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compounds of the present invention also are inhibitors of the enzyme GSK-3 (glygocen

10  synthase kinase-3) enzyme.
Background of the Invention
‘The serine/threonine kinase cdk5 along with its cofactor p25 (or the ionger
cofactor, p35) has been linked to neurcdegenerative 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 types
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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-phosphatase 1finhibitor 2/GSK-3 system. GSK-3 activity has also been associated with
Alzheimer’s disease and mood disordérs such as bipolar. disorder (WO 97/41854). Among
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Summaiy of the lnventlon

A first aspect 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(=O)NR'R’, -NR'S(=O)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®, -C}-S(=0)ZRT -N; and
- 30 R‘a’.
‘ R2is H, F, CH,, CN, or C(=0)OR’;
R*is -C{=O)NR™, -C(=0)O-, -C(=O)(CRPR") -, or {CRPR") ; .
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cofactor, p35) has Heeh to neurodegenerative disorders, and.,
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neur odegenerati ve di Sor der’s usi'ng c rtors 1's supported QX t he
finding that odk8ejngogen of NR'R® to which they are attached & heterocycloalkyl moiety of from three to

20 seven ring members, said heterocycloalkyl moiety optionally comprising one or two further
heteroatoms independently selected from N, O, and S;

each R, R", and R is independently selected from H, straight chain or branched (C-
Cpalkyl, straight chain or branched (C,-Cg)alkenyl, straight chain or branched (Cx-C, alkynyl),
(C4-Co)oycloalkyl, (C,-Ce)cycloalkenyl, (3-8 membered) heterocycloalkyl, (Cs-Ciy)bicycloatkyl,
25  {C,-C, )bicycloalkenyl, {5-11 membered) heterobicycioalkyl, (C¢-Cyy)aryl, and (5-14 membered)
heteroaryl, wherein R, R™, and R are each independently optionally substituted with from one
to six substituents independently selected from F, Cl, Br, 1, NO, -CN, -CFs, -NR"RY,
NR®C(=0)RY, -NREC(=O)OR™, -NRPC(=O)NR¥R', -NR™®S(=0),R", -NR™®S(=0),NR"R",
-OR®, -0C(=O)R™, -OC(=Q)OR"™, -OC{=O)NR"RY, -OC(=0)SR®, -8R®, -§(=0)R",

30  -8(=0),R®, -S(=0),NR®R", -C(=O)}R", -C(=0)OR", -C(=0)NR™R", and R";
each R, R%, and R" is independently selected from H, straight chain or branched (C,-
Cgalkyl, siraight chain or branched (C,-Cy)alkenyl, straight chain or branched (C,-C, alkynyl),
(Co-Co)eycloalkyl, (C,-Cg)eycloalkenyl, (3-8 membered) heterocycloalkyl, (Cs-C,,)bicycloalkyl,
(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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~involved in the phosphorylation of tau protein (J. Biochem 117, 741-749
(1995)), cdk5 also phosphoryl ates Dopam ne and Cyclic AMP- Regul at ed
Phosphorprotein (DARPP-32) at threonine 75 and is thus i/@diJeauad 2085 havi ng
a role in dopam nergic neurotransm ssion 20 (Nature, 402, 669-671
(1999)). The serinelthreonine kinase cdk2 is essential for nornal cel
cycting and plays a critical role in disorders arising fromabnormal cel
cycling, a common characteristic of nmany ontol ogical disorders. Inhibitors
of cdk2 are therefore useful for the treatnent of various types of cancer
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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 ot her conditions, GSK-3 has furthernore been inplicated in hair. |oss,
schi zophreni a, and neurodegeneratroi , i ncluding both chronic

neur odegenerati ve di seases (such as Al zheiner's, supra) &idaneary®00auns,
for exanple stroke, traumatic brain injury, and spinal cord trauma. Sumrary
of the Invention A first aspect of the pregent invention provides conpounds
of the formula 20 | wherein R=is a straight chain or branched (

Cl-(:B)al kyl, a straight chain or branched (C2- Ce)al kenyl a straight
chain or branched (C2-CC)a | kynyl, (C3-Ce) cydoal kyl; (C,- CC) cydoal kenyl ,
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F, G, Br, |, hecyeclic@bups s invdNRIbORA hiso include ring systems substituted with one or more
© 20 oxo moieties. Examples of non-aromatic heterocyclic groups are aziridinyl, azetidinyl,
pyrrolidinyl, piperidinyl, azepinyl, piperazinyl, 1,2,3,6-etrahydropyridinyl, oxiranyl, axetanyl,
tetrahydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothiopyranyl, morpholino,
thiomorpholino, thioxanyl, pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-
dioxolanyl, pyrazolinyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl, pyrazolidinyl,
25  imidazolinyi, imidazolidinyl, 3-azabicyclo[3.1.0}hexanyt, 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, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, friazinyl,
isoindolyl, purinyl, oxadiazolyl, thiadiaiolyl. furazanyl, benzofurazanyl, benzothiophenyl,



15 -NR10C(=O)R11 , -NR11C(=OORS 1, -NR10C(=O N R 1R12, - NR10S(=0O) 2R17,
--NR10S(=0) 2NR11R12, -OR10, OC(=0 )R70, -0OC(=0) OR10, -0OC(=O NR10 R11, -QOC(=
O) SR16, -SR10, -S(=O R, -S(=0 2R11, -S(=0) 2NR1R11l, - C(=@IRapuary 2005
-C(--O ORI 0, -C(=ONR1 OR11, and R1;%or, when R7 and R8 are as in NR7RG,
they may instead optionally be connected to form wth the nitrogen of
NRTR8 to which they are attached a, het erocycloal kyi noiety of fromthree

to 20 seven rl‘gﬁ menbers, said heterocycl oal kyl noiety optionally
conpri si RGSHEZAN. (BRp7ZoMRzS e rhenznxezolb a aBinEzolinyt e pemdatntyl, ynaﬂ{tﬁﬁd@. from N,

0, and Sgihgdrodui a&Aydr hvRirdi d strai ght
. ¢ ﬂwoam%ﬁlzdmdﬁgﬁw;hgﬁhﬁ%b%d Et'%‘%]" ¥6) al kelngl

chain or straig an ,
straight ¢ kynyl ), (C3-C6)cycl oaI kyl , (C4 C8) cyc
BHERARE v e
I((c):(;u l((:ﬂgll ( 378 freghiny gedlips, faeﬁerhr@@ij‘@h oﬁlckrﬁbounéﬁgteﬁ:&é(?vgl )p+é)é (ag . &14) .
et er obi cycl o , ary

& (o 1 U R { Bt TPORERE. o b onmo%m@mm
i ndependbbﬁ(ﬂgﬂﬁéﬁ‘ﬁﬂ)@nwﬂbﬁﬂ (ﬁbalttacuew etheibits réfeming (ame; gr o SrbShident s
i ndependgifokdisglgsied fromF, d, Br, 1, NO2, - gl§: -NR £R14
-NRL3C(=O) Rl4, - NRL3C(=0) ORl4, -NR 3C(=0) NR14R15 "NR 135(=0) 2R 4,
- NRL3S( =0) 2NRbARHodinoR, ,thera{y ) frd@ded-c m@mroramia 1OG;(1cr@hNRI§R14

O r SR R13, NR " OR 3,
(0GP BT T ﬁ%regﬁé«m@?sm RO R haopentent | y
sel ﬁﬁ[ﬂd!éftl@mhllﬂctatclgﬁ dsflankl@hihyﬁﬁ@mhwnothé&gmmeﬁﬁg 0fC6) al Iqj(.,.oml:r’a.: %ﬂt ?:)hal n -
r a ral r n 10 a n
or £‘3 g‘%‘g“%‘%‘%ﬁ’ e 69;‘%3%3“5’9 o‘ﬁ‘?ﬁg% (?Sk ¢ g Fre e(ﬁ)zgsi el é?‘o??%’!%a?/kyl
(C5 Gyldréenycl oal kyl,  (C7- Cli ) bi cycl oal kenyl, (5-11 nenber ed)
het er obi cycl oal kyl , (C6 Cl4)aryl, and (5-14 rrenbered) 35 heteroaryl,

uher et RSt Fider A ELD A6 Sa0H of REBHER anbt Yosbsstieeer K Bn b tc:m‘egr
I NRNgmereuG\f is OPHGNallyNRib&RE(C 3¢, )d@bdm rZ@G&\aMsubsWQCEOLR by cloalI?de 6 ’
SR 6C(F-'r =0 ﬁ’wg&f )% R CY%%%@S b z‘"’"’@@“ﬁ Q’%"T‘gﬁ()"’ . SR 6,

- S( =0) Rogomyl, g@a@mm suwmtg)i zaNR:peF%d abovqwopm@"y thtr(fm@) @ﬁe 'to six- C(=0

)NRlGR'ststﬁBﬂtsRhﬁ’mcﬁﬁ&\Heﬁ?G %}ﬂ ¥eé g, ssi,nd Qﬁm from H
straight chain _or branched (C - zﬂﬁltk%:z tra| aln or bran ed (CZ Co)

al kenerﬂﬁ(r%kRghrN%ﬁé‘rPapfa? HRGHER 8(—9|)z nﬁWS(—Ows'fR‘}s)@ﬁa oal kyt ,

C4- C6 K oH3 Wﬁ&bebﬁ@ 7 (eyel | kyl,
EC C' %%?%0%0 N rrbelr2 g)g(?gt er ogiégt;g %gwdg(g%heyc; g?yl Y

(o oL KO S50, QOUAR I et n 5wt e asdmen ks g 1
(=0 (cﬁbmaww aptidnally sﬁm&t@d)(es-enpb‘cﬁoamfer baRpiBickasprad, Ryaishlyl, ned
| ndepen((j;f,‘nt lt% cl Flexy} tor no?bomyF and is optionally substifuted with from one to three
substituents mde_pendenﬂy selected from F, Cl, Br, |, nitro, cyano, -CF,, -NR'R?, -NR'C(=0)R’,
-OR’; -C(=0)OR’, -C(=O)R’, and R7. More preferably, R' is (C;-Cclcycloaliyl or optionally
substituted (Cs-Cy,) bicycloalkyl, for example cyclopropyl, cyclobutyi, cyclopentyl, cyclohexyl, or
nobomyl, and R' is subsliled with -NRICEFOIR®, (CeCiaryl, (3-8 fembored)
eterocycloalkyl or (5-14 membered) heteroaryl, and wherein said aryl, heterocydoalkyi and
heteroaryi are each ophonally substituted with from one fo six substiuents lndependenuy
~ selected from F,.Cl, Br, 1, NO, -CN, -CF,, -NR™R", -NRUC(=O)R", -NRG(=O)OR""
| -NR™C(=OJNR"R™, -NRS(=0),R", -NRYS(=O0)NR"'R?, -OR", -OC(=O)R¥, -OC(=0)OR",
 -OC(=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". iIn anoth‘t;r embodiment « R' is bicyclo-
" [3.1.0)-hexyl 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®,
-NR'C(=O)R’, -NR'C(=0)OR®, -NR'C(=O)NR®R’, -NR'S(O)R’, -NR'S(=O),NR’R’, -OR,
 -OC(=O)R’, -OC(=0JOR’, -C(=0JOR’, -C(=O)R", -C(=ONR'R’, -OC(=0)NR'R?, -OG(=0)SR’,
-8R, -S(=0)R", S(=0},K, -S(=O}NR'R®, and R).



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 tdalensaty 2089

neur odegenerative disorders. and other OCNS disorders, and. of abnornma
cell growth, including cancer. The conpounds of formula | can particularly
be useful in inhibiting cdk5. Theg. conpounds of formula 1 may al so be
useful as inhibitors of GSK-3. The term "al kyl, as used herein, unless

ot herwi se indicated, includes saturated nonoval ent hydrocarbon- radicals
having strai ght or branched noieties. Exanples of alkyl groups include,

but are not iniaﬁbﬂx&dmb@:hmai&t,hy&bmpcﬁhdllyfﬁonﬁm@mydanbéﬁfw{d%@%creﬁi’l@ it-butyl. The
term "al ken w se i.ndicated, includes alkyl

r, as unl ess o
noi et i e@’t‘OFéWisﬁlﬁ“%f{ Is‘é‘ﬁg{ ‘H‘é"‘cb&?”r? @aﬁ% H%‘LP@F‘%“%‘@Snd wherein alkyl is as
def i neshiahaversightckanpbesched(Catiakepil. i ncl ude, but are not linmted to,
et henyl and propenyl. The tern "al kynyl" , as used herein, unless otherw se

i ndi cat ed, i ahdastesmBdidor [Qinghinks of RAYLAY @asldeggo%eﬁ,%utw Bg) e bon
triple gr nd wherei n al ky as defined above yhyl groups
i ncl uddy H‘r“eﬁlﬁf&ﬂclpﬁ’m‘éﬂ K dﬂaﬁebmbmgmandmmpmyk suﬁﬂeﬁnemmnhe

"cycl O@Héwlngpar@ﬁgph!ﬁed herein, unless otherw se indicated, includes non-
aromatic saturated cyclic al kyI noi eties wherein alkyl is as defined above.
Exanpl es of 1 #0Mepsmbpgiment, cthfaﬁ gy bwroanded meampdund obBrmda 4 whyahpkapy|

Cy dObU{@{-C1 )y BN Yembered)ol tonal S%’QSREA" b loal kyl ~ groups
-2 e QNIALATRL %gt%o%%lysﬂasﬂms@r i @gfi LAYOR ALY wﬁ%;ﬁg}ggg@@ﬁgs

wher el n sal re-one
pr esembodirieny,eRtis mphtha/h duinnlyt 95 1s@qdmm1y14 eh D]ﬁtdjnﬁl@t Qbstithbd YRl YhbGHiBURS

i ncl yd Yo ] Exanpl es of bi cycl oal kyl
grouﬁpga?ﬁ%:éagg]gr’a@&?ygggsidg%ﬁlnﬁrn?ed t%&ug?%lydo [3.1.01 hexyl nor bor nyl ,

_ Z p|2 ]r ﬁ[ 4. 55décz;dothe|r emtﬂidlmant Aompomdy of fomlab[niay&]eqmbvydqd a?demm IisO[ y
: e cl oa er to non-aromatic
car b,ocg/‘(’l‘;é cﬁ"chf Org%fmﬁhys |u§§&i"%?ﬁr%ﬂg lygé%arfrﬁ%efi ned above, .except

conpri si n@x@mﬂemmmwed@ambamdeaﬁbmlaﬂmrbi e 31 January 2005 -5 bonds

connect i n%’ﬁ%&gﬁ%’?ﬁ@g‘a@%@ gﬁafqﬂﬂolm-@@ga%%&'ide " doubl e bond) and/or one or

nore carbon- s’ connecting'a carbon ring nenber and an
adj acent me-<cydiopgntyeH-imidezphy!) é%@y@bwenﬂbmt@mﬁ@nd) Exanpl es of

cycl oal ke'ﬂ%}h (8L ﬂﬁ%yfﬁ%ﬁl Pﬁgﬁ?-ﬂb%ldgfoﬁét Wﬁ-quinblm—é ?%CE@mﬁ%yCl opentenyl and

cycl obut en ting exa cycl oal’kenyl 5 group is

nor bor nenyﬂwwldﬁlszo'w@&aw Phem'l@y*@r oal kyl, and bi cycl oal kenyl
groups al ?—E(dd&%t%-ﬂﬁc%%&%ﬁﬁﬂso@h&lﬁB@ﬁbﬂeﬁam ed with one or fore oxo

noi eti es. | es of such groups 1°0X0 noieties are oxocycl opent yI

oxocycl obﬂﬂﬁC’S‘%ﬁ‘Bﬁw(ﬁﬂ%M}e‘WW”aé?{d‘ “Wr-capHbRG Py VIeetemidegr m " aryl ", as used
herein, URhRESAHRRE-WcEBokyEi Caddsl, I{FsLBYAEENDRtHRIBAN-Goetylamino)-

imidazol- -1-yl}cyclobutyl}-amide;
1H-imidazole-4-carboxylic acid {cis-3-{4-{2-naphthalen- 1-y1—acetylamlno}-lmldazol 1-
yll-cyclobutyl}-amide; .
6-hydroxy-pyridine-2carboxylic  acid  {cis-3-{4-(2-naphthalen-1-yl-acelylamino)-
imidazol-1-yll-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;



- . - . had . -

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 terms, as usedTWeneari200%fer to
non-aromati c cyclic groups contai ning one or nore heteroatons, prefereably
fromone to fll4het er oat ons, each selected from 0. S anBCRBO1/V13I5

“Het er obi cycl oal kyl " groups are non- aron%tlc 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 hD. Het er obi cycl oal kyl groups for
pur poses of the present invention, and unless otherw se indicated, include
Spiro groups and fuseghgf YRR id N R @EBYALFRpkha@acadsyRginoR t he
het er obi cycl oal kyl cont'ai'ns %P our heteroatons (i.e. fromzero to four
het er oat ons, dF%@?H%ﬂlﬂﬂngQf”Wﬁast one ring contains at |east one
heteroatom). The ekisBEgt{Raiapithamelybacetyfaminhi-imidazel-&wl-tyslabubdirisoamtgamifsic| ude
ring systems subst 'eteﬂrorodpymﬁéb ORRAAE 2 DEE 3 202 PG HERN A Lyi- sty Rl &s!- Of
non-aromati ¢ het erocyc groups are aziridinyl, azetidinyl,
pyrrolidiny?, bWb@@?Hpﬂ?Wmeazeplnyl pi perazinyl, 1,2,3,6-
t et rahydr opyri di nylguinging24cahylylc @metﬁnywa24@mﬁmﬂhyddaﬁﬁﬁﬁﬁVHmMaﬂﬂ1#&
t et r ahydr ot hi &¥¢ }%$hﬂhydropyranyl tetrahydrothlopyranyl nDrphollno
t hi onor phol i no, ?ﬁﬂoxan rrollny ndol i WP ranyl, 4ﬁ— yranyl ,
i oxanyl 1. 3. i oI 2epPEoRy 1St A U PR e LRy
dihydrofuranthdgum@z@hmﬁlnyI 25 i mdazolinyl, i m dazol I di nyl,
3-azabi cycl,0[ 3. 1. O] " £ g%ﬁp' 4 N2 oI|Z|nyI
qui nucl i di i @ 1, 4"1(; gls(k)zl '}agﬁﬂf’ e%:%}g'%h%[fﬁﬂdag% EEQE%PE{% }& 4] n)‘(i)lnyl 1, 4:
di oxaspi r o[ 4. 3%@@mvel and 1,4- dioxaspiro[4.2] heptyl. "Heteroaryl", as
used herei n refer spyﬁdnqeagr@mm;c g¢id URB-3qB(2tnaphitiag- Ieecebfamirpj-eridatikt-gi-oat ons
(0, S, or gflbglabh% fromone to four heteroatoms. A multicyclic group
30 contalnlng RE™OV BT e het er oat ons wherein at | east one ri ng . of the
group i s aromatic i2sEaydentoberyidNyiris-3-Hr@ngphtaipes | Herceyigapormigestnd of this
i nvention gan §+@@mm?@ﬁgﬁeerlng systens substituted mnth one or nore oxo
noi eties. Exanpl es of heteroar r r
i mi dazolyl, pyrim§°® SR xﬁ%laﬁa 8f8%%%1'§2'n%f’rwgénd'f '\éé faﬁaﬁd&%’,
i soqui nol yI ts@fbhwtﬁwdehydfﬁ@hyﬂe t hi enyl, isoxazol yI th| azol yl

gxazolc yl, i FOt hiazgy. ML(Gfls-S-B?{étﬁé?rlnr)bLoycloHu@ﬂ-@ﬂ-l )hindazaﬁ yb@ﬂ%pmﬂavbazzgjl ydetamide; .
enzor ur an ci nno n oli.zi azin
y z 5%&6“%‘?‘61“3‘7%""'5'VL?°§{¥QQE‘8)P 1‘3)./0 1 Ylg Clm{tyﬂzb IR%J‘nide H_i y

i soi ndol yl, purinyl benzof urazanyl ,
benzot hi op be nyl, - @y(&ﬁneaaammghc 2006 Krsrida- swltﬂpkylrs-yl-b@ﬁ%ﬁw Eyeryr-Yl- b
enzoxazol yl , s UriddYdnd qU|noxaI|nyI - napht hyridinyl,

di hydr oqui noI yl’, l%@f}rah dr.oqui not%t ’ %)% ‘%rm .S0qui noI I
~tetrahydroi soqui nolRFTa At e splf$0 %ﬁ [S8PiAg OBy oI opyrimidinyl , and

azai ndolyl. The forExgoplesgofgthgwpg::ﬁcammmwmlmwrt';m of frsmdahpsunds | i st ed
above, may be C-attaghedcybsNonal-s ﬁﬁh%d&’@l@fﬁ -Sdifridid-Syaesahd; e.  For
| nstance, a group dc?stl\ll \{/‘Slgrar;sl-’ﬁ(-)(Q}riﬁ%e-Z-carbonmcyc!o[SQ%Ehex-g—ylj 1H-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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1-yl (N-attached) or pyrrol-3-yl (C-attached). 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 - C@%Jahiirg 200r
-C(=0)(CRERI"),; . In another enbodinment, RO and R', of - C(=O (CR1R")"
can be. at each iteration of n both hydrogen. In another enbodi nent, R4 of
-C(=0O )NR9 - can be hydrogen. In anothergenbodi ment, R3 may be - C(=0)NRO. -
-g =0 (CROR')" _R2 can be hydrogen. In another enbodi nent, a conpound
of fornmula | can be provided wherein R is wherein R is optionally
substitut ed(C3-C8)cydoal kyl or optionally substituted (C$ -Cl1)
bi cydoal kyl . Pref @methxemedbﬂmmmc&ﬁ&umeﬁﬁhﬂul& s cycl opropyt,

cydobutyl, cycl o t or bonyl ; each optionally
substituted, as r gflﬂt [)6(52 (}éoé( p?FrYYh CYC('i’ﬁ’WinéT’F‘?aW*& w}-2-{ometome-phanyl)- si x.

substituent s REeMdlependent |y sel ected fromF. O, Sr. 1, nitro, cyano,

ol SR ooy MLl Sy T, i o9 P

- C(=0) NRTR1, ?5%5'("‘1‘6) NR7R. -OC(=0Q)SR7, --SR7. -S(=0)R, -S(=0)2R7. -5(

or "ot onal Iy 2‘7%);’;{."i%?e%“ﬁ‘“@‘”"@ﬁ’fﬁ’%f‘@%% g géénp%%ené‘?é%?tﬁil !
cycl obut yt, cyg’? opentyl cycl ohexyl, or norbonyl, and is optl onal |y

substituted wth R{o6{- (Gmmcgpﬁehﬂpgczo sHL,tn;aggg, &ri,c% dent|y selected
fromF, O, Beiamge-Nitro, cyan, CFSW ' %‘I}, 91531 rﬁé’)‘ -(=O R .

-C(0O)R, and W Mrie preferably, R is (C3 C3)cydoa| kyt or optionally
substituted (Cs- d:i-iy[saa@ymaiemwppeﬁyorcy@abafma-&mkmry@@@ e%&t %bm |
cydopentyl, a@y@gtggxyl or norbonyl, and R is substltutealn C(=O R
(C6-C14) aryI - rrenbered) het erocydoal kyt, or (5-14 nenbered)

het er oaryl , and \fbh'@i’ é1(~?’rd'§‘§ﬂulaafmy¢nethﬂeb@1yt)cycﬂtﬂﬂkylwHnm@ﬁﬁmJﬂﬁb SLRBkYLy-are
each opti on@héwl)-au@smidgign@d with fromone. to six substituents

i ndependent |y SR% d fromF. [, NO2, -CN, -CF3. -NRIQR"

-NR C(=OR', - 6&@&0&%8"%«&10@(@@%1@%2%3msgm@mmm;uMﬂDS( =

) 2NR11R12, y'fﬁbktamlm( O)Rlo OC( =O OR 0, OC( =O NR10OR11, _OC(; - O SR10,
-SRI, -S8(=0)R70, 4 ng%%(a g =0 zNR R', -C(=O R10, C(--0 OR10,

-C(ONR ORL, and ™ é"Hb"tai‘Ye E?oﬁah%?fﬁh%toreﬂqmﬁsormommo- [3 1. 0] - hexyl
and i s optional | §aliswbseinpanedofdamuRes étbeald@iifed(dy: Hmid g%ft % Hbs“ tuted

Wth from gBe gidd 5 dependently s&l ect &
Br, 1. rmt ro gP p%é%eﬁ{cjj&igé %rﬁr&“ﬁg % rﬂl\'-’ép ARPlesNRPraaegRally acceptable

“NR7C( =0) NFBHo? tq\ﬂ:@ns(o@)nmf formmmg(re:@)agmmydm&mm acﬁq,mfa)er%lmgﬂ%%é.

=0) ORT, fu R sitric: ki
; §§ og RT, é?W% 3 '?g{(m%’%!ﬁ‘ %féd gﬁ?ﬁ‘@“’ﬂw 0’%‘5 3%‘1% méﬁ“g)mzwesc'd Phesphariot her
embodi ment ati, m ?R?BH'FRE"CO?C“? darieti¢ acid, maein dpide PP IBAdaMRE 8l NadRtic | aSid,

~ sulfuric acid, hydroiodic acid, mandelic acid, sodium, potassium, magnesium, calcium, and
 lithium.

The compounds of formula 1 may have optical centers and therefore. may occur in
dlfferent enantromenc and other stereoisomeric configurations. The invention includes all
enant:omers diastereomers, and other stereoisomers of such. compounds of formula 1, as

. well as racemic and other mixtures thereof.

_ A further embodiment can also include zsotOplcally-labeled compounds ‘which may 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 mass or mass number different from the atomic mass or mass
number usually found in nature. Examples of isotopes that can be Incorporated into
compounds of the invention mclude isotopes of hydrogen carbon, nirogen, oxygen,
phosphorous, ﬂuorme fodine, and chiorine, such as *H, ¢, 1c, 13F 2 and ", Compounds

of the present invent:on and pharmaceutlcally acceptable salts of said compounds that
contaln the aforementioned isotopes and/or other isotopies of other atoms are within the scope

of this mventlon Isotopically-fabeled compounds of the present invention. for example those |
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optionally substituted straight chain or branched (Cl-C8) al kyl or

optional Iy substituted straight chain or branched (C2-C8)al kenyl I n

anot her enbodi ment , conpounds of fornula 1 can be provi déd,JabuaryRRes ei n

Rz is hydrogen. In a further enbodiment, R2 may be hydrogen, and R can be
as subdefined in the preceding paragraphs I n anot her enbodi nent, there
may-be provided a compound of fornui%a 1 wherein R4 is (C6-Cl4)aryl or
(5-14 nmenbered) heteroaryl, each optionally substituted. In a preferred
enbodi ment, R4 is optional I y substituted phenyl or optionally substituted
pyridyl ferred nbodi ment, R4 is naphthyl, quinolyl, or

i soqui n"(;tloi‘/nlrlll ,mﬂggé: %ES‘EP g‘r‘?ﬁ’f TuFh st BE#Nd (. indorposatait hreruse‘mb@dtuﬁ%mﬁlor R4 can be
napt hyIs! ﬁ{ﬁtq]btfsy{a dtslrlbtutronsﬂ;qyu nnh,ytlgd ,andHr %&%ﬁ}é qgr T ut eéj | n anot her
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02/ 10141 © presen m ention 3150 provides a pharmaceutical composition for

treating a disease or condition in a mammal 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.
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isease or condition in 2 mammal comprising administering to the mammal & compound of
formula 1 in an amount effective in inhibiting cdk5 activity.

