
3408 J. Med. Chem. 1994, 37, 3408-3418 

Antipodal a-iV-(Methyl through Decyl)-iV-normetazocines 
(5,9a-Dimethyl-2'-hydroxy-6,7-benzomorphans): In Vitro and in Vivo Properties 

Everette L. May,*'1' Mario D. Aceto,+ Edward R. Bowman/ Christine Bentley/ Billy R. Martin/ Louis S. Harris / 
Fedor Medzihradsky/ Mariena V. Mattson,§ and Arthur E. Jacobson§ 

Department of Pharmacology and Toxicology, Medical College of Virginia, Virginia Commonwealth University, Richmond, 
Virginia 23298-0613; Departments of Biological Chemistry and Pharmacology, University of Michigan Medical School, Ann 
Arbor, Michigan 48109; and Laboratory of Medicinal Chemistry, National Institute of Diabetes and Digestive and Kidney 
Diseases, National Institutes of Health, Bethesda, Maryland 20892 

Received April 29, 1994s1 

The enantiomeric ( - ) - and (+)-2V-(methyl through decyl) normetazocines (5,9a-dimethyl-2'-
hydroxy-6,7-benzomorphans) were synthesized and their in vitro and in vivo activities 
determined. Increasingly bulky enantiomeric iV-alkyl homologs were prepared until their 
interaction with the <j\ receptor decreased and their insolubility became a hindrance to their 
evaluation in vivo and/or in vitro. The (-)-methyl, -pentyl, -hexyl, and -heptyl homologs were 
essentially as potent as, or more potent than, morphine in the tail-flick, phenylquinone, and 
hot-plate assays for antinociceptive activity; the (-)-propyl homolog had narcotic antagonist 
activity between that of nalorphine and naloxone in the tail-flick vs morphine assay, and it 
also displayed antagonist properties in the single-dose suppression assay in the rhesus monkey. 
The antinociceptively potent (-)-heptyl homolog did not substitute for morphine in monkeys 
but did show morphine-like properties in a primary physical-dependence study in continuously 
infused rats. All five potent compounds showed high affinity for the /i opioid receptor from 
both rat and monkey preparations and the K opioid receptor (<0.05 fiM), and all except the 
(-)-methyl homolog interacted reasonably well at the <5 receptor CKi <0.1 /M). The (-)-propyl 
compound was equipotent (Ki 1.5-2.0 nM) at fi and K receptors. The pattern of interaction of 
the (-)-enantiomeric homologs with fi receptors from rat and monkey preparations was similar, 
but not identical. The enantioselectivity of the homologs for fi receptors was greater in the rat 
than in the monkey preparation for all but the N-H and butyl compounds, and the 
enantioselectivity of the lower homologs (methyl through butyl) for the fi (monkey) receptor 
was greater than for the K or d receptors. However, bulkier homologs (hexyl through decyl) 
displayed higher enantioselectivity at K or 6 receptors than at the fi (monkey) receptor. The 
(+)-butyl through (+)-octyl homologs were essentially equipotent with, or more potent than, 
(+)-pentazocine at the a receptor. Only the (+)-H and (+)-methyl homologs had high affinity 
(<0.05 /M) at PCP binding sites. 

During the 1950s to 1970s, racemic 2-(methyl to 
hexyl) 5,9a-dimethyl-2'-hydroxy-6,7-benzomorphans were 
synthesized and their antinociceptive activity (in mice)1-4 

and physical-dependence capacity (in monkeys)5-11 de­
termined. A curious mixture of activities was observed. 
Essentially equipotent (morphine-like) antinociceptive 
activity was found for the racemic iV-methyl, -pentyl, 
and -hexyl homologs, and only the racemic iV-propyl 
homolog was noted to have narcotic antagonist activity. 
Racemic compounds with intermediate length alkyl 
groups (iV-ethyl, -propyl, and -butyl) were much less 
potent or were inactive as agonists or antagonists. Both 
2'-hydroxy-2,5,9a-trimethyl-6,7-benzomorphan(metazo-
cine)12-14 and iV-normetazocine (5,9a-dimethyl-2'-hy-
droxy-6,7-benzomorphan)15>16 were previously resolved, 
and a separation of opioid-like effects was noted on 
optical resolution of several 2-UV)-methyl-6,7-benzo-
morphans.14 '17-19 Although the (+)-enantiomers were 
not generally further examined when they failed to show 
antinociceptive or narcotic antagonist activity, it was 
noted15 that the (+)-isomers deserved further explora­
tion. 
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Our present work to determine the in vitro and in vivo 
activities of the antipodal iV-methyl to -hexyl compounds 
and the extension of this series by synthesis of the 
enantiomers of the longer-chain iV-alkyl homologs UV-
heptyl to -decyl), is aimed at the possibility of SAR 
rationalization of these data and possible future explo­
ration of the relationship between their theoretical 
interaction with (cloned and sequenced) receptors and 
these experimental data using computer-assisted mo­
lecular modeling. 

The receptors which have been found to interact with 
opioids such as the 6,7-benzomorphans have a long and 
complicated history. That history, and the postulated 
functions of the opioid receptor subtypes, has been 
described.20-22 It is now well-established by a great deal 
of experimental work that there are three main classes 
of opioid receptors, fi, d, and K. Much work has also been 
expended in investigating subtypes of the /I,23'24 <3,25'26 

and K21 receptors and, recently, the cDNA's of all three 
opioid receptors have been cloned and their amino acid 
sequences determined.28-35 

N-Substituted normetazocine homologs (e.g., iV-allyl) 
are also known to interact with the phencyclidine (PCP) 
binding site in the iV-methyl-D-aspartate (NMDA) re­
ceptor system as well as with the a receptor. The a 
receptor recently received its current definition. This 
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receptor is classified36-37 as a haloperidol-sensitive, non-
dopaminergic, non-PCP, non-opioid binding site, and it 
is thought to play a significant role in biological func­
tions38,39 including the regulation of motor behavior,40-43 

the modulation of smooth muscle contraction,44-46 the 
enhancement of norepinephrine and dopamine release,44 

the negative modulation of phosphoinositide metabo­
lism,47'48 and the inhibition of neuronal firing rates.49'50 

Several benzomorphans, usually the (+)-enantiomers, 
are known to interact with the a receptor. One such 
compound, (+M3H]SKF 10,047 (iV-allylnormetazocine), 
was formerly used as the radioligand for the a-binding 
assay,51 although a more potent and cx-selective benzo-
morphan, (+)-[3H]pentazocine (5,9-dimethyl-2-(dimethy-
lallyl)-2'-hydroxy-6,7-benzomorphan) is now more fre­
quently used for these binding studies.52-54 There are 
at least two subtypes of a receptors.37,55 The (+)-
benzomorphan ligands which displace (+)-[3H]pentazo-
cine from membranes of guinea pig brains have been 
shown to have high a\ selectivity; the (—^benzomor­
phans fail to discriminate between the two subtypes.54'56 

A considerable variety of compounds, of very different 
structural types, have been noted to interact with o\ 
and/or o% sites.36'57 

PCP (phencyclidine, l-(l-phenylcyclohexyl)piperidine) 
sites are generally considered to exist in excitatory 
amino acid cation channels regulated by the NMDA/ 
glutamate receptor complex and PCP-like ligands act 
as noncompetitive antagonists at that receptor.58-60 The 
ion channels regulated by the NMDA/glutamate recep­
tor complex under normal conditions are thought to be 
involved with cellular and molecular processes underly­
ing learning and memory.61'62 Drugs which act at PCP 
sites have been found to display anticonvulsant ac­
tions,63 and some may eventually find a medical role as 
antitrauma agents since they are known to inhibit 
excessive Ca+ flow caused by hypoxic-ischemic injury64 

which may lead to neuronal destruction. Various 
ligands from the benzomorphan class of opioids have 
been found to interact with PCP receptors.51,65 

