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SYNTHESIS, ANFIMICROBIAL AND ANTIAFLATOXIGENIC ACTIVITIES OF SOME
BENZOFURAN CONTAINING 1,2,4-TRIAZOLE, 1,3,4-THIADIAZOLE AND
OXADIAZOLE DERIVATIVES
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Alkaline hydrolysis of 9-methoxypsoralene-4-sulfonamide derivatives (Ia-d) using potassium hydroxide and
dimethyl sulfate, afforded 3-propenoic acid derivative (Ia-d) which in turn were converted to 3-propenoic acid chlo-
ride (Illa-d) by the action of thionyl chloride in boiling toluene. Condensation of the latter compounds with
thiosemicarbazide gave the corresponding carbonyl thiosemicarbazide derivatives (IVa-d). Cyclization of the latter
compounds using boiling 5% sodium hydroxide solution gave 5-mercapto-1,2,4-triazolyl-3 derivatives (Va-d), using
O-phosphoric acid gave 5-amino-1,3, 4-thiadiazolyl-3-derivatives (VIa-d) and using DCC gave S-amino-1, 3, 4-
oxadiazolyl-2-derivatives (VIIa-d), respectively. Also, the antimicrobial and antiaflatoxigenic activities of compounds

(Va-d), (VIa-d) and (VIIa-d) were investigated.

Key words: Xanthotoxin-4-sulfonamides, Benzofuran derivatives, 1,2,4-Triazole; 1,3,4-Thiadiazole, Oxadiazole

derivatives.

Introduction

It has been reported that benzofuran derivatives possess
bacteriostatic, bactericidal, fungistatic and fungicidal activ-
ity [1-9]. On the other hand, the sulfonamide derivatives ex-
hibit remarkable bacteriostatic action [10,11]. Moreover, sub-
stituted triazole, oxadiazole and thiadiazole are known to pos-
sess bacteriostatic and bactericidal activity [12-18] and are
used as antifungal agents [19-21]. Also, oxadiazole deriva-
tives and related compounds are used as potential
hypoglycemic agents [22]. Therefore, it becomes of interest
to prepare some new benzofuran derivatives containing sul-
fonamide and heterocyclic moieties which can be prepared
from the naturally occurring substance xanthotoxin (9-
methoxypsoralene) and test their antimicrobial as well as
antiaflatoxigenic activities.

Experimental

Preparation of 3-[5-(6,7-dimethoxy benzofuryl-4-
sulfonamido)]propenoic acid (Ila-d). One gram of 9-
methoxypsoralene-4-sulfonamides (Ia-d) was dissolved in 50
ml of acetone and dimethyl sulfate 10 ml was added, fol-
lowed by 50 ml 20% potassium hydroxide. After refluxing
for 15 min another 10 ml of dimethyl sulfate was added fol-
lowed by 25 ml of 20% potassium hydroxide. Reflux was
continued for 2 hr. The solution was then cooled and acidi-
fied with dilute hydrochloric acid. The acetone was removed
in vacuo and the product was collected, dried and then crys-
tallized from methanol. The physical and analytical data are
illustrated in Table 1.
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Preparation of 3-[5-(6,7-dimethoxy benzofuryl-4-
sulfonamido)] propenoic acid chloride (Illa-d). One gram of
propenoic acid (Ila-d) was suspended in 20 ml dry toluene
and 5 ml thionyl chloride was added. After refluxing for 3 hr,

toluene and excess thionyl chloride were removed under vacuo

and the obtained product was crystallized from chloroform.
The physical and analytical data are illustrated in Table 1.

Preparation of 3-[5-(6,7-dimethoxy benzofuryl-4-
sulfonamido)]propenoyl thiosemicarbazides (IVa-d).
Equimolecular ratio (0.001 mol) of the acid chloride (IITa-d)
and thiosemicarbazide in 20 ml dioxane and triethylamine
were refluxed for 2 hr. After cooling, water was added and
the formed product was filtered off, washed with water, dried
and then crystallized from methanol. The physical and ana-
lytical data of compounds (IVa-d) are illustrated in Table 1.

