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A series of 3-methyl-3-(m-hydroxyphenyl)piperidines with N-substituent variations have been synthesized and resolved, 
and an X-ray crystal structure of one analogue was determined. The compounds have been characterized, phar- 
macologically, by detailed opiate receptor binding studies and determination of in vivo analgesia and opiate antagonism. 
The results indicate that all compounds bind with high selectivity and moderate affinity to preceptors with no 
qualitative difference between enantiomeric pairs. By contrast a striking difference in activities is found, with the 
(-) enantiomers being pure agonists and the (+) enantiomers having both agonist and antagonist activity. The effect 
of N-substituents on relative agonist and antagonist potency does not mimic that of fused ring opiates with the 
N-phenethyl compound, the most potent antagonist. These results together with the X-ray structure obtained suggest 
that agonist and antagonist activity is initiated by a bimodel binding of the compounds in two different orientations 
a t  the preceptor site. 

In many families of opiate narcotic analgesics, small 
changes in chemical structure have been shown to modify 
the extent to which an analogue exhibits agonist and an- 
tagonist activity. For example, in the morphine family, 
and in fused-ring opiates in general, N-substituent varia- 
tion modulates relative agonist/antagonist p~tency. l -~ 
Among such fused-ring opiates, N-methyl and N-phenethyl 
compounds are almost always pure agonists while N-allyl 
and N-cyclopropylmethyl compounds usually have an- 
tagonist activity. In other families of opioids, however, 
modulation of agonist/antagonist activity need not follow 
the same pattern. 

The discovery of the analgesic properties of meperidine4 
represented a major advance in the analgesic field because 
it demonstrated that partial similarity to the morphine 
structure can lead to opiate analgesic activity. Many 
N-substituted meperidine analogues have since been pre- 
pared with varying degrees of analgesic potency and side 
 effect^.^ Moreover, the discovery of meperidine aroused 
interest in other classes of phenylpiperidines. First, 2- 
phenyl and 4-phenyl analogues6 and, later, the subject of 
this paper, the 3-arylpiperidine congeners, were synthes- 
ized and tested in several laboratories for opiate agonist 
and antagonist activitya7-13 However, no variation in any 
of the arylpiperidines produced significant antagonism 
until m-hydroxyaryl derivatives were made, establishing 
this feature as a minimum requirement for antagonist 
activity in all known arylpiperidine s e r i e ~ . ~ - I ~  

While these investigations established the requirement 
of a m-hydroxyphenyl group for antagonism, they could 
not, by themselves, elucidate the modes of receptor binding 
of these 3-arylpiperidines leading to agonism and antag- 
onism. Nor was the role in modulating relative agonist and 
antagonist potency of other features, such as the second 
3-substituent, the N-R variations, and the presence or 
absence of a 2-methyl group, clearly understood. 

In previous studies, we have attempted to address these 
 question^,'^-'^ by extensive energy conformation calcula- 
tions for a series of (2R,3R’)-3-(m-hydroxyphenyl)- 
piperidines for which agonist and antagonist potency data 
were available. Combining calculated energy-conformation 
profiles with known experimental structure-activity pro- 
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files, we were able to postulate specific types of drug-re- 
ceptor interactions that could modulate relative analgesic 
or antagonist potencies. We were, however, unable to fully 
compare our predictions with pharmacological data on the 
3-aryl-3-alkylpiperidine family reported by Kugita et al.7 
because these compounds were evaluated as racemic 
mixtures. And, while the related benzomorphan opioids 
manifest their analgesic angonist/antagonist potency al- 
most entirely from the (-) or “natural” l-enantiomer, we 
had no assurance that only one enantiomer would be active 
in the 3-aryl family. 

Therefore, to more completely address the requirements 
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the known20 2-(m-methoxyphenyl)propionitrile (2). Ad- 
dition of methyl acrylate to 2 in the presence of a catalytic 
amount of Triton B afforded the cyano ester 3. Reductive 
cyclization of this cyano ester with platinum oxide in 
glacial acetic acid at  room temperature generated the 2- 
piperidone 4. Reduction of lactam 4 with diborane in THF 
gave the piperidine 5. Direct N-alkylation of 5 with the 
appropriate alkyl halide and KHC03 in 2-butanone yielded 
the desired racemic N-substituted compounds 6-d. A 
reductive alkylation, using formaldehyde and sodium 
cyanoborohydride, was employed in the preparation of the 
N-methyl analogue 6a to avoid quaternization. The aryl 
methyl esters were cleaved with boron tribromide at 0 O C  

to give the final racemic products (f)-7a-d. 
Resolved enantiomers of 7a-d were prepared beginning 

by resolution of (f)-5. For the resolution of (f)-5, we 
found that ( - ) -D-bhiC acid was a convenient resolving 
agent. After three recrystallizations from 95% EtOH, a 
pure diastereomeric salt of (+)-5 was obtained. The com- 
bined mother liquors containing enriched (-)-5, when 
treated with (+)+tartaric acid, led to the isolation of (-)-5, 
which exhibits an opposite rotation of similar magnitude 
to (+)-5. 

