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ABSTRACT

Methylation and benzylation of 5 (or 6)-nitro benzimidazoles have
been carried out under uniform conditions and the structures of the
products obtained have been established by comparison with authentic
samples prepared by standard methods. In each case a mixture of
1, 5- and 1, 6-isomers has been obtained, the former being comparatively
in larger proportion. The results are explained on the basis of tautomer
stabilisation by and the deactivating influence of nitro group.

THE study of the tautomeric behaviour of 5 (or 6)-nitro benzimidazoles (I)
was first made by Phillips.! Results of these studies, together with those
obtained more recently by others under various experimental conditions,
are summarised in Table I

TABLE 1

Results of N-substitution in tautomeric 5 (or 6)-nitro benzimidazoles (I)

Product
SLNo. R(nl Reagent Ratio of Reference
1,5-to0
1, 6-isomer
2 CH, (CH,),S0, 1:100 1
3 CH, (CH,),S0,+0H~ 1:5 1
4 CH, HClin CH;0H 1, 6-isomer only 1
5 CH, (CH,),S0, 1:1 3,4
6 CH, (CH,),S0, + OH- 1:1 3,4
7 CH, (C,H;),S0, - OH- 1:8 5
8 CH; CH;CH,Cl, CH,COONa-+I, 2:1 6
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By heating 5 (or 6)-nitro-2-methyl benzimidazole (I, R = CHy) with
methanolic hydrogen chloride in a sealed tube Phillips! obtained 1, 2-di-
methyl-6-nitro benzimidazole (III; R = R’ = CH3) as the exclusive product.
Methylation by methyl sulphate, however, gave a mixture of 1, 5--and 1, 6-iso-
mers (Il and II, R =R'= CH,) in 1:100 proportion. Wken alkali was
used along with methyl sulphate 1, 5- and 1, 6-isomers were obtained in
1:5 proportion. '
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" Sogmewhat different results were reported by Le Bris and Wahl.* They
observed only a slight decrease in the proportion of 1, 6-iscmer when methy-
lation was carried out under alkaline conditions. By heating 5 (or 6)-nitro
benzimidazole (I, R = H) with potassium methyl sulphate in the preseﬁce
of alkali, Aliprandi er al.? observed the preferential formation of 1, 5-iscmer.
Recently, Grimison and co-workers?® established that on methylation of tauto-
meric nitro-benzimidazoles by methyl sulphate_with or without alkali, the
two N-methyl isomers are obtained almost in equal proportion in addition
to quaternary salt. Rao and Ratnam® obtained a mixture of two N-benzyl
derivatives by heating 5 (or 6)-nitro-2-phenyl benzimidazole with two moles
of bgnZyl chloride.” They obtained 1, 5- and 1, 6-isomers in 2: 1 proportion.

:The results obtained by Phillips are at variance with those obtained by
later workers. In continuation of our study of tautomerism in benzi-
midazoles,” we have undertaken a systematic study of methylation and benzyla-
tion of tautomeric 5 (or 6)-nitro benzimidazoles (I, R = H, CH; and CH,)
under more or less identical experimental conditions with a view to evalflatse
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the effect of substituents on the results of N-substitution and to evolve a

satisfactory method of separation of isomeric N-substituted nitro berzimida-
zoles. o

5 (or 6)-nitro and 5 (or 6)-nitro-2-methyl benzimidazoles have been:

obtained by the condensation of 4-nitro-o-phenylenediamire with formic
and acetic acids by Phillips method® and 5 (or 6)-nitro-2-phenyl berzimida-
zole has been obtained by the condensation of 4-nitro-o-phenylenediamine

with benzoic acid in the presence of polyphosphoric acid. These tautcmeric.

nitro benzimidazoles have been methylated and benzylated by the gereral
methods.? To characterise the products of methylation and berzylation,
the required isomeric benzimidazoles (II, III) have been prepared by definite
synthetic methods. :

The results of methylation and benzylation are presented in Table II.

TABLE II

Results of methylation and benzylation of 5 (or 6)-nitro benzimidazoles (I)

SI. R Relative percentage
No. (in]) Conditions yield of products

1, 5-isomer 1, 6-isomer

1 H CH,I, potassium carbonate in acetore, 60 35
40 hr.
2 CH, do. 45 50
3 C:H; do. 60 35-40
b
4 H* C,H,CH,Cl, CH,COONa, I, 12hr. 55 25
170-180°
5 CH,¥ do. do. 12 hr. 55 35
6 C Hy do. do. 9 hr. 65 35

* Quaternary salt was obtained in about 15-20% yield.
1 Quaternary salt was obtained in 10-15% yield.

