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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-carboximidoyl chloride viaa5-(3-chl oro-1-benzothi ophen-
2-yl)-1-(2-nitrophenyl)-1H-tetrazol e intermediate. 3-Chloro-N-(3-chloro-4-
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fluorophenyl)-1-benzothi ophene-2-carboximidoylisothi ocyanate 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.

INTRODUCTION

Heterocyclic compounds containing sulfur and ni-
trogen atoms are considered to be one of the most ef-
fectiveantimicrobial drugsused either assingleagents
or in combination for cancer therapy!*2. Recent study
showed that severd benzotriazoleand triazole deriva
tivesrepresented an interesting class of heterocycles®
and becamethe most rapidly expanding group of anti-
fungal compoundswith the advantage of low toxicity,
high ora bioavailability and broad spectrum activity!*
¢, Moreover, avariety of benzotriazoleshavebeenre-
ported to inhibit the growth of some microorganisms
and some benzotriazole derivatives show anti-inflam-
matory properties.

Multipleantiretrovira agentshavebeen produced
to block replication of theHIV-1 virusby blocking HIV
reverse transcriptase® @ or by blocking HIV pro-
teasd’¥. Among themost important antiretrovird agents
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recently introduced arethe non-nucleosidereversetran-
scriptaseinhibitors (NNRTI), such asnevirgpind™ and
delavirdineg?, which areableto reducereversetran-
scriptaseinhibition to subnanomolar concentrations.
Severa heterocyclicthioureas have beenreported asa
new classof potent NNRTIssuch asphenethylthiazolyl-
thiourea(PETT1) derivatives™**® (Figure-1).
7described the synthesis of a series of
thiazolethioureaswith akyl, aryl, and heteroaryl sub-
stituentsasnewly identified NNRTIs of HIV, including
mutant Strainsof HIV, that areeffectivein thetreatment
of multidrug-resistant HIV infection. Fathala and
Pazderahaverecently reported anew and efficient syn-
thesis of novel quinazoline thioureas based on the
Domino reaction!’®., On the other hand,
benzothiophenesareof current interest duetotheir wide
spectrum of pharmacological properties such asanti-
dlergic, anti-inflammatory, analgesic, antitubercular, an-
timicrobial, ocular hypotensive, and serotonine N-
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acetyltransferaseinhibitorsactivitied!*#1, A drug based
on the benzothiopheneringisraoxifene, approved by
theU.S. Food and DrugAdministration for the preven-
tion and trestment of osteoporosi sassociated with post-
menopausa women?, Inview of thesefactors, it was
thought important to synthesi ze abenzothiophene-in-
corporated biheterocyclesto exploreitsbiological effi-

cacy.
RESULTSAND DISCUSSION

The preparation of thetarget carboxamide started
from the amidation of 3-chlorobenzothiophene-2-
carbonylchloride 1, which was prepared by the reac-
tion of cinnamicacid with thionyl chlorideinDMFand
pyridine according to the reported method®! and o-
nitroanilinein dry acetone. Theresulting carboxamide

%%

CH4COCH4

CO-41

2 exhibited N-H stretching absorptioninitsIR spec-
trum at 3215 cm™* and C=0 stretching at 1712 cm™.
The *H-NMR spectrum of compound 2 exhibited a
broad peak at 10.21 6 ppm due to -CONH proton
(D,0O exchangeable) and amultiplet in between 8.09-
7.63 & ppm for eight aromatic protons. In addition,
compound 2 exhibited a molecular ion peak at m/z
332.76 initsmass spectrum which confirmed for for-
mation. Compound 2 wasrefluxed with thionyl chlo-
rideintolueneto get compound 3. Compound 3 exhib-
ited apeaksat 672 cnrtinitsIR spectrum confirming
the formation of a C-Cl bond. Compound 3 on
cyclocondensation with sodium azidein DMF gave
compound 4, which exhibited peaksat 1625 and 1429
cm* dueto C=N and NO, stretching absorption fre-
guencies, respectively. Compound 4 exhibited amo-
lecular ion peak at m/z 357.77 in its mass spectrum
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Scheme 1: Synthesisof benzothiophen-2-yl-2H-benzotriazole5.
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Scheme?2: Synthesisof benzothiophene-2-car boximidamide
9a-gand 10a-d.

