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Two of the synthesized (-)-(1R,5R,9R)-N-homologues (N-but-3-enyl- and N-but-3-ynyl-5,9-
dimethyl-2′-hydroxy-6,7-benzomorphan (9, 13)) were found to be about 20 times more potent
than morphine in the mouse tail-flick assay (ED50 ) 0.05 mg/kg), and (-)-(1R,5R,9R)-N-but-
2-ynyl-5,9-dimethyl-2′-hydroxy-6,7-benzomorphan ((-)-(1R,5R,9R)-N-but-2-ynylnormetazocine,
12) was about as potent as the opioid antagonist N-allylnormetazocine (AD50 in the tail-flick
vs morphine assay ) 0.3 mg/kg). All of the homologues examined had higher affinity for the
κ-opioid receptor than the µ-receptor except (-)-N-but-2-ynyl-normetazocine (12), which had a
κ/µ ratio ) 7.8 and a δ/µ ratio ) 118. The (-)-N-2-cyanoethyl (3), -allyl (8), and -but-3-ynyl
(13) analogues had good affinity (<10 nM) for δ-opioid receptors. Two homologues in the (+)-
(1S,5S,9S)-normetazocine series, N-pent-4-enyl (24) and N-hex-5-enyl (25), were high-affinity
and selective σ1-ligands (Ki ) 2 nM, σ2/σ1 ) 1250, and 1 nM, σ2/σ1 ) 750, respectively); in
contrast, N-allylnormetazocine (22) had relatively poor affinity at σ1, and its σ1/σ2 ratio was
<100.

Introduction
The influence of some N-substituents in the 6,7-

benzomorphan, morphinan, and 4,5-epoxymorphinan
families of opioids on in vivo activity is well-known when
these compounds exert their effects primarily through
the µ-opioid receptor. Far less is known about the effect
of these N-substituents on ligands that selectively
interact with δ- or κ-opioid receptors. Thus, (-)-
(1R,5R,9R)-N-methyl- and N-pentyl-substituted 5,9-
dimethyl-2′-hydroxy-6,7-benzomorphan ((-)-(1R,5R,9R)-
metazocine and (-)-(1R,5R,9R)-N-pentylnormetazocine,
respectively) have both been found to be potent anti-
nociceptives with little narcotic antagonist activity, and
N-propyl- and N-allyl-substituted normetazocines dis-
play potent narcotic antagonist actions, with little, if
any, agonist activity.1 These N-substituents exert simi-
lar in vivo effects in the morphinan and 4,5-epoxymor-
phinan families. Data such as these enable a priori
prediction that N-substituents bearing three-carbon
chains in the morphinan and benzomorphan types of
opioids will display opioid antagonist actions in vivo and
that N-methyl and N-pentyl substituents confer potent
antinociceptive activity in these types of compounds,
presumably through µ-opioid receptors. However, the
effects of other alkenyl N-substituents, N-alkynyl, or
N-cyanoalkyl chains on an opioid ligand are lesser
known and have not been systematically studied. Mo-
lecular modeling and docking studies of opioids,2-5

which theoretically could qualitatively indicate ligand
activity, are inconsistent thus far and do not appear as
yet to offer much guidance for the prediction of in vivo
activity or in vitro binding of opioids bearing novel
N-substituents. We have, thus, undertaken the synthe-
sis and pharmacological evaluation of a number of
N-substituted N-normetazocines since there is, to our
knowledge, no way of even qualitatively predicting the
varied narcotic agonist or antagonist activities conferred
by new N-substituents on opioids.

It was previously found that racemic6,7 and (-)-N-2-
cyanoethyl-N-normetazocines were very potent anti-
nociceptive agents.8 (()-N-Cyanomethyl-N-normetazo-
cine was found to be considerably less potent in vivo
than the (()-N-2-cyanoethyl-N-normetazocine and had
only one-seventh its affinity for the heterogeneous opioid
receptor mixture used in binding affinity experiments
at that time. (()-N-3-Cyanopropyl-N-normetazocine,
although 10-fold less antinociceptively potent in the
mouse hot-plate assay, was found to have essentially
the same binding affinity as the (()-N-2-cyanoethyl
compound.8 The effect of an N-cyanoalkyl substituent
on the activity of N-normetazocine was replicated in the
morphinan series of analgesics but, surprisingly, not in
the 4,5-epoxymorphinans studied.8 The (-)-N-2-cyano-
ethyl-4,5-epoxymorphinans which were examined were
either inactive or much less potent as antinociceptives.

