifatNa The solution was concent@a ed| unéler Vacumm,
purified by flash chs%m (etottTg—with 40% Etoé@ @o gi ve

1.1 g of the BRI opyl i dgn ketal adduct as an oil AS § \\ 28 VH'* =
496) . 21 Apri4 WD Of/99041 40 Step 2 PCTI u@ 1SN
"N' -0 0;.~ Ted sol of 1.2 g (2.4 mvol ) of |sopr-a-%5d|dene ket al

adduct prepared

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

5 above, in methylene chloride (25 ml), cooled in a wet ice bath under nitrogen

atmosphere, was added 1.8 g (9.6 mmol) of m-chloroperbenzoic acid portionwise.
The resulting suspension was stirred and allowed to warm to room temperature.
After 16 h, the reaction mixture was cooled in a wet ice bath and a 10% aqueous
solution of sodium bisulfite {50 ml) was -added dropwise. The mixture was stirred for

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

15
Step3
) ci C!
G e SO '
o °jfi‘f A
20 - |

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



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

ni trogen atnosphere, was added 1.8 g (9.6 mmol ) of m chl or operibgnieoo4 aci d
‘portionwi se. The resulting suspension was stirred and allowed to warmto
roomtenpeoairoer After 16 h, the reaction m xture was coOoOPEWEPHM/HOVEt i ce
bath and a 10% aqueous solution of sodiumbisulfite (50 mM) was added
dropwi se. The mi xture was stirred for 10 30 mnutes and the | ayers were
separ at ed. The aqueous | ayer was extractédd with nethylene chloride and the
conbi ned organic fractions were washed with brine, dried over sodium

sul fate and E&'ﬂ%ﬁfﬁ&;ﬁ&gz‘lphf(éﬁﬂ’&?ﬁﬁh 609FethAS AU R/NBEn P -v@@.@¥ of fleash

chr omat ogr aphy (gradl_e'ﬁt elution: 60- 100% et hyl acetate/Thexane). The

sul fone proEQE@PW@HmQGdéW@GSQ@WB g) as a foam (mass spec. MHO= 529). 15
Step 3 QS CL 20 -To A solution of 0.7 g (1.3 mmol) of the sulfone prepared
above in 10 M of isopropylam ne was heated at 40 under nitrogen
~atnosphere. 8%pé&r 3 h, the reaction nixture was cooled to room
tenperafure, concentrated to dryness and purified by N NON NN O 21 April
2004 WO 01129041 41 PCT/ EPOO/ 10077 Bash chromat ography (elution with 60%
et hyl acet at ef hexane) tdlgiye<0.42 g of the isopropyl anine as a
foam Step 4 5 N' "N -N--' NN "N NOOHJ -70

N7 N N7 N
YN’I\\N(I)’ ?’go YNJ\\/;E\'/I\I\’I*O
S O HO

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

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

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

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



HO To a solution of 0.4 g (0.93 nmmol) of the isopropyl am ne adduct
prepared above in nethanol (15 m) and water (7 m) was added ApriD200%
p-tol uene sulfonic acid 10 and the m xture was heated to 50. After 16 h,

t he met hewoodi/2ee4 renoved under reduced pressure and the rRCGUERNVAGOHqueous
solution was extracted with ethyl acetate. The organic fractions were
washed -with 5 % aqueous sodi um bi carbonate solution and brine, then dried
over sodium sul fate, concentrated and pula‘?fi ed by flash chromatography
(gradient elution: 40- 100% et hyl acetate/ hexane) to give 0.2 g of 15

pr oduct, Example 9

5z 8;?."2?3%'[11 2isbloybp %ﬁ)ﬁ'%{%%@%@éﬁ? SRR 130, 5.
134.7) 21 April 2004 VO gilagn 6 ERQ] HRidir 2( 18 )eghel S | HS "N W

i0 A mxture of 1.0g (2- 6 nT no of 7-benzyl thi o-3-(2-chl orophenyl) -3, 4-
di hydr o- pyrﬁﬁﬂéo [4, 5- d]pynmdln 2(1H) -one, 1.5 g (5.2 mol) D ¢ 10

i soprgpylidene glycerol- y- tosylate and 1.44 g (10.4 mol ) of potassium
carbonate was stirred in DI\/F (25 m) and heated at 800 under nitrogen
at nosphere. After 16 h, t hds on mixture was cool ed to rodat

tenperature, poured in to a br| solution, extracted with ethyl
and dried over sodi umil | at e solution was concent rla ey utgrer

vaci unn, purified by rrat ogr aphy (eluting with 4%,&
Et OAc/ Hexane) ad(ﬂlctNas Qin oil.