Determination of the optical purity of the enantiomers 
of 5 was achieved by Mosher’s method.21 Compound (f)-5 
was converted to the diastereomeric amides with optically 
pure (-)-a-methoxy-a-(trifluoromethy1)phenylacetyl chlo- 
ride. The 19F NMR spectrum of these diastereomeric 
amides in CDC1, displayed two equally intense singlets at 
6 9.38 and 8.58 for the two trifluoromethyl resonances. The 
amide generated from (+)-5 displayed a major signal a t  
6 8.58 and a minor one at  6 9.38, while integration of the 
two peaks showed a ratio of 96:4. This, coupled with the 
specific rotations of the two enantiomers, establishes that 
they are equally resolved and suggests that they are 92% 
optically pure. 

Direct N-alkylation of the enantiomers of 5 with the 
three appropriate alkyl halides, as indicated above and in 
Scheme I, yielded the desired resolved N-substituted 
compounds and (-)-6b-d. Again, the same reductive al- 
kylation, using formaldehyde and sodium cyanoboro- 
hydride, was employed in the preparation of the resolved 
N-methyl analogues (-)-sa and (+)-6a. The aryl methyl 
ethers were cleaved by boron tribromide to give the re- 
solved target compounds, enantiomers of (+)- and (-)- 
7a-d. 

2. Opiate Receptor Binding Assay and Data 
Analysis. Opiate receptor binding assays were performed 
essentially as described by Pasternak et a1.22 Briefly, rat 
whole brain homogenates were prepared, preincubated at 
37 O C  for 1 h and resuspended in Tris, pH 7.7, containing 
100 mM NaCl when appropriate, a t  6.7 mg of tissues/mL. 
Receptor-binding incubations contained 1.8 mL of tissue 
suspension and 0.1 mL of labeled ligand and unlabeled 
drugs in a total volume of 2.0 mL. The tubes were incu- 
bated in triplicate a t  25 OC for 45 min prior to filtration. 

In the present studies, self- and cross-competition ex- 
conducted for four labeled ligands, nal- 

hine (DHM), ~-Ala~-~-Leu~-enkephdb~ 
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for agonist/antagonist activity, we have resynthesized and 
resolved the known series of N-substituted 3-methyl-3- 
(mhydroxypheny1)piperidines (+)- and (-)-7a-d (Scheme 
I) in order to investigate their opiate receptor binding 
behavior and opioid agonist and antagonist pharmaco- 
logical activities. To the best of our knowledge, no other 
studies have appeared in which the actions of resolved 
3-(m-hydroxyphenyl)piperidines have been examined for 
their in vitro receptor binding and in vivo pharmacological 
activities. Moreover an X-ray structure determination of 
one enantiomer, (+)-5, has permitted the determination 
of absolute configurations for this series. 

Comparisons of the structure-activity profiles within this 
family and with fused-ring opiates have aided in the fur- 
ther elucidation of the conformations and orientations 
(pharmacophores) in which these flexible opiates can bind 
to opioid receptors and initiate agonist and antagonist 
activity. 
Methods and Materials 

1. Chemistry. Our synthesis of the 3-methyl-3-(m- 
hydroxypheny1)piperidine analogues (Scheme I) follows 
the procedure of Kugita et at.,’ but with some modification, 
which afforded ( 1 ) - 5  in 40% overall yield from 1, com- 
pared to the literature result of an 8% yield. Thus, me- 
thylation of (mmethoxypheny1)acetonitrile (1) in the 
presence of potassium hydride and methyl iodide provided 
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Table I. Analgesic Agonist and Antagonist Activity of Racemic 3-methyl-3-(m-hydroxyphenyl)piperidine with N-Substituent Variation 
writhing testn Straub-tail testb 

EDw, 95 % ADm, 95% 
compound pmollkg sc confidence limits rmol/kg sc confidence limits 

(f)-7a N-methyl HBr 26.90 16.71-43.32 18.17 11.08-29.80 
(&)-7b N-allyl HCl 418.22 258.16-677.52 38.83 25.06-60.19 
(i)-7c N-cyclopropylmethyl HCl 83.45 52.82-131.85 7.50 3.95-14.24 
(&)-7d N-phenethyl HCl 14.12 8.50-23.44 33.94 22.04-52.57 
morphine sulfate 0.81 (0.72)’ 0.51-1.29 (0.27-2.08) 
nalorphine hydrochloride 1.40 0.84-2.33 0.71 (0.74)d 0.43-1.17 (0.42-1.28) 
meDeridine hvdrochloride 20.16 13.44-30.23 e e 

~~ 

(I Inhibition of acetic acid writhing by procedure in ref 24 and 25. Counteraction of the Straub-tail reaction produced by morphine sulfate 
(56.07 pmol/kg) by method in ref 27. “Literature value from ref 13. dLiterature value from ref 27. eNo antagonist activity up to 846 
pmol/ kg. 

(DADL), and ethylketocyclazocine (EKC), at two different 
concentrations of labeled ligand. The resulting data con- 
stitute what we call a four-by-four “matrix” of competitive 
inhibition behavior. In addition to this matrix, inhibition 
of binding of all four labeled ligands with each pair of 
enantiomers was performed. Data obtained from all three 
binding studies were analyzed by a modified version of the 
program LIGAND,” which predicts receptor-binding affin- 
ities and capacities using weighted nonlinear, least-squares 
regression analysis. 

