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in the presence of 40 g. of 10% palladium-charcoal at normal 
pressure and at about 40°. After 17.5 1. of hydrogen was ab
sorbed in about 35 min., the catalyst was filtered and the filtrate 
was evaporated in vacuo. The semisolid residue was triturated 
with methanol to give 164 g. of dihydrochloride. The base, ob
tained by treating a solution of the dihydrochloride with an 
excess of sodium hydroxide, melted at 128-129° after recrystal-
lization from toluene. This product could also be obtained in 
90 % yield by direct debenzylation of compound 8 in diluted 2-
propanol. 

l-Benzyl-4-pyrrolidino-4-piperidinecarboxylic Acid Dihydro
chloride Hydrate.—A solution of 71.5 g. (0.5 mole) of l-benzyl-4-
pyrrolidino-4-piperidinecarboxamide in 1 1. of concentrated 
hydrochloric acid was refiuxed for 26 hr. The reaction mixture 
was evaporated to dryness under diminished pressure. The solid 
residue was recrystallized first from a mixture of hydrochloric 
acid and water (1:1), then from water to give 29 g. (15.3%) of 
material, m.p. 260-262°. 

Anal. Calcd. for Ci,H24N202-2riCl-H20: neut. equiv. 
(base), 189.5; neut, equiv. (acid), 126.3; CI, 18.69; N, 7.37; 
H 20, 4.75. Found: neut, equiv. (base), 194; neut. equiv. 
(acid), 129; CI, 18.74; N, 7.52; H 2 0 3.76. 

l-7-(4-Fluorobenzoylpropyl)-4-piperidino-4-piperidinecar-
boxamide (25).—A mixture of 5.6 g. (0.03 mole) of Y-chloro-4-
fluorobutyrophenone,12 4.1 g. (0.02 mole) of 4-piperidino-4-

(12) C. van de Westeringh, B. Hermans, F. Raeymaekers, and C. Van der 
Eycken, Ind. Chim. Beige. 1073 (1960). 

The search for new synthetic analgesics has led to 
the preparation of diphenylpropylamine derivatives. 
A comprehensive survey of this work has been given.1 

Lindner2"b and Kochsiek, et al.,2" reported on a new 
therapeutic action of one member of this group. The 
compound, X-(3-phenyl-2-propyl)-3,3-diphenylpropyl-
amine2d (I), is a coronary dilator of prolonged action. 

(C6H6)2CH(CH2)2NHCH(CH3)CH2C6H6 

I 

Ehrhart described the preparation of I and its analogs3 

and used various diarylalkyl groups as X-substituents 
of 2-amino-l-phenylpropane, emphasizing interest in 
the X-phenyl-2-aminopropane section of the molecule. 

We have studied certain structural changes of I by 
retaining intact the 3,3-diphenylpropyl group and vary
ing only the other substituent on the nitrogen atom. 
The preparation of these compounds was based on the 
assumption that it might be easiest to form a carbon-

(1) P. A. J. Janssen, "Synthetic Analgesics," Pergamon Press, London, 
I960, Part 1. 

(2) (a) E. Lindner, Arzneimittd-Forach., 10, 569, 573 (1960); (b) II. H. 
Schone and E. Lindner, ibid., 10, 583 (1960); (c) K. Kochsiek, H. J. Bret-
schneider, and F. Scheler, ibid., 10, 583 (1960): (d) Prenylamine*. 

(3) G. Ehrhart, Areh. l'harm., 295, 196 (1962). 

piperidinecarboxamide, 6.4 g. (0.065 mole) of sodium carbonate, 
and some crystals of potassium iodide in 175 ml. toluene was 
refiuxed with stirring for 48 hr. The mixture was cooled, and 
50 ml. of water was added. The organic phase was separated, 
dried over potassium carbonate, filtered, and evaporated. The 
solid residue was washed with ether to yield 4 g. (54.9%) of the 
above compound, m.p. 124.5-126°. This product was con
verted to its hydrochloride which, after trituration in boiling 
2-propanol, melted at 261-263°. 

