
Jan. 20, 1039 ~-BENZYLIDENE-~-PHENYL-A~ Y-BUTENOLIDE 39 1 

[ CONTRIBUTIOS FROM THE DEPARTMENT OF CHEMISTRY, ILLIWOIS INSTITUTE O F  TECHNOLOGY] 

Chemistry of Lactones. 111. Reactions of ~~Benzylidene-~-phenyl-A~~~-butenolide’~~~~ 
BY ROBERT FILLER AND LOURDES M. HEBRON 

RECEIVED AUGUST 11, 1958 

The -/-lactone, a-benzylidene-y-phenyl-A,p,-pbutenolide (I), reacts with aqueous base, with methanol under both acidic 
and basic conditions. and with primary and secondary amines to form the ring-opened y-ketocarboxylic acid, methyl ester 
and substituted amides Analogies are drawn with the structurally similar 2-phenyl-4-benzylidene-5(4H)-oxazolone (11). 

Highly conjugated y-lactones, such as the 
CY - benzylidene - y - phenyl - A@,. - butenolide (I), 
have been described previously4 and a study has 
been made of the ultraviolet spectra of ring-sub- 
stituted analogs of I.5 However, the chemical 

CfiHjCH=C-C=O CsH~CH=C-C=O 
I I  

properties of these compounds have received little 
attention. In contrast, there has been much re- 
search on the structurally similar azlactones,6 
such as 2-phenyl-4-benzylidene-5(4H)-oxazolone 
(11), which is isoelectronic with 1. This emphasis 
may be attributed in large measure to the struc- 
tural studies on penicillin’ and because azlactones 
are precursors of a-amino acids. 

In a continuation of our studies on unsaturated 

Compound I is prepared by condensation of 
benzaldehyde with 3-benzoylpropionic acid in the 
presence of acetic anhydride and sodium acetate 
(“Perkin” conditions) analogous to the preparation 
of II.6a Under strongly acidic or basic conditions, 
condensation occurs a t  the 0-carbon to give 3- 
benzylidene-3-benzoylpropionic acid which readily 
cyclizes to a substituted na~hthalene.~” 

Previous workers4s5 have denoted I as “CY- 
benzylidene- y-phenylcrotonolactone.” This usage 
is misleading and should be replaced by the bu- 
tenolide nomenclature indicated in the title or 
described as a y-lactone of a y-hydroxybutenoic 
acid.8 The butenolide designation will be used 
throughout this and subsequent papers. 

Compound I exhibits strong carbonyl absorp- 
tion a t  1785 cm.-‘, characteristic of @, y-unsatu- 
rated-y-lact~nes.~ The maximum at  3S4 mp is in 
agreement with the l i t e r a t ~ r e . ~ ~  

The reactions we have studied are summarized 
in Chart A. 

CHART A 

CGH~CH=CCO,H 1, 9aOH;  2, HCI HC 0 

CfiHbCH=C--C=O 
C6H,CHzNHg - CsHsCH=CCOSHCH?CfiHs 

I 1  
< I > 1 

CHrCOCfiH5 A C P O  CH?COCcHs 
NC/ 

VI 
I 

I11 I C6Hs 

CHzN2 I ChHiiS 11, CHaOH(OCHa-) 
I 2. HC1 

lactones,l we have examined the properties of I 
in some detail and in the present paper a number 
of ring-opening reactions are described. 
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Hydrolysis.-At elevated temperatures, the lac- 
tone ring was opened readily by dilute aqueous 
sodium hydroxide and reaction was complete after 
an hour. On acidification, the y-keto acid I11 was 
isolated. The structure for I11 is supported by 
analytical and spectral data, preparation of the 2,4- 
dinitrophenylhydrazone, reconversion to I on 
treatment with acetic anhydride and reaction 
with diazomethane to form the methyl ester IV. 

Alcoholysis.-The butenolide reacted with 
methanol in the presence of methoxide ion to 
afford the methyl ester IV in 23y0 yi:ld; IV was 
also obtained in even lower yield by acid-catalyzed 
methanolysis using sulfuric acid. Its structure 
was confirmed by independent synthesis from I11 
(which is a better preparative method), prepara- 

(8) This nomenclature was suggested by t h e  late Austin M. Patter- 

(9) J. F. Grove and H. A. Willis, J .  Chem. Soc., 877 (1951). 
son in a private communication nith R. F. 
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tion of the 2,4-dinitrophenylhydrazone, and ele- the structure of this compound. The weakly 
mental and infrared analyses. These results par- basic secondary amine, carbazole, failed to react, 
allel those observed with II.Io The acid-catalyzed nor was the lactone isomerized. The less stable 
alcoholysis most probably involves a carbonium geometric isomer of I1 was obtained when I1 was 
ion intermediate treated under these conditions.’* 

