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TETRAHYDRO-BENZOIMIDAZOLYL MODULATORS OF TGRS

CROSS REFERENCE TO RELATED APPLICATIONS
This application clatms the benefit of U.S. Provisional Application 61/979,577,

fled on Aprit 15, 2014, which s incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

Disclosed herein arc heterocyelic compounds and compositions and their
application as pharmaccuticals for the treatment of discase. Methods of modulation of
TGRS activity in a human or animal subject arc also provided for the treatment of discases

mediated by TGRS.

BACKGROUND OF THE INVENTION

The G-protein coupled receptor {GPCR), TGRS (aka M-BAR} was independently
discovered by two groups {Kawamata Y. et al, J. Biol. Chem., 278:9435-9440, 2003;
Margyama T. ¢t al. Biochem. Biophs. Res. Commun. 298, 714-719, 2002]. TGRS isa
seven transmembrane Gs-coupled GPCR and stimulation by ligand binding causes
activation of adenylyl cyclase which leads to the clevation of intracellular cAMPY and
subscquent activation of downsircam signaling pathways., Maruvama ct al. [Maruvama T,
¢t al. Biochem. Biophs. Res. Commun, 298, 714-719, 2002] showed that TGRS 18
cxpressed in intestinal enteroendocrine ccll lines from human (NCI-H716) and murine
(STC-L, GLUTag) origin, but not in the intestinal epithehial cells (CaCo-2 and HT-29).
Stimulation of TGRS by bile acids (BA) in NCI-H716 cells stimulated ¢cAMP production.
This suggested that bile acids may induoce the seerction of glucagon- like peptide- 1 (GLP-
1) or cholecystokinin (CCK) from the enteroendocrine cells through TGRS stimulation,
since cAMP stimalated the secretion of GLP-I and CCK from these cells [Reimer R.AL ¢t

al. Endocrinology 142, 4522-4528, 2001; Chang CH. et al. Am. . Physiol. 271, G516-
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(3523, 1996; Brubaker PX. ct al, Endocrinslogy 139, 410&-4114, 1998]. Additional work
by Katsuma S. ¢t al. has demonstrated that activation of TGRS by BA promoted release of
GLP-1in STC-1 cells [Katsuma 8. et al. Biochem. Biophys. Res. Commun, 329, 386-390,
20051, RNA interference experiments revealed that reduced cxpression of TGRS resulted
in reduced secrction of GLP-I. GLP-I has been shown to stimulate insulin releasc ina
glucose dependent manner in humans [Kreymann et al. Lancet 2 (8571} 1300-1304, 1987,
and studics in cxperimental animals demonsirated that this incretin hormonc is necessary
for normal glucose homeostasis, In addition, GLP-I can cxert several bencficial effects in
diabetes and obesity, including 1) increased glucose disposal, 2) suppression in glucose

production, 3} reduccd gastric cmptying, 4) reduction in food intake and 5} weight loss.

Recently published data suggested that activation of TGRS might be bencficial for
the ireatment of obesity and diabetes., Watanabe et al. (Nature, 439, 484-489, 2006)
reported that mice fed high fat dict (HFD) containing 0.5% cholic acid gained less weight
than control mice on HFD alone. There was no difference between the two groups in terms
of food intake. These effects were independent of FXR-alpha, and instead stem from the
binding of bile acids to TGRS and the subsequent induction of the cAMP-dependent
thyroid hormone activating enzyme type 2 (D2) which converts the inactive T3 into active
T4 |, leading to stimulation of the thyroid horrone receptor and promoting encrgy
expenditure. Mice lacking the D2 gene (D2 7 7) were resistant to cholic acid-induced
weight loss. In both rodents and bumans, the most thermogenically important tissues {the
brown adipose and skeletal muscle) are specifically targeted by this mechanism because
they co-express D2 and TGRS, The BA-TORS-cAMP-D2 signaling pathway 1s therefore a
crucial mechanism for fine-tuning energy homeostasis that can be targeted to improve
metabolic control. Taken together, a small molecule TGRS modulator could be used for
the treatment of obesity, diabetes and a wide range of acute and chronic mflammatory

diseases. Thomas et al. Cell Metabolism 18, 167-177 2009,



WO 2015/160772 PCT/US2015/025702

In addition, certain substituted heterocyclic compounds have been described as
agonists of TGRS for the treatment of metabolic, cardiovascular, and inflammatory

diseases. {EP(1/591120A1, WOO4/043468A1, WOO4/067008A 1, and JP24346059A2).

Obesity is associated with a number of discases including insulin resistance,
glucose intolerance, dyslipidemia, and hypertension, collectively known as the metabolic
syndrome or syndrome X. Patients with metabolic syndrome have a higher risk for
coronary artery discasc and stroke {Grundy S. M. et al. Circulation 112:¢285-2290, 2005].
Epidemioclogic studics have shown that treating diabetes/insulin resistance in these paticnts
can reduce the risk of coronary artery discase. Indeed, in mouse models of atherosclerosis,
TGRS agonism was shown to reduce macrophage mediated atherosclerosis via reduction of
iipid loading. Pois, et al. Cell Metabolism 14, 747-757 2011, Current strategics for
reducing the risk of coronary artery discase and stroke in obese patients include treatment
of digbetes and insulin resistance. Marketed drugs to treat diabetes and insulin resistance
include biguanides (such as metformin), peroxisome proliferator activated receptor gamina
{(PPARY) agonists (such as rosiglitazone and pioghtazone), sulphonyvlureas, and most
recently GLP-T mimetics such as Exenatide (Byetta™). However, thete remains a need for
additional agents that can treat the root cause(s) of metabolic syndrorue by treating obesity

and diabetes. TGRS modulators described in this invention represent such an opportunity.

Compounds and pharmaceutical compositions, certain of which have been found to
modulate TGRS are included herein, together with methods of synthesizing and using the
compounds inchuding methods for the treatment of TGRS-mediated diseases in a patient by

administering the compounds.

SUMMARY OF THE INVENTION

The present invention is directed in part to compounds of Formula ().
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Formula (1)

wheretn:
R® R2? R2
o+ N o T O O
R - N - O-N - N - - —N
« / «)E N Q s

Rlis b , b , Rb , a ) Ra q<\:N/>_§q[/>_§-

S
Lot
or ClI

R*isH,F, Br,or CL;
R"is H, F, Cl, Br, CFa, OCHs, -CN, or NOy;
RCis H, F, OH, or (OCH,CH N(CH: o
RYis H, -CN, Br, SO,NH,, SO;NHSO,CH;, ConalkylOH, ConalkyIN(CHs),, CHLCH,-
tetrazolyl, CHL,CHLCO,CHLCH;, CHLCHLCOLH, OCHLON, OCH,CORH, OCH ~tetrazolyl,
(OCHCHL)N(CH: Yo, (OCHCHy o-pyrrolidinyl, (OCHCH)LCL (OCH,CH),0H,
(OCH,CH,),OCH;, COH, COINH,, C(ONHCH;, C(ON(CH),,
COWHCH,CHN(CH; ) (CFCO5) . SONH{CH): N{CH:): (CF2C0,Y,
C{OWHCH,CHyOCHCH,),0H, CIOWHCH,CHy{OCHCH,),0CH:, C{O)-morpholinyl,
o OYOH ]

%JLN /:\/\/N\H/NHz

CH:CH-morpholingl, CH:CH,ON, CHCH,C(OWNH,, 1 NH
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N O . o
$ S , A S , o1 tetrazolyl;

nis @, 1,2, 3, 0r4;

R is H, CH;, CH,CH,, CH,0H, CHF, or CH=0;

R’ is HorBr;

RYisHor Br;

R”is CL, H, F, or OCHi;

R®is OCHs, or C1, or R® and R® may be taken together with their attached phenyl to form

i, W

0 @)
ey
the fused ring system o Lor

R’ is phenyl, wherein said phenyl is optionally substitnted with onc substituent selected

2

from the group consisting of F, CH;, Cl, CF+, and OCH;, and further optionally substitated
with up to two additional fluorine atoms;

R®is H or CHy;

X i8 O or CHy; and

7" and 27 are H, or 2' and Z° may be taken together with their attached carbon to form a

:%L;‘ group;

and pharmaccutically acceptable salts thercof.
In certain embodiments, the present invention is further directed to processes for
the preparation of the compounds of Formula (I). Tn certain embodiments, the present

3
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g-2 {COX-2) comprising administcring to a subject in need
thereof an effective amount of any of the compounds or pharmaceutical compositions
described herein.

In an embodiment, the present invention is directed to a method of treating a
syndrome, discase or disorder selected from the group consisting of: {a) obesity, (b} type-lI
diabetes, (¢} Syndrome X {also known as metabolic syndrome), (d} hypertriglyeeridemia,
{c} dyslipidemia, {f) hypercholesterolemia, {g) hyperlipidemia, and (h) mixed dyslipidemia,
comprising administering to a subject in need thereof an effective amount of any of the

compounds or pharmaccutical compositions described herein,

DETAILED DESCRIPTION OF THE INVENTION

In certain embodiments, the present invention is directed to compounds of Formula

{b.
2! 72
R8 N R']
/T
x M >s
N
RG R2 R7
R3
R5 "
Formula ()
wherein:
R@ R2 Ra
— I — /=N —N
d _ _ _ _ _ .
S Qo G Qo o
-
R'is R >, R® RP R% R® ,\ N N
S
Was
or ClI

R*isH,F, Br,or Cl;



WO 2015/160772 PCT/US2015/025702

R is H, F, C1, Br, CF:, OCHa, -CN, or NO»;

R®is H, F, OH, or (OCH,CH I N(CH:)2;

R%is H, -CN, Br, SO,NH,, SO,NHSO,CH;, CosalkylOH, CosalkyiN(CH3),, CHLCH,-

tetrazolyl, CH,CH,CO,CH,CH;, CH,CH,CO,H, OCH,CN, OCH,CO;H, OCH-tetrazolyl,

(OCH,CH,), N(CHz ), (OCHCH)-pyrrolidinyl, (GCH,CH,),Cl, (OCH,CH;),0H,

(OCH,CH,),OCH;, COH, COYNH,, COWHCH;, C(OIN(CH ),

COOWHCH,CHON(CH;: ) (CFCOsY, SONH(CH ) N(CH): (CF3COsY,

C{OWHCH,CH,(OCH,CH, ) OH, C{OWNHCH,CH(OCH,CH,) OCH;, C(O)-morpholinyl,

o OYOH

ALJ\N/:\/\/

CHCHy-morphotinyl, CH,CH,CN, CHCH,Q(ONH,, 1 NH

|

0O
Nt
j)\ 3 H NH, NH,

NH
3'1. ”/\/\/ \[’\]I/H 2 \;\/VN\N)\\N/ \;\/\&N\HANH

2 2 2

H
N_ _NH,

T

NH
H H H NN

O NH © NH
?‘J\:s>§ oq ‘é‘s)\:s\h\ ©
nis{, 1,2, 3, or4;

R%is H, CHs, CHLCHs, CHLOH, CHLF, or CH=0;
R’ is Hor Br;

R'is Hor Br;

R’ is CLLH, F, or OCHy:

, ot tetrazolyl;

R® is OCHs, or CL, or R® and R” may be taken together with their attached phenyl to form

i, W,

0] @)
R O sy =t
the fused ring system O or
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R is phenyl, wherein said phenyl is optionally substituted with one substituent selected
from the group consisting of F, CHs, Cl, CF», and OCH;, and further optionally substituted
with up to two additional fluorine atoms;

R%is H or CHy;

Xis O or CHy; and

7' and 7 are H, or 7' and Z° may be taken together with their attached carbon to form a
¥ group;

and pharmaceutically acceptable salts thereofl

In another embodiment the present invention is directed to compounds of Formula

(1) wherein:

R? R? Ra
) Nyt 0Nt N o
R - N - O-N - N - - =N
W/ N/ w Q S s
Rl is R¢ Rb , Rb , Rb , Ra ) R® ’<\:N/>_§’[N/>_§’
S
| )+
or Cl

R*isH,F, Br, or CI;

R"is H, F, Cl, Br, CFa, OCHa, -CN, or NOy;

ROis H, F, OH, or (OCH,CHN(CH: )o;

R%is H, -CN, Br, SO;NH,, SO,NHSC,CH;, CosalkylOH, CosalkyIN(CH3),, CH,CH,-
tetrazolyl, CH,CH,CO,CH,CH:, CH,CH,COH, OCH,CN, OCH,COH, OCH,-tetrazolyl,
(OCH,CH, ) N(CHs ), (OCH,CH,)-pyrrolidinyl, (OCH,CH,),CL, (OCH,CH;),0H,
(OCH,CH,),OCH;, COH, COINH,, C(ONHCH;, C(ON(CH),,
COWHCH,CHN(CH; ) (CFCO5) . SONH{CH): N{CH: ) (CF:C0,Y,
C{OWHCH,CHy{OCHCH3,0H, CIOWHCH,CHy(OCHCH,OCH:, C{O)-morpholinyl,



WO 2015/160772 PCT/US2015/025702

o OVOH

L NN,
K /\/\/
CH,CH-morpholinyl, CH,CHCUN, CH,CHC(OMNH,, NH

|
O ©

O
H

© NH © NH
¥ s>: © ¥z S\F °
nisQ, 1. 2,3, or4;
R*is H, CH,, CH,CH;, CH,OH, CHLF, or CH=0;
RYisHor Br;
RYisHorBr
R%is CLH, F, or OCHy;

, ot tetrazolyl;

R s QCH;, or Cl, or R® and R” may be taken together with their attached phenyl to form
¥ g pheny
w, U,

O @)
the fused ring system K/O , OF ): N
R is phenyl, whercin said phenyl is optionally substituted with one substituent sclected
from the group consisting of F, CHs, Cl, CF3, and OCH;, and further optionally substituted
with up to two additional fluorine atoms;
RYis H or CHy;
X s CHy;
7! and 77 are H;

and pharmaceutically acceptable salts thereof,

1o
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In another embodiment the present invention is directed to compounds of Formula

(I wherein:

R® R? R
o+ N o e O O
R - N - O-N - N - - —N
\ // N/ w Q i X
[{i 1§ = b b Rb R ) Ra ’<\:N/>_§ ’[/>_§
S
E/ﬁ'
or Cl

R*isH,F, Br,or Cl;

R is H, F. Cl, Br, CFs, OCHs, -ON, or NOy;

R%is H, F, OH, or (OCHCH L N(CH )

RYis H, ~CN, Br, SO,NH,, SO;NHSO,CH;, ConalkylOH, CopalkyiN{CHs),, CHyCH,-
tetrazolyl, CH,CH,COCH,CH,, CH,CH,COH, OCH,CN, OCH,COH, OCH,-tetrazolyl,
(OCH,CH,)LN(CH; )y, (OCH,CHy)p-pyrrolidingl, (OCH,CH,),CL (OCH,CH),OH,
(OCH,CH,),0CH;, COH, C{OWH,, C(ONHCH,, C{OIN(CH3),,
C{OYWNHCH,CHN(CH;) (CF:CO,), SONH(CH ) N(CH; ) (CFCO,Y,
C{OWHCH,CH,(OCH,CH,),0H, C(OWHCH,CH(OCH,CH;),0CH:, C(O)-morpholinyl,

o OxOH
H H
f‘{lLN /\/\/N\H/NHz
CH,CHy-morphotinyh, CHYCH,CN, CH.CH,C(OINH,, | NH
.
N\d
JOL e o NH, NH,
J NN 2 N

i
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ke e
¥ s

nis G, 1, 2,3, 0rd;

R%is H, CHz, CH,CH;, CHOH, CHLF, or CH=0;
R’ is Hor Br;

RYis Hor Br;

R is Cl;

R”is OCH;;

, o7 tetrazolyl;

R’ is phenyl, wherein said phenyl is optionally substituted with one substitaent selected
from the group consisting of F, CH;, Cl, CFs, and OCH;, and further optionally substituted
with up to two additional fluorine atoms;

R”is H or CHy;

X is {CHy;

7' and 77 are H;

and pharmaceutically acceptable salts thereof.

In another embodiment the present invention is directed to compounds of Formula

{I) wherein:

: a a N N
Rd g—N\/g- O—N\/E-NQE—Q <:>_ [>_
R'is R R R* | R> R
S
Wai
or ClI

RYis H, F, Br, or CL;
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R is H, F, C1, Br, CF:, OCHa, -CN, or NO»;

R®is H, F, OH, or (OCH,CH ) N(CH:3 )

R%is H, ~CN, Br, SO;NH,, SO,NHSO,CH;, CosalkylOH, CosalkyIN(CH3),, CHCH,-
tetrazolyl, CH,CH,CO,CH,CH;, CH,CH,CO,H, OCH,CN, OCH,CO;H, OCH-tetrazolyl,
(OCH,CH, ) N(CHs ), (OCH,CH,)-pyrrolidinyl, (OCH,CH,),CL, (OCH,CH;),0H,
(OCH,CH,),OCH;, COH, COYNH,, COWHCH;, C(OIN(CH ),
COOWHCH,CHON(CH;: ) (CFCOsY, SONH(CH ) N(CH): (CF3COsY,
C{OWHCH,CH,(OCH,CH,),OH, C{OWHCH,CH(OCH,;CH,),OCH,, C(O)-morpholinyl,

o OYOH
5 H
- N

CHCHy-morphotinyl, CH,CH,CN, CHCH,Q(ONH,, 1 NH
|
0x O
j)\ ) N _NH NHa NH;
p NN 2 N
g N T “é\/\%N‘NJ\\N/ ;\A&N‘NANH
NH , H , H ’
NHz NH; NH,
N
S S S I
N o . 0]
3 S ) s , ot tetrazolyl;

nis{, 1,2, 3, or4;

R%is H, CH,, CHLCHs, CHLOH, CHSF, or CH=0;
R’ is Hor Br;

R'is Hor Br;

R’ is CL;

R® is OCH;;

1O
R is F:

R®is H or CH;:

3
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X is CHo;
7} and 77 are H:

PCT/US2015/025702

and pharmaceutically acceptable salts thereofl

In another embodiment the present invention is directed to a compound selected from the

group consisting of:
F

N
| >—s
N C

MeO
Cl F
F
N
R
N Cl
MeO
Cl OMe
F
N
| >—s
N Cl
F
MeO
Cl F

F
N
| >—s
N Cl
OMe
MeO
Cl F ,
=
N
| »—5
N Ci
Me
Ma
Cl F ’
F
N
| »—s
N Cl
CFs
MeQO
Cl F

t4
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N Cl
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MeO
Cl F
F
N
| >—s
N ccl
MeO
Cl F
F
N
Ra
N
F
MeO
Cl F
F
N
| >—s
N Cl
F
MeO
F
Cl F
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Cl
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and pharmaceutically acceptable salts thereof.

Additional embodiments of the present jnvention, include those wherein the
. ) - . " . . H 2 3 4 5
substituents selected for one or more of the variables defined herein (l.e. R', R5, R, R*, R”,
6 LN . . v . . .
R, etc.} are independently selected to be any individual substituent or any subset of

substituents selected from the complete list as defined herein.

T another embodiment the present invention s directed to a pharmacceutical
composttion comprising a compound of Formula (1) and a pharmacceutically acceptable

carrier,

In another embodiment, the present invention is directed to a method for preventing
or treating a TORS mediated syndrome, disorder or discase comprising administering to a
subject in need thercof an cffective amount of a compound of Formula (1) or a form,

pharmaceutical composition or medicament thereof,
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In another embodiment, the present invention is directed to a method of treating a
syndrome, disorder or disease, whercin said syndrome, disorder or discase is selected from

the group consisting of: obesity and type I diabetes.

In another embodiment, the present invention is dirccted to 3 mcthod of treating a
syndrome, disorder or discase, wherein said syndrome, disorder or discase is obesity
comprising administering to a subject in need thereof an cffective amount of a compound

of Formula (I} or a form, pharmaceutical composition or medicament thercof,

To another embodiment, the present invention is directed o a method of treating a
syndrome, disorder or disease, wherein said syndrome, disorder or disecase is type H
diabetes comprising administering to a subject in need thereof an effective amount of a

compound of Formula (1) or a form, pharmaceutical composition or medicament thereof,

In another embodiment, the present invention 1s directed to a method of modulating
TGRS activity in a mammal by administration of an effective amount of at least one

compound of Formula (1) to said mammal.

The term "subject” refers to a patient, which may be animal, typically a mammal,
typically a human, which has been the object of treatment, observation or experiment and
is at risk of (or susceptible to) developing a syndrome, disorder or discase that is associated
with abberant TGRS expression or TGRS underexpression, or a pationt with a condition
that accompanics syndromes, disorders or discases associated with abberant TGRS

expression or TGRS underexpression,
The term "effective amount” means that amount of active compound or

pharmaceutical agent that clicits the biological or medicinal response in a tissue system,

animal or human, that is being sought by a researcher, veterinarian, medical doctor, or
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other clinician, which includes preventing or treating the symptoms of a syndrome,

disorder or discase being treated.

As used herein, the term “composition” is intended to encompass a product
comprising the specified ingredients in the specified amounts, as well as any product
which results, directly or indirectly, from combinations of the specified ingredients in the

specified amounts.

As used herein, the term “alkyl” whether used alone or as part of a substitucnt
group, include straight and branched chains. For example, alkyl radicals include methyl,
cthyl, n-propyl, isopropyl, n-butyl, isobutyl, sce-butyl, fert-butyl, pentyl and the like.
Simularly, the term “Cxovalkyl”, wherein X and Y are cach integers shall include straight
and branched chains containing between X and Y carbon atoms. For example, “Cjsalky!”
shall mean straight and branched chains between 1 and 4 carbon atoros and include methyl,
cthyl, propyl, isopropyl, butyl, isobutyl, sec-butyl and t-butyl. One skilled in the art will
recognize that the term “~(C,alkyl)-” shall denote any Cjsalkyl carbon chain as herein
defined, wherein said C, qalkyl chain is divalent and s further bound through two points of
attachment, preferably through two terminal carbon atoms,

As used herein, unless otherwise noted, the term “leaving group” shall mean a
charged or umcharged atom or group which departs during a substitution or displacement
reaction. Suitable examples include, but are not limited to, Br, Cl, 1, mesylate, tosylate,

and the like.

2 6k

As used herein, unless otherwise noted, the terms “treating”, “ireatment” and the
like, shall inchude the management and care of a subject or patient (preferably mammal,
more preferably human) for the purpose of combating a disease, condition, or disorder and
includes the administration of a compound of the present invention to prevent the onsct of
the symptoms or complications, alleviate the symptoms or complications, or eliminate the

disease, condition, or disorder.
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As used hercin, unless otherwise noted, the term “prevention”or “preventing” shall
include {a} reduction in the froquency of one or more symptoms; {b) reduction in the
severity of one or more symptoms; {¢) the delay or avoidance of the development of
additional symptoms; and / or {d} delay or avoidance of the development of the disorder or

condition.

One skilled in the art will recognize that wherein the present invention is directed
to methods of prevention, a subject in need of thereof (i.¢. a subject in need of prevention)
shall include any subiject or patient (preferably a mammal, more preferably a human)} who
has expericnced or exhibited at lcast onc symptom of the disorder, discase or condition to
be prevented. Further, a subject in need thercof may additionally be a subject {preferably a
mammal, more preferably a human) who has not exhibited any symptoms of the disorder,
disease or condition to be prevented, but who has been deemed by a physician, clinician or
other medical profession o be at risk of developing said disorder, disease or condition,

For example, the subject may be deemed at risk of developing a disorder, discase or
condition {and therefore in need of prevention or preventive treatment) as a conseguence of
the subject’s medical history, inclading, but not limited to, {farnily history, pre~-disposition,

co~-existing {(comorbid) disorders or conditions, genetic testing, and the like.

To provide a more concise description, some of the quantitative expressions given
herein are not qualified with the term “about”. 1t s understood that whether the term
“about” 1s used explicitly or not, every quantity given herein is meant to refer to the actual
given value, and it is also meant to refer to the approximation to such given value that
would reasonably be inferred based on the ordinary skill in the art, including
approximations due to the experimental and/or measurement conditions for such given

value,

To provide a more coneise description, some of the quantitative expressions hergin
are recited as a range from about amount X to about amount Y. It is understood that

wherein a range is recited, the range is not himited to the recited upper and lower bounds,
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but rather inchades the full range from about amount X through about amount Y, or any

amount or range therein,

Pharmaccutically acceptable acidic/anionic salts suitable for use in accordance with
the present invention may include, and are not limited to acetate, benzencsulfonate,
benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate, carbonate, chioride,
cttrate, dibydrochloride, edetate, edisylate, estolate, esylate, fumarate, glyceptate,
gluconate, ghutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, iscthionate, lactate, lactobionate, malate,
maleate, mandelate, mesylate, methylbromide, methyinitrate, methylsulfaie, mucate,
napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, polygalacturonate,
salicylate, stearate, subacctate, succinate, sulfate, tannate, tartrate, teoclate, tosylate and
tricthiodide. Organic or inorganic acids also inchude, and are not limited to, hydriodic,
perchiorie, sulfuric, phosphoric, propionic, glycolic, methanesulfonic,
hydroxyethanesulfonic, oxalic, 2-naphthalenesulfonic, p-toluencsulfonic,

cyclobexanesulfamic, saccharinic or frifluoroacetic acid.

Pharmaceutically acceptable basic/cationic salts for use in accordance with the
present invention may include, and are not limited fo aluminom, 2-amino-2-
hydroxymethyl-propane-1,3-diol {(also known as iristhydroxymethylaminomethane,
tromethane or “TRIS”), ammonia, benzathine, -butylamine, calcium, calciom gluconate,
calcium hydroxide, chloroprocaine, cholineg, choline bicarbonate, choline chloride,
cyclohexyiamine, dicthanolamine, ethylencdiamine, lithiom, LiOMe, L-lysine, magnesium,
meglumine, NH;, NH4OH, N-methyl-D-glocamine, piperidine, potassium, potassiom-¢-
butoxide, potassium hydroxide (agueous), procaine, quinine, sodium, sodium carbonate,

sodinm-2-gthyithexanoate, sodium hydroxide, tricthanolamine, or zinc.

The pharmaceutically-acceptable salts of the compounds of Formula (I} may also
include the conventional non-toxic salts or the quaternary amvmonium salts which are

formed from tnorganic or organic acids or bases. Examples of such acid addition salts
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include acetate, adipate, benzoate, benzenesulfonate, citrate, camphorate, dodecyisulfate,
hydrochloride, hydrobromide, lactate, maleate, methanesuifonate, nitrate, oxalate, pivalate,
propionate, succinate, sulfate and tartrate. Base salts include ammonium salts, alkali metal
salts such as sodium and potassium salts, alkaline carth metal salts such as calcium and
magnesium salts, salts with organic bascs such as dicyclohexylamino salts and salis with
amino acids such as argininc. Also, the basic nitrogen-containing groups may be
quaternized with, for example, alkyl halides.

When cmploved as TGRS modulators, the compounds of the invention may be
administered in an effective amount within the dosage range of about 0.5 mg to about 10 g,
preferably between about 8.5 mg to about 5 g, in single or divided daily doses. The dosage
admimustered will be affected by factors such as the route of administration, the health,
weight and age of the recipient, the frequency of the treatment and the presence of
concurrent and unrelated treatments.

It is also apparent to one skilled in the art that the effective dose for compounds of
the present invention or a pharmaceutical composition thereof will vary according to the
desired effect. Thercfore, optimal dosages to be adminisiered may be readily determined
by one skilled in the art and will vary with the particilar compound used, the mode of
administration, the strength of the preparation, and the advancement of the discase
condition. In addition, factors associated with the particular subject being treated,
including subject age, weight, diet and time of administration, will result in the need to
adjust the dose to an appropriate therapeutic level. The above dosages are thus exemplary
of the average case. There can, of course, be individual instances where higher or lower
dosage ranges are merited, and such are within the scope of this invention.

The compounds of Formwla (I} may be formulated into pharmaceutical
compositions comprising any known pharmaccutically acceptable carriers.  Exemplary
carriers include, but are not limited to, any suitable solvents, dispersion media, coatings,
antibacterial and antifingal agents and isotonic agents. Exemplary oxcipients that may
also be components of the formulation include fillers, binders, disintegrating agents and

fubricants.
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The pharmaceutical compositions of the invention may be administered by any
means that accomplish their intended purpose.  Examples include administration by
parenteral, subcntancous, intravenous, intramwscular, intraperitoncal, transdermal, buccal
or ocular routes. Alternatively or concurrently, administration may be by the oral route.
Suitable formulstions for parenteral administration include aqueous solutions of the active
compounds in water-soluble form, for example, water-soluble salis, acidic solations,
alkaline solutions, dextrose-water solutions, isotonic carbohydrate solutions and
cvelodexirin inclusion complexes.

The present invention also encompasses a method of making a pharmaceutical
composition comprising mixing a pharmaceutically acceptable carrier with any of the
compounds of the present invention. Additionally, the present invention includes
pharmaceutical compositions made by mixing a pharmaccutically acceptable carricr with
any of the compounds of the present invention.

Furthermore, the compounds of the present invention may have one or more
polymorph or amorphous crystalline forms and as such are intended to be included in the
scope of the invention. In addition, the compounds may form solvates, for example with

(108

water (i.c., hydrates} or common organic solvents. As used herein, the term "solvate”
means a physical association of the compounds of the present invention with one or more
solvent molecules.  This physical association involves varying degrees of ionic and
covalent bonding, including hydrogen bonding. In certain instances the solvate will be
capable of isolation, for example when one or more solvent molecnles are incorporated in
the crystal lattice of the crystalline solid. The term "solvate" is intended to encompass both
solution-phase and isclatable solvates. Non-limiting examples of suitable solvates inchude
cthanolates, methanolates, and the like.

It is intended that the present invention include within its scope polymorphs and
soivates of the compounds of the present invention. Thus, in the methods of treatment of
the present invention, the term “administering” shall encompass the means for treating or

preventing a syndrome, disorder or discase described herein with the compounds of the
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present invention or a polymorph or solvate thereof, which would be included within the
scope of the invention albeit not specifically disclosed.

The present invention includes within its scope prodrugs of the compounds of this
invention.  In general, such prodrugs will be functional derivatives of the compounds
which are readily convertible in vive into the required compound. Thus, in the methods of
treatment of the present invention, the term “administering” shall encompass the treatment
of the various disorders described with the compound specifically disclosed or with a
compound which may not be specifically disclosed, but which converts to the specified
compound in vivo after administration to the patient. Conventional procedures for the
selection and preparation of suitable prodrug derivatives are described, for example, in
“Design of Prodrugs”, Ed. H. Bundgaard, Elsevier, 1985,

Where the corapounds according to this invention have at least one sterco center,
they may accordingly exist ag enantiomers or diastereomers. It 1s to be understood that all
such isomers and mixiures thereof are encompassed within the scope of the present
invention.

Where the processes for the preparation of the compounds according to the
invention give rise to mixture of stercoisomers, these isomers may be separated by
conventional techniques such as preparative chromatography. The compounds may be
prepared in racemic form, or individual enantiomers may be prepared either by
enantiospecific synthesis or by resolution. The compounds may, for example, be resolved
into their component enantiomers by standard technigues, such as the formation of
diastereomeric pairs by salt formation with an optically active acid, such as {-}-di-p-
tolaoyl-D-tartaric acid and/or (+)-di-p-toluoyl-L-tartaric acid followed by fractional
crystallization and regeneration of the free base. The compounds may also be resolved by
formation of diastercomeric csters or amides, followed by chromatographic separation and
removal of the chiral auxiliary. Alternatively, the compounds may be resolved using a
chiral HPLC column.

Praring any of the processes for preparation of the compounds of the present

invention, it may be necessary and/or desirable to protect sensitive or reactive groups on
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any of the molecules concerned. This may be achieved by means of conventional
protecting groups, such as those described in Protective Groups in Organic Chomistry, ed.

LFW. MeOmic, Plenum Press, 1973; and T.W. Greene & P.G.M. Wats, Profective

Groups in Organic Synthesis, John Wiley & Sons, 1991, The protecting groups may be

removed at a convenient subscquent stage using methods known from the art.
Optionally, compounds of the present invention can be used alone, in combination
with other compounds of the invention, or in combination with one or more other

therapeutic agent(s}, ¢.g., an antidiabetic agent or other pharmaccutically active material,

The compounds of the present invention may be cmploved in combination with onc
or more other suitable therapeutic agents useful in the treatment of the aforementioned
disorders including: anti-diabetic agents, anti-hyperglyecmic agents, anti-hyperinsulinemic
agents, anti-retinopathic agents, anti-neuropathic agents, anti-nephropathic agents, anti-
atherosclerotic agents, anti-ischemic agents, anti-hypertensive agents, anti-obesity agents,
anti-dyvslipidemic agents, anti-dyshipidemic agents, anti-hyperlipidemic agents, anti-
hypertrighyceridemic agents, anti-hypercholesterolemic agents, anti-restenotic agents, anti-
pancreatic agents, lipid lowering agents, appetite suppressants, treatments for heart failure,

treatments for peripheral arterial disease and anti-inflaromatory agents.

The above other therapeutic agents, when emploved 1n combination with the
compounds of the present invention may be used, for example, in those amounts indicated
in the Physicians’ Desk Reference, as in the patents set out above, or as otherwise

determined by one of ordinary skall in the art.

The compounds of the present invetion can be administered in such oral dosage
forros as tablets, capsules {cach of which includes sustained release or timed release
formulations), pills, powders, granules, elixirs, tinctures, suspensions, syrups, and
emulsions. They may also be administered 1o intravenous (bolus or infusion),
intraperitoneal, subcutancous, or intramuscular form, all using dosage forms well known to
those of ordinary skill in the pharmaceutical arts. They can be administered alone, but

generally will be administered with a pharmaceutical carrier selected on the basis of the
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chosen route of administration and standard pharmaccutical practice.

Pharmaceutical compositions containing one or more of the compounds of the invention
described herein as the active ingredient can be prepared by intimately mixing the
compound or compounds with a pharmaceutical carricr according to conventional
pharmaccutical compounding technigues. The carrier may take a wide varicty of forms
depending upon the desired route of administration {¢.g., oral, parenteral). Thus for liquid
oral preparations such as suspensions, clixirs and solutions, suitable carriers and additives
include water, glveols, oils, aleohols, flavoring agents, prescrvatives, stabilizers, coloring
agents and the like; for solid oral preparations, such as powders, capsules and tablets,
suitable carriers and additives inclade starches, sugars, diloents, granulating agents,
fubricants, binders, disintegrating agents and the like. Solid oral preparations may also be
coated with substances such as sugars or be enteric-coated so as to modulate mayor site of
absorption. For parenteral administration, the carrier will usually consist of sterile water
and other mgredients may be added to merease solubility or preservation. Injectable
suaspensions or solutions may also be prepared utilizing aqueous carriers along with

appropriate additives.

Preferably the pharmaceutical compositions are in unit dosage forms from such as
tablets, pills, capsules, powders, granules, sterile parenteral solutions or suspensions,
metered aerosol or liquid sprays, drops, ampoules, autoinjector devices or suppositories;
for oral parenteral, intranasal, sublingual or rectal administration, or for administration by
inhalation or insufflation. Preferably the pharmaceutical compositions are administered
orally.

To prepare a pharmaceutical composition of the present invention, a compound of
formula (I} as the active ingredient is intimately admixed with a pharmaceutical carrier
according to conventional pharmaceutical compounding techniques, which carrier may
take a wide varicty of forms depending of the form of preparation desired for
administration {¢.g. oral or parcnteral). Suitable pharmaceutically acceptable carriers are

well known in the art. Descriptions of some of these pharmaceutically acceptable carriers
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may be found in The Handbook of Pharmaccutical Excipients, published by the American

Pharmacceutical Association and the Pharmaceutical Socicty of Great Britain,
Mecthods of formulating pharmaccutical compositions have been described in

numerous publications such as Pharmaccutical Dosage Forms: Tablets, Sccond Edition,

Revised and Expanded, Volumes 1-3, edited by Licherman et al; Pharmaceutical Dosage

Forms: Parenteral Medications, Volumes 1-2, edited by Avis ot al; and Pharmaceutical
Dosage Forms; Disperse Systems, Volumes 1-2, edited by Licherman ct al; published by

Marcel Dekker, Inc.

Compounds of this invention may be administered in any of the foregoing
corapositions and according to dosage regimens established n the art whenever treatroent of

TGRS disorders is required.

ABBREVIATIONS

Herein and throughout the application, the following abbreviations may be used.

Ac acetyl

ACN acctonttrife

ADDP 1, U'~(azodicarbonyhdipipendine

BAST bis-(2-methoxyethyhaminosulfur triftuoride
BINAP 2,2-bis{diphenyiphosphino)-1,1"-binaphthyl
Boc tert-butyloxycarbonyl

br broad

Bu butyl

n-Buli n-butyl lithivm

d doublet

dba dibenzylidencacctone

DCM dichloromethane

Dess-Martin periodinanc

one

1,1 -tris{acetyloxy -1, 1 -dihydro-1,2-benziodoxol-3-(1 H)-
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DIAD
DIBAL-H or DIBAL
DIPEA or DIEA
DMA

DMF

DMSO

dppf

EA

EDCI
hydrochloride
EST

Et

EtOH

HATU

HOBt
HPLC
Hz

iPr, i-Pr, iPr, or i-Pr
-PrOH
LiHMBS
LDA

m

M
mCPBA
Me
MeOH
MHz

min

PCT/US2015/025702

diisopropyl azodicarboxylate
diisobuty! aluminum hydride
diisopropy! ethyl amine
dimethylacetamide

N N-dimethyliformamide
dimethy! sulfoxide
{diphenyiphosphinoiferrocenc
cthyl acetate

N-{3-dimethylaminopropy!}-A'-cthylcarbodiimide

clectrospray ionization

ethyt

cthyl alcohol
O-{T-azabenzotriazol-1-y-NNN N -
tetramethyluronium hexafluorophosphate
hydroxybenzotriazole

high pressure liguid chromatography
hertz

isopropyl

isopropyl alcohol

fithium hexamethyldisilazance

Hithium diisopropyl amine

multiplet

molar {moles/liter)
meta-chloroperoxybenzoic acid

methyl

methanol

megahertz

mingies
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mb mifliliters

MsCl mesyl chloride

nBy, n-Bu, nBu, or v-Bu normal butyl

nmt nancimeters

NBS N-bromosuccinimide

NIS N-todosuccinimide

NMER nuclear magnetic resonance

o7t triflate

Pdy(dba) tris{dibenzylidencacetone )dipaliadiuny( 0}
PE petroleum ether

Ph phenyl

PMB para-methoxybenzyl or 4-macthoxybenzyl
ppm parts per million

Pr propyl

pT8A para-toluene sulfonic acid

G guartet

S singlet

SEMCI 2-(trimethylsilyDethoxymethyl chioride
TBAF tetra butyl ammonium fluoride

TBS tert-butyl dimethyl silyl

TEA irigthyvlamine

TES tricthylsilyl

TFA triftuoroacetic acid

THF tetrahydroturan

TIPS tritsopropylsilvl

TLC thin laver chromatography

TMS trimethylsiivi

uv ultra-violet

Xantphos 4,5-bis{diphenyiphosphing}-9,9-dimethylxanthene
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The compounds of the present invention can be synthesized using the methods
described below, together with synthetic methods known in the art of synthetic organic
chemistry, or variations thercof as appreciated by those skilled in the art. The following
reaction schemes are only meant to represent cxamples of the invention and are in no way

meant to be a lmit of the invention.

GENERAL SYNTHETIC SCHEMES

Compounds of Formula (I} where X is CH, and Z' and 2% are H, may be prepared

according to the process described in Scheme 1.
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X)
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Scheme 1

A suitably substituted compound of Formula (1) wherein Hal s Bror L a
commercially avatlable compound or compound prepared by known methods, 1s reacted
with cyclohexanone (or 4-methy] cyclohexanone), in the presence of an inorganic base
such as t~-BuOK, t-BuONa, Cs,CO;4, and the like, in the presence of a suitably selected Pd
containing reagent such PAOAC), PAPhsP)a, Pdo{dba)s, and the like, in the presence of a
suitably selected ligand such as PhaP, BINAP, dppf, and the fike, in a suitably selected
organic solvent such as THF, 1,4-dioxane, toluene and the like at a temperature in the

range from 25 °C to about 80 °C, to yield the corresponding compound of formula (1),
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A suitably substituted compound of Formula (1} is reacted with a suitably
substituted commerciatly available compound R*Hal wherein Hal is Br or 1, and the like, in
an inorganic basc such as t-BuOK, t-BuONa, NaH, and the like, in an organic solvent such
as tohiene, THF, dioxane and the like, at a temperature in the range from 25 °C to about 60
°C, to vield the corresponding compound of formula IV,

A suitably substituted compound of Formula (IV) 18 reacted with commercially
available reagent such as TMSOTE, TESOTL, TIPSOTHY, and the like, in an organic base
such as TEA, DIPEA, pyridine and the like, in an organic solvent such as DCM, THF,
cther and the like, at a temperature in the range from -78 °C to -40 °C, to vield the
corresponding enol ether intermediate, which is then reacted with commercially available
reagent NBS, Bry and the like, in an organic solvent such as DCM, THF, ether and the hike,
at a temperature in the range from -78 °C to 0 °C, to yicld the corresponding bromide (V).

Bromude (V) 1s reacted with commercially available NaNs3, i an organic solvent
such as DMF, DMSO, DMA and the like, at a temperature in the range from 25 °Cto 70
°C, to vield the corresponding azide (VI).

Azide (V1) is reduced under 20~ 50 psi of hydrogen gas in the presence of a
commercially available catalyst, such as 5% Pd/C, PtO; and the like, in an organic solvent
such as MeOH, EtOH, AcOH and the like, in the presence of concentrated HCI and the
like, at a temperature in the range from 25 °C to 70 °C, 1o vield the corresponding amine
{Viiy.

Amine {VII} is reacted with compound (VII), an isothiocyanate prepared by
known methods or commercially available, in the presence of an organic base such as
TEA, DIPEA, pyridine and the like, in an organic solvent such as DCM, THF and the like,
at a temperature in the range from 0 °C to 25 °C, to vicld the corresponding thicurea (IX).

Thiourca (IX) is heated in an acidic solvent such as AcOH, trifluoroacetic acid and
the like, at a temperature in the range from 25 °C to 80 °C, to vield the corresponding
imidazole {X}.

Imidazole {X) is reacted with a commercially available compound or compound

prepared by known methods of formula (X)), where Lv is a lcaving group, in the presence
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of an inorganic base such as Us;CO5, KoCO5, NaH and the like, in an organic solvent such
as DMF, DMSQ, acetone and the like, at a temperature in the range from 25 °C to 80 °C,

to vicld the corresponding compound of Formula (1) where X is CH, and 2" and 77 are H.

Compounds of Formula (I) where X is O and Z' and 7° arc H, may be prepared as

described in Scheme 2, below.

Hal R!
1 /_
ANy-RT TsSCH,R! N R
NN sSCH, | \>_S/_ NBS \>—s
= N
(Xiir) 7 Hal R?
(XIn (Xiv)
(XV)
R* R® Hal 1
Va } | N\>—SFR
R® HO N o
RE R3 i?7 /\O/\/B\o
T 6 Pd;(dba);, dppf
(XVI) R R
RS (XVIN)
R1 /_R1
HO \>— 4 \>_ N /R
o M. s
R3 1. [H] A pTSA N
HCLA R3 R’
2. NaBH4
R* RS
R5
(XVIII) (XI1X) (1)

Scheme 2

An imidadole of Formula (XI1) (generated by reaction of R7-B(OH), with
imidazole in the presence of CuyO, Cu{OAc), or other appropriate catalyst, in a suitably
selected organic solvent such as THF, 1,4-dioxane, McOH and the like, at a temperature in

the range from 25 °C to about 80 °C}, is reacted with a suitably substituted commercially
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available compound of formula TSSCH,R! (X111, a compound prepared by known
methods, in an organic base such as n-BulLi, LDA, LIHMDS and the like, in an organic
solvent such as THF, dioxane, cther and the like, at a temperature in the range from -78 °C
to —40 °C, to vield the corresponding compound of Formula (XIV).

A suitably substituted compound of formula (XIV) 18 reacted with a commercially
available rcagent such as NIS or NBS in an organic solvent such as DCM, THF, MeOH
and the like, at a temperature in the range from 25 °C to 60 °C, to yield the corresponding
compound of Formula (XV) whercin Hal is Bror 1,

A suitably substituted compound of formula (XV) wherein Hal is Br or 1 is reacted
with a suitably substituted commercially available aldehyde of formula (XVI), in an
organic base such as n-Buli, i-Pr-MgBr and the like, in an organic solvent such as THF,
dioxane, cther and the like, at a temperature in the range from -78 °C to 0 °C, to vield the
corresponding compound of Formula (XVIH).

A suitably substituted compound of formoula (XVIH) s reacted with a coromercially
available reagent such as 2-(2-cthoxyvinyl}-4,4,5,5-tetramethyl-1,3,2-dioxaborolane or
tributyl{2-ethoxyvinyl)stannane, in the presence or in the absence of an inorganic base
such as t-NayCOs, K,CO0;, KaPOy, and the fike, in the presence of a suitably selected Pd
containing reagent such PA(OAc),, PA(PhaP)s, Pd:{dba}s, and the like, in the presence of a
suitably selected ligand such as PhsP, BINAP, dppf, and the bike, in a mixed solvent of a
suitably selected organic solvent such as THF, 1,4-dioxane, toluene and the like, and water
at a temperature in the range from SO °C to about 180 °C, to vield the corresponding
compound of formula (X V).

A suitably substituted compound of formula (X VI is reacted in an acidic solution
of HCL, in a mixed solvent of a suitably sclected organic solvent such as THF, 1,4-dioxane,
MeOH and the like, and water at a temperature in the range from room temperature to
about 5( °C, to vicld the corresponding intermediates, which is then reacted with a
commercially available reducing reagent such as NaBH,, LiBHy and the like in a suitably
selected organic solvent such as THF, MeOH and the like, at a temperature in the range

from § °C to room temperature, to vicld the corresponding compound of Formula (XIX).
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A suitably substituted compound of Formula (XIX) is reacted in an acidic solution
of HCL pTSA and the like in a mixed solvent of a suitably selected organic solvent such as
THF, 1.4-dioxane, McOH and the like, and water or a suitably sclected organic solvent
such as benzene, tohuenc and the like at a tomperature in the range from room temperature

to about 80 °C, to yield the corresponding compound of Formula (1)

. . . . — — .
Alternatively, compounds of Formula (1) where X is O and Z' and 2° arc H may be
prepared according to the process as described in the Scheme 3, below.

R3

o)
TBS Hal _N R4 |
P I\)—TBS
N

PAS 7
NZSN-RT 4 nBui. NOONRT O NBS

\—/ — =\ — 7 RS
2. TBSCI R6
(X1 (XX) (XXI) —
(XV1)
EtO
Hal N>_ I '
| S>—TBS \
HO N 0 ho. N>—TBS
R3 R7 /\O/\/B\O \ 7 1. [H+], A
R3 R - .
Pd,(dba)s, dppf 2. NaBH,
4 6 2 3
R s R R4 RG
R 5
) (XXII)
HO
>—TB
HO >_ S \>—TBS I N\>_ /R
s
7
R3 R oTSA 1 TBAF o] N
3 R7
HCI, A . R
R* RS 2. TsCH,R
R® (i) R* R®
(XXIV) R®
Scheme 3

A suitably substituted compound of Formula (X11) is reacted with a commercially
available rcagent such as TBSCH or TBSOTT in an organic basc such as n-Buli, LIHMDS
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and the like, in an organic solvent such as THF, dioxane, cther and the like, ata
temperature in the range from -78 °C to § °C, to yield the corresponding compound of
Formula (XX).

Imidazole (XX} is reacted with a commercially available reagent such as NIS or
WBS in an organic solvent such as DCM, THF, McOH and the like, in the presence of
catalytic amount of an acid such as pTSA, CSA and the like, at g temperature in the range
from 25 °C to 60 °C, to yield the corresponding compound of Formula (XX1) wherein Hal
=BrorL

A suitably substituted compound of Formula (XX1) whercin Hal = Br or 118 reacted
with a suitably substituted commmercially available aldehyde (XV1), in the presence of an
organic base such as n-Buli, i-Pr-MgBr and the like, in an organic solvent such as THF,
dioxane, cther and the like, at a temperature in the range from -78 °C to 0 °C, to yield the
corresponding compound of Formula (XXI).

A suitably substituted compound of forroula (XXT) s reacted with a coromercially
available reagent such as 2-(2-cthoxyvinyl}-4,4,5,5-tetramethyl-1,3,2-dioxaborolane or
tributyl{2-ethoxyvinyl)stannane, in the presence or in the absence of an inorganic base
such as t-NayCOs, K,CO0;, KaPOy, and the fike, in the presence of a suitably selected Pd
containing reagent such PA(OCAc),, PA(PhaP)s, Pd:{dba}s, and the like, in the presence of a
suitably selected ligand such as PhsP, BINAP, dppf, and the bike, in a mixed solventof a
suitably selected organic solvent such as THF, 1.4-dioxane, toluene and the like, and water
at a temperature in the range from 54 °C to about 180 °C, to vield the corresponding
compound of Formula (X XHI}.

A suitably substituted compound of formula (X X111} is reacted in an acidic solution
of HCL, in a mixed solvent of a suitably sclected organic solvent such as THF, 1,4-dioxane,
MecOH and the like, and water at a temperature in the range from room temperature to
about 30°C, to yield the corresponding intermediates, which is then reacted with a
commercially available reducing reagent such as NaBH,, LiBHy and the like in a suitably
selected organic solvent such as THF, MeQOH and the like, at a temperature in the range

from § °C to room temperature, to vicld the corresponding compound of Formula (XXIV).

52



WO 2015/160772 PCT/US2015/025702

A suitably substituted compound of Formula (XX1V}) is reacted in an acidic
solution of HCI, pTSA and the like in a mixed solvent of a suitably selocted organic
solvent such as THF, 1 4-dioxanc, MeOH and the like, and water or a suitably selected
organic solvent such as benzene, tolucne and the like at a temperature in the range from
room temperature to about 80 °C, to vield the corresponding compound of Formula
{(XXV).

A suitably substituted compound of Formula (XXV) is reacted with s commercially
available rcagent such as TBAF, KF and the like, in an organic solvent such as THE,
dioxanc, cther and the like, at a temperature in the range from 0 °C to room temperature,
followed by reaction with a suitably substitated commercially available compound of
forroula TsSCHR' (XV), a coropound prepared by known methods, in an organic base
such as n-Buli, LDA, LIHMDS and the like, in an organic solvent such as THF, dioxane,
cther and the like, at a temperature in the range from -78 °C to — 40 °C, to yield the

corresponding compound of Formula ().
Compounds of Formula (I} where X is O and 2 and 7 are taken together with

their attached carbon to form a HF group may be prepared according to the process as

described i the Scheme 4, below.
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Hal N R’ 1
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Scheme 4

A suitably substituted compound of formula ( XV} is reacted with a commercially
available rcagent such as 3-iodoprop-1-ene or 3-bromoprop-1-ene, in the presence or in the
absence of an inorganic base such as Cs,C0s, NaH, and the like, in a suitably selected
organic solvent such as THF, DMF and the like, at a temperature in the range from 8 °Cto
room temperature, to yield the corresponding compound of formula (XXVI).

A suitably substituted compound of forrmula (XXVI) 1s reacted in the presence of a
suitably selected Pd containing reagent such PA{OAc),, Pd(Ph:P)s, Pdy{dba)s, and the like,
in the presence of a suitably selected ligand such as PhaP, BINAP, dppf, and the like, ina
suitably selected organic solvent such as THF, 1.4-dioxane, toluene and the like, ata
temperature in the range from 80 °C to about 100 °C, to vield the corresponding compound

of Formula ().

EXAMPLES
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Compounds of the present nvention can be prepared by methods known to those who are
skilled in the art. The following examples are only meant to represent examples of the

invention and are in no way meant to be a limit of the invention,

In the Examples which follow, some synthesis products are listed as having been isolated
as a residue. It will be understood by one of ordinary skill in the art that the torm “residue”
docs not limit the physical state in which the product was isolated and may include, for

example, a solid, an oil, a foam, a gum, a syrup, and the like.

Exagmple {: T-(4-chloro-3-methoxvphenyi)-2-{{2-chioro-6-
fuorophenyiimethyllsuifonyil-1-{4-flugrophenyii-4, 3.6, 7-teirahydro-1 H-1 . 3-

benzodiazele ivdrochloride

Step 1: 2-{d-chloro-3-methoxvphenvhovelohexan-1-one

G

Cl ©

A solution of 4-bromo-I-chloro-2-methoxybenzene (100 g, 451.51 muanol, 1.00
equivy, dry THF (300 mL), cyclohexanone (44.3 g, 451.38 mmol, 1.00 cquiv), Pdx{dba);
{10.3 g, 11.25 mimol, (.025 equiv), BINAP (14 g, 22.48 mimol, (.05 cquiv), and -BuONa
(86 g, ¥94.90 mmol, 2.00 equiv) was stirred overnight at 50 °C in an oil bath. The
resulting mixture was concentrated under vacuum, diluted with 1 L of water, and extracted
with 3x1 L of cthyl acctate. The combined organic layers were washed with Ixl L of
brine, dried over anhvydrous sodium sulfate, filtered, and concentrated. The residue was
apphicd onto a silica gel column with cthyl acctate/petroleum cther (1:5).  The crude
product was applied onto a reverse phase column and eluted with MeCWN/H,O (1:19 to 411
in 1h} to give 2-(4-chloro-3-methoxyphenyljeyclohexan-1-one as a light yellow solid.

Mass spectrum (EST, mvz): Caled. for 1 CiaHsClOy: 239 1(MHH), found 239.1.
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Step 2: Ho-{4-chlorg-3-methoxvphenvlcvelohex-1-en-1-viloxvitrimethvisilane

o0 @
OTMS
Ci

A solution of 2-(4-chloro-3-methoxyphenyl} cyclohexan-i-one {14 g, 41.8% mmol,

1.00 equiv), TEA (8.84 g, €7.36 mmol, 2.09 cquiv), and dry dichloromethane (20 mL) was
treated with TMSOTE(11.19 g, 58.4 mmol, 1.20 equiv} dropwise at § °C with stirring. The
resulting solution was stirred for 30 min at § °C. The sohition was concentrated under
vacuum to give [[6-(4-chloro-3-methoxyphenylicyelohex-1-en-1-yljoxyltrimethylsilane as
yeliow oil.

