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The rediiction of 1-benzyl-4-cyano-4-t-amiiiopiperidiries with lithiiim ahiminiiim hydride is dewibed;  thi-: 
reduction resiilts in denitrilation, whereas the same reduction of the corresponding primsiry carboxamides yields 
t,he expect,ed primary amines, which can easily be acylated. The obtained compoiunds are debeiizylat ed, after 
which other substituents are introduced. These new compoiiiidq are virtiially devoid of hypotensive or CNS- 
depressant activity. 

I n  the previous papers of this series t'he synthesis' of 
l-benzyl-4-cyano-4-t-aminopiperidines and subsequent 
reactions (hydrolysis1 and organomet,al reactions2) 
were discussed. The purpose of this paper is to de- 
scribe reductive reactions on the same start'ing a- 
aminonitriles and the acylation of the thus-formed pri- 
mary amines to obtain compounds of another type of 
4,bdisubstituted piperidines, namely products of the 
general formula I, in which KAA' stands for a dialkyl- 
amino group or a saturated heterocyclic moiety; R 

2NHR 
L - N S C H  

NAA' 
I 

stands for H, COAlk, or COOAlk; and L represents 
any substituent ret,aining 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 t'he nitrile 
group of these compounds very often takes an abnormal 
course. Reduct'ion to the primary amines with hydro- 
gen, prepared by dissolution of metallic sodium in 
alcohol, usually gives rather low yields of the expected 
reaction  product^,^,^ whereas in one case the formation 
of denitrilated amine was r e p ~ r t e d . ~  On the other hand, 
fair-to-good yields are mentioned for catalytic reduc- 
tion reactions and this met'hod seems to be bet'ter than 
the sodium-alcohol method.6 i l s  far as t,he compounds 
described in this paper are concerned, difficulties may 
be expected as simultaneous debenzylation will very 
probably occur. I~Velvar t~ ,~  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 t'o t'he primary amine 
took place or the nitrile group was split off with forma- 
t,ion 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 immoniuni ion 11. 
(1) C. van de Westeringh, P. Van Daele, B. Hermans, C. Van der Eycken, 

J. Boey, snd P. A. J. Janssen. J .  N e d .  Chem., 7 ,  619 (1964). 
(2) B. Hermans, P. Van Daele, C. ran de Westeringh, C. Van der Eycken, 

J. Boey, and P. A. J. Janssen, ibid., 8, 851 (1965). 
(3) Z. Welvart, Compt. rend. ,  233, 1121 (1951). 
(4) M. S. Bloom, D .  S. Bresloa, and C. R.  Hauser, J .  A m .  Chem. Soc., 67, 

(5) W. McMeeking and T. S. Stevens, J .  Chem. SOC., 347 (1933). 
(6) (a) J. Corse, J. T. Bryant, and H. A. Shonle, J .  A m .  Chem. Soc., 68 ,  

(7) Z. Welvart, Compf.  rend. ,  238, 2536 (1954). 

539 (1945). 

1905 (1946); (b) W. L. Hawkins and B. S. Biggs, ibid., 71, 2530 (1949). 
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In the present compoundq, the Occurrence of this ion 
and the consequent formation of denitrilated com- 
130UIld5 should be promoted by the presence of a quater- 
nary carbon atom, and in fact, the corresponding de- 
nitrilated compounds I11 mere isolated in high yields 
as sole reaction products from the reaction of l-benzyl- 
4-cyano-4-t-aniinopiperidines with LiAlH,. In  one 
instance (2), a conclusive proof of the structure of thi< 
~-t-aminopiperidiIie was given by the unequivocal syn- 
theiis of this compound by the hydrogenation of the 
corresponding enamine, obtained from l-benzyl-4- 
piperidone and Iiyrrolidine. Finally we wcceeded in 

C ~ H ~ C H ~ ~ > N A A ~  

I11 

preparing the desired primary amines in good yields by 
the reduction with LiAlH, of the primary carboxamides, 
obtained from the nitriles by hydrolysis.' Independ- 
ent of our work, this same method was also succeis- 
fully used by Schi\lper.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 111 

Table 11. 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 Table.. I and 11, and one example of thi, 
catalytic deberizylation 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 giren 
in Tables I11 and IT. 

Pharmacology.-The compounds described in this 
paper and also in the previous papers1r2 may be con- 
sidered as being related to pethidine; the main differ- 
ence consists in the replacement of 4-phenyl by a di- 
alliylamino or a cyclic alkylenimino group. In  the 

(8) E. Rchipper and E Chinery, J .  Org Chem , 26, 359T (1961) 
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TABLE I V  

n 

Calcd., % Found, c/o 
/ :  ,*,,! hl.P.9 Neut. Neut. 