No ciuaternary salt formation was observed on methylation of § (or
6)-nitro benzimidazoles. Benzylation by heating with one mole of terzyl
chloride gave resinous products in addition to the mixtures of isomerig
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N-benzyl-nitro benzimidazoles. Attempts to improve the yield of N-benzy!
derivatives by using two moles of the reagent has resulted in the formation
of quaternary salts as the sole products. The mixtures of izomers obtained on
methylation and benzylation could be separated satisfactorily into the
components by column chromatography using alumina as the adsorbant.

In 5 (or 6)-nitro benzimidazoles, the electronegative nitro group should
stabilise the tautomer (I &), which favours the formation of 1, 5-isomer on
N-alkylation and N-aralkylation by Sg2’ mechanism. On methylation and
benzylation of 5 (or 6)-nitro benzimidazoles mixtures of 1, 5- and 1, 6-iscmers
have been obtained, the former (II) teing comparatively in larger progertion.
However, due to general deactivating influence of the nitro group the nuclec-
philic power of the tertiary nitrogen in tautomer (I5) is considerably
reduced. And the tautcmer (I @) to the extent present, decidedly being more
reactive species, can readily react leading to the formation of 1, 6-isomer,
The formation of mixtures of 1, 5- and 1, 6-isomers on methylation and
benzylation of tautcmeric ritro-tenzimidazoles can te explaired on tte
basis of these two effects.

EXPERIMENTAL

5 (or 6)-nitro-2-phenyl benzimidazole.—Polyphosphoric acid was prepared
by careful addition of phosphoric acid (6 ml.) to phosphorus pentoxide (10 g.)
in a round bottomed flask. The flask was stoppered and heated on a
boiling water-bath for four hours, when a syrupy liquid was obtained.
This was mixed intimately with a finely powdered mixture of 4-nitro-o-pheny-
lenediamine® (4-6 g.) and benzoic acid (3-7 g.) and heated for another two
hours. The reaction mixture was treated with cold water and the solid
o_btained was filtered, washed several times with sodium bicarbonate solu-
tion. The residue was extracted with 5% potassium hydroxide solution
a.nd .the extracts on acidification gave a pale yellow solid (5 g.). Recrystal-
lisation from alcohol gave almost a colourless compound, m.p.203°,

identical with 5 (or 6)-nitro-2-phenyl benzimidazol
method.2 Y azole prepared by other

- N-methyl-2, S-dinitro aniline.—2, 5-dinitro aniline (1

with methyl sulphate (10 g.) in dry acetore over anhng”O?ng .iao‘Z:sSsi;iuj:i
bonate on a steam-bath for forty hours. The residue obtained after the
remova.l of acetone from the reaction mixture was washed with 10% sodium
h}fc}rox:de solution, then with water ard recrystallised frem n(‘)lethano]
gmng N—n}ethyl—z, 5-dinitro aniline (6g.) as dark red needles, m 163°,
*q;nuc_al with that obtained by Macmillan and Readel by differ:ent ;Ipl;atho@,

—————~
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NE-methyl-4-nitro-o-phenylencdiumine.~Hydrogen sulphide was passed
into a suspension of N-methyl-2, 5-dinitro aniline (5 £.) in alcohol (35 ml.)
and Tiquor ammonia (20 ml.), maintaining the temperature at 50°. The
reduction was complete in thirty minutes and the solution was left over-
night in an ice-chest.  The separated solid was filtered, washed with cold
water and crystallised from benzene giving pure N2-methyl-4-nitro-o-gheny-
Ienediamine (3 ), yellow plates, m.p. 1847 identical with that prepared
by Phillips' by different method.

-Methyl-2-phienyl-6-nitro - benzimiduzole.—A. mixture of N>methyl-4-
nitro-o-phenylenediamine (1 g.), benzaldehyde (0-6 g.), alcohol (15 ml.) and
nitrobenzene (15 ml) was heated on a stcam-bath for two hours. After the
removal of alcohol, the reaction mixture was stcam-distilled to remove nitro-
benzene and unreacted aldchyde. The residue was washed several times
with cold petroleum ether, recrystallised first from dilute alcohol and sub-
sequently from acetone-petroleum cther yielding the pure 6-nitro benzimida-
zole, rectangular plates, m.p. 196° (Found: C, 66-2; H, 4-6; N, 16-7;
C 1, N0, requires C, 66-4; H, 4:4; N, 16-6%).