1-[5-(6,7-Dimethoxy benzofuryl-4-sulfonamido)]-2-(5-
mercapto-1,2,4-triazol-3-yl) ethene (Va-d). A mixture of
(0.001 mol) carbonyl thiosemicarbazido derivatives (IVa-d)
and 5% sodium hydroxide (4 ml) was refluxed for 2 hr. After
cooling, the reaction mixture was neutrallized with dilute
hydrochloric acid and the formed product was collected and
crystallized from ethanol. The physical and analytical data
are illustrated in Table 1.

1-[5-(6,7-Dimethoxy benzofuryl-4-sulfonamido)]-2-(5-
amino-1,3,4-thiadiazol-2-yl) ethene (Vla-d). To 0.001 mol
of carbonyl thiosemicarbazido derivatives (IVa-d), was added
gradually with stirring orthophosphoric acid (3 ml) and the
reaction mixture was then heated at 120°C for 6 hr. The
reaction mixture was cooled and neutralized with ammonia
solution. The formed product was collected, dried and then
crystallized from ethanol. The physical and analytical data of
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the obtained products are illustrated in Table 1.
1-[5-(6,7-Dimethoxy benzofuryl-4-sulfonamido)]-2-(5-

amino -1,3,4-oxadiazol-2-yl) ethene (VIla-d). A mixture of

carbonyl thiosemicarbazido derivatives (IVa-d) (0.001 mol)

TABLE 1. THE PHYSICAL AND ANALYTICAL DATA OF THE
PrREPARED COMPOUNDS.
Compd. Molecular formula M.P. Yield Analysis

No. Molecular weight (°C) (%) Calcd. / Found
- C% H% N%

lla C,H,NO.S 1502 55 5070 478 3.94
355 5045 490 4.10

b C,H,NO.S 1802 60 5361 584 3.65
383 53.50 530 3.20

c C,H,NO.S 1479 55 5468 531 3.54
395 5430 510 4.00

d C,H,NO,S 1435 55 5138 478 352
397 5155 445 385

llla CHCINOS 1757 40 4819 428 375
373.5 4790 390 3.60

b CH,CINOS 1957 45 . 5081 498 348
401.5 5025 460 3.50

c CH,CINOS 1802 50 5224 4384 338
413.5 5260 450 3.50

d C,H,CINOSS ~ 1835 40 49.09 433 336
415.5 4935 420 355

IVa C,H,N,0,S, 2202 65 4486 4.67 13.08
428 4455 445 1350

b C,H,N,0,S, 2557 60 4737 526 1228
456 4185 555 1235

c C,H,N,0,S, 213-5 755 4871 513 1196
468 4855 545 1165

d CH,NOS, 21921 45 5596 4.68 1191
470 5565 475 11.65

Va C,H,N,0,S, 260-2 35 4683 439 13.66
410 46.55 4.65 1330

b C,H,,N,0,S, 2957 40 4931 502 1278
438 4965 490 1255

c C,H,N,0.S, 255-7 40 5067 4.89 12.44
450 50.55 455 12.50

d C,H,N,0,S, 264-6 45 4779 442 1239
: 452 4745 465 12.89

Via C,H,N,0.S, 2656 55 4783 439 13.66
: 410 46.55 445 1334
b C,H,N,0,S, 3024 S0 4931 502 1278
438 4935 545 1265

c C,H,N,0,S, 2613 40 5067  4.89 1244
450 50.55 4.48 1276

d C,H,N,O,S, 2867 50 4779 442 1239
452 4764 468 1278

Vila C,H,N,0,S 2557 45 4873 456 1421
394 4854 476 14.44

b C,H,N,0,S 269-71 40 - SEI% 531 1327
422 . 5143 545 1353

c C,H,N,0,8 3057 45 5253 507 12.90
434 5266 497 1275

d C,H,N,0,S 310-12 40  49.54 458 12384
436 49.66 4.33 1265

in dry ethanol (10 ml) and DCC (0.28 g, 0.0015 mol) was
refluxed for 7 hr. After cooling, the separated product was
washed with aqueous ethanol and recrystallized from etha-
nol. The physical and analytical data of the obtained prod-
ucts are illustrated in Table 1.

