
CHEMISTRY OF AS,7-BUTENOLIDES (REVIEW) 
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Data on methods of synthesis and on the chemical transformations of ~8,Y-buteno- 
lides are correlated and systematized. Information on their biological activity 
is also presented. 

Unsaturated five-membered lactones have been the subject of unflagging interest for re- 
searchers. This interest is due to the existence of the antibiotic, bactericidal, cardiotonic, 
and relatively recently discovered anticancer activity displayed by such lactones. It has al- 
so been demonstrated that the antibiotic and bactericidal activity of a number of natural bio- 
logically active compounds (vitamin C, kavain, parasorbic acid, etc.) is due to the presence 
of unsaturated lactone rings in the molecules of these compounds [i]. In this connection nu- 
merous investigations devoted to the development of general methods for the synthesis of un- 
saturated 7-1actones, to the study of their chemical properties, to the isolation of indivi- 
dual representatives from plants, and to the establishment of their structures have been pub- 
lished. 

There are two types of unsaturated 7-1actones that differ with respect to the position 
of the double bond: A=,8-butenolides [2(5H)-furanones] I and &~,X-butenolides [2(3H)-fura- 
nones] II. 
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The available review papers devoted to the chemistry of unsaturated lactones [2-4] have become 
noticeably obsolete. In the present review we attempted for the first time in the Soviet lit' 
erature to correlate, analyze, and systematize data on the chemistry of AS,7-butenolides, in- 
cluding recent research as well. 

i. Methods for the Synthesis of A~,u 

i. From Keto Acids and Their Derivatives. One of the oldest known methods for the synthe 
sis of &~,~-butenolides is the intramolecular cyclization of carboxylic acids and their deriva- 
tives. Thus 7-keto acids III are converted to AS,u IV upon slow distillation [5- 
9]. 
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One of  the  f i r s t  r e p r e s e n t a t i v e s  of  A~ ,~ -bu teno l ides  is  ~ - a n g e l i c a  l a c t o n e  (V) [ i 0 - 1 4 ] ,  
which was synthesized in 1885 from levulinic acid by precisely this method; the ~ form, viz., 
&~,~-angelica lactone (VI), is formed simultaneously. 
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=-Angelica lactone is also obtained by heating levulinic acid with the addition of p-tol- 
uenesulfonic acid, ketene, or sulfuric acid [15-17], as well as by vacuum distillation [18]. 
The cyclization of levulinic acid proceeds readily when it is heated in the presence of acetic 

Erevan State University, Erevan 375049. Translated from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 6, pp. 723-739, June, 1987. Original article submitted March 18, 1985; re- 
vision submitted July 21, 1986. 

0009-3122/87/2306-0595512.50 �9 Plenum Publishing Corporation 595 



anhydride [19], acetyl chloride, or a mixture of acetic anhydride and a sulfonic acid [20, 21]. 
Aliphatic keto carboxylic acids undergo cyclization when they are heated with orthophosphoric 
acid [22], while aromatic keto acids undergo lactonization when they are heated with acetic an- 
hydride [22-31] or acetyl chloride [19, 26, 32-34]. The lactonization of keto acids is also 
realized by heating to 300~ with subsequent distillation of the lactone at reduced pressure 
[35-39]. It has been established that many of them, particularly those with high melting 
points, are for the most part dimers rather than monomers [40]. 

Electron-donor substituents in the aromatic ring of 8-aroylpropionic acids accelerate the 
reaction significantly. The ease of cyclodehydration also depends on the nature of the rea- 
gents used and decreases in the order Ac=O-H~SO~ > AcCI > Ac~O [41]. 

The synthesis of A=,8- and AS,Y-butenolides from =-methyl-~-benzoyllactic acid by reduc- 
tion with KBH~ and dehydration in the presence of acetic anhydride was described in [41-43]. 

Esters of dibasic y-keto acids readily undergo lactonization under the influence of con- 
centrated phosphoric acid with the formation of substituted ~8,Y-butenolides [44, 45]. 

A multistep synthesis of y-phenyl-A~,Y-butenolide (VII) on the basis of methyl benzoate 
has been proposed [46]. 

NsH -- 1. NaH -- C$H~COCHSOCH3 1_i NsBH____4 ~- 
C6H~COOCH3 (CH=)2SO-- C6H~COCH=SOCH3 2. BrCH2C02CI~3 C~H2C00CH ~ ". Ac0H C s H ~  0 "0 

VII 

Heating 4,7-dioxocaprylic acid with acetic anhydride leads to y-(3-oxobutyl)-A~,7-buteno- 
lide [47]. 

e-Acetyl-y-phenyl-AS,Y-butenolide is formed in a mixture with a small amount of the A~,~ 
isomer in the reaction of acetoacetate with ~-bromoacetophenone [47]~ 

2. From Butyrolactone Derivatives. Butenolide IX was obtained by the hydrolysis and sub- 
sequent dehydration of ~-carbethoxymethyl-8-oxobutyrolactone VIII [48]. 

0.... CH2CO2C2H 5 
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A method has been described for the synthesis of substituted AS,Y- and A~,8-butenolides 
XI and XII by the reaction of alkyl- and phenylparaconic acids X with persulfates in the pres- 
ence of catalytic amounts of silver and copper salts [49]. 
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A~,7-Butenolides were also obtained from hydroxylactones through the intermediate 7-keto 
acids [50-52]. 

~,~-Butenolides XIV are formed in mixtures with Aa,B-butenolides XV in the oxidation of 
2,3-dialkyl(diaryl)-4-(phenylthio)butyrolactones XIII with m-chloroperbenzoic acid [53-55]. 
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3. From ~-Dibromo Acids. ~,~-Dibromo acids undergo hydrolysis and simultaneous dehy- 
drobromination to give A~,7-butenolides XI when they are refluxed with water or aqueous sodium 
carbonate solution [56-58]. Their thermal decomposition in the presence of quinoline leads to 
the same butenolides [59]. The intermediate ~-bromobutyrolactones XVII, which are dehydrobro- 
minated by the action of amines, were isolated in some cases [60, 61]. 
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4. From Acetylenic Compounds. The hydrogenation of acetylenic acids is a valuable method 
for the synthesis of A~,Y-butenolides. Thus the catalytic hydrogenation of 4-hydroxy-4-phenyl- 
2-butynoic acid at atmospheric pressure leads to phenylbutenolide VII [62]. 

CsH5CH(OH)C~CCOOH - - ~ VII 

When dipropargylmalonic acid and its esters are heated, they are converted to mixtures 
of a-propargyl-=-angelica lactone, =-propargyl-8-angelica lactone, and a bislactone [63-66]. 

AS,Y-Butenolide derivatives XIX are obtained in the reaction of allyl halides with termi- 
nal alky~esln the presence of nickel tetracarbonyl [67, 68]. The reaction of an allyl halide 
with acetylene and carbon monoxide in the presence of nickel chloride and an alloy of manga- 
nesewithlron is similar in character [69]. 

Ni(CO), 
"RC~CH + CH2=CHCHzCI ----~ 

X/X O 

&8,7-Butenolide derivatives are also formed in the reaction of carbon monoxide with ethyl- 
ene and acetylene at 160~ and a pressure of 200 atm in the presence of palladium iodide [70]. 

The blitz-vacuum pyrolysis of diphenylmethyl propiolate leads to 4,5-diphenyl-2(3H)-fura- 
none (XX) along with 2(5H)-furanone derivative XXI [71]o 

C H  :C ~ H 
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The [3 + + 2 ] - p o l a r  c y c l o a d d i t i o n  o f  an a - c h l o r o - a - ( m e t h y l t h i o ) a c e t a t e  t o  d i p h e n y l a c e t y l e n e  
[72] in  t h e  p r e s e n c e  o f  Lewis  g i v e s  2 (3H) -  and 2 ( 5 H ) - f u r a n o n e  d e r i v a t i v e s  XXlI and X X l I I .  