which confirmed its formation. 3-Chloro-1-
benzothiophen-2-yl)-1-(2-nitrophenyl)- 1H-tetrazole
wasrefluxed with nitrobenzeneto get compound 5. The
absence of anNO, absorptioninitsIR spectrum con-
firmed theformation of 5 (Scheme-1).

—= Pyl Peper

In Scheme-2, A mixture of compound 1 and 3-
chloro-4-fluoroanilinein dry acetone gave compound
6. TheH-NM R spectrum of compound 6 exhibited a
multiplet intheregion between 8.68-7.98 6 ppm due
to seven aromatic protonsand asinglet at 10.24 6 ppm
which corresponds to the one proton of the CONH
group. Finaly, compound 6 produced amolecularion
peak at m/z 340.19 which isin accordance with the
gructure. Benzothi ophene-2-carboxamidewasrefluxed
with thionyl chloride in toluene to give
carboximidoylchloride 7. Theabsence of aCONH pesk
inits*H-NMR spectrumisconsistent withitsforma-
tion. Compound 8 wasd owly added to 4-fluoroaniline
to get compound 9a. The IR spectrum of compound
9a showed absorption bands at 3120, 1620 and 1320
cm dueto N-H, C=N and C=S stretching absorption
frequencies, respectively. TheH-NMR spectrum ex-
hibited amultiplet intheregionfrom 8.09-7.69 6 ppm
dueto eleven aromatic protons, two singletsat 12.63
and 2.05 6 ppm corresponding to two protons of the
NH groups. Asan additional proof, the mass spectrum
of compound 9aexhibited amolecular ion peak at m/z
492.39. Compound 8 was stirred with phenol to get
compound 10a. Asanticipated the IR spectrum of com-
pound 10a exhibited peaks at 3123, 1623 and 1328
cmrt corresponding to NH, C=N and C=S stretching
absorption frequencies, respectively. The'H-NMR
spectrum of compound 10aexhibited amultipletinthe
region between 8.68-7.38 6 ppm dueto twelve aro-
matic protonsand singlet a 2.09 & ppm which corre-
sponds to the one proton of the NH group. Finaly,
compound 10aproduced amolecular ion peak at m/z
475.38 whichisin accordancewith the structure.

BIOLOGICAL EVALUATION

Antibacterial activity

A Cup platemethod using Hi-M ediaagar medium
was employed to study the antibacterid activity of the
synthesized compoundsagainst two Gram-paositive bac-
teria, Saphylococcus aureus-ATCC 25923 and Ba-
cillussubtilis-ATCC 6633 and Gram-negative bacte-
ria, Pseudomonas aeruginosa-ATCC 10145 and Es-
cherichia coli-ATCC 35218. Preparation of nutrient
broth, subculture, baselayer medium, agar medium and
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peptonewater isdone as per the standard procedure?.,
Each test compound (50 mg) wasdissolvedindimethyl
formamide (50 mL, 1000 pg/mL) to obtain a sample
solution. Samplevolumefor dl thecompoundswasfixed
at 0.1 mL. The cupswere made by scooping out agar
mediumwith asterilized cork borer inapetri dish, which
wasprevioudy inoculated withthemicroorganisms. The
solution of eachtest compound (0.1 mL) wasadded to
the cupsand petri dishesand were subsequently incu-
bated at 37°C for 48 h. Chloramphenicol and Strepto-
mycin were used as reference drugs and dimethyl
formamideasacontrol. Thezoneof inhibition produced
by each compound was measured inmm. Asshownin
the TABLE 1, thetested compounds showed dlightly
to moderateantibacterid activity compared to standard
drugs againgt each microorganism.
Antifungal activity