Preliminary antimicrobial activity screening. The anti-
microbial activity test was performed according to the cup
plate method adopted with some modification [28]. The com-
pounds (Va-d), (VIa-d) and (VIIa-d) were tested against two
strains of gram-positive and two strains of gram-negative bac-
teria, one strain of yeast and one strain of fungi.

From the data obtained (Table 2), it is clear that com-
pounds (Va,b), (VIa,b) and (VIIa,b) possess high activity to-
wards gram-positive bacteria (B. subtilis) and also against
yeast (C. albicans). On the other hand, all the triazole,
thiadiazole and oxadiazole derivatives possess moderate
activity towards yeast, fungi and gram-positive bacteria
(S. aureus). Also, all compounds possess slight activity to-
wards gram-negative bacteria (E. coli and P. aeruginosa).

Antiaflatoxigenic activity test. Determination of aflatox-
ins BB, G, and G,) was performed in the filtrate obtained
from' Aspergillus parasiticus NRRL-3145 grown in
Sabouraud's yeast broth (0.% % yeast). Extraction of aflatox-
ins was performed according to Hitokoto et al. [29]. Estima-
tion of aflatoxins was performed using TLC plates according
to AOAC method [30]. The mycelial dry weight was esti-
mated according to Madhyastha and Bhat [31].

In the determination of aflatoxins (B,, B,, G, and G,),
two concentrations of the tested compounds were used (0.1
and 0.5 mmol/l medium). From the data obtained (Table 3),
itis clear that, at a concentration of 0.1 mmol/l of compounds
(Va-d, VIa-d, and VIla-d), the reduction %age of total afla-
toxins (B, B,, G, and G,) ranged between 80.53-73.15, 76.51-
73.15 and 80.53-68.45, respectively. On the other hand, at a
concentration of 0.5 mmol of the same compounds, the re-
duction %age ranged between 79.19-34.89, 75.83-45.63 and
69.12-45.63, respectively.

In general, the triazole, thiadiazole and oxadiazole com-
pounds (Va-d, VIa-d and VIIa-d) may have potential use as
bacteriostatic, fungistatic or fungitoxicant agents.

Results and Discussion

The naturally occurring xanthotoxin (9-methoxypsora-
lene) was chlorosulfonated to yield 9-metho-xypsoralen-4-
sulfonyl chloride [23] which in turn was reacted with secondry
amines namely, dimethyl, diethylamine, piperidine and/or
morpholine to give the intermediates 9-methoxypsoralen-4-
sulfonamide derivatives (Ia-d) (Scheme 1) [24].

It was previously reported that the lactone ring of
xanthotoxin is opened upon the action of potassium
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hydroxrde and d1methyl sulfate to grve the correspondmg 3-
[5-(6, 7- dlmethoxy benzofuryl)] propeno1c acid [25-26].

In the present work, xanthotoxm 4- sulfonamrde deriva-
tlves (Ia—d) were subjected to the above mentioned condi-
~ tions to give the correspondmg 3- [5 (6, 7- -dimethoxy
benzofuryl- 4- sulfonam1de)] propenorc acid (IIa-d) respec-
tively. The structure of the obtamed compounds were con-
firmed by their correct elemental analyses (Table 1), IR and
'H-NMR spectra

The IR spectra of compounds IIa-d showed absorptron
bands at cm! ,at 3350-3500 (OH, group), at 2890-3000 (CH
str.), at 1680-1700 (C=O, str.), at 1140—1150 and 1370-1385
(SO,-N) and at 1050-1080 (C-O, furan).

“The 'H- NMR spectrum of compound Ila (DMSO -dg)
revealed s1gnals (8 ppm) at 2.8 (6H, s, N(CH,), ), at 4.1 and
4.3 (6H, 5,2-OCH,), at 6.3 and 6.5 (2H, dd, CH=CH), at 6.8
(1H, d, H-3 furan) and at 7.2 (1H, d, H-2 furan).