C6115 
C CIi3S" Cl C a H s - . ~ . _ . ( S C H 3  

o6.: I Cll.O 0 
C6"5 ~ .~-X~l XXIII 

5. Rearrangements. Heating tetraphenyl-l,4-dioxine (XXIV) with acetic anhydride leads 
to tetraphenylbutenolide XXV [73] : 

7 ~  %"5 o c6, s 
---'-i II 15 o ' 

C.H~ .c.. S %. C6H ~ ~sH~/~0/ 'C.Htj 
XXIV 

CsH5-~ ~/C6H5 

XXV 

An interesting example of rearrangement is the formation of =,8,7-triphenyl-a-benzoyl- 
A~,7-butenolide in the oxidation of tetraphenylcyclopentadienone with chromium pentoxide [74]. 

6. From Furan and Its Derivatives. y-(2-Furyl)-AS,7-butenolide (XXVI) is formed in 
the reaction of furan with phenyllithium [75]. 

C6Hsl/ ~ [---~ 

"0 Li hi .0 / - ..0 / 

_ - 

X3CVI 
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68,7-Butenolides XXVIII were obtained from alkyl- or arylfurylcarbinols XXVII in their 
reaction with water in the presence of bases [5]. 

C6115-- ~ C6H~'- 0 CeHsCH 0 
OB OH 

The oxidation of furfural and 5-methylfurfural with hydrogen peroxide leads to a mixture 
of the corresponding 2(3H)- and Z(5H)-furanones [76]. 2(3H)iFuranone derivatives are also 
obtained in the oxidation of 5-substituted 2-trimethylsilylfurans with peracetic acid [77]. 

5-Aryifuran-2,3-diones XXIX form ~8,~-butenolides XXX when they are refluxed with diazo- 
alkanes in absolute benzene [78]. 

 .JLof0 : -  .: 

7, From Diazo Ketones and Ketenes. A~,7-Butenolides XXXI are obtained by the reaction 
of diazo ketones with ketenes [79-86]. 

RIC~CIINZ + 0=C=CR~ - -  

I ~ "+ R 2  
R C:CHN~N 

~C--C. 2 fl 
o 

The thermolysis of a-diazo ketones also leads to A~,7-butenolides [84-86]. 

Triphenyl-AS,X-butenolide XXXII and 2,2,5-triphenyl-3(3H)-furanone (XXXIII) were obtained 
from a-diazoacetophenone and diphenylketene [87, 88]. 

/CsH s / ~0  

CsH~COCHNz + tCsHs)lc=c=o ~ I] ---~'~cslI5 + ~ . . . .  ,i C6H 5 
CsH 5 0 C~H 5 

.'0,..~11 .~DL'KIII 

Bis-6B,7-butenolides XXXIV were synthesized from the corresponding bis(diazo) ketones 
[80]. The synthesis of similar bisbutenolides from 2,5-diazoacetylthiophene was described 
in [83]. 

. ' C O ~ Y  

8. By the Reaction of Acyloins with Acetoacetic and Malonic Acid Esters. An interesting 
method for the synthesis of substituted 65,7-butenolides XXXVII is the reaction of acyloins 
XXXV with alkylacetoacetic and alkylmalonic acid esters XXXVI in the presence of catalysts 
of basic character [89, 90]: 

EICH(OH)COR ~ + RZCHXCO2C2Hs 

xxxv x x x ~  
X=C0CH~. CO~C~H:} 

'o~ 
R I R 2 

R1 ~ 

9. Other Methods of Synthesis~ Pyrylium tetrafluoroborates react with 02- to form pri- 
marily mixtures of furan XXXVIII derivatives and 2(3H)-furanone XXXIX derivatives [91]. 
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Sorbic acid in acidic aqueous solutions in the presence of excess SO 2 undergoes cycliza- 
tion to give a mixture of a-angelica lactone (V) and 2-acetyl-5-methylfuran (EL) [92]. 

CH~CH=CH-CH=CHC00H ~ Y + 
CH OC / CH3 

XI, 

A difference in the behavior of the cis and trans isomers was noted in the photochemical 
production of 2(3H)-furanones from dicarbonyl compounds of the ethylene series [93]. Whereas 
exclusively 5-alkyl-2(3H)-furanone XLII is formed in irradiation of cis-isomer XLI, irradia- 
tion of trans-isomer XLIII under similar conditions leads to a mixture of XLII and alkyl furyl 
ketone XLIV. 

o 0 
XIJ X1/I 

o 
H ~ R  hv XLII + R 

0 
XLIII XLXV o 

I0. Preparation of Condensed AS,~-Butenolides. The synthesis of condensed &$,~-buteno- 
lides XLV via the following scheme was described in [94, 95]: 

1. Na0H ~ ~CH2C00H /~ /CH2C00H ~ ~--~ 

~..o/~ ~ z. ~cx v " o -  v "o o" o 
XLV 

Butenolides condensed with a cyclopentane ring were obtained by carbonylation of dienes 
over a palladium catalyst [96], while the condensation of resorcinol with a-hydroxy- or ~- 
chlorophenylacetic acid nitriles leads to butenolides condensed with a benzene ring [97]. 

The synthesis of A~,~-butenolides condensed with a benzene ring by refluxing hydroxynaph- 
thalenes in benzene solution was described in [98]. 

~,~'-Dimethoxydihydropentofuran is hydrolyzed to give a mixture of A~,~ - and A~,7-buteno- 
lides condensed with a cyclohexane ring in a ratio of 1:3 [99]. 

The synthesis of A~,~-butenolides of the furoquinoline series, to which the alkaloids 
y-fagarine, dictamnine, lunacrine, etc., belong, was described in [i00]. 

A method for obtaining various benzofuran-2-ones from phenols and glyoxal in the presence 
of catalysts, viz., Lewis acids, a cation-exchange resin, and CI-C12 organic acids, has been 
patented [I01]. An interesting method has been developed for the synthesis of substituted 
benzo-2-furanones by the reaction of N-arylsulfonyl-l,4-benzoquinonimines with esters and 
arylamides of 3-alkyl(cycloalkyl)aminocrotonic acids and subsequent cyclization of the products 
[102]. 

Ii. Syntheses of a-Arylidene(alkylidene)-y-aryl(alkyl)-&B,u From Keto 
Acids by Perkin-Erlenmeyer Condensation. The condensation of y-keto acids with aldehydes in 
the presence of acetic anhydride and sodium acetate has been widely used as the principal 
method for the synthesis of e-arylidene(alkylidene)-y-aryl(alkyl)-A$,Y-butenolides XLVI [103- 
120]. 

~ICHO + R2COCH2CH2C00H - ~  ~'~'--~ CHR| 

R z/~0/~0 
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Cyclohexanone, fluorenone, isatin, and tetrachlorophthalic anhydride react with B-aroyl- 
propionic acids under the conditions of the Perkin-Erlenmeyer reaction to give the correspond- 
ing butenolides [52, 121, 122]. Ketones do not undergo the normal Perkins-Erlenmeyer reaction, 
but acetone, methyl ethyl ketone, and 4-nitroacetophenone condense with B-aroylpropionic acids 
in the presence of potassium carbonate or sodium bicarbonate [2]. Two stereoisomers of ~-(5- 
nitrofurylidene)-y-phenyl-d~,~-butenolide are formed in the condensation of 5-nitrofurfural 
with 8-benzoylpropionic acid [105, 106]. Benzaldehyde also condenses with 8-benzoylpr0pionic 
acid to give a mixture of stereoisomers; however, these isomers were not isolated in the indiv- 
idual state [123]. 

From AS,Y-Butenolides. The condensation of a-angelica lactone (V) and a number of A~,Y- 
butenolides with aromatic aldehydes and with 5-substituted furfurals leads to the correspond- 
ing ~-aryl~dene-AS,Y-butenolides [124-131]. 

Diethylaminoethylidene derivatives XLVII were obtained from ~-angelica lactone (V) and 
diethylaminoacetylenes [132-134]. 

V § (CzHs)..,NC-CR 

C/N(C2Hs)Z 
~CH2 R 

CH~" -0" " 0  

XLVII 

y-Aryl-A~,Y-butenolides XI condense with diethyl oxalate in the presence of sodium ethox- 
ide to give ~-alkylidene-y-aryl-dS,7-butenolides XLVIII [135]. 

