and:

1/2
rate = _A_l (@) ] t—1/2
2 dt 88

where (d@/dt),; is the slope of the steady-state portion of the curve from
a diffusion cell experiment (Fig. 5) and the other terms are as were de-
fined. This approach is valuable in screening compounds to assess
whether release rates are consistent with their biological dosing pat-
terns.

(Eq. 6)
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Abstract O Several alkyl and polyhalopheny! esters of benzo[b]thio-
phene-3-carbamic acid were prepared and tested for antibacterial and
antifungal activities. Two compounds exhibited the highest activity of
growth inhibition against some bacteria and fungi.

Keyphrases O Antibacterial activity—alkyl and polyhalophenyl esters
of benzo[b]thiophene-3-carbamic acid O Antifungal activity—alkyl and
polyhalophenyl esters of benzo[b]thiophene-3-carbamic acid O Ben-
zo|b]thiophene-3-carbamic acid—alkyl and polyhalophenyl esters,
synthesis, antibacterial and antifungal activities

Dialkylaminoalkyl esters of benzo[b]thiophene-2-car-
boxylic acid! reportedly are useful as hypotensive, anti-
viral, and antifungal agents (1). Derivatives of benzo[b]-
thiophene-2-carboxamide were reported to have local
anesthetic and analgesic activities (2). Some carbamic
acids having the benzo[b]thiophene moiety showed pest-
icidal, fungicidal, and insecticidal activities (3).

! Benzo[b]thiophene also is known as thianaphthene.
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Accepted for

In continuing studies on the chemistry and antibacterial
and fungicidal activities of carbamic acid esters (4-7), alkyl
and polyhalophenyl esters of benzo[b]thiophene-3-car-
bamic acid were synthesized and their efficacy was de-
termined.

DISCUSSION

Chemistry—The desired compounds were prepared according to
Scheme 1.

The reaction of N-bromosuccinimide with readily available 3-chlo-
romethylbenzo[b]thiophene (I) (8) afforded II. Hydrolysis of II gave
benzo[b]thiophene-3-carboxylic acid (IIT) (9). Compound III was con-
verted to benzo[b]thiophene-3-carboxyhydrazide (V) by a literature
method (10). The hydrazide (V) then was transformed to the carboxazide
(VI) by reaction with sodium nitrite in acetic acid. Curtius rearrangement
of the azide was achieved readily through heating with alcohols or with
polyhalophenols in refluxing benzene. The physical data of the com-
pounds prepared are summarized in Table 1.

Antifungal and Antibacterial Activities—All compounds listed in
Table I were tested against Candida albicans (28012), Penicillium not-

0022-3549/ 81/ 0500-0566$01.00/0
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Table I—Physical Constants of Benzo[ blthiophene-3-carbamic Acid Esters

Analysis, %

Compound R Yield, % Melting Point® Formula Calc. Found
Vlla CHa 82 63-65° CmHgNOzS C 57.97 57.73
H 435 4.51

