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This review presents a survey of the synthetic methods and reactions of 3-pyrrolidinones I (R = H, alkyl, 
acyl, ester; R1 = H, alkyl, cyano, ester, etc). 3-Pyrrolidinones are synthetically versatiles substrate, as they 
can be used for synthesis of a large variety of heterocyclic compounds, such as indoles and 5-deazapteroic 
acid analogues and as a raw material for drug synthesis. The high reactivity of an active methylene group 
next to the carbonyl of the pyrrolidine ring is useful for various syntheses. 
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INTRODUCTION 

From a synthetic viewpoint, 3-pyrrolidinones occupy an 
important position in the synthesis of various heterocyclic 
systems. The Pyrrolidine ring is a component of many 
alkaloids, many of which display diverse and potent 
biological activities. Also, they are key building blocks 
for a wide variety of synthetic targets ranging from 
biologically active molecules to liquid crystals and 
conducting polymers. Despite this importance, 
3-pyrrolidinones have not been previously reviewed. 
Several methods for preparation of 3-pyrrolidinones have 
been reported, including Michael condensation followed 
by base-catalyzed intramolecular Dieckmann 
condensation. Also, several reactions belonging to both 
the carbonyl and active methylene groups are mentioned, 
finally some main applications of 3-pyrrolidinone 
compounds are reported. 

1. SYNTHESIS OF 3-PYRROLIDINONES 

Generally, 3-pyrrolidinones are prepared via Michael 
condensation followed by base-catalyzed intramolecular 
condensation of the Dieckmann type. 

1.1. N-(Unsubstituted)-3-pyrrolidinones 

Ethyl glycinate hydrochloride was reacted with acrylo-
nitrile in aqueous KOH at 60 °C, and the resulting 
Michael adduct was subsequently treated with di-tert-
butyl dicarbonate to produce protected cyano ester 1. The 
ester 1 was smoothly cyclized to the cyano ketone 2 by 
sodium ethoxide. Treatment of 2 with HCl/MeOH gave 4-
cyano-3-pyrrolidinone 3 as depicted in Scheme1 [1]. 
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Michael addition of ethyl glycinate to ethyl acrylate 

followed by Dieckmann condensation and decarboxyl-
ation gave 3-pyrrolidinone.HBr 4 (Scheme 2) [2]. 
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Alkylation of -ethyl -phenyl- -alanine ethyl 

ester with ethyl chloroacetate afforded the amino 
diester 8. Dieckmann condensation of the latter, in the 
presence of NaH in toluene, yielded 2-carbethoxy-4-
ethyl-4-phenylpyrrolidin-3-one 9, which underwent 
hydrolysis and decarboxylation upon treatment with 
dilute HCl to give 4-ethyl-4-phenylpyrrolidin-3-one 
10 (Scheme 3) [3]. 
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Alkylation of -ethyl -phenyl- -alanine ethyl ester 
with ethyl chloroacetate afforded the amino diester 8. 
Dieckmann condensation of the latter, in the presence of 
NaH in toluene, yielded 2-carbethoxy-4-ethyl-4-
phenylpyrrolidin-3-one 9, which underwent hydrolysis 
and decarboxylation upon treatment with dilute HCl to 
give 4-ethyl-4-phenylpyrrolidin-3-one 10 (Scheme 4) [3]. 
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1.2. Synthesis of N-alkyl-3-pyrrolidinones 

The cyclization of diethyl N-(2-carbethoxyethyl)-N-
methylaspartate 11 using sodium hydride in benzene, 
sodium in toluene, or sodium ethoxide in ethanol, gave 
exclusively the six-membered ring product, l-methyl-2,3-
dicarbethoxy-4-piperidone 12. Under non-reversible 
conditions (potassium t-butoxide in toluene at -20°C) l-
methyl-2-carbethoxymethyl-4-carbethoxy-3-pyrrolidinone 
13 was the primary product (Scheme 5) [4]. 
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N-Methyl-2-allyl-3-pyrrolidinone 15 was prepared by 
addition of [RuII(TTP)(CO)] to diazo compound 14 
(Scheme 6) [5, 6]. 
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Cyclization of diethyl N-(2-carbethoxyethyl)-N-methyl-

aspartate 16 under non-reversible conditions (t-BuOK in 
toluene at -20 °C) led to 1-methyl-2-carbethoxymethyl-4-
carbethoxy-3-pyrrolidinone 17 (Scheme 7) [7]. 
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Adding ethyl -methylaminobutyrate to ethyl acrylate 

gave the diester 18. Which upon closure by sodium 
ethoxide followed by acid hydrolysis and decarboxyaltion 
gave 2-ethyl-1-methyl-3-pyrrolidinone 19 (Scheme 8) [8]. 
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5-Hydroxy-1,2,5-trimethyl-2-phenylpiperidin-4-one 21 

and 1-methyl-5-phenylpyrrolidin-3-one 22 were obtained 
by the reaction of acryloyloxiranes 20 with methylamine 
(Scheme  9)[9,10]. 
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Cyclization of the dinitrile 23 in t-butyl alcohol in the 

presence of a catalytic amount of sodium t-butoxide gave 
the cyclic imino-nitrile 24, which was present as an 
enamine 25. Hydrolysis of this product gave the 3-pyrroli-
dinone derivative 26 (Scheme 10) [11]. 
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, -Unsaturated aminoketones 27, have been prepared 

by Claisen-Schmidt condensation of -aminoketones with 
aromatic aldehydes. The products where R4 = H were 
converted to the corresponding 1,2,2-trialkyl-5-aryl-3-
pyrrolidinones 28, by thermal cyclization (R1 = CH3, 
C2H5, iso-C3H7., X = H, CH3, OCH3, Cl) (Scheme11) [12]. 
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1-Methyl-pyrrolidin-3-one 32 has been prepared by 
reaction of N-methyl- -alaninonitrile and anhydrous 
potassium carbonate with ethyl bromoacetate, which 
afforded [(2-cyano-ethyl)-methyl-amino]-acetic acid ethyl 
ester 29, which under further alcoholysis gave the 
intermediate 30. Dieckmann condensation of 30 with 60% 
sodium hydride in anhydrous toluene at 0°C gave 1-
methyl-3-oxo-pyrrolidine 32 via the intermediate ethyl 1-
methyl-4-oxopyrrolidine-3-carboxylate 31 by hydrolysis 
with 6 N HCl (Scheme12) [13,14]. 
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Condensation of ethyl acrylate with -carbethoxy-

