
Bioorganic & Medicinal Chemistry Letters 22 (2012) 3554–3559
Contents lists available at SciVerse ScienceDirect

Bioorganic & Medicinal Chemistry Letters

journal homepage: www.elsevier .com/ locate/bmcl
Synthesis and acrosin inhibitory activity of methyl 5-substituted-
1H-benzo[d]imidazol-2-yl carbamate derivatives

Xuefei Liu a,�, Qianqian Chen a,�, Ju Zhu a, Yongzheng Fan a, Lili Ding a, Juntao Zhao a, Guangqian Han b,
Wei Tian a, Jingjing Qi a, Youjun Zhou a,⇑, Jiaguo Lv a,⇑
a Department of Medicinal Chemistry, School of Pharmacy, Second Military Medical University, Shanghai 200433, PR China
b Department of Pharmacognosy, School of Food Science, Fujian Agriculture and Forestry University, Fujian 350002, PR China

a r t i c l e i n f o a b s t r a c t
Article history:
Received 19 November 2011
Revised 1 March 2012
Accepted 9 March 2012
Available online 21 March 2012

Keywords:
acrosin inhibitory agents
synthesis
methyl 5-substituted 1H-benzo[d]imidazol-
2-ylcarbamate
0960-894X/$ - see front matter Crown Copyright � 2
http://dx.doi.org/10.1016/j.bmcl.2012.03.042

⇑ Corresponding authors. Tel.: +86 021 81871234.
E-mail addresses: zhouyoujun2006@yahoo.com.

@yahoo.com.cn (J. Lv).
� Co-first author.

R

isoxaz

Figure 1. Chem
A series of novel methyl 5-substituted 1H-benzo[d]imidazol-2-ylcarbamates were designed, synthesized,
and their acrosin inhibitory activities evaluated in vitro. The results of acrosin inhibitory activity showed
that all title compounds were more potent than the control TLCK. Compound 4w displayed the most
potent acrosin inhibitory activity among all the compounds, with an IC50 of 6.3 � 10�5 M. The studies
provide a new structural class for the development of novel acrosin inhibitory agents.
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The contraceptive pill is one of the most important methods of
contraception, protecting millions of women worldwide from un-
wanted pregnancies therefore allowing a measure of control over
reproduction. However, the oral contraceptive pill is only available
for women and most of these pills can have serious side effects,
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such as breakthrough menstrual bleeding, nausea, vomiting, acne,
breast tenderness, cramping, weight gain, heavy bleeding and
headaches.1–4 Therefore, there is a need for new contraceptive
agents and methods which are easier to use with fewer side effects
and available for both men and women.
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Figure 2. Chemical structures of KF-950.
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Sperm acrosin is the major trypsin-like protease present in the
acrosome of all mammalian spermatozoa,5 and is also a sperm-spe-
cific enzyme involved in the acrosome reaction. Acrosin plays a
critical role in fertilization where it hydrolyzes the zona pellucida
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Figure 3. Chemical structures

Table 1
Acrosin inhibitory property of the target compounds

Compound R

4a R1 = (2, 5-CH3)Ph–, R2 = H
4b 2-F
4c 4-F
4d 4-Br
4e 2-Cl
4f 4-Cl
4g 2, 4-Cl
4h 3, 4-Cl
4i 4-OCH3

4j 3-CH3

4k 4-CH3

4l H
4m 4-CF3

4n 2, 4-F
4o 3, 4-F
4p 3-F
4q 2-OCH3

4r 3-OCH3

4s 3,4-OCH3

4t R1 = (CH3)2CH–, R2 = H
4u R1 = CH3(CH2)3–, R2 = H
4v R1 = CH3(CH2)5–, R2 = H
4w R1 = (CH3)2CH(CH2)2–, R2 = (CH3)2CH(CH2)2–
4x R1 = PhCH2–, R2 = CH3–
TLCK
5-i

* 5i= OHC

ON
and the vitelline membrane, and facilitates the penetration of the
sperm through the innermost glycoprotein layers of the oocytes.6

Inhibition of acrosin activity should block fertilization and/or re-
duce the success of fertilization.7 Therefore, acrosin is a key en-
zyme in fertilization, and is also a potential target for the design
and development of novel male contraceptive agents. In recent
years, several acrosin inhibitors have been reported such as N-al-
pha-tosyl-L-lysyl-chloromethyl-ketone (TLCK), DV-1006, isoxazol-
ecarbaldehydes and 4-guanidinobenzoates (Fig. 1).8–11

In recent years, our group has focused on the research of novel
acrosin inhibitors. In a previous study, we constructed a homolo-
gous three-dimensional model of human acrosin based on the crys-
tal structures of the ram and boar forms,12 since no crystal
structures of human acrosin have been reported. The active site
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of the target compounds.

