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Benzimidazole Derivatives Bearing Substituted Biphenyls as Hepatitis C Virus NS5B
RNA-Dependent RNA Polymerase Inhibitors: Structure—Activity Relationship Studies and
Identification of a Potent and Highly Selective Inhibitor JTK-109
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Following the discovery of a new series of benzimidazole derivatives bearing a diarylmethyl group as
inhibitors of hepatitis C virus NS5B RNA-dependent RNA polymerase (HCV NS5B R8Rp} extended

the structure-activity relationship (SAR) study to analogues bearing a substituted biphenyl group and
succeeded in a significant advancement of activity. Starting from compbuaptimization of the A, B,

and C rings afforded potent inhibitors with low nanomolar potency against genotype 1b NS5B. The
compounds, which have a substituent with a carbonyl function at the 4-position of the B-ring, efficiently
blocked subgenomic viral RNA replication in the replicon cell assay at low submicromolar concentrations.
Among the new compounds, compoubh@h (JTK-109) exhibited favorable pharmacokinetic profiles, high
selectivity for NS5B, and good safety profiles, suggesting the potential for a clinical candidate in the treatment
of hepatitis C.

Introduction @
In 1989, a main causative virus of non-A, non-B posttrans- HOOC N,
fusion hepatitis was first identified and named hepatitis C virus @N@O @
(HCV),3 which is a positive single-stranded RNA virus of the
Flaviviridae family.* According to a press release from the
World Health Organization, HCV has infected an estimated 170
million people worldwide®. Of those infected, over 85% will
develop chronic hepatitis and 20% of the chronic infections
progress to liver c!rrhos@. . . demonstrated by two inhibitors, a nucleoside NS5B inhibitor
Presently, there is no vaccine for HCV and there is no broadly NM283% and a nonnucleoside inhibitor HCV-796
effective therapy for all genotypes of HCV. The current therapy )
for chronic HCV infection is based on interferondFN-o)) and
ribavirin, but sustained virological response (SVR) rates are
limited particularly in the patients infected with the most
prevalent HCV genotype 1 virus. The SVR rates in the recent

standard treatment, a combination therapy of pegylateddFN- . ) R .
with ribavirin, are below 50%.In addition, considerable side bearing a biphenyl group inhibits genotype 1b NS5B RdRp with

effects are often associated with these treatments, thereb)fa‘n G of 0.30 uM. To address the challenge, we selected

resulting in limited patient compliance. Therefore, development compoundl as a new Ieagl compound and advanced'the SAR
of an improved therapeutic agent for hepatitis C, especially for study. Comp_ared to the dlarylmeth_yl Series, the substituents on
genotype 1 hepatitis C, is an urgent medical need. the phenyl rings showed more distinct SARs and generated

To inhibit HCV growth, a viral protein such as NS3 serine significant improvement in potency. Here, we report the

. benzimidazole derivatives bearing substituted biphenyl groups
BL?;?:;SZIS(‘EESS EZI:]C%S:’ tg:gg'Z?jBaiglAr;ggpsg:r?nérgv'?l/ﬁ and related compounds as potent NS5B inhibitors with efficient

Yiral RNA reduction activity (low submicromolar Eg) in
9 - . ;
attentior: One of the specific proteins, NSS5B RdR.p, 1S replicon cells. Our work led to the identification of the potent
considered to play a central role in the HCV gene replication

from several reports including a finding by Kolykhalov efal and highly selective inhibitodOn (JTK-109) with favorable
that NS5B RdRp's activity is essential for HCV viral replication  Pnarmacokinetic and safety profiles in rat.
and infectivity in a chimpanzee model. Several classes of potent
NS5B inhibitors have been reported in the past several
years10-12and several compounds have entered clinical trials.  The compounds prepared for this study are shown in Tables
Recently, antiviral activity in HCV infected patients was 1—5. Syntheses were accomplished as schematized in Schemes
1-7. The general synthetic route for compouriis-i, 3a—

*To whom correspondence should be addressed. For T.S.: (currentd,i, and 7 is described in Scheme 1. The pheridia was
6ddress) %rald$ate bchoql lv?'f l;ha&malgeutical Asciﬁnfg%s,%l\é%g%ya Cityalkylated with the benzyl halid&6 to give 2-[4-(2-bromoben-

nlver5|ty, - anape-aori, Mizuho-kKu, Nagoya, Aichi - , Japan; 1. _ imi o~ i I
(phone) +81-52-836-3409; " (fax)+81-52-836-3407: (e-mail) suzuki@  2YIOxY)phenyll-1-cyclohexyltH-benzimidazole-5-carboxylic acid
phar.nagoya-cu.ac.jp. For H.H.: (phore31-72-681-9905: (fax}-81-72- methyl/ethyl ester derivativel?. The benzyl brpmlde$6 were
681-9725; (e-mail) hiromasa.hashimoto@ims.jti.co.jp. prepared from the corresponding toluene/picolideby bro-

Figure 1.

In our earlier paper, we reported a new series of benzimi-
dazole derivatives bearing substituted diarylmethyl groups as
NS5B inhibitorst However, improvement of the activity was
the next major challenge in the development of new anti-HCV
drugs. We also found in the report that compodn@igure 1)
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aReagents and conditions: (&, K.COs, DMF, 80°C; (b) ArB(OR), Pd(PPhk)s, NaHCQ;, DME—H,0, reflux; (9 2 N aqueous NaOH, EtOHTHF,
reflux; (d) NBS, AIBN, CCl, reflux; (e) LiAlH4, THF; (f) SOC}, pyridine, CHC}, room temp; (g) CBy, PPh, THF, 0°C.

Scheme 2
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aReagents and conditions: (a) £FOOH, CHCl,, room temp; (b) (COCH DMF, CH.Cl,, room temp, then HNRR THF—CH_Cl,,

aqueous NaOH, EtOHTHF, reflux.

mination withN-bromosuccinimide. Alternatively, the benzoic
acid or esterl5 was converted to the benzyl halidé with a

3j-n
10a-h
COOH CONRR'

C
3h
0°C;(c) 2N

and 10i were derived fron21 in two steps: acylation with an
appropriate acid chloride to acylanilid23 and subsequent

two-step sequence: hydride reduction of the carboxylic acid or hydrolysis of the ester. Compound®j—I were derived from
ester and subsequent halogenation of the resulting alcohol.23via compound4 by alkylation with the corresponding alkyl

Suzuki coupling® of 12 with the corresponding aryl boronic
acids provided the biphenyl derivativds8, after which hy-

drolysis of the ester group under alkaline conditions gave the aniline 21 in three steps:

desired compound®a—i, 3a—d,i, and7.

Dibenzoic acid3h and benzamide8j—n and 10a—h were
synthesized from the estetg (prepared by the route in Scheme
1), as shown in Scheme 2. Thert-butyl group of 17 was
removed by treating with trifluoroacetic acid to give benzoic
acid 18, which was subjected to hydrolysis to yielgh.
Benzamide8j—m and10a—h were prepared from the benzoic
acid18in two steps. Coupling betwed and the corresponding
amines using the acid chloride 8 and subsequent hydrolysis
of the methyl ester&9 yielded compound8j—m and10a—h.
Compound3n, a regioisomer of3l, was synthesized from
3-bromo-4-methylbenzoic acigrt-butyl ester (compound4,

A = CH, R= 5-COOt-Bu) by the same procedure employed
for 3l.
Compounds3f,g and 10i—o were synthesized fron20

iodide in the presence of sodium hydride followed by hydrolysis
of the methyl ester. CompountOm was prepared from the
reductive amino alkylation with
acetone in the presence of sodium triacetoxyborohydride,
acetylation with acetyl chloride, and hydrolysis of the methyl
ester. LactaniOnwas synthesized from the anili2d in three
steps. Aniline21 was acylated with 4-chlorobutyryl chloride
and then cyclized in the presence ofGO; in DMF at 80°C

to give the lactan25. Hydrolysis of the methyl ester afforded
compoundlOn. The aniline21 was converted to the urei@o

by reaction with dimethylcarbamoyl chloride and subsequent
hydrolysis of the methyl ester.

Compounds3e and 8 were prepared by an alternative way
shown in Scheme 4. Ketorge was synthesized from Weinreb
amidé’ 26 (prepared from 4-bromo-3-methylbenzoic acid; see
Experimental Section). Conversion of the Weinreb anfife
with the following three-step sequence gave a biphenylmethyl
bromide27: Grignard reaction with methylmagnesium bromide,

(prepared by the route in Scheme 1), as shown in Scheme 3.Suzuki coupling with 4-chlorophenylboronic acid, and bromi-
The nitro group of20 was reduced with stannous chloride to nation of the 2-methyl group witN-bromosuccinimide. Cou-
give an aniline21. Eschweiler-Clarke amine methylatidfiand pling between27 and phenollla with subsequent hydrolysis
subsequent hydrolysis of the methyl ester afforded compoundof the ester gave the methyl ketord® Compound8 was

3f via the N,N-dimethylaniline22. The N-acyl derivatives3g synthesized from a trifluoromethanesulfon28qprepared from
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aReagents and conditions: (a) Sa@EtOH-THF, reflux; (b) HCHO (37% aqueous), HCOOH, reflux) @ N aqueous NaOH, EtOHTHF, reflux; (d)
RCOCI, EgN, CHCL, 0°C, then room temp; (e) MBICOCI, pyridine, CHG, reflux; (f) NaH, Mel/Etl, DMF, 0°C, then room temp; (g) acetone, NaBH(O4c)

AcOH—THF, room temp; (h) KCOs;, DMF, 80 °C.
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aReagents and conditions: (a) 4-G*hB(OH), Pd(PPk)4, NaHCQ;, DME-H,0, reflux; (b) MeMgBr, THF, 0°C to room temperature; (c) NBS, AIBN,
CCly, reflux; (d) 118 K>COs, DMF, 80°C; (e) 2 N agueous NaOH, EtGHTHF, reflux; (f) 4-CHPhB(OH), Pd(PPB)4, K2CGs, toluene, 9CC; (g) LiAIH 4,
THF, 0°C; (h) SOC}, pyridine, CHC4, room temp.

3-hydroxypicolinic acid; see Experimental Section). Compound reagent® in refluxing THF. Compound3b was converted to
28was converted to the benzyl alcot®¥in two steps: Suzuki  thiazole4b in four steps by the procedure described above.
coupling with 4-chlorophenylboronic acid, followed by lithium The reversed thiazolg and pyrimidineé were synthesized
aluminum hydride reduction of the methyl ester. Chlorination f,om 3 common starting materig5?° as shown in Scheme 6.

of the alcoho9, coupling with the phendl1a and subsequent  The g.keto ester35 was reacted with Brin 1,4-dioxane and
hydrolysis of the methyl ester gave the pyridigie , then with thioacetamide in EtOH at reflux to give a thiazole

Preparation of oxazoléa and thiazoledb was achieved via 36. Compound36 was converted to the reversed thiazl

the key intermediat82 (Scheme 5). 4-Ch|oro_benzoy| chloride four steps by using the procedure described in Scheme 5.
30 was converted tai-C-4-chlorobenzoylamino acid methyl Pyrimidine37 was obtained by the condensation of compound

ester31 by the reaction with methyl isocyanoacetate in the 35W|th N,N-dimethylformamide dimethylacetal and subsequent
presence of triethylamine and the subsequent acidic methanolysis
reaction with acetamidine hydrochloride in the presence of

of the oxazole intermediafé.Compound31 was allowed to di hoxid f E1ORL 437
react with acetic anhydride in the presence of sodium acetateS0dium ethoxide in refluxing EtOF. Compoun was

to give an acetylamid82. A facile ring closure of compound
32 to the oxazole 2-carboxylic acid methyl estg@Ba was
effected in concentrated,80O, at room temperature. Compound
33awas converted to oxazoléa in four steps by the same
procedure as described for compouhyclization to provide
thiazole33b from compound2 was achieved with Lawesson’s

converted to the pyrimidiné by using the procedure described
above.

The biphenylmethyl derivative3a—e were synthesized from
the corresponding phendll in two steps (Scheme 7). The
phenols 11c—f were prepared by the previously described
procedure foll1ab.12 The phenold 1b—f were alkylated with
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aReagents and conditions: (a) methyl isocyanoacetafd, EHF, reflux;
(b) AcCl, MeOH, reflux; (c) AgO, NaOAc, BHO, 0 °C; (d) concentrated
H2SOy, room temp; (e) Lawesson’s reagent, THF, reflux; (f) LIAJHHF,
0 °C; (g) SOC}, pyridine, CHC}, room temp; (h)l1a K,COs, DMF, 80
°C; (i) 2 N aqueous NaOH, EtOHTHF, reflux.

2-phenylbenzyl bromide and subjected to hydrolysis of the
methyl ester to give compoun@a—e.

Results and Discussion

Hirashima et al.

replicon EGp values in the tables. Although the replicon system
does not generate infectious particles, monitoring a reduction
of HCV RNA is a facile method for quantifying anti-HCV
activity of NS5B inhibitors.

We started our SAR study around the A-ring of compotnd
(Table 1). We chose 4-chloro group as a substituent on the
B-ring of compoundl because we had already discovered in
an earlier report that meta-chloro substitution of the benzyl group
proved to be favorable over the H atdnindeed, compound
2a showed a slightly increased potency for NS5B inhibition
compared to the lead compoudd Various substituents were
introduced at the 4-position of the A-ring as shown in Table 1.
These analoguezb—g generally exhibited potencies for NS5B
greater than the potency of compoua Specifically, small
electron-withdrawing groups such as the chldb)( carboxylic
acid 2e), carboxamide Zf), or cyano 2g) group tend to be
preferred. These compounds exhibit 3- to 4-fold increased
potency compared tPa. The position of the substituent seems
to be important. Introduction of the ClI atom at the 3-position
(compound2h) reduced the potency about 2-fold. Changing the
phenyl ring to 3-pyridine i) retained the activity.

The ability of the compounds in Table 1 to inhibit cellular
replication of HCV RNA was evaluated, and they effectively
inhibited replication at low micromolar concentrations except
for compound2e The compounds were not toxic at the
concentration required for the cell activity. The shift in potency
between NS5B Igy and replicon Egy seems large (more than
20-fold) except for compoun@i, although the biochemical
potency varies depending on the enzyme or assay conditions
employed. Cellular activity is influenced by a number of factors
such as membrane permeability, metabolism, and affinity for
proteins such as albumin. The lack of the cellular activity in
compound2e despite potent NS5B inhibition (kg = 0.058
uM), is not considered coming from its permeability problem

The compounds synthesized in this study were tested in thebecause it has a Idg value of 3.26 at pH 7.2 and showed a

in vitro HCV genotype 1b NS5B RdRp assay. Our assay

good membrane permeability in the Caco-2 cell monolayer assay

employed a genotype 1b enzyme (BK strain) lacking the 47 (Papp= 23.4 cm/sx 10 6 when propranolol showed a value of

C-terminal residues with an additional hexahistidine tag (1b
NS5Bs44).22 The results are summarized in Tables5las IGo
values. The compounds in Tables3 and 5 were evaluated
for their ability to inhibit the replication of subgenomic HCV
RNA in a replicon cell system using a Huh-5-2 cells (a Huh-7

16.5) despite the existence of negatively charged carboxylate
functions. The compound might have a high affinity to albumin

in the assay media because of the existence of two acidic
functions (COOH). Pyridinei showed the smallest shift in
potency between the biochemical assay and cell assay, indicating

derived cell line that possesses a 1b HCV replicon containing that introduction of a polar fragment, such as pyridine, could

the luciferase reporter gen®)2* The results were described as

improve the cellular activity by reducing protein affinf§In

Scheme 6
cl
Cl
HOOC N
c-f N\ 0
N 4 |N
COOEt
cl . / N, s
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36 5
Cl cl
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aReagents and conditions: (a)-BL,4-dioxane, room temp; (b) thioacetamide, EtOH, reflux; (c) LIAIAHF, 0°C; (d) SOC}, pyridine, CHC}, room
temp; (e)11la K,CO;, DMF, 80°C; (f) 2 N aqueous NaOH, EtOHTHF, reflux; (g) N,N-dimethylformamide dimethylacetal, reflux; (h) acetamidHe€l,

NaOEt, EtOH, reflux.



