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Reaction of Amide Homologs. XXV.) Reaction of Succinimide
with Grignard Reagents
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An investigation of Grignard reaction of succinimide revealed that, when more than
one molar equivalent amount of Grignard reagent was used, a reaction proceeds to give
y-ketoamide. Using a variety of aliphatic and aromatic Grignard reagents this reaction
has been generalized and provided a useful method for preparation of y-ketoamides.

In the previous paper? of this series it has been reported that N-(N’,N’-dialkylamino-
methyl) succinimide reacts with two molar equivalent of Grignard reagents to give tertiary
amines and y-ketoamides. It was presumed that the reaction proceeds through an inter-
mediate, a salt-like succinimidomagnesium bromide, formed by nucleophilic substitution re-
action with Grignard reagent and formation of y-ketoamide is effected by the reaction of this
intermediate with Grignard reagent, as shown in the following.

CHz-CO\ R R’'MgX  CHsCO. R
N—CHz—N< — ] NMgX + R”—CHa—N<
CH:-CO’ R’ CH.-CO” R’
lR”—MgX
R’’COCH:CH:CONH;

In view of this work it was expected that the formation of y-ketoamide may be also
effected by the reaction of succinimide with two molar equivalent of Grignard reagent, where
the succinimidomagnesium bromide would be initially formed as an intermediate by attack
of the first half of the Grignard reagent. In literature there has been no report on the Grignard
reaction of succinimide other than the reaction® of N-methylsuccinimide which is described
to give b-alkyl-b6-hydroxy-1-methyl-2-pyrrolidinone or 2-alkyl-1-methyl-2-pyrrolin-5-one.
Nevertheless, with the above expectation we commenced an investigation on the Grignard
reaction of succinimide to open a method for preparation of y-ketoamides.

CHz-CO\ RMgX  CH:CO. RMgX
NH —k—— | NMgX ——— RCOCH:CH:CONH:
CH:-CO” CH.-CO”

Reactions of succinimide were conducted with a variety of aliphatic and aromatic Grignard
reagents under the following uniform conditions: an ethereal Grignard reagent prepared from
2.4-fold molar equivalent amount of a starting bromide was added dropwise to a stirring sus-
pension of succinimide in ether under refluxing and the refluxing was continued for 30 min.
Results of experiments are summarized in Table I. As can be seen, the corresponding y-keto-
amides were successfully obtained more than 409, yield. In comparison with the reactions
of N-(piperidinomethyl) succinimide with the Grignard reagents previously reported,) the

»
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products, 2-benzoylpropionamide, 2-(2-phenylpropionyl) propionamide and 2-pentoylpropion-
amide were obtained in better yield by this reaction, as described in Table I.

To the use of this reaction for preparative purpose a disadvantage is the consumption
of the first half of the Grignard reagent in the course of the formation of the succinimidomag-
nesium bromide. To diminish this disadvantage we made an improvement in the reaction
by substitution of the more inexpensive Grignard reagent, such as ethylmagnesium bromide,
in place of the first half of the Grignard reagent. The procedure is that, instead of the addi-
tion of 2.4-fold molar equivalent amount of the Grignard reagent in the foregoing procedure,
1.2 molar equivalent amount of ethylmagnesium bromide was first added so as to form suc-

TasLe I. Reaction® of Succinimide with Grignard Reagents

Grignard reagent Product Yield® (%)
& >-Mghr ¢ >-COCH:CH:CONH: 65(61)0
< >-CH2CH:MgBr < >—CH2CH2COCH2CH2CONH2 54(35)9
H,(CH,),CH,MgBr CH—a(CH2)2CH2COCHZCI—12CONH2 50(33)9
(CHS)ZCHCH2CH2VIgBr (CH,),CHCH,CH,COCH,CH,CONH, 48
CH,CH,MgBr CH,CH,COCH,CH,CONH, 35

C >—C_=.CMgBr {; >—C§CCOCHzCH2CONHz 4t

c1—<;>-MgBr Cl—<;>~COCHzCHzCONHz 59

CH3—<:>—MgBr i >—COCH2CH2CONH2 69
HsC\ Hac\__
=>-MgBr {_}—cocmcmcoxmg 64
"CHs "CH;

<)—MgBr {: >-COCH2CH2CONH2 A7

<—>‘Mg3r {_> COCH:CH:CONHa 60
< <o

a) General procedure is given in Experimental.

&) Yield is based on the product isolated.