Compd. L OC. Formula C H Cl- N equiv. C H C1- K equir.  

21 SCCHz CnHsSn 58-59 C11Hl253 68.35 9 91 . .  . 21.74  97 68 10 9 . 8 8  . . . 21.83  98 
22 CsHi2NOb C ~ H S X  338-340 CisH2daO.3HCl . . , . . . 28.23  11.15 126 , , . . , 28.01 11.07 119 
23 CsHs(CH?)z CaHsK 350-351 CiiHzeS2.2HCl . , . . 21.40 8 . 4 6  166 . , . , , . 21.46  8 . 6 9  164 
21 C6HsO(CH?)? CaHsN 308-311 Ci7Hm-Y?O.2HCl . . . . . . 20.42 8 . 0 7  lii , . , , , , 1 9 . 9 8  8 . 0 2  17.5 
25 C6Hss'H(CH?)z C4HsX 293-300 C~iH2iX3.3HCl . .  . . . , 27.77 10 98 191 , . . . . 27.33 10.86 190 

26 4-FC6HnCO(CH?)? C4HsS 306-307 C I ~ H ~ F X ? O . ~ H C ~  . . . . . . 18.12 7 . 1 6  196 , . , . . 17.87  T . 2 2  196 
27 (CeHs)?CH(CH3z CiH6S 335-340 C?aHnN2,2HCl . . . . . . 16.82 6 .65  211 . . . .  16.60 6 . 7 5  211 
28 (C6Ha)?C(OH)   CHI)^ CaHsS 144-146 C24H32NnO 79.08  8 . 8 5  . . 7.69 182 78 .86  8 7 5  , . , 7 . 6 8  185 
29 (C6Ha)zC(CPI')(CH?)? C4HsN 305-308 CzaHalK3.2HCl . . .  . . . 1 5 . 8 8  9 . 4 1  223 . .  . . . . 15.66 9.42 221 
30 CH3' c a H ~ o ~ ~  326-330 CiiHmN?.2HCl . . . . . . 27.79  10 98 128 , , , . . . 27.36 10.65 129 
31 XCCHz C6HlOx 66.8- C I ? H ? I S ~  69.52 1 0 . 2 1  . . . 20 27 104 69 31 10 13 . . . 2 0 . 2 6  104 

32 CsH1zNOC CsHlaN 333-336 C16H31X30.3HCl . . . . . . 27 22 10 i 5  130 . . . . . . 2 7 . 3 1  10.54 132 
33 CaHs(CHz)? CsHioN 344-348 CisH28N2.2HCl . . . . . . 20.53 8 . 1 1  I73 . ,  . , . , 20.83 8 . 1 1  175 
34 CsHaO(CHd? CaHlON 277-297 C l s H d ? O  ,2HC1 . . , . . . 19.62  7 .75  181 . , . . . 19 4 1  7 59 182 

35 CbHsNH(CH?)z CnHioS 335-340 CiaHz9X3.3HCl . . . . . . 26.80  10.59 198 . . . . , . 26.80 10 40 201 

37 (CsHs) 2CH (CH2)z C6HlOS +350 CzsHaaSr.2HCl . . . . . . 16.28  6 . 1 3  218 , , . . , 15 95 6 . 4 3  218 

39 (CeHn)zC(CS)(CH2)z C6HlO~ 322-325 Cz6HwNz.ZHC1 . . . . . . 15.40 9 . 1 3  230 . . . . . 1 5 . 2 1  9 . 2 1  228 

dec. 

6 7 . 2  

dec. 

86 ~ - F C B H ~ C O ( C H ? ) ~  CsHioK 313-315 CmH:sFN?O,2HCl , , . . 17.50  6 91 203 , . . . . . 17.46 i . 0 3  199 

38  (CsHs)?C(oH)-(CH?)? CsHicN 125-126 C?sH34N?O 79.32 9 05 . . . 7 40 189 79 09 9 . 0 5  , . . 7 . 6 3  191 

40 (C6Hs)rC(CONH?)(CH?)?' CsHioN 177-178 C?aHsaNaO 76.99  8.iO . . . 10 36 203 77.13 8 71 , . . 10.63  206 

a Pyrrolidino. Morpholinoethyl. Synthesized by a reductive alkylation reaction. Piperidino. e Synthesized by hydrolp- 
His of 39. 

Experimental Section B * 
1-Benzyl-4-pyrrolidinopiperidine (2). Method A. Reductive 

Denitrilation of the a-Aminonitrile.-To a cooled suspension 
( - 5 ' )  of 8.4 g. of LiA1H4 in 150 ml. of dry ether was added drop- 
wise a solution of 53.8 g. (0.2 mole) of l-benzyl-4-cyano-4-pyr- 
rolidinopiperidine' in 500 nil. of the same solvent. After the 
addition was complete, the misture war stirred for 1 hr. a t  the 
same temperature and then further stirred for 150 min. a t  room 
temperature. The mixture was decomposed by successive addi- 
tion of i . 5  ml. of m-ater, 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". 

