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Further, recent in vivo studies in rats indicate 5-HTs modulators may be useful in the
treatment of movement disorders including epilepsy (Stean, T.; Routledge, C.; Upton, N. British
Journal of Pharmacology 1999, 727 Proc. Supplement 131P and Routledge, C.; Bromidge, S.
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-HTg
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
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-HTs receptors are located almost exclusively in the brain, modulation of the
receptors by parenterally administered drugs requires that the drugs cross the blood brain
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
parenterally administered compounds affecting 5-HTg activity must not only possess favorable
solubility profiles in order to successfuily enter the blood stream, but they also need to cross the
blood brain barrier in order to target the 5-HTes receptors. Advantageously, this invention
provides compounds which are capable of modulating 5-HTs receptor activity and are
bioavailable.

Recent clinical and preclinical efferts on 5-HTs ligands have been reviewed by Rudy
Schreiber, Andrew Sleight and Marie Woolley, "5-HT6 Receptors as Targsts 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-HT8 receptor antagonists; prospects for the treatment of cognitive disorders including
dementia” Curr. Opin. Drug Discov. Devel. 11 (5): 642-54 (September 2008), Jorg Holenz,
Petrus J. Pauwels, Jose Luis Dhaz, Ramon Merce, Xavier Codony, and Helmut Buschmann,
“Medicinal chemistry strategies to 5-HTs receptor ligands as potential cognitive enhancers and
antiobesity agents®, Drug Discovery Today, 11 (7/8) April 2006, and Robin Emsley, “Drugs in
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However the compounds do not appear to ever have been offered for sale. No mformation is
20  provided as to their ability to bind to the 5-HTe receptor or to any pharmacological effect or use
of these compounds. There is no evidence they were ever made and no method for making the
compounds is provided.
The invention provides compounds useful as therapeutic agents in the treatment of a
variety of conditions retated to or affected by 5-HTs 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-HTg receptor. These and other
features of this invention will become more apparent by the detailed description set forth herein
below.
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the carbon atoms to which they are atfached to forma fused phenyl,
C3- Coeycl oal kyl, or C3-C6eycl oal kgzm,)INrﬂ' [0 substituted with 0-3 R16
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or 2; and nis 1 or 2; or a tautonmeM & ereoisoner, or
pharmaceutically acceptabl e salt {Y[Eegof. 20Anot her aspect of the
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vari abl es are as described for the-cqgmpund of Fornula |I. WO
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a conpound of Formula I11: NRla C RB8R&\III R2 wherein the variabl es
are as described for the conpound of Fo Qula 1. Another aspect of the
i nvention provides a conpound of For : H3C N
R® RS
R?
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wherein the constituent variables are as defined below.
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C3- Coeycl oal kenyl ring substituted wi tlh 0-3 RL6 groups; 20each R19 is

50,
R9 R5
R® R

R?

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-HTg-
related disorders in a mammal in need thereof.



In one enbodinent, R6 is H halo, C-Ctal kyl optionally substituted
wi th hal o, _.20at al koxy optionally substituted by

enbodi mentwgl-j{g]c‘:lglu (&8 I n one enbodi nent, one oﬁﬁ%zn(ﬂ@63%l!§,
R8, and RO is Cl-4al kyI optionally substituted by hal o, one of R5,
R6, R7, R8, and RO is halo, and the remaining three of R5, R6, R7,
R8, and 5 is O-C4alkyl optionally
substi t ut ecli:ﬁ:éy E?%S%gﬂn%ﬂ% I's haMEN}”r?'\cl?ne enbodi nent, R6 is fluoro.
I'n one enbodi n8rene asvEct, e ipvention arayides ppmpAendsiehibeiFamma l: R7 is fl uoro.
I n one enbodi ment, R7 is Cl-C4al koxy QE Cratal kyl each optionally

substituted with 30hal o. In oneNenbodl ment, one of R5, R6, R7,
R8, and RO is halo and the renni nlmlg\f ouRtof R5, R6, R7, R9' and R9
are H. I n one enbodi nent, two AR5, R6, R7, R9, and RO are

hal o and the remai ning three of R5, R7, R8' and RO are H. 35In
one enbodi nent, one of R5, R6, R is alkyl optionally
substituted by halo and the rema n}"‘ of R5, R6, R7, R8' and RO

are H WD 2010/ 056644PCT/ US2009/ 063816 50 I n one enbodi nent, Rs

attached to forma fused phenyl, C3-C6¢c al kyl , or

C3- C6cycl oal kenyl ring each optional | yges&9stéuted with R10.

I n one enbodi nent, R6 and R6 are taken together with the carbon atons
to which they Sare attached to form a fused phenyl ring. In one
enbodi ment, R6 and R6 are H. In one endodinent, RL is halo.

I n onesenbodi nemdrein,R6 and R7 are taken toget her with the carbon atons

to which they gg, @Ftb%?é‘%h’ir@eﬁﬁgﬁt@ r-gcgs s L@F’ eodal%lylﬁg ¢ C& Qn'%‘y Y bach

or Cl-C6ceycl oal kenx ren
I n one enfB¥RfiEH Mt R@%ﬁﬁﬁfﬂwtsam@p@ Retly Ste@gté@ﬁwthmqrwpm@s's@as@% Catliofts

to whi ch heycyapaikat ¢Achpdbatkeny,0CATAkEMS acl-QARMYI, haloN8itro,] &aBdenydroxy, -
enbodi mant'\P ﬁgdcﬁa}ﬁg%R Q%E%QHRm is Cl-C4al kyl, and RO is halo.
nt

I n anot her Rib are H R2 is Hor nethyl, mis 0,
R4 i s 19el ect ecalemativebsRI@ng RE@re telsmapasttionty ferm £PHbi-i Cr Ceal kyl : and Er

R6, R7, R8, an@iRB, @;@4am@cjmyb&r.cmcpc4d[@| one enbodi rrent thereof
is H In one elgplodl

are each H. ﬁ@dSP%‘Sé?‘ﬁgﬁF ac"F?ﬁ"Tr?"?ﬁsW‘ﬁ/ Im%rOQﬁﬁaHO de F% )ﬁg:rq%ﬁew e
conpounds C@EeﬂﬂkﬁnquaCdalkEMIQJdbacm fo( 8+Cialkoxyo pheminl epstuCf-Ceaidyl| C4Ccalkyl, Co-

(1- pi per agiameh)i; é!'b&@ﬂ%? @5‘1 @?a?k%kﬁs substituted with 0 4 substltuents mdepencliently selected
(2-flu azin nzi m dazo

oG RE RS corie b Cxbeabh RELoE5Hh, Aot aas ey Ce
(1- napksdiahgnelcs vird aayyri) hybirgxd PRTRr €20)RY 1PRIdndLelgRej ni dazol e, and
[ (2, 5-di chl ogoghemyér), oryly, c-d Rl PeLBZIINA) ¢ KRG ThARER) o

strative COprOUI’]
Cs-Cecycloalkenyl, wherein each Ci-Cealkyl, Cx-Cealkenyl, Cz-Cealkynyl, Ci4-Ceacyl, Cs-

1-
1-
1-
1-
25

Cecycloalkyl, or Cs-Cecycloalkenyl is substituted with 0-4 substituents independently selected
20 from the group consisting of Ci-Caalkyl, C3-Ceeycloalkyl, Cs-Cscycloakenyl, 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"),, C4-Cgalkyl, C4-Csacyl, Ci-Cgalkoxy, C3-Cscycloalkyl, or C3-Ceeycloalkenyl, wherein each
C+-Cealkyl, C;-Csacyl, C:-Cgalkoxy, Cs-Cecycloalkyl, or Cs-Cecycloalkenyl is substituted with 0-4
25  substituents independently selected from the group consisting of C4-Cyalkyl, Cs-Cecycloalkyl, Cs-
Cecycloakenyl, Co-Cealkenyl, C-Cealkynyl, halo, nitro, cyano, hydroxy, -N(R®), -C(O)R®, -OR®
and -S(O),R%;



4- (4- et hyl pi perazi n-1-y1) - 1- (napht hal en- 1-yl sul fonyl) - 1H benzo[d] i m
dazol e;

1- (naphtdeeznTm“(éﬁlfonyl) 4- (pi perazin-1-yl)- 1FIbenzof:nﬁn%w?gﬁg§
1- (phenyl sul fonyl) - 4- (pi perazin-1-yl)-1H benzo[ d] i m dazol e;

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

30 2 met ! - 1- (gl kS 6 o 4 BT AR Dkerhnc B BP0 ) £328) o

2-et hyl - phen erazin-

4- (4- )e/t hyI chéF%/z?fﬁ aitayhj_a)ﬂ tg f@ﬂhéﬁ%@&“ﬁ@%y@ﬁﬁﬂ@%ﬁ'z Pﬁﬁet&zfdP[@a'ke”W ring
2- but yl - 1s(parmpivit bfamY dbug; pi per azi n- 1-y1- 1H benzi m dazol e, o
2-methyl - 4- (4- gRtdd DI RG! 87 ek, stofds MRREL Ik ke e, Refriy

dazol e;
351- [ ( 4- cBl-Geepheltwil Irsti-Eovgdakenyl pivirseingaph LialkivkH-behaivhi Gazokexy. Cs-
1-[(2-chl @ baw%%sf@awlobménypnsp@mzméu Jntﬁ’@-ﬂdﬂb&fﬂjbﬁisﬁh%éﬁﬁeﬂﬂy selected

it ﬁ85¢ﬁ§éﬁ§'@§8'ﬁ%ﬂ€' CHBRI oS P e R ek it agzo

| e: Csalkynyl, halo, nitro, cyano, hydroxy, phenyl -N(R?),, -C(O)R®, -OR®, and -5(Q),R%,

2-met hy1-4- IOI pé‘efcﬁzﬂarls Tnd¥dentiey 33, (eHO! Le@i@eldigny eheny, e]lI?yII' bopyéd i

-benzi m dazo

5
1-[ (2-€nl BPWSH'QWPS)t'Wdf%WfP 2- met hy1- 4- pi per azi n- 1-y1- 1H benzi i dazo
le; 1-[(3- chI oezzp RE isyideperdbotiyyH, 1012 -Cret. Atdxy 4 -NH p &IHIZ - Cralkyly IN(CHC N, on

i dazo le; ol 4 T%J?Er‘i’aﬁ] bstituted with hal
phenyosul fonyl - 2- gsu SIUEdE)M([ar a%?n 1-y1- 1H benzi m dazo | e;

2- met hyl - 1- [ ( 32a%BtHhyA IBPI%QWI’%"QYJI"& QAP ey LxiCerliyL 9%@&%@&*??24%%@?0
e; 1-[(3+alb) orophenyl)sul fonyl]-4-piperazin-1-yl-11-1-benzi m dazol e;

I
101- [ (4- f1 uor ophery|); ] v 1- L | e;
1-[(2 %I uor ophenﬁl'%) o) é#hén%PTt&w yém eér:}:;t%r %Zé] ’#f‘xw%—t blr%glpt?hb g@ggﬁg

1-[ (3-fl uor opheas P)%'I]‘I’EIPQPFIJ;F SLQIIp‘pr?er azin-1-y1- 1H benzi m dazol e;

1- (2- napht hyl sulid ®nytp;-#hapi per azi n- 1-y1- 1H benzi nmi dazol e;

1-[(4- nethoxypheqyl%sulfonyl] 4- pi perazi n-1-yl- 1H benzi m dazol e;

154- pi per azi n- 1° y 4%4-(tr|fIuoronethoxy)phenyl]sulfonyl} 1H benzim
dazol e; a tautomer, stereoisomer, or pharmaceutically acceptable salt thereof.

1-1

I

4-

z

1

I

(320! uor ophgilel sspetiRElmvéntBRbRYbeda BdRRLAZFodndrel: 1H benzi m dazo
e; 1-[(4-nethyl phenyl )sul fony1] - 4- pi perazi n-1-y1- 1H benzi m dazol e;

pi perazin-111-1-{[3-(trifluoronetho enyl ] sul fonyl}-1H benzi m da
ol e;

[ (3-chl oro-4-fluorophenyl)sul fonyl -~ pi perazin-1-yl- 1H benzi m dazo
e;
202- net hyl - 4- pi perazin-1-y1-1-1[4-(t UNQ/Lq;get hoxy) phenyl ] sul f ony1} -
11-1- benzi m dazol e; N
2- et hyl - 1- [ (4- et hyl phenyl ) sul f ony1] - 4- pispgr azi n- 1- y1- 1H benzi m dazo

| e1 Rg R5
1-[ (2- 1 uor opheny! ) sul f onyl | - 2- net hyl - 4- @] azin-1-y1- 1H benzi mi dazo
| e; RS R6

4-pi perazin-1-yl-1-{[2-(trifluoromethoxy) ghenyl]sul fonyll-1H benzi m d
azol e; 1-[(3-nethoxyphenyl)su Ifonyl]-4- Fﬂ perazin-1-yl-1H benzimid
azol e;

251- [ ( 4- et hy 1whereimfiatvaydbles atef asrgbdribad for the camparnd offFbsmd benzi m dazol e
; 1-[ (3-net hyl phenyGsul f onyl ] - 4- pi perazi n-1-y1-1H benzi m dazol e;

1-[ (3-chl oro- 2- met hyl phenyl ) sul f onyl ] - 4- pi perazi n-1-y1-1H benzi m dazo

| e;

1-[(4-fluorophenyl)sul fonyl]-2-nmet hyl-4-piperazin-1-yl-1H benzi m dazo
| e; 1-[(2-methyl phenyl)sul fonyl]-4-piperazin-|-yl-1H benzi m dazol e;
4-pi perazin-1-y1-1-{[4-(trifluoronethyl)phenyl]sul fonyll-1H benzi m da
zol e;

4-piperazin-111-1-{[2-(trifluoronet hyl)phenyl]sul fonyl}-1H benzi m daz



1-[ (3-chl or o- 2- met hyl phenypsul fonyl ] -4-[ (3R) - 3- net hyl pi perazi n-1-01-1
H benzi m ey
4-[ (3R) - 3%%@(05%68& azin-1-yl]-1-(napht hal en- 1-yl sul fgrgﬁs-zﬁﬂlgﬁn sahzi m
i dazol e; 1-[(2-chloro phenyGsul fonyl]-4-[(3S)-3-nmethylp

i perazin-1-yl]-1H benzi midazole; 1-[(3-chloro

phenyQsul f ony14- -1 g%%gtzoﬁth@r&)a@(tlfﬁ'p%%%%sz% B%nﬂﬁoﬁg&ﬁ?fﬁﬁj_ﬂﬂ.gdazo |l e:

4-1(3S)-3-nmethylp 1p n-

| fonyl) - 1H benzi m dazol e; N. Rt

1-[ (3-chl oro- 2- et hyl phenypsul f onyl ] 4]( 3S) - 3- net hyl pi perazi n-1-y1] -
1H benzi m dazol e; N

151-[ (2, 3-di fl uorophenyGsul f onyl ] - 4- pijperazi n-1-y1- 1H benzi m dazol e;
1-[ (2, 5-di fl uorophenypsul fonyl ] - 4- pi n-RL- y1l- 1H benzi m dazol e;
1-[(2-chl oro-5-fl uorophenyGsul f onyl ] ',,i?e_r azin-1-yl-1H benzi m dazol
e; 1-[(2,6-dichl orophenyGsul fonyl]-4-pi pegggi n-1-yl- 1H benzi m dazol e;
1-[(3-fluoro-2-nmet hyl phenyl ) sul fonyll-4e pilperazi n- 1- 0- 1H benzi m dazol
€,

201-[(3-chl oro-5-fl uorophenyGsul f onyl ] 5
ol e; 1-[(2-ethoxyphenyl)sulfo 7
nyl] - 2- net hyl - 4- pi perazi n-1-y1- 1H benzim gazol e;

1- [ (5- chl or o- 2- met hoxy- 4- net hyl phenyGsul flbnyl ] - 4- pi perazi n-1 -y1- 1H be
nzi m dazol e; wherein the variables are as described for the compound of Formula I. o
|2é-mat hyl - 4-( 3'%&@5@&&%& %%'i@érqtfox%)oﬁ%éégpoerﬁ LRy iR i H benzi m dazo
2- et hyl - 4- (3- et hyl pi perazin-1-y1j - 1H (ng@ht hal en- 1-yl sul f ony0- 1H- ben
zi m dazol e; * E’

251-[ (2- ohl or ophenyl ) sul f ony1] - 2- met -4- ( 3- net hyl pi perazin-1-y1)-1H
- benzi m dazol e;

1-[ (3-fluorophenyOsul fonyl ] - 2- et hy ?\}r_'rg‘; hyl pi perazi n-1-y1) - 1H be
nzi m dazole; 1-[(3-ch N

| or o- 2- net hyl phenypsul f ony1] - 2- net hyl - 4- (‘3352rret hyl pi perazi n-1 -yl1)-1

gk azi n-1-yl- 1H benzi m daz

H benzi m dazol e; 9 RS
4-[ (3R, 5S) - 3, 5- di net hyl pi perazi n- 1-y1ﬁ- hyl- 1- (phenyl su
| fonyl) - 1H benzi m dazo | e; R

