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IMIDAZO[1,2-a]BENZIMIDAZOLE DERIVATIVES

O. 8. Anisimova, Yu., N, Sheinker,
R. M. Palei, P. M. Kochergin, and V. S, Ponomar' UDC 543.51:547.74'785.5

The closeness of the electronic structures of the ions formed in the first act of disintegration
of the ions is responsible for the monotypic character of the subsequent fragmentation of pyr-
rolo[1,2-albenzimidazole and imidazo[1,2-albenzimidazole derivatives, The mass-spectro-
metric disintegration of the investigated systems has something in common with the fragmen-
tation of thiazolo{3,2-albenzimidazole derivatives.

We have previously studied the principles of fragmentation of thiazolo[3,2-albenzimidazole deriva-
tives [1] and established that the fragmentation of the molecular ions for these compounds is realized
primarily through cleavage of the bonds in the thiazole ring with subsequent localization of the charge
either on the common nitrogen atom or on the sulfur atom.

In order to study the peculiarities that replacement of the heteroatom in one of the rings introduces
in the fragmentation of the systems above, we investigated the mass spectra of a number of pyrrolo[1,2-a]
benzimidazole(I-IV) and imidazo[1,2-a]benzimidazole (V-VIII) derivatives, the synthesis of which was de-
scribed in [2-4]. The spectral data obtained are presented in Table 1,
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I R=CH, R'=H, R®=CgHs, 1l R=R'=CH;, R®=CgHs; IIl R=CHs R!'=H, R2=CHs;
IV R=CH;CeHs, R'=H, R?2=C¢Hll5; V R=H, R'=CgHs; VI R=CHj, R!=CgHs; VII R=
=CqgHs, R'=CHs; VIII R=R'=CgH;

Just as in the case of the previously studied triazolobenzimidazoles, compounds of both classes have
high stabilities with respect to electron impact (Wyy values higher than 30%), and this is explained by their
high aromaticity.

A characteristic feature of the fragmentation of the investigated substances is the case of elimination
of an R radical from the molecular ion. The advantageousness of this process is evidently explained by
the stabilities of the resulting structures A and B, the charge in which is localized on the common nitrogen
atom, The great similarity inthe electronic structures of A and B is responsible for the monotypic char-
acter of their subsequent fragmentation. As a result of this, identical characteristic ions appear in the
spectra of both groups of compounds.

8. Ordzhonikidze All-Union Scientific-Research Pharmaceutical—Chemistry Institute, Moscow.
Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 8, 1124-1127, August, 1975. Original
article submitted November 4, 1974.

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in anv form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

982



TABLE 1. Mass-Spectral Data for the Compounds Obtained*

140 (5,1}, 41 (6,7), 42 (3,6), 43 (7,6), 51 (1,4), 55 (2,2), 56 (8,1), 57 (1), 71 (1),
77 (4,5}, 78 (3,4), 81 (1), 91 (1,3}, 102 (6,6), 103 (2,7), 115 (2,1), 118 (1,2), 122 (1.2),
127 (1,2), 128 (1,7), 129 (7,3), 149 (1,1), 200 (1), 202 (1,5), 203 (1,3), 204 (1.3),

gﬁg ((%,e)), 230 (3,7), 231 (14,9), 232 (5,5), 244 (2.4), 245 (7.5), 246 (100), 247 (20,9),

1.

11 49 (1), 50 (1,2), 62 (1), 64 (1), 74 (1), 75 (L,1), 76 (2.4), 77 (3,5), 89 (1), 9L (1),
92 (1), 102 (2,3), 103 (1), 109(1), 115 (3.2), 116 (2), 117 (2,4), 140 (1), 149 (1,3).
157 (1,1), 168 (1,3), 169 (1,2), 183 (2,4), 218 (1,2), 242 (3), 243 (89), 244 (6,8), 245
(15,6), 246 (33), 257 (2.5}, 258 (5.8), 259 (49.4), 260 (100), 261 (20), 262 (2.2).

