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The invention provi des conpounds useful as therapeutic agents in the
treatnent of a variety of conditions related to or affected by 5-HT6
recept or wotnwiasye44i ncl udi ng psychoses (e.g., 25 schi zephrusSai/o6asm«i ety,
or depression), notor disorders (e.g., Parkinson's disease), anxiety,
depression, drug addiction, obsessive conpul sive disorder, attention
deficit disorder, or any condition which is known to be related to or
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aspect obodrh& df Premiacoitgp1I99; des PeocCouipianmght 08 1F-andTRbatlebyd, C.; Bbmnge, 85 R6
R7 1T M.; Moss, S. F.; Price, G. W.; Hirst, W.; Newman, H.; Riley, G.; Gager, T.; Stean, T.; Upton, N.;
Clarke, S. E.; Brown, A. M. British Journal of Pharmacology 2000, 130(7), 1606-1612).
Taken together, the above studies strongly suggest that compounds which are 5-HTe
10  receptor modulators, i.e. ligands, may be useful for therapeutic indications including: the
treatment of symptoms associated with Alzheimer's disease, such as dementia, a deficit in
memory, cognition, and learning; the treatment of personality disorders such as schizophrenia;
the treatment of behavioral disorders, e.g., anxiety, depression and obsessive compulsive
disorders; the treatment of ADD and ADHD; the treatment of motion or motor disorders such as
15  Parkinson’s disease and epilepsy; the treatment of diseases associated with neurodegeneration
such as stroke and head trauma; or withdrawal from drug addiction including addiction to
nicotine, alcohol, among others.
Because 5-HT¢ receptors are located almost exclusively in the brain, modulation of the
receptors by parenterally administered drugs requires that the drugs cross the blood brain
20  barrier. The blood brain barrier is composed of brain capillary endothelial cells with continuous
tight junctions making it virtually impossible for compounds to enter into the brain around the
cells. J. Bryan, Pharmaceutical Journal, 273 (2004) 475-476. Instead, access to the brain is
limited to passive diffusion or active transport through the endothelial cells. G&G,
Pharmaceutical Basis of Therapeutics, 10" Ed at page 10. Accordingly, bioavailable
25 parenterally administered compounds affecting 5-HTe activity must not only possess favorable
solubility profiles in order to successfully enter the blood stream, but they also need to cross the
blood brain barrier in order to target the 5-HTe receptors. Advantageously, this invention
provides compounds which are capable of modulating 5-HTe¢ receptor activity and are
bioavailable.
30 Recent clinical and preclinical efforts on 5-HTe ligands have been reviewed by Rudy
Schreiber, Andrew Sleight and Marie Woolley, “5-HT6 Receptors as Targets for the Treatment
of Cognitive Deficits in Schizophrenia” in The Receptors Book The Serotonin Receptors,
Humana Press, 2006, Pages 495-515, Edited by Bryan L. Roth; Johnson CN, Ahmed M, Miller
ND, "5-HT6 receptor antagonists: prospects for the treatment of cognitive disorders including
35 dementia" Curr. Opin. Drug Discov. Devel. 11 (5): 642-54 (September 2008), Jorg Holenz,
Petrus J. Pauwels, Jose Luis Diaz, Ramon Merce, Xavier Codony, and Helmut Buschmann,
“‘Medicinal chemistry strategies to 5-HTe receptor ligands as potential cognitive enhancers and
antiobesity agents”, Drug Discovery Today, 11 (7/8) April 2006, and Robin Emsley, “Drugs in



wherein the constituent variables are as defined bel ow. 5Another aspect of
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The invention provides compounds useful as therapeutic agents in the treatment of a

variety of conditions related to or affected by 5-HT¢ receptor activity, including psychoses (e.g.,

25  schizophrenia, anxiety, or depression), motor disorders (e.g., Parkinson’s disease), anxiety,
depression, drug addiction, obsessive compulsive disorder, attention deficit disorder, or any
condition which is known to be related to or affected by the 5-HT¢ receptor. These and other
features of this invention will become more apparent by the detailed description set forth herein
below.



WO 2010/ 056644PCT/ US2009/ 063816 alternatively, one of R5 and R6 or
R6 and R7 are taken together with the carbon atons to which they are
attached wo 2bovoss@4f used phenyl, C3-Cé6eycl oal kyl, or C3PCohasetooabiseanyl ring
substituted with 0-3 Rl groups; Rl is halo, nitro, cyano, hydroxy, S(0)Rd,
-N(R2) 2, Ci-Ce6al kyl, Ci1-C6acyl, Cl-Co6al koxy, 5 C3-Cé6cycloal kyl, or
C3- Coeycl oal kenyl , wherein each Cl-C6al kyl, Cl-C6acyl, Cil-C6al koxy, C3-
Cécycl oa - enyl is substituted with 0-4 substituents
i ndepend E’M'\@A@Pgﬁ{"%ﬁ*’%ﬁ@\te group consi sting of Cl-C4al kyl,
C3- Coeycl oal kYhe preenOBesidibo atokiday poterta-Iaaintegnyist, co®pourGs af kyrmla,I: hal o,
nitro, cyano, hydroxy, phenyl, -N(R2)2, -C(0)Rb, -OW and -S(0)pRd; each Ra
i s independently H, -CHO -C(0)(C1l- C4§ll kyl), -0@2(Cl-C4al kyl), or
Cl- C4al kyl 10optional ly substitut e g th chal o; each Rb is
i ndependently H, -OH, Cl-C4al koxy-, &NEP2, - NH(Cl-C4al kyl), -N(Cl-C4al ky1) 2,
or Cl-C4al kyl optionally substituted With halo; each Rc is independently H,
-C(0) (C1-C4al kyl), or Cl-C4al kyl opti Ny substituted with hal o; 15each
Rd is independently hydroxy or GR)e#al kyl Yoptional |y substituted with hal o;
each p is independently 0, 1, or 2, mis™, 1 or 2; and nis 1 or 2; or a
tautomer, stereoisoner, or pharmaceutical I392 acceptabl e salt thereof.
20Anot her aspect of the invention pro/tdes~aRonpound of Formula Il: R7 Il
wherein the variables are as described f he conmpound of Fornmula I. WO
2010/ 056644PCT/ US2009/ 063816 Anot her &¥pedf & the invention provides a
conpound of Forrmula I11: R7 |11 R” wherein the variables are as
described for the conpound of Fornula I. 5Another aspect of the invention
provi des a conﬁ)ou_nd of Formula IV: R7 |V

5 wherein the constituent variables are as defined below.

Another aspect of the invention provides a compound of Formula Il:

'y

R1a

wherein the constituent variables are as defined below.



wherein the variables are as described for the conpound of Formula |I. In
one enbodinent: 10Ri a and Rib are each independently H or Cl-C6al kyl ;

al ternat iwel2g10/®@4and Ri b are taken together to form - @CHA)S2609/068816 s H or
Cl-C4al kyl; R3 is independently at each occurrence hydroxyl or halo; R4 is
H, hydroxy, or Cl-C6al kyl; 15R5, R6, R7, R9,'and RO are each independently
H,  hal o, hydroxy, Cil-C6al kyl, or C - C6al koxy, wherein each Cl-C6al kyl or
Cl- Coal koxy i anchdrsbpdcubiane Wériol pdvidas @ compound of Bdring@lanikt i vel y, one of R5
and R6 or R6 and R7 are taken together, with the carbon atons to which they
are attached to forma fused phenyl, - ®eycl oal kyl, or C3-Co6cycl oal kenyl
ring substituted with 0-3 Rio groups] 20each Rio is independently halo,
hydr oxy, Cl1-C6al kyl, or Cl-C6al koxy, erein each G - C6al kyl or

Cl- Coal koxy is substituted with 0-3 hil o, ymis 0, 1 or 2; and WO

2010/ 056644PCT/ US2009/ 063816 n is 1 - N _none enbodi ment, R2 is H or
C-Calkyl. In one enbodinent, R2 is one enbodinent, R4 is

G -Csal kyl . 5In one enmbodinent, R4 is Ci-Gaglkyl. In one enbodinent, R4 is
met hyl , ethyl, propyl, or butyl. In ong enbodisment, R4 is H In one

enbodi ment, mis 0. In one enbodinent, REiE halo. 10l n one enbodi nent, R a
and Rib are independently H or Cl-C4al ky Lsone enbodi nent, Ria and Rib
are both Hor -CH3. In one enbodinent, R a;and Rib are both H In one
enbodinment, Rlais Hand Ribis -CH3. In one enbodinent, R2 is H or

Cl- C4al kyl . 151 n one enbodinment, R5 is HIlbr hal o.

wherein the constituent variables are as defined below.

5 Another aspect of the invention provides a compound of Formula IV:

H
Hsc\[N]/R“‘
N

S0,

RS R®
R8 RS
R7
v

wherein the constituent variables are as defined below.

In other aspects, the invention provides compositions comprising a compound of the

10 invention, and methods for making compounds of the invention. In further aspects, the

invention provides methods for modulating 5-HTs in a subject, and methods for treating 5-HTe-
related disorders in a mammal in need thereof.



In one enbodinent, R5 is chloro. In one enbodinent, R5 is C -C4 al koxy
optionally substituted with halo. In one enbodinent, R5 is Craol kyl

opt i onal Iwo=otmssé4ut ed wi t h hal o. I n one enipodiuseenw/063866 1 s H,
hal o, Cl-C4al kyl optionally substituted with halo, or G - 20C4al koxy
optionally substituted by halo. In one enbodinent, R6 is -0CF3. In

one enbodi nent, one of R5, R6, R7, R8, and RO is Cl-C4al kyl optionally
substi t uDedAREDEESCRIPMONOF REIE IRBENRON R8, and RO is halo, and the

r emai ni ng thrﬁ%nOfas%Sct thR6|h eﬁg n |:\;8\’/idasn%mR9 %{se h‘ie FZ%]F\ ?‘ne embodi ment, RS is
Craol kyl opti Onarl ypsubsetl\fu %dey Fal°G'Pan F?é I°s Nar's.” In one embodi nent,
R6 is fluoro. In one enbodinment, R7 i&H or halo. In one enbodinment, R7 is
fluoro. In one enbodinent, R7 is Cl- | koxy or Cl-C4al kyl each optionally
substituted w th 30hal o. | NRGRe %ﬁ@bﬁi ment, one of R5, R6, R7, RS,
and R9 is halo and the renaining fouﬂl R5, R6, R7, R8' and R9 are H.

In one enbodi nent, two of R5, R6, R7, IR8,,and RO are halo and the renaining
three of R5, R6, R7, R8" and R9 @se o gne enbodi nent, one of R5, R6,
R7, R8' and R9 is al kyl optionally"sk ifuted by halo and the remaining
four of R5, R6, R7, R8' and RO are H  WOsg@p10/ 056644PCT/ US2009/ 063816

I n one enbodi ment, R5 and R6 are takergst ogeth@er with the carbon atons to
whi ch they are attached to form a fusedphepyl, C3-Cécycloal kyl, or

C3- C6eycl oal kenyl ring each optional | yeststNguted with R10 . In
one enbodi nent, R5 and R6 are taken together with the carbon atons to which
they Sare attached to forma fused phenyl ring. In one enbodi nent, R5 and
R6 are H In one enbodinment, Rio is hallo. I n one enbodi ment, R6
and RZ are talfghohogether with the carbon atonms to which they are attached
to forma fused phenyl, G -Cocycl oal I|<_P/I , or G -C6eycl oal kenyl ri nﬁ

optional |y 108uis8t Rt Lregad prersagently H or Ci-Geglkynle- etk B RS itz CoRiyWh 8287 ar e
t aken t ogetisiiRtedWithl0-4 BghsGtaeme mdapendBntlyGelabied froinhtiey gratg castsaedierd t@alk@r m a

fused phenyl ring. Ln_.one odi t S i - Caal kyl.. R8 is C-Caal kyl,
and Ro’ i SapbloaR. EChBSRTRE (ChiehE SRR e i RS TR Ry | s
H or nmet NR?):, mB(DIRD;0MRMands-Se@bRct ed from 15t he group consisting of H or

Cl- Cagl kyl | ang Raverf¥k & RFGre B4 1E207% & BAFRCH,)Qr hal o.

R?is H, C;-Cualkyl, -CHO or -C(0)(C+-Caalkyl);
R? is independently at each occurrence halo, nitro, cyano, hydroxy, -N(R?),, Cs-Cealkyl,

Co-Cealkenyl, Co-Cgsalkynyl, C4-Ceacyl, or Ci-Cealkoxy, wherein each C;-Cgalkyl, C4-Csalkyl, C»-
Cealkenyl, C4-Ceacyl or Ci-Cgalkoxy is substituted with 0-4 substituents independently selected

15  from the group consisting of C4-Cialkyl, C3-Cecycloalkyl, C3-Cecycloakenyl, C,-Cealkenyl, Co-
Cealkynyl, halo, nitro, cyano, hydroxy, -N(R?),, -C(O)R?®, -OR® and -S(O),R%

R* is H, hydroxy, Cs-Csalkyl, C»-Csalkenyl, C,-Csalkynyl, C4-Ceacyl, Cs-Cecycloalkyl, or
Cs-Cecycloalkenyl, wherein each Ci-Cealkyl, C,-Csalkenyl, C,-Csalkynyl, Ci-Ceacyl, Cs-
Cecycloalkyl, or Cs-Cecycloalkenyl is substituted with 0-4 substituents independently selected

20  from the group consisting of C1-Cjalkyl, C3-Cscycloalkyl, Cs-Cecycloakenyl, halo, nitro, cyano,
hydroxy, -N(R®),, -C(O)R®, -OR® and -S(O),R%;

R® R® R’, R® and R® are each independently H, halo, nitro, cyano, hydroxy, S(O),R? -
N(R?),, C4-Csalkyl, C4-Csacyl, Ci-Cealkoxy, Cs-Cecycloalkyl, or Cs-Cscycloalkenyl, wherein each
C,-Cealkyl, C4-Ceacyl, C4-Cealkoxy, Cs-Cecycloalkyl, or C3-Cscycloalkenyl is substituted with 0-4

25  substituents independently selected from the group consisting of C4-Cjalkyl, C3-Cscycloalkyl, Cz-
Cecycloakenyl, Co-Cealkenyl, Co-Cealkynyl, halo, nitro, cyano, hydroxy, -N(R?),, -C(O)R®, -OR®
and -S(0),R%;



I n one enbodi ment thereof, R4 is H 1In one enbodinent, R6 is F. In one
enbodi nent, R7, R8, and RO are each H 1In one enbodinent, R4 is nethyl.
201 n one wobotvasesst, t he conpounds of forrmula | excl udePCT/US2009/063816
1-[(3-fluorophenyl)sul fonyl] -4- (1-piperazinyl)-1H benzi m dazol e,
1-[(2-fl uorophenyl)sul fonyl] -4-(1-pi perazi nyl) - 1Hbenzi m dazol e,

[ (3-chl orophenyl ) sul fonyl]-4-(1-piperazinyl)-1H benzi m dazole, 1-(1-
aF?t hal enyl sattefrtiyely, '04!6 bﬂ.Ri)brmemﬁadriR?thMIdfdotemi tﬁ'géiﬁe?f@hlﬂa theatetbon atoms to

I

2, 5-di Cnltﬁro r%ea ar? fg)n%lg f sga (th:%R}i/I PEL ecycgaﬂyl 8 ecycoglgen()?l frig

5 Iustra Ve ¥ Or it

- (4- nethWhﬁNp@wamﬂhSmemymi (napht hal en- 1- yl sul fony1) - 1H benzo[ d] i mi dazol e
(1 (napht hal gn- .sinanbsm rd, Qo) hé}arw @%)aﬂd Inkey e e erel sl dars:

phenyl sul f onyl %é pérazin-1- d| 1 m dazol
net Ayl Ot C(é‘?l}’-cﬁﬁ'bﬂt RY Lo fvsiaplicgnyk.- W%@F aBEiC*h C1 c£,5 V;LHQthnaﬁthdéiﬁa'#@‘y CG30
met hyl CJ,cy(;pamylybrsoi a‘:deélkefhwp.s pRb&EItE Witly D- éﬂkbﬂ%&tﬂémtmrdﬁé@do%ntly selected

-et r nzi,m dazol e
Car vt ngppR i Al Bron e o RrBRY T EPr i e GroMHREL Griaonn. o=
bu: %l I Eza(ll?izwnm:lg;?tfoongahp dexmwzwinglﬁaylgm%emﬂ narldaIS(ﬂ)Q? b fazol

- met hy S n ngi azol e
351-[ (4-chl oﬁ}gherﬁg %%ﬁ%! n{/ﬁ -Bl perqD @a 5'%’1 q@ﬁ e%“zalhk I’5:}?:12% éamy

- [ (29chpefsphesvpsiiaead MdhYale- 4- pi per azi n- 1-y1- 1H benzi i dazol e;

LA e oy e - 4 oy 2 LT Bone i e
rrethyltC %¥¥§@Pqépﬁgf“§fﬂ ‘i §1€? ®i f1 uor omet hoxy) phenyl ] sul f ony11- 1H benz
i dazol e; 5 each R®is independently H, -C(O)(C:-Caalkyl), or C1-Cyalkyl optionally substituted with

-[(2- ch%&gophenyl)sulfonyl} 2- met hy1- 4-pi per azi n- 1-yl- 1H benzi m dazol e;
-[(3-ch orophenyl)sulfonyl] 2- met hyl- 4- pi perazi n-1-yl-1H benzi m dazol e;

- [ (45chl or opershyR" jssintensnderity Qywwgﬁﬁk%éﬁ@ﬂﬁ'ﬁ substiutaqieRraie:ni dazol e;

- et hyl - 1- [(ggﬁﬁg@ybaﬂ%awh %u fonyl ] - 4-pi perazin-1-y1- 1H benzi m dazol e;
- pi per azi n- 1-y1- 1H benzi m dazol e;

-[ (3-chl or ophen ul fonyl

01-[ (4- quor@ﬁ%é'éq ﬁm*onyl] 4- pi per azi n- 1-y1- 1H benzi m dazol e;

-[ (2-f1 uor ophentydr2sad f ony1] - 4- pi perazi n- 1-y1- 1H benzi ni dazol e;
-[(3-fluorop I azol e;

- (2- napht hyl gﬁ ”)e?%)t w"]“ler 0@’5“9?‘% %Qi'h%%??}mg%g#&%&
[(ﬂonethoxybh@hyﬁ}@ﬂ*QﬁhwmymwoppmwﬁaiﬁnoﬂmymdDFﬁn@nbﬂhldazole
54- pi perazi n-1-yl1- 14 4- (trlfluoronethpxy)phenyl]sulfonyll 1H benzi m dazol e
1-[ (3-fluorophenyl)sul fonyl] - 2- nmet pi perazi n-1-yl- 1H benzi m dazol e;
[(4-nethy|phenyl)sulfonyl]-4-pipergzigdi y1l- 1H benzi m dazol e;

pi perazin-1-y1l-14[ 3-(trifl uoromnetho phenyl ] sul fonyll- 1H benzi m dazol e;
[ (3-chl oro-4-fl uorophenyl)sul fonyl] -4- pjper azi n-1-yl- 1H benzi m dazol €;
2 et hyl - 4- pi per azi n- 1- y1- 1-{ [ 4- (t @ udr-aaet hoxy) phenyl ] sul f ony11- 1H ben
i m dazol e;

- et hyl - 1- [ (4- net hyl phenyl ) sul f onyl | - 4- p@@gra2|n 1-y1l- 1H benzi m dazol e;
(2-f1uorophenyl)sul fonyl] - 2- net hyl-&2 piperszi n- 1-y1- 1H benzi m dazol e;
i perazin-1-y1-14[ 2-(trifl uoromet hoxy)p yl]sul fonyll- 1H benzi m dazol e;
(3- net hoxyphenyl ) sul f ony1] - 4- pi per agi “Wb- 1H benzi m dazol e;

[ (4-met hyl-1-napht hyl)sul fonyl]-4- plpgga2|n 1-yl- 1H benzi m dazol e;
( 3- net hyl phenyl ) sul fony1] - 4- pi perazi n-1-y1- 1H benzi m dazol e;
(3-chl oro- 2- met hyl phenyl ) sul f ony1] - 4-dfperazin 1-y1- 1H benzi m dazol e;
(4- f 1 uor opheéryinisnariantys dre 2s reédiipdd r Piepempaina-ol FyrnuldH: benzi m dazol e;
(2- net hyl phenyl ) sul f ony1] - 4- pi perazi n- 1-y1- 1H benzi m dazol e;
i perazin-1-y1-14[4-(trifluoronethyl)phenyl]sul fonyll-1H benzi m dazol e;
i perazin-1-y1-14[2-(trifluoronethyl)phenyl]sul fonyll-1H benzi m dazol e;
i perazin-1-y1-14[3-(trifluoronet hyl)phenyl]sul fonyll-1H benzi m dazol e;
nethyl 1- (2- napht hyl sul f ony1) - 4- pi perazi n- 1-y1- 1H benzi m dazol e;

1-[ (2- met hoxyphenyl ) sul f ony1] - 4- pi perazi n-1-y1- 1H benzi m dazol €;
( 3- net hoxyphenyl ) sul f ony1] - 2- net hy1- 4- pi per azi n- 1-y1- 1H benzi m dazol e;
nethyl-4-piperazin-l-yl-l-{[2-(trif|uoronethoxy)phenyl]sulfonyll-lk#benzi
1 dazol e;
-nmet hyl - 1-[ (2- net hyl phenyl ) sul f onyl ] - 4- pi perazi n- 1-yl1- 1H benzi m dazol e;
2-met hyl - 4- pi perazin-1-y1-1-{[2-(trifl uoronet hyl)phenyl]sul fonyll-1H benzi m
i dazol e;
102-nethy|-4-piperazin-l-yl-l-{[3-(trif|J%ronethyl)phenyl]sulfonyll-lkkbenz
i m dazol e;

1-[ (5-chl or o- 1- napht hyl ) sul f ony1] - 4- pi perazi n-1-y1- 1H benzi m dazol e;
2-met hyl - 1- [ (4- et hyl - 1- napht hyl ) sul f onyl ] - 4- pi perazi n-1-y1- 1H benzi m dazol

[
P
[
51-
-l
-l
-l
-l
-p
-p
-p

— I



1-[ (3- et hyl phenyl ) sul f ony1] - 4- ( 3- et hyl pi perazi n-1-y1)-1H benzi m dazol e;

1-[ (2- met hoxyphenyl ) sul f onyl] - 4- ( 3- et hyl pi perazi n-1-yl) - 1H benzi m dazol e;

4- ( 3- met hDpoaseaitn- 1-y1) - 14[ 2- (tri fl uor omet hoxy) phenyPLsaist@aypilBid H benzi

m dazol e;

1-[ (3-chl oro- 2- net hyl phenyl ) sul f ony1] - 4- ( 3- et hyl pi perazi n-1-y1)-1H benzim

dazol e;

201- [ ( 2- chl or apiestabpestbiftoayildntidn plovides hydapdupt bf Ferpiupan:azi n- 1- y1- 1H benzi m
i dazol e;

1-[ (3-chl orophenyl ) sul fonyl]-2-(1- net:ilgvhyl)-4-piperazin-l-yl-lH—benzinid
azol e;

2- (1- net hyl et hyl ) - 1- (napht hal en- 1- vyl

zol e;

1-[ (5-chl or onapht hal en-1-yl ) sul fonyl %;q@ihylethyl)-4-piperazin-l-yl-lH
- benzi m dazol e;

2- (1-net hyl et hyl) - 4-pi perazin-1-yl1-1- {[2 @lefluoronethoxy)phenyl]sulfonyll
- 1H benzi m dazol e;

252- (1-met hyl et hyl )-1-[(4- nethylnaphthal
1H benzi m dazol e; R6
1-[ (5-chl oro- 2- met hoxyphenyl ) sul fony1] - 4- i,perazi n-1-yl-1H benzi m dazol e;
(5- br ono- 2- net hoxyphenyl ) sul f ony1] - 4- pi per azi n- 1-y1- 1H benzi m dazol e;

2, 5- di met hoxyphenyl ) sul f ony1] - 4- pi perltizi n- 1- y1- 1H benzi m dazol €;

2- met hoxywﬁergﬁ&ﬁyda%agyérb%eIdfaw.xéd 4 of mBIcBIRpaFIdy Rotlclitt benzi mi dazol e;

2 met hoxy- 4- met nyl pi perazin-1 -yl-1H benzi m dazol e;
22¢chl oro- /én%qrﬁywﬁ@fﬁm W%%ﬂt'P?aHSPIPeﬁa prptuag ChEAMEYH- benzi mi dazol e;
chl or o- 5- (trlfIuoronethyl)phenylmsul fonyll-4-piperazin-1-yl-1

onyl) - 4-pi perazi n-1-yl- 1H benzi m da

-yI)squonyI]-4-piperazin-l-yl-

PRERERE

T

-
-
-
-1
-1
4[
b
-
1-

-

[

nzi m dazol e;

2-fl uoro-5- nethylphenyl)sulfonglé- - pi perazin-1-yl-1H benzi m dazol e;
(2-fluoro-3-nmet hyl phenyl ) sul fony1Y- 4- pi perazin-1-y1-1H benzi m dazol e;
3-fl uoro-2-nmet hoxyphenyl ) sul fonyN i perazi n-1-yl-1H benzi m dazol e;
2 )

chl or ophenyl ) sul fonyl1] -4-[ (3R) e I pi perazi n-1-y1] - 1H benzi m dazo
N

@

(
(
(
(
2-
e
(
[
(
(
[(

3-chl orophenyl ) sul fony1]-4-[ (3R) - 3- Gyl pi perazi n-1-y1]-1H benzi m dazo
1-[ (3-chl oro-2- et hyl phenyl ) sul fo -R({3R) - 3- net hyl pi perazin-1
-1H benzi m dazole; 10
3R) - 3- et hyl pi perazin-1-yl]-1-(naph R¢ 1-yl sul fonyl) - 1H benzi m dazo
-[ (2-chl or ophenyl ) sul fonyl] - 4-[ (3S) - 3rMet hyl pi perazin-1
1H benzi m dazol e;
3-ch|orophenyl)sulfonyl]-4-[(3S)-3-néYhyIpiperazin-l
- 1H benzi wheteain theeyariables are as described for the compound of Formula 1.
39) - 3- met Py RicRBb&Fkh: 1- Y1l - 1- (napht hal en- 1-yl sul f ony1) - 1H benzi m dazol

' < D
— e

g -
P Lt HAI—I

'

[ (30chl or o- B~ raet Ryl pshessit indapprdsinyn HonC-Certiyi3- met hyl pi per azi n- 1-y1] - 1H be
i m dazol e; aiternatively, R“’1 and R are taken together to form -(CHy),-;

U1 N

(2,3-diflLuor ﬁ' %ﬁulfonyl] 4- pi perazin-1-yl- 1H benzi m dazol e;
, 5-diflu ﬁﬁﬁ R% fonyl] - 4- pi perazi n-1-y1-1H benzi m dazol e;
chl or o- l3&hm&p@mhmnyhpadi&mumﬂke4y¢bp¢oazmn 1-yl- 1H benzi m dazol e;

[

2

2-

2, 6- dichl 4- pi perazin-1-yl- 1H benzi m dazol e;
ﬁ quoro F§¥’§§nj$qﬂ¥%¥ nyl] - 4- pi perazin-1-y1-1H benzi m dazol e;
2-

5-

-1

O 1

f3-chl or 8% H?f | ghe |9r§Lﬁa1C riydepeadeptip &t aiglon-hydipay. 1¢H+-Gralkyli of dazol e;
et @%k’d}g@mélréﬁ HéJhQﬂydB]ark?I o el @¥a1k04<y R fasstddedwily -3 hdfd; benzi m dazol e;

chloro Hﬁf@Y%§ ?Y @ﬁﬁg¥ﬁéﬁﬁyﬁ %é%byg%hrththecamonamnsto

H benzi nf
-yl)-1- (Wh&h)th@ubffeome]:hecﬂ.w femza masdd zlesyl, Cs-Cecycloalkyl, or Cs-Cscycloalkenyl ring

2- et hyl y P n-1-y1) - 1- (napht hal en-1-yl sul fonyl ) - 1H benzi m d
azol e; g@x%%gg%hﬁorgghghﬂ@§sulfonyl] 2-met hyl- 4- ( 3- net hyl pi perazin-1

-yl) .2QH. benzi eﬁc@d&opsemdependently halo, hydroxy, C+-Csalkyl, or Cs-Cealkoxy, wherein each C-

é [(3 F 1 eQiepbedyE hikbkyf i@ 8yiklintsaWRinbyd ndo;( 3- met hyl pi per azi n- 1-y1) - 1H- benzi m
azol e;

1- [ ( 3- chl or o- P- %@t 1A%y ) sul f ony1] - 2- met hy1- 4- ( 3- net hyl pi perazi n-1-y1)-1
H benzi m dazol e;

4-[ (3R, 59) - 3, 5-di net hyl pi perazi n-1-y1] - 2-gret hy1l- 1- (phenyl sul f ony1) - 1H benzi
m dazol e;

4-[ (3R, 5S) - 3, 5-di net hyl pi perazi n-1-y1] - 2- net hyl- 1- ( napht hal en- 1-yl sul f ony1)
- 1H benzi m dazol e;

1 [(2 chlorophenyl)sulfonyl] 4- [(3R 58) 3 5 dlnethylplpera2|n 1-y1]-2-nmethy

o AN ™ N\

LR RNEREREPRRSRPORL R OR TR TR ROR

<



20benzi m dazol e; 1-[(3-chl oro-2-net hyl phenyl)sul fonyl]-4-[(1S, 45

) -2, 5-di azabi cycl o[ 2. 2. 1] hept - 2-y1] - 2- net hy1l- 1Hbenzi m dazol e;

2- met hyl -Wo[20BRx64 et hyl pi perazi n- 1-y1] - 1- ( phenyl sul f oRgT)US2049l063326 M dazol
e;

2-met hyl - 4-[ (3R) - 3- net hyl pi perazi n-1-y1] - 1- (1- napht hyl sul fony1) - 1H benzi m d
azol e;

252- net hyl - 4- h (s359r-23- net hyl pi perazi n- 1-y1] - 1- (phenyl sul fony1) - 1H benzi m daz
ol e;

2-met hyl - 4- [ (55 SMRRYMGMo| g'@r M=% - 1- (1- napht hyl sul f ony1) - 1H benzi ni d
azol e; 4-(3- ellepkgimpediargntaR1isydl) - 1- ( 1- napht hyl sul f ony1) - 14 benzi mi dazol e;

4- (3-ethyl pi p@,ro%le&bg,d%g),t- fh4 g@q yikgul fonyl) - 1H benzi m dazol e;

4- (3-isopropyl pi perazin-1 é henyl sul fonyl) - 1H benzi m dazol e;

304- ( 8- i sopr o\ANBiEFEPRTERL K- 5$91 CJ@'M napht hyl sul f ony1) - 1H benzi ni dazol e;
1-[(2-chlor oph.emyle)rﬁ)udj.ﬁ]@ntypa} rs4ne(u$y1 iR Ryl & enazi n- 1-yl) - 14 benzi m dazol e
; 4-(3-1sobut i pera 1- (phenyl sul fonyl) - 1H benzi m dazole; WO
20101 056044 P RBEBET R RLSH

4- (3-1sobutyl plqnerealbpdlmmntym)lsm (1- napht hyl sul f ony1) - 1H benzi m dazol e;
1-[(2-chl oropp I h 4' 3-1sobutyl pi perazin-1-y1l)-1H benzi m dazol e;
1-[ (5-chl oro- %ﬁéph%H& o Ign;?1 - 2- et hyl - [é 3S) - 3- et hyl pi perazin-1

-y1] 19H benzi m%gfmbgdlment R and ® are indepeéndently 1-Caalkyl.