ethylmethylamine gave the diester 33. This upon closure 
by sodium hydride and toluene gave the keto ester 34. 
Acid hydrolysis and decarboxylation of 34 gave 1,2-
dimethyl-3-pyrrolidinone 35 (Scheme13) [15]. 
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Adding of methylamine to acrylonitrile gave -cyano-

ethylmethylamine 36. Condensation of 36 with acetone 
cyanohydrin gave the dinitrile 37, which in turn could be 
cyclized to enaminonitrile 38 as indicated in Scheme 14. 
Hydrolysis of 38 with HCl gave 1,2,2-trimethyl-3-
pyrrolidinone 39  [16]. 



1552 F. A. Amer, M. Hammouda, A.-A. S. El-Ahl, and B. F. Abdel-Wahab Vol 45 
  

N

NH2

38

CH3

 Na/ t-BuOH

CH2 CH

CH3

CH3

CN H3C C CN

CH3

OH

H3C C CN

N

CH3

H3C CH2CH2CN

N

O

39

CH3

CH3

CH3

NC

+CH3NH2
CH3NHCH2CH2CN

HCl

36

37

+

Scheme 14

 
 
Treatment of diphenyl cyclopropenone with imines 

gave 1-methyl-2,3-diphenyl-2-pyrrolin-4-ones 40 (R1 = 
Me, Ph, p-tolyl), which under LiAlH4 reduction gave 41 
(R = Me, Ph) (Scheme15) [17]. 
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1-Bromobut-3-en-2-one reacted with a primary amine 

in the presence of potassium carbonate to afford 3-
pyrrolidines 42 (R = Bn; t-Bu) through an intramolecular 
Michael reaction (Scheme16) [18]. 
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Condensation of ethyl chloroacetate with ethyl -

butylaminopropionate gave the diester 43. Ring closure of 
43 with sodium ethoxide or potassium metal followed by 
hydrolysis and decarboxylation gave 1-butyl-3-pyrroli-
dinone 44 (Scheme17) [8]. 
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Adding isopropylamine to ethyl acrylate gave -

carbethoxyethyl-isopropylamine, which was alkylated 

with ethyl chloroacetate to the diester 45. Cyclization of 

45 in sodium methoxide followed by acid hydrolysis and 

decarboxylation gave 1-isopropyl-3-pyrrolidinone 46 
(Scheme18) [19]. 
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Adding primary amines to acrylonitrile gave -cyano 

alkyl ethyl amines. Alkylation of the latter with ethyl 

bromoacetate gave the cyano esters 47. Hydrolysis of 47 

with HBr/EtOH afforded the diesters 48. Cyclization of 

48 with sodium hydride in xylene followed by acid 

hydrolysis and decarboxylation gave N-alkyl-3-pyrroli-

dinones (R = benzyl, phenylethyl, 2-benzoylethyl) 49 

(Scheme19) [20,21]. 
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Adding -bromoester to -cyanoethylmethylamine 

gave the cyano esters 50. Acid hydrolysis of 50 with 

EtOH/H2SO4 gave the diesters 51. Cyclization of 51 in 

ethanolic sodium ethoxide afforded the keto ester 52. 

Acid hydrolysis followed by decarboxylation of 52 gave 

3-pyrrolidinones (R = H, Me) 53 (Scheme 20) [22]. 
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Condensation of chloro ester 54 with diester 55 

followed by subsequent Dieckmann cyclization and 
decarboxylation gave the 3-pyrrolidinone derivative 56 
(Scheme 21) [23]. 
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Treatment of methyl ester 57 with sodium amide and 

hexamethylphosphoramide gave 1-methyl-2-(o-chloro-
phenyl)-3-pyrrolidinone 58 (Scheme 22)[24]. 
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Ethyl N-( -carbethoxyethyl)-5-oxo-2-pyrrolidinecar-

boxylate 59 prepared from L-(+)-glutamic acid and 
acrylonitrile which was hydrolyzed and esterified in 
absolute ethanol containing concentrated sulfuric acid. 
Cyclization of 59 with sodium ethoxide produced ethyl 
1,5-dioxopyrrolizidine-2-carboxylate 60. Decarboxylation 
of the pyrrolizidine 60 in hot hydrochloric acid was 
accompanied by lactam ring hydrolysis, so that the 
product was the 3-oxopyrrolidine acid 61 (Scheme 23) 
[25]. 
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Successive cyanoethylation and acylation of the amino 

group, followed by Dieckmann cyclization yielded 2-
substituted l-acyl-4-cyano-3-oxopyrrolidines 62 (R = H, 
Me, benzyl; R` = Me, Ph) (Scheme 24) [26]. 
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Condensation of N-acetyl ethyl glycinate with ethyl 

acrylate in pure sodium hydride and dry benzene gave N-
acetyl-4-carbethoxy-3-pyrrolidinone 63. On the other 
hand, heating of ethyl -carbethoxymethyl amino-
propionate in pyridine and acetic anhydride gave the 
acetyl diester 64, which cyclized in Na/xylene to give 63 
(Scheme 25) [27]. 
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Reduction of 2-methyl-3-benzylidene-1-pyrroline 65 

with NaBH4 gave 2-methyl-3-benzylidenepyrrolidine 66. 
Ozonolysis of 66 in acetic acid and decomposing of the 
resulting ozonide with zinc dust gave 1-acetyl-2-methyl-
3-pyrrolidinone 67 (Scheme 26) [28]. 
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Michael condensation of ethyl hippurate with ethyl 

cinnamate gave the keto ester 68, hydrolysis and 
decarboxylation of 68 gave 1-benzoyl-2-phenyl-4-pyrroli-
dinone 69 (Scheme 27) [29] 
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1-(Benzyloxycarbonyl)-2-(methoxycarbonyl)-3-oxo-

pyrrolidine 71 was prepared by addition of Rh2(OAc)4 

to a solution of the -diazo -keto ester 70 (Scheme 
28)  [30]. 
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1.4. N-Carbethoxy-3-pyrrolidinones 

