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The present paper describes the reduction of 1-methyl-5-nitro-benzimidazoles (1A, 2A) and 1,3-

dimethyl-2H-5-nitro-benzimidazol-2-one (3) to 5-aminobenzimidazoles (4A, 5A) and 1,3-dimethyl-2H-

5-amino-benzimidazol-2-one (6) respectively with hydrazine hydrate in absolute ethanol in the pres-

ence of graphite. Compounds 5A and 6 were converted to 2-ethyl-5-(phthaloyl-L-phenylalanyl)amino-

1-methylbenzimidazole (7) and 1,3-dimethyl-5-(phthaloyl-L-phenylalanyl)aminobenzimidazol-2-one (8).

Characterization of the synthesized compounds was done with the help of mass spectrometry and 1H

NMR spectroscopic studies. Optical activity of the amino acid derivatives 7 and 8 was also recorded.

Introduction

Since numerous benzimidazole1 and benzimidazolone2 derivatives have found use as valuable pharmaceuti-
cals, it was considered worthwhile to prepare new compounds by coupling these nuclei with amino acids.
Such coupled derivatives are expected to exhibit novel and interesting pharmacological activities. For this
purpose, methylated benzimidazoles and benzimidazolone having a nitro-substituent in their benzene ring

which had previously been prepared3 by our research group working on the methylation of benzimidazoles
were considered suitable starting materials. The plan was to reduce the nitro group present in these com-
pounds to an amino group, and to couple the 5-amino-substituted heterocycles with a suitably protected
amino acid derivative to yield the target molecules.

Results and Discussion

The first step in the present work was to reduce the 5-nitro-azaheterocycles 2H- (1A), 2-ethyl- (2A) 5-nitro-

1-methylbenzimidazoles and 1,3-dimethyl-2H-5-nitro-benzimidazol-2-one (3) to corresponding 5-amino com-

pounds, i.e. 5-amino-2H- (4A), 5-amino-2-ethyl- (5A) 1-methylbenzimidazoles and 5-amino-1,3-dimethyl-

2H-benzimidazol-2-one (6).

The reduction of 5-nitro compounds 1A, 2A and 3 to respective 5-amino compounds 4A, 5A and

6 was carried out using hydrazine hydrate/graphite in absolute ethanol. This method gave pure amino
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compounds in high yield (>90%) and was also found to be selective because compound 3 was reduced to

compound 6 without affecting the C=O group (Figure 1). The characterization of the products was done

with the help of 1H NMR and mass spectral studies.

Figure 1. Reducation of methyl nitrobenzimidazoles and 1,3-dimethyl nitrobenzimidazol-2-one.

When the quantity of reducing agent and solvent was used in the same proportion as given in the

literature4 , only 50% reaction took place in two hours. The reflux time had to be increased from two hours
to ten hours and the quantity of hydrazine and graphite was doubled in order to complete the reduction.
Interesting results were obtained when a mixture of 1A, its 6-nitro-isomer 1B and 3 were subjected to
reduction using the method described above. It was found that the complete reduction to amino compounds.
4A, 4B and 6 required only four hours. Similarly a mixture of 2A, its 6-nitro-isomer 2B, and 3 could be
completely reduced to a mixture of corresponding amino compounds 5A, 5B and 6 in six hours. When
compounds 1A, 2A and 3 were separately reduced, complete reduction in each case took more than ten
hours. It seems that these compounds are assisting each other in the process of reduction.

Methylation of 2H- and 2-ethyl 5-nitro-benzimidazoles separately as described in our earlier paper3

with methyl iodide in the presence of anhydrous potassium carbonate using anhydrous dimethylformamide
as the solvent led to the formation of a mixture of corresponding 5- and 6-nitro-methylbenzimidazoles 1A,
1B and 2A, 2B respectively. In each case a third compound, 1,3-dimethyl-2H-5-nitro-benzimidazol-2-one

(3) was also formed. The three compounds in each case were first separated and then subjected to reduction

as described. Keeping in mind the consistent results described in the preceding para it seems a better idea
in terms of time to first reduce the mixture of nitro compounds obtained through the synthesis and then to
separate and purify the amino compounds so obtained.