Compounds ITa-d were refluxed in dry toluene and ex-
cess of thlonyl chloride to give the correspondm g 3-propenoic
acid chloride derivatives IMla-d, respectrvely The structures
of the obtained compounds were confirmed by their correct

elemental analyses and IR spectra Also all compounds:

IlIa-d gave positive halogen test.
The IR spectra of compounds Tlla-d showed no absorp-
tion bands for hydroxyl groups and showed bands at 1720-

1750 cm™ (C=0, str.), besides the other characteristic bands
for the rest of the molecules. :

The condensation reaction of the ac1d chlorlde deriva-
tives I1la-d with thiosemicarbazide in refluxing dioxane gave
the corresponding carbonyl thiosemicarbazide derivatives
IVa-d, respectively (Scheme 1). The structures of the pre-
pared compounds were confirmed by their correct elemental
analyses, IR spectra. The IR spectra of compounds IVa-d
showed absorption bands (cm™), at 3200-3300 (NH, str.), at
3300-3320 and 3400-3420 (two bands for NH,), at 1250-1260
(C=S, str.), and at 1135-1160 and 1360-1385 (SO,-N).

It was previously reported that, cyclization of carbonyl
thiosemicarbazide derivatives using 5% sodium hydroxide
gives 1,2,4-triazole-5-mercapto-3-derivatives, -cyclodehyd-
ration of carbonyl thiosemicarbazide using orthophosphoric
acid yields S-amino-1, 3, 4-thiazole-3-derivatives and
cyclodehydration of carbonyl thiosemicarbazide derivatives
using dicyclohexylcarbodiimide (DCC) gives S-amino-1, 3,
4-oxadiazole derivatives [27].

Cyclization of the carbonyl thiosemicarbazide derivatives
IVa-d in refluxing sodium hydroxide solution (5%) led to the
formation of 5-(5-mercapto-1,2,4-triazol-3-ethenyl)-6, 7-
dimethoxy benzofuran-4-sulfonamides (Va-d), respectively
(Scheme 2). The structures of the obtained compounds were
confirmed by their correct elemental analyses (Table 1), IR
and 'H-NMR spectra.

The IR spectra of compounds Va-d showed absorption
bands (cm:'), at 3310-3340 (NH, str.), at 2580-2600 (SH, str.),
at: 1140-1150 and 1370-1385 (SO,-N) and at 1050-1090
(C-0, furan).

~ The 'H-NMR spectrum of compound Vb (DMSO- dy
revealed srgnals (8 ppm) at 1.7.(6H, t, 2CH) at 2.7 (4H, q,
2CH,), at4.8 and 4.2 (6H, s, 20CH,), at 6.3 and 6.5 (2H, dd,
CH=CH), at 6.7 (lH d, H-3-furan) and at 7 2 (lH d, H-2
furan). i

* Cyclodehydration of carbonyl thiosemicarbazide deriva-
tives IVa-d using orthophosphorrc acid gave 5-(5- -amino- 1,
3, 4- thiadiazol-2- -ethenyl)-6,7- drmethoxy benzofuran-4-sul-
fonamide derivatives (VIa-d), respectively (Scheme 2). On
the other-hand; cyclodehydration of compounds IVa-d using
dicyclohexylcarbodiimide (DCC) led to the formation of 5-
(5-amino- 1‘,3,4-oxadiazole-Z-ethenyl)-6, 7-dimethoxy benzo-
furan-4-sulfonamide derivatives (VIla-d), respectively
(Scheme 2). The structure of the obtained compounds were
confirmed beside their correct elemental analyses (Table 1),
by IR and 'H-NMR.

The IR spectra of compounds VIa-d and VIIa—d showed
no absorptlon bands for carbonyl and thiocarbonyl groups,
and showed absorption bands (cm™); at 3340-3360, 3360-
3380, (two bands NH,, str.), at 1590-1630 (C=N, str.), at 1530-
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TABLE 2. PRELIMINARY SCREENING OF ANTIMICROBIAL ACTIVITY
OF THE PREPARED COMPOUNDS.

