NEW HETEROCYCLI C AM DES FI ELD OF THE | NVENTI ON The present invention

rel ates to new conpounds, to pharnaceutical conpositions contains ing said
conpoundswendod/i3dsbe use of said conpounds in therapy. Pog/Spe@santsos
invention further relates to processes for the preparation of said
conmpounds and to new internedi ates used in the preparation thereof. io
BACKGROUND OF THE | NVENTI ON Pai n sensation in mammals is due to the
activation of the peripheral term nals of a special ized popul ati on of
sensory neurons known as nociceptors. Capsaicin, the active ingredient in
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with VR inhi b|tci (gctlwty are believed to be of potential use for the

t r eat menCARERYASTUIH BHPFExi s of di sorders such as pain, especially that of
inflammatory or traumatic origin such as arthritis, i schaen a, cancer,

fibromnyal gl a, Iow back pal n and post-operative 0 pain (Wl ker et al J
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antagonists and 1nverse agonists produce relief of pain in a variety of animal models

by interacting with CB and/or CB; receptors. Generally, CB; receptors are located
predominately in the central nervous system, whereas CB, receptors are located

20  primarily in the periphery and are primarily restricted to the cells and tissues derived
from the immune system.

While CB; receptor agonists, such as A’-tetrahydrocannabinol (A>-THC) and
anadamide, are useful in anti-nociception models in animals, they tend to exert
undesired CNS side-effects, e.g., psychoactive side effects, the abuse potential, drug

25 dependence and tolerance, etc. These undesired side effects are known to be
mediated by the CBj receptors located in CNS. There are lines of evidence, however,
suggesting that CB; agonists acting at peripheral sites or with limited CNS exposure
can manage pain in humans or animals with much improved overall in vivo profile.

Therefore, there is a need for new CB; receptor ligands such as agonists that

30  may be useful in managing pain or treating other related symptoms or diseases with

reduced or minimal undesirable CNS side-effects.



Ther. (2003) Mar; 304(3):940-8), are potential pain states that could be
treated with VR inhibitonThese conpounds are also believed to be
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Cs- ehet eroargll Co- alk
cyclobutyl, cyclopentyl cyclohexyl, and cycloheptyl, and saturated cyclic and

bicyclic terpenes. A cycloalkyl can be unsubstituted or substituted by one or two
15  suitable substituents. Preferably, the cycloalkyl is a monocyclic ring or bicyclic ring.
The term “alkoxy” refers to radicals of the general formula ~O-R, wherein R
is an alkyl. Exemplary alkoxy includes methoxy, ethoxy, propoxy, iSopropoxy,
butoxy, t-butoxy, and isobutoxy.
The term “heterocycle” used alone or as a suffix or prefix, refers to a ring-

20  containing structure or molecule having one or more multivalent heteroatoms,
independently selected from N, O, P and S, as a part of the ring structure and
including at least 3 and up to about 20 atoms in the ring(s). Heterocycle may be
saturated or unsaturated, containing one or more double bonds, and heterocycle may
contain more than one ring. When a heterocycle contains more than one ring, the

25  rings may be fused or unfused. Fused rings generally refer to at least two rings
sharing two atoms therebetween. Heterocycle may have aromatic character or may
not have aromatic character.

Heterocycle includes, for example, monocyclic heterocycles such as:
aziridine, oxirane, thiirane, azetidine, oxetane, thietane, pyrrolidine, pyrroline,

30 imidazolidine, pyrazolidine, pyrazoline, dioxolane, sulfolane 2,3-dihydrofuran, 2,5-
dihydrofuran tetrahydrofuran, thiophane, piperidine, 1,2,3,6-tetrahydro-pyridine,
piperazine, morpholine, thiomorpholine, pyran, thiopyran, 2,3-dihydropyran,
tetrahydropyran, 1,4-dihydropyridine, 1,4-dioxane, 1,3-dioxane, dioxane,
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whereby any aryl, heteroaryl or cycloal kyl may be fused with aryl,

het eroaryl, C3-7cycloal kyl or C3-7heterocycloal kyl, and which RS may be
substi t utwo 200cid336383e or nore A; A is H OH N2, cyano, PRESE200R60EO) ,

hal o, Cl-6al kyl, NR6R7, Cl-6hal oal kyl, G -6hal oal kyl O R60C0- 6al kyl

hydr oxyCl- 6al kyl , R8SQ2, R8SO2HN, C5-6aryl0 or CONRER7; R6and R7 are each
I ndependently H or Cl-6al kyl; and R8 is NR6R7 or Cl-4al kyl or salts,
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15 benzisoxazole, benzothiophene, benzoxazole, benzthiazole, benzimidazole,
benztriazole, thioxanthine, carbazole, carboline, acridine, pyrolizidine, and
quinolizidine.

In addition to the polycyclic heterocycles described above, heterocycle
includes polycyclic heterocycles wherein the ring fusion between two or more rings

20  includes more than one bond common to both rings and more than two atoms
common to both rings. Examples of such bridged heterocycles include quinuclidine,
diazabicyclo[2.2.1]heptane and 7-oxabicyclo[2.2.1]heptane.

Preferably, the heterocycle is a monocyclic or bicyclic ring, more preferably, a
monocyclic ring, wherein the ring comprises from 2 to 6 carbon atoms and from 1 to

25 3 heteroatoms, referred to herein as Cy.gheterocycle.

The term “heterocylcoalkyl” used alone or as a suffix or prefix, refers to a
monocyclic or polycyclic ring comprising carbon and hydrogen atorns and at least one
heteroatom, preferably, 1 to 3 heteroatoms selected from nitrogen, oxygen, and sulfur,
and having no unsaturation. Examples of heterocycloalkyl groups include

30  pyrrolidinyl, pyrrolidino, piperidinyl, piperidino, piperazinyl, piperazino,
morpholinyl, morpholino, thiomorpholinyl, thiomorpholino, and pyranyl. A
heterocycloalkyl group can be unsubstituted or substituted with one or two suitable

substituents. Preferably, the heterocycloalkyl group is a monocyclic or bicyclic ring,
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buten-4-yl. In this specification, unless stated otherwi se, the term

"al kynyl " includes both straight and branched chain al kynyl groups. The

t er m " C2-Wwal2kgempbésshaving 2 to 6 carbon atons and one orcrws2dosiopaes bonds,
may be, but is not Iimted to etynyl, propargyl, pentynyl or hexynyl and a
butynyl group may for exanple be butyn-3-yl or butyn-4-yl. In this

specification, unless stated otherwi se, the term"cycloal kyl" refers to an
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otherw s EEonhhla I} £pharmiaaguticallk y¢cepabm sah dmeafamyd;taﬂebmefs eendiomets, ar
substituent that 1s attached via the alkyl group to an aryl or heteroaryl
group. | ﬁmtXFﬂf@ﬁ t@ﬁfé@ffl cation, unless stated otherwi se, the terns "hal 0" and
"hal ogen" may be fl uoro, |odo chljoro or brono. In this specification,

unl ess stated ot herw se, the tep\m;l\, hal oal kyl "zzmeans an al kyl group as
defi ned above, which is substR}‘uﬁ’ as defined above. The term
" Cl- 6hal oal kyl " may include, butOis gt~y mted to fluoronethyl,

di fl uoronethyl, trifluoromethyl, fluoroethyl, difluoroethyl or bronopropyl.
The term " Cl-6hal oal kyl O may i ncl ude, IS not
G

15 1
wherein
G is selected from —O-, -CHF-, and —CF,-;
R! is a Cygheterocyclyl, wherein said C,.¢heterocyclyl includes at least one
nitrogen on said C,.¢heterocyclyl ring, one of said at least one nitrogen is directly
20  linked to the sulfonyl group of formula I, and said Cs.¢heterocyclyl is optionally
substituted with one or more groups selected from halogen, hydroxy, R’>-C(=0)-, R’-
C(=0)-NH-, R*R’-NH-C(=0)-, R°R’-NH-C(=0)-NH-, R>-0-C(=0)-, R*-0-C(=0)-
NH-, C;.¢alkoxy, and C;.salkylamino, wherein said R®, R® are independently selected
from —H, Cy.¢alkyl, Cs.j0aryl, Ca.salkenyl, Cs.scycloalkyl, Co.éheterocyclyl,
25  halogenated Cy.¢alkyl, and hydroxy-Cy.salkyl; and
R, R? and R* are independently selected from fluoro and methyl.
In another embodiment, the compounds are those of formula I, wherein

G is selected from —O- and —CF,-;



limted to fluoromethoxy, difluoronmethoxy, trifluoromethoxy, fluoroethoxy
or difluoroethoxy. The present invention provides conpounds selected from

t he gr oupwonei/ss638g of PCT/SE2005/001405
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wherein
G is selected from —O- and —CF»-;
R! is selected from piperidinyl, imidazolyl, pyrazolyl, morpholinyl,
pyrrolidinyl, azetidinyl, and isoxazolidinyl, wherein said piperidinyl, imidazolyl,
25  pyrazolyl, morpholinyl, pyrrolidinyl, azetidinyl, and isoxazolidinyl are optionally
substituted with one or more groups selected from fluoro and Cs.sacylamino;
R%R® and R* are selected from fluoro and methyl with a proviso that R% R®and R*
are the same.
An even further embodiment of the invention provides a compound of formula
30 1,

wherein
G is selected from —O- and —CF»-;
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o | Oﬂ o |
NA NG N
O N O N
F F
F F



N (3, 5-di net hoxyphenyl ) -2-[ 7- (hydr oxymet hyl ) -1 H benzi m dazol -1 -yl ] acet am de:

I -{2-[ ( 3,wochewaizbe33yphenyl )am no] - 2- oxoet hyl } - N- et hyl - | iBclvsrziosioscmaol e- 7- ca
r boxam de,

| -{2-[ (3, 5-di net hoxyphenyl ) am no] - 2- oxoet hyl } - N-net hyl -1 H benzi m dazol e-7-c
ar boxam de,

| -{2-[(3, 5~di_neth xyphenyl)amno] 2- 0X0 I} Nl\l-dlrrethyl-ll-l-ben2|mdazole
- 7- car boxami ¢ e

| -{2-[(3, 0 m no] 2- oxo N\}\S = ben i m dazol e-7-

car boxam de

| -{2-](3, 5-di rre hoxy 2 oxoet hyl }GI H 7 car boxyl at

e, ethyl

| -{2-[(4-tert-butyl benzyl )a ) no] - 2- oxoet hyl } - | H benzi m dazol e- 7- car boxyl at e
H- i nden- 5-yl ani no) - 2- oxoerhyk] -

, ethyl 1-[2-(2,3-di hydys

| H benzi m dazol e- 7- car b at e,

N-(4-tert-butyl benzyl) - (di met hyl am no) - | H benzi N

N- (4- et hoxy- 2- naphtryT))=2-(7-ni tro- 1H benzi m dagc

2- (I H benzi m dazol - | -ye -N-(4-tert-butyl benzyl)acet g de, and
1) -

2- (I H- benzi m dazol - N-(2 3-di,hydro- 1Hinden-5-yl)acetam de, or
salts, solvates or solvated salts thereof. The present invention further

ol -1 -yl]acet am de,
-yl )acet am de,

pr ovi des ¢ ounds selected fromthe gro or15|st| ng of

N- (3, 5-di h yp enyl)-2-(7-ethynyl - 1H—p@ ZiNT dal-nﬁyl)a et am de,

N- (3, 5- di fret ffoxyphe I)2(7prop 1y--§l/- j azol/-1

-yl )acet am deg, N\\ N !

N- (3, 5-di net hoxyp enyI 1 2,3-tri a?ol 4- benzi m dazol -

1-yl ] acet am de, l\l—(3(,)5- VI enyl) 2-[7-( 1-methyl

1H1, 2, 3- triazol - 4- yl ) - 1H benzi\n dazoi - 1- yl]aceta

N (3, 5-di net hoxyphenyl )-2-[ 7-(V-nmet hyl -l H t et razol -1 H benzi m dazol -1y
| j acet am de,

2-(7-ethyl -1 H benzi m dazol - )-N-[ 3- net hoxy-SF( or onet hyl ) phenyl ] ace
t am de, F

2-[7-(2-hydroxyethyl)-IH beénzi m dazol -1-yl]-N[3- net hoxy- 5- (trifluoronethyl
) phenyl] acetam de,

2-[ 7- ( 2- hiydr -I-rrethylethyl)-lH-ben2|mdazol-l-yl] N-[ 3-met hoxy-5-(triflu
or onet hyl henyll acégt ani de,

N[ 3- met hoxy 5- r\\l,f,lN orthbq ) ph ny “w&!yl-lH-ben2|mdazol-l-yl)ace
tam de, N

2-(7- |sopropenyI-I(E-l- be I- yI) [3 th hoxiy rl?\ onet hyl)
phenyl] acetam de ,

2-(7-isopropyl -1 H benzim dazol | -yl)-N-[3-nmethoxy-5-(Ctrif ororret hyl ) phenyl
] acet am de,

g | @ |
<>N i N> < Ss \
o) \@ N\ o’ "o
N N

S

5  pharmaceutically acceptable salts thereof.

and



N- (3, 5-di net hoxyphenyl ) - 2- (7- met hoxy- | H benzi m dazol -1 -yl ) acet am de,

N- ( 3, 5-di net hoxyphenyl ) - 2- (7- et hoxy- 1H benzi m dazol - 1-yl)acetam de,

N- ('3, 5- diwothaspdsenyl ) - 2- (7-i sopropoxy- 1H benzi mi dazolretsgbjoanetsesri de,
2-(7-tert-butoxy- 1H benzim dazol-1-yl)-N(3,5-di net hoxyphenyl)acetam de,
N-(3 , 5-di met hoxyphenyl)-2-[7-(trifluoromethoxy)-

1H ben2| m dazol - 1-yl ] acet am de

N- (3, 5-di net hmﬂ@winboainieﬁt (thetdypamdfofydrmld beekicriddamml - | -yl ] acet ani de

7- (cy%lr%gnet%lﬂl)TTlrﬁoﬁugo%lk%lpdnglgl Yl)aceiaml\lE%S 5- di met hoxyphenyl ) acet an de,
7- (anNﬂ[anetﬂtl-‘Bﬁt)f}-lJ(’cehe}imnirmmfﬂamszn-l#ﬂtn]eﬁf)ﬂ)éHi&emmed&mk?ﬂ’h]eﬂyI ) acet ami de
3, 5-di net hoxypheny I ,[gdl met hyl am no) net hyl ] - 1H benzi m dazol - 1-
atet mﬁ}w@sow?hdle T%HP%W

benzi y L)meeiAmidh0ol-5-y1]-N-
2-(7-cyc o%% b"\jfﬂ-ibgnm %gg%@?&h@&fﬁ@%gMS di et hoxypheny]l ) acet am de,
N- (3, 5- dn@iyﬂnzeymhedydujﬁﬁarpﬁe( met hoxyrret hyl ) -1 H benzi m dazol -1 -yl ] acet am de

1I—I-Ni)en2| @g{fo %YLH*&H%Q?? nggyrfny %‘Sﬁ’é'i)r}—}gbeeﬂzzl iglaggl 3 i-y- yl) =N (1

i sopr opylelyibheRii fdedhmniad;) acet ami de, .
2- (7-cyano-I"'H-"benzi m dazol -1 -yl')-N- (I -isopr O{)}? -1 H henzi m dazol - 5-yl ) acet am
i de, 10 N-[2- tert—Butyl— (tetrahydro—ZH—pyran— -ylmethyl)-1 H-benzimidazol-5-yl]-N-

N-(I-tert benzi az I-5 yl)-2-(7-nitro-1 H benzi m dazol -1-yl)aceta
ni de, %%E%P HPW 2;%? > 1H benzi mi dazol -5-yl )-2-(7-nitro-

| H benZI w-ga@mBu@t-lxte)@nﬁiramepymn- ~ylmethyl)-1H-benzimidazol-5-yl1]-N-
N- (I -1sopropyl -2-net hyl -1 H benzi m dazol -5-yl)-2-(7-nitro-| H benzi m dazol -1y
| ) acet amedeylpiperidine-1- sulfonamide;

2-(7- cyami Fgrﬁ_g%}@tgﬂa o, éy)cwﬁe&kn];né@@nolqbie@zlﬁ?daam ngnLNenZI m dazol - 5-

yl ) aceta uty H benzi m dazol - 5-yl ) - 2- (7- cyano-
1H bepzi mdiedpipedding/l)atfohanidde, N-(1-tert-butyl -

N (1t or Bt ot BB s R B s BB AR e
iH}/leaﬁ;?n]‘? g]agﬁf ls&a&()ljfdlh@(QI7SuEH lflj%ﬁr%ig Irrl?t Bglnm m dazol -
N-(1-{[[2-(1,1-difluoroethyl)-1-(tetrahydro-2 H-pyran-4 —ylmethyl) _1 H-benzimidazol-
5-yl](methyl)amino]sulfonyl} piperidin-4-yl)acetamide;

20  1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1H-benzimidazol-5-
y1])(methyl)amino]sulfonyl} -N-cyclopropylpiperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-isopropylpiperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-

25 yl](methyl)amino]sulfonyl}-N—cyclobutylpiperidine—4—carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-b enzimidazol-5-
y1](methyl)amino]sulfonyl}-N-cyclopentylpiperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- L H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-pyrrolidin-1-ylpiperidine-4-carboxamide;

30  1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-lH—pyrrol—l-ylpiperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-
y1](methyl)amino]sulfonyl}-N-ethylpiperidine-4-carboxamide;

-8-



H benzi m dazol -5- yl)acetam de, N-[I -isopropyl-7-(trifluoromethyl)-

2H£ t7)e][1|z| nwdagﬁlt}g%sy! ] 212- ( I7 ni t rf)- 1H benzi m dazol - 1- ylpracet@siocaos
-(7-fluoro- enzi m dazol - 1- -N-[1-isopropyl -7- [ -

1H benzi m dazol - 5-yl]acetam de?/ ) [ Propy (trifiuoronethyl)

2- (7-cyano-| H benzi m dazol -1-yl)-N[1-isopropyl-7-(trifluoromethyl)-IH benz

i M dazol p. @r,yﬂ,‘] atgm @k&t-bﬁtyﬁim&&ahﬂtbfw ~pyranidtyleethyl)-1H-

1H benzi m dazo 5y acet am de, (7-cyano- 1H ben2| m dazol -

1-yl)- N@mmpnazw 2 Bdhmlm]élﬂfwﬁﬂkﬁﬂﬁmeb‘é‘ﬁ%ﬁ ARYEES! -

- z: g ﬁ’(z'iﬂ%@ [ %' ? t&ﬁ%hgﬁfq %H(c[&fa%yﬁgﬁné%m??ﬁk%?gﬁlh E)Se-n2| m dazol -
)[/| ) - '\l‘%lo;t(ﬁéﬂﬁ Sstagyi hw, N@Qﬁétﬁﬂ]pdﬁ:ndme -4-carboxamide;

1-
1
1-
N-[ 3- et tetrah dr o- 2H

m dazol | 1-{{[Ryters ]d@gtrahydro-2 -pg/?arh- 4-y m&ﬁyl??ﬁ%g her%a;olzfi (7-nitro-1H benzi

N-[3-(2-] ARt | &b i

acet am d%ﬁ%?e[t@ﬁ%[%lgéﬁgm{%ﬂgxyet tfq @ﬁ?ﬁgﬁﬁg]ﬁ%ﬁ(@ﬁﬁ%ﬁo :_I-H- ggﬁlzrnmdggglol IIyI i/l
) gcc(at7 am %ixra[o zuiﬁ{b%rtyreltb heﬁahyard ZH@rmé)gimcfhygletbe@mi@amlh%xy] phenyl }

- - enzj nj da acet am

N- [ 3- met Wateetsyasningispi{eny hMWThﬁf%mepﬁgﬁ%Ofarﬁldﬁ ni tro-| H benzi m dazol -
Iyl) aCeg%ﬁgdﬁft-%fgtt%@dr@ZH}y?ﬁ{-@?'ﬁﬁetﬁ?l{){lﬁ badimiakbkenzi mi dazol -1yl)

acetyl] tamd hoxy- 5- [ (

1- metthy! pl]@ﬂasthyzl)amﬁelshbfnmlhd\kpl]ophbmﬁlﬂ}ime% (JﬂirbﬁX%mldﬁ 1H benzi mi dazol | -
yl ) acet ani de,

N{3-]2- {VI“PJI‘-"YH éE{%&F’”ﬁb“W) thﬁB%Wj‘f"stéé’%/ﬁa@xtheny L? 1? ‘fefmnl?ltd? %)OI_I H benzi m daz
ol -1yl) 9a6h&MH 1nindRHIfonyl} piperidine-4-carboxamide;

1-{[[2-tert-butyl-1-(tetrahydro-2H _pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino]sulfonyl}-N-(2,2,2-trifluoro ethyl)piperidine-4-carboxamide;
15  N-allyl-1-{[[2-tert-butyl-1 ~(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-

IyI )acet am de, 2-(7-fluoro-1H benzi m dazol- 1-yl)-N-(1-isopropyl-2-nethyl-
I

y1](methyl)amino] sulfonyl}piperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1H-benzimidazol-5-
y1](methyl)amino]sulfonyl}-N: “isobutylpiperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 15 -benzimidazol-5-

20  yll(methyl)amino]sulfonyl}-N-(2-hydroxy-1 -methylethyl)piperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 A -benzimidazol-5-
y1](methyl)amino]sulfonyl} -N-(2-hydroxyethyl)pip eridine-4-carboxamide;
Ethyl 1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl} piperidine-4-carboxylate;

25  N-(1-{[[2-tert-butyl-1-(tetrahydro-2H- _pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino]sulfonyl}azetidin-3-yl)cyclopropanec arboxamide;
N-(1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-
y1](methyl)amino]sulfonyl} azetidin-3 -yD)-2-methylpropanamide;
N-(1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-

30  yl](methyl)amino]sulfonyl} azetidin-3-yl)cyclobutanecarboxamide;
N-(1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-
yl}(methyl)amino]sulfonyl}azetidin-3 -yl)butanamide;



N-{3-netb. oxy-5-[ (| -nmethyl -1 Himdazol -5-yl ) nmet hoxy] phenyl }-2-(7-nitro-1HDb
enzi m dazol - 1-yl)acetam de, or salts, solvates or solvated salts thereof.
The presewd 200018B4330n rel ates to the conpounds of the i peeSER@S/ 06105

herei nbefore defined as well as to the salts, solvates or solvated salts
thereof. Salts for use in pharnmaceutical conpo sitions wll be

phar maceutical ly acceptable salts, but other salts may be useful in the pro
duction of(it @-Wﬂb@uym]k(ten“ahydle 2Hywahideyimethyd)i Hedehenpli@oiréceut i cal |y
acceptable s ounds of the inv ntlon is, for ex anmple, an

aci d- add|Yi](1§?fh¥lé¢fflmoﬂs§ﬂf0€nsﬁ:fﬂt@ma%y DAOPEEeor organic acid. In addition,

a suit ahlg, ﬁﬁaf[g?-z%r-})hﬁg (%'e f&Btz%bbﬁaﬁ@ﬂ i eHaRaPRYBss1 81 the

i nvention 1S an an - al kaline earth netal salt or a salt
wth an cyﬁ]g@aﬂhyl)haﬁm]suﬂohﬂr}an}mdnmﬁcembmmatby acceptabl e salts and net hods

f t hes f I Rem ngt gn.
Phar nacedt g -Senareds Dbl etmby EPonPRaer S R 5 e ey conpounds
of the |§,Y]<ﬁ hﬁgrdy;mn&ﬁ%lemf&kéﬁhe E80ls@eniagd/ or geonetric isoneric cen tres

(E- a i's to be understood that the invention
encorrpas JeE- e]J 1-dimethylefiyl)ela[ (tetahpdrodréoysorfeyDmetiyl - Jébamaimidazelsbmer s. The

i nventi on so..rel.a d al,l tautoneric forns of the conpounds of
t he |nveﬁ']t?$’ AmgE) ﬁfgﬁpmfﬁ%&@ W% Some conmpounds of the present

i nventiony. RIREEPRIG Y- REESRH A (ﬁlﬁ ZHD 8- ARHheds] | del-SefidiledhzbIRs-

PCT/ SE2004;@§073%3 A%lot er g(g&ec Ry resgntdl?r?ventl on provides

procé@seyl]ﬁb{h}fﬂrmqthxj)%m@hé@lmldf@ﬁm@ml eaor salts, solvates or

sol vat ed t.her h t I S uch

proc esseg\§ fjl %df%et ethﬁ-éei g@%%g‘%rﬁ‘%ﬁp&%érﬁ ppr ggr ffg;b gﬂiﬂsﬂg}a? Bh?

pr ot ect i RG]-YhOEhdSy W- giet}ige-lqﬁggﬁﬂlh@ulfaxﬁuﬂmﬂa,bsequenLI y r ermvgd from I t he

various reactants and internediates jin rt e, r eadi

under st od¥%L b i, bidemethylethyd)-1- Ht?tﬁé‘yéﬁotz%fy@?‘g);ﬁs@eg’?’ﬁfH%I@F’ézm&%Qﬁg't i znal

pr ocedur ﬁﬁ] E?ﬁetﬁ‘&'ynﬁ Iﬁédﬁ% P?@%ﬁ&fn LOSrogharRs as well as exanpl es of suitable
escr

protecting groups-are for exanple, in
15 N-[2-(1,1-dimethylethyl)-1-[(tetrahydro-2 H-pyran-4-yl)methyl]- 1 H-benzimidazol-5-

yl]-3-hydroxy-N-methyl-1-piperidinesulfonamide;
N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-
methylazetidine-1-sulfonamide;
N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-4,4-

20  difluoro-N-methylpiperidine-1-sulfonamide;
N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-3,3-
difluoro-N-methylpyrrolidine-1-sulfonamide; 4
Methy! 1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl} piperidine-4-carboxylate;

25  N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-
methylisoxazolidine-2-sulfonamide;
(4R)-N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-4-
hydroxy-N,4-dimethylisoxazolidine-2-sulfonamide;
N-(1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-

30  yl](methyl)amino]sulfonyl}piperidin-4-yl)acetamide;
N-(1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl} piperidin-4-y1)-2,2-dimethylpropanamide;

-10-



"Protective Goups in Organic Synthesis", T.W Geen, PP.GM Wits,

Wl ey-Interscience, New York, (1999). References and descriptions of other
sui t abl e weasidmB®3are descri bed in textbooks of organi ectlsepiosnomos f or
exanpl e, "Advanced Organic Chem stry", March, 4th ed. McGaw Hi |l (1992)
or, "Organic Synthesis", Smth, MGaw H ||, (1994). For representative
exanpl es of heterocyclic chem stry see for exanple "Heterocyclic

Chemi st r yers-But 1?-S@Mﬁd)ﬂgl-{ietrzMyHicﬁZH@yrﬁM@Iﬂiéthyl)-%@l‘iﬁdoromﬂwmalﬂﬁnd Hal |
(1995), p. 189-224 and "Hetero cyclic Chemstry", T. L. Glchrist, 2nd ed.
Longman idagolcs-sHemined sifosxPipgadipyd-ylicarbaraato sy The term "room

t enperat urey, and /| iant afrr e’ sh A8, i se

speci fi ez%rgguﬁé%ﬁéﬁg&l h’ﬁg (gé%&i%%%{%ﬁgfggﬁgg ch,t t@égggﬂog?ﬁ%%%g?ﬁ ion One
enbodi nmeRknAinidabel-5-pientnodsuifalyBpipsrazmedr-cobesdsef or the preparation of the

conpound of forrmula | according to Methods . A erein R1L to R9,

unl es® othidfGuckeprepydamipp grbogy Hammoy g 11%?£§F%hy§?q'?ﬁé@ﬁﬁ'ﬁ'si ng; Met hod
AR=H _§ B2 —]mgg?] e (2 L4]! aby .- L@lg@et conpound of
formul a P’gn%\{g%gtz%ﬁ}le ?%)t%%lﬁl%ﬁ%%?ﬂ% aﬁ?l?l %rgdi?t@g depr ot onat ed
form vi a-gjcopropylelinmthyil it Geteahydot 24 gty eh-4-yimgthyl) @-(tefludremethb- acy |

chloride by treatnment wth oxalyl chlori.de. or .the m xed anhydride by
treat mntlfjgb?%l@é@%oﬁsa%%HQgﬂ%ﬁ 1R@ra§}‘?‘§'-ll\?aﬁboxﬁl§frﬁe-’t et r anet hyl ur oni um
hexaf | uoro ek 1- VW £-Nee il D irgd-@- am ne NH R5.
Thi s reaétﬁggaﬂng@ 1%2&85&1%6@[] ird) BRI 91 (teBib AR L6Sr

erforimed in"any manner known to the skilled man in

the a0t . yEhethpl)@ruflnanmetey)be? persivrdesel- 23l lniperdipedradfonamide; ar acti vati ng

reagent |ike 1, 3-di arbodij nj de (e Ry-a
ot ny - SR kTR ST SO B e h i S Sty L
| j* - car bepyidiidbH8ZokfincSHilfaRipifkalztent -satboxdsidesed for this reacti on may
be hal ogenated hydrocarbons such as chl oroform. dichl qr hane and
Betie
di chl or oé¥-blafren ylfalrﬁﬁtﬁ%hYéYQa%H'HYé%IbffﬂHP@hﬁ]t)1%“’&%%8{%@3 54¢h as benzene,

B e L e A I
di netiBy| foor-madeitel- N1 - (dmythyi[X t(tateky dtheFB pfran-4-ylmethyl)-2-(trifluoromethyl)-
lH-beﬁzimidazol-5—y1]amino}sulfonyl)piperidin—4-yl]propanamide;
2-Methyl-N-[1-({methyl[ 1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-14-
benzimidazol-5-yl]Jamino} sulfonyl)piperidin-4-ylpropanamide;
4-Acetyl-N-methyl-N-[1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)- 1 H-

20  benzimidazol-5-yl]piperazine-1-sulfonamide;
4-(2,2-Dimethylpropanoyl)-N-methyl-N-[1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-
(trifluoromethyl)-1H-benzimidazol-5-yl]piperazine-1-sulfonamide;

N-(1-{[ {2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]- 1 H-benzimidazol-5-
y1}(methyl)amino]sulfonyl} piperidin-4-yl)acetamide;

25  N-(1-{[{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5-
y1}(methyl)amino]sulfonyl} piperidin-4-y1)-2,2-dimethylpropanamide;
N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5-yl}-N-
methylmorpholine-4-sulfonamide;
N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1/-benzimidazol-5-yl}-N-

30  methylpyrrolidine-1-sulfonamide;
N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5-y1}-3,3-
difluoro-N-methylpyrrolidine-1-sulfonamide;
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Cat al ysts such as heteroaromatic bases |like pyridine and lutidine or
tertiary amnes like triethylam ne, iV-nethyl norpholine and et hyl

di i sopr opybamenssesay be used as well. The tenperature negThe2ishvaen - 30
and 5Q0C and the reaction time between 1 and 30 h. Starting materials, the
acids of fornmula Il, may be obtained using nultistep procedures described
in detail in the follow ng exanples of synthesis, starting from

commer ci al gyteaﬂgﬁ aipi[ &1, adihepsdyalobbyy im@h @] H-sarzihidazdledylhevizenes .
O, Met hod V\_/heregﬁ the target, conpound of fornmula | is obtained from
anot her B8HYbEPRZ dlﬂ@rﬁrﬁyifﬁnqm@ﬁ a chem cal nodification of the R2

substi tuwjéz-;% Qiiyf-tl%Pﬂﬂ-ﬁ%ﬁ@&&@ﬁ;@eﬁ'ﬁﬁﬁ&hﬂ?—q}f-ﬂe&z dabqiey-atiug £, for

exanpl e: " 'H aryst-vherein, target” conpoun 1of formula | is obtained
from an aifidesikykbihypipetetimnttsaforappdepr i at el y substituted benzi i dazol e.

cor 8 poféi KU Ar kAt R - JRE BT RPN gL > |
rivati veﬁl}%@@@gﬁl&oﬁﬁgﬁ/yﬁ?@@%ﬂéip&ﬁgo)@ﬂme;xt ure of two regio-isoners,

whi ch ca ar at of chronat ggr aﬁpig_}/. Suitabl e solvents to be
used f or 4t{j{>tareBatyl-drA (4ydifieoroeyrcabexylmatby ) dg7-bertimedazal-fret hyl f or mani de or

di met hyl aget am de or .a i c.conpounds such as benzene, toluene and
xyl ene, Mf}?@ﬁﬁﬁgmw&w@g?@ffﬁﬁopré?w@,’ef%??iwﬁ%%ﬁw fh and di oxan or
al cohol s 45{-[gg-tégﬁBﬂﬁllha['@%diﬁﬁ&@ébﬂ%oe}@ﬂ?l)ﬁéﬁpqnl@-be&ﬁmﬁiﬂolﬂi-Xt ures thereof.

Bases such otassium't -butoxide, sodium nethoxide and sodi um hydride or
t ert iQr y yhitinethyDpinke]sulfoay By N amithdpipgsazinst Ihgarheyashgesi ne and et hyl

G bscP R B % 4308 358y TR PSP o bt veen © and
enbodi mert} (piktyhemimantongl} -Nelyelopopy pisempoundsrbestmiieed from the group
con sisting of 3-methoxy-5-(methoxynethyl)aniline, . .

3- (et hoﬂy?[ézﬁm-ﬁusd(lrM%{,ﬁr.@évgﬁéxq&eh%#ﬁm??hﬁ@,-1f’~%en21mlda201-5-

- (met hO)§¥}qﬁfeﬁx}l))afn§ﬁd:]gt{lfoﬂyﬁiﬂflc&l:fob{f@fﬁ?ﬁaﬂﬂé-iQ@%ﬁﬂﬁide;

15  N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-y1}-N-
methyl-4- {[(methylamino)carbonyl]amino} piperidine-1-sulfonamide;
N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-y1]-N-
methylisoxazolidine-2-sulfonamide;
4-Acetyl-N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- L H-benzimidazol-5-y1]-

20  N-methylpiperazine-1-sulfonamide;

N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- L H-benzimidazol-5-y1]-4-(2,2-
dimethylpropanoyl)-N-methylpiperazine-1-sulfonamide;
A-Benzoyl-N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
y1]-N-methylpiperazine-1-sulfonamide;

25  N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-
methyl-4-(3-methylbutanoyl)piperazine-1-sulfonamide;
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl]-4-
(cyclopropylcarbonyl)-N-methylpiperazine- 1 -sulfonamide;
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-y1]-N-

30  methyl-4-propionylpiperazine-1-sulfonamide;

N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl}-4-
isobutyryl-N-methylpiperazine-1-sulfonamide;
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[ 3-am no-5-(trifluoronethyl)phenyl]ethanone, (7-chloro- b-nethoxy-
H benzi m dazol - 1-yl)acetic acid,

[ (2- chlwoo@ym3Bi3BOXY- 6- n|trophenyl)an1no]ethanol PCT/SE2005/001405
(7-chl oro- 6- met hoxy-| H benzi m dazol -1 -yl ) et hanol,

(2- met hoxyet hoxy)-5-(trifluoronethyl)aniline, 1- (2-nethoxyethoxy)-3
nitro-5-(trifluoronethyl)benzene,

I
1
2-
2-
3-
é met hox y:[B- z@it@&t@]h%@feﬁﬁhy@n&lﬂyﬂrmﬂhﬁm)@ﬁr1H—r’menz1m1dazol -5-yl1]-4-
2-[ (3- et hoxy-5-ni t rophenoxy) net hyl]tetr dré)furan

3- met hox eyl %’P@’ﬂ Bo?ffﬂ?"a* IgipgTas )b?ﬂlﬁ%nﬁ‘él

3- t t - - d
[4 ( Tal jw)q%w no t&fngje% cagr géxﬁf qurﬁﬁiéﬁﬁ@ L Henlfhia 1. 9-y1F4 m dazo
1

c acid, nethyl 8-am no-

: ,3 4- betyrdhy-dietityipipedaizine- Esmﬁunbmniet at e,

L+ bohet i G resa b a2 rerg T B s aSE ot U dazol -
-yl )ace gﬁethg%i‘fﬁ%ttaﬁwbéylgwwt&mé%@pl rafiié-AtadookbARAIOXY) ani | i ne,

and3- (2-rsopro met hoxyani 1 i ne Anot her enbodi ment relates to
the use df{[tzqeseBuﬂthﬂ)dtﬁmby@Q -AFhpgramedylmesey])-hHtheazigtidprol-at i on of conpounds

of the in ti.cal 0Sit.i 0 to one enbodi nent of
the pr esé(ﬁf ‘W@?W ﬂsu{?ﬂgﬁg ]YéSOBFQRﬁBD%e&aZéne Eé:@ﬁ%%éu%cl{égal conposi ti on

conpri si D,g;f[?z&teaﬁBhwu(wfaﬁ?mmH yiaRer-dpeuiyly-akthenefniidaiolbe anount of the
conpound of "the invention, or salts, solvates or_ solvated salts thereof, in

assodfat |yb]|6mv\ﬁhvhargm@]stu&fonﬁl&dVﬁM@lpn%ﬂntpﬁtaamey '%E@&I@HFQ dil uents,
For o ol “aHH AP e Ao e SRR HARRRRLD, © Foner s
granul e q/n](@amgghrﬁmoﬂ@mr“oﬁﬁll}amrmthﬁpﬂpaqaemmlemrboxwhdctl ng intravenous,
subcut aneous, 1 ntranuscul ar, intravas usi o a sterile
sol uti on 4 SltrehBrirl dﬁe@li‘ﬁ?l@r% PYFeHy f/{?&ﬂ&ﬁ 1%%}%@%@?%% e.g. as an
ghgég‘;’[‘{ Jlgl%%ﬁ@l)%lrfoﬁﬁ?f&% A clophHpigataAndll Shidkifiee 9- és a
15  4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1/-benzimidazol-5-
_y1](methyl)amino]sulfonyl}-N-cyclobutylpiperazine-1-carboxamide;
N-(tert-Butyl)-4-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-
benzimidazol-5-y1](methyl)amino]sulfonyl}piperazine-1-carboxamide;
N-butyl-4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-

20  ylj(methyl)amino]sulfonyl}piperazine-1-carboxamide;
N-Allyl-4-{[[2-tert-butyl-1-(tetrahydro -2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfony!} piperazine-1-carboxamide;
4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- L H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-ethylpiperazine-1-carboxamide;

25 4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1/-benzimidazol-5-
y1](methyt)amino]sulfonyl}-N-propylpiperazine-1-carboxamide;
4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-
y1](methyl)amino]sulfonyl}-N-(cyclopropylmethyl)piperazine-1-carboxamide;
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-y1]-4-(1H-

30  imidazol-1-ylcarbonyl)-N-methylpiperazine-1-sulfonamide;

Isopropyl 4-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino]sulfonyl} piperazine-1-carboxylate;
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In general the above conpositions nmay be prepared in a conventional nmanner
usi ng one or nore conventional excipients, pharmaceutical acceptable

di | uent s wodbewo3sesert carriers. Suitable daily doses of pCisEc@mspounsls of
the invention in the treatnent of a mammal, in cluding man, are
approximately 0.01 to 250 ng/ kg bodywei ght at peroral adm nistration and
about 0.001 to 250 ng/ kg bodywei ght at parenteral adm nistration. The

typi cal ﬂﬁQlLM[ﬂ%ﬁBﬁfylilt(@t@ﬁydféeZH pyraadi-ginietivd)-il Bsbenizintidazod-5wi de r ange and
wi Il depend on various factors such as the.relevant indication, severity of

the il | ngdéneshybaninegsatfenyl} pyreolididylasctadifcni strati on, the age, weight and
sex of t t o nd may be
det er ni ngg(l ﬁﬁ ?erp?gﬁ}glla(g&aﬁganp e?%lp - a @HL%ZH&QQZM'%

rrraceutl cal conpositionThe
fol I owi ng){thétushdraind)sutipr@$pyrtaidins- }ﬂ)}m,flrrhmeﬂlylpraj)andm@ge forns cont ai ni ng

a com pound of the |nvent| on, .or_salts, r sol vat salts thereof,
(herefafté@'(lcﬂﬁ%éﬂh‘ﬁgu - 1-(tgrah M?’@v@% V(P@AOV EYlg'Z@Q'?qn@%‘él%Z(ﬁ% manmal s: The
above co &amyentional procedures wel | known in
t he phar g@@é H’@ “Qﬁ?élz?g@gf‘ é%r pr?dS| ngly, it has been found that

t he corrpqm{mseraBuQﬂdl-[mg4tmﬂmMecm@an®mﬁhhyHﬂthmmeia@Q]é-Nl} -Nn therapy. The

conpounds of the invention, or salts, solvates or sol vated saltsthereof, as
wel | as @wdi-1éGipidepdfdsifoa#pidfe et abol ites, exhibit a high degree of

potency gz%hgg ML f(x4fd%ﬁudr6@9c\mﬂés@ﬂ)my ?I]Lﬂf@bénzﬁﬁi“@@bl%-yﬂ} -§VR') groups.

Accordi ng om pounds of ‘the present invention are expected to be
usef 0 | mdtlnd- ltH—égit,%mzobfl e:tdﬁmamldms associated with excitatory activation

nii bi t ofy (G BRSO - e hamr s PR S R RSB gy
expr esseqnétﬁmtll}g_lgeurpﬁereaj silejndatide; system and in other tissues. Thus, it
is expected that t he conpounds of the jnventio are ted for the

t r eat mentV- b?—twu%dr(é@tg&@mswﬁ&a@' ‘ﬁlﬁ@t@g}?égt}??ﬂ% \fli\e%qllmé'ﬁ%f}entl on are
and chr orPEe TR Er kRt S BRRIRE (© 0 Poni & i ammatory paih.

15 1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H- benzimidazol-5-
yl](methyl)ammo]sulfonyl}-N-cyclopropyl—1H—pyrazole—4—carboxarmde,
1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
y1](methyl)amino]sulfonyl}-N-ethyl- L H-pyrazole-4-carboxamide;
N-Allyl-1-{[[2-tert—butyl—1—(tetrahydro-2H-pyran—4-y1methy1)-IH—benzimidazol—S—

20  yl](methyl)amino]sulfonyl}-1H-pyrazole-4-carboxamide;
1-{[[Z-tert-Butyl-1-(tetrahydro-2H—pyran-4-y1methy1)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-propyl-1H-pyrazole-4-carb oxamide;
1—{[[2-tert—Buty1-l-(tetrahydro-2H—pyran—4-y1methy1)-1H—benzimidazol-5-
yl](methyl)amino]sulfonyl}-N,N—dimethyl-1H—pyrazole—4-carboxamide;

25 1-{[[2-tert—Buty1—1-(tetrahydro-2H—pyran—4-ylmethy1)-lH-benzimidazol-S-
yl)(methyl)amino]sulfonyl}-N-methyl-1H-pyrazole-4-carboxamide;
N-(tert-Butyl)-1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-
benzimidazol-5-y1}(methyl)amino]sulfonyl}-1H-pyrazole-4-carboxamide;
N-(1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-

30  yl](methyl)amino]sulfonyl}-1H-pyrazol-3-yl)acetamide;

N-[2-tert-Butyl-1-(tetrahydro- H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-4-
formyl-N-methyl-1H-imidazole-1-sulfonamide;
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Exanpl es of such disorder may be selected fromthe group conprising |ow
back pain, post-operative pain, visceral pains |like chronic pelvic pain and
t he |i ke.wBunidnssessel evant di sorders nmay be sel ected fr earisEeoogooups
conprising cystitis, including interstitial cystitis and pain rel ated
thereto, ischeam c, sciatia, diabetic neuropathy, nultiple sclerosis,
arthritis, fibronyal gia, psoriasis,.cancer, enmesis, urinary incontinence,
hyper ac ti{yp-fleRiaiel-1&rtalydonelpapadiyimefiyd)-t ifdentimiédzel-ant di sorders may

be selected fromthe_ group. conprisin stroesophag eal .reflux di sease
( GERD) , b’lr]GmthﬂD@l@@}%lfOEthﬂ\LﬂFéORfPE%)1%?‘?%‘1!&5%%% "cﬂ?‘QPXﬁ ¥ di sease (1BD)

. tal o) _ eass
G Scnaos - By ety Y A e A A S o Cough.
chroni ¢ ghighsttglandmolsutfgnyl} Seagdomnplylefbpysenis;3-tarhordniide;osi s and
interstitial | di The VR i nhi bj . b inistrated b
st 1l Ling o sepos, The Vi LU B Aol pay b g v strated by
and chr zgﬂftg%ﬂlglzfrﬁufﬁ’sgﬁoﬁﬁz#é—?so?ﬁ§FFH—ﬁy@aﬂoN—?—%ﬁfb@ﬂérﬁ)de?nd/ or exposure to

envi ron n an itants. The conpounds of the invention
may al so 1bg[iserBatyl-Artdttabydm-AFbpyaed: yimeied)- 1 Heeposiidezol-s- VRl acti vators

ik Lcin, t . ac.d t, ing heat, there is a
pot ent | avsebin ook RS ARt t SEf Rl e pai n, or
I nf | ammaiyopy Paig nO(thtk APaRHE A-pyRir i iybsiethhy- I¢pbRouniliazetes: further be

f{tztz%ﬁlﬁuﬁrl _
used for treatnent of tolerance to VR activators. One enbodi nent of the
i nveddi onyllfmethyBaming]sulfonyld mdbnyiagolef3-¢areoxamidsit i on as herei nbe fore

defi ned, .f se_a di i : ke invention

rel ates tléﬁtzﬁgerggﬁé'&gﬁ S %&gf{gﬁie}}'wf\%g%?l%etwggr@%%%? %)Zroyadefi ned, for use
as a m?diy@]@xﬂ@ﬂhﬁrl)ﬁmmotjs&ﬂf@hmf}FYV-emfyl-VHprrwﬁlaBeﬂrhdksmictdaer s. A further

enbodi nent of the invention relates to the ci) ounds ,of hérr]}g iLnvention as
her ei nbefMbttegeBpivid-(tetghy o gy anierimeingth ETIQ?PZWP@%&O' M-8F acute and

e nL A AL sttt gl e | e ol oo 1
nmedi qanment {[{Drert-Beglitedtrahfdmel {-pyamel-glmashy1y- 1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-(2-hydroxyethyl)piperazine-1-carboxamide;
N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-N-
methyl-4-(1 H-pyrazol-1-ylcarbonyl)piperazine-1-sulfonamide;
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-
20  methyl-4-(pyrrolidin-1-ylcarbonyl)piperazine-1-sulfonamide;
and pharmaceutically acceptable salts thereof.

It will be understood that when compounds of the present invention contain
one or more chiral centers, the compounds of the invention may exist in, and be
isolated as, enantiomeric or diastereomeric forms, or as a racemic mixture. The

25  present invention includes any possible enantiomers, diastereomers, racemates or
mixtures thereof, of a compound of Formula I. The optically active forms of the
compound of the invention may be prepared, for example, by chiral chromatographic
separation of a racemate, by synthesis from optically active starting materials or by
asymmetric synthesis based on the procedures described thereafter.

30 It will also be appreciated that certain compounds of the present invention may

exist as geometrical isomers, for example E and Z isomers of alkenes. The present

invention includes any geometrical isomer of a compound of Formula I. It will
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neuropat hic pain. Yet a further enbodi ment of the invention relates to the
conpounds of the invention as herei nbefore defined, for use as a nedi canent
for treatwenvoai3i@sute and chronic inflammtory pain. @oe/sepdsdiment of
the invention relates to the conpounds of the invention as hereinbe fore
defined, for use as a nedicanment for treatnment of |ow back pain,

post -operative pain and visceral pains |like chronic pelvic pain. Another
enbodi mefkihef bd ReletsidRIthitaRe pRk@it@Svehtion beconyrpes tagomérstoi¢hd nvent i on as
herein before defined, for use as a nedicanent for treatnent of cystitis,

i ncl udi nepripruads of tedlormeyie Ititis and pain related thereto, ischeam c,
sciatia, diabgllg aps%lﬂ’e%ﬁgﬂyo’od%ttcéﬂiﬁ cﬁﬁx#a@ﬁrﬂﬁ'o‘f fcheaﬁ&mn't fdventidd ﬁﬁ?m’m gi a,
psori asis, cancer, i ncontinence peractive bl adder and
HTV neur @)ﬁéttlﬁ)éolvéteﬂ lffof bﬂmﬁéﬁ?ﬁatﬁms wéll tshmsommdtfonm II‘E'WEII fusthebet he
conpounds of the invention as here inbefore. defin 8‘5@ as a

medi canentdergipod ﬂ@h@lﬁﬁFﬁselﬁfm‘g@é@f’P sResmsrs Al speh f(ﬁxét é) &rp) |

irri tabl I I1BS), inflanmatory bowel disease (IBD) and pan
creatitis. IBI%W dggr{t}gt%er 1%‘rrbodl ment of the invention relates to the
conpounds of N\hehmtheesnbpa)mfthsufvenﬂmmdurefatsne?alﬂ‘etﬁﬁthed(?mpwndﬁs)ét}@s a nedi canment

for treatnent of respiratory diseases se d fromth up..c risin
asthma, EotugHe LoHeRHrY @%@?‘X%@W%@ylaﬁ?@ f gtgg%ﬁ?ﬁp% 3@‘5’0 r?S% ung )
fi brosi s andsinies 8t PBﬂaﬁJedhkhﬁg sﬁh&@r@?ﬁoce@i@s evEagiowRITh tf art,Her | nventi on

relates to the use o he compound the invention as here| nbefore
def i hed, exmplhbymuﬁgetsudff@mﬂyézamdomamde fqrewamplesnaial agine/mith gedi at ed

di d f : d
chroni ¢ SEEPUHERT! GAPRAM 8 ara e i fiee dy R R e 72

respir at ghndiiSeAS A5 BOHFosRitle Rk D@ Mspaidinpalichlomethl édmh as sdtimhher
enbodi nent of the invention relates to a nethod of tr §a1¥§2€%}€0f VR

medi at ed pdiasswaleorslithiven) £z an élkatge W%WP@ (SaFhash cdeiy ¥ chronic
neur opat iy ¢ g ofatﬁ'%j %géf%?nv%ﬂ or?ﬁew? &sﬁu&% ﬁg@?&mf&oﬂ%& a@fd respiratory
%ﬁ’ R above

di seases, i sor | one conpri sing admi ni st rering
to alﬂﬁm&iboxylﬂﬁddlwbﬂgpmm with mﬁedqu/alsmtcdf an alkali metal or alkaline earth

metal hydroxide or alkoxide (such as the ethoxide or methoxide), or a suitably basic

organic amine (such as choline or meglumine) in an aqueous medium, followed by
conventional purification techniques.
In one embodiment, the compound of Formula I above may be converted to a
20  pharmaceutically acceptable salt or solvate thereof, particularly, an acid addition salt
such as a hydrochloride, hydrobromide, phosphate, acetate, fumarate, maleate,
tartrate, citrate, methanesulphonate or p-toluenesulphonate.
We have now found that the compounds of the invention have activity as
pharmaceuticals, in particular as modulators or ligands such as agonists, partial
25  agonists, inverse agonist or antagonists of CB1 receptors. More particularly, the
compounds of the invention exhibit selective activity as agonist of the CB; receptors
and are useful in therapy, especially for relief of various pain conditions such as
chronic pain, neuropathic pain, acute pain, cancer pain, pain caused by rheumatoid
arthritis, migraine, visceral pain etc. This list should however not be interpreted as
30  exhaustive. Additionaﬂy, compounds of the present invention are useful in other
disease states in which dysfunction of CB; receptors is present or implicated.

Furthermore, the compounds of the invention may be used to treat cancer, multiple
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treatment, a therapeutically effective amount of the conpounds of the

I nvention, as herei nbefore defined. A further enbodi nent of the invention
rel ates twoaognasesaceuti cal conposition conprising a compwsagosotsbe

i nvention as hereinbefore defined, for use in treatment of VR nediated

di sorders and for treatnment of acute and chronic pain disorders, acute and
chroni ¢ neuropathic pain and acute and chronic inflamuatory pain, and
respirat @c}lcslyroﬁis,smmon’adﬂeaa,yHmmth@tordis slores rAlnienimed s dideasboanziety n t he
context of the present specificatigon, the term."therapy" and "treatnent"

i ncl udes dHPWéSnE?%Wl%tﬁﬁmﬁf‘%bﬂgFréﬁp Féﬁﬂihc?‘@%%‘? rwéﬁpé&ﬁ'ep)s/peci fic indications
to the contragyyy -Bg\ﬁdé &1 tH8 invEAtSSH are uéémpisaﬁﬁmmoﬁ?odam@bré,téa§é@ﬂwf cal l'y"
shoul d be construed accordingly.In this specification, unless stated

ot her wi seutoithmune disedses i asarthrigingfor slingeasts, engan trensplanteadobmdar t hat by

any ans, partly or c | etely, blacks .the transd ' | ead |
o the. prhil petger STBepaReben o HiegRet CRG S ap FRBRL AR * Lt o2
stated othenyyi $8al 4F8ARS any condition and di sease associated with vanilloid

receptor activity. Non- Medical use In addition to their use in therapeutic
medi ci ne, t he Goompeowdsief the inveatiomazeselghin discasmitetss Whge\deeereryionsy| vat ed

salts thereof, .are alsqg.useful .as . r.acol oo : MR I t
and st anglgr‘:fg‘flgtéﬁq %ﬁaﬁﬁ’ﬂwlc\% TR Bi%r%&gio\%ﬁ éé;at%dslg}g@e@g## '?%}{ei?\e/\?af)ga?? gn
of the efmdysatsivethd RBiobisb@pRally 1ABlled etrsioasofibt icumpyurids ofdiror at ory ani mal s

such as cat's, dogs, rabbits, nonkeys, rats and mce, as part of the search

1;) or ABw tilantpe in diesneste HCANIArSSARG) IR SPEAPPRCASIART FIFh PPBHBGVGB%SS}% ustrat ed
y the f ] limting exanpl es. Abbreviations DCE dichl oroet hane

DCM di phﬁ%%‘g%%ammp di met hyl am nopyri di ne EDC

| - (3- di net hyl aidmysgundpyf the Brvehtigl amrisef forititetrénpuiemotfldoritpea,HATU

O (7-azabenzotriazol -1-yl)-N, | N -tetranet i ur
( depression, anx{ety an% s)tress—related (’1\llsorders suc ashl}lgsg{rggﬁgt% stress

disorders, panic disorder, generalized anxiety disorder, social phobia, and obsessive
15  compulsive disorder, urinary incontinence, premature ejaculation, various mental
illnesses, cough, lung oedema, various gastro-intestinal disorders, e.g. constipation,
functional gastrointestinal disorders such as Irritable Bowel Syndrome and Functional
Dyspepsia, Parkinson’s disease and other motor disorders, traumatic brain injury,
stroke, cardioprotection following miocardial infarction, spinal injury and drug
20  addiction, including the treatment of alcohol, nicotine, opioid and other drug abuse
and for disorders of the sympathetic nervous system for example hypertension.
Compounds of the invention are useful as an analgesic agent for use during
general anaesthesia and monitored anaesthesia care. Combinations of agents with
different properties are often used to achieve a balance of effects needed to maintain
25  the anaesthetic state (e.g. amnesia, analgesia, muscle relaxation and sedation).
Included in this combination are inhaled anaesthetics, hypnotics, anxiolytics,
neuromuscular blockers and opioids.
Also within the scope of the invention is the use of any of the compounds
according to the Formula I above, for the manufacture of a medicament for the
30 treatment of any of the conditions discussed above.
A further aspect of the invention is a method for the treatment of a subject

suffering from any of the conditions discussed above, whereby an effective amount of
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hexaf | uor ophosphat e HPLC hi gh performance |iquid chromatography LC liquid
chromat ography MS mass spectonetry ret. tine retention tinme TFA

trifluroawetn@/sésd THF tetrahydrof urane DVF di et hyl f orcarsEd@F s

t et ramet hyl et hyl enedi am ne Et OAc et hyl acetate General nethods AU starting

materials are comrercially avail able or described in the literature.

The 1H

NVR spectra were recorded on Brucker at 400 MHz. The mass spectra were
r ecor ded g @binbbsiditcetdend toaB®Fanmyls Cabddse, isGdidnistered2d AQatien|inneeddter ra M5 C8

2.5 mMm 2.

1X30 mm buffer gradi ent H20+0. 19%9FA: CH 3CN+0. 04%FA, MS:

m cr onmas SUCANTYatmefnoni um acetate buffer) ionisation techniques. Synthesis

of the inter
thru T) 1) (7-

I azo acetl c acl

”%%hgﬁtiﬁ;&? 1nvgétbo§#§2}§%1ﬂdg§’£ 9@#%@@@0@1@1@4%8ﬁ%ﬂa@@&%ﬂ? acids, 1)

triethylamoni um

sal t) A aéckphible @it dr sohverzherbofaaohereihbyfioyeadedinodifomisk én thesplyution (1 M of
potassiumr -butoxide (16.1 m)) was slow sol uti an .of

dded
4(7)-Bitro-| e pERSRST APREL &e@r)e%eﬁséwa{lt}%’é?%vﬁﬁ%‘i%f “tﬁ?qog? §° o m) at
0-50C an%o}érﬂﬁgrl or wg&xhﬂxgacgﬁ’tﬁéﬁ}lg %?clei%éb% n%??crb{‘é@lizaétthfﬂe@f,j af BéreihBefdtd) at room

t enper at ur

quenched
cl ear sol

H- berfoi r‘fﬂt&wp@ut-ict"-qnld)"dmmpﬁ@lliyl' eheid b gonirued gpcordingly. The
H3200 it BEEHRKS 8¢ thE prod i sf RGN HOMEE SncbilfskERAr ated on

-benzoi m
preparati

15

20

25

30

ronoacetonitri

mmol ) was added in one

portion asfinddia themahnfacturd oftaumedivasergtfor usedn fhsrapyn addi ti onal hour,

t hen

with dry i i nt.o 400 f gold ) i
Ut i ot WeSoREHLAL BRRF<EXPRUTE s T ‘CRED AR o gani ¢

extractsw ) itihdi | rine, dried
et N S%)E)g%l 9§Oﬁ§1g%§15?f§?2%$%cmc iRdivRtaRk td theXeoRRaryl JThaReknDr | ried

yielding a 1: 1 m xture of $4-nitro-l
erm

administer an effective amount of a compound of the present invention, to mitigate
either a pre-existing disease state, acute or chronic, or a recurring condition. This
definition also encompasses prophylactic therapies for prevention of recurring
conditions and continued therapy for chronic disorders.

The compounds of the present invention are useful in therapy, especially for
the therapy of various pain conditions including, but not limited to: acute pain,
chronic pain, neuropathic pain, back pain, cancer pain, and visceral pain.

In use for therapy in a warm-blooded animal such as a human, the compound
of the invention may be administered in the form of a conventional pharmaceutical
composition by any route including orally, intramuscularly, subcutaneously, topically,
intranasally, intraperitoneally, intrathoracially, intravenously, epidurally,
intrathecally, transdermally, intracerebroventricularly and by injection into the joints.

In one embodiment of the invention, the route of administration may be oral,
intravenous or intramuscular.

The dosage will depend on the route of administration, the severity of the
disease, age and weight of the patient and other factors normally considered by the
attending physician, when determining the individual regimen and dosage level at the
most appropriate for a particular patient.

For preparing pharmaceutical compositions from the compounds of this
invention, inert, pharmaceutically acceptable carriers can be either solid and liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,

cachets, and suppositories.
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HPLC (XTerra C8 col um 19x300 mm 0.1 M aqueous NH4Ac/CH3CN), to yield
(7-nitrol # benzoi m dazol -1-yl)acetonitrile, 1.15 g (37%. M5 (ESI) m z:
203. 05 [ Myvbl20061033¢98R (400 MHz, DVMSO-D6) d ppm 5.68 (s, PcCH)SEZo0SQoigds J=7.8
Hz, 1 H 816 (m 1 H 8.18 (dd, J=8.1, 1.0 Hz 1H 8.57 (s, 1 H. B.
(7-Nitro- | Hbenzoi mdazol -1-yl)acetonitrile (1.1 g, 5.4 mol) was

di ssol ved in 18% hydrochloric acid (30 m), the solution was transferred

into a vial, whdid cagkr sgabedhandheatsabstaiced, GthiCiCuhpals6 abt asihlmenisal was
cooled, the volatiles were renoved under reduced ]]Jo.rﬁssure lgnd t he residue
was co- eflapeing agentsyaelubiligess, Whrirapis etusRending agentpodPAers, Idilifie wer e added

di chl oronet hane,. (1 ) i 1 . 31, and the slurry was
purified H%%qu%ﬁf%ﬁ“ﬁﬁ %gaemﬁ éF %grgft%%bghg}é n%ggﬂﬁtlléﬁ %?ﬂegh%lf
di chl or onet hamepowadianne ¢irticeis hyfirety dieiddd saltd, Wil 38/ p raistiamwhdient to

1H

ield the tit] d, 1.2 g (699. ESI) mz: 221 tj N H .
WR (ﬁoo?‘mfzf,dimsb:e CO%J{W@ ﬁheﬂ%’_{ép‘f’(oﬁ/l? Oﬁtggﬁ%l@o@oﬁﬁntzi@?%?e&%’t L I|:|]|z 6
5.01 (S, SN - e S84 inl 8. 06
(m 1"ty Stpoflipohsitl g i hadaict nilingeithdobflarytitlihe ploglrisin 17
aceti c agiithble pdppitidntyett cooyictey ih sl shepe Sadndize dtsepdoi ¢ aci d
el hanol (90

2-Chl oro-3-nitrobenzoic acid (5.0g, 24.8 I s suspended i.

m) and et handlPARTCRAIIR&SUPPR§LIO ﬁ%p%%?r)& %‘ﬁﬁnﬁgﬁ.wﬁ@cﬂﬁaﬁ?gﬁﬁ cl ear

sol ution o‘f"?z&fsyha%?& ggcéideé%é&a HLNE: i€ EYs meliae ax@tRtdcties ingeddeent @oved under
ure.

reduced pres he residue was treated with water (40 m ) and the
mi xt afe \dspemed tickdinmtyor bxanipleystirdeg | Bira wolss kpreegepepus mixhie 1 Hgn

ipitate f d | | ect by .fi i d with t t
D ol "o ot arbyat RS ArRe oS sl S0l A ARESRRED ot YREST est)
Mz 225 [MH -Su%-t'ibﬁ)@"vﬁi’r(efé)ﬁe Mg eind GRYbodatppimghelifind dteardteStaR] ladinse, H), 3. 69

(t, J=5.31 Hz, , 6.71 (t, J=7.96 Hz, 1 , 7.93 (dd, J=8. ﬁlf 1.64 Hz3 1
H 8.13 (sugar pectin, dextrin, skac r,agq_capsh? mathyleslipse, sodium carboxymethy

2-[ (2-hydrexyet hyl ) am = 3-ni o) -

2-(2- Hydr%ﬁ’ﬁ%?ehﬁﬁé‘%@&?@%ﬁf’?&%g%?@g% ’cﬁltggh%m(%. 14 g, 22.7 mol) was

di ssgkved i n rMefchamotorhipddion iy aBodntendedan incidedh¢-RED41LDO ofthe agtize added.
The m xture was heated at reflux f The,.sol vent, was r.ghan%ved at

2.5 h.
reduced prREPSBEE WithacARAlng %@133:%3?@61%%%1% RPN “ext r act ed
wi th ethyl.;ac %xﬁ}scﬁleﬁtg&;liﬁloomﬁhou-mﬁl& Qdﬁ%l'hx@?ﬁ s@fr@ited by a carrier which is

thus in association with it. Similarly, cachets are included.
Tablets, powders, cachets, and capsules can be used as solid dosage forms
20  suitable for oral administration.

Liquid form compositions include solutions, suspensions, and emulsions. For
example, sterile water or water propylene glycol solutions of the active compounds
may be liquid preparations suitable for parenteral administration. Liquid
compositions can also be formulated in solution in aqueous polyethylene glycol

25  solution.

Aqueous solutions for oral administration can be prepared by dissolving the
active component in water and adding suitable colorants, flavoring agents, stabilizers,
and thickening agents as desired. Aqueous suspensions for oral use can be made by
dispersing the finely divided active component in water together with a viscous

30  material such as natural synthetic gums, resins, methyl cellulose, sodium
carboxymethyl cellulose, and other suspending agents known to the pharmaceutical

formulation art.
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phase was dried and concentrated. Purification by colum chromatography on
silica using heptane ethyl acetate 1:1 as an el uent afforded nethyl

2- [ (2- hydwoxyeldsydspam no] - 3- ni t robenzoate, 3.92g (72% . plB/SERBspordz 241

[ MFH . 1H NMR (400 MHz, CDC 3) d ppm 3.12 (t, J=5.10 Hz3 2 H), 3.84 (t,
J=5.15 Hz3 2 H), 3.91 (s, 3 HH3 6.69 (t, J=7.96 Hz, 1 H), 7.95 (dd, J=8.34
1.52 Hz3 1 H), 8.08 (dd, J=7.83, 1.52 Hz, 1 H). C. Methyl

| - (2- hydr oxyemﬁéﬁcﬁﬁg th henzéds dfadalisstratons thephhmaSusqé neipositddn met hy|

2-[ (2- hydroxyet %/I ).am nf‘e%- 3-nitrob oat e 43 gG?Vg,%\%)Z. 7 mmlﬁ‘)ﬁ iln met hanol
(130 ni ) vikharairablygasind Olato-%/mg%ﬁ ergeat BY, Waighe MOTOBEEAr ¥ di um on
acti val gl eh2h §03oehobe 8 BhBourdler Hik KieRrolR Al pelcbahgel tywouah a pad of
Celite and the sol vent was removed in vacuum The residué was di ssol ved in

form c abkidlgbasedntomhdompesitieh.at 5 100C for 45 nin and then kept at
anbi ent tenperature ovegni ght. Exces c acid was renoved under
¥ CHER

of, the form
reduced pressdy BerapREiGa W%ﬁ@%ﬁ%ﬂaﬂfwgﬁ%%%fe HEHY  and
treated w a HITB ko L anraldid?Be Abe, Wwaghta@dm n fol | owned
by evapoﬂﬁragﬁeg%%ﬂ%eﬁ’eﬁfaeati I glg%vgpu(rn:i@l cg{éi' o_rll %yeg%l urmgchr.omat ography on
si li ca usésponsti afttheindiveduspaticdng amd ttterpostedwithinghe eeniext afdlcdipease

| - (2-hydroxyet hyl) - | benzi.m dazol e- 7- boxyl at e, . °%.. 9. M5

(ES o bkt Dinktreattd v b e e Becyy S ety uigfeh 9

H, 3.96 (s, :Wffﬁlg tlgeog&pé bg_ th%ﬁe%ﬁoiﬂis the ukd of afyF3mdpbund sfF&duitiz] asl H) 7. 84
, S

- 7.91 (m 2 H : , . D. To a solution of nethyl
| - ( 218y ddefiget dhpivy for thoenrihrtsref empdicape®xyl ate (2.83 g, s 12.8 nml) in

acetone (140 nj,) a.sol.ution of . ; ghgantrated
H2SO (1.77 m 1%?1“’ e ef@p%%fm%g%rgégés?t@wgelgfe% |t naé) ygﬁfgw sol ution was

stirred atiopmbinenhfienpef amedament for thewhdirhgy ¢fymimi xt ure had changed col our
to blue green, and then was quenched by the addition. of iso roq nol. The
vol atil es wer eAddaiienadlyl Providesdds thp Useif PR SPrERRY quﬁlé‘&tgﬁ%#}?lﬁ %?Ii ne and pH
of the s [ ' : hid ; R ERREShsSRE L &
bi car bongtlééﬁla%%%%?%g(gg%n‘\%gsf&rtg%g%g%glt dﬁggtgésa%ngd W t h Set hyl %’cet ate
cont asni it bblimeitdvanolacutBrpyinn ghrohictpaen, oegapitbicplais badi pdin.gedéarpasul f at e,
evaporation of solvent and purification of the residue by col um
chr omat og"PﬁﬁWer@ﬁp%}P-l ica using a gradi ent of 10-25% met hanol in
di chl or omet hane ratfondRre: §Be tivbhiforbR ERAAGH fohlfeé.la;gr dE48%bjechMmffdngE) nfz 235
[MtH . 1H NWMR (400 MHz, D20 d ppm 3.95 (s, 3 H), 5.17 (s, 2H), -

from any of the conditions discussed above, whereby an effective amount of a

compound according to the Formula I above, is administered to a patient in need of
20  such therapy.

Additionally, there is provided a pharmaceutical composition comprising a
compound of Formula I or a pharmaceutically acceptable salt thereof, in association
with a pharmaceutically acceptable carrier.

Particularly, there is provided a pharmaceutical composition comprising a

25  compound of Formula I or a pharmaceutically acceptable salt thereof, in association
with a pharmaceutically acceptable carrier for therapy, more particularly for therapy
of pain. ’

Further, there is provided a pharmaceutical composition comprising a
compound of Formula I or a pharmaceutically acceptable salt thereof, in association

30 with a pharmaceutically acceptable carrier use in any of the conditions discussed
above.

In a further aspect, the present invention provides a method of preparing the

compounds of the present invention.
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s 7.57 (t, J=7.95 Hz, 1 H), 7.96-8.05 (m 2 H), 879 (s, 1 H. 3)
(T-Cyano- | H benzi m dazol -1 -y*acetic acid A

2- [ (2- Hydwoxyetd3ydspamn no] - 3- ni trobenzonitrile A sol uti oRCESE2005/001405

2-chl oro-3-nitrobenzonitrile [prepared as described in WD 97/38983] (0.26 O
g, 1.4 mol) and ethanolamne (0.22 nL, 3.5 muol) in dry ethanol (3.8 m)
was irradiated in a mcrowave oven at 135 0OC for 180 min. The reaction

m Xture was cdneenémbbddithent)derinvadioagroydesssproesss Torepresingwe was di ssol ved
in ethyl acetate,_ the organi c phase waswashed with potassiumbisulfate (0.1
M, wat ercoﬁlﬁﬂmﬂjr‘i’frfé’,m’&f% OB Ea2SO4 and concen trated. Purification was
performed using flash chromatography on a silica colum and 25% et hyl
acetate in heptane as an eluentQte yield R?

2-[ (2- hydroxyet hyl ) am no] - 3- nR1t-rT°p’b, 0.28 g (95% . 1H NWR (400
MHz, CD3CN) d ppm 3.00 (t, J=4.8 Hz ) -+ %368 (g, s J=4.7 Hz, 2 H), 3.81
(m 2 H 6.70 (dd, J=8.6, 7.6 Hz, 1 H), 5 (dd, J=7.6, 1.5 Hz, 1 H), 8.28
(dd, J=8.6, 2.0 Hz, 1 H), 8.41 (bs, 1 / B.

3- Ami no- 2-[ (2- hydr oxyet hyl ) am no] benzponi §rile To a sol ution of

2-[ (2- hydroxyet hyl )am no] - 3-ni t robenzén¥trile (1.55 g, 7.5 mol) in a o

m xture of nmethanol (30 m) and water (15 m) sodium acetate trihydrate (56
g) was added. To this mxture titani ubntrichloride (65 nmL, as 15% sol ution

in 10% a Pﬁ&%ﬂ i i 20 m n. The
resul ?ngg%alrga?%toﬁ%ioms aqdlg\%celgj\,\étg&sl |erog?6rlgﬁfdi?Pli’onal 2 h, and then

carefully neutralized with saturated aqueéliﬂ;s sodi um bi carbonate. The solids
were filtered off, and washed with ethyl Haxcetal en The?*conmbi ned organic
phase s was washed with water and brine, dri \a SO4 and concentrated
yi el di ng 3-am no-2- [(2-hyds§oxyethyl)am no] be N tRfiR°e (1.23 g, 93% that
was used in the next st without further purification. Ms (ESI) mz: 178
[MEH] . C |- (2- Hydrox@%w benzi m dazol g=7{carbonitrile O

3- Ami no- 2- [ (2- hydr oxyeNhnyl Yanrp] benzonitril e\ ( g, 5.4 mmol) was

di ssolved in formc acid (3 m) and irradi atef 7n microwave oven at 135 C
for 2 h. The m xture was ﬁool ed and treated w thyg7% hydrochloric acid ( 1
m) at 5Q0C for 0.5 h. The-volatiles were re nov under reduced pressure.
The resi duBowedbpaedtingthaadciiat productetityMeadéad sutaeghestly withaR @ aqueous

resi oo vad o _
sodi um bi carboRAl g g LML, PR U5 rashed i (h vater and brine,

10 Compounds of the present invention may also be prepared according to the

synthetic routes as depicted in Schemes 1-5.
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5 dried over sodiumsulfate and concentrated to y
H benzi m dazol e- 7-carbonitrile, 0.9 g (90%. .
1B. NMVR (WOQoddiz363BMS0- D6) d ppm 3.81 (q, J=5.1 Hz, 2 BrI/st2®3/001405 J=5. 3
Hz, 2 H, 5.03 (t, J=5.1 Hz, 1 H 7.36 (t, J=7.8 Hz, 1 H), 7.76 (dd, J=7.6,
1.0 Hz, 1 H, 8.04 (dd, J=8.1, 1.0 Hz3 1 H, 8.37 (s, 1 H. 0D To a
solution of |-(2-hydroxyethyl)-|l -benzim dazole-7-carbonitrile (0.86 g, 4.6
mmol ) in acetone (150 m) Jones rSekgperit (a mixture of O3B 0.5 g, 5 Mol ;
H2SO4 0.5 nL in a mninmal anmount of water to forma cl ear solution) was
added. The reactl ogiMPﬁC?g‘M ewgs _stirred fegucmn guenched with 2-propanol (2

ase, e

m) and cg mat &ont <. caizoqua er of tHro,\,n ﬁt@ﬂc vol Un#. The resi due was

partiti oned -agueeus—potassi am Il\l\})ﬁglyf ate (0.1
M. The aqueous’ pith extra N}-B & tiffes W|th et hyl take and the
conbi ned organi c ext WI th B‘EJ ng, "dried ove 2S0 and

concentrated. The &ty Fls| due d| SsQl.yed Pn a nixtur

di chl oronet hane (1 aﬁ;/g 1&%%8 triethylam Ba@e(gZDmd’%, and the resul ting slurry
was | oaded onto a fTa i ca col um afi"elutdd with a mijxfure af

di chl or onet hane/ met hanol /triethylam ne %2? :Iﬁm,;lm Fracti ons [eental ni ng
product were pooled, diluted with di oxas®enf QQDMTH%) eva or atsget e THr yness
and dried in vacuo at 40 C to yield the 9B PHr et (7-|Cyano- |

-benzi ni dazol -1 -yl )acetic acid, 0.36 g 29U 2. 08 (ESI) mz 202.0 [ M+H] . 1H
NVR (400 MHz, DVBO-D6) d ppm 5.31 (s, acllayeokn Bdfing daliecd=8. 1, 7.7 Hz, 1 H),
7.75 (dd, J76 0.8 Hz, 1 H, 8.04 (dd, J=8.1, 1.1 Hz, 1 H), 8.38 (s, 1
Hy, 13.43 (bs, IH). 4) (T Acetyl -1 H benzim dazgl -l -ytyacetic acid A

| -[1-(2-Hydroxyenyl)-| -Ben®i m dazol - 7-yl ] ethapone. A spl ution of

1- (2- hydroxy ethyl)- I/h@e@z’f 2>CJ_I@R47 c ﬁb&l@l l e ‘Cm@iﬁ mml) in
dry THF (6.2 m) was cooledto Cwnd MéLi (5.8 m_, 9 ' was added
slowy. After the addition the r tion mexture—was all owe o warmup to
anbi ent tenperature and kept su€h ¥or 30 nMiden ddr@tnthe te rature was
brought down to -78 C again and ter (4 nmale dasnadded sl 8 y. After

warm ng up the reaction m xtu ég,@&ﬁgg‘a&hdi fied to pH 4 and heated at 50 C
for 30 mn. Solvents were re wed.., under reduced pressure and the residue
was partitioned between et hyl acétate and ag. NaHCO 3. The organi c extract
was further washed with water |and brine, dried over Na2SO4 and
concentrated. Purification wag b2 eg Hunigsbase

ield |-(2-hydroxyethyl)-I
M5 (ESI) mz 188.1 [ MtH]
1
8
3

G, R1, R2, R3and R*are as defined above.
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performed on flash silica colum using ethyl acetate - nethanol as the
eluent. Yield 0.25 g (80% . Calculated for Cl!HL2N2G3 m z: 204. 23, found
205. 23 [ Mvbl2606/0BB638IVR (400 MHz, DMSO D6) d ppm 2. 67 (s, P8TIE285md140%, J=5.1
Hz, 2 H 4.41 (t, J=5.3 Hz, 2 H) 4.77 (t, J=5.1 Hz, 1 H) 7.29 (t, J=7.8 Hz,
1 H) 7.78 (dd, J=7.6, 1.0 Hz 1 H 7.88 (dd, J=8.1, 1.0 Hz5 1H) 8.20 (s, 1
H. B. The title conpound: ‘(7 acetyl -1 /f-benzi mdazol -1-yl)acetic acid, was
prepared and iso |lated as a trSdelmgRammoni um salt according to the
procedure described for the synthesis of :
(7-Cyano- | H benzi m)d@lzol-l-yl agetic acid (part D). Yie d 116 ng (30% .

