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Background of the Invention
‘The serine/threonine kinase cdk5 along with its cofactor p25 (or the ionger
cofactor, p35) has been linked to neurodegenerative disorders, and inhibitors of cdk5/p25 (or
cdk5/p35) are therefore useful for the treatment of neurodegenerative disorders such as

15  Alzheimer's disease, Parkinson's disease, stroke, or Huntington’s disease. Treatment of such
neurodegenerative disorders using cdk5 inhibitors Is supported by the finding that cdkb is
involved in the phosphorylation of tau protein {J. Biochem, 117, 741-749 (1995)). cdk5 also
phosphorylates Dopamine and Cyclic AMP-Regulated Phosphorprotein (DARPP-32} at
threcnine 75 and is thus indicated in having a rofe in dopaminergic neurotransmission

20  (Nature, 402, 669-671 (1999)).

The serinefthreonine kinase cdk2 is essential for normal cell cycling and plays a
critical role in disarders arising from abnormal cell cycling, a common characteristic of many
oncological disorders. Inhibitors of cdk2 are therefore useful for the treatment of various fypes
of cancer and other diseases or conditions related to abnormal cell growth (Meiler, et al,,

25  Properties and Potential-applications of Chemical Inhibitors of Cyclin-dependent Kinsases,
Pharmacology & therapeutics, 82 (2-3), 279-284 {1999); Sausville, et al., Cyclin-dependent
Kinases: Initial Approaches to Exploit a Novel Therapeutic Target, Pharmacoclogy &
therapeutics 82 (2-3) 285-292 (1999)). ‘

GSK-3 is a serinefthreonine protein kinase. It is one of several protein kinases which

30 phosphorylate glycogen synthase (Embi, et al., Eur. J. Biochem. 107:519-527 (1980Q);
Hemmings, et al., Eur. J. Biochem. 119:443-451 (1982)). GSK-3 exists in two isoforms, o and
B, in veriebrates, reported as having a monomeric structure of 49kD and 47kD respectively.
Both isoforms phosphorylate muscle glycogen synthase {Cross, et al., Biochemical Journal
303; 21-26 (1994)). The amino acid identity among GSK-3 species homologs has been
35  indicated to be in excess of 98% within the catalytic domain (Plyte, et al., Biochim. Biophys.
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A first as;iect of the present invention provides compounds of the formula

20
—N H
R!__N/_// l‘!l-—-——R‘.’.._R“
R’ 1

whereinR'is a straxght chain or branched (C,-C;)alkyl, a straight chain or branched (C,-

C,)alkenyl, a straight chain or branched (C,-Cplalkynyl, (C,-C)oycloalkyl, (C,-Cs)eycloalkenyl, (3~

8 membered) heierocyc!oalkyl (CsCbicycloalkyl, (C,-Cyy)bicycloatkenyl, (5-11 membered)

25  heterobicycloalkyl, (C+C,,) aryl, or (5-14 membered) heteroaryl; and wherein R' is optionally

_ substituted with from one to six substituents R® independently selected from F, CI, Br, |, nitro,

cyano, -CF, -NR'R%, -NR'C(=O)R®, -NR'C(=O)OR’, -NR'C(=OJNR'R’, -NR'S(=0),R?,

-NR'S(=0),NR'R®, -OR’, -OC(=O)R’, -OC(=0)OR’, -C{=0)JOR’, -C(=O)R7 -C(=O)NR'RS,

-OC(=ONR'R’, -OC(=0)SR’, -SR’, -S(=0)R’, ~S(=0),R’, -S(=0),NR'R®, -0-S(=0),K, -\, and

30 R, |
 RisH,F, CH,, CN, or C(=0)OR’;
R*is -C{=O)NR™, -C(=0)O-, -C(=O)(CRPR") -, or {CRPR") ; .
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to six substituents independently selected from F, Cl, Br, 1, NO, -CN, -CFs, -NR"RY,
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30  -8(=0),R®, -S(=0),NRPR™, -C(=O)R", -C(=0)OR®, -C(=O)NR*R™, and R";
each R, R%, and R" is independently selected from H, straight chain or branched (C,-
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(C,-C,y)bicycloalkenyl, (5-11 membered) heterobicycloalkyl, (Cs-Csi)aryl, and (5-14 membered)
35 heteroaryl, whereln R", R™, and R" are each independently optionally substituted with from one
to six substituents independenfly selected from F, Cl, Br, |, NO,, -CN, -CF; -NR"RY,
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groups include, but are not fimited fo, methyl, ethyl, propyi, isopropyl, and t-butyl.

The term “alkeny", as used herein, unless otherwise indicated, includes alkyl moieties
having at least one carbon-carbon dauble bond wherein alky! is as defined above.. Examples
of alkenyl.include, but are not limited to, ethenyl and propenyl.

-~ The lerm "élkynyl" as used herein, unIes;s otherwise indicated, includes atkyl moieties
having at least one carbon—carbon triple bond wherein atkyl is as defined abave Examples af
alkynyl groups include, but are not limited to ethynyi and 2-propynyl. |

- The term cydoalkyl" as used herein, unless otherwise indicated, includes non-

. aromatic saturated cyclic alkyl moieties wherein alkyl is as defined above. Examples of

- cycloalkyl include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and

- cycloheptyl. “Bicycloalkyl” groups .are non-aromatic saturated carbocyclic-groups consisting

; of two rings, wherein said rings share one or two carbon atoms. .For purposes of the present
mventlon and unless otherwise lndlcated  bicycloalky! groups include spiro groups and fused
-fing groups. Examples of bucycioalkyl groups include, but are not fimited to, bucyclo-{3.‘_l.0]-’

. hexyl, norbomyl, spiro[4.5]decyl. spiro[4.4]Jnony!,  spiro[4.3]actyl, and 'spiro[4.2]hepty1.

: “Cycloalkenyl” and “bicycloalkenyl” refer fo non-aromatic casbocydic cycloalkyl ‘and
- bicycloalkyl moieties as defined above, except comprising one or more carbon-carbon double
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15 -NR1OC(=O R11 , -NR11CG(=O)ORS 1, -NR10C(=O N R 1R12, - NR10S(=0) 2R17,
-NR10S(=0 2NR11R12, -OR10, OC(=0 )R70, -0OC(=0 OR10, -0OC(=O)NR10 R11, -0OC(=
O SR16, -SR10, -S(=ORi, -S(=0 2R11, -S(=0 2NR1R11, - C(=QtRabpary 2005
- -C(--OCRI0, -C(=O NR1 OR11, and R1; or, when R7 and R8 are as in NR7R6,
they may instead optionally be connected tg.form wth the nitrogen of
NRTR8 to which they are attached a, het erocycl oal kyi noiety of fromthree
to 20 seven ring nenbers, said heterocycl oal kyl noiety optionally
conprising one or two further heteroatons independently selected from N,

0, and S; each pBRf, cofffekiin oRJnag hfembél@ﬂ@ﬁl‘\éiﬁﬂéﬂcljb FedbRchond) fridondie o8 tioad ght

- chain or branched (Cl- C6)al strai.gh ai n.or_ branc ﬁz enyl ,
“strai ght chai nCB’PO’bFa&'Fth% ble "‘E@OH“W’F%/F’)CE' op 499 RRGL F%cgf’rk% ac?%gﬂ‘o'&ﬁ?%yc

| oai kenyl, (3- 8arﬂ'a’ffbﬁl‘“€ﬂ:)cy&ﬂ€t®ﬂmy(mHDaEka)nhples(df&ytﬂﬂa]k)abﬁ gsoopoiatikgd, buRare not

(Cr- Cll)bi cyci keny , & etero

and (5-14 rrenbgrlr‘éc?)to ctlo trarcljt%ryI g%n&ﬁeruggnﬁhﬁg?g E?éfc%ﬁdn %&%@e ot gﬁo%ﬁgﬂﬁé%l

i ndependent§y gptip osnabrbymwbsﬂydqaﬂ(ﬂdcmalheffw disyanmikyl endsblwcbab@wi graenst gso

i_ rl\llgigecl(’ldgl%z %%kﬁlgrggp SF\%%J: subﬁutedl%th o%e oN%re OXQN’IOIETIQ: %xamg g@tﬁh groups
- NR13S( =0) 2NR1 4150 raqipies are @@@E@ oxowm@j emcyéopen a@jrpqmm oryl.
-OC(=0) SR13, - SR i 3ihe BrmOuft3as ust@ he%w%r?@&%therﬁée—ﬁh@&ﬂ&iﬁ&hﬁes éﬁ(c@rﬁ& 3,

-C(=0) OR13, =O)NR13R14, and R13; each R13, Rl14 R15 i s independent |
sel ect ed fromC( rpdicak desiverhiore ARPrAMBYC ygRRTRYYEY @To"%@? gpadyrroogs FH&bﬂ? PRAES n Y

or branchedo(Cﬂa;ﬁ@waiddwlandmbfeaylght chain or branched (C2-C8 al kynyl),

(8- GB) cycl oal kyl, (1&37%%' Oac!]c“eﬂ%tgroFi aﬁyﬁ%ﬁg?ﬁe@mﬁ%& ke %N&L.Q%’e}&/

(C5-Ci 1) bi cycl oal kyI | cycC
het er obi cycl oahMyéromét@@yénﬂ;@)oapw@ptaand 0(& o horedrelyegatad)s, BBfeteable fromropk to four

wherein RS, Ride@hfls Bith SlBeLRfl0 JUlRRENIERIb AR Moqﬂalgkge%%wg\fé%

with from one 0 si X 'substituents independent ysee romF
|, NO2, -CN, -@rEdcydRpremewhessin S@tﬁﬁwgbam's or vo_ataRR: FEWH eyf-’ﬂa?least one of the

-NR 6 fi S N p
R 6C( ] @(@ o ndé"&nrﬁgﬁ Qné\l)ﬁbék(ﬁl@) S/o m'“?_g)@(e@g%%a&yl groubﬁo ﬁﬁp@é%‘%g S%n%

-S(=OR 6, _ S(Iu@jthde un!@eq@;a@ml@ﬁated m@(de@ﬂfg]groups ﬂ@)—': Q groupsc(ln.eye

JNRL6R 7, and Bnfudin®R€ Ratfithg ifhe halddshiddérobisyl bmne.mdefmd hetsaliaed @6l forrorard.

N eh B R i o Ko b3 Bl hSBSE

( C4- C6) cydoal kieswrbeyglic(dBoups ofehibiaventdn cah atse inslylel day dyytbms $UBSHNEE] with anecar oakky| |

(€, ©) b4 Ot b BRSSO G000 0 B

C(=0 (CRI OR") Ppyrraktihyl, (pirGRIQR' a)zemwl eninemzmacm%@trahycmwmfnyh oxiferivi. raxgtanyl,

i ndependent |y @g.ih&olkSr), 3B Gdrothienyl, tetrahydropyranyl, tetrahydrothiopyranyl, morpholino,
thiomorpholino, thioxanyl, pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-
dioxolanyl, pyrazolinyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl, pyrazolidinyl,

25  imidazolinyl, imidazolidinyl, 3-azabicyclof3.1.0}hexanyl, 3~azabicy¢|o[4.1.U]heptanyl,
quinolizinyl,  quinuclidiny!,  1,4-dioxaspiro[4.5]decyl,  1.4-dioxaspiro[4.4jnonyl,  1.4-

dioxaspiro[4.3]octyl, and 1,4-dioxaspiro[4.2]heptyl.
“Heteroaryl”, as used herein, refers to aromatic groups containing one or more
~ heteroatoms (O, S, or N), preferably from one to four heteroatoms. A multicyclic group
30  containing one or more heteroatoms wherein at least one ring of the group is aromatic is a
“heteroaryl” group. The heteroaryl groups of this invention can also include ring systems
substituted with one or more oxo moieties. Examples of heteroaryl groups are pyridinyl,
pyridazinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, quinolyl, isoquinolyl,
tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, indolyl,
35  benzimidazolyl, benzofuranyl, cinnolin.yl, indazolyl, indolizinyl, phthalazinyl, triazinyl,

isoindolyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyi, benzofurazanyl, benzothiophenyl,
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and pharmaceutically acceptable salts thereof. Conpounds of formula 1 may
~be inhibitors of serine/threonine kinases, especially cyclin-dependent

ki nases such as cdk5 and cdk2, and are useful for the tdalengany 2005

neur odegenerative disorders. and otffer CNS disorders, and. of abnorma
cell growth, including cancer. The conpounds of fornula I can particularly
be wseful in inhibiting cdk5. The conpounds of fornula 1 may al so be
useful as inhibitors of GSK-3. The term "al kyl, as used herein, unless

ot herwi s e?ﬁﬂ?%ﬂﬂed?mwﬁ€¥ﬂﬂe§m§ﬁFﬁWHteam"W@ﬁUVah@mvahyﬂraeﬂﬂb@nmwyadicals

havi ng suihgdrottinodt, GindR Sdibyafi I A roups. i ncl ude,
but a?e 0} P te RARRGiadT! Sb/BRisoRRiTR Q&awdrﬁog%wg'ga%e@g?@%ht yl . The

d.mted to, pethy|l, ethyl, propyl, 1'sopr
term"al erPfF‘f""%@Yﬁ?B!a‘”\lF@FYLFﬁazaﬂF s ot herwi se indicated, includes alkyl
noi eties haviThgfosgoitggaips, @t dervad bem teabRpsundOldfl; Qb@@ﬂqaﬁ’%be{:%hg raykyl is as
defi ned @rq%@acﬁeoﬁ%%fg%lu%ﬁs of . al Eer.%l _include, but -are not Iimt to,
ethenyl and propenyl. ThePtern "HMRAIGH @ 9roup deryetfepihyrelemaye mysre- ot her wi se
i ndi cat eyl (Nrétpehedior airiel 31 (Datrhel. Tivateinsgefating BaRgrol}e #8/RAeRRRL bon
triple bandsshetebiedl kyl is as defined above. Exanples of alkynyl groups

include, but are not linmted to, ethynyl and 2-propynyl. The term
"cycl oal kyl "In on@enhvdiagtnt) akiced may bePresded@bRpiuintiSes foridliadatvereini RIGE Udes non-

aromat i ¢ _ at ed, | | kyl letjes whergein al kyl i fined above.
Beaml AP TELTH iy DB imfg P b6t OB oyt
cydoguibd at e@d@pﬁﬁﬁgf!{mbo&ﬁﬁﬁio@éﬁﬁ?’dnbtéﬂrﬂnbodﬁ)éﬂﬁhéﬁt yl. _@(ﬁ‘g?h}ﬂa_] kyl * groups
-are pon-aro i c saturate rbocydi ¢, s consisting,. of, two rings,
wher e %ﬁg%oﬁe%ﬁﬁgtﬁ%rﬁg‘i@&"&ﬁ% rmﬁ\%e ﬁr@%%r@@f@? %ﬂhd%zs% %f the

pr esemfdrogenvent i on, and unl ess ot herw se indi cated, bicycloal kyl groups

i ncl ude Spiro groups and fused ring groups. Exanples of bicycloal kyl

' groups i ncuges, not limted.to l.cydo-[3.1.Q1 .hexyl, norbornyl,
spi r o[ 4. 55decy! f%g%h%g[’ﬁ.c%f%%‘ﬁé/f){,jﬁ’gﬂ‘i‘l?g[cﬂgg‘] H&‘f‘?ﬁ%,“%&ﬁ%“ E‘p?/sr o[
4, ZLImépte_jnR is 'offanadiy| subnithied(epds)cykioalind ol dpbionally' subsibited (Co-CRp bicEIGANgY. | C
car bocygl INor-T R j i SL Lned,. e, .except
conpri g’fiﬁégé“%g or "%#seaﬁgg?g%hc%‘g@%gﬁw&%lcg&%@% gﬁ%og’rg{'/&bg’g?%g %de(gnds ,
connectriofRpryhregeh optiondly reshrtitvled. gsafecitedesiigue fiet prtionallp wih drobptd taisi/ or one or
Tore  GAbRARNG AR ARicHRKOG SRS REANECOLNE: 3, GRD Wad NBETE G and an
adj acent _non-ring _carbon’(an "exocyclic" doub8 e bgn ) . anpl es of
cycl oar'ﬂ@ﬂfo)&-oﬁﬁc(ﬂ@ﬁaq NREIFORIE R otNR PERiRe - NROS=RIMRIBenDBAyY | and
cycl obupepr, &ﬁ@[=@fdwn:d(£@ﬂow,ﬂ@(£nﬁﬁpb%®m@{bbé NIOFRKEB(=G)sRF OUp i'S
nor bor nenyl ._Qégl oal k ] cycl 012{»“”%1 bi cycl oaI%y ,and bi cyc oal kenyl
gr oups A sFEP) I%Q)Zér' ﬂﬁéw'ﬁ - and &'k B @more preferes arabodimenb R dfe oxo
noi et i legcyc:;‘mfmmr eﬁtioﬁill?&liﬁ‘dﬁglwqiljpsu_) gibidbawpfoﬂ&daﬂf)lb%%]@fr?y@W%bﬁpem yl, g
oxocycl opu , _0X0C opent en wand norca ryl. The term"aryl", as use
or o roraRptus BRI st Srlieiela s v om one to Thike
substituents inde_pendenﬂy selected from F, Cl, Br, |, nitro, cyano, CF,, -NR'R®, -NRIC(=O)R®,
-OR’; -C(=0)OR’, -C(=O)R’, and R7. More preferably, R' is (C;-Cclcycloaliyl or optionally
subsfituted (Cg-_Cu) bicycloalkyl, 'for example cyclopropyl, cyclobutyl, cyclopentyl, cydoﬁexyl, or
norbomyl, and R' is subsiiuted with -NR'C(=O)R®, (CeCi)aryi, (38 membered)
'heterocydoalkyl, or (5-14 membered) heterbaryl. and wherein said aryl, heterbcycioalkyi._and
heteroaryl are each optionally substituted with from one fo six substifuents independenuy
i selected from F,. Cl, Br, 1, NO, -CN, -CF,; -NRYR', -NRYC(=O)RY, -NR'°C(=0)OR",
~ -NR"C(=O)NR'R", -NRS(=0},R", -NR"S(=O)}NR"'R®, -OR", -OC(=0)R¥, -OC(=0)JOR",
- -OG(=O)NR“R", -OC(=0)SR", -SR", -S(=O)R", -S(=0),R", -S{=0);NR¥R", -C(=O)R",
: ~C(=0)OR", -C(=O)NR™R", and R™. In another embodiment | . R' is bicyclo-
" [3-1.0}-hexyt and is optionally substituted as recited above (i.e. optionally substituted with from
one to six substituents R® independently selected from F, Cl, Br, |, nitro, cyano, -CF,, -NR'R®,
NRIC(=0)R?, -NR'C(=0)OR®, -NR'C(=O)NR®R’, -NR'S(=0).R’, -NR'S(=0),NR°R?, -OR’,
-OC(=0)R’, -OC(=0)OR’, -C(=0)OR’, -C(=O)R’, -C(=O)NR'R’, -OC(=O)NR'R®, -OC(=0)SK’,
. -SR7, -S(=0)R?, -S(=0),R’, -S(=O)},NRR®, and R7).



radi cal derived froman aromatic hydrocarbon by renoval of one hydrogen,
such as phenyl, 10 naphthyl, indenyl, and fluorenyl. The terns
"heterocyclic", "heterocycloal kyr, and like ternms, as used@lhienuany 200efer to
non-aromati c cyclic groups containing one or nore heteroatons, prefereably
fromone to four heteroatons, each selected fromO. S and N

"Het er obi cycl oal kyl " groups are pon-aronmatic two- ringed cyclic groups,
wherein said rings share one or two atons, and wherein at |east one of the
15 rings contains a heteroatom (0, S, or N). Heterobicycloal kyl groups for
pur poses of the present invention, and unless otherw se indicated, include

ﬁpl ro gr OUplsmalaﬁthéru&xeshnmbmg a@ﬁtﬁpﬁﬂﬁd of Prawe 1 @ﬁb@ﬁt&ﬁl@a wh&?ﬁﬂking ng in th]g%

et er obi cycl oa ont u ou roat ons .e. fromzero to four
het er oa?Pé‘ﬁ%alyﬁ}"ﬁé Engtrﬁ‘%ﬁfﬁaé?g‘i E‘ é‘E“ ﬁ%{ Yolsl i § at | east one

het ersgatiagdd. strhige chdredrbrapcydl(CeCgpliengs of this invention can al so include
ring systens substituted-with one or nore 20 oxo noi efies. Exarrpl es of

non- ar onat i qnhtﬁitmaﬁwcﬁtm&u %&%ﬁl(ﬁ'b?forﬁafa&' Sﬁufi)\ﬂpmv?ég}ﬁg?gﬂ in R2is

pyrrolldln ridinyl aqulny , plpera2|nyl
t et r ahy¥ é“;ﬁ fﬁvﬁwfﬁ'ab%rrl o hydrogen, apd IRA lepol be fisisutriefined in the

t et rahyﬁdbaidfg@mg{—&phg et rahydr opyr anyl, tetrahydrothiopyranyl, norpholino,
t hi onor phol i no, . thi oxanyl pyrroli nyI i ndol i nyl, 2H pyranyl 4H pyr anyl ,

di oxanyl, 1sa0ofersiodiment, thore may bripovidad ﬁytdmwpyd aﬁ@nhnuia iwhgatior s eny | |

di hydr et @ayl or (m ﬂé&ber@a)rm ema%ﬁ éa@ﬂ g?@fu, |§| 1 di nyl
qu moR S o o A e sl S%’S“%ﬂ oy 1!

di oxampiding. &) ouiiy, iyl 04*50@1110)15&5@% oﬁténﬂlmwmed nlr@ﬁo%@ é{ﬁUAdlmerﬁs
t t
us fi‘ %El?b%ﬂpﬁlgi g?lﬁ(ﬂgﬁfﬁg@%&ﬂﬁ agllaqmu&aﬂft&f nin g one or nore et er oat ons

m-one to four heteroatons. A nulticyclic group
30 cont ai ni lﬁgarmﬁmraandmumt Iaem;ammdmﬁfenmheiemytwtprb‘ewwbmrﬂzm of the

‘group is LHS LS _a pdeteroar Jhe he oaryl groups of this
i nvent FON (%%mg o AR easr?“%g"%% n%g edﬁrﬁ’?atr%t&%g’ with one or nore oxo
not eti es. &maqﬁmdﬁwdﬁefrrehe;bepamﬁybffo:gnmmgeare pyridinyl, - pyridazinyl,

i m dazol yl A [ AZ el pyrazi nyl, quinolyl,

i soqui noI {H;% ?YL 'X‘F?Z&%‘ﬁﬁél%h?ﬁlﬂ{"tﬁ gr?%ﬁtg%lkdgoxazol yl, thiazolyl ,
oxazol'yl , -(S@Nd:h;aamyl w~lmidq;yl=¢-m SHA-metingophenyl}-@@taseidei m dazol yl,

benzof ur a?‘y[HJ u&gﬂ%f_‘%&l 9éé6|—4 yh- ﬁ-@ginblm-@%,acegm&gal azinyl, triazinyl,

i soi ndoly ur| t'hi adi azolé furazanyl benzof urazanyl ,
%ol y

benzot hi obh@wputyuﬁl-l@@aa@ﬁdék‘iﬂf@ﬂwwwmﬁ . benzot hi azol yt , b
enzoxazol ylq_c, f4Hid Wtﬂ;d%wﬂpmemdnﬁmlﬂmanapht hyrl di nyl

dlhydrqu|nonI rahydr oqui nol yl dr oi soqui nol y
tet rahydrb'ﬂkfféfcﬁ'?m'r‘WC‘Q%FYQMFWE'ZO'#ﬂr%?ﬁﬂhmleﬂﬂrw‘aﬁ%f?’ﬁﬂdﬁpyr| mdinyl , and

azai ndol yé-meﬂib@yf.@ﬁ@%h;ﬂexﬂ& OUpgid as {gesiyetdndphemdhecospamdinds | i st ed
above, may be attached or N -attached where such is possible. For

i nstigiEeo-1ylgydehyiamidied from pyrrol e may be pyrrol -
1H-imidazole-4-carboxylic acid {cis-3-[4-(2-naphthalen-1-yl-acelylaminc}-imidazol-1-

yll-cyclobutyl}-amide; .
6-hydroxy-pyridine-2carboxylic  acid  {cis-3-{4-(2-naphthalen-1-yl-acelylamino)-
imidazol-1-yl]-cyclobutyl}-amide; ' '
3-methyl-pyridine-2-carboxylic acid {cis~3-'[4—{2—naphmaler_1-1—y!—aoetyiamino}_-
imidazol-1-yl]-cyclobutyl}-amide; :
~ 2-pyridin-3-yl-thiazole-4-carboxylic acid {cis-3-{4-(2-naphthalen-1-yl-acetylamina)-
" jmidazol-1-yl]-cyclobutyl}-amide;
. 6{cis-3{4-(2-naphthalen-1-yl-acetylamino)imidazol-1-yi]-cyclobutylcarcbamoyi}-
nlootzmc acid methyl ester;
: pyrazme-2—carboxyllc acid  {cis-3- -{[4-{2-naphthalen-1-yl-acetylamino)-imidazol-1-yl}--
| “cyclobutyl}-amide;
' N-{cis-3-[4-(2-naphthalen-1-yl-acetylamino}-imidazol-1-yi-cyclobutyl}-benzamide;
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1-yl (N-attached) or pyrrol-3-yl (Cattached). The terns referring to the
groups al so enconpass all possible tautorners. In one enbodi nent, there
may be provi ded conpounds of formula 1, wherein R3 is - CB%Jap mZOO%r
-C(=0)(CRERI''),; . In another enbodinment, RO and R', of - CRlR')
can be. at ¥4t8/PMerati on of n both hydrogen. In anot her B l’ R4 of
-C(=O )NR9 - can be hydrogen. In another, enbodi nrent, R3 may be -C( =0) NR9 -
or -G =0 (CROR')" _R2 can be hydrogen. |In another embodi ment, a conpound
of formula | can be provided wherein R is wherein R is optlonally
substitut ed(C3-C8)cydoal kyl or optionally substituted (C$ -Cl1)

bi cydoal kyl . Pref ersrrgé%., mg,tngyw e pher efcR-3i (2 aphtiye-0pa@pAmino)-

cydobutyl, cycl opent dohexyl ; or norbonyl, each optionally
substit ut ed, dg“dﬁ@b? Y’éﬁ’c'%%(}}é‘”ﬁ € e. optionally with fromone to ' six.

substituents R5 i ndefpis3déeriaphtsainciet-emtyfamipm)-imidazol-1-yiBeyclobutylirisopytyamigs;ano,

-CF., -NR7RB, -NR A 0 - NR D) laminb{Rnéze0) 2R8, -

NRTS ( ~0) 2NRBRO, - QY?V%E@ |dme i\Brtfoghc' @@3—{4 (’2 nﬁ@ teler O%mﬁ h f&n DR 28
- C(=0) NRTR158 bzﬂc%‘ybumﬁ@m*deu oq =0 SR? --SR7. - 0) R, -S(=0)2R7. -

O 2NR R8, and R7). qbiﬂoliﬂe—ﬂlbﬂl@c}pﬁc}efaetd r{@d-BéMZmdiJh’tWﬂ-MRBGEiV@ﬂ(f@BTmid@)'WI:I oal kyl

or optionally @Hﬁﬁn&}ta% (Cs-C11) bi cydoal kyI for exarrpl e. cydopropyl
cycl obut yt, cycl ohexyl S.0 Ilon
substituted with fr%‘rﬁyﬁ?l%'zlcﬁ'b?’%‘f"e%p' @ﬁﬁé‘f &f'\ﬁ‘@'ﬁ%“ 1n"’3 g&?ﬂ‘gﬁ gsog% étt ed

fromF, CI Br gycidbutyidatride; cyan, - -NR R, - NRTC( O)R8 -CR? -C(=O R .

-C(O)R, W Mor § . nal l'y
substituted 9(Cs C1 1o 73%-@2:3%9{1(%1%%%% g)‘a W%%dg?g%%%?/&%}%eﬂ%butyl

cydopentyl, cyaglemiksl , or norbonyl, and R is substituted with -NRTC( =O R,
(C6-Cl4)aryl, (3-8 pgm'ﬁw@eaoxyuheb@d ol dqalkipphthaten-1(ybadellangwbieidezt)-1-yl}-

het eroaryl, and IV\%@I’GI said aryl, heterocydoal kyl, and heteroaryt are
each opti onal I?’ g Mt ed with fromone. to six substituents

i ndependent |y ~ sel Sd-auroxypher)-N-(gs-3-Uez-naphthelRirp y-acetxiamingirgidazof iRy

-NR C( O)Rw - yzeethiide; NRLOC(=0O NR71R12 -NR 0S(=0) 2R11, -NRlDS(: '

) B S 0 R Pl
-C(O NR OR1, amiolﬂlyl} amrﬂedm@?%@ﬂdeerrbodl ment ,, Rl is bicydo- [3.1.0]-hexyl
and 1s optionally :wps(g,g QJd&&ﬁlanﬂﬁ) cryasuuwdHMwm(m-2emaprmmen@ryahde§amubst| tuted
i Trom one Lo s MBI AR S he O
- NR7C(=0) NR8R9, - NRnyR( r@)aﬂrboxthR'a@q @)quummv&yl-a@@(aﬁmowwdazwwo) R,
_C(fo) EALEES: g"” S NRRR O B R?. Ja%ro 35(7)5 %S:?n anot her
. eﬁt()og)i) gnt ,S( a cgsﬂ’aﬁfﬁﬁg%‘f'gﬂﬁ% R?aiiefaqgé’%g Bregﬁ"t}%‘f?f"@g'ﬂ'%mher ein R is
Examples of other specific compound of the invention of formula 1 are:
cis-N-{1-bicyclo[3.1.0lhex-3-yl-1H-imidazol-4-yl)-2-quinolin-6-yl-acetamide;
25 cis-N-{1-[trans-6-(pyridine-2-carbonyl}-bicyclof3.1.0]hex-3-yi}-1 H-imidazol-4-yl}-2-
quinolin-6-yl-acetamide; '
N-{1-[cis-3~(2-methoxy-phenyl)-cyclobutyl}-1H-imidazol-4-yl}-2-quinolin-6-yl-
acetamide;
N-{1-[cis-3-(2-fiuoro-phenyl)-cyclobutyl]-1H-imidazol-4-yl}-2-quinolin-6-yl-acetamide;
30 N-{1-[cis-3-(4-methoxy-phenyl)-cyclobutyl]-1H-imidazol-4-yl}-2-quinolin-6-yi-
acetamide;
2-quinolin-6-yl-N-[1-{cis-3-p-tolyl-cyclobutyl)-1H-imidazol-4-yi]-acetamide;
N-{1-]cis-3-(2-ethoxy-phenyl}-cyclobutyl}-1H-imidazol-4-yl}-2-quinolin-6-yl-acetamide;
N-{1-[cis-3-(3-methoxy-phenyl)-cyclobutyl]-1H-imidazol-4-yl}-2-quinolin-6-yl-
35 acetamide; and
'pharmaceutically acceptable salts of the foregoing compounds.
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optionally substituted straight chain or branched (Cl-C8) al kyl or
~optionally substituted straight chain or branched (C2-C8)al kenyl _ In

anot her enbodi ment , conpounds of formula 1 can be provi déd,Jabuary\RRedei n

Rz is hydrogen. In a further enbodinment, R2 may be hydrogen, and R can be
as subdefined in the preceding paragraphs. I n another enbodinent, there
may -be provided a compound of fornmula 1 wherein R4 is (C6-Cl4)aryl or
(5-14 nmenbered) heteroaryl, each optionally substituted. In a preferred
enbodi ment, R4 is optionally substituted phenyl or optionally substituted
pyridyl. In another preferred enbodinent, R4 i.s naphthyl, quinolyl, or

i soqui nol yl , each @peri expmpley ofsplasc kbioatls of A9y AR: enbodi ment, R4 can be
and i s unsubstituted. |n another

napt hyl, quinol yl ,, 0L 4 s0qui nol y| , un

enbodi ment, conpou ngg[%é% %\{%cr’xrﬁﬂ%%ry‘”{)'%%?”%%j’i&‘l“@?ﬁ’zd’é‘&ty'}w&bm@lhwy-pﬁ&yi)s

speci fical | y 3§dPdgen, and R4 is as subdefined in the preceding ]paragraph
Exanpl es of prefen.gd;¢9 ( I Z.are: N (1-cydobutyl -1

Hi m dazol - 4- ¥| ) -_2-_‘3& ﬁ%ﬁ’fbﬂ%?@?‘% a”cé’%‘éw}l‘ﬂiﬂ?@'gazﬂ‘!‘y'ﬁ:fw phnyl)- - 1 H

-i mi dazol - 4- #5994 et hoxy- phenyl ) - acet am i de;

N[ 1- - (ci s- 3- phenyh1 gy gokhd-bleny L indazol - 4-y. 1. 2-qui noiin
-6-y|-acetarg&%§}e(l-cydobd?;?Y%?Fbfﬁh&gﬁgw¥%g%W&kéggﬁﬂﬁ¥$m&€ﬂh pheny
ester; i-(1-cy5% utyl- 1 Himdazol-4-yl)-3-isoquinolin-5-yl -urea;

N-{ 1- (ci s- 3- am noM¢y-{iafuiniho phedy)ybipButaZ Plinmdnydid g ht hal en- 1 -
yI-acetan1id&kmnﬁknethyl-pyridine-2-carbo£?l?c ﬁ@ﬁ&ﬁa emmwf%an-
{cis-3-[4-(2-naphthalen-1 yl-a cetyl.anino) imdazol-1-yl]-cydobutyl}
-amide; 1 Him d\&ibIISd?-v@:rwnthumphé@l)&p&l@utyi]-1H-imidazola4-yt}~2-.(4-me oxy-phenyl)- . |
{cis-3-[4- (2nmaplathal en- 1-yl - acetyl am no) - i m dazol - | yI T O HOHRSMY: ani de:
_ 6-hydroxy-pyridi ne-2-carboxylic acid (cis 3-

[ 4- (2- napht hal enMUsB-Chdigeyyaminaoptayliphédazdiotliyi-igpegd y) )ﬁ,q,gjhgg_

3- net hyl - pyphetyacatagmeegyl i c acid {cis 344-(2-naphthal en-
yI-acetyIanino)-zinid zoI-I-yIL-gydobutyl}- am de; 2-pyridin-3

yl -t hi azol e- 4- cafBERYTIO¥Y-PRETHNA L3 T snehyl- (1o prapi Bhglcpeobilty] YH-malowk.am no) -
i m dazol - 1 yBaesjedwthest vyl } - ami de;

6-(cis-3-[4-(2-nggn; | en- 1-yl -acet yl am no) -i mi dazol - 1-yl ] -cycl obut yl car bam
oy I}- nieotini cacf@ﬁnrraectel’{%axyew?fbes-aﬁ*iﬁf&e,foﬁg{?iﬁﬂ serpofitis( 2- napht hal en- 1

yl - acet yl ami no) - Pafischizonpdung bf foramal DEMIGA dbRRAZH Ty 3 WALE 2005 VIO
02/ 10141  pasic group present on a compound of formula 1. Examples of pharmaceutically acceptable
salts of the compounds of formuia 1 are the salts of hydrochloric acid, p-toluenesulfonic acid
fumaric acid, citric aciq, succinic acid, salicylic acid_. oxalic acid, hydrobromic acid, phosphoric'
acid, methanesulfonic acid, tartaric acid, maleic acid, di-p-toluoyl tartéric acid, acefic acid
? sulfuric acid, hyc_iroiodic acid, mandelic acid, sodium, potassium, rhagnesium, calcium, and'
lithium. | |
The compoun{c_is of formula 1 may have optical centers and therefore. may occur in
.dif'ferer_lt enantiomeric and other sterecisomeric configurations. The invention includes all
-enantiomers, diastereomers, and other stereoisomers of such-compounds c-f formula 1, as

. well as racemic and other mixtures thereof.
A further embodiment can also include isotopically-labeled comﬁounds,-Which maj.r be

. identical to those recited in formula 1,

but for the fact that one or more atoms are replaced by
an atom having an atomic Mmass or mass number different from the atomic mass or mass
;jnumber usually found in nature. _ Exampleé' of isotopés that can.be incorporated into
compounds of the invention include isotopes of hydrogen, carbon, 6ilrogen. oxygén.
phosphorous, ﬂqorine, fodine, and chiorine, such as *H, ¢, 1c, "“F, B and ™. Compounds
.of the present invention and pha'rmaceutically acceptable salts of éaid compounds that
contain the aforementioned isotopes and/or other isotopes of other atoms are within the scope

of this invention. . Isotopically-fabeled compounds of the present invention. for example those
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PCTI 1 B01101335 -8 5-net hyl - pyr azi ne- 2- car boxyl i ¢ aci d
{cis-3-[4-(2-naphthalen-1 -yl- acetylamn o0)- imdazol-1

yl]-cycl obutyl}-am de; 31 January 2005
N-{cis-3-[4-(2-naphthal en-I-yi - acetyl am no) -i m dazol - 1-yl ] -cycl obutyl }-
i sobutyram d e; 6-chloro-pyridine-2-carboxylic acid

{cis-3-[4-(2-napht hal en-1-yl ’\acetylﬁ)m no )-imdazol- 5

1-yl]-cycl obuty!}-am de; quinoline-2-carboxylic acid

{cis-3-[4-(2- napht haI en-1- yl-acetyl am no)-i m dazol -1yl ] -

cycl obyhyhhicd -pyrrol e-2-carboxylic acid

{cis-3- [?ﬂfa;é g:‘éi atch ‘S%% S 3Hch g8 df gddik ﬁr@)mqomomoarelusw]m dﬁ:ﬁ@n@hﬂt yl}-amid
e; 10 N ﬁd(Sthmt@platslaﬁi eTTma.te(yheaOﬁt BYApr=ToiMyle))

yl']- Cy(bL’lﬂQMEfw l}ire%rrga PthIr eas tam de. yridi ne- g1éareb0%€;|‘ﬁoé°p§8ﬁje
{cis-3- % élazr nap en- 1- %rg?il?tgmaﬁﬁfeqeﬁ?‘@ékovcIang'l‘a]:-lsotopes are

cycl ob8EYF é}’n'i‘fﬁé“ '@%@Wmsqﬁn&ﬂyﬁbgmw Gng-3r ko 0‘(6% Da a&{g@l ﬁn 1-yl -

AT Sﬂ’ﬂf(ﬂalsﬂ{gﬂe' p%k gS:o Cl Obgq é?f} ioa““c"g'!alal‘m) all usefutelrl.nl brain

-4 car I|c Ci S- 3-
-ac eF'%ga no i”rn5 E‘Bﬂ“’“l“ﬂt? Ih]eaw@rym&mba tsyt aﬁmtﬁh’ﬁuﬁydé oglani ggyg
N- [1- (@Qr@m?, theagpetiy amaa@gé‘sy&?ésgiﬂﬁt} Yo %_Jreater mgabo?lc stab)i{hty for example

11-2- acet am de;
N {C Sﬁf%@é[s%@ (g vaé (l)ixlu—mﬁ 81 sepuagd )gpsa@@ €& qpiremeni® pad, ieatez alay be preferred in

yl]- Cf@mb@‘[cymf‘amzdmtﬁiﬁ;aﬂ)aﬁdele@@’orﬁwdn 8P 13 oﬂbof}‘w' c acid
m

{ci s- Jehdafydrd & | - gcetyl am no) - | fveqtiop | &Hut y1 } - anf de
; and%eha?nygtz:eut | cafﬁv ‘l% ﬁ'l‘}|Pé°C§gl|lf?§§§§$loqe|d@1 the SelymiasGnarRpomadS .

