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REACTIVITY OF PYRROL-2-ONES. (REVIEW) 

 
A. Yu. Egorova and Z. Yu. Timofeeva 

 
Published data on the chemical transformations of pyrrol-2-ones are reviewed and analyzed. The 
extensive synthetic possibilities of compounds containing a pyrrolone ring in the synthesis of various 
heterocyclic compounds with complex structures are demonstrated. The reactions are arranged 
according to the reaction centers of the pyrrol-2-ones: The methylene unit, the C=C double bond, the 
electron-deficient carbon atom of the carbonyl group. 
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 Five-membered nitrogen heterocycles of nonaromatic type (pyrrol-2-ones) rightly occupy a special 
position in contemporary organic chemistry in connection with the discovery of their fragments in natural 
compounds and also with the production of substances with various types of biological activity from them. 
 In recent years the greatest attention has been paid to the investigation of pyrrol-2-ones and pyrrol-3-
ones, which are present in natural biologically active compounds and their analogs [1-47]. 
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 The most important factor that has stimulated development of the chemistry of pyrrol-2-ones is their 
high chemical potential, which makes it possible to produce from them a whole new series of heterocyclic 
compounds and technically valuable substances. Their structural fragments are present in such natural substances 
as porphyrins, bile pigments (biliverdin, phycocyanobilin), natural alkaloids (lilidine 1, Jatropha macrorrhiza, 
Mirabimides A-D 2) and also in compounds having antibiotic [Malonomicin (3)] and pharmacological activity. 
Among the antimetabolites, antibacterial agents, and enzymes, including inhibitors, there are substances 
containing a pyrrol-2-one ring: a-Lipomycin 4 and streptolydigin, which inhibits the synthesis of RNA by the 
bacterium Bacillus megaterium, thereby retarding their development [44, 45]. 
 On account of their prototropic tautomerism the pyrrol-2-ones can exist in three isomeric forms A, B, 
and C [48]. 
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 It was noted that α-hydroxypyrroles C exist in the tautomeric form of pyrrolones with a double bond at 
the 3H (A) or 5H (B) positions [49, 50]. Unsubstituted 2-hydroxypyrrole and its 3-alkyl and 3-acetyl derivatives 
exist predominantly in the form of the 5H isomers B, as shown by analysis of the NMR spectra. If, however, the 
acyl or ether substituents occupy position 4, the 3H isomer A predominates. 
 The review on the chemistry of pyrrol-2-ones published in 1972 [51] is now obsolescent. In the present 
review we attempted to summarize, analyze, and classify for the first time data from investigations of the 
reactivity of pyrrol-2-ones at various reaction centers. 
 Pyrrol-2-ones have several reaction centers that make them attractive subjects for study, i.e., the 
heteroring, the activated methylene unit, and the C=C and C=O double bonds. 
 

NR O

R

R = H, Alk, Ar  
 
 
1. Reactions Taking Place at the Methylene Unit of the Heterocycle 
 
 The structure of carbonyl-containing pyrrol-2-ones presupposes high mobility for the hydrogen atoms at 
the position of the heterocycle. This is due to the activating effect of the carbonyl group, which depends on the 
nature of the heteroatom attached to it. The reactivity of the methylene unit of pyrrol-2-ones has been studied for 
various condensation reactions – Knoevenagel, Michael, Vilsmeier–Haack, azo coupling. 
 The condensation of N-unsubstituted 5-alkyl(aryl)-3H-pyrrol-2-ones 5 with aldehydes of the benzene 
and furan series in acetic anhydride in the presence of sodium acetate with prolonged heating leads to 
compounds 6 with yields of 25-30% [52, 53]. 
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 Arylidene derivatives of pyrrol-2-ones are potential biologically active compounds, and substances 
possessing herbicidal [11, 40-42] and antimicrobial activity [54] have been found among them. For this reason a 
synthesis was proposed for this series of compounds based on their oxahetero analogs already containing an 
arylidene substituent. Ammonolysis of 5-R-3-arylidene-3H-furan-2-ones 7 takes place through opening of the 
furanone ring and cyclization of the amides of the oxoalkanoic acids to 3-arylidene-3H-pyrrol-2-ones. 
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 It was shown on the basis of the spectral data of compounds 6 that of the possible isomeric forms 
(lactam, lactim, iminolactam) the lactam form is actually realized in the series of N-substituted 3-arylidene-3H-
pyrrol-2-ones. 
  The 3-arylidene derivatives of pyrrol-2-ones containing an aromatic substituent at the nitrogen atom of 
the heterocycle could not be obtained from 1,5-disubstituted pyrrol-2-ones or compounds 7 in a single stage 
[54]. 
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 The low nucleophilicity of the nitrogen atom in aromatic amines makes it possible to stop the 
ammonolysis of the arylidene derivatives of furan-2-ones 7 at the stage of the formation of the substituted 
amides of 4-oxo acids 8, which are isolated with quantitative yields. Further intramolecular cyclization of the 
latter takes place successfully in the presence of dehydrating agents with the formation of compounds 9. 
 The reactivity of the methylene group of the pyrrol-2-ones was studied also for the case of the reaction 
of 5-(3,4-dichlorophenyl)-3H-pyrrol-2-one with acetophenone, fluorenone, and isatin. Reaction with prolonged 
heating (10 h) in xylene or acetic anhydride led to the formation of 5-aryl-3-arylidene-3H-pyrrol-2-ones 11 [55]. 
 

