
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Recent development in the chemistry of 2,3-Dioxopyrrolidines

ABSTRACT 
The importance of 2,3-dioxopyrrolidines and related 
compounds comes from their potent biological 
activity. This review aims at highlighting the 
literatures that reported on the structure evidence, 
preparation, chemical properties and some 
applications of 2,3-dioxopyrrolidines. It is a trial 
to attract the attention of the chemists for exploring 
the synthetic potentialities of 2,3-dioxopyrrolidine 
derivatives as a key intermediate of the synthesis 
of new fused heterocycles with a 2,3-dioxopyrrolo 
moiety for applications in the different branches 
of applied chemistry.  
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1. Introduction 
The biological activity of natural and synthetic 
compounds with a pyrrolidine moiety has been 
 

reported [1-10]. N-Substituted-4-(substituted 
benzylidene)-2,3-dioxopyrrolidines inhibit blood 
platelet aggregation [11] and aldose reductase [12]. 
A search of the literature showed that the condensed 
heterocycles having fused 2,3-dioxopyrrolo nucleus 
have attracted little attention, but some interest has 
come from physiologically active Amaryllidaceae 
[13], Erythrina [14] alkaloids and the antitumor 
agents [15, 16] (anthramycin, tomamycin, and 
neothramycins A and B) bearing this ring system. 
Moreover, 2,3-dioxo-5-(hetero)arylpyrrolidine 
derivatives were successfully converted to their 
respective 2,3-dioxo-5-(hetero) arylpyrroles [17]. 
These pyrrolidinones are promising intermediates 
for preparing various synthetically challenging 
and medicinally important alkaloids such as dl-
vasicine [18], codonopsinine, anisomycin, and 
preussin [19-21]. Many groups have reported the 
synthesis of pyrrolidine-based iminosugars [22]. 
Zhang and co-workers reported the synthesis of 
iminosugars using D-glucose as a main precursor 
[23]. Doddi and co-workers reported the synthesis 
of azasugars, which have moderate inhibition against 
glycosidase enzyme utilizing pyrrolidine skeleton 
followed by regiospecific amination, ring closing 
metathesis, and diastereospecific dihydroxylations 
as the key reactions [24]. Recently, Hamzah, et al. 
reported the synthesis of pyrrolidine-based iminosugars 
in short steps via multi component reaction (MCR), 
amination, and stereoselective reduction [25]. A 
part of our laboratory studies [26] has focused on 
exploring the synthetic potentialities of 2,3- 
dioxopyrrolidine derivatives as key intermediates 
of the synthesis of fused heterocycles with a pyrrolo 
nucleus. A variety of 1,5- diaryl-2,3- dioxopyrrolidines 
could be readily obtained by adding the aromatic 
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amines to the arylidine derivatives of pyruvic acid 
[27, 28]. 
 
2. Preparation and Structure 
Several methods have been reported for the 
preparation 2,3-dioxopyrrolidines. In this context, 
this review will highlight the most important methods. 
Johnson and Adams reported that the thermal 
decomposition of l,5-diarly-2,3-dioxopyrrolidines 
evolved carbon dioxide [29]. As a result of this 
decarbonylation reaction, the other decomposition 
product which is cinnamylideneaniline was identified. 
The abnormal behavior of this “decarboxylation” 
reaction pushed Vaughan and Peters [30] to 
characterize the nature of the compound which 
undergoes such degradation and to study the 
reaction mechanism. Generally, l,5-diarly-2,3-
dioxopyrrolidines (1) were mainly synthesized by 
the reaction of benzylideneaniline with pyruvic acid 
in cold glacial acetic acid or the benzylidenepyruvic 
acid with aniline in warm alcohol as shown in 
Scheme 1 [31]. Mechanisms of both reactions 
involved formation of the common intermediate 2-
arylimino-3-benzylidenepropionic acids (2), which 
underwent a cyclization rearrangement reaction to 
give compound 1 [32-34]. 
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The structure of 1 as the condensation products 
from reactions i or ii was earlier assigned by Schiff 
and Bertini [35]. The presence of a carbonyl at 
position 3 was proved by the formation of 3-anils 
[36], which could not be hydrolyzed to the free 
2,3-dioxopyrrolidines [31]. The nature of the reaction 
with phenyl hydrazine remained in doubt as various 
workers have reported divergent results [31, 32, 
37]. Also, the cyclic nature of structures 1 was 
confirmed by the synthesis (Ar = Ph) of methyl 3-
phenyl-3-(N-methoxalyl-N-phenylamino)propionate 
followed by hydrolysis and decarboxylation (cf. 
Scheme 2) [30]. 
The 3-hydroxy-Δ3-2-pyrrolinones’ enol forms of 
2,3-dioxopyrrolidines were supported by 
spectrographic evidence in both the infrared and 
ultraviolet regions [30, 31, 39-43]. 
 