Ethyl N-ethoxycarbonyl-S-(2-ethoxycarbony1ethyl)-
glycinate 72 (R = H, CH3, COOEt, C6H5) under non-
equilibrating conditions, both ethyl l-ethoxycarbonyl-4-
oxopyrrolidine-3-carboxylate 73 and ethyl l-ethoxy-
carbonyl-3-oxopyrrolidine-2-carboxylate 74 have been 
obtained in roughly equal yield (Scheme 29) [31]. 
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Ethyl 3-oxopyrrolidine-1-carboxylate 76 was prepared 

from ethyl 3-(ethoxycarbonyl)methylamino)propanoate 

75 by reaction firstly with ethyl chloroformate and 
potassium carbonate in dichloromethane followed by 
intramolecular Dieckmann condensation in sodium 
ethoxide and benzene and finally hydrolysis of the ester 
group (Scheme 30)   [32,33]. 
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-Alanine reacted with ethyl chloroformate in sodium 
hydroxide and then esterified to give ethyl N-ethoxy-
carbonyl- -aminopropionate 77. Reaction of 77 with 
diethyl fumarate afforded 78, which cyclized in benzene 
and sodium and then hydrolyzed to afford ethyl 2-
(ethoxycarbonyl)methyl)-3-oxopyrrolidine-1-carboxylate 
79 (Scheme 31) [34]. 
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Condensation of DL- -alanine ethyl ester and ethyl 

chloroformate gave the diester 80. Addition of 80 to ethyl 
acrylate in sodium hydride and benzene gave the keto 
diester 81. Acid hydrolysis and decarboxylation of 81 
gave 1-carbethoxy-2-methyl-3-pyrrolidinone 82 (Scheme 
32) [35]. 
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Heating of ethyl chloroformate with the diester 83 in 

aqueous solution of sodium carbonate gave the triester 84. 
Cyclization of 84 in Na/xylene gave diethyl 4-oxo-
pyrrolidin-1,3-dicarboxylate 85 (Scheme 33)  [36]. 
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1,2-Dicarbethoxy-4-isopropyl-3-pyrrolidinone 87 was 

prepared from the cyclization of the triester 86 in 
Na/toluene (Scheme 34)  [37]. 
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Ethyl 3-oxopyrrolidine-1-carboxylate 89 was prepared 

from pyrrolidin-3-ol 88 by reaction with ethyl 
chloroformate followed by oxidation with potassium 
chromate (Scheme 35) [38]. 
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1.5. N-Aryl-3-pyrrolidinones 

The condensation of 4-bromo-1,2-epoxybutane with a 
slight excess of an alkyl 4-aminobenzoate under argon in 
a sealed reaction flask at 120 °C for 2-4 h afforded N-[4'-
(alkoxycarbonyl)-phenyl]-3-pyrrolidinol 90 which will 
undergo Moffatt oxidation (with either trifluoroacetic acid 
or 99% phosphoric acid as the acid catalyst) to give 3-
pyrrolidinone 91 (R = Me, Et, t-Bu) (Scheme 36) [39]. 
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Alkylation of methyl 4-aminobenzoate with cis-l,4-

dichloro-2-butene in methanol containing sodium acetate 
and a catalytic amount of potassium iodide (Finkelstein 
conditions) gave an excellent yield of the 3-pyrroline 92. 
Hydroboration-oxidation of 92 afforded 3-pyrrolidinol 93 
which underwent oxidation to the 3-pyrrolidinone 94 
(Scheme 37) [39]. 
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Treatment of methyl p-aminobenzoate with dimethyl 

sulfide, followed immediately by the addition of N-
chlorosuccinimide in dichloromethane at -25 °C, gave 
sulfilimine 95. Oxidation of 95 in situ at 0°C to methyl p-
nitrosobenzoate 96 was accomplished by addition of 1.2 
equiv of m-chloroperbenzoic acid. Diels-Alder reaction of 
96 with 2-methoxy-1,3-butadiene at 0°C led to dihydro-
2H-1,2-oxazine 97. Hydrolysis of 97 by 1 N hydrochloric 
acid at room temperature afforded the tetrahydro-2H-1,2-
oxazinone 98, hydrogenation  of 98 over Pd/C led to the 
amino alcohol which on dehydrative ring closure gave 3-
pyrrolidinone 99 (Scheme 38) [40]. 
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Pyrrolidin-3-ol reacted with t-butyl 4-fluorobenzoate in 

DMSO in the presence of sodium carbonate to give 3-

pyrrolidinol 100 which was oxidized to 3-pyrrolidinone 

101 (Scheme 39) [41]. 

Dipolar cycloaddition of nitrones with electron-

deficient allenes gives 5-exo-ethylene substituted 

isoxazolidines 102. Smooth rearrangement of 102 

produced 3-pyrrolidinones 103 (Scheme 40) [42]. 

 

N
H

Ph

Ph

O
+ C

H

CN

Et

Et

O

N

Ph

Et

Et
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Ph
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Et

Et

Ph

Ph

NC

102
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Scheme 40

 

An intermolecular cycloaddition of C,N-diphenyl-

nitrone with allene afforded 3-pyrrolidinone 104 

(R1=COPh, R2=R3 =H or R1= Ph, R2=R3= Me) (Scheme 

41) [43]. 

 

N

R1H

OPh

+

CH2

C

R3R2

N
Ph

R2
R3

O

R1

104

Scheme 41

 

 
Condensation of p-anisidine and ethyl acrylate gave 

ethyl N-(4`-methoxyphenyl)- -aminopropionate 105, 

which alkylated with ethyl bromoacetate to give the 

diester 106, compound 106 was subsequently converted 

into 107 by intramolecular cyclization with base. Acid 

hydrolysis of the keto ester 107 followed by 

decarboxyaltion gave 1-(4'-methoxyphenyl)-3-pyrroli-

dinone 108 (Scheme 42) [44,45]. 
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Reaction of , -unsaturated bromoketone 109 with 
primary arylamines gave 1-arylamino-1,4-diphenyl-3-
buten-2-ones 110, which cyclized to 1-aryl-2,5-diphenyl-
3-pyrrolidinones 111 (Ar = C6H5,4-Cl-C6H4 and 4-OCH3-
C6H4) by heating with diluted sulfuric acid (Scheme 43)  
[46,47]. 