N
H

O

R

11

N
H

O

10

Ac2O

3,4-Cl2C6H3

+
O

R R1

R1

3,4-Cl2C6H3

R = Me, Et, Ph; R1 = Me, Ph, MeCO, PhCO  
 
 N-Unsubstituted pyrrol-2-one 12, which exists 98% in the 5H form, condenses with acetone in an 
alkaline medium at the methylene unit at position 5 [56]. If equimolar amounts of the reagents are used, 
5-isopropylidene-5H-pyrrol-2-one (13) is obtained. 
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 Increase in the concentration of acetone leads to an decrease in the yield of the condensation product and 
is accompanied by the formation of another condensation product 14 involving position 3 of the ring. 
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 In the series of 1,5-disubstituted 3H-pyrrol-2-ones 15 the active methylene group makes it possible to 
realize Vilsmeier–Haack formylation by the action of the DMF–phosphorus oxychloride complex at -30°C. The 
authors isolated the aminomethylation product dimethylaminomethylenepyrrol-2-one 16, from which it was then 
possible to obtain either the transamination products 17 or the formyl derivatives 18 and 19 [57, 58]. 
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 Under the influence of the Vilsmeier complex the N-unsubstituted 3,4-dimethylpyrrol-2-one 20 gives a 
good yield of the immonium salt 20a, the alkaline hydrolysis of which gives 2-formyl-5-chloropyrrole 21 
[59-61]. 
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 A condensation of the Vilsmeier type in the N-unsubstituted pyrrol-2-ones 22 by the action of 
phosphorus oxychloride and pyrrole leads to a good yield of the bispyrrole 23 [62]. 
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 N-Substituted pyrrol-2-ones dimerize with N-R-pyrrolid-2-ones during the action of protic and aprotic 
acids with yields of up to 79% [63]. 
 The reaction of 4-ethoxycarbonyl-3H-pyrrol-2-one with pyrrole in acetic acid also leads to the 
bispyrroles [64]. 
 Michael condensation takes place with higher speed the more readily the enolic form is transformed into 
the ketone form [65]. Pyrrol-2-ones are present entirely in the lactam form, and this determines their ability to 
participate in the Michael condensation [66]. 5-Aryl(alkyl)-3H-pyrrol-2-ones 24 are capable of acting as 
methylene component (addend) in the Michael reaction with electron-deficient unsaturated ketones under the 
conditions of base catalysis [65-75]. 
 The reaction with benzylideneacetophenone and also with chalcones having an electron-withdrawing 
substituent leads to good yields of the condensation products, which exist in the stable 1,5-dioxo form 25. 
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 Under the conditions of alkaline catalysis the 5-alkoxypyrrolone 26, acting as electron acceptor, gives 
Michael condensation products 27 with methyl acetoacetate [1]. 
 

NO O

O Me
O

O Me

MeO
NO O

O Me

MeO

O

MeO

2726

i-Pr

Et3N

DMF
i-Pr

+

 
 
 3,4-Dimethyl-5H-pyrrol-2-ones 28 react with aromatic nitro compounds in an water–methanol solution 
of alkali. If the reaction is carried out in ethanol/2N sodium ethoxide, it is possible to increase the yield of the 
final product to 55% [76]. 
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 The condensation of 3,4-disubstituted 5H-pyrrol-2-ones 30 with the immonium salt I leads to the 
formation of the enamines 31 with a yield of 35% [77]. 
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 In the series of 1,5-disubstituted pyrrol-2-ones azo coupling with arenediazonium salts takes place in 
alcohol solution under mild conditions at +1 to -5°C. 
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 In the investigated compounds 24, of the two reaction centers capable of reacting with the diazo 
component the reaction takes place at position 3 with the formation of 5-aryl-3-(4-nitrophenyldiazo)-3H-pyrrol-
2-ones 32 as red crystals [54]. 
 
