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The product of alkaline hydrolysis of the nitrile obtained from diphenylacetonitrile by alkylation with allyl bromide 
was shown to be 3,3-diphenyl-5-methylpyrrolidone-2, and not the linear amide. Proof of structure was obtained by con- 
version to the known 1,5-dimethyl-3,3-diphenylpyrrolidone-2 and was substantiated by infrared spectral data. Alkaline 
hydrolysis of either 2,2-diphenyl4pentene-l-carboxamide or the unsaturated nitrile gave both 2,2-diphenyl&pentenoic 
acid and 3,3-diphenyl-5-methylpyrrolidone-2. This ring closure represents the addition of an amide to an isolated carbon- 
carbon double bond. 

Alkylation of diphenylacetonitrile with allyl hal- 
ides has given good yields of the substituted nitrile 
(1),293 but the position of the double bond has not 
been e~tablished.~" Alkaline hydrolysis of I gave a 
compound A, C1,H1~ON, m.p. 158°,2J which was 
considered to be an amide. Because the expected 
amide, 2,2-diphenyl-4-pentene-l-carboxamide (111) 
melts a t  78") compound A was tentatively assumed 
to have the isomeric structure, 2,2-diphenyl-3-pen- 
tene-l-carboxamide (11). 

A comparison of the chemical properties of these 
isomers (A and 111) brought out the following dif- 
ferences: Compound I11 was readily reduced to  the 
saturated amide, 2,2-diphenylpentane-l-carbox- 
amide (IV).5 In contrast, A did not reduce under 
comparable conditions. While I11 was readily lac- 
tonized to  2,2-diphenyl-4-pentanolactone (V) with 
sulfuric acid, compound A was not affected by this 
reagent. Basic hydrolysis of I11 gave a mixture of 
2,2-diphenyl-4-pentenoic acid (VI) and compound 
A, but compound A could not be further hydro- 
lyzed. 

An isomeric structure which is in accord with the 
chemical properties of compound A is found in 3,3- 
diphenyl-5-methyl-pyrrolidone-2. Proof of struc- 
ture was afforded by alkylation to  the known N- 
methyl compound, 1,5-dimethyl-3,3-diphenylpyr- 
rolidone-2 (VII) .6 Confirmatory evidence for the 
assigned structure of A was found in the infrared 
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spectral data (Table I). The primary amide (IV) 
has 2 bands assigned to the N-H bonds; alkyla- 
tion to a tertiary amide removes these bands and 
shifts the carbonyl band 0.13 u higher than for the 
primary amide. The band assigned to  the single 
N-H bond of compound A is eliminated in alkyla- 
tion to the N-methyl derivative (VI); again the 
alkylation of the amide results in a shift (0.09 u) of 
of the carbonyl band to a higher wave length. 

TABLE I 
INFRARED DATA 

Compound 

I V  (saturated primary amide) 

N1N-Dimethyl-2,2-diphenyl-4 
pentenamide (a tertiary 
amide)8 

"All 

VI (N-methyl analog of A)  

Assignment of Bands 
(d .- 

N-H C=O 

2.87 5.97 
3.07 
. . .  6.10 

3.14 5.86 
... 5.95 

The alkaline hydrolysis2J of I was re-examined, 
and not only ,4 was formed in 16% yield, but a 
40% yield of the acid (VI) was obtained. This rep- 
resents an alternative preparative route for this 
acid from diphenylacetonitrile by allylation (72y0 
yield) and hydrolysis (40% yield). 