Thus, benzomorphans have been found which interact 
with opioid and o receptors and with PCP sites in the 
NMDA/glutamate receptor complex. In that context, we 
thought that it would be of interest to study a complete 
series of 7V-alkyl substituted iV-normetazocines in both 
the (+)- and the (-)-enantiomeric series (Table 1), both 
in vitro (through binding studies at opioid and a 
receptors, and PCP sites (Table 2)) and in vivo (anti­
nociceptive assays in mice, and single-dose suppression 
studies in monkeys (Table 5) to determine their ability 
to substitute for morphine and, thus, demonstrate 
morphine-like side effects in primates). A similar study 
of AT-aralkyl and -alkenyl normetazocine homologs was 
recently published.57 

Chemist ry 

The a-(-HlR,5R,9R) and a-(+)-(lS,5S,9S)-iV-normeta-
zocines ( la and 11) were used as starting materi­
als.13,16,66 Compounds l c - k and l n - v (iV-ethyl- to 
iV-decyl-a-iV-normetazocines, Table 1) were prepared 
from o>(-)- and -(+)-iV-normetazocines ( la and 11), 
respectively, and appropriate alkyl bromides (iodides for 
AT-ethyl, iV-nonyl and N-decyl) with KHCO3 as the 
hydrogen halide acceptor. The solvent system was 
THF-DMSO (ca. 5:1).15 For the AT-heptyl to AT-decyl 

homologs refluxing EtOH (dried over K2CO3) was also 
satisfactory. Some 0,N-dialkylation was noted for 
higher homologs. The course of reaction was monitored 
by thin-layer chromatography. Yields were 70-95%. 
The melting points and optical rotations of the com­
pounds are listed in Table 1. The enantiomers of each 
of the iV-alkyl compounds showed equal and opposite 
optical rotations, and their melting points were es­
sentially identical. 

Binding Studies 

The binding studies were carried out with opioid 
receptors obtained from rat whole brain minus cerebel­
lum and rhesus monkey cortex. The former were useful 
for comparison with data from others,57 and the latter 
for correlation between in vitro binding and in vivo 
single-dose suppression studies in monkeys. Mem­
branes from guinea pig brain plus cerebellum were used 
for the 0 assay; PCP assays used the rat whole brain 
minus cerebellum. 

Pharmacology 

Antinociceptive studies were determined through hot­
plate (HP), tail-flick (TF), and phenylquinone (PPQ) 
assays. The tail-flick assay vs morphine (TFA) was used 
to determine the narcotic antagonist activity of the 
various compounds. All of these assays were carried 
out in the mouse. Single dose suppression (SDS) studies 
were carried out in rhesus monkeys (Af. mulatto). 
Substitution for morphine (SM) and a primary physical 
dependence study (PPD) were carried out in continu­
ously infused rats for a few compounds. 

Results 

In Vitro Binding: (-)-Enantiomers. In the u 
opioid preparation from rhesus monkey cortex the rank 
order of potency was found to be: propyl > butyl « 
methyl > pentyl =» ethyl > heptyl > hexyl > H « octyl 
> nonyl > decyl, and at the K opioid receptor: propyl > 
butyl > ethyl « methyl > pentyl > heptyl > hexyl > 
octyl > H > nonyl > decyl (Table 2). In general, 
although the potencies were higher overall in the JU than 
the K assay, the rank order for potency at the [t and K 
receptors were very similar (Figure 1). The compounds 
were much less potent in the 6 receptor assay, and the 
rank order was different: propyl > heptyl « hexyl « 
butyl > pentyl « octyl > methyl « ethyl > H « nonyl > 
decyl, although the overall pattern of activity was 
similar to the displacements observed with the ^ and K 
receptors (Figure 1). 

In the n opioid rat whole brain minus cerebellum 
preparation, a different rank order was displayed: hexyl 
> propyl « heptyl > methyl « butyl > pentyl > H > 
octyl ss ethyl > nonyl > decyl (Figure 2). However, as 
shown in Figure 2, the overall pattern of interaction of 
these compounds in the rat and monkey preparations 
was similar. 

At the a receptor, the N-H, -methyl, -ethyl, and 
-propyl homologs had little activity. Potency increased 
with the (—)-butyl homolog and maximized with the 
bulkier (more lipophilic) pentyl, hexyl, heptyl, octyl, 
nonyl, and decyl homologs (Table 2 and Figure 3), which 
were found to be essentially equipotent. The a activity 
of the (—)-enantiomers bore little or no relationship to 
their potency in the fi, K, or d opioid assays (Table 2). 
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Table 1. Physical Constants of (-)- and (+)-<x-iV-(Methyl through Decyl)-iV-normetazocinesa 

;N-R / - yN-R 

-CH 3 / = \ \ / ~ C H 3 

CH3 ) CH3 
HO 

1 

la - Ik = (-) series II - Iv = (+)-series 

(la = (-)-H) (II = (+)-H) 

HO 

May et al. 

compound R [(Xp-25D mp, 0C 

lb 5 

•HC1 
Im6 

•HC1 
Ic 

•HC1 
In 

•HC1 
Id 

•HCl-0.5(2-PrOH) 
Io 

•HCl-0.5(2-PrOH) 
Ie 

•HC10.5H20 
IP 

-HCl-H2O 
If 

-HCl 
Iq 

-HCl 
Ig-HCl 
Ir-HCl 
Ih-HCl 
Is-HCl 
Ii-HCl 
It-HCl 
Ij-HCl 
Iu-HCl 
Ik-HBr 
IvHBr 

(-)-CH3 

( + K H 3 

( - K 2 H 5 

(+)-C2H5 

(-)-C3H7 

(+)-C3H7 

(-)-C4H9 

(+K 4 H 9 

(-Ki6H11 

( + K 5 H n 

( -K 6 H 1 3 
(+K 6H 1 3 
( -K 7 H 1 5 
(+K7H1 6 
(—KsH17 
(+K8H1 7 
(-KgH1 9 
(+K9H1 9 
(-)-CioH2i 
(+K1OH21 

-84.8 
-52.0 
+84.3 
+52.1 
-94.0 
-69.6 
+94.5 
+70.1 
-99.9 
-71.8 

+100.3 
+71.6 

-102.3 
-75.2 

+107.2 
+75.6 
-98.5 
-80.1 
+98.2 
+80.1 
-77.7 

78.8 
-77.2 
+77.7 
-72.2 
+72.2 
-70.6 
+70.0 
-62.2 
+62.8 

0.90 
2.00 (H2O) 
0.83 
1.46 (H2O) 
0.298 
0.460 
0.505 
0.455 
0.711 
0.464 
0.395 
0.398 
0.346 
0.536 
0.493 
0.748 
0.460 
0.574 
0.540 
0.778 
0.701 
0.495 
0.421 
0.475 
0.331 
0.297 
0.361 
0.361 
0.226 
0.519 

183-4.5 
249-50 (d) 
183-4.5 
249-50 (d) 
144-5 (149-150) 
282-4 
144-5 (149-150) 
281-3 (d) 
175-6 
223-4.5 
174-5 
223-4 (d) 
128.5-30 
105-10 (froth) 
128-9.5 
105-10 (froth) 
114-5 
234-6 
114-5 
234-6 
236-7 
236-7 
190.1 
190.1 
200-1 
201-2 
206-7 
206-7 
198-9 
198-9 

a Elemental analyses for CHN were found to be within 0.4% of theory. 
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Figure 1. Comparison of potencies of (-)-a-Af-(H through 
decyl)-Af-normetazocines in opioid receptor assays (Xi, nM) 
using rhesus monkey cortex membranes. Radioligands were 
[3H]Tyr-D-Ala-Gly-NMe-Phe-Gly-ol (DAMGO) for n opioid re­
ceptors (O), [3H]-D-Pen2,D-Pen5)enkephalin (DPDPE) for d 
opioid receptors (•), and [3H]-(5a,7a,8b)-(-)-iV-methyl-2V-[7-(l-
pyrrolidinyl)-l-oxaspiro[4.5]-dec-8-yl]benzeneacetamide(U69,-
593) for K opioid receptors (v), as described in the Methods 
section. 

