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It is now well-established that there are three families 
of opioid peptide precursors. Proopiomelanocortin, proen-
kephalin, and prodynorphin give rise to a variety of opioid 
peptides1 which exert their physiologic effects through at 
least three types of opioid receptors Cu, 8, K).2 Because the 
endogenous opioid peptides exhibit relatively low phar
macologic selectivity for these receptor types and are 
metabolically unstable, a number of more selective ligands 
have been developed.3 The armamentarium of selective 
agonists for 8 opioid receptors has been comprised of 
peptide ligands related to the enkephalins.4,5 These 
include 5i subtype-selective peptides, such as [D-Pen2,D-
Pen6]enkephalin6 (DPDPE) and [D-Ala2,D-Leu5]en-
kephalin7 (DADLE), and the 62 subtype-selective peptides 
[D-Ala2,Glu4]deltorphin8 and [D-Ser2,Leu5]enkephalin-
Thr6 7 (DSLET).9"12 Here we report on the design and 
pharmacologic evaluation of the first selective nonpeptide 
81 opioid agonist, 7-spiroindanyloxymorphone 1 (SIOM). 

Scheme I 

2a, R = CH(CH2J2 

2b, R = CH3 

2c, R = CH2CH2C6H5 

The design of 1 was based in part on structure-activity 
relationship studies of the prototypical 8 opioid antagonist 
naltrindole, 2a (NTI),13 Inasmuch as the 8 antagonist 
activity and high affinity of NTI is due to its indolic 
benzene moiety, which is thought13 to function as a putative 
"address"14 mimic of the Phe4 phenyl group of enkephalin, 
we had attempted to transform 2a into a 8 agonist by 
replacing its cyclopropylmethyl group with N-substituents 
(2b,c) that usually confer agonist activity to opiates.15'16 

These studies revealed that such substitutions afforded 
ligands that retained 8 antagonist activity in vivo without 
conferring selective 8 agonist activity. In this connection, 
it has been found that 2b is 10-fold more potent as a 5 
antagonist than 2a.16 
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Table I. Binding of SIOM" 

radioligand 

[3H]DPDPE 
[3H]DSLET 

selectivity 

«2 

Ku 
nM* 

1.4 
3.3 

radioligand 

[3H]DAMGO' 
[3H]U69593'< 

selectivity 

K 

Kit 
nM* 

10.6 
588 

" Conducted on guinea pig brain using the procedure of Werling 
et al.21 b Values are geometric means of at least three replicate 
experiments.c [3H]-[D-Ala2,MePhe<,Gly-ol5]enkephalm.35 * [3H]-
(5a,7a,8/S)-(-)-iV-methyl-iV-l-pyrrolidinyl-l-oxaspiro[4.5]dec-8-yl-
benzeneacetamide.36 

As it was conceivable that the conformation of the 
putative b address component in these morphindoles 2 
might stabilize an antagonist state of the 8 receptors in 
the CNS, we have synthesized the opiate SIOM (1), whose 
address is in a conformation similar to that of the Phe4 

phenyl group of DPDPE reported17-19 from NMR analysis 
and energy-minimization studies. 

The spiroindane 1 was obtained from oxymorphone 3 
(Scheme I); this involved formation of the 3-0-benzyl 
derivative 4 and alkylation with a,a'-dibromo-o-xylene in 
the presence of hexamethyldisilazane to afford 5, followed 
by hydrogenolysis of the O-benzyl group. 

Pharmacologic evaluation (n = 3) in smooth muscle 
preparations20 revealed SIOM to be a full agonist in the 
mouse vas deferens (IC50 = 19 nM) and a partial agonist 
(55 % maximal response at 1 nM) in the guinea pig ileum. 
The fact that naltrindole 2a antagonized the full agonist 
effect CKe = 1-5 nM) of SIOM while naloxone afforded 
only feeble antagonism (K9 = 68 nM), suggests that the 
full agonist effect is mediated by 8 opioid receptors. Thus, 
the in vitro pharmacologic data are consistent with 1 as 
a 5-selective agonist. 

The binding data21 also support in vitro pharmacology 
in that the greatest affinity of SIOM was for 8 opioid 
receptor (Table I). The order of affinities was 81 > 82 > 
H » K, suggesting that SIOM is 61-selective. 