Cal cul at gl _fQr 4a,1HE 18. 21, f’g%ﬁﬁ‘ "ia [M+ . 1H NI\/R (400 MHz,
DVSO- D6) dm Jaz_(_:__;_z ”I;m m (m 6 H)
4.91 (s, 2 2429w, J =7.8 wH) 27. ‘7 (d J 7 6 hi) EZZ 81 - 7.85
(m 1 H 816 (s, 5Y%V8e5) (7-Ryd di n- B benzi mi dazoP-1 -yl )acetic
acid A Methyl (7-fr | H-bengi m dazol - Y}4,I<)acet ate Tof(a sol ution of
(7-bromo-|1 H benzim ol \h,-yl)acetic agagedegt.mAQt hyl am ne It (0.42 g, 1.2

mol ) in methanol (20 e’.E!ELN cone. H2SO4 ¢oPenBea§iC.as added and the resulting
‘m xture was heat ed e dief | ux for 2 h“’“e%lf P&; cooling the mixture was
concentrated to 1A ehkingmigicnal Q vol urresoaam mﬁFtl ti oned het en Eyl
acetate and aq. NaHCO8. The organic ext F%‘lﬁfeﬁ%{é ?U”rT't’her 08kt h Wat er
and brine, dried over Na2SO4 and concentet el O g (97%

Cal cul ated for CLOHOBrN2O2 miz: 267.99, il %@? +. 1H NMR (400
MHz, DVBO D6) d ppm 3.72 (s, 3H)542(s 2 715(t -7.8 Hz, 1 H
7.41-746(m1H)76(de .1, 1.0 Hz LOH)825(s 1 H. 5B

Met hyl (7-pyri di n-2-yl - fopbe J-I-@afp te ;l,',b m xt gre of nethyl
(7-bromo-1 -benzim dazol -1 -9I m@r@( 108/ 'y, Pd)(—&Eﬁb) a 2 (12
ng), copper(ll) oxide (32 ng) in (1. 6__)_J.Ln_d_ei arg (g

2-(tributylstannyl) pyridine ( m., 0.4 xemmlAl in DMF 4 mM) was added
in one portion. The O reaction ture was Yg gt 100 or 23 hin a
seal ed vial. The vial was cool @pFeQihd gfeneas aﬁtg {2 e contents were filtered
and concentrated. Purification Was pe ornmed on flash silica colum using
hept ane -ethyl acetate.

base, e.g. Hunig's base

Q

r—g-N
O
o)

G, R!, R2, R¥and R* are as defined above.
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ield 56 ng (52% . Calculated for C15H1I3N3O2 nfz: 267.10, found 268.12
MeH] +. 1H NVR (400 MHz, MeOD) d ppm 3.42 (s, 3 H 5.02 (s, 2 H 7.33 (dd,
7.3, 1.\80oMmge/0B3éds 7.39 (t, J=7.8 Hz, 1 H) 7.43 - 7.50pCmsEloosoidod9 -

66 (m 1 H 7.79 (dd, J=7.8, 1.3 Hz, 1 H 7.91 - 7.99 (m 1H 8.16 (s, 1
H 8.58 - 865 (m 1 H. C (7- Pyrldln 2-yl -1 -benzirn'dazol-l-yl)acetic
acid triethylamne salt. Methyl (7-pyridin-2-yl-

- benzi m dazol -1 -yl )acetate (50”?‘?@33 0.19 mmol) vvas dissolved in Q3 nL

met hanol and 2 Maq NaOH (3 m) was added. The resultl ng sol uti on was

heat ed at gth; the ¢ rrpl %;geqwm pydro N@ 23, d pchen
SN

M
[

J=
7.

concentrét’cé‘ Ro 54l,aq. HO ,
concentrated to (?ry SN R"chen redl ssol ved |n a m xt ur eof f‘c'?‘ul or onet hane (5
m ) andtrlethylamne .7 m) and the resulting slurr s | oaded onto a
flash silica colum eluted with a m xture_ of dichl t hane/

net hanol / tri et hyl am ne 84:15:1. Fractions Eont&l*hifAg product were pool ed,

di luted with dioxane (10 nl), evaporated tc@ dry ess anndbdsed under vacuum
at 40 Cto 5 yield the title groduct, 31ng (470 eiinessl @iced for CLAHLIN3OR
m z: 253.09, found 254. Jfafi| @)1

5, 6- Di hydr o- 4H-i mi dazo[ 4, 5, | -} ..n«>4-,(car boxylic acid Hydrochloride
A. Methyl 8-amno-I, 2,3, 4- tetrahydrooq o Rh®- 2- car boxyl ate i o Pal | adi um on
carbon (10% 54 ny) was added to a sol n of methyl

4-chl or 0- 8- ni troqui nol i ne- 2-carboxyl ate X127 ng, 0.476 mol) in ethyl
acetate (8 ml) and nethanol (8 m), and The mixture was hydr ogenated at 1
atmosphere for 40 min. Th tal vst.was, tered off, and platinun(lV)

oxi de (56 ng) was added tge%%e W% rs\gqidlbblyhe m xture was hydrogen ated over
3 h at 1 atnosphere. The alyst was filtered off, and the filtrate was
concen- |5 trated in vacu@ e i7 eSidertrEcyRlses pesr infRiRg Y R8PS m

chromat ography on silica using hep tane/ethyl acetate, 60:40, as the el uent
affording 28 ng (29% vyi el d)s Aof-Ot dvdaleget | e conpound as a yellow oil. M5 (ESI)
mz 207 [MtH . 1H NMR (400 MHz, DMSO-D6) d ppm 1.95- 2.00 (m 2 H),
2.50-2.54 (m 1 H, partly overlapped with the DVBO peak), 2.60-2.67 (m 1
H, 3.66 (s, 3 H), 4.08-4.1 1 gagmed H), 4.39 (s, 2 H, 4.82 (d, J = 2.8 Hz,

1H, 6.22 (m 1 20 6.33 (t, J =7.4 Hz, 1 H, 6.38-6.40(m 1 H. B. A
sol ution of 8 anmo- I , 2, Sadh-elgata ahydr Oﬂui iong- -carbpxylate (28 ny,
0. 136 BocNH-L R - solvent, e.g. CH,Cl, NT R N—ﬁ‘ H
” \@[N R R o N r*R®
G G
RE-N=CO base, e.g. Hunig's base

solvent, e.g. CH,Cl,

G, R, R3and R* are as defined above.

@N%‘ is a C, gheterocyclyl as used in defining the R* above G

X is Acyl-O- or halogen
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mml) in formc acid (3 m) was heated at 100 OC for 1 h. The excess of
solvent was re noved in vacuo, and the residual oil was dissolved in a 6 M
hydr ochl owbdeo@missk3sol uti on and 25 heated at reflux for BOTSER0SHMEISO! vent
was renoved in vacuo affording 32 ng (100% yield) of the title compound as
a pink solid. M5 (ESI) mlz 203 [MHCB-H . 1H NWVR (400 MHz, DWVSO D6) d ppm
2.36-2.46 (m 1 H), 2.61-2.66 (m 1 H, 2.80-2.88 (m 1 H, 3.10- 3.16 (m
1 H, 566 (t, J =4.2H, 1%m™%7.41(d, J =7.3Hz, 1 H, 7.53 (t, J =
7.8 Hz, 1 H, 7.70 (d, J =8.3 Hz, 1 H, 9.63 (s,el H. 30 7)

(7-Chl oro- 6-4TR¢{ haxy- | H-benzi m deertolo-dzony| ) aget i/C, QBid_A_~N R
2-[ (2- ChI®FEE3 Bﬁeq%( &M%itrcﬁ&ﬁétﬁ\%“’%m nof@tE 5 T@At‘ﬁin of

2, 3-di chl or o-T - ffet ReXyN 4 Wi t r obenzene (225 ngy, 1.01 pl ) Rafid et hanol ani ne
(309 ny, 5.07 m‘ml)g’%et hanol (4 mM) was heated at r X overni ght.

Addi ti onal et hanol af (500 ng, 8.20 mmol) was added,z_gnd the sol ution was
heat ed for anot her . The solvent was rempved in vacuo, and the residue
was partitioned between water and et hyl acetate T QERaNHGu| ayer was
washed with brine, dried over magnesi um sul f at £, gfvﬁgrl\f-gét gIegdt vent was
renoved in vacuo. The residage Q\Rlprifi ed Qy col tm- ¢hr omat ogr aphy on
silica using heptane/et hles_g}:‘@é,’ '&;ﬁ(as an eluent affording 141 ny
(56% yield) of the title compound “as > rRakige solid. M5 (ESI) miz 247
[ MPH] . 1H NWR (400 MHz, DMVBOD6) d ppm 5-3.39 (m 2 H), 3.50-3.54 (m 2
H, 3.95 (s, 3 H, 4.8 (t, J =5.0 1 H, 6.75 (d, J = 9.6 Hz, 1 H),
7.10 (broad t, J =5.3 Hz, 1 H, 8.027(d, J =9.4H, 1H. B
2- (7- Chl or o- 6- net hoxy- | -QeR@azné magg%&Leaac}V;yl )et hanol The title conpound was
synt hesi zed accordi ng to #ibe,, 5§ 6Ce ey degcribed for the synt hesi s of
(7-Cyano-| H benzi m dazol AT >yl ) acetic acid, part B and C, starting from
2-[(2-chl oro-3- net hoxy-'6% oV Er dphenyeteragravies eed naa@ing thyReabaveo3 ng (74% . MS
(ESI') mz 227 [MtH . 1H NWR (400 MHz, DVMSO-D6) d ppm 3.72-3.76 (m 2 H),
3.89 (s, 3 H, 4.51 (t, XisAcBO6orhalgge? H), 4.95 (t, J = 5.3 Hz, 1 H, 7.10
(d, J =88 Hz, 1 H, 7.58 (d, J =8.6 H, 1 H, 805 (s, I H. C The
title conpound was synt hesi zed according to the procedure described for the
syn thesigioffoidal ECYRAG0L H benzi mi dazol -1 -yl)acetic acid, part D, starting
from2-(7- - 0-

hCB,; and hCB, receptor binding

5 Human CB; receptor from Receptor Biology (hCB1) or human CB; receptor

from BioSignal (hCB,) membranes are thawed at 37 °C, passed 3 times through a 25-
gauge blunt-end needle, diluted in the cannabinoid binding buffer (50 mM Tris, 2.5
mM EDTA, 5 mM MgCl,, and 0.5 mg/mL BSA fatty acid free, pH 7.4) and aliquots
containing the appropriate amount of protein are distributed in 96-well plates. The

10  ICs of the compounds of the invention at hCB; and hCBs, are evaluated from 10-point
dose-response curves done with SH-CP55,940 at 20000 to 25000 dpm per well (0.17-
0.21 nM) in a final volume of 300 pul. The total and non-specific binding are
determined in the absence and presence of 0.2 pM of HU210 respectively. The plates
are vortexed and incubated for 60 minutes at room temperature, filtered through

15  Unifilters GF/B (presoaked in 0.1% polyethyleneimine) with the Tomtec or Packard
harvester using 3 mL of wash buffer (50 mM Tris, 5 mM MgCls, 0.5 mg BSA pH
7.0). The filters are dried for 1 hour at 55 °C. The radioactivity (cpm) is counted in a
TopCount (Packard) after adding 65 pl/well of MS-20 scintillation liquid.

20  hCB; and hCB, GTPyS binding
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met hoxy-1 -benzi m dazol -1-yl)ethanol. Yield 40 ng (44%. MS (ESI) mz 241

[ MMH . The material was used as such without further purification in the
synt hesi swof2oddns3dzar get conpound. Synt heses of the interoediEai0880148371 nes,
8) thru 15) 8) 3-Methoxy-5-(nmethoxynet hyl)aniline

| - Met hoxy- 3- (et hoxynet hyl ) -5-ni trobenzene (197 ng, 1 mmol) dissolved in
nmet hanol (5 m) was hydrogenated over 10% Pd/ C at 40 psi for 2 h at anbient
t enper at ure. Mogah &8 recapiorifroth ReeeptaBibldglydh€B 1 )tdrhaugh (IR eteptero r enpve

the catalyst. The filtrate was concen trat 1nvcu | d
3- met hoxyesibtanss Bieyimalarg hawed s ﬁ@aﬁﬁggé ”%ﬁ%ﬁm DVBO- d6)

?bfp? 3 Jégmée%neegﬁ%n% ity ip i bypis Bhal bt et'lso r'é&\@ﬂieé%r 26 . oAl
H, 6. 95NabH, 168 nMMaCL11 EAM BID T (MM M GHE iy Tt esr(/aBSA) lmemb hyl )ani | i ne
To a stirred solution of C[13 ni tro-5-( tr|fI oroggﬁ{r%/}éig met hanol (221

ng 15 mrémé Ejuan of te compeppdsofdhe mvp%t}pnoafres whiale ide (IM 1.1
) h
o de - ( FiBbsg Ly bEoER RRGEHickine fordl Al MhAlbal ﬁ"“gﬁnﬂ?‘?m e
t enper at llO(ﬁ)O@nIBO@eG dpini offEEP S 8 parchetillt (0diat0. 2+ #M). TThke baset Urdemwamahuenc hed

wth water and extracted w th chl rofo The ex ve

di um sul plavletedanding Setetratnsg i 8??&8"0 IﬁF@%PtL@% %@%@ :]I\géd\}gurirfisgd
Chfomﬁto 2 ﬁs]ésyzl%nz s é&ﬁzegﬁ'm%aﬂoﬁl@@@a@é MlLinagited @r b mihees ane as an
el uent t met hoxynet hyl )- 3-nitro-5-( r|fluororrethyl)benzene (130

?3 'Izo%%) w11[h|-56|\J!\RLM4(®OIBMB-IDr 100ELRS] (MO MDP mor(te disgritptiondn plates (12 H), 7. 93
I~ (Met hoﬁs’irats‘?%ﬂ?ff Jo e flemy G5 finafy, TheR Aty pisoresisned PbiBemRateyor o) was

hydr ogenghegn@éght rbOfbt ﬂ?&aﬁire AQtepsd ord tgmfﬂtefs @F/Ba(pbdsesitediampearptvithe. The
reaction mxture was filtered through Celite to renove the r%lz%/}al yst. The

filtrat e theEomisn ot Reckardbarvestrasing mbokwashgputter (50 mM Tris, 5
T OSSPSR 9L R B0 Py 5950 ikt 1 (100 1
H . 8594 ddbackivity Bprd)Ad chudtst AE TepCoubnt (Rabkardy affeetabiyting rﬁﬁ@ﬂ)&ﬁ*e]lleifhano ne
3-Amino-5-(trifluoronethyl)benzonitrile (186 ng, .1 nmol) dissolved in THF (
1 m) wadvS-20 scintillation liquid. Antagonist reversal studies are done in theé same way

except that (2) an agonist dose-response curve is done in the presence of a constant

concentration of antagonist, or (b) an antagonist dose-response curve is done in the

presence of a constant concentration of agonist.

20 Based on the above assays, the dissociation constant (Ki) for a particular
compound of the invention towards a particular receptor is determined using the
following equation:

Ki = ICso/(1+[rad}/Kd), .
Wherein ICsp is the concentration of the compound of the invention at which

25  50% displacement has been observed;

[rad] is a standard or reference radioactive ligand concentration at that
moment; and

Kd is the dissociation constant of the radioactive ligand towards the particular
receptor.

30 Using the above-mentioned assays, the Ki towards human CB; receptors for
certain compounds of the invention are in the range of between 1 nM and 2897 nM.

ECso for these compounds are in the range of between 0.58 nM and 7647 nM. Emax

for these compounds are in the range of between 72% and 161%.
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treated with nethyl lithium(1.4Min THF, 2.15 m, 3 mmol) at -780C. The

m xture was allowed to reach gradually -200C and stirred for additional 0.5
h. The nmwbDun&/0ssa3quenched with water, acidified with pgdrseedsooisos acid to
pH 1-2 and warnmed gently to 40- 45C for 0.5 h. The m xture was neutralised
w t h sodi um bi carbonate and extracted with chloroform The extract was
dried over sodium sul phate and concentrated in vacuum The crude product
was purified using preparative HPLC to yield |I-[3-am no-5-
(trifluoronethyl)phenyl]ethanone (108 53 % . Cal cul ated for COHBF3NO
mz: 203.2, found 204.1 [ MrH] +. B 0 MHz, CDA3) d ppm 2.58 (s, 3
H, 3.71 (br.s, 2 H, 7.07 (s, 1 H, 7.39 (s, 1 H, 7.52 (s, 1H11)

3- Met hoxy-5- (tetrahydrof uran-3-yl oxy)aniline A

3- (13- Met hoxy - Theidveptbrewilkfurihes badssdrinddinaioré dsaility thafdfovdagt hy|

azodi car boxyl ate (40% solution_in toluene, 371

C , 0.85 mmol) in
t et r ahy dEsfmplen whishrdeseribe faethadriuherely comapaunds BEE’GfPr%Sf’WE‘PHW{?p@aﬁ'i t r ophenol
(111 ny,,5 0. j j ; lpk, and
3 hydr ox{¥ BfePg%ﬁgﬁ@i%@a%ﬁdé%a%{i Bg’?‘%&%f@%%ﬂh@hﬁ? e (2 ). The
react i onceigtined @s Wastimstthe irv@nddén.anbi ent tenperature for 4 h. The sol vent
was renoved in vacuo, and the residue was partitioned between a 1 M
sol ution of sodi um hydroxide and ethyl acetate. The organic |ayer was
washed “‘E’x?rr@:lell'v' sol ution of sodi um hydroxide followed by a saturated
sol ution of 'soo” di um bi carbonate. The organic | ayer was dried over
nMagnesi uiv-61 [ 2@ Band-1-[(d,4sdifnenacyelabexdymethull: Hi-pgadsnidazod-Sr esi due was

50: 10. * sobme DS BN POt Do 00 vi cif) of the titie

conpound as a pale yellow sq&i@/ﬁ%ﬁl) mz 239 (M+) . 1H NWMR (400 MHz,
DMSOD6) d ppm 1.94-2.01 (m , N-2IN2.30 (0 1, H), 3.74-3.83 (m 3 H),
3.86 (s, 3 H, 3.87- 5 3. (m Ho 52>1_L<m 1 H, 6.96 (t, J 2.3
Hz3 1 H, 7.31 (t, J =2.0 , 1 H, 7.34 >N J 2.2 Hz, | H. B
Pal | adi um on carbon (5% 30 ng) was added to 3 sol ution of
3-(3- net hoxy- 5-ni t rophenoxy) tetrahydrofuran<(100 ng, 0.418 mml) in
ethanol (5 m) and ethyl acetate ( 1 m), d the m xture was
hydrogenated at 1 atnosphere for 1 h. T af al yst was filtered off, and
the filtrate was concentrated in vacuo affording 87 ng (100% yield) of
3- net hoxy- 5-

Step A: N—(l-{[{2-tert-Butyl—1-[(4,4-diﬂuorocyclohexyl)methyl]-1H-benzimidazol-

5-yl}(methyl)amino]sulfonyl} piperidin-4-yl)acetamide

O O
n ' H n |
H2N N—ﬁ—N N N N—ﬁ—N N
S R A
N N ‘

___->

15 F F
Acetic anhydride (2.0 mmol) was added into a solution of triethylamine (2.0 mmol)
and 4-amino-N-{2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5-
y1}-N-methylpiperidine-1-sulfonamide (crude product from step J, 0.9 mmol) in
CH,Cl, (20 mL). After being stirred at room temperature for 1 hr, the reaction mixture

20  was concentrated under reduced pressure. The residue was then purified by silica gel

chromatography (AcOEt to MeOH/AcOEt (1:9)) to give N-(1-{[{2-tert-butyl-1-[(4,4-

difluorocyclohexyl)methyl]-1H-benzimidazol-5-

y1} (methyl)amino]sulfonyl} piperidin-4-yl)acetamide as a solid (235 mg, 48 % for
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(tetrahydrofuran-3-yloxy)aniline as an oil. M5 (ESI) nmlz 210 [MH . 1H NMR
(400 MHz, DMSO-D6) d ppm 1.88-1.95 (m 1 H), 2.10-2.19 (m 1 H, 3.62 (s, 3
H)y, 3.70-8w08bos(u3B634 H), 4.83-4.86 (m 1 H), 5.05 (s 2 Prr/sE2@4/00t405 = 2.2

Hz, 1 H, 572 (t, J =1.9 H, 1 H, 5575 (t, J =1.9 H, | H. 12)
3-(2- Met hoxyet hoxy)-5-(trifluoronethyl)aniline A 1 (2- Met hoxyet hoxy) - 3
-nitro-5-(trifluoronethyl)benzene The title conpound was synt hesi zed

accor di ngebOALTRE 1 wﬁctuomvﬁeé OD-0a] TR sdlf) & 182/81(1h,eﬁi)$ IGOdf 76 (m,

3- met hoxy-5- (t etrahydr of ur an yl ox iﬂnlllne art A, %éméfrom

3 it or BEDL 164 61 900 G A Do AT, S0 4 o7 Rkt S5 48 1o (5009
1H NWR t k),
3. 6o- 3, 750 s e R3b & PSSy, 66“*9*40"%%%?@&?"7"”%@? R
Hz, 1 I—I)788(@51=e|g]01;lzl-1)1~1) B. 3-(2- Met hoxyet hoxy)-5-(trifluoronethyl)aniline

was synthe5|zed according to the procedure described for the synthesis of
3- methoxy- 5- (t et rahydrof uran-3-yl oxy)aniline, part B, starting from

45 S GRS ) oot o B

3.61-3.64 (m 2 H ,H,Qoi4@ 5(m 2 H, 556(sH2H) G831 (s, 1 H, 6.35

(s, 1 H, 6.45 (s, -
3- Met hoxy-5- (tetrahydr g- 2-yl met hoxy) ani | pne
2-[ (3- Met hoxy 5- nltrophenoxy) met hyl] tetrahy drofuran Fhe title conmpound

was synt ge@' g 'P -an§1 né@ }%gg&?%& ﬁd&ﬁﬁﬁgbﬁﬁﬂiﬁ&&&l@@ jggesi s of

3- net hox ani 1 ne starti from

2- (hydr owmnyht)robmttembwdﬁmé lﬂlﬁﬁeao‘ﬁbﬁhﬁxﬁlﬁeﬂfwmgst(rﬁﬂp@t rocwaste(n@e)ratnrez 253 (M)
.1 NWR (400 : Hm1641 % I-g ” 2.04 (m 3 H,
3. 6518 7 or(zﬁx ’ﬁhqthﬁqgsojaé vgasg:g %qﬁd q_ndl_gnedgng Yo to ) el_ﬂw 1 e@@mao (m 1H),

£7l gg £7l %?‘émg %0({3 }ghﬁ@{ﬁﬁet hoxy ;ilDt t?gﬁg rf)%}l} jn%Z(%ilI:inlgb'tzgoxy) ani | i ne was

synt hesi Mda@mrﬂsmgm;pmmazp(@wdme AESHej bEY. for the synthesis of
3- met hoxy-5-(tetrahydrofuran-3-yloxy)aniline, part B, starting from
2-[ (3-met hoxy-5-nitrophenoxy) net hyl Jtetrahydrofuran. Yield 85 ng (97%. M

T T s i L S v a%%*( ey 3. 745,82 (m 3’4,

4.06-4.12 ( rm
Yoo — Yo

© F
Sodium hydride (2.40 g, 60 mmol) was added in portions to a solution of N~(4-fluoro-
3-nitrophenyl)acetamide (7.93 g, 40 mmol) in THF (120 mL) at 0 °C. Stirring for 20
min, iodomethane (17.0 g, 120 mmol) was added. The reaction mixture was stirred at
room temperature for 2 h, quenched with saturaed NaHCO; (30 mL) and extracted
20  with EtOAc (3x100 mL). The combined organic phases were washed with saturated

NaCl (2x30 mL). After ﬁltration and concentration, 8.73 g (100%) of the title
compound was obtained as a brown solid. "H NMR (400 MHz, CDCl;): & 1.92 (s, 3
H), 3.30 (s, 3 H), 7.38 (s, 1 H), 7.52 (s, 1 H), 7.95 (s, 1 H).

15

25  Step D. N-(4-{[(4,4-Difluorocyclohexylymethyl]amino}-3-nitrophenyl)-/V-

methylacetamide
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1 H, 503 (broad s, 2 H, 567 (t, J =2.2Hz, 1 H, 574 (d, J =2.4 Hz,
2 H. 14) 3-nmethoxy-5-(tetrahydro-2J -pyran-2-ylnmethoxy)aniline D isopropyl
azodi car bayeb@ts3¢3e. 19 rnL, 0.99 nmol)) was added dr opwrs®/SEQ003/00048% Ur e of
-butyl (3-hydroxy-5-met hoxyphenyl)carbamate (196 ng, 0.82 mmol),

tri phenyl phosphine (259 ng, 0.99 mmol ), and tetrahydropyran-2-nethanol (124
ng, 1.07 nmml) in tetrahydrofuran (2.5 L) under nitrogen atnosphere. The
reaction mxture was stirred at roomtenperaturle overnight. The mxture was
partitioned between a 1M NaCOH sol uti on and W Al The organic | ayer
was washed with brine,| dr| ed (MgSO4) and evapbpr at ol_gl ve a crude pr oduct

whi ch was purlfled romator mat ogr gphy t® gi'we“em - but yl
[ 3- met hoxy-5-(tetra r -pyran 2- yI nmet hoxy) phenyl ] gar bamat e. Thi s
mat eri al vvastreate % sol ution of trifluor ti acid in chloroform

overni ght. After rermval of the volatiles in vacuu
3- met hoxy- 5- (t et rahydro-2 - pyran- 2-yl net hoxy) ani F 91 ng, s 47% was
i solated as an colourless oil. M5 (APCI) miz 238 [MFH]. 1H NVR (400 MHz,

e T bk Rityoraps cighaauedo Tpmiva TEA 58 (2 5Ekads M) i adidiobl’ 5 1)
3.71-3.79 %t@re éf&%(zt éﬁmﬁ‘gg rﬁ§8@§e§@ g%ro gl&e%lﬁﬂ@% Kb, 29668mBD6hRd(M 1 H)

5.73-5. 74" xyet hoxy)-5 Mot hoxyani I'i ne The
title COIDIBBAd(lVESmiyﬁtmemnmé)dmaE@i dlﬁwgmlt)cattrh@nptcmp@fduw Tdesendtivad for the

Y om B or EuistHEy VY BERGUPEAY st 0 ok BRI e BRIt Brodbdifas®t 87E1 10

2-isopro %0-860%8 0 \}e85‘55n/6§§3|’ offtie tRR6 [ M+H] .
1H NVR (%éﬁﬁ@%%ﬂﬁ%%&cme&%@ 7 gﬁ oA H)3.58-3 64 (m
6 H 3. 9@061p9®1dman2>r&1)ge-ﬂ§d@@hfl@34(y® W(E@B(MJ(H) §4L9@ 2 Hz, 1 H), 5.74-
575 (m 2 H). Synthesis of the target conpounds 0O CGeneral nethod. To an
i ce-cooled solution of a 7-substituted (|H benzim dazol-I-yl)acetic acid,

prepar ed @igp fe9(3-Aadna el 4-QifldoravgdiohexyDinetinl] aninnfpHedyBav-rl, 0. 56 mol )
and an appropriate amne (comrercially avail able or described in the

| i t erl@t ureetbylagetontilbed above, 0.2 mmol) in acetonitrile (2 m)

O (7-azabenzotri azol - 0 1-yV)-N,N, N , N -tetramet hyl Froni um

N NO, N NH,
T UL TG

F F
N-(4-{[(4,4-Difluorocyclohexyl)methylJamino}-3 -nitrophenyl)-N-methylacetamide

(855 mg, 2.50 mmol) was hydrogenated in ethyl acetate (50 mL) catalyzed by 10%

Pd/C at 50 psi Hj in Parr shaker for 18 h at room temperature. After filtration through

15  celite and concentration, 716 mg (92%) of a white solid was obtained, which was used

in the next step without further purification. MS (ESI) (M+H)": 311.99
Step F. N-{2-z‘ert-Butyl—1—[(4,4-difluorocyclohexyl)methyl]-1H—benzimidazol—5-

yl}-N-methylacetamide
20
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5 hexafl uoro- phosphate (69 ng, 0.18 mml) ) was added. The ice-bath was
renoved, and the reaction mxture was stirred at anbient tenperature for
0.5 -3 h.woheoem3xdsar e was quenched w th net hanol and thecrsEadoshesoner e
renoved in vacuo. The residue was puri fied by colum chromatography on
silica using a solution of 0-10% nethanol in ethyl ace tate as an el uent
affording the title conpound. Alternatevely, the residue was purified by O
preparative HPLG on XTerra C8 colum (19x300 mm) ysing 0.1 M aqueous
NHAQAc/ CH3CN @s_nn gl ueg . Benzi m dazol e derivatj Ve coRpositions
cont ai ning the om;;w t3 on thereof and uses there I\ GROUND OF THE
| NVENTI ON 1. FDel d~\of ﬁe i nvention The inventidh i ed Mo therapeutic
conpounds, pharnmaceutical conpositions™contai ning these chnpounds,

manuf acturi ng procesgeg thereof and uses thereof. Partsedlarly, the present
invention is rel ated conpounds that may be effecti n treating pain,
cancer, nultiple sgterosis, Parkinson's disease, Hugptimgton's chorea,

Al zhei nmer' s di sease,F anxi ety di sorders, gastrointesti fal di sorders and/or
cardi ovascul ar disorders. 2. Discussion of Relevant Technolo?y,Pain
manage me Atintedsylveth chlonide €0129 anl.hl mypeel) &vas (dropveisk ASARY to RatolligR b noi d

receptor 0., cept or 2_rece N _Arnedaudi ni sts,
ant agoni é\{‘ é‘%ﬂ@o%m‘;’géh@tﬁfﬂ?ysc R ef?f@&ﬁc%ﬁél}e]}rlloggﬁ%&ﬁpjgﬁéﬂ%ﬁh%gd\?gra?et y of

ani mal  npgel Sig Y30 RlIeid IEND BB nIBL. Znehol) ieBRchleoaptians (10Genby @l |y, CB1
receptors are |located predom nately in the central nervaous sgst%nl wher eas
CB2 r%ceft’6r Tharesulting apiatirg wagaiired frfhi 4 OB L PPRERLI S AFEER CEERFA AT i | y
restricted.to the . [ iyved. g dmsneveleatitsey Wil e
CBl r ece|8 gfe Sé)gv(?ﬁlt’ﬁgs%eglgﬁggvagﬁ%gﬁtg %?g {édﬁ)\ég%glgagﬁ]a ]?)ﬁ%dld (D9-THC) and

anadani dgealéd @edistbed. Tihe anikivreogasc dpitedntnbI¥ICs in re derseatls Chemesjryt end to

exert undesired CNS side-effects, e.g., .p cgglacti e side teffe(:ts t he
abuse potSEHiSyNthedEeiEpER e REBIRAY 105 PEndde cé’flﬁ’.m HEEUER % si de

effects qrg eb%e& OndP@en dissolved in EtOAc (200 mL), washed with saturated sodium
10  bicarbonate solution, brine and dried over Na;SO4. After filtration and evaporation,
the residue was purified by MPLC using MeOH 5% and acetone 10% in DCM as
eluent on silica gel to give 570 mg (65%) of the title compound as a white solid. MS
(ESI) (M+H)": 378.23.

15 Step G. 2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-N-methyl-1H-

benzimidazol-5-amine

YO O

N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5 -y1}-N-
methylacetamide (570 mg, 1.51 mmol ) and conc. hydrochloric acid (15 mL) were
20  heated together at 80°C for 18 hrs. Upon cooling down to room temperature, the
reaction mixture was poured into ice-water (100 mL), brought the pH to13 by using
conc. NaOH and extracted with EtOAc (3x50 mL). The combined organic layers were
washed with brine and dried with Na;SO,. After filtration and evaporation, 459 mg
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medi ated by the CB1l receptors |located in CNS. There are |ines of evidence,
however, suggesting that CBl agonists acting at peripheral sites or with

i mted GMB200q033636€ can nmanage pain in humans or ani malpsTSERISOURNS

i nproved overall in vivo profile. Therefore, there is a need for new CBl1
receptor ligands such as agonists that may be useful in managi ng pain or
treating other related synptons or diseases with reduced or m ni nal

undesi r ajyog,)CHB (d Gele efdgiad VRESERARE QN ORvitdEsFENMBORE MBSTS Thie Hiesent

i nvention provides CBl receptor |igands which may be useful in treating
pain andeg-O‘bt her rel ated synptons or diseases. The term "al kyl" used al one
or as a suffix or prefix, refers to a saturated nonoval ent straight or
branched chain hydrocarbon radical conprising 1 to about 12 carbon atons.
|11 ust r aSteperexgpRlef-Bityhl {,4-difhoirodeclolbaxyl)arethylpd H-benizireiflaizol-5-C1- 4al ky!|
groups, such as nethyl, ethyl, propyl.. isopropyl, 2.nethyl-1-propyl,

2- met hyl é’ﬂ(mpﬂWB?mlnﬁlﬁﬂlﬂl})’ﬁ/@dﬁﬁf‘?}ﬁYHi‘mﬂa?511'.3'%1%trl‘%?tr% "cycl oal kyl ," used

al one or as suffiix or prefix, refers to a gaturated nonoval ent

ri ng- cont ai ni ngt!lhydr ocar bon radi cal C@NLgLﬁq |l east 3 up to about 12
carbon atons. Exa f ¢gycl oal kyl s S=ucl jide, e not limted to,

C3- 7cycl oal kyl gr M as cycl opropyl,” cy | /\cycl opentyl,

cycl ohexyl, and cycloheptyl, and satugated cyclic ang bicyglic terpenes. A
cycl oal kyl can be unsupStituted or substituted ople or tWo suitable
substituents. Pref e y, the cycloalkyl is a
ring. Theterm"a]J_. used al one or as a suf prefiX, refers to
radicals of the general formula -O-R wherein Rds,an al kyl|. Exenpl ary

al koxy includes nethoxy, ethoxy, prQRony, dﬁopr opo'tx‘y, but o¥y, t-butoxy, and
i sobut oxy. Hal ogen includes fluorine; E\N_@'J,\pe, brom ne, and iodine. "RT" or
"rt" means roomtenperature. In one ecty o | mgnt, af the invention
provi des a conmpound of Formula |, a pharnaceutics eptabl e salt

t hereof, diastereonmers, enantioners, or mxtures thgreof:

clic rijng or bicyclic

F
3-(Imidazole-1-sulfonyl)-1-methyl-3H-imidazol-1-ium triflate (508 mg; 1.4 mmol)
was added into a solution of 2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-N-
methyl-1H-benzimidazol-5-amine (300 mg, 0.9 mmol) in acetonitrile (10 mL). After

10  being stirred at room temperature for 2 hr, the reaction mixture was concentrated
under reduced pressure. The residue was then dissolved in AcOEt (60 mL), washed
with brine, and dried over Na,SO,. Removal of solvents provided a mixture (1:1) of
N-{2-tert-butyl-1-[(4,4-diflucrocyclohexyl)methyl]- 1 H-benzimidazol-5-y1}-N-
methyl-1H-imidazole-1-sulfonamide and 1-{[ {2-tert-butyl-1-[(4,4-

15  difluorocyclohexyl)methyl]-1H-benzimidazol-5-y1} (methyl)amino]sulfonyl}-3-
methyl-1H-imidazol-3-ium triflate, which was dissolved in dichloromethane (10 mL).
The resulting solution was treated with methyl trifluoromethanesulfonate (0.5 mmol)
at 0°C for 2 hr. The reaction mixture was then concentrated under reduced pressure to
give 1-{[{2-tert-butyl-1 -[(4,4-diﬂuorocyclohe;cyl)methyl]— 1H-benzimidazol-5-

20  yl}(methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium triflate as a solid, which

was used in the step I without any purification.
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wherein RL and R2 are each independently -H, C3-6Cyd Qall Cyl, and

Cl- 6al kyl, wherein said C3-6c¢cycl oal kyl and C -6al kyl used in defining R1
and R2 i swopbee3adasy substitutedby Cl-6al koxy, C3-6cycl ealrlsgbosadrdaryl ,
-C(=0-)R7, C(=0O-NHR7, wherein R7 is selected from Cl-6al kyl and
C3-6cycloal kyl; Gis selected from-CH 2-, -0-, -CHF-, and -CF2-; R6 is
selected from- H and nethyl and R3, R4 and R5 are independently sel ected

from fl uggg, BReBRECANIL- 2Pt?tlilﬂi BL-[@pagiurotycldtiexshmheBYIpIHEOrnul a | are
each |ndepéei)ndentl W {L.{ C tIbn aEnot her enbodi nent, Rl and R2 of formula

| are | n&e;wndéam{ﬁ-ﬂﬁﬂ@éhﬁ mingisulfonyHpineyidin-drlicarbamate: hoxy! et hyl |
benzyl, cycl opropyl methyl, isopropyl, butyl |S@b tyl and propyl vmth a

prOV| so that R1, andd?Z are not both - H H errbodl nt, G of formul a
is selected NB\N and - fl(t)rth di G of
forrrula | is selhectgfj | ~ and - - . InTan rt er enbodl ment ,

es @

the i nvention provi , sel e d from N-

[2-tert-Butyl-1-(cycl ohexyl megzhyl ) - 1H benzi m dazol -

trimethylsulfamde ; N-[2-}e t-But—y-I—i>(cycIohexyI

- benzi m dazol -5-yl]-N , N t hyl - Nmet hyl sul f am d«?:

[2-tert-Butyl-1-(tetra 8-ZH pyran- 4-yl net hyl ) - 1H—b nzi m dazol -5-yl]-N, N
- diethyl- N-methylsdl fam de; N

[2-tert-Butyl-1- (tetrahydco 2H pyr an- 4- yI met hyl ) - 1H-ben2|mdazol 5-yl]-N, N

- b tryd 2N 2-t

t - but ;/is( - f? e{] te% lé) py@]%oyfrré P?t?’ﬂ'ygli' A% m dazE)I 5?;I ]-
N, N - di W&ﬁﬂh}ﬂrﬁ@ct@ﬁkﬂ%eﬂbly]]ﬂﬂ b(fﬂziIBifﬂlayél SlyK}(methy})gmm}sm-fonyl}J-
-pyran-4-yl met hyl ) - 1H benzi m

(cycl opr dBShvlekfjiidaelg-ugy aé%%éﬁi%@ﬂhﬁ%@ﬁ&w Rymo)And dert-
t-butyl - ]bhﬁ}ll%ﬁﬂe?iﬁﬁfjﬁ 9/10%1’521%’%@@06'@%,@ oty hhIBERZ DOkl §Z@ls Heated for

1 hr at 80°C. The reaction mixture was then concentrated under reduced pressure to

give crude tert-butyl (1-{[ {2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-14-

10  benzimidazol-5-yl} (methyl)amino]sulfonyl} piperidin-4-yl)carbamate as a solid,
which was used directly in Step J.

Step J: 4-Amino-N-{2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-
benzimidazol-5-yl}-N-methylpiperidine-1-sulfonamide

Q1

l}

LOF o A
_ﬁ

F
15 F

A solution of tert-butyl (1-{[ {2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-
benzimidazol-5-y1} (methyl)amino]sulfonyl} piperidin-4-yl)carbamate (crude product
from Step I, 0.9 mmol) in 10 mL CH,Cl, was treated with 10 mL TFA at room
temperature. After being stirred at room temperature for 1 hr, the reaction mixture

20  was concentrated under reduced pressure. The residue was then dissolved in AcOEt
(60 mL), washed with Na,COj solution and brine, and dried over Na;SO4. Removal
of solvents provided the crude 4-amino-N-{2-tert-butyl-1-[(4,4~
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yl]1-N, N -di met hyl sul fam de; N
-Benzyl -N-[2-tert-butyl-1-(tetrahydro-2H pyran-4-yl net hyl) -
1H benzi mvOoaaes033633y1 ] - N- met hyl sul f am de; N-[ 2-t ert - But PCT/SE2005/001405
1- (tetrahydro-2H pyran-4-yl nethyl)- 1H beri zi mi dazol -5-yl]-N, N -
di met hyl sul f am de;
N-[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl net hyl)-1H benzi m dazol -5-yl]-N,
N, N - diffdo bmhsxg}ljm&m;deiH—benzimidazol-S-yl}-N—methylpiperidine-l-
N-{2-tert-Butyl-1-[(4, 4-difl uorocycl ohexyl t hyl ] - 1H benzi m dazol - 5-yl } - N,

N - smlfqrwﬁthiﬁm%mb‘émﬁ whed lfhﬁteP[PgWﬂtgP‘Ee/Ig&?&E?Pt}gl&-(tet r ahydr o- 2H
yran-4-yl met hyl)- 1H benzi m dazol -5-yl]- N, Ndi net hyl sul fam de; Methyl N
{2-tert-butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-1H -benzi m dazol -5- yl}
thyl) @xamplsl fonyl } - N-nethyl gl yci nat e,
{[{2-tert-Butyl -1-](4,4-difluorocycl ohe thyl]-.1H zj. g dazol - 5-
(mét hN-§ater Byl e @etyahyago 2 "PMW%SN%H%:‘X?{%T%F@#?@s]KB{N‘
2-t erﬁw ok%i({lfd?’nédf-}q.%lffbﬁ%%yd ohexyl ) met hyl ] - 1H benzi m dazol - 5-

am noJ su -

(et hy onyl N1-cycl opropyl - N2-nethyl gl yci nam de; N
tert-Butyl-1-[(4,4-difluo y&p ohexyl ) net hyl ] -1H benzi mi dazol -5-yl} -

N-et hyl - N-nethyl sul fam de; |N- N-35«N ahexyl nmet hyl ) - 2- (I
, 1-di fluoroethyl)- 1H benzim oz ab - 5- %but yl -
N, N - di net hyl sul fam de; and phar maceu afNy atceptable salts thereof. It

wi || be understood that when conpounds of the present invention contain one

AL N s
I A

or nore chiral centers, the conpounds he i nvention may exist in, and be
i sol ated as, enantioneric or diastereoNeric forns, or as a racem c m xture.
The present invention includes any pos e enantiomers, diastereoners,

racemat eg,, or ,m esnlhere Per g MLy € - aptically
active f§|t?%AthZE%réoH§'§3n tg?l%{dﬁg ﬁg@gﬁgﬁgng}%?’%‘gﬂﬂ?&fl? exanpl e,
by chi r alychrasmyigsapbliidinecpailfahhmidof a racemate, by synthesis from

optically active starting materials or by asymmetric synthesis based on the
procedures descriMRed t Rerleafter. It will Eakso?bé appreciated that certain

conpounds of the WN\[@N\;EKBy O'N_('SS—N\C[N\

N N /:
(}) (})
O O

Following the procedure in Step I of Example 1, 1-{[[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-yl](methyl)amino]sulfonyl}-3-methyl-14-

10

imidazol-3-ium triflate (crude product from Step G, 1.67 mmol) was reacted with
isoxazolidine hydrochloride (220 mg, 2.0 mmol) and Hunig’s base (0.72 mL, 4.2

15 mml), after being purified by silica gel chromatography by using 20-30 % AcOEt in
dichloromethane, to provide N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-
benzimidazol-5-y1]-N-methylisoxazolidine-2-sulfonamide (TFA salt, 807 mg, 88 %):
'H NMR (600 MHz, CD;0D) & 1.43-1.56 (m, 4H), 1.60 (s, 9H), 2.22-2.35 (m, 3H),
3.26 (t, J= 11.14Hz, 2H), 3.37 (s, 3H), 3.47 (t, /= 7.17Hz, 2H), 3.85 (dd, J = 11.26,

20  3.33Hz, 2H), 4.03 (t, J = 7.30Hz, 2H), 4.46 (d, J = 7.17Hz, 2H), 7.63 (dd, J= 8.70,
1.02Hz, 1H), 7.80-7.84 (4, J = 1.28Hz, 1H), 7.88 (d, J = 8.96Hz, 1H).

Step B: Methyl (4-fluoro-3-nitrophenyl)carbamate
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exi st as geonetrical isoners, for exanple E and Z isonmers of al kenes. The
present invention includes any geonetrical isoner of a conpound of Fornula
. It w Iwofueddses3sbe understood that the present invenPCUSE2NSOIRESSES
taut omers of the conpounds of the Formula I. It will also be understood
that certain conpounds of the present invention may exist in solvated, for
exanpl e hydrated, as well as unsolvated forns. It will further be
understood that the present invention enconpa all such solvated forns
of the conpounds tENthesENM@Gula | .Wthin the scope o he invention are
al so salts of the conp ds of theForfula | . speretl 2 pharmaceutical ly
acceptabl e salts of corpOupds of the present inven may be obt ai ned

usi ng standard procedures well known in the art, fof ekanple by reacting a
sufficiently basic compound, for exanple an _alkyl amne wt sui tabl e

aci d, foMetidehlosoformte §13.28d4ild0.3ammOoD) F@S&fig%f%‘oawﬁﬁ%%?@gp ly

accept abl,e. ani o | t I : SHi 0l e & N ondipg al kal i

nmet al (sGghﬁ)é%mgqgﬁ?eu%%%%@és’?g}t}éﬁ]&gffﬁjiolp('% gl%ﬁ? g(ﬂ;l‘rﬁ%g ﬁﬁ ’ﬁi%%e ear '?) h net al
(such as aad DEPEA 89 mS2R01 hindly. €Biid regetmnaninpoemas ofirredat ipoeseight.i nvent i on
having a suitably acidic_proton,_ such .a carboxylic, acid,or. henol wth
one egui \FhE selttiert waﬁtbgnKlalmedﬂ@mood@g?a&ﬁi%@ns@? %a%‘f’%qheﬂ%ﬁhww or

al koxi de gqug eaaﬁldtd?ﬁd%wp&ﬂhgﬁm% (NOindbivel was Smkémbked Hashe or gani c
am ne (such’ as choline or meghumne) in an aqueous nmedium followed by
convent i @rstucpuis ditecdy uead foe abrtistppesithouh figther pubibaitivnniieldn®.Tenpound of

Col vat o (#BRB0RH ol (fosiiian GHEAR GROaPERT S 8Y Gath, LZIE TS ="

hydr ochl fnic?ﬁ}»g?gd(doﬁ%”g% 1{%’%@1@@] =3CBt at@rf yaprate, mal eate,

tartrate, fret hanesul phionat & or/ ?-t ol uenesul phonate. W have now
foundot hat the conpounds of the invention have activity as pharmaceuticals,

in particul ar. as podul ator r. ljgan such ags agoni sts, partial agonists,
i nverse éﬁﬁhpsﬂﬂﬁﬁybﬁ¥ 58ﬁ?§8§“&¥%§f95%&@6?8%§. More particularly, the
CO”pou”dzrlxg%%l&gﬁﬂiﬂmgﬁkﬁﬁ&a%%met sel ective activity as agonist of the CBl

recept or re useful” 1n therapy, especially for relief of various pain
condi ti ons such as | H

O._N NO,
b Mo, T X
T (:[ S NH
F

Methy! (4-fluoro-3-nitrophenyl)carbamate (2.0 g, 9.32 mmol) and 4-aminomethyl

15 tetrahydropyran (1.28g, 11.2 mmol) were stirred in 50 mL of EtOH containing TEA
(2.0 mL, 14.0 mmol) at 75°C for 48 h. The solvent was evaporated. The residue was
dissolved in EtOAc and washed with aqueous 5% KHSO4, saturated aqueous
NaHCOj5 solution, brine and dried over anhydrous MgSO4. The crude product was
purified by silica gel flash chromatography using 1:1 / hexanes : EtOAc as eluent.

20 Yield: 2.53 g (88%); "HNMR (400 MHz, CHLOROFORM-D): 8 1.42 (m, 4.49 Hz,
2 H), 1.73 (d, J=1.76 Hz, 1 H), 1.76 (d, J/=1.95 Hz, 1 H), 1.88 - 2.01 (m, 1 H), 3.22
(dd, J=6.74, 5.57 Hz, 2 H), 3.42 (m, 2 H), 3.78 (s, 3 H), 4.01 (d, J=4.30 Hz, 1 H), 4.04
(d, J=3.51 Hz, 1 H), 6.48 (br.s, 1 H), 6.85 (d, /=9.37 Hz, 1 H), 7.65 (br.s, 1 H), 8.03 -
8.09 (m, 2 H).

25
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chronic pain, neuropathic pain, acute pain, cancer pain, pain caused by
rheumatoid arthritis, mgraine, visceral pain etc. This list should however
not be i nwerpesai3sstzas exhaustive. Additionally, conmpounegsTsE200880RaDESENt
invention are useful in other disease states in which dysfunction O CBl
receptors is present or inplicated. Furthernore, the conmpounds of the

i nvention may be used to treat cancer, multiple sclerosis, Parkinson's

di sease, Skl nasaRl B- Qﬂﬁ{@&[(tédriﬂﬁiﬂﬁﬂ-‘pydaméase anxi ety disorders,
gastrointestinal disorders and cardiovascul ar di sorders. Conpounds of the

i nvent i oylmethylswine]phenyliasubamateul at ors, especial ly for autoi mune

di seases, such as arthritieg, for skin grafts, rgan transplants and simlar
surgi cal needs, forH col | aq\?n di seases, vari ous ?rgl es |-{ use as

anti -t unmour ageﬁ | I"oviral agents. Cbnpougg’ § 2nventi on are

useful in di seaseost where degeneratfon or mon of cannabi noi d
receptors is present or i icated in that paradigm Thi thay invol ve the
use of isotopically I | l'ed versions of the conpoun the invention in
di agnosti c techni qued ang i nmagi ng applications suchlas positron em ssion

t onography (PET). Co hds of the invention are us for ,the treatnent

of diarrhoea, depression, anxiety and stress-rel ated di sorders such as

post-tr at;wr@thylc{381&1%1@545[(@Bt@ﬁy@l@rm-pp@ﬁmylmeﬂmﬂmno]ghm@ﬂ)aiartmﬂtea(md3et y
di sorder, social phobra, and obsessive conpul siive disorder, urinary

i nconBi nen§d$ mpme a{ardesseljva@m%&mé«pfﬂi@ﬁ%mt%ﬁ% arcatplyfig @amoumt ofc ough, | ung

oedenm, Y t d functi onal
gastroi nt ?s)? ?% I ssgréggé&agusgﬂ&as P(?Iir)ilrl &mp%r%ﬁmwgi@ﬁipand Funct i onal
Dyspepsi avydRasekatlimapparatisssasigtaatitoThe solotdmwasliifard dreygl Celitrand ¢ br ai n
)y et %nkl%@t%%é%%a?n%%%e«?cﬁdq?@f F’i?l;é’@r?@%ﬁ R RBR e onol - oot i
injury a oho ni coti ne,
opi o d ang PHReYE Sg) aich ﬁgg sordens: e, 1.98- syl het)i ¢.smer vous

system f or exanple ypertens ounds "of “the invention are useful as
an anal gesli.g2 agent),2099 (ds #=6l64 Hag? glg,rﬁaisza(bran&ébi hési(m, 200, Tdh(s 3dDd

of ton uschoR GF dehp brE: A Dat BAce Jop difeded) hasdbes fotha R are % °1¢

H), 6.62 - 6.68 (m, 1 H), 6.95 (br.s, 1 H).

Step E. Methyl [2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-

15  benzimidazol-5-yl]jcarbamate

o__R NH, |
T, —— T O0A
o o8

Methyl {3-amino-4-[(tetrahydro-2H-pyran-4-ylmethyl)amino]phenyl}carbamate (2.29
g, 8.20 mmol) and DMAP (0.20 g, 1.64 mmol) Were dissolved in 75 mL of DCM.
Trimethylacetyl chloride (1.10 mL, 9.02 mmol) was added dropwise and the solution
20  was stirred at rt for 2h. The solution was washed with aqueous NaHCO; solution,
brine and dried over anhydrous MgSO,. The residue was dissolved in 25 mL of
AcOH and was heated at 125°C for 1h using a Personal Chemistry microwave
apparatus. The solvent was evaporated. The residue was dissolved in EtOAc and

washed with aqueous NaHCOjs solution, brine and dried over anhydrous MgSO,. The
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the anaesthetic state (e.g. amesia, anal gesia, nuscle relaxation and
sedation). Included in this conbination are inhal ed anaesthetics,

hypnot i cswoanoaebgssi cs, neuronmuscul ar bl ockers and opi oipds/SEAdos@ombs hi n t he
scope of the invention is the use of any of the conpounds according to the
Formula | above, for the manufacture of a nedicament for the treatnent of
any of the conditions discussed above. A further aspect of the invention is
a net hod ciude prétct waabwefivd Wf silicasged fladl claufbgiaply isingdhyhadndshe
conditions discussed above, whereby .an effective anpunt of a coppound

accgr di ngcatona %‘eell;@ixt-nﬁ’ field:1 1. 8ihg (64 %); s FRIME (400dYIEg., @H@?@E@BM‘W:@ need of
. ; ) I
Shar mceqtitcor 4 (enedan (& Yual e 23 225 T o SIS 2B AR o ¢

defined fpr3.ose, J=2.93HEAPH) 3.b9 (BJE308 Ry 1 2DRELE (d, FHERADERSRED 6i63vent i on
provi des the use of a conmpound of Formula | or_a pharmaceutically

accep? abl(er-s A1H) 24 s6129 dxel iPH@FAécﬁb,r-S»a]sHMﬁéi(ﬁ’b@l@&@%be]fH}]ed in the

manuf acture of a medi canent for use in therapy.ln the context of the
present specification, the term"therapy" also includes "prophyl axis"

unl ess t IsegeFaLtedieyl-Nomethyi-t téteatsy dro-2Hipyeamt rylmgthyDhBH+ er m
“therapeutic" and "therapeutically" should be construed accordingly. The

t er m "t hdeapipidazelii-amilfe cont ext of the present invention further
enconpasses to adm nister an effective anmount ofya conpound of the present

invention, to 'tiﬁate ei fher a pre-existing disHase Bt e, racute or
chronic, or a re?ﬁ\jrr' difion. This definiti ono %zérrpasses
prophyl acti c theapi € af pyevention of recurring s6ndiNti ons and conti nued

t herapy for.chronic disorgers. The conpounds of the present invention are
useful in therapy, e rally for the therapy of varigus pain conditions

i ncludi ng, but not IAmtled to: acute pain, chroni ®©Rarn, neuropathic pain,
back pain, cancer painy and visceral pain. In use for therapy in a

war m. hl oqge i mal h.as.a human, the co f the |nQvention may be
admi nPst ﬁ%@yfﬁ'gﬁ?“?ﬂgﬁt%fahgd@%‘@m arnéﬁ'é’fm%ﬁglblﬂglégmﬁ ca Zczr:iosrerposi tion by
any rout & jchfattd\@.90pab by moidly (RApsspataiohysee BilB BN dissobadiigal |y, .
75 mL of THF at 0°C. 1M HCl/ether (7.3 mL, 7.29 mmol) was added dropwise and
the solution was stirred at 0°C for 15 min. LiAlH, (988 mg, 26.1 mmol) was added

slowly and the solution was stirred at rt overnight. The reaction was quenched at 0°C

15 by the addition of MeOH (5 mL) followed by water (10 mL) and the solution was left
to stir at rt for 30 min. Anhydrous Na,SO4 (10 g) was added and the solution was
stirred at rt for another 30 min. The solution was filtered and the solvent was
evaporated. The residue was dissolved in EtOAc and washed with aqueous NaHCOs
solution, brine and dried over anhydrous MgSO4. The solvent was evaporated. Yield:

20  1.54g (98%); "H NMR (400 MHz, CHLOROFORM-D): & 1.49 - 1.53 (m, 4 H), 1.53
-1.57 (m, 9 H), 2.22 - 2.32 (m, 1 H), 2.87 (s, 3 H), 3.26 - 3.35 (m, 2 H), 3.95 (t,
J=3.03 Hz, 1 H), 3.97 - 4.00 (m, 1 H), 4.13 (d, /=7.42 Hz, 2 H), 6.61 (dd, J=8.59,
2.15Hz, 1 H), 6.99 (d, J=1.95 Hz, 1 H), 7.11 (d, J/=8.59 Hz, 1 H).

25  Step G: 1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-
5-yl](methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium triflate.
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intranasally, intraperitoneally, intrathoracially, intravenously,
epidurally, intrathecally, transdermally, intracerebroventricularly and by
i nj ecti onwonb@/d3B@3j oi nts. I n one enbodi ment of the inveorisemoshhaos out e of
adm ni stration may be oral, intravenous or intranuscular. The dosage w ||
depend on the route of administration, the severity of the disease, age and
wei ght of the patient and other factors nornmally considered by the

attendi ng physicijan, when determ nl g bhq i ndi vidual regi men and dosage

| evel at the noswN /Qn

appropyiate for'a pal LNcuI-r Ret i ent. For preparing
phar maceuti cal co |@ i 9n.§<fcr om tHe cgmp @w fi s invention, inert,
phar maceutically a 3 arriers can be ol id dnd quuid. Solid

form preparations includg powders—tabl ets, di spgrsible grianul es, capsul es,

cachets, and supposi Yes. Asolid carrier e one or |nore substances,
which may al so act ags dijluents, flavoring adgents, solubilifzers, |ubricants,
suspendi ng agents, bPnders, or table disinteg ing agentq; it can also be
an encapsul ating material. In powdlers, the carrder is a filnely divided

solid, whichis in a mixture withghe f®nély divided compdund of the

i nvention, or the active conponent | |N-fal \. Nhe activg component is

m xed wt h the carrier having the neces@ar ;’:I ﬁgﬁr-aper-ti es in suitable
proportions and conpacted in the shape and esf red. For preparing
suppository conpositions, a lownelting wax such as a m xture of fatty acid
gl ycerides and cocoa butter is first nelted he active ingredient is

di spersed therein by, for exanple, stirring. nol t en honbgeneous m xture
in then poured into convenient sized noulds and allowed to cool and

sol i di fy.p fuickabh I Eﬂﬁﬁﬁ . Sium st ear at e,

tal c, Iactﬁge suggﬁ?k%ggﬁ?ﬁﬁ%ggg?rrn IEFL%%%Q@Péggggg%'ﬂ? met hyl

cel l ul os e{tetmhyﬁrurﬁH: s aytaoxdyytetetipll)- tEtdentiosdgzob Staovnsrel. 3§ gp . edmolrweva butter,

For mil at iRvsredind- SERCEDRER e o 2 D SRE iy AR R
carrier py ﬁ\rcn%tﬁgq)a?mﬁ@]@ﬂ%rgd} -B-ibth it e esIl 3 et amad eitlic whd Bsedr W t hout

other carrieéers) s surrounded by a carrier which is
in Step A without any purification.

Example 3
N—[2-tert-Butyl—1-(tetrahydr0-2H-pyran—4;ylmethyl)-lH-benzimidazol—S-yl]-N-
10 methylazetidine-1-sulfonamide
0

Cr-g-n

ST
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl) -1 H-benzimidazol-5-yl]-/V-

methylazetidine-1-sulfonamide

0 o
A\ | |
K _ N-S-N N Cn-sn N
N N
—
0 0



thus in association with it. Simlarly, cachets are included. Tablets,
powders, cachets, and capsul es can be used as solid dosage forns suitable
for oral woOres/@sesati on. Liquid form conpositions inclugerssbasioonss
suspensi ons, and enul sions. For exanple, sterile water or water propyl ene
gl ycol solutions of the active conmpounds may be |iquid preparations
suitable for parenteral adm nistration. Liquid conpositions can also be

f or mul at EdllowingahepiooedurainaSeae dust Fralnydt Ryl-¢H2-tgi-potil-1s@stibydn-2FAqueous

R S A A L e N
stabiliz ’azﬁnﬂlﬁnmrﬁi%%'?n% ﬁ%ﬁ@aﬁ%a&@éw&tﬁ%nﬁﬂﬂ@@%mﬁél@@%\ﬁl ingyms for oral

use can be made by dispersing the finely divided active conponent  in water
t oget her aftet beiagpusfiedby snht:egﬂachrmhgxaphsnby using 28Rt é’tqQEtgmrs resins,

met h | ose ium S nd o S din
agen%/ k lfb?;rf’r?@eﬂ’ﬁﬁe 3%8@%&@4@'%%%%?%&'&3? Fl% ?I’[{ %y%gp%ax t}aﬁgﬁﬁ?he ?mde
of adm niyshKiAkd-281-55NevRiay R iHCRbul fREIRAG (TFANsAl, 675 Bieeb@r@bivws i ncl ude
fromO.05%to 99%w . per cent by weight), nore preferably fromO0.10 to 50%,

of the cEhyakn@1drl. t HONMRVGAO NHz, @D{OLpES & it oA adigHs, BB Ad4based on

e pr oo Rt ArohoTh 2o B 2det G Pet2 by e o keI edrT feria
i ncl udi ng doe, 40§, 3. wara@ﬁ{)amd1 r(@SdmeaQHszﬂﬁe 31ndi y=QuATHA At ené7  and
interpreted wthin t context of the di sease which is being treated or

whi chOi s (el nd- 7131‘1@;/13&1):5(:80 By ©8e458¥z, 8Hdli nary skills in the art.Wthin the
scope of the invention is the use of any conpound of Fornula | as defined
above for the manufacture of a nedicament. Also within the scope of the
|nvent|omMa§qnaq use of any conpound of Formula | for the manufacture of a

medi canent for the therap qoa n. Additionally provided is tgﬁt‘use of any
conmpound MNat&ta 63#@’1'[10“%? ran-teylmsHul b HohenzipidazolediylaMent for the

therapy %etﬁ?fﬂy?fb‘ild%—i‘-sﬁﬁ&%&dcﬂns i ncl udi ng,
é @ —

O
15

Step A: N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl}-NV-methylpyrrolidine-1-sulfonamide

Hogr — Oty
o4 o

20  N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-N-
methylsulfamide (for preparation see the following steps B to H) (45 mg, 0.118
mmol) was dissolved in 5 mL of DMF at 0°C. NaH (60% dispersion in oil) (14 mg,
0.354 mmol) was added and the solution was stirred at 0°C for 10 min. 1,4-

Dibromobutane (0.014 mL, 0.118 mmol) was added and the solution was stirred at rt
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but not limted to: acute pain, chronic pain, neuropathic pain, back pain,
cancer pain, and visceral pain. A further aspect of the invention is a

nmet hod f owotb@vmspgss3of a subject suffering fromany of tireTserashans

di scussed above, whereby an effective anmount of a conpound according to the
Formula | above, is admnistered to a patient in need of such therapy.
Additionally, there is provided a pharnaceutical conposition conprising a
conpound f&f3n-okmathe 011G mmopbill Aiiiruinbaahe wa&adcmdtankilthe salliiort wey eof , in

association with _a phar ceutl cally acce r.. Par ul.arly, there
i S provi a@@efhatgharr@ae@m alheks 6)%111‘1’? ee%%ystﬁ 5‘@“%9&?3}{6’“ gt F)c/)r mul a |
or a phar glﬁego%gya%éysoﬁ& %a%eeso?@éng wal %‘afated NTRSSGEhAaeN W th a

phar maceu accepta e carrier tor therapy, nore particularly for
t her apy dissplareahm FuAhard wished sithsapuraied apwoas NhHCAselatios Arincomgosi ti on

d | tical bl | t
Chereht ré%ﬁaa§§r”" ios Ml T ne e Bat PR P R L o Cuse | n
any of ”ﬁ% éiev @T—Ec@b/ﬁwaﬁ@ ?ﬁ@i\é@d aﬁf&dfhgftﬁéhﬂsboﬁﬁ@%as thhie present

i nvention p ow s a net hod eparing nBounds of the present
i nventi ormorrbspondmgéﬁﬂfoshltrm‘ﬁlﬂd lSBlalg (r&l%ﬁt |HINMRC( &4tz MES For

f i d of
Bor il & DAt ol So(EBokH i T b al Fo1 T-691% Stad e 522 Peeeting s
d f I t d t h TMBOTf
g(r)]gpgénRzoj Qﬁ%gllr gll)n3 I!%L @39%@1} o Bylgfn% kR%V@d?, @d/ J:gggg{szﬂggy: ned above.
Corrpd(]nd§ Qﬁ(dl; Fre3. pr Baehtl)j et Ton4ilz. aF907.68 (g dphPed. 9t Her g to t he

synt het i out es S ONS

Sy P GO RS POACPLEL ety () 6 DS TR 1 1oy vS QR PR U5V BRI
Calcd(%) for CypHz4N405S +2.4 TFA + 0.2 H,0: C, 45.22; H, 5.21; N, 7.87. Found:
C, 45.20; H, 5.27; N, 7.90.

15  Step B: (fert-Butoxycarbonyl){[4-(dimethyliminio)pyridin-1(4H)-
yl]sulfonyl}azanide

Chlorosulfonyl isocyanate (1.2 mL, 13.8 mmol) was added dropwise to a stirring
20 DCM solution (10 mL) of t-butanol (1.3 mL, 13.8 mmol). DMAP (3.45g, 27.6 mmol)
was added slowly and the solution was stirred at rt for 2h. The solution was diluted
with DCM and washed with water (3X), brine and dried over anhydrous MgSOs. The
solvent was evaporated. The product was recrystallized from acetonitrile. Yield
(1.68g (40%). 'H NMR (400 MHz, DMSO-Dg) & 1.25 (s, 9 H), 3.21 (s, 6 H), 6.96 (d,
25 J=8.20 Hz, 2 H), 8.45 (d, J=8.01 Hz, 2 H).

Step C: N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl}-N-methylsulfamide
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THERECOF AND USES THEREOF H BACKGROUND OF THE I NVENTION 1. Field of the
invention The invention is related to therapeutic conpounds, pharmaceuti cal
conposi t iwoenBasni Nng t hese conpounds, manufacturing pcoses®ssosber eof
and uses thereof. Particularly, the present invention is related to
conmpounds that may be effective in treating pain, cancer, rrulti pl e
sclerosis, Parkinson's disease, Huntington's chorea Al zhei ner' s di sease,
anxi ety di sordeds, gastrointestinal disorders amd/,0 cardl ovascul ar

di sorders. 2. BNsgGSsi U\ of Rel evant Techno\.,qu | n ge nt has been
studi ed for many s. i s known that canfahlino (e.g., CB1
receptor, CB2 receptor gands Tncluding agoni sts onjsts and inverse

agoni sts produce reki of pain in a variety of ani mal del s by
interacting with 1 land/ or CB2 receptors. Generally; 1l receptors are

| ocat ed predoni na? in the central nervous syste ereas CB2 receptors
are located primarily in the periphery and are primarfly restricted to the

Il d t d d f th 1 pt
e ont st & -ttt ReN oo G - Te g T Bt el FAEReS)
useful i e@gco@%ﬁl%@tdf&g)r@ﬁ%%o% éé&@;&h{ﬁé?} Stéﬁhewtéﬁﬁﬁldt@erexert undesi r ed

CNS si de- choactive sidé effects, the abuse potential,

drug depéntaycabamd) {ﬁM@mﬁwémlmp)pynﬁheé@ﬂ)ﬁdbﬁﬁ@@d} apdde G ®Et s are known

to be [ edb t he CB| i nes of

evi deﬁce% zﬁé Wesrﬁé Wﬁgmgr?g%it g%‘)%?}é ?O-rigt?cgew%;et?llellbher al sites
or W th ljhgEel @ctofedita pHRATEIIRA §alNis dDéblelIIudnlﬂ ’mum$emman| mals with nuch
i nproved overall 1Tn vivo profile. Therefore, there is aneedfor new CBl

recept or elVﬁ}gHﬁi@lé §b@wswea@@m%@1§e¢mnﬂa§ﬁm%@%@ i2f ﬁﬁﬁ&’&‘ W@‘ pal n or

treating oth' t Y gj%f
undesi r apl®8® .\Iigd d]Thf yﬂ? 58&%?%@%%%@ %@E%%W 1 pr esent
inventi OﬁeWrSBdi-plﬁSe HBLCHQ&%DI(DSO%IQH@WH@DM@H thmMdenthaﬁfordmg the

10 title compound as the corresponding TFA salt. The fractions were pooled and the

solvent was concentrated. The residue was dissolved in 2M Na;CO; and extracted
with DCM (3X). The organic phase was dried over anhydrous MgSO, and the
solvent was evaporated. Yield: 45 mg (59%). 'H NMR (TFA salt) (400 MHz,
METHANOL-D4) 8 1.50 - 1.56 (m, 2 H), 1.57 - 1.62 (m, 2 H), 1.67 (5,9 H), 2.33 -

15 242 (m, 1 H),3.28 (s, 3 H), 3.34 (m, 2 H), 3.93 (m, 2 H), 4.53 (d, J=7.62 Hz, 2 H),
7.64 (dd, J=8.98, 1.95 Hz, 1 H), 7.77 (d, }=1.56 Hz, 1 H), 7.91 (d, J=8.98 Hz, 1 H);
MS (ESI) (M+H)"381.0.

Example 5

20  N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-IV-

methylmorpholine-4-sulfonamide

Q / . O
HZN_é 1 /
@]

-N N 0 N-S-N
UL —— T
N
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treating pain and/or other related synptons or di seases. The term"Cmn" or
"Cmn group” used alone or as a prefix, refers to any group having mto n
car bon atwowrooslizsssserm "al kyl " refers to a saturated nomovasiEews/ostsnai ght or
branched chain hydrocarbon radical conprising 1 to about 12 carbon atons.
Il'lustrative exanples of alkyls include, but are not limted to, G -4alkyl
groups, such as nethyl, ethyl, propyl, isopropyl, 2-nethyl-I| -propyl,

2- et hyl FeHB%RBWtep Ak Ekamp&albuﬁryg N- —tbxmﬂ)utyl-lmnﬁreﬂlgdmlﬁwtmaél kyl" refers
to a saturated nonoval ent rln contalnln %g{gcarg q radlﬁgN'ﬁzﬂErISIHQ at
| east 3 Mbﬂqtbylkrﬁﬂd?enﬂmééﬁoéérb’ Iomsthykse Apided4 il §anrghsNp but
are not WA ycl obut yl ,
cyclopenPﬁgb%ggg%ﬁﬂg ?z%%&h&ggﬁfhﬁgégBF@ :?gﬁﬁﬁggqﬁggéggygbgﬁd blcycllc

ter penes Thé\gfod@bmﬁminﬂbarbthmmmt HIl?lLéqusmg Bub8Yol CH@IThY amde or two
sui tabl e su

stituents. Preferabl he cycl oal k cC ring or
bi cycyicl Wh@lzlfﬁ'ggoﬁd@#%ﬁheélf‘ RGRVPO asrthe %/‘E}TQSBB?%% L51"%6% Q‘HDS(O één%é%’lg :‘o?rml a
-OR wh I I h el Q hoxy,
or opoxy. 28y CpAR i ME T RO R sy Loy SRE D eriiss BN
"het er ocygie1.6956® H), @Bt 0L 4REnAl BIDgfa‘ 2x- 3)24;@1111@4&59 3. Bféf— 814 (hm SEH),

| hav |
et or ont 3. T stindhHbAdY s B Bat Ford- R0 (ST L i SIS Ayt 0 ¢ ne
ring stryct Hﬁ?lzaﬁ‘ii})' ﬁ‘%bg&hﬁgs 9§, 1'@3?‘121% ?H?“ﬂszl .91 2beit 126, #be(® in the

ring(s). Heteroct e saturat unsa urated, containing one or
rTDreldoub#@%(Hndﬂ;H)aMS mp(memﬂ%mambmamwﬁm&zumﬁﬂ@ﬁwrhzqg Wien a

Fused 1 100 GOMBRENG. Pelis il BasaRs PeneFor G4 EhBNoRE: Pl atome

t her ebet ween. Heterocycle may have aromatic character or may not have
aromati ¢ character. Heterocycle includes, for exanple, nonocyclic
het er ocy@xampebéh as: aziridine, oxirane, thiirane, azetidine, oxetane,

e Y bR L D SRR NG B AR 51 07 2201  ne

15  methylpiperidine-1-sulfonamide

0

T —— Ofog

0 0

Following Step A in Example 4 using N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-
ylmethyl)-1H-benzimidazol-5-yl]-N-methylsulfamide (40 mg, 0.105 mmol), NaH (13

20  mg, 0.315 mmol) and 1,5-dibromopentane (0.042 mL, 0.315 mmol) in 4 mL of DMF.
The product was purified by reversed-phase HPLC using 10-60% CH;CN/H,O and
lyophilized affording the title compound as the corresponding TFA salt. Yield: 42 mg
(71%). 'H NMR (400 MHz, METHANOL-D,) & 1.52 - 1.60 (m, 8 H), 1.59 - 1.67 (m,
2 H), 1.69 (s, 9 H), 2.34 - 2.43 (m, 1 H), 3.20 - 3.25 (m, 4 H), 3.31 (s, 3 H), 3.35 (m, 2

25  H),3.93 (d, ]=3.12 Hz, 1 H), 3.96 (d, }=3.91 Hz, 1 H), 4.54 (4, J=7.62 Hz, 2 H), 7.67
(dd, J=8.98, 1.95 Hz, 1 H), 7.80 (d, J=1.76 Hz, 1 H), 7.95 (d, J=8.98 Hz, 1 H); MS
(ESI) (M+H)" 449.0; Anal. Calcd(%) for C,3H3¢N4O3S + 1.3 TFA + 0.9 H,0: C,
50.15; H, 6.43; N, 9.14. Found: C, 50.22; H, 6.52; N, 9.10.
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di hydrof uran tetrahydrofuran, thiophane, piperidine,
1,2,3,6-tetrahydro-pyridine, piperazine, norpholine, thionorpholine, pyran,
t hi opyr anwo20@38d3ydr opyr an, tetrahydropyran, 1, 4-di hydropgepasoe4os

1, 4-di oxane, 1, 3-di oxane, di oxane, honopi peridine, 2,3,4,7-tetrahydro-1i/

. -azepne honopi perazi ne, 1, 3-di oxepane, 4,7- dihydro-1, 3-di oxepin, .and
hexanmet hyl ene oxide. In addition, heterocycle includes aromatic

het erocycl es, for exanple, pyridine, pyrazine, pyrimdine, pyridazine,

t hi ophene, furan, furazan, pyrrole, imdazole, thiazole, oxazole, pyrazole,
|soth|athenuﬂ%8xazole 1,2,3-triazole, tetrazole, 1,2,3- thiadiazole,

1, 2, 3-0x t i A i azol e,
1,3,4- t I- Z Oﬁqé,ﬁuﬁ.}?—?}, %ﬁ’té‘h({lgw ngoﬂeérrﬁn étﬁglﬂ"‘Ci_IP _E%ngnéé%zl%ég ﬁA%%?t i onal ly,
het er ocy gheth@ipisuridins-1palfynyeidec het erocycles, for exanple, indole,

i ndol i ne, isoindoline, quinoline, tetrahydroquinoline, i soqui nol i ne,

t et r ahydr oi soqui nol i ne, 1, 4-benzodi oxan, coumarin, dihydrocoumarin,

benzof uran, 2,,3-di hydrobenzof uran, |sobenzofuran chronmene, chronman,

i sochr oman, t hene, phenoxat hiin, thiant e, ulhdoI|2|ne |30|ndole

i ndazol e, purin aI zi ne, napht hyri di ﬁu?ﬁ% qu nazollne
nanthridine, perim |neD ph
xa 6 eN

cinnoline, pteri

phenazi ne, phenot hi az ne phenoxazi ne, 1,2- benziso zothlophene

benzoxazol e, benzthigzol e, benzi m dazol e, benztriazol e, oxanthlne
acridine, pyrolizidine, and qui idine. In

}:Cf

t
car bazol e, carbo
addition to theFpg yclic heterocycles described a eterocycl e

i ncl udes pol ycycl irc heterocycl es wherein the ring fusion between two or
nore rings includes nore than one bond connnn to both rings and nore than

0, ot o SR 9ok S ExagRleey o sl andabaiaasic o
7- oxablCXS5ﬁﬁ£0264kMﬁﬂmamEmemaﬁemabbﬁxmhbb]hSﬁ@s@Uydﬁemdikaﬁnonocycl|c or
compr 1 segkbors) Bidnsan nmai L ra L B NERRRsIobAE  efer red (o
herehg ag {&h t?ﬂf)ri YBRQE k& inMRLIFDCE R ®CORY DEOThK ¥ude @ﬁﬁﬁcﬁxlvéme or as a
sufflx or prefix,” refers to a
purified by silica gel flash chromatography using 1:1 / hexanes : EtOAc to EtOAc as a
gradient. The resulting product was dissolved in 3 mL of 1M HCI/AcOH and stirred
at rt for 1h. The solvent was evaporated. The residue was dissolved in EtOAc and
washed with saturated aqueous NaHCOj5 solution, brine and dried over anhydrous
15  MgSOs. The solvent was evaporated. The product was dissolved in 3 mL of DMF at
0°C and NaH (20 mg, 0.492 mmol) was added, followed by 1,5-dibromopentane
(0.033 mL, 0.246 mmol). The solution was stirred at rt for 2h. The reaction was
quenched with saturated équeous NaHCO; solution and the solvent was evaporated.
The residue was dissolved in EtOAc and washed with saturated aqueous NaHCOs3
20  solution, brine and dried over anhydrous MgSOs. The product was purified by
' reversed-phase HPLC using 10-60% CH;CN/H,0 and lyophilized affording the title
compound as the corresponding TFA salt. Yield: 15 mg (15%). 'H NMR (400 MHz,
METHANOL-D4) 5 1.54 - 1.61 (m, 8 H), 1.68 (s, 9 H), 1.71 - 1.85 (m, 4 H), 2.01 -
2.12 (m, 2 H), 2.21 - 2.33 (m, 1 H), 3.20 - 3.25 (m, 4 H), 3.31 (s, 3 H), 4.56 (d, J=7.62
25 Hz, 2H), 7.67 (dd, /=9.08, 2.05 Hz, 1 H), 7.81 (d, /=2.15 Hz, 1 H), 7.94 (d, J=9.18
Hz, 1 H); MS (ESI) (M+H)" 483.0; Anal. Calcd(%) for C24HssN4O,SF, + 1.8 TFA +
0.4 H,0: C, 47.69; H, 5.60; N, 8.06. Found: C, 47.66; H, 5.58; N, 8.07.
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nonocyclic or polycyclic ring conprising carbon and hydrogen atons and at

| east one heteroatom preferably, 1 to 3 heteroatons selected from

ni t r ogen,woxy@an3eiand sul fur, and havi ng no unsarurati orcTEX200pl0eR0Df

het er ocycl oal kyl groups include pyrrolidinyl, pyrrolidino, piperidinyl,

pi peri di no, piperazinyl, piperazino, norpholinyl, norpholino,

t hi onor phol i nyl, thionorpholino, and pyranyl. A heterocycloal kyl group can
be unsubgixatnple8 or substituted mﬁth one or two suitable substituents.

