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aqueous layer was acidified at 10° with concentrated hy­
drochloric acid to give 6 g. of a pasty yellow solid. Re-
crystallization from 50% ethanol (charcoal) afforded 2.5 g. 
(0.011 mole, 45%) of vellow crystals, m.p. 167-168° (re­
ported 163-165°, 164-166°,2 166-16705). 

/3-(l-Naphthoyl)-acrylic Acid.—Using the procedure for 
the 2-naphthoyl isomer, starting with the same quantities 
of 1-naphthylglyoxal monohydrate16 and malonic acid and 
crystallizing the yellow product finally from 50% ethanol, 
j3-(l-naphthoyl)-acrylic acid was obtained in 5 3 % yield, 
m.p. 148.5-149.5° (reported 145-147°, 148-14905). No 
depression was observed on admixture with a sample prepared 
via the Friedel and Crafts reaction.17 

/3-(w-Nitrobenzoyl)-acrylic Acid.—At 10-15°, 7.0 g. (0.067 
mole) of malonic acid was added gradually to a solution of 
12 g. (0.067 mole) of m-nitrophenylglyoxal in 35 ml. of 
pyridine. After stirring for 15 minutes and standing for 
20 hours, the mixture was cooled to 10-15° and to it was 
added 170 ml. of 5 % aqueous sodium carbonate solution. 
While maintaining this temperature, the alkaline solution 
was extracted with four 150-ml. portions of benzene and 
then acidified with concentrated hydrochloric acid. Re-
crystallization of the crude product from 1.5 1. of 1.9% 
hydrochloric acid gave 3.4 g. (0.015 mole, 25%) of yellow 
/3-(ra-nitrobenzoyl)-acrylic acid, m.p. 190-191°. 

Anal. Calcd. for Ci0H7NO5: C, 54.30; H, 3.19; N, 
6.33; neut. equiv., 221. Found: C, 54.45; H, 3.30; N, 
6.45; neut. equiv., 221. 

No depression was observed on admixture with a sample 
prepared by the direct nitration of /3-benzoylacrylic acid.8 

/3-(£-Nitrobenzoyl)-acrylic Acid.—Using the procedure 
for the w-isomer and starting with 3.84 g. (0.019 mole) of 
^-nitrophenylglyoxal monohydrate, there was obtained 
1.76 g. (0.0080 mole, 41%) of yellow product, m.p. 165.0-
166.5° (from 1.9% hydrochloric acid). 

Anal. Calcd. for Ci0H7NO5: C, 54.30; H, 3.19; N, 6.33; 
neut. equiv., 221. Found: C, 54.29; H, 3.34; N, 6.37; 
neut. equiv., 222. 

/3-(o-Nitrobenzoyl)-acrylic Acid.—This material was pre­
pared in the same manner as that for the other two isomers. 
Starting with the crude reaction product obtained by the 
oxidation of 6.5 g. (0.039 mole) of o-nitroacetophenone and 
4.0 g. (0.039 mole) of malonic acid there was obtained 0.8 g. 
(0.0036 mole, 11%) of light yellow needles, m.p. 173.0-
173.5° (from 1.9% hydrochloric acid). 

Anal. Calcd. for C10H7NO5: C, 54.30; H, 3.19; N, 
6.33; neut. equiv., 221. Found: C, 54.38; H, 3.24; N, 
6.48; neut. equiv., 222. 

Acknowledgment.—The authors hereby express 
their appreciation to van Ameringen-Haebler, Inc., 
in whose laboratories this work was conducted, for 
the cooperation afforded them in the course of this 
research. 
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The facile preparation of substituted pyrroli­
dines, piperidines and other polymethylenimines 
through the action of lithium aluminum hydride on 
the corresponding lactams has been reported by a 
number of investigators.2"-5 It thus appeared 
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possible that relatively uninvestigated compounds 
of the azetidine series might be obtained through 
the action of lithium aluminum hydride on azeti-
dinones (/3-lactams). To test this possibility 1,4-
diphenylazetidinone, which is readily obtainable 
through a Reformatsky reaction with benzalanil-
ine,6 was reduced with lithium aluminum hydride 
both in ether and in tetrahydrofuran solution. In 
these reductions no azetidine was produced as ring 
opening took place concurrent with the reduction 
of the carbonyl group and only 3-anilino-3-phenyl-
1-propanol (II) could be isolated. This compound 
was obtained in 88% yield and a careful examina­
tion of the recrystallization mother liquors failed to 
yield any second product. 