8 6
4-[ (3R, 5S) - 3, 5-di net hyl pi perazi n-1-0] - 2- nut h]§ll - 1- (napht hal en- 1-yl sul f
onyl) - 1H benzi m dazol e;
14( 2- chl or ophenyl ) sul f ony11- 4-[ ( 3R, 5S) - 31%-di et hyl pi perazi n-1-y1] - 2-
met hyl - 1H- benziterglamelveriables are as described for the compound of Formula |.
44( 3R, 59) - 3, 5-|gi0rr§£nq%/éd?ni1£{gr azin-1-y1]-1-[ (3-fl uorophenyGsul fonyl]-2-m
et hyl - 1H benzi n‘1| azol €, -
1- [ ( 3-16hl or o- 2RFreehi] Bfecasgipinderfeadnrkly Har C(-GRIGIS) - 3, 5- di et hyl pi per azi n
- 1-y1] - 2- met hydiekEhrnz RMaad@ROlafs taken together to form -(CHa)e: o
Fgff | uor o- 1-( n&g@h%hg&a}@yl sul fonyl) - 4- pi perazi n-1-yl- 1H benzi m dazo
1- [ ( 2- chl or ophitiy Injienghfiently 4f sagh bdcuneroe Ayduiyeardiaion- 1- y1- 1H benzi i dazo
l'e; 6-fluoro- Igqiphemitositlch @EMga)k-yﬁ- pi perazi n-1-yl-1H benzi m dazol e;

4-1(13,4S)-2,5-di azabi cycl o[ 2. 2. 1] hept - 2-y1] - 1- ( phenyl sul f ony1) - 1H be
nzi[gn' ZO|) e RQ R%, R? I§8¥and 92are each ir?depen enJy H, Ego, hy%!roxy, C1-Ca>allk3)/l, or Ci-

4- [ (1S, 4SCedtichy,cihamiriaacly CL-Ofakylbr T} -egitoxis silstitliedmatp ot taloen- 1- yl sul f on
y1l)-1H benzim N 5 6 6 7 :
11 [ (2- o o oARERuRBly, e of 5o, R or S apd 7 greteken oggiher iy g saron gigms o
2-y1] - 1H Wgﬁgitﬁqydgg(ﬂttgghed to form a fused phenyl, Cs-Cecycloalkyl, of Cs-Cscycloalkenyl ring
4-[ (18, 4Skuttitatedivaty 813 'Y gloods?. 2. 1] hept - 2-y11- 1-[ (3-fl uor ophenyl ) sul fo
nyl ] - benzi m . .
32T or o 2R Fhy SSRGS Bl - Praehsg S, HBFE) 6Pt 52
. 1] hept - 2 Gyalkyl andpdrnzikary dhegubstiduted with 0-3 halo;

mis 0, 1 or 2; and



In other aspects, the invention provides pharmaceutical conpositions
conprisin s or pharmaceutically acceptable salt f
conpoundsg‘gﬁggﬂ]gog(g(gft he present 10Forrmulas 1-1V and a PCSM%ZOOBB‘%SM
pharmaceutically acceptable carrier. In ot her aspects, the
invention provides that the pharmaceutically acceptable carrier
suitable for oral, admnistration and the conposition conprises an
oral dosage form ’ In other aspects, the invention provides a
net hod of tr eationgembslimas-Rd Apeth-@ekdr der, conpri si ng adni ni stering
to a mammual i npRegdmbimh&Rfr?g gonpound of any of the Fornulas |-1V
15in an anmount effective Hﬁtr(?aéﬂa@ 5-HT6-rel ated di sorder. In
ot her aspect s, "ORBETRAATTSh Hrovids a method of treating a central
nervou$ syst emnE@NSybatinehs iwE-Ciakdr der conpri sing adninistering to
the subject a GRAPEMBSkiRint FOTIMERS, iyl Yrop@l ordufy Ut ONEBT, St er eoi soner,
or pharnaceutical [y acceptahl e salt thereof. 20in other aspects, the
central nervou@%?g?@?ﬂ"‘(‘%ﬁiﬁ iflsease or disorder is psychoses,

anxi ety, depressheambaihérepsis lobsessi ve conpul si ve di sorders,

m grai ne, cognjtihyEmpifiRL e hait) €ep di sorders, feeding disorders,
anorexi a, bulima, binge e’at1; ng djsorders, panic attacks, disorders
resul t®ng fr ont™ANe AAPREBEL ofAddY Lrye areedetly Hirir Gi-fe@lkvhpai r nent

associ ated w t I oa€ binEafihérg R danddd54re @btAtagt CAal di sorders, irritable
bowel syndr omey, Oﬂggmsé/dirﬂléﬁgm{nrd%b grgggtht,_j ve 25 dysfunction associ ated
wi th Al zheiner s di sease, "Parkinson s di Sease, Huntington's chorea,
schi zophr eni a, IN&p¢ embedinertidy | ie Htandypes etld- ve di sor der,

neur odegener at in\vAe Bin5aRRES, REMAM act et,bikpd by i npaired neuronal growth,

and paj.n. n, another, e di nent, the conpound of any of the
enbod?lr?ents of IntOH%erﬁ!i”oéjé"é r?’r*lbr]ﬁ/% '%%n exi sts as a pharnmaceutically

acceptabl e sal h.on%mboqﬁa¢m,iR§dH diodrg, the pharnaceutical ly 30acceptable
sal t It s hydrocfﬁ'(cjnﬂébﬂ@ocﬁrﬁ%t,)ﬁs is}C1-C4éall<|oA{‘Q5tibﬁefgy§mgﬂdl'e3Wﬂ§ hdid. t{l_e ey
i nvention provjdes a 0 ating 5-HI6 receptor activity in
a subj ect, conllﬂroi”%Pﬂﬁo%g%sést%&'?’i‘ﬁ'gy[f’Bt'ot“%'Q Sgg%fu W'LE%@Brrpound of
Formul as | - 1V, InvinerasibodiserT &® rieetle ptlor CaCilkyli dpioriagly sutstitb@t edthihalot he C-
subj ecly. kAP dXMARK RKkbiEay2989/ 063816 I n ot her aspects,

i [ id hod

the invention PFOVI és a nethod of synthesizing a conpound of Fornula
|, conpri si ng: "&fe PEERATEG R icdound of Formula IA° 5 with a
conpound of Foinmuk amb&limentheei R?, RX R's RR2noR° B (r@bieg bptivgally rsobgbijuteddy
forma co 5 [E@r a 0 7, ; ' , R s 9
R2-R9 ar eﬂglgﬁh%gghé?’i]ﬁy d?ﬁal%?laaaﬁé%%qe %@ﬁ@r%%ﬁﬁ%’gd%ggﬁnam
of Formul &1 is forned; or if Xis a protecting group, the process
furthes conprikese elbodiegit B &ot 0@kl bptiovalyavsidtefbyfranmdd ® & Galbo f orm

a deprotected . rein if RR is H then conpound of
Fornula | is f@%%gﬁgo#m%%%%%ampw US2009/ 063816 if R2 is

other than H, Inieee pibrdisent.R]isierhalonpri ses: c¢) reacting GA-R2 or
GA=R2 wi t h t hendapeabeihed E@mewnd, wherein GA is an activating
group; wherei n[nton]% eCm %Bl‘r)n%ﬂt(,j Rins E?—Eg&ﬁ!oﬁy ]c'ar iC?—CEa?L{y[TEth optionally substituted with
30  halo.
In one embodiment, one of R®, R®, R7, R®, and R® is halo and the remaining four of RS,
R® R’, R* and R® are H.
In one embodiment, two of R®, R®, R”, R®, and R? are halo and the remaining three of R®,
R R’, R* and R® arg H.
35 In one embodiment, one of R®, R%, R”, R® and R® is alkyl optionally substituted by halo
and the remaining four of R®, R®, R”, R® and R® are H.

10



SIn one enbodinent, the process of reacting of conpounds of Formula

A with IBWbSmnﬁ]%%{QE med in an aprotic solvent in the pr@%&%ﬁogmss?q

base. In one e ment, the base is sodium hydride (Na
one enbodi nent, the prot ecting group is tert-butoxycarbonyl (Boc),
benzyl, acetyl, pmethoxybenzyl (PMB), or benzyl oxycarbonyl (Cbz).

10/ n” one enbodrnrarptemlbgérﬁeﬂeﬁr GO LDGE! BB ROTRY L EANAR B ey

conpound of Fornmnmu wth trifluoroace
enmbodi nentare gjgcha thare a fusrdphend, Cafessyrioatihd, ort GarGepyptoalkemt ”@9@?0*‘ optionally
I n one enkoskineAtwith@&®.1 s oxo and the step of reacting GA=R2 with the

deprotected co ound C Lve, am nat n th resen of
a boron-reduci Irr’rqg) Sﬁmﬁ?gn%& nrﬁjot haé? Eaﬁ%rbtg %f"“"ﬁ‘ﬁ*ée YRR T ?”8 © W ﬁ?hey
proces$ f @ra Hecheddorform sdusepphepairingg a conpound of Fornula I B by: a)

reacting a conpQHeedmeddifet MHaad RbareMd, Al (RAI, t IDwth a conpound
of Formula I E: 12 18%%'6‘?[&?_@6“0 Rn, 20IEV\,here|n halo is d, Br or
0

|: and wher ei n"CAREY Bhelsrnula IBis formed. In one
enmbodi ment, X nna epbodieertt] RyargrRigpe Giheh tobﬁhertvetp ticef carmcitonmgto thesh they

conpound afe 2BRAEATY Rkl %éeh SrBRy ceMpRLnhIOf oFQfJeééﬁrogrﬁerryﬁ r.@f%t%sr@d

in the presence of a base. In one embot |nen ase 1S°so
bi car H@natkesinEAN#EYalang t he reacting step i s perfornmed at above
about 100 C. M®n2@HBHOMEGARPLE RISRE QREDBIBASG with the carbonrtaumob Reiich they

aspect of H@ab%\ge@k r%g’f“sg‘?%j{”% SS further conprises preparing a

conmpound of For mul RA- ¢( 3 with g conpound of
Formula |F: Rl IBRpgemoqqppnt Qe 1-Caalkyl, R is C1 salkyl, and R |s halo.

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

15  the group consisting of H or C-Cgalkyl; and R®, R®, R7, 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.

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

25 llustrative 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[dlimidazole;
1-(phenylsulfonyl)-4-{piperazin-1-y1}-1H-benzo[d]imidazole;
2-methyl-1-(1-naphthylsulfonyl)-4-piperazin-1-yi-1H-benzimidazole;

30  2Z-methyl-1-(phenylsulfonyl)-4-piperazin-1-yl-1H-benzimidazole;
2-ethyl-1-(phenylsulionyl}-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;

35  1-[(4-chlorophenyl}sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
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NH2 | F wherein the conpound of Formula IS is formed. 5In one

enbodi rrentwotzlag)é[%%ﬁg of reacting RA-C(CEt)3 with the C%ZHS%%E%&WJ‘

Formula IFI's ornmed in the presence of nontnorillo

t ol uene. I n anot her aspect of the invention, the process
further conprises preparing a conpound of Formula I F by hydrogenating
a conpound_of L& n(F Kry LG 10wherein, Y is N3 or NO2.

In one engio[gC#E’n{pfﬂgésﬂsem@'yycgrﬁ%e%%ﬁ'ﬁg 1s eeﬁz'ms f)%pf’forrred in the

presence afuMNatd %e%@in!@ﬂl)w@hgﬁ;sggfnpugm@%ﬁ%z% In

anot her aspect of the invention, and the process further
conpr i ses 1dtdepethoxggheb@suitampihuethyb4-piperarinui gl-1Hbdnyimidazole; (a)
reacting 2,3-dinitroaniline with sodiumnitrate SNaNOZ). to forma

(2, 3- di niaTeprrdmipereaind 2mildriritengieriinryrbgrallsulfonyl-1H-bepaimigasaleact i ng
the dinitr | ) di azoni c und with onpound of Formula 11-1:
Rb ("R) F aceﬁ%p’"?wvﬁiﬁf’é@bﬁﬁé@%ﬁ%wgraewmﬁﬁ%eﬁ?mﬁa&%| alGis

f or med. LAY PR RAABINYUSRANALOBRBLE, 1 vi-1H-bendifi .enbodi nent, the
step of r\eNaPE:ti ng pZ?@-ﬁdi n'igftﬁr oan )ﬁi %?Wi '?h1 %ggibglﬁ%lﬂidtg%gﬁ'e (NaNQ2) is
per f or med 1i[@-dhiveophEesamery|f mabeiimpeaind -(-AEBGehzidag-orppper broni de

(CuBr). In one enbodi nent, the contacting step is perforned in
t he pr ese@eetipf-123amethylphenyl)sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;

bi s(di phenyl_phosphi nq) - " - hi napht hyl (BI NAP) , tri s(di benzyl i deneaceto
ne) di pal | gdl%%{g’gﬁ'ﬁ’%ﬂéﬁéﬁp'% il '%5#‘%8?!5‘1 2Q%s2008), and tol uene.

I n ongneMyggi. - dinitroaniLi.ne i epared by reacting
N3 ?ng‘h@ﬁ'& ?eé‘%'zgt%g%’ygé%fﬂ%taﬁ”ﬂﬂrﬁ!*é’ggzé’?@a‘?hm) and sul furic acid
(H2SO4) . 1-[(2-fluorobiendiidi-4 d5ReE- 10fi-1 HibendidiMedale on, Y is N3 and the
process further conprises preparing a conpound of Fornmula |G by:

10(a) r eadtl3iyomplinypauberyiié-pigetdaingl-8-1 dibkhairoidezoR; ni t r obenzene to form
1-azido-3-fluoro-2- nitrobenzene; and (b) contacting

1- azi do- 3-FFaBYYEUEIYY-dBEARPERY X' FHherRi8R8und of Formula IH. R b

rNNI Rl a LN, A A e , 1l wherein the
conmpound 39‘?“ o?t%xy%hepﬂ)sf"gonylyrl ngﬁr.azqglylrﬂ%H%nzgnﬁ%agalfahent, t he contacting

step i15 pardigraFRch-jin-(heines8H&RGS )Ryl donyl i 1HSBEIRRMESS; hy | ami ne

(DPER. 1-[{3-fluorophenyi)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
1-[(4-methylphenyl)sulionyl]-4-piperazin-1-yl-1H-benzimidazole;
4-piperazin-1-yl-1-{[3-(triflucromethoxy )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-(triflucromethoxy)phenyl]sulfonyl}-1H-benzimidazole;
2-methyl-1-[{4-methylphenyl}sulfonyl]-4-piperazin-1-yl-1H-benzimidazole;
1-[(2-flucrophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1H-benzimidazole;
4-piperazin-1-yl-1-{[2-(trifluoromethoxy )phenyllsulfonyl-1H-benzimidazole;
1-[(3-methoxyphenyl}sulfonyi]-4-piperazin-1-yil-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-flucrophenyl)sulfonyl]-2-methyl-4-piperazin-1-yl-1tH-benzimidazole;

1-[(2-methylphenyl)sulfonyl}-4-piperazin-1-yl-1H-benzimidazole;
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I n one enbodi nent, any of the foregoing process steps are perforned
in a proti { an aprotic solvent, a polar solve n ol ar
sol vent &8 I cﬂlﬁél ar sol vent, an aprotl ¢ nonpol ar sgbqé[ﬂ??"%}é%sgﬁ
aprotic polar solvent. 20l n one enbodi nent, any of the foregoing

process steps conprises a purification step corrprl sing at | east one

of : filtr qltd;%pazmef(stdr'la{% %rﬁgqrorﬁghg)ﬁgﬁéngﬁguﬁ%ngﬁl‘lthrel{él t::)lleon or

recrystalli Zation. any of the foregoing
process suewer&ﬁﬂpgmS{mtrmﬁbr@m@zhwph&@l]sﬁ&@gm%nfmnﬁhﬂﬁb l'i qui d

chromat ography (LC), nmass spectroscopy ( l'i quid

chr onmat ogragideydzinat g-15[seotloasoetpyl)pbérilddi)ny}g Bishechimipnaieogr aphy (GO,

gas chromato raph / mass spectroscopy 25(CGC/ MS), nuclear magnetic

r esonance 2 n@nﬁltnngn Ayl tP Bfatitg v e'(z'l‘l_@zo}enel ting point (M)

| , l
%ggr)égl ?lt éﬁm&ﬁl%ﬁé'%ﬂﬁ%&'ﬁ}“?ﬁﬂpef’f’éeﬁafﬁrﬁ%@f@ allgys: ?IC| ude but are
not |im tedtRendk ﬁ/ﬂnenyt)@,@ﬁo%pll§9‘|e%‘ @p.aé}gz.m.wm.bé?ém.dé%@ salts, such

as the acet at e, um num ansonate (4,

di am nost i2thaing4 pipradinsiuli fl{p[lzqﬁnﬁ.)orormmﬂ@)bhurﬂ@ulfonyl} 1H-benzimidazole;
(N, N -di benzyl et hyl enedi am ne), benzenesul fonate, 30 benzoat e,
bi car bonatZemetiyl-d-hgtnrethyiphemhsuoayll-4niveiain byl H-isoriaidezolesr oni de,

butyrate, _calci cal ci ate, nsyl at e (canphorsul fonate),

car bonat e % ’B‘?Jihyég pt?érazﬁﬁo"i? r(l[gqt”ﬁ Of‘?”éett'@’%p'ﬁ%@tiﬁ%y - é‘ggenzﬂi“gﬁzﬁﬁnol ani ne,
di hydrgchl sphat ; | fonate),

esyl atg (gt étﬂgé‘lﬁ’f&'? %Egtsl 3{1 at{ [t%ﬁtﬁj "?%Waa%?qu&' M#O%&rgr a? %%Q%Z%gbt ate

( gl ucoheptigmasn®yo- Lgé;ﬂh&@t)@f@qyi 4%e2&&101/ A5G4 AMGAAdR2009/ 063816

gl ucuronat e, gl utamate, hexafl uorophosphate, hexylresorcinate,

hydr abani @engtivi-Mil(4-risitty- ﬂewmtwbaﬂfored]wmndmnehﬂdeanpazd@dr obr om de,

hydr ochl or| de, Pf%/ roxynapht hoate, 1- roxly 2- napht hoat e,
3 hydr oxy - A& RgihPHenY)suiogy] %f@‘et"iyb‘bi"ﬁ‘?r%%iﬂ"é TH-benzimidazole;

(2 hyar oxyephARERILL AR B ARl AL AL rocbaur 2t e, | aury!

sul fate, | um ne5| 5 megl um ne
(1- deopsy- ]1 [(3reRlIoRph &4V ELMD -4 B Wty RliperazifEisyl AH-BonzitiRfabate; br om de,

nmet hylnitrate, rnethylsulfate, nucate, napsylate, nitrate,

N- r net hyl dH{3ereethvigheayingionyd-Sahethy wpesadire] -y pXidbatzaidazalkeni t at e, panpat e
(4, 4" - et hyl enebi s- 3- hédr ox¥ 2- na ht hoat e, or enbonat eZ?f

pant ot hendtle;Messepisay! ”'foﬂV' $-Gmet ﬂ@P‘V@?éﬂ ky-FBRRAIBYazlst assi um

pr opi onat e e t ear

subacet atg 3'§1uech !pﬁgr%mﬁl‘l ?@%@muomﬁn?tﬁg’gﬁ% rﬂﬁ"%ﬁ@”yﬂ tﬂéer%‘f"édaaz?q%mnat e,
tartrate, 1 BGnloRPEhRINGIphenyl)sulfonyll-4-(3-methylpiperazin-1-yl)-1H-benzimidazol

(8-chl oro- éé di hydro?I:FL’ 3yd| mey] (- 1H 58Irp| nzél 2, y -di gﬂgr)m aeee

tri et Booditde; chtordph@tyhsa.ﬂfbriyﬂ -2(( 2—methylethyl)-4 -piperazin-1-yl-1H-benzimidazole;

am no- 2- (hydroxynet hyl ) -1, 3-propanedi ol ), valerate, and zinc salts.

