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in the presence of 40 g. of 109, 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 dihvdrochloride with an
excess of sodium hydroxide, melted at 128-129° after recrystal-
lization from toluene. This product could also be obtained in
90%% vield by direct debenzylation of compound 8 in diluted 2-
propanol.

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

Anal. Caled. for CiH2N20,-2HCI-H.0: neut. equiv.
(base), 189.5; neut. equiv. (acid), 126.3; Cl, 18.69; N, 7.37;
H,0, 4.75. Found: neut. equiv. (base), 194; neut. equiv.
(acid), 129; CI, 18.74; N, 7.52; H,0 3.76.

1-y-(4-Fluorokenzoylpropyl)-4-piperidino-4-piperidinecar-
boxamide (25).—A mixture of 5.6 g. (0.03 mole) of v-chloro-4-
fluorobutyrophenone,’? 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. Belge, 1073 (1960).
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piperidinecarboxamide, 6.4 g. (0.065 mole) of sodiuu carbonate,
and some crystals of potassium iodide in 175 ml. toluene was
refluxed 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. (54.99) of the
above conipound, m.p. 124.5-126°. This produet was con-
verted to its hydrochloride which, after trituration in boiling
2-propanol, melted at 261-263°.
1-(3-Carboxamido-3,3-diphenylipropy!)-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 animonium 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.
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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.
could be obtained in 60-659, yield by the Rosenmund reaction.
resulted in more readily soluble 3,3-diphenylpropylamine derivatives.

the products was determined.

The search for new synthetic analgesics has led to
the preparation of diphenylpropylamine derivatives.
A comprehensive survey of this work has been given.!
Lindner?® and Kochsiek, et al.,* reported on a new
therapeutie action of oune memker of this group. The
compound, N-(3-phenyl-2-propyl)-3,3-diphenylpropyl-
amine? (I), is a coronary dilator of prolonged action.

(CoHs):CH(CH,):NHCH(CH,;)CH,CsHs
I

Ehrhart described the preparation of I and its analogs®
and used various diarylalkyl groups as N-substituents
of 2-ammno-1-phenylpropane, entphasizing interest in
the N-plienyl-2-aminopropane section of tlie molecule.
We have studied certain structural changes of 1 by
retainiug tutact the 3,3-diphenylpropyl group aud vary-
g only the other substituent on the nitrogen atom.
The preparation of these compounds was based on the
assutiiption that it might be easiest to form: a carbon-

(1) P. A. J. Janssen, ''Syntlhetic Analgesics,” Pergamon Press, London,
1960, Part 1.

(2) (a) E. Lindner, Arzncimittel-Forsrk., 10, 189, 573 (1060); (b) 1. M.
Nelhone and E. Lindner, 1bid., 10, 583 (1960); (¢) K. Kochsiek, H. J. Bret-
schnejder, and . Scheler, iid., 10, 583 (1960): (1) Prenylaine®,

(3) G. Ebrbart, Aech. f"harm., 295, 106 (1962).

3,3-Diphenylpropionaldehyde
Reductive condensation with basic ketones
The coronary dilator action of some of

nitrogen boud by reductive condensation in the final
step of tlie synthesis. These compounds can be
synthesized from 3,3-diphenylpropionaldehyde (II)
r1a 3,3-diphenylpropylamine (I1I).

Although IIT can be prepared satisfactorily by the
method deseribed in the literature,? the methods given
for the preparation of II result in poor yields. Ac-
cording to Bockmiihl, ef al.,® 11 can be obtained by
allowing diphenylmethane to react with chloroacetal
in the presence of sodiuni. 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 conceruing the reaction of niercury
chloroaldehydes with halogen compounds Curtin and
Hurwitz described the preparation of I from mercury
chloroacetaldehyde and diphenylchloromethane in the
presence of tin tetrachloride.® A 379, yield was ob-
tained under extrenie anhydrous conditious.

We have succeeded in obtaining distilled II by the
Rosenmund niethod in a 60-659, yield from 3,3-
diphenylpropionie acid which is eastly accesstble. The

(4) 8. K. Freeman, W. F. Ringk, and P. E. Spoerri, J. Am. Chem. Soc.,
69. 858 (1047).