 

109

C6H5HC CH C CHC6H5

O

Br

C6H5HC CH C CHC6H5

O

HN

110

dil.H2SO4, 

N

O

Ph Ph

Ar

111

ArNH2+

Ar

Scheme 43

 

 
Reaction of furfural with aniline in presence of conc. 

HCl gave 5-phenylaminomethyl-1-phenyl-3-pyrrolidinone 
112 (Scheme 44) [48]. 

 

112

O
CHO

NH2

Conc. HCl

N

O

Ph

HN+

Ph

Scheme 44

 

 
1,3-Dipolar cycloaddition of (phenylsulfonyl)-

propadiene with a nitrone in chloroform solution at room 
temperature gave 3-pyrrolidinone derivative 113 
Scheme 45) [49]. 
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113
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1-(4-Alkyloxycarbonyl-phenyl)-3-pyrrolidinones 115 

(R = H, 3-Me, 4-CN, 4-NO2, 2-F, 4-F, etc) were prepared 
by condensation of 1,4-dibromo-2-butanol with alkyl-p-
aminobenzoate, followed by oxidation of 1-(4-alkyloxy-
carbonyl-phenyl)-3-pyrrolidinols 114 by (DCC/pyridine/ 
DMSO/TFA) (Scheme 46) [50]. 

Br

Br

HO
+ H2N

R

(EtO)3PO / K2CO3 N

HO

R

N

O

RDCC/pyridine

DMSO/TFA

114

115

Scheme 46

 
 
The vinylsilane functionality in pyrroline 116 can be 

epoxidized with m-CPBA to produce epoxypyrrolidine 
117. Subsequent treatment with aqueous HI solution at 
room temperature furnished desilylated 3-pyrrolidinone 
118 (Scheme 47) [51]. 
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1.6. 3-Oxopyrrolidin-1-oxide 

5,5-Dimethyl-1-pyrroline-1-oxide was converted either 
by SeO2 or (CH3)2CHCH2CH2ONO into 3-oxo-1-pyr-
roline-1-oxide 119, but the reaction is not general for 
other nitrones, three 3-carbethoxy-1-pyrroline-1-oxides 
120 (R=Ph, Me3C, H) were prepared by base-catalyzed 
acylation of simple pyrroline oxide, and nitrosation of 120 
(R=Ph) resulted in the formation of 3-oxopyrrolidine 121 
(Figure 1) [52]. 

 

N
O

N
O

N

O

Me

Me

Me

Me
R

CO2Et

Me

Me

OH

O

Ph

119 120 121

Figure 1  

2. GENERAL CHARACTERISTICS 

3-Pyrrolidinones 122 (R = CH2Ph, CO2Me, SO2CF3) 
were considered as -amino ketones afforded enolates 
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away from nitrogen under kinetic base, thermodynamic 
base and thermodynamic acid conditions (Figure 2) [53]. 

 

N

O

R

122

Figure 2  
 
Electron-impact mass spectra of 3-pyrrolidinones show 

that the mechanism of the fragmentation varies with the 
substituent on the nitrogen atom; when this substituent is 
alkyl, fragmentation proceeds by two pathways; loss of 
CO to give an azetidine intermediate before breaking 
down further, or elimination of an unsaturated aliphatic 
amine with the formation of a cyclopropanone. When the 
N-substituent is aryl, the pathway involves elimination of 
other substituents and CO, then reaction of the aryl group 
with the heterocycle radical ion gives methylindole or 
dihydroquinoline ion intermediates [54]. 

3. REACTIONS 

3.1. Reduction 

3.1.1 Reduction to 3-pyrrolidinols 

Reduction of 3-pyrrolidinones with lithium aluminium 
hydride or sodium bohydride afforded 3-pyrrolidinols 123 
(R = alkyl; cycloalkyl and aryl) (Scheme 48) [18,39,55,56]. 

 

N

O

R

LiAlH4

N

OH

R

123

Scheme 48

 
 
Diethyl 4-oxopyrrolidine-1,3-dicarboxylate was reduced 

over PtO2 or Raney nickel as a catalyst to diethyl 4-
hydroxypyrrolidine-1,3-dicarboxylate 124 (Figure 3)[36]. 

 

N

CO2Et

124

CO2EtHO

Figure 3  
 
5-Phenylaminomethyl-1-phenyl-3-hydroxypyrrolidine 

125 was obtained by reduction of compound 112 over 
Raney nickel (Figure 4)[48]. 

N

Ph

125

OH

PhHN

Figure 4  

 
1,2-Dimethyl-3-pyrrolidinone 35, 2-ethyl-2-phenyl-3-

pyrrolidinone 7 and 4-ethyl-4-phenyl-3-pyrrolidinone 10 
were reduced with NaBH4 to 1,2-dimethyl-3-pyrrolidinol 
126, 2-ethyl-2-phenyl-3-pyrrolidinol 127 and 4-ethyl-4-
phenyl-3-pyrrolidinol 128 (Figure 5)[3,15]. 

 

N N
H

N
H

OH

CH3

CH3

OH

Ph

OH

Ph

Et

Et

126 127 128

Figure 5  

 
1,5-Diphenyl-3-pyrrolidinone was reduced with NaBH4 

to a mixture of cis- and trans-1,5-diphenyl-3-hydroxy-
pyrrolidine 129 (Figure 6) [57]. 

 

N
Ph

OH

Ph

129

Figure 6
 

 
Ethyl tetrahydro-2-oxo-2H-furo[3,2-b]pyrrole-4(5H)-

carboxylate 131 was prepared by reduction of ethyl 2-
(ethoxycarbonyl)methyl)-3-oxopyrrolidine-1-carboxylate 
130 with hydrogen and platinum or by sodium 
borohydride (Scheme 49) [34]. 