 
2. Reactions Taking Place at the Ethylene Bond of the Heterocycle 
 
 Data on research into the reactivity of the ethylene bond in the investigated heterocycles are represented 
by few papers in the literature. Most of the information concerns reduction reactions using various types of 
reducing agents. 
 The pentaphenyl-substituted pyrrol-2-one 33 undergoes oxidation by chromic anhydride in acidic and 
basic media [78]. It was established that the C=C bond of the heterocycle is cleaved during oxidation, and in an 
acidic medium the decomposition products are diphenylacetophenone 34 and benzoylanilide 35. In an alkaline 
medium N-phenylacetamide 36 and benzoic acid are formed in addition to the above-mentioned compounds. 
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 During bromination of the polysubstituted 5H-pyrrol-2-ones 37 with bromine in chloroform in a molar 
ratio of 1:1 substitution takes place at the allylic position, and the C=C bond is not affected. Amino-substituted 
pyrrol-2-ones react with the formation of the monobromo-substituted compounds 38 with yields up to 60% [79]. 
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 Brief contact between 3,3,5-tribenzyl-3H-pyrrol-2-one 39 and a solution of bromine in chloroform leads 
to the isolation of dibromo-substituted derivatives 40 and 41 with the halogen at various positions [80]. The 
authors proposed a reaction mechanism that explains the preferential attack of the halogen at the exocyclic C=C 
bond. 
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 The bromination of 5-substituted 1-phenyl-3H-pyrrol-2-ones [54] using various brominating agents – a 
solution of bromine in chloroform and also dioxane dibromide under mild conditions at 18-20°C in a equimolar 
ratio – gave 5-alkyl(aryl)-4-bromo-1-(4-bromophenyl)-3H-pyrrol-2-ones with yields of up to 65%. 
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 The reduction of the ethylene bond was studied for 1,5-disubstituted 5H-pyrrol-2-ones 44 under 
conditions of catalytic hydrogenation with palladium on charcoal as catalysis [81]. 
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 N-Aryl-4-ethoxycarbonyl-3H-pyrrol-2-one is reduced to pyrrolidone in the presence of nickel [82]. 
 5-Pyridyl-substituted 5H-pyrrol-2-one 46 readily reduces the olefinic fragment of the hetero ring during 
hydrogenation in the presence of Pd/C [83]. 
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 The oxidation of 1,5-disubstituted 5H-pyrrol-2-one with potassium permanganate solution under the 
conditions of phase-transfer catalysis with crown-18 as catalyst [81] leads to a mixture of isomeric 3,4-dihydro 
derivatives. 
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 Dichlorocarbene reacts readily with 5-alkyl(aryl)-3H-pyrrol-2-ones 24 in the two-phase water–
chloroform system in the presence of TEBA even at 20°C [84, 85]. The reaction products are 6-alkyl(aryl)-5-
oxo-1-phenylhydropyridin-2-ones 49, the structure of which was established on the basis of the data from 1H and 
13C NMR spectroscopy. The authors propose a mechanism for the formation of the reaction products. 
 Of the several reaction centers in the molecule of compound 24 the C=C bonds of the heterocycle are 
capable of reacting with dichlorocarbene by a [1+2] cycloaddition mechanism with subsequent 
cyclopropylallylic rearrangement, accompanied by enlargement of the five-membered ring. 
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 The bisalkylation of the chiral nonracemic (γ-lactam) N-substituted 5H-pyrrol-2-one at the α-position to 
the carbonyl group results in the formation of a new chiral center in the molecule of the pyrrol-2-one 50 [86-90]. 
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 Thermolysis of 4-azidopyrrol-2-ones 51 in benzene leads to ring contraction and to the production of the 
E-isomers of the β-lactams. The yield of the reaction products 52 amounts to between 55 and 90% depending on 
the substituent in the initial compounds [91, 92]. 
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 4-Carbamoylmethyl-3H-pyrrol-2-one is produced by the reaction of maleimide with 3-aminocrotonate. 
When boiled in alcohol solution the 4-carbamoyl-3H-pyrrol-2-ones 53 undergo cyclization to pyrrolo[2,3-b]-
pyrroles 54 [93]. 
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 The effect of stereochemical factors on the addition of certain 3H-pyrrol-2-ones to diphenylketene was 
studied. In the opinion of the authors, the reaction takes place through the formation of the intermediate A, and 
its direction of cyclization is determined by the energy of the immonium ion, by steric factors, and by the 
reaction conditions. Thus, in reaction with diphenylketene 3,3,5-triphenyl-3H-pyrrol-2-one gives the cyclization 
product 55 (through the C atom), while N-methyl-3,3,5-triphenyl-3H-pyrrol-2-one gives the cyclization product 
56 (through the oxygen atom) [94]. 
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 In an acidic medium and in protic solvents pyrrol-2-one is capable of acting as electrophile with respect 
to activated aromatic and heteroaromatic substrates, and arylation and hetarylation take place at position 5 of the 
pyrrole ring. Among the obtained compounds 57 there are substances having effective anticonvulsive activity 
[95, 96]. 
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 The 1,3-dipolar cycloaddition of diaryl nitrones was investigated for 1-aryl-substituted pyrrol-2-ones and 
takes place at the double bond of the heterocycle. 
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 The stereospecificity of the process is due to the exo approach of the reagent with cis-stereospecific 
addition of the trans form of the N-diaryl nitrones to the double bond of the heterocycle with the formation of 
the cyclic adduct 58 [97-100]. 
 
