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The reduction of l-benzyl-4-cyano-4-£-aminopiperidines with lithium aluminium hydride is described; this 
reduction results in denitrilation, whereas the same reduction of the corresponding primary carboxamides yields 
the expected primary amines, which can easily be acylated. The obtained compounds are debenzylated, after 
which other substituents are introduced. These new compounds are virtually devoid of hypotensive or CNS-
depressant activity. 

In the previous papers of this series the synthesis1 of 
l-benzyl-4-cyano-4-i-aminopiperidines and subsequent 
reactions (hydrolysis1 and organometal reactions2) 
were discussed. The purpose of this paper is to de
scribe reductive reactions on the same starting a-
aminonitriles and the acylation of the thus-formed pri
mary amines to obtain compounds of another type of 
4,4-disubstituted piperidines, namely products of the 
general formula I, in which NAA' stands for a dialkyl-
amino group or a saturated heterocyclic moiety; R 

,—, CH2NHR 

I 

stands for H, COAlk, or COOAlk; and L represents 
any substituent retaining the basic character of the 
piperidine ring system. 

As already indicated in the previous papers, a-
aminonitriles have specific properties. So it is known 
from the literature that the reduction of the nitrile 
group of these compounds very often takes an abnormal 
course. Reduction to the primary amines with hydro
gen, prepared by dissolution of metallic sodium in 
alcohol, usually gives rather low yields of the expected 
reaction products,3,4 whereas in one case the formation 
of denitrilated amine was reported.6 On the other hand, 
fair-to-good yields are mentioned for catalytic reduc
tion reactions and this method seems to be better than 
the sodium-alcohol method.6 As far as the compounds 
described in this paper are concerned, difficulties may 
be expected as simultaneous debenzylation will very 
probably occur. Welvart3'7 studied the reaction of a 
large number of a-aminonitriles with lithium aluminium 
hydride and found that, dependent on the nature of the 
nitrile, either normal reduction to the primary amine 
took place or the nitrile group was split off with forma
tion of the corresponding amine. As in the case of 
reaction with organometallic compounds, this anomaly 
was explained by Welvart by assuming that the a-
aminonitriles react in the form of an immonium ion II. 
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In the present compounds, the occurrence of this ion 
and the consequent formation of denitrilated com
pounds should be promoted by the presence of a quater
nary carbon atom, and in fact, the corresponding de
nitrilated compounds III were isolated in high yields 
as sole reaction products from the reaction of 1-benzyl-
4-cyano-4-i-aminopiperidines with LiAlH4. In one 
instance (2), a conclusive proof of the structure of this 
4-i-aminopiperidine was given by the unequivocal syn
thesis of this compound by the hydrogenation of the 
corresponding enamine, obtained from l-benzyl-4-
piperidone and pyrrolidine. Finally we succeeded in 

C6HSCH2NV-NAA' 

III 

preparing the desired primary amines in good yields by 
the reduction with LiAlH4 of the primary carboxamides, 
obtained from the nitriles by hydrolysis.1 Independ
ent of our work, this same method was also success
fully used by Schipper.8 These primary amines could 
then be treated in the usual manner with acyl halides or 
anhydrides and with chloroformate. The resulting 
carboxamides or urethans are listed in Table I, whereas 
the denitrilated benzylpiperidines are summarized in 
Table II. In the Experimental Section each of the 
reactions discussed above is illustrated by one example. 

On hydrogenolysis of the benzyl group, all the above-
mentioned compounds could be converted into the 
corresponding secondary nor compounds, which are 
listed in Tables I and II, and one example of this 
catalytic debenzylation is given in the Experimental 
Section. Finally, a number of different substituents 
were introduced on the piperidine ring system by the 
reaction of the secondary amines with halides. A repre
sentative choice of these condensation products is given 
in Tables III and IV. 