(5) M. Bockmiibl, G. Ebrbart, 0. Ejsleb, and L. Stein, U. 8. Patent

2,446,552 (1948).
(6) D. Y. Curtin and M. J. Hurwitz, J. Am. Clem. Soc., T4, 3381 (1952).
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synthesis mvolved the reaction of 1I with primary
awines or the reaction of I1T with various ketones.  The
catalytic hydrogenation was followed by, or carried
out siiultancously with the condensation.

(CyHy):CHCH,CHO + H.NR %

(CeHs W CH(CH . NHR + HL0
11

(CiH3):CHCHACHyNH. + IGR.CO M

(Cst});(‘H((‘H,,),_\'H(ZHIII )\3 -+ Hz()
111

The reduetive condensation of [1 with primary
amties resulted ina poor yield of the correspouding
secondary amine, as the amne in the system induced
aldolization of II. The nitrogen-free aldol was sepa-
rated from the reaction mixture.

201 —

(CeHa):CHCH,CHOHCHCH(CsH; %
CHO

By reductive condensation of 3,3-dipltenylpropional-
dehyde with primary amines, secondary auiies with
primary carbon atowms on the nitrogen were prepared.
The reduetive condensation of [T1 with ketones gave an
excellent yield of the desired secondary amine. By an
appropriate choiee of the ketone component tle follow-
ing struetural changes were perforied.

(a) Vanation of the distance between the uitrogen
atom and the aromatic ring occurred by substitution
of 1-phenylethyl and 1-phenyi-3-butyl for 1-phenyl-2-
propyl.

(b) The methyl group on the a-carbon atomr was
substituted by longer alkyl radicals (1-phenylpropyl
and 1-phenyl-2-butyl). A poorer yield was obtained
after reductive condensation of tliese derivatives, due
probably to steric hindrauce.

(¢) Hydroxy and alkoxy substituents were intro-
duced into the arowmatic ring.

{d) The aralkyl radical was substituted by a
cveloalkyl eondensed benzene ring in the case of N-
indanyl.  Here good yields were obtained.

(¢y Some cyeloalkyl derivatives were also pre-
pared.

All thiese compounds and their salts are but poorly
solnble in water. To huprove water solubility basic
ketones were used for the reductive condensation.  4-
(4-Dimethylaminophenyl)-2-butanoue  was used to
form the aralkyl substituent and l-ethyl-4-piperidouc
tfor the formation of a substituent stnilar to the cyelo-
hexyl group; 2-(2-dimcethylaiinoethyljindanone and
tropinone were used in the reductive condensation step.

Souie representative ketones containing hasie groups
were also prepared, with pheunolic cthers as the basic
group i the molecule.  Vasodiators with stiintlar fune-
tional groups are known, e.g., 3,4-bis-(4-diethylamino-
ethoxypheunyhhexane.  The preparation of suclt com-
ponuds frout ketones with free phenolic hydroxyls was
mrried out aceording to the method of Rohmann and
Meisel. ™ Products substituted with the latter basie
group formed salts with better solubility in water.
However. the vield of these products after reductive
condensation was lower than that ol tlie analogons
ketoues withont basie groups.

(70 C. Redonubpitami 1), NMessel, Jdoeh, harne, 294, 538 {1061).
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These substances were tested for coronary dilator
activity in cats by the Langendorff method® with cat
blood as perfusing fluid and in dogs by the Morawitz
canule.”  These tests have shown that the coronary
dilator action depends on the N-substituted 3,3-di-
plenylpropylamine strneture.  In cats the average
nicrease it coronary flow caused by 100 v of | was
H6.8% and the same doses of compounds 1, 5, und 7
of Table I and 4 of Table 11 produeed average inereases
of 647, 56, 42, and 519, respectively.  In dogs 1 mg.
ke, of 1 raised coronary flow by 11.7¢ and redueed
-aleulated  coronary vascular resistauce by 2346,
The same doses of compounds 1 and 5 inercased coro-
nary flow by 12 and 11,497, and reduced resistance by
21 and 22¢0, respeetively (average valunes of 5-10
experintents),  Although  the N-substituted groups
were structurally different (see tables), the compounds
displayed w coronary dilator aetion shmilar to that of
[

Clinteal trials have shown that N-1-phenylethyl-
3.3-diphenylpropylamine hvdrochloride has a coronary
dilator effect comparable to that of T [N-(3-plienyl-2-
propyl)-3.3-diphenylpropylamine .19

Experimental!!