With the exception of the (—)-iV-H and -propyl ho-
mologs, none of the compounds showed affinity <0.5,wM 
in the PCP binding site assay (Table 2 and Figure 3). 

0 1 2 3 4 5 6 7 8 9 10 
(-)-N-R 

Figure 2. Comparison of potencies (Xi, nM) of (-)-a-iV-(H 
through decyl)-iV-normetazocines for the fi opioid receptors in 
rhesus monkey cortex membranes (O) and rat whole brain 
minus cerebellum (•), by displacement of [3H]Tyr-D-Ala-Gly-
NMe-Phe-Gly-ol (DAMGO) as described in the Methods sec­
tion. 

There was no relationship between the affinity of the 
homologs for the P C P and a binding sites. The potency 
ratio (PCP/CT, Table 3) varied from 0.03 for the ( - ) -H 
homolog to 228 for the N-octyl compound. The (-)-N-
H, -methyl, -ethyl, and -propyl homologs were more 
potent a t PCP sites t han at a receptors and the remain-



a-N-Alkyl-N-normetazocines Journal of Medicinal Chemistry, 1994, Vol. 37, No. 20 3411 

Table 2. Displacement Studies (K, nM) of ( - ) - and (+)-a-iV-(Methyl through Decyl)-2V-normetazocines 

JV-R 

(-)-H 
(-)-methyl 
(-)-ethyl 
(-)-propyl 
(-)-butyl 
(-)-pentyl 
(-)-hexyl 
(-)-heptyl 
(-)-octyl 
(-)-nonyl 
(-)-decyl 
(+)-H 
(-H)-methyl 
(+)-ethyl 
(+)-propyl 
(+)-butyl 
(+)-pentyl 
(+)-hexyl 
(+)-heptyl 
(+)-octyl 
(+)-nonyl 
(+)-decyl 

H (monkey)" 

54 
4.2 
16 
1.5 
3.4 
15 
39 
27 
59 
183 
997 
1721 
1378 
4186 
943 
1241 
776 
318 
259 
160 
126 
756 

H (rat)6 

23 
11 
32 
7.6 
13 
16 
4.7 
8.8 
30 
151 
507 
470 
4970 
10000 
5218 
2876 
1742 
795 
243 
522 
1379 
4622 

6 (monkey)a 

449 
152 
158 
37 
78 
98 
67 
57 
114 
464 
2584 
7000 
7000 
7000 
7000 
7000 
7000 
788 
7000 
1586 
2934 
4200 

K (monkey)" 

113 
17 
16 
2 
4.9 
23 
43 
32 
77 
709 

2265* 
3776 
3776 
3776 
452 
783 
738 
2265 
723 

2265 
2265 
2265 

o° 

6750 
18100 
16600 
739 
104 
45 
40 
49 
35 
32 
38 

2733 
1330 
1090 
43 
6 
3.8 
2.3 
1.9 
2.8 
12 
69 

PCF* 

197 
1190 
1865 
264 
613 
2468 
3347 
5634 
7975 
6166 
10000 

30 
41 
130 
606 
893 
1703 
7305 
2567 
786 

4146 
4193 

" Opioid K values from rhesus monkey cortex membranes were obtained from displacement studies in the presence of NaCl using 0.5 
nM [3H]DAMGO (Tyr-D-Ala-Gly-NMe-Phe-Gly-ol) (jx), 1.5 nM [3H]DPDPE (D-Pen2,D-PenB)enkephalin) (<5), or 1.5 nM [3H]U69,593 ((5a,7a,8b-
(-)-iV-methyl-iV-[7-(l-pyrrolidinyl)-l-oxaspiro[4.5]-dec-8-yl]benzeneacetamide) (K), as described in the Methods section. In duplicate 
experiments the radiolabeled ligand was displaced by five different concentrations of the tes t compound. IC50 values were determined by 
linear regression analysis and converted to K values using the Cheng-Prusof f equation7 3 and the following JiTd values (nM): [3H]DAMGO 
(0.36); [3H]DPDPE (3.50); [3H]U69,593 (0.91). Shown are averages of two experiments with less t han 10% difference between the respective 
K values. For reference, the K of U69,593 was found to be 1.18 nM by displacement of [3H]U69,593 to, the K of DPDPE was 2.95 nM 
by displacement of [3H]DPDPE (<5), and the -KTi of DAMGO was 0.46 nM by displacement of [3H]DAMGO. 6 [3H]DAMGO was displaced 
from homogenates of r a t brain minus cerebellum using five concentrations of the test drug as described in the Methods section. Conversion 
of IC50 to K values was performed using the Cheng-Prusof f equation7 3 and the [3H]DAMGO Ki value of 1.9 nM. The resul ts represent 
the mean ± SEM for three experiments. The average s tandard error of the mean for all of the compounds was 12.8%. c For the a receptor 
assay, displacement of 3 nM [3H]pentazocine from homogenate of guinea pig bra in plus cerebellum was conducted as described in the 
Methods section. The K values shown were calculated from the Cheng-Prusof f equation7 3 us ing the Ki of (+)-[3H]pentazocine of 3.4 nM 
obtained by Scatchard analysis and are the mean (± SEM) of three or more separa te experiments. The average s tandard error of the 
mean for all of the compounds was 11.4%. For reference, the K values for the s tandard drugs (-H)-SKF 10,047 (JV-allylnormetazocine), 
( - ) -SKF 10,047, and (+)-pentazocine are 124 ± 18, 4300 ± 300 and 4.4 ± 0.3 nM, respectively. d [3H]TCP (l-[l-(2-thienylcyclohexyl)]pi-
peridine) was displaced from homogenates of r a t bra in minus cerebellum using five concentrations of the tes t drug as described in the 
Methods section. Conversion of IC50 to K values was performed using the Cheng-Prusof f equation7 3 and the [3H]TCP Ki value of 7.7 
nM. The resul ts represent the mean ± SEM for three experiments. The average s tandard error of the mean for all of the compounds 
was 12.0%. e Less than 50% displacement at 2265 nM. 

and octyl (522 nM) homologs showed K <0.6 fiM in the 
/u opioid r a t prepara t ion (Table 2). None of the other 
(+)-N-substi tuted compounds showed much affinity for 
the fi receptor. The hexyl homolog had a little affinity 
for the 6 receptor CKi 788 nM); the K?s of the remaining 
compounds were > 1.5 fiM. In the K receptor assay, only 
the propyl homolog was found to have K < 0.5 fiM. The 
potency of the (+)-enantiomers a t the a receptor (Figure 
4) was similar to the profile shown by the (—)-enanti-
omers, except t ha t t he more potent (+)-compounds 
showed exceptional activity. Although the (+)-iV-butyl 
to -octyl homologs were all very potent (the heptyl 
homolog (K 1.9 nM) was about twice as potent as (+)-
pentazocine CKi 4.4 nM)), a drop-off in potency was noted 
with the nonyl and decyl homologs. The 0 activity bore 
little or no relat ionship to the potency of these (+)-
enant iomers in the fi, K, or d opioid assays (Table 2)). 