,.COzCzH ~ 

XI + (CzH.,0CO-)z .---.-,-- / ~ - ' - - ~  c''OH 

AW " "0" ~0 
XIVIH 

Aroylpropionic acid esters also react similarly with diethyl oxalate [135]. 

From Pyruvic Acid Derivatives. Phenylpyruvic acid condenses with acetophenone in the 
presence of bases to give ~-hydroxy-~-phenacyl-~-phenylpropionic acid (XLIX), which undergoes 
cyclization to ~-benzylidene-~-phenyl-AS,Y-butenolide (L) on heating with a mixture of hydro- 
chloric and acetic acids [136, 137]. Under similar conditions A-methylacetophenone gives a 
mixture of stereoisomers [136-139]. 

OH ~CHC6H5 

OH- C~H~CH 2 --?--COOH C6HsCH2COC00H + C~HsCOCH 3 
CH2COC~H 5 C~H 0 

L 

The product of the reaction of acetone and phenylpyruvic acid undergoes condensation 
with benzaldehydeand is converted to a,~-dibenzylidenelevulinic acid (LI) and then to lactone 
LII [139]. 

.~CHC6H 5 
HCI. AcOH 5---" ,-'~ CoHsCR=C--COOH ] . . . . . .  im- H ~ 

CH2COCH=CHCeII5 C6HsCH : C H / ~ O  ~ 0  
LI Ill 

Arylidenebutenolides LIII are formed from aroylpyruvic acids and acetyl iodide [140]. 

ArCOCHzCOCOOH + CH=CO!---~- 

Ar/~O/~O 

Ull 

Other Methods of Synthesis. 8-Chlorovinyl phenyl ketone reacts with acetone in the pres- 
ence of nickel tetracarbonyl tO give AS,Y-butenolide LIV and A~,8-butenolide LV [141, 142]. 

c~H:ocn:cHc' * (c"'J: o m(c~ ~ _ ~ c ( c . , ~  _~  
c,Ii; " o  "o c:~ "o" "o  

LIV LV 
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=-Benzyltetronic acids LVI reactwith thionyl chloride to give =-benzylidene-~-hydroxy- 
&~,~-butenolides LVII through intermediate oxobutyrolactones [143]. 

0 0 

LVl LV'II 

(Diphenylmethylene)succinic anhydride (LVIII) reacts with amines through a series of 
i n t e r m e d i a t e  t r a n s f o r m a t i o n s  to  give  613,Y-butenolides LIX [144]. 

. . . . .  , , % . . > . % _ _ , ,  

. . . .  i-.oo  

L~II  C104- LIX 

The reaction of gummadJol LX with 2,3-dichloro-5,6-dicyanobenzoquinone leads to 2-aryli- 
dene-5-aryl-2(3H)-furanones LXI [145]: 

HO../.0... /At o% o ..~ 0% o\<.~: 0% o ~ 0% o. 
E l 

2. Chemical Properties of &8,7-Butenolides 

&8,7-Butenolides have high reactivities and behave basically like cyclic esters in chemi- 
cal transformations. They form 7-keto acids in alkaline or acidic hydrolysis [146-148]. How- 
ever, the reaction of =-arylidene-~-arylbutenolides LXII with hydrochloric and acetic acids 
leads to naphthoic acid derivatives LXIII [149, 150]. 

I x 0 R' . ~ , /~ C00H 

R = < ~  .... ] < , R ' "  - 

L ~ I  C6H4R - #  I=\~II CsHCR3 - P  

~-Arylidene-B-aryl-A~,~-butenolides give ~-phenylcinnamic derivatives [151]. 

Thionyl chloride and thionyl bromide convert lactone V to a halo carboxylic acid halide 
[152]. Lactone V also reacts with an alcohol solution of hydrogen chloride to give ethyl lev- 
ulinate 194], whereas an e-phenacylcinnamic acid ester is obtained in the alcoholysis of L 
[94]. 

The reaction of &~,~-butenolides with ammonia and amines proceeds with the formation 
of the corresponding amides, which undergo cyclization in the presence of acidic or basic 
agents to lactams - pyrrolinones [lO, 22-25, 34, 153-166]. 

Compound V reacts with aqueous solutions of some primary amines to give 5-hydroxypyrroli- 
done derivatives LXIV [154, 167]. 

RNH2/H20 

CH3 ~ N- " 0  

R 
LXIV , 

3-Methyl-5-phenyl-2(3H)-furanone (LXV) reacts with L-thiazolidine-4-carboxylic acid 
(LX~I) with ring opening to give propionylthiazolidine derivatives LXVII [168]. 

~CH~ ~ H3 

HN ~ S  CsH5COCH2CHCO ~ N .~'% S 

C6H ~ 0 HOOC - -  < . .  
H00C 

L\-VI I 
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A8,Y-Butenolides react with hydroxylamine and hydrazine to give hydroxamic acids and 
hydrazides. Under the influence of hydrazine, lactone V is converted to levulinic acid hy- 
drazide, whereas it reacts with phenylhydrazine to give levulinic acid phenylhydrazide phenyl- 
hydrazone [169]. =-Benzylidene-x-aryl-A8,Y-butenolides LXVII reactwith hydrazine hydrate and 
phenylhydrazine to give ~-phenacylcinnamic acid hydrazides LXIX [3], which in the presence 
of acidic agents undergo cyclization to pyridazinones LXX [163-165, 170, 171]. 

O 

~ CHCsH s CsHsCH /~ 
R2NHNH2 CeH~CH = C  -- CONHNHR 2 ~ 2 ~  /~ NH 

R~ C6H; 0 a,- CJ H2COC6H4R I ~" ~N 

LX'~'lll LXIX CsH~ R 1 

5-Phenyl-2(3H)-furanone (VII) reacts with aminoguanidine with ring opening to give 2- 
substituted 5-amino-l,2,4-triazole LXXI [172]. 

N~N 
711 + NIi2NIIc~Nll -- ~ /~ JL 

~NH2 C6HsCOCH2CH Z ~--N" --NH 2 
H 

L'CXI 

Compound V reacts with thioglycolic acid in aqueous solution with opening of the lactone 
ring to give, initially, thiolevulinic acid ester LXXII and then levulinate ion (LXXIII) and 
thioglycolic acid (IZCKIV)[173]. The reaction of lactone V with thioacetic acid leads to 
the lactone (LXXV) of cis-3-acetylthio-4-hydroxyvaleric acid [174]. 

CH~C0S 

. . . . . . . . .  V - - - ~  CH3COCH2CH2COSR ~ CH3COCH2CH2C00- + RSH 

CH~/~O ~ ~0 LXXI! LXYJII LKXIV 
LXXV 

The reaction of V with diazamethane at 0~ in the presence of alcohols has been used to 
obtain alkyl levulinates [175]. If there is a hydroxy or carboxy group in the butenolide 
ring, the corresponding methoxy or carbomethoxy derivatives are formed [176-178]. 

The reaction of =-arylidene(cyclohexylidene)-y-aryl-AB,Y-butenolides LXXVI with diazoal- 
kanes leads to cyclopropane derivatives LXXVII [179, 180]. 

R ~ 

~ 0  R1 "" R 2 R3CHN2 
R 2 

Ar Ar 

LEt~I LXXVlI 

A systematic study of the hydrogenation of butenolides showed that AB,X-butenolides usual- 
ly form desoxy acids, whereas A=,B-butenolides give valerolactone derivatives [181, 182]. How- 
ever, mixtures of desoxy acids and valerolactone derivatives were obtained from B-substituted 
AB'Y-butenolides. =-Benzylidene-butenolides L are reduced by zinc and acid to =-benzyl-y-phe- 
nyl-AB,X-butenolide [183]. Upon reduction with hydrogen (with palladium on carbon as the 
catalyst) in acetic acid =-benzhydryl-y-phenyl-A~,Y-butenolide (LXXVIII) is converted to lac- 
tone LXXIX, whereas it is converted to acid LXXX in alcohol [184]. 