1 -(3-Carboxamido-3,3-diphenylpropyl )-4-piperidino-4-piperi-
dinecarboxamide (31).—A solution of 4.3 g. (0.01 mole) of com
pound 30 in 60 ml. of 90% sulfuric acid was heated for 3 hr. at 
100°. After allowing to cool to 50°, the reaction mixture was 
poured onto an excess of ammonium hydroxide and crushed ice. 
The precipitated solid was extracted into chloroform. After 
drying the extract, the solvent was removed by distillation 
leaving a solid, which, after recrystallization from a mixture of 
acetone and diisopropyl ether, gave 2.8 g. of compound 31. 

Acknowledgment.—Analyses were carried out under 
the direction of Mr. P. J. A. Demoen. The work de
scribed in this publication is part of a program on 
piperidine derivatives, a program supported by a 
grant from the "Instituut tot Aanmoediging van het 
Wetenschappelijk Onderzoek in Xijverheid en Land-
bouw(IWOXL)." 

nitrogen bond by reductive condensation in the final 
step of the synthesis. These compounds can be 
synthesized from 3,3-diphenylpropionaldehyde (II) 
via 3,3-diphenylpropylamine (III). 

Although III can be prepared satisfactorily by the 
method described in the literature,4 the methods given 
for the preparation of II result in poor yields. Ac
cording to Bockniuhl, et al.,6 II can be obtained by 
allowing diphenylmethane to react with chloroacetal 
in the presence of sodium. There was no mention of 
the yield; in repeating these directions, we were just 
about able to identify II in the reaction product. 

In their work concerning the reaction of mercury 
chloroaldehydes with halogen compounds Curtin and 
Hurwitz described the preparation of II from mercury 
chloroacetaldehyde and diphenylchloromethane in the 
presence of tin tetrachloride.6 A 37% yield was ob
tained under extreme anhydrous conditions. 

We have succeeded in obtaining distilled II by the 
Rosenmund method in a 60-65% yield from 3,3-
diphenjdpropionic acid which is easily accessible. The 

(4) S. K. Freeman, W. F. Ringk, and P. E. Spoerri, J. Am. Chem. Sac., 
69, 858 (1947). 

(5) M. Bockmuhl, G. Ehrhart, O. Eisleb, and L. Stein, U. S. Patent 
2,446,552 (1948). 

(6) D. Y. Curtin and M. J. Hurwitz, ./. Am. Chem. Soc., 74, 5381 (1952). 
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Reductive condensation of 3,3-diphenylpropionaldehyde with primary amines such as 3,3-diphenylpropyl
amine with ketones leads to N-substituted 3,3-diphenylpropylamine derivatives. 3,3-Diphenylpropionaldehyde 
could be obtained in 60-65% yield by the Rosenmund reaction. Reductive condensation with basic ketones 
resulted in more readily soluble 3,3-diphenylpropylamine derivatives. The coronary dilator action of some of 
the products was determined. 
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synthesis involved the reaction of I I with primary 
amines or the reaction of I I I with various ketones. The 
catalytic hydrogenation was followed by. or carried 
out simultaneously with the condensation. 

(C(iHs)2CHCH2CHO + H-.NR — 
K:6H5)2CH(CH2)2XHU + H2() 

II 

(C,ai;,)2CHCH2CH2NH2 + UiK2Co ^ 
(C 6 H 6 ) 2 ( . 'H( ( ;H 2 ) S XHCHHIR 2 + H2O 

III 

The reductive condensation of II with primary 
amines resulted in a poor yield of the corresponding 
secondary amine, as the amine in the system induced 
aldolization of I I . The nitrogen-free aldo! was sepa
rated from the reaction mixture. 

211 — (C6Hi)2CHCH2CH()HCHCH(CsH5)2 

CHO 

By reductive condensation of o\H-diphenylpropional-
dehyde with primary amines, secondary amines with 
primary carbon atoms on the nitrogen were prepared. 
The reductive; condensation of I I I with ketones gave an 
excellent yield of the desired secondary amine. By an 
appropriate choice of the ketone component the follow
ing structural changes were performed. 