3. Tautomeric rearrangement 
The thermal decomposition of 1,5-diaryl-2,3-
dioxopyrrolidine (1) to 3-arylidene-2-arylimino 
propionic acid (2) which was decarboxylated to 
cinnamylideneaniline (3) and CO2 supported the 
fact that both compounds 1 and 2 are tautomeric 
forms (cf. Scheme 3) [30]. 

ArCH NHAr + CH3COCO2H

ArCH CHCOCO2H + ArNH2

i

ii N
Ar

O

O

1

cold AcOH

warm EtOH

CH C CO2HArCH
NAr

2

Scheme 1. Synthesis of 1,5-diaryl-2,3-dioxopyrrolidine (1). 
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Scheme 2. Synthesis of 1,5-diphenyl-2,3-dioxopyrrolidine (1). 
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with 4-aryl-2-(arylamino)but-3-enoic acids which 
underwent thermal decarboxylation as shown in 
Scheme 5 [44, 45].  
 
4. Methods of preparation 
1,5-Diaryl-2,3-dioxopyrrolidines (1) could be 
synthesized by reacting the Schiff bases with 
pyruvic acid or adding anilines to a solution of 
pyruvic acid and benzaldehydes in ethanol or 
acetic acid (cf. Scheme 6) [32, 46-48]. 
Heating of l-ethylimino-2-benzalpropionic acid 
with dilute hydrochloric acid gave 1,5-diphenyl-
2,3-dioxopyrrolidine (1). Phenylpyruvic acid was 
 

Thus, N-cinnamylideneaniline (3a) could be 
obtained by decarboxylation of 3-benzylidene-2-
phenyliminopropionic acid (2a) in o-dichlorobenzene 
or thermal decomposition of l,5-diphenyl-2,3-
dioxopyrrolidine (1a) under the same conditions. 
Both l,5-dianisyl-2,3-dioxopyrrolidine (1d) and 3-
anisylidene-3-anisyliminopropionic acid (2d) 
afforded the same anil namely, N-(4- 
methoxycinnamylidene)-4-anisidine (3d), under 
identical conditions (cf. Scheme 4) [30]. 
The synthesis of 4-carbomethoxy-l,5-diphenyl-
2,3-dioxopyrrolidine (6) gave an additional evidence 
that l,5-diaryl-2,3-dioxopyrrolidines are tautomers 
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Scheme 3. Thermal decomposition of 1,5-diaryl-2,3-dioxopyrrolidine (1). 
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Scheme 4. Thermal decomposition of 1,5-dianisyl-2,3-dioxopyrrolidine (1d). 
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Scheme 5. Synthesis of 4-carbomethoxy-1,5-diphenyl-2,3-dioxopyrrolidine (6). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
phenyl- l-(6-quinolyl)--2,3-dioxopyrrolidine (9) [52], 
while heating 8- aminoquinoline under reflux with 
acetaldehyde and pyruvic acid in hot absolute 
ethyl alcohol gave 5-methyl-l-(8-quinolyl)-2,3-
dioxopyrrolidine (10) (cf. Scheme 9)  [53].  
The ethyl esters of 2,4-diketoacids condensed 
simultaneously with aromatic amines (ArNH2) 
and aldehydes (ArCHO) to yield 2,3-
dioxopyrrolidines consisting of an equivalent 
mixture of the keto 11a and enol 11b forms (cf. 
Scheme 10) [37, 57-59].  
Afsah et al. [58] have reported the synthesis of 
new derivatives of 2,3- dioxopyrrolidines 12 
following the reaction sequence in Scheme 11. 
Sodium diethyl oxaloacetate was condensed 
with an aldehyde and methyl amine in equimolar 
ratio in refluxing ethanol to afford 5-aryl-4-
carbethoxy-1-methyl-2,3-dioxopyrrolidines 13 (cf. 
Scheme 12) [2]. 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
reacted with benzalcyclohexylamine to afford 1-
cyclohexyl-4,5-diphenyl-2,3-dioxopyrrolidine (7) 
(cf. Scheme 7) [33]. 
On the other hand, the 1,4,5-trisubstituted-2,3-
dioxopyrrolidines (8) having a heterocyclic ring 
could be obtained by heating the derivatives of ethyl 
pyruvate with the Schiff bases or a mixture of 
benzaldehyde and amines (cf. Scheme 8) [49-56]. 
Treatment of 6-aminoquinoline with acetaldehyde 
and phenyl pyruvic acid afforded 5-methyl-4-
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ArHC NAr' CH3COCO2H
Ar'NH2

+ ArCH2O CH3COCO2H+
EtOH or AcOHN

Ar'

O

O

Ar

1
Ar= C6H5, p- Me2C6H4, p- O2NC6H4
Ar'= C6H5, o- CH3OC6H4, o- ClC6H4

Scheme 6. Synthesis of 1,5-diphenyl-2,3-dioxopyrrolidine (1). 
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Scheme 7. 1,5-diphenyl-2,3-dioxopyrrolidine (1) & 1-cyclohexyl-4,5-diphenyl-2,3-dioxopyrrolidine (7). 
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Scheme 8. Synthesis of 1,4,5-trisubstituted-2,3-dioxopyrrolidines (8). 
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Scheme 9. l- (6-quinolyl) and l- (8-quinolyl)-2,3-
dioxopyrrolidines (9, 10). 
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acetic acid gave succinyl-4,4'-bis (2,3-dioxo-l,5-
diphenylpyrrolidine) (15) [61]. 

