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Previously, we synthesized and evaluated several benzofuran derivatives containing heterocy-
clic ring substituents linked to the benzofuran nucleus at C-2 by a two- to four-atom spacer as
potential anti-HIV-1, anticancer and antimicrobial agents. Among these derivatives, NSC
725612 and NSC 725716 exhibited interesting anti-HIV-1 activity. To further investigate the
structure-activity relationship, we synthesized several new benzofuran derivatives derived from
2-acetylbenzofuran (2, 3a-¢) and 2-bromoacetylbenzofuran (6; 7a,b; 8a,b). The compounds
were designed to comprise the heterocyclic substituents directly linked to the benzofuran
nucleus at C-2. Moreover, various related benzimidazoles derived from 2-acetylbenzimidazole
and from 2-cyanomethylbenzimidazole (12a,b; 13a,b; 15; 16a,b) were also prepared as isos-
teres. The synthesized compounds were preliminarily evaluated for their in vitro anti-HIV-1,
anticancer and antimicrobial activity. Compounds 2, 3a, 3b, and 12b showed weak anti-HiV-1
activity. Compound 6 exhibited mild activity against S. aureus, while compound 15 had mild
activity towards S. aureus and C. albicans. However, no significant anticancer activity was
observed with any of the tested compounds. From these results, we conclude that the pres-
ence of the spacer between the heterocyclic substituent and the benzofuran nucleus may be
essential for the biological activity.
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INTRODUCTION

As a part of our research program regarding the chemistry
and biological properties of benzofuran derivatives, we
recently reported the synthesis and evaluation of in vitro
anti-HIV-1, anticancer and antimicrobial activities of a
number of new benzofurans (Rida et al, 2006). The
compounds were desighed to comprise the benzoxazole
nucleus linked at C-2 with various heterocyclic ring systems
by a two- to four-atom spacer. Of these derivatives, the 2-
[(1-benzofuran-2-yl-ethylidene)hydrazonol-3-phenyithiazoli-
din-4-one (NSC 725612) and 4-amino-3-butyl-2-thioxo-2,3-
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dihydrothiazole-5-carboxylic acid-(1-benzofuran-2-yl-ethyli-
dene)hydrazide (NSC 725716, Fig. 1) exhibited promising
anti-HIV-1 activity. In addition, a survey of the literature
revealed that other 2-(substituted-phenyl)benzofurans
exhibit interesting anticancer activity (Hutchinson et al.,
1997; Pinney et al., 1998; Luc Pieters et al., 1999).

The above-mentioned findings prompted us to continue
our investigation of benzofuran derivatives in an attempt
to generate new lead compounds for future development
as anti-HIV-1, antitumor and/or antimicrobial agents. In
this work, a new series of benzofurans that comprise the
benzofuran nucleus directly linked at C-2 to various sub-
stituted heterocyclic ring systems was synthesized in order
to investigate the effects of such structural modifications
on the anticipated biological activity.

On the other hand, the literature indicated that the ben-
zimidazole nucleus, the isoster of benzofuran, is an essential
part of many clinically useful chemotherapeutic agents.
For example, the benzimidazole derivatives, thiabendazol,
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Fig. 1. Structures of biologically active benzfuran and benzimidazole
derivatives

triclabendazole and mebendazole, are effective anthel-
mentic agents (Reynold, 1993, a). Chlormidazole is used
in the treatment of fungal infections of the skin (Reynold,
1993b). Enviroxime is an effective drug against rhinovirus
(Reynold, 1993a). Methy! 2-benzimidazolecarbamate (car-
bendazim, FB642) is an anticancer agent that induces the
apoptosis of cancer cells (Hao et al., 2002).

Enlightened by these findings and as a continuation of
our interest in this area, we extended our investigation to
the synthesis of other related benzimidazole derivatives.
The target compounds were also designed to comprise
the benzimidazole nucleus linked directly at C-2 with the
selected heterocyclic substituent in order to explore
further their in vitro anti-HIV-1, anticancer and antimicrobial
activities.