 
3. Reactions with Participation of the Functional Groups 
 
 The authors [101, 102] obtained the substituted pyrrole 59, which is the product of a skeletal 
rearrangement taking place during reduction. The formation of a partially saturated structure was not observed 
here. 
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 Reduction of 4-alkoxypyrrol-2-ones 60 with diisobutylaluminum hydride also takes place at the C=O 
bond without affecting the heterocycle. The mechanism of the reaction was investigated, the intermediates were 
isolated, and the method made it possible to obtain preparative yields of the 3-alkoxypyrroles 61 [103]. 
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 Acylation of N-unsubstituted and N-alkyl-substituted pyrrol-2-ones with acetic anhydride leads to the 
formation of the monoacyl 63 and diacyl 62 derivatives [104]. 
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 It was noticed that the structure of the final reaction products depended on the length of contact between 
the reagents and the sulfuric acid used as catalyst. Heating for 5 min led to the O-acylation products 63, and 
further increase in the contact time between the reagents led to the products from both O- and C-alkylation 62 
[104]. 
 Enzymatic alkylation was studied for the case of 5-hydroxypyrrol-2-ones using acetic and propionic 
anhydrides. Lipase was used as catalyst [105]. 
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 Use of the enzyme makes it possible to conduct the reaction at room temperature and, accordingly, to 
avoid resin formation from the initial compounds and the reaction products, which is unavoidable with other 
catalysts. 
 It was also shown that the direction of acylation depends on the temperature regime and on the 
substituents. Thus, the O-acylation products 65 were isolated in the reaction of N-unsubstituted 3,4,5-triphenyl- 
and 3,3,4,5-tetraphenylpyrrol-2-ones with a strong acylating agent (acetyl chloride) at room temperature [106]. 
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 Increase in temperature to 160°C leads to the formation of the products from N-acylation 66. 
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 The reaction of 3-acyl-5-benzyl-4-hydroxy-5H-pyrrol-2-one with acetic anhydride and tosyl chloride in 
pyridine leads to tetrasubstituted pyrroles [107]. 
 The diazotization of compound 67, which has a secondary amino group, with sodium nitrite in acetic 
acid leads to the nitroso derivative 68 with a yield of 64% [79]. 
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 The diazotization of 3-aminopyrrol-2-ones in DMF gives diazopyrrolones 69, which exist in the form of 
salts 70 in a strongly acidic medium [108]. 
 

N

NH2

NH2

O

O

R
N

NH2

O

O

R

N2

N

NH2

O

O

R

N2
PhNaNO2 / HCl HCl

69 70

Cl
_

+

DMF

R = CH2Ph, Bu  
 
 The obtained diazo-substituted pyrrol-2-ones react with triphenylphosphine and with prolonged contact 
give quantitative yields of phosphazines [108]. 
 Pyrrol-2-ones 71 substituted at the nitrogen atom with a polyfunctional chain underwent degradation 
during the action of a Grignard reagent and hydrazine, giving NH-pyrrol-2-ones with a yield of 35% [109]. 
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 Compounds with condensed pyrrole rings were synthesized in the search for compounds with antibiotic 
activity. The reaction of 4-amino-3-benzylidene-1-benzoylpyrrol-2-one with ethyl α-chloroacetoacetate in 
alcohol in the presence of triethylamine led to the formation of the amide 73, which underwent cyclization in a 
boiling alcohol solution of sodium ethoxide to form a derivative of pyrrolo[3,2-b]pyrrole 74 [33]. 
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 The photochemical rearrangement of 5-dimethyl- and 5-methylphenylaminopyrrol-2-ones 75 has been 
described. It leads to cyclopropyl isocyanates, which after treatment with dimethylamine give the corresponding 
cyclopropylureas 76 with yields of 80-90% [110]. 
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 When heated in concentrated hydrochloric acid 1,5-disubstituted 4-ethoxalylacetyltetrahydro-5H-pyrrol-
2-ones 77 undergo cyclization to 6-methyl-5-phenyl- and 5,6-diaryl-4,7-dioxo-2-carboxy-5,7-
dihydropyrrolo[2,3-b]pyrans 78, which are esterified by treatment with ethanol to the corresponding ethyl esters 
79 [111]. 
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 In reaction with pyridine in the presence of benzoyl chloride 3,4-dimethyl-5H-pyrrol-2-ones form 
3,4-dimethyl-2,5-dipyridylpyrroline 81 with a yield of 35% [112]. 
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 A dimerization mechanism, taking place during acid catalysis and leading to compounds 82, was 
proposed in the series of methyl-substituted pyrrol-2-ones [18]. 
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 The authors [113] found a new type of Wittig reaction for the production of derivatives of 
pyrromethenone. Condensation of 4-methyl-5-tosyl-3-(2-tosyl)-5H-pyrrol-2-one with 5-tert-butoxycarbonyl-4-
(2-methoxycarbonylethyl)-3-methylpyrrole in the presence of a catalyst gave compound 83, which is a potential 
equivalent to the C/D-ring component of phytochromobilin, with a yield of 73%. 
 

NH NH

O

COOMe

Me

Ts

COOBu-t

83  
 
 The pyrromethene structures based on pyrrol-2-ones were studied in a series of papers [50, 114-119]. 
 Pyrrol-2-ones are also intermediates or final compounds in the synthesis of biologically active materials 
[1, 5, 6, 120-131]. 
 Thus, in the series of pyrrol-2-ones there are various condensations that take place at the methylene unit. 
Classical oxidation and reduction with various types of reducing agents are observed. 
 