1-[(5-chloro- ﬂqdaa@hﬂob&hbﬁwhfa@muﬂ%eBemyér_M(3R) 3-net hyl pi perazin-1-y1] -
1H benzi m dazo

54- ( 3- et hyl p‘”ﬁ’@?&?\bﬂd"_’[‘eg}tﬂ{ f”?&eﬂ?f)gtﬂl"{‘ ony1) - 1H benzi ni dazol e; and

4- ( 3- et hyl pi pemnazimbedimgdf) RT-i{ H-anapiftibyCisul f ony1) - 1H benzi ni dazol e; or a

| "ot her " aspenne SEbime R R e L nmoout 1 cal qompost ¢ 1 ons
conprlBsi ng colfpasmbodimephBr idtehelocal |y acceptabl e salts of the conpounds

of any of the|nmng§ﬁmbd,aqgﬁo|qmlca§rd -1V and a pharmaceutically acceptable
carrier. | n ot her §§@ect s, .the invention provi de'fﬂ t hat the

phar maceut i ca'l”l%?eg{f@@?ﬁ“&ﬁtl &7+ @koXypRIgpATY SHRSIMURAWI N8R i st rati on and

t he conpositi broneenpobdisest, Rhis@;al,alkd spipmalyodulistituted with halb.n ot her aspects,
L A A L e B R U S

t he BOr w@%l@xvopl\pn@&wbatﬁuta%umlo effective to treat a 5- I—FI'6 rel ated

di sorder. In one ehBo@BRr REGReREFS, the i nvention provides a method of
treating a central nervous system (CNS) di segse or disorder conprisi

admi ni st er i ng"teEPOdISNEoPe &f RoRpdting e Forshii-GelyL onfionglly Sélbstt'&{ﬁdo%r

St er eoi s@a®f one®T RAIRE RAGE UdridREl i$ Walacmaplicaeh@ingdl threk heRE G . R28F ranaRiare
aspects, the central nervous system (CNS) disease or disorder is psychoses,
anxi ety, depression, epilepsy obsessive conmpul sive di sorders, m graine,
cogni2bi ve di smroderembOQmeequals;fsb@ekﬂ opticmeltyi sustditsd bylbalg andalﬁ%ls@xioa bulim a,
bi nge eating gizsar %Bameptaﬁsgﬂ%,{)acks di sorders resulting from w thdrawal
fromdrug abuse, co tive inpalrment associated wth schizophrenia,

gast roi nt est i H&@nNe@ 6?'61‘@?‘5R s erthalst e bowel syndr one, nenory disorders,
cognitive 25|nd>y1§feum@a.m@ﬁt RSBAGbat ed with Al zheiner's di sease, Parkinson's
di sease, Hunt|] ngton' hor ea; hr eni a, tention.de it h ctive
di sorder, neul"od¥g® é?cﬁp?q}eﬁ @a@@@%éﬁaf a?dt%%@ee C'P)Qpﬁcf%gﬂ %Qf“r"féﬁ ﬁh
growsh, &ald. pai n. I n anot her enbodi nent, the corrpound of any of
the embodi rrenfnson% OB RNESAELY RIVENK, B8 SIS 135 ARNATIRHL hEA

accept abl e partl cularl'y,  the pharmaceuti cal | y pt e’ salt
is hydroBhIPoerénf{'ﬁ(! Anot her enmbodi ment of the i nventl on

provi des a rrernhmd eﬁi‘bomm fild AR®RAIRE REEHRIE Qe ARG bNd ¥ réMaifing tHAdLEHIR®,
conpri si gglﬁd CZ%@I’I ng to the subj ect a conpound of Fornulas |-1V,

wher ei n tYP activity is modulated in the subject. WO
20106656644POﬁ/ddSMbﬁ®38b6e of R®, R®, Rf) Ritdn@rR%is pikgitcptiortaie sibstittedi byrhalo
provi des ﬁd(ﬁ%trgﬂgmﬁé fooijyggétehﬁ?a@,lq% 2 &opoynd of Formula I, conprising: a)

reacting a oun
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5with a conmpound of Formula IB: Rbri\T RRra LN) (R3)m I B wherein

or a protecting group; to forma conpound of Fornmula IC. R bR a LN)
R7 101 C, wbenwioséqita, R b, and R2-RO are defined as in Pomrask@9lop3sand i f X
hen the compound of Fornmula I is formed; or if X is a protecting

is R2, t
group, t
For mul a

he process further conprises: b) deprotecting the conmpound of

IC to forma deprotected conpound; 15wherein if R2 is H, then

Xis R

R8R6

conpound of Frdneglembodingnt, R°raad R°are ta¥éd 9310406iG6H4 RErboLSROEAS Q3B ey f R2

i s ot her
with the

t he cpnp@wnﬁw&ﬂVﬁ@ﬁﬁﬂla | is formed. 5In one enbodi nent, the process of
reacting of cpmaWARdRfent ®E Ml &Rolfs WkiMobBnbSwiRehE QaFBE aldhsAB vRhQhdy

sol vent
hydri ée

10

15

20

25

30

35

th cess, furt

ng =gr

slsiPstisbaiCaREET R ueTer R B Gt TR R Ph SP h l

in the presence of a base. In one enbodi nent, the base is sodium

(arqaqlba_ched to form a fused phenyl ring.
In one embodiment, R® and R® are H.

In one embodiment, R'® is halo.

In one embodiment, R® and R’ are taken together with the carbon atoms to which they
are attached to form a fused phenyl, Cs-Cecycloalkyl, or C,-Cecycloalkenyl ring optionally

substituted with halo.

In one embodiment, R® and R’ are taken together with the carbon atoms to which they

are attached to form a fused phenyl ring.
In one embodiment, R® is OC+-C,alkyl, R® is C4-C.,alkyl, and R? is halo.

In another embodiment, R™and R are H, R? is H or methyl, m is 0, R* is selected from

the group consisting of H or C4-Cgalkyl; and R®, R®, R”, R®, and R® are each H or halo.

In one embodiment thereof, R* is H.

In one embodiment, R® is F.

In one embodiment, R”, R®, and R are each H.

In one embodiment, R* is methyl.

In one embodiment, the compounds of formula | exclude 1-[(3-fluorophenyl)sulfonyl]-4-
(1-piperazinyl)-1H-benzimidazole, 1-[(2-fluorophenyl)sulfonyl]-4-(1-piperazinyl)-1H-
benzimidazole, 1-[(3-chlorophenyl)sulfonyl]-4-(1-piperazinyl)-1H-benzimidazole, 1-(1-
naphthalenylsulfonyl)-4-(1-piperazinyl)-1H-benzimidazole, and 1-[(2,5-dichlorophenyl)sulfonyl]-
4-(1-piperazinyl)-1H-benzimidazole.

lllustrative compounds of formula | are:
4-(4-methylpiperazin-1-yl)-1-(naphthalen-1-ylsulfonyl)-1H-benzo[d]imidazole;
1-(naphthalen-1-ylsulfonyl)-4-(piperazin-1-yl)-1H-benzo[d]imidazole;
1-(phenylsulfonyl)-4-(piperazin-1-yl)-1H-benzo[d]imidazole;
2-methyl-1-(1-naphthylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
2-ethyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
4-(4-ethylpiperazin-1-yl)-1-(phenylsulfonyl)-1H-benzimidazole;
2-butyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-4-(4-methylpiperazin-1-yl)-1-(1-naphthylsulfonyl)-1H-benzimidazole;

1-[(4-chlorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

11



I n one enbodi nent, the protecting group is tert-butoxycarbonyl (Boc),
benzyl, acetyl, pnethoxybenzyl (PMB), or benzyl oxycarbonyl (Cbz). 10ln one
enbodi nerwQ 20tvdsa@pr ot ecti ng step conpri ses contacti ng Phe/useenoedsds of
Formula 1Cwith trifluoroacetic acid (TFA). In one enbodiment, GA is halo,
tosyl ate, nesylate, triflate, or oxo. I n one enbodi nent, GA i s oxo
and the step of reacting GA=R2 with the deprotected conpound conpri ses
reduct i ve-[@whadghenyl)stifdnip4ppesenceylat-wnbiaidazeleeduci ng agent. 151 n anot her
aspect of the invention, the process further conprises preparing a conpound
of For nubd4nBtiylpipesgdzine et i(phgngsdonypiitiedmiBazotail a |D: NH2 (R3) nN ID with
a conpound of Fornula IE: Rla haloNhalo Rib 201 E wherein, halo is d, Br or
| . and wAd¥eneiheneheryhstamd-omnettyrinipreazip iy 1H-5emaaidazale one enbodi ment, X
is a protectin

TRl MR TRRRGE, Eu °°
one SO R bR RIESA S AL UIIGH PGISLE R and (he react i ng

I n anot heg(sae%maheﬁm)s&mylkﬁw@myi-@i_aipetaaﬁs-1p 1¢RShziidLber conprises preparing
a conmpound of Formula IB by reacting R4-C(CEt)3 with a conpound of Formul a

| F: Rl NE&R4achigrognERy s RBhii-2-methyl-4-piperazin-1-yl-1H-benzimidazole;

2-methyl-1-[(3-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(3-chlorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

10  1-[(4-fluorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(2-fluorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(3-fluorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-(2-naphthylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
1-[(4-methoxyphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

15  4-piperazin-1-yl-1-{[4-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
1-[(3-fluorophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
1-[(4-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
4-piperazin-1-yl-1-{[3-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
1-[(3-chloro-4-fluorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

20  2-methyl-4-piperazin-1-yl-1-{[4-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
2-methyl-1-[(4-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(2-fluorophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
4-piperazin-1-yl-1-{[2-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
1-[(3-methoxyphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

25  1-[(4-methyl-1-naphthyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(3-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(3-chloro-2-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(4-fluorophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;

1-[(2-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
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NH2 | F wherein the conpound of Fornmula IB is fornmed. 5In one enbodinent,
the step of reacting R4-C(OEt)3 with the conmpound of Fornula IF is

per f or redwOnotoseqaresence of nontnorillonite KSF and t olPG®EMES2009/063816 | n
anot her aspect of the invention, the process further conprises preparing a
conpound of Forrnmula IF by hydrogenating a conmpound of Formula |G R bR a
LN) N2 (R m'Y I G 10wherein, Y is N3 or NQO2. I n one enbodi nent,
t he hydr aggmadzinngyist-§p (tiittio peidtion prhyijgulfiédyd- 1prieseintdazole; H2 and pal | adi um on
carbon (H2/Pd-C). I n anot her aspect of the invention, Y is
NO2 and #ippepazoebyls!-{l2ttifueronethyhphengisuiorefdiH-regpzittidazelenpound of Fornmula |G
by: (a) reacting 2,3-dinitroaniline with sodiumnitrate (NaNQ2) to

forma (2; pﬁer?lﬂ”rﬂ't"rb%@?ﬂldpﬁ%ieéb’aﬁh%ﬁ'ﬂ%’g‘?ﬁﬁdﬁkpe”é'ﬁﬁpa(ZB')? contacting the

di t d th f F I IH R bR L
b e LT SO A L BRGE For o
2010/ Q56 t th t f

react ?ngqg&igl ni ? 2&%@8’%@1 3 Irazs"r(])dl Lmﬁ?fzrrgtgg% mDJNrC])Z) i seer:‘agr(r)red in the
presence 19f3- rﬁ&ﬁéﬂyﬁhe’%@l)&hlf&%%etﬁﬂm ﬁﬂé}%ﬁ 18- b ihiesBlie; - I n one

enbodi nment, the contacting step is perforned in the presence of 2, 2-

bi s(di phenyétmlmamum)ﬂf N 11{[2—hl|fm16n1|h’(dﬂ‘}dxf()8hMﬁ’éulfbrﬁyl}S‘(l-dbéTemm&ézb[éeneaCet one) d| p
al | adi um 5(Pd2(dba) 3), cesium carbonate (C52C33), and tol uene.

one enbodinatimt-1- [tZHEetolrﬁledvlt‘rﬂutf@rtyﬂﬁrnlnaﬁ@ZIn t—ylp‘rFép@l‘Zémd@pler eacting N-(3-

ni t rophenyl )acetam de with nitric acid (HNO3) and sulfuric acid (H2SO4).

I'n anot hérmeidfrdarpesizin trg- - {EQIGW{UPW“W')P*&G”D@U ?fH"}ﬂl'Tbbeﬂ)‘F'HE‘@é@ ®f urt her

ot advu; e ey SIS Sl o e bor 9. 2
1-[(5-chloro-1-naphthyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-1-[(4-methyl-1-naphthyl)sulfonyl]-4-piperazin-1-yl- 1H-benzimidazole;
1-[(2-methoxyphenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
1-[(2-chlorophenyl)sulfonyl]-4-(3-methylpiperazin-1-yl)-1H-benzimidazole;

15  1-[(3-chlorophenyl)sulfonyl]-4-(3-methylpiperazin-1-yl)-1H-benzimidazole;
1-[(3-methylphenyl)sulfonyl]-4-(3-methylpiperazin-1-yl)-1H-benzimidazole;
1-[(2-methoxyphenyl)sulfonyl]-4-(3-methylpiperazin-1-yl)-1H-benzimidazole;
4-(3-methylpiperazin-1-yl)-1-{[2-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
1-[(3-chloro-2-methylphenyl)sulfonyl]-4-(3-methylpiperazin-1-yl)-1H-benzimidazole;

20  1-[(2-chlorophenyl)sulfonyl]-2-(1-methylethyl)-4-piperazin-1-yl-1H-benzimidazole;
1-[(3-chlorophenyl)sulfonyl]-2-(1-methylethyl)-4-piperazin-1-yl-1H-benzimidazole;
2-(1-methylethyl)-1-(naphthalen-1-ylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
1-[(5-chloronaphthalen-1-yl)sulfonyl]-2-(1-methylethyl)-4-piperazin-1-yl-1H-benzimidazole;
2-(1-methylethyl)-4-piperazin-1-yl-1-{[2-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;

25  2-(1-methylethyl)-1-[(4-methylnaphthalen-1-yl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(5-chloro-2-methoxyphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(5-bromo-2-methoxyphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(2,5-dimethoxyphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

1-[(2-methoxy-5-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

13



ni trobenzene; and (b) contacting 1-azido-3-fluoro-2-nitrobenzene with a
conpound of Fornmula IH  wherein the conpound of Formula 1Gis fornmed. 15In
one enbodwoento/ostéie contacting step is perforned in thePprasenomscisic N, N-

di i sopropyl et hyl am ne (DI PEA). I n one enbodi ment, any of the

f oregoi ng process steps are performed in a protic solvent, an aprotic

sol vent, a polar solvent, a nonpolar solvent, a protic polar solvent, an
aproti c ng@poétasxyseme@ibhengnsuony@iprgipérezipolyarH-sohAreidszole20l n one enbodi ment
any of the foregoing process steps conprises a purification step conprising
at | east 1df@echipiro- G#ﬁdthyimeh)dhwfoexﬂ f-apeiagn; 1-gHHdreaziodteaphy, trituration, or
recrystallizatio anot her enbodi nent, any of the foregoing
process 4t @ﬁé"%ﬁﬁ?'f'%@“%hy')&ﬁ%yﬂwf@@f'} 4pippragipript! @Ibﬁgz"lnldaéﬁ'%{ chr omat ogr aphy

(L) by B R R e e O R et Pooohy 25
(GI M), 4 ‘%IUS?;RHHE&% @néﬁém}fﬂ&g‘f@M) 1Hr@b%§a¥%|ecm0”at ogr aphy (TLO),

mel ting p rot t|o or ‘el enental anal ysis.

Repr esentgisliNgro- @R@fhﬁ%%ﬁyl)s‘;@#ohw sﬁﬁ%ﬁkrﬁbﬁﬁ1ﬁladeh§m|daﬂ&bllde but are not
limted to, e.g., water-soluble and water-insoluble salts, such as the

acet at e, 1g{2wmionepmenySBIQIAGIT-8-[(GR)-F-methyfoip efaysi-1 ylp%eé’zlrﬂrddxml fonat e),

benzat hi ne (N, N -di benzyl et hyl enedi am ne), benzenesul fonate, 30 benzoate,
bi car bonatl;chivrepmae)sulfongli:f{(@Re3-nisthyépirerazirel-ylbbiri-deezimideznid; de, but yr at e,
calcium cal cium edetate, canmsylate (canphorsulfonate), carbonate,

chlor | do ErSiTne mwﬂhgwsulaqnz@wl@ﬂ %mthym'@f%hbvlhﬂﬁ*ﬁénz"mdﬂ% ochl or i de,
(et ndhe BB "E%tﬁypéf?%%%i%hrq p%ﬁ"a eslpe Bt Blept e o1 uconept onat )

| uconat g, / g 61_9|- 16!

gl Et anmat Z [ﬁecxa{(fpg%ﬁ%)g glﬁﬁ)ﬁg ét§ g%?%%nla Lﬂﬁ%wﬁ]g%‘lz%ee (NN -

bi s( dehydr[ﬁaemo%@h@. iﬂn?lP@-‘ﬁ(BQﬂB H%)hwpl‘néebrzmbf gm W8endtidsA! oride,
hydr oxynapnt hoate, 1- hydroxy-2-naphthoate, hydr oxy- 2- napht hoat e, i odi de,

i sot hi onat[@s(-2-nepdtpipeyeth angsyhdpbthatea)t-yiduoi it Bi-béramiiddroenat e, | aur at e,

| auryl sulfate, lithium magnesium nalate, naleate, nmandel ate, 5
megl um né- [(1’:1Ghﬂ>e@2yﬂelhy(nlﬂem),%ulmvlhdﬂ (BB-gmethyipwieyazinne gl 1 benzimidazold; br omi de,
rrethylnltrate ulfate, nucate, napsylate, nitrate, N-nethylglucam ne

ammonPum! é@r%d'f'l&r%@@y')sw@av'hﬂ@'Peﬁémrﬁ Y'é!"ebenﬁ'éﬂ‘ﬁf’é?

(4,4 -met bi s 2- na hth onat e), pantothenate,
phosphat & q&pf%ﬁﬁ){%oh B{ﬁé@ Ii.l\étolﬁ)le 2 eﬁa'beqe%'g\ o opi onat e,

p-t ol uengsul L ¢ acetate, succinate,
sul fate, e@{% g)g(gF Uor?@iégglyégﬁé@r]rﬁlsﬁgér@n;\ﬁWB?%??'?%P% 10 teocl ate

(8-chl OrQ[@:,GZdléHI&Mﬂ{e@ylﬂsuﬁor@l]ﬂ%ﬁb‘{émrﬂ-Hypﬂ-'f béiRiiedol; one), triethi odide,
tromet hani ne (2- am no- 2- (hydroxynet hyl)-1, 3-propanediol ), valerate, and
zi nc sal t1g(3-fluoro-2-meBgipee rg)suio s pipkrakint1-yi-hie-bpnasientolé;nvent i on possess one
or nore chiral centers, and the present invention includes each separate
enan®P omé+l(Sefhloserbflugophroviridonyd-4wetdrazis 1yt Ki-bereaniddzotene enanti omers. Were

mul tiple chiral centers exist in conpounds of the present 15 invention,
the i nvedtliZihauehenyisyiienylR-meihtrinarasin- ¥ (sbenzifaidszoles ur es t hereof . Al

hi r al f ded,
(il cas ¢ RSP P e e BT P ST Y o e e et cal 'y
i cat o i i3s WeklyRRS. 1y q*aaqeﬁ%gudaﬁwr.#@.bgﬁzﬁﬁ.a%l&pt'Ca"y act i ve

forns, stch as by red race ne or by synthesis from

optical | ¥-radthyI M]3 a/ﬁ;ﬂlﬁ%ﬁazﬂﬁi -i5-h 2hphthdRAN -yigid BOL NS r2ifdtzble; when used in
connection a conpound of the present invention of this invention is an
anoub eftf{edhiovaphboy)sulfoniyIBR-ietiy -#TER ety ipBe3ink Ry a1 I-bbpAraitiazolBef | ni ti ons

The followi ng definitions are used in connection with the conmpounds of the
pr esent ilriefipiophenyh$dionylkhenethyint-exmethylpiperazied-ybt epenizisudazple; gener al, the
nunber of carbon atons 25 present in a %n\éen group i s designated C-C

where x anid-gploge-g ey Rngndisuiionyl-enpiseny HH(ErmedylPresgac Y v Eipenaifazditanpl e, a
group desi ce" s fro at The carbon
nunber - ad IEaeHE e Tuaperer o nerur Fepehdy BobB BB ekbone. and

car bon by t4 _Jdpne L nts,
such as aeses T e R PR L TP SRR L. i e
nonencl ature of substituents that are not explicitly 30 deflned herein are
arrived at by naming fromleft to right the termnal portion of the
functionality foll owed by the adjacent functlonallty toward the point of
attachnment. For exanple, the substituent "aryl al kyl oxycabonyl" refers to

the group (C6-Cl4arY1l)-(Cl-C6al kyl)-0-C(0)-. It is understood that the
above def| n| t| ons are not i ntended to | ncI ude | rrperm SSI bI e substl tut| on

4 a L, 1 . " 4



WD 2010/ 056644PCT/ US2009/ 063816 exanple, in di (G -Csal kyl )am no- e.g.
(C1-Coal kyl) 2N-, the Cl-Coal kyl groups can be the sane or different.

"Acti vat iwgQ20n/sesspound refers to reacting the conmpoundrPafr/ts2@e063816 Wi th a
reagent to introduce at the center an activating group, wherein the
activating group is optionally converted 5 to another activating group in
one or nore steps. Exanples of activating include hal ogenation at a carbon
center, opRioaddhgnfiglifoowed[BR 58y-dBatrstayipiperaxiba rygizamgtha- s epgiatidagoleup i s
converted to an optionally substituted borane; tosylation, nesylation, or
trifl ati A(3RI5SH3, Sodipgtbpipiperatior-yllakids- ﬂwqrqormemd)su@any&Zﬂthﬁlebenxleldaam| onal | y
foll owed by reduction of the nitro roug to an am no group and conversion
of the arh[é' ga"b GE*U'PQGEN')&'@”@'F&[@ 580y Acct'wa!'i)'ﬁ@aﬁf*gwﬂ*2 nethy-1§F oup t hat ,
when bouRENABU&%%ent er, increases the reactivity at that center.

Non- | | i.ng e |vat| n de a substituent bound to
an el ct&flﬁﬁﬁolf@g@] n?ﬁ%n' 'é{la@f AbPE" %ﬁéﬂﬁgbe&z'% 2284 by a nucl eophile; a

substi tuqq{z Jﬂ%meﬂﬁsé‘iforﬁ I%GHQ&BM';S;% %ergq 2“"?8%' il |ee of being displaced

by an el ectrophile;” a substituent |spI aced by a radical;
of a substiblenpnbMEIAoryd-4Bise BRI -yMhep&iAmiasld oW ng gain or |oss of 15an
el ectron, the substituent is capable of |eaving as an anion or cation with
f or mat i oA-[06,48)R&diazbicatio[2.Bd]hepr2-gli-1-(phenylsulfohyNe 1H-b&nzingifl@zote; t 0 a gr oup

havi ng a strai ght, branched, or cyclic configuration or a conbination

t her eof , 4dt1§a4c§i>r8d5 di@abmclqi&?émeptsi V'hﬂfﬁﬁpéthﬁhﬂdtb@rl}”f@YBaﬂﬂ'bl@ﬂw'lmi(fam'@ti onality.
Such groups nmay saturated or unsaturated, aljphatic or aromatic, and

car bdByclil QB‘P“FPé‘F@f‘)éE'iP@V'i £11539he Sig=pbiRy WRitit InPricA-Yltd b?’??é“'é%oi‘i‘onyl

car bon, Sl SO Sa s SRS AUERBAUT A Pl BEERY L
i ke, Loygpzagyd. -n{e%fﬁahan}l)gu@owﬁ 4qxr1§u@§2%%z@b.g>»m%ﬁlﬁe{,t02 fipH. carbons. An

acyl - gr guRvikiah, unsubstituted or substitute one or nore of the
foll owi ng groups: hal ogen, H2N-, (Cl- Csal kyl ) am no-, di (Cl-C6al kyl ) ani no-,
( C1- Coal |45{d1)3Q(§§‘-Pl‘§(di§za%@dld1¥.|2)l1hep(—:§;§d}-2-2rﬁa@@ahWeﬁﬂﬁflﬁﬁmw FBerkmidazd(e( 0) NH-,
H2NC(0) -, (Cl-Co6al kyl )NHC(0)-, di (Cl-C6al kyl)NC(0)-, -CN, hydroxyl,

Cl- C8al kdx»i1s,4SER-5atadakiglclo[2. AOREpt-2-fIE2-mC8al-k-tnaphitbalebd nydufony)3H- C8acyl - -, G -
C9het er o&eydimidazste; C3- C8cycl oal kyl -. "A kenyl-" refer to a straight

or branched chain unsaturated hgdr ocar bon cont ai ni g at | east one double
bond. V\hér[@ qplorophamdisulieny ks tnlid p 4542 €-4rzadiryias 2 { lheptrayg-metwbHyl » i s

i nt ended e%’dmfjﬁzoiemcl ude all such isomers. Exanples of a CZ Céal kenyl - group

Izngljtiglee hiy % 5 Zghe%kggg 1E)h%{)t'$'¥|ﬂ¥l g%uoroﬁhenﬁ Slu %nydenrp }él)ﬁlkfggpent ene,
pe rg" ' 1- hexene, 2-hexene, 3 hexene and i sohexene. An
?LFFBXJ %gggfp;g&?.gf%msﬁmwﬂz ks I A Kl A USTA A Ry ey
(C1- Coal kyl' ) C(0) N( Cl-C3al kyl)-, (G- 35 C6al kyl) carbonyl am do-, HC(0) NH,
H2NC( 0) - 2-nteBiy-THBRI-ndubyGyifiErazin- thy (-CA pHetgls Wioh YINGH-Bkrzimid&2dle; hy dr oxyI :

Cl- C6al koxy-, Cl-C6al kyl -, HXRC, (Cl- C6al koxy) car bonyl - , C1-C8acyl - -,
C6- Cl4ar ytmethytE-[(38)Renatihdrapeyazin-1-aitrd- eeamr@wlf@yl)ww benzimjggzole;
2010/ 056644PCT/ US2009/ 063816 -" refers to the group R-O-

wher é°R Faneihyl-4ilidy) 3@’?%“%?'"%"11%?’#] ﬁéﬂ‘eﬁé'ﬁlﬁ nylEERpZpigazele CGaI koxy- groups
| ud d t th - ,

R R R L N et

W th oney q%gm?[ﬁ’ﬁ’e%a'” 1h}g) {P{Sllﬁwé{%g&@;n IEQF behﬁ#n%ﬂ%fe hydr oxyl , Ci1-C6al koxy-,

H2N-, (C1- m no- ) am no-,

((CL- Coal B Dok Gl krohyisuto - Eoaberhagaibonyl ani do-, HC(0) N
H2NC(0) -, (Ci1-Ceal kyl ) NHC(0)-, di (Cl-C6al kyl )NC(0)-, -CN, Cl-C6al koxy-,
HXR2C-, (@43-ischabudpirgrpziadt by (phenylsCloryfdepienzim@z@adar yl -, Cl- COhet er oaryl -
C3- C8cycl oal kyl -, Cl1-C6hal oal kyl -, C1-C6am noal kyl -, (Cl-C6al kyl ) carboxy-,
C1- C8@ar Bdpjsoamepdpia¢iryin-1;ydr (1g@Rbthylsulianidy 1 H-benzgnieazoles o a hydr ocar bon chain

t hat may be a Stralﬁ)ﬁg hai n or branched chain, 10contai ning the indicated
nunber of [@aﬁhl%‘ﬁ’hﬁi‘ oy l5-(RaPHEPER PR a%H- 1@|)65'FWF'm'(§’IZ%|ﬁp may have from 1

to 10 (i carb At |n|t I gnece of any nuneri cal
desi gnat ?g% 150 I%%Wraz' ya)a% GWS(U ?nygl 'ﬂfenz'm' azg thed) having 1 to 6
(inclusive) car bon atons in it. Exanples of Cl- C6al kyl - groups include,
but are not Iimted to, nmethyl, ethyl, 1?py butyl, pentyl, hexyl,

i sopropyl, isobutyl, sec-butyl, tert- buty |sopentyl neopentyl, and

i sohexyl. An al kyl- group can 15be unsubstituted or substituted with one or
nore of the foll ow ng groups: hal ogen, H2N-, (Cl- C6al kyl )am no-,

di (Cl C6a| kyI )am no-, (Cl C6a| kyI )C(O) N( Cl CSaI kyl ) (Cl-

~A L~ LN R I 1IN N\



"Al kynyl -" refers to a straight or branched chain unsaturated hydrocarbon
containing at |east one triple bond. Exanples of a C2-C6al kynyl - group

i ncl ude, Wwotowves6éqrat |imted to, acetyl ene, propyne, 1-IpaTyuseqoodeisusyne,

i sobutyne, sec-butyne, 1-pentyne, 2-pentyne, isopentyne,

penta-1, 4-diyn-1-yl, 1-hexyne, 2-hexyne, 3-hexyne, and isohexyne. An

al kynyl 25group can be unsubstituted or substituted with one or nore of the
f ol | ow ng-(gHisobmglpipbrakiagen;1-H2Nphth( oA Ky amidagole; di (G - Coéal kyl ) am no-,
(G -Coal kyl )C(0)N(G -C3al kyl)-, (G Coeal kyl) carbonyl am do-, HC(0) NH,

H2NC( 0) - ,1-[(261110@8mbm91391|f0|ﬂﬂ{ &) 3-isoblitydperadad ki)t N ING(n@midazoleN, hydr oxyl ,

Cl- Coal koxa/- Cl-Co6 H2C- éCl- Coal kOXé) car bonyl - Cl- CBacyl -

C6- Cl4ar yil5;chiere- 1&9%?%6@% -2 m‘%{w €3S 1B BHRekarin- 1-Y'136"* hﬁﬂ%da@é@r ers to

the grou

Er ool oo Rl doress neanmySiony g st Rl SRE LRl e M PR edio )

1- napht hyl ahydr onapht hyl
fl uopgnyI}1 3 ﬁ%‘% %'213 2?“'1%3 d1%§g¢1£;{])ﬁ%%leehgf'é A% aryl IOgroﬁp can be
nonocycl I4Q3Jﬁ{etr{%ﬂldé?é/zﬁl1 G1)- @»31 h@&%y?s%ﬁ&{yl)hemehz.mz&brw is aromatic and the

point of attachment is at 35an aromatic carbon atom An aryl group can be

unsubst | BHREYYr SEEREPTe PTG UUREY Ficepible salf theige’ f ol | owi ng groups:
Cl1- Ceal kyI , Ihabhgeraspdutd, ok kiplentiom yratovides! phidmyndcaxivhl ( E8mpgosaibhey Ichmprisi\- |

70,2010 AT PR e . 0 STERRASE A B o
H2NC(10) - FO(ﬂ@laSGe‘dlaRG}'B))bmgeutlcaﬂy aQgaitable carrier. " (Aryl )al kyl -" refers to an

al kyl group, @sot&f és‘i&@&s amgvﬁvenM?bl%'\/l'aeé)%t Qe PRARaSuLLANG &ké‘ﬁfébl@%@r‘r‘i@r
hydr ogen atons have been replaced with _an aryl group as defined above. (C6-

5CuAryl ) ayiiaple- forr%?'@FméEStraH‘H] AYShpeMRAstion e} Bipas 91 Orahdoﬁﬁ%f;?f’%t hyl ,

2- phenyl et hyl |n &h@%p@'dt@ﬁl&pylk/en@n rphﬁmeb I @eidd oﬂtrmp@rarwﬂ-m@rtelawd disorder,

2- napht th mert B%WI nd trhne i ke. m t%.arl kfy rou ar qﬁg] SMth £Mt ed
o subst PRUPIOAHSHATP g B W HE oGP upsy Cogen e oN
hydr dgyl jn a(rG_ﬂ_mc@@aeffeptl ednitraat-a 5-dirg- @M@hﬁtd@dr) am no-,