To systematically examine the effect of chain length
of an N-substituent bearing an unsaturated moiety, as
well as to confirm and extend previous findings with
the cyanoalkyl moiety, we prepared an extensive series
(Table 1) of enantiomeric N-substituted normetazocines,
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including N-cyanoalkyl-N-normetazocines (N-cyano-
methyl to N-6-cyanohexyl, 2-7), N-alkenyl-N-normeta-
zocines (N-allyl to N-hex-5-enyl, 8-11), and N-alkynyl
analogues (N-but-2-ynyl, N-but-3-ynyl, and N-pent-4-
ynyl, 12-14), and determined their effects in vivo (an-
tinociceptive activity in the mouse tail-flick, phenylqui-
none, and hot-plate assays and single-dose suppression
of morphine abstinence in the monkey) and in vitro (µ-,
κ-, δ-opioid and σ1- and σ2-receptor binding assays). The
data were perused in the perspective of our previous
exploration of the N-alkyl-substituted normetazocines.1
The preparation of higher homologues of an N-allyl
moiety necessitated the determination of their interac-
tion with σ-binding sites (σ1 and σ2), for comparison with
(()-N-allylnormetazocine (SKF 10,047) which had been
considered the prototypic σ-ligand,9,10 for an opioid
receptor, before the σ-site was rejected as an opioid
receptor subtype.11,12 Both racemic and (+)-N-allyl-
normetazocine have also been found to induce phen-
cyclidine-like behavioral effects in monkeys and rats.13

Many (+)-(1S,5S,9S)-N-substituted normetazocines are
known to interact with high affinity to σ-sites.1,14,15 (+)-
N-Allylnormetazocine (22) does not have opioid-like
actions in vivo, and the (-)-N-allyl enantiomer 8, a fairly
potent opioid antagonist, has some, but much less
affinity than its (+)-enantiomer for the σ-site. We have
previously examined the interaction of ligands with
σ-sites and summarized the role they are said to play
in a number of biological functions.1,14,16 Last, we
examined the effect of several N-alkynyl substituents
in normetazocine, variants of the known racemic,17 (-)-,
and (+)-N-propynylnormetazocines. (-)-N-Propynyl-
normetazocine has been found to be a weak opioid
antagonist; its estimated potency was about 0.04 that
of naloxone in the precipitated withdrawal assay in
monkeys; antinociceptive activity was found only in the
mouse phenylquinone assay, not in the hot-plate or tail-
flick assays.18,19 Consequently, it was instructive to
prepare and examine the activities of a methyl-substi-

tuted propynyl substituent (N-but-2-ynyl, 12), as well
as the but-3-ynyl (13) and pent-4-ynyl (14) analogues.

Chemistry

Compounds in Table 1 were prepared from (-)-
(1R,5R,9R)- and (+)-(1S,5S,9S)-N-normetazocines (1
and 15, respectively, R ) H) and ω-bromoalkyl cyanides,
alkenes, or alkynes in refluxing THF-DMF (4:1) with
KHCO3 as the HBr acceptor, reaction time 1-8 h. The
course of reaction was monitored by TLC (silica gel
GHLF, Analtech Uniplates; solvent system 90:9:1 CH2-
Cl2-MeOH-NH4OH with I2 and/or UV detection).
Yields were 70-90%. Melting points and optical rota-
tions (HCl salts except 3 and 13, free bases) are given
in Table 1.

Results

In the (-)-(1R,5R,9R)-N-cyanoalkyl series, the 2-cy-
anoethyl (3), and 3-cyanopropyl (4) analogues showed
high affinity for the µ-opioid receptor, subnanomolar
affinity for the κ-receptor, and moderate affinity for the
δ-receptor (Table 2). Analogues with longer (5 and 6)
or shorter (2) cyanoalkyl chains had considerably less
affinity for all of the opioid receptors. With only one
exception (the (-)-but-2-ynyl analogue 12), all of the
other (-)-(1R,5R,9R)-compounds, no matter the N-
substituent, displayed higher affinity for the κ-opioid
receptor than they did for the µ-opioid receptor. Many
6,7-benzomorphans are known to interact with the
κ-opioid receptor with high affinity. The prototypic
κ-opioid receptor ligand was considered to be ketocycla-
zocine,9,10 a 6,7-benzomorphan from which the κ-recep-
tor derived its name. This occurred prior to the isolation
of the opioid receptor types and before identification of
U50,488 ((()-trans-3,4-dichloro-N-methyl-N-[2-(1-pyr-
rolidinyl)cyclohex-1-yl]benzeneacetamide), its enanti-
omer,20 and the dynorphins as very high-affinity, selec-
tive κ-ligands.