One other embodiment may also provide a method for treating a neurodegenerative disease or

condition in a mammal comprising administering to the mammal a compound of formula{ in an
amount effective in treating said disease or condition,

In one cmbodunent the nevrodegenerative disease or condition which is treated may be _
selected from Huntington’s discase, stroke, spinal cord trauma, traumatic
brain injory, multiinfarct dementia, epilepsy, amyotroph:c lateral sclerasis, pain, viral induced
~ dementia for examplé AIDS induced dementia, neurOdegeneratlon associated with bacterial
mfectlon migraine, hypoglycemia, urinary incontinece, brain ischemia, multiple sclerosus
AI._zhelmer’s disease, senile dementia of the Alzheimer's type, mild cognitive impairment, age-
related cognitive decline, emesis, corticobasal degeneration, 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_.



an atom having an atom c nmass or mass nunber different' fromthe atomc
mass or mass nunber usually found in nature. Exanples of isotopes that can
be incorporated into conpounds of the invention include i3daouay 2005

hydr ogen, carbon, nitrogen, oxygen, phosphorous, fluorine, iodine, and

chl orine, such as 3H, 110, 74C, 'OF, '231 and 1251. Conpounds ,of the
present invention and pharmaceutically acceptable salts of said conpounds
that contain the aforenenti onddai-sot opes and/ or other isotopes of other
atons are within the scope of this invention.. Isotopically-I|abeled

CONPOUAnAlgm resent .inventi .for exanple those .31 January 2005 -10
into mhlcﬁ&ggﬁlgmg S emngl?%g@gmgﬁ@ﬁmg?ﬂgpﬁgﬁﬂgwEﬁgpgaﬁﬁ@ﬁ?porated are

usef ul i mmgrbantﬂ;éoereatnmub@'Mh&h eait bs st Srirhdilbatbd Wa@ﬁ@%pamﬂé fkeahed
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L 486 ease of preparation and el'ect abi opes are.
partlcu ?FV”SE@#ﬁPaPﬁaPEW"FB%@F@W@H*@EP@§?G#Ytonngraphy) and '| isotopes
are particularly wuseful in SPECT (single photon emi ssion conputerized
tonography), all useful in brain imaging. Further, substitution with
heavi er isotopes such as deuteriurn, 1i.e_, 2H can afford certain

t herapeuti c advant ages resulting fron1greater netabolic stability, for
exanple increased in viva half-life or reduced dosage requirenments and,
hence, may be preferred in sone circunstances.. Isotopically |abeled
conpounds of formula | of this invention can generally be prepared by
carrying out the procedures disclosed in the Schenes and/or in the
Exanpl es bel ow, by substituting a readily available isotopically |abeled
reagent for a non- isotopically |abeled reagent A second aspect of the
present invention also provides a pharnmaceutical conposition for treating
a di sease or condition conprising abnormal cell growh or a

neur odegenerati ve di sease or condition in a mammal conprising a conpound
of formula t in an amount effective in treating said disease or condition,
and a pharnmaceutically acceptable carrier. A third aspect of the present

i nvention al so provides a pharmaceutical conposition for treating a

di sease or condition in a mammal the treatment of which can be affected or
facilitated by altering dopam ne nedi ated neurotransm ssion conprising a
cdk5 inhibitor in an anobunt effective in treating said disease or
condition or in an amount effective to inhibit c¢dk2 activity, and, a
pharmaceutically acceptable carrier. In one enbodinent, there nay be
provided a nethod for treating a disease or condition conprising abnorm
cell growh in a manmmal conprising adm nistering to the mammal a conpound
of fornmula j in an anount effective in inhibiting abnormal cell grow h.
Anot her enbodi nrent can provide a nethod for treating a disease- or
condition conprising abnormal cell growth in a mammal conpri sing

adm nistering to the manmal a



compound of fornmula 1 in an anmobunt 'effective to inhibit cdk2 activity.
31 January 2005 -10 a In a pharmaceutical conposition or nethod f.or
treating a disease or condition conprising abnormal cell 3grentdry 208
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- bl adder, breast, colon, kidney, liver, |Udy, for exanple small cell |ung
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can be effected or facilitated by altering dopamine
of formulal ora phannaceutica[ly—acceptable
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anount effective in treating said disease or condition. In one enbodi nent,
the neurodegenerative disease or condition which is treated may be
selected from Huntington's di sease, stroke, spinal cord tBauvaayary2806rati c
brain injury, nuttiinfarct denentia, epilepsy, anyotrophic |ateral
sclerosis, pain,. viral induced denentia for exanple AIDS induced
denmentia, neurodegeneration associated3with bacterial infection, mgraine,
hypogl ycem a, urinary incontinece, brain is chema, nultiple sclerosis,

Al zhei nmer' s di sease, senile denentia of the Al zheinmer's type, nmld
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pr ogessi ve supr au | sy. lower |ateral sclerosis, and subacute
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anount SCPRSE; steokpncaretinl bichbmep, GkSrelsagt dokich) rther enbodi ment nay
al so pr ewth @actiaMwkdansh, Rk &2l %ﬁt‘; Ji s;ase ?6}?%8?1%{# ?rgﬁori feoctiedat nent  of
whi ch cgﬁ ?E ef fected or facrlltal ey Byaictst fiynepdmiing cveldi-atad

neur ot r aNS A es PYRPAUAdsaoffermvid 1 engfiettive otraxting ﬂétﬁ&x%ﬁéd%gaéﬁ' 2 dlsD% I8 nifa' a

cdk5 i nberitiber based aibotRBBE Yol LESELME LT eating sai d di sease
~condi tion. IBthon(i enbodi rrent__@? tﬁ%bgﬁvagph‘? ‘on, the disease or condition the
treatment of “whi CH-SEafNdrondliensdbe tieadmert abitictt @hed ch¥ctdd bihdiideapan ne

medi at eidhibiing 65KaN swiugs | ofic IBb n Par ki nson’' s di sease;
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exanpl € of ‘the del Ul onal- FiEche dispelesdpreesleer thiypriusdbidHeQP@e di Sor der,

subst affepessive 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 4 are effective in treating such disarders and conditions based on b‘oth cdk5 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 diso?der-
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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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; personality3diJsonatgi2005 the
schizoid -t Ype='" drug addiction, including narcotic (a-g. heroin, opium
and norphine), cocaine and al cohol addiction; drug w thdrawal, including
narcotic, cocai ne and al cohol w thdrawal; obsessive conpul sive disorder,
Tourette's syndrone: depression; a najor depressive episode, a nanic or
m xed nood epi sode, a hypomani ¢ nood epi sode, a depressive episode with
at ypi cal ,{,&@gtégr,Qgi,rafrangu..ggj'bnrreh&rmhmldompomeapnfoenula)ﬂ watefleding ¢ fredltgres, a
nmood epi sode wi th post um.onse or
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prenenstrual  alysphordes andicouitiderthe wglneﬂbgfwd'w@tc?% eleifaced of pelialed By der of
schi zophrenha, a;08l.0r m%%pfeﬁ@ I M8 spPinSRSHGT MRS inBRESSfpaifkdagiRayehot i ¢

di sor der "8{ th as delusiona i sorder or schi zophreni a, bi lar di sorder,
for exanpbleratyiepwitabolic Smck@ﬁ?j@rsyﬂ%‘i’%T(é}o'YFWs“HP‘?& gyapcorier ?Fﬁ’cﬁg S@i sor der,

anxi ety; og&é.@%y&a%n&%f b tra@ndorfwaaﬂa@bé-vmétw déctiny dheptiysiean efom@ntd; on
-deficit disorder. In another

t he cdk5 he nethod
or conpogFelE FACPRAN. fof EXpTPle éi""sfrl,%)gté%? a%drjo B BRC ﬂgd ?’rﬂ%agérrqge nrbtetijl
whi ch canediain®f heedbaigaton, brambjbi habed dyorsintleaidiy atbpradicrrurgendiseedd

neur ot r ansmi Ssi on ¢ e and cano

phar mceﬁ?’ﬂ@&?rpﬂ‘éﬁgﬁﬁp’éﬁq@ ﬂm?'f"f’ %ﬁg‘%‘gé? %g'%dg%% ﬁ’ga o diment; may al so
provi de’ a phawnudoglyi chabricanpsof thi oresmbirventianlsgRyoy esd’ip g6-or condition
facili tas:grﬂp#}ﬁoﬁ%(rﬁreit gﬁ y %}fuﬂfap @dl@@@%ﬂ@loﬁhdﬁd@éﬁlﬁ&h talerfetibtypnd ses a

conpound formula | .in an appunt ffectév&&n@

i nhi biti a@mmllamdmbcmymamsanpmd gieqsa talEaicppetalelis RO
enbodi nernx; phyysic swrpsyodiods; @M?Walfdd}be%‘tﬁé'é’f’g‘ﬁﬁs‘%la"& ‘a’s 81“‘“@ &l t| on
facilitat g DORlopi, & mﬂwﬂu@mﬁmpmdfor
adnmi ni st éF1° ﬁ’gﬁ?&gﬁﬁﬁﬁa&% nh&hc@- ag%und K3 for mula 1 in an uny effective
in inhi bldaclmgxa@suoﬁtataémth burys, bv@reﬁa%b upraQhliZaiRgorIpAer eI RSt ds of
fornula 1 c i1&ds Nir SRhing3 and VARliGO AGHIRTSodficemypul a |

t her ef oreallgf(i)['ofdlg0 é(&y%%gg‘dgedsg‘gggdé%f al i n Itlgrgzgéltl ng. di segses and conditions
t he treatmmptlsmg amnphnct@frfortn@kéf inap peurs ety pteating §ai %SWH PN "of

GSK- 3. y mﬁ"g (ﬁ?g(q:leﬁ%gggmtlge treatment of which can be effect ed or

facili tat’“‘éL K-3 1 nclude neurodegeneratiyve i seases

condi ti ons. Nean@dwbgrhmanmawmlm preside s phaaceptisAlFOMPRTLONLPLIGHEE 2% ove
and i ngloHdfe Bk RaGidlRe of bSHditRA sbRetod Rbm CHABRIGiAbaN G oBlity;

diabetes melhtus, impared glucose tolerance metabolic syndrome or syndrome X

polycystic ovary syndrome; adipogenesis and obesity;myogenesis and frailty, for

example age-related decline in physical performance; acute sarcopenia, for example muscle
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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di sease, Parkinson's disease, Huntington's disease, amyotrophic |ateral
sclerosis, nultiple sclerosis, stroke, cerebral ischema. A DS-related
denenti a, neurodegeneration associated with bacterial infécaneary2005

mul tiinfarct denmentia, traumatic brain injury, and spinal cord trauma
Therefore, conpounds of fornula | are effective in treating

neur odegener ati ve di seases and conditions based on both cdk5 activity and
GSK3 activity. O her diseases and conqhégons the treatnment of which can be
effected or facilitated by inhibiting K-3 include psychotic disorders
and conditions, for exanple schizophrenia, schizophreniform disorder,

schi zoaffective disorder, for exanple of the delusional type or the
depressive type; dehixsbadbdifi ; st ance-i nduced psychoti c di sorder
for exanple psychgsis induced&%%gg%ggﬁ%E?“%%%ﬁé#ﬁﬁ@ﬂ@?“&§HH§BL§Fh@@eaine,
hal | uci nogens, i nhal"8ft & discaspprsionditionpelegbrbivay mhle dirnlery ajwpa&nﬁbﬂiﬁt%e (ﬁgbétg{]_der
of the paranmeltitisyipDarcd BlcRE[FRRAL isorder of the schizoid type. The
treatment of such gi@seagﬁeis afld cojrel’ |e¥ﬁbglhcssy%ar%m%?r§5“‘%‘ém%¥f ected or ,
facilitated byp°§¥°9’8’r°i°r‘i@}7 dOdEmon adipradiesis el abesity pioadiesT: &6 Ry, TR LAY e
conpounds Of relafedfdBdling i : ive i.n treati such di sorders and
condi ti ons basged. on béﬁﬁgﬁgﬁE&Eg@%$¥$§&ggﬁﬁp3§k§geﬁ%ﬂi%?W%ﬂqﬁmwhY%m@brders
and condi ti o‘i‘i‘ghef‘ﬁé‘sﬁ"?éf&@ Frish burgs, bghieg hlirctaimnipbilitioacdrashi@ihdasd, hidoafi g by

i nhi biting GotfoBortHdpéditdRir ' d mood epj.sodes, for example a
maj or depres L¥§§ egisodé%gggﬁ§%?%ﬁ§%£%?%gﬁmﬁﬁdﬂmggkgﬁﬁﬁﬁ‘@“ﬁ?ﬁbﬁﬂﬁkﬂ nood
epi sode, a d'ij'b Lhadesomprises adminigeting taisyiph iz aimal SainteiSo e totbdulld proﬂﬁlﬁ:pf' Ic
features or effadiat Bitteatid2alduh nr&mﬁﬁgg epi sode with postpartum onse

post stroke depression, major depressive disorder, dysthym c disorder, -

m nor depressive disorder, prenmenstrual dysphoric disorder, post-psychotic
depressive disorder of schizophrenia, a nmajor depressive disorder
superinposed on 'a psychotic disorder such as delusional disorder or

schi zophreni a, a bipolar disorder, for exanple bipolar | disorder, bipolar
. 11 di sorder, and cyclothym c disorder- The treatnment of such nood di sorders
and epi sodes, for exanple depression, can also be effected or facilitated
by altering. dopam ne 31 January 2005 -14 nedi ated neurotransm ssi on-
Therefore, conpounds of fornula | are effective in treating certain nood
di sorders and nood epi sodes based on both cdk5 activity and GSK-3 activity
Ot her disorders and conditions the treatnent of which can be effected or
facilitated by inhibiting GSK-3 are nale fertility and spermnotility;

di abetes nellitus; inpaired glucose tolerance; netabolic syndronme or
syndronme X; polycystic ovary syndrone; adi pogenesis and obesity;
myogenesis and frailty, for exanple age-related decline in physical
performance; acute sarcopenia, for exanple nuscle atrophy and/ or cachexia
associated with burns, bed rest, linb inmmobilization, or nmajor thoracic,
abdom nal , and/or orthopedic surgery; sepsis;
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- spinal cord injury; hair loss, hair thinning, and balding;

i munodeficiency; and cancer. Accordingly, a fourth aspect of the present

i nvention al so provides a pharmaceutical conposition for 3ireatari@odm a
mammal a di sease or condition selected frommale fertility and sperm
nmobility;' diabetes nellitus; inpared glucose tolerance; netabolic syndrone
or syndrome X/ polycystic ovary synﬂ{one adi pogenesi s and obesity;
nyogenesis and frailty, for exanple age rel ated decline in physical
performance; acute sarcopenia, for exanple nuscle atrophy and/or cachexia
associated wth burns, bed rest, linb i mobilization, or major thoracic,
abdom nal, and/or orthopedic surgery; sepsis; hair loss, hair thinning,

and bal ding; afdwPaameh Gh AR Hovia IHRIAR mgu@tlﬁ@mmn@fma%ﬂyi al in

an anount effectlve In treating said disease or_ condition,

phar maceut i cal h‘}miac@éq@@aamféﬂwwrlﬁ@PCted;@P"éHﬁb’ch%ma“ﬁﬂiP“flmlH% d'BP‘iS‘%Fl de a
phar maceybi;cal; Mgﬁb&k%&g& [:68d sPRdrbie 8r %EH&J@X including a human, a

di sease or conditi-on selected frommale fertility and ;l)ermm)tlllty
di abet es nmsilydystiesyvaty wpdrerer; adiprgerssis peg mwc@yoams&tfaﬂfrel e fAtgmelegee-

syndr OIme, i . aRBLE Y5ty Si &%@%&Wﬁ@%e%ﬁmrﬁ\ﬁeleaéa@ﬁytam/ayogenems
and 1 rai [y Al %frﬁﬁig%a{e&! PAhaAE i, bmBINANSAL, ABRRL A TENCe:

acute sarcopeni a, exanpl e nusc e atro@my or cachexi a associ at ed
Wi t h bur smsl/or jgetbiopedis ﬁurg«rmrsbpspsswhmthss,ullz'athwg, bedding andigwwapdeficiendydoni nal |
and/ or oS AE gt sail bl SR arm B be 4 BABOIRG £ al di ng;
and |nﬁ%%§@e ?%?en el Iﬁﬁﬁﬁ §§gi?ionzkonﬁggges a pha fhacéﬁ?ﬁ%g |y
acceppabﬁ&m@@ﬂnﬂéwmmmﬁﬁﬁﬁ anmount of a conpound of fornula 1. effective in
provi de et Roipopa ¢RI A0 RRvid Aenbd i bGP ESRY R MenfB 51 Sace or
condi t i dncladihgz uenknf which rmilhed dogptises mlrymaw,dns esaith Immmal an ymowdk efyet es B
nel I'itus; r el tabol i ¢ syndrome or syndrone X
,poIycyst“@gﬂgﬁggnghqugﬁdﬁghlggﬁﬁgﬁnggls and obesity; nmyogenesis and
frailty, for Ekanpiagﬁm proadeat B@rmuumbcmmophwsfocatatlpemfmmde acute
22 SOl Qe ARl REUREL AL RV RO REHBs PR ah gl 1
ort hopgdifeclmwngpnyx;lg selks uﬂnl;dr?agrrd 4 ©RX,II ﬂnhnbttcalttbgercm:r en amdntlﬁ‘éﬁeﬁlvﬁg“ anld
i mmunodefi ci Od (XATP ri.s m ni mmal an
anount g’fea LB dlslﬁ’ ﬁdgﬁ af‘d m"'i‘ceuqca ef'f %’%%llcvcgm il lﬁr eat mrbgd&nggl fnggase or
condltldﬂuh&&u&amu@bmmﬂﬂﬁﬁnmmﬂ(ﬁ@pmhmmmnmbﬁmaﬂmpmMcamthm@d provide a net hod
for treating nurial . inc u a dise tlon
sel ected f1 ot irareotpBR e 55 mifeBh TRy i B 36 RRf
I mpar ed fighiukiabamtd disaass; mild deiniive iﬂl;ﬁlfﬁ?ﬂdﬁﬂli@emﬂatsd/ﬁ@hmﬂmdc&me which

method comprises administering to said maramal a cdk5 inhibitor and a COX-II inhibitor,

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 pham;aceutscal composition or in separate pharmaceutical
oomposltlons

Moreover, a cdks inhibitor, for example a compound of formula 1 of the invention, or a
phannaceuﬁcallf éooeptable salt of a compound of formula 1, can be administered or formulated
ino a phammaceutical composition with one or more antl-depressants or ‘anolytic compouands

for treatment or preventum of depress:on andfor 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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pol ycystic ovary syndrone; adi pogenesis and obesity; nyogenesis and frailty,
for exanple age related decline in physical performance; acute sarcopenia,
for exanpl e nuscle atrophy and/or cachexi a associ ated w 8 Joowarg 200&d
rest, linb inmobilization, or major thoracic, abdom nal, and/or orthopedic
- surgery; sepsis; hair loss, hair thinning, and balding; and

i mmunodefici ency; which method conmpgises adm nistering to said mamal an
amount of a conpound of forrmula effective in i nhibiting GSK-3. Yet another
enbodi ment may provide a nethod for inhibiting GSK-3 in a nmanmal ,

I ncludi ng a human, which nethod conprises adm nistering to said nannal an
amount of a, GARKQHR lﬁl&mmg p}&bﬁehn@tﬂoa%ﬂ tYetihg\ddpReBid driafiglcPBika Bamihkr e may
further provide '"a pharnace cal conposition faor tre t n a nmamual a

di sor defwhivkingtticddohprors anirisermgito sidimammaka cdkp prhikigrRfdan h A5SRP rent, and
age-rel ated ¢ % ! Kanditid i trede taﬂﬁh ofi@X- | |

i nhi bi t 87*8%G g%‘:}mnﬁc%%%gﬁ%gﬁ?&%é%ﬁd%“iﬁr@gt reating sai g di st?rder and a
phar nacetztafieameyna@tlmﬂfawbseomm@v In ppe eipodisppibdihent, the cdk5 i nhi bitor

IS a cod Rl can%r Q‘L{:Io ?J)ungrof ﬁ)ﬂﬁﬁ@ﬂ."lﬁﬁ %Hﬁrhﬁ@éuh&all@@x@@pﬁaﬁlb salt hedetf. Theer eof

An enbot can ovi de a net tre NRe i sorder
sel ect eﬁik5f"f"6‘?ﬂ°AI32q‘1gie i gecgpt %re%fg%"’"‘rﬂo § %\%‘Qﬂo tg'? ﬁ‘ﬁent lthg

age- rlfa"%nﬁ‘éjtarﬁ@ﬁﬁtllﬁdégﬂlffd@ﬁxltlhﬁﬁ Mhdeeirer mhedbe@mpm;sﬁe@ laﬂﬁﬁﬁ'qglﬂsflé\;gﬁg Ei o said
mammal a cdk5 i nhibitor an rein the conbine
ampunt sPHEFTRGeEtical gurepast ?ﬁ%‘"tsgPa rdé&%%%fﬁgnlpes'efs ctive in treating said
di sor der. |m@hmemmu¢mmalsqm@l W?Hﬂ iCEPOLUM A" pound of
fOHTU' f lpriQRES 83 phifbitRhid 4 $16T Sateptof hatagonitk 5
i nhi bi Feg%%‘ﬁ ra}Ewg‘tlé‘tgf@&l(?l |b| ?or can be admn s ered to he mammal at
the satogethdrirearcanghunteffattivd I“f fr@tlwﬂepquﬁé%"f MBicko ‘Wﬁ@’ be :
admi ni st er%?eﬁaﬁ% G érd?;o&m%h@&%%dl@ﬂﬁhﬁﬁ&eiﬂh E@Acdh%ﬁﬁﬁdﬂfmrﬁmworlan separat e
phar e e Ut conpositions. Moreover, k5 inhibitor, for exanple a
conpomdnmefocdtmamoaeplabtﬁsaltﬁ@reoﬁvent i on, or a pharnmaceuti cal | y acceptable
salt of a CR,gFmHodij ﬁ% %wd&é‘ﬁ\etﬂ@d A feting ldepredion or drxfetinat ed into a
C

phar maceut i goNposIt one or nore antl-depr ssan Efff

*anx| ofytingl mdmmmomus%mmsmgtww 3 G B‘é’ﬁ‘ﬁéé i'§h and/ or
anxi et ccordin aLas iRigw q@m pHBpYeRpwi | cal
corrpos‘l}/ef‘?pé‘ﬁafltggomsgreaECfnﬁg %’%ﬁ%&ggﬁfg%mgr@ﬂgnx' ety i n a renmal . coppri Sing a
cdk5 i aftigohisire effedtidn treating dpirosion ananadsnls ena epedinent fiy o {can
effective in tr e S| theiof MA@r maceutical ly
accept'%f’d‘]‘"é’“l?&?‘?qe Om'alaq(% ﬁ%g%u%al?%&%%lﬁsg@ " 'nhi bi t or can tﬁ a conpound
of .f or edantibitor aad Weﬁpﬁosmaﬁma@d@m%%?@@atﬁ“ﬁ%31%'8?‘"‘“% A PAuary 2005
16 A LI QR af |Bht Y. RICAROVE tiky TRdy Wladatistbied &dgethgr depsiegisi on or

-anX|ety In a manmma
pharmaceutical composition or in 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 cdk> inhibitor can be a compound of formulaf ora
pharmaceutically aoceptable salt thereof. The <dk5 inhibitor and the SSRI can be

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

pharmaceutical compasitions.



