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ABSTRACT

An innovative protocol to the synthesis of this material emerged on exploring the potential of the
2-Butylbenzimidazole on its reaction with o-phenylenediamine and pentanoic acid. Various Schiff bases
are formed, named as 2-methylbenzimidazole, 2-benzylbenzimidazole, Ethylacetate-2-methyl-
benzimidazole, 2-substituted benzimidazole derivatives, 5-nitro 2-substituted benzimidazole derivatives.
Its treatment with p-hydroxyacetophenone afforded the corresponding p-acetyl substituted derivatives.
The structure of the compounds had been established on the basis of IR, 1H NMR and MS spectral data.
The explorations of the biological properties of the compounds are in progress.
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1. INTRODUCTION

Schiff bases are the compounds
containing azimethine group (-HC=N-). They are
condensation products of ketones or aldehydes
with primary amines and were first reported by
Hugo Schiff in 1864. Now a day, Schiff bases are
used as intermediates for the synthesis of amino
acids or as ligands for preparation of metal
complexes having a series of different structures.

Schiff bases are also condensation
products of primary amines with carbonyl
compounds and they were first reported by Schiff
11 in 1864. The common structural feature of
these compounds is the azomethine group with a
general formula RHC=N-R1, where R and R1 are
alkyl, aryl, cyclo alkyl or heterocyclic groups
which may be variously substituted. These
compounds are also knows as anils, imines or
azomethines [2-8l, There are wide applications of
Schiff bases and their metal chelates in biological
systems [910] catalysis [11.12] dying processes [13.14]
and analytical applications, the spectral studies of
the Schiff bases containing a heterocyclic ring are
comparatively minor [15-17], A Schiff base behaves
as a flexidentate ligand and commonly
coordinates through the O atom of the
deprotonated phenolic group and the N atom of
azomethine group. Schiff base ligands have
significant importance in chemistry; especially in
the development of Schiff base complexes,
because Schiff base ligands are potentially capable
of forming stable complexes with metal ions [18],

Many Schiff base complexes show excellent
catalytic activity in various reactions at high
temperature (>100 °C) and in the presence of
moisture. Over the past few years, there have been
many reports on their applications in
homogeneous and heterogeneous catalysis, hence
the need for a review article highlighting the
catalytic activity of Schiff base complexes realized
19201, Today, Schiff bases are used as
intermediates for the synthesis of amino acids or
as ligands for preparation of metal complexes
having a series of different structures. A Schiff
base behaves as a flexidentate ligand and
commonly coordinates through the O atom of the
deprotonated phenolic group and the N atom of
azomethine group. Schiff bases have been
reported in their biological properties, such as,
antibacterial, antifungal activities [21-24l, Their
metal complexes have been widely studied
because they have anticancer and herbicidal
applications [2526l, They serve as modals for
biologically important species. 0-
phenylenediamine Schiff bases show clinical
properties [271,

2. MATERIAL AND METHODS
2.1. Materials

All chemicals were used of A.R. grade
(NaOH, O-phenylenediamine, Ethanol, Pentanoic
acid), Melting points were taken in open
capillaries and are uncorrected, all synthesis are
carried out in the round bottom flask of Borosil.
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Purity of compounds was monitored on silica gel
‘G’ coated TLC plates. IR spectra were recorded on
Schimadzu FTIR-8400S Spectrometer in KBr,
IHNMR spectra were taken in CDCl3+DMSOds on
BRUKER AVANCE II 400 NMR Spectrometer using
TMS as an internal standard and Mass spectra
were recorded on a Joel SX-102 (EI/CI/FAB) mass
spectrometer.

2.2. General method for preparation of Schiff
bases

2.2.1. Synthesis of 4-(1H-benzo[d]imidazol-
yl)benzamide:

A mixture of o-phenylenediamine
(0.1mol) and p-amino benzoic acid (0.1mol) was
heated on a water bath for 2 hr. it was cooled and
10% sodium hydroxide solution was added slowly
with constant stirring until just alkaline. The
crude product was filtered, washed with ice-cold
water, decolorized and washed repeatedly and
dried. The product was then recrystallized from
ethanol. Yield: 70%; m.p. 108°C. (Scheme 1)

IR (KBr, cm-1): 3170(N-H str), 1685(C=N
str), 1585 (aromatic str); tH-NMR: 5.0 (s, 1H, NH),
7.5-7.9 (m, 4H, Ar-H), 7.50 (S, 1H, NH;) 7.9-8.0 (m,
4H, Ar-H), m/z: 237.09 (100.0%), 238.09 (16.3%),
239.10 (1.1%).