NZ-Benzyl-4-nitro-o-phenylenediamine— N-Benzyl-2,5-dinitro  aniline!®
(6-5 g.) was suspended in alcohol (60 ml.) and liquor ammonia (25 ml.) and
reduced by passing a slow stream of hydrogen sulphide gas. The starting
material went into solution in about half-an-hour and a dark red crystalline
solid started scparating out. The reduction was complete in about half-
an-hour, rcaction mixture was cooled to 0° and the diamine (3-5 g.) filtered
and recrystallised from dilute alcohol giving dark red rectangular rods,
m.p. 135" (Found: C, 63-8; H, 5-2; N, 17-1; C;3H;3N;O, requires
C, 64-2; H, 5-4; N, 17-3%).

1-Benzyl-6-nitro  benzimidazole —N2*-Bcrzyl-4-nitro-o-pLerylerediemire
(1g.) and formic acid (2 ml.) were cordensed in the preserce of polyphos-
phoric acid as descrited under the prcparation of 5 (or 6)-nitro-2-pheryl
benzimidazole.  The reaction mixture was diluted with ice-cold water ard
made ammoniacal. The solid obtained was filtered ard recrystallised from
dilute alcohol giving pure 1-benzyl-6-nitro berzimidazole (0-5g.), rectan-
gular rods, m.p. 155° (Found: C, 66-6; H, 4-6; N, 16-8; C,H;;N;0,
requires C, 66-4; H, 4-4; N, 16-6%).

1-Benzyl-2-methyl-6-nitro benzimidazole—N3-Benzyl-4-nitro-o-ghenylere-
diamine (1 g.) was condenscd with acetic acid (2 ml.) in the preserce of poly-
phosphoric acid. The solid obtained was recrystallised frcm dilute alcokol
giving 1—bcnzyL2-methyl-6-nitro benzimidazole (06 g.), aggregates of neegiles,
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m.p. 188° (Found: C, 67-6; ‘H, 4:7; N, 16-1; C;5H,,N;0, requires
C. 67-4; H, 4:9; N, 15-7%). '

Methylation of 5 (or 6)-nitro benzimidazole.—A solution of 5 (or 6)-
nitro benzimidazole (1-55g.) and methyl iodide (1-4g.) in dry acetone
(100 m1.) was gently refluxed over fused potassium carborate for forty hours.
After the removal of acetone, the reaction mixiure was trcated with cold
water (100 ml.) and the solid (1-5 g.) obtained was filtered and washed with
59, potassium hydroxide solution to remove the starting material. The
residue (0-85 g.) after washing with water and crystallisaticn frcm ethanol
gave a solid, m.p. 145-160°, indicating it to be a mixture. 0-5g. of this
was dissolved in benzene (20 ml.) and subjected to column chrematography
over alumina, using benzene as the eluant. First fractiors gave a ccm-
pound, m.p. 180° (A); last fractions contained a compound, m.p. 209° (B).
The middle fractions gave mixtures of (A) and (B) and were resubmitted to
chromatography. The compounds (A; 0-18 g. and B; 0-30 g.) have been
identified as 1-methyl-6-nitro'3-and 1-methyl-5-nitro’* benzimidazoles res-
pectively.

Methylation of 5 (or 6)-nitro-2-methyl benzimidazole.—5 (or 6)-nitrc-
2-methyl benzimidazole (0-85 g.) on methylation by the gererzl methcd
gave a solid. This was washed with 59 potassium hydroxide solution and
crystallised from alcohol giving a compound, m.p. 180-200° irdicating it
to be a mixture. It was chromatographically separated into components by
passing the benzene solution of the methylation product (0-5 g. in 20 ml.)
over a column of alumina. The pale yellow band on elution with benzene
gave a compound (A; 0-25g.), m.p.250°, and the last elutions with ben-
zene-chloroform mixture (1:1) gave another compound (B; 0-22 g.), m.p.
226°. The compounds A and B were characterised as 1, 2-dimetkyl-6-
nbitro3- and 1, 2-dimethyl-5-nitro?® benzimidazoles resrectively by compa-
rison with authentic samples. . |