Pharmacology.—The compounds described in this 
paper and also in the previous papers1'2 may be con
sidered as being related to pethidine; the main differ
ence consists in the replacement of 4-phenyl by a di-
alkylamino or a cyclic alkylenimino group. In the 

(8) E. Schipper and E. Chinery, J. Org. Chem., 26, 3597 (1961) 
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" Most, of these compounds were synthesized only once and probably not in optimum conditions. Therefore no yield was givei 
This applies also to Table IV. b Anal. Calcd.: IUO, 2.09. Found: IUO, 3.49 (Karl Fischer). 

previous series1'2 it was found that the compounds 
obtained in this manner exhibited very interesting 
pharmacological properties. The choice of substitu-
ents in 1-position (L in formula I) was also mainly based 
on the results obtained in the former series and also in 
the corresponding pethidine series. I t was found that 
in this series the corresponding compounds are virtually 
devoid of pronounced hypotensive or CNS-depressant 
activity. For some of them this is not quite unex
pected as the corresponding pethidine counterparts are 
also inactive. In. the case of the butyrophenones 17, 
18, 26, and 36, however, this result was rather dis
appointing as, for instance, l-Y-(4-fluorobenzoylpropyl)-
4-aoetylammomethyl-4-phenylpiperidine is a potent 
hypotensive agent. After subcutaneous administra

tion of 2.0 mg. 'kg . of this last compound, the carotid 
blood pressure 1 hr. after dosage is about G7 mm.9 ; for 
the corresponding compound 17 under the same condi
tions the blood pre.-sure is 90 mm. and this is statis
tically not significant with regard to 800 controls (100 
mm.). In several oilier piperidine derivatives these 
butyrophenones are potent neuroleptic agents; for 
example the PD5o of haloporidol as an apomorphine an
tagonist in dogs is 0.02 nig./kg. s.c.,10 while the butyro
phenones of these series (17, 18, 26, and 36) are inactive 
at a dose of 2.o mg. 'ksj. s.c. 

19) \V. K. A. Scliaper, A. II. M . . lageneau. a n d P . A. .1. J anssen , Arziiei-
mitlel-Forscli., 13, 597 (1903). 

(10) P . A. J . Janssen , ( ' . J . E. Xie-rnegeers, K. H. L. Schellekens, F. .1. 
Verbruggen. ami .1. II . Van Xue-ten, tliid., 13 , 205 (1963). 
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Experimental Section1112 

l-Benzyl-4-pyrrolidinopiperidine (2). Method A. Reductive 
Denitrilation of the a-Aminonitrile.—To a cooled suspension 
( — 5°) of 8.4 g. of LiAlHi in 150 ml. of dry ether was added drop-
wise a solution of 53.8 g. (0.2 mole) of l-benzyl-4-eyano-4-pyr-
rolidinopiperidine1 in 500 ml. of the same solvent. After the 
addition was complete, the mixture was stirred for 1 hr. at the 
same temperature and then further stirred for 150 min. at room 
temperature. The mixture was decomposed by successive addi
tion of 7.5 ml. of water, 6.4 ml. of a 20% NaOH solution, and 30 
ml. of water. The formed precipitate was filtered off and washed 
with ether. The combined organic layers were evaporated and 
the oily residue was dissolved in 100 ml. of diisopropyl ether. 
After cooling to —20°, 43 g. of 2, m.p. 44-45°, was obtained. A 
hydrochloride salt was formed in ethanol-ether, m.p. 332-334°. 

Method B. Reduction of the Enamine. (a) A mixture of 284 
g. (1.5 moles) of l-benzyl-4-piperidone, 135 g. (1.9 moles) of pyr
rolidine, and 1300 ml. of benzene, together with a catalytic quan
tity of p-toluenesulfonic acid, was heated under reflux with sepa
ration of the formed water. After 4 hr. the calculated amount of 
water was separated and the mixture was evaporated. The 
residue was distilled at 153-158° (0.1 mm.) to yield 332 g. (92%) 
of the l-benzyl-4-(l-pyrrolidinyl)-l,2,3,6-tetrahydropyridme. 

Anal. Calcd.: N, 11.55; neut. equiv., 121. Found: X, 
11.63; neut. equiv., 124. 

