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The synthesis of new benzimidazo-2-ylthiophenes, and benzo[glimidazo[1,2-a]pyridines utilizing 2-benz-
imidazolylacetonitrile (1) as starting component is reported.

Key words: Thiophenes, pyridines, acetonitriles, azoles.

Azolylacetonitriles are readily obtainable compounds that have been extensively
utilized as intermediates in heterocyclic synthesis.!? In previous work from our
laboratories we have shown that the cyanomethyl function in several azoles are
active toward electrophilic reagents which enabled synthesis of several condensed
azoles.** In conjunction of this work we report here the results of our further work
exploring the synthetic potential of 2-(2-benzimidazolyl)acetonitrile (1). It is worth
mentioning that the chemistry of benzimidazole derivatives has been of increasing
interest since some of its derivatives have found applications as chemotherapeutics,>
tuberculostatic agents® or potent antibacterial compounds.” Thus, it has been found
that 1 reacts with acetone in the presence of sulfur and triethylamine in boiling
ethanol solution to yield a product that is assigned the structure 3a based on
analytical and spectral data. The IR spectrum of this product revealed the absence
of the CN signal and the appearance of the NH, signal as required by structure 3.
The formation of 3 is assumed to proceed via the intermediate mercapto derivative
2 that cyclizes readily to aromatic 3. The behavior of 1 thus resembles other active
methylene nitriles and to our knowledge this is the first reported use of azolyl-
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acetonitriles as active methylenes in the Gewald reaction. Compound 1 and cyclo-
hexanone reacted similarly to yield the thienylbenzimidazole derivative 3b.

In contrast to the reactivity of acetone, under a variety of conditions, aceto-
phenone did not react with 1 under similar conditions. We believe that the thio-
phene that may result from such a reaction has a large steric interaction and a large
energy barrier must be overcome for formation.

Malononitrile and sulfur reacted with compound 1 to yield either 5a or 7a. The
formation of 7a is assumed to proceed via addition of CH, group of the malononitrile
to the CN function in 1 followed by reaction with sulfur to yield 6a which was then
cyclized into 7a. Alternately, CH, of 1 may add to the CN of malononitrile, react
with sulfur and then cyclize to 5. Structure 7a is preferred over possible 5a based
on the IR spectrum which showed a CN signal at v = 2250 cm~'. Alternative 5a
is expected to show a CN signal at a lower frequency.® Similar to malononitrile,
ethyl cyanoacetate yields 7b.

We have recently®!® shown that electron rich strained condensed thienopyri-
dazines act as excellent dienes in 4 + 2 cycloaddition reactions. It seemed to us
possible that the synthesized thiophenes may also react as dienes as they have an
amino function and several other polyfunctional substituents that would raise the
HOMO-LUMO energy. However, under a variety of conditions, compounds
3a, b did not react with maleic anhydride or N-phenylmalemide. It was thus decided
to prepare diaminothiophenes which may be more electron rich, thus raising further
HOMO-LUMO energy. For this purpose 1 was treated with benzoylisothiocyanate
to yield a 1:1 adduct which may be formulated as 8 or isomeric 9. Structure 8 was
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established for the reaction product based on 'H NMR which revealed the absence
of the CH, function and the presence of both 2NH as well as SH functions. Com-
pound 8 reacted with phenacyl bromide to yield a product which was formulated
as 12 rather than isomeric 11 based on the IR spectrum which showed the absence
of a CN signal. 'H NMR for 12 showed signals for 2 NH, groups and a multiplet
for aromatic and NH protons. Compound 12 is believed to be formed via the
intermediate 10 which undergoes cyclization and debenzoylation. Compound 12
reacted with maleic anhydride to yield 14 through intermediate 13.
Cyanomethylazoles have been extensively utilized for the synthesis of condensed
pyridines!! by reaction with arylidenemalonitriles. Similar reaction with alkylidene-
malononitriles has never been reported. In our laboratories trials to prepare al-
kylidenemalononitriles revealed that these compounds are only obtainable in very
low overall yields. For this reason we thought of in situ formation of the required
alkylidenemalononitrile derivatives. Thus, compound 1 reacts with a mixture of
formaldehyde and cyanothioacetamide to yield either 16a or isomeric 18a. Structure
18a was considered more likely based on the 'H NMR spectrum which revealed
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an amino function at § = 8.3 ppm. If the reaction product was 16a, this amino
function would appear at a higher field. It is worth mentioning that the downfield
shift of this signal was rationalized by the anisotropic effect of the ring nitrogen.
Similarly, compound 1 reacts with a mixture of formaldehyde and ethyl cyanoac-
etate, acetaldehyde and malononitrile or cyanothioacetamide to afford 18b—d.