C1- Caal kyl | HYO
ronc(0) - (G AR TREAE e P A i Gy B o Vol

Cl1- Coal k '@fsezeaﬂlﬁwer Coppeny a@'rmmSt%'aM% )%@P%%mpoun‘tﬂ? Eﬁ%‘ -1

C6- C14arwm C - CO9heteroaryl -, CS C80yc| oal kyl -, C1- Ce6hal oal kyl -

Cl1- Com noal ky| - Cl al k car 0 m doal kyl -, or 02N-.
A "ONS di seas@idugme %rb% Cgmﬁég'e@ﬁgeeo%]? %%{tst@?rﬁ‘gr af fecting or

origikhating iim dtlhmr aseents alhe u@rrtmbnlesrvwsﬂym (ONS)) elisabdeyoradistirgaras esycedsesed t o
5- HT6 ac y e n i le i.seases
or disor h)yét% ¢ L 86 Egggébs'%g% (Caon]ra"%% glggrg{e%nm'f%% &éh'ﬁv m%@%gjﬁe
cogni ti vélegp §§PG’@I’% fe I'@e@sﬁﬁ%rérm@('a fté'éfﬂlan@'”éﬁ sQ?F'@Bs%Ofdaﬁ@oPéf%? atagks! i mi a,

]?I ngedeaws,a@eﬁél @@mﬁl&g fromPRitHdFaval tfr@f?nk§rug dibvieE, dRJghitive Shddihiedt bRkt With aval
romadadru

nitive ssociated with schi zophreni a
Gast 1 of nEEUPRE AR Pl TRTHP RO AtS Gare) SR Saer o UP g Sl SOPRlrSs
obsegsi veysanper absoeiathidswitrd Aizbeimeos) misiebsee Riaylsrﬁaonstdlmsaslsmlngtbed ch@f@aw t h
Al zhei ner, S , i n's
i sease. PrsEn RS frertpterthho R E5T. RARocRERNEANTE dfEhts o RiAsHRET Ve
di sor der py m@@ﬂr@@ie@}ém aromfeapd Bdases char act er i zed by i npai red neuronal

growt h, and pgi fnotifdr"dMbedMereame’ coﬂ{poursa\lgf Ghﬁ%? Ay 'emBSdimeRd dteh&igles2hs 0
i ncl udes t he synpt om of anot her di sease, such as a cagnitive disorders

associ at we%opwx%ms&%mwatwaﬂs a@‘;&?@&éﬂ sl More gariipuany thg RhgHRcG YAl
sat uBat edcdepthbRcal BaiydrochigrideReignesent at i ve exanpl es of a C3- C8cyc|oa|ky|
i ncl ude, but cIo opyl t ent
cyel ohoxyl - chifenamtspMentl heu EEEAOROARE s b Ry ot EHIRREREY ¢ Ut ca
or i ndepeddémﬂ 9 sybbstn |comprm1h9vmdrhn@t¢eng)rto fther subgsfct arr@nfpoumcbm hgmytrasugy:

hal ogen, I kyl ) am no-,

(C1- Caal wlg ) C(O) 8&%&‘@&%6&&8&%%5%%)car bonyl ani do-, HC(0) NH-,
H2NC(0) -, (Cl1- C6a|kyI)NHC(0) di (Cl- Ceal kyl ) NC(0) -, -CN, hydroxyl,
Cl-CBaIkoxy-, Cl1- Ceal kyl -, FK2C>, (Cl1- Coal koxy) car bonyl - , Cl1-CBacyl -

C6- Cld4aryl -, Cl- C9heteroaryl-, or C3-C8cycl oal kyl -, Cl1-C6hal oal kyl -,

Cl- Céam noal kyl -, (Cl-C6al kyl)carboxy-, Cl- Co6carbonyl am doal kyl -, or 02N-.
Additionally, each of any two hydrogen atons on the sanme carbon atom of the
carbocyclic ring can be replaced by an oxggen atomto forman oxo (=0)
35substituent or the two hydrogen atons can be replaced by an al kyl enedi oxy
group so that the al kyl enedi oxy group, when taken together with the carbon
atomto which it is attached, forma 5- to 7-nmenbered heterocycl e-
contalnlng two oxygen atoms. MD 2010/056644PCT/U82009/063816

o o v o o . o o o



5 cycl opentenyl, cycl ohexenyl, 4,4a-octalin-3-yl, and cycl ooctenyl. A
cycl oal kenyl can be unsubstituted or independently substituted with one or
nore of twe 20oldsessng groups: hal ogen, H2N-, (Cl- C6al kyPLariSne@9/063816

di (G - Csal kyl )am no-, (Cl-C6al kyl) C(0)N(C1-C3al kyl)-, (Cil-

C6al kyl ) car bonyl ami do-, HC(0) NH-, H2NC(0)-, (Cl-C6al kyl)NHC(O) -,

di (Cl-Ceal kyl ) NC(0)-, - CN, hydroxyl, Cil-C6al koxy-, Cl-C6al kyl-, HX®RC,
(C1- Coal koxy) masthemyspects, Gie- @8entiph -proidiesCl 4agtidd of syiihdsikzing9h edoaipoaidy bt , or
C3-C8cycko%%$¥;éo Q%MCBhaloalkyl-, Cl- C6am noal kyl -, (C1- C6al kyl ) car boxy-,
Cl-CBcarb8nﬁ1an1d8%|kgl-, or 02N- Additionally, each of any two hydrogen
atons on the sjapectiogrisompeindmf bérmukdAcycl oal kenyl rings nay be repl aced by
an oxygen atomto forman oxo (=0) substituent or the two hydrogen atons
may be replaced by an al kyl enedi oxy groupsep that the al kyl enedi oxy group,
when taken together with the carbon agR@mio which it is attached, forma 5-
15t o0 7-nmenbered heterocycl e containing tMG;oxygen at ons.

"Deprotecting"” refers to renoval of agpreg€ekéng group, such as renoval of
a benzyl or BOG group bound to an am ne. Deprotecting may be preforned by
heating and/or addition of reagents capahhe of renoving protecting groups.
In preferred enbodi nents, the deprotecting step involves addition of an
aci d, °ba¥#h acedoeird@f befewia IBoxi di zi ng agent, heat, or any 20 conbination
thereof. One preferred nethod of renoving BOG groups from am no groups is
to add HCl or TFA to a solution. Many deprotecting reactions are well known
inthe art and are described in Protectiv& Goups in Organic Synthesis,
Greene and Wits, John Wley & Sons, Ney k, NY, (3rd Edition, 1999), the
entire disclosure of which is herein Rncer fed by reference.

25" Protecting group” or "Go" with respec% o0 am ne groups, hydroxyl groups
and sul f hydryl groups refers to forns of{iﬁ§?§ functionalities which are

protected from undesirable reaction(mhth+é\ rotggeting group known to those
skilled in the art, such as those set fo N Protective Groups in Organic
Synthesis, Geene, T.W; Wits, P. G M, JohdHWley & Sons, New York, NY,
(3rd Edition, 1999), the entire disclosud® of which is herein incorporated
by refer@negin Which 30 protecting groups can be added or renoved using the
procedures set forth therein. Exanples of protected hydroxyl groups

i nclude, but are not limted to, silyl ethers such as those obtained by

r eact i onXo$ Raotyypiviextdg ggowpup with a reagent such as, but not limited to,

t - butyl di met hyl chl orosi | ane, trinethyl chl orosil ane,
triisopropylchlorosilane, triethylchlorosilane; substituted nethyl and

et hyl ethers ©deR agommypd atoMiRil¢ed to nmet hoxymet hyl et her,

met hyl t hi omet hyl ether, 35 benzyl oxyngthyl ether, t-butoxynethyl ether,

2- met hoxyet hoxymnet hyl et her, tetrahydrﬁpyranyl et hers, 1-ethoxyethyl ether,
al lyl ether, benzyl ether; esters gugh asgisbut not limted to,

benzoyl formate, formate, acetate, trilchPoroacetate, and trifl uoroacetate.
Exanpl es of protected WO 2010/056644 / US2009/ 063816 am ne groups
include, but are not limted to, am h_as, formam de, acetam de,
trifluoroacetan de, and benzani d& )wcar R’ e.g. Boc; inides, such as
pht hal i m de, Fnoc, Cbz, PMB, benzyl, anhd djthi osuccini m de; and others.

Exanpl es of protected or capped sul fhydgyl oups include, but are not

limted to, thioethers such as S—benzyB> fsefher, and S-4- 5pi col yl

t hi oet her; substituted S-nethyl derivat% uch as hemthio, dithio and

am not hi o acetals; and others. "Halo" & "halBgen" refers to fluorine,

chl orine, brom ne, or iodine. "Fbld&ﬁkyl-" refers to an al kyl group,
as défined above, wherein one or nore of !€he hydrogen atonms has been

repl aced wableth R'F.R™ Ghd RZ-RP areefindd ashR €S bad ut i on can be 10i ndependent |y
sel ected, Representative exanpl es of an Cl- C6hal oal kyl - group incl ude, but
are not |'f'>§? ?ieahetn&ﬁe cpaEnd o r@}"aﬁéﬁgr,meét%@& -CH2Cl, - CH2CH2Br,

- CH2CH21 jf X- iCEiDEtEHBhE froup, theaH2GHREHR Gy coniridésH2 CH2CH2Br, - CH2CH2 CH2CH21,

- CH2CH2 : - - - CH? CH( Cl ) CH2CHS3,
-G F) ot v el A i et L U

ni t r dgen wheieingikiygeHl. ten aempaypd obkgrmutsrl is'fagrercory | " refers to the group HO .
"Modul ating 5-HT6 receptor activity" refers to affecting (i.e. inhibition
or stinmulation) processes or signaling events associated with the 5-HT6
receptor. Specifically, inhibition of 5- HT6 increases |evels of
acetylcholine and glutamate in the brain, whereas 5-HT6 receptor 20agoni sm
or stinmulation results in increased cellular cAMP. "Nitro" refers to the
group O2N-. "Ox0" refers to the atom (=0). As an activating group,
"ox0' groups are anenable to reductive am nation by nucl eophilic am ne
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"Treating"” or "treatnment"” of a disease in a subject refers to: inhibiting
the di sease or arresting its devel opnent; aneliorating a synptom of the

di sease; WO 208USHh63g regression of the 35 disease. Accordirngkgos/osisneat ment
of Al zheimer's disease" as used herein enconpasses anelioration of synptons
associated with Al zheiner's di sease, such as the anelioration of

Al zheinmer' s-rel ated denentia or treatnent of the cognitive dysfunction
associ at @Ry dtiver thD 12 ADHrOEB6 44RETddH2iedd/ 063816 Al zhei ner' s di sease.
Additionally,. " t t . -0of. hi,zophr.eni a” i ncludes inproving or

stabili ZFLrgegggatrﬁAﬁ?\?g‘é?DFr{lcv{'}hgﬁe 3?10(5&8%%? FOrs uf“?ig cogni tive inpairnment

associ at atiessint G is ehiagtyptingegivo e, The term "optionally substituted",

unl ess ol gl th€ coRRiuhé bEEbrmAd 1 SBthdaer ei n means that at |east one hydrogen
atom of the optionally substituted group has been substituted with
0

5hal ogen, H2ND, ONECATRIUNGR| amreess Ofrqaeinaceatampcyagh ploformula 1A with 1B is
o WS s bl o b e 00 ¢
-, - a . = ] = a . y y roxy ’
Cr Coal Koy S EspRDn: Bhises's SRt WOt o bony . Coacy! -
C6- Cldaryl -, Blone@dtvetioreotithd protecing@BeupBis yart-lmadygarbonyl (Back bangyerasetplod- t hat
inall s I f fid polymers arrived at by defining
%%l"%ﬁ‘ﬁﬂ gy Brsbe%?%b@ﬁé’rbgrﬁf@tzé

substituents t'her substituent t hensel ves (e.g., 10Osubstituted
aryl Ravi ng alnsemsembadimgntartys dgprotestings stgp sea¥ripesu EPRtaching dhe jcomppens pf
subst i t uFgghui fChwith tEulRESdct it R@ @FX). group, which is further substituted by
a substituted aryl group etc, r ot intend or inclusion herein. In
such cases, t'ﬁé’nﬁﬁm%ﬂ@m%%{?ﬁghag’f ?OSQ‘Q@W’ TEW t?’t‘:?ﬂ{a{eoﬂ%o’ﬁos three. For exanpl e,
serial substi hutrieoersbafmetibs} iid otedndithel stgp ofipsactig BatRowiot her deprdtedted ut ed
aryl gro Wy - Iy - Ny ar -substituted
aryl. 15 ﬁ@p%%&hﬁ?ﬁe@%&u@ %@ng‘ﬁidsﬁ'ém”e‘ﬂ% gﬁ%qcc%%%lg;%oh_ilﬂ%&gmgg HI6 nodul ati ng
acti VPty and, Intanether aspect of #ie ipeentien. lthezrracesp fusthgegomnsises rigparig @aromeaynd
suf f eri ngs fgR0ABGGNt ral nervous system (CNS) di sease or disorder
conprising adm nisteri nr% to thﬁwﬁgﬂglﬁgt a conpound descri bed herein,

particul arly @ E¥HPBAGATBIUESGF V. In another enbodi ment, the (CNS)
di sease or disorder is psychoses, anxiety, 20 depression, epilepsy
obsessi ve conpul sive disorders, mgraing,?cognitive disorders, sleep

di sorders, feeding disorders, anorexia; 1.a, Dbinge eating disorders,
pani ¢ attacks, disorders resultingR @ thdrawal from drug abuse,

schi zophreni a, gastrointestinal disorders, grritable bowel syndrone, nenory
di sorders, cognitive dysfunction associmted with Al zheiner's disease,

Par ki nson' s di sease, Huntjngton' s chorea, schizophrenia, attention deficit
hyper acti ve dW@b?8%quﬂgﬂgﬂggagd€herative di seases characterized by

i npai red neuronal growth, or pain. RmXIAnother enbodi ment of the

i nvention provides a nethod for iquPm¥9@;g»\ tabilizing cognitive function
in a subject conprising adm nisteri®?y to thep %@ject a conpound descri bed
herei,g, particularly a conpound of Forjulas I-1V or a tautoner,

stereoi soner, or pharnmaceutically acceptable salt thereof. 30In another
embodi ment, tWeereBgnitive function is stabilized or inproved in a subject
is suffering flOREHAPRAGENI a. For therapeutic use, the

phar macol ogi ca] ly. active co nds .an f the Formulas I-1V w |
normal |y be aWh@%Wé %ﬁ%ﬂf05§n§%§ﬁgﬂﬁ&£@3?%@31 conposi tion conprising as the
(or an) essenkiale entfodingent, N ksedp@tectial grbaaaind teestguehreaqing thencbmpound of
assocgiat i ' . ' |} gui r Leal 9 | e carrier
and,Qgptfgﬁ%W4@ﬂ”@Pﬁ%L%ﬁ%%h%8gﬂ#%g§ﬁ?3ﬂ§%ce6%§@P%%5&%G§aﬁ?@£§§d exci pients
enpl oyi ng st andwecmhedimedh iienhdse iasodiuse hinargorate (NaGOs) and the reacting step is

2010/ 056 644RmE4 HSHOOLARB IS C. The pharnmaceutical conpositions of this
i nvention include suitable dosage forns for oral, parenteral (including
subcut aneous, intramuscular, intradermal and intravenous) bronchial or

nasal admnistration. Thus, if a solid carrier is used, the preparation nmay
be made into tablets, placed in a hard gelatin capsule in powder or pellet
form or inthe formof a troche or 5 |ozenge. The solid carrier may
contain conventional excipients such as binding agents, fillers, lubricants
used to make tablets, disintegrants, wetting agents and the |ike. The
tablet may, if desired, be filmcoated by conventional techniques. If a
liquid carrier is enployed, the preparatijgn may be in the formof a syrup,
emul sion, soft gelatin capsule, sterile vehicle for injection, an aqueous
or non-aqueous |iquid suspension, or may be a dry product for 10
reconstitution with water or other suitable vehicle before use. Liquid
preparations may contain conventional additives such as suspendi ng agents,
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30 dosage to be enployed (and the nunber of tinmes to be adm ni stered per
day is within the discretion of the physician, and may be varied by
titrati orwof2otsecdlesage to the particul ar circunst ances Pofi/uskéog/0638¢€nt i on

to produce the desired therapeutic effect. A suitabl e dose of a
conpound of any of the Forrmulas I-1V or pharmaceutical conposition thereof
for a manmal , including man, suffering from or likely to suffer from any

35 condition mandmscasipbetd)ftrenetemuérs tramramumtrther contiris&eprie peging @i @hipofifdom
about 0. 0 to 1 od arepteral adm ni strati on,

t he dose %r'a%'/rm (lirgr?yt'“?hagp Q&E?) W}ﬁiac P?(und O?E(lr%#t%ﬁ g body weight for

i ntravenous adninistratlon For oral adﬁtnlstratlon the dose may be WO
2010/ 056644PCT/ US2009/ 063816 i n the range about 0.1 .ng/kg to 5 ng/ kg body
wei ght. The active ingredient wll pPafepat'y be adnini stered in equal
doses fromone to four tines a day. er, usually a small dosage is

adm ni stered, and the dosage is gradual y b&ﬁreased until the opti mal
dosage for the host under treatne ned. S5However, it will be
under stood that the anount of the( actually adm nistered will be
determ ned by a physician, in the |ight of}¥he rel evant circunstances
including the condition to be treated, Ik he choi ce of conpound of be

adm ni st ghedin thé1go A88f EMLE 181 faﬁl,rgdnr stration, the age, weight, and
response of the individual patient, and the severity of the patient's
synptons. 10The anmount of the conpound of the present invention or a

phar maceut i calnloneactbepitrabl, éhessidt of reduting Bf-C{QEtawithrtbeicdmpduad of BorefufadEtis ve
for modubaldfida i thtrp 3G FY’* vl ﬁé'gb?%%tdlt[engdd' tion, invitro or in

Vi VO assays can o ona 0 rdentify optimal dosage
ranges. The pF‘é’é‘P e gRpeet qf@“ebeveglﬁw dpeRioeesh FEthgbeQRAFIEPRIPTEPRTNE @ GOBRPENCh T
adm ni st pAEdrAlia IE BE nEReEtnbiidh confiBusesirRuaNERs: of the condition being
treated, as well as various physical factors related to the 15 individual
bei ng treated, and can be deci ded accorging to the judgnment of a

heal t h-care practitioner. Equival ent doﬁages may be adm ni stered over
various tinme periods including, butR L+ﬂRted to, about every 2 hours,
about every 6 hours, about every 8 hourg; about every 12 hours, about every
24 hours, about every 36 hours, about eyery8 hours, about every 72 hours,
about every week, about every tmo ﬁf\jﬁﬁbﬁt every three weeks, about
every nonth, 20 and about every The nunber and frequency of
dosages correspondrng to a conpleted cRu of therapy will be determ ned
according to the judgnent of a health- care practrtroner The effective
dosadé ambermeins descri bed herein refer to total anounts adm nistered; that
is, if nore than one conpound of the present invention or a
pharnaceutlcall acceptabl e salt thereof is admnistered, the effective
dosage aﬁﬂ%Htgr%éﬁrespond to the total 25ampunt adninister ed. I n
one enbodi nent, the conpound of the present invention or a pharmaceutically
accept abl e sa h i Al - l,y: - W her

t herapeutic a@é"% 8%&9“néﬁ’?%Wkﬁgﬁéﬁgggfﬁgﬁg%kg&@%ﬁﬁ82$%PE%Q@%H%rT%?ﬁb an
ef f ect i vealgaiymen esrboq (Hdhigrddnd of the present invention or a

phar maceut i cajlanofecaptald heSlehtidn) €1i€RD, anftnaprebdLtilther@oRPmus brephring
30anqt her therapeek %E? g@{ Wi thin the sane conposition can be

admi P st 8cagpound of Fomyg1GAY; ve ampunts of the ot her therapeutic agents are
wel | known t o(a) hessetirgki 2, 8-eaitioanitidee with . sokiowe viéitrate | INaNOeld fofrh hian (2,B8e
skilled e m ne the other therapeutic agent's

opt i nmal g&# EQQVQmannuht&%x%agfgﬁée conpound of the present invention or a
phar maceut i cafb) gonseatiepthgisindrophenyl)dineaniunt cerprbund wity 8 lsempeund oaperotjadHagent
can act additively or, in 35 one enbodinent, synergistically. In one
embodi ment, of the invention, where andther therapeutic agent is

adm nistered to an animal, the effegtp@%laﬁmunt of the compound of the
present invention or a pharnaceuticarty,acceptable salt thereof is |ess
than its effective anmount WO 2010/ 0566¥4PCT/ US2009/ 063816 woul d be where
t he ot her therapeutic agent is not adnjpistered. In this case, w thout
bei ng bound by theory, it is believed at the conpound of the present

i nvedbi on or whebiatmamewouohdlFprade Episddyiredsal t t hereof and the ot her

t herapeutic agent act synergistically. In another aspect of the invention,
kits that include one or nore conpounds qgf the 5 invention are provided.
Representative kits include a 5-HT6 inhibitor conpound of the invention
(e.g., a conmpound of Formulas I-1V) and a package insert or other |abeling
including directions for treating a CNS di sease by adm ni stering an
effective anDunt of a conmpound of the pr esent |nvent|on The Schene shomn

- ~ 1. [T I T -~ - s 11 = I ~ 1. A~ I 1



NHACNH2 ,a, br,,,-L"." NO2 ¢, d (RB)m(R3)jf NO2NO2 12 3R a LN N2 (R3)m\O2
31le R7R7 NH21 N (R3)n, R4 9(R3) m 10 thereof. Reagents in each of the
st eps i ncwoae10/@e644INO3, H2504 b. NaOMe, MeOH c. NaNQO2, RCcOHS2049863816 CuBr d.
Boc- pi perazi ne, BINAP, Pd2(dba)3, Cs2CO3, toluene. e. H2/Pd-C 10% 5 EtOH
f. NaN3, DWVSO g. Boc-piperazine, Hunig's Base, DVSO h. R1C(CEt) 3,
nmontnorillonite KSF, toluene i. R5, R6, R7, R8, R9'" or Rw substituted

aryl -502a, Nain, on@MFnbbdimEEAthe@tﬁﬁfZeddM@ﬂS%it%aBﬂ@é with sdd2@rkiratbiaR QA 3,

T1sc  vePHTB DagsrsRePuLatlbrtR pee o8 e ERE LI Can e pr opar ed

vi a either nelhhote Angrodimenhothe Beontartian %e@anq:)lp@rfglfmadetrhdw Aresence of 2,2
N-(3-nit Begm@wm%sﬁ ifdL10e: o mﬁsnt rawﬂAafcor %srwbéngylﬂeﬁéafc%ﬁé)e.baaeruﬁpedur e

to give p dinitroanil'ine (2). ‘Subsequen conpound was converted to
2, 3- d?nlﬂ rG i BIb By e AL eﬁx@q}rﬁnﬁlt‘%“ﬂqn@e and copper brom de. The latter
i nt er rredl at e masoreeaghBstiiniérth BecC-2,3-Binopaindzi i8e prépadéd/ eby heeadersd r Ad3-

pr oduct nt.er ne ave .t he spondi ng aniline 6.
Al t er nat in\V8P nylg%cﬁgjgh(ﬁedwg] UG A @?@ﬁgp(gaulﬁﬂc ?%@Fé@ as an exanple from
comer ci al |y aeablhabéspe@,obtheiifvenimoiiis Nowerthe pecess further cérReprses preparing a

conpound .4, Bo?%jrln'dfé‘lé de and Boc- pi perazi ne gave internedi ate 5.
Subsequent @L{quctlon of g ound 5 led to the formation of product 6. The
benzilfi dazol e(@ geasting sodlum a2|de with 1,3-difluoro-2-nitrobenzene to form 1-azido-3-fluoro-2-

nitrobenzene; and

(b) contacting 1-azido-3-fluoro-2-nitrobenzene with a compound of Formula IH:

IH

wherein the compound of Formula IG is formed.

15 In one embodiment, the contacting step is performed in the presence of N,N-
diisopropylethylamine (DIPEA).

In one embodiment, any of the foregoing process steps are performed in a protic
solvent, an aprotic solvent, a polar solvent, a nonpolar solvent, a protic polar solvent, an aprotic
nonpolar solvent, or an aprotic polar solvent.

20 In one embodiment, any of the foregoing process steps comprises a purification step
comprising at least one of: filtration, extraction, chromatography, trituration, or recrystallization.

In another embodiment, any of the foregoing process steps comprises an analytical step
comprising liquid chromatography (LC), mass spectroscopy (MS), liquid chromatography/mass
spectroscopy (LC/MS), gas chromatography (GC), gas chromatography/mass spectroscopy

25 (GC/MS), nuclear magnetic resonance (NMR), thin layer chromatography (TLC), melting point
(MP) analysis, optical rotation (OR) or elemental analysis.

Representative "pharmaceutically acceptable salts”" include but are not limited to, e.g.,
water-soluble and water-insoluble salts, such as the acetate, aluminum, amsonate (4,4-
diaminostilbene-2,2-disulfonate), benzathine (N,N'-dibenzylethylenediamine), benzenesulfonate,

30 benzoate, bicarbonate, bismuth, bisulfate, bitartrate, borate, bromide, butyrate, calcium, calcium
edetate, camsylate (camphorsulfonate), carbonate, chloride, choline, citrate, clavulariate,
diethanolamine, dihydrochloride, diphosphate, edetate, edisylate (camphorsulfonate), esylate

(ethanesulfonate), ethylenediamine, fumarate, gluceptate (glucoheptonate), gluconate,

20



10 7 can be prepared under different conditions established in the
literature, such as heating conpound 6 in toluene in the presence of

nmont nor i IwWorntse@8F and triethyl orthoformate. The sul f @og/tusatoeonsdé at e 8
can be prepared fromthe reaction of conpound 7 with the appropriate
substituted aryl sulfone. Deprotection and subsequent reductive am nation
of conpound 8 with the appropriate al dehyde gave the desired conpounds of
For mul a bluckbhae nagiueelays, ctmxpmmmlmosphsteof rﬁwlmbramhtepamyduebmle@ar sicN'f rom
i nt er nedia urn ts fromt

with bi S%f Oee Yoo?able[t%?p)}/'epﬁél mlne y robromide, hé/gro]pﬁlg Ydro>ina rﬁtt a[rEdl at e 9
r ecogni zdaydrhm2 mtel?ﬁh&dmm&-a@mm@@ fiaglider iScthion attehérh mrhmetf‘@oeqyﬁ of

For mul as doeake 1ahidPRRY rH%?a%"‘lb&r?{' d0¥atBC RRBMARBneint, SmQBt)eéZ%%@lén%nQélateT

Formulas |-1V according to the present invention. 20 he
f ol | ofi ngeabyBingy i(heeRys!- (ﬁpg‘y@gé@)@eg'\é‘i'tﬁ')aﬂtﬁsh'%‘?e pofayli Bamider JBEHURiITEPt i ons:
QCSI l E _ aag;mﬁuﬁert? Irﬁuca&c_(abbsmieaclzﬁtatt)@: P&ﬁiﬁ?ylglﬁbéﬁﬁela&dmoglum salt, oleate, oxalate,

, 2' -bi s(di phen sphi no) - ' = a en n IS
L but oxy CAPARy PRERE TR Lo e BRPOD b e Bt COT sk (HMOBEMPeT | 5
a regi st ehegphate adierata, koohigaMétuiodatel petasdien,| popioDNE, p4oldgnisdionat hyalicyateam de
and DVEOg)dium 2ol SIdcstild Qb ifte, EidfAte §un%gémhls@egu%marbett%%ﬁea%%g@ aci d,

ESI and I% stan ectrospray lonization Ac I's et acet at e,

and BPoHtqoslatet (§=ghigro- 3[7?ﬁrh]yd@sl|3°: Hignettiyi-{ F-aHineaperione) yiskiosiide, éremathamme (2-
di et hyl agh@.2- dﬁw}bg/n%tr%sles p@pmddmwaqmtbeédwmrgam@, HPLC i s high-pressure

| i quid chromagogra acetonitril is nethanol, and M is
mas Spect r onStHY CORARNS MhhR Fiea oD LTt PasER Ao ThESS cgal cefters A
phosphat mebprfefsenedvemadm reludpd edchl )sepafatd erfantlasmérl ofoswacmmpmu@@aes Ovell Tdd- i s

tetrahyd
t et ranet h%{t g%té]zlegw%{}@% ’\Bk&?%gﬁm@{ﬁ Vi ny ?%{t% 3ﬁ£q\9\ﬁé@tdd§&t tnqe T eﬂt inin
sci nt'pl | aitVPfaﬂ@onV@xWﬁfltlyn aelges eS?htCﬁf@ In@tloweaShwalt as mlxtureSEa@'mfof Al Wg'réﬂ

f ol | ow ngiaRtddRdAc,C ARG ERRONRS fdrRs SENaIMtrlctafR0WRe dRRMEad, WHELR rheR]spbéfld'l m
is 0, and %)Ogl s Boc. The con‘Pounds andgor i nt er nedi ah%s were characterized

by LC maSEreoseerusiacer 5orRets o ik prrsiicallydpdicaters o 1t wal kagw Shthe |38 Wity a

Hew et t - Papl@r aptinallySactiype &irmhe naice rasviyt fesalotiocongfxraddomiolfortigi @@ Byl ntbebisimonm 100 X
3.0 m): 00% Acetonitrile in water, flowrate: 1.8

m./ mn rrgtfca}c{f?ctt'vesgtg&ﬁﬂnagegﬁ%e 200- 700. Nucl ear magnetl c W
20102056644PC Lﬁﬂ;fzd@@/msliavheeymln@em(qqm a gerabguaid of thespresent rentidn oh t he
compoundgnignidhtien BR MdantetiR IMRILiIfRLH HORBE PIGKY fsdid®, CA). The
spectral reference is either TM5 or the known chem cal "shift of the

sol vent . DSmmam@orrpound sanples are run at el evated terrperatures (e.qg., 75
O to pronot el ner ease it 5It houl d be u t ood t hat
Che or gant o cBifGRACE SelBMery® 64T i ohioein wi iy v &t R Hehbnenon
of taut omeentom unkesstthe cotexti lctad:at@t pihetvigees Invgereral, thla| ngyse of fcarcbantnamm&:an
only ZBepgga%Qrﬂtm ANfveRigrd fpeis RRSISH AL d &UL QIR )‘Eaﬁd) e thbtloﬁ%?%h%gpgr Iwuts

understood that the invention enconpasses ané torrerl orm e drawn
st ruct ur EsPRvend FaF e’ﬁﬂé’ﬂf’a@éﬁ?@rﬂ%@@teéﬁél ‘Ai-b¢ ¢apRINg frem( hio 6 carbon atoms.

102, 3- di mhé rcembh Inumercanuf |ﬁftl$@aéfﬁﬂ|of1§ A8l .(e?erSBtcdtérbérr BaﬁHRBéhél é@p@ér@dﬁ de
troa as

whi ch t
dosor | bedi e LGRSt Bebih Farbor abRRe Be She il s oh Sk afrhiorero o
stirringand ftelike Ohlessondieatéd ethedissuthé npimendatird of 2dBtitoki)ts dratlare(t enpliciilyc

(f U”Baﬂg) d@lﬁ{eg h%%m ér%jaﬁr v%%&@pr%rﬁq% ﬁ'&m'l%thtg’rl Y}‘Ptﬁe ?equﬁgl erntJf C@E&Bg%ﬁ)ﬂe

(12 In portions over xture was |rre
m nut es &"OWQCD by, therasipcemefupetigpalito trowass tag IPeRe @f @Baw t & gFAMPenpE at ur e

over onesmgurueatméq@mew&%éwm Ferfé+§ hedné @%@6&9 Ofalyit (e, @'eéﬂ%/l)ﬁ) m@d»L owt ol i d.