ExanpF&amgies eﬁfﬁ@rbxswawmg maqnwo@haeife Sd6pida gromula | are:
Ci's- NisotbpichllyaytelealrdhghnO] hex- 3-yI - 1H1 o ohicalty %95'%5’2%%8"* { Piiog:
yl -acetam de; 25 cis- N-{l [trans 6- (pyr|d| ne- 2- car bonyl) -

bi cycl o] 3. h QL4hi& o m dazol - -2- quinolin-6-yl- acetam de;
N- { 1-[cis-3-(2- rré’[g%g%(/df]th ;?ﬁeéﬁ‘&} F‘)Vf"ég?elalﬁﬁam 3 pharmaswtiaalabmgosition for

d{ﬁamg 3 ﬁsqgs%nrmghmm“ﬁ&smé\{rb{l&n{am ok of Mo(a egegggu e| d}s Sycl clobutyl]-1

H- | 6- yi - t d
N'{T"Fﬁ".ﬁﬁ“’s s oo Byt S mawncitotvedn y1 et

- qui roididiscaseypr CO@@@@amdd@lwrﬁraqumag]Va&egmmg cMh[ul (ci s-3-p-

olyl -cyclo m dazal acetamd
N— %/1 [Z. s- ‘QM&?‘% &‘LWSZ}H vegtion %ﬁlmrwqasr phmmmeua@bm@oymon for

2- geAtng |a|d|r§f:@e P candieivA il Dammal the treatment of which can be affected or facilitated
by altering dopamine mediated neurotransrmssxon comprising a cdk5 inhibitor in an amount
effective in treating said disease or condition or in an amount effective to inhibit cdk2 activity,
and, a pharmaceutically acceptable carrier.

In one embodiment, there may be provided a method for treating a disease or condition
comprising abnormal cell growth in a2 mammal comprising administering to the mammal a
compounid of formula 1 in an amount effective in inhibiting abnormal cell growth.

Another embodiment can provide a method for treating a disease or condition
comprising abnormal cell growth in a marmal comprising administering to the mammal a

compound of formula 1 in an amount effective to inhibit cdk? activity.




haad . e - -

N-{1-[cis-3-(3-nethoxy-phenyl)-cyclobutyl]-1 Himdazol-4-yl) -2-quinolin-6

yl 35 aeetam de; and pharmaceutically acceptable salts of the foregoing

conpounds. 31 January 2005 -9 O her exanpl es of specific Gdrsouary208%

formula | are: N{1 -[3 -(2-hydroxy-ph enyl) -cyclobutyl]-1

H i m dazol - 4-yl } - 2- (4- met hoxy- phenyl ) - acet am de;

N-[ 1-[ 3- (3- hydr oxy- phenyl)-cycl obutyl]-I1Himdazol-4-yl } 2 (4-nethaxy

phenyl)- acetam de; N (1-[3-(2-am noy tfgnyl )-cycl obutyl]-1 Himdazol -4-yi

}-2- (4- met hoxy- phenyf)- acetam de; N [ 3- (3-am no- phenyl ) -cycl obutyl]-1

H i m dazol -4-yl }-2 (4 rret hoxy phenyl)- acetam de; N-{1-[3-(3-am nonet hyl

- phenyl ) -cycl obut yl ] - I #] !:1)1 r(mdeﬂ{ggtft;% ehdeogracet am d e;
am no

ﬁl §n| dazf)l?)cgf;‘3 Qﬁ%e ﬁeﬁbﬁ%”%?/ pHe H’B'I ﬁ‘L')eyace a?r: 03&'0}4 mprising abnormal cel

2- (4- et homyaupfh@nrybr)aemuodmerﬁtsar(c&r rfﬁfterwlhceinﬁy by B @archengs, Yo pxamapje barbioonyd | - 1

Hi m dazol i Y, of t he
foreg0| ng c(:)(f)énf(l)ﬂl?n eér é}%ﬁ't@g&g r\ﬂepﬁﬁﬁ 1% |g§+1£" el i&tﬁ) Qo%%%?lhge

form ng salopbblggden oy Pararess. c,stoma wagfGCthyp@uwoiﬁt@%ﬁvn &ﬁeéa%ﬁi}@ﬁﬂu%f
formula 1. caxaaa@dne@a 04 hBMALFTRES Wirhdradt! uym@%emeagﬁ eror sahipk Rlkddis, sqmpounds
of formula p%re tre salts of hydrochloric acid - t ol uenesul frgonl c acid,

fumaric achEP ROEE fepkeig. §-ceb lipptagiae el bmeRoms. WPQ"E‘S daphoma,noniiiodging
hydr obr om tyraborda, WSHh@mbmmaam Epirkotes h@rmﬁsmbfa)nerﬁatommd furiiakr df ayetoicdCi d,

mal ei ¢ aci tol yoyl tartaric a caC|d uric aC|d

hydr oi odi Pﬂ agé égf Fan %‘lmte ang ﬂqaf"" md%fo%é"o oA f( é'?%ﬂ)xaesg? f?fﬁdrcaef Cl um
and lithi mﬁmﬁfh@t@dmgwﬁds tfnof @f méwn@ymy mawefoomxamﬁlb fbeoraerosnaand

t herefore t r meric
Cont+ ur ot SRSl P The SRR QTR phEs, AlNheD: By, S LEahao

and ot her stereoisoners of such- conpounds of fornmula 1, as well as

racem ¢ and other m xtures thereof. A further enbodi ment can al so include

i sotopi cal ly-1abel ed conpounds, which nay be identical to those recited in
formula 1, but for the fact that one or nore atons are replaced by
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an atom having an atom ¢ mass or mass nunber different' fromthe atomc
mass or mass nunber usually found in nature. Exanples of isotopes that can
be incorporated into conmpounds of the invention include iB33daowey 2005
hydr ogen, carbon, nitrogen, oxygen, phogaphorous, fluorine, iodine, and
chl orine, such as 3H, 110, 74C, 'OF, '231 and 1251. Conpounds ,of the
present invention and pharnmaceutically acceptable salts of said conpounds
that contain the aforementioned isotopes and/or other isotopes of other
atons are wi tHiPFYioa neplestonst gliohiasoristiweniidn@N melahh @t QLG Ja%ér'a%%grlﬁied ]
conpounds of ckREsRLESSRLodERNE DL/ for exanple those 31 January BY%- 10
“into which radioactive isot og%hgﬁ%m'g(gm%ﬂagﬁocﬂ“a‘ Braiddolicapramoerabrthposs e
useful in dr 6%/ or substrate tissue distribution assays. Tritiated,
i.e_ , 3H and cambaRtdembodent, theQischSO4 are particularly preferred
for their eaggniéf R eﬁar_ation gndedésl_eect_arﬁ)h?ﬁ&foﬁmm SYHERPEmY 6ot grpetd iar e
particul arly userul™h BErsepd cPaHioesi isdidsnbengro groamtey hypapdsia) tdnsR} opes
are parti cul agdngmatasie pollpdsia, Mbéﬁétﬂﬁé,%m&b%ﬁs@m Ssion C%{WDU'[ erized
t omogr aphy) , pdkibsit SRkl BER1 N | MBGI ng. Further, PETBARY + Trqstm arhitis.
heavi er i sotopes SUCH as Hetr SFEHIS NyPegrophio spar damnatibd. onBimra &bl gl
t her apeuti c ‘%ﬁﬁ?&%l“'ﬁ‘@@@nfﬁ@umﬂedﬁng fdrgarmigetion (Al eiBlodRQhd g Stability, for-
exanpl e i ncreageglihd) eMibd4 f-l,ife ar reduced dosage Tequirenents and,
hence, may beq[i pref er r%i in &gl(r)"ﬁ)éjﬂcsﬁ I?rgﬂ?l&atpg‘ﬁ‘&‘@%‘?“.“cql sofupssitionlfdryrehtiigal ed,
conpounds WPOFEFRHRE e disefse ortviogditionvie n iniadihaLébprigl E&l,ﬂ epar ed by
carrying %ouﬁﬂh?fe&[@%ﬁ%ﬁ%i i pclosed in. the Scﬁ%ﬁes é’ﬁ“ gfrf&:’lqﬂﬁ'élan :
Exanpl es bel ow, by substituting a r&adiiiPraipdpphismeceutienlypraeptably cirdbel ed
reagent for a n¥ffanpthasenbodimbdtynay abepedds LagamcaficSIQEH gsi@cﬁﬂg%}eagﬁg[ % he
present | R¥GHIdORrRS ovi des. a .pharmaceuti cal conpoSition fof eating
a di sease or 'cgﬁlgbi ti p%sec%%en%rc | %dl?tﬁ’él IIE?)H’S‘?’Wﬁ‘ICOE’é‘l‘%mgg?@mphu@rofdonnulai inan
neur odegeABPYH Eifectiye ndelslbting cdk & amigtity, iaada pHarcBREIR/ ac‘ge‘Bngei Sldlg a conmpound
of formula t i Rn%ﬂdiﬁ&ﬁ!’&hbo%ﬁrﬂ&gti ve in treati ng Sal d"di sease ‘or condition,
and a pharmaceuti cal Iy accept abf€ “CaPFI'EF 2 Methopfor reatipgecieunfegeeatpe esent
i nvent i ondfaseonsoadiliends 2 mapinat mmﬁmhgﬁcﬁﬂﬁniﬁl@mg%meln%mﬁﬂgco L&Al pg a
di sease Ofora@R9iih hBindull FreJRATR Ibhe t reat ment of ich can‘be &t fected or
facilitated by altering dopam Riibiing U @fivif¥ur ot r ansni ssi on conpri sing a
cdk5 | Prd Wher embodimens mayralso provilh f embthyEfol ﬂibatiﬁgea?ﬁehqu%&eﬁé&iﬁé a0
condition QJnd:..tian"?I{'aﬁm%iﬁltc effect idve to.inhibit cdkZ activity, = cand, a
phar maceut i cal |y accept abl er ¢aTE1e8prsienng iybe sapodl aempoutdefiferniyg ian
provi ded aamemheficivrin trestiap said discath GR3E®iAI condition conprising abnor nal
cell growth in RON@l: conpri sing adm nistering to the mammal a conpound
of fornula j i nﬁlzf%@ ano&'ﬁ?"“éf‘?‘%&f‘ﬂ ganFrafiyplissse onepnditinn wirizh ictedated @agwé h.
Anot her  embesiictrdritomciumtipgton’s dRese, RRSMROBirhOord ERakLI { ;Ji sease- or
Ol &L 01 Lr9 AR, AR BOBR e, EflebeyabiHophil il S iFocis” B i3t Aduced

- demeéntia for example AIDS induced dementia, neurodegeneration associated with bacterial

infectib_n. migraine, hypoglycemia, urinary incontinece, brain ischemia, multiple sclerosi's;

AI._zheimer’s disease, senile dementia of the Alzheimer's type, mild cognitive impairment, age-

related cognitive decline, emesis, corticobasal dégeneration, dementia pugilistica, Down's

syndrome, myotonic dys&ophy, Niemann-Pick disease, 'Pick’s diéease', prion disease mth

tangles, progessive supranuclear palsy, lower laterat sclerosis, and subacute sclefosing
: panencephalistis_.



‘conpound of fornula 1 in an anount 'effective to inhibit cdk2 activity.
31 January 2005 -10 a In a pharmaceutical conposition or nethod for
treating a disease or condition conprising abnormal cell 3jdrlemudry 2062

di sease or condition conprising abnormal cell growh is in one enbodinent
cancer- The cancer may be a carcinoma, for exanple carcinoma of the
bl adder, breast, colon, kidney, liver, lung, for exanple small cell |ung

cancer, esophagus, gall bladddna-ovary, pancreas, stomach, cerviXx,
thyroid, prostate, or- skin, for exanple squanous cell carcinoma; a

hemat opekLgid rof lynphoid |lineage, far. exanpl e l.eukem a, acute

t ynph oﬁl‘gt Iiﬁé:ddﬁrlletélﬁ%?elfﬁ 50 prg%gg? &W?‘?ﬁﬁtbc%’g?om?p uoe] %(olr %‘P& Adiseapdgki ns | ynphoma,
non- Hodgkemenditigmibledreaimelds inyich ehh be bYdBISTaacifbted B beihd dSpanifPMedBiedd
heMaicuRMaRInisidnUE maffmadl¥shdtsthg o &8 REBHor#Phn § 8l lFredid e %Bt&/ chronic
nyeugﬂﬁﬁ%%s | eukem as, - nyel odysSpl astic syndrone, or pronyé?o tic :

| eukEm Q0% ¢ (REPiognR BRAERGPHIFalY prespiRblefcarienxanpl €' . fi br osar coma or

r habdomyosarcoma; a tunor of the central or peripheral nervous. system for
exanpl e 31 January 2005 -11 astrocytonma, neuroblastoma, gliona or
schwannoma; nel anoma; sem noma; teratocarcinorna;, osteosarcons;
xenoderonma pignmentoum keratoctanthoma; thyroid follicular cancer, or
Kaposi's sarcona. |In another enbodi nent, the disease or condition
conprising abnormal cell growth is benign. Such diseases and conditions

i ncl ude benign prostate hyperplasia, famlial adenornatosis polyposis,
neuro-fibrornatosis, "atherosclerosis, pulnonary fibrosis, arthritis,
psoriasis, glonerulonephritis, restenosis, hypertrophic scar formation,

i nfl ammat ory bowel disease, transplantation rejection, fungal infection
and endot oxi ¢ shock. A further enbodi nent may al so provi de a pharnmaceuti cal
conposition for treating a neurodegenerativ e disease or condition-in a
manmal conprising a conpound of fornula 1 in an anmount effective in
treating said disease or condition, and-a pharmaceutically acceptable
carrier. Yet another enbodinent may al so provi de a pharnaceutica
conposition for treating a neurodegenerative disease or condition in a
manmal conprising a conpound of forrmulal in an anmount effective in
inhibiting cdk5 activity, and a pharmaceutically acceptable carrier. An
addi ti onal enbodi nent can al so provide a nethod for treating a

neur odegenerative disease or condition in a mammal conpri sing

adm nistering to the manmal a conpound of forrmula I in an anount effective
in inhibiting cdk5 activity. One other enbodi nent may al so provide a

met hod for treating a neurodegenerative disease or condition in a namal
conprising adm nistering to the mammal a conpound of fornmula I in an



anount effective in treating said disease or condition. In one enbodi nent,

the neurodegenerative disease or condition which is treated may be

sel ected from Huntington's disease, stroke, spinal cord t8aJaayary280matic

brain injury, nuttiinfarct denentia, epilepsy, anyotrophic |ateral

sclerosis, pain,. viral induced denentia_ for exanple Al DS induced

- denentia, neurodegeneration associ ated with bacterial i nfection, mgraine,
hypogl ycem a, urinary incontinece, brain is chema, multiple sclerosis,

Al zheiner's di seasg,.senile denmentia of the Al zheinmer's type, nmld
cognitive inpair tﬁf“%'éb‘éfﬂqu@@atw'ai@gxmﬁdle/aeplﬁﬁﬁé&ﬁ&al &BSLifon PhGo0asal
degener at i ondiselsemionaitipal ki E,ﬁ%fwgg%“' S‘P %%ndrome,__rryot oni ¢ dystPepny,

Ni emann- Pi ck digeage,, Pick's di sease, “privi°s arieterdacilipiemby aitarigk dopamine,
progessi ve supranudear  par Sy bREPmAlgpmprtingscedrs amibsor AR . SHRAGHLS: t
scl er osi ng ﬁa‘nbinaﬂqﬁhaﬂiashd:ﬁaceut&&uﬂﬁ%%fb)é.ﬁ%F -11a  An enbodi ment n&y al so
provi de a phar mc\?\ﬁnﬂ&ﬁ&lem%o osition for treating a disease or condition
the treatment of which can Be EfPEePeRrowe f mottoil fatediny dabiebi dgafapani ne
medi at ed neﬁfﬁ%}me@twé‘mt@n@cambéaﬁeaemamha@@ii'}’{xﬂeﬁhn&{a cdks . | nhi bi tor 'a.ﬁ an
armount effech&g&dngm}sgigg%ian sai d di sease or condr Fr Gife&irdiated

phar maceutical |y accepta ég"’é‘g’f’arl PUPERsEE adminintaripg B06mahalh s §@ior in
enbodi ment nﬁ?owg@oﬁv@widébiﬁngﬂammc@)gt i cal conposition for treating &

di sease or coqggatmiqerteﬁ% ﬁE.r eat ment. of which can be affected or facilitated
by altering dopam ne A S e ayeloproadesninsthodfor irthiidg FRIBRE oL QYRS |0 2
cdk5 i nhi bi ttERiment efwhitkentbe effift@lol Kilitad i %ﬂ&%td cdk> and a )

" phar maceut i Q@Moﬁa&ﬁﬁ&%éan%e carrier. Anot hgr enmyodPHERt medigted| so provide a
nmet hod for treating a iseg'gigmﬁlrm%ﬂ%ﬁl&%d@nnisﬂqéngtbn@ahdeIaQﬁk@"fﬂhﬁﬂor‘ian be
af fect ed or 2mQenteffectivedn bsatiaj $a07 difge GO RAUALRG, Medi at ed neurotransm $§f®n in
a manmmal conpri m&%eaq%ini stering to the mammal a c¢dkS inhibitor in an
anmount effective i T hRPGER] Pighe Bretioadhe distyse¥e ot i B4 t%rrboq(}i ment may
al so proviF8 be eectedbr fatitdeny iamngdg,sa%ﬁﬁ?%egr gondi ti on the 14 &Atchrent of
whi ch can e ehk@sdRdQL f.agi | | gat ed by alterrng dspmifreissia atsected
neurotransmi ssion in a Hamial LY %théﬂifqnhsﬂse:rdb@gcﬁ;ﬁbaﬁg&vggml a
cdk5 i nhi BYtSP™ Pl Hrihe defasional &k @B tthy BeprBs dveSilJ- rag! sai d di sease of oot
condi t i onindhmmpey(ﬁgﬁloqgg‘%‘g’t I the invention, “th “HPAR slserdsr. substance on t he
treatment gf which -can be efeCt@UPBrPIES indoad by anoher i AgGnd@RAL Ne
medi at ed Reur ot TN defusinopenss mhataite tpidids0p fankipgon' s di sease; '
schi zophrféﬁip&r,aneid@pé%&ﬂé&,@iitpgfsg}depiﬁﬁrd r; schi zoart ecP T lv<isogter of f or
exanpl e qf ot hg, el usi onal type or e ELlype; drugyaddivtiahe indmitng abrslics OF der
subst ance- ' "Phine), cocaine and alcohol addiction; drug withdrawal, including

Sy . p ()

can be effected or facilitated by altering dopamine
of formulal ora phannaceutica[ly—acceptable



L - . had . - .

I nduced psychotic disorder, for exanple psychosis induced by cocai ne,

hal | uci nogens, inhalants, op oids,or phencyclidine'; alcahal, anphetam ne,
the paranoid - personality disorder of type; personality3diJsouatg200F the
schizoid -t Ype='" drug addiction, including narcotic (a-g. heroin, opium
and nor phi ne), cocaine and al cohol addiction; drug wthdrawal, including
narcotic, cocaine and al cohol w thdrawdl ; obsessive conpul sive disorder,
Tourette's syndrone: depression; a nmajor depressive episode, a nmanic or

m xed nmood epi sode, a hyponmani c nbod epi sode, a depressive episode with

at ypi cal .fg?tures or with nelancholic features or catatonic features, a
mood epi sGUAERIE R Pbat parousineiastvet in pbibitings toiokeidgPaes S Bifrerad ROl

depr essi vec@psue defier. dyst hym ¢ di sorder, m nor depressive di sor er.

pr enenst r ual d)bsn hogidc di sorder. post-psychotic depressive disorder of
schi zophreni a, a & ot lehrasalsrrovide & meded fos trpming ApieGesoQRn@EHESYChot i C

di sorder stachtaeed by elikssic lin £inS Q5N R | zophrenia, . a bipolar disorder,
for exanplg gj)lf;}l%loq.rf I F‘iwshgr der, bi %T%_mﬁﬁgdﬁog‘gpﬁéémmé?ﬂ%www der,
anxi ety; ACFERTSH fmpfa 4 anggapup aetin inhibytingicdioradevicy. and att ention
-deficit di sorfefavelasodnotitiet terbogbmas of foidif £HK5 oot iPlbhflid Aot e Tethod
or conposi tTheRkomPéundd Bﬂug,tn?{,g ftthegéf%gasebé)r condi tion thé treatmentcQF 9

whi ch can be effected or tacilita ed by PFERT Irgeaspithindeeatrmdiiated
neur ot ransm 51 i C8riepEeat elorpduras tof effectedrul Belita®B b7 inhibition

: . f GSK-3.
phar mac e Disezseb layid @660Rha /] cCrroab@bt .. Yet. anot her embodi nmen may al so
provi de® Gggj%%li naceut i cal eC(r)errposi to? gﬁfcﬁgén bs &lqtaqprdacilfnted A% duhibiting ondi t i on
by

facilitate Udg RBrodgenesative dispases anderatitiodsi tleuroarieAsHliveQlk QIR SES a
Conpounmgiti%mdiyggwﬁaboﬂzg afd iﬂtgaé!‘lﬂuaarla ﬂbﬂﬂﬁt@d? unt effecti ve In

i nhi bi t ig@agg@r@%&g.gidw and. a_phar maceuti cally. al¥¢3PaplAzsimerer. e
embodi ment may “al SO provi de " HEIRSHTiteape. arwardohiy latec sae®sis Ghughndi ti on
faci | i t SCEPSHyStkakScesetralvsdhymian A SvREE dapeheh H%Q%gn&gp%r ises

admi ni Smhibﬁﬁeﬁa@in?ééﬁomﬁ(ﬂfa@vfc%ﬁﬁo nd of fornula I° 1R an anpwed ef fective
in inhi %éip& cdk5 activity, W HaAve "BIBdcdsihmiuh and shisalconpeiangds of

for mul a ' TR&Ve “YBRU0 §f formulanhiatsi Qﬁememaﬁ@_n%egmgg@egg%sfOA(’:m.” a l

t her ef oc@nddiams haes POk 88ks!RiAS 'g'éégkl aicE'vitT eating di seases —and conditions
_the treat manbthofd.whi ch can be Lftected 6" %aci | i tat ed by inhibition of
GSK-3.  Di seases“agetamtfontlens thaseatmetofmtith oh balaiebed ataiftas] l%rect ed or
faci | i tishiithd ¢SKeshinbiutié H8ycHoRK UB ofdaR g,ggeag.%&g)d enerative disedses and
condi t isgnéophh%%r%d&%ener ative di seases and condft PEA¥Iesehizgplrenizsed above
and include, but are ot Shrapfestve dsordes forsxample ef e ZRRISIRAl type or the

depressive type; deiusional disorder; substance-induced psycholic disorder, for example
psychosis induced by alcohol, amphetamine, cannabis, cocaine, hallucinogens, inhalants
| opioids, or phenicyclidine; personality disorde_r of the paranoid type; and pérsoné!;ty disorder'
of the schizoid type. fhe treatment of such diseases and conditions can also be effected or
facilitated by altering dopamine mediated neurouanémission. Therefore, compounds of
formula 1 are effective in treating such disarders and conditions based on both cdks activity
and GSK-3 acfivity. o - A

_ Other disorders and conditions the treatment of which Gan be effected or facitated by
inhibiting GSK-3 include mood disorders and mood episodes, for example a. rélajor depressive
- episode, a manic or mixed maod episode, a hypomadic mood épisode, a depressive episode
with alypical features or with melancholic features or catatonic features, a maod epi‘sode wnth
postpartum onset; post-stroke depression, rriajbr depressive disorder, dysthyn;ic disérder T
minor depressive disorder, premenstruat dyspﬁon‘c disbrder. post—psychbtic depressive'
disorder of schizophrenia, a major depressive disorder superimposed on a psychotic disorder
such as delu_sional disorder or schizophrenia, a bipolal; disorder, for .exampl‘-a bipolar 1|
disorder, bipolar Il disorder, and cyclothymic disorder. The treaimenl of such mood dispo&lers
. and episodes, for example depression, can also be effected or facilitateq by altering dopamine
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di sease, Parkinson's disease, Huntington's disease, amyotrophic |ateral
sclerosis, nultiple sclerosis, stroke, cerebral ischema. AIDS-related
denenti a, neurodegeneration associated with bacterial inf3dcknoary 2005

mul tiinfarct denmentia, traumatic brain injury, and spinal cord trauna.
Therefore, conpounds of fornula | ar#4-effective in treating

neur odegener ati ve di seases and conditions based on both cdk5 activity and
GSK3 activity. O her diseases and conditions the treatnment of which can be
effected or facilitated by inhibiting GSK-3 include psychotic disorders
and condidRRs: nécl.ﬁftraﬁ‘éfﬁmne wehicaphmgnings of Botita dpire effpdioe in deavader ,

schi zoaf fect.i ve disorder,, for exajp MIEY) t he

depr essi VA& FRod HEERST BIHPO%S; BT L%egé%é%.{gﬁ%g 2 gﬂﬁd Géiy@?écﬁtl ¢ disorder,
for exanple psy@hmstdsrslandmeidmwheaﬂrmﬂﬂ of vdyeplrar b?r?ff?é‘edé’é Rlkied by cocai ne,

hal | uci nO QU Spedi mPNGN B¥SeTinbRius DepSRAagIdoye di sor der
of the pd anorcfgé‘gg fgg@&s(ona F?{\{ r(I:lh sgr der of the schizoid tgpe The

treat rrenttol%n@umhtaéplsémgmﬁﬁcwﬁ%ﬁm i A EYSia Avany BHIECIFRLIPAT ST
facili tatoggsﬂpym%éeﬁégglgndjﬂﬁwﬂf&rﬁhxﬁiﬁﬂb apethinal aatita msphysisal qmrfor'ﬁ’meceef or e,

conpounds of © formula 1 are eff in tre ng.suc

condi t i orPsulp SIEEP VYR FHEFPER 51 ‘g (ﬁpﬁ{/a“%% aé?agasso Qeﬂ"ﬁ%lgﬁ | sor ders
and condigsdtOR® iheobiicBh MeMinajof thu\fac:cmbdmnﬁeamfdrmwd@wurmIﬁet?%t ed by
inhibiting GSK-3 .inclu r exanple a
maj or deﬁP'B ﬁrggju%ﬂagg"ﬁémgﬂ"""m ggg‘ﬁn aﬂmm(agﬁ(%“ Eggtg&m&o ni ¢ nood
epi sode, a depwesdingly, %@u@b@e&twiﬂlhp@ﬁﬁybi%‘%m* g QfP‘é‘ esc?rﬁb\?d“%% ancholic
features ﬁ&pogﬁl{oﬁtf&’?ie&nf §Rh Hafitn 3] ﬁf"‘m@&q}r@&l@tﬂﬂ(ﬂdﬂdté&ﬁor@ﬁﬁl@ﬁaﬂtﬂlmmd)nSet

post stro epressi-on,” nmaj or depressive disor derb %st m %rgh (ern der, -
ni nor deme@ssmbéltﬂld&bctd@nelhwsemﬁrﬁ elyggse ijapKEGRcRDf 'llle 3’“ ] epa1 yc hoti ¢
depr essi & potlicgdic deary syfndouigi WB?‘@F\‘F and @eﬂjnﬁ’f’g%ﬁ@él &

JSQE sar Eblald
S oS 0 YRR ST i o clltcnos *Wﬂ“’e"

for exanpl e bipol Jﬁ Sor dgr bi pol ar
11 di sor otﬁchcmrasbomw@di with{urng bed @6r@é‘? ummqbE zptioRaPrEper t ﬁﬁ‘acé‘h@ W8 di sorders
and epi sod r Mair@@his. &0 Ha fé@ﬁhﬁdm@dcﬁbﬂmyl,ltat ed
by alteri¥ gﬁ %Jt &?%&fj%niga}%?g%%u 14 1?}éedl at gcljl%neur&"[ ransm S? .on
Ther ef or e:pnpnmg)mmm)ogﬂd dtdommuilad in g pwowy. plicctiys/B testing s A1SFE® °LBPTAT Y nood

di sorders Q [ 28ffe0n both cdk5 activity and GSK-3 activity
O her di sa&? Ps agél?&uig %ﬁ%ﬁs t ?a treat nent of which. cafn be .ef f ect ed ﬁ)

facilitated byAniemhidingitmgy B8KcEprayide Aralhaemaceytical opposing IR ERHT BT
di abet ga ugﬁi | 'hlmﬁn ol AR o?gmgﬁﬁb%gé@ma bR 8416 RirtiliP hdghins meylitgdy orre or

syndr one stic ovary -syndrome; adi pogenesis and _obesity;
_my ogenedihis:ta mbllftu%udm;ed gll@pseéﬁlameemﬁf@@hﬁ Syndane adrHRe Xn physi cal

per formance; %gl&%ﬁ@gﬁgpd%ﬂ&@me Jdﬂfogﬁ%ﬁﬂﬁld%b%t?@ﬂy@géfeﬁ@@ﬁ%&ﬁlﬂdfdﬁ r cachexia

associated with i mobi |l i zati on, I o[ t hor aci c,
abdonm nadampkragé- miat@kdcdgpwplysggﬂr;géplynangeew%samopma for examp e muscie

atrophy and/or cachexia associated with burns, bed rest, limb immobilization, or major thoracic,

abdominal, and/or orthopedic surgery; sepsis; hair loss, hair thinning, and balding; and
immunodeficiency; which composition comprises a pham;aceutically acceptable carrier and.an '

amount of a compound of formula 1 effective in inhibiti_ng GSK-3.
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i mmunodefi ci ency; and cancer. Accordingly, a fourth aspect of the present

i nvention al so provides a pharnaceutical conposition for 3ideatarpg0dm a
mammal a di sease or condition selected frommale fertility and sperm
mobility;' diabetes nellitus; inpared glucose tolerance; netabolic syndrone
or syndronme X; polycystic ovary syndrone; adi pogenesis and obesity;
nmyogenesis and frailty, for exanple agg.related decline in physical
performance; acute sarcopenia, for exanple nuscle atrophy and/or cachexia
associated wth burns, bed rest, linb i mmobilization, or major thoracic,
abdom nal, and/or orthopedic surgery; sepsis; hair loss, hair thinning,
and bal di ng; and iATamedebbsi I Si compound of formula | in
an anmount effectivg in treat fnﬁgms{%?h C%{;Rg‘éeaas%et Faf%f&‘f?a 115 18 A mamgy iggluding a
phar maceut i cal |y act®t aBiseaseerrqondition selectehiootinate hérileq yind 4petD@bHIRY QbdEs 2
phar maceut i cakllion Sell bRELSE LRGN manmal i ncludi ng a human, a
di sease or condit?%? se ectegﬂ?%%ﬁﬁ%a:e“?g?ﬁ?PT?%ﬁgﬂﬁﬁmEEérn1nDtiIity;r

di abet es nel | i RUEYsYepyary Expdginigs adipogersisie amibesity MBlogdi@kis sndsyne Fexdiple age-
syndrone X, pehted@vdint & B i pogenesi s and obesity; nyogeresi s
and frailty, for. exanﬁ?%ﬁgﬂg§¥e %%é bﬁggwgﬁgmf‘”ﬁﬁV@ﬂ%ﬁWmBEWPﬂ%ﬁﬁﬁbe;
acute sar coBeIFR 2 Perted wighpras, fredesbtelimtaimmapbizatinddronaj&aReX, sRFSACT at ed
with burns, #neerst®bedid 4 ). SR Hal hon..or major thoracic, abdorinal,
and/ or ortho eq%g Erge#%?néepsfgkh%%%P&?g%%?gﬁﬂkngW£Hﬁﬁﬁ@?mﬁﬁbﬁﬁawﬂing;
and i munod€r§ Cmifice Adreioiistag tisaid ool dnsefui FRABHRRRNbE 6aliy1
accept abl e @ﬁ&ﬁh@hﬂﬂﬁdmgﬁm(ﬁgg%%gu%§rgnconpound of formula 1. effective in
i nhi biting GSK-3. 31 January 2 M A further enbodiment can al so
provide a nethod for treating in a mammal, including a hunman, a disease or
condition selected fromnmale fertility and spermnotility; diabetes

mel litus; inpared glucose tol erance; netabolic syndrone or syndrome X;

, pol ycystic ovary syndrone; adi pogenesis and obesity; nyogenesis and

. frailty, for exanple age- related decline in physical performance; acute
sarcopeni a, for exanple nuscle atrophy and/or cachexia associated with
burns, bed rest, linb i mobilization, or major thoracic, abdom nal, and/or
ort hopedi ¢ surgery; sepsis; hair loss, hair thinning, and bal ding; and

i mrunodefi ci ency, which nethod conprises admnistering to said manmal an

anount of a conpound of fornmula | effective in treating said disease or
condition. 31 January 2005 -15 Anot her enbodi nent can al so provide a net hod
for treating in a manurial, including a human, a di sease or condition

selected fromnmale fertility and spermnotility; diabetes nellitus;
i npared gl ucose tol erance; netabolic syndrone or syndrone X;
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pol ycystic ovary syndrone; adi pogenesis and obesity; nyogenesis and frailty,

- for exanple age-related decline in physical performance; acute sarcopenia,
- for exanple nuscle atrophy and/or cachexi a associ ated wi 8h Joovarg 2082d

rest, linb inmobilization, or major thoracic, abdom nal, and/or orthopedic
surgery; sepsis; hair loss, hair thinning, and bal ding; and

I mmunodefi ci ency; which nethod corrpjl'é'_ses adm ni stering to said mammal an
anount of a conpound of fornula efféective in inhibiting GSK-3. Yet another
enbodi ment may provide a nethod for inhibiting GSK-3 in a manmal ,

I ncluding a human, which nethod conprises adnmnistering to said manmal an
anount of a conpound of forrmula | effective in inhibiting GSK-3. There may
further provi ggoud: AIARIRGELA SRl G@MAARIdaD; &Qfind @3 dalhLiifclagiipamal  a

di sorder sel ect eclil from Al zhei ner’s disease, mld cognitive | npairnment, and
age-rel ated cobvman, ydiseageercpriition setpateddrony mtlectamtibity; aaf prsr gotiliye gbetex- | |

I nhi bitog - ' AR | b Br synfi@dei3g said disorder, and a
phar mceﬁ%‘?@%ﬁk@%ﬁ%@%@g%l e ggiheﬁgﬁl%ﬁl&gﬁgaen%odl ment., the cdk5 inhibitor
i s a conporsigbyssic ovany syrdzome; adipagensiia pakRbstit Buegepesisiced Frilil far amplepger eof

An enbod] leORR ir hg,glzglrpgg' gnéalgaggﬁg) Rit, fof 8akpRAmsAle aurtPAgARI/0MI sor der
sel ect egé;gg?ﬂﬂs&cg@%' cg)g ;’J}éﬁﬁgﬁbmﬁ%t H&QQ&LHMS&M'&MM@IW

age-rel ated cognitive I'ne v “method conprises admnistering to said
manmal  aandéd leBhopedic BrEeY: sapsts; nir GEX-heir thinning, aesh balding, arddmmupedeiieiondyi ned
amounts of. WATH TR AT 8 HAS ARG LAs G 6 SRbHMS of ting said
di sorder&ﬁfﬂggwggg@g&ggr?gﬁ%# e‘%ﬁgﬁq%lng I nhi bi tortcaan @é&a goﬁ)r%gﬁgd of

f or mul a €¢ftetiee in pibehitmgdéi-8.cal | y acceptable salt thereof. The cdk5

i nhi bitor and £ i nhi bi . D6 d B8 hBkSE 854S ik Q wlne,yanmal - at
the same ti rreY%EaSlPor ar{]dogil%@e&é@?&ﬁ&%g%. I\/breov%rtl,éfgﬁey 'rra;[/ﬁaggnal’ _
admi ni stiecleding olyetdnewhich mathed eogipdsep hdmimistoong tacwald b ek ahomt off2 | N separat e
phar macey iS@'Idofﬁf}mﬂ%ﬁie%f%e@ﬁ%inihﬁﬁiﬁﬁé’éﬁl(&a cdk5 inhibitor, for exanple a
corrpouncf of Ttormula 10 € I nventton, or a pharnmaceutically acceptable
salt of a conjpbundhapfurtherpretides 4 phapmaceitisabebipositiorefoetteating ingrmaniadled i nto a
pharmacet i cal  conposi 1§ e . t=dep. %Faﬁ_;&dr .

*anx| ol y N°C efzséerlr%gun S gtlf}m rseéstc%g’ﬁrp‘ﬂ{)?oggi?lg%e talhgl%&b . epraesgf’%nﬁt‘“gnd/ or
anxi et y.dedloeepoiprgngs cdid dnldbitoe stid OO X dbinhibitedogsthey inde amophi£fisetEiit i cal
conposi tion for, .treatin epressi.on or Xi In a mal . conprd Sing a
cdk5 i nHiAMESF Idadrﬂsa r‘ﬁelk-af‘dgg%é'g‘?%@m@nifcg 63%?@3% e\éghé 'ﬁceermrﬂi%‘gﬂgmr%L gﬁ%@‘rﬂ

ef f ect i \ishibitor isa@tipngndidisrenkil @n a pharamcingdally acneptalde saittkarendiceut i cal | y
acceptable cagrier...In one . .enbodj ment Bhe cdk5. i nhi bi tqr can be a conpound
of Tormil a 1 B Bt ey Al PsREr i S5 83eSe ary 2005
-16 A f Goldheizhaiboddisasd, mid yogaitiov inleirmenpihingeteited cgaitivadecieprigssi on or

anxi ety 1.0 .3 oMB]  dministering to said marmal a cdks inhibitor and a COX-II inhibitor,

T

wherein the combined amounts of the cdkS5 inhibitor and the COX-I are effective in treating said
disorder. In one embodiment, the cdk$ inhibitor can be a compound of formula Lor a

phanmaceutically acceptable salt thereof. The cdkS inhibitor and the COX-1I inhibitor can be
administered to the mammal at the same time and/or at different times. Mareover, they may be

administered together in a single pharmaceutical composition or in separate pharmaceutical
compositions. | |

Moreover, a cdk5 inhibitor, for example a compound of formula 4 of the invention, or a
phannaceuﬁcallf acceplable salt of a compound of formula 1, can be administered or formutated
ino a phamaceutical composition with one or more anti-depressants or anxiolytic compounds

for treatment or prevention of'dgpreésion_ and/or anxiety.
Accordingly, ‘one embodiment can also provide a pharmaceutical composition for

treating depression or anxicty in a mammal comprising a cd};S inhibitor and NK-1 receptor:
antagoﬁist together in an amount effective in treating depression or anxiety, and a

pharmaceutically acceptable carier. In one embodiment, the cdk5 inhibitor can be a compound
. of formula 1 or a pharmaceutically acceptable salt thereof.
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whi ch nmet hod conprises admnistering to said mammal a cdk5 inhibitor and an
NK-1 receptor antagonist, wherein the conbined anounts of the cdk5

i nhibitor and the NK-1 receptor antagonist are effective3ildanuar00fy
depression or anxiety. In one enbodi nent, the cdk5 inhibitor can be a

- conpound of fornmula 1. or a pharmaceutically acceptable salt thereof. The
cdkb inhibitor and the NK-1 receptot.antagonist can be admnistered to the
manmal at the sanme tine and/or at different tinmes. Moreover, they may be
adm ni stered together in a single pharmaceutical conposition or in

separ at e -pharmaceuti cal conpositions. Another enbodi ment can al so provide
phar maceut | ‘A%:t‘-?é?%ﬂﬁdi%&rﬁ Hma{z g{ovfdé § Skl forlRRTESEIpREsicH oramibwitya imameahramral
conprising a cdk5 inhibitor and a S5HT torece tor‘ant%%on t%gether in an
amount  efhichaidthod chmprisceainiimgeraye saidmammala ¢k pdiRjtor &néﬁ{shé? Ceutically
acceptabl e carrier, ST o odlcd) it Sarkd ikl 1 1 Gécop®y aomisc onpound
of for tﬁgof%?"hgmnpth@a?oﬁ‘l@glgggsﬁ%_l y acccept able salt thereof An enbodi nent
may f ur teeffepive detisg mtepamcrr@nxwéapp%gn‘ww%é%n or anxiety in a

memal L 6 B! DA G WRbbEA S AAKIR LY ephilgtauisalydodpatiabalahcsok Sic

i nhi bi tor qnc})_a W receptor anta .OQI St Wherein fhe gﬂ.gmr&,?gt ggount s of
the cdRdSiiphibisr gas thedicT FreemipfantapoPist &t 8% “IanpEish el are effective in
treat i NG, lefhessd/anst afferambitimet.yModenveanibee map tie maministar¢rlogaied i alkinglet or can
be a conpound of formula 1. or _a_phar | Ysidrcept abl e salt thereof.
The cdk@‘qﬁﬁ?ﬁeﬂf'f%wmﬁ‘h?ﬁc’é "'Sﬁgﬁarﬁt% Pﬁ%{g%%? %E%agﬁwgg%'m st. can..be adni ni stered
to the nammpotbﬁremh@dun@;én@qlﬁoy?éova‘#d?héﬁrﬂaﬁ?““&i‘lﬁ o f’rr?éeg-m%repvgr, t hey
may be a%’efs"i&# SlaGkied it £ S colnBridinsd Sk SnhiBIlbR BIES SIUT pXeadptos enp@®ist i on or i n
separ o p%a maceutical ~ conpositions. Another embodi ment. al so provide
a pharmgmlmnﬁri:aeamoomﬁogivpnrotmaﬂ@ed@reéa?wgma@ar@é‘g i ety ina -
mammal comptl S| AL QliksBRRLRorSERY bé L@Rigaaid dfforemtainunt
effecta}o\%ﬂl%necaf‘%g'a[?f)%gérg’g%lr eséfon or anxi et% and a pharnaceutically

accept ghatmacedticallyeacceptablesale therebbdi ment, the cdk5 inhibitor can be a
conpound fof mul I o8y RNBLTBGEME 4 Satby R GefRbAbressabt addey@af A furt her
enbodi nent ﬁ%ﬁmgﬁdr}?lﬁnép%row@&g met hod for trgat@[lL ng, ¢ epreﬁsi,i or anxiety
in a mmnmelwhiki obhestohpdses edpinisteisg traidinyperlatgdks POOIPLE AR a cdk5
inhibitor and a oSSRl i ggﬁm'tesﬁhamnmﬁbmaﬁmesnmsedcpmbitor and
t he SSrﬁFepéqré'még(f"ésgt‘Yh\?tg‘qt\r!’:@‘sorngogﬁing epression and anxiety. In .Bne

enbodi deaponisiee effichvd in idting depresion peanxicy fp o RIDheAimeH, Higiodky npipityy can

phar maceut i cal | cceptabl e, s : tablA&aff BlRof MAé bi t or and the SSRI
can be eaa‘a’mpﬁ\*%‘i/"ef? o2y (frﬁé’harr%%%au}lgag_{)’e&%eg same tine anchor at di-f ferent

Ti mes. cdubrimibiter and feysHTayrecdptor 2aiRopiist @ndie adyastREd tp fneraPRg) 2

phar ' blohilheQ! MofecvEd Bedifay tRhainiimsendt tgaiheciorgoagid | ons. 31
-January Oﬁégiaggjmﬁﬁﬁebtﬁ‘ aspect of the. Yr esent -ﬁi nvention al so provi des a
phar magegnacesticat eempesitien esin separate phaymaceutical compositions.