o gi 1 2 —TsopropyPrdene ket al
Step 20 ®//
}

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

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

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

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

A ) Step 2

Cl
I
shdale ,(TE@

®//7(C<};f ®J7<0

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

20

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



Exampl e 9 3-(2-chl orophenyl)-1- [

(2R) -2, 3-di hydroxyet hyl ] - 7-i sopropyl am no- 3, 4- di hydro- pyri r 2hgrl 2ot d]
pyrimdin-2 (1H-one S.~. .~ NNO S "N"N' NOC NQSI,NI N'-- 0 To
a solutiwoef9d@12 g (2.4 nmol ) of isopropylidene ketal ad®¢IVERIPAYET ed
above, in nethylene chloride (30 m), cooled in a wet ice bath under
nitrogen 21 April 2004 WO 01/29041 PCT/ EROQ 10077 43 at nosphere, was added
1.1 g (5.6 nmol) of mchl oroperbenzoic id portionwi se. The resulting
suspension was stirred and allowed to warmto roomtenperature. After 6 h,
t he reacti oatni% heﬁé,ewmded)@]legdSlsrmmommfmahld:apérb&mblaadﬂ%nmmss

sol ution of od| bi sulfi.te m.xt ure was
stirred for H‘:ﬁ“ﬁﬂ'ﬁ%’@ﬁﬂﬁ Mﬂ%ﬁg%@&lﬁ?ﬁﬁomﬁ%’%&%ﬁus | ayer
was extr ﬁc; a«ﬂteid\?] hll;the mtchyﬂ: ﬁ‘ﬁﬁuﬁchwﬁmtddﬁbdaﬁd wdiécectantih enéd d 100@gaqieons r act i ons
wer e washe L. I ne, r SOdI ul fate,and concentrated.to
dryness. éginflﬂgri‘ B{PQEWé%b H‘i’ﬁie te { @d"b flg"g% P8t SgraEHRY© (“6‘?5@ for

el uti (B"ll et g&huﬁ@tei ﬁi(fthelﬁ%srw&rh tﬁiﬁyﬂle a;iﬁbﬁih)rerwdléfﬁtﬂudeﬂmﬂx pr oduct
was i sol ate 1 a m ec 315 Y A
sol uti on of ®f Dﬁ%@faﬂﬂ'gﬁﬁ Cﬁé‘ ‘i %‘P (ﬁ?%?%ﬁﬁﬁﬁééﬂgﬁ‘g%ﬁ’ﬁ%@’ m of

| sopr opy!| anidfied veer sbdiatrbshifate 4d dondentranid toalypnesat The piive waAfpoeifiedbh, t he
reaction

flash chromatography (gradient elution: ethyl acetate- 10% methanol/ethyl acetate).
The sulfone product was isolatedr(l.l g) as a foam. (mass spec. MFH™ = 529).

N 10
- Step 3
@ ) CI@
o /'\ /& | — \[/Nji:\lrl\;io
' HO
®// 7<0 _ HO‘f
15

A solution 0f 0.22 g (0.42 mmol}) of the sulfone prepared above in 5 ml of
isopropylamine was heated at 40° under nitrogen atmosphere. After 3 h, the reaction
mixture was cooled to room temperatuze, concentrated to dryness and purified by
flash chromatography (elution with ethyl acetate) to give 0.088 g of the product, 3-(2-

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



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

chl or opheyyédredail( 2R) - 2, 3- di hydr oxyet hyl ] - 7-i sopr opyl am noPé;;éPw,lhyﬁr 0-
pyri m do[ 4, 5- d]pyrlmdln 2(1H)-one as a foam (nmass spec. M4+~ = 392). 21
‘April 2004 WD 01/24041 PCT/ EPOOI 10077 44 Exanple 10