Step 3: 2-bromo-6-{d-chlore-3-methoxvphenvicvelohexan-1-oune

O
-~ Br

Cl ©
A solution of {[{6-(4-chloro-3-methoxyphenyiieyclohex-I-en-1-yljoxyhrimethylsilane
{13.05 g, 41.98 mmol, 1.00 cquiv), and dry THF (100 mL) was treated with NBS (747 g,
41.97 mmol, 1.00 equiv), added in several batches at § °C. The resulting solution was

stirred for 30 min at § °C in a water/ice bath. The solution was concentrated under vacuum

to give 2-bromo-6-(4-chloro-3-methoxyphenyijoyclohexan-1-one as yellow oil.

Step 4: 2-azido-6-(4-chloro-3-methoxvphenviicvclohexan-1-one

Cl

56



WO 2015/160772 PCT/US2015/025702

A solution of 2-brome-6-{(4-chloro-3-methoxyphenyljcyelohexan-1-one (13.3 g, 41.88
mmol, 1.00 equiv), and N, N-dimethylformamide (50 mL} was treated with NaNs (13.6 g,
209 .20 myool, 5.00 cquiv) in several batches at 0 °C. The resulting solution was stirred for
1 hat 0 °C. The reaction was guenched by the addition of 100 mU of water, extracted with
3x200 mbL of cthyl acctate, and the combined organic layers were concentrated under
vacuum. Chromatography (silica gel column with cthyl acctate/petroleum ether (1:10))
gave 2-azido-6-{4-chloro-3-methoxyphenylicyclohexan-1-one as yecliow oil.  Mass
spectrurn (ESE, myvzy: Caled. for 1 CiaH g CINO: 279 1M +H), found 279.1.

Sten 3: Z-amino-6-{4-chloro-I-methoxvphenvlicvelohexan-1-one hvdrochloride

i

A room temperature  suspension  of  2-azido-6-(4-chloro-3-macthoxyphenyl)
cvelohexan-~-i-one (8.9 g, 31.9 muwvol, 1.00 equiv), PA/C (10%, 8.9g), methanol (66 mL),
and concentrated hydrochloric acid (4 mL) under hydrogen atmosphere was stirred for | h,
fikered, and concentrated under vacoum o give  2-amuno-6-{4-chloro-3-
methoxyphenyljeyclohexan-1-one hydrochloride as a vellow solid. Mass spectram (ESL

w/z): Caled. for CisHieCING;, 2541 (M-HCHH), found 254.1.

Sten 6: 1-(3~{4-chloro-3-methexvphenvh-2-oxocyvelohexvD-3-{(4-fluorophenvDthiourea
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A solution of  2-amino-6-{4-chloro-3-methoxyphenyl}  cyclohexan-i-one
hydrochioride (8.0 g, 27.7 mmol, 1.00 cquiv), dichloromethanc (30 mL), and 1-fluoro-4-
isothiocyanatobenzene (8.5 g, 554 mmol, 2.00 cquiv} was treated with TEA (8.4 g, 83.1
munol, 3.00 cquiv} dropwise at § °C. The reaction was stirred for Lh at 1.t and concentrated
under vacuum fo  give 1-{3-(4-chloro-3-methoxy phenyl}-2-oxocyclohexyl}-3-(4-
fluorophenyhthiourca (crude} as a yelow solid. Mass spectrum (ESI, m/z): Caled. for
CooHyoCIFNLO,S | 4071 (M+H), found 407.1.

Step 7: T-(4-chlore-I-methoxyvphenvh-1-(4-fluorophenvil-4.5.6.7-tetrahvdre-1H-

benzoldlimidazole-2-thiol

N
| D—sH
N

O
¢ F

A solution of 3-[3-{(4-chloro-3~-methoxyphenyl}-2-oxocyclohexylil-1 -(4-
fluorophenybithiourea {(11.2¢, 27.7 mauvol, 1.00 equav), and AcOH (B0 mL) was stirred at vt
overnight. The resulting mixture was concentrated onder vacuom.  Silica gel column
chromatography (ethyl acetate/petroleum cther (1:1)) gave 7-{4-chloro-3-methoxyphenyl)-
1-(4-fluorophenyt)-4,5,6,7-tetrahydro-1H-benzo[djimidazoie-2-thiol as a yellow solid

Mass spectrum (EST, w/z): Caled. for CooHisCIFNGOS, 3891 (M+H), found 389.1.

Step 8: 7-(4-chioro-3-methoxvphenvD-2-C2-chloro-6-fluorchenzvithio-i-{4-

fluorophenvi-4,5.6.7-tetrabvdro-1H-benzoldlimidazeole irifluoroacetic acid
F

N
| >
N C

F 1.5CF,COOH
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A solution of 7-(4d-chloro-3-methoxyphenyl}-1-(4-fluorophenyl}-4,5,6,7-tetrahvdro-
1H-benzo[d]imidazole-2-thiol (80 mg, 0.21 mmol, 1.80 cqumiv), propan-2-one (5 mL}, and
Cs,COs (134 mg, 0.41 mmol, 2.00 cquiv) was treated dropwise with a 2-(bromomethyl)-1-
chloro-3-fluorobenzene (55 mg, 0.25 ramol, 1.20 equiv). The resulting solution was stirred
for 3 b at 25°C. The reaction was gquenched by the addition of 20 mL of water, extracted
with 2x20 mL of ethyl acctate, and the combined organic layers were washed with 50 mb
brine, dried over anhydrous sodium sulfate, and concentrated under vacuum. Silica gel
chromatography {cthyl acetate/petrolcum cther (1:3)) gave 7-(4-chloro-3-methoxyphenyl)-
2-(2-chloro-6-fluorobenzylthio)-1-(4-fluorophenyl)-4,5,6,7-tetrahydro- 1 H-
benzofd]imidazole trifluoroacetic acid as a off-white solid. "H NMR (400MHz, CDChL) 8
7.22-7.26 (m, 1H), 7.17-7.19 (m, 2H), 6.71-7.10 (m, 4H), 6.34-6.35 (m, 2H), 452 (4, J =
132 Hz, 1H), 438 (d, J= 132 Hz, 1H), 3.76-3.78 {(m, 4H), 2.91-3.07 (m, 2H), 2.22-2.22
(m, 1H), 1.86-2.18 (o, 3H). “F NMR (400MHz, CDChL) 8§ -75.77, -108.49, -112.46.
Mass spectrumn (ESI, mvz): Caled.  for CsooaHasiChFssisNa0a0048, 531.1{M-
LACF,COOH+H), found 3311,

Sten 9: 7-{4-chloro-3-methosvphenvh-2-1{Z-chlioro-6~-fuorophenvhmethyvlisuifanvil-

1-{4-fluorophenvD~4.5.6.7-tetrahvdro~-1 H-1 . 3-benzodiazole bvdrochioride
F

N
Ra:
N C

*HCI

o
¢ F

A solution of 7-{4-chloro-3-methoxyphenyl}i-1-(4-fluorophenyl}-4,5,6,7-tetrahydro-
{H-benzofdlimidazole-2-thiol (100 mg, 0.26 mmol, 1.00 cquiv), acctone {2 ml),
potassium carbonate (107 mg, .77 mmeol, 3.00 cquiv), and 1-chloro-2-(chloromethyl}-3-
fluorobenzene (303 mg, 1.69 mmol, 1.20 equiv) was stirred for 4 h at room tomperature.
The reaction was quenched by the addition of 20 mL of water, extracted with 3x20 mb of
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dichioromethane, and the combined organic layers were washed with 20 mL of brine, dried
over anhydrous sodivm sulfate, filtered and concentrated. The crude product was purified
by Prep-HPLC (H#Water 2767-1) Column, Sun Fire Prep HPLC C18% 5pm, 19%100mm;
mobile phase, water with 0.05% TFA{25% CH;CN up to 40 in § min, up to 100% in 2 min,
down to 25% in 2 mun); Detector, 254mm. The purified material was treated with 4.0mbL
H,O and 4 drops of conHCI was added, followed by evaporation of the water. The
acidification and cvaporation procedure was repeated twice, followed by lyophilization to
give  7-{4-chloro-3-methoxyphenyh)-2-{{(2-chloro-6-fluorophenymethylisulfanyl}-1-(4-
fluoro phenyl)-4.5,6,7-teirahydro-1H-1,3-benzodiarole hydrochloride as a white solid. 'H
NMR (400MHz, CD:OD): 8 7.40-7.46 (m, 1H), 7.30-7.35 (m, 1H), 7.14-7.18 (m, 3H),
6.90(br, 2H), 6.52 (s, 1H), 6.41-6.43 (m, 1H), 6.30(br, 1H), 4.31(s, 2H), 4.05-4.07 tm, 1H),
3.33(s, 3H), 2.80-2.96 {m, 2H), 2.29-2.34 (m, 1H), 2.04-2.11 (m, 1H), 1.80-2.0 (m, 2H).
F NMR. (400MHz, CD3OD): 8§ -111.29, -115.30. Mass spectram (EST, my/z): Caled. for
CoHnCLEFNGS, 5311 (M-HCHH), found 53311,

FExampie 2: 7-(d-chlpro-3-methoxvphenyli-2-{ii 2-chioro-6-

fHuorophenvhmethviisuifanvli-I-{d-methoxvphenvii~4, 5.6, 7-tefrabydro~- I H- £ 3~

benrodinzole

Step 1@ 1-(3-(4-Chioro-3-methoxnhenvi-2-oxocveiohexvie-3-{4-

methosvphenviithiourea

C||
@)
0 &
P LY
N° °N
H H

The title compound was preparcd according to the procedure described in Example |
step 6 by coupling 2-amino-6-{4-chloro-3-methoxyphenylicyelohexan-1-one hydrochloride
{prepared as described in Example 1, Step 5) and -methoxy-4-isothiocyvanatobenzene o
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afford the desired product as a yellow solid. Mass spectrum (ESI, m/z): Caled. for

CoiHosCINAOSS, 419.1 (M+H), found 419.1.

Sten 2: 7-(d-chlore-3-methoxvphenvh-i-{4-methoxvphenvh-4.5.6.7-tetrahvdro-1H-

1.3-benzodiazole-2-thiol

N
| H—sH
N

MeO

Cl O—

The title compound was preparcd according to the procedure described in Example |
step 7 by heating 3-[3-{4-chloro-3-methoxyphenyii-2-oxocyclohexyl}-1-{(4-methoxyphenyl)
thiourea in acetic acid to afford the desired product as a white solid. Mass spectrum (ES],

m/z): Caled. for CpiHuCINGG;S, 4011 (M+Na), found 401 .1,

Step 3: 7-(d-chloro~-3-methoxvphenyvin2-[{(Z~chloro-6-fluorophenvhmethvlisuifanyil-

1-{4-methoxvphenvi)-4,5.6.7-tetrabvdro-1H-1 . 3-benzodiarole
F

N
| >
N C

MeO

Cl O0—

The title compound was prepared according to the procedure described in Example 1 step 8
by coupling 7-(4-chloro-3-methoxyphenyi}-1-{(4-methoxyphenvyi}-4,5,6,7-tetrahydro-1H-
1,3-benzo diazole-2-thiol with i-chloro-2-(chloromethyl)-3-fluorobenzene in the presence
of Cs,COs to afford the desired product as a white solid. "H NMR (300MHz, CD:OD): §
7.14-7.31 {m, 3H}, 7.03(t, /= 8.1Hz, 1H), 6.90-7.00 (m, 1 H}, 5.90-6.53 (m, 3H), 4.04-4.18
(m, 2H), 3.87-3.90 (m, 1H), 3.73 (s, 3H), 3.31-3.49 (m, 3H)}, 2.61-2.81 {m, 2H), 2.15-2.23
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{m, 1H), 1.70-2.02 {m, 3H). Mass spectrum (ESL vz} Caled. for CopHysCLEFN,G,S,
543.1 (M+H), found 543.1.

Example 3: 7-id-chioro-3-methoxyphenyvl)-2-{2~chipro-6-

fluorophenyvlmethyiisulfanvii-I-(3,4-diffuovophenyvi)-4. 5,6, 7-tetrafvdro- H-1 3~

benzodiazole

Step 1: 1-3-(d-Cholro-I-methoxvphenvii-2-oxocvelohexvh-3-{3 4~

giffuorophenvijthiourea

Cl |
0

0 F
NJ\N’ i :F
H H

The title compound was preparcd according to the procedure described in Example |

step 6 by coupling 2-amino-6-{4-chloro-3-methoxyphenylhicvelohexan-1-one hydrochloride
{prepared as described in Example 1, Step §) and 1,2-difluoro-4-isothiocyanatobenzene to
afford the desired product as a yellow solid. Mass spectrurn (ESI, m/z); Caled. for

CZQ}{[Q(HFZNZOQS';‘, 4251 U\’f“ﬂ?i)ﬂ found 425.1.

Step 2: T-{4-chloro-3~-methoxvphenvii-1-(3 4-diflsorophenvil-4, 5, &, 7-tetrabvdro-1H-

1. 3-henzodiazole~-2~thiol

N
| H—sH
N

MeO

Cl F

The title compound was prepared according to the procedure described in Examople |
step 7 by heating 3-[3~{4-chloro-3-methoxyphenyli)-2-oxocyclohexyl]-1-(3,4~
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diftuorophenyl) thicurea in acctic acid to afford the desired product as a white solid. Mass

spectrum (ESL nv/z): Caled. for CooH;CHFN,OS, 4071 (MH+H), found 4071,

Step 3: 7-(d-chlore-3-methoxvphenvD-2-112-chloro-6-fluorophenvmethvlisuifanvil-

i-{3.4-difluorophenvii-4.5.6. 7-tetrahvdro-1H-1.3-benzodiazole
F

N
| >—s
N C

MeO

Cl F

The title compound was prepared according to the procedure described in Example 1 step 8
by coupling 7-{(4-chloro-3-methoxyphenyl)-1-(3,4-difluorophenyi}-4,5,6,7-tetrahydro- 1H-
{,3-benwo diazole-2-thiol with  1-chloro-2-(chloromethyl}-3-fluorobenzene in the presence
of C,COs 1o afford the desired product as a white solid. "H NMR_ {300MHz, CD:0OD): §
6.99-7.32 (m, 5H), 6.20-6.70 (m, 3H), 4.03-4.17 {m, 2ZH), 3.§9-3.92 (m, 1H), 3.73 {5, 3H)},
2.26-2.79 {m, 2H), 2.16-2.25 (m, 1H), 1.83-2.01 (m, 3H). Mass spectrum (ESI, m/z)
Caled. for CpyHy CLFNLOS, 5491 (M+H), found 549.1.

Example 4: 7-{4-chloro-3-methoxypbenyi)-2-1( 2-chioro~6~

fuorophenvhmethyifsuifanvii~-I-(4-fluoro-3-methoxyphienvi-4, 5,6, 7-tetrafivdro-{ H-1 3~

benzodiarole

Step 1: 1-(3-{4-Chlore-3-methoxvphenvil-Z-oxocvciohexyD-3-(d-fluorg-3-

methoxyvphenvithiourea
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F
5 OX
N ﬁ OMe

H

The title compound was prepared according to the procedure described in Example |

step 6 by coupling 2-amino-6-{(4-chloro-3-methoxyphenylieyclohexan-1-one hydrochloride
(prepared as  described in Example 1, Step 5y and  1-fluoro-2-methoxy-4-
isothiocvanatobenzene to afford the desired product as a yellow solid. Mass spectrum (ESE,

nv/zy Caled. for CoiHpCIFNLO4S, 4371 (MHH]), found 437.1.

Step 2: T-{4d-chlorg-3-methoxyvphenvi-i-(4d-Huoro-3-methoxvphenvl-4.5,.6,7-

tetrahvdro-1H-1 3-benzodiazrole-2-thiol

N
| D—sH
N

OMe
F

MeO
Cl

The title compound was prepared according to the procedure deseribed in Example |
step 7 by heating 3-[3-(4-chloro-3-methoxyphenyh-2-oxocyelohexyil-1-3-methoxy-4-
fluorophenyl) thiourca in acetic acid to afford the desived product as a white solid. Mass

spectrumn (BES, m/z): Caled. for CoiHpoCIFNLG,S, 4191 (M+H), found 419.1.

Step 3: 7-{d-chloro~-3-methoxyvphenvin2-1{(Z~chloro-6-fluorophenvhmethvlisuifanyil-

1-(4-Buoro-I-methoxvphenv-4.5.6,7-tetrabyvdro-1H~1.3-benzodigzole
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F
N
Ra
N cl
OMe

MeO

Cl F

The title compound was prepared according to the procedure described in Exampic
1 step 8 by coupling 7-(4-chloro-3-methoxyphenyi)-1-(3-methoxy-4-fluorophenyi}-4,5,6,7-
tetrahydro-1H-1,3-benzo diazole-2-thiol with  1-chloro-2-{chloromethyl}-3-flucrobenzene
ander Cs;COx  to afford the desired product as g white solid. 'H NMR (300MHz,
CD:0Dy 8 7.22-7.31 (m, 2H), 7.16 (d, J=20.1 Hz, 1H), 7.04 (1, /= 14.1 Hz, 1H), 6.25-
6.85 {(m, 5H), 4.00-4.15 (m, 2H), 3.83-3.85 (m, 1H)}, 3.70-3.72 (m, 6H), 2.50-2.85 {1, 2H},
2.04-222 (m, H), 1.7-199 (m, 3H). Mass spectrum (ESL mv/z): Caled.  for
CosHsCLFNGOS, 5611 (MA+H), found 561 .1,

FExample 5: 2-(2-chloro-t-fluorobenzyithiol-7-{d-cliloro-3-methoxvphenvii-{-{4-fluorg-

S-methyiphenyii-4.5,6, 7-tetvabvdro-I H-benzoldlimidazele triffuoreacetic acid

Sten 1: 3-13~(d~chloro-3~-methoxyvphenvhi-2~oxocvelohexvil-i~(4-fluore-3-

methviphenvidthiourea

Cl |
@)
@) F
i X
N N Me
H H

The title compound was prepared according to the procedure deseribed in Example |
step 6 by coupling 2-amino-6-{4~chloro-3-methoxyphenylevclohexan-1-one hydrochloride

{prepared  as  described im Example |, Step 53 and  1-fluoro-2-methyl-4-
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isothiocvanatobenzene to afford the desired product as a yellow solid. Mass spectrum

(ESI, my/z): Caled. for CyHpCIFNGLS, 4211 (M+H), found 421.1.

Step 2: 7-{4d-chloro-3-methoxvphenvi)-1-(d-Bluoro-3-methviphenvi-4, 5, 6, 7-

tetrabvdro-1H-1 3-benzodiazole-2-thiol

N
| d—sH
N

Me
MeO

Cl F

The title compound was prepared according to the procedure described in Example |
step 7 by heating 3-[3-(4-chloro-3-methoxyphenyl}-2-oxocyciohexyl]-1-(3-methyi-4-
fluorophenyl) thiourca in acctic acid to afford the desired product as a white solid. Mass

spectrum (EST, w/z): Caled. for O HpCIFN,OS, 4031 (M+H), found 403.1.

Step 3: 2-(2-chlore-G-fluorebenzyithiol-7-(4-chioro-I-methoxyvphenvi-1-(4-flugro-3-

methviphenvh-4.5.6.7-tetrahvdro-1H-benzoldlimidazole trifluoreacetic acid

F

N
R
N C

Me

MeO L 0.85CF;COOH

Cl

The title compound was prepared according to the procedure described in Example 1
step § by coupling 7-(4-chloro-3-methoxvphenviy-1-(3-methyi-4-fluorophenyl}-4,5,6,7-
tetrahydro~-1H-1,3-benzo diazole-2-thiol with I-chioro-2-{chioromethyvli-3-fluorobenzene
in the presence of CsCOs  to afford the desired product as a white solid. 'H NMR
{400MHz, CD:0ODY: ¢ 7.30-7.43 (m, 2H), 7.11-7.19 {m, 2H), 6.97 {br, 1H}, 6.41-6.46 (m,
2H), 4.18-4.30 (m, 2H), 4.06 (s, 1H), 3.73(s, H}, 2.78-2.92 {m, 2H), 1.92-2.29 (m, TH),
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4.15 (br, 4H), 2.71-2.87 {m, 2H). F NMR (400MHz, CD:0D): -77.07, -115.21, -116.15.
Mass spectrum (ESL m/z)  Caled. for CoorHaaasChFassNG258, 3451 (M-
0.85CF;COOH+H), found 545.1.

Example 6: 7-(d-chloro-3-methoxvohenyil-2-1{2-chioro~6~

Huorophenyvmeibylisulfanyvll-I-fd-fluorg-3-(triffuorometbviiphenvii-4. 5,6, 7-tetvalivdro-
TH-I 3-benzodiazole
Step 1 3-13-(4-chloro-3-methoxvphenvh-2-oxocvelohexvil-1-{4-flunre-3-

{trifluoromethvlinhenviithiourea

Cl |
O
(@) F
iPg
N” N CF3
H H

The title compound was prepared according to the procedure described in Example 1
step 6 by coupling 2-amino-6-{4~chloro-3-methoxyphenylevelohexan-1-one hydrochloride
{prepared  as  described i BExample 1, Step 5) and  1-fluore-2-triflooromethyl-4-
isothiocvanatobenzene to afford the desived product as a yellow solid. Mass spectrum

(ESE my/z): Caled. for CyyHyoCIFaNO:S, 475 1(M+H), found 475.1.

Step 2: T-{4-chioro-3-methosvphenv-1-14-Buoro-3-{trifluorcmethvDphenvil-4.5,6.7-

tetrabhvdro-1H~1.3-benzodiazole-2-thiol

N
| H—sH
N

CF4
MeO

Cl F

The title compound was prepared according to the procedure described in Example |

step 7 by heating 3-[3-(4-chloro-3~-methoxyphenyl}-2-oxocyclobexyl]-1-(3-
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triffuoromethyl-4-fluorophenyl} thiourea in acetic acid to afford the desired product as a
white sohid. Mass spectrum (ESY, mv/z): Caled. for CyH,CIFN,OS, 457 1{(M+H), found
457.1.

Step 3: 7-(t4-chioro-3-methoxyphenvii-2-I1(2-chloro-6-flusrephenviimethvilsulfanvii-

1-14-flgoro-3-(triflucromethviinhenvil-4.5,8. 7-tetrahvdre-1H-1 3-benzodiazole

F

N
| >—s
N C

CF3

MeO

Cl F

The title compound was prepared according to the procedure described in Exarople 1
step 8 by coupling 7-(4~chloro-3-methoxyphenyly-1-(3-tritflacromethyl-4-fluorophenyl)-
4,5,6,7-tetrahydro-1H-1,3-benzo  diazole-2-thiol  with t-chloro-2-{chloromethyl}-3-
fluorchenzene n the presence of Cs;C0s 1o afford the desived prodact as a white solid. M
NMR {(400MHz, CD:0DY: 6 7.23-7.29 {m, 1H), 6.98-7.18 (m, 5H), 6.51 (s, 1H), 6.38-6.50
{m, 1H), 4.167 {d, J=13.2 Hz, 1H),4.05(d, /= 132 Hz, 1H), 3.72-3.87 (m, 1H)}, 3.72 (s,
3H), 2.69-2.82 {m, 2H}, 2.15-2.24 (m, 1H), 1.99-2.04 (m, 1H), 1.7&-1.87 (m, 2H}). Mass
spectrum (B8], m/z): Caled. for CosH i CLEFNOS, 599 1{(M+H), found 598.9.

Example 7: 2-(2~chlpro-O-fluovrobenzyvithio)-7-(d-clloro~-3-methoxvpheayvii-I-i3-chioro~

d-fuorophenyii-4.5,6, 7-tetrafivdro-1 H-bernzofdiimidazole rifluoroacetic acid

Step 1: 3-[3-{4-chloro-3-methoxvphenvi-Z2-oxocvelohesvli-1-(3-chiorg-4-

flucrophenvilthiouresa
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Cl |
@]
F
3 O
N N Cl
H H

The title compound was prepared according to the procedure described in Example |
step 6 by coupling 2-amino-6-{(4-chloro-3-methoxyphenylieyclohexan-1-one hydrochloride
(prepared as described in  Example 1, Step 5} and i-fluorg-2Z-chloro-4-
isothiocyanatobenzene to afford the desired product as a yellow solid. Mass spectrum

(ESL im/Z)Z Caled. for CzﬂH]gCizFN@OzS, 441 .1 (i\/I‘E“H)_, found 441 .1.

Step 2: 7-(d-chlpro-3-methoxwphenvh-1-{3-chlore-4-flucronhenvii-4.5.6. 7-tetrahvdro-
1H-1.3-benrodiazole-2-thiol

N
| H—sH
N

Cl

MeO

Cl F

The title compound was prepared according to the procedure deseribed in Example |
step 7 by heating 3-[3-(d-chloro-3-methoxyphenyl}-2-oxocyclohexyli-1-(3-chloro-4-
fluorophenyl) thiourca in acetic acid to afford the desived product as a white solid. Mass

spectrumn (BESY, m/z): Caled. for CopHpCLFN,OS |, 423.0(M+H), found 423.0

Sten 3: 2-(2~chloro-6~-fuorchenzvithio)7-(4-chloro-3I-methoxvphenvh-1-3-¢hloro-4-~

fuorophenvi)-4,5.6.7-tetrabvdro-1 H-benzoldlimidarole trifluorcacetic acid
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F
N
Ra
N Cl
Cl

MeO L 1.5CF,COOH

Cl
The title compound was prepared according to the procedure described in Examople 1
step 8 by coupling 7-(4-chloro-3-mcthoxyphenyl)-1-(3-chloro-4-fluorophenyl)-4,5,6,7-
tetrahydro-1H-1,3-benzo diazole-2-thiol with  1-chloro-2-{chloromethyl}-3-flucrobenzene
in the presence of CsCOs  to afford the desired product as a white solid 'H NMR
(400MHz, CD:0DYy. 8 7.40-745 (o, TH), 7.31-7.33 (m, 1H), 7.13-7.20 (m, 3H), 6.52 (s,
1H), 6.41-6.43 (m, 1H), 4.27-4.29 (m, 2H), 4.02 (s, 1H), 3.74 (s, 3H), 2.80-2.96 (m, 2H},
2.27-2.33 (v, 1H), 2.05-2.14 (m, 1H), 1.91-1.99 (ro, 2F). "°F NMR (400MHz, CD1:0D): -
77.27, ~114.00, -115.25. Mass spectrurn (ESI, w/z): Caled. for  CaHop sChiFg sNoO45,
565.6(M-1.5CF;COOH+H), found 565.1.

Example 8: 2-2-chioro-t-fuorobenzvithiol-7-(d-chlovo-3-methoxvphenyi)-i-{ 2, 4~

difluorophenvi)-4,5.6, 7~tetrahvdro- I H-benroldlimidaroie triflvoroacetic acid

Step 1:3-13-(4~chlore-3-methoxvphenvii-2-oxocveiohexyil-1-(2.4-

diffuorophenvhthicurea

Cl |
(0]

NJ\N
H H

F

The title compound was prepared according to the procedire desceribed in Example |

step 6 by coupling 2-amino-6-{4-chlore-3-methoxyphenylievelohexan-1-one hydrochloride
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{prepared as described in Example 1, Step 5} and 1,3-ditfluorg-4-isothiocyanatobenzene to
afford the desired product as a vyellow solid. Mass spectrum (ESI, mvz): Caled. for

CQQHU}ClEzNgOQ_S, 4251(}%{““}{), found 425.1.

Step 2: T-t4-chioro-3-methoxyvphenvhi-1-(2.4-difluoropbenvii-4.53.6. 7-tetrabhvdre-1H-

1.3-benzodiazole-2-thiol

N
| H—sH
N

F

MeQO

Cl F

The title compound was prepared according to the procedure described in Example |
step 7 by heating 3-[3-(4-chloro-3-methoxyphenyh)-2-oxocyelohexyi]-1-(2 4~
difluorophenyl) thiourca in acetic acid to afford the desired product as a white solid. Mass

spectrum (ESI, w/z): Caled. for Oyl CIFNLO8, 407 1{MHH), found 407.1.

Sten 3 2-(F-chloro-6-flusrebenzvithio)-7-(d~chlore-3-methoxvphenvh-1-(3.4~

diffuorophenvi-4,5.6.7-tetrabvdro-1H-benzoldlimidazole trifluoroacetic acid
F

N
| >
N g Cl

MeO 1.2CF,COOH
Cl F

The title compound was prepared according to the procedure described in Example 1
step 8 by coupling 7-(4-chloro-3-methoxyphenyly-1-(2 4-difluorophenyl}-4,5,6,7-
tetrahydro-1H-1,3-benzo diazole-2-thiol with  1-chloro-2-{chloromethyl}-3-flucrobenzene
in the presence of Cs,;COs to afford the desired product as a white solid. 'H NMR
(4000MHz, CD0DY: 8§ 7.27-7.39 {m, 2H), 7.10-7.19 (m, 3H), 6.39-7.07 (m, 4H), 4.16-4.35
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{m, 2H), 3.93-4.08 {(m, 1H), 3.74(d, J = 14.8 Hz, 1H), 2.82-2.88 {m, 2H), 2.07-2.08 {m,
1H), 1.90-1.91 (m, 1H), 1.87-1.88 (m, 2H). ""F NMR (400MHz, CD:0D): -77.19, -106.56,
~114.22,-115.11,-117.83. Mass spectrum {(ESL m/z): Caled. for Coo4Hp ;CLFsN2O34S,
549.1{M-1 2CF;COOH+H), found 549.1.

Exampie 9: 7-(d-chloro-3-methoxvphenyi)-2-({ 2-chiforo-6-fuorobenzviiihiol-{-

§2. 3. d=-triffuwovophenyii-4. 8,6, 7-tetrafvidro-1 H-benzoldlimidazole

Step 1 3-13-(4d-chlorg-3-methoxyphenvh-2-oxocyveiokexvil-1-2.3.4~

trifluorophenvhithiourea

Cl I
0]

NJ\N F
H H

The title compound was prepared according to the proceduore described in Example |

step 6 by coupling 2-amino-6-{4-chloro-3~-methoxyphenylicyclohexan- 1-one hydrochloride
{prepared as described in Example 1, Step 53 and 1,2,3-trifluoro-4-isothiocyanatobenzene
to afford the desired product as a yellow solid. Mass spectram (ESI, mv/z): Caled. for

Cz(}}{ng}F}NQOQS, 443 1 @v’f‘“}ﬂ found 443.1.

Step 2 T-{d-chloro-3-methoxvpheavi-1-{2, 3, 4-trifluorophenvi~4.5.6.7-tetrahvdro-

1H-1.3-benrodiazole-2-thiol

N
| H—sH
N

F

MeO
Cl



WO 2015/160772 PCT/US2015/025702

The title compound was prepared according to the procedure described in Example 1
step 7 by heating 3-[3-{4-chloro-3-methoxyphenyly-2-oxocyelohexyl]-1-(2,3,4-trifluoro-
phenyl}y thiourca in acetic acid to afford the desired product as a white solid. Mass

spectrum (ESL, mv/z): Caled. for CooHyCHFN,OS, 4251 (MA+H), found 4251,

Step 3: T-{4-chlorg-3-methoxyphenvi-2-{(Z~-chiore-6-fluorehenzvDthio)-1-2.3.4-

trifluorophenv-4.5.6.7-tetrahvdro-1H-benzoldlimidazole
F

N
R
N C

£ Cl

MeO

Cl F

The title compound was prepared according to the procedure described in Example
1 step 8§ by coupling 7-{4-chloro-3-methoxyphenyh-1-(2,3,4-trifluorophenyi}-4,5,6,7-
tetrahydro~-1H-1,3-benzo diazole-2-thiol with  1-chloro-2-(chloromethyl)-3-fluorobenzene
in the presence of Cs,CO; to afford the desired product as a white solid. 'H NMR
{300MHz, CD20ODY: 6 6.59-7.35 (m, 6H), 6.33-6.46 (m, 2H), 3.92-4.30 (m, 3H}, 3.70 (4, J
= &7 Hz, 1H}, 2.78-2.83 (m, 2H), 1.84-2.29 {(m, 4H}. Mass spectram (ESI, m/z): Caled.
for CorHoeChFMNOS, 5671 (M+H), found 567.2.

Example 18: 7-i{d-chioro-3-methoxvphenvil-2-(2~cliloro-t-fluorobenzviethiol-1~

¢34, 5-triffuorophenyi}-4,5,6, 7-tetrabivdro-I H-benzofdiimidazole

Sten 1: 3-13-{4-chioro-3-methoxvphenvii-2-oxocveiohexvil-1-{3,4.5-

triffuorophenvhthiourea
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Cll
O
F
F
Oiﬁl
N~ °N F
H H

The title compound was prepared according to the procedure described in Exampie
I step 6 by coupling 2-amino-6-(4-chloro-3-methoxyvphenyljcyclohexan-1-one
hydrochioride (prepared as described in Example 1, Step 5)  and 1.2,3-trifluoro-5-
isothiocyanatobenzene to afford the desired product as a yellow solid. Mass spectrum

(ESL im/Z)Z Caled. for CzﬂH]gCiFgN@OzS, 443 1 (i\/I‘E“H)_, found 443.1.

Step 20 T-{4-chloro-3-methoxvphenvi-1-(3, 4, S-trifluorophenvh-4,%,6,7-tetrahvdro-

1H-1.3-benrodiazole-2-thiol

N
| H—sH
N

MeO F

Cl F

The title compound was prepared according to the procedure described in Example
i step 7 by beating 3-[3-(4-chloro-3-methoxyphenyl)-2-oxocyelohexyl]-1-(3.4,5-trifluoro-
phenyl) thiourea in acetic acid to afford the desived product as a white solid. Mass

spectrumn (BEST, m/z): Caled. for CopHyCHFN,OS, 4251 (M+H), found 425.1.

Step 3: T-{d-chlovo~-3~-methoxyphenv-2~((2~-chioro-6-fuorchenzvhithio-1-(3.4,.5-

irifluorophenv-4.5.6.7-tetrahvdro-1 H-benzoldlimidazole
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F
N
R
N Cl
F
MeO
FF

Cl

The title compound was prepared according to the procedure described in Example 1
step 8 by coupling 7-(4d-chloro-3-methoxyphenyl)-1-(3.4,5-rifluorophenyl)-4,5,6,7-
tetrahydro-1H-1,3-benzo diazole-2-thiol with  1-chloro-2-{chloromethyi}-3-flucrobenzene
in the presence of CsCOs  to afford the desired product as a white solid 'H NMR
(300MHz, CD:0D) 6 6.96-7.27 (m, 4H), 6.34-6.51 (m, 3H), 3.89-4.13 (m, 3H}, 3.73 (s,
3H), 2.65-2.76 {ma, 2H), 2.14-2.22 (m, 1H), 1.74-1.98 {m, 3H). Mass spectrum (ESI, w/z):
Caled. for CrrHypCLFN,O8, 5671 (M+H), found 567.1.

Example 11: 7-{4-chloro-3-methoxyphienvii-2-((2-chipro-6-fluorobenzyiithio)-i-

¢2 4. S-grifiuorophenvi)-4,5.6. 7-tetrafyvdro-{ H-penzofdiimidazole

Step 1 3-13-(4-chloro~-3-methoxvphenvD-2~-oxocveiohexvil-1-(2.4.5-

irifluorophenvhibiourea

Cl |
(0]

The title compound was prepared according to the procedure deseribed in Example |

step 6 by coupling 2-amino-6-{4~chloro-3-methoxyphenylevclohexan-1-one hydrochloride

{prepared as described in Example 1, Step 5) and 1,2,5-trifluoro-4-isothiocyanatobenzene

g g
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to afford the desired product as a yellow solid. Mass spectrum (ESI, myz): Caled. for

CQ(;H]@CngNQOgS, 4451(1\’1}1), found 445} .

Step 2: T-{4-chioro-3-methoxvphenvii-1-(2, 4, S-trifluorophenvh-4.5.6,7-tetrabvdro-

18-1. 3-benzodiagrole-2-thiol

N
| H—sH
N

F

MeO

SOOF
The title compound was prepared according to the procedure described in Example |

step 7 by heating 3-[3-(4-chloro-3-methoxyphenyi)-2-oxocyclohexyl]-1-{2,4, 5-trifluoro-

phenyl} thiouwrea in acetic acid to afford the desired product as a white sohid. Mass

spectrum (ESI, m/z): Caled. for CooHCIF:N,OS, 425 1(M+H), found 425.1.

Step 3: 7-(d-chlore-3-methoxvphenvh-2-{(2-chioro-6-fluorocbenzylithiol-1-{2.4.5-

trifluorophenvi)-4,5,6.7-tetrabhvdro-1 H-benzoldlimidazole

Cl

N
| >—s
N

F

MeO =
Cl

=

The title compound was prepared according to the procedure described in Example |
step 8 by coupling 7-(4-chloro-3-methoxyphenyi)-1-(2 4, 5-triftuorophenyl)-4,5,6,7-
tetrahydro-1H-1,3-benzo diazole-2-thiol with  1-chlore-2-{chloromethyl}-3-fluorobenzene
in the presence of (s,COs  to afford the desired product as a white solid. 'H NMR
{300MHz, CD:0D): 8 6.99-7.15 (m, 3H), 6.59-6.90 (m, 3H}, 6.31-6.42 (m, 2H), 4.28-4.33

(m, TH), 4.08-4.14 (m, 1H), 3.70-3.79 {m, 4H), 2.72-2.78 (m, 2H), 2.16-2.31 {m, 1H),
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1.72-1.89 (m, 4H). Mass spectrum (ESIL mw/z) Calcd.  for Cu7HChEMNOS
567.1{M+H), found 567.1.

Example 12: 4-{{ 7-{4-chioro-3-methoxyphenvi)-I~-(i-fluorophenyi)-4, 3, 8, 7~

feirahydro-1H-bengoldlimidazol-2-vithiolmethvii-3, 3-difluorobenzoic acid

rifluorsacetic acid

Step 1: Tert-butvl 3, 5-difluorobenzoate
F F

COOt-Bu

A solution of 3,5-difluorobenzoic acid (7.9 g, 49.97 munol, 1.00 cquiv), teri-butanol
(5.55 ¢, 1.50 cquiv), 4-dimethylaminopyridine (610 mg, 4.99 nmunol, 0.10 equiv), was
treated with TEA (7.07 g, 69.87 mmol, 1.40 cquiv) during a period of 20 min at room
temperature.  The mixture was cooled to 0 °C in a water/ice bath, treated with Boc,O
(14.27 g, 65.38 mmol, 1.30 equiv} was added at the same temperature, warmed to room
temperature, and stitred overnight.  The reaction was concentrated under vacuum. Silica
gel  chromatography (cthyl acetate/petroleum  ether (1:30)) gave tert-butyl 3,5-

difhuorobenzoaie as a coloriess o1l

Step 2: Tert-butvl 3. 5-difluoro-d-formyvibenzoate

CHO
F F

COOt-Bu
A solution of (i-Pr),NH (4.79 g, 47 43 mmol, 1.30 equiv), tetrahydrofuran (80 ml),
under nitrogen, at §°C, was treated with 2.5 M of n-Buli (20 mL) over a period of 30 min.
The mixture was cooled to -78 °C, and tert-butyl 3,5-difluorobenzoate (7.8 g, 36.41 mmol,

1.00 equivy in tetrahydrofuran (20 mL) was added over a period of 30 min. The reaction

~J
~J
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was stirred for | h, treated with N N-dimethyiformamide (4.0 g, 54.73 mmol, 1.50 equiv),
and stirred for an additional 1 h while the temperature was maintained at -78 °C. The
reaction was quenched by the addition of 50 mL of water, extracted with 3x200 mL of
ethyl acetate, and the combined organic layers were dried over sodium sulfate, filtered, and
concentrated under vacuum.  Silica gel chromatography {ethyl acctate/petroleum ether

{1:50}) gave tert-butyl 3,5-difluoro-4-formylbenzoate as a light yellow solid.

Step 3: Tert-butyl 3, 5-difluore-4-(hvdroxvmethviibenzoate
OH

F F

COOt-Bu
A solution of tert-butyl 3, 3-difluoro-4-formylbenzoate {2.6 g, 18.73 mmel, 1.00
equivy, methanol (50 ml), at § °C was treated with NaBH; (810 mg, 21.41 mumol, 2.00
equiv), and the resulting sohution was stirred for 2 h at 8 °C, followed by concentration
under vacuum. Silica gel chromatography (ethyl acetate/petroleum ether 1:18} gave tert-

butyl 3,5-difluoro-4-(hydroxymethyl) benzoate as a off-white solid.

Sten 4. Tert-butvl 3.5-difluorc-4-[{methanesulionviosvimethviibhenzoate
OMs

F F

COOt-Bu

A solution of tert-butyl 3,5-difluoro-4-(hydroxymethylbenzoate (1.2 g, 4.91 mmol,
1.00 cquiv) in dichloromethane (50 mL), TEA (1.50 g, 14.82 mmol, 2.97 equiv), MsCI (1.1
g, .57 mmol, 1.95 equiv) was stirred for overnight at room temperature. The resulting
mixture was concentrated under vacuum.  Silica gel chromatography {(petroleum
cther/cthyl acetate -5:1)gave ert-butyl 3,5-difluoro-4-

[(methanesulfonyloxy ymethyllbenzoate as a white solid.
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Sten S: tert-butvl 4-{{{7-{4-chloro-3-methoxvphenvli-1-{4-fluorophenvh-4, 8, 6, 7-

tetrahvdro-1H-13-benzodiazol-2-viisulfanviimethvi-3.5-diflusrobenzoate
F

COOt-Bu

N
| >—s
N

~o

Cl F

The title compound was prepared according to the procedure described in Example 1 step 8
by coupling 7-(4-chloro-3-methoxyphenyl)-1-{(4-fluorophenyl}-4,5,6, 7-tetrahydro-1H-1,3-
benzo diazole-2-thiol {(prepared as described in Example 1, Step 7) with  tert-butyl 3,5-
diftaoro-4-{(methancsulfonyioxymethyllbenzoate in the presence of CsxCO; to afford the
desired product as a white sohid.

Mass spectrum (ESI, m/z): Caled. for : CaaHaeCHRNR0:8: 614.2(M+H), found 641.2.

Step 6 4-((7-(4-chloro-I-methoxvphenvii-1-{4-fluorophenvi-4. 5, 6, T-tetrabvdro-

1 H-benroldlimidazol-2-vithioimethvh-3.5-difluorobensoic acid irifluoroacetic acid
F

N COZH
| »—s
N F
0.856CF;COOH

~o0

Cl F

A sohution of tert-butyl 4-([[7-(4-chloro-3-methoxyphenyl)-1-{4-fluorophenyl)-
4,5.6,7-tetrahydro- 1 H-1,3-benzodiazol-2-yHsulfanyl]  methyl)-3,5-difluorobenzoate (150
mg, .24 mumol, .00 cquiv), dichloromethance (10 mL), and trifluoroacctic acid {1 ml) was
stirred for 3 h at room temperasture and concentrated under vacuum. The crude product
was purificated by Prep-HPLC With the following conditions {1#watcrs2767-5) column,
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SunFire Prep C18, 19%150mm Sum H Prep C-001{T}18600256819513816414 (4; Mobile
Phase, phase A: water with $.05% TFA, phase B: CH3CN (40% CH;CN up to 70% in ¥
min, up to 100 % in 0.1min, hold 160% in |.9min, down to 40% in 0.imin, hold 40% in
1.9min}; detector, UV 220 & 254 am to give 4-{(7-{4-chloro-3-methoxyphenyli-i-(4-
fluorophenyli-4, 5, 6, 7-tetrahydro-1H-benzo[dlimidazol-2-ylthio ymethyl)-3,5-
difluorobenzoic acid trifluorcacetic acid as a white solid. 'H NMR {400MHz, CD:0D} 6
7.46-7.54 {m, 2H), 7.28 (s, 1H}, 6.84-7.21 (m, 3H), 6.33-6.46 (m, 3H), 4.08-4.16 (m, 2H),
3.80 (s, 4H), 2.87-3.08 (m, 2H), 2.03-2.26 {m, 1H), 1.86-1.99 (m, 3H). “F NMR
{(400MH,, CD;0OD) 6-75.742, -108.802, -114.143. Mass spectrum (ESIL, my/z)y: Caled. for:
Coo712H2 5s6CH s s6sN20 4 71250 559.2(M-0.856CF;,;COOH+H), found 559.2.

Fxample 132 2-{d-({7-(4-chlorp-3-methoxyphenyil-{-(4-Huoropfienvii-4,. 5.6, 7=

tetrahivdro-{ H-benzofdiimidazol-2-vithiojmethyl)-3. 5-difluorobenzamido)-N N N-

trimethviethanaminiion 2,2, 2-ifluoroacetate
F

0
)
»—s HN Y
N . \NL
cF3co0®

2.61CF;COOH

Cl F .

A solution  of  4-(J[7-(4-chloro-3-methoxyphenyl)- 1 -{(4-fluorophenyi}-4,5,6,7-
tetrabydro-1H-~1,3-benzodiazol-2-yljsulfanyl}methy1)-3,5-difluorobenzoic  acid (30 mg,
0.05 romol, 100 equivy in dichloromethane (2 ml) was treated with (2-
aminoethyljtrimethylazaniom hydrochloride chlonde (11.3 mg, .06 mmol, 1.20 equiv),
HOBt (11 mg, 0.08 mmol, .21 equivy, EDCI (12,4 mg, 0.06 mmol, .21 equiv), and
tricthylamine (16.3 mg, 0.16 mmol, 3.00 equiv). The resulting solution was stirred
overnight at room temperature. The reaction was then quenched by the addition of 1§ mL
of water, extracted with 3x10 mL of dichloromethane, and the combined organic layers
were dried over sodium sulfate and concentrated under vacuum.  The crude product {3mL)

&0
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was purificated by Prop-HPLC With the following conditions: (1#waters2767-5) column,
Sunfire Prep C18, 19%1530mm  H Prop C-001{T)18600256819513816414 04; Mobile
Phase, phasc A: water with 0.05% TFA, phase B: CH3CN (20% CH;CN up to 50% in 8
min, ap to 100 % in 0.1min, hold 100% in 1.9min, down to 20% in 0.1min, hold 20% in
{.9miny; Detector, UV 220 & 254 nm. This resulted in 13.6 mg (24%) of PH-ZHS-XZ1-
H-125-0 as a light vellow semi-solid. 'H NMR (400MH,, CD:0D)} 47.54(d, J = 8.0 Hz,
2H), 6.95-7.18 (m, 3H), 6.52 (s, 1H}, 6.39-6.42 (m, 2H), 4.22 (s, 2H), 4.05 (s, 1H), 3.85-
3.89 {m, 3H}, 3.73 (s, 3H), 3.61-3.64 (m, 2H), 3.25-3.33 {m, 12H}, 2.93 (s, 4H), 2.78-2.88
(m, 2H), 2.26-2.33 (m, 1H), 1.90-2.08(m, 3H). ""F NMR (400MH,, CD:0D) § -77.08, -
111.59, ~115.30. Mass spectrum (ESI, w/z): Caled. for : CupnHir61CIF 13.03MNy00225:643 .2
(M-2.61CF:COOH-CF;CO0), found 643.2.

Example I4: 2-(1 7-{4-clilpro-3-methoxyplienvl)~ I -(d-fluoropbenvii-4, 5, 6, 7-tetrabvdro-

IH-1, 3-benzodiarel-2-vilsuifanviimetiivi)-3-fuorobenzoniivile
F

N
| >
N N

C

MeO

Cl F

The title compound was prepared according to the procedure described in Example
1 step 8 by coupling 7-(4-chloro-3-methoxyphenyl)-1-(4-fluorophenyl}-4,5.6,7 -tetrahydro-
1H-benzold]imidazole-2-thiol (Prepared as described in Example 1, Step 73 with  {-cvano-
2-{chloromethyl}-3-flucrobenzene in the presence of Cs,CO; to afford the desired product
as a white solid.
"H NMR (400MHz, CD:0DY: 8 7.50-7.54 (m, 2H), 7.40-7.43 (m, 1H), 7.11{d, J = 8.0Hz,
1H), 6.72 (br, 2H}, 6.52 {s, 1H}, 6.37-6.42 (m, 1H}, 4.02-4.08 (m, 2H}, 3.92-3.99 {m, 1H),
3.73 (s, 3H), 2.66-2.88 {m, 2H}, 2.21-2.23 {m, 1H)}, 1.84-1.95(m, 1H}, 1.80-1.83 (m, 2H)}.
Mass spectrum (ESI, m/z): Caled. for CygHppUIFN;OS, 552.1 (M+H), found 552.0

81



WO 2015/160772 PCT/US2015/025702

Example 15: 7-(4-chioro-3-methocyphenyl)-2-00 2-fluoro-6-tiriflucromethyi)

phenviimethviisulfanvi)-I-(i-fluorophenvi}-4. 5,0, 7-teirahvdro-1 H-1, 3-benzodiazele
F

N
| >
N F

3C

MeO

Cl F

The title compound was prepared according to the procedure described in Example
{ step § by couphing 7-(4-chloro-3~-methoxyphenyl)-1-(4-fluorophenyl}-4,5,6,7-tctrahydro-
{H-benzo[d}imidazole-2-thiol (Prepared as described in Example 1, Step 7} with -
trifluoromethyl-2-{chloromethyi)-3-fluorobenzene in the presence of CCO: to afford the
desired product as a white sohid.
TH NMR (300MHz, CD:0D): § 7.43-7.46 (rm, 2H), 7.26-7.32 (m, 1H), 7.06-7.09 {m, 1H),
6.63-6.84(m, 3H), 6.44-6.45 (o, 1H), 6.33-6.37 (m, 1H), 4.03-4.14 (o, 2H)}, 3.87-3.90 (m,
1H), 3.68(s, 3H), 2.64-2.76{m, 2H), 2.12-2.21 {m, 1H), 1.74-1.94 {m, 3H)}. Mass spectrom
{(ESE, m/z): Caled. for CogHppCIFN,OS, 565.1 (M-+H), found 565.2.

Example 16: 7-(4-chlpro-I-methoxyphenyi)-2-{ 2-fluoro-6-methoxybenzylthiol-1-( 4-

fluorophenvi)l-4, 3,6 7-tefrafivdro-I H-benzoidiimidazole wifluoroacetic acid

F

N
R
N

1.6CF;COOH
F

MeO
Cl

The title compound was prepared according to the procedure described in Example

1 step 8 by coupling 7-(4-chloro-3-methoxyphenyl)-1-(4-fluorophenyl}-4,5,6,7 -tetrahydro-
82
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1 H-benzoldlimidazole-2-thiol (Prepared as described in Example 1, Step 7) with -
methoxy-2-{chloromethyl}-3-fluorobenzene in the presence of Us,CO;  to afford the
desired product as a white solid.

TH NMR (300MHz, CD,0DY. 8 7.30-7.35 (m, 1H), 6.70-7.10 (m, 6H), 6.44-6.45 (m, 1H),
6.31-6.34 (m, 1H), 3.97-4.14 {m, 3H), 3.74 (s, 3H), 3.67 (s, 3H), 2.81-2.91 {m, 2H}, 2.21-
2.27(m, 1H), 1.88-2.06{(m, 3H). "F NMR (300MHz, CD:0D): -77.28, -111.53, -119.42.
Mass spectrum (ESI nvz): Caled. for Cyy aHys oClFsgN2Os 58, 5273 (M-1.6
CF;COOH+H), found 527.3

Exagmple §7: 2-H2-bromo-o-fluorophenyvhmerhyviisulfanvil-7-(4-chiore-3-

methoxyphenyl)-1-(4-fluorophenyil-4,5.6, 7-tetrabydro-1H-1, 3-benzodiazole
F

N
| DS
N B

r

MeO

Cl F

The title compound was prepared according to the procedure described in Example |
step 8 by coupling 7-{4-chloro-3-methoxyphenvi)-I-(4-fluorophenyi}-4,5,6,7-tetrahydro-
1H-benzo[dlimidazole-2-thiol {Prepared as described in Example I, Step 7) with -
bromo-2-(chloromethyli}-3-fluorebenzene in the presence of CspCOs to afford the desired
product as a white solid.

"H NMR (300MHz, CD:OD): 8 7.21-7.33 (m, TH), 7.01-7.19 (m, 3H), 6.81 (br, 2H),
0.43 (d, /= 1.8 Hz, 1H)}, 6.33-6.36 {m, 1H), 4.03-4.14 (m, 2H}, 3.85-3.99 (m, 1H), 3.67 (5,
3H), 2.64-2.76 {m, 2H), 2.11-2.20 (m, 1H), 1.74-1.93 (m, 3H). Mass spectrum {ESI, m/z}:
Caled. for CyrHpBrCIF,NLO8S, 577 1{M+H), found 577.1.

Example 18: 7-{d-chlovo-3-methoxvphenvil-2-{{{2-fuorp-6-

uitvophenviimethvilsuifanyii-I-{d-Huorophenvi)-4, 5,6, 7-tetrahvdro-1 H-1 3-benzodiarole

&3
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F
N
Ra
N O,N
MeO
F

Cl

The title compound was prepared according to the procedure described in Exampic
1 step & by coupling 7-{4-chloro-3-methoxyphenyl)-1-(4-fluorophenyl)-4,5,6,7-tetrahydro-
{H-benzo[d]imidazole-2-thiol {(Prepared as described in Example 1, Step 73 with  -nitro-
2-{chlororacthyl)-3-fluorobenzene in the presence of CsCOy to afford the desired product
as a white solid. 'H NMR (300MHz, CD:0OD): § 7.53-7.76 (m, 1H), 7.38-7.51 {m, 2H),
7.04-7.07 {m, 1H), 6.48-6.85 {m, 3H), 6.48-6.49 (1n, 1H)}, 6.33-6.36 (m, 1H), 4.20-4.32 (m,
2H), 3.83-3.87 (m, 2H}, 3.69 (5, 3H), 2.60-2.69 {m, 2H), 2.11-2.20 {m, 1H), 1.75-2.08 {m,
3H). Mass spectrum {ESI m/z): Caled. for CprHpClFoNLGsS, 5421 (M+H), found 542.2.

Example 19: 7-{4~¢chloro-I-methoxyvphenyi)-2-{2 5-difluorophenvBmethviisulfonvii-f~
{4-fuorophenyl}-4.5,.6, 7-tetrabydro-{ H- I 3-Benzodiazole
F

N
Ra
N

MeO

Cl F

The title compound was prepared according 1o the procedure described in Example
1 step § by coupling 7-(4-chloro-3-methoxyphenvi)-1-{(4-fluorophenyl}-4,5,6,7-tetrahydro-
1 H-benzoldjimidazole-2-thiol (Prepared as described in Example 1, Step 7) with 1 ,4-
diftuoro-2-{chloromethyl}-benzenc in the presence of Cs:C 05 to afford the desired product

as a white solid.
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"H NMR (300MHz, CD;0D): 6 7.09-7 28 (m, SH), 6.87-6.98 (m, 2H), 6.33-6.47 {m, 3H),
3.96-4.15 (m, 3H}, 3.68 (s, 3H}, 2.73-2.91 (m, 2H}, 2.22-2.28 (m, 1H), 1.91-2.20 (m,
Mass spectrum (ESL nvz): Caled. for O, HCIFsN,OS, 5151 (M+H), found 5151,

A3

3H).