Moreover, several pyrido[1,2-a]benzimidazoles (Badawey
and Kappe, 1999; El-Hawash et al., 1999) and pyrazino
[1,2-a]benzimidazoles (Demirayak et al., 2002) have been
reported as potential anticancer agents. Among them,
NSC 699944 and NSC 699948 (Fig. 1) exhibited signifi-
cant antitumor activity. They were selected by NCI for further
in vivo anticancer hollow fiber assays. These results, in
addition to the selective HIV-1 reverse transcriptase inhi-
bitory activity recorded for the non nucleoside 1-(2,6-
difluorophenyl)-1H,3H-thiazolo[3,4-albenzimidazole (TZB,
NSC 625487 Fig. 1) (Buckheit et al., 1993), motivated us
to prepare some substituted pyrido[1,2-albenzimidazole
derivatives (16a,b) in an attempt to produce new effective
chemotherapeutic agents.

MATERIAL AND METHODS

Chemistry

All melting points were determined in open-glass
capillaries on a Gallenkamp melting point apparatus and
are uncorrected. The IR spectra were recorded using KBr
discs on a Perkin-Eimer 1430 spectrophotometer. 'H-
NMR and ™C-NMR were recorded in CDCl; on Varian
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Gemini or Jeol spectrometers using TMS as an internal
standard (chemical shift in 8 ppm). MS were run on a
Finnigan mass spectrometer model SSQ/7000 (70 ev).
The microanalyses were performed at the Microanalytical
Laboratory, National Research Center, Cairo, and the data
were within £0.4% of the theoretical values. Reactions
were monitored by thin-layer chromatography on silica
gel-protected aluminum sheets (Type 60 F254, Merck),
and the spots were detected by exposure to a UV-lamp at
| 254 nm for few seconds.

3-Cyano-4~(3,4-dimethoxyphenyl)-6-(1-benzofuran-2-
yl)-1H-pyrid-2-one (2)

A mixture of 2-acetylbenzofuran (1) (0.32 g, 2 mmoil),
ethylcyanoacetate (0.23 g, 0.21 mL, 2 mmol), 3,4-dimeth-
oxybenzaldehyde (0.31 g, 2 mmol) and ammonium acetate
(0.5 g, 8 mmol) in dry ethanol (20 ml) was refluxed for 3-5
h. After cooling, the separated crystals were filtered,
washed with water, air dried and recrystallized from
aqueous dimethylformamide (Table I).

IR (KBr, cm™): 3112 (N-H); 2220 (CN); 1630 (C=0);
1616, 1517 (C=C). 'H-NMR (CDCls, Jeol, 500 MHz, &
ppm): 4.0 (s, 6H, 2 OCHs); 7.0 (s, 1H, benzofuran-C;-H);
7.25-7.45 (m, 5H, 3,4-dimethoxyphenyl and benzofuran-
Cs-H, Ce-H); 7.59 (d, J = 7 Hz, 1H, benzofuran-C,-H); 7.66
(s, 1H, pyridone-Cs-H); 7.69 (d, J = 7 Hz, 1H, benzofuran-
C,-H); 8.05 (s, 1H, N-H).