Sone corrpdd@cfé“owpt‘?ﬂy 5Lﬂfﬁ@'lﬁr(éwlﬁy'eiwvérwméﬁi'“p‘loié’éB@ﬁ”?@'ﬁ@a@fe nor e
hi r al t t h t
enanti ons?- Gy GRsEE T Ry s B e Brees Db L e i8Rt | oner s.
Where mul i {slaﬁno%bmha|&1ef1§|ﬁm§>nﬁﬁ Bl-mbiyI GATPRNPE 504 ltmbeph%ﬁﬁ»o%96|e 15

i nvention, the invention 1ncludes each conbl nhati on

m Xt ur es themeollethil-H-phbiatial1ryl-di{jasiriticesmatiidx@phapibuf@gBMHOehMniaszorf a
structure are intended, unless the specific stereochem stry or
i somerdsc deimetfyleéﬂplééil(ﬂirwlylr@pmthﬁiertbfvlé;dIfonwl 4-pipergeini1-vkhidhenzmidazhle: ar t

B R e A T e e R e
mat er i al S.1. 300 SLLAGHIHE AR JISSIRAN LI SANASSLT On @ conpound

of the present Inventl ion’is an anount effective for

i nhi bi ti ng-[PEARmethodghryhsifchy$ubipefkin-1R8H HBEAZRBS0le; The
followng definitions are used in connection with t he conpounds of
1-[(2-methoxy-5-methylphenyl)sulfonylj-4-piperazin-1-yl-1H-benzimidazole;
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"AGO? refers to a group having a straight, branched, or cyclic
confi guraty onbi nati on thereof, attached to th

structure ?”?@98‘3’9 P(zi?car bonyl functi onal ity. Such group?cﬁa&%@émm’sm
saturated or unsaturated, aliphatic or aromatic, and carbocyclic or
het erocyclic. 20The car bon count includes the car bonyl carbon atom

Exanpl es qf fzgnaéﬁlo gﬁﬁﬁéftkypprhgﬁ Edﬂfo' ﬂﬁl-ﬁgeergii@-Jr-s?l(ﬁ-?-senz%?q%%%ﬁ -, benzoyl-

p-tol uyl, and the

i ke. Lowarmagmkos. ﬁ@n@ﬁaﬁerﬁy@suﬁwh AGFRHRHCRAHLRIRGaRRS Lo four
carbons. An acyl- group can be unsubstituted or substituted with one
or nore ofl-{{2bdlofaé-{talvorgetyinnesyl|stifahyigée piperbi@iNg -yl- (Heb«D@imlidagdld;am no- ,

di ( Cl- Coal kélrf&jam no-, (Cil-Ceoal kKH’C( 0) N(C1-03al kyl )-, (C1-

2506al kyl Yd&rlyesa-methdenenylisafcoyipiperpgingybH-berztidazsal kyl ) NHC( 0) -

di ( Cl- g6al Cl- C6al kyl -, HOZC—
(G - C6§I6 kcﬁ%/% cg'go g%ﬂétpylg\lh%m%goltxP'beraz'@g%E?%lm'd P9 Cohet er oar y! -

or C3- C8eyiqiaambieyd-methoxyphenylisufinkRAY|perazih 8y iH bonAmigdHpl ght or
branched chain unsatura? ydr ocar bon containing at | east one double

bond. Wherg(2khloapdérah sﬁem;&s]am’ﬂR}-Saﬁﬁymﬁdzhl-ﬁi] tHgenkieidmoigl kenyl " is
intended 30 to include all such isoners. Exanples of a C2-C6al kenyl -
group i ncltd@echiomphenypeulippdl-4H{3R) ﬁ@aﬁﬂty@lpeazmﬂ Wind-beprigyrprdeie,

1- butyl en ec- but

2- penteneq W%"SB l@% %b'beé}ﬁ'é)séfﬁti’xﬁg%ghéf‘ewlp'p raﬁ'@)?é’ﬂé- eﬂﬁ’@r&é@‘%r?&:

3- hexg %hﬁg I uted or
substl tut egaﬂ h o ﬁ%%mrqé&é]al ‘55‘%3&?‘ &ﬁéqgrb%ﬂ%@@§%?£+ ogen, H2N-,
( C1- Coal ki O2€UﬁbﬂibhenyﬁStﬂf@iﬁ]Qﬁ?ﬂSK—Wrﬁeﬁfﬂpm@razm- 1-yll-1H-benzimidazole;

(C1- Coal kyl ) C(0) N(C1- C3al kyl )-, (Ci1- 35C6al kyl ) carbonyl am do-,
HC( 0) NH- , 1HENOleEpheny(gifoaG | @Mﬂ@ﬂv)piperadnaem 1EBREnkiNENE(®) -, - CN,

P O TR haee %aw@n%"éﬁs%&wé Tarapnses e bom
L0, SRS Tl Aoy SRR D O

gr oupsisi nql[mediﬂmtopaér@:)éwényl]mrﬁlﬁe%imt@yu’rattiaﬁzmdaﬂdﬁOxy n- propoxy, 1-
propoxy, n-butoxy and t-butoxy. An al koxy group can be unsubstituted
or substi t’ltjtZédﬂImptdnhwéswonyﬁﬁﬂmecdzmthﬂ-1Hddehnmnda:gnlegr oups: hal ogen,
hydr oxyl , C1-C6al koxy- C| Coal, k%( ) am no-

5di ( C1- CearligAniemns Wﬁ’foph%f@‘ist&%réyw §eeq 20y Ny heagmigprgle:

(0 A o HN RN 1) 1000

Coal koxy)a b!%‘ﬁél?meth Gohyl-4-piBerbAfary - beeréa@B@I eroaryl -
C3- C8cycl o Kyl @E@%al kgﬂ b Cl- CGgm noal k)} -

(C1- caal kW[(ﬁe:alobiaﬁeﬂuo;op@&nyﬁﬁdfamsﬂielﬁy;bmmrdbwhlk-yﬂenzummazcﬂeN- " Al kyl -
refers to a hydrocarbon chain that may be a straight chain or
branched di@&ighoxrepmedionyingmehy- %H'Rﬁr@é[’tbﬂ Thdippemidgrolgar bon at ons,

f I a f I
car bon_ at ST TG O e L ok SR R AR Do R o
"al kyl " i %@M@%éﬁ&us aérgm 1951 b @_@H&Qﬁfﬁ%yl)wwﬁgnﬁd&@e .6 (i nclusive)

carbon atons i'nit. les O - groups include, but are

not i m t @dndtte)- 4{mmbwlpupe-myh y|)pr(myihatebuty;ehlfonp[$m Yenzidiieatwhe;
i sopropyl, isobutgl, sec-butyl, tert-butyl, isopentyl, neopentyl, and
i sohexyl . 1A&- calor@ﬁ enyfsuifepyll@anetndidS-uabubisereziot eb-1brbegzibidazolent ed wit h

Coal Kyl ) arhigeor ep{é%' (i AR Rare Ao e A ety meeste caal 1y ) -
i (01 coal BYSRELE “9“@?‘*9%“”3“819)"““&4@2’“%%9@% AT

(G - Coal kaxpRr®3!- BGfMjfﬁeihylplpﬁlazG@B@bd mefBl1=1-ERd9kRAL- W-benzimidazole;
C3- Coeycl oal kyl -, 01-Co6hal oal kyl -, C1-C6am noal kyl -

4-[{3R,58)-3,5-dimethylpiperazin-1-yl]-2-methyl-1-(naphthalen-1- ylsulfonyl)-1 H-benzimidazole;
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am noal kyl -, di (C1- C6al kyl ) am no-, HO2C-, (Cl-C6al koxy) carbonyl -

( C1- Ceal ky, *) Q di (Cl- C6al kyl )am do-, 1-12NC(0)-

(G - Caal ky+v oA o Coon "(Aryl)al kyl -" ref e"rCE"Esa“"a’H“éWy|
group, as defined above, wherein one or nore of the al kyl group's
hydr ogen at ons have been replaced with an aryl group as defi ned

above. I e benz

1- phenyl et t{%&ﬁﬁ?ﬁ h%ﬂ%’ﬂs ?wrﬁﬁl(%sgﬁgnd;rﬁeﬁ%p'%raz"b f)%%ﬁ@&ﬁ?%%é zimidazole;
1- napht hyl4rrehm§)e5%nrﬂaw SuedATed- tug @ﬂ&bréﬂmenw)g&ﬁenyuﬁamétﬁymh)tféh%wdazore
group can be unsubstltut ed or su |tu ed with one or nore of

f ol | owi ng 1g(3auhpsi-2-hathgigieamy )ddBddy(]-4HBRI56% $ .6+ dlrnﬁdﬂiylp%ézhwl Yleavingiayl; 1H

di (Cl- Coalbeydiigarioreo- , (Cl - C6al kyl ) C(0) N( C1- C3al kyl )-, (Cl-

Coéal kyl) car bonyl am do- HC(0) NH, H2NC(0)-, (Cl-Ceal kyI ) NHC( 0) -

di ( Cl- GsalbleRrc@gahthaleant-yIsuReRybrtauRprazing- aqe%wazolee CGaI kyl -

CH:gﬁgt er oaﬁx}@%'o@ﬁ%%@&%ggﬂkﬂufm p@e%hyr'&'ﬂ ?(enf'm'oaé Céam noal kyl -

(CL- Coal k)(iLfDJGr%Hb@Pféﬁ |su|f5;ky| @@@@fsamw ﬂﬂb&ﬁ%&@é&e or O2N-. A
"CNS di sease’ di sorder” is a disease or disorder affecting or
ori gi nati Ag( 15;1180 -R6- dtaeaﬁumyab[zrasﬂhapuzryl;}ymhenylstﬁmeff)eHaieh;lmmiaz:h!esease
related to 5-HT6 activity or affected -HT6 15 nodul ati on.

Parti cul ar*- [@ﬁéséf? Selipzalicysll2ch Yenrhigyl- 11ﬁlﬂphf6@efp§yléw{9§eh“" benzimidagole;

Feeoiny andgraleERonaudia 05, s atd sl Rkl TR TRk el
attacks, diserdess.daesibibiond HFAT YA NInANBnchyIRMorifth aémﬁdazoue

cognitive inpairnent associated w chi zophreni a,  gastroi ntestinal
di sor der s,1-[{3rdhictaabnethbiphely)ssyergn-anes, 4spwdgazah|@ab[der1$1epob§ipﬁ$l ve
compul si veermhlrmdazubrs cognitive dysfunction associ ated 20 WI th

Al zhei mer's di sease, ADD, ADHD, Restless Le Syndr one
Par ki nson4§(1§|4§e§§é"azﬂﬂ%'¥’ﬁg?tﬁ'ﬁp§2 ¥hérsy- L‘g’ﬁ?@l Pl - e%ﬂ!ft“éfﬁfppon

def h di d
cﬁalr glciser?é bg%mﬁ%ﬁ"’ﬁ&uﬂ“ﬁ& ylg _OV\IHHFPQI Bﬁ%ai ﬁ%ﬁfsmél_‘dl sease"

or "CNS di sor ®as used herein al so includes the synpt om of anot her
di sease, aqetbh@a)paerwgmbﬁwmq 1@'43‘?42@&1’&3@@%@{2' 2d1esht-2dy-D-nie@fyi-naphr eni a.
25" Cycl oalbbkydimidazolf ers to a nonocyclic saturated hydrocarbon ring.
Representative exanples of a Cs-Cb6cycl oal kyl - include, but are not
limted td&l(16/E)-8 ﬂ%%lcycb&?@W%N'{1ﬁ9ﬂp%gé\ﬁﬂvbulfoeyb2 -BRkbxlyiH-

cycl off8pt ¥ P"Z"Hﬁfi‘fo ycl ooctyl. A cycloal kyl - can be unsubstituted or

i ndependent].y of, .t efolo' rouns:
nal ogen. ﬁ %&%V*éﬁ‘w] s e L
(C1- Coal ky Cl C3al kyl)-, (G - 30Cocal kyI )car bonyl am do-,

HC( 0) NH-, thdNM hll(?,R) i ﬁém@ﬁ@én&éﬁh Whi@( @%ﬂyls@ﬂ)ﬁ@-ﬁ%hkﬁ@m :0)-, -CN
hydr oxyl , Cl-C6al koxy-, Cl-C6 C, (G -Cobal koxy)car bonyl

, C6- Claar ﬁ+methm{(3m@e@vlgmmm 1 yﬂH‘l (Gﬁaﬁﬂi&yssulfoow kiy-benzimidazole;

Cl C6hal oal kyl -, Cl1- C6am noal kyl - ((Cl Coal k)( car b%fdy Cl-

Cécar t?énylzé‘i‘ﬁﬂﬂ’bé'l[ Ryre: me&'ﬂv'me%%m 1B ']EB!H%{“P > é‘H%f t Wo

hydrogen n |c ring can be
repl aced @Qyég)*?mgﬁgﬁ?%gz.f? I|1n(iI?§ nec'?x (9 m@ﬁg@gﬁ% hi Zo‘ﬁ’t or the
t wo hydrogqslempea&agm_yhﬂ (i-pprasRdidy)-an-bahnibaRedl oxy group so that
the al kyl enedi oxy group, vvhen aken together with the carbon atomto

whi ch it uMg3-athylpipérezn- 1fyonﬂpfwnﬁlsulfbwl)w-HMBﬂcedolétet erocycl e- containing
two oxygen atons. WO 2010/ 056644PCT/ US2009/ 063816
" Cycl oal kéri§isopropydrirarazine bylhfrhapayienvt-1tdepamigesdes rings with one or

Tover B b oo Rt By R RSB s e | o, bt -1 i ng
structures, [&%Io%h&i’y])%@rﬂrl}%@flsléﬁr%gylﬁbé?garﬂQlk’%%&ﬁmd%%ml es of Cr

Ci ocycl oal kKenyl - "gr oups i'ncl are not limted to
4-(3-iscbutylpiperazin-1-yl)-1-(phenylsulfonyl)-1H-benzimidazole;
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5pi colyl thioether; substituted S-nethyl derivati ves such as

hem t hio, dith am not hi o acetal s; and ot hers. "Qr

"hal ogen” ngzg 020 9fI uorine, chlorine, bromne, or i Oc})(ﬁéqsguns’mﬁssm
"Hal oal kyl -" refers to an al kyl group, as defined above, wherein one
or nore of the hydrogen atons has been replaced with -F, -d, -Br,

- d
%:aplressﬁfgt?\lﬂsgg%%éﬁﬂ?zon 1'gﬁqépﬁ@%d'%ﬁﬁgﬂj?Q%QZ%EJ%C%B%C} ﬁcl ude, but are
t | t or Su iSo idazcld2CH2B
) (()ZHZC;-Ir2nl, e P o e A S o a2 D