 

1257 



REFERENCES 
 
  1. T. Luker, W.-J. Koot, H. Hiemstra, and W. N. Speckamp, J. Org. Chem., 63, 220 (1998). 
  2. A. B. Smith III, S. D. Knight, P. A. Sprengeler, and R. Hirschmann, Bioorg. Med. Chem., 4, 1021 

(1996). 
  3. M. Sudoh, G. M. Pauletti, W. Yao, W. Moser, A. Yokoyama, A. Pasternak, P. A. Sprengeler, 

A. B. Smith III, R. Hirschmann, and R. T. Borchardt, Pharm. Res., 15, 71 (1998). 
  4. A. B. Smith III, R. Hirschmann, A. Pasternak, W. Yao, and P. A. Sprengeler, J. Med. Chem., 40, 2440 

(1997). 
  5. R. Rico and K. Bermejo, Tetrahedron Lett., 37, 5809 (1996). 
  6. T. Hofmann, J. Agric. Food Chem., 46, 3902 (1998). 
  7. S. Carmeli, R. E. Moore, and G. M. L., Tetrahedron, 47, 2087 (1991). 
  8. M. Haladova, E. Eisenreichova, A. Buskova, I. Tomko, and D. Uhrin, Coll. Czech. Chem. Commun., 53, 

157 (1988). 
  9. M. Bois-Chonssy and M. Barbier, Tetrahedron, 39, 1915 (1983). 
10. L. Wetterberg and B. Formgren, Ann. Clin. Res., 8, 162 (1976). 
11. P. Wegner, A. Andermann, T. Wegman, J. Geisler, J. Boher, and R. Rees, Ger. Patent 19535842.2; Ref. 

Zh. Khim., 8O416P (1998). 
12. H. Nakamura, Y. Kishi, O. Shimomura, D. Morse, and J. W. Hastings, J. Am. Chem. Soc., 111, 7607 

(1989). 
13. K. Schabacher and A. Zeeck, Tetrahedron Lett., 29, 2691 (1973). 
14. N. D. Abdulaev, K. Samikov, T. P. Antsupova, M. R. Yagudaev, and S. Yu. Yunusov, Khim. Prirod. 

Soedin., 23, 692 (1987). 
15. H.-J. Schneider and M. Wang, J. Org. Chem., 59, 7473 (1994). 
16. F. Heinz and H. Doris, Monatsh. Chem., 123, 779 (1992). 
17. A. Daroca, R. Merce, J. M. Ribo, F. Trull, and A. Valles, Monatsh. Chem., 115, 357 (1984). 
18. J. M. Ribo, M. D. Masip, and A. Valles, Monatsh. Chem., 112, 359 (1981). 
19. S. E. Boiadjiev and D. A. Lightner, J. Org. Chem., 63, 6220 (1998). 
20. A. Cossauer and W. Hirsch, Liebigs Ann. Chem., 1496 (1974). 
21. K. H. Lee, G. L. Olson, D. R. Bolin, A. B. Benowitz, P. A. Sprengeler, A. B. Smith III, 

R. F. Hirschmann, and D. C. Wiley, J. Am. Chem. Soc., 122, 8370 (2000). 
22. M. K. Shigenaga, B. H. Kirn, P. Caldera-Munoz, T. Cairns, P. D. Jacob, A. J. Trevor, and N. Castagnoli, 

Jr., Chem. Res. Toxicol., 2, 282 (1989). 
23. K. Ori, Y. Mimaki, K. Mito, Y. Sashida, and T. Nikaido, Phytochemistry, 31, 2767 (1992). 
24. M. J. Martin-Lopez and F. Bermejo, Tetrahedron, 54, 12379 (1998). 
25. T. Nagasaka, S. Esumi, N. Ozawa, Y. Kosugi, and F. Hamaguchi, Heterocycles, 16, 1987 (1981). 
26. S. L. Miller, W. F. Tinto, J.-P. Yang, S. McLean, and W. F. Reynolds, Tetrahedron Lett., 36, 5851 

(1995). 
27. M. Well and D. Rampersad, J. Nat. Prod., 52, 891 (1989). 
28. N. Nagasima, K. Irinoda, H. Matsuda, and T. Kotori, Jpn. Patent 62-302523; Ref. Zh. Khim., 12O41P 

(1990). 
29. R. M. Wiedhopf, E. R. Trumbull, and J. R. Cole, J. Pharm. Sci., 62, 1206 (1973). 
30. E. Eisenreichova, M. Haladova, A. Buckova, J. Tomko, D. Uhrin, and K. Ubik, Phytochemistry, 31, 

1084 (1992). 
31. M. Haladova, E. Eisenreichova, A. Buckova, J. Tomko, D. Uhrin, and K. Ubik, Coll. Czech. Chem. 

Commun., 56, 436 (1991). 
32. S. Paik, S. Carmeli, J. Cullingham, R. E. Moore, G. M. L. Patterson, and M. A. Tius, J. Am. Chem. Soc., 

116, 8116 (1994). 
 