CH(C~H~) z /CH(%Hs)2 

c. J"o ~o c~.~/~'.~ ~ c.(c~.~)~ 
s ~ L ~  �9 L ~ I I  12CCK 

The reaction of butenolides with complex metal hydrides has been described in a number 
of papers [185-189]. Lactone V reacts with lithium aluminum hydride in N-ethylmorpholine 
at 90~ to give 3-acetylpropanol [186]. The reduction of isomers LXV and LXXXI was studied to 
compare the properties of A =,~- and AB,X-butenolides. It was established that A8,Y-butenolide 
LXV forms keto alcohol LXXXII and saturated diol [OCC(III, while A~,B-butenolide LXXXI forms, 
in addition to the same compounds, unsaturated diol LXXXIV [188, 189]. 

�9 CH 3 

/~^ CH2OH CHzOH 
CsH 5 -0" "0 CsH ~ 0 C6H H 

L.EC~ OH LX~XIH 
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CH~ 

.-4",,.. e~oH cell o c6Hi oF~H , 

ucou Lxx~v 

In earlier papers it was reported that the principal product of the reduction of a-benzyl- 
idenebutenolide L is a-benzyl-x-phenyl-AS,X-butenolide if the reaction is carried out in ether 
or tetrahydrofuran with a twofold excess of lithium aluminum hydride [2]. However, further 
study showed that the product is a dimer. The following mechanism of this interesting trans- 
formation is proposed [185]: 

C6HsCH2 C6HsCH2-- C6HsCH2~ 

n ------- 11 L~ ~i ~ ~ " ~ < c .  
-OAO./kCaH5 0 y ~0 / "CoH5 0 O 6 5 

CsHsCH~ UC(XV C6HsCH2" C~Hs~0~ ~ 

0 C6H 5 0~0/~C6H5 ~CH2C6H5 

Similar dimers were also obtained from o-chloro-, p-chloro-, o-methoxy-, and p-methoxyben- 
zylidene analogs of butenolide L [185]. 

Bislactone LXXXV, which is also obtained by cyclization of ~-benzoyl-~-benzylpropionic 
acid by the action of acetic anhydride, is formed in 20% yield in the reduction of L with 
lithium aluminum hydride at -25~ [185]. 

L - 

CsHsCH~ /- CH?CeH5 CH2C6H 5 

u~., = "I I i ' 

O O C6H 5 CsH 5 ~0" 0 

L~-ql~q 

Compounds VII and V behave like acylating agents with respect to indolylmagnesium iodide 
and form the corresponding acylindoles [190]. =-Benzylidenebutenolide L reacts with excess 
phenylmagnesium bromide to give 1,4-addition product LXXVIII [184]; in addition, c~-benzhydryl- 
x-phenyl-Aa,8-butenolide is also formed in small amounts [184, 191]. The reaction with methyl- 
magnesium iodide proceeds similarly [191]. 

Butenolides can be readily converted to furan derivatives. Thus carboxyfuran derivatives 
LXXXVIII were obtained from butenolides I/fXXVII by treatment with methanol-sulfuric acid (i0:i) 
[192]. 

COOR 1 

R R~o/~CsH( COOR 

LXXX%ql LXXX~II 

Lactone V undergoes aldol condensation with aromatic and heterocyclic aldehydes in the 
presence of boron trifluoride etherate to give acetyldihydrofuranone derivatives LXXXIX, which 
are used as sedative and cardiovascular agents [193, 194]. 

V + RCHO --- 

CHACO 

Jo2o 

~-Arylidenebutenolides XC undergo intramolecular alkylation in the presence of anhydrous 
AICI~ [191, 195, 196]. The reaction evidently proceeds through electrophilic attack in the 
ortho position of the intermediate carbonium ion [195]. In addition to the principal product, 
side products, the structures of which depend primarily on the nature of the arylidene part, 
are also obtained in [197]. 
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..~CHC~H s C~,HsCH =C--COOMCI 3 / /~ , .~  ~ . .  MCI3 4.~ [ L ~  " ~  .CQOH 

s ~ - O 0  ~ CH -----,-- +U 
CeH " 0 C--C~H~ t 

XC CsH 5 

a-Angelica lactone (V) is cleaved by the action of NaIO,-OsO~, while B-angelica lactone 
(VI) remains unchanged under similar conditions [198]. 

In the case of blitz-vacuum pyrolysis, trans-~-arylidene-~-alkyl(aryl)-A~, Y-butenolides 
XCI form allene derivatives XCII [199]. 

~2 
I 

XCI XCIl 

The aminomethylation of ~-phenyl-AB,7-butenolide led to the corresponding a-(dialkylamino- 
methylidene) derivative [200]. 

The addition of lactone V to 4-phenyl-l,2,4-triazoline-3,5-dione (XCII1) leads to a com- 
pound (XCIV) with two condensed heterorings [201]. 

V + 

0 ... N ~ COCH3 
N - - - N  C|I2Cl 2 ~ - - - -  ] ------~ 
; I 7 o ~ - "  N .N-- 

CsH s 0 0 
XCIII XCIV 

5-Hydroxymethyl-2(3H)-furanone undergoes thermal rearrangement to 2H-pyrone [202]. 

The reaction of V wlth 2-(3-methoxyphenyl)-l-pyrrolidine (XCV) leads to a new heterocycle -- 
3-acetonyl-4-(3-methoxyphenyl)-l.5,6,7-tetrahydro-2H-azepinone (XCVI) [203]. 

m-CHaOC6H~. ~ , CIt2COCH3 
..... I ~ o  

V + ! I ----,-- [ , 

N . C6I-Ir ~- N H  

XCVl 

The photoch~istry of AS,7-butenolides has undergone great development in recent years. 
In the case of ~ irradiation of lactone V and ~,8-dimethyl- and ~-phenyl-A~,Y-butenolides 
they undergo photodecarboxylation with the formation of, respectively, methyl vinyl, methyl 
propenyl, and phenyl vinyl ketones [204-206]. 

a-Benzylidenebutenolide L undergoes two types of primary photochemical transformations: 
detac~ent of a proton from the solvent and geometrical isomerization. In the case of illu- 
mination with light with a wavelength of 3650 ~ the starting compound, which is a mixture 
of isomers, is converted completely to the cis isomer [207]. Similarly, ~-(o-hydroxybenzyli- 
dene)-y-methyl-AS,Y-butenolide (XCVII) undergoes photochemical isomerization to the cis isomer; 
further irradiation gives 3-acetonylcoumarin (XCVIII), which is the product of intramolecular 
acylation [208]. 

CH~ / "0" "O o " 

XC~H XC~I 

y'Phenyl-A~,Y-butenolide derivatives that contain CHaO and CHACO0 groups in the benzene 
ring (XC~ and CIII) form mixtures of products (C-CII and CIV, CV) upon irradiation [206]. 

~COCH=CH 2 + ~ C O C H 2 C H : 0 C 2 H  5 + 

o ~ o 

XC~ C CI H 
CII 

( ~=2.~- dime~oxyphenyl 
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~ ~o~___o "~/"~0~0 hu ~'~/COCH=CH2 / / ~ " ' " o c o C H 3  ' 

�9 / 0 �9 R C ._CHCHC R 

I . o g o 
R CuT L ~ 

) 

R ~ C H  3 R ~  CHzCO2C~H5 

0 0 
CIV CV 

Instead of the expected [2 + 2]-cycloaddition product CVI, a mixture of derivatives of 
isomeric oxetanes CVII and CVIII is formed in the irradiation of a mixture of lactone V and 
thiophene in benzophenone [209]. 

�9 hv 7~" 

Ph2C O ".. elI3 
H 3 o "k 

V COILS/ --- ~-O C6H5~ - - 

co.51 '- , 'r-  k 
0- - - - -  - ~ "L"~ 0 - - - ! ' 0  / " : 0  

CIt~ 

CVll CVIII 

3. Biological Activity 

Most compounds of both natural and synthetic origin that contain lactone rings have a 
broad spectrum of biological activity; this is due precisely to the presence of unsaturated 
lactone rings. Hydrogenation of the double bond and hydrolysis of the lactone ring lead to 
the loss of biological activity. 