+ + OR 

(OM 
Cp,H&CH=C--C=O Csfl~CH=C---C--OII CoH,CH=C--C 

I 
HC OH ROH 1 1  

kc/ * - 11 + HC 0 HC 0 -----f 

I I  

kc/ -e-- y -t-- 

I I I 
C6Ha CsH, CBH, 

i t  
//O - H +  - OR 

~ (OH 
CeH5CH=C---OR -7 CbHsCH=C-C 

I 
CH2COCJl: CH~COC~HS 

In the case of the oxazolone, this would involve 
the “oxazolonium ion” (IIa) .I1 

C6HjCH=C-C=O 
I /  Hk+ 0 y 

I 
IIa C6H5 

All attempts to prepare the ethyl ester by treat- 
ing I with ethanol and sodium ethoxide led to the 
acid as the sole product in yields of more than 70%. 
Apparently, the sodium salt of I11 was readily 
formed under the conditions employed. 

Non-catalyzed ethanolysis (95% ethanol) of 
I (followed spectrophotometrically) proceeded much 
more slowly than with 11. There was little change 
after one week a t  room temperature, whereas ap- 
preciable reaction occurred with the oxazoloneI2 
after several days. 

Aminolysis.-Benzylamine reacted rapidly with 
the butenolide to form the y-keto benzylamide VI. 
Ring-opening by this primary amine proceeded a t  a 
faster rate than i t  did during base-catalyzed alco- 
holysis. Due to this facile opening of lactone rings, 
benzylamine has been used to determine the com- 
position of mixtures containing an azlactone.13 
On the other hand, secondary amines, such as 
piperidine and morpholine, reacted somewhat 
more slowly with I. A crystalline piperidide, V, 
was prepared, but we were unable to isolate its 
geometric isomer, as in the case of 11, when excess 
amine was used.14 The product obtained with 
morpholine did not correspond to the required 
analysis for the morpholide. Its infrared spectrum, 
however, was consistent with an N,N-disubsti- 
tuted amide structureI5 and similar to that for the 
piperidide. Thus far, we have not determined 
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When the benzylamide VI was heated either 
with dilute hydrochloric acid, glacial acetic acid 
or acetic anhydride, orange needles were isolated. 
Analytical data and the mode of formation, as well 
as ultraviolet and infrared spectra, are consistent 
with structure VII. This compound possessed a 
strong band at  1675 cm.-’, probably due to the 
carbonyl group in the b, y-unsaturated-y-lactam, 
though there is little data on this pointl5!l6; 
VI exhibited an -NH- stretching band which was 
absent in VII. 

The strong maximum a t  410 mp is attributed to 
the C&CH=CCH=CC6H6 chrom~phore.~ There 

were also max!ma a t  1305 and 258 mp, the latter 
probably due to the C6H5CH=C- partial chronio- 

Isomerization.-The structures of I and I1 per- 
mit geometric isomerism and whereas the two iso- 
mers of several 4-alkylidene and -arylidene-5 (4H) 
osazolones have been isolated,lS this has not been 
true for I. Under “Perkin” conditions, only one 
isomer is obtained. We attempted to cause isom- 
erization of I using 48% HBr. Though this con- 
version was reportedly accomplished with 11, l9 we 
were unsuccessful not only with I, but also in re- 
peating the previous work. 

Isomerization to an a#-unsaturated-y-lactone 
cannot occur when there is an exocyclic double bond 
on the a-carbon. When this group is saturated, 
such isomerization is possible and the isomers are 
often readily interconvertible (tautomers) .20 

phore. l7 I 
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(ref. l s ) ,  but it is of interest that certain pyrimidones and hydroxy- 
purines, having a contribution from tho -N-C- structure, possess a 

I ll 
0 

carbonyl stretching band at a lower frequency. Thus, 6-hydroxy- 
purine has a band at 1670 cm.-* and 1-methyl-2-pyrimidone at 1675 
cm.-L. See S. F.  Mason in “The Chemistry and Biology of Purines,” 
Ciba Foundation Symposium, Little, Brown, and Co., Boston, Mass.. 
1957, p.  63. 
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Experimentalz1 
Reaction of I with Sodium Hydroxide.-To 4.9 g. (0.02 

mole) of I was added 25 ml. of 6 N NaOH and the mixture 
heated under reflux for 2 hours. On cooling, the reaction 
mixture was neutralized with 20% HC1, the solution evapc- 
rated to dryness and the residue washed with water. After 
crystallization from C~H&!C~A (1 : I.), the product weighed 
4.2 g. (79%), m.p. 171-173'; XF:" 248 mfi; infrared 1680 
(s) cm.-l(>C=O), 2600 (m) cm.-l(-OH in-COOH). 

