ACYLATION OF BENZIMIDAZOLONE
AND ITS DERIVATIVES WITH ACID ANHYDRIDES
AND ACID CHLORIDES

M. N. Kosyakovskaya, A. V. Gordeeva, UDC 547.783'785.5:542.951
and Ch. Sh, Kadyrov

N, N'-Diacetyl derivatives of henzimidazolones were obtained by the acylation of benzimida-
zoline and its 5-methyl, 5-chloro, and 5-nitro derivatives with acetic, propionic, and butyric
anhydrides and also with monochloro- and monobromoacetyl chlorides.

Benzimidazolone derivatives stimulate the growth and blossoming of plants and increase the yield,
fructification, and resistance of plants to wilt [1]. In order to find new chemotherapeutic agents to counter
cotton plant wilt, we studied the acylation of benzimidazolone and its derivatives with acid anhydrides and
chlorides.

The C-acylation of benzimidazolone with succinic and glutaric anhydrides in the presence of a fivefold
excess of anhydrous aluminum chloride to give 9 and 5% yields of the products, respectively, has been de-
scribed [2]. We introduced changes into this method and extended it to 5-methyl~- (IIT) and N,N'-dimethyl-

TABLE 1. 5(6)-(3-Carboxy-1-propionyl)- and 5 (6)- 4~-Cathoxy-1-

butyryl)benzimidazolones
R
§ ¥
~
0
rr/\i NCOo(CH,),. Cooll
R
Gom- Mp Embiri Methyl .
, P pirical [ (g &) ester, | Yield,
pound| R | R C formula max O mp, °C %

V| H | H |293—294 | C\;HioN2Oy [219 (4,282), 285 (4,222), | 246—247 |50 (3,5)%

282 (3.927), 309 (3,86!1)

V ICH, | H |243—244 | CpsHuN,O, 1226 (4,423), 239 (4.357), | 188—189 |40 (3,5)

286 (4.046). 312 (4,046)

VI LU [CH, 262263 | CoMieNoO,  [222 (4,290}, 236 (3,926), | 213214 [50 (3,6)
278 (3,845), 310 (3.,810)

VIIF| H | M 261-9262 | ColdoNoOy  [219 (4286), 236 (4.234), |210—2111{32 (3,5)

288 (3,887), 311 (3.927)

VI |CHy | H. 1217918 | CiulieNyOy 1227 (4.44), 238 (441), | 165166 {34 (3,5)
288 (4.01), 312 (4,03)

IX | H | CHy 220221 ] CpaHWN,Oy 224 (4,38), 7 237 (4,39), | 1711721295 (3,5)

282 (3,91), 313 (4.02)

* These compounds were first obtained in {2]. _
T The number of moles of AICl; per mole of reagents is indicated
in parentheses.

Institute of the Chemistry of Plant Substances, Academy of Sciences of the Uzbek SSR, Tashkent,
Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 3, pp. 386-389, March, 1972, Original article
submitted September 15, 1970.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10041.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechonical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00.