Example 20: 2-{12-chioro-3,6=-difluorophenyviimethyiisulfanyil-7-(4-chiorp-3=-

methoxyphenyll-1-(d-fluorophenvil=-4,5,6, 7-tetrabydro-1H-1, 3-benzodiazole
F

N
| D—s
N C

MeO
Cl

F
The title compound was prepared according to the procedure described in Example 1 step 8
by coupling  7-{4-chloro-3-methoxyphenyl)-{-(4-fluorophenyi)-4,5,6,7-tetrahydro-1H-
benzofdlimidazole-2-thiol (Prepared as described in Example 1, Step 7) with  I-chloro-2-
{chloromethyi)-3,6-difluorobenzene in the presence of Us,COs  to afford the desired
product as a white solid.

TH-NMR (300MHz, CD;OD): 8 6.98-7.19 (m, 3H), 6.59-6.85 (m, 3H), 6.32-6.44 {m, 2H),
3.97-4.08 (m, 2H), 3.86-3.88 {m, 1H}, 3.67 (s, 3H), 2.59-2.74 (m, 2H), 2.11-2.20 (m, 1H),
1.73-1.94 (m, 3H}. Mass spectram (ESI, m/z): Caled. for CpHy CLFNOS, 5491

{M+H), found 5492,

Example 21: 4007~ (d-chlpro-I-methoxyphenyil-i-(d-fluprophenvii~4, 3,6, 7~tetralivdro-~

I H-benzofdiimidazol-2~vithioimethvii~3, S~-difiuorobenzenesalfonamide (21a) and 4-((7~

{d-chioro-3-methacyphenvil-I-(4-flupropbhenyi)-4,5,6 7-tetvabiydro- 1 H-

benzofdiimidarol-2-vithioymethvi)-3, 5-difluoro-N-Cmethvisulifonyviibengenesulfonamide

(21h}

&5
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Step 1: [d-(benzvisulfanvD-2.6-difluorophenviimethanol

A solution of {(4-bromoe-2,6-diflucrophenylymethanol (22 g, 98.65 mmol, .00 cquiv)
in 1,4-dioxanc {300 mL)} was treated with phenyimcethancthiol (16 g, 128.82 mmol, 1.31
equiv), Pdy{dba}; (2.7 g, 2.95 mmol, 0.03 cquiv), Xaniphos (5.8 g, 10.02 mmol, 0.10
cquivy, and TEA (30 g, 297.03 mmol, 3.01 cquiv). The resulting solution was stirred for 3
h at 80 °C and concentrated.  Silica gel column chromatography with ethyl
acctate/petrolenm ether (1:5)gave the title compound as an orange solid. Mass spectrum

(ESI, m/z): Caled. for : CigH»Fo08: 267 . 1{M-+H), found 267.1.

Step 2@ [d-(benzvisulfanvD-2, 6-difluorophenvilmethvl acetate

A solution of [4-(benzylselfanyl)-2.6-difluorophenylimethanol (S000 mg, 18.7%
mmol, 1.00 equivy in dichloromethane (50 mb) and pyridine (3800 mg, 48.10 mmol, 2.56
cquiv) was treated with AcCl (1800 mg, 22.93 mmol, 1.20 cquiv) dropwise with stirring at
0 °C. The resulting solution was stirred for 2 h at room temperature, concentraied under
vacuum, and purifiedby silica gel chromatography (ethyl acetate/petroloum cther (1:103) to
give the title compound as a red otl. Mass spectrum (ESL, nvz): Caled. for : CieHusF(0.5:

308.1{M+H), found 308.1.
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Step 3: d-{chlorosulfonvD-2. 6-difluorophenviimethvl acetate
O

o

Os F

A solution of [4~(benzyisultanyl}-2,6-difluorophenyljmethy! acetate (4 g, 12.97 mmol,
1.00 equiv), acetic acid (3.9 g, 64.95 mmol, 4.99 equiv), water (1.4 g, 77.78 muwol, 6.00
equiv), and MeCN (50 mL) was treated with NCS (5.2 g, 38.94 mmol, 3.00 cquiv), in
portions at ¢ °C. The resulting solation was stirred for 2 h at room temperature,
concentrated under vacoum, and diluted with 100 mL of EA. The resulting mixture was
washed with 1x30 ml of water, x50 ml of brine, dried over sodium sulfate and
concentrated uander vacuum.  Silica gel chromatography (petroleom cther/EA (10/1))gave
the title compound as a white solid. Mass spectrum {(ESI, m/z): Caled. for 1 CoH,CIF(4S:

285.0(M-+H), found 285.0.

Step 4: (2, 6-diflnoreo-4-suifamovinhenvhmethvl acetate
O

oo

0]
HZN\’\Cﬁ) F

A solution of {4-(chlorosulfonyl)-2,6-difluorophenyljmethyl acctate (1 g, 3.51 mmol,
1.00 cquiv) in tetrahydrofuran (50 mL) was treated with NHiz(g) and stirred for 2 h at 5-10
°C in a water/ice bath. The resulting mixture was concentrated under vacuum and purified
by preporatory TLC with cthyl acetate/petroleum cther (1:2.5) to give the title compound
as a white solid. Mass spectrurn (ESL, ov/z): Caled.  for ¢ GoHoF,NO4S: 266.0(M+H),
found 266.0.

Step 5: 3, 5-difluoro-d-(hvdroxvmethyDbenzene~i-sulfonamide
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F  OH
@) /d
D F
NS
270

A solution of (2,6-difluoro-4-sultfamoyiphenylimethyi acetate (200 mg, 0.75 mmol,
1.00 equivy in methanoVHO (272 ml} was treated with LIOH . HO0 (160 mg, 3.81 mmol,
5.06 equiv) and stured for 4 h at room temperature.  The resulting mixture was
concentrated under vacuum and purified by preporatory TLC with ethyl acetate/petroleum
cther (1:1}) to give the title compound as a white solid. Mass spectrum (ESI, m/z): Caled.
for : CoHZF;NG;S: 224 O(M+H), found 224.0.

Sten 6 4-((7-{d-chloro-3-methoxvphenvh-1-{4-luorophenvi)-4.8,6.7-tetrahvdro-1H-

bhenzoldliimidazol-2-vithiolmethvhi-3.5-difluorobenzenesulionamide (21a)

1.14CF3COOH

I ¢ F

A solution of 3,5-difluoro-d-(hydroxymethylybenzene- -sulfonamide (110 mg, 0.49
mmol, .10 equiv), 7-(4-chloro-3-methoxyphenvi-1-{4-fluorophenyi}-4.5,6,7-tetrahvdro-
{ H-benzo[d]imidazole-2-thiol (Prepared as described in Example I Step 7, 175 mg, 0.45
mmol, 1.00 equiv), n-BusP (226 mg, 1.12 munol, 2.50 cquiv), and ADDP (237 mg, 0.95
mumol, 2.10 equiv) in toluene (5 L) was stirred overnight at 60 °C in an oil bath. The
resulting mixture was concentrated under vacuum, purified by silica gel column with
dichioromethane/methanct (20/1), followed by Prep-HPLC with the following conditions:
(HHwaters2767-5y  colommn,  SunFuwe  Prep  C1E,  19%1530mm H  Prep  C-
BOL(THIRE00256819513816414 04; Mobile Phase, phase A: water with §.05% TFA, phase
B: CH3CN (35% CH:CN up to 70% in 8 min, up t0 100 % 1n 8.1min, hold 100% in 1.9min,

down to 35% in O.1min, hold 35% in 1 9min}; Detector, UV 220 & 254 nm. The title
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compound was obtained as a white solid. "H NMR (400MH; , CD;0D) 8749 (d, J = 6.8
Hz, 2H), 6.99-7.17 (m, 4H), 6.50 (d, J = 1.6 Hz, 1H), 6.38-6.41 (m, 1H), 4.01-4.16 {m,
3H), 3.73 (s, 3H), 2.73-2.88 (m, 2H), 2.24-2.30 (m, 1H), 1.87-2.05 {m, 3H). YF NMR
(400MH; , CD;0D) 6 -77.08, -51.97, -112.41, -113.74. Mass spectrum {EST, o/z):
Caled. for : CouoosHos 14ClFs 4o N20s 25850 594 2(M-1.14CF;COOH+H), found 594.2.

Sten 7: 2, 6~-difluore-4-(N-(methvisuifonvhsulfamoviibenzvl methanesulfonate
F OMs

X,

A solution of 3,3-difluoro-4-(hydroxymethylibenzene-1-sulfonamide (200 mg, .90

Os
% _HNY
oo~ ©

mmol, 1.00 equiv), TEA (272 mg, 2.6% mmol, 3.00 cquiv), and MsCl {206 mg, 1.79 mmol,
2.00 equivy in dichloromethane (10 mL) was stirred for 3 h at room temperature. The
resulting mixture was  concentrated under vacuum  and purnified by TLC with
dichioromethane/methanol (30:1) to give the title compouund as a light yellow solid. Mass

spectrum (ESI, m/z): Caled. for 1 CoHy i FoNG58,: 380.6(M+H), found 380.0.

Step 8: 4-{{7~{4-chioro-3-methosvphenvh-1-{4-fluoropheavD-4,5.6,7-tetrabvdro-1H-

benzoldliimidazol-2-vithigimethvi-3.5-difluore-N-

{methvisulifonvhibenzenesulfonamide (21

R o
O I
n __S—
N S—N- 1
s 61 °
N F

0.0442CF;COOH

Q F
S

The title compound was prepared according o the procedure described in Example 1
step 8 by coupling 7-{4-chloro-3-methoxyphenyl}-1-(4-fluorophenyl}-4,5,6,7-tctrahydro-
89
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{H-benzold]imidazole-2-thiol {Prepared as described in Example 1 Step 73 with 2, 6-
diffuoro-4-{N-(methylsulfonylisulfamoylibenzy! methanesuifonate in the presence of
(Cs,CO; to afford the desired product as a white solid.

"H NMR (400MH;, , CD:OD) §7.33 (d, J= 7.2 Hz, 2H), 6.91-7.23 (m, 5H). 6.53 (s, 1H).
6.36-6.39 {m, 1H}, 423 (d, J=20.0 Hz, 1H), 4.06-4.09 {m, 2H}, 3.79 (s, 3H}, 2.87 (s, 3H),
2.68-2.75 (m, 1H), 2.12-2.18 {m, 1H), 1.72-1.91 (m, 3H). YF NMR {400MH, , CD;OD)
& 7476, -111.00, -114.27. Mass  spectrum {(ESI, w/z):  Caled for:
Cogossatias 0402 CHz 1326 N3O0 s 0x82 S50 672 H{M-0.0442CF:COOH+H), found 672.1.

Fxample 22° 3-{4-({7-(4-chlorp-3-methoxyphenyil-{-(4-uoropfienvii-4, 5,6, 7-

tetrabivdro-I H-benzoldlimiduol-2-yithiclmethyvi}-3, 5-diffuorophenvisulfonamido}-

NN Nefrimethvipropngn-I-aminium 2,2, 2-trifluorogcetaie

F
S H
N N
BRE 5 X@
N F R
CF,co0 |
©
o 1.12CF3COOH

¢ F
A solution of 4-((7-(4-chloro-3-methoxyphenyl)- 1 -(4-fluorophenyl}-4,5,6,7-tetrahydro- 1 H-
benzo[dlimidazol-2-vithioymethyl}-3,5-difluorobenzencsulfonamide (60 mg, 0.10 mmol,
100 equiv), potassium methaneperoxoeate potagsium (41 mg, 8.29 mmol, 3.00 equiv), and
{3-bromopropyijtrimethylazanium bromide (29 mg, .11 mmol, 1.1 equiv) in NN-
dimethyiformamide (I mL} was stirred overnight at room temperature, filtered and
concentrated. Purification by Prep-HPLC with the following conditions: (1#waters2767-5)
column, SunFire Prep Ci8, 19%1530mm H Prep C-00H{T)18600256819513K16414 (4,
Mobile Phase, phase A: water with 0.05% TFA, phase B: CH3UN (25% CH:CN up to 60%
in & min, up to 180 % in 8.1min, hold 180% n 1 .9min, down to 25% in Q. 1min, hold 25%

in 1.9min); Detector, UV 220 & 254 nm gave the title compound as a white solid. 'H
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NMR (400MH;, CD0D) 67.47-7.51 (m, 2H), 6.99-7.20 (m, 4H), 6.52 (s, 1H), 642 (d, ]
= 1.6 Hz,1H}, 4.13 (5, 2H)}, 4.02 (1, J = 10.8 Hz,1H), 3.74 (s, 3H), 3.46-3.50 (m, 2H), 3.1¥
{s, OH), 3.01-3.04 (m, 2H), 2.75-2.85 {m, 2H), 2.24-2.30 (m, 1H), 2.02-2.09 (m, 3H),
1.87-1.90 (m., 2H). “F NMR (400MH,, CD;OD) & -77.14, -112.18, -113.02. Mass
spectrum {(ESI, w/z)y Caled.  for CiyoaHas 0ClFg36N.0O7 248, 693 2(M-1.12CF,;COOH-
CF;C0O0), found 693.2.

Exagmple 23: 1-{4-({{7-(4-chioro-3-methoxyphenyl)-1-(4-fluorophenvil-4,5.6,7-
fetrghyvdro-1H-1, 3-benzodiarol-2-vilsultanyiimethvii-3, S-difluorophenyii-1 4,7 18-

fetraoxadodecan-12-0f

Step 1: 3.5-difluore-4d-(hvdroxvmethvhnhenol
OH

F F

OH
A solution of 2, 6-difluoro-4-hydroxybenzaldehyde (2.912 g, 18.42 mmol, 1.00 equiv)
in methanol (30 mL) was treated with NaBH4 (1.4 g, 37.01 mumol, 2.81 equiv) in portions
at 0 °C and stirred for 5 h at 16 °C. The reaction was quenched by the addition of 5 mL of
water, extracted with 2x18 mlb of ethyl acetate and the organic layers combined and
concentrated  under  vacuum. Silica  gel  column  chromatography  with

dichioromethane/methanol (1(:1) gave the title compound as a white solid.

Step 22 2-12-13-2-H{4-methvibenzenesulfonviioxvicthoxviethoxviethoxyiethan-1-ol

S
|

Oon

A solution of 2-[2-[2-{2-hydroxyethoxyiethoxylethoxyiethan-i-ol (38.8 g, 199.77
mmol, 10.00 equivy, TEA (2.02 g, 1986 mmol, 1.00 equiv), and 4-methylbenzene-1i-
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suifonvl chioride (3.8 g, 19.93 mmol, 1.00 equiv} in dichloromethanc {200 mL) was stirred
overnight at 30 °C. The reaction was quenched by the addition of 200 mL of water,
extracted with Zx200 mbL of dichloromethane and the organic layers combined,
concentrated under vacuum, and dried in an oven under reduced pressurc.  Silica gel
column chromatography with cthyl acetate/petroleum ether (1:1) gave the titlc compound

as a yellow o1l

Step 3 2, 2. 3, 3-tetramethvi-4,7,18.1 3-tetraoxa-3-silapentadecan-18-vi 4-

methvibenzene-1-sulfonate

AW
a

o)
~""OTBDMS

A solution of 2-F2-{2-(2-[[(4-
methylbenzence)sulfonyljoxylethoxy)cthoxylethoxylethan-1-0l (3.48 g, 9.99 mmol, 1.00
cquivy in pyridine {180 mb) was treated with  tert-butyldimethylsilyl
trifluoromethanesulfonate {5.28 g, 19.97 mmol, 2.00 equiv) dropwise with stirring at 0 °C.
The resulting solution was stirred for 2 h at 30 °C and concentrated under vacuum. Silica
gel column chromatography with cthyl acctate/petrolcum cther (1:1) gave the title

compound as a yellow oil.

Step 4: [2.6-difluore-4-1(2.2.3. 3-tetramethvi-4,7.10,1 3-tetraoxa-3-silapentadecan-15-

vhoxvichenvl] methanol




WO 2015/160772 PCT/US2015/025702

A solution of 3,5-diftuoro-4-(hydroxymethylipheno! (200 mg, 1.25 mmol, 1.00 cquiv),
2,23 3-tetramethyi-4,7 10,1 3-tetraoxa-3-silapentadecan- 1 5-vi 4-methyltbenzene-1-
sulfonate (690 mg, 1.49 momol, 1.20 equiv), and potassium carbonate (517 mg, 3.74 mmol,
3.00 cquivy in N N-dimethylformamide (5 mL) was stirred overnight at 40 °C. The
resulting mixture was concentrated under vacuum and purified by silica gel column
chromatography with cthyl acctate/petrolcum ether (2:1) to give the title compound as a

yeliow oil.

Step 5: [2.6-difluore-4-1(2,2.3.3-tetramethvi-4,7.18,1 3-¢etraoxa-I-silapentadecan-15-

vhoxviphenvlimethvl methanesulfonate

nﬁr

O\/\OTBDMS

A solution of {2,6-diftuoro-4-{{2,2,3, 3-tetramethyi-4,7, 10,1 3-tetraoxa-3-
silapentadecan-15-yhoxyphenylimethanol {220 mg, .49 mmol, 1.00 cquiv}, TEA (99 mg,
0.98 mmol, 2.00 equiv), MsCl {67 mg, .59 mmol, 1.20 cquiv) in dichloromethane (5 mbL)
was stirred for 5 h at 30 °C. The resulting mixture was concentrated under vacuum and
purificd by silica gel column chromatography with ethyl acetate/petroleum cther (123 to

give the totle compound as a yellow solid.

Step 6 T-{d-chlore-3-methoxvphenvi-2-1{12.6-diflnoro-4-{{2,2.3.3-tetramethvi-

4,7.18.13-tetraoxa-I-silapentadecan-15-vhoxviphenvlimethvlisulfanvii-1-{(4-

fluorenhenvii-4.5,6,7-tetrabvdro-1H-1 3-benzodiazole
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TBDMSO —)

The title compound was prepared according to the procedure described in Example 1
step ¥ by coupling 7-(4-chloro-3-methoxyphenyl}-1-(4-fluorophenyl}-4,5,6,7 -tetrahvdro-
1H-benzo[d]imidazole-2-thiol {Preparcd as described in Example 1 Step 7) and [2,6-
diftuoro-4-{(2,2,3,3-tetramethyl-4,7,10,13-tetraoxa-3-silapentadecan- 1 S-yhoxylphenyvli
methyl methanesulfonate in the presence of CspCOs  to afford the desired product as a

white oil.

Step 7; i-14-(117-{(4d-chloro-3-methoxvphenvD-1-(4-8uorophenvD-4.3.6,7-tetrahvdro-

1H-1 3-benrzodiazol-2-visulfanvimethvi)-3.5-difluorophenvii-1.4.7. 10~

tetragxadedecan-12-0l
F

N\>_S g

F

A solution of 7-{ 4—chioro~3~meth0xyphenyl)~2~{({2_,{indiﬂuorowéi-{( 2,23, 3-tetramethyl-
4,7,10,13~tetraoxa-3-silapentadecan -1 5-yhoxyphenylimethylsulfanyi]-1-(4-
fluorophenyty-4,5,6,7-tetrahydro-1H-1 3-benzodiazole (120 mg, 015 wmmol, 1.00
equiviand TBAF (1M, 0.17 mL, 1.20 equiv) in tetrahydrofuran (2 wol) was stirred for 3 b
at 30 °C and concentrated under vacuurn, Prep-HPLC purification using {1 #Waters 2767-1)

Colomn, Sun Fire Prep C18,5um, 19%100mn; mobile phase, water with 0.05%NHHCO;
and CHiCON (45% CH:CN ap to 78% mn 10 win, up to 100% in 2 min, down to 45% in
a4
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Zmin}; Detector, 254nm gave the title compound as a white solid. 'H NMR
(400MHz,CD;0D) §7.15-7.17(d, J = &.0 Hz,1H), 6.89 (s, 2H), 6.51-6.57 (m, 4H), 6.37-
6.40 (m, [H), 4.11-4.15 (m, 2H), 3.98-4.02 (d, /= 13.2 Hz, 1H), 3.85-3.89 (m.4H), 3.63-
3.74 (m, 13H), 3.56-3.58 (t, /= 4.4 Hz, 2H), 2.69-2.80 (m, 2H), 2.16-2.20 (m, 1H).1.85-
1.94 (m, 1H), 1.79-1.83 (m., 2H). "F NMR (400MHzCD;0D) § -114.59, -116.14. Mass
spectrum (ESL, mv/z): Caled. for CasHigCHFNO6S |, 707 H{M+H), found 707.1.

Example 24: 2-{4-{{7-{d~-chlovo-3-methoxvplienvil-i-{4-fuovophenvi)-4, 5, 6, 7-

tetralivdro- i H-benzoidiimidazol-2-vithiojmeilivi)-3, S-difluprophenoxy j-N,N-

dimethviethanamine Trifluoromethyiacetic aoid saly

Step 1: 2. 6-difluoro-4-((d-methoxvbhenzvhoxvibenzyl methanesulfonate
F

OPMB
MsO
F

The title compound was prepared according to the procedure described in Example
23 steps 4 and 5 by alkylation of 3,5-difluoro-4-thydroxyvmethylphenol with p-moethoxy-
benzyl chloride followed by mesylation of the benzyl aleohol to afford the desive product

as an off white oil.

Step 2: T-{4-chlorg-3-methosvphenvh-2-1{12.6~-diflaoro-4-1(4-

methosvphenvhmethoxviphenvll methvh selfanvil-1-{4-fuorocphenvi-4.5,6,7~

tetrabhvdre-1H-1.3-benzodiazole

R

N OPMB
| D¢
N

E

95



WO 2015/160772 PCT/US2015/025702

The title compound was prepared according to the procedure described in Example 1
step 8 by coupling 7-{4-chloro-3-methoxyphenyl}-1-(4-fluorophenyl}-4,5,6,7-tetrahydro-
{H-benzold]imidazole-2-thiol (Prepared as described in Example 1 Step 7) and 2,6-
difluoro-4-{{4-mcthoxybenzylioxyibenzyl methancsulfonate in the presence of Cs(C0Ox to
afford the desired product as a white otl.  Mass spectrum (ESI, nmv/z)y Caled.  for

C3sHspCIFN,GsS, 651.2 (i\vi‘;“H), found 651.2.

Sten 3: 4-({7-{4d-chloro-I-methoxvphenvh-1-{4-8uoronhenvi)-4,5.6,7-tetrakvdro-1 H-

benzoldlimidazol-2-vithioymethvl-3.5-diflugrophenol

F
N OH
| >—s
N F
@)
e F
A solution of 7-{4-chloro-3-methoxyphenyl}-2-[{[ 2,6-difluoro-4-[{(4-

methoxyphenyDmethoxyiphenyl] mwethyly sulfanyi]-1-{(4-fluorophenyl)-4,5,6,7-tetrahydro-
{H-1,3-benzodiazole (1.0 g, 1.34 mmol, 1.00 equiv), dichloromethane (15 wl)}, and
triffuoroacetic acid (1.5 wl) was stivved for 2.0 h at room temperature. The resulting
mixture was concentrated onder vacuum, difuted with 15 mL of DCM, and washed with
3x15 mL of HyO. The organic layer was dried over anhydrous sodium sulfate, filtered, and
concentrated under vacuum to give the title compound as a yellow oil. Mass spectrum

(ESE, m/z): Caled. for CyprHCIF;NGLS, 5311 (MH+H), found S31.1.

Sten 4: 2-(d-({(7-{d-chioro-3-methoxvphenvil-1-{4-Huoronhenvil-4d, 5, 6. 7-tetrabhvdro-

1H-benrzoldlimidazol-2-vithio)ymethvi)-3.5-difluorophenoxyi-N,N-

dimethviethanamine
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F
N 0
Ra
N F
N\
/
)

4 F 2.6CF;COOH

A solution  of  4-{{7-(4-chloro-3-methoxyphenyli-1-(4-fluorophenyi}-4,5,6,7-
tetrahydro-1H-benzol dimidazol-2-vithioymethyl)-3,5-difluorophens! (53 mg, 0.18 mmol,
1.60 equivy, (2-bromocthyl}dimethylamine hydrobromide {28 mg, 0.12 mmol, 1.21 cquiv),
and potassium methancperoxoate (41 mg, (.29 mmol 3.00 equiv) in N,N-
dimethyiformamide (2 mbL) was stired for 6 h at room tcmperature, filtered and
concentrated.  The crude product was purificated by Prep-HPLC With the following
conditions:  (I#waters2767-53) column, SunFire Prep CIS, 19%150nmm H Prep C-
O0{T)18600256819513816414 04; Mobile Phase, phase A: water with §.05% TFA, phase
B: CH3CN (18% CH3CN up to 32% in 26 min, up to 100 % in O.1min, hold 100% in
1.9min, down 1o 18% in 0.1moin, hold 18% i 1.9mun); Detector, UV 220 & 254 nm to give
the title compound as a Hght yellow oil. 'H NMR (300MHz , CD:0D)Y: & 7.17-7.20 (m,
4H), 6.78-6.80 (m, 2H), 6.54 (s, 1H), 6.44(d, /=1 8Hz, 11}, 4.38-4.42 (1u, 2H), 4.04-4.19
{m, 3H3, 3.74 (s, 3H), 3.65-3.66 (m, 2H), 3.01 {5, 6H), 2.80-2.96 (m, 2H), 2.23-2.34 (m,
1H), 2.08-2.10 {m, 3F). ""F NMR (300MHz , CD;0D): 8 -77.20, -111.45, -115.62. Mass
spectrurn {ESL, w/z) Caled.  for CigHa gClF9sN207,8, 602 3(M-2.6CF;COOH+H),
found 602.3.

Sien 50 2-{4-((7-{4-chloro-3-methoxvphenvh-1-{4-fuoropheavi-4, 5, 6, 7-tetrabvdro-

1H-benroldlimidarol-2-vithioimethvD~-3.5-dillworophenoxyi-N, N~

dimethviethanamine HOT salf
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| >—s
N

*HCI

A solgtion of 4-({7-(4-chloro-3-methoxyphenyl)-1-(4-fluorophenyl}-4,5.6,7-tctrahydro- 1H-
benzo[djimidazol-2-ylthioymethyl)-3,5-difluorophenol (280 mg, 0.53 mmol, 1.00 cquiv),
potassium carbonate (219 mg, 1.58 munol, 3.00 equiv), and (2-bromoethylydimethylamine
{146 mg, 0.63 mmol, .20 equiv) in N,N-dimcthylformamide (5 ml} was stirred for 6 h at
room temperature and filtered.  Prep-HPLC purification with the following conditions:
(Hiwaters2767-5)  column, SunFire Prep CI8, 19%1530mm Suym H Prep C-
BOI(THI8600256819513816414 04; Mobile Phase, phase A: water with 0.05% TFA, phase
B: CH3CN (30% CHaCON up to 50% in § min, up to 100 % in 0.1moin, hold 100% in 1.9
min, down to 30% in 0.1nun, bold 30% in 1.9min}; Detector, UV 220 & 254 nm. was
followed by concentration under vacuum. Acidification by the addition of 4.0 mL H,(,
followed by4 drops of con. HUI and subsequent evaporation was was carried out twice. A
final acidification was followed by lyophilization to give the title compound as a white
solid. '"H NMR (400MHz, CD:ODY. § 7.33 (br, 1H), 7.14 (4 J=16.0Hz, 1), 7.00 (br,
1H}, 6.87-6.96 (m, 2H}, 6.55 (s, 1H}, 6.43-6.45 {m, 1H), 4.38-4.43 {m, 2H), 4.13-421 (m,
2H), 4.067-7.10 (m, 1H), 3.75 (s, 3H)}, 3.62-6.67 (m, 2H), 3.02 (s, 6H), 2.82-2.98 (m, 2H},
2.28-2.33 (m, 1H), 1.96-2.07 (m, 1H), 1.91-1.95 (m, 2H). °F NMR (400MHz, CD:OD):
§-111.16,-115.27.

Example 258 2-{4~{{7-{4-chloro-3-methoxyphenvil-I-(4-Huoropbenyvi)-4, 5, 6, 7~

teirahyvdro-1H-benzofdlimidazol-2-vithioimethivi)-3, 5-difluorophenoxyviethanol
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Step 1: 2-11(d-12-1tert-butvidimethvisilvhoxviethoxv]-2.6-

difluorophenvhmethvlisulfanvll-7-{4-chloro-3-methoxvphenvi-1-{(d-Buorophenvh-
4.58,6,7-tetrabvdro-1H-13-bengodiazole

\>—s

—Si
o F 7§
o |

The title compound was prepared according to the procedure described in Example 24 step
4 by coupling 4-({7-{4-chloro-3-methoxyphenyl}-1-(4-fluorophenyl)-4,5,6,7-tetrahydro-
{H-benzo[d]imidazol-2-vithioymethyl}-3,5-difluorophenol  {Preparcd  as  described in
Example 24, Step 3} and (2-bromocthoxy){(tert-butyly dimethylisilane in the presence of
(Cs,COs to afford the desired product as a white otl. Mass spectrum (ESI mvz): Caled. for

35 H4oCIFaN,O5 581, 575 H{M-CgH581+2H), found 575.1.

Sten 2: 2-(4-{(7-(d-chlore-I-methoxvphenvii-1-{4-fluorophenvi)-4, 8, 6. 7-tetrahvdro-

1H-benroldlimidazol-2-vithioymethvD-3.5-difluorophenoxviethanet
F

N O
R )
N F HO

0 2.5CF3COOH
e F
A solution of 2-[T{4-12-[{tert-butyldimethylsilyboxylethoxy]-2,6-
difluorophenylimethyljsulfanvi]-7-(4-chloro-3-methoxyphenyl)- 1 -(4-fluorophenyl}-
4,5,6,7-tetrahydro~- FH-1,3-benzodiazole (20 mg, .03 mmol, 1.00 equiv) and TBAF (9.1
mg, 0.03 mmol, 1.20 equiv) o tetrabydrofuran (2 woll} was stirved for 3 h at room
temperature and concentrated under vacuum.  Purification by Prep-HPLC with the
99
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following conditions: {(I#waters2767-5) column, SunFirc Prep CI8, 19*150mm Sum H
Prep C-001{T1I8600256819513816414 04; Mobile Phase, phase A: water with (.05%
TFA, phase B: CH3CN (35% CH3ON up to 65% in & min, up to 100 % in O, 1min, hold 100%
in 1.9 min, down to 35% in 0.1 min, hold 35% in 1.9 min}; Detector, UV 220 & 254 nm,
gave the title compound as a white solid. 'H NMR (400MHz , CD;0D): § 6.68-7.20 (m,
3H), 6.66-6.70 {m, 2H), 652 {d, J = 1.6 Hz, 1H), 640-6.42 (m, 1H), 4.01-4.14 (m, 5H)},
3.90-3.92 (m, 2H), 3.74 (s, 3H), 2.77-2.93 {m, 2H), 2.25-2.316 (m, 1H}, 1.90-2.08 (m, 3H).
PE NMR (400MH; , CD;OD): § -77.80, -111.82, -116.58. Mass spectrum (ESI, m/z):
Caled. for CaaHys sTIF 10 sN200S8, 575.3(M-2.5CF:COOH+H]), found375.3.

Example 26:2-{4-{{7-{d=cHlorg-3-methoxyphenvi)-i-td-fluorophenvii-4, 3, 6, 7-

tefralivdro-1 H-benzoldliimidarol-2-vithiolmethyi)-3. S-difluoropnhenosxyiethanoic acid
Step 1: Methvl 2-14~-(117-(d-chloro-3-methoxvphenvii-1~-(4-fuorophenv-4.5,6.7~

tetrabvdro-1H~1 . 3-benzodiazob-2-vlisulfapyviimethvD-3.5-diflluorophenoxviacetade

\>—s

o
ca |

The title compound was prepared according to the procedure described in Example 24 step
4 by coupling 4-({7-(4-chloro-3-methoxyphenvl)-1-{4-fluorophenyl}-4,5,6,7-tctrahvdro-
1 H-benzo[d]imidazol-2-yithioymethyl)-3,5-difluorophenol  (Prepared as  described in
Example 24, Step 3) and methyl 2-bromoacetate in the presence of CspCO5 to afford the
desired product as a white oil. Mass spectrum (ESE, w/z): Caled. for CagHpsCIFN LS,
603.1(M+H), found 643.1.

Step 2: 2-(4-({(7-(d-chloro-3-methoxyvphenvii-1-{4-fluorophenvil-4. 8, 6, 7~

tetrahvdro-i H-bengo{dlimidazol-2-vithioymethvD-3.5-difluorophenoxvicthanoic acid
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\>—s

D 1, 17CF3COOH

A solution of methyl 2-[4-{][7-(4-chloro-3-methoxyphenyl}-1-(4-fluorophenyiy-4,5,6,7-

Cl

tetrahydro-1H-1,3-benzodiazol-2-yljsulfanyl] methyly -3,5-difleorophenoxylacetate (30
mg, 0.05 mmol, 1.00 ecquiv) and LIOHH,O (11 mg, 026 mmol, 500 cquiv) in
methanol/H,0 (3/2 mL} was stirred for 3 h at room temperature and concentrated under
vacuum. The pH was adjusted to 5 with hydrogen chloride (2 mol/L). The resulting
solution was extracted with 2x5 mi of ethyl acctate and the organic layers combined and
concentrated under vacuurn,  Purification by Prep-HPLC wth the following conditions:
{Hwaters2767-5)  column, SunFire Prep CI8, 19%150mm Spm H Prep C-
O01(THI8600256519513816414 04; Mobile Phase, phase A: water with 0.05% TFA, phase
B: CHiCN (38% CH:CN up to 60% in & min, up to 100 % in 0.imin, hold 100% in 1.9
min, down t0 38% in 0.1 min, hold 38% in 1.9 min); Detector, UV 220 & 254 nm, to give
the title compound as a white solid. '"H NMR  (400MH,, CD:O0D) 6717 (d, T = 8.0 Hz,
4H), 6.66-6.68 (1o, 2H), 6.50 (d, J = 1.6 Hz, 1H), 6.39-6.41 (w, 1H), 4.79 {5, 2H), 4.01-
17 (m, 3FD, 3.73 (s, 3H), 2.85-2.91 (m, 2H), 1.90-2.31 (m, 4H). “F NMR (400MH,,
CD:0D) & -77.14, -111.57, -11637.  Mass spectrumn (ESI, w/z) Caled.  for
C31L34H25.17CIF6.51N206.3458, 589.3 (M-1.17CF.COOH+H), found 589.3.

Example 27 7-{4~chloro-3-methoxyvolenyil-2-{(12 6~-difluoro-4-{ 2-(pvevolidin- I -

vilethoxyiphenyilmethvl) sulfanvii-i-(d-fluorophenyil-4 35,6, 7-tetrafivdro-1H-1, 3~

benzodiazole
Step 1: 7-{4-chioro-3-methoyxvohenvi-2-({{4-{2-chlorocthoxv)-2.6-

difluorophenviimethvilsulfanvh-1-(d-fluorophenvi}-4,5.6,7-tetrabhvdro-1 H-1.3-

benzodiazole

10}
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F
N @)
R AN
N F Cl
F

c |

The title compound was prepared according to the procedure described in Example 24
step 4 by coupling 4-((7-(4-chloro-3-methoxyphenyl}-1-{4-fluorophenyl}-4,5,6,7-
tetrahydro-1 H-benzofdjimidazol-2-yithioymethyl)-3,5-diftuorophenol {Prepared as
described in Example 24, Step 3) and 1-chloro-2-iodoethane in the presence of Cs,COs to
afford the desired product as a white oil. "H NMR (400MH,, CD40D) 6 7.18 (d, J = 8.0
Hz, 1H), 6.96 (s, 3H), 6.63-6.71 (m, 2H}, 6.51 (s, 1H), 6,40 (d, /=7.6 Hz, 1H), 4.24-4.33
(m, 2H), 4,10 (s, 1H}, 3.89 -3.98 (m, 4H), 3.74 (s, 3H), 2.73-2.89 (m, 2H), 2.22-2.29 (m,
1H), 1.89-2.05 (m, 3H). F NMR (400MH,, CD;0D) § -76.95, -112.73, -116.10. Mass
spectrum (ESE, m/z): Caled. for CooHpsCLFNO,S, 593 2(M+H), found 593.2.

Step 2; T-{d-chloro-3-methoxvphenvh-2-[{12.6-difluore-4-[ 2-(pyrrofidin-1-

vhethoxviphenvliimethvD) sulfanvil-1-(4-fluorophenvi-4.5,6. 7-tetrabvdro-1H-1.3-

benzodiazele

F
N 0]
R A%
N

F I\D
Q CF3COOH
o F
ca |

A solution of 7-{4-chloro-3-methoxypheny}-2-([{4-(2-chloroethoxy}-2,6-
diftaorophenyihuethyljsolfanyl)- 1 -(4-fluorophenvl)-4,5,6,7-tetrabydro-1H-1,3-
benzodiazole (50 mg, 8.08 mmol, 1.00 equiv), Nal (1.3 mg, 0.01 mmol, 8.10 equiv), and
pyrrolidine (30 mg, 0.42 mumol, 5.01 equiv) in ethano! {2 ml) was stirred for 48 b at 80 °C
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in an oil bath and concentrated under vacumm. Purification by Prep-HPLC with the
following conditions: (1#waters2767-5) column, SunFire Prop C1¥, 19%150mm 5um H
Prep C-001(T)18600256819513816414 04; Mobile Phase, phase A: water with 0.05%
TFA, phase B: CH3CN (25% CH:CN up to 40% in & min, up to 100 % in 0. lmin, hold 1060%
in 1.9 min, down to 25% in O.1min, hold 25% in [.9min); Detector, UV 220 & 254 nm,
gave the title compound as a white solid. "H NMR (400MH; , CD:0D) §7.01-7.12 (m,
2HY, 6.96-7.01 (1, 2H), 6.69 -6.96 (m, 2H), 649 (s, IH), 6.37-6.39 (m, 1H), 4.33 (s, 2H),
3.97-4.07 (m, 3H), 3.64-3.77 (m, 7H), 2.73-2.88 (m, 2H), 1.86-2.28 (br, 10H), 1.26 (s, 1H).
YE NMR (400MH; , CDsOD) & -77.12, -111.92, -115.58. Mass spoctrum (ESI, nvz):
Caled. for CosHagClFgN;G,S, 628.0 (M-CF.COOH+H), found 625.0.

Example 28: 7-{4-chloro-3-methoxyphenyil=-2-{{{2 t-difluore-4-{2.5,8,11-

fetraoxaridecan-1 3-vioxviphenyviimethyiisulfonyi-1-{ 4d-fluorophenvil-4, 5,6, 7-

fetrafivdro-1H-1.3-benrodiarole

Step 1. 1-3, S~-difluorophenvii~-1.4.7.18 1 3-pentaosaietradecane
F

A solation 3 5-difluorophencl (2 g, 1537 womol, 100 equivy, , 2,58 11-

tetraoxatridecan-13-0l (3.36 g, 16.13 mwol, 1.05 equiv), PPhs (4.84 g, 1845 mmol, 1.20
equiv), and DIAD (3.73 g, 18.45 ramol, 1.20 equiv) i tetrahydrofuran (30 mL) was stirred
overnight at 30 °C. The resulting mixture was concentrated under vacoom, extracted with
2x30 ml of ethyl acetate, and the combined organic layers were dried over anhydrous
sodium sulfate, filiered, and concentrated. Silica gel column chromatography with ethyl

acetate/petroleum ether (1:2) gave the title compound as a yellow oil.

Step 2: 2. 6-difluore-4-(2.5.8. 1 1 -tetraoxatridecan-1 3-vioxyibenzaldehvde
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F

O/

A solution of (1-PripNH (1.32 g} in tetrahvdrofuran {15 mL) was treated with n-Bula
{5.4 mL) dropwise with stirring for 1 h at 0 °C, followed by the addition of 1-{3, 5-
diftuorophenyly-1,4,7,10,13-pentaoxatetradecane {2.79 g, 8.7 mmol, 1.00 equiv). After
stirring for 1 h at =78 °C, the reaction was treated with N, N-dimethylformamide (1.082 g,
14.80 wmel, 1.70 equiv) and stirred for an additional hour at -78 °C. The reaction was
quenched by the addition of S mL of waterand extracted with 3330 mb of cthyl acetate.
The combined organic layers were dried over sodium sulfate, filtered, and concentrated.
Silica gel column chromatography with ethyl acetate/petroleum ether (2:1) gave the title

compound as a light yellow oil.

Step 3: 12, 6-difluoro-4-(2.5.8.11-tetraoxatridecan-13-vioxviphenviimethanol

F

HO/\/©\
F O/\/O\/\O/\/O\/\O/

The title compound was preared according to the procedure described in Example 12
Step 3 by NaBH; reduction of 2, 6-difluoro-4-(2,5.8,11-tetraoxatridecan-13-

vloxy}benzaldehyde to afford the desried product as a yellow oil.

Step 4: 2, ¢-difluore-4-{2.5.8.1 1 -tetraoxatridecan-13-viexvinhenvilmethvl

methanesulionate

MsO
£ 0 OO
The title compound was prepared according to the procedure described in Example 12
Step 4 by mesylation of [2,  6-diffuoro-4-{2,5.8,1 I tetraoxatridecan-13-

vioxy)phenylimethanol to afford the desried product as a light yellow solid.
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Step 5: 7-{4-chloro-3-methoxvphenvi-2-{I12.6-difluoro-4-(2.5.8.11-tetraoxatridecan-

13-vioxviphenvilmethvlisulfanvh-1-{4-fluorophenvi-4.5.6,7-tetrabvdro-1H-1.3-

benzodiazole

F

N
L
N
Q E O/\/O\/\o/\/o\/\o/
E 0
F
F 1.65 Fé_/(
OH

The title compound was prepared according to the procedure described in Example 1

—~0
Cl

step 8 by coupling 7-{4-chloro-3-methoxyphenyl)-1-(4-flucrophenyl}-4,5,6,7-tetrahydro-
{H-benzo[d]imidazole-2-thiol {prepared as described in Example |, Step 7) and [2, 6-
difluoro-4-{2,5,8, 1 | -tetraoxatridecan-13-vioxy) phenyljmethyl methancsulfonate in the
presence of Cs;C0; to afford the desired product 8s a white oil. 'H NMR {300MHz,
CD;OD) § 6.34-7.16 {m, 8H}, 3.82-4.13 (m, 7TH), 3.48-3.69 (m, 14H), 3.28-3.32 (m, 4H},
2.80-2.86 (m, 2H), 1.84-2.01 (m, 4H). F NMR (300MHz, CD:0D) § -75.77, -108.520, -
114.107. Mass spectrum (ESI, nvz)y: Caled.  for CiosHassClF70sN200sS | 7212 (M-
LOSCHE;COOH ), found 721.2

Example 29: 2-f4-i{f 7-{d-chloro-3-methoxyphenvi)-I-(d-fluorophenyi}-4.5.6.7-

fetralbivdro-1H-1, 3~-benzodiazol-2-viisulfanviimethyi~3, S-difluorophenoxyiacetonitrile

trifluoroacesic acid

=
N\ /—OO
| N>_S F /

/)
N

CF;COOH
o)

|G F

The title compound was prepared according to the procedure described in Example 24
step 4 by coupling 4-((7-(4d-chloro-3-methoxyphenyl)- 1 -{4-fluorophenyly-4,5,6,7-

tetrahydro-1H-benzo[djimidazol-2-ylthioymethyl)-3,5-difluorophenol {Prepared as
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described in Example 24, Step 3) and 2Z-chloroacctonitrile in the presence of Cs, (s o
afford the desired product as a white solid.

TH NMR (300 MHz, CD-0D) & 6.98-7.18 (m, 4H), 6.81-6.86 {m, 2H), 6.51 (s, 1H), 6.39-
6.42 (m, 2H), 5.11 (s, 2H), 4.12 (s, 2H), 4.01-4.07 (m, 1H), 3.73 {5, 3H), 2.78-2.95 {(m,
2H)Y, 2.24-2.33 {m, 1H), 2.01-2.05 {m, 1H), £.91-1.92 (m, 2H). "°F NMR (300MHz,
CD;OD) 6: -77.15, -111.43, -115.17. Mass spectrurn (EST myz): Caled. for
CyHuClFNSOLS, 570.1 (M-CF,COOH+H), found 570.1.

Exampie 38: 7-{4-chioro-3-methoxyphenyil=2-({{2 G-difluoro-d-{ 1 H-1 2.3, 4-tetrazoi-3-
vimethoxyiphenvl] methviisulfanyvii-1-(4-fluorophenyil-4.5,6, 7-tetrghydro-iH-1, 3-

benzodiarale

\>—s

A solution of 2-[4-([[7-(4-chloro-3-mcthoxyphenyl)-1-(4-fluorophenyl}-4,5,6,7-
tetrahydro-1H-1,3-benzodiazol-2-yljsulfanyljmethyl}-3,5-difluorophenoxy] acetonttrile (60
mg, 0.11 mmol, 1.00 cquiv), NH4C1 (8.3 mg, 0.16 mmol, 1.47 equiv), and NaMN; (10.28 mg,
0.16 mmol, 1.50 equiv), in N, N-dimethylformamide {2 mL) was stirred overnight at 83 "C
in an oil bath, The reaction was then quenched by the addition of 5 ml of water and
extracted with 2xS5 ml of ethyl acetate. The combined organic layers were dried over
sodivm  sulfate and concentrated.  Silica gel column chromatography with ethyl
acetate/petroleurn ether (2:1) gave the title compound as a white solid.  'H NMR (300
MHz, CI:0D) 60 7.06-7.18 (m, 1H), 6.90 (s, 2H), 6.60-6.80 {m, 4H), 6.50 (s, 1H), 6.36-
6.39 (m, 1H}, 5.40-5.50 (m, 2H), 3.87-3.99 (m, 3H}, 3.73 {s, 3H), 2.65-2.80 (m, 2H), 2.22-
227 (m, TH), 1.96-2.19 (m, 3H). Mass spectrum (ESI, m/z): Caled. for CaoHpClFNGD,S,
6131 (M+H), found 6131,
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Example 31: 7-(d-chloro-3-methoxvohenyil-2-0{{3-{ 2] 2-FI-(dimethyiaming)

ethoxviethoxyl ethoxyl-2,6-difluorophenviimeihviisulfanvil-I-(d-fluorophenyi}-4,5,6,7-

tetrahyvdro-1 H-1 3-benzodicrole hvdrochioride

Sten 1 2.0-difluore-3-{(d-methoxvphenvDmethoxvibenzaldehvde

o= F

F OPMB

A solution of 2,6-difluoro-3-hvdroxvbenzaldehyde (1 g, 6.33 mmol, 1.00 equiv),
potassium  carbonate (2.6 g, 1881 nuwnol, 297 equiv), and I-(chloromethyl}-4-
methoxybenzene (1.2 g, 7.06 mmol, 1.21 equivy in N )N-dimethylformamide (20 ml) was
stirred overnight at room femperature. The reaction was then quenched by the addition of
30 mL of water and extracted with 3x30 mb of ethyl acetate. The combined organic layers
were washed with [x30 ml of bring, dried over sodipm sulfate, and concentrated under
vacuum. Silica gel column chromatography with ethyl acetate/petrolenm ether (1:5) gave
the title compound as a yellow solid. Mass spectrum (ESI, wv/z): Caled. for CisHipFa(s,

2791 (M+H), found 2791,

Sten 2: 12, 6-diffuoroe-3-{{4-methoxvphenvhmethoxvinhenvilmethanol
HO F

F OPMB

A solution of 2, 6-difluoro-3-{{4-methoxyphenylimethoxylbenzaldehyde (1.2 g, 4.31
mmol, 1.00 equiv) and sodium borchydride (328 mg, .67 mmol, 2.01 cquiv} in methanol
{10 mbL} was stirred for 1 h at room temperature and concentrated under vacuum. The
resulting solution was diluted with 50 mL of EA, washed with 20 mbL of water, 20 mb of
brine, dried over anhydrous soditm sulfate, and concentrated under vactum fo give the
title compound as a white solid. Mass spectrum (ESI, m/z): Caled. for CisH4F,O5, 2811

{M-+H), found 281.1.
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Step 3: Z2-{chioromethvl-1.3-difluoro-4-{{4-methoxvphenvDmethoxvibenzene

Cl F
F%}*OPMB

A solution of [2, 6-difluoro-3-[{4-methoxyphenylimethoxyiphenyljmethanot (1.2 g,

4.28 mumol, 1.00 equiv) and TEA (1.3 g, 12.85 mmol, 3.00 cquiv}) in dichloromethanc (25
mb} was treated with MsCl (986 mg) dropwise with stirring at 5 "C. The resulting solution
was stitred for 3.0 h at roomn temperatare, concentrated under vacuum, and purified by
stlica gel coluron with ethyl acetate/petroleum cther (1:4) to give the title compound as a
white solid. Mass spectrum {(ESI, w/z): Caled. for CsHsCIFG, 2991 (MHH), foond
299.1.

Step 4: T-{d-chioro-3~-methoxvphenvii-2-1{(12.6-difllnore-3-{{4-methoxvophenvih

methoxvinhenvilmethvh salfanvil-1-(4-Buorophenv-4.5,6. 7~tetrahvdro~-1 H-1,3~

henzodiazole
F

N
R
N

F OPMB

MeO

Cl F

The title compound was prepared according to the procedure described in Example 1 step 8
by coupling  7-{4-chloro-3-methoxyphenyl)-{-(4-fluorophenyi)-4,5,6,7-tetrahydro-1H-
benzofdlimidazole-2-thiol and 2-{chloromethyhy-1,3-difluoro-4-[{4-
methoxyphenylimethoxylbenzene in the presence of Cs;COs to afford the desired product
as a white solid. Mass spectrum (ESE, my/z): Caled. for CisHaoCHFN(01S, 651.2 (M+H),

found 651.2.
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Step 5: 3-([{7-{4d-chloro-3-methoxvphenvh-1-(d-fluorophenvi-4.5.6,7-tetrahvdro-1 H-

1.3-benzodiazol-2-viisulfanviimethvD-2. 4d-difluorophensl

F

N
R
N

F  OH

MeO

Cl F

The title compound was prepared according to the procedure desceribed in Example 24 step
3 by de-benzylation of  7-{4-chloro-3-methoxyphenyl}-2-{{[2,6-difluoro-3-[{4-
methoxyphenyl) methoxyiphenyiimethyly subfanyl}-1-(4-fluorophenyi}-4,5,6,7-tetrahydro-
1H-1,3-benzodiazole in the presence of trifluoroacetic acid to afford the desired product as
a yclow solid.

Mass spectrum (ESE, mv/z): Caled. for CoHppCIFsNLG,S, 5311 (M+H), found 5311,

Step &, [2-13-({7-{4-chioro-3-methoxvoheavii-1-{(4-BuorophenvD-4,5,6,7-tetrabhvdro-

1H-1.3-benrodiazel-2-vilsulfanviimethvD-2 4-difluorophenoxviethvlidimethviamine
F

N
Ra
N 0
_\_’L\
MeO

Cl F

The title compound was prepared according to the procedure described in Example 24 step
4 by coupling 3-({[7-(4-chloro-3-mcthoxyphenyl)-1-(4-fluoropheny}-4,5.6,7-tctrahydro-
1H-1,3-benzodiazol-2-yljsulfanyljmethyl)-2.4-difluorophenol and 2-chloro-N,N-
dimethylcthanamine HCI salt in the presence of Cs,CO4y to afford the desired product as a

white solid.
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TH-NMR (300MHz, CD:0D): 8 7.01-7.25 (m, 6H), 6.36-6.49 (m, 3H), 4.37-4.41(m, 2H),
4.03-4.39 (m, 3H), 3.69 (s, 3H), 3.51-3.62 (m, 2H), 2.80-2.98 (m, SH), 1.86-227(m, 4H).
YENMR (300MHz, CD:OD): -115.145, -126.537, -134.694. Mass spectrum (ESL, m/z):
Caled. for CaHs CIF3N20,8, 602.2 (M+H), found 602.2.

Fxample 32: T-{d-chioro-3-methoxyphenyli-2-(33-(2-{2-§ 2-{dimethvigming)

ethoxyviethoxy] ethoxy)-2,6-difluovophenylimethyllsultunyvl)-I-{d-fluorophenyi)-4,5,6,7-

tetrabivdro-I H=-1 3-benzodiazole fvdrochiovide
Step 1 7-(d-chlore-3-methoxvphenvh-2-{{(2.6~-diflsiore-3-12-1 2-(2-ipdoethoxviethoxvi

gthoxviphenvl) methvlisulfanvil-1-(d-Buorophenvil-4,5.6, 7-tetrabvdro-1 H-1,3~

benzodiazole
i’:

N
Ra
N

F G
_\_O\_\
MeQ ; Q
¢ F

The title compound was prepared according to the procedure deseribed in Example 24 step
4 by coupling 3-({[7-(4-chlioro-3-mecthoxyphenyi}-1-(4-fluorophenyl}-4,5,6,7 -tetrahydro-
1H-1,3-benzodiazol-2-ylisulfanyljmethyl}-2 4-difluorophenst and 1,2-bis(2-
iodocthoxy)ethane in the presence of Cs,COs  to afford the desired product as a white
solid.

Mass spectrum (ESE mv/z): Caled. for CysHpCIF:IN,O48, 773.1 (M-+H), found 773.1.

Step 2: 7-{4-chloro-3-methoxvphenvi)-2-(113-2-12-12-{dimethviaming) ethoxviethoxvi

ethoxv)-2,.6-difluorophenviimethviisulfanvi-1-(d-flucrophenvi-4.8.6,7-tetrahvdro-

1H-1.3-benzodiazole hvdrochloride
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MeO HCI
Cl g

The title compound was prepared according to the procedure described in Example 27 step
2 by coupling 7-(4-chlors-3-methoxyphenyt)-2-[{(2,6-difluoro-3-{2-{ 2-(2-
iodocthoxy)ethoxyi ethoxyiphenyl) methyljsulfanyti-1-(4-fluorophenyl}-4,5.6,7-
tetrahydro-1H-1,3-benzodiazole and dimethylamine HCI salt in the presence of Us;CO5 1o
afford the desired product as a yellow solid. "H-NMR (300MHz, CD;0DY: § 7.11-7.17 (m,
3H), 6.91-6.98 (m, 2H), 6.49 (d, /=1 .8Hz, 1H), 6.34-6.49 (1, 1H), 4.15-4.18 (m, 4H},
3.70-4.01 (m, 12H), 2.78-3.05 (m, §H), 1.89-2.27 {m, 4H). "F-NMR (300MHz, CD:0D);
S77.8YE, -1EREEST7, -128.085,-136.136. Mass spectram (ESI, wv/zy Caled.  for

CasHzoClIFIN3O,LS, 690.2 (M-HCE +H), found 690.3.

