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In  recent papers, Beckett and co-workers have described 
structure-activity studies in analgesics related to reversed esters 
of pethidine.l,12 This paper reports an extension of these studies 
with respect to the effect of replacing the 4-phenyl group by other 
aromatic groups, notably heterocyclic groups. 

The synthetic route employed involved treatment of a N-2'- 
phenethyl-Cpiperidone (I) with a lithium aryl (one exception) 
and esterification of the resultant tert. alcohol with an acid 
anhydride-pyridine mixture. 

The lithium aryls used to prepare the alcohols (II)a, b and e 
were prepared by metallation of the appropriate aryl hydro- 
carbon with lithium phenyl; lithium 1-naphthyl [for (1I)f; R = H 
and CH,] was obtained directly from 1-bromonaphthalene and 
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lithium 2-pyridyl [for (II)c] by interchange between lithium 
n-butyl and 2-bromopyridine. A Grignard reagent was employed 
for the benzyl alcohol (1I)d. Esterification by the acid anhydride- 
pyridine method proceeded normally only in the cases of alcohols 
(IIc) (R = CH,) and (IId) (R = H) ; the alcohols (IIa) (R = CH,), 
(IIb) (R=CH,), (IId) (R = CH,), (IIe) (R = CH,) and (IIf) 
(R = H and CH,) gave eliminated products (IV) under the same 
conditions. Esters of 4-piperidinols have been prepared by direct 
acylation of Brignard reagent-ketone complexes and correspond- 
ing lithium phenyls.2 This process was applied in the above 
cases in which elimination had been encountered ; the crude esters 
were prepared in this way but difficulties were met when isola- 
tion as hydrochloride salts was attempted. Thus, the crude 
product derived by direct acylation of the lithium furyl-ketone 
(I ; R = CH,) complex with propionic anhydride had an equiva- 
lent weight consistent with that of the ester ( I I Ia ;  R = CH,, 
R’ = C,H,) and showed the characteristic carbonyl stretching 
frequency (1,738 cm-l). Treatment of the base with excess of 
ethanolic hydrochloric acid gave, however, the ethyl ether (Va ; 
R = CH,) hydrochloride rather than the expected ester salt. 
This formulation is based upon analytical data, the absence of 
absorption frequencies due to the ester group, and the fact that 
both acetic and propionic anhydrides gave the same product 
which was unchanged following attempted alkaline hydrolysis. 
The products derived in the same way from lithium 2-thienyl and 
1-naphthyl proved also to be ethyl ether salts. It is significant 
that those alcohols giving elimination products on treatment 
with an acid anhydride-pyridine mixture form esters Chat bre 
readily transformed into ethers ; it is shown below that these 
results may be interpreted in terms of the electronic character of 
the 4-aryl substituent. 

Elimination reactions, both acid and base catalysed, are assisted 
by electron releasing and opposed by electron attracting groups. 
The order of electron release of a series of aryl substituents is 
shown below :, 



SOME N-PHENETHYL-4-HETEROARYL-4-PIPERIDINOLS 247 

The high degree of electron releasing properties of the 2-furyl, 
2-thienyl and 1-naphthyl groups results in olefin formation rather 
than esterification following acid anhydride-pyridine treatment 
cd the corresponding alcohols. The 2-pyridyl group, in contrast, 
is electron withdrawing and favours esterification rather than 
elimination under the above conditions. The result' of the 
electrophilic chsracter of the 2-pyridyl group is further emphasized 
by the resistance of the alcohol (IIc ; R = CH,) to conditions of 
dehydration sllccessful with the corresponding 4-phenyl alcohol. 
Similar examples which illustrate differences in ease of dehydra- 
tion dependent upon differences in the electrophilic character of 
aryl groups have been reported. Thus, while 1,l-diphenyl- 
alcohols (VI; Ar = C,H,) are dehydrated by a boiling mixture 

Ar Q 
HO--C-(CH,)2NR, 

1 
HO-C-CH,CH(CHa)NR, 

I I 
I 

Ar 0 
of acetic and hydrochloric acids, the pyridyl alcohol (VEI) is 
~ n c h a n g e d . ~  On the ofher hand, analogous 1,l-dithienylalcohols p; Ar = a) may be converted into olefins by far milder 

conditions, e.g. by passage of hydrogen chloride through a cold 
solution of the base in ~hloroform.~ 