Only the (+)-H, (+)-methyl, and (+)-ethyl enant i ­
omers were reasonably potent (Ki < 0.5 fiM) in the P C P 
binding assay (Table 2), and they, unlike all the other 
(+)-homologs, were more potent a t PCP sites t h a n a t 
the 0 receptor. With the (+)-enantiomers, the PCP/cr 
potency rat io varied from 0.01 for the N-H homolog to 
3176 for the hexyl. 

R e c e p t o r Spec i f ic i ty . The (- ) -methyl , (+)-heptyl, 
(—)-propyl, (+)-nonyl, and (—)-butyl homologs were best 
discriminated between the /u (monkey) and 6 receptors 

10000 
C 

1000 

I 

100 

in 

I I I I I I I I 1 

0-0 

;x \ ^y 
A •-

O 
\ 

I 1 1 I t I I I I 

0 1 2 3 4 5 6 7 8 9 10 

(-)-N-R 

Figure 3. Comparison of potencies CKi, nM) of (-)-a-iV-(H 
through decyl)-JV-normetazocines for 0 (O) and PCP (•) binding 
sites. The 0 assay was carried out in guinea pig brain plus 
cerebellum homogenates by displacement of [3H]pentazocine 
and PCP assays were carried out using rat whole brain minus 
cerebellum as described in the Methods section. 

ing (—)-homologs were much more potent a t a receptors 
t h a n a t P C P sites. 

(+ ) -En an t iomers . The (+)-nonyl CKi 126 nM), octyl 
(Ki 160 nM), heptyl (K 259 nM), and hexyl (K 318 nM) 
homologs were reasonably potent in the fi opioid monkey 
preparat ion; only the heptyl (K1243 nM), H CK1470 nM), 
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Table 3. Comparison (Ratios) of Potencies of (-)- and (+)-a-N-(H through DecyD-AT-normetazocines in Receptor Assays 

N-R fx (monkey)/^ (rat) KIJI (monkey) VCPIo alp (rat) PCP/^ (rat) 

(-)-H 
(-)-methyl 
(-)-ethyl 
(-)-w-propyl 
(—)-?i-butyl 
(-)-w-pentyl 
(-)-n-hexyl 
(-)-rc-heptyl 
(-)-rc-octyl 
(-)-rc-nonyl 
(-)-n-decyl 
(+)-H 
(+)-methyl 
(+)-ethyl 
(-t-)-n-propyl 
(+)-w-butyl 
(+)-n-pentyl 
(+)-n-hexyl 
(+)-n-heptyl 
(+)-ra-octyl 
(+)-n-nonyl 
(+)-n-decyl 

2.4 
0.4 
0.5 
0.2 
0.3 
0.9 
8.3 
3.1 
2.0 
1.2 
2.0 
3.7 
0.3 
0.4 
0.2 
0.4 
0.5 
0.4 
1.1 
0.3 
0.1 
0.2 

2.1 
4.0 
1.0 
1.3 
1.4 
1.5 
1.1 
1.2 
1.3 
3.9 
2.3 
0.5 
2.7 
0.9 
0.5 
0.6 
1.0 
7.1 
2.8 

14.2 
18.0 
3.0 

0.03 
0.07 
0.1 
0.4 
5.9 
55. 
84. 
115. 
228. 
193. 
263. 

0.01 
0.03 
0.1 

14.1 
149. 
448. 

3176. 
1351. 
281. 
346. 
61. 

293 
1645 
519 
97 
8.0 
2.8 
8.5 
5.6 
1.2 
0.2 
0.08 
5.8 
0.3 
0.1 
0.008 
0.002 
0.002 
0.003 
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Figure 4. Comparison of potencies CKi, nM) of (-l-)-a-iV-(H 
through decyl)-AT-normetazocines for a (O) and PCP (•) binding 
sites. The a assay was carried out in guinea pig brain plus 
cerebellum homogenates by displacement of [3H]pentazocine 
and PCP assays were carried out using rat whole brain minus 
cerebellum as described in the Methods section. 

(6/fi ratio of 36, 27, 25, 23, and 23, respectively), and 
the (-)-propyl, (-)-butyl, and (+)-propyl homologs were 
best discriminated between the 5 and K receptors (6/K 
ratios of 18 and 16, 15, respectively). The /x (monkey) 
and K receptors did not discriminate the (-)-enantiomers 
very well; the best discriminated were the (-)-methyl 
and (-)-nonyl homologs which were found to have 
similar K//X ratios of about 4 (Table 3). Higher K//X ratios 
were observed for three (+)-enantiomers (ratios of 7,14, 
and 18 for the hexyl, octyl, and nonyl homologs, respec­
tively). The (+)-hexyl enantiomer was surprisingly 
potent and opioid receptor-selective at the ju (monkey) 
receptor, and the (+)-heptyl was somewhat more potent 
than the (+)-hexyl at the JX receptor but was less 
selective for that receptor. 

Except for the (-)-octyl, nonyl, and decyl homologs, 
the (-)-enantiomers were considerably more potent and 
selective for the /x (rat) receptor than the a receptor (o/fi 
(rat) ratio varied from 1600 for the methyl homolog to 
3 for the pentyl). The (-)-nonyl and (-)-decyl homologs 
were much more potent and selective in their interaction 
with the a receptor than with any of the opioid receptors 

(a/fi ratio 0.2 and 0.08, respectively). Only the (-t-)-H 
and (+)-methyl enantiomers were potent (<0.05 /iM) 
and selective for the PCP binding site. 

Enantioselectivity. The iV-alkyl enantiomers in­
teract somewhat differently with the fi receptors in the 
rat and monkey. Although enantioselectivity among the 
iV-alkyl compounds ((+)-enantiomer potency/(-)-enan-
tiomer potency, Table 4) at the ju receptor in the monkey 
preparation varied considerably among the homologs, 
from a ratio of 0.7 for the iV-nonyl enantiomers to 629 
for the propyl enantiomers, in the rat preparation the 
enantioselectivity at the /u receptor was even greater. 
It was highest for the propyl enantiomers (687) and 
least for the nonyl or decyl enantiomers (9.1). Enanti­
oselectivity was also observed at the K and 6 receptors 
in the monkey preparation. The ethyl enantiomers were 
most selective at K (+ / - ratio of 236) and propyl at 6 
(47- ratio of 190). The decyl enantiomers were least 
selective for both K and 6 receptors. In all, the propyl 
homolog displayed the consistently highest enantiose­
lectivity and potency at the various opioid receptors. 

At the osite, all of the (+)-enantiomers were more 
potent than their (—)-counterparts (Table 4) with the 
exception of the decyl enantiomers. The heptyl enan­
tiomers displayed the greatest difference in their affinity 
for the a receptor (+ / - ratio of 0.04, a 25-fold enanti­
oselectivity). In the PCP assay, the methyl and ethyl 
homologs were the most enantioselective, displaying 33-
and 14-fold enantioselectivity, respectively (Table 4). 
Three (—)-enantiomers were more potent than their (+)-
counterparts in that assay (propyl, butyl, and hexyl, 
with +/— ratios of 2.3, 1.5, and 2.2, respectively). 

