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Introduction 

The relative configurations of alpha- and beta-prodine have 
been discussed in a number of papers. Recently, ZIERISG, 
MOTCHANE and  LEE^ have published an interpretation of the 
infra-red absorption spectra of the derived alcohols which they 
consider supports their original assignments, viz., cis methyl/ 
phenyl for alpha- and trans methyl/phenyl for beta-prodine. 
BECKETT, CASY and  WALKER,^,^ on the other hand, were led to 
advance the reverse configurations on the basis of conformational 
analysis and hydrolysis rates. Further evidence in favour of the 
assignments of Beckett and co-workers has been provided by the 
determination of the isomeric compositions of tertiary alcohols 
obtained by the addition of lithium aryls to 1,3-dimethyl-4- 
p iper id~ne .~  It has been shown, from considerations of the 
stereochemistry of addition to ketones, that this information is of 
value in assigning configurations to the various stereoisomers. 
This present work reports the extension of addition studies to a 
series of N-jSf-phenylethyl-4-piperidones with the object of 
providing further evidence for the assignment of configurations 
to alpha- and beta-prodine type compounds. It has the further 
object of producing compounds of known configuration for anal- 
gesic tests to provide information about the stereochemical 
requirements of analgesics and the analgesic receptor site. 

The key intermediates in the synthesis of the tertiary alcohols 
and esters reported in this present work were 4-piperidones of 
general formula (I, R = H  or alkyl). Reaction of the ketone (I) 
with a lithium aryl and subsequent acylation of the resultant 
tertiary alcohol (11) gave the ‘reversed ester’ (111, R l =  lower 
alkyl). The synthesis of the 4-piperidones (I, R = H ,  CH, and 
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C,H,) is outlined in Plow Sheet 1. The diester (IV) was obtained 
in almost quantitative yield by refluxing 2-phenylethylamine with 
excess of ethyl acrylate for 48 h. Cyclization of the diester was 
achieved by a Dieckmann type condensation, using sodium-shot 
in xylene; decarboxylation of the resultant ,%keto ester gave the 
piperidone (V). Treatment of the base with ethanolic hydro- 
chloric acid led to the ethyl ketal instead of the expected piperi- 
done hydrochloride. The free ketone, derived by acid hydrolysis, 
showed the characteristic carbonyl stretching frequency ( 1,725 
cm-l), absent in the ketal. The low chlorine analysis reported 
by BOLYARD and MCELVAIN~ for N-2’-phenylethyl-4-piperidone 
hydrochloride is explained if their product was in fact the ketal 
hydrochloride (found : C1, 11 49 ; calc. : 14 * 79 for piperidone ; 
11 31 for ketal hydrochloride). Recently, BROOKS and WALKER’ 
have shown the products reported by Bolyard and McElvain as 
1-benzyl and 1-butyl-4-piperidone hydrochloride to be the corres- 
ponding ketal hydrochlorides. The failure of 4-piperidones 
substituted in the 3-position by alkyl groups to give ketals readily 
[ e.g. 1,3-dimethyl-4-piperidone (HOWTOX)~  and the ketones (1. 
R=CH,, C,H, and ?z C,H,)] cannot be attributed simply to 
steric effects since ketal forniation has been reported in the cases 
of 2,5-dimethyl-4-piperidoneg and l-niethyl-3-(2‘-carbethoxy- 
ethyl)-4-piperidone.10 Treatment of N-2’-phenylethyl-4-piper- 
idone with lithium phenyl gavo Nu’-2’-phenylethyl-4-phenyl-4- 
piperidinol. This alcohol was also prepared from N-2-phenyl- 
ethylamiiie, formaldehyde and tl - methylstyrene following 
SCHMIDLE and MANSFIELD’S processll for the synthesis of the 
corresponding N-methyl analogue. 

The piperidones (I, R = CH, and C,H,) were prepared by an 
adaptation of Howton’s synthesis of 1 ~3-dimethy1-4-piperidone8. 
The secondary base (VI) was obtained in high yield by allowing 
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the reactants to stand at room temperature for several weeks ; a 
higher reaction temperature gave a much reduced yield. Treat- 
ment of the secondary base (VT) with methyl acrylate a t  the 
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reflux temperature gave the tertiary base (VII). Attempts to 
prepare this base by the reverse process, i.e. addition of methyl 
methacrylate to the secondary base (VI, R = H),  were unsuccessful. 
The cyclized product may be formulated in two ways, (VIII) and 
(IX),  the former being the more likely (see ROYAL+). Presence 
of the form (VIII), which alone is capable of enolization iuider 