7-i sopropyl am no- 3- (2-chl orophenyl ) - 1- ( 2-<4di peri di nyl - et hyl ) - 3, 4-di hydro
‘pyrixnido- [4,5-d) pyrimidin-2 (1 H -one NY-NNO NUJ5 7-benzylthio-3-
(2-chl orophenyl) -3, 4-di hydro-pyri m dcg Iéﬂglg' pyrirnidin- 2(1H)-one, (500
ng, 1.31 rrnnol) was taken up in 2 nt h 1- piperidineethanol (0.173
‘m, 1.31 mmol ) 7-iseppipghaphipheis phrichier¢Budyhel - (2 pieridmybkdhyl)- Badiipdée (0. 21

n,1.31 mmol) and stirred at Lt .fOh 4 € rified by 10

chromat ography on silica gei) W agé?’éofﬁﬁﬁﬁ’é‘sﬁeﬁz&mrﬂ "Sr omet hane as el uant,
to provide 350 ng of the N-(2-piperidinylethyl) adduct. CGs CL NO-5N N
O NNCO 15 Oxidation of the sulfide was acconplished usi mCPBA (0.201

g, 0,70S rnnole) in dlchlor [ret hane with stirring at rt fo The
reacti on was quenched WI t h 25% aqueous sodi um s I fi ext ract ed
wi t h di chl or onet hane. was dried with rragNeS||um uI at e and
concentrated.in vacua rovfide the 5

S N N O
o e

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

e e
NTN NTN
S)\\N N’j*o O“S)\\N N"TO

SN p

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

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

sulfoxide, which was used without purification.
20



-sul foxi de, which was used wi thout purification. 20 21 April 2004 WO
01/29041 PCT/EPO0O/ 10077 45 C1, G N Y -N' N ON N N O The crgqdepsirbdoxi de
was taken up in 5 m isopropylam ne and stirred at 40C overnight, then 80C
for 4 d Qaﬁ mxture was purified by chromatography onpes el

usi ng 16%’8%/0 anol / di chl oromet hane as eluant to provide the Haa%iﬁ)ggm

my, 0.112 mmle). The purified product was taken up in ethyl acetate and
treated with | equivalent HO/Et20to pasecipitate the HCl salt of

7-i sopropyl am no- 3- ( 2-

chl orophenyl ) - 1- (2- pi peri di nyl -ethyl ) -3, 4-di hydr o- pyri g do- [4, 5-d]
pyrimdin- 2(1H)-one. 10 11 In vitro p38 NMAP Kr'ings nhi bition
assay This exanple il]ustrat p38 ( MAP) Ki nase_ i n $say useful for
15 eval uating the d‘cbﬁp ncN OF the present invel |o| . N1e p- 38 MAP ki nase

I nhi bltory acti@L \ﬁ‘L unds of thisginve Pbtro was determ ned
by neasuri ng the fra fe]?‘I oPthe - y- phosphat e om y-'B83P~ATP by p-38 .
: Basi ¢ P*;el n (I\/BP) usi ng aJm-nor ification of the 20

al., | Biol. Chem 266:422¢;4227 (1991). The
phosphoryl at ed econbi nant p38 MAP ki nasefway co- expressed
with SEK-1 and MEKK in El i (see, Khokhl atchev, et ¢ J. Biol. Chem
272:11057-11062 (1997)) and then purified by affinity chromatography using
a 25 Nickel colum. 21 April 2004

The crude sulfoxide was taken up in 5 ml isopropylamine and stirred at 40C
overnight, then 80C for 4 days. The mixture was purified by chromatography on
5 silica gel using 1-10% methanol/dichloromethane as eluant to provide the amine (48
mg, 0.112 mmole). The purified product was taken up in ethyl acetate and treated
with 1 equivalent HCI/Et;O to precipitate the HCI salt of 7-isopropylamino-3-(2-
chlorophenyl)- 1-(2-piperidinyl-ethyl)-3,4-dihydro-pyrimido-[4,5-d} pyrimidin-
2(1H)-one.
10

Example 11

In vitro p38 MAP kinase inhibition assay

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

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

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

The phosphorylated form of the recombinant p38 MAP kinase was co-
expressed with SEK-1 and MEKK in E. Coli (see, Khokhlatchev, et al, J. Biol. Chem. -
272:11057-11062 (1997)) and then purified by affinity chromatography using a

25 Nickel column. |




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

am noet hyl, N,NNN,N -tetraacetic acid, 1 n1Msodiu

ort ho- vanagagle } mM dithiothreitol, 40 mM nmagnesi um chl ori ETSEPDOIHMW
conpound dissolved in DVSO or only DVSO (control) was added and the