Another embodiment mﬁy also provide a pharmaceutical composition for trcating depressi(_m
or anxiety in a mammal comprisiﬁg a cdk5 inhibitor and a SSRI together in an amount effective in
treating depression or anxicty, and a pharmaceutically acceptable carrier. In one embodiment, the
.cdk5 inhibitor can be a compound formula 1 or a pharmaceutically acceptable salt thereof.

A further embodiment may further provide a method for treating depression or anxiety ina
mammal which method comprises administering to said mammal a cdk5 inhibitor and a SSRI,
wherein combined amounts of the c¢dkS inhibitor and the SSRI are effective in treatingdepression

and anxiety. In one embodiment,the cdkS inhibitor can be a compound of fomlula:l ora |
pharmaceutically acceptable salt thereof. The cdk§ inhibitor and the SSRI can be

administered to the mammal at the same time and/for at different t_imés. Moreover, they may
be administere.d‘ together in a single phammaceutical composition or in separate

pharmaceutical compasitions.



conprising a cdk5 inhibitor and a second nenber sel ected from group
consisting of an SSR 1, an NK-| receptor antagonist, a 5HTID antagonist,
zi prasidone . 31 January 2005 -17 Di ane, nspendone , L-748%7denuary 2005
sonepi prazole , RP 62203, NGD 941, bal aperidone flesinoxan, gepirone, an
acetyl cholinesterase inhibitor, TPA, N F. a potassium channel nodul ator
such as BMA 204352. and an NMDA receptor antagonist, wherein the edk5

i nhi bitor and the second nenber are iggether in an' effective anount, and
a' pharmaceutically acceptable carrier? In one enbodi nent, the cdk5

i nhi bitor can be a conpound of formula a or a pharnmaceutically acceptable
salt thereof. An enbodi nent may further provide a nethod for treating

schi zophreni a i A figth AREBRIF theWhbselkt itREIMAICPRFVides & phathbtanticl ednhpogitibe sai d
mammal a  cdk5 i nhibitor and an antipsychotic, selected fr.om zi i done,
ol anzapi n€°PPLRE fbn Bhibitorapgdasecond gralriselssist @?m@”%?ﬁw,‘m@“&?ﬁ’ an \
baIaperidQﬂg;n&ﬁﬁ&hﬂg&@ﬂm,@ﬂ@ngﬂﬁggmg,ﬁwﬁﬁ&ﬁkn t he conbi ned anbunts of the
cdk5 inhibitor and the antipsychotic are effective in treating

schi zophrenia. In one enbodi ment, the cdk5 inhibitor can be a compound of
formula I or a pharnmaceutically acceptable salt thereof. The cdk5

i nhibitor and the antipsychotic can be adm nistered to the manmal at the
same tinme and/or at different times. Moreover,. they may be adm ni stered
together in a single pharmaceutical conposition or in separate
pharmaceutical conpositions. One enbodi nent nmay al so provide a

phar maceuti cal conposition for treating a disorder selected from

Al zhei ner's disease, mld cognitive inpairnment, and age-related cognitive
decline in a mammal conprising g cdk5 inhibitor and an.

acetyl cholinesterase. inhibitor together in an anmount effective in
treating, said disorder, and a pharnaceutically acceptable carrier. in one
enbodi ment, the c¢dk5 inhibitor can be a conpound of fornula 1 or a
pharmaceutically acceptable salt thereof Yet another enbodi nent may further
provide a nethod for treating-in a mammal a di sorder selected from

Al zhei ner's disease, mld cognitive inpairnent, and age-rel ated cognitive
decline, which nethod conprises adm nistering to said mammal a cdk5

i nhi bitor and an acetyl cholinesterase inhibitor, wherein the conbi ned
amounts of the cdk5 inhibitor and the Ache inestefase inhibitor are
effective in treating said disorder. In one enbodi nent, the cdk5 inhibitor
can be a compound of fornula . or a pharmaceutically acceptable salt
thereof . The cdk5 inhibitor and the acetylcholinesterase inhibitor can be
adm nistered to the mammal at the sane tine and/or at different tinmes. 31
January 2005 -17a An enbodi nent can al so provide a pharnaceutica

- conposition.for treating a disease or condition selected from stroke,
spinal cord trauma, traumatic brain injury, multiinfarct denentia,



epi | &
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epi l epsy, pain, Al zheiner's disease, and senile denentia conprising a cdk5

i nhibitor and TPA(tissue plasm nogen activator, for exanple ACTI VASE)

together in an amount effective in treating said disorde3]1 Jandarg 2005

pharmaceutically acceptable carrier. In one enbodinment, the cdk5 inhibitor

is a conmpound of forrmula 1 or a pharmaceutically acceptable salt thereof.

Anot her enbodi nent further provide a nethod for treating in a mammal a

di sease or condition selected fromstroke, spinal cord trauna, traumatic

brain injury, multiinfarct denentia, epilepsy, pain, A zheiner's disease,

and senile denentia, which nethod conprises admnistering to said 31

January 2005 -18 mamal a cdk5 ipfibitor and TPA. wherein the conbi ned

anounts of the cdk5"inhibitor and the TPA are effective in treating said

di sease or condition. In one enbodi ment, the cdk5 inhibitor is a conpound

of formula | or a phar ut| caII Ul Ap&d The cdk5

i nhi bolhempian dsperifencrizAt {33{ }ﬁagtﬁgg%(%blﬁgﬁg rrarrﬁ\_lrm&af dtumarsame tinme

and/ ﬁgsuﬁ,txmdlgef)m;em ataflﬂmlmeswmsemhéﬁm Ty ey PO HRMAPET 41€d T oget her i n

a single utica i ere%ﬁﬁ@éﬁﬁﬂmharmmm com

osi t pushgs BNQ‘F?E)%ﬁe d@ﬁ‘b@%ﬂ%mﬁ?pt%@&%&g% v'l|tv)hrow de a pfl)zr maceut i cal

corrp@.?%nfbtspﬁe fopéthériuedt éffegtive antivgbaoé a pharsarsaicelbirogdr o %WL,B 8RG gphegiceent.

spi nal cor rauma, traumt i ] b f6lk saltkberestl | a,
‘ﬁ’é‘#"r‘\“r AP b FopRROUR (Effts)%ngﬂaeq b3 £r§3%@%%erre%tl ain a manmml

corrprl SI ng a cdk5 i nhi bitor and N1F (neut rophil inhibitory factor)

together in mount e ctive,in cafiflinantiad a

phar naceut‘f”i‘:%fpll’ 1oL Ry éﬂﬂﬁ‘é‘péoa‘?drcl er ﬁﬁli)t%u%%%é?ﬁgkent t he cdk5 i nhibitor

can %cﬁmeﬁma&hmeﬁm@amﬂgao kald)malampha}dhﬁhtﬂbl!?tti’f@&fl P‘}/a'&ﬁ’é % |9 gbs al t

thereof. An additional embodi 745816, Reepipraante P 6220RINEA 9br treati ng

in aS#mﬁ?ﬁaﬁo‘%mpﬁf‘g‘gﬁsoé%p'wn%oﬁqéeI ected Fﬂr@om stroke, spinal cord

traugg, ehﬁ&}{é”@ésln%xam ﬁ{dr'geplftjdd,r\yhercumuek:omblflwe@loumﬂ@%ﬁﬂﬂé, epi | epsy, pain,

Al zhel di sease, and s |Je de nt g %&nﬁhmggﬁgoﬁ@mrmse&s

admi ﬁrm:ﬁtermgh@t@“@%ﬂ? i ﬁﬁ'n or and Ni F, wher %Fn t he conbi ned

am)u E{é‘é lt%]; At %Q,lﬁl'imna Bf‘ﬁoﬂhﬁl@l oﬁmﬂlahtm:cNiCElbaacecpéibfeéé'F theeeof- e PUGL i g sai d

con |t| on. In one enhod %Qg Hihbhidddr abmy be a
corrp(im:lilﬂtooandftbfrwpﬁfcbﬁt'ﬁ% ﬁ‘rﬁ‘ilg‘r“?'l% nForl Al alggg%t | e salt thereof. The

cdk5 difﬁ %{ P,?Org vyﬂ@,ewﬁy%aldxﬁﬂlsmtﬁg@ﬁteem@dulgbmaﬁﬁﬁﬁﬁ at the sanme

time rent tinmes. I\/breover they may be adm ni stered together in
a si la@hposptmaronutﬁemt@:waﬂnﬂfﬁh% Ftiggs- separ at e pharnmaceuti cal
conpositions. One enbodi nent may al so provi de a pharnmaceutical conposition

for treating a disease or condition selected fr. RELAoeAl Sease,
stroke, spOnatmipmwlient mayias0 P@W&Eﬁﬁ’[‘?ﬁ‘a‘ﬁlﬁ?% Slggﬂ Bpﬂ%tt |E| nfarct denentia,

epil ep g/y ﬂ%rg glgmg Latendld ogg&@&aﬁipslmamamdawﬂplatedpm@db@éﬁé‘h‘h a for

{
Ie)r(l ggﬁ leahﬁgm mpnsml;iecgk.s mhn:tanntct)rl a?xd anmacle y?chanesgyage 1%1}4% %g%thew | FA&mbunt

effective in treating:said disorder, and 2 pharmaceutlcally acceptable camer In one embodiment, the -
of formila 1 or a pharmaceutically acceptable salt thereof.

cdks inhibitor can be a compound

Yet another embodiment may further prowde a method for treating in a mammal a disorder

selected from Alzheimer’s disease, mild cognitive impairment, and agc—rclated cognitive decline,

‘which method comprises administering to sald mammal a cdkS inhibitor and an acetylcholinesterase
Tcho inhibit
inhibitor, wherein the combined amounts of thc cdkS inhibitor and the acetylcholinestevase itor

are effective in treating said disorder. In one embodiment, the cdkS inhibitor can be a compound of

formula 1 or a pharmaceutically acceptable salt thereof. The edkS inhibitor and the
. acetylcholinesterase inhibitor can be administered to the marmunal af the same time and/or at different

times. )
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brain ischema, multiple sclerosis, Al zheiner's disease; senile denentia
of the Alzheinmer's type, mld cognitive inpairnent, age-related cognitive
decline, enesis, corticobasal degeneration, denentia pugBliJsbwarg200Down’ s
syndronme, myotonic dystrophy. N emann-Pick disease, Pick's disease,
prion disease with tangles, progessive sppranudear palsy, |lower |ateral
sclerosis, and subacute sclerosing. panencephalistis in a manmal conpri sing
a cdk5 inhibitor and an NVDA receptor_ﬁn[agonist t oget her in an anount
effective in treating said disorder, and a pharmaceutically acceptabl e
carrier. In one enbodinent. the cdk5 inhibitor is a conpound of fornula !
or a phar maceut is@RbYdim = sal hereof. 31 January 2005 -18a

Anot her enbodi ment can ?ﬁ%%ﬁ%%gkgg%% ém%mﬁ%ﬁﬁéﬂnmﬁﬁﬁw} LiaHee # Aise@stinmal a
di sease o VUHITEhireR steke.spingliconhtiuma, itnghatic baindinheR SR ltiihicOdengPi Nal

cord traurpilepky, pLiABA b1 QigRed.Q) . |tiinfarct depentia, epilepsy,
anyot r op h%ﬁpa{ gr al scler %g i&g%segg(? %eflll?/?érf{laepgl% Tawede %T?‘ﬁ hipitpr and e\ (Ussig:

dementi a MERSTHFrEraiar. B% cxerarle AGTOGNER) tigatherin gn Al oy @BRTh ¥6RiHbaaiq UT | NAry
i ncont i AR6Mer, akl8hRml i i.hl.e sclerasi,s, Al zheinmer's disease,
senil e denenti a of@{hea&%Fgﬁg?ﬁgﬁghé?g%%ﬂ%ﬁP?ﬁné%§W?¥#Vé' pitefdna |

age- r el at ERYFHP 4 frlafeer aipharmacawtisills accepinlile sthisak, degener ation, dementia
pugilistica, Down's syndrone, nyotonic dystrophy, N emann-Pick disease,
Pick's disease, prion _ disease with tangles, progessive supranuclear palsy,
| ower | ateral “A%Ofhst gaodimenifyirtbar prvisice nstiod f@Sienthe pRNRRGARNALLSId § » Whi ch
met hod cossaditise selecRE Kbl i f id mmal  a. cdk5 inhibitor and an NVDA
recept or antagoni st Eaﬂgﬁggiéf é&g%gll?%g%m" brindnipey. pRlintarRislemsniian t or
and the sy dtlpfBheimer sdjatesandarsleebhet) wikch Hethdd RablifE 13@inthiGhgase- or
condi tiongidl n one enbodi nem the cdk5 inhibitor is a conpound of ormul a
| or a pharnmaceutically acceptable salt thereof The cdk5 inhibitor and the
NVDA receptor antagoni st can be admi nistered to the manmal at the sane
time and/or at different tines. Mdreover, they may be adm nistered
together in a single pharmaceutical conmposition or in separate

phar maceuti cal conpositions. An enbodi nent nmay al so provide a
pharmaceutical ' conposition for treating a disease or condition selected
fromstroke, spinal cord trauma, traumatic brain injury, multiinfarct
denentia, epilepsy, pain, Al zheiner's disease.-and senile denentia in a
manmal conprising a cdk5 inhibitor and a potassi um channel nodul ator
together in an anmount effective in treating said disorder, and a
pharmaceutically acceptable carrier. In one enbodi nent, the cdk5 inhibitor
can be a conpound of fornmula | or a pharnaceutically acceptable salt

t hereof. One enbodi nent can further provide a nethod for treating in a
mammal a di sease or :
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condition selected fromstroke, spinal cord trauma, traumatic brain injury,
multiinfarct denentia, epilepsy, pain, Al zheiner's disease, and senile
denmentia, which method conprises administering to said mafdanuary 260%

i nhi bitor and a potassi um channel nodul ator, wherein the conbined amounts
of the cdk5. inhibitor and the potassium channel nodulator are effective
in treating said disease or condition. In one enbodi nent, the cdk5

i nhi bitor can be a conpound of. { ormul a Z or a pharmaceutical ly acceptable
salt thereof. The cdk5 inhibitor an t he potassi um channel nodul ator can
be adm nistered to the manmal at the sane tine and/or at different tines.
Moreover, they nmay be adm nistered together in a single pharnaceuti cal
conposition or in separate pharnaceuti SRR Biel ddebrmnhibtdrand tens

"t 1 eaprmntal'a cdk§ nbibiar ggd THA. wﬁﬁﬁfﬁgﬁ%&ﬁ‘%bg@rﬁ' efers to hevcﬁﬂfinﬁg or &l | evi ating,
or i ggkg;etgﬁg&vé R eRnggEi@ a8emE of tradiffins e W5FOoLBITE 1% 1 0

appl i €S, or one or nore sxnrgégg@wg&eagggsgﬂﬁaaaemecdlgﬁwijilibiiobqandAS used
her ei m,comprisdokferile HP'HPEHEGpass,  dependi nrg on.the ganditda. of the

pat i egl. Tk e4ent iaB@intsteesdonstbe e @ e MGy S AR B, %}_ of synptons
associated with a dise La @k ih QNsingl pharcibergtica FOOPPRYOR K6 Severi ty of
a di s®eseovesy ey By 5 %Oﬁnﬁrgsrt&sy?r[%teons associated therewith prior to

af f i ghpdpdte pMatciacaaticdl cdingesde@>-or condi tion. - Such prevention. reduction
prior t% affflittet épbodirdnemsy dlep mdﬂmi@b@i’é‘??%ﬂ“&"‘?‘ﬁ’ E‘é’&?r‘b‘é‘%%ﬁ'g%f the 31
January 2005 WO 02/10141 QB BRinial@arinivie BlaiDinjury naultiinfaicect that is
not &HSeARET §o° Orb?eleﬁf?%"i OWSSF%:{H g?#iaffl_i cted with- the. di sease. o c
condigylueitia, coRERY, Pl Alrheimesodisneomdagle dempipdne PRTPHETRECTFF nte of a

di sease or condition .ar.. QhBRmASE 9F hiabaf clthfikeni thdating saliMammal ", as
used iphibir rd &“%HP%‘E'S‘“%?’%%?%%@ (?Eéﬁéll cat ed, ,rrean&lFa&XS mamal, The 5 term
" mamg@lordet, BSd AifhSnackaicalipcangptableanuicnin e ¢MbPIIRER AT G 'EYS i s, and
humans. "Abnormal cell growth! il henrids refers to cell growh,

eit h@pmnwrﬁgﬁ%zﬁ?ulti?@??‘%@‘i@‘%‘é’ﬁ%#?_ or benign, that.is i ndependent of

nor mal r eguhalidishaN@stvdhansn(fathyr provide ¢ rethodcignrgbee IAHPEIT 6n) . Exanpl es
of benign_ proliferatiye disease I {rdShaic bREDingy, pivddibfatct C
hyperﬂﬁ@ﬁﬁ%mm&we[ﬁtﬁ?#gﬁ%o “’vf"?‘ﬁ%g‘%ﬁﬁ_\ﬁ/‘g , and resti q;)?gi s. 10

" Neur Qdegenehadpsy, ?ain,dj\ﬁ;ﬁafheSs disrelse amicsenilegamentiagwhigh BeUE SR % ef ers to

di seases and conditions havi.ng, associmat & tiaqhEWnithedagRasts afthomlkdf
neuroﬂéﬂﬂn@@ﬁm@isﬁﬁéﬂ%’aﬁai@é&g@gﬁl rﬁgtfhﬁtér e neur odegener ative i@lgnature are
gener alkn o knRu: KiF ddemef inaeainganiy distas¢ or conditipre Ippre EBntEs herein to

di seases and conditions "the_tregatpment g{ LefdinF AResblefdandem The
faci | icdicitinkibitsy may be? FHEPWOHS O%Sﬁggfa i \réf/gl%}r otfans‘?ngossi on" nean a di sease

or ¢ 0{}&"5 t 1ok Alhd RIF &8 be adiitticaid loghsmanmalsthe sHy° W8Hani ne
heurottansm ssion, or a disease or condition that, r&sd thatiaceutical
. and/or different times. Moreover, they may be administered 108

Ich such -term

. composition or separate pharmaceutical compositions.

Oné embodiment may also provide a pharmaceutical composition for treating a disease or

condition selected from Huntington’s disease, stroke, spinal cord trauma, traumatic brain injury,

amyotrophic lateral sclerosis, pain, viral induced dementia for

emia, urinary incontinence,

multiinfarct dementia, epilepsy,
example AIDS induced dementia,migjraine,hypogiyc N
ple sclerosis, Alzheimer's disease, senile dementia of the Nzhelmer§
age-related cognitive decline, eme_sis. coticobasal
ystrophy, Niemann-Pick

brain ischemia, multi
type, mild cognifive impairment,
degeneration, dementia pugilistica, Down's syndromg:, myotonic d . -
" disease, Pick's disease, prion disease with tangles, progessiw‘a supranuclear palsy, lower
sis, and subacute sclerosing. panencephalistis in a mammal comprising a cdkb
g said

Iatéml sclera . - .
inhibitor and an NMDA recéptor antagonist together in an amount effective in treatin

disorder, and a pharmaceutically acceptabie carvier. In one embodiment, the cdks iﬂhib“_.()f is

a oompouhd of formula 1 or a pharmaceutically acceptable salt thereof.



- . el . - . -

- abnor mal dopam ne neurotransm ssion, thus contributing to synptons or

mani f estati ons of the disease or condition. References herein to di seases
and conditions "the treatnment of which can be effected or31faeidry 20¢ft ed by
decreasi ng cdk5 activity" nmean a disease or condition that is caused at

|l east in 20 part by cdk5 activity, or a disease or condition that results
i n abnormal cdk5 activity that contributes to synptons or manifestations
of the disease or condition. gnt effective to inhibit cdk5 activity”
as used herein refers to an annunt conpound sufficient to bind to the
enzyne cdk5 with the effect of decreaS|ng cdk5 activity. An "anmount
effective to inhibit cdk2 activity" as used herein refers to an anount of
a 25 conpouncdiratier prbadiment canfimtier provitihemethad/foe treatidlk # AniBmblaneiEect of

decr easi t | ed cr -of the Invention Conpounds
of the fB?ﬁﬁﬁgh%ka%%gég}anﬁﬁﬁkg%“mﬁﬁgﬁﬁaﬂggﬁ°@§"P?n%éﬁﬁﬁﬁ lfran ggyy.s, can
be prepaﬁ@dﬁmﬁﬁéﬂﬁmmg&ﬁvﬂqhﬁaﬁwﬁhmhoMQnmedabMQmmﬁphemﬁﬁm@ﬂd di scussi on.

Unl ess otherwise indicated Rl, R2, R3, and R4 are as defined above.

| sol ation and purification of the products is 30 acconplished by standard
procedures which are knowmn to a chem st of ordinary skill. As used herein,
the expression "reaction inert solvent" refers to a solvent systemin

whi ch the conmponents do not interact with starting materials, reagents, or

i nternedi ates of products in a manner which adversely affects the yield of
the desired product. During any of the follow ng synthetic sequences it may
be necessary and/or desirable 35 to protect sensitive or reactive groups
on any of the nol ecul es concerned. This may be achieved by neans of
conventional protecting groups, such as those described in T. W 31 January
2005 WO 02/10141 PCTI 1 B0O1/ 01335 -21 G eene, Protective Goups in Oganic
Chem stry, John Wley & Sons, 1981; and T. W Geene and P. G M Wits,
Protective Goups in Organic Chem stry, John Wley & Sons, 1991. Schene 1
illustrates nethods suitable for preparing conpounds of formula | wherein
5R3is -C(=ONH, -C(=00, or -C(=O0 (CR10R11)" . Referring to Schene 1,
treatnent of a solution of 1,4-dinitroimdazole (J. Phys. Chem (1995)
Vol . 99, pp. 5009-1015) in dinethylsul foxide (DVBO), pyridine-water,

water, acetonitrile-water, an alcohol, or an al cohol- water solvent

system but preferably in a |lower alcohol such as nethanol, from about -20
C to about 50 C, preferably fromabout -5 Cto 350 C, with a primry al kyl
or aryl amine affords 10 1-N-substituted-4-nitroim dezoles of fornula 2.
1,4- Dinitroimdezole is a highly energetic, -
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sem -stabl e substance and should be stored in a freezer. at all tinmes it is
~not in use. Thernodynam c neasurenents have shown that it can potentially
generate enough energy at 35 C under adi abatic condition81tJenudrpR0& | y
expl ode. Extreme caution should be exercjsed at all tines using this

mat eri al. Reduction of the nitro conpound of fornmula 2 to the amine of 15
formula 3 may be acconplished by exposing a m xture of a conpound of
formula 2 and a noble netal catalyst, in a solvent such as et hyI acet at e,
t et rahydr of ur di.oxane t ereof to.an at nos

hydr ogen gas dgpé'g'aﬁ?r e§§‘ﬂ‘?‘%9\@§5g1cﬁfl %ﬁm?"éa fHHGE BEPREFRE, Uiy \#Ve'rméo“é{"ece
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anhyar i de antPrPERGTRYNART 6 aFe oo oL pi iR RERAR: PR ThE® Sferhoa o
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O (CR10, IR;'W n NGl a8 di cyel I
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anhyr di de, gnt%\él NBFeo@érylhe%ﬁ-m( QL Qérg WIRER tod2hak i?z a ﬁﬁ? é‘naﬁgaceutlcat composition

oxazol i di nyl phosphinic ¢ ride, enzotrlazo -1-
ri s(di met hyl @M 5By pREY ﬁ?*ﬁ'ﬁ?‘%&%ﬁ‘%ﬁorophosphate or any other such:
standard |i.terat uremFeaglines may HHS@PerIé@@dlhmmaaélﬁloaldemptaltmolﬁqrmeatdlg(afdlshme oul a

1 B where R3¢¢xﬁiltm@(sa@tmgg(;k}wspmal cﬁﬂaﬁ&hﬂét&%glla% bkl |- o Lg% fElLration,

t he am ne of f U ﬁ ? r eat SUEHY 48 e hylamne
di i sopr opyl e?'ﬁyq SiPReY 'diﬁ"f - diFheimepy diseage. g FE‘P"ﬁé’emaﬂtéf iag gyl coppisigy| - 35

chl or of or natedks ihhitéan mﬁotas&&nﬁhﬁ&eﬂﬂo&laﬂh@e&er ih&n GrrioBnt-fBcifre %rtf%atm
preferred, tgy %s&%.d ound l gag 1A where R3is -C(=0 O and R4

i s phenyl. Dilsoprop y ﬂﬂ/) AMeRg 'ﬁlu a§°f9 lfUEMFr2 0p PR diteenl Tthe pgks
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administering to said mammal a ¢dk5 tnhnb:tor and a potassium channel modulator, wherein

the combined amounts of the cdkS. inhibitor and the potassium channel modulator are
effective in treating said disease or condition. In one embodiment, the c¢dk3 inhibitor can ,-be _ai
compound of formula 1 or a pharmaceuticaily acceplable salt thereof. The cdk§ inhibitor and
the potassium channel modulator can be administered fo the mammal at the same time and/or
at different times. Moreover, they may be administered together in a singlle pharmaceutical |
composition or in separate pharmmaceutical compositions. -

The terms “treatment”, “trealing”, and the fike, refers to reversing, alleviating, or
inhibiting the progress of the disease or condition to which such -term appties, or one ar more
sympioms of such disease or condition. As uséd herein, these terms also encompass,
depending on the condition of the paﬁént. preveniing the onset of a disese or condition, or df
symptoms associated with a disease or condition, including reducing the séverity of a disease or
condition or symptoms associated therewith prior to affiiction with said disease or condition.

Such prevention or reduction prior to affliction refers to administration of the compound of the
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conpounds of formula 1, wherein RL is substituted with R5 and 10 R5 is
NHC(=O R8 , is shown in Scheme 2. Treating the conpound of1flenwary20a5wher e
R5 = OH, with an al kyl- or aryl-sulfonyl chloride, where p-tol uenesulfonyl
chloride (Y&®@Widts preferred, in a reaction inert sol VRGRIBEHHA3 S

t et rahydr of uran, nethyl ene chloride or 3 OJanuary 2005 WO 02/10141

PCT/ 1B01101335 -23 chl oroform where nethylene chloride Is preferred, at a
tenperature fromabout -10 Cto about 30 C, in the presence of an am ne
base such as tri et hyl am ne, diisopropyl ethylam ne, pyridine, or

2,6-1utidine, Li I I eN\b
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of formul a, where R, (C nera?velﬂiggéesogﬁdr%ﬁc){tgﬁsma@%s&ﬂ%% ferd RA&iseRPEMND  Of

formula 7 thus forne erivatized via reaction th a
chl or of or mat e, cagiins GeyrarsesceiatecBprprifgyeperalon P RS Crafitpre AGerHREs e d
anhydride, or gRnafddeNenbatle 73RN deferall@Rriodn Eatidsw atbidinery skiliethaert.i vat ed

carboxylic acid der I!zééé%énc(\a/senereln tc? s?e%gers%r(?d Jo(x&ftmwé ’191% trg&%gﬁ mhlcﬁ cé'?'l% dftected or
facilitated by altering dopamine mediated neurotransmission” mean a disease or condition that is
15  caused at least in part by dopamine neurotransmission, or a disease or condition that result in
abnormal dopamine neurotransmission, thus contributing to symptoms or manifestations of the
disease or condition.

References herein to diseases and conditions “the treatment of which can be effected or

faciiatated by decreasing cdk5 activity” mean a disease or condition that is caused at least in
20  part by cdk5 activity, or a disease or condition that resulis in abnormal cdk5 activity that
contributes to symptoms or manifestations of the disease or condition.
"~ An “amount effective to inhibit cdk5 activity” as used herein refers fo an amount of a
compound sufficient to bind to the enzyme cdk5 with the effect of decreasing cdk5 activity.

An “amourit effective to inhibit cdk2 activity” as used herein refers to an amount of a -

25  compound sufficient to bind to the enzyme cdk2 with the effect of decreasing cdk2 activity.
Detailed Description of the Invention

Compounds of the formula 1, above, and their pharmaceutically acceptable salts, can
be prepared according to the following reaction Schemes and discussion. Unless otherwise
indicated R', R2, R®, and R* are as defined above. Isolation and purification of the products is

30  accomplished by standard procedures which are known to a chemist of ordinary skill.

As used herein, the expression “reaction inert solvent” refers to a solvent system in
which the components do not interact with starting materials, reagents, or intermediates of
products in a manner which adversely affects the yield of the desired product.

During any of the following synthetic sequences it may be necessary andfor desirable

35 to protect sensitive or reactive groups on any of the molecules concerned. This may be

achieved by means of conventional protecting groups, such as those described in T. W.

F
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or heteroaryl ove ac |nstead of
an acid chRbriehean aet aohaﬁnwrt.sel@ ag phaggrala ATty fie sameaxpt gk (e 3 dpgy been
derivative, ancaéiredaRd MintiRtiehitefad RREHE FBultiighine @Sfohiulaiis adayled tranddaryt e 1E

(R3 is (=0 O and B4 i< ar ¥ic@b)(CRIR™) R?, acid anhydride (RYCRUR™),C(=0)),0, of an
activated carboxylic acid derivative XC(=0)(CR'"R"),R?, in the presence of a base, such as
triethylamine, diisopropylethylamine, pyridine, or 2,6-lutidine, from about —78 °C to 40 °C. 1-

25  Propanephosphonic acid cyclic anhydride and triethylamine are a preferred combination. The
activated carboxylic acid derivative is prepared from the carboxylic acid
HOC(=0)(CR"R"),R* and a known activating reagent such as dicyclchexy! carbodiimide, 1-
{3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochioride, carbonyl  diimidazole, 1-
propanephosphonic acid cyclic anhyrdide, alkyl or aryl chloroformate, bis(2-ox0-3-

30  oxazolidinyl)phosphinic  chloride, benzotriazol-1-yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate, or any other such standard literature reagents. This procedure affords
a compound of formuta 1B where R? is -C(=0)(CR™R"),-.

Alternatively, following filtration, the amine of formula 3 can be treated with a base,
such as friethylamine, diisopropylethylamine, pyridine, or 2,6-luidine, and an alkyl- or aryl-

35 chioraformate, from about —78 °C to 40 °C, where =78 °C to —40 °C are preferred, to afford a
compound of formula 1A where R® is -C(=0)0- and R* is phenyl. Diisopropylethylamine and
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heteroaryl) can be treated with an amne in a solvent such as di oxane,

di met hyl formam de, or acetonitrile, where a 1 : 1 m xture of dioxane -
dinethylformanmide is preferred, at a tenperature between3idanar80®S and 90
C, where 70 Cis preferred, to afford the 15 correspondi ng urea product of
fornmula 1 IF“{‘RG"!E)‘S -C(=O NR9-, R4 is aryl or heteroaryl )PCIBOGBLF0141 - 25
Schene 2 HO R TosO-,-R N.- R 6 5 02 02 7NR NI 8 R$--<O/ N
IVH "RR-NIEw 0 RR$---~ -~- Nt NR“N 't ~V-N4- NR

"phenyl chloroformate are a preferred combination.  Subsequent treatment of phenyt
carbamate of formula 1A with a primary or secondary amine in @ solvent such as dioxane,
dimethylformamide, or acetonitrile, at a temperature between about 40 °C and 80 °C, affords
the corresponding urea product 1C where R is -C(=O)NR®- and R’ is pheny! or heteroaryl. A

5 1:1 mixiure of dioxane — dimethylformamide and 70 °C are preferred.
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A method of preparing compounds of formuia 1, wherein R' is substituted with R® and

10 R®is NHC(=O)R?, is shown in Scheme 2. Treating the compound of formula 4 where R® =
OH, with an alkyl- or aryl-sulfonyl chloride, where p-toluenesulfonyl chloride (TosCl) is
preferred, In a reaction inert solvent such as tetrahydrofuran, methylene chloride or
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January 2005 WO 02/10141 PCT/1B0O1/ 01335 -26 An alternative nethod of
preparing conmpounds of fornula t, wherein, R5 is - NHC(=OPrRBangyry@RBHn in
Schenme 3. Treating conmpound 4 where R5 is OH, with an alkyl- or 5

aryl -sul f onMO@APYLi de, p-tol uenesul fonyl chloride ( Tos@GTABEIHGS
preferred, in a reaction inert solvent such as tetrahydrofuran, nethylene
chl oride or chloroform where nethylene*?hloride is preferred, at a
tenperature fromabout -10 C to about 30 C, in the presence of an am ne
base such as triethylanine di i sopropyl et hyl am ne, pyridine, or

2,6-lutidine, and.4-N,.N ganpogn of
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the conpound Qomg&m@gﬁ&mg@rﬁwn@gnm,@ﬂa m xture is filtered and the

resul ting amne is Bﬁe'ja%cﬁ f 8f g\&a&igec-l Lﬁa\r/ §?IV\tA;tl;[/eh re%%u%ﬁ%hl%n%d&ch %gltﬁlalkﬁfiru?yd” de,

or an acti %t ed car am ne
base i f 20 appraygtiosthine asd slateavhetendtithpnyiphpsnsine isrpfesy B FeeRl fshicRe,

pyridine, or aetémildﬁfblgﬁ,@%xan%ét&ﬂhﬂe,% a mixture thereof, where tetrahydrofuran is preferred,
affords a compound of formula 7 where R® is NH,. The primary amino group of the compound
of formula 7 thus formed (R® = Ni,) can be derivatized via reaction with a chloroformate,
15  isocyanate, carbamoylyl chloride, acid chioride, acid anhydride, or an activated carboxylic
acid derivative. The activated carboxylic acid derivative is prepared from the carboxylic acid
and a known activating reagent such as dicyclohexyl carbodimide, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide, carbonyl diimidazole, 1-propanephosphonic acid
cyclic anhyrdide, alkyl chioroformate, bis(2-o0x0-3-oxazolidinyl)phosphinic  chloride,
20  benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexafivorophosphate, or any other such
standard literature reagents in the presence of an amine base if necessary, such as
tristhylamine,  diisopropylethylamine,  pyridine, or  2.6-utidine, wherein  1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride is preferred, from about -78 °C to 80
°C, where 0° C to 40° C is preferred. Tetrahydrofuran and methylene chloride are preferred

25 - solvents,
Conversion of a compound of the formula 8 thus formed wherein R® is -NHC(=O)R® to
a compound of formuta 1D (R® is NHC(=O)R%;, R® is C(=0){CR'R"),R*) may be accomplished
by exposing a mixture of the compound of formula 8 and a noble metal catalyst, wherein
palladium is a preferred noble metal catalyst, wherein the metal may be conveniently
30 suspended on an inert solid support such as charcoal, in a solvent such as ethyl acetate,
tetrahydrofuran, dioxane, or a mixture thereof, to an atmosphere of hydrogen gas at a
pressure of about 1 to 100 atmospheres, where a preferred pressure of hydrogen gas is about
one to about ten atmospheres. After the compound of formulz 8 has been consumed, the
mixture is filtered and the resulting amine is acylated immediately by reaction with acid
- 35 chloride, acid anhydride, or an activated carboxylic acid derivative, in the presence of an

amine base if appropriate, such as triethylamine, diisopropylethylamine, pyridine, or 2,6-
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lutidine , wherein 1-(3-dinethylam nopropyl)-3-ethylcarbodlimde
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PCT/ 1B01101335 Corrpounds of formula 1 V\%erel n RBis -(CRQR)h nmay be
prepared according to Schene 4. Referring to Schene 4, treatnent of a
solution of 4- bronoimdazole with a base, 31 January 2005 WO 02/ 10141
PCT/ 1 BO1/ 01335 -29 such as sodi um hydri deghem@bassi um hydride, lithium
hydri de, cesium carbonate, sodium hydroXide, potassium hydroxide, cesium
hydr oxi de, |ithiumdiisopropyl am de, sodium am de,

=N

/\
1
HO—RL— N \)\ .
NO

l“



pot assi um hexanet hyl di sil azi de , sodi um hexanet hyl di sil azi de, sodi um
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known to one skill ad dterndtine nsatiod oﬁlm@amttwmemylds tof &umvierk wierein, R is -
4-bronoi m dazc}\ll-gtéyﬂgﬁhts%ﬂ vt ih %Ll*\eﬁef?,l l#?éahr%%omﬁéﬂn@&'vﬂ&e ésisqm Qth an hlk}ﬂilode

acetate, or car Wher e fhe al te re err

reaction i rfer tay-uforyhRiRsie: P“@'H‘EWSL&@" 3?1%?@?%?"9 9[3 ofgcgbe? Lane
1, 4- di oxane, dion®i bych sslteirawdndmrananethwénbdc?mrldeDMIOfmamecﬁeﬂ?ftheFhiﬂ"de
tetrahydrof ur ap .Jeér(eg) &' %ﬁ&ﬁ’amr% forh Qﬁoum@s@e%omaoaac Rdhb BidABa ofGAANY ST ,

such as pal | adi hosphi ne 1 acet at e,
al Iyl pal | adihaps é‘l’ﬂ’oﬁ‘sl Bigthyeries | d"fﬁ*’r@( l~ |PYFH‘5?ﬁe8fp2t66“ﬁg'j’ %‘gl‘i um (0),
tris(di benzyl i firstgRembsmcng; dffqndslel@d'pmmm odrmola 5 evhefenRhiss@h(Feti:) S0s &Tos@di um

(11) chl or iﬂd €. %n%?ezig t@?r&f&@d%ﬂq irfe Sl K IcSvefsloR Q?E‘%rﬁ&b@&l Efer)rmﬁlﬁ s5Q@d ik adi um

(I'l) acetat’e are

presence or {1% Cg %I{g)hosyhl ne
| i gand, such a&sOX {oj ?)Wé'ﬁmuﬂﬁﬁlquu‘aﬂﬁ (Ro i$ JP3: p'ﬂo§pﬁ UCR{R
but yi phosphi nGaccorribllsaed)bﬁdxﬁbdﬁigemykt@hQStpélcom):mtdl‘wafmepuIm (RS is TosO) and a noble
1, 3- bi s(di phe r|\,4 %h atal srt"nqo Qoﬁv%ﬂaﬁ as Eﬁ]ﬁ@céptgut[atgépl{&fﬁr‘én 188afe, oM’QQﬁ;ﬁur@o Cto

80 Cis preferre ure of tut ed-4-bro ol e
(9) and 1- substmr'écutf@éﬂ smmmm qﬁhem@n €93 309 preseyreTf @BQUtd P 189 Sroses”
1-substit uk,ed vk Qlﬂ?&femedq,i&l;@e (9)hyarbdeh cal id abaat e it takoud fient Biaodpbernall a

- NH2(CR 4R - ﬁ’rﬁllac@lm 8,2 Prg nc:lMn me‘?ail %«Jﬂﬁi}%‘ g%taliiﬁiasggé éoﬂ\dénlém)f és"penc@ﬁ ghate,

al 'yl pall adi rnes enzy neacet one) di pal | adl um

(0), tris(di bennet 30&Eﬁ@aw‘e§l®h@5)cb¢rﬁf@| | éféﬁrtmﬁ@o’}m&‘ﬁl%'ﬂ%ft{??w‘é‘&dﬁﬁf’t heor
pal | adi um (1 1) niglyed fidRed ae{aeﬁeeresmblaameume(a&éa inftGedilaflyewith acid cmonde, acid

tris(di benzylideneacet one d| 0 d acetone
di pal | adi um ( 09" PORHAHY %ﬁf?gf"x%{' @°‘éa‘)’”’8“r"?e‘a%‘ ‘grégtﬁée‘lﬁf r%,;( ‘?ﬁ
such as Bl AP, apgropriafsheusly s tnelwgnmheIdquyletblsip*hmmyndEBb?r@fﬁeWme wherein 1-
di-tert-butyl phgs %hé}. homccé'&:d %ycﬁﬂz Mm%ﬁ@hﬂ%l}fﬁ&ﬂlaﬂnﬁle%re—éhr&b@dﬂyxbllaﬂﬂﬁtﬁﬁhfrmﬁ

bi ph |, wh
proferted, andBIRES AR RCAL GBH O ASREDACHRT o o ide G TR SRS o or
pot assi um phosgtvatyic a(clﬁalé@!a)we is prkRAres fpmtﬂmrbewhmﬁaﬂ@wnsacﬁma@ﬂé?aﬂ% in a

35 reaction inggf o8 QdyéoRdxy &Fﬂémmﬁ’cﬁ ﬁ?-dirﬁéll@ﬁanﬂnoﬂm@l)@@ﬁ!&:arb@d‘ iimide, carbonyl
t et rahydr of uran, from about

preferred, 25hf fQHF‘H§2°{9hé'pE98?ﬂ?P%prﬁf"8(ﬂ5@t°y'i"° iiyr‘g%f’mf %&8%"1;}6' b Sros-

oxazolidinyl)phosphinic  chlaride,  benzotriazol- 1-yloxy-trfs(dlmethyiammo)phosphonium
hexafluorophosphate, or any other such standard literature reagents.