Benzimidazole Deratives as HCV NS5B Inhibitors

Scheme 7

2 X3

Journal of Medicinal Chemistry, 2006, Vol. 49, No4725

Table 2. NS5B Enzyme Assay I§ Values, Replicon Cell-Based Assay
ECso Values, and Cell viability C¢p Values for Compound8 (B-Ring

X Variation
MeOOC N\>—C|_>—OH R \ X 3 O )
\ 7 — 3 o cl
! A
O 1Mb:X=F Q
11c: X =2l
11d: X = 2.0Me 9a-e HOOC N
11e: X = 2-CF3 N 0 —
11f: X = 3-F N \ 5
aReagents and conditions: (a) 2-phenylbenzyl bromig€®s, DMF, 7R
80 °C; (b) 2 N agueous NaOH, EtOHTHF, reflux.
Table 1. NS5B Enzyme Assay l§ Values, Replicon Cell-Based Assay
ECsp Values, and Cell Viability Cg Values for Compound (A-Ring NS5B replicor?  cell viability® TId
Variation compd R ICs0 (uM)®  EGso (uM)®  CCso(uM)®  CGso/ECsp
)
2b 4-Cl 0.050 3.0 25 13
HOOC N Ar 3a  H 0.078 3.2 35 11
Q 3b  4-OMe 0.037 1.6 24 15
N 3¢ 4-SONH; 0.016 15 27 18
3d 4-SONMe;, 0.023 0.66 26 39
Cl 3e 4-Ac 0.018 0.34 24 71
3f 4-NMe, 0.063 2.6 30 12
39 4-NHAc 0.022 1.3 23 18
NS5B* replicor?  cell viability® gh j‘SSOH g-gff >100 - >5(2)3 -
compd Ar 1C M4  E M)d C M)d ! - - :
P s0 (M) Coo (M) Coo (M) 3 4-CONH 0.013 0.79 26 33
1 0.3¢ 3k 4-CONHMe 0.018 0.53 25 47
2a Ph 0.20 3.7 25 3l 4-CONMe 0.015 0.37 28 76
2b 4-Cl-Ph 0.050 3.0 26 3m 4-CONHBN 0.029 1.1 22 20
2c 4-Me-Ph 0.098 3.4 25 3n 5-CONMe 0.032 0.84 25 30
gg 38I\OASI—P£Ph (())(}508 >102'4 >5§5 a Six His-tagged C-terminal deleted 544-amino acid genotype 1b NS5B.
of 4-CONH—Ph 0.069 25 ~50 b Compounds were incubated in Huh-5-2 cell culture for 48MTT assay
5 4-CN—Ph 0'055 1'3 26 on parallel samples at the same tifAi@herapeutic index: the ratio Gg
2% 3-Cl—Ph 0.48 6.5 32 ECso. © Values are the mean of three independent experiments. Standard
2i 3-pyridine 0'29 2.6 ~50 deviations are within 30% of the mean.

aSix His-tagged C-terminally truncated 544-amino acid genotype 1b : ; i ;
NS5B. b Compounds were incubated in Huh-5-2 cell culture for 48MTT are obviously more lipophilic compared g or 3;. Therefore,

assay on parallel samples at the same tiiélues are the mean of three impfo}lemem .Of Ce.".m.ar potency CannOt.be achieved by just
independent experiments. Standard deviations are within 30% of the mean.lowering the lipophilicity.N,N-Dimethylamide3| showed one

¢Reference 1. of the best cellular potencies (E§>= 0.37uM) in Table 2 with
an improved TI of over 70 and was10-fold more potent than

giving an improved therapeutic index (T1, the ratio §(ECso) 3a. The amide substituent was alsq effective in the regioi_s_omer
compared with other compounds in Table 1. Bn, R= 5-CONM¢2) but less active than at the 4-position.
Having investigated the requirements for the A-ring substit- 1€ reversed amideg showed biochemical and cellular
uents, we next turned our attention to the B-ring (Tables 2 and activities S|m|Ia_r to the activities of su_lfonamlde an_d amide. The
3). We employed the 4-EIPh group as the A-ring and lack of f[he activity in cells was again observed in compound
examined the effect of a substituent at the 4- or 5-position of 3h Pearing the COOH substituent, as was the cas@doAs a
the B-ring (Table 2). To reexamine the effect of the Cl group '€Sult, an NSSB inhibitory potency of20 nM was achieved
on the B-ring in2b, compound3a (R = H) was synthesized. anq the cellu_lar potency was_lncrea_sem-fold: Moreover, the
As seen in Table 2, there is no change in the biochemical activity Tl improved in accordance with the increase in cellular potency.
and the cellular potency. To test the idea that reduction of protein  Next, we examined the effect of replacing the B-ring with
binding may be necessary to improve the cellular potency in heteroaryl rings (Table 3). As a first attempt, the oxazole
this series from the results in Table 1, polar substituents were compoundtawas synthesized and examined. It inhibited NS5B
intentionally introduced. By comparison of the inhibitory activity —at an 1Go of 0.58uM, which is 7-fold less potent than compound
of compounds3b—n to that of3a, it clearly appears that botn 33, and showed weak activity in the replicon assay{36%
biochemical and cellular potencies can be improved by addition inhibition at 10uM). Changing the oxazole ring to a thiazole
of a substituent. Especially, carbonyl/sulfonyl functional groups ring (4b) and to the reversed thiazole ring) (afforded 3- to
are preferred, suggesting that these carbonyl/sulfonyl oxygen6-fold better biochemical activities thaka, although they are
atoms might have some interactions with the enzyme as anot better than the phenyl rin@4). Then, the five-membered
hydrogen-bond acceptor. For example, 4,88, (3c, IC5p = ring was changed to six-membered rings such as pyrimidine
0.016uM), 4-acetyl Be ICsp = 0.018uM), and 4-CONH (3], (6) and pyridines T and8). The pyrimidine6 and the 6-pyridine
ICso = 0.013uM) are particularly notable with a 4- to 6-fold 7 exhibited biochemical activities similar to that of the phenyl
improvement in potency compared3a The increase in cellular ~ ring 3a, whereas the 3-pyridin® was slightly less potent. The
potency was 2- to 3-fold in compoun@s and 3j and ~10- cellular activity of 7 (ECso = 1.2 uM) was ~3-fold better than
fold in 3ecompared witl8a. The therapeutic indexes were also 3a, which is probably a result of the lowered protein binding
improved. Adding an alkyl group onto the nitrogen atom of the by the basic or polar pyridine ring. In addition, the Tl improved
sulfonamide3c or carboxamidesj retained biochemical activ-  to >42. However, the introduction of heteroaryl rings in place
ity: 4-SO,NMe; (3d), 4-CONHMe BKk), 4-CONMe (3l), and of the B-phenyl ring did not improve the potency against NS5B,
4-CONHBnNn @m). However, these compounds, excedh, although the cellular potency was improved slightly in com-
showed better cellular activity that or 3j. These compounds  pound?.

addition, the cytotoxicity was reduced in compou2dsnd2i,
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Table 3. NS5B Enzyme Assay l§ Values, Replicon Cell-Based Assay &®&alues, and Cell Viability C& Values for Compoundd—8

(Heterocycles)
HOOC N
|OSS O
N R

NS5B replicor? cell viability® TId
compd R |C50 (,MM)e ECso (,MM)e CC50 (,uM)e CCso/EQ,Q

4a o Me 0.58 >10 39
4b s._Me 0.17 6.3 31 4.9
5 Me 0.090 29 39 13

6 Me 0.088 1.5 24 16
=
Cl \ /N
7 N= 0.053 1.2 >50 >41
a \ 7
8 — 0.15 3.9 25 6
Cl \ r{

a Six His-tagged C-terminal deleted 544-amino acid genotype 1b NS6Bmpounds were incubated in Huh-5-2 cell culture for 4 MTT assay on
parallel samples at the same tind& herapeutic index: the ratio GEECso. © Values are the mean of three independent experiments. Standard deviations
are within 30% of the meari30—36% inhibition at 1QuM.

Table 4. NS5B Inhibitory Activity of Compound$® (C-Ring Variation) benzimidazole ring and the C-ring might be an important
factor?® A fluorine atom at the ortho position seems to make
2 X 3 O the torsional angle optimal for gaining NS5B affinity.
HOOC\@:N\ "’ o Encouraged by these findings and to find more potent
N \_/ O inhibitors, we prepared compounds bearing a substituent at the
4-position of the B-ring with a focus on carboxamides and the
@ reversed amides and with 2-fluoro on the C-ring. As shown in
Table 5, most of the compounds showed significant inhibitory
compd X NS5B IGo («M)? activity against NS5B RNA polymerization (i < 20 nM)
1 m 030 and effect!vely blocked ceIIuIar. replication of HCV RNA at
9a oF 0.10 low submicromolar concentrations (B£C< 0.5 uM). The
9b 2.Cl 0.35 therapeutic index (TI) was further improved and reached to over
9c 2-OMe 11 100 in several compounds. Unlike the result observed in
gg ggﬁ %-93:; compound9a, the increase in biochemical potency was not

apparent by introduction of a fluorine atohO@vs 3k, 10evs
& Six His-tagged C-terminal deleted 544-amino acid genotype 1b NS5B. 3|, and10i vs 3g), whereas the cellular potency tends to increase.
Values are the mean of three independent experiments. Standard deviation% the carboxamides, enlarging the size of the andigalkyl
are within 20% of the mear.Reference 1. ' .
group from methyl 108) to propyl @0b,c) or from N,N-dimethyl

Since we had found in the earlier regatiat introduction of (108 to piperidine (0f) was well tolerated. Replacement of
a fluorine atom at a position ortho to the benzimidazole ring the amide hydrogen with a methyl group increased cellular
on the C-ring modestly improved the potency against NS5B, Potency (0avs 108, as was the case in Table 3. Compound
we looked at the effects of substituents on the C-ring. 10eis one of the most potent replicon inhibitors in this series
Compoundsda—e were synthesized and tested in the NS5B with an EGp of 0.16 uM. Introduction of additional polarity
RARp assay (Table 4). Introduction of a fluorine atom at a by & hydroxyl group tends to decrease cellular poted6g.).
position ortho to the benzimidazole (2-position on the C-ring, [N the reversed amide, N-alkylation of acetylanilit@ increased
compoundda) increased potency as expected. On the other hand,cellular potency 10jk,m) as in the carboxamide series.
another halogen, chloro, did not change the pote@by.Then ~ Compoundsl0j,k,m showed the best Egvalues (0.14-0.16
an electron-donating group OM@d) and an electron-withdraw- ~ #M) in this series with Tl over 100. The lactah®n showed a
ing group CR (9d) were examined and gave 3- to 4-fold slightly reduced cellular potency but gave a biochemical activity
reduction in potency. To examine the effect of a fluorine atom Similar to that of the ring-opened compouddk. Last, urea
at the other position, a regioisom@e was tested. No increase 100 has a similar biochemical potency but a reduced cellular
in potency was observed in compougidcompared withl. It activity compared to the amide and the reversed amide.
seems that the potency is influenced by the size of the substituent In a summary of the SAR of the benzimidazole derivatives
at the 2-position of the C-ring. The dihedral angle between the bearing substituted biphenyl groups, some general comments
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Table 5. NS5B Enzyme Assay l§ Values, Replicon Cell-Based Assay & alues, Cell Viability CGp Values, and Oral Absorption Data for
CompoundslO (A-Ring Variation)

cl
R
HOOC N
T
N W,
o
NS5B? replicor? cell viability® TId Ci/Con®
compd R ICso (uM)' ECso (M) CCso (uM)’ CCso/ECso (uM)

10a CONHMe 0.012 0.36 25 69 0.7/0.5
10b CONHnNPr 0.021 0.38 24 63 1.3/0.6
10c CONHi-Pr 0.013 0.20 22 110 1.1/0.3
10d o 0.021 0.94 26 28

4<N

H—\—OH
10e CONMe, 0.012 0.16 26 163 1.6/1.8
10f 0>L C> 0.018 0.27 24 89 2.2/0.7
N

10g QM 0.014 0.28 25 89 1.1/0.5

P

0,
10h >‘“Q°“ 0.014 0.38 26 68 0.1/ND
10i NHAC 0.014 0.46 24 52 1.0/0.3
10j NMeAc 0.016 0.15 26 173 0.9/1.1
10k NEtAC 0.019 0.14 25 179 1.5/0.8
10l NMeCQO-Pr 0.032 0.35 22 63 1.9/1.1
10m Ni-PrAc 0.021 0.16 20 125 1.1/0.7
10n | 0.017 0.32 25 78 4.0/45

r°
100 NHCONMe;, 0.022 0.62 25 40

aSix His-tagged C-terminal deleted 544-amino acid genotype 1b NS6Bmpounds were incubated in Huh-5-2 cell culture for 48 MTT assay on
parallel samples at the same tid& herapeutic index: the ratio GEECso. © Plasma concentration at 1@ h after oral dosing in rats (30 mg/kg= 2
or 3).fValues are the mean of three independent experiments. Standard deviations are within 30% of tHenrsean.

can be made on the basis of available data. (a) Small electron-Table 6. Inhibitory Activity of Compound10n against Other HCV
withdrawing groups at the 4-position of the A-ring are preferred Genotypes

for NS5B RdRp. (b) Substituents with a carbonyl function such NS5B genotype 16 (uM)?

as amide, reversed amide, and ketone at position 4 of the B-ring 1a 0.062

afford potent biochemical and cellular activity. (c) Introduction 2a 6.4

of a polar fragment such as pyridine and alkylated amide tends 2b 2.0

to reduce the shift in potency between biochemical and cellular 3a 0.061

assays. (d) A fluorine atom ortho to the benzimidazole ring on  2Values are the mean of four independent experiments. Standard
the C-ring is generally preferred. deviations are within 30% of the mean.

The oral absorptions of the compounds in Table 5 were testedCompoundLOnwas highly selective against other polymerases
to evaluate the possibility of development of an oral anti-HCV such as DNA polymerasesa( 5, y), mammalian DNA-
drug from this series. Plasma concentrations atd. zh after dependent RNA polymerase, and HIV reverse transcriptase (all
oral dosing (30 mg/kg) in rats were compared. As shown in ICsp > 10 «M). No inhibition or induction of CYP450s such
Table 5, this series of compounds is orally available; compound as 2C9, 3A4, or 2D6 was observed. Furthermore, no contro-
10n exhibited the highest plasma concentration. A pharmaco- versial adverse event was seen in a rat 4-week toxicity test at
kinetic study of10nin rats (10 mg/kg) showed an acceptable doses up to 300 mg/kg per day.
oral bioavailability £ = 36%) with a plasma half-lifeT,) of When the replicon assay was performed under high serum
2.1 h. Since liver is a site of infection and viral replication for conditions (50% human serum), the §@r compoundl10n
HCV, the drug concentration in liver is considered to be very was increased about 20-fold. At this point, it is unclear how
important. Therefore, we investigated the relationship between much this potency shift affects efficacy in vivo. The lack of a
liver and plasma concentrations of compourith and found facile animal model for HCV infection is making it difficult to
that the mean drug liver concentration is more than 10 times understand the relation between replicon potency and efficacy

higher than in plasma after oral dosing (10 mg/kg): 78\ in vivo and also to estimate the clinically effective drug trough
in liver at 2 h, which is approximately 250-fold higher than its level in plasma. However, high affinity for plasma proteins is
ECso. known to influence significantly the effective trough level in

With these favorable pharmacokinetic profiles, compoLil plasma for anti-HIV agents. Although this correlation is not yet

was further investigated. Inhibitory activity against other HCV known for HCV, it might be a crucial factor for developing
genotypes is summarized in Table 6, showing a high potency effective anti-HCV drugd>12 This is the next subject for this
for genotypes la, 1b, and 3a but a 100- to 300-fold reduced series of compounds, and the results will be reported in due
activity for genotypes 2a and 2b compared to genotype 1b. course.
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Conclusion to give 54.80 g (70%) ol2aas a white solid:!H NMR (CDCly)

. . - .0 1.21-1.46 (m, 3H), 1.42 (t) = 7.8 Hz, 3H), 1.69-1.84 (m,
We designed and prepared a series of benzimidazole denvg-lH)’ 1.85-2.02 (m, 4H), 2.26-2.40 (m, 2H), 4.38 (m, 1H), 4.41

tives bearing substituted biphenyl groups and evaluated their '3 = 7.1 Hz, 2H), 5.17 (s, 2H), 7.14 (d,= 8.7 Hz, 2H), 7.20
abilities to inhibit HCV NS5B RdRp and cellular HCV RNA  (qd, J = 2.5, 8.4 Hz, 1H), 7.54 (d) = 8.5 Hz, 1H), 7.66-7.63
replication in replicon cells. We showed that small electron- (m, 3H), 7.65 (dJ = 8.6 Hz, 1H), 7.97 (ddJ = 1.5, 8.6 Hz, 1H),
withdrawing groups at the 4-position of the A-ring are preferred 8.50 (d,J = 1.4 Hz, 1H).

for biochemical activity, whereas substituents bearing a carbonyl Step 3: Preparation of 1-Cyclohexyl-2-[4-(4,4dichlorobi-
function such as amide, reversed amide, or ketone at position 4phenyl-2-ylmethoxy)phenyl]-1H-benzimidazole-5-carboxylic Acid

of the B-ring are favored for both biochemical and cellular Ethyl Ester (13b). To a suspension df2a(49.00 g, 86.28 mmol)
activities. It was also learned that the introduction of a fluorine ©Ptained above in 1,2-dimethoxyethane (DME, 600 mL) were added

atom at a position ortho to the benzimidazole ring on the C-ring 4-chlorophenylboronic acid (18.70 g, 117.3 mmol), tetrakis-

is generally preferred. The biochemical potency was increased(triphenylphosphine)palladium(O) (10.00 g, 8.65 mmol), and satu-
' NaH L). The mi h fl
~30-fold compared to that of compouddCellular potency of rated aqueous NaHGUB00 mL). The mixture was heated at reflux

- ; temperature for 1 h. The solvent was removed by evaporation in
low submicromolar concentrations (s low as 0.14M)

! A vacuo. The residue was diluted with CHCGind washed with
was achieved. Among the compounds studied, compd@nd saturated aqueous NaHGOwater, and brine, and dried over

(JTK-109) showed the highest plasma concentration and favor-MgSQ;. Filtration and concentration in vacuo and purification by
able pharmacokinetic profiles with high liver distribution in rats. silica gel flash chromatography (CHZAcOEt= 97/3) gave a solid,
This compound exhibits high selectivity for NS5B and good Wwhich was triturated in ACOEt and diisopropyl ether to give 44.00
safety profiles. Thus, the favorable absorption, distribution, 9 (85%) of13b as a white solid:'H NMR (CDCls) 6 1.20-1.47
metabolism, and excretion (ADME) and safety profiles of (M, 3H), 1.41(tJ=7.1 Hz, 3H), 1.76-1.85 (m, 1H), 1.86:2.02
compoundLOn as a clinical candidate demonstrate the potential (M: 4H), 2.20-2.40 (m, 2H), 4.35 (m, 1H), 4.40 (q,= 7.1 Hz,

of this series for the development of an anti-HCV drug. i:g 171'?;1-_) ((3 ng)éeéggz(dlz:) 8'773'327’ ‘21'24 )(n: '23?_|§d’]7§58'(3 JHi’