CH2CH21, -1QHE2GHACHASHHRH By} —2—rﬁﬁﬂﬂ,@ﬁﬂ%mﬁtﬁ!rﬂiﬁerazim%HBbbﬂﬁBazole;
- C} 2CH( Ol ) CH2CH3, - CH( FZ CH2CH3 and - 2(CH2Cl) . 15" Het er oat ont
refers to ld(Gsilorart-nanhiny IBletyl-2oretik§ien) %m@W‘P'pH?éW'é%WH@ﬁnZ“W@ﬁo@xyl "

f t t 6 t t t
ot or 5t o “ArTE BB o Aot B e RAR B, or ocesees or
si gnal i ng 4%%&@;,:,@@&99H%eidu%bmhﬁéaﬁ rén "ﬁ%ﬁﬁrﬁﬁ & or Speci fical ly,

i nhibition I ncreases | eve acet yIc ol i'ne and gl ut amat e

in the br élt?PtOWeﬁi%%%soﬁ‘eﬁPBp?*’é’@%‘ﬁ%’%@”&@fﬁﬁiﬁ?ﬁ%ﬁ“é@’%@| nul ation results

| n incr E?Sed clal bthbranspeiPthe’ Mvertion grefides Sphiaambdeetiogr lerﬁptﬁs&lbhs comprising
"Oxo" re = n

are amenaby i het B plt Al uicaly o%oRBicGs KFU BN or GCer B SRR

f or m dPkyFamuas 1o andA Wi‘@&'ﬂ#@ﬂ“%%@‘?m@@rﬁag‘ef Pr eferably, t he r educt ive

am nation st ep|nt<ﬂrI@Saspéow¢eheJ mvédﬂﬁh proe;a@sm@t ol pamakmarc@urtrcglgrﬁoaemmcamer

25r educi ng . . ﬁ st er eqj ners! refer to
e omounde SpREERror gaminiarith SR SRR o homp Rl RRR RS G O T (0

or nore stereodaticepspectSt be @Uﬁ@t@ﬁmr@ldeﬁelmﬁi@deqiérﬁ@tur@me$ siTe-related disorder,

d' aster eoﬁ@r’h&lsm@%dmisken% toCd r%artnfnanﬁ nédd t@redf%%ﬁbbtﬁﬂ‘of any of the Formulas AV
"subj e uman, nouse, rat, guinea

pig, d g, ]%@tanpoﬁﬁ%?légtge Otfﬁﬁ’/t ngqﬁgreéaﬁe%(gsﬁﬁq‘?ﬂnan primate, such as a
nonkey, chi nmpanoger asgrebtsothe dwergion iprdviaes & Tigetitod o frkating fagoestrdl oeaduseaystane
forms of aceOMmRREEIotddtdedbdhSising %dhm%teﬂﬁ’élotthé’@utﬁct 8 cBhHuAl of Btflllad R
enol keto or i m ne-enamni ne tautomners. Treating" or

"treat menf¥ %bf a disease in a subj ect refers to: inhibiting the
di sease or arrzsufomgr, steeodevel opmemtacedinsly imcreatablegalathengofpt om of t he
di seasg; or CalH%‘tH%Q aéd%gt%eﬁlé'cgﬂra@f]er%ag syégﬂqﬁﬁ§f‘a§eas@9f‘:9§&mé}% Yeychoses,

"treatnent of Al zheiner's di sease” as us erern enconpasses
anel i or at PBHEHTIRIERHED ADIPSYE QBFESEER CRMRUSIVAl Jipaiere rmigraigp seqsiive disiperas
t he anel i ekaf deordek, Rkdihegidsedes; axdrade dulisigesibdenesing tdieaiere Phni©hittddke

cognitive i i t
20%0/ oweﬂ%@#r}%w@ggﬁ@%ﬁ%@ﬂqg% Hrr%‘ Végusc? CRUUIe IRBATME"h Asorigted with
"t r eat menECHAOPRENP AP FHeRtA! dlsﬁ"é’Fr@d‘é’ﬁabi'%ﬁﬂWGlﬁYﬁ@fomp rgenagsy plpqrpqug, cognitive

cogﬂl t25\r/]e dﬁsnmﬁdno&sa@@lecamh | ihaimeng ceegs uabr«kmsmrraoakéa%e nt—m:&tgg@ﬁs @lh&da
W t SCIZ 1 ona ted", unl es
ot hor v o SQR3RRBhiE: atention dench Miadr 8OO iRIabocdfbRld GEAEE cnaliBeia
at om of thze'rmp@tr'?cbmrqnylgsm&tanﬂg@!e»d group has been substituted with
Shal ogen, HZN-p e{nsﬂqeﬁ@abdfdnhérﬁmha%ompdur(d@r fkﬂ‘lb)@ﬁﬂoﬂﬂmnts of the present

Cl1- C6al k 0) Cl CS b

G0y N RRE YIS 5 e hysEeaieDe <Al LD EaBaIeLamy HEBpmeceidkely
hydr 09l , a@EpiEblalskibiz pydroBbri@S&idy| -, HO2C-, (Cl- C6al koxy) car bonyl -
Cl- Ceacyl -, %A%asaﬁhod.méﬂtng@t.we%nydmwdegr r@ﬁé&g&yrﬁéo‘a% A@/&me et:edto%

understood that in all substituted rou S f1 ned above, pol

arrived afCy Het |SHt?J?Fé QTIPESINg H%’H‘f‘§ E’ "Ihﬁrsf‘H@?t %E‘[f@:ﬁoi“t‘%@hf%’mﬂl@s -V,

t hensel veshéreing-HT:&splosidtititytiedodunaidd |h&re|snlgeca substituted aryl group
as a substituent which is itself substituted with a substituted aryl

group, which is further substituted by a substituted aryl group etc.)
are not intended for inclusion herein. In such cases, the maxi num
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30l n anot her enbodi nment, the cognitive function is stabilized or

i nproved i ect is suffering from schi zophreni a. For

t her apeut i glol?soe'y‘%%g phar macol ogi cal |y active conpoundstOFUSAY6381¢ he
Formulas I-1V will normally be adm nistered as a pharnaceuti cal
conposition conprising as the (or an) essential active ingredient at
| east one such,c o] Lnh,assocjiation wth solijd or liquid

35phar maceut i e ?@Q ra%%g%tf' ’attr)'ige'g‘?ggr'orni RPVIdFrge eglﬁqdo?lf]aﬂ”&‘?s'wq { compound of
phar maceutfoge'a | cererrisipeiabl e adj ut ants and exci pi ents enpl oyi ng
standard and cayvsfihd 8BsthpduRESHofMEsA, VO _ o
2010/ 056644PCT/ US2009/ 063816 The pharnmaceuti cal conpositions
of this invention include suitable dosdge @orns for oral, parenteral
(i ncludi ng subcut aneous, intramnuscul ar,e i %ﬁﬁernal and i ntravenous)

bronchi al or nasal adm nistration. Thus; a solid carrier is used,
the preparation may be nade into tablﬁﬁ ed in a hard gelatin
capsule in powder or pellet form or int ormof a troche or 5

| ozenge. The solid carrier may contain cgventional excipients such
as binding agents, fillers, lubricants used to nake tablets,

di si nt &gr ¥fi{f § coMRAWE AFAHEAIE and the |ike. The tablet may, if
desired, be filmcoated by conventional techniques. If a liquid
carrier is enployed, the preparation may be in the formof a syrup,
emul sion, soft gelatin capsule, sterile v&hicle for injection, an
aqueous or non-aqueous |iquid suspensign;qu ey be a dry product for
10 reconstitution with water or other XsuptapRe vehicle before use.

Li quid preparations may contain conventioNal additives such as

suspendi ng agents, emulsifying agents, i agents, non-agueous
vehicle (including edible oils), preR®vativedRrRas well as flavoring
and/ or coloring agents. For parenteral a nistration, a vehicle
normally will conprise sterile water, atjéea in large part,

al t hough saline solutions, glucose solutions and |ike may be
utilized. WPefeBct abl e 15 suspensions al so may be used, in which case
conventional suspending agents nay be enpl oyed. Conventi onal

pr eservat kvess i ents and the like also nay be added to the
parenterak'§%§%§g%%§%h€&0%grticuIarIy useful is the adm nistration of
a conpound of any of the Formulas I-1V directly in parenteral

formul ations. tdhemphamnpaset Faallaconpositions are prepared by
conventional techniques appropriate to the desired preparation

contai ning 20 appropriate anounts of the active ingredient, that is,

t he conpound of any of the Fornulg§bkﬁi Iggcording to the invention.
See, for exanple, Remington: The SCi &ncg and Practice of Pharnacy,
20th Edition. Baltinore, MD: Lippincothf Wllians & WIkins, 2000.

The dosage of the conpounds of a8¥ of; NFounuIas -1V to achieve a
t herapeutic effect will depend ngtk y,oﬁ*§hch factors as the age,
wei ght and sex of the patient and node ofN25 administration, but also
on the degree of potassium channel acti atih sactivity desired and

t he potency of the particul ar conpoundR f tilized for the
particul ar di sorder of disease concerne %s al so contenpl at ed
that the treatnent and dosage of the p%rtiguﬁar conpound may be
adninqgtered in unit dosage formand that Rone skilled in the art
woul d "adj ust the unit dosage forn1accordF%eg to reflect the relative
| evel of wabdreiniR{%yR™ Tdng RI¢Ciasi defina@isastioFdrinelapaintii cul ar 30 dosage to be
empl oyed (RAckE en MURBRb0Nh of ETRR | R BfhedYR Ni stered per dayis
within the discretion of the physicran, and may be varied by

titration &fiS 3 PeleHEg JpertiBe PRESp Arthpicc@mansesi r cunst ances of this

i nvent i onbYdepioteathigare tdpodesdfFethuderapey bicepektBtompound; A
suitahbe fdrsen ik i AR WARRL AL 1 KRGmEQITUl as 1-1V or
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woul d be where the other therapeutic agent is not admnistered. In

this case, ei ng bound by theory, it is believ t ha he
conpound OWWZ%%Q’% %mgent i nvention or a pharnaceuticall fy%gg%&é@@ﬁsg
salt thereof and the other therapeutic agent act synergistically. In
anot her aspect of the invention, kits that include one or nore

conmpounds [ a rovi ded. Representative kits
i ncl ude a @{ I—?[[gl%irrt] al EW% FOCQSS“(')#P%& TP tHe i nvention (e.g., a conpound

of For nul a@&reactmvp:\%dr @A%M@@é dppretected enmpoubrer | abel i ng i ncl udi ng

di rect i onsyhERin @Ar,garg a@.gata GhIgp;di sease by administering an effective
anount of H@ ese i nvention. The Schene shown in

D
Schene 1 qp%?‘f’@ﬁowéd% 8'8@'#8:3&'? {(‘}Wé % ol | owi ng the Scheme 10
descri I3e t he pino@eckmbesimgsiethet pospgn tohesictirg ¢fempaumgds whdemuafa WPheith IB is

present 'rb\éﬁ(ﬂﬁ)b@l?lan%ﬁ%ﬁ@mhﬁn%rdr&tahéérb?a%set he described procedures,
whi ch woul d be evi dent to one skilled in the art, are intended to be

within the scoPB@"®FmpeHme-diishase isr?\‘?‘é'H‘Plhéﬁ’f' & (Ngh)-
2010/ 056644 PCTih\d82 @84 DEES 16e Soteetng dowal embuloxgasonyl hes), tteezyl, acetyl, p-

R o SBPRSy nR  o' & 2L o D
Vet h0d1 C NH, 6[“ oneNRMpqjroent.. the Hegpofecting. flep compriseg c(ope%ytm,g, thegompound of
N8' 8021 50ZFormula IC with trifluoroacetic acid (TFA).
In one embodiment, G, is halo, tosylate, mesylate, triflate, 6r 0X0.
In one embodiment, Gu is oxo and the step of reacting GA=R? with the deprotected
compound comprises reductive amination in the presence of a boron-reducing agent.
15 in another aspect of the invention, the process further comprises preparing a compound
of Formula IB by:
a) reacting a compound of Formula ID:

NH,
N
(R?’)m_: P I\;>—R4
H
ID
with a compound of Formula IE:
Rl2 %
halo”~ T Apalo
20 IE

wherein,
halo is Cl, Br or I; and
wherein the compound of Formula 1B is formed.
In one emhodiment, X is a protecting group and the step of reacting the compound of
25  Formula ID with the compound of Formula IE is performed in the presence of a base.
In one embodiment, the base is sodium bicarbonate (NaHCOs) and the reacting step is
performed at above about 100 °C.
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7 Hel281t8128 R7 Method DR2 1L,, 9 10 thereof. Reagents in each
of the ste dim@ g(o_l‘ a. HNG3, H2SO4 b. NaOMe, MeOH c. Na L
H2504, CuB o S. perazine, BINAP, Pd2(dba)3, cs2002¢ T(‘éﬁz['ﬂé‘(‘l‘éf”“é
H2/ Pd-C 10% 5 EtOH f. NaN3, DMb0 g. Boc- pi perazi ne, Hunig's Base,
DMSO h. R1IC(OEt)3, nontnorillonite KSF, toluene I. R5, R6, R7, RS,

ggc) OL Rle Cligbﬁ]l\?aéﬁ% &8%\%% tlfe,$ %%ec Jt’8||1r:\%a,H%rggﬁyg#éth?rzgébrisg;%%pgrin ngc%ﬂ'lp%)nd_
bi s( 2- chl & bertiialIB byrdagling " §EOEtario@ompound obifminyla IL5C. WO

2010/ 056644PCT/ US2009/ 063816 Conpounds 6 can be prepared via
either method A or nmethod B. In an exa%l e of nethod A

N-(3-ni trophenyl)acetan de was nitrphed acqosding to a literature
procedure to give 2,3-dinitroaniline ()7 Subsequently, conmpound 2
was converted to 2, 3-dinitrobronobenzeng with sodiumnitrite and
copper bromi de. The latter inter medj at SHpeacted with Boc- 5

pi perazine to give the desired pré&dmﬂ Reduction of internediate 3
gave the corresponding aniline 6. A ternatNﬁeI y, conpound 6 can be
prepared in two steps, as an exanple fHom conmercially avail able

2, 6- di f1 uQmeRint thOOREHEBREST Formula IB if¥8A%dd on of conpound 4 with sodi um
azi de and Boc- pi perazi ne gave internediate 5. Subsequent reduction of
conpound 5 led to the formati on of product 6. The benzi m dazol e core
10 7 c&n be priapaeetbedident, thé steeplonacticaRECIOER witke teabinpeddf FarmuladF is

literatur %erfé?hh@@m&ﬁe ﬁ@@nb@&nﬁﬁﬂ%kﬁ?ﬂe RskBnd Bluege i n the presence of
nont noril | oni te or t hof or mi@‘f‘[‘ The sul fone

i nternediate 8 c,aﬁ?sliﬁ%reasBerCiB‘J tﬁ%8¥?'vlﬁ%tqerﬂoqe§% JiFeBPred p5eeING aEomPeynd
t he appr opf Fameladtibshidiogemiinga yémmuhd efffermuRelgr ot ecti on and subsequent
reductive am nation of conpound 8 with the appropriate al dehyde gave
the desired conpounds of Fornmula |. Altfrnatively, conpounds 150f
Forrmula | can be prepared fromlnteﬁmq.dlﬂat 140, which in turn results
fromthe reaction of intermediate 9 wit

bi s(2-chl oroet hyl ) al kyl am ne. of skill in the art wll
recogni ze that Schene 1 can be adapte BOeoduce the ot her conpounds
of Formulas |-1V and phar maceuti cé)yjacgept abl e salts of conpounds

of Formulas I-1V according to the pres Ynvention. 20 EXAMPLES

The follow ng abbreviations are used h& ein and have the indicated

def i niqpi oRGereMCN IS acetonitrile, AcOH is acetic acid, BINAP is

2, 2' - bi s(di phenyl phosphi no) -1, 11- bi napht hal ene, and BOC i s

t - but oxycar bonyl . Centel'?" is flux-cal cined di atonmaceous earth.

Centel," iYdsisordiflstered trademark of World Mnerals Inc. DVWF is

N, N- di net hyl f or mam de and DIVBO i's 25di nmet hyl sul f oxi de. EDTA is

et hyl enedi am netetra and ES both stand for

El ectrospray II('3n°|"zaE"[m meEt g",& yd?g%'faﬂg‘ﬁ SIgR & B¢ ”"%PLH’ %?@F?S?%me‘ifﬂ'é?r?d‘f’.