N
Ph

PhO

O
O

O

NPh
Ph

O

O

15  
Diethyl alkyl oxalacetate and benzalaniline in 
ether gave 4-alkyl-4-carbethoxy-l,5-diphenyl-2,3-
dioxopyrrolidine (16) which was saponified in 
methanol containing one equivalent KOH and 
acidified to give the corresponding 4- substituted 
of 1 which is 17 (cf. Scheme 14) [62]. 
Ethyl oxalacatate, NH3 and ketones yielded 5,5-
dialkyl-4-carbethoxy-2,3-dioxopyrrolidine (18) 
(cf. Scheme 15) [63]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The oxalic acid esters were condensed with a different 
3-arylaminopropanoic acid ester to yield a series 
of l-aryl-4-carbalkoxy -2,3-dioxopyrrolidines (14) 
(cf. Scheme 13) [60]. 
When a mixture of diethyl α,α', γ,γ'-tetraoxosebacate 
and benzalaniline was heated for half hour on a 
water bath at 50 °C, the fluid mass became viscous 
and hardened at 95 °C. Three crystallization from 
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R= CH3, C2H5, C6H5, CO2C2H5, COOH
Ar= C6H5, p-MeO2COC6H4, 3-Pyr.
Ar'= C6H5, p-CH3Ph, 2-Pyr.  
Scheme 10. Synthesis of 2,3-dioxopyrrolidines (11a&b) from ethyl esters of 2,4-diketoacids. 
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Scheme 11. Synthesis of 4-acyl-5-pyridyl-2,3-dioxopyrrolidines (12). 
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Scheme 12. Synthesis of 5-aryl-4-carbethoxy-1-methyl-2,3-dioxopyrrolidines (13). 
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Scheme 13. Synthesis of 1-substituted-4-carbalkoxy -
2,3-dioxopyrrolidines (14). 
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2,3-Dioxopyrrolidine (24) could be prepared by 
utilization of Jones reagent following the Scheme 18 
[69]. 
 
5. Condensation with aldehydes 
l-Substituted-4-benzylidene-2,3-dioxopyrroldines 
(27) could be conveniently prepared by condensing 
substituted benzaldehydes with 1-substituted-2,3-
dioxopyrrolidines (26) or the readily available l-
substituted-4-carbethoxy-2,3-dioxopyrrolidine (14) 
after its acid hydrolysis and decarboxylation in a 
single operation (cf. Scheme 19) [70-73, 74]. 
Diethyl oxalate was reacted with ethyl acrylate 
and 3-aminopropanoic acid or 4-aminobutanoic acid 
in a molar ratio by one-pot synthesis to form 3-(4-
(ethoxycarbonyl)-2,3-dioxopyrrolidin-1-yl)propanoic 
acid (28a) and 4-(4-(ethoxycarbonyl)-2,3-
dioxopyrrolidin-1-yl)butanoic acid (28b) 
respectively. The β-ketoesters 28 were refluxed with 
 
 

The reduction of ethyl cyanopyroracemate with 
nickel as catalyst goes as far as the primary amine 
which splits off ethyl alcohol with closing of the 
five membered ring and gives 4-phenyl-2,3- 
dioxopyrrolidine (19) [64]. 

N
H

O

O Ph

19  
Several 2,3-dioxopyrrolidines (20) could be 
obtained by refluxing the esters of 2-oxosuccinic, 
2-oxopropanoic and/ or 2-oxo-3-phenylpropanoic 
acids with different carbonyl compounds (aldehydes 
or ketones) and amines (cf. Scheme 16) [65, 66]. 
Hydrolysis of Cl3CCOCMe2CH(CCl3) NMe2 in 
refluxing 99% ethanol for 8 hours gave 40% 
Cl3CCOCMe2CH(COCl)NMe2 and 45% 
pyrrolidinedione (21) (cf. Scheme 17) [67]. 

N
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O
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ii) H+
N
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R
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1716
 
 

Scheme 14. Synthesis of 4-alkyl-l,5-diphenyl-2,3-dioxopyrrolidine (17). 
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Scheme 15. Synthesis of 5,5-dialkyl-4-carbethoxy-2,3-dioxopyrrolidine (18). 
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Scheme 16. Synthesis of 2,3 dioxopyrrolidine drivatives (20). 
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p-anisaldehyde, and/or p-chlorobenzaldehyde (cf. 
Scheme 21) [26f].  
Moreover, 1,5-diphenyl-4- [aryl (diphenylmethoxy) 
methylidene]-2,3-dioxopyrrolidenes (32) were 
prepared by heating l,5-diphenyl-3-(diphenyl 
methoxy)- 4-aroyl-2,5-dihydropyrrol-2-ones (31) at 
170-195 °C for 20-90 minutes (cf. Scheme 22) [75]. 
The l-substituted-2,3-dioxopyrrolidines underwent 
rapid self-condensation of the aldol type to form 
1,1'-diaryl(dialkyl)-3-hydroxy-[3,3'-bipyrrolidine]-
  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