8.7 Hz, 2H), 7.65 (dJ) = 8.7 Hz, 1H), 7.67 (s, 1H), 7.97 (dd,=
1.6, 8.6 Hz, 1H), 8.49 (dJ = 1.4 Hz, 1H).

Chemistry. Solvents and reagents were obtained from com-  Step 4: Preparation of 1-Cyclohexyl-2-[4-(4,4dichlorobi-
mercial suppliers and used as received. Flash column chromatog-phenyl-2-ylmethoxy)phenyl]-1H-benzimidazole-5-carboxylic Acid
raphy was performed with Merck 23@00 mesh silica gel 60. (2b). To a suspension df3b (43.00 g, 71.72 mmol) obtained above
Melting points were determined using a Yanagimoto micro melting in EtOH (150 mL) and THF (150 mL) was addl€ N aqueous
point apparatus or a ‘Bhi 535 melting point apparatus and are NaOH (75.00 mL, 150.0 mmol). The mixture was heated at reflux
uncorrected. Proton nuclear magnetic resonaltt&(MIR) spectra temperature for 1 h. The solvent was removed by evaporation in
were recorded on a JEOL JNM-A300W, JEOL ALPHA300W, or vacuo, and water was added to the residue. The mixture was
Bruker AMX-300 spectrometer in the indicated solvent. Chemical acidified with 2 N aqueous HCI with cooling by an iegvater bath,
shifts () are reported in parts per million relative to internal and the precipitated crystals were collected by filtration to give a
standard tetramethylsilane. Combustion analyses were performedsolid (38.00 g). The solid was recrystallized from EtOFHF and
with a Perkin-Elmer 2402 series Il CHNS/O analyzer. Low- collected by filtration to give 33.80 g (82%) &b as a white
resolution mass spectra (MS) analyses were performed on either asolid: mp 166-161 °C; 'H NMR (DMSO-ds) ¢ 1.15-1.45 (m,
Finnigan TSQ-700 mass spectrometer in FAB ionization mode or 3H), 1.55-1.70 (m, 1H), 1.751.95 (m, 4H), 2.152.40 (m, 2H),
an Agilent 1100 series LC/MSD mass spectrometer in ESI 4.25 (m, 1H), 5.05 (s, 2H), 7.09 (d,= 8.7 Hz, 2H), 7.37 (dJ) =
ionization mode. High-resolution mass spectra (HRMS) analyses 8.3 Hz, 1H), 7.45 (dJ = 8.6 Hz, 2H), 7.49 (dJ = 8.6 Hz, 2H),
were performed on a JEOL SX-102 mass spectrometer. HPLC 7.51-7.58 (m, 3H), 7.73 (dJ = 1.7 Hz, 1H), 7.85 (dJ = 8.6 Hz,
analyses were performed using either (A) a Shimazu LC10A, using 1H), 7.90 (d,J = 8.6 Hz, 1H), 8.20 (dJ = 1.4 Hz, 1H), 12.70
a Shiseido CAPCELL PAK C18 VG120 column (4.6 mm150 (brs, 1H); MS (FAB) m/z 571 (M + H)". Anal. (GHge
mm, solvent system CIN—-0.1% TFA/ water-0.1% TFA, Cl;N,03-C;Hs0H) C, H, N.
gradient 36-90% over 15 min, 1 mL/min, 40C), or (B) a Waters Compounds 2a,e-j were prepared by using the general proce-
micromass ZQ apparatus, using an Xterra column (3.0 xn60 dure described above. In these cases, appropriate boronic acids were

Experimental Section

mm, solvent system C}N—0.1% formic acid/water0.1% formic
acid, gradient 16100% over 12 min, 0.1 mL/min).
1-Cyclohexyl-2-[4-(4,4-dichlorobiphenyl-2-yImethoxy)phenyl]-
1H-benzimidazole-5-carboxylic Acid (2b). Steps 1 and 2: Prepa-
ration of 2-[4-(2-Bromo-5-chlorobenzyloxy)phenyl]-1-cyclohexyl-

used instead of 4-chlorophenylboronic acid in step 3.
2-[4-(4-Chlorobiphenyl-2-ylmethoxy)phenyl]-1-cyclohexyl-
1H-benzimidazole-5-carboxylic Acid (2a)Mp 275-276°C; H
NMR (DMSO-dg) 6 1.20-1.55 (m, 3H), 1.551.75 (m, 1H), 1.75
1.95 (m, 2H), 1.952.15 (m, 2H), 2.152.40 (m, 2H), 4.36 (m,

1H), 5.11 (s, 2H), 7.22 (d] = 8.7 Hz, 2H), 7.35-7.55 (m, 6H),
7.56 (d,J = 8.4 Hz, 1H), 7.76-7.75 (m, 3H), 8.05 (dJ = 8.7 Hz,
1H), 8.27 (dJ = 9 Hz, 1H), 8.32 (s, 1H); MS (FABWz 537 (M

1H-benzimidazole-5-carboxylic Acid Ethyl Ester (12a).To a
solution of 2-bromo-5-chlorotoluend4a 50.00 g, 243.3 mmol)
in CCl, (250 mL) were addedl-bromosuccinimide (43.00 g, 241.6
mmol) and 2,2azobisisobutyronitrile (AIBN, 4.00 g, 24.4 mmol).  + H)™. Anal. (G3H29CIN,O3-HCI-H,0) C, H, N.
The solution was heated overnight at reflux temperature. After the  2-[4-(4-Chloro-4-methylbiphenyl-2-ylmethoxy)phenyl]-1-cy-
mixture was cooled, the insoluble material was removed by filtration clohexyl-1H-benzimidazole-5-carboxylic Acid (2c)Mp 279-280
and the filtrate was concentrated in vacuo. The residue was diluted°C; IH NMR (DMSO-dg) 6 1.15-1.55 (m, 3H), 1.551.75 (m,
with n-hexane, washed with water and brine, and was dried over 1H), 1.75-1.95 (m, 2H), 1.95-2.15 (m, 2H), 2.152.35 (m, 2H),
MgSQO,. Filtration and concentration in vacuo gave 68.50 g (99%) 2.35 (s, 3H), 4.36 (m, 1H), 5.11 (s, 2H), 7:22.39 (m, 7H), 7.54
of 2-bromo-5-chlorobenzyl bromid&6a as a crude oil. (d,J = 8.4 Hz, 1H), 7.727.76 (m, 3H), 8.05 (dJ = 9 Hz, 1H),
To a solution of the benzyl bromidk6a (47.00 g, 165.3 mmol) 8.27 (d,J = 8.7 Hz, 1H), 8.32 (s, 1H); MS (FAB)z 551 (M +
obtained above in DMF (300 mL) were added phehbéd (50.00 H)*. Anal. (G4H3:CIN2O3-HCI) C, H, N.
g, 137.2 mmol) and KCO; (38.00 g, 274.9 mmol). The reaction 2-[4-(4-Chloro-4'-methoxybiphenyl-2-yImethoxy)phenyl]-1-
mixture was heated at 80 for 2.5 h. The reaction mixture was  cyclohexyl-1H-benzimidazole-5-carboxylic Acid (2d)Mp 161—
poured into ice-cold water and extracted with Ckldlhe CHC} 164 °C; 'H NMR (DMSO-ds) ¢ 1.15-1.55 (m, 3H), 1.551.75
layer was separated, washed with water and brine, and dried over(m, 1H), 1.75-1.95 (m, 2H), 1.952.15 (m, 2H), 2.152.45 (m,
MgSQ,. Filtration and evaporation of the solvent in vacuo gave a 2H), 3.79 (s, 3H), 4.35 (m, 1H), 5.11 (s, 2H), 7.01 J&s 8.7 Hz,
solid, which was recrystallized from EtOH and collected by filtration 2H), 7.23 (d,J = 8.8 Hz, 2H), 7.36-7.40 (m, 3H), 7.52 (dJ =
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8.3 Hz, 1H), 7.7+7.74 (m, 3H), 8.03 (dJ = 8.7 Hz, 1H), 8.24
(d, J= 8.8 Hz, 1H), 8.30 (s, 1H), 13.10 (brs, 1H); MS (FAB}z
567 (M + H)*. Anal. (GH3:1CIN,04-H0) C, H, N.
2-[4-(4-Carboxy-4-chlorobiphenyl-2-ylmethoxy)phenyl]-1-cy-
clohexyl-1H-benzimidazole-5-carboxylic Acid (2e)Mp 274275
°C; IH NMR (DMSO-dg) 6 1.15-1.75 (m, 3H), 1.751.95 (m,
1H), 1.95-2.15 (m, 2H), 2.152.45 (m, 2H), 4.35 (m, 1H), 5.13
(s, 2H), 7.23 (dJ = 8.8 Hz, 2H), 7.44 (dJ = 8.3 Hz, 1H), 7.56-
7.61 (m, 3H), 7.73 (dJ = 8.7 Hz, 2H), 7.79 (s, 1H), 8.00 (d,=
8.2 Hz, 2H), 8.04 (dJ = 8.8 Hz, 1H), 8.26 (dJ = 8.8 Hz, 1H),
8.30 (s, 1H), 13.20 (brs, 2H); MS (FABWz 581 (M + H)*. Anal.
(C34H29C|N205‘HC|) C, H, N.
2-[4-(4-Carbamoyl-4-chlorobiphenyl-2-yImethoxy)phenyl]-1-
cyclohexyl-1H-benzimidazole-5-carboxylic Acid (2f).Mp 228—
230°C; 'H NMR (DMSO-dg) 6 1.10-1.55 (m, 3H), 1.551.75
(m, 1H), 1.75-2.10 (m, 4H), 2.152.40 (m, 2H), 4.30 (m, 1H),
5.10 (s, 2H), 7.17 (dJ = 8.7 Hz, 2H), 7.43 (dJ = 8.4 Hz, 2H),
7.51-7.59 (m, 3H), 7.65 (dJ = 8.4 Hz, 2H), 7.77 (s, 1H), 7.92
8.09 (m, 5H), 8.25 (s, 1H); MS (FAB)/z 580 (M + H)*. Anal.
(C34H30C|N304'C2H5OH) C, H, N.
2-[4-(4-Chloro-4'-cyanobiphenyl-2-ylmethoxy)phenyl]-1-cy-
clohexyl-1H-benzimidazole-5-carboxylic Acid (2g)Mp 270-271
°C; '"H NMR (DMSO-dg) 6 1.21-1.50 (m, 3H), 1.66-1.72 (m,
1H), 1.80-2.09 (m, 4H), 2.19-2.37 (m, 2H), 4.34 (m, 1H), 5.13
(s, 2H), 7.20 (dJ = 9 Hz, 2H), 7.44 (dJ = 8.1 Hz, 1H), 7.60 (dd,
J=2.2,8.1Hz, 1H), 7.67 (d) = 8.1 Hz, 2H), 7.72 (dJ = 8.6
Hz, 2H), 7.80 (dJ = 2.2 Hz, 1H), 7.93 (dJ = 8.1 Hz, 2H), 8.04
(dd,J = 1.5, 8.6 Hz, 1H), 8.25 (dJ = 8.6 Hz, 1H), 8.30 (dJ =
1.5 Hz, 1H); MS (FAB)M/z561 (M + H)*. Anal. (Gs4H2sCIN3O5+
HCI-0.2H,0) C, H, N.
1-Cyclohexyl-2-[4-(4,3-dichlorobiphenyl-2-yImethoxy)phenyl]-
1H-benzimidazole-5-carboxylic Acid (2h).Mp 259-260°C; H
NMR (DMSO-dg) 6 1.15-1.55 (m, 3H), 1.551.75 (m, 1H), 1.75
1.95 (m, 2H), 1.952.15 (m, 2H), 2.152.40 (m, 2H), 4.35 (m,
1H), 5.11 (s, 2H), 7.23 (dJ = 9 Hz, 2H), 7.4%7.59 (m, 6H),
7.71-7.78 (m, 3H), 8.05 (dJ = 8.7 Hz, 1H), 8.26 (dJ = 8.7 Hz,
1H), 8.31 (s, 1H); MS (FABWz 571 (M + H)*. Anal. (GssHzs-
CI,N205-HCI-0.5H,0) C, H, N.
2-[4-(5-Chloro-2-pyridin-3-yl-benzyloxy)phenyl]-1-cyclohexyl-
1H-benzimidazole-5-carboxylic Acid (2i).Mp 167—168 °C; H
NMR (DMSO-ts) 6 1.15-1.50 (m, 3H), 1.551.75 (m, 1H), 1.75
2.05 (m, 4H), 2.152.40 (m, 2H), 4.26 (m, 1H), 5.09 (s, 2H), 7.10
(d,J=8.7 Hz, 2H), 7.43-7.50 (m, 2H), 7.56-7.61 (m, 3H), 7.79
7.92 (m, 4H), 8.21 (s, 1H), 8.61 (m, 1H), 8.66 (s, 1H), 12.70 (brs,
1H); MS (FAB) m/z 538 (M + H)*. Anal. (Gs;H2sCIN3O3z-H,0)
C, H, N.
2-[4-(4-Chlorobiphenyl-2-ylmethoxy)phenyl]-1-cyclohexyl-
1H-benzimidazole-5-carboxylic Acid (3a).Compound3a was
prepared from 2-bromobenzyl bromid®&b using the procedure
described above fa2b (steps 2-4) in 56% vyield: mp 156-151
°C; 'H NMR (DMSO-dg) 6 1.10-1.43 (m, 3H), 1.59-1.72 (m,
1H), 1.75-1.95 (m, 4H), 2.152.35 (m, 2H), 4.27 (m, 1H), 5.05
(s, 2H), 7.10 (dJ = 8 Hz, 2H), 7.34-7.38 (m, 1H), 7.457.53
(m, 6H), 7.57 (dJ = 8 Hz, 2H), 7.65-7.69 (m, 1H), 7.85 (dJ =
8 Hz, 1H), 7.93 (dJ = 8 Hz, 1H), 8.22 (s, 1H), 12.73 (brs, 1H);
MS (FAB) m/z 537 (M + H)*. Anal. (G3H2oCIN,O3) C, H, N.
2-[4-(4-Chloro-4-cyanobiphenyl-2-ylmethoxy)phenyl]-1-cy-
clohexyl-1H-benzimidazole-5-carboxylic Acid (3i).Compound3i
was prepared from 2-bromo-5-cyanotoludd using the proce-
dure described above f@b: mp 280-281°C; H NMR (DMSO-
dg) 6 1.19-1.49 (m, 3H), 1.581.71 (m, 1H), 1.86-1.93 (m, 2H),
1.96-2.10 (m, 2H), 2.26-2.39 (m, 2H), 4.34 (m, 1H), 5.16 (s,
2H), 7.23 (d,J = 8.6 Hz, 2H), 7.52 (dJ = 8.9 Hz, 2H), 7.55 (d,
J=28.9 Hz, 2H), 7.59 (dJ = 8 Hz, 1H), 7.72 (dJ) = 8.6 Hz, 2H),
7.98 (dd,J = 1.7, 8 Hz, 1H), 8.04 (dJ = 8.7 Hz, 1H), 8.18 (s,
1H), 8.26 (d,J = 8.8 Hz, 1H), 8.30 (s, 1H); MS (FAB)YVz562(M
+ H)+. Anal. (C34H28C|N303'HC|) C, H, N.
2-{4-[2-(4-Chlorophenyl)pyridin-3-ylmethoxy]phenyl} -1-cy-
clohexyl-1H-benzimidazole-5-carboxylic Acid (7).Compound?
was prepared from 2-bromo-3-methylpyridinkic using the
procedure described above fab: mp 256-257 °C; 'H NMR
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(DMSO-dg) 0 1.15-1.55 (m, 3H), 1.551.75 (m, 1H), 1.751.95
(m, 2H), 1.95-2.15 (m, 2H), 2.152.50 (m, 2H), 4.38 (m, 1H),
5.26 (s, 2H), 7.30 (d) = 8.7 Hz, 2H), 7.58 (dJ = 8.4 Hz, 2H),
7.64-7.72 (m, 3H), 7.79 (d) = 8.7 Hz, 2H), 8.08 (dJ = 8.8 Hz,
1H), 8.26-8.36 (m, 3H), 8.77 (dJ = 3.6 Hz, 1H); MS (FAB)m/z
538 (M + H)Jr Anal. (C32H280|N303'2HC|'2H20) C, H, N.
2-[4-(4-Chloro-4-methoxybiphenyl-2-yImethoxy)phenyl]-1-
cyclohexyl-1H-benzimidazole-5-carboxylic Acid (3b). Steps 1
and 2: Preparation of 2-Bromo-5-methoxybenzyl Bromide
(16¢).To a suspension of lithium alminum hydride (600 mg, 15.8
mmol) in THF (5 mL) was added a solution of 2-bromo-5-
methoxybenzoic acid5a (5.00 g, 21.6 mmol) in THF (10 mL)
dropwise with cooling by an icewater bath. The reaction mixture
was stirred at 0C for 30 min. To the mixture were added water
(0.6 mL), 4 N agueous NaOH (1.2 mL), and water (1.8 mL) in
sequential order, and the slurry was filtered. After the solid was
washed with THF (10 mL), the combined filtrates were concentrated
in vacuo. The residue was purified by silica gel flash chromatog-
raphy f-hexane/AcOEL 11/5) to give 2.29 g (48%) of the benzyl
alcohol as a white solid*H NMR (CDCls) 6 2.07 (brs, 1H), 3.80
(s, 3H), 4.70 (s, 2H), 6.71 (dd,= 2.7, 8.4 Hz, 1H), 7.06 (d] =
2.7 Hz, 1H), 7.41 (dJ = 8.7 Hz, 1H).

To a solution of the benzyl alcohol (1.00 g, 4.61 mmol) obtained
above and carbon tetrabromide (2.29 g, 6.91 mmol) in THF (25
mL) was added triphenylphosphine (1.81 g, 6.90 mmol) with
cooling by an ice-water bath. The solution was stirred at room
temperature fol h and concentrated in vacuo. To the residue was
addedh-hexane (30 mL), and the slurry was filtered. After the solid
was washed witm-hexane (10 mL), the combined filtrates were
concentrated in vacuo. The residue was purified by silica gel flash
chromatographyr-hexane/AcOEt= 1/1) to give a solid, which
was triturated im-hexane and collected by filtration to give 0.71
g (55%) of16cas a white solid:*H NMR (CDCI3) 4 3.80 (s, 3H),
4.56 (s, 2H), 6.74 (dd] = 3, 8.8 Hz, 1H), 6.99 (d) = 3 Hz, 1H),
7.45 (d,J = 8.8 Hz, 1H).

Steps 3-5: Preparation of 2-[4-(4-Chloro-4-methoxybiphe-
nyl-2-ylmethoxy)phenyl]-1-cyclohexyl-H-benzimidazole-5-car-
boxylic Acid (3b). Compound3b was prepared frori6¢c obtained
above using the procedure described 2br (steps 2-4) in 57%
yield: mp 254-255 °C; 'H NMR (DMSO-dg) 6 1.17-1.48 (m,
3H), 1.57-1.70 (m, 1H), 1.7#1.98 (m, 4H), 2.15-2.38 (m, 2H),
3.83 (s, 3H), 4.27 (m, 1H), 5.04 (s, 2H), 7.05 (dd= 3, 8.4 Hz,
1H), 7.11 (dJ = 8.7 Hz, 2H), 7.23 (dJ = 3 Hz, 1H), 7.29 (dJ
= 8.4 Hz, 1H), 7.43 (dJ = 8.7 Hz, 2H), 7.46 (dJ = 8.7 Hz, 2H),
7.57 (d,J = 8.7 Hz, 2H), 7.85 (ddJ = 1.2, 8.7 Hz, 1H), 7.93 (d,

J = 8.7 Hz, 1H), 8.21 (dJ = 1.2 Hz, 1H), 12.73 (brs, 1H); MS
(FAB) m'z538 (M + H)™. Anal. (Gs4H31CIN2O4-CH;CH,OH) C,
H, N.