2-Amino-4-(substituted phenyl)-6-(1-benzofuran-2-yl)
pyridines-3-carbonitriles (3a-c)
A mixture of 1 (0.32 g, 2 mmol), malononitrile (0.13 g, 2
mmol), the proper aromatic aldehyde (2 mmol) and
ammonium acetate (0.5 g, 6 mmol) in dry ethanol (20 mL)
was refluxed for 3-4 h. After cooling, the separated
crystals were filtered, washed with ethanol, air dried and
recrystailized from aqueous dimethylformamide (Table 1).
IR for 3a-c (KBr, cm™): 3465-3443, 3359-3351 (N-H);
2215-2212 (CN); 1646-1633, 1617-1609 (C=N); 1583-
1579, 1551-1549, 1514-1500 (C=C, SN-H). 'H-NMR for
3b (CDCls, Jeol, 400 MHz, 3 ppm); 5.4 (br s, 2H, NH.);
7.26 (s, 1H, benzofuran-Cs;-H); 7.29-7.56 (m, 6H, p-
chlorophenyl and benzofuran-Cs-H, Ce-H); 7.59 (d, J = 7
Hz, 1H, benzofuran-C,-H), 769 (d, J = 7 Hz, 1H,
benzofuran-C,-H); 7.85 (s, 1H, pyridine-Cs-H). 'H-NMR for
3¢ (CDCls, 400 MHz, & ppm, Jeol): 3.9 (s, 3H, OCH.); 5.4
(br s, 2H, NH.); 7.0 (s, 1H, benzofuran-C;-H); 7.26-7.61
(m, BH, p-methoxyphenyl and benzofuran-Cs-H, Cg-H);
7.65(d, J =7 Hz, 1H, benzofuran-C,-H); 7.68 (d, J = 7 Hz,
1H, benzofuran-C,-H); 7.8 (s, 1H, pyridine-Cs-H). "*C-
NMR for 3¢ (CDCl;, 100 MHz, & ppm): 55.8 (CH,); 105.8
(benzofuran-C;); 111.8 (Ca,); 114.9 (phenyl-Cys); 116.5
(CN); 122.1, 123.5, 125, 128.7, 129.3, 130.5, 130 (Cs4-
benzofuran; C,s pyridine; C;, Cys phenyl);, 149.0, 150.0
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(C,, Cs pyridine); 155.6, 155.7, 161.0 (C,, C,, benzofuran;
C, pheny)).

4-(1-Benzofuran-2-yl)-2-(3,5-dimethyl-1H-pyrazol-1-
yl)thiazole (6)

A mixture of 4-(benzofuran-2-yl)-2-hydrazinothiazole hydro-
bromide (5) (0.31 g, 1 mmol), acetylacetone (0.1 g, 0.1
mL, 1 mmol) and anhydrous sodium acetate (0.1 g, 1.5
mmol) in absolute ethanol (20 mL) was refluxed for 3 h.
The mixture was then cooled and diluted with an equal
volume of water. The separated product was filtered, air
dried and crystallized from agueous ethanol (Table 1). IR
(KBr, cm™): 1661, 1643 (C=N); 1612, 1571, 1484 (C=C).
'H-NMR (CDCl,, Jeol, 500 MHz, 3 ppm): 2.33 (s, 3H,
pyrazole-Cs-CHs); 2.75 (s, 3H, pyrazole-C;-CHs); 6.01 (s,
1H, pyrazole-C,-H); 7.1 (s, 1H, thiazole-Cs-H); 7.22 (s,
1H, benzofuran-C,-H); 7.27-7.37 (m, 2H, benzofuran-Cs-
H, Cs-H); 7.49 (d, J = 7 Hz, 1H, benzofuran-C,-H); 7.59 (d,
J =7 Hz, 1H, benzofuran-C,-H).

4-(1-Benzofuran-2-yl)-2-[(4-substituted-benzylidene)hy-
drazino]thiazole hydrobromides (7a,b)

A mixture of 2-bromoacetyl benzofuran (4) (0.48 g, 2
mmol) and the appropriate thiosemicarbazone (2 mmol) in
dry dioxane (10 mL) was stirred at room temperature for
2-3 h. The separated crystals were filtered, washed with
ethanol, air dried and recrystallized from aqueous di-
methylformamide (Table I).

IR for 7a,b (KBr, cm™"): 3437-3412 (N-H); 1662-1660,
1624-1623 (C=N); 1569-1568, 1500, 1491-1490 (C=C).
'H-NMR for 7b (CDCl;, Jeol, 500 MHz, & ppm,): 3.51
(br.s, 24, D,0O exchangeable, N'H,); 7.02 (s, 1H, thiazole-
Cs-H); 7.19 (s, 1H, benzofuran-Cs-H); 7.2-7.30 (m, 2H,
benzofuran-Cs-H, Cs-H); 7.33 (d, J = 7 Hz, 1H, benzofuran-
C,-H); 7.45 (d, J = 7 Hz, 1H, benzofuran-C,-H); 7.51-7.55
(2d, 4H, p-chiorophenyl); 8.08 (s, 1H, N=C-H).