11 ng, nor & e EPABNGFoo R ey Br o R e U bR R om -
to 5 car %:}nl/m O%gx%ﬁmn%_zt_gﬂﬁﬁﬁhggoatons referred to herein as

C2-5het er term"heterocyclyl" refers a nonoval ent radical
derived froma heterocycle by renovi ng one hydrogen therefrom Hal ogen
i ncludes fluorine, chlorine, broqsne and iodine. "RT" or "rt" nmeans room
tenperature. "Acyl" refers t C(r= -R V\/nerel n Ris an al kyl. C2- ACyl

groups include, for exanple, gﬁ%QYT nyl F 2, 2-di net hyi propi onyl, and
met hyl - propi onyl . "Link," "linked?" o i nKipg, " unl ess ot herw se
speci fied, nmeans covalently |inked or bondgd.’ 'n one aspect, an enbodi nent

of the invention provides a conpound of Fo¥mula |, a pharmaceutically
acceptabl e salt thereof, diastereoners¢ enantioners, or mxtures thereof: |
wherein Gis selected from-O, -CHF, mang -CF 2-; RLis a

C2- 6hét erocycl yl, wherein said C2-6heterocyclyl includes at |east one

ni trogen Qg aaivd 2C‘(21 Bhelere6 ﬁhfe/l)yl (téuaﬁydﬂﬁmqjyraﬁmymethﬁ;aay.one ni trogen
is directly Ilnkedtothe sul f onyl 8 of formula |, and said

C2- 6het erlwoymllylhqu§ M—W&hﬂ&?o&%ﬂ%‘ -sulfopamidgne or nore groups sel ected
from hal ogen, hydroxy, R5-(C( O) 5R5- C(=0)-NH, R5R6-NH C(=0) -

RSR6-NH- C(=0) -NH, R5-O-C(=0 -, R5-O (=0 - NH- Cl- 6al koxy, and

Cral kyl am no, V\hl/e(elth paid RS, 'R6 are | ndependeraj I Vy sel ected

PO, — ST

o 0

10  Isoxazolidin-2-ium chloride (80 mg, 0.72 mmol) and bIPEA (0.12 mL, 0.72 mmol)
were added to the reaction mixture (18 mL) prepared in step B in this example. The
resulting reaction mixture was heated to 60°C overnight and the solvent was
concentrated. . The product was purified by reverse-phase preparative HPLC using
MeCN 10 to 90% gradient in water to provide the TFA salt of the title compound as

15  white solid. Yield: 50 mg (18%); 'H NMR (400 MHz, CDs0OD) & 1.38 - 1.51 (m, 4
H), 2.21 (t, J=19.34 Hz, 3 H), 2.28 - 2.39 (m, 2 H), 3.29 - 3.35 (m, 2 H), 3.41 (s, 3 H),
3.53 (dd, J=8.01, 6.64 Hz, 2 H), 3.84 - 3.93 (m, 2 H), 4.12 (i, ]=7.42 Hz, 2 H), 4.32
(d, J=7.62 Hz, 2 H), 7.51 (dd, J=8.89, 2.05 Hz, 1 H), 7.66 (d, J=8.98 Hz, 1 H), 7.83 (d,
J=1.95 Hz, 1 H); MS (ESI) (M+H)" 445.0; Anal. Calcd for C1oHpsF,N4O4S + 0.3 TFA

20 +0.1 H,0:C,48.99; H, 5.56; N, 11.16. Found: C, 49.02; H, 5.60; N, 11.67.

Step B. 1-{[[2-(1,1-Difluoroethyl)-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-
benzimidazol-5-yl] (methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium
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from-H, Cl-6alkyl, C6-iOaryl, C2-6al kenyl, C3-6cycl oal kyl,

C2. 6het erocycl yl , hal ogenated Cl-6al kyl, and hydroxy-C 1-6al kyl; and R2, R3
and R4 arwoioebapsssdent |y sel ected from fluoro and net hylpCcTISE2@8001365

enbodi nment, the corrpounds are those of fornmula I, wherein Gis selected
from-O and CF 2-;Rl1 is a C2-6heterocycl oal kyl, wherein said

C2- 6het er ocycl oal kyI i ncludes at | east one nitrogen on said

C2- 6het erqcycl oal kyl ring, one of said at east one nitrogen is directly

| i nked t ®IN h suljonyt group of forrru'cé\ E: d sald Ca- heterocycloal kyl is
optlonall d with one or o NF ﬁ) ed,from hal ogen,
hydr oxy, R5- > R5- C( =O—Nst |, 5R6 NI-PC(— NH C(=O) - NH-,
R5- O C(=0O) -, R5- C( =0)-NH, Ci1-6al koxy, and CI- GaNky &nmino, wherein said

R5, R6 are in ndently sel ected from - H, Cil al C2- 6al kenyl, C3
6cycl oal kyl , - Bhet erocycl oal kyl , hal ogenat ed - 6al kyl , and hydroxy-C
1- 6al kyl; and . R3 and R4 are i ndependent ly seheeted fromfluoro and

met hyl . Anot her enbodi nent of the invention provides a conpound of fornula

|, wherein&- Ilﬁd&ﬁilﬁcﬂilgﬂfcf ngra ~mSthyRN - inGlaad1-3-iRh diflusehetiaassul foante
Cs-shet er ocycl oal 5het er oaryl, wherein said C3-5heterocycl oal kyl
or C2-5hét.8p ga?-9p mm@lb W@@gd@si tp g getutign et Ai(l doyBroreptby b/ methyl-1-

C3-5heter e r | oy f said at
| east onétoﬁ%@% &?F%&a.“g’elmt%@i% p%%e%i %%EISS a&n%p@&fd %ﬁ()up (P)f gr mula I,
and sai d MeCN qu ﬁﬂg@y@h&@hﬂ«yﬂnpmdxmtﬁheimonmyturawes smtecbfmamhys substi t ut ed
with one or nore groups selected from_hal ggen, % sal kyl am no
and C2- s&é@ﬂ%ﬂ@ﬂwomthéhﬂﬂﬁﬁe -8l Fﬂdgpgé&rfa@ﬁplvss‘%ﬂ%‘éz%% IP3THAPE | uoro and
met hyl . é%gs irEﬁlgtan&)tls%récﬂy?&tthé’ﬂeﬂrsfé‘ﬁ' des a conpound of
forrrulal ere| Is selected from=0C 2-; Rl is selected from

pi peridi nyI i m dazolyl, pyrazolyl, m)rphol i nyI pyrrol idinyl, azetidinyl,

and i soxehzxglnllp eByl wherei n sai d pi peridinyl, imdazolyl,

10 N-(1-{[[2-(1,1-Difluoroethyl)-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-
benzimidazol-5-yl}(methyl)amino]sulfonyl}piperidin-4-yl)acetamide

O

9 o< 2 |
N-S- N—CN—S—N N F
TN, — T
N /F N IF

tert-Butyl piperidin-4-ylcarbamate (0.43 mg, 1.45 mmol) was added to the reaction

15  mixture (52 mL) prepared in example 1, step B. The resulting reaction mixture was
heated to 90°C overnight. tert-Butyl piperidin-4-ylcarbamate (0.43 mg, 1.45 mmol)
was added again and the reaction mixture was heated to 90°C overnight. The solvent
was concentrated and DCM (50 mL) was added to the residue. The resulting
precipitate was filtered and air-dried to provide 404 mg of fert-butyl (1-{[[2-(1,1-

20  difluoroethyl)-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl} piperidin-4-yl)carbamate intermediate. The solid was
treated with TFA (10 mL) for 1.5 hr. and the solvent was concentrated. The resulting
4-amino-N-[2-(1,1-difluoroethyl)-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-
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pyrazol yl, norpholinyl, pyrrolidinyl, azetidinyl, and isoxazolidinyl are
optionally substituted with one or nore groups selected fromfluoro and
C2- 5acy| anonogs/B26383 and R4 are sel ected from fluoro angcwskEbyok/ovisbh a
proviso that R2, R3 and R4 are the sanme. An even further enbodi nent of the
i nvention provides a conpound of fornmula I, wherein Gis selected from-O
and -CF 2-;Rl is selected fromand wherein said and are optionally

subst i t ubetibidaasles-gt]-Maiethdpipepdins 4 satforanide ARA salontermediatedvd’2, R3 and R4

the sams Asaolye FHRPMOABR e (b SalFEET HoGHRFBHES B UF Gb @ BhhBound
| ect ed,f ti .
cmbodi medte ARD HREE (16 2ynf) PECRRRAR Be3Bkip G The FARARARH
N- (1-{[ { 3vak aribwBtavarin [ Andiestitémperamey sddhieved overtight! The sbidnémas mi dazol - 5-
yl } (et hyl ) am no] sul f onyl } pi peridi.n-4-yl)acetam de; . .
N- [ 2- § er comsnirpted apd drerapdient 329 PREsledbY EP-VWS%@%W et R g8 ol - 5-y1 ] - N
thyli l.ihdi BRs, 2= f. i de: . s -2
oyt an- 2 R b D67 e A prd Ve B e g e de:
klr - E ﬁ f eRv’]ﬁtéll&ng_irﬁlie(dlz%O ﬁgy(dm@;ﬁlﬂ NM%W:OOMHzet B Cﬁ?f@))) Bili-éiﬂoehﬁié @mdgz ol -5-yl]-
e rrolidine- 1-sulfonamde; -[2-tert-Butyl-1- r ro:
- pyr ax- 2}/%% b8 hy 7. (i 208h 21901 (8281 t IS HeE ){%l#)pééﬁi(?rgl%h-zsﬁ'f onani de;
N-[2-1 - | t - I - it | -5
VT el B g 2 P4 B B SR ot R0 b0 - Sr7Renan, 9860
N-{ 2410er B3-Sy, 2 H), (435, @; $7.62Hz, MY, | Toflefdd] JrieTh 2l 15-HE, 1 H), 7.71 (d,

/-benzi m dagols 39 o =185 RIS M bt S NG cated for
CasHisFNsO4S + 0.7 TFA + 0.2 HyO: C, 49.09; H, 5.76; N, 11.73. Found: C, 49.06;
H, 5.69; N, 11.68.

15 Example 10

1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl} -N-cyclopropylpiperidine-4—carbo;amide

AN i |
N |
N\\‘S,N\@N\
o N }i

e

Step A. 1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-

20

5-yl](methyl)amino]sulfonyl}-N-cyclopropylpiperidine-4-carboxamide
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V-12-(l,l-difluoroethyl)-1-(tetrahydro-2

H pyran- 4-yl net hyl ) - 1H benzi m dazol - 5-yl ] -

N- net hyl iwoxagnlssasdne- 2- sul f onam de; N- (I -{[[2-(1 , 1- dipCirsec@msibmb) -

tetrahydro- 2H pyran-4-yl met hyl ) - 1H benzi m dazol -

| ] (et hyl ) ami no] sul f onyl } pi peri di n-4-yl)acet am de;
[[2-tert-butyl-1-(tetrahydro-2H pyran-4- yI nmet hyl ) - 1H benzi m dazol - 5-

( @i ne- 4- car boxam de;

[ I | i - T-benzi m dazol - 5-

(nmethyl)a on | }-N-i sopropyl pi peri Hl nej- 4- @rbloxam de;

[[2-tert- but I- - ﬁ-r L 2H pyr an- 4-yl nmet ~- i mdazol -

(mathyl)amno]sOIf Iob_uud_mperldlne4 rb {[[2-
butyl -1-(tetrahydro-2Hp ran 4-yl met hyl ) - 1H benzi T da

Kmet hyl ) am no] sul f onyl cycl opentyl pi peri di ne”®-car boxam de

[2-tert-Wy\-| -(tet(rahydro-2H pyran-4-yl nethyl)-1H bepzi i dazol - 5-

met hyl ) am no] sul f onyd3<N- pyrrol i di n-1-yl pi peri di ne-4- cay bgxam de;

[2-tert-butyl-1-(tetrahydro-2 -pyran-4-ylmethyl)- 1H benzi m dazol - 5-

met hyl ) am no] sul fonyl }-N-1H pyrrol - l-yI pi peri di ne- 4- car boxam de;

[2-tert-butyl-1-(tetrahydro-2H pyran-4-yl methyl)-1H benzi m dazol - 5-

met hyl ) am no] sul f onyl } - N- et hyl pi peri di ne- 4- car boxam de;

re- leto?/d éohﬁml{n[dfilHé[[BMrt—btétyyﬂf{te(rhle;tdrahﬂpﬁaﬂ- -ylmethyl)-1H-

an et enzi m daz

] ?rretbﬁgﬁFl;ﬂé\‘?ﬁZﬁBJf'é’lﬂl(m%‘ihy >§r5mﬁéﬁuﬂfepﬂé91@eré@%6>€a?ﬁl?wllc 279 MEer ¢ - but yI -

[

(

[

(

[

(

e

r

I

tetra z
(et hgg)ly 1?‘am ng‘i E{$@R Fiﬂ) Eﬁf"w%%’rﬁéﬁgﬁ?‘gu %%%0? ej: -I%Iglrngo(ggrzn9éneL
[

(

|

(

[

(

t-

met héﬁ %m noj suI fonyl } - N-cycl opropyl pj
[ 2-t tetrahydr o -pyran”-

- (
-y
{
]
{
]
{
]

I‘<I—“<i—“<l—“<“‘<l—“<l—“<l—‘0‘l_

l‘OA—I—I—I—f—"—I—I—I

[ 2- teé)r170bﬂ1tn361) ém(dyeldpadimﬂtrrmﬂaK—B(pym,aaxeébsyhmbmbmpéﬂahinenzbm @azol - 5-
nmet hy am no sulfogiﬁlgé NN- di et hyIp peri di ne- 4- arb xam de;
[ 2 ) W@t peid APdR®- 02110;39@8 13 0p¢ H%’itmif %Wz‘i@ﬁ dazol -

n‘et h3§ %x@gla%ﬁf‘tlfﬂl?%b}re ok tligh gyARénoé%bGPaﬂgn 8¢ ﬁl@rsgf%ﬁ‘tmt}féqremdue

[2-ter tetrahy H pyran-4-yl net hyl') - 1H benzi m dazol - 5-
et hywasgnirified bu réversediphaseiBheI(ho-peYe Chi-M im By Opsoeprovdide thegittey| - 1- {[ [ 2-
b

ut ylompo&.mf ;tlsrl?shillgx&%alg (2901}/rrnag?32d%¥l lﬂﬁfﬁ}%ﬁ)@&ﬁ I\}Bﬁzn Zdﬁrbfij';\g 8'47 0.54

(m, 2 H), 0.69 - 0.77 (m, 2 H), 1.52 - 1.70 (m, 6 H), 1.73 (s, 9 H), 1.75 - 1.82 (m, 2
H), 2.13 - 2.24 (m, 1 H), 2.26 - 2.39 (m, 1 H), 2.65 - 2.71 (m, 1 H), 2.71 - 2.81 (m, 2
H), 3.31 (s, 3 H), 3.32 - 3.41 (m, 2 H), 3.57 - 3.65 (m, 2 H), 4.00 - 4.07 (m, 2 H), 4.38

15 (d,J=7.42Hz, 2 H), 6.43 - 6.48 (m, 1 H), 7.55 (d, J=8.98 Hz, 1 H), 7.66 (dd, J=8.98,
1.37 Hz, 1 H), 7.90 - 7.93 (m, 1 H); MS (ESI) (M+H)" 532.0; Anal. (C, H, N) calcd
for C;7H41N5048+2.30CF;COOH: C 47.80, H 5.50, N 8.82; found C 47.93, H 5.22,
N 8.91.

L P P P RO

20  Step B. N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl]-N-methyl-1H-imidazole-1-sulfonamide

l
jesS O R e s
N . O N

o o

To a solution of 2-tert-butyl-N-methyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-
benzimidazol-5-amine (1.97 g, 6.54 mmol) at room temperature in MeCN (40 mL),
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met hyl ) am no] sul f onyl } pi peri di ne- 4- car boxam de;
2-tert-butyl-1-(tetrahydro-2 -pyran-4-ylnethyl)-1H benzi m dazol - 5-
met hywaoeensssal f onyl } - PCT/SE2005/001405
2,2-trifluoroethyl)piperidine-4-carboxamde; -allyl-1-{[[2-tert-butyl-
et r ahydr o- 2H- pyr an- 4- yl net hyl ) - 1H benzi m dazol - 5-

—

nmet byl ) am no] sul f onyl } pi peri di ne- 4- car boxam de;

2- t eFdsabdddy1 {ﬂH(lmﬁtazahwlrsﬁlﬂf&tﬁpymmhﬂ I)H—mtdlayd)l)&ﬂmﬁ (ﬂsﬁg i9rfldazol -
met hyl ) ar ai no] sul fo - N-i sobut yl pi peri di ne-4-car boxa)
[2-t ém{lOle 9111QP0111(’1% a‘fﬁ e “@H—S%"y'?%ﬁ T0%R tﬁ%‘PWﬁT")Te ¥ErBE |Aﬁf‘%¥azol - 5-

et e ARl SHbE Qv thﬁﬁr s Fikada B Eritdography (0-100%

ridi ne oxam tert
tr ahyﬁ@ﬁcmﬂhmfaham-%myﬁ rﬁ:é)DﬁyEt)OAﬁlbmlOﬂ%d\ie@}En EtOAc, 10min) to

lrrgtlhgf%)an{hgr%]féscgm &lr% 44(%) leg(?é&)(Y %Jr)@é 8er| di ne- 4- car boxam de;

(
[
(
i
(
[
(
[
(
e
e
(
y
t et r ahydr o- 2H pyr an- 4- yl net hyI ) - 1H benzi m dazol -
(et hyl ) am no] sul f ony1} pi peri di ne- 4- car boxyl at e ;
1-
(
1-
(
2-
(
2-
(
1-
(
[
(

—

—_— 1+ ——~—— ] — ] = | A~ —

{[[ Btepct 1H({tlytle#t—alBL(tybl{Mdr@ﬁpwmn-%ywwthﬂﬂb&ll%imédﬁZZiOhﬁ dazol -

5-
nmet hy, in ul fo azet 0 anecar boxam de;
{11 ﬁ@@qﬁ}ﬁwmoﬂﬁogyﬁ% qby?i’}ﬁijﬁldg‘ﬁ P§ IFﬁat hyl ) - 1H benzi mi dazol - 5-
met hyl ) am no] sul fonyl }azeti di n-3-yl) - 2- net hyI propanam de; N-(1I-
tert-butyl-1-(tetrahydro-2 -pyran-4-ylnethyl)-1H benzi m dazol - 5-
met hyl ) am no] sul fonyl }azeti di n- 3-yN) eycl obut anecar boxam de; N (I
ter
met
[
t

—— —— —

btl y)I -|1- (t et r ahydr o- 2H pyr an- I thyI) 1H benzi m dazol -
y&a ‘ etldlnByMEvme‘ A
- 1H benzi m dazol - 5-

{

ne

t hyl ) amno] s

h 0
LZ tert'Olbut AL- 0
2-tert-butyl-1

—

N
1-(t efrahydro- 2H pyran- 4-yl rret hyI ) 1H benzi m dazol -
met hyl ) am no] su \y| } azeti di ne- 3- car boxyl at ¢;
(I, 1-dinethyletpyly-1-[(tetrahydro-2
- pyr ag- 4-yl)met hyl ] -1H beii zi m dazol -5- yl ] hexah 0-
-nmet hyl - 1H azepi ne- 1-sul fonam de; -[2-(l,l-dinethylethyl)-1-[(tetrahydro-2
-pyran-4-yl) et hyl]-1H benzi m dazol - 5- yI ]-

4- di et hflc; a 3'6119tiicpne(r)fi ]9—' [?—?esr%l%lfltgfﬂ?—%e%%ﬁydro—2H—pyran-4-ylmethy1)- 1H-
benzimidazol-5-y1]-N-methyl-1H-imidazole-1-sulfonamide (1.24 g, 2.88 mmol) at .

PSP ZESS S ZE ZE RPME L DS RS RS R S rE
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t
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]
N (
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[
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]
(
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{
]
2

—— ] —

room temperature in MeCN (20 mL), was added methy] trifluoromethanesulfonate

15  (0.49 mL, 4.32 mmol) dropwise. The solution was stirred at room temperature for 5
hours. After evaporation of the solvent, the residue was used directly for the next step
without purification (1.0 g, 76%). MS (ESI) (M+H)" 446.0.

Step D. 1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-
20  S-yl](methyDamino]sulfonyl}piperidine-4-carboxylate

+ MeO,C |
o ! \Q\J?\ N N
e N S \>7<
N\ 1]
1t O
o \©i> 7< N

Z/

¢
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-[2-(1 ,1-dinmethylethyl)-I
[ (tetrahydro-2H pyran-4-yl)nethyl]-1H benzi m dazol -5- yl J-S-"ydr oxynet hy”-
- met hyl - wpizpewasgésgesul f onam de; N-[2- (1, -di et hyl et hylprThEpdos@bd 14051y dr 0- 2
pyran-4-yl)met hyl ] -1 F-benzi m dazol - 5-
| ] -4-hydroxy-N-net hyl - 1- pi peri di nesul f onam de;
[2 (I,I-dimethylethyl)-1-[(tetrahydro-2
pyr an- 4oy sbmtioh)ﬂf]l {rE2- b@ﬂzmtm tgzahhkiro- 2H-pyran- -ylmethyl)-1H-
] - 4- met hoxy- N- met hyl - 1- pi_peri dnesul f gnam_d ‘f
2- (1,1 bgﬁlﬁ#@f@@?p@ﬂ (Ipetjgy{)qrp@p}s&}f%wlb -3smethyl-1H-imidazol-3-ium (1 g, 2.2
yra

|
Yo (]
. 4. .
) ﬁe ‘ hnl ) Iﬁ/rla ggr ] éﬁlﬁ]ﬁgiﬁ}?&;%lhlﬂg%ié.@% i, 23 hinde ¥ 8Memperature in MeCN
N-[ 2-t er {1l wds {dded ﬁ&lﬁwﬂmnﬁjdeqayuemﬁmm, el tophgl) bHerieepoztion. dhezol - 5-yl ] - Nm
e

[

t hyl azeti di.ne- onam d
[2-Per ISOIHH?‘}W%S"(“{I‘%‘I %éﬁ%rtﬁnww %\f?na}ggt] el AvsRor R PR AUS - 5-y1 ] - 4,
di flu 01@00% EtOAc in h 50

L2 er BT T P e F) Oy oo 0T 5113,
di f 1 ud0OYNE o=t dyyt Dymyar; r0e2 o dNIef@E 1ﬂE@Aﬁdﬁhﬂﬂﬂﬂﬁ@PrWﬂhme title qoppRupr t - but yl -
tetra y Y., 1H benzi m dazol - 5-
(et hlﬁlagﬁr ﬁag MY@? §8)7r9e 4- car boxyl at e;
2-tert-butyl-1-(tetrahydro-2H pyran-4-yl nethyl)-1H benzi m dazol -5-yl]-Nm
yl i soxazol i di ne- 2-sul fonam de; (4R -N-[2-tert-butyl-

y

- (t d0r ahydr o- 2H pyran-4-yl net hyl )- 1H benzi m dazol -5-yl ] - 4-

(
]
[
h
;3[ 0y N B TRt SE0E el G s AN e ok bbabiddanbut V! -
|
y

N-
4-
N-
3-
1-
yl
N-
et
1
hy
1-
yl rrenyIslﬂmnmhﬂyimﬁmﬁdmmpggmﬂmnmmamwmmm

(
N-(1-{[[2-tert-butyl-1-(tetrahydro-2H pyran-4-yl nethyl)-1H benzi m dazol - 5-

(

I

[

'] (et hyl)am no] sul fonyl } pi peri din-4-yl)-2, 2-di met hyl pr opanam de;
ert- Butyﬂ,,e({) thyI[I -(tetrahydro-2 po.c
pyran- 4-yl rfe yI (]t rifluoronethyl)- | I-ﬁ)emgaz!ol -

y
t
- pyr
5-yl ] am no} sul di yl ] car bamat B But yh\ 4
{met hyl [ 1- (tetrahydrso #%yl met hyl ) -2-(trifl
| Hbenzi m dazol - 5y am ul f onypi+er azi ne- | car y
y

Hb
4-{[ (Cycl opropyl am no) carbony} Jam no}- N-nethyl-N-[I-(tetr ydro 2
H- pyr an- 4-

O O
15
To a solution of methyl 1-{[[Z-tert-butyl—l-(tetrahydro-2H-pyran—4—y1methy1)— 1H-
benzimidazol-5-y1](methyl)amino]sulfonyl} piperidine-4-carboxylate (1.08 g, 2.13
mmol) at 0°C in MeOH:H,0 (3:1, 20 mL), was added LiOH (178.5 mg, 7.46 mmol)
in one portion. The solution was stirred at 0°C, slowly warmed to room temperature
20  and stirred at room temperature overnight. The solution was adjusted to pH 2 with 1IN
HCI (12 mL), the aqueous layer was extracted with DCM. The organic layers were
dried over Na;ySOy, and subjected to filtration. Evaporation of the solvent provided
the title compound (2.2 g, 92%). MS (ESI) (M-+H)" 493.0.

25 Example 11

1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-isopropylpiperidine-4-carboxamide
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ylmethyl)-2-(trifluoronethyl)-1

H benzi m dazol - 5-yl ] pi peri di ne-1-sul fonam de; N-cycl opropyl -4-(

{ met hyl [ IwOtedarBke3gdr o- 2H pyran- 4-yl net hyl ) - 2- (tri f | uor eaetSEYI05/001405

1H benzi m dazol - 5-yl ] am no} sul f onyl ) pi perazi ne- 1-carboxam de ;

4-{[ (i sopropyl am no) carbonyl Jam no}-N-nmethyl -N-[| - (tetrab. ydro-2H pyr an- 4-
ylmethyl)-2-(trifluoronethyl)-1H benzi m dazol -5-yl ] pi peri dnme- 1-sul f onam de;
N-i sopropyl -4-({nmethyl [I|-(tet®ahydro-2

H pyran-4-yl nmet hyl )-2-(tr 4l opet hyl)-1 Hbenzi m dazol -
5-yl ] am no} sul f onyl ) pi perazi,'fhe- - cdrdpokami de; N-[I-({methyl[I-(tetrahydro-2

H pyran-4-yl nethyl)-2-(trifl uor \:o(IJ)' HbeNzi nydazol -
5-yl ] am no}sul fonyl ) pi peri di n- 4- yI]aget ‘Q—%D met hyl -
-[1-({methyl[I-(tetrahydro-2 H pyran-4-yl w)- -(trifluoromethyl)-
1H benzi m dazol - 5-yl ] am no} sul f onyl ) pi peri d| n/4-yl ] pr opanam de;
2-|Vbthy|-l\|-[1-({rrethy|[1 (tetrahydro-2H pyfank 4-yl nethyl )-2-(trifl uoronet hy
| )- 1 Hbenzi m dazol - 5-yl]am no}sulfonyl)pléf)er di n-4-yl ] propanani de;

Acetyl - -nmethyl-N-[I|-(tetrahydro-2

4-
H- 1 -1-

c 5|y]r S:"pgpgé\?ﬁ%Q¥ éro%?ﬁfré iy c?%H BT E bl 07 R6RE 1 [ @azPlbutyl-1

4-

H py 4- hy] ) - 2- s .

(trif ?Eow&lﬁe'@t@Sﬁrﬁmﬁs&gﬁ%ﬂ&?@a&@mé S hie pedi L T80 B de;

N§ (1 £[{%1 %cgf BQﬁ?{Eﬁﬂan&ne[ ﬂnﬁldb@ﬁfxﬁ&yqé@ﬁ@p%dlﬁiet(mmﬂ Hberwiyi dazol - 5-
Kl—(l {[{:DMEr(mm)t yid HA 82 §ithg, M%mlm@xsﬁpslmtﬁlﬂqompwméﬁ%m dazol - 5-
yl}(

{

et hyl nvrmlg,bw&mﬁa s U NVIRI# OB MHz, CDCls) 8 1.13 (d, J=6.64 Hz, 6 H) 1.52 - 1.70

N-{2-tert

N- { 2- t | | | 5-yl}-3,
¥ e RSl fy A pmeschaeny gt b knbongjugide) 531
thylTsoxazol 1 Q' 0% o 138213% 9186 (4, 1=1.76 Hz, 1 H); MS (BST) (M+H)* 534.0;

Anal. (C, H, N) caled for Cy7HisNs0,8+2.00CF;COOH+0.10CH;0H: C 48.83, H

(2, 2- Diteatinydrpoobpyray-)ylidethyt)i-bbhdinidazel-5-ahy dr o- 2
I fon[[pdﬁl peri di n-4-yl)acetan de;
th | f
N- er?er ﬁﬁéﬁ‘%ﬁn@%&u gl}w@}fgl \gfng(purﬁ%%%(r% 35* ?ﬁ%éﬁﬁ%}gﬁ%’ﬁm dazol 5-yl}-Nm
t 4-di fl | oh
 bonz mdasay LS 8 H)éd@d ot 0oy ol S JE Y L3 240 (1)
-{2-tert (BYBYH)437 (&Jﬂdﬁlﬂlzubﬁ)dm (dhE%Gy@HB,thHD 753K Pl A8 dZd) - 5-yl } - Nne
5.98, N 9.15; found C 48.83, H 5.93, N 9.07.

15
Example 12
1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl] (methyl)amino]sulfonyl}-N-cyclobutylpiperidine-4-carboxamide
B
N |
H NE)\\ N N
P UK
0 N
20 ©

Following the procedure for Step A in Example 10, using 1-{[[2-ter#-buty]-1-
(tetrahydro-2H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-
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N {2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-1H benzi m dazol -5-yl}
-4, 4- difnoro-N nethyl pi peridine-1-sul fonam de; ert-Butyl
4-{[{2- t ewb-20ast0sb633- [ (4, 4-di f1 uorocycl ohexyl ) net hyl ] - 1Hpb&sEROVS Wew0d - 5-
yl } (et hyl ) am no] sul f onyl } pi per azi ne- 1- car boxyl ate; 4-{[{2-tert-Butyl-|I
-[ (4, 4-di fl uorocycl ohexyl ) net hyl ] - 1H benzi m dazol - 5-
yl } (et hyl ) am no] sul fonyl } - N-i sopr opyl pi perazi ne- 1- car boxam de;
4|— % E {2- ':1 @lt](maihpb)hmibio]gsﬁﬂfoﬂyl@lprbbmmneéycmlrbﬁquy kid€7 Oyxig], 0JKMnwanbj m dazol - 5-
met am nq] su] f on era car

2 {[{2- télilﬁomaﬁ P hyla F{lnﬁy@} Q%%mﬂe (5 b’ZQ@@‘ﬁh&%éP?WILWPT ?OLMZ?WEFQ’ZOI 5-

I th I 4- 2-
ert - but gt E e IS GO e, GFY ARICIPpFI e e Gt g 1L
yl }(rret hﬁI%sﬂlﬁ‘(GP§uhg OV)y%o) fdllomnng ploufigatipn pg reverved-phasaBbLdid-d8% N- {2- e
-Buty 4- I t hyl -
4 (1 (ot Ry bRl SO RO . R 4 L33 it 2 9l Y
N-[2-tert:- ﬁutybs ém@%rzatwdﬁ.%%ﬁ PY)2224- ¥I398H 8 By, 2H4hengs @hdeay! - 5-yI - N
met hyl i soxazol'i dr ne-2-’sul f onami
4- Acet yl 383 (3,3 ED43.But §41 1m( zéi)r&ﬁgidd,d—zﬂ%ﬁzaaﬂ),wﬁéd,wﬁlwiﬁztaanz. m dazol
-5-yl | f.0
N[ 2 % {ﬁ)ngt%’ Yoo ~(t 4&81%%% §331 I)?@I"ﬁz JIRRA 6 1782801 WSS - 5-y1 1 - 4-
(2,2- dingg, mébl@lsopeawl lﬂ’)wrao IJanperwzzurfef M§(ESI9)(MH¥H9’IE5460 Anal.
4- Be 1H benzi m dazo

nzoyl-N-[2-tert- but t et’r ahydr o- 2H-E£/ran4%/ 2)

| -5- 191 ] {8 Nhyalpdﬁ@r@zﬂnbls IR 926, & -7%JN>8I9 foupd&s ¢ ahydr o- 2
- pyran- 4-yl enzi m dazol - 5-yl ] - Nret hyI

4- ( 3- et I%Iiég%ﬂ;yé%fllﬂ)lgt Ber azi ne- 1-sul f onam de;

N-[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl methyl)-1H benzi m dazol - 5-yl ] - 4-
(cycl opr Epyl car bonyl ) - N- et hyl pi per azi ne- 1-sul f onam de; ‘

N-[ 2- t er t&¥3R (tetrahydro 2

- pyran-4-yy K by Ny H-b idazol-5-

4- pr opi only{[?wg)rdaﬁzllf%g ?%ﬁﬁxiﬂoﬂgﬁ?&)ﬁ 2y ﬁ)ﬁ enzimidazo

15  yl}(methyl)amino]sulfonyl}-N-cyclopentylpiperidine-4-carboxamide

O\ O
MJ\@M .
N

O=

)

Following the procedure for Step A in Example 10, using 1-{[[2-tert-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl} piperidine-4-carboxylic acid (70 mg, 0.14 mmol),
20  diisopropylethylamine (0.029 mL, 0.17 mmol), cyclopentylamine (0.030 mL, excess),
DMF (3 mL), and HATU (64.6 mg, 0.17 mmol) provided the title compound as its
TFA salt (37.8 mg, 40 %) following purification by reversed-phase HPLC (10-70%
CH5CN in H;0). "H NMR (400 MHz, CDCl3) § 1.32 - 1.42 (m, 2 H), 1.52 - 1.69 (m,
10 H), 1.72 (s, 9 H), 1.76 - 1.85 (m, 3 H), 1.89 - 2.01 (m, 2 H), 2.75 - 2.86 (m, 2 H),
25  3.34(s,3 H), 3.34 - 3.41 (m, 2 H), 3.65 - 3.73 (m, 2 H), 4.00 - 4.07 (m, 2 H), 4.11 -
4.21 (m, 1 H), 4.36 (d, J=6.84 Hz, 2 H), 7.52 (d, J=8.79 Hz, 1 H), 7.67 - 7.73 (m,
J=7.81 Hz, 1 H), 7.91 - 7.95 (m, 1 H); MS (ESI) (M+H)" 560.0; Anal. (C, H, N) calcd
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N-[2-tert-Butyl-1-(tetrahydro-2 -pyran-4-yl nethyl)-1H benzi m dazol -5-yl]-4-
i sobut yryl - N-net hyl pi perazi ne- 1-sul fonam de;

N[ 2-t er twBubys033636t et r ahydro- 2/ i - pyran-4-yl nethyl )-1  PCT/SE2005/001405

H benzi m dazol - 5-yl]-4- (cycl obutyl carbonyl) -

-met hyl ri perazi ne-1-sul fonam de; N-[2-tert-Butyl-1-(tetrahydro-2
-pyran-4-yl net hyl) - 1H benzi m dazol -5-yl ] - 4-

butyryl - %MBH%MOWBZOCE@CD@HMQM{@ #e,40CH;0H: C 51.16,H 6.37, N 9.09;
4-{[[ 2- tert BUtl/yl -1-(tetr hﬁgro 2H pyran- 4-yl met hyl ) - 1H benzi m dazol - 5-
met h F\f - di nmet hyl pi per azi ne- 1- car boxam de;
[2-tert- Butyl 1 (tet rahydr o- 2H pyr an- 4-yl net hyl ) - 1H benzi m dazol - 5-
met hyl ) am no] sul fonyl }- -isopropyl pi perazme- 1- car boxam de;

[ 2-t distandple ¥4 - 1- (t et r ahydr o- 2H pyran- 4-yl net hyl ) - 1H benzi m dazol

15  driBisrgpaa et e Do LG SR P R 1 o - 5.
nme

th Nvip CREDDYRAMEER
r]tml%lu %Hhﬂ% g‘tﬂr)%}ﬁydr o§§ﬂlgi;1$§gﬁﬁb?ﬁ%$ hyl ) - 1H benzi m dazol - 5-

[2
et hyI ) am no] sul f onyl N- cycl opr opyl pi per azi ne- 1- car boxam de;
[
e

2-tert-Butyl-1-(tetxahydra:?2 yran-4-yl met hyl ) - 14 benzi m dazol - 5-
t hyl ) am no] sul fonyl | - N yclob t(yl pi per azi ne- 1- car boxam de;

ert- Butyl) 4- {[[2-tert-butyl O pyran-4-ylnmethyl)- 1| -
i m dazol 5-yl ] (et hyl)am no] sul fogyl ,}\&a%-x - car boxam de;
tyl -
tert Butyl - 1- (t et rahydro- 2H pyran- 4-yl net pyl ) - 14 benzi m dazol -
met hyl ) am no] sul f onyl } pi per azi ne- 1-carboXam de;
Alyl-4-{[[2-tert-butyl-1-(tetrahydro- 2Hpyran- 4- yl met hyl ) - 1H benzi m dazo
yl ] (et hyl ) am no] sul f onyl } pi per azi ne- 1- car boxam de;
2-

]
R e s R e s
- t dtetraBydrgi 2 pytaeid-ginyetind)- Hheyriamdazol-bnet hyl ) - 1H benzi i dazol - 5-
LB ¢ skl Pty RE B B REROE SRR DB m dazol - 5-
diisopropylethylamine (0.029 mL, 0.17 mmol), 1-aminopyrrolidine hydrochloride
(20.8 mg, 0.17 mmol), DMF (3 mL), and HATU (64.6 mg, 0.17 mmol) provided the
title compound as its TFA salt (37.8 mg, 40 %) following purification by reversed-
phase HPLC (10-60% CH3CN in H,0). "H NMR (400 MHz, CDCls) § 1.52 - 1.70 (m,
15 7H), 1.72 (s, 9 H), 1.74 - 1.84 (m, 2 H), 2.12 - 2.23 (m, 4 H), 2.37 - 2.48 (m, 1 H),
2.87 -3.00 (m, 3 H), 3.33 (s, 3 H), 3.34 - 3.41 (m, 2 H), 3.44 - 3.53 (m, 2 H), 3.65 -
3.74 (m, 4 H), 3.99 - 4.07 (m, 2 H), 4.38 (d, J=7.42 Hz, 2 H), 7.57 (d, J=8.89 Hz, 1
H), 7.69 (dd, J=8.89, 2.05 Hz, 1 H), 7.88 (d, J=2.05 Hz, 1 H); MS (ESI) (M+H)"
561.0; Anal. (C, H, N) calcd for C,5H44NsO4S+2.75CF;COOH+0.55H,0
20 +0.15CH;0H: C 45.46,H 5.49, N 9.45; found C 45.47, H 5.49, N 9.46.

<A BS RS P PSS

e

1(
{L
1(
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[ 2-
H
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1
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Example 15

1-{[[2-tert-Butyl-1~(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-

yll(methyl)amino]sulfonyl}-N-1H-pyrrol-1-ylpiperidine-4-carboxamide
25
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| 1 (et hyl ) am no] sul fonyl }-N-(cycl opropyl net hyl ) pi per azi ne- 1- car boxai ni de;
[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl methyl)-1H benzi m dazol - 5-yl ] - 4-(

'

1H ni dazole 200e38a@sbony”~- N- net hyl pi per azi ne- 1-sul f onanmipde;sEb@epopsy |
4-{[[2-tert-butyl-1-(tetrahydro-2 -pyran-4-yl nethyl)-1H benzi m dazol - 5-

yl ] (met hyl ) am no] sul f onyl } pi per azi ne- 1- car boxyl at e; :
N-(1-{[[2-tert-Butyl 4-(tetrahydro-2 -pyran-4-yl nethyl)-1H benzi m dazol - 5-
yl ] (et hy m neg] sul fonyl }pyrrolidin-3 -yl)acetam de;

N (1- {[[2®t- -1-(tetrahydro- 2H pyran-4-yl methyl ) - 1H benzi m dazol - 5-
yl ] (met hyl Yam y|}pyrro| | di n-3-yl)-2, 2-di met hyl pr opanam de;
-(1-{[[2-tert-But rahly dy 2/| pyran4y|rrethy|)-I|/ benzi m dazol - 5-
yl'] (et hyl )am no] sul fo yI yI)acetam de; -{2-

eButyl-1-[(4, 4-difl uopocy 21 Nyl thyl]-1 H benzi m dazol - 5-yl }- Nret hyl -

1H i m dazol e- 1- sul f onam de;

N-{2-tert-Butyl-1-[(4,4-difl ocycl ohexyl ) nethyl]-1

H benzi m dazol -5-yl }-Nnethy\- 1)- 1,2,4-triazol e- 1-sulfonan de;
N-{2-tert-Butyl-1 -[(4,4-difPubrocycl ohexyl)nmethyl]-1 H-benzi m dazol - 5-yl }

- Nnet hyl I
1 (tet 1 alplpBingiBe piosrede Satemor s EarRs O nripkSoiEE kgL
f.or nyl - Nypeeiiydro Dirk- Waﬁﬂoﬂ'lﬁre iyl FroRaahil@izols{ [ [ 2- t ert But yl -
1- (tetrahydro-2H pyran-4-yl nethyl)- 1H benzi m dazo

yI ] (meth ]xmmhmbp@moﬂ%fpnyl}pme@é@pﬂmaéwhiméﬁ%mQ 14mempBoxan de:

t b dazol - 5-
s e
Al ly ]DI{éIF[(Z l-nﬁIe)r hnchIAWU (hE4(6 B @by dmlnc]zl)promded Thft—ltj{é omhpoung-as its % .
en2| m dazoq met ulfo - oxami de;
2 A Bt o e 0 Lo bt WYyt e ks o - 5
met hygd f RPP 58249l
[ 2- tert%pp%{% - ?%Ng%{ah?/%ro Zﬁ%%{%%yg-ay? o (%q?qp(llxl—?ggnm n dazol - 5-
met hyll.j2n. ﬁﬁ)Imul EOr}26 - 280 (m, 2 H), 2.75 - 2.86 (m, 2 H), 3:23 - 3.41 (m, 6 H),
10 3.58-3.72 (m, 3 H), 3.96 - 4.08 (m, 2 H), 4.37 (d, J=7.42 Hz, 2 H), 6.06 - 6.15 (m, 2

H), 6.56 - 6.61 (m, 2 H), 7.56 (d, 1=9.18 Hz, 1 H), 7.68 - 7.73 (m, 1 H), 7.91 (4,

J=1.17 Hz, 1 H); MS (ESI) (M+H)" 557.0; Anal. (C, H, N) calcd for

CpsH4oNg04S+1.75CF3COOH+0.35CH;0H: C 49.85, H 5.67, N 10.95; found C

49.97, H5.61,N 10.84.

H-

(
b
-{I
IT(
{1
IT(

<RSP RZ

15
Example 16
1-{[[2-tert-Butyl-1-(tetrahydre-2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yll(methyl)amino]sulfonyl}-N-ethylpiperidine-4-carboxamide
O

N3O N N
LA
O N

o

20  Following the procedure for Step A in Example 10, using 1-{[[2-ter¢-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino]sulfony!} piperidine-4-carboxylic acid (70 mg, 0.14 mmol),
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N- di et hyl - 1H pyr azol e- 4- car boxam de;

[2-tert-Butyl -1-(tetrahydro-2H pyran-4-yl net hyl)-1H benzi m dazol - 5-

met hywpaneenspeaal f onyl } - N- net hyl - 1H pyr azol e- 4- car boraemisg205/001405

rt-Butyl)- 1-{[[2-tert-butyl- 1-(tetrahydro-2H pyran-4-yl methyl)-

nzi m dazol - 5-yl](nmethyl)am no]sul fonyl}-1 H pyrazol e-4-car boxam de;
{[[2-tert-Butyl- 1-(tetrahydro-2H pyran-4-yl nethyl)-

ben2| i hpzai vl éihy lyniHen© 1009 nla 6. rodsiol eﬁhyla}mﬂe @-Dymdz 01433amb)acet am de;

SRS T sk Rl
tetr a‘li*}fﬂr Q1741 gﬁ%%%,ﬂoﬁ%ﬂ?@ O%unff'cﬁ?&?ﬁf fé%fi@é-%as'% HPLC (10-65%

et hyl') am noj i m dazol e”- car boxani de;

[ 2-f éIHaCBUih)HzO)l mmmmmm}zzcmx)m 12 () Frt 1/ Hy, 3 HBi—lb‘élnzl ﬁ? dazol 5-

Fé“fyé%lamw“ﬁi o 82t 7y L) L2 ) WEE I R BRI0 B davol - 5.

ok I - 856 caeherapige3.98
[2 te agr%p ;52_8(_ tagjtl)igﬁo ?gﬂg&@yﬁrghﬁﬁﬁaﬂqké -%-Zbrgm m dazol - 5-

et hyl 4asi (rrngSHl] ﬂdﬁ;(tl}l—m-Zsz;@yH}, ﬂ47py(r c"/)aﬁfboi SR EDN- Al 1yl - 1-

et hyiopar Fofeu Bt O S ED gy ES DR s hogh TEr80R) BUEERR. ot 1

|
{
|
{
]
{
|
][
t et r ahy s R0 punasch; g boet: he b8 Hiess, N8 dazfnd € 46.49, H 5.09, N
](rret hyl§am no{sq-trjl fonyl}- -ethyl- (/] -pyrazol e- 3- car boxan de; N-[2- r
Bu

-(

(

]

2-

y

4- (

FI~=H
Agﬁuﬁ

H
Aﬂfx

I AL P P P
AN >|—|/-\l—| >

t ¥0- 19(X2et r ahydr o- 2H pyr an- 4-yl met hyl ) - 1H benzi i ni dazol - 5-yl ] - Nnet hyl -

nmor phol m 4-yl car bonyl ) pi perazi ne- 1-sul fonam de; 4-{[[2-tert-Butyl -

t et rahydr o- 2H pyr an- 4-yl net hyl ) - 1H benzi m dazol - 5-

(et hyxhaipleey sul fonyl } - -(2 hydr oxyet hyl ) pi per azi ne- 1- car boxam de;
tert-Butyl-I|<tetrahy

r an- 4N (et Bytyd)- &FHMH’MY(HZ@?}‘I ghydrp-24rpy F%,I}-4-ylmethyl) -1H-
LT T Rz o @i AR A BloP&fifnly 1) pipkr Rith - 2Ra1 B@mide

15

"<l—‘-l>-"<

o)

Following the procedure for Step A in Example 10, using 1-{[[2-tert-butyl-1-
(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl} piperidine-4-carboxylic acid (70 mg, 0.14 mmol),
20  diisopropylethylamine (0.029 mL, 0.17 mmol), t-butylamine (0.045 mL, 0.43 mmol),
DMF (3 mL), and HATU (64.6 mg, 0.17 mmol) provided the title compound as its
TFA salt (44.2 mg, 47 %) following purification by reversed-phase HPLC (10-70%
CH;CN in H20). *H NMR (400 MHz, CDCls)  1.32 (s, 9 H), 1.52 - 1.70 (m, 6 H),
1.71 (s, 9 H), 1.73 - 1.81 (m, 2 H), 2.05 - 2.18 (m, 1 H), 2.26 - 2.40 (m, 1 H), 2.69 -
25  2.81 (m, 2 H),3.31(s, 3 H), 3.32 - 3.42 (m, 2 H), 3.63 - 3.71 (m, 2 H), 3.99 - 4.07 (m,
2 H), 438 (d, J=7.42 Hz, 2 H), 5.79 - 5.85 (m, 1 H), 7.57 (d, J=8.98 Hz, 1 H), 7.68
(dd, J=8.98, 1.37 Hz, 1 H), 7.82 - 7.86 (m, 1 H); MS (ESD (M+H)" 548.0; Anal. (C,
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N-[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl nmet hyl)-1H benzi m dazol -5-yl]-Nm
ethyl- 4-(pyrrolidin- 1-ylcarbonyl)pi perazine-1-sul fonam de; and

phar macewocaddossascept abl e salts thereof. It will be urdesst@edotsbamt when
conpounds of the present invention contain one or nore chiral centers, the
conpounds of the invention may exist in, and be isolated as, enantioneric

or diastereoneric forns, or as a racem c mxture. The present invention

i ncl udes I‘END cplod SO HeNa LS thE0CH:CHQE+ bR aldr@r & 47 Ho dhbdésN 65 xt ur es

t her eof mula |I. The optically active fornms of the
corrpoundf‘lﬁndt g%ﬁgg%s ﬁ{g be prepared, for exanple, by chiral
chromat ogr aphi ¢ separation of a racemate, by synthesis fromoptically

active starting materials or by asymetric synthesis based on the
procedur &xadgdei8 bed thereafter. It will also be appreciated that certain

d th f
oot o B-f el R R R 2 By L TSl B i A s D OB S L Of
geonetri S'gkmbﬁﬂfﬂ!ﬁfmﬁ(f) s fGHTRALNCHifethydpipetidide-4-chtbosahdidar t her be

0

understo that 't he present invention enconpasses tautoners of the
conpounds of the Formula | . It will also be understood that certain
conpounds of the present inveption may exist in solvated, for exanple
hydrated, as well as unsolvat d fornB It will further be understood that
t he present invention enco such solvated fornms of the conpounds
of the Formula |I. Wthin th s |n ntion are also salts of the
conpounds of the Fornula | Gbnerah y |caIIy acceptable salts
of conpounds of the present i nventi 6h -- i ned using standard
procedures well known in the art, for exanple by reacting a sufficiently
basi ¢ conmpound, for exanple an aIkyI amn fth a suitable acid, for
exanple, HC or acetic acid, to afford a Yphygi ol ogically acceptabl e ani on.
It may al so be possible to make a corresp Ing al kali metal (such as

cal ci U TOHOR IS, e PEEIHE 2 RO KPS He SPEdeHiZ TR aH Bn havi ng a
o, 38 Y g ot ety masnabigsac 0 or 2 phenol wh one
yl](methyl)amino]sulfonyl}piperidine-4-carboxylic acid (70 mg, 0.14 mmol),

diisopropylethylamine (0.029 pL, 0.17 mmol), N,N-dimethylamine (0.21 mL, 0.43
mmol), DMF (3 mL), and HATU (64.6 mg, 0.17 mmol) provided the title compound
as its TFA salt (33.7 mg, 37 %) following purification by reversed-phase HPLC (10-

15  60% CH;CN in H,0). "H NMR (400 MHz, CDCl3) & 1.52 - 1.65 (m, 5 H), 1.65 - 1.79
(m, 12 H), 2.25 - 2.40 (m, 1 H), 2.63 - 2.75 (m, 1 H), 2.84 - 2.92 (m, 2 H), 2.93 (s, 3
H), 3.06 (s, 3 H), 3.32 (s, 3 H), 3.33 - 3.41 (m, 2 H), 3.68 - 3.77 (m, 2 H), 3.98 - 4.08
(m, 2 H), 4.37 (d, J=7.42 Hz, 2 H), 7.54 (d, ]=8.98 Hz, 1 H), 7.68 (dd, J=8.98, 0.98
Hz, 1 H), 7.89 - 7.93 (m, 1 H); MS (ESI) (M+H)" 520.0; Anal. (C, H, N) calcd for

20  CpHyN5048+1.80CF;COOH+0.75H,0: C 43.14, H 6.05, N 9.48; found C 48.09, H

6.00, N 9.57.

Example 19
1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
25  yll(methyl)amino]sulfonyl}-V, V-diethylpiperidine-4-carboxamide
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met al hydroxi de or al koxi de (such as the ethoxide or nethoxide), or a

sui tably basic organic am ne (such as choline or neglumne) in an aqueous
medi um fwbl200ea33433 conventi onal purification techni quePCTISE2@8801405

enbodi ment, the conmpound of Formula | above may be converted to a
pharmaceutically acceptable salt or solvate thereof, particularly, an acid
addition salt such as a hydrochl oride; hydrobrom de, phosphate, acetate,
fumarate, nmleate, tartrate, trate, methanesul phonate or |

-t ol uenesul phonate. W haye~ nd that the conpounds of the invention
have activity as pharnaceuti cal i
such as agoni sts, partial aggnis TV E or antagonists O CBl
receptors. Mre particularly, the corgoun of /AR i nvention exhibit
selective activity as agonist of the CBl r€ceptors and are useful in

t herapy, especially for relief of various paip/conditions such as chronic
pai n, neuropathic pain, acute pain, cancer n, pain caused by rheumatoid
arthritis, mgraine, visceral pain etc. Thp i st should however not be
interpreted as exhaustive. Additionally, conpounds of the present invention
are usef Ukoliowieg hRfpredcderser Steptiem Exanwié CO, witsf LR ironbGyCBL receptors is
present or inplicated. Furthernore, the conmpounds of the invention nay be

used to teehydemiEnyramt-yintedyl Brlssrmidp@ler nson' s di sease, Huntington's
> 1 T CAneet)” Dot : . AR
s, AN Y hoings ans ot e 586

and cardio npoun nverition are useful as
i Munaénoddiisapapsgletiadqriat £0.030 by, 0dGtmainnuMe/-dictytmeiae (G0hmas04Bt hriti s,

f ki ft t t d sim| qi cal ds, f Il
(i Seases, By D K Rl e SAT BbT 63 O L TpreD RaRed B i ol i Cvi rap
agents. Conpopyd §a19§1ztmg,i W%??&l%iﬁ%ﬁuﬁﬁ&{tféh by e firsRasiRsstRLES 10her e

degeneration or dysfunctjon of cannabinoid recéptors i's present or

i npl i cat eW% CH:EA inddrQdi MR K#Q0 Mz, C@fdk)\ﬁal-f)gét, skl DHz 3B).0pl 24l |y

| abel | ed iQn the ou t i, nv [ i N odi~agngst.i
technique%sgﬁﬁﬁFﬁﬁgiAﬁgﬁbggggﬁf¥gﬁefé%bEg%gnp gbtﬁi%(% qi@?&%'&&%bgraphy
g PET) Lr? CofpaunyD. 3 - 1. 6£(ch WEND. 801 206 (tsBHY) 3.08¢ 31bend, neanent - 9f30

Lart Oea(m, 2 H), 3.99 - 4.07 (m, 2 H), 4.35 (d, }=7.42 Hz, 2 H), 7.49 (d, J=8.98 Hz, 1 H),

7.70 (dd, J=8.98, 1.76 Hz, 1 H), 7.93 (d, ]=1.76 Hz, 1 H); MS (ESI) (M+H)" 548.0.

Example 20
15  1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yll(methyl)amino]sulfonyl}-/N-methylpiperidine-4-carboxamide

Following the procedure for Step A in Example 10, using 1-{[[2-tert-butyl-1-

20  (tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl} piperidine-4-carboxylic acid (70 mg, 0.14 mmol),
diisopropylethylamine (0.029 mL, 0.17 mmol), methylamine (0.21 mL, 0.43 mmol),
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depression, anxiety and stress-rel ated disorders such as post-traumatic
stress disorders, panic disorder, generalized anxiety disorder, social
phobi a, am0 20dB3&s3ve conmpul sive di sorder, urinary i ncorCI/ser@s/oo@bemat ure
ej acul ation, various nental illnesses, cough, |ung oedema, various
gastro-intestinal disorders, e.g. constipation, functional gastrointestinal
di sorders such as Irritable Bowel Syndrone and Functional Dyspepsi a,

Par ki nsoMF @ sdasandaaTot (0416 metll7 winwd) prevised thedittetamepaspd phits nj ury,

stroke, r.di op ection, {pll ow n i ocar dj | nf i b injury and
dr ug addﬁ%tAi %‘l?fé?%cf?%&l%r@{ f%’@wﬁ%@ﬁ&ﬁﬁ%% gévg%sﬁ%'l%,ﬁlgérﬁ Iggrf?ﬁgé @gdé’l oid and
ot her dr ygr,apsa1And H MMRI(S00 BB CUCIL) 1.5y (Qatigtlies NeTe ausi syt em f or
exanpl e hypertensi on. Conpounds of the invention are useful as an anal gesic

agent f on.&isel YU igHYySnst @l J=thd BehdED22-8hd2 S8 ki D3 dA 48 Stihke3i34 care.

Combi pat i f ent ] di r r{{€s I to achi eve
a bal ncé?’g‘if1 @’fzz[%)fgéﬁégdéed;( ’oi]%’gﬁgg{bta'iéﬁb?ﬁg’ éatr-llz’ells'ﬁlgdf?c&'g?mﬁézg?‘& g.

amesi a, 7a73dgpsi, B8 HAUSH),e. TR(ddX $+d. 18) 1a68dis addy, 7006)- 7.9 @hudHEY MB t hi s

conbi nati on are inhal ed anaesthetics, hypnotics, anxiolytics, neuronuscul ar

bl ocker s (BBE (WhilDi §86.0ap8d- (6.t qalfs 8k ope of the invention is the use of
o ] | foqr ntdiey. f act
anyaonedi éé%oﬁw&q?%%%??b@}?ﬁé%@z@?of%ﬁﬁﬁ c 2Po¥ ey 5fQr N manuf act ur e

of or the'trea any of the conditions disdussed above.
A furt hefo@spedy.5df HtS82, N@.8Biti on is a nethod for the treatment of a

subj ect suffering fromany of the conditions discussed above, whereby an
ef f edPi ve anmount of a conpound according to the Fornula | above, is

admi ni st gi.ed 519, patient in need of such treatnment. Thus, the invention
provi des ‘a conpound of Formula | or pharnmaceutically acceptable salt or
sol vat e tlhf[2Rei¢-Batylde(tetr aigatror 2 -pafamd /hingthyhs biihenzineidapsl-5- n a furt her
aspect, t present. i hvent i rovides .the use.of a.conmpound of Formula |
or a phari E’éﬂlyi)é‘é‘flf‘g}ﬁ5&8@6?‘%550@'&"?689"’% '\c/%'ibé)xflﬁlé(?eeof, as hereinbefore
defined in the manufacture of & nedicanment for use in therapy. In the
context of the present specifigatiaqn, the term"therapy" al so includes
"prophyl axi s" unless theré ar% specif4clindications to the contrary. The

term NN N
\

I >7<
O \©:N

0

15 Following the procedure for Step A in Example 10, using 1-{[[2-tert-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino]sulfony!} piperidine-4-carboxylic acid (70 mg, 0.14 mmol),
diisopropylethylamine (0.074 mL, 0.43 mmol), N, N-diethylamine (0.035 mL, 0.43
mmol), DMF (3 mL), and HATU (81 mg, 0.21 mmol) provided the title compound as

20 its TFA salt (31.1 mg, 34 %) following purification by reversed-phase HPLC (10-70%
CH;CN in H,0). 'H NMR (400 MHz, CDCls) 6 0.89 (t, J=7.42 Hz, 3 H), 1.44 - 1.71
(m, 8 H), 1.72 (s, 9 H), 1.75 - 1.87 (m, 2 H), 2.17 - 2.41 (m, 2 H), 2.72 - 2.85 (m, 2
H), 3.14 - 3.23 (m, 2 H), 3.32 (s, 3 H), 3.33 - 3.42 (m, 2 H), 3.59 - 3.70 (m, 2 H), 3.98
- 4.09 (m, 2 H), 4.38 (d, J=7.42 Hz, 2 H), 6.30 - 6.42 (m, 1 H), 7.55 (d, J=8.98 Hz, 1

25  H),7.68 (dd, J=8.98, 1.76 Hz, 1 H), 7.91 (d, J=1.76 Hz, 1 H); MS (ESI) (M-+H)"
534.0; Anal. (C, H, N) calcd for C7Ha3sNsO4S+1.80CF3COOH+0.90CH;OH: C
49.28, H 6.29, N 9.06; found C 49.25, H 6.29, N 9.06.
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"therapeutic" and "therapeutically" should be contrued accordingly. The
term"therapy” within the context of the present invention further
enconpasswe 20es/B886sBNi ster an effective anobunt of a conpeumdreedosbbropr esent
invention, to mtigate either a pre-existing disease state, acute or
chronic, or a recurring condition. This definition al so enconpasses

prophyl actic therapies for prevention of recurring conditions and conti nued
t herapy fExangilé 22i c di sorders. The conpounds of the present invention are

useful in_therap especially for the thera f wvari aj n..conditions

i ncl udi néY‘BHEbfl‘]an'F‘i’ E‘PFE’E’%‘ ?trg@ﬂi" - 'Pﬁfalgﬁ'rﬁ%e{hybéﬂfbeﬁ‘@ﬂ?'&ﬁé@hi c pain,
back pai iy, iUty Mbifeiddhe-RRhboramitgée for therapy in a
marn}blogﬁggﬁg%ﬁﬂgﬁﬁsuk% asygb unan,ethe conmpound of the invention may be
adm nistered in the formof a c§nventional pharmaceutical conposition by

any route including oral i ularly, subcutaneously, topically,
intranasally, intraperitoneally, intraghbracially, i ntravenously,

epidurally, intrathecally, transde *byw } reproventricul arly and by
injection into the joints. In one enbogj ne f i nvention, the route of

adm ni stration may be oral, intravenous or rThtranuscul ar. The dosage w ||
depend on the route of adm nistration, the seveyity of the di sease, age and
wei ght of the patient and other factors norrl |y considered by the

attendi ng physician, when determ ning the ingiyfdual reginen and dosage
| evel at the nost appropriate for a particular patient. For preparing

phar mgceuldlieHinLBIPRITetine For $tep M inEx 6P 00 et {[[Dias:-bmybat i on, inert,
pharmaceutically acceptable carriers can _be_either solid and liquid. Solid
f or m pr eftatraby&a2 H-nxtendey isipd)-§-eapipddazol-di spersi bl e granul es, capsul es,

i o iy Be Y ARARIA BT AL Bl i 8 D PR ™ Nor | i

avori ng agents, u zérs, lubricants,

suspendi nGisg@epyisthyintide ((R074mL} aldb enrdoly] Miegrtptinhee @get, ;43ihmodn al so be
an encapsul ating material. In po the carrier is a fiaely di vi ded

solid, WP (Bgninand HAEY (E mg{&gf Fraal) pevifediths tikerangyad s s Fthe
I nveny ong; 051 § 8% 380, VEuSRRIREHatidl by ARESEE phdASIPLC (10-70%
CH,CN in H,0). 'H NMR (400 MHz, CDCls) § 0.90 (t, =7.32 Hz, 3 H), 1.24 - 1.39
(m, 2 H), 1.41 - 1.52 (m, 2 H), 1.52 - 1.70 (m, 6 H), 1.72 (s, 9 H), 1.77 - 1.87 (m, 2
H), 2.15 - 2.41 (m, 2 H), 2.74 - 2.87 (m, 2 H), 3.16 - 3.26 (m, 2 H), 3.32 (s, 3 H), 3.33
-3.41 (m, 2 H), 3.60 - 3.72 (m, 2 H), 3.98 - 4.08 (m, 2 H), 4.37 (d, }=7.42 Hz, 2 H),
15 6.18-6.30 (m, 1 H), 7.54 (d, J=8.98 Hz, 1 H), 7.67 (dd, J=8.98, 1.76 Hz, 1 H), 7.94
(d, J=1.76 Hz, 1 H); MS (ESI) (M+H)" 548.0; Anal. (C, H, N) calcd for
CasHLisN50,S+1.55CFsCOOH: C 50.56, H 6.48, N 9.67; found C 50.95, H 5.92, N
10.27.

20  Example 23

1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-V-(2,2,2-trifluoroethyl)piperidine-4-carboxamide
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active conmponent is mxed wth the carrier having the necessary binding
properties in suitable proportions and conpacted in the shape and si ze
desired. Wono@msp@si Nng suppository comnpositions, a | ow melriSEp@soendosuch as
a mxture of fatty acid glycerides and cocoa butter is first nelted and the
active ingredient is dispersed therein by, for exanple, stirring. The
nol t en honbgeneous m xture in then poured into convenient sized noulds and
allowed to cool and solidify. Quitable carriers are nagnesi um car bonat e,
magnesi um st earate, targ%/ka S sugar, pectin, dextrin, starch
tragacant h, nmethyl cellul seﬂ sofli utheal boxynet hyl cel | ul ose, a | ow nel ting
wax, cocoa butter, and the Iike. AL e -@--w on is also intended to

i nclude the formul ation of the activellconp th encapsul ating nateri al
as a carrier providing a capsule in mﬂich ctive conponent (with or

W thout other carriers) is surrounded by a caryier which is thus in
association with it. Simlarly, cachets are’ingcluded. Tablets, powders,
cachets, and capsul es can be used as solid}osage forns suitable for oral
adm nistration. Liquid form conpositions include solutions, suspensions,

and eml §},0R3ingAE pfBRRb for RELAI BARDRI1DTsiHAT SN[ PieAPlgnE 9l ycol
S of the a pe | d

sol ution tive conpounds may be liquid preparations suitable for
par ent er @etralgyrdro-2&k-pyati-daylmethyi H-bengimsdazdlbhs can al so be fornulated in

sol uti on i.n agueous polyethyl ene gl ycaol | ut.i A tions for

or al aanHﬁ@@ﬁXﬁWBﬁmgﬁh% @}épgaipgéxﬁaxasgggwégﬁ%)?%g&gg§$§§&gohpoient in

wat er s an%ii?%ﬂb}?}?ebﬁyiahﬁﬁ% &.CRILOD B tsmol)) By oriiiAgoRetylanins (abS0 mker s, and
ge

t hi ckeni ng s as desired. Aqueous sus&ensi ons for orgl ,Lfse can be made
by di spersiingmohe DM &} ylld,iaﬁﬁdégmc(ﬂl@@gc Ap sl Prayidesiths ttleget her with a

oo Bl A P e epis Rityhge o ooe
phar maceutpio@l 1 (-PoRGIGN th H50). e paviEi (400 Mz, D gl 61 - Adii (ni, $thiat i on, the
Pont by el s Fonbre- brgnes anhybos - 38 o/ b YAS JEAMS 793¢, 997 (per
10 3.41 (m, 5 H), 3.58 - 3.65 (m, 2 H), 3.82 - 3.94 (m, 2 H), 4.00 - 4.07 (m, 2 H), 4.38 (d,
J=7.42 Hz, 2 H), 7.05 - 7.14 (m, 1 H), 7.56 (d, J=8.98 Hz, 1 H), 7.68 (dd, J=8.98, 1.46
Hz, 1 H), 7.91 - 7.94 (m, 1 H); MS (ESI) (M+H)" 573.8; Anal. (C, H, N) calcd for
Cy¢H3sF3N504S+1.85CF;COOH: C 54.44, H 6.63, N 12.21; found C 45.49, H4.94, N

8.87.
15
Example 24
N—Allyl-l—{[[Z-tert-butyl-l-(tetrahydro—2H—pyran-4-ylmethyl)-1H—benzimidazol—
5-yl](methyl)amino]sulfonyl} piperidine-4-carboxamide
0
\\\/\N
H Q |
N\\é,N N
H \>7<
;L
20 ©

Following the procedure for Step A in Example 10, using 1-{[[2-tert-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
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fromO.10 to 50%v, of the conpound of the invention, all percentages by

wei ght bei ng based on total conposition. A therapeutically effective anount
for the pwecbiss3eh the present invention may be deter mpoedgg2dyp/obtaes use of
known criteria including the age, weight and response of the individual
patient, and interpreted within the context of the di sease which is being
treated or which is being prevented, by one of ordinary skills in the art.

W t hi n t lyE(setbplRamsinoisutfonylypipeiidine#sattipgylie acig (1 (e cHApsumed).of Formul a |

as defined abov r the nuf ur e of i t i HRk; t he scope
of the | AVSRTBICTERE Qacby 0 gy aes R aRaR (DRI 0.0} BiD! PRLP

manuf act 3 Bl fard MRIUCATE Rig, DB hiel) tpaerdaythetitlp @bmpoisttast itsoTEA kait pr ovi ded
is the use of any coﬂq ound according to Fornula_| for the nmanufacture of a

medi caneif27.6 oe, 2h&oxhleumg rarifigationbisreyersed-prasgiHELEn 6L G- 6% (diahdY Mut not

limted L a I, (gfaTal] I £y, } i C a4 cancer
ai . SandtOV oSG BloMER COCENBY 0 LRV UAPE] () 80 oo ACE 1920.7e LORCRT
therapy af). g @ibitey;B.33UkfEH),mwB4 r da1 any2 B, 3.68- 800din, RdNs382sGl9sed above,
wher eby an effective anmpunt_o

f a compound accordin o, the Fa la | above,
i s adm ni(et @Bd3 08 - 4-08{m. ), F‘n”@(ée%pkﬁz %@?&ﬁlnﬁéﬂ&?@éo LR ﬁ&gT y, there
i's provi TBCe U | | (4 QB 6OTDI | 8 MYeR(LOTPPHSA ®f Fornula |
or a pha%@c@ﬂ‘jﬁgﬁél 'y auécf%:sg ’agﬁgpfs?% @’ﬁge?eg?’, ?I%’ngssgci gﬁ)on with a
phar mace s, ¢al)| y.9a¢a gl 5| Kz, ddkiy; S (ESBNVHEDT 833.§;, there is provided a
pharmaceutical conposition conprising a conpound of Fornmula I or a
phar flceutical |y acceptable salt thereof, in association with a
phar naceti#}iaﬁgélgisaccept able carrier for therapy, nore particularly for
therapy of pain. Further, there is provided a pharnaceutical_conposition
conpri si Ng{[2-senBatyid-@étrlaydrot 2 pyoan-d-ydmathydl bithenglmidagelcept abl e sal t
thereof, i assqciatiom il o BRarRcedhlcal Lidsaseiab! e carrier use in

any of t

0

YNJKG I
H O
N3 N N
PR
0 N

O
N Following the procedure for Step A in Example 10, using 1-{[[2-tert-butyl-1-
(tetrabydro-2 H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-
yl])(methyl)amino]sulfonyl} piperidine-4-carboxylic acid (200 mg, 0.41 mmol),
diisopropylethylamine (0.2 mL, 1.22 mmol), isobutylamine (0.12 mL, 1.22 mmol),
20 DMF (6 mL), and HATU (236 mg, 0.62 mmol) provided the title compound as its
TFA salt (99.6 mg, 37 %) following purification by reversed-phase HPLC (10-70%
CH;CN in H,0). 'H NMR (400 MHz, CD;0D) & 0.87 (d, J=6.84 Hz, 6 H) 1.51 - 1.67
(m, 7 H) 1.69 (s, 9 H) 1.70 - 1.77 (m, 3 H) 2.23 - 2.33 (m, 1 H) 2.81 - 2.91 (m, 2 H)
2.91-2.99 (m, 2 H) 3.33 (s, 3 H) 3.33 - 3.39 (m, 2 H) 3.66 - 3.74 (m, 2 H) 3.90 - 3.97
25  (m, 2 H)4.54 (d, J=7.42 Hz, 2 H) 7.68 (dd, J=8.98, 1.95 Hz, 1 H) 7.81 (d, J=1.95 Hz,
1 H) 7.96 (d, J=8.98 Hz, 1 H); MS (ESI) (M+H)" 458.0.

Example 26
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above. In a further aspect, the present invention provides a nethod of
preparing the conpounds of the present invention.ln one enbodinment, the

i nvent i onwpross/dgsssa process for preparing a conpound ofPCESERME@01405
conprising: | reacting a conpound of Formula Il with a conpound of formula
11, followed by treating the reaction product wth MeOIf and subsequently
with R1IH, wherein Rl, R2, R3, R4 and G are as defined above. Conpounds of

t het pres ang[[2-M?Bgt};bﬂ-(gaﬁawch‘o-ﬂé-pprﬁpdﬂémeﬁwdblmb@zhnidahd-%y nt hetic
routes as depicted . e - 5. Sche 1 . H2 . Pd reduci ng agent base, e.g.
DVAP e. g.ylmnqﬂlyélﬂ%Hk?ﬁgvﬁf-ibbpﬁxffﬁ%ﬁgwew&thﬁ‘ ¢ ‘1'%'9 ?eagent, e.g. ’
HATU 3) Wtf;&tmid@' g. AcOH acid, e.g. AcOH m crowave oven heati ng,

100- 1900C sol'vent, e.g. AcCN base, e.g. (IPr)2EtN AcCN base G Rl, R2, R3
and R4 are as defi ned above.|Schgme 2 cone. HCIl C G Rl, R2, R3 and R4 are

as defi ned above. ScheneH@ ﬁ R3and R4 are as defined above.
H NO\\ I‘!l N
S \>_7<
O \©iN
0

5  Following the procedure for Step A in Example 10, using 1-{[[2-tert-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl}piperidine-4-carboxylic acid (175 mg, 0.36 mmol),
diisopropylethylamine (0.15 mL, 0.85 mmol), DL-2-amino-1-propanol (0.08 mL, 1.07
mmol), DMF (5 mL), and HATU (162 mg, 0.43 mmol) provided the title compound

10  asits TFA salt (66.9 mg, 28 %) following purification by reversed-phase HPLC (10-
40% CH;CN in H,0). 'H NMR (400 MHz, CDCl3) & 1.13 (d, J=6.64 Hz, 3 H) 1.51 -
1.68 (m, 7H) 1.72 (s, 9 H) 1.75 - 1.86 (m, 1 H) 2.19 - 2.41 (m, 2 H) 2.67 - 2.91 (m, 2
H) 3.32 (s, 2 H) 3.33 - 3.41 (m, 3 H) 3.43 - 3.70 (m, 4 H) 3.97 - 4.09 (m, 3 H) 4.39 (4,
J=7.62 Hz, 2 H) 6.76 (d, J=7.42 Hz, 1 H) 7.55 - 7.60 (m, 1 H) 7.64 - 7.68 (m, 1 H)

15  7.84(d, 7=1.95 Hz, 1 H); MS (ESI) (M+H)" 549.8.

Example 27

1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-

yl](methyl)amino]sulfonyl}-N-(2-hydroxyethyl)piperidine-4-carboxamide
O

Qg
H O
\!
N‘\S’N N\
O N

0
20
Following the procedure for Step A in Example 10, using 1-{[[2-fert-butyl-1-
(tetrahydro-2H-pyran-4-ylmethyl)- 1 -benzimidazol-5-

yl](methyl)amino]sulfonyl} piperidine-4-carboxylic acid (70 mg, 0.14 mmol),
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s a C2.6heterocyc!yl as used in defining the RL above X is Acyl-O or

hal ogen Schene 4 base, e.g. Hunig's base R -N=CO solvent, e.g. CH2Cl 2 G

R2, R3 amwloRdocarss3as defi ned above. R4 R3 is a C2. bhet epgorseboos/oasosised i n
defining the RL above X is Acyl-O or hal ogenSchene 5 HATU base G R2, R3
and R4 are as defined above. R6 is Cl-6 alkyl or C3.6 cycloalkyl N'I " is a
C2. 6heterocyclyl a s used in defining the Rl above X is Acyl-O or hal ogen

Bi ol ogi Calhs@taibylahynﬁnﬂi&@ ®Rdnh B4 ﬁﬁﬁm @thahbladiimg(OHiPanL GBI 7 mewept or from
Recept or _Bi ol ogy ( recept or fromqfel 0Si gna hCB2)

rrema)lrane@MFé Nﬂ&v@%ﬁ@ﬁémﬁés%é@@n@ﬁ@é’lqeﬁﬁ% caon%)unggé & bl unt-end
need| e u
5 Moo A SEE A Rehg SR BRIV o GGy kel il LG G-s0 o MM EDTA

clont ai ni _rg%—lﬁ){ggﬁﬂ?pﬁ%(&hmwgiz @‘D(D]s)a& bisp - érﬁé (di, ﬁH)hbl]tZE(el, 9 H) 96- wel |

at es. e 0

val it ed B G e BE G okt fact B d 2L ARt SE0 65ag1540 at 20000
to 25000 dﬁﬂ?@ﬁ thhg(sosz”s 69(1%12%3 68-3. 7f8 ﬁab H)OB%E 267 G2 |, The

t ot al non-sp bi ndi ng "are term ne he absence ’and”’pr esence

of 0.2 m\m&ﬁ(dl,-llBQZL@Z HeshERL1. 1/%+?24T1hneJ=pﬂQa@kHZ,aer) W@?&e&éﬁl(lanblﬂi),n'b ated for

'n 0. 196 ot eyl B Ese e hER S TERD D" Blaphpglt (€, W taked Presoaies

for CHaN5058+2.20CF;COOH+1.00H,0: C 45.38, H 5.66, N 8.70; found C 47.93,
10 H5.22,N8091.

