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.Synthesis, Absolute Configuration, and Analgetic 
Potency of Enantiomeric Diastereomers of 3-Ethyl and 
3-Propyl Derivatives of 
1 -Methyl-4-phenyl-4-propionoxypiperidine 

Kevin H. Bell and Philip S. Portoghese*.t 

Department of Medicinal Chemistry, College of Pharmacy, 
University of Minnesota, Minneapolis, Minnesota 55455. 
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We recently have reported2 on the relative stereochem- 
istries of racemic diastereomers of 1 and have noted that, 

t This paper is dedicated to Professor Burger in recognition of his many 
accomplishments in the field of medicinal chemistry. 

unlike the prodines 2, the a isomer is considerably more 
potent than the ,f3 isomer. The corresponding allyl race- 
mates also were found to possess a qualitatively similar 
stereostructure-activity relationship; however, on a quan- 
titative basis ( f ) -a -3  is 15 times more potent than mor- 
phine and 24 times that of (=k)-a-l. A subsequent report3 
on the optical isomers of 3 revealed that a-3 possesses 
high enantiomeric stereoselectivity [potency ratio, 
(3R,4S)/(3S,4R) = 2601, while the much less active 8-3 
exhibits an  enantiomeric potency ratio of unity. This is in 
marked contrast to the stereochemical behavior of 0-24 
where potency and enantiomeric stereoselectivity are one 
order of magnitude lower [(3R,4S)/(3S,4R) = 251 than 
a3. Moreover, 8-z4 also shows a striking difference (when 
compared to 8-3) in that  it possesses moderate enantio- 
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meric stereoselectivity [(3S,4S)/( 3R,4R) = 131. 
While the stereostructure-activity relationship that has 

emerged from these studies is consistent with the idea 
that the analgetic receptor is capable of distinguishing be- 
tween the pro-4R and pro-45' enantiotopic  edge^^.^ of the 
piperidine ring in potent narcotic analgetics, we were un- 
able to account for the very high enantiomeric potency 
ratio for a-3. In this regard one or two structural features 
of the 3-allyl group might be responsible for this high 
ratio; these are the allylic double bond or the presence of 
a three-carbon chain. Additionally, we were interested in 
learning which of these features are also responsible for 
the absence of enantiomeric stereoselectivity in p-3. 

In order to ascertain which of these structural features 
plays a dominant role in the stereoselectivity of 3 a t  anal- 
getic receptors, we decided to prepare optical antipodes of 
1 and 4 and examine their enantiomeric potency ratios. 

I 
Me 

1, R = P r  
2, R=Me 
3, R = CH,CH=CHL 
4, R = E t  

a series, trans-Ph:R 
p series, cis-Ph:R 

Chemistry. Since we had previously3 prepared 5a and 
5b and determined their absolute stereochemistries, we 
utilized these compounds for the preparation of optically 
active 1 and 4. The chief advantage of this procedure was 
that all of the optically active products would be of known 
absolute configuration. 

Catalytic hydrogenation of the four optically active allyl 
compounds 5a,b afforded the corresponding propyl iso- 
mers 6a,b. The desired esters 1 [(3R,4S)-7a, (3S,4R)-7a, 
(3S,4S)-7b, (3R,4R)-7b] were obtained by treatment of the 
optically pure alcohols 6a,b with propionyl chloride. 

R' R' 
pro-4S 

Ph 
1 pro-4R 

RO 
4s series 

R 
5a H 

b H  
6a H 

b H  
7a EtCO 

b EtCO 
8 H 
9 EtCO 

4R series 

R' R' 
CH2CH=CH, H 
H CH2CH=CHI 
Pr H 
H Pr 
Pr H 
H Pr 
Et H 
Et H 

Enantiomers of 8 were readily obtained by Wolff-Kish- 
ner reduction of ( - ) -  and (+) - lo  which were synthesized 
from (3R,4S)- and (3S,4R)-5a by a previously reported3 
procedure. Esterification of (3R,4S)-8 afforded enantio- 
mers of a-4 having stereochemistries corresponding to 9. 
Unfortunately, we were unsuccessful in preparing the p 
isomers of the 3-ethyl analog because no defined product 
was obtained when 5b was subjected to oxidation with 
Os04-NaI04 as described3 for 5a. 