whi ch met hod conprises admnistering to said mammal a cdk5 inhibitor and an
NK-1 receptor antagonist, wherein the conbined anobunts of the cdk5
inhibitor and the NK-I receptor antagonist are effective3itdanyan20ify
depression or anxiety. In one enbodi nent, the cdk5 inhibitor can be a
conpound of forrmula 1. or a pharnmaceutically acceptable salt thereof. The
cdkb inhibitor and the NK-1 receptor antagoni st can be adm nistered to the
manmal at the sanme tine and/or at different tinmes. Moreover, they may be
adm ni stered together in a single ﬁﬁ Praceuti cal conposition or in
separate pharmaceutical conpositions. Another enbodi nent can al so provide
phar maceuti cal composition for treating depression or anxiety in a manmal
conprising a cdk%ifthathchi dree [&Ent3nv2hiflonl R ERRIP b pRdHna@Aidastombosigieh her in an
anount effective in treating depression or anxiety, and a pha %gytically
accept abl S°BRRSHEAcdkp mhilfar @dipsarond ﬁieﬁlb?‘kﬁéleﬁtﬁigo?lrﬁﬁ“ﬁi%‘ﬁs“ﬁﬁﬂjg%g ‘@ npound
of formil &KLt @dceor MRBENRCLMT G ahbhYorRECAPLAML. salt thereof An enmbodi ment
may further-provide a net hod f or. treating depression or anxiety in a

manmmal whi ch met hod conprises adm nistering to said mammal a cdk5

i nhibitor and a 5HTw receptor antagonist, wherein the conbi ned amounts of
the cdk5 inhibitor and the 5HT to receptor antagonist are effective in
treating depression or anxiety. In one enbodi nent, the cdk5 inhibitor can
be a conpound of fornmula 1 or a pharnaceutically acceptable salt thereof.
The cdk5 inhibitor and the 5HT,p receptor antagoni st can -be adm nistered
to the mammal at the sane tine and/or at different tinmes- Mreover, they
may be adm ni stered together in a single pharnmaceutical conposition or in
separate phaf maceutical conpositions. Another enbodi ment nay al so provide
a pharmaceutical conposition for treating depression or anxiety in a
manmal conprising a cdk5 inhibitor and a SSRI together in an anount
effective in treating depression or anxiety, and a pharnaceutically
acceptable carrier. In one enbodiment, the cdk5 inhibitor can be a
conpound fornula 1 or a pharmaceutically acceptable salt thereof A further
enbodi nent may further provide a nethod for treating depression or anxiety
in a mamual which nmethod conprises adm nistering to said nanmal a cdk5
inhibitor and a SSR I, wherein conbined anounts of the c¢dk5 inhibitor and
the SSRI are effective in treatingdepression and anxiety. In one

enbodi nent, t he cdk5 inhibitor can be a conpound of forrmula | or a
pharmaceutically acceptable salt thereof. The cdk5 inhibitor and the SSR
can be administered to the mammal at the same tinme anchor at different
Times. Moreover, they may be .adm nistered together in a single

phar maceuti cal conposition or in separate pharmaceutical conpositions. 31
- January 2005 -16a A fifth aspect .of the present invention also provides a
phar maceuti cal conposition
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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-7453danuary 2005

sonepi prazole , RP 62203, NGD 941, bal aperi done fl esi noxan, 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 together in an' effective anmount, and

a' pharmaceutically acceptable carrier. In one enbodi nent, the cdk5

i nhi bitor can be a conpound of formula a or a pharmaceutically acceptable

salt thereof. An enbodinment may fugther provide a nmethod for treating

schi zophrenia in a manmal which nmethod conprises adm nistering to said

manmal a c¢dk5 inhibitor and an anti psychotic selected from zi prasi done,

ol anzapi ne, ri speridone, L-745870, SopeRbR;AGEDD1 RRIDARe NCD 941,

bal apdaﬁzdmmg?# asﬁﬁepé%%zﬂ?%ﬁg wherein the conbined, ampunts of the

cdk 5 gi. g, t @piraechntabeylanlingsyshiobibiora FRA-SF ooy P edlIng

schi zophrenia L0 one i $a i iR reid RBbAYS tutiibiwaandabe secamipound  of

f or e aFBMq%‘d‘é)#a?‘ﬁﬁ&mL?ga% i?/%"aaé‘c ptabl e salt thereof. The cdk5

i nhi bid,f6r #Bebgithe ieat éffrsyorroduot coad 2 pharseritm bt dradd ooamiE HannEreginThe

same tinme and/or at "differ ti mas L & QVS ieally hit@)tabla Yalbderaakni ni st er ed
H‘lﬂ'g‘t%ri‘??ﬁi’%afﬂ%ﬂpﬁﬁ‘g%?lfnga Or(‘:a%étﬁrpositi“(z)anyor ?n separat e

pharmaceutical conpositions. One enbodi nent nmay al so provide a

phar maceutical conposition for.treati ik Ssphrentl i 6 neghnial om

Al zhei mer ' 40 gipkodiagt may Ii‘ﬂﬂ?fé’é%vil ciav“eléﬂ%ldr:rigglﬁr mlen. Z and age-rel ated cognitive

decl j i hdtdd cHBsAYe ade@iREringito migmadigl 3 adkf iwhibier aaf an gyipsycaotc

acetyl chol i nest er.ase. i nhi.bitor.tagat Neg76 Bo@PipRAGILIRP 6208, G §é1,i n

t r eastleried %%{?Hp‘aflg‘lfﬁeuoé?",zapérﬁedﬁsg&ﬁ?gﬁnaceuti cally acceptable carrier. in one

embogii iR Alione! fiinoSMknd gfitddie] wileramthe bembinaomputs 4L 6f fornul a 1 or a

phar maceuti cal |y -acceptabl e. salt thereof. NpL e emesdiRdhtatdksay furt her

pr ov ihibiter Frsithetipeyehatic abgefiRgYe 1 B2 ISI%I&FXIE&C I sorder selected, from

Al Zh?riﬁlé 2 %Elﬂ,ieﬁ%éﬁgounﬁrbf 691 of 4 plerhapaticalipareeptablecalt ferseb T &Hc ogni ti ve

decl i'ne; ich method conprises adm njsteri 10 3Rl GBI lat a cdk5

i nhi hilﬁtﬁnormddh@wtlpﬁ’é’&“ﬁl%‘h'?ﬂﬁdﬁé‘%‘ftﬁrf"g@gl‘e fnnhl EIQ'E or, wherein the conbined

amounts of .. 5o R Bilat O ad@fidistene téyhier innetgivhemareictli tor  are

effegﬁe\/rcé{(t?%&tep@gt I %Q%i dydi,sor-der ...In one enbodi nent, the cdk5 inhibitor

can lkemposiimmpoirsdpasite phiagpasgptical COFROYUYar naceut i cal |y accept abl e salt

thereof . The cdk5 inhibitor and the acetylcholinesterase inhibitor can be

adm nistered to the mammal at the sane t|. and/. [tinbG/d8tdet | MeS. 31

January 200be emw@iimmnmeme@prﬁyﬂfae’éﬁ{ma?%&gﬁw %f%“a%ﬁ% r_n%ceut i cal ,_

SO0 bt orp AlztbiPS i3k nfllaRBgMBvinpais@a]dn age-réleted comitiverdspling it ke,

.n?i r F Fain. iniur wul tiinf _ o
S 3 i:qunal compr?slijnr;% cdk5 gﬂgﬁgrl a%d 211 2c!,ety1c|:holulljes%éfaserr1un{uwtér tog%[h%I‘ m%':rsﬁﬁhhta
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effective in treating:said disorder, and 2 pharmaceutically acceptable carrier. In one embodiment, the -
cdks5 inhibitor can be a compound of formula 1 or a pharmaceutically acceptable salt thereof.

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

itive impai relate iti line,
selected from Alzheimer’s disease, mild cognitive impairment, and ag¢ relatéd cognitive dec

which method comprises administering to said mammal a cdk5 inhibitor and an acetylcholinesterase
' h inhibi Tchoti inhibitor
inhibitor, wherein the combined amounts of the <dk5 inhibitor and the 2cetylcholinesterase i

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 mammal at the same time and/or at different

times. )




head . - - . -

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 anmount effective in treating said disordeB} Jangarg2005
pharmaceutically acceptable carrier. In one enbodinent, 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 fromstrpke, spinal cord trauma, traumatic
brain injury, multiinfarct denentia, ‘epilepsy, pain, A zheiner's disease,
and senile denentia, which nethod conprises admnistering to said 31
January 2005 - 18n chBoaRént RSk d AR 1 or and TPA. wherein the combined
anounts of the cdk5"] nhitbitor%adn ta%&elar%‘?ﬁ}il%?}‘éon&"?@?f’c UEeating 2 disess ¢ig sai d
di sease o RUWH Liegrd fymsteke spimt sdidrening, thiveatiztbichn infud, b{ult{ﬁﬁfajcﬁden{-én@g npound
of formul @pillepsy¥, pain Leal tabl e salt thereof- The cdks

i nhi bi t or png-@f £ he%%fﬁﬁgﬁﬁﬁﬁga% %ﬁ%@%ﬁ%@%c&r@ﬁaﬂa&% tof #d TPAissud ne
and/ or at PAFPRERLRftiRioRder examnle AGTEIASE) hueagthomiy ab ARG MGIcak Behifn@9RS her i n

a single ﬂhaﬂd%mtﬂhﬁ%ac&%gﬂ?tﬁ&tﬁkgﬂe [ 'érﬁnoﬁeeggﬁogﬁ%ﬁ g ar r_rac_eu,té ical com

ositions A further enbodi nen al'so provi Horisa

conposi t i RGP phiemtiader s phaimsecutienlly neceptalgle tdltakerael ect ed from stroke,
spinal cord trauma, traumatic brain injury, multiinfarct denentia,

epi |l epsy, pain,, Al zheinmer's disease, and senile denentia in a manmal
conprising a cdkegthe grhodiment fugtha pvide a@ethot farpebtingiiminbifar Vaifaed @' )

t oget her dondiibn sHlRiA ofif fl i atjn ajd. .disorder, and a

phar maceut i cal | y. acceglt?lasglageé’ é(?‘gfa} éf‘zgcrl &5 n gﬁ%"%ﬁ%ﬁ’i‘ﬁ’ﬁ% mulfippdaretdementishi bi t or
can be a “PUERTYdEHABRCImeT sdiscase} andrsemilepbacmiaoehith BahddcodphifR babingidRl b

t hereof . s&a addi ti onal enbodi nent can further provide a nethod for Treating
in a mnmual a disease or condition selected fromstroke, spinal cord
trauma, traumatic brain injury, nmultiinfarct denentia, epilepsy, pain,

Al zhei ner' s di sease, and senile denentia, which nethod conprises
admnistering to said mammal a cdk5 inhibitor and NiF, wherein the conbi ned
anmounts of the cdk5 inhibitor and the NIF are effective in treating said
di sease or condition. In one enbodinment, the c¢dk5 inhibitor may be a
conmpound of forrmula 1 or a pharmaceutically acceptable salt thereof. The
cdk5 inhibitor and the NTF can be adm nistered to the mammal at the sane
time and/or different tinmes. Mreover, they nay be adm nistered together in
a single pharmaceutical conposition or separate pharmaceuti cal
conpositions. One enbodi nent may al so provi de a pharnmaceutical conposition
for treating a disease or condition selected from Huntington's di sease,
stroke, spinal cord trauma, traumatic brain injury, nmultiinfarct denentia,
epi | epsy, amyotrophic lateral sclerosis, pain, viral induced denentia for
exanpl e AIDS i nduced denentia, mlgaine, hypoglycema, urinary

i nconti nence, :
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brain ischema, mnultiple sclerosis, Al zheiner's disease; senile denentia
of the Alzheinmer's type, mld cognitive inpairnent, age-related cognitive
decline, enesis, corticobasal degeneration, denentia pugshiJeriarg2009Down’ s
syndronme, myotonic dystrophy. N emann-Pick disease, Pick's disease,
prion disease with tangles, progessive sppranudear palsy, |lower |ateral
scl erosis, and subacute scl erosing. panencephalistis in a mammal conprising
a cdk5 inhibitor and an NVDA recgptor antagoni st together in an anount
effective in treating said disorder, and a pharnmaceutically acceptable
carrier. In one enbodinent. the cdk5 inhibitor is a conpound of fornula !
or a pharmaceutieplly acceptable-salt thereof. 31 January 2005 -18a
Anot her enbodi ment can further proyvi & teddxs indttoragd the a2 manmal a
di seaaammala@ﬁﬁbhibﬁ%ﬁ"%gﬁ’%é‘[hgﬁmﬁr%cr% ﬁ%(?? ngton's dj a_%a%gﬁ nehidoPke, spinal
cord {TER%%H Il BiH R blnG shib @iseasiof cangition. ieneiaiRedFErt TESEnt 'a, epi | epsy,
anyot Fbphic T ateral scler °§,Aasem8§iyaccemiaﬂ@£and {Reesie dha tddaintibioya 2005 - 19
dementicampend ebéafpieet A DE"iduced” denent i a, megraélgre Eﬁ&%ﬂ'tb‘rﬁa‘%m a, urinary
I ncqpt {Bees be BERInRtaraCleh® ananyed £ e sa8g| ¥Posfs, i\ ei_frrer' s di sease,
seni |l e dermentia of the _Alzheideks: intyfee phirsacabical cPVeoSPAf (hrent
age- r &oFoug- E’S’Qﬂ\afil\?eadcﬁ"é'ﬁ%t%ne,dbgnesi s, corticobasal degeneration, denentia
pugi | isgdds@pharidaantical coynelfief®e, myot oni ¢ dystrophy, N e -Pick disease,
Pick's %Ii S @darther @nibodiment|ingealsEprofidh aﬂ’b%@?@é‘f‘%ﬁdé?&ﬁo{}g&s%rﬁlg%ucl ear pal sy,
| ower | ateral. sclerosi.s Sl Bl @ERSIHD Orapeinginy, epiitinfast i s , which
et h@&%ﬁbﬂ“@&%ﬂse}&fﬁ%rﬁﬁog&%ﬁ%h to said mamal a cdk5 | nhinl%i&égrcdlgnd an NVDA
I eCeRAEntANpagRRipain, Alhanei ndisdage, andepiie demeniitdt A e g fRYE I Ahi bi t or
and the NVDA recept or, .ant.agonk.st ,aremefih & @t effectivé fatdatig sili d di sease- or
condiuﬂhﬂéﬁ?}'a‘}drmgﬁ uin @&uﬁiﬁa{#faﬁﬁg ngi@ I nhi bitor is @Eﬁcégﬁggt%ndn of, formula
| OF gAoRPRALNPCRMI@altlclprcapbiishwics il qneemBPEBENTHE © hAiBI Tdr and the
NMDA " recept or ant ?gonigt can: bey Wig&@ﬁﬁg&{o the mammal at the same
ti me camgeusf ohPran s + 8F AT veS. eover, the ey be adni ni st er ed
t oget her i Rpadgiicial enplaaiancafutteaproddneaaitrqddhr rghng P ABYAFAf e
phar maceuti cal conposi ti.ons n_e § R RV SiP ity deuldinfarct
phar nﬂ@éﬁﬁt’Pfd’&Fd‘%%‘rfﬁ%ﬁeéf&Bﬁ’sF%@’?p(r?ﬁeygstgﬁ%g a di sease or condition selected
f 1 OM SLEQHKS, epBhs) BhinC AlzHeitneAtdisease, amspmileiderpites Which FPe RIS nf ar ct
dementia, epilepsy, pain, hei mer i SEASH thebhbaRAlabusieatni ddisin a
manmrekdowisstingiosgd Scﬁéﬁkit%rmiﬁg{a pot assi um channel nodul at or
t oget hek ioPalih AMPURS efeclisiniresing saif dieass ergondiipty I%IPW@?Q megh i
pharmaceutical ly accept abl rri.er. | S gdg&ggblegmh&akﬁhbnhi bitor
can bedk? inlsbiss may be W%ngﬁpfgnﬂ?laéoﬁ%%q}aﬁn%&ut i @}Cail I’y .accept abl e salt
t her e?Jks i@ﬁﬁm?&ﬂ&?ﬁé Kt dan ®8 Addilsteheal toghomidealat esHBY"PEr treating in a

a ds

mana ease or .. : : armace.utical
. and/or different times. Moreover, they may be administered together ina singic ph

. 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, migraineghypoglyc

prain ischemia, multiple sclerosis, Alzheimer's disease, senile dementia of the Alzheimer's

age-related cognitive decline, emesis, corticobasal

type, mild cognifive impairment,
ystrophy, Niemann-Pick

degeneration, dementia pugilistica, Down's syndromg:, myotonic d

" disease, Pick's disease, prion disease with tangles, progessive supranuciear palsy, lower

sis, and subacute sclerosing. panencephalistis in a mammal comprising a cdks

.Iate:ral sclero
g said

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 . - . -

~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 nadindatuany 205

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

i nhi bitor can be a conpound of. forgula Z or a pharmaceutically acceptable
salt thereof. The cdk5 inhi bitor and® At he pot assi 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
conposi ti on orAothes embndiment phudnuttec provide acthod oo gbdting fsa mABall-8fidise or
"treat mentnditiod defid Bm s .the |like, refers to reversing, alleviating,
or inhi %}bﬁuﬁo& S{ehe p?grarﬁ es gﬁ%& {(ﬁseeascﬁ séré’gcs @p'ﬁaﬁ CUrg IR SRR AERIE FiWYich -t er m
appl i es, mHtiiaipect demanbe.cpileppyypiyomopbic Iswalcldiosie as®, dfal Gamkddt i on. As used
herein, these terns al so enconpass, depending on the condition of the
patient, preventing the onset of a disese or condition, or of synptons
associated with a disease or condition. |Including reducing the severity of
a disease or condition or synptons associated therewith prior to
affliction with said disease or condition. Such prevention or reduction
prior to affliction refers to adm nistration of the compound of the 31
January 2005 WO 02/10141 PCT/ BO1/01335 -20 invention to a subject that is
not at the tinme of admnistration afflicted with- the di sease or

condition. "Preventing" al so enconpasses preventing the recurrence of a

di sease or condition or of synptons associated therewith. , "Mammual ", as
used herein, and unless otherw se indicated, neans any manmal . The 5 term
"mammal " i ncludes, for exanple and without limtation, dogs, cats, and

humans. "Abnormal cell growh", as used herein, refers to cell grow h,
either malignant (e.g. as in cancer) or benign, that is independent of
normal regul atory nechanisns (e.g., loss of contact inhibition). Exanples
of benign_ proliferative di seases are psoriasis, benign prostatic
hypertrophy, human papilloma virus (HPV), and restinosis. 10

"Neur odegenerative diseases and conditions”", as used herein, refers to

di seases and conditions having associated therew th degeneration of
neurons. Conditions and di seases that are neurodegenerative in nature are
generally known to those of ordinary skill in the art. References herein to
di seases and conditions "the treatnent of which can be effected or
facilitated by altering dopam ne nedi at ed neurotransm ssion” nean a di sease
or condition that is 15 caused at least in part by dopam ne

neur ot ransm ssion, or a disease or condition that result in
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abnormal dopam ne neurotransm ssion, thus contributing to synptons or

~mani festations of the disease or condition. References herein to diseases
and conditions "the treatnent of which can be effected or 31faoudryd0@% ed by
decreasi ng cdk5 activity" nmean a di sease el condition that is caused at

|l east in 20 part by cdk5 activity, or a'i sease or condition that results
I n abnormal cdk5 activity that contrl butes to synptoms or manifestations
of the disease or condition. "anmount effectlve to inhibit cdk5 activity"

as used herei toa d s ff cient to bind to the
oo os vitrRiE eé?‘t“é%{l'égrl'r“g"e%? Skufin RARBL IS ED®. Hiteo fotifece
ef f ecti ve t o brairhisthietnia, cdiigleasterosist y!mmrasiedadeesmdﬁ deebmiasofttioe alzhfammsnt of

a 25 co ”pougﬁ%ks fils! 86 rt'i'Ere 4 Qs%’ng%tteggé FAITRS NE¢ydifive G n%rnestlJ.' €cditich stal of

decr easi ng 2 actl al Descri ptlon-o nvent i on npounds
of the for rruldage]}fffamoﬁéme‘?iﬁopltgﬁélcﬁ B?Fﬂtﬁn%ér@f"?cﬁwtyma@démpébl Ré'e@atnt%ck can

be prepared JeeEdbings h@eéslae&ld?ll ét%@f&ttﬁ %ﬂ@&é ymﬁmr%&est'p%w%wp

Unl ess otherwi se indicated R3, are as defined above
| sol ati on anB§ir$d&sk i ¥H 6‘Fb3P‘H% ?ﬁeﬁﬁlﬁ&t%a“F@eP%Sté‘ch mted BYRsiemdar d

procedures whirifistadi tk Qﬂﬁ\ﬁtahﬁta&a e mhﬁ)ﬂoraﬁd 8t IMDArYceblot biltagoht, WhEdinligy i n,
t he expression '

action rt sol vent stemin
whi ch the co 'Eﬁtag'oﬂ'bts Cﬁlt(sfsspgﬁ fv’t‘t“t 'ﬁ“? r‘??ﬁalﬂﬁ?'g?qoglsé aéreéfﬁﬂ‘éﬁfrb, or
I nt er medi at ekeading sqid diskist ©r condiiona e ewdbbdilneadine rcaied iphivifor ecé sorhfvany bel d of
t he desired rin g etlc se It may
be necessaryCuin bt aZtfife@thy BbedshBe S LBNLRRTRY DS TSRO0, e
on any of t hrecepisic ecfam@@t canbeadwicistel |tosﬂ1ﬁmarrb@l afabhsmetﬂnbymwmf;nfferrent

convent i onal g0 g January
2005 WD 02/ 10"%21%%"%} gt gggga&l%mﬁ%{@gﬁgﬁmgﬁfﬁ g"ﬁ" ‘\élg"?pﬁg‘ "gani ¢

Cheni stry, JORyPerprpiléphamsepidical poprositigitd T. W Greene and P. G M Wits,
Protective G oups Me@%’ﬁ‘% g el BIWI?C &Id)hrmaWdtlegl cEmBBnsp for]ﬁai]ng aSshasrer 1

illustrat es eRidiRd Selsdid ﬁéth@trék@%pﬁé%l%%&%&%ﬁ% lIlcr‘\% n?r‘ém%r,ior I’HJ] %r wher ei n
F

5 R3 - h 1,
t r eat Imint of B%yﬁ%l ?‘i’t'%ﬁ ’%ﬁ’ f'zi'e'fﬂefﬁti fridga Fenile de(“&"“"Pﬂ?s’“”@l’ﬁérﬁpmg@ggg)

Vol . 99, ppacBGUinds)d d polasdiviedhpdesibduidcdye(HOMRGh amihit Heffs WakeStng
wat er sol vent

water, ace | te hal an al cohol -

system but E%?ggséljrd g'gl WQ p'éaqngvﬁé‘}"mgy @WB%ELSU@H'%S et R fieodiment (e pd§t - 20
C to abouﬁmﬂﬁto&anﬂfeefoefr@&t:m o fopmial ok pltaﬁnzgc&tﬂ:aﬁy's&c&)tab\ﬂé &R R 0%¥I mary al kyl
or aryl am ne af ords 1-N-substi t ut ed-4-nitroimdezol es of formula 2.

1, 4- Dinitroinid %tfrg q ept ﬁqngﬁﬁqﬂv:r gﬁ@ﬂ@@ppr@gd for treating in a mammal a disease or
candttlon selected from stroke, spinal cord trauma, traumatic brain injury, multiinfarct
dementia, epilepsy, pain, Alzheimer's disease, and senile dementia, which method comprises

administering to said mammal a ¢dk5 inhibitor 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 _at
compound of formula 1 or a pharmaceuticatly acceplable salt thereof. The cdk§ inhibitor an(t
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”, “treating”, 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 ot
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



sem -stabl e substance and should be stored in a freezer. at all tinmes it is
not in use. Thernodynam ¢ neasurenents have shown that it can potentially
gener ate enough energy at 35 C under adi abatic conditi on81tJenyargl260% | y
expl ode. Extreme caution should be exercised at all tines using this
material . RBEUBHPYA of the nitro conpound of fornula 2 toPEHBIENBHe of 15
formula 3 may be acconplished by exposi ng,a m xture of a conpound of
formula 2 and a noble netal catalyst, in a solvent such as ethyl acetate,
tetrahydrofuran, dioxane, or a mxture thereof, to an atnosphere of
hydrogen gas at a pressure of about 1 to 100 at rmspheres where a

preferred pr esﬁ%ﬂﬁonQ% 2 gg&’ BF%{S of ﬁe a0l adﬂﬂ'ﬁ’strﬁtfén AREY Witk fheadistaspdrer es.

Pal |l adiumis t e netal cat
conveni ently sEmE dé’%!e"EG'"@"r?'Saﬁ"‘i"H‘B?sFessRS?"P%' g[?i‘ﬁbe&"fe"%%qﬁ Jgeéggiéé?ogg.gn Af t er
the conpound oér of §frildinasdodede! tizesedth. consunmed, the mxture is filtered and

the resulting am ne oL, ; e Rendhel. atried
chloride O (=0 ( CRin%JnmL! gﬁgeghgfehsanﬁ E%ﬂeﬂvﬂ%@ib&?&d \ln¥ans\éh$ l

, rd an rldeéegi % 1) &=0)20, or an
activated c@r bWTWW“@%P@I“%’eW@W@@“"W B 3R ' Bhe” presence of
a base, such as triapidhydl eemenﬁah"dals|usemp1emmyde€etshybeiirgrqwtreeithBIpWWmm(e9 F5r

2,6-1utidine, froma ﬁ,ggdfc clic
anhydri de and in capce{)hcg? %Irﬂﬁ;n zlﬁat Ih&pé‘l%er?eo; rng?'rél %%%@ﬂgﬁﬁg%’i@m@még tyd

carboxyl i c aci dofttPéfr'FWPNMEEXP@P'??(‘EB%%“PWEW% figages PEIRgT I %?E'P'Eipmsmc
HOC( =0 ( CRlORlﬂ;Qpafimpr@r}@nﬁn kp@vha @é (HPY), iandresteaient such as di cycl ohexyl
car bodi | m ge ( 3‘Nﬁur? eg%xrlaﬂrg (5!{%85%39 B JO)I(T t%nsetalamgtﬁiaﬁew bdrdd Q%lseases and

hydr ochl ori car bo = propanephosphagni c aacc] X% g
anhyr di de, al kydndns amgng asopiptert favrw'ﬁ&?@enerm% EDNeUIges, - Gpndifpns and diseases tha

oxazol i di nyl )DB@%E\l%dagéﬁerﬁﬁbwmld@,ar@amﬂp Krio@ Blthode gflommywt;klll in the art.

ris(di methyl am no) p\Qe?% %sr}[egemt hlge)éggslarl%c% Réﬂ{é |Her95f R B BffecBb 6N

standard literature roce ure a conmpound of formula
1 B where R3 i fcli@étim)aiairg dRamiye medmt%newtwaﬁmwn ynea'ﬁ BAPERE A Gerdiie? it on,

the anmine qf fefm A1edstGARRE d&ﬁ’aﬁuﬁ\b QQJeraﬁdﬂ'ﬂs@mJQaSS diseaséloitoadition thinekdwtirani ne,

di i sopropyl et hyI a ridi or. Lewd Yl - 35
chl or of or mat e, F“??ﬂ&’&ﬂ'gﬁ ned a'@“{s%o 8' ”%Im%vr\'}ﬁu 'mg%s %"Sa&l n%hge)! %ﬂogge
preferred, to diéasee candtionpound of formula 1A where R3is -C(=0 O and R4

i s phenyl. DiisopropusicByiei i 8iscabd aﬁé—coﬁ@fbﬂﬁ‘rﬂié v@&ﬁ&immwéﬁmﬁeﬂ&

PCT/ 1 BO1/ 01335 phenyl chi or of or mat e erred.co equent
treat ment of pfRsfiRAtEd by depeatip 8dk51ﬂdf"l9’af‘f’ﬁ?rha gfaﬁ i ki %%e%n% Iee%%lr?{g

am ne in azsol yahby sdk8 hactivily, cbi @xdisease or chiordiiom yHaf esyta i é@ormad)ﬁd'iéceéﬂ\t'ihﬂlah I e,
at a terrperatur&&\/{ﬁﬁ&é"t@%ﬂp@oﬁﬁ‘d;méh@es@h@’@@f@@drs@ase%f'Edﬁ&iﬂ}'ﬁ the corresponding

duct 1 het . A
gr ia: prlomu)(zt ure of eéﬁeé‘ﬁ‘a‘l’féeﬁecg’gﬁ%@‘ﬂw 9% WMVR%* usg%@ere}@ﬁ&rsgt:oean %mgr"grg{%d

compound sufficient to bind to the enzyme cdk5 with the effect of decreasing cdk5 actwity
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.
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Scheme | RINH2 /~ N i RN 2 2 NO 1A 1B R A nethod of preparing
conpounds of formula 1, wherein RL is substituted with RS and 10 R5 is
NHC(=O R8 , is shown in Scheme 2. Treating the conpound of1tanyary 2085 wher e
R5 = OH, with an al kyl- or aryl-sulfonyl chloride, where p-tol uenesul fonyl
chloride (W&®$14ls preferred, in a reaction inert sol VHIBELUYAISas

t et rahydr of uran, nethyl ene chloride or 3], January 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 triethylam ne, diisopropylethylamne, pyridine, or