1258 



33. I. Laila, Oriental J. Chem., 9, 345 (1993). 
34. A. B. Smith III, A. B. Benowitz, D. A. Favor, P. A. Sprengeler, and R. Hirschmann, Tetrahedron Lett., 

38, 3809 (1997). 
35. X. Tabei, H. Ito, and T. Tukada, Heterocycles, 16, 795 (1981). 
36. D. Schipper, J. L. van der Baan, and F. Bickelhaupt, Tetrahedron Lett., 23, 1289 (1982). 
37. D. Schipper, J. L. van der Baan, N. Harms, and F. Bickelhaupt, Tetrahedron Lett., 23, 1293 (1982). 
38. M. Semonsky, V. Zikan, H. Skvorova, and B. Kakac, Coll. Czech. Chem. Commun., 33, 3189 (1968). 
39. H. G. Henning and Ch. K.-A. Hentschel, Naturwissenschaften, 38, 244 (1989). 
40. R. Fischer, K. Lurssen, H.-J. Santel, and R. R. Schmidt, Ger. Patent 41413997; Ref. Zh. Khim., 17O298P 

(1994). 
41. B. Baasner, R. Fischer, A. Widdig, K. Lurssen, H.-J. Santel, and R. R. Schmidt, Ger. Patent 42130263; 

Ref. Zh. Khim., 16O301P (1994). 
42. C. Ohama and K. Kato, Ger. Patent 19520816.1; Ref. Zh. Khim., 14O391P (1997). 
43. A. Zeeck, Liebigs Ann. Chem., 2079 (1975). 
44. R. H. Schlessinger and D. D. Graves, Tetrahedron Lett., 28, 4385 (1987). 
45. T. H. Bembry, R. C. Elderfield, and G. L. Krueger, J. Org. Chem., 25, 1175 (1960). 
46. L. J. Chen, S. S. Hecht, and L. A. Peterson, Chem. Res. Toxicol., 10, 866 (1997). 
47. L. Wetterberg and B. Formgren, Ann. Clin. Res., 8, 162 (1976). 
48. D. Barton and W. D. Ollis (Eds.), Comprehensive Organic Chemistry [Russian translation], Khimiya, 

Moscow (1985), Vol. 8, p. 365. 
49. F. Francisco and M. M. Victoria, J. Heterocycl. Chem., 24, 1269 (1987). 
50. W. On Kenhout, J. A. van Koeveringe, and J. Lugtenburg, Rec. Trav. Chim. Pays-Bas, 100, 106 (1981). 
51. G. Rio and D. Masure, Bull. Soc. Chim. France, 4598 (1972). 
52. A. Yu. Egorova, Izv. Akad. Nauk. Ser. Khim., 172 (2002). 
53. A. Yu. Egorova, in: New Achievements in the Chemistry of Carbonyl and Heterocyclic Compounds. 

Collection of Scientific Papers [in Russian], Saratov (2000), p. 65. 
54. A. Yu. Egorova, Thesis for Doctor of Chemical Sciences [in Russian], Saratov (2001). 
55. M. M. Abd Alla, E. A. Soliman, A. A. Hamed, and M. W. Osman, Rev. Roum. Chim., 25, 1549 (1980). 
56. V. Bocchi and G. P. Cardini, Tetrahedron Lett., 12, 211 (1971). 
57. I. Ya. Kvitko and N. B. Sokolova, Khim. Geterotsikl. Soedin., 791 (1972). 
58. L. N. Kurkovskaya, N. N. Shapet'ko, N. B. Sokolova, and I. Ya. Kvitko, Zh. Org. Khim., 11, 1091 

(1975). 
59. K. E. Schulte, J. Reisch, and U. Stoess, Angew. Chem., 77, 1141 (1965). 
60. H. von Dobeneck and T. Messerschmitt, Liebigs Ann. Chem., 751, 32 (1971). 
61. F. von Schnierle, H. Reinhard, N. Dieter, E. Lippacher, and H. von Dobeneck, Liebigs Ann. Chem., 715, 

90 (1968). 
62. I. Bordner and H. Rapoport, J. Org. Chem., 30, 3824 (1965). 
63. J. B. P. A. Wijnberg, W. N. Speckamp, and J. J. J. de Boer, Tetrahedron Lett., 15, 4077 (1974). 
64. V. Bocchi, L. Chierici, G. P. Gardini, and R. Mandelli, Tetrahedron, 26, 4073 (1970). 
65. V. G. Kharchenko and N. V. Pchelintseva, Methods for the Production of 1,5-Diketones [in Russian], 

Izd. SGU, Saratov (1997), p. 105. 
66. V. D. Orlov and S. M. Desenko, Azaheterocycles based on Aromatic α,β-Unsaturated Ketones 

[in Russian], Folio, Kharkov (1998), p. 145. 
67. Z. Yu. Timofeeva and A. Yu. Egorova, in: New Achievements in the Chemistry of Carbonyl and 

Heterocyclic Compounds. Collection of Scientific Papers [in Russian], Saratov (2000), p. 220. 
68. Z. Yu. Timofeeva, in: Urgent Problems of Modern Science. 1st International Scientific Conference of 

Young Scientists and Students. Abstracts [in Russian], Samara (2000), p. 77. 