The resultin r col l ected ction ai ned was
i esor vatnalal] e Becioin Riis 16 monimEnday o LBiLie IBROTIRS I FOBHNTD & ¢
for 2 hopaternsitezey. rresthjfltsun@tdtecghlth galorowrddps, tvedgtiesy! \wesups fon lat g carbes hed

W tha,eth S pr See
Arnord ToeRy of BErBhlgRipah b haal SbddladtRLGTE IRl ot spffbeo o

M chael Battegs armraveh kgowrGoghe ellsthartisan gy ea@Bpmy belzgzglowswhe(nl TNUBO[PYP i ed
herein blﬂe&&fa?éoer/bﬁﬁ?)a nfPE eadurEREST RN SBHHAN3ESs Myl ﬁBed%U&hlEf #3p. 16;
MS (ES) mz 226. B. 2,3-dinitroaniline 25To a solution of

N- (2, 3-di nitrophenyl )acetam de (3.0 g) in nethanol (200 nL) was added

sodi um nmet hoxi de (72 ng). The stirred sol gtion was heated at reflux for 3
hours. Water was added to the solution (§ 0 nL) and the yellow solid
precipitate was collected and dried to give the desired product (2.27 g,
93% . Chem cal Fornula: C6H5N304 Mol ecul ar Weight: 183.12; M5 (ES) mz 184



WO 2010/ 056644PCT/ US2009/ 063816 Preparation of tert-butyl

4- (2, 3-di ni trophenyl ) pi perazi ne- 1-carboxyl ate (3) Conpound 3 can be

pr epar ed wocorudisag4t o schene bel ow 1- br ono- 2, 3- di ni PCOhS2®R/0638HA
solution of 2,3-dinitroaniline (2.27 g, 12.4 mol) in 35 nL of gl aci al
acetic acid was added dropwi se to a stirred and cool ed solution of sodium
nitrite (0.95 g, 13.8 mmol) in concentrated sulfuric acid (7 nmL.) while the

t enper at gx@nmmé, it BIEC L@AIKYl)dminovasy. e l-Csalidy) M5 -tRE CECqalkyegoasditdni beghes@g@bi um
sol ution ) {hen added over a five mnute period to a stirred solution of
copper Po% He 1.85 g, 12.9 mmol) in a mxture of HBr (48% (10 niL) and
water (10 ni) Acn@tih@aa eanpaung Befels 8Q re@ctingf the rcomheuraidaliat ¢eoter withe redgentitee was

cool ed t QHQQA att@r{g)(%rn%rr dh %c@@%f&g@ﬁj th@re‘ﬁ@%@ racl(v%% Jrbdp |s-gﬁﬁor{a'll§395nv9rrt&)en

powder was filtered fromthe solution and _dried in vacuum at room
t enpePat ift @9hET GLPEtRAGFOUR K ¢e P AR SEPS 1EMTRS & astivefing trlyseAglesreation o g,

999 . . Thiaga pair@&uedntewa@uumg fdlle@c!Jl!S),SI%ttﬁ)ﬂfahb@ﬂﬁérlemﬂhéMéldSlﬁeutgr(fdpl’lé b&iverted
pUI’I | CaEI on.

ld, L. Vi J. Og..Ch 1956, 21, 1188. 15
R omound e optigraly sgBefice Sorane; YsSBion, ;2 Pation'SrikgeRS 8t Syof goiter gas
mol ), NniBeterpatpargonenteOo@iongly fallo8ed hyreldyctioo @ themtogrdgriate afinosBogp, 4. 86

oL SNBSS e ko Bl e g

trls(dlbenz I deneacet one 0.111 g, 121 nmol ) in toluene
(12. 49 ) was AcbvliBg9REP rigf IQ[PkJPf‘*Eﬂt "Yrt?(l OWKLIP S, Ce‘T’@f IREFRAsHRGE eragply &t ®at and

the resi db’rﬂer\’\/afhlodlllﬁﬁime%nipI’és #0ailizetatn @Riubalﬂﬁlu&el@osﬁﬂshtuer\‘va&iﬁg ol drh

wat er, \{ sodi u sué)fai ered. Th di chl oro tbhane was
bvapor at B E B Peal e o f 8%3{88'@?%%%@ UHERRN]T: CE A UG PRGN o =
hexane/ enhgléophilie cadter {ridzap@fte Bt B4) dism@aggt \by mmoeodemuleeai syrsbdaattcaBal{l®oB7 g,
26%) . IVB I . wi g,
Jinu S. ﬁ@jvﬁg %Od%?% réégﬁr %LE%BQEU%E“ c%&% ?rf?r;v%@é?r? fgﬁwégg’%l%‘e"ﬁ IO'S.QBF
Buchwal dag e'%ﬁ?” Che subsiient @(}@@31128)}‘ lez8Ba -a3581 apie Ph@@troﬁowlﬁt eamationedfrd by

r ef er encegical me?&hgerSGGMPCT/ US2009/ 063816 Preparati on of conpound

et T DR e g L BEL 87! D ke 3 B Ll S compound
4- (2, 3- dcombinatiphetreyeqf pittaetieaizo the-phrenastieiyd tiraigh 3)caitenyl ifgstidnattg. Sactet hanol

(8.0 m) %s gs an FQ tsgta a?ed%ggﬁs%tu]rgté% Pqph%tlg %parrcm%gc E‘X&j ca‘%&?cry% oo? ﬂ?t%]rolwg {3 ure is

m xture
filté@Ped T’Oﬁﬁ@fh@hC@ELlthE’mt%@BrMb'mO@@t@ph'é)@ﬁW\eSa)f§|Q11C‘oa0yge§1r0tl@om<uw|ﬁ usi ng

di chl orom@w)a%e@ndoe%mlpw%&.r(owp$ errgrqe&b\,w A< ar‘mﬁe gsired

¥k
product as a |1 ght brown anmorphous. soli 79% (ES) mlz 293
10Pr epar Loveyracyl refess fo wk%;oups containing one to four carbons An acyl group can be

4- ( 3- azi desubstitited opdueitliep Witk bAg birRerd oCRE Riswing geup&)haBgen, Bi,N-, (C:-
Cealkyl)amino-, di(C4-Cealkyl)amino-, (C;-Cealkyl)C(O)N(C+-Czalkyl)-, (C4-

25  Cealkyl)carbonylamido-, HC(O)NH-, H,NC(O)-, (C4-Cealkyl)NHC(O)-, di(C+-Csalkyl)NC(O)-, -CN,
hydroxyl, C4-Cealkoxy-, C4-Cealkyl-, HO.C-, (C1-Cealkoxy)carbonyl- , C4-Cgsacyl--, Ce-Cuaaryl-, C4-
Cgheteroaryl-, or C3-Cscycloalkyl-.

"Alkenyl-" refer to a straight or branched chain unsaturated hydrocarbon containing at
least one double bond. Where E- and/or Z-isomers are possible, the term “alkenyl!” is intended

30 toinclude all such isomers. Examples of a Co-Cealkenyl- group include, but are not limited to,
ethylene, propylene, 1-butylene, 2-butylene, isobutylene, sec-butylene, 1-pentene, 2-pentene,
isopentene, penta-1,4-dien-1-yl, 1-hexene, 2-hexene, 3-hexene, and isohexene. An alkenyl-
group can be unsubstituted or substituted with one or more of the following groups: halogen,
H2N-, (C4-Cealkyl)amino-, di(C+-Cealkyl)amino-, (C4-Cealkyl)C(O)N(C+-Csalkyl)-, (C4-

35  Cealkyl)carbonylamido-, HC(O)NH-, HoNC(O)-, (C4-Cealkyl)NHC(O)-, di(C+-Cealkyl)NC(O)-, -CN,
hydroxyl, C4-Cealkoxy-, C4-Cealkyl-, HO.C-, (C1-Cealkoxy)carbonyl- , C4-Cgacyl--, Ce-C1aryl-, Cq-
Coheteroaryl-, and C;-Cscycloalkyl-.

22



Compound 5 can be prepared from conpound 4 according to the foll ow ng
schenme: 41 -Azido-3-fl uoro5 2-nitrobenzene WO

2010/ 05664 0RCIV03&2909/ 063816 Preparati on of PCT/US2009/063816

1- Azi do- 3-fl uoro- 2-ni trobenzene: NO2 N3 To a stirred solution of

2, 6-difluoronitrobenzene (2.0 g, 12.6 mmol) in DMSO (6.0 nL) at room
tenperature, was added sodium azide (0.82 g; 12.6 nmol). After 18 hours the
sol ution 5 wWagkoR@-U Fedls tathe gddP RAd- vitferé Rés arodikl| yaupras dEfeedemi. pi t at e,

5 *Sbop s BB o) BRI celR 550kt e ARl wilhy MiSEeYBe ™ (2 20
Hz, 1H): prbpzwy (dutoxy 28] B8itox5. 68 alkexy drbhp cav&e(tﬁsybsmutedmzumumr@pmhmeon of
conpoundoﬁmm cﬁlu%%lwgr@rbrarpslha@@deﬁ%Jérofxylue{@ea&owtm&b%zégﬁky(ﬁmﬁé g; 1.9

nmol ) erazi ne : g) and
N- Boc5p| 5&%@@ NqrMingr, €q-OpalkyhidORUE usadny) %&v'&arb&ﬁy'@o'de H&KONhour s.
V\hgn t{le HET@G(?)J Q- cwaikylwm(bﬁ 8i(C tcb@alkﬂww)omwm RaKs6d HOYEQ (@at er (50 ni)
an extracte | Nt O ni c i on r r
Nagson | By kAbOuty Graatre el amac S i RetuR Yk lah e B e | o
chr omat o@r-Spdmeidoadiryl- SGGH%akyl)sanngydlCameoarbnrﬁ'ﬂdmadrwﬁhybtdn@am The purified
product 5 is %%Ftr% t%%% EFo%gPog haﬂfna%e 28 highe BB ralRed Erdin, M Z

348. 2; Preparation o oun
4-(2 1@ dicaiHRinBe e 9%%@2[ ﬁfé:amboeéﬁwfﬂr graie ) Gloptdosrpeunay (e (Met hod
B): Boc @omN tb|1a (iNsived c4BoPAIME irbit. (18 HE3bse ke DB alfinlerib@TesigsaBAdamyIt N

0
o tni's aIus e Esh Pl biod A1 PoLpEa APt Se e e o our .
M xt ur e Csalkyil- gr@ups thctude chuty AreCel linviedtd, amdhye letiyhratapgl Byptlegkentm hexydl | i ca gel
g B T N T S S
293 15Wo QQ&W@‘B@GQQF&W#W@%V‘ 9%8’1’60@@6@@&]@@@9 196’(“% H@'OSP@ Nat®on of
tert-buty) alﬁkn)é%mBdeng chiinaningo(clldakdroinG-cylinhl per azine (7) from
compound ial%yl)&arbony?amdc? HC(O)NH-, HoNC(O)-, (C4-Cealkyl)NHC(O)-, di(C+-Cealkyl)NC(O)-, -CN,
hydroxyl, C4-Cealkoxy-, C4-Cealkyl-, HO,C-, (C-Cealkoxy)carbonyl- , C4-Cgacyl-, Ce-Cysaryl-, Ci-
Coheteroaryl-, C3-Cscycloalkyl-, C4-Cehaloalkyl-, C4-Csaminoalkyl-, (C4-Cealkyl)carboxy-, C;-
20  Cecarbonylamidoalkyl-, or OoN-.
“Alkynyl-" refers to a straight or branched chain unsaturated hydrocarbon containing at
least one triple bond. Examples of a Co-Cgalkynyl- group include, but are not limited to,
acetylene, propyne, 1-butyne, 2-butyne, isobutyne, sec-butyne, 1-pentyne, 2-pentyne,
isopentyne, penta-1,4-diyn-1-yl, 1-hexyne, 2-hexyne, 3-hexyne, and isohexyne. An alkynyl
25  group can be unsubstituted or substituted with one or more of the following groups: halogen,
H2N-, (C4-Cealkyl)amino-, di(C+-Cealkyl)amino-, (C4-Cealkyl)C(O)N(C+-Csalkyl)-, (C4-
Cealkyl)carbonylamido-, HC(O)NH-, H,NC(O)-, (C4-Cealkyl)NHC(O)-, di(C4-Cealkyl)NC(O)-, -CN,
hydroxyl, C4-Cealkoxy-, C4-Cealkyl-, HO,C-, (C-Cealkoxy)carbonyl- , C4-Cgacyl-, Ce-Cysaryl-, Ci-
Coheteroaryl-, and C;-Cscycloalkyl-.
30 “‘Amino” refers to the group HuN-.
Aryl- refers to an aromatic hydrocarbon group. Examples of an Ce-Ciaaryl- group
include, but are not limited to, phenyl, 1-naphthyl, 2-naphthyl, 3-biphen-1-yl, anthryl,
tetrahydronaphthyl, fluorenyl, indanyl, biphenylenyl, and acenaphthenyl. An aryl group can be
monocyclic or polycyclic as long as at least one ring is aromatic and the point of attachment is at
35 an aromatic carbon atom. An aryl group can be unsubstituted or substituted with one or more of
the following groups: C;-Csalkyl-, halogen, haloalkyl-, hydroxyl, hydroxyl(C,-Cealkyl)-, HoN-,
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Boc C To the phenylene diamne (6) is added triethyl orthoformte and
toluene followed by 17 5 ng of nontnorillonite KSF. The m xture is heated
at refl uxwovermisgdatt. The tol uene is evaporated and the PeTiUSe@9i063816
chromat ographed on silica using straight ethyl acetate to give the desired
product (7). General procedure for the preparation of tert-butyl

4-(2-al kyl-1-aryisul fonyl)-1H benzo[d]i m dazol -4-yl)pi perazine (8) from
conpound amirBakylC dR9;-C 88T ino-, HO.C-, Tncaam»yt)damn;af (@y-GdalxghdatboxeddigT -

unsubsti tut e tert o[d]im dazol 4- yl)pi perazi ne
(7) in5 ﬁikg?mﬂ?/l: &@c}dg% QGSE‘P'E%'% drloeglz(z 0 eq.) at 0 C. The resulting
suspension is (éltyl)alk)éﬂ reders tooamalkye omoep. e&sme&na‘d(ﬁbom) wiiereint @, or frord fwkadalky t he
addi ti ongRfrs WPGhhdnt&itls F?éve%%h'%ﬁdcéd’&v@rﬁja@éaﬂgré%ﬂl S iunh&hiRid d@s,- The mixture

is sti rred at foomtenperature until reaction s conpl eted as shown by
LC/ MSP TﬁeAA@d)?l!w'r BAiefies 'b%meé%nFch?nEWGFYM Rheoviefhy. %H@nw@%! BIPRBMEBPRVY was

separ at ed-pgheyRrbfie 1SedpHthl/ ety 2&ia§mth§ameﬂ‘hylldnamd I8, ARty IFHIkyR bli})d@lh pgacuum
WO 2010/ 056 4

P
Ponl ey 1. 47 Stav@%?%aﬁa%? itk 505 57 35 S OF ciPlhgropBS BRRS Bl Brarmady e (1)
f rom comio@edlkg)amifs Ri(Coshployhachir®-i (6+-Giatig OC(®Y(GrCeikghl @r-onet hane (CH2CA 2)
foll d t d at
Oy oo cadfioh s 92(2@)?&?@@@"3‘? LI Io@IC ot XEAIGNS R I e Bt
| OO oy BabrarI S CrallerimCr el HErRia Gk o hPBIoB ot e o Ch e B e
addi tion cg{et&@wu m3m&@ﬁ>ﬁlkylmo?lilfeh@6hﬁﬁﬁ clogantiRaky L qQ0,-ClatyhERnd§-, Ui t er ed

over a pgd og glan %he filtrate is reduced under vacuum'to gi ve the
desired ﬁ@éoﬁéé@ AUt “Ninere R2 i's other than H, to the mixture of the

free base natArcH$ disnagdi’ ohiCdSodisdndeneis iaglisedskedr disordet @ffedtide biyatigingfing?i0 tequi v. )
fol | oned QMraﬁ Iﬂgrvgﬁjsdk}s'te% Efe?a%g/' é”a\s%g% aFe%th(Yobgrl-ﬁhya E\}ltg%r(a]ffﬁgeg% )5 H:I‘l-he

reaction1s stirred 'ven IS evap ora e relduels
pur i f1Bed Meglulpticis h P@Hwﬁh@%r dispases i rgjsamies Hn@wtmémaw@ﬁ TBRHR{N OfenfERsPOg/) |

Er OfEdl]J_r e |fe‘95y trﬁ@rameeﬁ@gnﬁfvb QfsoRfers, sleep disorders, feeding dlsorders anorexia, bulimia,
al Ky

razin-1- | sul fonyl)-1H benzo[d]i m dazol e
2 Al el iphBek st Ll - defant st omi - b aRengsh drmgazol e
be prepabeg:hutfvednnrpamm resticateel dith achtoplklenig, jastbinestyen ersaldept odabiar@wel

desc“ bed rEﬁ8(§mé 'ﬁ?en%rf@é‘ér@é o%SQJva%OgR%&QQ%@sOrﬁ&Q %gh' i$e dyHfunBicRRRLd ikd

ound
b| s( éRAl omde tAmpE el R)dlsamenéDiDs ADHD; Regdtldsp LR2gs ﬁtﬂiﬁ@mQ(leﬁJt Bartinsel's éiseasdi um

bi car bong,giirg®nd &RaY sthizopREenfE, %isHten WRACRRRR LA dkSHbhel@BRRakNeE 20
(115 C oi| bath) overnight, The m xture was cool ed, f |tered through a pad

of Celi tQ'S?ﬁ\ﬂeérf&a’taﬁ@”ﬁdl by HPR2IrGE SepTRY aiPY Rt 8tF BABer vQE‘ﬁLﬁﬁea?‘ﬁeorc

resi due weerdptirasfused hemraamlmmﬂe@fhessybﬂp&ﬁn gehndtiterisehsk, tshen desi dogitive
product . dser% al so (L ti ¢ Bt thrgdol ogy provided in: W 2006/ 009734,
Villenm n®8P Ssass%ﬁﬁ? W € EMEHT cat i ons 1996 26 (15), 2895-2899; and
Marc@§ et al. Cymalksdﬁeejer@mo 4 9®hocyzc3Bjurated BE@GAarionmiogr Bemras@matiher ein by

ref erencglamedabagic, Q%c%;ﬂ%lkg/pl||l1c,qlYMenﬂ1t%wlllrﬂlt&ﬂgp&w@gr%pmcl%tﬂﬂar ed
according to the net
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. A cycloalkyl- can be unsubstituted or

independently substituted with one or more of the following groups: halogen, H:N-, (C;-
Cealkyl)amino-, di(C4-Cealkyl)amino-, (C;-Cealkyl)C(O)N(C+-Czalkyl)-, (C4-

30  Cealkyl)carbonylamido-, HC(O)NH-, HoNC(O)-, (C4-Csalkyl)NHC(O)-, di(C+-Cealkyl)NC(O)-, -CN,
hydroxyl, C4-Cealkoxy-, C4-Cealkyl-, HO,C-, (C1-Cealkoxy)carbonyl- , C4-Csacyl-, Ce-C1saryl-, Ci-
Cgheteroaryl-, or C3-Cscycloalkyl-, C,-Cghaloalkyl-, C4-Cgaminoalkyl-, (C4-Csalkyl)carboxy-, C4-
Cecarbonylamidoalkyl-, or O,N-. Additionally, each of any two hydrogen atoms on the same
carbon atom of the carbocyclic ring can be replaced by an oxygen atom to form an oxo (=0)

35  substituent or the two hydrogen atoms can be replaced by an alkylenedioxy group so that the
alkylenedioxy group, when taken together with the carbon atom to which it is attached, form a 5-

to 7-membered heterocycle- containing two oxygen atoms.
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descri bed above. WD 2010/ 056644PCT/ US2009/ 063816 Exanpl e 1:

4- (4- met hyl pi perazin-1-y1)-1-(napht hal en- 1-yl sul fonyl) - 1H benzo[ d] i m dazol e
Thi s conpwondiovasedpr epar ed as descri bed above; M5 (ES) m®CT/U$000906381dH NVR
(400 MHz, chloroformd) .3 ppm2.44 (s, 3 H 2.71 - 2.81 (m 4 H 3.51 -
3.59 (m 4 H 6.67 (dd, J=7.8, 5 1.3 Hz, 1 H 7.15 - 7.25 (m 1 H 7.56 -
7.65 (m 2 H 7.65- 7.70(m 1 H 7.89 - 7.94 (m 1 H 8.12 - 8.17 (m
J=8.4 HZ 1 H)Cy8|oélQer(yddr,efeJ§t3.r5n-aﬂon@atibilarb&c>ldlic g8 4vith ®ne dr hhreBabonfedd, J=8. 7,
0.8 Hz . .

1- (naphtﬁ F%” o %”ﬁ?w"h"i jhefng SYSEP a2 M- S9Ae HMBL RS 8P BPICANE 8L BPEPEN)
10Thi s comwpieingd Msrlrmr%rpetn@amse@b@é)sldgadbmﬂusabm@stru@rQsF_Sxamblgs3933-13 1H NWR
54204':\?'%&0@2@@”@@% %rgu&qml&ie?Qut ar@ncﬁﬁmﬁé@ to’ C)JE‘)opro? ré/(?cyclg’m%y%m ‘2" II:?); :; 2673
7.75 (ﬁycI@e nylﬁyylghexeyyleﬁﬁ ﬁ?talg q_yl ar‘gﬂ cygo?c(pny\]-ﬁycwlogyenyj_c%be 8. 41 (d

i{) =8. g g%u?éubbﬂtuteS obifddpdbdendly Sulsstitutbd Avithzone br bie df tHeSollctlehg glsubsdhaldgeh, Hz, 1

D { phemgl o (G R SR amino- (G Gl BE NG Sl € wo

28%%0566@8&@0@@8&@9@1@6&8@?NH , H2NC({Mhi, SCe-Criial) NEHC(@)s, Qﬂﬂeﬁml@ﬂNﬁf)ﬁescgilb((a%
Z H N(ﬁé)ro%%: %ﬁk&xﬁ) CA géglgﬁ ﬂéQQ &;H%) ﬁz%\@fl& Et%)“%' g:l B%?P é-c a?yr- 9
42 1(3d CJ£7heéerParyl Pr Ay-Crevelpalkyl-, CJQ?heﬂPaHzl &- %mmoalsyl( (@ @"(Yl)cgrboxyz H, 1

;') 8t ﬁll € -&eéaﬁb&%m%obﬂ(yls of B,N-bAdditfonallyl edibh o afyPtwboshydrbgéh atoE¥A Y @nf:
nmet ny

1- vl sul 1) - 4- “1-y1- 1H d | e
This conf %aéfaa@?vp R B akera s S B s bk i Op AP PG B T R
(400 MHz suliskfséntds thedo ppdro@encortis maB bédjeplaZed By an @k¥éheflivky grotf) so BatdBe - 3 49

( m 4 H) Blg%?ge%lo\fxéro%ﬁ,'_\éﬁ’@n t%s;_i)togf%87 tlg gTe c%Fb%E%g)th V\é‘l %li_é Zﬂ%ﬁﬁé tforgT]a7%
J 7 85HZto rmegnbed hete(agyclg emtq_mptholoxygen gopy (d, J=7.1 Hz, 8. 33 (d
J=7.8 Hz, 1 H)De Btdtlind Feferst8-rémblal ofla H)otecﬁ?f@@%'u SUch as removal of a benzyl or

compound ngsé“’rBﬁnZ cHPd 38 Hhe %@EﬁéﬁééM‘W%f@g%’e%”mzyé%ﬁ%z%ﬁq@dmm #400 15
M—IZ DVE@ad6nts capghemofZemdvifg proBeciig gduBsl n Ref@bed pmbdditnints, 3h@ deprof@cidiy (m 5
; 673 gg éeg m&o‘[\?es a%ﬂon o{:ga %cd}g aiste’ r%d'ugmi %\:%e’nt o{glzln% g% t( Crifeat‘; cg %nygz
|-|) . 200 go]mb)nm@eghmmmgm@‘gm@g@gmgd of removing BOC groups from amlno groups is to
add HCI or TFA to a solution. Many deprotecting reactions are well known in the art and are

\‘

described in Protective Groups in Organic Synthesis, Greene and Wuts, John Wiley & Sons,
New York, NY, (3" Edition, 1999), the entire disclosure of which is herein incorporated by
reference.

25 “Protecting group” or “G,” with respect to amine groups, hydroxyl groups and sulfhydryl
groups refers to forms of these functionalities which are protected from undesirable reaction
with a protecting group known to those skilled in the art, such as those set forth in Protective
Groups in Organic Synthesis, Greene, T.W.; Wuts, P. G. M., John Wiley & Sons, New York, NY,
(3rd Edition, 1999), the entire disclosure of which is herein incorporated by reference, which

30  protecting groups can be added or removed using the procedures set forth therein. Examples
of protected hydroxyl groups include, but are not limited to, silyl ethers such as those obtained
by reaction of a hydroxyl group with a reagent such as, but not limited to, t-butyldimethyl-
chlorosilane, trimethylchlorosilane, triisopropylchlorosilane, triethylchlorosilane; substituted
methyl and ethyl ethers such as, but not limited to methoxymethyl ether, methylthiomethyl ether,

35 benzyloxymethyl ether, t-butoxymethyl ether, 2-methoxyethoxymethyl ether, tetrahydropyranyl
ethers, 1-ethoxyethyl ether, allyl ether, benzyl ether; esters such as, but not limited to,

benzoylformate, formate, acetate, trichloroacetate, and trifluoroacetate. Examples of protected

25



Exampl e 6: 2-ethyl -1-(phenyl sul fonyl)-4-pi perazin-1-yl-1H benzi m dazol e CN)
Thi s conpound was prepared as descri bed above: M5 (ES) mz 371.1; 1H NWMR
(400 MHz,wONBO/E6g44cS5 ppm 1.30 (t, J=7.3 Hz, 3 H); 2. 78PcC2/UB4000/063846 H) ;
3.13 (q, J=7.3 Hz, 2 H,; 53.22 - 3.31 (m 5 H); 6.63 (d, J=7.3 Hz, 1 H);
7.14 (t, J=8.2 Hz, 1 H); 7.35 (dd, J=8.1, 0.7 Hz, 1 H,; 7.56 - 7.62 (m 2
H; 7.69 - 7.74 (m 1 H); 7.94 - 7.97 (m 2 H. Exanple 7:

4- (4- et hympieparoags Nadudel )bul -dr henyinstet f on\ah)idesHslenas, mfodidziaide, BdmidEN s

COWPOU”dt&\?@%r)OQC a ed g}fg%sf%%bcg%gmﬁzes %9;§ C(ES%]%S Su?B%%pJIH?I%Eﬁd%M? %400 10
(d, J=11C0zHMB2 bH)lZyl Jarg4dithipsudeirihid®; ead ofherd). ; Exa@Rleg (bf pJotgcted tr, capped) ;

; :;é (t ’7S%If1h§dr}| d'r’éups]mchade But%?‘e 1(161 I|m~|-Jte‘c7to‘j th*'(?ethe;s é't')ch aé: SGJeé& I6h|Jeﬂ7erlaHdzs 4%0H)22
(s, 1-5H) picoly g}lﬁﬂt@t%substltuted S- methyl (derlvatlves such as hel_n|1)|th|o dlthlo(and amm)ofhlo

2- butyl bedtpbemdlomigrd onyl) - 4- pi perazi n- 1-y1- 1H benzi m dazol e CN) 15 WO
2010/ 056644P $2009/ 0638 conpou repared as descri bed
Zbove: NS (Egua#y 57 3908 MiErs g oAb LS. TERES GEPOCB pom 0.9 (17 4
Hz, 3 H); 1. 36laloakyld8eferstoanid)kyl gtouplas deffinB@ alfave, \th-rgln ofe 8lmeref®% (m 2 H);
314(t’h h dt wf(h%ﬁ Maror ) fath ft?o S H,; 6.67
(d. J=8 ;Jcizége J_%&slza?@egnsep?cgd & r2or ag’ %ﬁ)jlu nsc%n(b@, 7 61 - 7.67
(m je7. S‘deﬁef@eﬂb’se@CW R?P¢$matsqewm?ﬁOffnlcbﬂ'ce"fa'%‘ﬂ'98’”@0”%%? but ppe.

Exanpl e Qét limited to, -CH,F, -CCls, -CF3, CH,CFs3, -CH,Cl, -CH,CH,Br, -CH,CHal, -CH,CH,CH.F, -

G P e el P R - o T o ©

NI\/R ( 400 CM:2H,BVER,GHE), -CB,QhiENQH ICKIAH(GI)EHCHR, -CH(F)CR@%: - 4 H); 2. 69 (s,

(m 4 H; 6.69 (dd, 10 J=8.1, 0.7 Hz, 1 H); 7.16 (t,
J81Hz%?ciHﬁ—f)%Cﬁél:|27 dd, J=8.3, 0.7 Hz, 1 H: 7.66 - 7.73 (m 2 H); 7.74-

7.791m 1 H;: Hegarq_atomgrep@ prﬁsuj[urmltrogpnzg Queen Pem. 6, 1.0 Hz, 1 H); 8.31
-8.34 (M J=74fakday” ok “Hylirox: r%ieré%the]gr%up?HUZ 1 H). Exanple 10:
1-[ (4-chl oroph sul fonyl] - 4- pi per azi n- nzi_m _dazol e
15Thi s corrpouﬁ\g’d@é’zngprs r&%iepé%r ?ig%'e’r i"BE E’bﬁf\ffét'”wﬁ & Eﬁ)‘b'tr‘?f‘zorS?tO\%at'OTH NVR
(400 processes or signaling events associated with the 5-HT; receptor. Specifically, inhibition of 5-
HTs increases levels of acetylcholine and glutamate in the brain, whereas 5-HTg receptor
20  agonism or stimulation results in increased cellular cAMP.

“Nitro” refers to the group O,N-.

“‘Oxo” refers to the atom (=0). As an activating group, ‘0x0’ groups are amenable to
reductive amination by nucleophilic amine groups to form alkylamino or aminoalkyl substituents.
Preferably, the reductive amination step takes place in the presence of a boron-containing

25 reducing agent.

“Stereoisomer” or “stereocisomers” refer to compounds that differ in the chirality or atomic
connectivity at one or more stereocenters. Stereoisomers include enantiomers, diastereomers,
as well as cis-trans (E/Z) isomerism.

A "subject" or “patient” is a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat,

30 horse, cow, pig, or non-human primate, such as a monkey, chimpanzee, baboon or gorilla.

“Tautomer” refers to alternate forms of a compound that differ in the position of a proton,
such as enol-keto or imine-enamine tautomers.

