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white solid, tinted green, was 7.0 g. The solid was washed 
with portions of ether until the melting point was constant, 
128.5-129° with decomposition. Wieland11 reports styrene 
pseudo-nitrosite to melt at 129° with decomposition. Fu
sion of the solid converted it into a bright green liquid which 
rapidly decomposes into a yellow oil. The molecular weight 
was determined by the Rast camphor method. Calcd. for 
CsHsNsO:!: mol. wt., ISO. Found: mol. wt., 235 (average 
of two determinations). The camphor solution exhibited 
a transitory bright green color cm fusion. 

w-Nitroacetophenone Oxime.-—Extraction of 7 g. of 
styrene pseudo-nitrosite with hot chloroform produced (5.1 
g. of an oily solid which melted at 94.5-95.5° after recrys-
tallization from carbon tetrachloride. Recrystallization 
of the styrene pseudo-nitrosite from hot water also produced 
white needles melting at 94.5-95.5°. The oxime is reported 
to melt at 96 V " 

w-Nitroacetophenone.—Refluxing a portion of either u-
nitroacetopheuone oxime or styrene pseudo-nitrosite with 
dilute hydrochloric acid gave rise to white needles melting 
at 194.5-105.5° (literature,19 m.p . 105-105.5°). 

Reaction of N-( l-Phenyl-2-nitroethyl)-hydroxylamine with 
Benzoyl Chloride.—To 2 g. (0.011 mole) of X-(l-phenyl-2-
nitroethyl)-hydroxylamine dissolved in 10 ml. of anhydrous 
pyridine, 2.8 g. (0.022 mole) of benzoyl chloride was added. 
The mixture was shaken and kept chilled. After 10 minutes, 
the mixture was poured into 50 ml. of cold water. A brown 
oil w;is obtained which was washed twice with water and 

Zief and Masonl have reported the reaction between 
benzyl cyanide and morpholinomethanol to give 
the expected amino nitrile C6H5CH(CN)CH2X O 
However, attempts to prepare the picrate resulted 
in cleavage of the molecule by a reverse Mannich 
reaction. 

In the present work, the reaction of the analogous 
diphenylacetonitrile (I) and formaldehyde with the 
six secondary amines, dimethylamine, diethyl-
amine, pyrrolidine, piperidine, morpholine and 
N-methylpiperazine, respectively, is reported.2 

In all cases the expected products (II) were ob
tained, the first three in fair to good yields even at 
low reaction temperatures (40°) but the last three 
onlv in poor vields even at higher temperatures 
(S0"-120°). 

CH2O 
(C6Hs)-CHCX > (C6Hs)2CCX 

R2NH ' j 
I CH2NR5 

HA, NR2 = X(CHs)2; H D , NR2 = piperidino 
HB, XR2 = N(C2H5),; HE, NR2 = morpholino 
HC, NR2 = pyrrolidino; U F , NR2 = N-methylpiperazino 

In contrast to the instability of the salts of the 
Mannich product of benzyl cyanide observed by 

(1) M. Zief and J. P, Mason, J. Org. Chem., 8, 1 (1943). 
(2) After most of this work was completed, M. Bockmuhl and G. 

Ehrhart, Ann., 561, 52 (1948), reported the reaction of diphenyi-
LLcetonitrile and formaldehyde with dimethylamine. However, few 
detiiiK were given and the product was not investigated extensively. 

then was dissolved in a minimum volume of methanol. 
After standing overnight, a solid separated which, on fil
tration and washing with cold methanol, yielded 1.1 g. of 
white solid. The yield was approximately the same when 
three equivalents of benzoyl chloride were used. The solid 
was recrystallized from methanol and then several times from 
benzene, m.p. 155.5456°. 

Anal. Calcd. for C29H22N,06: C, 70.46; H, 4.48; N, 
5.67. Found: C, 70.31; H, 4.86; N, 5.00. 