Activity in Vivo. The in vivo results are sum­
marized in Table 5. Both iV-H enantiomers were 
essentially inactive in the mouse antinociception tests 
and did not substitute for morphine in the monkey SDS 
model. The (—)-methyl homolog displayed potent anti­
nociceptive activity and in the rat-infusion study (SM) 
and monkey (SDS) assay, nearly substituted or partially 
substituted for morphine, respectively. In addition, it 
produced physical dependence in the rat PPD model at 
a lower dose regimen than morphine. In sharp contrast, 
the (+)-methyl enantiomer was antinociceptively inac­
tive. The (—)-ethyl through -butyl compounds showed 
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Table 4. Comparison (Ratios) of Potencies of Enantiomers of a-N-CH. through Decyl)-N-nornietazocines in Receptor Assays 

N-B. 

H 
methyl 
ethyl 
propyl 
butyl 
pentyl 
hexyl 
heptyl 
octyl 
nonyl 
decyl 

(+)-/*/(-)-/* 
(monkey) 

32 
328 
262 
629 
365 

52 
8.2 
9.6 
2.7 
0.7 
0.8 

Table 5. In Vivo Activities'1 of (• 

AT-R TF 

(+)-M-) 
(rat) 

20 
452 
313 
687 
221 
109 
169 

28 
17 

9.1 
9.1 

-)- and (+)-a-
TF vs M 

-H (+)-«/(-)-* 
(monkey) 

33 
222 
236 
226 
160 

32 
53 
23 
29 

3.2 
1.0 

(+)-<5/(-)-<5 
(monkey) 

16 
46 
44 

190 
90 
71 
12 

123 
14 

6.3 
1.6 

N-(H through Decyl)-iV-normetazocines 

PPQ HP 

(+)-C7/(-)-CT 
(guinea pig) 

0.4 
0.07 
0.07 
0.06 
0.06 
0.08 
0.06 
0.04 
0.08 
0.4 
1.8 

SDS, or rat SM 

(+)-PCP/(-)-PCP 

or PPD 

(rat) 

0.2 
0.03 
0.07 
2.3 
1.5 
0.7 
2.2 
0.5 
0.1 
0.7 
0.4 

(-)-H 
(-)-methyl 

13% at 30.0 
0.8(0.3-2.0) 

inactive (I) 
I 

66% at 30.0 
0.3 (0.1-0.9) 

38% at 30.0 
0.6 (0.5-0.9) 

(-)-ethyl 

(-)-propyl 
(-)-butyl 

(-)-pentyl 

(-)-hexyl 
(-)-heptyl 

(-)-octyl 

(-)-nonyl 

(-)-decyl 

(+)-H 
(+)-methyl 

(+)-ethyl 

(+)-propyl 

(+)-butyl 

(+)-pentyl 

(+)-hexyl 

(-H)-heptyl 
(+)-octyl 
(+)-nonyl 

I 

I 
I 

1.3 (0.7-2.4) 

1.1 (0.6-2.3) 
1.7(1.1-2.7) 

10.3 (4.3-23.2) 

I 

I 

27% at 30.0 
I 

I 

I 

I 

21.3(15.0-30.3) 

20.4(12.9-32.2) 

12.9 (6.2-26.7) 
14% at 30.0 
I 

3.7 (1.8-

0.4 (0.2-
1.5 (0.5-

I 

I 
I 

I 

I 

I 

I 
NT 

I 

-7.8) 

-1.0) 
-4.2) 

20% at 30.0 

I 

I 

I 

I 
I 
I 

1.4(0.5-4.1) 

22.0 (16.0-30.1) 
40% at 30.0 

0.2 (0.08-0.6) 

0.3 (0.1-0.7) 
0.13 (0.02-0.99) 

0.5(0.2-1.5) 

I 

I 

23% at 10.0 
43% at 20 

33.5 (15.5-72.1) 

I 

43% at 30.0 

5.6(1.8-1.6) 

1.0 (0.4-2.8) 

3.5(1.1-11.4) 
7.8 (1.2-49.5) 
I 

13% at 1.0, 
25% at 10.0 
and 30.0 

I 
I 

2.4(1.2-4.7) 

3.4(1.7-6.8) 
2.4(1.1-5.1) 

5.4 (3.4-8.6) 

I 

I 

13% at 10.0 
I 

I 

I 

I 

I 

38% at 10 and 30 

11.5(4.4-30.2) 
11.1(3.1-40.3) 
I 

(+)-decyl 

NT 
SDS: partial substitution at 4.0; salivation, 

drowsiness, and slowing observed 
SM: nearly substituted at 50.0/day 
PPD: produced physical dependence at 

lower dose regimen than morphine 
SDS: no substitution at 0.5 and 2.0; 

may have exacerbated withdrawal; 
Retching, head tremors, seizure observed 

SDS: exacerbated withdrawal at 0.025 and 0.1 
SDS: slight reduction of withdrawal signs but 

severe ataxia, slowing, ptosis, increased retching 
and vomiting, wet dog shakes and tremors observed; 
drug introduction in normal nondependent monkeys 
produced signs which naloxone could not reverse 

SDS: substitutes completely at 4.0; convulsions and 
vomiting observed 

SDS: partial substitution at 5.0 
SDS: I at 1.25 and 5.0; convulsions observed 
SM: partial suppression at 10.0 
PPD: produced physical dependence like morphine 
SDS: I at 4.0 and 16.0; may have exacerbated 

withdrawal 
SDS: neither substituted nor exacerbated 

withdrawal at 5.0 and 15.0 
SDS: I at 2.0 and 10.0; may have exacerbated 

withdrawal 
SDS: NT 
SDS: NT 
SAf: I at 50 and 100/day 
PPD: dextromethorphan-like—only overt 

withdrawal signs, no loss of body weight 
SDS: no substitution at 0.5 and 2.0; ataxia, 

sagging, seizure, frequent retching, 
biting hands and feet, muscle spasms observed 

SDS: partial substitution at 8.0; severe ataxia, 
jaw sag, stupor observed 

SDS: partial substitution at 12.0; ataxia, 
disorientation, head tremor observed 

SDS: partial substitution at 3.0; ataxia, 
disorientation, head tremors observed 

SDS: neither substituted nor exacerbated 
withdrawal at 3.0 or 12.0; ataxia, slowing, 
ptosis, head tremors noted 

SDS: I at 1.25 or 10.0 
SDS: I at 4 and 16 
SD.S: neither substituted nor exacerbated 

withdrawal at 5.0 or 15.0 
SDS: I at 4.0 and 16.0; may have 

exacerbated withdrawal 

" All doses are given in mg/kg; I = inactive; NT = not tested. Antinociceptive assays (in mice, parenthesized numbers represent 95% 
confidence limits): TF = tail flick (morphine sulfate = 0.73 (0.35-1.53)); TF vs M = tail flick vs morphine (naloxone hydrochloride = 0.04 
(0.01-0.09); nalorphine hydrochloride = 2.6 (0.7-10.0)); PPQ = phenylquinone (morphine sulfate = 0.4 (0.20-0.8)); HP = hot plate 
(morphine sulfate = 3.1 (1.5-6.4)); SDS = single-dose suppression studies in rhesus monkeys; SM = substitution for morphine studies 
in the continuously-infused rat; PPD = primary physical dependence study in the continuously-infused rat . In the mouse antinociception 
tests, the following vehicles were used: for iV-methyl through -hexyl enantiomers, sterile H2O; for the AT-heptyl enantiomers, propylene 
glycol and H2O; for the AT-octyl enantiomers, DMSO and H2O; for the JV-nonyl enantiomers; DMSO, propylene glycol, and H26; and for 
the iV-decyl enantiomers, propylene glycol, Tween 80, and H2O. In the SDS study in monkeys, the same vehicles were used for the 
TV-methyl through -heptyl enantiomers. The following vehicles were used for the iV-octyl and -nonyl enantiomers, 25% gum tragacanth 
and H2O; and for the ( - ) - and (+)-decyl enantiomers, 25% (hydroxypropyl)-/9-cyclodextrin and H2O, or propylene glycol, Tween 80, and 
H2O, respectively. In the SM and PPD studies in continuously-infused rats , the vehicle was H2O. 