0 0 

CH,CH,C,H, CI-T,CH &,€T6 
(VIII)  (IX) 

mild conditions, was detected by the intense coloration that the 
product gave with ferric chloride; absence of this colour reaction 
gave indication of the completion of decarboxylation. The 
piperidone (I, K. = C,H,) was made by an analogous series of reac- 
tions starting from ethyl 1-ethylacrylate prepared by the method 
of ?I1ASNICI€ and RITSERT . I3  Synthesis of the 3-?z-propyl ketone 
(I, R = n-C3H,) is shown in Flow Sheet 2 and follows a method due 
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(XII) 
Plow Sheet, 2 (X=-CH,CH,C,H,) 
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to MCELVAIN and BAR NETT^^ for the corresponding P\T-methyl 
ketone. C-Allylation of the sodio-derivative (X) was achieved 
by reaction with allyldimethylanilinium bromide. (Note : treat- 
ment with an alkyl halide would be expected to lead to N-, rather 
than C-substitution.) Decarboxylation was not attempted at  the 
next stage since MCELVAIN and BARNETTI4 have shown that acid 
treatment of the corresponding N-methyl compound gives a cyclic 
hemiacetal. The keto-ester (XII),  obtained by hydrogenation of 
the allyl compound (XI),  gave no coloration with ferric chloride 
since enolization is precluded (cf. the corresponding 3-alkyl keto- 
esters derived by cyclization reactions), 

The addition of lithium aryls to 3-substituted 4-piperidones can 
give two diastereoisomeric alcohols (XIII  and XIV) which differ 
in the cis-trans relationship of the 3-alkyl and 4-aryl groups. 
BECKETT, CASY, KIRK and WALKER,5 from arguments based upon 

Ar ,,.*OH Ar., OH ,y LiAi -k fi: 
'N N N 

I 
R1 

I 
R1 

I 
R1 

Ar/R cis Ar/R truns 
(XIII) W V )  

the stereochemistry of addition to ketones, consider that the trans- 
isomer should be formed in major amount and that the prepon- 
derance of this isomer should increase with increasing size of the 
aryl addendum in the vicinity of the reaction centre (see formula 
(XV); attack from the least hindered side ( b ) ,  giving the trans- 
isomer (XVI), is favoured if the piperidone reacts in the chair 
conformation with the 3-methyl group equatorial), 

cis(CH3/Ar) isomer 

( X V I I )  ( X V )  



These conclusions were supported by examination of the iso- 
meric compositions of tertiary alcohol mixtures derived from 
1,3-diniethyl-4-piperidone. With the alcohols (XI11 and XIV, 
R and R1=CH,, Ar=C,H,), an isomeric ratio of 3 : 1 (as the 
propionic ester hydrochlorides) was obtained, and with the m- 
and 23-tolyl alcohols, one isomer predominated. The o-tolyl and 
o-methoxypheiiyl alcohols were obtained in one, sensibly exclu- 
sive, form. 

I n  the present mork, treatment of 3-methyl-I-2’-phenylethyl-4- 
piperidone with lithiuin phenyl gave an isomeric mixture from 
which only one product could be separated in a pure condition. 
This isomer represented at  least 60 per cent of the mixture. 
Absorption chromatographic separation was unsuccessful as in the 
case of the corresponding N-methyl compounds. A small 
quantity of a second isomer was obtained by fractional crystalliza- 
tion of the propionoxy ester hydrochlorides from ether-ethanol. 
The major coinponent of the product derived from lithium 
m-tolyl consisted of one isomer having a sharp melting point. 
Further crops melted over a wide range indicating the presence 
of a second isomer. A similar result was obtained in the case of 
the lithium p-tolyl product. With lithium o-tolyl, o-methoxy- 
phenyl and 2,6-dimethylphenyl, addition to the piperidone gave a 
product which was recovered in high yield, upon recrystallization, 
with little change in melting point. If isomers are formed in 
these latter additions they represent only a very small fraction of 
the reaction product. 

Evidence for the configurational identity of the isomers (type 
A, see Table I) formed in major amount on the addition of 
lithium aryls to 1 , 3-disubstituted-4-piperidones is provided by 
infra-red absorption measurements. These isomers reveal a 
consistent pattern in the regions 990-1,010 cn1-l and 1,350- 
1,385 em-1, which is different from that shown by the isomers 
(type B) formed in minor amount. 

Type B isomers have their strongest absorption in the region 
1,040-1,055 em-1 which may be characteristic of the C-0 stretch- 
ing mode. With type A isomers no one absorption peak is 
consistently maximum in the region 1,000-1,150 cm-l and it is 
not yet possible to make C-0 stretching frequency assignments. 
The pattern found, however, differs from that of type R isomers 
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Table I. Characteristics of infra-red absorption of 1,3-disubstituted 
4-aryl-4-substitutad piperidines 

R2 
_I Ita 

n1" \/ 
\-/\ 

R4 

Absorption peak5 of' 
c-haracteristic frequency 

(cm-') 

region A region €3 

1,010 cm-l) 1,385 cn- l )  

11 ' I t 2  E3 K4 Isomer r------ Jc--? 

(990- (1,350- 

,4 * 
A 
A 
d 
A 
a. 
a 

B 
R 

A 
A 
A 
A 
d 
a 
A 

B? 

1,000 
1,001 
1,001 
1,001 
1,000 
1,002 
1,002 

no peak 
no peak 
no peak 

1,004 
1,003 
1,007 
1,003 
1,000 
1,001 

992 

1,355 1,383 
1,357 1,380 
1,365 1,380 
1,352 1,376 
1,358 1,383 
1,334 1,382 
1,360 1,385 
1,372 1,380 
1,376 1,383 
1,372 1,383 

1,351 1,376 
1,351 1,376 
1,353 1,376 
1,364 1,377 
1,355 1,380 
1,354 1,377 
1,355 1,380 

* $Icohol from alphaprodine. 
Alcohol from betaprodine. 

and may be attributed, in part, to an axial hydroxyl group since 
it is similar to that shown by 4-piperidinols bearing bulky 4-sub- 
stituents (no 3-substituent), In the latter compounds the piperidine 
ring is concluded to be in a chair conformation with the bulky 
group equatorial and the hydroxyl, consequently, axial. 