(a) Variation of the distance between the nitrogen 
atom and the aromatic ring occurred by substitution 
of l-phenylethyl and l-phenyI-3-butyl for l-phenyl-2-
propyl. 

(b) The methyl group on the a-carbon atom was 
substituted by longer alky] radicals (1-phenylpropyl 
and l-phenyl-2-butyl). A poorer yield was obtained 
after reductive condensation of these derivatives, due 
probably to steric hindrance. 

(c) Hydroxy and alkoxy substituents were intro
duced into the aromatic ring. 

(d) The aralkyl radical was substituted by a 
cycloalkyl condensed benzene ring in the case of X-
indanyl. Here good yields were obtained. 

t'e) Some cycloalkyl derivatives were also pre
pared. 

All these compounds and their salts are but poorly 
soluble in water. To improve water solubility basic 
ketones were; used for the reductive condensation. 4-
(4-Dimethylainiiiophenyl)-2-butanone was used to 
form the aralkyl substituent and l-ethyl-4-piperidone 
for the formation of a substituent similar to the cyclo-
hexyl group; 2-(2-dimethylaminoethyl)indanone and 
tropinone were used in the reductive condensation step. 

Some representative ketones containing basic groups 
were1 also prepared, with phenolic ethers as the basic 
group in the molecule. Vasodilators with similar func
tional groups are known, e.g., 8,4-bis-(4-diethylamiuo-
ethoxyphenyl)hexane. The preparation of such com
pounds from ketones with free phenolic hydroxyls was 
curried out according to the method of Rohmann and 
Meisel.' Products substituted with the latter basic 
group formed salts with better solubility in water. 
However, the yield of these products after reductive 
condensation was lower than tha t of the analogous 
ketones without basic groups. 

a> ('. Hoi imann a.nd I). .Meisel, .[,,•/.. I'harnt., 294, 588 (lOfil). 

These substances were tested for coronary dilator 
activity in cats by the Langendorff method s with cat 
blood as perfusing fluid and in dogs by the Morawitz 
eauuloC These tests have shown that the coronary 
dilator action depends on the X-substituted ;5,8-di-
phenylpropylamine structure. In cats the average 
increase in coronary flow caused by 100 7 of I was 
.">(>.Sc'( and the same doses of compounds 1, 5, and 7 
of Table 1 and 4 of Table I I produced average increases 
of ti4.7, ")(i, 42, and o l % , respectively. In dogs 1 nig. 
kg. of 1 raised coronary flow by 11.7C ^ and reduced 
calculated coronary vascular resistance by 2:,>.4t,. 
The same doses of compounds 1 and 5 increased coro
nary flow by 12 and 11.4%, and reduced resistance by 
21 and 22c <. respectively (average values of 5 10 
experiments). Although the X-substituted groups 
were structurally different (see tables), the compounds 
displayed a coronary dilator action similar to that of 
I. 

Clinical trials have shown that X"-l-phenylethyl-
oCS-diphenylpropylaniine hydrochloride has a coronary 
dilator effect comparable to tha t of I [X-(.S-phenyl-2-
propyl)-3.3-diphenyIpi'opyIainine ].'" 

Experimental'' 
3,3-Diphenylpropionaldehyde by the Rosenmund Reaction. 

