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ABSTRACT
2-(3-Chloro-1-benzothiophen-2-yl)-2H-benzotriazole 5 has been synthesized
in a three step procedure starting from 3-chloro-N-(2-nitrophenyl)-1-
benzothiophene-2-carboximidoylchloride via a 5-(3-chloro-1-benzothiophen-
2-yl)-1-(2-nitrophenyl)-1H-tetrazole intermediate. 3-Chloro-N-(3-chloro-4-
fluorophenyl)-1-benzothiophene-2-carboximidoylisothiocyanate was treated
with substituted amines and phenols to get compounds 9a-g and 10a-d,
separately. The structures of all the synthesized compounds were con-
firmed by spectral data and have been screened for antibacterial and anti-
fungal activity.  2012 Trade Science Inc. - INDIA

INTRODUCTION

Heterocyclic compounds containing sulfur and ni-
trogen atoms are considered to be one of the most ef-
fective antimicrobial drugs used either as single agents
or in combination for cancer therapy[1, 2]. Recent study
showed that several benzotriazole and triazole deriva-
tives represented an interesting class of heterocycles[3]

and became the most rapidly expanding group of anti-
fungal compounds with the advantage of low toxicity,
high oral bioavailability and broad spectrum activity[4-

6]. Moreover, a variety of benzotriazoles have been re-
ported to inhibit the growth of some microorganisms
and some benzotriazole derivatives show anti-inflam-
matory properties[7].

Multiple antiretroviral agents have been produced
to block replication of the HIV-1 virus by blocking HIV
reverse transcriptase[8, 9] or by blocking HIV pro-
tease[10]. Among the most important antiretroviral agents

recently introduced are the non-nucleoside reverse tran-
scriptase inhibitors (NNRTI), such as nevirapine[11] and
delavirdine[12], which are able to reduce reverse tran-
scriptase inhibition to subnanomolar concentrations.
Several heterocyclic thioureas have been reported as a
new class of potent NNRTIs such as phenethylthiazolyl-
thiourea(PETT1) derivatives[13-16] (Figure-1).

[17]described the synthesis of a series of
thiazolethioureas with alkyl, aryl, and heteroaryl sub-
stituents as newly identified NNRTIs of HIV, including
mutant strains of HIV, that are effective in the treatment
of multidrug-resistant HIV infection. Fathala and
Pazdera have recently reported a new and efficient syn-
thesis of novel quinazoline thioureas based on the
Domino reaction [18]. On the other hand,
benzothiophenes are of current interest due to their wide
spectrum of pharmacological properties such as anti-
allergic, anti-inflammatory, analgesic, antitubercular, an-
timicrobial, ocular hypotensive, and serotonine N-
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acetyltransferase inhibitors activities[19-23]. A drug based
on the benzothiophene ring is raloxifene, approved by
the U.S. Food and Drug Administration for the preven-
tion and treatment of osteoporosis associated with post-
menopausal women[24]. In view of these factors, it was
thought important to synthesize a benzothiophene-in-
corporated biheterocycles to explore its biological effi-
cacy.

RESULTS AND DISCUSSION

The preparation of the target carboxamide started
from the amidation of 3-chlorobenzothiophene-2-
carbonylchloride 1, which was prepared by the reac-
tion of cinnamic acid with thionyl chloride in DMF and
pyridine according to the reported method[25] and o-
nitroaniline in dry acetone. The resulting carboxamide

2 exhibited N-H stretching absorption in its IR spec-
trum at 3215 cm-1 and C=O stretching at 1712 cm-1.
The 1H-NMR spectrum of compound 2 exhibited a
broad peak at 10.21 ä ppm due to -CONH proton
(D

2
O exchangeable) and a multiplet in between 8.09-

7.63 ä ppm for eight aromatic protons. In addition,
compound 2 exhibited a molecular ion peak at m/z
332.76 in its mass spectrum which confirmed for for-
mation. Compound 2 was refluxed with thionyl chlo-
ride in toluene to get compound 3. Compound 3 exhib-
ited a peaks at 672 cm-1 in its IR spectrum confirming
the formation of a C-Cl bond. Compound 3 on
cyclocondensation with sodium azide in DMF gave
compound 4, which exhibited peaks at 1625 and 1429
cm-1 due to C=N and NO

2
 stretching absorption fre-

quencies, respectively. Compound 4 exhibited a mo-
lecular ion peak at m/z 357.77 in its mass spectrum
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Scheme 1 : Synthesis of benzothiophen-2-yl-2H-benzotriazole 5.
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which confirmed its formation. 3-Chloro-1-
benzothiophen-2-yl)-1-(2-nitrophenyl)-1H-tetrazole
was refluxed with nitrobenzene to get compound 5. The
absence of an NO

2 
absorption in its IR spectrum con-

firmed the formation of 5 (Scheme-1).