Additional evidence for the trans configuration of Type A 
isomers is derived from hydrolysis studies upon the corresponding 
propionoxy esters. The results obtained in the case of alpha- 
and beta-prodine have already been reported by Beckett and 
Walker,4 who found that betaprodine hydrolysed more rapidly 
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than alphaprodine. These studies have now been extended to  
the corresponding N-2’-phenylethyl compounds prepared in this 
present work (111, R=CH,; R1=C2H,) and show that the type 
B hydrolyses more rapidly than the type A isomer (see Table I1 for 

Table 11. Comparative Hydrolysis Studies of N-2’-Phenylethyl-3-methyl- 
4-propioiioxy-piperidines* 

Percentage hydrolysis 
Initial conon. Initial oonon. Time after ,-----h---- 

of ester, inole of NaOH, mole mixing, h type A type B 
isomer isomer 

0.014 0.11 4 3 . 2  19.4  

17 

26 

49 

72 

18 .1  37.5 

32.3 51 .7  

54.3 i 3 . 7  

6 2 . 0  82.7 

* See BECKETT and  WALKER^ for experimental procedure. 

details). These results indicate that type A esters possess an 
axial and type B esters an equatorial propionoxy group and are 
consistent with the assigned configurations. The differences in 
hydrolysis rates of type A and type B esters, although small, are 
consistent in direction. Archer22 considers alpha- and beta-prodine 
to differ in 3-methyl rather than 4-propionoxy conformation and 
interprets the observed hydrolysis rate differences in terms of 
these structures. The latter explanation, however, does not 
explain the bulk of the observations recorded in this present 
paper. 

It is to be noted that the hydrolytic evidence and infra-red 
spectra interpretations bearing on the stereochemistry of tertiary 
alcohols described in this work relate to establishing the conform- 
ations of the hydroxy and aryl groups. Once these have been 
determined, assignment of cis- and trans-configurations rests upon 
the assumption that the 3-methyl substituent of the piperidine 
ring is equatorially placed. In  this we have applied the precepts 
of conformational analysis which require, in the absence of strong 
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electrostatic interactions and exceptionally large groups, that 
six-membered cyclic structures have a maximum number of 
equatorial substituents. Similarly, the configurations derived 
from consideration of the stereochemistry of addition to ketones 
are valid only if it be accepted that the 4-piporidones react in the 
chair conformation with the 3-methyl group equatorial. 

Direct confirmation of the conjiquration of type A isomers is 
provided by considering all the possible conformations of the 
tertiary alcohol (XVIII) bearing the very bulky 2,6-dimethyl- 
phenyl group in the 4-position of the piperidine ring (see TableIII). 

Table 111. Conformations of the tertiary alcohol (XVIII) 

trans (Chair) 
trans (Chair) 
trans (Boat) 
trans (Boat) 
cis (Chair) 
cis (Chair) 
cis (Boat) 
cis (Boat) 

e .  
a .  
be. 
bu. 
e .  
a. 
be. 
ba. 

e .  
U. 

bs. 

fP. 
U. 

e. 

fP. 
bs. 

When attempts are made to construct these structures from 
Courtauld models it proves possible to make only forms 1 and 3 

I 
CH,CH &,Hs 

without introducing strain, both of which have the trans-con- 
figuration with respect to the methyl and aryl groups. While it 
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is not intended to imply that failure to make a particular con- 
formation is any indication that it cannot exist, it is reasonable 
to conclude that conformations capable of construction involving 
least strain will, a t  least, constitute the major components of 
any isomeric mixture. I n  fact, the product obtained by reacting 

E- 2'-plienylet h yl- 3- methyl- 4-piperidone with lit hium 2,6- dinio- 
thylphenyl proves to be, sensibly, one pure isomer and must 
have, therefore, the trans (methyl/aryl) configuration. It remains 
to discriminate between the chair and boat forms. Hydrogen 
bonding of type (XIX), j.e. intramolecular, would be expected 
if the compound has the boat conformation but would be absent if 
the chair is the prevailing form. Examination of the infra-red 
absorption spectrum of the alcohol (XVIII) shows that the band 
characteristic of bonded OH disappears on dilution, indicating 
the absence of intramolecular hydrogen bonding.* 

Chemical Structure and Analgesic Activity 

The analgesic activities of the tertiary alcohols and esters 
reported in this paper were determined in mice by subcutaneous 
injection, using an adaptation of the 'hot plate' method as des- 
cribed by JANSSEN and J A G E N A U . ~ ~  Our thanks are due to 
Dr. Paul Jansseii for carrying out the pharmacological tests. The 
activities, calculated from the ED50 values, are expressed 
relative to morphine for convenience. However, the hot plate 
method does not distinguish between morphine-type analgesics 
and other compounds which increase reaction time. 