2-[4-(4-Chloro-4-dimethylsulfamoylbiphenyl-2-yImethoxy)-
phenyl]-1-cyclohexyl-H-benzimidazole-5-carboxylic Acid (3d).
Step 1. Preparation of 2-Bromo-5-dimethylsulfamoylbenzoic
Acid Methyl Ester (15b). A solution of 2-bromobenzoic acid
(10.00 g, 49.75 mmol) in chlorosulfonic acid (23.0 mL, 346 mmol)
was heated at 14T for 3 h. After cooling, the solution was poured
into ice and extracted with CHEIThe CHC} layer was separated,
washed with brine, and dried over Mgg&@iltration and evapora-
tion of the solvent in vacuo gave 13.80 g (92%) of 2-bromo-5-
chlorosulfonylbenzoic acid as a crude solid.

To a suspension of 2-bromo-5-chlorosulfonylbenzoic acid (3.00
g, 10.0 mmol) as prepared above in £H, (30 mL) were added
oxalyl chloride (1.30 mL, 14.9 mmol) and a catalytic amount of
DMF. The mixture was stirred at room temperature for 2 h. The
solvent was removed by evaporation in vacuo. To a solution of the
residue in THF (10 mL) was added MeOH (30 mL) with cooling
by an ice-water bath. The mixture was stirred at room temperature
for 1 h. The solvent was removed by evaporation in vacuo. To a
solution of the residue in THF (10 mL) was added 40% aqueous
dimethylamine (10 mL) dropwise with cooling by an iewater
bath. The mixture was stirred at room temperature for 1 h. The
reaction mixture was diluted with AcOEt, washed with water,
saturated aqueous NaHgCand brine, and dried over MgQO
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Filtration and concentration in vacuo and separation by silica gel (DMSO-dg) 6 1.17-1.50 (m, 3H), 1.571.71 (m, 1H), 1.751.92

flash chromatographyn(hexane/AcOEt 1/1) gave 3.10 g (96%)
of 15b as a white solid:'H NMR (CDCl) 6 2.69 (s, 6H), 3.98 (s,
3H), 7.71 (ddJ = 2.3, 8.4 Hz, 1H), 7.86 (d] = 8.4 Hz, 1H), 8.17
(d, J = 2.3 Hz, 1H).

Steps 2-6: Preparation of 2-[4-(4-Chloro-4-dimethylsulfa-
moylbiphenyl-2-yImethoxy)phenyl]-1-cyclohexyl-H-benzimida-
zole-5-carboxylic Acid (3d).Compound3d was prepared frorh5b
obtained above using the general procedure describebf(steps
1-5) in 36% vyield: mp 256-251 °C; *H NMR (DMSO-ds) o
1.15-1.50 (m, 3H), 1.551.75 (m, 1H), 1.78-2.10 (m, 4H), 2.15
2.40 (m, 2H), 2.67 (s, 6H), 4.33 (m, 1H), 5.25 (s, 2H), 7.23Xd,
= 8.7 Hz, 2H), 7.56 (s, 4H), 7.65 (d,= 8.1 Hz, 1H), 7.72 (d)
= 8.4 Hz, 2H), 7.84 (dJ = 8.1 Hz, 1H), 8.06-8.04 (m, 2H), 8.24
(d,J = 8.7 Hz, 1H), 8.30 (s, 1H); MS (FAB)Wz 644 (M + H)*.
Anal. (GgsH34CIN3OsS-HCI) C, H, N.

2-[4-(4-Chloro-4-sulfamoylbiphenyl-2-yImethoxy)phenyl]-1-
cyclohexyl-1H-benzimidazole-5-carboxylic Acid (3c)A solution
of 2-[4-(4+ert-butylsulfamoyl-4-chlorobiphenyl-2-ylmethoxy)phe-
nyl]-1-cyclohexyl-H-benzimidazole-5-carboxylic acid (300 mg,
0.446 mmol) (prepared from 2-bromo-5-chlorosulfonylbenzoic acid
using the procedure described 1 in this casetert-butylamine
was used instead of dimethylamine in step 1) in@BOH (5 mL)
was heated at 5TC for 4 h. The solution was concentrated in vacuo,

(m, 2H), 1.94-2.12 (m, 2H), 2.142.39 (m, 2H), 4.00 (s, 3H),
4.37 (m, 1H), 5.19 (s, 2H), 7.25 (d,= 8.8 Hz, 2H), 7.50 (dJ =
8.4 Hz, 1H), 7.52 (dJ = 8.7 Hz, 2H), 7.55 (dJ = 8.7 Hz, 2H),
7.75 (d,J = 8.7 Hz, 2H), 8.04 (dd) = 1.8, 8.1 Hz, 1H), 8.06 (dd,
J=1.5, 8.6 Hz, 1H), 8.25 (dJ = 1.6 Hz, 1H), 8.31 (dJ = 8.6
Hz, 1H), 8.34 (dJ = 1.4 Hz, 1H).

Step 6: Preparation of 2-[4-(4-Carboxy-4-chlorobiphenyl-
2-ylmethoxy)phenyl]-1-cyclohexyl-H-benzimidazole-5-carboxy-
lic Acid (3h). Compound3h was prepared fromi8a as obtained
above using the procedure describedZbr(step 4) in 95% vyield:
mp 230°C decomposition!H NMR (DMSO-ds) 6 1.10-1.55 (m,
3H), 1.55-1.75 (m, 1H), 1.752.10 (m, 4H), 2.152.40 (m, 2H),
4.36 (m, 1H), 5.19 (s, 2H), 7.24 (d,= 9 Hz, 2H), 7.46-7.60 (m,
5H), 7.74 (d,J = 9 Hz, 2H), 7.98-8.10 (m, 2H), 8.26-8.30 (m,
2H), 8.32 (s, 1H); HRMS calcd for 4&gH3,CIN,Os (M + H)*
581.184, found 581.185; HPLC method 4,99% (11.3 min);
HPLC method B,>99% (6.50 min).

2-[4-(4-Chloro-4-methylcarbamoylbiphenyl-2-yImethoxy)-2-
fluorophenyl]-1-cyclohexyl-1H-benzimidazole-5-carboxylic Acid
(10a). Steps +5: Preparation of 2-[4-(4-Carboxy-4-chlorobi-
phenyl-2-ylmethoxy)-2-fluorophenyl]-1-cyclohexyl-H-benzimi-
dazole-5-carboxylic Acid Methyl Ester Hydrochloride (18b).
Compound 18b was prepared fromllb using the procedure

and the residue was dissolved in AcOEt. The solution was washeddescribed fo3h (steps +5) in 57% yield: 'H NMR (DMSO-ds)

with water and brine and was dried over MgS@iltration and

5 1.20-1.49 (m, 3H), 1.56-1.71 (m, 1H), 1.752.02 (m, 4H),

concentration in vacuo gave a solid, which was recrystallized from 2.10-2.35 (m, 2H), 3.92 (s, 3H), 4.10 (m, 1H), 5.19 (s, 2H), 7.06

n-hexane/AcOEt and collected by filtration to give 185 mg (67%)
of 3cas a white solid: mp-300°C; *H NMR (DMSO-dg) 6 1.17—
1.51 (m, 3H), 1.551.71 (m, 1H), 1.752.10 (m, 4H), 2.15-2.40
(m, 2H), 4.31 (m, 1H), 5.17 (s, 2H), 7.19 (d,= 8.8 Hz, 2H),
7.48-7.60 (m, 5H), 7.66 (dJ = 8.6 Hz, 2H), 7.88-7.99 (m, 2H),
8.08-8.16 (m, 2H), 8.25 (dJ = 1.5 Hz, 1H); MS (FAB)mM/z 616
(M + H)*. Anal. (GsH30CIN3OsS) C, H, N.
2-[4-(4-Carboxy-4-chlorobiphenyl-2-yImethoxy)phenyl]-1-cy-
clohexyl-1H-benzimidazole-5-carboxylic Acid (3h). Step 1: Prepa-
ration of 4-Bromo-3-methylbenzoic Acidtert-Butyl Ester (14d).

(dd,J = 2.1, 8.4 Hz, 1H), 7.19 (dd] = 2.1, 12 Hz, 1H), 7.48
7.56 (m, 5H), 7.66 (tJ = 8.4 Hz, 1H), 8.00 (dJ = 8.7 Hz, 1H),
8.04 (dd,J = 1.5, 7.8 Hz, 1H), 8.19 (dJ = 8.7 Hz, 1H), 8.25 (s,
1H), 8.33 (s, 1H).

Step 6: Preparation of 2-[4-(4-Methylcarbamoyl-4-chloro-
biphenyl-2-ylmethoxy)-2-fluorophenyl]-1-cyclohexyl-H-benz-
imidazole-5-carboxylic Acid Methyl Ester (19f). To a suspension
of 18b (1.20 g, 1.85 mmol) in CECl, (15 mL) were added oxalyl
chloride (0.50 mL, 5.7 mmol) and a catalytic amount of DMF. The
mixture was stirred at room temperature for 2 h. The solvent was

To a suspension of 4-bromo-3-methylbenzoic acid (10.00 g, 46.50 removed by evaporation in vacuo to give 1.20 g (100%) of the

mmol) in CH,CI, (100 mL) were added oxalyl chloride (4.80 mL,
55.0 mmol) and a catalytic amount of DMF. The mixture was stirred

acid chloride of18h.
To a solution of 40% aqueous methylamine (5 mL) in THF (5

at room temperature for 2 h. The solvent was removed by mL) was added a solution of the acid chloride (560 mg, 0.887

evaporation in vacuo. To a solution of the residue in THF (100
mL) was added a solution of potassident-butoxide (7.80 g, 69.5
mmol) in THF (60 mL) dropwise with cooling by an ieavater

mmol) obtained above in Gi€l, (10 mL) dropwise with cooling
by an ice-water bath. The mixture was stirred at room temperature
for 1 h. The reaction mixture was diluted with AcOEt, washed with

bath. The mixture was stirred at room temperature for 30 min. The aqueous saturated NaHgOwater, and brine, and dried over
reaction mixture was poured into ice-cold water and extracted with MgSQ;. Filtration and concentration in vacuo and purification by
AcOEt. The AcOEt layer was separated, washed with water and silica gel flash chromatography (CH{MeOH = 50/1) gave 334

brine, and dried over MgSQOFiltration and concentration in vacuo
gave 12.61 g (100%) aért-butyl benzoatd 4d as a crude oil:'H
NMR (CDCl) 6 1.59 (s, 9H), 2.43 (s, 3H), 7.56 (d,= 8.3 Hz,
1H), 7.64 (ddJ = 1.9, 8.3 Hz, 1H), 7.83 (d) = 1.9 Hz, 1H).
Steps 2-4: Preparation of 2-[4-(4-tert-Butoxycarbonyl-4'-
chlorobiphenyl-2-yImethoxy)phenyl]-1-cyclohexyl-H-benzimi-
dazole-5-carboxylic Acid Methyl Ester (17a).Compoundl7awas
prepared froml4d obtained above using the procedure described
for 2b (steps +3) in 36% yield: 'H NMR (CDCly) 6 1.27-1.45
(m, 3H), 1.63 (s, 9H), 1.721.82 (m, 1H), 1.88-2.02 (m, 4H),
2.17-2.40 (m, 2H), 3.95 (s, 3H), 4.36 (m, 1H), 5.00 (s, 2H), 7.02
(d,J= 8.8 Hz, 2H), 7.33-7.43 (m, 5H), 7.56 (d) = 8.8 Hz, 2H),
7.65 (d,J = 8.7 Hz, 1H), 7.97 (ddJ = 1.7, 8.6 Hz, 1H), 8.04 (dd,
J=1.7,8.0 Hz, 1H), 8.27 (dJ = 1.7 Hz, 1H), 8.48 (dJ = 1.4
Hz, 1H).
Step 5: Preparation of 2-[4-(4-Carboxy-4-chlorobiphenyl-
2-ylmethoxy)phenyl]-1-cyclohexyl-H-benzimidazole-5-carboxy-
lic Acid Methyl Ester Hydrochloride (18a). To a solution ofL7a
(3.50 g, 5.37 mmol) in CECl; (35 mL) was added GEOOH (35
mL). The mixture was stirred at room temperature for 1 h. The

mg (60%) of19f as a white solid:'H NMR (CDCl3) 6 1.21-1.42
(m, 3H), 1.68-1.81 (m, 1H), 1.86-2.03 (m, 4H), 2.1%+2.33 (m,
2H), 3.06 (d,J = 4.9 Hz, 3H), 3.95 (s, 3H), 4.03 (m, 1H), 5.00 (s,
2H), 6.34 (m, 1H), 6.71 (dd] = 2.4, 11.6 Hz, 1H), 6.80 (ddl =
2.4, 8.6 Hz, 1H), 7.32 (d) = 8.5 Hz, 2H), 7.40 (dJ = 8.1 Hz,
1H), 7.43 (d,J = 8.6 Hz, 2H), 7.50 (tJ = 8.4 Hz, 1H), 7.67 (d,
J=28.7 Hz, 1H), 7.83 (ddJ = 1.9, 8.0 Hz, 1H), 7.98 (dd} = 1.6,
8.6 Hz, 1H), 8.05 (dJ = 1.8 Hz, 1H), 8.49 (dJ = 1.4 Hz, 1H).
Step 7: Preparation of 2-[4-(4-Chloro-4-methylcarbamoyl-
biphenyl-2-ylmethoxy)-2-fluorophenyl]-1-cyclohexyl-H-benz-
imidazole-5-carboxylic Acid (10a).CompoundlOawas prepared
from the amidel9f obtained above using the procedure described
for 2b (step 4) in 76% yield: mp 266267 °C;'H NMR (DMSO-
ds) 6 1.15-1.50 (m, 3H), 1.551.72 (m, 1H), 1.752.00 (m, 4H),
2.10-2.35 (m, 2H), 2.83 (dJ = 4.4 Hz, 3H), 4.10 (m, 1H), 5.15
(s, 2H), 7.06 (dJ = 8.7 Hz, 1H), 7.19 (dJ = 12.1 Hz, 1H), 7.47
(d, J =8 Hz, 1H), 7.49 (dJ = 8.9 Hz, 2H), 7.53 (dJ = 8.8 Hz,
2H), 7.66 (t,J = 8.6 Hz, 1H), 7.96 (dJ = 8.4 Hz, 1H), 7.99 (d,
J = 8.4 Hz, 1H), 8.15 (s, 1H), 8.17 (d, = 8 Hz, 1H), 8.31 (s,
1H), 8.63 (q,J = 4.4 Hz, 1H); MS (FAB)m/z 612 (M + H)*.

solvent was removed by evaporation in vacuo, and the residue wasAnal. (CzsH31CIFN3O4-HCI-2H,0) C, H, N.

dissolved in AcOEt. To the solution was addéN HCI in AcOEt

Compounds 3j—n and 10b—h were prepared frori8aor 18b

(2.70 mL, 10.8 mmol) and the precipitated crystals were collected by using the procedure described fdda (steps 6 and 7). In these