TABLE 3. ANTIAFLATOXIGENIC ACTIVITY OF COMPOUNDS
(Va-d), (VIa-d) and (VIIa-d).

Compd. Micro-organism/Inhibition zone Compd Conc. Final ~Mycelial ~Aflatoxin  pg/L.  Toxin
o 1 0 3 4 5 6 No. mM/L pH dry weight B G total
(gL)
o iR il O L e " Control - 5.0 gl% 4400 10500 14900
b & i i * i + Va 0.1 49 8 1000 3000 4000
Va +k ++ + + +++ Fo 0.5 49 8 2500 5400 9700
+++ ++ + + +++ ++ b 0.1 4.9 9 1100 2800 3900
c I & oy oe 3 ++ 0.5 4.8 9 2350 5500 7850
c 0.1 5.0 8 800 2100 2900
g Y ) Sy '8 0.5 49 8 1200 1900 3100
A T SR * * s e g d 0.1 49 9 900 2800 3700
b s s ek * + s ik 0.5 4.8 8 1300 2200 3500
c ++ ++ + + ++ ++ Via 0.1 4.9 9 1100 2900 4000
d s Nt i 3 ++ ++ 0.5 4.8 10 2600 5500 8100
Vila N T 2 % Broiria e b 0.1 49 10 1300 2200 3500
b ke = 24 i i e 0.5 4.7 9 2500 5600 8100
o 0.1 49 10 1100 3100 4200
- 5 .52 = : b T 05 - 47 9 1300 2300 3600
d ++ ++ + ¥ ++ ++ d 01 50 8 1200 2400 3600
Microorganisms: 1-Bacillus subtilis. 2-Staphylococcus aureus. 3-Escherichia 0.5 5.0 10 1700 2200 3900
coli. 4-Pseudomonas aeruginosa. S-Candida albicans. 6-Aspergillus flavus. VIla 0.1 5.0 10 1320 2230 3550
The antimicrobial activity was measured in the following manner: 0.5 5.0 9 1400 3200 4600
+++ = Highly active (inhibition zone> 12 mm); ++ = Moderately active b 0.1 4.9 9 1400 2700 4700
(inh;bi;iionhzone 9-12 rlnm); += Sl;ghtly .acti.vc; (inhi;itign 20;16;-9 ntx;ln); a 0.5 5.0 10 2400 5700 8100
i o el bk rdb i o, oW AR B W 8
g 0.5 5.0 9 2300 3400 5700
= = . d 0.1 4.9 10 900 2000 2900
: J\' H‘ 05 49 9 1900 3900 5800
i u CH=cH - S Aflatoxin B represents the total toxin B, and B;.Aflatoxin G represents the
o2 " total toxin G, and G,.
| ocH,
s 1620 (C=C, str.), at 1140-1150 and 1360-1385 (SOZ-N) and
(v) at 1010-1030 (C-O furan).
The 'H-NMR spectrum of compound VIc (DMSO-d,)
revealed signals (8 ppm) at 1.3 (2H, m, CH,), at 1.65
(4H,m,2CH2), at 2.9 (4H.,t, 2CH2) at 4.1 and 4.3 (6H, s,
{ Iva-d ) 20CH3), at 6.4 and 6.6 (2H, dd, CH=CH), at 6.8 (1H, d, H-3

V, VI and VII, a, R = -N(C83)2

]
|
=
-
(2]
N
=
wv
~

b, R
c, R = -

d, R = -N o

Scheme (2)

furan) and at 7.4 (1H, d, H-2 furan).

The '"H-NMR spectrum of compound VIId (DMSO-d,)
revealed signals (6 ppm) at 2.7 (4H, t, CH,), at 3.6 (4H, ¢,
2CH,), at 3.9 and 4.1 (6H, s, 20CH,), at 6.3 and 6.6 (2H, dd,
CH=CH), at 6.9 (1H, d, H-3 furan) and at 7.1 (1H, d, H-2
furan). .
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