Table 1. Structures, Melting Points, and Optical Rotationsa of Enantiomeric N-Alkenyl-, N-Alkynyl-, and
N-Cyanoalkylbenzomorphan Homologues

R no. [R]22
D concn mp, °C R no. [R]22

D concn mp, °C

CH2CN 2 -91.7 0.288 200-203 CH2CN 16 +90.5 0.243 200-203
(CH2)2CN 3 -88.8 0.224 222-223 (CH2)2CN 17 +91.1 0.202 222-223
(CH2)3CN 4b -92.7 0.206 127-128 (CH2)3CN 18b +94.8 0.192 127-128
(CH2)4CN 5 -72.4 0.225 100 and 204 (CH2)4CN 19 +72.7 0.183 100 and 204
(CH2)5CN 6 -77.7 0.153 203-204 (CH2)5CN 20 +77.9 0.172 203-204
(CH2)6CN 7 -74.9 0.283 172-173 (CH2)6CN 21 +75.6 0.242 172-173
(CH2)2CHdCH2 9 -73.2 0.272 185-186 (CH2)2CHdCH2 23 +73.2 0.340 185-187
(CH2)3CHdCH2 10 -75.2 0.318 100 (CH2)3CHdCH2 24b +74.9 0.283 95
(CH2)4CHdCH2 11 -80.1 0.195 225-227 (CH2)4CHdCH2 25 +79.7 0.295 225-227
CH2CtCCH3 12 -102 0.252 233 CH2CtCCH3 26 +106 0.178 233
(CH2)2CtCH 13 -93.6 0.261 205-207 (CH2)2CtCH 27 +91.0 0.203 207-208
(CH2)3CtCH 14b -91.5 0.158 135-138 (CH2)3CtCH 28b +92.6 0.480 137-139

a Optical rotations were determined in MeOH; concentration is in g/100 mL. b Free base (all others are HCl salts).
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The (-)-(1R,5R,9R)-N-2-cyanoethyl (3) and -N-3-cy-
anopropyl (4) normetazocines had potent antinociceptive
activity in the tail-flick, phenylquinone, and hot-plate
assays (Table 4), and their effects in vivo could be
ascribed to both their µ- and κ-opioid interactions. The
tail-flick antinociceptive activity of the N-2-cyanoethyl
compound 3 could be antagonized by nor-BNI, and the
high AD50 which was shown by naloxone antagonism
of the tail-flick antinociceptive activity of both 3 and 4
was characteristic for compounds with heterogeneous

opioid interactions. As we previously observed with (-)-
(1R,5R,9R)-N-benzylnormetazocine,14 the (-)-N-cyano-
methyl analogue 2 had considerably less in vitro and
in vivo activity than might have been anticipated from
the activity and potency of the (-)-N-allyl homologue
8. Neither of the two most potent agonists, the (-)-N-
2-cyanoethyl- and (-)-N-3-cyanopropyl-N-normetazo-
cines, completely substituted for morphine in the single-
dose suppression assay in monkeys (Table 4), which
might indicate that they would have less physical

Table 2. Displacement Studiesa of (-)-(1R,5R,9R)-Homologues

no. R (-) µ δ κ σ1 σ2

2 CH2CN 100 ( 24 590 ( 70 70 ( 10 13000 ( 2000 19000 ( 2000
3 (CH2)2CN 4.2 ( 0.8 9.8 ( 0.3 0.4 ( 0.1 9800 ( 4000 51000 ( 8000
4 (CH2)3CN 5.8 ( 0.4 23 ( 4 0.4 (0.1 1700 ( 300 8400 ( 900
5 (CH2)4CN 18 ( 0.4 160 ( 40 6.9 ( 0.7 490 ( 45 2800 ( 300
6 (CH2)5CN 15 ( 2.7 220 ( 40 11 ( 1 640 ( 230 380 ( 50
7 (CH2)6CN 90 ( 10 350 ( 70 38 ( 7 80 ( 20 150 ( 5
8 CH2CHdCH2 0.9 ( 0.1 5.5 ( 0.4 0.3 ( 0.03 11000 ( 1100 3200 ( 120
9 (CH2)2CHdCH2 2.1 ( 0.8 21 ( 6 1.3 ( 0.2 1600 ( 160 620 ( 20

