CHLOROFCORMYLATION OF N-SUCCINIMIDE AND SYNTHESIS
OF ENAMINES — PYRROLONE DERIVATIVES
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Treatment of N-substituted succinimides with dimethylformamide in the presence of phos-

" phorus oxychloride leads to aromatization of the ring and the formation of N-substituted di-
chlorodiformylpyrroles. The latter have quite high reactivities. Replacement of one chlo-
rine atom in 1-methyl-3 ,4~diformyl-2,5~dichloropyrrole by a hydroxyl group gives an alde-
hyde of pyrrolone, which forms the corresponding enamines with various amines. It was
shown by spectral methods that they exist primarily in the enamine form.

The introduction of a f-chloroformyl group under the conditions of the Vilsmeier reaction has been
practiced quite widely in recent years, but the available data pertain to compounds that contain one car-
bonyl group [1-5]. It seemed of interest o introduce into this reaction compounds that contain two methyl-
ene groups activated by carbonyl groups. We selected N-substituted imides of succinic acid (I) for this
purpose. As a result of the reaction of the latter with dimethylformamide in the presence of phosphorus
oxychloride, one might have expected the formation of the corresponding dimethylaminomethylene deriva~-
tives (IT), which are usually obtained under these conditions [6].
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However, as we established in [7 ], the reaction in this case proceeds further with aromatization of I
and the formation of dichlorodiformylpyrroles II~-VI (Table I). Since N-substituted succinimides do not
react with phosphorus oxychloride under the conditions used, it might be assumed that chloroformylation
proceeds in analogy with [2] to form compounds of the II type, which we were unable to isolate. Their for-
mation is apparently the limiting step that determines the rate of the overall reaction.

Substituent R has an appreciable effect on the course of the reaction. Replacement of the phenyl
group by an ethyl or isopropyl group leads to the formation, although in low yield, of considerably purer
substances, probably because of an increase in the electron density on the oxygen atoms, which promotes
the chlorination.

All of the dichlorodiformylpyrroles have quite reactive aldehyde groups, which form the correspond-
ing oximes and thiosemicarbazones and are readily oxidized to dicarboxylic acids. All of the reactions,
which were studied primarily in the case of III, are presented in the scheme (see scheme on following
page).

Dinitrile VIII was obtained from the oxime of 1-methyl-2,5-dichloro-3,4-diformylpyrrole on treat-
ment with acetic anhydride. The corresponding acid chloride (X) and amide (XI) were synthesized from
dicarboxylic acid IX. It should be noted that the preparation of the dinitrile can be carried out in steps.
The nitrile of 3-acetoxyimino~2,5~dichloropyrrole~4~carboxylic acid (v =N 2234 em™, vo=)N 1616 em™1,
vC=0 1770 em™Y is formed initially, and repeated treatment of it with acetic anhydride gives VIII.

Lensovet Leningrad Technological Institute. Translated from Khimiya Geterotsiklicheskikh Soedine-
nii, No, 4, pp. 507-510, April, 1973. Original article submitted April 7, 1972.

© 1975 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 any 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.

467



TABLE 1. Dichlorodialdehydes of the Pyrrole Series (III)-(VI)
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The chlorine atoms in Il are quite labile and are readily substituted on reaction with the benzylmer~
captide ion to give the corresponding dibenzyl derivative. During alkaline hydrolysis, only one chlorine
atom is replaced to give 1-methyl-2-chloro-3,4-diformyl-5-pyrrolone (XIV). The latter has acidic prop-
erties (pKj in 50% ethanol at 25° is 3.6}, dissolves readily in solutions of sodium carbonate and alkali, and
reacts with amines under very mild conditions to give high yields of enamines XV~XVIII (Table 2), which
are converted to starting XIV on treatment with alkalis and subsequent acidification.

The reaction of 4~dimethylaminomethylene derivative XVI with phosphorus oxychloride gave dichlo~
rodialdehyde III; this is evidence for the retention of the pyrrole ring under the conditions of the chemical
reactions.

The structures of XIV and its nitrogen derivatives (XV-XVIII), which are capable of existing in sev-
eral tautomeric forms, were studied by means of the IR and UV spectra (Table 2).

Two bands at 1669 and 1636 cm~! are observed in the IR spectrum of a chloroform solution of XIV in
the region of the absorption of a carbonyl group, while the absorption band of the formyl groups in 1-methyl-
2,5-dichloro-3,4-diformylpyrrole is found at 1673 cm™!, A broad band of low intensity at 3050-3300 em™,
the position of which, as shown by special experiments, depends only slightly on the concentration, is ob~
served in the region of OH-group absorption; from this it can be assumed that X1V is stabilized by intra-
molecular hydrogen bonding. The presence of two absorption bands of a carbonyl group which are ob-
served in the spectra of XVI and XVII (Table 2), which are compounds with a fixed enamine structure,
makes it possible to conclude that XIV exists in the hydroxymethylene structure, stabilized by an intra-
molecular hydrogen bond. The shift of one of the ¥~ bands by ~ 40 cm ! (as compared with v o of IID)
for X1V, XV, and XVII is associated with polarization of the carbonyl group, conjugation with the hydroxy
or amino group, and the formation of an intramolecular hydrogen bond.