) Meth):lation of 5 (or 6)-nitro-2-phenyl benzimidazole.—Methylation of
5 (or 6)-nitro-2-phenyl benzimidazole (1-0g.) gave a colourless crystalline
solid (1-28 g.), m.p. 148-155°, insoluble in 5% potassium hydroxide solution.
This mixture was dissolved in benzene and passed over a column of alumina
when a yellow band appeared. Elution of the yellow bard with tenzere
gave a compound, m.p. 195°(A) identified as 1-methyl-2-phenyl-6-nitro
benzimidazole by comparison with an authentic semple. Tke last elutions
with benze.ne and benzene-methanol mixture (2:1) gave a ccimpourd m.p
186° (B), identical with 1-methyl-2-phenyl-5-nitro benzimidazole.15 1 .5:
and -1,. 6-isomers were obtained in 3:2 proportion, IR
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Benzylation of 5 (or 6)-nitro benzimidazole.—A mixture of 5 (or 6)-nitro
benzimidazole (1-1 g.), freshly distilled benzyl chloride (0-8 g.), fused sodium
acetate (1 g.) and a speck of iodine was hcated on an oil-bath maintaired
at 1601807 for a period of twelve hours. The reaction mixture was treated
with cold water, then triturated with 5% potassium hydroxide solution ard
filtered. The filtrate on acidification with acetic acid gave unreacted 5 (or 6)-
nitro benzimidazole (0-15g.), m.p. 203°. The residue (1-1 g.) from potas-
stum hydroxide was washed with water, dried; 0-75g. of the benzylation
product was dissolved in benzene (15ml.) and passed over a column of
alumina and eluted with benzene when three products were obtained in the
following order: Compound A (0-1g.) prismatic rods from alcohol, m.p.
172-173°; Compound B (0-13 g), rectangular rods from dilute alcohol,
m.p. 155° and Compound C (0-27 g.), needles from dilute alcohol, m.p. 153°.
On washing the column with benzene-ethanol (1:1) gave a resinous sub-
stance (0-2 g.) which did not crystallise. Product (A) analysed for 1:3

.dibenzyl-5-nitro-benzimidazolium chloride (Found: C, 66-1; H, 4-9;
N, 11-3; Cs,HsCIN;O, requires 'C, 66-4; H, 4:7; N, 11:1%). Pro-
ducts (B) and (C) have been found to be identical in all respects with 1-benzyl-
6-nitro and 1-benzyl-5-nitro’® benzimidazoles respectively, synthesised by
unambiguous methods.

Benzylation of 5 (or 6)-nitro-2-methyl benzimidazole.—5 (or 6)-nitro-2-
methyl benzimidazole (1-35g.) was benzylated by the general method. The
resinous solid obtained after ‘washing with water was ‘extractad with 5%
potassium hydroxide solution till no more yellow colour was“'ob‘tair.‘g‘d.
The alkali extracts on acidification with acetic acid gave (5 or 6)- nitro-2-
methy! benzimidazole (0-2 g.), m.p. 220°; The alkali insoluble- brown pro-
duct was dried (1-3 g). Benzene solution of 1-2 g. of the benzylation pro-
duct was passed over a column of alumina and developed with benzene
when four bands became visible. The yellow band on elution with ben-
zene gave a compound (0-1 g.) tiny rods.from alcohol, m.p. 208—'209?_._ ~This
analysed for 1, 3-dibenzyl-2-methyl-5-nitro benzimidazolium chloride (Found:
C, 66-9; H, 5-5; N, 10-9; CaH2CIN;O, requires C, 67-1; H, 5-2;
N, 10-7%). The pale yellow band gave compound A (0-24 g.), aggregates
of needles from alcohol, m.p. 188°, while the colourless zone gave com-
pound B (0-36 ), hexagonal plates from alcohol, m.p. 172°.  Elution of t.he
brownish-yellow zone at the top of the cqlumn. with alcohol'-benzene mix-
ture gave a resinous substance (0-45 g.) which did not crystalhse. The pro-
ducts A and B were identified as 1-benzyl-.’l-methyl-6—n{tro— al?d 1~benzy.1-
2-n‘r1éthyl-5-nitrql‘i benzimidazoles respectively by ‘comparlson-wltﬁh- symheuc

samples .
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Benzylation of 5 (or 6)-nitro-2-phenyl benzimidazole.—Benzylation of
5 (or 6)-nitro-2-phenyl benzimidazole (1 g.) by the general method gave a
solid (0-85 g.), m.p. 140°, completely insoluble in 59, aqueous potash, thus
clearly indicating that it was totally free frcm the startirg material. Tke
mixed melting point of the ccmpourd was found to be undepressed with the
synthetic samples of 1-benzyl-2-phenyl-5-nitro- and 1-benzyl-2-phenyl-6-
nitro benzimidazoles thereby indicating it to be a mixture. The mixture
was separated by passing its benzene solution over a column of alumina,
Elution with benzene gave a compound (A), m.p. 185°, yellow prismatic
rods from acetone-petroleum ether mixture. The yellow band at the top
of the column was eluted with benzene-alcohol mixture (1:1) when a com-
pound (B) rectangular rods from acetone-petroleum ether, m.p. 159°, was
obtained. The middle fractions contained the mixtures of (A) and (B)
which could be resubmitted to chromatography. The ccmpounds (A;
0-23 g. and B; 0-55g.) have been found to be identical in all respects with
1-benzyl-2-phenyl-6-nitro- and 1-benzyl-2-phenyl-5-nitro benzimidazoles?
respectively.
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