10 (CH2)3CHdCH2 15 ( 7 60 ( 20 5.9 ( 2 50 ( 0.2 180 ( 14
11 (CH2)4CHdCH2 10 ( 3 56 ( 21 5.8 ( 0.5 22 ( 2 80 ( 10
12 CH2CtCCH3 0.5 ( 0.3 60 ( 10 3.9 ( 0.5 9800 ( 600 4400 ( 200
13 (CH2)2CtCH 4.6 ( 0.5 10 ( 1.6 1.4 ( 0.1 5900 ( 200 2200 ( 250
14 (CH2)3CtCH 18 ( 4 140 ( 30 11 ( 2 200 ( 20 440 ( 25

a Ki, nM. All values are mean ( SEM of at least three experiments. [3H]DAMGO, [3H]DPDPE, and [3H]U69,593 at their Kd concentration
(0.57, 2.1, and 0.95 nM, respectively) were used for the µ-, δ-, and κ-subtype binding assays, respectively. The Kd concentration of (+)-
[3H]pentazocine (2 nM) was used for the σ1 assay, and [3H]DTG (5 nM), with 1 µM dextrallorphan to mask σ1 binding, was used for the
σ2 assay.

Table 3. Displacement Studiesa of (+)-(1S,5S,9S)-Homologues

no. R (+) µ δ κ σ1 σ2

16 CH2CN 18.6% 3.0% 20.4% 11000 ( 400 93000 ( 4000
17 (CH2)2CN 11.6% 5.6% 600 ( 200 250 ( 90 >100000
18 (CH2)3CN 9.0% 7.5% 240 ( 4 20 ( 5 34000 ( 500
19 (CH2)4CN 4800 ( 600 10% 1300 ( 40 36 ( 6 13000 ( 2400
20 (CH2)5CN 12.4% 11.5% 500 ( 40 33 ( 5 5700 ( 540
21 (CH2)6CN 37% 4% 17.7% 16 ( 3 1900 ( 340
22 CH2CHdCH2 28.5% 2.5% 31% 300 ( 50 27000 ( 2500
23 (CH2)2CHdCH2 41% 1% 35.5% 15 ( 2 7600 ( 500
24 (CH2)3CHdCH2 20.5% 0.8% 400 ( 20 2.1 ( 0.3 2500 ( 400
25 (CH2)4CHdCH2 980 ( 170 4.2% 420 ( 50 1.1 ( 0.1 760 ( 140
26 CH2CtCCH3 not tested not tested not tested 160 ( 5 12000 ( 600
27 (CH2)2CtCH >10000 >10000 1700 ( 400 110 ( 5 15000 ( 1300
28 (CH2)3CtCH 3600 ( 700 >10000 330 ( 40 18 ( 1 3500 ( 850

a Ki, nM, or % inhibition at 1 µM. All values are mean ( SEM of at least three experiments except when a percentage value is given,
then n ) 2. [3H]DAMGO, [3H]DPDPE, and [3H]U69,593 at their Kd concentration (0.57, 2.1, and 0.95 nM, respectively) were used for the
µ-, δ-, and κ-subtype binding assays, respectively. The Kd concentration of (+)-[3H]pentazocine (2 nM) was used for the σ1 assay, and
[3H]DTG (5 nM), with 1 µM dextrallorphan to mask σ1 binding, was used for the σ2 assay.

Table 4. In Vivo Activities of (-)-(1R,5R,9R)-Homologues of N-Cyano-, N-Alkenyl-, and N-Alkynyl-Substituted Benzomorphans

antinociceptive and opioid antagonist assays (sc, mg/kg)a

R (-) (no.) TFb PPQc HPd TF vs Me SDSf

CH2CN (2) 12 (5-28) 1.5 (0.5-4.7) 9 (3-23) inactiveg substituted completely
(CH2)2CN (3) 0.3 (0.01-0.8) 0.05 (0.03-0.1) 0.1 (0.05-0.3) inactive partial substitutionh

(CH2)3CN (4) 0.4 (0.2-0.7) 0.01 (0.05-0.3) 1 (0.4-3.4) inactive partial substitutionh

(CH2)4CN (5) 15 (5-59) 3 (1-9) inactive inactive substituted completely
(CH2)5CN (6) inactive inactive inactive 10 (5-19) not tested
(CH2)6CN (7) inactive 9 (3-27) inactive inactive briefly substituted
CH2CHdCH2 (8) inactivei 0.1 (0.05-0.3)i inactivei 0.2 (0.1-0.6)j opioid antagonistj