hydrochloric acid to be hydrolyzed and decarboxylated 
to the parent 4-(2,3-dioxopyrrolidin-1-yl) derivatives 
of propanoic and butanoic acids, which were 
directly reacted with aromatic aldehydes to 
synthesize the 4-arylidene- l-(ω-carboxyalkyl)-
2,3- dioxopyrrolidines (29) (cf. Scheme 20) [73]. 
The 4-arylidene-5-(p-methoxyphenyl)-1-phenyl-
2,3-dioxopyrrolidines (30) could be synthesized 
by direct condensation of 4-(4-methoxyphenyl)-1-
phenyl-2,3-dioxopyrrolidine (1) with benzaldehyde, 
 

N
Me
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O Me

21

CCl3

Me

Cl3CCOCMe2CHNMe2Cl3CCOCMe2CHNMe2 +
99% EtOH

reflux
CCl3 COCl

 
Scheme 17. Synthesis of 5-trichloromethyl-1,4,4-trimethyl-2,3-dioxopyrrolidine (21). 
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Scheme 18. Synthetic route of 2,3-dioxopyrrolidine (24). 
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Scheme 19. Synthesis of 1-substituted-4-benzylidene-2,3-dioxopyrrolidines (27). 

NO

O

(CH2)nCO2H

Ar

29

Ar= Ph, p-(MeO)Ph, p- ClPh, n= 2
Ar= Ph, 3- MeOPh, 3- ClPh, n= 3

H2N (CH2)nCO2H + CO2Et
(COOEt)2

NO

O

(CH2)nCO2H

28

CO2Et
dil. HCl

 
Scheme 20. Synthesis of l-(ω-Carboxyalkyl)-4-carbethoxy-2,3-dioxopyrrolidines (28). 



 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2,4',5'-trione (33a) (or its enol tautomer 33b) 
[76]. 1-cyclohexyl-4-(1-cyclohexyl-3-hydroxy-
2-oxopyrrolidin-3-yl)-3-methoxy-1H-pyrrol-2(5H)- 
one (34) was obtained when cyclohexyl compound 
reacted with diazomethane [76]. 
The self-condensation products are readily dehydrated 
to yield the compounds, which could be identified as 
l,l'-disubstituted-2,4',5'-trioxo-3,3'-bipyrrolidylidenes 
(35) [76]. The l,5-diaryl-2,3-dioxopyrrolidine 
apparently exhibits the same aldol dimerization 
behavior [77]. 

NO

R
35a

N

O

R

NO

HO

R

N

O

R

35b

O

 
 
6. Michael addition reaction 
1,5-Diaryl-2,3-dioxopyrrolidines underwent Michael- 
Addition reaction as a cyclic ketone containing an 
active methylene group. Thus, treatment of 5-aryl-1- 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
phenyl-2,3-dioxopyrrolidine (1) with 2-
benzylidenemalononitriles and/or ethyl α-
cyanocinnamates in the presence of sodium ethoxide 
as a basic catalyst under the conditions of Michael-
Addition reaction afforded 4,5-diaryl-2-amino-7-
oxo-6-phenyl-4,5,6,7-tetrahydropyrano [2,3-c]pyrrole- 
3-carbonitrile (36) and 4,5-diaryl- 2-hydroxy-7-
oxo-6-phenyl-4,5,6,7-tetrahydropyrano [2,3-c]pyrrole-
3-carbonitrile (37) respectively (cf. Scheme 23) 
[26f]. 
On the other hand, the malononitrile was added to 
the active methylene compound namely 5-aryl-4-
benzylidene-1-phenylpyrrolidine-2,3-dione under 
Michael-type condensation reactions and 5-amino-
1,7-diaryl-3-oxo-2-phenylisoindoline-4,6-dicarbonitrile 
(38) has been identified as the reaction product by 
cyclization of the unstable adduct (37) [26f]. Also, 
the formation of the 5H-pyrrolo[3,4-b]pyridine-3-
carbonitrile derivative (40) was performed by the 
Michael-addition reaction of ethyl cyanoacetamide 
with 4-(4-methoxybenzylidene)-5-(4-methoxyphenyl)- 
1-phenyl-2,3-dioxopyrrolidine (30) to form the 
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Scheme 21. 4-arylmethylene-5-(p-methoxyphenyl)-1-phenyl-2,3-dioxopyrrolidines (30). 
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Scheme 22. 1,5-diphenyl-4- [aryl (diphenylmethoxy) methylidene]-2,3-dioxopyrrolidenes (32). 
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The spirocyclopropanes 43 containing amide groups 
could be obtained following Scheme 27 [79]. 
Chiral spirocyclopropane 44 was synthesized by 
the reaction sequence in Scheme 28 [79]. 
Also, the chiral dispiro[indoline-3,1'-cyclopropane-
2',3"-pyrrolidine]-2,4",5"-triones (45) was formed 
accordingly (cf. Scheme 29) [80]. 
The reaction of 1,4-Michael addition reaction of 
4-arylidene-2,3-dioxopyrrolidines (27) with 
nitroalkane catalyzed by a chiral copper complex 
(L-Cu(OTf)2-N-ethylmorpholin) in aqueous media 
afforded nitro-containing pyrrolidones (46) in high 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