A methaiiolic solution did not give a color with 1 % ferric 
chloride. The compound was insoluble in 5% sodium hy
droxide after 30 minutes. After a longer period the solid 
is soluble. Xeutralization of the alkali with hydrochloric 
acid and treatment with 1% ferric chloride produced an 
intense red-violet coloration. Strong alkaline hydrolysis 
of 4.4 g. of the benzoylated product produced 2.4 g. of 
purified benzoic acid (m.p. 120.5-121.5°) corresponding 
to 2.2 moles of benzoic acid per mole of benzoylated 
product. 
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Zief and Mason, the product IIA obtained from 
dimethylamine formed a stable crystalline hydro
chloride which underwent nearly quantitative 
reversal only on prolonged heating in water. On 
the other hand, when 75% sulfuric acid at 140° 
was employed as the hydrolytic agent, the corre
sponding /3-amino acid HIA was produced in a 64% 
yield. In like manner, the diethylamino (HB) 
and piperidino (HD) nitriles were readily hy
drolyzed to the corresponding carboxylic acids, 
IHB and IHC, respectively. The_ reason for this 
apparent anomaly—reversal in weakly acid or 

HA1B1D — > (C6H5)2CC00H 
i 

CH2XR2 

IIIA, NR2 = X(CH3). 
HIB , XR2 = X(C2Hs)2 
IIIC, XR2 = piperidino 

neutral solution and conversion of the nitrile to the 
carboxyl group in strong acid—probably lies in the 
intermediate formation in strong sulfuric acid of 
the following salt-like addition product3 

OSO3H 

(C6Hs)2C-C=NH > (C6Hs)2C-C+=NH + HSO4" 
I f 

CH2NR2 •* CH2XR2 

This would have the effect of reducing the polariz-
(3) Compare J. J. Ritter and P. P. Minieri, T H I S TOUHS-AI., 70, 4045 

(1048). 
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ability (electron withdrawal capacity) of the nitrile 
group and hence its tendency to promote the 
reverse Mannich reaction. 

Other polarizability effects on the reverse Man
nich reaction were also noted. When the nitrile 
HA was treated with ethylmagnesium bromide, 
no water-insoluble basic material could be isolated. 
Here, apparently, the ketonic carbonyl group 
formed in the reaction induced spontaneous rupture 
of the Mannich product. Bockmiihl and Ehrhart2 

also noted this cleavage reaction in attempting to 
prepare the same ketone from the Grignard re
action of the corresponding ester. These results 
are consistent with the observations4 that 1,1-
diphenylacetone undergoes Mannich substitution 
solely at the terminal methyl group and that «-
diphenylacetophenone does not react at all. 

In a similar vein, when the carboxylic acid 
IIIA was heated with acetic anhydride, an 84% 
yield of diphenylacetic acid (VI) was obtained. 
Presumably a mixed anhydride between IIA and 
acetic acid was first formed, which then cleaved. 
Diphenylacetic acid also resulted on refluxing 
IIIA with thionyl chloride. Only when the acid 
IIIA was treated with phosphorus pentachloride 
in ether at 0° could an acid chloride be obtained, 
as indicated by its conversion without purification 
to a series of stable esters (IV) and amides (V) 
(Table I). All of these qualitative observations 
regarding the relative stabilities of these Mannich 

P C l 5 - R O H (C6Hs)2CCOOR 
i > I IV 

CH2N(CHs)2 

I I I A — 

P C l 5 - R 2 N H (C6Hj)2CCONR2 
> I V 

CH2N(CHs)2 

(CH3CO)2O 

or SOCl2 

> (C6Hs)2CHCOOH VI 

- > (C6He)2C=CH2 VII 

type products are consistent with the following 
relative polarizabilities commonly ascribed6 to 
carbonyl groups when present in 'different carbonyl 
functions: 
-COR > -COCl (or anhydride) > -COOR > -CONH 2 

> - C O O -

When the acid IIIA was pyrolyzed at the rela
tively low temperature of 210°, not only carbon 
dioxide but dimethylamine also was evolved to give 
a 77% yield of 1,1-diphenylethylene (VII). 

In addition to the preparation of several esters 
(IV) by reaction of the acid chloride of IIIA with 
alcohols, one ester IV (R = C2H5) was prepared 
by direct esterification of IIIA and three were 
made by treatment of the potassium salt of IIIA 
with an alkyl chloride. Since the potassium salt is 
soluble in non-polar solvents, this method proved 
to be the most convenient when relatively reactive 
halogen compounds were employed. 

For the purpose of structure proof, the methyl 
ester IV (R = CH3) was prepared independently 

(4) W. Wilson and Z. Kyi, / . Chem. Soc, 1321 (1952). 
(5) J. R. Johnson in Oilman, "Organic Chemistry," John Wiley and 

Rons Inc., New York, N. Y., 1943, Vol. II, p. 1847. 

by methylation of the known6 methyl a,a-diphenyl-
j3-aminopropionate. 