* Since the submission of this paper, Dr. W. H. Barnes of the National Research 
Council, Ottawa, Canada, has informed us ( 3  February 1959) that  X-ray crystallo- 
graphic studies using ( 5 )  -alphaprodine hydrochloride have demonstrated n trans 
methyl 'phenyl configuration. The conformation (solid state) is a cham for the 
piperidine ring with the phenyl group equatorial and the propionoxy axial. This 
configuration and conformation is an agreement with those assigned in the present 
and previous papers by Beckett et nl s s  4 3  6s 17. 
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With this limitation, certain aspects of the influence of chemical 
structure upon analgesic potency are discussed. I n  the assess- 
ment of structure-activity relationships, type A isomers have 
been compared with alpha-prodine, and type B with beta-prodine. 

The 
basic centres of potent analgesics normally bear a t  least one 

Replucement of the .Y-methyl group by  N-2'-phenylethyl. 

Table IV. Effect of replacing N-CH, by N-CH,CH,C,H, 

R1 

K--T\' '\/ Analgesic activity LCR2 Configuration (morphine = 100) 
Jle/Ar 7 

R =  -CH3 R= -(CHJpC,H, R3 
c------ 7 

R' R2 R8 

OCOCH, H - 9 t  633* 
OCOC,H, 

,I 44 t 107 OCOC,H,-n ,, - 
OCOC,H, CH, cis 870 2,195 

trans 200 450 
o-CH,C,H, OH 20 77 

OCOCH, 75 1,325 
OCOC,H, ,, 85 259 

m-CH,C,H, O H  < 20 80 
OCOCH, ,, <20 179 
OCOC2H, , 50 39 

p-CH,C6Ha O H  ,, < 15 97 
OCOCH, , 30 88 
OCOC2H, 150 17 

OCOCH, t 30 407 

- 2601 346* 
C,H, 

o-OCH,C,H, O H  < 20 46 

* ELPBRN et ~ l . , ' ~  have recently reported the activities of these compounds to  be 340 (acetoxy) 

t Reference 18 
and 860 (propionoxy). 

methyl group. It is now well established that replacement of this 
group by the X-2'-phenylethyl and related groups results in a 
substantial increase in analgesic activity.l' Pharmacological 
results confirm, in most cases, the expected increase in activity 
of the N-2I-phenylethyl compounds prepared in this present work 
over the corresponding N-methyl compounds (see Table IV).  

Alky l  substitution in the 3-position of the piperidine ring. Al- 
though the results available do not form a complete series for 
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comparison, the values recorded in Table V indicate that, with 
few exceptions, optimum activity in respect to 3-alkyl substitu- 
tion is afforded by a methyl group. ZIERING, MOTCHANE and 
 LEE^ have reported that alpha-prodine and its 3-ethyl analogue 
have similar activities, while the same increase in size of the 
3-substituent in the case of beta-prodine leads to a considerable 
fall in potency. The same workers1 find that 3-allyl substitution 
results in enhanced activity, the alpha-isomer being the more 
active. Until the configurations of the 3-ethyl and 3-allyl prodine 

Table 1’. Effect of 3-alkyl substitution in the piperidine ring* 

OH 
OCOCH, 
OCOC,H, 
O H  
OCOCH, 
OCOC,H6 
O H  
OCOCH, 

35 
633 
346 

- 
62 

117 

70 
385 
430 

77 
1,325 

259 
80 

179 

41 
760 
142 

* All results results refer to type A isomers where applicable. 

analogues have been established, the significance of these results, 
in terms of the proposed analgesic receptor site,3 cannot be 
assessed. 

Structural changes within the 4-aryl group. The effects on 
analgesic activity that result from modification of the 4-aryl 
group are summarized in Table VI ;  the activities of the corres- 
ponding N-methyl compounds5 are also included. It is clear that 
the activities of the alcohols and esters do not follow the same 
sequence and that, furthermore, the effects in the N-2I-phenyl- 
ethyl compounds are not paralleled by the corresponding N-methyl 
alcohols and esters. Variation in the size of the 4-aryl group has 
little influence upon the analgesic properties of the N-2’-phenyl- 
ethyl-3-methyl alcohols (note also the 2,6-dimethylphenyl alcohol, 
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activity= 80). In  the case of the 4-tolyl compounds, the ortho 
isomer represents the most active form in four of the six series. 
The acetoxy ester of N-2’-phenylethyl-3-methyl-4-o-tolyl-piper- 
idinol is particularly active and has been selected for detailed 
pharmacological study. 

InJluence of configuration. RANDALL and LEHMAN~O have 
shown betaprodine to be approximately six times as active as 
alphaprodine in rats. JANSSEN,5 working witjh mice, reports a 
similar potency ratio. The N-2’-phenylethyl analogues prepared 
in this present work exhibit parallel differences in activities. 