by filtration to give 3.30 g (97%) of8aas a white solid:!H NMR

cases, appropriate amines were used instead of methylamine.
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2-[4-(4-Carbamoyl-4-chlorobiphenyl-2-ylmethoxy)phenyl]-1-
cyclohexyl-1H-benzimidazole-5-carboxylic Acid (3j).Mp 280—
281°C; 'H NMR (DMSO-dg) 6 1.20-1.52 (m, 3H), 1.581.73
(m, 1H), 1.80-1.93 (m, 2H), 1.972.12 (m, 2H), 2.18-2.38 (m,
2H), 4.36 (m, 1H), 5.14 (s, 2H), 7.24 (d,= 9 Hz, 2H), 7.43-
7.57 (m, 6H), 7.73 (dJ = 9 Hz, 2H), 7.99 (ddJ = 1.7, 8 Hz,
1H), 8.04 (d,J = 9 Hz, 1H), 8.13 (brs, 1H), 8.19 (d,= 1.8 Hz,
1H), 8.26 (d,J =9 Hz, 1H), 8.30 (dJ = 1.5 Hz, 1H); MS (FAB)
m'z 580 (M + H)*. Anal. (GsH30CIN3O,4HCI-0.5H:,0) C, H, N.
2-[4-(4-Chloro-4-methylcarbamoylbiphenyl-2-ylmethoxy)-
phenyl]-1-cyclohexyl-H-benzimidazole-5-carboxylic Acid (3k).
Mp 268-269 °C; 'H NMR (DMSO-dg) ¢ 1.18-1.50 (m, 3H),
1.55-1.72 (m, 1H), 1.752.10 (m, 4H), 2.182.40 (m, 2H), 2.82
(d,J = 4.4 Hz, 3H), 4.34 (m, 1H), 5.14 (s, 2H), 7.22 @= 8.7
Hz, 2H), 7.47 (dJ = 8.1 Hz, 1H), 7.52 (s, 4H), 7.71 (d,= 8.7
Hz, 2H), 7.95 (dJ = 8.1 Hz, 1H), 8.01 (dJ = 8.7 Hz, 1H), 8.15
(s, 1H), 8.22 (dJ = 8.7 Hz, 1H), 8.28 (s, 1H), 8.61 (d,= 4.4
Hz, 1H); MS (FAB)m/z 594 (M + H)*. Anal. (GssH3,CIN3Oy
HCI-0.8H,0) C, H, N.
2-[4-(4-Chloro-4-dimethylcarbamoylbiphenyl-2-ylmethoxy)-
phenyl]-1-cyclohexyl-H-benzimidazole-5-carboxylic Acid (3I).
Mp 266-267 °C; 'H NMR (DMSO-dg) ¢ 1.21-1.50 (m, 3H),
1.60-1.72 (m, 1H), 1.8+1.94 (m, 2H), 1.972.09 (m, 2H), 2.26-
2.37 (m, 2H), 2.97 (brs, 3H), 3.01 (brs, 3H), 4.35 (m, 1H), 5.15 (s,
2H), 7.23 (d,J = 8.7 Hz, 2H), 7.42 (d) = 7.6 Hz, 1H), 7.49
7.55 (m, 5H), 7.71 (s, 1H), 7.72 (d,= 8.7 Hz, 2H), 8.03 (dd)
= 1.5, 8.7 Hz, 1H), 8.25 (d] = 9.1 Hz, 1H), 8.30 (dJ = 1.5 Hz,
1H); MS (FAB)m/z608 (M + H)™. Anal. (GsgH34CIN3O4-HCI) C,
H, N.
2-[4-(4-Benzylcarbamoyl-4-chlorobiphenyl-2-ylmethoxy)phe-
nyl]-1-cyclohexyl-1H-benzimidazole-5-carboxylic Acid (3m)Mp
231-233°C; 'H NMR (DMSO-dg) 6 1.19-1.47 (m, 3H), 1.59
1.72 (m, 1H), 1.79-1.91 (m, 2H), 1.952.08 (m, 2H), 2.18-2.37
(m, 2H), 4.35 (m, 1H), 4.52 (dJ = 5.9 Hz, 2H), 5.15 (s, 2H),
7.22-7.28 (m, 3H), 7.34 (d) = 4.4 Hz, 4H), 7.48-7.55 (m, 5H),
7.72 (d,J = 8.6 Hz, 2H), 8.03 (dJ = 7.9 Hz, 2H), 8.22 (s, 1H),
8.24 (d,J = 8.9 Hz, 1H), 8.29 (s, 1H), 9.23 (8, = 6.2 Hz, 1H);
MS (FAB) m/iz 670 (M + H)*. Anal. (Cy;H36CIN3O4-HCI-CHs-
CH,OH) C, H, N.
2-[4-(4-Chloro-5-dimethylcarbamoylbiphenyl-2-ylmethoxy)-
phenyl]-1-cyclohexyl-H-benzimidazole-5-carboxylic Acid (3n).
Compound3n was prepared from 3-bromo-4-methylbenzoic acid
using the procedure described fain (steps +5) and10a (steps
1-3) in 39% vyield. In this case, dimethylamine was used instead
of methylamine: mp 263262°C; 'H NMR (DMSO-dg) 6 1.21—
1.50 (m, 3H), 1.66-1.70 (m, 1H), 1.8%+2.08 (m, 4H), 2.26-2.37
(m, 2H), 2.98 (brs, 6H), 4.36 (m, 1H), 5.14 (s, 2H), 7.23Jds
9 Hz, 2H), 7.37 (dJ = 1.8 Hz, 1H), 7.5%7.54 (m, 5H), 7.73 (d,
J =9 Hz, 2H), 7.74 (dJ = 8.1 Hz, 1H), 8.03 (ddJ = 1.5, 8.4
Hz, 1H), 8.43 (dJ = 8.4 Hz, 1H), 8.31 (dJ = 1.5 Hz, 1H); MS
(FAB) m/z 608 (M + H)Jr Anal. (Q6H34C|N304‘HC|'H20) C, H,
N.
2-[4-(4-Chloro-4-propylcarbamoylbiphenyl-2-ylmethoxy)-2-
fluorophenyl]-1-cyclohexyl-1H-benzimidazole-5-carboxylic Acid
(10b). Mp 263-264°C; '"H NMR (DMSO-dg) 6 0.91 (t,J=7.5
Hz, 3H), 1.05-1.45 (m, 3H), 1.471.70 (m, 3H), 1.752.00 (m,
4H), 2.05-2.30 (m, 2H), 3.26 (m, 2H), 4.08 (m, 1H), 5.13 (s, 2H),
7.04 (d,J=8.7 Hz, 1H), 7.17 (d) = 12 Hz, 1H), 7.47 (dJ=7.2
Hz, 1H), 7.48 (dJ = 9 Hz, 2H), 7.53 (dJ = 9 Hz, 2H), 7.64 (t,
J =9 Hz, 1H), 7.95-8.00 (m, 2H), 8.14 (dJ = 8.4 Hz, 1H), 8.16
(s, 1H), 8.29 (s, 1H), 8.60 (8, = 6.3 Hz, 1H); MS (FAB)mz 640
(M + H)*. Anal. (G7H3sCIFN3;O4-HCI-0.5H,0) C, H, N.
2-[4-(4-Chloro-4-isopropylcarbamoylbiphenyl-2-ylmethoxy)-
2-fluorophenyl]-1-cyclohexyl-1H-benzimidazole-5-carboxylic Acid
(10c).Mp 272-273°C; 'H NMR (DMSO-dg) 6 1.19 (d,J = 6.3
Hz, 6H), 1.14-1.44 (m, 3H), 1.571.72 (m, 1H), 1.781.99 (m,
4H), 2.13-2.34 (m, 2H), 4.03-4.22 (m, 2H), 5.13 (s, 2H), 7.06
(dd,J= 2.1, 8.4 Hz, 1H), 7.18 (dd] = 1.8, 12 Hz, 1H), 7.46 (d,
J = 7.8 Hz, 1H), 7.48 (dJ = 8.7 Hz, 2H), 7.53 (dJ = 8.4 Hz,
2H), 7.65 (t,J = 8.4 Hz, 1H), 7.95-8.02 (m, 2H), 8.15(d) = 7.8
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Hz, 1H), 8.16 (s, 1H), 8.30 (s, 1H), 8.37 @= 7.3 Hz, 1H); MS
(FAB) m'z 640 (M + H)". Anal. (G/H3sCIFN;O,-HCI) C, H, N.
2-{4-[4'-Chloro-4-(2-hydroxyethylcarbamoyl)biphenyl-2-yl-
methoxy]-2-fluorophenyl}-1-cyclohexyl-H-benzimidazole-5-
carboxylic Acid (10d). Mp 270-271°C; *H NMR (DMSO-dg) 6
1.17-1.48 (m, 3H), 1.581.70 (m, 1H), 1.76:2.00 (m, 4H), 2.12
2.37 (m, 2H), 3.37 (m, 2H), 3.55 @,= 6.3 Hz, 2H), 3.60 (s, 1H),
4.11 (m, 1H), 5.14 (s, 2H), 7.07 (d,= 8.7 Hz, 1H), 7.19 (dJ =
12.6 Hz, 1H), 7.47 (d) = 7.5 Hz, 1H), 7.49 (dJ = 8.7 Hz, 2H),
7.53 (d,J = 8.7 Hz, 2H), 7.66 (tJ = 7.7 Hz, 1H), 7.98-8.02 (m,
2H), 8.17 (d,J = 9 Hz, 1H), 8.19 (s, 1H), 8.31 (s, 1H), 8.62 {t,
= 6 Hz, 1H); HRMS calcd for gH34CIFN;Os (M + H)* 642.2171,
found 642.2159; HPLC method A, 99% (10.36 min); HPLC method
B, 99% (6.50 min).
2-[4-(4-Chloro-4-dimethylcarbamoylbiphenyl-2-ylmethoxy)-
2-fluorophenyl]-1-cyclohexyl-1H-benzimidazole-5-carboxylic Acid
(10e).Mp 240-241 °C; *H NMR (DMSO-dg) 0 1.21-1.45 (m,
3H), 1.59-1.72 (m, 1H), 1.79-1.95 (m, 4H), 2.13-2.32 (m, 2H),
2.98 (s, 3H), 3.01 (s, 3H), 4.06 (m, 1H), 5.14 (s, 2H), 7.03 @®d,
=1.8,8.2 Hz, 1H), 7.17 (dd} = 2.2, 12 Hz, 1H), 7.43 (A] = 7.9
Hz, 1H), 7.44-7.56 (m, 5H), 7.63 (tJ = 8.2 Hz, 1H), 7.71 (dJ
= 1.8 Hz, 1H), 7.97 (ddJ = 1.5, 8.6 Hz, 1H), 8.13 (d] = 9 Hz,
1H), 8.29 (s, 1H); MS (FABYWz 626 (M + H)*. Anal. (GygHas
CIFN3O4+HCI) C, H, N.
2-{4-[4'-Chloro-4-(piperidine-1-carbonyl)biphenyl-2-yl-
methoxy]-2-fluorophenyl}-1-cyclohexyl-H-benzimidazole-5-
carboxylic Acid (10f). Mp 223-224°C; 'H NMR (DMSO-dg) 6
1.18-1.71 (m, 10H), 1.741.98 (m, 4H), 2.16-2.35 (m, 2H),
3.23-3.71 (m, 2H), 4.07 (m, 1H), 5.15 (s, 2H), 7.02 (dds= 2.2,
8.4 Hz, 1H), 7.16 (ddJ = 2.2, 12 Hz, 1H), 7.43 (d) = 7.5 Hz,
1H), 7.477.51 (m, 5H), 7.63 (t) = 8.4 Hz, 1H), 7.67 (s, 1H),
7.97 (dd,J = 1.4, 8.7 Hz, 1H), 8.13 (d] = 8.7 Hz, 1H), 8.29 (s,
1H); MS (FAB) m/z 666 (M + H)*. Anal. (GgH37CIFN3O4-HCI)
C, H, N.
2-{4-[4'-Chloro-4-(morpholine-4-carbonyl)biphenyl-2-yl-
methoxy]-2-fluorophenyl}-1-cyclohexyl-H-benzimidazole-5-
carboxylic Acid (10g). Mp 248-249°C; '"H NMR (DMSO-dg) 6
1.21-1.47 (m, 3H), 1.58-1.70 (m, 1H), 1.781.96 (M, 4H), 2.14
2.31 (m, 2H), 3.333.75 (m, 6H), 4.05 (m, 1H), 4.664.40 (m,
2H), 5.12 (s, 2H), 7.03 (d] = 8.4 Hz, 1H), 7.18 (ddJ = 2.1, 12.1
Hz, 1H), 7.43-7.57 (m, 6H), 7.64 (tJ = 8.8 Hz, 1H), 7.72 (s,
1H), 7.98 (d,J = 8.8 Hz, 1H), 8.15 (dJ = 8.6 Hz, 1H), 8.29 (s,
1H); MS (FAB)m/z668 (M + H)*. Anal. (GgH3sCIFN305-0.3H,0)

, H, N.

24{4-[4'-Chloro-4-(4-hydroxypiperidine-1-carbonyl)biphenyl-
2-ylmethoxy]-2-fluorophenyl} -1-cyclohexyl-H-benzimidazole-
5-carboxylic Acid (10h). Mp 182—-185°C; IH NMR (DMSO-ds)
0 1.19-1.55 (m, 5H), 1.66-1.95 (m, 7H), 2.16-2.30 (m, 2H),
3.10-3.35 (m, 2H), 3.454.40 (m, 5H), 5.14 (s, 2H), 7.02 (d,=
8.4 Hz, 1H), 7.15 (dJ) = 11.7 Hz, 1H), 7.43 (d) = 7.5 Hz, 1H),
7.45-7.55 (m, 5H), 7.62 (tJ = 8.2 Hz, 1H), 7.68 (s, 1H), 7.96 (d,
J=8.9 Hz, 1H), 8.11 (d) = 8.9 Hz, 1H), 8.28 (s, 1H); MS (FAB)
m/z682 (M + H)*. Anal. (GgH37CIFN3;Os-HCI-0.5H,0) C, H, N.

2-[4-(4-Chloro-4-dimethylaminobiphenyl-2-ylmethoxy)phe-
nyl]-1-cyclohexyl-1H-benzimidazole-5-carboxylic Acid (3f). Steps
1-3: Preparation of 2-[4-(4-Chloro-4-nitrobiphenyl-2-ylmethoxy)-
phenyl]-1-cyclohexyl-H-benzimidazole-5-carboxylic Acid Meth-
yl Ester (20a). Compound20a was prepared from 2-bromo-5-
nitrotoluenel4eand the phendllausing the procedure described
above for2b (steps +3) in 51% yield: *H NMR (CDCls) 6 1.15—
1.39 (m, 3H), 1.66-1.77 (m, 1H), 1.78:1.95 (m, 4H), 2.16-2.32
(m, 2H), 3.87 (s, 3H), 4.26 (m, 1H), 4.97 (s, 2H), 6.941¢ 8.5
Hz, 2H), 7.27 (dJ = 8.3 Hz, 2H), 7.39 (dJ = 8.6 Hz, 2H), 7.42
(d,J=8.6 Hz, 1H), 7.49 (dJ = 8.5 Hz, 2H), 7.57 (dJ = 8.7 Hz,
1H), 7.88 (d,J = 8.6 Hz, 1H), 8.26 (dJ = 8.4 Hz, 1H), 8.39 (s,
1H), 8.49 (s, 1H).

Step 4: Preparation of 2-[4-(4-Amino-4-chlorobiphenyl-2-
ylmethoxy)phenyl]-1-cyclohexyl-H-benzimidazole-5-carboxy-
lic Acid Methyl Ester (21a). To a solution of20a(1.70 g, 2.85
mmol) obtained above in EtOH (20 mL) and THF (15 mL) was
added tin(Il) chloride dihydrate (3.20 g, 14.2 mmol). The mixture
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was heated at reflux temperature for 1 h. The solvent was removed1H), 7.17 (dd,J = 2.3, 12.1 Hz, 1H), 7.25 (d] = 8.4 Hz, 1H),

by evaporation in vacuo. The residue was diluted with GHCI
washed with 4 N aqueous NaOH, water, and brine, and dried over
N&SO0,. Filtration and concentration in vacuo gave 1.44 g (90%)
of aniline 21aas a crude solid.

Steps 5 and 6: Preparation of 2-[4-(4Chloro-4-dimethyl-
aminobiphenyl-2-yimethoxy)phenyl]-1-cyclohexyl-H-benzimidazole-5-car-
boxylic Acid (3f). To a solution of21a (500 mg, 0.883 mmol)
obtained above in formic acid (15 mL) was added 37% formalde-

7.43 (d,J = 8.8 Hz, 2H), 7.47 (dJ = 8.6 Hz, 2H), 7.61 (ddJ =
2.3, 8.4 Hz, 1H), 7.64 () = 8.4 Hz, 1H), 7.81 (dJ = 2.1 Hz,
1H), 8.01 (d,J = 8.6 Hz, 1H), 8.19 (dJ = 8.6 Hz, 1H), 8.31 (s,
1H), 8.54 (s, 1H); MS (FAB)Wz 641 (M + H)*. Anal. (GeHas
C":N404'HC|) C, H, N.

24 4-[4-(Acetylmethylamino)-4-chlorobiphenyl-2-ylmethoxy]-
2-fluorophenyl} -1-cyclohexyl- H-benzimidazole-5-carboxylic Acid
(10j). To a suspension of sodium hydride (41.3 mg, 60%, 1.03

hyde (10 mL). The mixture was heated at reflux temperature for 1 mmol) in DMF (5 mL) was added a solution 28b (534 mg, 0.853
h. The solvent was removed by evaporation in vacuo. The residuemmol) in DMF (5 mL) dropwise with cooling by an ieevater

was diluted with CHGJ, washed with saturated aqueous NaHCO
water, and brine, and dried over }&0. Filtration and concentra-
tion in vacuo and purification by silica gel flash chromatography
(n-hexane/AcOE#t= 1/1) gave 178 mg (34%) of the dimethylamino
compound22 as a white solid. CompourzR was converted t&8f
by using the procedure described above 2br(step 4) in 81%
yield: mp 245-246 °C; *H NMR (DMSO-dg) 6 1.20-1.50 (m,
3H), 1.55-1.70 (m, 1H), 1.751.90 (m, 2H), 1.952.10 (m, 2H),
2.15-2.40 (m, 2H), 3.04 (s, 6H), 4.39 (m, 1H), 5.09 (s, 2H), %25
7.48 (m, 9H), 7.78 (d) = 8.7 Hz, 2H), 8.09 (dJ = 9.3 Hz, 1H),
8.35 (d,J = 9.3 Hz, 1H), 8.36 (s, 1H); MS (FAB)/z 580 (M +
H)+. Anal. (C35H340|N303'2HC|) C, H, N.
2-[4-(4-Acetylamino-4-chlorobiphenyl-2-ylmethoxy)phenyl]-
1-cyclohexyl-H-benzimidazole-5-carboxylic Acid (3g).To a
solution of21a (130 mg, 0.224 mmol) and triethylamine (28,
0.27 mmol) in CHC{ (3 mL) was added a solution of acetyl chloride
(17 uL, 0.24 mmol) in CHC} (2 mL) dropwise with cooling by an
ice—water bath. The mixture was stirred overnight at room
temperature. The reaction mixture was diluted with Cil®ashed
with water and brine, and dried over }&D,. Filtration and
evaporation of the solvent in vacuo gave 138 mg (99%) of the
acetylamino compoun@3aas a crude solid. Compour&Bawas
converted to3g by using the procedure described above Zbr
(step 4) in 81% vyield: mp 274275 °C; 'H NMR (DMSO-ds) 6
1.15-1.50 (m, 3H), 1.551.70 (m, 1H), 1.752.07 (m, 4H), 2.08
(s, 3H), 2.15-2.40 (m, 2H), 4.31 (m, 1H), 5.06 (s, 2H), 7.14 (,
=8.4 Hz, 2H), 7.30 (dJ = 8.4 Hz, 1H), 7.44 (d) = 8.7 Hz, 2H),
7.48 (d,J = 8.1 Hz, 2H), 7.64 (dJ = 8.4 Hz, 2H), 7.69 (dJ =
8.4 Hz, 1H), 7.88 (s, 1H), 7.93 (d,= 8.7 Hz, 1H), 8.07 (dJ =
8.7 Hz, 1H), 8.25 (s, 1H), 10.16 (s, 1H); MS (FAB)z594 (M +
H)*. Anal. (GsH3,CIN3O4-HCI-0.5H,0) C, H, N.

Compoundsl0i and 100 were synthesized fror@0b (prepared
from 2-bromo-5-nitrotoluen&é4eand the phendl1b) by using the
procedure described f8g, except dimethylcarbamoyl chloride was
used instead of acetyl chloride faba

2-[4-(4-Acetylamino-4-chlorobiphenyl-2-yImethoxy)-2-fluo-
rophenyl]-1-cyclohexyl-1H-benzimidazole-5-carboxylic Acid Meth-
yl Ester (23b). IH NMR (CDClL) 6 1.20-1.44 (m, 3H), 1.6%
1.80 (m, 1H), 1.822.02 (m, 4H), 2.16-2.33 (m, 2H), 2.21 (s,
3H), 3.95 (s, 3H), 4.02 (m, 1H), 4.98 (s, 2H), 6.69 {d= 11.4
Hz, 1H), 6.79 (dJ = 8.7 Hz, 1H), 7.26-7.34 (m, 3H), 7.38-7.43
(m, 3H), 7.49 (tJ = 8.4 Hz, 1H), 7.6+7.72 (m, 3H), 7.98 (dJ
= 8.7 Hz, 1H), 8.49 (s, 1H).