None of the compounds reported in the present 
work showed any interesting analgesic activity. 
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Experimenta l 

a,a - Diphenyl - /3 - dimethylaminopropionitrile (HA).—A 
solution of 269 g. of diphenylacetonitrile (I) in 400 cc. of di-
oxane was treated with 170 cc. of a 50% aqueous dimethyl
amine solution. Enough 9 5 % ethanol was added to make a 
clear solution and then 125 cc. of a 40% aqueous formalde
hyde solution was added in several portions. After each 
portion enough 9 5 % ethanol to produce a clear solution was 
introduced into the mixture. In all, 100 cc. of ethanol was 
used, and the temperature of the mixture rose spontane
ously to 45-50°. The homogeneous solution was then placed 
in a hot room (40°) for 33 days. Two layers formed in the 
reaction mixture after several days. 

The reaction mixture was poured' with stirring into a 
large volume of ice-water containing 190 cc. of concentrated 
hydrochloric acid. The acid-insoluble material (68 g.) soon 
formed a semi-solid precipitate which could be removed by 
nitration. 

The acidic aqueous solution was made alkaline with 20% 
sodium hydroxide solution, maintaining a low temperature 
during the neutralization by the addition of ice. The sepa
rated oil was taken up in ether and the solution was washed 
with water. The ethereal extract was dried over anhydrous 
magnesium sulfate. Filtration and removal of the ether gave 
240 g. of crude product which on vacuum distillation yielded 
214 g. ( 6 1 % conversion) of straw-colored oil, b .p . 142-147° 
(0.3 mm.), M26D 1.5662. The distilled product crystallized 
slowly and completely. Recrystallization of a sample from 
pentane gave colorless prisms, m.p. 44-45°. 

Anal. Calcd. for C17Hi8N2: N, 11.19. Found: N, 11.22. 
Hydrochloride, shiny leaflets from methanol-ether, m.p. 

(rapid heating) 186-187° (dec.).7 

Anal. Calcd. for C17Hi9ClN2: C, 71.19; H, 6.68; N, 
9.77. Found: C, 71.06; H, 6.85; N, 9.41. 

The 68 g. of semi-solid non-basic material obtained as a 
by-product consisted mainly of a mixture of unreacted di
phenylacetonitrile with an unstable material which gradu
ally regenerated more diphenylacetonitrile together with 
formaldehyde. From the 68 g., 30 g. of pure diphenylaceto
nitrile could be recovered. 

a,a - Diphenyl- 0 - diethylaminopropionitrile (HB).—This 
preparation was similar to that of the dimethylamino analog, 
only equivalent liquid diethylamine in place of the aqueous 
dimethylamine was used. A 5 1 % conversion to the amino-
nitrile was obtained after only five days at 40°, b .p . 143-
148° (0.3 mm.), W25D 1.5550. Recrystallization of the solidi
fied distillate from pentane gave large colorless prisms, 
m.p. 55-56°. 

Anal. Calcd. for Ci9H22N,: C, 81.97; H, 7.97; N, 10.06. 
Found: C, 81.54; H, 7.78; N, 10.04. 

A crystalline hydrochloride could not be obtained. 
a,a-Diphenyl-0-pyrrolidinopropionitrile (HC).—Using pyr

rolidine in place of dimethylamine and allowing the reaction 
to stand for 58 days at 40° gave the solid pyrrolidino nitrile 
in an 86.5% yield, m.p. 98-100°, after one recrystallization 
from Skellysolve C. 

Anal. Calcd. for C13H20N2: C, 82.57; H, 7.29; N, 10.14. 
Found: C, 82.77; H, 7.05; N, 10.28. 

a,a-Diphenyl-#-piperidinopropionitrile (HD).—Substitut
ing piperidine for the dimethylamine in the above procedure 

(6) R. R. Burtner and J. W. Cusic, T H I S JOURNAL, 65, 262 (1943). 
(7) Bockmiihl and Ehrhart (ref. 2) report m.p. 160° for this hydro

chloride. 
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T A B L E I 

a,a-DlPHENVL-/3-DIMETHYLAMINOPROPIONIC ESTERS AND AMIDES ( C 6 H i ) 2 C — C O X 

C H 2 N ( C H 3 ) J 

- O C H 3
6 

-OC2Hs6 

- O C H ( C H 3 ) , 

—OCHsCgHs 

- O C H 2 C H 2 N ( C H 3 V 

- O C H 2 C H 2 N ( C 3 H s ) 2 ' 

- N H 2 

- N H C H 3 

- N ( C H 3 ) 2 

- N H C 2 H 6 

- N ( C 2 H s ) 2 " 

- p i p e r i d i n o 

- N H C 6 H s 

- N H C H s C H 2 N ( C H 3 ) S 

- N H C H 2 C H 2 N ( C 2 H s ) 2 

" Yield b a s e d on a m i n o acid . 