Stereostructure-Activity Relationship. The analgetic 
potencies of the optical isomers were determined by the 

Table I. Analgetic Potencies of Enantiomeric 
Diastereomers of 3-Ethyl and 3-Propyl Derivatives of 
l-Methyl-4-phenyl-4-propionoxypiperidine 

Con- 
figuration 

3R,4S 
3S,4R 
3 s , 4 s  
3R,4R 
3R,4S 
3S,4R 

EDoo, mg/ kgo 

1 0 10 78-1 26)' 
25 2 119 5--32 6 )  
Inactive at  100 
11 4 (8 9--14 8) 

25' 
0 9 (0 74-1 09'1 

1 2  

('Tested as the HC1 salts. "Tested sc in mice by the hot- 
plate procedure.6 Confidence interval (95%) .  dDue to  
insufficient compound only two dose levels were tested. 
At 50 mgt kg six of ten mice gave a response and at  20 mg/ kg 
only two out of ten were affected. ?A. E.  Jacobson and E. L. 
May, J .  Med. Chem., 8, 563 (1965). 

HO' 
10 

hot-plate procedure6 and are shown in Table I. It can be 
noted that the more potent antipodes in the a series 
[(-)-7a, (-)-91 contain a 4 s  chiral center. Moreover, the 
potencies of these isomers are statistically indistinguisha- 
ble from one another and from (3R,4S)-c1-2.~ This, togeth- 
er with the fact that all of the enantiomeric potency ratios 
for a-2, 7a, and 9 are of similar magnitude [(3R,4S)/ 
(3S,4R) - 251, suggests very similar or identical modes of 
interaction of these compounds with analgetic receptors.$ 
It  thus appears that the tenfold increase in the enantio- 
meric potency ratio reported for a-3 can be attributed ex- 
clusively to the presence of the allylic double bond. More- 
over, it can be noted that the data presented in this study 
are consistent with the h y p o t h e s i ~ ~ . ~  that an equatorial 
3-alkyl group located on the pro-4R edge of the piperidine 
ring interferes with drug receptor association. 

The fl-propyl enantiomers [(+)- and (-)-7b] exhibit low 
potencies and have an inverted enantiomeric potency 
ratio. Although it is difficult to  draw any definite conclu- 
sions from this because of the low order ot' potencies. the 
data nonetheless suggest that the mode of association of 
at  least one of the f i  isomers [ i+)-7b]  is different from the 
a diastereomers (a-2,7a, 9) .  

From a qualitative point of view, the b-propyl com- 
pound 7b behaves in a fashion that is similar to the @-allyl 
isomer p-3 in that both (+) and ( - )  enantiomers possess 
low potencies relative to one of the enantiomers in the a 
series. This therefore is consistent with the p r o p o ~ a l ~ . ~  
that a hydrophobic pocket on the receptor is capable of 
accommodating an axial 3-alkyl substituent (situated on 
the pro-4S edge of the piperidine ring) of less than three 
carbons. The fact that the n and /3 racemates of 4 have 
nearly equal potencies8 suggests that the hydrophobic 
pocket can fully accommodate an axial 3-ethyl group. An 
axial propyl or allyl group cannot fit this pocket and con- 
sequently the affinity of the molecule is greatly reduced. 
When the 3-alkyl group is located on the pro-4R enantio- 
topic edge of the piperidine ring, it will also hinder drug- 
receptor association for reasons described p rev i~us ly ,~  

: The enantiomeric potency ratios most hkely reflect events a t  the recep- 
tor, as it has been demonstrated7 that closely related enantiomeric diaste- 
reomers of prodine (2) achieve nearly identical brain levels after sc admin- 
istration. 
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thereby leading to low enantiomeric stereoselectivity and 
low potency. 