Example 28
Ethyl 1-{[[2-tert-butyl-1-(tetrahydre-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl}(methyl)amino]sulfonyl} piperidine-4-carboxylate

15
Following the procedure for Step J in Example 10, using 1-{[[2-tert-butyl-1-

(tetrahydro-2H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-yl](methyl)amino]sulfonyl}-3-
methyl-1H-imidazol-3-ium (1.9 g, 4.25 mmol) and diisopropylethylamine (0.1 mL,
0.6 mmol) at room temperature in MeCN (40 mL) and ethyl isonipecotate (1.9 mL,

20  12.75 mmol), the solution was concentrated and the residue was redissolved in EtOAc
(100 mL). The solution was washed with H,O (3 x 30 mL), brine (30 mL), dried over
Na,SO, and filtered. After evaporation of the solvent, the residue was purified by

’ﬂash chromatography (0-100% EtOAc in hexanes, 50min; 100% EtOAc, 10min; 0-
2% MeOH in EtOAc, 10min) to provide the title compound (445 mg, 20%). 'H NMR

25 (400 MHz, CDCls) § 1.24 (t, J=7.23 Hz, 3 H), 1.49 - 1.59 (m, 13 H), 1.64 - 1.77 (m, 2
H), 1.86 - 1.95 (m, 2 H), 2.22 - 2.39 (m, 2 H), 2.78 - 2.89 (m, 2 H), 3.28 (s, 3 H), 3.29
-3.37 (m, 2 H), 3.63 - 3.71 (m, 2 H), 3.95 - 4.02 (m, 2 H), 4.13 (q, J=7.23 Hz, 2 H),
4.20 (d, J=7.42 Hz, 2 H), 7.30 (s, 1 H), 7.32 (d, J=1.95 Hz, 1 H), 7.72 (d, J=1.56 Hz, 1
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harvester using 3 nL of wash buffer (50 MM Tris, 5 M Mgd 2, 0.5 ng BSA pH
7.0). The filters are dried for 1 hour at 55 OC. The radioactivity (cpn) is
count ed iwoaodeapsmsant (Packard) after adding 65 m/wel |l pofi/SEB»0R001405
scintillation liquid. hCB, and hCB? GIPYS bi ndi ngHuman CBi receptor from
Receptor. Biology (!1CBl1) or human CB2 receptor nenbranes (Bi oSignal) are
thawed at 37 C, passed 3 tinmes through a 25-gauge bl unt-end needl e and.

di | uted iHy; MS(ESTROS-E) 8H 100 Anaf.f(er H( N calodForeeld,oN2053%0.6¢CHHOH.0C nM Nadl |
1 mM EDTA, 5 I\élgd 2, pH 7.4, 0.1% BSA). The EC50 and Emax of the
conpound$9df7, HiedZ, N k8 3:daung € S B84 N 1A 10- poi nt doser esponse cur ves
done in 300mM wth the appropriate anmount of nenbr-ane protein and

100000- 130000 dpm O GTPg 35S per well (0.11 -0.14 nM. The basal and

maxi mal Hdamyleted binding is determned in absence and presence of 1 nM
(hCB2) or 10 nmM (hCBi ) Wn 55, 212-2 respect.ivel y, e nenbyranes are

pre- i pcuBalEdlF-gr-Bugiinl(teraly @W'%T%aﬁﬁrﬂﬁ@%?%%;}]ﬁ%@“{?ﬁ%gl CB1) GDP
prior to gh i Is i 15 E'lg%g’b 1'1CB1) CGDP final).
The pl atgg@%{eﬂ oﬂlg@g{iﬁ%}%%zggggé?gm(gr 6 Irlri&f’lalﬁtﬁg’éiﬂgi[der oom t enper at ur e,
filtered on Unifilters GF/B (ppesoaked in water) with the Tontec or Packard
harvester using 3 m of w@!\[ﬁu 5p mM Tris, 5 nM Md 2, 50 nM NaCl, pH
7.0). The filters are dried flor wrnat_95 & The radioactivity (cpm is
counted in a TopCount (Packarod) aftep a%_g/well of Ms-20
scintillation Iiquid. Antagoni st reversakstudi es\are done in the sane way
except that (a) an agoni st dose-response curveg is done in the presence of a
constant concentration of antagonist, or ( an ant agoni st dose-response
curve is done in the presence of a constaft cpncentration of agoni st. Based
on the above assays, the dissociation confant (Ki) for a particular
conpound of the invention towards a particul ar receptor.js determ ned using
the. 1ol | Siemd SatalllZoferRutakTrieesmaydrpr g pyre-+ NmEMWRUICs0 i s t he

concentr "’Hegﬂﬂnﬁﬁz _1-@yﬁ8ﬁ@%ﬁ&'ﬂ£jmﬁfo]Hlﬁmiyl}‘!n%ﬁdiﬁ-%—at whi ch 50% di spl acenent

has been observed;
10 yDcyclopropanecarboxamide

H,N

H
0 | A“/N |
\C\N*“s’N N TGN N
] N o % N
S N — (@]

N

To a solution of 3-amino-N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- L H-

15  benzimidazol-5-yl]-N-methylazetidine-1-sulfonamide (150 mg, 0.27 mmol, see Steps
B and C for its preparation), diisopropylethylamine (0.14 mL, 0.82 mmol), and
cyclopropanecarboxylic acid (0.33 mL, 0.41 mmol) at room temperature in DMF (1.5
mL), was added HATU (125.5 mg, 0.33 mmol) in one portion. The solution was
stirred at room temperature for 3 hours. After evaporation of the solvent, the residue

20  was purified by reversed-phase HPLC (10-65% CH;CN in H,O) to provide the title
compound as its TFA salt (27.3 mg, 16%). 'H NMR (400 MHz, CD;0D) § 0.72 -
0.85 (m, 4 H) 1.50 - 1.68 (m, 5 H) 1.69 (s, 9 H) 2.31 - 2.46 (m, 1 H) 3.31 - 3.40 (m, 5
H) 3.80 - 3.86 (m, 2 H) 3.91 - 3.98 (m, 2 H) 4.00 - 4.06 (m, 2 H) 4.50 - 4.59 (m, 3 H)
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[rad] is a standard or reference radi oactive |ligand concentration at that

nmonment; and Kd is the dissociation constant of the radi oactive |igand

t owar ds twe 2p@wd3Be3al ar receptor. Using the above-nenti ored/sasmaypeisos he Ki

towards hunman CB1 receptors for certain conpounds of the invention are in

t he range of between 1 nM and 2897 nM EC50 for these conpounds are in the
range of between 0.58 nM and 7647 nM Enax for these conpounds are in the

range of 7@@5,@&87%%2&6&216}%7&7%&5515& i B)EA6 @nJ+8.98 Hezur HixdviSbe

descri bed_in nore, det ng Exanpl es whi ch describe nethods -

wher eby €89 éMﬂQ 83 gh‘@n%r%ﬁ\tmi T on may be prepared, purified,

anal yzedcﬂrﬁ' Qisag! @@F‘gggb‘iﬁﬁo?(%ﬁz@ﬂo.mﬁkoﬁ!@Mﬁs}@s%,ﬂ@?@#Ued as
limting the” Fwentlon anpl e

N-(1- {[{Zeﬂmlr(t4$u9yH 5167, 849.49.di f | uor ocycl ohexyl ) met hyl ]-1J3

r-benziinidazol -5- yl}(nmethyl)am no]sul fonyl}piperidin-4-yl)acetam de Step
A N-?l {[{2-ter”-Butyl -1-[ (4, 4-difl uorocycl ohexyl)nethyl]-I

H- benzi r Ols- 2 L4 l)mcet ar ai de
Acetic a?ﬁ dI‘BI Al?m%—}\(‘%nmm%tgﬂ%g&wmlyg? %2? g%ﬂﬁlt fggﬁgﬁfl Prll) ethylamne (2.0
mol ) andedziarilazol-5-yl]-V-methylazetidine-1-sulfonamide

-{2-tert-butyl-1-[(4, 4-difluorocycl ohexyl)net hyl]-1H benzi m dazol -5- yl}-

- met hyl pi peri di ne-1 ~sul fonanm de (crude productyfromstep J, 0.9 mmol) in
CH2C 2 (20 mL). After being stirred at room ature for 1 hr, the
reaction mxture was concentratfed under reducedipressure. The residue was

t hen purifjyed by silica gel chr’ t ogr aphy (Acti Me AcCEt (1:9)) to
give N (14T @-tlert but |- 1- [(41;;?2Ea (\i?q p—V

di f I uor ocy®t Btk el ] /1H beE mgpﬁgl - 5- m %
yl }(met hyl ) anigho] 4 Ni per i L4- cet ani de asOa s (23b\ng, 48 %

forsteps A-D). F , CERER, il salt) d 1.28 (m 2H),) 1.40-1.76
(m 8H), 1.64 (s, .88 (s, 3H, 204(m 2H) , 224(m , 2.90 (m
2H), 3.28 (s, 3H), 38.68 (m 3H), 4.50 (d, J = 8.0 Hz, 2H), (d, J = 8.0
Hz, 1H), 7.77 (s, 7.86 (d, J = 8.0 Hz, 1H).

To a solution of 1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-

10  benzimidazol-5-y1](methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium (2.2 g, 4.9
mmol, see Example 10, Steps B-I for its preparation) and diisopropylethylamine (2.6
mL, 14.7 mmol) at rt in MeCN (30 mL), was added 3-N-Boc-amino-azetidine (1.0 g,
5.9 mmol). The solution was stirred at rt overnight. After evaporation of the solvent,
the residue was purified by flash chromatography (0-100% EtOAc in hexanes, 50

15  min; 100% EtOAc 10 min; 0-2% MeOH in EtOAc, 10 min) to provide the title
compound (0.95 g, 36%). "H NMR (400 MHz, CD;0D) & 1.40 (s, 9 H) 1.49 - 1.65
(m, 5 H) 1.68 (s, 9 H) 2.30 - 2.45 (m, 1 H) 3.32 (s, 3 H) 3.33 - 3.39 (m, 2 H) 3.75 -
3.81 (m, 2 H) 3.89 - 4.00 (m, 4 H) 4.53 (d, J=7.62 Hz, 2 H) 7.65 (dd, J=8.98, 2.15 Hz,
1 H) 7.78 (4, J=2.15 Hz, 1 H) 7.95 (d, J=8.98 Hz, 1 H); MS (ESI) (M-+H)" 535.8;

20  Anal. (C, H, N) calcd for Co¢H41NsOsS+2.10CF;COOHA0.60H,0+0.45CH;CN: C
46.44, H 5.72, N 9.49; found C 46.42, H 5.73, N 9.51.

Step C. 3-Amino-N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-

benzimidazol-5-yl]-N-methylazetidine-1-sulfonamide

25
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Step B. N-(4-Fluoro-3-nitrophenyl)acetam de 4-Fluoro-3-nitro-aniline (45.0
g, 0.288 nol) was added in portions to acetic anhydride (150 nL) at room

t enper at we.2o00B3638act i on m xture was stirred at room t ecpsEadosioer4sdor 2 h.
The white solid was collected and dried in vacuo to give the title conpound
(42.0 g, 70%9. 1H NWR (400 MHz, CDA3) : d 2.23 (s, 3 H, 7.26 (m 1 H),
7.50 (s broad, 1 H, 7.87 (m 1 H), 8.23 (dd, J=6.44, 2.73 Hz, 1 H). Step
C. N (4-Hwgro-3-nitrophenyl)- N nethylacetam de Sodi um hydride (2.40 g, 60
mol ) was 4dded in portions to a solution of N (4-fluoro-

3-ni t rophefug@cet ami de (7.93 g, 40 ol Y2 ml-g (120 nL) at 0 OC. Stirring
for 20 m'n,H'Nodomethane (17.0 g, 120 nmol) N added @ reagction mxture
was stirred a @ fenperature for 2 h quenchedi wi ath}%—%ﬁ NaHCO 3 (30
m) and extracted Wik BLOMS (3x100 ) .The corfbi nev pani/c phases were
washed with satura'ed\ﬁﬁé m.). After filtration angl concentration,
8.73 g (100% of the tItfe ®o und was obtained as a wn solid. 1H NMR
(400 MHz, CDCI3) : d 1.92 (¢, 3 H, 3.30 (s, 3 H, 7.88 ¢s, 1 H, 7.52 (s,
1 H, 7.95 (s, 1 H. St . 0

N-(4-{[(4,4-Difl uorocycl(?h yl ) met hyl ] ammo} - 3-ni t r ophenyl ) -

Nmet hyl acet am de[ (4, 4-di Tl uorocycl ohexyl ) nmethyl]am ne TFA salt (780 ng,
2.96 molp, a5, < j A ETH82.8 ((fe At ARHREANY)-1 H-

- et hyl acl)eot am c}goql((j(g‘g@%%’lgi 3@9@?%;;%&%&%@%@%& m., IS)7. 40§1)mml ) in EtCH
(15 nl) dlenzioddazbk fyé)(attihyBamifogsulfoayl) azstidin-XylcerbemeteHB 26 @d17dr 18 hrs at
70 0C. Renoval of the.solvent, .the csud ct \was r . fd MPLC usi ng
Et OAc/ Heﬁ’cl%ﬂ]gsefoét%gﬂzﬁofgs Bﬁepgagggﬂé#ggep/ﬁ\@f&{]ﬁ‘g’ Yt eeé(l:fgg%o% as an

or ange- r edcsR| didpkid Ane Miut{daShas diMetat0°Cebt 20ninSTHP s&lution was

N- (3- Ami no-4-{[ (4, 4-di fl uorocycl ohexyl)inet hyl ] am'_nol pheraiI

| ) - Nmet hydoacmtrateidd dhiirgsidue was redissolved in DCM, washed with 1N NaOH (x2), the

{[(4,4-D fl uorocycl ohex | =¥eal c 3Nl - 1 TRt acet am de
(855 mo, SSRGS (. SR ey Ly 2l Ve by
10% Pd/ C @fed28eSh,SIA2, il J08fectedhakistrationr EdBpdraiadn ofthenstleaperatidede. Af t er
filtration through celite and concentration, 11% Hg (9299 of a white solid
was obt ajthetitle epmperngddd783ee 104vor ASHERD QD HProut further purification.
VB (EI%I) (MtH) +: 311.99 Step F.
N-{2-te//-Butyl-1-[(4, 4-difluorocycl ohexyl)nmethyl]-1 H benziini dazol -5-
Example 30

N-(1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-

yll(methyl)amino]sulfonyl}azetidin-3-yl)-2-methylpropanamide

H
O ' )\H/N |
T N\ % \
0 N e (@) N

0]

H,N

o

15  To a solution of 3-amino-N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1 /-
benzimidazol-5-y1]-N-methylazetidine-1-sulfonamide (150 mg, 0.27 mmol, see
Example 29, Steps B and C for its preparation) and diisopropylethylamine (0.1 mL,
0.57 mmol) in DCM (3 mL) at 0°C, was added isobutyryl chloride (0.06 mL, 0.57
mmol) dropwise. The solution was stirred at room temperature for 1.5 hours. After

20  evaporation of the solvent, the residue was purified by reversed-phase HPLC (10-60%
CH;CN in H;0) to provide the title compound as its TFA salt (21.7 mg, 15%). 'H
NMR (400 MHz, CD;0D) § 1.07 (d, J=7.03 Hz, 6 H) 1.49 - 1.67 (m, 5 H) 1.68 (s, 9
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yl }- N-net hyl acet am deTri net hyl acetyl chloride (0.29 nL, 2.41 nmol) was
dropwi se added to a sol ution of

- ( 3- am nowd-2pd6(033653di f | uor ocycl ohexyl ) met hyl ] at ri i no} pheayISE2005/001405

N- net hyl acetam de (716 ng, 2.30 mmol) and Et3N (0.38 ni, 2.75 mmol) in

di chl oronet hane (100 nL) at O OC. The resulting m xture was stirred for 4h
at roomtenperature. After evaporation of the solvent, the residue was

di ssol ved)i2nBhc2nb (maz i 3306 129 (muH) BSB -di.84 Gad Hp3 9038074, 2d38)x t ubes.

i o ouav e ik D3 Ford £ 40340 4248 TBh PR Taeh: baY Hexl bhd g~ '
evapor at qc_llf@E(i{ZI, hen 7@?§®i§>g¥n§§8 0, ﬁ%s&@@@) (ML) vaas e dnal. (O, gatyr at ed

sodi um bi car bonat e “sol u brine and dried over Na25804. After filtration

and evap@ah;ﬂifmﬁzsﬂbbélswhﬁ@lquﬁﬂ.ﬁ6@1:13(5@11 PECA LS APIMIAN.659% and acet one

Lo% 'y olapcshieri o i l4ge a0 o alve 570 m (6509 of the'tie

2-fer-Butyl-1-[(4, 4-di fluorocycl ohexyl)nmethyl]- N-nethyl-I rbenzi m dazol -
5-amine N-{2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-1

H benzi m dazol - 5-yl } - Nnet hyl acetami de (570 ng, 1.51 mmol ) and cone,
hydrochl diisgngleBd (15 nL) were heated together at 8C0C for 18 hrs. Upon

cooling down to roomtenperature, e reactjon m e was, poured into

i ce- wat erN'(]_L'éﬂzﬁ{'f',B“EYloh"g‘ﬁ%raf‘ﬁ@"pﬁ“@“ﬁﬁ?yl&qtP@'ﬁ%ﬁé‘?nzﬂﬁﬁ—“ugﬁﬁ ext ract ed
wth Et holshl HARHS bButaf¥&hdoahfienashed with brine
and dri ﬁqwﬁ%m%&].s gﬁ@%ill t ra?ibgﬂaan‘él aevap])ro?ati or?, 459 ng(90% of the
title conpound was obt ai asp white solid. Ms (ESI) (MrH)+: 336.04. Step
H 1-{[{2-tert-Butyl-1-[ (% iN roc¥clohexyl)n'ethyl]-lir-benzirridazol-5-

yl ] (et hyl ) am no] sul f onyl } - 3-Iret Nfil;hirﬁ aleI-S-iumtrifIate
3- (1 m dazol e-l-sulfonyl)-l-rre?hyl-3|—|—ﬁ n‘i-&}%mtriflate (508 ng; 1.4
mmol ) was added into a solution of 2O0r N

-butyl -1-[ (4, 4-difluorocycl ohexyl)nethyl]- Nmeyhyl- 1H benzi m dazol -5-anm ne
(300 ng, 0.9 Mol ) in acetonitrile (10 ), ter being stirred at room
tenperature for 2 hr, the reaction m xture& was concentrated under reduced
pressyre. The residue was then dissolved i@~AcCOEet (60 nL), washed

Following the procedure for Step A in Example 30, using 3-amino-N-[2-tert-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-y1]-N-methylazetidine-1-
sulfonamide (100 mg, 0.23 mmol), diisopropylethylamine (0.1 mL, 0.57 mmol),

15 DCM (3 mL), and cyclobutane carbonyl chloride (0.07 mL, 0.57 mmol) provided the
title compound as its TFA salt (11.8 mg, 8 %) following purification by reversed-
phase HPLC (10-60% CH;CN in H,0). 'H NMR (400 MHz, CD;0D) § 1.26 - 1.32
(m, 1 H) 1.49 - 1.66 (m, 5 H) 1.68 (s, 9 H) 1.78 - 1.88 (m, 1 H) 1.92 - 2.01 (m, 1 H)
2.04 - 2.24 (m, 4 H) 3.32 (s, 3 H) 3.33 - 3.40 (m, 2 H) 3.78 - 3.84 (m, 2 H) 3.90 - 3.98

20  (m,2 H) 3.99 - 4.05 (m, 2 H) 4.47 - 4.56 (m 3 H) 7.64 (dd, J=9.08, 2.05 Hz, 1 H) 7.77
(d, J=2.05 Hz, 1 H) 7.94 (d, J=9.08 Hz, 1 H); MS (ESI) (M+H)" 517.8.

Example 32

N-(1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
25  ylj(methyl)amino]sulfonyl}azetidin-3-yl)butanamide
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with brine, and dried over Na2SO4. Renoval of solvents provided a m xture (
1:1) of N-{2- r -butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-1

H benzi niwie20é6/B3¢s8} - Nnet hyl - 1H i m dazol e-1 - sul f onanipde/sapes/001405
1-{[{2-tert-butyl-1-[(4, 4- difluorocycl ohexyl)nethyl]-1

H benzi m dazol - 5-yl ] (net hyl ) am noj sul fonyl }-3- nethyl - 1H-i m dazol - 3-ium
triflate, which was dissolved in dichloronethane (10 nL). The resulting

sol uti on was tr t ed vvith met hyl trifluoronmethanesul fonate (0.5 mml) at 0C
for 2 hr. mxture was then concentrated under reduced pressure

to give 1- {[{ZOter . 4- i fl uorocycl ohexyl )nethyl]-1
H benzi m dazol - 5- yI} sulfonyl} 3-nethyl -1 Himdazol-3-ium
triflate as a solid, |ch SNJ in the step | w thout any

purification.Step | : tert-Buty -{[{2-terj;

-butyl-1-[(4, 4-di fl uorocycl yI)rret hyl]-1J9 rbenzi m dazoi -

5-yl } (et hyl ) am no] sul f onyl } pi peri di n-4-yl)carbamate A solution of Hunig's
base (1 0 mml), 1-{[{2-tert-Butyl-1- [(4,4- di f1 uorocycl ohexy” rrethyy 1

H b | -5 | - '
e S e e e R SR

pi peridi gt M&&&Q@ﬁﬁ%@%ﬁﬁ&tﬁmylﬂwb@nﬂmﬂa}zol ﬂ—y&@M‘ﬂn&tﬁﬁaﬁiﬂdm{@B heated for 1
hr at 80 The reacti on m xture was then concentrated duced

pressure spﬁo@rmée £¥Q9gme+ 23 mﬁmmlsopropylethylamme 0.1 mL, 8 59 mmol
d | -
(1 1162 bsedr @ubivd ada bherd ikl 66 4, oot eyl ddleez) m dazo

5-yl} pi peridin-4-yl)car te as a solid, which was
used dir Qz@tﬂ ySundlasStmDFA salS’(HpS thg;, 8 &e)Aillowing-pufidication by reversed-phase

-b I d fI

out 11U S o el USRI o o) 09042 B —pury
(1-{[{2- t?ﬁ ]QHUU n[(74H)41@8tsJ'9 A)%YWOWHHBZH)/QMMW mgpzol - 5-yl}
(et hyl ) am sul fonyl’} pi peri d ) car arrate(cruepro uct fromStep I,

0.9 nmmol )3.37(s19 HHi3. ISH m@(ma%m Béét-édg‘h\imﬂ Hp3.90 - BN @ 2Bt efiPér at ur e.

Concdit r b ToHhes (b 37 B2GE, SRS d B aioa i I T RERE I RO A 1 - S
AcCEt (60 H})/QSV(@SJ%@SVM h ?mmb aviH+-er)” amn;ls bamane(c anm)ctalcddomver Na2SO4.

Renoval of Ssol vents provi the crude 4-a

- but yI - 1-GAH@u$+1y g@%twwz@wwqﬁm b@rﬁz& %51 éla%éﬁ»hé 101085
- N-met hyl pi peEL A 938 486, N 10.01.

15 Example 33
N-(1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yll(methyl)amino]sulfonyl} azetidin-3-yl)propanamide

Ok

o)

Following the procedure for Step A in Example 29, using 3-amino-N-[2-fert-butyl-1-
20  (tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-N-methylazetidine-1-
sulfonamide (150 mg, 0.27 mmol), diisopropylethylamine (0.14 mL, 0.82 mmol),
DMF (1.5 mL), propionic acid (0.031 mL, 0.41 mmol) and HATU (125.5 mg, 0.33
mmol) provided the title compound as its TFA salt (15.5 mg, 9.5 %) following
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sul fonam de, which was used in Step A wthout purification. Exanple 2
N-[2-7~r/-Butyl-1-(tetrahydro-2H pyran-4-yl nethyl)-1H benzi m dazol -5-yl]- N
nmet hyl i sowe20é6/038638- 2- sul f bnam de Step A PCT/SE2005/001405
N-[2-ter™-Butyl-1-(tetrahydro-2H pyran-4-yl net hyl)-1H benzi m dazol - 5-
yl]-N-nmet hyl i soxazol i di ne-2-sul fonam de Fol |l owi ng the procedure in Step |
of Exanple 1, 1-{[[2-teri;-butyl-1-(tetrahydro- 2prran- 4-ylmethyl)-1
H-benzi nipg: Zl@eittoﬁbyiﬂe(/médlylha)saﬂm 610-4096 \OHCN ireth9). - Hi NMR{4082dHz, 3-i um

fl d S
f é'oxaiéf.céﬁqﬁn)?@ﬁaaﬁﬂﬁé? 601 330 ! - 378 Grvon 5 bofd (a2 S8l B 72
4.2 mm j ot i 20- 30
o ol ), I%zﬂgt ? 09 BYS g&l %d“do?ﬁé’?i 512%@?33_.7@ LoTahoge@PRY7 i, 9SHNY
tert - but yi.30L- Gmet(nﬁhyfd) 6:62H-5Y5F em, 1E)I'hE hYISH- (bde B iTiTdaZ.61 {m, 1 H)

(56%1)] ' WM?%GI ﬁﬁﬁ%lfn@ﬁ TerLy {iﬁ)qaﬁﬁg% fgﬁ@ﬁ)ﬁ) 4555, 7" 558?m% i’%H)l!-l 5 56

(t, J = 11. 14Hz, 3.37 (s, 3H), 3.47 (t, J = 7.17Hz, 2H), 3.85 (dd, J =
11.26, 3.33Hz, 2H), 4.03 (t, J = 7.30Hz, 2H), 4.46 (d, J = 7.17Hz, 2H),
7.63 (dd,Exhmple320, 1.02Hz, 1H), 7.80-7.84 (d, J = 1.28Hz, 1H), 7. 88 (d, J

oo o ki TR D Rl R R SEARRAEL
di chl or 0'"53%( TatHRoRhifoRA Aﬁehaﬁleoj-célrﬂokwt@ 3-nitro aniline (24.15 g,
154. 7 ﬁDIPEA(% , 201 mmol) he reaction m xture was stirred

at rt overnight. The soluti onﬁ\f\%}en diluted with 200 nlL of

di chl or onet hane and washed , brlne and dried over anhydrous

MySH4. The sol vent was concentr t adv ald ﬁ\rod ct was directly used for
next step wi thout further purificat ﬁon 509 (99%; 1 NWR (400
0

MHz, CHLOROFORMD): d 3.81 (s, 3H) 07 7.23 (m 1H, 7.72 (d, J=
8. 59Hz, 1H) 8.17 (dd, J= 6.35, 2.64Hz, tep C. Met hyl
{3-nitro-4-[(tetrahydro-2H pyran- 4 yl rret am no] phenyl} carbamate

Met hyl (4-fluoro-3-nitrophenyl)carbanate ( g, 9.32 mmol) and

4- amgonet hyl

Step A. Methyl 1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H4-

benzimidazol-5-yl](methyl)amino]sulfonyl}azetidine-3-carboxylate

15  To a solution of 1-{[[2-zert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-
benzimidazol-5-yl](methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium (100 mg,
0.17 mmol, see Example 10, Steps B-I for its preparation) and diisopropylethylamine
(0.12 mL, 0.68 mmol) at rt in MeCN (0.8 mL), was added methyl azetidine-3-
carboxylate hydrochloride (51.5 mg, 0.34 mmol). The solution was stirred at rt

20  overnight. After evaporation of the solvent, the residue was purified by flash
chromatography (0-100% EtOAc in hexanes, 50 min; 100% EtOAc 10 min; 0-2%
MeOH in EtOAc, 10 min) to provide the title compound (7.8 mg, 8%). 'H NMR (400
MHz, CD;0D) & 1.50 - 1.55 (m, 5 H) 1.56 (s, 9 H) 2.23 - 2.36 (m, 1 H) 3.29 (s, 3 H)
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tetrahydropyran (1.28g, 11.2 mmol) were stirred in 50 nL of EtCH-containing
TEA (2.0 nm., 14.0 mmol) at 75C for 48 h. The sol vent was evaporated. The
resi due wae 20ic388438ed i n Et OAc and washed wi th aqueous PUTKEZ04/ 00888 ur at ed
aqueous NaHCO3 sol ution, brine and dried over anhydrous MySO4. The crude
product was purified by silica gel flash chromatography using 1:1 / hexanes
: EtOAc as eluent. Yield: 2.53 g (88%; 1H NMR (400 MHz, CHLOROFORMD): d
1.42 (m 3804%.4Z(m2 H) 3.75.(7,3 ¥¥3.95 W(]iiZ(m,Z}H-MlQ 4@3(@,,41517..%-7421 1H,
1.88 - 2.01 4 5. 3.42 (m 2 H), 3.78
(s; 3 H) (m42%{§]7(%|1 F%iﬂ%%oﬁédﬁ?(ﬁ)sg&ﬁi) (4% 9=3. 51 Hz 1 H, 6.48 (br.s, 1
Hy, 6.85 (d, J=9.37 Hz, 7.65 (br.s, 803-8.09(m 2 H.Step
D. Methyl {3- am no- 4- [(tetrahydro 2 -pyran- 4 vl met hyl ) am no] phenyl }

car bamat StégeBhWeth$} mietidined3arhexykate by deogbloyidean- 4- yl nmet hyl ) ani no] phenyl }
carbamate (2.53 g, 8.18 mmol) was dj.ssolved in 50 nL of EtOAc containing a
catal ytic anmount of 10% Pd/C. The spl uti on was shaken under H2 atnosphere
(40 psi) using a Parr hydrogenati@n aratus overnight at it The solution

was filtered through Celite and the hve%h was evaporated. Yield: 2.29 g
(990/()5 1H NVR (400 MHz, CHLCRO:CRMD) hO(m 2 H, 1.70 - 174(m 1

H) , 9

Y 54" by T gk Shopinily of3 Bt dffbcihio oo McBPrd e, dPufba ™ |

4.02 (d, Sb@, Glophase. ]AﬁBnZOGnﬁﬁte@bthe&e bhttHyvas fenfdved, the 66luiion wis H) , 6. 62 -

6.68 (m 1 H, 6.95 (br.s, 1 H. Step E. Methyl

[2-tert- bmrmedio (tta@flrvaﬁwa%d fon 2 dipuss %%OH@PW% enqyEd 7 W42 8 - 5yl ]

car banat 3: 0

H- pyr an- % %Frre ﬁ{/ﬁ Cé)%{yr?o g Slks(%‘?ic%ﬁ‘{;g%rglgﬂ/f) 51 NMR(4OO M ?Dé(r)l]d))Dl\/AP

(0. 2Q0g9, &3614 mWI(hl,M{)éSmgsﬁ)médl&M?B(mjAHD DCM Tr| met hyI acetyl

chloride (1.10 nL, 9.02 mmvl) was added dropw se and the sol ution was

stirred at rt for 2h. The sol ution was washed with aqueous NaHCO3 sol ution,

bri ne a”‘hﬂﬁhﬁg sgver anhydrous MySO4. The residue was dissolved in 25 ni of

AcOH and was heated at 1250C for I h using a Personal Chem stry m crowave
N-[2~(1,1-Dimethylethyl)-1-[(tetrahydro-2 H-pyran-4-yl)methyl]-1H-

benzimidazol-5-yllhexahydro-N-methyl-1H-azepine-1-sulfonamide

15
Step A. N-[2-(1,1-Dimethylethyl)-1-[(tetrahydro-2H-pyran-4-yl)methyl]}-1H-
benzimidazol—S-yl]hexahydro—N-methyl—lH—azepine-1-sulf0namide

\

+
HN=
\\

l
NSN

YO — T8 O
o

0o O

(\

To a solution of 1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-
20  benzimidazol-5-yl](methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium (100 mg,
0.22 mmol, see Example 10, Steps B-I for its preparation) and diisopropylethylamine
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apparatus. The sol vent was evaporated. The residue was di ssolved in EtQAc
and washed wi th aqueous NaHCO 3 solution, brine and dried over anhydrous
MpSO4. Thworuek3pessduct was purified by silica gel flaskcesEemabegoaphy
using 4:3 / hexanes : acetone as eluent. Yield: 1.81 g (64%; 1HNMVR (400
MHz, CHLOROFORMD): d 1.48 - 1.54 (m 4 H) 1.56 (s, 9 H 2.23 - 2.35 (m 1
3.27 - 3.35 (m 2 H 3.78 (s, 3 H 3.96 (t, J=2.93 Hz, 1H) 3.99 (t,
J=3.03 P@o@'ﬁm% :kén(rdol) dixt irdPMiz 12mw) @aseaxldedbhemmethmnamm (0.02528 (m

1 7.41 (b
2H% ert- Buu&ytr)zammg?a [ThESnglﬁﬁfF yﬁ@&@%@ﬁ%lﬂwn&ﬁ?&?ymm@ﬁﬂf m dazol -

5- |
I Hiirt?eﬂgl %E Pt[ é“ © r% lh%gwgymﬁd(%@g&gﬁ%sg ﬁwﬁ &@f %b:% %}gﬂa% ion, see
Steps B HQO)E&) pw@ﬁdamamlle\cedlpbmcm i TIOA séIHFZ?Jang,CIB%) [RVINACR/ (GO0 EIZ, 7. 3 i,

T 11 ACPEIOGER St 6145% § i} (s SBood oy i e B SE wes
stirred 21*?7 th, BYE) A 3@%3\,\@ %‘%%ﬂr%‘ﬂbﬁvgz auenahersata, 0 by e ppddl Lion of

MeOH (5 the solution was | e to stir at
rt for 3@681(6d JABT%QIIGQHZL\I&}B;ZE,SMQ Jg) . 794, Adie VIK(HSDH ﬂﬂ*’ﬁﬁ%ﬁﬁ%n was
stirred at rt _faor_anat n he sol vent
was evapémak &d. H ?Iﬂécq'l@gfoa&2%4%%3§0§%éa{)??%%{zgndé§ggﬁe§%%h agueous
NaHCO3 s §. i a i ver anhydrous MgSO4. The sol vent was
evapor at feqldgg ‘Ofgf‘%@b R H%Qg%/()N?dlgNNR (400 MHz, CHLOROFORMID): d 1.49 -
1531(0m 4H) 1.53 - 157(m 9 H, 2.22 - 232(m 1 H, 2.87 (s, 3 H),
3.26 - Fé)rin g H, 3.95 (t, J=3.03 Hz, 1 H), 3.97 - 400 (m 1 H, 4.13
(d, J7§-‘Q‘a e% H, 6.61 (dd, J=8.59, 2.15 Hz, 1 H), 6.99 (d, J=1.95 Hz, 1
H, 7. 11z\(-[?b-(ﬂf@)lﬁn%tﬂﬁethﬁ)ﬂ)[(te&:mgdﬁg-m pirae4-9T)ineBI I L - ( t et r ahydr o- 2
-pyr an-4-yl et hyl) - benzi m dazol -

5-yl ] (netbhyn)nudamssmWﬁme@kéﬂmdlnveomaa%| -3-ium

triflate. Follow ng the proc dure in Step H of Example 1,

2-tert-butyl - N-met hyl - 1- (t&@ ro-2

-pyran-4-yl met hyl)-1H ben2| m \L,EN A 1.51 g, 5.0 mol) was converted
to 1-{[[2-tert-butyl-1- (tetrahydr0n2 - n3 | met hyl ) - 1H benzi m dazol -

5-yl] (met hyl ) am no] sul fonyl } - 3- net yI NETTN dazol -3-iumtriflate, which was
used in Step A without any purification.

15 To a solution of 1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1 H-
benzimidazol-5-yl](methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium (100 mg,
0.22 mmol, see Example 10, Steps B-I for its preparation) and diisopropylethylamine
(0.045 mL, 0.26 mmol) at rt in DMF (1.0 mL), was added 4-methylpiperidine (0.026
mL, 0.22 mmol). The solution was stirred at 80°C for 1.5 hours. After evaporation of

20  the solvent, the residue was purified by reversed-phase HPLC (20-50% MeCN in
H,0) to provide the title compound as its TFA salt (27.3 mg, 22%). 'H NMR (600
MHz, CDCls) § 0.93 (d, J=6.67 Hz, 3 H), 1.17-1.25 (m, 2 H), 1.46-1.66(m, 7 H), 1.71
(s, 9 H), 2.27-2.35 (m, 1 H), 2.79-2.83 (m, 2 H), 3.29 (s, 3 H), 3.33-3.37 (m, 2 H),
3.65-3.67 (m, 2 H), 4.02-4.03 (m, 2 H), 4.34-4.35 (d, 2 H), 7.49 (d, J=8.96 Hz, 1 H),

25  7.67(d, J=8.96 Hz, 1 H), 7.91 (s, 1 H); MS (ESI) (M+H)" 463.0; Anal. (C, H,N)
caled for CpuH3sN405S+1.40CFsCOOH+0.30H,0: C 51.28, H 6.42, N 8.93; found C
51.36, H 6.34, N 8.79.

-69 -



Exanple 3 N-[2-tert-Butyl-1-(tetrahydro-2 H pyran-4-ylnmethyl)-1

H benzi m dazol - 5-yl ] - Nmet hyl azeti dine- 1 -sul fonam de

N-[ 2-t er twBubgd03is3ft et rahydr o-2 H pyran-4-yl nethyl) - 1Hpbeszhovsdemos - 5-yl ] -
Nmet hyl azeti di ne- 1 -sul fonam deFol | owi ng the procedure in Step A of
Example 2, 1-{[[2-tert-butyl-1-(tetrahydro-2 -

pyran-4-yl net hyl ) - 1H benzi m dazol - 5-yl ] (net hyl ) am no] sul fonyl }-3-nmet hyl -1
H m dazolExamapleVtriflate (3.33 mvl) was reacted with trinethl ene am ne

(4.99 I fter hein rifie i.lica |_chr raphy by using
20- 50 m{ﬁi'h)lmeﬁmlﬂﬁéiﬁérkgeﬁéaﬂlyglé"%!%W’Efé‘gg‘y‘)metﬁﬁh?ﬁ

N-[ 2-ter idazo! By ar Gxyddethyl)-NPifediylA-pipetidivdshifdidigiael m dazol -
5.-y|]-Nbr$§mld3%°elﬁ§? By ar Goygtethy N0 08 B (M )
421.01. 1H NVR (600 MHz, CD3OD)Q# 1.40-1.53 (m 4H)3 1.57 (s, 9H), 2.14
(quint, J = 7.68Hz, 2H). 2.23-P.33 (m 1H), 3.22 (s, 3H), 3.25 (m 2H),
3.80 (t, J = 7.68Hz, 4H), 3.84 PH), 4.41 (d, J = 7.42Hz, 2H), 7.51 (d,
J = 8.70Hz, 1H), 7.67 (d. J LB, 14),n7.80 (d, J = 8.45Hz, 1H).
Exanpl e 4 N-[2-tert-ButyI-1-(tetr§hy N-pYr an- 4-yl met hyl ) -1 :

H benzi m dazol -5-yl ]-A - met hyl pyProl eN1 ~sul fonam de Step A
N-[2-tert-Butyl-1-(tetrahydro-2 dr-pyran-43ylnethyl)-1 H benzi m dazol - 5-
yl]-N-net hyl pyrrolidine-1-sul fonam de -tert-Butyl -

1- (tetrahydro-2H pyran-4-yl net hyl )- 1H\benzi m dazol - 5-yl ] - Nmet hyl sul f am de
(for preparation see the foll ow ng ste& to H (45 ng, 0.118 mmol) was

di ssol.ved.in nL g at . 0C %0 Si on. i hk) (14 ng, 0.354
nmol ) was oa%laoiﬂtl%%f ]t'm/iéeor%ﬁﬁy(if rlll\é\%gllg ﬁg(%grér}#egﬁgl Jbg??%&lg mn. 1,4-

Di br onmobueapieniisro0 541 nett)dhtholgmdiohy Wed netdded Faiidhid-3simbitl00mgyas stirred
at rtfor 3h. Another 0.1 18 mol _of .1, 4-di br gnbut ane. was algcg)ée‘ and t he

sol uti on WeEms1qlysea Example 10 SiepaBok feg #s Breparptan} 1sgproRiiet f?é‘ﬁ&ﬁed by the

o) on oSRATR ARG DRSS el Wb suand e aielamietess
aqueous Napgl@2Bnsallut Thensolutionrveasaticted at 80°C for 1.5 hours. After evaporation of
10  the solvent, the residue was purified by reversed-phase HPLC (10-90% MeCN mn
H,0) to provide the title compound as its TFA salt (24.3 mg, 19%). '"H NMR (600
MHz, CDCls) 6 1.04-1.10 (m, 1 H), 1.52-1.61 (m, 5 H), 1.71 (m, 12 H), 1.79-1.87 (m,
1 H), 2.28-2.35 (m, 1 H), 2.59-2.62 (m, 1 H), 2.87-2.90 (m, 1 H), 3.31 (s, 3 H), 3.32-
3.38 (m, 3 H), 3.60-3.65 (m, 3 H), 4.02-4.04 (m, 2 H), 4.36 (d, J=7.42 Hz, 2 H), 7.50
15 (d,J=8.70 Hz, 1 H), 7.67 (d, J=8.70 Hz, 1 H), 8.07 (s, 1 H); MS (ESI) (M+H)* 479.0;
Anal. (C, H, N) calcd for Cp4H3gN404S+1 .‘30CF3COOH+0.90H20 +0.20CH;0H: C
49.56, H 6.50, N 8.63; found C 49.53, H 6.48, N 8.58.

Example 38
20  N-[2-(1,1-Dimethylethyl)-1-[(tetrahydro-2 H-pyran-4-yl)methyl]-1H-
benzimidazol-5-yl]-4-hydroxy-/N-methyl-1-piperidinesulfonamide

HO
l
]
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dried over anhydrous MySO . The product was purified by reversed-phase HPLC
usi ng 10-60% CH3CN H20 and | yophilized affording the title conpound as the
corr esponaiongosiiBasssal t. Yield: 53 ng (82% . 1HNVR (400 Wdz/SEbMFoNNGE D 4) d
1.52 - 1.58 (m 2 H, 1.59 - 1.67 (m 2 H), 1.69 (s, 9 H, 1.87 - 1.92 (m
4 H, 235 - 243 (m 1 H, 3.29- 3.32 (m 7 H, 3.35(m 2 H), 3.93 (d,
J=3.12 Hz, 1 H), 3.96 (d, J=3.71 Hz, 1 H), 4.55 (d, J=7.42 Hz, 2 H), 7.67
(dd, J=8.T9% solutim dfid-{[[2-kdr;-bityB 1-({ettahyde8-2Ebpyan-4tyleethyl)-0A- (d, J=8.98 Hz, 1

;MBS Sl). (MH) + 5. 0; . Anal I 9 2H3ANACRS + 4 TFA + 0.2
wzcz c,( ?%‘Q{quzi;?-étygﬁ@eﬁ%?l)affgg@]S“%HC :£3%,ehfl’@.‘.l%’;ml Az gg“i“,n %,80 #%0. Step B:
tert-B [ L o . )
guﬂ onyr} azani (YZ’ S%ﬂ?%%%@%llp 6%%& ?socyg%g%egx{ail.gg nf,&éggrgpmlﬂamm%es added
dr opwi se (0648 ndl,i0r26 mgol)@VirtsioDNF ¢ h.0(dl0), may addedt 4-bydraxypipgridise @2,3 13. 8

1), DVAP (3. 45 .6 _mmol ded.os! d | ut
STr) Sa SR gR, e o S B e S dPoh S iRRR- o SR RER Y ¢
vat er (3Xhe sdidianapdidieivad paMeed Pé(léfs@g?hbﬁS@LC'(t@%%l MECN i¥as

evaporated. The product was recrystalliz fromacetonitrile. Yield (1.68g

(40% . 1HINRo proddavie titlprsop@uslasdts TH25sgls(18d) g, 1590 IHNVRE6M) 6. 96 (d,
J=8.20 Hz, 5 =8 2 oHh ;
N[22 ter OB DB plad B uPos 5 7 G0y 1 Bt hol i A IR 228230 - 5.

yl ] - N-neteny 9oLy, aniAe2H),63.33 Bus W), N8IB1IY(n, 2-1), 0148ahy2itra, 2H),ByT%RN- 4- y| met hy
| )-1H benzi m dazol - 5- am ne (60 nP 0. 199mml ) (éor preparation, see Exanple
2, stléps 32 o) Hade0Z-48f (m, 2 H), 36 (d,7=7.42 Hz, 2’ H), 7.51 (d, J=8.96 Hz, 1 H),

but oxycar ) {1 i | M~ )1 P £H 135 | Tl I I ni de (66
1o, 0 219 hd g IR TRt (e (R G ARTLAEEET U, G s
t hen passzedatl.t((lgr, Gl_il_gb calcﬂ!fmgC@H@\thS}al.PMEO?:s)(hT?ﬁEm?Omﬁgh?gﬁafhedsglhvent
was evaporate resi dque | 0 c an e
sol ution Ma&@??&@%hgqunfiﬁa?'gé’ﬁaéﬁggl%&nt was evaporated. The product
was purified by reversed-phase HPLC using 10-60% CH3CN H20 and t hen

| yophilized affording the title conpound as the corresponding TFA salt. The
f r actliSonsExwmple380l ed and t he

N-[2-(1,1-Dimethylethyl)-1-[(tetrahydro-2 H-pyran-4-yl)methyl}-1H-

benzimidazol-5-y1]-4-methoxy-/NV-methyl-1-piperidinesulfonamide

To a solution of 1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-

20  benzimidazol-5-yl](methyl)amino]sulfonyl}-3-methyl- 1 H-imidazol-3-ium (100 mg,
0.22 mmol, see Example 10, Steps B-I for its preparation) and diisopropylethylamine
(0.090 mL, 0.53 mmol) at rt in DMF (1.0 mL), was added 4-methoxypiperidine
hydrochloride (25.3 mg, 0.22 mmol). The solution was stirred at 80°C for 1 hour.
After evaporation of the solvent, the residue was purified by reversed-phase HPLC

25  (20-50% MeCN in H;0) to provide the title compound as its TFA salt (6.74 mg, 5%).
MS (ESI) (M+H)" 479.0.
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sol vent was concentrated. The residue was di ssolved in 2M Na2CO and

extracted wwth DCM (3X). The organi c phase was dried over anhydrous MySO4

and the swbwesto3sas evaporated. Yield: 45 ng (59% . 1H RERsgIredoembs) (400

MHz, METHANCL-D 4) d 1.50 - 1.56 (m 2 H), 1.57 - 1.62 (m 2 H), 1.67 (s, 9

H, 2.33 - 2.42 (m 1 H, 3.28 (s, 3 H, 3.3 (m 2H, 3.93(m 2 H, 4.53

(d, J=7.62 Hz, 2 H, 7.64 (dd, J=8.98, 1.95 Hz, 1 H, 7.77 (d, J=I. 56 Hz,
1 H, 7.%Fxampled®s 98 Hz, 1 H); M5 (ESI) (M+H)+ 381.0. Exanple 5

o e R R P R L S
N-[ 2- t er tyeRbiniladel(3- BMB Miﬁy@ﬂ iperidinesulfonamide
yl met hyl') - 14 benzi m dazol 5-y N- net hyl sul fam de (45 ng, 0.118 mmol), NaH

(14 nig, 0.354 muol) and 2-broywethyl ether (0.030 nL, 0.236 mmol) in 4 nL
of DMF. The product was purlf by rever sed- phase HPLC using 10-60%

CH3CN H20 and | yophilized af iongl the title corrpound as the correspondi ng
TFA salt. Yield: 42 (63% METHANCL-D 4) d 1.52 - 1.58
(m 2 H, 1.59 - 1.66(m 2 , 1569 N2.34 - 2.43 (m 1 H, 3.20 -

3.24 (m 4 H), 3.32 - 40(m 5 3632 .67 (m 4 H), 3.93 (d, J=3.32

Hz, 1 H), 3.96 (d, J=3.71 Hz, 1 H), J=7.42 Hz, 2 H), 7.69 (dd,
J=8.98, 1.95 Hz, 1 H), 782(d,JI7 1 H, 7.96 (d, J=8.98 Hz, 1 H);
MS (ESI) (MrH)+ 451.0; Anal. Cal cd(% C22H34NAOAS + 1.2 TFA + 1.0 HO
C, 48.41; H, 6.19; N, 9.25. Found: C, 48.29: H, 6.00; N, 9.53. Exanple 6

N- [ 2- Ser fhoBusofition dftlef({2rareibutyR1-(pymbyite 2Hbyren Hyynethyl ol H-

i d | - I de F t A
2 o SR B OB Pl SRS SRl o A 1
yl net hyl )(rzmnﬁ@memﬁ@ﬁae-@ mlebs BEITBE ﬁy]%&y&&ﬁ@a)%dmeoﬁfspﬂ&h;ﬁﬁnﬁgml ), NaH
(13 ng, 0.3 15 muol) and 1, 5-d br onopent ane nmmol) in 4 nL

of DVF. m@%m}d @e¥3 m@@l)@@rﬁmm@ 163:0 ﬂ@@eW@édéqﬂdeﬁsbyclﬂmlmﬁsldﬁg: (20360%
CH3CN H2 22[2I dﬁ[x%g)y l'l‘h%%glu?i L%? s Ige& QE‘SOBC tforel & Wp%ﬂ:per evaporarhon ot ' espondi ng

TFA salt.
10 the solvent the res1due was purified by reversed-phase HPLC (10-90% MeCN in
H,0) to provide the title compound as its TFA salt (16.0 mg, 13%). MS (ESI)

(M+H)" 465.0.

Example 41
15 N-[2-tert-Butyl-1-(tetrahydro—2H—pyran-4-ylmethyl)—1H—benzimidazol—S-yl]-N—

methylazetidine-1-sulfonamide
\\ N
I

O
To a solution of 1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-
benzimidazol-5-yl}(methyl)amino]sulfonyl}-3-methyl-1 H-imidazol-3-ium triflate in
20  acetonitrile (2.8 mL, 0.344 mmol) (for preparation, see Example 2, Step G) was added
azetidine (35 pL; 0.516 mmol). The reaction mixture was stirred at room temperature
overnight, then Hunig’s base (72 uL; 0.413 mmol) was added and the reaction

mixture stirred at room temperature for another day. The reaction mixture was
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(71% . 1HNMR (400 MHz, METHANOL-D 4) d 1.52 - 1.60 (m 8 H), 1.59 - 1.67
(m 2H, 1.69 (s, 9 H, 2.34 - 2.43 (m 1 H, 3.20 - 3.25 (m 4 H5 3.31
(s, 3 H),w8.28&/(384332 H), 3.93 (d, J=3.12 Hz, 1 H), 3.96pCuSEIee3/08k0dz, 1
Hy, 4.54 (d, J=7.62 Hz, 2 H), 7.67 (dd, J=8.98, 1.95 Hz, 1 H), 7.80 (d,
J=l.i76 Hz, 1 H), 7.95 (d, J=8.98 Hz, 1 H); M5 (ESI) (M+H)+ 449.0; Anal.
Cal cd( % for C23H36NACBS + 1.3 TFA + 0.9 H2O C, 50.15; H, 6.43; N, 9.14.
Found: C,cog@nirated Mndg. redycefpredsure. Theanepitiee Was taken in ethyl acetate and

- benst 1 FiRTe Bt MRS Rt AR Yo RRE M e veer. The

2- t ert - BulgiMéoud 1dylets Werdicbhbaiea G |e%ﬁ%é/d x)fﬂﬁ’élh{rl hcetate. Orgamc layer was
N- net hyl - 1H benzi m dazol - 5- ai ni ne for "preparation, see

Exanpl e HrieospranBydrousmagrriymn emlfdj@tfdmdcﬁmdtﬂ@nwmated under reduced

ol ) Swe s St R bipVspebiabes bR oo R i iretit: s
puri fi ed (by5shd, 103,081 NMRYB0G MISARROTHNY.40191 3% rd, 411/ 1B¢{<@©ﬁzt Et O% to

Et OAc as a gradl ent. The resultl ng product was dissolved in 3
HCl / Ac OH 2alasd Friv eSHza 2H) 2.2 2. 38Hm, THY, 323 (se P, \ieS @251 286 d, J?ihe r e5| due

bri ne. and- STy G ardae. RSP Hhd Tt En7 WG Sihpot et The.

product \gaRHY, $H Iwepl(d 7=3. ‘VQH@le?'VFS(&Ed @Qaﬂﬂzl\ﬁﬂ (v@(m? N+A92 nol ) was

added foll owed y 1, 5-di br onopent ane 0. 033 ni, 0.246 o § The sol ution

pl r@d-0at rt for 2h The reaction was quenched W th saturated aqueous

NaHCO 3 solution and the sol vent was evaporated. The residue was dissol ved

in Et OAc and washed with saturated aqueous NaHCO3 sol ution, brine and- dried

over anhyEkamjde #SO4. The product was purified by reversed-phase HPLC using
yophi lized affording the title_ conpound as the

10- 60%
corresp (?ri\‘g’ @V&rﬁﬂtﬂér{fetr%lbéir&@liﬂ)ye@nﬂséwthﬂhlﬂmn@mdamlz S-YNETHANOL- D 4)

d 1.54 - 71 - 1.85 4 H5 201 - 2.12
(m 2 H ,d}ﬂ%fclfnm&hgbp‘%&"ﬁﬁeh%"n%%%-’d% 25 (m 4 H§m 3, 3T)(s 3 H3 4.56

(d, J=7.62 Hz, 2 H), 767(de 6843205Hz H, 7.81 (d, J-2.15 Hz, 1

H, 7.94 (d, J=9.18 Hz, 1 H); I\/B +4 0; Anal. Calcd(9% for
C24H36NAR2SF2 + 1.8 TFA + ‘Q

Following the procedure for Step A in Example 41, using 4,4-difluoropiperidine (63
mg; 0.516 mmol) and Hunig’s base (72 pL; 0.413 mmol) provided the title compound
(68.4 mg; 41%). "H NMR (600 MHz, CD;0D) & 1.42-1.57 (m, 4H), 1.60 (s, 9H), 1.90
(m, 4H), 2.26-2.34 (br s, 1H), 3.24 (s, 3H), 3.25-3.34 (m, 6H), 3.84 (dd, J = 10.75,

20  2.56Hz, 2H), 4.46 (d, J= 6.91Hz, 2H), 7.60 (d, J = 8.19Hz, 1H), 7.76 (s, 1H), 7.90 (d,
J=8.70Hz, 1H); MS (ESI) (M+H)" 485.0

Example 43

N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-3,3-
25  difluoro-N-methylpyrrolidine-1-sulfonamide
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0.4 RO C, 47.69; H, 560 N '8.06. Found: C, 47.66; H, 5.58; N,

8.07. Exanpl e 8

N-[2- (1, IwDi2béaucBesst hyl) 1- (tetrahydro-2J3-pyran- 4- yI metlylisk2dosnetaenzi m daz
ol - 5- yI ] ~N-met hyl i soxazol i di ne-2-sul fonam de Step A

N - Ci-l-pfluoroethy" 1-Ctetrahydro-1 -pyran”-ylnethyl)-1 Hobenzi m dazol -
5-yl]=N-net hyl i soxazol i di ne-2-sul fonam de | soxazolidin-2-iumchloride (80
ng, 0.72 nmol) and DI PEA (0. 12 ml,GHL 72 mmol) Were added to the reaction

m xture (18 nL) prepared in stepQan _Ssnexa The resulting reaction
Ivent was concentrated. .
QT eparative HPLC using MeCN 10 to

m xture was heated to 6C0C overRighy
90% gradient in water to pravilde the TFA s It of -the title conpound as

white solid. Yield: 50 ny (18%; 1HNMWR Mz, CD3CD) d 1.38 - 1.51 (m 4
H, 2.21 (t, J=19.34 Hz, 3 H)5 2.28 - 39(m2H) 3.29 - 3.35 (m 2 H),
3.41 (s, 3 H), 3.53 (dd, J=8.01, 664 ~2' H), 3.84 - 3.93 (m 2 H) ,412
(t, J=7.42

H5 7.66% @ngmgéhggrqqsguri&@rsﬁvp 4n %415%1819& 35%61*&#}10@9@”@%%17 (%MQ
445.0; A +

5 56: NG fg% rﬁﬁk %m%ﬂ&%?@&‘t%ﬁ% 0413 dﬁ&lﬁr&cﬂedt"tﬁ&ﬂ&mﬂﬁo&%
1 {[[2 (l40. elaugf by 01 NYAB. {G00(Ekz @M@D@ﬁa 40-1.55 (m, 4H), 1.59 (s 9H),

yran- 4- Irrethl% LHbenzi m dazog| - met hyl -

D G, SET1 2 A0 B0, S 3 B By At M P P AN A e o
di fl 2:;9 d t f
o (1 T T LERER OB fnl e B0y 2 VIR, BENASSPRETL 1. ouide 38HL | 0T ©

f - benzi nmi7daz@E] 119), 7889 (de/ € 6. 802y 1 HY. MS (BRDIMAH)+HMITCNY (70 nl) at anbi ent
tenperature. The reaction mxture was stirred for 4 hrs. and net hyl
trifluoronethyl sulfone (0.21 nm., 1.93 mmol) was added. The reaction

m xture Inﬁilie%ed for 2hrs and used directly for the next step. Exanple 9
N(L1-{[[2- | -Di fluoroethyl)-1-(tetrahydro-2fi r-pyran-4-ylnethyl)-
Hoen2Dnm ddetbly} 1-5f[2+tprtatmttiil 1y teti ahose2 Hopyttanpd-ybnethyh-1H-pepzioddagelde r

t - But yl | ‘ dded to th
reagtyon%ﬁbﬁeﬁy I%ngg}péa "?F'é)r;gqué’l%em;?e?) \IgésTﬁe (raesuf)ti nS

reacti on m xture WaSH

YQN 0

0]

Following the procedure for Step Ain Example 41, using methyl isonipecotate (70
uL; 0.516 mmol) and Hunig’s base (72 pL; 0.413 mmol) provided the title compound
15 (71.5 mg; 41%). "H NMR (600 MHz, CD;0D) § 1.37-1.55 (m, 6H), 1.59 (s, 9H),
1.78 (m, 2H), 2.24-2.33 (br. s, 1H), 2.38 (m, 1H), 2.82 (m, 2H), 3.17-3.30 (m, 2H),
3.22 (s, 3H), 3.47-3.61 (m, 2H), 3.54 (s, 3H), 3.83 (d, /= 8.45Hz, 2H), 4.45 (d, /=
7.17Hz, 2H), 7.57 (4, J = 7.94Hz, 1H), 7.75 (s, 1H), 7.87 (d, J = 8.45Hz, 1H); M3
(ESI) (M-+H)+ 507.0
20
Example 45
N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-

methylisoxazolidine-2-sulfonamide

-74 -



heated to 900C overni ght. tert-Butyl piperidin-4-ylcarbamate (0.43 ng, 1.45
nmol ) was added again and the reaction m xture was heated to 90C overni ght.
The sol vewd 20@3038638cent rat ed and DCM (50 nl) was added PoTiSBE2oos®6EI408ie. The
resulting precipitate was filtered and air-dried to provide 404 ng of
tert-butyl (1-{[[2-(I,Idifl uoroethyl) 1-(tetrahydro-2 .

- pyran-4-yl net hyl) - 1H— benzi m dazol -

yl ] (et hyl ) am no] sul f onyl } pi peri d| rGH]; yI ) car bamat e | nternedl ate. The solid

was treated with TFA (10 ml) for \\1 h " t he sol vent was concentr at ed.
The resulting 4-am no- -[2- ( 1-(tetrahydro-2
y r]l

-pyran-4-ylmethyl)-1J : -ben ‘dazol pi et hyl pi peri dme-|
-sul fonam de TFA salt interne |ate was di sgolved in DCM (100 nlL) and the
solution was neutralized with Et3N (2 at O0C. Acetyl chloride (10

drops) was added to the solution at 0OC\ t reaction mxture was allowed to
warmto anbient tenperature and sti rre@ erni ght. The sol vent was

ot g Ve diellop S b Gep-Ba o 8top A Rt st eret s oI AT he it o
d NVR oD) d
135 -1 wha?ﬁébga%qﬁ %L §97mﬁﬂ%“lf§’{@“i‘?e§<'§h (s. éf %:“Mgl%zf?ta 3 =19. 33

Hz, 3 H) ,mg, zae/o)( §HNIMRI)(60(2M}& cngom a(rmsa 56)(m,&}]3,71 603& ]2) (Qm-z 36), 3.30 -
3. 38 m H}ﬁ I—%g (d, J=7.62
Hz, 25H) @3 %a@(maﬂé) ?9"7 (2 31@ iﬁﬁw (f-1Jﬁ)7 17/H?7912Pi)d3 8§£@1 )|4z03 (i £y, 7.79

(d, J 1 95 (JESk) A d I 3F2N5O4S +
0.7 TFA + %Hﬁé%@ 34@8 L”HW%E 75‘?1\314@%1]7%&& OF(%%&&& 1CIfIP ZgS@S’?ék@H 5.69;

N, 11. 68.(dEkarrm%Iz1(DHJ,7{$$Q}Ue=r8 9@, MIFH) AMS: @SDeMdidp- 237.0yr an- 4-yl met hyl ) - 1
H benzi m dazol -5- yl] (et hyl)am no] sul fonyl }-

-cycl opr opyl pi peri di ne-4-carboxam de Step A

1-{[[ 2-t offariBsieMe- 1- (t etrahydro-2J3 r-pyran-4-ylnethyl)-1 H-benzinm di azol -
5-yl ] (et hyl )am no] sul fonyl }- N-cycl opropyl pi peri di ne-4-car boxam deTo a

sol utlidon @R)-N-{3-text{Bartyl-b{tepiahydxa-2Hrpsrpurdoyimethyl)-d Hi-hengimidazol-5- 1

B

di i sopropyl et hyl am ne (0 029 ni, 0 1@9 mml) and cycl opropyl am ne (30 ni,

excess) at roomtenperature in

0O

Following the procedure for Step A in Example 41, using 4-methylisoxazolidin-4-ol
(57 mg; 0.41 mmol) and Hunig’s base (57 pL; 0.33 mmol) provided the title

15 compound. "H NMR (600 MHz, CD;0D) & 1.35 (s, 3H), 1.41-1.55 (m, 4H), 1.57 (s,
9H), 2.22-2.33 (m, 1H), 3.19 (s, 3H), 3.24 (m, 2H), 3.30-3.36 (m, 2H), 3.46 (d, J =
11.52Hz, 1H), 3.77-3.90 (m, 4H), 4.43 (d, J = 7.42Hz, 2H), 7.61 (d, J= 8.96Hz, 1H),
7.79 (s, 1H), 7.85 (d, J = 8.96Hz, 1H); MS (ESI) (M+H)+ 467.0

20 Example 47

N-(1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}piperidin-4-yl)acetamide
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m.), was added HATU (64.6 ng, 0.170 mmol) in one portion. The solution was
stirred at roomtenperature overnight. After evaporation of the solvent,

t he resi dwe 20@m3passi fi ed by reversed- phase HPLC (10- 60%rCHIEMOSN0HRD) t O
provide the title conpound as its TFA salt (29.1 ng, 32% . 1H NWR (400 Mz,
CDCl3) d 0.47 - 0.54 (m 2 H, 069-077(m2H),152-1.70(m6H),
1.73 (s, 9 H, 1.75 - 1.82 (m 2 H, 2.13 - 2.24 (m 1 H, 2.26 - 2.39 (m
1H, 2.65- 2.72 (m 1 H), 271-29|ﬂs(m2l-l) 3.31 (s, 3 H, 3.32 -

3.41 (m 2 H), 357-365(m 2 7 ,(m 2H) 4.38 (d, J=7.42
Hz, 2 H), 6.43 - 6.48 (m \@ 1 H, 7.66 (dd, J=8.98,
1.37 Hz, 1 H), 790-793|gm!1El) H)+5320 Anal. (C, H N)
calcd for C27H4 1INSO4S+2 C 47. 80, 5 50, N 8.82; found C 47.93,
H5 22, NB8.91. Step B. N[2FHtert- ButyH- r ahydr o- 2

-pyran-4-yl met hyl)-1fT-benzi m dazol - L(% met hyl -

H-i mdazole 1-sul fonam de To a sol utlon

2-fern-bytyl - d 1 Ho dazol
5 am ne. pro B e R b A o s AR B0 ) e added.
l- (1Hi mb@ﬁmhd&zdﬂssyﬂ M&Dmﬁm@pﬁummhyﬁpiﬂermmzmm&dnuﬂb(B 6g, 9.81 mmol )

in one portion. The solution was stirred at roomterrperature over ni ght .
After evaporati on che sol vent, the residue was pur filds by flash

chr omat ogr aphy ( . 0 t QAC i hexanes 50mi n; 100% !l‘ 0 -2%
MeOH in Et OAcs af\ d t he product (1924 MH—|)+
432.0. Step {[ dr 2J -p ran 4- mefN

I—I—benzlmld,‘alzo < 5- yI](math I)am no]sulfonyl} 3- thyH -|mdazol |umTo a
solution of -[2-tert-b -1-(tetrahydro-2 pyran 4-yl met hy
l)-1Tfbenzi m dazol - 5-y|]-N-nethyl-1i -im dazol e-1-sul fonamde A1.24 g,

2.88 mmpl ) at roomten‘fPe ature in MeCN (20 nmL), was added net hyl
trifldor dTmtahanlaﬁuﬁfmﬁlatﬂni@G—MQZ tdz::—bxﬁyBB—(tretmlhy)drd—Qﬁme&-A whEt}sfb)l-h%' on was

ti d t f ) Af t at I t,

the resi gél%ﬁé”azeﬁ-’é% ey Beg e e i R e teRt | K510 (10
g, 76%. Qg&hiyréﬂmfboﬁ oF46nl foﬂisv%a fRe sdmé bl Rl b Bott b synthdsed sahydr o- 2
H pyran- 4-yl -1 H benzi m dazol -

compound in Example 1, Step J, by using 4-tetrahydropyranmethylamine as the
coupling reagent for the SNAr reaction) was added triethylamine (143 pL; 1.032

10  mmol) followed by acethyl chloride (44 pL; 0.619 mmol). The reaction mixture was
stirred at room temperature for two hours then was washed with water. The aqueous
layer was extracted with dichloromethane. Combined dichloromethane extracts were
dried over anhydrous magnesium sulphate, filtered and concentrated under reduced
pressure. Purification by reverse phase chromatography provided the title compound

15 (143.8 mg, 55%). "H NMR (600 MHz, CD;0D) & 1.29-1.40 (m, 2H), 1.40-1.54 (m,
4H), 1.58 (s, 9H), 1.74 (m, 2H), 1.81 (s, 3H), 2.27 (br s, 1H), 2.83 (m, 2H), 3.21 (s,
3H), 3.24 (m, 2H), 3.57 (m, 2H), 3.62 (t, J = 10.88Hz, 1H), 3.83 (dd, J = 11.52,
2.56Hz, 2H), 4.44 (d, J= 7.42Hz, 2H), 7.58 (d, J = 8.70Hz, 1H), 7.72 (s, 1H), 7.87 (d,
J=8.96Hz, 1H); MS (ESI) (M+H)+ 506.0

20
Example 48
N-(1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}piperidin-4-yl)-2,2-dimethylpropanamide
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] (et hyl ) am no] sul f onyl } pi peri di ne- 4-car boxyl ateTo a sol ution of
[2-tert-butyl-1-(tetrahydro-2 -pyran-4-ylnethyl)-1Hbenzi m dazol -

] (metwyl2p@mssaspsul fonyl } - 3-met hyl -1 H i m dazol - 3- i urci/sk2@s/081485 nmol )
di i sopropyl ethylam ne (0.38 nL, 2.2 nmol) at roomtenperature in MeCN
(15 nmL), was added nethyl isonipecotate (0.61 nL, 4.5 mml) in one portion.
The solution was stirred at roomtenperature overni ght. After evaporation
of the solvent, the residue was purlflﬁdg by flash chr omat ogr aphy (0-100%
Et OAc i n hexanes, 50m n; 100% Et OAc; \\I 2% OHin EtQAc, 1Qmin) to

provi de the title corrpound : (MtH) + 507.0. Step E
1-{[[2-ter<-Butyl-1-(tet ;\Sj‘%}pyra yl)-1 H benziini dazol -
5-yl'] (methyl) am no]sulf%:v%\ fidine-4- car oxyllc acid To a solution of
met hyl 1-{[[2-tert-butyl-21{(tétrahydro-2H n-4-ylmethyl)-1i/ -

benzi m dazol - 5-yl ] (et hyl ) am no] sul f onyl } Ai peyi di ne-4-car boxyl ate (1.08 g,
2.13 nmmol) at OOC in MeOH H20 (3:1, 20 m.)Q s added LiOH (178.5 ng, 7.46

mmol) in one portion. The solution_was stjrred at

r oom) t enﬁ@ﬂaWS}gethaﬁtP%@ﬂTP fecbten Brip Srpmplegts 43108 gl%%}%rﬁCSW? V\f‘%ﬁé/a@geut i on
was adj us Hﬁiﬁ was extracted
Wi th DJCll\J/l &Tﬂeélgffg%ﬂﬁéf‘? ayeg#}gla%r éi%d{’zfl ﬂ? 8:\)’/% g@}&% t?l[.lebj ect e)c(l to

filtrati Q@m EM@@%E@W AL 49"0/8t Fﬁmk\(em Nmpﬂm@@)tmm (8, bED) cobposad (2.2 g
929 . I\/B(E . Ie 11 1- H?elte//\ But I-l(tetrahydro

N- pyr &n- z(myﬁﬁféa,t]h@d Qs- AH) b DA 31 250 @] K9 ekt 81 29UF< TRy 1} -

N- di 4 E A
Ecanp e SPGB 1o ( T CartDpt by il p et & DAEE 3D o A aa el T
H benzi mgigwr al4151z, YH), (168 @y ./ »-ans 410, SH) fmry(c} pi=p 061, eT)4MSa@@Sdxy| i ¢ aci d
(200 ng, 0.41 mmol), diisopropylethylam ne (0.17 ni, 0.96 mol),

|sopropy|(b/h\rfﬁ)é-‘(4@ 1 nl, 1.22 mmol), DVF (6 ni), and HATU (182.6 ny, O.48
nol ) provided the title conpound as its TFA salt (150 ng, 57 %9 foll ow ng
purification by reversed-phase HPLC (10-60% CH3CN in H20). 1 NWR (400 Mz,

CDCl 3p d Hxawdpled9 J=6.64 Hz, 6 H 1.52 - 1.70 (m 6 H 1.72 (s, 9 H) 1.76 -

1.84 (m tgrtlﬂuqzzl' [:ng({ine%ﬁyzlﬁ-{tggral})lf_groglﬁ ! yi‘an—4-y(Rm§>.myl) Eb(trlﬂuoromethyl)-

1H-benzimidazol-5-yl]amino}sulfonyl)piperidin-4-yl]carbamate

5-yl
1-{[
5-yl
and

O

Step A. tert-Butyl [1-({methyl[1-(tetrahydro-2H-pyran-4-ylmethyl)-2-
15 (trifluoromethyl)-1H-benzimidazol-5-yllamino}sulfonyl)piperidin-4-

yl]cafbamate
Nt 0 H 9 |
N> 0 | T
S s A O
© O:\ ° O ° N FF

N FF —u (j
Q) o

Following the procedure in Step I of Example 1, 3-methyl-1-( {methyl[1-(tetrahydro-
2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-1H-benzimidazol-5-yl] amino }sulfonyl)-
20  1H-imidazol-3-ium (crude product, 1.0 mmol) (see following steps B, C, D, E, F, G
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2.71 - 2.85 (m 2 H 3.32 (s, 3 H 3.34- 341 (m 2 H 3.62- 3.72 (m 2
H 3.98 - 409 (m 3 H 4.37 (d, J=7.42 Hz, 2 H 5.97 (d, J=7.62 Hz, 1H)
7.54 (d, woRo&d3btz3 1H) 7.68 (dd, J=8.98, 1.76 Hz, 1H) PBC88rt@sodrmbs 76 Hz,
1 H; M5 (ESI) (MtH) + 534.0; Anal. (C, H, N) calcd for

C27HA3NSOA4S+2. 00CF3COOH+0. 10CH3O0H: C 48.83, H 5.98, N 9.15; found C 48. 83,
H5.93, N9.07. Exanple 12 1-{[[2-tert-Butyl-1-(tetrahydro-2 '

T\L r- Iyr granélwfoﬂpfépgfahog) Wasb%ﬂdtbdi aﬁétﬁamJF lbidf}’*l pmehdﬁmwa?bwmatm@?ﬁﬂ g, g nyl }A

CyCl O | peril dne car poxam ae (0] L C ure._ rIor t e in
Exa)r/rpl e ﬁdymgmp}wghﬁﬂ{l{d[e@r@ﬁtweﬁpw fie y%‘ﬂﬁ%ﬁg"/g &S FLh-oR v rreltohy|) 1
Hbenz' msﬂ%gen% (ﬁmé@?gg% %?E??%&HE&?{%'&19&1H€Ebrﬁb&ﬁld4"ﬂ@l)’m>(¥d)0C acid (70

ng, 0.14 I sopr yl am ne
cycl obut WiHE] OHLOR@RORM-D):e& cesk{s, 9 BYFL .¢48 - ASH, (mg AdIHATO - (1628, @a,i3y, 0. 17

pur i 1 peatib Ay 2r ek éﬁxérép B b AR Eora £ 20T PR (G0 M

CDA 3) d - ol ] 7 2.12
-y 2% m%é‘@qgﬁ 31%723 @9’#@#@1{)343732@(%7@2@%211& ’758(@4%5%6?1%?0& 212
3.34 - 31421, 1(Hh), 778Ky, I=8. ’@GHﬁ,d H) F185. (GA-HQ,ZLSH ,rbH)4M§4(E(S&) (MEID.94 Hz, 2 H),

1

7 5 Glonts Bl g4 dubo o g Ee

('V**H)+ SA@SQSSAPPB 38( &, 1H22|\#oxﬁ1al c o5 1. 96; ICB3HAINTPHS+2. 10CF3CO0H:  C 49. 26, H
5.79, N 8.°92:" fodnd C 49.27, H 5.65, N 9.07. Exanple 13

1- {[[12)—tert Butyl 1- (tetrahydro 2J7?- pyran-4-yl met hyI) 1 H benzi m dazol - 5-
yl ] (et hy, f Qny, pi peri di ne- 4- car boxam de Fol | owi ng
the pr oceéfzﬁpg‘pg']r(igjt“é oé'ﬁltr@h%%*)g&?%w‘iﬁy ng 1-{[[2- ter-butyl

(tetrahydro-2H pyr I rref\lgyl )-1//-benzim dazﬁl - 5-
yl'] (met hyl ) am no] su fo éridine-4-garbo 5%dNP70 ny, 0.14 mml),
di i sopropyl et hyl am ne 9 nm, 0.17 mol), cl gpent yl am ne (0.030 ni,

excess), DWF (3 nL), and HATU(646 ng, 0.17 nmmol) provided the title
conmpound its, . . . i )
A¥ors3-nitro-aniline (45.0 g, 0.288 mol) was added in portions to acetic anhydride

(150 mL) at room temperature. The reaction mixture was stirred at room temperature

15  for 2 h. The white solid was collected and dried in vacuo to give the title compound
(42.0 g, 70%). "H NMR (400 MHz, CHLOROFORM-D): § 2.23 (s, 3 H), 7.26 (m, 1
H), 7.50 (s broad, 1 H), 7.87 (m, 1 H), 8.23 (dd, J=6.44, 2.73 Hz, 1 H).