Formula IC50 (mM)

C17H18N4O4S 8.86
C16H15FN4O4S 0.31
C16H15FN4O4S 2.40
C16H15BrN4O4S 1.64
C16H15N4O4SCl 5.75
C16H15N4O4SCl 7.52
C16H14N4O4SCl2 1.27
C16H14N4O4SCl2 4.02
C17H18N4O5S 3.29
C17H18N4O4S 5.06
C17H18N4O4S 3.18
C16H15N4O4S 1.03
C17H15F3N4O4S 10.70
C16H14F2N4O4S 1.55
C16H14F2N4O4S 1.59
C16H15FN4O4S 1.81
C17H18N4O5S 8.42
C17H18N4O5S 7.50
C18H20N4O6S 11.50
C12H16N4O4S 0.47
C13H18N4O4S 1.77
C15H22N4O4S 1.80
C19H31N4O4S 0.063
C17H18N4O4S 1.25

142.6
C10H5Cl2NO2 1.70
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Scheme 1. Synthesis of the target compounds 4a–4x. Reagents and conditions: (a) Calcium chloride, tetrabutylammonium bromide, dimethyl carbonate, reflux, 90–100 �C,
6 h, yield 72.3%; (b) chlorosulfonic acid, 0 �C, ethyl acetate, yield 90.2%; (c) synthesis of the target compounds 4a, 4t–4x: ethyl acetate, triethylamine, 2,5 -dimethyl aniline, rt,
overnight; (d) synthesis of the target compounds 4b–4s: tetrahydrofuran, triethylamine, benzyl amine derivatives, rt, overnight.
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of human acrosin was analyzed using the multiple copy simulta-
neous search (MCSS) method,13,14 which showed that the active
site of human acrosin can be divided into three parts: P1 pocket,
P2 pocket and G pocket. A parallel virtual screening strategy in
combination with pharmacophore-based and docking-based tech-
niques15 provided a good shortcut for development of acrosin
inhibitory agents. We designed and synthesized several novel
small acrosin inhibitors based on this model such as KF-950
(Fig. 2), 7-azaindol derivatives,16 and substituted ethyl 5-(4-ami-
nophenyl)-1H-pyrazole-3-carboxylate derivatives.17

In this Letter, we report the synthesis and the in vitro acrosin
inhibitory activities of novel methyl 5-substituted-1H-benzo[d]
imidazol-2-ylcarbamate compounds (Fig. 3, Table 1). Methyl
benzimidazole-2-carbamates (such as Albendazole) are mainly
used as antiparasitic drugs affecting the tubulin polymerization in
helminths.18 We have found that methyl benzimidazole-2-carba-
mates could be a scaffold of acrosin inhibitory by molecular docking.

The chemical synthesis of the target compounds is outlined in
Scheme 1. The starting compound, methyl [5-(chlorosulfonyl)-1H-
benzo[d]imidazol-2-yl]-carbamate (3) was readily prepared by
the reaction of chlorosulfonic acid and methyl 1H-benzo[d]imida-
zol-2-yl carbamate (2), which can be obtained from commercially
available 1H-benzo[d]imidazol-2-amine (1) and dimethyl carbon-
ate in the presence of tetrabutylammonium bromide under reflux.
The reaction of intermediate (3) with different benzyl amines or
aliphatic amines in the presence of triethylamine gave the target



Figure 4. Identification of regions where acrosin protein interacts with various pharmacophores in 1H-benzo[d]imidazol-2-ylcarbamate and 1H-benzo[d]imidazol-2-
ylcarbamate in the active site of acrosin.

Figure 5. Identification of regions where acrosin protein interacts with various pharmacophores in compounds 4w and compounds 4w in the active site of acrosin.
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compounds 4a–4s. The structures of 4a–4s were confirmed by 1H
NMR and mass spectral analysis.19

The in vitro acrosin inhibitory activities of the target com-
pounds were evaluated by a modification of the method of Ken-
nedy et al.,20 and the results are listed in Table 1, in which TLCK
was used as the control. The results showed that all title com-
pounds had better acrosin inhibitory activities than that of the con-
trol TLCK.