The production of ethers from alcohols in acidic media is pro- 
bably due to an acid-catalysed process involving carbonium ions. , 
Formation of the latter occurs most readily from tert. alcohols and 
is assisted by electron releasing substituents. These principles 
explain the conversion of triphenylcarbinol into its methyl ether 
by boiling methanol,' diphenylcarbinol into bisdiphenylmethyl- 
ether by boiling waters and 2-furyldiphenylcarbinol into 6is-2- 
furyldiphenylmethylether by boiling acetic acid. The ethers 
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encountered in the present work must be formed directly from the 
esters that result on acylation of the lithium aryl-ketone com- 
plexes, since the alcohols [(II)a, b and f ]  themselves give normal 
salts on treatment with excess of ethanolic hydrochloric acid. 
The mechanism of ether formation is therefore proposed as 
follows : 

(VIII) 

The postulated carbonium ion (VIII)  is tertiary and its formation 
will be assisted by the electron releasing properties of the 2-fury1, 
2-thienyl and 1-naphthyl groups. Evidence for acid catalysis 
(and also for intermediate ester formation) is provided by the 
isolation of the ester ( I l Ib ;  R = R' = CH,) hydrochloride follow- 
ing careful neutralization of thc base with ethanolic hydrochloric 
acid. 

The alcohols ( I Id ;  R = H) and ( I Id ;  R = CH,) are esterified 
and eliminated respectively on treatment with an acid anhydride- 
pyridine mixture. This difference may be attributed to a fine 
balance of electronic factors, the additional inductive and hyper- 
conjugative contributions of the 3-methyl group favouring 
elimination in the latter cise. The elimination occurring with 
the corresponding picolyl alcohol ( I Ie ;  R = CH,) is interpreted 
similarly. 

The olefin derived from the benzyl alcohol ( I Id ;  R = CH,) 
may be formulated in two ways (IX) and (X), the latter being the 
more likely on account of the known preference for an endocyclic 
over an exocyclic bond.1° 

A similar example of formation of a non-conjugated isomer has 
been given by Eliel, McCoy and Pricell in the dehydration of 
1-benzylcyclopentanol. Evidence for structure (X), derived from 
ultraviolet absorption measurements (the spectrum is benzenoid 
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rather than styrenoid) is equivocal since models show the oonju- 
gated form (IX) to be non-planar, 

C6H5 

I 

(IX) 

tdH !? gC 6H5 

The addition of lithium aryls 
can give two diastereoisomeric 

I 
(CH 2)  !?c 6H5 

to 3-substituted-4-piperidones 
alcohols which differ in the 

cis-trans relationship of the 3-alkyl and 4-aryl groups. It has 
been shown,12 from arguments based upon the stereochemistry of 
addition to ketones, that the trans isomer should be formed in 
major amounts and that the preponderance of this isomer should 
increase with increasing size of the aryl addendum in the vicinity 
of the cmbonyl reaction centre. Isomeric ratios obtained experi- 
mentally accord with these conc1usions.l. l2  Thus, while treat- 
ment of N-methyl and N-phenethyl-3-methyl-4-piperidone with 
lithium phenyl, m- and p-tolyl give isomeric mixtures in which 
one isomer predominates, lithium o-tolyl, o-methoxyphenyl and 
2,6-dimethylphenyl give reaction mixtures which comprise, 
virtually, one pure isomer. Addition reactions of the present' 
work are comparable to the latter examples since the size of the 
aryl addendum with respect to the area adjacent to the C-Li bond 
is large. With the heterocyclic compounds this steric factor is 
probably considerably increased by solvation of the heteroatoms. 
It was to be expected, therefore, that the proportions of cis 
isomers in the reaction mixtures would be small. I n  fact, in all 
cases studied, the alcohols (11; R = CH,) were isolated in single 
isomeric forms which, from the above considerations, are assigned 
trans (CH,/Ar) configurations. Trans isomers of certain 4-phenyl 
and 4-substituted phenyl-4-piperidinols show a consistent pattern 
in the 990-1,010 cm-l and 1,350-1,385 cm-l regions of their infra- 
red absorption spectra which is distinct from that found with cis 
isomers.l*12 It does not necessarily follow that analogous 
heterocyclic alcohols should fit these patterns since absorption 
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frequencies may be disturbed, in varying degree, by the electrical 
characters of the heteroatoms. Thus, whereas the fury1 and 
thienyl alcohols [ (1I)a and b ; R = CH,] follow the trans pattern 