Theantifungd activity of the synthes zed compounds
was tested against four different fungi, i.e. Candida
albicans, Crysosporiumpannical, Aspergillusniger
and Rhizopusoryzaeby afilter paper disctechnique®’.
The concentration of test compounds was 1000 pg/

TABLE 1: Antibacterial activity of thetested compounds

Zone of inhibition (mm)
Gram positive Gram negative

mL. After treetment for 48 h thezone of inhibition pro-
duced by each compound was measured in mm.
Griseofulvin was used asthe standard antifungal agent
and dimethyl formamide asacontrol. Theresults of
antifungal activity aredepicted in TABLE 2. Tested
compounds showed dight to moderate antifungal ac-
tivity.

TABLE 2: Antifungal activity of thetested 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
of 12 11 12 14
9 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 chemicdswereanayticd grade, purchased from
commercid suppliersand used asreceived without fur-
ther purification. Mdting pointsweredeterminedin open
capillary and were uncorrected. FT-IR spectrawere
recorded onaNicolet Fourier Transform Infrared Spec-
trophotometer: Impact 410 (Nicolet Instrument Tech-
nologies, Inc. WI, USA). Infrared spectra were re-
corded between 400 cn? to 4,000 cnrt in transmit-
tance mode. *H-NMR and *C-NMR were obtained
in DM SO-d, at 400 MHz for *H nuclel and 100 MHz
for ¥C nuclel (Varian Company, USA). All chemical
shiftswerereported in parts per million (ppm) using
residual proton or carbon signd in deuterated solvents
asinterna references. Mass spectrawere obtained us-
Ing matrix-assisted |aser desorption ionization mass
spectrometry (MALDI-TOF) by using dithranol asa
matrix. Elemental analysis(C, H, N and S) was per-

Compound bacteria bacteria

S. B. P. E.
aureus subtilis  aeruginosa 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
ad 13 16 12 15
of 14 12 10 11
9 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
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formed on Perkin Elmer 240 analyzer. Thepurity of the
compound was checked by TLC onsilicagel and fur-
ther purification was performed through column chro-
matography (silicagel, 60-120 mesh).

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

Compound 1 was prepared according to the lit-
erature procedure®!, mp. 112-114°C (Lit. mp. 110-
112°C)

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

Compound 1 (2.31 g, 0.01 mol) wastreated with
o-nitroaniline (1.38 g, 0.01 mal) in dry acetone (25
mL) and stirred for 1 h at room temperature, the pre-
cipitatewasfiltered, washed with water, dried and re-
crystalized from 1,4-dioxaneto get pure compound 2.

Yield 65%; mp 221-223°C; IR v (cmt): 3215 (N-
H), 1712 (C=0), 1572 (C=C), 1423 (NO,), 1074
(=C-Cl), 685 (C-S-C); *H-NMR 6 (ppm): 10.21 (s,
1H, CONH), 8.09-7.63 (m, 8H, Ar-CH); *C-NMR
8 (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*). Andl. calcd. for
C:H,CIN,O,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-car boximidoylchloride (3)

A mixture of compound 2 (3.32 g, 0.01 mol) and
thionyl chloride(1.18g, 1.02mL, 0.01 mol) intoluene
(20 mL) wasrefluxedfor 1 h, after which thehot solu-
tionwasfiltered and the solvent removed under reduced
pressureto get compound 3 aslight yellow color solid.

Yield 60%; mp 267-269°C; IR v (cm?): 1620
(C=N), 1420 (NQ,), 672 (C-Cl); *H-NMR 5 (ppm):
8.19-7.81 (m, 8H,Ar-CH); 2C-NMR 6 (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*).Andl. calcd. for C H,CI.N.,O,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-chlor o-1-benzothiophen-2-yl)-
1-(2-nitrophenyl)-1H-tetr azole (4)

Compound 3 (3.51 g, 0.01 mol) wasdissolvedin

= Fyl) Paper

dry DMF (20 mL) and added dropwiseto avigoroudy
stirred mixture of sodium azide (0.65 g, 0.01 mol) and
dry DMF (10 mL) over aperiod of 45 min, thetem-
perature being kept below 25°C throughout. The sus-
pensi on thus obtained was heated at 80°C for 1 h and
then cooled. Next, enough water to dissolve any inor-
ganic salts present and causeturbidity was added and
themixture stored refrigerated at 5°C for one day. The
crystalsthusformed werefiltered off and washed with
water to obtain compound 4.