3,3-Diphenyipropionaldehyde by the Rosenmund Reaction.
3,3-Diphenylpropionyl chloride (38.09 g.) was obtained from the
reaction of 41.60 g. of 3,3-diphenylpropionic acid with 42.4 ml.
of thionyl chloride. The product distilled at 152-154° (0.4
nun.). It was dissolved in 208 ml. of anhydrous xylene, and 2.4
ml. of quinoline—sulfur catalyst poison and 16.5 g. of 53¢ Pd
BaSO, catalyst were added.  The apparatus was provided with
a stirrer, reflux condenser, and hvdrogen inlet.  Reaction time
was 4 hr. at the boiling point of the solution. The catalyvst was
filtered off and the filtrate was shaken with 1007 Na.CO;. On
acidification 2.53 g. of 3,3-diphenyvlpropionic acid was obtained.
Evaporation of the xyvlene solution furnished 30.13 g. of solvent-
free residue, which when distilled gave a main fraetion, b.p.
143-145° (1.4 mm), 20.71-g. (63.5¢,) yvield, which solidified on
cooling; nLp. of dinitrophenylhyvdrazone 176-177° (1it.* corrected
value 177-178°).

N-3,4-Dimethoxyphenethyl-3,3-diphenylpropylamine Hydro-
chloride.—3,5-Diphenylpropionaldehyde (11.75 g.) and 10.12 g.
of 34-dimethoxyphenethylamine were lieated on the water
bath for 20 min.  The melt was dissolved in 100 ml. of anhy-
drous aleohol und hydrogenated nt atimospherie pressure in the
presence of Pd-C catalvst.  Hydrogen uptake was below the
caleulated valne.  The catalvst was filtered off, and the filtrate
was evaporated to dryness. The residue (17.85 g.) was dissolved
in 100 ml. of ether, and a simall quantity o€ undissolved substance
was filtered of(.  On addition of anhivdrous ethanolic hydrogen
chloride, 15.33 g. of u substance precipitated which melted be-
tween 110 and 150°. When recrvstallized from o mixture of
30 mwl. of anhydrous ethanol and 60 ml. of ethyl acetate, 5.92 .
of a substanee melting at 186-1587° was obtained, the meling
point remaining nuchanged after repeated recrystallization.

Anal. Caled. for CoHuCINGOS: (8 7288 H, 7340 N, 3.4
Found: ¢, 72.74; H,7.06; N, 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
caleulated was observed.  The solution was filtered while warim.
After cooling, 3.15 g. of substance precipitated which when

—-0

recrystallized from aleohol melted at. 127

Anal. Caled. for CyHyOs (5,5-diphenyl-2-diphenylmethyi-3-
hydroxypentanal): (L, 85.68; H, 6.71. Found: C, 85.47; H,

6.56.