351



R~(\3=0

N
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Benzimidazolone:acetic| 5 |N,N'-Diacetylbenzimid- | 139 {238 (3,97), 281 (3,12)| 92
Banhyd;éde . azolone 3031 2‘
enzitnidazolone : pro- v _Di i o
pionic anhydridep 5 EN;glﬁdlglngﬁJfggnylbenz ‘ 162|246 (4,01), 283 (3.12)} 94
Benz;lirgigigzolone:butync 5 ’N,N'-Dibutyrylbenzimid- 126 1238 (3,95), 281 (2.99); 92
anhydride azolone
5-Methylbenzimidazol- | 5 |5-Methyl-N,N' ~diacetyl- | 169 {241 (3.96), 286 (3,14)] 66
one: dcetic anhydride benzimidazolone ;
5-Methylbenzimidazol- | 35 5-Methyl-N,N' -dipro- 158 241 (404), 286 (3.26) | 97
one : propionic i pionylbenzimidazolone
anhydride
5-Methylbenzimidazol- | 7 |5-Methyl-N,N' -dibutyryl-| 55 244 (3,86), 286 (3.06) | 7
one : butyric anhydride benzimidazolone :
5-Chlorobenzimidazol- 112 |5-Chloro-N,N' -diacetyl- ! 165 [238 (3,94}, 281 (3.00) 43
one : acetic anhvdride benzimidazolone
5-Chlorobenzimidazol--| 7 '5-Ghloro-N,N'-dipro- 145 |245 (3,98), 283 (3,32)| g
one : pro ionic pionylbenzimidazolone
anhydride |
5-Chlorobenzimidazol - 5-Chloro-N,N' -dibutyryl- 65247 (4,01), 283 (3:32)| 43
one : butyric anhydride benzimidazolone
5-Nitrobenzimidazol- 7 |5-Nitro-N,N'-diacetyl~ | 119|228 (4,17}, 298 (3,86) , g7
one : acetic aphydride i benzimidazolone
5-Nitrobenzimidazol- 7  5-Nitro-N,N'-dipro~ 157,225 (4,12), 297 (3,50}, 51
one:gr.o ionic pionylbenzimidazolone
anhydride
§-Nitrobenzimidazol- 7 . 5-Nitro-N,N'-dibutyryl--| 142 {230 (4,12}, 300 (3,82)] 37
one : butyric anhydride ¢ benzimidazolone
Benzimiddzolone : mono~ 2 °N,N'-Dibromoacetyl- 175 1228 (4,18) 50
chloroacetyl chloride benzimidazolone
5-Chlorobenzimidazol- | 2 :5-Chloro-N,N'-dichioro-| 152 {226 (4,20), 292 (3,74) 66
one : monochloroacetyl acetylbenzimidazolone
chloride
5-Nitrobenzimidazolone; 2 |5-Nitro-N,N'-dichloro- |207 ;224 (4,13), 262 (4,07); 33
monochloroacetyl acetylbenzimidazolone 340 (3,89)
chloride
Benzimidazolone : mono-| 2 | N,N'-Dibromoacetyl- 153 1228 (4,34)
bromoacetyl benzimidazolone b
chloride ;
5-Chlorobenzimidazol- | 2 | 5-Chloro-N-butyrylbenz-| 230 228 (4,26), 260 (3,74) 90
one: butyric aphydride imidazolone
water ;
Benzimidazolone :acetyl| 0,5 | N-Acetylbenzimidazol- ;205 |222 (4,29), 255 (3,74)| __
chloride : dimethyl - one
aniline
5-Chlorobenzimidazol- | 2 | 5-Chloro-N,N' -dibromo-| 160 ;224 (4,33), 292 (4,10) %6
one : monobromoacetyl acetylbenzimidazolone
chloride
5-Nitrobenzimidazolone;] 2 ! 5-Nitro-N,N'-dibromo- | 170 (224 (4,5), 253 (4,43), | __
rrtlﬁnq%romoacetyl acetylbenzimidazolone 235 (4,27) i
chloride N

benzimidazolones (II). The reaction was carried out in tetrachloroethane or without a solvent, and 3.5 moies
of anhydrous aluminum chloride were used per mole of starting reagent. The product yields were 30-50%.

: o
R CH,—C” .
NN RN Ny "
0=C | + (?H.})n 0 -~ 0=¢C |
NS s WA
i 7% i CO(CH,),  COOH
R R
R=R'=H,CH, n=0,1 w'=2,3

The acylation of benzimidazolone (I) and 5-methylbenzimidazolone (III) proceeds togive identical yields,
while the product yield decreases in the case of the N,N'-dimethyl derivative (), which is possibly associ-
ated with its higher basicity (pK, 11.46) as compared with the basicity of benzimidazolone (pK, 11.56) [3].
In accordance with the literature data {4, 5] for the electrophilic substitution reactions of benzimidazolones,
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the acylation of I-III with succinic and glutaric anhydrides proceeds at the 5(6) position of the benzene ring.
Absorption bands of the CO groups of the imidazolone ring and of the acyl and carboxyl groups (1660-1670,
1690-1705, and 1720-1750 cm™!) are observed in the IR spectra of IV-IX. The absorption bands at 815-820
and 865-875 cm™! correspond to a 1,2,3-substituted benzene ring, while the absorption band at 880 cm™ cor-
responds to a 1,2,4,5-substituted benzene ring. Four maxima are noted in the UV spectra of IV-IX: two of
the maxima, as in I-III, develop due to absoxption of the benzimidazolone ring, while the other two develop
due to the absorption of the acyl carbonyl group in conjugation with the aromatic ring.