- sanples were incubated for 10 mn at 30G The ki nase reaction was
initiated by the addition of a substrate cocktail containing MBP and
y-33P- ATP. After incubating for an additional 20 mn at 30C, the reaction
was term nated by addi ng 0. 75% phosphoric 10 acid. The phosphoryl ated MBP

was then separ at eTihé plesph @ldtamsiwmm&&%%ﬂm&mguﬁas@hmgwﬂse
" menbrane (M lipore,_ Bedfrod and quantitated using a scintillation

count er ( Pac{®¥mmprp bﬁhm@@mpaeﬂﬂfwwwﬁ i B mdv B-glreereliphiosphate ppndsed as

assayed) of PRI GR Y 6aL Yalloedl RTINS Pk gRLerd ol ¥ oy 00O
| ess t Ban 10oxsh Mm@nmmdﬁMMmtqlmonM magnd:mumcchloasishyTGSC)cdﬂupmmi(arrpl e
illustrates &gg}]@fi\#?’a&@ ?ﬁjﬁ]}@@g%ﬁﬁ% )tvbfsfadtﬁhagﬁ&ﬁa a.%fl “t' |hnduced

TNF- a productl fe corrpoun S0

i nvention tolntﬁlbutaiforubemﬁlﬁFsaO(cet'ﬁaﬁﬁxasleiam W iaF RS, e LAgit_nBfAor
nodi fication of the nethods described in Blifeld, et al.  Transplantation,

51: 498- 503 (subgtrate coekiail ennvaining VBP anNy-HiRATR Wy incubking forehl s wer e
suspended in l.t ur e nedi um RPM (G bco-BRL, . 30 Gailthersbur
cont ai ni ng 1@ aipo%;},ah@ s%m%“@%?we%%bt@% %Mm%osahory

SO L1 k815l 9 L0 VBl B el ok © (02

using 2 phosphocellulose membrane (Millipore, Bedfrod, MA) and quantitated using
a scintillation counter (Packard, Meriden, CT).

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

Example 12

In vitro TNF inhibition assay
20

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

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

(a) Induction of TNF biosvnthesis:
THP-1 cells were suspended in culture medium [RPMI (Gibco-BRL,
30 Gailthersburg, MD) containing 15% fetal bovine serum, 0.02 mM 2-mercapto-

ethanol], at a concentration of 2.5 x 106 cells/mL. and then plated in 96 well plate (0.2




.47 nmL aliquots in each well). Test conmpounds were dissolved in DVSO and
then diluted with the culture nedium such that the final DV3®April 2004
‘concentration was 5% Twenty five L aliquots of test solution or only
medi um wiwb oyf@ (control) were added to each well. The ast1/EP0em0eT7

i ncubated for 30 mn., at 37 OC. LPS (Sigma, St. 5 Louis, M) was added to
the wells at a final concentration of 0.5 pg/m, and cells were incubated
for an additional 2 h. At the end of the#fncubation period, culture
supernatants were collected and the anount of TNF-a present was determ ned

using ~an ElhBAi@sstdih @sh deB rThednieds whid dilbived isAMSSaud dide amount  of

human TNF- a esent. was determ_ned by a specific trapping ELISA assay

using two a ulemn%%ﬁ#we@umﬁférhmhea@ml@m@mme RYE&%-i n

Rei mund, J. - 3 . -Fﬁg] ggk% ne |
96-wel I pl at.%déen\}\iﬁ‘é@ﬂ(%g%mﬁ\f?h“ %%8%@ ?)rer ae o‘%@ﬁ@ﬁ‘éﬁg( ﬁﬁ i n PBS
(10 pg/nl) addded ftraslRWRY. ThHe BelldwitdnthlRtedABPRIn 24t I @C PPS(Sp@Als:. The

pl ates were washed with PBS and then bl ocked with 5% nonfat-dry mlk in PBS

for 1 hour diouisoMQ} empaded to deavels stadinsliconcentr@lidne Aol ame cdlsr um

| bumi i n_PBS. F st d.f .a_st | ut i f
human.  bcont HE R SRR BB A r R SRR BE B bk BERES Bt ot o
of the standapéifaiaftsii@e coleeRY ahe B inddunt Of THIF: pfQbhowRHettnfinb@hiing 09

serial dilutions, 25 Twenty five p.L aliquots of the above culture

super nat ant 2odLISrssay asfpacried bslovon! y nedi um (control) were nixed with 25
pL aliquots of biotinylated nonoclonal antibody 2TNF-H34 (2 pg/nL in PBS
containing 0.1% BSSA) and then added to each well. The sanples were
incubdfed for 2 HP)at Elddduds@¥perature with gentle shaking and then washed