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. Bfter 4 hr. the calculated amount of 
water was separated and the mixture was evaporated. The 
residue was distilled at  153-158" (0.1 nim.) to yield 332 g. (92:;) 
of the 1-benzyl-4-( l-pyrrolidinyl)-l,2,3,6-tetrahydropyridine. 

Anal. Calcd.: K, 11.55; neut. equiv., 121. Found: S, 
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 a t  atmospheric pressure and at, rooin 
temperature. When 2400 cc. of hydrogen was absorbed the 
catalyst was filtered off and the filtrate was evaporated in uacuo. 
The residue was dissolved in 500 nil. of dry ether, and gaseous HCl 
was introduced. The formed precipitate was filtered off and re- 
crystallized from ethanol-ether to yield 15 g. (4i7:,) of l-benzyl-4- 
pyrrolidiiiopipei idine dihydrochloride, m.p. 331-334" (no nieltiiig 
point depression with the sample of the first method). 

1 -Benzyl-4-aminomethyl-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-benxyl-4- 
piperidin0-4-piperidinecarboxamide~ 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. a t  

Method B. 

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

and are corrected. 

room temperature, decomposed by successive dropwise additioii 
of 43.5 ml. of water, 32.5 g. of a 20 '3  NaOH solution, and 153 ml. 
of water, while keeping the temperature below 10'. The whole 
was filtered and the filter cake a a s  estracted first with 1000 nil. 
of boiling ether, followed by estractioii with 1500 ml. of boiling 
chloroform. The combined organic solutions were washed with 
water, evaporated, aiid distilled at 165' (0 .5 mm.) to yield 207 g. 
of product. 

l-Benzyl-4-acetylaminomethyl-4-piperidinopiperidine (lo).- 
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 nil. of water. The aqueous 
solution TT-as rendered alkaline and estracted n-ith benzene. The 
organic layer was separated, dried, and evaporated. The residue 
was crystallized twice from diiuopropj-l ether to yield i 2  g. of 10, 
m.p. 82-85'. 

1 -Benzyl-4- [N-( ethoxycarbonyl)aminomethyl] -4-piperidinopi- 
peridine (ll).-To a solution of 28.7 g. (0.1 mole) of 9 in 120 nil. 
of pyridine was added dropwise a solutioii 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. a t  60". Aft,er cooling the reaction mis- 
ture, the formed precipitate was filtered off. The filtrate was 
evaporated, the residue was dissolved iii 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 cryst,allized from met,hanol-ether, t o  yield 
19.5 g. of 11, n1.p. 235-23TO. 
4-Dimethylaminopiperidine (4).-A solutioii of 58.2 g. (0.2 

mole) of 1-benzyl-4-diniethylaniiiiopiperidine dihydrochloride (1 ) 
in 300 nil. of 2-propaiiol aiid 300 ml. of distilled water was hydro- 
geriat'ed in the preaeiice of 6 g. of lo?> palladium on charcoal at, 
normal pressure and room temperature. Wheii 4500 cc. of 
hydrogel1 had been absorbed, the catalyst was filtered off arid the 
filtrate was evaporated in vacuo. The solid re 
crystallized from methanol-ether, to yield 32 g. (80 

1-(2-Phenethy1)-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 SaaCOa, 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 misture was washed with 50 nil. of water. The 
organic layer was dried and filtered; 300 ml. of anhydrous ether 



( - )-5-Ethpl-5-phenyl-2-pprrolidinone. ['tiusual Reactions of 
4-Nitro-4-phenylhexanoic Acid 

( - )-&Et h~~1-.5-phenyl-P-pyrrolidinone h i s  been synthesized from 4-iii t,ro-lpiieiigliiexauoic acid, the reductioii 
of which with titanous chloride gave 3-beiizoylpropionic. acid, propiopheirotie, arid 4-ethyl-bphenyl-y-t~utyrc~- 
lactone. The pharmacological properties of the ( - )-lactam did not differ ~ufticieiitly from those of the racemic 
mixture to warrant preparing the ( + )-isomer. 

During the evaluation of a series of lactanic. prepared 
by l'rofesior W. Tau5 as potential sedative hypnotic., 
~j-ethyl-~-phenyl-2-pyrrolidinorie (I) proved to be of 
particular iiitereqt. The preuenw in the lac*t:uni of an 
asymmetric center suggested the cx:I"ation of thc 
optical isomers. 