adduct 39, which readily cyclized to a product that 
characterized as 40 (cf. Scheme 24) [26f]. 
Michael addition of Sulfonium salts containing an 
active methylene group led to formation of a trans/cis 
mixture of polysubstituted spirocyclopropane 
derivatives of 2,3-dioxopyrrolidine (41) in good yields 
in a ratio of up to >20:1 (cf. Scheme 25) [78]. 
Also, the cyclopropanation of 4-arylidene-2,3-
dioxopyrrolidines 27 with sulfur ylide in 1,4-dioxane 
afforded spirocyclopropanes 42 at room 
temperature in excellent yields and with promising 
diastereoselectivity (cf. Scheme 26) [79]. 
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Scheme 23. 5-Aryl-2,3-dioxopyrrolidine (1) with α-cyanocinnamonitriles & ethyl α-cyanocinnamates. 
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Scheme 24. Michael addition reaction of 4-arylidene-2,3-dioxopyrrolidines (30) with malononitrile. 
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Scheme 25. The Michael addition of Sulfonium salts to 4-arylidene-2,3-dioxopyrrolidines (27). 



 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4-alky-6-benzyl-2-(2-oxoalkyl)-5,6-dihydropyrano 
[2,3-c]pyrrol-7(4H)-one derivatives 49 in moderate 
to high yields with good enantioselectivities (cf. 
Scheme 32) [83]. 
Moreover, the chiral N,N-dioxide/Ni(OTf)2 complex 
catalyzed the addition of 4-arylidene-2,3-
dioxopyrrolidines 27 to cyclopentadiene under the 
conditions of asymmetric Diels–Alder reaction and 
produced the corresponding chiral-bridged 
compounds 50 in high yields (cf. Scheme 33) [84]. 
Also, a series of isoindolinone derivatives 52 were 
obtained in excellent yields. The reaction proceeded
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
yields with excellent diastereoselectivities (cf. 
Scheme 30) [81]. 
 
7. Cycloaddition reactions 
When the 4-arylidene-1-benzyl-2,3-dioxopyrrolidines 
(27) was subjected to the reaction with heterocyclic 
ketene aminals in ethanol, it gave a series of 
imidazo[1,2-a]pyrrolo[3,4-e]pyridines 47 in good 
to excellent yields (cf. Scheme 31) [82]. 
The 4-arylidene-2,3-dioxopyrrolidine derivatives 27 
are readily added to allene ketones 48 in an 
asymmetric [4+2] cycloaddition reaction yielding 
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Scheme 26. The cyclopropanation of 4-arylidene-2,3-dioxopyrrolidines 49 with sulfur ylide. 
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Scheme 27. The cyclopropanation of 4-arylidene-2,3-dioxopyrrolidines 27 with amidic sulfonium salts. 
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Scheme 28. The cyclopropanation of 4-aryldene-2,3-dioxopyrrolidines 27 with N-phenylethyl sulfur ylide. 
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The treatment of the enol form 14 with diazomethane 
led to the methylation of the OH-3 and gave the 3- 
methoxy derivative 54 in a high yield [67]. Also, 
dimethyl sulfate methylated 4-carbmethoxy-5-
methyl-2,3-dioxopyrrolidines (13) yielding the 
corresponding 3-methoxy-Δ3- pyrroline (55) (cf. 
Scheme 36) [86]. 
The potassium salt of 1-cyclohexyl-2,3-dioxo-4,5-
diphenylpyrrolidine (7) and methyl iodide gave 1-
cyclohexyl-2,3-dimethoxy-4,5-diphenylpyrrole 
(56) [33]. The alkylation of l,4-dibenzyl-2,3-
dioxopyrrolidine (57) afforded l,4,4'-tribenzyl-
2,3-dioxopyrrolidine (58) (cf. Scheme 37) [70]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
via cascade conjugate addition, intramolecular 
carbonyl addition, and desulfonative aromatization 
(cf. Scheme 34) [85]. 
 