(b) A solution of 24.2 g. (0.1 mole) of the former compound in 
250 ml. of methanol was hydrogenated in the presence of 2 g. of 
5 % palladium on charcoal at atmospheric pressure and at room 
temperature. When 2400 cc. of hydrogen was absorbed the 
catalyst was filtered off and the filtrate was evaporated in vacuo. 
The residue was dissolved in 500 ml. of dry ether, and gaseous HC1 
was introduced. The formed precipitate was filtered off and re-
crystallized from ethanol-ether to yield 15 g. (47%) of l-benzyl-4-
pyrrolidinopipendine dihydrochloride, m.p. 331-334° (no melting 
point depression with the sample of the first method). 

l-Benzyl-4-aminomethyI-4-piperidinopiperidine (9).—To a 
solution of 84 g. of LiAlH4 in 1000 ml. of dry tetrahydrofuran was 
added dropwise a solution of 572 g. (1.9 moles) of l-benzyl-4-
piperidino-4-piperidinecarboxamide1 in 2000 ml. of the same sol
vent. The reaction was carried out under a nitrogen atmosphere. 
The mixture was refluxed for 4 hr. and then stirred for 10 hr. at 

(11) Analytical data are given in Tables I-IV. 
(12) All melting points were taken on a Tottoli melting point apparatus 

and are corrected. 

room temperature, decomposed by successive dropwise addition 
of 43.5 ml. of water, 32.5 g. of a 20% NaOH solution, and 153 ml. 
of water, while keeping the temperature below 10°. The whole 
was filtered and the filter cake was extracted first with 1000 ml. 
of boiling ether, followed by extraction with 1500 ml. of boiling 
chloroform. The combined organic solutions were washed with 
water, evaporated, and distilled at 165° (0.5 mm.) to yield 207 g. 
of product. 

l-Benzyl-4-acetylaminomethyl-4-piperidinopiperidine (10).— 
To a solution of 160 g. (0.56 mole) of 9 in 800 ml. of dry benzene 
was added portionwise 610 g. of acetic anhydride. After the 
addition was complete, the solution was heated to reflux for 1 hr. 
The whole was then stirred without heating for 2 hr. and evapo
rated. To the residue was added 300 ml. of water. The aqueous 
solution was rendered alkaline and extracted with benzene. The 
organic layer was separated, dried, and evaporated. The residue 
was crystallized twice from diisopropyl ether to yield 72 g. of 10, 
m.p. 82-85°. 

l-Benzyl-4- [N-(ethoxycarbonyl)aminomethyl] -4-piperidinopi-
peridine (11).—To a solution of 28.7 g. (0.1 mole) of 9 in 120 ml. 
of pyridine was added dropwise a solution of 10.9 g. (0.1 mole) of 
ethyl chloroformate in 25 ml. of ether. After the addition was 
complete, the mixture was stirred for 16 hr. at room temperature 
and then heated for 1 hr. at 60°. After cooling the reaction mix
ture, the formed precipitate was filtered off. The filtrate was 
evaporated, the residue was dissolved in dry toluene, and the 
whole was evaporated again. The residue was dissolved in ether, 
and gaseous HC1 was introduced. The precipitated hydrochloride 
was filtered off and crystallized from methanol-ether, to yield 
19.5 g. of 11, m.p. 235-237°. 

4-Dimethylaminopiperidine (4).—A solution of 58.2 g. (0.2 
mole) of l-benzyl-4-dimethylaminopiperidine dihydrochloride (1) 
in 300 ml. of 2-propanol and 300 ml. of distilled water was hydro-
genated in the presence of 6 g. of 10%; palladium on charcoal at 
normal pressure and room temperature. When 4500 cc. of 
hydrogen had been absorbed, the catalyst was filtered off and the 
filtrate was evaporated in vacuo. The solid residue was re-
crystallized from methanol-ether, to yield 32 g. (80%) of 4. 

l-(2-Phenethyl)-4-piperidinopiperidine (33).—To a stirred 
mixture of 3.4 g. (0.02 mole) of 4-piperidinopiperidine (6), 6.4 g. 
(0.06 mole) of Na2C03 , and a few crystals of KI in 200 ml. of 
isobutyl methyl ketone was added dropwise a solution of 3.1 g. 
(0.022 mole) of phenethyl chloride in 50 ml. of the same solvent. 
The mixture was then stirred and refluxed for 60 hr. After cool
ing the reaction mixture was washed with 50 ml. of water. The 
organic layer was dried and filtered; 300 ml. of anhydrous ether 
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was added, and gaseous HC1 was introduced into the filtrate. The 
formed precipitate was filtered off and reorystallized from a mix
ture of 100 ml. of methanol and 20 ml. of water, to give 2.6 g. of 33. 
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( — )-5-Ethyl-5-phenyl-2-pyrrolidinone has been synthesized from 4-nitro-4-phenylhexanoic acid, the reduction 
of which with titanous chloride gave 3-benzoylpropionic acid, propiophenone, and 4-elhyl-4-phenyl-7-butyro-
lactone. The pharmacological properties of the ( - )-lactam did not differ sufficiently from those of the racemic 
mixture to warrant preparing the ( + )-isomer. 