Example 33; 2020 2= 4={{ T-{d=cliioro-3-methoxyphenyli-I-(4-flucrophenyil-4,5.6,7-

tefrahvdro-I H-benzofdiimidazol-2-vithioimeifivl)-3, S-diffuorophenoxyietboxyieiboxyl-

N N-dimethviethanamine hvdrochiovide

Step 1: 7T-(4-chlorg-3-methoxyphenvh-2-11{2.6-difluoroe-4-12-12-(2-todoethoxvicthoxvie
thoxviphenvDmethyvlisulfanvil-1-(4-Baoropheny-4.5,6. 7-tetrahvdro-1H-1,3~

benzodiazole

Iy
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MeO

Cl F

The title compound was prepared according to the procedure described in Example 24 step
4 by coupling 4-({(7-(4-chloro-3-methoxyphenyl)-1-(4-fluorophenyl}-4,5.6,7-tetrahydro-
1H-benzo[d]imidazol-2-yithiojnethyl)-3,5-difluorophenol  (Prepared as  described in
Example 24, Step 33 and 1,2-bis{Z-iodocthoxyicthane in the presence of Cs,COy to afford
the desired product as a white solid.  Mass spectrum (ESL mw/z)y Caled.  for

Cy3HzsCIFINOLS, 77301 (I\v’i’%‘H}), found 773.1.

Step 25 2-{2-(3-{4-{(7-{4-chloro-3-methoexvphenvhi-1-{4-fluoropheny)-4.5.8,7~-

tetrahvdro-1H-benzoldlimidazol-2-vithiomethvi}-3,5-

diftuorophenoxyiethoxviethoxvi-N N-dimethviethanamine hvdrochloride

R O

N 0 O
[ > ¢
N F N—
/

MeO

Cl F

The title compound was prepared according to the procedure deseribed in Example 27 step
2 by coupling 7-(4-chloro-3-methoxyphenyl}-2-[[(2,6-difluoro-4-[2-[ 2-(2-
iodoethoxy)ethoxylethoxvlphenylnethyl]sulfanyl]- 1 -(4-fluorophenyiy-4,5,6,7-tetrahydro-
1H-1,3-benzodiazole and dimethylamine HCI salt in the presence of Cs;CO; 1o afford the
desired product as a yellow solid. ' H NMR (400MHz, CD;0DY: § 7.40 (br, 1H), 7.20 (4,
J =84 Hez, 1H}, 6.90 (br, 1H), 6.69 (d, J = 10.0 Hz, 2H), 6.55 (s, 1H), 6.42-6.44 (m, 1H},
6.30 (br, 1H), 4.19-4 23 (m, 2H}, 4.07-4.14 (m, 2H}, 3.90-4.05 {m, 4H), 3.76-3.79 {(m, 3H),
P2



WO 2015/160772 PCT/US2015/025702

3.75 (s, 3H), 3.32-3.39 {m, 2H), 2.95 (s, 6H), 2.84-2.88 (m, 1H), 2.28-2.32 (m, 1H), 2.06-
2.17 (m, 1H), 1.97 (br. 2H). "F NMR (400MHz, CD:0OD): & -111.24, -116.20. Mass
spectrum (ESI, m/z): Caled. for CysHioCHFN;O48, 690.2 (M-HCHH), found 690.2.

FExample 34: (2§ 2~ 7-{d-cBivro-I-methoxyplenyi)-1-(i-fluoronhenyi}-4,5,6, 7~
fetrgbvdro-1H-1, 3-benzodigrol-2-vilsulfanyiimethyii-3,5-

diffuorophenoxvicthoxviethvlidimetviamine hvdrochiovide

Step 13 2-[{[|4-12-2-bromoethoxviethoxvi-2.6-difluoronhenviimethvhsulfanvil-7-(4-

chforo~-3-methoxvphenvi-1-(4-fuorophenvi-4,5,6,7-tetrahvdro-1H-1.3-benzodiazole
F

N Q
N —
N F 0

Br

MeQO

Cl F

The title compound was prepared according to the procedure described in Examople
24 step 4 by coupling 4-((7-(4-chloro-3~-methoxyphenvly-1 -(4-fluorophenyi}-4,5,6,7-
tetrahydro~1 H-benzofdhimidazol-2-ylthio jmethyl)-3,5~difluorophenol (Prepared as
described m Example 24, Step 3) and 1-bromo-2-(2-bromo cthoxylethane in the presence
of Cs;COs to afford the desired product as a white solid. Mass spectrum (ESI, nvz): Caled.

for CrHpeBrCIF:NGsS, 6811 (MAH), found 681.1.

Sten 23 (2-12-14-(117~(d~chlore-3-methoxyphenvii-1-(4-fuorophenvh-4.5,6.7~

tetrahvdro-1H-1,3-benzodiazol-2-viisulfanvilmethvii-3.5-

difluorophenoxviethosviethvhidimethviamine hvdrochioride
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HCI —N

MeO

Cl F

The title compound was prepared according to the procedure described in Exampie
27 step 2 by coupling 2-[({4-[2-(2-bromocthoxy)ethoxy]-2,6-
diftfuorophenylimethyljsulfanyl}-7-(4-chloro-3-methoxyphenyl}- 1 -(4-fluorophenyl)-
4.5.6,7-tetrahydro-1 H-1,3-benzodiazole and dimethyl amine HCI salt in the presence of
Cs:C0n to afford the desired product as a yellow solid. "H NMR (300 MHz, CD;0D) &
7.40 (br, 1H}, 7.19 (d, /= 8.0 Hz, 1H), 6.90 {br, 2H), 6.70 (d, /= 10.0 Hz, 2H), 6.54 (s,
1H), 6.42 (4, J = 84 Hz, 1H), 421-424 (m, 2H), 4.06-4.18 {m, 3H}, 3.91-3.96 (m, 4H),
3.74 (s, 3H), 3.40-3.42 (m, 2H), 2.95-2.97 (m, TH), 2.83-2.87 (m, 1H), 2.32 (by, 1H}, 2.05-
2.10 (m, 1H), 1.90 (br, 2H). ""F NMR (300 MHz, CD:OD) & -111.21, -116.14. Mass
spectrum (EST, m/z): Caled. for CysHigChLEFNSOsS, 646.2 (M-HCIHH), found 646.2.

Example 352 (2-§2-13-(]] 7= d-chipro-3-methoxyphenyll-1-{4-fluovophenvil-4,5.6,7-
fetrgbvdro-1H-1, 3-benzodigzol-2-vilsulfanyiimethyii-2 4-

diffuorophenoxvicthoxviethvlidimetviamine hvdrochiovide

Step 13 2-[{[3-12-2-bromoethoxviethoxvi-2.6-difluoronhenviimethvhsulfanvil-7-(4-

chloro-3-methoxyphenviy-1-(4-fluorophenvi-4.5.6, 7-tetrahvdro-1H-1.3-benzodiazole
F

[ Ss
N O—\_O
\_\

MeO Br

Cl

P4
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The title compound was prepared according o the procedure described in Example
24 step 4 by coupling 3-([[7-{4-chloro-3-methoxyphenyl}-1-(4-fluorophenyl}-4,5,6,7-
tetrahydro-1H-1,3-benzodiazol-2-yljsulfanyljmethyl)-2 4-difluorophenol and 1-bromo-2-
(2-bromo cthoxyjethane in the presence of Cs;(COs 1o afford the desired product as a
white sohid. Mass spectrum (ESI, m/z): Caled. for CyHyBrCIF:N,O:S, 6811 (M+H),
found 681.1.

Step 20 (2-12-13-{{{7-(4-chloro-3-methoxvphenvD-{-{(4-fuorophenvi-4.5,8,7-
fetrabvdro-1H-1 3-benzodiazel-2-vlisulfanvlimethvii-2.4-

difluorophenoxviethoxvlethyvidimethvlamine hvdrochloride

F.

N
| s
N F (0]
_\_O\_\
MeO ):( HCI /N\

cl F

The title compound was prepared according to the procedure described in Example 27 step
2 by coupling 2-[{([3-[2-(Z-bromocthoxy)ethoxy]-2,6-difluorophenyljmethyDsulfanyi}-7-
{4~chloro-3-methoxyphenyly-1-(4-flucrophenyy-4,5,6, 7-tetrahydro-1H-1,3-benzodiazole
and dimethyl amine HCI salt in the presence of Cs,C0s  to afford the desived product as a
yeliow solid. "H NMR (300 MHz, CD;OD) 8: 6.90-7.32 (1, 6H), 6.40-6.54 {m, 3H),
3.91-4.27 (m, 9H), 3.74 (s, 3H), 3.40-3.30 (m, 2H}, 2.75-2.97 {m, 9H}), 1.91-2.31 {m, 4H).
PF NMR (300 MHz, CD:0D) & -111.16, -128.12,-136.00. Mass spectrum {EST, m/z):
Caled. for CssHasCLF3N(LS, 646.2 {(M-HCI+H), found 646.3.

Example 36: 4-(1{7-(d-chiloro-3-methoxyphenvii-I~(d-favropheavii-~4,5,6,7~

fetrabivdro-1 8-, 3~-benzodiarel-2-vifsulfanviimethvii~3, 5~difluorobenzoniiyile

Sten 1: decvano-2.6-difluorobensvi methanesuifonate

E5
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CN
MsQO
F

The title compound was preared according to the procedure described in Example 12
Step 3-4 by NaBH; reduction of 3,5-diftuoro-4-formylbenzonitrile and mesylation of 3,5-

diftuoro-4-(hydroxymethyl}benzonitrile to afford the desried produet as a white solid.

Step 2: 4-([I7-{4-chloro-3-methoxvphenvD-1-(d-fluoronhenvii-4.5.6,7-tetrabvdro-i §-

1.3-bengodiazob2-vilsulfanviimethyD-3.5-difluorobenzonitrile
F

N CN
N
N

F

0
| ¢

=
The title compound was prepared according o the procedure described in Example 1
step 8 by coupling 7-{4-chloro-3-methoxyphenyl}-1-(4-fluorophenyl}-4,5,6,7-tetrahydro-
{H-benzold]imidazole-2-thiol (Prepared as described in Example 1 Step 7) and 4-cyano-
2.6-difluorobenzyl methanesulfonate in the presence of Cs,C0O; 1o afford the desired
product as a white solid.
"H NMR (300MHz, CD0D): 8 7.43-7.45 {m, 2H), 7.08-7.10 (m, 1H), 6.60-6.99 (m, 3H),
6.44 (d, /= 1.8 Hz, 1H}, 6.31-6.34 (m, 1H), 3.86-3.95 (m, 3H}, 3.68 (s, 3H), 2.57-2.72 (m,
2H), 1.75-2.20 (m, 4H). Mass spectram (ESI, m/z): Caled. for CueHy CIF3N;OS, 540.1
{M-+H), found 540.1.

Example 37: (32)-3-fid-¢{{ 7-{d-chioro-3-methoxvphenyil-1-d-fuorophienvi)-4,3,6,7-

ferrahydre-1 H-1,3-benzodiazel-2-vijsulfonvi]methyi)-3, S-difluorophenyiimethyiidene]-

I 3-thigrofidine-2 4-dipne
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Step 1: 4-([{7-{4d-chloro-3-methoxvphenvh-1-(d-fluorophenvi-4.5.6,7-tetrahvdro-1 H-

1.3-benzodiazel-2-viisulfanviimethvD-3.8-diflucrobenzaldehvde

F

O
/

N
| >—s
N

F

o
¢ F

A solution of  4-{[[7-{4-chloro-3-methoxyphenyl}-1-(4-fluorophenyi}-4,5,6,7-
tetrahydro-1H-1,3-benzodiazol-2-yljsulfanvlimethyi}-3,5-difluorobenzonitrile (Prepared as
described in Example 36, Step2; 600 mg, .11 mmol, 1.00 equiv) n toluene (50 mL} was
treated with DIBAL-H (2.2 mL, 2.00 cquiv) at 0-5 °C and stirred for 4 h at room
temperature.  The resulting mixture was concentrated, diluted with 50 mbU of H,0, and
extracted with 3x50 mbU of cthyi acetate. The combined organic layers were washed with
50 mL of brine, dried over anhydrous sodium sulfate, and purified by silica gel column
{(P/E 5:1) to give the title compound as a vellow foam. Mass spectrum (ESI, my/z):

Caled. for CyaHClFNLO,S, 543.1 (M+H), found 543.1.

Step 2: (873-5-114-({{7-(4d-chloro-3-methoxvphenvi-1-(4-flucrophenvi)-4.5.6.7-
fetrabvdro-1H-1 3-benzodiazol-2-viisulfanviimethyH~-3.5-

difluorophenviimethvlidenel-1.3-thiazolidine-2 4~-dioue

R
N e
[ s )
N F SYNH
o
MeO [

i
A solution  of  4-(J[7-(4-chloro-3-methoxyphenyl)- 1 -{(4-fluorophenyiy-4,5,6,7-

tetrabydro-1H-~1,3-benzodiazol-2-yljsulfanyljmethy1)-3,5-difluorobenzaldehyde (300 mg,
P17
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.55 mmol, 1.00 cquiv), 1,3-thiazolidine-2 4-dione (100 mg, 0.85 mmol, 1.55 equiv), and
piperiding (100 mg, 1.12 mmol, 2.03 equiv) in acetic acid (10 mL} was heated to reflux
overnight. The resulting mixture was concenirated, dituted with 20 mL of H,O, and
extracted with 3x20 mL of ethyl acctate. The combined organic layers were washed with
20 mbL of brine, dried over sodium sulfate, and concenirated.  Silica gel column
chromatography with PE/EA (1:)followed by recrystaliization from EA/n-Hex in the ratio
of /1 gave the title compound as an offwhite solid. 'H NMR (400MH,, CD:0D) § 7.75
(s, 1H), 7.12-7.15 (m, 3H), 6.88(s, 2H), 6.47(d, }=2.0Hz, 1H), 6.35-6.38(m, 1H}, 4.07(s,
1H), 4.04 (s, 1H), 3.86-3.95(m, 1H), 3.72 {s, 3H}, 2.64-2.79 {(m, 2H}, 2.17-2.23(m, 1H),
1.79-2.03(m, 3H). Mass spectram {(ESI, m/z): Caled.  for CHHpCIFNO:S,, 6421
(M+H}, found 642.3.

Fxample 38: 5-44-({7-{d~chloro-3-methoxyvphenyi-{-(d-fuorophenyvii~4,5.6,7~

tetrafivadro-1 H-benzoldiimidarol-2-vithiometbhvii-3, 5~-difluorebenzyviithiazolidine-2 4~

dione triffuoroacetic acid

F

N 0
R
N NH

F S7r
(e
1.3CF;COOH
MeO
Cl F

A solation of {573-5-[14-({[7-¢4-chloro-3~-methoxyphenvi)- 1 -(4-fluorophenyi}-4,5,6,7-
tetrahydro~-1H-1,3-benzodiazol-2-yijsulfanvlimethyl}-3,5-difteorophenyvijmethylidenc]-
1,3-thiazolidine-2,4-dione (30 mg, $.05 mmol, 1.00 equivy and LiBH, (2 mg, 8.09 mmol,
1.8S equiv} in tetrahydrofuran/pyridine (6/4 mL) was heated to reflux for 5 h in an oil bath
and concentrated under vacuuwm.  Purification by Prep-HPLC With the following
conditions:  {1#waters2767-5) column, SunFire Prep C18, 19%150mm S uym H Prep C-
OOI(T)HIB600256819513K16414 04; Mobile Phase, phase A: water with 8.05% TFA, phase
B: CH3CN (20% CH;CN up to 38% in 10 min, up to 100 % in (.1min, hold 100% in

Pis
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1 .9min, down to 20% in .1min, hold 20% in 1.9min}; Detector, UV 220 & 254 nm, gave
the title compound as a white solid. 'H NMR (400MHz, CD:0D) § 7.17-7.21(m, 1H),
6.99-7.01 (i, 4H), 6.52 (s, 1H), 6.42 (4, J = 8.4 Hz, 1H), 4.83-4.86 (m, 1H), 4.13-4.20 (m,
2H), 401 (d, J =52 Hz, IH), 3.74 (s, 3H), 3.43-3.51 (m, IH), 3.32-3.33 {m. 1H}, 2.80-
2.89 (m, 2H), 2.25-2.30 (m, 1H), 1.90-2.07(m, 3H). " F NMR (400MH,, CD:OD} & -
77139, -111.45, -116.85, -11696 . Mass spectrumn (ESI mvzy Caled.  for
Ca3.6Hus sCIF s oN3 05 680, 644.1 (M-1.3CF,COOH+H), found 644 3.

Example 382 (E)=J-(3=-(4=(( 7= d-chlpro-3-methoxyphenyl)-1-{4d-fluovophenvi}-4,5.6,7-

ferrahydre-1H-benzojdlimidazol-2-vithiolmethivi)-3, 5-difluorophenvipropyvi)-2-

methvienanidine byvdrochioride (39a) and 3-(4-((7-{d-chloro-I-methoxyphepyi)-i-(4-

Huorophienvii-4, 3,6, 7-tetralivdro-{ H-benzofdiimidarol-2-vithiolmethyii-3, 5~

difiuorophenvii-NN-dimethvipropan-I-amine trifluoreacetic acid (395}

Me
/N
HaN—X \
K NH F N—
N N
[ > e
N F N F
HCI Q 2.7CF3;COOH
O g @)
g F and ¢ F

A solution of 3-[4-({[7-(4d-chloro-3-mcthoxyphenyl)-1-{4-fluorophenyi}-4,5,6,7-
tetrahydro-1H-1,3-benzodiazol-2-yljsulfanylmethyl}-3,5-difluorophenyl] propyl
methancsulfonate (Prepared as described in Example 43 Step 1, 200 mg, 0.31 mmol, 1.00
equiv), N,N-dimethyiformamide (4 mL), potassium carbonate (127 mg, 0.92 muuol, 2.99
equiv), and T-methylguanidine (45 mg, 0.62 mmol, 2.00 equiv) was stirred overnight at 80
°C. The crude product was purified by Prep-HPLC with the following conditions (1#-

Waters 2767-5); Column, SunFire Prep C18, Sum, 19*100mun; mobile phase, Water of
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0.05% trifluoroacetic acid and CHRCN (20% CH:3CN up to 55% in 8 min, up to 100% in
0.1 min, hold 100% in 1.9 min, down to 20% in 0.1 min, hold 20% in 1.9 min}; Detector,
UV 220&254nm. The solvent was removed under vacuum followed by the addition of 4.0
mb H,O and 4 drops of concentrated HCL The evaporation and acid dilution was repeated
twice followed by Iyophilization to give the title compound as a white solid.

{E11~I3-14-{[{7-{4-chloro-3-methoxvphenvD-1-(d-fluorophenvl-4.5.6,7-tetrabhvdro-

1H-1. 3-benzodigzol-2-vilsulfanvil methyl -3, 3-difluorophenviipropvil-2-~

methvisuanidine hvdrochioride (3%a)

"H NMR (400MHz, CD:0D): § 7.19-7.41 (1, 2H), 6.75-7.0% (m, 4H), 6.54 (s, 1H), 6.42-
6.44 (m, 1H), 4.04-4.22 (m, 3H), 3.74 (5, 3H), 3.27-3.37 (m, 2H), 3.08 (s, 1H), 2.88-2.91
(ra, 4H), 2.71-2.75 (m, 2H), 2.25-2.35 (m, 1H), 2.08-2.15 (m, 1H), 1.80-2.03 (m, 4H),
1.17-1.21 (m, 1H). YF NMR (400MHz, CD:ODY. 8 -111.38, -117.61. Mass spectrur
{(ESI, m/z): Caled. for CypHaaCIFaNsOS, 628.2 (M-HCH +H), found 628.3.
3-(4-((T-(4d-chlore-I-methoxyvphenvii-1-(4-fluorophenvh-4.5.6 7-tetrahyvdro-1H-

benzoldl imudazel -3~ vithio) methvli-3.5-difluorophenvh-N.N~-dimethvipropan-1-

amine triflugroacetic acid (39h)

TH NMR (400MHz, CD;0D): 8 7.19 (d, T = 8.0 Hz, 1H), 6.96 (d, ] = 8.4 Hz, 4H), 6.53 (d,
J =80 Hz, 1H), 641-6.44 (m, 1H), 4.07-4.17 {m, ZH}, 3.99-4.02 (m, 1H), 3.74 (s, 3H},
3.32-337 (m, TH), 3.15-3.20 (m, 2H), 2.92 (5, 6H}, 2.80-2.89 {m, 2H), 2.73-2.77 {m, 2H},
2.25-2.29 (m, 1H), 2.01-2.08 (m, 3H), 1.8&-1.92 (m, 2H). F NMR (400MHz, CD:0D):
6 -77.08, -112.04, -117.23. Mass spectrum (ESI, my/z): Caled. for CapHnCIF:N;GS, 680.2
{(M-2.7CF;COOH +H), found 600.4.

Example 40: Etqvl 3-(4-007-(d~chlpro-I-methoxyphenyll-i -(d-fuprophenvii~4,5.6, 7~

fetrabivdro~-{ H-benzofdiimidazol-2-vithiomethyi)-3, 5-difluorophesviipropanogie

frifluoroacedic acid

Step 1: Ethvl {2E)-3-13.8-difluoro-4d-(hvdroxvmethvhiphenvilprop-2-enoate
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HO / OJ

F

A solution of (4-bromo-2,6-diflnorophenyljmethanot (5 g, 22.42 mmol, 100 equiv),
N, N-dimethylformamide {25 mL), (tolvilP (1.368 g, 4.50 mmol, 0.20 equivy, DIEA (8.72
g, 67.47 mmol, 3.01 equivy, PAChL {396 mg, 2.25 mmol, .10 equiv}, and cthyl prop-2-
enoate (11.26 g, 112.47 mmol, 5.02 equiv) was stirred overnight at 90 °C. The reaction
was quenched by the addition of 25 mL of water, followed by extraction with 3x100 mL of
cthyi acetate. The combined organic layers were concentrated under vacuum. Silica gel
column chromatography with cthyl acetate/petrolenm ether (1:2) gave the title compound

as an orange oil.

Step 2: Kihvl 3-13.5-difluoro-d-{hvdroxvmethvhphenviipropanoate
R 0

HO
o’/

F

A solution of cthyt (2E}-3-[3,5-difluoro-4-(hydroxymethylyphenyljprop-2-enoate (6.5

g, 26.84 mmol, 1.00 cquiv) in methanol (25 mL}) was treated with paliadium carbon (650
mg) and H; gas. The resuiting solution was stirred overnight at room temperature, filtered,

and concentrated to give the title compound as a light vellow o1l

Step 3: Ethvl 3-13.5-difluore-4-{{methanesulfonviexvimethvlinhenvlipropanoate

R O

Cl OJ

F
A solution of ethyl 3-[3, S-difluoro-4-thydroxymethylphenviipropanoate (900 mg,
3.68 mmol, 1.00 cquiv) in dichloromethane (10 ml} was treated with TEA {1.12 g, 11.07

mmol, 3.00 cquiv) dropwise with stirring, followed by MsCl (841 mg, 7.38 mmol, 2.00

121



WO 2015/160772 PCT/US2015/025702

equivy dropwise with stirring. The resulting solution was stirred overnight at room

temperature and concentrated under vacuum to give the title compound as a brown oil

Step 4: Ethvl 3-(4-{(7-{4-chloro-3-methoxyphenvh-1-(4-Huorophenvil-4.5.6.7-

tetrahvdro-1H-benzoldlimidazol-2-vithioymethvl-3,.5-difluorophenvhprepancate

triflucroacetic acid

F

N 0
| >—s

N F <o
o
BN

F  1.15CF;COOH

The title compound was prepared according to the procedure described in Example 1 step 8
by coupling  7-(d-chloro-3-methoxyphenyl)-1-(4-fluoropheny}-4,5.6,7-tctrahydro-1H-
benzofdjimidazole-2-thiol (Preparcd as described in Example 1 Step 7) and ethyl 3-[3,5-
difluoro-4-{(methancsulfonyloxy)methyliphenyl] propanocate in the presence of CsCOs to
afford the desired product as a white solid. "H NMR (300 MHz, CD:0D}$8: 7.19(d. J=
8.0 Hz, 1H), 6.92-7.18 {(m, 3H), 6.51 (d, /= 1.6 Hz, 1H), 6.40-6.42 (m, 1H), 412-4.17 {m,
483, 4.05 (t, J = 36.0 Hz, 1H), 3.74 (s, 3H), 278-2.99 (m, 4H}, 2.67-2.70 (m, 2H), 2.25-
2.31 (m, 1H), 1.90-2.09 {m, 3H), 1.25 (t, J = 14.4 Hz, 3H). F NMR (400Hz, CD;OD) &
-77.04, -111.60, -117.81. Mass specirurn (ESI, m/z): Caled. for CagaHap 15CHFs 45N05 1S,
615.2 (M-1.15CF:;COOH+H), found 615.1.

Fxumple 412 3-44-1{7-(d~chioro-3~methoxyphenyii-i-(d-Huorophenvl)-£.5,6,7-

tetrabvdro- 1 H-benzoldiimidazol-2-vithiolmethivil-3, 5-difluorophenvipronan-{-of

wifluoroacetic acid
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N
| >—s
N

OH

o 1.33CF;COOH
¢ F

A solution of cthyl 3-(4-{{7-{4-chloro-3-methoxyphenyl}-1-(4-fluorophenyi)-4,5,6,7-
tetrahydro-1H-benzoldjimidazol-2-ylthioymethyl)-3,5-diflucrophenylipropancate (500 mg,
0.81 mmol, 1.00 cquivy in toluene (5 mL} was treated with DIBAL-H (1M} (2.1 mL)}
dropwise with stirring at § °C. The resulting solution was stirred for 2 h at § °C, quenched
with 10 mi of water and filtered. The resulting solution was extracted with 3x20 mb of
dichioromethane and the organic layers combined and concentrated under vacuum to give
the title compound as a light yellow oil,
"H NMR (300 MHz, CD:0D) 8 7.19(d, J= 8.0 Hz, 1H), 6.91-7.14 (m, 3H), 6.52 (s, 1 H),
6.42 (d, /= 8.0 Hz, 1H), 6.20-6.22 {(m, 1H), 4.12-4.18 (m, ZH)}, 4.00 (s, 1H), 3.73 (s, 3H)},
3.62 (d, J = 6.4 Hz, 2H), 2.73-2.94 (m, 4H), 2.28-2.31(m, 1H), 1.81-2.06 (m, SH). "F
NMR (400Hz, CDsOD) & -77.07, -111.50, -118.14. Mass spectrum (ESI, m/z): Caled.
for CypesH0 33CH g 00N 04 665, 573.1 (M-1.33CF.COOH+H]), found 573.1.

Fxample 42: 1-{3-(d-1(7-(d-chipro-3-methoxvphenyl)-I -(d-fuorophenvl-4,.5,6,7-

tetrghydro-1H-benzofdlimidazoel-2-vithioimethvl)-3, 5-difluorophenylpropyiiguanidine

frifluorogcetic acid

Step 1 Tert-butyvl N- [ 4)-H{iert-buatoxyicarbonvilamino (| 3-14-({{7-(4-chloro-3-

methoxvphenvh-1-{4-Buorophenyi-4,.5.6,7-tetrabvdre-1H-1.3-benzodiazei-2~

vilsulfanviimethvD-3.5-difluorophenvlipropyviiaminoimethviidenelcarbamate
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Q HN—Boc
o
E

A solution  of  3-(4-((7-(4d-chloro-3-methoxyphenyi)-1-(4-fluorophenyli}-4,5,6,7-
tetrahydro-1H-benzo[dlimidazol-2-ylthioymethyl)-3,5-diffuorophenyDpropan- -0l (200 mg,
35 mmol, LO0 cquivy, tert-butyl N-[{{(1Z})-amino{{{{tert-butoxy)carbonyvijamino]}
methylidenc]carbamate (110.49 mg, .43 munol, 2.00 cquiv), PPhs (137.94 mg, (.53 mmol,
1.50 cquiv}, and tetrahvdrofuran (5 mb) was treated with DIAD (105.94 mg, 0.52 mmol,
1.50 equiv} dropwise with stirring. The resulting solution was stirred overnight at 30 °C in
an oil bath and concentrated under vacuum. Silica gel column chromatography with cthyl
acetate/petroleum ether (1:1) gave the title compound as a brown oil. Mass spectrum {ESI,

m/z): Caled. For CqHyyClFNSGsS, 814.3 (M+H), found 814.3.

Step 2: I-{3-(4-{{7T-{d-chloro-3-methoxvphenvii-i-{4-fuorophenvi-4.5,6, 7 -tetrahvdro-

{1H-benzoldlimidazol-2-vithioymethvD-3.5-difluorophenyDpropyDivuanidine

trifluoroacetic acid

| Gl F 1.28CF;CO0H
A solution of tert-butyl N-[{1Z)-[[{tert-butoxy)carbonyljamino}{[3-[4-({[7-(4-chloro-3-
methoxyphenyli-1-(4-fluorophenyl)-4,5.6,7-tetrahydro- 1 H-1,3-benzodiazol-2-

visulfanylimethyi}-3,3-difluorophenvijpropyliaminoymethylidenelcarbamate (280 mg,
0.34 mumol, 1.00 cquiv) in dichloromethane (3 ml} was treated with CF;COOH (2 ml)
dropwise with stirring. The resulting solution was stitred for 2 h at room temperature and

concentrated under vacuum. Prep-HPLC purifications with the following conditions{(1#-
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Waters 2767-5): Column, SunFire Prep C1E, Sum, 19*100mm; mobile phase, Water of
0.05% triflucroacetic acid and CH3UN (20% CH:UN up to 50% in 8 min, up to 100% in
0.1 min, hold 100% in 1.9 min, down to 20% in 0.1 min, hold 20% in 1.9 min}; Detector,
UV 220&254nm, gave the title compound as a white solid. "H NMR (300 MHz, CD;0D)
8 7.19(d, J=8.1Hz, 1H)} 6.91-7.18 (i, 4H), 6.52 (s, 1H}, 6.40-6.43 (m, 1H), 4.11-4.20
(m, 2H), 4.01 (t, /= 21.0 Hz, 1H), 3.74 (s, 3H), 3.24 {d, /= 6.9 Hz, ZH), 2.71-2.88 (m,
4H), 1.88-2.29 (m, 6H). "F NMR (300Hz, CD;OD): § -77.05, -111.80, -117.61. Mass
spectrum (ESI, m/z): Caled. for Cus50H306CIFs 7sNsO5 5,8, 614.2 (M-1.26CF:COOH+H),
found 614.2.

Example 432 (E)=1=(3=(4=(( 7= d=-chipro-3-methoxyphenyl)-1-{4-fluovophenvi}-4,5.6,7-

ferrahydro-1H-benzojdlimidazol-2-vithiolmethivi)-3, 5-difluorophenvipropyvi)-2-

cvanpeuanidine vdrochioride

Step §: 3-14-(17-(d-chiore-2-methoxvnhenvit1-{4-Huoronhenvi-4.5,6,. 7-tetirahvdro-~

1H-~1,3-henzodiarol-2-visulfanviimethv-3.5-difluorophenyvll propvi

methanesuifonate

F

N
| >
N

OMs

@)

e F
The title compound was preared according to the procedure described in Example 12 Step
4 by mesylation of 3-[4-{{[7-(4-chloro-3-methoxyphenyvi)-I-(4-fluorophenyi}-4,5,6,7-
tetrahydro~-1H-1,3-benzodiazol-2-y1] sulfanvi} methyl}-3,5-difluorophenylipropan-i-ol to
afford the desired product as a light yellow solid. Mass spectrum (EST, mv/z): Caled. For

Cgﬁ'im(j} F3N204Sg, 55 i ,1 (WE’*’H), fmmd 65}.3 .
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Step 21 (E)=-1-(3-{4-{{7-{4-chloro-3-methoxvphenvi-1-(d-Huorophenvi-4.5.6,7-

teirahvdro-1H-benzoldlimidazol-2-vithioymethvh-3.5-difluorophenvhoronvi-2-

cvanocuanidine hvdrochloride

NG,
/N
HN—X
R NH
N
| >—s

N F

o

A solution  of  3-[4-{{[7-(4-chloro-3-methoxyphenyii-1-(4-flucrophenyi}-4,5,6,7-
tetrahydro~1H-1,3-benzodiazol-2-yljsulfanylimethyl}-3,5-difleorophenyl] propyl
methanesuifonate (150 mg, 0.23 mmol, L.00 cquivy, N N-dimethylformamide {4 mL),
sodium hydride (17 mg, 0.71 mmol, 3.07 equuiv), and 2-amino-N-cvanoethanimidamide (39
mg, 0.40 mmol, 1.73 equiv) was stirred for 1 h at 60 °C. The crude product was purified
by Prep-HPLC with the following conditions {(1#-Waters 2767-5): Column, SunFire Prep
C18, Sum, 19%100mm; mobile phase, mobile phase, Water of 0.05% NHHCGO; and
CHSCN (10% CH3ON up to 30% in 8 min, up to 100% in 0.1 min, hold 100% in 1.9 min,
down to 10% in 0.1 min, hold 10% in 1.9 min); Detector, UV 220&254nm. Then used
con.HCI to replace TFA to form HCI salt, to give the title compound as a white solid. 'H
NMR (400MHz, CD:0OD): & 7.19-7.23 (m, 3H), 6.94-6.99 {m, 3H)}, 6.53 (d, /= 2.0 Hz,
1H), 6.41-6.44 {(m, 1H)}, 4.16 (s, 2H), 4.02-4.05 (m, 1H), 3.75 (s, 3H}, 3.21-3.24 {m, 2H),
2.77-2.97 {m, ZH), 2.69-2.73 (m, 2H), 2.26-2.32 (m, 1H}, 2.07-2.08 (m, 1H}, 1.84-1.96 (m,
48).  F NMR (400MHz, CD;OD): & -111.11, -117.97. Mass spectrum (ESI, m/z):
Caled. For CypHxyChLFNOS, 639.2 (M-HCIHH}, found 639.2.

Example 44 I-{4-({7-{4d-chiovo-3-methoxvplienvil-I-{d-Huorophenvi}-4,.5,6,7-

tetrafivdro-1 H-benzoldlimidazol-2-vithioimethyi}-3, S-difluoronhenviipropanoic acid

rifluorsaceiic acid
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F
N O
| >—s
N F OH
1.2CF3COOH
o)
| F

Cl

A solution of ethyl 3-{(4-{{7-(4-chloro-3-methoxyphenyl}-1-(4-fluorophenyi}-4,5,6,7-
tetrahydro-1 H-benzofdimidazol-2-vithioymethyl}-3,5-diftuorophenylipropancate (55 mg,
0.09 mmol, 1.00 cquiv), methanol (3 mL), and LiOH (21.5 mg, 0.90 mmol, 10.04 cquiv)
was stirred overnight at room temperature. The pH value of the solution was adjusted to 5
with hydrogen chloride solution {2 mol/L). The resulting solution was extracted with 3x2
mkb of cthyl acetate and the organic layers combined and concentrated under vacuum. The
crude product was purified by Prep-HPLC with the following conditions:  Column,
SanFire Prep CI8, Sum, 19%100num; mobile phase, Water of 0.05% trifluoroacetic acid
and CH:CN (20% CH;CN ap to 90% in 10 min, up to 100% mn 0.1 min, hold 106% 10 1.9
min, down to 20% in 0.1 min, hold 20% in 1.9 mun); Detector, UV 220&254nm, to give
the title compound as a white solid.  'H NMR (300 MHz, CD:0OD) 8 7.12-7.19 (m, 2H),
6.88-7.07 (m, 4H), 6.45-6.46 (m, 1H), 6.34-6.37 {m, iH}, 4.02-4.13 ro{m, 2H), 3.94-3.98
{m, 1H), 3.68 (s, 3H), 2.71-2.94 {m, 4H), 2.60-2.65 (m, 2H), 2.19-2.28 (m, 1H}, 1.97-2.05
(ro, 1H), 1.86-1.88 (m, 2H). “F NMR (300 MHz, CD:OD) & -76.72, -111.51, -
117.91 Mass spectrum  (ESI, w/z): Caled.  for CapdHprpClFe N 0545, 587.1 (M-
1.2CF;COOH +H), found 587.3.

Exampie £5: 3-(4-({7-(4~¢chioro-I-methoxyphenyli-I-(4-fluorophenvii~4,5.6,7~

fetralivdro-I H-bernzofdlimidayol-2-vithiolmethivi)-3, 5-difluoropbenyviipropanamide

frifinoroacetic acid
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F
N o)
| >—s
N F NH,
MeO 1.2CF;COOH
F

Cl
A solution  of  3-{4-{{7-(4-chloro-3-methoxyphenyl}-1-(4-fluorophenyi}-4,5,6,7-
tetrahydro-1H-benzoldjimidazol-2-vithioymethyl)-3,5-difluorophenylipropancic acid (400
mg, .65 mmol, 1.00 cquiv), mecthanol {4 mL), and ammonia (10 mL) was stirred
overnight at 30 “C. The resulting mixture was concentrated under vacuum and was
purificd by Prep-HPLC with the following conditions: Column, SunFire Prep CIS, Sum,
19%100mm; mobile phase, Water of 0.05% trifluoroacetic acid and CHUN (20% CH3CN
up to 90% in 10 min, up to 100% in 0.1 min, hold 100% in 1.9 min, down to 20% in 0.1
min, hold 20% in 1.9 min); Detector, UV 220&254nm, to give the title compound as a
white solid. "H NMR (300 MHz, CD;0D) 8: 7.18 (d, J = 8.0 Hz, 3H), 6.94 (d, J= 8.8 Hz,
3H), 6.52-6.52 (m, 1H), 6.40-6.43 (m, 1H), 4.09-4.17 (m, 2H), 4.03 (¢, 7 = S5.6Hz, 1H),
3.74 (s, 3H), 2.89-2.99 (m, 3H), 2.78-2.85 (m, 1H), 2.55-2.59 (o, 2H), 2.26-2.33 {m, 1H)},
2.07-2.10 (m, 1H), 1.90-1.98 (m, 2H). F NMR (300 MHz, CD:OD) §:-77.31, -111.29, -
118.00.Mass spectrum  (ESI, m/z): Caled.  for Capabpg,ClFeeN:0445, 586.2 (M-
1.2CF;COOH +H), found 586.2.

Fxample 462 3-44-({7-{d~chloro-3-methoxyvphenyi-{-(d-fuorophenyvii~4,5.6,7~

tetrafivadro-I H-bengofdlimidazol-2-vithiomethyi}-3, 5~difluorephenviipropanesnifrile

trifluoreacesic acid
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F
N
| d—¢ CN
N F
1.3CF;COOH
MeO
Cl F

A solution  of  3-{4-{{7-(4-chloro-3-methoxyphenyl}-1-(4-fluorophenyi}-4,5,6,7-
tetrahydro-1 H-benzof[dlimidazol-2-vithioymethyl}-3,5-diftuorophenylipropanamide (110
mg, 0.19 mmol, 1.00 equiv), dioxane (6 mL), and pyridine {30 mg, 0.38 mmol, 2.02 equiv)
was treated with TFAA (43.4 mg, 0.21 mmol, 1.10 equiv) dropwise at § °C, and stirred for
4 h at room temperature. The resulting mixture was concentrated under vacuum and
purified by Prop-HPLC with the following conditions (1" Waters 2767-5): Column, SunFire
Prep C18, Sum, 19%100mm; mobile phase, Water of 0.05% trifluoroacctic acid and
CH3CON (20% CHCN up to 90% in 10 min, up to 100% in 0.1 min, hold 100% in 1.9 min,
down to 20% in 0.1 mun, hold 20% n 1.9 mun); Detector, UV 220&254nm, to give the title
compound as a white solid. 'H NMR (300 MHz, CT:0D) & 7.18 (4, /=8.4Hz, 3H), 7.03
(d, /=8.4Hz, 1H), 6.50-6.51 (m, 1H}, 6.40-6.42 (m, 1H)}, 4.15-4.20 (m, 2H}, 4.01-4.02 (m,
1HY, 3.73 (s, 3H}, 2.82-3.02 (m, 6H), 2.25-2.31 {m, 1H), 2.01-2.10 (m, 1H), 1.89-1.92 (m,
2H). F NMR (300 MHz, CD:OD) & -77.75, -111.29, -118.00. Mass spectrum (ESL
w/z): Caled. for CapsHoe :CH69N3026S, 568.1 (M-1.3CF:COOH +H), found 568.3.

Fxample 472 (Ej-2-i 3-{ 4 7-{ 4-chipro-3-methoxvphenvii-I-(d-fuoropfienyi}-4,5,6,7-

fetrghyvdro-I H-benzofdlimidazol-2-vithiolmehvi)-3, 5-diflucrophenvi) propyfidene)

bvdrazinecarboximidamide ivdrochioride

Sten 1: 3-14-{{{7-(4-chloro-3-methoxvphenvii-1-{4-fuorophenvi-4.5,6.7-tetrabvdro-

1H-1.3-benzodiazol-2-vlsulfanviimethvD-3,5-difluorophenviinropanal
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e F

The title compound was prepared according to the procedure described in Example 37,

step T by DMBAL reduction of 3-{4-((7-(4-chloro-3-methoxyphenyl)-1-{4-fluorophenyl)-
4.5,6,7-tetrahydro- 1 H-benzo{d]imidazol-2-ylthioymethyl}-3,5-

diftuorophenyl)propanenitrile to afford the desired product as a white solid.  Mass

spectrum (ESE, mv/z): Caled. for CapHypCHFNO,S8, 5711 (MH+H), found 571.1.

Step 2: {(F3-2-03-(4-((7-{d-chlore-3-methoxyvphenvh-1-{4-Hucrophenvi-4.5,6,7-

tetrahvdro-1H-benzoldlimidazol-2-vithio ) methv-3.5-difluorophenvh) nropviidene)

hvdrazinecarboximidamide hvdrochloride

HoN

F=NH
F N—NH
y
N
Ra
N F
Me

Ci -
A solution of 3-[4-(J{7-(4-chloro-3-methoxyphenyh)-1-(4-fluorophenyiy-4,5.6,7-
tetrabydro-1H-~1,3-benzodiazol-2-yl sulfanylfmethy1)-3,5-diflucrophenyljpropanal (1060
mg, 0.18 mmol, 1.00 cquiv), ethanol (4 mL), and -aminoguanidine (31 mg, 0.42 mumol,
2.39 equiv) was stirred overnight at 70 °C. The crade product was purified by Prep-HPLC
with the following conditions : Column, SunFire Prep CI8, Spm, 19%100mm; mobile
phase, water with 0.05% trifluorcacetic acid and CH;CN (10% CH:CN up to 30% in 8 min,
up to 100% in 0.1 min, hold 100% in 1.9 min, down to 8% in 8.1 min, hold 1% m 1.9

min); Detector, UV 220&254nm. Then used con HC to replace TFA to form HC salt, to
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give the title compound as a white solid. "H NMR (300 MHz, CD;0D3 §: 7.58-7.60 (m,
1H), 7.12-7.39 {m, 3H), 6.74-7.08 {m, 4H}, 6.54 (s, 1H), 6.43-6.45(d, /= 7.6 Hz, IH),
4.13-4.22 {m, 2H), 4.05 (s, 1H), 3.74 (5, 3H), 2.83-3.00 (m, 4H), 2.66-2.78 (m, 2H}, 2.24-
2.35 (m, 1H), 2.06-2.11 (m, 1H), 1.93-1.96 (m, 2H). F NMR (300 MHz, CD;0D) 3: -
11114, -117.63. Mass spectrum (ESI nvz): Caled. for CyHy CLFNOS, 627.2 (M-
HCI+H), found 627.0.

Example 48; (1£ 2E}-2-03-{4-{{7-(4-chloro-3-methoxyphenyi)-I-(4-fluorophenyil-

4.3.6, 7-tetrabiydro-1 H-benzoldiimidazol-2-vithio)methyl)-3,5-

diffuorophenviipropvlidene)-N'-methvifivdrazinecarboximidamide hvdrochioride

HN  Me
=N
H

[ N—N

4
N
| >
N F
Q HCI
@

LG F

The title compound was prepared according to the procedure described in Example
47 step 2 by coupling 3-[4-{{[7-(4-chloro-3-methoxyphenvi)- 1 -(4-fluorophenyi)}-4,5,6,7-
tetrahydro~1H-1,3-benzodiazol-2-yi]sulfanylimethyl}-3,5-diflaorophenyvlipropanal
{Prepared  as  deseribed in Example 47, Step 1) and (E}N-methylhydrazine
carboximidamide to afford the desired product as a white solid.
TH NMR (400MHz, CD:OD): 3 7.58 (s, 1H), 7.19-7.23 (m, 3H), 6.87-7.07 (m, 3H), 6.54
{d, J= 1.2 Hz, TH), 5.95-6.45 (m, 2H}, 4.19 (q, 2H}, 4.04-4.05 {(m, 1H), 3.75 (s, 3H}, 2.72-
3.02 (m, 6H), 2.64-2.72 {m, 2H), 2.28-2.34 {m, 1H)}, 2.07-2.11 (m, 1H}, 1.94-1.97 (m, 2H}.
Y NMR (400MHz, CD;0OD): §-111.19, -117.62. Mass spectrum (ESL, mv/z): Caled. for
CsHeBrFOs, 641.2 {(M-HCI+H), found 641.2.

Example 49; 2-{4-12-{ 1 H-teirazol-3-vilethyi)-2 6-difluorobengvithio)-7-(4-cliloro-3-

methoxyphenyvh-I-¢4-fluorophenyi)-4,5,6, 7-teirafivdro-1 H-benzofdlimidazole

frifluoroacetic acid
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F
H
N N-N
| »—s Y
N F N~
1.4CF;COOH

MeO

Cl F

A sohation  of  3-{(4-((7-(4-chloro-3-methoxyphenyt)-1-(4-fluorophenyiy-4,5.6,7-
tetrahydro-1 H-benzofdjimidazol-2-yithioymethyl)-3,5-diftuorophenyl}propancnitrile
{Prepared as described in Example 46, 25 mg, 0.04 mmol, 1.00 cquiv), tolucne (2 mL),
TMS-N3 (20 mg, 8.17 mmol, 3.95 cquiv}, and n-BwSn0 (11 mg, 0.04 mmol, 1.00 cquiv)
was stirred overnight at 110 °C. The reaction was then gquenched by the addition of 5 mL
of water, extracted with 2x10 mbL of dichloromethane, and the combined organic layers
were dried over anhvdrous sodium sulfate and concentrated under vacuum. The crude
product was purificd by Prep-HPLC with the following conditions {1#-Waters 2767-5):
Column, SunFire Prep CI8, Sum, 19%100mm; mobile phase, Water of 0.05% TFA and
CH3CN (20% CH3CN up to 50% in 8§ min, up to 100% in 0.1 min, hold 100% in 1.9 min,
down to 20% in 0.1 min, hold 20% in 1.9 min); Detector, UV 220&2540m, to give the title
compound as an off-white solid. 'H NMR (300 MHz, CD:ODy 6 6.88-7.17 {m, 6H),
6.53-6.53 (mn, 1H), 6.40-6.43 (m, 1H), 4.01-4.15 (m, 3H), 3.74 (s, 3H), 3.13-3.19 (m, 2H),
2.77-2.93 (m, 2H), 2.26-2.30 {m, 1H), 2.04-2.06 {m, 1H), 1.87-1.95 (m, 2H). F NMR
(300 MHz, CD:0OD) & -77.07, -111.75, -117.37. Mass spectraom (ESI, m/z): Caled. for
Ca2.8H07 4CIF; 2NsO5 58, 611.2 (M-1.4CF;COOH +H), found 611 .4,

Example 58: 7-id-chloro-3-methoaxyplienvil-2-(03, S~difluoropvridin-4-vhmethyvithiol-{-

{d-fuorophenvi)-4. 3,6, -tetrafivdro-{ H-perzoidiimidazole iflucroacetic acid

Step 1: (3, 5-difluoropvridin-4d-vDimethanol
HO
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A solution of 3, 5-difluoropyridine-4-carbaldchyde {500 mg, 3.49 mmol, 1.00 cquiv)
in methanol (10 mL) was cooled to § °C, treated with NaBH. (133 mg, 3.52 mmol, 1.01
equivy, and stirred for 1 hat 8 °C. The reaction was then quenched by the addition of 10
mb of watcr, concentrated under vacuum, cxtracted with 2x15 mb of cthyl acetate and the
organic layers combined and concentrated under vacuum. The residuc was applied onto a
stlica gel column with cthyl acctate/petroleum ether (1:3) to give the title compound as a
yeliow solid. Mass spectrum (ESI, m/z): Caled. for CsHsFNG, 146.0 (M+H), found
146.0.

Step 2: {3, S-diftuoropvridin-4d-vyDmethvl methanesulfonate

MsO

A solution of (3,5-difluoropyridin-4-yhmcthanol (100 mg, .69 mmol, 1.00 cquivy,
dichloromethane (8 mL}, and TEA (209 mg, 2.07 mmol, 3.00 cquiv) was treated with
MsCE(157 mg, 1.38 mmol, 2.00 cquiv) dropwise with stirring at 0 °C, stizred for 4 h at
room temperature and concentrated under vacuum to give the title compound as a yellow

oil.  Mass spectrum (ESE, m/zy: Caled. for CH-F, NG5S, 224.0 (M+H), found 224 .0.

Step 3: 7-(4-chioro-3-methoxvphenvh-2-{{3, S-difluoropvridin-d-vhmethvithio)-1-(4-

fluorophenvi)-4.5,6.7-tetrabvdro-1H-benzoldlimidarole irifluoroacetic acid

F
\
N 7 N
[ >-s )=
N F
MeO 0.4CF3COOH
F

Cl
A solution of (3,5-difluoropyridin-4-yhimcthyl methancsulfonate (34.3 mg, 0.15

mmol, 1.00 equiv), acctone (6 mbL), potassium carbonate (64 mg, 0.46 mmol, 3.01 cquiv),
£33
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and 7-{4-chloro-3-methoxyphenyli-1-(4-fluorophenyi)-4,5,6, 7-tetrahydro-1 H-
benzoldjimidazole-2-thiol {Prepared as described in Example [ Step 7, 60 mg, (.15 mmol,
1.00 equiv) was stirred overnight at room temperature. The crude product (3 mL) was
purificd by Prep-HPLC with the following conditions (I1#-Waters 2767-5) Column,
SunFire Prep C18, Sum, 19*100num; mobile phase, Water of 0.05% trifluorcacetic acid
and CH3ON (20% CH3CN up to 90% in 8 min, up to 100% in 8.1 min, hold 100% in 1.9
min, down to 20% in 0.1 min, hold 20% in 1.9 min); Detector, UV 220&254nm, to give
the title compound as a white solid. "H NMR {(300MHz, CD;0DY. & 8.35(s, 2HY, 7.11 {4,
J=84Hz 2H), 6.98 (br, 2H}, 648 (s, 1H), 6.36 (dd, /= 8.1, 2.1Hz, 1H)}, 3.99-4.13 {m,
3H), 3.83 (s, 3H), 2.77 -2.82 {m, 2H), 2.25-2.28 (m, 1H), 1.94-2.03 (m, 1H), [ .86-1.87 {(m,
2H). °F NMR (300MHz, CD;OD)Y: & -77.00, -112.98, -131.68. Mass spectrum (EST,
m/z): Caled. for Gl CHFN:OS, 516.0 (M-0.4CF,COOH+H), found 516.0.

Step 4: T-{4-chlorg-3-methoxvobenvh-2-((3.5-difluoropvridin-4d-vhmethvithio) - 1-(4~

fluoronhenvii-4,5.6,7-tetrabvdro-1 H-benroldlimidazole hvdrochloric acid
F
N / \N
| > )=
N F

HCI
MeO C

Cl F

A sohation of (3,3-difluoropyridin-4d-yhmethyl methanesulfonate (86 mg, 0.3% mmol,

1.08 equiv), acetone {6 ml}, potassium carbonate (160 mg), and 7-(4-chloro-3-
methoxyphenyl)-1-(4-fluorophenyt}-4,5,6,7-tetrahydro- 1 H-benzo{ djimidazole-2-thiol

{Prepared as desceribed in Example 1 Step 7, 150 mg, (.39 mmol, 1.00 equiv) was stirred
overnight at room temperature. The mixture was concentrated under vacoum and purified
by Prep-HPLC with the following conditions (1#-Waters 2767-5): Column, SumFire Prep
C18, 5pm, 19*%100mm; mobilc phase, mobile phase, Water of 0.05% wrifluoroacctic acid
and CH3CN (20% CH3ON up to 80% in 8 min, up to 100% in 0.1 min, hold 100% in 1.9
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min, down to 20% in .1 min, hold 20% in 1.9 min}; Detector, UV 220&254nm. The
solvent was removed under vactum. Then 4.0mL H,O and 4 drops of con. HCl was added.
The water was rermoved again, This operation was repeated twice. Then after water and
HC1 were added, it was lypophilized, to give the tifle compound s a yellow solid. 'H-
NMR {(400MHz, CD;0D): 8 847 (s, ZH), 7.31-732 (m, 1H), 717 (d, /= 8.0 Hz, 1H),
6.95-6.96 (s, 1H}, 6.62-6.68 (m, 1H), 6.54 (s, 1H}, 643 (d,/=7.6 Hz, 1H}, 4.10-4.28 (m,
3HY, 3.75 (s, 3H), 2.80-2.97 (m, 2H), 2.29-2.33 (m, 1H), 2.08-2.12 (m, 1H), 1.89-1.97 {m,
2H). PENMR {(400MHz, CD:0D): & -110.88, -131.59.  Mass specirum (ESI, m/z):
Caled. for CosHy CIF;N-OS, 5161 (M-HCIHH), found 516.2.