M.p., 0C. 

178-179 

175-176 

175-170 

1 0 5 - 1 7 0 ( 0 . 0 6 m m . / 

209 -210 

200-201 

156-157 

9 8 - 9 9 . 5 

110-112 

7 1 - 7 3 

161-162 

9 5 - 9 7 

147-148 

158-160 ( 0 . 1 m m . ) 1 

187-190 ( 0 . 2 m m . ) * 

M o n o h y d r o c h l o r i d e . 

Yield, %« 

E s t e r s I V 

66 c 

78" 

21" 

3 3 ' 

75» 

78" 

Amides V 

69 

88 

89 

90 

75 

90 

58 

38 

60 

Formula 

C I 8 H 2 2 C I N O / 

C J 9 H 2 1 C I N O 2 ' 

C 2 0 H 2 6 ClNO 2 

C 2 4 H 2 5 N O / 

C 2 I H M C 1 2 N . , 0 2 

C2 3H3 4Cl2N2O2 ' ' 

C17H20N2O 

C1 8H2 2N2O 

C 1 9 H 2 4 N 2 O 

C 1 9H 2 4N 2O 

C 2 1 H 2 9 ClN 2 O 

C2 2H2 8N2O 

C2 3H2 4N2O 

C 2 1 H 2 9 N 3 O 

C2 3H3 3N3O 

Nitrogen, % 
Calcd. Found 

4 . 3 8 

4 . 2 0 

4 . 0 3 

3 . 9 0 

0 . 7 8 

6 . 3 5 

1 0 . 4 4 

9 . 9 2 

9 . 4 5 

9 . 4 5 

7 . 7 6 

8 . 3 3 

8 . 1 3 

1 2 . 3 5 

1 1 . 4 3 

67 .59 ; H , 6.94. F o u n d : C, 67 .93 ; H , 6.80. " C a l c d 
of free base , W26D 1.5241. « P r e p a r e d t h r o u g h t h e p o t a s s i u m sal t , m e t h o d C. 
80 .38 ; H , 6.77. ' D ihydroch lo r ide . ' C a l c d . : C, 62 .58 ; 11 ,7 .76 . F o u n d : 
base . 

' P r e p a r e d t h r o u g h t h e acid chlor ide , m e t h o d B . 
C, 68 .35 ; H , 7.25. F o u n d : C, 68 .90 ; H , 7.40. / 

C, 80 .19 ; H , 7 .01 . 
H , 7.56. * Boiling 

' ' C a l c d . : 
C, 6 2 . 8 1 ; 

4 . 2 7 

4 . 2 9 

4 . 2 4 

3 . 9 7 

0 . 8 0 

6 . 2 6 

1 0 . 3 0 

1 0 . 0 5 

9.42 
9 . 5 4 

7 . 8 4 

8 . 4 1 

8 . 0 6 

1 1 . 9 7 

1 1 . 4 0 
J Ca l cd . : C, 
Boiling po in t 

F o u n d : C, 
po in t of free 

gave on ly a 1 6 % yield of p r o d u c t af ter e igh t d a y s a t 4 0 " . 
T h e p r o c e d u r e was therefore modified as follows: 

T o a so lu t ion of 42 .6 g. ( 0 . 5 mole) of p ipe r id ine in 100 cc . 
of ice-cold 9 5 % e t h a n o l was a d d e d s lowly w i th swirl ing 37 .5 
g. (0 .5 mole ) of 4 0 % a q u e o u s f o r m a l d e h y d e . T o th i s mix
t u r e was a d d e d 19 g. (0 .1 mole) of solid d ipheny lace ton i t r i l e 
a n d t h e so lu t ion was refluxed for 18 h o u r s . T h e e t h a n o l 
was t h e n r e m o v e d b y d is t i l l a t ion in vacuo a n d t h e p r o d u c t 
was isolated f rom t h e res idue b y t h e p r o c e d u r e desc r ibed 
a b o v e for t h e d i m e t h y l a m i n o a n a l o g . F r a c t i o n a l dis t i l la
t ion yie lded 12.1 g. ( 4 2 % ) of t h e p ipe r id ino n i t r i l e , b . p . 
148-152° (0 .3 m m . ) . Red i s t i l l a t ion g a v e a colorless l iqu id , 
b . p . 146° (0 .3 m m . ) , re26D 1.5652. 