 

N

O

COOEt

COOEt Pt / H2

or NaBH4

N
COOEt

O

O

130 131

Scheme 49

 
 

3.1.2. Wolf-Kishner reduction 

The Wolff-Kishner reduction of 1,2,5-triphenyl-3-
pyrrolidinone gave a mixture of meso and racemic 1,2,5-
triphenylpyrrolidine 132 (Figure 7)[30]. 
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NC6H5
C6H5

C6H5

132

Figure 7  
 

3.1.3. Reduction amination 

cis-1,5-Diphenyl-3-dimethylaminopyrrolidine 133 was 

prepared from the corresponding 3-pyrrolidinone by 

conversion to oxime then to oxime acetate with acetic 

anhydride. Stereoselective reduction of oxime acetate with 

boron hydride led to the cis-amine, which was converted to 

the trimethylammonium derivative with methyl iodide, then 

reduced with LiAlH4 (Figure 8)[57,58]. 

 

N
Ph

NMe2

H

Ph

133

Figure 8
 

 

3.2. With organometallic reagents 

3.2.1. Grignard reaction 

1-Benzyl-3-phenyl-3-pyrrolidinol 134 was prepared by 

the action of PhMgBr on 1-benzyl-3-pyrrolidinone 

(Figure 9) [19]. 

 

N

134

OH

Ph

Ph

Figure 9
 

 
In a similar manner, 1-butyl-3-phenyl; 1-methyl-3-(4'-

methoxphenyl); 1-isobutyl-3-(4'-methoxyphenyl) and 

1-benzyl-3-(4'-methoxyphenyl) 3-pyrrolidinols were 

prepared [25]. 

Similarly, 1-acetyl-3-phenyl-3-pyrrolidinol 135 and 1-

carbethoxy-3-substituted-3-pyrrolidinols 136 (R = phenyl; 

p-chlorophenyl; p-methoxyphenyl; p-benzylphenyl; 

2-thienyl and 3,5-diphenyl) were prepared (Figure 10) 

[19,20]. 

N

135

OH

Ph

N

136

OH

R

COCH3
COOEt

Figure 10  

 
3-(2'-Furyl)-1-phenylethyl-3-pyrrolidinol 137 was 

prepared by reaction of 3-pyrrolidinone with 2-furyl 
magnesium bromide (Figure 11) [26]. 

 

N

137

HO

O

Ph

Figure 11  

 
3-Alkynyl-3-pyrrolidinols 138 (R = H and Ph) have 

been prepared by alkylation of 3-pyrrolidinone derivatives 
by Favorskii ethylation or the Grignard Lotsitch method 
(Scheme 50) [69]. 

 

N
H

O

CH3

CH3

H3C

H3C N
H

CH3

CH3

H3C

H3C

OH

C C R

138

KOH, alkyne THF

(or) EtMgBr, alkyne, Et2O

Scheme 50

 

 
Ethyl 3-oxopyrrolidine-1-carboxylate reacted with 4-

chlorophenylmagnesium chloride in dry ether to afford 
the tert-alcohol 139 (Scheme 51) [38]. 

 

N

COOEt

O

+

MgCl

Cl

N

COOEt

HO

Cl

Et2O

139

Scheme 51

 
 

3.2.2. With organolithium compounds 

Reaction of 1,2-dimethyl-3-pyrrolidinone 35 with 
PhLi gave 1,2-dimethyl-3-phenyl-3-pyrrolidinol 140 
(Scheme 52) [60]. 
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35 140

N N

O

CH3

CH3

CH3

CH3

Ph

OH

PhLi

Scheme 52

 
 
Reaction of 2-, 3- or 4-bromopyridine with n-butyl-

lithium in dry ether at -78°C and reaction of the resuling 
pyridyl-lithiums with 1-carboethoxy-3-pyrrolidinone 
gave isomeric ethyl 3-(2-, 3-, or 4-pyridyl)-3-
hydroxypyrrolidine-1-carboxylates 141 (Scheme 53) 
[47,61]. 

 

N

COOEt

O

N

Br

BuLi / ether
N

COOEt

OH

R

141

Scheme 53

 
 
3-Substituted-3-hydroxypyrrolidines (R,R1 = Me, Et; Z 

= OH, CHPh2; OH, 10,11-dihydro-5H-dibenzo[a,d]cyclo-
hepten-5-yl, CPh2, 10,11-dihydro-5H-dibenzo[a,d]cyclo-
hepten-5-ylidene; 5,6,7,12-tetrahydrodibenzo[a,d]cycloo-
cten-12-ylidene) 142 were prepared by reaction of 
3-pyrrolidinones with a suitable hydrocarbon in the 
presence of BuLi followed by optional dehydration 
(Figure 12) [46]. 

 

142

N

Z

R

R1

Figure 12  
 
Lithiation of 2-bromo-6-substituted naphthalene 

followed by stereoselective addition to 3-pyrrolidinone 
derivative 35 gave a racemic mixture of 3-naphthyl-3-
hydroxypyrrolidine hydrochloride 143 (R = H, F, OCH3) 
(Scheme 54) [48]. 
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O

H3C

CH3
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HO
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3.2.3. With Organophosphorus reagents 

3-Pyrrolidinone reacted with trimethyl phosphono-
acetate in the presence of sodium hydride to give (Z or E) 

methyl 4-[(3,4-dichlorophenyl)acetyl]-3-[[3-(2-methoxy-

2-oxoethy1idene)-l-pyrrolidinyl]methyl]-l-piperazinecar-
boxylate 144 (Scheme 55) [62]. 
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3.3. With hydrazines and hydrazides 

N-Alkyl-3-pyrrolidinylhydrazones 145 (R = Me, iso-Pr, 
Bu, Et, Me; R1 = iso-Pr, Ac) were prepared by reaction of 
N-alkyl-3-pyrrolidinones with hydrazines (Figure 13)[16]. 