Yield 74%; mp 272-274°C; IR v (cm): 1625
(C=N), 1429 (NO,); 'H-NMR § (ppm): 8.33-7.78
(m, 8H, Ar-CH); B®C-NMR 6 (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*). And. calcd. for C H,CIN.O,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-chlor o-1-benzothiophen-2-yl)-
2H-benzotriazole(5)

Compound4 (2g) and freshly distilled nitrobenzene
(20 mL) were heated together under vigorous reflux
for 1 h. After thereaction mixturewas cooled, theni-
trobenzenewasremoved by vacuum digtillationand the
residue purified by column chromatography [Silica-gdl,
petroleum ether/ethyl acetate (95:5)] yielded pure5.

Yield 71%; mp 296-298°C; IR v (cm): 1623
(C=N); *H-NMR 6 (ppm): 8.38-8.01 (m, 8H, Ar-CH);
BC-NMR & (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; M S,
m/z: 285.75 (M*). And. calcd. for C ,H,CIN,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 -
fluor ophenyl)-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) indry ac-
etone (20 mL) wasrefluxed for 1 h. After thecomple-
tion of thereaction (TLC-monitoring), thereaction mix-
ture was cooled down to room temperature and then
poured into crushed ice. The precipitatewasfiltered,
dried and recrystallized from 1,4-dioxaneto get com-
pound 6 asalight yellow solid.

Yield 83%; mp 303-307°C; IR v (cn?): 3212 (N-
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H), 1713 (C=0), 890 (C-F); 'H-NMR & (ppm): 10.24
(s, 1H, CONH), 8.64-7.98 (m, 7H, Ar-CH); 1°C-
NMR & (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; M'S, m/z: 340.19 (M*). Andl. calcd.
for CH,CI,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 -
fluor ophenyl)-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(1.18g, 1.03mL, 0.01 mol) intoluene
(20 mL) wasrefluxedfor 1 h, after which thehot solu-
tionwasfiltered and the solvent removed under reduced
pressureto givecarboximidoyl chloride7.

Yield 74%; mp 287-289°C; IR v (cm?): 1634
(C=N), 894 (C-F); 'H-NMR & (ppm): 8.16-7.45 (m,
7H, Ar-CH); #C-NMR 6 (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 H.CIFNS: 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 s owly added dropwiseat 0°C to
3-chloro-1-benzothiophene-2-carbonylchloride 1 (2.31
0, 0.01 mol) in dry acetone (10 mL) with continuous
stirring and then filtered to get carboximidoyl
isothiocyanate 8 asalight yelowishliquid.

General procedurefor synthesisof compounds
9a-g.

Exemplary detail for 3-chloro-N’-(3-chloro-4-
fluor ophenyl)-N-[ (4-fluor ophenyl)car bamothioyl]-
1-benzothiophene-2-car boximidamide (9a)
Potassium thiocyanate (0.76 g, 0.01 mol) indry
acetone (10 mL) was s owly added dropwiseat 0°C to
an 3-chloro-1-benzothiophene-2-carbonylchloride 1
(2.31g, 0.01 mal) indry acetone (10 mL) with con-
tinuousstirringand thenfiltered. Thefiltratewasdowly

@Wu'c CHEMISTRY —

added at room temperatureto 4-fluoroaniline (0.94 g,
0.75mL, 0.01 mol) in dry acetone (10 mL) with con-
tinuous stirring theregfter, two-third of the solvent was
digtilled under vacuum. The concentratewas|eft over-
night inarefrigerator. The solid product wasfiltered
off, washed with water and recrystal lised from metha
nol and purified through column chromatography by
using petroleum ether and ethyl acetate (5:95) asan
€l uent to get pure 9a. Compounds 9b-g were prepared
inasmilar manner.