In the procedure used, all self- and cross-competition 
studies involving the four labeled ligands were analyzed 
together assuming one-, two-, three-, four-, five-, and six- 
site models of receptor binding, and results were compared 
for statistical significance and other indications of relia- 
bility. Inhibition data for each of the four enantiomeric 
pairs of N-substituted-3-methyl-3-(m-hydroxyphenyl)- 
piperidines were then added to the matrix obtained for the 
labeled and unlabeled ligands and the data reanalyzed 
simultaneously for self-consistent receptor-binding affin- 
ities and capacities. Again, one to six site models for 
receptor binding were systematically explored. 

3. Animal Testing. Analgesic potencies of the chem- 
icals and the reference drug (morphine sulfate) were de- 
termined by the mouse writhing test, developed by Koster 
et al.= and Blumberg at al.% The writhing test was chosen 
as a measure of analgesic activity since it is sensitive 
enough to detect activity in these compounds suspected 
of having antagonist activity. The median effective doses 
(ED,,) were derived from the dose-response curves, and 
the 95% confidence limits were calculated according to the 
graphic method of Litchfield and Wilcoxon.26 

In a preliminary assessment of antagonist activities of 
racemic mixtures, a test of antagonism of the morphine- 
induced S t r a ~ b - t a i l ~ ~  was used. Mice were injected (sc) 
with a test substance, N-allylnormorphine hydrochloride 
(a reference drug), or the diluent, and immediately af- 
terward with 56.07 pmol/kg (sc) of morphine sulfate. The 
total number of mice showing Straub-tail reaction during 
15-25 min after treatment was recorded. The Straub-tail 
response was defined as elevation of the tail a t  angles 
greater than 45’. In a more complete test for antagonist 
potency, the resolved enantiomers were evaluated in the 
test of antagonism of morphine analgesia to the mouse 
tail-flick response. In this tail-flick assay, the radiant heat 
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Table 11. Effect of Na+ on ICw Value in Inhibition of 
[3H]Naloxone Receptor Binding 

I C d  [3H]naloxone” 
compd N-R -Na+ +Na+ ratio 

(i)-7a methyl 800 1400 1.8 
allyl 350 440 1.3 

(&)-7c cyclopropylmethyl 165 250 1.6 
(&)-7d phenethyl 140 600 4.3 
(-)-7a methyl 2000 3200 1.6 
(+)-7a methyl 1050 1600 1.5 
(-)-7c cyclopropylmethyl 100 230 2.3 
(+)-7c cyclopropylmethyl 335 350 1.0 
(-)-7d phenethyl 90 440 4.9 

55 350 6.4 (+)-7d phenethyl 
DHM 2.2 29 13.2 
DADL 20 210 10.5 
EKC 1.7 18 10.5 
naloxone 3.0 3.2 1.1 
meperidine 6000 80000 13.3 
etorphine 0.35 0.50 1.4 
Binding studies conducted as described in the Methods and 

Materials section. Values shown are averages from at least two 
experiments with less then 20% variation. 

method described by D’Amour and Smith,2s Harris and 
P i e r ~ o n , ~ ~  and Harris et has been adapated for use in 
our laboratory. 

4. X-ray Structure Determination: The (-)-D-tar- 
trate salt of the (+) enantiomer of 3-methyl-3-(m-meth- 
oxypheny1)piperidine [ (+)-51 crystalized in an orthorhom- 
bic space group P212121 with cell dimensions: a = 7.534 (3) 
A, b = 7.677 (3) A, c = 30437 (7) A and dX-ray = 1.34,Z = 
4. Cu K a  radiation was used for measuring 1660 inde- 
pendent reflections. Final values of R = 0.055 and R, = 
0.060 were obtained for 1045 observed reflections. 

The crystal data (diffractometer) were reduced by using 
standard procedures31 with no absorption correction ap- 
plied. Routine runs of the program MULTAN 80 did not 
succeed in solving the structure. Manual input to MULTAN 
80 also failed. The structure was finally solved by using 
the program RANTAN (written by Yao, York University). 
Refinement was done by full least-squares matrix tech- 
niques, anisotropic thermal parameters for non-hydrogen 
atoms, and fixed isotropic B values for H atoms. All 
positional parameters were refined. All hydrogen atom 
positions were located by electron density difference 
Fourier maps, except for one H atom, which is probably 
disordered between positions attached to Oz0 and 0 2 ,  

(*)-7b 
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Table 111. Receptor Affinities and Maximum Binding Capacities for a Five-Receptor-Site Model 
K,, nM 

site la site 2 site 3 site 4 
‘‘Alp” “6” site 5 

naloxone*!‘ 0.4 5.0 18.0 1.0 154 
DADL 0.9 22.0 2.1 625.0 10000 
EKC 0.5 6.7 14.0 0.3 4160 
DHM 0.2 10.0 100.0 830.0 200 
3-phenylpiperidines 

Y n  ‘6 1) 

PI 

7a (-)-N-CH, 114 1170 30000 625 8330 
7a (+)-N-CH3 132 1000 15900 714 19200 
7b (-)-N-allyl 24 110 4000 370 1720 
7b (+)-N-allyl 100 370 4000 137 3700 
7~ (-)-N-CPM 32 43 4350 122 1700 
7~ (+)-N-CPM 120 256 2700 83 833 
7d (-)-N-phenethyl 13 130 2170 625 1390 
7d (+)-N-phenethyl 5.0 6.2 588 179 26300 

4” pmol/g 3.0 30.0 7.8 4.2 233 
Values determined by using the curve-fitting program LIGAND, as described in the Methods and Materials section. *For computer 

All experiments analysis each of the 3-phenylpiperidines was used to inhibit the four labeled ligands naloxone, DADL, EKC, and DHM. 
were conducted at two difference labeled ligand concentrations with 13 concentrations of inhibitor. 