 

145

N

NNHR
1

R

Figure 13  

 
3-Pyrrolidinones (Ar = 4-Me-C6H4, 4-Me-OC6H4) 

reacted with hydrazines (R = H, Ph) to afford amino 
pyrrolopyrazoles 147 via hydrazones 146 by heating in 
polyphosphoric acid (Scheme 56) [63]. 
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3-Pyrrolidinones (Ar = 4-Me-C6H4, 4-MeO-C6H4) 

reacted with 2-cyanoacetohydrazide to give amino 

pyrrolopyrazole 148 (Scheme 57) [63]. 
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3.4. With aldehydes 

Condensation of 3-pyrrolidinone derivatives with 
substituted benzaldehyde in trimethylacetic acid (pivalic 
acid), triethylborane and hexane gave 4-benzylidine-3-
pyrrolidinone derivatives 149 (R, R1 = H, OH, alkyl, 
alkoxy; R=R1 H; R2, R3=H, OH; R4-R7 = alkyl, aryl, 
(subs.) aralkyl) (Scheme 58) [64]. 
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N-protected 2,4-bis[(2-furyl)methylidene]pyrrolidine-3-

one 150 was prepared by reaction of N-protected-3-
pyrrolidinone with furan-2-carboxaldehyde (Scheme 59) 
[65]. 
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3.5. Condensation with amines 

1-Benzyl-3-benzylaminopyrrolidines 151 (R= H and 
alkyl) were obtained from condensation of 3-pyrrol-
idinone derivatives with benzyl amine in toluene followed 
by hydrogenation (Scheme 60) [66]. 

 

N

O

Ph

Toluene

N

NHCH2Ph

Ph

151

R R
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Scheme 60

 

Spiro[N-benzylpyrrolidin-3',1-(1,2,3,4-tetrahydro- -
carboline)]dihydrochloride 152 was prepared by the 
classical Pictet-Spengler reaction of tryptamine with N-
benzyl-3-pyrrolidinone in n-butanol/HCl (Scheme 61) 
[29]. 
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N
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3.6. Condensation with diamines 

The 5-deazapteroic acid analogues 153 and 154 have 
been prepared by several different strategies starting from 
1-[4'-(tert-butoxycarbonyl)phenyl]-3-pyrrolidinone 99 
(Figure 14) [36]. 

 

N

N N
N

R

H2N COOH

153, R= NH2

154, R= OH

Figure 14  
 

3.7. Reaction with hydroxylamine 

1-Benzyl-3-pyrrolidinone reacts with NH2OH.HCl in 
the presence of Na2CO3 to give the corresponding oxime 
155. The hydrogenation of 155 in NH3-MeOH over Raney 
nickel gave 3-amino-1-benzyl pyrrolidine 156 (Scheme 
62) [37,67,68]. 
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Ph
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Ph
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NH2

Ph

156155
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Scheme 62

 
 
3-Methoxyimino-4-aminomethylpyrrolidine derivative 

157 was prepared from ethyl 1-benzyl-4-oxopyrrolidine-
3-carboxylate by reaction with methoxyamine compound 
followed by reductive amination (Scheme 63) [69]. 
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4-Aminomethyl-3-methoxyiminopyrrolidinemethane 
sulfonate 159 was prepared from N-protected 4-cyano-3-
oxopyrrolidine by reaction with methoxyamine hydro-
chloride to afford N-BOC-4-cyano-3-methoxyimino-
pyrrolidine 158 which reacted with methanesulfonic acid 
followed by reduction (Scheme 64) [70]. 
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OCH3

1- MeSO3H
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NH2
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Scheme 64

 
 

3.8. Reaction with ammonium salts 

Treatment of 1-benzyl-3-pyrrolidinone with KCN and 
NH4Cl in 28% aqueous ammonia gave (±)-3-amino-1-
benzyl-3-cyanopyrrolidine 160, subsequent hydrolysis of 
160 with 48% HBr gave (±)-1-benzyl curcurbitine 161 
(Scheme 65) [71]. 
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Treatment of l-acyl-4-cyano-3-oxopyrrolidines (R = H, 

Me, benzyl; R' = Me, Ph) with ammonium formate 
afforded 2-substituted l-acyl-3-amino-4-cyano-3-
pyrrolines 162; Condensation of 162 with guanidine 
yielded 7-substituted 6-acyl-2,4-diamino-6,7-dihydro-5H-
pyrrolo[3,4-d]pyrimidines 163 (Scheme 66) [26,45]. 
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3.9. Reaction with N-chlorosuccinimide 

Reaction of -oxonitrones with electrophilic reagents 
takes place either at the oxygen atom of the nitrone group 
or at the carbon atom between the carbonyl and nitrone 
group. Thus, treating 164 (R= Me) with N-chloro-
succinimide in carbon tetrachloride gave chloro derivative 
165 as the major product, and with excess reagent gave 
the dichloro derivative 166 as the main product (Figure 
15) [72]. 

NO NOH NO
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Cl
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Me
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Me

Me
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O

Me

Me

164 165 166

Figure 15  
 

3.10. Reaction with isoquinoline derivatives 

Reaction of 1-carbethoxymethyl-6,7-dimethoxy-1,2,3, 
4-tetrahydroisoquinoline with 39 in toluene and in the 
presence of a catalytic amount of trifluoroacetic acid gave 
8,16-diaza-2,3-dimethoxy-15,15,16-trimethylgona-1,3, 

5(10),13-tetraen-12-one 167 (Scheme 67) [16]. 
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8,17-Diaza-17-acetylgona-1,3,5(10),13-tetraen-12-one 

168 was synthesized from N-acetyl-3-pyrrolidinone and 

1-carbethoxymethyl-1,2,3,4-tetrahydro-isoquinoline in 
toluene and with trifluoroacetic acid as a catalyst (Scheme 
68) [16]. 
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3.11. With allyl alcohols 

Reaction of 3-pyrrolidinone in xylene with allyl alcohol 
in the presence of a catalytic amount of camphorsulfonic 

acid (CSA) and anhydrous sodium sulfate afforded ethyl 
2-allyl-3-oxopyrrolidine-1-carboxylate 170 through an 
allyl enol ether intermediate 169 (Scheme 69) [32]. 
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3.12. Fischer indole synthesis 

Polymethyl 1,2,3,4-tetrahydropyrrolo[3,4-b]indole 172 
was prepared by reaction of 2,2,5,5-tetramethyl-3-
pyrrolidinone with arylhydrazine.HCl to give the 
corresponding hydrazone 171 which on treatment with 
EtOH/HCl afforded 172 (Scheme 70) [73]. 
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In a similar manner, 173 was prepared by reaction of 