N 6.76 6.95

VIIb CzH; . 80 67-70° C1:H1;1NOeS C 59.73 59.91
H 498 4.79

N 6.33 6.51

Vile n-C3Hy 75 56-58° C12H13NO.S C 61.28 61.09
H 5.53 5.38

N 5.96 6.18

VIId n-C4Hg ) 80 70-73° Ci3H15NO2S C 62.65 62.84
H 6.02 5.89

N 562 5.43

Vile n-CsHla 75 55-57° 015H19N02S C 64.98 64.79
H 686 6.63

N 505 4.88

VIIf Cyclohexyl 75 95-97° Ci1sH17NO2S C 6545 65.27
H 6.18 6.02

N 5.09 4.93

Vilg CeHs 60 103-105° C1sH11NO2S C 6691 66.72
H 4.09 4.28

N 520 5.38

Vilh 0-CICgH, 85 142-144° C15H10CINO2S C 5931 59.50
' H 329 3.48

N 461 4.82

ViL m-CleH4 85 114-116° CmHmClNOzS C 59.31 59.12
. H 329 3.46

N 461 4.52

VIIj p-CICgH, 80 131-133° C15H30CINO2S C 59.31 59.50
H 3.29 3.46

N 461 4.48

VIlk p-BrCe¢H, 65 138-140° C1sH10BrNO:2S C 5172 51.53
: H 287 2.64

N 4.02 3.85

VIII 2,3-Dichlorophenyl 45 125-127° C1sHoCIoNO.S C 53.25 53.44
H 266 2.84

N 414 4.32

Viim 2,4-Dichlorophenyl 45 164-166° C1sHoCI:NO2S C 53.25 53.05
H 266 2.84

N 414 4.02

Viin 2,6-Dichlorophenyl 45 152-154° C1sHpCINO:S C 53.25 53.15
H 266 2.84

N 414 4,32

Vilo 2,4,5-Trichlorophenyl 80 170-172° C1sHsCIlsNO2S C 4832 48.15
H 215 2.02

N 376 3.89

Viip 2,4,6-Trichlorophenyl 65 160-162° Cy5HsCI:NO:S C 48.32 48.51
H 215 2.37

N 376 3.65

Vilg 2,4,6-Tribromophenyl 60 172-174° Ci5HsBrsNO.S C 35.57 35.74
H 158 1.79

N 277 2.96

ViIr Pentachlorophenyl 62 160-162° C1sHeClIsNOoS C 40.77 40.56
H 1.36 1.17

N 317 3.39

a All compounds were crystallized from ether-petroleum ether.

atum (S-13), and Aspergillus niger (23171) in vitro using Sabouraud
dextrose agar medium?.

Each compound was dissolved in acetone to a concentration of 1 mg/ml.
These solutions were diluted with hot culture medium to the desired
concentrations and autoclaved at 120° for 2 hr. Five replicates of each
concentration were prepared. The antifungal activity of all compounds
tested, except VIlo and VIIr, was insignificant at a concentration of 10
ug/ml against A. niger and C. albicans, while most compounds were ef-
fective at this concentration against P. notatum. Griseofulvin was used
as a control (Table II).

All compounds also were tested against Bacillus subtilis (NCTC 3610),
Staphylococcus aureus (ATCC 6538), and Escherichia coli (ATCC
10536). Nitrofurantoin was used as a control. The compounds were dis-
solved in dimethylformamide and diluted to a 0.5% concentration.
Standard paper disks with a 6-mm diameter were immersed in the so-
lution and were placed on the inoculated assay medium surface?.

All of the compounds tested, except Vilo and VIIr, had insignificant
antibacterial activity against S. aureus. Compounds VIIm and VIIo-VIIr

2 These microorganisms were obtained from the Department of Parasitology,
Pubhc Health Institute, Tehran, Iran.
3 BP (1968) antlblonc assay medlum

exhibited moderate activity against B. subtilis. The activity of VIlo, VIlg,
and VIIr against E. coli was significant (Table III).

EXPERIMENTAL!

Benzo[ b]thiophene-3-carboxylic Acid (IIT)—A mixture of I (18.25
g, 0.1 mole) and N-bromosuccinimide (35.6 g, 0.2 mole) in 250 ml of car-
bon tetrachloride was irradiated with a 500-w lamp® while heating and
stirring at reflux temperature for 4 hr. Then the reaction mixture was
cooled and filtered, and the solvent was evaporated. The residue was
made alkaline with 300 ml of 10% sodium carbonate solution and was
heated with stirring on a steam bath for 2 hr. The mixture was cooled and
extracted with 200 ml of benzene. Acidification of the aqueous sodium
carbonate portion with 6 N HCI gave a precipitate. This precipitate was
filtered and crystallized from benzene to give 4.4 g (55% yield) of III, mp
175-176° [lit. (9) mp 175-176°].

4 Melting points were taken on a Kofler hot-stage microscope and are uncorrected.
IR spectra were recorded using a Perkin-Elmer 267 spectrometer. NMR spectra
were determined with a Varian T-60A instrument. Mass spectra were recorded on
a Varian Mat III instrument.

