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Summaryﬂﬁ-Unsaturated carbocylic acids, e.g crotonic, methyl-crotonic, methacrylic and
acrylic acid when separatcly treated with unsubstituted o-phenylenediamine under Philip’s reac-
tion conditions gave benzodiazepinone (1,3-5) as expected. However, when crotonic acid was
treated with 4-nitro-o-phenylenedimine under similar conditions, benzimidazole (6} was the
product, with 4-chloro it gave a mixture of benzimidazole (8) and of regioisomeric ben-
zodiazepinones (9a,h), with 4-methyl only one regioisomeric benzodiazepinone (10) was the
product. Methacrylic acid gave only one regioisomer of benzodiazepinone (7) with 4-nitro-o-
phenylenediamine, whereas vinylacetic acid when separately treated with 4-nitro-4-chloro-, 4-
methyl- as well as unsubstituted o-phenylenediamine led to the formation of corresponding
benzimidazole (6,8,11 and 2). All the products {1, 11) werc identified and their structure was
confirmed with the help of clemental and spectroscopic analyses. These results indicate that aot
only the structure of unsaturated carboxylic acid, but also the substituent present in the ring of o-
phenylenediamine influence the mechanism of Philip’s reaction.

Search for new medicinal agents has led to
the synthesis of several benzimidazoles and ben-
zodiazepinones. Condensation of o-phenylencdia-
mine with carbocylic acids in 4N HCI gives ben-
zimidazoles [1). When aS-unsaturated carbocylic
acids are used, benzodiazepinones [2] are formed
under similar conditions. Thus 4-methyl-1,3,4,5-
tetrahydro-2H-1,5-benzodiazepin-2-one (1) is easily
prepared by the reaction of unsubstituted o-
phenylenediamine with crotonic acid. On this basis,
4-nitro-o- phenylenediamine was condensed with
crotonic acid in 4N HCl to obtain 7/8-nitro-4-
methyl-1,3,4,5-tetrahydro-2H-1,5-benzodiazepin-2
-one. This compound could serve as starting mate-
rial after resolution for the preparation of a series
of configurationally similar 7/8 substituted ben-
zodiazepinones and CD spectral studies could lead
to useful results. However, the reaction gave 5-
nitro-2,3-propen-2-benzimidazole (6) and the
desired benzodiazepinone had to be synthesized by
the nitration [3] of (1). This observation pointed to
the influence of the substituents present in the 4-
poisiton of o-phenylenediamine on the mechanism
of Philip’s reaction. It was therefore considered
worthwhile to perform some more condensation
reactions using o-phenylenediamine having dif-
ferent substituents in 4-position in order to estab-
lish this influence. Present paper describes the

results of these experiments. In the first paper of
the series [2c] reaction of crotonic and vinylacetic
acids separately with unsubstituted o-phenylene-
diamine leading to the formation of 1 and 2 has
been described.