5-(1-Benzofuran-2-yl)-6-bromo-3-(4-substituted-
phenylithiazolof2,3-c]1,2,4-triazoles (8a,b)

A mixture of 7a or 7b (2 mmol) and anhydrous sodium
carbonate (0.3 gm) in dry chioroform (20 mL) was stirred
at room temperature for half an hour; bromine (0.93 g, 0.3
mL, 6 mmol) was then added dropwise with stirring for 2
h. The chloroform was evaporated under vacuum, and
the remaining residue was triturated with 10 mL of water.
The formed product was filtered, washed with water, air
dried and crystallized from ethanol/water (Table I).

IR for 8a,b (KBr, cm™): 1662, 1645 (C=N); 1599, 1569,
1518 (C=C). "H-NMR for 8b (CDCl,, Jeol, 500 MHz, &
ppm): 6.92 (s, 1H, benzofuran-Cs-H); 7.28-7.39 (m, 6H,
benzofuran-Cs-H, Cs-H and p-chlorophenyl); 7.41 (d, J=7
Hz, 1H, benzofuran-C4H); 745 (d, J = 7 Hz, 1H,
benzofuran-C;-H).

S. M. Rida et al.

Table . Physical and analytical data of the prepared benzofuran
derivatives (2-8)

Comp. No. R M.P.PC] Yield [%]  Mol.Formula® (Mol.Wt.)
2 - 265-267 30 CyuHyN,0,(372.38)
3a H 242-244 25  CyHisN;0 (311.34)
3b Ci 298-300 30 CyuH:,CIN;0(345.79)
3c OCH,  198-200 25 CyHisN,0,(341.37)
6 - 100-102 34 CyHisN,0S(395.37)
7a H 233-235 75 CyHisN;OS.HBr (400.30)
7b Ci 220-222 93  CyH.,CIN;OS.HBr (434.75)
8a H 88-90 95  CygH;BrN;OS (396.27)
8b Cl 138-140 95  CyHgBrCIN;OS. (430.71)

? Analyzed For C, H, N and the results were within + 0.4% of the
theoretical values.

MS for 8b m/z (% relative abundance): 430 [M* (18)];
432 [M*2 (28)]; 434 [M™ (8)]; 253 (87); 144 (88); 55 (100).

2-Amino-6-(1H-benzimidazol-2-yl)-4-(substituted-phenyl)
pyridine-3-carbonitriles (12a,b)

A mixture of 2-acetyl-1H-benzimidazole (11) (0.48 g, 3
mmol), the appropriate aromatic aldehyde (3 mmol),
malononitrile (0.2 g, 3 mmol) and ammonium acetate
(0.75 g, 9 mmol) in absolute ethanol (20 ml) was refluxed
for 2-3 h, during which precipitation of the product occurred.
The mixture was then cooled, and the precipitate was
filtered, washed with ethanol and crystallized from agueous
dimethyiformamide (Table Il).

IR for 12a,b (KBr, cm™): 3467, 3348-3347, 3237-3216
(N-H); 2217-2189 (CN); 1643, 1602-1585 (C=N); 1553-
1552, 1519-1515 (5 N-H, C=C). "H-NMR for 12a (DMSOds,
Jeol 500 MHz, & ppm): 3.87 (br. s, 2H, D,O exchangeable,
NH,); 7.26-7.69 (m, 8H, Ar-H); 7.91 (s, 1H, pyridine-Cs-H).
'H-NMR for 12b (CDCl,, Jeol 500 MHz, & ppm): 1.83 (brs,
2H, D,0 exchangeable, NH,); 3.81, 3.84 (2s, 6H, 20CH,),
6.95-7.34 (m, 8H, Ar-H); 7.82 (s, 1H, pyridine-Cs-H).

Table II. Physical and analytical data of the prepared benzimidazole
derivatives (12-16)

Comp. R Rl M.P.  Yield Mol.Formula®

No. Cl  [%] (Mol.Wt.)