Table VI. Effect of 4-aryl substitution in type A isomers 

CH3 OH - 20 <20 < 15 <20 
(CH2) 9 9  70 77 80 97 46 
CH 3 OCOCH, - 75 < 20 30 30 
(CH2)2C6H.5 9 1  385 1,325 179 88 407 
CH 3 OCOCEH, 200 85 50 150 - 
(CH2)4C6H5 1 3  430 259 39 17 __ 

Thus cis-N-2‘-phenylethyl-3-methyl-4-phenyl-4-propionoxypiper- 
idine is almost five times as active as the trans-isomer. The con- 
figurational identity of the more active isomers is consistent with 
the proposals advanced by BECKETT and C A S Y ~  for the structural 
requirements of analgesics and the analgesic receptor site. 

The 4-acyloxy group. In  unsubstituted reversed esters of 
pethidine, the propionoxy esters represent the most active com- 
pounds. Similarly, in the case of esters prepared from 4-aryl 
analogues of the prodine alcohols, the propionoxy ester is invari- 
ably superior in activity to the acetoxy ester.5 However, the 
reverse is found with the corresponding N-2’-phenylethyl com- 
pounds, the acetoxy esters being the more potent (see Table IV, 
and the 3-ethyl compounds of Table V).  



Experimental * t 
S - L ) i - ( 2 - c ~ r b e t h o ~ y e t h y l ) - 2 ~ - p h e l z y e .  Ethyl acrylate 

(300 g) was added with stirring to 2-phenylethylamine (121 g) in 
dry ethanol (200 ml) and the mixture refluxed for 48 h. The 
product was fractionally distilled under reduced pressure to give 
N-di-( 2-~arbethoxyethy1)-2’-phenylethylamine (303 g) as a colour- 
less oil, b.p. 166-168’ ( 0 . 3  mm), n”,” 1.4986. (Calcd. for 
C1,H,,O,N: equiv., 321. Found: equiv., 320; THAYER ANTI 
MCELT-AIN~~ give b.p. 290-193’ (2 mm), v,go 1,4990.) 

N-2’-phen ylethyl-4-piperidone ethylketul. N-Di-( 2-carbethoxy- 
ethyl)-2’-phenylethylamiiie (70 g) was added to a stirred suspen- 
sion of bird shot sodium (10.8 g)  in xylene (250 ml) and the mix- 
ture, protected from moisture, warmed to 50’ to initiate the 
reaction. A further quantity of base was then added drop-wise at  
a rate sufficient to maintain the reaction. Stirring was continued 
for 3 h after addition of the base, the mixture cooled, and water 
(250 ml) added drop-wise. The aqueous phase was separated, 
washed with ether (2  x 100 ml), and acidified with concentrated 
hydrochloric acid (congo red). The solution was saturated with 
anhydrous potassium carbonate and the yellow oil which separ- 
ated extracted with ether (600 ml). After drying (K,CO,), the 
ether was evaporated to give crude N-2’-phenylethyl-3-carbe- 
thoxy-4-piperidone (103 g). (Found: equiv., 2 8 2 ;  calcd. for 
Cl,H,lO,N equiv., 275.) The ketone was refluxed with aqueous 
20 per cent hydrochloric acid (450 ml) for 3.5 h (negative reaction 
with ferric chloride). The product was evaporated to dryness 
under reduced pressure, the free base liberated with aqueous 
25 per cent sodium hydroxide and extracted with ether. After 
drying (Na,SO,), the ether was evaporated and the residue treated 
with excess of alcoholic 10 per cent hydrochloric acid. The 
crystals (42 g) which separated were collected, the free base 
liberated with aqueous ammonia and extracted with ether. The 
ether was dried (Na2S04) and the ether evaporated to give 
S-2‘-phenylethyl-4-piperidone ethylketul (35 g) as a pale yellow oil 
which could not be distilled. Found: equiv., 279; calcd. for 

*‘ Melting points are uncorrected. 
t Analyses are by Mr. G. S. Crouch, School of Pharmacy, University of London; 

equivalent weights of bases and salts mere determinod by titration in non-aqueous 
media. 
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C,,H,,O,N equiv., 2 7 7 ) .  It gave a hydrochloride. needles from 
ethanol, m.p. 178-179" dec. 

Anal. Calcd. for C,,H,,O,SCl: C, 65.0; H. 9 . 0 ;  X, 4 - 8 ;  
equiv., 314. The 
ketal gave a picmte, needles froin ethanol, m.p. 136-137" dec. 

Anal. Calcd. for C,,H,,OSN,: C, 5 4 . 5 :  H, 6.0:  K, 11.1; 
OC,H,, 17.8; equiv., 506. Found: C, 54.3; H, 6.0;  X, 11.4; 
OC',H,, 17 .5 ;  equiv., 506. 

S-2'-2~henylethyl-4-piperidoiae. A mixture of S-2'-phenylethyI- 
4-piperidone ethylketal (20 g)  and dilute aqueous hydrochloric 
acid (150 ml) was refluxed for 2 h. cooled a i d  washed with ether. 
The free base was liberated with aqueous ammonia and extracted 
with ether. After drying (Sa,SO,), the ether was evaporated 
and the residue (13.0 g) crystallized from light petroleum (b.p. 
SO-lOOO) to give S-2'-phenylethyl-4-piperirlone (12.1 g), needles. 
m.p. 60.5-61.5". 