C 6 H 5 C H - N C 6 H 6 LiAlH4 \ 

w i 2 . u i C6H6CHNHC6H5 
1 > I 

C6H6CHNHC6H5 LiAlH4 ( CH2CH2OH 
I > \ II 

CH2COOH 
III J 

An independent synthesis of II was desired and 
this was accomplished through the lithium alumi­
num hydride reduction of the acid III.7 Only a 
poor yield of II was obtained in this reduction, but 
it might be expected that III would yield a highly 
insoluble complex with lithium aluminum hydride 
which would reduce with difficulty. 

The formation of carbinols in the lithium alu­
minum hydride reduction of cyclic amides rarely 
has been reported. Morrison, Long and Konig-
stein8 treated 4-methyl-2,2-diphenyl-3-morpholone 
with lithium aluminum hydride and in addition to 
the expected morpholine derivative isolated 3-hy-
droxy-4-methyl-2,2-diphenylmorpholine.9 

Experimental 

Lithium Aluminum Hydride Reduction of 1,3-Diphenyl-
azetidinone.—A solution of 33 g. (0.15 mole) of 1,4-diphenyl-
azetidinone was prepared in 400 ml. of dry tetrahydrofuran. 
This solution was added with stirring to 6.4 g. (0.17 mole) 
of lithium aluminum hydride dissolved in 350 ml. of tetra­
hydrofuran. A moderately exothermic reaction was ob­
served during the addition. The mixture was concentrated 
to a volume of 200 ml., after the addition and the cooled 
solution diluted with 500 ml. of ether. Excess lithium 
aluminum hydride was destroyed with ether-alcohol and 
several hundred ml. of 10% sodium hydroxide was added 
with vigorous stirring. The ether layer was decanted and 
the alkali layer agitated with several 200-ml. portions of 
ether. The combined ether solutions were washed with 
water, dried over potassium carbonate and concentrated. 
The remaining oil crystallized and after two recrystallizations 
from toluene the material melted at 87-88°. The product 
weighed 28 g. and an additional 2 g. was obtained from the 
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mother liquors (yield 88%). The infrared spectrum10 of 
the material showed no carbonyl absorption but did indicate 
strong N H / O H absorption. Analytical data established the 
product to be 3-anilino-3-phenyl-l-propanol. 

A similar reduction using ether as a solvent in place of 
tetrahydrofuran also gave the amino alcohol, yield 64%. 

Anal. Calcd. for C 5 H n N O : C, 79.26; H, 7.54; N, 6.15. 
Found: C, 79.51, 79.70; H, 7.37, 7.30; N, 6.24, 6.00. 

A portion of the amino alcohol was refiuxed in benzene for 
two hours with excess phenyl isocyanate. The benzene was 
distilled and the solid recrystallized from toluene. The 
phenylurea-phenylurethan of II melted at 166-167.5°. 

Anal. Calcd. for C M H 2 7 N 3 O 3 : C, 74.82; H, 5.84; N, 
9.02. Found: C, 74.85, 74.85; H, 5.79, 5.65; N, 9.14, 
9.31. 

Lithium Aluminum Hydride Reduction of /3-Phenyl-/3-
Anilinopropionic Acid.—To a solution of 1.14 g. (0.03 mole) 
of lithium aluminum hydride in 150 ml. of dry ether was 
added 7.78 g. of |3-phenyl-/3-anilinopropionic acid7 in 140 
ml. of tetrahydrofuran and a vigorous exothermic reaction 
observed. After standing at room temperature for 18 hours 
the mixture was hydrolyzed with wet ether and 10% aqueous 
sodium hydroxide. The ether tetrahydrofuran layer was 
decanted, washed with water and concentrated. The oil 
remaining did not crystallize so it was taken into toluene, 
washed with alkali to remove unreduced acid, dried, con­
centrated to a small volume and cooled. The crystals which 
separated were recrystallized from toluene and melted at 87-
88°. The melting point of this product when mixed with 
the material from the lactam reduction was not depressed. 

(10) We wish to thank Dr. J. L. Johnson and associates of the Up­
john Department of Physics for the infrared data and Mr. W. A. 
Struck and associates of the Upjohn Analytical Chemistry Laboratory 
for the analytical data. 
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P r e v i o u s a t t e m p t s in t h e s e l a b o r a t o r i e s t o p r o ­
d u c e a sol id f o r m of p a n t o t h e n a m i d e led t o t h e d is ­
c o v e r y of p a n t o t h e n a m i d e - c a l c i u m ch lo r ide d o u b l e 
sa l t . 1 A l t h o u g h W i e l a n d , et al.,2 r e c e n t l y h a v e 
d e s c r i b e d t h e s y n t h e s i s of oi ly ( f - p a n t o t h e n a m i d e b y 
a n o t h e r m e t h o d , i t w a s f o u n d h e r e t h a t t h e a d d i ­
t i o n of p u r e /3-alanine a m i d e t o rf^-pantolactone p r o ­
v ides a m e t h o d of o b t a i n i n g p u r e sol id dl-panto-
t h e n a m i d e . O p t i c a l c r y s t a l l o g r a p h i c a n d X - r a y 
dif f ract ion c h a r a c t e r i s t i c s p r o v e d t h e c r y s t a l l i n e 
n a t u r e of t h i s sol id. 