activity in the PPQ test, were inactive in the TF and 
HP assays, and showed varying degrees of antagonist 
activity vs morphine in the TF test; the (-)-propyl 

derivative was the most potent antagonist. It was about 
1/10 as potent as naloxone in this respect. In morphine-
dependent monkeys, the (—)-propyl derivative clearly 
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exacerbated withdrawal at 0.025 and 0.01 mg/kg. The 
(—)-butyl enantiomer produced behavioral signs sug­
gesting exacerbation of withdrawal in the monkey; some 
of these signs were not antagonized by naloxone which 
suggests non-opioid behavior. In the (+)-ethyl through 
-butyl series, all the (+)-enantiomers were essentially 
inactive in all the antinociceptive tests. In the monkey 
SDS assay, these compounds were either inactive (N-
ethyl) or substituted partially. However, all of these 
compounds produced severe ataxia and other overt signs 
including disorientation. Interestingly, the (+)-methyl 
homolog produced dextrorphan-like behavior in the rat 
PPD model. 

The (-)-pentyl through -octyl homologs showed an­
tinociceptive activity in all tests; (-)-octyl was clearly 
the least potent. In the monkey SDS test, the (-)-pentyl 
and (-)-hexyl enantiomers substituted completely ( ( -
)-pentyl) or partially ((-)-hexyl) for morphine. The (-)-
heptyl enantiomer was inactive in the monkey SDS test 
regarding relief from withdrawal, and (-)-iV-octyl may 
have exacerbated withdrawal. The (-)-heptyl enanti­
omer was also evaluated in the rat infusion assay; it 
partially substituted for morphine (SM) and produced 
physical dependence (PPD) indistinguishable from that 
produced by morphine. Although the (+)-pentyl through 
-octyl compounds had varying degrees of antinociceptive 
activity, they were inactive in the monkey SDS model. 
In addition, the (+)-pentyl and -hexyl compounds pro­
duced ataxia and head tremors. The (+)-pentyl enan-
tiomer-treated monkey was also disoriented. 

The (-)- and (+)-nonyl and -decyl compounds were 
inactive antinociceptively as agonists or antagonists. 
Interestingly, both the (-)- and (+)-decyl enantiomers 
may have exacerbated withdrawal in the monkey SDS 
model. 

Discussion 

Previous studies of the Af-H and AT-alkyl substituted 
benzomorphans were generally limited to observations 
on racemic mixtures, with the easily envisioned dif­
ficulty in interpreting in vitro and in vivo data from a 
mixture. One exception, a recent compilation by Carroll 
et al.,57 included the enantiomeric N-H and N-methyl 
homologs in a study of the affinities of the N-alkenyl 
and AT-aralkyl series of N-norbenzomorphans. Their 
receptor-binding work (M opioid, o\ and ai, and the PCP 
site) differs from this study, in which we examined 
opioid receptor subtypes (using monkey cortex, which 
could provide a more realistic link to in vivo results 
obtained with that animal model, and rat brain prepa­
rations for correlation with rodent antinociceptive stud­
ies), as well as the o\ and PCP sites. The four com­
pounds examined by both groups ((+)- and (-)-Ar-H and 
(+)- and (—)-Ar-methyl) provide a link for comparison of 
the data between laboratories. The affinity of these 
ligands, determined by displacement of [3H]pentazocine 
to the a receptor in membranes of frozen57 vs fresh (see 
Methods) guinea pig brain with or without57 cerebellum, 
are reasonably similar in both studies (e.g., (+)-N-
methyl and (+)-N-K Ki 2100 ± 26957 vs 1330 ± 130 
(Table 2), and 3380 ± 50357 vs 2733 ± 570 (Table 2), 
respectively). 

Our finding that the rank order of potency of the (-)-
enantiomers for the /u and the K receptors are quite 
similar, but not identical, may point to their interaction 

with similar, but not identical, areas in these receptors. 
The seven transmembrane a helical regions of fi and K 
receptors are known to be highly homologous, much 
more so than those parts of these receptors which exist 
in extracellular space.28-35 The three-dimensional pat­
tern of the helical regions of at least one G protein-
coupled receptor has been determined,67,68 and consid­
erably more is known about the pattern in that area 
than is known about their 3-D pattern in extracellular 
space. If in fact these ligands do interact with the 
transmembrane helical regions, the different rank order 
for the interaction of these compounds with the /i and K 
receptors may prove useful for computer-assisted mo­
lecular modeling experiments. 

The antinociceptively potent (-)-homologs (AT-methyl, 
-pentyl, -hexyl, and -heptyl), each of which was es­
sentially equipotent with morphine in the TF, PPQ, and 
hot-plate assays (Table 5), interacted mostly with the fi 
opioid receptor. Although all of these homologs had 
good affinity for the K receptor, the pentyl and hexyl 
compounds were almost equipotent at p and K. The (-)-
propyl, -butyl, and -ethyl enantiomers were as potent 
as, or more potent than, nalorphine as antagonists in 
the TF vs M assay (Table 5). Of these three enanti­
omers, only the (—)-propyl compound clearly and po­
tently exacerbated withdrawal in the SDS study in 
monkeys. The overt behavioral signs induced by the 
(-)-butyl enantiomer in nondependent monkeys were 
not reversible by naloxone. This finding is generally 
considered indicative of non-opioid properties and may 
have been caused by its interaction with a receptors or 
PCP sites. This enantiomer also interacts potently with 
both fi and K opioid receptors in the monkey and rat 
(Table 2). With the exception of the (+)-pentyl through 
-octyl homologs, the homologs in the (-f)-series were 
found to be devoid of antinociceptive or narcotic antago­
nist properties. The (+)-pentyl and -hexyl showed some 
activity both in the TF and PPQ assays, and the (+)-
heptyl showed antinociceptive activity in TF, PPQ, and 
hot-plate assays. The (+)-octyl compound showed an­
tinociceptive activity in both PPQ and hot-plate assays, 
Although the aforementioned (+)-enantiomers had an­
tinociceptive activity about 1U to Vio the potency of 
morphine, all of these (+)-enantiomers were consider­
ably less potent than their counterparts in the (-)-
enantiomeric series in the various antinociceptive as­
says. In the SDS assay, the (+)-ethyl, (+)-propyl, (+)-
butyl, and (+)-hexyl enantiomers produced what could 
be interpreted as PCP-like overt signs and/or signs 
induced by interaction with o receptors (Table 5). In 
the rat PPD assay, dextrorphan-like withdrawal was 
noted with the (+)-methyl homolog. Also, (+)-pentyl-
treated monkeys were disoriented. No significant activ­
ity was observed in the SDS assay with the (+)-heptyl, 
(+)-octyl, and (+)-nonyl compounds, although these 
compounds did bind to fi opioid receptors (Table 2). 
Thus, in these cases binding may not reflect efficacy or, 
perhaps, their solubility presented a problem in vivo. 
The (+)-heptyl and (+)-octyl compounds were essentially 
inactive in the SDS assay (Table 5) and showed weak 
antinociceptive activity in one or more antinociceptive 
assays. These enantiomers could theoretically be useful 
as mild analgesics since they might not have morphine­
like side effects in humans. However, they exhibit high 
affinity for a sites, and this interaction could be delete-
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rious to the i r use as analgesics (cr-site directed 6,7-
benzomorphans such as cyclazocine and pentazocine 
have been noted to interact synergistically wi th neuro­
leptics, or under some conditions act directly to induce 
marked changes in C6 glioma cell morphology and 
eventually cause cell death).6 9 '7 0 The ( - ) -heptyl ho-
molog was found to be considerably less potent for a 
sites. I t is very potent in antinociceptive assays and 
inactive in the SDS assay in monkeys. However, in a 
pr imary physical dependence s tudy in r a t s (Table 5), 
the compound had morphine-like physical dependence 
propert ies. 