Mass fragmentation pattern of 4A and 5A shown in Figures 2 and 3 respectively show similarities.
Data are listed in the experimental also. Molecular ion peaks are visible in both the spectra. The molecular

ion I in 5A loses a -CH3 radical to produce a peak at m/z=160 (fragment VII) and a C2H5 radical to give a

peak at m/z=146 (fragment VIII). Loss of the C2H4 molecule from the molecular ion in 5A gave fragment
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I at m/z=147. Further fragmentation of I then led to II-VI as shown in Figure 3. It is interesting to note

that the mass spectral fragmentation pattern of 4A shown in Figure 2 which starts with the formation of

the molecular ion at m/z=147, is exactly identical to the fragmentation of the fragment II at m/z=147 in

5A.

Figure 2. Mass fragmentation pattern of 4A.

The 1H NMR spectral data of compounds 4A and 5A are given in the experimental section. In both
these spectra, Ha and Hb are shifted upfield due to the enhanced mesomeric effect of NH2 at ortho position,
whereas Hc resonated at the lower filed of all three aromatic protons. The proton Hc showed a doublet
whereas Hb exhibited a doublet of doublet. A singlet at δ=3.75 was due to N-CH3 protons in 4A and at
δ=3.6 in 5A. A singlet at δ=7.71 in 4A is assigned to He. A quartet at δ=2.18 in 5A is due to He and Hf

showed a triplet at δ=1.40.

The mass fragmentation pattern of compound 6 is given in Figure 4. Molecular ion gave base peak

at m/z=177 which corresponded to its molecular weight. Fragments II, III and IV were formed due to loss

of CH3 radical, the CO and Me-N=C=O molecules from the molecular ion respectively. Fragment V was
the result of the loss of CH3 radical from fragment III and fragment VI was through the loss of CH3 from
fragment IV.

1H NMR spectral data of 6 is given in the experimental section. Three sets of peaks were visible in
the aromatic region. Proton Hc appeared as a doublet at the lowest field at δ=6.73 and exhibited an ortho
coupling with Hb. The electron donating effect of NH2 group was more at ortho position which resulted
in Ha and Hb being shifted towards a higher field compared with Hc. The proton Hb showed a doublet of
doublet due to ortho and meta coupling with Hc and Ha respectively at δ=6.43, whereas Ha appears as a
doublet at δ=6.35. The two methyl groups d and e appeared as singlets at δ=3.35 and 3.34 respectively.
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Figure 3. Mass fragmentation pattern of 5A.

Figure 4. Mass fragmentation pattern of 6.

The next step in the synthesis of optically active amino acid derivatives was to couple the 5-amino-
substituted heterocylces 4A, 5A and 6 separately with phthaloyl-L-phenylalanyl chloride.

The phthaloyl-L-phenylalanyl chloride was prepared as described in the literature5a and was coupled5b

separately with 4A, 5A and 6 (Figures 5 and 6). Coupling of 5A and 6 led to the formation of the desi-
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5A

Figure 5. Preparation of 7.

Figure 6. Preparation of 8.

red compounds 2-ethyl-5-(phthaloyl-L-phenylalanyl)amino-1-methyl-1-benzimidazole (7) and 1,3-dimethyl-

5-(phthaloyl-L-phenylalanyl)amino-2H-benzimidazol-2-one (8) respectively in good yield. After recrystal-

lization their melting points and specific rotation were recorded. Compound 4A failed to give the coupled
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product with the acid chloride of phthaloyl-L-phenylalanine. Both compounds 7 and 8 showed negative
rotation. The values of specific rotation are given inthe experimental. The characterization of 7 and 8 was

done with the help of mass and 1H NMR spectra.

Figure 7. Mass fragmentation pattern of 7.

Mass spectral fragmentation of 7 and 8 which are shown in Figures 7 and 8 follow a similar pattern.
The molecular ion fragment I undergoes cleavage of C-C bond leading to the formation of fragments II

at m/z=202 and 204 respectively and a fragment III at m/z=250 in both the cases. Further cleavage of

fragment III to V and VI follows exactly the same course in both the compounds. Fragments IV at m/z=175

from 7 and at 177 from 8 are formed through the cleavage of C-N bonds in both the compounds through the
same mechanism. Fragments VIII and X obtained by further cleavage of IV are visible in both the spectra.
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Fragments IX at m/z=160 and 162 from IV in 7 and 8 respectively are obtained through the cleavage of a

methyl radical.