Yield 60%; mp 261-263°C; IR v (cn?): 3130 (N-
H), 1620 (C=N), 1320 (C=S), 770 (C-F), 680 (C-
Cl); 'H-NMR 8 (ppm): 12.63 (s, 1H, NH), 8.09-7.69
(m, 11H, Ar-CH), 2.05 (s, 1H, NH); BC-NMR &
(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*).Anadl. cdcd. for C,H,.CLLFN,S:
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-chlor o-4-fluorophenyl)-N-[(3-
chloro-4-fluorophenyl)carbamothioyl]-1-
benzothiophene-2-car boximidamide (9b).

Yield 62%; mp 255-257°C; IR v (cnmt): 3133 (N-
H), 1623 (C=N), 1321 (C=S), 774 (C-F), 683 (C-
Cl); 'H-NMR 6 (ppm): 12.58 (s, 1H, NH), 8.12-7.77
(m, 12H, Ar-CH), 2.03 (s, 1H, NH); *C-NMR &
(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. cacd. for C,H, ,CI.F.N.S:
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-chlor o-4-fluorophenyl)-N-[(4-
nitrophenyl)car bamothioyl]-1-benzothiophene-2-
car boximidamide (9c).

Yield 66%; mp 214-216°C; IR v (cn?): 3138 (N-
H), 1621 (C=N), 1316 (C=S), 773 (C-F), 687 (C-
Cl); 'H-NMR 6 (ppm): 12.50 (s, 1H, NH), 8.09-7.65
(m, 11H, Ar-CH), 2.08 (s, 1H, NH); BC-NMR &
(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. caled. for C,_H .CLLFN,O.S;:

22" 13

C,50.87; H,252;: 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-
chlor ophenyl)car bamothioyl]-1-benzothiophene-2-
car boximidamide (9d).

Yield 55%; mp 228-230°C; IR v (cm'?): 3136 (N-
H), 1622 (C=N), 1315 (C=S), 772 (C-F), 686 (C-
Cl); *H-NMR & (ppm): 12.48 (s, 1H, NH), 8.19-7.09
(m, 11H, Ar-CH), 2.06 (s, 1H, NH); BC-NMR &
(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; M S,
m/z: 508.84 (M*). And. calcd. for C,H,.CI.FN,S;:
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-
chlor ophenyl)car bamothioyl]-1-benzothiophene-2-
carboximidamide(9e).

Yield 60%; mp 296-298°C; IR v (cmt): 3128 (N-
H), 1618 (C=N), 1308 (C=S), 771 (C-F), 683 (C-
Cl); 'H-NMR 6 (ppm): 12.44 (s, 1H, NH), 8.45-7.35
(m, 11H, Ar-CH), 2.13 (s, 1H, NH); BC-NMR &
(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; M S,
m/z: 508.84 (M*). Andl. calcd. for C,H,.CI.FN,S;:
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)car bamothioyl]-3-chlor o-N’-
(3-chlor 0-4-fluor ophenyl)-1-benzothiophene-2-
car boximidamide (9f).

Yield 65%; mp 291-293°C; IR v (cmt): 3125 (N-
H), 1616 (C=N), 1317 (C=S), 777 (C-F), 689 (C-
Cl); 'H-NMR 6 (ppm): 12.59 (s, 1H, NH), 8.34-7.91
(m, 11H, Ar-CH), 2.09 (s, 1H, NH); BC-NMR &
(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; M S,
m/z: 553.29 (M*).Anal. calcd. for C_H BrCLLFN.S.:
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-chlor o-4-fluor ophenyl)-N-{[4-
trifluoromethyl)phenyl]carbamothioyl}-1-
benzothiophene-2-car boximidamide (9g).