(er ?m lt ﬁ; : glm ne. d@%?ﬁﬁoreb@ﬂmb%mmwa&cm@ﬁw Qohn WKy & Sbad, JIBS1C add I, W.
or as Q
CH3( CeH4) SOB E‘%’S@‘@)""“EE & MalVHEn Frelgee & PSs’@P%’tQ’ h“?""é?’ or e 3""\9\% 'EB %"}zﬁr al kal i

metal salt of ®2l.de, wherein sodi um azi de IS preferred in a polar sol vent
such as di net hyl f0%MquI{us@étémﬁéﬂWd§éUrtétﬁB(foQﬁepaﬁnd doMpsundd fadidlla 1 wherkiar, or a

m xt ure of these sol vent s d,
o Cenpet attre RO B DI 0o R ECH RS R %ta@e‘%%rﬁr%ﬁegﬁt%”e
preferred, promutesoa 14etiponidadolef(Lf GhysulGhes, (18BBr ¥oln 985 Pp-s 5448-101%) in

tT; ?:lt E?lnt 8‘; tr{‘rﬁt@%hl%%dé‘(ﬁﬁ@%ﬁh&%ﬂa@? v UESHErIS @B, Bri 6ol 6746 BlctBI-
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all imes using this material. Reduction of the nitro compound of formula 2 fo the amine of
15  formula 3 may be accomplished by expesing a mixture of a compound of formula 2 and a
noble metal catalyst, 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.
Paliadium is the preferred noble metal catalyst. The metal may be conveniently suspended
20 on an inert solid support such as charcoal. After the compound of formula 2 has been
consumed, the mixture is filtered and the resulting amine of formula 3 is reacted immediately
with an acid chloride CIC(=O}CR'R"),R’, acid anhydride (RYCR™R"),C(=0)),0, or 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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and a known activating reagent such as dicycl ohexyl carbodilmde, 1-(3-

di met hyl am nopropyl ) - 3-et hyl carbodii m de , carbonyl diim dazol e,

i - propanephosphoni ¢ acid cyclic anhyrdide, al kyl chl orof 8i daneary 2005

bi s(2- oxo-3-oxazol i di nyl ) phosphini ¢ chloride, 20

benzot ri azoWOI{P¥ky-t ri s(di nmet hyl ami no) phosphoni um hexCHBBHABsphat e,

or any other such standard literature rgfgents in the presence of an am ne
base if necessary, such as triethylamn di i sopropyl et hyl am ne,

pyridine, or 2,6-1utidine, wherein 1-(3-

di et hyl am nopr opyl ) - 3- et hyl carbodi i m de hydrochlo ride is preferred, from
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catal yst, V\hertg% corresﬁmf "Rdr earﬂ“?dgageg’ﬁ% %r e E{I eaﬁ?rg?g ﬁegg?ghﬁfﬁﬁ wherein
the metal rfay bd rbdwne effiexpns ydindhyierapedeay TB?P %fﬂp'ief?éf?‘? solid support such
as charcoal, in a solvent such as ethyl acet8teemetietrahydrofuran, di oxane,
or a nixture thereof, to an atnosphere of hydrogen gas at a pressure of
about | to 100 atnnspheres where a preferred pressure of hydrogen gas is
about one to about ten atnmospheres. After the conpound of fornula 8 has
been consuned, the m'kture is filtered and the resulting anmine is acyl ated
i mredi ately by reaction With acid 35 chloride, acid anhydri de, or an
activated carboxylic atid derivative, in the presence of an am ne base if
appropriate, such as tfiethylan ne, diisopropylethylanne, pyridine, or
2,6 31 January 2005 02/ 10141 PCT/1S01/01335 -24 |utidine, wherein

1- pr opanephosphoni ¢ acid cyclic anhyrdide and triethylamneare a preferred
combi nation, fron about=n78 Cto 40 C, to afford the N-acylated product of
formula I D. TheR™acH vatled carboxylic acid derivative is prepared fromthe
carboxylic acid and a égglvatlng reagent such as dicycl ohexyl
carbodiirnide, 1-(3- dlneth$f nopropyl)-3 5 ethyl carbodil m de , carbonyl
di i m dazol e, 1-propanephosphonic acid cyclic anhyrdide, alkyl

chl or of or mat e, bis(2-oFo-3- oxazol i di nyl ) phosphi ni ¢ chl ori de,

benzotri azol - 1-yl oxy- tris(di net hyl am no) phosphoni um hexafluorophosphate

or any ot her such standard literature reagent. if an - chOorofornate
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an acid chloride; —ablid nhydri dé, or an actlvated car

derivative, an aryl carba |E results. the resulting aryI/carbanate 1E

(RBis (=00 and R4 is ary

1 ;

O
R' ——-N /
| \ \11 L X _w
1B H R N N

1C
RQ

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




heteroaryl) can be treated with an amne in a solvent such as di oxane,

di met hyl f ormam de, or acetonitrile, where a 1 : 1 mxture of dioxane -
dimethylformamide is preferred, at a tenperature between34bklenyary@005and 90
C, where 70 Cis preferred, to afford the 15 correspondi ng urea product of
formula 1 | WQ@A04E -C(=O)NR9-, R4 is aryl or heteroaryl )PCMBIGMEX¥0141 - 25
Schene 2 HO R TosO,-R N- R 6 502 N2 027 NR NI 8 R$--<O/ N
IVH '"R-NIEW 0 RR$---~ -~ NN NRPN 't ~V-N4- NR

chloroform, where methylene chloride is preferred, at a temperature from about -10° C to
about 30° C, in the presence of an amine base such as triethylamine, diisopropylethylamine,
pyridine, or 2,6-lutidine, where triethylamine is preferred, and catalyic 4-N,N-
dimethylaminopyridine, affords a compound of formula 5 wherein R® is CH,{C:H,)S0;, (TosO).

5  Treatment of the tosylate thus formed with an alkali metal salt of azide, wherein sodium azide
is preferred, in a polar solvent such as dimethylformamide, dimethylsulfoxide, a lower alcohal,
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, produces a
compound of formula 8, wherein R is N,.

10 Treatment of the azide under selective reducing conditions, such as triakkyl- or
triarylphosphine and water, wherein friphenylphosphing is preferred, in a solvent such as
tetrahydrofuran, dioxane, acetonitrile, or 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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conveni ently gesgeethded on an inert solid support such as charcoal. After
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or an acti V’at éas esence of .an am ne
base i f 20 appradpmeatiE, rewehﬂusequtﬂn@ﬁrmwaéhﬁfﬁ@ "E & |'956(p925b3ﬁ"%ﬂ13ﬁ &l He,
pyridine, or Z,fudaWlicdh Blreatell QiirPdnbmlie in a solvent such as dioxane, dimethylformamide, or

acetonitrile, where a 1 : 1 mixture of dioxane — dimethylformamide is preferred, at a
temperature between about 40 °C and 90 °C, where 70 °C is preferred, to afford the
15  comesponding urea product of formula 1F (R® is -C(=O)NR®-, R* is aryl or heteroaryl).



pr opanephosphoni ¢ acid cyclic anhyrdide and triethylam ne are a preferred
conbi nation, from about -78 Cto 40 C, to afford the N-acyl ated product of
formula 1G The activated carboxylic acid derivative is pit dpouward20@%m t he
carboxylic acid and a known activating reagent such as dicycl ohexyl
car bodi i m d¥0 02401d8_ dj et hyl am nopropyl ) - 3- et hyl car bodi iRATABIVHEISbony! 25
di i m dazol e, 1-propanephosphonic acid cyglic anhyrdide, alkyl
chl orof ormate, bis(2-oxo-3- oxazolidl nyT) phosphinic chloride,
benzotri azol - 1-yl oxy-tri s(di net hyl am no) phosphoni um hexaf| uor ophosphat e,
or any other such standard literature reagents. Treatnment of the conpound
of formula IG(R5 is TosO R3 is - C(=0pfHeR4QRL1)N with an alkali netal
salt of azide, wherein sodiumazide is preferred, in a polar solvent such
as 30 dinmethyl formam de, dimethylsul foxide, a Iower alcohol, water, or a
m xture of these solvents, mh n an ethanol -water m xture is preferred,
at a tenperature fro é? gzzgii? 130 C, where 90 Cto 1100 C are
preferred, can be used to pro @P onpound of fornmula 1H, wherein R5 is
N3. Subsequent reduction|of azide 2fornmula 1K (R5 I's N3) may be
acconpl i shed by exposing|a mixture of the conpound of fornmula 1 H (R5 is NO
and a noble 35 netal cat@lyst, wherein palladiumis a preferred noble netal
catal yst, wherein the metal may be conveniently suspended on an inert
solid support such as charcoal /~FN a solvent such as 31 January 2005 WD
02/ 10141 PCUIBOl/Olﬁ%ﬁ—-BW—-agﬁxﬂ\ﬁcetate, tetrahydrofuran, dioxane , or
a mxture thereof, to an atnospferentd, hydrogen gas at a pressure of about
| to 100 at nospheres, where a preeferred pressure of hydrogen gas is about
one to about ten atnospheres. Adtematively , reduction of the azide of
formula 1 H(R5 is N,) capn be by treatment with 5 a trialkyl- or
triaryl phosphine and water, wherein triphenyl phosphine is preferred, in a
solvent such as tetrahydrofuran, dioxene, or acetonitrile , where
tetrahydrofuran is preferred primary am no group of the conpound of
formula 11 (Rl is NH2)PbaﬂRbeNder%vaI|zed via reaction wth a
chl orof ormate, isocyanate,, car wb, chloride, acid chloride, acid
anhydride, or an activated carbdkylic -acid derivative, wherein the
activated carboxylic acid derivative is 10 prepared fromthe carboxylic
acid and a known activating reaggeé® such as dicycl ohexyl carboditinide,
1- ( 3- di met hyl am nopr oy )= Biet i carbodiimde, carbonyl dlimdazole, 1 -

pr opanephosphoni ¢ add cyclic yraogde, al kyl chl orof or mat e,
bi s(2- oxo-3- oxazol i di nyl )phosphinic chloride,
benzot (i azol -i -yl oxy-tris(di met’hyl am no) phosphoni um hexafluorophosphate
or any other such standarg literature reagents is in the presence of an 15
am ne base if necessary,psuch as triethylamne, @l sopropylethylam ne,
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lutidine , wherein 1-(3-dinethylam nopropyl)-3-ethylcarbodlimde
hydrochloride is preferred, fromabout -78 T to 80 11C, where 01 C to 401
Cis preferred. Tetrehydrofuran and methyl ene chloride &fdapuayedded
solvents. 31 January 2005 WO 02/10141 -28 Schene 3 HO Rt N, f 4 NO2
Tosj --- RWQ®MPL N /N TosO - R‘- N~I |G NNR N N--PGIIRGIA133%4 | H
N, .« R3 .RA HH2N R - N\, F3-R4N- RBRRA T H
PCT/1801101335 Cowpounds of formula 1 w%ereln RBis -(CRQR)h nmay be
prepared according to Schene 4. Referring to Schenme 4, treatnent of a
solution of 4- bronoimdazole with a base, 31 January 2005 WO 02/ 10141
PCT/ I BOL/ 01335 -29 such as sodi um hydride, potassium hydride, |ithium
hydri de, cesium carbonate, sodium hydroxide, potassium hydroxide, cesium

hydr oxi de, |ithiumdiisopropyl am de, sodium am de,
An alternative method of preparing compounds of formula 1, wherein, R¥ is -

NHC{=0)R?, is shown in Scheme 3. Treating compound 4 where R%j is QOH, with an alkyl- or

5  aryksulfony! chioride, p-toluenesulfonyl chloride {TosCl) being preferred, in a reaction inert

solvent such as tetrahydrofuran, methylene chioride or chioraform, where methylene chloride

is preferred, at a temperature from about —10° C to about 30° C, in the presence of an amine

hase such as triethylamine, diisopropylethylamine, pyridine, or 26-lutidine, and 4-N,N-

dlmethyfamlnopyndme -affords a compound of formula 5 wherein R® is CH,(C¢H,)S0; (TosO}.

10 Tnethylamme is the preferred amine base. Conversion of a compound of formula 5 (R® is

TosO} to a compound of formula 1G (R® is TosO, R® is C(=OXCR"R"),R") may be

accomplished by exposing a mixture of the compound of formula 5 (RS is TosO) and a noble

metal catalyst, 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,

15  where a preferred pressure of hydrogen gas is about one fo about ten atmospheres.

Palladium is a preferred noble metal catalyst. The metal may be conveniently suspended on

-an Inert solid support such as charcoal. After the compound § has been consumed, the

mixture is fitered and the resulting amine Is reacted immediately with acid chloride, acid

anhydride, or an activated carboxylic acid derivative; in the presence of an amine base if

20  appropriate, such as triethylamine, diisopropylethylamine, pyridine, or 2,6-lutidine, wherein 1-

propanephosphonic acid cyclic anhyrdide and triethylamine are a preferred combination, from

about =78 °C to 40 °C, to afford the N-acylated product of formula 1G. The activated

carboxylic acid derivative is prepared from the carboxylic acid and a known activating reagent

such as dicyclohexy! carbodiimide, 1-(3-dimathylaminopropyl)-3-ethylcarbodiimide, carbonyl

25  diimidazole, 1-propanephosphonic acid cyclic anhyrdide, alkyl chloroformate, bis{2-oxo-3-

oxazolidinyl)phosphinic  chloride, benzotriazol-1-yloxy-tris(dimethylamino)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
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WO 02/ 10141 -30 PCTIEBOL101335 Schene 4 N 9 Br NON _, (CR1IOR11)n~R4 IN 1

" 1 HAn alternative nethod for synthesizing conpounds of formula 1,
wherein RB3is 5 -C(=O(CROR" )n- is illustrated i n Sche® Januanyl26G5

Treat ment of eth¥I-2 i socyano-3-N, N di met hyl am no acrylate (11) with a
primary anm MOOAM4UINH2  in a sol vent such as n-butanol, nBCTHSPBE

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

n- propanol or no sol vent are preferred,~from 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
trimethylalum numin 1,2- dichloroethane foll owed Baethbe addition of 12
and heating at about 30 C to about 80 C, where a t€npéerature of about 50 C
is preferred, affords imdazole 13. Addition of an organonetallic reagent
M (CR70R') AR4, where M may be either lithiumor magnesium halide, where
magnesi um halide is preferred, to a safﬁmﬂon of 13 in a solvent such as
tetrehydrofuran, nmethylene chIW?rd% i ethyl ether, froma 15
tenperature about -50 C to about 30 ereyg range of about -20 Cto
about 0 Cis preferred, affords 14. Ad ition df 14 to a mxture of

hydr oxyl am ne hydrochl ori de and potasgium acetate in a | ower al cohol

sol vent, where ethanol is preferred, at jabout 23 C, 31 January 2005 WO
02/ 10141 PCT/1B0O1/ 01335 -31 yields oxi as a mxture of isoners.

Treat ment of an acetone solutrmmo4#Re%PE:%§5 at about 0 C with aqueous
sodi um hydr oxi de fol |l owed by paratolugnéey?kq chloride yields a mxture

of O-sul fonyl conpounds follow ng extra trve kup. Dissolution of the
crude material in a non-polar solvent guch as benzene, hexanes, or
t ol uene, where benzene is 5 preferred a pplrcatron to a colunn of

alum na fol l owed by elution w ti, Qr qfor nmet hanol (about 10 : i) after
approximately five m nutes provré%s a OQ§gLQd 1%@ aqd regi ol somer from
t he Beckmann rearrangenent. -

O
Ra .'-""""'N

" R N\/l\
—
N rRLR?

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,



31 January 2005 WO 02/10141 -32 Schene 5 RL NH2 OO\ /- - NRN 11 12
(CR1I0R11) . R4 R (CR1IOR11)nR4 i B 14 Conpounds of formula 1J nay al so be
prepared by the method illustrated in Schene 5 6 bel ow. AlKeyuary2Pe$ ng
material for this synthesis is the doubl e-bond contai ning conpound (a
conpound of MHRMHMAE X) substituted with the group ER5 andP@H@0Y33hr ee
groups selected from R5 (X), where ERS igs 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 RS or diregldyad Qodufte hﬁﬁﬂ@%fa@nb@ﬁhnﬂ@UM|@ haiide, td@silird rcambanatd, gdiand t hus

i ncl udes conpounds. suc ent en one and one.

Al ternatively, y%’@fﬁ?oﬁﬂ?f?“'&fshygr?’ﬁ% ﬁ ?ﬁﬁ de ity g"s?lloe'—?‘%'n%g1¥ égga@g%}@ael

OC(=O R7, or (Bfasn? Fm‘éxamw}hyldwiawsedscaymstlaqﬂmﬁhgdwﬂ%ﬁeersp@w@ feé%atﬁ’ﬁ‘l’%swof such
conpounds ar e ééﬁgmn?{eﬂbbtoﬁaécin%ﬁ@é&ﬁ&ar&%%owé’m %REQ%Vah%«dm@ﬁﬁH@mﬁxaﬁwm@v Thus,

referrlngto , tre nt of omWher e
15 the. a1 18§ SdReramo ROt & Heo R ot 4 6 i R L. HeR e
[ 5. 4. 0] undec- %e etveC(OBeRral inttetabseatkarlpresenvaoid prase tvﬁna‘ﬁr@atalafﬁlrwch as lefra-
n-butyl ammoni %g@{}g}] Hnac.rh%rléeh?etrgfn%tl@%l'{'\ﬁgm@ﬁ-|bFo§11deV\'ls¥r51n-but{]l§uﬂﬁm @bies, 16 or

17 in a sol vent as acetonitrile,
di chl or oet handengiriatyb2HPsu s Qe%gmﬁy'tar'q"f“@”mg’“l"ﬂ‘g el gqn@ptpgaﬂnéol vent,
at a tenper at WwienodidimAastide fylicRE 0y hWRJORAHE kv ikyl, RETE, |oBBenz it 8B&ide 3gomide,

16 iodide, alkyll sulfonate, aryl sulfonate, or friflate, affords a mixture of f-substituted-4-
bromoimidazole (9) and 1-substituted-5-bromoimidazale (10), which can be separated using
methods known to one skilled in the art.

Alternatively, treatment of 4-bromoimidazole with an allylic fluoride, chloride, bromide,
iodide, acetate, or carbonate, where the allylic carbonate is preferred, in a reaction inert

15  solvent, such as tetrahydrofuran, 1,2-dichioroethane, 1,4-dioxane, dimethylsulioxide, or N,N-

' dimethylformamide, where tetrahydrofuran is preferred, in the presence of a palladium
catalyst, such as palladium (0) tetrakis(iriphenylphosphine), palladium (ll) acetate, allyl
palladium chloride dimer, tris(dibenzylideneacetone)dipalladium (0),
tris(dibenzylideneacetone)dipalladium (0) chloroform adduct, palladium (i) chloride, where

20 palladium tetrakis(triphenylphosine) or palladium (Ii) acetate are preferred, in the presence or
absence of a phosphine ligand, such as triphenylphosine, tri-o-tolyiphosphine, tri-fert-
butylphosphine, 1,2-bis(diphenylphosphino)ethane, or 1,3-bis(diphenylphosphino)propane,
from about 0 °C to 100 °C, where 50 °C to 80 °C is preferred, provides a mixture of 1-
substituted-4-bromoimidazole () and 1-substituted-5-bromoimidazole (10).

25 Treatment of 1-substituted-4-bromoeimidazole (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.



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 noBidanearg005

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

t he netal nﬁ§”ﬁ@“@gnveniently suspended on an inert soli dPGREBBIBISS such as
charcoal, in a solvent such as ethyl acefate, tetrahydrofuren, dioxane, or
a mxture thereof, to an atnosphere of hydrogen gas at a pressure of about
1 to 100 atnospheres, where a preferred pressure of hydrogen gas is about
one to about ten atnospheres. ‘After 2A has been consuned, the m xture is
filtered and the resulting amne is reacted i mediately w-th an acid
chloride Cl C(=0) (CRIOR11) R4, acid anh§dhemie4 R4(CRtoRti)C(=0))20 or an
10 activated carboxylic acid derivative XC(=0O (CRi OR11)"R4 in the presence
of a base, such as triethylam ne, diisopropylethylamne , pyridine, or

2,6-1utidine, wherein , |-propanephosphonic acid cyclic anhyrdi de and
triethylamne are a preferred conbingtion, fromabgut -78 Cto about 40 C
to afford 1J. The iwvgted carboxyR'e aghd derivati vgytSgrepared fromthe
carboxylic acid O ( OEnl;lEM.and“kn activati Rg r/feagents such as
di cycl ohexyl 15 carb ide, 1-(3-di | am nopr opy))-3-et hyl carbo

di i m de hydrochl oride, caBbonyl diimnm dagol egy 1-prop thd@phonic aci d

cyclic anhyrdide, alkyl or aryl chloroformte, bis(2-

0x0- 3- oxazol i di nyl ) phosphini c¢ chloride, benzotriazol-1-yloxy-tri

s(di met hyl am no) phosphoni um hexaf | uor ophosphate, or any other such
standard literature reagents. Alternatively, following filtration, the

i ntermedi ate anine can be treated with ja base, 20 such as triethylam ne,
di | sopropyl et hyl am ne, pyridine, or 2,6-lutidine, and an al kyl- or aryl-
chioroformate, where diisopropylethyldam ne and phenyl chioroformate are a
preferred conbination, fromabout -78 |C to about 40 C, where about -78 C
to about -40 C are preferred, to afforid 1 K Subsequent treatnment of 1 K
with a primary or secondary amne in aYsolvent such as 25 di oxane,

di net hyl formam de, or acetonitrile, where a |l : | mxture of dioxane -

di rethyl formam de is preferred, a tenperature between about 40 C and
about 90 C, where about 70 CIs prefgrfeq, affords the corresponding urea
product 1L. Subsequent transformations of/conpounds 2A, 1J, 1K, and 1L
usi ng nmet hods known to one skilled iﬁEFﬁé art cgpried out to
provi de further conpounds of forrmula 1 thaN’éﬁggaéa?ges ibed in this
application. Conpounds of formula 1 as desi%ibed herein, wherein R2 is

ot her than hydrogen can be prepared by tr&hsformations of the conpounds of
formula 1 described herein wherein R2 is hydrogen using nethods that are

wel | known in the gt atefriglve SRl B s\HOBTMINEPBINdE @F Minda |1, wks@mERNISR2 is F
can be prepared b tyoeg)gl n qomugc S eof5 tie%fwrrujrrar_ﬂl eé’éﬁﬂﬁhﬁ-@ﬁﬁ"&?”w’w ogen,
35 for exaﬁbléckﬁﬁfguﬁ S DIUFEEMN TR %1 "B ande T Yererred to i n Scheme
1, supra, W t hdidhkthylamino acryiate (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 sclveni, where ethanol is preferred, at about 23 °C,
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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 §1Ze0sng0dP/ 10141
-$5 Rs or Rs 2A P RSIKR6 PS NON ERs ~ \N IL. NR7R4 PCT/1B01/ 01335 NON a
i (CRORtti YOR219141 phar maceutical |y acceptabl e salts of FEGRPYURE of
formula | can be prepared in a conventignal nanner by treating a solution
or auspenel on of the corresponding free base or 5 acid with one cheni cal
equi val ent of a pharmaceutically acceptable acid or base, Conventional
concentration or crystallization techniques can be enployed to isolate the

Sa: ts, !{ I }[JSt eﬂl&'o%ﬁ‘nqu a§'d'rr§|)@1.pé 6 16HpiefsS ﬁé&n@@@ﬁdﬂ%cetbﬁ&éd@on SoRifeNi5C
mal el C, artari c, rc, uconl C, Ol C nHrlC
sul furic, phosﬁBPHSPl € ""'%WP%EWP%‘P“ pyd f°><ﬁ§§°ﬁ%'ﬁf’3’xﬁfa‘°‘%’%“e%' rry\ 8‘ B %Id anic,

sul foni ¢ aci dsmigie hof asulforgt tdvpoess fdloming exttaetive eveekug.u | Biggaluiion ?5 the Cmde
tol uenesul foni gy ARG Joﬁ'&@lgreglv@ﬁ's%\h ad bénk’éﬁ%r Rdxbnés, Qasice, aﬁlfér&@éﬁzéﬁ&l is

potassium and calcium ound stered
al one or i® caieiedt A¥haRRliqefien ﬁﬂhaaFﬂ‘élE'éﬁf FIH'E'I“? ﬁ'&%‘?ﬂjegf g‘ﬁ%@ WK %ioé‘go

ei ther singl e rgthaibll (hiopd © dt)stter. apSmmtratelye'vphmm«pwrﬂwabomeaMi&zﬁ@d F-!ncl ude
inert solid di 'gLfoef&Fn%rfPormtﬁé BdcRhan refEidemgntdqueous sol utions and various

organlc



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 a$itlabuany2005
powders, | ozenges, syrups, injectable solutions and the |ike, These

phar naceut | ¥ %2881#bosi ti ons can, if desired, contain addi P¢B&BIHYr edi ent s
such as flavorings. binders, exciplents_and the like. Thus, for purpose's
of oral edmnialtation, tablets contaiﬁ?%g vari ous 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 and certain conplex siliggab@ss together w th binding agents
such as polyvinyl pyrrolidone, sucrose; gelatin and acacia. Additionally,

| ubricating agents such asgfmagngsi um stearate, sodiumlauryl sulfate and
talc are often useful for t d-Mg. pur pogas. Solid conpositiogrs of a
simlar type may ahngpe enplloyed as fRiNer g i nosoft—anet herdfille

gel atin capsul es. Preferrednfaterials for thisy31 January 2005 2/ 10141
PCT/1B(c) 1/ 01335 -36 i ncl udd | acttose or milk st@gar and hi gh nol eculCar

wei ght pol yet hyl ene gl ycotsT——=—"Wfen aqueous suspensions or eliXirg, are
desired for oral adm nistration, the essentidF active ingredient tHerein
may be conbi ned with various sweetening or flavoring agents,
matter or dyes and, if desired, enulsifying or suspendi ng agents, together
with diluents such as water, ethanol, 5 propylene glycol, ycerin and
conbi nations thereof. For parenteral adm nistration, solutions containing a
conpound of this invention or a pharmaceutically acceptable salt thereof
in sesane or peanut all, aqueougﬁﬁﬂopylene gl ycol, or__k““ terile aqueous
sol ution may be enpl oyed: cH W(%Rmmmﬁ‘d i Ry
buffered if necessary-gnd the liquid]|diluent first rendered fsotonic with
sufficient saline or 1d gl ucose. The8e particul ar aqueous solutions are
especially suitable for| intravenous, OPntranuscul ar, subcut aneous and
intraperitoneal admnigtration. Th& steril e aqueous nedia ﬁployed are al
readily avail abl e by stjandard techni ques known to those skilled in the art.
A conpound of fornula I or a pharmaceutically acceptable salt thereof can
be adm nistered orallxﬁzmramsdernally (e.g., through the use of a patch),

parenterally (e.qg. R$5N%2L£qugously), rectally, or topically. In general,
at g

the daily dosage for tr Chéw.Bdegenerati ve di sease or condition or
the di sease or condition the treatnent of which can be effected or
facilitated by altering dogam ne nedi ated neurotransm ssion will generally
range from about 0.0001 to about 10.0 ng/ kg body weight of the patient to

pe treated. The daily dosage for treating cancer or di gase %S%%Q%ition
i nvol vi ng abnor nal <O8PPUNgS ?f&ﬂ’ﬂ“‘ﬁf” TahHEm refﬁreﬁg’f i‘i?&“e&ﬁ‘?l usi?%% general |y
range from mbosibeldk. 00G sttingrbaierial HO6is synifiekigis redipubjeeiogh tontsfininglsempaynd @nt
compound of formula X) substituted with the group ER® and one to three groups selected from
RS (X), where ER® is defined as an electron-withdrawing group chosen from C(=0)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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to be treated. As an exanple, a conmpound of the fornmula | or a
phar maceutically acceptable salt thereof can be adm nistered for treatnent
of a neurodegenerative disorder to an adult human of aveﬁég’@nméﬁ%(about