(CH2)2CHdCH2 (9) 0.05 (0.01-1.5) 0.3 (0.1-0.7) 0.8 (0.3-2.2) 4 (1-12) substituted completely
(CH2)3CHdCH2 (10) inactive 1.4 (0.6-3.5) inactive 6 (2-17) no substitution
(CH2)4CHdCH2 (11) 0.3 (0.1-0.6) 0.8 (0.4-1.5) 0.6 (0.1-2.2) Inactive substituted completely
CH2CtCCH3 (12) inactive 0.1 (0.04-0.3) inactive 0.3 (0.1-0.7) exacerbated withdrawal
(CH2)2CtCH (13) 0.05 (0.03-0.1) 0.04 (0.02-0.1) 0.1 (0.05-0.4) inactive substituted completely
(CH2)3CtCH (14) inactive 12 (5-30) inactive 2 (1-4) not tested
a In mice, ED50 (95% confidence limits). b TF ) tail-flick (morphine sulfate ) 0.92 (0.89-4.14)). c PPQ ) paraphenylquinone (morphine

sulfate ) 0.4 (0.2-0.8)). d HP ) hot-plate (morphine sulfate ) 3.1 (1.5-6.4)). e TF vs M ) tail-flick vs morphine ED80 (naloxone hydrochloride
) 0.04 (0.01-0.09)). f SDS ) single-dose suppression study in morphine-dependent rhesus monkeys in withdrawal (morphine sulfate
substituted completely); parenthesized numbers represent dose range in mg/kg. g Inactive ) less than 70% of mice affected at 30 mg/kg.
h CNS effects observed. i See ref 18. j See ref 20.
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dependence potential in man than morphine. However,
other CNS effects, observed with both compounds in the
monkey, are likely to rule against human use.

As with the cyanoalkyl homologues 3-5, the affinity
of the (-)-(1R,5R,9R)-N-alkynyl and -alkenyl com-
pounds for the µ-opioid receptor varied inversely with
the distance between the nitrogen atom and the triple
or double bond. Thus, the (-)-(1R,5R,9R)-N-but-2-
ynylnormetazocine (12) and the N-allyl analogue 8 were
both high-affinity ligands at the µ-receptor, and 12, with
increased steric hindrance around the triple bond
caused by the additional methyl group, was much more
selective for that receptor than 8. (-)-(1R,5R,9R)-N-
Allylnormetazocine (8) had 3-fold higher affinity at the
κ- than µ-receptor. The (-)-(1R,5R,9R)-alkenyl series
was also similar to the cyanoalkyl analogues in that a
5- or 10-fold decrease in µ- or κ-receptor affinity occurred
as the unsaturation was moved more than three carbon
atoms form the nitrogen atom, as seen with the hex-5-
enyl (11) and pent-4-enyl (10) homologues in Table 2.

In the (-)-(1R,5R,9R)-alkenyl series, moving the
unsaturation further than two carbon atoms away from
the nitrogen atom reduced or eliminated opioid antago-
nist action in the mouse tail-flick vs morphine assay
(compound 8 vs 9-11, Table 4). A similar effect was
seen in the N-alkyl series,1 where increased chain length
beyond the size of the N-propyl moiety appeared to
cause a loss in antagonist potency. Thus, the (-)-but-
3-enyl (9) and pent-4-enyl (10) analogues were 20 or 30
times less effective as opioid antagonists in the mouse
tail-flick vs morphine assay than the (-)-N-allyl ana-
logue 8, and the (-)-hex-5-enyl homologue 11 had no
opioid antagonist activity in that assay (Table 4).1

The double bond at the end of a long chain in the (-)-
(1R,5R,9R)-alkenyl series appeared to increase anti-
nociception a little beyond that found in a compound
with a saturated six-carbon chain.1 The (-)-hex-5-enyl
analogue 11 is 4-fold more potent than the (-)-N-hexyl
analogue in the mouse tail-flick assay (ED50 ) 0.3 mg/
kg for 11, compared with 1.1 mg/kg for (-)-(1R,5R,9R)-
N-hexylnormetazocine) and more than 5 times more
potent in the hot-plate assay. The (-)-but-3-enyl ana-
logue 9 (but not the intermediate-sized pent-4-enyl
analogue 10) also displayed potent antinociceptive ac-
tion in the mouse tail-flick assay. (-)-(1R,5R,9R)-N-But-
3-enylnormetazocine (9) was about 20 times more potent
than morphine in the mouse tail-flick assay. Interest-
ingly, (-)-N-allylnormetazocine (8) was essentially inac-
tive in that assay, as well as the hot-plate assay. The
weak antinociceptive effects of the N-pent-4-enyl ana-
logue 10 were very different from the morphine-like
antinociceptive activity found with the comparable
saturated N-alkyl compound, (-)-N-pentylnormetazo-
cine (mouse tail-flick ED50 ) 1.3 mg/kg).1