8. Acylation and Alkylation 
The acetylation of ethyl 1-alkyl-4-hydroxy-5-oxo-
2,5-dihydro-1H-pyrrole-3-carboxylate (enol structure) 
(14) with ketene produced 3-acetoxy-4-
carbethoxy-2-oxo-3-pyrroline (53), which could 
be used as an acetylating agent. The methyl 
derivative (53, R=CH3) in the aqueous solution 
acetylated the sodium p-aminobenzoate to sodium 
4-acetamidobenzoate (cf. Scheme 35) [76].  
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Scheme 30. Michael addition reaction of 4-arylidene-2,3-dioxopyrrolidines (27) to nitroalkane. 
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Scheme 31. Cycloaddition reaction 4-arylidene-2,3-dioxopyrrolidines (27) with heterocyclic ketene aminals.
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synthesize 2-oxo-5-aryl-3-hydrazone 60 [1, 2], 
where the hydrazone derivatives of pyrrolidine 
displayed a variety of interesting biological 
activities (cf. Scheme 39) [87].  
Saponification of 4-carbethoxy-2,3-dioxopyrrolidines 
(61) with 1.0 N aqueous alkali or with alcoholic 
alkali afforded N-oxalyl-β-aminobutyric acid 
derivatives 62 via opening of the pyrrolidine ring 
(cf. Scheme 40) [63, 86].  
In most cases, the acidic hydrolysis of 
dioxopyrrolidines under ordinary conditions of 
temperature was unsuccessful and the starting 
reactants were obtained again. The 1.0 N (20%) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. Hydrolysis 
The 4-carbomethoxy-l-benzyl-2,3-dioxopyrrolidine 
(14) (or the corresponding ethyl ester) was 
hydrolyzed and decarboxylated by boiling with 
20% hydrochloric acid to yield the corresponding 
1-benzyl-2,3-dioxopyrrolidine (22) [60] and had 
been used for the preparation of other simple 2,3-
dioxopyrrolidines (cf. Scheme 38 [76]. 
4-Carbethoxy-5-(4-methoxyphenyl)-1-methyl-2,3-
dioxopyrrolidine (13) (or its enol form) was 
hydrolyzed and decarboxylated to the parent 2,3-
diketone 59 with 68% yield. The dioxopyrrlidine 
59 was treated with various hydrazine salts to 
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Scheme 33. The reaction of 4-arylidene-2,3-dioxopyrrolidines 27 with cyclopentadiene. 
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Scheme 34. Synthesis of isoindolinones 52 from 4-arylmethylene-2,3-dioxopyrrolidines 27. 
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2-oxo-3-methoxy-5-methyl-Δ3- pyrroline (64), 
which was decarboxylated to 2-oxo-3-methoxy-5-
methyl-Δ3-pyrroline (65) in the presence of glass 
powder (cf. Scheme 42) [86]. 
The removal of the ester group (COOEt) of ethyl 
4,5-dioxo-1,2-diphenylpyrrolidine-3-carboxylate 
(6) could be achieved by heating under reflux 
with nitrobenzene at about 200 °C [62, 87] or 
methyl benzoate in the presence of some water, 
followed by cooling and dilution with petroleum-
ether (cf. Scheme 43) [88]. 
On the other hand, 4-carbethoxy-1,5-diphenyl-2,3-
dioxopyrrolidine (6) was refluxed with NaH2PO2. 
H2O and 47% HI in acetic acid to produce 3-
hydroxy-1,5-diphenyl-2-pyrrolidone (66) (Scheme 
44) [89]. 
 
10. Halogenation 
Bromination of 1-substitued-2,3-dioxopyrrolidine 
(22) afforded 74 and/or 75 according to the 
reaction sequence in Scheme 45 [90].  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
hydrochloric acid as well as 20% hydrochloric 
acid failed to hydrolyze the dioxopyrrolidine at 
100 ºC. The hydrolysis with concentrated 
hydrochloric acid by heating for 30 minutes was 
incomplete and most of the original material was 
unchanged. The parent 4-carbethoxy-5-methyl-
2,3-dioxopyrrolidine (61) was the only derivative 
that could be hydrolyzed on heating with 
concentrated hydrochloric acid and yielded oxalic 
and β-aminobutyric acids (Scheme 41) [86]. 
The hydrolysis of the ethyl 5-methyl-2-oxo-3-
methoxy-Δ3-pyrroline-4-carboxylate enol ether 
(63) with alkali led to the formation of 4-carboxy-
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Scheme 37. The alkylation of 2,3-dioxopyrrolidines.  
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Scheme 39. The acid hydrolysis and decarboxylation of 4-carbethoxy -2,3-dioxopyrrolidine (13). 
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81 according to the reaction sequence in Scheme 
47. 
On the same manner the 2-chloro-6-nitrotoluene 
has been used in the synthesis of DL-chlorovasicine 
(7-chloro-3-hydroxypeg-9-ene) (84) [93] via its 
conversion to 2.3-dioxopyrrolidine 82, which was 
hydrolyzed and decarboxylated to the diketone 83 
(cf. Scheme 48).  
The reaction of the appropriate arylidene pyruvic 
acid with a primary aromatic amine according to 
the method of Vaughan and Peters [94] led to the 
formation of 1,5-diphenyl-3-(phenylamino)-1H-
pyrrol-2(5H)-one (86) by treatment with an 
aromatic amine via a simple amine exchange 
reaction [88].  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11. Condensation with amines 
The 2,3-dioxopyrrolidine cyclic ketones were 
condensed with the amines giving the expected
anil derivatives, which may be produced in the 
tautomeric anil-enamine forms. Thus, 2,3-
dioxopyrrolidines (22) reacted with aniline and 
afforded the corresponding anils of the type 76 
[88-91]. However, the reaction with 1-cyclohexyl-
2,3-dioxopyrrolidine produced the enamine 76 [76]. 
Vaughan [32, 45] had proposed the Doebner’s 
“anil-anilide” analogous structure 77 for the reaction 
of l,5-diphenyl-2,3-dioxopyrrolidine (1) and/or its 
derivatives with aniline (cf. Scheme 46).  
On the other hand, Southwick et al. [92] p
repared 3,4-dihydroquinazoline alkaloidal system 
 