The lactani I has been obtained by heating the lactone 
I1 with :-lnimonial and from thc :tniino ester which 
readily cyclizes.? Siriw neither route involves inter- 
niediates suitable for reqolution, -I-nitro--l-phenyl- 
hexanoic a d  (IIIa) was selected as being suitable for 
both resolution and rom-ersioii to tkic 1:tc.tzm I. Their 
expectations have been realized. 

H I1 
I IIIa, X = CH,CH,CO,H 

11, X = CH,CH,CO,CH, 
c .  S - H  

R 

R'-C--N 
I't- T X  
I 'Y 
R" 

I v 

iJ I VI1 

1-Bromo-1-phenylpropane was converted to l-nitro- 
1-phenylpropane (IIIc) most easily in dimethyl sulf- 
oxide"* rather than in S,S-din~etllylformanlide, al- 

(1) G. Garvajal, AI .  Kussek, R. Tapia, and G. hlaeeieu, Biochem. Piiarna- 

(2) W. Tauh,  to be published. 
13) D. E. Hardien. N. Iiornblum and J .  If'. I'owers, U. S. Patent  3,014,972 

cul. ,  13, 1059 (1964). 

, ,  

(Dec. 26, 1961). 
( 4 )  S.  Kornblum anrl J. W. Powers, J .  Org .  Chern. ,  22, 485 (1957). 

though :I c~oii~idrlablc :tinoutit of propiophenon~ \i 
fornictL I I I  1:tige-.c:~lc e?ipc~iniciit\.~~ The nitro ( ~ ) n i -  

.\Iirh:ic~l ienc.tion, 1)art i d  hydroly of the crude c>ster 
IIIb c~~~ivc~iiic~iitly giviiig :L iiiivt of thc :%rid 1II:t 
and unre:icted ester I I Ib ,  both of which were required 
1'0 r \iib+qu(li i t  cxperiine ti t . The nitro wid I I I a  

ne balt with cinchonidinc~. 
letcd tlie purification of 
le progre\s of thc rewlu- 
niently by deconiposiiig 

\:iniple3 of the d t  with hydrochloric acid and measuring 
the rotatiori of t l i v  iiitro :wid. Partially reiolved acid 
c~)uld riot br purified hy crystallization. 

I3c.forcl thr. rrwlution of the nitro acid I1I:i was 
ntt tw~l)t(d,  reduction of both the acid IIIa and 
I I l b  nas c w t n i i r i c t l  u4ng n variety of reagcn 
t1rogeri:it ion of tlie wid or ester over palla 
1)I:itiiiuni c.nta1y.t. not -urprisingly7 led to reinoval of 
the riit rogen Iritli formation of 4-phenylhcxaiioir acid 
01' it. rnt.tliyl e\tor, rc5pectively. Interestingly, hy- 
drogen iiot absorbed in ethyl acetate in the at)- 
+net' of rnet liyl or (.thy1 alcohol with palladizetl char- 

Hytlrogcnation over noble nict:ul 
ic wid containing ariliydride arid :I 

niinernl :icid gave 110 lnctam n id  le+ 

\$-it11 chcinicnl reducing agent s yielded 

of the lactone I1 but 

pouIlci IrrC :icitieli Illetilyi :lcryi smoothly i i i  the 

of \i 11:it W:L\ probubly acetaiiiido compoutiti. 
Experiiiiriit 

lllorc' cOnl~,lcu ~'roclu . Stannous chloride 
vhloric acid giir-c 1 r'i 
rhloridc -1iyclrogcii c*liloricle i i i  wetic. wid -:tc*c~t~c : i r ihy-  
dridch gavc, i ti :icldition, a poor but reyroducibhi yield 
of tllc 1x;t:tni I.  Titanous chloride in hydrochlorir 
acid gave :3-hctizo~li)ropionic acid (60%) accwnpanied 
by the lnctoiie I1 (1-3(2) aiid propiophenone ('34%). 
Coniniercial titanou-: chloride reagent contains zinc 
chloride arid a secwiitl experiment established that zinc 
c.hlorid(.-h~t3rocliloric. wid slowly converted the nitro 

i.7) N .  Iiornliliun. .J. \V, I'o!ters, 0. J. Anderson. W. J. Jones, IT. 0.  Lar- 

(6, TilfA pa\? ~ i i t l i  wt>ic,ll tlie nitro acid I l I a  is resolved suggests tha t  i t  

(i) \V, 11. Hartiing anrl R. Sinionoff, Org. Reactions, 7 ,  268 (19531. 
( X ;  ,\. 2 l l ~ t * r r  tinti \V, TI I.inneil, ./. Ch~fri. Soc., 1614 (19301. 

son. 0.  Le!-aiid, and \V, 31. TVeaT-er, J .  Am. Chern. Sue.,  79, 6562 (li457). 

niiiy LE riseful ns a resolving agent for amines. 