[3H] - LSD pdllatiumtongesbbmireiFdeC)l yser gi ¢ aci d di et hyl ani de, Hunig's Base

i's diisopropyl Iﬁ%h&hé%é&t of'f‘Péﬂ@énﬁomY%@%ﬁﬁstﬁgﬁoéésgfﬁ'rt r comprises preparing

chro ogra etonitril met hano g

Mmass %ec?rcg'ﬂéquf’@/b 'F‘?’C%cl ear magnetic resonance, PBS |s

phosphat e- buf f(e} edagiag i BG-dfrttdaiiling) , witiEAodismt mitfatel qNAROLt kc Bf@Cch d(2,3-

THF is te;jirnmg Oggzgﬁ}un\}&%g S tan(ljn Iayer chromat ography and TM5 is
ane PA

tetramet hyl si yvi nyl t ol ui dene wheat germ

aggl utini n sci@toriaginedhe %?'&Hhﬁ'm 9'3@§'W0"B9WW€Q“|3§OWE?W6@§ Faelh
the follow ng methods corresponds to S ene 1 shown above, wherein Rl
is H, mis 0, and G is Boc. The onpounds and/or internedi ates
were characterized by LC nmass 35spedtionmeigizc anal ysis perfornmed on
an Agilent HPLC and a Hew ett- Packar dk s spectronmeter with an Onyx
Monolithic C18 Colum (100 X 3.0 nm): | vent system 10-100%
Acetonitrile in water, flowrate: 1.8 L/ mn, nol ecul ar wei ght range

20 wherein the compound of Formula IG is formed.
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WO 2010/ 056644PCT/ US2009/ 063816 resonance (NVR) anal ysis was

per f or med rrpounds with a 400 MHz Varian NMR ins nen PaI o]
Al to, ‘%}ﬁén@f) ‘¢tral reference is either TMS or the Plf"IEr 3&] %al
shift of t he sol vent. Sone conpound sanples are run at el evated
tenperatures (e.g., 75 C) to pronpte increased sanple solubility. 5It

shoul d be undefs [ C I

i nvention may I:axohggglp&{]'ﬁém tE Slgrrgﬁ%anc ??g orrrl'nfhrnies\"'r'ﬁR %s r?ﬂﬁraté:ﬁ %‘%MS
st ruct ur epergrmnkd m tlnwrssegge@ﬁmt@aﬁﬂ W%ﬁmbmpperrmlé%@wﬁf)one of the
possi bl e taut oeshe ehr@bdBent] thes fé@rﬂédﬁng?%t depstpnel tinahe tHﬂ«%ehdéV%ﬂtzlzﬂn

Sttty U A GO EER EA 3‘5?&8‘%) o PP B p LB e Blacium
pr epar éd f(ﬁ’d)hibﬂs(@%S@nmamonatemm@w))@dgﬂmde which in turnis

prepar ed frommheoneoram@.h@ht MRfeers @Hm@roéanEOQ&eb%BérQ@ %? Q'@a%ﬁr{g' bggs-
in the schene b acet am de:

stirring HitBQPr?ﬁ”é' aﬁ?ta@gﬁ(‘f"éhf‘ rﬁ%&'ﬂ “é“t'ﬁ)# GP‘? %Bc'é'?ﬁ (Ha%4h1) and 90%
nitric (fum ngh aacthet abpect ¢f2ibinvdn)ior; ¥ad Woandtthe- [30(@38 fvetseradelertbes preparing a
3-nitroac |4y des in portions over 20 minutes. The m xture
was stlrrEB ) &g O&#ﬁa%eg)at -10 C. Then the reaction was allowed to
war m t'8 room t@hfﬁé’ﬁ%[\gtﬁoé'uff\/@‘i*deoﬂ@“ ASwuaie-PERPEE S Ve forer liddiiod-Huoe-2-
(600 mL) tmrobdreencaane! | ow solid. The resulting precipitate was
collected by s i Th i ng

et hanol (125 n@féog%gt'rfgh %c’?o fl'uglrogir)\;'{\%}abs?gg W%chg ?’ﬁgounﬁg%%rrm@g I'Iours

The resulting light-yellow 20 needlesXwere filtered, washed wth

et hanol and air dried to give the g(% r.oduct (3. 19, 21%. See
Arnold T. Nielsen, Ronald L. Atkin mP. Norris, Cifford L.
Coon, Mchael E. Sitzmann J. Og. Che 1980; 4502); 2341-2347

(i ncorporated herein by reference). Chgm cal Formula: C8H/N305

Mol ecul ar Weight: 225.16; M5 (ES) mz 6. B. 2,3-dinitroaniline 25To
a sol ut i owhekinkhg @npodidmif FeoplrdGyd fpaesst ami de (3.0 g) in met hanol (200
m.) was added sodi um net hoxide (72 ng). The stirred solution was
heated_at reflux for r was, added to the soI ution (30

) o8t he yel'l % &8 ?fgﬂwezﬂepm TP patoract Shd RIS ool ﬁd\é
t he desi r dibopropdetotian(i@e @IPEA). 93%) . Cheni cal Fornul a: C6HS5N304

Mol ecul ar Vi glhtone%oﬁ%eniv@nfv @}hﬂo?eg%ﬁé prfc'é@@@i‘é@é 'aFéan'forrﬁ(Qf b cr:’l&dﬁl:

4-(2,3-dinit ropheny %g \Pera2| ne- 1- car boxyl ate (3) can
prepared SXSHERGOF %@H%ﬁ@%bﬁ%ﬁpt a nonpolay Iphgr ?5‘@’0&!? H?'? SBB%'Hzaé‘r?é’“%'ﬁ
sol uti on obnpd|a8sakient, br @eapidtic pada(@vamt. g, 12.4 mmol ) in 35 nlL of

gl aci acetic d r

sol ut?gn of so Ialq)ﬁ%%mﬁt@(rﬁrln?ﬂ Qr%gtﬁﬁ)%é%&ng%rcﬁzeﬁété e(%gﬁ@%ﬁtca? ﬁlrﬁ%:tlon step
sul furic &eTR{isNg akiegst Gpa ‘Pfef'“f%‘@" Pé‘f?ﬁéﬁ‘%ﬁ*ﬂ?’éﬁta@faf?'}i{et”‘r“@&e’ﬁ iobfpchxetallizney
at 15-20 C. The an&sailetibogmentpgry i unmf@—@gdu{glmevmeﬁsrwmpﬂséded afalgitaldtep

five mnu

15”5 ot pomitRlnb Shad EBrabbb iS4 LS SibeRsc SRR 1RlA ThfalodieB ass
heat ed at srf@tr@,scem/ ECIMEY gps tch@"@@afaphso&ﬁc)s més rﬁzhs@mﬁoeramb)émwwp@erqsmy
room t28NpeEEis, Ehu@l@é’r lﬁa_ﬁ@ﬁt rtegbnwaéeeowmotﬂmrﬁy)er chk&Ratbdr8ity- (L SE MeBRY Bt

was fllter@g)tfrlom r!g ?)Et reﬂ n«?d | vacuum at room
t enper at uf agaé?%gqu:ﬁ oBEY PR E{aria)ﬁPOm) 2, 3-dinitrobenzene
(3.0 g, 99%. H&nr@epiﬂw@u@Inarma@umé)datrt:ﬁptsbjbs@tqu@nlude batcre oot liniiteth bue.g.,

further pygief. b&@d’lé %Hd v@@&qns@@ﬂl@l Shitd.- su\thésameJactha a:&?hﬁm] 299&ate? 4,4-
1188. 15 i.ni.t robenzene

OU
(175 o 4 SaaanitnS 2 dsytongityetiatiite Qv ot Bty B AN beggeraipnate.
car borsat ebérﬂzo&B tcarbbn@6, ismlth), bisBfaA\BitdrOatd, b8ratg, bnild? butyreie) calcmd calcium

tris(di be@%&fétbdﬁﬁ%‘i‘é Q&‘?Qp%r@@l’fo‘né’t@ UEer(o?aél hiBrideD- c?'xglilne";ufgnj ale iJ’au\L;\llggate

toluene (1 heat ed our hours I"'ué

evapor at efediaeelarige., r‘@yp@ﬁ@o‘?ﬂ&s d'ﬁi‘%s%qt‘%ﬁe@e‘al‘? edigviefe dRarorereEimalR: ceviele

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

20



C NH2 NH2 6 Method A 5tert-Butyl

4- (2, 3-di ) pi perazi ne-1-carboxylate (3) is dlﬁ&&l,
et hanol %B)z?rﬁi?ﬁgkyhd to this is added 10% Pd-C (30 ny) ?gﬂg@ﬁﬁi' I on

of this mxture was conpleted on a Parr apparatus at 33 psi over
night. Mxture is filtered through CELI TETm and chronat ographed on a

| el c an 0%, v
N e e e
(0 150 & tirayoraabentesyinposiopisn).  Griraneme| Ireiovnt MgTeoahoss, i
4- ( 3ba2| deydonid- mapptneéwl I RidpRT-2Faptehokte; ﬁfdld?ﬂydttﬁ&r%te( é)hy&@ﬁyetf@ﬁf]@%ﬁacé) 5
can e r e n 0 e cne
S ot g SR Socld RILE AR R 856G 09 rate i s, et
Prepar &t i Gregtyming- quiét%y 3~(ff'¢th!d$l‘@n<2 Cholugitob e meeviaie. NERYINBromide, mathylitrate,
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20 An "effective amount" when used in connection a compound of the present invention of

this invention is an amount effective for inhibiting mTOR or PI3K in a subject.

Definitions
The following definitions are used in connection with the compounds of the present
invention unless the context indicates otherwise. In general, the number of carbon atoms
25 present in a given group is designated "C,-C,", where x and y are the lower and upper limits,
respectively. For example, a group designated as "C4-Cs” contains from 1 to 6 carbon atoms.
The carbon number as used in the definitions herein refers to carbon backbone and carbon
branching, but does not include carbon atoms of the substituents, such as alkoxy substitutions
and the like. Unless indicated otherwise, the nomenclature of substituents that are not explicitly
30 defined herein are arrived at by naming from left to right the terminal portion of the functionality
followed by the adjacent functionality toward the point of attachment. For example, the
substituent “arylalkyloxycabonyl” refers to the group (Ce-Cisaryl)-(Ci-Cealkyl)-O-C(O)-. It is
understood that the above definitions are not intended to include impermissible substitution
patterns (e.g., methyl substituted with 5 fluoro groups, two hydroxyl groups on a single carbon
35 atom, a hydroxyl group on a non-aromatic double bond). Such impermissible substitution
patterns are well known to the skilled artisan. In each of the below groups, when a subgroup is
designated with a multiple occurrence, each occurrence is selected independently. For
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30 toinclude all such isomers. Examples of a C,-Cgalkenyl- 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 ¢an be unsubstituted or substituted with one or more of the following groups: halogen,
HaN-, {C4-Cealkyl)amino-, di{C+-Cealkyliamino-, (C1-Cealkyl)C{OIN(C-Calkyl)-, (Cq-

35  Cealkyl)carbonylamido-, HC{O)NH-, HoNC{O)-, (C4~Cgalkyl)NHC{O)-, di{C1-CealkylINC(O)-, -CN,
hydroxyl, Ci-Cealkoxy-, C-Cgalkyl-, HO,C-, (C1-Cealkoxy)carbonyl- , C4-Cgacyl--, Ce-Cysaryl-, Cs-
Cohetercaryl-, and C3-Cgacycloalkyl-.
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t he general procedure described for the preparation of conpound 8.
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monocyclic or polycyclic as long as at least one ring is aromatic and the point of attachment is at

35  anaromatic carbon atom. An aryl group can be unsubstituted or substituted with one or more of
the following groups: Cq-Cealkyl-, halogen, haloalkyl-, hydroxyl, hydroxyl{Cs-Cealkyl)-, HzN-,
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20  with Alzheimer's disease, ADD, ADHD, Restless Legs Syndrome (RLS), Parkinson's disease,
Huntington's chorea, schizophrenia, attention deficit hyperactive disorder, neurodegenerative
diseases characterized by impaired neuronal growth, and pain. A “CNS disease” or “CNS
disorder” as used herein also includes the symptom of another disease, such as a cognitive
disorders associated with schizophrenia.

25 "Cycloalkyl-" refers to a monocyclic saturated hydrocarbon ring. Representative
examples of a C3-Cgoycloalkyl- include, but are not limited to, cyclopropyl, cyclobutyt,
cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. A cycloalkyl- can be unsubstituted or
independently substituted with one or more of the following groups: halogen, HoN-, (C-
Cealkyl)aming-, di(C+-Cgalkyl)amino-, {C1-Cgalkyl)C(O)IN(C,-Csalkyl)-, (C+-

30  Cealkyl)carbonylamido-, HC{OINH-, H:NC(O)-, (C1-Cgalkyl)NHC(O}-, di{C1-CealkylINC(O)-, -CN,
hydroxyl, C-Cealkoxy-, C1-Cealkyl-, HO2C-, (Ci-Cealkoxy)carbonyl- , C4-Cracyl-, Ce-Csaryl-, Cy-
Cghetercaryl-, or Cs-Cgcycloalkyl-, Cy-Cghaloalkyl-, Ci-Cgaminoalkyl-, (C4-Cealkyl)carboxy-, Cs-
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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"Halo" or "halogen” refers to fluorine, chloring, bromine, or iodine.

"Haloalkyl-" refers to an alkyl group, as defined above, wherein one or more of the
hydrogen atoms has been replaced with -F, -CI, -Br, or -. Each substitution can be

10  independently selected. Representative examples of an C4-Cghaloalky!l- group include, but are
not limited to, -CH;F, -CCl;, -CF3, CHRCF3, -CHClI, -CH;CH,Br, -CH;CH,l, -CH,CH,CH,F, -
CHLCHCH,CI, -CH>CH,CH,CH:Br, -CH,CH2 CHoCHal, -CHCH>CH-CH-CH,Br, -
CHaCHLCH,CHCHal, -CHCH(BrYCH3, -CHCH(CIHCHCH3, -CH({F)YCHCH3 and -
C(CH3)2(CH.CI).

15 “Heteroatom” refers to a sulfur, nitrogen, or oxygen atom.

“Hydroxy” or “hydroxyl” refers to the group HO-.

“Modulating 5-HTg receptor activity” refers to affecting (i.e. inhihition or stimulation)
processes or signaling events associated with the 5-HTg receptor. Specifically, inhibition of 5-
HTs increases levels of acetylcholing and glutamate in the brain, whereas 5-HTs 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, 'oxo’ 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.

“Sterecisomer” or "sterecisomers” 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
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cognitive function and ameliorating cognitive impairment associated with schizophrenia.

The term “optionally substituted”, unless otherwise specified, as used herein means that

at least one hydrogen atom of the optionally substituted group has been substituted with

5 halogen, HoN-, (C+-Csalkyl)amino-, di{C4-Cgalkyl)amino-, (C4-Cealkyl)C{O)N{C+-Caalkyl}-, (Cq-
Csalkyl)carbonylamido-, HC(O)NH-, HaNC(O)-, (C4-Cealkyl)NHC(O)-, di(C4-Csalkyl )NC{O})-, -CN,
hydroxyl, Ci-Cealkoxy-, C1-Cealkyl-, HO;C-, (C1-Cealkoxy)carbonyl- , C4-Csacyl-, Ce-Crqaryl-, Cy-
Coheteroaryl-, or Cs-Cscycloalkyl-. |t is understood that in all substituted groups defined above,
polymers arrived at by defining substituents with further substituents to themselves (e.g.,

10 substituted aryl having a substituted aryl group as a substituent which is itself substituted with a
substituted aryl group, which is further substituted by a substituted aryl group etc.) are not
intended for inclusion herein. In such cases, the maximum number of such substitutions is
three. For example, serial substitutions of substituted aryl groups with two other substituted aryl
groups are limited to substituted aryl-(substituted aryl}-substituted aryl.

15 The compounds of the present invention exhibit a 5-HTe modulating activity and,
therefore, can be utilized in order to treat a patient suffering from a central nervous system
(CNS) disease or disorder comprising administering to the subject a compound described
herein, particularly a compound of Formulas I-1V.

In another embodiment, the (CNS) disease or disorder is psychoses, anxiety,

20  depression, epilepsy obsessive compulsive disorders, migraine, cognitive disorders, sleep
disorders, feeding disorders, anorexia, bulimia, binge eating disorders, panic attacks, disorders
resulting from withdrawal from drug abuse, schizophrenia, gastrointestinal disorders, irritable
bowel syndrome, memory disorders, cognitive dysfunction associated with Alzheimer’s disease,
Parkinson's disease, Huntington's chorea, schizophrenia, attention deficit hyperactive disorder,

25 neurodegenerative diseases characterized by impaired neuronal growth, or pain.

Another embodiment of the invention provides a methoed for improving or stabilizing
cognitive function in a subject comprising administering to the subject a compound described
herein, particularly a compound of Formulas I-IV or a tautomer, stereoisomer, or
pharmaceutically acceptable salt thereof.

30 in another embodiment, the cognitive function is stabilized or improved in a subject is
suffering from schizophrenia.

For therapeutic use, the pharmacologically active compounds of any of the Formuias I-IV
will normally be administered as a pharmaceutical composition comprising as the {(or an)
essential active ingredient at least one such compound in association with a sclid or liquid

35 pharmaceutically acceptable carrier and, optionally, with pharmaceutically acceptable adjutants
and excipients employing standard and conventional techniques.

27



Ki (nM 9 0 * 2-nethyl-4-(4- nethyl pi perazin-1-y0-1-(1-

napht hyl s I Yé,benzinidazole 421.1 0.004 10 O 40 ‘
1-[(4-chlgb%%ﬂéﬂ%f ?ulfonyl]- 4-pi perazin-1-yl-1H benf?ﬁﬂIggﬁ%?MG

377.1 1.32 11 t.--\00 010 1-[(2-chl orophenypsul fonyli
4- pi perazin-1-yl-1H benzi m dazole 377.1 0.269 12 *40
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nmet hyl- 4- Gr%é’taﬁ?ﬂe@’ fUS}lenBHU BEHEPYR loDYssular; intregermal and intravegpus) pronghigl]
F 2- et hylor 4z BehiR&irdtiod.- Yihud -if a solid carrier is used, the preparation may be made into
tablets, placed in a hard gelatin capsule in powder or pellet form, or in the form of a troche or
5 lozenge. The solid carrier may contain conventional excipients such as binding agents, fillers,
lubricants used fo make tablets, disintegrants, wetting agents and the like. The tablet may, if
desired, be film 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-aquecus 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 andfor coloring
agents. For parenteral administration, a vehicle normally will comprise sterile water, at least in
large part, although saling 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 11V 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-1IV 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 tevel 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 he
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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
condifion 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-HTs 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 numhber 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 compaosition 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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Pi per azi N-ysp ﬁe]-hherp@r{ézétﬂgrQ%%e%ﬁég&En@islno§a ntst&red. Nh 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-HTs inhibitor compound of the invention
{e.g., a compound of Formulas [-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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thereof. Reagents in each of the steps include: a. HNO3, H,SO4 b. NaOMe, MeOH c. NaNO,,
AcOH, Ha804, CuBr d. Boc-piperazine, BINAP, Pda(dba)s, Cs:COs, toluene. e. Ho/Pd-C 10%,

EtOH f. NaN;, DMSO g. Boc-piperazine, Hunig's Base, DMSO h. R’C(OEt)a, montmorillonite
KSF, toluene i. R,

R% R’, R% R* or R"-substituted ary-SO,Cl, NaH, DMF j. TFA, CH.Cl,

(when Gp = Boc) k. RZCHO, NaBH(OAc)s, 1,2-dichloroethane I. his(2-chloroethyl)-alkylamine,

NaHCO,, 1-butanol,

115°C.
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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-diflucronitrobenzene.
Reaction of compound 4 with sodium azide and Boc-piperazine gave intermediate 5
Subsequent reduction of compound 5 ied 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 crthoformate. 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 I can be prepared from intermediate 10, which in tumn 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,
mis 0, and Gp is Boc. The compounds andfor 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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35 N1 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-dinitrophenyhacetamide, which in turn is
prepared from the commercial material 3-nitroacetamide as described in the scheme below:

NHAC NHAC NH;
o —
—_—i
NO, NO, NO,
3-Nitroacetamide N-(2,3-dinitrophenyl) 2
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: CsH/N;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 refiux 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: CgHsNsO. Molecular Weight: 183.12;
MS (ES) miz 184
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pi perazin-1-yl-1Hbenzi m dazole 391.1 1.4 38 , gh ,_. ri)
1-[(4-fluorophenyGsu |fonyl]-2- methyl-4-piperazin-1-yl-1H

benzi ni dazbiegaratign af ted-bgtys4-(2,3-dimitrophenyl)piperazine-1-carboxylate (3)
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Compound 3 can be prepared according to scheme below:

I|30c
o
NH, Br N
CI Cﬂ Cr
NO, NO; NO,
2 3

1-bromo-2,3-dinitrochenzene

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)
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.

