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Abstract—A series of naltrexone-derived pyridomorphinans possessing various substituents at the 50-position on the pyridine ring
were synthesized and evaluated for opioid receptor binding in rodent brain membranes and functional activity in smooth muscle
preparations. While the introduction of aromatic 1-pyrrolyl group (6h) improved the d affinity and d antagonist potency of the
parent compound (3), the introduction of guanidine group (6i) transformed it to a k selective ligand in opioid receptor binding and
[35S]GTP-g-S functional assays.
# 2002 Elsevier Science Ltd. All rights reserved.

Investigations on nonpeptide ligands arising from
fusion of heteroaromatic systems to the 6,7-position of
the C-ring of naltrexone led to the discovery of the
indolomorphinan naltrindole (1) as opioid d receptor
selective antagonist ligand.1,2 This ligand has been used
widely as a pharmacological tool to study the biological
effects resulting from the inhibition of the d opioid sys-
tem in vivo. Results from these studies indicate that d
antagonists may have broad potential as modulatory
agents to prevent the tolerance and dependence side
effects of m analgesics such as morphine,3 as immuno-
suppressants for preventing organ transplant rejections,4

and as possible treatment agents for cocaine,5 meth-
amphetamine,6 and alcohol abuse.7

The indolomorphinan unit present in 1 has been used as
a template for appending various substituents at the
indole moiety for modulating the binding selectivity and
intrinsic activity at the d, m, and k opioid
receptors.1,2,8�14 Of particular interest among such
modifications is the introduction of amidine or guanidine
groups at the 50-position.12�14 These modifications, in
general, have been found to bring about a change in the
profile from a d selective ligand to that of a k selective

ligand. For example, the guanidino compound 2 has
been reported to bind with high selectivity to the k
receptor and function as an antagonist in functional
assays.13 The preferential interaction of these ligands at
the k site has been attributed to the ability of the ami-
dinoid groups to form ionic and hydrogen bonding
interactions with the acidic Glu297 residue residing at
the top of the TM6 of the k receptor.13
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In our earlier investigations on naltrexone-derived
C-ring fused ligands, we found that the pyrido-
morphinan 3 displayed high affinity binding at the d
receptor (Ki=0.78 nM).15 The introduction of a phenyl
group at the 50-position (4) led to improvements in d
receptor binding selectivity and functional antagonist
potency. Moreover, the 4-chlorophenyl analogue 5 was
found to display the properties of a potent d antagonist
with m agonist activity. On the basis of these findings it
was of interest to explore the effect of various sub-
stituents on the pyridomorphinan template 3 in binding
and intrinsic activity at the opioid receptors. Herein we
report the synthesis and activity profile of the pyrido-
morphinans 6 (6a–i, Table 1) possessing various sub-
stituents at the 50-position.

The bromo-, cyano- and carbethoxypyridines 6a–c were
synthesized by the pyridine annulation methodolgy15

involving the condensation of naltrexone (7) with
2-bromo-16 (8), 2-cyano-17 (9) or 2-carbethoxy-3-(di-
methylamino)acrolein (10)18 in the presence of ammo-
nium acetate in acetic acid (Scheme 1).19 The
nitropyridine 6d was obtained by Tohda’s method20 by
reacting naltrexone with 2,5-dinitro-1-methyl-2-pyridone
(11) and methanolic ammonia. Reduction of the nitro
group by catalytic hydrogenation over palladium on
carbon gave the amine 6e, which was converted to the

benzylamine 6f by reductive alkylation with benzal-
dehyde and sodium cyanoborohydride (Scheme 2). The
isomeric anilinomethyl compound 6g was synthesized
from the nitrile 6b by reductive amination with aniline
(Scheme 1).21 The amine 6e served as the starting mate-
rial for 6h and 6i. The pyrrole 6h was prepared by the
acid catalyzed condensation of 6e with 2,5-dimethoxy-
tetrahydrofuran.22 Reaction of 6e with 1,3-bis(tert-
butoxycarbonyl)-2-methylthiopseudourea in the pre-
sence of mercury(II) chloride and triethylamine13,23,24

yielded the BOC-protected guanidine intermediate
which on treatment with trifluoroacetic acid gave the
guanidine 6i as the bis-trifluoroacetate salt.