Step C. N-(4-Fluoro-3-nitrophenyl)-N-methylacetamide
H l

\H/N\©iN02 \H/N NO,
0] F 0] \©iF

Sodium hydride (4.22 g, 60%, 106 mmol) was added portionwise to a solution of N-

20

(4-fluoro-3-nitrophenyl)acetamide(13.9 g, 70 mmol) (for preparation, see the step B
in Example 1) in THF (200 mL) at 0 °C. Stirring for 20 min, iodomethane (18.5 g,
130 mmol) was added. The reaction mixture was stirred at room temperature for 2 h,

25  quenched with saturaed NaHCO; (30 mL) and extracted with EtOAc (3x100 mL).
The combined organic phases were washed with saturated NaCl (2x50 mL). After
filtration and concentration, 13.1 g (88%) of the title compound was obtained as a
yellow solid. "H NMR (400 MHz, CHLOROFORM-D): & 1.92 (s, 3 H), 3.30 (s, 3
H), 7.38 (s, 1 H), 7.52 (s, 1 H), 7.95 (s, 1 H).
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TFA salt (37.8 ng, 40 %9 following purification by reversed-phase HPLC
(10-70% CH3CN in H2O . 1H NWR (400 MHz, CDCI3) d 1.32 - 1.42 (m 2 H), 1.52
- 1.69 (mvol0Oocs3633%. 72 (s, 9 H), 1.76 - 1.85 (m 3 H), PC88E2008000f m 2
H, 2.75 - 2.86 (m 2 H, 3.34 (s, 3 H, 3.34- 3.41 (m 2 H, 3.65- 3.73
(m 2 H, 4.00 - 407 (m 2H, 4.11 - 4.21 (m 1 H), 4.36 (d, J=6.84 Hz, 2
Hy, 7.52 (d, J=8.79 Hz, 1 H), 7.67 - 7.73 (m J=7.81 Hz, 1 H), 7.91 - 7.95
(m 1 H; M (ESI) (MH) + 560.0; Anal. (C, H, N) calcdfor

C29HASNS 4 S+ . 7OCF3COOH+O. 20H20 +0. 40CH 304 C 51.16, H 6.37, N 9.09; found
C 51. 15, StepG)-BN-l\’Nﬂwldﬁ-Bﬂtfaﬁﬂl‘Kteimhyd{‘[f‘?ﬁ PY‘fanB‘En -1-(tet rahy dr

0-2i ?-pyr, a zi m dazol - 5- yI](rret hyl ) am no] sul fonyl } -

N- pyr r ol V’dﬁlﬂh@%}flm%@?lﬁl}ﬁg%@gboxam de Fol | owi ng t he procedure for Step
A in Exanple 10, using 1-{[[2-te?t-butyl-1- (tgtrahydro-2

-pyran-4-ylnethyl)-1 H benzi m dazol - 5- N NO
yl ] (et hyl ) am no] sul fo|ny| } pi peri di ne-4-car bckgl i u@ d4 (270 ng, 0.14 nmmol),
di i sopropyl et hyl amgNQ, 629 mb, 0.17 mpl ), FopPW r ol i di ne

eg

hydr ochl ori de (20.8 /¥ mmol), DMF (3 nL), and HAJU (64.6 ng, 0.17
mol ) provided the tPtl ppund as its TFA salt {8 ng, 40 % follow ng

purification by reversedphase HPLC (10-60% CH3CN i b, H2O) . 1HNWVR (400 MHz,
CDCIS)d152-170(m7H)5172(s 9 H), 1.74% 1.84 (m 2 H, 212-

».23 4

3345 3 44“950 Sflsetfaé’d&ap}ra%(@% rﬁ"z%mﬁ}"l>§Vaé§d&é83t°fink%‘ﬁ%1§2§&)'@"3 99 -
4. 07 § Jn8 TFA 7.69
(o, S m8 ﬂég%&zz n cﬁﬁleﬁﬂ%—]\ﬂmzthg'l?acdému?e b6 g775321f1ﬂ1§1)m; B8\ (15,3 ﬁ.auﬂ) ()NHD .
561.0; Adall. g,ammmm) m:EﬂQﬂ (3Q9rmc)zgmqm6mmwm?hew@@mms@m ves

0. 15CH3 46 EXx |
15 1. (I Sested ford 9 ol fe@ é%drna% oo %%@%ﬁ e e{éldue vvag )d%%é%@l anpl e
H- benzi mEﬂ@A@l(d’@ Uﬂbj&m&@wlﬂl&m@kSQ bflongatgrated NaCl (3x50 mL), and dried

1 EARDploweriSa: 561 Ager Slon b poeBRgNaT, 21 (LA I GRBHEA. |1 nony!) - 1
e Lo A oh TRl %ﬂd‘%ﬁﬁM{?{W)}MﬁEe@Hﬁm&)Fbﬁﬂ byl i ¢ aci d
1.38 - 1.52 (m, 2 H), 1.72 - 1.81 (m, 2 H), 1.90 (s, 3 H), 1.93 - 2.02 (m, 1 H), 3.23 s,
3 1), 3.23 - 3.27 (1, 2 H), 3.36 - 3.49 (m, 2 H), 4.01 - 4.07 (m, 2 H), 6.91 (d, /=9.18
Hz, 1 H), 7.29 (dd, J=9.08, 2.64 Hz, 1 H), 8.05 (d, J=2.34 Hz, 1 H), 8.22 (t, J=5.37
15 Hz, 1 H). MS (ESI) (M+H)" =309.12.

Step E. N-{3-Amino-4-[(tetrahydro-2 H-pyran-4-ylmethyl)amino]phenyl}-/V-
methylacetamide

e e

20  N-Methyl-N-{3-nitro-4-[(tetrahydro-2H-pyran-4-ylmethyl)amino]phenyl} acetamide
(21.7 g, 70.5 mmol) was hydrogenated in ethyl acetate (500 mL) catalyzed by 10%
Pd/C (1.0 g) at 30-40 psi Hy in Parr shaker for 18 h at room temperature. After
filtration through celite and concentration, 19.6 g (100%) of a purple solid was
obtained. 'H NMR (400 MHz, CHLOROFORM-D): & 1.35 - 1.50 (m, 2 H), 1.67 (s, 1
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di i sopropyl et hylam ne (0.029 nm., 0.17 nmol), 1-am nopyrrole (0.030
DVF (3 nm), and HATU (64.6 ng, 0.17 nmol) provided the title
wo 20460033834 salt (37.8 ng, 40 %9 foll ow ng puri PceasEr@ms/obymos

excess),
conmpound

rever sed-

1.63 (m
2.75 - 2.

(m 2 H,
Hz, 1 H
C28H40NG

49.97, H’

(tetrahydr

): dad 1 H benzi ni dazol - 5-
yl ] (et hy argﬁlzﬁgi{&%?%n%},ﬁfa%grl di ne-4-carboxylic acid (70 ng, O0.14

phase HPLC (10-70% CH3CN in H20). 1H NMR (400 Mz, CDd 3)
4H, 1.71 (s, 9H, 1.72 - 1.95 (m 2 H), 2.26 - 2.50 (m

m,

d 1.50 -
2 H),

86 (m 2 H, 3.23 - 3.41 (m 6 H), 3.58- 3.72 (m 3 H), 3.96 -
4.08 (m 1B, Hr3 4317(11( Q,H)H?ssd(a 1), 1288'9196(1&161 H)53 05 (d, m=6254lﬂz, 26156 - 6.61

3 e IA s (o 1, DR Ohciem B Tl e £, (o

J=I. 17

gl%;‘lﬁg 49.85, H 5.67, N 10.95; f d C
l(nz%(ﬁg%fﬁ}ﬁ%z 3 Q27§9{[[2 tert- Butyl 1- (tetrahyglrjg 2
H pyran- 4- yI met hyl ) -1 H-ben2| m dazol -
I t hyl | f N- th I di 4- de Fol th
2 bedur SR, SYNeUTA-Heiiaisney dro 2 S{y'ﬁ@:'n%e iprebRERe Chb ot "0 e

rrrml),diisopropyl|ethyl amne (0.029 nL, 0.17 nmmol ), ethylamne (0.21 m,

0.43 mmmol ), Dl\ﬁ]/ N;,nd HATU(646rrg 01 Mldeﬁthetltle

conmpound as its @ 415rrg, 46 % foll ow L.i on by

rever sed- phase ¢PL 5% CH3CN i nH 20) . 1HNI\/RO(4O *-r 3) d 1.12

(t, J=7.13 Hz, 3 H), 15-1.69(m6’H),172(s 9 H, .75 - 1.86 (m 2
H5 2.19 - 2.41 (m , 2.70 - 2.82 (m 2 H), 3.21 - /328 (m 2 H), 3.30
(s 3 H, 3.31 - 3.41 ( 2 H, 3.56 - 3.67 (m 2 H, \3. - 408 (m 2 H,
4.39 (d, J=7.42 Hz, ®H, 6.47 - 6.56 (m 1 H), 7.56 - .62(m1H) 7.63
- 7.69 (

calcd fo

A el ofclasiBingsiloraidnd 22 byt Vineandising iyt W ung

46.49, H rﬁetﬁ?l’acé\tlatﬁlcﬁ d@&ﬁﬂﬁ(ﬁ@e@lﬁ é\l‘lﬁtrﬁlhbt)%'&)‘ﬂﬁoréac%& deid (60 mL) was

tert-butyl -1 (tetrahydro-2 -pyran-4-y hyl)-1 Hbenzi m dazol -
5-yl ]1(Orrethey1te)1amafb1]xs°ar i&hyAftgn qyepqwratl@reOﬂTh@ aplyontafhiedesidue was disolved in

15

20

EtOAc (200 mL), washed with 2N NaOH (2x10 mL) and dried over Na,SOa. The
crude product was purified by MPLC using EtOAc on silica gel to give 3.18 g (90%)
of a white solid as the title compound. MS (ESI) (M+H)" = 356.02.

Step G. N-Methyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-2-(trifluoromethyl)-1H-
benzimidazol-5-amine J
fll Hl!l F
\n/ \ H
O \C[N FF - - N FF

N-Methyl-N-[ 1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-1H-
benzimidazol-5-yl]acetamide (3.18 g, 8.95 mmol) was dissolved in hydrochloric acid
(37%, 60 mL) and then heated overnight at 95°C. After concentration, the residue was
treated with 20 mL of 2N NaOH, extracted with EtOAc (4x50 mL). The combined
organic phaese were washed with brine (20 mL) and dried over Na;SO,. After
evaporation, 2.80 g (100%) of a purple white solid was obtained as the title product,
which was used directly for Step H. MS (ESI) (M+H)" = 314.20.
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Foll owi ng the procedure for Step A in Exanple 10, using 1-{[[2-
ter™-butyl-1- (tetrahydro-2 H pyran-4-ylnethyl)-1i/-benzi m dazol -5-

yl 1 (et hwpanienshesal f onyl } pi peri di ne- 4- carboxylic acid @¢@/sEgos@otkds mol ),
di i sopropyl ethylamne (0.029 niL, 0.17 mol), f-butylam ne (0.045 nm_, O0.43
mmol ), DMF (3 nL), and HATU (64.6 ng, 0.17 mmol) provided the title
conpound as its TFA salt (44.2 ng, 47 % follow ng purification by

rever sed- phase HPLC (10-70% CH3CN in H2O . 1H NWR (400 MHz, CDC 3) d 1.32
(s, 9H, 1.52 - 1.70 ( 6 1.71 (s, 173 - 81(m2H) 2.05 -
2.18 (m ‘StepH. bh@@hyl-lz@wtbmi-ﬂemmg% :Pl%aaf xlmetby%z 3.31 (s, 3 H),
3.32 - BT 2 kT - . _ 4.38 (d,
J=7. 42 @&%","%ét% 17 @éihzg“fﬂa“‘lg %]a E%)éul?d%a ) 151%8%&21%%@3% 7.68 (dd,
J=8.98, 1.37 Hz, 11 H5 7.82 - m oL H); M5 (ESI) (M-H)+ 548.0; Anal.
(C5H, N) calcd for N5Q-‘LS+2 gggs@é]# 5 O £ 47.76, H6.17, N
8.65; found C 47.4 N 1>;{7<
[[2-ter?-Butyl-1-(t drFoF2J° pyr an- 4 yI e ) 1FH-ben2| m dazol -

yl'] (et hyl)am no] sul fonyh}- LrN-ei-wedkyl pi peridi he- 4 car boxam de Fol | owi ng
t he procedure for St in Exanple 10, usin {[[2-tert-|putyl -
(tetrahydro-2H pyrant 4-yl nethyl )-1 H benzi m fazgl - 5-

yl ] (et hyl ) am no]sulp yl } pi peri di ne-4-carbo ic acid (70 ng, 0.14 mol),
di i sopropyl et hyl am ne (0.029 i, O0.17 mml) N- dt net hyl am jne (0.21 L, O0.43

ol ), DVMF (3 mi), and HATU (64. 6-yrgy 1|7 mol ) provided fthe title
conpound as its TFA salt (33.7 ng, 0l Kg parlflcation by
rever sed- phase HPLC (10- 60% CHSCN {‘\i OecHz, CDCl 3) d 1.52
- 1.65(m 5H, 1.65- 1.79 (m 12 H), 2 N4Q:(=m1H) 2.63 - 2.75

(m 1H), 2.84- 2.92 (m 2 H, 2 93 (s, 3H) 306 (s, 3 H, 3.32 (s, 3

H), 3.33 - 3.41 (m 2 H), 3.68 - 3.77 (m 2 3,98 - 4.08 (m 2 H, 4. 37

(d, J=7.42 Hz, 2 H), 7.54 (d, J=8.98 Hz, 1 7.68(dd J898 0.98 Hz, 1
7. 89 - 7.93 (m 1 H); I\/S(ESI) (MrH) + 52807 Anal . cal cd for

H),
cH:zg é%.ng&c%e procedure in g?ep }% of E)?arﬁp el N—metﬁylo? (tel}Jal?ydlrlg ’ZIj S}H'Qrg C 48.09,

4-ylmethyl)-2-(trifluoromethyl)-1 H-benzimidazol-5-amine (0.32 g, 1.0 mmol) was
converted to 3-methyl-1-({methyl[1-(tetrahydro-2H-pyran-4-ylmethyl)-2-

(trifluoromethyl)-1H-benzimidazol-5-ylJamino} sulfonyl)-1H-imidazol-3-ium, which

was used in Step A without any purification.

10
Example 50
tert-Butyl 4-({methyl[1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-
1H-benzimidazol-5-yl]amino}sulfonyl)piperazine-1-carboxylate
WA 2l /9 |
Lk NFN >\‘—N N—5—N N F
$CLA, I
(jN FF —— N FF
15 o) | o)

Following the procedure in Step I of Example 1, 3-methyl-1-({methyl[1-(tetrahydro-
2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-1H-benzimidazol-5-yl]Jamino } sulfonyl)-

1 H-imidazol-3-ium (crude product, 1.10 mmol) (for preparation see the step H in
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Exanple 19 1-{[[2-tert-Butyl-1-(tetrahydro-2 H pyran-4-ylnethyl)-1

H beii zi m dazol -5- yl](nethyl)am no] sul fonyl }-

N, i V- di etwpl2pigussésdi ne- 4- car boxam deFol | owi ng t he procedurset@s/oiisep A in
Exanpl e 10, using 1-{[[2-fer -butyl-1- (tetrahydro-2 -pyran-4-ylnethyl)-1
H benzi mi dazol -5- yl ] (nethyl)ani no] sul fonyl } pi peri di ne-4-carboxylic acid
(70 ng, 0.14 mmol ), diisopropylethylamne (0.029 nL, 0.17 nmol), L

- di et hy| aRhmiple( vRd4edtted Vit Zrrvmy]) pipddbing-3- ammym(mgg AGéhntolyy, 0.17
mrol ) provi ded the title coppound as its TFA_ s l@:I(I{M 1 13 %9 follow ng
puri fi catlbererusie nredust sias pymaedb IS using Hex/o‘?@ﬁé .1how21@ya gol tRIFRRS( 400 MHz,

cod 3) d 1. 52 D 1.62
(4 v O2E R il e of elditgooptboliha, M CbRED. 122 0 1028
g. 64 (gl gcgmbt))%ozcam-nﬁ 28. 432(53%1{91)1 453, D84 {m34 3D, .49 - 233K, 1373 }g 888& (m1
H),H)7570 " G (H:HSHbé 321(&7'%1{%23' 33- ﬁg” a%@(%gg 3145@%4@) g13(7H)3 M5 (ESI)

N b R D G e P e i i
El-xget Ihgl Hparh)i7r86-(d; Edriscizg i dy MSL(FSW(WHhe iﬁb@eﬂnaleCf;Ir?délf@t Fﬁef\hl ln) .
H- benzi m%&4%§%5é5#%%9h§¢‘%‘5@%§9)5& éﬁr@k %i??y‘@ ﬁdfhé%ﬁ‘%“bﬁiw Lc Bl d

(70 ny, Os1lgh. 8! 90 Ndnmg)propw ethyl amine (0.029 n_, 0.17 mmol),
met hyl amine (021 nl; 0.43 nmol ), DMF (3 nL), and HATU.(64.6 ng, 0.17 nmol)

proviled the title conpound as its TFA salt (22.9 ng, 26 % follow ng
purifi cazﬁor}%lg% éeversed-phase HPLC (10-60% CH3CN in H2O . 1H NWR (400 WMHz,
cod  3) R H, 1.65 - 1.76 (m 12 H), 1.81 - 1.90 (m 3 H), 2.79

(d, J=4. @{[g@ycﬁ%w;lylzﬁnﬁﬁ)carﬂolﬁﬂ]a(nfl’iho}zi\‘:i)l.etlﬁflﬁ\a[I—Gtetr&h!yﬂlro—ﬁﬂ%mn?: 41 (m 2
H, 3.61 - 3.99 - (d, J=7.42 Hz, 2 H),
7 52 (d, 4xienetBylhi2- (tlllﬂnpronretlaml)(ldﬂbely&mnéﬂolé-)éh’lP&rldlyeﬂ)rsulan%nde 7.99 (m
1 H,; M5 (ESI) (MtH + 506.0; Anal. (@ H N) calcd for
C25H39N5 04 S+1 . 9OCF3000HH 2041;}@@5@4 304 C 47.54, H5.81, N9.54; found
N

C 47.54, H 5.82, N 9.53. _< \@[H

N FF

O
15  Step A. 4-{[(Cyclopropylamino)carbonyl]amino}-N-methyl-/V-[1-(tetrahydro-2H-
pyran-4-ylmethyl)-2-(trifluoromethyl)-1H-benzimidazol-5-yl]piperidine-1-

sulfonamide

9 | <L Q|
HNCNﬁ N-S—N N F
A UL

N FF

d o

20 A solution of isocyanatocyclopropane in THF (1 mmol) (freshly prepared from
cyclopropylamine and triphosgene) was added to a solution of 4-amino-N-methyl-N-
[1-(tetrahydro-2H-pyran-4-ylmethyl)-2-(trifluoromethyl)- 1 H-benzimidazol-5-
yl]piperidine-1-sulfonamide (38 mg, 0.08 mmol) (see following step B for
preparation) in THF (3 mL) at room temperature. The mixture was stirred for 1 h.

25  After evaporation, the crude product was purified by MPLC using EtOAc/MeOH
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Exanple 21 1-{[[2-tert-Butyl-1-(tetrahydro-2 H pyran-4-ylnethyl)-1
Hr - benzi m dazol -5- yl ] (nethyl)am no] sul fonyl }-
N- pr opy! pvpenéedizpes34- car boxamn de Fol | owi ng t he procedur ecreE2@s0@465 i N
Exanpl e 10, using 1-{[[2- tert-butyl-1- (tetrahydro-2 -pyran-4-ylnmethyl)-1
H benzi m dazol -5- yl] (et hyl)am no] sul fonyl } pi peri di ne-4-carboxylic acid
(70 ng, 0.14 mmol ), diisopropylethylamne (0.074 nL, 0.43 nmol ), |
N-di et hyl(zr dﬂ?ﬁﬁc@ga tikiveG54ag Unm%),of@wu(e&onﬂ)as tl&rtdlel-dkﬂﬂpo(lﬁd. ng, 0.21

e

%?.%tﬁ'&w EVist ME THARO TP & 06070t EBHIP-EE ) T1 67 RbRR ( 200 M

3 9

s 299 81955%@3%%%%&?%&32 iéH%Q%z@%é(@ A SN

g Sg (M42€893|-1)2943(133,22H3,,3:38{§)3I—B,330 3374&1 QIHD), 3.5H)-, 3539519,14H)33738-(m 2 H),

(d 158, G 21H]v+)3 g27“35%5 (fad?Hj ’9@ 1. 6%%2 il%(dﬁ%'lg?éi@%&l 76 Hz
H) ; I I — M4 S+1. 80CF

e i

9. 06. EXarfisD®; 22ndN-Gledfor CoffifHs08F 5 +0.6UTFA+10.30 Bp® .40 BN

AR LR T e ol CO TR IS B iy s RS I I RE A I 19 the

procedure for Step Ain Exanple 10, using 1-{[[2-tert-butyl-1-
(tetrahydro-2 -pyran-4-ylnethyl)-1 H benzim azol-5-
yl ] (8t hyﬂtmm Mwn¢%me}wlﬁwlﬂemhydmzﬂmné m@hw@- my, 0.14 nmol),

dii sopro 074 nmol mne (42 nL, 0.43
mmol ), DR/\IE/“((i r{}‘@ﬁ(}% 1Wg%ﬂngs-y§p%rﬁm?#-s§i§§%& the title conpound
as its TFA ( 1oy, 34 % follow ng purlflcatlon rever sed- phase
HPLC ( 10- 7—%(? Oh?;«éi/\ NNI\/RF(400 MHz, CDC 3)42m—@s—§m 32 HF, 3
H, 1.24 - 030 (M2 &), 1 Y4 52 (m 2 H), 1.52 700(mH)\ 72

(s, 9 H, 1.77% 1.87 (m N2FE5-.2_._4;L—Q$} 2 H), 2.74 - 2.8 FH) |

3.16 - 3.26 (m 2 H), 3.32 (s H, 3.33 - 3.41 (m 2 H), 3.60 - 372 (m
2 H), 3.98 - 4.08 (m 2 H), /487 (d, J=7.42 Hz, 2 H),
(@]

O
TFA (3 mL) was added to a solution of fert-butyl [1-({methyl[1-(tetrahydro-2H-

pyran-4-ylmethyl)-2-(triftuoromethyl)-1 H-benzimidazol-5-

15  yljamino}sulfonyl)piperidin-4-yl]carbamate (210 mg, 0.365 mmol) in DCM (3 mL) at
0 °C. The mixture was stirred for 1 h. Upon evaporation, the residue was dissolved in
DCM (50 mL), washed with 2N NaOH (2x5 mL), brine (5 mL) and dried over
NaySO4. After concentration, 168 mg (97%) of a white solid was obtained the title
compound. MS (ESI) (M+H)" = 475.99.

20
Example 52
N-Cyclopropyl-4-({methyl[1-(tetrahydro-2H-pyran-4-ylmethyl)-2-
(trifluoromethyl)-1H-benzimidazol-5-yljamino}sulfonyl)piperazine-1-

carboxamide

0>_/—\ Q|

>— N
H N>_F/<F

25
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6.18 - 6.30 (m 1 H), 7.54 (d, J=8.98 Hz, 1 H), 7.67 (dd, J=8.98, 1.76 Hz,
1H, 7.94 (d, J=I. 76 Hz, 1 H; M5 (ESI) (MtH)+ 548.0; Anal. (C, H N)
cal cd f orwO284dABMEEAS+! . 55CF3CO0OH. C 50.56, H 6.48, N ecéBRr20080mdoT 50. 95,
H 5.92, N 10.27. Exanple 23 1-{[[2-tert-Butyl-1-(tetrahydro-2

H pyran-4-yl nethyl )-1-H r-benzi m dazol -5- yl ] (nethyl)am no]sul fonyl }-
N-(2,2,2-trifluoroethyl)piperidine-4-carboxam deFol |l ow ng the procedure for
Step A iRt &”W—@yél@pr%@llﬂg({ﬁre{ﬁy[l (tét@ﬁhydltot-zllll-piyran-4-ylmethyl)-2-
(tetrahydro-2i/- metri ij r-benzimdazol -

yl ] (met hyﬂrjthmrncqeglml)-bﬁybqr@up@raizelrﬁ&]amblm}ﬁ'&‘i‘my )cPIIé“d”Pameﬂoo ng, 0.20 mol),
dllsopropxl etxh}{n%ne (0.2 m, 0.61 nmol), 2,2,2-trifluoroethylamne (0.050
nL, 0.61 nﬂ%ﬂf (3 mL), and HATU (116 ng, 0.31 nmol) provided the title

conmpound ag—t SOTFA salt (59.2 ng, 42 % follow %pw—f\ﬂ%apon by

rever sed-+phasg- 0-n0%FCH3CN Ui H2O) . 1HN Ol THObC 1F51 -
1.70 (m 6 “H, &.72 S+, 1.76 - 1.85 (m 5 'W H ,
2.72 - 2.84 (m 2 , 8F-F 3. 41—{m—5xH), 3.58 - 365(m 2 .BZ -
3.94 (m 2 H, 4.00 - 7(m 2 H, 4.38 (d, J=7.42 Hz, 2 H), - 7.14
(m 1 H, 7.56 (d, J 8 Hz, 1 H), 7.68 (dd, J=8.98, 146Hz , 7.91 -
7.94 (m 1 H; M (E (MtH) + 573.8; Anal. (C, H N) calcdf
026H3§F3N5048-HI.850F 3CO0H. C 54.44, H6.68, N 12.21; found C 45.49, H
4.94,°N 8.87. Exanple 24 NNAlyl-1-{[[2- tert-b utyl-1-(tetr ahydr o-2 -pyr

an- 4-yl metoytving th %8@1&1’5‘1@8@9 A of Example 51, using N-methyl-N-[1-(tetrahydro-
5-yl] (et %I ) am nof sul f onyl peri di ne- 4- car boxam de_ Fol | qwi ng t he
pr ocedur &H-pyragegmatliyh- H@ﬂg‘P@nmhﬂhéﬁn@nim{lFf@l -SrE R HEAPF11-

oo TR MDY b T R o ] 1
(0.1 nl, sOlufibnwiisb}yanatocytlapiopane(i ’IHFn(_l mﬁlOﬁS)lTherolm)i? pBMECc( Baspyrifiednd HATU (
2o Th o e RSO B0t SR AN S el e 2T g
THNMR (4QQ5i M the G c3dapBudd. 53mavik: (&80 iz, MEHANOBD,): §- @8 (ou42 H), 2.76

(m, 2 H), 0.60 - 0.68 (m, 2 H), 1.44 - 1.47 (m, 4 H), 2.19 - 2.35 (m, 1 H), 2.47 - 2.55

(m, 1 H), 3.13 - 3.22 (m, 4 H), 3.32 (s, 3 H), 3.32 - 3.38 (m, 6 H), 3.86 - 3.99 (m, 2

H), 4.33 (d, J=7.81 Hz, 2 H), 7.59 (dd, J=8.89, 2.05 Hz, 1 H), 7.79 (d, ]=8.98 Hz, 1

15 H),7.86 (d,J=1.76 Hz, 1 H); MS (ESI) (M+H)" = 545.0; Anal. Calcd for
Ca3HaFsNeO4S+0.70 TEA(624.42): C, 46.94; H, 5.12; N, 13.46; Found: C, 46.90; H,
4.65; N, 13.45.

t
t
|

4.

Step B. N-Methyl-N-[1-(tetrahydro-2H-pyran-4-ylmethyl)-2-(trifluoromethyl)-

20  1H-benzimidazol-5-yl]piperazine-1-sulfonamide

/-\91 /9

>t >_N\_/N ?) \C[NHF HN\—/N_?')—N\Q:NHF

N FF

N FF =

Following the procedure in Step B of Example 51, tert-butyl 4-({methyl[l-
(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-1H-benzimidazol-5-
25  yllamino}sulfonyl)piperazine-1-carboxylate (234 mg, 0.417 mmol) was treated with
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-2.88(m 2 H, 333 (s, 3H, 3.34- 341 (m 2 H, 3.63- 3.72 (m 2 H),
3.82 - 3.89 (m 2 H, 3.98- 408 (m 2H, 4.36 (d, J=7.42 Hz, 2 H), 5.07
- 5.20 (nw 2069)03368375 - 5.89 (m 1 H), 6.25 - 6.33 (m 2PcCHSE20055@140d,
J=8.98 Hz, 1 H, 7.69 (dd, IJMB.98, 1.95 Hz, 1 H), 7.94 (d, J=I. 95 Hz, 1
H; M5 (ESI) (MtH) + 532.0; Exarrple 25 1- {[[2 tert-Butyl-1-(tetrahydro-2

H pyran-4-yl nethyl )-1 H benzi m dazol -5- yl](nethyl)am no]sul fonyl}-
N- i sobut yIHA (Bemldin®CMAnigx &n ohe (PbY) ofa mdritelselig mas etitairedfas theStitlp A in

Exanpl e 10, usin - (tetrahydro-2Jf-pyran-4-ylnmethyl)-1
H benzi m%%@%%%l(ééﬁémﬁ)) am X‘#oé%ul fonyl } pi peri di ne- 4-carboxylic acid

(200 ng, 0.41 mml), diisopropylethylamne (0.2 nL, 1.22 mol),
i sobutylamne (0.12 nm, 1.22 nmol), DW (6 ni), and HATU (236 ng, O0.62
mol ) pr dxahepletSBe title corrpound as its TFA salt (99.6 ng, 37 % fol!low ng

B VAT AIDRD i SRS P AR o
1.77 (m ﬁnﬂé&h@ igtrlﬂ@m%ﬁleﬁ@l) i-ﬂ)-be?xzﬁhdaz@l—@-%ib{ﬂerﬁhl’r&ﬁ)l%uﬁ&namﬁi&9 (m 2 H

3.33 (s, 3.90 - 97 (m 2

H) 454( 2 CHz), 2 7.68 (dd, J=8.98 95H H),,7181(d J=l. 95
;}6—@ B8 NL HE M5 (ESI) (M

261{[[2tert- tylol( Fi)y*d;(o 2ia r-pyran- Aﬁyﬁ -0J3 \>—7<

r-benzi m dazol -5- yl ] (nmetHyiN ari holsul f ongl } - N FF

N ( 2- hydr oxy- 1- net hyl et hyl)p peri dme-4- car boxam de Fol | ow ng the ppocedure

for StepAin Exanpl e 10 ing 1-{[[2-tert- butyl

(tetrahydro-2H pyran-4-yknephyl ) - 1H benzi m dazol -

yl ] (et hyl ) am no]sulfonyp} i peri di ne-4-carboxylic aC|d (175 ny, Y36 nmol ),
di i sopropyl ethyl amne (0.15 nL, 0.85 nmol), DL-2-ani no-1-propanol (0.08 ni,

to o R G R STR A5 iy PR BB R (11
r everiged- EhasedidPL AT plib=4 %%ﬂgﬁ&@\@mﬂuoka@mygﬂmx(zﬁﬁmam CcDal 3) d 1.13
(d.J=6. G}ﬁ]pTSend?ne- -s&lfonamlde (38 mg, 0.08 mmol) and 2-isocyanatopropane (0.2 mL)
in THF (3 mL). The crude product was purified by MPLC using EtOAc/MeOH (20:1)
on silica gel to give 38 mg (85%) of a white solid as the title compound. "HNMR
(400 MHz, METHANOL-Dy): & 1.07 (d, J=6.45 Hz, 6 H), 1.29 - 1.40 (m, 2 H), 1.40
15 -1.53(m,4H), 1.78 - 1.87 (m, 2 H), 2.17 - 2.31 (m, 1 H), 2.85 - 2.95 (m, 2 H), 3.28
(s, 3 H), 3.30 - 3.37 (m, 2 H), 3.48 - 3.56 (m, 1 H), 3.56 - 3.66 (m, 2 H), 3.68 - 3.81
(m, 1 H), 3.85-3.98 (m, 2 H), 4.31 (d, I=7.62 Hz, 2 H), 7.57 (dd, J=8.89, 2.05 Hz, 1
H), 7.76 (d, J=8.98 Hz, 1 H), 7.83 (d, J=1.56 Hz, 1 H); MS (ESI) (M+H)" = 561.0;
Anal. Calcd for C,4H35F3Ng04S+0.70 TFA+ (640.46): C, 47.63; H, 5.62; N, 13.12;
20 Found: C, 47.64; H, 5.51; N, 13.26.

Example 54
N-Isopropyl-4-({methyl[1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-

1H-benzimidazol-5-yllamino}sulfonyl)piperazine-1-carboxamide
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1.8 (m 7 H 1.72 (s, 9H 1.75- 1.86 (m 1 H 2.19 - 2.41 (m 2 H 2.67
- 2919 (m 2H 3.32 (s, 2H 3.33-3.41(m 3H 3.43- 3.70 (m 4 H)
3.97 - 4.W0 2000033638 4.39 (d, J=7.62 Hz, 2 H) 6.76 (d, PeT/s42008m914831) 7.55
- 7.60 ((m 1H 7.64 - 7.68 (m 1 H 784(d J=l. 95 Hz, 1 H; M (ESI)
(MtH) + 549. 8. Exanple 27 1-{[[2-tert-Butyl-1- (tetrahydro-2

H pyran-4-yl nethyl )-1 Hr-benzi m dazol -5- yl] (nethyl)am no]sul fonyl}-

N (2- hydro t hQl ) pi peri di ne- 4- car boxami de Fol | oW ng/the Prpcedure for Step
Al

n Exa NOS-Nsiag In{[[R-tert-butyl- N N-5-N N F
(tetrahydergDYr - Wt hyl ) - 1 I-I-benmni%zq}_{-@‘—/ o \QEDZ_}(
yl'] (et hyl )am no] su nyM } piperi dine-4-garboxylic acid (70 ng, FF
nmol ), di i sopropyl et hyl anne (0.042 nL5 0.24 nmol), ethanol am ne 2010 i,
0.17 nmml ), DW (3 and HATU (59.4 ng, 0.16 mmol) provideddthg title
conpound as its TFA (46.4 ng, 50 %9 followi ng purificatio

rever sed- phase HPLC (10-60% CH3CN in H20 . 1HNWVR (400 MHz, CDO 3) d 1.52 -
1.66 (m 6 H, 1.72 (s, 9 H, 1.82 (d, J=12.50 Hz, 2 H), 2.22 - 2.42 (m 2

H, 2.71rold th o’e&h @s ASfE)Ba 1531&& N-?m (v 1 4tethhyde52 - 3. 65
(m 2 H, 3‘?3%%- mpr “(m nwe g éﬂy 4[3§ed,y307 42 Hz, 2

7. 15 2H-pyran- 4(yﬁne Zﬁ@ﬂ@rometml) 117[ ’tga@zumyla:@irS yﬂplger 1ne-]z 63 - 7.67 (m

H) l | cd
For Clorm el f Ciyeco I pifiy) b3l -splSiablpbrapifie 2. 813'n TP ORREY B0 °C
47.93, H ﬁe&gudel‘ﬁirBd&i ya}(Ep&ﬁﬁ%&bﬁMEFthmg Etol?.c/l\/%eOH (20: }lon silica gel (’;o_ -
1- 2-tert-but etra rq r.an-4- A - rai di azol - 5-
yl } [ E met %Ye)"'%lﬁ%r%?% @) ploh %‘b?%éﬁ}scﬁ%‘éﬁﬁc%ﬁﬁ’/‘lﬁgﬁy Ihéi\’é/ﬂé&“? t he

d | ; |
E’{ gf?aﬁ; g@@g 611%1 14 @yﬁ@ﬂéﬁ 786, 1&9 HA8 9138 { [1[53-(nd, BELy, BUBY 234 (m, 1
H benzi mm)aﬁdlﬁl 5.3/ (ng, et 3l 3la(m 318]),s°14$3 ohg Ym36 Hyed Ay + 3.87i(fn, |1rH)d&£6SI 3-ium

{ompalat G203 itk ot S B0 B P Bt 28 e PTG, 75 ol

the sol utJEgr’yg\&@mq@m%t(aapqw@mg 1tm)e quﬁsgqmasfmms@ojamdcalmEt OAc (100
m.). The sol uti on was washed with (O bri ne; ; dried
over for Cy3H33F3Ng04S+0.50 TFA+ 0.20 H20 +0.40 CH;0H (613 64): C, 471.37; H, 5.70;

N, 13.70; Found: C, 47.41; H, 5.62; N, 13.65.

15 Example S5
N-[1-({Methyl[1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-1H-

benzimidazol—S-yl]amino}sulfonyl)piperidin-4-yl]acetamide
H Q|
H N‘CN S-— N N-— S—N F
T =, & LA
N FF

0] 0~

20 Acetyl chloride (9 mg, 0.11 mmol) was added to a solution of 4-amino-N-methyl-N-
[1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)- 1 H-benzimidazol-5-
yl]piperidine-1-sulfonamide (45 mg, 0.094 mmol) and triethylamine (12 mg, 0.12
mmol) in DCM (5 mL) at 0 °C. The mixture was stirred for 3 h at room temperature.
After evaporation, the crude product was purified by MPLC using EtOAc/MeOH

25  (10:1) on silica gel to give 49 mg (100%) of a white solid as the title compound.

- 86 -



Na2SO4 and filtered. After evaporation of the solvent, the residue was
purified by flash chromat ography (0-100% Et OAc i n hexanes, 50nm 100%

Et QAc, | GvDnPodd33633 MeOH in Et OAc, | Orin) to provide thectriseb@soopound
(445 g, 20% . 1H NMVR (400 MHz, CDCI3) d 1.24 (t, J=7.23 Hz, 3 H), 1.49 -
1.59 (m 13 H, 1.64 - 1.77 (m 2 H, 1.86 - 1.95 (m 2 H, 2.22 - 2.39 (m
2 H, 2278 - 2.89 (m 2 H, 3.28 (s, 3 H, 3.29 - 3.37 (m 2 H, 3.63 -
3.71 (m IHNMR (A0 PSIHz, MEOPHANOI2Dg): , 543531(5;5@:@1{2,317& 137!&)&,244)20 (d,

J742Hz 72 (d, J=I. 56
He, Qsl{) %kmé 33 (@2% 2A§a2(96((@, 21, 3.)5302%3@,9&2 3.3§ (n%
026H40N4 C?{E 7 0 f d H 8.03, N
tert - But y—Iz 21 H)t exssa(a&dn:@%w.owhamm, V.778réd, 1358 08 iz BB 7 i86i(d = 1955-

S N R et T

benzi m daz@y it g%gg%ﬁlgleh?%fﬂ 15.58:% 0nydd: Feasd:icdianal: 1, 5. 32N,

ytycyclopropanecar 0 a sol ution of 3-am no- N[2-f

- but yl - 1-1(t8&t r ahydr o- 2 - pyran-4-yl net hyl)-1 Hbenzi m dazol - 5 yI ]-

-met hyl azeti di ne- 1-sul fonam de (150 ng, 0.27 mml, see Steps B and C for
iits preparation), diisopropylethylamne (0.14 nL, 0.82 nmol), and

cycl oproganegiekgxylic acid (0.33 ni, 0.41 nmol) at roomtenperature in DVF
(1.5 m), was added HATU (125.5 ng, 0.33 mol) in one portion. The sol ution
was d40i rr2e2iDametln’M-{ieﬁﬁnmthylﬂ}-étefr@hYGrmwrm’raAﬂtﬂmﬂihﬂgér ation of the

t0 o drrhEReRy BB R SRR SR AR B ShG 1?' 2000 - IH MR
(400 MHz 1 arﬂl(ﬁ72-085(m4l-|)150-168(m5 169(5 9 H)
2.31 - 2. 46 (m 3.31 - 3.40 (m 5 H 380-386(m 3.91 - 3.98

(m2H)4.00- I(m2H)450-459(m 898 215
Hz, 1H) 7, I:?Z NLH) F7.96 (d, J89 +
503.8; Anal . HO N) cd\ C25I—|39N5048+1 0305

+0. 45CH3CH. C 48. 18, H 5766,N NFY: 67—found=C 48. 1£P H 5.67, N 9%69. StRaﬁ B.
3- Arai no-N-[ 2-fe”-butyl - 1- (tetrahydro-2ir-pyran-4-yl nethyl)-l
rbenzi r ai dazol -

0 o]

15  Following the procedure in Example 55, using 4-amino-N-methyl-N-[1-(tetrahydro-
2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)- 1 H-benzimidazol-5-yl]piperidine-1-
sulfonamide (45 mg, 0.094 mmol), 2,2-dimethylpropanoyl chloride (14 mg, 0.11
mmol) was and triethylamine (12 mg, 0.12 mmol) in DCM (5 mL). The crude product
was purified by MPLC using EtOAc/Hex (2:1) on silica gel to give 44 mg (84%) of a

20  white solid as the title compound. "HNMR (400 MHz, METHANOL-Dy): § 1.12 (s,
9 H), 1.38 - 1.56 (m, 6 H), 1.75 - 1.78 (m, 2 H), 2.14 - 2.34 (m, 1 H) 2.80 - 2.90 (m, 2
H), 3.28 (s, 3 H), 3.30 - 3.39 (m, 2 H), 3.61 - 3.79 (m, 3 H), 3.86 - 3.98 (m, 2 H), 4.32
(d, J=7.62 Hz, 2 H), 7.57 (dd, J=8.98, 1.95 Hz, 1 H), 7.76 (d, J=8.79 Hz, 1 H), 7.84 (d,
J=1.95 Hz, 1 H); MS (ESI) (M+H)" = 560.0; Anal. Calcd for CsHasF3Ns04S+0.50

25 TFA (616.67): C, 50.64; H, 5.97; N, 11.36; Found: C, 50.76; H, 5.99; N, 11.37.

Example 57
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-yl']- N-nethyl azeti di ne-1-sul fonam de To a sol ution of
-{[[2-tert-butyl-1-(tetrahydro-2 -pyran-4-ylnethyl)-1Hbenzi m dazol -

-yl ] (retwpl2p@smzeaapsul fonyl }-3-nmet hyl -1 Hi m dazol - 3- i urcCRE2008/00409 ol ,
ee Exanple 10, Steps B-I for its preparation) and diisopropyl et hyl am ne
2.6 mL, 14.7 mmol ) at rt in MeCN (30 nL), was added 3- N Boc-ammp-azeti di ne
1.0 g, 5.9 mol). The solution was stirred at rt overnight. After

evapor at 1 M8 &&Qh &sd-g 8-Pyimdthgg-20y flash

chr omat og?g%ﬁg/l(]%ﬁl-g % E ?%Aé in exan}éigpwgo mwﬁm 1%%5/0 Et OAc 10 min; 0-2%
MeOH i n Etrimmromthﬁl)rifltbermmm@el-i-maatmmq}éuléwﬂ)mmrl@m-@s g, 36%. 1 NMR
(400 MHz 1.40 (s, 9 H 1.49 - 1.65 (m 5 H 1.68 (s, 9H)230-
2.45(my913:.a (1§3H)333-339(m2 3.75 - 3.81 (m 2 H) 3.89 -

4.00 (m 4 H) 530(q,J762Hz 2H)765(dd =8. 1H21H)778
(d, J=2. wNquszN -8..9 M»%SN 8; NAnai:
(C, H N *cal fo? C26 r{\lgoslgﬁ 1OCFSCOC]—|+O§69@ H
5.72, N 9.49; foun C,NH 73, N 9.51. ep cC N|=F

3- Ami no-iV-[2-tert-butyl - etrahydro 2 r-pyran-4- yI met hyl )-1
Hbenzi m dazol - 5-yl]- N yl azeti di ne-1 -sul fonam deTo a sol uti
terf-butyl (lI-1tP- erf-butyl-1-Cetrahydro® -pyran®-ylnethyl)-!}
benzi m dazol - 5-yl ] ( met hyPyami no] sul f onyl } azet i di n- 3-yl ) car bamat &~0. 95 g,

1.77 gnol , see Step B for its preparation) at GC in DCM (6 nlL), was added

TFA (6 nL, excess) dropw se. The solution was stirred at OOC f 20 m n.
The sol utBodawirssthe prresdie ik Egammisd Sy %%?gjﬁé%Nr@ﬁﬁhé’ké'r[\}e@qaﬁY‘%GM washed

with IN s x4 t he
conbi ned “or nﬁ%‘)ﬁdé&f@%ﬁ%;ﬁe ?lng%ﬁﬁ?/ er kﬂ%@é&aﬂkyyﬁﬁeﬂé ( .

filtrati infoxatmﬂe(@ﬂ: ingnO 094 trineol)s Gluethy Ippopauoyledildrive (11 m$0ddonmmuhd (778 ny,
100% . MS (ESL) (

C(1- {[ [ 2-%asrpd e Ylaﬁﬂf(ec é?%&ﬁ%ﬂngﬂl §),1“§’ %&Méﬁ ML) THeSTHG Frofigt was

opanagi ad Tach DE L AR PO ETIAR D Py Sk i e gf’e(??"’; AP
H- pyr an- 4vhiterselid b )heﬁltldb@mmqmdiazfﬁﬂMlB@@D]MHZrMﬂ?ﬂﬁﬁaH r]a4)he§ 1.08 (df onami de
(150 ny, 0,27 'ty $%5 - 1.54 (m, 6 H), 1.76 - 1.86 (m, 2 H), 2.17 - 2.30 (m, 1 H), 2.32

- 2.44 (m, 1 H), 2.83 - 2.95 (m, 2 H), 3.28 (s, 3 H), 3.29 - 3.37 (m, 2 H), 3.58 - 3.76

(m, 3 H), 3.85 - 3.98 (m, 2 H), 431 (d, J=7.42 Hz, 2 H), 7.57 (dd, J=8.89, 2.05 Hz, 1

15 H)7.76 (d, J=8.98 Hz, 1 H), 7.83 (d, I=1.95 Hz, 1 H); MS (ESI) (M+H)" = 546.0;
Anal. Calcd for CasHssFsNsO48+0.10 TFA (557.03): C, 52.18; H, 6.17; N, 12.57;

Found: C, 52.44; H, 6.03; N, 12.44.

of

Example 58
20  4-Acetyl-N-methyl-N-[1-(tetrahydro-2 H-pyran-4-ylmethyl)-2-(trifluoromethyl)-

1H-benzimidazol-5-yl]piperazine-1-sulfonamide

e 0>~/—\0|

HN N—ﬁ—'N N N—ﬁ"'N
Oty DTN

o

Following the procedure in Example 55, using N-methyl-N-[1-(tetrahydro-2H-pyran-
25  4-ylmethyl)-2-(trifluoromethyl)-1H-benzimidazol-5-yl]piperazine-1-sulfonamide (43
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Exanple 29, Steps B and C for its preparation) and diisopropyl et hyl am ne
(0.1 m., 0.57 mmol) in DCM (3 nL) at O0C, was added isobutyryl chloride
(0.06 nmi,wo0.2b06/038a38) dr opwi se. The sol uti on was stirredPpetr/SEo@siobaoper at ur e
for 1.5 hours. After evaporation of the solvent, the residue was purified
by reversed-phase HPLC (10-60% CH3CN in H20 to provide the title conpound
as its TFA salt (21 .7 ng, 15%. 1H NWR (400 MHz, CD30D) d 1.07 (d, J=7.03
Hz, 6 H) ndg,4D% niLmSIZ t(nmhyﬁrﬂrihe U268g(®12 Aol PariPacety? cUlpriflen(9 AigtH).13. 30 - 3. 39

5H 3.78 - 90 .- _ 3,99 - 4.05 2
Elm53 (SD n}Jmfﬂ)AI;zDﬂM (%rqr{b T?hee%ﬂ%‘owo Bdﬁ@@“&?eééymmﬁﬁmg 78 (d(mJ =l . Hgas

cai ca ot COSAEREGIELT e S B PsiRR i fprapitastigite (5 7Y

found C 48mpbund] 'SNNEMR (MO0 MIGA METHANGLEL): & 1.39 - 1.52 (m, 4 H), 2.06 (s, 3

A (L TS0 ABUt YL = 3 G0 AYAL0- Aol &% ) K51 5% 2 10, 3.49

r-ben2i m
I th lof t I I
{1 ool ORI deag ol voved obut meess s g6 ol o

(t et r ahy dizy)1 H5; By 4¢,- 34818k, HyHT), 7:85I€dbbﬂr1276ri{ﬂdalzﬁ) BISy(LE]Sl) (-Mré&lhy# azeti di ne-

ol ) DOOO8 e Catios Vet aes s SR N §I$¢§Ea<?39§%>(%t%6§957°m?§| )

provi ded ¢ Beod; N, 112, 18orhekn e, a6.67 11, TFAgalt1411.8 ng, 8 % fol |l ow ng
purification by revefsedphase HPLC (10 60% CH3CN i n H20 . 1H NWR (400 MHz,

CD3O d 1.26 - 1.32 (m 1H) 1.49 - 1.66 (m 5 H) 1.68 (s, 9 H 1.78 - 1.88
(m 1H) ]%‘92 1%01 (m 1H) 2.04 - 2.24 (m 4 H 3.32 (s, 3 H 3.33 - 3.40
(m 2 H %84(m2 3.90 - 3.98 (m 2 H 3.99 - 405 (m 2 H
4.47 - 4450, z(-mlﬁeﬂi)ylﬁrogénéﬂwv-ﬂmalmr [g(t@&awdmnﬂ phrai-dcfmellsA)-05 Hz, 1H)
7.94 (d, J=9.08 % 17.8. Exanple 32

N (1- {[[ztltiféwmmﬁ@yl) 1@%@&%9 51I1ww%m€4 W@EP’I‘M% -

fir-benzi m daz 5}

yl'] (et hyl ) amino @uN %ggneti di n- 3-yl ) but a deF-qal—N t e procedure
for Step Ain arﬁpl i ng 3-am no- N-[ Z-Rer b yl N‘
(tetrahydro-2H pyran-4-yl 'I1y| )-T——> FF

H benzi m dazol -5--yl]- t hyl azeti di ne-1- sul fonam de ( mg, 0.23 mmol),
di i sopropyl et hyl am ne §0/1 niL, 0.57 mmol), o

15  Following the procedure in Example 55, using N-methyl-N-[1-(tetrahydro-2H-pyran-
 4-ylmethyl)-2-(trifluoromethyl)-1 H-benzimidazol-5-yl]piperazine-1-sulfonamide (43

mg, 0.096 mmol), triethylamine (12 mg, 0.12 mmol) and 2,2-dimethylpropanoyl
chloride (14 mg, 0.12 mmol) in DCM (5§ mL). The crude product was purified by
MPLC using EtOAc/Hex(2:1) on silica gel to give 51 mg (97%) of a white solid as

20 the title compound. 'HNMR (400 MHz, METHANOL-D,): § 1.22 (s, 9 H), 1.40 -
1.54 (m, 4 H), 2.17 - 2.31 (m, 1 H), 3.17 - 3.23 (m, 4 H), 3.30 - 3.36 (m, 2 H), 3.31 (s,
3 H), 3.61 - 3.68 (m, 4 H), 3.86 - 3.95 (m, 2 H), 4.31 (d, J=7.62 Hz, 2 H), 7.58 (dd,
J=8.89, 2.05 Hz, 1 H), 7.77 (d, J=8.79 Hz, 1 H), 7.85 (d, J=1.95 Hz, 1 H); MS (ESI)
(M+H)" = 546.0; Anal. Caled for Cp4H34F3N504S+0.30 TFA +0.20 CH30H (586.24):

25 C,50.81;H, 6.03; N, 11.95; Found: C, 50.81; H, 5.99; N, 11.90.

Example 60

N-(1-{[{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
yI} (methyl)amino]sulfonyl}piperidin-4-yl)acetamide
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DCM (3 nlL), and butyryl chloride (0.06 nL, 0.57 mmol) provided the title
conpound as its TFA salt ( 11.8 ng, 8 %9 follow ng purification by

rever sed-wbase/dsbise (10- 60% CH3CN in H20). 1H NWVR (400 Wbdr;sE@i030R4oxt 0. 90
(t, J=7.42 Hz, 3 H 1.50 - 1.66 (m 7 H 1.68 (s, 9 H 2.14 (t, J=7.42 Hz,
2 H 2.31- 2.4 (m 1H 3.32 (s, 3 H 3.33- 339(m 2 H 3.78 - 3.84
(m2|—|)3.90-397(m2|—|)400-405m2 4.53 (d, J=7.62 Hz, 2 H)
7.65 (dd, J=8.98, 1.95 Hz, 8 Qdy J=1.95 Hz, 1 H) 7.95 (d, J=8.98 Hz,
1 H; M5 (ESI) (MH) + 505. 8N aI Nf$:N gal cd for C25H39NSOAS+1. 75CF
3CO0H+0. 20H 20+0. 10CH BCND H‘i\l\}eﬁ found C 48.33, H 5. 86,
N 10.01. Exanple 33 N-(l{[[ -fer’\ Buty ydr02

& pyran-4-yl net hyl ) - 1H benzi m dazol -5- yl]

(et hyl ) am no] sul fonyl }azeti di n-3-yl ) prop
for Step A in Exanple 29, using 3-am no- N\ ert-butyl -

(tetrahydro-2H pyran-4-ylnethyl)-1jy r-penziim dazol - 5- yI]

N- et hyl azeti di ne-1- sul fonam de (150 ng,g0.27 mmol ), diisopropyl ethyl am ne
(0.124 nL, 0.82 mol), DWF (1.5 nL), propionic acid (0.031 nL, 0.41 nmol)
and HATU Stz 3. QV4(t-{[ {2-/83-Butpl-)-[ @ HdiftiedotyriotexyDmetiyllpbind as its TFA salt

(15.5 ng, 9.5 99 foll rification b gvers HPLC (10-40% CH3CN
in HO). bfnzmﬂa%‘&cﬁjy%etg o] plzonyly {Re“‘%}“'f‘ ﬁg‘“’%?‘ eH) 151 - 1.72 (m

5H)174(s 8 28 (g, J=7.62 Hz, (sg 3 H 3.32 - 3.40 (m 2
H 3.71 - 3 __00-407(m2r¢;} £30\=84740 (M 4 H) 4.64 -
475(m1|—|) 0 % n{\‘\>m<|)757 61 gﬁ) 6™ 8/3 1 (m 1

de Fol | ow ng the procedure

H)834(d J=l 37Hz N (ESI) (M+H+ 491 . 8. apphg/ 34\Met hyl | -{
[[2-tert-butyl-1- (tetrahydro- -pyran-4-yl met hyl ) - 1H benzi m dazol - 5- yl ]
(et hyl ) am no] sul f onyl } aze+idi ne- 3- car 50¥yl ate Step A M
1-{[[2-tert-butyl-1-(tet roZN—pyran4yIrrethyI) 1 K i m dazol -
5-yl ] (et hyl ) am no] sul foryt¥azeti di ne- 3- car boxyl at e To ution of 1-
{[[2-tert-hutyl-1-(tetrapydro-2 -pyran-4-ylnethyl)- Ee zi m dazol -
5-yl ] (et hyl )am no] sul fohyl }-3-nethyl -1 H-im'dazol-3 iuni (100 ni g,

5  Acetic anhydride (2.0 mmol) was added into a solution of triethylamine (2.0 mmol)

and 4-amino-N-{2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
y1}-N-methylpiperidine-1-sulfonamide (crude product from step D, 0.9 mmol) in
CH,Cl, (20 mL). After being stirred at room temperature for 1 hr, the reaction mixture
was concentrated under reduced preésure. The residue was then purified by silica gel

10  chromatography (AcOEt to MeOH/AcOEt (1:9)) to give N-(1-{[{2-tert-butyl-1-[(4,4-
difluorocyclohexyl)methyl]-1H-benzimidazol-5-
y1}(methyl)amino]sulfonyl}piperidin-4-yl)acetamide as a solid (235 mg, 48 % for
steps A-D). '"H NMR (400 MHz, CDs;OD, TFA salt) 5 1.28 (m, 2H), 1.40-1.76 (m,
8H), 1.64 (s, 9H), 1.88 (s, 3H), 2.04 (m, 2H), 2.24 (m, 1H), 2.90 (m, 2H), 3.28 (s,

15 3H), 3.68 (m, 3H), 4.50 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.77 (s, 1H),
7.86 (d, J= 8.0 Hz, 1H).

Step B. 1-{[{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl}-1H-benzimidazol-5-
yI} (methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium triflate
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0.17 nmml, see Exanple 10, Steps B-1 for its preparation) and

dii sopropylethylamne (0.12 nL, 0.68 mmmol) at rt in MeCN (0.8 nlL), was
added netwpl20@z863di ne- 3- car boxyl ate hydrochl ori de (51pr6T/vg2008/08405m0I ) .
The solution was stirred at rt overnight. After evaporation of the solvent,
the residue was purified by fl ash chromat ography (0-100% Et QAc i n hexanes,
50 mn; 100% EtQAc 10 mn; 0-2% MeOH in EtQAc, 10 mn) to provide the title
conpound(78rrg 8% . 1HN|\/R(400M—|%\‘/ d150-155(m 5 H 1.56

(s 9 H) 2.23 -u 3 |\/NH)9- 42 (1 2 B 3.75 (5,3
H) 3.95 - 4.08 (m %423( (m H)771-
7.74 (m 1 H: M8 (&% + 478, 8 StepB N

azet i di ne- 3-car boxyl at e hydrochl-e+ide=>F0 a stirri ng usperns] on of
3-azetidine carboxyl yc<acid in MeOH at QOC was a SOCl 2 dropwi se. After
20 m nutes, the ice h was renoved, the soluti S warnged to rt and was
stirred for 2 hours: e solvent was renoved i m uo to afford the title
conmpound as its HO Fsalt (1.5q, 100% 1H NWR (4P04VHz, CD3(D) d 3.71 -
3.77 (m 1H) 3.77 (s, 3 H 4.18 - 4:8}AmQ4|H. Exarrple35|\|—t| I
-Dimethyl ethy -1- etr ahydr o- -pyran - mm{-lh Kbenzi m gazol -
S-yyhexahydro- N-nethyl-1 H azepne- 1- f odani [ te

-[2-(1,1-Di nmethylethyl)-1- [(tetrahydro 2J7- pyr aws ) thyI]-IITbenzirn'daz
ol - 5- yI]hexahydro- N-nethyl-lii r-azepine-| -sulfo am de To a sol ution of

1-{[[2-tert-butyl-1-(tetrahydro-2 -pyran-4-yl nmet iy -1 Hbenzi m dazol -
5-yl] (et hyl)am no] sul fonyl}-3-nethyl-1 Him da-i um (100 ng, 0.22
mol , see Exanple 10, Steps B-1 for its prepagatfion) and

di i sopropyl et hyl am ne(0.045 nlL, 0.26 nmol) at rg in DVF ( 1.2 nlL), was
added hexanet hyl eneimne (0.025 niL, 0.22 mmol ). The solution was stirred
at 8Q0C fR{Imiddrele-1-slifdrst)- B\&mﬂmaﬂ ﬁmde);fomhmnstmxlﬂam’(ﬁomﬂglrmmwe was

B ompound W 44080 A SINROT ob Fg-0 g | L HOWR= A 66 Tr B 16y ', 54 161
8
(M8 H) o i et 250 1470 ot BBkl Hor) 086 3. 37 (

H) : 7 568 Hedlch, stitred. a@ﬁqorﬁteﬁ@ebﬁure]foﬂ-@ hr, TheBBadttbn wixfure #as eencetridpd MS (ESI)
(MeH) -+ 46%1&0 teduced pressure. The residue was then dissolved in AcOEt (60 mL), washed
with brine, and dried over Na,;SOj. After removing of solvents provided a mixture
(1:1) of N-{2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5-y1}-
N-methyl-1H-imidazole-1-sulfonamide and 1-{[ {2-tert-butyl-1-[(4,4-
10 difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl} (methyl)amino]sulfonyl}-3-
methyl-1H-imidazol-3-ium triflate, which was dissolved in dichloromethane (10 mL).
The resulting solution was treated with methyl trifluoromethanesulfonate (0. 5 mmol)
at 0°C for 2 hr. The reaction mixture was then concentrated under reduced pressure to
give 1-{[ {2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
15 yl}(methyl)amino]sulfonyl}-3-methyl-1H-imidazol-3-ium triflate as a solid, which

was used in the step C without any purification.

Step C. tert-Butyl (1-{[{2-tert-butyl-1-[(4,4-difluorocyclohexy)methyl]-1H-
benzimidazol-5-y1}(methyl)amino]sulfonyl} piperidin-4-yl)carbamate
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Anal. (C, H N) calcd for C24H38NAGBSH 1. 30CF 3COOH+1 . 10H 20 C 50.66, H
6.63, N 8.88;. found C 50.64, H 6.59, N 8.92. Exanple 36

N-[2- (1, IwDi2omsd3gd3st hyl ) - 1-[ (t et rahydro-2i -pyran-4-yl) retsgbdosioo140s

Er benzi m dazol - 5-yl]- ,4-dimethyl-1-piperidinesul fonam de To a sol ution of
1-{[[2- tert-butyl-1-(tetrahydro-2K-pyran-4-ylnethyl)-1 Hbenzi m dazol -

5-yl](net hyl)am no] sul fonyl }-3-nmethyl-li - '-imdazol-3-ium (100 ng, 0.22
mol, see Exanple 10, Steps B-I for its pr afl gn) and

di i sopropyl et h5f\]+a{rir‘fk [(0.045 ni, O0.26 nwﬁN—rﬁt—N nRVENL. O ), was
added 4- net hyl QI\\E/QH?FHG , @ .oThi\ was stirred at
800C for 1.5 hours. d\ft ap)»%i on of0 t he sol vent ™ cfhayrds\ due was
purified by reversed- phase”HH O-S%MBCNin H20) to ppovide the title
conpound as its TFA salt (27.3 ny, 220595 1H NMR (600 CDCl 3) d 0.93
(d, J=6.67 Hz, 3 H, 1.17- /35 (m 2 H). 1.46-1.66(m , 1.71 (s, 9 H,
2.27-2.35 (m 1 H), 2.79-1} (m 2 H, 3.29 (s, 3 .33-3.37 (m 2 H),

3.65-3.67 (m 2 H), 4.02<7 (m 2 H), 4.34-4.35 (d,g2 H), 7.49 (d, J=8.96
Hz, 1 H), 7.67 (d, J=8.96/Hz, 1 H), 7.91 (s, 1 H); M5 (ESI) (MtH) + 463.0;
Anal. (C, H'N) calcd for C24H38NAO3S+! .40CF 3COOH+0.30H 20 C 51.28, H
6.42, N & 8gutidroefidurz’s bad6(l.Hutad) |- f{{Bra7Bb@yhi (4437

N V11 55 dmesber etk ko oty PRl Do ey 2 1 f%ﬁ‘)'o;
1- 2- - eql= N )
{[[ Lxﬁ{}fl)jl—bm-}ﬁln] éﬁl%ﬁidh??@{t%%%@%%@ﬁ& frovd 5%p B/0)9 m ! 100Itéwdazo

5-yl] (et am no onyl } - i m dazol - 3-i um , 0.22
mol , 5sedubd pigeridint4-ylcattapsitd(200fuag, 1i@ smmplsipaveENA) mdndvas heated for

addod. 3. g B PHIad PRErRARBITEIE woh e BoBst et phocrRetléhs brsdnhle o v v o
U 1160 B er et b L e 10 900 NECN 1A LBy To provide the title
conpound heszimidazpka v methyDaminelgul fonyhpiperidinntglcabamate as a solid,
which was used directly in Step D.
10
Step D. 4-Amino-N-{2-tert-butyl-1-[(4,4-difluorocyclohexylymethyl]-1H-

benzimidazol-5-y1}-N-methylpiperidine-1-sulfonamide

0 Q|
H i | H.N N—-S—N
S 3 \
o= ° \@[ \>7< N
o N
< —_—

g F

A solution of tert-butyl (1-{[ {2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-

15 benzimidazol-5-yl}(methyl)amino]sulfonyl}piperidin-4-yl)carbamate (crude product
from Step C, 0.9 mmol) in 10 mL CH,Cl, was treated with 10 mL TFA at room
temperature. After being stirred at room temperature for 1 hr, the reaction mixture
was concentrated under reduced pressure. The residue was then dissolved in AcOEt
(60 mL), washed with Na;COs solution and brine, and dried over Na;SOy. fter

20  removing of solvents provided the crude 4-amino-N-{2-tert-butyl-1-[(4,4-
difluorocyclohexyl)methyl}-1H-benzimidazol-5-yl}-N-methylpiperidine-1-

sulfonamide, which was used in Step A without purification.
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Mz, CDOI3) d 1.04-1.10 (m 1 H), 1.52-1.61 (m 5 H), 1.71 (m 12 H),
1.79-1.87 (m 1 H), 2.28-2.35 (m 1 H), 2.59-2.62 (m 1 H, 2.87-2.90 (m 1
H, 3.31 we,20@/d6333.32- 3.38 (m 3 H), 3.60-3.65 (m 3pHrSE4008801004 (m 2
H, 4.36 (d, J=7.42 Hz, 2 H), 7.50 (d, J=8.70 Hz, 1 H), 7.67 (d, J=8.70 Hz,
1 H, 807 (s, 1 H; M5 (ESI) (MH+ 479.0; Anal. (C, H N calcd for
C24H38N4O4S+1. 30CF 3COOH+0. 90H 20 +0. 20CH3COH: C 49.56, H 6.50, N 8.63;
found C 49.53, H 6.48, N 8.58. Exanple 38
N[2-(],]-Dinethylethyl)-1-[(tetrahydro-2J9 r-pyran-4-yl)methyl]-1
Hbenmm@&izmpled/yl] 4- hydr oxy- N-net hyl - 1-pi peri di nesul fonam deTo a

oy e A TP R S A e btk
- 3- et hykyy (ﬁabithymaﬁﬁﬂ@]lsuﬁonyl}lmﬁ)éﬂ&mmg-yl)gz 2—ﬂlmnﬁ1|ylpmpanﬁmdq)l e 10, Steps B-I
for its preparatlon and di 1 sopropyl et hyl am ne (0.045 m_, 0.26 mmol ) at rt

in DVF (1. 0 hdded 4- hydr oxypi peri le , 0. 22 nmmol ). The
sol ution i tlrf}*eﬁj‘ wne or/1.5 hours K@ eﬁaﬁ N of /t he

sol vent, the residue m)ﬁ—ﬁ by rev@ phaseOHPL MeCN i n
H20) to provide the titl¥co d as its salt (18.9 , 15/@ 1HNMVR
(600 MHz, CDA3) d 1.54-1.65)(m 6 H—3»72 (s, 9 H5 1.86-1,90 (m 2 H3
2.28-2.36 (m 1 H), 3. (m 2 H, 3.33 (s, 3 H, 3. .38 (m 2 H),
3.48-3.52 (m 2 H), 3. 2 (m 1H, 4.02-4.04 (m 2 4.36 (d,

J=7.42 Hz, 2 H), 7.51F : , 1 H, 7.68 (dd, JEG. 96, 1.66 Hz, 1 H),
8.07 (d, J . 66 Hz, 1 Hf; M5 (ESI) (M+H)+ 465. 0; Anal (—‘C H N) calcd for
C23H36NAAS+1. 10CF3COOH0.-30H20 +0. 40CH30OH: C 50. 55 ]1 R 9.21; found
C 50. 53, Hallewieg thaipmcedure ix Sipplde oBBxample 60 4-amm9e%\’h’§2rféftrlg}l 1144t r ahydr o

Y11 4. RO AR POy T AR midsaol Sy e meliigiperdingle, | o o
é {|[][(2 t%ﬁtfoﬁmmk (ﬂomlgfm rlax:imdlt) Waﬁlriac’lfbyl?mﬁ AZﬁlmemhmrépahoﬁbmhgldﬁ@ééolz .
met am no su n I [ , 0.
> seén ngol) @iters @%gmrlﬁggéy}/‘?vtegse aﬁ@i&otﬁ)pr%wg] A 8' [
d' ' S B ORYL&ly %p?{g]é“ 10088 1 Hexy Smety M- be@dimidazbDs DM (1.0 nL), was

adde 4 met ho di ne
y1}(methyl)amino]sulfonyl} piperidin-4-yl)-2,2-dimethylpropanamide (TFA salt, 7

mg, 10 %). 'H NMR (400 MHz, CD;0D, TFA salt) 5 1.13 (s, 9H), 1.28 (m, 2H), 1.53
(m, 3H), 1.64 (s, 9H), 1.76 (m, SH), 2.04 (m, 2H), 2.24 (m, 1H), 2.87 (m, 2H), 3.28 (s,
3H), 3.68 (m, 3H), 4.50 (d, T = 7.6 Hz, 2H), 7.60 (d, J = 9.0 Hz, 1H), 7.77 (s, 1H,

15 7.86(d, J = 9.0 Hz, 1H); MS (EST) (M+H)" 582.0.

Example 62
N-{2-tert-Butyl—1-[(4,4-difluorocyclohexyl)methyl]—1H—benzimidazol—5—yl}-N—

methylmorpholine-4-sulfonamide
N\, * O O
=\ | /\ w |
N N-8-N N O N-S-N N
YU A
N N
_.»

F F
20 F F
Following the procedure in Step C of Example 60, 1-{[ {2-tert-butyl-1-[(4,4-

difluorocyclohexyl)methyl]-1H-benzimidazol-5-y1} (methyl)amino]sulfonyl}-3-
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hydrochl oride (25.3 ng, 0.22 mml ). The solution was stirred at 80Q0C for 1
hour. After evaporation of the solvent, the residue was purified by

rever sed-wbase/d3B43€ (20-50% MeCN in H20O) to provide theptirtSEeoosooaosind as
its TFA salt (6.74 ng, 5%. M5 (ESI) (MtH) 479.0. Exanpl e 40

-[2-(1,1-Di methyl ethyl)-1-[(tetrahydro-2H pyran-4-yl)nethyl]-1

Hoenzi m dazol - 5-yl]-3-hydroxy-N net hyl -1-pi peri di nesul fonam de To a

sol ut i on nadthyl- {H-iRideeolt3-bum friflate (O btoneh) sasore2¢ted withrmaorpholien@6 myd,) - 1

Hb I th | /.- I
e o iy s bGP MBS, SRR B £ 00 % ane
di i sopr Oﬁ ¥4 24hilo BI%hé;@ylﬁﬁ&h 1%&1%1@6%&1 sapgl}rN ety BMGrhblifle-al) . Was
added 3 ydroxypl péeri di ne ny, . The solution was stirred at

8Q0C for sﬁlfbmmlde Nl‘fz@glsale\ﬁépng, i ‘Gh l1=If1\-Ur/ﬂRe(4§6[i\»ﬂehn,tC;DiCBié TAisalt)ed WAS- purified

by reversed- as P - % I‘OVI conpound
as its TRA'G 6‘5&? 5%:&118128/4 I\%é%fd 26?’gﬁ)’§% éhil
N-[2-terty Ayl h ol -5-yl]-Nm
et hyl azet’ (g‘u@( @ ?gonamﬁgg{%g}gyzgﬂgi{%nmg% M@ THS M), MBI

1-{[[ 2- teTr—‘@Ol:Hﬂ;lH).’L (tetrahydro-2 -pyran-4-ylnethyl)-1 Hbenzi m dazol -
5-yl] (et hyl)am no] sul fonyl} -3-nethyl-1Himdazol-3-iumtriflate in
acetonitrile (2.8 nm., 0.344 mml) (for preparation, see Exanple 2, Step QG
was addedgaggfle@sne (35 nl; 0.516 mml). The reaction mixture was stirred
at roomtenperature overnight, then Hunig' s base (72 nL; 0.413 mmol) was
addedOandV{{Meif-@myli-bfﬂxﬁ-d' socyclober)methyH okl herparidezal -flbvV-anot her day.
The reaction r&e w _sugtn g@i Jated under reduced pressure. The residue
was t aker®FRY yﬁ 1CIRE A Washed with IN hydrochloric acid, 2N sodi um
hydr oxi de, brlxna ando ter The aqueous | ayers \mr[e conbl ned and extracted
wi th ethyl acet féN

h&y | qver ,was dried o\er magnesi um
sulfate, filter ang ¢ @ ylgé under retuCed, %lflcatlon by
reverse phase chromat ograpky~pro dedthetltle co n.r- ng, 10 %.

1HNVR (600 MHz, CD3CD) d 1.40-\L.53 4H), 1.57 9
( ) (m 4H), (s, 9H),

F

Following the procedure in Step C of Example 60, 1-{[ {2-tert-butyl-1-[(4,4-
difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl1} (methyl)amino]sulfonyl}-3-

15  methyl-1H-imidazol-3-ium triflate (0.1 mmol) was reacted with pyrrolidine (28 mg,
0.4 mmol), after being purified by reverse phase HPLC, to provide N-{2-tert-butyl-1
[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-y1} -N-methylpyrrolidine-1-
sulfonamide (TFA salt, 26 mg, 48 %). "H NMR (400 MHz, CD;OD, TFA salt) § 1.23
(m, 2H), 1.40-1.76 (m, 6H), 1.64 (s, 9H), 1.86 (m, 2H), 2.01 (m, 2H), 2.24 (m, 1H),

20  3.04 (m, 2H), 3.27 (m, 2H), 3.28(s, 3H), 4.49 (d, J = 7.4 Hz, 2H), 7.58(d, J=9.0 Hz,
1H), 7.77 (s, 1H), 7.84(d, J=9.0 Hz, 1H); MS (ESI) (M-+H)" 469.0.

Example 64
N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl}-3,3~
25  difluoro-N-methylpyrrolidine-1-sulfonamide
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.14 (q, J 7.68Hz, 2H), 2.23-2.33 (m 1H), 3.22 (s, 3H), 3.25 (m 2H),
.80 (t, J 7.68Hz, 4H), 3.84 (dd, J = 11.26, 3.58Hz, 2H), 4.41 (d, J =
.42Hz, 2AMD,2006/B3636d, J = 8.70Hz, 1H), 7.67 (d, J = 1. 79dxSEddd5/0014080 (d, J
8.45Hz, 1H); Ms (ESI) (M+H)+ 421.0 Exanple 42
N-[2-tert-butyl-1-(tetrahydro-2H pyran-4-yl methyl)-1H benzi m dazol -5-yl]-4,
4- difluoro-Nnethyl piperidine-1 -sulfonam de Follow ng the procedure for
Step A in Exanple 413 usi ng 4, 4-difl uor op |dan (63 ng; 0.516 nmol) and
Huni g' s base (T2 W _(i,41 mpl ) provi de¢t>§ he:Nt—st-N d (68.4 ny;
4199 . 1H NWR ( d Y. 42-1.57 OH), 1.90 (m
4H), 2.26-2.34 (br s, 1 .84 (dd, J =
10. 75, 2.56Hz, 2H), 4.46 (d, 8. 19Hz 1H),
7.76 (s, 1H), 7.90 (d, J =~8 485. 0 Exarrple 43
N-[2-tert-Butyl-1-(tetrah - 2H pyran-4-yl methyl)-1 zi m dazol -5-yl] -3,
3- difluoro-Nnethyl py g4 1i ne- 1-sul f onam deFol lowrg t he procedure for
Step Ain Exanple 41, usihg 3,3-difluoropyrrolidine (55 ng; 0.516 mmol ) and
Huni g' s base (72 nmL; 0.413 mml) provided the title compound (40.0 ny;

(2;1]% 3H) | %ﬁ%ﬁ%@%@@%@?ﬂ Clofqlgialngﬁ@w . g[jbbtertjeu%? 1@&41 ;1|9_|ZH) 2I2-|j ,22232-527

(t, J = L8ebkcldidky)BetBl]){1H- baﬁ)mmow {4 (methylmnmmlefom% 7.59 (d, J =

Engrpre i}l;) Zﬁfmﬂazolj?»l_?um tr1f?a?e 60dI m‘%noi) \?/as reactbd W'IDn '3 é\/S (ESl) (MrH)+ 471.0

L- [ABEYY Jeviie pREIHRIRZ O! -
5- i/l[][?mat @T(?H‘?#J‘ fd‘rgetf% bd{%g%ﬂaﬁmhéeﬁﬁelgg?box% ?’PeeVFol ?oﬁw I’?ﬁéo

procedur go pmvuﬁt]&leAerrtfbuE&dﬁﬁﬁ#,é difluorgeychehexsbmethyilsHbseemidieel-370 ni;

conpound Wr s oyl WS fath b AT A S WAEAEA I 1) 1 o

( s 9H) 3 Na?/ﬁ’{%()mﬁh)cmbﬁ%ﬁg 331t)($1.40-8. 761, 613, B84 (syPHLH.04 @82 m 2H),

N~NwnN

48,
, 3H), 3.25-3.34
= 6.91Hz, 2H), 7.60 (d, J
OHz, —tH M5 (ESI) (M

3.17-3. 30
2.24 (m, 1H), 2.38 (m, 2H), 3.32 (s, 3H), 3.52 (m, 2H), 3.60 (m, 2H), 4.50 (d, T =74

10 Hz, 2H), 7.59(d, 7=9.0 Hz, 1H), 7.77 (s, 1H), 7.86(d, }=9.0 Hz, 1H); MS (ESI)
(M+H)" 505.0.

Example 65
N-{Z-tert—Butyl—l-[(4,4-diﬂuorocyclohexyl)methyl]-1H-benzimidazol—S—yl}-N-
15  methylisoxazolidine-2-sulfonamide

o)

N, 0]
2\ I L
""\/N-—%—N N LN—ﬁ—N N
~ A LA
N N

Following the procedure in Step C of Example 60, 1-{[ {2-tert-butyl-1-[(4,4-
diftuorocyclohexyl)methyl]- 1 H-benzimidazol-5-yl} (methyl)amino]sulfonyl}-3-
methyl-1H-imidazol-3-ium triflate (0.1 mmol) was reacted with isoxazolidine

20  hydrochloride (44 mg, 0.4 mmol) and Hunig’s base (1.0 mL), , after being purified
by reverse phase HPLC, to provide N-{2-tert-butyl-1-[(4,4-
difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl} -N-methylisoxazolidine-2-
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3.22 (s, 3H), 3.47-3.61 (m 2H), 3.54 (s, 3H), 3.83 (d, J = 8.45Hz, 2H),
4.45 (d, J = 7.17Hz, 2H), 7.57 (d, J = 7.94Hz, 1H), 7.75 (s, 1H), 7.87 (d,

J = 8. 45Hx 0 2044033698 (ESI) (M+H)+ 507. 0 Exanpl e 45 PCT/SE2005/001405
N-[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl met hyl)-1H benzi m dazol -5-yl]-Nm
et hyl i soxazol i di ne- 2-sul fonam deFol | owi ng the procedure for Step Ain
Exanpl e 41, using isoxazolidine (57 ng; 0.516 mmol) and Huni g's base (132
m.; O. 75§um|rﬁid@gm/A dad s8heg 9oty 'HeMmIRWAJ0 (VBHZ,IAND SHPA salFNVR)( 600 M-z,
CD30D) d 1.43-1.5 %m 4%, 1.60 (l-? 9H) , 2.22-2.35ém 3H), 3.26 (m 2H),
3.37 (s, 1314 (m,3HyL.64 (s, 9, 2204 2 Hp 31 (30, B %3 (o ZHy 3¢0d (643H)3 = 7. 30Hz,

(25? ’ 34':4%;%%?2}@6{?%%%Hf,c'%sh(ﬁj%_éﬁgﬁ% 2]11%7960@1 (1%032?7(1%1]#}4) h@sﬁ&%g- 7.84

Exanpl e 48ST) (M+H)" 471.0.