“Treating” or “treatment” of a disease in a subject refers to: inhibiting the disease or
arresting its development; ameliorating a symptom of the disease; or causing regression of the

35 disease. Accordingly, “treatment of Alzheimer's disease” as used herein encompasses
amelioration of symptoms associated with Alzheimer's disease, such as the amelioration of

Alzheimer’s-related dementia or treatment of the cognitive dysfunction associated with

26



MHz, DMSO-d6) ¢5 ppm2.82 - 2.87 (m 4 H; 3.33 - 3.37 (m 5 H; 6.70 (dd,
J=7.7, 1.1 Hz, 1 H); 7.25 (t, J=7.9 Hz, 1 H); 7.28 -7.31 (m 1 H); 7.74
(dt, J=9.\ap2m0ms566a4 2 H); 8.14 (dt, J=9.1, 2.5 Hz, 2 H) PC8/URR000»e3816 H). WO
2010/ 056644PCT/ US2009/ 063816 Exanpl e 11:

1-[ (2-chl orophenyl ) sul f onyl] - 4- pi perazi n-1-y1-1H benzi m dazol e cJ

Thi s conmpound was prepared as descri bed above: M5 (ES) mz 377.1; 1H NMR
(400 MHz AlIZbbibber sl Giseare. PattichaBd “trea2mBft of BThizbphieniaSindbdes |81p4>4|n(;mst’éb|h-b|ng 6. 69
fd7 ‘;58 ( ﬁ?gh%ivgb}unl_%dnﬁd an%?édflrtg‘r]ﬁogilg‘ﬁ mfpglrrH!%_gt(aas maZed?N@ scﬁlz%o%lg?zmd ; ! 8.7-728
(s, 1 H). Exanhd ternl 2ptionally substituted”, unless otherwise specified, as used hereln means that
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: 5 2 .Hz, 7.95 - 8.00
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and excipients employing standard and conventional techniques.
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where L is the nMconcentration of the radioactive |ligand used and the Kd
I's the dissociation constant of the ligand for the receptor. The Kd for

[ H - LSD iwotzh®/SRA4bi nding format is -3 nM 25Ref er ri ng PCo/ush@omsmsnpl es
that follow, conpounds of the present invention were synthesized using the
met hods descri bed herein, or other nethods, which are known in the art. The
conpounds in the Table 1 were prepared as descri bed above and screened for
5- HT6 bi ndi ngTiec bharmbyeusicl aodhipbgtidng df htkis arlmm&orBinOIh@gisaiaibleﬁsmye forhaltbe 1
5(4_8%?? &abeglfeggl %@E&iggps%gb?_uépg%gﬁﬁa %scul%gyr:&rsag%% | apcj |n8r'a_¥enous) bronchial
benzo[ d] emhakser eteinikb@tion5 DhusQ@4a Bolid-carrer-i§ jueeddithe pygpd@tion may be made into

39% nighg %liegg; pgacﬁ\l m& h%sqe)anﬁca;(smenﬁ %Hé} of p)éile)t4'fc;rH‘ obmﬁ@Eo@&ﬂldma%%Qé Br
benzoFd] W’éﬂ?onh@ solid carrier may contaln conventlonaP/exc;lplents sucrﬁ)gg %%hlﬂé azggntg fillers,

lubricants used to make tablets, disintegrants, wetting agents and the like. The tablet may, if
desired, be fiim coated by conventional techniques. If a liquid carrier is employed, the
preparation may be in the form of a syrup, emulsion, soft gelatin capsule, sterile vehicle for
injection, an aqueous or non-aqueous liquid suspension, or may be a dry product for
10  reconstitution with water or other suitable vehicle before use. Liquid preparations may contain
conventional additives such as suspending agents, emulsifying agents, wetting agents, non-
aqueous vehicle (including edible oils), preservatives, as well as flavoring and/or coloring
agents. For parenteral administration, a vehicle normally will comprise sterile water, at least in
large part, although saline solutions, glucose solutions and like may be utilized. Injectable
15  suspensions also may be used, in which case conventional suspending agents may be
employed. Conventional preservatives, buffering agents and the like also may be added to the
parenteral dosage forms. Particularly useful is the administration of a compound of any of the
Formulas I-IV directly in parenteral formulations. The pharmaceutical compositions are
prepared by conventional techniques appropriate to the desired preparation containing
20  appropriate amounts of the active ingredient, that is, the compound of any of the Formulas I-IV
according to the invention. See, for example, Remington: The Science and Practice of
Pharmacy, 20th Edition. Baltimore, MD: Lippincott Williams & Wilkins, 2000.
The dosage of the compounds of any of the Formulas I-IV to achieve a therapeutic effect
will depend not only on such factors as the age, weight and sex of the patient and mode of
25 administration, but also on the degree of potassium channel activating activity desired and the
potency of the particular compound being utilized for the particular disorder of disease
concerned. It is also contemplated that the treatment and dosage of the particular compound
may be administered in unit dosage form and that one skilled in the art would adjust the unit
dosage form accordingly to reflect the relative level of activity. The decision as to the particular
30 dosage to be employed (and the number of times to be administered per day is within the
discretion of the physician, and may be varied by titration of the dosage to the particular
circumstances of this invention to produce the desired therapeutic effect.
A suitable dose of a compound of any of the Formulas I-IV or pharmaceutical
composition thereof for a mammal, including man, suffering from, or likely to suffer from any
35  condition as described herein is an amount of active ingredient from about 0.01 .mg/kg to 10
mg/kg body weight. For parenteral administration, the dose may be in the range of 0.1 .mg/kg

to 1 mg/kg body weight for intravenous administration. For oral administration, the dose may be
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4- (4- et hyl pi perazin-1-yl)-1- (phenyl sul fonyl)-1H benzim dazole 371.1 0. 394
in the range about 0.1 .mg/kg to 5 mg/kg body weight. The active ingredient will preferably be

administered in equal doses from one to four times a day. However, usually a small dosage is
administered, and the dosage is gradually increased until the optimal dosage for the host under
treatment is determined.

5 However, it will be understood that the amount of the compound actually administered
will be determined by a physician, in the light of the relevant circumstances including the
condition to be treated, the choice of compound of be administered, the chosen route of
administration, the age, weight, and response of the individual patient, and the severity of the
patient's symptoms.

10 The amount of the compound of the present invention or a pharmaceutically acceptable
salts thereof is an amount that is effective for modulating 5-HT; activity in a subject. In addition,
in vitro or in vivo assays can optionally be employed to help identify optimal dosage ranges.
The precise dose to be employed can also depend on the route of administration, the condition,
the seriousness of the condition being treated, as well as various physical factors related to the

15 individual being treated, and can be decided according to the judgment of a health-care
practitioner. Equivalent dosages may be administered over various time periods including, but
not limited to, about every 2 hours, about every 6 hours, about every 8 hours, about every 12
hours, about every 24 hours, about every 36 hours, about every 48 hours, about every 72
hours, about every week, about every two weeks, about every three weeks, about every month,

20 and about every two months. The number and frequency of dosages corresponding to a
completed course of therapy will be determined according to the judgment of a health-care
practitioner.  The effective dosage amounts described herein refer to total amounts
administered; that is, if more than one compound of the present invention or a pharmaceutically
acceptable salt thereof is administered, the effective dosage amounts correspond to the total

25  amount administered.

In one embodiment, the compound of the present invention or a pharmaceutically
acceptable salt thereof is administered concurrently with another therapeutic agent.

In one embodiment, a composition comprising an effective amount of a compound of the
present invention or a pharmaceutically acceptable salt thereof and an effective amount of

30 another therapeutic agent within the same composition can be administered.

Effective amounts of the other therapeutic agents are well known to those skilled in the
art. However, it is well within the skilled artisan's purview to determine the other therapeutic
agent's optimal effective amount range. The compound of the present invention or a
pharmaceutically acceptable salt thereof and the other therapeutic agent can act additively or, in

35 one embodiment, synergistically. In one embodiment, of the invention, where another
therapeutic agent is administered to an animal, the effective amount of the compound of the

present invention or a pharmaceutically acceptable salt thereof is less than its effective amount
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1-[ (4-chl orophenyl ) sul fonyl F 4-pi perazi n-1-y1-1H benzi m dazole 377.1 1. 32
11

would be where the other therapeutic agent is not administered. In this case, without being
bound by theory, it is believed that the compound of the present invention or a pharmaceutically
acceptable salt thereof and the other therapeutic agent act synergistically.
In another aspect of the invention, kits that include one or more compounds of the
5 invention are provided. Representative kits include a 5-HT inhibitor compound of the invention
(e.g., a compound of Formulas I-IV) and a package insert or other labeling including directions
for treating a CNS disease by administering an effective amount of a compound of the present
invention.
The Scheme shown in Scheme 1 below, and the Preparations following the Scheme
10 describe the procedures used to synthesize the compounds of the present invention.
Reasonable variations of the described procedures, which would be evident to one skilled in the
art, are intended to be within the scope of the present invention.
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e% a Scheme 1

Scheme 1 describes the preparation of compounds of Formula | and intermediates

b Ge
Method A ]&N
L lRIa
p
NHAc NH, N
S a,b N02 C,d > N02
3 N —_— R3 I —_— (RS) _
(R )m | — ( )m | = m |l P>
NO N02 N02
1 2 3
le
Method B .P R{SIP
1b <
N ¢ [ NBLE
F r b & . N _r
3 S Ny
(R )m_'/ Rg) (R3) | Method C
RN Z NH,
4 5 6
2
1b IIEI
G R\\ &\Q
b 5P . l la
R\N\ i L ik o or
L jRIa [ —_— N
N 3 \ 4 3 | A N\ 4
N @), >—R Rz L DR
(SIS A
m L Ay 3 so2 1 S0,
7 H R? R R R’
R® R® R® R®
R’ R7
‘ i
Method D

b R2
NH, !
I \[Nl Rla
S

N,
Rz J >RE — N

“ N
N
9 3 | \) R4
®R m—@rN*

H
10

thereof. Reagents in each of the steps include: a. HNO3;, H,SO,4 b. NaOMe, MeOH ¢. NaNO»,
AcOH, H,S0O4, CuBr d. Boc-piperazine, BINAP, Pdx(dba)s, Cs,COs, toluene. e. Hy/Pd-C 10%,
5 EtOH f. NaN;, DMSO g. Boc-piperazine, Hunig's Base, DMSO h. R'C(OEt)s, montmorillonite

KSF, toluene i.

R% R% R’, R% R® or R'"-substituted aryl-SO,CI, NaH, DMF j.

TFA, CHCI,

(when Gp = Boc) k. R?CHO, NaBH(OAc)s, 1,2-dichloroethane I. bis(2-chloroethyl)-alkylamine,

NaHCOj;, 1-butanol, 115°C.
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1-[ (2-chl orophenyl ) sul fonyl] - 2-nethyl - 4- pi perazi n-1-yl-1H benzi m dazol e
391.1 0.99 16 4.40 e% 1-[(3-chl orophenyl ) sul fonyl]-

2- met hyl -wWopbparsesitn- 1-y1- 1H benzi m dazol e 391.1 0. 99 PLT/USR009/0638%6

1-[ (4-chl orophenyl)sul fonyl] 2-methyl-4-piperazin-1-yl1-1H benzi m dazol e
391.1 6.00 Ex. Structure Nane M5 (ES) mz 5-HT6 binding Ki (nM 18
2-nmet hyl - 1-[ (3- net hyl phenyl ) sul fonyl]-4- piperazin-1-yl-1H benzi m dazol e
371.1 1.3 19 Compounds 6 can be prepared via either method A or method B. In an example of

method A, N-(3-nitrophenyl)acetamide was nitrated according to a literature procedure to give

2,3-dinitroaniline (2). Subsequently, compound 2 was converted to 2,3-dinitrobromobenzene

with sodium nitrite and copper bromide. The latter intermediate was reacted with Boc-

5 piperazine to give the desired product 3. Reduction of intermediate 3 gave the corresponding

aniline 6. Alternatively, compound 6 can be prepared in two steps, as an example from
commercially available 2,6-difluoronitrobenzene.

Reaction of compound 4 with sodium azide and Boc-piperazine gave intermediate 5.

Subsequent reduction of compound 5 led to the formation of product 6. The benzimidazole core

10 7 can be prepared under different conditions established in the literature, such as heating

compound 6 in toluene in the presence of montmorillonite KSF and triethyl orthoformate. The

sulfone intermediate 8 can be prepared from the reaction of compound 7 with the appropriate

substituted aryl sulfone. Deprotection and subsequent reductive amination of compound 8 with

the appropriate aldehyde gave the desired compounds of Formula I. Alternatively, compounds

15  of Formula | can be prepared from intermediate 10, which in turn results from the reaction of
intermediate 9 with bis(2-chloroethyl)alkylamine.

One of skill in the art will recognize that Scheme 1 can be adapted to produce the other

compounds of Formulas I-IV and pharmaceutically acceptable salts of compounds of Formulas

I-IV according to the present invention.

20 EXAMPLES
The following abbreviations are used herein and have the indicated definitions: ACN is

acetonitrile, AcOH is acetic acid, BINAP is 2,2"-bis(diphenylphosphino)-1,1"-binaphthalene, and
BOC is t-butoxycarbonyl. Celite™ is flux-calcined diatomaceous earth. Celite™ is a registered
trademark of World Minerals Inc. DMF is N,N-dimethylformamide and DMSO is

25 dimethylsulfoxide. EDTA is ethylenediaminetetraacetic acid, ESI and ES both stand for
Electrospray lonization, EtOAc is ethyl acetate, and EtOH is ethanol. [*H]-LSD is tritium-labeled
lysergic acid diethylamide, Hunig’s Base is diisopropylethylamine, HPLC is high-pressure liquid
chromatography, MeCN is acetonitrile, MeOH is methanol, and MS is mass spectrometry. NMR
is nuclear magnetic resonance, PBS is phosphate-buffered saline (pH 7.4), TFA is trifluoroacetic

30 acid, THF is tetrahydrofuran, TLC is thin-layer chromatography and TMS is tetramethylsilane.
PVT WGA SPA is polyvinyltoluidene wheat germ agglutinin scintillation proximity assay,

Synthetic Methods
Each of the following methods corresponds to Scheme 1 shown above, wherein R' is H,
m is 0, and Gp is Boc. The compounds and/or intermediates were characterized by LC mass
35 spectrometric analysis performed on an Agilent HPLC and a Hewlett-Packard mess
spectrometer with an Onyx Monolithic C18 Column (100 X 3.0 mm): solvent system: 10-100%
Acetonitrile in water, flow rate: 1.8 mL/min, molecular weight range 200-700. Nuclear magnetic
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1-[ (3-fluorophenyl)sul fonyl]-4- piperazin-1-yl-1H benzi m dazole 361.1 1.5
23 0 0 0 1-(2-napht hyl sul fonyl)-4- piperazin-1-yl-1H benzi m dazole 393.1
10. 6 resonance (NMR) analysis was performed on the compounds with a 400 MHz Varian NMR

instrument (Palo Alto, CA). The spectral reference is either TMS or the known chemical shift of
the solvent. Some compound samples are run at elevated temperatures (e.g., 75 °C) to
promote increased sample solubility.

5 It should be understood that the organic compounds according to the invention may
exhibit the phenomenon of tautomerism. As the chemical structures within this specification can
only represent one of the possible tautomeric forms, it should be understood that the invention

encompasses any tautomeric form of the drawn structure.

Method A: Preparation of 2,3-dinitroaniline (2)
10 2,3-dinitroaniline can be prepared from N-(2,3-dinitrophenyl)acetamide, which in turn is

prepared from the commercial material 3-nitroacetamide as described in the scheme below:

NHAc NHAc NH,
N02 N02 ) NOZ
3-Nitroacetamide N-(2,3-dinitrophenyl)
acetamide 2,3-dinitroanilne

A. N-(2,3-dinitrophenyl)acetamide:
To a stirring mixture of concentrated sulfuric acid (216 mL) and 90% nitric (fuming) acid
15 (216 mL) cooled at -3 °C, was added 3-nitroacetanilide (12.0 g) in portions over 20 minutes.
The mixture was stirred for 30 minutes at —10 °C. Then the reaction was allowed to warm to
room temperature over one hour and poured over crushed ice (600 mL) to give a yellow solid.
The resulting precipitate was collected by suction. The solid obtained was dissolved in boiling
ethanol (125 mL) and this solution was allowed to sit for 2 hours. The resulting light-yellow
20 needles were filtered, washed with ethanol and air dried to give the desired product (3.1 g,
21%). See Arnold T. Nielsen, Ronald L. Atkins, William P. Norris, Clifford L. Coon, Michael E.
Sitzmann J. Org. Chem.; 1980; 45(12); 2341-2347 (incorporated herein by reference).
Chemical Formula: CgH;N3;Os Molecular Weight: 225.16; MS (ES) m/z 226.

B. 2,3-dinitroaniline

25 To a solution of N-(2,3-dinitrophenyl)acetamide (3.0 g) in methanol (200 mL) was added
sodium methoxide (72 mg). The stirred solution was heated at reflux for 3 hours. Water was
added to the solution (300 mL) and the yellow solid precipitate was collected and dried to give
the desired product (2.27 g, 93%). Chemical Formula: CgHsN3;O, Molecular Weight: 183.12;
MS (ES) m/z 184
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1-[ (3-fluorophenyl)sul fonyl] -2- nethyl -4-pi perazin-1-y1l-1H benzi m dazol e
375.1 1.7

Preparation of tert-butyl 4-(2,3-dinitrophenyl)piperazine-1-carboxylate (3)
Compound 3 can be prepared according to scheme below:

Elioc
)
NH, Br N
N02 NOZ N02
2 3
1-bromo-2,3-dinitrobenzene
5 A solution of 2,3-dinitroaniline (2.27 g, 12.4 mmol) in 35 mL of glacial acetic acid was

added dropwise to a stirred and cooled solution of sodium nitrite (0.95 g, 13.8 mmol) in
concentrated sulfuric acid (7 mL) while the temperature of the reaction was held at 15-20 °C.
The resulting diazonium solution was then added over a five minute period to a stirred solution
of copper bromide (1.85 g, 12.9 mmol) in a mixture of HBr (48%) (10 mL) and water (10 mL)

10  heated at 75 °C-80 °C. After the addition, the mixture was cooled to room temperature and
added to water (500 mL). The light-green powder was filtered from the solution and dried in
vacuum at room temperature to give the desired product 1-bromo-2,3-dinitrobenzene (3.0 g,
99%). This product was used in subsequent reaction without further purification. See, Donald
L. Vivian J. Org. Chem. 1956, 21, 1188.

15 Compound 3
A mixture of 1-bromo-2,3-dinitrobenzene (1.0 g, 4.05 mmol), N-Boc-piperazine (0.90 g,
4.86 mmol), cesium carbonate (1.58 g, 4.86 mmol), BINAP (0.113 g, 0.182 mmol), and
tris(dibenzylideneacetone)dipalladium (0.111 g, 0.121 mmol) in toluene (12.0 mL) was heated
at reflux for four hours. Toluene was evaporated and the residue was dissolved in
20  dichloromethane (100 mL), washed with water, dried over sodium sulfate, and filtered. The
dichloromethane was evaporated and the residue is chromatographed on silica gel using
hexane/ethyl acetate (30-70% EtOAc) to give the desired product 3 (0.37 g, 26%). MS (ES) m/z
353. See, Shashank Shekhar, Per Ryberg, John F. Hartwig, Jinu S. Mathew, Donna G.
Blackmond, Eric R. Strieter, and Stephen L. Buchwald J. Am. Chem. Soc. 2006 128, 3584-3591

25  (incorporated herein by reference).
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Preparation of compound tert-butyl 4-(2,3-diaminophenyl)piperazine-1-carboxylate (6)
from compound (3)

Method A

5 fert-Butyl 4-(2,3-dinitrophenyl)piperazine-1-carboxylate (3) is dissolved in ethanol (8.0
mL) and to this is added 10% Pd-C (30 mg). Hydrogenation of this mixture was completed on a
Parr apparatus at 33 psi over night. Mixture is filtered through CELITE™ and chromatographed
on a silica gel column using dichloromethane and ethyl acetate (15-50% EtOAc) to yield the
desired product as a light brown amorphous solid (0.129 g, 79%); MS (ES) m/z 293

10  Preparation of tert-butyl 4-(3-azido-2-nitrophenyl)piperazine-1-carboxylate (5)
Elioc
O
N
N
5 3

Compound 5 can be prepared from compound 4 according to the following scheme:

Elioc
)
F F N
F N3 N
4 1-Azido-3-fluoro- 5

2-nitrobenzene
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Preparation of 1-Azido-3-fluoro-2-nitrobenzene:
F
@:NOZ
N3
To a stirred solution of 2,6-difluoronitrobenzene (2.0 g, 12.6 mmol) in DMSO (6.0 mL) at
room temperature, was added sodium azide (0.82 g; 12.6 mmol). After 18 hours the solution
5 was poured into 200 mL of ice-cold water. The precipitate, 1-azido-3-fluoro-2-nitrobenzene,

was collected and dried under vacuum (2.26 g; 99%); 'H NMR (CDCI3, 400 MHz) & 7.00 (t,
J=8.8 Hz, 1H); 7.07 (d, J=8.35 Hz, 1H); 7.47 (dt, J=8.35, 5.68 Hz, 1H). MS (ES) m/z 182.1

Preparation of compound 5
To a solution of 1-azido-3-fluoro-2-nitrobenzene (0.35 g; 1.9 mmol) in DMSO (2.0 mL)
10  was added Boc-piperazine (0.40 mL; 1.2 eq) and N-Boc-piperazine (1.2 eq.). The solution was
heated at 60 °C for 6 hours. When the reaction was complete, the solution was poured into
water (50 mL) and extracted into ethyl acetate. The organic solution was dried over Na,SOy,,
filtered, and evaporated under reduced pressure. The residue is chromatographed on silica
using dichloromethane/methanol. The purified product 5 is crystallized from diethyl ether and
15  hexane; MS (ES) m/z 348.2;

Preparation of compound tert-butyl 4-(2,3-diaminophenyl)piperazine-1-carboxylate (6)
from compound (5) (Method B):

Compound 5 (2.43g, 6.98 mmol) was suspended in methanol (100 mL) and to this is
20 added 10% Pd-C (0.37 g). Hydrogenation of this mixture was completed on a Parr apparatus at
33 psi over 2 hours. Mixture is filtered through Celite™ and chromatographed on a silica gel
column using dichloromethane and ethyl acetate (15-50% EtOAc) to yield the desired product

as a light brown amorphous solid (1.97 g, 97%); MS (ES) m/z 293.
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Procedures for the preparation of tert-butyl 4-(2-methyl-1h-benzo[d]imidazol-4-

yl)piperazine (7) from compound (6) (Method C):

)

N
N
H

7
To the phenylene diamine (6) is added triethyl orthoformate and toluene followed by 17
5 mg of montmorillonite KSF. The mixture is heated at reflux overnight. The toluene is
evaporated and the residue is chromatographed on silica using straight ethyl acetate to give the
desired product (7).
General procedure for the preparation of tert-butyl 4-(2-alkyl-1-arylsulfonyl)-1H-
benzo[d]imidazol-4-yl)piperazine (8) from compound 7

Boc
N

10 R® R
To a mixture of a substituted or unsubstituted tert-butyl 4-(2-alkyl-1H-benzo[d]imidazol-4-
yl)piperazine (7) in 5 mL of DMF is added sodium hydride (2.0 eq.) at 0 °C. The resulting
suspension is stirred at room temperature for 30 minutes, followed by the addition of substituted
or unsubstituted aryl sulfonylchloride. The mixture is stirred at room temperature until reaction
15 is completed as shown by LC/MS. The solution is poured into 100 mL H,O and the resulting
solid was separated from the solution by suction filtration, and dried under vacuum.
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< hpE

gH

.4 38 fa, -.--0 | Pbenzi mdazole 1-[(4-fluorophenyl)sulfonyl]-2-

t hyl - 4- pi perazin-1-y1l-1H 375.1 10.5 39 IP N\ 0 O -
- [ (2- metwol2ptoensgdadsul f onyl ] 4- pi perazin-1-yl-1H benzi mCaamsedoo/ 08876 1 1. 15
O .NIWNO, F FF 4-piperazin-1-y1-1{[4- (trifluoronethyl)phenyl]sulfon
11- 1H benzi m dazole 411.1 18.9 Ex. Structure Nanme M5 (ES)

Procedure for the preparation of 2-alkyl-4-(4-alkylpiperazin-1-yl)-1-(arylsulfonyl)-1H-
benzo[d]imidazole (I) from compound 8:

)

N

O;\Sﬁo R5

Compound 8 is dissolved in dichloromethane (CH.CI,) followed by the addition of an
5 excess of TFA. The mixture is stirred at room temperature until reaction is completed as shown
by LC/MS. The solvent is removed under vacuum and suspended in dichloromethane followed
by the addition of sodium potassium carbonate. The reaction mixture is filtered over a pad of
Celite™ and the filtrate is reduced under vacuum to give the desired free base product. Where
R? is other than H, to the mixture of the free base material in dichloroethane is added an
10  aldehyde (1.20 equiv.) followed by the addition of sodium triacetoxyborohydride (1.6 eq.). The
reaction is stirred overnight, solvent is evaporated, and the residue is purified by flash
chromatography using dichloromethane/methanol (5-20%).
Procedure for the preparation of 2-alkyl-4-(4-alkylpiperazin-1-yl)-1-(arylsulfonyl)-1H-
benzo[d]imidazole (I) from compound (10) Method D
15 Compound of Formula | can alternatively be prepared from intermediate 10 according to

the general procedure described for the preparation of compound 8.

Procedure for preparing compound (10)
A mixture of 4-aminobenzimidazole, bis(chloroethyl)alkylamine is stirred in 25 mL of 1-
butanol with sodium bicarbonate (3.0 equiv.). The mixture was heated at reflux temperature
20 (115 °C oil bath) overnight. The mixture was cooled, filtered through a pad of Celite™ and the
filtrate was concentrated under vacuum. The crude residue was purified on a column of silica
gel to yield the desired product. See also synthetic methodology provided in;: WO 2006/009734;
Villemin et al., Synthetic Communications 1996 26 (15), 2895-2899; and Marcos et al.,
Tetrahedron 1991 47(35), 7459-64 (incorporated herein by reference).
25 Each of the following Example compounds was prepared according to the methodology

described above.
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mz 5-HT6 binding Ki (nM 41 41 NF F ,\ 11 4-piperazin-1-yl-14[2-
(trifluoronethyl)phenyl]sulfon yll-1H benzi m dazole 411.1 1.06 42 Il N\,0
0 4-pi pervointolosyed414[ 3- (trifl uoromet hyl ) phenyl ] sul f onPCT/US2009/063816
y11-1H benzi m dazole 411.1 1.13 43 m ,4* W P o 2-nethyl-1-(2-

napht hyl sul fonyl ) - 4- pi perazi n- 1-y1-1H benzi m dazole 407.1 1.05 44 H 10 NN
"' 00, 0- 11 1-[(2- nethoxyphenyl)sul fonyl]-4-

pi per azi Examplk-11 Mgenwtngl pip@@kzid-1-yl)-1-(naphthalen-1-ylsulfonyl)-1H-benzo[d]imidazole

®

N
O
N

This compound was prepared as described above; MS (ES) m/z 407.15; 1H NMR (400
MHz, chloroform-d) 6 ppm 2.44 (s, 3H) 2.71 - 2.81 (m, 4 H) 3.51 - 3.59 (m, 4 H) 6.67 (dd, J=7.8,
5 13Hz,1H)7.15-7.25(m, 1 H) 7.56 -7.65 (m, 2H)7.65-7.70 (m, 1 H) 7.89 -7.94 (m, 1 H)
8.12 - 8.17 (m, J=8.4 Hz, 1 H) 8.49 (dd, J=7.5, 1.3 Hz, 1 H) 8.54 (s, 1 H) 8.66 (dd, J=8.7, 0.8
Hz, 2 H).

Example 2: 1-(naphthalen-1-ylsulfonyl)-4-(piperazin-1-yl)-1H-benzo[d]imidazole
H
O
N

N
O
N

10 This compound was prepared as described above; MS (ES) m/z 393.13; 'H NMR (400
MHz, DMSO-ds) & ppm 2.79 - 2.85 (m, 4 H); 3.29 - 3.33 (m, 4 H); 3.37 - 3.43 (m, 1 H); 6.61
(dd, J=7.8, 1.0 Hz, 1 H); 7.07-7.18 (m, 2 H); 7.66-7.72 (m, 1 H); 7.74-7.84 (m, 2 H); 8.13
(d, J=7.6 Hz, 1 H); 8.41 (d, J=8.5 Hz, 1 H); 8.64 (dd, J=8.5, 0.7 Hz, 1 H); 8.69 (dd, J=7.4, 1.1
Hz, 1 H); 9.08 (s, 1 H).

15  Example 3: 1-(phenylsulfonyl)-4-(piperazin-1-yl)-1H-benzo[d]imidazole
H
@
N
N
CrY
N0
0=

O
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373.1 0.156 45 0)- N,,,0 0 -"---e 1-[(3- nethoxyphenyl)sul fonyl]-2-

nmet hy1l- 4- pi perazi n-1-y1- 1Hbenzi m dazole 387.1 2.07 46 5\0 s.----0 111 0 F
2- met hyl -wopbparsesitn- 1-y1-1- {[2- (trifluoronet hoxy) phemrgrjtsadodoe3sie

nyll- 1H benzi m dazole 441.1 1.74 47 O\ 4 IP 2-nethyl-1-[(2-

met hyl phenyl ) sul fonyl] - 4- piperazin-1-y1-1H benzi m dazole 371.1 2. 26 Ex.
Structure

This compound was prepared as described above: MS (ES) m/z 343.12; 'H NMR (400
MHz, DMSO-dg) 8 ppm 3.24 - 3.31 (m, 4 H); 3.63 - 3.70 (m, 4 H); 6.81 (d, J=7.8 Hz, 1 H) 7.31 (t,
J=8.1Hz, 1H)7.42 (d, J=7.6 Hz, 1 H) 7.67 (t, J=7.8 Hz, 2 H) 7.78 (it, J=7.5, 1.2 Hz, 1 H) 8.11 -
8.16 (m, 2 H)8.77 (br.s., 1 H) 8.79 (s, 1 H).

5  Example 4: 2-methyl-1-(1-naphthylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole

®

This compound was prepared as described above: MS (ES) m/z 407.0; 'H NMR (400

MHz, DMSO-dg) 8 ppm 2.69 (s, 3 H); 2.79-2.90 (m, 4 H); 3.33 - 3.49 (m, 4 H); 3.56 - 3.63 (m, 1

H); 6.67 (d, J=7.8 Hz, 1 H); 7.16 (t, J=7.9 Hz, 1 H); 7.26 (d, J=8.1 Hz, 1 H); 7.69 (dt, J=12.6, 6.6

10 Hz, 2 H);7.76 (t, J=7.8 Hz, 1 H); 8.16 (d, J=7.1 Hz, 1 H); 8.24 (d, J=7.1 Hz, 1 H); 8.33 (d, J=7.8
Hz, 1 H); 8.41 (d, J=8.3 Hz, 1 H).

Example 5: 2-methyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole
H
)
N
N
-
N
\ ;O

This compound was prepared as described above: MS (ES) m/z 357.0; '"H NMR (400
15  MHz, DMSO-ds) 8 ppm 2.78 (s, 3 H); 2.81 - 2.86 (m, 4 H); 3.27 - 3.33 (m, 5 H); 6.67 (d, J=8.1
Hz, 1 H); 7.19 (t, J=8.2 Hz, 1 H); 7.39 (d, J=8.1 Hz, 1 H); 7.65 (t, J=7.9 Hz, 2 H); 7.77 (t, J=7.4

Hz, 1 H); 8.04 (d, J=7.6 Hz, 2 H).
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Name M5 (ES) mz 5-HT6 binding Ki (nM 48 0, 0 s'----:0 FF 11,

2-met hyl - 4- pi perazin-1-y1-1- f[2- (trifluoronethyl)phenyl]sulfon yip

H benzi mwezolowsdaas. 1 2. 94 49 14010 111 2- net hyl - 4- pi perazius2d9psssie 1[ 3-
(trifluoromethyl)phenyl]sulfon yl1}-11-[(5-chloro-1- 425.1 0.982 50 IP c--0
OS napht hyl ) sul fonyl]-4- piperazin-1-yl-1Hbenzi m dazole 427.1 1. 36

Example 6: 2-ethyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole

H
N

®
Chn

O;S’

This compound was prepared as described above: MS (ES) m/z 371.1; '"H NMR (400

MHz, DMSO-dg) 6 ppm 1.30 (t, J=7.3 Hz, 3 H); 2.78 - 2.84 (m, 4 H); 3.13 (q, J=7.3 Hz, 2 H);

5 3.22-3.31(m,5H);6.63(d, J=7.3Hz, 1H);, 7.14 (t, J=8.2 Hz, 1 H); 7.35 (dd, J=8.1, 0.7 Hz, 1
H); 7.56 - 7.62 (m, 2 H); 7.69 - 7.74 (m, 1 H); 7.94 - 7.97 (m, 2 H).