To begin with, unsubstituted o-phenylene-
diamine was reacted with different unsaturated car-
boxylic acids in 4N hydrochloric acid. It was found
that a8—unsaturated acids, €.g. crotonic, methyl
crotonic, methacrylic and acrylic acids led to the
formation of respective benzodiazepinones (1,3-5,
Table-1) while vinylacetic acid in its reaction
separately with 4-nitro-4-chloro-, 4-methyl- and
unsubstituted o-phenylene- diamine was consistent,
i.e., it gave respective benzimidazoles (68,11 and 2
[2c] Table-1). However, crotonic acid reacted with
4-nitro-o-phenylenediamine to give benzimidazole
(6, Table-1) as already stated, with 4-chloro- o-
phenylenediamine it gave a mixture of ben-
zimidazole and of regioisomeric benzodiazepinones
(8 and 9a, 9b, Table 1) and only one regioisomer of
the expected benzodiazepinones (10, Table 1) with
4-methyl-o-phenylenediamine. Methacrylic  acid
gave one regioisomer of benzodiazepinone (7,
Table-1) in its reaction with 4-nitro-o-
phenylenediamine. Percentage yield, physical
properties and mass spectral fragmentation pattern
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Table-1
Com- Name of Compound ML.P./Solvent for Rt % Mass Spectral
pound
No. Recrystallisation Yield Fragmentation
(1)  4-Methyl-1,3 4 5-tetrahydro- 184-186°C/CHCly a0Y 72 176,161,144,133,
5-benzodiazepin-2-one 119 (base peak) 108,92.
. (2)  23-Propenc-2-benzimidazole 158-60°C/EtOAc 91% 50 158,143,132,118
(3  44-Dimethyl-124,5-tetrahydro-2H-1,  253°C/CHCL 159 10 190,175,150,133
tbenzodiazepin-2-one (base peak, 119,106,92.
(4  3-Methyi-1,34,5-tctrahydro-2H-1, 196°C/CHCls 162 45 176,160,150,134,119
5-benzodiazpin-2-one (basc peak), 107,92,
(5  1345-Tetrahydro-2H-1, 119-120°C/CCl4 187 40 162,147,133,119
5-benzodiazepin-2-one (base peak), 107,92.
(6) 5-Nitro-2,3-propene-2-benzimidazole 196-198°/Acetone 82" 50 203,177,157(bace peak)
142,132,119,107.
) 3-Methyl 8-nitro-1,3,4,5-tetrahydro-2H-1, 235°C/Acetone 77 s 221,204,193,164(base
5-benzodiazepin-2-one
¢} 5-Chloro-2 3-propene-2-benzimidazole  196-198°C/C 429 0 192(base peak),166,
155,131,103,90.
(%)  7&B-Chloro4-methyi-1,3,4,5-2H. 1,162-170°C/ 48 20 210,195,167,153(base
tetrahydro-1,5-benzodiazepin-2-one peak),142,119,90.
(10)  4,7/8-Dimethyl-1,34 5-tetrahydro-2H-1,  186-188°C/E{OAC 52 13 190,175,147,134,133
S5-benzodiazepin-2-one (base peak)122,106,92
(11)  5-Methyl 23-propenc-2-benzimidazole  187°C/MeOH/H20 53 15 172 (base peak),157,

146,131,116, 104.

a) CHCl3 : MeOH (9:1)
Acetone : Pet.cther (4:1)

of different prodcuts (1 -11) are shown in Table-1.

Tables 2a and 2b show *H n.m.r peak assignments
to (1 -11).

As described above, only reaction of two
acids, namely crotonic and vinyl acetic acids have
been investigated with the whole series of 4-nitro, 4-
chloro-, 4-methyl and unsubstituted o-phenyl
enediamines. Vinyl acetic acid which is not an a 8—
unsaturated acid gave respective benzimidazole
(6,8,11) and (2) as expected. Reaction of crotonic
acid, on the other had turned out to be sensitive to
the influence of substituents present in the aromatic
ring of o-phenylenediamine.

Electron attracting group such as nitro-led to
the formation of benzimidizole (6) only, whereas
CH3 - group, which is ¢lectron donating gives one
regioisomer of benzodiazepinone (10). Behaviour
of chloro-substituent is intermediate, and it leads to
the formation of a mixture of benzimidazole (8) and

regioisomeric benzodiazepinones (9a, b). It is inter-
esting to note that methyl subsituated o-
phenylenediamine gives only one regio-siomer of
the benzodiazepinonec iastead of two possible
isomers (Table-2a). Another point of interest is that
the structure of a8 —unsaturated acid also influen-
ces the mechanism of this reaction. Methacrylic
acid gives one regioisomerically pure ben-
zodiazepionone (7) in contrast to crotonic acid
which gives nitro-substituted benzimidazole (6)
under similar conditions (Table-1 and 2a).