-naphthylhydrazine with the corresponding 3-pyrroli-
dinone (Scheme 71) [73]. 
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1,2,3,4-Tetrahydropyrrolo[3,4-b]indoles 176 were 

prepared by condensation of 3-pyrrolidinone with p-
substituted phenylhydrazine to give the corresponding 
hyrazones 174, treatment of 174 with H3PO4 gave indole 
derivatives 175, which on treatment with arylbromide 
afforded 176 (R= CH3,CO2Et; R1= H, Br, Cl, F; R2= H, 
OCH3, F) (Scheme 72) [17]. 
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The Fischer cyclization of arylhydrazones of 3-pyrroli-

dinones afforded 1,2,3,4-tetrahydropyrrolo[3,4-b]indoles 
177 (R = n-butyl, benzyl, and cyclohexyl) (Scheme 73) 
[74]. 
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3.13. Friedlander condensation 

A base-catalyzed Friedlander condensation of ethyl 2-
(ethoxycarbonyl)methyl)-3-oxopyrrolidine-1-carboxylate 
with o-aminobenzaldehyde  gave the tricyclic quinoline 
acid 178 (Scheme 74) [75-77]. 
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Friedlander condensation of o-aminobenzaldehyde and 

N-carbethoxy-3-pyrrolidinone gave ethyl 1H-pyrrolo[3,4-
b]quinoline-2(3H)-carboxylate 179 (Scheme 75) [78]. 
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2,3-Dihydro-1H-pyrrolo[3,4-b]quinolines 180 (R= 
COCH3 and  COOEt) are the key intermediate in the 
synthesis of camptothecin [pentacyclic alkaloid pos-
sessing anti-tumour activity], thus 180 was prepared by 
p-toluenesulphonic acid-catalyzed Friedlaender conden-
sation of 3-pyrrolidinones with o-aminobenzaldehyde 
(Scheme 76) [49]. 

 

N

O

R

N

NR

NH2

CHO

H+

180

+

Scheme 76

 

 
The quinoline derivative 181 was prepared by cyclo-

condensation of 1-benzyl-3-pyrrolidinone and o-amino-
acetophenone in 2 N HCl (Scheme 77) [79, 80]. 

 

N

181

COCH3

NH2 N

O

Ph

N

CH3
Ph

HCl
+

Scheme 77

 

 
1H-Pyrrolo[3,2-b]quinolines 182 (R= H, Ac, COOEt; 

R1= H, Me, Ph; R2=H, CHO, CO2Et, CO2CMe3, Ac; R3= 
H, MeO; R4= H, MeO, Cl; R5= H, Ph.) were prepared by 
cyclocondensation of  o-aminobenzaldehyde with 3-
pyrrolidinone derivatives (Scheme 78) [39]. 
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3.14. Knoevenagel reaction 

Condensation of 1-(4'-methoxyphenyl)-3-pyrrolidinone 
108 with malononitrile gave dicyanomethylene product 
183 which readily polymerized. Lithiation of 183 with 
lithium diisopropylamide (LDA) in THF followed by 
treatment with (dimethylamino)methylenedichloride gave 
product 184. Treating of 184 with NH3/MeOH in a sealed 
container at 150°C gave 6-amino-7-cyano-2-(4'-methoxy-
phenyl)-2,3-dihydropyrrolo[3,4-c]pyridine 185 (Scheme 
79) [44]. 
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N

CN
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1 2

3
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5
6

7

185

108

CH2(CN)2+

Scheme 79

 
 
Esters of 1-[4'-(carboxy)phenyl]-3-pyrrolidinones 91 

were condensed with cyanoacetamide in benzene, -
alanine and acetic acid to give the Knoevenagl products 
186 (R = Me, Et, t-Bu) (Scheme 80) [12,39]. 
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H2C
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COOR
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CN

18691

+

Scheme 80

 
 
Condensation of 91 with cyanothioacetamide under 

Knoevenagel conditions (reflux in benzene in the 
presence of -alanine and acetic acid) did not give the 
anticipated Knoevenagel product analogous to 186, but 
tetrahydrothieno[2,3-b]pyrrole 187 was obtained (Scheme 
81) [10]. 
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3.15. Michael Addition 

Spiro-pyrrolo[3,2-b]-4-pyranyl-2-oxoindolines 188 and  
dicyanopyrrolo[3,2-b]-4-pyranes 189 were prepared from 
reaction of 3-pyrrolidinones with isatin-3-ylidiene (R = 
CN, COOEt) or arylidine malononitrile (Ar' = 4-Me-C6H4, 
4-Cl-C6H4, 4-Br-C6H4) in ethanol catalyzed by piperidine 
(Scheme 82) [81]. 
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3.16. Schmidt rearrangement 

3-Pyrrolidinones undergo Schmidt rearrangement 
conditions to afford hexahydropyrimidinones 190 (R = 
Me; OMe) (Scheme 83) [81]. 
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3.17. Dimerization 

The indigo dye 4,4,4',4'-tetramethyl[2,2'-bipyrrolidinyl-
idene]-3,3'-dione 191 was prepared by KCN dimerization 
of 4,4'-dimethyl-1-tosyl-3-pyrrolidinone (Scheme 84) 
[82]. 

 

191

N

CH3

H3C
O

O S CH3

N
H

CH3

H3C
O

H
N

CH3

CH3O

KCN

O

O

Scheme 84

 

4. MEDICINAL APPLICATIONS  

3-Pyrrolidinones used as a source of the D ring in the 
synthesis of diazasteroid groups such as 8,16- and 8,17-
diazasteroid systems [16]. 3-Amino pyrrolidine 192 (R1 = 
Et, benzyl; R2 = H, Me) used as the starting material in 
preparation of drugs (Figure 16) [67]. 

 

N

NH2

R2

R1

192

Figure 16  
 
1-Substituted-3-hydroxypyrrolidines 193 (R1= C1-10 

aliphatic hydrocarbonyl, aralkyl, aryl; R2= H and C1-4 
alkyl) are useful as intermediate for drugs production 
(Figure 17)[83]. 

 

N

R1

193

R2

HO

Figure 17  
 
Pyrroloquinolines 178 can be used in biosynthesis of 

plant antitumor agents [76,78]. 4-[(Alkylamino)methyl]-
furo[3,2-c]pyridine 194  is useful as selective K-Receptor 
Agonists (Figure 18) [84]. 