The 1H NMR data of compound 7 is given in the experimental section. The methyl group appeared
as a triplet at δ=1.6 and -CH2 protons in the side chain showed a quartet at δ=2.1. Proton Hd exhibited
a doublet of doublet a δ=5.2 due to coupling with diastereotopic He and He′ protons. Protons of group
-CH2 adjacent to the asymmetric center showed a multiplet at δ=3.52. Due to nearly similar chemical shifts,
Ha, Ha′ , a′′ and Hb, Hb′ protons showed a multiplet in the range of δ=7.19-7.22. The Hc′ protons showed
resonance at a lower field than that of the Hc protons. Signals due to Hc and Hc′ are not clearly resolved,
Hc′ protons showed a multiplet at δ=7.79 and Hc protons exhibited a multiplet at δ=7.68. A singlet at
δ=3.4 was assigned to N-CH3 protons.

Figure 8. Mass fragmentation pattern of 8.
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1H NMR data of compound 8 is given in the experimental section. In1H NMR spectrum of compound
8 two singlets at δ=3.35 and at δ=3.37 were due to two N-CH3 protons. The two diastereotopic protons
He and He′ of the methylene group adjacent to the asymmetric center, showed a multiplet at δ=3.67 due
to vicinal and geminal coupling. Proton Hd showed a doublet of doublet at δ=5.31 due to coupling with He
and He′ . Due to nearly similar chemical shifts Ha, Ha′ , Ha′′ and Hb, Hb′ protons showed a multiplet in the
range of δ=7.16-7.22. The Hc′ protons are ortho to C=O group and therefore resonate at a lower field than
Hc protons. The Hc protons exhibited a doublet of doublet at δ=7.71 and Hc′ protons showed a doublet of
doublet at δ=7.81.

Experimental

All solvents were distilled and dried where necessary before use. All the reactions were monitored with the
help of thin-layer chromatography using precoated aluminum sheets with 60F254 silica gel, 0.2 mm layer

thickness (E. Merck). Various solvent systems used for developing the chromatograms were:

a = chloroform : methanol (9:1),

b = dichloromethane : methanol (40:1) and

c = ethyl acetate : pet-ether (4:1).

Columns of different sizes packed with G60 (70-230 mesh) silica gel were used for purification. Melting

points of the synthesized compounds were recorded on the Gallenkamp (design No. 88 9339) melting point

apparatus and are uncorrected. 1H NMR spectra of the synthesized compounds were scanned in CDCl3 with
a Bruker machine operating at 500 MHz in H.E.J. Research Institute of Chemistry, University of Karachi.

Chemical shifts are reported in δ scale (ppm). Mass spectra (low resolution) of the synthesized compounds

were recorded at MAT 120 in H.E.J. Research Institute of Chemistry, University of Karachi. A Jasco J-

20A automatic recording spectropolarimeter was used for the measurement of [α]D589 of the optically active

derivatives.
Compounds 2H- (1A), 2-ethyl- (2A) 1-methyl-5-nitro-benzimidazoles, their 6-nitro-isomers 1B, 2B

and 1,3-dimethyl-2H-5-nitro-benzimidazol-2-one (3) were synthesized in our laboratory and the procedures

are being published3. A brief description is given below:
2H- and 2-ethyl- 5-nitrobenzimidazoles were synthesized by the well known method, i.e. refluxing

formic acid and propionic acid separately with 1,2-diamino-4-nitrobenzene in 4N hydrochloride acid and
normal work-up. Both the compounds were then separately methylated with methyl iodide in the presence
of anhydrous potassium carbonate using anhydrous dimethylformamide as the solvent. In both cases

1,3-dimethyl-benzimidazolone (3 was obtained together with the respective regioisomeric 5- and 6-nitro-

1-methylbenzimidazoles 1 (A and B) and 2(A and B).

Compound 3 was separated from the mixture of 5- and 6- nitrobenzimidazoles through column
chromatography. The regioisomers A and B in each case were separated through fractional crystallization.

Their structure was determined with the help of mass, 1H NMR spectral analyses and Nuclear Overhauser
Effect measurement for A and B.