Example 31 2-(13-Huoropyridin-d-viimethyvithiol-7-{4-chipro-3-methoxyvohenyii- I -(4-

fluorophenyvii-4, 5.6, 7~tetvabyvdvo- { H-benzofdliimidazole trifluoroacetic acid

N /\N
Rl

N F

1.5CF,CO0H
MeQ 3
<l ¢

The title compound was prepared according to the procedure described in Example
{ step 8§ by coupling 7-(4-chloro-3-methoxyphenyl)-1-(4-fluorophenyl}-4,5,6,7-tctrahydro-
1H-benzo[d]imidazole-2-thiol {Preparcd as described in Example | Step 7) with  4-
{bromomcthy}-3-fluoropyridine in the presence of CsyCOs to afford the desired product
as a white solid.
"H NMR (400MHz, CD:0D}: & 8.48 (5, 1H), 8.37-8.39 (m, 1H), 7.29-7.32 (m, 1H), 6.51-
7.30 (m, 4H), 6.39-6.51 {m, 2H), 4.93 (s, 11}, 4.17-4.25 (m, 1H), 4.05-4.19 (o, 1H),

3.73(s, 3H), 2.80-3.33 (my, 2H), 2.26-2.33 (m, 1H), 1.88-2.08 (m, 2H) . “FNMR

{400MHz, CD;0DY: -77.29, ~111.24, -133.74. Mass spectrum (ESI, w/z): Caled. for
CooHaz sCHFs sN3 048, 498.1 (M-1 . 5CF;COOH+H), found 498.2.
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Example 52: 2-((3-fluoropvridin-2-viimethvithio)-7-{i-chipro-3-methoxyphenyil-1 (4~

fuorophenyil-4, 5, 6, 7-tetrahyvdro-1 H-benzoldiimidarole trifluoveacetic acid
N
N 7\
[ >—s )=
N F

1.6CF;COOH

MeO

Cl F

The title compound was prepared according to the procedure described in Exampie
{ step 8§ by coupling 7-(4-chloro-3-methoxyphenyl)-1-(4-fluorophenyl}-4,5,6,7-tetrahydro-
1H-benzo[d]imidazole-2-thiol {Preparcd as described in Example | Step 7) with  2-
{bromomecthy}-3-fluoropyridine in the presence of CsyCOs to afford the desired product
as a yellow solid.
"H NMR (300MHz, CD;0DY: 8 8.34 (d, ] = 4.8 Hz, 1H), 7.63-7.68 (m, [H), 7.47-7.50 {m,
1H), 7.28 (br, 4H), 6.44-6.54 (m, 2H), 4.22 (s, 2H), 4.03-4.07 (m, 1H), 3.73 (s, 3H), 2.76-
2.92 (m, 2H), 2.26-2.34 (m, 1H), 1.89-2.08 (m, 3H). F NMR (300MHz, CD;0D): -77.09,
~111.30, -125.10. Mass spectrum (EST, ovz): Caled.  for Coo s T N20458, 4981
{(M-1.6CF:COOH+H), found 498.1.

Example 53: 2-{{ 5~chilovopvrimidin-d-vimethvlthio)-7-(4-chloro-3-methoxvphenyii-{~(4-

fluorophenvi)l-4, 3,6 7-tefrafivdro-I H-benzoidiimidazole wifluoroacetic acid

Step 1: d-(bromomethvD-5-chloropvrimidine

N
/ _\\N
Br —
Cl
3, AcOH

s

A solution of S-chloro-4-methylpyrimidine (500 mg, 3.89 mmol, 1.00 equiv
{10 mL), and Bry (750 mg, 4.69 mmol, 1.20 equiv} was stirred for 30 min at 80 °C in an oil
bath. The resulting mixture was concentrated under vacoum, diluted with SO mL of H(O,

extracted with 3x50 mL of dichloromethane, and the combined organic lavers were washed
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with 1x50 mL of brine, filtered, and concentrated. Chromatography on a silica gel column

with cthyi acctate/petrolewm ether (1:3}, to give the title compound as a light yellow oil.

Sten 2: 2-{(S-chlorepvrimidin-4-vhmethvithio)-7-{4-chiloro-3-methoxvphenvl)-1-(4-

fluorophenvi}-4.5,6.7-tetrabvdro-1 H-benzo{dlimidazole trifluosroacetic acid

| N\>_S/—g=/N

N Cl

MeO 0.54CF3COOH

Cl F

The title compound was prepared according to the procedure described in Exampic
1 step & by coupling 7-{4-chloro-3-methoxyphenyl)-1-(4-fluorophenyl}-4,5,6,7-tetrahydro-
{H-benzold]imidazole-2-thiol (Prepared as described in Example 1 Step 7) with  4-
{bromomethyl}-5-chioropyrinidine in the presence of (Cs,COs  to afford the desired
product as a white solid.
"H NMR (400MHz, CD;0DY: 8§ 8.87 (s, 1H), 7.51 (s, 1H), 7.18 (d, J = 9.0 Hz, 2H), 6.92-
744 (m, 2H), 6.53 (s, 1H), 6.44 (d, J = 1.8 Hz, 1H), 4.15 (d, J= 13.5 Hz, 2H), 4.03-4.11
(m, 1H), 3.73 {s, 3H), 2.73-2.92 (m, 2H), 2.25-2.35 G, 1H), 1.87-2.06 (m, 3H). YF NMR
(400MHz, CD:0D)y: o -77.14, -11L78.  Mass spectrum (ESI, w/z): Caled.  for
CasosHoi 54ChF262N400.058, 5151 (M-0.54CF;COOH+H), found 515.1.

FExample 54: 4-chlpro-3-methoxyphenyli-2-(13, S-dichloropyeidin-d-yhmethyitiio)-I {4~

fluorephenyi)-4,5,6, 7-tetrabydro-{ H-benzoldlimidazole triffuoroacetic acid
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Cl
N N
| \>_S \ /
N Cl
1.4CF,COOH

MeO

Cl F

The title compound was prepared according to the procedure described in Example 1
step ¥ by coupling 7-(4-chloro-3-methoxyphenyl}-1-(4-fluorophenyl}-4,5,6,7 -tetrahvdro-
1H-benzo[d]imidazole-2-thiol {Prepared as described in Example | Step 7) with  4-
{bromomethyl}-3,5-dichloropyridine in the presence of Cs,COz  to afford the desired
product as a white solid.

"H NMR (300MHz, CD:0D): 8 7.13 (d, /= 8.1 Hz, 1H), 6.91-6.96 (m, 1H), 6.76 (d, J =
6.0 Hz, 1H), 6.42-6.50 (m, 1H), 4.15-4.26 (m, 2H}, 3.92-4.04 (m, 1H), 3.72 (s, 3H), 2.72-
2.87 {m, 2H), 2.22-2.30 (m, 1H), 2.02-2.08 (m, 1H), 1.83-1.97 (m, 2H). “F NMR
(300MHz, CD;0ODY: § -77.04, -113.04. Mass spectrum (ESL myz): Caled. for

CoraHyp sCliFs ) N30548 | 548.0 (M-1 4CF:COOCH+H), found 548.1.

Exumple 33 7-{4-chiovo-3-methoxyphenvii-2-{{{ 3-chipro-3-fluoropyridin-4-
vimethylisulfunyil-1-(d-fluorophenyil-4,5, 6, 7-tetrahvdro-1 H-1, 3-benzodiazole

Bisiirifluoroacetic acid

Step 1: Methyl 3-chiore-S-fluoropvridine~-4d-carboxviale

|
OO

F | N Cl
~
N
A solution of 3-chloro-3-fluoropyriding-4-carboxylic acid (100 mg, .57 mmol, 1.00
equiv) in dichloromethane (2 mbL) was treated with thionyt chloride (68 mg} dropwise with

stirring at 0 °C. After stivring 2.0 b at 40 °C, methanol (2 mL) was added, and the resulting
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sofution was stirred for 10 min at room temperature, concentrated under vacuum, and
quenched by the addition of 3 mL of sodium bicarbonate/H,O. The reaction was extracted
with 3x3 mbL of dichloromethane and the combined organic layers combined were dricd
over anhydrous sodium sulfate, filtered, and concentrated to give the title compound as a
yeliow oil. Mass spectrum (ESE w/z): Caled. for CHSCIFNG, , 190.0 (M+H), found
190.0.

Step 2: (3-chlore-S-fluoropvridin-4-vDmethanol
OH

F \CI

| -

A solution of 3-chloro-3-fluoropyridine-4-carboxylate (80 mg, (.42 mmol, 1.00 cquiv)
in tetrahydrofuran (2 mb ) was treated with DIBAL-H (8.85 mL, 2.00 equiv} dropwise with
stirring at -78 °C. The resulting solution was stirred for 3.0 h at room temperature and
quenched with 2 mL of water. The reaction was extracted with 4x3 mL of ethyl acetate,
and the combined organic layers were dried over anhydrous sodiumm sulfate, filtered, and
concentrated. Preperatory chromatography with ethyl acetate/ petrolenm ether (1:5) gave
the title compound as a yellow oil. Mass spectrum (ESE, my/z): Caled. for CsHsCIFNQ,
162.0 (M+H), found 162.0.

Sten 3: (3-chloro-S-fluoropvridin-d-vimethvl methanesulfonate
OMs

F \CI

| -
The title compound was prepared according to the procedure described in Example 50
step 2 by mesylation of (3-chloro-5-fluoropyridin-4-ylimethano!l to afford the desired
product as a white solid.

Mass spectrum (ESI, m/z): Caled. for C-H,CIFNGS | 240.0 (M+H), found 240.0.
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Step 4:  7-(d-chloro-3-methoxvphenvh-2-[{{3-chloro-S-flucropvridin-4-

vhimethvllsulfanvil-1-(d-Buorophenv-4,5.6, 7-tetrabvdro-1H-1.3-benzodiazole

bis(trifluoroeacetic acid)
F

N
| \>_S \ /
N Cl

N

2.0CF;COOH
MeO

Cl F

The title compound was prepared according to the procedure described in Example 1
step 8 by coupling 7-(4-chloro-3-methoxyphenyi)-1-(4-fluorophenyl}-4,5,6,7-tctrahydro-
1H-benzo[d]imidazole-2-thiol (Preparcd as described in Example | Step 7) with  (3-
chloro-3-fluoropyridin-4-yhmethy! methanesulfonate in the presence of Cs,COs to afford
the desired product as a white solid.

"H NMR: (400MHz, CD;0D): § 8.44-8.48 (m, 2H), 7.56-7.69 (m, 2H), 7.01-7.16 (m, 4H),
6.51 {d. /= 1.6Hz, 1H), 6.40-6.42 {m, 1H}, 4.04-4.23 (m, 3H), 3.73 (5, 3H), 2.76-2.91 {m,
2HY, 2.26-2.32 (m, 1H), 1.89-2.08 {m, 3H). 'F NMR (400MHz, CD;0D): -77.12. -
111.98,-130.52. Mass spectrum (ESI, nvz): Caled. for CioHiCLEFgN:OS |, 5321 (M-
2.0CF,COOH+H), found 532.2.

Example 56: 2-{{3-bromo-5-fluoropyridin-d-vlmethyithio)-7-{4-chioro-3-

methoxyphenvll-I-{4-Huorophenyii-4, 5,6, 7-tetrabivdro- H-benzoldlimidazole

trifluoroacesic acid

Sten 1: (I-bromoe-5-Buoropyvridin-4d-vDmethanol
OH

F Br

140
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The title compound was prepared according to the procedure described in Example 55
step 1-2 by esterification of 3-bromo-S-fluoroisonicotinic acid followed by DIBAL
reduction to afford the desired product as a yellow oil. Mass spectrum (ESE, w/z): Caled.

for CeHsBrFNQO, 206.0 (M+H), found 200.0.

Step 22 I-bromo-4-{chioromethvl-S-fluoropvridine

Cl

F \Br

| -

A sohation of (3-bromo-3-fluoropyridin-4-yhmethano! (50 mg, .24 mmol, 1.00 equiv)
in dichloromethane (2 mL) was treated with TEA (73.9 mg, .73 mumol, 3.01 cquiv)
dropwise with stirring at 0 °C, followed by MsCl (33.7 mg). The resulting solution was
stirred for 2.0 h at room temperature and concentrated under vacuum. Silica gel column
chromatography with ethyl acetate/petroleum ether (1:5) gave the title compound as a
white oil. Mass spectrum (ESI, m/z): Caled. for CgHyBrCIFN, 223.9 (M+H), found

22389.

Step 30 2-((3-bromeo-S-fluoropvridin-4-vimethvithio)7-{4-chloro-3-methoxvphenvl)-

1-{4-flunorophenvi-4.58.6, 7-tetrabvdro-1 H-benzoldlimidazole trifluoroacetic acid
F

N N
I \>_S \ /)
N Br

1.8CF;COCH
MeO

Cl F

The title compound was preparcd according to the procedure described in Exaruple
{ siep 8 by coupling 7-(4-chloro-3-methoxyphenyl)-1-(4-flucrophenyl)-4,5,6,7-tetralydro-
{H-benzo[djimidazole-2-thiol {(Prepared as described in Example | Step 7) with 3-bromo-

4-{chlorornethyl)-S-fluoropyridine in the presence of TsC0s to afford the desired product
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as a white solid. 'H NMR (300MHz, CIOD): § 8.60 (s, 1H), 846 (s, IH), 7.04-7.16 {m,
4H), 6.40-6.52 (m, 2H), 4.07-4.28 (m, 3H), 3.73 (s, 3H), 2.79-2.96 {m, 2H), 2.27-2.35 (m,
1H), 2.03-2.13 {m, 3H). YF NMR (300MHz, CD;0D): -77.26, -111.35,-128.99. Mass
spectrum (ES, m/z): Caled. for CopgHyy oBrCIF7 s N304 68, 576.0 (M-1.8CF;COOH+H),
found 576.0.

Example 57 7-id-clilorvo-3-meiboxvphenvil-I-(d-fluorophenyi)-2-fpvrimidin-2-

vimethylsulianyii-4,5,6, 7-tetraliydro-i H-1 3-benzodiazole trifluoregcetic gaeid

N=
| :\>—S/_<\N:/>

MeO

Cl F

The title compound was prepared according to the procedure deseribed in Example 1
step 8 by coupling 7-(4-chloro-3-methoxyphenyl)-1-(4-tfluorophenyl)-4,5,6,7-tetrahydro-
{H-benzo[d]imidazole-2-thiol (Prepared as described in Example | Step 7y with 2-
{bromomethyDpyrimidine in the presence of Cs,COs to afford the desired product as
white solid. 'H NMR (300MHz, CD;0DY: § 875 (s, 2H), 7.43-7.46 (m, 1H), 6.97-7.23
{m, 3H), 6.45-6.55 (m, 2H), 4.32-4 48 {m, 2H), 4.05-4.27 (m, 1H), 3.74 (5, 3H), 2.77-2.93
{ra, 2H), 2.27-2.35 (o, 1H), 1.91-2.09 (m, 3H). Mass spectrum (ESI, mvz): Caled. for
CootCIF,NGOsS, 481.0 (M-2CF;COOH+H), found 481.0.

Example 382 2-{{3~-¢lloyothiophen-2-viimethyithip)-7-{4-¢iloro-3-methoxyphenyi-{ (4~

fluorophenvi)-4, 3,6 7-tetrafivdro-I H-penzoidiimidazole iflucroacetic acid
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Cl

N 7]

| >—s s
N

1.6CF3COOH

MeO

Cl F

The title compound was prepared according to the procedure described in Exampie 1
step 8 by coupling 7-(4-chloro-3-methoxyphenyl)-1-{4-fluorophenyl)-4,5,6,7-tetrahydro-
1H-benzo[d]imidazole-2-thiol {(Prepared as described in Example 1 Step 7) with 3-chloro-
2-{chloromethylithiophene in the presence of Cs,C0s to afford the desired product as a
white solid. 'H NMR (300MHz, CD:0D): 6 7.52(d, J= 5.4 Hz, 1H), 6.91-7.16 {m, 4H),
6.40-6.51 (m, 2H), 4.31-4 .41 (m, 2H), 4.01-4.05 (m, 1H), 3.73 (s, 3H), 2.81-2.94 {m, 2H),
2.25-2.33 {m, 1H), 2.08-2.10(m ). "F NMR (300MHz, CD;0D): § -77.11, -111.77. Mass
spectrum (ESI, m/z): Caled, for CogoHypoChFs aN20458, , 519.0 (M-1.6CF,COOH+H),
found 519.0.

Example 59 4-{{7-i{d-cHlpro-I-methoxyphenvii-I-(4-fuprophenyi}-4,5,6, 7-tetralydro-

I H-penzoidlinmidarol-2-vithiomethyi}-3, S-difluoropvridine {-oxide wiffuovpacetic acid

Step 1: 3, S-difluore-d-(hvdroxvmethvhpvridin~-1-tum~1-olate
F
NCHS)
7 W8

HO —
F

A solution of (3,5-difluoropyridin-4-yhmethanol {150 mg, 1.03 mmol, 1.00 cquiv),

cthylene glycol dimethyl cther (2 mL), and heptane (4 b} was treated with mCPBA (178
mg, 1.03 mumol, .00 cquivy in several batches at 0 °C. The resulting solation was stirred
overnight at room temperatore and filiered to give the title compound as a white solid.
Mass spectrum {GC, w/z): Caled. for CsHFNG;, 162.0 (M+1), found 162.0.
Step 2: 3, S-difluore-4d-I{(methanesulfonviexvimethvlipyridin-1-fum-1-olate
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WD O
7 “N-6
MsO —
F

The title compound was prepared according to the procedure described in Example S0
step 2 by mesylation of 3, 5-difluoro-4-(hydroxymethylipyridin- I -tum-1-olate to afford the
desired product as a white solid. Mass spectrum (ESE w/z): Caled. for CGH7EF;NGSS,
240.0 (M+H), found 240.0.

Step 3¢ 4-{{7-{4-¢chloro-3-methoxvphenvi)-1-(d-Huorophenvi-4.5.6,7-tetrabvdro-1 H-

benzoldlimidazol-2-vithioymethvh-3.5-difluoropvridine 1-oxide frifluoroacetic acid
F
D ©
7 N-0

N
| s )=
N

F

o 1.5CF;COOH

| ¢ F

The title compound was prepared according to the procedure deseribed in Example 1
step & by coupling 7-(4-chlors-3-methoxyphenyl)-1-(4-tluorophenyl)-4,5,6,7-tetrahydro-
1 H-benzold]imidazole-2-thiol (Prepared as described in Example | Step 7y with 3, 5-
diftuoro-4-{(methanesulfonyloxymethyljpyridin-i-tum-1-olate in the presence of Cs;C04
to afford the desired product as a white solid. 'H NMR (400MHz, CD:0D): 8.40-2.43 (m,
2H), 7.05-7.17 (m, 5H), 6.53(d, J=2.0 Hz, 1H}, 6.41-6.43 (m, 1H), 4.03-4.14 (m, 3H},
3.74 (s, 3H), 2.75-2.92 {(m, 2H), 2.27-2.33 {1, 1H}, 2.02-2.08 (m, 1H), 1.88-1.96 (m, 2H).
UE NMR (400MHz, CD;0DY: 8 -77.37, -111.56, -127.30. Mass spectrum (ESI, m/z):
Caled. for CaoHyy sTIF, 5IN:058, 532.1 (M+H), found 532.1.

Example 60 2-113,5-dibromopyridin-d-vimethylthiol-7-{4d-chloro-3-methoxyphenvii-1-

{d-fluorophenvil-4, 3.6, 7-tciralivdro-1 H-benzofdfimidazole

Step 1: (3, S-dibromopyridin-d-yDimethvl methanesuifonate
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OMs
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The title compound was prepared according to the procedure described in Exarople 50
step 2 by mesylation of (3,5-dibromopyridin-4-ylmethanol to afford the desived product as
a white solid. Mass spectrum (ESI, w/z): Caled. for C7HBroNGsS, 343.9 (M-+H), found
3439,

Step 2: 203, 5-dibromepnvridin-4-viimethvithior7~{(4-chioro-3-methexvphenvh-1-(4-

fluorophenvi-4.5,6.7-tetrabvdro~- i H-benzoldlimidazole

Br
\
7 N

N
[ -8 )=
N B

r

MeO 1.3CF3COOCH
cl F

The title compound was prepared according to the procedure described in Example |
step & by coupling 7-(4-chloro-3-methoxyphenyl)-1-{4-fluorophenvl}-4,5.6,7 -tetrahydro-
{H-benzofd]imidazole-2-thiol (Prepared as described in Example 1 Step 73 with (3, 5-
dibromopyridin-4-viymethyl methanesulfonate in the presence of Us,COs  to afford the
desired product as a white solid. 'H NMR (400MHz, CD;0D): § 8.65 (s, 2H), 6.97-7.27
{m, 3H}, 6.51-6.64 (m, 1H}, 6.43-6.45 (m, 1H), 4.25-4.37 {1, 2H), 4. 11-4.13 (m, 1H}, 3.73
(s, 3H ), 2.81-2.95 (m, 2H), 2.29-2.35 {m, 1H), 2.07-2.11 {m, 1H), 1.87-1.96 (m, 2H).
PENMR (400MHz, CD:0D): § -77.26, -111.55. Mass spectrum (ESH, m/z): Caled. for
Cos sHsBrCIF 0N 0168, 635.9.9 (M-1.3 CF,COOH+H), found 635.9.

Exagmple 61: 7-(d~chloro-3-methoxvphenyil-2-{{(2-chioro-6-
fluorephenyviimethvilsulianyli-1-i4-fluorophenvil-S-mehivi-4, 3,6, 7-tefrafivdro-1 H-1 3=

benzodiazole
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Step 1: 2-{4-chloro-3-methoxvphenvi-d-methvicvelohexan-1-one

0O

0
Cl

The title compound was prepared according to the procedure deseribed in Example
{ step | by coupling 4-methyicyclohexanone and 4-bromo-1-chloro-2-methoxybenzene to
afford the desired product as a yellow solid. Mass spectrum (ESY, m/z): Caled. for

Cy4H;ClO,, 2531 (M+H), found 2531,

Sten 2: 7-(4d-chloro-3-methoxvphenvh-1-(4-fluorophenvii-S-methvi-4, 8, 6, 7~

tetrahvdro-1H-1.3-benzodiazole-2-thiol

N
| H—sH
N

o
I F

The title compound was preparcd according to the procedure described in Exarmple
{ step 2-7 to afford the desired product as a yellow solid. Mass spectrum (ESI, mv/z): Caled.

for CoiHopCIFNLOS, 403,11 {M+H), found 403.1.

Sten 3: 7-(4-chloro-3-methosvphenvh-2-1{C-chloro-6~-fuorophenvhmethyvlisuifanvil-

1~{(4-Ruorophenvii-S-methvi-4,5.6,7-tetrabvdro-1 H-1 3-benzodiazole
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The title compound was prepared according to the procedure described in Example 1
step & by coupling 7-(4-chloro-3-methoxyphenyh-1-(4-flucrophenyl)-S-methyl-4, 5, 6, 7-
tetrahydro-1H-1,3-benzodiazole-2-thiol with  2-(bromomethyl)-1-chloro-3-fluorobenzene
in the presence of Cs;COs to afford the desired product as a white solid, "H NMR (300
MHz, CDs0OD) 6 7.15-7.25 (m, 2H), 6.95-7.01 (m, 4H), 6.29-6.32 (m, 2H), 4.01-4.02 (m,
2H), 3.85-3.95 (m, TH), 3.62(s, 3H), 3.65-3.75 (m, 1H}, 2.30-2.40 {m, 1H}, 2.00-2.15 {(m,
2H), 1.40-1.55 (m, 1H), 1.10{d, ] = 6.6 Hz, 3H). Mass spectram (ESI, m/z): Caled. for
CoHuCLFNOS, 5451 {M+H]), found 545.1.

Fxample 622 2-{{ 2-chloro-G-fluorebengyiithiol-7-( 3, 4-dimethoxyphenvli-I-(4-

fluorgphenyi}-4.5,6, 7-tetralivdiro-1 H-benzoldlimidazole

Step 1: 2-(3 4-dimethoyvphenvhevelghexanone

The title compound was preparced according to the procedure as described in Example 1
step 1 reacting cvelohexanone and |-bromo-3 4-dimethoxyhenzene as a white solid,

TH NMR (400 MHz, CDCls) 8 6.85(d, T = 8.1 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.65 (s,
1H), 3.87 (s, 6H}, 3.55(dd, J = &.5, 5.2 Hz, 1H)}, 2.51 (m, 2H), 231 (m, 1H}, 2.15 {m, 1H)},
2.03 (m, 2H), 1.82 (m, 2H).
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Step 2: 2-bromo-6-{3 4-dimethoxvphenviicvelohexanone and 2-bromeo-6-{2-bromao-

4. 5-dimethoxvphenvhevelohexanone and 2-bromo-6-2.3-dibromoe-4,5-

dimethoxvphenvhcvelohexanone

and and
The title compound was prepared according to the procedure as described in

Example 1 step 2-3 reacting 2-(3,4-dimethoxyphenyijeyclohexanone with TMSOTHTEA

followed by NBS as mixtures of a light vellow solid.

2-bromo-6-(3,4-dimethoxyphenvljoyclohexanone (major tsomer):

TH NMR (400 MHz, CBClz) § 7.05 (s, 1H), 6.85 (1H), 4.15 (m, 1H), 3.89 (s, 6H), 2.82 (m,

{H), 210 (m, 2H), 1.38 (m, 2H), 1.10 (o, 2H}.

2-bromo-6-(2-bromo-4,5-dimethoxyphenyljcyclohexanone:

ESE-MS {(m/z): Caled. For CiaH B0 392.1; found: 312 (M-Br+H).

2-bromo-6-(2,3~-dibromo-4,5-dimethoxyphenvhieyclohexanone:

ESE-MS {(m/z): Caled. For CiaHsBrsOs: 471.0; found: 391 (M-Br+H).

Step 3: 2-azido-6-{3 4-dimethosvphenvievelobesanone

The title compound was prepared according to the procedure as described in
Example 1 step 4 reacting 2-bromo-6-(3 4-dimethoxyphenyheyclohexanone with NalN; as
hight yellow solid.

ESI-MS (mvz): Caled. For C4H7N3Gs: 275.3; found: 234 (M-Na+H).
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Sten 4: 2-amino-6-(3.4-dimethoxvphenvhevelohexanone hvdrogen chloride

The title compound was prepared as brown solid according to the procedure as
described  in Example i step 5 by  reacting  2-azido-6-(3.4-
dimethoxyphenyhicvelohexanone with 5% Pd on carbon under 58 psi hydrogen in acetic
acid.

ESEMS (nvzy Caled. For C1aH o NG 248 .3; found: 250 (M+H).

Sten 8: 1-03-(3 4-dimethoxvphenvi-2-oxocvelohexvh-3-(4d-fluorophenvhithiourea

The title compound was prepared according to the procedurc as described in
Example 1 step 6 reacting 2-amino-6-{3 4-dimethoxyphenyljeyelohexanone hydrogen
chloride salt and 1-fluoro-4-isothiocyanatobenzene as off yellow solid.

"H NMR (400 MHz, CDCL) 8 7.75 (br, s, 1H), 7.24(d, J = 7.5 Hz, 2H), 7.16 (s, 1H), 7.05
(s, 1H), 6.81 (s, 1H), 6.65 (d, J = 7.5 Hz, 2H), 4.15 (m, 1H), 3.85 (s, 6H), 3.72 (m, 1H),
2.805 {m, 4H).

Sten §: 7-(3.4-dimethoxvphenvii-1-{4-fluoronhenvi}-4.5,6. 7-tetrahvdro-1 H-

benzoldlimidazele-2-thiol
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The title compound was prepared according to the procedure as described in
Example 1 step 7  reacting  1-(3-(3.4-dimethoxyphenyl}-2-oxocyclohexyly-3-(4-
fluorophenyhthiourea in acctic acid as off yellow solid.

"H NMR (400 MHz, CDCly) 8 6.96 (m, 4H), 6.65 (d, F = 7.2 Hz, 1H), 638 (d, J = 6.5 Hz,
TH), 6.32 (s, 1H), 3.82 (s, 3H), 3.75 (s, 3H3, 3.65 (m, 1H), 2.60 (m, 2H), 2.12 {m, 1H},
1.87 {m, 1H)}, 1.75 {m, 2H).

Step 7: 2-((Z-chiove-6-fluorebengvhithio)-7-(3 4-dimethoxvphenyii-1-{4-flugrophenvi)-

4.5.6.7-tetrahvdro-1H-benzoldlimidazole

The title compound was prepared according to the procedure as deseribed in

Example 1 step 8 reacting 7-(3,4-dimethoxyphenyi-1-{(4-fluorophenyi}-4,5,6,7-tetrahydro-
1 H-benzold}imidazole-2-thiol and 2-(bromomethyli-1-chioro-3-fluorobenzene as an off-
white solid.
"H NMR (400 MHz, CDCL) 8 7.11 (m, 3H), 6.90 (t, § = 6.5 Hz, 1H), 6.78 (m, 2H), 6.61 (s,
1H), 658 (d, I =75 Hz, 1H), 6.35(d, =45 Hz, 2H), 4.25 (abg, J = 10.5 Hz, 2H), 3.82 (s,
3H), 3.72 {s, 3H), 3.70 {m, TH}, 2.85 {m, 1H), 2.72 (m, TH), 2.18 {m, 1H}, 1.95 (m, 1H),
1.77 (m, 2H).
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Example 63: (R¥)-2-003~chloro-6-fluorobenzyiiihiol-7-(3 4~dimethoxyphenvii-I-(4-
fuorophenvi)-4, 5,6, 7-tetrabvdro-I H-benzoldiimidarole (63a) and (8§20 2-chioro-6-

fuorobenyviithio}-7-(3,4-dimethoxyphenyil-I-(d-fluorophenvii-4, 5,6, 7-tetrabvdro- 1 H-~
benzofdiimidarole (635}

and
2-{(2-chloro-6-fluorobenzyhithio}-7-(3,4-dimethoxyphenyl)- 1 -(4-fluorophenyl)-
4,5,6,7-tetrabydro- | H-benzo[dlimidazole as a racemate {50 mg) was purified by chiral
SFC (CHIRALPAK AD-H 5 uM 250x20 mum) using mobile phase of 80% CO; and 20% 1
PrOH to vicld 20 mg R* cnantiomer and 21 mg S* cnantiomer as white solids. Absolute
stercochemistry is arbitually assigned.
(R*¥})-2-({2-chloro-6-thuorobenzylithio)-7-(3,4-dimethoxyphenyl)-1-(4-fhuorophenyl)-
4,5.6,7-tetrahydro- 1 H-benzo{dlimidazole (63a):
First peak, ESI-MS {(m/z}); Caled. For CygHpsCH,N,O,S8: 527.03; found: 527 (M+H).
{8%)-2-((2-chloro-6-fluorobenzyljthio)-7-(3,4-dimethoxyphenyl)- 1 -(4-fhuorophenyl)-
4,5,6,7-tctrahydro-1 H-benzo[d]imidazole (63b):
Second peak, ESI-MS (mvz): Caled. For CoaHysCIF,N,O,S: 527.03; found: 527 (M+H).

Exampie 64 d-10(7-¢3 d-dimethoxvphenyil-i-(4d-fuorophenvii-4, 3,8, 7-tetrafivdvo-{ H-

benzoldlimidazel-2-vitigohmethvi)-3, 3-difluorpobenzonitile
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The title compound was prepared according to the procedure as described in
Example 1 step 8 reacting 7-(3,4-dimethoxyphenyi)-1-(4-fluorophenyl}-4,5,6,7 -tetrahydro-
1H-benzo[d]imidazole-2-thiol (Prepared as described in Example 62, Step 6) and 4-cyano-
2,6-diffucrobenzyl methancsulfonate as an off-white solid.

"H NMR (400 MHz, CDCl) 8 7.15 (d, § = 6.0 Hz, 2H), 6.85 (br, m, 2H), 6.71 (br, m, 1H),
6.63(d, J=65Hz, 2H), 6.32 (d, J = 5.5 Hz, 2H), 4.12 {abq, J = &.8 Hz, ZH}, 3.82 (s, 3H),
378 (s, 3H), 3.70 (m, TH), 2.80 (m, 1H}, 2.72 (m, 1H), 1.90 (m, 1H}, 1.75 {(m, 2H).

Example 65: 4000703, 4-dimethoxyphenyi)-I-(d-faovophenvii~4,5,.6, 7~tetrafivdro- I H~

benzofdiimidazol-2-viihilmethvii-3, 5~-diflnorehenzoic acid

4-{{{7~(3,4-dimethoxyphenyl)- 1 -(4-fluorophenvl}-4,5,6, 7 -tetrahydro- 1H-
benzofdlimidazol-2-ylythioymethyl)-3,5-difluorobenzonitrile (500 mg, 0.94 muwool) in
mixed solvent of MeOH (2 mL}, THF (2 mL) and 1N NaOH solution (4 mL} were heated
at 80°C for 4 hours. The solvent was removed and the residue was acidified by 1N HCl to
pH ~ 4. The residue was then extracted 3 times by ethyl acetate and the combined organic

layer was washed with water and brine. The solvent was dried over anhydrous NaySOq,
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filtered anc concentrated and purified by silica gel column chromatography system to
afford the title product as a white solid (400 mg, 77% vicld)

"H NMR (400 MHz, CDCl:) 8 7.35 (d, J = 5.8 Hz, 2H), 6.90 (br, m, 2H), 6.81 (m, 1H),
6.60 (d, I = 5.5 Hz, 2H}, 6.35(d, I = 6.0 Hz, 2H}, 4.15 (abq, J = 7.5 Hz, 2H), 3.80 {5, 3H)},
3.72 {s, 3H), 3.68 (m, 1H), 2.92 {(m, 1H}, 2.50 {m, 1H}, 2.15 (m, 1H), 1.92 {(m, 1H}, 1 .82
{m, 2H)}.

Example 668 4000703, 4-dimethoxyphenyi)-I-(d-faorophenvii~4, 5.6, 7~tetrafivdro- I H~

benzoldiimidazol-2-viithiolmethyil-3,5-difluore-N-(2.5.8, 1 I-tetraoxatridecasn~1 3~

vibenzamide

4-(((7-(3 4~-dimethoxyphenvl)- T -(4-fluorophenyi}-4,5,6,7-tetrahvdro-1H-

benzofdlimidazol-2-yhthioymethyvly-3,5-difluorobenzoic acid (43 mg, 0.0775 mmol),
2,5.8,1 I-tetraoxatridecan-13-amine (32 mg, 8.155 mmol), HATU (59 mg, 8.155 mmol},
DIPEA (.04 mL, 8.233 mol} in DMF (1 mL} at room temperature were stirred overnight.
The reaction was partitioned between DCM and water, washed with brine, dried and silica
gel column purification with EA to EA (5% MeOH) to obtain the desired product as a
colorless oil. The compound was dissolved in CH3CN and water (1:1) and lipholized
overnight to give white solid {40 mg, 69% vield).
"H NMR (400 MHz, CDCL) 8 7.81 (br, s, 1H), 7.42 (4, J = 7.5 Hz, 2H), 7.02 (br, s, 3H),
0.68 (d, J = 7.2 Hz, 1H), 6.35(d, J = 4.5 Hz, 2H), 6.32 (br, s, 1H}, 4.21 (abg, | = 9.8 Hz,
2H), 3.82 (s, 3H}, 3.72 (s, 3H}, 3.68 {m, 1SH), 3.52 (s, 2H), 3.32 (5, 3H), 3.05 (m, 1H),
2.85(m, 1H), 2.22 {(m, 1H), 1.99 (m, 1H}, 1.5 (m, Z2H}.

J—
[
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Example 67: 2-(04d--chloroethoxy)-2,6-difluorobenzyiiihiol-7-¢3, 4-dimethoxyphenyvi)-1 -

{d-fluorophenvii-4,5.6, 7-teiralivdro-1 H-benzoldfimidazole

Step §: 4-2-chloroethoxv)-2.6-difluorchenzvl methanesuifonate

F
O
MsO >>: \—\
F Cl

The title compound was prepared according to the procedure as described in

Example 23 step |-5 starting with 3,5-difluoro-4-(hydroxymethyliphenol and 1-iodo-2-

chlorocthane to afford the product as an off-white solid.

Sten 2: 2-({4-C-chloreethoxy)-2.6-diffuorobenzvDthio)-7-(3 . 4-dimethoxvphenvii~-1-(4-

fluorophenvil-4.5.6,7-tetrabvdro-1H-benzold imidazole

The title compound was prepared according to the procedurc as described in

Example 1 step 8 reacting 7-(3,4-dimethoxyphenyly-1-(4-flucrophenyl}-4,5,6,7-tetrahydro-
{H-benzofd]imidazole-2-thiol (Prepared as described in Example 62, Step 6) and 4-(2-
chlorocthoxy}-2.6-difluorobenzyl methanesulfonate as an oft-white solid.
"H NMR (400 MHz, CDCh) 8 7.31 (s, 1H), 7.00 (b, s, 3H), 6.72 (d, J= 6.5 Hz, 1H), 6.42
{d, J = 5.8 Hz, 2H), 6.31 (m, 2H), 425 (abq, } = 9.5 Hz, 2H), 4.18 {m, ZH}, 3.88 (5, 3H},
3.85 {m, ZH}, 3.78 (s, 3H), 3.70 {m, 1H}, 3.05 {m, 1H), 2.90 (m, 1H), 2.20 (m, 1H}, 2.02
{m, tH}, 1.85 {(m, 2H}.
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Example 68: 4-{{{7-{ 2-bromo-4,5-dimethoxvphenvii-1-{4-Huorophenyi)-4,5,6,7-

tetrahydro-1H-benzofdlimidazol-2-viithiohmethivi)-3, 5-difluoro-N-12.5,8, 1 I -

teiraoxaividecan-13-vhbenzamide (68a} and 4-(47-02, 3-dibromo-4, S-dimethoxyphenvii-

I-fd-fluprophenyii-4, 5.6, 7-tetrahivdro-I H-benzofdiimidarpl-2-viithipimethvi)-3, 5=

difluoro-N-2.5.8, 1 I-tetraoxatridecan-13-vl} benzamide (685)

and

Step 1: 2-azido-6-(2-bromo-4.5-dimethosvphenviieyvelohexanone and 2-azido-6-{2,3-

dibromo-4.5-dimethoxvphenviicyelohexanone

X

The title compounds were prepared according fo the procedure as described in

Example 1 step 4 by reacting the mixtuwes of 2-bromo-6-(3,4-dimethoxy-6-bromo-
phenvhicyelohexanone and 2-bromo-6-(3.4-dimethoxy-3,6-dibromo-phenyvicyclohexanone

with NaNz to obtain the title compounds as a light yellow solid.

Step 2: 2-amino-6-{2-bromo-4.5-dimethoxvphenvhicvelohexanone hvdrosen chioride

and 2-amino-6-(2.3-dibromo-4.5-dimethoxvphenvhcvclohexanone hvdrozen chloride

| Br |
HoN o HoN o
land |

£35
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The title compounds were prepared as a brown solid according to the procedure as
described in Example | step 5 by reacting the mixtures of 2-azido-6-(2-bromo-4,5-
dimethoxyphenylicyelohexanone and  2-azido-6-(2,3-dibromo-4,5-dimethoxyphenyl)

cvelohexanone with 5% Pd on carbon under 50 psi hydrogen in acctic acid.

Step 3: 1-3-2-bromo-4. 5-dimethoxvphenvh-2-oxocvelohexyl-3-(4-~

fluorophenviithiourea and 1-(3-(2 3-dibromo-4.5-dimethoxvphenvh-2-gxocvelohexyi-

3-{4-fuorophenviithiourea
F F

| Br |
HN_ S _Br 0 HN._S Br 0

HN HN
0] @)

and
The title compounds were prepared as a mixtore according to the procedure as
described in Example 1 step 6 by reacting 2-amino-6-{2-bromo-4,5-
dimethoxyphenyheyclohexanone hydrogen chloride and  2-amino-6-(2,3-dibromo-4,5-
dimethoxyphenylicyelohexanone hydrogen chloride and i-fhuoro-4-

isothiocyvanatobenzene to obtain the title compounds as an oft yvellow solid.

Step 4: 7-(2-bromo-4. 5-dimethoxvphenvii-i-(4-fluorophenvi)-4.5.6,. 7-tetrahvdro-1 H-

benzoldlimidazole-2-thiol and 7-(2.3~-dibromo-4 . 5~-dimethoxyphenyli~1~-(4-~

fluoronhenvi-4.5,.6.7-tetrabvdro-1H-benzoldlimidazole-2-thiol

N N
| D—sH | d—sH
N N

Br Br
? ‘ Y ‘
/O /O

and
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The title compounds were prepared as a mixture according to the procedure as
described in Example | step 7 by reacting 1-(3-(2-bromo-4,5-dimethoxyphenyl}-2-
oxocyclohexyl)-3-(4-fluorophenylithiourca and 1-(3-(2,3-dibromo-4,5-dimethoxyphenyl}-
2-oxocyelohexyly-3-(4-fluorophenylithiourea in acctic acid to obtain the title compounds

as an off yvellow solid.

Step 8: 4-(((7-(2-bromo-4.5-dimethoxvphenvi-1-{4-Buorophenvi}-4,.5.6,7-tetrahvdro-
1H-benzoldlimidazol-2-vHithiolmethvD-3, 5-difluorobenzonitrile and 4-(((7-(2.3-
dibromo-4, 5-dimethoxvphenvD-1-(d-flucrophenvyh-4.5,6,7-tetrabvdro-1 H-

benzoldlimidazel-2-vhithioymethvh-3.85-difluorobenzonitrile
K K

CN CN

N N
| D—s R
N F N

F
Br Br Q
7 N
_O

and

The utle compound were prepared as a mixfure according to the procedure as
described in Example 1 step & by reacting 7-(2-bromo-4,5S-dimethoxyphenyl}-i-(4-
fluorophenyt)-4,5,6,7-tetrahydro- [ H-benzo[d]imidazole-2-thiol  and  7-(2,3-dibromo-4,5-
dimethoxyphenyly-1-(4-flucrophenyt}-4,5,6,7-tetrahydro-1H-benzo[d]imidazoie-2-thio
and 4-cyvano-2,6-difteorobenzyl methanesulfonate to obtain the title compounds as an off-

white solid.

Sten & 4-(((7-C~bromo-4.5-dimethosvphenvh-1-(4-fluoronhenvi-4.5.6, 7-tetrahvdro-

PH-benrzoldlimidazel-2-vhithiohmethvD-3.5-diflnorobenzoic acid and 4-({({7-{2,3-

dibromo-4,5-dimethoyvohenvh-1-(4-fluorophenvi-4.5.6.7-tetrabvdro-1H-

benzoldlimidazol-Z-vhithioumethvi}-3,.5-difluorgbenzoic acid
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R R
N CO,H N COxH
| >—s | >
N F N
Br Br Q
Pk DO
O and O

The title compounds were prepared according to the procedure as described in
Example 65 by hydrolysis of 4-{{{7-(2-bromo-4,5-dimethoxyphenyl)-1-(4-fluorophenyl)-
4,5.6,7-tetrahydro- | H-benzo[djimidazol-2-vhithiomethyl)-3,5-difluorobenzonitrile and 4-
({({7-(2.3-dibromo-4,5-dimecthoxyphenyl)-1-{4-fluorophenyl}-4,5,6, 7-tetrahydro- 1H-
benzo[djimidazol-2-yhithio jmethyl)-3,5-difluorobenzontirile with NaOH in water and
purified by silica gel column to afford 4-(({7-(2-bromo-4,5-dimcthoxypheny-1-(4-
fluorophenyl}-4,5,6,7-tetraly dro- 1 H-benzol djimidazol-2~yljthio ymethyi)-3.5-
diftluorobenzoie acid and 4-(({7-(2,3-dibromo-4,5-dimethoxyphenyly-1-{(4-fluorophenyl)-
4,5,6,7-tetrahydro- | H-benzo[dlimidazol-2-yhthioymethyl}-3,5-diflaorobenzoic acid as two

off-white solids,

4-(({7-(2~-brome-4.5-dimethoxyphenvh-1-(4-fluorophenvh)-4.5.6.7-tetvabhvdro-1 H-~
benzoldlimidazol-2-vyDthioymethy)-3.5-difluorobenzoic acid: ESI-MS (m/z): Caled
For CaoHpsBrFaNLG4S: 633.48; found: 634 (MA+H).

4-{{{7-(2 3-dibromo-4.5-dimethoxvphenvii-1-{4-fluoronhenvi-4.5,6 7-tetrabhvdro-1H-

benzoldlimidazol-2-yDthioymethyl)-3.5-difluorebenzoic acid: ESI-MS (m/z):  Caled.

For CaeHsCIFN(LS: 712.37; found: 713 (‘i\’i’i”H)‘

Sten 70 4-(((7-(C-bromeo-4,5-dimethoxvphenvh-i-{4-Buorophenvi-4,5.6. 7 -tetrahvdro-
I H-benzoidlimidazol-2-viiihioimethvi-3,5-difluore-N-(2,5 8.1 I -{etraoxatridecan-13-
vihibenzamide (68a)
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The title compound was prepared according to the procedure as described in
Example 66 by coupling 4-{{{7-(2-bromo-4,5-dimethoxyphenyl)-1-(4-tluorophenvi)-
4,5.6,7-tetrahydro- 1 H-benzol{d]  imidazol-2-yhthioymethyl)-3,5-difluorobenzoic  acid
{prepared through synthetic sequences in Example | ostep 4-7) with 2,58,11-
tetraoxatridecan-13-amine using HATU to obtain the title compound as a white solid.

"H NMR (400 MHz, CDCl:) § 7.82 (br, s, 1H), 742 (d, J = 7.6 Hz, 2H), 6.50 (s, 1H), 6.23
(s, 1H}, 4.21 (mm, 2H), 3.81 (5, 3H), 3.75 (s, 3H)}, 3.65 (m, 16H}, 3.54 (m, 1H), 331 (5, 3H),
2.95 (m, 1H), 2.22 (m, 1H), 2.05 (m, 1H}, 1.5 (m, Z2H}.

Step 8 4-(((7-(2.3-dibromo-4.5-dimethoxyvphenvh-1-(4-Tluorophenvl-4.5.8,7-

tetrahvdro-1H-benzo{dliimidazol-2-viMthiounethvli-3.5-difluore-N-(2.5.8.11-

tetraoxatridecan-13-vD) benzamide {68h)

The title compound was prepared according to the procedure as desceribed in
Example 66 by coupling 4-({({7-(2,3-dibromo-4,5-dinethoxyphenyl)-1-{4-fluorophenyl})-
4,5,6,7-tetrahydro-1 H-benzo[d}imidazol-2-yhithioymethyi)-3,5-difluorobenzoic acid
{prepared  through synthetic sequences in Example 1 ostep 4-7) with 2.58,11-
tetraoxatridecan- 1 3-amine using HATU to obtain the title compound as a white solid.

"H NMR (400 MHz, CDCL) 8 7.81 {(br, s, 1H), 742 (d, F = 7.8 Hz, 2H), 6.38 (s, 1H), 4.51
{m, TH}, 4.25 {m, 2H), 3.81 {s, 6H), 3.72 (m, 14H), 3.55 (m, 2H}, 3.31 (s, 3H), 2.95 {m,
2HY, 2.21 (m, 1H), 2.02 (m, 1H), 1.85 {m, 1H), 1.77 (m, 1H}.

Example 6%: 2-((2,0~difluoro-4~2-{pyrrofidin-I-yvlethoxvibenzviithio)-7-(3,4~

dimethoxvphenvil-1-{4-Buorophenyl)-4,5,6, 7-ietrabyvdro-] H-benyofdlimiduzole

159



WO 2015/160772 PCT/US2015/025702

The title compound was prepared according o the procedure described in Example
27 step 2 by coupling  2-{{4-(Z-chlorocthoxy}-2,6-diftucrobenzylithio)-7-(3.4-
dimethoxyphenyhy-1-(4-fluorophenyi)-4,5.6,7-tetrahydro-1 H-benzo[dlimidazole  (prepared
as described in Example 67 Step 2) and pyrrolidine in the presence of CsCOs to afford
the desired product as a yellow solid.
"H NMR (400 MHz, CDClL:) § 7.55 (s, 1H), 6.86 (m, 2H), 6.72 (br, s, 1H), 6.62 (d, § = 6.5
Hz, 1H), 6.38 (m, 4H), 4.15 (abq, J = 8.5 Hz, 2H}, 4.05 (t, } = 6.5 Hz, 2H), 3.82 (s, 3H),
3.75 (s, 3H), 3.68 (m, 1H), 2.85 (t, J = 6.5 Hz, 2H), 2.80 {(m, 1H}, 2.75 (m, 1H), 2.65 {(m,
4H), 2,10 (m, 1H), 1.95 (m, 1H), 1.85 {m, 2H), 1.80 (m, 4H}.

Example 70: 2-((2-chiovo-6-fluorobenzviithio)-1-(4-fluorophenvi)-7-(3-methoxvphenvii~

4,5.6, T-tetrahivdro-I H-benzoldiimidazole

Step 1: Z2-bromo-6-{3-methoxvphenvhevelohexanone

The title compound was prepared according to the procedure as described in
Example 1 step 2-3 reacting 2-(3-mecthoxyphenyhcyclohexanone {Aldrichy with
TMSOTUTEA followed by NBS as light yellow solid.

ESI-MS (in/z): Caled. For CisHysBrO;: 283.16; found: 203 (M+H).

Step 2:2-azido-6-(3-methoxvphenvhevelohexanone

The title compound was prepared according to the procedure as desceribed in
Example | stop 4 reacting 2-bromo-6-(3-methoxyphenyljeyclohexanone with NaNz as
Hight vellow solid.
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ESE-MS (nvzy Caled. For CyaHsNsOy: 245.28; found: 204 (M-Na+H).

Step 3: Z-amino-6-{3-methoxvphenvhcvelohexanone hvdrogen chloride

HCI

The title compound was prepared as brown solid according to the procedure as
described in Example | step 5 by rcacting Z-azido-6-(3-methoxyphenylicyclohexanone
with 5% Pd on carbon under 50 psi hydrogen gas.

ESI-MS {(m/z): Caled. For Cy3H»NO,: 219.28; found: 220 (M+H).

Step 4: 1-(3-(3-methoxvphenvhi-2-oxocvelehexvh-3-(4-flucrophenviithiourea

The title compound was prepared according to the procedure as described in
Example 1 step 6 reacting 2-amino-6-{3-methoxyphenylicyclohexanone hydrogen chloride
salt and 1-fluoro-4-isothiocyanatobenzene as off yvellow solid.

ESI-MS (nvz)y: Caled. For CooHy FINRO,S: 372.46; found: 373 (M+H).

Step 5 7-{3-methoxvphenvh-i-{(4-fluorophenvi)-4,5.6.7-tefrabvdro-1 H-

benzoldiimidazele-I-thiol
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The title compound was prepared according to the procedure as described in
Example 1 step 7  reacting  1-(3-(3-woethoxyphenyl)-2-oxocyclohexyl)-3-(4-
fluorophenybithiourea in acetic acid as off yellow sohid,

TH NMR (400 MHz, CDCL3) § 6.85 (m, 4H), 6.70 (4, J = 7.5 He, 1H), 6.42 (4, = 7.5 Hz,

1H), 3.75 (s, 3H), 3.66 (m, 1H), 2.68 (m, 2H), 2.20 (m, 1H), 1.85 (m, 1H), 1.73 (m, 2H).

Step 6: 2-((2~chlore-6-fluorchenzvithiol-1-{4-fluorenhenvh-7-(3-methoxyphenvil-

4.5.6,7-tetrahvdro-1H-benzoldlimidarzole

The title compound was prepared according to the procedure as described in

Example 1 step & reacting 7-(3-methoxyphenvii-1-{4-fluorophenyi}-4.5,6,7-tetrahvdro-
1 H-benzo[djimidazole-2-thiol and 2-{bromomethyli-1-chloro-3-fluorobenzene as an off-
white solid.
TH NMR (400 MHz, CDCls) 8 7.15 (m, 3H), 7.08 (4, J = 7.5 Hz, 1H), 691 (4, J = 6.0 Hz,
1H), 6.75 (m, 2H), 6.62 (d, I=6.5 Hz, 1H), 6.60 (m, 1H}, 642 (d, J=7.0Hz, 1H), 6.35 (s,
1H), 4.25 (abq, J = 14,5, 8.9 Hz, 2H), 3.72 (5, 3H)}, 2.85 (m, 1H), 2.72 {(m, 1H}, 2.15 (m,
{H), 1.90 (m, 1H), 1.8 (m, 2H).
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FExample 71: 2-0003, 5-difluorppyridin-d-vlmethviiihio)-I-{d-fluorophenyii-7~{ 3~

methoxyphenyi)-4.5,6, 7-tetrabvire-1 H-benzoldiimidazole

The title compound was prepared according to the procedure as described in
Example 1 step & reacting 7-(3-methoxyphenvii-1-(4-fluorophenyi}-4,5,6,7-tetrahvdro-
1 H-benzo[d}imidazole-2-thiol and (3,5-difluoropyridin-d-ylymethyl mwethanesulfonate to
give the title compound as an off-while solid.

ESEMS (m/z): Caled. For CoeHpnN:O8: 481.53; found: 482 (M-+H).

Example 72:2-0003, 5-difluoropyridin-d-vimethvlithio)- I (- Faoro-3-methoxyphenyil-7~

-methoxvophenvii~4,5.6, ~tetrabvdro~ L -beazofdlimidazole

Step 1: 1-{4-fluoro-3-methoxvphenvii-7-(3-methoxvphenvh-4.5.6,7-tetrabvdro-1 H-

benzoldliimidazole-2-thiol

N
| D—sH
N

OMe

~0

F

The title compound was prepared according to the procedure as described in
Example 70 step 4 by reacting 2-amino-6-{3-methoxyphenylicyclohexanone hydrogen
chloride salt (Prepared as described in Example 70, Step 3) with  1-fluoro-2-methoxy-4-
isothiocvanatobenzene, followed by further reaction with 1-(3-(3-methoxyphenyl)-2-
oxocyclohexy-3-(3-methoxy-4-fhuorophenyhithiourca in acetic acid according to the

procedure desceribed in Example 70, Step 5, to afford the title product as a white solid.
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ESEI-MS (mvzy Caled. For CyHyNo(OLS: 384.47; found: 385 (M-+H).

Step 2: 2-({{3 . 5-difluoropvridin-4d-vhimethvhithio)-1-{4-luoro-3-methoxvphenvi-7-{3-

methoxvphenvl)-4.5.6.7-tetrabhvdro-1 H-benzoldlimidazole

The title compound was prepared according to the procedure as described in
Example 1 step 8 reacting I-(4-fluoro-3-methoxyphenyl}-7-(3-methoxyphenyi)-4,5,6,7-
tetrahydro~-1H-benzo[dlimidazole-2-thiol and {3,5-diffuoropyridin-4-ylmethyl
methanesuifonate as an off-white solid.

ESEMS (m/z): Caled. For CorHpaF3N:O,S: 511.56; found: 512 (M+H).

Example 73: 3, 5~difiuoro-4-({{ 7-i4-fnorp-3-methoxvphenvii-I-(4-Fuoroplienvii~4,.5,6, 7~

fetrabiydro-1 H-bengoldiimidazol-2-vihiolmethvilbenzonitrile

Step 1: 2-(3-methoxv-4-fluorophenvhevelohexanone

The title compound was prepared according to the procedure as described in
Example | step 1 reacting cyclohexanone and  4-bromo-i-fluoro-2-methoxybenzene as a

white solid.