Example 7: 4-(4-ethylpiperazin-1-yl)-1-(phenylsulfonyl)-1H-benzimidazole

p
)

O\;;
\z\?Z

This compound was prepared as described above: MS (ES) m/z 371.1; '"H NMR (400
10  MHz, DMSO-dg) 6 ppm 1.27 (t, J=7.3 Hz, 3 H); 3.09 - 3.25 (m, 5 H); 3.57 (d, J=11.0 Hz, 2 H);
4.34 (d, J=11.2 Hz, 2 H); 6.82 (d, J=7.6 Hz, 1 H); 7.31 (t, J=8.1 Hz, 1 H); 7.43 (d, J=7.8 Hz, 1
H); 7.67 (t, /7.8 Hz, 2 H); 7.76 - 7.81 (m, 1 H); 8.12 - 8.16 (m, J=7.3 Hz, 2 H); 8.80 (s, 1 H);
10.22 (s, 1 H).
Example 8: 2-butyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole

H
N

)
CLy
15 @
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51 0 0 2-nmethyl -1-[ (4-nmet hyl-1- naphthyl)sul fonyl]-4-

pi perazi n-1-yl- 1Hbenzi m dazole 421.1 6.27 52 ari6.N,...ill N

met hoxyphwoybimsbdsanyl ] - 2- nmet hyl- 4- pi per azi n- 1- y1- 1Hbemrgirtisde2obis1887. 1
1.89 53 C, N---\ "---5----- 0 0 8 1-[(2-chl orophenyl ) sul fonyl] -

4- (3- et hyl pi perazin-1-yl)- 1H benzim dazole 391.1 1.34 54 C N---,----\0

KI-SO . 8 1-[(3-chl orophenyl)sul fonyl]- 4-(3-nethyl pi perazin-1-yl)-
1H benzi m dazohie c88dodd WaZor&fardd as described abdMe:SIAS (ES) m/z 399.1; 'TH NMR (400

MHz, DMSO-ds) 5 ppm 0.92 (t, J=7.4 Hz, 3 H); 1.36 - 1.48 (m, 2 H); 1.71 - 1.82 (m, 2 H); 2.81 -
2.87 (m, 2 H); 3.14 (t, J=7.4 Hz, 2 H); 3.21 - 3.26 (m, 2 H); 3.33 - 3.39 (m, 5 H); 6.67 (d, J=8.3
Hz, 1 H); 7.15 - 7.21 (m, 1 H); 7.36 - 7.41 (m, 1 H); 7.61 - 7.67 (m, J=7.8, 7.8 Hz, 2 H); 7.73 -
5 7.79 (m, 1H); 7.96 - 8.00 (m, 2 H).

Example 9: 2-methyl-4-(4-methylpiperazin-1-yl)-1-(1-naphthylsulfonyl)-1H-benzimidazole
|
@
N

N
Cry-
N

This compound was prepared as described above: MS m/z 421.1; '"H NMR (400 MHz,
DMSO-ds) & ppm 2.21 (s, 3H); 2.44 - 2.49 (m, 4 H); 2.69 (s, 3 H); 3.37 - 3.44 (m, 4 H); 6.69 (dd,
10 J=8.1, 0.7 Hz, 1 H); 7.16 (t, J=8.1 Hz, 1 H); 7.27 (dd, J=8.3, 0.7 Hz, 1 H); 7.66 - 7.73 (m, 2 H);
7.74 -779 (m, 1 H); 8.14 - 8.18 (m, 1 H); 8.25 (dd, J=7.6, 1.0 Hz, 1 H); 8.31 - 8.34 (m, J=7.8
Hz, 1 H); 8.41 (d, J=8.3 Hz, 1 H).

Example 10: 1-[(4-chlorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole

@

Cl
15 This compound was prepared as described above: MS (ES) m/z 377.1; "H NMR (400
MHz, DMSO-dg) & ppm 2.82 - 2.87 (m, 4 H); 3.33 - 3.37 (m, 5 H); 6.70 (dd, J=7.7, 1.1 Hz, 1 H);
7.25(t, JS7T.9 Hz, 1 H); 7.28 - 7.31 (m, 1 H); 7.74 (dt, J=9.2, 2.5 Hz, 2 H); 8.14 (dt, J=9.1, 2.5
Hz, 2 H); 8.70 (s, 1 H).
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. 8 1-[(3-net hyl phenyl )sul fonyl] 4-(3-nethyl pi perazin-1-yl)-
1H benzi m dazole 371.1 2. 47 Ex. Structure Name M5 (ES) niz 5-HT6 binding
Ki (nM 580M010M36648. . .. " si 8 \. . 1-[(2nmet hoxyphenyl) selCirarsgiopo43816
(3- et hyl pi perazin-1-yl)-1Hobenzi m dazole 387.1 2.35 FF . 0 8
4- (3-net hyl pi perazin-1-yl)-1- {[2- (trifluoronethoxy)phenyl]sulfo
nyll- 1H benzi m dazole 441.1 2.09 58
Example 11: 1-[(2-chlorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole

@

This compound was prepared as described above: MS (ES) m/z 377.1; 'H NMR (400

MHz, DMSO-ds) 5 ppm 2.84 - 2.90 (m, 4 H); 3.35 - 3.44 (m, 5 H); 6.69 (d, J=8.1 Hz, 1 H); 6.97

5 (d,J=8.1Hz, 1 H); 717 (t, J=8.1 Hz, 1 H); 7.68 - 7.75 (m, 2 H); 7.77 - 7.84 (m, 1 H); 8.46 (dd,
J=7.8,1.2 Hz, 1 H); 8.75 (s, 1 H).

Example 12: 4-(4-methylpiperazin-1-yl)-1-(phenylsulfonyl)-1H-benzimidazole

®

O;;
:\\z\?Z

This compound was prepared as described above: MS (ES) m/z 357.1; 1H NMR (400
10  MHz, chloroform-d) & ppm 2.37 (s, 3 H) 2.63 - 2.69 (m, 4 H) 3.50 - 3.57 (m, 4 H) 6.72 (dd, J=8.1,
0.9 Hz, 1 H)7.24 - 7.30 (m, 1 H) 7.42 (dd, J=8.3, 0.9 Hz, 1 H) 7.47 - 7.54 (m, 2 H) 7.62 (i,
J=7.4,1.2Hz, 1H)7.95-8.00 (m, 2H)8.29 (s, 1 H)
BIOLOGICAL ASSAY:

5-HT, Binding Affinity
15 CHO-Dukx-AZ2 cells expressing the serotonin 5-HTs receptor subtype (clone 50-7) grown

adherently in 10-cell stacks are detached and harvested in PBS buffer containing 5 mM EDTA
using conventional cell harvesting protocols, followed by centrifugation at 2000 rpms for 10 min
(supernatant discarded) or provided as wet cell pellets by Applied Cell Sciences (Rockville,
MD). The pellets are gently resuspended with enough PBS buffer containing MgClz and CaClz,

20 (GIBCO 14040-133) to achieve a final concentration of ~ 40 x 106 cells/ml. The cell suspension
is aliquoted into microfuge tubes, centrifuged at 2000 rpms for 10 min, supernatant discarded
and stored as dry pellets at -80 «c. Protein is measured in 5 pl lysate mixed with 200 pl diluted
Bradford reagent, using Bovine Plasma Gamma globulin as a standard.
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a N---\. "--s---0 0 8 1-[(3-chloro-2- nethyl phenyl)sul fonyl]-4-(3-
nmet hyl pi perazi n-1-yl)-1Hbenzi m dazole 405.1 1.73 59 ON,..... 5400 411ta
-[ (2- chiwoaptvesgdaksul f onyl ] - 2- (1- net hyl et hyl ) - 4- pi per ®€irfS2009/063816
-y1l-1H benzi m dazole 419.1 0.463 60 N ,---\.74 4Kk --ra
-[ (3-chl orophenyl ) sul fonyl] - 2-(1-nethyl ethyl)-4-piperazin-

-yl- 1H benzi m dazole 419.1 1.08 61 ai' * Nse *O

- (1- et hyl et Bijitihg gxpefin@pistan@p@foribed Inseiiotad otlihe 6f 200 ul using a 96 well microtiter
p

| per azi Bl_ag‘e_ ¥olrﬁ1%tHH§arcl;l%aj1rgi gﬁé%lte%. 48%'t12*|e0da§/ §the assay, the cells were thawed and
resuspended with enough assay buffer (i.e. PBS containing MgClz2 and CaClz, (GIBCO 14040-

133) supplemented with additional MgCl2 to achieve a final concentration of 10 mM) to achieve

5 40-80 ug or 100-200 K cells/well. To each well of the microtiter plate, 20 pl of 10x test
compound in water containing 3.3% DMSO, 3 nM of [°H]-LSD (GE, SA: 80 Ci/mmol), cells and

assay buffer are combined to achieve a volume of 150 ul. Assay buffer and 10 yM cold

1
1
1
1
2
p

methiothepin are substituted for the test compound in separate wells to define 'total' and
‘nonspecific' binding, respectively. The incubation period is initiated by the addition of 50 pl of
10 10 mg/ml PVT WGA SPA beads (RPNQO0060, Amersham GE Healthcare) mixed in assay buffer
for a final concentration of 1 mg/well. The plates are sealed and gently shaken at room
temperature using an orbital shaker (setting 1.5) until equilibrium is achieved (2-6 hours).
Radioactivity (CPM) is measured by Packard TopCount (1 min counting time/well).
Specific binding is described as the total radioactivity bound less the amount bound in
15  the presence of 10 yM methiothepin, referred to as nonspecific binding (NSB). Binding in the
presence of varying concentrations of test compounds is expressed as percent of specific
binding in the absence of compound:
{(Bound-NSB)/(Total-NSB)} x 100=% Total
Regression analysis of % bound data from ten concentrations is performed in GraphPad
20  Prism, XL Fit or equivalent software. 1Cs values are calculated using a four-parameter logistic
curve fitting model and Ki values are calculated by the Cheng-Prusoff equation below:
Ki = 1Cso/(1 + L/Kd)
where L is the nM concentration of the radioactive ligand used and the Kd is the dissociation
constant of the ligand for the receptor. The Kd for [*H]-LSD in the SPA binding format is ~3 nM.

25 Referring to the examples that follow, compounds of the present invention were
synthesized using the methods described herein, or other methods, which are known in the art.
The compounds in the Table 1 were prepared as described above and screened for 5-HTg

binding activity according to the above Biological Assay.
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NHN |ik"--s--0 41. 1-[(5-chl oronaphthal en-1- Asul fonyl]-2-(1-nethylethyly
4-pi perazin-1-yl- 1Hbenzi m dazole 469.1 1.47 63 4 F ")--\/F

2- (1- met wbebimdsye44- pi perazin- (trifl uoromet hoxy) phenyl PEutSe009/063816

nyll- 1H benzi m dazole 469.1 1.14 64 * N-c' .0, 2-(1l-nmethylethyl)-1-[(4-

met hyl napht hal en-1- yl ) sul fonyl] - 4-pi perazi n-1-yl 1H benzi m dazole 449.2 1.6

Ex. Structure Name M5 (ES) niz 5-HT6 binding Ki (nM 65 ,
Table 1
MS (ES)|5-HTs hinding
Ex. Structure Name iz Ki (nM)
%?
I 4-(4-methylpiperazin-1-yl)-1-
1 @? (naphthalen-1-ylsulfonyl)-1H-| 407.15 0. 064
(N; benzo[d]imidazole
\
- 1-(naphthalen-1-ylsulfonyl)-4-
H N"\ o]
2 O Mg 8 (piperazin-1-yl)-1H- 393.13| 0.165
© benzo[d]imidazole
N =8 1-(phenylsulfonyl)-4-
3 L S (piperazin-1-yl)-1H- 343.12 1.36
benzo[d]imidazole
H
Q N§( 2-methyl-1-(1-
4 ANV ‘ naphthylsulfonyl)-4-piperazin-| 407.0 0.025
J O 1-yl-1H-benzimidazole
H
Q N§( 2-methyl-1-(phenylsulfonyl)-
5 N 4-piperazin-1-yl-1H- 357.0 0.53
& \© benzimidazole
HN’>
Q_'N N§(\ 2-ethyl-1-(phenylsulfonyl)-4-
6 UN\S,,O piperazin-1-yl-1H- 371.1 0. 447
& \© benzimidazole
{
® 4-(4-ethylpiperazin-1-yl)-1-
7 AN I (phenylsulfonyl)-1H- 3711 0.394
Uh}?@ benzimidazole
HN’}
Q/N W 2-butyl-1-(phenylsulfonyl)-4-
8 GN\ 0 piperazin-1-yl-1H- 399.1 1.10
o’/\© benzimidazole
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SI c--0 1-[(5-chloro-2- nethoxyphenyl)sul fonyl]-4-

pi perazi n-1-yl- 1Hbenzi m dazole 407.1 3.56 66 40 N, -- 40 1-[(5-brono-2-

met hoxyphwoybimsbdsenyl ] - 4- pi perazi n-1-yl- 1Hbenzi m dazolP€TAB2000/043898 67 40
, . 40 1-[(2,5- dinethoxyphenyl)sul fonyl]-4- piperazin-1-yl-1Hbenzi m dazole
403.1 2.13 68 | ¢c-,0 40 " 1-[(2-nethoxy-5- nethyl phenyl)sul fonyl]-4-

pi perazi n-1-yl- 1Hbenzi m dazole 387.1 0.498 69 40 N O ' 1-[(2-nethoxy-4-

met hyl phenyll %XSL| fonyl ét?uA&urgl per aZi n-1- yl-N%Ir;I]%enm m ddrel(ES)[5-HT, binding
' m/z Ki (nM)
\
O 2-methyl-4-(4-
N methylpiperazin-1-yl)-1-(1-
9 “* ) jnaphthylsuffonyl)-TH- 4211 0.004
o 0 benzimidazole
WY e 1-[(4-chlorophenyl)sulfonyl]-
10 o “\(,)?\QQ 4-piperazin-1-yl-1H- 377.1 1.32
benzimidazole
Hm Ny 0 G 1-[(2-chlorophenyl)sulfonyl]-
11 L “‘,,” 4-piperazin-1-yl-1H- 377.1 0.269
© benzimidazole
\
Q 4-(4-methylpiperazin-1-yl)-1-
12 @j 2 (phenylsulfonyl)-1H- 357.1 1.66
O>\© benzimidazole
WO / 1-[(?1- henyl)sulfonyl]-2
N AN & |methoxyphenyl)sulfonyl]-2-
13 UNI/S/U methyl-4-piperazin-1-yl-1H- | 387 182
% benzimidazole
o, > 2-methyl-4-piperazin-1-yl-1-
{[3-
14 G/ﬁ\/@\o (trifluoromethoxy)phenyl]sulfo 4411 230
e ~k*  |nyl}-1H-benzimidazole
HN’}
Q,N “ 1-[(2-chlorophenyl)sulfonyl]-
15 N\( 2-methyl-4-piperazin-1-yl-1H-| 391.1 0.99
-~ benzimidazole
O o 4
i
Q 1-[(3-chlorophenyl)sulfonyl]-
16 Nﬁi/@\ 2-methyl-4-piperazin-1-yl-1H-| 391.1 0.99
N)/“ benzimidazole
[Se]
@ 1-[(4-chlorophenyl)sulfonyl]-
17 ~ o P.methyl-4-piperazin-1-y-1H-| 391.1 6.00
>“ benzimidazole
[o]
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387.1 2.15 70 O I c-s=0 401 o 1-[(2-chl oro-6- nethyl phenyl)sul fonyl]-4-
pi perazi n-1-yl- 1Hbenzi m dazole 391.1 2.33 71 40 O 1-{[2-chl oro-5-
(trifluorwoebtwisyq@henyl ] sul fon yll-4-piperazin-1-yl-1 Hpemaisndodazisie 445.0

13.7 72 1.1 1 c-s=0 40 ' 1-[(2-fluoro-5- nethyl phenyl)sul fonyl]-4-
pi perazin-1-yl-1Hbenzi m dazole 375.1 0. 254 Ex. Structure Nane M5 (ES) mz
MS (ES)|5-HTs hinding
Ex. Structure Name m/z Ki (nM)
@ 2-methyl-1-[(3-
18 N &( methylp_henyl)sulfonyl]-4- 3711 13
N, piperazin-1-yl-1H-
% benzimidazole
g 1-[(3-chlorophenyl)sulfonyl]-
19 @Q 4-piperazin-1-yl-1H- 3771 4.3
o benzimidazole
C[N 1-[(4-fluorophenyl)sulfonyl]-4-
20 N\> piperazin-1-yl-1H- 361.1 25.0
o//% benzimidazole
N
Q N§1 1-[(2-fluorophenyl)sulfonyl]-4-
21 UN\S,,O i piperazin-1-yl-1H- 361.1 3.0
g benzimidazole
H
Q N§| 1-[(3-fluorophenyl)sulfonyl]-4-
22 s piperazin-1-yl-1H- 361.1 1.5
4 \©/F benzimidazole
O
- S 1-(2-naphthylsulfonyl)-4-
23 Gts piperazin-1-yl-1H- 393.1 10.6
benzimidazole
Y/ 1-{(4-
o4 S methox_yphenyl)squonyI]-4- 373.1 15.1
g0 piperazin-1-yl-1H-
O/Q benzimidazole
O 4-piperazin-1-yl-1-{4-
25 Oj\séo (trifluoromethoxy)phenyl]sulfo| 427.1 89.0
nyl}-1H-benzimidazole
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5-HT6 binding Ki (nM 73 10 HI 0=0 40 F 1-[(2-fluoro-3-

nmet hyl phenyl ) sul fony1] - 4- pi perazin-1-yl-1H benzi m dazole 375.1 0.202 74 H
Si N, c-weQol/abed443-f 1 uoro-2- met hoxyphenyl)sul fonyl ] - 2€T/US2009/063816

pi perazin-1-yl-1Hbenzi m dazole 391.1 0.485 75 11----KI 0 WO.

1-[ (2-chl orophenyl ) sul fonyl F 4-[ (3R) - 3- net hyl pi perazi n-1-

y1l] - 1H benzi m dazole 391.1 1.19 76 HrNN21N
MS (ES)|5-HTs binding
Ex. Structure Name m/z Ki (nM)
<‘“ N 1-[(3-fluorophenyl)sulfonyl]-2-
26 @\Q methyl-4-piperazin-1-yl-1H- 375.1 1.7
%\O benzimidazole
N 1-[(4-methylphenyl)sulfonyl]-
27 > 4-piperazin-1-yl-1H- 357.1 2.50
OQB benzimidazole
[“j ) 4-piperazin-1-yl-1-{[3-
28 ©[> (trifluoromethoxy)phenyl]sulfo| 427.1 1.95
Mok, nyl}-1H-benzimidazole
ot
[D 1-[(3-chloro-4-
29 C@? flgorophenyl)sulfonyl]-4- 395.0 1.7
=0 piperazin-1-yl-1H-
° Qﬂ benzimidazole
H
N
[ j 2-methyl-4-piperazin-1-yl-1-
] {[4-
30 @:Ny_ (trifluoromethoxy)phenyl]sulfo 4411 15.8
N nyl}-1H-benzimidazole
OZSOOCF;;
z/ 2-methyl-1-[(4-
N ~ methylphenyl)sulfonyl]-4-
31 @Njhf viperazin-1-yl-1H- 371.1 0.467
I benzimidazole
H
N Nﬁ/ 1-[(2-fluorophenyl)sulfonyl]-2-
32 GN\ methyl-4-piperazin-1-yl-1H- | 375.1 2.50
o~ benzimidazole
O o ¢
e 4-piperazin-1-yl-1-{[2-
33 SrF (trifluoromethoxy)phenyl]sulfo| 427.1 0.72
ool nyl}-1H-benzimidazole
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-N O C 1-[(3-chlorophenyl)sul fonyl] 4-[(3R)-3-nethyl pi perazin-1-

y1l] - 1H benzi m dazole 391.1 2.35 77 lelIN= 0. C 1-[(3-chloro-2-

met hyl phewol2psuiséanyl ] - 4- [ (3R) - 3- met hyl pi per azi n- 1- y1] PCTRSh@ansIsielazol e
405.1 1.2 78 _ -N1--N,,--\ 0 0 4-[(3R)-3-net hyl pi perazi n-1-
yl]-1-(naphthal en-1- ylsul fonyl)-1H benzi m dazole 407.1 1.28 79 Hc:), ...

40\ 0,--,, 0 d 1-[(2-chlorophenyl)sulfonyl] 4-[(35)-3-nethyl pi perazin-1-
y1] - 1H benZz oy dazole tglt 1 0.282 N MS (ES)[5-HTs binding
X. ructure ame m/z Ki (I’IM)
[Nj 1-[(3-
N methoxyphenyl)sulfonyl]-4-

34 S 373.1 1.20

piperazin-1-yl-1H-
07?2 , benzimidazole

) 1-[(4-methyl-1-

AN naphthyl)sulfonyl]-4-
35 GN\ P aphthy 4071 | 1.10
O,,St piperazin-1-yl-1H-

benzimidazole

. 1-[(3-methylphenyl)sulfonyl]-
36 ©[> 4-piperazin-1-yl-1H- 357.1 1.11
s benzimidazole
[Nj 1-[(3-chloro-2-
37 ©[> methylphenyl)sulfonyl]-4- 2011 14
( piperazin-1-yl-1H-
= benzimidazole
"
b”@%gﬁ . 1-[(4-fluorophenyl)sulfonyl]-2-
38 methyl-4-piperazin-1-yl-1H- 375.1 10.5
© benzimidazole
[”j . 1-[(2-methylphenyl)sulfonyl]-
39 @\> 4-piperazin-1-yl-1H- 357.1 1.15
Oj‘yo benzimidazole
@@ 4-piperazin-1-yl-1-{[4-
40 " (trifluoromethyl)phenyl]sulfon | 411.1 18.9

o 3 yl}-1H-benzimidazole
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80 H c: x..

110 N O C

1-[ (3-chl orophenyl ) sul f ony1] -

4-[(35) - 3-net hyl pi perazi n-1- yl]-1H benzi m dazole 391.1 0.483 Ex.

St ruct ur ewbam/is&4ES) m z 5-HT6 binding Ki (nM 81 ri EXTAB2009/06381€, - - - - S-
4-1(35) - 3- net hyl pi perazi n-1- yl]-1-(naphthal en-1-
yl sul fonyl) - 1H benzi m dazole 407.1 0.354 82 Hi_ , Il-N,---
MS (ES)|5-HTs binding
Ex. Structure Name m/z Ki (nM)
i 4-piperazin-1-yl-1-{[2-
41 ©[> (trifluoromethyl)phenyl]sulfon | 411.1 1.06
ot/ yl}-1H-benzimidazole
i“ . 4-piperazin-1-yl-1-{[3-
42 @[ﬁ} (trifluoromethyl)phenyl]sulfon | 411.1 1.13
50 y[}-1H-benzimidazole
J 2-methyl-1-(2-
43 @Nj/ naphthylsulfonyl)-4-piperazin-{ 407.1 1.05
= ® 1-yl-1H-benzimidazole
) 1[(2-
" methoxyphenyl)sulfonyl]-4-
44 é[nf . piperazin-1-yl-1H- 373.1 0.156
oA benzimidazole
. 1-(3-
( I“\>_ methoxyphenyl)sulfonyl]-2-
45 (o methyl-4-piperazin-1-yl-1H- | 3871 2.07
Q ° benzimidazole
[Nj 2-methyl-4-piperazin-1-yl-1-
3 {[2-
46 W (trifluoromethoxy)phenyl]sulfo 4411 1.74
@ nyl}-1H-benzimidazole
Gj 2-methyl-1-[(2-
47 C@_ methylphenyl)sulfonyl]-4- _ 226

piperazin-1-yl-1H-
benzimidazole
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/. 1-[(3-chloro-2- nethyl phenyl)sul fonyl]-4- [(35)-3-nethyl pi perazin-1-y1]-
1H benzi m dazol e 405.1 0.21 83 40 0=-0 40 1-[(2, 3-

di f | uor opwerzgloyesad4fionyl ] - 4- pi perazi n-1-yl- 1Hbenzi m daz@Ce/BZ@906331897 84 ,
40 0=-0 10 1-[(2,5- difluorophenyl)sulfonyl]-4-

pi perazi n-1-yl- 1Hoenzi m dazole 379.1 0.855 85 40 0-0 1-[(2-chloro-5-

fl uorophenyl ) sul fonyl]-4- piperazin-1-yl-1Hbenzi m dazole 395.0 0. 516 86 O

0-=0 40 a - indi
Ex. Structure Name MSm(/ES) 5 H;ie(z;\r}c)jmg
[b 2-methyl-4-piperazin-1-yl-1-
N {[2-
48 C[N%o (trifluoromethyl)phenyl]sulfon 4251 2.94
@3 yl}-1H-benzimidazole
é[” 2-methyl-4-piperazin-1-yl-1-
b (I3
49 N (trifluoromethyl)phenyl]sulfon 4251 0.982
@ vl}-1H-benzimidazole
Eg[ 1-[(5-chloro-1-
Y naphthyl)sulfonyl]-4-
50 o=t=o piperazin-1-yl-1H- 4271 1.36
benzimidazole
NH 2-methyl-1-[(4-methyl-1-
51 Q N:(\ O naphthyl)sulfonyl]-4- 4911 6.07
2 O piperazin-1-yl-1H- ' '
benzimidazole
NH 1_[(2_
O N=( methoxyphenyl)sulfonyl]-2-
52 M, : . 387.1 1.89
AN methyl-4-piperazin-1-yl-1H-
N benzimidazole
¢ 1-[(2-chlorophenyl)sulfonyl]-
53 WY o 4-(3-methylpiperazin-1-y)- | 391.1 1.34
)\/ o 1H-benzimidazole
cl
1-[(3-chlorophenyl)sulfonyl]-
54 w PN 4-(3-methylpiperazin-1-yl)- 391.0 1.92
P T 1H-benzimidazole
@ 1-[(3-methylphenyl)sulfonyl]-
55 Y N 4-(3-methylpiperazin-1-yl)- 371.1 247
P I 1H-benzimidazole
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1-[(2,6- dichlorophenyl)sulfonyl]-4- piperazin-1-yl-1Hbenzi m dazole 411.0
1.33 87 40 c.=-0 IP 1-[(3-fluoro-2- nethyl phenyl)sul fonyl]-4-
pi perazi rwo-29l/i5663@nzi m dazol e 375.1 0. 402 88 40 0=-0 POTAFp{8A6IshOr O- 5-

f1 uorophenyl ) sul fonyl] - 4-

pi perazin-1-yl-1Hbenzi m dazole 395.0 0. 589

Structure Name M5 (ES) mz 5-HT6 binding Ki (nM 89 40 NLci."'"0
al-[(2-ethoxyphenyl)sul fonyl F 2-net hyl - 4- pi perazin-1-y1-1H
MS (ES)[5-HTs binding
Ex. Structure Name m/z Ki (nM)
@_Q 1-[(2-
H N==\ methoxyphenyl)sulfonyl]-4-
56 )@N o (3-methylpiperazin-1-yl)-1H- | 207 235
benzimidazole
FA<O_© 4-(3-methylpiperazin-1-yl)-1-
N {[2-
57 J{/\\ /\N~ﬁ§o (trifluoromethoxy)phenyl]sulfo 4411 2.09
© nyl}-1H-benzimidazole
Cl
: 1-[(3-chloro-2-
- methylphenyl)sulfonyl]-4-(3-
58 p L methylpiperazin-1-yl)}-1H- | 405 1.73
N\©/ benzimidazole
NHN
K/ 1-[(2-chlorophenyl)sulfonyl]-
59 \O/N\Sé% 2-(1-methylethyl)-4-piperazin-| 419.1 0.463
OO 1-yl-1H-benzimidazole
O b{} 1-[(3-chlorophenyl)sulfonyl]-
60 \@/ <o 2-(1-methylethyl)-4-piperazin-| 419.1 1.08
Q 1-yl-1H-benzimidazole
@ ¢ 2-(1-methylethyl)-1-
61 UN\@; (naphthalen-1-ylsulfonyl)-4- | . , 0.6
piperazin-1-yl-1H- ' '
OQ benzimidazole
@ Lj% 1-[(5-chloronaphthalen-1-
Z: f”\ﬁ% yhsulfonyl]-2-(1-methylethyl)-
62 on A-piperazin-1-yl-1H- 469.1 1.47
benzimidazole
“() %} 2-(1-methylethyl)-4-piperazin-
Lo 1-yl-1-{[2-
63 \@/ So . (trifluoromethoxy)phenyl]sulfo 469.1 1.14
‘”{ nyl}-1H-benzimidazole
) b(& 2-(1-methylethyl)-1-[(4-
64 N\@N\@; methylnaphthalen-1- 449.2 16
yhsulfonyl]-4-piperazin-1-yl- ' '
OQ 1H-benzimidazole
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401.1 0.7612 90 H,,,i) 1 ci 1-[(5-chloro-2-nethoxy-4-

nmet hyl phenyl ) sul fonyl ] -4- pi perazi n-1-yl-1Hoenzi m dazole 421.1 12.9 91 1
-ri - - NWOQoABE642- et hyl - 4- (3- et hyl pi perazi n- 1-yl) - PCT/US2009/063816
(phenyl sul fonyl ) - 1Hbenzi m dazole 371.1 2.44 92 40 c-,0 SO

2- met hyl - 4- (3net hyl pi perazin-1-yl)-1-

(napht hal en- 1-yl sul fonyl ) - 1Hbenzi m dazole 421.1 0.623 93 ,r) 10 =0 40

MS (ES)|5-HTg binding
Ex. Structure Name iz Ki (nM)
[g 1-[(5-chloro-2-
N methoxyphenyl)sulfonyl]-4-
65 (ig Diperazin. -yl 1H- 407.1 3.56
o, benzimidazole
[g 1-[(5-bromo-2-
" methoxyphenyl)sulfonyl]-4-
66 (>oz§> 0 Dierazin.1-yl1H- 451.0 4.93
/@/\ benzimidazole
[Nj 1-[(2,5-
67 O dimethoxyphenyl)sulfonyll-4- | .. . 213
od=o piperazin-1-yl-1H-
-~ benzimidazole
|
) 1-[(2-methoxy-5-
68 C[N\> methylphenyl)sulfonyl]-4- 387 1 0.498
s piperazin-1-yl-1H- ' '
o benzimidazole
[j 1-[(2-methoxy-4-
6 O methylphenyl)sulfonyl]-4- 287 1 215
odo piperazin-1-yl-1H- ' :
- benzimidazole
() 1-[(2-chloro-6-
N methylphenyl)sulfonyl]-4-
70 @gg 0 viperazin-1-yl-1H- 391.1 2.33
. { o benzimidazole
Q 1-{[2-chloro-5-
71 @» (trifluoromethyl)phenyl]sulfon 445.0 13.7
oo yl}-4-piperazin-1-yl-1H- ' '
@ benzimidazole
() 1-[(2-fluoro-5-
N methylphenyl)sulfonyl]-4-
72 CCE g biperazin-1-ylAH- 375.1 0.254
. benzimidazole
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(2-chl orophenyl ) sul fonyl] 2-nethyl-4-(3-

hyl pi perazi n-1-y1)-1Hbenzi m dazol e 405.1 0.488 94 1101NM O

(3-f | woaptwarsgdapsul f onyl] - 2- et hyl - 4- ( 3- net hyl pi per €iTS2009/063816

|)-1H benzi m dazole 389.1 1.07 95 0\ I 0=0 00 1-[(3-chloro-2-

hyl phenyl ) sul fonyl]-2- nethyl-4-(3-nethyl pi perazi nl-yl)-1H benzi m dazol e
1 0.394 Ex. Structure Name M5 (ES) niz 5-HT6 binding Ki (nM 96 le "

: Ex MS (ES)[5-HTs binding

' m/z Ki (nM)