(tartrate). The nitrogen N9 is protonated in a tetrahedral 
configuration. 
Results 

Table I presents the results of in vivo pharmacological 
studies to determine the extent of agonist and antagonist 
activity displayed by a series of racemic 3-methyl-3-(m- 
hydroxypheny1)piperidines with varying N-substituents. 
As indicated in the table, all of the compounds appear to 
possess both analgesic agonist and antagonist activity as 
judged by their abilities to inhibit acetic acid induced 
writhing and morphine-induced Straub-tail, respectively. 

As shown in Table 11, the moderate affinities of these 
compounds for inhibition of [3H]naloxone binding indicate 
that their agonist and antagonist activities are mediated 
through opioid receptors. 

Compounds (*)-7a, (&)-7b, and (*)-7d were previously 
tested for analgesia by Kugita et aL7 While our methods 
are different (hot plate vs. writhing), our order of de- 
creasing agonist activity (*)-7d > (f)-7a > (f)-7c t (*)-7b 
is consistent with that found by Kugita. Though Kugita 
did not report antagonism data for his compounds, he did 
note that one compound, (f)-7b, appeared to reverse the 
analgesic effect of morphine at approximately the dose that 
nalorphine is effective as a morphine antagonist. As shown 
in Table I, (*)-7b shows antagonist activity but a t  a dose 
50 times higher than nalorphine. 

Shown in Table I11 are the affinities of the resolved 
3-phenylpiperidine compounds at the multiple opioid re- 
ceptors obtained by analysis of receptor-binding data by 
the computer program LIGAND. As described previou~ly,~~ 
a four-by-four matrix of competitive inhibition data using 
the labeled and unlabeled analogues of naloxone, DADL, 
DHM, and EKC yielded a five-receptor-site model that was 
statistically much more significant than one-, two-, three-, 
or four-site models and equivalent to a six-site model. 
Shown in Table I11 are the affinities of the four compounds 
used as radiolabeled ligands at  sites we labeled ‘‘pZ,” 
“6,” and “K” to be consistent with values reported by other 
investigators using a variety of techniques to determine 
receptor affinities at the various The fifth site 

(32) Toll, L; Keys, C.; Polgar, W.; Loew, G. Neropeptides 1984,5, 
205. 
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U.S.A. 1981, 78, 4141. 

(35) Pfeiffer, A,; Sadee, W.: Herz, A. J .  Neurosci. 1982, 2, 912. 

may be a composite of sites of unknown relation to opioid 
analgesic activity. 

Examination of the affinities at each site for each of the 
four resolved enantiomeric pairs of 3-phenylpiperidine 
compounds indicates that, in general, the compounds are 
p-selective, with affinities highest at the site we labeled 
pl, the site of highest affinity also for the four standard 
labeled opioids. A similar site has been proposed by 
Pasternak and colleagues to be the one that mediates CNS 
analgesia.33 Affinities are also moderate at the site labeled 
K but substantially lower at 6 sites. There are no striking 
qualitative differences between affinities of (+) and (-1- 
enantiomers a t  any site, for any compound. 

In contrast to the similarity in binding affinities of the 
enantiomeric pairs, striking differences were found in their 
relative agonist and antagonist activities (Table IV). The 
most obvious differences between in vitro binding and in 
vivo pharmacology is apparent in the antagonist assay. For 
all four pairs of enantiomers, the (+) isomers have an- 
tagonist activity, while the (-) isomers are inactive as an- 
tagonists up to 80 mg/kg (240-300 pmol/kg). Thus, the 
(-) isomers appear to be pure agonists, while the (+) iso- 
mers are mixed agonist/antagonist. Apparently, all of the 
antagonism found in the racemic mixtures (Table I) res- 
idues in the (+) enantiomers. Some stereospecificity is also 
revealed in the writhing assay for agonism as well. In 
particular, the (+) isomers of the N-allyl and N-cyclo- 
propylmethyl analogues are much weaker agonists than 
the (-) isomers; and in fact, (+)-7c is inactive as an agonist 
up to 700 pmol/kg. Furthermore it is conceivable that 
some of the agonist component of (+)-7b is due to the 
small amount of contamination from (-)-7b. In contrast, 
the (+) and (-) isomers of the N-methyl and N-phenethyl 
analogues have comparable agonist potencies in their in- 
hibition of the writhing response. 