2.2.2. Synthesis of
benzimidazole:

2-(4-Aminophenyl)

A mixture of p-Amino benzoic acid (4.5g,
33mM) and o-Phenylenediamine (3.8g, 34mM)
were stirred in a syrupy o-Phosphoric acid (45ml)
at 2000C for 2 hours. The reaction mixture was
cooled and poured on crushed ice. The bulky
white precipitate obtained was stirred in cold
water (400ml) and sodium hydroxide solution
(5M) was added until the PH 7. The resulting solid
was filtered and recrystallized from methanol;
Yield: 51.43%; m.p. 246-248°C. (Scheme 2)

IR (KBr) cm-1 3437.26 (N-H), 3360.11
(NH,), 1498.74 (C=C), 1620.26 (C=N), 1180.4; 1H-
NMR: 5.0 (s, 1H, NH), 7.5 -7.9 (m, 4H, Ar-H), 6.27
(S, 1H, NHz) 6.5-7.9 (m, 4H, Ar-H), m/z: 209.10
(100.0%), 210.10 (14.2%), 210.09 (1.1%), 211.10
(1.1%).

2.2.3. Synthesis of 2-Butylbenzimidazole:

0O-Phenylenediamine 2.16 g [0.02 mol]
and pentanoic acid 3.2 g [0.04 mol] were placed in
round bottom flask and refluxed for 7 hours. The
reaction mixture was cooled and basified (pH 7-8)
with 20% sodium hydroxide solution with
continuous stirring. The crude product was
dissolved in 95% ethanol and digested with
activated charcoal for 45 minutes. Boiling water
was then added to the filtrate till slight turbidity
appeared. The solution was made clear by
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addition of few drops of ethanol and kept for
recrystallization. The product was obtained as
white, needle shaped crystals; Yield: 71.43%; m.p.
244-245°C. (Scheme 3)

IR: 3600-3200 (N-H stretch), 3100, 3050
(Aromatic C-H stretch), 2900, 2800 (Aliphatic C-H
stretch), 1400 (C=C and C=N ring), 1240, 1220 (C
- N), 880 (N-H). tH-NMR: 10.3 (s, 1H, NH), 7.5 -7.2
(m, 4H, Ar-H), 2.95 (t, 2H, CH;, 1.84 (m, 2H, CHy),
1.40 (m, 2H, CHy), 0.88 (t, 3H, CH3); m/z: 174.12
(100.0%), 175.12 (12.1%).

2.2.4. Synthesis of 2-methylbenzimidazole:

Heated together mixture of o-
phenylenediamine dihydrochloride (0.03 mole),
20 mL of water, acetic acid (0.09 mole) under
reflux for 45 minutes. Made the cooled reaction
mixture distinctly basic by the gradual addition of

the concentrated ammonia solution, the
precipitated product was collected and
recrystallized from 10% ethanol (scheme is

shown in Fig. 1). A mixture of 5.43g (0.03 mol) of
o-phenylenediamine dihydrochloride, 20 ml of
water and 5.4g (0.09 mol) of acetic acid was
refluxed for 45 minutes. Then the reaction
mixture was poured over crushed ice with
stirring.The cooled mixture was made basic by the
gradual addition of concentrated ammonia
solution. The precipitated product was then
filtered and recrystallized from 10% aqueous
Oethanol, Yield: 50%, m.pt: 177-180°C. (Scheme 4)

IR (KBr) lcm: 3295.16(N-H),
1500.15(C=C), 1593.09(C=N), 752.19(CH),
1248.82(C-N), 1156.25(CH). *H NMR: 1.92 (t, 3H,
J=7.0 Hz, -COOCH.CH3), 4.19 (q, 1H, J= 8.0 Hz, -
CH.CH3), 2.64 (S, 1H, -CHs), 7.35 - 7.69 (m, 4H,
ArH), 3.67 (s, 2H, -NCHz); m/z: 132.07 (100.0%),
133.07 (9.4%).