In the (-)-(1R,5R,9R)-N-alkynyl series, the but-3-ynyl
compound 13 was found to be a potent agonist in all
three antinociception assays. In vivo opioid type tests21

revealed that it was a nonselective µ-, κ-, and δ-opioid
agonist (â-FNA AD50 ) 0.6 (0.3-1.31) µg/brain, nor-BNI
AD50 ) 0.3 (0.1-0.9) mg/kg sc, and naltrindole AD50 )
3.1 (1.0-9.4) mg/kg sc). These values were consistent
with the binding affinities shown for 13 in Table 2 (µ )
4.6, κ ) 2.9, and δ ) 9.9 nM, respectively). In sharp
contrast, the but-2-ynyl (12) and pent-4-ynyl (14) ana-

logues were essentially inactive as antinociceptives.
However, compound 14 was found to be a surprisingly
potent δ-opioid antagonist in the selective in vivo
antagonist assay22 (AD50 of 14 vs DPDPE (a δ-agonist)
) 0.05 (0.02-0.11) mg/kg). It was considerably more
efficacious than anticipated from its binding affinity
with the δ-opioid receptor (137 nM). The pent-4-ynyl
derivative 14 was not selective; it was also found to act
as a µ- and κ-opioid antagonist. The binding affinity of
14 at µ- or κ-opioid receptors (Ki ) 18 and 11 nM,
respectively, Table 2) appeared to be more closely
related to its efficacy as an antagonist at those receptors
than it was at the δ-receptor (AD50 of 14 vs ED80 of
morphine ) 20 (1.1-3.7) mg/kg and AD50 of 14 vs ED80
of U69,593 ) 1.2 (0.5-3.3) mg/kg, where morphine and
U69,593 were the µ- and κ-agonists utilized). Unlike the
alkenyl and alkynyl series, only one of the examined
(-)-cyanoalkyl homologues, the N-5-cyanopentyl 6, was
found to have any opioid antagonist activity.

Among the (+)-(1S,5S,9S)-N-cyanoalkyl homologues,
all but the (+)-cyanomethyl (16) and (+)-2-cyanoethyl
(17) enantiomers interacted with the σ1-binding site
with reasonably high affinity (Ki ∼ 36 nM for the (+)-
4-cyanobutyl (19) and (+)-5-cyanopentyl (20) to about
20 nM for the (+)-3-cyanopropyl (18) and (+)-6-cyano-
hexyl (21) homologues (Table 2)). A linear relationship
between lipophilicity due to increasing chain length and
affinity to the σ1-binding site was not observed in this
series of compounds.1,23 Several (+)-alkenyl and (+)-
alkynyl compounds had good affinity to the σ1-binding
site. The (+)-pent-4-enyl (24) and (+)-hex-5-enyl (25)
homologues showed both high affinity (Ki ) 2 and 1 nM,
respectively) and good selectivity (σ2/σ1 ) 1250 and 750,
respectively) for that site. In the (+)-alkenyl series,
lipophilicity (N-alkenyl chain length) and σ1 affinity do
appear to be linearly related. Some (-)-ligands were
noted to interact with higher affinity (Tables 2 and 3)
to the σ2-site than any of the (+)-enantiomers (e.g., (-)-
hex-5-enyl 11, Ki ) 84 nM, and (-)-pent-4-enyl 10,
Ki ) 181 nM), but in both the (-)- and (+)-series all of
the compounds showed higher affinity for the σ1- than
the σ2-site.

Few of the (+)-(1S,5S,9S)-N-cyanoalkyl, -alkenyl, and
-alkynyl homologues had opioid-like actions in vivo.
Only the (+)-cyanomethyl (16), 6-cyanohexyl (21), and
pent-4-ynyl (28) analogues showed any antinociceptive
activity, and that activity could only be seen in the
mouse PPQ assay (ED50 ) 6.0 (4.2-8.4), 9.4 (3.3-27),
and 14.8 (11-20) mg/kg, respectively), and only the allyl
(22)24 and but-2-ynyl (26) analogues displayed narcotic
antagonist activity in the mouse tail-flick vs morphine
assay (AD50 ) 13.2 (6.6-26) and 6.7 (2.4-19), respec-
tively). The compounds which had in vivo agonist or
opioid antagonist activity had little or no affinity for any
opioid receptor (Ki > 10000 nM), with the exception of
the (+)-pent-4-ynyl compound 28 which had slight
affinity for µ- and κ-receptors (Ki > 3500 and 300 nM,
respectively). Conversely, none of the (+)-analogues
which showed at least a little (<2000 nM) affinity for
an opioid receptor (17-20, 24, 25, 27, and 28) displayed
any in vivo activity.