Both angelica lactones have bactericidal properties [210]. The antibiotic activity of 
unsaturated lactones is explained by their ability to react with cysteine, as well as with 
enzymes that contain sulfhydryl groups and are of great significance for the vital activity 
of microorganisms [211, 212]. It is assumed that the bactericidal activity of unsaturated 
lactones is associated with the ability of the unsaturated bond of the lactone to add SH 
groups, which are present in bacterial proteins, thereby retarding processes associated with 
the growth of bacteria. The reaction of cysteine with some unsaturated lactones, particularly 
with angelica lactones, has been specially studied [211, 212]. The reaction proceeds via 
the scheme 

NH~ S~ 2CH{NH2)COOH S - \ -CH 2 

, - ~ I ~CH. ! W § HSCH2CHCOOH --.~m,- : _~ 

C H ~ 0 ~ 0  ~ - - N  c ~  ~ 

Data relative to the anticancer activity of A~,Y-butenolides have been obtained in recent 
years. According to data from the National Cander Institute of the USA, ~-angelica lactone 
inhibits 7,12-dimethylbenzanthracene-or benzopyrene-induced neoplasia of the mammary glands 
and rumina of rats and mice [213, 214]. In addition, ~-angelica lactone (V) increases the 
inhibiting capacity of an enzyme, viz., glutathione-S-transferase, relative to neoplasia [215- 
217]. 

LITERATURE CITED 

I. L. Heynes, Q. Rev., ~, 46 (1948). 
2. J. S. Rao, Chem. Rev., 64, 353 (1964). 
3. J. S. Rao, Chem. Rev., 76, 625 (1976). 
4. A. A. Avetisyan and M. T. Dangyan, Usp. Khim., 46, 1250 (1977). 
5. H. Gilman, R. A. Franz, A. P. Hewlett, and C. F. Weight, J. Am. Chem. Soc., 72, 3 (1950) 
6. J. Thiele, Ann. Chem., 306, 145 (1899). 
7. J. Thiele, Ann. Chem., 319, 129 (1901). 
8. J. Thiele, Ann. Chem., 319, 144 (1901). 
9. E. Walton, J. Chem. Soc., Part i, 438 (1940). 

i0. L. Wolff, Ann. Chem., 229, 249 (1855). 

605 



11. J. Thiele, R. Tischben, and E. Lossov, Ann. Chem., 319, 180 (1901). 
12. K. Von Auwers and H. Wissebach, Chem. Ber., 56B, 731 (1923). 
13. C. S. Marvel and C. L. Levesque, J. Am. Chem. Soc., 61, 1682 (1939). 
14. J. Thiele and W. Wedemann, Ann. Chem., 347, 132 (1906). 
15. Y. Iwakura, K. Nagakubo, and B. Hayashi, Japanese Patent No. 7506; Chem. Abstr., 52, 

8185 (1958). 
]6. Y. lwakura, K. Nagakubo, and H. Hayashi, Kogyo Kagaku Zasshi, 59, 476 (1956); Chem. Abstr. 

5__2, 3759 (1958). 
17. V. G. Kostenko and B. M. Levitin, in: Sum~naries of Papers Presented at the 3rd All-Union 

Scientific Conference on the Chemistry and Technology of Furan Compounds [in Russian], 
Zinatne, Riga (1978), p. 134. 

18. R. I. Leonard, US Patent No. 2809203; Chem. Abstr., 52, 2891 (1958). 
19. F. Zymalxosky, Arch. Pharm., 284, 292 (1951). 
20. U. Eisner, J. A. E]vidge, and R. P. Linsted, J. Chem. Soc., Part 2, 1501 (1951). 
21. M. Kugel, Ann. Chem., 289, 50 (1897). 
22. R. Chiron and Y. Graff, Bull. Soc. Chim. Fr., No. 2, 575 (1970). 
23. R. Chiton and Y. Graff, Compt. Rend., C, 276 , 1207 (1973). 
24. R. Chiron and Y. Graff, Bull. Soc. Chim. Fr., No. I0, 3715 (1967). 
25. R. Chiron and Y. Graff, Bull. Soc. Chim. Fr., No. 6, 2145 (1971). 
26. L. F. Fieser and W. H. Daudt, J. Am. Chem. Soc., 63, 782 (1971). 
27. R. Ramachandran. R. Chiron, and Y. Graff, Bull. Soc. Chim. Fr., No. 3, 1031 (1972). 
28. R. Martinez-Utrilla and M. A. Miranda, Tetrahedron Lett., 21, 2281 (1980). 
29. G. Swain, A. R. Todd, and W. S. Warring, J. Chem. Soc., 548 (1944). 
30. A. Sammour and M. Ei-Hashash, J. Prakt. Chem., 314, 906 (1972). 
31. G. Miller, N. D. Heindel, and J. A. Minstelli, J. Heterocycl. Chem., 18, 1253 (1981). 
32. J. Jacques, C. Weidman-Hatlier, and A. Morguet, Bull. Soc. Chim. Fr., No. 5, 678 (1958). 
33. J. Jacques, A. Marguet, and C. Hattier, Compt. Rend., 244, 905 (1957). 
34. R. C. Fuson and R. G. Bannister, J. Am. Chem. Soc., 74, 1629 (1952). 
35. E. Rothstein and M. A. Saboor, J. Chem. Soc., 425 (1943). 
36. G. F. H. Allen, J. B. Normington, and C. V. Wilson, Can. J. Chem., ii, 382 (1934). 
37. M. EI-Hashash, G. Hosni, and M. Ei-Kadig, Rev. Roum. Chem., 24, 839 (1979). 
38. G. H. Saved, M. I. Ei-Kady, and M. S. Abd-Elhalim, Indian J . Chem., B, 20, 845 (1981). 
39. M. M. Mohamed, M. A. EI-Hashash, I. Islam, and O. A. Abo-Baker, Rev. Roum. Chim., 27, 

865 (1982). 
40. G. Leclere, C. G. Wermuth, and J. Schreiber, Bull. Soc. Chim. Fr., No. 4, 1302 (1967). 
41. A. Tsclomitis and C. Sandris, J. Heterocycl. Chem., 20, 1545 (1983). 
42. L. Gassar, G. P. Chinsoli, and M. Foa, Chim. Ind. (Milan), 50, 515 (1968); Chem. Abstr., 

70, 114671 (1969). 
43. L. Gassar and G. P. Chinsoli, Tetrahedron Lett., No. 37, 3295 (1965). 
44. R. Gelin and M. Chignac, Bull. Soc. Chim. Fr., No. i, 144 (1965). 
45. R. Gelin and M. Chignac, Compt. Rend., 258, 3313 (1964). 
46. M. Kurono, K. Imaki, C. Tanigawa, and J. Kida, Japanese Patent No. 7405961; Chem. Abstr., 

80, 120328 (1974). 
47. V. M. Shostakovskii, M. V. Samoilova, and Ya. F. Bel'skii, Izv. Akad. Nauk SSSR, Ser. 

Khim., No. 7, 1630 (1968). 
48. M. G. Zalinyan, V. S. Arutyunyan, A. M. Torgomyan, and M. T. Dangyan, Arm. Khim. Zh., 

No. 12, 26 (1973). 
49. G. I. Nikishin, V. N. Ogibin, G. G. Maksimova, and L. K. Rakhmatullina, USSR Inventor's 

Certificate No. 445653; Byull. Izobret., No. 37 (1974). 
50. E. Erlenmayer, Chem. Ber., 38, 3125 (1905). 
51. E. Erlenmayer and E. Braum, Ann. Chem., 333, 254 (1904). 
52. E. Erlenmayer and A. Lattermann, Ann. Chem., 333 268 (1904). 
53. M. Ochiai, K. Nishide, M. Node, and E. Fujida, Chem. Lett., No. 2, 283 (1981). 
54. Sanwa Chemical K. K., Japanese Patent No. 8246975; Chem. Abstr., 97, 55678 (1982). 
55. M. Wanatabe, S. Nakamori, H. Hasegawa, K. Shirai, and T. Kutamoto, Bull. Chem. Soc. Jpn., 

5__~, 817 (1981). 
56. W. A. Jacobs and A. B. Scott, J. Biol. Chem., 93, 139 (1931). 
57. M. Kuhn and D. Jerchel, Chem. Bet., 76, 413 (1943). 
58. R. Lesp~eau, Compt. Rend., 138 , 1051 (1904). 
59. I. C. Bardhan, J. Chem. Soc., Part 2, 2604 (1928). 
60. E. E. Blaise and A. Courtot, Compt. Rend., 141, 41 (1905). 
61. E. E. Blaise and A. Courtot, Bull. Soc. Chim. Ft., 35, 989 (1906). 