Treatment of the compound of formula 16 (R® is TosO, R? is -C{=O)}CR"R"),~ with

an alkali metal salt of azide, wherein sodium azide is preferred, in a polar solvent such as

30  dimethylformamide, dimethylsulfoxide, a lower alcohol, water, or a mixture of these solvents,

wherein an ethanol-water mixture is preferred, at a temperature from about 20° C to 130° C,

where 90° C to 110° C are preferred, can be used to produce a compound of formula 1H,

wherein R® is N;. Subsequent reduction of azide of formula 1H (R® is N;) may be

accomplished by exposing a mixture of the compound of formula 1H (R® is N;) and a noble

35  metal catalyst, wherein palladium is a preferred noble metal catalyst, wherein the metal may

be conveniently suspended on an inert solid support such as charcoal, in a solvent such as




WD 02/10141 -30 PCTIEBOL101335 Schene 4 N9 Br NON _, (CRIOR11)n~R4 IN 1 ,
" 1 HAn alternative nethod for synthesizing conpounds of formula 1,
wherein RB3is 5 -C(=O(CROR' )n- is illustrated in Scheldg Janudrgl2605
Treatnment of ethyl-2-isocyano-3-N, N di methylamno acrylate (11) with a
primry am MO 02R014INH2, in a sol vent such as n-butanol, nECTHBSHYUIH |

| - propanol, or ethanol, or in the absence of solvent, where either

n- propanol or no sol vent are preferred, “Zfr om about 23 C to about 200C,
where from about 60C to about 150C is preferred, affords im dazol es of
formula 12. Treatnent of N, O-dinethyl hydroxyl 10 am ne hydrochloride with
trlrrethylalumnum i ¢hl or. th iRdto&n 12
and heating at ot ??Fat%&%@%%m Sbo dn&%@%%@mﬂ < g'g\ggff tea,vanedggosaﬁ% %ffhgab%a;t 50 C
is preferred, gafaf opressuresf @aztdIt‘é1ODBWOﬁR!’GieF-l“ﬁﬁre@fpr%f?f’EdBFe@%' di99PT 885 eagent
M (CR70R’ )AR4,saymlegr@m,Mom defosphebdder | i thiumor magnesium halide, where
magnesi um hal i de i s ref er h as

t et r ehydr of ur an, rﬁ?/tl 8'H'é'eééj"ﬁt|°8r° fltﬁleaz{de OP% %hﬁ{ (Rlé ﬂ;aﬁfb ?gnt]y%menwﬁl

t enrper at ur e5 abatilkyl59 tr@ryipbosahior 2nd 3@teC wherkie Ffé’hﬁ‘yipﬁ?ﬁe'@”edf Prglsperh inaxgivent; o
about 0 Cis pigphe rtétx%ﬁbdro@lfrérpﬁg%né‘br ablshitiié, Gimet teftghydrofumn i préferretl. OThe

hydr oxyl am ne hydrochlori and SSi u ce Kk

sol vent, wher eP BRSO qr%“pﬁftg? ‘é"r"}p%'%g ﬁ?mu%?u@ %l%té tah ge \éaﬁ%ggrv 'a%agg{m

02/ 10141 PCT/ WBCLAs @@ Bate3isooyenaledearsmoyiy chigridgsadd siorie ped aﬂ'hysi@e n¥Eres.

Treatment of aéb iRl Soxsie! ddid Eﬁ?vatl%f v@%iem'ethaicﬁﬁatedmwh@ afid Wetiathqlseous
e

sodi um hydr oxi foll ovved b r at sul fo chl o m xt ure
of O-sul foll BERFEUERIS Meotd tt?%?ﬁﬁc"g ‘fﬁﬁ‘f'?% %?t?% 3729 Eﬁt gg%‘?%t | nlog?xyl
crude mat eri atartodingdenon-(Ppoimathylaghopenti)- %ijpaé?gd"b@?z eprehonyl e gimidagoleor 1-

tol uene, where @&Eé&'&%hbﬁc 5 &def %yrcﬁr?d,an@i’d?deappémyﬁatdmafbfohﬁbta Cpib(aaRo-8f
aIumnafoIIowB ution wth | or of

f
appr oxi mat el y P’E%X‘W)H'EHS@E”'?N OW%%% a %?B?fﬂ' m%i%'sgjﬂn(f h%(lbmm‘é)ahos?hsogljr%r : 1Ee(r)m

t he Becknmann r pasfuarngiesssiate, or any other such standard literature reagents is in the presence of an
15 amine base if necessary, such as triethylamine, diisopropylethylamine, pyridine, or 2,6-

lutidine, wherein 1-(3-dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride Is preferred,

from about =78 °C to 80 °C, where 0° C to 40° C is preferred. Tetrahydrofuran and methylene

chioride are preferred solvents.
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(CR1IOR11) . R4 R (CR1OR11)nR4 iB 14 Conpounds of formula 1J may al so be
prepared by the nethod illustrated in Scheme 5 6 bel ow. Afklepuaty009ng
material for this synthesis is the doubl e-bond contai ni ng conpound (a
conpound of M4 X) substituted with the group ER5S andP@HBW/33hr ee
groups selected from R5 (X), where ERS5 | s defined as an
el ectron-w t hdrawi ng group chosen from C(=0)R7, C(=0) OR7, C(-0O) NR7R8,
S(=0) 2R7, S(=0 2NR7R5, S(=0)20R7, cyano, and heteroaryl. Additionally,
conpounds of formula X nmay be wherein ER5 is connected to one of the groups
10 R5 or directly to the carbon-carbon doubl e bondgéemé®rma ring and thus
i ncl udes conpounds such as 2-cycl opentene-|-one and 2-cycl ohexene-1-one.
Al ternatively, conpounds of fornmula X where L is defined as O, Br, I,
OC(=O R7, or OS(=0)2R7 may be used as starting -materials; exanples of such
conpounds are 3-chtoro-|-cycl opent anong,~3 acet oxy-1- cycl obutanone. Thus,
referring to Schene 6, treatneniPsiRa altl of 4 (5)-nitroimdazole, where
15 the salt is sodium potassium cegiu 1-Rpdi azabi cycl o
[5.4.0]undec-7-ene (DBU) or tetraal kyl |anmonitim where tetra
n- but yl ammoni um and DBU are the preferrgd salts, with internediates 16 or
17 in a solvent such as acetonitrile, t hyl ene chloride, 1, 2-
di chl oroet hane, or chloroform where acetapjtrile is the preferred solvent,
at a tenperature 31 January -20G5:s0M0 R21401 PCT/1B01101335 -33
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Compounds of formuia 4, wherein R® is ~(CR'R!"),- may be prepared according to
Scheme 4. Referring to Scheme 4, treatment of a solution of 4-bromoimidazole with a base,



-1, supra, thh

fromabout -60 C to about 50 C, where -20 Cto 23 Cis the preferred range,

-affords addition products of fornmula 2A. Reduction of nitro conpound 2A

may be acconplished by exposing a mixture of 2A and a noBll danearsi2005

catal yst, wherein palladiumis a preferred noble netal catalyst, wherein

t he net al nﬁ&‘l)‘Bﬁ"’dgnveni ently suspended on an inert soli PEBPHIBISS such as
charcoal, in a solvent such as ethyl aceipte, tetrahydrofuren, dioxane, or
a mxture thereof, to an atnosphere of hydrogen gas at a pressure of about
1 to 100 at rmspheres where a preferred pressure of hydrogen gas is about

one to about ten atnospheres. After 2A has been consuned, the m xture is

f Ih: ter gd "élng(t tcl)@h é%%%ﬂl%ﬁflﬂﬂlggén d%%sdétﬁn 'h g4, Qthidr WRE U L Rbim délbbdhtéimoaimhd

chl ori de acid an . Or an
10 acti vated d“éi% gﬂq?yP?t%ss i draride; SPRbF 2/9%% &%&%@Wfqﬁ% e presence
of a base, sugltassum thekasteihyldeiezide, sadivins bprampYidsipgidea fodiem | feRPEPEIg S or

2, 6-1utidine, %@éﬁﬁ i&n-butl:xuliér Hré%h%ﬁm(?f%ﬁf&a%n@sucﬁaé t@tréhya‘rbm@n anfyisxdhg ey, rand

trlethylamne are preferre ation, t.:7 t qut 40 C,
to afford 2. dFPFéhVE‘?I?‘?W'Q? é’ﬁ"e@éﬂs@%%ﬂ prtolgriey %%H @ta% Ve 1%o&e"\'q'ar 2% P romthe
car boxyl i ¢ acitol104CC(issBiéeR1DREEpseRde antstnsenie rhesd tensferrgtalyelagyemestedich as
di cycl ohexyl ]’fﬁ n%%mh%ﬁde felraﬁmfbugiamam @mniaepfswybmﬂﬁmﬂam @aki6 0

c

di i m de hydro ori de, car diimdazo 1- pr opane cid
cyclic anhyr dll-'tﬁézyltrﬁ'l'elgm a’UF“'“éH"Wh"’EFﬁ 3?'3?'8?%&5‘?"@ "E?F'g romide, or genzﬂt"memﬁ
0X0- 3- oxazol i cHriwydhiupHios|ak;fetiowed tyttheoadditiey oflaealzmaiyhaz:obenzyhyIchiwe.thﬂvmide
s(di met hyl g pgc%oghgﬁghaméﬁém afmai%gierapnﬁﬁph%ﬁds LlmAiHY @ Ntbstalisdy-

standard lite ure Al't ernat i vel ng filtrati t he
i nt er nedi at e atlﬁ?"i’f@“'éa&ﬁ’eg% ¢ d-syhsiviag-- Hm@"’ﬁ'é’é@'e (1@0“"%'% n &g s?prairaé?“{kﬁngm ne,
di | sopropyl et hydtsods mwnﬁwnedkulm&;nttmrartZ 6-1utidine, and an al kyl- or aryl-

chi or of or mat e, V\/ner t i are a
oreferred conbi nat) %rrrtﬁ\n%f 9’9&8% biet lmgngo‘?rﬁhé}gle@@qa%ﬂgﬁ%rlﬁ%géﬁggﬁﬁfﬁﬁ@ A

to about -40 Qodidee acqbiiesfos caraenate; 8“‘%5? fhgraviig cqrrbonsiayis RIRTSE PreRPARAMCET 1 K
with a priqear Ysoént, SReOadBirahy@eUae 1i2didiomethsient 4$bmemneﬂ®5ultbmdxame~[ N-

di met hyl f or ma”& d%hyifgnnau%%g t vc}IIPe'ré tJaﬁ;ﬂdro %rlgﬁfEf-Jerred ,n )inli‘éé[er?ce f éj'p%ﬂﬂﬁ

di et hyl f or mam 06 etween about 40 C and
about 90 C, \wsisiyet amﬁu@s veﬂa@lm éo)pietﬁ?‘@ﬁtFFé‘G"Y'P&?qPBF@s peliggiure dHx %%eb"é%.oﬂ'ﬂg ur ea
product 1L. SyRsemuent tchimef or rraama@ns Ofis(giosrRpius@aceibAe)dipalladidiK, ang) 1L

usi ng met hods k?tgtb 6%%%&%{955 I llr!! m 0?_ cﬁlﬂrgfo% Eadeﬂgty Bglgd G [(Ii)bggn&urwhhrg

provi de furt hef® at are Int
appl i cati o, cnaﬂadmﬁelsakveﬁrlphwlnmsae)lora@la@m &b pestatp %Préfeﬁed HeT REFENER0N S

other than hydiggR8 o an phdignifty @Al eshchast marreﬁmbmt i t1989olyifhosphie,C ogOUNds  of

el I known' 1 n PhBEpEe FhP 0B oStk raitich o P sl MR %) ¢

can be prepar drbgbott @2t tn¢dCEbIINES *Gfto PO FGrisl risferaghatodes RPGUe Ry tir ogen,
35 for exanpl esuﬁé?ifm;@um?&ndﬂﬁldézglé oy b sDbstitutdd-5-Adhehirdiddzole efopr red to in Schene

Treatment of 1-substituted-4-bromoimidazole (9) with an intermediate of the formula
-NH,{CR"R") R* and a palladium catalyst such as palladium (li) acetate, allyl palladium
chloride dimer, tris(dibenzylideneacetone)dipaliadium (0),
tris(dibenzylideneacetone)dipalladium (0} chioroform adduct, or palladium {li) chloride, where
palladium (I acetate, tris(dibenzylideneacetone)dipaliadium {0), and

30 tris(dibenzylideneacetone)dipalladium (0) chloroform adduct are preferred, and a phosphine
ligand, such as BINAP, 2-biphenyl dicyclohexylphosphine, 2-biphenyl di-terf-butyiphosphine,
or 2-N,N-dimethylamino-2-diphenylphosphinc biphenyl, where 2-N,N-dimethylamino-2'-
diphenylphosphino biphenyl is preferred, and a base, such as sodium fert-bufoxide, cesium
carbonate, or potassium phosphate (K;PO,), where potassium phosphate is preferred, in a

35  reaction inert solvent, such as toluene, 1,4-dioxane, or tetrahydrofuran, from about 0 °C to 150
°C, where 20 °C to 110 °C is preferred, affords the coupled product 1.



31 January 2005 WO 02/10141 PCT/1B01/01335 -34 fluorobenzenesul foni m de

in toluene, xylenes, or dioxane, from about roomtenperature to about

150C, preferably from about 100C to about 320C. 31 Januar ¥12008e002/ 10141
-$5 Rs or Rs 2AP RSIKR6 PS NON ERs ~ \N IL. NR7R4 PCT/1B01/ 01335 NON a
i (CRORtti YWR219141 phar naceutical |y acceptable salts of aPEHBBBURY of
formula | can be prepared in a conventi®nal manner by treating a sol ution
or auspenel on of the corresponding free base or 5 acid with one chem cal
equi val ent of a pharmaceutically acceptable acid or base, Conventional
concentration or crystallization techniques can be enployed to isolate the
salts, [Illustrative of suitable acids are acetic, lactic, -succinic,

mal eic, tartaric, citric, gluconic, aSckemed benzoic, cinnanic, fumaric,
sul furic, phosphoric, hydrochloric, hydrobromc, hydrolodic, sulfamc,
sul fonic acids such as netthanesul fonic, benzene sulfonic, p 10

tol uenesul fonic, and related acids, Illustrative bases are sodi um
pot assi um and cal ci um A conpound of this |nvent|§n may_ be adm ni st ered
alone or in COﬁbIgg{lﬁﬁ§ th pharnﬁ%eut |1y acc e~ﬁarr|ers in
either single or i pl doses*_iiutaﬂﬂe armaceutic&l /carriers include
inert solid diluents illers, steril ueous sol utyons and vari ous
or gani c Br . 9 PBr gr 1°
Y
R1
~
N/Q§N
N/(CR10R11)n R4
1

An alternative method for synthesizing compounds of formula 1, wherein R is

5  -C(=0){CR™R"),- is illustrated in Scheme 5, below. Treatment of ethyl-2-isocyano-3-N.N-
dimethylamino acrylate (11) with a primary amine, R-NH,, in a solvent such as n-butanol, n-
propanol, /-propanol, or ethanol, or in the absence of solvent, where either n-propanol or no
solvent are preferred, from about 23 °C to about 200°C, where from about 80°C to about
150°C is preferred, affords imidazoles of formula 12. Treatment of N, O-dimethyl hydroxyl

10 amine hydrachloride with frimethylaluminum in 1,2-dichloroethane followed by the addition of
12 and heating at about 30 °C fo about 80 °C, where a temperature of about 50 °C is
preferred, affords imidazole 13. Addition of an organometallic reagent M-(CRR™), R*, where

M may be either lithium or magnesium halide, where magnesium halide is preferred, to a
solution of 13 in a solvent such as tetrahydrofuran, methylene chioride, or diethy! ether, from a

15  temperature about —50 °C to about 30 °C, where a range of about —20 °C to about 0 °C is
preferred, affords 14. Addition of 14 to a mixture of hydroxyl amine hydrochloride and
potassium acetate in a lower alcohol solveni, where ethanol is preferred, at about 23"’0,
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sol vents, The pharmaceutical conpositions forned by conbi ni ng a conmpound of
formula | or a 15 pharmaceutically acceptable salt thereof can then be
readily administered in a variety of dosage forns such a81uanuasy 2005

powder s, Iozenges syrups, injectable solutions and the |ike These

~phar maceut | WR%2d¥#hosi ti ons can, if desired, contain addiRGTIBEVOIBRgr edi ent s
such as flavorlngs bi nders, exciplent§3gnd the like. Thus, for purpose's
of oral edmnialtation, tablets containing various excipients such as
sodiumcitrate, calciumcarbonate and cal ci um phosphate nay be 20 enpl oyed
along with various disintegrants such as starch, rnethylcellul ose,

alginic acid 3&%5 oﬁﬁu@t‘l@'a.@ a(frmé §isorrerd. Cﬁ&&ﬁeﬂt B%Qicb@ﬁe autidh fFioRicheng sflgent s

such as pol yvinyl pyrro one, . sucrose, d nal |y,
| ubricating ageptté éw&%ac&'gc’%e?@%%l"&t?m@? 3’5‘?’?93" p§r8t di u”r%s Li(ffarw a}?orﬁé ﬂ% éaé)e and
tal c are oft emixterefdilO-futfenyt edmpedrkls rigioping pdmetye vBoiub.d ijlptlpsll ofitomsruige a

simlar type Myei.Ah %Onon%olgrr@vgﬂ%%ha% Eénkel:n%r §exbﬂ&s S&ftélueﬁgduﬁb?d Benkédel ied

gelatin capsules. Preferre terials 3 31 J l go i 02/10141
PCT/ | B( ¢) 1/501 3neeredgaidygaplidtion 3 8%‘“‘2)1" ﬁJiJm'lE‘a ‘l!'&%“rd it g

wei ght pol yet hydtiena (gdowictl S1) after\Vipproxiagiels dus mingies p@m@msormoum iB(lavdsaar e
desired for Orgé.o.&ﬂﬁ%ﬁhéééckﬂ%n dalEnfemafntial active ingredient therein
may be conbin various sweetening or flavoring agents, coloring
matter or dyes and, if desired, enulsifying or suspendi ng agents, together
with diluents such as water, ethanol, 5 propyl ene glycol, glycerin and
conbi nations thereof. For parenteral adm nistration, solutions containing a
compound of this invention or a pharmaceutically, acceptable salt thereof
in sesame or peanut all, aqueous propylene glycol, or in sterile aqueous
sol ution may be enployed Such aqueous sol utions should be suitably
buffered if necessary-and the liquid diluent first rendered isotonic with
sufficient saline or 10 glucose. These particul ar agueous sol utions are
especially suitable for intravenous, intranuscular, subcutaneous and
intraperitoneal adm nistration. The sterile aqueous nedia enployed are al
readily avail able by standard techni ques known to those skilled in the art.
A conpound of fornmula 1 or a pharmaceutically acceptable salt thereof can
be admnistered orally, transdernmally (e.g., through the use of a patch),
parenterally (e.g. 15 intravenously), rectally, or topically. In general,
the daily dosage for treating a neurodegenerative disease or condition or

t he di sease or condition the treatnment of which can be effected or
facilitated by altering dopam ne nedi ated neurotransm ssion will generally
range from about 0.0001 to about 10.0 ng/ kg body weight of the patient to
be treated. The daily dosage for treating cancer or disease or condition

i nvol ving abnormal cell growth of a benign 20 nature will al so generally
range from about 0.0001 to about 500 nyglkg body wei ght of the patient



to be treated. As an exanple, a conmpound of the fornmula | or a
pharmaceutically acceptable salt thereof can be adm nistered for treatnent
of a neurodegenerative disorder to an adult human of aveldganuariy@lf5 (about
70kg) in a dose ranging fromabout 0.01 ng up to about 1000 ng per day,
preferably WOR{IAWAUt 0.1 to about 500 ng per day, in sinBFEIBSHOEESi ded
(i.e., 25 nmultiple) portions. The daily ggsage for treating diabetes, sperm
motility, hair loss, or any other disea8e or condition that can be treated
by inhibiting GSK-3 will generally range from about 0.0001 to about 10.0
ng/ kg body weight of the patient to be treated. Variations based on the

af orementi oned dosage ranges may be maggchlysa physician of -ordinary skil
taking into account known consjderati®ons such as the weight, age, and
condi tion of the person bekng O treated, the severity of the affliction,
and the particular route of {-Str ationeRosen. The conpoungs=nof formula
1 and their pharnaqguhhcally ccept abl erisal t ca@\/jUffhernErelaL o_Re -
adni ni stered or fornul ated iNfto a phar maceuti c conposition with dn

amount of one or nore substdncestisel ect ed fromPanti - angi ogenesi s, afgents,

signal transduction inhibrtors; and antiproliferative agents, whhch
amounts are together effective in 35 inhibit'¥ng abnormal cell /growth. 31
January 2005 WO 02/10141 PCT/1B01/01335 -37 Anti-angi ogenesi agents,

such as MW-2 (matrix- netalloproteinase 2) inhibitors, MVP-
(rmatrix-nmetall oproteinase 9) inhibitors, and COX-11 (cycl oakygenase I1)
inhibitors, can be used in conjunction with a conpound of formula I in the
nmet hods and pharmaceutical conpositions described herein_for treatnment of
abnormal cell growth, including cer. 5 Exanpl es ogpgﬁéf | COX- I
inhibitors include CELEBREXTNT COKRQR )R, vaidecoxi'b, Bk b.
Exanpl es of useful matrii x netal | oprotjei nase inhibitors are dgscribed in WO
96/ 33172 (published Cctlober 24, 1996, WD 96/ 27583 (published March 7,
1996), European Patent| Application ﬁ@“ 97304971.1 (fled July 8, 1997),
Eur opean Patent Application No. 9%308617.2 (filed Cctober ig, 1999), WO
98/ 07697 (published February 26, 1998), WD 10 98/ 03516 (published January
29, 1998), WD 98/34918 ¥(publ i shed August 13, 1998), WO 98/34915 (published
August 13, 1998), WD 98 76& (published August 6, 1998), WD 98130566
(published July 16, rRESR8 EJr opean Patent Publication 606,046 (published
July 13, 1994), Europe t eneRPUMRI cation 931, 788 (published July 28,
1999), WD 90/05719 (published May 331, 1990), WD 99/52910 (published
Cct ober 21, 1999), WO 99152889 (published Cctober 21, 15 1999), WO 99/29667
(published June 17, 1999), PCT International Application No. :
CTI | BOBI 01113 (11100 LY 2L, ,95%h) oEHE.OPS2R. EPHE N RRLSES bl

5 6 below. A key starting material for this synthesis is the double-bond containing compound {a

compound of formula X) substituted with the group ER® and one to three groups selected from
R® (X), where ER® is defined as an electron-withdrawing group chosen from G{=O)R’,
C(=0)OR", C{=O)NR'R®, S$(=0O)R’, S(=0),NR'R?, S§(=0),0R’, cyano, and heteroaryl.
Additionally, compounds of formula X may be wherein ER® is connected fo one of the groups
10  R® or directly to the carbon-carbon double bond ta form a ring and thus includes compaounds

such as 2-cyclopentene-1-one and 2-cyciohexene-i-one. Alternatively, compounds of
formula X where L is defined as Ci, Br, |, OC(=0)R’, or 0S(=0),R’” may be used as starting
materials; examples of such compounds are 3-chloro-1-cyclopentanone, 3-acetoxy-1-
cyclobutanone. Thus, referring to Scheme 86, treatment of a salt of 4 (5)-nitroimidazole, where
15  the salt is sodium, potassium, cesium, 1,8-diazabicyclo [5.4.0)undec-7-ene {DBU) or tetraatkyl
ammonium, where tetra n-butylammonium and DBU are the preferred salis, with
intermediates 16 or 17 in a solvent such as acetonitrie, methylene chioride, 1.2-

dichloroethane, or chloroform, where acetonitrile is the preferred solvent, at a temperature
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25, 1999), Geat Britain patent application nunber 9912961.1 (filed June 3,
1999), United States Provisional Application No. 60/148,464 (filed August
12, 1999), United States Patent 5,863,949 (issued Januarpi2enuarg@gps
United States Patent 5,861,510 (issued January 19, 1999), and 20 European
Pat ent Publ MO¥218H1 730, 386 (publ i shed June 25, 1997), al | PGHIBRHIBE are
incorporated herein in their entiretiesgpy reference. Preferred MWP-2 and
MWP- 9'inhibitors are those that have little or no activity inhibiting
MWP-1. More preferred, are those that selectively inhibit MW- 2 and/or
MWP-9 relative to the other matri x- netal |l oproteinases (i.e. MW-1, MW-3,
MWP-4,  MWP-5, froM\&Bn& -Gb/hﬁ’-tt?abdmvﬁbﬁ} WE--20:C MVB- Tlis thd\frefdiad rame, 4Rs13) . 25

Some SPeCl {1 SXRDl SR8 b ML IO Bl AL o R Whodls LA PEESEDhREY! | O

are AG 3340, oun recit
follow ng |istexposinga mixture of 2A and & noble metal catalyst, whereln paliadium is a preferred noble

3-[[4-(4fl uor %Qa%mw)wlﬁ%}mélﬂﬂal &g donvehiehty dupebaroh aninght soicligpent yl ) -
am no] - prop%)onl C

1 uor o- phorbySbB B F GRYTAMENAF S8 s PR BB AT
3-carboxyl i c atbérebf.Hy dn @kysphiedesf hydrRgenZRY atja prgssuze. @fifbeit J-1g 100 atmospheres,

fl uoro- benzyl opals % é?&?d&%?éé&fr@%&lm&n @¥ﬁ§ élib)dt‘c;?ae FBEdoBititen atmospheres. After 2A
pi peri di ne- 2- carﬁoxyllc a

4- [ 4- (4- | uor PREFTRY5 ntgﬁﬁ'é@\ﬁ F\éﬁ?? a?ﬁdﬁliﬁ PR SIS S BT RT R boxyl i ¢

aci d hydr oxyanwitiegn &l chloride CIC(=O}CR"“R")R*, acid anhydride (R“(CR‘”R”),,C( =0)),0, or an

3-[[4-(4- fwor&fm%% rcbﬁcmﬂ%wi kdwohl* ﬂrt%y@ﬁnb@myﬂasw%@butyl)
am no] - propi oni ¢ aci 1 Janu PCT/, 1 BO1/ 013 - 38

&[4 (4" ch or OUSERSE, FoCAEEHPERENYY PERYF fﬁgﬁéﬁjfg‘?%ﬂhsww propanepRISpIonG
r o- pyr an- 4- car daixytlic @anhyadidedaridytdatiodeyrineiaskea piefjred combination, from about -78 °C to

3-[4-(4-chloro bBJﬁ%%}’ fhz?ﬁefﬁél éﬁmédedﬁbeﬂﬂlc aczd denvative is re ared from the

t et rahyd - 3-
L5747 (AT ot oBon R SBEAEICBR | R SENBT el RS T B gssren

met hyl - pi pe% i déarbediyidear bmwimdﬂwyhmlncbrbwu—ﬁemylmbudm:de hydrochloride,  carbonyl
3-[[4-(4-1l uorl{]} Qi?{o[éo}fé)ogane hos hontc alcrd cychc anhy{dlcfe alky[ or aryl chloroformate, b|s(2-
I hy

benzenesul f ony %/ 2 am nol rProhp onic
aci d; 3- [ [ 4- (4°xf’13t9é€1’28 xc chlorlde benzotnazol 1-yloxy ris(dimethylamind)phosphoniu

_benzenesul f on;eka}ﬂuﬁréprhgﬂﬁtaxgt@wdummh strelardaiteyetlrorepyanan- 10
3 xo- 3114 4" ohl of b R Blpvige e I pamepiss srop can b besegt g,
] oct ane- 20  such as friethylamine, “dilsopropylethylamine, pyn ine, or 2,64ufidine, and an alky or aryl-
chioroformate, where dusnpropylethylamlne and phenyl chloroformate are a preferred
combination, from about —78 °C to about 40 °C, where about —78 °C to about 40 °C are
preferred, to afford 1K. _
Subsequent treatment of 1K with a primary or secondary amine in a solvent such as
25 dioxane, dimethylformamide, or acetonitrie, where a 1 : 1 mixture of dioxane -
dimethylformamide is preferred, at a temperature between about 40 °C and about 90 °C,
where about 70 °C is preferred, affords the corresponding urea product 1L,
Subsequent transformations of compounds 2A, 1J, 1K, and 1L using methods known
to one skilled in the art may be carried out to provide further compounds of formula 1 that are
30 described in this application.
Compounds of formula 1 as described herein, wherein R? is other than hydrogen can
- be prepared by transformations of the compounds of formula 1 described herein wherein R? is
hydrogen using methods that are well known in the art. For example, compounds of formula 1
wherein R? is F can he prepared by treating compounds of formula 1 wherein R? is hydrogen,
35 for example compounds of formula 1A, 1B, and 1C referred to in Scheme 1, supra, with N-



3-carboxylic acid hydroxyam de;

3-endo- 3-[ 4- (4-f fuoro- phenoxy) - benzenesul fonyl am no] -B-oxa-b icyclo[3.2.1

] oct ane- 3- carboxylic acid hydroxyanide; and 15 (R) 3-[ 4- (H-fanuaw@O8henoxy)
- benzenesul | ami no] -t etrahydro-furan-3-carboxylic acid hydroxyam de;
and pharnac&ﬁ?%%@ﬁ%y acceptabl e salts and sol vates of sai yﬁWH s. O her
anti -angi ogenesi s agents, including otheg COX-11 inhibitors and other MW
I'nhi bitors, can also be used in the present invention. 20 The effective
anount of a COX-11 inhibitor in conbination with a cdk5 inhibitor, for
exanpl e a conpound of fornula 1, can generally be determ ned by a person of
ordi nary ski | lgyorfbenfthopseslddnitbiyeneleads) sredickase foareyeut fraom @mEGHure 1o )
inhibitor in conbipatio ith a . c Lnhibitaris fromabout 0-1 to about
25 ng/ kg body %R%I‘bﬂ’t"‘.g'Pﬁeﬁeéavgé?%gbﬁb@g&d%ﬁabgdétﬁr&%t of the cdk5 i nhi bitor
‘generally will be between about 0.0001 to about 10 ngl kg body weight. In
sonme instances the 25 anount of COX-11 inhibitor and/or cdk5 inhibitor in

t he conbi nation may be | ess than would be required on an individual basis
to achieve the sane desired effect .in inhibiting abnormal cell growth. A
conpound of forrmula 1 can also be used with signal transduction |Inhibitors,
such as agents that can inhibit EGR (epidermal growth factor receptor)
responses, such as EGFR 30 anti bodi es, EGF anti bodi es, and nol ecul es that
are EGFR i nhibitors; VEG- (vascul ar endothelial growh factor) inhibitors;
and erbB2 receptor inhibiters, such as organic nol ecules or antibodies
that bind to the erbB2 receptor, for exanple, i-1ERCEPTINI"" (Genentech,
Inc. of South San Francisco, California, USA). Such conbinations are
useful for treating and preventing abnormal cell growth, including cancer,
as described herein. 35 EGFR inhibitors are described in, for exanple in WO
95/19970 (published July 27, 1995), WD 98/14451 (published April 9, 1998),
WO 98/ 02434 (published January 22, 1998), and 31 January 2005 WD 02/10141
PCT/1B01101335 Y4 I | id Ul + Ul ulV - United States Patent 5,747,498
(i ssued May 5, 1998), and such substances can be used in the present

i nvention as described herein. EGFR-inhibiting agents include, but are not
limted to, the nonoclonal antibodies C225 and anti-EG-R 22Mab (I nCl one
Systens | ncorporated of New York, New York, USA), the conpounds ZD 1839
(AstraZeneca), BIBX-1382 (Boehringer 5 Ingelhein) , MDX-447 (Medarex Inc.
of Annandal e, New Jersey, USA), and OLX-103 (Merck &




Co. of Witehouse Station, New Jersey, USA), VRCTC- 310 (Ventech Research)
and EGF fusion toxin (Seragen I nc. of Hopkinton, I\/assachusettes) These
and other EGFR-inhibiting agents can be used in the presét) ANHIY A0S
VEGF inhibitors, for exanple SU 5416 and SU-6668 (Sugen Inc. of South San
10 Franci sc&O B4 ornia, USA), can al so be combi ned wi t hPI/ESHPEhd of
formula 1. VEGF inhibitors are described in, for exanple in WO 99/24440
(published May 20, 1999), PCT Internati onads-AppI i cation PCT/1B99100797
(filed May 3, 1999), in WD 95/21613 (published August 17, 1995), WO
99161422 (published Decenber 2, 1999), United States Patent 5, 834,504
(I'ssued Novenber 10, 1998), WD 98150356 (qu‘Imigﬁhed Novenber 12, 1998),
United States 15 Patent 5,883,113 (issue 16, 1999), United States
Patent 5,886,020 (i SsyedsMirch R, f999), UnitedsSt ofres~Batent 5,792, 783
(i ssued August 11, 1 V\D‘QQM DI irstre \g,,kl 99) VO

97/ 32856 (publlsheoE ept%nber 15% 19’97) 97127596 '%publl ne 26,
1997), WO 98/ 54093 (pull i shed Decermber 3, 1898), WD 98/ 024 (pl'}bl"“ hed
January 22, 1998), WD 99/16755 (pubi shed April 8, 199§), and WO 98102437

(published January g2, 98), 20 all of hCh are incorporated herein in
their entireties by ence. O her exanpl

of sone specific VEGF
i nhibitors useful ER/the&, prygsent invention are 1MB62 (Cytran Inc. of
Ki rkl and, Washi ngton, USA); anti-VEG- nonocl on anti body of Genentech,
Inc. of South San Francisco, California; and angjozynme, a synthetic

ri bozyme from Rbozyme_( Boul der CoI orado) and Chiron (Emeryville,

California). These anBsot i nhibitors ce],p be used 25 in the present
i nvention as descri b%gsa e el BZ r eceptor 1t N Q,uch as GW 282974
(d axo Wl lconme plc) ;Rgnal ant i i R, (Ar onex

Phar maceuticals Inc. of The W)o | ands, Texas, USA) and - IORhChi r on), can
al so be conbined with a conpound of forrrul a 1, for xanmple those indi cat ed

in WO 98/ 02434 (published Janua %cﬁ%) L 98% g f3 146 %F Ilsheg

15, 30 1999), WO 99/ 35TrEITaCRUEY SrHERDY §IY 1% CoMPREE ! PHRER d S0P PFraE ﬂ‘lﬁlshed
January 22, 1998) convoB¥harBF00 tEepindh pzswedorﬁqgmemsiom?f the) §YFIpondNDIGHHaE F7 0
(published Jul ¥ 2%cid 1L385hne Eimntc@d éiér@&:f Pah@ibceliicHiP TacdpBblé | BAUG base,