In Scheme-2, A mixture of compound 1 and 3-
chloro-4-fluoroaniline in dry acetone gave compound
6. The 1H-NMR spectrum of compound 6 exhibited a
multiplet in the region between 8.68-7.98 ä ppm due
to seven aromatic protons and a singlet at 10.24 ä ppm
which corresponds to the one proton of the CONH
group. Finally, compound 6 produced a molecular ion
peak at m/z 340.19 which is in accordance with the
structure. Benzothiophene-2-carboxamide was refluxed
with thionyl chloride in toluene to give
carboximidoylchloride 7. The absence of a CONH peak
in its 1H-NMR spectrum is consistent with its forma-
tion. Compound 8 was slowly added to 4-fluoroaniline
to get compound 9a. The IR spectrum of compound
9a showed absorption bands at 3120, 1620 and 1320
cm-1 due to N-H, C=N and C=S stretching absorption
frequencies, respectively. The 1H-NMR spectrum ex-
hibited a multiplet in the region from 8.09-7.69 ä ppm
due to eleven aromatic protons, two singlets at 12.63
and 2.05 ä ppm corresponding to two protons of the
NH groups. As an additional proof, the mass spectrum
of compound 9a exhibited a molecular ion peak at m/z
492.39. Compound 8 was stirred with phenol to get
compound 10a. As anticipated the IR spectrum of com-
pound 10a exhibited peaks at 3123, 1623 and 1328
cm-1 corresponding to NH, C=N and C=S stretching
absorption frequencies, respectively. The 1H-NMR
spectrum of compound 10a exhibited a multiplet in the
region between 8.68-7.38 ä ppm due to twelve aro-
matic protons and singlet at 2.09 ä ppm which corre-
sponds to the one proton of the NH group. Finally,
compound 10a produced a molecular ion peak at m/z
475.38 which is in accordance with the structure.

BIOLOGICAL EVALUATION

Antibacterial activity

A Cup plate method using Hi-Media agar medium
was employed to study the antibacterial activity of the
synthesized compounds against two Gram-positive bac-
teria, Staphylococcus aureus-ATCC 25923 and Ba-
cillus subtilis-ATCC 6633 and Gram-negative bacte-
ria, Pseudomonas aeruginosa-ATCC 10145 and Es-
cherichia coli-ATCC 35218. Preparation of nutrient
broth, subculture, base layer medium, agar medium and
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peptone water is done as per the standard procedure[26].
Each test compound (50 mg) was dissolved in dimethyl
formamide (50 mL, 1000 ìg/mL) to obtain a sample
solution. Sample volume for all the compounds was fixed
at 0.1 mL. The cups were made by scooping out agar
medium with a sterilized cork borer in a petri dish, which
was previously inoculated with the microorganisms. The
solution of each test compound (0.1 mL) was added to
the cups and petri dishes and were subsequently incu-
bated at 37°C for 48 h. Chloramphenicol and Strepto-

mycin were used as reference drugs and dimethyl
formamide as a control. The zone of inhibition produced
by each compound was measured in mm. As shown in
the TABLE 1, the tested compounds showed slightly
to moderate antibacterial activity compared to standard
drugs against each microorganism.

Antifungal activity

The antifungal activity of the synthesized compounds
was tested against four different fungi, i.e. Candida
albicans, Crysosporium pannical, Aspergillus niger
and Rhizopus oryzae by a filter paper disc technique[27].
The concentration of test compounds was 1000 ìg/

mL. After treatment for 48 h the zone of inhibition pro-
duced by each compound was measured in mm.
Griseofulvin was used as the standard antifungal agent
and dimethyl formamide as a control. The results of
antifungal activity are depicted in TABLE 2. Tested
compounds showed slight to moderate antifungal ac-
tivity.