In general, compounds with aliphatic chains (4t–4x) were more
potent than compounds with aromatic rings (4a–4s). Compound
4w containing isopentyl group displayed the most potent acrosin
inhibitory activity among all the compounds, with an IC50 of
6.3 � 10�5 M. For the aromatic series, compounds with a halo-
gen-substituted phenyl ring (4b–4h, 4n–4p) were more active than
compounds with a methyl or methoxy-substituted phenyl ring (4i–
4k, 4q–4s). In particular, compounds with a fluoro-substituted
phenyl ring (4b–4c, 4n–4p) showed better inhibitory activity than
their chloro and bromo-substituted (4d–4h) analogs.
A molecular docking study was carried out using the Discovery
Studio 2.5 software package.21 The modes of action of compound
4w and TLCK within the active site of human acrosin are shown
in Figures 5 and 6. The results showed that TLCK is located in the
P1 pocket and only forms hydrophobic interactions with hydro-
phobic residues lining the pocket (Fig. 6). As shown in Figures 4
and 5, the benzo[d]imidazole scaffold of target compound 4w is lo-
cated in the P1 and G pockets and forms hydrophobic interactions
with the residues Trp243, Gly244, Val245 and Gly246. The carba-
mate group of compound 4w is located in the P1 pocket and forms
three pairs of hydrogen bonds with the key residues Gln218,
Ser221 and Trp243. The two isoamyl groups of the sulfamide of
compound 4w extend into the P2 and G pockets, and form hydro-
phobic interactions with Tyr196, Gln197, Arg199, Gly244, Val245,
Ser117, Ala118, Thr119, and Glu120. The results suggest that the
hydrogen-bond interactions within the P1 pocket and the hydro-
phobic interactions within the P2 pocket can increase the acrosin
inhibitory activities of target compounds.