During the evaluation of a series of lactams prepared 
by Professor W. Taub as potential sedative hypnotics, 
5-ethyl-o-phenyl-2-pyrrolidinone (I) proved to be of 
particular interest. The presence in the lactam of an 
asymmetric center suggested the examination of the 
optical isomers. 

The lactam I has been obtained by heating the lactone 
II with ammonia1 and from the amino ester which 
readily cyclizes.2 Since neither route involves inter
mediates suitable for resolution, 4-nitro-i-phenyl-
hexanoic acid (Ilia) was selected as being suitable for 
both resolution and conversion to the lactam I. These 
expectations have been realized. 
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1-Bromo-l-phenylpropane was converted to 1-nitro-
1-phenylpropane (IIIc) most easily in dimethyl sulf
oxide3'4 rather than in N,N-dimethylformamide, al-

(1) G. Garvajal, M. Russek, R. Tapia, and G. Massieu, Biochem. Pharma
col., 13, 1059 (1964). 

(2) W. Taub, to be published. 
(3) D. E. Hardies, N. Komblum and .1. W. Powers, U. S. Patent 3,014,972 

(Deo. 26, 1961). 
(4) X. Komblum and J. W. Powers, J. Org. Chem., 22, 455 (1957). 

though a considerable amount of propiophenone was 
formed in large-scale experiments.'" The nitro com
pound IIIc added methyl aervlate smoothly in the 
Michael reaction, partial hydrolysis of the crude ester 
M b conveniently giving a mixture of the acid M a 
and unreached ester M b , both of which were required 
for subsequent experiments. The nitro acid M a 
formed a beautifully crystalline salt with cinchonidine. 
Four recrystallizations completed the purification of 
the salt of the ( + )-acid.G The progress of the resolu
tion was followed most conveniently by decomposing 
samples of the salt with hydrochloric acid and measuring 
the rotation of the nitro acid. Partially resolved acid 
could not be purified by crystallization. 

Before the resolution of the nitro acid Ma, was 
attempted, reduction of both the acid M a and the ester 
M b was examined using a variety of reagents. Hy-
drogenation of the acid or ester over palladium or 
platinum catalysts not surprisingly7 led to removal of 
the nitrogen with formation of 4-phenylhexanoic acid 
or its methyl ester, respectively. Interestingly, hy
drogen was not. absorbed in ethyl acetate in the ab
sence of methyl or ethyl alcohol with palladized char
coal as catalyst. Hydrogenation over noble metal 
catalysts in acetic acid containing anhydride and a 
trace of a strong mineral acid gave no lactam and less 
than 1% of what was probably acetamido compound. 

Experiments with chemical reducing agents yielded 
more complex products. Stannous chloride in hydro
chloric acid gave traces of the lactone II but stannous 
chloride-hydrogen chloride in acetic acid-acetic anhy
dride8 gave, in addition, a poor but reproducible yield 
of the lactam I. Titanous chloride in hydrochloric 
acid gave 3-benzoylpropionic acid (60%) accompanied 
by the lactone II (1-3%) and propiophenone (3-5%). 
Commercial titanous chloride reagent contains zinc 
chloride and a second experiment established that zinc 
chloride-hydrochloric acid slowly converted the nitro 

(5) N. Komblum, J. W. Powers, G. J. Anderson, W. J. Jones, H. O. Lar
son, O. Levand, and W. M. Weaver, / . Am. Chem. Soc, 79, 6562 (1957). 

(6; The ease with which the nitro acid I l i a is resolved suggests that it 
may be useful as a resolving agent for amines. 

(7) W. H. Hartung and R. Simonoff, Org. Reactions, 7, 263 (1953). 
(8; A. Albert and W. IV. I.innell, ,/. Chem. Soc, 1814 (1936). 