Siep 2: 2-bromo-6-{3~-methoxv-4-fluorophenviievelohexanone
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The title compound was prepared according to the procedure as described in
Example 1 step 2-3 reacting 2-(3-methoxy-4-fluorophenyheyclohexanone  with
TMSOTHTEA followed by NBS as hight yellow solid.

ESE-MS (w/z): Caled. For CiaHyBrFQ,: 3011 5; found: 221 (M-Br+H).

Step 3: 2-azido-6~(3~-methoxvé-Duorophenvhevelohexanone

The title compound was prepared according to the procedure as described in

Example 1 step 4 reacting 2-bromo-6-{3-methoxy-4-tflaorophenylicyclohexanone with
MNaN; as light yellow solid.

ESE-MS (mvzy Caled. For CHuFNROy: 263.27; found: 222 {(M-Ns+H

Step 4: 2-amino-6-{3-methoxv-4-fluorophenviicvclohexanone hvdrozen chloride

The title compound was prepared as brown solid according to the procedure as

described in Example 1 step 5 by reacting  2-azido-6-(3-methoxy4-
fluorophenyheyclohexanone with 5% Pd on carbon under 50 psi hydrogen gas.

ESI-MS (m/z): Caled. For Ci3H6FNGOy: 237.27; found: 238 (M+H).

Sten 5: - 3-{I-methoxy-4-Buorophenyli-2~-oxocveiohesyh-3-(4-fHuorophenviithiowrea
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The title compound was prepared according to the procedure as described in
Example 1 step 6 reacting Z-amino-6-(3-methoxy-4-fluorophenylicyclohexanone hydrogen
chioride sait and [-fluoro-4-isothiocyanatobenzene as off yelow solid.

ESE-MS (mvzy Caled. For CooHpoFaNG,S: 390.45; found: 391 (M+H).

Step 6: 7-(3-methoxv-4-flucronhenvi)-1-{d-Buorophenv)-4,.5.6.7-tetrahvdro-1H-

benzoldiimidazole-2-thiol

The title compound was prepared as off vellow solid by reacting 1-(3-(3-methoxy-
4-flaorophenvly-2-oxocyclohexyl-3-(4-flucrophenyiithiourea with acetic acid according to
the procedure as described in Example 1 step 7.

ESEMS (myz): Caled. For CocHppFaNxG5S: 372.43; found: 373 (M+H).

Sten 70 3.5-diflnore-4-(((7-(4-fluore-I-methoxvphenvD-1-(4-fluorophenvi-4.5.6,7-

tetrahvdro-1H-benzold limidazel-2-vhithioimnethvDibenzoniirile
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The title compound was prepared according to the procedure as described in

Example 1 step 8 reacting 7-(3-methoxy-~4-fluorophenvi)-1-{4-fluorophenyi)-4,5,6,7-

tetrahydro~1 H-benzo[diimidazole-2-thiol and 4-¢yano-2,6-difluorobenzyl
methanesulfonate as an off-white solid.

TH NMR_ (400 MHz, CDCls) 8 7.15 (d, T = 6.8 Hz, 2H), 6.82 (m, 2H), 6.80 (m, J = &8 Hz
2HD, 6.72 (m, 1H), 642 (4, J =65 He, 1H), 630 (m, J=4.0 Hz, [H), 410 (s, ZH), 3.75 (s,
3H)Y 3.70 (m, 1H), 2.78 (m, 1H), 2.64 (m, 1H), 2.18 (i, TH), 1.85 (m, 1H), 1.74 (mm, 2H).

Example 74: 3, 35-difluoro-4-(({ 7-(4-uovo-3-methoxyphenvi)-1 -(4-fluorophenyi}-4,5.6,7-

fetrafivdro-1 H-benzoldlimidazol-2-viithiomethyiibenzoic acid

The title compound was prepared according to the procedure as described in
Example 65 by reacting  3,5-difluoro-4-({{7-(4-fluoro-3-methoxyphenyl}-1-(4-
fluorophenyl-4,5,6,7-tctrahydro- 1 H-benzo{d]imidazol-2-yljthiohmethyl }benzonitrile
{(Prepared as described in Example 73, Step 7) in aqueous alkaline solution to give the titie
compound as a white solid.

"H NMR (400 MHz, CDCL)Y 8 7.28 (d, J = 7.1 Hz, 2H), 6.82 (d, I = 7.0 Hz, 3H), 6.65 (m,

1H), 6.4% (d, J = 6.5 Hz, 1H), 6.31 (d, J = 6.1 Hz, 1H), 5.81 (m, 1H), 4.05 {abg, J = 12.5,
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7.0 Hz, 2H}, 3.78 {s, 3H), 3.70 {(m, 1H}, 2.75 (m, 2H}, 2.12 (m, 1H), 1.90 (m, 1H), 1.75 (m,
2H).

Example 75: 3, 5-difluoro-4-(((7-{4-fluore-3-methoxyphenyl)-I1-{4-fluovophenvi}-4,5.6, 7~

tetrafivdro-I H-benzofdlimidarzof-2-vithiolmethyl)-N-(2, 3.8 I I-tetraoxatvidecan-13-

véihenzamide

The title compound was prepared according to the procedure as described in

Example 66 coupling 3,5-diftuoro-4-({({7-(4-fluoro-3-methoxyphenyl}- 1 -(4-fluorophenyl}-
4,5,6,7-tetrahydro-1 H-benzo[d]imidazol-2~-ylithioymethyhbenzoic  acid  with  2,5.8,11-
tetraoxatridecan- 1 3-amine using HATU to give the title compouond as a white sohid.
TH NMR (400 MHz, CDCL) 8 8.05 (s, 1H), 7.32(d, I = 8.1 Hz, 2H), 6.98 (m, 1H), 6.82 (¢,
J=72Hz 2H), 6.67 (br. s, 1H), 642 (d, } = 6.8 Hz, 1H), 631 (m, 1H}, 4.15 (m, 2H}, 3.75
{s, 3H}, 3.7C (s, 3H}, 3.65 {m, 16H), 3.51 (m, 1H), 3.32 (s, 3H), 2.75 (m, 2H), 2.15 (m,
1H), 1.90 (m, 1H}, 1.78 {m, 2H).

FExample 76: 7-(3-chloro-d-methoxyphenyil-2-{ 2-chloro-6-fuorobengyithiol-{ (4~

fluorophenyvii-4,5.6, 7~teirabvdvo- | H-benzofdlimidaroie triffuoroacetic acid

Step 1: 2~-3-chloro~4-methoxvphenvhevelohexan-1-one
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The title compound was prepared according to the procedure as described in Example
1 step 1 reacting cyclohexanone and 4-bromo-1-chloro-2-methoxybenzene as a white solid.

Mass spectrum (EST, mvz): Caled. for CyHsClO,, 2391 (MH+H), found 239.1.

Step 2: 7-(3-chloro-4-methoxvphenvii-1-{4-Buorophenvii-4,5.6.7-tetrabvdro-1H-1.3-

benzodiazole-2-thiol

N
| H—sH
N

Cl

O

The title compound was prepared according to the procedure as described in Example
I step 2-7 to afford the product as a white solid. Mass spectrum (EST, m/2): Caled. for
CaoHisCIFN OB, 389.1 (M+H), found 389.1.
Step 3: 7-(3-chlove-4-methoxvphenyh-2-(2-chloro-6-fluorchenzvithio)-1-(4-

fluorophenv-4.5.6.7-tetrahvdro-1H-benzoldlimidazole trifluoroacetic acid

F

N
| >—s
N C

Cl
F  1.4CF3COOH
_0

The title compound was prepared according to the procedure as described i Example
{ step 8 by reacting 7-(3-chloro~-4~-methoxyphenyl)-{-(4-fluorophenyl}-4,5,6,7-tetrahydro-
1H-1,3-benzodiazole-2-thiol and 2~(bromomethyl}-1-chloro-3-fluorobenzene to atford the
product as an off-white solid.
TH NMR (300 MHz, CD:OD) 8: 7.23-7.33 (m, 2H), 7.04-7.10 (m, 1H), 6.76-6.80 (m, 4H ),
6.65-6.68 (m, 1H), 4.07-4.23 (im, 2H), 3.83-3.8 (m, 1H), 3.78 (s, 3H), 2.70-2.78 {tm, 2H),

1.76-1.93 (m, 4H). '°F NMR (300 MHz, CD:0D) & -76.97, -112.81, -115.13. Mass
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spectrum (ESL ETI/Z): Caled. for CyogHaz aClhiFg N2 88, 531.1 (Ni-—l ACFCOOH "F‘H},

found 531.2.

Example 77: 2-§2-chloro-6-fluorophenvimethyvlisulfanvil-7-2, 3~dilivdro- I 4~

benzodioxin-G-vi)-I-(4-fAuorophenyi) ~4,3,6, 7-tetrabhydro-1 H-1 3-benzodiazole

Step §: 2-(2.3-dihvdro-1.4-benzodioxin--viicvelohexan-i-one

oY

The title compound was prepared according to the procedure as deseribed in Exarople

{ step 1 reacting cyelohexanone and 6-bromo-2,3-dihydrobenzo{b}[1,4}dioxine as a white

solid. Mass spectram (EST, m/z): Caled. for CraHis0s, 2331 (M+H), found 233.1.

Step 2 7-(2 3-dikvdro-1 4~-benzodioxin-6-v-1-{4-lluorophenvi-4,5.6,7-tetrabvdro-
1H-1.3-benzodiazole-2-thiol

N
| H—sH
N

O
0

The title compound was prepared according to the procedure as described in Example
1 step 2-7 to afford the product as a white solid. Mass spectrum (ESE, m/z): Caled. for

CoHoFNOS, 3831 (M+H]), found 383.1.

Step 3: 2-[{{2-chloro-6-fluorophenvhimethviisulfanvil-7-(2,3-dihvdro-1.4-benzodioxin-
§-vh-1-(d-flusrophenvl) -4.5,6.7-tetrahvdro-1H-1.3-benzodiazole
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The title compound was prepared according o the procedure as described in Example
1 step 8 vreacting 7-(2,3-dihydro-1,4-benzodionin-6-vii-1-(4-fluorophenyi}-4,5,6,7-
tetrahydro~-1H-1,3-benzodiazole-2-thiol and 2-(bromomethyl)-1-chloro-3-fluorobenzene to
afford the product as an offtwhite solid. H NMR (300 MHz, CD:0D) 60 7.21-7.31 (m,
2H), 7.01-7.19 (m, 1H), 6.81 (br, 1H}, 6.66-6.69 (m, 1H}, 6.47-6.58 {m, 1H), 6.21-6.32 {m,
2H), 4.14-4.26 (m, SH), 3.95-4.00 (m, 1H), 3.67-3.71 (m, 1H), 2.59-2.76 (m, 2H), 2.06-
218 {m, 1H), 1.82-1.95 (m, 1H), 1.69-1.78 (m, 2H}. Mass spectrum (ESI, m/z}); Caled.
for CrgHyCHFNLO,S, 5251 (MH+H), found 525.1.

Example 78: 7-{d-cHloro-3-methoxvphienyile-2-{{{ 2-chloyo-6-

fluorephenyiimethvilsulfanyli-1-(4-fluprophenvii-7-methvi-4, 3.6, 7-tetvahvdro-1 -1 3-

Senzodiazele

Step 1: 2-(4-chloro-3-methoxvphenvh-2-methvicyclohexan-1-ong

Me
MeO

Cl ©

A solution of 2-(4-chloro-3-methoxyphenyl} cyclohexan-~i~one (10 g, 41.89 mmol,
100 equiv), tert-butanol (40 ml), and -BuOK (5 g, 44.56 mumol, 1.05 equiv) was stirred
for 30 min at room temperature followed by the addition of 1odomethane (12 g, 84.54
mmol, 2.00 equiv). The resulting solution was stirred for 3 h at room temperature,
quenched by the addition of 300 ml of water, and concentrated under vacuum. The
reaction was extracted with 3x500 mwi of dichloromethane and the combined organic
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layers were washed with 1x300 mL of brine, dried over Na,8Q;y, filtered, and concentrated
under vacuum, Chromatography using a CIS column with H;O/MceCN as mobile phase
{10%-90% in 45mins} gave the title compound as an off-white solid. Mass spectrum (ES],

nvzy: Caled. for CiyHyClO,, 253.2 (M+H), found 2532,

Sten 2: [He-{4d-chlioro-I-methoxvphenavh-6-methvievelohex-1-ep~-1~

viloxvitrimethvisilane

M
MeO_ . ‘
O OTMS
cl

A solution of 2-{(4-chloro-3~-methoxyphenvly-2-methvleyclohexan-t-one (7.5 g, 29.68

mmol, 1.00 equiv), dichloromethane (20 wl), TEA (4.5 g, 44.47 mmol, 1.50 equiv), and
TMSOTE (7.9 g, 1.20 equiv) was stirred for 30 min at 0 °C. The resolting mixture was

concentrated under vacuum to give the title coropound as a hight yellow solid.

Step 3 6-bromo-Z-(d-chloro-3-methoxyphenvii-2-methvicvelohexan-1-one

Me
MeQO Br
Cl ©
A solution  of [{6~-{4~chloro-3-methoxyphenyli-6-methyvlcyelohex-f-en-1-

yloxylrimethylsilane (9.6 g, 29.55 mmol, 1.00 cquiv) in tetrahydrofuran (20 mL) was
treated with NBS (5.3 g, 29.78 mumol, 1.00 equiv) batchwise at § °C. The reaction was
stirred for 30 min at § °C and concentrated under vacuum to give the title compound as a

fight yellow solid.

Step 4: 6-azido-2-{4-chlore-3-methoxvphenvh-2-methvicvclohexan-1-one

M
MeO ©
N3

Cl
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A solution of 6-bromo-2-{4-chioro-3-methoxyphenyii-2-methyicyclohexan-1-on¢ (9.8
g, 29.55 mmol, 1.00 equiv), N, N-dimethylformamide (10 mb), and NaNy (9.7 g, 149.21
mmol, 5.00 cquiv) was stirred for 1 h at room temperature and quenched by the addition of
30 ml of water. The reaction was extracted with 3x50 mbL of cthyl acetate, and the
combined organic layers were washed with Ix30 mb of brine, dried over anhydrous
sodium sulfate, filiered, and concentrated under vacuum. Silica gel column
chromatography with cthyl acctate/petroleum cther (1:10} gave the title compound as a
light yvellow solid. Mass spectrum (ESE wy/z): Caled. for CiyHisCiNGO,, 2941 (M+H),
found 294.1.

Step X3 G~amino-2~{4-chlore-3-methoxvphenvh-Z-methvicvelohexanone hvdrochloride

Me
M
eO NH,

0O *
Cl HCI

A suspension of 6-azido-2-(4-chloro-3-methoxyphenyl}-2-methyicyclohexan-1-one (6
g, 20.43 ramol, 1.00 cquiv), methanol (30 mL}, hydrogen chloride (3 mbL), and palladium
carbon (6 g} under H; atmosphere was stirred for 1 h at room temperature, filtered, and
concentrated under vacuum to give the title compound as a light vellow solid. Mass

spectrumn (ESY, m/z): Caled. for Ci4HgCING,, 2681 (M-HCI+H), found 268.1.

Sten 6 I-I3-{(d-chlovoe-3I-methoxvphenvii-3~methvi-2~oxocvelohexyil-1-(4~

fluorophenviihiourea

H H

JC,

OMe

Me

Ci
A solution of 6-amino-2-{4-chloro-3-methoxyphenvly-2-methyleyclohexan-t-one

hydrochloride (6 g, 19.72 wamel, 1.00 equiv), dichloromethane (20 ml), TEA (6.8 g, 67.20
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mmaol, 3.00 cquivy, and {-fluoro-4-isothiocyanatobenzene (6.8 g, 44.39 mmol, 2.00 cquiv)
was stitred for 1 h at room temperature and concentrated under vacuum to give the title
compound which was used in the next step directly., Mass spectrum (ESI, m/z): Caled. for

CnHnCIFN,G,S | 4211 {(M+H), found 421.1.

Sten 7: T-{(d-chloro-3-methoxvphenvi-1-(4d-BuorophenvD-7-methvi-4,5.6,7-
fetrahvdro-1H-benzo{dlimidarele~-2-thiol

N
S—sH
N

Me

MeO

Cl F

A solution of 3-[3-{4-chloro-3-methoxyphenyl)-3-methyl-2-oxocyclohexyl]-1-(4-
fluorophenyliithiourea (8 g, 21.38 mmol, 1.00 equivy and AcOH (30 wlL) was stirred
overnpight at 60 °C in ap oil bath and concentrated under vacuum.  Silica gel column
chromatography with cthyl acetate/petroleum cther (1:1) gave the title compound as a light
yvellow solid. Mass spectrum (ESI, w/z): Caled. for CyHuoCIFNLOS, 4031 (M+H), found
403.1

Siep 8: 7-{4-chioro-3~-methoxvphenv~-2~11{2-chloro-6-fluorophenvDmethvliisaifanvil~

1~{(4-Ruorophenvii-7-methvi-4,5.6,7-tetrabvdro-1 H-1 3-benzodiazole
i

A solution of 7-{(4-chloro-3-methoxyphenyh)-1-(4-fluorophenyl)-7-methyi-4,5,6,7-
tetrabydro-1 H-benzofdlimidazole-2-thiol (1080 mg, 0.25 wmmol, 1.00 equiv), N,N-
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dimethyiformamide {3 mL}, potassium carbonate {103 mg, 0.75 mmol, 3.00 equiv), and 2-
(bromomethyl}-1-chloro-3-fluorobenzene {82 mg, (.37 mmol, 1.50 cquiv) was stirred
overnight at room teraperature. The reaction was then quenched by the addition of 30 mbL
of water, extracted with 3x30 mL of dichloromethane and the organic layers combined.
The reaction was washed with 1x30 mL of brine, dried over anhydrous sodium sulfate,
filtered, and concentrated under vacuum.  Silica gel columan chromatography with cthyl
acetate/petrolenm cther (1:2) gave the title compound as a white solid. 'H NMR (400MHz,
CD;0DY: 6 7.22-7.32 (m, 3H), 7.00-7.07 (o, 3H), 6.68(d, J = 2.0 Hz, 1H), 6.56-6.60 (m,
2H), 5.87-5.90 (m, 1H), 419(d, /= 12.0 Hz, 1H), 400 (d, /= 12.0 Hz, 1H), 3.77 (s, 3H),
2.72-2.78 {m, 2H), 1.84-1.96 (m, 4H), 1.36 (s, 3H). Mass spectrum (ESI, mvz): Caled. for
CosHsCLENLOS, 545.1 (M+H), found 545.0.

Example 79: T7{d~chioro-3-methoxypbenyvii-2([id-(2-f2-{2~

(dimethviaminglethoxyiethoxyl ethoxy)-2,6-difluoropbenyiimetbyiisulfonyii-1-(4-

flucrophenyil-7-methvi-4.5,6, 7-tetrafivdro-1H~- I 3-benrodinzofe Bistirifluoroacetic acid)

Step 1: 7-{4-chioro-3~-methoxvphenvh-2-1(§ 2 6-difluoro-4-1(4~

methoxvphenvhmethoxviphenvilmethvh sulfanvil-1~(4-Buorophenv-7-methvi-

4.5.6,7-tetrabvdéro-1H-1.3-benrodiazole
F

N OPMB
R
N

Me

MeO

Cl F

The title compound was prepared according to the procedure as described in Example 78
step &  reacting  7-{4-chloro-3-methoxyphenyly-1-(4-fluorophenyl}-7-methyi-4,5,6,7-
tetrahydro-1H-benzoldjimidazole-2-thiol (Prepared as described in Example 7¥, Step 7)
and 2,6-difluoro-4-({(4-methoxybenzylioxy jbenzyl methancsulfonate to afford the product
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as white solid. Mass spectrum (ESI, nvzy Caled. for TseHsnCIFNLO5S, 665.2 (M+H),

found 6652,

Step 2:  4-{{{7-{4-chloro-3-methoxvphenvli-1-{4-fluorophenvi)-7-methvi-4,5,6,7-

tetrahvdro-1H-1.3-benzodiazol-2-vilsulfanviimethvl)-3.5-diflugropheneol

triffuoroacetic acid
F

N OH
R

N F
Me

CF,COOH

MeO
Cl

The title compound was prepared according to the procedure as described in Example 24

F

step 3 reacting 7-{4-chloro-3~-methoxyphenyl-2-[{[2,6-difluoro~-4-[{4-
methoxyphenyhmethoxylphenylimethyl)  sulfanyli-1-(4-fhuorophenyi)-7-methyi-4,5,6,7-
tetrahydro-1H-1,3-benzodiazole in TFA to afford the product as white solid. 'H NMR
{400MHz, CD:0DY: 8 7.23-7.31 (o, 3H), 6.74-6.78 {m, 1H), 6.68 (s, 1H)}, 6.52-6.55 (m,
1H}, 6.45-6.47 (m, 2H), 6.06-6.10 (m, 1H), 4.18¢d, J= 13.6 He, 1H), 4.01{d, /= 13.6 Hz,
1H), 3.78 (s, 3H), 2.86-2.91 {m, 2H), 2.01-2.11 (m, 1H}, 1.95-1.99 (m, 3H), 1.48 (s, 3H).
PF NMR (400MHz, CD:0D): 8 -77.13, -111.11, -117.28. Mass spectrum (ESI, ro/z):
Caled. for CspHasCIFsNoOLS, 545.1 (M-CF:COOH+H), found 545.1.

Step 3: T-(4-chloro-3-methoxvohenvh-2-112 6-difluoroe-4-12-12-(2~

iodoethoxviethoxviethoxyviphenvDmethvil sulfanvil-1-(4-fluorophenvi-7-methvi-

4.5.6,7-tetrabvdéro-1H-1.3-benrodiazole
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| \%s OHO
Y <
\_\I

The title compound was prepared according to the procedure as described in
Example 24 step 4 by coupling  4-{{[7-{4-chloro-3-methoxyphenyl}- 1 -{4-fluorophenyl)-7-
methyl-4,5,6,7-tctrahydro-1H-1,3-benzodiazol-2-yl}sulfanyijmethy -3, 5-difluorophenol
and 1,2-bis{2-idodethyoxiethane in the presence of Cs;COs to afford the desired product as
a white solid. Mass spectrum (ESI, m/z): Caled. for CyqHasCIFIN,O48, 787.1 (M+H),
found 787.1.

Step 4: T-{d-chlore-3-methoxvphenvi-2-{{{4-(2-12-12-(dimethviamingiethoxviethoxyv]

ethoxvi-2.6-diflucrophenviimethvilsuifanvh-1-(4-fluorophenvi-7-methvi-4.5.6.7-

tetrabyvdro-1H-1,3-benzodiazole bis{irifluorcacetic acid)

o 2.0CF,CO0H

N—
/

The title compound was prepared according to the procedure as described in Example
27 step 2 by coupling  7~{4-chloro-3-methoxyphenyl)-2-[{(2,6-difluoro-4-[2-[2~(2-
iodocthoxyethoxylethoxylphenylnethyl] sulfanyl}-1-(4-fluorophenyl}-7-methyi-4.5,6,7-
tetrahydro~-1H-1,3-benzodiazole and dimethylamine to afford the desired product as a
white solid. "H NMR (300MHz, CD:0D): 8 7.23-7.32 (m, 3H), 6.68-6.74 (m, 4H), 6.54-
6.57 {m, 1H), 5.92-5.94 {m, 1H}, 4.18-4.25 (m, 3H), 4.00-4.18 (m, 1H},3.74-3.92 {m,
12H), 3.32-3.38 (m, 2H), 2.88-2.93 (m, RH), 1.95-2.09 (m, 3H), 1.45(s, 3H). P"F NMR
{300MHz, CB;0D): 6-77.17, -111.23, -115.97. Mass spectrom (ESE m/z): Caled. for
SapHaCIFNOS, 704.2(M-2.0 CF:COOH+H), found 704.3.
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Example 88: 2-14-({7~{d-chlovo-3-methoxvphenyil-I-{4-fuovophkenvi)-4, 5, &, 7=

tetrahvdro-7-methyi-1 H-benzofdlimidazol-2-vithiomeihvi)-3, S-difluorophenoxy)-N, N-

dimethylethanamine

F
N O
| >—s A
N F N—
Me /
2 5CF,COOH

MeO

Cl F

The title compound was prepared according to the procedure as described in Example 24
step 4 by coupling  4-([[7-{4-chloro-3-methoxyphenyi)- 1 -(4-fluorophenyl)-7-methyl-
4,5.6,7-tetrahydro- 1 H-1,3-benzodiazol-2-viisulfanylimethyl)-3,5-difluorophenol {Preparced
as described i Example 79, Step 2) and 2-chloro-N,N-dimethyicthanamine HCI salt in the
presence of Cs;C0s to afford the desired product as a white solid. 'H NMR (400MHz,
CD:;0ODY 6 7.25-7.36(m, 3H}, 6.79-6.80 (m, 3H), 6.75 (s, tH), 6.58-6.60 (m, [H), 6.07-
6.11 {m, 1H}, 4.41-4.43 (m, 2H), 4.19(d, J=13.6 Hz, 1H), 406 (d, /= 13.6 Hz, 1H), 3.79
{s, 3H), 3.65-3.67 {m, 2H), 3.02 (s, 6H), 2.88-2.99 (m, 2H), 1.97-2.11 {m, 4H), 148 (5,
3H). F NMR (400MHz, CD:0D): 6 -77.08, -111.02, -115.50. Mass spectrum (ESI,
m/z): Caled. for CayHas sClF 95N3

32.2

Example 81 : 4-(7-{d-¢hloro-I-methoxyphenvii-i -(d-fluprophenvi}-4,5,6, 7-tetrabyvdro-~

T-giethivi- I H-bengofdiimidarof-2-vithiotmethyl)-3, 5~-difluoroebengoic acid triffuoreogcetic

acid

Sten §: Tert-butvl 4-(I17-(4-chloro-3-methoyvohenvi-i~-(d-fhuorophenvh-7-methvi-

4.5,.6,7-tetrabvdro-1H-1,3-beazodiazo-2-vilsulfapvilmethvl-3.5-difluorobenzoate
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COO'Bu

Me

MeO
Cl

The title compound was prepared according to the procedure as described in Example 78
step 8 by coupling  7-(4-chloro-3-methoxyphenyl)-1-{4-fluorophenyl-7-methyl-4,5,6,7-
tetrahydro-1 H-benzofdjimidazole-2-thiol (Prepared as described in Example 78, Step 7}
and tert-butyl 3,5-difluoro-4-({{methyisulfonyloxy} methyi) benzoate in the presence of
Cs,COs to afford the desired product as a white solid. Mass spectrum (ESE, m/z): Caled.

for C;;HwCinNzO;S» 6292 (M*H), found 629.2.

Step 2 4-({7-{4-chloro-3-methoxyphenvh-1-{4-Fluorophenvi-4.5.6,7-tetrabvdro-7-

methyvi-1H-benzoldlimidazel-2-vithiohmethvD-3,5-diflugrobenzoic acid

triflucroacetic acid

F
N COOH
| »—s
N ~
Mea
0.9CF;CO0H
MeO
Ci 2

The title compound was prepared according to the procedore as described in Example 12
step 6 by treatment of tert-butyl 4~([[7-(4-chloro-3-methoxyphenyl-1-(4-fuorophenyl)-7-
methyl-4,5,6,7-tetrahydro-1 H-1,3-benzodiazol-2-yljsulfanyljmethyl}-3,5-diftuorobenzoate
in TFA 1o afford the desired product as a white solid. "H NMR (400MH,, CD;OD) &
7.66 (d,.J= 8.0 Hz, 2H), 7.21-7.33 (m, 3H), 6.66-6.73 (1o, 2H}, 6.54-6.57 tm, 1H), 5.90-
594 (m, 1H), 425(d, J= 13.6 Hz, 1H), 4.08 (d, J=13.6 Hz, 1H), 3.77 {5, 3H}, 2.79-2.95
{(m, 2H), 1.95-2.13 (m, 4H), 1.47 (s, 3H). UF NMR (400MH,, CD;0D) 8 -77.11, -111.22,
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-115.66. Mass spectrum (ESI, m/z): Caled. for CsogHaaoCIFs NG4S, 573,17 (M+H),
found 573.3.

Example 82: (Sh-meithvl 2-04-{7-{{~chloro-3-meihoxvphenyll-1-id-fluorophenvii-4, 5, &,

Totetvalivdro-T-methvi-LH-benzoldlimidarel-2-vithiolmethivi)-3, 3-difluorobenaunidn )5~

guanidinepenianoate  rifluoroacefic acid

F

o)
COOMe
>_ §
| »—s
1. 6CF3COOH
>=NH

A solution of  4-((7-(4d-chloro-3-methoxyphenyl}-1-(4-fluorophenyi}-4,5.6,7
tetrahydro-7-methyl-1H-benzofdlimidazol-2-yithioymethyl}-3,5-diftuorobenzoic acid (200
mg, .35 mmol, 1.00 cquiv) in dichloromethane {4 mL}), HOBt (71 mg, .42 mmol, 1.21
equiv), EDCI (80 mg, 0.42 mmol, 1.20 cquiv), tricthylamine (141 mg, 1.39 mmol, 4.02
cquivy, and mecthyl (25)-2-amino-5-carbamimidamidopentancate (109 mg, 0.42 mmol,
1.21 equiv) was stirred overnight at 40 °C in an oil bath. The reaction was quenched by
the addition of 10 mL of H,O, diluted with 10 mL of DCM, extracted with 3x10 mlL of
dichioromethanc and the organic layers combined. The resulting mixture was washed with
1x10 mi of brine, dried over sodium sulfate and concentrated under vacuom. Silica gel
chromatography with cthyl acetate/petroleum cther (1:2), followed by Prep-HPLC with the
following conditions: (I#waters2767-5) column, SunFive Prep C18, 19%150mm Sum H
Prep C-001(T)18600256819513816414 04, Mobile Phase, phase A: water with 0.05%
TFA, phase B: CH3CN (15% CH3CN up to 60% in & min, up to 100 % in 0. 1mun, hold 1060%
in 1.%m0in, down to 15% in 8.1min, hold 15% in 1.9min}; Detector, UV 220 & 254 om,
gave the title compound as a white solid. 'H NMR (400MH,, CD:0D) § 7.57-7.60 (m,
2H), 7.22-7.31 {m, 3H), 6.67-6.76 {m, 2H), 6.54-6.57 (m, 1H), 5.90-6.02 {m, 1H), 472 (4,
J=40 Hz, 1TH), 423 (d, J= 3.6 Hz, 1H), 4.06-4.10 (m, 1H), 3.78 (s, 3H)}, 3.77 {s, 3H),
326-3.29 G, 2H), 2.84-2.89 (m, 2H), 1.75-2.10 (m, &H), 146 (s, 3H). F NMR
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{400MH,, CD;0D) 0 -77.09, -111.45, -115.31. Mass spoctrum (ESL m/z): Caled. for
(/;f;yﬁgg(\fﬁ:7gw607vf’> 7432 (1\’3"16(:}:2(:008}5), found 7435,

Example 83: (81204~ 7-{4-chioro-I-methoxyphenyi-I-(d-fnorophenyi)-4.5,8, 7=

tetrabvdro-7-methyl-I H-benzofdiimidarsol-2-vithio)methyi)-3, 5-difluorobenzamido)-5-

sugnidinopentanoic acid  trifluoreacetic acid

Q 1, 7CF3COOH )=NH

A solntion of ( S}*methy} 2-{4~{{7-{4-chloro-3~-methoxyphenvi}- 1 -{4-fluorophenyl)-4,

3, 6, 7-tetrahydro-7-methyl-1H-benzo{djimidazol-2-ylthioymethyi}-3,5-
diftuorobenzamido}-S-guanidinopentancate (80 mg, 0.11 mmol, 1.00 equiv) in methanol-
H,O (2/1 mL), and LiOH monchydrate (21 mg, 8.50 mmol, 4.65 cquiv) was stirred for 2 h
at room temperature. The resulting mixture was concentrated under vacuum and purified
by Prep-HPLC With the following conditions:  {(1#waters2767-5) column, SunFire Prep
C18, 19*150mm Sum H Prep C-001(T)18600256819513816414 (4, Mobile Phase, phase
A water with 0.05% TFA, phase B: CH3CN (15% CH;ON up to 30% in 8 min, up to 100 %
in (.imin, hold 100% in 1. 9min, down to 15% in (.1min, hold 15% in 1.9min}; Detector,
UV 220 & 254 nm, to give the title compound as a white solid. 'H NMR (400MH;,
CDODY 67.57-7.60(m, 2H), 7.22-7.30 (m, 3H), 6.66-6.77 {1, 2H}, 6.55-6.57(m, 1H), 6.03
(t, /=48 Hz, 1H), 4.68-4.71 {(m, 1H),4.21 (d, /=132 Hz, 1H),4.07 (d,/=13.6 Hz, 1H),
3.78 (s, 3H), 3.27-3.29 (m, 2H), 2.83-2.88 (m, ZH), 1.76-2.11 {m, 8H), 1 .46 (d, /=48 Hz,
3. F NMR (400MH,, CD:0D) § -77.07, -111.58, -115.38. Mass spectrum (ESL, nv/z):
Caled. for CopsHzr ,ClFg (N7 4S, 729.2(M-~1.7CF;COOH+H), found 729.5.

Example 84: 4-{{7-{d~-cfiioro-3-methoxyphenvii-I-(4-fluorophenyll-7-methyvi-4,5,6, 7~

fetrahydro-I H-benzofdlimidazol-2-vithiolmethvi)=3, 5-difluoro-N=-{ 2={ 2={2-{ 2
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hvdroxvethoxyiethoxyiethoxy) ethvibenzamide trifluoroacetic acid

N
Me
(o]
Me(

Ci

b
zo
1.3CF,C00H g
ol
20

H

The title compound was prepared according to the procedure as deseribed in
Example 82 by coupling 4-((7-{4~chloro-3-methoxyphenyl-1-(4-fluorophenviy-4,5,6,7-
tetrahydro~-7-methyl-1H-benzo[djimidazol-2-ylthioyoethyl)-3,5-difluorobenzoic acid
{Preparcd as described in Example 81, Step 2) and 2-(2-(2-(2-
aminoeth@xy}etbox‘v')ethoxy)ethan01 in the presence of EDCT and HOBt to afford the
desired product as a white solid. "H NMR (400MH,, CDs0D)Y § 7.57 (4, .7 = 8.4 Hz, 2H),
7.24-7.33 {m, 3H), 6.760(, J=8.4Hz, 1H}, 6.67 {d, J=2.0 Hz, 1H)}, 6.53-6.56 {m, EH) 583
596 (m, 1H},4.27(d, /= 13.6 Hz, 1H),4.10 (4, /= 13.6 Hz, 1H), 3.77 (s, 3H), 3.55-3.73
{m, 16H}, 2.87-2.91 {m, 2H), 1.96-2.11 (m, 4H), 1.47 (5, 3H) . ]’F NMR {400MHz,
CD:0D} 6 -77.12, -110.95, -115.49. Mass spectrum (ESI, m/z): Caled. for
Cao.6Hup sClF N2 65, 748.2 (M-1.3CF;COOH+H), found 748.5.

Example 85: 7-{d-chiovo-3-methoxyvphenvil-I-(4-fluorophenyvi)-7-methyl-2-(pyrimidin-2-

vimethvithio)-4,5.6, 7-tetrahvdro-1 H-benzoldiimidarole

AR
ad
(-5 ™
N
O 1.6CFsCOOH
cl OMe F

182



WO 2015/160772 PCT/US2015/025702

The title compound was prepared according to the procedure as described in Example
78 step & by coupling 7-{4-chloro-3-methoxyphenyly-1-(4-fluorophenyl}-7-methyi-4,5,6,7-
tetrahydro- 1 H-benzofdlimidazole-2-thiol (Preparcd as described in Example 78, Step 7)
and 2-(chloromethyDpyrimidine HCI salt in the presence of Cs,COy followed by HPLC
purification using ACN (TFA) and water (TFA) as clucnt to afford the desired product as a
white solid. 'H NMR (400MHz, CD:0D): § 8.79 (d, J = 4.8 Hz, 2H), 7.45-7.50 (m, 2H),
7.25-7.32 (ma, 2H), 6.83-6.88 (m, 1H), 6.66-6.72 (m, 2H), 6.41-6.51 (m, 1H), 4.26-4.35 (i,
2H), 3.80 (s, 3H), 2.82-2.93 (m, 2H), 1.96-2.11 {m, 4H), 1.51 (s, 3H). “F NMR (400MHz,
CD:0D): 6 -77.17, -110.77. Mass spectrum {(EST, m/z): Caled. for ChroaHys 6CIF5 sN4O405,
495 1{M-1 .6CF;COOH+H), found 495.1.

FExample 86: 7-(d-chioro-3-methoxyphenyil-2-(03-chloropyrimidin-4-vimethyithiol-{-(4-

fluprophenyii~7-methvi-4,5,.6, 7-tetrabvdro~- L H-benzoldiimidarole trifluproacetic acid
N
\
N 7 N
| D= )=
N Cl

1.48CF;COOH

Me

MeO

Cl F

The title compound was prepared according to the procedure as described 1n Example
78 step & by coupling 7-(4-chloro-3-methoxyphenyl}-1-(4-fluorophenyl}-7-methyi-4,5.6,7-
tetrabydro-1 H-benzofdjimidazole-2-thiol {Prepared as described in Example 78, Step 7}
and S-chioro~-4-{chloromethylipyrimidine HCI salt in the presence of Cs,C05 1o afford the
desired product as a white solid.'H NMR (300MHz, CIHOD): § 8.90 (s,1H),7.52
{s,1H),7.19-7.36 (m,3H).6.77-6.84 (m,1H)}, 6.69 (5,1H), 6.58-6.61 {m, [ H), 6.35-6.36 {im,
1H), 4.04-4.16 {(m, 2H), 3.78 (s, 3H), 2.73-2.88 {m, 2H), 1.80-2.20 (m, 4H), 1 435(s, 3H}.
PENMR (300MHz, CDsODY: § -77.05. Mass spectrum (BSI, m/z): Caled. for
Cos.osHr148CHF s 4aNsO2.068, 529.1(M-1 48CHF;COOH+H), found 529.3.



WO 2015/160772 PCT/US2015/025702

Example 87 2-tbenyvisulfanyl)-7-(i-chloro-3-methoxvpbenyil-i-i4d-fluorophenvil-7-

amethvi-4, 5,6, 7-tetrahvdro-1 H-1 3-benzodiarole

| :\>—s/_©

Me

MeO

Cl F

The title compound was prepared according to the procedure as described in Example 78
step 8 by coupling 7-(4d-chloro-3-methoxyphenyi}- I-{(4-fluorophenvi}-7-methyvi-4,5,6,7-
tetrabydro-1 H-benzofdlimidazole-2-thiol (Prepared as deseribed in Example 78, Step 7)
and benzyt bromide in the presence of CspCOs to afford the desired product as 8 white
solid. 'H NMR (400MHz, CD;0DY: 8 7.27-7.31 (. 3H), 7.19 (4, J = 8.4 Hz, 1H), 6.99-
7.87 {m, 3H}, 6.72-6.75 {m, 1H}, 6.57-6.61 (m, 1H}, 5.76-5.79 {m, 1H), 4.09 (d, J =
12.8Hz, 1H), 4.00 (d, /= 12.8 Hz, 1H), 3.71 (s, 3H)}, 2.75-2.81 {m, 2H}, 1.84-1.94 {m, 4H),
1.32 (s, 3H). Mass spectrum (ESI, m/z): Caled. for CpHaeUIFN,OS, 493 1(M +H), found
493.1.

Example 88: 2-thenyvisulianyil-7-{d-chioro-3-methoxyphenvl-1-(4-flunorophenyi)-7-

methvi-4, §, 6, 7-teteabydro-I1H-1 3-benzodiazole

78
A
N

Me

MeO

Cl F

The title compound was prepared according to the procedure as described in Example 78
step 8 by coupling 7-(4d-chloro-3-methoxyphenyi}- I-{(4-fluorophenvi}-7-methyvi-4,5,6,7-
tetrabydro-1 H-benzofdlimidazole-2-thiol (Prepared as deseribed in Example 78, Step 7)

and 4-(bromomethylypyridine in the presence of Cs,C (5 to afford the desired product as a
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white solid. 'H NMR (400MHz, CD:0D): § 8.44-8.46 (m, 2H), 7.17-7.24 (m, 3H), 7.07-
7.09 {(m, TH), 6.94-6.97 {m, 1H), 6.61-6.68 {(m, ZH}, 6.43-6 .45 (m, 1H), 5.88-5.92 {m, 1H},
4.14(d, S =132 Hz, 1H), 4.03(d, S =132 Hz, 1H), 3.72 (s, 3H), 2.56-2.96 (m, 2H), 1 .84-
1.93 {(m, 4H), 1.34 (s, 3H). Mass spectrum {ESI, m/z): Caled. for CpHysCIFN;OS,
494 1{M +H), found 494.2.

FExample 89: 4-((7-(d-chipro-3-methoxyphenyil-1-(d-fluorophienvil-7-mothvi-4,3,6, 7-

fetrafivdro-1 H-benzoldlimidazol-2-vithio)methyi)-3, 5-difluorobenzonitrile ifluoroacetic

gcid

F

N CN
| >—s
N F
Me
0.9CF;COOH
MeO
Cl F

The title compound was prepared according to the procedure as deseribed in Exarople
78 step 8 by coupling 7-{(4-chloro-3-raethoxyphenyl)-1-{4-fluorophenyl)-7-methyi-4,5,6,7-
tetrahydro~-1 H-benzofdlimidazole-2-thiol (Prepared as described in Example 78, Step 7)
and 4-cyano-2,6-difluorobenzyl methanesulfonate in the presence of CsxCOs to afford the
desired product as a white solid. "H NMR (400MHz, CD:0D): 3 7.58-7.60 {m, 2H),
7.23-7.36 (m, 3H}, 6.80-6.83 (m, 1H}, 6.69 (s, 1H}, 6.57-6.60 (m, 1H}, 6.17-6.21 (m, 1H)},
4.15¢(d, J=13.6 Hz, 1H), 405 (d, /= 13.6 Hz, 1H), 3.79 (5, 3H), 2.70-2.90 (m, 2H), 2.00-
2.09 (m, 1H), 1.95-1.99 (m, 3H), 1.48 (s, 3H). F NMR (400MHz, CD:0DY: 6-77.13, -
111.42, -113.48. Mass spectrum (ESI, w/z): Caled. for CsagHos oClF5 /N2, 68, 5354 1{M-
3.9CF;COOH+H]}, found 554.1.

Example 90: T-{d-chloro-3~-methoxyvpbenyil-2-¢ 2, 6-difluoro-4- 2H-tetrazol-5-~

viibenzvithiohI-(é-fluprophenyil-7-aiethvi-4, 5.6, 7-tetrabydro- I H-benzofdiimidazole

frifluoroacetic acid

I85
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F
o
N _N
R N
N
Me
0.4CF,COOH
MeO
Cl F

The title compound was prepared according to the procedure as described in Example
30 by reacting 4-({7-(4-chloro-3-methoxyphenyly-1-(4-fluorophenyl)-7-moethyi-4,5.6,7-
tetrahydro-1H-benzo[djimidazol-2-ylthioymethyl)-3,5-difluorobenzonitrile trifluoroacetic
acid in the presence of NH,C1and NaN; to afford the desired product as 8 white solid. 'H
NMR (400MHz, CD-0DY. 6 7.75 (d, /= 8.0 Hz, 2H), 7.20-7.31 (m, 3H), 6.80-6.84 {m,
1H}, 6.67 (s, 1H), 6.35-6.65 (im, 1H), 6.08 (br, 1H), 4.18¢d, /=132 Hz, 1H),408(d, /=
132 Hez, 1H), 372 (s, 3H), 2.51-2.74 {m, 2H}, 1.88-1.93 {m, 1H}, 1.76-1.82 (m, 2H), 1.67-
1.69 (m, 1H), 1.31 (s, 3H). "F NMR (400MHz, CD:0D): §-74.25,-111.78, -112.65,
Mass spectrum (EST, m/z): Caled. for Coo st sCIF0N6C 58, 597 1{(M-0. 4CF,COOH+H),
found 597.2.

Example 91 4-{{7-(4-cliioro-I-methoxyphenvii-{-(4-Auorophenyll-7-methvi-4.5.6, 7~

fetrahvdro-I H-benzoldlimidazol-2-vithiolmetiivi)-3, 3-difluoro-N-methvibesnzamide

trifluoroacesic acid

F
o)
N
| >—s NHMe
N F
Me
1.4CF5COOH
MeQ
cl F

The title compound was prepared according to the procedure as described in Example
&2 by coupling  4-((7-(4-chloro-3-methoxyphenyl)-1-(4-tfluorophenyly-4,5,6,7-tetrahy dro-
7-methyl-1H-benzo[dlimidazol-2-vithioymethyl}-3,5-difluorobenzoic acid  (Prepared as
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described in Example 81, Step 2) and menthlaminde THF sohation in the presence of
EDCI and HOBt to afford the desired product as a  white solid. ‘H NMR {400MH,,
CD;0D) 0 7.53(d, /=84 Hz, 2H), 7.21-7.32 (m, 3H), 6.73-6.78 (m, 1H), 6.66 {d, /=20
Hz, 1H), 6.52-6.55 (m, 1H), 5.86-5.90 (m, 1H), 426 (d, /=136 Hz, 1H),408(d. J=
13.2Hz, 1H), 3.77 (s, 3H), 2.99 (s, 3H), 2.81-2.92 (m, 2H), 1.95-2.11 {m, 4H), 1 .47 (s, 3H).
UF NMR (400MH,, CD:OD) & -77.22, -111.12, -115.49. Mass spectrum (ESL m/z):
Caled. for CapgHpa sCIF72N30458, 586.2(M-1 4CFCOOH+H), found 586.3.

Example 822 41 7-{4-chlorp-3-methoxyphenvil-i-(4-Buoropbenyi)-7-methyvi-4, 5, 6, 7-
tetrafivdro-1H-1,3-benzodiazol-2-vilsuifanyviimethivi)-3, 3-difluorp-N,N=-

dimethyibengamide

F

N
| >—s N—
N F /
Me

MeO

Cl F

The title compound was prepared according to the procedure as deseribed in Example
82 by coupling  4-({7-{4-chloro-3-methoxyphenyl)-1-(4-flaorophenyly-4,5,6,7-tetrahydro-
T-roethyl-1H-benzo[dlimidazol-2-vithioymethyl}-3,5-difluorobenzoic acid  (Prepared as
described in Example 81, Step 2) and dimethylaminde THF solution in the presence of
EDCI and HOBt to afford the desired product as s white solid. 'H NMR (400MH.,
CD;0D)Y 87.26 (d, J = 8.4 Hz, 1H), 7.03-7.12 (m, 4H), 6.67-6.72 (m, 2H), 6.56 {t, /= &84
Hz, 1H), 5.60-6.04 {(m, 1H), 4.04 (d, J = 13.6 Hz, 1H}, 3.81 (d, /= 13.2 Hz, 1H), 3.79 (s,
3H), 3.15 (s, 3H), 3.03 (s, 3H), 2.66-2.79 (m, 2H), 1.84-1.95 (m, 4H), 1.37(s, 3H). VF
NMR (400MHz, CD:0OD) 6 -113.94, -115.24. Mass spectrum (ESI, m/z): Caled. for
CaiHpoCIF NS, 600.2 (M-+H), found 600.3.
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Example 83 7-id-chiovp-I-methoxvphenvil-2-{{{2, O-difluoro-4-ftmorpholin-4-

viiearbonviiphenviimethvisulfanvil-1-4-iluorophenvl)-7-methvi-4, 8,6, 7-tetrabivdro-1 H-

1. 3-benrodiarole

F

0

N
| H—¢ N

N F O

Me 0O

MeO
- Cl

F

The title compound was prepared according to the procedure as deseribed in Example
&2 by coupling  4-((7-(4-chloro-3-methoxyphenyl)-1-(4-tfluorophenyly-4,5,6,7-tetrahy dro-
7-methyl-1H-benzo|[dlimidazol-2-yithioymethyl}-3,5-difluorobenzoic acid  (Prepared as
described in Example 81, Step 2) and morphline in the presence of EDCI and HOBt to
afford the desired product as a white solid. 'H NMR (400MHz, CD:0D) § 7.26 (4, J =
8.4 Hz, 1H), 7.05-7.13 (m, 4H), 6.68-6.73 (1, 2H), 6.56-6.59 (m, 1H), 6.04-6.07 (m, 1H},
4.01 (4, J = 13.6 Hz, 1H), 3.90 (d, J = 13.6 Hz, 1H), 377 {s, 3H), 3.48-3.69 (m, &H),
2.68-2.75 (m, 2H), 1.84-1.96 (m, 4H), 1.31 (s, 3H) . "F NMR (400MH,, CD:0D) 3 -
113.94, -115.00. Mass spectrum (ESI, m/z): Caled. for CoHy CIFNOsS, 642 2(M-+H),
found 642.4.

Example 94: 4-((7-(d-chipro-3-methoxvphenyi)-I-{4d-fluorophenvii-7-mothvi-4, 5,6, 7~

tetrafivdro-I H-benzoldlimidazol-2-vithiolmethyvll-3, 5-di fluore-IN~{ 3~

bvdroxvethvlibenzamide trifluoroacetic acid

F
0
N
| D—s NH
N F
Me
HO
MeO L L 1.6CF,COOH
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The title compound was prepared according to the procedure as described in Example
82 by coupling  4-{{7-{4-chloro-3-methoxyphenyly-1-(4-fluorophenyl)-4,5,6,7-tetrahy dro-
7-raethyl-1H-benzo[djimidazol-2-yithioymethyl)-3,5-difluorobenzoic acid  (Prepared as
described in Example 81, Step 2) and 2-aminocthanol in the presence of EDCI and HOBt
to afford the desired product as a white solid. 'H NMR (400MH,, CD:0D) §7.55 (d, J =
8.4 Hz, 2H), 7.22-7.29 (m, 3H), 6.73-6.78 (m, 1H}, 6.67 (d, /= 2.0 Hz, 1H), 6.53-6.56 (m,
tH}, 5.96-6.00 (m, 1H), 421 (d, J=13.6 Hz, 1H), 4.06(d. /= 13.6 Hz, IH}, 3.78 (s, 5H),
3.56 {t, J = 11.6 Hz, 2H), 2.82-2.88 (m, 2H), 1.94-2.11 (m, 4H), 1.42 (s, 3H). “F NMR
{(400MH,, CD:0D) & -77.10, -111.54, -115.55, Mass spectrurn (ESL, m/zy: Caled. for
Caa o0 6CIF7aN30608, 616.2 (M-1.6CF,COOH+H), found 6164,

Example 95: 3-((7-(4-chipro-3-methoxyphenyi)-I-t{-fluoronbenvii-7-methvi-4, §, 8, 7-

tetrabydro~ I H-benzofdlimidazol-2-vithiohmethvil-2 4-diffuorophenol triffuoroacetic acid

Step 1: 7-{4-chloro-3-methosvphenvh-2-1{{2 . 6~-difluore~-3-1{4-

methoxvphenvhmethoxviphenvibmethvDsulfanvll-1-(d-fuorophenvh-7-methvl

4.5.6.7-tetrabvdro-1H-1.3-benzodiazole
F

N
Ra
N

F OPMB

MeO

Cl F

The title compound was prepared according to the procedure as described in Example
78 step & by coupling  7-(4-chloro-3-rocthoxyphenyl)-1-{4d-fluorophenyl)-7-methyi-
4,5,6,7-tetrahydro-~  H-benzo[djimidazole-2-thiol (Prepared as described in Example 7§,
Step 7) and 2-{chloromethyly-1,3-difluoro-4-[{4~-methoxyphenylimethoxy]nenzene in the
presence of Us,CO5 to afford the desired product as a white solid. Mass spectrum (ES],
m/zy: Caled. for CasHnCIFaN(58, 665.2 (M+H]}, found 655.2.
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Sten 2: 3-((7-{d-chlorg-3-methoxvphenvl-1-{4-luorophenvh-7-methvi-4, 8, 6, 7-

tetrahvdro-1H-benzoldlimidazol-2-vithio methvD-2 4-difluorophenol trifluoroacetic

acid
F
N
| >—s
N F  OH
1.2CF;COOH

MeO

Cl F

The title compound was prepared according to the procedure as described in Example
24 step 3 by treatment of 7-(4-chloro-3-methoxyphenyiy-2-{{([2 6-diftaoro-3-{{4-
methoxyphenyly methoxyiphenylimethylisuifanyl}-1-(4-fluorophenyl}-7-methyi-4,5,6,7-
tetrahydro-1H-1,3-benzodiazole in TFA to afford the desired product as a white solid.
THNMR (400MHz, CD:0D): & 7.21-7.32 (m, 3H), 6.85-7.00 (m, 2H), 6.67-6.74 (m, 2H),
0.52-6.55 (m, 1H), 5.94-5.98 {m, 1H), 424 (4. J=13.6 Hz, 1H),4.06(d, /=136 Hz, 1H)},
378 (s, 3H), 2.83-2.95 (m, 2H), 1.95-2.12 (m, 4H), 1 468 (s, 3H). °F NMR (400MHz,
CD:0Dy -77.14  -111.15 ~129.95, -139.97. Mass spectrum (ESI, r/z): Caled. for
Crp.4Hos 2CIFg N2 04.48, 545 H{M- 1 2CF,COOH+H), found 545 3.

Fxample 86: 2-{3-({7-(4-chlore-3-methoxvphenyil-i-(4-fluoropfienvil-7-methvi-4, 5,6, 7=

tetralivdro- i H-benzoidiimidazol-2-vithiojmeilivi)-2 4-difluprophenoxy j-N,N-

dimethviethanamine trifluoroacetic acid

F

N
R
N F O
Me Q _\—NM62
MeO 2.4CF3CO0H

Cl F
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The title compound was prepared according to the procedure as described in Example
24 step 4 by coupling  3-{{(7-{4-chloro-3-methoxyphenyl}- 1 -{4-fluorophenyl}-7-methyl-4,
3, 6, 7-tetrahydro- 1 H-benzo[djimidazol-2-yithioymethyl}-2,4-difluorophenol and 2-chloro-
as a white solid. 'H NMR (400MHz, CD;OD): § 7.23-7.31 (m, 4H), 7.02-7.07 (m, 1H),
6.70-6.79 {(m, 2H), 6.56-6.59 (m, 1H), 6.15 (5, 1H), 4.43-4 .45 (mu, 2H), 4.11-4.24 (m, 2H),
3.79 (s, 3H), 3.64-3.66 (m, 2H), 3.02 (s, 3H), 2.84-2.91 (m, 2H), 1.96-2.10 (m, 4H), 1 .47
(s, 3H). PF NMR (400MHz, CD:ODY: -77.13, -111.14, -126.25, -134.52. Mass spectruin
{(ESI, my/z): Caled. for CaesHas aClF10oN3O5 58, 616 2(M-2 4CF;COOH+H), found 616.4.