Table I. Characteristics of infrared absorption of N-substituted 
4.aryl-3-methyl-4-piperidinols~ 

Absorption peaks of 
characteristic frequency 

(om-’) 

Region A Region B 
Tsomer 7 

R-N ,gH 
\ 

r---------- (990- (1,350- 
R R’ 1,010 cm-l) 1,385 cm-I) 

I 

trans 

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

no peak 
c is  no peak 

no peak 
1,004 
1,007 
1,003 
998 

1,006 

1,000 
trans 

1,006 

1,000 

1,004 

1,355 1,383 
1,352 1,376 
1,355 1,383 
1,354 1,382 
1,372 1,380 
1,376 1,383 
1,372 1,383 
1,351 1,376 
1,353 1,376 
1,354 1,377 
1,353 1,374 

1,360 1,385 

1,360 1,380 

1,375 1,389 

1,375 1,388 

1.370 .- 
~ 

(1 Examples of 4-phenyl alcohols have been included to illustrate the two 1mtfern.i 

in all respects, the pyridyl and picolyl alcohols [(II)c and e ;  
R = CH,] conform only in the 990-1,010 om-1 region (see Table I). 
It may be of significance, in this respect, that the free 0-H 
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stretching frequencies of the latter alcohols are low (3,395 and 
3,365 cm-1 respectively) indicative of hydrogen bonding, whereas 
those of the furyl, thienyl and phenyl alcohols are normal. The 
methylene group between the aryl and piperidine rings represents, 
in the picolyl alcohol (IIe;  R = CH,), a further difference from 
tfhe alcohols for which the above pattern has been established. 
This structural difference is likewise present in the benzyl alcohol 
( I I d ;  R = CH,) which also shows an abnormal trans pattern. 
The naphthyl alcohol (IIf ; R = CH,) most closely resembles the 
phenyl alcohols and follows the trans pattern in both regions. 

The configurations of the ethers [ (V),  a, b and d; R = CH,] are 
not dependent upon the course of carbonyl addition since it is 
postulated that they derive from carbonium ions. Barton, 
('rtmpos-Neves and Cookson13 have shown the stereochemical fate 
of fert.-carbonium ions in cyclohexane systems to be formation of 
the more stable epimer in major yield. On these grounds, the 
configuratibns of the above ethers will be trans (CH,/Ar) since 
such isomers, with the bulky aryl groups equatorial, will be 
thermodynamically more stable than the corresponding cis 
isomers. 

Pharmacological Results and Discussion 
The analgesic activibies of tertiary alcohols and related com- 

pounds reported in this paper were determined in mice by subcu- 
taneous injection, using an adaptation of the hot plate method as 
described by Janssen and Jageneau.14 Our thanks are due to 
Dr. Paul Janssen for carrying out the pharmacological tests. 
The activities, calculated from ED,, values and expressed relative 
to morphine for convenience, are recorded in Table 11, together 
with those of corresponding 4-phenyl analogues. However, the 
hot plate method does not distinguish between morphine-type 
analgesics and other compounds which increase reaction time, and 
t,his limitation must be borne in mind in any discussion of 
structure-action relationships. 

One approach to drug design involves isosteric replacement of 
a group in a compound with desired biological effects. Isosteres 
may be defined as atoms, ions or molecules in which theperipheral 
layer of electrons is considered to be identical,15 e.g. phenyl, 
pyridyl, furyl and thienyl groups. Isosteric replacement of 
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Table 11. Analgesic activities of N-phenethy~-4-aryl-4-piperidinols 
and related coppounds 

Analgesic 
Analgesic activity 
activity (morphine = 100) 

Ar (morphine = 100) of 4-phenyl 
analoguea R R’ Ar 

O H  

O H  

OCOCH, 

O H  

OCOCH, 
OCOC,H, 
O H  
O H  
,, 
,, 

OCOCH, 
OCOC,H, 

O H  

OCOCH, 

Eliminated 
product (IV) 

, 

< 30 

38 

63 

52 

30 
44 
38 

< 30 
25 
38 

< 30 
< 30 

14 

114 

< 30 

< 30 

70 

70 

385 

70 

385 
430 

70 
35 
70 
35 

633 
346 

35 

633 

e 2 2 c  

e 2 2 c  

a Reference 1 (trans Me/Ar conflguration where applicable) 
b trans MdAr conflguration 
c Reference 27 
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phenyl has been reported for numerous analgesics, such as 
pethidine, the seven-membered ring1' and reversed ester analo- 
gue+* of pethidine and methadone type compounds;19 in all cases 
replacement gives compounds of reduced activity (see later for 
thiambutene, however). The results of isosteric replacements of 
4-phenyl in N-phenethyl-Cphenyl-lpiperidinols and related 
compounds presently reported, accord with this general observa- 
tion. 