N
H

O

CO2Et

61

O

Me

conc. HCl COOH
COOH

+ CH
NH2

Me CH2 COOH

 
Scheme 41. The acid hydrolysis of 4-carbethoxy-5-methyl-2,3-dioxopyrrolidine (61). 
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Scheme 42. The hydrolysis of 4-carbethoxy- 5-methyl -3-methoxy-2-oxo -Δ3-pyrroline (63). 
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hydrolytic decarboxylation of ethyl 4,5-dioxo-1,2-
diphenylpyrrolidine-3-carboxylate (6) in the presence 
of the amines (cf. Scheme 49) [88].  
Moreover, the l,5-diphenyl-3-phenylamino-4-
carboxypiperdido-2(5H)-pyrrolone (91) could be 
prepared following the sequence in Scheme 50 [88]. 
On the other hand, 4-carbomethoxy-2,3-
dioxopyrrolidine (14) was fused in an oil bath at 
90-110 ºC with primary aromatic amines and gave 
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On the other hand, the synthesis of the enamines 
namely, 1,5-diaryl-3-(arylamino)-1H-pyrrol-
2(5H)-one (88) could be achieved by the thermal
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Scheme 45. Bromination of 1-substitued-2,3-dioxopyrrolidine (22) and reactions of the product. 
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Scheme 46. The reaction of 2,3-dioxopyrrolidines (1, 22) with aniline. 
 

O

N

ONO2
O

N
R

OHNO2

NaBH4 Fe/ AcOH

N

N
R

OH
79 80 81

R

 
Scheme 47. Synthesis of 3,4-dihydroquinazoline alkaloidal system 81. 
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respectively according to their correct analytical 
and spectral data. Essentially under the same reaction 
conditions, the condensation of 2,3-dioxopyrrolidine 
14 with 2-aminobenzimidazole was carried out to 
produce the pyrrolo[4,4:4,5]benzimidazo[1,2-
b]pyrimidin-9-one (98) (Scheme 53) [26b]. 
In addition, the condensation of 14 with 2-amino-5-
ethylthiazole and/ or 3-amino-1-phenyl-2- pyrazolin- 
5-one afforded the linearly fused pyrroloheterocycles 
99 and 100, respectively (Scheme 54) [26g]. 
Also, 6-aryl-2-phenyl-7,7a-dihydro-5H-pyrazolo 
[1,5-a]pyrrolo[3,4-d]pyrimidine-5,8(6H)-dione (102)
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the 4-carbamoyl derivatives (92) which were cyclized 
to pyrrolo [3,4-c]quinolines 93 by heating with 
polyphosphoric acid (PPA) (Scheme 51) [26b]. 
The diaza-steriodal system 95 was obtained by 
treatment of compound 14 with α-naphthylamine 
to produce 4-(1-naphthylcarbamoyl) dioxopyrrolidine 
94 followed by cyclization with PPA (Scheme 52) 
[26b]. 
The methyl β-ketoester 14 was condensed with 
4H-1,2,4-triazol-3-amine and/or 1H-tetrazol-5-amine 
to result in the formation of the pyrrolo[3,4:4,5] 
1,2,4-triazolo[2,3-b]pyrimidin-8- one (96) and pyrrolo 
[3,4:4,5]tetrazolo[5,1-b]pyrimidin-8-one (97), 
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Scheme 48. Synthesis of DL-chlorovasicine (84).
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Scheme 50. Formation of l,5-diphenyl-3-phenylamino-4-carboxypiperdido-2(5H)-pyrrolone (91). 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
benzylidene--2,3-dioxopyrrolidene (27) to form 
the Michael adduct 103 which spontaneously 
cyclized and aromatized to the pyrazolopyrimidines 
104 (Scheme 56) [95].  
On the other hand, pyrrolo[3,4-b]pyridines 106 is 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
could be synthesized by refluxing of 5-amino-3-
phenylpyrazole (101) with 1-aryl-4-carbethoxy-
2,3-dioxopyrrolidine (14) (Scheme 55) [95]. 
In continuation to this work, the 5-amino-3-
phenylpyrazole (101) was added to 1-aryl-4-
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Scheme 52. Synthesis of 2-methyl-1H-benzo[h]pyrrolo[3,4-c]quinoline-3,11(2H,10H)-dione (95).
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Scheme 53. Reaction of 4-carbomethoxy-2,3-dioxopyrrolidine (14) with aminoazols. 
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acid with o- phenylenediamine led to the formation 
of the same product, which was assigned as 4-
phenyl-1H-benzo[b][1,4]diazepin-2(3H)-one (110) 
[32]. In contrast to this behavior, it has been reported 
that the reaction of o-phenylenediamine with 4-
phenyl-2,3-dioxopyrrolidine (19) resulted in the 
formation of the quinoxaline derivative 111 (cf. 
Scheme 58) [64]. 
According to the interpretation of the IR spectrum 
of the reaction product, which showed the
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