606 



99. 
i00. 
i01. 
102. 

103. 
104. 
i05. 
106. 
107. 
108. 
109. 
ii0. 
Iii. 
112. 
113. 

62. A. W. Nineham and R. A. Raphael, J. Chem. Soc., Part i, 118 (1949). 
63. K. E. Schulte, West German Patent No. 1066578; Chem. Abstr., 55, 10324 (1961). 
64. K. E. Schulte and G. Nimke, Arch. Pharm., 290, 597 (1957). 
65. K. E. Schulte and K. Reise, Angew. Chem., 67, 516 (1955). 
66. K. E. Schulte, I. Mleinek, and K. H. Schar, Arch. Pharm., 291, 227 (1958). 
67. G. P. Chiusoli, G. Bottaccio, and C. Venturello, Chim. Ind. (Milan), 48, 107 (1966); 

Chem. Abstr., 64, 12585 (1966). 
68. G. P. Chiusoli, G. Bottaccio, and C. Venturello, Tetrahedron Lett., No. 33, 2875 (1965). 
69. Montecatini Edison S. P. A.~ Italian Patent No. 792602; Chem. Abstr., 71, 3047 (1969). 
70. N.V. Kutepow, F. Meier, and D. Neubauer, West German Patent No. 1276029; Chem. Abstr., 

70, 37229 (1969). 
71. R. F. C. Brown, F. W. Eastwood, N. Chaichit, B. M. Gatehouse, J. M. Pfeiffer, and D. Wodd 

roffe, Aust. J. Chem., 34, 1467 (1981). 
72. H. Ishibashi, S. Akai, H. D. Choi, H. Nakagawa, and Y. Tamura, Tetrahedron Lett., 36, 

3877 (1983). 
73. D. R. Berger and R. K. Summerbell, J. Org. Chem., 24, 1881 (1959). 
74. J. E. Baldwin, J. C. Shailov, and H. W. Chan, Chem. Commun., No. 21, 1407 (1971). 
75. E. Niva and M. Miyake, Chem. Ber., 103, 997 (1970). 
76. L. A. Badovskaya, Khim. Geterotsikl. Soedin., No. 10, 1314 (1978). 
77. I. Kuwajima and H. Urabe, Tetrahedron Lett., 22, 5191 (1981). 
78. Yu. S. Andreichikov, N. V. Gel't, N. N. Shapet'ko, and S. S. Berestova, USSR Inventor's 

Certificate No. 1018943; Byull. Izobret., No.19 (1983). 
79. W. Ried and H. Mengler, Angew. Chem., 73, 218 (1961). 
80 W. Ried and H. Mengler, Ann. Chem., 651, 52 (1962). 
81 W. Ried and H. Mengler, Ann. Chem., 113, 678 (1964). 
82 W. Ried and H. Mengler, West German Patent No. 1139987; Chem. Abstr., 62, 16416 (1965). 
83 W. Ried and R. Kraemer, Ann. Chem., No. 10, 1952 (1973). 
84 K.B. Wiberg and T. W. Hutton, J. Am. Chem. Soc., 76, 5367 (1954). 
85 P. Vates and M. J. Betts, J. Am. Chem. Soc., 94, 1965 (1972). 
86 P. Vates, C. D. Abrams, M. J. Betts, and S. Goldstein, Can. J. Chem., 49, 2850 (1971). 
87 P. Vates and G. H. Stout, J. Am. Chem. Soc., 76, 5110 (1954). 
88 P. Vates, C. D. Abrams, and S. Goldstein, J. Am. Chem. Soc., 91, 6868 (1969). 
8g. A. A. Avetisyan, R. G. Nazaryan, and M. T. Dangyan, USSR Inventor's Certificate No, 698983: 

Byull. Izobret., No. 43 (1979). 
90. A. A. Avetisyan, R. G. Nazaryan, A. N. Dzhandzhapanyan , V. I. Votyakov, S. V. Khlystov, 

G. V. Vladyko, V. Ya. Klimovich, L. V. Korobchenko, M. N. Shashykhina, and S. V. Zhavrid, 
Khim.-Farm, Zh., No. 7, 783 (1982). 

91. I. Kobayashi and W. Ando, Chem. Lett., No. 10, 1159 (1978). 
92. M. J. Saxby, M. A. Stephens, and R. G. Reid, Food Chem., ~, 283 (1982). 
93. M. D'Auria, A. De Mico, G. Piancatelli, and A. Scettri, Tetrahedron, 38, 1661 (1982). 
94. F. A. Kuchl, R. P. Linstead, and B. A. Orkin, J. Chem. Soc., No. 8, 2213 (1950). 
95. M. S. Newman and C. O. van der Wert, J. Am. Chem. Soc., 67, 233 (1945). 
96. S. Brewis and P. R. Hughes, Chem. Commun., No. 6, 271 (1967). 
97. M. A. Auger, C. Kataman, and J. Chopin, Bull. Soc. Chim. Fr., No. ii, 4024 (1970). 
98. F. G. Baddar, M. N. Basyoum, M. E. Ei-Neweiby, and E. H. Ghaly. J. Indian Chem. Soc., ~, 

698 (1974). 
A. I. Hirach and R. H. Eastman, J. Org. Chem., 32, 2915 (1967). 
R. H. Nayak, Bombay Technol., 14, 159 (1964). 
W. R. Layer, US Patent No. 3862133; Chem. Abstr., 82, 179657 (1975). 
E. A. Titov, A. S. Grishchenko, L. A. Gura, and A. N. Kost, Khim. Geterotsikl. Soedin., 
No. ii, 1451 (1973). 
L. S. Ei-Assal and A. H. Shehab, J. Chem. UAR, 13, 169 (1970). 
L. S. Ei-Assal and A. H. Shehab, J. Chem. Soc., No. 5, 2987 (1963). 
T. Ischii and T. Ito, Japanese Patent No. 6910781; Chem. Abstr., 71, 112795 (1970). 
T. Ischii and T. Ito, Meiji Scika Kenkyn Nempo, 43 (1967); Chemo Abstr., 69, 43702 (1968) 
K. Munakata, S. Marumo,K. Ohta, and V. L. Chen, Tetrahedron Lett., No. 39, 3821 (1967). 
G. Traverso, Farm. Ed. Sci., 16, 472 (1961). 
P. Truitt and S. G. Truitt, J. Med. Chem., 9, 637 (1966). 
G. V. Boyd and K. Heatherington, Chem. Commun., No. 7, 346 (1971). 
G. V. Boyd and K. Heatherington, J. Chem. Soc., Perkin Trans. I, No. 21, 2532 (1973). 
G. V. Boyd and K. Heatherington, J. Chem. Soc., Perkin Trans. i, No. 21, 2523 (1973). 
W. I. Awad, S. M. A. Omran, and A. I. Hashem, J. Chem. UAR, iO, 287 (1967). 

607 



114. W. I. Awad and A. I. Hashem, J. Chem. UAR, 16, 297 (1973). 
115. E. Baltarri, French Patent No. 2002460; Chem. Abstr., 73, 104336 (1970). 
116. A. I. Hashem. J. Prakt. Chem., 315, 335 (1973). 
117. A. Takeda, S. Wada, T. Uno, H. Fujita, and T. Okamoto, Mem. Sch. Eng. Okayama Univ., 5, 

55 (1970); Chem Abstr., 75, 35348 (1970). 
118. M. H. Abd Alla, E. A. Soliman, A. A. Hamed, and M. W. Osman, Rev. Roum. Chim., 25, 1549 

(1980). 
119. M. A. Ei-Hashash, M. Abd Aila, A. Essawy, and Ao M. EI-Gendy, Pakistan J. Sci. Ind. Rec~ 

23, 254 (1980); Chem. Abstr., 95, 80870 (1981). 
120. P. W. Agnihotri, V. R. Pasarkar, and G. Bagawant, J. Indian Chem. Soc., 59, 869 (1982). 
121. A. I. Hashem and Z. H. Ismail, Indian J. Chem., 12, 902 (1974). 
122. A. M. Ei-Abbad[, M. A. Omara, and N. G. Kandil, Rev. Roum. Chim., 79 (1974). 
123. E. F~ Ullman and K. Baumann, J. Am. Chem. Soc., 92, 5892 (1970). 
124. A. Dalpazzo, A. Dansi, V. Mariotti, and E. Meneghini, Bull. Chim. Farm., Ii, 342 (1972); 

Chem, Abstr., 77, 147975 (1972). 
125. R. Walter and T. C. Purcell, Chem. Ind., No. 49, 2057 (1966). 
126. M. Petrazillka, D. Felix, and A. Eschenmoser, Helv. Chim. Acta, 56, 2950 (1973). 
127. V. K. Paranjpe, N. L. Phalnikar, and B. U. Bhide, J. Univ. Bombay, 17A, 69 (1949); Chem. 