Experimental Section 
Elemental analyses were performed by M-H-W Laboratories, 

Garden City, Mich. Where analyses are indicated only by sym- 
bols of the elements, they are within =t0.4% of the theoretical 
values. Ir spectra were obtained with Perkin-Elmer 237B and 
Beckmann IR9 instruments on CHC13 solutions in 0.1-mm cells. 
Nmr spectra were measured with a Varian A-60D spectrometer at  
ambient temperature on approximately 10% solutions in CDC13 
(Mersi). All spectra were consistent with the proposed structures. 
Melting points were determined with a Mel-Temp apparatus and 
are corrected. Optical rotations were measured with a Perkin- 
Elmer 141 photoelectric polarimeter on 1% solutions in MeOH at 
22". 

(+)-(3S,4R)- and (-)-(3R,4S)-l-Methyl-4-pheny1-3-propyl-4- 
piperidinol (6a). The allyl enantiomers 5a were hydrogenated as 

)described previously for the racemate.2 (+)-(3S,4R)-5a yielded 
(+)-(3S,4R)-6a (86%): mp 127-128" (hexane); [a]D +25.1". (-1- 
(3R,4S)-5a yielded (-)-(3R,4S)-6a (93%): mp 128-128.5' (hex- 
ane); [ a ] ~  -25.8".Anal. [ C ~ J H Z ~ N O ,  (+) and (-)] C, H, N. 

(-)-(3R,4R)- and (+)-(3S,4S)-l-Methyl-4-phenyl-3-propyl-4- 
piperidinol (6b). The allyl enantiomers 5b were hydrogenated as 
described previously for the racemate.2 (- )-(3R,4R)-5b yielded 
(3R,4R)-6b, [a]D -69.9", and (+)-(3S,4S)-5b yielded (3S,4S)-6b, 
[a]D +70.6", as colorless oils whose ir spectra were identical with 
that of the racemate. Anal. [ C I ~ H Z ~ N O ,  (+) and (-)I C, H, N. 

(+)-(3S,4R)- and (-)-(3R,4S)-l-Methyl-4-phenyl-4-propion- 
oxy-3-propylpiperidine Hydrochloride (7a.HCl). Reaction of 
(+)- and (-)-6a with propionyl chloride as described previouslyz 
for the racemate afforded (3S,4R)-7a*HCl, [a]D +1.8", and 
(3R,4R)-7a,HC1, [a]D -1.7", respectively. Both salts are very hy- 
groscopic and were purified by sublimation [160" (0.1 mm)]. Both 
enantiomers softened a t  -60" and had melting points of 75-80". 
Anal. [ClsH2sNC102, (+) and (-)I C, H, N. 

(-)-(3R,4R)- and (+)-(3S,4S)-l-Methyl-4-phenyl-4-propion- 
oxy-3-propylpiperidine Hydrochloride (7b.HCl). Esterifica- 
tion of (-)-6b as described above afforded (3R,4R)-7b*HCl: [a]D 
-22.2"; mp 151-152" (recrystallized from EtOAc). The same pro- 
cedure with (+)-6b gave (3S,4S)-7beHCl: [a]D +21.8"; mp 151- 
152" (recrystallized from EtOAc). Anal. [ C ~ S H Z ~ N C ~ O Z ,  ( + I  and 
(-)IC, H, N.  

Conversion of 4-Hydroxy-l-methyl-4-phenyl-3-piperidinyla- 
cetaldehyde Hemiacetal (10) to r-3-Ethyl-l-methyl-4-phenyl- 
c-4-piperidinol (8). A mixture of (&)-lo3 (0.466 g, 0.002 mol), 
95% NzH4.HzO (0.2 ml, 0.006 mol), and diethylene glycol (3 ml) 
was warmed on a steam bath for 20 min. Solid KOH (0.34 g, 
0.006 mol) was added and the mixture was heated a t  215" for 30 
min. The cooled solution was diluted with HzO (10 ml) and 
chilled, and the product [(*)-SI, 0.343 g (79%), was collected and 
recrystallized (hexane): mp 100-100.5" (lit.8 mp 96-97"). Similarly, 
(-)-(3S,4R)-10 gave (3S,4R)-8 (78%): [a]D f1.7'; mp 119-119.5" 
(hexane). (+)-(3R,4S)-10 afforded (3R,4S)-8 (78%): [ a ] ~  -1.6'; 
mp 120-120.5" (hexane). Anal. [CI~HZINO, (*), (+), and ( -}IC,  
H, N. 
r-3-Ethyl-l-methyl-4-phenyl-c-4-propionoxypiperidine Hy- 