%) O, Lovgendorll, 'furgos Aoh, Gew, Dhysiol,, 81, 219 (1805),

ity T Moruwiiz wnd A Zabn, Zeulr. hygsiol., 26, 465 (1912,

11 Personal comppications of Professor Gottsegen, Nationul Inscitnte
nf Cordiology, Badapest.

110 NMelting poynts are correc(ed.
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TasLe I

N-SussTITUTED 3,3-DIPHENYLPROPYLAMINE DERIVATI

VES FROM 3,3-DIPHENYLPROPYLAMINE WITH KETONES

%
yield
of dis- Salt % ———Analysis, % —_——
B.p. of amine, tilted forming yield M.p.. Empirical Caled. Found
No. Ketone °C. (mm.) base acid of salt °C. formula C H N C H N
1 Acetophenone 191 (0.15) 80.5 HCl 81.5 206 C2H2sCIN 78.50 7.45 4.02 78.34 7.50 3.90
2 Propiophenone 215-217 (0.6) 70.5 HC1 80.5 212- CauHzCIN 78,77 7.71 3.83 79.05 7.69 3.89
213
3  1-Pheunyl-2-butanone Maleic acid 69.5% 131- CHuNO, 75.95 7.03 75.65 7.05
132
4  4-Phenyl-2-butanone 201-202 (0.08) 85.5 Maleic acid 92.5 135 CogHuNO:, 75.95 7.03 75.95 6.98
5 4-(4-Hydroxyphenyl)- 119-122° 80 Maleic acid 86 125 C»HusNOs  73.24 6.99 73.28 6.87
2-butanone
6 4-(4-Hydroxy-3-meth- 112°¢ 83 Maleic acid 89.5 122- CxHisNOg 71,26 6.98 71.11 6.98
oxyphenyl)-2-buta- 125
none
7 Cyclohexanone 160-162 (0.15) 91.5 Maleic acid 98 173 CyHaNOs 73.33 7.63 3.42 73.29 7.51 3.44
8 1-Indanone s HCI 824 201 CauH:CIN  79.20 7.20 79.11 7.09
9 3-Phenyl-1-indanone Maleic acid 70% 213 CuHuNO: 78.59 6.40 78.63 6.74
@ Yield of salt formation from the crude base. ® M.p. Anal. Caled. for CxHxNO: N, 3.90. Found: N, 3.85. ¢ M.p. Anal.
Caled. for CoeHaNO.: C, 80.17; H, 8.02; N, 3.60. Found: C, 80.02; H, 7.96; N, 3.58.
Tasie 11
N-SuBSTITUTED 3,3-DIPHENYLPROPYLAMINES FROM 3.3-DIPHENYLPROPYLAMINE WITH Basic KETONES
%
yield
of dis- Salt % —— ——Analysis, §————— —_
B.p. of amine, tilled forming yield M.p., Empirical Caled. Found
No. Ketone °C. (mm,) base acid of salt °C. forniula C H N C H N
1 4-(4-Diethylamino- 246-249 (0.1) 75 2Maleic acid 93 120- CssHsoN209 67.80 7.30 4.06 67.80 6.98 4.08
ethoxyphenyl)-2- 122
butanone
2  4-(4-Piperidinoethoxy- 2HC 724 226 CaHuCLN:O 70.83 7.94 5.16 70.89 8.00 5.33
phenyl)-2-butanone
3 4-(Diethylamino- 264-268 (0.6) 63 2HCI 87 223 C2sHaCl2 N0 69.16 8.01 60.15 8.13
ethoxy)-acetophe-
none
4 4-(4-Dimethylamino- 1Maleic acid 710 149- C2oHsN204 72.77 8.00 5.85 72.74 7.69 5.86
phenyl)-2-butanone 150
5 1-Ethyl-4-piperidone 210-214 (0.6) 55 2HCI 75 310- CaH3:ClaN2-H:0 63.91 8.29 6.78 63.96 8.07 6.54
312
6 2-(2-Dimethylamino- 2HC! 63% 218 CesHisClaN2 5.94 5.65
ethyl)indanone
7 Tropinone 214-218(0.15) 45 2HCI ¢ 284¢ C2HsC1L: N2 67.80 7.92 6.88 68.03 B8.03 ©.82

¢ Yield of salt formation from the crude base.
considerable loss at recrystallization.
mers crystallized from ethy! aleohol.

The aldol was filtered off and the filtrate was evaporated. On
addition of aleoholic HCI, 2.77 g. of hydrochloride salt was ob-
tained. The substance which crvstallized from the mother liquor
had no sharp melting point. It was recrystallized from 25%
anhydrous ethanol and 759, 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. Caled. for CpHyCIN: 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 atmi. 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 hydroxyls (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 K,COs, 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

¢ endo and exo isomers can be precipitated with a 689, yield, m.p. 185-192°.

b Yield of salt formation from the crude base, calculated for the crude salt; there was

4 One of the iso-

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. Caled. for Ci;HsCINO,: C, 65.48;
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 alecohol. The main fraction was collected at 174-176°
(0.6 mm.). Starting from 0.2 mole, 43.7 g. (839;) of the sub-
stance was obtained. The hydrochloride salt melted at 108-
109°.

Anal.  Caled. for C;gHyeCINO:: N, 4.67. Found: N, 4.533.

4-(Diethylaminoethoxy)acetophenone.—The method used was
the same as above. The product boiled at 152° (0.6 mm.).
Its hydrochloride salt had m.p. 149-150°.

Anal. Caled. for C,H; CINO;: N, 5.16. Found: N, 5.06.
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