Decenber' 24, 1996 t 71 2,
1988) eC\:hl c h are )aﬁoneP]tgnallJ g'%tio;i; ar cP(st?l rcﬁ Qedm?%@s cah g%émpgdyédsl%] ?gaet% h@rsﬁtg

reference. ErbB2 Hugwbst ersultaﬁi‘h 4§Id§ Gf“-‘sa‘-'lﬁ%ceﬁ"‘l‘ﬂ"’* |5W°P'ﬁemﬂ?'%§%'ﬁ[‘° i“HiFe ﬁ‘t“f"B‘ﬁ are
al so described i n skigitice haSicn) @Bnekicp insie Nalifu85 phgEpioNs atydoehioNe . hy8Rbrade, 341,

filed January 27, Aic, ak) nhcn Rk ld§t@;d¢sastngﬂ.@r§g,_@MI bARRMel G@fahi@Np- NO.
60/ 117, 346, fi anua re incorporated in their
entireties her{-f‘} “?f&f‘i‘ﬁ'&raf)d rﬁBB‘ga% @ﬁ%’ﬁ%iﬁ aﬁé‘?‘? 11'"@25‘17%@ ??f{ o i
A compotnd of this invention may be administered alone or in combination with
pharmaceutically acceptable cariers, in either single or multiple doses. Suitable pharmaceutical
carviers include inert solid diluents or fillers, sterile aquecus solutions and varlous organic
salvents, The pharmaceutioal compositions formed by combining a compaund of formulz 1 or a
15  pharmaceutically acceptable salt thereaf can then be readily administered in a variety of dosage -
forms such as iablets, powders, lozenges, syrups, injectable solutions and the lke, These
phermaceutical compositions can, if desired, contain additional ingredients such as flavetings.
binders, exciplents and the fike. Thus, for purposae of oral adminiatration, tablets containing
varlous excipisnts such as sodium clivate, calclum carbonate and calciurn phosphate may be
20  employed along with various disintegrants such as starch, methyleellulase, alginic acid and
certain complex sllicates, logether with binding agents such as polyvinylpyrrolidene, sucrose,
geialin and acada, Additionally, lubricating agents such as magnesium stearate, sodiurn iauryl
sulfate and tale are often useful for tabletling purposes. Solid compaositions of a similar iype may
also be employed as fillers In soft and hard filled gelatin capsules. Preferred materials for this



by reference. The erbB 2 receptor inhibitor conpounds and substance
described in the aforenentioned PCT applications, U S. patents, and U S
provi si onal applications, as well as other compounds and 33882885 t hat
inhibit the_e rbB2 receptor, can be used with a conpound of fornula 1, in
accordance WAWWHL present invention. 5 A conpound of fRfHMOKOES can al so
be used wth other agents useful in treags.ng abnormal cell growth or
cancer, including, but not limted to, agents capabl e of enhancing
antitunor inmune responses, such as CTLA4 (cytotoxic |ynphocite antigen 4)
anti bodi es, and other agents capable of bl ocking CTLA4; and

anti - prol i f er ghdge 1sRESNGr SrilssUGh S hijampleasr wEigio beyathylete guralé.eWageaduptve bi t or s.
Specific CTLAA antl g%h&%m a%at}esfeg%égl%l ARfbtrhtidn, tﬂ%sﬁﬁnﬁ‘a‘ﬁﬁéﬁ@e h{j}c\!c%ﬂlt {h&8in 10

i ncl ude those %"gscrl t at es Provi si onal Agg}a don cE)/ 113, 647
(filed Decenmbenay pFombigeayith kariogssWegteping o5 TBHNG 398N Folpre 5‘?58& hihe

entirety, howesgredObh@sififal brdhspentind agkines togetizan wite dieetd sieh e watpr. ethend,

i nvention. The COEE%#YCQ Iyg;qnla%dmﬁlhnsqﬁépeogl so be adninistered in a nethod

for inhibitng°q mral in conbination with
radi ati on therapy. PPEEWWQQ&Jé@“iﬂ"ﬁﬁa“m-lﬂ’“ﬁ%"ﬁ‘i“%“ﬁ"@r’f‘ RyeU; A fisoRve i8I % Ry ar e
known in the rksmaeéldcdimtableemM& se@imelor pesna @i, ianusbimeprapylats ghabli on

t herapy descri bﬁ?glher ei hon adm nis &g&l %E ho%%ugghg S&&g‘gp%q,dqje gukg%ly

i nvention in a8?ﬁ3’i" ha ' On" t*het ap descri bed
herein. CdkS i)uffhﬁibllftfuwgsa%el@hth%téqt@oﬂb@ﬁrﬁtfé repfleredoiepipnicavit sufigintajallng Ye

adm ni st er ggl laucos‘eorrbn@@et lp&nbum taau@um&utﬂaas |arr4neb¢etzuaw funsbid rfeaintravgnous,
. Al zhei mer' s dj sease

| o DEEx t
cogni tive decl f‘?‘?é'””s%l?éc"i"tfci“t@"eg a?ﬂﬁ’l 'Btg"p%r O”e?l:@'% 6rh1| m%t %%% u ug.#u@ nq)el‘air? this
aspect of the émplyedares readly auailah w@@n@m@e@mam@wﬁp these sidied i eak- 11

inhibitor in CO”b'A‘%&rhéaﬂnd\/\bftfbmﬁlacp%Pa%gmﬁfzeuiu&amud;oaptébtef et thereat cmarde of
abnormal cell gro

e, effective anmoun
i nhi bitor in c%‘f?ﬂ?’ﬁ%{?‘i B'ﬁﬁlxm%rﬁrl"?d%[m@'a'k%q nfioHs" %'F us o? e&atér% gafﬁteg?ﬁ é%und of
formula 1, manmg@amudi/)l yedidly,det dopiathed oy genepaér gen dajly @ﬂséﬁenéﬂrytf%ﬁﬁnq 2 A
proposed 25 ef E% ﬁigﬁé Etyeagﬂpo? CorldRHO& tﬂ@d’sseﬁse@@&n@:ﬁod tﬁﬂ"ﬁ'&éhﬁeﬁlr of iwRich can

conbi nati on wt i nhi |tor|sfromg g aEn Fn%kgbody
wei ght. The dabd %e@ﬂ%éﬁcl'*fé‘@d BhRIGTNe dgraMingdnedaies e F’Eﬁ""tsfs‘?“ﬁ Hera 'y be
bet ween about fBorﬁ)G&lltmuoaluom:utﬂOOnmluggaobpdylgmm b patientrio Qarﬁreat%sf*&rﬂ?@s t he
amount  of c;]s%gee fFlmeQﬁn %nc@]:q/d?%asé Gleco?r%'rl %olﬁﬁg &qgr%al' d&h br’@%@? a'mednhe

conbi nati on nma [ﬂw red rﬁ@ hg‘?@'@ btastl sto
achi eve t héd saﬂ%“’%l‘é@?'?‘é@“%?“f’ epge fop %bP‘éap? de ey 'ngé’dy‘%’?’ﬁ REE™ i | d
cogni tive i npatobatradied. @& afgample,|asdomgouno ghthé forailadtala phermaGalkidelly agebptddlet or s,

such as co rrpougeﬁﬁh Olor LI aﬂtﬂsteréﬁafgr t?éaﬁﬂanpa’ éam&ég%hﬁétﬁg dlsBraerG0ER A | ON

with an NK-1 recep or antagoni st for treatnent of gpﬁesm on or argm tet y. An
NK 1 recept or hmnshayaage, Weﬁ@ (phowt ko) i @rdepenranging fomsghout A0fWI PRAG 240Ut b e
to antagoni ze N6oing peeRg prfibly fiohebalny.1i o bbddi 400 ng pénaiahykéirruemr rigidedai.ee.d
responses, 2 ucrbn.tl?? ) §’°'§ Qn%nslﬁg dé@ %b&%}%%r l?r}éztati’r)ié d!%@‘gét nﬁtiliﬁvﬂéi} RS o;\%iyl
recept or ant agonl S owmnm i1 n
other disease or condmon that can be treated by inhibiting -3 will generally range from
about 0.0001 to about 10.0 mg/kg body weight of the patient to be treated. Variations based
on the aforementioned dosage ranges may be made by a physician of ordinary skill taking into
account known considerations such as the weight, age, and condition of the person being
30 treated, the severity of the affliction, and the particular route of administration chosen.

The compounds of formula 1 and their pharmaceutically acceptable salts can
furthermore also be administered or formulated into a pharmaceutical composition with an
amount of one or more substances selected from anti-angiogenesis agents, signal
transduction inhibitors, and antiproliferative agents, which amounts are together effective in

35  inhibiting abnormal cell growth.
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receptor antagoni st can be utilized in the present invention as descri bed
above in conbination 31 January 2005 WD 02/10141 PCT/1B01101335 -41 with a
cdk5 inhibitor, for exanple a conpound of fornula 1. NK-13ddaByans2005
antagoni sts_are described in, for exanple, United States Patent 5, 716, 965

(i ssued FebM™E04H  1998): United States Patent 5,852, OBEBINYIRY
Decenber 22, 1998); WO 90/05729 (Internatjonal Publication Date May 31,
1990); United States Patent 5,807,867 (issued Septenber 15, 1998); United 5
States Patent 5,886,009 (issued March 23, 1999); United States Patent
5,939,433 (issued August 17, 1999); United States Patent 5,773,450 (issued
June 30, 1998); Unl,ﬁ},;g;ag1 ‘.5 a{egé; agdi@l eidh & MIR24@Rt¢k-heslmpcteipsé 2) Z'S!bif°15998)

Uni ted States Patent u HftorStcah ed
Patent 5, 332, ¥ ?u"&%’dé&e u‘f’g‘e'%% ‘?’iﬁ@g‘f %ﬂ%ﬁ' ?{%%’géénﬁgfg’rﬁ ;f %é %525
(i ssued June 1, used@gzyuuncilqm‘mtheajmpaﬂ A 15 themetngy 2p¢ BATRY*BE e nper
1, 1998); Unitg 91{,33@.0.% ads8BelalRAl fob tréQBer? 4D abncsraa:eaén PeswyieaiudBg, ca1®07) ;

United States Patent s Bntink ed
States Patéht BOBRY 8 ésefl“?é’i)&‘éh(‘hﬁ e %ﬁmélgg %é (he‘&?’%@’) gal%'eqébng u.S.
patents and t hefeéaxtbegsxanglepmluss‘ﬁemaimlneﬂallﬂj@ieﬁa‘iel ighiiltors Ag5p | GeRedRsYoR

i ncor porat ed igyfipiEuniitd O&bdep s, Ne86si W lopr215ed QLIsERE . Mafdhe?, d0IB) durndean

el
can be used ﬁa%tzq%é st RE ot D04 §oRE0 Bl 2000 Aiiuachi. i LY
ant agoni st's cagesadeste fieduQeabei PO, 1909, Mfﬂ/éﬁ@?’ﬁ@)?n(!?uhfﬁ@deffqb@é'tyl?ﬁe@%u‘ﬁp of an
NK- 1 recegq@; %rbta%o iidhed Qammgnaiﬁn%wﬁhgs Qﬂ)ﬁ@gedl}g Rbusi 13 r1g98), o‘ngexarrpI e
a conpound 0 can genera m ned ?/6 qgégﬁ(,ﬁ%mg 66
ordinary skil Igsf%gﬁﬂ%ﬁ@@d““&‘ B 1% ﬁ?/ g é"srean g T recept or
ant agoni st i n (pousHel Hay HEMoes)! Eurapeerd REert rﬂqblibﬂ!tlpfoﬁoﬁﬂéﬁf(m@#ﬁ%bw 13,189 o
about 21 ! kgeRadhts el OPlicaldhCeo? PoeShiuifid 3y 28/Mous)l wolsobbra qalsisnéaheybi t or

generally will etween a tq t t. In
sone | nst ances33ﬁh‘e99‘élr?39ﬁi9"5%‘5f'°I‘W(b"ihqd&c@ﬁ?r&’ a,@%# %g?’g%gg’ﬁylo}%gt }eggg%gunt of
cdk5 i nhi b or 1dem), tWe gamwbEM dpubishedalyndod?.| 439), th@Tn Intermatianab eAarlcglienr B8t on an
| ndi vi dual basbéwﬁagafm hS&’ﬁx r¥t2h‘e|9§33%ro‘ﬂ€aﬁ'ﬁat%ﬁf AEfiE&EA NG, I@gioamtﬂ(ﬁl@ MERJBr eSSi on

or anxiety. Th tion al so provides co i bitor,
such as a corrp%ﬁgr"ﬁfg; @@aﬁltamﬁwaaph@t'ow eI BRRY Bﬁ'gh@%g'tglggg) l%%? é(5%%!‘;st for
treat ment of dpﬂamgmu Apa.c@tron BO)E0A L4654 ANGHTRG 12, ¢998)) tUoited @tateag@mtﬂ%i% 89
Lecl L od. her ol D iseh SRRl 06E LA SBR! BHAR 586 b 1estTidRag sl 180, ai

serotonin receﬁs ance can be use d_? resent invention
as describa@l Eiveneen FﬁeréB?HB?%%[t?BBﬁBWF’PWS"&d HR 354 1ﬁﬂ7)'b‘?“t°6?’h' P NEYRIF%e a
conpound of f Opgfaih f their cRibtRE By RRFencH) aBrkfaGedIHITH- DardaidBPe dnhibilots argdirdse fhalg

activit y can ?ﬁ? gﬁéereﬁrr 80 acﬁ\ﬂ{ [nM|b|PnG Pchgé &Ef&%yaresd%slelﬂwal %Ie‘:@@ly %Qiblmltﬂp- For

exanpl e, 5HTi gonrsts are described iIn
(I nternational 2 andior MMP-9 relatlve to the other mairix-metalloproteinases (ie. MMP-1 l:\IﬂMé% MMP-4,

MMP-5, MMP-5, MMP-7, MMP-8, MMP-10, MMP-11, MMP-12, and MMP-13).
25 Some specific examples of MMP inhibitors useful in the present invention are AG-3340,
RO 32-3555, RS 13-0830, and the compounds recited in the following list:
3-[[4-(4-ﬂuoro—phenoxy)—benzenesulfonyl]-(1-hydroxycarbamoyl~cyc!opentyl)-
amino}-propionic acid;
3-ex0-3-[4-{4-fluoro-phenoxy)-benzenesulionytamino}-8-oxa-bicyclo[3.2. 1]octane-
30 3-carboxylic acid hydroxyamide;
(2R, 3R) 1-[4-(2-chloro-4-fluoro-benzyloxy)-benzenesulfonyl}-3-hydroxy-3-methyl-
piperidine-2-carboxylic acid hydroxyamide;
4-[4-(4-ﬂuoro-phenoxy)-benzenesuIfonylamino]-teh'ahydro-pyran-4—carboxylic
acid hydroxyamide;
35 3-[[4-(4-fiuoro-phenoxy)-benzenesulfonyl]-(1-hydroxycarbamoyi-cyclobutyl)-

amino]-propionic acid,



o erees B e E— - hd . - SRR, . S

Publ i cation Date April 9, 1998); WD 97/36867 (International Publication
Date Cctober 9, 1997); WD 94/21619 (International 'Publication Date

Sept ember 29, 1994); United States Patent 5,510,350 (i ssudd/angaiy|2008
1996); United States Patent 5,358,948 (issued Cctober 25, 1994); and GB
2276162 A (PUBYHEHEd Septenber 21, 1994). These 5HTi o r ecBpt/Bi01/4g3s
antagoni sts, as well as others, can be uggd in the present invention. The
af orenenti oned published patent applications and patents are incorporated
herein by reference In their 31 January 2005 WO 02/10141 PCT/1B01/01335
-42 entireties. The effective anount of a 5HTID receptor antagonist in

conbi nation with a cdkf.iBRirbihébxy)-béneereiBtnylamina)-teinpbomdaref-ceftoryiesl a 1, can
general ly be deter, 'rgied b 2 Person of ordinary skill- A proposed
effective daily &ngy e or a SHTL a receptor antagonist in 5

combi nation with a cdid 3iffdblorecrhencsybrrrancatiiotiartinatetralydramyige-348PoOWiN kg
body wei ght. The gf fiRrddanfdedai | y amount of the cdkS inhibitor generally

will be between about 0Q.0001 to t 10 I . AR dRNE
i nstances tfe amount 'SH%)n r‘"@'2%@”8?92&%‘?‘@8%%%’%‘{9‘%n%’?&[ﬂﬁéﬂ gynnu%? of
cdk5 i nhi bitor i methpiepipeddids-Rheertionyic pedhydiexyenige; t han woul d be required on an

i ndividual basis to aghi@NerolRSinRfBBaesited-(Chiesjcaibimbyl-eakihyiggippr essi on
or anxiety. 10 This jnvention also provides a pharmaceutical conposition
and et hod for t PERPYREFPONEEREfessi on or anxiety in a manmal conprising a
cdk5 inhibitor, for exfip-mor-ppeupherdemsuliofyifHandepxicarbgmey-regiP-PY B anpl es

of SSRIs that can_he el ki @ method or  pharmaceutical conposition
W th odks 1o by tapamePITRAAL ot

exanpl e conpounds of forpula | an L
phar maceutical | y acce51%‘13?‘@"%‘5*?*T’%‘p?q‘?g’ghtﬁfé?e" iﬁ'[f"”&'?@%b 'DXIB'lb’r?fq?oésdé 'ﬂ%é,dne
fl uoxetine, par oxekibtgiicdh paotyamldene, and fluvoxam ne. Qther SSRIs may be
combi ned or admi ni S%S{dggé‘i-&-ﬂﬁ&ﬁiahéh%]&f)-%zen\é%df&ayfamﬁdj@oﬂalﬁmfm[é.m{3octéner3- exanmpl e
a r p

a conpound of fornula a pharnmaceutically acceptable salt thereof.

Ot her ant i depr ey soidmdrosyamidex# sl yti c agents with which a cdk5 inhibitor
such as a+gonpound ofR)f @q4vu4iiaorb-phanyxypienspaduiongdmpr)-tetchydn-itapBearbpivlid ude
VEELLBUTRI N, SER%%WE#@FEXO?. 20 The effective anount of a SSRI in
conmbination with d ¢ inhrbitor, for exanple a conpound of fornula 1,
can general |y be det eP?d Rhaenapspticalyercentiahiespits Spgipahaies oiSRIdISPTPOHNYS: oposed
effective daily dosemnéras@endicdendis SoBlts, iintugingrbineraCOoOXM imtitithrs cand diier MM bi t or

is from about g‘ gé to %b u&setﬁg%e%%ﬁgin@&ﬂ?{. wei ght. The effective daily
amount of the CORE™S FAAS? PegERePy W1l be between about 0. 0001 to
about 10 n@pkg bodyThwesfigiire ameunt pine CPkytihied BB FIGERPIOBSOand/ or
the amount of egipielaRbrhiubiddt fdmuld NRarrRnRiin s dedimiiBybylaeetsers sl otdinam skb W d be
required on an proposed daily effective dose range for a COX-H inhibitor in combination with a cdk5 inhibitor is
| from about 0.1 to about 25 mgfkg body weight. The effective daily amount of the cdkb inhibitor
generally will be between about 0.0001 to about 10 mg/kg body weight. iIn some instances the
25  amount of COX-Il inhibitor andfor cdk3 inhibitor in the combination may be less than would be
required on an individua! basis to achieve the same desired effect in inhibiting abnormat cell
growth,
A compound of formula 1 can also be used with signal fransduction inhibitors, such as
agents that can inhibit EGFR (epidermal growth factor receptor) responses, such as EGFR
30 antibodies, EGF antibodies, and molecules that are EGFR inhibitors; VEGF (vascular
endothelial growth factor) inhibitors; and erbB2 receptor inhibitors, such as organic molecules
or antibodies that bind to the erbB2 receptor, for example, HERCEPTIN™ (Genentech, Inc. of
South San Francisco, California, USA). Such combinations are useful for treating and
preventing abnormal cell growth, including cancer, as described herein.
35 EGFR inhibitors are described in, for example in WO 95/19970 (published July 27,
1995), WO 98/14451 (published April 8, 1998), WO 98/02434 (published January 22, 1998}, and



I ndi vidual basis to achieve the sane desired effect in treating depression
or anxiety. A cdk5 inhibitor, for exanple a conpound of fornula 1, or a
pharmaceutically acceptable salt thereof, can al so be codiJsedani2085one or
nore a ntipsychotic agents, for exanple a dopam nergic agent, for the
treat nent ofYY9248des or conditions the treatnment of 30 \A@ﬂi’?“@’ﬂ,}?%&, -
effected or facilitated by altering dopaggne neurotransm ssion, such as
schi zophreni a. Exanpl es of antipsychotics with which a corrpound of the

i nvention can be conbined include ziprasi done

(5-(2-(4-(1, 2- benzi sot hi azol - 3-yl ) - 1- pi perazi nyl ) et hyl ) - 6- chl or o-

1, 3- di hydr o- 2Hyjifag Slated PREHR 5,74 458 ($3asddy 541998)] arfd3lichosnbitadedS. carPaet esad in the

5,312, 925 ol anzapi n I I iyeno

(2, 3b) (1) 5) bERFLU %{5?%%%"“}3?%‘355& éfﬁggwgf%%‘%é’%‘@%ﬁ% "ﬁ%‘m ol

5,229,382); ri mp@plpl@bﬁﬁlbéd&S[@Z? and @HEGHB 23Vab Qvfﬂm?ﬁv%w%\f@?@sﬁt% 9“ ‘\PW

FZ)I per Ihd: ni:—ﬂ et by llleﬁv Yok, ﬁsk)ettﬁeam‘rqbb@lds ZD-1839 (AstraZeneca), 3|§in-1332 (BoehﬂngerS o

nmet ri one, e

02110141  PET I”E%f 1@?1“%&"99?% é‘? shtgle, 05 4 Db aha GLRHES ferckd

(3- (4-(4-chl oropmnw@mus,yestatpn,nwwnﬂey n%é%yVRqurwr(vwreeR Resges)Apd i Efifne;
g 2 (zaE gnE S, fbﬁign thifid ) Sleraﬁgr'ﬂﬁ@'cﬁr oA, I(Ilassachtisettesl) )'tr;hese and othelr fEGFR—inh[gltmg s
- i sochr oman razi n- enzenesu Oonam ae, L.
Patent 5,877, 33 “weé?gz/’d%‘?‘ P’éﬁﬁﬁ@‘g’ﬁ?’h 2-(3- y4 (4-

fl uor Ophenyl ) 1-pi M@Zinhiyﬁo)q)ﬁmwbr)“lple SU-5416 and SU 6668 (Sugen inc. of South San

naphtho(1, Héghés% 'Ea%maeub@l o4 30 thoomHn& witted %mpo&&fmuléaO)vem 941

gU5§ 62)8. i gnE 25(nB|bs(02§ e Lﬁjﬁ?cﬁﬁ%'ﬂ P%D ea')%r% e in w%@m"ﬁ?& (p:.:bhls).l'?éld 4 955%) F(Cng

azabi cycl o( 3. erfb)dmeqmtak Bopyicaliat hQTfI)BGQIQMQZL(fHdm 3, 189Nair VP 968183 A dpublisppds,
Patent 5,475, 1Qg 1f7'1§§d) 'Wé%}sﬁ ubﬁ}sheé bé!ﬁﬁa@erblw[gag)hﬂﬂtérét&esm%h{mmmy'

1, 4- benzodi oxan %j erazl ny am e; ggggfj‘p{ﬁ St§33 142);
and gepi rone H‘?"ﬁ'ﬁ‘?%)ﬂpn 1954 ¥ 498(%’3 gﬁ?Yef“bT %6

])butyl)-2,16- ppaem B@asyadi(iesved MakciS16, ngemmuteﬁ(staﬂes@&pw@ﬁ 020Tliseued dMacahitds,
recited above | o unﬁeFﬁéé@sg;ssm 5%@733%12&&1 RGREPP, %@ﬂ \n@rggﬁwwxpubﬁsﬁé@r ence

in their entire unt t hj bi t or
general Iy will NB@““H@?%Q 9B (Peb"ﬁmé§3R“’6“b3’b}?u1991)®wf?99/7{36598&5‘§' J{j’l’ﬁ The
amount of any 0§, 1bdrs wab@isearpitisee Dembér 3s 1888008430 {(SibishettJongatys®2ed f or

use in combi naﬁég%gwqg{g%ﬁ?galﬁ@hemm Digo6) ana VRS ceftis TRb Biflec BHIARAAChoBl)

formula 1, Is nt" kKh be 15 useful for
treating pgfc hé't ¢fdvh@bﬁwncp@ﬁr§ted Pesel heir enfietiey, pprefefpiten nPBY EXPPRISSHISOME of
the antipsyc heﬁdciﬁc as@f PhibiidieuRADNie BésefiCOhanion RirdiMBeZ (Gytart Ihe of &ifdandat | on

may be |ess thﬁ?g r{g onh tréa n%%b!éergongaongp ﬁtﬂgdyvbfdblé“entla%'ﬁc 09 %ﬁiﬂ' 8XF the

same desired e epr essi on anxi dy ur t her nor e
to be under st obwneissat Celffemisy é'sjeﬁflgiqzmrﬁ |SHW’95‘F dlgozsme Wﬂh&é@’mecwp% ng a
cdk5 i nhi bi tor ColBr@ﬂo)@McﬁDmﬂoﬁ (mewim@@an@im@)f Theseriid sihér VEGF linhididré psiybelveéd c or

20 dopami n%l’sgl in ti?e;[pr}eesl;ant mven lon as éegcrfbgd I;[ethe(lan af orementioned |ist.

ErbB2 receptor inhibitors, such as GW-282974 (Glaxo Wellcome plc), and the
monoclonal antibodies AR-209 {Aronex Pharmaceuticals Inc. of The Woodiands, Texas, USA)
and 2B-~1 {Chiron), can also be combined with a compound of formula 1, for example those
indicated in WO 98/02434 (published January 22, 1998), WO 99/35146 (published July 15,

30  1999), WO 99/35132 (published July 15, 1999), WO 98/02437 (published January 22, 1998),
WO 97/13760 (published April 17, 1987), WO 95/19970 (published July 27, 1995}, United States
Patent 5,587,458 (issued December 24, 1996), and United States Patent 5,877,305 (issued
March 2, 1999), which are all hereby incorporated herein in their entireties by reference. ErbB2
receptor inhibitors useful in the present invention are also described in United States Provisional

35  Application No. 80/117,341, filed January 27, 1999, and in United States Provisional Application
No. 60/117,346, fled January 27, 1998, both of which are incorporated in their entireties herein
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A proposed amount for sonepiprazole in the above-described conbination with
a cdk5 inhibitor, for exanple a conpound of fornmula 1, is fromabout 0.005
to about 50 ng/ kg body weight of the patient per day. A Picigoden 288dunt of
RP 62203 in such conmbination is from about 0.20 to about 6 ng/ kg body

wei ght of t NP B4M4%nt per day. A proposed anpunt of NOD 9RAI/BAINE3Sch
combi nation is fromabout 0.1 to about 140 ng/kg of body weight per day. A
proposed anount of bal aperidone in such conbination is fromabout 1 to
about 100 ny/ kg body wei ght per day. A proposed anmount of flesinoxan in
such conmbi nation is fromabout 0.02 to about 1.6 ng/kg body wei ght per

day. bA propos?og ,quieg@t Lo e.ggplrécem& :hH’bit&Ué‘dmpSlﬁaﬂgIaﬁcﬁ&htﬁmndesda‘sdsrbm abtet 01h
to about 2 ng 0 In suc
conbi nati on 3C¢Y ‘g"ef"r'%ﬁ‘f Qé.gﬁ?p"%?%'iq‘?% 3150 "gg‘gg mfi,-,fﬁlp &g&wﬁéa&cl&s,g%%gg? day,
preferably frathealopounds 86 stitstangss thet mmt@@weregﬂ%ge%@ycamw Wit CoiRGUNd A

proposed amDU'Ur o 4, %pfc%r@éﬂ&ewlh%e%ké@éhtiﬁmnnatl on is from about 0.05 to
about 50 I) Jl

y, Wel 0se nt 0 Z. in such
conbi nati o | s from %95198?““’0# 8‘(’5@@ oc?:{'b% E'O”%eg wa&FDI?%eb %f"ts Jsgfﬂl ﬁ m‘%‘ﬁ‘gd ay. A
proposed anourdbnormét cell proavhi @ camser, mcbdmgq bgtmwpbllrn&mt@ rggergs qsqulpﬁ aﬂﬁ\t}@ncwg 05 to

about 10 mgl kg, hod riﬁ%br@h&sp&%@s d@h as bﬂ.ﬂaﬁcm lyn{bﬁéoﬁé\ﬁﬁ&nfd@éntlﬁﬁdﬁ &b the

af orenenti one i nat1 ons 2005 WO
02/10141 PCT/4 CL*BO&QGO‘ES@%?“"*&ﬁb‘“é'b%%ﬁh%a"f’ ﬁ'@j'rpg%}éé%‘d’e ?gﬁ‘%? ﬁmh &d fn%]g%v@»{,%,ﬁ may be
| ess than woul ihnieraseciohibitved SpexifiaICTLAtanibadiea thab eani te usedin deshirespet ipvgetiog gne

desired ef fl(? Ct, lnc!td?!e &r{ogéa&és gt?; mW&fQ&tﬁ&Pﬁ@M‘aﬁ A;:Brbatlo-m'@Oﬂ 13,64y Qﬁ?éd I@é@:anﬂi:& 0

provi des a pharnace ca nposition and method for LF 9 t}“p mer's
di sease, ni I d %‘obﬁ??l‘i"\}‘é‘ ' FeRaRoFaRdY rEfﬂFncﬁgb'tsre@F’S‘@’\s’Hwﬁ‘@bﬁ f‘iTg WRWPFAEE
conprising a daneéidedinthd pédeotinvedton. exanpl e a conpound of fornula 1, and an
acet yi chol i nest er asfo LaRbdad:Ol oAU 10 1BSSERRR 1n LNRLIG Bradlig Known

in the art, and any su acet olinesterase 1nhib C%& d in
the above- descargBa G SFVECE R ‘i“@éﬂ‘a' dbFRTBEREN oY Jrdighing WB‘E"V 5'?1‘%"'%
acet yi chol imesidainseting rabibivh tierpy b &bowaamthdart, askitesenechiiques pmken:sectmﬂar e

ARI CEPT (done%ﬁ-ﬁflzthc_sath? Eﬁhesgibff F?éré?&“Thét ﬁﬂfn\ iffdn) of h%c(&f'th‘é%&ﬁﬁgﬁhne

((S)-[ N-ethyl am no) eny carbamate); U. S. Patent
5,603, 176 and thJssnmm@tl@ﬁherapygaﬁv%wmnedﬁéf’?ﬁﬂ*t@ﬂa%r@"( (2,2,2
trichl oro-1 - hydr oxysiki nbpdia sboas eom;fmmdﬂ dliforeiuiayd, @6 taib - belhdBinidRaed: nt

2,701, 225 and U Pate&t @SR%Q(H %ﬁgl o f&ah%@r&%'"}e"s dige sgagﬁ@tcoﬂmﬁ,@ 318);

physostl gm ne n%tPn st t ACr | acridi nam ne;
U.S. Pat eng0 4, igp@rmeseyr agmqmdzqometwﬁdeqrw S@@@@’ c@r@ﬂpief °E§ X4 Ingipftarpuseiy in_ ot hy|
i dene-5, 6, 9, 10th|*5 Efspath el firfe- lﬁvdﬁ'ﬁﬁnhéfb -provided 2bdve]! adt@R Gipe lob @actaxX-h)imnitodinn- 2- (1
e oo et SRt iRl Biid 5 L MTR) B oo
5, 750, 542 and e effective amount of a COX-II inhibitor in combination with a cdk5 Inhibitor, for example a
compound of formula 1, can generally be determined by a person of ordinary skill. A proposed
25 effective dally dose range for a COX-ll inhibitor in combination with a cdk5 inhibitor is from about
0.1 to about 25 mglkg body weight. The daily effective amount of the cdk5 inhibitor generally will
he between about 0.0001 to about 10 mg/kg body weight. In some instances the amount of
COX-H inhibitor and/or the amount of cdk5 inhibitor in the combination may be less than would
be required on an individua! basis to achieve the same desired effect in treating Alzheimer's
30 disease, mild cognitive impairment, or age-related cognitive decline.
Cdk5 inhibitors, such as compounds of formula 4, can also be administered in
combination with an NK-1 receptor antagonist for treatment of depression or anxiety. An NK-
1 receptor antagonist, as recited herein, is a substance that is able o antagonize NK-1
receptors, thereby inhibiting tachykinin-mediated responses, such as responses mediated by
35 substance P. Various NK-1 receptor antagonists are known in the art, and any such NK-1
receptor antagonist can be wiilized in the present invention as described above in combination



92117475). The patents and patent applications recited above in this
paragraph are herein incorporated by reference in their entireties. The
effective amount of an acetyl cholinesterase inhibitor in3¢dapiataZP®n with
a cdk5 20 inhibitor, for exanple a conpound of formula 1, can generally be
deternined WP B4 son of ordinary skill. A proposed ef fREHIBYEIANR |y dose
range for an acetyicholinesterase inhibigor in conbination with a cdk5
inhibitor is fromabout 0.01 to about 10 ng/ kg body weight. The effective
dal |y amount of the cdk5 inhibitor generally will be between about 0.0001
to about 10 ng/kg body weight. In sone instances the anmount of

acet yl chol i nesiite b 2&@ innbrbrhiot etamala @/ compduneé o2Brmaiaol NTK-b fecemid intagistsi adr i n

the combination may,De, L;%ﬁlgleer\-@@d YL Sl '?ﬂ,cﬂé'sglé‘s%d)#bbﬁjﬂrylmdﬂQyS)dﬂlﬁbd basi s

to achi eve the sarred Intre @ Iebzag mld
cognitive i mitdtasigigot 5.852. Oﬁg@sueépaffeeﬂeréagﬁﬁ*% @ Slei2p H%‘ema\*ﬂ%a E‘r‘ ieaken
i nvention al s@aprdyi He $eddp Unkeandites Pedent 5600457 i (et iSeiaiember 15 1998); United

neuropr ot g a%%%é cﬁa‘t)ent 5 é@éﬂ%% ‘i‘.s%y%)ﬁa;rcﬁ oS, %Q%)r gﬁ\feé%@éussﬁa?em 5 840 4a8 %eguaa? nt of

Hunt i ngt on"s I'Sease, 'S rauma, traupafic
injury, multiiAveust &% 1geSteHniien StatssiA %?773é‘|§9(5‘§5r”8‘ﬂ)l‘\'|"1? qoag%qshpngea %tFt8§| s,
pain, viral indusesdasensian Amr2seiamep Usitedlshifes FratbntReB2 0de (esn¢d Aygustisgr ai ne,

&ygﬁg! ?/ncarem;s b @%Sgn Rl st éta'l% eattédngﬁé’%’m% & JH@%%%%@ Unﬂ&bl étét@J ﬁ%teﬁ?é ﬁ!z%% S,

cogni tive i npdisuadine 1@@@92); -Eited States (b’gﬁﬂttﬁ &4, 9%@3‘#9‘1@90@?\‘9@5 - s1 99@0'1"1“?‘3 obasel
degener at i @n, sHREBRIhS mgud ous‘é&dd@asenlaem oBPUGIKN SRERPateMBBtHTIT gisdiyst r ophy,

Ni emann- Pi ck %Pé{ﬁ%gl A égﬂsg 5p§un. 7SS Potl t'5%5'7 6593?3%%&%95‘ 19§7§ugécﬁ%f the

progessi ve su erosi s, acut e
scl erosing 31 folemmar‘-yszG@Iﬁnt?\/\@n@Zﬂelmeamanlﬂ'F‘EG1‘1@"'133‘?5“3“0'195 Apelf@iRe Bhal i sti s

Exanpl es of MMP&&’&E@ GE HeR enfiBiied JRRInSHS refdietice. C ARe REmptIAGs Hdscribbe ipEsas ent
i nvention include

S, 29) - 1- (4- hyd?fﬂﬁv%%B?YW)NKz‘ RSPy ATESP0 /29 ARSI ETea T e RS M opanol
(U.S. Patett FHoR3ARy, bBE)NK-t leicentaydithgo(iitls &n degibe peedipn tF9DYYEN) | and gavest enel

(U S Patent 5, 37%@3&&%%@& JNW/NN'ﬁ?e%ﬂit&ranéainégihnéo‘ﬁibﬁatiomﬁwnﬁfb €ms al so
be used in the present i nve ntl'i(‘)FP"” ;a’gescr (ﬁ tent 5, 373, 018;

U S. Patent 4 "E‘é’ﬁ“dgfle"a@"%a PRy TP ’SLe ﬁ%\?’@lﬁ‘Ff q849%. U s
Pat ent 5, 356, Y0HEvUKE. Aatoposed Bfictthe, msdosmnggﬁrzmtﬂﬁ’l rmtg?afﬁ&@'lﬁ in WD

071 23214 VD )RR \P:36/ AIRR S DS 850 Bl A IONO S/ 18793

af or ement i @ne&ﬁ%‘é\‘teé’\wg”t Shige ¢sp EW’P‘“%&%?"?'@ 5‘(“358 &i%“"%ﬁ“é‘b%g ﬁésoﬂ é‘%%’ﬁ'}'} 1?’%‘3‘@% po;rgte ed
by 10 ref er emesy welght e somesindtancastthecsnouflveNIGl frazerttoraetaghaisi apd/amtbeiamoupf oft he
cdkS i nhibitor dilﬁrfnlﬂﬁbﬁ@r |ipﬂ£’196nq|ﬂ¥aﬁo(ﬂ '?naWb& Qs@tﬂar,\w% be required on an individual basis to
* achieve the same desired effect in treating depression or anxiety.
The subject invention also provides combining a cdk5 inhibitor, such as a compound
25  of formula 1, with a 5HT,q, receptor antagonist for treatment of depression or anxiety. A 5HTyp
receptor antagonist, as recited herein, is a substance that antagonizes the 5HT,p subtype of
serotonin receptor. Any such substance can be used in the present invention as described
above in combination with a cdk5 inhibitor, for example a compound of formula 1. Substances
having 5HT,,, receptor antagonizing activity can be determined by those of ordinary skill in the
30 art. For example, 5HT,, receptor antagonists are described in WO 98/14433 {International
Publication Date April 9, 1998), WO 97/36867 (International Publication Date October 9,
1997), WO 94/21619 (International ‘Publication Date September 29, 1994); United States
Patent 5,510,350 (issued April 23, 1996); United States Patent 5,358,948 (issued October 25,
1994); and GB 2276162 A (published September 21, 1994). These 5HT,, receptor
35 antagonists, as well as others, can be used in the present invention. The aforementioned
published patent applications and patents are incorporated herein by reference in their
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receptor antagoni st generally will be between about 0.0001 to about 10
ng/ kg body wei ght. The anount of the NVDA receptor antagonist contenplated
for use in conbination with a cdk5 inhibitor, for exanpl 8taaoearp@06d of
formula 1, for treatment of any of the aforenentloned 15 di sorders, for
exanpl e Al zWQ®BEPI4 di sease, is generally within the rangBCHBOAEH about
0.02 ny/kg/day to about 10 ng/ kg/ day. th ver, in sone instances, the
anount of the NMDA antagonist and/or the anount of cdk5 inhibitor in the
conbi nati on may be | ess than would be required on an individual basis to
achieve the sane desired effect in treating said disorders. The subject

i nvention al so,prayides for conbining a cdk5 inhibitor wth certain 20

subst ances capabl e of treating a st e or tra W uch as
TPA, NIF, or pot as¥p @fetrafpaunt %ad%ﬁét) gfpagpior Fyag “'St i F&%ég%@ % 3%5/'2“"%

conbi nati ons aintabitars &f xanfiera cotnpaiad piigrmuleul, odegeewawapudeter"megév a@e@"%ﬁch as
stroke, spinal 0’8%'§ ﬁzluf aﬂ%po%fﬁ%%@é Qa:lp'iiééenran%enioﬂ E)SHTmJ re‘cé;itdafaaﬁgdmsdmrrent i a,

I , I 25
For  the. abdhe. dabaimath ecAts ORIPOR TeRarahoas 5 A pRarHE: avf vegfi T ©

conposi tions, éraeive el emblnve trarokSrithbiiafgetdndy wi bp between @bout ABOOT fr/ehewt 8n and
of the other a.%fgé bo%? gﬁt”ﬁ rleYindtfces I ﬁ-ﬁ&fhtrt@‘éH’W r&&é@t&earﬁhborm dhd?t:artﬁé skil'l

in the art, base ective am)untﬁ % nmpa ﬁg amre‘dsw ua,bed
herein and tho@r@"”ktrﬂf)vﬁ‘f"’HF'b'Hé'gg'FFWaFQS'rmF %eﬁth@rw"éfﬁ R EEIRFORR art,
for exanpl e t hgaspiguthit tikaans ddied effevt ih hextisgiepressopor angely pat ent s and patent

application, 30 I ncofhﬁoh\%bﬁ)g aﬁg ofthides J Bﬁar%éyemégl%hg&ﬁloﬁﬁr% ﬁ'n@thﬁdefér #dating

admi ni straf'?on for suc es and nposi ti ons ?%i I based on {
i nf or mati on dedaprasyieHoASKRY E\"B?"”’E%ﬁﬁ'fb%'?'f‘ﬁ’ Bﬁgksd'm?""rt é’?’?B‘P8§ RTRBF & ng a
conmpound of thﬁmhdlwenbmcpa SERIt MExampibe oB6BRN ethatgent beasmhbined limBometied on

provided for the ofhef agent ap \{llﬁ]oém%]ﬂ@[ﬂo% erQ%n?ﬁM {,(clﬂ‘npouﬁié Befintuies 1 @RAPOUNd

of formula | cBFBE"C 'C?l 0r?'tel K-3 35 using
bi ol ogi cal asstyis ph@ﬂomutwlmmsstéb'waﬂém'v?%w aé‘ik‘i‘qt I“m'feﬁ 9. ﬁ'é""ﬁﬁ"‘f" PP Ex anpl e
the assays j5 deggidifg Gnd flvoramind.1 olhenssrly ma) 66 caMbinea bd alitrilsteré0iT CorB@Ii@1 335

-46 The specifi @} ac(}éJ5 htbffor%rgéargps ng)gc{g%gu af ff)%@ll rdo a%ﬁ%m?g"?g&ge&gol@f cdk5

or c¢dk2 can, cer | oWm ng assays
using materi al saltathveséd. a@ther antideprigesgats emdfor@ﬂmhﬁ'alagenésw'ﬁ |Wh|°F| 2 infyiitor Yy y e

activities cangbg ﬁ AR b 3miing AL 68 RehAtdddt Mifninjskadd] indlude WELBUTRINM 5
phosphat e of [gg%}@ am cat. no. AH 9968) into biotinylated
peptide substr

. I n such an assay, reactions are carried out
in a bufferocont ai nThegeffedidaivhonint f -2 SSRI in combination with a cdk5 inhibitor, for example a

compound of formula 1, can generally be determined by a person of ordinary skill. A proposed
effective daily dose range for a SSRI in combination with a ¢dk5 inhibitor is from about 0.01 to
about 500 mglkg body weight. The effective daily amount of the cdk5 inhibitor generally will be
between about 0.0001 to about 10 mg/kg boéiy weight. In some instances the amount of SSR!