TABLE 1 : Antibacterial activity of the tested compounds

Zone of inhibition (mm) 
Gram positive 

bacteria 
Gram negative 

bacteria Compound 
S. 

aureus 
B. 

subtilis 
P. 

aeruginosa 
E. 

coli 
2 13 14 14 14 

3 12 15 13 14 

4 11 15 13 13 

5 14 15 15 11 

6 10 14 15 11 

7 15 13 13 15 

9a 13 15 15 13 

9c 13 14 12 14 

9d 13 16 12 15 

9f 14 12 10 11 

9g 14 14 14 12 

10a 16 13 15 15 

10b 15 15 13 13 

10c 13 11 11 11 

Control(DMF) 00 00 00 00 

Chloramphenicol 24 25 20 22 

Streptomycin 23 21 18 20 

TABLE 2 : Antifungal activity of the tested compounds

Zone of inhibition (mm) 
Compound 

C. albicans C. pannical A.niger R. oryzae 

2 12 17 15 15 

3 12 11 11 11 

4 11 15 15 15 

5 15 10 10 10 

6 10 17 17 17 

7 15 15 11 12 

9a 14 11 11 11 

9c 14 13 14 14 

9d 16 12 11 13 

9f 12 11 12 14 

9g 12 15 14 11 

10a 13 10 13 13 

10b 12 17 15 15 

10c 15 12 12 15 

Control(DMF) 00 00 00 00 

Griseofulvin 24 25 23 22 

EXPERIMENTAL

All chemicals were analytical grade, purchased from
commercial suppliers and used as received without fur-
ther purification. Melting points were determined in open
capillary and were uncorrected. FT-IR spectra were
recorded on a Nicolet Fourier Transform Infrared Spec-
trophotometer: Impact 410 (Nicolet Instrument Tech-
nologies, Inc. WI, USA). Infrared spectra were re-
corded between 400 cm-1 to 4,000 cm-1 in transmit-
tance mode. 1H-NMR and 13C-NMR were obtained
in DMSO-d

6
 at 400 MHz for 1H nuclei and 100 MHz

for 13C nuclei (Varian Company, USA). All chemical
shifts were reported in parts per million (ppm) using
residual proton or carbon signal in deuterated solvents
as internal references. Mass spectra were obtained us-
ing matrix-assisted laser desorption ionization mass
spectrometry (MALDI-TOF) by using dithranol as a
matrix. Elemental analysis (C, H, N and S) was per-
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formed on Perkin Elmer 240 analyzer. The purity of the
compound was checked by TLC on silica gel and fur-
ther purification was performed through column chro-
matography (silica gel, 60�120 mesh).

Preparation of 3-chloro-1-benzothiophene-2-
carbonylchloride (1)

Compound 1 was prepared according to the lit-
erature procedure[25], mp. 112-1140C (Lit. mp. 110-
1120C)

Preparation of 3-chloro-N-(2-nitrophenyl)-1-
benzothiophene-2-carboxamide (2)

Compound 1 (2.31 g, 0.01 mol) was treated with
o-nitroaniline (1.38 g, 0.01 mol) in dry acetone (25
mL) and stirred for 1 h at room temperature, the pre-
cipitate was filtered, washed with water, dried and re-
crystallized from 1,4-dioxane to get pure compound 2.

Yield 65%; mp 221-2230C; IR õ (cm-1): 3215 (N-
H), 1712 (C=O), 1572 (C=C), 1423 (NO

2
), 1074

(=C-Cl), 685 (C-S-C); 1H-NMR ä (ppm): 10.21 (s,
1H, CONH), 8.09-7.63 (m, 8H, Ar-CH); 13C-NMR
ä (ppm): 161.8, 142.4, 141.6, 135.9, 133.4, 131.2,
131.1, 129.9, 126.7, 125.3, 125.2, 124.4, 124.3,
122.8, 118.4; MS, m/z: 332.76 (M+). Anal. calcd. for
C

15
H

9
ClN

2
O

3
S: C, 54.14; H, 2.73; N, 8.42; S, 9.64;

found: C, 54.08; H, 2.70; N, 8.38; S, 9.59%.