Anal. Calcd. for C,,H,,ON: C, 76.9; H, 8 - 4 ;  N, 6 .9;  equiv., 
203. 
2-Curbomethoxy-n-propyl-2'-phenyleth1jlumine. A solution of 

methyl methacrylate (226.5 g) in dry methanol (100 ml) was 
added to 2-phenylethylamine (180 g) and the mixture left for 
42 days at  room temperature. The product was fractionally 
distilled under reduced pressure to give (2-carbonaethozy-ii- 
yropyl)-2'-phenylethyZu~n~ne (265 0 g)  as a colourless oil, b.p. 
116-118" (0.6 mm). (Found: equiv., 225.  Calcd. for C,,H,,O,N 
equiv., 221.) It gave a picrate, yellow prisms from ethanol, m.p. 
96.5". 

Anal. Calcd. for Cl,H,,OSN,: C, 50.7;  H, 4.9; equiv., 450. 
Found: C, 51.0; H, 5 . 2 ;  equiv., 451. 

(2-Caybomethoxyethyl) - (2'-carbomethoxy-n-propyl) - phenylethg- 
lamine. A mixtiire of (2-carbomethoxy-n-propyl)-phenylethyl- 
amine (186 g) and methyl acrylate (147 g) was refluxed for 48 h. 
The product was fractionally distilled under reduced pressure to 
give (2-curbomethoxyeth y1)- (2'-carbomethoxy-n-propyl)-phenylethyl- 
uinine (148.0 g) as a colourless oil, b.p. 155-157' (0 .25 mm), 

Anal. Calcd. for C,,H,,O,K: C, 66.4: H, 8 . 2 ;  N, 4.6; equiv., 

S-2'-Pheizylethyl-3-methyl-4-piperidone. (2-Carbomethoxy-n- 

Found: C, 64.3; H, 8.9; X, 4 - 8 ;  equiv.. 317. 

Found: C, 76.3; H, 8.15; K, 7.0; equiv., 204. 

n:' 1.4892, 

307. Found: C, 66.0; H, 8.1;  N, 4.65; equiv., 303.5, 



52 A. H. BECKETT, A. F. CASY AND G. KIRK 

propyl)-phenylethylamine (70 g) was added to a stirred suspension 
of bird shot sodium (1 1 3 g) in xylene (250 ml) and the mixture, 
protected from moisture, warmed at  60' to start the reaction. A 
further quantity of the tertiary amine (80 g) was then added drop- 
wise a t  a rate sufficient to  maintain the reaction. The mixture 
was refluxed for 2 h after addition of the base, the product cooled 
and added to water (300 ml). The aqueous phase was separated, 
washed with ether (3x  100 ml), and acidified with concentrated 
hydrochloric acid (congo red). The product was saturated with 
anhydrous potassium carbonate and the yellow oil which separ- 
ated was extracted with ether ( 4 x  150 ml). After drying 
(Na,SO,), the ether was evaporated to  give a viscous, amber- 
coloured oil (80 g) which was refluxed for 1 h with aqueous 20 
per cent hydrochloric acid (350 ml) (negative reaction with ferric 
chloride). The product was evaporated to dryness under reduced 
pressure, the residue dissolved in the minimum quantity of hot 
alcohol and ether added to the warm solution until a faint per- 
manent cloudiness was apparent. The crystals which separated 
were collected, the free base liberated with aqueous ammonia 
and extracted with ether. After drying (Na,SO,), the ether was 
evaporated and the residue distilled under reduced pressure to 
give N-2'-phenyletiLyl-3-methyl-4-piperidone (34.9 g), b.p. 123-125' 
( 0 - 3  mm), n',9 1.5309. (Found: equiv., 218. Calcd. for 
C,,H,,ON equiv., 217.) It gave a picrate, yellow needles from 
ethanol, m.p. 169-5-170.5' dec. 

Anal. Calcd. for C,,,H,,O8N,: C, 53.8; H, 5 . 0 ;  N, 12.5; 
equiv., 446. 

(2-Carbethoxy-n-butyl)-phenylethylamine. Ethyl 2-ethylacrylate 
(b.p. 138'; Mannich and Ritsert give b.p. 138') (143 g) in alcohol 
(70 ml) was added to 2-phenylethylamine (90 g) and the mixture 
left for 50 days at  room temperature. The product was fraction- 
ally distilled under reduced pressure to give (2-carbethoxy-n-butyl)- 
phenylethylamine) (131.0 g) as a colourless oil, b.p. 123-128" 
(0.3 nim) ngo 1.4947. 

Anal. Calcd. for C,,H,,O,N: C, 72.2; H, 9.3; N, 5 - 6 ;  equiv., 
249. 

(2-Carbethoxyethyl)-(2'-carbethoxy-n-butyl)-phenylethylam~~~e. A 
mixture of (2-carbethoxy-n-butyl)-phenylethylamine ( 125 * 0 g) 
and ethyl acrylate (150 g) was refluxed for 48 h. The product 

Found: C, 53.7; H, 5.1; N, 12.0; equiv., 445. 

Found: C, 72.2; H, 9.1; N, 5.8;  equiv., 249. 
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was fractionally distilled under reduced pressure to give (2-carbe- 
thoxyethy1)-( 2'-carbethoxy-n-butyl)-phenylethylamine (70 g) as a 
colourless oil, b.p. 168-170' (0 .2  mm), n;O 1.4871. 