12a H Cl >300 45 CiHiCINs(345.79)

12b OCH; OCH; 180-182 80 C,HN;0,H,0 (389.42)
13a H Cl 8990 65 CyH4CINO (346.78)
13b OCH; OCH; 220-222 95 CyHiN,0O,(372.39)

15 - 215-217 50 CyHisN;S (291.38)

16a CeHs 255-257 61 CyHiuCiN, (379.85)

16b Benzofuran-2-yl -- 198-200 95 CyH:,CIN,O (419.87)

@ Analyzed for C, H, N, and the results were within £ 0.4% of the
theoretical values.
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6-(1H-Benzimidazol-2-yl)-3-cyano-4-(substituted-phenyl)-
1H-pyrid-2-ones (13a,b)

The title compounds were prepared, as described under
12a,b, from 11 (0.48 g, 3 mmol), the appropriate aromatic
aldehyde (3 mmol), ethy! cyanoacetate (0.34 g, 0.32 mL,
3 mmol) and ammonium acetate (0.75 gm, 9 mmol)
(Table II). IR for 13a,b (KBr, cm™): 3038-3005, 2990-2976
(N-H); 2222-2219 (CN); 1726-1713 (C=0); 1660-1659,
1615-1610 (C=N); 1588, 1519-1513 (C=C). 'H-NMR for
13b (CDCl;, Jeol 500 MHz, § ppm): 3.94, 3.95 (2s, 6H,
20CH;); 6.92, 8.94 (2s, 2H, 2N-H); 7.25-7.79 (m, 7H, Ar-
H); 8.1 (s, 1H, pyridine-Cs-H).

2-[2-Amino-4-phenyithien-3-yi]-1 H-benzimidazole (15)
A mixture of 2-cyanomethyl-1H-benzimidazole (14) (0.31
g, 2 mmol), acetophenone (0.24 g, 0.23 mL, 2 mmol),
sulfur (0.06 g, 2 mmol) and triethylamine (0.24 mL) in
absolute ethanol (20 mL) was refluxed for 5 h. The mixture
was then cooled, and the crystals that formed were
filtered, washed with ether, air-dried and recrystallized
from ethanol (Table II).

IR (KBr, cm"): 3412, 3312, 3288 (N-H); 1643, 1617
(C=N) 1586, 1553, 1517, 1500 (5N-H, C=C). 'H-NMR
(CDCl;, Jeol 500 MHz, & ppm). 2.0 (br. s, 2H, D,O
exchangeable, NH,); 7.24-7.61 (m, 10H, Ar-H).

1-Aryl-3-(4-chiorophenyl)pyrido[1,2-aJbenzimidazole-
4-carbonitriles (16a,b)

A mixture of 14 (0.31 g, 2 mmol), p-chicrobenzaldehyde
(0.28 g, 2 mmol), proper aromatic ketone (2 mmol) and
ammonium acetate (0.5 g, 6 mmol) in absolute ethanol
(20 mL) was refluxed for 2-3 h. The mixture was then
cooled and diluted with an equal volume of water. The
obtained precipitate was fittered, washed with ether, dried
and crystallized from aqueous ethanol (Table II).

IR for 16a,b (KBr, cm™): 2235-2223 (CN); 1642-1625,
1617-1608 (C=N); 1588-1587, 1519-1516 (C=C). '"H-NMR
for 16a (CDCl;, Jeol 500 MHz, & ppm): 7.3-7.9 (m, 13H,
Ar-H); 8.4 (s, 1H, C,-H of the fused system). "H-NMR for
16b (CDCls, Jeol 500 MHz, 6 ppm): 7.4-7.9 (m, 13H, Ar-
H); 8.4 (s, 1H, C,-H of the fused system). MS for 16b m/z
(% relative abundance); 420 [M" (8.7)]; 421 [MH" (23.5)];
422 IM™+2 (11.5)]; 423 [MH*+2 (14)]; 280 (100).