synthesized according to the reaction sequence in 
Scheme 57. Moreover, 4-(2-nitrobenzylidene) 
pyrrolidine-2,3-diones (108) spontaneously cyclized 
to 1H-pyrrolo[3,4-b]quinolin-3(2H)-ones109 upon 
reducing with stannous chloride at ambient 
temperature [96]. 
 
12. Condensation with diamines 
The condensation reaction of l,5-diphenyl-2,3-
dioxopyrrolidine (1) and/or benzylidene pyruvic 
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Scheme 55. Reaction of 14 with 5-amino-3-phenylpyrazole. 
 

Scheme 56. Michael addition of 5-amino-3-phenylpyrazole to 4-benzylidenedioxopyrroline (27). 
 

Scheme 57. Synthesis of pyrrolo[3,4-b]pyridines 106 & 1H-pyrrolo[3,4-b]quinolin-3(2H)-ones109. 
 

Scheme 58. The reaction of l,5-diphenyl-2,3-dioxopyrrolidine (1) with o- phenylenediamine. 
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absorption bands at 3360 (NH) and 1675 
(conjugated ester carbonyl) cm-1, the condensation 
of 4-carbethoxy-l,5-diphenyl-2,3-dioxopyrrolidine 
(6) and o-phenylenediamine under reflux in 
glacial acetic acid produced 3-carbethoxy-2,3- 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

dihydro-1,2-diphenyl-1-pyrrolo[2,3 -b] quinoxaline 
(112a), or its tautomer (112b) (cf Scheme 59) 
[88]. 
l-Benzyl-4-carbethoxy-2,3-dioxopyrrolidine (14) 
was reacted with o- phenylenediamine in ethanol
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Scheme 61. Reactions of the pyrrolo[3,4-b][1,5]benzodiazepinedione derivative 115. 
 

Scheme 59. Formation of 3-carbethoxy-2,3-dihydro-1,2-diphenyl-1-pyrrolo[2,3 -b]quinoxaline (112). 
 

Scheme 60. Condensation of l-Benzyl-4-carbethoxy-2,3-dioxopyrrolidine (14) with o- phenylenediamine. 
 

Scheme 62. Synthesis of pyrrolo[3,4-b][1,5]benzodiazepinediones 120 and 121. 
 



 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
giving a mixture of pyrrolobenzodiazepinedione 114 
and ethyl 4-((2-aminophenyl)imino)-1-benzyl-5-
oxopyrrolidine-3-carboxylate (113), which was 
converted to 114 on heating (cf Scheme 60) [97]. 
Sofan [26d] reported on some chemical studies on 
the pyrrolo[3,4-b][1,5]benzodiazepinedione derivative 
115, which could be converted to 116-119 
following the reaction sequence in Scheme 61. 
The dehydrative cyclization concomitant to the 
reaction of 2-aminothiophenol with 4-arylidene-1-
cyclohexyl-2,3-dioxopyrrolidenes (27) under the 
condition of Michael reaction afforded the pyrrolo 
[3,4-c][1,5]benzothiazepines (120). The synthesis of 
the methyl derivatives of (121) via the methylation
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
of 120 with MeI failed; however, these compounds 
could be prepared by the treatment of 2-
methylaminothiophenol as a Michael donor with the 
arylidene derivatives of 1-substituted-2,3-
dioxopyrrolidine (cf Scheme 62) [98]. 
1,4-Diphenyl-2,3,5-trioxopyrrolidine (122) was 
also condensed with o-phenylenedianime and its 
derivatives to yield 1,3-diphenyl-1H-pyrrolo[2,3-
b]quinoxalin-2-ol (123), depending on the data of 
the IR and 1H NMR spectra (cf Scheme 63) [26e]. 
In the same direction, the benzopyrroloxazine 
(124) could be formed in quantitative yield by 
condensing 122 with o-aminophenol in glacial 
acetic acid (cf Scheme 64) [26e]. 
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Scheme 63. Synthesis of 1,3-diphenyl-1H-pyrrolo[2,3-b]quinoxalin-2-ols (123). 

Scheme 64. Synthesis of 1,3-diphenylbenzo[b]pyrrolo[2,3-e][1,4]oxazin-2(1H)-one (124). 

Scheme 65. The action of phenyl hydrazine on1,5-diphenyl-2,3-dioxopyrrolidine (1). 

Scheme 66. Formation of 1,4,4-trimethyl-3-(2-phenylhydrazono)-5-(trichloromethyl)pyrrolidin-2-one (162). 
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