Anal. Ca l cd . for C 2 0H 2 2N 2 : N , 9 .65 . F o u n d : N , 9 .80 . 
. a , a - D i p h e n y l - / 3 - ( 4 - m e t h y l - 1 -p ipe raz ino ) -p rop ion i t r i l e 
( H F ) . — U s i n g 50 g. ( 0 . 5 mole) of N - m e t h y l p i p e r a z i n e in 
place of p ipe r id ine in t h e a b o v e p r o c e d u r e g a v e 5.5 g. ( 1 8 % ) 
of t h e co r respond ing ni t r i le as a colorless oil, b . p . 163° ( 0 . 8 
m m . ) , rc26D 1.5600. 

Anal. Ca lcd . for C 2 0H 2 3N 3 : C , 7 8 . 0 5 ; H , 7 .59; N , 13 .76 . 
F o u n d : C , 7 8 . 6 5 ; H , 7 .59; N , 13 .78 . 

u ,a-Diphenyl- (3-morphol inopropioni t r i le ( I I E ) . — N o p r o d 
uct was o b t a i n e d when t h e original low t e m p e r a t u r e ( 4 0 ° ) 
p rocedure was a t t e m p t e d . T h e 18-hour e t h a n o l reflux p r o 
c e d u r e descr ibed in t h e p r e p a r a t i o n of t h e p ipe r id ino ana log 
gave only a 4 % yield of p r o d u c t . W h e n t h e e t h a n o l was 
replaced b y H-butanol a n d refluxing was c o n t i n u e d for 114 
h o u r s , on ly a 6 . 8 % yield of t h e morpho l inoprop ion i t r i l e w a s 
o b t a i n e d in t h e form of colorless p r i s m s , from e v a p o r a t i n g 
e the rea l so lu t ion , m . p . 1 3 2 - 1 3 4 ° . 

Anal. Ca l cd . for C19H211N2O: C, 7 8 . 0 5 ; H , 6 .90 ; N , 9 .58 . 
F o u n d : C , 78 .12 ; H , 6 .74; N , 9 .82 . 

Unsuccess fu l M a n n i c h T y p e R e a c t i o n s . — E x p e r i m e n t s 
us ing t h e descr ibed low t e m p e r a t u r e (40° ) p r o c e d u r e w i t h 
( l ime thy lamine a n d , r espec t ive ly , a -pheny l - a - cyc lohexy l -
ace ton i t r i l e , benzy l c y a n i d e , e thy l d i p h e n y l a c e t a t e a n d d i -
pheny lace t i c ac id , all p roved fruit less. L ikewise , a n a t 
t e m p t to p r e p a r e a ,a -d iphenyl - f J -p iper id inopropioni t r i l e b y 
the ac t ion of p i p e r i d i n o m e t h a n o i on d ipheny lace ton i t r i l e , 
according to the me thod of Zief and M a s o n , 1 was unsuccess 
ful. 

H y d r o l y s i s of a , a -Dipheny l - /3 -d imethy laminoprop ion i t r i l e . 
H y d r o c h l o r i d e ( I I A ) . - - T h r e e g r a m s of I I A h y d r o c h l o r i d e , 
m . p . 1 8 6 - 1 8 7 ° , was h e a t e d on t h e s t e a m - b a t h w i th 60 cc . of 
wa t e r for five h o u r s . T h e p\{ of t h e solut ion decreased from 
an init ial va lue of 3.5 to a final va lue of 2 . 5 . T h e oil which 

s e p a r a t e d solidified on cool ing. F i l t r a t i o n gave 1.83 g. 
( 9 1 % y ie ld) , m . p . 6 7 - 7 0 ° . Rec rys t a l l i za t i on from Skel ly-
solve B raised t h e me l t ing po in t t o 7 2 - 7 4 ° . A mixed me l t 
ing poin t wi th an a u t h e n t i c s ample ( m . p . 7 3 - 7 5 ° ) showed 
t h e p r o d u c t to be d ipheny lace ton i t r i l e ( I ) . 