3 times with 0.10%2@' P . i.dase 30 ept awi di ynmed,
S. San Franci sco,’fA i%t Sﬁ%ﬁgﬁ%ﬁhfﬁgﬁtﬁ%@‘w&%ﬁa s%f%?ﬁaﬁp %04 WO
01729041 PCHIEERQLIPAAL: two anti-TNF-c antibodies (2TNF-H12 and 2TNF-H34) described

in Reimund, J. M., et al. GUT: Vol. 39(5), 684-689 (1996).

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

H12in PBS (10 pg/ml) and incubated in 2 humidified chamber at 4 OC overnight.
The plates were washed with PBS and then blocked with 5% nonfat-dry milk in PBS
for 1 hour at room temperature and washed with 0.1% BSA (bovine serum albumin)

in PBS.
20
N TNF standards were prepared from a stock solution of human recombinant
TNEF-0t (R&D Systems, Minneapolis, MN). The concentration of the standards in the
assay began at 10 ng/ml. followed by 6 half log serial dilutions.
25 Twenty five puL aliquots of the above culture supernatants or TNF standards

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

monoclonal antibody 2TNE-H34 (2 ug/ml in PBS containing 0.1% BSA) and then
added to each well. The samples were incubated for 2 hr at room temperature with

gentle shaking and then washed 3 times with 0.1% BSA in PBS. 50 W of peroxidase-
30 streptavidin (Zymed, S. San Francisco, CA) solution containing 0.416 pg/mi of



48 peroxi dase-streptavidin and 0.1% BSA in PBS was added to each well. The
sanples were incubated for an additional 1 hr at room tenperRatApnie2@d t hen
washed 4 tines with 0.1%BSA in PBS. Fifty pL of 0- phenyl enedi am ne
sol uti on‘(,é ghdiley O- phenyl ene-di ami ne and 0.03 % hydrogen pgfg¥ddRefN 0. 2M
citrate bu foer pH 4.5) was 5 added to each well and the sanples were
i ncubated in the dark for 30 mn., at room tenperature. Optical density of
the sanple and .the reference were read at48450 nm and 650 nm respectively.
- TNF-a |l evel s were determ ned froma graph relating the optical density at
450 nmto-t | ' 10 J [ he
concentrati g’%r%?&tgﬁ g\t'rtégé #ﬁ&#ﬁgﬁ% ép 1&(:% ﬁgé%%ﬁ%&ﬁﬁg% ‘ggjnaﬁfeg%ﬁjﬁ%d uction
i n° 450 nm abyeare benbated Boraanpddeiticthal  hirht wosx tenmparatuird arst thah esshad 4 times vo

assay to eval.ua t i N bition_of. LPS- i.nduced. TNF-a production in nce
Cor ™Y ot 9) Sttt fod 8 PO BRI B PR OSSR R B B 1 (e
. TNch adregeawgﬂgﬂig-mmzo aﬂﬁ&o.gﬁ"/ghfﬂr@»%&n pgoﬂmea?mmamj '@&@H f.ﬂ) wis the
me odas escr.| I N escll be I N ane 1, .et._al. mrunol . ,

148: 1890 (mééffm%@@ ,3&%3&}91?5%&% awémﬁbec%eéh@ﬁpzmraﬁnmg@.

Fenal e BALB/temfibraturée Opticll3HehSie?df tHE sifiple @Ha thefefdrby@werdipdak 26437 nm CA)
were acclimted for one week G oups containing 8 mce each were dosed

oral ly 25 eiamd&b0matmespsetvelys (IDRotaltwersdetramdretl foomdi graplt wedafingthan
aqueous vehi |,nd=RQ .0, 9 diu hlorjide, 0.5% sodium

car boxymnet hﬁ%@?aéﬁéﬁflé@iégnggﬂéo%%_y%%@%ﬁ né‘f)%&‘io. 9% beonzyl al cohol (CMC
vehicle) or only vehicle (control group). After 30 min_, the mce were
i njected intraperit gpea ' 0. 3. LPS (S St. -Louis, M.
ather 0.5 .t ne THeaCERaribe b Beffrialay B CtacsiPaich 85 %k rom bRl s 20
hat vest ed byeosRésHnAgE odsl SmaBhROfkdWRiof ifd3d adhbiyrbesat ri f ugati on at