For most classes of opiates, Na+ affects receptor binding 
by agonists to a much greater extent than binding by an- 
t agon i s t~ .~~  In general, agonists, but not antagonists, are 
much less potent in inhibiting [3H]naloxone binding in the 
presence than in the absence of 100 mM NaC1. Because 
agonism and antagonism appear to be regulated by dif- 
ferent requirements in 3-(m-hydroxyphenyl)piperidines, 
it was of interest to determine whether the differential 
value of ICm vs. [3H]nalox~ne in the presence and absence 
of Na+ would correlate with the extent of agonist and 

(36) James, I. F.; Goldstein, A. J .  Mol. Pharmacol. 1984, 25, 337. 
(37) Pert, C. R.; Snyder, S. H. J .  Mol. Pharmacol. 1974, 10, 868. 
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Table IV. Analgesic and Narcotic Antagonist Potencies of Resolved 3-Methyl-3-(m-hydroxyphenyl)piperidines with N-Substituent 
Variation 

agonism mouse writhing testu antagonism mouse tail-flick testb 
EDm (95% EDm (95% 

compd pmol/ kg sc confidence limits) pmol/kg sc confidence limits) 
N-methyl 

(-)-7a 25.69 (14.68-44.96) C 
(+)-7b 41.36 (21.55-79.42) 101.34 (71.45-143.90) 

(-)-7b 14.34 (8.96-22.94) C 

(+)-7b 160.94 (106.58-243.02) 112.02 (69.58-180.36) 

(-)-7c 12.23 (2.83-21.41) C 

N-allyl 

N-cyclopropylmethyl 

(+)-7c d 139.32 (83.93-231.27) 

(-)-7d 18.38 (11.08-30.52) C 
(+)-7d 11.53 (7.21-18.44) 13.07 (8.71-19.58) 

N-phenethyl 

morphine sulfate 0.81 (0.51-1.29) 
nalorDhine 1.40 (0.84-2.33) 2.04 (1.44-2.87) 

a Inhibition of acetic acid induced ~ r i t h i n g . ~ ~ , ~  *Antagonism of tail-flick inhibition induced by morphine sulfate (21.08 pmol/kg S C ) . ~ & ~ O  
'Compounds showed no significant antagonist activity up to dose of 240-300 pmollkg. dShowed no significant agonist activity at  a dose of 
707.21 pmol/kg. 

Table V. Methods and Yields for the PreDaration of Racemic N-R-3-methsl-3-(3-X-~henvl)~i~eridines 

comDound" x 
yield, mp., OC empirical 

R method % (llt.) formula . ,  

(*)-sa OCH3 methyl A 90 199-200 C14H22ClNO 
(*)-6b OCH3 allyl B 69 153-154 (149-150)' C16H24ClNO 
(f)& OCH3 cyclopropylmethyl B 83 170-171 Ci,H&lNO 
(*)-6d OCH3 phenethyl B 72 164-166 (166-188), CzlH23ClNO 
(*)-7a OH methyl C 58 208-209 (209-211)% Cl3HZ0BrNO 
(*)-7b OH allyl C 70 170-171 (170-173)6 C15H22C1N0 
(*)-7c OH cyclopropylmethyl C 90 115-120 C16HzdClNO 
(f)-7d OH phenethyl C 72 123-125 CzoH26ClNO 

a NMR spectra are in accordance with the expected structures. 

antagonist potency in this series. 
Table I1 shows IC5,, values vs. [3H]naloxone in the 

presence and absence of 100 mM NaCl for the racemic 
3-phenylpiperidines, for three of the enantiomeric pairs 
and for various other opioid ligands. It is evident from this 
table that Na+ does not differentially affect binding of the 
3-(m-hydroxyphenyl)piperidine agonists and antagonists 
as it does for some other classes of opiates. 

The ICM ratios obtained have no relationship to the 
observed agonist/antagonist potency ratios (Table IV). AU 
(-) enantiomers are pure agonists but have ICm ratios 
varying from 2.3 to 4.9, while all (+) enantiomers with 
mixed agonist/antagonist activity have ratios varying from 
1.5 to 6.5. Moreover, the N-phenethyl analogue (+)-7d, 
which is the most potent antagonist, has a higher ICw ratio 
than the other (+) isomers. In each instance, the Na+ shift 
in ICso obtained for both partners of each enantiomeric 
pair was similar. Indeed, it appears for this series as if the 
nature of the N-substituent is more of a factor in deter- 
mining the effect of Na+ on receptor binding than is rel- 
ative agonist or antagonist activity. 

X-ray crystal structure of (+)-5 as a (-)-D-tartrate salt 
was determined as described in and Methods Materials 
section. Figure 1 is a representation of the molecule de- 
rived from the crystal  coordinate^^^ and a simulated en- 
antiomer (-)-5 produced by reflecting the coordinates 
through a mirror plane. As seen in Figure 1 the phenyl 
group appears equatorial, and, as expected,14-17 the pi- 
peridine ring is in a chair conformation. 
Discussion 

The apparent mixed agonist/antagonist activity deter- 
mined from preliminary studies on the racemic 3-(m- 

(38) Crystal coordinates available upon request from author. 