The pyrrolidone formation represents the unusual 
addition of an amide to  a carbon-carbon double 
bond under basic conditions. A similar ring closure 
recently has been discovered by Brown and van 
Gulick' for the a,a-dimethyl analog. The tendency 
for this ring closure to occur is greater for the a,a- 
diphenyl analog than for the a,a-dimethyl analog, 
as shown by the results of basic hydrolysis of the 
corresponding nitriles under comparable conditions. 
The hydrolysis of 2,2-dimethyl-4-pentenonitri1e-l7 
by potassium hydroxide in ethylene glycol gave the 
acid in 90% yield. A similar treatment of the nitrile 
I gives only 40% of the acid, and 16% of the pyrrol- 
idone is obtained. This result may be ascribed to the 
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greater steric hindrance afforded to the carbonyl 
group of the amide by the phenyl groups than by 
the methyl groups. This effect would not interfere 
with the removal of 9, proton from the amide nitro- 
gen, nor with the subsequent steps involved in the 
intramolecular reaction. 

EXPERIMENTAL 

Reactions of 2,2-diphenyl-,$-pentene-l-carboxamide (111) 
(a) Reduction of 1 g. amide in 25 ml. ethanol with platinum 
oxide occurred at 50 lb. pressure of hydrogen in 15 min. The 
amide crystallized on dilution with water m.p. 101-102'. 
(Danilow reports 102O.5) 

(b) Hydrolysis of 1 g. amide by a mixture of 4 g. potas- 
sium hydroxide, 4 ml. water, and 20 ml. ethylene glycol was 
run for 2 hr. a t  reflux. The mixture was diluted to 100 ml. 
with water and was extracted twice with 20 ml. bemene 
and once with ether. Acidification of the aqueous layer, fol- 
lowed by ether extraction, gave 150 mg. of 2,2-diphenyl- 
4-pentenoic acid, m.p. 137-138". One recrystallization from 
acetone-water gave 130 mg., m.p. and mixed m.p. 140- 
141'. The benzene layer was evaporated and the oil was 
taken up in 15 ml. hot hexane and cooled; 150 mg. crude 
3,3-diphenyl-5-methylpyrrolidone-2 crystallized, m.p. 148- 
155'. One recrystallization from alcohol-water gave 100 
mg., m.p. 161-162°.z The residue was an oily mixture of 
unchanged amide and pyrrolidone which was again hydro- 
lyzed to give more of both products. 

Reactions of J , J - d i p h e n y ~ d - r n e t h y l p y ~ ~ o ~ i d o n e - ~  (com- 
pound A). (a)  The pyrrolidone was recovered unchanged 
after a solution in COIZC. sulfuric acid was warmed 15 min. 
on the steam bath. (b) Treatment with ethylene glycol, 
water, and potassium hydroxide did not affect the com- 
pound. (e) Hydrogenation under the conditions reported 
above for the unsaturated amide did not take place. (d)  
Alkylation was accomplished by stirring a mixture of 1 g. 
compound A, 1 g. sodium hydride, 5 g. methyl iodide, and 
25 ml. benzene for 1 hr. The methylated product was ob- 
tained on concentration of the filtered benzene solution, 
followed by addition of petroleum ether; crystals, m.p. 
122'. (Lit. reports 122'.Sb) 

Hydrolysis of 2,2-diphenyl-4-pentene-l -nitrile. The nitrile 
was obtained in 72% yield using sodium hydride, allyl 
bromide, and diphenylacetonitrile. It was distilled through 
a 40-inch column 30 mm. in diameter, packed with '/,-inch 
glass helices; b.p. 136'/0.8 mm., ny 1.5724.2 

Hydrolysis of 5 g. nitrile in a mixture of 50 ml. ethylene 
glycol, 5 ml. Hz0, and 10 g. potassium hydroxide was 
accomplished by refluxing for 24 hr. After dilution with 
water, benzene was added to the mixture. Acidification of 
the aqueous layer gave 3.0 g. of 2,2-diphenyl-4pentenoic 
acid, m.p. 138-140', undepressed by a sample of pure acid. 
Two recrystallizations from acetone and water gave 2.0 g., 
m.p. 142-143'. Evaporation of the benaene solution gave a 
solid, which was recrystallized from benzene-petroleum 
ether to give 0.8 g. compound A, m.p. 15&159.5'.a~8 
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