Experimental3 

/3-Alanine Amide.—/3-Alanine amide hydrochloride (1.54 
g., 0.023 mole) prepared from cyanoacetamide by the 
method of Carlson4 was slurried in water with the hydroxyl 
form of IRA 400 resin6 to remove the chloride ion. The re­
sulting solution was lyophilized to yield the ^-alanine amide 
free base which is hygroscopic and rapidly absorbs carbon 
dioxide from the air. 

^-Pantothenamide.—/3-Alanine amide (0.7 g., 0.0079 
mole) and <2Z-pantolactone (1.03 g., 0.0079 mole) were mixed 
in a flask protected by a soda lime drying tube and then 
warmed in hot water until the two solids liquefied. After 

(1) M. B. Moore, U. S. Patent 2,369,839 (1945). 
(2) T. Wieland, E. A. Miller and G. Dieckelmann, Ber., 85, 1035 

(1952). 
(3) Melting points are corrected. 
(4) G. H. Carlson, U. S. Patent 2,354,909 (1944). 
(5) Rohm and Haas Company. 

standing at room temperature for three days the clear color­
less oil was dissolved in 50 ml. of absolute alcohol, filtered 
through sintered glass and dried in vacuo for two days at 50°. 
The resulting gummy residue was stirred several times with 
dry ether and it then crystallized, m.p. 97-100°, 1.5 g. 
(88%). A sample of this material was dried in vacuo at 56°, 
m.p. 106-108°. 

Anal. Calcd. for C9Hi8N2O4: C, 49.52; H, 8.31; N, 
12.83. Found: C, 49.07; H, 8.32; N, 12.99. 

A c k n o w l e d g m e n t . — T h e a u t h o r s w i s h t o express 
t h e i r a p p r e c i a t i o n t o M . Fre i fe lde r for t h e r e d u c ­
t i o n of t h e c y a n o a c e t a m i d e , t o E . A . S h e l b e r g a n d 
h i s staff for t h e m i c r o a n a l y s e s , a n d t o t h e P h y s i c a l 
C h e m i s t r y D e p a r t m e n t for t h e p h y s i c a l m e a s u r e ­
m e n t s . 
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I n p r e v i o u s ar t ic les 2 - 3 t h e r e a c t i o n s of v a r i o u s 
o r g a n i c b a s e s w i t h t h e i somer ic 7-halo-a , /3-epoxy 
k e t o n e s of g e n e r a l s t r u c t u r e I w e r e de sc r ibed . B a s e d 
o n t h e s e r e a c t i o n s , conc lus ions w e r e d r a w n w i t h 

O 
C 6 H 5 x / \ 

>C CHCOC6H5 
X C H / 

1,X = Cl, Br 

r e s p e c t t o t h e con f igu ra t i ons of t h e s e so-cal led 
h a l o d i p h e n a c y l s , n a m e l y , t h a t t h e a - i somer s h a v e a 
trans a r r a n g e m e n t of p h e n y l a n d b e n z o y l g r o u p i n g s 
a n d t h e /3-isomers, t h e cis conf igura t ion . 

T h e r e a c t i o n s w i t h a n i l i n e - w a t e r m i x t u r e s in t h e 
/3-series, a s s u m m a r i z e d in C h a r t I , led on ly t o a 
m o n o a n i l i n o d e r i v a t i v e I I I , w h i c h cou ld b e con­
v e r t e d t o a p y r r o l e I V o n l y b y a s econd - s t age t r e a t -

C H A R T I 

C6Hs^ / D X / H 

X C H 2 ^ N^OC 6 H 6 

a-isomer 

C6HsNH2, 
H2O 

(X = Cl), ' 
c f i H \ / ° \ / H 

I L O R > 
^N-7Lc6H5 

I 
C6H5 

II 

C6H5S / 0 \ ,,COC8H6 

X C H / \ H 

/3-isomer 
C6H5NH2, 

H2O 
(X = Cl, Br) 

1 

C6H6NH2, 
H2O 

(X = Br) 

C 6 H 5 x / Y 

-
H / ^ N / ^ C H , . 

C6H5 

IV, Y = 

C6H5^ / 

C H / 
I 

NHC6H 

= Br, Cl, OH 

O 

Ox. /COC6H 

III 
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