2-[4-(4-Acetylamino-4-chlorobiphenyl-2-yImethoxy)-2-fluo-
rophenyl]-1-cyclohexyl-1H-benzimidazole-5-carboxylic Acid (10i).
Compound23b was converted tdlOi by using the procedure
described foBg: mp 268-269°C; *H NMR (DMSO-dg) 0 1.23—
1.53 (m, 3H), 1.59-1.68 (m, 1H), 1.79-1.87 (m, 4H), 2.08 (s,
3H), 2.18-2.30 (m, 2H), 4.09 (m, 1H), 5.08 (s, 2H), 7.02 (dds
2.4,8.6 Hz, 1H), 7.14 (ddl = 2.5, 12.1 Hz, 1H), 7.32 (d = 8.4
Hz, 1H), 7.43 (dJ = 9 Hz, 2H), 7.48 (dJ = 8.4 Hz, 2H), 7.63 (t,
J=8.5Hz, 1H), 7.69 (ddJ = 2.2, 8.4 Hz, 1H), 7.90 (d] = 2.2
Hz, 1H), 7.98 (dd,) = 1.7, 8.7 Hz, 1H), 8.14 (d] = 8.8 Hz, 1H),
8.29 (d,J = 1.5 Hz, 1H), 10.19 (s, 1H); MS (FAB)/z 598 (M +
H)*. Anal. (GssH31CIFN3O4-HCI) C, H, N.

2-{ 4-[4'-Chloro-4-(3,3-dimethylureido)biphenyl-2-ylmethoxy]-
2-fluorophenyl} -1-cyclohexyl-H-benzimidazole-5-carboxylic Acid
(100). Mp 243-244°C; 'H NMR (DMSO-dg) 6 1.20-1.50 (m,
3H), 1.55-1.70 (m, 1H), 1.752.00 (m, 4H), 2.16-2.40 (m, 2H),
2.96 (s, 6H), 4.12 (m, 1H), 5.05 (s, 2H), 7.05 (dds 2.3, 8.6 Hz,

bath. The solution was stirred for 15 min, followed by the addition
of methyl iodide (183 mg, 1.29 mmol) in DMF (5 mL). The solution
was stirred overnight at room temperature. The reaction mixture
was poured into water and extracted with AcOEt. The AcOEt layer
was separated, washed with water and brine, and dried over MgSO
Filtration and concentration in vacuo and purification by silica gel
flash chromatography (CHgMeOH = 60/1) gave 286 mg (52%)

of the acetylmethylamino compoudaas a white solid:*H NMR
(CDCl3) 6 1.20-1.42 (m, 3H), 1.76-1.80 (m, 1H), 1.85-2.05 (m,
7H), 2.11-2.21 (m, 2H), 2.34 (s, 3H), 3.95 (s, 3H), 4.02 (m, 1H),
4.99 (s, 2H), 6.71 (dd) = 2.3, 11.5 Hz, 1H), 6.82 (dd] = 2.3,

8.6 Hz, 1H), 7.28 (dJ = 8.1 Hz, 1H), 7.33 (dJ = 8.5 Hz, 2H),
7.38 (d,J = 8.1 Hz, 1H), 7.44 (d) = 8.4 Hz, 2H), 7.49 (s, 1H),
7.53 (t,J = 8.4 Hz, 1H), 7.66 (dJ = 8.6 Hz, 1H), 7.99 (dd]) =

1.6, 8.7 Hz, 1H), 8.49 (dJ = 1.4 Hz, 1H).

Compoundl0j was prepared fror@4aobtained above by using
the procedure described f@b (step 4) in 58% vyield: mp 183
185 °C; 'H NMR (DMSO-dg) ¢ 1.28-1.41 (m, 3H), 1.59-1.68
(m, 1H), 1.79-1.87 (m, 4H), 2.182.30 (m, 2H), 2.50 (s, 3H),
3.24 (s, 3H), 4.04 (m, 1H), 5.12 (s, 2H), 7.03 (dds= 2, 9 Hz,
1H), 7.16 (ddJ = 2.2, 12.1 Hz, 1H), 7.427.53 (m, 6H), 7.61 (d,

J = 8.4 Hz, 1H), 7.65 (s, 1H), 7.97 (d,= 8.5 Hz, 1H), 8.11 (d,
J = 8.5 Hz, 1H), 8.29 (s, 1H); MS (FABjWz 626 (M + H)*.
Anal. (Q>,6H33C|FN304‘H20) C, H, N.

24 4-[4-(Acetylethylamino)-4-chlorobiphenyl-2-ylmethoxy]-
2-fluorophenyl} -1-cyclohexyl-H-benzimidazole-5-carboxylic Acid
(10k). Compound 10k was prepared by using the procedure
described forl0j. In this case, ethyl iodide was used instead of
methyl iodide: mp 212213°C; 'H NMR (DMSO-ds) 6 1.05 (t,
J=7.1Hz, 3H), 1.16-1.43 (m, 3H), 1.571.69 (m, 1H), 1.82
1.92 (m, 4H), 2.122.31 (m, 2H), 2.50 (s, 3H), 3.70 (4,= 7.1
Hz, 2H), 4.04 (m, 1H), 5.14 (s, 2H), 7.02 (d,= 8.5 Hz, 1H),
7.15 (d,J = 12.2 Hz, 1H), 7.44 (s, 2H), 7.51 (s, 4H), 7-58.64
(m, 2H), 7.96 (dJ = 8.6 Hz, 1H), 8.11 (dJ = 8.8 Hz, 1H), 8.29
(s, 1H); HRMS calcd for gH3¢CIFN;O4 (M + H)*™ 640.238, found
640.236; HPLC method A>99% (12.4 min); HPLC method B,
>99% (7.58 min).

2-{4-[4'-Chloro-4-(isobutyrylmethylamino)biphenyl-2-yI-
methoxy]-2-fluorophenyl}-1-cyclohexyl-H-benzimidazole-5-
carboxylic Acid (10l). Compoundl0l was prepared by using the
procedure described fdi0j. In this case, isobutyryl chloride was
used instead of acetyl chloride: mp 23235°C; 'H NMR (DMSO-
ds) 0 0.96 (d,J = 6.5 Hz, 6H), 1.171.45 (m, 3H), 1.59-1.69 (m,
1H), 1.771.95 (m, 4H), 2.152.30 (m, 2H), 2.42-2.56 (m, 1H),
3.21 (s, 3H), 4.06 (m, 1H), 5.15 (s, 2H), 7.01 {d+ 8.6 Hz, 1H),
7.15 (d,J = 12.2 Hz, 1H), 7.46 (s, 2H), 7.51 (s, 4H), 7:59.65
(m, 2H), 7.97 (dJ = 8.8 Hz, 1H), 8.12 (dJ = 8.8 Hz, 1H), 8.29
(s, 1H); MS (FAB)m/z 654 (M + H)*. Anal. (GsgH37CIFN3Oye
HCI) C, H, N.

2-{ 4-[4-(Acetylisopropylamino)-4-chlorobiphenyl-2-ylmethoxy]-
2-fluorophenyl} -1-cyclohexyl-H-benzimidazole-5-carboxylic Acid
(10m).To a solution 021b (300 mg, 0.502 mmol) in THF (5 mL)
and AcOH (0.5 mL) was added acetone (149 1.36 mmol) at
room temperature. The solution was stirred for 15 min, followed
by the addition of sodium triacetoxyborohydride (212 mg, 1.00
mmol). The solution was stirred overnight at room temperature.
The reaction mixture was poured into water and extracted with
AcOEt. The AcOEt layer was separated, washed with saturated
aqueous NaHC¢ water, and brine, and dried over MgsO
Filtration and concentration in vacuo and purification by silica gel
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flash chromatographyn¢hexane/AcOEt 2/1) gave 169 mg (52%)
of the N-isoproyl compound Z4-[4-(acetylisopropylamino)-4
chlorobiphenyl-2-ylmethoxy]-2-fluoropheriyll-cyclohexyl-H-
benzimidazole-5-carboxylic acid methyl ester as a white sdlitl:
NMR (CDCl) 6 1.25 (d,J = 6.3 Hz, 6H), 1.26-:1.41 (m, 3H),
1.67-1.80 (m, 1H), 1.842.05 (m, 4H), 2.152.32 (m, 2H), 3.69
(sept,d = 6.3 Hz, 1H), 3.95 (s, 3H), 4.05 (m, 1H), 4.94 (s, 2H),
6.64 (dd,J = 2.6, 8.3 Hz, 1H), 6.71 (d] = 11.7 Hz, 1H), 6.79 (s,
1H), 6.81 (d,J = 8 Hz, 1H), 7.14 (dJ = 8.3 Hz, 1H), 7.29 (dJ
= 8.6 Hz, 2H), 7.35 (dJ = 8.6 Hz, 2H), 7.50 (tJ) = 8.4 Hz, 1H),
7.66 (d,J = 8.6 Hz, 1H), 7.98 (dJ = 8.7 Hz, 1H), 8.51 (s, 1H).

CompoundlOm was prepared from thi-isopropyl compound
obtained above using the hydrolysis procedure describe8gfor
87% yield: mp 216-211°C;H NMR (DMSO-dg) 6 1.02 (d,J =
6.6 Hz, 6H), 1.26-1.50 (m, 3H), 1.551.75 (m, 4H), 1.86-2.00
(m, 4H), 2.16-2.40 (m, 2H), 3.98 (m, 1H), 4.09 (m, 1H), 4.85
(sept,d = 6.6 Hz, 1H), 5.18 (s, 2H), 6.97 (dd,= 2.2, 8.7 Hz,
1H), 7.08 (ddJ = 2.3, 12 Hz, 1H), 7.36 (d] = 8.1 Hz, 1H), 7.45
(d,J=8.7 Hz, 1H), 7.48-7.54 (m, 5H), 7.56 (1) = 8.4 Hz, 1H),
7.93 (d,J = 8.8 Hz, 1H), 8.02 (dJ = 8.8 Hz, 1H), 8.26 (s, 1H);
MS (FAB) m/z654 (M+ H)". Anal. (GgHz7CIFN3O4-HCI-0.5H:,0)
C, H, N.

2 4-[4'-Chloro-4-(2-oxopyrrolidin-1-yl)biphenyl-2-ylmethoxy]-
2-fluorophenyl} -1-cyclohexyl-H-benzimidazole-5-carboxylic Acid
(10n).To a solution o21b (500 mg, 0.856 mmol) and triethylamine
(140 uL, 1.00 mmol) in CHC} (3 mL) was added a solution of
4-chlorobutyryl chloride (10@L, 0.892 mmol) in CHCJ (2 mL)
dropwise with cooling by an icewater bath. The mixture was
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1H-benzotriazole monohydrate (7.84 g, 51.2 mmol), and the mixture
was stirred overnight at room temperature. The reaction mixture
was poured into water and extracted with ACOEt. The AcOEt layer
was separated, washed with watdrN aqueous HCI, saturated
aqueous NaHC@and brine, and dried over MgQFiltration and
evaporation of the solvent in vacuo gave 9.47 g (799 ®é&s a
crude oil: 'H NMR (DMSO-dg) 0 2.38 (s, 3H), 3.25 (s, 3H), 3.54
(s, 3H), 7.34 (ddJ = 2.1, 8.3 Hz, 1H), 7.56 (d] = 1.8 Hz, 1H),
7.66 (d,J = 8.2 Hz, 1H).

Steps 2-4: Preparation of 1-(2-Bromomethyl-4-chlorobi-
phenyl-4-yl)ethanone (27).Compound26 obtained above was
converted to 4chloro-2-methylbiphenyl-4-carboxylic acid meth-
oxymethylamide by Suzuki coupling using the procedure described
for 2b (step 3) in 90% yield:*H NMR (DMSO-dg) 6 2.26 (s, 3H),
3.27 (s, 3H), 3.59 (s, 3H), 7.27 (d,= 7.8 Hz, 1H), 7.41 (dJ =
8.5 Hz, 2H), 7.47 (s, 1H), 7.497.54 (m, 3H).

To a solution of 4chloro-2-methylbiphenyl-4-carboxylic acid
methoxymethylamide (2.18 g, 7.52 mmol) obtained above in THF
(15 mL) was added 0.93 M methylmagnesium bromide in THF
(16.1 mL, 15.0 mmol) dropwise with cooling by an ieeater bath,
and the mixture was stirred at room temperature for 2.5 h. The
reaction mixture was poured m2 N aqueous HCI and extracted
with AcOEt. The AcOEt layer was separated, washed with saturated
aqueous NaHCg&and brine, and dried over MgQCFiltration and
concentration in vacuo and separation by silica gel flash chroma-
tography -hexane/AcOEt 6/1) gave 1.56 g (85%) of the methyl
ketone as a pale-yellow solidtH NMR (CDCl) 6 2.32 (s, 3H),
2.63 (s, 3H), 7.25 (dd) = 1.8, 8.4 Hz, 2H), 7.29 (dJ = 8.1 Hz,

stirred at room temperature for 3 h. The reaction mixture was diluted 1H), 7.42 (dd,J = 2.1, 8.7 Hz, 2H), 7.59 (dd]) = 2.1, 8.1 Hz

with CHCl;, washed with water and brine, and dried ovepS@;.

Filtration and evaporation of the solvent in vacuo gave 589 mg

(100%) of the acylamino compound as a crude sofid: NMR

(CDCl3) 6 1.24-1.47 (m, 3H), 1.76-1.81 (m, 1H), 1.842.05 (m,
4H), 2.10-2.34 (m, 4H), 2.59 () = 7 Hz, 2H), 3.67 (tJ = 6.1

Hz, 2H), 3.95 (s, 3H), 4.04 (m, 1H), 4.96 (s, 2H), 6.68 (dd=

2.3,11.6 Hz, 1H), 6.79 (ddl= 2.3, 8.6 Hz, 1H), 7.28 (d] = 8.1

Hz, 1H), 7.29 (dJ = 8.5 Hz, 2H), 7.39 (dJ = 8.5 Hz, 2H), 7.48
(t, J = 8.4 Hz, 1H), 7.61 (s, 1H), 7.67 (d,= 8.7 Hz, 1H), 7.75
(d,J = 8.7 Hz, 1H), 7.76 (s, 1H), 7.99 (dd,= 1.6, 8.7 Hz, 1H),
8.49 (d,J = 1.4 Hz, 1H).

1H), 7.87 (s, 1H).

Bromination of the ketone obtained above by NBS using the
procedure described fdtb (step 1) gave compoun®l7 in 72%
yield: *H NMR (CDClg) 6 2.65 (s, 3H), 4.44 (s, 2H), 7.34 (d~=
8.1 Hz, 1H), 7.39 (ddJ = 2.1, 8.4 Hz, 2H), 7.46 (ddl = 2.1, 8.4
Hz, 2H), 7.93 (ddJ = 1.8, 8.1 Hz, 1H), 8.11 (d] = 1.8 Hz, 1H).

Steps 5 and 6: Preparation of 2-[4-(4-Acetyl-4chlorobiphe-
nyl-2-ylmethoxy)phenyl]-1-cyclohexyl-H-benzimidazole-5-car-
boxylic Acid (3e). Compound3e was prepared frori27 obtained
above using the procedure describedZbi(steps 2 and 4) in 60%

To a solution of the acylamino compound (589 mg, 0.855 mmol) Yield: mp 269-270 °C; *H NMR (DMSO-dg) 6 1.20-1.50 (m,

obtained above in DMF (6 mL) was added®0O; (244 mg, 1.77
mmol). The reaction mixture was heated at & for 1 h. The

3H), 1.60-1.71 (m, 1H), 1.86-2.06 (m, 4H), 2.26-2.37 (m, 2H),
2.65 (s, 3H), 4.33 (m, 1H), 5.17 (s, 2H), 7.22 {d= 8.8 Hz, 2H),

reaction mixture was poured into water, and the precipitated crystals7-53 (s, 4H), 7.547.56 (m, 1H), 7.70 (dJ = 8.8 Hz, 2H), 8.00

were collected by filtration to give 502 mg (90%) of the lactabn
as a crude solidH NMR (CDCl;) 6 1.20-1.45 (m, 3H), 1.76-
1.80 (m, 1H), 1.852.01 (m, 4H), 2.12-2.32 (m, 4H), 2.66 (1) =
7.8 Hz, 2H), 3.94 (1) = 7.1 Hz, 2H), 3.95 (s, 3H), 4.04 (m, 1H),
5.00 (s, 2H), 6.71 (dJ = 11.6 Hz, 1H), 6.80 (dJ = 8.6 Hz, 1H),
7.31 (d,J = 8.6 Hz, 2H), 7.37 (dJ = 8.2 Hz, 1H), 7.40 (dJ =
8.5 Hz, 2H), 7.50 (tJ = 8.4 Hz, 1H), 7.67 (dJ = 8.5 Hz, 1H),
7.70 (dd,J = 2.3, 8.5 Hz, 1H), 7.90 (d] = 2.3 Hz, 1H), 7.98 (dd,
J=1.7, 8.6 Hz, 1H), 8.49 (d) = 1.4 Hz, 1H).
CompoundLOnwas prepared from the lacta?b obtained above
using the procedure described b (step 4) in 87% yield: mp
243-246°C; 'H NMR (DMSO-dg) 6 1.20-1.50 (m, 3H), 1.55
1.70 (m, 1H), 1.752.00 (m, 4H), 2.052.40 (m, 4H), 2.54 (1) =
8.1 Hz, 2H), 3.91 (tJ = 7 Hz, 2H), 4.13 (m, 1H), 5.11 (s, 2H),
7.06 (dd,J = 2.2, 8.8 Hz, 1H), 7.20 (dd] = 2.2, 12.1 Hz, 1H),
7.39 (d,J = 8.4 Hz, 1H), 7.45 (dJ = 8.4 Hz, 2H), 7.50 (dJ =
8.4 Hz, 2H), 7.68 (t) = 8.4 Hz, 1H), 7.77 (dd) = 2.2, 8.4 Hz,
1H), 8.00 (d,J = 2.2 Hz, 1H), 8.02 (dJ = 8.8 Hz, 1H), 8.21 (d,
J=8.8 Hz, 1H), 8.33 (dJ = 1.1 Hz, 1H); MS (FAB)M/z638 (M
+ H)*. Anal. (G7H33CIFN3O4-HCI) C, H, N.
2-[4-(4-Acetyl-4-chlorobiphenyl-2-yImethoxy)phenyl]-1-cyclo-
hexyl-1H-benzimidazole-5-carboxylic Acid (3e). Step 1: Prepa-
ration of 4-Bromo-N-methoxy-3N-dimethylbenzamide (26).To

dd,J= 1.5, 8.8 Hz, 1H), 8.07 (dd] = 1.8, 7.7 Hz, 1H), 8.19 (d,
J = 8.8 Hz, 1H), 8.26 (dJ = 1.8 Hz, 1H), 8.28 (dJ = 1.5 Hz,
1H); MS (FAB)m/z579 (M + H)™. Anal. (GsH31CIN,O4-HCI) C,
H, N.