EXPERIMENTAL

All melting points are uncorrected. The IR spectra (KBr) were obtained on a Shimadzu 408 spectro-
photometer. The 'H NMR were measured in DMSO[d,] on a Varian EM-390 90 MHz spectrometer
using TMS as internal reference and chemical shifts are expressed as 8 ppm. Analytical data were
obtained from the Analytical Data Unit at Cairo University.

Synthesis of Benzimidazo-2-ylthiophene Derivatives (3a—b, 7a,b) (General Procedure): A solution of
1(1.57 g, 0.01 mol, 1 eq) in ethanol (40 ml) was treated with the appropriate active methylene reagent
(0.01 mol, 1 eq) and sulfur (0.01 mol, 1 eq) with catalytic amount of tricthylamine (1 ml). The reaction
mixture was heated under reflux for 3-6 h (TLC control). The solvent was removed under reduced
pressure and the residue was triturated with water and neutralized with conc. HCl. The solid product,
so formed, was collected by filtration and recrystallized from DMF.

3a (4.44 g, 63%); mp 300°C; Ir: 3400-3100 cm~* (br, NH, and NH), 2990 (CH,); 1600 (C=N). 'H
Nmr: § = 2.2 (s, 3H, CH,); 6.9-8.2 (m, 8H, aromatic, NH and NH,). C,,H,;N,S, Found C 62.8; H
4.7, N 18.3; S 13.9; requires C 62.6; H 4.8; N 18.3; § 14.0%.

3b (2.0 g, 75%); mp > 300°C; Ir: 3400-3100 cm~! (br, NH, and NH); 1620 (C=N). 'H Nmr: § =
2.6 (t, 4H, 2CH, groups); 3.6 (m, 4H, 2CH,); 6.9-8.3 (m, 8H, aromatic, NH and NH, protons).
C,sH,sN;S, Found C 66.9; H 5.5; N 15.6; S 11.9; requires C 66.9; H 5.6; N 15.6; S§ 11.9%.

7a (1.76 g, 69%); mp > 300°C. Ir: 3400-3150 cm~! (br, NH, and NH); 2250 (CN); 1620 (C=N). 'H
Nmr: § = 7.2-7.9 (m, aromatic, NH and 2NH, protons). C,;H,N;S, Found C 56.4; H 3.5; N 27.1; §
12.5; requires C 56.5; H 3.6; N 27.4; S 12.6%.

7b (1.9 g, 63%); mp > 300°C. Ir: 3450-3150 cm™! (br, NH, and NH), 1700-1660 (CO). 'H Nmr:
8 = 1.3 (t, 3H, CH,); 4.2 (q, 2H, CH,); 7.1-7.5 (m, 9H, aromatic, NH and 2NH,). C,,H,,N,O,S,
Found C 55.6; H 4.6; N 18.5; S 10.6; requires C 55.6; H 4.7; N 18.5; S 10.6%.

The Reaction of Compound 1 with Benzoylisothiocyanate: A solution of benzoylisothiocyanate (0.01
mol) in acetone (40 mi) was treated with compound 1 (1.57 g, 0.01 mol). The reaction mixture was
heated under reflux for 4 h. The solvent was removed under reduced pressure and the remnant was
treated with ice water. The solid product, formed on standing, was collected by filtration and recrys-
tallized from dioxane.
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8 (2.33 g, 73%); mp 235°C. Ir: 3150 cm~! (NH); 2200 (CN); 1680 (CO); 1610 (C=N). 'H Nmr: 8 =
7.3-8.3 (m, 11H, aromatic and 2NH); 10.6 (s, 1H, SH). C,H,,N,SO, Found C 63.8; H 3.7; N 17.4;
S 9.9; requires C 63.7; H 3.8; N 17.5; S 10.0%.