a , f f -Diphenyl- /3-dimethylarninopropionic Acid ( I H A ) . — 
One h u n d r e d a n d six g r a m s of t h e n i t r i le H A was hea t ed 
w i t h s t i r r ing w i t h 180 cc . of 7 5 % sulfuric ac id for t w o hou r s 
a t 135-140° a n d t h e n a t 140-145° for t w o m o r e h o u r s , or 
un t i l a t e s t s a m p l e showed c o m p l e t e a lka l i - so lubi l i ty . T h e 
ho t solut ion was p o u r e d o n t o ice a n d m a d e u p t o a v o l u m e of 
a b o u t t h r e e l i t e r s . Inso luble m a t e r i a l was filtered off and 
d i s ca rded . T h e filtrate was h e a t e d n e a r l y t o boi l ing a n d 
neu t ra l i zed b y t h e add i t i on of solid b a r i u m h y d r o x i d e . T h e 
progress of t h e neu t ra l i za t ion was m e a s u r e d b y use of Alkacid 
tes t p a p e r . W h e n t h e m i x t u r e b e g a n t o give a green color 
(pH 8) w i th t h e t e s t p a p e r , filtered t es t s amples of t h e mix
t u r e were t r e a t e d w i t h so lu t ions of b a r i u m h y d r o x i d e and 
of sulfuric acid in o rde r t o a t t a i n t h e exac t e n d - p o i n t . T h e 
nea r ly boil ing suspension of b a r i u m sulfa te was t h e n filtered 
t h r o u g h a filter m e d i u m (Fi l te rce l ) a n d t h e b a r i u m sulfate 
cake was washed well w i th h o t w a t e r . T h e combined 
wash ings a n d f i l t ra te were c o n c e n t r a t e d in vacuo to a small 
vo lume (150-200 cc . ) and cooled . F i l t r a t i o n of t h e c rys ta l 
lized ma te r i a l g a v e 73.3 g. ( 0 4 % yie ld) of a m i n o acid I I i A , 
m . p . 158-100° ( d e c ) . Suspend ing in 200 cc . of ice-cold 
d r y ace tone a n d filtering gave 72 .0 g., m . p . 104-165° ( d e c ) . 
T h i s p r o d u c t was pu re enough for fu r the r u s e . F o r ana lys i s 
it was recrys ta l l ized from isopropyl a lcohol , w h i t e powde r , 
m . p . 160° ( d e c ) . 

Anal. Ca l cd . for C 1 7 H 1 9 NO 2 : C , 7 5 . 8 1 ; H , 7 . 1 1 ; N , 
5 .20. F o u n d : C , 76 .07 ; H , 7 .15 ; N , 5 .37 . 

a , a -Dipheny l - /3 -d ime thy laminoprop ionamide V ( R = H ) . 
— W h e n t h e above hydro lys i s in 7 5 % sulfuric acid was 
car r ied ou t for t h r e e h o u r s a t s t e a m - b a t h t e m p e r a t u r e in
s t ead of a t 140° , 7 5 % of t h e s t a r t i n g m a t e r i a l was recovered , 
t o g e t h e r wi th a small a m o u n t of t h e a m i d e V ( R = H ) . 
T h i s a m i d e was sepa ra t ed from t h e ni t r i le I I b y wash ing 
wi th w a r m p e n t a n e a n d recrys ta l l iz ing from a q u e o u s e th 
anol , m . p . 1 5 6 - 1 5 7 ° . F o r n i t rogen ana lys i s see T a b l e I . 

a ,a -Diphenyl - /3 -d ie thy laminopropionic Acid ( H I B ) . — a , a -
Diphenyl - /3 -d ie thy laminopropioni t r i l e ( H B ) was subjec ted 
t o t h e s a m e h y d r o l y t i c cond i t ions as were used for t h e p r e p a 
ra t ion of t h e acid I H A . I n s t e a d of p rec ip i t a t i ng t h e sulfate 
w i th b a r i u m h y d r o x i d e , t h e sulfuric acid was neu t ra l i zed 
with sod ium b i c a r b o n a t e and t h e resu l t ing solut ion was con
cen t r a t ed in vacuo t o a smal l v o l u m e . T h e p roduc t sepa-
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rated in poor yield and was purified by recrystallization, 
first, several times from acetone-ether, and finally from 
acetone alone, m.p . 121-122° ( d e c ) . 