Yield 60%; mp 209-211°C; IR v (cmr): 3123 (N-
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H), 1619 (C=N), 1314 (C=S), 770 (C-F), 681 (C-
Ch); *H-NMR 8 (ppm): 12.53 (s, 1H, NH), 8.69-7.44
(m, 11H, Ar-CH), 2.10 (s, 1H, NH); BC-NMR 5
(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,HCLFN.S, 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-chlor o-4-fluor ophenyl)
imino] methyl} carbamothioate (10a)

Potassium thiocyanate (0.76 g, 0.01 mol) in dry
acetone (10 mL) wasd owly added dropwiseat 0°C to
3-chloro-1-benzothiophene-2-carbonylchloride 1 (2.31
g, 0.01 mol) in dry acetone (10 mL) with continuous
stirring and thenfiltered. Thefiltratewas dowly added
at room temperature to phenol (0.94 g, 0.75 mL,
0.01moal) inacetone (10 mL) with continuousstirring
thereafter, two-third of the solvent wasdistilled under
vacuum. Theconcentratewas| eft overnight inarefrig-
erator. Thesolid product wasfiltered off, washed with
water and recrystallized from methanol and purified
through column chromatography by using petroleum
ether and ethyl acetate (95:5) asan eluent to get pure
compound 10a. Compounds 10b-d were prepared by
asmilar methodology.

Yield 79%; mp 212-214°C; IR v (cn?): 3123 (N-
H), 1623 (C=N), 1328 (C=S), 773 (C-F), 684 (C-
Cl); *H-NMR 6 (ppm): 8.68-7.38 (m, 12H, Ar-CH),
2.09 (s, 1H, NH); B¥C-NMR 6 (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").
Andl. cacd. for C_H,,Cl,FN,OS: 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- fluor ophenyl)
imino] methyl}car bamothioate (10b).

Yield 72%; mp 219-221°C; IR v (cn?): 3126 (N-
H), 1626 (C=N), 1326 (C=S), 778 (C-F), 688 (C-
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Cl); *H-NMR 6 (ppm): 8.35-7.37 (m, 11H, Ar-CH),
2.08 (s, 1H, NH), 3.32 (s, 3H, CH,); ®C-NMR &
(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,H,.CLLFN.OS,: 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-fluorophenyl)imino]
methyl}carbamothioate (10c).

Yield 66%; mp 222-224°C; IR v (cm®): 3138 (N-
H), 1619 (C=N), 1325 (C=9), 768 (C-F), 679 (C-
Cl); *H-NMR 6 (ppm): 8.30-7.13 (m, 11H, Ar-CH),
2.09 (s, 1H, NH); C-NMR & (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*).
And.cacd. for C_H,,CLLFN.O.S: 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-chlor 0-1-benzothiophen-
2-y1)[(3-chloro-4-fluorophenyl)imino]
methyl}car bamothioate (10d).

Yield 68%; mp 219-221°C; IR v (cnm?): 3126 (N-
H), 1618 (C=N), 1331 (C=9), 767 (C-F), 683 (C-
Cl); *H-NMR 6 (ppm): 8.79-7.33 (m, 11H, Ar-CH),
2.10 (s, 1H, NH); ¥C-NMR 8 (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*).
And.cacd. for C,_H,,CLLFN.O.S: 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

Inconclusion, anew seriesof benzothiophene-con-
taining heterocycleswere synthesized, fully character-
ized and evd uated for their antibacterial and antifunga
activities. The newly synthesized heterocyclicsexhib-
ited moderate antibacterial activity against S. aureus,
B. subtilis, P. aeruginosa and E. coli and significant
antifungd activity against C. albicans, C. pannical, A.
niger and R. oryzae. It can be concluded that these

@Wu'c CHEMISTRY —

classes of compounds certainly holds great promise
towards good activeleadsin medicinal chemistry. A
further study to acquire moreinformation concerning
pharmacologicd activity isin progress.
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