Preparation of 5-amino-1-methylbenzimidazole (4A)

Compound 1A (1.0g, 5.6 mmol), hydrazine hydrate (1.15 ml, 10 mmol), graphite (3.0g) and absolute ethanol

(100 ml) were refluxed for 12 hours under an atmosphere of nitrogen. After the completion of the reaction,
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the contents were filtered and washed with ethanol. Removal of the solvent under reduced pressure gave

compound 4B which was recrystallized from ethyl acetate. Yield = 0.76g (94%); m.p. = 143◦C; Rf = 0.31a,

0.22c. − 1H NMR δ =7.71 (s, 1H,He), δ = 7.14 (dd, 1H, Hc, Jcb = 8.5 Hz, Jca = 0.5 Hz), δ = 7.07 (dd, 1H,

Ha Jab = 2.1 Hz, Jac = 0.5 Hz), δ = 6.73 (dd, 1H, Hb,Jbc = 8.5 Hz, Jba = 2.1 Hz), δ = 3.75 (s, 3H, N-CH3).

− MS = 147 (100) [M
+. ], 132 (26.1), 120 (2.5), 119 (8.7), 105 (14.4), 104 (0.61).

Preparation of 5-amino-2-ethyl-1-methylbenzimidazole (5A)

Compound 2A (1.0g, 4.8 mmol), hydrazine hydrate (1.3 ml, 8.8 mmol), graphite (3.0g), ethanol (150 ml)

were refluxed under nitrogen for 16 hours. The contents were filtered and washed with ethanol to remove the
graphite. The solvent was removed under reduced pressure. The product thus obtained, was recrystallized

from ethyl acetate to give compound 5. Yield = 0.78g (91.7%); m.p. = 142◦C; Rf = 0.37a, 0.022b, 0.041c.

− 1H NMR: δ = 7.46 (d, 1H, Hc, Jcb = 8.20 Hz), δ = 6.60 (dd, 1H, Hb, Jbc = 8.2 Hz, Jba = 2.1 Hz), δ =

6.54 (d, 1H, Ha, Jab = 2.1 Hz), δ = 3.6 (s, 3H, N-CH3), δ = 2.18 (q, He, 2H), δ = 1.40 (t, 3H, Hf ). − MS

= 175 (100) [M
+. ], 174 (53.22), 160 (98.87), 147 (4.68), 146 (8.9), 132 (2), 120 (1.5), 119 (3), 105 (4), 104

(0.96).

Preparation of 5-amino-1,3-dimethylbenzimidazol-2-one (6)

Compound 3 (2.0g, 9.0 mmol), hydrazine hydrate (2.7 ml, 18 mmol), graphite (3.0g) were refluxed in

absolute ethanol (250 ml) for 10 hours under nitrogen. After the completion of reaction, graphite was

removed by filtration,the solvent was evaporated under reduced pressure, and the product thus obtained was

recrystallized from benzene to give pure 6. Yield = 1.6g (95%); m.p. = 145◦C; Rf = 0.65a, 0.43b, 0.88c. −
1H NMR: δ = 6.72 (d, 1H, Hc, Jcb = 8.1 Hz), δ = 6.43 (dd, 1H, Hb, Jbc = 8.1 Hz, Jba = 2.2 Hz), δ = 6.35

(d, 1H, Ha, Jab = 2.2 Hz), δ = 3.35 (s, 3H, N-CH3), δ = 3.34 (s, 3H, N-CH3). − MS = 177 (100) [M
+. ], 162

(48), 149 (6), 134 (10.2), 120.9 (20), 105 (7), 65.9 (11).

Reduction of mixture of compounds 1A, 1B and 3

A mixture of compound 1A, 1B and 3 (1.0g), hydrazine hydrate (1.15 ml, 10 mmol) and graphite (3.0g)

was refluxed in absolute ethanol (100 ml) for 4 hours under nitrogen. After the completion of the reaction,

the graphite was removed by filtration. Removal of the solvent under reduced pressure gave a product which
was a mixture of compounds 4A, 4B and 6. Compounds 4A and 4B, Rf = 0.30a, 0.22e. Compound 6, Rf

= 0.65a, 0.42b, 0.87c.