 
1259 



  69. A. Yu. Egorova and Z. Yu. Timofeeva, Chemistry and Computer Modelling. Butlerov Communications 
[in Russian], Vol. 4, (2001). (http://www.kstu.ru/ jchem&cs/russian/n4/or7/&or7.htm). 

  70. Z. Yu. Timofeeva, Thesis for Candidate of Chemical Sciences [in Russian], Saratov (2002). 
  71. M. V. Novitskaya, O. A. Kutaeva, and Z. Yu. Timofeeva, in: Problems of Theoretical and Experimental 

Chemistry. 10th All-Russia Students' Scientific Conference. Abstracts [in Russian], Ekaterinburg (2000), 
p. 169. 

  72. A. Yu, Egorova and Z. Yu. Timofeeva, Chemistry and Computer Modelling. Butlerov Communications 
[in Russian], No. 4 (2001). (http://www.kstu.ru/jchem&cs/russian/n4/or5/&or5.htm). 

  73. Z. Yu. Timofeeva, M. V. Novitskaya, and V. N. Nesterova, in: Modern Problems of Theoretical and 
Experimental Chemistry. 2nd All-Russia Conference of Young Scientists. Abstracts [in Russian], Saratov 
(1999), p. 98. 

  74. Z. Yu. Timofeeva and A. Yu. Egorova, in: Urgent Problems of Modern Science. 2nd International 
Conference of Young Scientists and Students. Abstracts [in Russian], Samara (2001), p. 110. 

  75. Z. Yu. Timofeeva, in: Modern Problems of Theoretical and Experimental Chemistry. 3rd All-Russia 
Conference of Young Scientists. Abstracts [in Russian], Saratov (2001), p. 141. 

  76. J. M. Ribo and L. Vinuesa, Tetrahedron Lett., 20, 1303 (1979). 
  77. W. Flitsch, R. A. Jones, and M. Hohenhorst, Tetrahedron Lett., 28, 4397 (1987). 
  78. J. Rigaudy, G. Cauquis, and J. Baranne-Lafont, Bull. Soc. Chim. France, 2756 (1969). 
  79. M. Ruse and E. Hamburg, Chem. Ber., 103, 3727 (1970). 
  80. Y. Gouriou, C. Fayat, and A. Foucand, Bull. Soc. Chim. France, 2293 (1970). 
  81. P. Merino, E. Castillo, S. Franco, L. Merchan, and T. Tejero, Tetrahedron Asymmetry, 9, 1759 (1998). 
  82. L. M. Pesson, D. Humbert, M. Dursin, H. Techer, and M. J. Trefouel, Comp. Rend. Acad. Sci., 272, 478 

(1971). 
  83. X. Liu, L. Zang, C. J. Van der Schyf, K. Igarashi, K. Castagnoli, and N. Castagnoli, Chem. Res. Toxicol., 

12, 508 (1999). 
  84. A. Yu. Egorova, V. A. Sedavkina, and Z. Yu. Timofeeva (Timofeyeva), Molecules, 1082 (2000). 
  85. A. Yu. Egorova, V. A. Sedavkina, and Z. Yu. Timofeeva, in: Catalysis in Petrochemistry and Ecology. 

Collection of Scientific Papers [in Russian], Saratov (1999), p. 179. 
  86. I. Baussanne, Ch. Angele, H.-P. Husson, C. Riche, and J. Royer, Tetrahedron Lett., 35, 3931 (1994). 
  87. J. C. P. Hopman, H. Hiemstra, and W. N. Speckamp, J. Chem. Soc. Chem. Commun., 617 (1995). 
  88. W.-J. Koot, H. Hiemstra, and W. N. Speckamp, Tetrahedron Asymmetry, 4, 1941 (1993). 
  89. W.-J. Koot, H. Hiemstra, and W. N. Speckamp, J. Chem. Soc. Chem. Commun., 156 (1993). 
  90. G. Casiraghi, G. Rassu, P. Spanu, and L. Pinna, J. Org. Chem., 57, 3760 (1992). 
  91. D. Suarez and T. L. Sordo, J. Am. Chem. Soc., 119, 10291 (1997). 
  92. S. Calvo-Losada, J. J. Quirante, D. Suarez, and T. L. Sordo, J. Comput. Chem., 19, 912 (1998). 
  93. C. W. Blanton, J. F. Whidby, and F. H. Briggs, J. Org. Chem., 36, 3929 (1971). 
  94. A. Hasser, M. J. Haddadin, and A. B. Levy, Tetrahedron Lett., 14, 1015 (1973). 
  95. V. Bocchi, G. P. Gardini, and M. Pinza, Farm. Ed. Sci., 26, 429 (1971). 
  96. V. Bocchi, G. Casnati, and G. P. Gardini, Tetrahedron Lett., 12, 683 (1971). 
  97. G. F. Muzychenko, V. G. Kul'nevich, L. N. Zharkikh, V. E. Zavodnik, and V. V. Motalkin, Khim. 