Abstr., 44, 1680 (1950). 
128. M. M. Shah and N. L. Phainker, J. Univ. Bombay, 13A, 22 (1944); Chem. Abstr., 39, 2289 

(1975). 
129. M. A. Hag, M. L. Kapur, and J. N. Ray, J. Chem. Soc., Part 2, 1087 (1933). 
130. C. B. Barrett, R. J. S. Beer, G. M. Dodd, and A. Robertson, J. Chem. Soc., No. 12, 4810 

(1957). 
131. T. Ya. Kaklyushina, L. A. Badovskaya, B. M. Levitin, and L. N. Nesnova, in: The Chemistr 

and Technology of Furan Compounds [in Russian], Krasnodar (1982), p. 27; Ref. Zh. Khim., 
9Zh209 (1983). 

132. J. Ficini and A. Dureault, Compt. Rend., C, 273, 289 (1971). 
133. J. Ficini and J. P. Gent, Tetrahedron Left., No. 19, 1565 (1971). 
134. J. Ficini, J. D. Angelo, J. P. Genet, and J. Noire, Tetrahedron Lett., No. 19, 1569 (1971 
135. T. Abdel Nour, F. G. Baddar, and A. Fateen, J. Chem. Soc., No. 12, 5302 (1964). 
136. P. Cordier, Bull. Soc. Chim. Fr., No. i, 151 (1955). 
137. P. Cordier, Compt. Rend., 202, 144 (1936). 
138. P. Cordier and B. Kristensen, Compt. Rend., 240, 2419 (1955). 
139. ~P. Cordier, Compt. Rend., 230, 1242 (1950). 
140. P. Bregeut, J. Matijevich, J. Sirola, and J. Balenjovich, Bull. Sci. Cons. Acad. Sci. 

141. 
142. 
143. 
144. 
145. 

146. 
147. 
148. 
149. 
150. 
151. 
152. 

153. 
154. 
155. 
156. 
157. 
158. 

159. 
160. 
161. 
162. 

Arts. RSF Yugosl., Scott A, 17, 148 (1972); Chem. Abstr., 78, 4047 (1973). 
Montecatini Edison, Italian Patent No. 844442; Chem. Abstr., 74, 140990 (1971). 
Montecatini Edison S. P. A., Italian Patent No. 815179; Chem. Abstr., 71, 80951 (1969). 
V. Olhoff, R. Hottenrauch, and H. Braeuniger, Z. Chem., i0, 341 (1970). 
A. Baydar and G. V. Boyd, J. Chem. Soc., Perkin Trans., No. 6, 1360 (1978). 
R. S. Ward, A. Pelter, I. R. Jack, P. Satyanarayana, B. V. Rao, P. Gopala, and P. Subrah- 
manyam, Tetrahedron Lett., 22, 4111 (1981). 
J. Thiele and N. Salzberger, Ann. Chem., 319, 196 (1901). 
C. S. Kraihanzel and L. G. Herman, J. Organomet. Chem., 15, 397 (1968). 
G. A. Olah and A. T. Ku, J. Org. Chem., 35, 3916 (1970). 
L. EI-Assal and A. H. Shehab, J. Chem. Soc., No. 3, 1020 (1959). 
L. EI-Assal and A. H. Shehab, J. Chem. Soc., No. 4, 1658 (1961). 
M. M. Abd Alla, E. A. Soliman, and M. W. Osman, Rev. Roum. Chim., 25, 415 (1980). 
Badische Anilin and Soda Fabrik, West German Patent No. 804567; Chem. Abstr., 46, 2567 
(1952). 
C. Laurence and R. Chiton, Compt. Rend., C, 268, 279 (1969). 
J. B. Jones and J. M. Young, Can. J. Chem., 44, 1059 (1966). 
P. Klingemann, Ann. Chem., 269, 131 (1892). 
R. Lukes, Collect. Czech. Chem. Commun., l, 119 (1929). 
R. Lukes, Collect. Czech. Chem. Commun., l, 461 (1929). 
T. Yakobiec, A. Hilian, and T. Zawisza, Polish Patent No. 97050; Chem. Abstr., 90, 137523 
(Z979). 
R. Lukes and V. Prelog, Collect. Czech. Chem. Commun., ~, 282, 617 (1929). 
J. S. Rao and R. Filler, J. Chem. Soc., No. i0, 4996 (1963). 
R. Filler and L. M. Hebron, J. Am. Chem. Soc., 81, 391 (1959). 
A. I. Hashem. J. Prakt. Chem., 321, 516 (1979). 

608 



163. 
164. 

165. 
166. 
167. 
168. 
169. 
170. 

171. 
172. 
173. 

174. 
175. 
176. 

177. 
178. 
179. 

A. I. Hashem and M. E. Shaban, J. Prakt. Chem., 323, 164 (1981). 
G. H. Sayed and A. A. Hamed, Egypt. J. Chem., 22, 285 (1980); Chem. Abstr., 95, 42802 
(1981). 
S. A. Khattab and M. M. Hosny, Indian J. Chem., 19B, 1038 (1980). 
R. Lukes, Z. Koblicova, and K. Blaha, Collect. Czech. Chem. Commun., 28, 2182 (1963). 
B. E. Maryanoff and D. F. McComsey, Tetrahedron Lett., No. 40, 3797 (1979). 
D. Moran and Y. Albright, US Patent No. 4374249; Chem. Abstr., 99, 70712 (1983). 
T. Canbrek, Sven. Farm, Tidskr., 54, 201, 225 (1950); Chem. Abstr., 45, 2961 (1951). 
N. F. Eweiss and S. G. Hussain, J. Univ. Kuwait Scri., 8, 185 (1981); Chem. Abstr., 96, 
217172 (1982). 
A. I. Hashem, M. E. Shaban, and A. F. Ei-Kafrawy, Indian J. Chem., 2!B, 763 (1982). 
W. Ried and Y. Valentin, Chem. Bet., i01, 2117 (1968). 
N. Hellstrom, M. Amisepp, G. Fuchs, and K. Lanthruks-Hoegak, Ann. Chem., 30, 601 (1964); 
Chem. Abstr., 62, 16005 (1965). 
G. Fuchs, Ark. Kem., 26, i11 (1966). 
T. Wieland and R. K. Rothanpt, Chem. Ber., 89, 1176 (1956). 
M. Alguero, J. Bosch, J. Castaner, J. Castella, J. Castells, R. Metres, J. Pascual, and 
F. Serratosa, Tetrahedron, 18, 1381 (1962). 
F. Pelizoni and G. Jorami, Gazz. Chim. Ital., 89, 1894 (1959). 
E. D. Stecher and A. Clements, J. Am. Chem. Soc., 76, 503 (1954). 
W. I. Awad, S. M. A. Omran, and A. I. Hashem, J. Chem. UAR, I0, 287 (1967). 

180. A. Libenguth, L. Jung, and P. Cordierj Compt. Rend., C, 288, 133 (1979). 
18]. W. A. Jacobs and A. B. Scott, J. Biol. Chem., 87, 601 (1930). 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 

192. 
193. 

194. 
195. 
196. 
197. 
198. 
199. 
200. 

201. 

202. 
203. 
204. 
205. 
206. 
207. 
208. 