We found t h a t a few of the longer chain alkyl 
compounds in the (+)-series (pentyl through octyl) were 
among the most potent l igands known for the a binding 
site. The affinities of the ( - ) -enant iomeric l igands for 
the ox receptor appear to follow the general rule noted 
for ligand interaction with t h a t receptor.7 1 Tha t is, as 
the N-subst i tuent increases in bulk (or lipophilicity 
increases), the interaction with the a site also increases 
(or reaches a plateau). This relat ionship does not 
appear to be completely t rue for the (4-)-enantiomers, 
where the affinity of the l igands for the a binding site 
appears to lessen wi th the most bulky (iV-nonyl and 
AT-decyl) compounds. Thus , th is general rule does not 
appear to be completely valid for the (+)-enantiomeric 
series. It was noteworthy t h a t the enantiomeric com­
pounds with the smaller iV-alkyl subst i tuents interacted 
bet ter a t P C P sites t h a n a t a receptors. 

All of the compounds from ( - ) -methyl th rough -octyl 
show antinociceptive activity in a t least one of the 
antinociceptive assays (Table 5), and three of t hem 
display narcotic antagonis t activity in the TF vs M 
assay. Of all of the tes ted compounds, only the ( - ) -
propyl homolog is a potent narcotic antagonist . It 
displayed weak antinociceptive activity in the P P Q 
assay. The transi t ion, which is easily measured, from 
agonist ( ( - ) -methyl) to agon i s t - an tagon i s t ( (-)-ethyl , 
-propyl, and -butyl) and back to agonist ( ( -)-pentyl , 
-hexyl, -heptyl, and -octyl) in this (—)-iV-alkyl series 
(Table 5), is not readily explainable. Conceivably, future 
exploration of the series a t t he molecular level (perhaps 
th rough examinat ion of the i r interaction with specific 
amino acids in the t ransmembrane helices of the various 
opioid receptors) will resolve this enigma. 

E x p e r i m e n t a l S e c t i o n 

Melting points (uncorrected) were taken in a Thomas-
Hoover capillary apparatus. IR spectra (Beckman Acculab 8 
instrument) were consistent with the structures shown. Opti­
cal rotations (EtOH as solvent unless otherwise noted) were 
measured in a Perkin-Elmer 141 digital polarimeter. Free 
bases were recrystallized from Me2C0 (lower homologs) and 
"hexanes", HCl and HBr salts from MeOH-Me2CO. Thin-
layer chromatography (TLC) was performed on 250 jim silica 
gel GHLF, Analtech Uniplates using a CH2Cl2-MeOH-
concentrated aqueous NH3 (90:9:1) solvent system with visu­
alization by iodine vapor. Elemental analyses were performed 
at Atlantic Microlabs, Atlanta, GA, and were found to be 
within ±0.4% of theory. 

Genera l P rocedu re for JV-Alkyl-iV-nornietazocines 
(Ih-HCl as example). (-)-5,9a-Dimethyl-2-heptyl-2'-hy-
droxy-6,7-benzomorphan Hydrochloride. A mixture of l a 
(5 g, 2.35 mmol), 1-bromoheptane (Aldrich, 4.5 g, 2.56 mmol), 
and KHCO3 (6 g) in (dried over K2CO3) THF (25 mL) and DMF 
(5 mL) was stirred and refluxed for 8 h. The solvents were 
removed in vacuo, and the residue was treated with water and 

ether. The water-washed, dried (Na2SO.!) ethereal solution 
(two extracts) was evaporated to dryness in vacuo to give 8.0 
g of residue. The residue was dissolved in Me2CO (10 mL)— 
AcOEt (10 mL) and yielded 7.6 g (95%) of Ih-HCl (mp 190-
192 0C) upon acidification with gaseous HCl (30-33% HBr in 
glacial HOAc was used to form the HBr salts of Ik and Iv). 
This solid was dissolved in boiling MeOH (20 mL), Me2CO (35-
40 mL) was added, and the solution was concentrated to 20— 
25 mL to give a precipitate, after cooling gradually to - 5 0C, 
which was filtered and washed with Me2CO to give pure 
Ih-HCl (6.6 g, mp 192-193 0C). An additional amount of solid 
was recovered from the filtrate (0.5 g, mp 184-187 0C). Anal. 
(C2IH34ClNO) C, H, N. 

Opioid Receptor Subtype Assays Using Rhesus Mon­
key Cortex Membranes. The isolation of membranes from 
rhesus monkey cortex, the determination of protein, and the 
binding assays using tritiated Tyr-D-Ala-Gly-NMe-Phe-Gly-ol 
(DAMGO), (D-Pen2,D-Pen5)enkephalin (DPDPE), and (5a,7a,-
8b)-(-)-iV-methyl-iv'-[7-(l-pyrrolidinyl)-l-oxaspiro[4.5]dec-8-yl]-
benzeneacetamide (U69,593) were carried out as described 
previously.72 The assays were implemented at 25 0C in a 
buffer medium consisting of 50 mM Tris-HCl (pH 7.4) and 150 
mM NaCl. Specific binding of the radioligand was defined as 
the difference between binding in the absence and presence 
of an appropriate excess of the corresponding unlabeled opioid. 
After incubation at 25 0C to reach binding equilibrium, the 
samples were quickly filtered and the glass-fiber disks sub­
jected to liquid scintillation counting. The IC50 was deter­
mined by linear regression from plots relating inhibition of 
specific binding in probit units to the log of five different ligand 
concentrations. The correlation coefficient of the log-probit plot 
(r2) was higher than 0.98 in all cases. The ICso's were 
converted to K values using the Cheng-Prusoff equation73 and 
the following KA values (nM): [3H]DAMGO (0.36); [3H]DPDPE 
(3.50); [3H]U69,593 (0.91). 

u Opioid Receptor Assay Using Rat Whole Brain 
Minus Cerebellum. Adult male Sprague-Dawley rats (Do­
minion Laboratories, Dublin, VA) were decapitated, and the 
whole brain minus cerebellum was used to prepare the 
homogenate. The brain was homogenized in 10 volumes of 
50 mM Tris-HCL buffer (pH 7.4) and centrifuged at 4500Og 
for 15 min at 4 0C. The pellet was homogenized again in 10 
volumes of buffer and centrifuged as before. The final pellet 
was resuspended in 10 volumes of buffer. Aliquots (200 /uh) 
of freshly prepared homogenate were incubated in triplicate 
(30 0C, 2.5 h) with the appropriate concentration of [3H]-
DAMGO in a total volume of 2 mL. Nonspecific binding was 
determined in the presence of 1 ^M levorphanol. The reaction 
was terminated by rapid filtration on a Brandel cell harvester 
(Gaithersburg, MD). Schleicher and Schuell (Keene, NH) no. 
32 glass fiber filters were soaked for 5 min in a 0.05% 
polyethylenimine solution prior to filtration. Filters were 
washed two times with 5 mL of cold buffer, suspended in 10 
mL of Budgetsolve (Research Products International, Mount 
Prospect, IL), and shaken for 1 h. Radioactivity was deter­
mined by liquid scintillation spectrometry at a counting 
efficiency of approximately 50% which was corrected by 
external standardization. Specific [3H]DAMGO binding was 
defined as total binding minus nonspecific binding. Protein 
concentrations were determined by the method of Bradford.74 