Anal. Calcd. for Ci9H23NO2: C, 76.73; H, 7.80; N, 
4.71. Found: C, 76.50; H, 7.53; N, 4.81. 

a,a-Diphenyl-/3-piperidinopropionic Acid (HIC).—This 
product was prepared in poor yield, in the same way as the 
above diethylamino compound, from the corresponding 
piperidinonitrile ( H D ) . It crystallized from dry acetone, 
m.p. 137-138° ( d e c ) . 

Anal. Calcd. for C20H23NO2: C, 77.64; H, 7.49; N, 
4.53. Found: C, 78.16; H, 7.66; N, 4.52. 

Reactions Leading to the Cleavage of a,a-Diphenyl-/3-
dimethylaminopropionic Acid (IIIA). A. Pyrolysis. For
mation of 1,1-Diphenylethylene (VII).—Ten grams of the 
amino acid IIIA was placed in a vacuum distillation ap
paratus and heated in an oil-bath held at 210-215° under a 10 
mm. vacuum. There was obtained as the distillate 5.25 g. 
(77% yield) of a colorless oil, b .p . 130-135° (9 mm.) . 
Two more distillations gave a b .p . 138° (10 mm.), nMD 
1.6057. 

Anal. Calcd. for C14Hi2: C, 93.29; H, 6.71. Found: 
C, 93.43; H, 6.74. 

The identity of this product as 1,1-diphenylethylene was 
further established by conversion to the dibromide, m.p. 
56-58°, which on heating evolved hydrogen bromide to give 
l,l-diphenyl-2-bromoethylene.8 Also, the maleic anhy
dride addition product was prepared, m.p. 276-278° (lit.9 

m.p. 279-281°). 
B. Acetic Anhydride. Formation of Diphenylacetic Acid 

(VI).—A mixture of 5.4 g. of the amino acid IIIA and 20 cc. 
of acetic anhydride was heated on the steam-bath for four 
hours. The orange solution was poured into cold water and 
after excess acetic anhydride had decomposed, the solid 
product was filtered. Purification through the sodium salt 
gave 3.57 g. (84% yield) of diphenylacetic acid, m.p. 146-
147° after recrystallization from dilute ethanol; mixed with 
an authentic sample of diphenylacetic acid, mixed m.p . 
147-148°. 

Preparation of a,a-Diphenyl-3-dimethylaminopropion-
amides (V) from the Amino Acid IIIA.—The general method 
used in the preparation of all the amides is illustrated by 
the following procedure employed in the synthesis of the 
simple amide V (R = H) . The results obtained for the 
other amides are summarized in Table I. 

A suspension of 5.4 g. (0.02 mole) of finely ground amino 
acid IIIA in 150 cc. of dry ether was stirred in an ice-bath 
with 6.8 g. of phosphorus pentachloride for three hours. 
The solvent was decanted from the insoluble product which 
was then washed by decantation with 250 c c of cold dry 
ether in three portions. To the cold suspension of acid 
chloride hydrochloride was added slowly with stirring 150 c c 
of a cold saturated solution of ammonia in dry ether, main
taining a temperature below 10°. Then ammonia gas was 
passed through the mixture until it was saturated, keeping 
the temperature below 15°. After several hours of stirring 
in an ice-bath, the mixture was allowed to stand overnight 
at room temperature. 

The reaction mixture was poured into cold water and the 
ether layer was separated. The ether layer containing 
some undissolved product was washed and the ether re
moved. The residual solid was washed with a little cold dry 
ether and filtered; yield 3.75 g. (69% based on amino acid), 
m.p. 153-155°. Recrystallization from ethanol-water 
gave m.p . 156-157°. When mixed with a sample of the 
amide obtained by partial hydrolysis of the nitrile HA it 
gave no depression of melting point. 

Anal. Calcd. for C7H20N2O: C, 76.08; H, 7.51. 
Found: C, 76.35; H, 7.42. 

Preparation of a,a-Diphenyl-(3-dimethylaminopropionic 
Esters (IV).—Three methods were used for the preparation 

(8) P. I.ipp, Ber., 56, 567 (1923). 
(9) T. Wagaer-Jauregg, ibid., S3, 3223 (1930); Ann., 191, 1 (1931). 

of these esters. Examples of each are given below. Re
sults are summarized in Table I . 