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
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
hexanefethyl 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
(incorporated herein by reference).
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1-[(2-nethy|phenyCBquonyII4 pi perazin-1-0-1H benzi m dazole 357.1
1.15 40 . cedd- Piperazin-1-y1-1-{[4-
W) ph i i YT UPIPEF 6

(trlfluoronet enyl ] sul fon e'ayll- 1H benzi m dazol e

Ex. Structure Nane M5 (ES) mz 5-HT6 binding Ki (nM 41 0 al) 0 Fv
4-pi perazin-1-y1-1-{[2- (trifluoronethyl)phenyl]sulfon

yl)-1H berﬁrbﬁﬂr%f@:o%&uﬂd l%rt%tﬁ a-(2,9~diaminophenyl)piperazine-1 -carboxylate (6)

from compound (3)

Method A

5 tert-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)
1
@
N
N
5 3
Compound 5 can be prepared from compound 4 according to the following scheme:

?oc

N

oo — &

4 1-Azido-3-fluoro-
2-nitrobenzene
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a0 0.;,----. |/ 4-piperazin-1-y1-1-{][ 3- o
(trifluorogr)aydesebignyl]l sulfon yl}-1H benzi m dazole 411, 1. 4.13 .

43 I N a*

[1i 2-nmethyl-1-(2- naphthyl sul fonyl) - 4- pi perazin-

1-yl-1H benzi m dazole 407.1 1.05 44 , 6 1-[(2-
met hoxyphenyl ) sul fonyl] - 4- pi perazi n-1-yl- 1Hbenzi mi dazole 373.1 0. 156

4 01 a
S — Preparation of 1-Azido-3-fluoro-2-nitrobenzene:

10

15

20

F
CINOZ
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
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) 8 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)
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,SQ.,
filtered, and evaporated under reduced pressure. The residue is chromatographed on silica
using dichloromethane/methanol. The purified product 5 is crystallized from diethyl sther and
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
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 vield the desired product
as a light brown amorphous solid (1.97 g, 97%); MS (ES) m/z 293.
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| P et hoxyphenypsul fony1l-2- net hyl-4-pi perazin-1-yl-1Hbenzi m dazol e
387.1 2. 07vAPr016W0k6Q447-- \ O 2-nethy|-4-p|pera2|n-l-yl-lﬁ?ﬁ&ﬁﬁgﬂmﬂﬁﬁ

(trifluoronethoxy)phenylisulfo nyll-1H benzi m dazole 44
40 '4 1P 2-nmethyl-1-K2- nethyl phenyl)sul fonyll-4-
pi perazin-1-yl-1H benzirni dazole 371.1 2. 26 Ex. Structure Nane M

(ES) Mz SAd&iubdd el ihd pidpatdiidh of tert-butyl 4-(2-methyl-1h-benzo[d]imidazol-4-
vl)piperazine (7) from compound (6) (Method C):

)

e
N
H

7
To the phenylene diamine (8) 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

)

N

O:‘Szo R5

R® RS

8
10 RB RT

To a mixture of a substituted or unsubstituted tert-butyl 4-(2-alkyi-1 H-benzo[dlimidazol-4-
yhpiperazine (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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1.i \i- ---r-- -0 0 'd.c.. *--4(

2- et hyl - 4up in-1-y1-1- {[2- (trifluoromethyl)phe | )
y1}- 1H bens e 42817 2. 04 49 0 0 )--- aC WetBdlsMsnts

2-met hyl - 4- pi perazin-1-y1-1- {13- (trifluoronethyCphenyijsulfon
y1}-1H benzi m dazol e 425.1 0.982 50 oh all) 1- ‘[3( SEvch I (?)&oiléi )3? )
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Compound 8 is dissclved in dichloromethane (CH,Cl,) followed by the addition of an
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 dichlorosthane is added an
aldehyde (1.20 equiv.) followed by the addition of sodium triacetoxyborohydride (1.6 eq.). The
reaction is stimed ovemight, 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

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
(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 fo 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).

Each of the following Example compounds was prepared according to the methodology
described above.
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2-methyl -1-[ (4-nmethyl -1 - naphthyl)sul fonyl 1-4-

pi perazi n- kobigkidhanzi m dazol e 421.1 6.27 52 ar.--f41, 1t o006 316
nmet hoxyphenyl ) sul fonyl j-2- nethyl-4-piperazin-1-yl- 1Hben2| m dazo
387.1 1.89 53 NC-C 41 N--S;to 418

1-[ (2-chl orophenyl ) sul f onyl j 4- ( 3- net hyl pi perazi n-1-y1)-

1H benzi mlﬂ@ﬁqﬁleel 39 Ln’n%tlﬁdp?’ﬁer% 1~y[) -1- (naphthalen-1-ylsulfonyl) -1H- benzo[d*mldazole
1-[(3-chl orophenyl ) sul f onyl | 3-met hyl pi pérazin-1

~-\MH benzi i dazol e 391.0 1.92 55 411 npbenzi m dazol e

1- [ (3- et hyl phenyl ) sul fo 4-(3- et hyl p[p?r azin-1-y1)- nyl] 371.1 2.47
Structure M (ES) mz

This compound was prepared as described above; MS (ES) m/z 407.15; 1H NMR (400
MHz, chloroform-a) & ppm 2.44 (s, 3 H)2.71 - 2.81 (m, 4 H) 3.51 - 3.59 {m, 4 H) 6.67 (dd, J=7.8,

5 1.3Hz 1H)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) 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

@

10 This compound was prepared as described above; MS (ES) m/z 393.13; 'H NMR (400
MHz, DMSO-ds) 8 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[dlimidazole



5-HT6 binding Ki (nM met hoxyphenyl ) sul fonyl] -4- 387.1

4 u

(3- et hyl DW{]@@%&A'Y')*H benzi i dazol e ST FF pédbsaolinesis ™

4- ( 3- net pl perazin-1-yl)-1- {[2-

(trifluoromethoxy)phenyl]sulfo nyll-1H benzim dazole 441.1 2.09 58
AL Nr.-- \W4i8 1-[(3-chloro-2- nethyl phenypsul fonyll-4-(3- m

et hyl pi perazi il bt 6Ag b 8R4 AL Gesttsatanboe! L ESY v 343.25H WhiR: (400

MHz, DMSO-05)  ppm 3.24 - 3.31 (m, 4 H); 3.63 - 3.70 (m, 4 HY; 6.81 (d, J=7.8 Hz, 1 H) 7.31 (t,
J=8.1 Hz, 1 H) 7.42 (d, J=7.6 Hz, 1 H) 7.67 (t, J=7.8 Hz, 2 H) 7.78 (tt, 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
H
()
N

oy
N

\ ;O
o=

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

MHz, DMSO-ds) 3 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=12.8, 6.6

10 Hz, 2H); 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
®
ENj
1 _’,O
This compound was prepared as described above: MS (ES) m/z 357.0: 'H NMR {400
15 MHz, DMSO-ds) 5 ppm 2.78 (s, 3 H); 2.81 - 2.86 (m, 4 H); 3.27 - 3.33 (m, 5 HY); 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).

=

Y

W
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(2-ch IorophenyCBquonyII- 2- (1- met hyl et hyl ) - 4- pi per azi n-

[
y1l- 1H bepa Higazale 419.1 0.463 60 0 4- *:--4 t--
[(3- chlorophenyl)sulfonyll 2-(1- nethylethyl) 4- p|peﬁxﬁﬂBﬂWWWEMG

y1l- 1H benzi m dazole 419.1 1.08 61 4It gripi 2-(1-methylethy9-1.
(napht hal en- 1-yl sul fony1) - 4- pi perazin-1-yl-1H benzi m dazol e 435. 2

0.6 62 it :Ex&mbre-e- 2 e%%ﬁ&pﬁwaﬁr)ﬁ% s&sm{h ﬁ‘ﬁ lﬂéf biiizimidazole

egad- pi perazi n- H benzi m dazole 1- | orona pht hal en- 1-
469.1 1.47 63 * 'kall yl-1-{[2- 2- (1-Hethy|ethy9 4- pi per azi n-
F(trifl uor onet hoxy) phenyl ]sul fo 4jk qE'Eyl)-lkkbenzinidazole 469. 1

1.14 64
A -
O’;S’

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

MHz, DMSO-ds) 8 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 3.22-331(m,5H) 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).

1-
1-
1-
1-

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

)
(/]

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

10 MHz, DMSO-ds) & 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, J=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
O’S’
’ @
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"1r)2-(1-nethylethyl)-14(4- nethyl naphthal en-1-
*44yCsul f oryd dgifnRkper azi n- 1-yl - 1H benzi m dazol e 449'25%yﬁSNmWMBE§'

Structure Nanme M5 (ES) mz 5-HT6 binding K

(nM 65 .

1-[ (5-chl oro-2- nethoxyphenyl)sul fonyli-4 -
pi perazi n-1-yl-1Hobenzi m dazol e 407.1 3.56 66

10

This compound was prepared as described above: MS (ES} m/z 399.1; 'H NMR (400
MHz, DMSO-0d5) 8 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 -
7.79 (m, 1 H); 7.96 - 8.00 (m, 2 H).

Example 9: 2-methyl-4-(4-methylpiperazin-1 ~yl)-1-(1-naphthyisulfonyl)-1H-benzimidazole
l
e
N

Cry-
N

=0
OﬁS

a8

This compound was prepared as described above: MS m/z 421.1; "H NMR {400 MHz,
DMSO-ds) & ppm 2.21 (s, 3 H); 2.44 - 2,49 (m, 4 H); 2.69 (s, 3 H), 3.37 - 3.44 (m, 4 H); 6.69 (dd,
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);
7.74-7.79 (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
This compound was prepared as described above: MS (ES) m/z 377.1; 'H NMR (400
MHz, DMSO-ds) & 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 J=7.9 Hz, 1 H), 7.28 - 7.31 (m, 1 H); 7.74 (dt, J=9.2, 2.5 Hz, 2 H); 8.14 (dt, /=9.1, 2.5
Hz, 2 H); 8.70 (s, 1 H).
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. 0aC 3's & - 1-[(5-bromo-2- nethoxyphenyl)sul fonyl]-4-
| perazi n- sc€nzi m dazole 451.0 4.93 67 1
E- 1?( 2, 5di nﬁdh%‘?%gﬁéﬁw )sul fonyl]-4- piperazin-1-yl- 1Hbe RS HP 2P s

403.1 2.13 68 HCr) O )Tr'0". 1-[(2-nmethoxy-5-

met hyl phenyQGsul f ony11- 4- pi per?&j nhl-yli 1HE{en2| rhdizol e 387.1 0.498
69 OL-[(2- Yr:4- Zat{h) HEh W oioB Hzin - -benzimidazol

pi pera[zi n-1-y1- 1Hbe-rg(zi moég'%m 2)3&?@?2’1’% o y enzimicazole

O

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

MHz, DMSO-ds) 8 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

®

This compound was prepared as described above: MS (ES) m/z 357.1; TH 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=7.4,12Hz, 1 H)7.95- 8.00 (m, 2 H) 8.29 (s, 1 H)
BIOLOGICAL ASSAY:

5-HTg Binding Affinity

15 CHO-Dukx-A2 cells expressing the serotonin 5-HTg 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
(supematant 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 10e cells/mi. 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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:$ , 1-[(2-ch loro-6- nethyl phenyl)sul fonyl]-4-

pi per azi n- fyo/sdddse291. 1 2. 33 |, abenzi m dazol e 71 alsdl s 5t o
1kt) (trifl uoromethyl) phenyl]sul fon

y1l}-4-pi perazin-1-yl- 1Hbenzi m dazole 445.0 13.7 72 ,

=, .piperazin-1-yl-1H , 1-[(2-fluoro-5- donethyl phenyl)sul fonyl] - 4-

benzi m dazol e Bifgind ekbedRénts are performed in a total volume of 200 yil using a 96 well microtiter

10

15

20

25

plate format (Packard Optiplate). On the day of the assay, the cells were thawed and
resuspended with enough assay buffer (i.e. PBS containing MgClz and CaClz, (GIBCO 14040-
133) supplemented with additional MgClz to achieve a final concentration of 10 mM) to achieve
40-80 pg or 100-200 K cells/well. To each well of the microtiter plate, 20 u! 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 MM cold
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 mg/ml PVT WGA SPA beads (RPNQO060, 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/fwell).

Specific binding is described as the total radioactivity bound less the amount bound in
the presence of 10 uM 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)/(Tofal-NSB)} x 100=% Total

Regression analysis of % bound data from ten concentrations is performed in GraphPad
Prism, XL Fit or equivalent software. ICs, values are calculated using a four-parameter logistic
curve fitting model and Ki values are calculated by the Cheng-Prusoff equation below:

Ki = ICso/(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.

Referring to the examples that follow, compounds of the present invention were
synthesized using the methods described hergin, 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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Ex. Structure Name M5 (ES) m z 5-HT6 binding Ki

75 .

(nM

73 01ci=3 R

. 1-T1(2- 1 wod ea130sd88t hyl phenyl ) sul fonyl11-4- pi perazi n- 11’&*&%5&)9/063816
benzi m dazole 375.1 0.202 74 0 1-[(3-fluoro-2-
nmet hoxyphenyGsul fonyl ] - 4- pi perazi n-1-yl- 1Hoenzi m dazol e 391.1 0. 485

AP

Table 1
MS (ES){5-HTs binding
Ex. Structure Name miz Ki (n)
P 4-(4-methylpiperazin-1-yl)-1-
1 @;5 (naphthalen-1-ylsulfonyl)}-1H-| 407.15 | 0. 064
O benzo[d]imidazole
1
1-(naphthalen-1-ylsulfonyl)-4-
N=\ o]
2 @ N-’ (piperazin-1-yl)-1H- 393.13 0. 165
© benzo[d]imidazole
WY M 8 1-(phenylsuifonyl)-4-
3 K/’ﬁmf@ (piperazin-1-yi}-1H- 343.12 1.36
benzo[d)imidazole
H|
Q rgl/ 2-methyk-1-(1-
4 O B 0 naphthylsulfonyl}-4-piperazind 407.0 0. 025
& O 1-yl-1H-benzimidazole
H|
Q rgl/ 2-methyl-1-(phenyisulfonyl)-
5 @, 2 4-piperazin-1-yl-1H- 3570 | 0.53
4 henzimidazole
H
Q 'g(\ 2-gthyl-1-(phenylsulfonyl)-4-
6 @, 0 piperazin-1-yl-1H- 3711 | 0.447
& benzimidazole
{
@ 4-(4-ethylpiperazin-1-y)-1-
7 "\,_{*j“ o (phenylsulfonyl}-1H- 37141 0.394
W : benzimidazole
Hi
A 2-butyl-1-(phenylsulfony!)-4-
8 W piperazin-1-yl-1H- 399.1 1.10
o benzimidazole
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0 1-[(2-ch | orophenyl)sul fonyl] 4- [(3R) 3- et hyl p| pera2|n 1-