Discussion
The effect of the position of a comparatively polar

group like cyano, or of unsaturation (moieties with
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double and triple bonds) in the side chain on the
nitrogen atom of the 6,7-benzomorphans, was seen to
be very variable. In the (-)-N-alkenyl series, (-)-N-
allylnormetazocine is an opioid antagonist24,25 (its an-
tagonist activity in the tail-flick vs morphine assay was
comparable to that of its saturated N-propyl relative1).
As the distance between the double bond and the
nitrogen atom increased, major changes were seen in
receptor affinity and antinociceptive and opioid antago-
nist activity. When a triple bond replaces the double
bond in the side chain, only a few qualitative changes
were noted (compare 9 vs 13 and 10 vs 14). When a
cyano group is placed in the side chain, modifying,
among other things, the polarity of that side chain, a
qualitative change (compare 3 vs 9 and 13) was initially
observed, followed by a more substantive change when
that substituent appeared further out on the side chain
(4 vs 10 and 14); the 3-cyanopropyl analogue 4 was a
potent agonist and both the pent-4-enyl (10) and pent-
4-ynyl (14) analogues were weak agonists and weak
antagonists. Movement of the double or triple bond
away from the nitrogen atom appeared to increase
antinociceptive activity and lessen opioid antagonist
actions, although the effect was not linear and the
change was seen to lessen (as in 10) and then return
(as in 11). Thus, the position of the unsaturation in the
N-substituent chain in the alkenyl, cyanoalkyl, and
alkynyl series affected antinociception, opioid antagonist
activity, and affinity for opioid receptors.

With the data that others and we have obtained, it is
conceivable that sufficient information will eventually
become available to gain insight into how the N-
substituent affects the activity of opioid ligands and
enable prediction of that activity. Since many opioids
are known to selectively interact with a specific opioid
receptor, notwithstanding the high homology which
exists among the opioid receptors, it is likely that in vivo
activity of an opioid is related to its opioid receptor
affinity, as well as efficacy and, perhaps, one or more
physicochemical parameters such as lipophilicity. The
receptor affinity and efficacy of opioid ligands may
eventually be rationalized through improved molecular
modeling and docking.

Experimental Section

Melting points (uncorrected) were taken in a Thomas-
Hoover capillary apparatus. Structures were consistent with
mass and IR spectra. Optical rotations (Perkin-Elmer 141
digital polarimeter) were determined in MeOH. Elemental
analyses were performed for C, H, and N, at Atlantic Micro-
labs, Inc., Atlanta, GA, and were within (0.4% of theory. The
bromoalkyl cyanides and alkenes are from the Aldrich Chemi-
cal Co., Milwaukee, WI.

General Procedure. 1R,5R,9R-(-)-2-(3-Cyanopropyl-
5,9-dimethyl-2′-hydroxy-6,7-benzomorphan.3 (-)-(1R,5R,-
9R)-N-Normetazocine (1, R ) H), 0.5 g (0.23 mmol), 0.37 g
(0.240 mmol) of 3-bromopropionitrile, 0.7 g (large excess) of
KHCO3, 5 mL of THF and 1 mL of DMF (both solvents dried
over K2CO3) were refluxed (stirring) for 5 h. The THF was
evaporated in vacuo. The residue was treated with H2O and
Et2O (or AcOEt), 2 extractions. The H2O-washed, dried (over
Na2SO4) extracts were evaporated in vacuo to give 0.8 g of
compound 3 which in 7 mL of Me2CO was acidified with 1 M
ethereal HCl. Standing for 3-5 h at 25 °C and recrystallization
from MeOH-Me2CO gave 0.57 g of 3‚HCl: mp 220-222 °C.

In Vivo Assays. Mouse Opioid Agonist/Antagonist
Evaluation. All animals received care according to Guide for
the Care and Use of Laboratory Animals, U.S. Department of
Health and Human Services, 1985. The facilities are certified
by the American Association for the Accreditation of Labora-
tory Animal Care. These studies were approved by the
Institutional Animal Care and Use Committee at Virginia
Commonwealth University.

General Methods. ICR male mice (Harlan Sprague-
Dawley, Inc., Indianapolis, IN) weighing 20-30 g were used.
Each animal was tested once only. All drugs were given by
the subcutaneous (sc) route. At least 3 doses were tested, and
6-10 animals/dose were used. In the mouse antinociceptive
studies, drugs were dissolved in distilled water or hydroxypro-
pyl-â-cyclodextrin or a few drops of lactic acid in water. In the
monkey studies, drugs were dissolved in sterile water for
injection or hydroxypropyl-â-cyclodextrin aqueous solution.