Anal. Calcd. for C1,H140a: C, 76.67; H,  5.30; mol. w t . ,  
266.3. Found: C, 76.53; H,  5.30; mol. wt., 265 (neut. 
equiv.). 
2,4-Dinitrophenylhydrazone, orange crystals, m.p. 229- 

230",h E2" 256,372 mu. 
Anal. Calcd. for C ~ ~ H ~ & O I :  N, 12.55. Found: N, 

12.75. 
Reaction of I with Ethanol and Sodium Ethoxide.-To a 

solution of 0.69 g. (0.03 g. atom) of sodium in 50 ml. of ab- 
solute ethanol was added a suspension of 7.4 g. (0.03 mole) 
of I in 200 ml. of absolute ethanol. The mixture was heated 
under reflux for 6 hours and then allowed to cool to room 
temperature; HC1 (20%) was added until the mixture was 
acid to litmus. After standing overnight, an amorphous 
material was obtained. On crystallization from a 1 : 1 mix- 
ture of C8H&Cl4, 5.8 g. of a white crystalline substance, 
m.p. 173-174", was obtained. This material gave no de- 
pression when admixed with the product obtained by reac- 
tion of I with XaOH; yield 73.4%. This reaction also was 
run using less sodium and by keeping the temperature lower. 
In all cases, only the acid I11 was isolated. 

Reaction of I with Methanol and Sodium Methoxide.- 
\%'hen this reaction was carried out in a manner similar to 
that described using ethanol, only the acid I11 was obtained. 
However, under the following conditions, the methyl ester 
IV was isolated. 

T o a  solution of 0.46 g. (0.02 g. atom) of sodium in 30 ml. 
of absolute methanol was added with stirring a suspension 
of 4.9 g. (0.02 mole) of I in 100 ml. of dry benzene. The re- 
action mixture was maintained a t  0-5' during the addition 
and then allowed to warm to room temperature. Tbe mix- 
ture was acidified with 10% HCl, the benzene layer washed 
with water, dried over anhydrous sodium sulfate and the 
volume of solvent reduced in vacuo. On standing overnight, 
an amorphous material was obtained. Crystallization from 
95% ethanol gave 1.3 g. (23TG) of a white crystalline prod- 
uct, m.p. 76-77'. 

Anal. Calcd. for C18H1603: C, 77.13; H, 5.75. Found: 

2,4-Dinitrophenplhydrazone, orange-red needles, m.p. 

Anal. Calcd. for C24H20N406: N, 12.16. Found: N, 
12.18. 

Reaction of I with Methanol and Sulfuric Acid.-A mix- 
ture of 2.5 g. (0.01 mole) of I ,  3 ml. of concentrated sulfuric 
acid and 20 ml. of methanol was heated on a steam-bath un- 
til solution was effected. The mixture was cooled and water 
added. The crude ester was crystallized from 9570 ethanol 
to give 0.5 g (18Oj,) of IV, m.p. 76-77' with no depression 
when admixed with the product obtained using sodium meth- 
oxide. 

Compound I reacted with methanol and the 2,4-dinitro- 
phenylhydrazine reagent to give the 2,4-dinitrophenyl- 
hydrazone of IV, m.p. 178-179'. 

Reaction of I11 with Diazomethane.-A suspension of 2.5 
g. (0.0094 mole) of I11 in 10 ml. of methanol was treated with 
an ether solution of diazomethane obtained by treating 2.2 
g. of N-methyl-N-nitroso-p-toluenesulfonamide in ether 
with excess potassium hydroxide in Carbitol.** On removal 
of solvent, the crude methyl ester was obtained, which on 
crystallization from 95% ethanol, gave 2.1 g. (800/0) of IV, 
m.p. 76-77'', with no depression when mixed with a sample 
obtained by the ring-opening of I. 

C, 77.24; H, 5.64. 

178-179'. 