The reason for the reduction of activity upon isosteric replace- 
ment of phenyl in analgesics may derive from the resultant changes 
in steric and electronic factors. The analgesic drug-receptor 
contact has been postulated to depend, in part, upon the van der 
Waals force bonding between the aromatic ring of the drug and 
a complementary flat portion of the receptor.20 A change in 
steric factors, caused by introduction of a bulky group into the 
flat phenyl ring, may diminish the area of drug-receptor contact 
and hence result in a less active compound. That the steric 
requirements of nitrogen, sulphur and oxygen are a t  least as great 
as those of a methyl group has been demonstrated by the carbonyl 
addition studies currently reported. Steric increases of this order 
are not necessarily detrimental to analgesic properties since certain 
4-o-tolyesters are highly active. However, when allowance is 
made for solvation of the heteroatom, the resultant impairment 
of fit must be much greater than that indicated by the overall 
covalent bulk of the heteroatom. 

Pressman and others21, 2 2  have demonstrated the quantitative 
effect of the relative spatial dimensions of aryl carbon and nitrogen 
in antibody-antiserum reactions ; the large decrease in antibody 
combining power observed on passing from the phthalate to the 
pyridine 2,3-dicarboxylate and pyrazine 2,3-dicarboxylate ions 
was interpreted as resulting from the bulky character of the 
hydrated heterocyclic ions in solution. 

The changes in analgesic properties resulting frbm replacement 
of phenyl bear no consistent relationship to the attendant changes 
in the electronic character of the aryl group and in the stability qf 
the ester function which result. Substitution of phenyl by thienyl 
and o-tolyl both increase electron availability a t  the ester site, 
yet the former leads to an activity loss, not necessarily concomit- 
tant with the latter change. The qualitative analgesic e k t  of 



264 A. H. BECKETT, A. F. CASY AND P. M. PELILLIPS 

replacement by the electron withdrawing group, pyridyl, with 
resultant stabilization of the ester, is the same as that of the 
donating groups, fury1 and thienpl, which reduce the ester stabi- 
lity. Reduction of analgesic activity upon isosteric replacement 
is therefore considered to be due to the attendant increases in 
steric factors. 

The high activity of dimethylthiambutene as compared with 
its diphenyl analogue is an apparent deviation from the effect of 
isosteric replacement of phenyl generally observed in analgesics. 19 
It is considered, however, that the thiambutenes should be 
compared, in this respect, to methadone, since similar interactions, 
namely N+S and N-tC = 0 respectively, have been proposed 
as factors holding the drug molecules in the required conformation 
for drug-receptor contact. 23 (These constraining forces are absent 
in the almost analgesically inactive diphenyl analogue of dimethyl- 
thiambutene). The relative analgesic properties of methadone 
and the thiambutenes are then consistent with the disadvantageous 
effect of isosteric replacement of phenyl in analgesics. 

This discussion is relevant only to groups considered to associate 
with the-flat portion of the analgesic receptor site already des- 
cribed,20 aha does not apply, for example, to the isosteric replace- 
ments of phenyl reported by Elpern and others24 respecting the 
N-phenalkyl group of pethidine analogues. The resultant quali- 
tative variation in effects indicates the less rigid steric require- 
ments of the anionic receptor site and may also be due to attendant 
changes in ease of dealkylation of the basic centre.25 

Thus certain isosteric replacements of phenyl help to delineate 
the steric requirements of the flat portion of the analgesic receptor 
site in the complementary vicinity of the bond linking the aryl 
group to the rest of the drug molecule, 

Experimental" j- 

N-Z'-Phenethyl-4-( Z'-furyl)-3-methyl-4-piperidinol and related com- 
pounds. A mixture of freshly distilled furan ( 1  * 7 g) and lithium 
phenyl in ether, prepared from lithium (0 43 g) and bromobenzene 

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

equivalent weights of bases and salts were determined by titration in non- 
aqueous medra. 