HI 41 (1), 58 (25), 65 (1), 71 (1), 77 (1), 91 (145), 92 (1,5), 102 (25), 103 (1), 115
(1,5, 129 (2), 142 (1}, 167 (1), 168 (7), 169 (100), 170 (15,5), 171 (1), 245 (1), 257
(1), 958 (1), 259 (3,5), 260 (69), 261 (15,5), 262 (2.5).

1V 65 (1,4), 77 (1,4), 91 (19), 92 (2), 102 (238), 103 (1,9), 115 (1), 128 (1,2), 129 (6,3),
204 (1,0}, 231 (100), 232 (28,8), 233 (3.4), 321 (18,2), 322 (76,3). 323 (21.9), 324 (3.2).

V 43 (1,1), 45 (1), 53 (1), 76 (2,1), 77 (3.2), 89 (2,3), 90 (2,8), 91 (1,2), 102 (5,1), 103
(10,4), 104 (3,8), 120 (5,1), 130 (L,3), 179 (1,7), 205 (4,7), 206 (2,3), 207 (1.3). 230

(L,1), 231 (36), 232 (12,3), 233 (100), 234 (25,5), 235 (3).

V1 45 (1), 77 (1,9), 102 (48), 103 (1,2), 104 (1.8), 117 (1.7), 118 (27), 129 (9,2), 130
(1,2),"170 (1), 205 (2), 206 (1), 231 (1,5), 232 (12,5), 233 (2,5), 245 (1,7), 246 (6,3),
247 (100}, 248 (19), 249 (1,9).

VII 51 (1,2), 76 (2), 77 (9.1), 78 (1.2), 90 (2,3), 61 (1,1), 92 (1,1), 102 (48), 103 (4,3),
104 (2,2), 115 (25), 116 (2), 117 (3,1), 118 (5,3), 198 (1,4). 129 (5), 130 (2), 132
(1,1), 142 (1,0), 143 (5.2), 144 (64), 170 (9,1), 171 (1,4), 178 (L1}, 179 (1,5), 205
(1,8), 206 (2,1), 207 (2.7). 208 (1,2), 219 (2.7), 220 (1.4}, 232 (1,1}, 245 (9.1}, 246
(63,6), 247 (100), 248 (8.9}, 249 (1.8).

VIII 72 (1,8), 102 (1,3), 103 (2,3), 129 (1,8), 165 (1,3), 178 (1,5), 179 (1,3), 180 (2.6), 205
2341)2) 2;)?1 ((13,81)), 207 (1), 232 (1,5), 281 (1), 307 (18,4), 308 (663), 309 (i00), 310

*The relative intensities of the ion peaks with m/e values higher
than 39 are indicated. The peaks with intensities lower than 1%
are not presented,
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The principal pathway of fragmen'ggt{f)n of ions A and B,mz{es &hown in the scheme above, is cleavage
of the bonds in the pyrrole and imidazole rings with elimination of R!C = CR? and N = CR!, respectively.
The composition of ion € formed in this case and of the other ions observed was established on the basis
of data from the high-resolutinn spectra of I and V. Ton C and the products of its fragmentation were char-
acterized for the spectra of the previously investigated thiazolo{3,2-albenzimidazole derivatives [1], and
cleavage of the bonds in the thiazole ring, which leads to the formation of ion C,was the most advantagenous
fragmentation process for thiazolobenzimidazoles. Thus the spectra of the investigated imidazobenzimi-
dazoles and pyrrolobenzimidazoles are characterized by a common fragzmentation pathway. In addition to
the formation of ion C, elimination of HCN is peculiar to the fragmentation of A and B,
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Elimination of a hydrogen atom from the molecular ion to give stable structure D is observed when
a methyl group is introduced in the 3 position of II, -

Splitting out of H evidently occurs from the CH; group in the 3 position rather than in the 4 position,
inasmuch as the [M—H *]" ion peak is absent in the spectrum of I. This pathway of fragmentation of the
molecular ion of II is predominant and appreciably suppresses fragmentation to give ions A and C . The
ion peak of structure A is observed in the spectrum of II, but its intensity is considerably lower than the
intensity of ion D,