Tail-Flick Agonist and Antagonist Tests. The proce-
dures26,27 and their modifications were previously described.1
Mice were injected with test drug or vehicle and tested 20 min
later. Antinociception was calculated as % MPE (percent
maximum possible effect) ) (test latency - control latency/
(10 s - control latency) × 100 for each dose tested. Cutoff time
was 10 s. In the naloxone antagonism test, naloxone was given
10 min before the test drug ED80 (dose producing 80% increase
in MPE) was injected and latencies were measured 20 min
later. For each point of the dose-response curve, percent
antagonism was calculated as [1 - (naloxone + test drug
MPE)/(test drug MPE ED80)] × 100.

Hot-Plate Test. A 1000-mL Pyrex beaker (bottom removed)
was placed on the hot plate maintained at 56 °C. The test was
initiated by placing a mouse in the specially designed beaker.
This arrangement served to confine a mouse to a specific area
of the hot plate. Each mouse was exposed to the hot plate for
2 trials spaced 5 min apart. Only mice that gave a control
response latency in the range of 6-10 s on both trials served
as subjects. Each subject received a dose of test drug and 30
min later was again tested on the hot plate. Activity was scored
as positive if the mouse jumped, licked or shook its paws at
least 5 s beyond its average control latency. Cutoff time was
15 s. Percent activity for each dose tested was calculated as
(total number of mice scored as positive)/(total number tested)
× 100.

Selective in Vivo Agonist and Antagonist Activity
Determination.21,22 Using the tail-flick or PPQ assay, selec-
tive opioid agonist activity was established in mice by giving
â-FNA icv 4 h before challenge with an ED80 dose of a possible
µ-agonist sc, nor-BNI was given sc 2 h before an ED80 of a
suspected κ-agonist, which was also given sc, and naltrindole
was given sc 20 min before a sc ED80 dose was given of a
candidate δ-agonist. In vivo antagonist activity was deter-
mined by giving an ED80 dose of DPDPE icv 10 min before a
sc ED80 dose of a purported δ-antagonist. The κ-antagonist
profile of a drug was established by givng an ED80 dose of U69,-
593 sc 20 min prior to the drug in question. The µ-antagonist
behavior of a drug in vivo was determined by giving an ED80

dose of morphine sc 20 min before challenge with a drug that
might have µ-antagonist properties.

Single-Dose Substitution Test in Rhesus Monkeys. The
procedure was previously described.1,28,29 The withdrawal signs
were scored during each of five 30-min observation periods.
The trained observer was “blind” regarding treatment assign-
ments. At the end of the study, the data were grouped
according to dose and drug and analyzed.

Precipitated Withdrawal Test in Rhesus Monkeys.
This evaluation was conducted under the same conditions
described above, except that the test compound in question
was administered to monkeys 2-3 h after the last dose of
morphine and challenged with naloxone hydrochloride (0.05
mg/kg sc). At the time of challenge the monkeys were not in
withdrawal.

Statistical Analyses. MPE ED50, ED80 or AD50 values were
calculated according to the methods described by Litchfield
and Wilcoxon.30
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Receptor Binding Assays. σ binding assay: The σ1 assay
was carried out with 3 nM (+)-[3H]pentazocine as the radio-
ligand, according to the literature.1 Homogenates of whole
brains from male Hartley guinea pigs were used. The σ2 assay
was carried out with 5 nM [3H]DTG as the radioligand and
included 1 µM dextrallorphan to mask σ1 binding. Rat liver
membranes from male Sprague-Dawley rats were used ac-
cording to the literature.31 The Ki values were calculated from
IC50 values using the Cheng-Prusoff equation32 and the Kd

values of (+)-[3H]pentazocine (3.4 nM) and [3H]DTG (17.9 nM)
were obtained by Scatchard analysis and are the mean
((SEM) of three separate experiments.

Opioid binding assays: Ligand binding assays were
determined for compounds at µ-, δ-, and κ-opioid receptors in
monkey brain cortex according to the literature.33 Membrane
protein (ca. 300 µg) was incubated with an appropriate
selective ligand ([3H]DAMGO, [3H]DPDPE, or [3H]U69,593) at
its Kd concentration (0.57, 2.1, or 0.95 nM, respectively). All
values are means ( SEM of at least three experiments except
when a percentage value is given, then n ) 2. Data were
analyzed using nonlinear curve fitting with GraphPad Prism
(GraphPad, San Diego, CA).
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