PC1]7U52009/0(331(
-1(3-chl orophenyl ) sul fonyl k 4-[(3R) - 3-net hyI pi pera2| n-1-

yl]-

y1l1l- 1H benzi m dazole 391.1 2.35 77 of> /-cc,
met hyl phenyGsul f ony11- 4-

1H benzygddagnka 391.1 1.19 76 4

C) -

1-[ (3-chl oro- 2-
[ (3R)-3- rrethyl pi perazin 1 -ylk-

1H benzi m dazol 7405 T 172780 aC") ArkyIl=I-(maphthatesnss AT
L 1wyl sul fony LF*1H benz?PfClE% ol e 41 [ (3R) - 34amet hyl pi per ﬂ%r% 6);@,?’“%
1.28 79 HCH[1-[(2-ch C T, 4-T(3p) -3 met hyl pi perazin- I-
/y1] - 1H benz{ ni dazo®| or ophenyl ) Buhdugiyld. 391. 1
NS methylpiperazin-1-yl)-1-(1-
9 Q g ‘] naphthylsulfonyl)-1H- 421.1 0.004
s O benzimidazole
Y e o 1-[(4-chlorophenyl)sulfonyl}-
10| T (o P-piverazin-t-yl-AH- 377.1 1.32
benzimidazole
o]
H N=y 0 1-[(2-chlorophenyl)sulfonyl}-
11 O et 4-piperazin-1-yl-1H- 377.1 0.269
© benzimidazole
AN
O o 4-(4-methylpiperazin-1-yl)-1-
12 L (phenylsulfonyl)-1H- 357.1 1.66
O & O benzimidazole
@ ! 1-[(1- henyl)sulf
N & methoxyphenyl}sulfonyl]-2-
13 GNJ\:/Q’ methyl-d-piperazin-1-yl-1H- | 071 1.82
) benzimidazole
D 2-methyl-4-piperazin-1-yl-1-
([3-
14 o (triflucromethoxy)phenyl]suifo 441.1 230
° & nyl}-1H-benzimidazole
H
Q 1-[(2-chlorophenyl)sulfonyl]-
15 Pﬁ: 2-methyl-4-piperazin-1-yl-1H-| 391.1 0.99
o benzimidazole
O o a
d 1-[(3-chlorophenyl)sulfonyl]-
16 WS/Q 2-methyl-4-piperazin-1-y-1H-| 391.1 0.99
N),“ benzimidazole
0 o
WQ 1-[(4-chlorophenyl)sulfonyl]-
17 m" 2-methyl-4-piperazin-1-yl-1H-{ 391.1 6.00
Pt benzimidazole
[o]
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0.282 80 A 4-[(3S)-3-nethyl pi perazin-1- c.---,yl11l-1H benzi m dazol e
-1(3-ch | onvphanydepaul fonyg- 391.1 0. 483 Ex. Str ucgﬁfﬁsms%
(ES) mz 5-HT6 binding Ki (nM 81 i / 4-[(39)-3-nethyl piperazin-1-
y1] - 1- (napht hal en-1- yl sul fonyl)-1H benzi m dazole 407.1 0.354 82 110

Cl . 1-[(3-ch loro-2- nethyl pheny@ul f_onylll- 4.' L
-S- razi n-1-yll. - TR Denzrmraazor e 407 . —
[ (3S)-3-met h'“EB.I pera Structu¥e Name 3(%)%HT? binding
m/z Ki (nM)
@ 2-methyl-1-[(3-
~ methylphenyl)sulfonyl]-4-
18 @m piperazin-1-yl-1H- 3711 1.3
&% henzimidazole
Q 1-[(3-chlorophenyl)sulfonyl]-
19 @fs 4-piperazin-1-yl-1H- 377.1 4.3
;'\?o benzimidazole
@N\\ 1-[(4-fluorophenyl)sulfonyl]-4-
20 e piperazin-1-yl-1H- 3611 25.0
«ﬁ%‘%} benzimidazole
HNJ)
LN M 1-[(2-fluorophenyl)sulfonyi]-4-
21 G, o F piperazin-1-yl-1H- 361.1 3.0
& benzimidazole
Hi
O N 1-[(3-fluorophenyl)sulfonyl]-4-
22 @, o piperazin-1-yl-1H- 361.1 15
& P benzimidazole
Q.
N 1-{2-naphthyisulionyl)-4-
23 N piperazin-1-yl-1H- 393.1 10.6
benzimidazole
Ny
) 1-{(4-
B methoxyphenyl)sulfonyl]-4-
24 P o, biperazin-1-yi-1H- 3731 15.1
T benzimidazole
O A-piperazin-1-yl-1-{[4~
25 s (trifluoromethoxy)phenyljsulfo| 427.1 89.0
/A nyl}-1H-benzimidazole
X
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83 " 0 c.:,

di f | uorophenypsul f onyl | - 4-

acbenzi m daxob®ods9441 0. 397

di f1 uor ophenyl ) sul fonyl] -
85 0l1l-[(2-ch a C NI’

f1 uor ophenyGsul f onyl ] - 4-

0. 855
516 86 Z:a di
411.0 1.33

| or o- 5-

pi perazin-1-yl-1H
84 01-[(2,5- aC
4- piperazin-1-yl-1H benzi m da

41llhan

T prophegy eI Tony Ty =4=—prper azin—i-yInthbgnziriaze
miz Ki {nM)
D % 1-[(3-fluorophenyl)sulfonyi]-2-
26 2 methyl-4-piperazin-1-yl-iH- | 375.1 1.7
f benzimidazole
;L :\ 1-{{4-methyiphenyl)suifonyl)-
27 \ 4-piperazin-1-yl-1H- 357.1 2.50
oéa benzimidazole
:? . 4-piperazin-1-yl-1-{[3-
28 [/ 3 (trifluoromethoxy)phenyllsulfo| 427.1 1.95
O;SEODF:I P nyl}-1H-benzimidazole
7N
) 1-I(3-chloro-4-
29 ‘:.? fluorophenylisulfonyl}-4-
7O piperazin-1-yl-1H- 395.0 "7
Q_q benzimidazole
H
[Nj 2-methyl-4-piperazin-1-yl-1-
30 N Al4-
@N\}_ (tnlf}luoromethoxy)phenyl]sulfo 4411 15.8
\ nyl}-1H-benzimidazole
s
Q—' ) Z-methyl-1-[(4-
N
31 methylphenyl)sulfonyl)-4-
Gﬁ( QQ/ piperazin-1-yl-1H- 8711 0.467
&Y benzimidazole
H
D ,%/ 1-[(2-fluorophenyl)sulfonyl]-2-
32 methyl-4-piperazin-1-yl-1H- | 375.1 2.50
N
A benzimidazole
° F
4-piperazin-1-yl-1-{[2-
33 Ej’:\;\(; (trifluoromethoxy)phenyljsulfo| 427.1 0.72
=0 nyl}-tH-benzimidazole
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pi perazin-1-yl-1H benzi m dazol e 395. 0 0.
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87 " OL-[(3-fluoro-2- C5C> piperazin-1-yl-1Hret hyl phenyl ) sul f onyl] - 4-
88 A L.)1-[(3-chloro-5-

benzi m dazove 23i6bscksO. 402

Onf | uor ophenyGsul fonyl]-4- 0-, -, pi perazin-1-yl1l-1H 395.

X1lbenzi m dazol e

(nM 89

BCB{US%)gyOGSSIG

Ex. Structure Name M5 (ES) m z 5-HT6 binding Ki

MS (ES)|5-HTj binding
Ex. Structure Name miz Ki (nh)
E:j 1-[(3-
St methoxyphenyl)sulfonyl]-4-
34 C‘w} piperazin-1-yl-1H- 373.1 1.20
%0 , benzimidazole
Oy . 1-[(4-methyl-1-
oo naphthyl)sulfonyl]-4-
35 @"L}” ‘1 piperazin-1-yl-1H- 407.1 1.10
O benzimidazole
”j 1-[(3-methylphenyl)sulfonyi]-
36 (Y 4-piperazin-1-yl-1H- 357.1 1.11
oo benzimidazole
O-
C:j 1-{(3-chloro-2-
St methylphenyl)sulfonyl]-4-
37 LY piperazin-1-yl-1H- 3911 14
I benzimidazole
K’"\@“}\g‘;@ 1-[(4-flucrophenyl)sulfonyl}-2-
38 P! methyi-4-piperazin-1-yl-1H- 375.1 10.5
“ﬁ)l benzimidazole
Q . 1-[{(2-methylphenyl)sulfonyl]-
39 N\) d-piperazin-1-yl-1H- 357.1 1.15
o0 benzimidazole
e 4-piperazin-1-yl-1-{[4-
40 2 (trifluoromethyl)phenylsulfon | 411.1 18.9

yI}-1H-benzimidazole
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NH "--( 10 * "% 1-[(2-ethoxyphenyGsul f onyl] -

2- et hyl -

2- et hyl

benzi m dazol €
nmet hyl pi per az

421.1 0.623

2- et hy1- 4- ( 3-

a0 C'
4-Wopelmzdsis 1- y1- 1H benzi nmi dazol e 40% 1 0.761 P9COT[USZ(109/023816
1- [ (5-chl or 0- 2- met hoxy- 4- et hyl phenyl ) sul f ony1] -
pi perazi n-1-yl- 1Hbenzi m dazole 421.1 12.9 15 91 i I 0 5-0 .
- 4- ( 3net hyl pi per azi n- 1-y1) 1- (phenyl sul fonyl) 11-1-
7T. 1T 2744 92 NoZz=mgthyt=4-(3 —67 E
iEr?‘i‘ -y1) Sguctfraapht hdl en- 1- yN&uéfonyI ) - Mﬁ-( ﬁlﬁ?’gﬁrﬁ,"gﬂ‘ﬂo
0 93a¢NN) - - al I[(Z-cht Or_Up!lcllyl)au it .u.
met hyl &er azin-1-y1)-1Hbenzi m dazol g 405.
N 4-piperazin-1-yl-1-{[2-
41 ©Z\> (trifluoromethylyphenyllsuifon | 411.1 1.06
Ojs=oF d yI}-1H-benzimidazole
7
@ d-piperazin-1-yl-1-{[3-
42 @j} (trifluoromethyl)phenyilsutfon | 411.1 1.13
0 vl}-1H-benzimidazole
7
Oy 2-methyl-1-(2-
43 G'fl/ O naphthylsulfonyl)-4-piperazin-| 407.1 1.05
7 Q 1-yI-1H-benzimidazole
@ 1[(?}- henyl)sulfonyl]-4
St methoxyphenyl)sulfonyl]-4-
44 [ 1) piperazin-1-yl-1H- 373.1 0.156
% benzimidazole
Q 1-[(3-
E i\‘P methoxyphenyl)sulfonylj-2-
45 1e0 methyl-4-piperazin-1-yl-1H- 887.1 2.07
benzimidazole
O
g{ 2-methyl-4-piperazin-1-yl-1-
S (12-
46 e (trifluoromethoxy)phenyljsulfo 441.1 1.74
\/ﬁ ) nyl}-1H-benzimidazole
P
Q 2-methyl-1-[(2-
methylphenyl)sulfonyl]-4-
47 @:?D_ piperazin-1-yl-1H- 371.1 2.26
: f"m benzimidazole
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0.488 94 "tH.) O 1[(3-fluorophenyl)sul fonyl}-2-

met hyl - 4- ( 3voebiwkdiper azi n-

95 1-[(3-chloro-2-

| dazol e 1-y1)-1H benzi m 38

. met hyl phenyl ) sul f o0y1] - 2-

%. 11.07 O
CT/US2009/063816
1-0- 1H benzi m dazole 419.1 0. 394

, met hy1- 4- ( 3- net hyi pi per azi n-
Ex. Structure Nanme M5 (ES)
MS (ES)|5-HTs binding
Ex. Structure Name m/z Ki (M)
E:E 2-methyl-4-piperazin-1-yl-1-
48 uk (trifluoromethyl)phenyllsulfon 425.1 2.94
@*‘; yi}-1H-benzimidazole
&
[:j \ 2-methyl-4-piperazin-1-yl-1-
e o
49 5 (trifluoromethyl)phenyllsulfon 425.1 0.962
vl}-1H-benzimidazole
ED . 1-[(B-chloro-1-
) naphthyljsulfonyl]-4-
50 o==f=o piperazin-1-yl-1H- 427.1 1.38
@ benzimidazole
@ t 2-methyl-1-[(4-methyi-1-
naphthyl)sulfonylj-4-
51 o" iperazini-yl 14 4211 6.27
benzimidazole
; 1-{(2-
52 O % methoxyphenyl)sulfonyll-2- | .. , 189
s methyl-4-piperazin-1-yl-1H- ’ |
~ benzimidazole
_ D_Q 1-[(2-chiorophenyl)sulfonyl]-
53 Y P 4-(3-methylpiperazin-1-yl}- | 391.1 1.34
/l\’ ° 1H-benzimidazole
=]
Q 1-[(3-chlorophenylysutfonyl]-
54 H N, 4-(3-methylpiperazin-1-yl)- 391.0 1.92
% e 1H-benzimidazole
1-{(3-methyiphenyl)sulfonyl]-
55 R "’\N_{% 4-(3-met_hy]piperazin-1-yl)- 371.1 247
) 1H-benzimidazole
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o : ] S)-3,5-
mz 5-HT6 binding Ki (nM 96 co 40 4-[(3R 5
di et hyl pi pgoagiomsésayl] - 2- met hyl- 1- (phenyl sul fonyl) PCT/US2009/063816
- 1H benzi m dazol e 385.2 27.2 4-[ (3R, 55) -3, 5-
i met hyl pi perazin-1-y11-2- nethyl-1-(naphthal en-1- I
1sul fonyl) - 1H benzi m dazol e 1-[(2-chl or ophenyGsul f onyl ] -

A 41 o $ a1 1 hanzim
4-[(3R. 5S) - 3,[5;, T Met Ny] pT perazi My I-y1f—2—nethyi-thhepsfnidazole

ructure Name miz Ki (nh)

\
0_§ > 1-[(2-
" Ny methoxyphenyl)sulfonyl]-4-
56 L\‘ "I |(3-methylpiperazin-1-yly-1H- | 387-1 235
benzimidazole

;
X A-(3-methylpiperazin-1-yl)-1-
= Q fl2- 4411 | 209

57 ﬁ Moo (trifluoromethoxy)phenyi]suifo
o nyl}-1H-benzimidazole
cl
@ 1-[(3-chioro-2-
. methyiphenyl)sulfonyl]-4-(3-
58 ;“() N—‘\W—ﬁ% methylpiperazin-1-yl)-1H- 405.1 1.73
© benzimidazole

@ 1-[(2-chlorophenyl)sutfonyl)-
59 b/“\s’sg 2-(1-methylethyl)-4-piperazin-| 419.1 0.463

C}A 1-yl-1H-benzimidazole
O ﬁé\ 1-[(3-chlorophenyljsutfonyl]-

60 i 2-(1-methylethyl)-4-piperazin| 419.1 1.08
Q 1-yl-1H-benzimidazole
' §\>\ 2-(1-methylethyl)-1-
0 (naphthalen-1-ylsulfony!)-4-
61 b\O/\{ piperazin-1-yl-1H- 435.2 0.6
OQ benzimidazole
f"\',bnj)\ 1-[(5-chloronaphthalen-1-
Qe yl)suifonyl]-2-(1-methylethyl)-
62 4 OQ i-piperaint 1, 469.1 1.47
benzimidazole
@ 2-(1-methylethyl)-4-piperazin-
o 1-yl-1-{[2-
63 D F . (trifluoromethoxy)phenyljsulfo 469.1 1.14
OX nyl}-1H-benzimidazole
Y Q\ 2-(1-methylethyl)-1-[(4-
o b*@/*\go methylnaphthalen-1- 449 2 16

O yhsulfonyl]-4-piperazin-1-yl-
() 1H-benzimidazole
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99 C. S=0 4-[ (3R, 5S)-3,5- dinethylpiperazin-1-yl]-1-1(3-

f | uor ophenyWpsuioioeemd] - 2- net hyl

-1H benzi m dazole 403.1 12.9

PCTIUS2009/063816
MS (ES)|5-HTg binding
Ex. Structure Narme iz Ki (M)
ED 1-[(5-chloro-2-
£ methoxyphenyl)sulfonyi]-4-
65 @7’4 piperazin-1-yl-1H- 7.1 356
e N benzimidazole
Q 1-{(5-bromo-2-
S methoxyphenyl)sulfonyl]-4-
66 C[ piperazin-1-yi-1H- 4510 | 493
AN benzimidazole
5/‘\
Q 1-[(2,5-
S dimethoxyphenyl)sulfonyl]-4-
67 om0 piperazin-1-yi-1H- 403.1 213
D/@A benzimidazole
|
@ 1-[{2-methoxy-5-
e methylphenyl)sulfonyij-4-
68 CE io piperazin-1-yl-1H- 387.1 0.498
/é,a\ benzimidazole
6 1-[(2-methoxy-4-
S methylphenyl)sulfonyl]-4-
69 odeo piperazin-1-yl-1H- 387.1 215
48 benzimidazole
I
EE 1-{(2-chloro-6-
" methylphenyl)sulfonyl]-4-
70 I\{zio piperazin-1-yi-1H- 3811 2.33
- (jn benzimidazole
Q 1-{{2-chloro-5-
[T (trifluoromethyl)phenyljsulfon
71 Vo ) yi}-4-piperazin-1-yl-1H- 445.0 13.7
; ‘\/0/ benzimidazole
Q 1-[(2-fluoro-5-
S, methylphenyl)sulfonyl]-4-
72 [ /Fi . piperazin-1-yl-1H- 375.1 0.254
A benzimidazole
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1 -[(3-ch loro-2- nethyl phenyGsul fonyll-4-
di et hyl pi p@oaziwsdsy| | - 2- _ _
6-fl uo?/oPl- (napht hal en- 1- yl sul fonyl) - 4-pi perazin-1-y

1H- benzi m dazol e

1-[(2-chl orophenyl ) sul fonyl ] - 6-fl uoro-4-pi perazi n-1-y1- 1H benzi m dazo

y [ ol S PPN HEPY K { NMhA 103
| e Ex. x”Ctures't\#ﬁgErer (ES) fSTN;nr;]; ST NS TES)5-HT, Binding
NCO® * i m/z Ki (nM)