Preparation of 3-chloro-N-(2-nitrophenyl)-1-
benzothiophene-2-carboximidoylchloride (3)

A mixture of compound 2 (3.32 g, 0.01 mol) and
thionyl chloride (1.18 g, 1.02 mL, 0.01 mol) in toluene
(20 mL) was refluxed for 1 h, after which the hot solu-
tion was filtered and the solvent removed under reduced
pressure to get compound 3 as light yellow color solid.

Yield 60%; mp 267-2690C; IR õ (cm-1): 1620
(C=N), 1420 (NO

2
), 672 (C-Cl); 1H-NMR ä (ppm):

8.19-7.81 (m, 8H, Ar-CH); 13C-NMR ä (ppm): 146.7,
139.6, 135.9, 135.6, 135.5, 131.7, 125.9, 124.4,
124.3, 123.2, 122.8, 120.6, 118.0, 114.4, 73.8; MS,
m/z: 351.20 (M+). Anal. calcd. for C

15
H

8
Cl

2
N

2
O

2
S: C,

51.30; H, 2.30; N, 7.98; S, 9.13; found: C, 51.26; H,
2.25; N, 7.93; S, 9.10%.

Preparation of 5-(3-chloro-1-benzothiophen-2-yl)-
1-(2-nitrophenyl)-1H-tetrazole (4)

Compound 3 (3.51 g, 0.01 mol) was dissolved in

dry DMF (20 mL) and added dropwise to a vigorously
stirred mixture of sodium azide (0.65 g, 0.01 mol) and
dry DMF (10 mL) over a period of 45 min, the tem-
perature being kept below 25ºC throughout. The sus-

pension thus obtained was heated at 80ºC for 1 h and

then cooled. Next, enough water to dissolve any inor-
ganic salts present and cause turbidity was added and
the mixture stored refrigerated at 5ºC for one day. The

crystals thus formed were filtered off and washed with
water to obtain compound 4.

Yield 74%; mp 272-2740C; IR õ (cm-1): 1625
(C=N), 1429 (NO

2
); 1H-NMR ä (ppm): 8.33-7.78

(m, 8H, Ar-CH); 13C-NMR ä (ppm): 146.2, 136.1,
134.1, 130.3, 130.1, 129.3, 125.1, 124.4, 124.3,
123.2, 122.8, 122.3, 122.3, 141.7; MS, m/z: 357.77
(M+). Anal. calcd. for C

15
H

8
ClN

5
O

2
S: C, 50.36; H,

2.25; N, 19.57; S, 8.96; found: C, 50.30; H, 2.21; N,
19.54; S, 8.92%.

Preparation of 2-(3-chloro-1-benzothiophen-2-yl)-
2H-benzotriazole (5)

Compound 4 (2g) and freshly distilled nitrobenzene
(20 mL) were heated together under vigorous reflux
for 1 h. After the reaction mixture was cooled, the ni-
trobenzene was removed by vacuum distillation and the
residue purified by column chromatography [silica-gel,
petroleum ether/ethyl acetate (95:5)] yielded pure 5.

Yield 71%; mp 296-2980C; IR õ (cm-1): 1623
(C=N); 1H-NMR ä (ppm): 8.38-8.01 (m, 8H, Ar-CH);
13C-NMR ä (ppm): 143.0, 143.0, 141.8, 136.1, 126.2,
126.2, 124.4, 124.3, 123.2, 122.8, 122.4, 122.4; MS,
m/z: 285.75 (M+). Anal. calcd. for C

14
H

8
ClN

3
S: C,

58.84; H, 2.82; N, 14.71; S, 11.22; found: C, 58.82;
H, 2.78; N, 14.69; S, 11.16%.

Preparation of 3-chloro-N - (3 - chloro - 4 -
fluorophenyl)-1-benzothiophene-2-carboxamide (6)

A mixture of compound 1 (2.31 g, 0.01 mol) and
3-chloro-4-fluoroaniline (1.37 g, 0.01 mol) in dry ac-
etone (20 mL) was refluxed for 1 h. After the comple-
tion of the reaction (TLC-monitoring), the reaction mix-
ture was cooled down to room temperature and then
poured into crushed ice. The precipitate was filtered,
dried and recrystallized from 1,4-dioxane to get com-
pound 6 as a light yellow solid.