The binding affinities of the target compounds 6a–i for
opioid receptors were determined using rat brain mem-
branes for d and m receptors and guinea pig brain
membranes for the k receptors as described in the lit-
erature (Table 1).11,15 Data for the unsubstituted pyri-
dine 3 and naltrindole (1) are listed for comparison
purposes. The affinity data for 6a, as compared with 3,
indicates that the introduction of the bromine at the
50-position does not significantly affect the binding affi-
nity at the d receptor. The bromine at the 50-position,
however, decreases the binding affinity at the m (10-fold)
and k (6-fold) sites thus enhancing the d receptor bind-
ing selectivity. The introduction of electron withdrawing
cyano, ester or nitro group as well as the introduction of
electron donating amino group all led to a modest
decrease in binding affinity at the d site. Conversion of
the primary amine 6e to the secondary benzylamine 6f
improved the d affinity 6-fold. This improvement in the
affinity at the d site may be due to the presence of the
aromatic phenyl group in the benzylamine moiety since
the isomeric anilinomethyl compound 6g also displayed
d affinity similar to that of 6f. Of particular interest is
the observation that conversion of the primary amino
group in 6e to the aromatic pyrrole (6h) unit capable of
participating in p–p and cation–p interactions enhanced
the affinity at the d site (12-fold) and decreased the affi-
nity at the m site (1.5-fold). Thus, among the ligands
studied, the pyrrolyl compound 6h has the highest affi-
nity at the d receptor with the highest m/d binding
selectivity ratio.

The guanidine compound 6i was specifically designed to
test whether the incorporation of the basic guanidine
moiety as the k address element will provide a k selective
pyridomorphinan in a manner similar to that observed in
the indolomorphinan series of compounds.13 It was
gratifying to find that 6i indeed displayed a remarkable

Table 1. Binding affinities at d, m and k opioid receptors

Compd R Ki (nM)�SEM Selectivity
ratio

da ma ka m/d k/d

6a Br 1.2�0.13 15.5�1.0 55.7�7.0 12.9 46
6b CN 4.5�0.28 16.0�1.8 33.9�2.0 3.6 7.5
6c CO2C2H5 4.2�0.27 37.0�3.4 9.6�0.93 8.8 2.3
6d NO2 5.5�0.67 17.5�2.0 92.0�12.8 3.2 17
6e NH2 8.0�0.3 12.8�0.93 12.0�1.2 1.6 1.5
6f NHCH2C6H5 1.3�0.09 15.0�0.8 6.7�0.84 11.5 5.2
6g CH2NHC6H5 1.8�0.07 6.0�0.2 19.0�0.6 3.3 10.6
6h 1-Pyrrolyl 0.64�0.08 19.0�1.0 12.2�0.6 30 19
6i NH(C¼NH)NH2 18.7�1.2 26.0�4.3 0.70�0.12 1.4 0.037
3b H 0.78�0.06 1.5�0.09 8.8�0.69 1.9 11
1b 0.41�0.09 99.0�4.6 35.8�4.0 241 87

aDisplaced ligands were [3H]DADLE (d), [3H]DAMGO (m), [3H]U69,593 (k).
bData from ref 15.

Scheme 1. Reagents and reaction conditions: (a) AcONH4, AcOH, reflux; (b) 6b, PhNH2, H2, Ra–Ni, AcOH, rt, 4 h.
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change in the binding profile. This guanidinopyrido-
morphinan binds to the k receptor with subnanomolar
affinity (Ki=0.7 nM) and is 26-fold selective for k over d
receptors and 37-fold selective for k over m receptors. In
binding assays using cloned receptors with [3H]dipre-
norphine as the radioligand, the guanidinoindolo-
morphinan 2 has been reported to bind with an affinity
of 0.18 nM at the k receptor and to display d/k and m/k
selectivity ratios of 257 and 125, respectively.13

Although the affinity and k selectivity of the pyrido-
morphinan 6i are apparently lower than that of the
indolomorphinan 2, the observed shift in the binding
profiles between 3 and 6i parallels that observed
between 1 and 2.

All of the target compounds were evaluated in vitro for
opioid agonist and antagonist activity on the electrically
stimulated mouse vas-deferens (MVD) and guinea-pig
ileal longitudinal muscle (GPI) preparations as pre-
viously described.11,15 At 1 mM concentration, none of
the tested compounds displayed any significant agonist
activity in the MVD or GPI (maximum inhibition of
electrically induced contraction was less than 14% in
the MVD and less than 4% in the GPI). All of the
ligands displayed antagonist profile of activity at the d
receptor in the MVD. The antagonist potencies of the
compounds are listed in Table 2. While compounds 6a,
6f–h displayed moderate antagonist potency in the
MVD (Ke<10 nM), other compounds behaved as weak
antagonists (Ke>10 nM). Although there is no strict
correlation between the binding potency at the d site in
the brain membranes (Ki values in Table 1) and the d
antagonist potency in the MVD smooth muscles (Ke

values in Table 2), the Ke/Ki ratios for all of the com-
pounds fall within the range of 1.7 (for 6g) to 10.3 (for
6h). With the exception of 6b, all of the ligands

displayed moderate to weak antagonist activity at the m
receptor in the GPI.