(4R)-N-[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl net hyl ) - 1H benzi m dazol - 5-
yl ] - 45hydr oxy- N, 4- di met hyl i soxazol i di ne- 2- sul f onami de Fol | owi ng t he

pr ocedur {a?r{ §hgp A in Exanple 41, using 4-nmethylisoxazolidin-4-ol (57 ny;
0.41 mmI%i arpc} uni g's base (57 nL; 0.33 nmol) provided the title conpound.
1H NWVR ( G02-i4riz-BuERSI0[#4,4ddifludbodyslohdtPlymdth4l] - 1H-Henfimid 4id)-5-yl} -8 A-(s, 9H),
2.22-2.33 (m 1H, 3.19 (s,.3H, .3.24 . (m 2H), 3.30-3.36 (m 2H), 3.46 (d,
J = 11. 5Sifuorpr-methykpiperidingfs ?"Hé%s (d, J = 7.42Hz, 2H), 7.61 (d, J
8.96Hz, 1H), 7, (o fLH), 7.85 (d, J = 8.96Hz, Oll—,); M5 (ESI) (M+H)+ 467.0
Exampl e 47 u 2

79
N =\

l\l—(l-{[[2-tert-l§uxr\3l/l§1'\-] ' 2 -2H-pyFr - Nyl('sgrer\% benzi m dazol - 5-
yl'] (et hyl ) am no] sulc?ony pipg { N-4-yl)acet am deSt NN - {
[[2-tert-Butyl-1-(tetrahydro-2H pyran-4-yl nethyl)-1Hbenzi Kai dazol -

5-yl ] (raethyl)am no] sul fon Pi per FetA=#y| ) acet am de sol ution of
4-am no- -[2-tert-butyl-1 { rahydro-2/i-pyran-4-yl 1)-1

Hbenzi m dazol - 5-yl]- /| pi peri di ne-1-sul f onarg di chl or onet hane

(0.516 nmmol) (the preparation of it has followed the sane procedure as for
t he synthesis of a corrpouﬁd in Exanple 1, Step J, by Fusi ng

4- 1 et hahydrRRN AREBEERT IR 1R bfEample 60, 1-{[{2-tert-butyl-1-[(4,4-
difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl} (methyl)amino]sulfonyl}-3-
methyl-1H-imidazol-3-ium triflate (0.1 mmol) was reacted with 4.,4-
difluoropiperidine hydrochloride (62 mg, 0.4 mmol) and Hunig’s base (1.0 mL), ,
after being purified by reverse phase HPLC, to provide N-{2-tert-butyl-1-[(4,4-

15  difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl}-4,4-difluoro-N-methylpiperidine-
1-sulfonamide (TFA salt, 36 mg, 57 %). "H NMR (400 MHz, CD;0D, TFA salt) &
1.40-1.76 (m, 6H), 1.64 (s, 9H), 1.97 (m, 6H), 2.24 (m, 1H), 3.31 (s, 3H), 3.38 (m,
4H), 4.50 (m, 2H), 7.60(d, J=9.0 Hz, 1H), 7.78 (s, 1H), 7.87(d, J=9.0 Hz, 1H); MS
(ESIT) (M+H)" 519.0.

20
Example 67
tert-Butyl 4-{[{2-tert-butyl-1-[(4,4-diflnorocyclohexyl)methyl]-1H-benzimidazol-
5-yl}(methyl)amino]sulfonyl}piperazine-1-carboxylate
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coupling reagent for the SNAr reaction) was added triethylamne (143 ni;
1.032 nmmol ) foll owed by acethyl chloride (44 nL; 0.619 mmol). The reaction
m xture wae 2866/03863d at room tenperature for two hours tipemseamsoeshed with
wat er. The aqueous | ayer was extracted wth dichl oronmet hane. Conbi ned

di chl oronet hane extracts were dried over anhydrous nmagnesi um sul phate,
filtered and concentrated under reduced pressure Purification by reverse

phase chrorm{qg{aMy provided the title gp 9un\ (OL413 8 ng, 55% 1H NVR
(600 MHz, 2914,Q(m 2H) 14 N 54 N8 1.74

8
(m 2H), 1. 81 \br s 1H) 2383\(417( ‘ 3 24
(m 2H. 357(m ,. N(t :10 o3 e > 7<11 52,
2. 56Hz, 2H), 4.44 (d 1= 7 42Hz S =" 8. 70Hz, 7.72' (s,
1H), 7.87 (d, J = 8.96H I\/S’('ESP)’(M+I—|)+ 5060 Bronsl@ 48’
N—(l-{[[2-tert-ButyI-1- enzi i dazol - 5-
‘ )

ahydro 2H- pyr an- 4-yl net hyl )
yl ] (et hyl ) am no] sul f ony i peridin-4-yl)-2,2-di met hyl nam deFol | ow ng
the procedure for Step B in Exanple 47, using trimet hyIFacetyI chloride (76
m.; 0.619 mmol) and triethylam ne (143 nL; 1.032 mml) provided the title

d K - 4 (a4 9H), 1.37-1.53
?%”p%‘ﬁo”, %&églﬂ%mg@ﬁﬁ%%g%mé%gwégﬁﬁ% P31 %@’e’m‘ﬂ?l (M H)m 2H), 3.20
(s, 3H). cBﬂﬁélroéynlolﬁbuZ],)mBﬂ)SE-]:H—Bé’nzﬁmidaab{ﬁ—yg(ﬁBth&bammd)]d sumnsls ?( d 3=
7.42Hz, 2H), 7,48 (dd, J.= 8.83, 1 4lHz, 1H), J.=
7.75 (d, Iggthybléﬁﬁqgﬁz‘i# mtﬂ/g‘f?%%f%lo F@Wa%c‘@d “Egbafﬁfﬁbéltﬂé’lﬁeé?ztm%ut yl
[I-({met hyl:irbo 5%1@55 (SdnEE Os. @B{mﬁyﬁﬁmﬂﬂnagl’sn@is@w @nﬁ, Y AfkdrT baiey K) !

- benzi m dazol - 5- am no}sul f onyl) gsrl di n-4-yl Jcar bamate St ep
tert- But wlhc[algeq phtemayalgraphyx f@tpraml@l tapt- MME{@ntM Wptytel-HgH4y - 2-
(trifluor no} sul fbnyl ) pi peridin-4- yl]
car bamat e‘?ge?rlo ?&fxy @eéﬁygcg% 1§nha/a§%eg1l of Exanple | 33-nethyl -
|- ({met hyﬁ}dmeﬂﬁytlﬁ&mﬂdsqgﬁlmryl}qm di’a/ﬂﬁeﬂi Zaytorplatey((736 Brgl 63 P4). FOINMRIHY0 ) - 1
H beri zi m dazol - -yll]amno sul f ony 2
MHz, CDCls) 6 1.39 (s, 9H), 1.46 (m, 3H), 1.51 (s, 9H), 1.67 (m, 3H), 2.09 (m, 3H),
10 3.12 (m, 4H), 3.25 (s, 3H), 3.35 (m, 4H), 4.16 (m, 2H), 7.22 (m, 2H), 7.28 (d, I = 8.6

Hz, 1H), 7.67 (s, 1H); MS (EST) (M+H)" 584.0.

Example 68
4-{[{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
15  yl}(methyl)amino]sulfonyl}-N-isopropylpiperazine-1-carboxamide
g 1
1

O /™\ |
H;\;j \_/N—'CS',_N\(:[N\W
N

F
F

Step A. 4-{[{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
yl} (methyl)amino]sulfonyl}-/V-isopropylpiperazine-1-carboxamide
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1H i m dazol -3-ium (crude product, 1.0 mml) (see follow ng steps B, C3D3E,
F3Gand H for preparation) was reacted with tert-butyl

pi peri di rwé-2gésrssdzanate (0.40 g, 2.0 mol ). The crude proaseoosasispuri fi ed
by MPLC using Hex/EtOAc (1:1) on silica gel to give 0.33 g (55% of a white
solid as the title conpound. 1HNVR (400 MHz, CHLOROFORM D) : d .41 (s, 9
H, 1.44 - 1.54 (m 4 H, 1.77 - 1.93 (m 3H), 2.20 - 2.33 m 1 H, 2.83

-1 2.97 (m 3H, &.29 (s, 3 H, 332-3@44/(—m\3),357-369(m3l-|)
3.88 - 3%(mN23 33N(d J=7.42 Hz,)-2N N-?s 4=8. .95 Hz,
1H, 7.78 (&/18. 7 , 785(d—|NJ— m (MHH) + =
576.0. Anal. Calcd fo 6FPSN5CES®-0. 19—TFA+0. 10 OH(624 10) :
C, 51.58; H 6.38; N, 11.23; Found: C, 51.56; H, 6.31; N, 11.27. Step B.

e (45.0 g, 0.288
room

N- (4- Fl uor o- 3- ni t r ophenyty(acet ani de 4-Fl uor o- 3-ni tro-an
nol ) was added in porti to acetic anhydride (150 mi)
tenperature. The reagtijo’ m xture was stirred at roog erature for 2 h.

The white solid was colfl ected and dried in vacuo to giye the title conmpound
(42 0 g, 709. 1H NWR (400 MHz, CHLOROFORMD): d 2.23. (s, 3 H, 7.26 (m 1

, 7. 50 Iéc? Qiﬂ%c yanakd (85?11%71 ((ﬂi‘mol) Whs adlled $ntb d@oludioh of trietidldRinez, 1 H).
Ste 'uoro-3-nitro % N- net hyl acet am de Sodi um hydri de (4. 22

g, 60% 106 mml))anvl/&é{%fwé wfg@rwcl@hwlhwbﬂ]ﬁﬂ pgnzimidazol-

4-f1 t 7

the step B/ ERF RS R AR s?lﬁ’eﬁ%éfs% (Efimg O3 TR CLELTRTAY O o0

i odongt hat®er bthgtigred 2B ofMMmehpetmage dcidiekk, thEheadtiva ik ife Was(t ure was stirred
at roomtenperature for 2 h, quenched w th saturaed 30 nL) and

ext r act edopFeratsdaader reduqsg Pﬁﬁ_sfureT”ﬁ]éC EeEE Had t@@&ﬁﬁgﬁ‘ E é@@% fler e washed
W th sat I%?.é:ﬁ éﬁééﬁ’e ?%%%ﬂo)g?agntéu{ {Qtz’eﬁrBﬁ?lgl g@ncentration, 13.1 g

(88% of the't npoun ned wsolid. 1H NVR (400
MHz, CHL GRbERMc)hexpll)the@@1]{15]- b@lzﬁi)mdaBOBI}y(}émeﬁyl)ammb]@HO(IBL}-M- H, 7.52 (s,
1 H, 7.95

N (3 i t nEOpP BRIy ARSI G A e TRAENGH S HhEMR M cet ani de
4- A | d t t f
N (480 TRBELLS | 1 AMKE LY ANGHID. 2 (i, 1D, IEIDIOH), WI2 (AR AL @ N X LT e
(15. 3 nl,3H), 3.20 (m, 4H) 330(s 3H), 3.35 (m, 4H), 3.94 (m, 1H) 422(m 2H), 4.35 (m,

1H), 7.28 (d, J = 8.6 Hz, 1H), 7.32 (d, ] = 8.6 Hz, 1H), 7.72 (s, 1H); MS (ESI)

(M+H)" 569.0.

15  Step B. N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
yl}-N-methylpiperazine-1-sulfonamide
o>_ ™\ 9 /N 9

N N-S-N N H-N  N-S-N N
g /1 \[:[\> { A \C[\>_7<
%_‘ N N

A solution of tert-butyl 4-{[{2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-
benzimidazol-5-yl}(methyl)amino]sulfonyl}piperazine-1-carboxylate (720 mg, 1.23
20  mmol) in 10 mL CH,Cl, was treated with 10 mL TFA at room temperature. After
being stirred at room temperature for 1 hr, the reaction mixture was concentrated
under reduced pressure. The residue was then dissolved in AcOEt (60 mL), washed

with NayCOs solution and brine, and dried over Na;SO4. Removal of solvents
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11.1 g, 110 nmmol) in EtOH (300 nmL) at roomtenperature. The reaction

m xture was heated for 6 h at reflux. Upon evaporation of ethanol, the
resi due wae 2déczssdssed in Et OAc (400 nl), washed with H2@CTBr26s0bi05
saturated NaC (3x50 nlL), and dried over Na2SO4. After filtation and
concentration, 21.7 g (96% of the title conpound was obtained as an
orange-red solid. 1H NWVR (400 MHz, CHLOROFORMD) : d 1.38 - 1.52 (m 2 H),
1.72 - dex/uﬂem crachN {2146991;1(1@1-1%(4!% dlfmoa&yeloaem)mahyu IH}benauﬁﬁaicﬂ- 3 H,
3.23 - 3.27 H) - 3.49 ( %AH)% 91(d
J=9. 18 HA-YW- f‘ﬁﬂneﬂwlmper(dalae-ljs’e@foegnldg @ .7 Hg) V@ll@‘SW@a uS?}L %tap |4z

8.22 (t, H. M5 (ESI) (MrH) + = 309.12. Step E. N{3- Amno 4-
[(tet r aﬂﬂ%ﬁ% %a-t%l;ran 4-yl met hyl ) ai ni no] phenyl } - Nnet hyl acet am de

N- Met hyl - {3-nitro-4-[(tetrahydro-2 -pyran-4-yltnethyl)am no] phenyl}

acet an de (21 7 70.5 mmol ) was hydrogenated in ethyl acetate (500 i)
cat al §ze(¥3"5‘§nlﬂ9 Pd/ C (1.0 g) at 30-40 psi H2 in Parr shaker for 18 h at
roomte t fyi L1z ptration, 19.6 g
(100% - of e B 4 Bt b B B e b R D)

1.35 - 1.yB{wethyl2nrnolsblferyl}sy- Iﬂﬂfbylpﬂpe?&me-l-c&rqumiﬂel—i) 1 88 (s, 3 H5
1.88 - 1.99 (m 1 , 3.04 (d, J=6.64 Hz, ,3%0 H, 3.33 - 3.48
enzi

(m 4H),3977—\4nod(m 2 H), 6.54 (d, 9 i 660-6.63(m
2 H; M (BSN_ (MR P=-3s8:N syep F. N%Eﬁ\_ﬂﬁ
H pyran- 4-yl rret yl PZ- orgnet hyl) Z-b || acet am de

A solution of L {3-am no4-[{tetrahydro-2 -pyran-4-yl rretyl)m no] phenyl } -
Nrret hyl acet ani de hydrochorigé (2.77 g, 10 mmol) in trifluaroacetic acid (60
m.) was heated to refl ux N 18 h. After evaporation of { sol vent, the
resi due was disolved in FtQAc (200 nm), washed with 2JVNaQH#'(2x10 nL) and
dried over Na2SO4. Thé& cfude product was purified by NPLLC usi ng Et GAc on
silica gel to give 3.18Ffy (90% of a white solid as theftitle conpound. M

ESI) (M:tH) + = 356.02. Ste h h r an
S bt hy 1 0Ipwiag B ppocseits B SHRp A P ERERE G HaoRrhoua KO wet hy! -
- [1- (toet r @by FotreRY) ARG Y1 AB A mAtabdixs M UNT RSB bipedaztte-1-
sulfonamide (56 mg, 0.116 mmol) was reacted with methyl isocyanate (57 mg, 1.0

mmol), after being purified by silica gel chromatography, to provide 4-{[ {2-tert-

butyl-1-[(4,4-difluorocyclohexylmethyl]-1 H-benzimidazol-5-

y1} (methyl)amino]sulfonyl}-N-methylpiperazine-1-carboxamide (TFA salt, 49 mg, 64
15 %). '"H NMR (400 MHz, CDCl3) § 1.46 (m, 3H), 1.50 (s, 9H), 1.67 (m, 3H), 2.10 (m,

3H), 2.71 (m, 3H), 3.14 (m, 4H), 3.23 (s, 3H), 3.31 (m, 4H), 4.16 (d, ] = 7.4 Hz, 2H),

4.68 (m, 1H), 7.22 (d, J = 8.6 Hz, 1H), 7.25 (d, J = 8.6 Hz, 1H), 7.65 (s, 1H); MS

(BSI) (M+H)" 541.0.

20  Example 70
4-{[{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
yl}(methyl)amino]sulfonyl}-V-cyclopropylpiperazine-1-carboxamide

Q |

O / \ 1

>N N-S-N N
o TN
> \
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benzi m dazol -5-yl ]acetam de (3.18 g, 8.95 mml) was dissolved in
hydrochloric acid (37% 60 nL) and then heated overni ght at 950C. After
concent r avo@nge/d3be33r esi due was treated with 20 nL of 2J¥yNaGH20080b14ext ed
with Et OAc (4x50 nL). The comnbined organi c phaese were washed with brine
(20 nmL) and dried over Na2SO4. After evaporation, 2.80 g (100% of a purple
white solid was obtained as the title product, which was used directly for
Step H. Z@tf[ﬁﬁ' f[Mtté)thaMRw Stdiflubtoccldhéméth i - byhditnidazl-5ahydr o- 2
- pyran- met
(trifluor ﬂwl)mmyslssﬁwzyl%w geclepropylpiperaringilsearbgrgmidel 4 i ni dazol - 3-i um
Fol | ow ng the procedur@ n Step H of Exanple

met hyl

N net hyl - 1- (t '1 p ran- 4 yl met hyl ) - ,(I/—_T\hugré
H benzi mdazol E I) wasy onvertedit o3
1- ({methyl [I - (tetrahydro- l§l -yl methyl )\ 2- (tr|P| uot ops
‘| #- benzi m dazol -5-yl]am no} “sul fonyl )- |i7-im ¢&zol -3-ium which was used
in Step A without any purifigation. Exanple 50 tert-Butyl

4- ({methym (tetrahydro-2 -py 4-yl methyl)-2-(trifluoronet
- benzi i ni dazol - 5-yl ] am no} su nyl ) pi per azi ne- 1- car boxyl aI: ow ng the
procedure in Step | of Exanple 1, 3-nmethyl- |-({methyl[|l -(t/etrahydro-
2H pyran-4-ylmethyl )-2-(tri ¥l uoromethyl)- |i7-benzi m dazol - Eyl]am no
}sul fonyl) - 1H-irridazo| 3-ium (crude product, 1.10 nmmol) (for preparation

see t Hin xa reacte th ter \

pi pergm }t&?%w&%r BE% yP %d‘tr%) g’SSSJ ﬁnﬁnﬁmpl?hggtll}ﬁéz KTl (& purified
by MPLC ughfigobRxétekHaetidl 11)H88nz§1'nida§@1 SI\}/ZZ}-NQnﬁhM razthedl-(45% of a white
solid as the title conpoun 1HNMR (400 ORMD): d 1.43 (s, 9

H, 1.45 sulfonguide 54 ang))0.122 yemol)? V% reagted Wi cyclapropylispoyanaie @44, 3. 32

533 (0, Uganep bdog Prifedhy ot s ety pty b ardyfie 4 E3%r ™ g 5y

Hz, 1 H),bu ?ylglzg(@dw-dlﬂuérocycﬁo}t@{,yl)&xeﬁbyl] Wbéﬁﬁm)xdz(zb'ltﬁi) + 562 0; Anal. Cal cd f or
C24H34F3N5OBS+0. 70 Et OAc(623. 30 4: H, 6.40; k §4 FOX
51. 6090 H, yl}s(myl}qmqu]sqlﬁony&é’r@@psqpyhplmre@p%ﬂcfﬁfb?&madﬁ LF 853 nyz? | ami no}

N-met hyl - N4 g bet GRRY od i, Y3 S 0.45 (m, 1H), 0.54 (m, 1H), 0.72 (m, 2H),
1.54 (m, 2H), 1.56 (s, 9H), 1.72 (m, 3H), 2.14 (m, 3H), 2.50 (m, 1H), 2.60 (m, 1H),
3.18 (m, 4H), 3.29 (s, 3H), 3.34 (m, 4H), 4.22 (d, ] = 7.4 Hz, 2H), 5.01 (m, 1H), 7.28
(d, T =8.6 Hz, 1H), 7.32 (d, J = 8.6 Hz, 1H), 7.71 (s, 1H); MS (ESI) (M+H)" 567.0.

15
Step B. Cyclopropyl isocyanate

3
2 W> N1>

A solution of cyclopropylamine (57 mg, 1.0 mmol) and DIPEA (3.0 mmol) in 5 mL
THF was slowly added to a solution of triphosgene (105 mg, 0.35 mmol) in 10 mL

20 THF at 0°C. After 30 min, the cyclopropyl isocyanate solution was used directly in
Step A.

Example 71

4-{[{2-tert-Butyl-1-[(4,4-difluorocyclohexyl) methyl]-1H-benzimidazol-5-
25  yl}(methyl)amino}sulfonyl}-N-cyclobutylpiperazine-1-carboxamide
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4-yl met hyl )-2-(trifluoronethyl)-I1J

- benzi m dazol - 5-yl ] pi peri di ne-1-sul fonam de Step A

4- {[ (Cyclwpromyizasssno) car bonyl ] am no}- ' -nethyl- N-[I-(retrrsabydnords -
pyran-4-yl methyl)-2-(trifluoronethyl)-1 H benzi m dazol -5-yl] pi peridi ne-1-
sul fonam de A solution of isocyanatocyclopropane in THF (1 mmol) (freshly
prepared from cycl opropyl am ne and tri phosgene) was added to a sol ution of

4- ammo~N- et hyl - - V-
[ 1- (t et rahydro-27f - pyran- 4-yl-msth I—‘b‘ EL i f huor gnet hyl ) -
1H benzi m dazol - 5- yl ] pi pani di | osul ' (38 ng, 0.08 mmol) (see

followng step B for prepar on) in TH
m xture was stirred for 1 h fter evaporatio
purified by MPLC using Et OAc/ MeOH(20:1) o {
of a white solid as the title conpound.
0.34 - 0.47 (m 2 H, 0.59 - 0.71 (m 2471.33 - 1.53 (m 6 H), 1.77 -
1.87 (m 2 H, 2.16 - 2230 (m 1 H), 2.3¢ - 2.46 (m 1 H, 2.83 - 2.94 (m
2 H, 3.28 (s, 3 H, 3.30- 3.37(m 2H, 3.51- 359 (m 1H, 3.58 -
3.68 (m Sg%ﬂ")h B[ ??—tert—ﬁu%ﬁ 1(-[('](\2}9}' 1ﬂi10r(ﬂ:y8ﬂ;héﬂll)rﬂétﬁyﬂaﬂ%eniinﬁﬂazof' 557 (dd,

at room tenperature. The
, the crude product was
lica gel to give 45 ng (100%
(400 MHz, METHANOL-D 4) : d

H

J=8.89, 2 (d, J=I .76 Hz, 1 H);
NS (ESI) yé}an;hylmng |sulfanyl}- @@Mw}plnmmls msmuko TFA+ 0.30 H20 +

01001—!30—!(6356 %4781H549N1322 FoungC4783H545
N 13. 20. Step§N4-

N- th |- -[1-(tet dy/o- ”_
Hr - pyr an- 4-y| metml_)’ 2\%]0[2‘ Ehyl()elra?\y_&o @N\g_ﬂ
3 ) déd/%o a

H benzi i ni dazol - 5-yl ] pﬁ)per ne- I ]‘_o_nam_de FA (

solution of tert-butyl [I-({net | - (tetrahy 2

pyran-4-yl methyl)-2-(trifluorouggthyl)-1 H benzi m dazol - 5-

yl ] am no}sul fonyl )pi reridi vl ] carbamate (210 ng, 0. 365 in DCM (3
m.) at 0 OC. The m xture s¥Irred for 1h. Upon evaporati t he residue
was di ssolved in DCM (50 Z__ washed with 2i VNaOH (2x5 rrLgr, Fbri ne (5 nb)
and dried over Na2SO4. Aftef concentration, 168 ng (97% of "'a white solid
was obtained the title corrpound. MS (ESI) (MHH) + 475.99. Exanple 52

\-Oyel oprafitlyids ik FRSdMlib in SleB'A SPEASpIE okl Ar VLAY dM-fRUNY! ) - 2-
difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl}-N-methylpiperazine-1-

sulfonamide (58 mg, 0.12 mmol) was reacted with cyclobutyl isocyanate (1.0 mmol),
after being purified by silica gel chromatography, to provide 4-{[ {2-tert-butyl-1-

10  [(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl} (methyl)amino]sulfonyl}-N-
cyclobutylpiperazine-1-carboxamide (TFA salt, 39 mg, 47 %). '"H NMR (400 MHz,
CDCl3) & 1.52 (m, 2H), 1.56 (s, 9H), 1.72 (m, 8H), 2.04 (m, 3H), 2.32 (m, 2H), 3.19
(m, 4H), 3.30 (s, 3H), 3.34 (m, 4H), 4.21 (m, 2H), 4.25 (m, 1H), 4.65 (m, 1H), 7.27
(d, T = 8.6 Hz, 1H), 7.32 (d, T = 8.6 Hz, 1H), 7.72 (s, 1H); MS (ESI) (M+H)" 581.0.

15
Step B: Cyclobutyl isocyanate

L 3

A solution of cyclobutylamine (71 mg, 1.0 mmol) and DIPEA (3.0 mmol) in 5 mL
THF was slowly added to a solution of triphosgene (105 mg, 0.35 mmol) in 10 mL
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(trifluoronmethyl)-11 -benzim dazol -5-yl]am no}sul fonyl) pi perazi ne-1-
carboxam deStep A. N-Cycl opropyl-4-({methyl[I|-(tetrahydro-2

- pyr an- 4-wbreddnbgss 2- PCT/SE2005/001405
(trifluoronmethy”-1H benzi m dazol -S-yyam nol sul f ony”~pi per azi ne- 1-

car boxam de Followi ng the procedure in Step A of Exanple 51, using
N-methyl -N-[| - (tetrahydro- 2 -pyran-4-ylnmethyl)-2-(trifluoronethyl)-1

H benzi nigaz of 6% Wi Joemay ltﬁ@cgdoﬁu%ﬁqmdae (c8Bitioy w1368 direatly) in( see
foll ow n% step B for preparation) and a sol ution of isocyanatocycl opropane
in THF (btepd! ). The crude product was purified by MPLC using Et OAcMeOH
(20: 1) on silica gel to give 45 ng (99% of a white solid as the title
conmpound. 1HNWR (400 MHz, METHANOL-D 4) : d 0.39 - 0.44 (m 2 H, 0.60 -
068(m]&allﬁ1e1244-147(m4l—|) 2.19 - 2235 (m 1 H), 2.47 - 2.55 (m

% 5)3 @% %\g{iﬁfg‘f'i‘z@é et 4§3¢u8110%10h2xm$2¢y§98%gamgugazg,g.‘é ;5} ’M+3 865;5 .
Anal . (Calﬁégt%y {@?ﬁ@l%@%%ﬁ%a%w%‘%’?ir%ne'ihéhﬁfﬁ%%if@ H, )5( 12H) NG

13. 46; Foung@ g 90; H, 4.65; N, 13.45. .8t . ON- Vet hyl -

N-[I-(tetwn dr0N23 - 4y|rrethy|) 24\( i fINtE-0 Qy |

| J?- benzim d S5¢yl -l -sul f ol |®W >p#7<cedure in
Step B of Exanple 51, =~ 4- ({met hylr\{H

(tetrahydro-2i-r-p yran 4 yI thyI) _2_¢_Lg.f uoronet hyl )-1 H bgnzi m dazol -

yl ] am no} sul f onyl ) pi pera -1l-carboxylate (234 ny, 0.41 Dl ) was treated
withTFA (3 nlL) in DCM (3 . 176 ng (919 of a white so was obt ai ned as
the title conmpound. Mg ) (MtH) + 461. 96. Exanple 5%F
4-{[ (1 sopropyl am no) car gonyl ] am no}- N-nethyl- N-[|-(tetgahydro-2
H pyran-4- yl net hy?-1-~rifl uoronet hy?-1J

- benzi ralﬂﬂmmg&hypmqa&ﬁﬂedn le:plA sﬂEka)ﬁpiHﬁﬁm-Enilm@M-{‘)thertktmtyirlefiééur e in Step
| e 51, usin

A of EX h
- p?r an- ?ln‘i))ﬂﬁ%ff)ﬁb;ﬂl‘)heéylglﬁlﬁ’ihﬁ’ﬂdﬁ‘@ﬁ% a)zol- 'Vh %{éﬁeztﬁt Pl g‘gﬁneé yl ] pi peri di ne-|
- sul fignand, 46, {38 (%0 m; 63 B hvadRehcted WiFMRA %BEy%@t’éQS'( the2110L)

mmol), after being purified by silica gel chromatography, to provide N-{2-fert-butyl-
1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-y1} -N-methyl-4-
{[(methylamino)carbonyl]amino}piperidine-1-sulfonamide (TFA salt, 49 mg, 73 %).
'H NMR (400 MHz, CDCl;) 8 1.39 (m, 2H), 1.52 (m, 3H), 1.56 (s, 9H), 1.72 (m,
15 3H), 1.89 (m, 2H), 2.15 (m, 3H), 2.72 (s, 3H), 2.83 (m, 2H), 3.27 (s, 3H), 3.63 (m,
3H), 4.22 (d, J = 8.0 Hz, 2H), 5.15 (m, 1H), 7.30 (m, 2H), 7.71 (s, 1H); MS (ESI)
- (M+H)"555.0.

Example 73
20  N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-N-

methylisoxazolidine-2-sulfonamide

\N+:\ (“)I Oy_/ \(l?l
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in THF (3 nmL). The crude product was purified by MPLC using Et OAc/ MeOH
(20:1) on silica gel to give 38 ng (85% of a white solid as the title
conpound.wohbidR366360 MHz, METHANOL-D 4) : d 1.07 (d, J=@c4#BEbs0614by 1.29 -
1.40 (m 2 H5 1.40 - 1.53 (m 4 H, 1.78 - 1.87 (m 2 H, 2.17 - 2.31 (m
1H, 2.85- 2.95(m 2 H, 3.28 (s, 3 H, 3.30- 3.37 (m 2 H), 3.48 -
3.56 (m 1 H, 3.56- 3.66(m 2H, 3.68- 3.8 (m 1H, 3.85- 3.98 (m
2 H, 4. %buéﬂmglﬁe?p@zeddze i2Steh C ot Exanfplsl60, J= 8 Boer-Butyb | imtrallydp-2F7. 76 (d,

J=8.98 Hz, 1 7.83 (d, J=I. 56 Hz 61.0; Anal.
Cal cd fopy@zmkmmdbl Mpnzimidazel- S(ﬂkmeﬂgg\)antmolé‘g?%é’l} ﬁfm%hBézlf? "N, 13. 12a

E? :J 2 g pr g %m}daﬁ&ﬁ' ‘J}‘[‘ H’ﬁ?{t?’[ ( {)W é‘{lé ﬁ}s’-@dmgl_%@a\m Ractdd with ters-butyl piperazine-1-

H- pyr an- %aﬁbloﬁﬂhfb)(lSSS hg( 8 0iffulmoDr aﬁmt‘ﬂmﬁhg purifidd by silica gel chromatography, to

- benzi m dazaol - I ] am no} sul f on Zi 1- ca box |l ow ng the
proceﬁluré’f‘?‘ﬁd@e pb%}’]o"f {@i‘é?fﬁbléty}é ﬁ}ﬁ% I‘iﬁr@f’ﬁ‘% 3(11 Fahydr o-

2i - pyran B e Ijopi perazi ne-
L Sl TonkihE '&%ﬁ%5#}ﬁm%ﬂ%%%’h“%%%ﬁ%ﬁ%Efaéféfé?aﬁ%%’%%ﬂ%%S“n%’% WPy T o
(3 nm). TheMS (Eﬁi)(iV[&Hl)CﬁSOVQiS purified by MPLC using Et OAc/ MeOH (20: 1) on

silica gel to give 48 ng (100% of a white solid as the title conpound.
1HN|VR (400 MHz, METHANCL- D4) d 1.09 (d, J=6.45 Hz, 6 H), 1.38 - 1.53 (m

1,% lﬁe 4 (m 1H, 3.14- 321 (m 4H, 331(s 3 H), 3.33 -
34om 378-387(m1|—|),387-395§l H, 4.31 (d, J=7.62
Hz, 20H) 4-Ac881-(\’d[d-ted‘:lﬁlf§3191 (2t1@bydpo- Zﬂ-m)ran 4zylnged! le—.lgl bgnmﬁndazo , 7.85

(d, J=I + 547.0; Anal. Calcd for
Q3%3F3%%@%W%P&ia%ﬁgﬁ‘s@%ﬂm €0 CH3OH (613.64): C, 47.37: H, 5.70;
N, 13.70; Found: C547.41; &i, 5-62; O, | 13.65. Exanple 55
I\I-II-CII\/EthyIII-’\etrahydrO prrmé‘— L hyQ-1- Qtrifluoromethy?-1J -

benzi m dazol -5-yl] am no} sdl pe?iiéb}_y.?{l acet am de Acetyl chl ori de
(9 ng, 0.1 1 mmol) was addedtoasolut m no- N- net hyl -

[I-(tetrahydro-2 -pyran-4-ylmethyl)-2-(trifl oronethyl)-1 H-benzim'dazol-5-
yl ] pi peridine-l -sul fonam de (45 ng, 0.09 |) and triethylamne (12 ng,
0.12

0o

Step A. 4-Acetyl-N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-15-

benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide

=N O /\ %1
H-N  N-S- >—N N-S-N N
e 8 I
— N

QL
QL

15
Following the procedure in Step A of Example 60, N-[2-tert-butyl-1-(tetrahydro-2H-

pyran-4-ylmethyl)- 1 H-benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide
trifluoroacetate (100 mg, 0.18 mmol) was reacted with acetyl chloride (79 mg, 1.0
mmol), after being purified by reverse phase HPLC, to provide 4-acetyl-N-[2-tert-
20  butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-N-
methylpiperazine-1-sulfonamide (TFA salt, 58 mg, 53 %). 'H NMR (400 MHz,
CD;0OD, TFA salt) & 1.54 (m, 4H), 1.66 (s, 9H), 2.07 (s, 3H), 2.36 (m, 1H), 3.20 (m,
2H), 3.33 (s, 3H), 3.34 (m, 4H), 3.55 (m, 4H), 3.91 (m, 2H), 4.51 (d, J = 7.6 Hz, 2H),
7.65 (d, J=9.0 Hz, 1H), 7.79 (s, 1H), 7.92 (d, J=9.0 Hz, 1H); MS (ESI) (M-+H)" 492.0.
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nmol )

in DCM (5 nL) at 0 OC. The m xture was stirred for 3 h at

tenperature. After evaporation, the crude product was purified

usi ng Et ho/2Ms@33¢330: 1) on silica gel

as the title conmpound. IHNVR (400 MHz, METHANCL-D 4) : d 1.36 -
H5 1.79 - 1.87 (m 2 H5 1.90 (s, 3 H, 2.19 - 2.33 (m 1 H),
(m 2 H, 3.30 (s, 3 H), 3.32 - 3.38(m 2 H), 3.63 - 370(m

3.78

(mlH),389- 96(m2|—|) 4.33 (d, J=7.62 Hz, ,

room
by MPLC

1.55 (m 6
2.86 - 2.96
2 H, 3.70
759(dd

to give 49 ng (100¥x/sekoos/ovdant e sol id

F\]/EB( Egi ) S 2(@%?39%-[2 tgzgémhm r@ﬂ&wz%yre?ﬁ@%‘wwiﬂ? *]ﬂf‘k%’?% 10 CHSO—l;

(589.

19 9; Found: C, 47.61; H, 5.32;
Exanpl e) §H<§¥ @&%%BP% IM{'{qmat yl[1 -('?et rahydgo 2

- pyran- 4-yl get hyb) - 20 trlfluororaethyl) 7\
H benzirai da N 5- NI— a noxSUunf on I)p| perlbh-N 4- NyB]—pl oanan de
t he proceduoe i —Ex Ie 4- am no- N-}'re’f/hbe- .

- pyran- 4-yl yl)-2- (tr TONO hyI) 1 H benzi m dazol
sul fonam de/(45 ng, 0.094 mol ), I me yI pr opanoyl

0.11

mmol ) was and triethy ne (12 mg, 0.12 nmol) in

crude product was purifie by MPLC using Et OAc/ Hex (2: 1)\ on)sil

give

44ng(84% of a whit@=<$olid as the title corrpoundo NVR

|I\_/|)E:I'H§5 14 A S tgqp ?fﬁrt%qulf g&-wrébé@é?ﬁetr%)‘ﬁ (2? -BYany ’-ylgleﬁiyl) ]3[%

(m 2 H), beﬁzxﬁﬁdazoﬁS éf?_[(&B@hgﬁarhﬂnoléﬁlﬁﬁyl%p%eﬁ&m@m -catbbiylaté (43@ 108,0.847. 62 Hz,

H, 7.57

J l.

J=8.9 , J=8.79 Hz, 1 H)
95 Hzmoll i) 0 HﬂlBCHE@b)Wa(S Neerfed mths@onb 74 &l o tempeigiure. Alter

%5 ';g 6 Fﬁ%%g‘ 350 %t %5’6‘ aglr)e ForqshfS%I\/S?%Ctﬁon n%x&?e whs cdnbertated

N[ 1 - ({ Ml I{ehudea@)&ésmdé pro%&eay{werﬂbyﬁym(mﬂahym -AH-pyfahdor omret hyl ) - 1
H benzi m dazol

| f onyl d - d
the. APocetareyDr Heeerpmiiabe > yorraanpsaeise tot iR FIL f bt

%), which was used in Step A without purification.

Example 75
N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-
15 (2,2-dimethylpropanoyl)-V-methylpiperazine-1-sulfonamide

N, 11.82.

ica gel to
(400 MHz,
78 (m 2
30 - 3.39
7.84 (d,
ound: C

| | owi ng
dr o-

4

0 o) O

/\ 0 | /N 1 |

- -S—-N N—-S—N

N j@:“\>7< AKL — & CEN\}%
N —_— N

O 0]

Following the procedure in Step A of Example 60, N-[2-tert-butyl-1-(tetrahydro-2H-

pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide
trifluoroacetate (100 mg, 0.18 mmol) was reacted with 2,2-dimethylpropanoyl

20  chloride (120 mg, 1.0 mmol), after being purified by reverse phase HPLC, to provide

N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-4-(2,
dimethylpropanoyl)-N-methylpiperazine-1-sulfonamide (TFA salt, 24 mg, 21 %).

2-
g

NMR (400 MHz, CD;0D, TFA salf) 8 1.23 (s, 9H), 1.56 (m, 4H), 1.66 (s, 9H), 2.36
(m, 1H), 3.23 (m, 4H), 3.33 (s, 3H), 3.36 (m, 2H), 3.66 (m, 4H), 3.91 (m, 2H), 4.51
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2H-pyran-4-yl methyl )-2-(trifluoromethyl)-1 H benzi m dazol -5-yl ] pi peri di ne-
1- sulfonamde (45 ng, 0.094 mmol ), 2-nethyl propanoyl chloride (11 ng, 0.11
mol ) waswendiaosashyl amine (12 ng, 0.12 mmol) in DCM ( PcmisE)ooFloel463 ude
product was purified by MPLC using EtOAc/Hex (2: 1) on silica gel to give
46 ng (89% of a white solid as the title conmpound. 1HNMR (400 MHz,
METHANOL-D 4) : d 1.05 (d, J=6.84 Hz, 6 H, 1.35 - 1.54 (m 6 H), 1.76 -
L85 (m (8497 634D, RIS, 1254 200 1B JOX O M BUIMS 2,95 (m
m - m , -
3 98 (m (ES%M%)JF%?"’(%} J=7.42 Hz, 2 H), 7.57 (dd, JMB.89, 2.05 Hz, 1 H)
7.76 (d, J=8.98 Hz, , 7.83 (d, J=I. 95 Hz, 1 H,; M (ESI) (MtH) + 546. 0;
Anal . Cal cd for CZ4H34F3N5048+0. 10 TFA (557.03): C, 52.18; H, 6.17; N,
12.57; F®xadipl€3652. 44; H 6.03; N, 12.44. Exanple 58 4-Acetyl- '-nmethyl-

ML Lﬁ‘&é%&n—wdzm"%{@& ibabydied Eomindty B R A Dm0k aur e 1 n
Exanpl e ?5,51] %ﬁkﬁg}% g@f&yﬁe-i\fshifoﬁxﬁfdfeahy dro-2//-pyran-

4-yl meth oronet hyl)-1 H benzi m dazol - 5-yl ]
rirerazine-1- gthf ofami de (43ng, 0.096 mMmoP y'rr\et@yllam ne (12 ng, 0.12

mmol ) and aedtyl NeBFBK] & ng,, 0.12 mol }—N SCH rude
product was pﬁf-r/fl ed b LC ng Et CAFNeOH{20: D) o gel to give
45 mg (92% of a white ol a i zonpound. 1H VETHANCL- D

4) : d 1.39 - 1.52 (m 4H) 2.06 (s, ¥, 2.17 - 2.33 (m A H), 3.17 -
3.27 (m 4 H), 3.31 (s, , 3.32- 3.3 (m 2 H, 3.497$.59 (m 4 H),
386-396(m2H)41dJ762Hz 2 H), 7.58(dd .79, 2.15 H,
1 H, 7.77 (d, J=8.98 Z9{ H), 7.85 (d, J=I. 76 Hz, 1 ;I\/S(ESI)(M+H)+

C3a6. 57, F&ﬁog% Lol FORTREPBIBOR TR 0, M PRRANRID .
4-(2, 2- dflljdyllﬁémﬂmﬂﬂ l)enzhhﬂ&i&-}ﬁl—yl]-w-{nletmfl;ﬁperahydﬂ esubfonamide (45
H-pyran -ylmethyl)-2- (trifluorone

H ber®i nimaiblQ )%@%@FC&%W Pe%%ﬂyi BWQW%IQSFIBE’I QoFHEeR-rEeh P§PEdur e i n
Exanpl e Eb%nfléa'bgge\u'rs@%hggé HpLE! fo(ﬁr%ﬁ@tim%ﬁ NI RYE-APButyl-1-(tetrahydro-

2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide
(TFA salt, 64 mg, 96 %). "H NMR (400 MHz, CD;0D, TFA salt) 3 1.58 (m, 4H),
1.67 (s, 9H), 2.36 (m, 1H), 3.28 (m, 6H), 3.33 (s, 3H), 3.47 (m, 2H), 3.74 (m, 2H),

15 3.92 (m, 2H), 4.52 (d, J = 7.6 Hz, 2H), 7.40 (m, 2H), 7.46 (m, 3H), 7.68 (d, J=9.0 Hz,
1H), 7.80 (s, 1H), 7.95 (d, 3=9.0 Hz, 1H); MS (ESI) (M+H)"554.0.

Example 77
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl] -V~
20  methyl-4-(3-methylbutanoyl)piperazine-1-sulfonamide

Obhemyg SO o
o e

Following the procedure in Step A of Example 60, N-[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1 H-benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide (45
mg, 0.10 mmol) was reacted with 3-methylbutanoyl chloride (24 mg, 0.2 mmol), after
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4-yl met hyl )-2-(trifiuoronethyl)-1

H benzi m dazol - 5-yl ] pi per azi ne-1-sul fonam de (43 ng, 0.096 mol ),

tri et hyl anoneogb2s38y, 0.12 nmmol) and 2, 2- di net hyl pr opaneygir/sebdosnodes (14 ng,
0.12 mml) in DCM (5 nlL). The crude product was purified by MPLC using

Et OAc/ Hex(2:1) on silica gel to give 51 ng (97% of a white solid as the
title conpound. 1HNMR (400 WMHz, METHANOL-D 4) : d 1.22 (s, 9 H), 1.40 -

%- EI)4 ( gl ;t)ﬁin urified By revdrstiphass HRLE) to p'ioéhﬁe N—Eﬂrz@&‘ Kmyl—ﬂ-(tkﬁahyﬂrcﬁgH- 433(;6( é m
) . S )
J=7.62 H?yrazl-%yhn%ﬂkl ’epnzméa@ér%m «@@mpr;pyl 4- (ﬁomemylgmawnpﬁ%az? 1H,

Sarnsrareuingids FEA Bl @%/Bmé@& %@@@8%@%@%@%&”11_ 95;

Found: Cp. @O(dBJ-ﬁ HHz56 ,,1 A8, (mlhﬁam 4E@9Hbez 60 (m, 1H), 2.09 (d J=6.9 Hz,
N—(l;[{Ztert But |quoroc

N- ben |m2@ﬁ22>1225m }(3 Gﬂylzﬁirﬁ ho (Bl bﬁﬁ%@%ﬁﬁéﬁ%ﬂm )33 (ani geSt fap A.
N-(1- t
By1) (ks S T G P L S B SP S RRE D LR B T BRBE I 25 o

mol ) way.@d@etH); M® (BSK ¢MHH)058408. triethylamine (2.0 mmol) and 4-am no-
-{2-tert-butyl-1-[(4,4-difluorocyclohexyl)nethyl]-1// -benzim dazol -5-

yl'}- N-net hyl pi peridine-1 -sul fonam de (crude product fromstep D, 0.9 mmol)

in CHO %}&%Qplgyg After being stirred at roomtenperature for 1 hr, the

reacti on m xture was concentrated under reduced pressure. The residue was

t hen 1pur iNVH[2derbBusylti-Gatrghy drok? Byt anqdayiine iy OEEbenzinvisiazp1A8-gHt4-( 1: 9) ) to

ive N-( 2-t - dj fluor cl.qhexyl ) net hyl J-1
EI— benzi m](Béé&mey ?F??@%&W?‘&‘&]‘MBT@G}“%%VP@%%&@Fd| % )4 yl )gcet anide as a
solid (235 ng/J\8 |or steps A-D). 1H NMB (490_\M-|n ICDSCD TFA salt) d

1.28 (m ZH)_lelJQSZLN?G m 1. 64(s 2.04 (m 2H),
Lfp SR S (o AR
Hz, 2H), 7.60 (d, 777 1H), 786(d :

Step B. 1-{[{2-tert-Butyl - (4, 4- orocyclohexyl)rrethyl] 1
H benzi m dazol -5- yl} (et am no]sulfonyl} 3-net hyl -1i dazol - 3-ium
triflate3-(lmdazol e-1-sul fanyl)-1-nmethyl-3Himdazol-1-{umtriflate (508
ng; 1.4 mmol) 0 0

Following the procedure in Step A of Example 60, N-[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-y1}-N-methylpiperazine- 1-sulfonamide (50

15 mg, 0.11 mmol) was reacted with cyclopropanecarbonyl chloride (21 mg, 0.2 mmol),
after being purified by reverse phase HPLC, to provide N-[2-tert-butyl-1-(tetrahydro-
2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-4-(cyclopropylcarbonyl)-N-
methylpiperazine-1-sulfonamide (TFA salt, 45 mg,” 71 %). '"H NMR (400 MHz,
CDCl3) 6 0.76 (m, 2H), 0.95 (m, 2H), 1.53 (m, 4H), 1.57 (s, 9H), 1.69 (m, 1H), 2.32

20 (m, 1H), 3.21 (m, 2H), 3.28 (m, 2H), 3.30 (s, 3H), 3.33 (m, 2H), 3.60 (m, 2H), 3.70
(m, 2H), 3.98 (m, 2H), 4.20 (4, J = 7.6 Hz, 2H), 7.31 (m, 2H), 7.72 (s, 1H); MS (ESI)
(M+H)*518.0.

Example 79

25  N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl}-V-

methyl-4-propionylpiperazine-1-sulfonamide
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was added into a solution of

2-tert-butyl-1-[(4, 4-di fluorocycl ohexyl)nethyl]-Nnethyl- |.

- benzi m dapabecszessne (300 nig, 0.9 mMmol) in acetonitrilpeT(SEBoosid140Af t er
being stirred at roomtenperature for 2 hr, the reaction m xture was
concentrated under reduced pressure. The residue was then dissolved in
AcCEt (60 niL), vvashed with brine, and dried over Na2SO4. After renoving of
sol vent s prov xture (1:1) of - O

9
{2-tert- btuN q ocycl ohexyl ) |'] N—I:%HN e ndazgl -5ryl} -
N- et hyl -1 f- dagol e uI m de and g—z—Jteot -b - 1\>(—7§
difl uorocycl ohexyl ) net enzr m _dazo -5 yl}(meth o)/sul fonyl } - 3-

met hyl - 1H i m dazol - 3- |un1tr| Iate mhlch was di ssol ved in dighl oronet hane
(10 mL). The resulting s ion was treated with nethyl
trifluoronethanesul fonate (0. 5 nmmol) at O0C for 2 hr. e peaction m xture
was t hen concentrated un@ reduced pressure to give

ot hyl ) aodg é‘rmy%agﬁc% it A S LA o VAT T O REOR ol 10,

whi ch wa e y ert-Butyl
A1 ¢ oDy EER k5 8L SOl ANy A0TSR DIl BB 0 y

benzi m dem@IO-Bmh;o@)m@mhgtahwﬁb]pmah@nwhl}l}ﬂfpbr@ﬂm& @%Kmn@la)r pléarat eA sol ution
OT Hu S base \%ai ;lggtrﬁ‘gﬁr%e) Qbiase iﬂ’i% %oeprrcwae ﬂ2 z%rz[ ‘tguz%yld'l (tetrahydro-2H-

diflu
- benzi m 4—'§hﬁétﬂ§19llhﬂﬁaizﬁhid@ﬂcﬂlﬂ ilWinlet@[mIptbpmﬂﬂpipmadﬁioll-- 3-ium

triflate (crude product from Step B, 9 mmol ) and tertbut

pi peri di rsukfogarmdﬁ Edselt,(22002.73, %1 HW @ODM%@P@QM@_}X%J;%M ed for 1
hr at 80%—1?% 33"{%5@? éﬁéﬁﬂ iy 7&83{@', a5 &Nsh) SPNEERLFRL §95 ' Rdst) Begyiced

pressure
(1- {[{2 t(@@H)bBIBS"(leH?‘BA& f2IH)OB eoml mpms)@ietmuszmniv BiHiRzol -

5-yl} am no] sul peridin-4 ¥I)carbanate as a solid, which was
csod 1 D § 31 kmeeih T2 (s RIS (ESD) D’ S66.0

4- Arai no-N-{2-tert-butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-1
Hbenzi m dazol - 5-yl}- -nmethyl pi peridi ne-1-sul fonaraide A solution of

t ert - but yExample 80

s e Sl A S TR L o
Step C Qsshufmhiv- h{btﬁﬁp{ﬂer%gl%u%ﬁaﬁl{@eat ed with 10 nL TFA at room

S\ Q1

Ot Ot
% o

Following the procedure in Step A of Example 60, N-[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-N-methylpiperazine-1-sulfonamide (50

15

mg, 0.11 mmol) was reacted with 2-methylpropanoyl chloride (22 mg, 0.2 mmol),
after being purified by reverse phase HPLC, to provide N-[2-tert-butyl-1-(tetrahydro-

20  2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-4-isobutyryl-N-methylpiperazine-1-
sulfonamide (TFA salt, 35 mg, 50 %). "H NMR (400 MHz, CDCl3) & 1.10 (d, J=6.6
Hz, 6H), 1.53 (m, 4H), 1.57 (s, 9H), 2.30 (m, 1H), 2.73 (m, 1H), 3.15 (m, 2H), 3.30
(m, 2H), 3.31 (s, 3H), 3.33 (m, 2H), 3.50 (m, 2H), 3.60 (m, 2H), 3.99 (m, 2H), 4.20
(d, J=7.6 Hz, 2H), 7.31 (m, 2H), 7.72 (s, 1H); MS (ESI) (M+H)" 520.0.
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tenperature. After being stirred at roomtenperature for 1 hr, the reaction
m xture was concentrated under reduced pressure. The residue was then

di ssol vedworods@B433( 60 nL), washed with Na2CO3 sol uti onpremgEbsosnel40mnd
dried over Na2SO4. fter renoving of solvents provided the crude 4-am no-N
{2-tert-butyl-I -[(4,4- difluorocycl ohexyl)nethyl]-1H benzi m dazol -5-yl}

- N- et hyl pi peri di ne- 1- sul fonam de, which was used in Step A w thout
purification. Exanple 61

N-(1-{[{2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)methyl]-1 H benzi m dazol - 5-
yl } (et hﬂxﬁa}ﬁ @81 sul f onyl } pi peri di n-4-yl) -2, 2-di net hyl propanani de Fol | owi ng

t he proc p Al-1 (4, 4-

di fl uor ocy *ﬁ“ﬁﬁlq Qtﬁt ﬂly@%@ﬁgiﬁ?ﬁ‘ag?gfnygplﬁhﬂ&@ﬁ@%ﬁgﬁﬁpg i di ne-1-
sul fonam(ciﬁl((lﬁﬂylafgrbcﬁmyl) Mmét}nylmlsemme{lesjllﬁdmmlﬂe 2- di met hyl pr opanoyl
chloride (24 ng, 002 mol ), after being pur|f| ed b reverse phase HPLC, to
provide N-(1-AT{\2- ut?i\a]rt butyl 1-[ (4, 4-di f R é—?ﬁl_%h yI)methyI] 1

H- benzi m d&zo| - 5
e (TFA

yl } (et hyl)am no]s@lfo di n-4-ylgA\2, 2-di mef’nyln

salt, 7 nmg, 10 % . 1HN (4(Db FA salt) d 1.28
(m 2H), 1.53 (m 3H), 164 s 1.76 (m 5H), 204( ,224(m
1H), 2.87 (m 2H), 3.28 68(m 3H), 4.50 (d, 7.6 Hz, 2H),

7.60 (d, J 9.0 Hz, 1H)4 777(s 1H), 7.86 (d, J = 9.0p
(M+H) 5820 Exarrple 62

N-{ 2- t er tpofldlvidg the Epf(ﬂ:edm@'ufl Kipro6yEXAREX ¥b) WEL By butyl i (arabl dlodEzol - 5-yI } -

Nrret hyl nor phol i'ne- “4-sul f onam de Fol | owi n%yt he procedure in Ste C of

Exanpl e Qﬂl‘anlél{yll{lﬂhy}éflﬂ benzimidazqlS4yl-V-gie lR}P@é?é? -oriulonamide

Hb d 3

Cri T at o 10 0ol oD e fled P SRk ol oS, @‘f%%? iter
F(el4 ng glu ][dlfﬂ:cjg s;glcrtggplugﬁig)e( rbsyee\rﬂtﬂ%s;ﬁlakwact o pooide Ae[MNefZouttyr1- (tb’lnm};yldrd:-

H—berlﬁ)l m?&é@manys’ty eflyyl ) H&?P%’ﬁ%ﬁ%?@ Frelld-(Sghdrtheydr¥a salt, 56 ng, 93

0 7 4 , 9
2/30 A ( %&Bg%g%a e%%i%ngﬁg gﬂﬁ(t\n%an%é,ﬂé%ns%) Q{NMRQ@O%/%{z?m ZH) HL 0
(d, J = TCBCHEs 25D (m7416)1 (37 (3,581)01.80 -2.06{(tn, ZHY, 2. 13s(m, DH), 2.31 &m( 3ED), -

3.14 (m, 2H), 3.20 (m, 3H), 3.30 (s, 3H), 3.32 (m, 4H), 3.35 (m, 2H), 3.91 (m, 2H),

4.20(d, J = 7.6 Hz, 2H), 7.31 (m, 2H), 7.72 (s, 1H); MS (ESD) (M+H)" 532.0.

1H): Ms (ESI)

15
Example 82
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-4-
butyryl—N—methylpiperazine—l-sulfonamide

2 N S—-
H-N N—('SS_N\©:N\ : N (,5 \(:E <
N __,________)

o] 0o
20  Following the procedure in Step A of Example 60, N-[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-yl}-N-methylpiperazine-1-sulfonamide (50
mg, 0.11 mmol) was reacted with butanoyl chloride (21 mg, 0.2 mmol), after being
purified by reverse phase HPLC, to provide N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-
ylmethyl)-1H-benzimidazol-5-y1]-4-butyryl-N-methylpiperazine-1-sulfonamide (TFA
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J=9.0 Hz, 1H). Exanple 63 :
N-{2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-I r-benzimdazol-5-yl}-
Nnet hyl pywoabéedizpess 1 - sul fonami de Fol | owi ng t he procedece/sEmoSoheRoC of
Exanpl e 60, 1-{[{2-tert-butyl-1-[(4, 4- :

di fl1 uorocycl ohexyl ) methyl]-1i/-benzi m dazol -5-yl } (et hyl ) am no] sul f onyl } - 3-
nmet hyl - 1H- i m dazol -3-iumtriflate (0. 1 mol) was reacted with pyrrolidine
(28 nyg, @alﬂzmmg )4,0 %j t‘HrNMRl(IZLQO Mz [CR0LDY 0.8 6r 5. szas:ﬁ{Hmse(m,o provi de
N-{2-tert- but%/ fluoroc clohexyhgrepwﬂw azol -5-yl }-
_met hyl p¢Ed.ol- b 4S8 léﬁﬂm,o?%)n%a%( TErd &g, 2H) % (400 MHz,

CD3CD T 4 6 .86 (m
?64&?& 2@"3 %o %23%{2:3 ?Z%:gm %ﬂ) 94%&1 25?"3 é(kgm 2]H)6§ 9@% QH%( 3H§

4 49 (d 40X 7T 4 THzHz 229)), 73258y 2F),J=R @, HA); MBI ESL) (]VI?*-H)sSZQO-I) 7. 84(d,

J=9.0_ Hz, 1H); M5 (ESI) (M+H)+ 469.0. Exanple 64

-{2- t%rt Butyl -1-[ (4, 4-difluorocycl ohexyl)net hyl ] -1 JE?- benzi m dazol - 5-yl }-3

, 3- dlflig‘réxg}h??t hyl pyrrol i di ne- 1-sul fonam deFol | owi ng the procedure in

Step Co e 60, 1-{[{2-tert-butyl-1-](4, 4-

di f1 uor oayﬁ[Zetcethﬁty«l»tlP(\tettialiydrbéﬂ_-pmzdaéqﬂmstlgyﬂ)j—lﬂtmzhﬂidiﬁMﬁsuI fonyl }-3-

met hyl -1 zol.- i e (0.1 nmm s feact.ed with 3, 3-

difl uoroﬁ@ﬁ‘?‘g}}ly a?ﬂa‘“? E l"&ﬁ%fhﬂp'&’ﬂ W‘)“bfaﬂbb"dﬁf‘r ﬁfed by reverse

phase HPLC, t roml

-{2-tert-but [_g4N4- l,{pr ocycl ohexyl )yeNﬁ—y—I\\r azol - 5-

yl}-3,3-difl torol Smoi dne- 1- sulLfjonahi-de GTF\ ng, 26 %.

1H NVR (400 MHz, CBSCD ) d 1.40-1)76 (m 6H) 3 64\s,/\9H), 2.04

(m 2H), 2.24 (m 1H), 2.38 m 2H), 3732 (s, 3H), 3.52 (m $H), 3.60 (m

2H), 4.50 (d, J = 7.4 H , 7.59(d, J=9.0 Hz, 1H), 7. s, 1H), 7.86(d,

O

J=9.0 Hz, 1H); Ms (ESI) { M+B) + 505.0. Exanple 65

N-{2-tert-Butyl-1-[(4, 4-@i¥1 uor ocycl ohexyl ) et hyl]-1I

+bengl mFch)?l%)\?vllngSth)e/ lp}fc;olglcrlrgge ?I)ll lS{ef)(X(ng ](EZ)J{::{H?IIJIQ e6-0 ]%/'-[3 Lt”erz‘-(l):)u’ryl 1- (tetrahydro 2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide (45
mg, 0.1 mmol) was reacted with dimethylcarbamoyl chloride (22 mg, 0.2 mmol), after
being purified by reverse phase HPLC, to provide 4-{[[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-y1}(methyl)amino]sulfonyl}-N,N-

15  dimethylpiperazine-1-carboxamide (TFA salt, 56 mg, 88 %). '"H NMR (400 MHz,
CD;0D, TFA salt) § 1.54 (m, 4H), 1.67 (s, 9H), 2.37 (m, 1H), 2.82 (s, 6H), 3.23 (m,
6H), 3.33 (s, 3H), 3.36 (m, 4H), 3.91 (m, 2H), 4.53 (d, J = 7.6 Hz, 2H), 7.68 (d, J=9.2
Hz, 1H), 7.81 (s, 1H), 7.96 (d, J=9.2 Hz, 1H); MS (ESI) (M+H)"521.0.

20 Example 84
4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-isopropylpiperazine-1-carboxamide
Q1 Q /N R

H-N  N-S-N N N-S-N

- -5 —§- N

OFheny O
N ) N
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Foll owi ng the procedure in Step C of Exanple 60, 1-{[{2-fer -butyl-1-[(4, 4-
di fl uorocycl ohexyl )nmethyl]- | . -benzi m dazol -5-yl}
(et hyl ) avonojezsbdsenyl } - 3- et hyl - 1H i mi dazol - 3-i um t ri Plcatse2¢od/0d14030l ) was
reacted with isoxazolidine hydrochloride (44 ng, 0.4 nmmol) and Hunig's base
(2.0 nL), , after being purified by reverse phase HPLC, to provide
N-{2 tert-butyl-1-[(4, 4- difluorocycl ohexyl)nethyl]-Ii-

- benzi mFdewingEthg/pl}ocbdureurhSﬂepséoafalbcﬂmpic ﬁ&,-fﬁ-{%ﬁﬁf‘! bh@hﬂd@ﬁ(amos?zﬂ t, 58 ny,

39090, S, (100, ey, SO THA S0 bebyiiniel St o O (5,
4 1 1 E mmé'd)l mﬁlo'i’)lwﬁéjreac]ted Vmﬂ 1:!?%rop%z|1'|)socy7arﬁ€é (Mmgl lﬂ)Z mbaod) aftéd behd; MS

(ESI)
L2 AN B by Fserss mpsS HELO oy ey 2ttty (etrabydzo-2H.pyren-

Fol | osi nd- Tre tyPataisparidiel-stietemO DRRIR RS0 1R Batn b BaRc % (4 4.
d'f'uoroqy&ma;&%a_@mm 6hmg3©ez/syﬂ1qu Bow ML ALY, 4 4 @nyl} 3-

met hyl - 1H-1 m iumtriflate mol) was.reacted with

di f | uor odi. h)a(ldl, ﬂ?%szdedfﬂ&(m,dﬁ)( 567 (1&39H() 3%rtrol YH)a AR OHom gD 3. %se (1.0

Mot yi - 1. G2 A Bl Sk S 33 kA B Py

-4, 4-di f lyor 4 MILEE NI 535.86 , 57 9 1H
VR (400 ot BB B O 1 D A oy 3 07 (m

6H) , 1224(m 1H), 331(s 3H) 3.38 (m 4H), 4.50 (m 2H), 7.60(d, J=9.0
Hz, 1§§ 7.87(d, J=9.0 Hz, 1H); M5 (ESI) (M+H)+ 519.0.
Exarrpl e gutyl
4-{[{2- t ef-{[[2-Fust-Blutyl- ][-(tétrﬂhyihi)LzIﬂirWeaac-hqﬂmeﬂi)amEHkl}dn]znﬂldlalzdii&hz| m dazol -
5-yl} (et hﬁl ) am no] sul f onyl } pi perazi ne- 1-car boxyl a{)eFoI Jowi ng the procedure
in Step CldmethydiapnigolsylfonylfyY- qul@pqntﬂafg;qra{mf-( zcaxboxamide
di fl uor ocycl ohexyl thyI ] - 1Hbenzi m dazoly ! }(rr@ yl ) am no] sul f onyl } - 3-

met hyl - 1H—| umtr| Iate(20rrrm dW|t tert-butyl
pi per azi ne- 930 U, an.d/Hlaﬁl .0m),
after being purlfl

15  Following the procedure in Step A of Example 68, N-[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide (90
mg, 0.2 mmol) was reacted with isocyanatocyclopentane (44 mg, 0.4 mmol), after
being purified by reverse phase HPLC, to provide 4-{[[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-y1](methyl)amino]sulfonyl} -N-

20  cyclopentylpiperazine-1-carboxamide (TFA salt, 135 mg, 100 %). "H NMR (400
MHz, CDCl3) § 1.28 (m, 2H), 1.54 (m, 4H), 1.57 (s, 9H), 1.59 (m, 4H), 1.97 (m, 2H),
2.30 (m, 1H), 3.19 (m, 4H), 3.30 (s, 3H), 3.33 (m, 6H), 4.02 (m, 2H), 4.07 (m, 1H),
4.20 (d, J=17.6 Hz, 2H), 4.38 (m, 1H), 7.31 (m, 2H), 7.72 (s, 1H); MS (ESI) (M+H)"
561.0.

25
Example 86
4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino] sulfonyl}-N—methylpiperazine—l-cafboxamide
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silica gel chromatography, to provide tert-butyl 4-{[{2-

tert-butyl-1-[(4, 4- difluorocycl ohexyl)nethyl]-1 H benzi m dazol - 5-

yl } (met hwpamenskssal f onyl } pi per azi ne- 1- car boxyl at e ( 730 PowSES®5/491405 HNVR
(400 MHz, CDCA3) d 1.39 (s, 9H), 1.46 (m 3H), 1.51 (s, 9H), 1.67 (m 3H),
2.09 (m 3H), 312(m 4H) , 325(5, 3H), 3.35 (m 4H), 4.16 (m 2H), 7.22

(m 2H), 728(d J 8.6 Hz, , 7.67 (s, 1H); Ms (ESI) (MH) + 584.0.
Exanpl e 68 4- H42- Qen t Butyl -1- [(4 4- d|f|00roy—yfs\l oﬁ’exyl)nethyl] 1

H benzi m daznl - BN— I—N k) ami,no] sul fony N

N-i sopr opyl pi azbneﬁ de StepHA \@;mg?{d
4-{[{2-tert-Butyl-1-[( roc cl hex}?l)methyl] 1 azol - 5-

yl } (et hyl ) am no] sul fonyl } - i sopropyl pi perazi ne- 1- car boxanp del sopr opyl

i socyanate (85 ng, 1.0 was added into a solution o i et hyl am ne
(1.0 nmmol) and N—{2fer -bu yl -1-[(4, 4-di fluorocycl ohexyl\ )npt hyl]-1

H beii zi m dazol - 5-yl}- t hyl pi perazi ne- 1- sul f onam de @ 0 ng, 0.21 mmol)

in CHZCIZ 10rr1_ After bejng stjrred at hr, th
reactionh S?WEH‘get G\IBEOCE ‘HEérh%'iegtAeB% 1aP§d9"igj&”gEB‘§i a’?ﬁ‘grr y Eiue w:s
th i t

0 o T A et e 0 01

H benzi mrn@ﬂoll&ﬁuyﬂ)}wﬁmadigd Yithineshd usdcmmaltﬁ} 2117N’1&(9p¥ tmlwl): after being

B AR B Dol g o B MBI,
2 14 (M £¥hnet 1)2@H(HEhmﬂi“BlazoﬁS%@]}fn&thg@b%mo?sﬁiﬁnﬁlleﬂr@thylﬁpofhzﬁm1 -1H), 4.22

(m 2H), 4. 35 (d Hz, 1H),
27(s, catpranio @8 sal twsrmg, &%) 0'H NI (490 Mz, CDCly) 6 1.45 (m, 4H),

yi N et o SR 2AT B R BRSO Dt 2RO R R (o

tert-but (A4 dfchucs peied, obpxyl3 (@t 28 (Hdherpj no2l QH MS
rre%gjh%/II ani né] sul(f onyl } pi pe?gm ne(fﬁ E%jr]gox;lﬂgt SBJ( 720®zrrg, )1 23 mmol ) in

10 m_IE)CHZESD MY 5830ed with 10 nl TFA at roomtenperature. After being
stirred at roomtenperature for 1 hr, the reaction m xture was concentrated

Example 87
4-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl] (methyl)amino]sulfonyl}-N-cyclopropylpiperazine-l-carboxamide
O
II I !

Ot _ O en

o e

Following the procedure in Step A of Example 68, N-[2-tert-butyl-1-(tetrahydro-2H-

15

pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylpiperazine- 1-sulfonamide (50
mg, 0.11 mmol) was reacted with cyclopropyl isocyanate (25 mg, 0.3 mmol), after
being purified by reverse phase HPLC, to provide 4-{[[2-tert-butyl-1-(tetrahydro-2H-

20  pyran-4-ylmethyl)-1H-benzimidazol-5-yl](methyl)amino]sulfonyl}-N-
cyclopropylpiperazine-1-carboxamide (TFA salt, 56 mg, 78 %). '"H NMR (400 MHz,
CDCl3) & 0.53 (m, 2H), 0.68 (m, 2H), 1.53 (m, 4H), 1.57 (s, 9H), 2.30 (m, 1H), 2.61
(m, 1H), 3.18 (m, 4H), 3.30 (s, 3H), 3.33 (m, 6H), 3.99 (m, 2H), 4.20 (d, J = 7.6 Hz,
2H), 5.01 (s, 1H), 7.31 (m, 2H), 7.70 (s, 1H); MS (ESI) (M+H)" 533.0.
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under reduced pressure. The residue was then dissolved in AcOEt (60 n),

washed wi th Na2CO3 sol ution and brine, and dried over Na2SO4. Renoval of

sol vent spwouvhemdsasude N- {2-tert-butyl - PCT/SE2005/001405

1-[ (4, 4-di fluorocycl ohexyl)nethyl]-1 H benzi m dazol -

yl }- N-net hyl pi perazi ne-1 -sul fonam de (434 ng, 73 %, which was used in
p Awthout purification. Exanple 69
[{2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-1 H benzi m dazol -
(et hyl ) am no] sul fonyl }- -met hyl pi perazi ne-1- car boxam de Fol | owi ng t he
ceduré’iaﬁllﬂf A of Exanple 68, N {2 tert butyl- 1- [(4, 4-

e
%
0
}c | uor Owgkfgkz%ﬁhlﬂgt Qé@rlahydro %II \;\Qg re ly-ﬁﬂ&ﬂe}nzﬁhmk&)@ pi perazine- 1-
0
{
}

t

I
r
i
ul fonam d nmet hyl 1socyanate (57 ny,
mmol )y,l](mfethyl)almnn]}utfunyli}ﬂ‘édydjybu;]ylplpaagmle letm‘bmamqleaphy, to provide 4-
2-tertbutyl - b(4 4-difluorocy clohexyl)nethyl ], -1H— benzi m dazol - 5-
(et hyl }_Ia no sul flonyl } - N-nmet hyl pi per |né_\1 clar oxam de (TFA salt,
,64% @zzr , )d14§im3,u 167(m
210(m , 2.7 3.14 (m , (s, 1(m 4H) ,
6 (d, J = 7.4 Hz, 2H)3 (m—}H)—>7 (d J86 I .25 (d, J=
Hz, 1H), 7.65 (s, 1H)' (ESI) (M-H) + 1.0. Exarrple 7Q
[{2-tert-Butyl-1-[(4,d&-d\fluorocycl ohexyl)nethyl]- 2| m dazol -
(et hyl ) am no] sul f ony N- cycl opr opyl pi per azi ne- 1 capb arri deStep A
[
(

5-
S
4-
y
p
di
S
1.
{

[
yl

£8=

{2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl)nethyl]-1 H benzi nidazol - 5-

et hytqlRwinOiRYrbesdvted m HMNes YCHOBL AL @BPM[aztbﬁQruiquaEta@ai@ﬂw:lEHFol | owi ng
procedure in Step A of Exanple 68, tert-bu 4, 4-

| uor odyEdfekpEt tlﬁfrbfnzlmﬂﬂﬁ‘én%ylw\&wmylrspim}mﬁ\ir%@ﬁ@f}‘l‘fﬁ}dﬁer az?the- 1-
f onam t nat e
.0 m"mlr§gg 6?? ?‘ﬁéslf)e&r éﬂ\@gdgﬁ#?lc%ggﬂng gb?gﬁf%&?%@%ﬁr ovi de
E{ 2- ht‘t{b;irtgbpﬁrﬁkd lfl;;I[eérdrlsépﬂal\sl‘_ial}mnls@my(plrmh@(%{I[@behyju}:yléll Eﬂeﬂnahyﬂgmﬂg‘_’?lz: Z | - I
met am no] sul fonyl }- .N-cyc oxam de sal t,
0 633/??“/’6“' 49) RIEW@ U%bé @gg@&ﬁ&%ﬂ gazs‘rﬁ%?ﬁyl}c%’[ 54 (m 1H), 0.72
2H), cyclobutylpiperazine-1- carboxarmde (TFA salt, 39 mg, 54 %). '"H NMR (400 MHz,
CDCl3) § 1.53 (m, 4H), 1.57 (s, 9H), 1.69 (m, 2H), 1.79 (m, 2H), 2.30 (m, 3H), 3.19
(m, 4H), 3.30 (s, 3H), 3.34 (m, 6H), 3.98 (m, 2H), 4.20 (d, J = 7.6 Hz, 2H), 4.23 (m,
1H), 7.31 (m, 2H), 7.72 (s, 1H); MS (ESI) (M+H)" 547.0.

j—l _—
——h(‘D'—v-‘f-Hhv-'r-“ﬁc’H
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Example 89
N-(tert-Butyl)-4-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-

benzimidazol-5-yl](methyl)amino}sulfonyl} piperazine-1-carboxamide

20  Following the procedure in Step A of Example 68, N-[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1 H-benzimidazol-5-y1}-N-methylpiperazine-1-sulfonamide (50
mg, 0.11 mmol) was reacted with tert-butyl isocyanate (29 mg, 0.3 mmol), after
being purified by reverse phase HPLC, to provide N-(tert-butyl)-4- {[[2-tert-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-
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1.54 (m 2H), 1.56 (s, 9H), 1.72 (m 3H), 2.14 (m 3H, 2.50 (m 1H), 2.60
(m 1H), 3.18 (m 4H), 3.29 (s, 3H, 3.34 (m 4H), 4.22 (d, J = 7.4 Hz,
2H), 5. 02awoOrmoeldshe337.28 (d, J = 8.6 Hz, 1H), 7.32 (d, JpeT8EbSookmo14ddd), 7.71
(s, 1H); M5 (ESI) (MtH)+ 567.0. Step B. Cyclopropyl isocyanate A solution
of cycl opropylamne (57 ng, 1.0 mmol) and DEPEA (3.0 mml) in 5 nL THF was
slowy added to a solution of triphosgene (105 ng, 0.35 mmol) in 10 nL THF
at 0C. AMMe&QI)ﬂmmolmnﬁ)}pipemﬁmyﬂ —carbacydda (B 4 siltj?0ang W<e)u<Hd direct!ly

a1 5P AIRADS M GRCH) 81 16 S s Br@e Db SR PF, 188 621 b dazol - 5.

yl } (et hyl S C t I tepA
Attt D R U e s e A

yl } (met hyin) am, np’}':sg; | 1 ERWMS (ESH VEHDbH4Y0.pi per azme- 1- car boxani i de Fol | OWI ng
the procedure in Step A of Exanple 68, -{2-tert-butyl-1-[(4,4-

di f1 udrocycl ohexy nmet hyy-1 H benzi m dazol -5-yl |- N nethyl pi perazi ne- 1-

sul f onam Iﬁg , 0.12 mmvl) was reacted with cyclobutyl isocyanate (1.0
rnmol ), a eing purified by silica gel chromatography, to provide
4-{[{ 2- Ummjmm-y[[z-le; t-Bludyldl- (e trabpd e JHHyiren - Jlneg gl)-JL b enzimidazol-

H benzi m dazol I | ).am nol.sul.f onyl ycl obut yl pi per azi ne-

1- car boxéﬂ‘é‘é‘l‘(#ﬁx @H’iﬂﬁmt‘g’é Ipexgzigg-1 '%&WL&“&%O Mz, CDCI3) d 1.52 (m
2H), 1.56 (s, 0172(m 8H), 2.04 (m g3H 32)(]m 2H), 3.19 (m 4H5
3.30 (s, 3 3 2

4.21 (m 2H), 7.27
(d,J8.6Hz\_'LH) 573 : 8/6 Hz, 1HpN 7. s"lm%(wl—b+
581.0. Step B: Cyclobu f nate A _sol §tion of cyc e (71 ny,
1.0 mol) and DI PEA (3.0 nmo}) in 5 nC>THR was slowy added §o0 a sol ution
2
O

of triphosgene (105 ng, Q- mmol) in 10 nhTHF at O0C. Af 30 min, the
cycl opropyl isocyanate sol utyi on was used rectly in Ste Exanple 72
N-{2-ferf-Butyl-1-[(4,4-0i
Hr - benzi i ni dazol -5-yl }- Nreth

4-{[ (18et rﬁqllszmmg)yf@@rmdwe]laﬁfqm of Beample 98, N=[3em Stk lddetrahydro-2/7-
pyran-4-ylmethy1)-1 H-benzimidazol-5-y1]-N-methylpiperazine-1-sulfonamide (50

uor ocycl ohexyl ) net hyl ] -1

mg, 0.11 mmol) was reacted with butyl isocyanate (29 mg, 0.3 mmol), after being
purified by reverse phase HPLC, to provide N-butyl-4-{[[2-tert-butyl-1-(tetrahydro-
2H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1](methyl)amino]sulfonyl} piperazine-1-

15  carboxamide (TFA salt, 26 mg, 36 %). "H NMR (400 MHz, CDCls) § 0.90 (t, J=7.2
Hz, 3H), 1.33 (m, 2H), 1.46 (m, 2H), 1.53 (m, 4H), 1.57 (s, 9H), 2.30 (m, 1H), 3.16
(m, 6H), 3.30 (s, 3H), 3.35 (m, 4H), 3.99 (m, 2H), 4.20 (d, J = 7.6 Hz, 2H), 7.31 (m,
2H), 7.72 (s, 1H); MS (EST) (M+H)" 549.0.