25  andlor the amount of cdk5 inhibitor in the combination may be less than would be required on an
individual basis to achieve the same desired effect in treating depression or anxiety.

A cdk5 inhibitor, for example a compound of formula 1, or a pharmaceutically
acceptable salt thereof, can also be combined with one or more antipsychotic agents, for
example a dopaminergic agent, for the treatment of diseases or conditions the treatment of

30 which can be effected or facilitated by altering dépamine neurotransmission, such as
schizophrenia. Examples of antipsychotics with which a compound of the invention can be
combined include ziprasidone (5-(2-(4-(1,2-benziscthiazol-3-yl}-1-piperazinyl)ethyl)-6-chioro-
1,3-dihydro-2H-indol-2-cne; U.S. Patent 4,831,031 and U.8. Patent 5,31 2,925); olanzapine (2-
methyl-4-(4-methyl-1-piperazinyl-10H-thieno  {2,3b)  (1,5)benzodiazepine; U.S  Patent

35 4,115,574 and U.S. Patent 5,229,382), risperidone (3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-
piperidinyljethyl]6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-alpyrimidin-4-one; U.8. Patent
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HCl, pH 8.0; 10mM MWCI2, 0.1 mM Na3v&4, and 1 nM DTT. The fi nal
concentration of ATP is about 0.5uM (final specific radioactivity of
4uCi /nnol), and the final concentration of substrate 0. 730Manu&®ya0bons,
initiated by the addition of either cdk5 and activator protein p25 or cdk2
10 and actig‘ﬁ?@r’“’&“}cl in E, may be carried out at roomtenﬁ%’?@“&‘ﬁ@ﬁ or about
60 mi nutes. Reactions are stopped by addjtion of 0.6 volune of buffer
containing (final concentrations): 2.5nWEDTA, 0.05%riton -X 100, 100uM
ATP, and 1.25 ng/m streptavidin coated SPA beads (Amersham cat. no.
RPNQO007). Radioactivity associated with the beads is quantified by
scintillation L{1g. T t th-1 righer nul a 1
28@&%@%&%74(};%3 Eﬁm Rfokdphény I?@Jeke ath w)mg A n—aﬁwmbw
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asda lreguft 50” ﬁet@é‘éna&ﬂouteo b1 3o éBBlmthOhgfké rbowﬂa;e[gmcomoérabunﬂmf ahy of the

r adi ol abel ed phosphate in trate, 0

sui t abl e GSK- 329BREMgReS E’E‘ETVFH'%Q?%* a?i“eg? %%d s "he @%@gﬁh e\fgth gcgéB

pepti de sequembbitorderekantk & upounief ICREB 1Dmen9ra%wﬂ1ﬁ§nwﬁtnewwn tgesld? Phed in
Wang, et al, 5 204 for%@alﬁ%%%%%,co%@nﬁgzbﬁ%r (1rL 86he) msthHttéé:[ fthee 8méaBKef3hd or  an
assay may, for exa ain nsf e man
GSK- 3[ 3 expr es&ptBpye ”&“agwﬂ%fhagm %“g?qu it"ﬁ‘ g ':r':"“glng}cm i be Z%S Wbaa u'mﬂ? pé;t al .
Current Biol Ogyeqﬁlreij&ﬁlbnﬁtﬁiw@lﬂﬂgﬁs)s to \AChi®e /IBEBOE; deMgﬁecbm trgpting dggyepsion or

Stanmbolic, et gl e? rﬁ ﬂlﬂﬂ{rrp(% o quhdlrsrtu:;a@ It GHAL drésBhil lﬁ@ntiaﬁfra%b rbn&ynpéﬁsfaﬁl’ ence.
Anot her exarrpl e o ('ES

assa simlar to the % M gg
preceding 35 ﬁ%{?‘%ﬂ'@ﬂgaﬁﬁd‘iss'“‘?@""f ¥ [e5RRRe B EPTRRns Oof ?c\ff“f‘a] Z &r 4 'Blé'ge%/me as the
i ncor por at i2on @bpamiidkdlc otheothan mmmem¢®dm [ 33P] ATP ( Amrersham cat.

No. AH 9968) into bh%t)gl?% &K% ﬂ?azaé-m S WhahelesAbka c%u%érﬂ-ﬁﬂa‘blcdks
PCT/ 1B01/ 01335 -47 ate KKL Reactions ar g N gboutls% m&kjg body

buf fer cont ai m:qﬁ@ita&d?ﬁ\ﬂxqrpql%a psmpounﬂ |qf formula 1, is from about 0.00

weight of the patient per day. A proposed amount of RP 62203 in such combination is from
about 0.20 to about 6 mg/kg body weight of the patient per day. A proposed amount of NGD 941
25  in such combination is from about 0.1 to about 140 mg/kg of body weight per day. A proposed
amount of balaperidone in such combination is from about 1 to about 100 mg/kg body weight per

a

day. A proposed amount of flesinoxan in such combination is from about 0.02 o about 1.6
ma/kg body weight per day. A proposed amount for gepirone in such combination is from about
.01 to about 2 mg/kg body weight per day. A proposed amount of L-745870 in such combination
30  is from about 0.01 to about 250 mg/kg body weight per day, preferably from about 0.05 to about
100 mg/kg body weight per day. A proposed amount of risperidone in such combination is from
about 0.05 to about 50 mg/kg body weight per day. A proposed amount of olanzapine in such
combination is from about 0.0005 to about 0.6 mg/kg body weight per day. A proposed amount
of ziprasidone in such combination is from about 0.05 to about 10 mg/kg body weight per day. In

35 some instances for each of the aforementioned combinations, however, the amount of each
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8.0; 10mv MgCl 200.1 mM Na3V04, and 1nM DTT. The final concentration of ATP
Is 0.5M (final specific radioactivity of 41C I nnol), and the final
concentration of substrate is 0.75M Reactions, initiatedlshanudig280%ition
of enzyme, are carried out at roomtenperature for about 5 60 m nutes.
Reacti ons aM® ®{184bed by addition of 0.6 volune of bufferPEEMOHPHINg (final
concentrations): 2.5nmM EDTA, 0.05%ritongX 100, 1001M ATP, and =1.25 ng/nl
streptavidin coated SPA beads (Amersham cat. No. RPNQO007). Radioactivity
associated with the beads is quantified by scintillation counting. Al of
the title conpounds of the follow ng Exanples had an 1Cra inhibiting
peptide 10 sggaﬁfﬁ%:@dnéhhiﬁ%féaﬁb{rlaﬂ&dmwﬁesi maswduldaa reabied on BOINYYidsiBSsay ed
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energeti c, € substance and s Fr‘(é’ rg}& in a freezer at all
times it is noBRiw ﬂﬁééE))‘ﬁﬁ’ﬁ'f’%B?Mﬁ?r@‘sﬁeqa@ﬂ?t@ Ms™A&%hown that it can
potential | y5 gaﬁaﬁﬂb&ymu@mm g¥)-aie); 3nd Goprzil 65, 7-dijdmiia®i(t-(pbenytiiethibhs t o

| ent | 30 n
\ljls ? n S nt hi Iy s nat ;g;? Il‘idl gﬂl)@g é{ryﬁ'gg(ii 6 Q)u% %_QJ?IF@J}QH)* & or{ée _lﬁ( tqfagé_ $ %‘1’?%%42:?{%& T'e\lbﬁls .

reaction was cOVAERY he pap@tSr?@d IPH'G""p’-’rPB'G@GDSr @C'PSrab‘?’Pé'bQIsa‘{afaGF?ph alg; efpin
cycl opentyl a,n&or}ﬁ,ra@éa@y fefcfendd mﬁerrammaﬁdazol e to afford 205 ng (75% yi el d) of

1-cycl opentyl - 4-ni t'Irhe eiJrécr\!'e amoun‘? ¥ce%/9:90$m=.\é@ra9g(nﬂigl%4ﬂ1 combination with a cdkb

20  inhibitor, for example a compound of formula 1, can generally be determined by a person of

ordinary skill. A proposed effective daily dose range for an acetylcholinesterase inhibitor in

combination with a cdk5 inhibitor is from about 0.01 to about 10 mg/kg body weight. The

effective daily amount of the cdk5 inhibitor generally will be between about 0.0001 to about 10

mg/kg body weight. In some instances the amount of acetylcholinesterase inhibitor and/or the

25  amount of cdk5 inhibitor in the combination may be less than would be required on an individual

basis to achieve the same desired effect in treating Alzheimer's disease, mild cognitive

impairment, or age-related cognitive decline.
The present invention also provides for combining a cdk5 inhibitor with
neuropratectants, for example NMDA receptor antagonists, for treatment of Huntington's
30 disease, stroke, spinal cord trauma, traumatic brain injury, muliiinfarct dementia, epilepsy,
amyotrophic lateral sclerosis, pain, viral induced dementia for example AIDS induced
dementia, migraine, hypoglycemia, urinary incontinece, brain ischemia, muitiple sclerosis,
Alzheimer’s disease, senile dementia of the Alzheimer's type, mild cognitive impairment, age-
reiated cognitive decline, emesis, corticobasal degeneration, dementia pugilistica, Down's
35  syndrome, myotonic dystrophy, Niemann-Pick disease, Pick's disease, prion disease with

tangles, progessive supranuclear palsy, lower lateral sclerosis, or subacute sclerosing



-48 PCT/1BOL/ 01335 imdazole; 1 H NVR (400 MHz, CDCI3) 6 7.77 (s, 1 H),
7.45 (s, 1 H, 449 (m 1 H, 2.25 (m 2H, 2.0-1.7 (m 6H; M (AP/Cl):
182.2 (MtH)+. Preparation 3 4-Nitro-1-cis-3-hen |-c clab&1 Janudri#420®® dazol e
h 5 This reaction was carried out using the procedure for Preparation 1

Wi th cis-3-WHBHAYPEycl obutyl amine (J. Med. Pharm Chem RQBBINMI%687- 691,
ACI EE 1981, 20, 879-880) and 1,4-dinitrgimdazole to afford 46 ng (46%,
yield) of 4 -nitro-1 -(cis-3-phenyl- cyc obutyl) 1H imdazole; 1 H NWR
(300 MHz, CDCI3) S 7.9 (s, 1 H, 7.55 (s, 1 H, 7.4-7.2 (m 5H), 4.73 (m
1H), 3.48 (m 1H), 3.12 (m 2H), 2.54 (m 2H); M5 (AP/Cl): 244 (M+H)+. 10
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chr omat ogr aphedesi Aggdrzegeteralyagie Betasdn bt GGA91 orapovt ﬂ%mgkmodaw% hihént

(20: 1 rethy| enc. 6l L in MERRR AledarsOycibh 06y £70 crilian oircd o0 N (1
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Hz, 1H) 8441 &li&deﬁl'ﬂ)r exEmBl@ AlAgimdrsiskas?, ngr—;nerally Wwijhin fie 6Rgg efdrompbeut9.0g 8. 7
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(AP/ Cl): 307. 1antqgmsﬁ-|§ndlor @;@ ARHST gk mr:rNLﬁ(orlm &}FCqUB'B'B%‘P?/ rna;'f%e less tgan \Son}d 2H); M5
1H-i mi dazol - 4- yhjreddhdn ek Be BRRRydchieRaeisanddedited Bifet ip rentieghsidalisbrogrs. Exanpl e |

was carried out w t‘ljl];e sabject mvertﬁ%?](yaIthgﬁmdeg(fo?téoﬁlbﬁﬁé Qa cdks inhibitor with certain
20  substances capable of treating a stroke or traumatic brain injury, such as TPA, NIF, or

potassium channel modulators, for example BMS-204352. Such combinations are useful for

freating neurodegenerative disorders such as stroke, spinal cord trauma, traumatic brain

injury, multiinfarct dementia, epilepsy, pain, Alzheimer's disease, and senile dementia, for
example.

25 For the above-described combination therapies and pharmaceutical compositions, the
effective amounis of the compound of the invention and of the other agent can generally be
determined by those of ordinary skill in the art, based on the effective amounts for the
compounds described herein and those known or described for the other agent known in the
art, for example the amounts described in the above-recited patents and patent application

30 incorporated herein. The formulations and routes of administration for such therapies and
compositions can be based on the information described herein for compositions and
therapies comprising a compound of the invention as the sole active agent and on information
provided for the other agent in combination therewith.

A specific compound of formula 1 can be determined to inhiblt cdk2, cdk5, or GSK-3

35  using biological assays known to those of ordinary skill in the art, for example the assays

described below.




and 1-cyclopentyl-4-nitro-1 Himdazole (Preparation 2) to prepare
N-(1-cyclopentyl-1 H imdezol-4-yl)-2-(4-nethoxy-phenyl)- acetam de in 32%
yield (26.5 ng); | HNWR (400 MHz, 35 CDCI3) 6 8.54 (s, 13H)Jangarg2008, 1
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of radiolabeld phosphate into the peplide substrate by GSK-3 activity. The reaction mixture is

washed to remove unreacted radiolabeled ATP, typically after first transferring all or a portion

of the enzyme reaction mixture to a well that contains a uniform amount of a ligand that is

capable of binding to the peptide substrate. The amount of *P or ®P remaining in each well

25 after washing is then quantified to determine the amount of radiolabeled phosphate

incorporated into the peptide substrate. Inhibition is observed as a reduction, relative to a

control, in the incorporation of radiolabeled phosphate into the peptide substrate. An example

of a suitable GSK-3 peptide substrate for an assay is the SGSG-linked CREB peptide

sequence, derived from the CREB DNA binding protein, described in Wang, et al., Anal.

30  Biochem., 220:397-402 {1994). Purified GSK-3 for an assay may, for example, be obtained

from cells transfected with a human GSK-3p expression plasmid as described in, for example

Stambolic, et al., Current Biology 6:1664-68 (1996). WO 99/65897;, Wang, et al., and

Stambolic, et al. are incorporated in their entireties herein by reference.

Another example of a GSK-3 assay, similar {o the one described in the preceding

35  paragraph is as follows: Enzyme activities are assayed as the incorporation of [33P] from

gamma phosphate of [33PJATP (Amersham, cat. No. AH-9968) into biolinylated peptide
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To a | dramvial with septa screw cap was added

(1-cyclobutyl -1 Himdazol -4-yl)- carbam c acid phenyl ester (Exanple 4, 50
my, 0.19 mmol), 5-ami noisoquinoline (30 ng, 0.21 30 mmal B] Janeary 2005

di oxane-DMF (1 nmL). The reaction m xture was heated at 70 C for 2 h. The
~reaction m MUREMMAs adsorbed onto silica get and was purPGHBAIMSS| | i ca
gel - chromat ography (40:1 chl oroform net@ganol) to afford 30 ng (52% vyi el d)
of 1 -(1 -cyclobutyl- | Himdazol-4-yl)-3- isoquinolin-5-yl-urea; 1 HNW
(400 MHz, CD3OD) 6 9.21 (d, J =1.7 Hz, | H, 8.45 (d, d =6.2 Hz, 1 H),
8.24 (d, J:75Hz 1H, 7.98 (d, J =5.4H, 1 H, 7.84 (dd, J = 2.3,
8.3 Hz, | %b&@teaﬁa@mrdml)%aaciorﬁ4re(ce:;nedtouﬂ)n a buffarzofuining SOpMYis-HELGY (m 1

H), 2523( 4 | it ¢ R dameRr y 2005
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hydr ogenat ed agonbéhtriths)H2.5mBIEDTAN.05¥iTaton < 0@ rBONNATR: Pridt IeASarp/mi giigptavidin
concentrated ip RboddR). Mabioackig aRbdiat¥BGthtiRiRadup i n
met hanol (600 n{e?(\sggbg&sgh?@%jgmm% ,ﬂp & v&as at"r)aeca{igg WII?[ h pot assi um

hydr oxi de (13. I8 queniifEd by RFHAtPN COUNNAGN t he pH 10, a solution of 1,4-

di ni troi m dazol e (4&: of tigs titid EompanTals Jof the fasﬂamiwﬁmmp(em@i ﬂL)Csullohll(tmﬂep%Hﬂ@ﬁj by

di ssol vi ng initroi V4 Bflon 4ol 1, 4-
Di ni troim a%zof"g’St?teaDhﬁfp ?ld]aho%ﬁﬁersg %Dn%%m @%egb s? ?ﬁ@?‘?’?ﬂ@e and shnggul d be

stored in a ftoel@mcetamgﬁ‘éay times it is not in use. Thernodynam c
nmeasurenents have s§Qum éhed titbtmrﬁ;ibﬂndsp@&tﬁﬁblioﬁhb Exapanive Ivatecassayed 6in GSed gy at

35 C under adiabatic condition ViLO L&e §HnicPN
shoul d be exer EPE ugipo 7 sy Fr‘% {ﬁss’tldﬁscmf%ﬂ é’a(’e%@lrﬂﬁa?eﬂha eérfesgﬂﬁﬁl ng orange

15 suspensi on W8E-3p hidess &lah gwe'doLl - S| owl y warmto 23 C overni ght. The

sol vent wasgr emve%ﬂe@olloﬂ:ﬁ&%m?muu&tr&@e tﬁﬁﬁweﬁtliﬂ&ﬂbrﬁ‘al |£itUQe Waitsrsipod, hiveset, by
passage thr ough a lar

orofor to
afford 19 g ( 4%@? }quﬂrjlonogs %l_iy(d&scﬂt?efj ﬁsrein%p%lasz%pgi in tﬁe; clalms IS J;-.(F angtFQé )as a
1:1 m xture of lifited by hadaaik siomlisyindlExEmpldR (400 MHz, CDBOD) 5 8.29 (s. |

H, 827 (s, 1 H, 7.84 (s, 1 H), 7. xAet H . 5.02 (m 1 H, 4.53 (m
114), 4.37 (m 1 H), 410 (m 1 H, 2295 (m 20 2H), 2.7 (m 2H), 2.5 (m
2H), 2.3 (m 2H); Mepargfiend ). 184 .0 (M+H)+. Step2

20 1-Cyclobutyl-4-nitro-1H-imidazole
1,4-Dinitroimidazole (237 mg, 1.5 mmol, J. Phys. Chem. 1995, 95, 5009-5015) was
added to a solution of cyclobutylamine (107 mg, 1.5 mmol) in methanal (10 mL) at 23 °C. The
reaction mixture was stirred for 16 h, then the solvent was removed in vacuo and the resulting

residue was purified by silica gel chromatography (1:1 hexanes-ethyl acetate) to afford 230
25 mg (92% yield) of 1-cyclobutyl-4-nitro-1H-imidazole; 1H NMR (400 MHz, CDCly) & 7.81 (s,
tH), 7.45 (s, 1H), 4.64 (m, 1H), 2.6 (m, éH). 2.4 (m, 2H), 2.0 (m, 2H); MS (AP/CI). 168.2
(M+H)*. Note: 1,4-Dinitroimidazole is a highly energetic, semi-stable substance and should
be stored in a freezer at all times it is not in use. Thermodynamic measurements have shown
that it can potentially generate enough energy at 35 °C under adiabatic conditions to violently
30 explode. Extreme Eaution should be exercised at all times using this material.
Preparation 2
1-Cyclopentyl-4-nitro-1H-imidazole
This reaction was carried out using the procedure for Preparation 1 with cyclopeniyl
amine and 1,4-dinitroimidazole to afford 205 mg (75% yield) of 1-cyclopentyl-4-niiro-1H-
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3-(4-nitro-imdazol -1-yl)-cycl obutanol (Preparation 4, Step 1; 4g, 22

nmmol) was treated with Et3N (7.7 nmL, 55 mmol) in nethylene chloride (150

m.) followed by p- toluenesul fonyl chloride (Tsd) (5g, 2&14angay200and

4- NN di net hyl am nopyri dine (DVAP) 25 (268 ng, 2.2 mol ). The resulting

m xture was V¥ at roomtenperature for 24 h. Anal ysi BCT/BAIOHEBH | ayer

chr emat ogr aphy showed two new spots, The,geaction m xture was diluted with

nmet hyl ene chl ori de and was washed with water (1x) and brine (1x). The

organic layer was dried (MgSO4), filtered, and concentrated in vacuo.

Purification by si I ica gel chromat ography (1:1 to 21 hexanes-et hyl

acetate) allowed. ﬁr(%%)lwe éﬁ‘,o,t)@g 7% (N9, 2drds,aHs 49b @R t1en, @2ewh2H),30 The

first spot to e 39 e;rans I somer,

trans-tol uene- %Q'éﬁl(ff' Hﬂgﬂséﬁp ')313(2>$(W| Wr-0- i midazol -1-yl)-cycl obuty | ester

(2.7 g, 37%vyi el d) %rd’um(mo MHz, CDCI3) 8 7.79 (s, 1H, 7.77 (m 2H),
7.44 (d, J = 1.7 Hz, lob _m,,,gida,_%,eOHz 2H), 5.034 (m 1 H),

4.94 (m 1 H, 2. 1 %{ 338..1 gl\/Hr The

second spot5to el utT@isygactiohwes gqrded b Hshg e %’-?%‘I"ﬁé LrAPAPY 4t

3- (4- ni tro-i m ghamycdbuyitainine Gy aleoltayh. GretclB6q, 2, B7G1; FPUEIMRY;i 26| 879880 H NVR

e L iy b o
OH). 2.45 (s, BidprolayBHNMRIGAMHE CRRYES (62‘ G845, BT AR §Fh 445 (""51

(AP/ Cl) 1 338. 11hMekddh, 115763, Bl(nVes) cosafingaralis @peimessmeey.er m ned by the
measur enent _ of nuc! ear Q/er hauser effects. St. . e 3

t rans- Tol uéhe- 4- sul acid 3-(4-nitro-im dazol "1- yl')-cyclobutyl ester
(Preparation 4, 5 Mtlegycbutyioti-imigazal-dnd-2hatinolindykagefapige with 10% Pd on
carbon (500 n’g) in gt lePaﬁC@d%b&a{l&O botﬂé—)wasTE&jem X—Eytromtyla&niohﬂnmrdemmt ed

under 50 psi HZ at roomte rature fo tur |
t hrough cel i te(Pr‘?‘f‘P@t’%%F‘%?rfg‘{) g?l"@'&?l)faf'%gt&y] %?‘I( Oﬁo d%ﬁémé" o}r]nc %r&{)gen

at nosphere. Et @bD (). 22hameactién Mituramwds) placsd on adape@vﬂregqnémoppwaws and was

1- ht hyl t .
anﬂf}gn e ?ﬁe Fe%f_éocf'i@(nﬁz%éso H, ézﬂ%ﬂﬂ%% ﬂ@&hﬁerbbﬁé@&anmw&@ma shrt

solUtion in eth ’K]}{;gjf 3 e}’ﬂ
m xture was st PadE@elia andowns f‘@ﬁ‘bé’fﬂhf"éir“?t'%@?e Fhkﬁ'd%ﬁa A ﬁnq%r?rf dt'et WI th
ethyl acetate aier WegeWRNGELEWLI45 mabipwasaridedani the reafiive saiutigawbccdogy tor- was
dried (MySO4), %ﬁ?% dﬁSLLAo yggﬁq’g aci gg? %% &HH&f%rﬁdﬁgpﬂo@ph\S?Q YhydribBgsdoesul ti ng

resi due was pur) ronma
chl or of or m net héﬁbﬂf’)‘m%“ eth 6‘?98“ erEr\*&n @9"2%39‘? e g ”E?fwaP piifred & PP R AR 2-
sul fonic aghd Pnd chufiatr We%mmébadmnne‘thy)me ald@idy ksamilnedd washed with water (2x). The

-7 i r8n5d?rzn ol -2 :—6 yl %q Cé_,C' ngelfI j@é e%\?sg%égxtﬁ%&}@&%@%&%d tﬁfﬁﬂm %y&'s QI-AQ:(J” :ng)
(m 2H), 7.04 qunblqed p{)d wagheygwithrprine (1K) Thg sqignt wgs rpmcpﬂad .-nzfaqt.w( ‘Sﬁa I‘%Iq)la 35 44 (s,
3H); M adsorbed onto silica gel and chromatographed using the Biotage Flash 12 system with SIM
attachment (40:1 methylene chioride — methanol) to afford 130 mg (47% vield) of N-(1-
25  cyclobutyl-1H-imidazol-4-yl)-2-quinolin-6-yi-acetamide (the title compound), 1H NMR (300
MHz, CDCl,) 5 9.48 (s, 1H), 8.87 (dd, J = 1.6, 4.3 Hz, 1H), 8.11 (m, 2H), 7.76 (d, /= 1.8 Hz,
1H), 7.67 {dd, J = 2.0, 8.7 Hz, 1H), 7.44 (d, J = 1.6 Hz, 1H), 7.38 (m, 1H), 7.25 (d, J = 1.6 Hz,
1H), 4.5 {m, 1H), 3.90 {s, 2H), 2.4 {m, 2H), 2.3 (m, 2H), 1.85 (m, 2H); MS {AP/CI): 307.1
{(M+H)*,
30 Example 2
N-(1-Cyclopentyl-1H-imidazol-4-yl)-2-{4-methoxy-phenyl}-acetamide

The procedure for Example 1 was carried out with para-methoxy-phenylacetic acid
and 1-cyclopentyl-4-nitro-1H-imidazole (Preparation 2) to prepare N-(1-cyclopentyl-1H-
imidazol-4-yl)-2-{4-methoxy-phenyl)}-acetamide in 32% yield (26.5 mg); 1H NMR (400 MHz,

35 CDCly) & 8.54 (s, 1H), 7.35 (s, 1H), 7.24 (m, 2H), 6.87 (d, J = 1.7 Hz), 4.36 (m, 1H)}, 3.78 (s,
3H), 3.64 (s, 2H), 2.1 {m, 2H), 1.8 (m, 4H), 1.6 (m, 2H); MS (AP/CI): 300.3 (M+H)". '



(APICl): 476.2 (MrH)+. Step 4 trans-Tol uene-4-sulfonic acid

3-[4-(2-napht hal en- 1-yl -acetyl am no) -i m dazol -1 -yll- 20 cycl obutyl ester
(Preparation 4, Step 3; 593 ng, 1.25 mmol) was m xed wi t h33cdnuary 280%e
(813 ny, 12.5 mmol) in ethanol (15 nmL), water (5 nlL), and chloroform (5
m.). The ni MAUREM4as then heated at refiux wth stirri nmRCHHILBEIH. The
solvent was renoved In vacuo and the reg.due was diluted with water and
was extracted with nethyl ene chloride. The organic |layer was dried (MSO
met hanol ) afforded 340 ng (79%yield) of N-[1-(cis-3-azido- cyclobutyl)-1
H i m dazol - 4-yl ] - 2- napht hal en-1-yl -acetamde; | H NWVR (400 MHz, CDCl3) 8
8.41 (s, | H, 7. 2%l : 1H) 787(m 1H) 7.82 (m | H,
7.5 (m 2H) 7.45 C ‘

(m I H, 2.85 (m - ...t
6 N 1-cis- 3- Ani noTe MPQ?B‘H#“W xamPHJiWﬁS&%EE?ﬂ °“hw‘thlﬁ‘q”2'°’y'ﬁ%”° o dpftep-1-
| -ac eLarrP fle Nm.l': ﬂ-pﬁéﬁiwosutwu Hiﬁndémé @Riptiptfion 3lto brepark de{ﬁrs-%sfP"vl-cvc‘ObU‘V‘) |
2- napht hal en- 1- ra y { an
water (1 md 4 a’@"‘I m“%‘"\] 'Ylé'ﬁe?/\%se és)l{a Bﬂry'e@ WN@? (§6"tpmﬂ9 Cﬁefgtat?? e for
18 h. The sol \mntH)umz (e Pt B2 (dnJ 7 Uz, Al 77 hen. r@bmt‘rﬁu(qad ﬂ%ﬁﬂdé Vidd

purified by sijj 9a4geé4ggr1g§r&t3@_grzgm)5[-|§ AB7 Irh,QHR 3.96 (s, 2H), 3.33 (m, 1H), 2.95 (m,

chl oroformnet hanol é@u éQ% ﬁ(%’ to 31 January 2005 WO 02/10141 PCT
/18O /01335 - PIPPGPeE 59 yb;} )d) of N-[1-(cis-3-am no-cyclobutyl)
-1 Himdazol - 4- yEkam@eledpht hal en-| - -acetamde; 1 H NWR (400 MHz,

CD30D) 8 §, 05 (d, |§a?b4ndcaoid Qstge, 11-11), 7.79 (d,

3.0 (m iy b 1& Py Mideenaslny pofie, wasi prarogh i ysbilhi b o 01 21

(MtH) +. 5 Exa(mbaatﬁm &gl\/latmmdlyand et meetat®(70 mefelioled by 164 R eriogebgo (1R P~ na
hthal en-1- 1-3¢€la mtroé)eg J%{%?ez %%J'ngtuge wds hgrclr@gﬁ'ated]f%r 6 Und& 5{9‘|p§ el éﬂzﬁ e of

6- nethylplcollnlc I'n et hyl ene ¢! or i was
treated with 1TheZubdireiven 'aﬁ*iefﬂﬁﬁ?felﬂg'ﬂf) pag_of eelite Whigh Y fnFRC et H‘Vd?‘ "8ride
(84 ng) angs I:mvﬂﬁl:l’de A4d ld M@ ) nahe-dad @askAfl‘heEfesmﬁttng soliutivg wee cooled tei-78, °C and

N-[1-(cis-3-am 00 gé’tr?y'éagw'?n‘étéé% é%h# ﬁ%he#fﬁ%&g%f‘tﬂg'ﬁ“ﬂ@k@%&fﬁ'of

acet am de (Exa resutln% m Xt ure
was then sti rrléldnyfcblpm@fmﬁte (‘@étgeiﬁ Aol FEER0 it &elgnal {3 Bl CORRINMARTECTE! 1 al

with aqueous MNgGhdAnehs\iRBede Xtheasdchsh Mikia vk ihsiawes iah @epaldiey tngmnias | ayer
was dried  ( Wﬁ%& (mitl'}c tletll'u;i (aage?agé (200 mL), and was washed with water (2x). The aqueous layers
20  were exiracted with ethyl acetate (2x10 mL). The organic layers were combined, were
washed with brine {2x), and were then dried (MgS0,), filtered, and concentrated in vacuo.
The crude product was adsorbed onto silica gel and was purified by silica gel chrematography
(1:1 hexanes-ethyl acetate) o afford 3 g (65% yield) of {(1-cyclobutyl-1H-imidazol-4-yl)-
carbamic acid pheny! ester; 1H NMR (400 MHz, CDCls) & 7.4-7.3 (m, 2H), 7.22-7.18 (m, 3H)},
25 4.5 (m, 1H), 2.46-2.30 (m, 4H), 1.83 (m, 2H); MS (AP/CI): 258.2 (M+H)".
Example 5 '
1-{1-Cyclobutyl-1H-imidazol-4-yl)-3-isoquinolin-5-yl-urea
To a 1 dram vial with septa screw cap was added (1-cyclobutyl-1H-imidazol-4-yl)-
carbamic acid phenyl ester (Example 4, 50 mg, 0.19 mmol), S5-aminoisoquinofine (30 mg, 0.21
30  mmot), and 1:1 dioxane-DMF {1 mL). The reaction mixture was heated at 70 °C for 2 h. The

reaction mibdure was adsorbed onto silica gel and was purified by silica gel chromatography
{40:1 chioroform-methanol) to afford 30 mg (52% vield) of 1-(1-cyclobutyl-1H-imidazol-4-yl)-3-
isoquinolin-5-yi-urea; 1H NMR (400 MHz, CD,0OD} § 9.21 (d, 4 = 1.7 Hz, 1H), 845 (d, J=6.2
Hz, 1H), 8.24 (d, J = 7.5 Hz, 1H), 7.98 (d, J = 5.4 Hz, 1H), 7.84 {dd, J = 2.3, 8.3 Hz, 1H), 7.66

35  (m, 1K), 7.54 (s, iH), 7.12 (brs, 1H), 4.66 (m, 1H), 2.5-2.3 (m, 4H), 1.9 (m, 2H); MS (AP/CI):
308.0 (M+H)".



and concentrated in vacuo. Purification by silica gel chromatograph 20 :
1 CHC13 - MeCH) 15 gave 26ng(95%yie|d§/ of ° graphy (20
6- net hyl - pyri di ne- 2-car boxylic acid {3-[4-(2-naphthal en- 1-3flJanuary 2005
acetyl am no -|mdazol-l-yl]-cyclobutyl }-am de; 1H NWR (400 WMHz, CDCI 3)
9.15 (s, IHMO®/WYBL (d, J 8.3 H, 1 H, 801 (d J=¢( ,BCPEWIQ’BW, 6
(d.-J =7.5H, 1H, 7.97 (d, J 7.5 H.sd H . 7.81 (dd- J' '“l%z
Il H, 7272 (m I H, 7.5 (m 5H, 72(m|H),716(s|H),445(m
IH , 4.25 (m IH, 4.18 (s, 21-1), 2.98 (m 2H), 2.60 (s; 3H), 2.40 (m
2H); M5 ( AP/Cl): 440.3 20 (MrH)+. Exanple 7b I H-|m dazol e-4-carboxylic
aci d cis-3-4-2- nahtfhadapifiod 4i - ace | am no - imdazol -1 yl]-cyclobutyl }-am de

The title conpound Was_prepared. .anal.aqo Q n 400
Mz 25 CD301D) g ; ||‘h‘1‘;rja¥olx4 l% h@lez?—@qldceﬂiha-NgOR Ed ] -

7.5 Hz, 1 H, 7. (H) 764(5 I'H, 7.5 (m 6H), 4.44 (m 1 H),
4.32 (m 1H, 4 18 denzyloXdyciobtyRirfn@ (4244, 248 .rétiol, ( Ohen® Efpr; 1847, 94, Amm4)32) 415.3

(MHH) +.  EX
hhal on- 1§ - SRl e yBfasSrisfle kg apli e, spdgo th e

corrpound was ptiapursadderh Jhemistes Weshyireogaatgs abSoRst Hapg SvRD %%H e Mterdnz on)
5 8.02 (d, J =af4 Bnddhiratdd ifYacud toGve (cﬁl 35@1 ofar/oid The pil WasHpikenip ngm(“@"f’flﬁﬂe 7.5

gz7l| (I;) , J7_egmg)sﬁ?s C?O% 6,89 égtas(smn @a‘)ox|dg(1:h4 %Qﬁ§mrﬂot)H)

(m 2H) . 2.5 (Whefteai¥ 10, rasol@tm/oc 5—dmvtr<zml£azslemﬂrg 270 @@'E&Z giFprne @8"
\rl;'iguar y220 b\/\QréBZJeJQ,TLf}éso|vﬁ%§FI4l-mﬂdrma&a5 in thethadabl 4t O ) was faddeB.3 (tdvet B | -
| ne car O)é@ tr&'F‘iﬁ‘B%??e 'f a hﬁl?l%i 8neﬁ;]e£c selini Qébﬁaéﬁgalll 8 Jnd as%&ll(! aénsfa@d in a

I m dazol - I e conpound was prepared
anal ogousl y t ofrésramgblaitinies; it i FotNIVRse- (mwnamemeaweng hgvegiopy thayit cany o

% '5_0 H28 06 ( d, 9clen't'al §ne|ﬁe er‘cu%‘) energy 3¢35 €, under-ad@beﬁc kbhditibnsH) yviolghti@@xpfaie. J = 5

1 H, 4. 17 ( S Eﬁﬁ)’"e c?uhgl? shoelﬁlbefigﬁrmseé ag%lf ttrnes u§1hﬂn1hlsik%é€aﬂ %he( IE%U“[;]I% E?ar(tgAeP/ :é I § m
440.3 (MrHp5. Exasploewdethé dlowddde slowlBwarinia 25 °§m¢r@ght4ﬂaea§°!ye'3$ wps @maeel @ ci s- 3-
4- 2- na hthal %EUJJ ancl fhe resulting residue was purified by passage through a large plug of silica gel

{20:1 chioroform-methanol) to afford 19 g (42% yield) of 3-(4-nitro-imidazol-1-yl)-cyclobutanol
as & 1:1 mixture of cis-trans isomers; 1H NMR (400 MHz, CD,0D) 5 8.29 (s, 1H), 8.27 (s, 1H),
7.84 (s, 1H), 7.81 (s, 1H), 5.02 (m, 1H), 4.53 (m, 1H), 4.37 (m, 1H), 4.10 (m, 1H), 2.85 (m,
20  2H), 2.7 (m, 2H), 2.5 (m, 2H), 2.3 (m, 2H); MS (AP/CI): 184.0 (M+H)".
Step2
3-(4-nitro-imidazol-1-yl)-cyclobutanol (Preparation 4, Step 1; 4g, 22 mmol) was
treated with Et;N (7.7 mL, 55 mmol) in methylene chioride (150 mL) followed by p-
toluenesulfony! chioride (TsCl) (5g, 26.4 mmol) and 4-N,N-dimethylaminopyridine (DMAP)
25 (268 mg, 2.2 mmol). The resulting mixture was stirred at room temperature for 24 h. Analysis