The presence of a nitrogen atom in the C ring in imidazobenzimidazole derivatives V-VIII creates the
possibility of charge localization on this atom, Relatively intense peaks of RN* = CR! (m/e 118, R = CHj,
R! = C¢H;, R = CgH;, R! = CH;; m/e 180 R = R! = CgH;) and N = C—CGH5+ fragments therefore appear in ad-
dition to ions B and C and the products of their fragmentation in the spectra of V—VIII. When a phenyl
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group is introduced, considerable formation of the phenyl cation is cbserved only for N-phenyl-substituted
compounds, while cleavage of the 2-3 and 1-10 bonds to give the C;H;C = NR ion is preferable for the C-
phenyl derivatives (V, VI) by virtue of conjugation of the phenyl group with the imidazole ring.

In the case of 1,2—diphenyli'midazobePzimidazole (VIID) both fragmentation pathways are realized, and
both [M—CGH5']+ and CgH;™ and CgH;C == NC¢H; ions are observed in the spectrum. In addition, the ion
peak with m/e 165 characteristic for diphenyl-substituted imidazoles is present. The most intense peak
among the fragment ions in the spectrum of VIII is affiliated with [M—H - ]+. The mechanism of detachment
of hydrogen from the molecular ion was not investigated, but an examination of the literature data on the
spectra of diphenyl-substituted imidazoles [5] provides a basis to suppose that H- is eliminated from the
phenyl groups, and the high intensity of ths [M—H - ]+ ion peak compels one to assume that the resulting
ion has an extremely stable structure.

Thus the fragmentations of pyrrolo- and imidazobenzimidazoles have something in common because
of the advantageouness of the sort of fragmentation of the molecular ions in which fragments of similar
electronic structures with charge localization on the common nitrogen atom are formed. The subsequent
fragmentation of these ions proceeds primarily with cleavage of the bonds in the pyrrole and, correspond-
ingly, imidazole rings. The fragments formed in this case are analogous to the ion observed in the spectra
of the previously investigated thiazolo[3,2-albenzimidazoles. The presenceof a nitrogen atom in the C ring
in the imidazobenzimidazoles Ieads to the appearance in the spectra of ions with charge localization on this
atom, similar to the sulfur-containing fragments ia the spectra of thiazolobenzimidazoles. Thus, all of the
investigated three-ring systems with a common nitrogen atom — pyrrolo{1,2-albenzimidazoles, imidazo[1,
2-albenzimidazoles, and thiazolo[3,2~alhenzimidazoles — have mass-spectrometric fragmentations with
something in common as a consequence of primary cleavage of the bond in the C ring.

EXPERIMENTAL METHOD

The mass spectra were obtained with an MKh-1303 spectrometer with direct introduction of the
samples into the source. The ionizing-electron energy was 50 eV, the emission current was 75 mA, and
the temperature of the ionization chamber was 125°, The high-resolution spectra were recorded with a
JMC-01 (SG-2) spectrometer, for which the authors thank Zh. K. Torosyan and V, A, Zamureenko,

LITERATURE CITED

1. O. S. Anisimova, Yu. N. Sheinker, P. M, Kochergin, and A, N, Krasovskii, Khim, Geterotsikl, Soedin.,
778 (1974),

2. P. M. Kochergin and R, M, Palei, Khim, Geterotsikl. Soedin., 565 (1969).

3.  P. M. Kochergin, Yu. N, Sheinker, A. A. Druzhimina, R. M, Palei, and L. M, Alekseeva, Khim,
Geterotsikl. Soedin., 826 (1972).

4, P. M. Kochergin and V, S, Ponomar', Khim, Geterotsikl, Soedin., 253 (1972).

5. J. H. Bowie, P, F. Donaghue, H. J. Rodda, and B. K, Simons, Tetrahedron, 24, 3965 (1968).

984