(+)5: ACTIVE ANTAGONIST (-)5: I N A C T I V E  ANTAGONIST 

R 

Figure 1. Molecular structure from X-ray determination of 
(-)-D-tartrate salt of the resolved (+)-5 analogue 3-methyl-3-(m- 
methoxyphenylpiperidine, and its simulated enantiomer in pro- 
posed antagonist orientations. The drawing shows the correct 
absolute configuration of the molecule based on the known con- 
figuration (-)-D-tartrate salt acid. The interring torsion angle 
J(C2C,C7C8) = 62.8O. 

hydroxypheny1)piperidine compounds was confirmed by 
more detailed analysis of the resolved enantiomers. Al- 
though receptor-binding affmities do not vary significantly 
among racemic and resolved enantiomers, all of the an- 
tagonist activity resides in the (+) isomer of the enan- 
tiomeric pair. Some stereospecificity is also apparent in 
agonist activity of the N-allyl and N-cyclopropylmethyl 
but not N-methyl or N-phenethyl analogues. These results 
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A. PHARMACOPHORE I 
Agonist 

P 

6. PHARMACOPHORE 11 
Antagonist 

C. PHAAMACOPHORE 111 

Possible Mixed AgonistlAntrponirr 

Figure 2. Postulated 3-phenylpiperidine modes of initiating agonist/antagonist activity. 

indicate that determination of receptor affinities is not 
predictive of agonist or antagonist activity. 

In this series of compounds, N-R variations do not 
modulate agonist and antagonist activity as they do in 
fused-ring opiates. For the (-) enantiomers, the N-sub- 
stituent has very little effect on the activity of the com- 
pounds. All the (-) isomers are pure agonists with ap- 
proximately equal analgesic activity. N-Ally1 and N- 
cyclopropylmethyl substitutions decrease agonist activity 
for the (+) enantiomers, as they do for the fused ring 
opiates. An N-phenethyl substitution, however, greatly 
increases antagonist activity. This is in contrast to 
fused-ring opiates in which an antagonist with an N- 
phenethyl substituent has never been demonstrated. 

For opioid,37 as well as histamine,39 and a-adrenergic40 
receptors, it is well known that Na+ decreases apparent 
affinity of agonists but not antagonists. This "a+ effect" 
has been used as in vitro predictor of in vivo analgesic 
activity. The unusual behavioral profile of the resolved 
3-phenylpiperidines provided an interesting system to 
further explore this phenomenon. 

In the 3-phenylpiperidines, the extent of agonism or 
antagonism is unrelated to binding affdty in the presence 
or absence of Na+. Even though all of the (-) enantiomers 
are pure agonists, their abilities to inhibit [3H]naloxohe 
binding do not decrease in the presence of Na+ to the 
extent of the fused-ring, flexible, or peptide opioids tested. 
The lack of similarity between 3-phenylpiperidines and 
other opioid classes with respect to Na+ sensitivity may 
be due to qualitative differences between binding modes 
possible for these classes of compounds. 

The rigidity of the fused-ring opiates probably precludes 
binding of these compounds in more than a single orien- 
tation at receptor sites. On the basis of energy calculations 
of 3-phenylpiperidine compounds and on the strict re- 
quirement for a m-hydroxyphenyl moiety for antagonist 
activity, we have postulated three qualitatively different 
receptor binding orientations that might lead to agonism 
and antagonism (Figure 2). In these binding modes, an 
overlap of the cationic amine nitrogen with that of mor- 
phine will lead to agonism (pharmacophore I), while an 
overlap of m-hydroxyphenyl moieties without an amine 
overlap (pharmacophore 11) will produce antagonism re- 
gardless of N-R variations. Accordingly, a single com- 
pound could produce both agonist and antagonist activity 
by binding in this bimodal fashion. Conversely, if the 
3-phenylpiperidines bind in a piperidine boat conformation 

(39) Chang, R. S. L.; Snyder, S. H. J.  Neurochem. 1980,34, 916. 
(40) Greenberg, D. A,; OPrichard, D. C.; Sheehan, P.; Snyder, S. 

H. Brain Res. 1978, 140, 378. 

with simultaneous overlap with morphine's amine nitrogen 
and m-hydroxyphenyl groups (pharmacophore 111), we 
would expect N-R variations to modulate agonism and 
antagonism in a manner similar to that in fused-ring 
opiates. 

If agonism and antagonism are mediated by different 
opiate receptor subtypes, as has been suggested for the 
mixed agonist/antagonist nalorphine,4l@ this same scheme 
may well apply. The presence or absence of the m- 
hydroxyphenyl may direct binding in the two different 
orientations to two distinct receptor subtypes. 

For these 3-methyl-3-(m-hydroxyphenyl)piperidines 
pharmacophores I and I1 involve a piperidine chair con- 
formation. Pharmacophore I11 necessitates a piperidine 
boat conformer, which, although slightly higher in energy, 
cannot be excluded from receptor-site interactions. The 
fact that N-R variations do not modulate activity as they 
do in fused-ring opiates suggests, however, that mixed 
agonist/antagonist activity is probably due to binding of 
the piperidine chair conformer at  the receptor site(s) in 
different orientations. X-ray structure determination of 
the (+) enantiomer of the analogue 5, 3-methyl-34m- 
methoxypheny1)piperidine reveals that configuration at C3 
is as shown in Scheme I. Furthermore, i t  was found that 
the piperidine ring was in a chair conformation, 
strengthening the argument for bimodal binding orienta- 
tions leading to agonism and antagonism. 