(21) All m.p.'s were determined on a Fisher-Johns block and are un- 

(22 )  T. J. DeBoer and H. J. Backer, Org. Syntheses, 36, 16 (1956). 
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Reaction of I11 with Acetic Anhydride.-One gram of 111 
was heated on a steam-bath for an hour with 5 ml. of acetic 
anhydride. After cooling, water was added to the yellow 
solution and the mixture cooled overnight. The crude 
yellow solid which precipitated was crystallized from 95% 
ethanol to give 0.7 g. of a bright yellow product, m.p. 152- 
154", which did not depress the m.p. of an authentic sample 
of I. 

Reaction of I with Piperidine.-To 6.15 g. (0.024 mole) of 
I suspended in 25 ml. of dry benzene in a 125-ml. erlenmeyer 
flask fitted with a reflux condenser, was added 2.12 g. 
(0.024 mole) of freshly distilled piperidine. The reaction 
mixture warmed spontaneously and then was heated for 1 
hour on a steam-bath, during which time the mixture be- 
came homogeneous. Approximately two-thirds of the sol- 
vent was removed under reduced pressure. On standing 
overnight, an amorphous material precipitated. This was 
washed with petroleum ether and crystallized from 95% 
ethanol to give a faintly yellow crystalline substance, m.p. 
107-108". The crude yield was 4.12 g. (65%), XF:" 247 
mu (e 2700). When excess aiDeridine was used, no uroduct 
cduld be isolated, nor was the starting material recov6red. 

Anal. Calcd. for C ~ ~ H ~ ~ N O Z :  C, 79.25; H,  6.95; N, 
4.20. Found: C,79.21; H,7.07; N,4.24. 

Reaction of I with Morpho1ine.-Compound I was treated 
similarly with morpholine. After standing in the refrigera- 
tor for several days, crystals were observed. These were 
collected, washed with ether, and recrystallized from 95% 
ethanol, m.p. 184-185'. 

Anal. Calcd. for C2jH21NOa: C, 78.20; H,  6.31; N, 
4.18. Found: C, 68.58, 68.85; H, 6.61, 6.43; X, 5.95, 
5.86. 

Carbazole failed to react with I and the lactone was re- 
covered unchanged. 

Reaction of I with Benzylamine.-A mixture of 4.44 g. 
(0.02 mole) of I in 50 ml. of dry benzene and 3.21 g. (0.03 
mole) of benzylamine was heated under reflux for 30 min- 
utes. On cooling, white crystals separated, which were 
washed with petroleum ether and recrystallizedofrom 95% 
ethanol to give 5.7 g. (80%) of VI, m. p. 173-174 ; infrared 
(CHClz), 3230 (w) cm.-l (-"-I; 1670 (s) cm.-l (ketone 
>C=O); 1645 (s) em.-' (amide >C=O). 

Anal. Calcd. for C~HZNOZ:  C, 81.09; H, 5.95; W, 
3.94. Found: C, 81.06; H, 5.86; N, 3.71. 

Lactamization of VI.--A suspension of 1.0 g. (0.0028 mole) 
of VI in 50 ml. of 6N HCl was heated under reflux for 1.5 
hours. The solid turned yellow, then orange. On cooling, 
the solid was collected, washed with water and crystallized 
from Y5y0 ethanol to g? 0.75 g. (800j0) of VII, fine orange 
needles, m.p. 142-143 ; A::" 410, 305, 258 mp; infrared 
1675 (s) em.-' (probably lactam >C=O).  The same re- 
sults were obtained when VI was heated with acetic anhy- 
dride or glacial acetic acid. 

Anal. Calcd. for C24H10NO: C, 85.43; H,  5.68; N, 4.1s. 
Found: C,85.39; H,6.63; N,4.09. 

Attempted Isomerization of 1.-Compound I (1 g.) was 
treated with 15 ml. of 48y0 HBr, the mixture allowed to 
stand overnight in the refrigerator, poured on ice-water and 
filtered. The yellow solid was washed with water and dried, 
map. 152-154'. There was no m.p. depression when this 
material was mixed with an authentic sample of I. 

The azlactone I1 was treated similarly but no isomeric 
lactone could be isolated.lg Only unchanged I1 was ob- 
tained. 

Spectral Measurements and Analyses.-Infrared spectra 
were obtained on a Perkin-Elmer 21 spectrophotometer and 
Perkin-Elmer Infracord. The samples were examined 
either in CCl4 or CHCla solution or as Nujol mulls. Ultra- 
violet spectra were measured in 9570 ethanol using a Beck- 
man DK-2 spectrophotometer. Microanalyses were con- 
ducted by Micro-Tech Laboratories, Skokie, Ill. 
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