Separation of {8) from the mixture of (9a,b)
could be cffected with the help of silica-gel medium
pressure column chromatography. All attemps to
separate (9a) and (9b) failed. However, in 'H n.m.r.
spectrum of(9), two sets of peaks were visible
(Table 2a) and peak assignments could be made
because one of the isomers formed in larger
amounts than the other and was designated as (9a)
and the other one which was present only in half the
amount was nominated as{ 9b).
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Table-2(a): 'H Chemical shifts of compound 1,3-5,7,9a,b,16 in ppm

g H 0
NN
8_ \ 2
7 5 y
4
10N
6 H
Com-
pound No. Solvent INH  3CH: 3CH 3CH3 4CH: 4CH 3CH: SNH ¢H 7H SH 9H 8CHs
(L CDCly 82 2147261 - . . 399 130 350 672 70) -
&) DMSOds 7 221 . . . . 125 9 (686 50 -
10} CDCl 7 - 2.83 1.19 337360 - 7 © 6.96) -
5 CDCh 82 273 - - 136 . . ? (6.68 706) -
Q) CDCls ? . 275 1.03 335 . . ? 704 - 743 764 -
(%a) DMSO-ds 957 223244 - . - 38 115 550 680 668 - 688 -
(9b) DMSOds 935 223244 . . . 339 116 563 688 - 688 681 -
(10) DMSO-ds 937 247211 - . . 335 115 496 677 - 677 668 215
Table-II(b): 1H Chemical shifts of compounds 6,8,11 and 2 in ppm
7 ]
6 g N
\2 .
CH = CH - CH3
X5 ) N3 ‘ ! I}
4 H 3 2 1
Compound Solvent I'CHs 2CH YCH 4H SH 6H 7TH  SCHs
No,
6 CDCl3 196dd  696dq  652d 835 . 806 762 -
] DMSO 197 6.49 6.85 757 . 751 145
1 CDCh 1.91 6.36 6.67 7.0 . 732, 132 24
2% CDCls 192 651 6.54 75 722 72 15 .

Structure assignment to regioisomeric {9a)
and (9b) has been made on the basis of comparison
of their 'H n.m.r. spectra with that of 7-chloro-4-
methyl-13,4,5-tetrahydro-2H-1,5-benzodiazepin-2
-one prepared from another route [3]. This com-
pound exhibited one doublet at 8 6.91, one dd at &
6.86 and onc doublet at 8 6.82 ppm assigned to 6H,
8Hand 9H respectively when its n.m.r. spectrum
was measured in acetone-ds. This pattern is closer
to that of (9b) rather than to that of 9a where
aromatic dd appears at a much higher field than the

two aromatic doublets. On the same basis (7) and
(10) also seem to have nitro- and methyl groups at
positions 7 respectively (Table 2a). There is how-
ever, a need of systematic work on the preparation,
scparation and structure assignment to 7/8- sub-
stituted (regioisomeric)-methyl-substituted-1,3,4,5-
tetrahydro-2H-1,5-benzodiazepin-2-ones.

It is clear from the foregoing that not only the
structure of unsaturated acid but also the sub-
stituents present in the benzene ring of o-
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phenylenediamine influence the mechanism of
Philip’s reaction.

Experimental

Preparation of compounds 1 - 2 was carried
out by refluxing a mixture of one mole of respective
unsaturated carboxylic acid with one mole of o-
phenylenediamine in 4N HCI for 8 -hours and the
products were isolated by subsequent ncutraliza-
tion of the reaction mixture with NaCO3 and filtra-
tion and/or extraction with proper organic solvent
(CHCI3, EtOAc). Reaction products were sub-
jected to thin-layer chromatography on silica-gel
and separation and purification of the compounds
was done using silica-gel columns.

Mass spectra of the synthesized compound (1
- 11) and elemental analyses were carried out in
HEJ Research Institute of Chemistry, University of

Karachi, Karachi-32, Pakistan. 'H n.m.r spectra of
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(1-7) and (11) were recorded on 100 MHz Jeol
n.m.r. spectrometer.
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