Reduction of mixture of compounds 2A, 2B and 3

A mixture of compounds 2A, 2B, and 3 was reduced as described for 1A, 1B and 3 above. Complete

reduction required 4 hours and a mixture of 4A, 4B (Rf = 0.65a, 0.41b, 0.085c) and 6 (Rf = 0.65a, 0.42b,

0.87c) was formed.
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Preparation of phthaloyl-L-phenylalanine4a

A mixture of L-phenylalanine (4.9g, 30 mmol) and finely ground phthalic anhydride (4.4g, 30 mmol) was

heated for 30 minutes with stirring in an oil bath at 145◦-150◦C. After cooling, the solid material was

dissolved in hot methanol (20 ml). The filtered solution was diluted with water (20 ml) and the product

was allowed to crystallize out slowly. Yield = 8.0g (81.1%), m.p. = 178◦C, Rf=0.18a, 0.27b.

Preparation of phthaloyl-L-phenylalanyl chloride4b

A mixture of phthaloyl-L-phenylalanine (7.0g, 22 mmol) and phosphorus pentachloride (4.5g, 22 mmol) in

dry benzene (75 ml) was heated in an oil bath at 50-55◦ for one hour. The slightly yellowish solution was

separated from the remaining phosphorus pentachloride by filtration. After concentration to dryness under
reduced pressure, the solid was recrystallized from benzene: pet. ether and dried under reduced pressure.

Yield=6.5g (87%); m.p. = 72◦C; Rf=0.92a, 0.45b, 0.91c.

Preparation of 2-ethyl-1-methyl-5(phthaloyl-L-phenylalany)-amino- benzimida-

zole(7)

Phthaloyl-L-phenylalanyl chloride (0.75g, 24 mmol) in dioxane (5ml) was added for 15 minutes to an ice-

cooled solution of compound 2A (0.5g, 24 mmol) and sodium bicarbonate (0.6g, 7.0 mmol) in 20 ml water.

After stirring for 10 minutes,the suspension was acidified with 2N hydrochloric acid. The precipitate formed

was filtered and recrystallized from ethanol. Yield = 1.0g (77.5%); m.p. = 224◦C; Rf = 0.37a, 0.022b,

0.041c, [α]D589 = -4.5 (CHCl3). − 1H NMR: δ = 7.79 (m, 2H, Hc′), δ=7.68 (m, 2H, Hc), δ = 7.22 (m, 3H,

Ha, Ha′ , Ha′′), δ = 7.19 (m, 5H, Hb, Hb′ , δ = 5.2 (dd, 1H, Hd), δ = 3.52 (m, 2H, He,He′), δ = 3.4 (s, 3H,

Hf ), δ = 2.01 (q, 2H, Hg), δ = 1.6 (t, 3H, Hj). − MS = 452 (100) [M
+. ], 160 (23), 250 (48), 222 (1.3), 175

(100), 147 (5), 146 (4), 132 (8), 120 (2), 202 (7), 194 (1.5), 105 (11).

Preparation of 1,3-dimethyl-5(phthaloyl-L-phenylalanyl)-amino-benzimidazol-2-

one (8)

Compound 8 was prepared from phthaloyl-L-phenylalanyl chloride (1.5g, 4.8 mmol), compound 6 (1.0g, 48

mmol) and sodium bicarbonate (1.2g, 14 mmol) using the same procedure as described for the preparation

of 7 above. Yield of 8 = 2.1g (78%); m.p. = 228◦C; Rf = 0.86a, 0.43b, 0.31e, [α]D589 = -8.4 (CHCl3). − 1H

NMR: δ = 7.81 (dd, 2H, Hc′ , Jo = 5.3 Hz, Jm = 2.5 Hz), δ = 7.71 (dd, 2H, Hc, Jo = 5.3 Hz, Jm = 2.5 Hz),

δ = 7.22 (m, 3H, Ha, Ha′ , Ha′′), δ = 7.16 (m, 5H, Hb, Hb′ , δ = 5.31 (dd, 1H, Hd), δ = 5.69 (dd, 2H, He,

He′ ), δ = 3.37 (s, 3H, N-CH3, Hf ), δ = 3.35 (s, 3H, N-CH3, Hg). − MS = 454 (100) [M
+. ], 250 (58.5), 222

(1.6), 204 (7.14), 194 (1.1), 177 (100), 174 (2.03), 162 (18.5), 134 (1.67), 120 (1.4), 105 (13.6).
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