- [
t
-
-y
t
9.
c

ﬂﬁ%““%“

Structure Name
1-[(2-fluoro-3-
methylphenyl)sulfonyl]-4-

N\
3 CEII? piperazin-1-yl-1H-
=° ] benzimidazole

3751 0.202

[g 1-[(3-fluoro-2-
N methoxyphenyl)sulfonyl]-4-
74 @3 Dierazin.1-yl1H- 391.1 0.485
o, benzimidazole
{D 1-[(2-chlorophenyl)sulfonyl]-

75 @(“g 4-[(3R)-3-methylpiperazin-1- | 391.1 1.19
j‘@ yl]-1H-benzimidazole

[Nj 1-[(3-chlorophenyl)sulfonyl]-
76 @[N\> 4-[(3R)-3-methylpiperazin-1- | 391.1 2.35

\@ yl]-1H-benzimidazole

[Nj 1-[(3-chloro-2-
N methylphenyl)sulfonyl]-4-
77 @Q [(3R)-3-methylpiperazin-1-yl]-| 0% 12
@ 1H-benzimidazole
[”j 4-[(3R)-3-methylpiperazin-1-
78 C[N\> yl]-1-(naphthalen-1- 407 1 1.28
ylsulfonyl)-1H-benzimidazole
{g/ 1-[(2-chlorophenyl)sulfonyl]-
79 ) 4-[(3S)-3-methylpiperazin-1- | 391.1 0.282
7\@ yl]-1H-benzimidazole
[Nj/ 1-[(3-chlorophenyl)sulfonyl]-
80 @[N\> 4-[(3S)-3-methylpiperazin-1- | 391.1 0.483

yl]-1H-benzimidazole
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S 4-[ (3R 55)- 3, 5di net hyl pi perazin-1-yl]-2-
net hy1l- 1- ( phenyl sul fonyl) - 1Hbenzi m dazole 385.2 27.2 97 ISI " 0 S
4- [ (3R, 55y02pBrosei4aet hyl pi perazi n-1-yl ] -2- net hyl- 1- ( naphThskenndssie
yl sul fonyl)-1H benzi m dazol e 435.2 3.8 98 So 1-[(2-chl orophenyl)sul fonyl ]
4-[ (3R, 55) -3, 5- d| met hyl pi perazi n-1-y1]-2- nethyl -1H benzi m dazol e 419.1
3.5 99 ...... - 1.1" c-. SF4[(3R58) 3, 5-
di et hyl pi per a7i n 1- y % %( [fuor ophenyl ) sul f onyI[MSZES)[5-HTs binding
met hyl - 1H- b ‘Er?% m dazo “C}tﬁ 1 12 9 100 ..N.%‘"?e . c 1-.]. miz 0 NKi (nM)
[NJ/N 4-[(3S)-3-methylpiperazin-1-
81 @@ yl]-1-(naphthalen-1- 407.1 0.354
0!; ylsulfonyl)-1H-benzimidazole
W
Q/ 1-[(3-chloro-2-
N methylphenyl)sulfonyl]-4-
82 @[h} [(3S)-3-methylpiperazin-1-yl]- 4051 0.21
@ 1H-benzimidazole
@ 1-[(2,3-
N difluorophenyl)sulfonyl]-4-
83 @50 viperazin-1-yl-1H- 379.1 0.397
@( benzimidazole
@ 1-[(2,5-
" difluorophenyl)sulfonyl]-4-
84 @50 siperazin-1-yl-1H- 379.1 0.855
¢ benzimidazole
EQ 1-[(2-chloro-5-
N fluorophenyl)sulfonyl]-4-
85 @CE i viperazin-1-yl-1H- 395.0 0.516
P F benzimidazole
) 1-(2,6-
N dichlorophenyl)sulfonyl]-4-
86 C(Eﬁo piperazin-1-yl-1H- 411.0 1.33
a a benzimidazole
[D 1-[(3-fluoro-2-
N methylphenyl)sulfonyl]-4-
87 C_Ef o siperazin-1-yl-1H- 375.1 0. 402
benzimidazole
[D 1-[(3-chloro-5-
N fluorophenyl)sulfonyl]-4-
88 @5 0 viperazin-1ylH- 395.0 | 0.589
benzimidazole
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| CO0 1. 1-[(3-chloro-2- nethyl phenyl)sul fonyl]-4-

[ (3R 55)- 3, 5-

di net hyl pi perazin-1-yl]-2- nethyl-1H benzim dazole 433.1 2.28 1 01 NH 16
egk NPN, W 2610fdse@so- 1- (napht hal en-1- yl sul fonyl) - 4- pi p@Ccaaisreoy3si6

1H benzi m dazole 411.1 1.33 102 NH

410 r\L-k a

00

1-[ (2-chl orophenyl ) sul fonyl F 6-fl uoro-4-pi perazin-1-yl1-1H benzi m dazol e

395.0 0.698 Ex. Structure Name M5 (ES) niz 5-HT6 binding Ki (nM 103
MS (ES)|5-HTs hinding
Ex. Structure Name m/z Ki (nM)
NH’H
k/ N:( 1-[(2-ethoxyphenyl)sulfonyl]-
89 A N 2-methyl-4-piperazin-1-yl-1H-| 401.1 0. 7061
% benzimidazole
[“j 1-[(5-chloro-2-methoxy-4-
90 @Q methylphenyl)sulfonyll-4- 1 451 4 12.9
o=$=0 piperazin-1-yl-1H-
o benzimidazole
T;j 2-methyl-4-(3-
N methylpiperazin-1-yl)-1-
91 C[NP (phenylsulfonyl)-1H- 3711 244
5 benzimidazole
Tb 2-methyl-4-(3-
N methylpiperazin-1-yl)-1-
92 C(Eg (naphthalen-1-ylsulfonyl)-1H- 4211 0.623
benzimidazole
\[g 1-[(2-chlorophenyl)sulfonyl]-
5 2-methyl-4-(3-
93 Cgf methylpiperazin-1-yl}-1H- | 4051 | 0.488
a benzimidazole
N 1-[(3-fluorophenyl)sulfonyl]-2-
94 N\>— methyl-4-(3-methylpiperazin- [ 389.1 1.07
o=t—0 1-yl)-1H-benzimidazole
\[D 1-[(3-chloro-2-
"\ methylphenyl)sulfonyl]-2-
95 |>_ methyl-4-(3-methylpiperazin- 4191 0.394
0 1-yl)-1H-benzimidazole
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NH r,s 4R",

enzi m dazole 361.1 0.738

00 6-fluoro-1-(phenyl sul fonyl)-4- piperazin-1-y1l-1H

(1S, 45y020bdisesabi cycl o[ 2. 2. 1] hept - 2-y1F

ben

4- [

1- (phenyl sul f onyl) - 1Hbenzi m dazol e 355.1 44.7 105 HN
4-[ (1S, 45) - 2, 5di azabi cycl o[ 2. 2. 1] hept - 2-y1F 1-(naphthal en-1-yl sul fonyl) -
1

H- benzi m dazole 405.1 7.55 106 HNH iiii

IN |

104 HNHNH Z N'IV Nc-c) S

PCT/US2009/063816
1.1 (2-0 SCO

MS (ES)|5-HTs binding
Ex. Structure Name m/z Ki (nM)
\[D/ 4-[(3R,5S5)-3,5-
N dimethylpiperazin-1-yl]-2-
9 éif methyl-1-(phenylsutfonyl)-1H-| 3852 272
1 benzimidazole
\[D/ 4-[(3R,5S5)-3,5-
N dimethylpiperazin-1-yl]-2-
97 CEN% methyl-1-(naphthalen-1- 435.2 3.8
ylsulfonyl)-1H-benzimidazole
\[D/ 1-[(2-chlorophenyl)sulfonyl]-
N 4-[(3R,5S5)-3,5-
98 @f dimethylpiperazin-1-yll-2- | 4191 35
T°, methyl-1H-benzimidazole
\(i;/ 4-[(3R,5S5)-3,5-
"\ dimethylpiperazin-1-yl]-1-[(3-
99 CEN% fluorophenyl)sulfonyl]-2- 403.1 12.9
W methyl-1H-benzimidazole
\[b/ 1-[(3-chloro-2-
N methylphenyl)sulfonyl]-4-
100 o [(3R,5S5)-3,5- 433.1 2.28
o=t dimethylpiperazin-1-yl]-2-
methyl-1H-benzimidazole
O = QQ 6-fluoro-1-(naphthalen-1-
101 N\,,S\\O ylsulfonyl)-4-piperazin-1-yl- 4111 1.33
° 1H-benzimidazole
NH/w
k/N = 1-[(2-chlorophenyl)sulfonyl]-
102 N\ﬁ\ cl 6-fluoro-4-piperazin-1-yl-1H- | 395.0 0.698
°° benzimidazole
£
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c-0 Sc'

1-[ (2-chl orophenyl)sul fonyl] 4-[(1S, 45)-2, 5-
di azabi cycl o[ 2. 2. 1] hept - 2-yI ] -

40 4-[ (1SvO3p1Aseeitazabi cycl o] 2. 2. 1] hept - 2- y1F

1-[ (3-fluorophenyl)sul fonyl] -
1-[(3-chl oro-2- nethyl phenyl)sul fonyl]-4-

1H benzi m dazole 389.0 5.3 107 411 \ c.1=0

PCT/US2009/063816

1H benzi m dazole 373.1 22.1 108 0 (2-D le
[ (1S, 45) -2, 5-

di azabi cycl o[ 2. 2. 1] hept - 2-y1F 1H benzi m dazole 403.1 2.86 109 el c¢=&=0 40
4-[ (1S, 45) -[2_5di azabi chéZ.Z.l]hept-Z- F 2- met hyl[m&-(Epf®AY] Sikdifgny 1) -
1H benzi m dazblle 369.§‘¥‘§ " Xame m/z Ki (nM)
NH/H
L /S Q B-fluoro-1-(phenylsulfonyl)-4-
103 - piperazin-1-yl-1H- 361.1 0.738
°° benzimidazole
!
¥ é[ 4-[(1S,48)-2,5-
) diazabicyclo[2.2.1]hept-2-yl]-
104 o 1-(phenylsulfonyl)-1H- 355.1 44.7
benzimidazole
% 4-[(1S,48)-2,5-
[ I”\> diazabicyclo[2.2.1]hept-2-yl]-
105 ne 1-(naphthalen-1-yisulfonyi)- | 0% 7.95
I i 1H-benzimidazole
o 1-[(2-chlorophenyl)sulfonyl]-
@@ 4-[(1S,4S)-2,5-
106 o diazabicyclo[2.2.1hept-2-yl]- | 890 5.3
o 1H-benzimidazole
H . 4-[(1S,4S)-2,5-
S diazabicyclo[2.2.1]hept-2-yl]-
107 . 1-[(3-fluorophenylsulfonyil- | 373" 221
i 1H-benzimidazole
% 1-[(3-chloro-2-
©:> methylphenyl)sulfonyl]-4-
108 . [(1S,45)-2,5- 403.1 2.86
o=p=0 diazabicyclo[2.2.1]hept-2-yl]-
:@ 1H-benzimidazole
7& 4-[(1S,4S)-2,5-
[ I y— diazabicyclo[2.2.1]hept-2-yl]-
109 ~ >-methyl-1-(phenylsulfonyl)- | 09 30.5
1H-benzimidazole
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Ex. Structure Name M5 (ES) mz 5-HT6 binding Ki (nM 110 0 I c=s=0 O

4-[ (1S, 45) - 2, 5di azabi cycl o[ 2. 2. 1] hept - 2-y1F 2-net hyl- 1- (napht hal en- 1-

yl sul f onywp-20td/d5e632i m dazol e 419.1 9.92 111 HN I H el " PCT/US2a9/063816

1-[ (2-chl orophenyl)sul fonyl] 4-[(15,45)-2,5- diazabicyclo[2.2.1Thept-2-y1F
2- met hyl - 1H benzi m dazol e 403.0 21 112 HNH Z ah N WPP N

MS (ES)|5-HTs binding
Ex. Structure Name m/z Ki (nM)
H; t 4-[(1S,4S)-2,5-
[ > diazabicyclo[2.2.1]hept-2-yl]-
110 ~ >-methyl-1-(naphthalen-1- | 4191 9.92
OO ylsulfonyl)-1H-benzimidazole
% 1-[(2-chlorophenyl)sulfonyl]-
[ I’“\% 4-[(1S,4S)-2,5-
11 al diazabicyclo[2.2.1]hept-2-yl]- | 4030 21
o 2-methyl-1H-benzimidazole
4 4-[(1S,45)-2,5-
[IN\% diazabicyclo[2.2.1]hept-2-yl]-
112 ne 1-[(3-fluorophenyl)sulfonyi]-2- 871 39.9
methyl-1H-benzimidazole
%& 1-[(3-chloro-2-
@EN\ methylphenyl)sulfonyl]-4-
113 h‘.% [(1S,4S5)-2,5- 417 1 14.1
O=5=0 diazabicyclo[2.2.1]hept-2-yl]-
?ij 2-methyl-1H-benzimidazole
{Nj/ 2-methyl-4-[(3R)-3-
N methylpiperazin-1-yl]-1-
114 @[N% (ohenylsulfonyl)-1H- 393.1 3.17
ESO benzimidazole
GJ/ 2-methyl-4-[(3R)-3-
\ methylpiperazin-1-yl]-1-(1-
115 ©::|>_ naphthylsulfonyl)-1H- 4211 112
O benzimidazole
[g 2-methyl-4-[(3S)-3-
Ny methylpiperazin-1-yl]-1-
116 ‘% (phenylsulfonyl)-1H- 3711 0.951
- benzimidazole
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(Ol F 4-[(1S,45)-2,5- diazabicyclo[2.2. 1] hept-2-y1F
1-[ (3-fluorophenyl)sul fonyl]-2- nethyl-1H benzim dazole 387.1 39.9 113 HN A
S" c¢-s=0 Wolojo(Be@hl or o- 2- net hyl phenyl ) sul fonyl] - 4- [ ( PETASP602/063816

di azabi cycl o[ 2. 2. 1] hept - 2-y1F 2-net hyl - 1H benzi m dazole 417.1 14.1 114 H
cH "."1". 41 0 2-nethyl-4-[(3R) -3net hyl pi perazi n-1-y1]-1-

(phenyl sul fonyl) 1H benzi m dazole 393.1 3.17 115 -1)...... 40 00
2- met hyl - 4- [%XS 3n’et£%?{t) ger azin-1-y1J- k—agn%- napht yisgBEf|®AYLDindifdy

benzi m dazgl €:421. 1 m/z Ki (nM)
Q 2-methyl-4-[(3S)-3-
N methylpiperazin-1-yl]-1-(1-
17 @f naphthylsulfonyl)-1H- 42111 0305

benzimidazole

HH@ PN 4-(3-ethylpiperazin-1-yl)-1-(1-

118 naphthylsulfonyl)-1H- 4211 1.38
benzimidazole
H =\ O
) N’\N\gffo 4-(3-ethylpiperazin-1-yl)-1-
119 (phenylsulfonyl)-1H- 371.1 0.484
benzimidazole
@ hr:\N\?S'D//o 4-(3-isopropylpiperazin-1-yl)-
120 1-(phenylsulfonyl)-1H- 385.1 6.11
benzimidazole
ﬁ)HO N';\N\ICSI)/,O 4-(3-isopropylpiperazin-1-yl)-
121

1-(1-naphthylsulfonyl)-1H- 435.1 0.952
QO benzimidazole

-[(2-chlorophenyl)sulfonyl]-
-(3-isopropylpiperazin-1-yl)- | 419.1 1.08
H-benzimidazole

Hm N:\N\h)//o 1

S
122 \(K/K@ a4
1

™ T\ la-(3-isobutylpiperazin-1-yl)-1-
123 (phenylsulfonyl)-1H- 399.2 34.3

benzimidazole

T e 4-(3-isobutylpiperazin-1-yl)-1-

124 (1-naphthylsulfonyl)-1H- 449 1 8.32
QQ benzimidazole
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10 =c, O 2-nmethyl-4-[(35 )-3- nethyl pi perazin-1-yl1]-1- (phenylsulfonyl)-1H
benzi m dazole 371.1 0.951 Ex. Structure Name M5 (ES) nfz 5-HT6 binding Ki
(nM 117 WoNoiddseddM (=0 4010 2-net hyl -4-[(35)-3net hyl pi peraseow9obe3sld - 1- ( 1-
napht hyl sul fonyl)-1H benzi m dazole 421.1 0.305 118 N. _.---\0 0 N---ik/
op, 4-(3-ethyl piperazin-1-yl)-1-(1- naphthyl sul fonyl)-1H benzi m dazol e
421.1

MS (ES)[5-HTs binding
m/z Ki (nM)

y@ N;\N\ICSI)/,O 1-[(2-chlorophenyl)sulfonyl]-
125 /iv K@( @ WU-(3-isobutylpiperazin-1-yl)- | 433.1 4.98
1H-benzimidazole

Ex. Structure Name

@ 1-[(5-chloro-1-
Nad naphthyl)sulfonyl]-2-methyl-
126 @/N 2 ‘ 4-[(3S)-3-methylpiperazin-1- 455.1 1.05

& O o yll-1H-benzimidazole

1-[(5-chloro-1-
naphthyl)sulfonyl]-2-methyl-

v UN\S"O ‘ 4-[(3R)-3-methylpiperazin-1- 455.1 8.38
I @ o yl-1H-benzimidazole

y 4-(3-methylpiperazin-1-yl)-1-
128 @Q (phenylsulfonyl)-1H- 357.1 0.931
o=t=0 benzimidazole
[N N 4-(3-methylpiperazin-1-yl)-1-
129 @[Q (1-naphthylsulfonyl)-1H- 407 .1 0.051
o—$—0 benzimidazole

Throughout this application, various publications are referenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this application in
order to more fully describe the state of the art as known to those skilled therein as of the date

5  of the invention described and claimed herein.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

10  within the scope of this invention.
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1.38 119 HV-0 O N--/ el il benzim dazol e 4-(3-ethyl piperazin-|-yl)-1-
(phenyl sul fonyl)-1H 371.1 0.484 120 el 4-(3-isopropyl pi perazin-1-yl)-
1- (phenylwol2bompbg44 1H  benzi m dazol e 385.1 6.11 121 N PCI/UAL00DB63816
4- (3-i sopropyl pi perazin-1-yl)- 1-(1-naphthyl sul fonyl)-1H benzi m dazol e

435.1 0.952 122 1\i'M\--,---\0 0O \]...4/ 01 0 a
1-[ (2-chl orophenyl )sul fonyl] - 4-(3-isopropyl pi perazin-1-yl)-
1H benzi wrdaizelamedli®. 1 1.08 123 ir\j----- \N W/ /
4- (3-isobutyl pi perazin-1-yl)-1- (phenyl sulfonyl)-1H benzi m dazole 399. 2
1. A compound of Formula I
R2
|
Rl s
N
N
3y \ 4
(R C[N%R
S0,
R? R®
R® R®
R7
|
5 wherein,

R and R™ are each independently H or C;-Cgalkyl, C,-Cealkenyl, or C,-Csalkynyl, each
substituted with 0-4 substituents independently selected from the group consisting of C4-Caalkyl,
Cs-Cecycloalkyl, Cs-Cgcycloalkenyl, Co-Csalkenyl, Co-Csalkynyl, halo, nitro, cyano, hydroxy, -
N(R%),, -C(O)R®, -OR®, and -S(O),R*;

10 alternatively, R'™ and R'® are taken together to form -(CH,),-;

R?is H, C1-Caalkyl, -CHO or -C(0)(C+-Caalkyl);

R® is independently at each occurrence halo, nitro, cyano, hydroxy, -N(R%),, C-Cealkyl,
Co-Cealkenyl, Co-Cgsalkynyl, C4-Ceacyl, or Ci-Cealkoxy, wherein each C;-Cgalkyl, C4-Csalkyl, C»-
Cealkenyl, C4-Ceacyl or Ci-Csalkoxy is substituted with 0-4 substituents independently selected

15  from the group consisting of C4-Cialkyl, C3-Cecycloalkyl, C3-Cescycloakenyl, C,-Cealkenyl, Co-
Cealkynyl, halo, nitro, cyano, hydroxy, -N(R?),, -C(O)R®, -OR® and -S(0),R

R* is H, hydroxy, C;-Cealkyl, C,-Cealkenyl, C,-Cealkynyl, C4-Csacyl, Cs-Cecycloalkyl, or
Cs-Cecycloalkenyl, wherein each C;-Cgalkyl, C,-Csalkenyl, C,-Cgalkynyl, C;-Ceacyl, Cs-
Cecycloalkyl, or Cs-Cecycloalkenyl is substituted with 0-4 substituents independently selected

20  from the group consisting of C1-Cjalkyl, C3-Cscycloalkyl, Cs-Cecycloakenyl, halo, nitro, cyano,
hydroxy, -N(R®),, -C(O)R®, -OR® and -S(0),R,

R® R® R’, R® and R® are each independently H, halo, nitro, cyano, hydroxy, S(O),R? -
N(R®),, Cs-Cealkyl, C4-Ceacyl, C4-Cgalkoxy, Cs-Cecycloalkyl, or Cs-Cgcycloalkenyl, wherein each
C,-Cealkyl, C4-Ceacyl, C4-Cealkoxy, Cs-Cecycloalkyl, or C3-Cscycloalkenyl is substituted with 0-4

25  substituents independently selected from the group consisting of C4-Cjalkyl, C3-Cscycloalkyl, Cs-
Cecycloakenyl, C,-Csalkenyl, C.-Cealkynyl, halo, nitro, cyano, hydroxy, -N(R?),, -C(O)R®, -OR®
and -S(O),R";
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34.3 124 "----.\ N-- / S VI OP 4-(3-isobutyl pi perazin-1-yl)-1-
(1- napht hyl sul fonyl)-1H benzi m dazole 449.1 8. 32 WO
2010/ 056 6X0RCIV03&2009/ 063816 Ex. Structure Name MS ( ES) PoiraiSzeodiessiné ndi ng
Ki (nM 125 "----\ii% N-s a ill1H benzi m dazol e
1-[ (2-chl orophenyl ) sul fonyl F 4-(3-isobutyl pi perazin-1-yl)- 433.1 4.98 126
HNit N"Olit O* O,a

alternatively, one of R® and R® or R® and R’ are taken together with the carbon atoms to

which they are attached to form a fused phenyl, Cs-Cecycloalkyl, or Cz-Cecycloalkenyl ring
substituted with 0-3 R'® groups;
R' is halo, nitro, cyano, hydroxy, S(O),R?, -N(R?),, C4-Csalkyl, Cs-Ceacyl, Cs-Csalkoxy,
5  Cj3-Cgeycloalkyl, or Cs-Cecycloalkenyl, wherein each C;-Cgalkyl, C4-Ceacyl, C4-Cealkoxy, Cs-
Cecycloalkyl, or Cs-Cecycloalkenyl is substituted with 0-4 substituents independently selected
from the group consisting of C4-Cjalkyl, C3-Cecycloalkyl, Cs-Cecycloalkenyl, C,-Cealkenyl, Co-
Cealkynyl, halo, nitro, cyano, hydroxy, phenyl, -N(R?),, -C(O)R®, -OR®, and -S(O),R%;
each R? is independently H, -CHO, -C(Q)(Cs-Cialkyl), -CO,(C+-Cialkyl), or C;-Caalkyl
10  optionally substituted with halo;
each R” is independently H, -OH, C;-C,alkoxy-, -NH,, -NH(C1-Caalkyl), -N(C4-Caalkyl),, or
C,-C,alkyl optionally substituted with halo;
each R® is independently H, -C(O)(C4-Caalkyl), or C4-Cyalkyl optionally substituted with

halo;
15 each R%is independently hydroxy or C-C,alkyl optionally substituted with halo;
each p is independently 0, 1, or 2,
mis 0, 1 or 2; and
nis1or2; or
a tautomer, stereocisomer, or pharmaceutically acceptable salt thereof.
20
2. A compound of claim 1 wherein R?is H or C4-Cjalkyl.
3. A compound of claim 1 or 2 wherein R? is H.
25 4. A compound of any one of claims 1 to 3 wherein R® is independently at each
occurrence hydroxy or halo.
5. A compound of any one of claims 1 to 4 wherein mis 0.
30 6. A compound of any one of claims 1 to 5 wherein R* is H, hydroxy or C-Csalkyl.
7. A compound of any one of claims 1 to 6 wherein R* is H or C-Caalkyl.
8. A compound of any one of claims 1 to 7 wherein R™ and R™ are each

35 independently H or C,-Cealkyl;

alternatively, R and R are taken together to form -(CH),-.
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1-[(5-chl oro-1- naphthyl)sul fonyl]-2-nethyl 4-[ (35) - 3- et hyl pi perazi n-1-

y1l] - 1H benzi m dazole 455.1 1.05 127 - 4, Ns"O cf, Oc, 1-[(5-chloro-1-

napht hyl )wWol2hovpbds4 2- met hyl 4- [ ( 3R) - 3- net hyl pi per azi n- 1- PCT/US2009/063816

y1] - 1H benzi m dazol e 455.1 8.38 128 Il =c, S 4-(3-nethyl piperazin-1-yl)-1-
(phenyl sul fonyl)-1H benzi m dazole 357.1 0.931 129 N, U

4- (3-net hyl pi perazin-1-yl)-1- (1-naphthylsul fonyl)-1H benzi m dazole 407.1
0. 051 9. Thr/ougimhd bhary cappf tlaiatsi 100,8 WMalr¢io RS gadIR't gratat 0es3- ane 5-
referencedgmxl @ sp Qsur es anmﬁsﬁ publications in their entireties are
her eby |R%0rp89a 88p8 reéf'e? 8net ihto this application in order to nore
fully describe the state of the art as known to those skilled therein as of
the date 5of f§he i OuSJUAR oOHHOhE BEGaiREY 1§ bahBRSA FEN@{SEH BrCi-Caalkyl. Wi le
particul ar enbodi nents of the present invention have been illustrated and
descrPbed, it would be obvious to those skilled in the art that various

ot her changesmnd Aeshgoue@bl /) Dn6 ancliids masieo vl Rdaaulk ndeparting fromthe
spirit and scope of the invention. It js therefore intended to cover in the
appended cl ainms all such changes and djg'tcations that are 10within the
scope of this invention.

N
N
Y
N
S0,
R2 R®
R8 RS
R7

wherein the variables are as described in the preceding claims.
10
12. A compound of any one of claims 1 to 10 of Formula III:

H
"

[}
wherein the variables are as described in the preceding claims.
15
13. A compound of any one of claims 1 to 10 of Formula IV:
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WO 2010/ 056644PCT/ US2009/ 063816 What is clainmed is: 1. A conpound of Fornul a
l: R2 bRIla CN) S5wher ei n, Ria and R b are each independently H or
C - Coal kywo 208/086@ kenyl , or C2- C6al kynyl, each substit rCEWSAMWI6I316!
substituents independently selected fromthe group consisting of

Cl- C4al kyl, C3-Cb6eycl oal kyl, C3-C6eycl oal kenyl, C2- Céal kenyl, C2-Céal kynyl ,
hal o, nitro, cyano, hydroxy, - N(R2)2, -C(0)Rb, -ON and -S(0)pRd;
l0alternatively, Ra and Rib are t aken Hogether to form-(CH2),-; R2 is H,
Cl- C4al kyl , -CHO or -C(0) (G - C4al kyb¥ R3 is independently at each
occurrence halo, nitro, cyano, hydrox\[ I( R2) 2, Cl-Ceal kyl, C2-C6al kenyl,
C2- Coal kynyl , Cl-C6acyl, or Cil-Coal koxyN wher ei n each OrCsaI kyl, CrCsal kyI ,
C2' Csal kenyl, Cl-Co6acyl or Cl-C6al kox nubstituted with 0-4
substituents independently sel ected 15 DherR*gr oup consi sting of

Cl- C4al kyl , C3-Céeycl oal kyl, C3-Céeycl ofkerlyl , C2- Coal kenyl, C2- Cgal kynyl,
hal o, nitro, cyano, hydroxy, -NR2)2, C(O) ﬁ@z OR and -S(0) de R4 is
H, hydroxy, Cl-C6al kyl, C2-Ceal kenyl, CRCgaklkyRiyl, Cl-Ceacyl,

C3- C6cycl oal kyl , or C3-C6eycl oal kenyl , whe each G - Coeal kyI

C2- C6al kenyl , C2-Co6al kynyl, Cl-Cé6acyl, G CWel oal kyl , or

C3-Coeycl oal kenyl is substituted with 0-4 smbstituents independently

sel ected 20fromthe group consisting of - C4al kyl, C3-Co6cycl oal kyl ,
C3- C6cycl oakenyl, halo, nitro, cyano, hydroxy, -N(R2)2, -C(0)Rb, OR and
-S(0) pRd; wherflf theR@rialfgs ark@s dasafib&indheepreessingi afrlependent |y H, hal o,

nitro, cyano, hydroxy, S(O)Rd, - N(R2)2, Cl-Co6al kyl, G -C6acyl,

Cl- Ceal koxy, C3-Cé6cycl oal kyl, or C3- CchcI oal kenyl 1avvhere;l n each

Cl- ceal kyl , C¥ cedtigmpagnd %%Yk%?)?f clammscsie @I"U‘&FQ{WP B %ar%WEPW&PWenyI

I S subst Higited,wth 0-4 25 substituents |ndependently selected fromthe
group consisting of Cl-C4al kyl, C3-Cé6cycl oal kyl, C3- Cé6cycl oakenyl,

C2- C6al kenyl , C2-C6al kynyl, halo, nitro, cyano, hydroxy, -N(R2)2, -C(0)Rb,
OR and -S(0) plﬁi ANDNRRDUOA O%I@ME’@TWIWQOOQAE%%@ R™ and R™ et ettt i vel y, one
of R5 and R6 or R6 and R7 are taken together with the carbon atons to which
they are attached to forma fused phenyl, C3-C6cycloal kyl,  or

C3- C8Bycl oal k&hy!l A FHEPRNB S ?@M@’@df’f\/ﬁet"ﬁs 013 1¢pd é? yihprein R ds HenAdl ois it r o,
cyano, hydroxy, S(O)Rd, -N(R2)2, G -Coeal kyl, G -GCéacyl, G -Co6al koxy, 5

C3- C6ceycl oal kyl , or C3-C6eycl oaI kenyl , wher ei n each G -CGaI kyl, G -C6acyl,
C - Coal koxy, C3- C6cycl oal kyl, or C3-Cé6eycl oal kenyl is substituted with 0-4
substituents ihdepeoaeuiuhy osaly@ot eticliimermtd he whereinR’cBh R’ SRY, agl BT are each

G - Caal k | kyd _ 6l |
Goal kyny 1HOeREANChB! Kthow 8 CRMNE G ICRKDr. SRR SET Y G o Gy and
- (oY RdCe@lwwwbstéutpw@p%d@my H " -CHO, -C(0) (G -C4al kyl),

-02( G - GAal kyleknatiedly, @ne @ﬂﬁ* &)d Rgl&cmtanernealawtaﬁérb@ btharvRel thé &;hbéﬁaét@ms to
each Rb |% |nd%pendent

PG - CadFI) 155 S SUSehds i [T S eB ey Sy RRbEE t FroHr o aie R | s
i ndependenﬁsltuwtdd with@COR{Groupdal kyl ), or Ci -C4al kyl optionally substituted
with

20 18. A compound of any one of claims 1 to 17 wherein R®, R®, R”, R®, and R® are each

19. A compound of claim 1 wherein R™ and R™ are each independently H or C;-
Cealkyl;

25 alternatively, R™ and R are taken together to form -(CHy),-:

R?is H or C4-Caalkyl;

R? is independently at each occurrence hydroxyl or halo;

R*is H, hydroxyl, or Cs-Cealkyl:

R® R® R’, R® and R® are each independently H, halo, hydroxyl, C;-Cealkyl, or Cs-
30  Csalkoxy, wherein each C,-Cealkyl or C1-Cealkoxy is substituted with 0-3 halo;
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hal o; 15each Rd is independently hydroxy or G -C4al kyl optionally
substituted with halo; each p is independently 0, 1, or 2, mis O, 1 or 2;
and n i s WOoap102i56@n a tautoner, stereoisoner, or pharmaeeutise@9loy3sie
acceptable salt thereof. 20 2. A conpound of claim1l wherein R2 is H or

C -Caal kyl. 3. A conmpound of claiml1l or 2 wherein R2 is H 254. A conpound
of any one of clains 1 to 3 wherein R3 is independently at each occurrence
hydroxy or habliemdhivély, oa8poRNehdR® @R bR’ afe ke tﬁgetﬂertvﬂthéthef\te&b@i dtoms tos 0.