 

N

O

O
Cl

Cl

N

O

194

Figure 18  

 
4-Substituted 1-(arylacetyl)-2-[(dialkylamino)methyl]-

piperazine 144 used as a potent new class of K-receptor 
agonist [62]. 

cis-N-(l-Benzyl-2-methylpyrrolidin-3-yl)-5-chloro-2-
methoxy-4-(methylamino)benzamide (YM-09151-2) 195 
demonstrates 13 times greater inhibitory effect on 
apomorphine-induced stereotyped behavior in rats than 
haloperidol (Figure 19)[67]. 
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OMe

MeHN

Cl

O

H
N

N
Me

195

Figure 19  

 
1-(2-(2-(Naphthalen-1-yl)ethoxy)cyclohexyl)pyrrolidin-

3-ol 196 has been used as potential antiarrhythmic agent 

(Figure 20) [85]. 

 

O

N

OH

196

Figure 20  
 
3-Pyrrolidinone 197 (R= nicotinyl, quinaldyl, PhCO, 

(C6H5)2NCO, (C6H5)N(CH3CO), CH3(CH2)7OCO and 

C6H5CH2OCO) acts as inhibitors of HIV-1 replication 

(Figure 21) [86]. 

 

197

N

O

O
PhH2C

NHR

Figure 21  

 
Compounds 198 (X = BOC-Protected L-amino acids Y 

= CHOH, C=O) are used as HIV protease inhibitors 

(Figure 22) [87,88]. 

 

N Y

Ph

X

198

Figure 22  

 
Chiral 4-amino-2-methylpyrrolidine derivatives 199 

have been used as intermediates for quinolone carboxylate 

antibacterials (Figure 23) [89] 

199

N
Me

NH

Ph

C

O

CH3

Figure 23  
 
The fluoroquinolone containing oxime-substituted-

(aminomethyl)pyrrolidine 200 acts as an antibacterial 
agent  (Figure 24) [40,90-92]. 

 

N N

O

COOHF

N

H2N

CH3ON

200

Figure 24  
 
(±) Curcurbitine 161 has antihistaminic or antiallergic 

activity [71]. The benzamide 201 acts as nervous system 
depressants [93], quinoline derivative 181 is useful as 
appetite depressants [79], and pyrrolidinyl naphthalene 
143 has antinociceptive activity (Figure 25) [48]. 

 

N

NH

Ph
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O

OCH3

NHCH3

Cl

201

Figure 25  
 
4-Benzylidene-3-pyrrolidinone 149 acts as sunscreens, 

antioxidants and skin antinflammatories [64]. 6,7-
Dihydropyrrolo[3,4-c]pyrido[2,3-d]pyrimidine derivatives 
202 (R = alkyl, (un)substituted aryl, (un)substituted alkyl 
aryl; X, Y = OH, NH2, SH) used as potential anticancer 
agents (Figure 26) [94]. 

 

202

N

N N

X

Y

N

R

Figure 26  
 
3-Substituted-3-hydroxypyrrolidines 142 have para-

sympthomimetic activity [46]. 3-Hydroxy-3-(substituted 
alkyl)pyrrolidines 203 (Ar1=(subs.)Ph or naphthyl; A= 
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direct link to X, C1-4 alkyne; X= O, SO, SO2; Ar2= 
phenylene, pyridinyl, furanyl; R1= C1-4 alkyl; R2= C1-4 
alkyl; R3= H, HO; n= 1,2) act as 5-lipoxygenase inhibitors 
(Figure 27) [95]. 

 

203

NR2

OR1

(R3)n

Ar2AXAr1

Figure 27  
 
The dextrorotatory diastereoisomer 204 was useful as 

vasodilator [96] or useful as antihypertensive and 
antianginol [97]. trans and cis-1,5-Diphenyl-3-dimethyl-
aminopyrrolidines 133 were useful as histamine H1- 
receptor antagonists (Figure 28) [57]. 

 

N
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Ph
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Figure 28  
 
Morpholinoethoxypyrrolidine 205 acts as an antihy-

pertensive agent [98]. The azolyl indole derivative 206 
acts as 5-HT1D  receptor agonists (Figure 29) [99]. 
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Spiro(dihydrobenzofuran)pyrrolidines 207 (R= H, 

alkyl; R1= H, halo; R2= H, alkyl, alkoxycarbonyl) exhibit 
analgesic and antihypertensive activity (Figure 30) [100]. 
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O
N R2

NR1

R

Figure 30  
 
4-Pyrimidinyl and 4-purinylpyrrolidin-3-ol nucleoside 

analogues 208, 209 and 210 exemplify a class of potential 
anticancer and antivirial agents (Figure 31) [101]. 
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Figure 31  

 
3-Pyrrolidinones 211 (R1 = nicotinyl, 2-quinoleyl; R2 = 

H, OH, OMe) are considered to be useful as inhibitors of 
HIV-1 replication (Figure 32) [102,103]. 
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N
R1

H O

N O

S

211

Figure 32  

 
Pyrrolidin-3-ol derivative 212 used as HIV protease 

inhibitors (Figure 33) [104]. 

 

N

Ph OH

O

t-OBu

212

Figure 33  

 
Pyrrolidine oximes 213 (R = (un)substituted 3- or 5-

oxadiazolyl, a carbamoyl group; R1 = H, alkyl; R2 = aryl, 
heteroaryl, cycloalkyl, cycloalkenyl) are useful in 
treatment and/or prevention of preterm labor, premature 
birth and dysmenorrhea (Figure 34) [105]. 

 

N
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R
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Figure 34  

 
The pyrrolidine 214 is used as Bax inhibitors and 

oxytocin antagonists (Figure 35) [106-109]. 
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Figure 35  
 
3-Aminomethyl-4-Z-methoxyiminopyrrolidine 215 is 

an intermediate in the production of the quinoline 
antibiotic gemifloxacin (Figure 36) [110]. 
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Figure 36  
 
(R)-1-((1R,2R)-2-(3,4-Dimethoxyphenethyloxy)cyclo-

hexyl)pyrrolidin-3-ol 216 can be used for treatment of 
arrhythmia (Figure 37) [111]. 
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Figure 37  
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