5 General Electric photospot lamp.
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Table II—Antifungal Activity # of Benzof b]thiophene-3-carbamic Acid Esters

A. niger

C. albicans P. notatum

Compound 10 pg/ml 20 ug/ml 50 ug/ml 10 ug/ml

20 ug/ml 50 ug/ml 10 ug/ml 20 ug/ml 50 ug/ml

Vila
VIIb
Vile
Viid
Vile
VIIf
Vilg
Vilh
VIL
VIIj
VIIk
VI
VIilm
Vlin
Vilo
Viip
Viig
ViIr
Griseofulvin

F++++0 00000
[ o A T O O T O O A |

[ S T SN A T T T O O O T I B A |

4+ttt A+

t+++++1 11+ 1T++010 0111

T e e I I O I R O A N B
e E T F I S I R S A

B e e L

b T E S RS SR A R

@ Key: + = complete inhibition and — = no inhibition.
CH,Cl
@\_Sj/ N-bromosuccinimide

//
35

: _C : ,002H
—
CO,C,H; CONHNHZ
@U/ - @IT
NH NH
CON, NHCOOR
O = @T
S ROH

VI
Scheme I

Benzo[ b]thiophene-3-carboxazide (VI)—To a stirring solution of
V (19.2 g, 0.1 mole) (10) in 200 ml of 50% acetic acid at 0° was added
dropwise a solution of sodium nitrite (6.9 g, 0.1 mole} in 100 ml of water.
The reaction mixture was stirred for an additional 30 min. The precipitate
was filtered, washed with water, dried at room temperature under reduced
pressure, and crystallized from ether—petroleum ether to give 4 g (76%
yield) of VI, mp 103-105°; IR (KBr): 2170 (azide) cm™1.

Anal.—Calc. for CoH5N30S: C, 53.20; H, 2.46; N, 20.69. Found: C,
53.45; H, 2.64; N, 20.85.

Methyl Benzo[ b]thiophene-3-carbamate (VIIa)—A solution of
VI (2.03 g, 0.01 mole) in 20 ml of methanol was refluxed for 6 hr. The
solvent was evaporated, and the residue was crystallized from ether—
petroleum ether to give 1.70 g (82% yield) of VIla, mp 63-65°; IR (KBr):
3340 (NH) and 1700 (ester) cm~!; NMR (CDCly): 6 8.10-7.33 (m, 5H,
aromatic), 7.05 (broad s, 1H, NH), and 3.85 (s, 3H, OCH;) ppm; mass
spectrum: m/z (relative intensity) 207 (M*, 100), 175 (57), 148 (39), and
121 (39).

Anal.—Calc. for C;oHgNO,S: C, 57.97; H, 4.35; N, 6.76. Found: C, 57.73;
H, 4.51; N, 6.95.

Compounds VIIb-VIIf were prepared similarly (Table I).

Phenyl Benzo[ b]Jthiophene-3-carbamate (VIIg)—A solution of
VI (2.03 g, 0.01 mole) and phenol (0.94 g, 0.01 mole) in 30 ml of dry ben-
zene was refluxed for 5 hr, and the mixture then was filtered. The solvent
was evaporated, and the residue was crystallized from ether—petroleum
ether to give 1.61 g (60% yield) of VIlg, mp 103-105°; IR (KBr): 3280
{NH) and 1710 (CO) em™L.

Anal.-—Calc. for C15H;{NOsS: C, 66.91; H, 4.09; N, 5.20. Found: C,

568 / Journal of Pharmaceutical Sciences
Vol. 70, No. 5, May 1981

Table III-—-Antibacterial Activity 2 of Benzo[ b]Jthiophene-3-
carbamic Acid Esters

Average Inhibition Zone Diameter, mm
E. coli S. aureus B. subtilis

Compound

Vlila
VIIb
Vlile
Vild
Vile
VIIf
Vilg
Vlla
VI
VII;
VIIk
VIl
Vilm
Viln
Vilo
VIlp
Vilg
VIIr
Nitrofurantoin

BRI Rt IR

(4

PSRRI L g Lt

@ Key: - = inactive.

66.72; H, 4.28; N, 5.38.
Compounds VIIA-VIIr were prepared similarly (Table I).
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