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The Aldol Condensation of Aromatic Aldehydes With N-Acetyl-

2-pyrrolidinone: Part II. Formation of Cinnamic

Acids in the Synthesis of 3-Arylidene-2-pyrrolidinones

Hans Zimmer (1), David C. Armbruster (2) and L. J. Trauth

In an earlier paper (3), it was reported that the
aldol condensation between aromatic aldehydes pos-
sessing electron-releasing (or neutral) substutients
and N-acetyl-2-pyrrolidinone I resulted in the for-
mation of tvans-3-arylidene-2-pyrrolidinones (If). In
the present paper we wish to communicate that when
aromatic aldehydes possessing electron-withdrawing
substituents (and some possessing o7rtho-electron-
releasing substituents) are utilized in this conden-
sation reaction with N-acetyl-2-pyrrolidinone, that
simultaneous formation of the {vans-cinnamic acids
(IIl) occurred along with the t{rans-3-arylidene-2-
pyrrolidinones (II). (See Scheme I.)

The results with a variety of aldehydes are sum-
marized in Table I. In some cases, both products
were obtained while in others only one of the pro-
ducts could be isolated. Since recognition of the
occurrence of this formation of cinnamic acids was
not realized until much of this work was completed
and furthermore feasible separation of the cinnamic
acid from the 3-arylidene-2-pyrrolidinone by sodium
bicarbonate extraction was complicated by the low
solubility of the crude reaction products in ap-
propriate solvents, quantitative yield data was not
obtained. (Possible contamination of the 3-arylidene-
2-pyrrolidinones reported earlier (3) by the corres-
ponding cinnamic acids is recognized but would be
expected to be insignificant since purification of
these compounds by single or duplicate recrystal-
lization was accomplished.)

These results can readily be understood in terms
of the participation of the two different carbanions Ia
and Ib which can form from N-acetyl-2-pyrrolidinone.
(See Scheme I). Aldol condensation of these carban-
ions with the aldehyde, followed by facile deacylation
and dehydration, results in the formation of f{vans-
3-arylidene-2-pyrrolidinone (II) and {vans-cinnamic
acid (III). (Possible formation of these products
from Dbis-condensation of dicarbanion IV followed
by deacylation and dehydration cannot be eliminated
from consideration.) It can be observed from Table
I that some o07tho - substituted aldehydes seem to
have preference for reaction with the sterically less
hindered carbanion Ib which results in the formation
of cinnamic acids. These results have some analogy
in the work of Korte (4) in the Claisen condensation

of ethyl isonicotinate with N-acetyl-2-pyrrolidinone
in which a product analogous to the cinnamic acid
was formed. However, recognition of the possible
intermediacy of carbanion Ib was not made. Efforts
to circumvent the complications introduced through
the intermediacy of the competing carbanion Ib by
utilization of N-benzoyl - 2-pyrrolidinone (4) (i.e.,
without additional a-hydrogens) were generally un-
successful.

The structures of the products were proven by
elemental analysis and infrared spectra. All the
cinnamic acids were soluble in dilute sodium bi-
carbonate solution. The infrared spectra showed
the following characteristics: 3-arylidene -2-pyr-
rolidinones II (R=H sharp NH ~ 3.10,, C=0 (lactam)
~ 5.95,, C=C ~ 6.10,; N -acetyl -3 -arylidene - 2-
pyrrolidinones II (R=Ac) no NH absorption, two C=0
absorption bands ~ 5. 8# and ~ 5. 95y, C=C ~ 6.10‘,,;
trans-cinnamic acids broad OH ~ 3.25,, C=0 ~
5.9, and C=C ~ 6.15,.

The generality of the base-catalyzed aldol con-
densation of aromatic aldehydes with N-acetyl-2-
pyrrolidinone for the synthesis of {vans-3-arylidene-
2-pyrrolidinones II had thus been found to possess
some limitations (3).
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EXPERIMENTAL

Melting points are uncorrected. Microanalysis by A. Bermhardt,
Microanalytisches Laboratorium in Max - Planck Institut, Mtilheim/
Ruhr, Germany, and Galbraith Laboratories, Knoxville 21, Tennessee.
The infrared spectra were taken on potassium bromide discs on a
Baird double beam spectrophotometer.

Procedure.

The general condensation procedure for reaction of aromatic alde-
hydes with N-acetyl-2-pyrrolidinone using sodium hydride as base in
tetrahydrofuran solvent was described earlier (3). The crude products
obtained were then treated in the following manner: (a) recrystallization
of the product to constant melting point from the appropriate solvent
(compounds 6-9, 11, and 13); (b) formation of the N-acetyl derivative
of the 3-arylidene-2-pyrrolidinone with acetic anhydride (3), which
fortuitously effected a separation from cinnamic acid (compounds 1,
3, and 5); (c) extraction of a chloroform solution with dilute sodium
bicarbonate solution followed by acidification to give the cinnamic
acid (compounds 2, 7, and 8); (d) column chromatography on neutral
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alumina (compounds 10 and 14). Compound 12 was obtained in very
low yield from reaction of N-benzoyl-2-pyrrolidinone with 2, 3-di-
methoxybenzaldehyde.
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