Synthesis of Diaminothiophene Derivative (12): A solution of compound 8 (3.2 g, 0.01 mol) in dioxane
(30 ml) was treated with phenacylbromide (1.99 g, 0.01 mol) and triethylamine (0.9 g, 6.012 mol). The
reaction mixture was heated under reflux for 4 h. The solvent was then evaporated under reduced
pressure and the residue was triturated with water. The solid product formed was collected by filtration
and recrystallized from DMF.

12 (2.4 g, 72%); mp 275°C. Ir: 3300-3200 cm ~! (br, NH, and NH); 1680 (CO); 1600 (C=N). 'H Nmr:
8 = 7.3-7.9 (m, 10H, aromatic and NH); 8.2 (br, 4H, 2NH,). C,;H /N,OS, Found C 64.6; H 4.0; N
16.7; S 9.5; requires C 64.7, H4.2; N 16.8; S 9.6%.

The Reaction of 12 with Maleic Anhydride: A solution of compound 12 (3.3 g, 0.01 mol) in DMF (30
ml) was treated with maleic anhydride (0.98 g, 0.01 mol) and the reaction mixture was heated under
reflux for 6 h. The solvent was then evaporated in vacuo and the residue was treated with ice water.
The solid product, formed on standing, was collected by filtration and recrystallized from DMF.

14 (2.7 g, 68%); mp > 300°C; Ir: 3300-3100 cm ! (br, NH, and NH); 1680 (CO); 1600 (C=N).
C,,H,,N,O,, Found C 66.3; H 3.5; N 14.0; requires C 66.3; H 3.5; N 14.1%.

Synthesis of Benzo[glimidazo[l,2-a]pyridine Derivatives (18a—d): A solution of the appropriate al-
kylidenemalononitrile derivative (0.01 mol), prepared in situ from the reaction of the corresponding
aldehyde and active methylene in ethanol in the presence of a catalytic amount of triethylamine) was
added to compound 1 (1.57 g, 0.01 mol). The reaction mixture was heated under reflux for 4 h. The
solvent was then evaporated under reduced pressure. The solid product, so formed, was collected by
filtration and crystallized from DMF.

18a (1.7 g, 64%); mp > 300°C; Ir: 3400-3100 cm~' (NH,); 2200 (CN); 1600 (C=N). 'H Nmr: é =
4.2 (br, 2H, NH,); 7.1-8.2 (m, 7H, aromatic, pyridine and NH, protons). C,;H,N.S, Found C 58.3;
H 3.4; N 26.2; S 11.0; requires C 58.4; H3.4; N 26.2; S 11.1%.

18b (1.84 g, 66%); mp 265°C. Ir: 3250 cm ! (NH,); 2200 (CN); 1700 (ester CO); 1620 (C=N). 'H
Nmr: § = 1.3 (t, 3H, CH,); 4.2 (q, 2H, CH,); 7.1-8.2 (m, 7H, aromatic, pyridine and NH, protons).
C,sH,:N,O,, Found C 64.1; H 4.2; N 20.2; requires C 64.3; H 4.3; N 20.0%.

18¢ (1.6 g, 66%); mp 270°C. Ir: 3100-3200 cm~! (NH;); 2200 (CN); 1630 (C=N). 'H Nmr: & = 3.4
(s, 3H, CH;); 7.1-8.3 (m, 6H, aromatic and NH, protons). C,,HyN;, Found C 68.2; H 3.6; N 28.5;
requires C 68.0; H 3.7; N 28.3%.

18d (2.0 g, 72%); mp > 300°C. Ir: 3200 cm ' (NH,); 2200 (CN); 1620 (C=N). C,,H,,N,S, Found C
60.0; H 3.8; N 24.9; S 11.4; requires C 60.1; N 3.7; N 25.0; $ 11.2%.
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