Geterotsikl. Soedin., 1675 (1990). 
  98. F. Farino, M. V. Marten, M. C. Paredes, M. Romanach, F. Sanchez, and A. Tito, Rev. Real. Acad. Cierc. 

Exact., 80, 453 (1986). 
  99. Y. Aral, A. Fujii, T. Ohno, and T. Koizumi, Chem. Pharm. Bull., 40, 1670 (1992). 
100. Y. Kosugi and F. Hamaguchi, Heterocycles, 22, 2363 (1984). 
101. J. Rigaudy and J. Baranne-Lafont, Bull. Soc. Chim. France, 2765 (1969). 
102. S. Akabori, K. Takahashi, M. Ohtomi, and Y. Sakamoto, Bull. Chem. Soc. Jpn., 54, 3867 (1981). 
103. K. S. Kochhar and H. W. Pinnick, J. Org. Chem., 49, 3222 (1984). 
 
1260 



104. C. A. Grob and P. Ankli, Helv. Chim. Acta, 32, 2023 (1949). 
105. H. van der Deen, A. D. Cuiper, R. P. Hof, A. van Oeveren,B. L. Feringa, and R. M. Kellogg, J. Am. 

Chem. Soc., 118, 3801 (1996). 
106. G. Rio and D. Masure, Bull. Soc. Chim. France, 4604 (1972). 
107. T. Schmidlin and C. Tamm, Helv. Chim. Acta, 121 (1980). 
108. H. von Dobeneck and A. Uhl, Liebigs Ann. Chem., 1550 (1974). 
109. H. de Koning, H. Hiemstra, M. J. Moolenaar, and W. N. Speckamp, Eur. J. Org. Chem., 1729 (1998). 
110. B. J. Swanson, G. C. Crockett, and T. H. Koch, J. Org. Chem., 46, 1082 (1981). 
111. V. L. Gein, L. O. Kon'shina, and Yu. S. Andreichikov, Zh. Org. Khim., 28, 2134 (1992). 
112. H. Deubel, D. Wolkenstein, H. Jokisch, T. Messerschmitt, S. Brodka, and H. von Dobeneck, Chem. Ber., 

104, 705 (1971). 
113. H. Kinoshita, H. Ngwe, K. Kobori, and K. Inomata, Chem. Lett., 1441 (1993). 
114. H. von Dobeneck, T. Messerschmitt, E. Brunner, and U. Wunderer, Liebigs Ann. Chem., 751, 40 (1971). 
115. H. Plieninger, K.-H. Hentschel, and R.-D. Kohle, Liebigs Ann. Chem., 1522 (1974). 
116. H. Plieninger, U. Lerch, and H. Sommer, Liebigs Ann. Chem., 711, 130 (1968). 
117. H. Falk and N. Muller, Tetrahedron, 39, 1875 (1983). 
118. J. A. de Groot, H. Jansen, R. Fokkens, and J. Lugtenburg, Recl. J. R. Neth. Chem. Soc., 102, 114 (1983). 
119. G. L. Landen, Y.-T. Park, and D. A. Lightner, Tetrahedron, 39, 1893 (1983). 
120. S. Lofollee-Bezzenine, A. Parlier, H. Rudler, J. Vaissermann, and J.-C. Daran, J. Organometallic Chem., 

567, 83 (1998). 
121. N. Feiken, P. Schreuder, R. Siebenlist, H.-W. Fruhauf, K. Vrieze, H. Kooijman, N. Veldman, 

A. L. Spek, J. Fraanje, and K. Goubitz, Organometallics, 15, 2148 (1996). 
122. A. M. Sapukhin, V. G. Budilova, I. P. Serpukhovitin, L. I. Orel, and S. R. Veterkhanov, US 

Patent 5489692; Ref. Zh. Khim., 20O50P (1996). 
123. US Patent 5514814; Ref. Zh. Khim., 20O185P (1996). 
124. A. Ruck-Braun, Angew. Chem., Int. Ed. Engl., 36, 509 (1997). 
125. G. Reginato, A. Mordini, A. Degl'Innocenti, S. Manganiello, A. Capperucci, and G. Poli, Tetrahedron, 

54, 10227 (1998). 
126. J. Dijkink, J.-C. Cintrat, W. N. Speckamp, and H. Hiemstra, Tetrahedron Lett., 40, 5919 (1999). 
127. I. Marcos, E. Redero, and F. Bermejo, Tetrahedron Lett., 41, 8451 (2000). 
128. G. A. Revelli, E. G. Gros, and A. Facile, Synth. Commun., 23, 1111 (1993). 
129. J. Shoji and S. Shibata, Chem. Ind. (London), 419 (1964). 
130. H. Falk and K. Crubmayr, Synthesis, 614 (1977). 
131. R.-H. Mattern, S. P. Gunasekera, and O. J. McConnell, Tetrahedron Lett., 38, 2197 (1997). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1261 


	Chemistry of Heterocyclic Compounds, Vol. 40, No. 10, 2004
	REACTIVITY OF PYRROL-2-ONES. (REVIEW)
	A. Yu. Egorova and Z. Yu. Timofeeva




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