drochloride (9). Compound 8 was treated with propionyl chloride 
in the usual manner. Accordingly, (+)-(3S,4R)-8 was converted to 
(3S,4R)-S*HCl, [a]D -14.0', and (-)-(3R,4S)-8 gave rise to 
(3R,4S)-S*HCl, [a]D +13.8". Both enantiomers were extremely 
hygroscopic and purified by sublimation a t  160" (0.1 mm). No 
sharp melting point was observed on melting. In contrast, (&)-9 
was nicely crystalline: mp 226-227" (acetone) (lit.8 mp 229-230"); 
nmr b 7.28 (m, 5, Ar H, WIIZ = 6 Hz), 2.88 (d, 3, WI~Z = 5 Hz, 

CH3CH2CO and -CHzCH3), 0.68 (t, 3, W1lz = 7 Hz, CHzCH3). 
Anal. [ C I ~ H ~ ~ N O Z C ~ ,  (*), (+), and (-)IC, H, N. 
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Analogs of Phenothiazines. 6. Stereochemical 
Assignment of Isomeric Aminoalkylidene Derivatives 
of Xanthenes and  Thioxanthenes with 
Neuropharmacological Activity? 
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Among the geometrical isomers of aminopropylidene- 
substituted tricyclic derivatives with the general structure 
1 potent neuroleptic activity has been associated with the 
2 (cis) geometry, i.e., the configuration in which the side 
chain is oriented toward the substituted aromatic ring, in 
all cases where configuration has been estab1ished.l 
X-Ray crystallography established the 2 configuration for 
the clinically effective antipsychotic thioxanthenes, chlor- 
prothixene (la)2 and thiothixene (lb).3 Infrared spectros- 
copy demonstrated the same configuration for the more 
potent neuroleptic in similar pairs of isomeric aminoalk- 
ylidene-substituted thioxanthenes.4 Other spectroscopic 
techniques (uv and nmr) were employed to establish that 
in a series of ll-(3-aminopropylidene)dibenz[b,e]oxepins 
the isomer with greatest potency in a rat conditioned dis- 
ruption test was the one (IC) in which the side chain is 
oriented toward both the ring heteroatom and the 2 sub- 
stituent .5 Another cis-aminoalkylated dibenz[ b, eloxepin, 
pinoxepin ( ld) ,  is a clinically effective antipsychotic 
agent,6 with potency similar to that of the related pheno- 
thiazine, perphenazine, in a rat conditioned avoidance 
test.5 Likewise the Z isomer of the dibenzocyclohepta- 
triene le (configuration established by X-ray analysis') 
was much more effective than the E form in a conditioned 
avoidance test.8 

qa Y 

,c\ 
H CH2CH2R 

la, X-S;Y =Cl;R=NMe, 
n 

b, X = S; Y = SO,NMe,; R = N-NMe 

c, X = CH20  Y -- 2-C1; R = NMe, 

d, X = CH20; Y = Z-Cl; R = N-N(CH&OH 

e, X =  CH=CH; Y = C1; R = NMe, 

A 

Studies in our laboratory also revealed a striking differ- 
ence in the neuropharmacological properties of the geo- 
metrical isomers of several aminopropylidene derivatives 
of ring-substituted xanthenes and thioxanthenes. In view 
of the numerous examples of greater activity of Z isomers 
as compared to their E counterparts, the more potent 
member of each pair was presumed to have the 2 orienta- 
tion, but the stereochemistry was not established chemi- 
cally. The recent development of paramagnetic complexes 
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