SOME N-PHENETHYL-4-HETEROARYL-4-PIPERIDINOLS 255 

(4.75 g) was refluxed for 2 h, cooled (ice-bath) and treated with 
the piperidone (I; R = CH,) (5.4 g). The product was stirred 
for 30 min a t  room temperature and then added to crushed ice and 
excess of glacial acetic acid. The solid which separated on 
storage a t  5” was washed with ether, the base liberated with 
aqueous ammonia and extracted with ether. After drying 
(Na,SO,), the solvent was removed to give the crude furyl alcohol 
(4.2 g) as an oil, It gave a hydrochloride, plates from ether- 
ethanol; m.p. 187-188” (d). after sintering a t  92’. 

Calcd. for C,,H,,ClNO,.~,H,O*: C, 65-3;  H, 8 - 2 ;  
equiv. wt., 369. A 
mixture of the crude alcohol (3.1 g), propionic anhydride (4 ml) 
and pyridine (4 ml) was refluxed for 3 h and the solvents removed 
under reduced pressure. The residue, converted into the hydro- 
chloride and recrystallized from ether-ethanol, gave N-2’- 
phenethyl-4-(2’-furyl)-3-methyltetrahydropyridine (IVa ; R = CH,) 
hydrochloride, needles, m.p. 20&204.5O (d.). 

Anal. Cahd. for Cl,H,,CINO: C, 71 .2 ;  H, 7 . 2 6 ;  N, 4.6; 
equiv. wt., 304. Found: C, 76*,6; H, 7.0; N, 4 . 7 ;  equiv. wt., 307. 

The complex formed from the piperidone (I; R = CH,) 
(5-4  g) end lithium furyl, prepared as described above, was 
cooled ‘(ice-bath) and treated with acetic anhydride (3 ml) in 
benzene. The product was stirred for 30 min at  room temper- 
ature, added to crushed ice and excess of acetic acid and worked 
up as before to give the crude furyl ester ( I I Ia ;  R = R’ = CH,) 
(5.3 g) (Found: equiv. wt., 336. Calcd. for C,,H,,NO, equiv. wt., 
341). It had a strong absorption peak a t  1,738 cm-1, characteristic 
of an ester carbonyl group. The base, on treatment with excess of 
ethanolic hydrochloric acid and crystallization from ether- 
ethanol gave N-2’-phenethyl-I-ethoxy-4-(2’-furyZ)-3-methyl piperi- 
dine hydrochloride, plates, m.p. 181-182O (d.). 

Anal. Calcd. fbr C,,H,,ClNO,: C, 68.6; H ,  8.0; N, 4.0;  equiv. 
wt., 350. 
N-2’-~henethyl-4-(2’-thienyl)-Bmethyl-4-pi~eridinol and related 

compounds. The piperidone (I; R = CH,) (21.7 g) was trea,ted 
with lithium thienyl, prepared from thiophen (8 - 4 g), bromo- 
benzene (19 g) and lithium (1 .7  g) by the method described for 
lithium furyl, and the product worked up as before to give the 

Anal. 
Found: C, 65.15; H, 8’2;equiv. wt., 365. 

Found: C, 68.7; H, 8.25; N, 4.0; equiv. wt., 349. 

* 1 mole ethanol of crystallization, 
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thienyl alcohoE ( I Ib ;  R = CH,) (22.5 g), m.p. 91") after crystal- 
lization from a petroleum ether (b.p. 40-60") acetone mixture. 

Anal. Calcd. for C,,H,,NOS : C, 71 * 8 ; H, 7 6; N, 4.65; equiv. wt., 
301. Found: C, 71.2; H, 7*6 ;N,  4.6; equiv.wt., 301. Treatment 
of the alcohol with propionic anhydride and pyridine as described 
above gave N-Z'-phenethy1-4- (2'-thienyl)-3-methyltetrah ydrop yridine 
(IVb; R = CH,) hydrochloride, m.p. 208-210" (d,). 

Anal. Calcd. for C,,H,,ClNS: C, 67.6; H, 6.9;  N, 4.4; equiv. 
wt., 320. Found: C, 68.0; H, 6 - 7 ;  N, 4.3; equiv. wt., 322. 

Direct tieatment of the piperidone (I; R = CH,)-lithium 
thienyl complex with acetic anhydride, followed by work up as 
before gave the crude thienyl ester ( I I Ib  ; R = R' = CH,). The 
base, on careful qutralization with ethanolic hydrochloric acid, 
gave N - 2'- phenethyl - 4 - acetoxy - 3 - methyl-4-( 2'-thieny1)piperidine 
hydrochloride, m.p. 213-214" (d.) after crystallization from 
ether-ethanol. 