209. 
210. 
211. 
212. 
213. 

W. A. Jacobs and A. B. Scott, J. Biol. Chem., 93, 131 (1931). 
J. Thiele, Ann. Chem., 319, 144 (1901). 
R. Filler, E. J. Piasek, and L. H. Mark, J. Org. Chem., 26, 2659 (1961). 
R. Filler and E. J. Piasek, J. Org. Chem., 28, 3400 (1963). 
N. Gaylord, Reduction with Complex Metal Hydrides, Wiley (1956). 
F. A. Hochstein, J. Am. Chem. Soc., 71, 305 (1949). 
F. Ramirez and M. R. Rubin, J. Am. Chem. Soc., 77, 2905 (1955). 
F. Ramirez and M. R. Rubin, J. Am. Chem. Soc., 77, 3768 (1955). 
A. R. Katritzky and R. Robinson, J. Chem. Soc., No. 7, 2481 (1955). 
M. Abd-Alla, A. Essawy, M. A. Ei-Hashash, and A. M. Ei-Gendy, Rev. Roun. Chim., 26, 95 
(1981). 
W. Borsche, Chem. Ber., 47, 2708 (1914). 
J. Couquelet, J. Taoufik, J. Couquelet, P. Tronche, Pham Hun Chanh, Anh Pham Huu Chanh, 
C. Navarro-Delmasure, and B. Lasser, Eur. J. Med. Chem. Ther., 18, 301 (1983). 
H. Chibret, West German Patent No. 3321772; Chem. Abstr., i00, 191896 (1984). 
R. Filler, L. H. Mark, and E. J. Piasek, J. Org. Chem., 24, 1780~(1959). 
A. I. Hashem and M. S. A. Abd Ei-Mottaleb, Egypt. J. Chem., 25, 541 (1983). 
R. Filler and R. A. Leipold, J. Org. Chem., 27, 4440 (1962). 
G. Traverso, D. Pirillo, and P. Strazzolini, Farm. Ed. Sci., 34, 1071 (1979). 
H. M. Bersterman, R. Harder, H. W. Winter, and C. Wentrup, Angew. Chem., 92, 555 (1980). 
N. B. Sokolova, I. Ya. Kvitko, and A. V. El'tsov, in: Summaries of Papers Presented 
at the 3rd All-Union Scientific Conference on the Chemistry and Technology of Furan Com- 
pounds [in Russian], Zinatne, Riga (1978), p. 153. 
W. Bottomley, G. V. Boyd, and R. L. Monteil, J. Chem. Soc., Perkin Trans. i, No. 4, 843 
(1980). 
H. G. Schmidt, West German Patent No. 3045555; Chem. Abstr., 97, 127501 (1982). 
N. Gruenfeld, US Patent No. 4150129; Chem. Abstr., 91, 122644 (1979). 
A. Yogev and Y. Mozur, J. Am. Chem. Soc., 87, 3520 (1965). 
O. L. Chapman and C. L. Mcintosh, Chem. Commun., No. 7, 383 (1971). 
R. Martinez-Utrilla and M. A. Miranda, Tetrahedron, 37, 2111 (1981). 
E. F. Ullman and N. Baumann, J. Am. Chem. Soc., 92, 5892 (1970). 
I. R. Bellobono, E. D. Paglia, B. Marcandalli, and M. T. Cataldi, Gazz. Chim. Ital., 
109, 697 (1979). 
R. A. Bolivar, M. L. Tasayco, C. Rivas, and V. Leon, J. Heterocycl. Chem., 20, 205 (1983) 
V. lwakura and K. Nagakubo, Nippon Kagaku Zasshi, 59, 476 (1956). 
E. Shaw, J. Am. Chem. Soc., 68, 2510 (1946). 
C. J. Cavalitto and H. T. Haskall, J. Am. Chem. Soc,, 67, 1991 (1945). 
L. W. Wattenberg, L. K. T. Lam, and A. V. Fladmoe, Cancer Res., 39, 1651 (1979); Chem. 
Abstr., 91, 68301 (1979). 

609 



214. 

215. 

216. 

217. 

J. M. Joannou, A. G. E. Wilson, and M. W. Anderson, Cancer Res., 42, 1199 (1982); Chem. 
Abstr., 96, 194905 (1982). 
V. L. Sparnins and L. W. Wattenberg, J. Nat. Cancer Inst., 66, 769 (1981); Chem. Abstr. 
95, 1606 (1981) .  
V. L. Sparnins, Ji Chuan, and L. W. Wattenberg, Cancer Res., 42, 1205 (1982); Chem. Abstr. 
96, 178894 (1982). 
V. L. Sparnins, P. L. Venegas, and L. W. Wattenberg, J. Nat. Cancer Inst., 68, 493 (1982); 
Chem. Abstr., 96, 210536 (1982). 

i 

FIVE-MEMBERED 2,3-DIOXOHETEROCYCLES 

3. ~ THE REACTION OF 5-ARYL-2,3-DIHYDROFURAN-. 
2,3-DIONES WITH ALIPHATIC AND AROMATIC 
NITRILES 

Yu. S. Andreichikov, D. D. Nekrasov, 
M. A. Rudenko, and A. Yu. Konovalov 

UDC 547.298'484.7'724.07:543.422 

On reaction of 5-aryl-2,3-dihydrofuran-2,3-diones with =-aminoisobutyronitrile, 
o-aminobenzonitrile, and 8-anilinopropiononitrile, we obtained aroylpyruvic 
acid N-(l-methyl-l-cyanoethyl)-, N-(o-cyanophenyl)-, and N-phenyl-N-(cyanoethyl)- 
amides, respectively. On reaction of 5-aryl-2,3-dihydrofuran-2,3-diones with cy- 
anoacetamide we obtained aroylacetic acid N-(cyanoacetyl)amides, while in the 
case of methyleneaminoacetonitrile and p-dimethylaminobenzonitrile we obtained 
(6-aryl-4-oxo-2,3-dihydro-l,3-oxazin-3-yl)acetonitriles and 2-(p-dimethylamino- 
phenyl)-6-aryl-l,3-oxazine-4-ones, respectively. 

Earlier it was noted that aroylketenes generated by thermolysis of 5-aryl-2,3-dihydrofur- 
an-2,3-diones (I) do not react in a (4~ + 2~)-cycloaddition with aliphatic and aromatic ni- 
triles but react with N,N-disubstituted-N-cyanoamines, forming 2-amino-6-aryl-l,3-oxazin-4- 
ones [2,3]. If the C~N group in the reagent is directly linked with a primary or secondary 
amino group, then ring opening of compound I proceeds with the formation of aroylpyruvic acid 
N-cyanoamides, accompanied by the addition of ~-enolic hydroxyl to C~q, and 2-imino-5-phenacyl- 
idene-4-oxazolidones appear as reaction products [4, 5]. In connection with this, it was 
of interest to react aminonitriles which contained unlinked amino and cyano groups with com- 
pounds I. Among such reagents we used ~-aminoisobutyronitrile, o-aminobenzonitrile, ~-anilino- 
propionitrile, cyanoacetic acidamides, and p-dimethylaminobenzonitrile. 

On investigation of the interaction of compound I with ~-aminobutyronitrile, 0-aminobenzo- 
nitrile, and 8-anilinopropiononitrile, it was established that, due to nucleophilic attack of 
the amino group on the lactone carbonyl of compound I, furan ring opening ensues and the prod- 
ucts of reaction are, respectively, N-(l-methyl-l-cyanoethyl)-(IIa,d), N-(o-cyanophenyl)- 
(IIIa,b), and N-phenyl-N-(cyanoethyl)-(IVa,b) arolypyruvic acid amides. 

H2NC(CIIs)2C-N _ 

I Lc~H'r'mc"~cH~c-N-- 

p-RCaH4CCCH2COCONHC(CH3)2C---N 

l la-d 

p-RCsH4COCH2COCONHCsH4C--N -0 

III a, b 
p-RC6H,COCH2COC0~CH2CH2C-N 

~a,b c6"~ 

I--IV a R=H,-bR=CHs; IIc R=C2H~O, dR=Br 

*For Communication 2, see [i]. 
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