70kg) in a_dose ranging fromabout 0.01 ng up to about 1000 er day,
pr ef erably MWO¥HAHbut 0.1 to about 500 ng per day, in si nﬁ%% §#vi ded
(i.e., 25 multiple) portions. The daily gpsage for treating diabetes, sperm

notility, hair loss, or any other disease 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 E_r enent | oned,ﬁpéﬂﬁge_gn a@g@abdmayo e wiade2h3c & zmysisalizeameferi'edaamﬁenafo;dss Kill
t t t
o on' S SR oo AR BRI SR BRTS i HmBind DR pdF b0 ol B0,

condi tion of t erit
and the parti caxb@smguaomt@re@f Z%mmh aoblemets @ﬁ%ah@h@@%rﬁn p#*ﬁé'wwﬂ)%fﬁ@%d ket or mul a

1 and their phﬁétﬁ%@tayﬂtl»%Pénrythaﬁ@ﬁpﬁw@b&eecoﬁ@h’éﬁty@a@enéed foh lae i@ salidadisport be
adm ni ster e%

t
amount of ohe %’F“ ?Fo‘%lém%ﬂg Fa?ﬂ'&eé'é s‘é" |"‘%8{m&°‘1%‘e qg},lah,fu%mgél °£‘E9'g cY.V'aSrH érQ
si gnal transdbeedf.on ah @tmidsphey of hygingkn gan el @mesur@faabpuﬁé fad@?\?‘éwSRNﬁfP&h

amounts are t Q.Q%Ferwref&f'écd%?és‘sdfgoﬁ hgdroéiﬁ ghﬂ@h&hidn@ﬂ) Aol dhospiords. @féranh. 31
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preferred, fo 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-



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 January 28nagygeps

Uni ted Stat%a)g gﬁgt 5,861,510 (issued January 19, 1999), and 20 European
Pat ent Publication’ 780,386 (published June 25, 1997), al | POV ERHPLEP 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,  MVP- 5,5, MRnfenediirintde MMiBuche, yifis 16}, didvibf, Tibm adobd®-rdody tempriativivi® 13) . 25

Sonme specific exanpl es of i nhi bi S in the present invention
are AG 3340, %t%fg?@%m %ﬁbﬁﬁg&eéﬁaﬁ%&%bmounds recited in the
following list:

3-[[4- (4fl uoro- phenoxy) - benzenesul f onyl ] - (1- hydr oxycar banoyl - cycl opentyl) -
am no] - propi onic acid; 3-exo-3-[4-(4

f I uor o- phenoxy) - benzenesul f onyl am no) - 8- oxa- bi cyci o[ 3. 2. 1] oct ane- 30
3-carboxylic acid hydroxyam de; (2R, 3R) 1-[4-(2-chloro-4

fl uoro- benzyl oxy) - benzenesul f onyl ] - 3- hydr oxy- 3- net hyl -

pi peri di ne-2-carboxylic acid hydroxyam de;

4-[ 4- (4-f 1 uoro-phenoxy) - benzenesul f onyl am no] -t et r ahydr o- pyr an- 4- car boxyl i c
aci d hydroxyam de; 35 S
3-[[4-(4-fluoro-phenoxy)-benzenesul fonyl ]-(1-hydroxycar banoyi -cycl obutyl) -
am no] - propi oni ¢ acid; 31 January 2005 WO 02/10141 PCT/1B01/01335 - 38
4-[ 4- (4-chl or o- phenoxy) -benzenesul fonyl am no]-tetrahyd

ro- pyran-4-carboxylic acid hydroxyam de; (R)

3-[4- (4-chl oro- phenoxy) - benzenesul f onyt em noj -

t et rahydro- pyran- 3-carboxylic acid hydroxyam de; 5 (2R 3R

1-[4- (4-fluoro-2-nmethyl -benzyl oxy) -benzenesul fonyl]-3-hydroxy- 3-

met hyl - pi peri di ne- 2-carboxylic acid hydroxyam de;
3-[[4-(4-fluoro-phenoxy) -

benzenesul f onyl ] - (1- hydr oxycar banmoyl - 1- et hyl - et hyl ) - am no] - propl oni c
acid; 3-[[4-(4 fluero-phenoxy) :

- benzenesul fonyl ] - (4- hydr oxycar banoyl -t et rahydr o- pyran- 10
4-yl)-am no] - propl oni ¢ aci d; _

. 3-exo0- 3-[ 4- (4- chl or o- phenoxy) - benzenesul f onyl am no] - 8- oxa- bicyclo[3.2.1

] oct ane- '




3-carboxylic acid hydroxyam de;

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

] oct ane- 3- carboxylic acid hydroxyam de; and 15 (R) 3-[4- (d-Januaw@OBhenoxy)
- benzenesul f onyl am no] -t et rahydr o-furan- 3-carboxylic acid hydroxyan de;
and phar rrac&ﬂ%@ﬁ?"lly acceptabl e salts and sol vates of saiBC BiffRis. Ot her
ant ir- angi ogenesi s agents, including other COX-11 inhibitors and ot her MW

I nhibitors, can also be used in the presentss-nvention. 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
ordinary skill. A proposed daily effecti\égngccbse range for a COX-11
inhibitor in combination with a cdk5 i nhi¥¥6r- is from about 0-1 to about

25 my/ kg body wei ghts, Thi& ®f f ectfsve Riai ky, amount t/fre egk5 i nhi bi t or
generally will be het n about O} Nt of about
sonme i nstances the andunt ofE X-‘?El\%lwobi t or "and/Gr cd

odyy weight. In
tanc ! Ny MR Bikor i n
t he combi nation may bey ess than would be  fequired on an i‘hdi vi dual ' basi s
to achieve the sanme desired effect i#t inkjbiting abnorngl cell growth. A
conpound of fornulagl can al so be used w tR_signal transduction I|nhibitors,
such as agents that i nhibit EGFR (epidexmal growth factor receptor)
responses, such aseﬁéﬁé_j 3Qyanti bodi es, EGF an{i bodi es, and nol ecul es t hat
are EGFR i nhibitors; VEG- (vascul ar endot helialNgrowh factor) inhibitors;
and erbB2 receptor inhibitors, such as organic nokecules or antibodies
that bind to the erbB2 receptor, for exanple, i-I1E PTINI"" (Genentech,
Inc. of South San Fr8nci $eo, Igforni a, USA). conbi nati ons are
useful for treating %g% r tir)&g abrermat- cel ighcl udi ng cancer,
as described herein. EGFR i niyrDiker s are degoti bed \ flor exanple in WO
95/ 19970 (published July 27, 1995), D 98/ 14451 (publi shed @il 9, 1998),
WO 98/ 02434 (published Janugry 22, 1998), and 31 Janyary 2005 WO 02/10141
PCT/ 1B01101335 Y4 1 | _idUIl + Ul ulV - Uniteg f§1atles1 Pakt;ent 5,747,498
(i ssued May 5, 1998), BhFATCEHIFFSIFEPIREREXS LA PRRCHSEE™ A TeRbRe RivPaEa My
i nvention as desc rcpivendiotremaningy. by BERRy # pditibn ori aagpeasipe if be fareiretisy fputasape not
IS;/mt ted To, the {5&3%?0@ c@@%lﬁ@ﬂkﬂ&t?% pAfiflaceiftichlly BctdRafie Mala &l a&.ggg
stenms I ncorpora 0, W IS Yor
(AstraZeneca), Bl BXE38% f‘ﬁ%’ﬁ?%’?fﬂé:wt\éyuzfﬁmgﬁ"gﬁe f“”f‘%ﬁ@ﬁ%%ﬁi@%‘é’rg@&w nc.
of Annandal e, New ygrageof %@?,acﬁﬁdfﬂcﬂicigﬁ&“% RHschlk. maleic, tartaric, citric, glucenic,
ascorble, benzole, cinnamie, fumaric, suifurlc, phasphoric, hydrochlorlc, hydrobramic,
hydroiodic, sulfamic, sulforic acids such as methanesulfonic, benzene sulfenic, p-
10  toluenesulfonic, and related acids, liHustrative bases are sodium, potassium, and calcium,
A compotind 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



Co. of Witehouse Station, New Jersey, USA), VRCTC- 310 (Ventech Research)
and EG- fusion toxin (Seragen I nc. of Hopkinton, Massachusettes). These
and other EGFR-inhibiting agents can be used in the pres@ttanwa¥R00on.
VEGF inhibitors, for exanple SU 5416 and SU-6668 (Sugen Inc. of South San
10 Franci sc¥O 8404 ornia, USA), can al so be combi ned wi t PGPS d of
formula 1. VEGF inhibitors are describegs.in, for exanple in WO 99/24440
(published May 20, 1999), PCT International Application 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

(1 ssued Novenbgdudd ictodO® Bjlk sudd 58 high Sbecufap wihit pbigthylimavsber When aquemg) |
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1997), WO 98/ 5409 998), WO 98/02438 (publ i shed
January 2268 1%%’53& é%q ?%%@%% %ﬁﬁ“ﬁerﬁi o) 8, 1999), and WO 98102437
(publ i shed January P@QPanPdmim@fa n| swfowﬁﬁﬂ'%&%m?ew i BYEOEREIE P i n
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California ot her VEGE i e e t heiPr esent
i nvention as d'@g@?“?%' StRspERegUs % lgzap? O”Sé?tagrrn%%prbl Itﬁo§e &emezg%h&s 282974
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al so be conbi ned wi 0 or . exa i cate
in WD 98/ 024343%%?’?% el g‘%??ﬁ%[ﬂ?'%ﬁ %%%% Eﬁﬁ\dswf 35 He "ar*%%%%%éé 8 uly

15, 30 19993, MEeSuSH13ct{ipubl itedivaty. Julny garsral, 19‘99}iaﬂyv®5@®/ o2 48eRlTD P | shed

January 22, 199&}0@93}0&&3&&&&6& B brfeedkedNar dr bonkion tﬂ&%hentvwaﬁw 370

bl i shed Jul'y 27, , ted Stat Pat 587
boconber - 24, 1UopeLH PEUAEY BT o e ph RO L bt e, o

1999), whic h afen aﬁdut tenoe iy abont o0 pag/iat tedy weight iohthe patiehidd be drpatéd: effieedsibby

reference. Erb l; ecgp wih [BY 8 Bbdigdn ar e
al so descri bedﬁéageljﬁﬁfeg 8§adcgjyrta’5%é§§/|§g?b(ﬁ)ﬁ%ﬁ b ébﬁorl%l o 60/ J@? 341

filed Janud?y Dature whhajsp oengrply raRge pm; abeut @P%%%aw ‘i’"f?rPQFY %&5%?) o EePrisht
60/ 117, 346, fi foad trdadiil @ ¥in @xAmpld, 2A9mpiroti lof thé fomtilechorarpharimacetigaty adceplablen t hel r
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human of average weight (about 70kg) in a dose ranging from about 0.01 mg up to about

1000 mg per day, preferably from about 0.1 to about 500 mg per day, in single or divided (i.e.,

25 multiple) portions. The daily dosage for treating diabetes, sperm motility, hair ioss, or any

other disease or condition that can be treated by inhibiting GSK-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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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 and33JpBYaM28Q5 t hat
inhibit the e rbB2 receptor, can be used with a conmpound of fornula 1, in
accordance WAWHWHE present invention. 5 A conpound of fREHBOKOE3S can al so
be used with other agents useful in trea§jng 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 - ]E)r oliferative Aﬁ@ﬁ@%en‘ébl@ lAgahts, lsadhn@syIMPr (aiatik-metalapenteifaes &5 hpie: bi t or s.
Specific CTLA4 anti ed .i brs Qdan 10

"Rl ude those WRER(THET AP IEA R B o kb ARERbe IIMRINSE0 1 1a 647
(filed Decembere us2Bin chE@B}onihcehcdmepopneds fsHla & “W““r“é’figraa%a‘@"i‘??e'i‘ e
entirety, hOVVeééﬁnans%ﬁbeHes@’ﬂeMe@mt joP@dit@snt of abndaeal et drdwih, titmbidipg exagst.
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t herapy descr her ei n h tr h
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aspect of the (pﬁbﬁﬁ'l&ﬁ Wy 167 199%)r BvouéadPatb@\PeblicMMEﬁ@q"iﬁlﬁE@"Sb‘Fd AU 1999)
inhibitor in %%ﬂ?éfén?ﬁubﬂa% A1 %ng ly 2f80f9994|\&o|901b9;r19t(pm&hmﬁy of

abnormal cell descri

|
inhibitor in c%ﬁb19ﬁ%lt‘{v8ﬁ94ﬁ?9t1ﬂ(p&b'§'&ﬂ950"lt Hidhi ﬁgé)wﬁgg%%gg{?p@meg Og%r jrund of
fornmul a 1, 1ganigenenal dg2obey debizhed nek UY, A999kr BON !uemalions! n&}PW‘!ﬂEl P A
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conbi nati on wi tor I's from about

lication er G] | % %ggéd Uni dlé‘@éskg body
wei ght. The da?d.y998F eakBritain Paiep@pRicadien JumherSq128e Y 1l ‘l'“P%? erally Wil  be
bet ween about P88k Applicatlan wb. ebA4sEpakedagyst 18 iigPRY, Lniled Sm:@aientﬂaémﬂ@s t he

amount of COX:.11 i nhibi i i 160%99by atdh e
conbi nati on ms&ssi’)g aaé % 19@3&0 nﬁ%’ ét%gs Sému:atragpé%gﬁégﬁd |J§1}BF'\?|1TQ i i;iesdl s to

achi eve t haosaFfwonses F?t@'tﬁl Peifligation 780,388 ipé%.'ﬁ'leﬁ RS HEP e °§Wh'§'ba"8| f”g mild
cognitive i rfpahéréwemtthefr%nra@ew rferdnes] m@mdtmmz eleiCiAP inhBikdcS areithuise it or s,
such- as Cor’rpoug eolrn c vn Ani |t:r{g$ém=’r ‘iitl\?cgea n%rﬁeg rQé %[gﬂ{aﬁglécﬂely mABDUAL | on

with an NK-1 r onrs pressi o iety. An
NK 1 receptor Zam/@@@ﬁ %telﬂﬂ\@sto thecqthep Befemelpligprotpiaasgs Qﬁb@%ﬁﬁc@“”?ﬁaﬂwé abl e

to antagoni ze Nigrk, MM%WW%M%M v MMPRIG, dne &AMPKI3hi n- medi at ed

responses, _such as fesponses tl\ﬁﬂ: Elpﬁ AN G Pmvelfidn S iSc-Bliso 1
recept or aﬁ? agoni s té rsge;c: iC examp!es gft |Rr¥ti|t§r§ LSS Eh rﬂ erﬁmveK_ ¥
RO 32-3555, RS 13—0830 and the compounds recited in the foll owmg list:

3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1- -hydroxycarbamoyl-cyclopentyt)-
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,
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receptor. antagoni st can be utilized in the present invention as described
above in conbination 31 January 2005 WD 02/10141 PCT/1B01101335 -41 with a
cdk5 inhibitor, for exanple a conpound of fornula 1. NK-1 ¥lela8gay2005
antagoni sts_are described in, for exanple, United States Patent 5,716, 965
(i ssued FebM{f4¥XI0Hd  1908); United States Patent 5,852, 0BEV/HIYEEEY
Decenber 22, 1998); WD 90/05729 (Internaggonal 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); Uni t eglisShati&8-phdraky®bdnzénesifiéhyibBo)tbyratpyiar4-¢arid@ylic 1998) ;
United States Patent 5,232, 929 (issued August 3, 1993); United Stated

Pat ent 5, 332, 817 2f'F OCFSE™ % y 26, 1994); United States Patent 5, 122 525

(i ssued June 16, . 199(R) 3:4-Urihttorschhenesy)denzreeseiepyiamiml plrafygromyeR 3 &b ¥ nber
1, 1998); United lignpatiiaeat ent 5,703,240 (issued Decenber 30, 1997);

United States Patent 19, 147 (i ed . Febru 7 798) : ah i.5.ed
States Pateft 5,637, 659 (| §éued{("@'?x%tu°ﬁ?] m%&ﬁ”@cﬁ?ﬂ%g g%h%ylﬁ?@rdgg%i ng U S.
patents and the fethgepiderdinesisitiostie ecidt@froxyamigeinat i onal Application are

i ncorporated in theirsantddebigfsolBbeizhetiiokydf Efvars@arbdney-CarbgLmey

described in said references having NK-1 receptor antagonizing activity

can be used in tRENGRERREFyvention. - 15 However, other NK-1 receptor

ant agoni sts can al so B44-yshedroiphertory)erizensefonyid-hyfreaycebpaex-efahYgABYAT of an

NK- 1 receptgr antg %Hﬂn?]t—pnj:di’bnfé%@i@i nation with a cdk5 inhibitor, for exanple
a_l,

a conpound of for can general |y be determn . per :
ordinary skill. A pr oﬁ'@é‘b%ﬂ“éf'%ﬁ?f?‘i’k’ﬁ@"’é '?ﬁ”?"ﬁ%g@%gﬁg]'eg')%;%%’cgcﬁo[ﬁﬂicgrngcept or
ant agoni st i n coxibegtid @i wrbtyadidedk5 1 nhi bitor is fromabout 0.07 fo

about 21 ng/ kg body, weight ., <The F &G M RorRERIBL8-8b bich@o 5.2 Keetanalal bi t or
generally will be b%%@ggmé g@gﬂ?p%&(‘ﬁ% lto ab%rfgt 1(B)lt ny/ kgp@obody weight. In

sonme | nst ances carPreylis AEE MY Yamge: A% ecept or ant agoni st and/or the anmount of
cdk5 i nhi bifsor in t heryosip-@dlsrophaney)-epzdnestoyhmnoMetehurpirandegabeets on an
i ndi vi dual basis tiﬁfg@%wéﬁgee the sane desired effect in treating depression

S I nvénti on al so b@r ovi des conbi ning a cdk5 i nhi bitor,

or anxiety. The su ] [
such as a conpound 28ndshammaesiieatly accerigbierfalis aBgfalvetes PSR SPBROUYHt agoni st for

treatment of depr esshénariangdthedi Yagerts, Hdldify otheCEPX-Urindiniba g aiite; VAP
Ser ot oni 1 1 ccelTBE™ TPt AL B s AR S %0 0% o the present | pventi on
as described aboveTherpiiedinbpmennt efie GPXH inpibierim comtinalinnt Wih 2 sy bGP o
conpound of f okgaHpR atemMRB RNERS1, chrPaehégly bi-Hetdnnineypipersoastioriien isgll. g
ot S, heuSaE St s 58S o0 Al gyt For
(1 nt ernati onal fromabout 0.1 to about 25 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. 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



Publication Date April 9, 1998); WD 97/36867 (International Publication
Date Cctober 9, 1997); WD 94/21619 (International 'Publication Date
Septenber 29, 1994); United States Patent 5,510,350 (i ssuddanpany|200§,
1996); United States Patent 5,358,948 (issued Cctober 25, 1994); and GB
2276162 A (PUDI¥¥Id September 21, 1994). These 5HTi o recg‘é}"l}wl/q&ﬁ, o o
antagoni sts, as well as others, can be uggd in the present Invention. The
af or ement i oned publ i shed 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
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effective dail ys dosg was@moﬁmqputashssmcemaereoma)nwu 98102498 t(fublizhegidiafuaiyr @i bi t or
|'s from about Q, Q&V\focbﬁﬁg%@géubéﬂ& %9% ﬁiv%é?ésﬂ%ﬂw V\g fen&d Iaﬁd‘aw 61l | y
amount of the cogk In ene en about b001
about 10 n®Pkg alb@fdsbrcmereg'rﬁpmmﬁfﬁd 5%5% '”lt'i'%'teﬁ‘ﬁ?f@% by 5terentho uﬂ‘bewa@m of fgﬂ%md/ or
the anount of ggbic VEdF BibRdrs Udeful ReheCaedehtAiehian areyvshe (dyessint. ldirvang) d be
required on anWashington, USA);, anti-VEGF monoclonal antibody of Genentech, Inc. of South San
Francisco, California; and angiozyme, a synthetic ribozyme from Ribozyme (Boulder,
Colorado) and Chiron (Emeryville, California). These and other VEGF inhibitors can be used
25  inthe present invention as described herein,
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 (pubiished 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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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 co®diJaadawiZ085 one or
nore a ntipsychotic agents, for exanple a dopam nergic agent, for the
treatnment oP2484des or conditions the treatment of 30 WHEHBIEEBDe
effected or facilitated by altering dopagg.ne neurotransm ssion, such as
schi zophreni a. Exanpl es of antipsychotics with which a conmpound of the
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1) butyl) - 238- pidpiistehdediaimn éherdply Sie kitain@nthe 4rf) add W& [@HBJues Fmsepaedintre
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in their entir@re ctive daily anount k5 1 nhi bitor
general Iy wil |thlbeomuy@twaﬂammﬁe%tem@faﬁeesa%ehef‘fe ng/ kg body wei ght. The
anount of any of t hgiks afdreaaditl a5 eshmmatdsps erhoki ©, cagaisb becantrdstgédaned f or

formil'a a1 o GRBRAD| G geEER bABleD o beathP [ REARR Sifoskl FHE g,
treating paychiopiienepioprcgeiraates copiive dedine. jSrediisasamripsohRRsY inhiss weBlift of
the anti pSyChﬁﬂsléapétﬂféé (ﬂ‘l’e Hhatcoanaurﬁrovmfad @edb, nditipik®r anchXe ierdbkbi mat i on

may be |ess tha o]rng E?tmp Hnt[a ? gcg?pmﬁ of %rmu?an1 taptreapr%nyéf g%l’msp &Sﬂ'g owrtths ?&@ltﬁ}(e the

sanme desired ef ernore
to be under st oBw efféplive anmuntmf éé-‘@ﬁt“ 'FW@N'@ W'@i‘%d"@ﬁ&é‘%‘é{'@%fw TERPERi ng a

cdk5 inhi bit Orcon'fpSUnd QiarRlag, én%&WMe&fm:ﬁéﬂW'p&s&n ohoidiRard BRIl Pspredosddi ¢ or
20 doparm n% gl gﬁegwe gally éo@g panée or aecd)pll mhr%etor"?n gol;n %;[1 ‘INI c%ké inl%gttbr 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



A proposed amount for sonepiprazole in the above-descri bed conbination with
a cdk5 inhibitor, for exanple a conpound of fornmula 1, is fromabout 0.005
to about 50 ny/ kg body weight of the patient per day. A Bi JposM280unt of
RP 62203 in _such conmbination is from about 0.20 to about 6 ng/ kg body

wei ght of t RO B4Ment per day. A proposed anobunt of NOD FEI/BBEINESsch
combi nation is fromabout 0.1 to about 140 no/ kg of body wei ght 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
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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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92117475). The patents and patent applications recited above in this
paragraph are herein incorporated by reference in their entireties. The
effective anount of an acetyl cholinesterase inhibitor in33dcabuarst208m with
a cdk5 20 inhibitor, for exanple a conpound of formula 1, can generally be
det er mi ned W‘E’lﬂk‘l‘son of ordinary skill. A proposed ef f BGHIBIHOIE | y dose
range for an acetyicholinesterase inhi bl_g1 r in conbination with a cdk5
inhibitor is fromabout 0.01 to about 10 rrg/ kg body weight. The effective
dal |y amount of the cdk5 inhibitor generally will be between about 0.0001
to about 10 ngy/kg body weight. In some instances the amount of
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be used in the "vent escri 373, 018;
U.S. Patent 4, 8890hasf.: Otbersmtidaaneeaﬁtlts a@@"ﬁzxm@e agqnisqvith picl Ak inhiiorsheh () g

Pat ent 5, 356, 9Q§e dd unean Qdul® 17 dy B8 3ombiMed & TddrBBlebed W&M@BﬁﬂﬁRlN\/\D
97/ 23214; WO 9 grﬁd%cml WO 97123458, WO 97/32581; WO 98/18793;

WD 97123202; 08/ 292, 651 (f il ed August 18, 1994). The
af orenment i Gmed pat eTteseffestivs peduatraf az3SR incembioatien #itta & H“*FP@WeBS/ eﬁaﬁ@'ﬁrapor at ed
by 10 refer enE&ndoﬁhdtdﬁ%hﬁulaeﬂEdnrg%ﬁérﬂ§ be demBdd B Glgeistn fdtdingry KD U progised he
cdkS i nhi bi tor eflfegtwg glly%gsgbrénr&g%r a Qs&‘f‘ in com%matzon w'%-n a cdkb inhibitor is from about 0.01 fo

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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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 laaovayddil of
formula 1, for treatment of any of the aforenentloned 15 di sorders, for
exanpl e Al ZN 9014 di sease, is generally within the rangRCHIBMPKA about
0.02 ny/kg/day to about 10 ng/ kg/ day. Fggever I n sonme instances, the
anount of the NMDA antagoni st and/or the anount of cdk5 i nhibitor in the
conbi nati on may be | ess than would be required on an individual basis to
achi eve the sane desired effect in treating said disorders. The subject
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A proposed amount for sonepiprazole in the above-described combination with a cdkS

inhibitor, for example a compound of formula 1, is from about 0.005 to about 50 mg/kg body
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
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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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

4uGi /nmol), and the final concentration of substrate 0.7SiManud280% ons,
initiated by the addition of either cdk5 and activator protein p25 or cdk2
10 and actl\{;‘ﬁl@ﬂ%‘ycl in E, may be carried out at room tenffe¥BOUPIEX or about
60 m nutes. Reactions are stopped by adgj.tion of 0.6 volune of buffer
containing (final concentrations): 2.5mM EDTA, 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
scintillationgg éﬁﬁetgg@ﬂemﬂl@ezﬁﬁblméﬁb@Ieﬁﬁm'anmduyi be feqaired opotivdugfbagivr nul a 1
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as a reductiorg, 7meiztaandvl£stmamt4em58blgalarltam!meh(é'5 ﬁe@nt;ﬂeﬁﬁét?’@npﬁswﬂ'gm'“e
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sui tabl e GSK-3 BQ@Q%Z tésclnﬁeg1?§q-t&%o% ra aaslsa I G | i nked CREB

t he
pepti de seque(!fii’,‘é‘ﬁﬂt B ENeaming-dhrethyideneRiss: Wéﬂ‘fdﬁ’ﬁ W@“‘\E fein, described in
Wang, et als, rﬁétﬁdneoo@@oo&acb)bbmmz (1R261e] BRd 40ez( 1E00)ydroRuRi(f- -{pbehyBBRYB4f or an
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effective daily amount of the cdk5 lnh:bltor generally will be between about 0.0001 to about 10
ma/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



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, initiated1pnudrg268e&ition
of enzyme, are carried out at roomtenperature for about 5 60 m nutes.
Reacti ons aM® B{8dped by addition of 0.6 volune of buffgrPCHmBOHIEINg (i nal
concentrations): 2.5mM EDTA, 0.05%ritongX 100, 1001M ATP, and =1.25 ng/nl
streptavidin coated SPA beads (Amersham cat. No. RPNQ007). Radioactivity
associated with the beads is quantified by scintillation counting. Al of
the title conmpounds of the follow ng Exanples had an 1 Cra inhibiting
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conpounds of tMHENPD| | Ay Bﬁ'r%sﬁéép\%edpc’x%%g"gﬁg @ﬁy&%ﬁ'&?’gmﬁ yI)t i on
usi ng an assayrepaeh (BS. Rdwmt 5@E3 160), riigfodibhie Pa‘ﬁ"ﬁcf‘ 6RP L3 D WIPVERIRT!A Li] , for
i nhi bi tion of p Rk 39004, étﬁérwdmece@iapmaga@stmhma&nTm bfe@béddmmgyr@rarml es

illustrate the present I nventjo d o) e t hat
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(10 m) at 23 @94)Thn& afdreraentiored patnts anﬂe)aha@mlm’ﬂpmeﬁ!e pagh h%bshmcqm@‘ﬁ the
sol vent vag, I e ﬁ%;ﬂtﬂené’e@xﬁ % sand the resulting residue was purified by
hr'Gre

silica gel 1 h t 25
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(m 2H); M5 (ARICL) h%%rﬁp\ re J")afhag(;ﬁ@t@omeﬁapléteﬂop Lde ﬁlcﬂmﬁaz:a{ Riti Scdshi ghl y

energetic, senf- S TR ce an be stored in a re‘?@ {edat al |
times it is noohijigr, i?sexamvﬁé’r ‘Fﬂ?d’?‘l‘ﬁgrﬂ e, L Jprdisaeat &0 0 sﬂ%ﬂ/ﬁ it can
pot enti al | y5 gen@FrdisCioeaamab ARREImgs dieasbis Generathewithéndthea brapé of fooraiiPyti08As t o
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using this mat o'ent I-4-nitro- él—ﬁ % l Thi s
reaction was cantagpristiansier ff@ﬁ@@“‘t"ﬁ@“{bf“@é‘@ﬂﬂrﬂ? qoppingdpR BiaY 8% BFH" 3" W" ﬁ’

cycl opentyl al'Eth'@d AR individozlibd3is td Rhigled@zohedssid afidcoin desitbsaiiglis¢rddesso yi el d) of
1-cycl opentyl - 4-ni t'IJ’he subje|;_|ct el’r%reh]t%rq ua rypr&/?d@? fr}(\QOQI% ﬂr& Ja4édk5 inhibitor with certain

20 substances capable of freating a siroke 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 inhibit cdk2, cdks, or GSK-3

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

described below.