2.2.5. Synthesis of 2-benzylbenzimidazole:

Heated together mixture of o-
phenylenediamine dihydrochloride (0.03mole), 20
mL of water, phenylacetic acid (0.09 mole) under
reflux for 45 minutes. Made the cooled reaction
mixture distinctly basic by the gradual addition of
the concentrated ammonia solution, the
precipitated product was collected and
recrystallised from 40% ethanol. A mixture of
543g (0.03 mol) of o-phenylenediamine
dihydrochloride, 20 ml of water and 12.3g (0.09
mol) of phenyl acetic acid was refluxed for 45
minutes. Then the reaction mixture was poured
over crushed ice with stirring. The cooled mixture
was made basic by the gradual addition of
concentrated ammonia solution. The precipitated
product was then filtered and recrystallised from
40% Oaqueous ethanol, Yield: 48% m.p: 235-236
C. (Scheme 5)
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Scheme -1: Synthesis of 4-(1H-benzo[d]imidazol-2yl)benzamide
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Scheme -2: Synthesis of 2-(4-Aminophenyl) benzimidazole
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Scheme -3: Synthesis of 2-Butylbenzimidazole
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Scheme 6 Synthesis of Ethylacetale-2-methyl-benzimidazole
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Scheme -7: Synthesis of 2-methyl-1H-benzo[d]imidazole derivatives
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Scheme - 8: Synthesis of 2-ethyl-5-nitro-1H-benzo[d]imidazole derivatives

NO,

Zn/NaoH

NH,

N
\©: \>_c2H5

N

H

16

4.5hr

-

N
»—c;Hs
N

17
2-ethyl-1H-benzo[d]imidazol-S-amine

Scheme - 9: Synthesis of 2-ethyl-1H-benzo[d]imidazol-5-aminederivatives

IR (KBr) Cm: 3416.66 (N-H), 1486.05
(C=C), 1645.17 (C=N), 1185.18 (C-N), 857.30 (Ar-
H), 2884.35 (CH). H-NMR: 10.5 (s, 1H, NH), 7.9 -
8.2 (m, 4H, Ar-H), 2.83 (t, 2H, CHz, 1.94 (m, 2H,
CH,), 1.40 (m, 2H, CHz), 0.88 (t, 3H, CHs); m/z:
208.10 (100.0%), 209.10 (15.9%), 210.11 (1.1%).

2.2.6. Synthesis
benzimidazole:

of Ethylacetale-2-methyl-

A mixture of 2-methyl-benzimidazole
(0.30 mole, 39.60 g) and ethyl-chloroacetate (0.30
mole, 36.74 g) with K,COz (6.168 g) in methanol
(250 ml) was kept overnight at room temperature.
The reaction mixture was refluxed on a steam
bath for about 3hr. It was cooled filtered and
solvent was distilled off under reduced pressure

and the solid thus obtained was passed through a
column of silica gel using chloroform: methanol
(5:5 v/v) mixture as eluant. The eluate (250 ml)
was concentrated to give a product which was
recrystallized with ethanol to furnish colorless
needles of compound Yield: 83%, m.p. 94-96°C.
(Scheme 6)

IR (KBr) Cm: 2866, 1470, 1270 (-NCH>),
2912, 2875, 1427, 710 (-CH: and -CH3), 1720
(>C=0 of ester), 1050 (C-0-C), 3012, 2842, 1598,
1392, 744 (benzimidazole ring), 2816 (-CHs3) ;
THNMR : 1.90 (t, 3H, J=7.0 Hz, -COOCH,CH3), 4.19
(q, 2H, J= 7.0 Hz, -CH.CH3), 2.64 (s,1H, -CH3), 7.30
- 7.65 (m, 4H, ArH), 3.63 (s, 2H, -NCH2); m/z:
194.11 (100.0%), 195.11 (11.1%), 196.11 (1.0%).
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Table -1: Physical data of schiff bases

. Molecular Melting Yield Elemental Analysis
Schiff Bases Formula Point °C %
C% H% N% 0%
4-(1H-benzo[d]imidazol- C14H11N30 108-109 70 70.87 4.67 17.71 6.74
2yl)benzamide
2-(4-Aminophenyl) C13H11N3 246-248 51 7462 53 2008 -
benzimidazole
2-Butylbenzimidazole C11H14N2 177-180 50 7582 81 16.08 -
2-methylbenzimidazole CsHsN2 235-236 48 727 61 212 -
2-benzylbenzimidazole C14H12N2 94-96 83 80.74 5.81 1345 -
Ethylacetate-2-methyl- C10H14N202 210-212 78 61.84 7.27 1442 16.47
benzimidazole
2-methyl-1H-benzo[d]imidazole = CgHsN2 200-201 86 727 61 212 -
2-ethyl-5-nitro-1H- CoHoN302 150-152 75 56.54 4.74 2198 16.74
benzo[d]imidazole
2-ethyl-1H-benzo[d]imidazol-5- CoH11N3 167-169 84 67.06 6.88 26.07 -
amine
at such a rate that the temperature did not exceed
o . -
227 Synthesis of 2-methyl-1H- 35 Ct After. tcontlnuous Stll‘l(‘jlng for 1121h, the
benzo[d]imidazole derivatives: reaction MIxture was poured very Sowly over
crushed ice with vigorous stirring. The formed
O-phenylenediamine (0.25 mol) and product was filtered, washed with cold water and

appropriate carboxylic acid (0.34 mol) was heated
on a water bath at 100°C for 6-8 h. The completion
of reaction was monitored by TLC. After
completion of reaction, the reaction mixture was
cooled and basified to a pH of 7-8 by using 10%
sodium  hydroxide  solution. The crude
benzimidazole was filtered at the pump, washed
with ice cold water. The crude product was
dissolved in 400 ml of boiling water and 2 g of
decolorizing carbon was added and digested for
15 min. The solution was filtered while hot, cooled
the filtrate to about 10°C. The pure product was
filtered, washed with 25 ml of cold water and
dried at 100°C, Yield: 78%, m.p 210-212¢C.
(Scheme 7).