The following signals (6, ppm) are found in the PMR spectrum of 5-(3-carboxy-1-propionyl)-N, N'-di-
methylbenzimidazolone: 2.57 (@-CH,, 1), 3.2 (3-CH,, I), 3.2 (N—CHjy, C), 6.76 (6-CH, D), 7.25 (7-CH, Dy},
7.23 4-CH, C).

The imidazole ring of benzimidazolone and its 5-methyl, 5-chloro, and 5-nitro derivatives was acyl-
ated with acid anhydrides via the method in [6].

It is apparent from Table 2 that benzimidazolone is acylated most readily and transitions from lower
to higher acylating agents do not affect the yield of products. Benzimidazolone and its derivatives are not
acylated by halo acid chlorides via the method in [7]. The reaction can be carried out only in the presence
of dimethylaniline,

EXPERIMENTAL

The PMR spectra in trifluoroacetic acid were recorded with a JNM 4H-100 spectrometer with an oper-
ating frequency of 100 MHz with tetramethylsilane as the standard. The mass spectra were recorded with
an MKh-1303 spectrometer with an ionizing voltage of 40 V at 90°. Benzimidazolones I-III were obtained by
the method in [4].

5-(3-Carboxy-1-propionyl)benzimidazolone (IV). A 14-g (0.095 mole) sample of anhydrous aluminum

chloride was added in small portions to a mixture of 4 g (0.03 mole) of benzimidazolone and 3 g (0.03 mole)
of succinic anhydride in 100 ml of tetrachloroethane, and the mixture was heated at 100-120° for 2 h, It was
then cooled and poured into a mixture of 20 ml of concentrated HCI and ice. The tetrachloroethane was re-
moved by steam distillation, and the dark-brown powder that precipifated on cooling was separated and dis-
solved in boiling sodium bicarbonate solution, The solution was treated with charcoal and acidified with con-
centrated HCl. A portion of the substance was isolated as a powder, while a crystalline product precipitated
from the acidic filtrate on standing to give 3.5 g (50%) of IV with mp 293-294° (from acetic acid).

5-(3-Carboxy-1-propionyl)-N,N'-dimethylbenzimidazolone (V). A 3.24-g (0.02 mole) sample of N,N'-
dimethylbenzimidazolone and 2 g (0.02 mole) of succinic anhydride were triturated, the mixture was trans-
ferred to a flask, and 8.64 g (0.065 mole) of anhydrous aluminum chloride was added. The powdery mixture
was stirred and heated at 100-120° for 2 h. It was then cooled and decomposed with 20 ml of concentrated
HCl and ice. The solid material was separated and refluxed in sodium bicarbonate solution. The mixture
was then treated with charcoal and acidified with concentrated HCl, A portion of the substance was isolated
as a powder, while a crystalline product precipitated from the acidic filtrate on standing to give 2.8 g 40%)
of V with mp 243-244° (from aqueous acetic acid). Mass spectrum of the methyl ester of V: M7 with m/e
276, ion peak with m/e 261 (M—CH,), ion peak with m/e 245 (M—OCHj;), ion peak with m/e 217 (M—COOCHjZ),
ion peak with m/e 203 (M—CH,COOCHj,), ion peak with m/e 189 (M— CH,CH,COOCHj;), ion peak with m/e 161
(M—COCH,CH,COOCHjg). Compounds VI-IX (Table 1) were similarly obtained. The methyl esters (Table 1)
were obtained by treatment of IV-IX with diazomethane.

N,N'-Dichloroacetylbenzimidazolone, A total of 5 ml of monochloroacetyl chloride was added with
stirring to a mixture of 1.34 g (0.026 mole) of benzimidazolone and 4 ml of dimethylaniline in 20 ml of dry
benzene, and the mixture was stirred for 1 h, refluxed for 21 h, and allowed to stand overnight. The prod-
uct was washed on the filter with water to give a crystalline substance with mp 175° (from ethyl acetate).

N-Acetylbenzimidazolone. A 3.3-g (0.04 mole) sample of acetyl chloride was added slowly with cool-
ing and stirring to a mixture of 1.34 g (0.026 mole) of benzimidazolone and 4 ml of dimethylaniline in 15 ml
of dry benzene. The mixture was heated for 30 min, and 30 ml of water was added to give 0.8 g (50%) of a
crystalline product with mp 205° (from ethyl acetate).
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