-48 PCT/1BOL/ 01335 imdazole; 1 H NWVR (400 Mz, CDCl 3) 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); M5 (AP/ Cl):
182.2 (M+H)+. Preparation 3 4-Nitro-1-cis-3-hen |-c cl ab@1 Januadri2089 dazol e
h 5 This reaction was carried out using the procedure for Preparation 1
with cis-3-WHBAgMtycl obutyl amine (J. Med. Pharm Chem ROBB01I/M335687- 691,
ACl EE 1981, 20, 879-880) and 1,4-dinitrg.m dazole to afford 46 ng (46%
yield) of 4 -nitro-1 -(cis-3-phenyl- cyclobutyl)-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+rH) +. 10
Exanple 1 N-(1 Cclm@sbec;fcécnmy bid baupeind &-forinula 2-for inhibitiant $frediG-or £dkg cerefaimi de To
a Parr hydrogenat ottl I 1ehh inBdedtaz ol e
(Preparation 1% Qe asce%?rgd %ﬁ?@g%f&oﬁyﬁsg%g%{'ge'ﬂa@ak a%de,% fol |l oned by
10% Pd on car tnbdﬂarY(SZ'EGth?@)'t The reaction mxture was placed on a Parr
hydrogenation appalcakywe andicdasn bb assagdtaadhd Dtorfordtion mtl GEPISMMPHE gaPmat 23 C
. The conte f e | Lered lite
and wer o 11 hadBRTR CRTHEE 1ah e LR Ak 2B, Boblch poRBE 5933%?‘%

flask under ri?lfTPlS@@fKL Et%l‘ihallﬁﬂﬁ’ @ECf*°‘2§a?WFP”t '%E”@Hﬁ?@ﬁ‘“ﬁ?\ﬁo“ﬂ“ﬁ "¥eacti on
sol ution was Cﬁlﬂ'p@dad 9omm Mb@lzcbm@dﬂkavmlaw AAMDITT. Thadinal corce@ratiop,of STMis mo| )

and tripropyi %H@?ﬁg@g %; %Ec dm%@twérto:mud%md) ;nc[7thév1L r%pr!oHéeh%od &s(ﬁ)’%’snﬂe

acetate) were ure wa h. 20
The sol ution wWaEudi Iﬂge@mwnﬂlﬁemfh%@ﬁ@ &Isither F‘H‘é a(‘%é"t'ﬁﬂf PEQY RAEOREN2 Wi t h
vater (2x)4p Theg a%ﬁl}é%@lé&;hh%( Phay WS et foaC hte@onM thipeaiird fibresheutcdt minutee ( 3X)

and the organig¢ IS F‘% S\FEEB?FOby ﬁdHBO" OZG 6 dnlumgvafslm?fg' Emg (flngiecolgéeét?atlon-gpe

sol vent was I‘EW ue was

chr omat ogr aphezisrulg iIERFAL hE5Biribngq00FNYM ATP. Byst é*'nmﬂ{”t’ §ireptavidin foptad ﬁﬁént
(40: 1 net hyl eng Gd{hRkishen cat. rﬁﬁtmtﬁntfﬁhdfégcftlﬂfy@s%ﬁteﬂ'ﬁlﬂ( #d Boayd ielabntifiel N- (1
25 cyclobutyI-IH-lmdazoI- 4-yl)-2-quinolin-6-yl-acetam de (the t|tIe
conpound) : 1H NSRM{HE0 O4HRS- " cDCI 3) 6 9.48 (s, 1H), 8.87 (dd, J = 1.6, 4.3
Hz, 1H), 8141 (m 2Hp sp&ifigGciuty ofa compegnd-pf, formulaH) for Anhijtiop @F S 34&\2 bg, 8.7

Hz, 1 H) 7. 44de(é§lmme]d iTboth Betlilfe and céDbesed a?’ﬁngath &f wrllch aré- da&néﬂ in the &t (ke Hz,

and

1 4.5 1 VS
( ,I;\l)p/ a): gron7 1|c;|r) fWP—‘?*Wg%JGg!%M & 'f&ﬁafsfx nce cﬁg%pﬁjt in génera1 gy méumatln%H)

1H i m dazol - 4- g$R-3 2eiifa peitibosybbtetsy tddiowiotil aNTR i(sleh 3 dor pravupied uTRe of BHP-BXRANpl e |
was carried ouf ..t R Dara:MREOOXY: DRRDY, 3Rkt S 1RGkf] magnesium ions, and the
20 compound to be assayed. The mixture is incubated for a period of time fo allow incorporation
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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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); | H NVR (400 MHz, 35 CDCI3) 6 8.54 (s, 13MYanqarg200%, 1
H, 7.24 (m 2H), 6.87 (d, J =1.7 Hz), 4.36 (m 1 H), 3.78 (s, 3H), 3.64
(s, 2H), 2. W({(FHNIZH) 1.8 (m 4H), 1.6 (m 2H); M5 ( AP/ CIBCT/BOUOIZY M+-H) +.
31 January 2005 WO 02/ 10141 PCTI 1 B01/0133h - 49 Exanple 3

N 1-cis-3-Phenyl-c clobu | -1Him dazol-4- 12- uinolin-6- |-acetam de The
procedure for Exanple 1 was carried out with 6-quinolylacetic acid and
4-nitro-1- (cis-3-phenyicylobutyl)-1 Himdazoie (Preparation 3) to
prepare N-[1- (%m&-mmiﬁmyabmwe)camsd out in a buffer containing 50mM Tris-HCI, pH

1H i m dazol - o] i loF VR o(5300 MHz,
o 3 are! o WW&;«Q& bwmﬁu %%Hg\mﬁﬁg ﬂeﬁﬁa%aﬂcsm.on ok ;53%1 e, |
H), 7.55 (d, Jfimal dpebifittmdiotctidy,of ZuCAamoly, gt the final gongentrgliop DFQJbS‘Ia‘ 0797 7 22
Em g::{)') T\l/B 5(7A %Q&?[S”ﬁs,l_&lhate% @I’ué(a'ildltlo%@ enz@mé)’%re(dﬂ'neh otf)at rodmSbnpenture @WQOUQ 49

m

H i ni dazol -&- & m@é?barﬁea?f'o’%?c?rﬁl I_%PP@H%X aglg i) © Aul?gar r'%gfdp% g&eér?rgt& ining @t ¢

was char ged W Edhcehtransas)o st EDTAIT. Q50T vitbn-}-1D0i 1 8RuMOA R ar(dlﬂr?éﬁ'w'feitsif%ﬂﬁa"ﬂ'“ 39 18
mol ) and. et hy| AGekALEd {RnerfHh clild, A¥REo0RY). FARAY Beshari b o 12263

under a nltrogen At nos 71 m xture was hydrogenated for 6 h under 50
psi H2 at 23 Osquam@dr‘?b’ﬁ?'ﬁi'ﬂ%“”?/\%’ﬁn“f‘%en filtered through a pad of celite

whi ch was rinsed w Aphofdiieytitaebinceref hb fdbvioy Eximpled 46l ol ICwx inhiiting g peptide

fl ame- drledfla The resul ti o B8k din

dl i sopropyI'8t h PaarerS Siygloh piléte e th%g‘%“w Bt @e‘éa“:‘%gh%?&éﬁ%"ﬁﬁ?he dr opwi se
addition of phdmdechdmaaséayrmate (2.5 g, 16.2 mmol ). After 30 mn,

met hanol (9 nl) cosdainéne: aﬁ%ﬁ@uﬁﬁidﬂme(f&m&nmmlmma@dwdd foFIRsKeact i on

m xture was transferred parat.or t d ; yl
acetate (200 nﬂynbltlogﬁammasﬁgﬁcg Bt {hgt cybeflggcﬂg i'm blE] tegquq%hegugoﬂngegcﬁtghzo

wer e extract ed GBK3p olésajrian awet QLY - (2x10 m.) . The organi c |l ayers were
conbi ned, vere Wasﬂ%%u%;h@sﬁﬁbléﬁluét?a&he ﬁ&‘ént\d\vﬁérﬁioﬁ hegto 85 irfidrsiodd) GEMeyer,

filtered, and concentrated in va r onto
silica gel andtfkEe pranfian %ﬂmyfei"i“%@é“ﬁre@é"f‘d 3%?8%%? otger (ga] \'@T&g‘%ﬁ&d%ge
hexanes- et hyl aaiet ay e détals afftfedolidwi®y ExaB&)0 yi el d) of

(1-cyclobutyl -1 Himdazol -4-yl)- carbagigusesd phenyl ester; | H NVR (400
Mz, CDCI3) 8 7.4-7.3 (m 211) 7.22-7I8 (m 3H), 254.5(m IH,
246230(m 4H), Rreparafiond o) MS (APIClI): 258.2 (MrH)+. Exanple 5

1- (1- Cycl obygt yl - 1H toyelomay-4hity-JH-hidazglegui nol i n-5 yl -urea

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,
1H), 7.45 (s, 1H), 4.64 (m, 1H), 2.6 (m, 2H), 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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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 nmol), 5-ami noisoquinoline (30 ny, 0.21 30 mmal )31 Jandary:2005

di oxane-DMF (1 nL). The reaction m xture was heated at 70 C for 2 h. The
reaction m WQ¥2%4ds adsorbed onto silica get and was pur PET/BWIBIE3S| | i ca
gel -chromat ography (40:1 chl orof orm nmet hanol) to afford 30 ng (52% vyi el d)

of 1 -(1 -cyclobutyl- | Himdazol-4-yl)-3- isoquinolin-5-yl-urea; 1 H NW
(400 MHz, CD303)6921(d J=1.7Hz, | H, 845 (d, d =6.2 Hz, 1 H,
8.24 (d, J=. Hz, 798(dJ 5.4 Hz, 1 H, 7.84 (dd, J = 2.3,
8.3 Hz, 45657 911 7,457, 4R, @120 m, 1H),bo5 (4, B6, (M 1
H, 2.5 .5 '%"dg%ﬁe?’ﬁlﬁﬁh oble l\?g 'Jd) 358, 0 (M) + 31 January 2005

WO 02/ 10141 F‘t?FI‘ZTB@ﬁ)“M’@é ’C*}‘:—QSZZ/(MTL?ut R uu eaj a .50 Preparation 4 N-(1
' -CI s- 3- Azi do- c el olpdépakatiod Bl- i m dazol -4- 1 -2- na ht hal en-1- | -acetam de
_ep 1 3-Senzyl OMMWS nmmol, Chem Ber. 1957,
90 1424-1432) 5 G lopiad s yd %ge‘p “chloride (sa&urat ed,

450 i), then 10% Paisoieadiel Wehcarmief gt Uig MEReeFaure i FPRaraiPe Tl @
hydr ogenat ed aghehficygistiutytdmine Q. MedhPhaith eheinXi960, @, §6ES9 . IACIEE 881, 29n8r9-860)
concentrat ed Ierz]ndv'lazlc-é’hcftrolirﬁ)dagb% % da%rd 48%189[4@)‘ yt@lﬁ'} o@hjmtro-Thﬁs @f)ﬂen oVo@tlﬂ?-ﬂ-l up in

met hanol (600 reate %

hydroxi de (13. ‘mudgzoiegzts NMRI@PO MHZ.\§RSH) @ tfyHH%: Tfé (s, d“k&l“dt%(ﬁ’hsm f"’i""
dinitroim dazo{,.g £ 4m7 119, 3. 218, 27094 (heH)REd@p@):. e20M+ar) 10 (prepared by
dissolving 1,4-dinijroimdazole in nethanol at 0 C) was added. (Note: 1,4-
Di nitroim dhzol e s %‘—ﬁ'—ﬁgﬁl y energetic, sem -stable substance and shoul d be
stored in a freezewwam!%ﬂ) -shauinglin-brykecetamider npdynani ¢

measur enents have shown phhajydicherafidh bBOS Bs alidey GERRBEJIA-rARAUGRIdeEI gy at

35 C under adiabatic¢c condit

shoul d be exer €rePagia: ! ?ffolmgl'8]%&""@?1‘“?1&“%‘3&%&?R'Lfgﬁﬁmxedﬁ%resuﬁtg#%l% or ange
15 suspensi on (@&S righefhealehaiore thixtuge whsorlkapd \ea rEnTarohYSRganalipR eaPpargit andTHe

sol vent wag, fe%@&&%&éﬂ&éﬁ%%.ﬁﬂﬁ o e dhtbrtd a%erbsﬁéw@ﬂm tpsUghisegk by

passage throu ar ge l'ica form ) to
afford 19 g (4E%‘3f|°éllt?17"ddﬂ’er%r"(sﬁd Wit fRg-p VHH"Z&]"’"?@ VF)’"LS) %/ﬁlﬂﬁrﬂ%%fﬁglf& as a
1:1 m xture of ukeSnitogan EtNJEIBRLSE.5 thmbl) Mél%d(ieﬁtﬁ@d teirsactCD8@DN was @oRdto-s. |

Ml 0 osphoRi r 3
lf)14) 2 3(7 s( 1@%6&%—%’8&§ a&«iﬁﬁg mZ grgx(w 1) ard b tr;Dr P @6 S (:Ena?ar{bd L, E(gsé u%l 5( Eﬂm
2H), 2.3 (m ZW M gofgtiqn g %tathgre@eomqq?gn the @ﬁtgre was stwred t 10 far 2

20 The solution was diluted: with methylene chioride (50 ml) and washed with water (2x}. The

aqueous layer ‘was extracted with methylene chioride (3x) and the organic layers were
combined and washed with brine {1x). The solvent was removed in vacuo, the residue was
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)". '



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
nL) followed by p- toluenesul fonyl chloride (Tsd) (5g, 2814anwarg2Poand

4- NN di rret“yl am nopyridine (DVAP) 25 (268 ng, 2.2 mmol). The resulting

m xture wasW&RAPKYYH at roomtenperature for 24 h. Anal ysiBCT/BYIR18Sn | ayer
chr omat ogr aphy showed two new spots, Theggeaction 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 silica gel chromatography (1:1 to 21 hexanes- et hyl
acetate) all owed fgga,.%ar ation of the trans and cis diastereoners. 30 The

first spot to elut ﬂ ik Nep e 1 Fn?iﬁ'ac‘zo -@ﬂﬂf—ﬁumo!m-ﬁ-yl-acetamlde

t rans-tol uene- 4- sul € actt o=t 4= 11 t 1T 0- ‘% cy Cl 9")‘9'% ester
(2.7 g, 37%yield) Themmqqﬂmetoa@@mw wa@B@r'@)OHBW“ﬁW'“("g'C ¢ da"g m 2H),
Z gj Ed J 1— eid- 3bkenyl@yldﬁﬂltyl) H-BfdatalelPreparatiod 3pto plpéle M) -( 24+ phebyl-OBDIiy- Tﬁ H) ,
: e
m HéTnHiazé) %jfﬁl san25C¥1 éé mids h 38*9@19.&1‘6‘? i ﬁhk (3&3@1%% fddkﬁ'r” i 8 o]

second spot® t orrer Ci's- “4-sul'fonic acid
3- (4-ni tro-i ni(datd)l 8.1 (i, ;Hnw(dobamﬂHZeé}tne??‘(@ 9H575§@/013=51 SreHh 741 H NWR

(()420 'Vg'ZS CH32DC'(§3 18485, §4ﬁm1H§‘3|7|)3.7-7§2ﬂ3 50l 459 (7 m;ggggs (2&1—&33;_6711 32} (éﬂ&;l(mSJ(:
m m
2H), 2.45 (s, %\31)249%%“1@%@&3%&}& 6@02/ 10141 PCT/ 1 BOL/ 01335 - 51

(AP/Cl): 338.1 ( M+Exampi®k¢| ative configurations were determ ned by the

{reasur _el_rTF njq of 4 nu SiAMES61.£41f-Ebainic adid phenfl edter t
rans- Tol uene- suﬁ%—c%—ﬂ—(r‘{_ m ;ia i % [ ester
(Preparation 4, 5ASP&p hydrogsagjiopfotiie was WF "V\gs ?ﬁd)?ee/“(?a‘d’"m%/rﬂ@gﬁl/s %Lc'f

carbon (500 ngprepaaateh hydg, Baratal)apd 6B acetdty (70 FhEfoleivrd by W% Rsontdadan ﬁé’eﬁit ed
under 50 psi Hg.at ! %W nﬁa‘g@% Tﬂé ?\lxag(wa@. h{r g-gﬁﬁedqt Hn8er SW Hf dtbs &.ed

through celite 1 nto H ogen
at nosphere. EtBR “PSEUFQ wagthen @te‘i%‘ thrfven)a Paged %Ed@EF o "8 d""lgfry methyiene

1- napht hyl ﬁpetdh{an@qhz(b 013 3fo a M@ne-dried Easmrtrhe) re@uktihg tsolition epy c@iedspRTNIC and
anhydri de (1. (i“'Folp Bg:rllethyiamlne n{zléé ?é;rdr,{},[)%ggyéddéf%t]@eg(})yltﬂe %rozélsénm&ﬂ)on ofhe

m xture was st rature luted with
ethyl acetate rmeohasfompaihi@d MQ%’“W&W eﬁ'ﬁebsr?d“"bﬂ%“d%m?'ﬁ%iﬂ“gca%%?@f’ was
dried (MySO4), (18 ﬁ;Lf»l«a{sta.@!fiezéeid , THRHEbCHESMIRIORGRS thardie@d ith a \saretory Theel,nesul ti ng

o orof ores Bt iy St BoRBh. ab PR Verg ¥ S gaupous loery

chl or of or m et ﬁtﬁc&)\"
sul foni ¢ a2d d @ 4xtiagteth Mt ethgl| 2catate- @jcﬂ)a’@lét y'[harﬁrgmyz layers were combined, were

. i gn5d?z ol , IH) yl \Lasﬁaac\blm tHriF\eV tzxye shEwere WHan R MasO4Oftertizand CRCkA)ated i v&bug.m  2H)
m

( m 2H) 7 04 '{rg crup W_ﬁ)ductduag @ds(oml_% EntﬁfH?da Eel.?gt? \(lésrgu &E}:y s@c %gl Cﬂmnzlﬁﬁ'gpy 243(35,

3H); M (1:1 hexanes-ethy! acetate) to afford 3 g (65% vyield) of (1-cyclobutyi-1 -imidazoi-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, 1H), 7.54 (s, 1H), 7.12 (brs, 1H), 4.66 (m, 1H), 2.5-2.3 {m, 4H), 1.9 {m, 2H); MS (AP/CI):
308.0 (MHH).




(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 h 3dcdhuary 220%e
(813 ny, 12.5 mol) in ethanol (15 nmL), water (5 nlL), and chloroform (5
m). The mi MQAUPEN4as then heated at refiux with stirrpBCHEOIGEH, Th
sol vent was renoved In vacuo and the regd.due was dil uted Wi'th water ang
was extracted with nethyl ene chloride. The organic layer was dried (MSO4
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; |I H NVR (400 MHz, CDCl3) 8
8.41 (s, | H, 7.%8e iod4= 6. , 1 H, 7287 (m 1 H, 7.82 (m | H,
7.5 (m 2H), 745 A =i hale J1-dcklamitld) . 3. 75
(m I ' H, 2.85 (m ; : +. 30 Exanple
6 N 1-cis- 3 Ami no-Stencll obu# | -1H-inidazol-4- | -2 -na hthal en- 1-

| -acetanide N[ 1- (*hchzyioxpabisttyitleqimyt v 346 nrl,| Gheda Bet 4857y 90, 1424-1432)

2- napht hal en- 1- yl - acet ! d
Wa'[] 2? (1ame_:§n ap X & \E.r'\ed.aﬂr?gnetgar'oﬁ ﬁyg.ﬁéé\)ﬁdog&l (éatur%&@ﬁsélmLfgtﬂﬁg S l;'rtggl?%rtﬁﬁrnea?or

18 h. The sol vé) wesasdeds e mbrturevas Avdieseagiry at Pepst dafon sty STB P‘&%‘Pdﬁé
purified by si gddccgmgﬁtl-atéah,ﬁ ¥ @gﬁva[aﬁl)asng)aximo The oil was taken up in methanot (600

hl f h
e oL e AL VIS ke a0 s,

| s- 3-ani no cl qbut yl)
-1  H i ni dazol Wheryhi pi2= i alsolitieh eht. +~dmvtr<ym'd%?ek§1( sué% Mgl iR b@g‘m@
CD30D) 8 810 05 p(’éaaret} b diZsﬁ| 1’,4—&l'ﬂoamu?az&¥ in( @lethahoFat 0. T) Mas added. 11§9,t_ 7479 (d,

J = 9.0 Hz, re 2
3.29 (m 2H) D@ltfil@ldeme lf|_?) F%)? 7%er?e si%&ab? iub?la:?c@ mshaulcm:e 36 I@izn :@5321H)
(MrH) +. 5 Examgzer df all Gwdgbt in nbt-in péed i Thermoynamie iersHrereen e Eﬂ“%’” §1a na

hthal en-1 - 1 - Agée l:rﬂiEﬂy%Qn ratd Hﬂod&azé}ler 1t 36 °CunBérlidbatid coraiibrebeto Aolsral kalccda of
6- met hyl pi col i ni

aci e
treated with 15(@”8|°ﬁ‘é'9%§'r°é{ﬁ1b%5?f‘aﬁgﬁ} qgvm%ﬁjs'F%ar bo rﬁ! e hy o\r ochl or| de
(84 ny) ands DbPensibwéAhenpglowd t@Govly watiied3 °§tqvwwsmgﬂretﬁ°'\'$f6 Wﬁ% figmoaved in

N-[1-(cis-3-ampos afécy {ﬁ%(ﬂg% rksn&ue"\.bésrﬁuﬂﬁé 21" péssé(de]th:%udh@hﬁd@@lu@l&f diticgigel
acetam de ( Exa% 1 d%(%%‘?,val g-géfj- o-|m|da£oq§'s’|#n¥ B&uéﬁ‘o%t ure
was then stirr &3 lciprofprprme °@r‘°W§§ 3 @ VIglis Uy dé neut r al
Wi th aqueous Ba&klr abtlre\Gisisansisistaieasd1 NMR (450 Myilz CGIGeD;E &29 (FHE), 82f4mitd. | ayer
was dried (MIGQg 4fi L EEIE ), 5.02 (m, 1H), 453 (m, 1H), 437 (m, 1H), 4.10 (m, 1H), 2.95 (m,
20  2H), 2.7 (m, 2H), 2.5 (m, 2H), 2.3 (m, 2H); MS (AP/CI): 184.0 (M+H)".
Step 2
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

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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and concentrated in vacuo. Purification by silica gel chromatography (20 :
1 CHC13 - MeOH) 15 gave 26 ng (95% vyield) of

6- met hyl - pyri di ne- 2-carboxyl i ¢ acid {3-[4-(2-napht hal en- 13j}|January 2005
acetyl am no) -i m dazol - 1- yI] cycl obutyl }-am de; 1H NWMR (400 MHz, CDCI3) 8
9.15 (s, IHNO®B/M9BE (d, J = 8.3 Hz, 1 H), 8.01 (d, J = 7.BCHEBIINIG 7 96
(d,-J =7.5 H, 1 H, 7.97 (d, J7.5 Hz,sd H), 7.81 (dd, J = 2.4, 6.6 Hz,
Il H, 772 (m I H, 7.5 (m 5H, 7.2 (m | H, 7.16 (s, | H, 4.45 (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 (M+H)+. Exanple 7b | H 1 m dazol e-4-carboxylic
acid cis-3-4- Z(AP trﬁ%bﬂ?fIMiH)i” Relativie aBhAYGrations Weckadetdrmitiedydy] the yeksubsmeyt of} - anmi de
The title conpou %E}% red anal ogously to Exanple 7a; | H NVR (400
Mz, 25 CD30HSF aré"'@’ =7.9H, |'H, 7.87 (m 1 H, 7.80 (d, J =
7.5 Hz, 1 H, 7.7 &ep3 H) 7 64 (s, | H, 7.5 (m 6H), 4.44 (m 1 H),
4.32 (m 1 H), 4. 18zb$Tolhb-4-sulfoflc &dia 3-@hitro-imiddal-(-yn)-cy2blutyl ¢der (Rrdharta@®n 4, 415. 3