Method A. Direct Esterification. Preparation of the 
Ethyl Ester IV (R = C 2 H 6 ) . -A solution of 2.70 g. (0.01 
mole) of the amino acid HIA in 50 c c of absolute ethanol 
was treated with 5.5 cc. of concentrated sulfuric acid. The 
solution was distilled slowly, replacing the lost alcohol with 
more dry ethanol. After four hours when about 250 cc. of 
alcohol had distilled, the alcohol coming over appeared to 
be anhydrous as tested by miscibility with kerosene. The 
solution was concentrated to about 25 cc. and poured into 
cold water. The clear aqueous solution was made alkaline 
with 20% sodium hydroxide and the separated oil was 
taken up in ether, washed and dried with anhydrous mag
nesium sulfate. Treatment of the dry solution with ethereal 
hvdrogen chloride gave 1.45 g. ( 43% yield) of ethyl ester 
hydrochloride IV (R = C2H6), m.p. 173-176°. Recrystalli
zation from acetone and then from ethanol-ether gave small 
prisms, m.p. 175-176° ( d e c ) . For analyses, see Table I . 

Method B. Esterification through the Acid Chloride. 
Preparation of the Methyl Ester IV (R = C H 3 ) , - T h e acid 
chloride hydrochloride of the amino acid IIIA was prepared 
in exactly the same way as indicated above for the prepara
tion of the amides. This acid chloride was treated with ex
cess methanol and allowed to stand at room temperature 
overnight. The product was isolated in the same way as 
indicated under method A. The ester hydrochloride was 
obtained in the form of large prisms from methanol-ether; 
m.p. 178-179° (dec ) , yield 66%. A sample mixed with 
the corresponding ethyl ester hydrochloride, m.p. 175-176°, 
gave a 10% depression of melting point. Likewise the iso-
propyl ester hydrochloride, m.p. 175-176°, gave similar 

.melting point depressions when mixed separately with 
samples of the methyl and ethyl esters. For analyses, see 
Table I . 

Method C. Esterification through the Potassium Salt. 
Preparation of the Diethylaminoethyl Ester IV (R = C2H6)2-
NCH2CH2-).—A solution of 5.4 g. (0.02 mole) of the amino 
acid IIIA in 100 cc. of methanol was neutralized with meth-
anolic potassium hydroxide using phenolphthalein as an 
indicator. The filtered solution was then concentrated to 
dryness and the residue was dried in a vacuum desiccator 
overnight. The solid potassium salt was dissolved in 50 
c c of dry benzene and refluxed with 3 g. of freshly distilled 
diethylaminoethyl chloride for 20 hours. The benzene 
was then distilled and the residue was taken up in ether, 
washed with water and extracted with excess dilute hydro
chloric acid. The acid extract was made alkaline with 2 0 % 
sodium hydroxide. The separated oil was taken up in 
ether, washed and dried over anhydrous magnesium sulfate. 
Distillation of the ether gave 6.17 g. of a colorless oil which 
was dissolved in a small amount of dry ethanol and treated 
with excess ethereal hydrogen chloride. Addition of more 
dry ether precipitated 6.9 g. ( 7 8 % yield) of the ester dihy-
drochloride, m.p. 200-201° ( d e c ) . For analysis, a sample 
was crystallized from dry ethanol to give small colorless 
prisms with no change in melting point. See Table I for 
analytical results. 

Structure Proof. Methylation of Methyl a,a-Diphenyl-
/S-aminopropionate.—The free methyl a,a-diphenyl-/3-amino-
propionate prepared from 1.45 g. (0.005 mole) of the hydro
chloride6 was refluxed for two hours with a mixture of 5 cc. of 
9 0 % formic acid and 0.33 g. (0.11 mole) of paraformalde
hyde. The excess formic acid was removed in vacuo and the 
residue was treated with excess dilute hydrochloric acid. 
The aqueous solution was extracted with ether, which was 
discarded, and was made alkaline with 20% sodium hy
droxide. The oil which separated was taken up in ether, 
washed and dried. The filtered ethereal solution was 
treated with an excess of an ether solution of hydrogen 
chloride. The hydrochloride which separated weighed 
0.98 g., and melted at 169-172°. Recrystallization from 
acetone raised the melting point to 177-178° ( d e c ) . Mixed 
with a sample of IV (R = CH3) obtained from the amino 
acid IIIA, it gave no depression of melting point. 
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