Compounds 6h and 6i were examined in the [35S]GTP-g-S
functional assay in guinea pig caudate membranes as
described previously.25,26 The functional antagonist
potencies of these compounds along with those of the
standard d antagonist NTI (1) and k antagonist nor-
BNI are given in Table 3. The data confirms that 6h is a
potent d antagonist (Ki=0.4 nM) whereas 6i is a potent
k antagonist (Ki=1 nM). The functional antagonist
potency of 6h at the d receptor and 6i at the k receptor
are 10-fold lower than that of the standard ligands NTI
and nor-BNI respectively. However, the functional
antagonist selectivity profile of 6h and 6i parallels that
of NTI and nor-BNI and is in conformity with the
selectivity observed in the binding assays.

Scheme 2. Reagents and reaction conditions: (a) NH3/MeOH, 70
�C, 20 h; (b) H2, 10% Pd/C, EtOH, 50 psi, 24 h; (c) PhCHO, NaBH3CN, AcOH–

MeOH, rt, 24 h; (d) 2,5-dimethoxytetrahydrofuran, AcOH, reflux, 20 min; (e) t-BocN¼C(SMe)NH-t-Boc, Hg(II)Cl2, Et3N, DMF; (f) CF3CO2H,
CH2Cl2, rt, 16 h.

Table 2. Opioid antagonist potencies in the MVD and GPI smooth

muscle preparations

Compd Antagonist activity
in the MVD

Ke (nM)
a

Antagonist activity
in the GPI
Ke (nM)

b

Selectivity ratio
GPI/MVD

6a 3.6�1.4 36�21 10
6b 44�4 >1000 >22
6c 20�2 87�34 4.4
6d 53�11 200�50 3.8
6e 25�4 48�9 1.9
6f 6.5�2.7 5.9�0.8 0.9
6g 3.0�0.3 2.7�0.3 0.9
6h 6.6�1.0 62�10 9.4
6i 170�40 500�200 2.9
3c 37�1 190�65 5.1
1c 0.53�0.18 43�3 81

aDetermined using DPDPE as the agonist ligand for the d receptor.
bDetermined using PL-017 as the agonist ligand for the m receptor.
cData included for comparison.
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The present study indicates that the binding affinity and
the binding selectivity profile of ligands derived from
the pyridomorphinan scaffold can be manipulated by
introduction of suitable substituent groups at the
50-position on the pyridine ring. While nonaromatic
electron donating or withdrawing substituents impart
only modest changes in the binding profile, the attach-
ment of an aromatic system at this position enhances
binding affinity at the d receptor and improves binding
selectivity for the d receptor. Moreover, appending the
basic guanidine group as a k address element at the
50-position brings about a change in binding selectivity
from a d selective ligand to a k selective ligand. In the
functional activity assays in vitro all of the target com-
pounds studied retain an antagonist profile of activity.
These results indicate that pyridomorphinan unit could be
used as a template for the development of novel antagonist
ligands with selectivity for the opioid d or k receptors
through molecular manipulations involving the introduc-
tion of aromatic or basic substituents at the 50-position.
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Table 3. Antagonist activity of 6h, 6i, NTI (1) and nor-BNI on ago-

nist stimulated [35S]GTP-g-S binding in guinea pig caudate membranes

Compd Apparent functional Ki (nM�SD) m/d k/d

d SNC-80a m DAMGOb k U69,593c

6h 0.4�0.03 4.2�0.5 8.8�0.5 11 22
6i 6.5�0.7 6.1�0.8 1.0�0.09 0.9 0.2
1 0.04�0.004 1.8�0.3 6.0�0.08 45 150
nor-BNI 10.2�0.9 14.8�1.3 0.12�0.01 1.5 0.01

aDetermined using 10 mM SNC-80 as the agonist ligand for the d
receptor.
bDetermined using 10 mM DAMGO as the agonist ligand for the m
receptor.
cDetermined using 10 mM U69,593 as the agonist ligand for the k
receptor.
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