2-{4-[3-(4-Chlorophenyl)pyridin-2-ylmethoxy]phenyl} -1-cy-
clohexyl-1H-benzimidazole-5-carboxylic Acid (8). Steps 1 and
2: Preparation of 3-Trifluoromethanesulfonyloxypicolinic Acid
Methyl Ester (28). To a solution of 3-hydroxypicolinic acid (1.00
g, 7.19 mmol) in MeOH (10 mL) was added concentrated sulfuric
acid (1.0 mL) dropwise with cooling by an iesvater bath. The
solution was heated at reflux temperature for 5 h. After cooling to
the ambient temperature, the solution was poured into saturated
aqueous NaHC@with cooling by an ice-water bath and extracted
with CHCl;. The CHC} layer was separated, washed with saturated
aqueous NaHCg@and brine, and dried over MgQCFiltration and
evaporation of the solvent in vacuo gave 711 mg (64%) of the
methyl ester as a crude solidH NMR (CDCly) 6 4.07 (s, 3H),
7.38 (dd,J = 1.7, 8.5 Hz, 1H), 7.44 (dd) = 4.1, 8.6 Hz, 1H),
8.29 (dd,J = 1.6, 4.1 Hz, 1H), 10.64 (s, 1H).

To a solution of the methyl ester (710 mg, 4.64 mmol) obtained
above and triethylamine (770L, 5.52 mmol) in CHCI, (7 mL)
was added trifluoromethanesulfonic anhydride (8605.08 mmol)
dropwise with cooling by an icewater bath. The mixture was

a solution of 4-bromo-3-methylbenzoic acid (10.00 g, 46.50 mmol) stirred at room temperature for 2 h. The reaction mixture was poured

andN,O-dimethylhydroxylamine hydrochloride (4.99 g, 51.2 mmol)
in DMF (150 mL) were added 1-ethyl-3-(3-dimethylaminopropyl)-

into water and extracted with AcOEt. The AcOEt layer was
separated, washed with brine, and dried over MgStltration

carbodiimide hydrochloride (9.82 g, 51.2 mmol) and 1-hydroxy- and concentration in vacuo gave 1.20 g (90%2®s a crude oil:
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IH NMR (CDClg) 6 4.06 (s, 3H), 7.63 (dd]) = 4.5, 8.4 Hz, 1H),
7.74 (dd,J = 1.1, 8.4 Hz, 1H), 8.78 (dd] = 1.3, 4.5 Hz, 1H).

Steps 3 and 4: Preparation of 3-(4-Chlorophenyl)-2-hy-
droxymethylpyridine (29). To a solution 0228 (1.20 g, 4.21 mmol)
obtained above in toluene (40 mL) were added 4-chlorophenylbo-
ronic acid (1.30 g, 8.31 mmol), tetrakis(triphenylphosphine)-
palladium(0) (1.40 g, 1.21 mmol), and®Os (872 mg, 6.31 mmol).
The mixture was heated at S€ for 3 h. The reaction mixture
was poured into water and extracted with ACOEt. The AcOEt layer
was separated, washed with saturated aqueous Nghia@r, and
brine, and dried over MgSOFiltration and concentration in vacuo
and purification by silica gel flash chromatography-hexane/
AcOEt = 3/2) gave 728 mg (70%) of the biphenyl compound as a
white solid: *H NMR (CDCl;) 6 3.81 (s, 3H), 7.28 (dd] = 2.4,

8.4 Hz, 2H), 7.41 (ddJ = 2, 8.5 Hz, 2H), 7.49 (dd) = 4.7, 7.9
Hz, 1H), 7.73 (ddJ = 1.7, 7.9 Hz, 1H), 8.69 (ddl = 1.6, 4.7 Hz,
1H).

To a suspension of lithium alminum hydride (160 mg, 4.22
mmol) in THF (5 mL) was added a solution of the biphenyl
compound (720 mg, 2.91 mmol) obtained above in THF (5 mL)
dropwise with cooling by an icewater bath. The reaction mixture
was stirred at 0C for 1 h. To the mixture were added water (1.6
mL), 15% aqueous NaOH (1.6 mL), and water (4.8 mL) in
sequential order, and the slurry was filtered. After the solid was
washed with THF (10 mL), the combined filtrates were concentrated
in vacuo to give a solid, which was purified with silica gel flash
chromatographyn-hexane/AcOEt= 1/1) to give 208 mg (32%)
of the benzyl alcohol as a white solidH NMR (CDClg) ¢ 4.61
(s, 2H), 7.24 (ddJ = 2.6, 8.9 Hz, 2H), 7.32 (dd] = 6.5, 10.2 Hz,
1H), 7.44 (ddJ = 2.6, 7.9 Hz, 2H), 7.58 (dd) = 2.1, 10.2 Hz,
1H), 8.60 (ddJ = 2.1, 6.5 Hz, 1H).

Steps 5-7: Preparation of 2{4-[3-(4-Chlorophenyl)pyridin-
2-ylmethoxy]phenyl -1-cyclohexyl-H-benzimidazole-5-carboxy-
lic Acid (8). To a solution of the benzyl alcoh@B (960 mg, 3.64
mmol) obtained above in CHEI(15 mL) were added thionyl
chloride (0.40 mL, 5.5 mmol) and a catalytic amount of pyridine.
The mixture was stirred at room temperature for 2 h. The solvent
was removed by evaporation in vacuo. The residue was diluted
with CHCl;, washed with water and brine, and dried over MgSO
Filtration and concentration in vacuo gave the benzyl chlozée
as a crude oil. Compoun8l was prepared from compourizd
obtained above using the procedure describe®é&steps 5 and
6) in 18% yield: mp>300°C;H NMR (DMSO-ds) 6 1.15-1.55
(m, 3H), 1.55-1.75 (m, 1H), 1.86-2.05 (m, 4H), 2.152.40 (m,
2H), 4.26 (m, 1H), 5.16 (s, 2H), 7.10 (d,= 8.8 Hz, 2H), 7.56
7.58 (m, 7H), 7.86-7.87 (m, 2H), 7.94 (dJ = 8.6 Hz, 1H), 8.21
(d,J = 1.4 Hz, 1H), 8.68 (ddJ = 1.7, 4.8 Hz, 1H), 12.75 (brs,
1H); MS (FAB)m/z538 (M + H)*. Anal. (G2H2sCIN3O3:0.5H,0)

C, H, N.

2-{ 4-[5-(4-Chlorophenyl)-2-methyloxazol-4-ylmethoxy]pheny-
1-cyclohexyl-H-benzimidazole-5-carboxylic Acid (4a). Steps
1-3: Preparation of 2-Acetylamino-3-(4-chlorophenyl)-3-oxo-
propionic Acid Methyl Ester (32). To a solution of methyl

Hirashima et al.

give 42.88 g (79%) of 2-amino-3-(4-chlorophenyl)-3-oxopropionic
acid methyl ester hydrochlorid&l as a crude solid.

To a solution of31 (2.34 g, 8.86 mmol) obtained above and
sodium acetate (730 mg, 8.90 mmol) in water (60 mL) was added
acetic anhydride (1.76 mL, 18.7 mmol) with cooling by an-ice
water bath. After the mixture was stirred afO for 30 min, the
precipitated crystals were collected by filtration to give 2.20 g (92%)
of 32 as a crude solid!H NMR (CDCl) ¢ 2.10 (s, 3H), 3.73 (s,
3H), 6.18 (d,J = 7.2 Hz, 1H), 6.82 (dJ = 7.2 Hz, 1H), 7.49 (d,

J = 8.7 Hz, 2H), 8.07 (dJ = 8.7 Hz, 2H).

Steps 4 and 5: Preparation of [5-(4-Chlorophenyl)-2-methyl-
oxazol-4-yllmethanol (34a) A solution 0f32(1.00 g, 3.71 mmol)
in concentrated sulfuric acid (10 mL) was stirred at room temper-
ature for 4 h. The solution was poured into ice, and the precipitated
crystals were collected by filtration to give 925 mg (99%) of the
oxazole-4-carboxylic acid methyl est&3a as a crude solid.
Compound33a was converted to the alcoh@4a by using the
procedure described f8r(step 4) in 88% yield:'H NMR (CDCls)

0 2.50 (s, 3H), 4.70 (s, 2H), 7.41 (d,= 8.6 Hz, 2H), 7.57 (d)
= 8.6 Hz, 2H).

Steps 6-8: Preparation of 24{4-[5-(4-Chlorophenyl)-2-me-
thyloxazol-4-ylmethoxy]pheny} -1-cyclohexyl-H-benzimidazole-
5-carboxylic Acid (4a). Compound4a was prepared fron84a
obtained above by using the procedure describe8 {eteps 5-7)
in 16% yield: mp 262263 °C; *H NMR (DMSO-dg) 0 1.15—
1.55 (m, 3H), 1.551.75 (m, 1H), 1.751.95 (m, 2H), 1.952.15
(m, 2H), 2.15-2.50 (m, 2H), 2.51 (s, 3H), 4.39 (m, 1H), 5.28 (s,
2H), 7.39 (d,J = 8.8 Hz, 2H), 7.61 (dJ = 8.7 Hz, 2H), 7.70 (d,

J = 8.7 Hz, 2H), 7.79 (dJ = 8.7 Hz, 2H), 8.06 (dJ = 8.7 Hz,

1H), 8.30 (d,J = 8.9 Hz, 1H), 8.33 (s, 1H); MS (FABz 542

(M + H)*. Anal. (Gs;H2sCIN3O4-HCI) C, H, N.
2-{4-[5-(4-Chlorophenyl)-2-methylthiazol-4-ylmethoxy]phe-

nyl}-1-cyclohexyl-H-benzimidazole-5-carboxylic Acid (4b).To

a solution 0f32 (1.00 g, 3.71 mmol) in THF (10 mL) was added

2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disul-

fide (Lawesson’s reagent, 1.50 g, 3.71 mmol). The mixture was

heated at reflux temperature for 1 h. The reaction mixture was

poured into saturated aqueous NaH@0d extracted with AcOEt.

The AcOEt layer was separated, washed with 1.0% aqueous NaClO

and brine, and dried over M8Q,. Filtration and concentration in

vacuo gave a solid, which was trituratedisnexane and collected

by filtration to give 807 mg (81%) of the thiazole-4-carboxylic acid

methyl ester33b as a crude solid. CompourgBawas converted

to compoundib by using the procedure described &(steps 4-7)

in 73% yield: mp 274275 °C; 'H NMR (DMSO-dg) 6 1.15~

1.55 (m, 3H), 1.551.75 (m, 1H), 1.751.95 (m, 2H), 1.952.20

(m, 2H), 2.26-2.45 (m, 2H), 2.71 (s, 3H), 4.39 (m, 1H), 5.19 (s,

2H), 7.35 (d,J = 8.8 Hz, 2H), 7.54 (dJ = 8.9 Hz, 2H), 7.58 (d,

J = 8.9 Hz, 2H), 7.77 (dJ = 8.7 Hz, 2H), 8.06 (dJ = 8.7 Hz,

1H), 8.29 (d,J = 8.8 Hz, 1H), 8.33 (s, 1H), 13.10 (brs, 1H); MS

(FAB) m/z 558 (M + H)*. Anal. (G1H26CIN3OsS*HCI) C, H, N.

2 4-[4-(4-Chlorophenyl)-2-methylthiazol-5-ylmethoxy]phe-
nyl}-1-cyclohexyl-H-benzoimidazole-5-carboxylic Acid (5).To

isocyanoacetate (30.00 g, 302.7 mmol) and 4-chlorobenzoyl chloride a solution of 3-(4-chlorophenyl)-3-oxopropionic acid ethyl eSter

(40.0 mL, 315 mmol) in THF (300 mL) were added triethylamine

(3.00 g, 13.2 mmol) in 1,4-dioxane (25 mL) was added @00

(93.0 mL, 667 mmol) and a catalytic amount of 4-(dimethylamino)- u«L, 13.6 mmol) dropwise at room temperature. The mixture was

pyridine. The mixture was heated overnight at reflux temperature,
and the slurry was filtered. After the solid was washed with ACOEt
(100 mL), the combined filtrates were concentrated in vacuo. The
residue was dissolved in AcOEt, and the solution was washed with
water and brine and was dried over MgSQriltration and
concentration in vacuo gave a solid, which was triturated in ether
and collected by filtration to give 48.79 g (68%) of 5-(4-
chlorophenyl)oxazole-4-carboxylic acid methyl ester as a crude
solid.

To a solution of 5-(4-chlorophenyl)oxazole-4-carboxylic acid
methyl ester (48.79 g, 205.5 mmol) obtained above in MeOH (600
mL) was added acetyl chloride (128.0 mL, 1.80 mol) dropwise with
cooling by an ice-water bath. The mixture was heated at reflux
temperature for 7 h. After the solution was concentrated in vacuo,
the residue was triturated in acetone and collected by filtration to

stirred fa 1 h and poured into icewater, and AcOEt was added

to the solution. The AcOEt layer was separated, washed with water
and brine, and dried over M8Q,. Filtration and concentration in
vacuo gave 2-bromo-3-(4-chlorophenyl)-3-oxopropionic acid ethyl
ester as a crude oil.

To a solution of 2-bromo-3-(4-chlorophenyl)-3-oxopropionic acid
ethyl ester obtained above in EtOH (25 mL) was added thioaceta-
mide (1.00 g, 13.3 mmol). The mixture was heated at reflux
temperature for 3 h. After the mixture was cooled, the precipitated
crystals were collected by filtration to give 1.69 g (46%) of the
thiazole36 as a crude solid?H NMR (CDCl) ¢ 1.29 (t,J = 6.9
Hz, 3H), 2.74 (s, 3H), 4.27 (g} = 6.9 Hz, 2H), 7.39 (dJ = 8.4
Hz, 2H), 7.70 (dJ = 8.7 Hz, 2H).

Compounds was prepared from the thiazdd® obtained above
by using the procedure described ®(steps 47) in 26% yield:



Benzimidazole Deratives as HCV NS5B Inhibitors

mp 250-251 °C; 'H NMR (DMSO-dg) 6 1.15-1.55 (m, 3H),
1.55-1.75 (m, 1H), 1.86-2.05 (m, 4H), 2.152.40 (m, 2H), 2.71
(s, 3H), 4.31 (m, 1H), 5.45 (s, 2H), 7.26 @= 8.7 Hz, 2H), 7.56
(d,J=8.5Hz, 2H), 7.67 (d) = 8.7 Hz, 2H), 7.72 (dJ = 8.5 Hz,
2H), 7.91 (d,J = 8.6 Hz, 1H), 8.04 (dJ = 8.7 Hz, 1H), 8.25 (s,
1H), 12.90 (brs, 1H); MS (FABz558 (M + H)*. Anal. (GiH2s
CIN3O3S-H;0) C, H, N.

2-{ 4-[4-(4-Chlorophenyl)-2-methylpyrimidin-5-ylmethoxy]-
phenyl} -1-cyclohexyl-H-benzimidazole-5-carboxylic Acid (6).
A solution of 3-(4-chlorophenyl)-3-oxopropionic acid ethyl ester
35(3.60 g, 15.9 mmol) iN,N-dimethylformamide dimethylacetal
(10 mL) was heated at reflux temperature for 2 h. The solution

was concentrated in vacuo, and the residue was dissolved in AcOEt.

The solution was washed with water and brine and was dried over
MgSQ;,. Filtration and concentration in vacuo gave 4.86 g of 2-(4-
chlorobenzoyl)-3-(dimethylamino)acrylic acid ethyl ester as a crude
solid: *H NMR (CDCl;) 6 0.94 (t,J = 7.1 Hz, 3H), 2.97 (brs,
6H), 3.97 (q,J = 7.1 Hz, 2H), 7.36 (dJ = 8.5 Hz, 2H), 7.56-
7.86 (m, 3H).

To a suspension of 2-(4-chlorobenzoyl)-3-(dimethylamino)-
acrylic acid ethyl ester (2.50 g, 8.87 mmol) obtained above and
sodium ethoxide (1.30 g, 19.1 mmol) in EtOH (40 mL) was added
acetamidine hydrochloride (1.70 g, 18.0 mmol). The mixture was
heated overnight at reflux temperature. The solution was concen-
trated in vacuo, and the residue was dissolved in AcOEt. The
solution was washed with water and brine and was dried over Na
SGO. Filtration and concentration in vacuo gave 1.94 g (79%) of
the pyrimidine37 as a crude solid?H NMR (CDCl) 6 1.18 (t,J
= 7.1 Hz, 3H), 2.83 (s, 3H), 4.25 (d,= 7.1 Hz, 2H), 7.44 (d)
= 8.5 Hz, 2H), 7.54 (dJ = 8.5 Hz, 2H), 9.03 (s, 1H).

Compound6 was prepared from the pyrimidin&7 obtained
above by using the procedure described&dgsteps 4-7) in 11%
yield: mp 255-256 °C; IH NMR (DMSO-dg) 6 1.15-1.55 (m,
3H), 1.55-1.75 (m, 1H), 1.751.95 (m, 2H), 1.952.15 (m, 2H),
2.15-2.50 (m, 2H), 2.72 (s, 3H), 4.36 (m, 1H), 5.26 (s, 2H), 7.30
(d,J=8.7 Hz, 2H), 7.60 (dJ = 8.5 Hz, 2H), 7.74-7.79 (m, 4H),
8.04 (d,J = 8.6 Hz, 1H), 8.25 (dJ = 8.8 Hz, 1H), 8.32 (s, 1H),
8.99 (s, 1H), 13.20 (brs, 1H); MS (FABWz 553 (M + H)*. Anal.
(C32H29C|N403'H20) C, H, N.

2-[4-(Biphenyl-2-yImethoxy)-2-fluorophenyl]-1-cyclohexyl-
1H-benzoimidazole-5-carboxylic Acid (9a).To a suspension of
11b (250 mg, 0.679 mmol) and €05 (122 mg, 0.882 mmol) in
DMF (3.75 mL) was added 2-phenylbenzyl bromide (0.161 mL,
0.882 mmol). The reaction mixture was heated at@dor 2.5 h.
The reaction mixture was poured into water and extracted with
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J=1.6 Hz, 1H), 12.80 (s, 1H); MS (ESiWz521(M + H)*. Anal.
(Cs3H29FN2O3) C, H, N.