Calcd. for C2,H,,C1NO,S: C, 63.2; H ,  6.85; N, 3.7; 
equiv.wt.,380. Pound:C,63*6;H,6*9;N,  3.5;equiv.wt.,384. It 
had a strong adsorption peak at 1,741 cm-l, characteristic of an 
ester carbonyl group. Treatment of the crude thienyl ester with 
excess of ethanolic hydrochloric acid gave N-2'-phenethyl-4- 
ethoxy-3-methyl-4-(2'-thienyl)piperidine hydrochloride, m.p. 200- 
202" (d.) after crystallization from ether-ethanol. 

Anal.  Calcd. for C,,H,,ClNOS: C, 65.7; H, 7.7; N, 3 .8;  
equiv. wt., 366. Found : C, 66.9 ; H, 7 9 ; N, 4 -  1 ; equiv. wt., 368. 

The ether (Vb; R = CH,) gave a picrate, needles, m.p. 149- 
150". 

Anal.  Calcd. for C,6H,,N,0,S: C, 55.9; H, 5.4; N, 10.0, equiv. 
wt., 558. Found: C, 54.95; H, 5 . 6 ;  N, 10.0; equiv. wt., 556. 

N-2'-Phenethyl-3-methyl-4-(a-naphthyl)-4-~iperidinol and related 
compozcncls. The piperidone (I ; R = CH,) (15 g) was treated 
with lithium a-naphthyl, prepared from lithium (1.4 g) and 
a-bromontiphthalene, (21  g), and the product worked up in the 
usual manner to give the naphthyl alcohol (IIf;  R = CH,) 
(21 g). It formed a hydrochloride, m.p. 266", after crystallization 
from ethanol. 

Anal. Calcd. for C,,H,,ClNO: C, 75-4;  H, 7.4;  C1, 9.3; equiv. 
wt., 382. Found: C ,  75.4; H, 7.3; C1,9.2; equiv. wt., 382. Direct 
acylation of the piperidone (I ; R = CH,)-lithium a-naphthyl 

Anal. 
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complex with acetic anhydride (method as before) and treatment 
of the crude basic product' with excess of ethanolic hydrochloric 
acid gave N-2'-phenethyl-4-ethoxy-3-methyl-4-(a-naphthyl)piperi- 
dine hydrochloride, plates from ethanol, m.p. 221-223". 
Anal. Calcd. for C,,H,,ClNO : C, 76 1 ; H, 7 - 8 ; C1,8 * 7.  Found : 

C, 7 5 . 8 ;  H, 7 . 5 ;  C1, 9 . 1 ,  
N-2'-Phenethyl-4-(a-naphthyl)-4-piperidinol and related com- 

pounds. Treatment of the piperidone (I; R = H) (16 .5  g) with 
lithium a-naphthyl, as before, gave the naphthyl alcohol (IIf ; 
R = H) ( 1 9 . 5  g), m.p. 173" after crystallization from benzene. 

Calcd. for C2,H2,N0 : C, 83 4 ; H, 7 6 ; N, 4 2 ; equiv. wt., 
331. Found: C, 8 3 . 8 ;  H, 7 . 2 ;  N, 4 . 3 ;  equiv. wt., 332. Treatment 
of the alcohol with acetic anhydride and pyridine (as before) ghve 
N-2'-phenethyl-4-(a-naphthyl~-~,2,5,6-tetrahydropyridine, isolated 
as the hydrobromide, m.p. ' 92" after crystallization from 
ethanol. 
Anal. Calcd. for C,,H,,BrN: C, 6 7 . 1 ;  H, 6 . 1 ;  Br, 2 0 . 3 ;  N, 

3 . 6 ;  equiv. wt., 394. Found: C, 6 8 . 2 ;  H, 5 . 9 ;  Br, 2 0 . 1 ;  N, 3 . 6 ;  
equiv. wt., 390. Direct acylation of the piperidone (I ;  R = H)- 
lithium a-naphthyl complex with acetic anhydride and treatment 
of the basic product with excess of ethanolic hydrobromic acid 
gave N-2'-phenethyl-4-ethoxy-4-(a-naphthyl)piperidine hydrobro- 
mide, nedles from ethanol, m.p. 224". 
Anal. Calcd. for C,,H,,BrNO: C, 6 8 . 2 ;  H, 6 . 8 ;  equiv. wt., 

440. Found: C, 6 7 . 3 ;  H, 6 . 8 ;  equiv. wt., 433. . 
N-2'-Phenethyl-3-methyl-4-(2'-pyridyl)-4-piperidinol and esters. 

