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SYNTHETIC COMMUNICATIONS, 23(19), 2631-2638 (1993) 

A Convenient Synthesis of Substituted 3-Pyrrolin-2-ones 
from a-Cetols 

Gaguik Melikian’, Francis Rouessac and Christian Alexaidre* 

Laboratoire de Synthese Organique, associe au CNRS, URA 482 
Faculte des Sciences, Avenue 0. Messiaen, BP 535, F-72017 Le Mans 

Abstract : a simple and efficient method for the preparation of the title compounds is 
described from cyanoacetamides and 3-hydroxy-3-methyl-2-butanone in the presence of 
sodium ethylate at room temperature. The 3-carboxamido-N-alkyl-4,5,5-trimefhy/-5-dihy 
dro-2H-pyrrol-2-ones lead to unsaturated derivatives by condensation with aldehydes, 
while hydrogenation give rise to the corresponding pyrrolidin-2-ones. 

In recent years, there has been considerable interest in the development 
of new processes for the synthesis of substituted 2-butenolides, because of their 

diverse biological activities (1). 3-Pyrrolin-2-ones 1, regarded as nitrogen analo- 
gues of 2-butenolides represent also a diverse and important family of biologically 

active secondary metabolites, many of which have potential use in both medicine 

and agriculture (2). However, to our knowledge, no method is known to synthesi- 

ze these 3-unsaturated y-lactams in a facile way and in high yield (3). We report 
herein an efficient and straighforward synthetic approach to 3-pyrrolin-2-ones of 

type 4. 
In the past, we showed that the cetol 2 reacted with ethyl cyanoacetate to yield 
cyanobutenolide 3 (4). When 2 was treated in the same way with substituted 

2-cyanoacetarnides 3 a-e, 3-pyrrolin-2-ones-2 4 a-e were formed in good yields 
(5,6) (scheme 1). 

* to whom correspondence should be addressed 
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Copyright 0 1993 by Marcel Dekker, Inc. 
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2632 MELIKIAN, ROUESSAC, AND ALEXANDRE 

1 - 

+ NCCH,CO&t - 
- 2 P 

CONHp 

2 + NCCH,CONHR 

5- 
R - 

Scheme 1 

Instead of the normal Knoevenagel products, a-carboxamidolactams were obtai- 

ned. We believe that 4 is formed in succession (scheme 2): the cyanoacetamide 3 
attacks the hydroxyketone 2 (a), then suffers a nucleophilic cyclization with elimi- 

nation of a water molecule (b); finally a transfer of the alcoolate oxygen to cyani- 

de (c) provides the hydratation ofthe nitrile group into a carboxamide (d). 

Scheme 2 
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3-PYRROLlN-ZONES 2633 

This one-pot procedure, employing common intermediates has the advantage to 

hrnish in fair yields and gram quantities, easily separable crystalline compounds 
which may be conveniently purified (Table I). We noticed that in each case, nitrile 

group was hydrolysed during the course of this reaction, excepted in the case of sf 
(R = Ph) which led to lactone 3. No other product could be detected in this case. 

In order to compare these 3-unsaturated y-lactams with lactonic derivatives such 
as 6 (7,s) or 2 (9), we reacted a with aromatics aldehydes, under reflux, with a 

solution of ethanolic sodium hydroxide to give the desired 4-substituted unsatura- 

ted 3-pyrrolin-2-ones 8 a-d (Scheme 3 and Table 11). The 4-methyl group could 
also be substituted according to King conditions (1 0) to give from for exemple, 
the pyridyl iodonium salt 2. Experimental data are summarized in Table 11. 

Finally cishans mixture of saturated analogues of 4 could be also easily obtai- 

ned by catalytic hydrogenation run in the presence of a EWd catalyst (Scheme 3 

and Table 111). 

R hO 
L (9) 

R 

H 

9 - 

Scheme 3 
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2634 MELIKIAN, ROUESSAC, AND ALEXANDRE 

In conclusion, a new route to substituted 3-pyrrolin-2-ones has been ac- 

complished, using a one step procedure from very simple starting compounds. 

These products served to synthetize 4-substituted derivatives. All compounds are 

presently tested to compare their biological activities to their lactonic 

counterparts. 

Experimental section 

General Methods. 'H and I3C NMR were recorded with a Bruker AC400 (400 
M H Z )  spectrometer. Chemical shifts were reported in ppm (6) relative to tetrame- 
thylsilane as internal standard, for solutions in CDCI,.; coupling constants (J) are 
given in Hz with the following abbreviations for splitting patterns: s = singlet, 
ps = pseudo-singlet, d = doublet, t = triplet, q = quartet and m = multiplet. Flash 
chromatography was performed on 230-400 mesh Merck Silica gel 60. Elemental 
analyses were performed by the Department of Chemistry at the University of Bra- 
tislava (Slovenia). 

General Procedure for the Preparation of Pyrrolin-2-ones 4 

In a 100-mL round-bottomed flask, a solution of sodium ethoxide was prepared 

by adding 0.23 g ( 1  mmol) sodium to 30 mL ethanol. To thjs solution 2.5 g 

(5mmol) 3-hydroxy-3-methyl-2-butanone and 5 mmol of substituted cyanacetami- 

de were added. The resulting mixture was stirred for 20 h at r. t .  After concentra- 

tion in ixxuo, the residue was acidified with 6M aqueous HCI in order to remove 

the base. Then potassium carbonate was portionwise added until a precipitate was 
formed. The crude product was filtered and recrystallized from ethanol to give 

pure 4. The yields and physical data are given in Table 1. 

General Procedure for the Preparation of 4-Alkylidenepyrrolin-2-ones 8. 
In a 100-mL round-bottomed flask, containing 20 mL ethanol and 10 mg of so- 
dium hydroxide a mixture of 0.85 g (5 mmol) pyrrolin-2-one & and aldehyde (5 
mmol) was slowly added. The resulting mixture was heated under reflux for 4 h 
and cooled to r.t. Ethanol was removed under reduced pressure and the residue 

was recrystallized from ethanol.The yields and physical data are given in Table 11. 
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2638 MELIKIAN, ROUESSAC, AND ALEXANDRE 

Pyrrolinylpyridinium iodide 9 
In a 200 mL round-bottomed flask, 1.68 g (0.01 mol) of lactam ~IJ. 2.54 g of iodi- 

ne, 6 mL of pyridin and 40 mL of ethanol were mixed together. The resulting mix- 

ture was heated under reflux for 3 h. After cooling, the off-white microcrystalline 

iodonium salt 2 was filtered (83 YO), mp. 149-150 "C. 

General procedure for Pyrrolidinones lo. 
A stirred solution of 500 mg of the 3-pyrrolin-2-one 4 in 95 % ethanol (50 ml) 

was added in a hydrogenation apparatus (Parr), in the presence of 50 mg of F " d  

on charcoal 

The resulting mixture was maintained during 4 h under a pressure of 50-60 Psi of 

hydrogen. The catalyst was filtered off and after evaporation of the solvent under 

reduced pressure, the final product was crystallized from ether. The physical data 

are given in Table 111. 
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