Yield 83%; mp 303-3070C; IR õ (cm-1): 3212 (N-
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H), 1713 (C=O), 890 (C-F); 1H-NMR ä (ppm): 10.24
(s, 1H, CONH), 8.64-7.98 (m, 7H, Ar-CH); 13C-
NMR ä (ppm): 154.4, 141.6, 135.9, 134.5, 133.4,
129.9, 126.7, 124.4, 124.3, 124.2, 123.6, 122.8,
120.9, 113.6, 61.6; MS, m/z: 340.19 (M+). Anal. calcd.
for C

15
H

8
Cl

2
FNOS: C, 52.96; H, 2.37; N, 4.12; S,

9.43; found: C, 52.90; H, 2.34; N, 4.04; S, 9.41%.

Preparation of 3 - chloro - N - (3 - chloro - 4 -
fluorophenyl)-1-benzothiophene-2-carboximi
doylchloride (7)

A mixture of 3-chloro-N-(2-nitrophenyl)-1-
benzothiophene-2-carboxamide (3.58 g, 0.01 mol) and
thionyl chloride (1.18 g, 1.03 mL, 0.01 mol) in toluene
(20 mL) was refluxed for 1 h, after which the hot solu-
tion was filtered and the solvent removed under reduced
pressure to give carboximidoyl chloride 7.

Yield 74%; mp 287-2890C; IR õ (cm-1): 1634
(C=N), 894 (C-F); 1H-NMR ä (ppm): 8.16-7.45 (m,
7H, Ar-CH); 13C-NMR ä (ppm): 164, 157.3, 146.0,
131.6, 126.7, 125.9, 124.4, 124.3, 124.2, 122.8, 122,
122.0, 122.0, 119.9, 118.2; MS, m/z: 358.64 (M+).
Anal. calcd. for C

15
H

7
Cl

3
FNS: C, 50.23; H, 1.97; N,

3.91; S, 8.94; found: C, 50.18; H, 1.94; N, 3.89; S,
8.89%.

Preparation of 3 - chloro - N - (3 - chloro - 4 -
fluorophenyl) - 1 -benzothiophene-2-carboxim
idoylisothiocyanate (8)

Potassium thiocyanate (0.76 g, 0.01 mol) in dry
acetone (10 mL) was slowly added dropwise at 00C to
3-chloro-1-benzothiophene-2-carbonylchloride 1 (2.31
g, 0.01 mol) in dry acetone (10 mL) with continuous
stirring and then filtered to get carboximidoyl
isothiocyanate 8 as a light yellowish liquid.

General procedure for synthesis of compounds
9a-g.

Exemplary detail for 3-chloro-N�-(3-chloro-4-
fluorophenyl)-N-[(4-fluorophenyl)carbamothioyl]-
1-benzothiophene-2-carboximidamide (9a)

Potassium thiocyanate (0.76 g, 0.01 mol) in dry
acetone (10 mL) was slowly added dropwise at 00C to
an 3-chloro-1-benzothiophene-2-carbonylchloride 1
(2.31 g, 0.01 mol) in dry acetone (10 mL) with con-
tinuous stirring and then filtered. The filtrate was slowly

added at room temperature to 4-fluoroaniline (0.94 g,
0.75 mL, 0.01 mol) in dry acetone (10 mL) with con-
tinuous stirring thereafter, two-third of the solvent was
distilled under vacuum. The concentrate was left over-
night in a refrigerator. The solid product was filtered
off, washed with water and recrystallised from metha-
nol and purified through column chromatography by
using petroleum ether and ethyl acetate (5:95) as an
eluent to get pure 9a. Compounds 9b-g were prepared
in a similar manner.

Yield 60%; mp 261-2630C; IR õ (cm-1): 3130 (N-
H), 1620 (C=N), 1320 (C=S), 770 (C-F), 680 (C-
Cl); 1H-NMR ä (ppm): 12.63 (s, 1H, NH), 8.09-7.69
(m, 11H, Ar-CH), 2.05 (s, 1H, NH); 13C-NMR ä
(ppm): 177.4, 163.2, 146.1, 157.3, 134.1, 131.6,
131.0, 131.0, 126.7, 125.9, 124.4, 124.3, 124.2,
122.8, 122, 122.0, 122.0, 118.2, 115.5, 115.5; MS,
m/z: 492.39 (M+). Anal. calcd. for C

22
H

13
Cl

2
F

2
N

3
S

2
:

C, 53.66; H, 2.66; N, 8.53; S, 13.02; found: C, 53.61;
H, 2.60; N, 8.50; S, 13.00%.