20 Example 91
N-Allyl-4-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-
5-y1] (methyl)amino]sulfonyl}piperazine-l-carboxamide

O
I

Oy _ e
o o
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Foll owi ng the procedure in Step A of Exanple 68, 4-am no-
-{2-tert-butyl-1-[(4, 4- difluorocycl ohexyl)nmethyl]-1 H benzi m dazol -5-yl}

- N- net hylwopesdadsess- 1- sul fonam de (50 ng, 0.1 nmol) waeT/SE25001408 t h

nmet hyl isocyanate (57 ng, 1.0 mmol ), after being purified by silica gel

chr omat ogr aphy, to provide N-{2-tert-butyll-[(

4, 4-di fl uorocycl ohexyl)nethyl]-1 H benzi m dazol -5-yl }-N net hyl - 4-

{[ (et hy manbwm)gqae pmwadramﬁ smbm OE]Eiaiﬁpleéa, N-lﬂt-ft@m«baiydié ~(teHaby d&at2H- 49 ny, 73
%. 1 NVR (400 MHz 1.72

(m 3H) pyraget-yhmetbyl)- 111%‘)%%#?20&15)%@’ Wl?@&?lp%* meé Sg%mearﬁna ‘_éos 3. 27 (s,

Ly g e g S .t 0 24

tert- But Yeink- ;(utrﬁtedbb:yeivwseaiﬂawﬂﬁhmmmnmﬂbw FiyIM-bighrzdri-hiigthZ ol - 5-yl | - Nmet hy
i soxazol i d| ul f ona Fol n ocedure in Step C of Exanple
60, {P Fr@ p [-pymRBH gmfgl}y& Q\@eng (?azof)%

pyran-4- yj ]r@ &% bis @%ﬁ%y%gﬁm ne51' Mdrbéwlha (TRATsRe]®UhE ony%%]iﬁ met hyl -

Hi m dazol 84 mmml ) was reacted with rt-butyl
pi per azi WR(40&M6Z,}GDCE)65]584(@4I-E (])Sﬁ1(rml9)l-1) 280 €m, bH), r$g21p(mm,|4ﬁ{)ed by

Lt er T SIoR A0 b8 Ry b 2B o fa YL 758 b4 -

5-yl t | 1 I 9 V5
(Eé%(?&ﬁﬁz? “H@?of"é fﬁ%x?@?“}(m S B Y R e o- 2

fir-pg9rarb33:0ylinethyl)- 1 H benzi i ni dazol - 5-yl]-N nethyl pi perazi ne- |

-sul fonam de Step A 4-Acetyl-L-[2-tert-butyl-1-(tetrahydro-2

Hr - pyran- 4-yl nmet hyl ) -1 Hbenzi m dazol - 5-yl]- N-nethyl pi perazi ne-|

- sul fonarﬁ,gﬁnﬁglghovw ng the procedure in Step A of Exanple 60, -[2-fer

-butyl -1-(tetrahydro-2Hpyr an-

4-y| et hy- i[{zcmbsmlm-ﬁatz@hy@nyw i et ms thyd-hEnkenzimidagelotrani de

trlfluoro et 1 [ £ acetyl chloride (79
1.0 MM ?“yi}f{“éP°EEBR“9‘3#?F%¥%%?“§V§r@g‘te"%g‘ﬁﬁiééb HPLG, 'to provi de

acetyl - - [ 2/t-e\rt iautyyl -

“OFon 4Ot en

0] 0]

15
Following the procedure in Step A of Example 68, N-[2-tert-butyl-1-(tetrahydro-2H-

pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylpiperazine- 1-sulfonamide (50
mg, 0.11 mmol) was reacted with isocyanatoethane (21 mg, 0.3 mmol), after being
purified by reverse phase HPLC, to provide 4-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-
20  4-ylmethyl)-1H-benzimidazol-5-yl](methyl)amino]sulfonyl}-N-ethylpiperazine-1-
carboxamide (TFA salt, 13 mg, 19 %). "H NMR (400 MHz, CDCl3) & 1.13 (t, J=7.2
Hz, 3H), 1.53 (m, 4H), 1.57 (s, 9H), 2.30 (m, 1H), 3.20 (m, 6H), 3.30 (s, 3H), 3.33
(m, 4H), 3.98 (m, 2H), 4.20 (d, J = 7.6 Hz, 2H), 7.31 (m, 2H), 7.72 (s, 1H); MS (ESI)
(M+H)*521.0.
25
Example 93
4-{[[2~tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yll(methyl)amino]sulfonyl}-N-propylpiperazine-1-carboxamide
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1-(tetrahydro-2 -pyran-4-yl nethyl)-1H benzi m dazol - 5-yl ] - Nmet hyl pi per azi ne-
1-sul fonam de (TFA salt, 58 ng, 53 9% . 1HNWVR (400 MHz, CD3O0OD5TFA salt) d
1.54 (m wb2pocin3bsd3(s, 9H), 2.07 (s, 3H), 2.36 (m 1H), p8TRB2dosM00AbH , 3. 33
(s, 3H), 3.34 (m 4H), 3.55 (m 4H), 3.91 (m 2H), 4.51 (d, J = 7.6 Hz,
2H), 7.65 (d, J=9.0 Hz, 1H)5 7.79 (s5 1H)5 7.92 (d, J=9.0 Hz, 1H); M5 (ESI)

(MrH) + 492.0. Step B: N-[2- tert-Butyl - I-(tetrahydro 2

H pyran-4-yl mpthyl - 1jJ - benzi m dazol -

ylI]-N et h}ql-pl pe ulyf on de A soI Non aN‘ St—eNt- [[2-
tert-butyl - m%n4ylnmll -Idbe
5y|](rrethy|)amno]su| 0By NI azmelcrboxylate( 4mm|) in
10 mL CH2A 2 was treated wit n_ TFA at roomtenperature After bei ng
stirred at roomtenperat for 1 hr, the reaction m xtur s concentrated

under reduced pressure tH ppovide -[2-tert-butyl-1-(tetrahygro-2 H pyran-4-
yl net hyl ) - 1H benzi m dazoP=53yl ] - -nethyl pi perazi ne-1 -su nam de ( TFA

R 2 1 o b BEree st e AL Bytafe i PRS- SR GRS © 7O
-benzi i ”mazrph ﬁ&&ﬁﬁﬂ b énzAmHa 0B 1y IV-QREMN émmhe 1%%&@1&& agime- |

-sul fona the procedure’in Steép of Exanpl e
N-[ 2-t er tmpubyill - mn(oi)eWaahymaﬂ With bwoayamtqprmmhwaﬁ -1g, 0.3 mmol) after

e S ebihal b R BB R B SHIRPAS L Rl pRe 21
g, 1.0 mphn.4- yi’rh&tﬁ&l)h@’{ Balz@m;da&mesiymfnéw xﬁlgo}ghﬂsleylﬁmc to provide

-[2-tert-Dbutyl-1-(tetrahydro-2 yran met h _/)
H ber |21 nirdRdIpipempe] L arbaedeli Bl Tattoyld 24 ek NR: (69 e |

-sul fona F to, salt d
1523 (o GRE) b 091 T3 e pugi g G bl YT, 1 s B0 1)
s, 3 4613) 3. mﬁﬂh 2H)7.6 }15200,7.31 G, 21D, Hz ,
(7652_0,611)3@30553’{}@ 33(&6({-18) 9w P 2(U(T(léIl ?)9 Hz%mll—l) (_I\/S}?EI)
( MrH) M 5387D(s, BREMP4ESH (M*B@nié@p- [2 tert butyl - 1- (t et rahydro- 2
H pyran-4-yl nethyl )-1 H benzi m dazol -
5-yl ] ~N- net hyl pi per azi ne- 1- sul f onam de
Example 94

4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-NV-(cyclopropylmethyl)piperazine-1-carboxamide

H-N NgrL O>\—N N
~§- N -$- N
Oy W Otheny
N N
0 o

15
Following the procedure in Step A of Example 68, N-[2-tert-butyl-1-(tetrahydro-2H-

pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide (50
mg, 0.11 mmol) was reacted with (isocyanatomethyl)cyclopropane (28 mg, 0.3
mmol), after being purified by reverse phase HPLC, to provide 4-{[[2-fert-butyl-1-
20  (tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl](methyl)amino]sulfonyl}-N-
(cyclopropylmethyl)piperazine-1-carboxamide (TFA salt, 35 mg, 48 %). 'H NMR
(400 MHz, CDCl3) 8 0.17 (m, 2H), 0.50 (m, 2H), 0.94 (m, 1H), 1.54 (m, 4H), 1,57 (s,
9H), 2.30 (m, 1H), 3.06 (m, 2H), 3.20 (m, 4H), 3.30 (s, 3H), 3.37 (m, 6H), 3.99 (m,
2H), 4.20 (d, J = 7.6 Hz, 2H), 7.31 (m, 2H), 7.72 (s, 1H); MS (ESI) (M+H)" 547.0.
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Fol I owi ng the procedure in Step A of Exanple 60,
N-[2-tert-butyl-1-(tetrahydro-2 Hpyran- 4-ylnmethyl)-1
H benzi mwe20é6:B3¢38] - N- net hyl pi per azne- 1- sul f onam de (4PcIBE20s5001403101 ) was
reacted with benzoyl chloride (28 ng, 0.2 nmml), after being purified by
reverse phase HPLC, to provide 4-benzoyl-L [2-ter -butyl-1-(tetrahydro- 2
-pyran-4-yl net hyl ) - 1H benzi m dazol -5-yl]- -nethyl pi perazi ne- 1-sul f onam de
(TFA salt, 64 ng, 96 %9. 1H NWR (400 MHz, CD3OD, TFA salt) d 1.58 (m 4H),
1.67 (s, 9H) 2.36 (m 1H), 3.28 (m 6H), 333(s 3H), 3.47 (m 2H), 3.74
(rn2H)F3<39mlﬂ‘52H) 4.52 (d, J = 7.6 Hz, 7.40 (m 2H), 7.46 (m

(|\/++H) = %t"”@“%ﬂ%%&l@qrgaé %I}{r&rhut]ﬁn gﬁef?{f(lﬁ?zﬁni%agolﬁyum VS (ESI)

- pyran- 4'(YHIIﬁilbﬂi0)—11yll:‘hﬁb©ﬂ§ﬂ)W—ﬂﬁaﬂj'lpﬁ)eyhjme-mmﬂﬂoylhmlde
4- ( 3- met hyl but ane(l_,yl ) pi perazine-1 -sul fonam de F0|d¢OWI ng the procedure in
Step A of Ema‘rml 60 N-[2- er -butyl- 1(?tet/r_h 012 - pyran 4-yl met hyl ) -

li f-benzitmi thy pi pera2|n 0.10 nmmol)
was reacted With (3- oyl chl ofi e ( )%fter bei ng
purified by reverse ph«se I}HPL

-[2-tert-butyl-1-(tetrab. yaro- 2prran- bf yl methyl)-1 H benzi m dazol -5-yl ] -
- met hyl - 4- (3- melli yl buyandyl ) pi perazme- 1-sul fonam de FA salt, 63 ng, 97
% . 1H NWR (400 MHz, , TFA salt) d 0.87 (d, J=7.4 4z, 6H), 1.45 (m
4H), 31.49 (s, 9H), 2.0 m 1H), 2.09 (d, J=6.9 Hz, 2H), 2.22 (m 1H), 3.06

2 3.52
( rlpl) ;D 5 Jl@tl&{l_%f ]@I&—’ter?’ Rl (ls(teu%h%dro:‘ilfﬁgﬁ%m4 gl'fﬁethﬁ) 38 Keﬁklnﬁg%zo(l > H§ m
7.64 (s, SEH)-N- mﬁtwﬁﬂagra:@m-ﬂ{)sulm@crm@e (Haspt-8 nyrgolmancﬂ 3,1 -blscarbonyl 1H-

- -Butyl 2f| yr t hyl 1] - 4-
(cycl opr d ﬁ‘;‘{ ]ﬁet@lﬁylg) BH’?ﬁ%‘%@&é@n‘@gﬁﬁeaé Iaftgnamo?t‘gﬁ%i%( o?mh%g t he
procedur %eédﬁoﬁtlﬁﬂt\fe Q/fas Eéh%gﬂhﬁecﬁ\@nder [ré&ubﬁi’ prebuute) IThe rédi@iervadiytleo- 2 -
pyran-4-yl methyl)-1 H benzi m dazol - éép- - nmet h | pi perazi ne-1-sul f onam de

(50 g, Ghmlvnﬁm Ne@Es (Q0aaE), eepshed Wlth @p@ﬂé&&ﬁ O3¢RIy P4c REBOVHLL( 21 g,
0[ g ??r)![ ) hv[e?{s ioxggéc?ﬁ&glféjt fbhﬁﬁ 10¥ethBY &SR BYASEs Pikdthy1§-QpRT OVI de |
benzimidazol-5-yl]-4- (lH-lmldazol—1-ylcarbonyl)—N-methylp1perazme—1-su1fonam1de
(2.6 g, 96 %), "H NMR (400 MHz, CD;0D, TFA salt) § 1.54 (m, 4H), 1.68 (s, 9H),
2.37 (m, 1H), 3.32 (m, 2H), 3.34 (s, 3H), 3.42 (m, 4H), 3.65 (m, 4H), 3.92 (m, 2H),
15 4.54(d,T=17.6 Hz, 2H), 7.67 (m, 2H), 7.84 (s, 1H), 7.90 (s, 1H), 7.97 (d, J=8.8 Hz,

1H), 9.32 (s, 1H); MS (ESI) (M+H)* 543.8.

Example 96
Isopropyl 4-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-

20 benzimidazol—S-yl](methyl)amino]sulfonyl}piperazine-l—carboxylate

/9 0

"Olhon ¢

0O 0
Following the procedure in Step A of Example 60, N-[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylpiperazine-1-sulfonamide (45

mg, 0.10 mmol) was reacted with isopropyl chloroformate (25 mg, 0.2 mmol), after
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2 -pyran-4-ylnmethyl)-1 H benzi m dazol -5-yl]-4-(cycl opropyl carbonyl ) -

Nmet hyl pi perazi ne- 1-sulfonam de (TFA salt, 45 ng, 7 1 %9. 1H NVWR (400 MHz,
CDd 3) d Wwo26oqa3B633dH), 0.95 (m 2H), 1.53 (m 4H), 1.57pCSENd5001069 (m
1H, 2.32 (m 1H, 3.21 (m 2H), 3.28 (m 2H), 3.30 (s, 3H), 3.33 (m 2H),
3.60 (m 2H), 3.70 (m 2H), 3.98 (m 2H), 4.20 (d, J = 7.6 Hz, 2H), 7.31
(m 2H), 7.72 (s, 1H); M5 (ESI) (MtH)+ 518.0. Exanple 79

N[ 2. er Bt yhrified b idvafy ¢hasAIPLOMD Moptoyl aeq{mdeﬁﬁu%b@@ﬁmddﬁzo' 5-yl]-
Nret hyl - proplony 5wPerazne 1- sul f onam deFol | ow the procedure in Step
A of Exaaﬁmcyr@e -Wnpthy Dt ldf-benpimidazal-3- y@(m%thsyléﬁr@nglspﬁwﬂhmpmw et hyl ) -1

s T eacFRRORIER COF B shitoramnt i 1 BENDEG R MEeR g o' Pas B ™
ﬁg; Ir ; :1 _edH{%)’6H)?\1W nmasmbﬂf’mﬁ)tmpﬁﬁwmﬁz,-lb:(ni aH); jamy.d 3M),(1 2 r ahydro- 2

H benZi nﬁée&fé} 35”-7 b}, AR P himn, lﬁbﬁdél(én&fﬂ %?:ﬁ)néﬁi(%&m onEhitde ( TFA
I't, 9 1.13 (t, J=7.4 Hz, 3H), 1.53
(m 4. 21‘159577@4?&5@%%11\&%%1@1()?99,%36 0 (m oH) . 4 s (m 2H), 3 (s,

3H), 333(m2H) 3.45 (m 2H), 360(m2H) 3.98 (m 2H), 4.20 (d, J =

7.6 Hz, 2H), 7.3.1 (m 2H), 7.72 (s, 1H): MBS (ESI) (MH) + 506.0. Exanple 80
N-[ 2- ter@XBﬁW‘? 9%- (tetrahydro-2 -pyran-4- yI met hyl ) - 14 benzi mi dazol - 5-yl ] - 4-

i sobutyr [ edure in
Step A of BT A BB ety dror PR e A e gl ) - 1
H ben@i rriyljemeﬂhybamu}o]?Mfatgtl}mlrmlhﬁn—ézylﬁeetbmdbfonam de (50 ng, 0.11 mmol)

was reacted with 2- rrethylrropanoyl 8h| oride (22 ng, 0.2 mmol ), after being
purified by reverse phase HPLC VI de N-[2 tert-butyl-1-(tetrahydro- 2

- pyran-4-yl met hyI) 1
H benzi m dazol -5-yl ] -4-isobu ryI 79 e | erfqzi ne- 1- sul fonam de (TFA
salt, 35 ng, 50 % . 1H NWR ( CDC 1.10 (d, J=6.6 Hz, 6H), 1.53

(m 4H), 1.57 (s, 9H), 2. 30 (m 1H) 2. 73 1H), 3.15 (m 2H), 3.30 (m
2H), 3.31 (s, 3H), 3.33 (m 2H), 3.50 (m¢2H), 3.60 (m 2H), 3.99 (m 2H),
4. 20 0

Step A. N-(1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-
benzimidazol-5-yl](methyl)amino]sulfonyl}pyrrolidin-3-yl)acetamide

i@w PTG

0 O

15  Following the procedure in Step A of Example 60, 3-amino-N-[2-tert-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethyl)-1 A-benzimidazol-5-yl]-N-methylpyrrolidine-1-
sulfonamide trifluoroacetate (100 mg, 0.18 mmol) was reacted with acetyl chloride
(79 mg, 1.0 mmol), after being purified by reverse phase HPLC, to provide N-(1-
{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-

20 ylj(methyl)amino]sulfonyl}pyrrolidin-3-yl)acetamide (TFA salt, 25 mg, 23 %). 'H
NMR (400 MHz, CD;0D, TFA salt) 8 1.54 (m, 4H), 1.67 (s, 9H), 1.85 (m, 1H), 1.89
(s, 3H), 2.13 (m, 1H), 2.36 (m, 1H), 3.10 (m, 1H), 3.31 (s, 3H), 3.33 (m, 3H), 3.48 (m,
2H), 3.91 (m, 2H), 4.20 (m, 1H), 4.52 (d, J = 7.6 Hz, 2H), 7.65 (d, J=9.0 Hz, 1H),
7.79 (s, 1H), 7.93 (d, J=9.0 Hz, 1H); MS (EST) (M+H)"492.0.
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(d, J =7.6 Hz, 2H), 7.31 (m 2H), 7.72 (s, 1H; M (ESI) (MtH) +

520. 0. Exanple 81 N-[2-tert-Butyl-1-(tetrahydro-2 H pyran-4-ylnethyl)-1
H benzi mwez20d6dB3488] - 4- (cycl obutyl carbonyl)- N-net hyl pipp&rsazeos®ei405
-sul fonam de Followi ng the procedure in Step A of Exanple 60,
-[2-tert-butyl-1-(tetrahydro-2Hpyran- 4-yl methyl)-1H benzi m dazol -5-yl]-
- met hyl pi perazine-|l -sul fonam de (50 ng, 0.11 mMmol) was reacted with
cycl obut anecar bonyl chloride (24 ng, 0.2 nnDI) after bei ng purified by

hase HPLCS t de N-T2-ter’-hut -
251~ pyr arbia B e Rpy A Brieraiy ik sr by o B Ry ) - -

met hyl pi NVR (400 MHz,
oA é) P dﬁ)%'ilgigﬁ Elgzojlﬁ:é'ﬁ&@&ggb%glll{ogﬁ(ﬁoﬁ?i}gﬁn%ﬁdgg?: yrﬁiar@'%m e Em 21 2. 31
(m 3H), 31\4 320(m 3H), 330(s 03 32(m 4H) 3.35 (m
2H), 3.91 (m ,3-44 20 d,nyJd 7,6 Hz, 2H), 7.31 Mm— 1H); M5
(ESI) (M+H)+ q? e\ Lr-[2-2'er| |-4- yy:.{

Hr - pyran- 4-yl net hy ) - | 3=begzi M dazol - 5- yI 4 butyryl

N- net hyl pi per azi ne- 1- sul f ongm de FoI | o procedure in)Step A of
Exanple 60, N -t -butyl etrahydro" -

pyran-4-yrnet hyl)-1H bekzi mi dazol - 5-yl ] - N-net hyl pi perazi\ne-}-sul f onam de
(50 ng, 0.1 1 mml) was cted with butanoyl chlorlde 0.2 mmol),

after Dbei rified by re re e HP [
-[ 2- tért i &?ngllt Ietp@qc,eé 3 Step ggg;gaﬁnpie |6§,| ln.éﬁ?l IuFﬁ 1- (tetrahydro—?.H—

X ge%" m gﬂ%ﬂ-ﬂ, 3 ﬁmlﬁyl?1@PBéﬁzYﬂudakc§1-ﬁ?lfj(filﬁ{étmpﬂlﬁa]sﬁﬁoﬂyl}3%&%’1@?95% T(Fﬁls alt,

4H), 1. 57i1r(1®a,zoDB+)1um1nﬂae (460 ) Q. 7”21@7011 was teagted with fegrtutylpygoligim3-1H) , 3. 14

m 2 3 3.60 (m
o) 3 o gbdily (9 g Gt oSk veie B3pich b i e G ”‘at?gr%hy v
(ESI) ( Nthi)pfov‘éaéJtepz-blﬁvﬂe(m B-82- Bht{/IH gteﬁrﬁ{yﬁchlHyﬁyrin LGtyetely)diFp- 2

-pyran-4-ylnmeth - -ben2| m dazol - 5-
yl ] ( riét hybepamld@z]o +yr1}§myﬂl}yl)awm]wlmmymplwnézﬂa@rhar@aé@ bBeane-dd Fol | owi ng
th le 60, N-[2-tert-butyl-1-(tetrahydro-2
ne P OCS sk i Blaf B Sl © 00, N [2-tert-butyl 1. (tetrahyaro-

H benzi m dazol -5-yl]-N-netriyl pi perazi ne- 1-sul f onam de (45
Step C: 3-Amino-/V-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-
benzimidazol-5-yl]-V-methylpyrrolidine-1-sulfonamide

0
|

2| i
O ol IO
a8 LA w8 AL
//Lo N N
15 ©
A solution of tert-butyl (1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-
benzimidazol-5-yl](methyl)amino]sulfonyl} pyrrolidin-3-yl)carbamate (385 mg, 0.7

mmol) in 10 mL CH,Cl, was treated with 10 mL TFA at room temperature. After

being stirred at room temperature for 1 hr, the reaction mixture was concentrated

0]

20  under reduced pressure to provide 3-amino-N-[2-terz-butyl-1-(tetrahydro-2H-pyran-4-
ylmethyl)-1H-benzimidazol-5-y1}-N-methylpyrrolidine-1-sulfonamide (TFA salt, 100

%), which was used in Step A without purification.
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ng, 0.1 mmol) was reacted with dinethyl carbanoyl chloride (22 ng, 0.2
nmol ), after being purified by reverse phase HPLC, to provide 4-{[][ 2-

t ert - but Wwebe¢dmsseahydr o- 2 Hpyran- 4-yl net hyl ) -1 H benzipairdazebobl40s

-yl ] (met hyl ) am no] sul fonyl } - N, Ndi net hyl pi perazi ne- 1-carboxam de (TFA
salt, 56 ng, 88 % . 1H NWR (400 MHz, CD3OD, TFA salt) d 1.54 (m 4H), 1.67
(s, 9H, 2.37 (m 1H), 2.82 (s, 6H), 3.23 (m 6H), 3.33 (s, 3H), 3.36 (m
4H), 3. 9¥xampleby, 4.53 (d, J = 7.6 Hz, 2H), 7.68 (d, J=9.2 Hz, 1H), 7.81
(s, 1H, 7.96 (d, JN9.2 Hz, 1H); M (ESI) (I\/qu;%; 521.0. Exanpl e 84

4-{[[ 2-t &¥1- -yqrt-Bu(fxlel-(tatwhygmzZHﬂgyuranr-44¥1m IinkHrbengimidazohddazol - 5-

T (meth am | . i I - m deFol | owi ng t he
2+ bcedur SUROLR DT bR tb A ARIRRI B b R ko At aieR T DTS oo
pyran-4-yl met hyl ) -@ I+ benzi m dazol - 5-yl ] ~_- pret pi®erazi ne- 1-sul f onani de
(45 ngy, 0.1 IN-®es. T eact gd withisoprc@fei odyehate 417 QU., 9.2 mol),
after being 7figd B@ phase HPLG~{ owhde [2>7{)

d N H N

tert-butyl -Zlf-(tetra_hy_ pyr an- _

4-yl met hyl ) - 1H benzi m dazol -5-yl ] (net hyl Jam no] sul f onyl } -

-i sopropyl pi perazi ne- 1- oxam de (TFA salt, 64 ng, 98 < 1H NVR (400
MHz, CD30D, TFA salt) df1.19 (d, J=6.4 Hz, 6H), 1.58 (m \4H)} 1.67 (s, 9H),
2.35 (m 1H), 3.20 (m 3.33 (s, 3H), 3.37 (m 6H, 2 (m 1H), 3.91
Tho Eu. EoGvebe Ppdineis lendy b Rhip S dmisge gpn 10 (> 1
4-{[[2-t efhs oo (gt - 2 dehzi 154N rrblidine-1-

ot SRS R AP P Bty s B

- cycl openuifbpnpde azfluvrodoetsy (168 and, Ocl SFombhwiasgeadied witheéddure in Step A of
Exanpl e 68, 2-tert-butyl]-1-(tetrahydro- iran- . A-yl methyl )-1

H benzi m‘ﬁ@?’g&&SOWPYW%ﬁﬁ)X%%%&bffﬁé@z %‘ﬁftfﬁ%ﬁ%ﬁ"&‘é‘%‘i‘%‘& Wﬁ?%ﬁz’}éasﬁm ) was
react ed w 118 QEAANBN QT Y! el -(1éda X)) Wvimatht/Bridpei ng purified
by rever \g?]%%’atgg’ HPLCW?O{(EHBZ?%& £ﬁ4- [qufoer{{-g%}gﬁl %yll?(tg?r ahydr o- 2Hpyr an-

4-y| 8t hydepzimidazobhzilliingtiy Ohmofsl fongl hyirylidindof 134124 ony | } -
La00 v Dl BEOGRRRGE CRAGITI Rech (B RPN o g, Fhay T
1.97 (m i s 1.12 (s, 9H), 1.57 (m, 4H), 1.67 (s, 9H), 1.96 (m, 1H), 2.11 (m, 1H), 2.36 (m,
1H), 3.10 (m, 1H), 3.31 (s, 3H), 3.33 (m, 3H), 3.48 (m, 2H), 3.91 (m, 2H), 3.94 (m,
1H), 4.52 (d, ] = 7.6 Hz, 2H), 7.65 (d, J=9.0 Hz, 1H), 7.79 (s, 1H), 7.94 (d, J=9.0 Hz,
15  1H); MS (ESI) (M+H)" 534.0.

Example 99
N-(1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl] (methyl)amino]sulfonyl}azetidin-3-yl)acetamide

H Q
N

Q| 2
OO =T

oS

Following the procedure in Step A of Example 60, 3-amino-N-[2-teri-butyl-1-

20
(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-N-methylazetidine-1-

sulfonamide (20 mg, 0.046 mmol) was reacted with acetic anhydride (51 mg, 0.5
mmol), after being purified by reverse phase HPLC, to provide N-(1-{[[2-fert-butyl-
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2.30 (m 1H), 3.19 (m 4H), 3.30 (s, 3H), 3.33 (m 6H, 4.02 (m 2H), 4.07
(m 1H, 4.20 (d, J =7.6 Hz, 2H), 4.38 (m 1H), 7.31 (m 2H), 7.72 (s,
1H); MS (EBl2poc(dsbdds+ 561. 0. Exanple 86 4-{[[2-te/Y-Butylrctsge@snedaysr o- 2

H pyran-4-yl nethyl)-1 N-benzi m dazol -5- yl](nmethyl)am no]sul fonyl}-

- met hyl pi per azi ne- 1- car boxam deFol | owi ng the procedure in Step A of Exanple
68, N-[2-tert-butyl-1-(tetrahydro-2 - pyran-4-ylnethyl)-1

H benzi m1d@a@i1ry5rcytﬂ- yraret-§yhethpiyr azbaeimitlagell S-onani de (60 my, 0.13 ol )
was reacted with net i sQcyanat e after hein ur| fied

by rever §/é](Elﬁﬁlé’@amcdsmf%yﬁlaﬁﬁdé{@Wﬁ)ﬁfitle@&Tf%W% mg, 38efo)-a

- pyr an- z a 5-y, I u

ot byt pi 30 BBRCR:O0, TR 42T 35 bt TR SATGPL 5%‘&%%%00 Ve,
CDCl 3) d 11{)45 2@ 5&&1),,353618 ;(15)5 3%)@1 &Héh@m(mllﬂl—l), 299&m( aH)&H)so (1& 10 (m
4H) 3 3 rg ”g fl(%r 2H) ,
4.78 (Sm 453 %) Tﬁ‘r6 Hgy)2 H)ﬂéé (@s%‘%%—ﬁql] (7|§§|()S ¥ ﬂ)955@71‘t'92ﬁzarrp| e 87
4- 2-t ro-2 Hpyran-4-ylnmethyl)-1 Hr-benzi m dazol -

yl }Hret hsjl%)agtgngé] 2111\(4 ﬁ?/ Af%y(ﬂl- cycl op%pyl pi pgr azi ng )1 car boxam de Fol | owi ng
the procedure in Step A of Exanple 68, N-[2-tert-butyl-1-(tetrahydro-2

Hpyr an- 4- yI net !% H benzi m dazol - 5-yl ] - N- et hyl pi per azi ne-

1-sul fon ng, 0.11 nmmol) was reacted with cycl opropyl isocyanate
(25 ny, rq. f HPlL4G.At 0 provi de
WL tert Wtyﬁig é4t§ d&%@%&dn%ﬁ%@em? b%ﬁﬁllﬂhﬁﬁfbl R

H beridi m methyl-1 H-iphidande-Aydulfanamidesul f onyl }- Ncycl opr opyl

ri perazi ne-1-carboxam de (TFA salt, 56 ngy, 7800 . 1H NWR (400 MHz, CDCl 3) d
0.53 (m 2H), 0.68 (m 2H), 1.53 (nB4H) NZE 7i(%, 9H),
(m 1H), 3.18 (n{ §.30/(s, 3H), 3.3 W56
= 7.6 Hz, 2H), 5.0 }}'F!)]<731(m3 2H), 7.90 (
533.0. - 11l -Exanp 88 4-{[[2-tert-Butyl-1-(tetr
H pyran-4-yl net hyl )-1_H/enzi m dazol -

2 30 (m 1H) 2.61

2H), 4.20 (d, J
H& (ESI) (MH—|)+
ydno-

F F
F F

3-(Imidazole-1-sulfonyl)-1-methyl-3H-imidazol-1-ium triflate (xx mg; 1.5 mmol) was
added into a solution of 2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-N-methyl-
1 H-benzimidazol-5-amine (335 mg, 1.0 mmol) in acetonitrile (15 mL). After being
15  stirred at room temperature overnight, the reaction mixture was concentrated under
reduced pressure to give a residue, which was purified by HPLC to provide N-{2-tert-
butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl} -N-methyl-1H-
imidazole-1-sulfonamide (295 mg, 51 %). MS (ESI) (M+H)" 466.0.

20 Example 101
N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5-yl}~/V-
methyl-1H-1,2 4-triazole-1-sulfonamide
K |

(:? N=\ 1

\N+$\ e
=~ N—i NUN\ : IQN 6 \©iN\ :
N N

———
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yl'] (met hyl )am no | sul fonyl }-N-cycl obutyl pi perazi ne- 1- car boxam de Fol | owi ng
the procedure in Step A of Exanple 68, -[2-tert-butyl-1-(tetrahydro-2

Hpyr an- 4wyplomtd3yd3p- 1 H benzi m dazol -5-yl ] - PCT/SE2005/001405

- met hyl pi perazi ne-1-sul fonarnide (50 ng, 0.11 mvl) was reacted with

cycl obutyl isocyanate (29 ng, 0.3 nmmol), after being purified by reverse
phase HPLC, to provide 4-{[[2- tert-butyl-1-(tetrahydro-2 -

pyr an- 4- oeivig the prdde@88 i Bicfa@z of ELamyld 60Et-)R)ambuofl sl any! } -
Ncycl obut yl pi per azi ne- 1-carboxam de ( TFA salt 1H NMR (400

MHz, CDOdBjuatogychhexyhymathyl]-1#- Bmze@ldambiyh}(Iegth(ﬂgfmlznisulfﬂny% “¥m 2H), 2.30

(_m7 gH)HZ meé%}a- f@rﬂ@ol-f’ﬁﬁ tr éf'ﬁ%@% Qﬁlmﬂpl)fgkg reag’ti%)@nﬁn% ?E)SA[ ) 4 ( %/I?-Hg :j_ J

El—47 0. EZﬁﬁﬁﬂl@(@ﬁerliﬂ(O giiolButiyt beibg phtified be rdvelsetphhseHPLCetorpabyide o- 2
pyr an- t

sul f oAyl }%ﬂ%é?”érbllﬁ 1%[(‘?&1%3@56%“1%%32@%@1916%}%@ ﬁﬁé %ﬁ‘%ﬂ@gg]?}%gl’ BaVst ep A of
i bongi Areb LS b iAo (HEA e 1 ML B0 0oL N IREN00 " (4 4

nol ) waaleeacD@(dDwrFA shiey § -1040- ynsu(mpsmrlaﬁze(s(m) 23 (6o, 2HMRY (maf t er bel ng
purified reverse phase HPLC, to
N-(tert- 6&¥>y|3)554(s,{?[}§)z4t4§£4 J5ut 4 iz, Zﬁéaﬂeﬁ@h&r&%ﬂéﬁ%\ﬂéﬁ &-YDnet hyl ) -1

Aty S s Y e ey

1.5710s, 9H), 230(m 1H)5 3.20 (m 4H), 3.30 (s, 3H), 3.33 (m 6H), 3.98

(m 2H), 4.20 7.6 Hz, 2H), 7.31 (m 2H), 7.72 (s, 1H); M (ESI)
( M+H) + 54@*@1P1E>19%p|e 90 N-Butyl-4-{[[2- tert-Butyl-1-(tetrahydro-2
H-pyran- 4y |B\hlt} 44)§ﬂﬁx' PR Ae yl)methyl]-1H-benzimidazol-5-y1}-/V-

5-yl] (raet hyI am nol] uqfony Opl%gr azfn?amelr ga]r boxalr}l de Fol | ozm} ng the

procedureneﬂhyBﬂle,ASdﬂrlmb:Fﬂpbvdﬁﬁ&mld[:z fer -butyl-1-(tetrahydro-2 prran-

4-yl methyl ) -1 H-benzgém dazol -5 -yl ]-N-nethyl pi peda2| ne- 1-sul fonam de (50
ng, 0.11 rrrmI)Nva‘Sr att ed W|th butyl i socysha eu 9ng, 0.3 mmol ), after
being purified LC, to pr {[ 2-
tert-butyl-1- (tetrah@dr:@ >—X) \
F F
F

15 Following the procedure in Step C of Example 60, 1-{[{2-tert-butyl-1-[(4,4-
difluorocyclohexyl)methyl]-1H-benzimidazol-5-yl}(methyl)amino]sulfonyl}-3-
methyl-1H-imidazol-3-ium triflate (50 mg, 0.08 mmol) was reacted with 1A-1,2,3-
triazole (69 mg, 1.0 mmol), after being purified by reverse phase HPLC, to provide
N-{2-tert-butyl-1-[(4,4-difluorocyclohexyl)methyl]-1 H-benzimidazol-5-yl}-N-

20  methyl-1H-1,2,3-triazole-1-sulfonamide (TFA salt, 14 mg, 30 %). '"H NMR (400
MHz, CD;0D, TFA salt) § 1.40-1.76 (m, 6H), 1.59 (s, 9H), 2.03 (m, 2H), 2.20 (m,
1H), 3.56 (s, 3H), 4.42 (4, T = 7.4 Hz, 2H), 7.22(d, J=9.0 Hz, 1H), 7.47 (s, 1H),
7.75(d, J=9.0 Hz, 1H), 7.82 (d, J=1.1 Hz, 1H), 8.21 (d, J=1.1 Hz, 1H); MS (ESI)
(M+H)"467.0.

25
Example 103
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl}-4-
formyl-N-methyl-1H-pyrazole-1-sulfonamide
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2
-pyran-4-ylmethyl)-1i/-benzi m dazol -5-yl ] (nethyl)am no] sul fonyl } pi perazi ne-
1- car boxwoi2d&/33634 salt, 26 ng, 36 % . 1H NVR (400 Mz pCcTRER®¥/00h405 90 (t,
J=7.2 Hz, 3H), 1.33 (m 2H), 1.46 (m 2H), 1.53 (m 4H), 1.57 (s, 9H), 2.30
(m 1H, 3.16 (m 6H), 3.30 (s, 3H, 3.35 (m 4H,;-3.99 (m 2H), 4.20 (d, J
=7.6 Hz, 2H), 7.31 (m 2H), 7.72 (s, 1H); MS (ESI) (MH)+ 549.0. Exanple
91 NAllyl-4- {[[2 ter" butyl - 1- (tetrahydro- fl- yran 4-yl methyl ) -1
H-ben2|mda

5-yl ] (et hyI yI pi per azi ne- 1- car oxam wuql t he procedure
in Step A of -yert-butyl-1-(t al dr an-
4-ylmethyl)-1 H-benz| e/ a -5-yl ] - N et hyl pi perazi ne- m de (50
my, 0.1 1 nmmol) was reactediwith 3- |soc%anatoprop 1-ene (25 rrg, 0.3 mmol),
after being purified by reyerse phase LC, to provide yl-4-{[[ 2-
tert-butyl-1- (tetrahydko-2 -pyran-4-ylnmethyl)-1 H benzim dazol - 5-

yl ] (et hyl ) ani no] sul f ony-pi per azi ne- 1- car boxam de ( TFA t, 29 ng, 4 1

% . 1H NVR (400 MHz,

3.21 (m @MPWI@ g prace @W%S@Pi‘%géﬁ’%a@h? 5%31 éﬂéﬁﬁg %Eﬁ)?ﬁb@t@?é‘yg’i% 4 20

d J = 7. 31
( @%ﬁyﬁéﬂh&%ﬁé@z{%ﬁﬂﬁé@%ﬁ&hﬂ éﬁn%])s%lf&g@ﬁ%ﬁ&thﬁf@ﬁ— (m
4 {[[2 t émidaBol- &41um¢1ﬁﬂdb(h&?/grb0mmblbwaamea4teyllmét W{p)yra,zoiq-tr benzi m dazol - 5-

I th I b th
Y e TGS 2 o BHLRURSE 3R RS AL R FSBbAS' 10 1 he
4-yl met hy}, })r&m&ém@%ﬁabd@mL(te'iramirol-\tzyr@tybmmymm) NE-Hensithitioruddi de (50 ny5
0.11 nmml ) was reacted wi't h 1 socyanat oet hane@é mnoz after
bei ng purili-#dem-N-smedtydd Hopergeoleraatfopgmige 34 4ia Z‘?W[)zﬂ MR (400

e D R VA a7 550

N-et hyl plﬁpﬂ Imy 1-14qarp9mrmiiq J658 ca,i 1:[r gL@ mHz;LQHW 925HMR= 8400 MHz,

cDd 3) d 1. 52. 30 1
3.20 1)@m I6¢L|)1H)37 30 dH)MZS(ssWS); 8(14‘%(84{4#25 9§191& I(HA NQ%WSE I),(%dHég Sr_n 7. | 6 Hz,
2H), 7.3L 4 2H, 7.72 (s, 1H; M (ESI)

Example 104
1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
15  yll(methyl)amino]sulfonyl}-N-cyclopropyl-1H-pyrazole-4-carboxamide

O
i

A
ot e

0]
Step A. 1-{[[2-fert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-
5-yl](methyl)amino]sulfonyl}-N-cyclopropyl-1H-pyrazole-4-carboxamide
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(MtH) + 521. 0. Exanple 93 4-{[[2-terf-Butyl-1-(tetrahydro-2

-pyran-4-yl net hyl) - 1H benzi m dazol - 5-

yl 1 (et hywpanienshesal f onyl } - N- propyl pi per azme- 1- car boxanipde/Sebdoswnags t he
procedure in Step A of Exanple 68, N [2- tert-butyl-1-(tetrahydro-2i - 7-
pyr an-4-yl melhyl)-1H benzi m dazol -5-yl]-N -rriethyl pi perazne- 1-sul f onar ni de
(50 ng, 0.11 mmol) was reacted with 1-isocyanatopropane (25 ng, 0.3 mmol),

after beingg@urified by reverse phas i
tert-buryl - (tetr@h dro-2/i - pyran
H benzi m”d%é%l?« )1rret yl) mno]sulfq%yl}-/? ~S—N

. . , N
propyl pi perazisg- 141car TFA salt, 0 (400 MHz,

CDC 3) d 0.91 (t, -7 d H/\ 1.53 (m 6H), 1. .33 (m 1H),

3.20 (m 6H), 3.30 (s, .33 (m 4 3.98 (m 2H) 4N20 (d, J =7.6

Hz, 2H), 7.31 (m 2H), 7. 1H); IVE;Z ESI) (M+H) + 535, Exanpl e 94
[2-tert-Butyl-1-(tetfah dro 2 -pyran-4-ylnmethyl)-L{i?-Yoenzi m dazol - 5-

a-{
yl'] (met hyl') am no] sul f ony N- (cycl opropyl et hyI ) pi pe
FoI | owi ng the procedure in Step A of Exanple

-[2-t e"blHA(TUIJ.ﬁQ eigy A4ymimol)avas q@;lcchtwsowtmqfwi[{Z-rqyi-bwhir(rﬁtr@b%p 5-yl]-
N- et h I d th
(i rST:E;cy)(:m gﬁ%‘%ﬁ% ﬁ@%ﬂyi)p %&gﬁg?ql%%ﬁg-ymmﬁ%%ﬁowmg%{&@ﬁbel %g}agglreﬂ i ed by
reverse plh@eﬁ’ﬁ'o:!s’ﬁE (écui e100r &gedQl“mﬁ{obz cyél@lﬁxbgﬁlahmie 057 folge 1 roadmyrebl)oad i

-pyran-4-yl et nzi m dazol - 5- érreth ani no] syl fonyl }- -
(cycl 6prd¥i§]?ﬂ3m’e((%¥"mlbé¥ BMRd3 - @by @b%énﬂﬁﬁ@ mnsﬁ-*etreagtgoq@nx %’6‘3 1H NMR

400 Mz, 4
P57 (s contpsed gl beqle, Silchue RS o7 bocgtt sl FeLERopddd 410 490 57
(1 rkni) 6;1)5 ( Sz%)&mfmtﬁ)zﬁtgg%%@wﬂ-pﬂamJyhﬁetﬂiy? ]ZH)Jgansz&Ihf()]?‘j oH), 7. 722 ]g_s
er |
r-pyran- 44 Fl}noﬂsqlf%}}zwrﬁyaié’?fﬂpyklbz Hyr%o ?WH%Z(LOFF%‘lé& g9ar bonyl ) -
N-met hyl b é’,eiza%SfBHlNﬁ/fﬁ (AEE CDCL) 5 0.59 (m, zH), 050 (m, 2H), 1.54 (mn, 4H),
10 1.56 (s, 9H), 2.33 (m, 1H), 2.82 (m, 1H), 3.33 (m, 2H), 3.55 (s, 3H), 3.99 (m, 2H),
420 (d, T = 7.6 Hz, 2H), 6.40 (s, 1H), 7.06 (dd, T = 9.0, 2.0 Hz, 1H), 7.28 (4, ] = 9.0

Hz, 1H), 7.38 (s, 1H), 8.02 (s, 1H), 8.05 (d, J=3.5 Hz, 1H); MS (ESI) (M+H)"515.0.

ne- 1- car boxamni de

Step B. 1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-
15  5-ylJ(methyl)amino]sulfonyl}-1H-pyrazole-4-carboxylic acid
O O

o HO N §
~ N-S- _ N-§—N N
WS @*ﬂ C 8L
N

0] 0
N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-4-formyl-
N-methyl-1H-pyrazole-1-sulfonamide (460 mg, 1.0 mmol) and ozone (1.0 g, 1.6
mmol) was heated in DMF (15 mL) at 50 °C for 2 hr. The resulting 1-{[[2-terz-butyl-
20 1-(tetrahydro-2H-pyran-4-y1methy1)-1H-benzimidazol—5—yl](methyl)amino]sulfonyl}-
1H-pyrazole-4-carboxylic acid solution in DMF was used directly in Step A. MS
(ESI) (M+H)" 476.0.
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A solution of -[2-tert-butyl-1-(tetrahydro-2 -pyran-4-ylnethyl)-1

H benzi m dazol - 5-yl]- -nethyl piperaznme-1 -sulfonamde (2.25 g, 5.0 muol)
and |, 1" -wooavdssssyl -1 Hi ni dazole (0.97 g, 6.0 mmol) i npEHSES/ M) Was
heated at 650C for two days. The reaction m xture was concentrated under
reduced pressure. The residue was then dissolved in AcOEt (60 nL), washed
with brine, and dried over Na2SO4. Renoval of sol vents provided

N-[ 2-t er tExomple 185 (t et r ahy&o- 2H- pyt an- 4-yl met hyl ) - | Hbenzi mi dazol - 5

)t PR A S A i o 0 (7
.37 (m y}t]!('%lzﬂ‘% J&ﬁuﬁﬁ}suﬁb‘hyl}-W—%yl—iH—MzolB-Mé’arbmami@& 3.65 (m 4H), 3.92

2
(m 2H), Hz, 2H), 7.67 (m 2H), 7.84 (s, 1H), 7.90 (s,
1H), 7.97 (
96
5-

J=8.8 Hz, 1H), 9.32 (s, GL}H)O M5 (ESI) (M+H)+ 543.8. Exanple
| sopr FE -butyl-1- etrahy an’OyI met hy”-1 Hbenzi m dazol -
yl ] (et %I) fo I}|pera2|ne§crb ol 1,gwi ng the
procedure in 9] of phe B0, -[2-tert= \‘;f%o 2Hpyr an-
4-yl met hyl ) - 1H benzi m dazel<3-y -N—rrethylplpera2| ne m de (45 ny,
0.10 nmml) was reacted wth Asopropyl chloroformate (25 , 0.2 mmol),

afterbeing purified by re Se phase HPEC, to i sopropy, “{[]2-
tert-butyl-1-(tetrahydrotf 2\-pyran-4-ylnethyl)-1

H benzi m dazol - 5-yl ] (et am no] sul f onyl }pi per azi ne carboxyl ate (TFA
salt, 62 ng, 94 % . 1H NVR (400 Mz, CDCIBi 16 (d, J=6.3 Hz, 6H), 1.47
(m 4B), Followirgs thegpipcedarem Siep A df Fxample 104, 14}2[)[2 tezwbgtyé -(tetiappdre- 23 (m

2H), 3.37,(nb4H), 2 3 < ( 14 1H),
21 5 TR Bl B b sSSP A B
N (1-{[ [ %4-tobbxyBlet 3did 3496 tlﬁgranydﬁmog Masaymmdzlwﬂmahﬂym)nel@o mg, 2.0
H benzi i ni dazol 5- yl] (nethyl)am no]_ sul fon pyr ri)dE Iﬁ %{1 %t am de
S op A Tomon. piipn bhsEmEed by eat PRRFITELS S b (U2 Rl )
benzi rrid | Y, 7 RrvPradia §tﬁfd’i‘1 d 8-
Fol | owi ng aé?%r%o%lgggfrag J|r %ﬂ@tﬂgﬁ XHH{ ﬂ@%h% 5%1 (E’He ﬁ (ﬁ E ert but yl -
10  ethyl-1H-pyrazole-4- carboxamlde (TFA salt, 33 mg, 27 %) 'H NMR 400 MHz,
CD;OD, TFA salt) 8 1.14 (d, J = 7.4 Hz, 3H), 1.52 (m, 4H), 1.65 (s, 9H), 2.33 (m,
1H), 3.32 (m, 4H), 3.51 (s, 3H), 3.91 (m, 2H), 4.51 (d, J = 7.6 Hz, 2H), 7.42 (dd, T =
9.0, 2.0 Hz, 1H), 7.66 (d, J = 2.0 Hz, 1H), 7.95 (d T=9.0 Hz, 1H), 8.18 (s, 1H), 8.30
(s, 1H); MS (ESI) (M+H)"502.8.
15
Example 106
N-Allyl-1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-
5-yl](methyl)amino]sulfonyl}-1H-pyrazole-4-carboxamide

@

2 ( 2
by K@wm

o 0
20  Following the procedure in Step A of Example 104, 1-{[[2-tert-butyl-1-(tetrahydro-
2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl}(methyl)amino]sulfonyl}-1H-pyrazole-
4-carboxylic acid (96 mg, 0.20 mmol) was reacted with allylamine (114 mg, 2.0
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(tetrahydro-2 -pyran-4-ylnethyl)-1 H benzi m dazol -5-yl]-

-nmet hyl pyrrolidine-1- sulfonamde trifluoroacetate (100 ng, 0.18 mmol) was
react ed wbho@assess chloride (79 ng3 1.0 nmmol ), after beicmgrpasiobisest by
reverse phase HPLC 5to provide 2V-(1- {[[2-tert-butyl -1-(tetrahydro-2

H pyran-4-yl nethyl )-1 H benzi m dazol - 5-

yl ] (met hyl ) am no] sul fonyl } pyrrolidin-3-yl)acetamde (TFA salt, 25 ng, 23
%. 1H Nmnolzjmteml@ingzmt&es‘mmwmghaae EP%& toproxide N-allg71-(B2-tg¥4) 3. 1. 85 (m

5 53 (m oGy e P el LT 1000 G %y o 5l
2H), 7.6 %]Qﬂéth;}l’)Qm&oﬁﬁblfoilﬂéﬁﬁ—lp?&zél%ﬂl—ddr%&(a?ni&@(TEA salE38GndiB0 AKHH M5 (ESI)
(MrH) + 492.°0. St ep ut'y

. 0. B. tert- (1-{[[2-tert-butyl-1- tetrahﬁdro-Z
f f - pyr an-MMR! (480 MA2,-CDOD, TFA salt) § 1.52 (m, 4H), 1.65 (s, 9H), 2.33 (m, 1H), 3.32

benzi m dazol - 5- | ) am sul vl } pyrtobidi N I te

Fol | odi nat Bt Sanie 297 @ ahck st (B EPEagHD, 09l 1efS 19T,

1-{[[2-t qﬁ%b.gs Yoo; i—I;_Ié,t’ﬁ‘étZ @ayP*0:22:0 Hz, 1H), 7.67 (d, J = 2.0 Hz, 1H), 7.95 (d, T = _
pyr an-4-yl et hyl’) - 1H-benzi m dazol - M?/S|7(]'E(ngt h%fl g+am no] sul fonyl }-3-nmethyl -1i/
- i mi dazd1.0 Bzj 1), 8r20f(s k1), 838 ds.rigD); Bl @6tH) ’48.0r eacted with tert-butyl
pyrrolidin-3- ylcarbamate (558 ng, 3.0 mmol ), after being purified by
silica gel chromatography, to provide tert-hutyl

(1-{[[2- texdmpetigl - 1- (t et rahydro- 2H pyran- 4-yl nmet hyl ) - | If benzi m dazol -

5-yl] (et hyl )Yam no] sul fonyl } pyrrolidin-3-yl)carbamat e, (385 , 91 %. M
(ESI )1%( MdHi/ H;-E%GBG. lsr@ptrel.lyrgm@ﬁmrtn—4tﬂme@3tll- t?ﬁn-zﬁ‘-(”(d[aé?lrgg‘hydr 0- 2

H pyr an- 4, | )~ h TR 1IR3 ~tod. :

N ety PN AR N-Ha i PRt dstle grepthonapide
(1-{[[2-tert-butyl-1-(tetrahydro-2 -pyran-4-yl nmet hyl)-1Hbenzi m dazol -

5-yl ] (et hyl yam no] sul f onyl } pyrrolidin-3-yl)carbamate (385 ng, 0.7 mol) in
10 L CH2GH sAréated with 10 nL TFA'R t®nperature. After being
stirred at rodm thefpevatage for 1 hr, t He rleaditprNwisture was concentrated
under reduced piNessyIre ro e 3-amnino- N\ "Q-t@rt-\>7{

1- (t et rahydro- 2H pyr an-* N N

yl met hyO 1H benzi m dazol - 5- yJ- N-et hyl gyrrol i dnme- 1- sul f opam de (TFA salt,
100 %9, which was used i ep A without purification, nple 98 N-(I-{[[2-

tert-Butyl-1-(tetrahydroi?2 pyran-4-yl methyl)-1 H bengi m dazol - 5-
yl 1 (met hyl ) am no] sul fonylGp§rrolidin-3-yl)-2, 2-di met hyl pr opanamni de

Following the procedure in Step A of Example 104, 1-{[[2-tert-butyl-1-(tetrahydro-
2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-y1](methyl)amino]sulfonyl}-1H-pyrazole-

15  4-carboxylic acid (96 mg, 0.20 mmol) was reacted with propylamine (118 mg, 2.0
mmol), after being purified by reverse phase HPLC, to provide 1-{[{2-fers-butyl-1-
(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl](methyl)amino]sulfonyl} -N-
propyl-1H-pyrazole-4-carboxamide (TFA salt, 44 mg, 35 %). '"H NMR (400 MHz,
CD;0D, TFA salt) § 0.91 (d, J = 7.4 Hz, 3H), 1.52 (m, 6H), 1.65 (s, 9H), 2.33 (m,

20 1H),3.23 (t, J=7.2 Hz, 2H), 3.32 (m, 2H), 3.52 (s, 3H), 3.91 (m, 2H), 4.51 (4, ] = 7.6
Hz, 2H), 7.41 (dd, J = 9.0, 2.0 Hz, 1H), 7.66 (d, ] = 2.0 Hz, 1H), 7.95 (d, J = 9.0 Hz,
1H), 8.19 (s, 1H), 8.31 (s, 1H); MS (ESI) (M+H)"516.8.

Example 108

25  1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N,V-dimethyl-1H-pyrazole-4-carboxamide
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Foll owi ng the procedure in Step A of Exanple 60, 3-amno-N-[2-tert-butyl-1-
(tetrahydro-2 -pyran-4-ylnethyl)-1//-benzi m dazol -5-yl]-

N- net hyl pyonrodddses31l- sul fonam de trifl uoroacetate (100paySEQ0iBor®l ) was
reacted with 2,2- dinethyl propanoyl chloride (60 ng, 0.5 mwol ), after being
purified by reverse phase HPLC, to provide
-(1-{[[2-tert-butyl-1-(tetrahydro-2 -pyran-4-ylnethyl)-1 Hbenzi m dazol -
5-yl] (et hylQ am no] sul fonyl } pyrrolidin-3-yl)-2,2- dinethyl propanam de (TFA
salt, 39 33 %o]rHNI\/R(4OO MHz, TAQaIt) d 1.12 (s, 9H), 1.57
(m 4H), 1767 ToN-8HN. 1.96,(m 1H), . Nué)_,Nz. 6 (0 1H), 3.10 (m
iH), 3.31 (s, kﬁﬂ\' 133 , %9@2‘%94 (m 1H),
4.52 (d, J:76Hz 2 5 d 1J=9.0 Hz, 1H), 7. , 7.94 (d,
J=9.0 Hz, 1H); M5 (ESI) + 534. 0. anpl e 99

N-(1-{[[2-tert-Butyl-1-

Er - benzi m dazol -5- yl ]
Fol |l owi ng the procedure © tep A of Exanple 60, 3-a “N-[2-tert-butyl-1-

(tetrahydro-2 ptéran 4-yl methyl )-1 H benzi m dazol -5-yl]-N net hyl azeti dme-
1- sul f oFeliowing @prﬁg:edmemétempﬂml@ é%tleﬂ[[%mtqrﬁba’a/ dilketrahydrar i de (51

10120 or iy onPEk DRG0 D RYRL BRSSO S e RY) 92 N (1
| e o ity
gl—% : 5. 3omma)), affey bemeprified bym)?ve@ @@S% %P%O FQ@V ’ 1?1'3%1 élé(m 2H)

O ey i f}%gj‘*%‘meﬁh@’g&ﬁ%ﬁmkﬁ&"%W‘}ém%*ﬁ)y> M’i A= ol o

100 N- { 2-NN dlmﬂm—m-m(mz,zoae-mdatmam@edlrﬁhesaw Theeh§4 Vo)l }QNMR (400
r-benzi mdazol -

5 (1 m daddhe, D8 f%ﬁm‘ﬁ? 3h 40 LR S 2% (R TR P2 e T g 1.5

mml wa 2 |
(21 4 ?f?@bro P2 );Jiﬁgfﬂs @]H) 3 he0hs i}'i‘%MS‘Z(dJ 7.6 Hz, 2H), 7.41
10 (dd, 1=9.0, 2.0z, 1H), 7.61 (d, I = 2.0 Hz, 1HD), 795 (&, 7= 9.0 Hz, 1H), 8.09 (5

1H), 8.16 (s, 1ED); MS (EST) (M+H)"502.8.

Example 109
1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1-benzimidazol-5-
15  yl}(methyl)amino]sulfonyl}-N-methyl-1H-pyrazole-4-carboxamide

0 0
0 Ny 0
HJKTN% H/KE\N'S',
i1 N It
s CE%A SN
o o

Following the procedure in Step A of Example 104, 1-{[[2-tert-butyl-1-(tetrahydro-
2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl](methyl)amino]sulfonyl} - 1 H-pyrazole-
4-carboxylic acid (96 mg, 0.20 mmol) was reacted with methylamine (31 mg, 1.0
20 mmol), after being purified by reverse phase HPLC, to provide 1-{[[2-fer¢-butyl-1-
(tetrahydro-2 H-pyran-4-ylmethy1)-1H-benzimidazol-5-yl](methyl)amino]sulfonyl} -N-
methyl-1H-pyrazole-4-carboxamide (TFA salt, 24 mg, 20 %). 'H NMR (400 MHz,
CD;0D, TFA salt) 8 1.52 (m, 4H), 1.65 (s, 9H), 2.33 (m, 1H), 2.81 (s, 3H), 3.32 (m,
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1H benzi m dazol -5-amne (335 ng, 1.0 mml) in acetonitrile (15 nl).

being stirred at roomtenperature overnight, the reaction m xture was
concent r avecoesndss33r educed pressure to give a residue,
by HPLC to provide N-{2-tertbutyl-

H benzi m dazol -5-yl} - -nethyl- |H mdazole- 1 -sulfonam de (295 ng,

%. M5 (ESI) (M+H) + 466.0. Exanple 101 N-{2-tert-Butyl-1- [(4, 4-difluor

ocycl ohegy),) 3162 @B]H)l 391 -(he 2H) . daz(d,l I 5- %6 Hz, WHéthﬂrl {dd, J = 9.0, 2.0 Hz,

1H1,2,4-tria
60, 1-{[{#+%
H- benzi m
triflate
1.0 mmol),

after being purified by reverse phase HPLC, to provide

N-{2-tert-butyl-1-[(4, 4-difluorocycl ohexyl)nmethyl]-1
H-ben%i n'ﬁ?d&ﬂiﬁ #@/I} Nrenyl - 1H1,2,4-triazol e-1-sul fonam de (TFA salt,

’ 0 i - l y a
rgrg) 33 &N t%h}ﬂlﬂ@;ri)‘h@ﬁg\&% bﬁ?@-@tet?ﬂ?cﬁ‘@ Zng? rdn-4Qirhe AECIH- 6H) , 1. 62 (S

4.48(d, J =_7.4 Hz,

7.36(d, J):eﬁzlmlﬂmol-ﬂ-yl](nwt}@ﬂ)z(rgmols,q)lfonyl M@yrgzg@e-e—cp&boxgn’lde 8.28 (s,

8.72(s,

Nret hyl -

of Exanple 60,
H- benzi m dazol -

mol ),

1H); MS (ESI) (M+H)+ 467. 0. Exanpl e 102
N-{2-tert-But

-1-[ (4, 4-difluorocycl ohe )rethyl] -1 H benzi m dazol -

1hpds

W

N-{2-tert-butyl-1-[(4,4-di} rocycl ohexyl )nmethyl]-1

H benzi m dazol - 5-yl } - Nmet hyl - )1H 1, 2, 3-tri azol e- 1- sul fonamde (TFA salt,
1H NWVR (400 MHz; OD, TFA salt) d 1.40-1.7 m 6H), 159(s

> 2’2( d }D@OW%% mceg%r%ﬁést]‘e?ﬁi ifz-lf an?lgl‘iéf’ W‘ﬁ%‘i’%ﬁ ﬁg”l' A}e“ffagy‘éff (

m;J, 30%

He, 4,

15

20

d,
H B Hrahd-yidmeky1HEH- b%h&lmlﬁ@o(-ﬁ'@'@(methyl)amino]sulfonyl} 1H-pyrazole-

4-carboxylic acid (96 mg, 0.20 mmol) was reacted with t-butylamine (73 mg, 1.0
mmol), after being purified by reverse phase HPLC, to provide N-(tert-butyl)-1-{[[2-
tert-butyl-1-(tetrabydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-1H-pyrazole-4-carboxamide (TFA salt, 26 mg, 20 %). 'H
NMR (400 MHz, CD;OD, TFA salt) & 1.37 (s, 9H), 1.52 (m, 4H), 1.66 (s, 9H), 2.33
(m, 1H), 3.32 (m, 2H), 3.51 (s, 3H), 3.91 (m, 2H), 4.51 (d, J = 7.6 Hz, 2H), 7.44 (d4, ]
=9.0,2.0 Hz, 1H), 7.66 (d, T =2.0 Hz, 1H), 7.96 (d, J = 9.0 Hz, 1H), 8.17 (s, 1H),
8.36 (s, 1H); MS (ESI) (M+H)"530.8.

Example 111
N-(1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl] (methyl)amino]sulfonyl}-1H-pyrazol-3-ylacetamide
Q |
|

SO
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1-[ (4, 4-di fluorocycl ohexyl)methyl]-1

G y%iiz[ ?%Tjggﬂ 3@9@3%'129 é@’ffﬁfﬁ%ﬁﬁ 1% R i Example

yAgs(sret hyl ) am no] sul fonyl }-3- nethyl - 1Hi m dazol - 3-i um
(?%%%g{) 0.08 nmmol) was reacted with 1H1,2,4- triazole (69 ny,

tr|Q':12|oI e-1-sul fonam de "R nd? the procedure in Step C

N u;\yl- [ (4, 4-Hdi flLudtdEybl ohexytl) met hyl ] -1
|}((”jTBt @ sul f onyl } - 3= Nretay| - n‘i\)d%)l-&ium
triflate (50 ng, 0.08 rreacted with 1H 1, 2, 3- iatoler (69 ny, 1.0

after being purified by reveLSB_phaae HPLC, to provigde



(MtH) + 467.0. Exanple 103 N-[2-tert-Butyl-1-(tetrahydro-2

H pyran-4-yl nethyl )-1 H benziini dazol -5-yl]-4- fornyl-Nnethyl -

H pyr azolwelesulzbssaan deFol | owi ng the procedure i n St eppCrsk2dsamabe 60,
1-{[2- tert-butyl-1-(tetrahydro-1 Hpyran- 4-y| met hyl ) -

H benzi m dazol - 5-yl ] (nmet hyl ) am no] sul fonyl }-3-nethyl -1 H m dazol - 3-ium
triflate (1.89 g, 3.0 mmol) was reacted with 1H pyrazol e-4- carbal dehyde
(576 g, SéepDAMMS{1-{[[2#¢reBubdi ftetrahydioe2ipyrantd-dmegey)-4Hr omat ogr aphy, to

Elt g\élnglemN_G gmlggzol-?qﬁ/@q?f@lﬁﬂmmo?%g{owﬁ %ﬁ@%éﬂ}eﬁ"‘lce aﬁ}fl%onam de (586 ny,

43 %. 1H NVR (400 o, CDCI3) d 1.48 (m 4H), l(s 9H), 2.22 (m 1H),

et EREL o i mepleanls o o
s, 1H) '%é‘(s ﬁ) (& H) IVB(E ,. Ie104
-{[[

|

(

1-{[ 2- ert Butyl -1-(tetrahydyo-2 -pyran-4- yI rrethyl) 1H benii m dazol -

yl ] (et hyl ) am no] sul f onyl cyclopropylT-1 H pyrazol e- 4- oxar ai de St ep

A 1-{ [[2-tert-Butyl-1-({tetsahydro-2 -pyran-4-ylmethyl}-1H8 benzi m dazol -
| 1 (et hyl ) am no] sul f or@+¥- N-cycl opropyl -1 H pyrazol e ar boxam deHATU

0.4 mmol) was added to a sol uti on of

[ 2- teﬁoﬁlongy Ithe] precstuen il rYep ﬁfofp?ﬁ%alﬁple@ $0 mBraryipny=N-[2-tert-butyl-1-
i 7-b | boxy! i
aL. 0§10 RO 2 iy A AR G R LA RUE e oD 6

m) in D"E(Elfél&nﬁdﬁi(ﬁoﬂlt Step(B) Wad sact3® wittnaceticenhpdrédd (H30rmgt 510 enmal,
d dt d whi ch fied h h PLC t
g(r)g\,.egzef.fte{) [t?elzal&e E&qé%ﬁ%wg%pa gelI ghror\lllvgcsogrpalﬁ }If, tloeprov1 e ]\P ell E[?f t£~t- u‘tyl—ll_| °
- (tetrahy HenhenadA)-932 | Ifonyl}-
yl ] (et h %Erg O%??rg Jfllﬂ]rzettl\llk}%y%:Hopr o§§| 1H py}r.(lllggo?e)ariungz]asru 8%1%1 de (TFA
salt, 29 1/ yﬁEol,@-yl)adﬂtdﬂHRe (3Gog, Hy). CDOINMR @00.MHz( 6D:0B) TFA 80t)(dm 2H) ,

O I LA G 345 6. P b2 @eﬁ 3D 23, G A T 2D St SR G0 (a5
= 0, 2. @‘ ?ﬁg %]z's"i ((m)ﬂ? 6(1(1% ESI))’ e%QdHJZ= 218L!hz THPY A15(dd1H-9.8-02H6s, 1H),

8.05 (d,
1H), 7.54 (s, 1H), 7.68 (d, J=28 Hz 1H) 793 (d, T = 9.0 Hz, 1H); MS (ESI)

(M-+H)*489.0.

i—"“O‘I
HI

r-“ﬁm\<

l_|o

N

15  Step B. 3-Amino-N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-
benzimidazol-5-yl}-V-methyl-1 H-pyrazole-1-sulfonamide

oo W

0] 0

_.U):O

Following the procedure in Step C of Example 60, 1-{[[2-tert-butyl-1-(tetrahydro-2H-
pyran-4-ylmethyl)-1 H-benzimidazol-5-yl](methyl)amino]sulfonyl} -3-methyl-1H-

20  imidazol-3-ium triflate (189 mg, 0.3 mmol) was reacted with 1H-pyrazol-3-amine (83
mg, 1.0 mmol), after being purified by silica gel chromatography, to provide crude 3-
amino-N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-y1]-N-
methyl-1H-pyrazole-1-sulfonamide, which was used in Step A without further

purification.
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Step B. 1-{[[2-tert-Butyl-1-(tetrahydro-2 JHr-pyran-4-ylnethyl)-|I

JH benzi m dazol - 5-yl](nethyl) am no]sul fonyl} -1H pyrazol e-4-carboxylic
acid N[ 2wbonvednssess- 1- (t et rahydro-2 PCT/SE2005/001405

- pyran-4-yl nenyl ) - 14 benzi m dazol -5-yl]-4-fornyl - LT-methyl -1H pyrazol e-1
-sul fonam de (460 ng, 1.0 mmol) and ozone (1.0 g, 1.6 mmol) was heated in
DVF (15 nL) at 50 OC for 2 hr. The resulting 1-{[[2-fert-butyl-
1-(tetrahydro 2 -pyran-4-ylmethyl)-1

H beri zi - -yI ] (me&yl ) am no] sul fonyl} - 1H pyrazol e-4-carboxylic acid
sol ution s used directly in Step A. M5 (ESI) (M+H)+ 476. 0. Exanpl e
105 1- {[[1@

H benzi mdgzo - b- ) am no] sul fon

N- et hyl - Jfb’rmpyNemeﬂhed-chwﬂamdmleﬁel foohmdid¢ ng t he procedure in Step A of
Exanpl e 104, 1-{[[2-tert-butyl-1-(tetrahydrg- 2

- pyr an- 4-yl net hyl )-I i /-benzi m dazol -5-yl ] (ngt hyl )3(51 no] sul fonyl } - 1H pyr azol
e- 4-car boxyty* e\ adi dl (96 ng, 0.20 mmol ) was tedl With et hyl am ne (90 ng,

2.0 mml ), afterNtEt i ed/ by reverse phasg HPI Now e
{[[2-ft- buty 1-O(t 2 - pyran- 4-yl met hyl9- 1 zol -5
yl ] (met hyl )am no] sul hyI 1H pyrazol e- 4- car bo rrNde TFA sal t,

-?érE-Blﬁ%stM Etétrﬁhft‘dlr Iify‘i‘ax?—4|-‘&lﬁié'tl§5ﬂ)-4rﬂﬂbélﬁﬁhiﬁﬁhhf-ﬂ-yl]-4-

1-

33 ny, 27 %. 1HN|\/R(400 , CD3Ch-TF#-salt) d 1.14 (d, J/)= 7.4 Hz, 3H),
1.52 (m 4H), 1.65 (s 2. 33 (m 1H), 3.32 (m 4H3 /4. 81 (s, 3H), 3.91
(m 2H), 451(d J = , 7.42 (dd, J = 9.0, 2.9 B, 1H), 7.66 (d,
J = 250 Hz, 795( J:90Hz 1H), 8.18 (s, 1H), 8.30 (s, 1H: M
(ESI) (M*f'“&rb E{Pﬂe%nis% (;l‘Jof\Ek Mhplé6D Ht[QQéﬁt—b%ﬂyﬂ ttdrdhyato-ay dr o- 2J9
r-pyran-4-yl rret -1 H benzi m dazol - % am no%sulfonyl}
-11Z-pyr az\/mdtre4£ylmahhbl)d>(éh¢mnﬁbz¢la‘iw1i@ﬂft’fglﬁl W@@EH&@@’H-@ -meldpl- Niof ~ Exanpl e
104, 1-

yl)-1H E)f[s‘hgfl nglbut ?tF]J(ﬁéset r(?f%‘?ﬁlﬁg]asr 2 ony ?ﬁﬂ arz%lgbd'l_e- 4- car boxylic

acid (96 iBhal@hgle (B3 nhg, \IRGnGAY; bedr Being pahﬁydl Byrkiliea geucmomograpﬁ)ypm ),
after being purified by reverse phase HPLC, to prowde-allyl-]l- [[2-
t er t Bt y|to provided; r[&ﬁ?’ﬁﬁt’sﬁﬂ L-(setradpydue- S rayrany-ylmethyd A7 beRzemiare

ys TRt 31 B RALP AN ik 1 e loRachice A8 2R 5160 (T RnER doo 38 0. 30
MHz, CDCls) & 1.52 (m, 4H), 1.54 (s, 9H), 2.25 (m, 1H), 3.32 (m, 2H), 3.60 (s, 3H),
3.98 (m, 2H), 4.19 (d, J = 7.6 Hz, 2H), 6.81 (s, 1H), 7.01 (dd, J = 8.6, 1.9 Hz, 1H),
732 (d, ] = 8.6 Hz, 1H), 7.41 (s, 1H), 7.74 (s, 1H), 10.12 (s, 1H); MS (ESI) (M+H)"
15 460.0.

Example 113
1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl} (methyl)amino]sulfonyl}-N-cyclopropyl-lH—imidazole-4—carboxamide

0
l

Lt
N
N R C[\>_7<
N

20 o

Step A. 1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-yimethyl)-1H-benzimidazol-
5-yl](methyl)amino]sulfonyl}-/V-cyclopropyl-1H-imidazole-4-carboxamide
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NVR (400 MHz, CD30OD, TFA salt) d 1.52 (m 4H), 1.65 (s, 9H, 2.33 (m 1H),
3.32 (m 4H), 3.52 (s, 3H), 3.92 (m 4H), 4.51 (d, J = 7.6 Hz, 2H), 5.09
(m 1H), Wwokdogusse3zH), 5.85 (m 1H), 7.42 (dd, J = 9.0, rRTBERS/00HNS 7. 67
(d, J =2.0 Hz, 1H, 7.95 (d, J 9.0 Hz, 1H), 8.20 (s, 1H), 8.32 (s, 1H); M
(ESI') (M+H) +515.0. Exanple 107 1-{ [[2-tert-Butyl-1-(tetrahydro-2

- pyr an- 4- yI rrethyl) 1 H benzi m dazol -5- yl](nethyl)am no]sul fonyl}-

N- propyl - razol e- 4- car boxam de Fo%vm Qg the procedure in Step A of
Exanpl e 10 ﬂ{a[/kf bert butyl - 1-(tetrahyd H-p;/rIan 4- yI met hyl ) -1
H-ben2|md h j noJ sul f onyh} f 4Ncar oxylic acid
(96 ng, 0.20 mﬁ)k)/ & Wi h propyl amN@ (Jgi ), after
being purified by re ers RLC, to provide 1-{[] N- yl-1-
(tetrahydro-2 -pyran-4-yl msthy )-1

H benzi m dazol - 5-yl ] (et hyl }ap no]sulfonyfF Npr opyl -

1H ryrazol e- 4-carboxam de ( TFA salt, 44 ng, 35 %9. 1H N 00 MHz, CD3QOD,
TFA salt) d 0.91 (d, J = 704 ,3H) 152(m6|—|) 16@ ,9H) 233(m
1H),323(t,J72H22,332(m2H) [& gn(lr H, 4.51
(d J = HATHALS 214, 0.0% mmol) areps added 9. asolutian orﬁzl{ M@rt-bu%l((&tra y&02 0 Hz,

(W +51§%P§PW§§& deristygh b rplog e chithy i dtond i 171E (ES1)

H pyr an- %ﬂdﬁ@k@barbaxﬁkcta@wolmlﬂgmm Bmoy), bymmrbwmmmm(ﬁ]mgua bmyhdl)
N*V-di met hyl - 1H pyr azal e- 4- car boxam deFol | owi n th% procedure in Step A of
Exanpbe :@@d DIPEH (02 %/ L mlgnn DMF)ﬂ O} @ittahfigr 40 Tyin, the reaction mixture was

-pyran- 4- c\é 0y Ec) g(1lv%: 5&6&9&1&2%g%&|p ﬁ?ég]b%ﬁé?yé V\% Gt Bl ol Revkie 11 //

- pyr azol e- car Ic acrd s reacted Wth
di net hyl a{rﬁpn@r&lﬂﬁylng(te&a@dmrmi}pyrai—ﬂ@ﬂmbmyhglHrbemelmedyS-r everse phase

W CURTR TR ot e

- d t hyl T 7 g 400
i me y&&“ﬁ%sﬂ?{%mgg@é 4%)(5 6%15(%}1 tzﬂ) @swm @ﬂ)(fﬁs (fHM}R 82 0,
|'|) B 121.6% (s, 3H), 23533, (1), 2B (m3 15), $§3 (@bﬂZH);ﬁ 8@ (Q rﬁH)ZBI)93 (411,921)( d, J =

(o0 5 S B Wl S 980, (8, (i3 560 3 S0 8, e, A2 790

(s, 1H), 7.91 (s, 1H), 7.99 (d, T = 9.0 Hz, 1H); MS (ESL) (M+H)"514.8.

Step B. 1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-
15 5-yl](methyl)amino]sulfonyl}-1H-imidazole—4-carb0xylic acid

A g
N~/

@]

O
.