Anal. Calcd. for C20H,10,K: C, 68.75; H, 8.9; N, 4.0; equiv., 
347. 
9-2'-phenylethyl-3-ethy1-4-piperido?ze. (2-Carbethoxy-n-butyl)- 

(2'-carbethoxyethy1)-phenylethylamine (60 g) was added to a 
stirred suspension of bird shot sodium (8 * 0 g) in xylene ( 2 2 0  ml) 
and the mixture heated to 60" to start the reaction. A further 
quantity of base (60 g) was then added drop-wise at  a rate just 
sufficient to maintain the reaction. After all the base had been 
added the mixture was heated at  70" for 3 h, the product cooled 
and added to ice water (300 ml). The xylene phase was evapor- 
ated almost to dryness under reduced pressure and the residue 
acidified with aqueous 20 per cent hydrochloric acid (40 nd). The 
solution was extracted with ether ( 2  x 100 ml), to remove traces 
of xylene, a further quantity of aqueous 20 per cent hydrochloric 
acid (240 ml) added and the solution heated on a steam bath for 
7 h (negative ferric chloride test). The product was evaporated 
to dryness under reduced pressure, the residue made alkaline 
with strong aqueous ammonia and extracted with ether. After 
drying (Na,SO,), the ether was evaporated and the residue 
distilled under reduced pressure to give A7-2'-phenylethyl-3-ethy1-4- 
piperidone (46.2 g) as a colourless oil, b.p. 138" (0 .25  mm), n:9 
1.5271. Found: equiv., 235. Calcd. for Cl,H2,0N equiv., 231.) 
It gave a picrate, yellow needles from acetone, m.p. 176-178" dec. 

Anal. Calcd. for C 2 1 1 ~ z 4 0 8 ~ 4 :  C, 54 .8 ;  H, 3.3; N, 12.2; equiv., 
460. 

5-2'-Phenylethy1-3-carbethoxy-3'-ally1-4-~~perido~~e. N-BI-Phenyl- 
ethyl-3-carbethoxy-4-piperidone ( 103 g) prepared as previously 
described from 2,2'(di-~arbethoxyethyl)-phenylethylamine (150 g) 
in dry benzene (100 ml) was added drop-wise to a vigorously 
stirred suspension of sodium hydride (9 1 7  g) iii dry benzene 
(250 ml). When the initial reaction had subsided the mixture 
was refluxed for 4 h, cooled to room temperature and allyldime- 
thylanilinium bromide (92 5 g) added. The mixture was stirred 
and refluxed for 48 h, cooled and added to water (250 ml). The 
benzene layer was separated, washed with water (4 x 100 ml) and 
dried (K2C0,). The solvent was evaporated and the residue 

Found: C, 69.6; H, 8 - 9 ;  N, 4 .1;  equiv., 347. 

Found: C, 55.6; H, 5.5;  N, 12.4; equiv., 465. 
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fractionally distilled under reduced pressure to give dimethyl- 
aniline (42 g), b.p. 90-92" (25 mm) (McElvain and Barnett give 
b.p. 88-90" (25 mm) ) and A7-2'-phenylethyl-3-allyl-3'-carbethozy- 
4-piperidone (39.5g) as a pale ~7ellow oil, b.p. 100' (0.7 mm), 190' 
(le7mm). (Found:equiv., 313. C a ~ ~ d . f o r C ~ , H , ~ O , ~ e q u i v . ,  304.) 
It gave a hydrochloride, needles from ether-ethanol, m.p. 180-181 '. 

Anal. Calcd. for C1,H,,O,NC1: C, 6 3 . 6 ;  H, 7 . 7 ;  K, 4 . 1 ;  
equiv., 340. 
L\T-2'-Pheny7ethyl-3-n-propyl-4-piperidone. A solution of N-2'- 

phenylethyl- 3 - carbethoxy - 3'- allyl - 4 - piperidone hydrochloride 
(34 .0  g) in absolute ethanol (300 ml) was shaken with hydrogen at  
room temperature and pressure in the presence of 5 per cent 
palladized charcoal (5.0 g). After 20 niin the theoretical amount 
of hydrogen was absorbed, the mixture was filtered and the 
filtrate evaporated to dryness under reduced pressure. The 
residual yellow oil ( 3 4 . 0  g) was dissolved in 20 per cent hydro- 
chloric acid (120 nil), the solution refluxed for 24 h, cooled, and 
evaporated to dryness under reduced pressure. The residue was 
slurried with water (25 c.c.) and excess of anhydrous potassium 
carbonate and extracted with ether (4  x 50 ml). After drying 
(Na,SO,), the ether was evaporated and the residue (16 .5  g) 
distilled under reduced pressure to give X-2'-phen ylethyl-3-n - 
propyl-4-piperido1ze ( 1 2 . 0  g) as a colourless oil, b.p. 140-144' 
(0.5 mm), .Eo 1.5284. (Found: equiv., 240. Calcd. for C,,H,,ON 
equiv., 245.) It gave a picrate, yellow needles from ethanol, m.p. 
153- 154 ' . 

Anal. Calcd. for C,,H,,O,N,: C, 55.65;  H, 5 . 5 ;  N, 11.8;  
equiv., 474. 