3-Chloro-N�-(3-chloro-4-fluorophenyl)-N-[(3-
chloro-4-fluorophenyl)carbamothioyl]-1-
benzothiophene-2-carboximidamide (9b).

Yield 62%; mp 255-2570C; IR õ (cm-1): 3133 (N-
H), 1623 (C=N), 1321 (C=S), 774 (C-F), 683 (C-
Cl); 1H-NMR ä (ppm): 12.58 (s, 1H, NH), 8.12-7.77
(m, 12H, Ar-CH), 2.03 (s, 1H, NH); 13C-NMR ä
(ppm): 177.1, 157.3, 154.8, 146.0, 134.1, 131.6,
129.1, 128.5, 126.7, 125.9, 124.4, 124.3, 124.2,
122.8, 122.8, 122.0, 122.0, 121.1, 118.2, 113.7; MS,
m/z: 526.83 (M+). Anal. calcd. for C

22
H

12
Cl

3
F

2
N

3
S

2
:

C, 50.16; H, 2.30; N, 7.98; S, 12.17; found: C, 50.13;
H, 2.22; N, 7.90; S, 12.14%.

3-Chloro-N�-(3-chloro-4-fluorophenyl)-N-[(4-
nitrophenyl)carbamothioyl]-1-benzothiophene-2-
carboximidamide (9c).

Yield 66%; mp 214-2160C; IR õ (cm-1): 3138 (N-
H), 1621 (C=N), 1316 (C=S), 773 (C-F), 687 (C-
Cl); 1H-NMR ä (ppm): 12.50 (s, 1H, NH), 8.09-7.65
(m, 11H, Ar-CH), 2.08 (s, 1H, NH); 13C-NMR ä
(ppm): 177.8, 157.3, 146.0, 144.6, 143.9, 131.6,
126.7, 125.9, 124.8, 124.8, 124.4, 124.3, 124.2,
124.2, 124.2, 122.8, 122.7, 122.2, 122.2, 118.2; MS,
m/z: 519.39 (M+). Anal. calcd. for C

22
H

13
Cl

2
FN

4
O

2
S

2
:

C, 50.87; H, 2.52; N, 10.79; S, 12.35; found: C, 50.83;
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H, 2.48; N, 10.76; S, 12.31%.

3-Chloro-N�-(3-chloro-4-fluorophenyl)-N-[(2-
chlorophenyl)carbamothioyl]-1-benzothiophene-2-
carboximidamide (9d).

Yield 55%; mp 228-2300C; IR õ (cm-1): 3136 (N-
H), 1622 (C=N), 1315 (C=S), 772 (C-F), 686 (C-
Cl); 1H-NMR ä (ppm): 12.48 (s, 1H, NH), 8.19-7.09
(m, 11H, Ar-CH), 2.06 (s, 1H, NH); 13C-NMR ä
(ppm): 177.7, 157.3, 146.0, 136.6, 133.7, 131.6,
131.1, 131.1, 129.1, 129.1, 126.7, 125.9, 124.4,
124.3, 124.2, 122.8, 122.6, 122.3, 122.3, 118.2; MS,
m/z: 508.84 (M+). Anal. calcd. for C

22
H

13
Cl

3
FN

3
S

2
:

C, 51.93; H, 2.58; N, 8.26; S, 12.60; found: C, 51.89;
H, 2.55; N, 8.21; S, 12.58%.

3-Chloro-N�-(3-chloro-4-fluorophenyl)-N-[(4-
chlorophenyl)carbamothioyl]-1-benzothiophene-2-
carboximidamide (9e).

Yield 60%; mp 296-2980C; IR õ (cm-1): 3128 (N-
H), 1618 (C=N), 1308 (C=S), 771 (C-F), 683 (C-
Cl); 1H-NMR ä (ppm): 12.44 (s, 1H, NH), 8.45-7.35
(m, 11H, Ar-CH), 2.13 (s, 1H, NH); 13C-NMR ä
(ppm): 177.5, 157.3, 146.0, 136.6, 133.7, 131.6,
131.1, 131.1, 129.1, 129.1, 126.7, 125.9, 124.4,
124.3, 124.2, 122.8, 122.3, 122.3, 122.0, 118.2; MS,
m/z: 508.84 (M+). Anal. calcd. for C

22
H

13
Cl

3
FN

3
S

2
:

C, 51.93; H, 2.58; N, 8.26; S, 12.60; found: C, 51.90;
H, 2.54; N, 8.22; S, 12.58%.