The surprising finding of strict stereospecificity for an- 
tagonism but not agonism, along with the X-ray structure 
determination, provides some clues to the spatial re- 
quirements necessary for mediation of a certain response 
by this class of flexible opioids. As shown in Figure 1, the 
two enantiomers differ in the proposed antagonist phar- 
macophore in the position of the cationic piperidine ni- 
trogen relative to the m-hydroxyphenyl moiety. In the 
active enantiomer (+)-5 the N atom is 1.62 A above the 
plane of the phenyl ring and is on the same side of the 
C1-C, (interring bond) as the oxygen atom. In the inactive 
antagonist, the N atom is 1.62 A below the plane of the 
phenyl ring and on the opposite side of the C1-C7 (interring 
bond) as the oxygen atom. Apparently, with the m-OH 
in a position to initiate antagonist activity, only the cationic 
amine positioned as in the (+) enantiomer finds a com- 
plementary (anionic) receptor site compatible with this 
type of receptor interaction. By contrast, when the 34m- 
hydroxypheny1)piperidine is being directed by the amine 

(41) Martin, W. R.; Eades, C. G.; Thompson, J. A.; Hoppler, R. E.; 
Gilbert, P. E. J .  Pharmacol. E r p .  Ther. 1976, 197, 517. 

(42) Takemori, A. E.; Rufferberg, H. J.; Miller, J. W. J .  Pharmacol. 
E r p .  Ther. 1969, 169, 39. 
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nitrogen to an agonist pharmacophore (I), the relative 
position of the m-OH appears to be less crucial, allowing 
some agonist activity in both enantiomeric pairs of all but 
the cyclopropylmethyl analogue (-)-7c. 
Experimental Section 

All reactions were performed under a nitrogen or argon at- 
mosphere, and solvents were removed on a rotary evaporator under 
vacuum. Melting points were taken on a Thomas-Hoover ap- 
paratus and are uncorrected. NMR spectra were recorded on 
Varian EM-360 or 390 instruments. Chemical shift values are 
reported in parts per million (6) relative to Me,Si. MS were 
determined on a LKB 9000 spectrometer equipped with a gas 
chromatograph and a PDPl2 computer. Analytical HPLC was 
carried out on a Waters Radialpak Column, and preparative liquid 
chromatography was performed on a Waters Prep LC/500 system. 
Elemental analyses were performed by Galbraith Laboratories, 
Inc., Knoxville, TN, and are within *0.4% of theoretical values. 

2-(m -Methoxyphenyl)propionitrile (2). Into a 1-L, three- 
necked, round-bottomed flask were placed 350 mL of THF (freshly 
distilled) and KH (35% in mineral oil, 19.5 g, 0.17 mol). A solution 
of (m-methoxypheny1)acetonitrile (25 mg, 0.17 mol) in 100 mL 
of dry THF was added dropwise over a period of 1.5 h with ice 
cooling. After 1 h, the reaction mixture was treated with iodo- 
methane (10.6 mL, 0.17 mol), added dropwise, and stirred ov- 
ernight at rmm temperature. After workup, 29 g of crude product 
was revealed by 'H NMR and HPLC to be a 25:55:20 ratio of 
dimethylated material to monomethylated product (2) to starting 
material. The oil was chromatographed on a silica gel prep-LC 
column, eluting with a mixture of hexane/CH2C12 (461, and pure 
2 was recovered: 15.5 g (55%); NMR (CDCl,) 6 6.90-7.47 (m, 4 
H, Ar H), 3.83 (4, 1 H, CHI, 3.76 (s, 3 H, OCH3), 1.56 (d, 3 H, 
CH3). 

Methyl I-Cyano-l-(m -methoxyphenyl)pentanoate (3). By 
the Kugita method,20 2 (15.5 g, 90 mmol) and Triton B (2.2 mL, 
13.2 mmol) in 80 mL of dioxane was added to methyl acrylate 
(16 g, 180 mmol) to produce the crude adduct 3. This was then 
subjected to silica gel column chromatography (Prep-LC) and 
eluted with a mixture of CHzC12/hexane (1:l) and finally with 
CH2C12, to give 22 g (92%) of 3: NMR (CDC13) 6 6.77-7.53 (m, 
4 H, Ar H), 3.83 (s, 3 H, OCH,), 3.63 (s, 3 H, COOCH,), 1.80-2.50 
(m, 4 H, CH2), 1.73 (s, 3 H, CH3). 