Figure 6. TLCK in the active site of acrosin.
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In summary, a series of novel methyl 5-substituted 1H-
benzo[d]imidazol-2-ylcarbamates were designed, synthesized
and their acrosin inhibitory activities were evaluated in vitro.
The results of acrosin inhibitory activity showed that all title com-
pounds were more potent than that of the control TLCK. Compound
4w displayed the most potent acrosin inhibitory activity among all
the compounds, with IC50 of 6.3 � 10�5 M, making it worth further
study. The results identify a new structural class for the further
development of novel acrosin inhibitory agents.
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7.07 (s, 1H), 3.93 (d, 2H), 3.80 (s, 3H); MS (ESI) m/z: 395.57 [M�H]+. Anal. calcd
for C16H14F2N4O4S: C, 48.42; H, 3.53; N, 14.12; O, 16.14; S, 8.07, F, 9.58. Found:
C, 48.31; H, 3.24; N, 14.05; O, 16.24; S, 8.01, F, 9.42. Compound 4p: White solid;
mp: 263–264�C; 1H NMR (300 MHz, DMSO) d 11.24–12.61(br, 2H), 8.04 (t, 1H),
7.85 (s, 1H), 7.53 (s, 2H), 7.29 (dd, 1H), 6.90–7.15 (m, 3H), 3.96 (d, 2H), 3.78 (s,
3H); MS (ESI) m/z: 377.57 [M�H]+. Anal. calcd for C16H15FN4O4S: C, 50.72; H,
3.96; N, 14.79; O, 16.91; S, 8.45;F, 5.02. Found: C, 50.62; H, 3.73; N, 14.62; O,
16.86; S, 8.32, F, 5.12. Compound 4q: White solid; mp: 224–225�C; 1H NMR
(300 MHz, DMSO) d 11.38–12.49 (br, 2H), 7.85 (s, 1H), 7.79 (t, 1H), 7.53 (s, 2H),
7.10–7.31 (m, 2H), 6.86 (t, 2H), 3.86 (d, 2H), 3.77 (s, 3H), 3.67 (s, 3H); MS (ESI)
m/z: 389.57 [M�H]+. Anal. calcd for C17H18N4O5S: C, 52.23; H, 4.61; N, 14.34; O,
20.48; S, 8.19. Found: C, 52.13; H, 4.55; N, 14.25; O, 20.32; S, 8.07. Compound
4r: White solid; mp: 217–219 �C; 1H NMR (300 MHz, DMSO) d 11.28–12.48 (br,
2H), 7.96 (t, 1H), 7.85 (s, 1H), 7.53 (s, 2H), 7.11–7.32 (m, 1H), 6.77 (dd, 3H), 3.89
(d, 2H), 3.77 (s, 3H), 3.65 (s, 3H); MS (ESI) m/z: 389.24 [M�H]+. Anal. calcd for
C17H18N4O5S: C, 52.28; H, 4.61; N, 14.35; O, 20.50; S, 8.20. Found: C, 52.14; H,
4.54; N, 14.22; O, 20.32; S, 8.11. Compound 4s: White solid; mp: 248–249 �C;
1H NMR (300 MHz, DMSO) d 10.89–12.50 (br, 2H), 7.85 (s, 2H), 7.51 (s, 2H),
6.79 (d, 1H), 6.71 (d, 2H), 3.86 (d, 2H), 3.78 (s, 3H), 3.67 (s, 3H), 3.60 (s, 3H); MS
(ESI) m/z: 419.30 [M�H]+. Anal. calcd for C18H20N4O6S: C, 51.39; H, 4.76; N,
13.32; O, 22.84; S, 7.61. Found: C, 51.14; H, 4.55; N, 13.25; O, 22.74; S, 7.52.
Compound 4t: White solid; mp: 201–203 �C; 1H NMR (300 MHz, DMSO) d
11.26–12.57 (br, 2H), 7.86 (d, 1H), 7.54 (d, 2H), 7.42 (t, 1H), 3.77 (s, 3H), 3.03-
3.22 (m, 1H), 0.90 (t, 6H); MS (ESI) m/z: 311.23[M�H]+. Anal. calcd for
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C12H16N4O4S: C, 46.12; H, 5.12; N, 17.94; O, 20.50; S, 10.25. Found: C, 46.05; H,
5.04; N, 17.74; O, 20.36; S, 10.11. Compound 4u: White solid; mp: 184–186 �C;
1H NMR (300 MHz, DMSO) d 10.70–12.65 (br, 2H), 7.83 (s, 1H), 7.44–7.63 (m,
2H), 7.35 (t, 1H), 3.74 (s, 3H), 2.67 (t, 2H), 1.30 (m, 2H), 1.19 (m, 2H), 0.76 (t,
3H); MS (ESI) m/z: 325.21 [M�H]+. Anal. calcd for C13H18N4O4S: C, 47.82; H,
5.52; N, 17.17; O, 19.62; S, 9.81. Found: C, 47.65; H, 5.32; N, 17.09; O, 19.42; S,
9.66. Compound 4v: White solid; mp: 190–191 �C; 1H NMR (300 MHz, DMSO) d
11.08–12.39 (br), 7.82 (s), 7.46–7.61 (m, 2H), 7.36 (s, 1H), 3.77 (s, 3H), 2.67 (t,
2H), 1.17–1.32 (m, 2H), 1.02–1.17 (m, 6H), 0.77 (t, 3H); MS (ESI) m/z: 353.26
[M�H]+. Anal. calcd for C15H22N4O4S: C, 50.81; H, 6.21; N, 15.80; O, 18.07; S,
9.03. Found: C, 50.69; H, 6.08; N, 15.57; O, 18.11; S, 9.14. Compound 4w: White
solid; mp: 221–223 �C; 1H NMR (300 MHz, DMSO) d 11.37–12.45 (br, 2H), 7.80
(s, 1H), 7.51 (dd, 2H), 3.77 (s, 3H), 3.00 (t, 4H), 1.43–1.67 (m, 2H), 1.30 (q, 4H),
0.82 (d, 12H); MS (ESI) m/z: 409.42 [M�H]+. Anal. calcd for C19H31N4O4S: C,
55.55; H, 7.55; N, 13.64; O, 15.59; S, 7.80. Found: C, 55.41; H, 7.39; N, 13.45; O,
15.23; S, 7.64. Compound 4x: White solid; mp: 267–269 �C; 1H NMR (300 MHz,
DMSO) d 11.30–12.59 (br, 2H), 7.87 (s, 1H), 7.62 (d, 1H), 7.55 (dd, 1H), 7.16–
7.46 (m, 5H), 4.07 (s, 2H), 3.78 (s, 3H), 3.31 (s, 3H); MS (ESI) m/z: 373.37
[M�H]+. Anal. calcd for C17H18N4O4S: C, 54.49; H, 4.81; N, 14.96; O, 17.10; S,
8.55. Found: C, 54.30; H, 4.68; N, 14.65; O, 17.04; S, 8.32.
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