8
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by thin iayer chromatography showed two new spots. The reaction mixiure was diluted with
methylene chioride and was washed with water (1x) and brine (1x). The organic layer was
dried (MgS0,), filtered, and concenfrated in vacuo. Purification by silica gel chromatography
(1:1 to 2:1 hexanes-ethyl acetate) allowed for separation of the frans and cis diastereomers,
30 The first spot to elute (high Rf) was the trans-isomer, frans-toluene-4-sulfonic acid 3-{4-nitro-
imidazol-1-yl)-cyclobutyl ester (2.7 g, 37% yield); 1H NMR (400 MHz, CDCly) 8 7.79 (s, 1H),
7.77 {m, 2H), 7.44 {d, J = 1.7 Hz, 1H), 7.36 (dd, J = 0.5, 8.0 Hz, 2H), 5.034 (m, 1H), 4.94 (m,
1H), 2.9 {m, 2H), 2.7 {m, 2H); MS (AP/CI): 338.1 (M+H)". The second spot io elute was the
cis-isomer, cis-toluene-4-sulfonic acid 3-(4-nitro-imidazol-1-yl)-cyclobutyl ester (2.9 g, 38%
35  vyield); 1H NMR (400 MHz, CDCI,) & 7.8 (m, 3H), 7.43 (d, J = 1.4 Hz, 1H}, 7.36 {dd, J = 0.6,
8.5 Hz, 2H), 4.74 (m, 1H), 4.30 (m, 1H), 3.05 (m, 2H), 2.6-2.5 (m, 2H), 245 (s, 3H); MS
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acetyl am no)-imdazol-1-yl] -cyclo butyl} am de 10 The title corrpound was
prepared anal ogously to Exarrpl e 7a; | H NWR (400 MHz, CD30D) 9.21

2.5 Hz, 8.61 (d, J 5.0 Hz, 1H), 8.41 (dd, J:1.$,1 ngarmi,oi H),
8. 26 (s @806sz79HzIH),7.86(d,J:7.5Hz,1H),7.79
(d, 3 =7.9 92/1914I‘-I) (m 7H) 4.44 (m 2H), 4.17 (SPCERPLOEEYH (m
2H); 2.6 (m 2H); M5 (APICl): 509.3 (MrHyt. Exanple 7f 15 6 cis-3- 4- 2-Na
hthal en-1- |- acet lanino .inidazol-1- | -c clobul carbano 1 - nicotinic

acid nmethyl ester The title conmpound was prepared anal ogously to Exanpl e

7a; 1H NMR (400 MHz, CD30D 1 CDC13) 8 9.15 (d, J = 1.6 Hz, 1 H), 9.12 (d,
J = 8.0 Hz, 1 {dpiciy8-38B.1((Makiy.J Rélaﬂ/e(bpmﬁurétiohﬁ wereldetdymindi, 1y6th¢ cheashremest @ Hz, 1
H),802(dJ 7.85 (d, J =8.0H, 1H), 7.80(d, J =7.8
20 H, Qt’ﬁ’e?rr%"e'gfz—ﬁweﬁ% (m 2H), 3.96 (s, 3H), 2.94 (m 2H), 2.58
(m 2H) IVB (AP/ Cl Step:84. 3 (M+H) +. Exanple 7g P azine-2- carboxylic acid
Cl ﬁ 4. 2- na ht hglsgetokrend-d4-c@emé adidd4n@ro-imidi0Rzg])-cytiobuyl ¢ster Yrodmalation4.} am de
25 T

titl e conpoupdl was, prenared analonausl v LR RTHsEn Ly bbb (400
M, | CDBOL)  Sebpw g 17p i) vy Bl g R0 do copbor TR §
(d, J = 2.4 ﬁ Hzml)l The mgigre@@s(r@n reagted-unglerd0 pgi I—[gfaq.qgom?)tfmpﬁraturg fo55 h( 'dl'he ljlxtu e8 4 Hz

1 H, 7.85 (d, ya fiteRdOtnida h Lot into! a ARmb-dried] flask SvHithHaas RepHunder %2 4Bodem 6H)

4.44 (m 2H), 2 Psé’héfﬁ Rf'f 1 %ZZ%L ? Z% o%KrPas aded SolbiRd 1 napMR1dcAe! Gl ) 326427 3

(MrH) +. 30 Exafl

apht hal es- 1- y| maclet5yhraati mlld)tnnrqwimmomqa'y\hrq'ﬂde;ﬁﬂ gbut-7 Msslyborrir syl PR t | e
gogpggm(jd\l\@? P %3%@9 PahiQGe WSS Mirk® e irBerdie fbr +h MdRvas4kia dhdtiny Wltthgoa)z
1 H), 7.80 (J eih)é i°e?é%ﬂ‘élj%ﬁsiﬁ6§8v@1 82‘?&?5‘5!}1"9 Bé?/"f 9@@ aé%é%g d"%i"'@scf‘)

2H), 7.45 (m 8hdfiterdd, 4Td Wag cohcelyateddin 8qtu¢. nhedresufting zpsigdiqe was purifieg by ghcggel( m
2H), 2.47 (m a’l_g ogMﬁuﬂ @E‘A gllllarofoﬁ]rzéetganﬁl Hkdrd ebix ﬁ:@r#z% ﬁ&d)@f Mplslollene-#azi ne

mat
-2-carbox tic aCId’ﬂCIS- -

i mi dazol -1-yl| squ%q aﬂqu’s [4-‘2—naa|i1ﬁ|a&eé| 1—yr!]-ace% !I‘IOJ—II‘I’IIdEIZOl ?—yﬁ’\cyclogurtgl %&er 115-l NMR
15 - (400 MHz, CDCl,) & 7.8 (m, 2H), 7.85 {m, 2H), 7.76 (d, J = 8.3 Hz, 2H), 7.48 (m, 2H), 7.42 {m,
2H), 7.33 (m, 2H), 7.04 (s, 1H), 4.96 (m, 1H), 4.73 (m, 1H), 2.7 (m, 4H), 2.44 (s, 3H); MS
(APICY): 476.2 (M+H)+.
Step4
trans-Toluene-4-sulfonic  acid  3-[4-(2-naphthalen-1-yl-acetylamino)-imidazo!-1-yil-
20  cyciobutyl ester (Preparation 4, Step 3; 593 mg, 1.25 mmol) was mixed with sodium azide
(813 mg, 12.5 mmol) in ethano! (15 mL), water (5 mL), and chioroform (5 mL). The mixture
was then heated at reflux with stirring for 96 h. The solvent was removed in vacuo and the
residue was diluted with water and was exiracted with methylene chloride. The organic layer
was dried (MgSOQ,), filtered, and was concenirated in vacuo. Purification by silica gel
25  chromatography (50:1 chloroform-methanol) afforded 340 mg (79% yield) of N-[1-(cis-3-azido-
cyclobutyl)-1H-imidazol-4-yi}-2-naphthaten-1-yl-acetamide; 1H NMR (400 MHz, CDCl,) & 8.41
(s, 1H), 7.98 (d, J = 6.4 Hz, 1H), 7.87 (m, 1H), 7.82 (m, 1H), 7.5 (m, 2H), 7.45 {m, 3H), 7.08
{d, J= 1.7 Hz, 1H), 4.2 (m, 3H), 3.75 (m, 1H), 2.85 (m, 2H), 2.35 (m, 2H); MS (AP/CI): 347.2
{M+H)+.
30 Example 6
. N-[1-(cis-3-Amino-cyclebutyl)-1H-imidazol-4-yl}-2-naphthalen-1-yi-acetamide
N-[1-(cis-3-azido-cyclobutyl}-1H-imidazol-4-yi]-2-naphthalen-1-yi-acetamide

{Preparation 4, Step 4; 330 mg, 0.85 mmal) was freated with friphenylphosphine {301 mg,
1.15 mmol) in tetrahydrofuran (10 mL) and water (1 mL) at 23 °C. The solution was stifred at
35 room temperature for 18 h. The solvent was removed in vacuo and the resulting residue was
purified by silica get chromatography (20:1:0.5 chloroform-methanol-ammonium hydroxide) to
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The title.conpound was prepared anal ogously to Exarrpl e 7a; 1H NWVR (400 MHz,
Cbh3oD) 8 9.07 (d, J =1.2 Hz, 1 H, 85 (d, J =0.8H, 1H, 802(d J-=
8.0 H, 1 H, 7.85(d, J =7.6 Hz, 1 H, 7.79 (d J = 7. 81Hanuarydf05 7. 45
(m 6H, 4.40 (m 2H), 4.16 (s, 2H, 2.93 (m 2H), 2.61 (s, 3H), 2.54 (m
2H); M5 (APWQO2/10441 3 (M+H)+. 10 Examie T N cis-3- 4- 2PCINEBONONA en- 1-
1-ace! lamno -imdazol-1- | -c clobu | g isobut ramde The title
conpound was prepared anal ogously to Exanple 7a; 1H NWMR (400 MHz, CD3Q0D)
58.01 (d, J =7.9 Hz, 1H, 7.84 (d, J =7.5Hz, 1 H, 7.78 (d, J =7.5
Hz, | H, 7.45 (m 15 6H), 4.35 (m 11H), 4.15 (s, 2H), 4.11 (m 2H), 2.84
(m 2H), 2.35 f43)q 2bd n@(%% y@ﬁ) G- {1Qé'ﬂ-3-arﬁxn61@clo6Ldyl)-ﬂ-l—lmldﬁzoﬁ4 -HE2-ndhihalenvs

AP/ Cl): 391.1 d
Crer 5 s, o natheraEine, 1T RMR eg o 6 5 0 JL B RE nf TRRIIE e A6
20 The title conp@unds.ndiz, P e aisHTaI0g0HS 426t TS & 21k 3.2 (*HNQ/R (400

Mz, CD3CD 7 = 7.5 Hz, | H), 7.94
(m 1H), 7)833%1‘9“ 3'4)%55]‘5' 2'1)291{{“;2”1“&@)(”’& 85%1%@2“7% 9°Hz, 1 H), I7_|)61 (d, J

= 7.1 Hz, 15H), Me,_iH),75(m5H) 445(m1H) 4.39 (m | H),
4.18 (s, 2H), 2. 89 g-Mathy idyridide-B8arboryli@ Hicid NEIs{3AR{ AP 1 5bagetyls
N-[1-(cis-3- an? =G folis l-:'ﬁ'rdem dazol 4-yl]-2-napht hal en 1-
yl - acet am de car bOXé ic aci.ds % ﬁpﬁcﬁqﬁ'a%
purification was c“a?‘}“it'é’ai“fo‘?l’ﬁ’eta%??i"ﬂﬁ?@(tgé e 8:0f SRV METBFELGUT " To t he
carboxyl i c aci geatddRER]B-dihetryiaminoprop)-Bétbylaarootiijnidernydrodiiozdn (&€ melend VAR al s

e o

met hyl ene 30 chepbihélenat-ylBceinyide aample Ry @@Pwﬁmfﬂoﬁa%a@q&f’g%ﬁ”'ﬂ S ogi es,
Oh5keqU| v, 39 \g%;b thEh g@,ﬁd FOFTEOA., Waﬁ‘eﬂwﬁg écgbd WasSschditedas mixde meutdl witie aqueeuse
shaken at 23 C 24 t.he t ne
chloride, N, N4 ?Wﬁsoﬁx{%ﬁﬁ%dv oy, aga?’r? he g@a ICA%% P‘Lé%rg% rJﬂ;rs gsgch?ét)eﬁ

m xture was tramsoeentatedi vasuaetuidationdy shitaore ehorapompiv (29 * 1 gHE: 3MRPHISPE

cartridge (20 gd¥iCisOR f(bs%)yléfu)td? Emdtdl-Sidite-lEaboxylicadoid (3-j8-(d-teptthaleol-yent .
The sol vent was orcegl

the frit, 3 W th
THE (0.5 nl), ﬁ@wﬁm‘"@h‘é’“d@?ﬂ'ég'ﬂ E?’é“’?‘tiy‘]?“}ﬂ?)ﬁ*%‘%@W&%’mﬁf\q@ghy@ %005 VO
02/ 10141 PCT/ | BQLF83B3B51H), 561 @nt= N HayIHaTe6dh | or 156z, (16), 3-9%19, / 7- SHze TH).
sol ut ! ons ver ey EPpﬁefﬂ Eatééaynﬁzw(ﬁtmam & 59%&5%63% Bftds g, 45Ut
progucts were ?Q)azt 5 (m, 1H], 4.18 (s, 2H), 2.98 (m, 2H), 280 {5, 3, me BE RS RUBTTE Wi

20 (MeH)+.

Example 7b
1H-Imidazole-4-carboxylic acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-

imidazol-1-yl]l-cyclobutyl}-amide
The title compound was prepared analogousiy to Example 7a; 1H NMR (400 MHz,
25 CD30D)58.06 (d, /= 7.9 Hz, 1H), 7.87 (m, 1H), 7.80 {d, J = 7.5 Hz, 1H), 7.7 (s, 1H), 7.64 (s,
' 1H), 7.5 (m, 6H), 4.44 (m, 1H), 4.32 (m, iH), 4.18 (s, 2H), 2.9 (m, 2H), 2.45 (m, 2H); MS
(AP/CI): 415.3 (M+H)+.
Example 7c
6-Hydroxy-pyridine-2-carboxylic acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino}-
30  imidazol-1-yl}-cyclobutyl}-amide
The title compound was prepared analogously to Example 7a; 1H NMR (400 MHz,
CD30D) § 8.02 (d, J = 7.9 Hz, 1H), 7.84 (d, J =7.9 Hz, 1H), 7.79 (d, /= 7.5 Hz, 1H), 7.65 (s,
1H), 7.80 (m, 1H), 7.45 (m, 6H), 7.14 (brs, 1H), 6.71 (d, J = 8.7 Hz, 1H), 4.4 (m, 1H), 4.32 (m,
1H), 4.17 (s, 2H), 2.93 (m, 2H), 2.5 (m, 2H); MS (AP/CI): 442.3 (M+H)+.

35 Example 7d
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C18, 5 uM flow=21.0 mMmimn ; solvent system A = 0.1 %aqueous TFA, B =
acetonitrile; linear gradient of 10-100% B over 10 mn). If the desired
parent ion (M:H) was observed, the crude 5 reaction m xturdd Jaasay@oP$i ed by
preparative HPLC (Colum: 30 x 150 mm Waters Symretry C, g 5uM flow = 20
mJm n; sol va¥10289¥¥tem A = 0. 1% aqueous TFA, B = acet oni  PET/BINBEear | |
gr adi ent of 0-100% B over 15 min) with the appropriate fractions det er m ned
by an in-line mass spectroneter. The purity of the c hronat ographed
conpound was determ ned by analytic HPLC (Columm: 2.1 x 150 mm Waters
Symmetry C,g 5 uM Flow 0.5 nUmin; solvent 10 system A = 0.1% aqueous
TFA; B = acetonitrihRinhh : : QyHate ;
254 nM and di ode arT oW ng corrpounds wer e prepared
by the above- dBSEFY DR CHRELH Their mass spectral data and

chromat ogr aphic r etrlamﬂltne@ommqumbmsareearbfi snelogously totixpmale 1a; 1HRMRICR3@R, 400

Qui nol i ne- 2- C%ng%{!;%@ fcig r{;ﬁh—ﬁa%ek J(:%ﬂ?z hJ)h;eére(a - /=4 HaGR), ysa, ne) - 15
i m dazol -1-yl]-¢yc t

h r d
TSRS I sl R e S e o
-anm de Exanpl qm8gH), 2%4{(6,i35, 246 4n, 28); MSGAR/OI| 4403 IMH)+.

| -acetyl am no)-lm%%rg s ts YP- cyclobutyl} 2- mtolyi-acetam de 20 Exanple
8d: Pyridine- carbo'xyllf’—rr h| {CIS 3- [|4 (2- nahth :

acet yl ani no) - i m d&Ryridip=3g e ge 2=t
phenyl)-N-(ci Sac&y[aﬂm(o?-rrmaﬂat-hﬁ] @mobutyl}-aaawet yI ami no) i m dazol 1-yl]
-cycl obut yj| C?\/Hacet am gﬂ T&%Jg?ungrw&%?reﬁﬂﬁnﬁ gﬁgig%lg;aﬁmle%sgtp NRIRgaocRakgNt | on

Ti mes, and Ss Spec I mes r’r(p ?fa ;h 1@@ B?ELC m n
LCMB min M+H @Om @smd 79 268, 1), %%(%Jgﬁoﬁzgﬁ*maﬁﬂ 9d. g5 1 45 453. 2
8d 6.84 6.68 4(264#808@ G=7® He, 15, 746%d, 2 =35 HEat)ar.3e (20057 .94, (d) 23 o TH),

PCTI1 BOL101335, 2,98, S 5PR @1452.9%m, 2H), 2.6 (m, 2H); MS (AP/GI): 509.3 (M+H)*.

Example 7f
15 6-{cis-3-[4-(2-Naphthalen-1-yi-acetylamino)-imidazol-1 wyl]-cyclobutylcarbamoyi}-

nicotinic acid methyl ester
The title compound was prepared analogously to Example 7a; 1H NMR (400 MHz,
CD30D / CDC,) § 9.15 (d, J = 1.8 Hz, 1H), 9.12 (d, J = 8.0 Hz, 1H), 8.45 (dd, J = 2.0, 8.4 Hz,
1H), 8.16 (d, J = 8.0 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 7.85(d, J = 8.0 Hz, 1H), 7.80 (d,J=78
20 Mz 1H), 7.48 (m, 6H), 4.45 (m, 2H), 3.96 (s, 3H), 2.94 (m, 2H), 2.58 (m, 2H); MS (AP/CH):
484.3 (M+H)+.

Example 7g
Pyrazine-2-carboxylic acid {cis-3-[4-(2-naphthalen-1 wh-acetylamino)-imidazol-1-

vli-cyclobutyl}-amide

25 The title compound was prepared analogously to Example 7a; 1H NMR (400 MHz,
Ch30D) 8 9.23(d, J = 2.0 Hz, 1H), 9.03 (d, J = 8.0 Hz, 1H), 8.73 (d, J = 2.4 Hz, 1H), 8.63 (d,
J =16, 2.4 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.0 Hz, tH), 7.79 (d, J = 8.0 Hz, 1H),
7.49 (m, 6H), 4.44 (m, 2H), 4.16 (s, 2H), 2.85 (m, 2H), 2.56 (m, 2H); MS (AP/Cl): 427.3
(M-+H)+.

30 Example 7h

N-{cis-3-[4-(2-Naphthalen-1-yl-acetylamino)-imidazol-1-yl]-cyciobutyl}-

henzamide

The title compound was prepared analogously to Example 7a; 1H NMR (400 MHz,
CD30D) 5 8.05 (d, J = 8.3 Hz, 2H), 7.99(d, J= 7.1 Hz, 1H), 7.86 (d, J= 7.5 Hz, 1H), 7.80 (J =



4 3- 4- 2-Na hthalen -I- 1-ace lamno -imdazol-l1 | -c clobu |learbano I

i eridine-l-carboxylic acid 9H fluoren-9- Inmeth | ester Step 1 5
4-Piperldine carboxylic acid (129 My. | mol) was treat ed StideRugy@Odm

hydr oxi de (80 fr;g 2 mol) in waterldioxane (1:1, 10 nmL)_After 30 m n of
stirring at 8fPtenperature, 9- fluorenyl net hyl chl or of oPGRIBEIA3%D Ny, 1
nmol) in dioxane (2 m ) was added dropvg se and then the reaction solution
was stirred for 4 h. The sol vent was rerbved in vacuo and was diluted with
water. The pH was adjusted to 1 with HC (1 N) and the aqueous sol ution was
10 extracted with ethyl acetate. The organic |ayer was dried (MSO4),
filtered, and G t d bl I feh Cat7 (9 BHPY o®int, RBR2.gE(m, 2H);

chr omat ogr ap h Q%E@ 2%(% o{hg}(@ﬁn*ﬁrﬁeﬁﬁ‘gnﬁll) ace(tl cpam(d) gfforded 340 ny
(97% yi el d) ONS\(AEICO( F‘?WN@HVI met hyl oxycar bonyl ) - 4- pi peri di nyl car boxylic

acid; 1H NW (400 13 ) d 7.75 (d, J:71Hz 2H) 755(d J =
7.5 Hz, 2H), 7.39 Eﬁﬁ—@i—ﬁm 7.30 (m 2H), brs H)I . J = 6.5
Hz, 1 H), 9(brdwﬂ§ﬂﬂiﬂ),_ﬂ_ﬂ§i‘ haton e 5, 2H),

1.62 (brs, 2H).md§(§,|.(1 LeChidbut i&(I\/HrH)+ Step_2 Asolutlon of N-I-’

fl I 5.
ooy e LT Pab LM B ! iR on

di net hyl ani nommqmpl)}sgoﬁfdeﬂ hytzetanba;alsl(we@ &hiyad i P D] ~b='e8é8’4 1Y 8544 ‘DvaP (5
mg). After SﬁéQE 1“8ht7ﬁ£ﬁ 507%9 1AL CéHE - 4%0a] 2H)-4Ct6Y(S, 28R @IoY (rh,-28),

H i m dazol - %D acet %ﬁ]l%e (Exanmpl e 6), was added. The
resul ting mxtﬁﬁ*éﬁﬁﬁé%ﬁéﬁ@i MB dC‘?oﬁ"”& Water was added, the sol ution
was nade ngutral, gi extracted with ethyl acetate. The organi c |layer

was dried (I\/gSO4) Purification by
silica gel chromat ORI ng (77%

yi el d) of 4- (3s$%3§§2m-%5 Napht haI en-1-yl - acetylam no) -im dazol -l-yl] -

cycl obut yl car eridi -ca f &o Mhget hyI
ester, 1 H NVR (400 Ritpe © %@ﬂg %pﬁpﬁg‘?%&#’”gwg&g’gﬂf%a R 83

7.78 (dd, J = GD@m)58.05 (dk= T.EI-EI)1H)778?3d(fd°75JHE‘"P) BT84, Ja{gHZ?H % =
6.6 Hz, 2 4 AR (m3ED), 2.84 @7 20y1.321H, 114 248 (hr ), 1206) 4.2
(m 1 %15@45%1%45;% ( éz;ZS @r?n ng) 1.7 (brs, 2H), 1.5
(brs, 2H) VB (EABT &P iz 6HE B ( "F 3!3)1 MY Exanpl e 9 Piperidine-4 -carboxylic
acid {cis-3-[4-(2- r2@hbkaken-1-y I-acetylamno-lmdazol

1-yi}-cycl obutyl}- aﬂ:ﬂgm_ : 1.4
-acetyl am no)-im dazgo [
pi peri di ne- 1- claidazal gEYEuoren- 9-yl net hyl ester (Preparation 5,
100 ngy, 0.4% rmmmol) THe t;ﬂ@Eon{aMr?nd(m&smite)JaMBHaIngWGd Evanipte 7t IMRI{4R@ MHG. 5 nl)
and stirred at 86\%\{3‘5]633)?% Zlél’l_ﬁ j rac%(ﬁ'J T{@H§qh)\/¢g¢;(nwaﬁ) v 8rRved 7loHzyacuo

and the resi du1H) 7.81(d, J=7.2 Hz, 1H}, 76% I(dI 3a7q Hz, ‘I(:Hf}r_fosrgs%:[& 9%) 7%?% 5H), 4.45 (m, 1H),
4.39 (m, 1H), 4.18 (s, 2H), 2.89 (m, 2H), 2.63 (m, 2H); MS (AP/CI): 460.2, 462.2 (M+H)*.
Example 8
25 Acylation of N-[1 -(cis~3uamino-cyclobutyl)-1H-imidazol-4—yl]-2-naphthalen-1-
yl-acetamide (Example 6) with various carboxylic acids and subsequent purification was

|Iter ed, and concentrat ed |n vacuo.

carried out according to the foliowing procedure: To the carboxylic acid {RCO,H, 1 equiv,
0.075 mmol) in 1 dram screw cap vials was added a solution of N-[1 -(cis-3-amino-cyclobutyl)-
1H-imidazol-4-yl}-2-naphthalen-1-yl-acetamide (0.33 equiv, 8 mg, 0.025 mmol) in methylene
30 chloride (1 mL). Next, PS-carbodiimide (Argonaut Technologies, 0.5 equiv, 39 mg, 0.038
mmol, 1 mmol/g) was added. The mixtures were shaken at 23 °C for 24 h. Note: If the acid
was insoluble in methylene chioride, N,N-dimethylformamide (0.5 mL) was added. Each
reaction mixture was transferred with methylene chlaride (0.5 mL) to a 3 mL SPE cartridge (20
micron frit) with a tared 2 dram vial to collect solvent. The solvent was forced through the frit
35  and the polymer was washed with THF (0.5 mL), methylene chloride (0.5 mlL), THF (0.5 mL}),
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chl or of or m net hanol - ammoni um hydroxi de) to afford the free base. The free
base was dissolved in diethyl ether and treated with 1 N3fdanuary@@Phanol
to afford the HO salt (64 ng, 91 %yield), piperidine-4-carboxylic acid
{cis-3-[4- (MOR4PH hal en-1 -yl -acet yl ani no) - i mi dazol - 1- y| BCHIROLBER] |

}-am de hydrochloride; I HNW (400 MHz, .. CD30OD) 8 8.01 (d, J =8.05 Hz, 1
H, 7.84 (d, J =8.2 Hz, 1 H, 7.78 (d, F-7.8 Hz, | H, 7.43 (m 4H),
7.36 (s, 2H, 4.34 (m 1 H, 4.15 (s, 2H, 4.10 (m 1 H, 3.03 (m 2H,
2.83 (m 2H), 2.54 (m 2H), 2.24 (m 3H), 1.69 (m 2H), 1.55 (m 2H); M
(APICl): 432 ( i loRtefirataflunden @ iréztn deitrogen 10
Stepi 5- Am noi ¥ %ﬁ'ﬁ% C%B#d’gé%ﬂm ?heéo‘ﬁﬂ&léw%gdo r’g sa% wt‘}é*éﬂﬁéi ous HBr
(65 L) at -7®d®equdewd?ﬁﬁwwe’@5@lﬁ'yﬁ?HWLt S[ °'(‘§”f g S ot 3 '?er (6
nm) was then a@g%dm;impw 6 RminAbliett sgtan rA nf1Foanuedss TﬁAnB&tacetmr“e linggh e

m xture was war ﬁ%‘g?ﬁ%' o%e &gpﬂﬁﬁ.a)oqyiﬁeeéesﬁéa p§re&)|on jv&@@ﬁ&r@é&rwe stdaw y to

avoi d excessi V%- 1t on was
vessel was §i trteeqﬁorw\unmqreaﬂaﬁ ewrifiedbygseRaeaedi” '-8 {‘T’Hﬁ&f‘ ?%‘P'S%i‘ers %i'ﬁ“ﬁé to 100

Cfor 4 h. Th@kgﬂlmtﬂw&e 20&S/nf)Q bt gRtem: IACED. (%aque@th@)B&rﬁﬂem@'em basi ¢
(pH = 10) with I adne @ M,I;bd hanl in-R@et at e,
t he conbi ned o?@‘%ﬁief?g@érs V\egﬁ‘se’"m\kla lﬁﬂ% %%fa%en 1 I ﬁfﬁé mzjl\@

were filtered, massdspagometeinnTenpyrit eqthp ﬁhﬁ?ﬁ'éﬁﬁgapheﬁﬂ’m'?quﬁ R BT ea gel
chromat ogr ap hyar(aﬂ,ﬁl; HPLE (béi.mﬂ@s x15@inRyWates fnarhary Cafsfudt, Biod: B5 BLgIN 5@%1120

L 0T 338 g L R M e s MR AR, (Y o R0 & A8 o

208.0, 210.0 (Mnn’g&l)sznNeqoddIQdearrBrbhdﬁf@wm noline (Preparation 6, Step 1,
1.04 g, 5.0 mol) was mﬁgq,“m.,tghmn@bwwl; twetebprépatddi by el abbverdescthed rrmiwﬂ) and

el or oDl | A ol Ll g P Aol B P T, 0L ) L

t ol uene (20 niyhempess m xture was heated  at
reflux for 16 h. Afempleots mgoltnazmg@myh@nqybi%tﬁiﬁéz-naahta%\?wﬁtaé@"%{a%ous

sol ution of ;pofas, §éiq§\]t:c¥696t§'l}d§mde( 20 m_) was added with stirring, resulting
in the formatlon 0

recipitate. Fol [ Lde
mxture was fil tereﬁﬁ;&ﬂwh }”%ﬁ'ﬁaﬂ?r’éﬁ’%? CIfA '853' 'rsé;?agﬁt L?Ja“gi alcé}ﬂaém‘a‘i(}ueous
| ayer, was cong@dksiatyddydobutyipgmide and was puri fi ed by silica gel

chr omat ogr aphy (6 i biedl$-OLREt@Amihd)-irfli az0l- 1 AviiSydidbuly$290
el dy of o a1yl SN EAR e R R g &) e .

8.54 (d, J —5"6°l}d|fceta_m!% 7.85 (m 1 H), 7 79 (d, J = 5.8 Hz, | H), 7.56
(m 20 Example 8d: Pyridine-2-carboxylic acid {cis-3-[4- (2-naphtha|en— -yl-acety!ammo)—

imidazol-1-yl}-cyclobuiyl}-amide
Example 8e: 2-(3-Hydroxy-phenyl)-N-{cis-3-[4-(2-naphthalen-1 -yl-acetylamino)-
imidazal-1-yl]-cyclobulyl}-acetamide

Table 1.
25 Acytated Products, Associated Retention Times, and Mass Spectral Data
Retention Times
Example Analytical HPLC (min) LCMS (min) M+H
8a 7.68 8.79 476.2
8b 6.97 7.96 414.2
30 8c 7.45 8.56 453.2
8d 6.84 6.68 426.2

8e 6.75 777 455.2



2H), 6.1 (m 1H), 5.15 (m 1H) 5,05 (m 1H), 3.81 (d, J = 6.2 Hz, 2H); M5
(AP/Cl): 170.1 (MtH)+. Step 3 35 5-Allylisoquinolin e (Preparation 6, Step
2: 169 ng, 1.0 mol) In nmethylene chloride (2 nl_), aceti3d Japuaty@00% ni),
and water (0.5 nL) was treated with di nethyl polyethylene glycol 31 January
2005 WO 02/ W®1%4014pCT| | BO1/ 01335 -58 (M ca. 500, 95 ul, BOUIBAH3H 2 mmol )
in methylene chloride (1 nL) at 23 C T m xture was cooled to O C and
powdered KWnO4 (521 ng, 3.3 mmol) was added portionwi se, nmintaining the
tenperature below 30 C. Foll ow ng vigorous stirring for 18 h, the sol vent
was renoved in vacuo and nethanolic hydrogen chloride (10 nmi, 1N) was
added, and the m'xtt_urg 5 was refluxed for 4 h. The methanol- was renmoved in
vacuo, the re dlluted W|th vvater,adth f de basic
with Na2CO8 (pH = 9 rNaphthalen-bylggetyiay . dte, the

resulting org &ldin@Y-%Erb c‘d&lﬁble-dumﬁ-b- nm: stenas dr i ed (|vg504) was
filtered, was conc%? rated in vacuo, and was purlfled by silica gel
2% hexanes - ethyl acetate

(SotF HOeERDS) b

chr omat ography (2 :
i soqui nol i 16 5-yi - addipetdinecitortic aai (1853% 1 Mol Rﬁ\fﬁ?a

9.28 (brs, 11- 1';]1&)2 mrﬁu)%wétéhdmiane (61210|1Eﬂ,) Adtdrl) mi, fﬁSﬂr(fw atJOQﬂ“' pmgerplye, & H) |
7.80 (d, J 5

: Pided i¥e afd6 Hz, 1
|—|) , 4. 06 ( s, Zwreny\g.n% ro¥§|iq7te Q%g Z\g&éﬁgﬁ_&oxar{e (b'}nLizla dl"ﬂp.kl\é:: v@g
i mpurity of 5-thersthe teastion ydlwilam yex stirge & Spyeak R FempY I"E)vﬁcﬁg Siltca gel
chromat ogr aphy; g{é@w,thz‘gg%@r T @m)wés é@uslteﬂﬂﬂﬂlwmﬂHCIrﬁ Nparyl thaeauepies setuliat wast hy |

dF um hyaho: el
gid ?L m( h;gﬁg ; ?@J@'ac(t%i,wth gthﬂﬁfgf%{ﬁ d‘ﬂ'te[%ag faﬁé%a%h iM%é@?)s gHé%iaér@@ Ndehtiated (U eo us

The sol uti on Wasaduechuefbaton by siametthematopepy ¢§%t: "(52°“F?L‘)'°rWé§et"é?B%€‘de“8?°“{3w se,

\(l)\lhIC ch resulht e?z,opd@d %@q‘n f«ff%a,idf& AQT-(ﬂaor&fy%thﬂbiyaérlﬁJnylSl-'hﬁlpwl’idmﬁcaﬂmxwrﬁgcmept at
overnlgt ca | r | t2’ t1on

and was washedHNMR GR8 cq%dggp%g %ﬁﬁ?yﬁdlﬂyﬁgt%) Zfafg( I-g

(47%vyiel d) of7. asmm)noh (brs, BH) k2266t T B5 blend 3.9 KproyoRd). 2Ryt 252%58

9.24 (s, égi),,lgo@g f#Zibr?@H?Méz(Ap/bgl-hszoam%d-(d J =7.9 Hz, 7 96

(d, J = 6. 766(tJ:76Hz,111),
4.11 (s, 2H); M ( : 188.3 (MrH)+. Preparation 7 25 )
N-[cis-3-(4-Nitro-ian d;aizzﬁdn 16t yIN-)-yarenyimethyibriyeasionyhyi-elesridigylegipopylic  acid

(Preparation 5, Step 1; 77 mg} in methylene chloride was treated with  1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (84 mg) and DMAP {5 mg). After
20 stiring for 30 min, N-[1-{cis-3-amino-cyclobutyl}-1 H-imidazol-4-yi]-2-naphthalen-1-yl-
acetamide (Example 6), was added. The resulting mixture was then stirred for 4 h. Water
was added, the solution was made neutral, and was extracted with ethyt acetate. The organic
layer was dried (MgSOy), filtered, and concentrated in vacuo. Purification by silica gel
chromatography (20:1 chloroform-methanol) gave 101 mg (77% vyieid) of 4-{3-{4-(2-
25 Naphthalen-1-yI-acety&amino)—imidazol-1-yI]-cyc!obutylcarbamoyl}-piperidine-1-carboxylic acid
OH-fuoren-9-yimethy! ester; 1H NMR (400 MHz, CD30D) & 8.0 (d, J = 8.3 Hz, 1H), 7.83 {m,
1H), 7.78 {dd, J = 2,07, 7.5 Hz, 1H), 7.73(d, J=7.5 Hz, 2H), 7.53 (d, J = 6.6 Hz, 2H), 7.44 (m,
5H), 7.35 {m, 3H), 7.27 (m, 2H), 4.4 (brs, 2H), 4.2 (m, 1H), 4.15 (m, 5H), 2.85 (m, 4H), 2.25
(m, 3H), 1.7 (brs, 2H), 1.5 (brs, 2H); MS (AP/CI): 654.8 (M+H)*.
30 Example 9
Piperidine-4-carboxylic acid {cis-3-[4-{2-naphthalen-1-yl-acetylamino)-imidazol-
1-ylj-cyclobutyl}-amide hydrochloride
4-{3-[4-(2-Naphthalen- -1-yl-acetylamino)-imidazol-1 ~yl]-cyclobuty!carbamoyl}-
piperidine-1-carboxylic acid 9H-fluoren-8-yimethyl ester (Preparation 5, 100 mg, 0.16 mmol) in
35 DMF (5 mL) was treated with piperidine (0.5 mL) and stirred at room temperature for 2 h. The
solvent was removed in vacuo and the residue was purified by silica gel chromatography




il . - . hd . haad

trans- Tol uene-4-sulfonic acid 3-(4-nitro- imdazol-1-yl)-cyclobutyl ester
(Preparation 1, Step 2; 3.6 g, 10.7 nmmol) was m xed with sodi um azi de (7g,
107 mmol) in ethanol (100 m.), water (35 nl), and chl or ofddrdany@g 2065). The
m xture was heated at reflux for 24 h. The 30 ethanol and chl orof ormwere
renoved in YEQAOMAD resulting mixture was diluted with wWBEEBIVEEH was
"extracted wth ethyl acetate. The organigc | ayer was washed with brine, was
dried (MySO), filtered, and concentrat®d in vacuo. Purification by silica
gel chromatography (1:1 to 3:1 ethyl acetate -- hexanes) gave 2.2 g (99%
of 1-(3-cis- azido cyclobutyl') 4-nitro-1 H imdazol e; I H NWR (400 MHz,

chci3) 87,85 - ?dré’s@ief 13 affbrd e fred-b3de. (e fbe bdse 35
3. 07 2 1 1?593 H%Hoff eth%@ h
2005 5/\3 059 1owzkmlsamﬁﬁ1mtm@3g@nd ggate}_i umﬂg Hg; ﬁgqegg@yoc%@?e%@ Lad@puary

-4-nitro-1Hinmdazgeye .elﬁ’j' eﬂﬁé’r@‘hé-@-ﬂarﬂoxyiﬁt e {m.s-324-(2-rgphtrwn?i-vl-mqrmawmph THE

100 nmL t ted W d t
(10 ). The skt on seeapr R arpaRtl B 0 e s prone U

was renovedsi NHz, wapum aingl= 8.8 eizrei7da &, e g8 piar 1H)i etd By 1 "1”64]:13 2gb -4
chr omat ogr aphy gﬁg 44 @QkO{,.gf;p@g’(thmez d_}'{B{ﬂleH)amnh o), [2y2d (roxdHL )69t 0 gi ve

1959(100%y| 3-Cl cl obutyl)-4- nitro-1 Himdazol e;
1H NVR (400 MHE™ 2 'g')e §;§“P(’§5n“r1%f£—)6”“’%¥ ‘81 (s, 1H), 4.46 (m 1H), 3.29

(m 1H, 2.87 (m gﬁ tBn?(m 2H): -MS (APICl): 183.1 (MH) +. 1213

1- (3-cis-am no- CyC|,9%é§,¢6h,)_5_§r_gye{|g&,dl Him dazol e (Preparation 7, Step 2;
500 ng, 2.75 10 with acetic acid and purlfled aS|n
Exanple 7 t18 affor &0l ny (96% yield). of N [cis-3:(4-nitro-inmdazol -
Hyl) cycl obutyl ] ac&Araeﬁiluﬁawncimd-{SNMM(MJ@@')MﬁimD@iD@'D % mugousdibr {83 mly atH)
7.82 (s, | yin wat®(s () wadthen sddaSirdpmise 2H) |
1.93 (s, i é?%&%l’" ‘5’5@'“&97(3(1 ﬁmﬁ@r%g g(t ic?pcs 15 Mol 63 )
4-Nitro-i m dazt&fter jstirring forc dP‘BBU'73I°C *?fe'ﬂ =lilNe] to §°C.Capper Powdet (0:3 g

N-[cis-3-(4- N tvaDadddl daziowly 1l :)va:dos;cﬂssjmmyrh]wg bevigraaddiien Was CRFRIgREy &P

gngl{io?gus | y1'§|) fefgfﬁg &%)558 %gsr:&tteggv ttgé Ps@%[ BhdeRddr dna tﬂe b iINv s 4@&ed\biA 00 ‘@D&OD) 8