Biological evaluation in vitro anti-HIV-1 activity
The in vitro anti-HIV-1 drug testing was performed by
the National Cancer Institute’s Developmentai Therapeutics
Program, AIDS antiviral screening program, according to
the reported procedure (Weislow et al., 1989). The assay
involved the killing of T, lymphocytes by HIV. The T,
lymphocytes (CEM cell line) were exposed to HIV at a
virus-to-cell ratio of approximately 0.05 and treated with
the test compounds, dissolved in dimethylformamide, at

doses ranging from 10°® to 10*. A complete cycle of virus
reproduction is necessary to obtain the required cell killing
(incubation at 37°C in a 5% carbon dioxide atmosphere
for 6 days). Uninfected cells treated with the compound
served as a toxicity control, whereas the infected and
uninfected cells without the compound served as basic
controls. After incubation, the tetrazolium salt XTT was
added to all wells, and cultures were incubated to allow
formazan color development by viable cells. Formazan
production was measured spectrophotometrically, and
possible protective activity was confirmed by microscopic
detection of viable cells. The effect of each compound on
cell growth of HIV-infected and uninfected cells was
compared to that of untreated uninfected cells. All tests
were compared to AZT as a positive control carried out at
the same time under identical conditions.

Antitumor screening

The antitumor screening was performed at the National
Cancer Institute (NCI), Bethesda, Maryland, U.S.A.. The
compounds were evaluated in three cell lines in a one-
dose primary anticancer assay subsequent fo the NCI
preclinical antitumor drug discovery screen (Grever et al.,
1992). The three cell lines used were lung (NCI-H460),
breast (MCF-7) and central nervous system (SF-268). In the
current protocol, each cell is inoculated and preincubated
on microtiter plates. Test agents are then added at a single
concentration (100 mM), and the culture is incubated for
48 h. Endpoint determinations are made with alamar blue.
The resulis for each agent are presented as the percent
of growth of the treated cells compared to the untreated
control cells.

Antimicrobial activity

The test compounds were evaluated by the agar cup
diffusion technique (Conte and Barriere, 1988) using a 2
mg/mL solution in DMF. The test organisms were Staphy-
lococcus aureus (ATCC 6538) and bacillus subtilis (DB
100), Gram-positive bacteria, Pseudomonas aeruginosa
(ATTC 27853) and Escherichia coli (DH5a), Gram-negative
bacteria, and Candida albicans (0443P), a representative
fungus. A control using DMF without any test compound
was included for each organism. The minimal inhibitory
concentration (MIC) of the most active compounds was
measured using the two-fold serial broth dilution method
(Scott, 1989). Ampicillin and clotrimazo! in DMF were
used as reference drugs.

RESULTS AND DISCUSSION

Chemistry
The target benzofuran derivatives listed in Table | were
prepared according to the sequence of reactions depicted
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Scheme 1. Synthetic pathway of benzofuran derivatives 2-8

in Scheme 1. The starting 2-acetylbenzofuran (1) was pro-
duced as previously described (Ellictt, 1951). Reacting 1
with the appropriate aromatic aldehyde and ethyl cyanoa-
cetate in the presence of ammonium acetate afforded 3-
cyano-4-(substituted-pheny!)-6-(1-benzofuran-2-yl)-1H-pyrid-
2-one (2). Similarly, 2-amino-4-(substituted-phenyl)-6-(1-
benzofuran-2-yl)pyridine-3-carbonitriles (3a-c) were pre-
pared by reacting 1 with malononitrile, a substituted aro-
matic aldehyde and ammonium acetate. The intermediate
2-bromoacetyl benzofuran (4) was prepared according to
a previously described method (Ghabrial et al., 1996).
Treatment of 4 with thiosemicarbazide afforded 4-(1-
Benzofuran-2-yl)-2-hydrazinothiazole hydrobromide (5)
(Kempter et al., 1969). Subsequent cyclocondensation of
5 with acetylacetone yielded 4-(1-Benzofuran-2-yi)-2-(3,5-
dimethyl-1H-pyrazol-1-ylithiazole (6). Likewise, 4-(1-Ben-
zofuran-2-yl)-2-[2-(4-substituted-benzylidene )hydrazinoj
thiazole hydrobromides (7a,b) were prepared by the
treatment of 4 with various thiosemicarbazones of the
appropriate aromatic aldehydes. Oxidative cyclization of
7a,b using bromine in presence of sodium carbonate
resulted in the formation of 5-(1-Benzofuran-2-yl)-6-bromo-
3-(4-substituted-phenyljthiazolo [2,3-c]-1,2,4-triazoles (8a,b).
it has been found that bromination at C-5 of the thiazole

ring occurs during the course of this oxidative cyclization.
The IR spectra of 8a,b lacked absorption bands corres-
ponding to NH. The 'H-NMR spectra also revealed the
disappearance of the broad singlet of NH,, a singlet of
thiazole C-5 and a singlet of N=CH that confirmed
cyclization and bromination.