3,3-Diphenylpropionyl chloride (38.09 g.) was obtained from the 
reaction of 41.60 g. of 3,3-diphenylpropionie acid with 42.4 nil. 
of thionyl chloride. The product distilled at 152-154° (0.4 
nun.). It was dissolved in 208 ml. of anhydrous xylene, and 2.4 
nil. of quinoline-sulfur catalyst poison and 16.5 g. of 5 C Pd 
KaSO,( catalyst were added. The apparatus was provided with 
a stirrer, reflux condenser, and hydrogen inlet. Reaction time 
was 4 hr. at the boiling point of the solution. The catalyst was 
filtered off and the filtrate was shaken with 10Vc Xa 2c6 3 . On 
acidification 2.53 g. of 3,3-diphenylpropionic acid was obtained. 
Evaporation of the xylene solution furnished 30.13 g. of solvent-
free residue, which when distilled gave a main fraction, b.p. 
143-145° (1.4 mm.), 20.71-g. (03.5C ) yield, which solidified on 
cooling; m.p. of dinitrophenylhydrazone 176-177° (lit.6 corrected 
value 177-178°). 

N-3,4-Dimethoxyphenethyl-3,3-diphenyipropylamine Hydro
chloride.—3,3-1 liphenylpropionaldehyde (11.75 g.) and 10.12 g. 
of 3,4-dimetboxyphenethylamine were heated on the water 
bath for 20 min. The melt was dissolved in 100 ml. of anhy
drous alcohol and hydrogenated at atmospheric pressure in the 
presence of Pd O catalyst. Hydrogen uptake was below the 
calculated value. The catalyst was filtered off, and the filtrate 
was evaporated to dryness. The residue (17.85 g.) was dissolved 
in 100 ml. of ether, and a small quantity of undissolved substance 
was filtered off. On addition of anhydrous ethanolic hydrogen 
chloride, 15.33 g. of a substance precipitated which melted be
tween 110 and 150°. When reerystallized from a mixture of 
30 ml. of anhydrous ethanol and 60 ml. of ethyl acetate, 5.02 g. 
of a substance melting at 186-187° was obtained, the melting-
point, remaining unchanged after repeated reervstallization. 

Anal. Calcd. for Cc.HmCINO,: (.', 72.88;' H, 7.31: X, 3.4. 
Found: C. 72.74: II, 7.06; X, 3.30. 

Reaction of Diphenylpropionaldehyde with Phenethylamine. 
3,3-Diphenylpropionaldehyde (10.50 g.) and 6.1 g. of phenethyl
amine were heated for 20 min. over a water bath in 100 ml. of 
anhydrous ethanol. The solution was transferred to a hydro
genation vessel. A considerably smaller hydrogen uptake than 
calculated was observed. The solution was filtered while warm. 
After cooling, 3.15 g. of substance precipitated which when 
recrystallized from alcohol melted at 127°. 

Anal. Calcd. for CKJISSO, (5,5-diphenyl-2-diphenylmet:hyl-3-
hydroxypentanal): ('•. 8.1.68; H, 6.71. Found: O, 85.47; H. 
(i!5(i. 

1S1 () . I.anEeiidoriT, /'.//«<«.,.< .!,,•/,. <.;•«. f'li,,su,l.. 61 , 211) ilS!l."i). 
:«.) P. M o r a w i t z and A. Zalm, Zciilr. fhiixinl.. 26, '165 (ItllL'i. 
ilOi Personal commun ica t i ons of Professor GotTsejien, Xat iona] l n s n o i l e 

of < 'ardiolo^y. B u d a p e s t 
I 1 ! Meltilia points arc corrected. 
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TABLE I 

N-SuBSTITUTED 3,3-DlPHENYLPROPYLAMINE DERIVATIVES FROM 3,3-DlPHENYLPROPYLAMINE WITH KETONES 

S'o. 

1 
2 

3 

4 
5 

a 

7 
8 
9 

Ketone 

Acetophenone 
Propiophenone 

l-Phetiyl-2-butanone 

4-Phenyl-2-butanone 
4- (4-H ydroxyphenyl)-

2-butanone 
4-(4-Hydroxy-3-meth-

oxyphenyl) -2-buta-
none 

Cyclohexanone 
1-Indanone 
3-Phenyl-l-indanone 

B.p. of amine, 
°C. (mm.) 