4.44 (m 1H). B. Qe Mifureygs pogreg onte jop (ngﬁoﬁ%ct WS éx{nbam% 5 10; WH' 20
Preparation 9 Ryg hflefR-mixiGrRrveeykdcid atth dihygissetdte Atha icomignad rhrgeaig sives wele - ¢
clobu I -am dewashed with brine, were dried {MgS0,), were filtered, and were concentrated in vacuo.
Purification by silica gel chromatography (10 : 1 hexanes —ethyl acetate) afforded 3.8 g (53%
20 vyield) of 5-bromoisoquinaline; 1H NMR (400 MHz, CD30D) § 9.25 (s, 1H), 8.57 (d, J = 6.2
Hz, 1H), 8.1 {m, 3H), 7.60 {m, 1H); MS (AP/CI): 208.0, 210.0 (M+H)+.
Step 2
5-Bromoisoquinoline (Preparation 6, Step 1, 1.04 g, 5.0 mmol) was mixed with
allyltributyltin (1.7 mL, 5.5 mmol) and dichloropalladium bis(triphenyiphosphine) (176 mg, 0.25
25  mmol) in toluene (20 mL) under a nirogen atmosphere. The mixiure was heated at reflux for
16 h. After cooling to room femperature, a' saturated agueous solution of potassium fluoride
(20 mL) was added with stirring, resulting in the formation of a precipitate. Following 15 min
of stirring, the mixture was filtered and the organic layer was separated from the agueous
tayer, was concentrated in vacuo and was purified by siica gel chromatography 6 :1
30 hexanes — ethyl acetate) to give 778 mg (92% yield) of 5-allylisoquinoline; 1H NMR (400 MHz,
CDCl,) & 9.25 (s, 1H), 8.54 (d, J = 5.8 Hz, 1H), 7.85 (m, 1H), 7.79 (d, J = 5.8 Hz, 1H), 7.56 (m,
2H), 6.4 (m, 1H), 5.15 (m, 1H), 5.05 (m, 1H), 3.81 (d, J =86.2 Hz, 2H); MS (AP/CI): 170.1
(M+H)+.
Step3
35 5-Allylisoquinoline (Preparation 8, Step 2; 169 mg, 1.0 mmol) in methylene chloride (2
mL), acetic acid (0.5 mL), and water (0.5 mL) was treated with dimethyl polyethylene glycol



Pyri di ne-2-carboxylic acid (cis-3-(4-nitro-imdazol-1-yl)-cyclobutyl]-am de
was prepared anal ogously to the product of Preparation 7; IH NVR (400 MHz,
CDCI3) 5 8. 55 (m 1 H, 835 (d, J =7.0Hz, 1H, 8. 193(1diaflgial°-‘y’2ﬂ0§ Hz, 1

H, 8.01 (s I—P 7.88 (td, J = 1.65, 7.9 Hz; 251’757&3 , 1.47
(m 1H)), %" PIOMY 317 (m 2H), 2.72 (m 2H): NS ( AP/ BFTA 02‘88’*

( MtH) +. Exarrple 9a N-11 cis-3-ace Iamno5 c clobu I -1 Himdazol-4- |
-2-nahthal en-2- |- acetamde 30 N-[cis-3 (4 Nitro-imdazol-1 Hyl)

cycl obutyl]acetam de (Preparation 7; 50 ng, 0.22 mvol) was hydrogenat ed
and acylated with 2-naphthyl acetic acid as in Exanple | to afford 35 ng

(44%yiel d) of |l1\|'ce[ %oc( fés BC %@ﬁsto'i famo ? meuryxéﬁé ey () mid abbd 0. dﬁa&@hmﬁew ]-2-
napht hal en 2- I}“ . 0

ey geg gooig K o po\‘feﬁji IS et (e 35 B g Juded qgﬂ.bnwis
5H) , 7.37 (S, mkaindningdheddmgamturd bt 304C. ll?ollémng Addyous 41mirg fqritd hihq_@gwent 9gs 2 8 4

2H), 2. 27 . I . 84
(m 2H) 6%"%@7’?% fﬁdgmé‘%’éff'%lﬁg froddb hidrfE (4 Gn)LN1 ﬁ)%s%dc(a%al?& the mineaap! €
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conmpound was Ma%ﬁ&h@’de AR OGB Y bdsiz Wi REDe(pAE, 9).UTiemyxiPe emcaxadcedwit8  and
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9.24 1

8. 02 Ei 6H)2 fifigred, |waﬂ)conc?nf@?d(waesw)and yag puitigd by swﬁa g °'B?“?‘?ﬁrap 29,45 (m

:I\))/Ei) (Alil g I § M hekdhes 4 othyl(dtetath) td) afford. :?ohés/cﬁm-5&l=ﬁcetlc2ac§lﬁmétml edbf) 1H mmm@m . 221) ;
Q c Ciys-

2-is0 uinold n%@ F{S%’“ggzgﬁ 'is%ezigfo'ld-’éfqzlgﬁ %Qggcfg Xr3éJU|;[|zC1|% 4lg’ﬂngdd‘j The

title conpound.aids 1hk epdided = SBaizotiHuBI L /G Tk Hé“@é(s @%’l AP Br#paMati on 9

and i soqui nol i Be/en: Y2, aqmwﬁ Afokel A% ﬁtp%t s%q@adyic&rbb*ahlwaé 4@ pidsent  CD3CD)

E73 gzzg’dts’ F?i'c’"f'"gSf"“?,géig}""'F‘a"?j%’aP“*?(@é"%g J 7 1 Hz lll_l)l-lj,87026(?]m 3|H)H),

7.58 (s, I H, 7.58m 1 H)746(sIH),4.45(mIH),4.40(m1H),
15 4.20 ( S15 2H) Zis%é.lir(om—s-%@:eﬂc %ci@ m(afﬂ]/i egtED (;Préy&aﬁaﬁ%. ge}) 3, Mg, @.4(4%'?‘)35‘-
Exanpl e 10 was treated with agueous sodium hydroxide (4N, 3 mL) and the solution was heated at 50 °C
for 4 h. The solution was cooled to 0 °C and acetic acid (2 mL) was added dropwise, which
resulted in the formation of a precipitate. The mixture was kept at 0 °C ovemight (ca. 15 h)
and the precipitate was removed via fitration and was washed with water. The solid was
20  dried in air to afford 35 mg (47% yield) of isoquinolin-5-yl-acetic acid; 1H NMR (400 MHz,
CD30D) 5 9.24 (s, 1H), 8.47 (d, J = 6.2 Hz, 1H), 8.04 (d, J = 7.9 Hz, 1H), 7.96 (d, J = 6.2 Hz,
1H), 7.74 (d, J = 6.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 4.11 (s, 2H); MS (AP/Cl): 188.3
{(M+H)+,
Preparation 7
25 N-{cis-3-(4-Nitro-imidazol-1H-yl)cyclobutyl]acetamide
Step 1
trans-Toluene-4-sulfonic acid 3-(4-nitro-imidazol-1-yl)-cyclobuty! ester (Preparation 1,
Step 2; 5.6 g, 10.7 mmol} was rixed with sodium azide (7g, 107 mmol) in ethanol (100 mL),
water (35 mL), and chloroform {20 mL). The mixture was heated at reflux for 24 h. The
30  ethanol and chloroform were removed in vacuo and resulting mixture was diluted with water

and was exiracted with ethy] acetate. The organic layer was washed with brine, was dried
{MgS0,), filtered, and concentrated in vacuo. Purification by sllica gel chromatography {1:1 to
3:1 ethyl acetate — hexanes) gave 2.2 g (99%) of 1-(3-cis-azido-cyciobutyl)-4-nitro-1H-
imidazole; 1H NMR (400 MMz, CDCL) 5 7.85 (s, 1H), 7.49 (s, 1H), 4.42 (m, 1H), 3.91 (m, 1H),
35  3.07 (m, 2H), 2.43 (m, 1H); MS (AP/CI): 208.5 (M+H)+.
Step 2



N cis-3- 4- 3- na hthalen-1- |-ureida -imdazol-1- | -c clobU i -acetam de
I J [cis-3-(4-nitro-imdazol-1 Hyl)cyclobutyl]acetamde (Preparation 7, 50
my, 0.22 nmmol) was reacted with phenyl chioroformate as 3dedouatye@d0dn
Exanple 4. This afforded an 20 inseparable m xture of nono- and bis-phenyl
carbamat e pMBEP¥If ol | owing silica gel chronatography .(2BEHIRYH133S

chl or of or m net hanol - ammoni um hydr oxi de) %hat were dissolved in 1:1

DVF/ di oxane (500 ulL). 1-Naphthylanmine ((31 ng, 0.22 mmol) was added and the
m xture was heated at 70 C for 16 h. Purification twice by silica gel
chromat ography (20:1:0.02 chl orof orm net hanol - ammoni um hydr oxi de) gave 4.4

mlg] (g Oc/(fg'bﬁlt d|) 0; Cﬁglgiag o&é}o’b(uﬁl ﬁ.tra-anhﬁ aﬁb@r(prlapaeémwrels@)ﬂzn dazat - é- .
%z, 1yH) 7. g?ﬂﬂ(ﬂ& in JHECIG0 8‘4\235 tyeatey | '“‘7‘” M:%'B““S%%@g%g ﬁ‘z"l% ‘Tm‘ﬂ)a%?"‘la%eé (d, J
8.4 Hz, 1 Idomih. THe dolmiondd} stied 26odrs temberefure for 186. The sqiveﬂ)was Empseq i 1 H),
2. 89 2 33 i 4:00 (Mrrin- 31
Januaggp 20523 muﬁﬁnégﬁ4ﬁé}di§#?é&r}%f§%§&a g%ﬁcmﬁf a}gjy o OQ éiabtrk%g 1.
A conpound 5of mefieng-gmmpniym Bydrexideito giveA8p gi (08 vie! ?’saﬁ" ’Pﬂ cyﬁ i
branched (Cl- GRb-18likidézole; ﬂ-lﬁMR&OQMHszEBG)D)CHBHHBnﬁﬂe'dﬁ‘l(@Z“H) 4@B)malikenyl , a

strai ght chai r br d 5 (8) cycl oal kyl, (Ca
C8) cycl oal ken?’rz?’ (T’Swﬁl%%ﬁz%ge*%&g%engt@ég gal @I(m%&‘s Cl1 ) bi cycl oal kyl ,
(C7-Cl11) bicycl oal REpgl, (5-11 nmenber.ed) 10 het er obi cycl oal kyl , (C6 Cl4)

aryl, or (5-14 mam?—% ggﬁmin@ﬁfcﬁlﬁmmy&ltro—ﬂ-ﬁﬁludé&w @reparRioni7s Sep i $D0ahd, .75
substltuted with f

from F, CI rmmc]l) waﬁ F?“ng wttrb gt?%ac%Ub InI‘ e%eﬁ%.tlrﬁi@%plg &%ﬁ%ﬁ;ﬁgbﬁ% %%E e(cj)) R
6, - NR7C(=0) NRRRSs-3- @Mnﬁﬁ.ﬁ(da:@ym)cydobuw@ﬂ”@@ NRBINR (400 iz, £D30BP BEPRT,

- O ORrR7, 7 =0) SR7
SR, (=0 RSy SRR i RS R R e R R 15 R, o

isH F -C Ha‘AP’CQEI\F25dr(M+'@(* O)CR' R3is -C(=O)NR-, -C(=0 O, -C(=0)(
CR ORI 1),;, or -(CRidgiaaon8 R4 is a straight chain or a branched (Cl-C8)
al kyl , a sjrai ght s ) Kyl i b akdggy! ., a straight chain or

branched ( < al ’ [ci8-3-{4-Nifro-imidazol-1-y nzami gre;yared ana‘%gou}gy 'to
the product of Preparation 7; 1H NMR (400 MHz, CD30D) & 8.36 (s, 1H), 7.85 (m, 3H), 7.55
(m, 1H), 7.47 {m, 2H), 4.65 (m, 1H), 4.44 (m, 1H), 3.05 (m, 2H), 2.60 (m, 2H); MS (AP/CI):
287.3 (M+H)+. .
20 Preparation 9
Pyridine-2-carboxylic acid [cis-3-(4-nitro-imidazol-1-yl)-cyclobutylj-amide
Pyridine-2-carboxylic  acid  [cis-3-(4-nitro-imidazol-1-yl)-cyclobutyl}-amide  was
prepared analogously to the product of Preparation 7; 1H NMR (400 MHz, CDCly): 8 8.55 {m,
1H), 8.35 (d, J = 7.0 Hz, 1H), 8.19 (d, J = 7.9 Hz, 1H), 8.01 (s, 1H), 7.88 (td, J = 1.65, 7.9 Hz;
25  1H), 7.57 (s, 1H), 7.47 (m, 1H), 4.5 (m, 2H), 3.17 (m, 2H), 2.72 (m, 2H); MS (AP/CI). 288.1
{M+H)+,

Example 9a
N-[1-(cis-3-acetylamino-cyclobutyl)-1H-imidazol-4-ylj-2-naphthalen-2-yi-

acetamide
30 N-[cis-3-(4-Nitro-imidazol-1H-yi)cyclobutyljacetamide (Preparation 7; 50 mg, 0.22
mmol) was hydrogenated and acylated with 2-naphthyl acetic acid as in Example 1 to afford
35 mg (44% yield) of N-[1-(cis-3-acetylamino-cyclobutyl)-1H-imidazol-4-yl]-2-naphthalen-2-yl-
acetamide; 1H NMR (400 MHz, CD30D) 5 8.05 (d, J = 8.0 Hz, 1H), 7.87 {(d, J = 7.6 Hz, 1H),
7.81 (d, J = 6.4 Hz, 1H), 7.46 (m, 5H), 7.37 (s, 1H), 4.41 (m, 1H), 4.17 (s, 2H), 4.12 {m, 1H),
35  2.84 (m, 2H), 2.27 (m, 2H), 1.88 (s, 3H); MS (AP/CI). 363.3 (M+H)+.

Example 9b



20 (3-8 nenbered) heterocycl oal kyl, (C$- Cl1)bicycl oal kyl ,

(C7-C11) bi cycl oal kenyl, (5-11 nmenbered) heterobicycloal kyl, (C5 -Cl4)aryl,
or (5-14 nenbered) heteroaryl; and wherein R4 is optional By} Japudy 200t ed

with fromone to three substitutents R6 i ndependently selected fromF, d,

Br, I, nitr¥002d¥4ho, -CF3, -NR7R B, -NR7C(=0O) Re, - NR7C(RCHTBOI3S

-NR?C( =0 NR6R9, -N R7S(=0) 2R, “NR S(=§)-2NRBR9 , -OW -0OC(=0 )R7, OC(=0
)OR7, -C(=OOR, -C(=0)R7, -C(= ONR7R8, 25 -0OC(=O NR7R8 , -OC(=O SR ',
-SRI, -S(=0)R, -S(=02R 7, -S(=0 )2NR7R8, or R; each R7, R8, and RO is
i ndependently selected fromH, straight chain or branched (Cl- C8)al kyl,

strai ght chain or IneRGs-céqirot-alykarttamingimidazpht-vigtrslgbutyl}: br anched
(C2-C8 al kynyl -C5)cycloalky |, (C4-C8)cycl oal kenyl , (3-8 nenbered)

het er ocycl oal KEZ2MES_ 17) " bi cycl oal kyl,  (Cr Cl1)bi C}-éd oal kenyl étg%g 11
menber ed) het er obi dye fitlsatorpeund wes prepary afelppously oy ExagPie ey UsifkT :

heLe[ O?r%” g %E%o&:ﬂn—&ﬁ%geh@@dd [RPeparBore@CtH mmlmernﬂanﬂ:m:;omﬁta nr(aHlHyd f

supstituted w romone to rom
2 B gt SRR e eof R B P BB { SR ENRRE BB g o
NRLOC( =O) NRL1RH, 752NR12+03(45@)12M145mmmse&m)wwﬁﬁmzﬁ) éﬁsﬁaﬁﬁhn%‘ 05 WO

02/10141 PCT/J %%%51%& 542643(M+H{+ W 11V-62 -0RL0, -0OC(=0O R10,

-0C(=0 OR14, - R OR', OC( =0) SR1, -S RO -S(= OR18, -S(=0 2R10,
-S(=0) 2NR1ORt" (=0 RO -C(= O)NRlOR' and RlO or, when
R7 and R8 are as HPyhlﬂ!ﬁR&parboXy&w agid \{cist3d #-E2aigoqy SiyviR

form with,4he,nitipdeMaliae NR7TR6  to which they areattacheda o
het er ocycl oal fromthree j

het er ocycl oal kyl miﬁh%tt'i WHPPEA P yreeﬁﬁéﬁ?%ﬁgﬁ‘ﬁﬁdﬂgx%vp' % u?"ﬂﬁ %%Barrgﬁh ¢
het er oat ons i nghapRBERN-6-y Bekacit griedaration B, 1HONMBIHDO$IHzeEBIOMLER-2Re11Hhand Rt e

i s independent]y @e]“ﬁcggﬂﬁ .ogrgc% &% E;%é Euli‘tstlﬁgg {at o] 1b;I’ @Q‘?—Eeﬂh)(ﬁlﬁd GR) al kyl

, straight chai'h rai |l_p br apched
(C2-C6  al kynyT-J Hz, THEZ SEERCHD | ééKWH 75(( )4 diféﬁgél“'ﬁ@ﬂy 4(‘{3 B Rnber ed)
het er ocycl eal kybo (s (2852@s iny, 2o, Q\6qn0aH)jeyd (APm (o772 @kH)Hi cyci oaI kenyl , (5-11

menber ed) eterobicygclo |, (G6-Cl4)a ryi, and (5-14 nenbered)
het er oaryl, wherei né?&'g]l—iﬁéell and R12 are each i ndependent|y optionally

substi t ut ed with fribfesshié- -(3-pephifialen<iyhureido)rispdazol lylleysloRutyllatetarn Cected from
F, A, Br, |, -NO2,n.cld4-nirEmidazol MR y)dydbtttiacetaividd Sépafalibt 7 50 mgNRR3C( =O) OR14

L oo Ng)l g;gg ~9 Mool S g‘&*w%h {ra) S Piraiats coede Qﬁgﬁgﬁlﬂ.s G
R13, 15 -3 _ia;@mme mm@(&@ymmm phenyl gtbamelpRIcgucts followpgPlisREs! - C(=O) N
R13R14ht agﬂaﬁ&é rn%?dgﬂ #336:1:64 fhlorkBigh- ﬂtﬁanoitaﬁnmﬁidaﬂlaﬁitm?ai that weel desbied irf (r]I om H,
?tCrZaICg) al kenyf E‘F )é'éifaé'ﬁ ((25%8 ﬁ'gl i N%)“Hlaﬂﬁ"@ R % '%Efg’) w%?dge ind He e

was heated ai 70 °C for 16 h. Purification twice by s:ltca gel chromatography (20:1:0.02

chloroform-methanol-ammonium hydroxide) gave 4.4 mg (5 % yield) of N-{cis-3-[4-(3-

25  naphthalen-1-yl-ureido)-imidazol-1-ylj-cyclobutyl}-acetamide; 1H NMR (400 MHz, CD30D) 8

8.06 (d, J=8.0 Hz, 1H), 7.97 {d. J= 8.8 Hz, 1 M), 7.83 (d, J=7.6 Hz, 1H), 7.66 (d, J=8.4 Hz,

1H), 7.51 (m, 4H), 7.16 (s, 1H), 4.46 (m, 1H), 4.15 (m, 1H), 2.89 (m, 2H), 2.33 (m, 2H), 1.92

(s, 3H); MS (AP/CI): 364.0 (M+H)+.




(C3-C6) cycl oal kyl , (C4-C6)cydoal kenyl , (3-8 nmenbered) heterocycl oal kyl,
(C5- Cl11) bi cycl oal ky1l, (C7-C11)bi cycl oal kenyl , (5-11 nenbered)

het er obi cycl oal kyl, (C6-Cl4) aryl, and (5-14 nenbered) 20 Heleoraardp0s
wherein R 3, Rl4, and R15 are each i ndependent|y optionally substituted
with from o0 021814j x substituents i ndependent | y sel ect edP¢VBI/M33T | S,
I, «NO2, -CN, -CF3, - NR76Rl7, -NR16 OR17 , -NRLIBC(=O OR1 7, "NRi 6C
(=O NR17R18, - NR16S(=0)2R17, - NR16S(= %2NR17R16 - J R1&, -OC(:!O)Rl 6,
-OC(=0) OR16, -0OC(=0)NR16R 77, - OC(=0) SR16, - SR16, -S (=0)R16,

-S(=0 2R16 , -S(0)2NR15R17 -C(=O Rl 6, -C(=O)OR16, -C(=O NR16R17 and
R16; 25 each R16, R17, and R18 is independently selected fromH, straight
chain or branched (Cl- C8)al kyl , strabg chain or branched (CZ C8)

al kenyl, straight chain or branched (G al kynyl), (C3-C8)cycloalky I,
(C4- CB) cycl oal kenywnat i{ @airBedi®nber ed) het erocycl oal kyl, (C38-C31)b

i cydoal kyl, (C7-C11) bi yC|qg&K%aMhmﬁméémﬁk menber ed) het erobi cycl oal kyl
(C6 C13) aryI and (5- 12 menbered) heteroaryl; 30 nis 0, 1, 2, or 3;
wherein R & and R71 in -C(=O (CRIOR1 % and -( CRIOR')"- are for each

iteration of n defined i ndependently NecHt ed above; or a
phar maceutical ly acceptabl e salt theregbf. NA_ gdnpobund according to claim
1, wherein RB3is -C(= ONH or - 35 C(= CR1R11), . 31 January 2005 WO

02/ 10141 PCT /1B01/01335 -63 3. A conpoypd according to claim11, wherein Rl
is optionally substituted (CS C8) cycl oal kyl 1or optionally substituted

(C5-Cl1) bicycl oal %«larem freis 3 g{ﬂ%&ﬂ e @éﬁ%ﬁ% Qﬂ}aﬁ(ﬁ a@trﬁblm'sﬁ’am dﬁ&@rﬁcﬁéﬂclﬁ‘ i's
cycl opropyl, cyclobl ) opent

i/ cI ohex %63( @ E%‘ ool (3-
bi cycl o-[ 3. 1. oqsa!kemrj/ﬁsﬁaégatqhawtwmfﬁ %F-Cs)s' ayiSyP ‘iX’E' Yl & CacvRioals oy i
accordi ng to g gHeRbeted) \WaebEicBaliil, (CSC.optyticatal, [(§:-G NideytipdketddE-16 tregibered) chai n

or br anCheg&( Q&ejgg?c&clloalgy{l (00514 Oa% Oﬁg‘ﬂ‘i en%én:ﬁ)t‘" G!'j‘;a?)g and (NﬁérGHTR‘ %%hdﬂaa!@r

branched ( oun accor g to claim.1 grein R4 is
(C5- C, 4)aryl swbstiutedwih ff%"‘??etﬁﬁiérs@?f ﬂuw&"eﬁ'@aﬁwm \psriaet 5O Sndh By Mo
substituted 7.cybnd QOPOURFREC MR'CIEORS,t dNRAG(8DIORE, -NFFE(FRINR°RRA -m%sqﬁﬁhﬁfyl-

pyrigvl.  narhid¥lo HHJRHO'aﬂn SEbRe U Bk -gﬁ%wptt B! YoEoRRIsE! ut ed.
8. A conpound acc‘ gin _any, of jclain hef i Bl & DydrQ Q95%
-0C(= O)NRTR -OC( =0)5R’, SR, -3(=0)R’, -S(—O)ZR S(=0),NR'R®, -0-5(=0);
15 R
R2is H, F, -CH;, -CN, or -C(=0)OR’;
R is -C(=O)NR®-, -C(=0)0-, -C(=0)}CR'°R""),~, or {CRR"")~; .
R® is a straight chain or a branched (C,-Cq)alkyl, a straight chain or a branched (C,
C,)alkenyl, a straight chain or branched (C,-Cq alkynyl), (C5-Cg)eycloalkyl, (C,-Cg)cycloalkenyl,
20 (3-8 membered) heterocycloalkyl, (Cs-Cy,)bicycloalkyl, (C;-C,)bicycloatkenyl, (5-11 membered)
heterobicycloalkyl, (Cs-Cis)aryl, or (5-14 membered) heteroaryl; and wherein R* is optionally
substituted with from one to three substitutents R® independently selected from F, CI, Br, I, nitro,
cyano, -CF;, -NR'R’, -NR'C(=0)R°, -NR’C(=O)OR® NR'C(=ONR®R®, -NR'S(=O),R?,
-NR'S(=0),NRR®, -OFR’, -OC(=O)R’, -OC(=0)OR’, -C(=O)OR’, C(=O)R", -C(=ONRR®,
25 -OC(=OINR'R?, -OC(=0)SR’, SR, -8(=0)R’, -S(=0),R’, -S(=0)NR'R?, or R';
each R7, R, and R® is independently selected from H, straight chain or branched (C.-
Ce)alkyl, straight chain or branched (C,-C,)alkenyl, straight chain or branched {C,C, alkynyl},
{Cs-Coloycloakyl, (C,-Cg)cycloalkenyl, (3-8 membered) heterocycloalkyl, {Cs-C,q)bicycloalkyl,
(C,-C,y)bicycloalkenyl, (5-11 membered) heterobicycloalkyl, (Ce-Cra)aryl, and (5-14 membered)
30  heteroaryl, wherein R, R?, and R® are each independently optionally substituted with from one to
six substituents independently selected from F, Cl, Br, I, NO, -CN, -CF; -NR"R",
NRPG(=0)R", -NR™C(=0)OR", -NR™C(=O)NR'R?, -NRS(=0),R"T, -NR"S(=0),NR"R",



9. A conpound of claim1, selected fromthe group consisti ng of: 15 N-(1
-cyclobutyl -1 Himdazol -4-yl)-2-quinolin-6-yl -acetamn de '
N-(1-cycl opentyl -1 H i nidazol -4-y!)-2-(4-met hoxy ph enyl }“ ~Japeany 082,
N-[1-(cis-3- henyl cycl obutyl)-1 H i mdazol -4-yl]-2-

qui nol i n- 6- }‘F Q®E8Am de; (1-cycl obutyl - 1H -im dazol - 4- yL] C'E{%“ WP, aci d 4
phenyl ester; 1-(1-cyclobutyl -1 Himdggol-4-yi)-3-isoquino

-5-yl -urea; 20 N-[1 (ci s-3-ani no-cyci obutyl) -1

H i m dazol - 4-yl ] - 2- napht hal en-11 - vyl -acet am de;

6- met hyl - pyri di ne- 2-carboxylic acid {c

'15|_E’ [4 d(2 lnap hihal %1;;)(%)2)&‘0 a@,@ b‘)@tﬂ' NQJc=hRURZ 0l-od=gjsk cysBRObUBEDIR'AM de ;
i m dazo e- 1R 10.

{cis-3-[4-(2- na%if@)leﬁaﬁ @t‘rc?/ 8&’9 RS OR i HER R A R ey el obut

ami de; 25 6- hydr oxyorpytiend¥ a&l?—amaasbmbd@ﬂRf’ (ﬂieamawlinﬁt%ddmp@n?iﬂbé@W@ﬁﬁﬁtfﬁ\éf’@n 1-yl

- acetyl am no) - E%ﬁliﬁzgg%{.) oIN txd t); wﬁwﬁh Adried Q%Ztg'gcycloalkyl moiety of from three to

3- et hyl - pyrldlne oxy I C aC| cl s- 3-
- napht hal en3| - yevendeg eaprH S e gl |m°‘e£’ﬁ onglly FOBBIRNG| 9P O fyoglrther
2-pyridi n-3-yi hboasd ifdefercaitipesieplet Sorali @l and S;

{cis-3-[4-(2-napht halcﬁ 7°|R1V cﬂg‘eﬁ\ﬁlg &ch selé&ed from H, strat ht cham or branched (C,-
i m dazol -1-yi]-cycl joth

cls-3 4- - na é I . yI am
in o)-inidazol -st)alksyls]fa'@?éﬂ'a'" UF@EﬂHEfW’é cblépf?ﬂ}’ fffagm% |°F1 ’8”':38‘? #éf’ﬁw ‘ester;
pyrazi ne- 2- car Q@).@dcydbaﬁﬁl @4 £obyGlodlcehy,- (33 mapietddin heterotyelydikyl, (Cs-C.q)bicycloalkyl,

ﬁf <(atC|y ls a? FZ o( > r&{dé ﬁ){cé?aél% )& (5-?13’ I%Lrﬂti%ﬁtdgﬁetériimlo%% (%5 Cpry, and (514 memltﬁrecf)} Cens
am de; 31 Jan ué;lptyroarﬂo.g'lem Rj‘?}‘%‘i@gd;ljg‘z aqia@qfth E‘%“ﬁ?ﬂ%@t"’r‘ew stsLtuteX with from c¥1

S5-met hyl - pyr azighex %U&%@@(Mhépﬁncﬁﬁﬂyche{eﬁtb@fr&n[ #; cR-Enaphibhal-en- 4oﬂ NRUERM,

acetylanio) dlasgl Syl B A oR dSsoyp, appscomnr
ycl obut yl ) - i SObORSr a@¢EEIR™, G-Qﬂ(FrQi@B py@‘i?(dﬁ:’ PBY c aPEEVIR e S("O)Rm
{cis-3-[4- (@& naghbfyat, 9§(~6)-NF!13R&C-@}=\,0|)1@M¢{£D))JR13rrc(atam:l“RM&md R,
B R e
am de; 1 H pyr riRlakey, Ztrgight Islosinyéri rangiusid dC-Ce)alkenyl, straight chain or ranched ?/Cz-cg1 alkynyl)
{ci s-3- 4- (2- napht Ry Loy coBiembidnANiatOehitddn Bobrobycihily, (©ychobbst),
-am de; (C~C.)bicycloalkenyl, (5-11 membered) heterobicycloalkyt, (C¢-Cy,)aryl, and (5-14 membered)
20  heteroaryl, wherein R™, R", and R' are each independently optionally substituted with from one
to six substituents independently selected from F, Cl, Br, I, -NO, -CN, -CF; -NR®RY,
NR™C(=0)R", -NR™C(=0)OR", -NR™®C(=0)NRVR™, -NR"S(=0),R", -NR'*S(=0),NR"R",
-OR®, -OC(=O)R®, -OC(=O)OR™, -OC(=O)NR®R", -OC(=O)SR®, -SR'", -S(=O)R",
-S{=0),R", -S(=0),NRRY, -C(=0)R", -C(=0)OR'S, -C{(=OINR"™R", and R'%;
25 each R, R, and R* is independently selected from H, straight chain or branched (C,-
Cq)alkyl, straight chain or branched (C,-Cy)alkenyl, straight chain or branched (C,-Cq alkcynyl),
(Cy-Cg)oycloalkyl, (C.-Cg)cycloalkenyl, (3-8 membered) heterocycloalkyl, {Cs-C,q)bicycloalkyl,
{C,-Cyy)bicycloalkenyl, {5-11 membered) heterobicycioalkyl, (C-Cis)aryl, and (5-12 membered)
heteroaryl;
30 nis0,1,2,0r3;
wherein R'™ and R" in -C(=0)}CR™R"),- and -{CR"R"),- are for each iteration of n
defined independently as reciied above;
or a pharmaceutically acceptable saft thereof.
2. A compound according to claim 1, wherein R® is -C(=O)NH- or -
35  C(=O){CR"R")-.



10 N-{cis-3-[4-(2-naphthal en-1-yl-acetyl am no)-im dazol -1 -yl]-

cycl obutyl }-2-mtolyl- acetam de; pyridine-2-carboxylic acid {cis- L4-
-napht hal en- 1-yl - acet yl ami no) -i mi dazol -1 -yl ]- cycl obut ylI } rdaguary 200

2- ( 3- hydr oxx‘ﬁghenill )-N-{cis-3-[4-(2-napht hal en-1-yi-acetyl ani no) -i m dazol -
y1l]- 15 cycl K14 - acet ani de; pi peri di ne-4-carboxylic acPgl/BIT01335
{cis-3-[4-(2-napht hal en-1-yl -acetyl am na§sz.-i m dazol -1-yl]-

cycl obutyl)-am de hydrochl oride; N-[1-(cis-3- acetylam no-cyclobutyl)-1
H-i m dazol - 4-yl ] - 2- napht hal en-2- yl -acet am de;
N-[cis-3-[4-(2-isoquinolin-5-yl-acetylam no)-im dazol

-1-yl]-cycl obutyl }-benzamni dea campdundzﬁcopdmgltaj@am12~mm’>«ypnf1€nawuﬁstm‘ed

{cis-s-[4-(2- 'rﬁéﬂga%b&% 5bl%h§m¥rlauyﬁﬁa%¥hﬁﬂc \Pagybgazol - Lyl -

cycl obutyi }-a rmaceut i cal acceépt abl e S the f or egoi ng
conpounds. 10. A phar rraéeutl%a?"me‘(’ﬂ%c?'g o I'19nt°f 8™ fe ?rﬁ'ﬁ 'g &i SEIRREPY,

condition corapad,baty:ng;yaajwwmd:yctamdl gorbatyh  or hicyciejsr Gbeydn eedt ioplonelysease
or conditi on in @ 25 conprising a conpound of claiml in an anmount

effective ih t¥ea |ng sald di sease or condition, and a harmauﬁ E %ally
acceptabl e carrier. 11.5A phAFPRROWKECPEINS VAN ¥heh R oF ORiPRal TRy sease

or condition igkaight ciiEmBrBlantiee (¢ FERakIeNdpticklyshbstinted arsidhecheih foelrtretlediC.-
facilitated by i‘ i ng dopam ne medi ated neurotransm ssion conprising a

cdk5 i nhi bi t or® anount effective in treating said disease 30 or
condition or in an armuﬁt ef A eyt aceprdingp Bl e BRgeia &Y isPruard oy ol
phar maceut i al hymbe@@GEIREAR], Bach Bftbhay subskidted A phar maceuti cal conposition for

reating in a MMMl o gl Seaztoniont Shh U oBE| EChRl RO BRRG bEA |1 1Y

and spermnmotility; dia rance;
met abol i ¢ syndraphiwl, anowndmgweolw(eaqb@mgﬁwt%llbém%ﬁﬁary syndr orre adi pogenesi s
and 35 obesity; nyogenegis aneorﬁpromdlabdémmﬁwanﬁdf@ﬁ%e-mﬂ%re"ratzaar@dnmcl ine in

physi cal performance; cute sarco r ophy and/ or
cachexi a associated witR bung® rﬁ”é’ﬂ'%??dﬁ"gﬂ %Btegéﬂ%% %‘/s%ﬁﬂq&x

PCTI | BOL/ 01835 - 65 A-{gsyglobuiyiti-imidasibé-ii- %amomnﬁ vigeetaraier t hor aci ¢, abdoni nal ,
and/ or orthopedic w&&&?&abemﬂamanﬁazohﬁmtz (4Jn%&§xy;mah,n)atcaarﬁa¢ ng, and bal di ng;

and i mmunodefi ci enc r ﬁ] é) [ n anmount
effective in treat |"¥E) ‘ngh‘iﬂ}"%‘g"?gtyigﬁ*%ﬁ?'ﬂy ﬁq”'ﬁcﬂ'&sé{' %ﬁtg?‘%ceutl cally
accept abl e carri ent-cyclobuiyl-1H-imidazol-4-yl)-carbamic acid phenyl ester;
1-(1-cyclobutyl-1H-imidazol-4-yl)-3-isoquinolin-5-yl-urea;
20 N-[1-(cis-3-amino-cyciobutyl)-1H-imidazol-4-yl]-2-naphthalen-1-yl-acetamide;
6-methyl-pyridine-2-carboxylic acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-
imidazol-1-yl]-cyciobutyl}-amide;
{H-imidazole-4-carboxylic acid {cfs-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazol-1-
yil-cyclobutyl}-amide;
25 6-hydroxy-pyridine-2-carboxylic  acid  {cis-344-(2-naphthalen-1-yl-acetylamina)-
imidazol-1-yt}-cyclobutyl}-amide; '
3-methyl-pyridine-2-carboxylic acld {cis-3-[4-(2-naphthaien-1-yl-acetylamino)-
imidazol-1-yll-cyclobutyl}-amide;
2-pyridin-3-yl-thiazole-4-carboxylic acld  {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-
30  imidazol-1-yil-cyclobutyl}-amide;
6-{cis-3-[4-(2-naphthalen-1-yl-acetylamino)}-imidazol-1-yl}-cyclobutylcarbamoyi}-
nicotinic acid methyl ester;
pyrazine-2-carboxylic acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazoi-1-yl]-
cyclobutyl}-amide;
35 N-{cis-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazol-1-yi]-cyclobutyl}-benzamide;



5 13. A pharnaceutical conposition conprising a cdk5 inhibitor and a second
menber sel ected fromthe group consisting of an SSRI, an NK-1 receptor
antagoni st, a 5HTID antagonist, ziprasidone , ol anzapi i, Janugpyeli008one,

L- 745870, sone&i razol e, RP 62203, NGD 941, bal aperidone , fiesinoxan,
gepirone, aNO%8| chol i nesterase inhibitor, TPA, N F, aPCHROYESUm
channel nodul ator such as BMS-204352, ang, an NVDA receptor antagonist, 10
wherein the cdk5 inhibitor and the second nenber are together in an
effective anount, and a pharmaceutically acceptable carrier.

5-methyl-pyrazine-2-carboxylic  acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-
imidazol-1-yl}-cyclobutyl}-amide;
N—{cr‘s—3—[4-(2-naphthalen-1—yl-acetylamino)-imidazol-‘l—yl]-cycIobutyl}-isobutyramide;
6—chioro-ﬁyridine-z-carboxy[ic acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazol-
5  1-yil-cyclobutyl}-amide;
quinoline-2-carboxylic acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazol-1-yf]-
cyclobutyl}-amide; '
1H-pyrrole-2-carboxylic acid {cfs-3-[4-(2-naphthalen-1 ~yl-acetylamino)-imidazol-1-ylj-
cyclobutyl}-amide;
10 N-{cis-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazol-1-yl}-cyciobutyl}-2-m-tolyl-
acetamide;
pyridine-2-carboxylic acld  {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazol-1-yi}-
cyciobutyl}-amide;
2-(3-hydroxy-phenyt)-N-{cis-3-[4-(2-naphthalen-1-yl-acetylamino}-imidazol-1-yl}-
15 cyclobutyl}-acetamide;
piperidine-4-carboxylic acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-midazol-1-yl}-
cyclobutyl}-amide hydrochloride;
N-[1-(cis-3-acetylamino-cyclobutyl)-1H-imidazol-4-yi}-2-naphthalen-2-yl-acetamide;
N-{cis-3-[4-(2-isoquinolin-5-yl-acetylamino)-imidazol-1-yi]-cyclobutyl}-benzamide; and
20 pyridine-2-carboxylic acid  {cis-3-[4-(2-isoquinolin-5-yl-acetylamino)-imidazol-1-yl}-.
cyclobutyl}-amide; and
pharmaceutically acceptable salts of the foregoing compounds.

10. A pharmaceutical composition for treating a disease or condition

comprising abnormal cell growth or @ neurodegenerative disease or condition in a mammal
25  comprising a compound of claim 1 in an amount effective in treating said disease or condition,
and a pharmaceutically acceptable carrier. '

11. A pharmaceutical composition for treating a disease or condition in a
mammal the freatment of which can be effected or facilitated by altering dopamine mediated
neurofransmission comprising a cdk5 inhibitor in an amount effective in treating said disease

30 or condition or in an amount effective to inhibit cdk5 activity, and a pharmaceutically
. acceptable catrier.

12, A pharmaceutical composition for treating in a mammal & disease or
condition selected from male fertility and sperm motility; diabetes meliitus; impaired glucose
tolerance; metabolic syndrome or syndrome X; polycystic ovary syndrome; adipogenesis and

35  obesity; myogenesis and frailty, for example age-related decline in physical petrformance;
acute sarcopenia, for example muscle atrophy and/or cachexia associated with burns, bed
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rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic surgery; sepsis; hair
loss, hair thinning, and balding; and immunodeficiency, comprising a compound of ciaim 1 in
an amount effective in treating said disease or condition, and a pharmaceutically acceptable
carrier.

5 13. A pharmaceutical composition comprising a cdkt'; inhibitor and a second
member selected from the group consisting of an SSRI, an NK-1 receptor antagonist, a 5HTyp
antagonist, ziprasidone, olanzapine, risperidone, L-745870, sonepiprazole, RP 62203, NGD
941, balaperidone, fiesinoxan, gepirone, an acetylcholinesterase inhibitor, TPA, NiF, a
potassium channel modulator such a.s BMS-204352, and an NMDA receptor antagonist,

10  wherein the ¢dk5 inhibitor and the second member are together in an effective amount, and a
pharmaceutically acceptable carrier.