General method for the preparation of tertiary alcohols ( I I ) .  The 
piperidone (I) ( 1  mole) was added drop-wise with stirring to a 
cooled solution of a lithium aryl in ether prepared from lithium 
( 2  4 atoms) and an aryl bromide ( 1  2 mole). The mixture was 
stirred for 2 h at  room temperature and then added to crushed 
ice and excess of glacial acetic acid. The solid which separated 
was washed with ether, the base liberated with strong aqueous 
ammonia and extracted with ether. After drying (Na,SO,), the 
solvent was removed and the residue recrystallized from hydro- 
carbon solvents such as whexane and petroleum ether mixtures 
(see Table VII). 

Found: C, 8 4 . 8 ;  H, 7.55; N, 3 - 9 ;  equiv., 346. 

Found: C, 5 5 . 0 ;  H, 5 . 5 5 ;  N, 11.8., equiv., 464. 



Tablo VII.  ii-3'-Plie1iylethyl-4-al.yl-4-piperidinols 

101-103" 8 1 . 0  8 . 2  S.0 281 8 0 . 8  8 . 3  3 . 1  283 
112.6-113° 8 1 . 3  8 . 5  4.7 296 8 1 . 0  8 , 4  4 . 6  299 
105-10GO 8 1 . 3  8 . 6  4 . i  295 80 .3  8 . 3  4 . 9  293 
8 4 . 5 "  8 1 . 5  8 .8  4 . 5  309 80 .3  9.0 4 . 4 5  315 
8B-8fjo 8 1 . 6  8 . 5  4 . 5  309 81.5 8 .6  4 . 6  314 
1 O i "  81.6 8 . 8  4 . 5  509 8 1 . 0  8 . S  4.4 308 

749-26OL* G2.O G.95 3 . 4 6  406 61 .8  7 . 1  3 . 4  408 
71-72" 81.7 9.0 4 .3  323 8 1 . 6  9 .0  4 . 3  3 2 i  
84.5-88.5 8 1 . 7  9 .0  4 . 3  323 82.0 8 . 8  4 . 4  324 
97.6-08' 8 1 . i  9.0 4 . 3  323 5 0 . 7  9 . 1  4 . 2  327 

* Hydroljromlde. 

N-2'-Pheitylethyl-4-phelayl-4-piperidinol. A mixture of 2-phenyl- 
ethylamine ( 12 1 g), an equivalent amount of concentrated 
hydrochloric acid (93 ml), a-methylstyrene (118 g) and aqueous 
37 per cent formaldehyde (200 g) was stirred and heated at  80" for 
3 h. The resultant clear solution was refluxed for 5 h and left a t  
room temperature overnight. The product, consisting of two 
layers, was washed with benzene (3 x 100 ml), made alkaline with 
aqueous 50 per cent sodium hydroxide solution and extracted 
with benzene (3 x 100 ml). After drying (K,CO,). approximately 
200 ml of solvent was evaporated and the residue diluted with 
n-hexane until a faint permanent cloudiness was obtained. The 
crystals which separated on cooling were collected and recrystal- 
lized from light petroleum (b.p. 80-100") to give S-2'-phenylethyl- 
4-phenyl-4-piperidinol (36.7 g), needles, m.p. 102-103" un- 
depressed on admixture with alcohol prepared by the general 
method. (Found: equiv., 284. Calcd. for C,,H,,ON equiv., 281.) 

A mixture of 
the tertiary alcohol (2  g), an acid anhydride (3 ml) and pyridine 
( 3  ml) was refluxed for 3 h and the solvents removed under reduced 
pressure. The residue was converted, in most cases, into a hydro- 
halide and recrystallized from ether-ethanol (see Table VIII). 

Esteri$cation of tertiary alcohols (general method). 
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Determinations were car- 
ried out in carbon disulphide solution, concentration range 0 * 3 to  
0 . 9  per cent w/v. Calibration was accurate to f 3 cm-1 over 
the region 650 to 2,000 cm-l, and f 5 cm-l over the region 2,000 
to 5,000 cin-l. Infra-red spectra were measured on a Hilger H.800 
double-beam automatic recording spectrophotometer fitted with 
sodium chloride optics, run in cells of path length 0 . 7 5  mni and 
compensated with carbon disulphide. 

The stereochemistry of addition of lithium aryls to certain 
N-methyl and N-2’-phenylethyl-4-piperidones is reported. Those stereo- 
isomers present as the major proportion of the respective stereoisomeric 
mixtures (type A isomers) have similar infra-red absorption characteristics 
which differ from those formed in minor amount (type B isomers). The 
configurations trans and cis methyl/aryl are allocated to type A and type B 
isomers respectively on the basis of considerations of the stereochemistry 
of addition to ketones, interpretations of infra-red absorption data and 
hydrolysis studies. The configuration of type A isomers is confirmed by 
an assessment of steric factors in N-S’-phenylethyl-4-( 2,6-dimethylphenyl)- 
3-methyl-4-piperidinol. The analgesic activities in mice of various 
imino-alcohols and esters are given and certain structure-activity rela- 
tionships discussed. 
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Infra-red absorptioql. measurements. 
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