The IR spectra of monosubstituted enamines XV and XVIII (Table 2) are close to the spectra of the
disubstituted compounds; this attests to their enamine structure. On comparison of the data from the elec~
tronic spectra of III and XIV (Tables 1 and 2), it is seen that replacement of the chlorine led to a batho-
chromic shift in Amax in alcohol and cyclohexane by 20 and 100 nm, respectively. Such a significant ef-
fect of a solvent on the position of Apmax is evidently associated with ionization of XIV in alcohol; this was
confirmed by the identical character of the curve of the absorption spectrum of its anion. Replacement of
the methyl group by a pheny! group led to a bathochromic shift of 30 nm, probably due to inclusion of the
7 electrons of the benzene ring in conjugation. One should note the unexpectedly strong effect of the nature
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2-Pyrrolone Derivatives

TABLE 2.
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of the solvent on the position of Apy,x of methylphenyl derivative XVII. In cy-
clohexane, the position of the absorption maxima is close to their position in

the spectrum of aniline derivative XVIII, but in alcohol one observes a hypso~
chromic shift of 48 nm as compared with XVIII and of 15 nm as compared with

CH;
XVI1. Polarization of the >C—C=CH—N< system in XVII is probably
0] CeHj

weakened because of interaction with the aleohol; this leads to the hypsochro-
mic shift. Weakening of the polarization of the carbonyl group in XVI also af-
fected the position of the ¥ cO band of the pyrrolone ring, which is shifted by
10 em™ as compared with vco of XVI and by 6 em™ for X V1L,

EXPERIMENTAL

1-Methyl-2,5-dichloro-3,4~diformylpyrrole (II). A. A 235-g (1.5 mole)
sample of phosphorus oxychloride was added at 25° to a solution of 35 g (0.3
mole) of methylsuccinimide in 110 g (1.5 mole) of dimethylformamide (DMF).
After 30 min, the reaction mixture was heated to 80° and held at this tempera~
ture for 10 h, It was then poured into ice water, and the agueous mixture was
neutralized to pH 7. Workup gave 44.5 g (72%) of 1II. Dioxime VII had mp 208~
210° (from aqueous methanol). Found: N 17.6%. C;H;Cl1,N;0,. Calculated:
N 17.8%. Dithiosemicarbazone XII did not melt up to 360° (from aqueous DMF),
Found: N 27.7; 8 18.3%. CgH;Cl,N;S,. Calculated: N 27.8; S 18.2%,

Compounds IV-VI were similarly obtained (Table 1).

B. A mixture of 0.1 g (0.5 mmole) of XVI and 1 ml (10 mmole) of phos-
phorus oxychloride was heated at 60° for 15 h, after which it was poured into
water. The aqueous mixture was then neutralized and worked up to give 0.08 g
(78%) of III with mp 127-129°, The product was identified by a mixed-melting~
point determination.

1-Methyl-2,5=dichloro-3,4-dicyanopyrrole (VIII). Compound VII was re-
fluxed for 2 h in acetic anhydride, after which the excess acetic anhydride was
removed by distillation, and the residue was diluted with water. The precipi-
tate was removed by filtration and dried to give 85% of VIII with mp 136-138°
(from octane). Found: CI 34.6; N 21.2%. C;H3Cl,N;. Calculated: Cl 35.5;
N 21.0%.

1-Methyl~2,5~dichloropyrrole~3,4~dicarboxylic Acid (IX). A 63-g (0.4
mole) sample of potassium permanganate was added slowly to a heated (at the
boiling point) solution of 16 g (0.078 mole) of dialdehyde III in 200 ml of 809,
dioxane, after which the mixture was held at this temperature for 5 h and fil-
tered hot. The filtrate was evaporated and neutralized to give 6.5 g (35%) of
acid IX with mp 265-266° (from aqueous methanol). Found: Cl 30.2; N 5.8%.
CyH;C1)NOy, Caleulated: CI 29.8; N 5.9%. Acid chloride X was obtained by
treatment of the acid with thionyi chloride. The oily liquid was crystallized
from petroleum ether. Amide XI was obtained from the acid chloride by treat-
ment with alcoholic ammonia solution. The product had mp 254-255° (from
water). Found: Cl 28.4; N 16.7%. C;HyCl,N;04. Calculated: C1 28.0; N 16.5%.

1-Methyl-2,5~dibenzylthio-3,4-diformylpyrrole (XIII). A mixture of
1.26 g (0.006 mole) of III, 2.45 g (0.02 mole) of benzylmercaptan, and 1.3 g
{(0.023 mole) of potassium hydroxide in 50 ml of 809 methanol was refluxed
for 3 h. After two-thirds of the methanol had been removed by evaporation,
the residue was neutralized with 10%hydrochloric acid. The precipitate
was removed by filtration, washed with ether, and dried to give 0.86 g (38%)
of aproduct with mp 92-94° (from petroleum ether). Found: N 3.5%.
C9HgNOyS,. Calculated: N 3.,7%.
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1-Methyl~2~chloro-3,4~diformyl-5-pyrrolone (XIV). A mixture of 6.3 g (0.03 mole) of Il and 11.2 g
(0.2 mole) of potassium hydroxide in 150 g of methanol was refluxed for 3 h, after which it was coocled, and
the precipitate was removed by filtration and dissolved in the minimum amount of water. The solution was
then acidified to give 2.2 g (40%) of XIV with mp 190-192° (from octane). Found: Cl 18.9; N 8.1%.
CH(CINOg. Calculated: Cl 18.9; N 7.9%.

1-Methyl-2-chloro-3-formyl-4-methylaminomethylene-5-pyrrolone (XVI). This compound was ob-
tained from XIV and excess methylamine by heating them in benzene solution for 1,5 h. The resulting pre~
cipitate was removed by filtration and crystallized from heptane. Compounds XVI-XVIII (Table 2) were
similarly obtained.
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