Example 87 7-i4-chloro-3-methoxyphenvil-2-{2, 6-diffteorp-3-f 2-f2-{ 2~

todocthoxyiethoxylethoxyinhenvi) methyilsuifonyi]-i-(4-flugrophenvii-7-methvi-4,5,6,7-

ferrghvdro- I H-{ 3-benzodiazole

F

N
| > Q
N F

MeO
Cl

Inwg

The title compound was prepared according to the procedure as described in Example 24
step 4 by coupling  3-((7-(4-chloro-3-methoxyphenyl)-1-{4-fluorophenyl}-7-methyl-4, S,
6, 7-tetrahydro- 1 H-benzo{djimidazol-2-yithioymethyi}-2 4-ditluoropheno! {(Prepared as
described in Example 95, Step 2} and 1,2-bis{2-idodethyoxjethane in the presence of
Cs,C0O to afford the desired product as a white solid. Mass spectrum (ESI, m/z): Caled.

for C;4H;<CEF23N/O4S 7871 (I\/E"FH}, found 787.1.

Siep 20 202502 3={{ 7-{4=chloro-3-methoxyphenvi)-I~-(i-Auorophenyi)-7-methyi-4, 5, 8,

T-ietralivdro-i H-benzoldlinidazol-2-vithiohmethyil-2 4-difluovephenoxvicthoxviethoxy)~

N N-dimethviethanamine trifluoroacetic acid
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N F
\_\O
—0 O/_/2,1CF3COOH
4 F —

N~

The title compound was prepared according to the procedure as described in Example
27 step 2 by coupling 7-{4~chloro-3-methoxyphenyly-2-[[{2,6-difluoroe-3-{2-{2-(2-
iodoethoxyiethoxylethoxyiphenyly methyijsulfanyil-1-(4-fhaorophenyl)-7-methyi-4,5,6,7-
tetrahydro~-1H-1,3-benzodiazole and dimethylamine to afford the desired product as a
white solid. "H NMR (400MHz, CD:0DY: § 7.19-7.32 {m, 4H), 6.95-7.05 (m, 1H), 6.69-
6.76 {m, ZH), 6.55-6.57 (m, 1H)}, 6.06-6.12 (m, 1H), 4.12-4.25 {m, 4H), 3.72-3.91 (m,
11H), 2.88-2.92¢m, 7H), 1.97-1.98 (m, 4H), 1.47 (s, 3H). "F NMR (400MHz, CD;0D); -
76.96, -110.92, -127.92,-136.07. Mass spectrum  {ESE w/z):  (Caled. for
CapHas jCIFoaN50008, 704.3 (M-2 1 CF:COOCH+H), found 704 4.

Example 98: 2-173, 5~diflnoropvridin-d-vlmethylthio)-7-(d-chiorp-3~methoxvphenvii-1-

(d-fluorepnhenyi)-4,5,6, 7-teivafivdro-7T-methvi-1 H-benzoidiimidarole wrifluovoacetic acid

F
\
N 7
| D=8 )=
N F
Me
MeO 1.6CF;COOH
Cl F

The title compound was prepared according to the procedure as described in Example
78 step 8 by coupling 7-{4-chloro-3-methoxyphenyl)-1-{4-thuorophenyl)-7-maethyl-
4,5.6,7-tetrahydro- | H-benzo[d]imidazole-2-thiol (Prepared as described in Example 78,

Step 73 and 4-(chloromethyl}-3,5-difluoropyridine in the presence of CsyCOs 1o afford the
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desired product as a white solid. 'H NMR (400MHz, CD-0OD): § 8.47 (s, 2H), 7.23-7.35
(m, 3H), 6.78-6.83 (m, 1H), 6.70-6.71 (m, 1H), 6.56-6.58 (m, 1H), 6.19-6.23 (m, 1H),
4.07-4.20 (m, 2H), 3.80 (s, 3H), 2.79-2.93 (m, 2H), 2.01-2.12 (m, 1H), 1.95-1.98 (m, 3H),
1.48 (s, 3H). ""F NMR (400MHz, CD:0DY: 8 -77.29, -111.16, -131.62. Mass spectrum
{(ESI, m/z): Caled. for CypoHpa sCIF7gN3 Oy S, 530, 1{M-1.6CF;COOH+H), found 530.2.

Example 99: 2-ihenzvithiol-7-(3 d-dimethoxyphenyil-I-{4-flupronhenvil-7-smethivi-

£.5,86, 7-tetrahivdro-I H-benzoidiimidazole

Step 1: 2-(3 4-dimethoxvphenvh-Z-methvicvelohexanone

The title compound was prepared according to the procedure as described in
Example 78 step 1 reacting 2-(3.4-dimethoxyphenylicyclohexanone with NaH followed by
Mel as hight vellow solid.

"H NMR (400 MHz, CDCL) 8 6.82(d, T= 8.2 Hz, 1H), 6.76 (d, 7= 7.9 Hz, 1H), 6.64 (s,
1H), 3.88 (s, 3H), 2.55¢(d, J =75 Hz, 1H), 238 (m, 1H)}, 2.31 {d, } = 7.5 Hz, 1H}, 1.99 {(m,
1H), 1.72 (m, 4H), 1.24 (s, 3H).

Sten 2: &-bromo-2-(3.4-dimethoxvphenvh-2-methvicvclohexanone

The title compound was prepared according to the procedure as described in
Example 78 step 2-3 reacting 2-(3,4-dimcthoxyphenyt)-2-methyicyclohexanone with
TMSOTHTEA followed by NBS as Light yellow solid.

ESE-MS (nvzy: Caled. For CsHoBrQ;: 327.21; found: 247 (M-Br+H).
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Step 3: 7-{3.d-dimethoxvphenvll-1-{4-fluoronhenvi)-7-methvi-4d.5,6.7-tetrahvdro-1 H-

benzoldlimidazole-2-thiol

The title compound was prepared according to the procedure as described in

Example 78 step 4-7 to afford the product as off yellow solid.

Sten 4: 2-(bengyithiol7-(3, 4-dimethoxvphenvl-1-(4d-fluorophenvD-7-methvi-4.5.68,7-~

tetrabvdro-1H-benzoldlimidazole

The title compound was prepared according to the procedure as described in

Example 78 step 8 reacting 7-(3,4-dimethoxyphenyi-1-(4-fluorophenyl}-7-methyi-4,5,6,7-
tetrahydro~-1 H-benzofdlimidazole-2-thiol and benzy! bromude as an off-white solid.
"H NMR (400 MHz, CDCl) 8 7.25 (m, 4H), 7.18 (m, 1H), 6.88 (1, J = 6.5 Hz, 1H), 6.72
{m, 1H), 6.68 (4, J =70 Hz, 1H), 658 (m, 1H),655(d, J=71Hz, IH),643(d,J=75
Hz, 1H}, 5.98 {s, 1H), 4.18 (s, ZH)}, 3.88 (s, 3H}, 3.72 (s, 3H}, 2.80 {m, 2H), 1.82 {m, 4H},
1.25 (s, 3H).
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Example 108;: 2-((2-chloro-6-fluorobengviithio)-7-3 4-dimethoxyphenyll-1-{4-

fuerophenyvi)-7-methyi-4,.5,6, 7-tetrabividre-1 H-beuzoldiimidazole

The title compound was prepared according to the procedure as described in
Example 78 step 8 reacting 7-(3,4-dimcthoxyphenyi)-1-(4-fluorophenyl}-7-methyl-4,5,6,7-
tetrahydro-1 H-benzofdjimidazole-2-thiol(prepared as described in Example 99, Step 3)
and 2-{bromomethyl}-1-chloro-3-fluorobenzenc as an off-white solid.

"H NMR (400 MHz, CDCLy) § 7.15 (m, 2H), 6.98 (m, 3H), 6.71 (d, J = 7.5 Hz, 1H), 6.55
(m, 3H), 6.02 (s, 1H), 4.25{abq, J = 11.5, 7.0 Hz, 2H}, 3.85 (s, 3H}, 3.80 (s, 3H), 2.81 (m,
2H), 1.82 (m, 4H).

Example 101 (R*)- 24 2-chioro-G-fluorobearviithiol-7-(3 4-dimethoxvphernyii-§ {4~
fluovophenyi)-7-methvi-4, 5,6, 7-tetrafivivo-I H-penzofdiimidazole (181a) and (§7)~2~((2~

ciloro-G-fluorobenzyilihio)-7-13 4-dimethoxyphenvil-I-(d-fluorophenyi)-7-methyl-
4,5,6, 7-tetrafivdro- I H-bengoldiisidoazole {1015}

2-{(2-chloro-6-fluorobenzylithio}-7-(3 . 4-dimethoxyphenyl)- 1-{4-fluorophenyl}-7-

methyl-4,5,6,7-tetrahiydro-1H-benzo{d}jimidazole as a racemate (100 mg) was purified by
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chiral SFC (CHIRALPAK AD-H § puM 250x20 mm) using mobile phasc of 80% CO; and
23% -PrOH to yield 45 mg R* enantiomer and 40 mg 5% enantiomer as white solids.
Absoulte stereochemistry is arbitually assigned.
{R*y-2-((2-chloro-6-Nuorobenzviithio)-7-C3 4-dimethoxvphenvii-1-{4-Huorophenvl)-7-
methyl-4.5.6,7-tetrabvdro-1H-benzoldlimidazole (181a):

First peak, ESEI-MS (myz): Caled. For CooHprCHNLO,S: 541.05; found: 541 (M+H).

{82~ 2-chloro-g-flnorchenzyvlithio:7-{3 4d-dimethoxvnhenvh-1-{d-fluorophenvi}-7-
methvi-4,5.6,.7-tetrahvdro-1H-benzoldimidazele (101bh):
Second peak, ESE-MS {m/z): Caled. For CooHpCIFN,O,8: 541.05; found: 541 (M+H).

Example 102: 4-(((7-(3, d~dimethoxyphenyii-I-{d-fuorophenvii-7-methvi-4,5,6, 7~

tetrahvdro-I H-benzofdlimidazol-2-viithiolmeihyi)-3, S-difluorobenzoniivile

The title compound was prepared according to the procedure as described in
Example 78 step 8 reacting 7-(3,4-dimethoxyphenyi}- I -(4-fluorophenyl)-7-methyi-4,5,6,7-
tetrahydro-1H-benzoldjimidazole-2-thiol(Prepared as described in Example 99, Step 3)
and 4-cyano-2,6-difluorobenzyl methanesuifonate as an off-white solid.

"H NMR (400 MHz, CDCL) 8 7.18 (d, I = 6.2 Hz, 2H), 7.05 (m, 2H), 6.71 {4, § = 7.0 Hz,
1H), 6.62 (m, 1H), 6.58 (s, 1H), 6.55(d, I =65 Hz, 1H), 6.12 {m, 1H), 410 (abq, F = 12.§,
7.6 Hz, 2H), 3.91 (8, 3H), 3.82 (8, 3H), 2.72 (m, 2H}, 1.83 {m, 4H), 1.31 (s, 3H)}.

Example 183: §-(07-03 d-dimethoxyphenyii-i -(d-Fuorephenvil-7-mothvi-4,5.6, 7~

fetrabiydro-1 H-bengofdiimidarzol-2-viihiclmethvii-3, 5-difluorobenzoic acid
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CQOzH

The title compound was prepared according to the procedure as described in
Example 65 reacting 4-({((7-(3.,4-dimcthoxyphenyh)-1-{4-fluorophenyl}-7-methyl-4,5,6,7-
tetrahydro-1 H-benzofdjimidazol-2-ylithio)methyi)-3,5-difluorobenzonitrile  in aqueous
alkaline solution as a white solid.

"H NMR (400 MHz, CDCL) 8 745 (d, 1 = 7.8 Hz, 2H), 7.25 (m, 1H), 7.16 (t, ] = 6.2 Hz,
1H), 6.75 (m, 2H), 6.68 (s, 1H), 6.38 {d, J = 6.0 Hz, 1H}, 6.42 (m, IH)}, 3.92 (s, 3H), 3.85
{s, 3H}, 3.50 (s, 2H), 3.21 (m, 2H), 2.82 (m, 2H}, 1.85 {m, 4H), 1.32 (s, 3H).

FExammple 104: d-1117-13 4-dimethoxvphenvi)-1-(4-fluorophenyi)-7-methyi-4,5,6,7-

tefrabivdro-1 H-benzofdiimidaznd-2-viithiolmeihvi}-3, 5-difluorobenzamide

The title compound was prepared according to the procedure as described in
Example 65 reacting 4-({((7-(3.,4-dimethoxyphenyh)-1-(4-tfluorophenyl)-7-methyvi-4,5.6,7-
tetrabydro-1 H-benzo|dlimidazol-2-vijthioymethyi}-3,5-difluorobenzonitrile  (Prepared as
described in Example 102) in aqueous alkaline solution as a side product as a8 while solid.
"H NMR (400 MHz, CDCls) 8 7.26 (d, T = &0 Hz, 2H), 7.02 (m, 2H), 6.71 (d, J = 7.8 Hz,
1H), 6.68 (s, 1H), 6.52(d, J = 5.6 Hz, 1H}, 6,45 {1, J = 6.1 Hz, 1H), 635 (br, 5, 11}, 5.18
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{m, 1H}, 510 (br, s, 1H), 4.12 {(abg, 1 = 9.5 Hz, 4.3 Hz, 2H), 3.89 (s, 3H), 3.85 (s, 3H),
2.75 (m, 2H), 1.83 {m, 4H), 1.22 (5, 3H).

Example 108: 4-(((7-(3,d~dimethoxyphenyii-I -{d-Huorophenvii-7-methvi-4,5,6, 7~
tetrahiyvdro-1H-penzoldiimidazol-2-viihiolmethvil-3, 5~diiTnoroNe{ 2o 2ol Iuf 3=

fvdroxyvethoxviethoxy) ethoxyiethvilbenzamide

The title compound was prepared according to the procedure as described in

Example 66 coupling 4-({((7-(3.,4-dimcthoxyphenyh)-1-{4-fluorophenyl}-7-methyl-4,5,6,7-
tetrahydro-1 H-benzofdjimidazol-2-ylithioymethyi)-3,5-difluorobenzoic acid (Prepared as
described in Example 103} with 2-(2-(2-(2-aminocthoxy)ethoxy} ethoxy} cthanol using
HATU as white solid.
TH NMR (400 MHz, CDCL) 8 8.38 (br, s, 1H), 7.42 (d, J = 7.0 Hz, 2H), 7.05 (m, 2H), 6.72
{d, J=7.5Hz, 1H), 6.62 {m, 1H), 6.53 (s, 1H}, 6.50(d, J = 6.2 Hz, 1H), 6.16 {m, 1H}, 3.98
{abg, J = 11.5, 7.0 Hz, 2H), 3.8& {s, 3H), 3.78 (s, 3H), 3.66 (m, 16H), 2.72 {(m, 2H}, 1.96
{br, s, TH), 1.80 (m, 4H), 1.25 (5, 3H}.

Example 1862 2-{ 2f 2-{ 4111 7-{3 d-dimethoxyphenvil-I-(d-fuorophenyi}-7~metiyi-
4,5.&, T~fctrafivdro~i H-Benrofdiimidarol-2-viithiotacthyii-3, 5~

difluorophenoxviethoxyiethoxy)-N,N~dimethyicthanamine

Sten 1: 4-02-02-(2-chlovoethoxviethoxviethoxv)-2,.6-difluorobenzyvi methanesulionate
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Ci

3. 5-Difluoro-4-(hydroxymethybiphenol (298 g, 186 mmol), 2-2-(2-
chloroethoxy)ethoxyjethyl methancsulfonate (0.6 g, 1£.6 mmol} and K,CO5 (3.85 g, 27.8

mmol} in DMF (10 mL) were heated at 70 °C for 4 hours. The reaction was partitioned

between cthyl acctate and water. The organic layer was washed with brine, dried and

g,

concentrated to Ve the (4-(2-(2-(2-chlorocthoxyjethoxy)ethoxy)-2,6-
diftucrophenylymethanol  as crude material  for  next  step.4-(2-(2-(2-
Chlorocthoxy)cthoxyicthoxy)-2,6-difluorophenymethanol (1.28 ¢, 4.2 mmol} in DCM
{10 oL} at § °C was treated with TEA (8.63 mL, 4.5 mmo}} followed by MsCl (0.34 mi,
4.3 mmol) for 2 hours. The rcaction was warmed up to room temperature and partitioned
between DCM and saturated sodiom bicarbonate. The organic layer was washed with
water, brind and dried and concenirated to afford the title product as a colorless oil

ESI-MS (mvz): Caled. For CiyHioClF068: 388.81; found: 412 (M +Naj).

Stepy 20 2-{{4-3-2-2~chloroethoxviethoxyiethoxwi-2. &~-diflluorebenzylithio-7-{3,4-

dimethoxypheavD~-1-(4-finorophenvl-7-methvi-4.5.6,7-tetrabvdro-1 H~

benzoldlimidazole
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The title compound was prepared according to the procedure as described in
Example 78 step 8 reacting 7-(3.4-dimethoxyphenyl)-1-(4-flusrophenyl)-7-methyl-
4,5.6,7-tetrahydro- | H-benzo[d]imidazole-2-thiol (Prepared as described in Example 99,
Step 3} and 4-(2-(2-(2-chlorocthoxyjcthoxy)ethoxy)-2,6-difluorobenzyl methane sulfonate
as an off-white solid. "H NMR (400 MHz, CDCL) & 7.00 (m, 3H), 6.71 (d, J = 6.5 Hz,
1H), 6.60 (s, 1H), 6.55 (m, 2H), 642 (4, J = 6.5 Hz, ZH), 6.12 {m, 1H), 4.14 (abg, F = 1 1.5,
6.6 Hz, ZH), 4.05 (m, 2H}), 3.92 (s, 3H), 3.87 (m, 2H}, 3.85 (s, 3H), 3.75 (m, 2H), 3.70 (m,
2H), 3.60 (m, 4H}, 2.80 (m, 2H), 2.35 (s, 6H}, 1.80 (m, 4H), 1.28 (5, 3H}. ESE-MS (wyz):
Caled. For CisHsgCHF3N2Os8: 691.20; found: 691 (M-+H).

Step 3: 2-02-{2-{4-{{{7-(3 4-dimethoxvphenvi-1-{4-fluorophenvi)-7-methvi-4.5,6.7-

tetrahvdro-1H-benzoldlimidazol-2-viithigimethvii-3.5-

difluorophenoxviethoxviethoxyi-MN, N-dimethviethanamine

The title compound was prepared according to the procedure as described in

Example 27 step 2 reacting  2-({(4-(2-(2-(2-chlorocthoxyjethoxy)ethoxy}-2,6-
difluorobenzylithio}-7-(3,4-dimethoxyphenyhy-1 -(4-fluorophenyl)-7-methyl-4,5,6,7-
tetrahydro~-1 H-benzofdjimidazole and dirnethyl amine as an off-white solid.
"H NMR (400 MHz, CDCl) 6 7.05 {m, 2H), 6.72 (4, T = 7.5 Hz, 1H), 6.62 (s, 1H), 6.54
{m, 2H), 6.42 {d, J = 7.5 Hz, ZH}, 6.15 (m, 1H}, 4.15 (abg, J = 10.5, 5.6 Hz, 2H}, 4.08 (m,
2H), 3.92 (s, 3H), 3.85 (i, ZH), 3.82 (s, 3H), 3.73 (m, 2H), 3.69 (m, 2H), 3.61 (m, 4H),
2.82 (m, 2H), 2.35 (s, 6H), 1.85 (m, 4H), 1.38 {5, 3H).
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Example 107: 2-4(4-02-chloroethoxy)-2,0-diffuorobenzyviihio)-7-(3 d-dimethoxvphenvii-

I-id-iluorophenvil-T-methvi-4,5,6, 7-tetrahvdro-1 H-benzoldlimidoole

The title compound was prepared according to the procedure as described in

Example 78 step 8 reacting 7-(3.4-dimethoxyphenyi}- 1 -(4-fluorophenyl}-7-methyi-4,5,6,7-
tetrahydro-1 H-benzoldlimidazole-2-thiol (Preparcd as described in Example 99, Step 3)
and 4-(2-chlorocthoxy)-2,6-difluorobenzyl methancsulfonate as an off-white solid.
"H NMR (400 MHz, CDCL) 8 7.02 (m, 2H), 6.72 (d, T = 6.5 Hz, 1H), 6.65 (s, 1H), 6.55 (d,
I=68Hz ZH), 6.39(d, J = 7.5 Hz, 2H), 6.08 (m, 1H), 4.18 (m, 2H}, 4.10 {abq, 1 = 12.5,
7.5 Hz, 2H}, 3.89 (s, 3H}, 3.81 (8, 3H), 3.77 (m, 2H}, 2.75 (m, 2H), 1.82 {m, 4H), 1.28 {s,
3H).

Example 108: 2-(3-((07-(3 d~dimethoxyphenyi)-I-{{-fluovophenvli-7-methvi-4,5,6, 7~

tetrabivdroe-1 H-benzoldlimidazol-2-viiihiolmethvii-3, 5-difTuorophenoxvl-N.N-

dimethviethanamine

The title compound was prepared according to the procedure as described in

Example 27 step 2 reacting  2-{{4-(2-chlorocthoxy)-2 6-difluorobenzylythio)-7-(3 4-
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dimethoxyphenyly-1-(4-fluorophenyi}-7-methyi-4,5,6,7-tetrahydro- 1 H-benzo[djimidazole
and dimethyl amine as an off-white solid.

"H NMR (400 MHz, CDCL) 8 7.02 (m, 2H), 6.72 (4, T = 7.8 Hz, 1H), 6.61 (4, J = 7.5 Hz,
1H), 6.55 (m, 1H), 6.38(d, I = 82 Hz, 2H), 6.15 (m, 1H), 4.12 (abqg, J = 1{.5, 6.5 Hz, 2H},
402 {t, = 6.8 Hz, Z2H}, 3.89 (s, 3H}, 3.81 (s, 3H}, 2.78 (m, 2H), 2.70 (t, § = 6.8 Hz, 2H),
2.31 {s, 6H), 1.82 {m, 4H), 1.25 (5, 3H).

Exampie 109 2-({4d-bromo-2 6-diffuorobearviitfiol-7-¢3 4~-dimethoxvphenyii~I~{4~

fuerophenyvi)-7-methyi-4,.5,6, 7-tetrabividre-1 H-beuzoldiimidazole

The title compound was prepared according to the procedure as described in
Example 78 step 8  reacting 7-(34-dimethoxyphenyii-1-{4-fluorophenyl)-7-methyl-
4,5,6,7-tetrahydro- 1 H-benzo[djimidazole-2-thiol (Prepared as deseribed in Example 99,
Step 3) and 4-bromo-2,6-difluorobenzyl methanesulfonate as an off-white solid.

"H NMR (400 MHz, CDCL) 8 7.02 (s, 1H), 7.00 (m, 3H), 6.73(d, J = 6.0 Hz, 1H), 6.61 s,
1H), 6.52 (m, 2H), 6.08 (m, 1H), 4.05 (abg, J = 13.1, 82 Hz, 2H}, 3.89 (s, 3H}, 3.78 {5,
3H), 2.75 (m, 2H), 1.80 (m, 4H), 1.25 (s, 3H).

Fxample 110: (F)-7-(3 4-dimethoxypbhenyil-2-((4-(2-ethoxyviavii-2, 6~

diffaprobenyviithioi- I -(4-fluorophenyi)-7-methyi-4.5,6, 7-tetrafivdro-1 H-

penzoldiimidazole
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2-{(4-Bromo-2,6-difluorobenzylithio}-7-(3 4-dimethoxyphenyl)-1-(4-

fluorophenyl)-7-methyl-4,5,6,7-tetrahydro-1 H-benzo{djimidazole (150 mg, 0.25 mmol)
and (E)-2-(2-cthoxyvinyl}-4.4,5 5-tetramethyi-1,3,2-dioxaborolane (102 mg, 0.50 mmol),
PA(PPha)s (28 mg, 0.025 mmol}, 2M Na,CO; solution (1 mL) in toluene (2 mL) and EtOH
{1 mL) were heated at 100 °C in a sealed tube for 2 hours. The reaction was filtered and
washed with ethyl acctate. The rcaction was partitioned between cthyl acctate and water.
The organic layer was washed with brine, dried and concentrated to give the crude product
which was then purified by silica gel column chromatography to give the title product as a
clolorless oil (102 mg, 69%). 'H NMR (400 MHz, CDCL) 8 7.10(d, I = 7.5 He, 2H), 6.75
{t. I=70Hz, 1H), 662 {(d, J=065Hz 1H), 6.58 (m, 1H), 652 (d, J = 6.8 Hz, 2H), 6.25
{m, FH), 6.03 (m, 1H), 5.68{(d, J =98 Hz, iH), 5,10 (d, } =95 Hz, 1H), 410 (gbg, I =
13.0, 9.5 Hz, 2H), 3.89 (g, J = 8.5 Hz, ZH), 3.85 (s, 3H), 3.78 (5, 3H), 2,80 {m, 2H), 1 .81
(m, 4H), 1.32 (s, 3H), 1.28 (t. J = 9.3 Hz, 3H).

Fxample 111: 2-i4-{{{7-{3 d-dimethoxvphenvil-I-(d-fluoropbenyll-7-methyl-4,5,6, 7~

teirahivdro-i H-benzofdiimidazol-2-vilthioimethvi)-3.5-diffuovophenyi)-N, N-

dimethyiethanamine

Step 1 2-(4-(((7-(3 A-dimethoxvphenvi-1-(4-Bugrophenv-7-methvi-4,8.6, 7~

tetrabvdro-1 H-benzoldlimidazol-2-vDithio i methvD-3.5-difluorophenvhacetaldehvde
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(E3-7-(3 4-dimethoxyphenvi}-2-{{4-(2-cthoxyvinyl)-2,6-difluorcbenzyi thio)- 1-(4-
fluorophenyly-7-methyl-4,5,6,7-tctrahydro-1H-benzof dlimidazole {120 mg, 0.202 mmol)
in mixed solvent of contrated HCI {1 mL) and THF {2 mL) was stirred at room temperature
for 2 hours. The reaction was neutralized by saturated NaHU(O» and extracted with ethyl
acctate. The organic layer was washed with bring, dricd and concentrated to give the crude
product: 2-{(4-({{7-(3 4-dimcthoxyphenyl}-1-(4-fluorophenyl}-7-methyl-4,5,6,7-tetrahydro-
1H-benzo[d]imidazol-2-yijthioymethyl)-3,5-diftuorophenyllacetaldchyde as a vellowish

oil.

Sten 2 2-{4-(((7-(3.4-dimethoxvphenvh-1-(d-Buorophenv-7-methvi-4,5.6,7-

tetrabvdro-1H-benzeldlimidazel-2-viithioimethvii-3.5-difluosrophenvh-N.N-

dimethviethanamine

To 2-(4-({(7-(3 4-dimethoxyphenyh)- | -(4-flaorophenyl}-7-methyi-4,5,6,7-
tetrabydro- 1 H-benzo[dlimidazol-2-vlithioimethyi)-3,5-difluorophenyljacetaldehyde (15
mg), 0.027 mmol) was added diroethyl amine MeOH solution (2M, 0.07 ml) and

WaBH{OAc); (17 mg, 0.08 nunol) in DCM (2 ml). The reaction was stirred at room
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temperature for 2 hours. The solution was partitioned between DCM and saturated
NaH{ (O and then washed with brine. The organic layer was then dried concentrated and
purified by silica gel column chromatography to give the title product as a white solid.

"H NMR (400 MHz, CDChL) 8 6.98 (m, 2H), 6.72 (t, 1 = 7.5 Hz, 3H), 6.61 (s, 2H), 6.52 (d,
J=6.2 Hz, 1H), 6.08 (m, 1H), 4.15 {abq, ] = 9.8, 4.6 Hz, 2H), 3.85 {s, 3H), 3.80 {s, 3H),
280 (d, J=06.2 Hz, 2H}, 2.55 (i, 2H), 2.35 (s, 6H), 1.82 (m, 4H}, 1.25 (s, 3H}.

Example 112: $-04-(({7-(3 d~-dimethoxyphenyli-I-(4-Faorophenvii- 7-methvi-4.5.6, 7~

tefrabydro-1H-benzoldiimidazel-2-viihiolmethivil-3 5~-difluorophencthvlmorpholine

The title compound was prepared according to the procedure as described in

Example 111 by reductive amunation of 2-{4-({{7-(3,4-dimethoxyphenyl}-1-(4-
fluorophenyt)-7-methyl-4,5,6,7-tetrahydro- 1 H-benzo{dlimidazol-2-vlythioymethy1)-3,5-
diftucrophenyljacetaldehvde {prepared as described in Example 111, Step 1) with
morphline to afford the product as an off-white solid.
"H NMR (400 MHz, CDCL) 8 7.05 (m, 2H), 6.68 (d, J = 8.5 Hz, 1H), 6.65 (4, § = 7.0 Hz,
1H), 6.62 (d, ] =80 Hz, 2H), 6.57 {d, ] = 6.5 Hz, 1H}, 6.15 {m, 1H), 411 {abg, J = 9.5, 6.1
Hz, 2H), 3.89 (s, 3H), 3.85 {s, 3H), 3.75 (¢, J = 5.8 Hz, 4H), 2.76 (m, 2H}, 2.58 (m, 2H).
2.52 (m, 4H), 1.38 (s, 3H}.

Example 113: 20400703, 4~dimethoxyphenyi)-I-(i-faovophenvii-7-methvl-4,5.6, 7~

fetrabivdro- L H-bengofdiimidarzol-2-viihiolmethvii-3, 5~-difluorephenviiethanol
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A sohation  of  2-{4-({{7-(3 4-dimethoxyphenyl}- 1 -(4-fluorophenyl}-7-methyl-
4,5.6,7-tetrahydro- | H-benzo[d]imidazol-2-vi}thioymethyl}-3,5-
diffuorophenyliacetaldehyde (prepared as described in Example 111, Step 1) {15 mg, 0.027
mmol} in MeOH {1 mL)} at room temperature was treated with sodinm borohydride (5 mg,
0.1 mmol} for 10 min. The solution was partitioned between cthyl acctate and water and
then washed with brine. The organic layver was then dried concentrated and purified by
silica gel column chromatography to give the title product as a white solid. 'H NMR (400
MHz, CDClLy 6 7.28 (s, 1H), 7.02 (m, 2H), 6.71 (d, I = 7.5 Hz, ZH}, 6.62 {s, I H}, 6.55 (m,
2H), 6.10 (m, 1H}, 4.05 {abqg, J = 12.5, 7.0 Hz, 2H), 3.90 (5, 3H), 3.85 (s, 3H}, 3.84 (m,
2H), 2.80(t, I = 6.5 Hz, 2H), 2.72 (m, 2H), 1.82 (m, 4H), 1.25 (s, 3H).

Example 114: 2-((2, 6~dichiorobeazviithio)-7-03 4-dimethaxvphenvii~-I-(4-Fuoroplienvii~
T~methvi-4, 5.6, 7-tetrafivdro-I H-benzofdiimidazole

The title compound was prepared according to the procedure as described in

Example 78 step 8 reacting 7-(3,4-dimethoxyphenyli-t-(4-fluoropheny}-7-methyi-4,5,6,7-
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tetrahydro-1H-benzoldjimidazole-2-thiol (Prepared as described in Example 99, Step 3)
and 2-{(bromomethyl}-1,3-dichlorobenzene as an off-white solid.

TH NMR (400 MHz, CDCL) 8 7.23¢d, J = 7.8 Hz, 2H), 7.11 (dd, F =7.5, 5.2 Hz, 1H), 6.95
{m, 2H), 6.72 (d, ] = 6.5 Hz, IH) 6.59 (s, 1H}, 6.55 {m, 1H), 6.530 (1, I = 6.0 Hz, 1H), 6.05
{m, 1H}, 4.42 {(abg, I = 7.5 Hz, 2H), 3.88 (s, 3H}, 3.80 (s, 3H), 2.82 {m, 2H}, 1.86 (m,
4H), 1.28 (3, 3H).

Exaumple 115: 7-(3, d~dimethoxyplienvi}-2-(O2-fuoro-G-aitrobenzyiithio)- {14~

Suorophenyh-7~methyvi-4.5,6, 7-tetrabvdro-1 H-benzofdlimidoazole
O,N

The title compound was prepared according to the procedure as described in
Example 78 step 8 reacting 7-(3,4-dimethoxyphenyl)- 1 -{(4-fluorophenyl}-7-methyl-4,5,6,7-
tetrabydro-1 H-benzofdlimidazole-2-thiol (Prepared as deseribed in Example 99, Step 3)
and 2-{bromomethyi}-1-fluoro-3-nitrobenzenc as an off-white solid.

"H NMR (400 MHz, CDCL)Y 3 7.74 (d, J = 7.5 Hz, 1H), 7.36 (dd, Y = 7.8, 4.5 Hz, 1H), 7.31
(d, F=6.9Hz, 1H), 7.02 (m, 2H), 6.68 (4, I = 7.3 Hz, 1H), 6.60 (s, 1H}, 6.55 {m, 1H), 6.12
{m, 1H), 4.42 (s, 1H), 3.8& (s, 3H), 3.&1 (5, 3H), 2.75 (m, 2H}, 1.82 {m, 4H), 1.25 (s, 3H).

Example 1160 2-(((3,5-difluoropyridin-d-vhmethylithio)-7-( 3, 4-dimethoxyphenyii-1-(4-

fuorophenvii~T~-methvi-4,5,6, 7-tetrabvdro-§ H-benzofdlimidazole
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The title compound was prepared according to the procedure as described in
Example 78 step 8 reacting 7-(3,4-dimethoxyphenyi)-1-(4-fluorophenyl}-7-methyl-4,5,6,7-
tetrahydro-1 H-benzofdjimidazole-2-thiol (Prepared as described in Example 99, Step 3)
and 4-{chloromethyl}-3,5-difleoropyridine HCI salt as an off-white solid.

"H NMR (400 MHz, CDCL) 8 8.25 (s, 2H), 7.02 (d, § = 5.8 Hz, 2H), 6.71 (4, | = 7.5 Hz,
1H), 6.58 (s, TH), 6.55 {m, 1H), 6.51 {(d, I =58 Hz, 1H), 6.10 (m, 1H}, 4.10 (abqg, ] = 12.8
, 7.4 Hz, 2H}, 3.88 (s, 3H), 3.80 (s, 3H}, 2.75 (m, 2H), 1.82 (m, 4H}, 1.27 {s, 3H}.

Example 117: 2007-(3,4~dimethoxvphenyii-i -(d-flaprophenvii~-7-methvi-4,5.6,7~

tetrabvdro- L -Senzofdiimidarol-2viiihinhmethvilthiazole

The title compound was prepared according to the procedure as described in
Example 78 step 8 reacting 7-(3,4-dimethoxyphenyi)- 1 -{(4-tfluorophenyl}-7-methyi-4,5,6,7-
tetrabydro- 1 H-benzo[djimidazole-2-thiol (Prepared as deseribed in Example 99, Step 3)

and thiazol-2-vhuethyl methanesuifonate as an off-white sohd.
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TH NMR (400 MHz, CDCL) § 7.65 (s, 1H), 7.23 (s, 1H), 6.98 (m, 2H), 6.72 (d, I = 6.1 Hz,
1H), 6.62 (t, § = 5.5 Hz, 1H). 6.55 (m, 2H), 6.18 {m, 1H}, 4.57 {abq, § = 12.5 Hz, 2H), 3.87
(s, 3FD), 3.76 (s, 3HD), 2.80 (m, 2H), 1.82 (m, 4H), 1.28 (s, 3H).

Example 118: 3, 5-diffuoro-4-(((7-{4~fuoro-3-methoxyphenvi)-i-(d-fluorophenyl)-7-

wmethvi-4, 5,6, 7-tetrahvdro-{ H-benzofdiimidayol-2-vilthio)methyvlibenzonitrile

step 1: 2-(3-methoxy-4-fluorophenvii-Z-methvicvelohexanone

The title compound was prepared according to the procedure as described in
Example 78 step | reacting 2-(3-methoxy-4-fluorophenyijoyclohexanone with NaH
followed by Mel as light vellow solid. 'H NMR (400 MHz, CDCl) 8 7.05 (dd, J= 8.0,
5.5 Hz, 1H}, 6.75 (m, 2H}, 3.89 {s, 6H), 2.68 {m, 1H}, 2.37 (m, 2H), 2.01 (m, 1H), 1.72 {m,
4H), 1.28 (s, 3H),

Step 2: 7-(3-methoxv-4-fluosrophenvll-1-{4-fluorophenvl)-7-methvi-4.5,6.7-tetrahvdro-

1H-benzoldlimidazole-2-thiol

N
| S—sH
N

The title compound was prepared according to the procedure as described in
Example 78 step 2-7 to afford the product as a vellow solid.
"H NMR {400 MHz, CDCE) 8 7.32 (m, 2H), 7.08 (d, J = 8.8 Hz, 2H), 7.02 (dd, J = 10.5,
7.5 He, 1H), 6.83 (4, J = 7.0 Hz, 1H)}, 6.80 (m, 1H), 3.82 (s, 3H}, 2.81 {m, 2H), 1.85 {(m,
4H).
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Step 3: 2-1(2-chloro-6-fluorophenvhmethvilsulfanvll-7-{4-fluore-3-methoxvphenvi-

1-(4-fluorophenvi-7-methvi-4.5.6.7-tetrahvdro-1 H-1.3-benzodiazole
Cl

N
»—s
N

F

MeO

¢ F

The title compound was prepared according to the procedure as described in Example
78 step § reacting 7n(3nmethoxy~4~ﬂuorophenvi)n1n(fi-nﬂuorophenvi‘r—7~m¢zthv1~4.,5ﬁ6,7~
tetrahydro~-1 H-benzofdimidazole-2-thiol and 2-(bromomethyl)~-1-chloro-3-fluorobenzene
as an off-white solid. 'H NMR (400MHz,CD:ODY. & 7.22-7.31(m, 2H), 6.95-7.08 (m,
4H), 6.70-6.73 (m, 1H), 6.54-6.59 {m, 2H}, 5.85-5.88 (m, 1H), 4.19 (d, /= 13.2 He, 11},
4.00 (d, J= 1.6 He, 1H), 3.78 (5, 3H), 2.72-2.76 {im, 2H), 1.8§4-1.95 (m, 4H), 1.31-1.35(m,
3H). Mass spectrum (EST, m/z): Caled. for CosHpCIFN,OS, 529 1{(M+H), found 529.3.

Exampie 119 3. 5-diflucvo-4d-00(7-(4-Huoro-I3-methoxyphenvi)- I -(d-fuprophenvii~7-
gethyi-4, 8,6, 7-tetrabivdro- I H-benzoldfimidazol-2-viihichmethviibengonitrile

The title compound was prepared according to the procedure as described in

Example 78 step 8 reacting 7-(3-methoxy-4-fluorophenyl)-1-(4-fluorophenyly-7-methyl-
4.5,6.7-tetrahydro- 1 H-benzo[d]imidazole-2-thiol and 4-cyano-2.6-diftuorobenzyl

mecthancsultonate as an off-white solid.
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"H NMR (400 MHz, CDCL) 8 7.18 (d, J = 7.5 Hz, 2H), 7.08 (m, 2H), 7.95 (1, J = 8.8 Hz,
1H), 6.68 (m. 2FD, 5.54 (m, 1H), 6.18 {m, 1H), 4.08 (aba, J = 10.5, 4.2 Hz, 2H), 3.78 (s,
3H), 2.75 (m, 2H), 1.82 (m, 4H), 1.28 (s, 3H).

Example 128 3, 5~-diffuoro-4-(((7-{4~fuoro-3-methoxyphenvi)-i-(d-fluorophenyl)-7-

methiyvi-4.5.6, T-tetrabivdro- Li-bearoldiimidarol-2-viiihivhnethviibenzoic acid

The title compound was prepared according to the procedure as described in
Example 65 reacting 3,5-difluoro-4-({({7-{(4-fluore-3-methoxyphenyl}-1-(4-fluorophenyl)-
7-raethyl-4,5,6,7-tetrahydro- | H-benzol djimidazol-2-yhthioymethyhenzoniirile in
aqueous alkaline solution as a white sohid.

TH NMR (400 MHz, CDCL)Y 8 742 (d, T = 7.2 He, 2H), 7.25 (m, J = 6.0 Hz, 1H), 7.15 (1, J
=62 He, 1H), 695, =85 Hz, 1H), 6.75 {m, ZH), 6.58 (m, 1H), 6.42 {(m, 1H), 3.85 (s,
3H), 3.54 {m, 2H), 3.15 (m, 1H), 2.82 {m, 1H}, 1.85 {(m, 4H), 1.35 (s, 3H).

Example 121: 2-{12 6-difluoro-4-( 1 H-tetrazol-5-vi}benzvilthiol-7-{ 4=fluoro-3-

methoxyphenyil-1-(d-fluorophenyil-7-methyi-4,5.6, 7-tetrahydro-1 H-benzofdiimidazole
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The title compound was prepared according to the procedure as described in
Example 30 reacting 3,5-diffuoro-4-({{7-(4-fluoro-3-methoxyphenyl)-1-{4-tfluorophenyvi)-
T-maethyl-4,5.6,7-tetrahydro- FH-benzo{ dimidazol-2-yhthio ymethybenzoniirile (Prepared
as described in Example 119} in NH4Cl and NaNiz solution to afford the product as a white
solid.

"H NMR (400 MHz, CDCL) 3 7.98 (br, s, [H), 7.62 (d, § = 7.8 Hz, 2H), 7.08 (m, 2H), 6.95
(t, J = 9.8 Hz, 1H), 6.64 {d, J = 5.5 Hz, 2H), 6.53 (m, 1H), 6.12 (m, 1H), 3.98 {abg, | =
1.5, 6.1 Hz, 2H), 3.82 (s, 3H), 2.72 (m, 2H}, 1.83 {m, 4H).

Example 122: (3, 5-difluoro-4-(((7-{4-fluoro-3-methoxyphenyll-I1-(4-Huorophenyil-7-

methvi-4,5.6, 7-tetrabvdro-1 H-benzoldlinida;ol-2-

vithiojmethviphenviimorpholing)methanone

The title compound was prepared according to the procedure as described in

Example 66 coupling 3,5-difluoro-4-({({7~{(4-fluore-3-methoxyphenyl}-1-(4-fluorophenyl)-
7-methyl-4,5,6,7-tetrahydro- 1 H-benzo{ d]imidazel-2-yhithioymethylibenzoic acid (Prepared
as described in Example 120} with morpholine using HATU as white solid.
"H NMR (400 MHz, CDCL) 8 7.08 (m, 2H), 6.95 {1, J = 7.5 Hz, 1H), 6.88 (4, ] = 6.0 Hz,
2H), 6.67 (d, J =65 Hz, 2H), 656 (m, ] = 4.0 Hz, 1H), 6.18 {m, 1H)}, 4.12 {(abg, ] = 9.5,
4.0 Hz, 2H}, 3.80 (s, 3H), 3.68 (m, 6H), 3.50 (m, 2H), 2.72 (m, 2H), L8O {m, 2H), 1.73 (m,
2Hy, 1.32 ¢, 3H).
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Example 123: 3, 5-diflnoro-d-(({7-{4d-flugro-I-methoxyphenyi)-1-{d-fiugrophenyil-7-
amethvi-4, 58,6, 7-tetrabvdro-I H-benzofdlimidayol-2-vhthio)methyfh-N-{ 2o 2o 2={ 2~

bvdroxyvethoxyethoxviethoxylethvll benzamide

OH

The title compound was prepared according to the procedure as described in
Example 66 coupling 3,5-difluoro-4-({{7-(4-fluoro-3-methoxyphenyl}- 1 -(4-fluorophenyl}-
7-methyi-4,5,6,7-tetrahydro-  H-benzo{ djimidazol-2-ythioymethylbenzoic acid (Prepared
as described in Example 120) with 2-(2-(2-{2Z-aminocthoxy)ethoxy) cthoxy) cthanol using
HATU as white solid.
"H NMR (400 MHz, CDCL;) § 8.32 (br, s, 1H), 748 (d, I = 6.2 Hz, 2H), 7.12 (m, } = 5.7
Hz, TH), 7.02 (1, I = 6.0 Hz, 2H), 6.72 (£, J = 6.1 Hz, 1H), 6.60(d, ] = 5.8 Hz, 1H}, 6.48 (s,
TH), 6.02 (br, s, 1H), 4.21 (abqg, J = 10.5, 6.5 Hz, 2H}, 3.78 {s, 3H), 3.70 (m, 16H), 2.95
{r, 2H}, 1.92 {m, 4H), 1.35 (s, 3H).

Example 124: 3, 5-diflnoeo-4-(({ 7-{4~Fuoro-3~-methoxvphenvii~-i~(d-Huorophenyii-7-
methvi-4, 5.6, 7-tetrahivdro~ H-benzofdiimidayol-2-viihiolmethiyi}-N-{ 2~

methoxyethviibenzamide
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The title compound was prepared according to the procedure as described in

Example 66 coupling 3,5-difluore-4-({(7-(4-fluoro-3-methoxyphenyl)-1-{(4-fluorophenyl)-
T-maethyl-4,5.6,7-tetrahydro- FH-benzo{ dimidazol-2-yhthio ymethybenzoie acid (Prepared
as described in Example 120) with 2-methoxyethanamine using HATU as white solid.
"H NMR (400 MHz, CDCL) 8 7.42 (4, § = 4.8 Hz, 2H), 7.08 {m, 1H), 6.97 (m, J = 5.6 Hz,
1H), 6.90 (1, J = 8.6 Hz, 1H), 6.65(d, I = 7.1 Hz, ZH}, 6.50 (m, 1H}, 6.21 (br, 5, 1H}, 3.83
(m, 2H), 3.72 (s, 3H), 342 (t, § = 6.5 Hz, 2H), 3.31 (s, 3H), 2.88 (¢, ] = 6.5 Hz, 2H), 2.62
{m, 2H)}, 1.78 (m, 4H}, 1.28 {5, 3H}.

Example 125: 2-{1{4-12-{2-{ 2-{dimethviaminolethoxyiethoxviethoxy)-2,6-

difluorophenviimethvlisulianyil-7-1d-fugro-3-methoxyvphenyi)-I-(d-Buorophenvil7-

mothvi-4, 5.6, /~tetrabivdeo-I H-1,3-benzodiarole hydrochioride

Step 1: 2-1{{2.6-difluoro-4-{{4d-methoxvphenvlimethoxvinhenviimethvhsulfanvil-7-(4-

flugro-3-methoxvphenvii-1-{4-flvorophenv-T-methvi-4, 5, 6, 7T-tetrabvdro-1H-1, 3-

benzodiazole

F

N OPMB
| >—s
N F

F

MeO
F

The title compound was prepared according to the procedure as described in Example
78 step 8 reacting 7-(3-methoxy-4-fluorophenyi)-1-(4-fluorophenyl}-7-methyi-4,5.6,7-
tetrahydro-1 H-benzofdjimidazole-2-thiol {(Prepared as described in Example 118, Step 2)
and 2 6-difluoro-4-{{4-mcthoxybenzylioxyibenzyl methanesulfonate as an off-white solid.

Mass spectrum (ESI, m/z): Caled. for CsgHFaNL(018, 649.2 (M +H), found 6492,
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Step 2: 3, S-difluorg-d-({|7-{4d-fluoro-3-methoxvphenvhi-1-{4-flucrophenvi}-7-

methvi-4.8,6 7-tetrabvdro-1H-1,3-benzodiazol-2-vlisulfanvlimethvliphenol
F

N OH
R
N

F

MeQO

L F

The title compound was prepared according to the procedure as described in
Example 24 step 3 reacting 2-[{i2,6-diftuoro-4-[{(4-
methoxyphenyhmethoxylphenylimethyhsulfanyl]-7-(4-fluore-3-methoxyphenyl)-1-(4-
fuorophenyh-7T-methyl-4, S, 6, 7-tetrahydro-1H-1, 3-benzodiazole in TFA to atford the
product as an off-white solid. "H NMR (300MHz,CD:0OD): § 6.99-7.09 (m, 2H), 6.84-
6.96 {m, 1H}, 6.66-6.72 (m, 1H}, 6.39-6.59 {m, 4H), 5.98-6.04 (m, 1H), 4.18-4.32 (v, 2H},
3.79 (s, 3H), 2.93-2.95 (m, 2H), 1.86-1.95 (m, 4H), 1.25-1.35 (i, 3H). Mass spectrum
{EST, m/z): Caled. for CogHpsFaNLO08, 529 H{M +H), found 529.1.

Step 3 2-112.6-difluore-4-12-{2-(2-

iodocthoxyiethosviethoxviphenvhmethviisuifanvil-7-(4-Buoro-I-methoxvohenvh~1-~

{4-fuorophenyl~7-methyvi-4.5,6.7-tetrahvdro~-1H-1.3-benzodiazole
F

N Q
| >—s —
N F O

9 <
MeO . \_\I

The title compound was prepared according to the procedure as described in Example
24 step 4 by coupling 3, 5-difluoro-4-(]{7-(4-fluoro-3-methoxyphenyi}-1-(4-
fluorophenvh)-7-methyi-4,5.6,7-tetrahydro-1 H-1,3-benzodiazol-2-
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yvl{sulfanyljmethyljphenol and 1,2-bis{2-idodethyoxjethance in the presence of Cs:C 05 to
afford the desired product as a white solid. Mass spectrum (EST, m/z): Caled. for
CaaHssFN, 048, 7711 (M+H), found771.1.

Step 4 2-(114-(2-12-12-{dimethviaminogethoxviethoxviethoxyv)-2.6-

difluorophenvliimethvisualfanv-7-{(4-fluoro-I-methoxvoheavh-1-(4-Buorophenvh-7-
methyi-4.5,6,7-tetrabvdro-1 H-1,3-benzodiazole hvdrochloride
F

N Q
| >—s )
N O

F
O
MeO ;F HCl N -
F /

The title compound was prepared according to the procedure as deseribed in Exarople

27 step 2 by coupling  2-{[(2,6-difluoro-4-{2-{2-(2-

iodocthoxyethoxylethoxy lphenyDmethylsutfanvyl]-7-(4-fhuoro-3-methoxyphenyl- 1 -(4-
fluorophenyt)-7-methyi-4,5,6,7-tetrahydro-1H-1,3-benzodiazole and dimethylamine to
afford the desired product as a white solid. 'H NMR (400MHz, CD:;OD): § 7.25-7.34 (m,
2H), 7.03-7.04 (m, 1H), 6.71-6.80 {n, 4H), 6.53-6.56 {m, TH), 5.96-5.97 {m, 1H), 4.19-
427 {m, 3H), 4.09-4 20(m, 1H), 3.77-3.92 {m, 11H), 3.32-3.39 {m, 2H}, 2.90-2.94 {m,
SH), 1.99-2.11 (m, 4H), 1.46 (s, 3H). “F NMR (400MHz, CD;0D): -110.89, -116.00.-
138.74. Mass spectrum {(ESI, m/z): Caled. for CagHepCIFNO4S, 688 3(M-HCHHH),
found 688.5.

Example 126: 7-id-fluoro-3-methoxvohenvil-I-id-fluorophenvi)-T-methyvi-2-(oyrimidin-

2-vimethviithio)-4, 3.6, 7-tctrahvdro-1 H-benzoldlimidazole
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MeO

L F

The title compound was prepared according to the procedure as desceribed in
Example 78 step 8 reacting 7-(3-methoxy-4-fluorophenyl)-1-(4-fluorophenyly-7-methyl-
4.5,6.7-tctrahydro- 1 H-benzo[d]imidazole-2-thiol (Prepared as described in Example 118,
Step 2) and pyrimidin-2-vimethyl methanesulfonate as an off-white solid. Mass spectrum

(ESI, m/z): Caled. for CosHpsFoNLOS, 478.56, found 479 (M +H).

Fxample 127: 7-id-chipro-3-methoxyvphenyii-2-2-chlorg-6-

flucrophenyvhmethyiisulfanvil-7-ethvi-{-(d-fuorophenyi}-4.8,.6, 7-tetrabvdro-{ H-1 .3~

benzodiazole
Step 1: 2-(d-chlovo-3-methoxyphenvii-2~ethvicvclohexan-i-one

Et
MeO

0
Cl

The title compound was prepared according to the procedure as described in Example
78 step 1 reacting 2-(3-methoxy-4-chlorophenylieyclohexanone with NaH followed by Eti
as light vellow solid. Mass spectrum {ESI, m/z): Caled. for C1sHoCl0,, 267.2 (M+H),

found 267 2.

Step 2: 7-{4-chiore-3-methoxvphenvhi-T-ethvi-1-(4d-fluorophenvD-4.5.6 . 7-tetrahvdro-

1H-1.3-bensodiazole-2-thiol
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N

| D—sH
N
Et

MeO

Cl F

The title compound was prepared according to the procedure as described in Example
78 step 2-7 to afford the product as a yellow solid. Mass spectrum (ESI, m/z): Caled. for
ConHppCIFN,OS, 4171 (M+H), found 417.1.

Step 3: 7-{4-chlorg-3-methoxvphenvl=-2-1I{2-chloro-6-flusrophenvDmethviisuifanvil-

T-ethvi-1-(4-fluorophenvii-4.5.6.7-tetrabvdro-1H-1 3-benzodiazole

Cl

N
| >—s
N F
Et

MeO

Cl F

The title compound was prepared according to the procedure as described in Example
78 step & reacting 7-(4-chloro-3-methoxyphenyl)-7-cthyl-1-(4-tfluorophenyl)-4,5.6,7-
tetrahydro-1H-1,3-benzodiazole-2-thiol and 2-(bromomethyl)- 1 -chioro-3-fluorobenzene as
an off-white solid. 'H NMR (CD:0D, 300MHz): & 7.20-7.30 (m, 3H), 6.98-7.07 (m, 3H),
6.76 (d, /= 2.1 Hz, 1H), 6.56-6.61 {m, 2H), 5.91-6.10 (m, 1H), 4.17-4.22 {m, 1H), 4.01(d,
J=1.8 Hz, 1H), 3.79 (5, 3H), 2.67-2.75 {(m, 2H), 2.10-2.30 (m, 1H), 1.95-2.05 (m, 1H),
1.79-1.82 {m, 2H), 1.62 (br, 1H}, 1.27-1.29 (m, 1H), 0.74-0.79(m, 3H). Mass spectrum
{(EST, w/z): Caled. for CooHzsCLF,NLGOS, 559.1 (MHH), found 559.3.