IR (KBr) Cm: 2546.67 (N-H), 1476.02
(C=C), 1445.27 (C=N), 1175.28 (C-N), 847.20 (Ar-
H), 2984.32 (CH). H-NMR: 10.4 (s, 1H, NH), 7.6 -
8.1 (m, 4H, Ar-H), 2.84 (t, 2H, CHz, 1.96 (m, 2H,
CH,), 1.42 (m, 2H, CHz), 0.89 (t, 3H, CHs); m/z:
132.07 (100.0%), 133.07 (9.4%).

2.2.8. Synthesis of 2-ethyl-5-nitro-1H-
benzo[d]imidazole derivatives:

Concentrated HNO3 (7.5 ml) was placed
in three necked round bottom flask fitted with a
mechanical stirrer. The flask was immersed in ice

cold water and added slowly conc. H,SO4 (7.5 ml)
down the condenser with slow stirring. After the
addition, 2-substituted benzimidazoles (0.028
mol) were added in a portion over a period of 1 h

recrystallized from ethanol, Yield: 75%, m.p 200-
20. (Scheme 8)

IR (KBr) Cm: 2546.67 (N-H), 1476.02
(C=C), 1445.27 (C=N), 1175.28 (C-N), 847.20 (Ar-
H), 2984.32 (CH). H-NMR: 10.4 (s, 1H, NH), 7.6 -
8.1 (m, 4H, Ar-H), 5.04 (S, 2H, NH3) 1.96 (m, 2H,
CH,), 1°C; m/z: 191.07 (100.0%), 192.07 (10.9%).

2.2.9. Synthesis of 2-ethyl-1H-
benzo[d]imidazol-5-aminederivatives:

A solution of 0.5 g of 5-nitro, 2-
substituted benzimidazole in 15 ml of rectified
sprit was taken in round bottom flask. To this, 5
ml of 20 % sodium hydroxide and 2.5 g of zinc
dust powder was added. The reaction mixture was
refluxed until color of the solution changed from
deep red to colorless (about 4.5 h), the hot
mixture was filtered. The zinc residue was
returned to the flask and extracted with 10 ml of
hot rectified sprit for two times. The extracts were
combined and the solvent was removed under
vacuum, yielded the brown solid and
recrystallized from methanol, Yield: 84%, m.p
167-169¢C. (Scheme 9).

IR (KBr) Cm: 2546.67 (N-H), 1476.02
(C=C), 1445.27 (C=N), 1175.28 (C-N), 847.20 (Ar-
H), 2984.32(CH). 'H-NMR: 10.4 (s, 1H, NH), 7.6 -
8.1 (m, 4H, Ar-H), 5.04 (S, 2H, NH2) 1.96 (m, 2H,
CHz), m/z 161.10 (100.0%), 162.10 (9.9%),
162.09 (1.1%).
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3. RESULTS AND DISCUSSION

The newly synthesized shiff base stable at
room temperature. The shiff bases are soluble in
common Organic solvents, such as ethano],
methanol, and chloroform but partially soluble in
hexane. The shiff base compounds were relatively
well soluble in DMF and DMSO. The synthesized
compounds were characterized by elemental
analysis, spectra data. The biological properties of
the compounds are in progress.

4. CONCLUSION

In conclusion, various Schiff bases was
synthesized which show failure synthesis from
salicylaldehyde or benzaldehyde with some amino
acids, by the usual classical synthetic method [28],
this is because Schiff base have reversible nature
of synthesized Schiff bases reaction. Some
workers had previously used a several catalysts
[28-301 o overcome on such problem, but now there
is way to use sodium hydroxide catalyst for the
first time during synthesis of Schiff bases, which is
highly accepted as a catalyst and kinetic 311 point
of view. All the synthesized compounds (2-17)
were purified by successive recrystallization using
ethanol. The purity of the synthesized compounds
was checked by performing TLC. The structures of
the synthesized compounds were determined on
the basis of their FTIR and 1HNMR data.
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