The piperidone (I; R = CH,) (10 .8  g) was added to lithium 
2-pyridyl, prepared from lithium n-butyl and 2-bromopyridine 
( 7 . 5  g) by the method of Nunn and Schofield,2s and the product 
worked up as usual to give the pyridyl alcohol ( I Ic ;  R = CH,) 
( 9 - 0  g). It gave a dihydrochloride, map. 240-241" (d.) from 
et her-e t hanol . 
Anal. Calcd. for C1,H,,C1,N20: C, 6 1 . 8 ;  H, 7.0; N, 7 . 6 ;  

equiv. wt., 185. Found: C, 61.1;  H, 7 . 0 ;  N, 7 . 5 ;  equiv. wt., 190. 
Esterification by the acid anhydride-pyridine method gave the 
acetoxyester (IIIc ; R = R' = CH,), isolated as the dihydro- 
chloride, m.p. 203-204" (d.) from ethanol. 
Anal. Calcd. for C,,H,,C12N,02: C, 6 1 . 3 ;  H, 6 . 8 ;  N, 6 . 8 ;  

equiv. wt., 206. Found: C, 6 0 . 3 ;  H, 6 . 8 ;  N, 6 . 7 ;  equiv. wt., 210. 

Anal. 
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The propionoxyester (IIIc ; R = CH,, R' = C,H,) gave a dihydro- 
chloride, m.p. 183-184" from ether-ethanol. 

AnaZ. Calcd. for C,,H,,C1,N2O,: C, 6 2 . 1 ;  H,  7 . 1 ;  N, 6 . 6 ;  
equiv. wt., 213. Found: C, 6 0 . 2 ;  H, 7 . 2 ;  N, 6 . 7 ;  equiv. wt., 218. 
The pyridyl alcohol (IIIc; R = CH,) was recovered aftw treatment 
for 1 h with a 3 :  1 mixture of acetic and hydrochloric acids a t  
the reflux temperature. 
N-Z'-Phenethyl-4-benzyl-4-piperidinol and esters. The piper- 

idone (I ; R = H) (17 .5  g) was added to benzyl magnesium 
chloride, prepared from benzyl chloride (22 g) and magnesium 
( 4 . 3  g), and the product treated in the usual manner to give the 
benzyl alcohol (IId ; R = H) ( 17 5 g). It formed a hydrobromide, 
needles from ethanol; m.p. 218". 

Calcd. for C,,H,,BrNO: C, 63.8;  H, 6 . 9 ;  Br, 2 1 . 2 ;  N, 
3 . 7 ;  equiv. wt., 376. Found: C, 6 3 - 3 ;  H, 6 . 8 ;  Br, 2 1 . 2 ;  N, 
3 . 8 ;  equiv. wt., 378. 

Esterification by the acid anhydride-pyridine method gave the 
acetoxyester ( I I Id ;  R = H, R' = CH,) hydrobromide, m.p. 241" 
from ethanol. 

AnaZ. Calcd. for C,,H,,BrNO,: C, 6 3 . 1 ;  H, 6 . 7 ;  Br, 1 9 . 1 ;  N, 
3 . 4 ;  equiv. wt., 418. Found: C, 6 3 . 1 ;  H, 6 . 7 ;  Br, 1 9 . 1 ;  N, 3 . 4 ;  
equiv. wt., 419. The propionoxyester ( I I Id ;  R = H, R' = C,H,) 
gave a hydrobromide, plates from ethanol, m.p. 214". 

Calcd. for C,,H,,BrNO,: C, 6 1 . 9 ;  H, 7 . 0 ;  Br, 1 8 . 5 ;  N, 
3 . 3 ;  equiv. wt., 432. Found: U, 6 1 . 9 ;  H, 7 . 0 ;  Br, 1 8 . 4 ;  pu', 
3 . 6 ;  equiv. wt., 434. 
N-2'-Phenethyl-4-benzyl-&methyl-4-piperidinol and elimination 

product. The piperidone (I; R = CH,) (20 g), on treatment with 
benzyl magnesium bromide in the usual manner, gave the benzyl 
alcohol ( I Id ;  R = CH,) (23 g). It formed a hydrobromide, 
needles from ethanol, m.p. 235". 