Fxampie 128: (4-td-chloro-I~-methoxyphenyil-2-0 2-chipro-6-fluoreberyyithio)-~3-{4-

fHuoropbhenyvii-4,.5,6, 7-tetrabivdro-3H-benzofdlimidazol-4-vBmethanol rifluoroacetic acid
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Step 1: 2-{4d-chloro-3-methoxyphenv)-2-112-(rimethvisilvhethoxvimethvlicveiohexan-

i-one

S

MeO
Cl

The title compound was prepared according to the procedure as described in Example 78
step 1 reacting 2-(3-methoxy-4-chlorophenylicyclohexanone with NaH followed by
SEMCI as light yeliow o1l Mass spectrum (ESI m/z): Caled. for CigHpCUl0:81, 3692
(M +H}, found 369.2,

Step 2: 7-{4-chlporo-3-methoyvphenvh-1-{(d-fluorophenvh-2-sulfanvi-4.5.6.7-

tetrahvdro-1H-1,3-benzodiazol-7-viimethanol

N
| H—sH
N

HO

MeQ

Cl F

The title compound was prepared according to the procedure as described in Example 78
step 2-7 to afford the product as a yellow solid. Mass specirum (ESI, nv/z): Caled. for
! p 3 1 ,

Siep 3. {(4-(4-chloro-J-methoxvohenvD-2-(2-chioro~-6~-Huorobenzvithior3-(4-

fluoronhenvi-4,5.6,7-tetrabvidre-IH-benzoldlimidazol-4d-vhmethanol (rifluoroacetic

acid
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F

N
| d>—s
N C

1.2CF5COOH

MeO

Cl F

The title compound was prepared according to the procedure as described in Example
78 step 8 reacting [7-(4-chloro-3-methoxyphenyt)-1-{(4-fluorophenyly-2-sulfanyi-4,5,6,7-
tetrahydro~-1H-1,3-benzodiazol-7-yljmethanol and 2-{bromomethyi}-1-chioro-3-
fluorobenzene as an off-white solid. "H NMR (400MHzCD;0D): § 7.44-7.16 (m, 6H),
6.77-6.69 {(m, ZH), 6.54-6.52 {m, 1H), 6.12-6.14 (m, 1H), 435 {d, J = 13.2 Hz, 1H),
4.22¢d, J= 132 Hz, 1H), 3.96 (4, /= 10.8 Hz, 1H}, 3.79 (3, 3H), 3.37 {5, 1H), 2.82-2.89
(m, 2H), 2.47-2.51 (m, 1H), 1.88-1.92 (m, 3H) . YF NMR (300MHz, CD;0D): -77.11, -
11106, ~115.02. Mass spectrum (ESE m/z): Caled. for CagaHos ;CLFs NG 45, 5611
{(M-1.2CF;COOH +H), found 561.1.

Example 129: 7-(d-chlore-3-methoxvpheavil-2-{ 2-chioro-t-fluorobenyvithio)~ 7~

{Huoromethvii-I-i4-fluorophenvil-4, 5, 6, 7-tetrahvdro-1H-benzoldiimidarole

frifluoroacedic acid

F

N
| >—s
N C

1.4CF,COOH

MeO

Cl F

A solution of (4-(4-chloro-3-methoxyphenyl}-2-(2-chloro-6-fluorobenzylthio)-3-(4-
fluorophenyt)-4,5,6,7-tetrahydro-3H-benzo{d]imidazol-4-yiimethanol (20 mg, .04 mmol,
1.00 equivy, in dichloromethane (I mL) was treated with BAST (9.45 mg) at -78 °C and

stirred for 1.0 b at room temperature. The reaction was quenched by the addition of | mL
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of sodium carbonate/H,O, extracted with 3x3 mL of dichloromethane, and the combined
organic layers were dried over anhydrous sodium sulfate, filtered, and concentrated under
vacuum. The crude product was purificd by Prep-HPLC with the following conditions:
{(H#waters2767-5) Colurnn, SunFire Prep CIS19%150mm Spm; mobile phase, Phase A:
water with 0.05% TFA, Phase B: CHsCN (40% CH;CN up to 80% in 10 min, up to 100%
in 0.1 min, hold 100% in 1.9min, down to 40% in 0.1 min, hold 40% in 1.9 min}; Detector,
UV 254nm, to give the title compound as colorless oil 'H NMR (400MHz, CD:0OD}: &
7.25-7.43 {m, 5H}, 7.03-7.16 {m, 4H), 6.81-6.91 {m, 1H), 4.16-429 (m, 2H}, 3.88 (s, 3H},
3.53-3.51 (m, TH}, 2.99-3.16 (m, 2H), 2.71-2.76 {m, 1H}, 2.40-2.7F (m, ZH}, 2.02-2 07 (m,
2H). F NMR (400MHz, CD;0DY: -77.11, -110.83, -115.30,-156.88. Mass spectrum

L5,

Exgmple 130: 4d-id-chloro-3-meihoxvphenyll-2-{2-chloro-0-flugvobenzvithinl-3~(3~

fluorephenyil-4, 3.6, 7-tetrafivdro-3H-benzofdiimidarole-d-carbaidelvde wrifluoroacesic

acid
F
N
| >
N C

Ox

1.2CF,COOH

MeO

Cl F

A solution of {(4-(4-chloro-3-methoxyphenyl}-2-(2-chloro-6-fluorobenzyithio)-3-(4-
fluorophenyl}-4,5,6,7-tetrahydro-3H-benzof dlimidazol-4-ylmethanol {Prepared as
described in Example 128, 15 mg, 0.03 mmol, 1.00 equiv), dichloromethanc (2 mL}, and
Dess-Martin periodinane (22.7 mg} was stirred for 2.0 b at room temperature. The reaction
was quenched by the addition of 1 mL of sodium bicarbonate/H, O, extracted with 3x3 mL
of dichloromethane, and the combined organic layers combined were dried over anhydrous
sodivm suffate, filtered, and concentrated under vacuum. The crude product (I mb) was
purificd by Prep-HPLC with the following conditions: {(Hwaters2767-5) Column, SunFire
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Prep C18,19%150mm Sum; mobile phase, Phase A: water with §.05% TFA, Phase B:
CH;ON {(40% CH3CN up to 80% in 10 min, up to 100% in 0.1 min, hold 100% in 1 9min,
down to 40% in 0.1 min, hold 40% in 1.9 min}); Detector, UV 254nm, to give the title
compound as a vellow solid. 'H NMR (400MHz, CD;0DY: 8 9.83 (s, 1H), 7.32-745 (m,
2H), 7.17-7.22 {m, 2H), 7.06-7.15 {(m, 1H), 6.92-6.92 (m, 1H), 6.68-6.92 (m, 1H), 6.46-
6.55 (m, 2H), 6.14 (s, 1H}, 4.21-4.34 (m, 2H), 3.77 {s, 3H), 2.81-2.98 {m, ZH}, 2.58-2.62
(m, 1H), 2.27-2.47 (m, 1H), 1.73-1.81 (m, 1H). "F NMR (400MHz, CD:0OD): -77.22, -
111.68, -114.99. Mass spectrum (ESY, m/z): Caled. for TspaHys ;CLEF5 (NaOy 48, 559 1{M-
1.2CF,COOH+H), found 5359.1.

Example 131 2-((2-chioro-6-fluorobenzyiithiol-4-¢3 4-dimethoxvohenyil-3-(4-

fucrophenvi)-3.4,6 7<tetrabvidropvranoi3 L-dlimidazele

Step 1: 1-(4-8Buorophenvii-1H-imidazole

N
{3

F
Imidazole (0.29 g, 4.3 mmol), 4-F-phenylboronic acid (500 mg, 3.57 mmol},
copper (1} oxide (107 mg, .72 mmol) in McOH (12 mL) under air were stirred overnight.
The solution was filtered and concentrated. The residue was partitioned between cthyl
acctate and saturate ammonium chloride and brine. The solution was then dried and
concentrated and purified by silica gel column chromatography to give the title compound

as a vellow oil. 'H NMR (400 MHz, CD:0D) 8 7.80 (s, 1H), 7.35 {my, 2F), 7.21 (m, 4H).

Step 2: 2-{(2-chloro-6-fluorchenzviithiol-1-{4-fluoronphenvi)-1 H-imidazole
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I-(4-Fluorophenyl)-1H-imidazole (1.4 g 263 mmol) in THF (5 mL} at -78 °C was
dropwisely treated with n-Buli (2.5 M, 345 mbL, 8.63 mmol} for 30 min. Then 5-2-
chloro-6-fluorobenzyl 4-methylbenzenesulfonothicate (2.86 g, 8.63 mmol) in THF (5 mbL)
was slowly dropped into the reaction and stirring was kept at -78 °C for another 2 hours.
The reaction was quenched with NHCl and warmed up to room tmeprature. The solvent
was removed and the residuc was partitioned between cthyl acctate and saturate
ammonium chloride and brine. The solution was then dried and concentrated and purified
by silica gel column chromatography to give the title comapound as a white solid (1.6 g,
55% yield). "H NMR (400 MHz, CDCL) 8 7.25 (s, 1H), 7.21 (m, 3H), 7.12 (m, 4H), 6.89
(t, } =72 Hz 1H), 432 (s, 2H).

Step 3: 2-((2-chioro-6-fluorcbenzvlithiol-1-{4-fluorophenvi}-4.5-dilodo-1H-imidazole

i
N
A C

2-{(2-Chloro-6-tluorobenzylithio)-1-(4-fluorophenyl}- i H-imidazole (200 mg, 0.60 mmol)
and NIS {280 mg, 1.25 mmol}, pTSA (3 mg) in BCM (10 mL} were stirred at 50°C for 6
howrs. The reaction was cooled down and washed with saturated sodium thiosulfate and
brine. The organic layer was then dried and concentrated and purified by silica gel column
chromatography to give the title compound as a white solid (110 mg, 31%). 'H NMR (400

MHz, CDCL) 8 7.20 (s, 6H), 6.95 (¢, ] = 7.0 Hz, 1H), 4.40 (s, 2H).
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Step 4: (2-{(2-chloro-6-flusrobenzviithio)-1-(d-flusrophenvh-4-iodo-1 H-imidazol-5-

vhi{3.d-dimethoxvphenvhimethanol

2-{(2-Chloro-6-thuorcbenzylithio -1 -(4-fluorophenyl)-4,5-ditodo- 1 H-imidazole {178 mg,
0.29 munol} in THF (2 mL) at 0°C was treated with i-PrMgBr (2.9 M, 0.1 mL, 0.29 mmol)
dropwisely.  The reaction was stirred at 0 "C for 10 min and then 34-
dimethoxybenzaldhyde in THF (2 mL) was dropwiscly added into the reaction and stirring
was kept for another 2 hours. . The reaction was partitioned between ethyl acetate and
saturated ammonium chloride. The organic layver was washed with brine then dried and
concentrated and purified by silica gel coluron chromatography to give the title compound
as a colorless oil {150 mg, 83% vield). "H NMR (400 MHz, CDCE) 8 7.18 (m, 3H), 6.91
{t. F=068Hz 3H), 6.68(d, J=7.5Hz ZH), 6.58 (s, IH), 6.52 (d. } =060 Hz, 1H), 590 (s,
1H}, 4.38 (s, 2H}, 3.83 (s, 3H), 3.72 (s, 3H).

Step 3; (E3-(2-(2-chloro-6-flucrobenzyvhthiol-4-2-ethoxyvinvh-1-{4-fluorephenvil-

1H-imidazel-5-vD{3 4-dimethoxvohenvhimethanol
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{2-{({2-Chliorg-6-fluorobenzyljthio)- 1-{4-fluorophenyly-4-iodo- 1 H-imidazol-5-y1){(3,4~
dimethoxyphenyhmethanol (250 mg, 0.4 mmol), {(Z)-tributyl{2-cthoxyvinylistannane (287
mg, 0.8 mmol), Pdy{dba}; (18 mg, 0.02 mmmol}, triphenyl phosphine (16 mg, 0.06 mmol) in
dioxane (6 mL} in a sealed tube were heated at 100 °C for 30 min. The reaction was
partitioned between cthyl acetate and saturated ammonium chloride. The organic layer
was washed with brine then dricd and concentrated and purified by silica gel column
chromatography to give the title compound as a colorless oil. Mass spectrum (ESIE, my/z):

Caled. for CyoH,ClFN-OLS, 573.05, found 574 (M+H).

Sten 6: 2-2-{(2-chloro-6-fluorobenzyDthie)-5-((3 .4~

dimethoxvphenviithvdroxyvimethvD-1-{4-fluorephenvi-1H-imidazol-d-ylethane!

OH

(Z}-(2~(2~chloro-6-fluorobenzyithio }-4-(2-cthoxyvinyl - 1-{(4-fluorophenyh)- 1 H-
imidazol-5-v1(3,4-dimethoxyphenylimethanol (90 mg, 0.15 mmol) in 1 mL concentrated
HCI and 2 wlb. THF was stirred at room temperature for 2 hours. The reaction was
neutralized with satureated NaHCO: and extracted with ethyl acetate. The organic layer
was washed with brine then dried and concentrated and purified by silica gel column
chromatography to give the title compound as a colorless oil. To this o1l in MeOH (1 mL}
was added sodium borohydride (20 mg, 8.55 mmol) at 0°C. The reaction was warmed up
to room temperature for 10 min and the solvent was removed. The residue was partitioned
between cthyl acetate and saturated ammonium chloride. The organic layer was washed
with brine then dried and concentrated and purificd by silica gel column chromatography
to give the title compound as a colorless oil. Mass spectrum (ESE nwy/zy Caled.  for
CorHosCIFaN,Os8, 547.01, found 578 (M+H),
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Step 7: 2-((2-chloro-6-fluorebenzvhihio)-4-(3 4-dimethoxvphenvh-3-{4-fluoropnhenvi)-

3.4.6.7-tetrahvdropvranel3,4-diimidazole

2-(2-((2-Chloro-6-fluorobenzyljthio}-5-((3,4-dimethoxyphenylithydroxyymethyl}- 1 -(4-
fluorophenyly-1 H-imidazol-4-yhcthanol (120 mg, 0.224 mmol} and pTSA (4 myg, 0.022
mmol} in toluene {5 ml} were heated to relux for 2 hours. The solvent was removed and
the residuc was purified by silica gel column chromatography to give the title compound as
a white sohd (54 mg, 47%).

TH NMR (400 MHz, CDCL)Y87.24 (m, J = 7.2 Hz, 2H), 7.19(d, J = 6.5 Hz, 1H), 7.02 (1, ]
= 6.8 Hz, 1H), 6.85 (m, 2H), 6.62 (d, I = 7.0 Hz, 2H), 6.51 {s, 1H), 638 (d, } = 5.8 Hz,
1H), 5.38 (5, 1H), 4.36 {abq, J = 10.5, 6.5 Hz, 2H), 4.25 (m, 1H}, 3.95 {im, 1H), 3.85 (s,
3H), 372 (s, 3H), 3.21 (m, 1H), 3.08 (m, 1H).

Example 132: 4-(4-chipro=-3-methoxyphenyi)-2-((2-chioro-6-fluorobenzyiithiol-3-{4-

fHuorenhenvil-3.4.6, 7-tetrafivdropyranail,4-diimidazole

Step 1: 2-(tert-butvidimethvicilvD-1-{4-fluorephenv-1H-imidazole

QE‘L‘ TBS
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The titlc compound was prepared according to the procedure as described in Example 131
step 2 reacting 1-{(4-fluorophenyl}-1H-imidazole and TBSCl in the presence of n-Buli at -
78°C to afford the product off-while solid. "H NMR. (400 MHz, CDCL) 8 7.28 (m, 3H),
7080 {m, I =702 Hz, 2H), 7.06 (s, 1H}, 8.76 (5, 9H}, 8.10 (s, 6H).

Sten 2: 4.5-dibromo-2-(tert-butvidimethvisiivD)-1-(d-fluorophenvh-1 H-imidazole

Br
g
Br N}“‘”TBS

F
2-{tert-Butyldimethylsilyl}-1-{4-fluorophenyl}-1 H-imidazole (4.4 g, 16 mmol) and NBS

(5.95 g, 33.4 mmol) in DCM (20 mL} were stirred at room temperature for 4 hours. The
reaction was cooled down and washed with saturated sodium thiosulfate and brine. The
organic layer was then dried and concentrated and purified by silica gel column
chromatography to give the title compound as s white solid (4.85, 70%). 'H NMR {400
MHz, CDCls) 8 7.25 (m, 4H), 0.95 (5, 9H), 0.02 (s, 6H).

Step 3: {(4-bhromo-2-{tert-butvidimethvisilvli-1-(4-fluoronhenvi-1 H-imidazol-5-vHi{ 4-

chloro-3-methoxvohenvhimethanol

4 5-Dibromo-2-(tert-butyldimethylsily - 1-{4-fluorophenyly-1 H-imidazoie (1.5 ¢, 345

el

mmaol)
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in THF (5 mL) at -78 °C was treated with n-BuLi (2.5 M, 1.4 mL, 3 45 mmol) dropwise
for 30 min and then 3-methoxy-4-chlorobenzaldchyde {574 mg, 3.5 mmol) in THF (I mL)}
was added into the reaction. The reaction was slowly warmed to room temperature for
another 2 hour and quenched with saturated NH4ClL The solvent was removed and the
residuc was partitioned between cthyl acctate and saturated ammontom chloride. The
organic layer was washed with brine then dried and concentrated and purified by silica gel
column chromatography to give the title compound as a colorless oil. Mass spectrum (ESE,

m/z): Caled. for CusHyBrCIFNO,81, 525,91, found 526 (M+H).

Step 4: (Z3-(2-{tert-butvidimethvisilvi}-4-2-ethoxyvinvh-1-{4-flusronhenvi-1 H-

imidazoi-5-vhi{4d-chloro-I~-methoxvphenviimethanol

The title compound was prepared according to the procedure as deseribed in Example
131 step 5 reacting {(4-bromo-2-{tert-butyldimethyisilyly-1-(4-fluorophenyi)-1 H-imidazol-
S-yi{d-chloro-3-methoxyphenylmethanol with (Z)-2-(2-cthoxyvinyl)-4,4,5,5~tetramethyl-
1,3,2~dioxaborolane with Pdy{dba); and BINAP to give a yellow solid. Mass spectrum

{(EST, m/z): Caled. for CpyHagCIFNLGS1, 517,11, foand S18 (M+H).

Step 5:; 2-(3-Geri-butvidimethvisibv-3-{{4-chlore-3-

methoxvphenvibyvdroxvimethvD-1-{(4-flnorophenvh~-1 H-imidazol-4d-vihethanol
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The title compound was prepared according to the procedure as described in Example
131 step 6 reacting {(Z3-(2-(tert-butyldimethyisilyl}-4-(2-cthoxyvinyl}- 1-(4-fluorophenyl)-
1 H-imidazol-5-yH{4-chloro-3-methoxyphenyhimethanol in aqueous HCI solution followed
by NaBHj reduction of the comresponding aldchyde to give a yellow solid.  Mass

spectrum (ESL nv/z): Caled. for CosH3CIFNLO5S81, 491.07, found 492 (M-+H).

Step 6: 2-(lert-butvidimethvisilvli-4-{4-chloro-2-methoxvphenvi-3-(4d-fluorophenvh-

3.4.6.7-tetrahvdropvranel3,4-diimidazole

The title compound was prepared according to the procedure as deseribed in Example
131 step 7 reacting 2-(2-(tert-butyldimethyisityl}-5-({4-chloro-3-
methoxyphenyl}hydroxyymethyh-1-(4-fluorophenyiy- 1 H-imidazol-d-yhethano! in pTSA
toluene solution to give an off white solid. Mass spectrum (ESI, m/z)y: Caled.  for

ng}'is(,\(j}FNz(}zSE, 473.05, found 474 (]\/f’i"H)_

Sten 7: 4-{4-chloro-3-methoxvphenvii-3-(4-fluorophenvi-3.4.6.7-

tetrahvdropvranel3.4-diimidazsie
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2-(tert-butyldimethylsibyl}-4-(4-chloro-3-methoxyphenyl}-3-{4-tfluorophenyl)-3,4,6,7-

tetrahydropyrano[3,4-diimidazole (80 mg) was treated with T N TBAF (0.3 mi, 0.34
mmol} at room temperatore for 5 min. The solvent was removed and the residue was
purified by silica gel cohumn chromatography to afford the title compound as a white sohd.

Mass spectrum (ESE, m/z): Caled. for CioHi6CIFN,O:, 358.79, found 359 (M+H).

Step 8: 4-(4-chloro-3-methoxvphenyip-2-{(2-chlore-6-fluorchenzviithio)-3-(4-

fluorophenvi-3.4.6.7-tetrabvdronvrane]3.4-dlimidazole

The titlc compound was prepared according to the procedure as described in Example 131

step 2 reacting 4-{4-chloro-3-methoxyphenyl}-3-(4-fluorophenyl}-3,4,6,7-
tetrahydropyranof 3,4-djimidazolc and 5-2-chloro-6-fluorobenzyl 4-

methytbenzenesulfonothicate in the presence of n-Buli at -78 "C to afford the product off-
while solid. "H NMR (400 Mz, CDCL) 8 7.18 (d, I = 7.5 Hz, 2H), 7.11 (d, F = 6.5 Hz,
2HY, 6.92{t, 1=7.1 Hz, 1H), 6.81 {t, § = 7.8 Hz, 2H), 6.62 {(m, 1H}, 6.55 (s, 1H}, 6.44 {m,
1H), 542 (s, 1H}, 42& {abqg, J = 10.5, 5.8 Hz, ZH}, 4.20 {m, 1H}, 3.95 {m, 1H)}, 3.74 {s,
3H}, 3.08 (m, 1H), 2.79 (m, 1H).
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Example 133: d-(d~chlpro-3-methoxvpfenyl)=2-(i 4o 2of In{ 3=

cliloroethoxylethoxviethoxy)-2,6-difluorobenzvlithio)-3-(4-fluorophenyvi}-3.4.6, 7~

tetrahvdropyrane!3 4-diimidarole

Step 1: S-4-(2-(3-(Z-chlorosthoxviethoxviethoxyi-2.6-difluorcbenzyl 4-

methvibenrenesulfonothioate

4-(2-(2-(2-Chlorocthoxyjethoxy)cthoxy)-2,6-difluorobenzyl  methancsulfonate (800 mg,
2.14 mmol} was added solution of p-toluencthiosulfonic acid potassium salt (500 mg, 2.14
mmol} in 10 mL of acctone at room temperature. The solution was stirred overnight. The
solid was filtered off. The filtratc was concentrated. It was partitioned between ethyl
acetate and water. The organic layer was washed with water and brine and dried and
concentrated to give the title product as a white solid (950 mg, 92% vield). 'H NMR (400
MHz, CDCI 0 785 (d, I =7.8 He, 2H), 730 (d, J = 8.5 Hz, 2H), 642 (d, 1 = 7.2 Hz, 2H),
421 (s, 2H), 4.08 {m, ZH), 3.88 (d, J = 6.5 Hz, 2H), 3.75 (m, 4H), 3.62 (m, 4H}. 248 (s,
3H).

Step 2@ 4-(d-chiore-3-methoxvphenyD-2-{({4-2-(2-2~chloroethoxviethoxyviethoxy -2, 6~

diflsorebenzvDthio)-3-(4-Huorophenvi-3.4.6, 7-tetrabhvdropvrane3.4-dlimidazele
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The title compound was prepared according to the procedure as described 1o Examople 131
step 2 reacting 4-{4~chloro-3-methoxyphenyly-3-(4-fluorophenyi}-3,4,6,7-
tetrahydropyranof3,4-djimidazole (Prepared as described in Example 132, Step 7) and S-4-
{2-(2-(2-chlorocthoxyethoxyjethoxy)-2,6-diffuorobenzyl  d-methyibenzenesulfonothioate
in the presence of n-Buli at -78 °C to afford the product off-while solid.

"H NMR (400 MHz, CDCL)Y 8 7.82(d, T=7.8 Hz, 1H), 7.39(d, J= 7.5 Hz, 1H), 7.18 (4, J
= 7.2 Hz, 1H), 6.98 {(m, 2H}, 6.55 (s, 1H), 6,47 (d, J = 8.1 Hz, 2H), 6.38 (m, 1H), 542 (5,
1H}, 4.65 {abq, F = 10.5 He, 2H), 4.25 (m, 2H), 4.18 {m, 2H), 3.70 (1, 10 H), 3.65 {s, 3H},
3.21 (m, 1H), 3.05 (m, 1H).

Example 134: 2 2~¢hloro-6-fluorpbenzvllifiio)~d-{4-flucro-3-methoxyphenylie3-4-

Huoronhenvi}-3,4.6, 7-tetrabivdropyrancis,4-dfimidazole

Step 1 2-((Z2-chloro-6-fluorobeneviithiol-1-{4-fluorophenvh-4-iodo-1 B-imidazol-5-

v 3~-methoxyv-4-flusrophenyDmethanol

The title compound was prepared according to the procedure as described in Example 131

step 4 reacting  2-{{2-chloro-6-tluorobenzylithio)-1-(4-fluorophenyl}-4,5-ditodo-1H-
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imidazole (Prepared as described in Example 131, Step 3) with i-Pr-MgBr followed by 4-
fluoro-3-methoxybenzaldehyde to give an off-while solid. ). "H NMR (400 MHz, CDCls)
8 7.25 (m, 6H), 691 (t, I = 6.8 Hz, 1H)}, 6.72 (m, 1H), 648 (d, J = 6.5 Hz, 1H), 6.21 (m,
1H}), 5.95 (s, 1H), 4.39 (abg, 2H), 3.73 (s, 3H).

Step 20 (£3-(2-{Z~-chloro-6-fluorobeneyhithio)-d4-C-ethoyvvinvi-1-{4-fluorophenvil-

1H-imidazol-S-vIi(3-methoyv-4-fluorophenvlmethanol

The title corapound was prepared according to the procedure as described in Example
131 step 5 reacting (2-{(2-chloro-6-fluorobenzybithio)-1-(4-fluorophenyli-4-iodo-1H-
imidazol-5-yH 3-methoxy-4-fluorophenylimethanol - with  {(€)-2-(2-cthoxyvinyl}-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane with Pdy{(dba); and BINAP to give a yellow solid. Mass
spectrumn (BEST, m/z): Caled. for CosHpCIFaNLO38, 561,01, found 562 (M+H).

Step 3: 2-(3-((Z-chloro-6-fluorobenzvithio)-3-((I~-methoxvé-

flworephenvh(hvdroxyvimethyvi-1-{4-fluocrophenvii-1 H-imidazol-4-vhethanol

The title compound was prepared according to the procedure as described in Example

131 step &  reacting  {Z3-(2-((2-chloro-6-fluorobenzyiithio)-4-{2-cthoxyvinyl}-1-(4-
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fluorophenyl -1 H-imidazol-5-vh{3-methoxy-4-fluorophenylimethanol  in  aqueous HCI
solution followed by NaBH; reduction of the corresponding aldchyde to give a yellow

solid. Mass spectrum (ESI, mv/z): Caled. for CpgHynCIF; N, 058, 534 98, found 534 (M+H).

Step 4: 2-((2-chloro-6-fluorobenzvlithioi-4-{(4-flugro-3-methoxvphenvii-3-{4-

fluorophenvi-3.4.6. 7-tetrabvdropvrane{3.4-dlimidazole

The title compound was prepared according to the procedure as described in

Example 131 step 7 reacting 2-(2-{(2-chloro-6-fluorobenzyltithio)-S-((3-methoxv4-
fluorophenyl ) hydroxymethyi-1-(4-fhiorophenyi}-1 H-imidazol-4-yljcthanol  in pTSA
tolaene solution to give an off white solid.
"H NMR (400 MHz, CDCL) 8725 (1, J =72 Hz, 1H), 7.18 (d, I = 7.0 Hz, 1H), 6.95 (¢, § =
7.8 Hz, 1H), 6.85 (m, 2H), 6.80 (t, J = 7.8 Hz, 2H), 6.60 {d, J=7.5 Hz, 2H), 6.38 (o, 1H},
5.38 (s, 1H3, 435 {abqg, I = 12.5, 7.5 Hz, 2H), 424 (m, 1H), 3.92 {m, 1H}, 3.75 {s, 3H),
3.20 (m, 1H), 3.01 (m, 1H).

Example 135: 2-(2-chloro-6-fluorobenzviithiol-3-(4-Buorophenyil-4-{2-

wmethvibenzofdioxarol-6-vii-3,4.6, 7-tetrabvdropyeana 3. 4-diimidarole

Step 1: C-{(2-chloro-6-flucrobensythio)-1-{d-fhuorophenvh-4-iodo-1H-imidazol-5-

v Z-methvibenzoldioxazol-6-vimethanol
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The title compound was prepared according to the procedure as described in
Example 131 step 4 reacting 2-{{2-chloro-6-fluorobenzylithio)-1-{4-fluorophenyiy-4,5-
ditodo~1H-imidazole (Prepared as described in Example 131, Step 3) with /-Pr-MgBr
followed by 2-methyibenzo{ djoxazole-6-carbaldehvde to give an off-while solid.

"H NMR (400 MHz, CDCly) 8 745 (d, } = 7.0 Hz, 1H), 7.25 (m, 7H), 6.91 (¢, ] = 6.5 Hz,
2HY, 6.1 (my, THD, 4.35 (abg, 2H), 2.71 (s, 3H).

Step 2 (E-(2-((2-chloro~-6~-Buorobenzvhihio)-4-(2-ethoxyvinvD-1-{4-fluorophenvi-

1 H-imidarol-5-viZ2~methvibenzoldloxazol-6-vimethanol

The title corapound was prepared according to the procedure as described in Example
131 step 5 reacting (2-{(2-chloro-6-fluorobenzybithio)-1-(4-fluorophenyli-4-1odo-1H-
imidazol-5-y 2-methyibenzoldjoxazol-6-vimethanol with (£)-2-(2-cthoxyvinyl}-4.,4,5,5-
tetramethyl-1,3,2-dioxaborolane with Pdy{(dba); and BINAP to give a yellow solid. Mass
spectrumn (BEST, m/z): Caled. for CooHpCIFN3O38, 568.03, found 564 (M+H).
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Step 3: N-{4-{(2-((2-chloro-6-TluorchenzvDihio)-1-(d-fluorophenvi-4-{2-

hvdroxvethvh-1H-imidazol-S-vIihvdroxvimethvh-2-hvdroxvphenvhiacetamide

The title compound was prepared according to the procedure as described in Example
131 step & reacting  {Z3(2-{(2-chloro-6-fluorcbenzylithio)-4-( 2-cthoxyvinyl}-1-(4-
fluorophenyt)-1H-imidazol-5-vI(2-methylbenzo[djoxazol-6-ylimethanol in aguecous HCI
soiution followed by NaBH, reduction of the corresponding aldchyde to give a yellow

solid. Mass spectrum {(ESE, mv/z): Caled. for CoyHoCHF NS, 560.01, found 561 (M-+H).

Step 4: 2-((2-chlore-¢-flnorebenzyiithio)-3-{4-flusrephenvii-4-(2-

methvibenzoldloxazolb-6-v-3.4.6, 7-tetrahvdronvrans3 4-dlimidazole

The title compound was prepared according to the procedurc as described in
Example 131 step 7 reacting N-{4-{({2-{{2-chloro-6-fluorobenzyi}thio}-1-(4-tfluorophenyvi)-
4-{2-hydroxyethyli}-1 H-imidazol-5-yh(hydroxy imethyl)-2-hydroxyphenyljacctamide in

pTSA toluene solution to give an off white solid.
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"H NMR (400 MHz, CDCL) § 7.42 (d, J = 7.1 Hz, 1H), 7.18 (m, 2H), 7.10 (s, 1H), 6.95
{m, 2H}, 6.72 (4, F = 7.2 Hz, 2H), 6.51 (m, 2H)}, 5.61 (s, 1H}, 4.30 (abg, J = 12.5, 7.5 Hz,
2HY, 421 (m, 1H), 3.95 (m, 1H)}, 3.12 {m, TH), 2.85 (m, 1H)}, 2.65 (s, 3H}.

Example 1362 2-(C2~chipro-6-fluorobenzvilthio)-4-(3 d-dirmethoxyvpheayii-3-{4-

fluoropbhenvil-7-methviene-3,4.6, 7~tetrabvdropyvranol 3. 4-dlimidaole

Step 1: S-({allviexv¥{3.4-dimethoxvpheavhimethvl-2-{{2-chloro-6-fluorobenzviithio)-

1-{d-fluorophenvh-4-iodo-1H-imidazole

A solution  of (3 4-dimcthoxyphenyl){2-{(2-chloro-6-flucrobenzylthio)-1-(4-
fluorophenyl)-4-iodo- 1 H-imidazol-3-ylimethanol {preparcd as described in Example 131,
Step 4, 50 mg, 0.08 mmol} in THF {1 mL} at 0°C was treated with NaH (60%, 0.2 mmol, 8
mg} for 10 min and then allyl iodide (34 mg, 0.2 mmol} was added and the reaction was
stirred for another 2 hours at §°C. The reaction was warmed to room temperature and
quenched with NH;CL The solvent was removed and the residuc was partitioned between
cthyl acetate and water. The organic layer was washed with water and brine and dried and
concentrated to give the title prodoct as a yellow solid (37 mg, 70% yield).

Mass spectrum (EST, nvz): Caled. for CogHpaClFIN2OsS, 668.92, found 669 (M-+H).

Step 2 2~-{(Z-chioro-6-flnorobenzvithio)-4-(3 4-dimethoxvphenvh-3-(4-Buorophenvi)-

T-methviene-3.4,6.7~tetrahvdropvranell . 4-dlimidazole
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A solution  of  S-((allyloxy¥(3.4-dimcthoxyphenyDmethyl-2-((2-chloro-6-

fluorobenzyhithio)-1-{4-fluorophenyli-4-iodo- 1 H-imidazole (60 mg, (.09 mmol}, Pdy{dba):
{4 mg, 0.005 mmol), and PP (2 mg, 0.005 mmol) in toluene (2 mL) in a sealed tube were
heated at 80 °C for 2 hours. The solvent was removed and the residue was purified by
silica gel column chromatography to give the title product as a white solid (12 mg, 24%
vield).
"H NMR (400 MHz, CDCL) 8 7.25 (m, 1H), 7.18 (m, 2H), 6.92 {1, J = 7.5 Hz, 1H), 6.85
{m, TH}, 681 (t, J=7.1 Hz, 2H), 6.70 {(m, 1H), 661 {t, J =75 Hz, 1H), 6.52(d, J=7.1
Hz, 1H), S.71 (s, 1H}, 5.52 (s, 1H), 4.92 (5, 1H}, 4.42 (abg, J = 13.5, 9.1 Hz, 2H), 435 (m,
1H}, 4.18 (m, 1H), 3.82 {s, 3H), 3.75 (s, 3H).

Example 137 d-id-chilorp-3-methoxyphenvil-2-(2-clloro-t-fluorobenzvithio)-3-{4~

iuorophenvil-7-methviene-3.4,6, 7-tetralivdropyvrans{ 3, 4-dlimidarzole

Step 1: {(4d-chloro-3-methoxvphenvh(2<(C~chlore-6-fluorebenzvithio)-1-(4-

fluorophenvii-4d-ipdo-1 H-imidazoel-5-yDmethanol
F

N
| s
HO N Cl

Cl
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The title compound was prepared according to the procedure as described in
Example 131 step 4, by reacting 2-((2-chloro-6-fluorobenzyljthio}- | -(4-fluorophenyl}-4,5-
ditodo-1H-imidazole (Derivative prepared as described in Example 131, Step 3) with i-Pr-
MgBr followed by 4-chloro-3-methoxybenzaldehyde to give an off-while solid.  Mass

spectrum (EST, m/z): Caled. for CugH,CLEFINLGS, 633.28, found 634 (M-+H).

Sten 2 S-({allvipxyi{d-chiore-3-methoxvphenvDmethvD-2-{(2-chloro-6-

fluorebenzyvhithiol-1-{4-ffucrophenvii-d-indo-1H-imidazole

The title compound was prepared according to the procedure as described in
Example 136 step 1 reacting {4-chloro-3-methoxyphenyl ¥ 2-{({2-chloro-6-
fluorobenzyhithio}-1-(4-flucrophenyi}-4-iodo- 1 H-imidazol-5~-ylimethano! with allyl todide
in the presence of NaH to give a yellow solid.

Mass spectrum (ESE nvz): Caled. for CooHp CLFLIN,O,S, 673,34, found 674 (M+H).

Step 3: 4-{4-chloro-J-methoxvphenvh-2-(2-chioroe-6-fluorebenaviithio)-3-(4-

fluorophenvl-7-methviene-3.4.6,7-tetrabvdropvranel3.4-dlimidazole
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The title compound was prepared according to the procedure as described in

Example 136 step 2 reacting  S-((allyloxy)}{(4-chloro-3-methoxyphenymethyl}-2-((2-
chloro-6-fluorobenzyiithio -1 -(4-fluorophenyl}-4-iodo- I H-imidazole with Pdy{dba); and
PhsP to give a vellow solid.
"H NMR (400 MHz, CDCL) 8 7.32 (s, 1H), 7.21 (m, = 6.5 Hz, 1H), 7.15 (4, § = 6.0 Hz,
2H) 6.95(t, § = 7.0 Hz, 1H}, 6.84 (m, 2ZH}, 6.58 {(m, 2H), 6.42 {d, } = 6.5 Hz, 1H), 5.85 (5,
1H), 550 ¢s, 1H}), 5.18 (5, 1H}, 445 (abqg, J = 12.5, 8.5 Hz, 2H), 442 {(abq, J = 10.5, 7.6
Hz, 2H}, 3.78 (s, 3H}.

Example 138: 4-14-Fluoro-3-methoxvphenyll-2-¢(2-chioro-6-fluorobenyviithiol-3-{4-

iuorophenvil-T-methviene-3.4,6, 7-tetralivdropyransf3,4-diimidazole

Step §: S-{{allvioxvi{d-fluoro-3-methoxvphenvhmethv-2-{(2-chloro-6-

fluorobenzvhithio)-1-{4d-Buorophenvh-4-iodo-1H-imidazole

The title compound was prepared according to the procedure as described in
Example 136 step | reacting  (2-((2-chloro-6-fluorobenzylithio}-1-{4-fluorophenyl -4~
iodo-1H-imidazol-5-y I} 3-methoxy-4-fluorophenylimethanol  (Prepared as described in
Example 134, Step 1} with allyl todide in the presence of NaH to give a yellow solid.

Mass spectrum (ESE, m/z): Caled. for CprHClIF:INLG:S, 656.89, found 657 (M+H).

Step 20 4-{4-Fhuoro-3-methosxvphenvl-2-{C-chioro-6-fluorcbensviithio)-3-(4-

flnoronhenvl-7-methviene-3.4.6.7-tetrahvdronvranol3.4-d limidazole
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The title compound was prepared according to the procedure as described in

Example 136 step 2 reacting  5-{{allyloxy}4-tfluoro-3-methoxyphenyhmethy-2-((2-
chloro-6-fluorobenzylithio)- I -(4-fluorophenyly-4-iodo- 1 H-imidazole with Pdx{dba); and
PhaP to give a yellow solid.
TH NMR (400 MHz, CDClz) 8 7.45 (s, 1H), 7.28 {m, J = 7.5 Hz, 1H), 7.30 (d, I = 6.5 Hz,
2H), 7.05 (1, I = 7.0 He, 1H}, 6,92 (m, 2H), 6.71 (m, 2H), 6,45 {d, 1 = 6.5 Hz, 1H), 587 (5,
1H), 5.60 (s, 1H), 515 {5, 1H}, 4.5 (abg, J = 11.5, 7.5 Hz, 2H), 440 (abg, J = 115, 7.5
Hz, 2H), 3.82 (s, 3H).

IN VITRO BIOLOGICAL DATA

Exampie 139: STCI cAMP asonist E{ s determination

The STCH cell line (Cold Spring Harbor Laboratory ) was derived from an
endocrine tumor that developed in the small intestine of a double transgenic mouse
expressing the rat insulin promoters linked to SV40 farge T antigen and to the
polyomavirus small T antigen. In house expression experiments have shown the presence
of the TGRS mRNA. Cells were cultured in DMEM containing: 10% Horse Serum; 2.5%
FBS; I uM Sodium Pyruvate; and 1X Penn/Strep. Cell stocks were maintained and grown
in a sub-confluent state using standard cell culture procedures. The day before the
experiment, the cells were harvested with non-enzymatic cell dissociation buffer and re-
suspended in complete growth media at 4ES ¢/ml. A Greiner PDL coated white 3&4-plate
was then seeded with cells { 20 pl. per well}). The sceded plates were incubated overnight

Ind

at 37°C.
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On the day of the experiment, Assay Buffer containing: HBSS with Ca™ and Mg
5 uM HEPES; 0.1% BSA; and, 0.5 uM IBMX was prepared. The growth medium was
washed from the cell plates and replaced with 20ul of Assay Buffer. Test compounds
were serially dosed (11 doses at b2 dilution) in DMSO starting at 10 uM. Compound (160
nk} was added to cells using an ECHO. The plate was then incubated at room temperature
for 40 wmin. cAMP standard serial dilution was prepared in Assay Buffer (high
concentration | pM, 12 doses at V4 dilution). 20 ul. ¢cAMP standard dilutions were added
in daplicate to all plates. The reaction was stopped by the addition of 20 uLL 8.1% Formic
Acid to all wells., Sixty minutes later 30 ul. 3 pM deuterated AMP was added to all wells
{as a control for volume addition to the mass spec). Plates were mixed on a plate shaker
for I min and centrifugated (5 min 3000 RPMs no brakes).

Plates were run on a 4000 (QTrap triple-quadrapole Mass spectrometer in positive
ion mode coupled with a Biocius RapidFire 300is. A C8 cartridge was used, ehuting with
80% ACN (250 ms Asp, 4000 ms wash, 3000 ms Elntion, 1000 ms Re-equulibration, and
pump speed of 1 mi/min}. Two ions (cAMP and deuterated AMPwere measwred using
Multiple Reaction Monitoring {MRM)} in positive ion mode and the area under the curve
{AUC) was determined for cach of the ions.

The data from the Mass Spec / Rapid Plate AUC for cAMP and deuterated AMP
were imported to an Excel worksheet. A Normalized signal (NS} was gencrated for cach
well = {cAMP AUC for the well / deut AMP AUC for the well}* average deut AMP AUC
for the plate). oM cAMP was calculated for cach well from the cAMP standard curves

located on cach plate by first caleulating the slope and deriving the intercept (b).

hYAN .
A?\’,LSCAM’P _ standard _ cuive

NScanr s tan davd | cruve = ?’?’Z(i’l:’@f’ cAMP 8 tan dard _curve } + b
NS -b

L

nM  cAMP =
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ECso values were determined from a 4-point fit {(Hill cquation) of a single 11-point
compound dosing. A best-fit curve was determined by the minimum sum of squares
method plotting cAMP produced vs compound concentration. Net Terminal Value (NTV)
was calculated by using the ratio between the size of cach dose response curve and the
difference of high (p = 5 uM standard mTGRS agonist at a dose that gives a maximal
cAMP response) and low (n = vehicle} controls.

size of CRC for compound = uM _ cAMP at high [cmpd] - nM cAMP at low [cmpd]

OUNTV = stze of CRC for compound

Y NTV = (1-

(ep =ty

% effect was determined at one dose (2™ dose, usually 16 pM) using the nM cAMP of the

) 100

sample well and the low and high control wells,

go“pun

Percent Effect {%er) X 100

//////»’/””///4
st

o

Hp
Mean (i) of the positive {p) and negative {n) controls.
Signal in the com pound treated well {3,)

Example 140: NCE-H716 ¢cAMP agonist B¢ s determination

The NCI-H716 cell hine (ATCC CCL-251 ) was derived from cells present in
ascites fluid obtained from a patient after treatment with 5-fluorouracil. The cells contain
Dopa decarboxylase and, unlike other colorectal lines, contain cyvtoplasmic dense core
granules characteristic of endocring secretion. In house expression experiments have
shown the presence of the TGRS hRNA. Cells were cultured in suspension using RPM
containing: 10% HI FBS, and X Penn/Strep and were cryostored (1E7 cells/vial in 5%
DMSBO).

On the day of the experiment, Assay Buffer containing: HBSS with Ca® and Mg’
5 uM HEPES; (.1% BSA; and, 0.5uM IBMX was prepared. Cells were thawed, washed in

assay buffer, resuspended at 10ES ¢/ml, and plated (20 uL) in Corning Non-binding white
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384 well plates. Test compounds were serially dosed (11 doses at ¥ dilution) in DMSO
starting at 10 uM. Compound (100 nL} was added to cells using an ECHQO. The platc was
then incubated at room tewperature for 40 min. cAMP standard serial dilution was
prepared in Assay Buffer (high concentration 1 uM, 12 doses at ¥ dilution). 20 b cAMP
standard dilutions were added in duplicate to all plates. The reaction was stopped by the
addition of 10 pL d2 —CAMP in lysis buffer (CisBio ¢cAMP HTRF Dynamic 2 Kit} to all
wells. The second component of the detection was immediately added to alf wells (10 gL
Anti-cAMP in lysis buffer). Plates were mixed on a plate shaker for I min  and
centrifugated (I min 1000 RPMs) and incubated at room temperature for 1 hour.

The plates were read on an Envision plate reader in HTRF mode {two reads both
with Excitation (@ 320 nm; Emission Read 1 @ 665 nm; Emission Read 2 (@ 615 nm). A
Wormalized signal (NS} is generated by the Envision for cach well {({Read 1/ Read 2) x
10,000y

The data from the Envision were imported to an Excel workshect. 1M cAMP is
calculated for cach well from the cAMP standard curves located on cach plate by first

calculating the slope and deriving the intercept (b).

AF\«’YSMMP _standard _ curve

NScmp _stan davd  cruve == M(}’Zﬁff cAMP ) tan dard _curve ) + &
NS b
w

nM cAMP=

ECso values were determined from a 4-point fit (FHill equation) of a single 11-point
compound dosing. A best-fit curve was determined by the minimum sum of squares
method plotting ¢cAMP produced vs compound concentration, Net Terminal Value (NTV)
was calculated by using the ratio between the size of cach dose response curve and the
difference of high {p = 16 uM standard hTGRS agonist at a dose that gives a maximal
cAMP response) and low {n = vehicle) controls.

size of CRC for compound = aMd _ cAMP at high [compd] - nM cAMP at fow [empd]
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size of CRC for compound

(duP o tuN >

Y NTV = (1~ )*100

% offect was determined at one dose (2™ dose, usnally 16 uM) using the nM cAMP of the

sample well and the low and high control wells.

{ So-in \
Percent Effect (%er)s, ———— | X 100
N eup" n§

Mean (u)of the positive (p) and negalive {n) controls.
Signal inthe compound treated weli (S,)

INVITRO BIOLOGICAL DATA

Example STC-1 NCI-H716

ECss {uhd} ECse {uM})
i .89 >50
2 38.16 >50
3 0.51 >50
4 0.31 30.51
5 0.49 >50
& 13.35 >50
7 0.81 >50
8 1.34 >50
9 9.86 >50
10 0.79 >50
i1 3.71 >50
12 19.68 >50
13 8.04 >50
14 (.53 »50
i5 13.26 »50
i6 4.81 >50
i7 0.62 >50
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i3 0.40 >50
18 7.41 >50
20 0.51 >50
213 0.69 48.39
21b 8.12 >50)
22 32.59 >50
23 .66 50
24 3.92 >50
25 nt nt

26 nt nt

27 nt nt

28 nt nt

29 nt nt

30 0.96 >50)
31 410 4.44
32 1.38 16.80
33 4.90 >50
34 3.0 >50
35 3.15 3.30
36 1.34 >50
37 14.88 >50
38 1.25 >50
3%a .36 >50
39 16.27 >50
40 1.36 >50
41 0.89 >50
42 0.53 50
43 0.67 >50
44 1.39 >50
45 (.35 »>50
46 0.14 >50
47 0.37 47.30
48 0.35 >50
49 0.94 >5()
50 0.28 34.70
51 5.50 50
52 0.45 >50
53 nt nt

54 4.41 >50
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55 0.18 >50
56 0.13 >50
57 .65 >50
58 1.10 >50
59 2.02 >50
&0 15.49 >50
61 3.89 >50
62 0.13 12.50
&3a 9.39 >50
63b .07 3.41
&4 .15 5.34
&5 3.75 >50
66 0.30 2.40
67 0.50 8.34
683 7.39 22.00
68b 28.64 >50
&9 (.85 7.97
70 2.78 >50
71 1.91 >50
72 0.91 35.18
73 1.53 47.50
74 1.10 >50
75 2.76 >50
76 1.51 >50
77 2.93 >50
78 0.56 >50
79 0.46 15.8
80 2.94 18.22
81 1.75 >50
82 .18 15.23
83 .13 17.23
84 0.34 38.70
85 0.12 1.88
86 222 27.07
87 47.80 >50
28 478 >50
89 2.08 >50
S0 3.90 >50
31 0.23 >50
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92 0.12 18.10
93 0.25 >»5()
g4 0.41 50
95 0.37 12.50
96 13.42 >50
g7 0.68 3.73
38 0.16 24.27
99 2.39 33.13
100 .01 (.44
101a »50 »50
101b 0.11 0.64
102 0.03 1.37
103 0.09 3.50
104 0.17 0.90
105 0.21 0.94
106 .09 .51
107 0.32 1.40
108 0.31 0.68
109 0.20 3.60
110 0.45 1.18
111 0.20 1.41
112 (.13 (.30
113 0.05 0.72
114 1.64 25.70
115 0.22 2.60
1ie 0.0% 0.77
117 0.41 2.65
118 (.68 4,31
1198 .18 >50
120 1.18 >50
121 3.11 >50
122 0.09 18.78
123 0.05 17.00
124 0.80 >5()
125 1.09 25.10
12¢ .30 .68
127 >50 >50
128 7.75 >50
129 3.74 >50
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130 14.10 >50
131 0.33 20.53
132 .78 >50
133 €.07 >50
134 0.21 >50
135 3.84 10.98
136 1.53 >50
137 0.88 >50
138 3.26 >50

While the foregoing specification tcaches the principles of the present invention, with
examples provided for the purpose of illustration, it will be understood that the practice of
the invention encompasses all of the usual variations, adaptations and/or modifications as

come within the scope of the following claims and their equivalents.

All documents cited herein are incorporated by reference i
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What is claimed is:

1. A compound of Formula (I} wherein:

z2! 7?2
R8 N R']
—
x M =8
N
RG R2 R7
R3
RS ba
Formula ()
wherein:
R? R? R®
— = /=N —N
d _ - Ao - . -
LT NLE ONLENLEN T Y
=3
g'is R R R® R® Ra Ra \ N N

R*isH,F, Br,or Cl;

R is H, F. Cl, Br, CFs, OCHs, -ON, or NOy;

R%is H, F, OH, or (OCHCH L N(CH )

Ris H, -CN, Br, SO,NH,, SONHSO,CH;, CounalkylOH, ConalkyIN(CHs), CHCH)-
tetrazolyl, CHCH,COCH,CH,, CHLCH,COH, OCH,CN, OCH,COH, OCH,-tetrazolyl,
(OCH,CH,) N(CH;),, (OCH,CH,)-pyrrolidingl, (OCH,CH,),CL (OCH,CH,),OH,
(OCH,CH;),0CH;, COH, C{OWH,, C(OMNHCH,, C{OIN(CH3),,
C{OYWNHCH,CHN(CH;) (CF:CO,), SONH(CH ) N(CH; ) (CFCO,Y,
C{OWHCH,CH,(OCH,CH,),0H, C(OWHCH,CH(OCH,CH;),0CH:, C(O)-morpholinyl,

o OYOH !
?lL N /-\/\/ N NH-»
CHyCHy-morphotinyh, CHYCH,CN, CHLCH,C(OINH,, | NH
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0 NH O NH
o Lm0y I =
nis (L 1, 2,3, 0rd;
R is H, CH;, CH,CH,, CH,0H, CHF, or CH=0;
R’ is HorBr;
RYisHor Br;
R’is CL H, F, or OCHy;

, o1 tetrazolyl;

R®is OCHs, or C1, or R® and R® may be taken together with their attached phenyl to form

i, W

0 @)
ey
the fused ring system o Lor

R’ is phenyl, wherein said phenyl is optionally substitnted with onc substituent selected

2

from the group consisting of F, CH;, Cl, CF+, and OCH;, and further optionally substitated
with up to two additional fluorine atoms;

R®is H or CHy;

X i8 O or CHy; and

7" and 27 are H, or 2' and Z° may be taken together with their attached carbon to form a

:%L;‘ group;

and pharmaccutically acceptable salts thercof.

2. A compound of claim |, wherein:
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X is CHo;
7} and 77 are H:

and pharmaceutically acceptable salts thereofl

3. A compound of claim 2, wherein:
R’ is CL;
R’ is OCH;;

and pharmaccutically acceptable salts thercof.

4. A compound of claim 3, wherein:

L
R’ is F-

2

and pharmaceutically acceptable salts thereofl

5. A compound of claim 1 selected from the group consisting of:
R R
N N
| O—s | s
N C N C

F
MeO MeO
cl F , cl F
F F
N N
[ > [ >-s
N Cl N Cl
OMe
MeO MeO
Cl OMe ? Cl F
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F F
N
R | H—s
N i N cc
Mea F
Me( . MeO
o , cl F
F F
N N
| D—s | H—s
N Cl N cl
CFs F
MeO MeO
Cl F , Cl FF
R Cl
| »—¢ | H—s
N cl N
F
o]
MeO MeO F
¢l F cl - :
K F
N CO,H
R | s
N ¢l N F
MeQO . MeO
Cl Cl F
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F
o)
>
S HN Y
N F _\_N_
CF,co0®
MeO
Cl F
3
F
N
| >—s
N NC
MeO
Cl F
F
N
| >—s
N FC
MeO
cl F ,
F
N
| >—s
N MeQ
MeO
Cl F

MeO

MeO

MeO

MeQO

Cl

Cl

Cl
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F
2
N $~NH>
| H>—s 0
N F
MeO
Cl F ,
R 0Osd/
TR
N S—NH ©
| s 0
N F
MeO .
Cl
F
a
N ﬁ—NH
| S—g s )
N - ®
—N
/\
o
MeO CFaC00
Ci i
F
N O O
| >—s
N
0
Mo HO o—)
e \ /
Cl F

LAy
LA
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and pharmaceutically acceptable salts thereof
6. A pharmaccutical composition, comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

7. A pharmaccutical composition made by mixing a compound of claim | and a

pharmaccutically acceptable carrier.

8. A process for making a pharmaccutical composition comprising mixing a compound of

claim 1 and a pharmaccutically acceptable carrier.

9. A method of treating a syndrome, disease or disorder selected from the group
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