@ 1-[(2-fluoro-3-
4 methylphenyl)suifonyi]-4-
73 C[:'} iperain 1y, 375.1 | 0.202
= . benzimidazole
Qj 1-[{3-fluoro-2-
s methoxyphenyl)sulfonyl]-4-
74 CL biperazindoyl1Ls 391.1 0.485
A benzimidazole
(:j 1-[{2-chlorophenyl)sulfonyl}-
75 (s 4-[(3R)-3-methylpiperazin-1- [ 391.1 1.19
Y yil-1H-benzimidazole
[NJ 1 -[(3-chlorophenyl)sulfonyl]-
76 b A-[(3R)-3-methylpiperazin-1- | 391.1 2.35
ey vil-1H-benzimidazoie
0.
() 1-{(3-chloro-2-
. methylphenyl)sulfonyl]-4-
7 C/E’} _ [(3R)-3-methyIpiperazin-1-yI]- 405.1 1.2
) 1H-benzimidazole
° >_\II:I
EN"j . 4-[(3R)-3-methylpiperazin-1-
78 @:} vll-1-(naphthalen-1- 407.1 1.28
o-"u Yisulfonyl)-1H-benzimidazole
‘)
CJ/ 1-[(2-chlorophenyl)sulfonyl)-
79 ™ A4-[(35)-3-methyipiperazin-1- | 391.1 0.282
AN yl]-1H-benzimidazole
D=
[:]/ 1-[(3-chIorophenyl)sulfonyl]—
80 s } 4-[(35)-3-methylpiperazin-1- | 391.1 0.483
U_:_Q vll-1H-benzimidazole

[ (3R 58 )-3, 5-
met hyl -1 H benzi m dazol e

1- PCT/US2009/063816
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6-f | uor o- 1- (phenyl sul f onyl) - 4-

pi perazin-1-yl-1H benzi m dazole 361.1

0. 738 104 twb 2biotosesd4 [ (1S, 45) -2, 5- di azabi cycl o[ 2. 2. 1] hept.-2-yl] -
1- (phenyl sul fonyl ) - 1H benzi ni dazol e 355.1 44.7 18%%-/1152&/0,9']"@-85(‘:0
Le 44(13,4S)-2,5- diazabicyclo[2.2. 1Thept-2-y11-
1- (napht hal en- 1-yl sul fonyl )- 1H benzi m dazole 405.1 7.55 106 S.,)," "
\ N.:L, 6,c, L-[(2-ch_]orophenyt)suifonyr—=—4{{(tS# =4 —
di azabi cycl of f’sz 1] heptsfrﬁ‘?t‘if%] 1H benzi ni daMere 389.0 %Esh%'%‘?}%mg
4-[(1S, 4S)-2,/5- diazabixcyclo[2.2. IJF ept-2-y11-
1-[ (3-fluorophenypsul figpyl | - 1H benzi m dazol e 373.1 |22.1
L A-[(38)-3-methylpiperazin-1-
81 @Q _ yll-1-(naphthalen-1- 407.1 0.354
o; 9 ylsulfonyl)-1H-benzimidazole
N/
[5/ 1-[(3-chloro-2-
82 m methylphenyl)sulfonylj-4-
; [(38)-3-methylpiperazin-1-y]-| 2091 0.21
o 1H-benzimidazole
Ei 1-[(2,3-
83 DS difluorophenyl)sulfonyl]-4-
T, piperazin-1-yl-1H- 379.1 0.397
o benzimidazole
il
(‘J: 1-[{2,5-
84 % difluorophenyl)sulfonyl]-4-
QEL, piperazin-1-yl-1H- 3791 0.855
g benzimidazol
F,@/ zimidazole
@ 1-[(2-chloro-5-
85 - fluorophenyl)sulionyl]-4-
@;ﬁo piperazin-1-yl-1H- ] 395.0 0.516
a@; benzimidazole
(5 1-[(2,6-
86 NS dichlorophenyl)sulfonyl)-4-
. piperazin-1-yl-1H- 411.0 1.33
a_ b o benzimidazole
(:j 1-[(3-fluoro-2-
87 % methylphenyl)sulfonyi]-4-
— piperazin-1-yl-1H- 375.1 0. 402
@ benzimidazole
A
L&J[ 1-[(3-chloro-5-
88 o fluorophenyl)sulfonylj-4-
i piperazin-1-yl-1H- 395.0 0. 589
fj\ benzimidazole
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- - 1- - - 2- t hyl phenyl ) sul fony11- 4-
40 108 40[ (1S,495)-2,5- 1-[(3-chloro-2- ne
di azabi cycl W%)(Z?ﬁoﬂ}f(rsidqept -2-y1]- 101H benzi m dazole 403.1 P%T?U%ZOOQ!OGSS%GOQ
141 4-[(1S,49)-2,5- 4diazabicyclo[2. 2. 1] hept-2-yl k c o
2-met hyl - 1- (phenyl sul fonyl) - 1H benzi m dazol e 369.1 30. :

Structure Name MS (ES) mlz 5-HT6 binding
Ex. Structure Name

MS (ES)!5-HT; binding
m/z Ki (nM)

N e’ Q 1-{(2-ethoxyphenyi)sulfonyl]-
89 2-methyl-4-piperazin-1-yl-1H-| 401.1 0. 761
O % °7\  lbenzimidazole

E»; 1 -[(5-chlor0-2—methoxy—4-

> methylphenyl)sulfonyl]-4- 421.1 12.9

9% P piperazin-1-yl-1H-
(Q/ﬂ\ benzimidazole
\[:] 2-methyl-4-(3-
- methylpiperazin-1-yl)-1-
9 ©*r,«>— (Phenylsulfony!)-1H- 3711 244
°=/'5:° benzimidazole
g
\[b 2-methyl-4-(3-
- methylpiperazin-1-yi)-1-
92 Lo~ (naphthalen-1-ylsulionyl)-1H-| 4211 |  0.623
benzimidazole
\Eﬁ 1 -{(2-chiorophenylsulfonyl}-
3 2-methyl-4-(3-
93 Fi: methylipiperazin-1-yl)-1H- 405.1 0.488
o benzimidazole

1-{(3-fluorophenyl)sulfonyl]-2-
94 o methyl-4-(3-methylpiperazin- | 389.1 1.07
Ezi 1-yl)-1H-benzimidazole
\(:j 1-[(3-chloro-2-

O methylphenyl)sulfonylj-2-
» a methyl-4-(3-methyipiperazin- | 4191 0.394

T 1-yD-1H-benzimidazole
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' - - di [ .2.1] hept-2-yl k
Ki (n 110 4 4-[(1 S, 45)-2,5- diazabicyclo[2.:
2- m(et hMyI - 1-YVoapiwiseden- 1- yl sul fonyl) - 1H- benzi m dazol e %%illjszrﬁmﬁc%sm
0401 111 40 NI 0=6-0 al 1 -[(2-ch Iorolp)EenyI)squony -
4-1(1S,4S)-2,5- diazabicyclo[2.2.11hept-2-y . ]
2- Ln(at hyl-)lH- benzi m dazol e 403.0 21 112 N) -- LD A4- [ (1S, .418) ;2, 5
di azabi cycl o[|Zz24 1] heptsirééll- 1I-T(3-71 uor@pnenyu:,w PR EETET, bnaing

met hyl - 1H ber dazol €"387%1 39.d 1rame miz K (n)
\Eb/ 4-[(3R,55)-3,5-
'”\ dimethylpiperazin-1-yl)-2-
% % methyl-1-(phenylsulionyi)-1H.| 3852 | 272

@ benzimidazole

\[Sj/ 4-[(3R,58)-3,5-

St dimethylpiperazin-1-ylj-2-
97 - »,‘>_ methyl-1-(naphthalen-1- 435.2 3.8
ylsulfonyl}-1H-benzimidazole
\E:j/ 1-{{2-chlorophenyl)sulfonyl]-
N 4-[(3R,58)-3,5-
98 C[,I,}_ dimethylpiperazin-1-yl}-2- 419.1 35
o=5=0

methyl-1H-benzimidazole

\[5/ 4-[(3R,55)-3,5-

Sy dimethylpiperazin-1-yl}-1-[(3-
|
99 = 7'>_ fluorophenyl)sulfonyl]-2- 403.1 12.9
methyl-1H-benzimidazole

\(5/ 1-[(3-chloro-2-
S

methylphenyi)sulfonyl]-4-
100 [(3R,58}-3,5- 433.1 2.28
dimethylpiperazin-1-yl]-2-
@; methyl-1H-benzimidazole
O ! B-fluoro-1-(naphthalen-1-
101 -4 ylsulfonyl)-4-piperazin-1-yl- | 411.1 1.33
°® 1H-benzimidazole
!
N
O M=\ 1-{(2-chlorophenylysulfonyl}-
102 - 6-fluoro-4-piperazin-1-yl-1H- | 395.0 0.698
° e benzimidazole
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H C c¢,L-0 SO 1-[(3-chl oro-2-net hyl phenypsu Ifonyl]-4- [(1S,45)-2,5-
di azabi cycl vjozot/isdaept - 2-y1] - 2-net hyl- 1H benzi m dazOl 7.1 14. 1
114 0s-0 C ("fil 'V(phenylsul fonyl)-1H 2-nethyl -4-[(3R)e"e.cf}‘JmSZ""9"’63316
nmet hyl pi perazi n-1-y1]-1- benzi m dazole 393.1 3.17 115 10

2-nmet hyl - 4-[ (3R) - 3- napht hyl sul fonyl )-1H nethyl pi perazin-1-y1]-1-(1-

2

benzi m dazol g 421.1 1. 40 IT6 —Z-methyt=4=-1{35) —
e. X) - met hy pilnet azi n- 1-GH4® . (phenyl sul f8Ape) - 1h- 37 Eo4> G
6benzi m dazolle N
103 k, Dﬁu\p 6-ﬂuoro—1 -(phenylsulfony!)-4-
N, piperazin-1-yl-1H- 361.1 0.738
benzimidazole
4
o 4-[(13,48)-2,5-
104 9% diazabicyclo[2.2.1]hept-2-yl)-
L;gﬁ, 1-(phenylsutfonyl)-1H- 355.1 447
e benzimidazole
% ) 4-[(1S,48)-2,5-
105 @ 3 diazabicyclo[2.2.1]hept-2-yI]-
s 1-(naphthalen-1-ylsulfonyl)— 405.1 7.55
- 1H-benzimidazole
H/N . 1-[(2-chIorophenyl)sulfonyl]—
106 @9 4-[(15,45)-2,5-
b g diazabicyclo[2.2. 1}hept-2-yl}- 389.0 53
@;. 1H-benzimidazole
H 4-[(18,48)-2,5-
107 [: T, diazabicyclo[2.2.1]hept-2-yIj-
a 1-[(3-fluorophenylsulfonyi]- | 3731 22.1
J: TH-benzimidazole
% 1-[(3-chioro-2-
3 methylphenyl)sulfonylj-4-
108 @ [{15,45)-2,5- 403.1 2.86
- . *
o=s=0 dlazablcyclo[2.2.1]hept-2—y|]~
:@ 1H-benzimidazole
u; % 4-[(1S,4S)-2,5-
109 E I>_\ diazabicyclo[2.2.1]hept-2-yl]-
| 2-methyl—1—(phenylsuifonyl)- 369.1 30.5
@ 1H-benzimidazole
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WD 2010/ 056644 PCT1U520091063816
met hyl pi per W8 010105964 - 1- ( 1-
4- (3-et hyl pi perazin-1-y9-1-(1-
4- ( 3- et hyl pi perazin-1-y1)-1-
421.1 371.1 1.38 0.484

1- (1- napht hyl

2- met hy1- 4-[ (35) - 3-

napht hyl sul f ony1) - 1Hbenzi m
napht hyl sul f ony1) - 1Hbenzi ni
(phenyi sul fonyl)-11-1- benzi m dazol e
121 4-(3-isopropyl pi perazin-1-yl)-

o ihele”

PCT/ US2009/ 0

dazo| e 4db T U_g_s_.z_ AN _ N1 N0/ n5664/|
s%j flonyl1) -} HE enzim Rame Wi (‘E‘S)"a"-’H‘l‘fa binding
16 m/z Ki (nM)
H; 3; 4-[(15,48)-2,5-
[ S diazabicyclo[2.2.1]hept—2—yl]-
1o . 2-methyl-1-(naphthalen-1- | 4191 9.92
OO ylsulfonyl)-1H-benzimidazole
H:i . 1-{(2-chlorophenylsulfonyl]-
iI P 4-[(1S,48)-2,5-
1 o diazabicyelo[2.2.1]hept-2-yi)- | 403:0 21
o 2-methyl-1H-benzimidazole
it
H; . 4-[(1S,48)-2,5-
fI"\>_ diazabicyclo[2.2.1]hept-2-yl]-
12 ad 1-{(3-fluorophenyljsutionyi-2-| 387-1 39.9
methyl-1H-benzimidazole
EH F 1-[(3-chloro-2-
A methylphenyl)sulfonyi]-4-
113 S [(1S,4S)-2,5- 417.1 14.1
O=p=0 diazabicyclo[2.2.1]hept-2-yl]-
;@ 2-methyl-1H-benzimidazole
f
(NJ/ 2-methyl-4-[(3R)-3-
S methylpiperazin-1-yl}-1-
114 @:ﬁg— (phenylsulfonyl)1H- 393.1 3.17
4 benzimidazole
@ 2-methyl-4-[(3R)-3-
methylpiperazin-1-yl)-1-(1-
115 Eijiﬁ*‘ naphthylsuffonyl)-1H- 4211 1.12
‘T O benzimidazole
Q 2-methyl-4-[(3S)-3-
ot methylpiperazin-1-yl)-1-
116 P .>_ (phenylsulfonyl)-1H- 371.1 0.951
E‘S" benzimidazole
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Ex. Structure Name MS (ES) miz 5-HT6 binding Ki (nM I125 HNThge 10 a
1-[ (2- chl or &henmg/3seul f ony11 -12:31-(36| Zgbut {I Fl(ge(rzﬁlzgp;)_ _%%1%82009/063315
1H benzi m dazol e 433.1 4.98 : - 1-[(5- ro-1-

napht hyl ) sul fony11- 2- et hyl - 4-[ (3S) - 3- net hyl pi perﬁlzl n _11_

y1ll- 1H benzi m.dazole 455.1 5. ' 1.05 127 1-[(5-chloro

1

(3R ’- 3-merhypirperazin MS (ES)5-HTs binding

napht hyl ) sul f ppyl|] - 2- | 4-T
yl?-lFIYbZanzi 3ol & Zglﬁ't‘]‘ “E. 38 11) Name miz | K (ohh)
Q‘ 2-methy1—4~[(38)—3-
117 T — methylpiperazin-1-yl]-1-(1- 421 1 0.305

naphthylsuifonyl)-1H-
benzimidazole

““/\ I 1,° 4-(3-ethylpiperazin-1-yl)-1 -(1-
118 W naphthylsulfonyf)-1H- 421.1 1.38
QO benzimidazole

Hi o]
p N=:\N--..g’/0 4-(3-ethylpiperazin-1-yl)-1-

119 (phenylsuifonyl)-1H- 371.1 0.484
benzimidazole
Hi
m N=\M§,/o 4-(3-isopropylpiperazin-1 -yl}-
120 1-(phenylsulfonyl)-1H- 385.1 6.11
benzimidazole
21 ﬁ oNs 4-~(3-isopropylpiperazin-1-yl)-

e 1-(1-naphthyisulfonyl)-1 H- 435.1 0.952
Q benzimidazole

1-[(2-c:hIorophenyl)sulfonyl]—
i ;‘“ 4—(3-isopropylpiperazin-1-yl)- 419.1 1.08

122 %/

1H-benzimidazoie

123

'l [\ e 4-(3-isobutylpiperazin-1-yl)-1-
(phenylsulfonyl)-1H- 399.2 34.3
benzimidazole

' N__fsf,,o 4-(3—isobutylpiperazin-1-yl)-1-
124 /<\’ (1-naphthyisulfonyl)-1H- 4491 8.32
QO benzimidazole
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128

407.1 0.051
publ i cations

H 4-(3.nethyl pi perazin-1-y1)-1-
benzi m dazo¥e 288M5664€. 931 129 CNX 40 % c- Lc,
4- ( 3- net hyl pi perazin-1-yl)-1-
Throughout this application,

*0

(phenyl sul fony1l) - 1H-

PCT,
(1- napht hyl suI fonyl)-113 bené‘fsﬁﬂ?"ﬁ’é’fz”
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A

A

order to more fully describe the state of the art as known to those skilled therein as of the date

modifications can be made without departing from the spirit and scope of the invention

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

. ltis

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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CLAIMS

1. A compound which is 2-methyl-1-(pheny[sulfonyl)—4—piperazinyl-1-yI-1 H-benzimidazole or a
pharmaceutically acceptable salt thereof.

2. A composition comprising a compound of claim 1 and a pharmaceutically acceptable

carrier.

3. A compound of claim 1 for use in modulating 5-HTs receptor function in a subject.
4. A compound of claim 1 for use as a medicament.

5. A compound of claim 1 for use in the treatment of a 5-HTe-related disorder.

6. A compound for use according to claim 5 wherein the 5-HTg-related disorder is a central
nervous system (CNS) disease or disorder.

7. A compound for use according to claim 5 or 6 wherein the 5-HTg-related disorder is
selected from 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, attention deficit hyperactive disorder, neurodegenerative diseases
characterized by impaired neuronal growth, and pain.

8. A compound for use according to claim 7 wherein the 5-HTe-related disorder is selected
from depression, cognitive disorders, cognitive impairment associated with schizophrenia,

memory disorders, cognitive dysfunction associated with Alzheimer's disease, and pain.

9. A compound for use according to claim 7 wherein the 5-HTe-related disorder is

Alzheimer's disease.
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