15,600 X g for mn., and sera were transferred to clean tubes and frozen
at -20C until -analyzed for 21 April 2004 WD 01129041 PCT/ EPOQ 10077 49
' Example 13
15 This example illustrates an in vivo assay to evaluate the inhibition of LPS-

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

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

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

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



TNF-a by ELI SA assay (Biosource International, Camarillo, CA) follow ng the
manuf acturer's protocol. It is understood that the exanples amdpahkepd nent s
“described herein are for 5 illustrative purposes only and that various

- nodi i catj ; changes in light thereof will be suggest ns
skilledq%? %ﬂgrt and are to be included within the spir??n%g% gﬁfvieM/of
this application and scope of the appended clains. 21 April 2004 WO

- 01/ 29041 PCT1EPQOQ 10077 50 Cains 1. A cwnmpound sel ected fromthe group of
conpounds represented by formula I: (R2)n N~ ~ N HN-N -"-0RlL Rs 5 (I)
wherein the subscript nis an integer of fromO to 3; R._is hydrogen

al kyl, al kehyF-c by R4S assay) (Bjaserrcs dntprmatiopgh Semgrillouableflreing the

cycl oal kyl | | kenyl, cycl oal kyl al kynyl and aral kyl; 10 each -
R2 is inde%én en?ﬁ%*é@ﬁé%%é@ fromthe group consisting of alkyl, halo,

het er oal kyl and vinyl; and R3 is heteroal kyl, heteroal kenyl, heteroal kynyl,

LT AN a1 e

- cycl oal kyl al kyl", eterosu y eny et'erosubsti tuted
cycl oal ky| alliestrative 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.




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

al koxy, ! nsubstituted am no, disubstituted anino,q?@i I

cycl oal ky apﬁy??paryl, aral kyl, heteroaryl, and heteroargi y }Bgﬁgﬁtheir
phar maceutical ly acceptable salts. 2. A conpound in accordance with claim
1,.wherein R is a nenber selected 25 fgpomthe group consisting of

‘hydr ogen, al kyl, al kenyl, al kynyl, alkyl carbonyl, cydoal kyl,
cydoal kyl al kyl , cydoal kyl al kenyl, cycl oal kyl al kynyl and aral kyl. 21 Apri
2004 WO 01129041 PCT/ EPOO 10077 51 3.~A conpound in accordance with claim
1, wherein R is a nmenber selected fggﬁgﬁﬁe group consi sting of hydrogen,

al kyl, cycloal kyl and aral kyl. 4. A conpound in accordance with claim 3,
wherein RL is a I r | i \fg]g{'nR'
~is cycloal kyl . g%blﬂg%lgﬁdp%%%aﬁbq%c@eﬁ §§§g§9§mﬁ? H%#sgfﬁe%d&vﬁg}:el n lﬁii s an
integer of from1l to 2, and each R2 is independently selected fromthe

group consisting of halo and alkyl. 7. A cqQnpound in accordance with claim

6, wherein n is an integer of from1 to 2, Jan ch R2 is independently a
hal ogen. 8. A conpound in accordance W h\ch—i_ nwherein -(R2),,
represents 2-halo or 10 2, 6N 0. N onpound in accordance with claim
1, wherein R3 is heteroalkyl.]lq, A cgnpound in accordance with claim1,
wherein R3 is heterocycl N : onpound in accordance with claim
7, wherein R is alkyl or %cloal KylLsa is halo, R3 is heteroal kyl and n
is 1 or 2. 15 12. A compou in accdrdance with clai m{I) wherein R is