Compounds 9b-e were prepared from the corresponding
phenolsllc—f (synthesized according to the procedure previously
described) by using the procedure described fa

2-[4-(Biphenyl-2-ylmethoxy)-2-chlorophenyl]-1-cyclohexyl-
1H-benzoimidazole-5-carboxylic Acid (9b)Mp 227-228°C; *H
NMR (DMSO-dg) 0 1.10-1.42 (brm, 3H), 1.581.68 (brm, 1H),
1.71-2.33 (brm, 6H), 3.7#3.89 (brm, 1H), 5.09 (s, 2H), 7.07 (dd,
J = 8.6, 2.6 Hz, 1H), 7.24 (d) = 2.6 Hz, 1H), 7.3#7.53 (m,
8H), 7.677.69 (m, 1H), 7.89 (dd) = 8.6, 1.6 Hz, 1H), 7.96 (d,
J=8.6 Hz, 1H), 8.25 (s, 1H), 12.80 (s, 1H); MS (E&jz 537(M
+ H)+. Anal. (Q3H29C|N203) C, H, N.

2-[4-(Biphenyl-2-ylmethoxy)-2-methoxyphenyl]-1-cyclohexyl-
1H-benzoimidazole-5-carboxylic Acid (9c)Mp 239-240°C; H
NMR (DMSO-dg) 0 1.27—1.36 (brm, 3H), 1.631.66 (brm, 1H),
1.84-1.86 (brm, 4H), 2.20 (brs, 2H), 3.76 (s, 3H), 3-83.87 (m,
1H), 5.08 (s, 2H), 6.64 (dd] = 8.4, 2.3 Hz, 1H), 6.75 (d] = 2.3
Hz, 1H), 7.33 (dJ = 8.4 Hz, 1H), 7.38-7.52 (m, 8H), 7.677.70
(m, 1H), 7.85 (ddJ = 8.6, 1.6 Hz, 1H), 7.90 (d] = 8.6 Hz, 1H),
8.20 (d,J = 1.6 Hz, 1H), 12.74 (brs, 1H), MS (ESiVz 533(M +
H)+. Anal. (C34H32N204) C, H, N.

2-[4-(Biphenyl-2-ylmethoxy)-2-trifluoromethylphenyl]-1-cy-
clohexyl-1H-benzoimidazole-5-carboxylic Acid (9d).Mp 229—
230°C; *H NMR (DMSO-ds) 6 1.09-1.27 (brm, 2H), 1.281.43
(brm, 1H), 1.571.74 (brm, 2H), 1.76 1.87 (brm, 2H), 1.891.99
(brm, 1H), 2.06-2.32 (brm, 2H), 3.743.83 (brm, 1H), 5.17 (s,
2H), 7.34-7.53 (m, 10H), 7.61 (dJ = 8.6 Hz, 1H), 7.687.71
(m, 1H), 7.89 (ddJ = 8.6, 1.6 Hz, 1H), 7.96 (d] = 8.6 Hz, 1H),
8.24 (d,J = 1.6 Hz, 1H), 12.73 (brs, 1H); MS (EStVz571(M +
H)Jr. Anal. (C34H29F3N203) C, H, N.

2-[4-(Biphenyl-2-yImethoxy)-3-fluorophenyl]-1-cyclohexyl-
1H-benzoimidazole-5-carboxylic Acid (9e)Mp 233-237°C; H
NMR (DMSO-ds) 6 1.33 (brm, 3H), 1.651.67 (m, 1H), 1.85
1.93 (brm, 4H), 2.222.34 (m, 2H), 4.244.27 (m, 1H), 5.14 (s,
2H), 7.28 (t,J = 8.7 Hz, 1H), 7.39-7.41 (m, 3H), 7.447.47 (m,
4H), 7.49-7.52 (m, 2H), 7.56 (dd) = 11.8, 5.9 Hz, 1H), 7.68
7.70 (m, 1H), 7.87 (dd) = 8.6, 1.6 Hz, 1H), 7.96 (d] = 8.6 Hz,
1H), 8.23 (dJ = 1.6 Hz, 1H), 12.81 (brs, 1H); MS (EShyz 521-
(M + H)+. Anal. (ngHngNzOg,) C, H, N.

Biochemical RdRp AssaysHCV genotype 1 NS5B polymerases
lacking C-terminal 47 residues (1b NS&E was expressed i&.
coli and purified as described previougiThe RdRp assays were
carried out in 96-well plates by usinggf of HCV 3X RNA as
template-primer in a 3@L of reaction mixture containing 7 nM
HCV genotype 1b NS58,, 1 uCi [5,6-3H]-UTP, 50uM ATP, 50

AcOEt. The AcOEt layer was washed with water and brine and ,m GTP, 50u4M CTP, 2uM UTP, 20 mM Tris-HCI (pH 7.5), 5

was dried over MgS@ Filtration and evaporation of the solvent
in vacuo and purification by silica gel flash chromatography (
hexane/AcOEt= 2/1) gave a solid, which was triturated in AcCOEt
and n-hexane to give 318 mg (88%) of 2-[4-(biphenyl-2-yI-
methoxy)-2-fluorophenyl]-1-cyclohexylH-benzoimidazole-5-car-
boxylic acid methyl ester as white solidH NMR (DMSO-ds) 6
1.20-1.45 (brm, 3H), 1.66-1.71 (brm, 1H), 1.79-1.91 (brm, 4H),
2.13-2.27 (brm, 2H), 3.90 (s, 3H), 3.954.04 (brm, 1H), 5.08 (s,
2H), 6.96 (dd,J = 8.6, 2.3 Hz, 1H), 7.08 (dd] = 12.1, 2.3 Hz,
1H), 7.38-7.57 (m, 9H), 7.677.69 (m, 1H), 7.90 (ddJ = 8.8,
1.6 Hz, 1H), 8.01 (dJ = 8.8 Hz, 1H), 8.27 (dJ = 1.4 Hz, 1H).

To a solution of the ester (318 mg, 0.595 mmol) obtained above
in MeOH (3.6 mL) and THF (1.8 mL) was addet N aqueous
NaOH (1.09 mL, 4.38 mmol). The reaction mixture was heated at
reflux temperature for 2 h. The mixture was acidified to pH 3 with
2 N hydrochloric acid with cooling by an ieevater bath, and the
precipitated solid was collected by filtration to give a solid (303
mg). The solid was recrystallized from acetone (3 mL) and collected
by filtration to give 179 mg (58%) o®a as white solid: mp 223
224°C; *H NMR (DMSO-dg) 6 1.20-1.44 (brm, 3H), 1.631.70
(brm, 1H), 1.806-1.91 (brm, 4H), 2.152.29 (brm, 2H), 3.934.04
(brm, 1H), 5.08 (s, 2H), 6.96 (dd,= 8.6, 2.3 Hz, 1H), 7.08 (dd,

J =121, 2.3 Hz, 1H), 7.387.56 (m, 9H), 7.677.69 (m, 1H),
7.89 (dd,J = 8.8, 1.6 Hz, 1H), 7.97 (d] = 8.8 Hz, 1H), 8.25 (d,

mM MgCl,, 50 mM NaCl, 1 mM EDTA, 1 mM DTT, and 0.01%
BSA. After incubation for 60 min at 28C, the reactions were
terminated by addition of 15@L of a solution containing 10%
trichloroacetic acid and 1% sodium diphosphate. The RdRp activity
was evaluated from the radioactivity present in the acid-insoluble
material. Compounds were dissolved in DMSO and added to the
reaction mixtures at a final DMSO concentration of 5%. Assays
were performed in triplicate, and the results were expressed as the
mean of three experiments.

HCV Replicon Assay and Cell Viability Studies. Inhibitory
activity of compounds on HCV replication was evaluated by
measuring the luciferase activity in Huh-5-2 céig#which harbor
HCV genotype 1b subgenomic replicon encoding chimeric reporter
luciferase, and expressed assg(oncentration to reduce 50% of
the replication). Huh-5-2 cells were seeded in a 96-well plate at 5
x 108 cells and cultured in Dulbecco’s modified essential medium
(Nikken Bio Medical Laboratory) supplemented with 100 U/mL
penicillin, 100ug/mL streptomycin, 2 mM I-glutamine, and 10%
fetal bovine serum at 37C under 5% C@ On the following day,
compounds were added and cultures were continued for 48 h in
the presence of compounds. Luciferase assay was carried out using
Steady-Glo reagent (Promega) according to the manufacture’s
instruction. Cell viability of compounds was also evaluated in Huh-
5-2 cells using CellTiter 96 Aqueous One Solution reagent
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(Promega) according to the manufacturer’s instructions (MTT
method?) and expressed as ggfconcentration to reduce 50% of
cell viahility). Assays were performed in triplicate, and the results
were expressed as the mean of three experiments.

Acknowledgment. We thank Mr. Mitsumasa Takahashi and
Mr. Eita Nagao for analytical support. We are grateful to Mr.
Yasushi Niwa and Mr. Atsuhito Yoshida for support running
the biological assays. We also thank Mr. Tsuyoshi Adachi for
his support preparing NS5B proteins and Dr. Jun-ichi Haruta
for support.

Supporting Information Available: Results from elemental
analysis. This material is available free of charge via the Internet
at http://pubs.acs.org.

References

(1) Ishida, T.; Suzuki, T.; Hirashima, S.; Mizutani, K.; Yoshida, A.;
Ando, |.; lkeda, S.; Adachi, T.; Hashimoto, H. Benzimidazole
inhibitors of hepatitis C virus NS5B polymerase: Identification of
2-[(4-diarylmethoxy)phenyl]-benzimidazoldioorg. Med. Chem.
Lett. 2006 16, 1859-1863.

(2) Hashimoto, H.; Mizutani, K.; Yoshida, A. Preparation of Heterocyclic
Compounds as Remedies for Hepatitis C. Int. Patent Appl. WO 01/
47883, 2001.

(3) Choo, Q, L.; Kuo, G.; Weiner, A. J.; Overby, L. R.; Bradley, D. W.;
Houghton, M. Isolation of a cDNA clone derived from a blood-borne
non-A, non-B viral hepatitis genom8&ciencel 989 244, 359-362.

(4) Bartenschlager, R. Candidate targets for hepatitis C virus-specific
antiviral therapy Intervirology 1997, 40, 378-393.

(5) WHO. Global surveillance and control of hepatitis . Viral
Hepatitis 1999 6, 35—47.

(6) Takahashi, M.; Yamada, G.; Miyamoto, R.; Doi, T.; Endo, H.; Tsuji,

T. Natural course of chronic hepatitis 8m. J. Gastroenteroll993

88, 240-243.

Fried, M. W.; Shiffman, M. L.; Reddy, K. R.; Smith, C.; Marinos,

G.; Gonales, F. L., Jr.; Hassinger, D.; Diago, M.; Carosi, G.;

Dhumeaux, D.; Craxi, A.; Lin, A.; Hoffman, J.; Yu, J. Peginterferon

alfa-2a plus ribavirin for chronic hepatitis C virus infectidh. Engl.

J. Med.2002, 347, 975-982.

Reviews: (a) Tan, S. L.; Pause, A.; Shi, Y.; Sonenberg, N. Hepatitis

C therapeutics: Current status and emerging strateblies. Re..

Drug Discavery 2002 1, 867—881. (b) Beaulieu, P. L.; Tsantrizos,

Y. S. Inhibitors of the HCV NS5B polymerase: New hope for the

treatment of hepatitis C infection€urr. Opin. Irwvest. Drugs2004

5, 838-850. (c) Gordon, C. P.; Keller, P. A. Control of hepatitis C:

A medicinal chemistry perspectivé. Med. Chem2005 48, 1-20.

(d) De Francesco, R.; Migliaccio, G. Challenges and successes in

developing new therapies for hepatitis lature 2005 436, 953—

960.

Kolykhalov, A. A.; Mihalik, K.; Feinstone, S.; Rice, C. M. Hepatitis

C virus-encoded enzymatic activities and conserved RNA elements

in the 3 nontranslated region are essential for virus replication in

vivo. J. Virol. 200Q 74, 2046-2051.

(10) (a) Beaulieu, P. L.; Bousquet, Y.; Gauthier, J.; Gillard, J.; Marquis,

M.; McKercher, G.; Pellerin, C.; Valois, S.; Kukolj, G. Non-

nucleoside benzimidazole-based allosteric inhibitors of the hepatitis

C virus NS5B polymerase: Inhibition of subgenomic hepatitis C virus

RNA replicons in Huh-7 Cells]. Med. Chem2004 47, 6884-6892.

(b) Beaulieu, P. L.; Bs, M.; Bousquet, Y.; Fazal, G.; Gauthier, J.;

Gillard, J.; Goulet, S.; LaPlante, S.; Poupart, M.-A.; Lefebvre, S;

McKercher, G.; Pellerin, C.; Austel, V.; Kukolj, G. Non-nucleoside

inhibitors of the hepatitis C virus NS5B polymerase: Discovery and

preliminary SAR of benzimidazole derivative&ioorg. Med. Chem.

Lett. 2004 14, 119-124.

Harper, S.; Avolio, S.; Pacini, B.; Di Filippo, M.; Altamura, S.;

Tomei, L.; Paonessa, G.; Di Marco, S.; Carfi, A.; Giuliano, C.;

Padron, J.; Bonelli, F.; Migliaccio, G.; De Francesco, R.; Laufer,

(7

~

@

=

©

~

(11)

Hirashima et al.

R.; Rowley, M.; Narjes, F. Potent inhibitors of subgenomic hepatitis
C virus RNA replication through optimization of indok-acetamide
allosteric inhibitors of the viral NS5B polymerasé. Med. Chem.
2005 48, 4547-4557.

Tedesco, R.; Shaw, A. N.; Bambal, R.; Chai, D.; Concha, N. O;

Darcy, M. G.; Dhanak, D.; Fitch, D. M.; Gates, A.; Gerhardt, W.

G.; Halegoua, D. L.; Han, C.; Hofmann, G. A.; Johnston, V. K;;

Kaura, A. C.; Liu, N.; Keenan, R. M.; Lin-Goerke, J.; Sarisky, R.

T.; Wiggall, K. J.; Zimmerman, M. N.; Duffy, K. J. 3-(1,1-Dioxo-

2H-(1,2,4)-benzothiadiazin-3-yl)-4-hydroxy-2{}-quinolinones. Po-

tent inhibitors of hepatitis C virus RNA-dependent RNA polymerase.

J. Med. Chem2006 49, 971-983.

Afdhal, N.; Godofsky, E.; Godofsky, B.; Dienstag, J.; Rustgi, V.;

Schick, L.; McEniry, D.; Zhou, X.-J.; Chao, G.; Fang, C.; Fielman,

B.; Myers, M.; Brown, N. Final phase I/l trial results for NM283,

a new polymerase inhibitor for hepatitis C: Antiviral efficacy and

tolerance in patients with HCV-1 infection, including previous

interferon failures. Presented at the 55th AASLD, Boston, MA,

October 29 through November 2, 2004; http://www.idenix.com/

products/datapres_nm283/AfdhalAASLD04_10-04.pdf.

(14) Company Press Release, ViroPharma, Inc., November 10, 2005;
http://phx.corporate-ir.net/phoenix.zhtm282320&p=
irol-researchNewsArticle&IB-781310&highlight=HCV.

(15) Miyaura, N.; Suzuki, A. Palladium-catalyzed cross-coupling reactions
of organoboron compound€hem. Re. 1995 95, 2457-2483.

(16) Clarke, H. T.; Gillespie, H. B.; Weisshaus, S. Z. The action of
formaldehyde on amines and amino aciélsAm. Chem. S0d.933
55, 4571-4587.

(17) Nahm, S.; Weinreb, S. MN-MethoxyN-methylamides as effective
acylating agentsTetrahedron Lett1981, 22, 3815-3818.

(18) Suzuki, M.; lwasaki, T.; Miyoshi, M.; Okumura, K.; Matsumoto, K.
New convenient synthesis af-C-acylamino acids andx-amino
ketones.J. Org. Chem1973 38, 3571-3575.

(19) Pedersen, B. S.; Lawesson, S.-O. Studies on organophosphorus
compounds. XXVIII. Syntheses of81,2-dithiole-3-thiones andH+
1,3,2-oxazaphosphorine derivatives from the dimep-ofiethoxy-
phenylthionophosphine sulfide and derivatives of 3-oxo carboxylic
acids.Tetrahedron 1979 35, 2433-2437.

(20) Sato, T.; Itoh, H.; Fujiwara, T. Facile synthesigseketoesters by a
coupling reaction of the Reformatsky reagent with acyl chlorides
catalyzed by palladium comple€hem. Lett1982 1559-1560.

(21) Schenone, P.; Sansebastiano, L.; Mosti, L. Reaction of 2-dimethyl-
aminomethylene-1,3-diones with dinucleophiles. VIII. Synthesis of
ethyl and methyl 2,4-disubstituted 5-pyrimidinecarboxylatés.
Heterocycl. Chem199Q 27, 295-305.

(22) Adachi, T.; Ago, H.; Habuka, N.; Okuda, K.; Komatsu, M.; Ikeda,
S.; Yatsunami, K. The essential role of C-terminal residues in
regulating the activity of hepatitis C virus RNA-dependent RNA
polymeraseBiochim. Biophys. Act2002 1601, 38—48.

(23) Lohmann, V.; Kener, F.; Koch, J. O.; Herian, U.; Theilmann, L.;
Bartenschlager, R. Replication of subgenomic hepatitis C virus RNAs
in a hepatoma cell lineSciencel999 285 110-113.

(24) Krieger, N.; Lohmann, V.; Bartenschlager, R. Enhancement of
hepatitis C virus RNA replication by cell culture-adaptive mutations.
J. Virol. 2001, 75, 4614-4624.

(25) A similar observation is seen in the structurally related indole series.
See ref 11.

(26) The Boehringer Ingerheim group reported in their study of benzimi-
dazole derivatives that the aromatic ring at the 2-position of the
benzimidazole ring sterically influences the conformation of the
cyclohexyl ring at the Nposition and that steric bulkiness at the
ortho position reduces the biochemical potency. See ref 10b.

(27) Cory, A. H.; Owen, T. C.; Barltrop, J. A.; Cory, J. G. Use of an
aqueous soluble terazolin/formazan assay for cell growth assays in
culture.Cancer Communl991, 3, 207-212.

(12)

(13)

JMO060269E