M+H) +. EX I dl
§1 ¢ h;ll) en- 1 - arrp %8%% 5§?ﬁn"’ﬁ,d1r7% r@%cld) Was ﬁ\lxegimﬁf‘mafolx&/ Ld &rboﬁ%ﬂg nﬁj n e@ly[ aéetate ?So?lae
conpound was pmb)pihea‘dlxawaﬁae@'@uﬁaﬁteci wnden5 i IHe at7aom temPRRiEE (04@(!7 M’*Tz’"' UD30D)
az ?2 (d, 7‘] 6gwgs ﬁteﬁ% thnlouéf') ceh?e b & hamd-ded? fiddk Rizhichlwéd) kep¥ .ui@r (ad nﬁrdgenH)7 5

) | r l
6. 71 ( d 5 Bat Sighe el E%: (1 %g IHL %ﬁs nTmlﬂ))w:—as %u«%ﬁ f:%ll@i\reuﬁégh Zhnil?«‘facétﬁ adid (éze o3
(m 2H), 2. 5 ( 1w, 127B-rrfd)) ankySiptoRBEYhonic Zahpdrige (M Flj-+17 B'BSOEM@P*BV' ?HB@&:
J aguar YZZOQ§bV\p?E%)|%(nglP 1%dmlﬂ@ Ptk 4336 tef'npeﬂaﬂurej foﬂ’ 'Blpar\d was-img diustddedith | -
ridine 2-carbox lic.  aci
i ol - o Sl are e g v B0, B R 08 ek 3 fhaso)
anal ogousl y t owksditepd,@nd'was dhbaNRed it @mwhezre@ﬂtmwwuesm pgujieq By silpagely 2 L2

%_ '5_0 HZ,8 26H§ d, %néeﬂ (rjaéhﬁ%m chl!ﬁ'))forrerﬁlzanﬁlgto afford 600 g% Yield)or trahs Edluehed- J = 5

1 H), 4.17 (s, s¥pyc agd @2[4‘{2('?'7‘?“%%“ 1"‘%'3“:91%"3(%“ "ﬁ#%}""g‘%%"‘"(’%%" %E%’ %IUEMAAIA;’/ :CBZI § "
440. 3 (M+His. - EeampEkLED0R) 7.9 (i, 2H), N8s B, 2H) T.n6 @zoF 83 He-2ATHE M I2HS 742i(®. ci s- 3-
4- 2- na hthal ga-bag b opy, 7.04 (s, 1H), 4.96 (m, 1H), 4.73 (m, 1H), 27 (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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butyl} am de 10 The title conpound was
I

acetyl am no) -i m dazol -1 -yl ] cyI

prepared anal ogously to Exarrpl e 7a H NWVR (400 MHz, CD30D) 9.21 (d, J =
2.5 Hz, 8.61 (d, J 5.0 Hz, 1H), 8.41 (dd, J:1.73,1 ngany2003 H),
8. 26 (s “QBOGdJ:?QHzIH),786(d,J=7.5Hz,1H),7.79
(d, J =7.9 92f1914|l-l) 7.5 (m 7H 4.44 (m 2H), 4.17 (sPCUEPIOB3D (m
2H); 2.6 (m 2H); M5 (APICl): 509.3 (MHys. 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; |H NVR (400 MHz; CD30OD 1 CDC13) 8 9.15 (d, J = 1.6 Hz, 1 H), 9.12 (d,
i{) = 82H§d 1Jakfa_, d B9 4,%2(55},@ yiel) of NH1 Qeis-Barflind=yclobulyHH-imtBazbb4- Qlliz-na]bhﬂ:xal&-ﬁ Hz, 1

H) ; IVB (Amqm 0.0 81, T3),(TMBHi6H) BB (B 161, APORMatH) feteds, @88@43*& aci d

4. 2-n ah@ns 45 ol 21428 Blm, bBMB Qarrbi Bz @b+, Y1 ]-cycl obutyl } anmi de
title ?onp%un@ vvélss(mpre)parg11 ainrgI ggougnl y thExanpl e 7a; 1H NMR (400

Mz, CD30D) 892.‘3‘_'(153_73 IH),903(d J—80Hz 1H),873
(d, J = 2.4 Hz, | H p3ridie oxyllc tnaglthaign {43
1H, 7.85 (d,, J,= 8. b d79(dJ 80Hz 1H, 749(m " 6H)

?I\/Iild—fl) S.m 3(2_)H)EX arrpl e ﬁprlLNQl( eﬁ “gmgthy[lmco ch a%q'a) (94 mg 0. 09 mmo%hq h‘let%ﬁengAﬁ{ Ae) Was427 3

apht hal es- 1- yl yrex@@twith am-ﬂimbthyiaimﬁt@myl)-SLetWIQafboymldabmrmhl@M?z@mﬂd)eanﬂfleﬂ tle
d CD30D
oo, GRS AR Y G M2 R0
1 H, 7.80 (J -pmmalaahﬂ@pgiarmom@xwle@z?01'99_@96 Mol wasedded1 Fegesuliio "f""‘.iff%
2H), 7.45 (m &4 therfistifréd M3 K. Whter dasddddedNthelsdidtion #aslmadesneuttdtvith 2qi@Bus( m

_2 |2_|) C ar2 bgz( 'Elmc é%l_é%lilj @@aséﬂa%%dzvrth g%qﬁf?}é? lfhel org%ﬁ%@! ﬁasrdl'leé hk@bn hereiazi ne

i mi dazol - | -yl | arsiyoohagbieeted ip vacgeri Rjusfication by silica gel chromatography (20 : 1 CHCIa MeOH)
15 gave 26 mg (85% vyield) of 6-methyl-pyridine-2-carboxylic acid {3-[4- {2-naphthalen-1-yl-
acetylamino)-imidazol-1-yl}-cyclobutyl}-amide; 1H NMR (400 MHz, CDCl,) & 9.15 (s, 1H), 8.28
(d, J = 8.3 Hz, 1H), 8.01 (d, J = 7.5 Hz, 1H), 7.96 (d, J = 7.5 Hz, 1H), 7.97 (d, J 7.5 Hz, 1H),
7.81 {dd, J = 2.4, 6.6 Hz, 1H), 7.72 (m, 1H), 7.5 (m, 5H), 7.2 (m, 1H), 7.16 (s, 1H), 445 (m,
1H), 4.25 (m, 1H), 4.18 (s, 2H), 2.98 (m, 2H), 2.60 (s, 3H), 2.40 (m, 2H}, MS (AP/Cl): 440.3
20 (M+H)+
Example 7b
1H-Imidazole-4-carboxylic acid {cis-3-[4-(2-naphthalen-1-yl-acetylamino)-
imidazol-1-yl]l-cyclobutyl}-amide

I
8.
e, . 7 e e O i s oy S g g o °
- 3.
The

20
(m
Cl

25

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, 1H), 4.18 (s, 2H), 2.8 (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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The title conpound was prepared anal ogously to Exarrpl e 7a; 1H NWVR (400 MHz,
CD30D) 8 9.07 (d, J =1.2 Hz, 1 H), 85 (d, J =0.8 H, 1 H, 802 (d, J =
8.0 Hz, 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); MBS (APMQ Q2101441 3 (MrH)+. 10 Examie T N cis-3- 4- 2PCTEBOHONE en. 1
1-ace! lamno -imdazol-1- | -c clobu |z isobut ramde The title
conpound was prepared anal ogously to Exanple 7a; 1H NWMR (400 MHz, CD3Q0D)
5801 (d J=7.9H, 1H, 7.84(d, J =7.5H, 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 (M $iseinvi-pyriciie-2iditboryil, adid Ofeis-$-plr(2-haphtitilch-t--acBHAMINAIS
(AP/Cl): 391.1 (MHETF t)gabrr 6-Chloro- ridine 2- carboxylic acid

ci s-3- 42nahﬂlﬂéﬂéﬁulﬂ—y—‘?——'° 2 g@eﬂ#—a mno - imdazol -1- -ani de
20 The title conpoUhsiiteasmpuetheeasekparadhireigasly o %mﬂﬁaﬁﬂﬁé"wcn?o@iw (400
M, CD30D) 4 .28 -]42HZ,19| '%e(leH)sm—Ez 13, Kﬁ(dJ}-‘7§H51Hk7sd)(dtl)v- 7.94
(m 1H, 3’"%21 @ ' M;’ gt M), 456 Eﬁwﬁy\é)%g@l(d J
= 7.1 He, 15 m?ﬁlﬂw(@g(dﬂﬁ)?g”? %”(7rﬁ(m5 T 2 435

4.18 (s, 2H), @ B9, 458 (s,2H), 2.48 (GH]; MS (FHPY): ma((mm)cl) 25 Acyl ation of

N-[1-(cis-3- am no- %¥|_|1 Yiyl)-1Him dazol - 4-yl | - 2- napht hal en- 1-
yl -acet am de rrpieﬂg’rvvlth ]varl ous car box I|c Clqa 1] d ﬁﬁ-'.l%ﬁq gnt

purification was Crikil sl Y e=—To the
car boxylic aCI@Qetyﬁmh'bmézoBﬂm syclo &y@-‘a’ﬁudarrml ) in |l dram screw cap vials

was added sol ut| CH}? 9{ &!{r%&u é Z‘\@i Br%%%éﬂ ﬁglbgcﬁtX!gltd) Ie)Ta, 1’1IHNMF'(‘ Aszahz, 4

I]-2- h | 1
?/re][ hyl gﬁg 30acC§DnS@Di) @eﬁaﬁnﬁﬁ*’ 8 61Ff’@'jcér°d1"5“’d| i gg@e(df ﬁ(r_égnggngﬁgﬁ%ﬁol ogi es,

0.5 equiv, 39 @TH) 0.0088.=Muz, 1H), 78804, Ug). swers1Hdtizdd, SRS Wi, LH.T.6 ém.ikid.e
shaken at 23 C habiaHhn et hyl ene
chloride, N N 4n"5'tﬁ"31%]gr([\|%%§3 ('%(%Q%ﬁﬁ' %)m%%@\gmg Edachb reaction

m xture was transf &ampledfth met hyl ene chloride (0.5 m-) to a 3 nL SPE
cartridge (20 m Crsqafsfat[hi(z)-uapihma;emtyamdlaaudnaﬁwmah-yn-ovodnﬁutye:atbam_tkent

The sol vent was force ?U&h the frit 35 and the polyner was washed with
THE (0.5 ), 4 e (0.5 nm), THE (0.5 nl), 31 JanuarM 2005 WO
02/ 10141 PCT/ | BOL/ "he 3t conmsurdmas eepaTed @rﬁt@g@ﬁwcs? Exapleg’as TRAWR (4

sol utions mr%%}%ﬁd%&@@'%ﬁ@{aﬁz Shf, 8O = @lotﬁzoggraz;sa(auj.}t:lze) Mﬂlde
products were ana; vzed, BYo e, 6. 50 s 4 s, Hf('f%g’% s ¥R ST 73 g L%

20 Hz, 1H), 7.48 (m, 6H), 4.45 (m, 2H), 3.96 (s, 3H), 2.94 (m, 2H), 2.58 (m, 2H); MS (AP/CI):
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,
CD3OD) § 8.23 (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=18, 2.4 Hz, 1H), 8.02 (d, J = 8.4 Hz, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.79 {d, /= 8.0 Hz, 1H),
7.49 (m, 6H), 4.44 (m, 2H), 4.16 (s, 2H), 2.95 (m, 2H), 2.56 (m, 2H); MS (AP/Cl). 4273
(M+H)+.

30 Example 7h

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

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 =



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 Jaauay@00%i ed by
preparative HPLC (Colum: 30 x 150 mm Waters Symretry C, g 5uM flow = 20
mJm n; sol vB#t0280¥tem A = 0. 1% aqueous TFA; B = acet oni t F¢TVBOALFear
gr adi ent of 0-100% B over 15 min) with the appropriate fractions determ ned
by an in-line mass spectroneter. The plrity of the c hromatographed
conpound was determ ned by analytic HPLC (Columm: 2.1 x 150 mm Waters
Symmetry C, g 5 uM Flow 0.5 nmn; solvent 10 system A = 0.1% aqueous
TFA, B = acet r t J40|Q 8, Bupy.ed (ml QHYR.AY (m@B);ng UV:
gﬁe a#]-r; %4% ﬁ-ge:;tnﬁ(rﬂdhﬁrh 370, ﬁf) %, Brpz.80 (ml QR

254 nM and di ection. The foll ow ng conpounds were prepared
by the above- M@PJQﬂEdZ%WHH Their mass spectral data and

chromat ographic retention tinmes are listed in Table 1: Exanple 8a:
Qui nol i ne- 2- car boxﬁﬁ@p—%ﬂl d {CI s- 3- [4 (2 napht hal en- 1- ¥I acetyl ani no)- 15
i mi dazol - 1- yl ] - cyc 5aketity-byrazinerd-chehoRy d & : A

{cis-3-[4-2- naphtdhal B{Jtl ,.,ﬁ,q&t yI am no)- i m dazol 1 -yl]- cycl obutyl }

-am de Exanpl I S- - 400 MH iz,
LS R FRba ol 72, 1 MR GO

| -acet yl ani no) - i m dag e Prpy
8d: Pyri di ne- 2pzanyesygt (ccJ atk dz{1el), 8534, [Jﬁq%mé*@h@ %ﬂdef'r 8.0 g, 1H), i (d

tyl t (& 28§ 2.92 d -
syl are, Il ot e st omaror

-l -yi am no) - imdazol -1-yl]
-cycl obut yl } - sc@t@EPHHE: 5Té[bI25) !E'S @%C*Acﬁ“APZ@ %r oducts, Associated Retention
Ti mes, andigvass Speshmple 7iData Retention Tines Exanpl e Analytical HPLC mn
LCMS mn MHtH 8a 7.68 8.79 476.2 8b 6.97 7.96 414.2 30 8¢ 7.45 8.56 453.2
8d 6.84 6.68 426. 2 N-Ris- %{4123Nwhmlen4wl-wmmaﬂuaﬂwzwsﬂ@6—‘lﬂ@§“ﬂlol4l
PCTI | BOL101333g5mfyrihi@@ar ati on 5
The tile compound was prepared analogously to Example 7a; 1H NMR (400 MHz,
CD30D) 5 8.01 {d, J= 7.9 Hz, 1H), 7.84 (d, J=7.5 Hz, 1H), 7.78 (d, J = 7.5 Hz, 1H), 7.45 {m,
16 BH), 4.35 (m, 1H), 4.15 {5, 2H), 4.41 (m, 2H), 2.84 (m, 2H), 2.35 (m, 1H), 2.28 (m, 2H), 1.06
(d, J = 6.6 Hz, 6H); MS (AP/CI): 391.1 (M+H)+.
Example 7k
6-Chloro-pyridine-2-carboxylic _acid {cis-3-§4-(2-naphthalen-1-yl-acetylamino}-
imidazol-1-vi]-cyclobutyl}-amide
20 The title compound was prepared analogously to Example 7a;, 1H NMR (400 MHz
CD30D) & 8.07 (d, J = 7.9 Hz, 1H), 8.03 (d, J = 7.5 Hz, 1H), 7.94 (m, 1H), 7.87 (d, J = 7.9 Hz,
1H), 7.81 (d, = 7.9 Hz, 1H), 7.61 (d, J = 7.1 Hz, 1H), 7.58 (s, 1H), 7.5 (m, 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
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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i eridine-l-carboxylic acid 9H fluoren-9- Inmeth | ester Step 1 5
4-Piperldine carboxylic acid (129 My. | mol) was treat ed 3liJanugyd0dn

hydr oxi de (80 HS 2 mol) in waterldioxane (1:1, 10 nL) _After 30 m n of
“stirring at WOBMHnper ature 9- fluorenyl net hyl chl or of oPGHIBINEEY ny, 1
nmol) in dioxane (2 m ) was added dropv%bs_e and then the reaction solution
was stirred for 4 h. The solvent was renbved 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 et hyI acetate. The organic |ayer was dried (MgSOH4),

filtered, and canc a RbHs WeteCcdhd ﬂ&td@mn&rblsmmhltrogen
chr omat ographya ﬁ"n' c%!%fﬂ%l(%frg%’)oﬂf%t as 3 acgtl C, % (g 340 ny
car

(97% yi el d) ofaﬂﬁlifpcr'(dﬁlpwdwésn%’?r@l%?% ALny: 31? Di perl i ny oxylic
acid;, | H NIVR &,4%%\41& {Dl/rin;)soklent sy&ter( o = 01%aﬁuemuﬂzFA BR)acetynitgis; ipger” j =
75HZ i nIM+as offseddd (the crdde= 6. 5
Hz, 1 H, 3.9 QFB‘?%‘ 59291)%&&"’25 5‘%5 ﬁﬂ“'mf egirdh it i(M A 1y ded d§ ?ﬁf? t; 2H) |
1.62 (br s, 52H)readt@1 iARYeray purierbbyPreRprAye: P LS 8%“"2“ Sl\xé%cl IFgerg SR
(f1uor enyI met hggl NGBk RO WL s@ivgpesyiseimn <@t % exuebisCTFACE ¢ acgiPrigisalingd’i on 5,
St 1, 77 -line

€p QrS%%?E]I?gAOgP% oYetP 1r9 @o’ﬂﬁltﬁ]@% ﬁ:ﬁﬁa?éjfréﬁ’t dng adiefrined by an in-l

di met hyl am nop ca draochl ori de, (84 DVAP (5
ng). After 20 mtssrepesigmeler ﬁl@e Ryrity, of\the fhPEFégfsp“S%CH'BE‘i‘f“ &‘1386{?'%"‘ eradb
H i m dazol - 4- yLl.p g iarhtaahe b1 k1506 mnﬁﬂaﬂérﬁﬁyfﬁiﬁeﬂ@aﬁm Eloﬁ)QsmélBﬂmeﬂ@d The

resulting mxturé was nstlr d the el ution
was made nélit r M AT é\é agieey acheAeE cfléﬁlm@?h[m?é géag%eééﬁoﬁﬂ}%gﬁoor gani cﬁ) | ayer

was dried (MyGDEUV: 244 rivieane divdecavey foodrieshnmy at ed in vacuo. Purification by
silica gel chronmatograghy fcm&@nglcmbg{dgﬁ,@femr@tdaa@ahe algpae-gestiifed mopthfod.7 %

|d) of 4-(3-[4-(2 25 Lovl] -
Zlygl o%)ut(:) yl caE bﬁﬁ[’ﬁfﬂafs ??Fﬁ@‘r‘%fiaﬁgcqmm%‘ﬁ%hm?enwm%mepgrggﬁﬁ:‘"ﬁ%ér@e% Qy%} et hyI

ester, 1 H NVR (400Exxhiple $8D0DYIng-2@aoxyly agkd {eiss- tg-(q_ﬁaphtﬂaldq)-‘I-yt-Pc
7.78 (dd .Z|5 %A‘%Z?HZ"] cHEutyl}]ant'ﬁe, 7.73 (d, J = 7.5 Hz, 7.53 (d J =

6.6 Hz, 3 4
(m 1 H) , 15 (m m%%‘ﬂ:ﬁ H{oleﬂq?arbugghlzgmd ?crs &[g}_ﬁ ggﬁ%tha}%—ﬁ—yifa@étg |‘|i5|

(brs, 2H); I\/S (AR €D )yl}-cycbdyiBaridé H) +. 30 Exanpl e 9 Piperidine-4 -car boxyl ic
acid {cis-3-[4-(2-n - -RERIMER R RRetyibrhd] #A€dzol-1-yl}-cyclobutyl}-2-
1-yi}-cyclobutyl }-anrt é&t@_ﬂ%g@%éghﬂ%}(zl '3?'4 3'1"1{4 ?t% Na%ﬁ?hazl en-1 -yl

-acet yl ami no) - FriPld#gR#0He - y| ] - cycl obut yI car banoyl } -

pi peri di ne23- car boxgtanpleadd dP;@uHiné«tmarbwlm%qd it higH2-aphibpler- Pyleasety’atiPdn 5,

100 ng, 0.15 mﬁpda)zo L0 c%b% @ M) was treated with piperidine (0.5 ni)
d stirred at vy i
and fh'erﬁis. dmmgﬂidﬁa et o i e e

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
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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 N3fdenuary280hanol
to afford the HO salt (64 ngy, 91 %yield), piperidine-4-carboxylic acid
{cis-3-[4- (Y084 hal en-1 -yl -acetyl ami no) - i m dazol - 1- y| FCIAB1/E#Ht v

}-am de hydrochloride; I H NVR (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, =78 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 (Mt reparation 6 tsoquinolin-6 vyl -acetic acid 10
Stepi 5- Am nm—‘gﬁqlﬁ%gl ne (5. 0g, 34 7 mmli) ] IQ Mqueous HBr
(65 L) at -78 C fd3-[44(8-Npa thalen-Hyls : - : ot wat er (6
nL) was then 3 ﬂm@ﬁ@ﬂ% cacld\ﬁﬂ-ﬂ[lonﬁﬁ-e ettty ¢ 15 mn at -78 C, the

m xture was wdrne 0 pper powder (0.3 g) was added very slowy to

avoi d excessive fo g. After addition was conpl et ed 5 on
vessel was Fitted Whideridinercabposic iHRRD "!E??Bwn‘g ea}ﬁd%‘?tﬁ Ge”mlhgd'r&gﬁcagg to 100
Cfor 4 h. Th‘ﬁ?{@ Mdﬁr,@w%gmmr(ed oNnilg. At 3¢ o, of 200ngpt repmutemessatiade basi ¢
(pH = 10) with eou s Gl §daybddad @bpwide snaet at e,

t he conbi ned oﬂ‘@'&ﬂ‘i‘r&etqyg%gfogo tei%@vr\@téh"ﬁ‘ W‘S%&ééelr(%e The 5? |e§jv:ne ™),
were filtered, thenite westion saksticewes stired fa d hy J0E SOVeTBYRS PR '%Hacﬂy S| ca gel

chromat ogr ap hyd[](_[i%gwrth Jaté?e)fﬁé‘ﬁ-"r wes @dj&h}éd 1GIC @itaHE)(1 Hf fror the daBo® sgiulim3Rs 20
yi el d) of 5-bronol so

8 57 ( d 3 10 68)(2'8 thqzﬁ h Ethmcet% 1Th(e rﬂrgaf%' a&é}%g %Ag?qi ﬁ@)‘edsar% C&%ﬂﬁt&i&le)
208.0, 210.0 (Mvddub +Rurificatip by 3G gBk DrATE TR RO i 'Bd?hglai"‘g RORC "“%‘i’ep 1,
1.04 g, 5.0 ﬁ%‘ ik} & N-Rtliorbryfriebytbybarbonylf-4-pigerfuinyicsBhaBylinAed: and

di chl X d h |
eers) IR e b Sl

reflux for 16 ‘nso &f, DI 4.¢ (bed, RiHg 4.2 (Lroof® Hartpe Bl &H). 3 9l At it%ett 'L ous

sol ution of . poj f Log Aptly) sspagmadlded with stirring, resultlng
in the forﬁ%tlogéﬁk%)ﬁrég&srplt%t@ F}gsli-)l owng 15 mn of stirring, the

m xture was filter d the organic |ayer was separated fromthe agueous
| ayer, was concentrat egiuich vafcucN-'a(ﬂdormtmet:biupxwﬁir@dvlb‘ypleﬁnld!”)%a“@’éﬂ’° aci

chr omat ogr aphy 0 at &lorid® \gasvareztw With (19(2-%
yi el d) of 5- afFff?ﬂ"‘mts'o(')1 urnét}%g(ne T

8.54 (d, J = 5d®ewamu1oprqpyl) Wetwm?ﬁ""idwygm‘?“%?‘gﬂ%é mgj amd ?“@A%ké r@ E‘yl— 7.56

(m 20 stiring for 30 wmin, N-t-{cis-3- -amino-cyclobutyl)- 1H-|mudazol-4—yl]-2-naphthale
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

2H), 6.1 (m 1H), 5.15 (m 1H), 5.05 (m 1H), 3.81 (d, J = 6.2 Hz, 2H); M
(AP/Cl): 170.1 (MtH)+. Step 3 35 5-Allylisoquinolin e (Preparation 6, Step
2; 169 ng, 1.0 mmol) In nethylene chloride (2 m ), acetidd Jaouary@005 ni),
and water (0.5 nL) was treated with di nethyl polyethylene glycol 31 January
2005 WO 02/ Y %41014pCT) | BO1/ 01335 -58 (M1 ca. 500, 95 uL, R 01386 2 ol )
in methylene chloride (1 nL) at 23 C The m xture was cooled to 0 C and
powdered KWMhO4 (521 ng, 3.3 mmol) was added portionw 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
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rha (m fﬁ 8hN8S QF@Q basi c
with Na2C0B ( pwhslissdived Thaietisl sthenaad fipaiedanith it HCLE Aol iRt e T £ t he
resul ting orgagjcol @yg,gldyvagpma@adamux{mb beid Nieis-3whe-rapiteiEn(ivySeriemingln

filtered, was concentrate i5kgio¢ gebo

chr omat ography'”ﬁdzz""wl] cyﬁ'@Wea?'da%éé)%@ﬁm%b%ﬁvﬁwoP y%ﬁﬁbﬁ ®

i soqui nol i n55- yi, 18K @4 @, HcB.8 HeethyI78 & ¢ &7 -8 Herd VIR WO‘H"M@WH) E3Er®) b
9.28 (brs, 11- é})ueﬁs (40'10(.41 TH)63@3(H22H)12$3)(m i’H)9554(1n 231),2.2% (19, I, 169 H) ,
7.80 (d, J 66 H, 7.59 (t, J =7.6 Hz, 1
H, 4.06 (s, 2H)2H)31?@("13H) Mgy AP! 4%%8) 202 1 (MrH) +. Note: An
impurity of 5- i soqy_@ﬂar boxal dehyde was present follow ng silica gel
chromat ography (ca., lin-SvERefle 4y | Soqui nolin -5-yl-acetic acid nethyl
ester (Preparatlon g, 0.448 mmol) was treated w th agueous
sodi um hydr8xi de (4428 i) and the solution was heated at 50 C_for 4 h.
The sol ution was cophgifloisoquiBoiit (10, Hdainiod wae miked Hitn#9% sayeous e dl-opwi se,

which resulte ! b ludtbi€(6 ml ﬁélhéﬂddﬂtﬁdt@snsk.ept at
0 C over ni ght ?@'aefc;{ggﬂ s%@igﬂnﬂi'i}tt@(%@ B HRdn € mbl a

recipitate wa v i on
and was washedAfir sHrigPrets. MiTRk78 o *EP e )5S dPimeg ! ﬁn(g §° d p%w{jér égis
(47% vyi el d) of wh§@&ﬂéﬁ R@lyi diowby 1l avaﬂeixcsssmcioemmgHHﬂwRaqde@ V\‘Nﬂf"mp‘% 8