¢) Yield in the reaction of N-(piperidinomethyl)succinimide, which is quoted from the previously
reported paper.h ;

TaBLE II. Reaction® of Succinimidomagnesium Bromide with Grignard Reagent

Grignard reagent Product Yield® (%)

<_>-MgBr ¢ >-COCH,CH,CONH, 63

4 >-—C.=.—:CMgBr { > C=CCOCH,CH,CONH, 40
CI—<_>—MgBr c1-{ > COCH,CH,CONH, 55

Mg {_»-COCH,CH,CONH, 82
< <&

CH3—<“>—MgBr CHy¢ >—COCH2CH2CONH2 66

@) Succinimidomagnesium bromide in ether, which was freshly prepared by the reaction of succinimide
with 1.2 molar equiv. of ethylmagnesium bromide, was subjected to the reaction with Grignard
reagent. General procedure is given in Experimental.

b) Yield is based on the product isolated.
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cinimidomagnesium bromide and then addition of equimolar amount of the requisite Grignard
reagent was followed. This procedure was examined in several examples and results are
summarized in Table II. As can be seen from this Table, this procedure attained the almost
same yields of y-ketoamides as those in the foregoing procedure.

Thus, the present work has developed a new general method for preparation of y-keto-
amides better than the previously reported method? through the reaction of N-(N’,N’-di-
alkylaminomethyl) succinimide.

On referring to the previous paper,? identities of the y-ketoamides obtained in the present
work were made by their ultraviolet (UV) and infrared (IR) spectral data, which showed well
agreement with the assigned y-ketoamide structures (see Table III). Among the y-ketoamides
obtained, those listed in the Table III have not been described previously.

Experimental

Reactions of Succinimide with Grignard Reagent a) General Procedure: Grignard reagents which
are listed in Table I were prepared by usual means from 0.155 gram atom of magnesium, 0.144 mole each
of the alkyl halides and 200 ml of dry ether, with an exception of phenylethynylmagnesium bromide, which
was prepared by admixture of ethereal solution of 0.144 mole of phenylacetylene to the ethylmagnesium
bromide solution prepared by the above way. To a suspension of 0.06 mole of pulverized succinimide in
100 ml of dry ether the Grignard reagent was added dropwise with vigorous stirring under spontanious
refluxing. During the addition of the second half of the reagent, heating was necessary for refluxing. Stirring
and refluxing were continued for further 30 min and the reaction mixture was hydrolyzed by addition of
aqueous NH,Cl in an ice bath. The product, y-ketoamide, was deposited in the hydrolyzed solution mostly
in the case of using aromatic halide and collected by filteration. The remaining product was isolated by
concentration of the ethereal layer and by extraction of the aqueous layer with CHCl,. 2-Propionylpropion-
amide, obtained in the run with ethylmagnesium bromide, was isolated by extraction with CHCl, using a
continuous extraction apparatus because of its easy solubility in water. Yields of the products are listed
in Table I. Identities of the p-ketoamides obtained were made by elemental analysis and by measurement
their UV and IR spectra on refering to the previous paper.? The three products, 2-benzoylpropionamide,
2-(2-phenylpropionyl)propionamide and 2-pentoylpropionamide, which had been described in the previous
paper,V showed exact correspondence of their physical data with those of the authentic specimens. Except-
ing these three compounds the other eight y-ketoamides have not been described previously. Their physical
and analytical data are recorded in Table III.

b) Modified Procedure: To a suspension of 0.06 mole of pulverized succinimide in 100 ml of dry ether
ethylmagnesium bromide (prepared from 0.08 gram atom of magnesium, 0.072 mole of ethyl bromide and
100 ml of dry ether) was added dropwise under vigorous stirring. The mixture refluxed with stirring for
30 min so as to form succinimidomagnesium bromide. And then to the mixture the requisite Grignard
reagent (prepared from 0.08 gram atom of magnesium, 0.072 mole of alkyl halide and 100 ml of dry ether)
was added dropwise with vigorous stirring under refluxing. The reaction mixture was stirred and refluxed
for further 30 min and then hydrolyzed by means of addition of aqueous NH,Cl and the product was isolated
by the same manner as described in the above procedure. This procedure was examined using the Grignard
reagents listed in Table II and resulted in as summarized in the same Table. Identities of the products,
y-ketoamides were made by comparison of their IR spectra with those of the authentic specimens obtained
procedure a).
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