191 (0.15) 
215-217 (0.6) 

201-202(0.08) 
lie-122& 

112= 

160-162(0.15) 

% 
yield 

of dis
tilled 
base 

8 0 . 5 
7 0 . 5 

8 5 . 5 
80 

83 

9 1 . 5 

Salt 
forming 

acid 

HC1 
HC1 

Maleic acid 

Maleic acid 
Maleic acid 

Maleic acid 

Male ic acid 
HC1 
Maleic acid 

% 
yield 

of sa l t 

8 1 . 5 
8 0 . 5 

6 9 . 5 " 

9 2 . 5 
86 

8 9 . 5 

98 
82° 
70" 

M.p . , 
°C . 

206 
2 1 2 -

213 
1 3 1 -

132 
135 
125 

1 2 2 -
125 

173 
201 
213 

Empi r i ca l 
formula 

C2SHJ6C1N 
C H H M C I N 

C29H33NO4 

C29HB3NO4 
C29H33NOS 

CJOHSBNOS 

C2JH31NO4 
C24H2BC1N 
C34H33NO4 

, 
C 

78.50 
78.77 

75.95 

75.95 
73.24 

71.26 

73.33 
79.20 
78.59 

Calcd.-
H 

7.45 
7.71 

7.03 

7.03 
6.99 

6.98 

7.63 
7.20 
6.40 

—Analysis, %— 

N 

4.02 
3.83 

3.42 

, 
C 

78.34 
79.05 

75.65 

75.95 
73.28 

71.11 

73.29 
79.11 
78.63 

-Found-
H 

7.50 
7.69 

7.05 

6.98 
6.87 

6.98 

7.51 
7.09 
6.74 

. 
N 

3.90 
3.89 

3.44 

" Yield of salt formation from the crude base. >> M.p. Anal. Calcd. for C ^ H J S N O : N, 3.90. Found: X, 3.85. " M.p. Anal. 
Calcd. for C2eH3iNO,: C, 80.17; H, 8.02; N, 3.60. Found: C, 80.02; H, 7.96; N, 3.58. 

TABLE II 

\-SUBSTITUTED 3,3-DlPHENYLPROPYLAMINES FROM 3,3-DlPHENYLPROPYLAMINE WITH BASIC KETONES 

No 

1 

2 

3 

4 

5 

6 

7 

Ketone 

4-(4-Diethylamino-
ethoxyphenyl)-2-
butanone 

4-(4-Piperidinoethoxy-
phenyl)-2-butanone 

4- (Diethylamino-
ethoxy)-acetophe
none 

4-(4-Dimethylamino-
phenyl)-2-butanone 

l-Ethyl-4-piperidone 

2-(2-Dimethylamino-
ethyl)indanone 
Tropin one 

B.p. of amine, 
°C. (mm.) 

246-249(0.1) 

264-268 (0.6) 

210-214 (0.6) 

214-218(0.15) 

% 
yield 

of dis
tilled 
base 

75 

63 

55 

45 

Salt 
forming 

acid 

2Male ic acid 

2HC1 

2HC1 

1 Maleic acid 

2HC1 

2HC1 

2HC1 

% 
yield 
of sa l t 

93 

72° 

87 

71 b 

75 

63° 

c 

M . p . , 
° C . 

1 2 0 -
122 

226 

223 

1 4 9 -
150 

3 1 0 -
312 

218 

284"' 

Empi r i ca l 
formula 

C39H50N2O9 

C s . H n C h N s O 

C29H40CI2N2O 

C29H3SNs04 

C!2H32C12NYH20 

C28H36CI2N2 

C23H32CI2N2 

. 1 
C 

6 7 . 8 0 

7 0 . 8 3 

6 9 . 1 6 

7 2 . 7 7 

6 3 . 9 1 

6 7 . 8 0 

3alcd.— 
H 

7 . 3 0 

7 . 9 4 

8 .01 

8 .00 

8 .29 

7 . 9 2 

—Analyi 

. 
N 

4.06 

5.16 

5.85 

6.78 

5.94 

6.88 

SIS, % 

c 
67.80 

70.89 

69.15 

72.74 

63.96 

68.03 

Found-
H 

6.98 

8.00 

8.13 

7.69 

8.07 

8.03 

• 

N 

4.08 

5.33 

5.86 

6.54 

5.65 

6.82 

0 Yield of salt formation from the crude base. b Yield of salt formation from the crude base, calculated for the crude salt; there was 
considerable loss at recrystallization. c endo and exo isomers can be precipitated with a 68% yield, m.p. 185-192°. ° One of the iso
mers crystallized from ethyl alcohol. 