N-[(4-bromophenyl)carbamothioyl]-3-chloro-N�-
(3-chloro-4-fluorophenyl)-1-benzothiophene-2-
carboximidamide (9f).

Yield 65%; mp 291-2930C; IR õ (cm-1): 3125 (N-
H), 1616 (C=N), 1317 (C=S), 777 (C-F), 689 (C-
Cl); 1H-NMR ä (ppm): 12.59 (s, 1H, NH), 8.34-7.91
(m, 11H, Ar-CH), 2.09 (s, 1H, NH); 13C-NMR ä
(ppm): 177.9, 157.3, 146.0, 137.5, 131.9, 131.9,
131.7, 131.7, 131.6, 126.7, 125.9, 124.4, 124.3,
124.2, 122.9, 122.8, 122.8, 122.7, 122.7, 118.7; MS,
m/z: 553.29 (M+). Anal. calcd. for C

22
H

13
BrCl

2
FN

3
S

2
:

C, 47.76; H, 2.37; N, 7.59; S, 11.59; found: C, 47.71;
H, 2.36; N, 7.55; S, 11.56%.

3-Chloro-N�-(3-chloro-4-fluorophenyl)-N-{[4-
trifluoromethyl)phenyl]carbamothioyl}-1-
benzothiophene-2-carboximidamide (9g).

Yield 60%; mp 209-2110C; IR õ (cm-1): 3123 (N-

H), 1619 (C=N), 1314 (C=S), 770 (C-F), 681 (C-
Cl); 1H-NMR ä (ppm): 12.53 (s, 1H, NH), 8.69-7.44
(m, 11H, Ar-CH), 2.10 (s, 1H, NH); 13C-NMR ä
(ppm): 177.4, 157.2, 146.1, 141.8, 132.5, 131.6,
126.8, 126.8, 126.7, 125.9, 125.4, 125.4, 124.4,
124.3, 124.2, 124.1, 122.8, 122.5, 122.3, 122.3,
119.4, 118.5; MS, m/z: 542.39 (M+). Anal. calcd. for
C

23
H

13
Cl

2
F

4
N

3
S

2
: C, 50.93; H, 2.42; N, 7.75; S,

11.82; found: C, 50.89; H, 2.39; N, 7.72; S, 11.78%.

General procedure for synthesis of compounds
10a-d.

Exemplary detail for phenyl-{(Z)-(3-chloro-1-
benzothiophen-2-yl)-[(3-chloro-4-fluorophenyl)
imino] methyl} carbamothioate (10a)

Potassium thiocyanate (0.76 g, 0.01 mol) in dry
acetone (10 mL) was slowly added dropwise at 00C to
3-chloro-1-benzothiophene-2-carbonylchloride 1 (2.31
g, 0.01 mol) in dry acetone (10 mL) with continuous
stirring and then filtered. The filtrate was slowly added
at room temperature to phenol (0.94 g, 0.75 mL,
0.01mol) in acetone (10 mL) with continuous stirring
thereafter, two-third of the solvent was distilled under
vacuum. The concentrate was left overnight in a refrig-
erator. The solid product was filtered off, washed with
water and recrystallized from methanol and purified
through column chromatography by using petroleum
ether and ethyl acetate (95:5) as an eluent to get pure
compound 10a. Compounds 10b-d were prepared by
a similar methodology.

Yield 79%; mp 212-2140C; IR õ (cm-1): 3123 (N-
H), 1623 (C=N), 1328 (C=S), 773 (C-F), 684 (C-
Cl); 1H-NMR ä (ppm): 8.68-7.38 (m, 12H, Ar-CH),
2.09 (s, 1H, NH); 13C-NMR ä (ppm): 157.3, 155.5,
146.0, 145.0, 131.6, 130.1, 130.1, 126.7, 125.9,
124.4, 124.3, 124.2, 122.8, 122.7, 122.3, 122.0,
119.9, 118.2, 115.8, 115.8; MS, m/z: 475.38 (M+).
Anal. calcd. for C

22
H

13
Cl

2
FN

2
OS

2
: C, 55.58; H, 2.76;

N, 5.89; S, 13.49; found: C, 55.57; H, 2.73; N, 5.85;
S, 13.43%.