306. A co camsltoS r
G - el g e eiaereC iR < lorf ' Re bRy G RV odly oo Fe el o
G - C4al kyubstlwtedwlthcﬂ@&?mdmmfs any one of cI ains 1 to 7 wherein Rla and Ri b

ot o SRSty T Ol SRR XSy G, B

t aken to%ether to form-( ﬁﬁfél
conpotind CedkyARRCorrdlkgry 'éﬁ'é\t? tefd with O3 OH@rein Rla and Rib are at the 3- and

5- positions fisdheor® ped azine ring of formula I. 10. A conpound of any one
of claims 1 to. 91 erein Ribis Hor Cl-Cdalkyl. 11. A conpound of any one
of claims 1 t0'°10°6f Formula Il1: R7 Il wherein the variables are as

described in the preceding clains. 12. A conpound of any one of clains 1 to

10 of Formul aZd.l | ‘A Ccﬁr?pound of claim 1 selected from the group consisting of:
10  4-(4-methylpiperazin-1-yl)-1-(naphthalen-1-ylsulfonyl)-1H-benzo[d]imidazole;

1-(naphthalen-1-ylsulfonyl)-4-(piperazin-1-yl)-1H-benzo[d]imidazole;
1-(phenylsulfonyl)-4-(piperazin-1-yl)-1H-benzo[d]imidazole;
2-methyl-1-(1-naphthylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;

15  2-ethyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
4-(4-ethylpiperazin-1-yl)-1-(phenylsulfonyl)-1H-benzimidazole;
2-butyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-4-(4-methylpiperazin-1-yl)-1-(1-naphthylsulfonyl)-1H-benzimidazole;
1-[(4-chlorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

20  1-[(2-chlorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
4-(4-methylpiperazin-1-yl)-1-(phenylsulfonyl)-1H-benzimidazole;
1-[(4-methoxyphenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-4-piperazin-1-yl-1-{[3-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
1-[(2-chlorophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;

25  1-[(3-chlorophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
1-[(4-chlorophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-1-[(3-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(3-chlorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(4-fluorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

30  1-[(2-fluorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

1-[(3-fluorophenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
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1l wherein the variables are as described in the preceding clains. 13. A
conpound of any one of clains 1 to 10 of Fornula IV.: WO

2010/ 056 6X0RCIV03&2009/ 063816 H H3C NIR R7 |v wherein tReTH®r00I0bI8I6 ar e as
described in the preceding clainms. 514. A conpound of any one of clains 1 to
13 wherein Ria and Rib are independently H or -CH3. 15. A conpound of any
one of clains 1 to 12 wherein Ra and Rib are both H 1016. A conpound of
any one of-ahgtitigsulforiy)-4flpantn-131-wheeeimidiiok; i s H and Rib is - CH3. 17. A
conmpound of any one of clains 1 to 16 wherein R5, R6, R7, R8, and RO are
each i ndép@mdethexyghedy!)svifbry)]- 4h@inl$r@3w1 -yE1H-Gemdirkighzoleor C1- C6al koxy, wherein
each Cl-C6al kyl or Ci - 15C6al koxy is substituted with 0-3 hal o;

al t er nat frPIRZINohY- 10ﬁ4 feflugrametiiy xuiP hery efanyi7! Fabenzimigazr'e; oget her with the

b t tached t f d ph I
3, PR e SRR B LRI’ P s o e
2018. A Hpq{iggyA ﬂ%ﬁ&p 4OJIP ¢l AL 45O Id%a%rel n R5, R6, R7, R8, and R9

are each al m 1 wherei a and R b are each

i ndepend@yijeYaAn- 2§11 3- tm@}&methox ﬁéﬁqu VR- Menz%.@ez@réd Rib are taken
e D

together to form-( alkyl: R3 is independently at

each occu¥3aimeeo- Mddir@pﬂ’}dnyl(ﬁ;fulfdﬂ@l]@ p.;Fé4aziirs14yt1|-h1ydfzomydzz,oleor Cl- C6al kyl ;

R5, R6, R7, R8, and R9 are each independently H, halo, hydroxyl,

Cl- Coal ky¢tmetiy-4iperazin-1-yl-1-{[4-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
2-methyl-1-[(4-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

10  1-[(2-fluorophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
4-piperazin-1-yl-1-{[2-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
1-[(3-methoxyphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(4-methyl-1-naphthyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(3-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

15  1-[(3-chloro-2-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(4-fluorophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
1-[(2-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
4-piperazin-1-yl-1-{[4-(trifluoromethyl)phenyl]sulfonyl}-1H-benzimidazole;
4-piperazin-1-yl-1-{[2-(trifluoromethyl)phenyl]sulfonyl}-1H-benzimidazole;

20  4-piperazin-1-yl-1-{[3-(trifluoromethyl)phenyl]sulfonyl}- 1H-benzimidazole;
2-methyl-1-(2-naphthylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
1-[(2-methoxyphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(3-methoxyphenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-4-piperazin-1-yl-1-{[2-(trifluoromethoxy)phenyl]sulfonyl}-1H-benzimidazole;

25  2-methyl-1-[(2-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
2-methyl-4-piperazin-1-yl-1-{[2-(trifluoromethyl)phenyl]sulfonyl}- 1H-benzimidazole;
2-methyl-4-piperazin-1-yl-1-{[3-(trifluoromethyl)phenyl]sulfonyl}- 1H-benzimidazole;
1-[(5-chloro-1-naphthyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

2-methyl-1-[(4-methyl-1-naphthyl)sulfonyl]-4-piperazin-1-yl- 1H-benzimidazole;
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30C6al koxy, wherein each Cl-C6al kyl or Cl-C6al koxy is substituted with 0-3
hal o; WD 2010/ 056644PCT/ US2009/ 063816 alternatively, one of R5 and
R6 or R6 wodoRMsed4e t aken together with the carbon at ompCrasSamobssihey are
attached to forma fused phenyl, C3-C6cycloal kyl, or C3-Cé6cycl oal kenyl ring
substituted wth 0-3 Rl groups; each Rl is independently halo,
hydr oxyl, Cl1-C6al kyl, or Cl-C6al koxy, wherein each Cl- 5Csal kyl or

Cl1- Coeal kmwz m@th@«ybﬁéwt)wfeﬁyl]w thbth@-Apiperhn-14y1-118-bBnzididefole2; and n is 1 or 2.
20. A conpound of claim1l selected fromthe group consisting of:

104 (4- nﬂf[mdhmrqmlea\d)smfonylyi)@ hethyipipRtazial eyl)- 1H-pemarhifiarsel ) - 1H- benzo[ d] i ni dazo

1- (napht hal en- 1-yl sul fony1) - 4- ( pi perazi n-1-y1)-1H benzo[ d] i m dazol e;
1 ( pheny|1sl@@&‘@pf?md)sv'&nwbﬂééﬁﬁthylpgpfﬁazmﬂ Hbﬂiéffaqm'ﬁ?%ol e;

RARE (0 R e R e Lo e SR S

152- et hyl ) iLdazol e;

4- (4- tgt h;/l[% rﬁ%ﬁ%@}fl’\&?bgu&}?ﬁ( - éheér@fhg @%%onyfgﬂll_'ﬂ%gﬁ%ﬁl azol e;

2- but yl - 3= ¢ pleamiperdAonyil) 114- p.lnm&aéth héAy| | HIBeAAR RIS le;

2- met hyl - 4 (4- rr)egtpﬁsgy | pi pﬁ-a-z{[l n-1-yl) &?1‘7 na}z)%t hy gﬁl fonyl) - 1H benzi ni dazol e
; 1- [ (4- ahizahepdemstygihkihoeyiichyif4u8- pemmlparaimwlynlfﬂ-l bemrhitagdeg ol e;

201-[ (2-chl orophenyl ) sul fony1] - 4- pi perazi n-1-y1- 1H benzi m dazol e;

4- (4- et H;NZﬁlhmm@nyi)SQIfO}ﬂﬂ) -2 -(nethelethlyB-dtriemazn- 1-yH-Hskenzinmilatateo| e;

1-[ (4- et hox nyl ) sul fon 2- met hy1l- 4- pi perazi n-1-y1- 1H benzi m dazol e;

2- rret hyI 143 B’&%EPW&"‘%XU ][[nstwytemygﬁmﬁrhww bAEIP32818f f ony11- 1H benzi

m da

T 138 et am,ymvp PRI Y RPRY L4 BPBRE i R BTG IoRR ez i dazol e:

oL Shi e RREhABY b k2 bk hedy Pa BRERZ - dkehpEDab T Soz0) ©
met hyl 2X1 hdegnntyhul phes-) s ﬁ@fwhdm&nah@@;fﬂéwsdnom Hthbengiugazol e;

chl or ophenyl’) sul f ony1] - 4- pi perazin-1-y benzi m dazol e;

f | aqn-apkrgrity))sii4-oaydhaphttigper-asutony wiiddrbAre ngi- 1H-derzohigs zole;

[ (2-fl uorophenyl)sul fonyl]-4-pi perazi n-1-yl- 1H benzi m dazol e;
f 1 ddidephlocmiHmeghoxydhepljsuldonyll-dexrgrdzin- tylylH-teazlyedazolei dazol e,

napht hyl sul f ony1) - 4- pi perazi n-1-y1- 1H benzi m dazol e;

Zr aﬂr{@séwn%ﬁwat%w?hf:w ﬂ“'f%gﬁgﬁfé%'%“!' szﬁ?gffﬁn gil-zglaﬁm m dazol e;
fl ﬁé&o%ﬂéﬁ%’ﬁ‘%ﬂ? yﬁ)) Q&Tﬁgj HREHYT xll?)lﬁpg’gﬁé%fcﬁzﬂ y){ 1H benzi ni dazol e;

(
[ (4- Mgty i - dazol e;
i per gﬁl[{%rjﬂ&n(%&}&%jgm% I%}% mfé%ﬁeé‘p‘ﬁ%%%rgﬁi Wf’&ﬁ’ﬁg%"ﬁ 1H benzi m dazol e;
(3- Ch|1ﬂ(%&h&yllpﬁgﬂﬂljlﬁﬁéﬁib)sﬂ%rﬁﬂ]ﬂlyén&eréznﬁlﬂQfﬁﬂ%brﬁhrﬂmyﬂeﬂeﬂ"' benzi m dazol e;

met hyl - 4- pi perazin-1-y1l-1-{[4-(trifl uoronet hoxy)phenyl]sul fonyll-1H benzi
dazol e;1-[(2-chloro-6-methylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

met hyl - 1- [ (4- et hyl phenyl ) sul f onyl ] - 4- pi perazi n-1-y1- 1H benzi m dazol e;
[R02- ﬂH[thbmréﬂlyﬂL)%Qjmtbyi)pm?nyﬂsuﬂemh}y‘&pmerpmpér%ﬂHwemZImmiamlﬁ benzi m dazol €;

pera2| n-1-yi- gh -(trifluoromethoxy)phenyl]sul fony11 1H benzi m dazol e;
3- net ﬂ@%ﬂ}’ﬁﬁ’e‘?ﬂ?ﬁ ¥heyhsHfpovil-4piperpgsilnl-1Hypenamidgedsi i dazol e;

3 et %J’fwﬁ@r%f@a%%wﬁ B AP ot ek T dazol o
| 3; e BN RSN B 4 SRz gL L benzi m cazol

flu op eny - pi‘perazin- 1H benzi m dazol e;

2- met el dpleshnbn blfdh Y- (3R)- By A P zhr- 3. hh*bbwwam@zol e;
perazflcr? 1-yl-1 4}?H-(t I?I}Lﬁ quomet ﬁ,f/blzd) phzeny ]sul fonyll- 1H benzi ni dazol e;

2-
1-[(3-
1-[ (4-
301-
[(3-
(2-

[ (42me
pip
[ (3-
p
[

1-
1-
1-
4-
1-
51
4-
1-
2-
m

01-
pi
[ (
[ (
[ (
1-
[ (
[ (
pi

- pi per a2+[(($-ch+oydphéﬂ5[l)2ul(dnyll iH[ (GRJ-B:metHyiplipepdriraiy()- sibbamyidiazoldt benzi m dazol e;
04- pi perazin-1-y1-14[ 3-(trifluoronet hyl)phenyl]sul fonyll-1H benzi m dazol e;

met hy| 14E3¢chlonagimatiyirhanysuionyll-4-[ éRb&nwthymipEr%Zm THl-be-henzimdazald; e;
[ (2- met hoxyphenyl ) sul fonyl]1 4-pi perazin-1-yl1-1H benzi m dazol e;
(5 motRaRy e A oA @arwmam:ﬂ USPRU Y PRZEIRED B, benz! m dazol e;

met hyl - 4o 0l per Azl b b i 4785 3ty o ndOn QEL Nax Y ) bheny] Jsul fonyll- 1K benzi

m dazol e;

252- et hylislolo GBS RURADRRAY(sE R oR i der 4 Pi-ET ARk R oel H benzi mi dazol e;

2-
1
4-
1-
1-
1-
15
1-
1-
4-
4
2
2-
1-
1-
2-
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2-met hyl - 4- pi perazin-1-y1-1-{[2-(trifluoronethyl)phenyl]sul fonyll-1H benzim
i dazol e;
2- met hyl -wopbparsesitn- 1-y1-1-{[ 3- (tri fl uoronet hyl ) phenyl psuitiSeennd3sié+ benzi m
i dazol e;
1-[ (5-chl or o- 1- napht hyl ) sul f ony1] - 4- pi perazi n-1-y1- 1H benzi m dazol e;
2-met hyl - 1-[ (4- met hyl - 1- napht hyl ) sul f onyl ] - 4- pi per azi n- 1-y1- 1H benzi m dazol
1- [ ( 2-[(3s)-BoeytpieivydZrs Ul f-onydbhthaterneit ngulforyl piHpednaiziidazdle;
1H benzi m dazol e;
(2- chl1d¢3eqb1lwem?4n)eﬂmlpﬂ1@my)$ﬂllf0¢y|{’&{ A81-Bryrefhiy|pepecazinat-il}- Yt1-peridnidaroid; mi dazol e;
(3-chl orophenyl ) sul f ony 11 4- (3- net hyl pi perazin-1-y1)-1H benzi m dazol e;
( 3- mef! ﬂ?b%ﬁ@ﬁ’y‘l’%‘@ﬂﬂ')ﬁ@w.ﬂ 4@%@%&“‘1??"&%6‘%@% -y1) - 1H benzi ni dazol e;
[

(2- Fﬁ;&g%ghg&%ﬁaﬁ)sul onyﬁl;f]plperag 1”qt1li]|ybel?12|ﬁ1ec§ %cz)llen | -y1) - 1H-benzim dazol e;

dazol
%Sgcﬁl[ﬁ?(cth Iréré;ﬁﬁérﬁgﬁe% Iﬁy r& q%%fl{?ﬁ ?PM-H?%W ?)iﬁggelr 212| ﬁzg 51) 1H benzim
ol e; 3 {(edi ahér@ﬁmpl%mayﬁutmmyzm 19 {H-béRIYRINY ) - 4- pi perazin-1

-y1l- 1H benzi m dazol e

1-1(3- chI1qmmbwh)amwbﬁméq|fo&y|](4ﬂ=p|ﬁa’eﬂy41eﬁ hylbprdmplapes;azi n- 1

-y1l-1H benzi m dazol e€;

102- ( 1- mat[(dydhiordr{fiyoropiensljsutioral] drpigergdins iy F tihdnzinidgriofper azi n- 1- y1- 1H benzi m
dazol

1°[ (5 chiGRoHAHRIRRY Iy 2y 8einy drijeerazin (-1 IHEPOITEEHPIS) - 4- pi per azi n- 1- y1- 1
H be

by 1zﬁet ﬂﬁ% f?nkw 2 mpthgsdemethyipheny pulion-4-Rerad T [l TSNS BReny | ] sul f ony 11
-21|(+1 ﬁg'tz yﬁ‘e% ?mfﬂmpzf)eraa Maé%heﬁ}éfu”on W)bgrb '8?123?I|E] 4-pi perazin-1-yl1-1

H benzi mbgadmyi-2.(3-methylpiperazin-1-yl)-1-(naphthalen-1-ylsulfonyl)-1H-benzimidazole;
1-[(5-chl oro-2- rret hoxyphenyl ) sul f ony1] - 4- pi per azi n- 1- y1- 1H benzi ni dazol e;

151- [ ( 5- byj@radioZoptiehisxiophip2yiettsiif B methl ipheriziper-gri M-bdnAiiddddidyenzi m dazol e;
-[ (2, 5-di net hoxyphenyl ) sul f ony1] - 4- pi perazi n-1-y1- 1H benzi m dazol e;

-[(2- rreﬂH@foﬂO@phﬂwhwlfph)é]ﬂ&m)a&lwl-‘f @W&tpylwpmapeﬁa/i)ﬂmi Henzigidakblebenzi m dazol e;
[(2rrehox¥14rrethlph X\éi"@ 4p| erazin-1 i/l 1H benzi m dazol e;
- [ (25 chi'dhiprergrmaiviahenpisyomy- %ﬁ}%‘] i%lnﬁ lpipe Rz Yyl Hbefzipidagolfaz ol e;
éi%; ﬁ]ﬁ(j@[zzoqsg S b vghomet iyl phepvil 1 sl f oyl A PR g D 1-y1- 1

ul | e;
H (ﬂ% @ﬁ la%@ Ju%‘bﬁﬂhyﬂf gﬁ!a ﬁé’r&d?ysu%%yliﬁt—(%%ﬂ%h%%%o e
[ (
[(

e,
-y1l-
1-[
1-[
1-[
51-
4-( 3-
_yl
1-[
daz

FRERRE

2-

2- f ul f'ony erazin-l- benzi mdazol €;

3-fl u 2%% b mm yiBRYIS)-8BYdkhetfyIpb&ariAAL leé(tﬂr ‘MR- Rei#iida-@z ol e;

2- chl g{ oph?r@l Il)q@j foglglll][ [?SR 3e Yﬁhy pll pe});]am n- y1 yl] - 1H-Ibezn2| m dazo
4-[(3R,5S)-3,5-dimethylpiperazin-1-yl]-1-[(3-fluorophenyl)sulfonyl]-2-methyl-1H-benzimidazole;

1-[ (3-chl orophenyl ) sul fonyl] -4-[ (3R) - 3- net hyl pi perazi n-1-y1] - 1H benzi m da

| e201- g([@@mr@EWGmVMEhW)lSWfO@MIH-I@BI5B&rﬁ,)51qimathvzlpi3ﬂ)%lzi8-1Wﬂtﬂwetbillﬁék azin-1

1] - 1H bersnigpapieiol e;

[ (3R) - 3 met h erazin ht hal en- 1-yl sul fonyl) 1H benzi m dazol

[ 25k o@ﬂ@ﬁw%avwwm} SRl o e TPt b

1H

3. ol VSRR UMy ol PR RO 1

1H- B&Rgiom. @ﬁérﬁ%}ls‘ﬁﬁonyl) -4- plperazm 1-yl-1H- ben2|m|dazole

3S) - 3- et hyl pi perazin-1-yl] elnapht hal en- 1-yl sul fonyl) - 1H benzi m dazol

2

3-

e,
5
0
y

1-
y1] -
[ (
yl] -
[ (

4-[(1S5,458)-2,5-diazabicyclo[2.2. 1]hept -2-yl]-1- (phenylsulfonyl) 1H-benzimidazole;

( hl or o- 2- met hyl phenyl ) sul f ony1] - 4-[ ( 3S) - 3- net hyl pi perazi n-1-y1] - 1H be

5
zi m dazd}[@:S,45)-2,5-diazabicyclo[2.2.1]hept-2-yl]-1-(naphthalen- 1 yIsquonyI)-1H-benzimidazole;

c
a

3-di fl uorophenyl ) sul f on 4- pi perazin 1- 1H benzi m dazol e;
5- dil2raioranhraiptiosyil- Hfﬁé }}}5) -4-5sii éﬁéb@quq& 31 fyl@ptia—vlbléﬂrberrﬁ"ﬂd%@we
6-
f

2-chl oro-5-fl uorophenyl) sul fonyl erazin-1-yl-1H benzi m dazol e;
a.[@mwa&ﬁcawpﬁw% Brep-avhy ];l)(éﬁ'agrPﬁhei‘YWfawlﬂéh%”ﬁiﬂa%aZBPe
"f

I i i m dazol e;
pch ggg Chg’ f? %gwﬁs@%ﬁ jﬁm(y%]‘ls ?glcﬁagr az él?){]% &Qﬁﬁﬂil m dazol e;
oxypheny )sul fonyl] - 2- met hy1- 4- pi per azi n 1- y1 1H benzi m dazol e;
(5 chl or o- 2- met hoxy- 4- et hyl phenyl ) sul f ony1] - 4- pi perazin-1
y H benzi m dazol e; 2-methyl - 4- (3- net hyypi perazin-1
-y1)-1-(phenyl sul fonyl) - 1H benzi m dazol e;
2- met hyl - 4- ( 3- net hyl pi perazi n-1-y1)-1- (napht hal en-1-yl sul fonyl ) - 1H benzi m d
azol e; 1-[(2-chlorophenyl)sulfonyl]-2-nethyl-4-(3-nethyl pi perazin-1
-yl )-1H benzi m dazol e;

1-
1-
1-
1-
I

2
z
4
e;
1-
4-
e;
1-
n
1-
1-
51
1-
1-
1-
1-
10

[
i
[(2,
[ (2,
- [ (
[(2,
f
[(g
1-1
1-1
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WO 2010/ 056644PCT/ US2009/ 063816

4-[ (1S, 4S) - 2, 5-di azabi cycl o[ 2. 2. 1] hept - 2-y1] - 2- net hy1- 1- ( phenyl sul fony1l) - 1H
-benzi m dNOAhB/056644 PCT/US2009/063816

4-[ (1S, 4S) -2, 5-di azabi cycl o[ 2. 2. 1] hept - 2-y1] - 2- net hy1- 1- ( napht hal en- 1-yl sul

fonyl) - 1Hbenzi m dazol e;

1-[ (2-chl orophenyl ) sul fonyl]-4-[ (1S, 4S)-2, 5-di azabi cycl o[ 2. 2. 1] hept - 2-y1] -2
met hy 1- 41h1SHUBRA-diaA8z0diE2.2. 1]hept-2-yl]-2-methyl-1-(phenylsulfonyl)-1H-benzimidazole;

;f [ (1S, 45) - 2, 5-di azabi cycl o[ 2. 2. 1] hept - 2-y1] - 1-[ (3-fl uor ophenyl ) sul fony1] -2
-net hy1- ﬂmgmﬁ)-msemmbeyclop 2.1]hept-2-yl]-2-methyl-1-(naphthalen-1-ylsulfonyl)-1H-

1- [ ( 3- chberzimidazaig; hy| phenyl)sulfonyl] 4-1(1S, 45) -2, 5-di azabicyclo[2.2.1
102t i TSP HE R T BB S Priicpatinyelof2 2 SHepkA Ui Ty riF

é?g gt hggnzzlfmﬁ’g‘gﬁ’ Mll/. Hi'p | apabigyclof2.2-AlhepiA fSEYHIR-1H benzi m déz
g'zgftew' 24716 R 535 Bb iy L BS iR Ayt 1 Y3 udrobrs ) AR b QL) - 1H benzimi d

2 met hyl b%,nz[m("ggso' 3- et hyl pi perazi n- 1-y1] - 1- ( phenyl sul f ony1) - 1H benzi m dazol

éﬂ -chloro-2-methylphenyl)sulfonyl]-4-[(1S,4S)-2,5-diazabicyclo[2.2. 1{hept-2 yl]-2-methyl-1H-
2 et hyl téndihidddole3- met hyl pi perazi n- 1-y1] - 1- (1- napht hyl sul fony1) - 1H benzi m d

azol e; 4-(3-ethyl pi perazin-1-yl)-1-(1-napht hyI sul fonyl) - 1H benzi m dazol e;
154- (18- eRhmdtinil-g(ER-Bmethypi)erdzir(- phignyprenydfond)-1AHetmniziazolegazol e;

4- (3-isopropyl pi perazin-1-y1)-1-(phenyl sul fonyl) - 1H benzi m dazol e;

4- ( 3-i soprmogipi-gil ézmé‘r‘ihﬂplﬂﬁlf)ﬂf&jﬂ 1ﬁ&ﬁm*ﬁ'w‘%mffwﬁ%ﬂ)&nz'mi@éﬂ'@i m dazol e;
1-[(2-chl.oro heneé isu f on 3-1s g Bi ﬂerazi n-1-yl - 1H benzi m dazol e
T SR A L NG R EoRY mbe APERRE m dazol e

ioﬁ((z?)clh oro%‘lﬁ{?}%ﬁ Izelft@répfr%f%g Jrépﬁ?ﬁ y)?plslupe g%be)fz'%%-ag EI—ZIbtranng?ﬁ‘loLl:zol e;
1-[(5- chhq&gm}rpre)@ré%huy&ﬁw-ﬁéynwsul?onwﬁmﬂeném[d(a%ié 3-met hyl pi perazin-1-y1]-

1H benzi m dazol e

1- [(550hhqsemilmrp@wzhhw»awhfeﬁwﬂfbnﬂrfmbéwtm.daz[o(eBR) 3- et hyl pi perazi n-1-y1] -
1H- benzi m dazol e;

4- ( 3- met hy(Bysopepygiberadinyl 3y))-1kphedvisoiiéry Ul 1Heepinidezblbenzi m dazol e; and

254- ( 3- met hyl pi perazi n-1-y1)-1-(1- napht hyl sul fonyl) - 1H- benzi m dazol e; or a
t aut omer 4-(4sepway/Rioerarin-1of)- pﬁa}aﬁﬁ*béﬂllioﬂﬂ% -berzinaigezels e salt thereof. 21.A
conp05|t|on co one of claips 1-20 and a

phar nac e U TP s RUBRCRNF & R P PRAP a5y TA B IOE e B Ul at | ng.5- HT6

receptor , |on|n bj n nistering to a subject in
need therégl Utylg' eraé'ﬁr?dytll) 1‘ F%En ISU ° I) 1?—| be% %dazﬂllean amount effective to

modubgt e 433 t-su;éutmg@@@&.ﬂn -Jnmgt.ﬁacanmylsmnglgm/bgéﬁrﬁf&éf’o@/ US2009/ 063816

23. A conpound any one of clal s use as a nedi canment.

24. The uge-dlorébhemynBaond]-043-rBvut@pipsraah-ns\hieknkpiiddzble; pr eparati on of a
medi canent for the treatnent of a 5-HT6-rel ated disorder. 5 25. The
use of cldi5mh4g-1anbghtieiulfong]-S-ndire+-4-§B a8 chethiylppedein-1-g]- 8H-bemtimidbzoter vous
system (CNS) di sease or disorder. 26. The use of claim 24 or 25,

wher ei n flH&-alorprénpehtiatseiony s medy- H(?’B)#@f@ﬂb’tﬂ)'pfef@mEWbé'g}-@h%@ﬁaZOémx| ety,

depr essi on obsessi ve compul si ve di sorder m grai ne, cognitive
P -(3- me?hylpld%rglzm 1 yl)? phenylsulfom?l) 1I§| benzimidazole; ang g g

25  4-(3-methylpiperazin-1-yl)-1-(1-naphthylsulfonyl)-1H-benzimidazole; or
a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof.
21. A composition comprising a compound of any one of claims 1-20 and a
pharmaceutically acceptable carrier.

30 22. A method of modulating 5-HTe receptor function in a subject, comprising

administering to a subject in need thereof, a compound of any of clams 1-20 in an amount

effective to modulate 5-HT¢ receptor function.
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di sorders, sleep disorders, feeding disorders, anorexia, obesity, bulima,
bi nge eating disorders, panic attacks, disorders resulting fromw thdrawal
from dr ugvaekardse@agni ti ve i npairment associ ated w th seliraspiossisas
gastrointestinal disorders, irritable bowel syndrone, nenory disorders,

Al zhei ner' s di sease, Parkinson's disease, Huntington's chorea,

schi zophreni a, 15attention deficit hyperactive disorder, neurodegenerative
di seases chara&t erA Zaabdoyid brgngione df digime arpdlforgrse\at b, metivdmeat. n.

27. The use of claim 26, wherein the 5-HT6-rel ated di sorder is selected
from depression, cognitive disorders, cognitive inpairnment associated with
schi zophr eni a24. nenihey us0 @f soicdmpseundcoigany iof eclaiys f 1AL tforo thea srepeiatiere df véi t h

Al zhei et SicdingRasiane fMimPAioPa 5-H8-reiftedBEHAE, Of Synthesizing a conpound of
claim1l conprising: a) reacting a conpound of Formula IA: 25with a

conpodnd of Formula IB: rN RlbRla NX | B wherein, Xis R2 or a protecting
group; to fopan a wRNPRUSTLIAh H0MNdten tHe 5-RThreldted aisbider b\d cétl meSels RS

R8R6 R7 | C WQ%G in Ra C,Rib and R2-R9 are defined as in claiml; and if X
is R, tAEHETA %)0%8%@' o 9Srmula | is formed; or 5if Xis a protecting
group, the process further conprises:
26. The use of claim 24 or 25, wherein the 5-HTe-related disorder is selected from
10  psychoses, anxiety, depression, epilepsy, obsessive compulsive disorders, migraine, cognitive
disorders, sleep disorders, feeding disorders, anorexia, obesity, bulimia, binge eating disorders,
panic attacks, disorders resulting from withdrawal from drug abuse, cognitive impairment
associated with schizophrenia, gastrointestinal disorders, irritable bowel syndrome, memory
disorders, Alzheimer's disease, Parkinson's disease, Huntington's chorea, schizophrenia,
15  attention deficit hyperactive disorder, neurodegenerative diseases characterized by impaired

neuronal growth, and pain.

27. The use of claim 26, wherein the 5-HTgs-related disorder is selected from
depression, cognitive disorders, cognitive impairment associated with schizophrenia, memory

20  disorders, cognitive dysfunction associated with Alzheimer’s disease, and pain.

28. A method of synthesizing a compound of claim 1 comprising:
a) reacting a compound of Formula lA:

Cl\S 0,

R? R3

25 with a compound of Formula IB:

X
Rlb\ENj/Rla
N

N
Rsm@i\ R4
oAy

H
IB

wherein,

X is R? or a protecting group;
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b) deprotecting the conpound of Fornmula IC to forma deprotected conpound;
wherein if R is H, then conpound of Forrmula I is formed; or if R2 is other
than H, twe 2proosess further conprises: c¢) reacting GA- RRTArS2@@9%6B10M t h t he
depr ot ected conmpound; 10wherein GA is an activating group; wherein the
conpound of Forrmula | is forned.

to form a compound of Formula IC:

X
Rlb (N\ Rla
T 7
N
N
(R%@f >R
SO,
R? R?
R® R®
R7

wherein R", R™, and R%-R? are defined as in claim 1; and
if X is R?, then the compound of Formula | is formed; or

5 if X is a protecting group, the process further comprises:
b) deprotecting the compound of Formula IC to form a deprotected compound;
wherein if R? is H, then compound of Formula | is formed; or
if R? is other than H, the process further comprises:
¢) reacting Ga-R? or Ga=R? with the deprotected compound;

10 wherein G, is an activating group;

wherein the compound of Formula I is formed.
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