On the other hand, the desired benzimidazole deriva-
tives (Table 1) were prepared following the reaction
seguence outlined in Scheme 2. The starting 2-acetyl-1H-
benzimidazole (11) was prepared according to a previously
reported procedure (Ozegowski and Krebs, 1965).
Reacting 11 with the appropriate aromatic aldehyde and
malononitrile in the presence of ammonium acetate gave
2-amino-6-(1H-benzimidazol-2-yl)-4-(substituted  phenyl)
pyridine-3-carbonitriles (12a,b). Similarly, 6-(1H-Benzimi-
dazol-2-y1)-3-cyano-4-(substituted-phenyl)-1H-pyrid-2-ones
(13a,b) were prepared by treating 11 with the appropriate
aromatic aldehyde, ethyl cyanoacetate and ammonium
acetate. Moreover, reacting 2-cyanomethyl-1H-benzimi-
dazole (14), which was prepared as reported (Copeland
and Day, 1943), with sulfur and acetophenone in the
presence of a catalytic amount of triethylamine yielded 2-
[2-amino-4-phenyl thien-3-yl]-1H-benzimidazole (15).

Refluxing a mixture of 14, acetophenone (or 2-acetyl-
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Scheme 2. Synthetic pathway of benzimidazole derivatives 12-16

benzofuran), p-chlorobenzaldehyde and ammonium acetate
in ethanol, as reported for the synthesis of related substi-
tuted 2-aminopyridine derivatives (Kovalenko et al., 1999),
unexpectedly resulted in the formation of 1-aryl-3-(4-
chlorophenyl)pyrido[1,2-a]benzimidazole-4-carbonitriles
(16a,b) rather than 2-amino-3-(benzimidazol-2-yl)-4-(4-
chlorophenyl)-6-aryl-3,4-dihydropyridines (17a,b). The pro-
posed mechanism for the reaction sequence is illustrated
in Fig. 2. The structures of 16a,b were confirmed by micro-
analyses, IR, '"H-NMR and MS spectra. The IR spectra
were characterized by absorption bands at 2235-2223
cm’, characteristic of the CN, and the absence of NH
bands, corresponding to NH, and the benzmidazole NH.
The "H-NMR spectra revealed the absence of the D,O-
exchangeable signals corresponding to NH, and HH of
benzmidazole. The MS for 16b showed peaks at m/z 420
and 422 corresponding to M* + 1 and M™ + 3, respectively,
and a base peak at m/z 280.

Biological study in vitro Anti-HIV-1 activity
Six compounds (2, 3a-c, 12a,b) were selected by NCI

and evaluated for their effects on HIV-1-induced cytopatho-
genicity in a human T, lymphocyte cell line (CEM). Activity
is expressed as percent of protection, representing the
percent of surviving HIV-infected cells that were treated
with the test compound (at the indicated concentration)
relative to uninfected, untreated controls. The results
indicated that the test compounds failed to counteract the
cytopathic effects of HIV, since the cell growth of HIV-
infected cells remained between 4-17% (Table I1l). Owing
to their weak anti-HIV activity, it is difficult to clarify the
relationship between molecular structure and biological
activity for these compounds.