Antinociceptive testing22 in mice using the tail-flick 
procedure revealed SIOM to be nearly 7 times more potent 
than the standard 81 agonist, DPDPE, on icv adminis
tration (Table II). SIOM also was active (ED60 = 16.3 
fimol/kg) when administered sc. It is noteworthy that the 
5i opioid receptor antagonist 7-benzylidenenaItrexone23 

(BNTX) was considerably more effective than the an
tagonists naltriben24 (NTB), /S-funaltrexamine26 (/3-FNA), 
and norbinaltorphimine26 (norBNI), in blocking the an
tinociceptive effect of SIOM (Table II). 

When SIOM was administered at a dose (0.5 nmol icv) 
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Table II. Antinociceptive Potency and Selectivity of SIOM 
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compd 

1 (SIOM) 
DPDPE 

ED60, nmol/mouse6 

1.7 (1.66-1.73) 
11.5 (9.1-14.6) 

BNTX ( W 

10.6 (5.5-21.3) 
5.0 (3.6-7.4) 

ED60 ratio8 

NTB (S2)" /3-FNA (M)" 

2.5 (1.3-5.7) 1.5 (1.2-2.0) 
1.4 (0.8-2.2) 1.4 (1.0-1.9) 

norBNI (x)« 

1.6 (1.3-2.1) 
1.0 (0.5-2.1) 

• The ED(o of the agonist in the antagonist-treated mice divided by the control ED6O-b Administered icv.c Antagonist dose, 1.3 iimoVkg 
sc 5 min prior to administration of agonist. d Antagonist dose, 10 j»mol/kg sc 24 h prior to administration of agonist.' Antagonist dose, 12 
Mmol/kg sc 3.5 h prior to administration of agonist. 

Figure 1. A stereoreview of the superposition of SIOM 1 and OMI 2b. 
indolic benzene moiety in 2b. 

Note that the aromatic group in 1 is perpendicular to the 

Table III. Antagonist Selectivity of SIOM 

agonis" 

DPDPE 
DSLET 
morphine 
U50488 

selectivity 

«i 

«2 

V-
K 

EDgo ratio 
(95% confidence limits)6 

3.8 (3.4-4.3) 
0.8 (0.5-1.2) 
3.0 (2.2-4.0) 
0.8 (0.5-1.4) 

• Administered either icv (DPDPE and DSLET) or sc (morphine 
and U50488) to mice. b EDeo of agonist in the presence of SIOM (0.5 
nmol icv). 

that did not produce antinociception, antagonism of the 
agonist effect of DPDPE and morphine, but not DSLET 
and U50488, was observed (Table III). These data indicate 
that SIOM possesses the unusual feature of acting as a Si 
antagonist at low dose and as a $i agonist at higher dose. 
Also, SIOM appears to be an antagonist at u receptors, 
but does not appear to act as 62 or K opioid receptors at 
the dose employed. 

One possible explanation for both the agonist and 
antagonist effects of SIOM at 5\ receptors is that there are 
two recognition sites on this receptor system. Thus, SIOM 
may interact with an antagonist site at lower concentration 
and an agonist site at higher concentration. If the agonist 
site is allosterically coupled in a vectorial mode27 to the 
antagonist site, this could account for the observed results. 
Such a model has been discussed previously in connection 
with the interaction of agonist and antagonist ligands with 
opioid receptors.28'29 In view of the fact that the 5 opioid 
receptor is a member of the G protein-coupled receptor 
superfamily30 in which there is precedent for multiple 
binding sites for agonists and antagonists,31-33 this appears 
to be a possibility. 

In conclusion, these data are consistent with the idea 
that the agonist activity of the 6Vselective opioid peptides 
may involve pharmacophore conformations of message 
and address elements that are common with those of SIOM 
when bound to the $1 agonist recognition site. Moreover, 
the fact that OMI16 2b is not a selective 5 agonist suggests 
that the coplanarity of its aromatic group with ring C of 
the opiate may decrease the binding to the 5i agonist site 
and enhance its affinity for the antagonist site. In this 
connection, it is noteworthy that the putative address 
moiety of SIOM is oriented approximately perpendicular 

to ring C of the morphinan nucleus in the OMI (Figure 
I).34 Whether the agonist and antagonist sites are on a 
single receptor or receptors associated with opposing neural 
pathways37,38 remains to be clarified. 
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