al'Ryl gor cycloal kyl,
' wherein
the subscript n is an integer of from 0 to 3;
R! is hydrogen, alkyl, alkeny), alkynyl, alkylcarbonyl, cycloalkyl, cycloalkenyl,
cycloalkylatkyl, cycloalkylalkenyl, cycloalkylalkynyl and aralkyl;
10 each R?is ihdependently selected from the group consisting of alkyl, halo,
heteroalkyl and vinyl; and
R’ is heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylcarbonyl,
heterosubstituted cycloalkyl, heterosubstituted cycloalkylalkyl,
heterosubstituted cycloalkylalkenyl, heterosubstituted cycloalkylalkynyl,
15 heteroalkylsubstituted cycloalkyl, heterocyclyl, heterocyclylalkyl,
arylheteroalkyl, heteroarylheteroalkyl, —(alk‘ylvene)—C(O)R‘n’I and
-(heteroalkylene)-C(O)R?;
wherein _
_ R* is alkyl, haloalkyl, hydroxy, alkoxy, amino, monsubstituted amino,
20 disubstituted amiﬁo, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl,
and heteroaratkyl;
and their pharmaceutically acceptable salts.

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




R2 is halo, R3 is heterocydyl and nis | or 2. 13. A conpound in accordance
with claim7, wherein R is alkyl or cycloalkyl, R2 is hal 0 21 Rprii 2004

het er osubstituted cycloal kyl and nis 1 or 2. 14. A conmpound i n accordance
with claj & Jferein R is isopropyl, R2 is halo 20 and ggqsspednizz2- 195
‘A compound” according to daim1 sel ect ed from the group consi sting o?
(2-chl oro- phenyl ) - 1- et hoxycar bonyl net hyl - 7-i sopr opyl am no- 3, 4- di hydr o-
pyrim'do[4 5-d] pyri mdin-2(1H)-one, 25 51

3-(2-chloro- phenyl) 1- car boxynet hyl - 7 isopropyl am no- 3, 4-di hydro- pyrim do
[4,5-d] pyrimdi n Q04 1/ 29041 52 .PCT} EPO /10077
3- (2-chl or o- phenﬂ\[/"I‘A) O%R%ﬁﬁﬁv \(\‘Bot}fﬁ ﬁ\ﬁ‘cbag‘ E‘b&ffﬁl

pyri m do [4,ﬁoﬂjth¥8*dﬁ9¢bﬁsxaﬁﬂg-l)fhyﬂeogea ﬂEyl,odyhbﬂhylmhﬂmyh]Jqﬂ i sopropyl am no-
- (2-rrethy|su|fony| ethyl)-3,4- dihydro-pyrirnido [4,5-d]pyrimdin-2

(1H) - one, '

~ 3-(2-chloro- phen%ll‘g)ccimlf%aﬁﬁgfmﬁﬁwth?dflgb%rw&fﬁ’%% iyt g hydr o-
pyrimdo [4,5-d]pyrinidin-2(lH)-one,

3-(2-chl 6r opheny$ )A=cdm}[:c(lﬁ@ma,caerdaﬂngﬁdndxglanh&lﬂhereinﬂ%m}wﬂqhi no- 3, 4

di hydr o- pyri m do [4 5-d] pyri m din-2(1H)-one, 3-(2-chlorophenyl)-1-[

(2R) - 2£3-di hydr oxy,

[ 4, 5- dfpyrl m di ne-'( ﬂ-’%ur?e‘hhza%g&gg&ewa a&]v}%ege@h?égﬁﬁ}tgg%gﬁhﬂ% to
1- ( 2- pi peri d2,apd iy irglependdnglyisde frmrdbe gionpzongfbtingof halalind ﬂk}’l H)
-one; and the pharmaceutically acceptable salts thereof 16. A nethod for
the preparation ofs ' S al ; FSi a
treating a Conpoﬁn d@oo Fﬁiﬂ{aﬁor wﬂ%g?%:ﬂ&ﬁ?évﬁlﬁdmﬁ%,%ﬂ@éﬁﬂqs ad BtEQTBE ok Pto ()
_-____;,) 2, and each R* is independently a halogen. -