Anal. Calcd. for C,,H,,BrNO: C, 6 4 - 6 ;  H, 7 . 2 ;  Br, 2 0 . 5 ;  
equiv. wt., 392. Found : C, 6 4 . 2  ; H, 7 * 4 ; Br, 2 0 . 5  ; equiv. wt., 392. 
Treatment of the alcohol with propionic anhydride and pyridine 
gave the oleJin (X) isolated as  the hydrobromide, needles from 
ethanol, m.p. 212". 

Calcd. for C2,H,,BrN: C, 6 7 . 7 ;  H, 7 . 0 ;  Br, 2 1 . 5 ;  N, 
3 . 8 ;  equiv. wt., 372. Found: C, 6 7 . 0 ;  H, 6 - 9 ;  Br, 2 1 . 6 ;  N, 3 .8 ;  
equiv. wt., 375. 

Anal .  

Anal. 

Anal. 
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N-2'-Phenethyl-4-( 2'-picolyl)-4-piperidinol and acetoxyester. The 
piperidone (I; R = H) (8 g) was added to lithium 2-picolyl, 
prepared by metallation of 2-picoline (7  5 g) with lithium phenyl, 
and the product processed in the usual manner to give the crude 
picolyl alcohol (I& ; R = H) (10 g). It formed a dihydrobromide, 
rosettes from ethanol, m.p. 220-5". 

Calcd. for C,,H,,Br,N,O: C, 49.8; H, 5.7; Br, 34.8; 
N, 6 . 2 ;  equiv. wt., 229. Found: C, 49.8; H, 5 . 8 ;  Br, 34.5; 
N, 6.2; equiv. wt., 229. 

Direct acylation of the piperidone (I ; R = H)-lithium 
2-picolyl complex with acetic anhydride gave N-Z'-phenethyl-4- 
acetoxy-4-(2'-picolyl) piperidine, isolated as the dihydrobromide, 
m.p. 238" from ethanol. 

Calcd. for C,,H,,Br,N,O,: C ,  50 .4 ;  H, 5.6; Br, 31.9; 
N, 5 .6;  equiv. wt., 250. Found: C, 50.2; H, 5 .6;  Br, 31.7; 
N, 5.5;  equiv. wt., 253. 
N-2'-Phenethyl-3-methyl-4-(2'-picolyl)-4-piperidinol and elimin- 

ation product. The piperidone (I ; R = CH,) (15 g) treated with 
lithium 2-picolyl, as before, gave the picolyl alcohol (IIe;  
R = CH,) (16 g). It formed a dihydrobromide, needles from 
ethanol, m.p. 250". 

Calcd. for C,,H,,Br,N,O: C, 50.9; H, 6.0; Br, 33.8; 
N, 6.0; equiv. wt., 236. Found: C, 5 0 . 5 ;  H, 6 - 2 ;  Br, 33.7; 
N, 6 - 0 ;  equiv. wt., 237. 

Treatment of the alcohol with acetic anhydride and pyridine 
gave the eliminated product [structure probably analogous to 
(X)]. It formed a dihydrobromide, rosettes from ethanol, m.p. 
240 O. 

Anal .  Calcd. for C,,H,,Br,N,: C, 51.9;  H, 5.9; Br, 35.0; 
N, 6.6; equiv. wt., 227. Found: C, 51.6; H, 6.2; Br, 34.8; 
N, 6 - 7 ;  equiv. wt., 230. 

Anal. 

Anal. 

Anal .  

Summary. The synthesis of 4-heteroaryl-4-piperidinols and related 
compounds derived by addition of lithium aryls to N-phenethyl-4-piperi- 
dones, is described. Treatment of the alcohols with an acid anhydride 
pyridine mixture gives either esters or, more commonly, an elimination 
product. Direct acylation of lithium aryl-piperidone complexes gives 
esters which, in certain cases, are readily converted into ether salts by 
the action of excess of ethanolic hydrochloric acid. These results are 
interpreted in terms of the electronic character of the 4-aryl substituent. 
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Configurational assignments are made in cases where isomerism is possible. 
The analgesic activities in mice of various aminoalcohols and related 
compounds are given and the results discussed in terms of isosteric 
replacement of phenyl in analgesics. 
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