Displacement studies were conducted by incubating the drugs 
with 1 nM [3H]DAMGO as described above. Conversion of IC50 
to K values was performed using the Cheng-Prusoff equa­
tion73 and the [3H]DAMGO Kd value of 1.9 nM. The results 
represent the mean ± SEM for three experiments. The 
average standard error of the mean for all of the compounds 
was 12.8%. 

a Receptor Assay. Male Hartley guinea pigs (Charles 
River, Kingston, NY) were decapitated, and the whole brains 
plus cerebellum were rapidly removed and disrupted with 40 
volumes of 50 mM Tris-HCl buffer (pH 8.0) using a Brinkman 
polytron (setting 6, 20 s). The homogenates were centrifuged 
at 2700Og for 20 min at 5 0C. The pellet was resuspended in 
the original volume with fresh assay buffer and recentrifuged 
for a total of three times. The final resuspension was kept on 
ice until needed. 
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Binding to homogenates was determined in a 1 mL incuba­
tion volume, consisting of 900 fiL of tissue, 50 fiL of [3H]-C+)-
pentazocine62 (51.7 Ci/mmol) for a final concentration of 3 nM, 
and 50 ^L of either buffer, test compound, or 10 ^M (+)-
pentazocine (for determination of nonspecific binding). After 
a 120 min incubation at 25 0C, the reaction was terminated 
by rapid filtration using a Brandel cell harvester (Brandel, Inc., 
Gaithersburg, MD) through no. 32 Schleicher and Schuell 
(Keene, NH) glass fiber filters which had been presoaked in 
0.5% polyethylenimine at 25 0C during the incubation period. 
The filters were washed with three 5 mL aliquots of ice-cold 
10 mM Tris buffer (pH 8.0), placed in counting vials with 4 
mL of CytoScint ES scintillation cocktail (ICN Biomedicals, 
Inc., Irvine, CA), and allowed to stand overnight before 
counting in a Packard Tri-Carb 2200CA liquid scintillation 
counter (Packard Instrument Co., Downers Grove, IL). 

Data were analyzed using GraphPAD software (ISI Soft­
ware, Philadelphia, PA) using a Ki for (+)-pentazocine of 3.4 
nM as determined by Scatchard analysis. Each concentration 
was performed in triplicate, and the resulting values are 
displayed as the arithmetic mean and standard error of three 
or more experiments. The average standard error of the mean 
for all of the compounds was 11.4%. 

PCP Receptor Assay. Adult male Sprague-Dawley rats 
(Dominion Laboratories, Dublin, VA) were decapitated, and 
the whole brain minus cerebellum was used to prepare the 
homogenate. The brain homogenate was prepared in a 5 mM 
Tris-HCl buffer (pH 7.7) as described for the /x opioid assay 
(in rats). The homogenate was incubated at 25 0C for 20 min 
with 1 nM [3H]TCP (l-[l-(2-thienylcyclohexyl)]piperidine) for 
displacement studies. Nonspecific binding was determined in 
the presence of 1 ^M unlabeled TCP. The reactions were 
filtered and counted for radioactivity as described for the /i 
opioid assay. Conversion of IC50 to K values was performed 
using the Cheng-Prusoff equation73 and the [3H]TCP KA value 
of 7.7 nM. The results represent the mean ± SEM for three 
experiments. The average standard error of the mean for all 
of the compounds was 12.0%. 

In Vivo Assays.75 Mouse Antinociception Tests. Male 
mice, weighing 20—30 g, were used. All drugs were dissolved 
in distilled water or in the vehicle indicated and injected 
subcutaneously (sc). At least three doses were tested, and 
6—10 animals per dose were used. When applicable, ED50's 
were calculated by using computerized probit analysis. 

Tail-Flick (TF) and Tail-Flick vs Morphine (TF vs M) 
Assays.76,77 Briefly, the mouse's tail was placed in a groove 
which contained a slit under which was located a photoelectric 
cell. When the heat source of noxious stimulus was turned 
on, the heat focused on the tail, and the animal responded by 
flicking its tail out of the groove. Thus, light passed through 
the slit and activated the photocell which, in turn, stopped 
the recording timer. The heat source was adjusted to produce 
tail flick of 2—4 s under control conditions. Mice were injected 
with drug or vehicle and tested 20 min later. In the assay for 
antagonism of the antinociceptive effect (TF vs M), the 
potential antagonists were administered 10 min before the 
agonist, and evaluation occurred 20 min later. 

Phenylquinone Abdominal-Stretching (PPQ) Assay.78 

The mice were injected with test drugs and 10 min later 
received 2.0 mg/kg ip of a freshly prepared paraphenylquinone 
(PPQ) solution. They were then placed in cages in groups of 
two each. Ten minutes after the PPQ injection, the total 
number of stretches per group were counted over a 1 min 
period. A stretch was characterized by an elongation of the 
mouse's body, development of tension in the abdominal 
muscles, and extension of the forelimbs. The antinociceptive 
response was expressed as the percent inhibition of the PPQ-
induced stretching response. 

Hot-Plate (HP) Assay.79-80 The hot plate was held at 55 
0C. Mice were placed on the hot plate and activity was scored 
if the animal jumped or licked its paws after a delay of 5 s or 
more, but no more than 30 s beyond the control time. 

Dependence-Liability Studies in Rhesus Monkeys. 
Single-Dose Substitution (SDS) Test. Male and female 
rhesus monkeys (M. mulatto) weighing 2.5-7.5 kg were used; 
they received 3 mg/kg sc of morphine sulfate every 6 h. All 

the animals had received morphine for at least 3 months and 
were maximally dependent on morphine.81 A minimal 2-week 
recuperation period was allowed between tests. At least 3 
monkeys/dose were used. The assay8283 was initiated by a sc 
injection of the test drug or control substances (morphine and 
vehicle) into animals in a group that had not received 
morphine for 14—15 h and showed definite signs of with­
drawal. Each animal was randomly chosen to receive one of 
the following treatments: (a) a dose of the compound under 
investigation; (b) morphine control, 3.0 mg/kg; and (c) vehicle 
control, 1 mL/kg. The animals were scored for suppression of 
withdrawal signs during a 2.5 h observation period. The 
observer was "blind" regarding the choice of treatments. At 
the end of the study, the data were grouped according to dose 
and drug. The mean cumulative score ± SEM was calculated. 

Rat Infusion Studies. The continuous-infusion method84 

was modified as follows. Rats were anesthetized after which 
each was fitted with a specially prepared cannula which was 
passed subcutaneously from the nape of the neck to the lateral 
side of the lower abdomen and then inserted into the peritoneal 
cavity. The cannula was anchored at both ends with silk 
sutures and attached to a flow-through swivel mechanism 
which allowed the animal to move about in the cage and eat 
and drink normally. The swivel was connected to a syringe 
which was attached to a syringe pump. The animals received 
7—10 mL of solution every 24 h. 

Substitution for Morphine (SM) Test Using Rat Infu­
sion. The rats received morphine sulfate (50 mg/kg/24 h on 
the first day, 100 mg/kg/24 h on the second day, and 200 mg/ 
kg/24 h from days 3 to 6). Then, a test drug was substituted 
for 2 days. The morphine controls received an infusion of 
water. The animals were observed for changes in body weight 
and for behavioral-withdrawal signs for 30 min at 6, 24, 48, 
72, and/or 96 h after stopping the infusion of morphine. 

Primary Physical Dependence (PPD) in Rat. The rats 
received test compound as specified above for 6 days and then 
were placed in abrupt withdrawal and observed for overt 
behavioral signs. 
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