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

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

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

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

L
T

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

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

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

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




R2_)” n wherein n, RZ and R3 have the meani ngs provided in claiml1, 20 with
the proviso that any interfering reactive group present is optiApfip2dos i n
protected form and L is a |leaving group, with an amine of forrmula III
R -NH2 (wboizevierein R has the neaning provided in clai mCIEPEGI0MMT h t he
proviso that any interfering reactive group present is optionally in
protected form and where required, deprotecting the protected reactive
- group present in the reaction product, *nd optionally converting a
.compound of formula | into a pharmaceutically acceptable salt. 21 April
2004 O 01/ 290412 RE: ERAh A 13- mBdokfethyd) HREPRGFULIIES!3 £aIHARI-L | ON
conprising a conpound aCQOEQIn?'tO' any one of claims 1-15, or a
phar maceuti B oiboeppapmidinzi(1H}-sepc0f , and a conpatible phar maceuti cal
carrier. 18. A ¢OIROWIE-Reads-Hi; MR 20heflvRluBniechonfay. use as a
t herapeutic 5 ag-gnt . lg.ﬁAﬁ%grrp%hg)rgdﬁgccordiﬁg to g%y 0?1%1 o} )cl ainms 1-15 for
use as a théfypeupydmidaldardlpyimidini2(Hd)-pBBt or prophyl axis of a p38
medi atsed di sor dgra-RfbropheAPRALAh iyN07 iR BYylRth 28 4CdiRkdre- 1- 15 for
use in the treat ( nt rgﬁb_p(qp@tl axyi@g&g;e gpt hri tp?s?{yaohns di sease,
irritable bBWﬁﬁér@W&ﬁiﬁ (FBkgpeat ory 10 distress syndrone and chronic
obstructive pul spaanys:EpResper-[(38)-2 b&h&!&% th$l] CfEB 1a3GREBH-Ng to any
one aof clains 1?11?5 f_otrg?he ﬁam[}f a)(;t;l]ﬁre ofxg nglél cament “for the treatnent
or prophyl agiyderprinssediaramidinPétdteneecspecial Iy in the treatnent or
prophyl axis of &b huhidrb ONNORILSL ARG drdxybibly ALY £ P%@Jxmﬁmech',@m adul t
respiratory dist r(ess s%%{]z:lerngnne g(zgg.chron?c ggstmcti\?g I monary di sease. 15

22, Alr ocedihyiurpymiaialbpAlnriwilin2(Xpraem@deut i cal preparation
compri sing 7-isopropylamino-3-(2-chlorophenyl)- 1-(2-piperidinyl-ethyl)-3,4-dihydro-
pyrimido-[4,5-d}pyrimidin-2(1H)-one; '
and the pharmaceutically acceptable salts thereof.

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

(2) treating a compound of formula II
O :
5 (Rn
N

|
R® I

wherein n, R? and R? have the meanings provided in claim 1,
20 with the proviso that any interfering reactive group present is optionally in protected
form, and L is a leaving group,
with an amine of formula III
R'-NH. (D)
wherein R has the meaning provided in claim 1,
25 with the proviso that any interfering reactive group present is optionally in protected
form, and where required, deprotecting the protected reactive group present in the

reaction product, and optionally converting a compound of formula I into a
pharmaceﬁﬁcally acceptable salt.




bringing one or nore conpounds according to any one of claing A 008" 2@
salt thereof, and, if desired, one or nore other therapeutlcal?y valuable
substance into a galenical admnistration formtogether with a conpati bl e
phar rracew;q&q}g of@rrier. 20 23. The use of a conpound accorlgg.ﬂﬂl,&oﬂ y one
of clai I'n the preparation of a pharnmaceutical conposition for the
treatnment or prophylaxis of arthritis, Crohns disease, irritable bowel
syndronme adult respiratory distress sysgdrone and chronic obstructive

pul nonary di sease. 25 24. A conpound according to claim21 whenever prepared

according to a,.,process accordin claimlps. 21 ril, 2004. .01/ 29041
BCT] EPO0T 10077 12 PRETHE i) GoPat Cet ST RF s A<y LU AE AETRTIBE 0y £
descri bed, ongpéclithi 1-19) dra phagineteitieeldy deptablesgvitheastfi@uddsconipatbsses,
pharnaceutl%atn(xuggh%g%ggs and uses thereof.
18. A compound according to any one of claims 1-15 for use as a therapeutic
5 agent.

19. A compound according to any one of claims 1-15 for use as a therapeutic

agent in the treatment or prophylaxis of 2 p38 mediated disorder.

20. A compound according to any one of claims 1-15 for use in the treatment
G or prophylaxis of arthritis, Crohns disease, irritable bowel syndrome adult respiratory
10 distress syndrome and-chronic obstructive pulmonary disease.

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

15 '

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

fiy 20

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

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

process according to claim 16.
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25. The invention substantially as hereinbefore described, especially with
references to the new compounds, processes, pharmaceutical preparations and uses
thereof. |
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