= |

oo T

0 0

O=C0

N-[Z-tert—Butyl—1-(tetrahydro-ZH—pyran—4-y1methy1)—1H—benzimidazol-5—y1]-4-
formyl-N-methyl-1H-imidazole-1-sulfonamide (320 mg, 0.7 mmol) and ozone (650
mg, 1.1 mmol) was heated in DMF (6 mL) at r.t for 24 hr. The resulting 1-{[[2-tert-

-20 butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
y1](methyl)amino]sulfonyl}-1H-imidazole-4-carboxylic acid solution in DMF was
used directly in Step A. MS (ESI) (M+H)"476.0.
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H, 8.16 (s, 1H); M5 (ESI) (M+H)+502.8. Exanple 109

{[[2-tert-Butyl-1-(tetrahydro-2i ?-pyran-4-yl nethyl)-1J3-benzi m dazol - 5-

] (et hwb)rassozsdszsul fonyl } - N- et hyl -1 ?- pyrazol e- 4- car lpoxaEa00d@oi03 | owi ng
the procedure in Step A of Exanple 104, 1-{[[2-tert-butyl-1-(tetrahydro-
2#-pyran-4-yl met hyl ) -1H beri zm 4-carboxylic acid (96 ng, 0.20 nmol) was
reacted wwth nmethylamne (31 ng, 1.0 mml), after being purified by reverse
phase HPIEXantpde ptdvi de 1-{[[2-tert-butyl-1- (tetrahydro-2

- 4- th - | £ [ }- Nnet hyl -
e T e s L AR

;rﬁ]AZIS-D al térl]gm%tl@:}’)afﬂ-iho]@ﬁﬁf ny?l}-ﬁﬁciﬁop&?klﬂ%fﬁ\zjﬂ@%&é‘b%ﬁn% ( 57- 2';) ( dg' 3? _
9.0, 2.0 H, 1H) 766(d J 20Hz 7.95 (d, J = 9.0 Hz, 1H), 8.17

(s, 1H), 8. 27 (s, 1H); 488 7 Exarrple 110

N-(tert-Butyl)-1-{[[2- tert-Hput r-h_@ dr pyran-4-ylnmethyl)-1
Hoenzi m dazol - 5-yl} (methyl)anmi sy fﬁ[ yrazol e- 4- car boxam de
Foll owi ng the procedure in Step A of Exa
1-{[[2-tert-butyl-1-(tetrahydro-

2H pyran- 4-yl net hyl ) - 1H benzi m dazol - 5-yl ] hyl ) am no] sul fonyl }-1

H pyrazol e- 4-carboxylic acid (96 ng, 0.2 ) was reacted with

t-butylamne (73 ny, 1. 0 mml) after bein§—purified by reverse phase HPLC,
to provide -(tert-butyl)

tert - But y§ten A¢ tle{[n{%mjﬁBBt}iﬂ &W ahydrogdHapyksa-f-vimathyd 1 b enzipidagol-

2t (T e TGS pam b R ROt e i Rertlobahige ¢ 26 D, 20
(—8’7 gH)Hz %0 r7n4411H) d3 329(6” gH) 345\1 S g °7 (_m2 (ZJH)HZ 41E|)1 (3’933
(d, J 9. I—El_% : ,/')E@éﬁ&a (M) +530.8.

(d, J 9.0
Exanple 111 N-( te (tetrahydr\ I—gpy @ hyl)-1
H benzi m dazol - N

1
1-
yl

HATU (250 mg, 0.66 mmol) was added to a solution of 1-[[[2-tert-butyl-1-
10 (tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino] (methylene)oxido-x4-su1fany1]-1H—pyrazole-3 -carboxylic acid (65
mg, 0.14 mmol), cyclopropylamine (57 mg, 1.0 mmol) and DIPEA (0.4 mL) in DMF
(1.0 mL) at r.t. After 30 min, the reaction mixture was condensed to give a residue,
which was purified by reverse phase HPLC to provide 1-{[[2-tert-butyl-1-(tetrahydro-
15  2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl](methyl)amino]sulfonyl}-N-
cyclopropyl-1H-pyrazole-3-carboxamide (TFA salt, 19 mg, 22 %). "H NMR (400
MHz, CDCl3) & 0.64 (m, 2H), 0.81 (m, 2H), 1.52 (m, 4H), 1.65 (s, 9H), 2.33 (m, 1H),
2.84 (m, 1H), 3.33 (m, 2H), 3.56 (s, 3H), 3.91 (m, 2H), 4.51 (d, J = 7.6 Hz, 2H), 6.30
(d, J=2.8 Hz, 1H), 7.39 (dd, J = 9.0, 2.0 Hz, 1H), 7.52 (s, 1H), 7.88 (d, ] = 2.8 Hz,
20 1H), 7.95(d, J=9.0 Hz, 1H); MS (ESI) (M-+H)"514.8.

Step B. N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl}-3-formyl-N-methyl-1H-pyrazole-1-sulfonamide
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yl'] (methyl)am no] sulfonyl}-1H pyrazol -3-yl)acetam deStep A
N-(1-{[[2-tert-Butyl-1-(tetrahydro-2 H pyran-4-ylnethyl)-1Hbenzi m dazol -
5-yI T (metwpl2p@smisgespsul fonyl }-1 -pyrazol - 3-yl ) acet anm de [Polrisgroosgotsbe
procedure in Step A of Exanple 60, 3-amino-N-[2- -butyl-1- (tetrahydro-2
- pyran-4-yl net hyl ) - 1H benzi m dazol - 5-yl ] - N-net hyl - 1H- pyrazol e- 1-

sul fonam de (from Step B) was reacted with acetic anhydride (530 ng, 5.0
mol ), after bei ng purified by silica gel c‘Hromat ography, to provide
N(L1-{[]2- e; yj -1- (tetrahydr02

-pyran4y| n2| aoI 5y|](rret f apyl }
1H pyrazol - %. 1H N 40 TFA salt) d
1.52 (m 4H) 166(s (s, 234(m 1H)S 351

(s, 3H, 391(m2H) 451(d J=7 Hz 6.75 (d, J=28Hz
7.41 (dd, J = 9.0, 2.2 ~1H), 7.54 (s, 768(d {8 Hz, 1H), 793
(d, J = 9.0 Hz, 1H) (ESI) (I\/H—|)+4890 StepB

3-Anmino-N-[2-tert- butyIO (tetrahydro-2 H pyran-4-yl net -1

Hb d |- 5-yl]- Nnmethyl-1 H -1-sul f Fol | th
ety St oo e o A L S A

4- t - 1 l{77.3- net hyl -
Y dazot Y G Y et PRk QAR ST BRIL R ol b5 i
1H pyraz @ﬂmdiz@ln?o frem ( &ﬁlamg (6300 g;mbﬂ)) mnafl) ewa$elem<qe¢)uW1th| éd-yyazeid-Bca gel
chr omat ogr

pyran- 43T hw% b A aftes P e S ) Vgl flehg, " o

-sul f ona WM i nas: Heed 1 i(RuShRRo-AHpIRAULY 1&1@&{ IHwéﬁzlfm@aabl-@n Exanpl e
112 N-[ 2- e?n/ But yl - 1 (gttg??ahygdro %ﬁcl)?l- Hm?%n 4- yh])e

H benzi miyila3-6oraBAyN-fnethyl- ﬂﬂrmhzol‘NJrﬁﬁlfthlldP 2(3%\ dﬁ%»oﬂ@ f@s uMS &R He

Fol | d St C of Ex le 60, 1- 2-f
Tbut y1 - LRy BROEY oo 21 f pyr an4-yi met byl - 1 e ter
H benzi m dazol - 5 yI ] (rret hyI )am no] sul fonyl }-3-nethyl-1 H m dazol - 3-ium
triflate (630 )l was reacted with | -imdaz - 4- crbldehyde
(288 16y, S&emcmiulljl teaﬂ-Bé?y Heltefgaly ot Epyran-diylmethy ngl}fPawa Haphy, to
provi de gligxﬂ&éyl)gxﬂt% GadothyRhERMA - aﬁfanyﬂylrﬁrg,y%a%hmtcayﬁ&xyﬁc acid

H benzi mid
N Q| N Q|
N=§ Nﬁ
o TP

@) 0
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-3-
formyl-N-methyl-1H-pyrazole-1-sulfonamide (320 mg, 0.7 mmol) and ozone (615

15 mg, 1.0 mmol) was heated in DMF (6 mL) at 50°C for 4 hr. The resulting 1-[[[2-tert-
butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino](methylene)0Xido-k4-su1fanyl]-1H—pyrazole—3-carboxy1ic acid
solution in DMF was used directly in Step A. MS (ESI) (M+H)"476.0.

20 Example 115

1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-/V-isopropyl-1H-pyrazole-3-carboxamide
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yl]-4-fornyl- -nethyl-1H i m dazol e-1-sul fonarnide (335 ng, 73 % . 1H NWR

(400 MHz, CDCI3) d 1.52 (m 4H), 1.54 (s, 9H), 2.25 (m 1H), 3.32 (m 2H),

3. 60 (s, 8b2pocA3dB3(m 2H), 4.19 (d, J 7.6 Hz, 2H), 6.8cisE2doke14ds 01 (dd,
=8.6, 1.9 Hz, 1H), 7.32 (d, J = 8.6 Hz, 1H)5 7.41 (s, 1H), 7.74 (s, 1H),

0 12 (s, 1H); Ms (ESI) (M+H)+ 460. 0. Exarrple 113

[[2-terf-Butyl-1-(tetrahydro-2i ?-pyran-4-ylmethyl)-1/ir-benzim dazol - 5-

(

| -

|']

[Ny

-{
]

PEH

met hyl ) amao] sul fonyl }-N- cycl opro -10-im dazol e-4-car boxanm de Step
{[[2-terntBut yI 1(tetrahydr02 Hyiy -4y thyl)-1 H benzi m dazol -

-yl ] (et hH9'a I L‘onyl }- N-cycl opro zo e- 4; car boxani deHATU

n of \ '

Am

15 ng 0.04 as/solutio

tert-butyl-1- (tetrah§Hro n- 4- ylnethyl) N ‘

H benzi m dazol - 5-yl ] (met hyT") am no] sul fonyl }-1i/- |n1dazole- - carboxylic
acid (10 ng, 0.02 mol), cygl opropytamne™@6 ny, 0.1 nmoland DI PEA (0.1
niL) in DMF (1.0 nL) at r.&d. After 30 mn, the reaction{m Xture was
condensed to give a residu ich was purified by reve phase HPLC to
provide 1- {[[2-tert-butyl-1-(tetrahydro-2J - r-pyran-4-ylnethyl)-1

H benzi mF@ﬁéﬂirrg&he tdcbdxEt ity Sjepm o canigle my4,}1$[[[2 tert-butyl-1-(tetrahydro-
N-cycl opropyl - I'i /-| m dazol e- 4- car boxam _de 1H NWR

(400 MHz 2 BY-dmethyd)- Uikbengignidagokrvifmet am@oiéneztlmlex@_ﬁmgq[@b—{g (s, OH
(2d35J( m é%%ylg}_é%y%]f%%rbgﬁﬁ% %{%(6%?&% ()atzzf‘&iﬂ@ wa’»ﬁ)eact%% %%51( m ?FD HZ,4. 54

1||\_/I|)+H) ZSIzsc(gﬁopyldIhme (5%9thg( 5.0 ndl), afted Defr, putifiedbyGewase i HRBC(tESI )
+

I[ [ 2- tmwﬁdﬁfllltef(tt*%wlalhgte“}r%l@ﬂ%ﬁym Sy petBy s bzt ihi dazol -
L e )

| # n2| h) BB, SHNRA400 Mﬁylcmemea hy24 (6 =6 &izo68), 1-Buf, 888 ni de (320

?gr 24 hr1 65Teﬁegﬁg§(t)ﬁz3? eg}%sl F?%ﬂti(ﬁ},égg&p,ﬂﬁ\jag ﬂe: %lql) A{]Z(P&VF 1(1-B m) at r.t
1- H- .
(1 atr ahyel or 2L-Ry BNy RNV sl henaunidagol o.65,2.0 iz, 1), 7.53

yl ] (nmenyl ] su i 'mi dazol’e- 42 carboxylic acid sglutlonlnDIVF
was (s, 1H), 7.88 (d, J = 2.8 Hz, 1H), 7.95 (d, J = 9.0 Hz, 1H); MS (ESI) (M+H) 516.8.

(

1-{
S-y
N-|

Example 116
1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
15 yl](niethyl)amino]sulfonyl}-N—propyl—lH—pyrazole-3—carboxamide

o)

O
]

o R
ey oo

0O 0]

Following the procedure in Step A of Example 114, 1-[[[2-tert-butyl-1-(tetrahydro-
2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl] (methyl)amino](methylene)oxido-A’-
sulfanyl]-1H-pyrazole-3-carboxylic acid (65 mg, 0.14 mmol) was reacted with

20  propylamine (59 mg, 1.0 mmol), after being purified by reverse phase HPLC to
provide 1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1/-benzimidazol-5-
y1](methyl)amino]sulfonyl}-N-propyl-1H-pyrazole-3-carboxamide (TFA salt, 26 mg,
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used directly in Step AMS (ESI) (MtH) + 476.0. Exanpl e 114 1-{[[ 2-
tert-Butyl-1-(tetrahydro-2 H pyran-4-ylnethyl)-1 H benzi m dazol - 5-

yl 1 (et hywpansenssdssul f onyl }- N-cycl opropyl -1 H pyrazol e- crarbmsamsoe St ep

A 1-{[[2- tert-Butyl-1-(tetrahydro-2 H pyran-4-ylnethyl)-1 H benzi m dazol -
5-yl ] (nmet hyl ) am no] sul fonyl }- N-cycl opropyl -1 H pyrazol e- 3- car boxam de HATU
(250 ng, 0.66 mml) was added to a solution of 1-[[[2-tert-butyl-1-

(tet rahydo%)z 'H pIVMRI(480 MHE OnyC)) 3 16-95e(ndin7 ddiz 315, 1.52 (m, 4H), 1.62 (m,

I h h I do- | | fa - 3- b [
L) e AT SRR AR S, B LY SRR SN 15
m) in {dsPdrL 7 I—fz &H) A 3¢, P98 [y, {HE 790GH] PROM XDULL 1455

condense |vé a residue’ putrified by reverse phase HPLC to
provi de ¥- 5{3[(&,2}}1'); 2188 -( Uty R -8THZ, t1@T)r %.Bg(id d— 2.0 Hz, 1H); MS (ESI)

-pyran-4-yl nethyl ) - 1H benzi m dazol - 5-yl ] (et hyl ) am no] sul fonyl } -Ncycl o
rropyf- 1lg§bL a%lé} -3-carboxam de (TFA salt, 19 ng, 22 % . 1HNMR (400 MHz,
Cbcd3) d 0.64 (m 2H), 0.81 (m 2H), 1.52 (m 4H), 1.65 (s, 9H), 2.33 (m
1H), 2.84(m 1H), 3.33 (m 2H), 3.56 (s, 3H), 3.91 (m 2H), 4.51 (d, J=
7.6 Hz, Zfampde 807 (d, J:28Hz 1H), 7.39 (dd, J = 9.0, 2.0 Hz, 1H), 7.52
(s, 1H

( MeH) +5 14"-@“&&3!){23“ flputyl- f‘{(fé’ﬁa%ﬂmF?I?Piértagﬁf]'ﬁﬁ?@%l) ?‘Z”M’%’@“é‘ﬁ‘%@ yFﬁL% hyl ) -1

H-benzi m etﬁyl thino uﬁﬁh@LrM{aﬁx{é -3kath¢xangde! e- 1- sul f onami deFol | owi ng
the pr oc tep anpl e ,
1-{[[2-tert- butyl 1-(tetrahydro- 2prra

4-vyl nethyl) 1 benzi m dazol - 5- yI](math no]sulfonyl} 3-methyl-1//-

i m dazol - erlatq(GBO g, 1.0 mmol ac{ ed with 1H-pyrazo|e 3-
car bal dehyde (288 mers-31.0 AQD ter bel"ng urN“fS; icasgel
chr omat ogr aphy, pl’d)VlM \
L-[2-tert-butyl - 1(tetra @F o=/ i /- yran4y|rrethy|)-|/| <beMzi m dazol - 5- -

yl]-3-fornyl -N-net hyl - 1H pyrazol e- 1-sul f ogam de (320 ng, 70)% . M5 (ESI)
(MtH) + 460.0. Step C. I-[[[2=<tert- Butyl 1- (tetrahydro- ' :
fir-pyran-4-ylnethyl)-1 Hribenzi m dazol -

5-yl Jipet hyl)am' no] ( et hyl oxi do- |4-sulfanyl]-1 H-pﬁazol e- 3-carboxylic

?giy?aw- Elzligt e j:}/piqq_egérﬁgﬁ E?e@ydg 8?E§ar§}Plf 1%4 1-{[[2-tert-butyl-1-(tetrahydro-

H—pyran—4-ylmethyl) -1H-benzimidazol-5-yl](methyl)amino](methylene)oxido- Ak
sulfanyl]-1H-pyrazole-3-carboxylic acid (65 mg, 0.14 mmol) was reacted with
allylamine (57 mg, 1.0 mmol), after being purified by reverse phase HPLC to provide

15  N-allyl-1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino]sulfonyl}-1H-pyrazole-3-carboxamide (TFA salt, 18 mg, 21 %). 'H
NMR (400 MHz, CDCl3) 8 1.50 (m, 4H), 1.62 (m, 2H), 1.64 (s, 9H), 2.32 (m, 1H),
3.31 (m, 2H), 3.57 (5, 3H), 3.91 (m, 2H), 3.97 (d, J=5.3 Hz, 2H), (m, 1H),4.49 (d,J=
7.6 Hz, 2H), 5.11 (m, 1H), 5.21 (m, 1H), 5,88 (m, 1H), 6.80 (d, J = 2.8 Hz, 1H), 7.39

20 (dd,J=9.0,2.0 Hz, 1H), 7.52 (s, 1H), 7.88 (d, ] = 2.8 Hz, 1H), 7.94 (d, J = 9.0 Hz,
1H); MS (EST) (M+H)"514.8.

Example 118

1-{[[2-tert-Butyl-1~(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
25  yll(methyl)amino]sulfonyl}-N-ethyl-1H-pyrazole-3-carboxamide
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fornyl - -nmethyl-1H pyrazol e-1-sul fonam de (320 ng, 0.7 nmol) and ozone (615
ng, 1.0 mmol) was heated in DM (6 nL) at 500C for 4 hr. The resulting

1-[[ [ 2- t ewDludeyl33633- (t et r ahydr o- 2H pyr an- 4- yl net hyl ) - 1HpbesERVs D@03 - 5-

yl ] (et hyl ) am no] (et hyl ene) oxi do- | 4-sul fanyl ]-1H pyrazol e- 3-carboxylic
acid solution in DVF was used directly in Step A.M5 (ESI) (MtH) + 476. 0.
Exanpl e 115

I-{[[2-tert-Bu®yI-1-(tetrahydro-2|—|—pyrart4- | met hyl )-11f-benzi m dazol - 5-

yl'](raethyl)apinolsuldonyl}- '-isopropyl 0
r-pyrazol e-"Qca _rg_ Fol | owi ng the proded r@’mgﬁg ep.A orjl Exanpl e 114,
| -[[[2- tert-but -t e

H benzi m dazol - 5-yl ] t A N
sul fanyl J- 1H pyrazol e- S-carboxylic acid (65 ng, 0.14 mol) S reacted with
i sopropylamne (59 ng, 1.0 ), after berng purified b ver se phase
HPLC to provide 1-{[[2-ter{-bytyl-1-(tetrahydro-2li-pyran-4ylnethyl)-1

H benzi m dazol -5- yl] (et hpl)dm no] sul fonyl } - 0

N-i sopropyl -1i/-pyrazol e-3-carboxam de (TFA salt, 3 1 ng, 36 %9. 1H NWR
(400 MHz Follo@is) the ptoc2duredn StkpA 6f Bxddaple @}, 1-[[S2er{-butylhHytetrdhgbo( s, 9H),
2.33 (m 1H), 3.33 (m 2H, 3.56 (s, .3H), 3.91 2H) ,. 4..20 1H), 4.51
(d, J 7. @f#ﬁym}}tﬁb—yh@ﬂ@é}é%:be?}z@.l@azﬂ}rﬁ-Y%F&Vﬁaﬁg?%%%ﬂe@?)%ldé% Hz, 1H),
7.53 (s, 4 88 )= : " - AH) ; M5 (ESI)
(et 518 bl Byl s SarboRyiacid s md, 0t ol gpdrco g widh

- pyr af- 4-giihytemingl (35 ingH Benmmbly) after dbeife pyrifjedrint leyérsaphaso HPLC to

B o B P b Sl AL R B B Bt ecure
- pyr an- 4'351](H}%E.H%'ﬁg?r%%or]h&lﬂﬁ%h@%@lﬂiﬂﬁ?ﬁﬁdlé%ﬁﬂxﬁﬁiﬂ&%ﬁ@ﬁﬂ@Sb gize) oxi do-

i
| 4- sul f anyl ] azol e-3-carboxylic acid (65 ng, 0.14 mvol) was reacted

Wi th proBd % HeNVEO (409 MHz,CREb) P, 1.21 (& =bb# i, pHY.i 52 miH) &68(se phase

HPLC to Vi 1- -tert-hu -1-(t h - -4- vl hyl ) -
o benoi MDY 238 @1 (I 3k B g P B Y, 3 s TP 3ot o, BB,
N- pr | - I az I 1 de. 1 300! z,l J\?E\S 400 MHz,
o0 AL RS ,ﬂgﬁzzg%ﬁ%éi—lz%,@?l—l)?%ﬁ%%?}bmg dé 792 %Hztfm o (s
OH)., . 3as{THD, T195.(431 28,51, LEDY 7.95(87 = ) Has )l E):MEHESD, (V) 502,81 (m 2H) |
4.51 (d, J = 7.6 Hz, 2H), 6.80 (d, J 2.8 Hz, 1H), 7.39 (dd, J = 9.0, 2.0
Hz, 1H), |

Example 119

N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-/V-

15  methyl-4-(morpholin-4-ylcarbonyl)piperazine-1-sulfonamide
QA /N R
YN N-S-N N
TN
J \
0]

0
Step A. N-[2-fert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl]-V-methyl-4-(morpholin-4-ylcarbonyl)piperazine-1-sulfonamide
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7.53 (s, 1H), 7.88 (d, J = 2.8 Hz, 1H), 7.95 (d, J = 9.0 Hz, 1H); Ms (ESI)
(M+H) +516. 8. Exanple 117 -Allyl-1-{[[2-ter”™-butyl-1-(tetrahydro-2

Hr - pyr an-woybesasbess) - 1 H benzi m dazol - 5-yl ] (net hyl ) am roiisubdosnyisps 1

H pyrazol e- 3- car boxam de Fol |l owi ng the procedure in St ep A of Exanple 114,
I -[[[2- tert-butyl-1-(tetrahydro- 2 -pyran-4-ylmethyl)-

H benzi m dazol - 5-yl ] (net hyl ) am no] ( et hyl ene) oxi do- I 4-

sul fanyl ] - 1HQ@yr gzole-B- ¢ar boxylic acid (65 %4 was reacted with
allyl anine (5 , INOS fit er ,bei ng purlf r%v se HPLC to
provi de I\I—a)——l'g lgl —H{[[@-te ut\)—ﬂ—zgl (tetra -2 pyr@n Z@w
1H benzim | -5- yl] (et ani n sulfony H-pyrazol e- 3¥Car Qoxam de
(TFA sal t, ng, 2 1 %. 1H NMR ( 400Nz 3) d 1.50 (m 4H),/ 1.62 (m

2H), 1.64 (s, 9H), 2.32 (m 3.31. (m 2H), 3.57 (s, 3H), 8. m 2H),

3.97 (d, J=5.3 Hz, 2H), (m cél—i), 4.49 (d, J = 7.6 Hz, 2H), 541 Am 1H),

5.21(m1H) 5,88 (m 1H), 0 (d, J:28Hz 1H) 7.39 (dd,”J = 9.0,
2.0 Hz, 7.52 (s, 1H), 7.88 (d, J28Hz 794(d J =9.0 He,
0O-

F byt an- Es'l%;éérmﬁ*% I QBier B Dt Q,?Hpﬁ@lﬁ TS fomyty

N-et hyl - Ib&ﬁ»zlﬁﬂda@épbgd]%m@%g%ﬁm]ﬁ%@mprpmragmth@l)pmc@ﬂysemmylsmo A of
Exanpl e 114, |- - tert-buty (tetrahydro- pyr an- 4- yI rret hyl ) -1
- benzBni dmmzo wacm%@thyzQ@ga 018} mml}aymféa]@e 8% (é?)mgyémmol)

sul f anyl ] > VLot reacted
with eth If‘mﬁé S'IBXS(aAaI@CE r%L)?‘ eﬁ’m)q )r}}f)a\?% r%g?)ng p ri %l'é ;éalrcgl\a;%r se phase
HPLC to ﬂﬁ@’bﬁrﬂﬁzait}{eb[cand@md toudiyd aﬂes(dhle,twblbhd\raspﬁriﬁpujlbyarevérsy Ipheestehy | ) -

1H benzi m dazol -5 - vy

“et hyl - 1HIRl @zmogmg%ﬁmﬁwéi% ﬁ%ng%nz?P 5%*}6 Ry ostydy L 1 VR (400 MHz,
coa 3) d b]e?%gmé%)ol 4. QIT] - etﬁ|§1=-4 %H))%)hghl@a fl&ﬁrbérb@l)glﬂerﬁz@ne( &sul%‘ﬁam@e 33 (m

1H), 3.32 1 (m 2H),
4.5110d, FA letGShlg,ZQ%) lmm((@no WHz, lelﬁzi 1ﬁﬂ)(m,7tHz},o1 @&cs,, 9H),9.0, 2.0

I(4ZE’S| )1 g mﬁgé%}g 27 oo, $5h. s tn i), 550 o b, 5.5 S, 3.6 @, 9e)2e 1P VB
3.93 (m, 2H), 4.54 (d, T = 7.6 Hz, 2H), 7.69 (d, ]=9.2 Hz, 1H), 7.81 (s, 1H), 7.97 (d,
J=9.2 Hz, 1H); MS (EST) (M+H)"562.8.

~

15 = Step B. 1—[‘(4-{[[2-tert-Butyl—1-(tetrahydro—ZH—pyran—4-ylmethyl)-1H—
benzimidazol-5-yl] (methyl)amino]sulfonyl}piperazin-1-yl)carbonyl]-3-methyl-

1H-imidazol-3-ium triflate

o ,—\ 9 O 7\ R
>\—N\_/N—§—N N N>——N\_/N—§—N N
r ST S LA
NP N N N

——
o 0

20  N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-yl]-4-(1H-
imidazol-1-ylcarbonyl)-N-methylpiperazine-1-sulfonamide (1.09 g, 2.0 mmol) in
acetonitrile (20 mL) was treated with methyl trifluoromethanesulfonate (1.0 g, 6.0
mmol) at r.t for 0.5 hr. The resulting 1-[(4-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-
ylmethyl)-1H-benzimidazol-5-yl}(methyl)amino]sulfonyl} piperazin-1-yl)carbonyl]-3-

25  methyl-1H-imidazol-3-ium triflate solution in MeCN was used in the step A directly.
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Exanple 119 N-[2- tert-Butyl-1-(tetrahydro-2ia r-pyran-4-ylnethyl)-1
H benzi m dazol -S-yl]-7 L- nethyl-4-(norphol m4-yl car bonyl ) pi perazmne- |
- sul f onamvOeo@ispe3d. 7Lir-[2-tert-Butyl-1- ( t et r ahydr o- 2IPCT/SE2005/001405
-pyran-4-ylnethyl)-1 Hr-benzi m dazol - 5-
yl]-/y-nmethyl - 4- (nor phol i n-4-yl car bonyl )p| per azi ne- 1- sul f onam deA sol ution
of I-[(4-{[[2-terf-butyl-1-(tetrahydro-2 -pyran-4-ylmethyl)-1
Hbeln]ZI( i Eﬁm le 120 | | "
5-y met am_no s n azin -1
i m dazol 4éi/ﬁ2dﬁ’ftt3‘ltﬂ‘ M%B%Hénﬁﬁgtﬁ%mﬁﬂl‘%“ %’%g 1 mmmol ), and
Huni g' s VAByIFpipEFRtheOV-RhF Xainidé . t. The
reacti onyﬁﬁﬁ?&ggg%@%‘ﬂgorﬁy?ond(gﬁgg‘g&%o gll\}ﬁéba resi due, which was purified
by reverse phase /HPkC(?0| prow de N-[2- tert- ty,{'-—:k-( elrahydro 2/

d

- pyr an- 4- yI netM) IN+E P dagol - ,5-yl] -
N- net hyl - r pheth i perazi ndN 1- strt‘fon@ma@
26 9. 1H I_h)(4oo MHz, = CDh i Ziss (m 4 , 1.68 (s Zg

4H), 2.37 1H), 3.25 (m 8H) 3. ,333(s 3H) 2(m 4H)
3.93 (m 2H), 4.54 (d, J 7.6/ 2H), 769(00HJ92HZ .81 (s, 1H),
7.97 (d, J=9.2 Hz, 1H); M5 (ESI) (MtH) +562.8. Step B. I-[(4- [2-
tert-Butyl-1- (tetrahydro 2J8pYran-4-yl methyl )-1 fi Tbenzi m dazol -
S—yl}ﬁrret hyl ) ami no | sul fonyl}pi perazi n-1- yI)carbonyy S- net hyl -

1H d | - 3- triflat 2- - Byt -

- pylr ;nn Z%gumrig&l% P’FOICF ‘g%%ﬁ‘%‘l’ RL;T# %- (KI((B"?h-r2 tﬁ%ﬂpu%g?l'l yl carbonyl ) -
N-met hyI &}Eﬁ%& D #yraﬁ%lﬁﬂl@ﬁﬂﬂ dﬁ?—ﬂoénﬂﬁu&:zo?&o mmol) in acet onitrile (20
m.) was tr ea

tri'fluoronet hanesul fonat e ( gia 6.0 mol ) at
r.t for @'l]ﬁnhhhyl)a'mmoﬂse@bhyh}mpetaztn(-Mryl[){:ﬁ[rbon}tlbﬁtm%hft'lyllH'lm(qa'é‘?l Ayir o- 2

LU S car AR TAG e b Sty ol FRRR it el RN QTG I e k8 PEL T
usedipn tRE eSHElied b irtRESd phalXERDC 0 pRBIide 4-([[2-ErebuBatly(tetiahf et 2Hihy dr o- 2

H- 4-yl'methyl )-1 ET-b d I-I t hyl | f I
(5 hydr guyrerhylng w&m&ﬁa&“&%&%m@ PSR- ocedur e 1n Step A

of Exanple 119@ p{n{f‘* bk A od bk A sard 16T E 3 YA NMR (400

- pyr an- 4 Enzi m
MHz, CDCl3) 8 1.55 (m, 4H), 1.68 (s, 9H), 2.37 (m, 1H), 3.24 (m, 8H), 3.33 (s, 3H),

3.40 (m, 4H), 3.55 (m, 2H), 3.93 (m, 2H), 4.54 (d, J = 7.6 Hz, 2H), 7.69 (d, 1=9.2 Hz,
15 1H), 7.82 (s, 1H), 7.97 (d, J=9.2 Hz, 1H); MS (ESI) (M+H)"536.8.

Example 121
N—[2—tert—Butyl—1-(te_trahydro-2H-pyran-4-ylmethyl)—1H—benzimidazol—S-yl]-N—
methyl-4-(LH-pyrazol-1-ylcarbonyl)piperazine-1-sulfonamide

O Q1

0
Oy Ut

20

Following the procedure in Step A of Example 119, 1-[(4-{[[2-fert-butyl-1-

(tetrahydro-2 H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-

yl](methyl)amino]sulfonyl}piperazin—1-y1)carbony1]-3-methy1—1H—imidazol-3-ium
25 ftriflate (40 mg, 0.06 mmol) was reacted with 1H-pyrazole (68 mg, 1.0 mmol), after
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yl'] (et hyl )am no] sul fonyl }pi perazin- 1-yl)carbonyl]-3-nethyl -

1H i m dazol -3-iumtriflate (40 ng, 0.06 mml) was reacted with

2- am noetwenods/383ny, 1.0 mMmol ), after being purified pyTey@sselsphase
HPLC to provide 4-{[[2-ter”-butyl-1-(tetrahydro-2Hpyran- 4-yh

i ethyl)-1H benzi m dazol - 5-yl ] (et hyl ) am no] sul fonyl }- -(2- hydroxyet hyl) pi
rerazi ne-1-carboxam de (TFA salt, 19 ng, 52 %9. 1H NWR (400 WVHz, CDO 3) d
1.55 (m béidy ,puﬂlﬁ%bf{ seve&id)ghas:e BH1.C o prowjde M[Mr(huty&ﬂb(tet@h%o@ 3H), 3.40
(m 4H), 3.55 7.69 (d,
J=9.2 Hzpym“-yhrmél? %HS ‘?ﬁ%lmlg] 7@%‘5(Yd]-Nam§th%PﬁéfﬂFjﬁ¥)raz° (ESI) ( MH) +536. 8.
Exanpl e rRUL Wl fobakgl et "r@m@hoz@m .78 % 11-1 NMR (400 MHz,

H pyr an- ﬁ“%f%nﬁ'ﬁ?fpgfa%h benz? m lglazo( -5-yl]-L- grre o) (

- pyr azol -CD@k & rbimih, )4 H)p £6a LS, 98D 12. Sh(rhplﬁ)ﬁé‘dié (ﬁol%—By\} gb(mh‘&lbﬂ&éedur ein

L B iy PSS G0 T 316 Bhe i Bddgim. S0 .88 (< 18, 65 EL¥ 916, 11,
yl'] (met hw'@m;ggj ff;dg;@gt dﬁgﬁ@zsmg%n%ww ) pv3uyBubgl - 1

H i m dazol was” reacted with 1H pyrazole
(68 nmg, 1.0 mmol ), afterbeing purified by reverse phase HPLC to provide
N-[2- tert- butyl- -(tetrahydro-2 - pyran-4-ylnethyl)-1

H benzi mikRFeRLe 42 |1- N-methyl-4-(1 H pyrazol-1- ylcarbonyl) rirerazine-|

-sul fona I . - 1{-480b dMzfmidaRel Sy11dv-1. 56 (m
4|S_|;J gV?fte(rTEﬁ‘ty?lei getrgﬁym Zﬂ%gr@n4 15 Hhcx (n; S }'?]) 55 (m (2H),
4.54 1Od rﬂethyl?%pﬁzcolldhirl-y&anhol(mplnﬂﬂﬁﬂw lﬁwlt@anmﬂaf 7.69 (d, J=9.2 Hz,
1H), 7.84 (s, H) 79 dJ92Hz H, 8411 1U)|I\/B(ESI)(M+H)

+543.8.,'Exarrp ert But I-1 (tetrahyﬁ__%g 2 Rdvpan-4-ylraethyl)-|
or - benzi rai da -y ]_11 nﬁg - gpyrrol id \l ,cambonjm :Eg}%r g
azine-1-sul f[_ am de FOI 1o rocedufe \n Step R of 19,
I-[(4{[[2/-N t but yl - (t trahydro- 2 p n4y|rrethy|) 1
H benzi m dazol -
yl ] (et hyl ) am no] sul fonyl } piger azi n- 1-yl ) car bonyl ] - 3- net hyl ¢
Him dazol -3-iumtriflate (4 , 0.06 mmol) was reacted w O yrrolidine
(71 mg, 1.0 mml), after being purified by reverse phase HPLC to provide
AT-[2-tert-butyl-1-(tetrahydro-2 -

Following the procedure in Step A of Example 119, 1-[(4-{[[2-fert-butyl-1-

(tetrahydro-2H-pyran-4-ylmethyl)-1 H-benzimidazol-5-

15 yl](methyl)amino]sulfonyl}piperazin—1-yl)carbonyl]-3—methy1-1H—imidazol-3-iuni
triflate (40 mg, 0.06 mmol) was reacted with pyrrolidine (71 mg, 1.0 mmol), after
being purified by reverse phase HPLC to provide N-[2-tert-butyl-1-(tetrahydro-2H-
pyran—4-ylmethyl)—1H—benzimidazol—5-yl];N-methy1-4-(pyrrolidin-1-
ylcarbonyl)piperazine-1-sulfonamide (TFA salt, 26 mg, 70 %). "H NMR (400 MHz,

20 CDCl) 8 1.58 (m, 4H), 1.68 (s, 9H), 1.83 (m, 4H), 2.37 (m, 1H), 3.25 (m, 8H), 3.34
(m, 9H), 3.93 (m, 2H), 4.54 (d, ] = 7.6 Hz, 2H), 7.69 (d, J=9.2 Hz, 1H), 7.82 (s, 1H),
7.97 (d, J=9.2 Hz, 1H); MS (ESI) (M+H)"547.0.
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pyran-4-yl methyl)-1 H benzi m dazol -5-yl]- N-nethyl-4-(pyrrolidin-1-

yl car bonyl ) pi perazine-1 -sul fonam de (TFA salt, 26 ng, 70 % . 1HNWVR (400
MHz, CDCIWP 20061033633(m 4H) 5 1.68 (s, 9H)5 1.83 (m 4H) PETREZ005(0mM404H) ,
3.25 (m 8H)5 3.34 (m 9H)5 3.93 (m 2H), 4.54 (d, J = 7.6 Hz, 2H), 7.69
(d, J=9.2 Hz, 1H), 7.82 (s, 1H5 7.97 (d, JMB.2 Hz, 1H); MS (ESI)

(M+H) +547. 0. What is clainmed is: 1. A conmpound of fornula I, a

phar mace Whatas ¢lyinagiciept abl e salt thereof, diastereoners, enantioners, or

m xtures thereof: | erein Gis selected from - - - nd -CF 2-; RL
is a C2-6het er‘%ﬁ%?%% Qﬁ%?ﬁi’% © ﬁ‘éatl%raggip%ti}? S%ﬁﬁﬁgs at |east one
ni t r ogen @t SediersanRedRER O GhiXturds tAeteopne of said at |east one nitrogen

I

is directly linked to the sul fonyl group of fornula I, and said
C2-6heterocyclyl is optionally guljstituted with one or nore groups sel ected
from hal ogen, hydroxy, R5-C(=@Q J-N O - R4, R5R6- NH C(=0) -,

R5R6- NH- C(=O) -NH, R5-0-C(=0 -, IR5- :O>f-7{\ll—|-, Cl- 6al koxy, and wherein
said R5, R6 are independently sefect Norf R4, Q 6al kyl, ©C6-10aryl,

C2- 6al kenyl , C3-6cycl oal kyl, C2-6heterocyclyl, hal ogenated Cl-6al kyl, and
hydr oxy- Cl1- 6al kyl ; and R2, R3 and R4 4ré\i ndependently selected fromfluoro
and nethyl. 2. A conpound. as clained Ln £laim1l, wherein Gis selected from
-0 and -CF 2-; Rl is a C2-6heterocycloal kyl, wherein said

C2- 6het erocycl oal kyl includes at |easfy one nitrogen on said

C2- 6het erocycl oal kyl ring, one of said at |east one nitrogen is directly

| i nked t ovltdneinsul f onyl group of fornmula I, and said C2-6heterocycl oal kyl is

optionally su&?ti t ut i th_on r roups sel ected from hal ogen,
hydr oxy, R5- Edef‘?‘:?%gi{\n@(’z Eﬁ&r %a%ﬁgj}?m C(=0>, R5R6- NH C(=0) - NH-,
RS-0 C(=0 -, RY-is@ ¢ Hederddiciyl, Gheréth lﬁﬁ&Cz_sﬁétSmGﬁcl?ﬂhKMHMt Méxst peer ei n sai d
R5, R6 are independently selected from-H, - alkyl, C2-6al k_en¥l ,
C3- 6¢ycl cutregan oncridhnthsiesrayelybeingyane of said at least one nitrogen 1s directly
10  linked to the sulfonyl group of formula I, and said C;.sheterocyclyl is optionally
substituted with one or more groups selected from halogen, hydroxy, R’-C(=0)-, R*-
C(=0)-NH-, R’R®-NH-C(=0)-, R*R*-NH-C(=0)-NH-, R>-0-C(=0)-, R*>-0-C(=0)-'
NH-, C;.¢alkoxy, and C;.¢alkylamino, wherein said R’ R®are independently selected
from —H, Cy.¢alkyl, Ce.10aryl, Cy.ealkenyl, Csscycloalkyl, C, gheterocyelyl,
15  halogenated Ci.salkyl, and hydroxy-Ci.¢alkyl; and
R% R® and R? are independently selected from fluoro and methyl.

2. A compound as claimed in claim 1, wherein
G i1s selected from —O- and —CF,-;

20 R! is a Cyheterocycloalkyl, wherein said C,.¢heterocycloalkyl includes at
least one nitrogen on said Cy.gheterocycloalkyl ring, one of said at least one nitrogen
is directly linked to the sulfonyl group of formula I, and said Cs.cheterocycloalkyl is
optionally substituted with one or more groups selected from halogen, hydroxy, R’-
C(=0)-, R>-C(=0)-NH-, R°RS-NH-C(=0)-, R°RE-NH-C(=0)-NH-, R*-0-C(=0)-, R>-

25  0-C(=0)-NH-, C;.salkoxy, and C;.salkylamino, wherein said R’, R® are independently
selected from —H, Cy.¢alkyl, Cy¢alkenyl, Cs.scycloalkyl, Casheterocycloalkyl,
halogenated Cj.¢alkyl, and hydroxy-Ci.¢alkyl; and

R?, R’ and R* are independently selected from fluoro and methyl.
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hal ogenat ed G _6al kyl, and hydroxy-Cl-6al kyl; and R2, R3 and R4 are

i ndependently selected fromfluoro and nethyl.3. A conpound as clained in
claim1, wben@/m33633is selected from-0O and -CF 2-; Rl ipeTSEb@shedos r om
pi peridinyl, imdazolyl, pyrrolyl, pyrazolyl, norpholinyl, pyrrolidinyl,
azetidinyl, and isoxazolidinyl, wherein said piperidinyl, imdazolyl,
pyrrolyl, pyrazolyl, norpholinyl, pyrrolidinyl, azetidinyl, and

i soxazol i3di nylAacemppuidassidiped ubelrin b whergdnt h one or nore groups sel ect ed

fromfluoro and.C2: | anno; R3 and R4 are selected fromfluoro and
methyl with a%?%ﬁﬁ?ﬁ%ﬁ%’f%?ﬁ‘h@%gﬁd R4 are the same. 4. A conpound as
claimed in clatng keletB@fiBniferiding SinagiR 1] p}_afmyllof)yﬁa@ng}, Ghorgholinkgl, i s

selected fromand ; wherein said and are optionally substituted by one or
nor e gr oupsrodidingt taeetidingdnard iseesoliding, whenetn id pigeiidigyRimiaeolyl| ect ed from

fluorq and t.hyl wi.th a provis . . t . 5. A
corrpognd nggg‘flaﬁ{%%"lﬂnm@lrpg‘Pﬁqn 1,’ 8%%@?%?%’2@3%&3 glagéfsggg%or@% -%Emand -CF 2-;
Rl is selggibpallyf §udBtitatdSyie! @leastoreardips salcteLirodhft@beady),, wherein said
Q sheterocycl oal kyl or C2-5heteroaryl includes at |east one nitrogen on

sai d Q sheed#sel oal kyl or C2-5heteroaryl rings, respectively, one of said
at | east onenigzx gg L8, di i - ar. 20p3 formul a I,
and said C’\sheltiérﬁogﬁ% oA ks,%/l]%&rgb]groéﬁﬁﬁgtaég(%%ﬁgwf%hsgg F{fos{ubsti tuted
W t h one aad Rforettgrsamps sel ect ed from hal ogen, Cl-3al koxy, C1-3al kyl ani no,
and C2-5acyl am no; R2,R3 and R4 are independently selected fromfiuoro and
nmet hyllo. 6. A conpound sel ected fromand pharmaceutically acceptable salts

thereof. 4. A £QBRQHMH SIAREES EHLAAY, wherein
G is selected from —O- and —CF,-;

C\ =\ o7\ / \
NS NQUN N N
R! is selected from ){ , g >§4 , \\/ }S s jg\ >

Ol OvF Sy e

15 ; wherein said
CNf
and are optionally substituted by one or more groups selected from
H - H
fluoro, O and O ;and
R% R and R? are selected from fluoro and methjl with a proviso that
R% R® and R* are the same.
20

5. A compound as claimed in claim 1, wherein

G is selected from —O- and —CF-;

R! is selected from Cssheterocycloalkyl and C, sheteroaryl, wherein said
Cs.sheterocycloalkyl or C,.sheteroaryl includes at least one nitrogen on said

25  Ca.sheterocycloalkyl or Cy.sheteroaryl rings, respectively, one of said at least one
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-(1-{[{2-fer”Butyl -1-[ (4, 4-di fl uorocycl ohexyl)nmethyl]-1i

:f-berizimdazol -5- yl}(nmethyl)am no] sul fonyl }pi peridin-4-yl)acetam de;

N-[ 2-t er twBubgd03is36t et r ahydr o- 2H- pyr an- 4-yl met hyl ) - | H beozisep@anei4eH- yl ] - Nm
et hyl i soxazol i di ne- 2-sul f onam de;
N-[2-tert-butyl-1-(tetrahydro-2/i-pyran-4-ylnethyl)-1

H benzi m dazol - 5-yl ] - Nmet hyl azeti di ne- 1-sul f onam de;

N-[ 2- t er hitBgtry Is-directip linkdd/drthe Qilfopyt gnoug of farewkyl, pad ssidenzi mi dazol - 5-yl ] -

-- met hyl pyrrolidine- u] f onam d N-[.2- (tetrah dro-2

- pyr an- 4C§«b}rﬁéﬁrﬁ‘§b{°}%ﬂf¥lE@%Eﬂﬁlile&?ﬂwfgeﬁp}w WE#B%B%W e o1 A’Ln‘grﬁl f onani de;

-[2-tert % aalkylamino, and C,.sacylamino;
- pyr an- 4@“&%"%‘% &%H“b %e %bgza]éioxg lkIQIlmat hyl pi pezrsl I ne- 1-sul fonam de;
N-{2-terR? Iﬁt:mide qré mdépdldbhﬂws&bw@ﬁmﬂwoymzﬁwqfwlkk benzi m dazol 5-yl }-Nm
et hylgl peridi ne- 1-sulfonam de; N-[2-(1,1-difluoroethyl)- 1-(tetrahydro-2

- pyr ah-4-yl net hyl ) - 1H benzi m dazol -5-yl ] -
N-net hyl %SOX%O‘%A M RGd 2Rkl gam de; N-(1- {[[2-(1
y

1-di fl uoroet -(tetrahydro-2H pyran- 4-yl net hyl ) - 1H benzi m dazol -
5-yl](methyl)a no]sulfonyl}plperldln 4-yl)acet@mde; 1-{[[2-tert-butyl-
1- (tetrahydr Iylnethyl) 1H benzi aroll-5-

yl 1 (et hyl ) angyno] ulﬁ@ﬁyh}- -cycl opr opyl'i i

1-{[[2-tert-butyl- M~ (i¥t 0-R - pyran=z7yl net hyl

yl'] (et hyl )am no] sul fo I} opr opy| pi peri di ne- 4-
1-{[[2-tert-butyl-1-(tetrahydro- pyran-4-yl net hyl) - 1FLben |n1dazol

yl ] (met hyl ) am no] sul fonyl }- -cyclObutyl pi peri di ne-4-car
{[[2-tert-butyl- 1-(tetrahydro -pyran-4-ylmethyl)-1

yl ] (et hyl )am no] sul fonyl }- - opent yl pi peri di ne- 4 C
1-{[[2-tert-butyl-1-(tetrahydro:2H pyran-4- ylnethyl) 1H

yl ] (met hyl ) am no] sul fonyl } - Nepyrrol i di n-1- yIplper|d|neF4 carboxanlde
1-{[[2-tert-butyl -1-(tetrahydro-2 -pyran-4-ylmethyl)-1H benzi ni dazol - 5-

N/ﬁ() l O/\O I
\\ \

\\/N\ /N N N\ /N N
PO A
© N O N

F ; ,
o | |
C\N\\é/N N F’@N\O\\ _N N
” \ A
0 Il
N o) N
F F
F F
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met hyl ) am no] sul fonyl }-N-1H pyrrol - 1-yl pi peri di ne- 4-car boxam de;
[2-tert-butyl- 1-(tetrahydro-2H pyran-4-ylnethyl)-1H benzi m dazol - 5-
met hywoaneenspssal f onyl } - N-et | iyl pi peri di ne- 4- car boxawcasg2e06versds but yl ) -
[2-tert-butyl-1-(tetrahydro-2H pyran-4-yl nmet hyl) - 1Hbenzi m dazol -

] (et hyl ) am no] sul f onyl } pi peri di ne-4-carboxam de; 1-{[[2-tert-butyl-

et rahydr o- 2H pyr an- 4-yl net hyl ) - 1H benzi m dazol - 5-

nmet hyl ) a sul fonyl } - N, N-di met hyl pipegy i di ne- 4- car boxam de; |
[ 2- tert%( -1-(tetrahydro-2 -pyra@-4 \beet]hyI) 1H benzi m dazol - 5-

met hyl ) @m nfo] syl f I}-NN—diethyIpi Ndné‘4-bNamd

[ 2-tert-butyl - r}%/ & py,r an ylTret h b i dazol - 5-
met hyl ) am no] sul onﬁl }- i};daﬁi peri di n@- 4- cay bexagy de
[2-tert-butyl-1-(teOrah ran-4-yl nmethyl)- lifybenzi m dazol -5-

fde; N-butyl -
enzi m dazol - 5-

benzi m dazol - 5-

ert-butyl-1-(tetrahyd -pyran 4-yl msth‘ly) enzi m 0 ;
pi peri dme- 4- car boxam de;

-t
met hyl ) am no] sul fonyl } F-( 2, 2, 2-tri fl uor oet hy

~ f_"/-\l_|\< e e B N e PP N oy | D- e s P e P N o PN i D L P N o el s P L P
l\.)

N-allyl-1- {[[2-tert-butyl- 1F(tetrahydro 2 -pyran- 4Fyl met hyl ) -

1H benzi mi dazol - 5- yl ] (et hyl)ani no] sul fonyl } pi peri di ne- 4- car boxani de
1-{[[2-tertFhy < 1- (tetrahydro 2H-pyran 4-ylgyet hyl ) - 1H-benzi m dazol -
yl'] (et hyl) no] |sayl flonyl } - N-i sobuty erildi ne- 4- car boxam de;
1-{[[2-tert-b Ll\ bt rahydrn- 2H yTﬁle b Z|md zol -

yl T (et hyl ) ani no] sull ony >m<

- (2- hydr oxy- 1- nmet hyIOstb %2 e-4- car onamd 2 ter/t\- but yl -
1-(tetrahydro-2 -pyran-4-yl rret h |)- 1iZ-benzi m dazol -

yl ] (et hyl ) am no] sul fonyl } - N -l'iydroxyetb.yl)piperi d| ne- 4 car boxam de;
Et h

1-{[[2-tert-butyl-1-(tetra 0- 2H pyr an- 4-yl net hyl ) - ¥H bénzi m dazol - 5-
yl ] (et hyl ) am no] sul f ongt¥piperi di ne- 4- car boxyl at e; (1-{}[2-tert-butyl-
1-(tetrahydro-2H pyran-4-y methyl)- 1i7-benzim dazol -

yl'] (et hyl ) am no] sul fonyl }azeti di n- 3=yl ) cycl opr opanecar boxam de; °’

O O

F) bl

and pharmaceutically acceptable salts thereof.

7. A compound selected from:
N~(1-{[{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
y1} (methyl)amino]sulfonyl}piperidin-4-yl)acetamide;
N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-N-
10  methylisoxazolidine-2-sulfonamide;
N—[2-tert—buty1—1—(tetrahydro-2H—pyran—4-ylmethy1)f 1H-benzimidazol-5-y1]-N-

methylazetidine-1-sulfonamide;
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N-(lI- {[[2-tert-butyl-| -(tetrahydro® -pyran®-ylinetliyl)-1
H benzi m dazol -5- yl] (et hyl)am no] sul fonyl }
azet i di n-Beoyb)s/@36s8t hyl propanam de; N-(1-{[[2-tert-butylpcThELdosDORDYdr O- 2
-pyran-4-yl met hyl)- 1H benzi m dazol - 5-
yl J7et hyl ) am no] sul fonyl }azeti di n-3-yl ) cycl obut anecar boxam de; -(1-{[]2-
ter”butyl-1-(tetrahydro-2 -pyran-4-yl nethyl)-1H benzi m dazol - 5-
yl ] (et hM[)Zat@anl}tyhli(mtryh}}chaéH -pliran-3-yhinpthyt) akfieaigmidezol-5-y1]-N-

[2-tert- butyI- @gﬁ L@E ro;2 -pyran-4-ylnethyl)- 1H ben2;i m dazol - 5-
( met hipethy; I %l T84 di - 3- yl ) propanani de; Met hyl

[2-tar |})2' z@H‘ 151%/# f(%eﬁ%ﬁ?cﬂ&-@@py?rhhﬂyﬁﬁﬁth@i)}dH&EMﬁﬁdaz&;l‘Bl?ﬁ]n]m m dazol - 5-

thy am no fonyl} azetidi ne-3-carboxyl at

N mthyéﬁbqﬂ)byhg-drasu[fommﬂa,hydr 0-2H pyr an-4-yl)nmethyl]-1

“iet Aotiek sy S e PR RS VP RE o1 i dnzol -5-
4- dipmhih En&inQleﬁﬂﬂoﬂérﬂﬁgul fonam de; N-[2-(] ,1-dinethylethyl)-
etrah ro 2H- yran-4- n'eth yl]- 1H-ben2|mdazo- -

3-( hy)\él{bxefthuth1)[(‘N4fﬁ’e%mrpcmcﬁie¥5ﬁbmﬁﬁhﬁ]éslﬁ P%%lmd&é@l B,

ro-2 -pyran-4-yl)nmethyl]- 1H benzi m dazol - 5-
yéﬁe 3§jp_ e‘}‘rélpk r}égjri dnesui f onani de;

| adjoret hnifmobadtaym{((euenycamdf pyratpylrrethyl)- Yibeetimiddzolshylenzi ni dazo

]-4-nmethoxy- -methyl- 1-pjperidinesulfonam de;

, | Nimethyliseiezpljdine-2- srlkf%ﬁtmléﬁydr 0-2
- pyr an- 4- M}) g@ 5 oy h ik J;t?xgaﬁ@nm Qambal% 22 ol e Atlyﬂﬁam 1 H-benzimidazol-

- met hyl - di nes

N[ 2- terts-jag(h)dthyl)atmﬂm]mllﬁgtq'ﬂ}qx}%ﬂd}uy#am)adetymmt hyl ) - 1H benzi m dazol - 5-yl ] - Nm

et hyl azet I di_ne-

N[ 2- t er ti-Hig~Ar t—?ut(vf ét(F%g‘ﬂgB %WP rﬁlﬁleﬁhy}?e{fﬁ%?z%ﬂ%%% m dazol - 5-yl ] - 4,
4- difl um taxtﬁYﬂ Mﬁﬁlygtm ?ﬂ&p?%_ﬁf&'ﬂiﬂﬁ@% Dirbexdngiae;- but yl -

1-(tetra H-pyr 1_}/ benzi m dazol - 5- yll 3,3
di f1 aéro- 1N{[|fr2%t‘ér;/-bwl-ﬂ€(tqtmhyrbo—2 pyfah-drgmety])- Méthgpgimidazol-5-
1-

{ll2-te l]t(me"ffmy%ammo]su%o%%ﬂyﬁ-rlsoopggﬁyl?ﬁ/lp&{]& chgﬁatotz%ln}del'_" benzi m dazol - 5-
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-b enzimidazol-5-
yl](methyl)amino]sulfonyl}-N-cyclobutylpiperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1H-benzimidazol-5-

<
|AID_CDIAI—|

— <

hy
h
i

20  ylJ(methyl)amino]sulfonyl}-N-cyclopentylpiperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 15 -benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-pyrrolidin—1-ylpiperidine-4—carboxamide;
1-{[[Z—tert—butyl—1-(tetrahydro—2H—pyran—4—y1methyl)-lH—benzimidazol-S-
yl](methyl)amino]sulfonyl}-N-1H-pyrrol-1-ylpiperidine-4-carboxamide;

25 1—{[[2-tert—buty1—1-(tetrahydro-ZH—pyran-4—ylmethyl)—lH-benzimidazol-S-
y1](methyl)amino]sulfonyl}-N-ethylpiperidine-4-carboxamide;
N-(tert-butyl)-1-{[[2-tert-butyl-1 -(tetrahydro-2H-pyran—4-y1r}1ethyl)- 1H-
benzimidazol-5-yl](methyl)amino]sulfonyl} piperidine-4-carboxamide;
l-{[[Z—Zert—butyl-l-(tetrahydro-ZH—pyran—4-ylmethyl)-1H—benzimidazol-5-

30  ylj(methyl)amino]sulfonyl}-N,N-dimethylpiperidine-4-carboxamide;
1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H: -benzimidazol-5-
yl](methyl)amino]sulfonyl}-N, N-diethylpiperidine-4-carboxamide;
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yl ] (met hyl ) am no] sul f onyl } pi peri di ne-4- car boxyl at e;
N-[2-tert-butyl-1-(tetrahydro-2H pyran-4-yl nethyl)-I|H benzi m dazol -5-yl]-Nm
et hyl i soxaoabecizes3 2- sul f onam de; PCT/SE2005/001405
(4R)-N-[2-tert-butyl-1-(tetrahydro-2H pyran-4-yl nmet hyl)-1H benzi m dazol -5-y
| ]-4- hydroxy-N, 4-di et hyl i soxazol i di ne- 2-sul fonam' de;
1-{[[2-tert-butyl-1-(tetrahydro-2H pyran 4 | met hyl ) - 1H benzi m dazol - 5-
(met hy4 {[Brterteusyil F-CatydBydr @ Himjiran-4- Ernqthylétl @nazimldazol 5-

1-

(

SR ALY, o oo -

N-
yl
N-
1]
ert - But yl¢rra-tert-butyl- H-pyran-4-ylmethyl)-1H-benzimidazol-5-

1- ({ et %y{l[ 1t-efttbe1}tt}rlla1h>(/t((§trr?)hyZdrl-lcf [%yr%yn yI mat?;) -2-(trifluoronmethyl)- 1| -
enzi ni da]aﬁhethylyar]lmn]smli}myl}ﬂ\énsplp)’lpmeplémed"r ﬁarhownjﬂéésr banate tert-Butyl 4-(
me

(
]
(
y

'E r

b

e
-

y

1-

{[( ka &H%IZ_ @g&l@f@ﬁmﬁmeﬂalnamdaﬁioxaﬁﬁdwt hyl -
( dr o-

tetra yran-4-

| met hyl )= {ZEZ( tert- butmlokéwar@mdr«)aﬁp%@hﬂﬂmﬂ)rUébmlﬁilé?éib “di ne-
sul f Onam%etpﬁbﬁa‘% ?5?1 fo H}?’l ﬁ gec{j] H?Qjﬂﬂ)liﬂlﬁ)ﬁfp'éﬁ@%g 495 #boxamide;

- pyr an- 45

1H benzi ny. sagal-{52 yéry_amynq;l(sdxlaﬁpdww parazi-yierelhyint Héoeanintddgzol-5-
4{[S|so propyl am no) carbonyl ] anino}- -methyl-N-[I-(tetraliydro-2 -pyran-4-
yl met By ylifmethyDupinelswen P?eﬁﬁnﬁér‘ia’z’hW@é | -5-yl]piperid.ine-1-sul fonaii

d N- deb -
byr an- 4 SR aper 5t KRR ST AR D L bengimidazol
5-yl ] anmi yijfmethfDapinopdubiengl? i Meésobuiydriferidcamd- él@arbNX{imlde( {met hyl [|

(o 2 A B e U LB PR dadpsnet m dacol-

2,2-Dinme et'ﬂ'%[)hm AoT®R bl (V€2 9@66){? 12methylethy1)p1per1dme—4 carboxamide;

- pyr an- 4- -25(tri Iuororret

1H— bdfzi rh—({é&—mn-ﬁutyl-]lﬂ(tnﬁmb)}@m%nmylﬁr}ﬂmeﬂﬂﬁrhﬂ}bﬁ%%%ﬁh% de; 2-Methyl -

met t et r
- pyr g% 4% EKW%{I’P{&PT 1y %@E }u%'#%'%%xysthﬁ%gﬁ%@rlﬁ Serhoxamide;
5-yl]am rEt Ll' {[rpztyér) Bm@an1(fbtrlahfdrwz}ppmﬁmaymﬂmym}mmmldazol -5-
- et hyl - tet rah dro- 2H pyran-4-yl methyl )-2-(trifl uoronet hyl)-1Hbenzi m
dazol - 5 W (1]npt Bem @ﬂfpngl}pm@ﬁéwﬂecarboxylate

N-(1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1H-benzimidazol-5-

20  yl](methyl)amino]sulfonyl}azetidin-3-yl)cyclopropanecarboxamide;
N-(1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl}(methyl)amino]sulfonyl} azetidin-3-yl)-2-methylpropanamide;
N-(1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1H-benzimidazol-5-
yI](methyl)amino)sulfonyl}azetidin-3-yl)cyclobutanecarboxamide;

25  N-(1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino]sulfonyl}azetidin-3-yl)butanamide;
N-(1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl}azetidin-3-yl)propanamide;

Methyl 1-{[[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-

30  yl](methyl)amino]sulfonyl}azetidine-3-carboxylate;
N-[2-(1,1-dimethylethy1)-1-[(tetrahydro-2 H-pyran-4-yl)methy!}-1 H-benzimidazol-5-
yl]hexahydro-N-methyl-1H-azepine-1-sulfonamide;
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4- (2, 2-Di et hyl propanoyl )- -nmethyl-N-[|-(tetrahydro-2

H pyran-4-yl met hyl ) - 2-

(trifl uorwoebdwisle3tH benzi m dazol - 5-yl ] pi per azi ne- 1- sul PomasER@s/001405
N-(1-{[{2-tert-Butyl-1-[(4, 4-difluorocycl ohexyl) net hyl ] -1H benzi m dazol - 5-
yl } (et hyl )am no] sul fonyl } pi peridin-4-yl)acetam de ;
N-(1-{[{2-tert-Butyl-1-[ (4, 4-difluorocycl ohexyl)methyl]-1H benzi ni dazol - 5-
yl } ( met hy-[pafti hdijmsathylethyl)}pi(feémhytirn-24L pytans- lﬁtthﬁﬂﬂﬁ ¢r@|@ardamld% N-

{2-t

{ NrreteL;/I gﬂr%ﬁcfllﬁnﬁ S’l'l?Pglgﬂlr’];dlgl?J‘FOHﬁ%‘ém 8hexy| ymethyl]-1i- r-benzitnidazol-5-yl}
gt % §| Es; %@Jg yl- dﬂmétﬁﬂe gllf t(waﬁwﬁlzqﬁgyﬁah)mmﬂnyfﬂhjy}]Jllﬂf-bemmmadaml -5-yl}-Nm

ne- 1-sul onam
N-{2-ter wl]%(wdxdxy{n(edbﬂ) Nrmetmb@mndmﬁb}lfgmﬁw@u 1H benzi mi dazol - 5-yl }- 3:

(ot oot - ROEOr bR D B A AR b A benzimidazol s

- Nnet hy| iy $lox83@lok i Brethdi-3 ip @itamdsdonamide;
N—{2 tertYﬂBujl - 1?-'[( }g—él ?I uor oc%/rcl ohexyl ) met hyl

-1Jd e -
- benzi me?zbll 151r9¢t}1y14th41) -l Gatiaby Gon ey gt YB@P?hémn]ﬁ%e%WQ%%?'de;
tert-B t | oh I thyl]-1
H benz:J h Aﬁgie[ﬂ{ooxy ﬂ Mhyﬁlfé%&ﬁéﬁuﬁofl% oﬁ;?fzfpgr g);?/n)enﬁ cér ]boxyl ate;
[{2- ey f-am mmath&lemy@ n[(tétmhymym@mnw Yhetiyl]} LH-betmmidagdlsz ol - 5-

} (et hyl ) ami no] sul f ony sQpro erazi ne- 1- car boxam de;
{9- t el 3 -Byespry V- [r{ezhy!rlonlpmf%mﬁ&%%@

et P A AL SHLL Mo DRI DL AGARDET bebARROXRTAEL N

[

(

[{2-ter T ocyc ohexyl )met hyl ] -1 H benzi m dazol - 5-
( met hyhdthythretidéne- f-oulfdnamidagycl opr opyl pi per azne- 1- car boxam de;
[
(
2-

R e B e A R
t

helftdiﬁ%rwN Jnethyifipdridhf i uRtesmsidehexyl ) methyl ] - 1H benzi mi dazol - 5-yl '}
y -
15 N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-y1]-3,3-

|
%yl )met hyl]-1 H benzi mi dazol - 5-
|

4-
y
4-
y
4-
yl
4-
yl

{
{
}
{
}
{
}
I\lr{

difluoro-N-methylpyrrolidine-1-sulfonamide;

Methyl 1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl} piperidine-4-carboxylate;
N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-yl]-N-

20  methylisoxazolidine-2-sulfonamide;
(4R)-N-[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-y]-4-
hydroxy-N,4-dimethylisoxazolidine-2-sulfonamide;

N-(1-{[[2-tert-butyl-1 -(tetrahydro-2H-pyran-4-y1methyi)— 1H-benzimidazol-5-
y1)(methyl)amino]sulfonyl} piperidin-4-yl)acetamide;

25  N-(1-{[[2-tert-butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}piperidin-4-yl)-2,2-dimethylpropanamide;
tert-Butyl [1-({methyl[1-(tetrahydro-2H-pyran-4-ylmethyl)-2-(trifluoromethyl)-14-
benzimidazol-5-yl]amino} sulfonyl)piperidin-4-yl]carbamate
tert-Butyl 4-({methyl[1-(tetrahydro-2H-pyran-4-ylmethyl)-2-(trifluoromethyl)-1H-

30  benzimidazol-5-ylJamino}sulfonyl)piperazine-1-carboxylate;
4-{[(Cyclopropylamino)carbonyljamino} -N-methyl-N-[ 1 -(tetrahydro-2H-pyran-4-
ylmethyl)-2-(trifluoromethyl)-1 H-benzimidazol-5-yl]piperidine-1-sulfonamide;
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(trifluoromethyl)- 1 H-benzimidazol-5-yl]piperazine-1-sulfonamide;

N-(1-{[ {2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5-
y1}(methyl)amino]sulfonyl} piperidin-4-yl)acetamide; 4
N-(1- {[{2-tert—Buty1—1-[(4,4-diﬂuorocyclohexyl)methyl]-lH-benzimidazol-S -

20  yl}(methyl)amino]sulfonyl}piperidin-4-yl)-2,2-dimethylpropanamide;
N-{2-tert-Butyl-1 -[(4,4-difluorocyclohexylymethyl]-1 H-benzimidazol-5-y1}-N-
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N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl}-1- -benzimidazol-5-y1}-N-
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25  N-{2-tert-Butyl-1-[(4,4-difluorocyclohexyl)methyl]-1H-benzimidazol-5 -yl}-3,3-
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4-Benzoyl-N-[2-tert-butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H- benzimidazol-5-
yl]-N-methylpiperazine-1-sulfonamide;
N—[2-z‘ert-Butyl-l-(tetrahydro-2H—pyran—4-ylmethyl)-lH-benzimidazol-S—yl]-N—

20  methyl-4-(3-methylbutanoyl)piperazine-1-sulfonamide;
N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-yl1]-4-
(cyclopropylcarbonyl)-N-methylpiperazine-1-sulfonamide;
N—[2-terz‘-Buty1—1—(tetrahydro—2H—pyran—4-y1methy1)—1H-benzimidazol-5-yl]-N—
methyl-4-propionylpiperazine-1-sulfonamide;

25 N-[2-tert—Buty1—1-(tetrahydro—ZH—pyran—4-ylmethyl)-1H—benzimidazol—5-y1]-4-
isobutyryl-N-methylpiperazine-1-sulfonamide;
N-[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-4-
(cyclobutylcarbonyl)—N—methyIpiperazine-l-sulfonamide;
N—[2-tert—Buty1—1—(tetrahydro-2H-pyran-4-ylmethyl)—1H—benzimidazol-5-y1]—4-

30  butyryl-N-methylpiperazine-1-sulfonamide;
4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N,N—dimethylpiperazine-l—carboxamide;
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yl](methyl)amino]sulfonyl} -N-ethylpiperazine-1-carboxamide;
4-{[[2—tert—Butyl-1-(tetrahydro-2H—pyran—4-yhnethyl)-lH-benzimidazol-S-

20  yl](methyl)amino]sulfonyl}-N-propylpiperazine-1 -carboxamide;
4-{[[2-tert-Buty1—1-(tetrahydro-2H—pyran—4—y1methy1)-1H—benzimidazol—5—
yl](methyl)amino]sulfonyl} -N-(cyclopropylmethyl)piperazine-1-carboxamide;
N—[2-tert~Buty1—1—(tetrahydro—2H—pyran-4-y1methy1)-lH-benzimidazol-S -yl]-4-(1H-
imidazol-1-ylcarbonyl)-N-methylpiperazine-1-sulfonamide;

25  Isopropyl 4-{[[2-tert-butyl-1-(tetrahydro-2H- -pyran-4-ylmethyl)-1H-benzimidazol-5-
y1](methyl)amino]sulfonyl} piperazine-1-carboxylate;
N-(1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-
yl](methyl)amino]sulfonyl} pyrrolidin-3-yl)acetamide;
N-(1-{[[2-tert-Butyl-1~(tetrahydro-2H-pyran-4-ylmethyl)-1H- -benzimidazol-5-

30 yl](methyl)amino]sulfonyl}pyrrolidin-3-yl)-2,2-dimethylpropanamide;
N=(1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}azetidin-3-yl)acetamide;
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or use as_a di "he a conmpound according to any one of
cl ai s 1_0}1@}.—5@ S&m%‘%gﬁ@gs%ﬁgﬁn@g canment for the therapy of pain. 10.
The use of{[m-eerBolyNd-(tGhydtorif-poraaslyylomthyd)-1 Btwnmenidazpl-5n t he manufacture

of a nedic t f the t t t of t [ ...11. Th f

corrpégndl}'gzrggt?lmi)ﬁgirf{oafuif%}r’ %@'ggﬂoﬂgﬁy i Jfgﬁgépﬁl'%g%g%sﬁ]&lp%t ur eemch S: o

medi Caneri%_m%?{ent-ﬁﬁ ,-rlg@%ﬁﬁ?&rong-ﬁﬁﬁﬁﬁf-ymM Hj-PHEbesEinga861-5- Par ki nson' s
s ‘chor el ner's

di sease, I'ngto ea, Az i'sease, gastrointestinal
di sor der gljénethghadinoyadfony g rN-athybi Hepysazol@4-cartbghamisgceut i cal conposition

phar macedt sl Beied i SCEBrpgr T e e PR RS of pain in
et g B eai |y o et vo. amount of a compound.
accorldi ng-{[{2-gamBotyd- l%etmﬂlaw -pyr_an—4—ylrr>1/ethy1)— 1H-benzimidazol-5- P
y1](methyl)amino]sulfonyl}-N-propyl-1H- -pyrazole-4-carboxamide;
1-{[[2-tert-Butyl-1 ~(tetrahydro-2H-pyran-4-ylmethyl)- LH-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N,N-dimethyl- 1 H-pyrazole-4-carboxamide;
1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-

20  yl](methyl)amino]sulfonyl}-N-methyl- 1 H-pyrazole-4-carboxamide;
N-(tert-Butyl)-1-{[[2-tert-butyl-1-(tetrahydro-2- -pyran-4-ylmethyl)-1H-
benzimidazol-5-y1](methyl)amino]sulfonyl}-1H-pyrazole-4-carboxamide;
N-(1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 1H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-1H-pyrazol-3-yacetamide;

25  N-[2-tert-Butyl-1 ~(tetrahydro-2H-pyran-4-ylmethyl)-1H-benzimidazol-5-yl]-4-
formyl-N-methyl-1H-imidazole-1-sulfonamide;
1-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-
yl](methyl)amino]sulfonyl}-N-cyclopropyl- 1H-imidazole-4-carboxamide;
1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)- 11 -benzimidazol-5-

30  yl](methyl)amino]sulfonyl}-N-cyclopropyl-1H-pyrazole-3 -carboxamide;
1-{[[2-tert-Butyl-1-(tetrahydro-2H-pyran-4-ylmethyl)-1H -benzimidazol-5-
y1](methyl)amino]sulfonyl}-N-isopropyl- 1H-pyrazole-3-carboxamide;
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14. A method for preparing a conpound of Fornula |, conprising the steps
of: 1 a) reacting a conpound of Formula Il with a compound of formula HI,
p. in b) woeaddageseacti on product of step a) w th MeOTPCTSE20088CHING
reacti on product of step b) with RIH, wherein Gis selected from-0O,
-CHF-, and -CF -; Rl is a C2-6heterocyclyl, wherein said C2-6heterocyclyl
I ncl udes at | east one nitrogen on said dheterocgclyl ri one of said at

| east onel-fl[2rergdmtyls- 6¢M@Wr9r2ﬂrmw4ﬂbn@th¥1)slﬁ Wld@F‘g‘?ﬁ) of formula I,

and said eroc | th

sel ected Bﬁ({ﬂ?ﬂw EUIﬁonJ?%NOQIR Eb@%-bﬁﬁbﬁ@%é&rh’&%%ﬂ%l\"_i_ OEER? NHLDE;(G %; ?Ups
R5R6- NH Q&J@ylmbf[{z% Bhegl- ¥@etrahﬂﬁe(2ﬂ$ﬁ>y1@)1—4 Jrtethyl: | Bdlekzinydazahs- O -

al kyl am no, wherein said R5 are | ependent Iy selected from-H,

Cl- 6al kyl ylfl(@@lwfryno Isgtforyh}- ﬂ(@ razoé% 8?‘?)‘51 C2- 6het er ocycl yl ,
hal oganat £g @Jz AL 1 Rt naYy r&’ﬁ‘@l}lﬁiﬁémyﬁ}fﬁi E@nzuﬁi’da%lds R4 are

|ndepende sel ec uoro and “net
yl](methyl)amino]sulfonyl }-N-ethyl- 1H—pyrazole-3-carboxarmde
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1H-benzimidazol-5-y1]-N-
methyl-4-(morpholin-4-ylcarbonyl)piperazine-1-sulfonamide;
4-{[[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-

10  yl](methyl)amino]sulfonyl }-N-(2-hydroxyethyl)piperazine-1-carboxamide;
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)- 1 H-benzimidazol-5-y1]-N-
methyl-4-(1 H-pyrazol-1-ylcarbonyl)piperazine-1-sulfonamide;
N-[2-tert-Butyl-1-(tetrahydro-2 H-pyran-4-ylmethyl)-1 H-benzimidazol-5-y1]-N-
methyl-4-(pyrrolidin-1-ylcarbonyl)piperazine-1-sulfonamide;

15 and pharmaceutically acceptable salts thereof.
3. A compound according to any one of claims 1-7 for use as a medicament.

9. The use of a compound according to any one of claims 1-7 in the manufacture

20  of a medicament for the therapy of pain.

10.  The use of a compound according to any one of claims 1-7 in the manufacture

of a medicament for the treatment of anxiety disorders.

25 11.  The use of a compound according to any one of claims 1-7 in the manufacture
of a medicament for the treatment of cancer, multiple sclerosis, Parkinson’s disease,
Huntington’s chorea, Alzheimer’s disease, gastrointestinal disorders and

cardiovascular disorders.

30 12. A pharmaceutical composition comprising a compound according to any one

of claims 1-7 and a pharmaceutically acceptable carrier.
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13. A method for the therapy of pain in a warm-blooded animal, comprising the
step of administering to said animal in need of such therapy a therapeutically effective

amount of a compound according to any one of claims 1-7.

14. A method for preparing a compound of Formula I, comprising the steps of:

o |}
W _N N R?
RS~
\>.__'<
(") \@ 4 3
N R*R
G
1

a) reacting a compound of Formula IT with a compound of formula III,

GHy

HN N R?
T
0 N p* R’
i

b) treating reaction product of step a) with MeOTT;
¢) reacting reaction product of step b) with R'H,
wherein

G is selected from —O-, -CHF-, and —CF,-;

R! isa Ca.gheterocyclyl, wherein said Cs.¢heterocyclyl includes at least one
hitrogen on said Cy.gheterocyclyl ring, one of said at least one nitrogen is directly
linked to the sulfonyl group of formula I, and said C;.sheterocyclyl is optionally
substituted with one or more groups selected from halogen, hydroxy, R>-C(=0)-, R*-
C(=0)-NH-, R°R®-NH-C(=0)-, R’'R®-NH-C(=0)-NH-, R>-0-C(=0)-, R*>-0-C(=0)-
NH-, C;.salkoxy, and C; galkylamino, wherein said R’ . RS are independently selected
from —H, C1.salkyl, Cs.10aryl, Ca.¢alkenyl, Cs.scycloalkyl, C¢heterocyclyl,
halogenated Cj_galkyl, and hydroxy-Cj.¢alkyl; and

R?, R® and R* are independently selected from fluoro and methyl.
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