The aldol was filtered off and the filtrate was evaporated. On 
addition of alcoholic H O , 2.77 g. of hydrochloride salt was ob
tained. The substance which crystallized from the mother liquor 
had no sharp melting point. I t was recrystallized from 2 5 % 
anhydrous ethanol and 7 5 % ethyl acetate, giving 1.78 g. of phen-
ethylamine hydrochloride, m.p. 222°. From the mother liquor 
a crystalline substance was precipitated with water which was 
found to be N-phenethyl-3,3-diphenylpropylamine hydrochlo
ride, m.p. 213-214°. 

Anal. Calcd. for C23H26C1N: C, 78.49; H, 7.45; N, 3.98. 
Found: C, 78.72; H, 7.55; N, 3.91. 

General Method for the Reductive Condensation of 3,3-
Diphenylpropylamine and Ketones.—Equivalent quantities of 
3,3-diphenylpropylamine and ketone were hydrogenated in 
methanol in the presence of Pd-C catalyst at temperatures be
tween 50-60° and at 5-12 atm. At the end of the reaction the 
catalyst was filtered off, and the solvent evaporated. The 
base was purified either by distillation in vacuo or by direct salt 
formation. 

The two compounds containing free phenolic hydroxy Is (Table 
I, 5 and 6) were obtained in crystalline form after treatment with 
ethyl acetate. Similar reactions were carried out with basic 
ketones. The ketones for the reaction were prepared as follows. 

4-(4-Piperidinoethoxyphenyl)-2-butanone.—A mixture of 32.8 
g. (0.2 mole) of 4-(4-hydroxyphenyl)-2-butanone, 70 g. of powd
ered K2CO3, 1 ml. of water, 300 ml. of acetone, and 15 ml. of 
methanol were weighed into a round-bottomed flask fitted with 
a Soxhlet extractor; 37.0 g. (about 0.2 mole) of piperidinoethyl 

chloride hydrochloride was added. The solution was boiled 
under reflux for 20 hr., after which the bulk of the solvent was 
distilled off and the residue was poured into 500 ml. of water. 
The oily substance, insoluble in water, was taken up with ether 
and washed with an aqueous solution of 8 g. of NaOH. Evapo
ration of the ether left 46.96 g. of substance which when distilled 
gave 44.77 g. boiling at 201-202° (0.8 mm.). A small quantity of 
this distillate was used to form the hydrochloride salt, melting 
at 136°. 

Anal. Calcd. for CnH2 6ClN02 : C, 65.48; H, 8.41; N, 
4.49. Found: C, 65.77; H, 8.57; N, 4.39. 

4-(4-Diethylaminoethoxyphenyl)-2-butanone.—As diethyl-
aminoethyl chloride hydrochloride is more soluble, a shorter 
reaction time was sufficient and the acetone used contained no 
methyl alcohol. The main fraction was collected at 174-176° 
(0.6 mm.). Starting from 0.2 mole, 43.7 g. (83%) of the sub
stance was obtained. The hydrochloride salt melted at 108-
109°. 

Anal. Calcd. for C16H26C1X02: N, 4.67. Found: N, 4.53. 
4-( Dieihylaminoethoxv acetophenone.—The method used was 

the same as above. The product boiled at 152° (0.6 mm.). 
I ts hydrochloride salt had m.p. 149-150°. 

Anal. Calcd. for C H H 2 1 C 1 N 0 2 : N, 5.16. Found: N, 5.06. 
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