(9d24 3 ( f 6. 55 reactlf vés(% ml%ﬁf gwﬁijyzeﬂux cok@ensoga%he( Iqt)(tufl} was hefedd j000° Cl-ﬂ)ar,4 7.96

11-1),
4.11 (s, 2H); IVST(lqo\pm@re) waslqgggreg ontp mltq)a.l_zoorg,) é\ \Pl%ﬁrp tﬁ b(fsﬂi gi?'l = 10? whth KB,
N-[cis- 3 (4-Ni &ﬁ@adu%&&mﬁhm%)&d@c&ymlltlﬁ)blhylydcptateemammnedsg'@plc {ayers were

washed with brine, were dried {MgSO,), 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/Cl): 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



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 ni), water (35 nlL), and chl or of¥rdanuary 2006) . The
m xture was heated at reflux for 24 h. The 30 ethanol and chl orof orm were
removed in WHRUAYMMd resulting mixture was diluted with WREBIBILAKES was
extracted with ethyl acetate. The organi_&_l ayer was washed with brine, was
dried (MgSOM), filtered, and concentrated 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,

CDCl3) 8 7.85 (Igé 5 dbs ul’ - ﬁgm%g) tnmbh) in rfet %né mlonhe ) mL)3t SBled Mhe midre 35
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meampre 7 Po AlEoPRCSS2 BB o) & AR ThLT S8G  H H0) 10M, 55
Hyl) cycl obutS)BI ﬁlmlex AA6 they = B.8HIZNNR. T80 M08 HE 18R G0P (s52i8), 360 (s( ) MSH)

7.82 (s, | (I'J!-!-#d)r Mbtel 74 Wpudty [d} 5-isdqitolyicEiboxdidihyde wa$ pleBent 2H) |,
1.93 (s, 3H) H)+. Preparation 8 15 N-cis-3

4-Nitro-im dai‘ﬂ'l""""f‘Sg S"lf'a 9‘5‘ %’P'B%Elgfaﬂ%y E‘B@Rf’ém

N-[cis-3-(4-Nitro-iSiepdazol -1-yl)- cycl obutyl] benzam de was prepared
anal ogousl % to th(fs ,Q,ﬁ,ug ;-aeétlclgg.@énﬁ{hategte% Yeparétudﬁ \bRy 646)0mdVioz4s ESEBQD) 8

444 (m 1H) eyt oo s A o fausokas peaifpiglc! o)
Preparati on 9 féhrh. diheaelRtionavab cotledite0 T ol acets-a8id 42 ml) was-addrd dsppwise.|whichk - ¢
clobu I -am d%sulted in the formation of a precipitate. The mixture was kept at 0 °C overnight (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



- Pyridine-2-carboxylic acid (cis-3-(4-nitro-imdazol-1-yl)-cycl obutyl]-am de
was prepared anal ogously to the product of Preparation 7; IH NVR (400 MHz,
CDCl 3): 5 8. 55 (m 1 H, 8.35 (d, J =7.0 Hz, 1 H), 8.193ldangary 2p0§ Hz, 1
H), 8.01 (s, , 7.88 (td, J = 1.65, 7.9 Hz; 251’757/&3 %747
(m 1H), 48"0(‘?%{1012H) 3.17 (m 2H), 2.72 (m 2H); NB(AB/ES.L‘B 0pRIg3

(M+H) +. Exanple 9a N-11 cis-3-ace | am ngs c cl obu -1 Himdazol -4- |
-2-naht hal en-2- |- acetanmide 30 N-[cis-3-(4-Ntro- |mdazol 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 N[Jr du%c?&cﬁahéﬁlkﬁuﬁ?tr@-@t—l—:mn%lble‘éba\éétﬂan37 Htebm ¢aazg.l a7 yl]-2-
napht hal en 2-yl - ac 93%) § %m o) (B teF 8 0
He, | H, 7. 87nn(oa i JHE (150 B"LHFS trpaiggl wi ‘?'P'E?EY'E'H’SP % B MO
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| soqui nol i n-5-y re 400 MHz, CD30D) 8
0.24 (5. 1 1 P2o4mgHy2 el 4 %5‘92’2‘?8&;%‘2%{)0% ésﬁsdd“g%\] = 7.9 H, 1H),
8.02 (J = 6.2 Hz, _tﬁﬁlﬁ 782(m 3H), 7.67 (m 1H). 7.52 (m 2H), 7.45 (m
:I\))/Ei) (Alil g I § m 4]2-6H) 143 -élswérﬁho-éyclbﬂutyl)éh—rﬁtao (I'S:m(ljdawa (PrepBtation Ty S2pR, 502 ’@2(’ m . 2H) ;
| di i °o 1
2-is0 ui nol% n-&n ?)l"’gaﬁﬁ‘g?p\egmﬁﬁ?fe aﬁ\"&%@” 81%’% & Rﬂ%é 5§ ; 3;(]j\(:'lecﬁThe
title corrpoundaquasp(mmumdazah‘ai-ﬂ)gmutwat@amwIW%OU Mé‘? 3F’Pééz§|38t ion 9
and i soqui nol i, t i P 0O, Bk, 235 uwm@osm&ﬂs CD3CD)
8 9.23 (s, 1 )—igﬁi?é%&sa%é&(ﬂp *% ﬁ?d 4 [}n ) trh , 8.03 (m 3H),
7.92 (dt, J = @PGN: 325 ( H)+1 H . 7. 78(d J = 7 1 Hz | H), 7.66 (m | H),
7.58 (s, | H, 7.5Ptaparafiodd, 7.46 (s, | H, 4.45 (m | H, 4.40 (m 1 H),
15 420 (S5 2H) . 2 1Risloih nilohimictzdh1lyfloyciéityipbonkdiibect ) = 427. 2 (MeH) +-
ampt e N-[cis-3-(4-Nitro-imidazol-1-yl)-cyclobutyll-benzamide was prepared analogously 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), 4.4 (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




N cis-3- 4- 3- na hthalen-1- |-ureida -imdazol-1- | -c clobUi -acetam de
J [cis-3-(4-nitro-imdazol-1 Hyl)cyclobutyl]acetamde (Preparation 7, 50
my, 0.22 nmmol) was reacted with phenyl chioroformate as3deovary@f0% n
Exanple 4. This afforded an 20 inseparable m xture of nono- and bis-phenyl
carbamat e pP&H3APYLf ol | owi ng silica gel chronatography (2REHIBGUPIIS

chl or of or m et hanol - ammoni um hydr oxi de) _gpat were dissolved in 1:1

DVF/ di oxane (500 ul). 1-Naphthylamne (31 ng, 0.22 mmol) was added and the
m xture was heated at 70 C for 16 h. Purification twice by silica gel

chr omat ogr aphy (20:1:0.02 chl or of or m net hanol - ammoni um hydr oxi de) gave 4. 4
ng (5 %yield) of N—.{{;@iaqel.&|E;éhd:ﬁ|i2-5-yﬂﬁ1§bldﬂﬂﬂo¢4miﬂa&l-1ﬂmmm dazol -1-
yl]-cycl obutyl i-acei\éam de; 1 H NWR (400 M—Iz CDBCD) 8 8. 06 (d, J = 8.0

He, 1H, 7.9 = 8.8 Hz, | H), (d, J =7 ‘g% (dJ
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y

C8) cycl oal ken r’rgrrbered het er ocycl oal kyl, (C5-Cl1l1 ) bi cycl oal kyl ,
(C7-C11) bicycl oal 5-11 nmenbered) 10 het er ob| cycl oal kyl , (C6 Cl4)
aryl, or (5-14 nentryrididd-2-cireoetioacid| {cis@reHaienu Facetyiamina)imidaagl-1-

subst i t ut eth W:E‘ﬂiiiﬁguﬁ!!?%idko Si X substl tuents R5 [ ndependent ly sel ected

f F, d, - NRT 0) =0 OR
61r O[n NR7C(=0) NR8R9 The [KPWEPQ%')'-' mg preparﬂh?@do_g Ryﬁhg 79%30525 % éfeﬂiﬁgﬁé&( )
-0C0(=0) OR7, - &swdbuiddiRFs-yi-ioktis QYR (PhepardBirr) MHRWFAS (400-MBE( ETIOMAREB23 (s; g@@,_o) SR7

;?RL ;:S( =0) R7 8.60 @\In%)a% )IH%IRS ’3H 99§§1r9)=%377 5+E|3|H)afni‘é JJ5 R7 R2
CR ORI 1), ;, or HERERTPR(M. 1) 7t5§ (% 16} 7 &ilghit)- i g 4:;40@”" g . 08)
al kyl, a sw ai .gtﬁﬁ s P, 2085 @rh, 2R), isamchaavE BR/CICalrad ey, a strai ght chain or
branched (C2-C8 a l@ﬁ%ll}ﬂo(&- C8) cycl oal kyl, (C4- CB) cycl oal kenyl
N-{cis-3-[4-(3-naphthalen-1-yl-ureido)-imidazol-1-yl]-cyclobutyl}-acetamide
N-[cis-3-{4-nitro-imidazol-1H-yl)cyclobutyllacetamide (Preparation 7, 50 mg, 0.22
mmol} was reacted with phenyl chloroformate as described in Example 4. This afforded an

20  Inseparable mixture of mono- and bis-phenyl carbamate products following sifica gel
chromatography (20:1:0.2 chloroform-methanol-ammonium hydroxide) that were dissoived in
1:1 DMF/dioxane (500 ul.). 1-Naphthylamine (31 mg, 0.22 mmol) was added and the mixture
was heated at 70 °C for 16 h. Purification twice by silica 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=8.0Hz, 1H), 7.97(d, J=88 Hz, 1H), 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), 1.82
(s, 3H); MS (AP/CI): 364.0 (M+H)+.



20 (3-8 nmenbered) heterocycloal kyl, (C$- C11)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 I3 Jasuytd008t ed
with fromone to three substitutents R6 i ndependently selected fromF, d,
Br, I, nitr¥00280Who, -CF3, -NR7R B, -NR7C(=0)Re, - NR7C(BCH/IBORBL33S

-NR?C( =0) NR6R9, -N R7S(=0) 2R6, “NR S(ZQL2NRBRO , -OW -OC(=0 )R7, O(=0
JOR7, -C(=O R, -C(=0)R7, -C(= ONR/R8, 25 -OC(=O NR7R8 , -0OC(=0O) SR ',
-SRI, -S(=0)R, -S(=0 2R 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 branched (C2-C8)al kenyl, straight chain -or branched
(C2-C8 al kynyl), (C3-C5)cycloalky I, ‘Edmgé) cycl oal kenyl , (3-8 nenbered)
het er ocycl oal kyl, (C5-C11) bicycl oal ky ; Cl11) bi cycl oal kenyl , (5-11
menber ed) het er obi eyedioadikadis: (C5- ClLA)aryl, and (5-14 nenbered) 30
heteroaryl, wherein R7, ;R8, ﬁ% gﬁdgme@m i ndependent|y optionally
substi tut ed with from one to si x substituents independently selected from
F, d, , 3, N2, -CN, -CF, -NRIORli, -NR10OC (= OR ', -NRIOC(=O OR11 -
NR1OC( :O) NR11R 2, -NR1 0S(=0)2R11, -N M0 J2NR11R12, .31 January 2005 WO
02/10141 PCT/1S01101335 Fti ( il él-——-gmﬂag - OC( =0 R10,

-OC(=O OR14, -OC(=O)NRI OR', -0OC(=0 . -S RO -S(= OR18, -S(=0 2R10,
-S(=O) 2NRIORt', -C(=OR10 , -C(=O ORI @2 -C(= O NRLIOR', and R10; or, when
R7 and R8 are as in NR7R8, they may instead aptl onal Iy be connected to
porm wth the Nl LAgeR koL o MRdRCanah O oiLeA (¢ REMIA b BRRFbrdnched (C,-
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het er ocycl oal kyjhno, (-€6; ChARE biNRICEORF, kydRTC(i@)oRE;?—!\xEIO():@)Naw: em’ﬁ(eﬁiéR" (5-11

menber ed) eterﬁ%i:}s?%g kéﬁ (&3 %4?2%5360 ang_()gb,QA 5?@ ;O)NRvRa

het eroaryl, where , e each mdepeﬁ% gﬁt onal |y
substi t ut ed wm(ﬂ)W%@(‘@)ﬁR rSB SHER HERLR eﬁt’ﬁ(f) %d from

F, O, Br,q4, -NR 13R7A, - NR13C( _0) Ri 4,  -NRL3C(=0) ORL4
,  -NRL3C(=0 NR14R' S(=0) 2 .-NR13S( =0) 2NR14R15, -OR13 ,
- OC( = O)R% )- 63555&%'%& Q’&f} @)1?3&’ T3R14, -( ))U5R13 - SR13, -S(=0

R13, 15 -S( =0) 2R1F~'3 is -C{SPINY- mm—%oxcet“w_)@m(@ R =0 OR13, -C(=ON
R13R14, and R13; ea:@rg B&%,c?h&hém oR B Graffingd (G, % iRt epariderchiiy osebreched!(Chy om H,

L O o ke aeR. 3G 8%%b&ap@fﬁdif?fc%eé‘?”%?gég@“&%'n? g

(C2-Co) al keny(I:"3
(3-8 membered) heterocycloalkyl, (Cs-Cy,)bicycloalkyl C,-C,y)bicycloalkenyl, (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",



(C3-C6) cycl oal kyl , (C4-C6)cydoal kenyl , (3-8 nenbered) heterocycl oal kyl,
(C5- C11) bicycl oal kyl, (C7-Cl11)bicycl oal kenyl , (5-11 nmenbered)
het er obi cycl oal kyl , " (C6-C14) aryl, and (5-14 menbered) 20 3elera2pPs
wherein R 3, Rl4, and R15 are each i ndependent |y opti onal I%Fsubst i tuted

with from oM@ %14i x substituents independent|y sel ecte ’Hig;l 33, X ;SG,::
I, =NO2, -CN, -CF3, - NR76R17, -NR16C(O R17 , .-NR1B

(O NRL7R18, - NR16S(=0)2R17, - NRL6S(=O)PNRL7R16, -Q R1& -OC(=!O) Rl 6
- OC(=0) OR16, -OC(=0)NRL6R 77, - OC(=O) SR16, - SR16, -S (=0) R16
-S(=O)2R16 , -S(0)2NRI5R17 -C(=ORLl 6, -C(=0) ORL6, -C(=O) NRL6RL7 and

R16; 25 each -&Bd R wnd RRPRY Seteo fisam HsE=oiRai ght
chain or brancl??l(g% ( 1-( %g) Rééfb%'# 1J Z?%E%&h&' %qjepjrﬁd ed (CZ C8)
al kenyl , strai g?'{fo)%aTst(rQizNRbF‘aﬁEﬁQW ¢CE % R %3 c8) cycl oal ky 1,
(C4-C8) cycl oaI kenyl or, wi{ed -FB amERMaer asd) NREE, @mwmlnetaddloptlonai(y@sﬂ%?cf}‘%’ to form

doal Kyl . kyl |
I((C:% 2:?3) yar J G ﬁ&%ﬁ%&ﬂfg)ﬂlé’@ etlf?@ﬂ%ﬂ theﬁf a@éaté&e@?ﬂ&@r&%% M?ﬂh&étp&ﬂfrsrﬁmr&ab y

eteroa yl
wherein R 05an(§e\ﬁ71'"9 engrs: Spid ARipBRyrFioglky {y {Wocﬁmfns‘"gac‘}"% °f§‘{ @ré%eﬁ
iteration of nhetdr@étbrﬁlﬁﬂlﬂepéiﬂermmmﬂﬁgmusa eets$;t ed above: or a
phar maceutical 'y aCC%Rg)@ﬁkﬁa cﬁkﬁ.s SJ &Bi‘ v sie &ﬁ&@%ﬂﬂt&sﬁ@raéﬁagedt(@1 claim

1, wh R3 -
02/ 10?2? ECT /Iléelmﬁ Grags chaseor@fanﬁt'ee&qﬁyﬁ %%EW%‘?“H’Q of B’a%ﬁ%‘aﬂ#iz{’y ‘gw?o'??el n RL

is optionally qgahgjcydogmd(q EQSc6Ekeay Cl3@ainknyberedp heteptycioaiiyl, |(§s-Subietipalivh ed
C5-C11) bicycl c n 1 S
E:ycl oprz)pyldIOy ‘;yg,ac} @%‘W Ahenyl ég?f@ en ?ﬁe?e%b% J]%]kio(c b iam % : q&h@ iinbor )
bi cycl o- [ 3. 1. OJnetaraaeyll wheeealcm" BBtﬂ"@JﬁéF"Ie)?aC@%EPB%‘?“F'St‘t?i"@a"y Ssbst’ ted i rge

according to clakmslsstibiey RlidpefdentlySseRpbd @oral IFy C& WEASE i-HOf, eON, @FL aNgPFR".chai n
oranched (Co- A aigu o irRA-ORESRe, AEEPBG SRSEDRRRS oy i
(C5- C, 4)aryl o0R%, 5;q04(=0m n@%@)@ﬁ‘f heEEP I, eﬁ(::ﬁ’)scﬁot Shal | PEOR!
substituteds/. .&=608D 006 NORO! BI=aR", oa(edJ)aRm-ﬁg_omeel adRE | s phenyl ,
RTINSk e gt e e kol
Cplalkyl, straight chain or branched (C,-Cglalkenyl, stralght chain or branched (C,-Cs alkynyl),
{C,-Csloycloalkyl, (C-Cg)cycloalkenyl, (3-8 membered) heterocycloalkyl, {Cs-C,)bicycloalkyi,
(C,~C,.)bicycloalkenyl, (5-11 membered) heterobicycloalkyl, (Cs-Cyy)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™RY, -OC(=0)SR™, -SR', -S(=O)R",
-5(=0),R", -S(=0),NR*R", -C(=O)R"*, -C(=0)OR", -C(=O)NR"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){CRR")~



9. A conpound of claim1l, selected fromthe group consisti ng of: 15 N-(1
-cyclobutyl -1 Himdazol -4-yl)-2-quinolin-6-yl -acetam de

N-(1-cycl opentyl -1 Hinidazol -4-y!)-2-(4-methoxy -ph enyl ):31 SPEaA08e;
N-[1-(cis-3-phen I-cyclobutyl) 1 Himdazol-4-yl]-2-

qui nol i n- 6- WOHERMAm de;  (1-cycl obutyl - 1H -i m dazol - 4- y! PCUHIHARPE aci d
phenyl ester; 1-(1-cyclobutyl -1 Him dggxol-4-yi)-3-isoquinolin

-5-yl -urea; 20 N-[1-(ci s-3-am no-cyci obutyl) -I

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

is-3-[4-(2- napht hal en- 13y - as edmypoamianm)ding itodiaia 1 olheteinR ] is epfienaiybsftiledani de ;
1 Himdazol

(i3 (4 (2-1 @cﬁ&[aﬂﬂ%r’éduﬁn §P~éu9su e nrgc:ﬁo%‘) tioyologlyl ycl |

am de; 25 6- hydr oxy- pyr fdi n@?"&‘ﬁ?‘ﬁﬁ»&??‘i’ Sal gelfe i s"@e%'ﬂ 2 snr% Préw ‘en- 1-yl
- acetyl am no)cycidbiyil agaibpentyt, Yiykioteyt| tnh)btinyyll } er a}wd@];310]-hexyk each optionally

3- et hyl - pyyidi di Fs§m%dcar boxylic acid {cis-3-[4-(2

- napht hal er> | -7~ acét yl ami no m dazol -1 -yl ]-cycl obut -an de:
2. pSrl di n- 3-yi Yt hi azo?/es 4- ca Sg;g?pqd@ig{qir@ to clz)\/tm]‘i wt¥ereln R‘us pt‘%nally srmzsti?uied

{cis-3-[ 4- ( 2- namkit BdnedtblzmbHed Q&,&‘Is}ﬁlkﬁm dptignaily 30bstituted straight chain or branched (C,-

i mdazol - 1-yi ]CH(CI Fbutyl }-am de; 6-{cis-3-[4-(2-naphthal en-1-yl - acetyl am
in o)-imdazol o EW ] - cycl obutyl carbamoyl } - nicotinic acid neth ester;
pyr azi ne- 2- carboxyl i ¢ agi d_{#&icemrlrdpcepingp FHeifal é’HerF'” §ff 1s (CeCularyl or { ts

acetyl am ney - i fadR% |heﬂero>i|1y1 eacﬁmbﬁwauyslmuaed ami de;

N-(cis-3-[4-(2-na ht hal gn -acet y Z L oRMkx! } - benz
o de: 31 Javoar 5 2005 %0 oo o B %?Fﬂ%dﬁf%’ﬁfé&m‘eé% wls GO Bit -
5- et hyl - pyr aziapiayk quneivb ondgdaiinohdehah optisnaly Sbpligtedp - napht hal en- 1yl

-acetylam no)- im ﬂaﬁ 0: 8l-yl ]\F&ﬁﬁéhrﬂgbﬁobﬁinb to aﬁﬁbf@ﬁn‘ns 1-7, wherein R? is hydrogen.
ol obutyl )1 Sobutyr am B cAEHTEHEBORTd) Hecst k3 b8 sigts hkpgor
{cis-3-[4-(2-napht Mb(hevddbuw-ﬂ-almiagdl-&m Prauinolin-Grilchgoternide; 5
{103/ 'S] 303[/2' ?gu?] y H}t ﬂ @&1 eﬁtHH'Pi%id&%M;::!)Cﬁ(ﬁ?%Mk Srﬂweﬁgﬂblaﬁet;mie,
ani de; 1 H pyrrol e- N1 ((;cfﬁ:b' yl~c¥clcgal¥ih -|m|da ol-4-y B -qumoiln- -yl-acetamid
{ ci s-3-[ 4- ( 2- napht lfatyelbiiyiyt H-raid@p\d-dircemeanic beid prerdester: y| ] - cycl obut yl }
-am de; 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)-

gclobutyl}

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;



10 N-{cis-3-[4-(2-naphthal en-1-yl-acetylam no)-im dazol -l -yl]-
cyclobutyl}-2-mtolyl- acetam de; pyridine-2-carboxylic acid {cis-3-[4-(2

- napht hal en- 1-yl - acetyl am no) -i mi dazol -1 -yl ]- cycl obut yl } -#Hndageary 2005

2- (3- hydr oxw’ghen{l )-N-{cis-3-[4-(2-napht hal en-1-yi-acetyl am no)-i m dazol -1
y1] - 15 cyc bR - acet ani de; pi peri di ne- 4- car boxyl i ¢ acPgT/ABo1A1I3S
{cis-3-[4-(2-napht hal en-| -yl -acetyl am no), -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-acetyl am no)-i m dazol

-1-yl]-cycl obutyl } xhenzam dfe-206xyi0 Rkl di fo8:334-Qabpashi1G-&eiyBmino)-
{cis-3-[4-(2-isoquinal In-5-yl ,—ace%,yl am no)-i mdazol -1-yl]-.

cycl obut yi } - arffid@eo-LHkeys Bl6tical |y acceptable salts of the foregoing
conpounds. 10. A phisekade@triaptahalec-otypastyamion)-iinigezot-t-dkayiclphytyl-isgbuysanide: or
condition compri sgRgoRRALLRlcaftBhiic LM ub-ndhitRihadeLEPRRRY MRa. S case
or condition in a mamual " 25 conprising a conpound of claiml in an anount
effective i tMEeyYEaPEedi sease or condition, and a pharmaceutically
accept abl e carri er guikdine-Acfrbayivaeddt{tica{4-Conptwlenilghadklaminpldmidizelyi-dl-di sease
or condition icnclz%)ut E_gm&gl the treatnment of which can be effected or
facilitated byya?té( I'ng dopami ne nedi ated neurotransni ssion co 1ri ing a
cdk5 inhibitor in éH-P&WﬁWTEﬁ"Y"@@PFdé’s“?iﬁ“?w@%[?’?al‘?@'@"?‘tﬁtyﬁi“g‘@)g@@azgg ’ES“?’
condition or igoshitynameei effective to inhibit cdk5 activity, and a

phar maceutjcal l'y ept e i.er. A phar pceutd RAsi tion for
treating i LO a mm&f—ﬁg-gﬁ-?éngg@%ﬁ ﬁ!:%cﬁ Ilgﬂné)ntp‘ggforgg? Iﬁ%??@ﬁ}{%@pf ertility
and sper m not idceteypide;di abet es nel litus; inpaired glucose tolerance;

met abol i ¢ syndr one pgidine\edResie Xacidd Oki-8 s RinapHtheanyi-ysatatanmp)-imadiopbgpnesi s
and 35 obesity; r%g(g_en%sj s and frailty, for exanple age-related decline in
physi cal perfoclyﬂ%t ami&cut e sarcopenia , for exanple nuscle atrophy and/or
cachexi a associ at e@-(@hydioxpaheny)-Néab-BiE-Zearhiapion-DoEsetignionimideeal( -vii-

PCT1 | BOL/ 04533 5.yziftyfi@8dtamibid; Mo | mobi [ i zation, or major thoracic, abdom nal,

and/ or orthopedic surgery: sepsis;. h@j {]os hai,r % (afo - ToTo | di ng;
. oo Y4 =1yl mid9zor1-YIF ’
and i munodefi ci en@ipfgrﬁr@rﬁ)ﬁafsbgﬁyﬁb 3gid o 'ﬁ%(% gdaghal I.’e?lyrlngc ly!?aﬁ]'in gn' anou
effective in teydetuivigmgimingdrebhoddese or condition, and a pharnaceutical ly
acceptabl e car ri efyj1-(cis-3-acetylamino-cyciobutyl)-1H-imidazol-4-yi}-2-naphthalen-2-yi-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



5 13. A pharnaceutical conposition conprising a cdk5 inhibitor and a second
menber selected fromthe group consisting of an SSRI, an NK-1 receptor
antagoni st, a 5HTID antagonist, ziprasidone , ol anzapi i, JanuspyetdO8one,

L- 745870, sone@ri razol e, RP 62203, NGD 941, bal aperi done fi esi noxan
gepirone, alOBUBMY| cholinesterase inhibitor, TPA, NIF, aPCHBON8SPym
channel nodul ator such as BMS-204352, angs.an NVDA receptor antagonist, 10
wherein the cdk5 inhibitor and the second menmber are together in an
effective anount, and a pharmaceutically acceptable carrier.

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.