4-Methylphenyl) - {(Z) - (3 - chloro - 1 -
benzothiophen - 2 - yl) [(3 - chloro - 4 - fluorophenyl)
imino] methyl}carbamothioate (10b).

Yield 72%; mp 219-2210C; IR õ (cm-1): 3126 (N-
H), 1626 (C=N), 1326 (C=S), 778 (C-F), 688 (C-
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Cl); 1H-NMR ä (ppm): 8.35-7.37 (m, 11H, Ar-CH),
2.08 (s, 1H, NH), 3.32 (s, 3H, CH

3
); 13C-NMR ä

(ppm): 146.0, 152.5, 157.3, 145.0, 131.6, 131.0,
130.4, 130.4, 126.7, 125.9, 124.4, 124.3, 124.2,
122.8, 122.8, 122.2, 119.9, 118.2, 115.3, 115.3, 21.1;
MS, m/z: 489.41 (M+). Anal. calcd. For
C

23
H

15
Cl

2
FN

2
OS

2
: C, 56.44; H, 3.09; N, 5.72; S,

13.10; found: C, 56.38; H, 3.06; N, 5.70; S, 13.08%.

2- Nitrophenyl)-{(Z) - (3 - chloro - 1 - benzothiophen
-2-yl ) [(3-chloro-4-f luorophenyl) imino]
methyl}carbamothioate (10c).

Yield 66%; mp 222-2240C; IR õ (cm-1): 3138 (N-
H), 1619 (C=N), 1325 (C=S), 768 (C-F), 679 (C-
Cl); 1H-NMR ä (ppm): 8.30-7.13 (m, 11H, Ar-CH),
2.09 (s, 1H, NH); 13C-NMR ä (ppm): 164.8, 157.3,
146.0, 145.0, 140.5, 131.6, 126.7, 126.3, 126.3,
125.9, 124.4, 124.3, 124.2, 122.8, 122.7, 122.3,
119.9, 118.2, 116.3, 116.3; MS, m/z: 520.38 (M+).
Anal. calcd. for C

22
H

12
Cl

2
FN

3
O

3
S

2
: C, 50.78; H, 2.32;

N, 8.07; S, 12.32; found: C, 50.73; H, 2.28; N, 8.30;
S, 12.28%.

4-Nitrophenyl) - {(Z) - (3-chloro-1-benzothiophen-
2 -y l ) [ (3 -ch loro-4 - f luoropheny l ) imino]
methyl}carbamothioate (10d).

Yield 68%; mp 219-2210C; IR õ (cm-1): 3126 (N-
H), 1618 (C=N), 1331 (C=S), 767 (C-F), 683 (C-
Cl); 1H-NMR ä (ppm): 8.79-7.33 (m, 11H, Ar-CH),
2.10 (s, 1H, NH); 13C-NMR ä (ppm): 161.3, 157.2,
146.0, 145.0, 140.5, 131.6, 126.7, 126.3, 126.3,
125.9, 124.4, 124.3, 124.2, 122.8, 122.2, 122.3,
119.9, 118.2, 116.6, 116.6; MS, m/z: 520.38 (M+).
Anal. calcd. for C

22
H

12
Cl

2
FN

3
O

3
S

2
: C, 50.78; H, 2.32;

N, 8.07; S, 12.32; found: C, 50.73; H, 2.28; N, 8.02;
S, 12.29%.

CONCLUSION

In conclusion, a new series of benzothiophene-con-
taining heterocycles were synthesized, fully character-
ized and evaluated for their antibacterial and antifungal
activities. The newly synthesized heterocyclics exhib-
ited moderate antibacterial activity against S. aureus,
B. subtilis, P. aeruginosa and E. coli and significant
antifungal activity against C. albicans, C. pannical, A.
niger and R. oryzae. It can be concluded that these

classes of compounds certainly holds great promise
towards good active leads in medicinal chemistry. A
further study to acquire more information concerning
pharmacological activity is in progress.
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