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identical with those observed for these solutions 
can be obtained by linear combination of curves A 
and N. The acid form (A) is stable in acid solu- 
tions and exists in (rapidly reversible) equilibrium 
with the neutral form (N) in solutions of intermedi- 
ate acidity. 

In basic solutions pheophytin undergoes an ir- 
reversible reaction producing a single substance 
whose absorption spectrum is represented by curve 
B. If a basic solution containing this reaction 
product is neutralized with acid, the absorption 
spectrum of the resulting solution has its principal 
maxima a t  X-4120 and 6480 A. In dilute solutions 
of strong base (or of moderate concentrations of 
aliphatic amines), the irreversible reaction of pheo- 
phytin to form the product (B) is measurably 
slow. There is no evidence for the transient exist- 
ence, in any of these solutions, of a reversible, in- 
termediate basic form of pheophytin. 
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N-Phenylpyrrolidine 
BY CARL J. OLSES ASD ARTHUR FURSP 

RECEIVED FEBRUARY 2 ,  1953 

By passing tetrahydrofuran and aniline over ac- 
tivated alumina at  400", Yur'ev and Minkina3 ob- 
tained N-phenylpyrrolidine in -45.5% yield. 
Bourns, Einbleton and H a n ~ u l d , ~  by carefully con- 
trolling feed rate, molar ratios and temperature 
conditions, increased the yield to 88%. 

A study was made to see if the desired product 
could be obtained by merely heating tetrahydrofu- 
ran and aniline in an autoclave with a Lewis acid. 
When aluminum chloride was used as a catalyst N- 
phenylpyrrolidine was obtained in 42% yield. I t  
was subsequently found possible to obtain a 20% 
yield in the presence of aluminum chloride a t  at- 
mospheric pressure. 

Experimental 
Pressure Reaction.-A mixture of 4.0 g. (0.043 mole) of 

aniline, 5.7 g. (0.054 mole) of anhydrous aluminum chloride 
and 4.0 g. (0.056 mole) of tetrahydrofuran was placed in an 
autoclave, and the pressure was brought up to 1000 lb./sq. 
in. with nitrogen gas. The mixture was heated to 240" and 
rocked for 24 hours. The amber colored semi-solid reaction 
product was made basic with sodium hydroxide solution 
and extracted with ether. The ether was removed and S- 
phenylpyrrotidine was recovered by distillation under re- 
duced pressure; b.p. 106--10900 (6 mm.), yield 2.7 g. (0.018 
mole) or 42.6%, m.p. ca. 13 , picrate, m.p. l16-l18°, lit. 
value3 116". No depression of melting point was noted 
when authentic picrate was mixed with product above. 

Other catalysts used and yields were: hydrogen chloride 
(3.2%), sulfuric acid (no yield), phosphorus pentoxide 
(31.6'%), activated alumina (no yield). 

Atmospheric Pressure.-Anhydrous aluminum chloride, 
28.5 g. (0.210 mole), was added in portions to 20.0 g. (0.215 
mole) of aniline. The temperature rose to GU.  150". "ith 
constant stirring, 20.0 g. (0.276 mole) of tetrahydrofuran 
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was added drop by drop. The solution darkened. The 
temperature was maintained at 150-160" by heating. 
After one-third of the tetrahydrofuran was added the tem- 
perature dropped. The reaction mixture was heated to re- 
flux and the remainder of the tetrahydrofuran added. Re- 
fluxing was continued two more hours. 

On cooling, the solution was made basic, steam distilled, 
and the distillate extracted with ether. A yield of 6.1 g. 
(0.042 mole), 19.8%, N-phenylpyrrolidine was obtained. 
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The Benzoylation of Quinaldine Oxide 
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The reaction of quinaldine oxide (I) with benzoyl 
chloride and sodium hydroxide was investigated by 
Henzel who obtained a compound, Cl~H13N02, 
which was formulated as Ira. Upon treatment 
with either acid or alkali the compound was con- 
verted to a new substance, CloH~NO, isomeric with 
quinaldine oxide. This substance reacted with 
Fehling solution and Tollens reagent, but not with 
phenylhydrazine or hydroxylamine. Structure 
IIIa was suggested for the debenzoylated product.' 

A substance of structure IIIa would undergo 
facile tautomerism to quinaldine oxide, particularly 
under the conditions employed in eflecting deben- 
zoylation. It may therefore be discounted as a 
possibility. A more likely product would be 2- 
quinolinemethanol (IIIb) which, being analogous 
to an a-ketol, would be expected to undergo oxida- 
tion in Fehling solution and Tollens reagent. ,4 
reaction scheme for the formation of IIIb, involving 
attack of hydroxyl ion or water on the methylene 
group of I Ia  with concurrent elimination of benzo- 
ate ion or benzoic acid, can readily be formulated. 

The syntheses described by Henze were repeated. 
The identity of the debenzoylated product with a 
sample of 2-quinolinemethanol prepared from 
methyl quinaldate by reduction with lithium 
aluminum hydride2i3 was established by mixture 
melting point determination and infrared spectro- 
WOPY * 

The infrared spectrum of the compound formu- 
lated as IIa was examined. The absence of bands 
indicative of a terminal methylene group suggested 
that the product might be 2-quinolinemethyl 
benzoate (IIb). To test this possibility, I I Ib  was 
rebenzoylated. The compound thus obtained was 
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