5-Methyl-5-(m -methoxyphenyl)-%-piperidone (4). A mix- 
ture of 3 (23 g, 93.1 mmol), platinum oxide (82%, 3 g), and 170 
mL of glacial acetic acid was shaken in a Parr hydrogenator under 
H2 (63 psi) for 2.5 days at  room temperature. The mixture was 
worked up to give 19.4 g (95%) of 4, a colorless oil that crystallized 
upon standing at  room temperature: mp <55 "C (lit.7 mp 58-60 
"C); NMR (CDC13) 6 7.73 (br s, 1 H, NH), 6.70-7.50 (m, 4 H, Ar 
H), 3.80 (s, 3 H, OCH,), 3.13-3.67 (m, 2 H, CHzN), 2.0-2.53 (m, 

3-Methyl-3-( m -met hoxypheny1)piperidine (5). Piperidone 
4 (10.3 g, 47 mmol) in.50 mL of dry THF was reduced with 
diborane in THF (1 M, 80 mL, 30 mmol) as described by Brown 
and Heim43 to give 8.2 g (85%) of 5 as a colorless oil: NMR 
(CDC1,) 6 6.60-7.43 (m, 4 H, Ar H), 3.80 (9, 3 H, OCH3), 1.33-3.50 
(m, 8 H, CHz), 1.17 (9, 3 H, CH3). An analytical sample was 
obtained by converting the free base to the tartrate salt, mp 
188-190 "C. Anal. (CI7Hz5NO7) C, H, N. 

lY3-Dimethyl-3-(m -methoxyphenyl)piperidine (sa; Method 
A, Table  V). To a stirred solution of piperidine 5 (0.49 g, 2.4 
mmol) and 37% aqueous formaldehyde (1 mL, 3.8 mmol) in 10 
mL of acetonitrile (sieve-dried) was added sodium cyanoboro- 

4 H, CHZ), 1.33 (s, 3 H, CH3). 

(43) Brown, H. C.; Heim, P. J .  Am. Chem. SOC. 1964, 86, 3566. 
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hydride (0.23 g, 3.6 "01) and then glacial acetic acid was added 
dropwise until the solution tested neutral. Reaction was imme- 
diate, and after routine workup the reaction afforded 0.47 g (90%) 
of 6a as a colorless oil: NMR (CDC1,) 6 6.60-7.50 (m, 4 H, Ar 
H), 3.77 (8,  3 H, OCH3), 1.33-2.80 (m, 8 H, CH,), 2.27 (e ,  3 H, 
NCHJ, 1.27 (s, 3 H, CH,). The analytical sample was prepared 
by dissolving the free base in dry EgO and adding, dropwise at  
0 OC, a small amount of ether saturated with dry HCI gas. The 
white hydrochloride salt was recrystallized from a mixture of 
2-propanol/ether to yield 6aHC1 as a white solid: mp 199-200 
"C. Anal. (CI4Hz2C1NO) C, H, N, C1. 

General Procedure for the  Preparat ion of N-Alkyl-3- 
phenylpiperidines (6b-d; Method B). 1-Allyl-3-methyl-3- 
(m -methoxyphenyl)piperidine (6b). A mixture of piperidine 
5 (0.83 g, 4.0 mmol), KHC03 (3.35 g, 36.4 mmol), and allyl bromide 
(0.32 mL, 4.2 mmol) in 15 mL of 2-butanone was stirred at reflux 
for 24 h. The reaction mixture was cooled to room temperature 
and filtered. The filtrate was concentrated under vacuum. The 
residue was taken up in 25 mL of dilute HCl solution and washed 
with Ego (2 X 20 mL). The acid layer was made basic with solid 
K2C03 and then extracted with Et20  (3 X 25 mL). The organic 
layers were dried (Na2S04) and concentrated in vacuo to yield 
0.68 g (69%) of 6b as a colorless liquid NMR (CDCl,) 6 6.57-7.50 
(m, 4 H, Ar H), 5.50-6.30 (m, 1 H, CH=CH2), 4.83-5.43 (m, 2 
H, CH==CH2),3.76 (s,3 H, OCH3), 2.99 (d, 2 H,NCH2), 1.27-3.00 
(m, 8 H, CHz), 1.27 (e, 3 H, CH3). The analytical sample was 
prepared as for 6a to provide 6b.HCl: mp 153-154 "C (lit? mp 
149-150 "C). Anal. (CI7H2,C1NO) C, H, N, C1. 

General Procedure for the  0-Demethylation of N-Sub- 
s t i tuted 3-Phenylpiperidines (7a-d; Method C). 1,3-Di- 
methyl-3-(m -hydroxyphenyl)piperidine (7a). To amine 6a 
(0.31 g, 1.4 mmol) in 30 mL of CH2C12 was added, dropwise with 
stirring, boron tribromide (0.27 mL, 2.8 mmol) at 0 "C. The 
reaction mixture was allowed to warm to room temperature and 
then quenched by dropwise addition of 10 mL of anhydrous 
methanol. The solvent was removed in vacuo, and the residue 
was treated with an additional 20 mL of methanol. The solvent 
was again removed, leaving a foamy residue which was dissolved 
in 10 mL of 3 N HC1 and stirred for 0.5 h at  room temperature. 
This was then made basic by solid NaHC0, and extracted with 
CHC13 (3 x 30 mL). The organic extracts were dried (Na2S04) 
and concentrated to give 0.20 g (58%) of 7a.HBr: mp 208-209 
OC (lit.7 mp 209-211 "C); NMR (CDC13) of the free base 6 8.00 
(br s, 1 H, OH), 6.34-7.35 (m, 4 H, Ar H), 1.25-3.00 (m, 8 H, CHJ, 
2.30 (s, 3 H, NCHJ, 1.20 (s, 3 H, CH3). An analytical sample was 
obtained by converting the free base to the picrate salt, mp 
168-170 "C. Anal. (C19H22N408) C, H, N. 
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