Anticancer screening

Three compounds (7a,b, 8b) were selected by NCI and
evaluated for their in vitro antineoplastic activity against
the three-cell-line panel consisting of the Breast-MCF7
cell line, the Lung-NCI-H460 cell line and the CNS-SF-
268 cell line. Compounds 7a and 7b showed weak activity
against the lung cell line. However, the test compounds
were considered inactive because the percent growth
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Fig. 2. Proposed mechanism of the reaction leading to compounds
16a,b

Table lll. In vifro Anti-HIV activity of compounds 2, 3a-c, 12a,b

Maximum % Dose ICsp
Comp. No. NSC No. Protection (Molar) {Molar)

2 725725-P 9.94 6.36x10° 8.48x10°
3a 725720-K 16.62 6.36x10° 1.53x10"
3b 725721-L 6.74 2.01x107 1.10x10"
3c 725722-M 11.08 200x10°  >2.00x10*
12a 725723-N 3.56 2.01x107 6.05% 10
12b 725724-0 17.19 2.00x10° 4.04x105

Table IV. Growth percentages of 3-cell-ine panel in primary
anticancer screen of selected compounds

Percentage growth

Comp.  NSC Sample
No No Concentration ~ Breast- Lung CNS
MCF7  NCI-H460  SF-268
7a  S725702-P  10°M 85 66 103
Tb  S-725703-Q  10*M 72 53 87
8a S725704-R  10*M 87 84 132

inhibition was higher than 32% (Table V).

Antimicrobial testing

All of the newly synthesized compounds were prelimi-
narily evaluated for their in vitro activity against S. aureus,
a Gram-positive bacteria, E. cofi, a Gram-negative bacteria,
and C. albicans, a fungus. Ampicillin and clotrimazole
were used as reference drugs.

The results indicated that compound 6 exhibited weak

S. M. Rida et al.

activity against S. aureus (MIC 500 pg/mL), while com-
pound 15 demonstrated weak activities against both S.
aureus and C. albicans (MIC 500 pg/mL).

CONCLUSION

As a part of our research project regarding 2-substituted
benzofurans and related bioisosteric heterocyclic ring
systems and our attempts to identify novel lead compounds
for future development as antitumor, anti-HiV-1 and/or
antimicrobial agents, we previously reported the synthesis
and biological evaluation of a series of 2-substituted
benzofuran derivatives that have various heterocyclic ring
systems linked to benzofuran nucleus at position 2 by
two- to four-atom spacers (Rida et al., 2006). The resulits
of our earlier study revealed that itwo compounds
exhibited promising anti-HIV-1 activity (NSC 725612 and
NSC 725716, Fig. 1). These compounds were selected
as leads for further structural modifications in an effort to
obtain more potent compounds. In the present investigation,
we report the design and synthesis of a new series of 2-
substituted benzofurans, which include in their structures
various heterocyclic moieties directly attached to the
benzofuran nucleus at position 2. The goal in making
these structural changes was to explore the significance
of the spacer on the respective biological activity.

Compounds 7a,b were designed to change the position
of the spacer in the lead compounds through its insertion
between the thiazole ring and phenyl group in the side
chain. The anticancer screening data indicated that the
compounds exhibited mild activity against lung cancer
NCI-460 (Table 1V). However, inclusion of such spacer in
a ring structure (compounds 6 and 8a) decreased the
antimicrobial and anticancer activity, respectively.

Our study was extended to the synthesis of additional
derivatives containing a substituted pyridine moiety
directly attached to benzofuran nucleus (2 and 3a-c). The
anti-HIV-1 results indicated that the test compounds
weakly reduced the viral cytopathic effect. (Table ).
Compound 3a (R = H) was the most active in this regard.

On the other hand, some related bioisosteric benzimi-
dazole derivatives (12, 13, and 15) were also synthesized
to investigate their biological effects. The anti-HIV-1 assays
revealed that compound 12a (R - H, R = Cl) had a weak
activity, while when R and R' = OCH; (12b), the activity
increased slightly (Table lll). The antimicrobial test resuits
indicated that compound 15 exhibited mild activity against
S. aureus.

From the aforementioned results, we concluded that the
presence of a spacer linking the various heterocyclic
moieties to the benzofuran ring is an essential feature for
biological activity.

Moreover, substituted pyrido[1,2-albenzimidazoles (16a,b)
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were designed as relatives to the biologically active com-
pounds known in the literature (NSC 699944 and 699948,
Fig. 1). However, the antimicrobial results indicated that
such compounds are devoid of activity.
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