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SP-Methyl-7,8-dihydromorphinone (metoponl, a~ isomer ~6aS-~6aa,9aa,lO~~I3aSl-l,l0-methano-4-hydro~-]LI-methyl- 
6,6a,8,9,10,11,12,13-octahydro-[ll-benzopyrano[4,3,e]isoqu~oline-7-~9aH~-one (compound 1) derived from a photochemical rear- 
rangement of SP-methyhnorphinone, and [6aS-~6aa,9aa,lO~~13aS]-l,lO-methano-4-hydro~-~1-methyl-6,6a,8,9, 10,11,12,13-oc- 
tahydro-[l]-benzopyrano[4,3,el-l4~-~p-nitrocinnamoylamino~ isoquinoline-7-(9aN)-one (compound 2) were characterized for 
opioid receptor affinity, selectivity and analgesic properties. In competition binding assays using bovine striatal membranes, the 
three compounds inhibited the binding of 0.25 nM [3HI[o-Ala2,&4eWhe4,G~y(ol~s]enkephalin (DAMGO), a p-selective peptide, 
with IC,, values less than 5 nM. All three compounds exhibited lower affinity for 6- and K-opioid receptors. In the mouse 55°C 
warm-water tail-flick assay, both metopon and compound 1 displayed antinociception that lasted for 60 min after i.c.v. injection. 
Morphine sulfate, metopon and compound 1 produced 50% antinociception with i.c.v. doses of 0.83, 2.0 and 4.0 nmol, 
respectively. The p-selective, irreversible opioid receptor antagonist p-funaltrexamine blocked antinociception induced by 
metopon and compound 1, while S- and K-opioid receptor selective antagonists did not effect antinociception. These findings 
demonstrate metopon and its isomer bound with high affinity to the pl.-opioid receptor and produced antin=iception through 
this receptor. 
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The development and characterization of selective 
opioid receptor agonists and antagonists is important 
for further understanding the pharmacological and bio- 
chemical properties of the multiple opioid receptors 
(Martin et al., 1976). Qne important opioid receptor 
agonist is 5/?-methyl-7,8-dihydromorphinone (meto- 
pan) (Small et al., 1934; Stork and Bauer, 1953). Meto- 
pon was initially synthesized in an attempt to find oral 
substitutes for morphine (Small et al., 1936). It has 
been reported to be from 3 to 10 times more effective 
than morphine in producing morphine-like effects, such 
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as analgesia and ileum contraction (Eddy, 1948; Keats 
and Beecher, 1952). A number of derivatives of meto- 
pon containing a 14j3-cinnamoylamino group produced 
wash-resistant inhibition of CL-opioid receptor binding 
to bovine striatal membrafies, and acted as long-term 
CL-opioid receptor selective antagonists devoid of any 
agonistic effects in the mouse warm-water tail-flick 
assay Wang et al., 1993, 19994; McLaughlin et al., 1994). 
However, little is known about the opioid receptor 
selectivity and affinity of metopon itself. In addition, 
[6aS-(6aa,9acY,10/3)13aS]-1,10-methano-4_-1~- 
methyl-6,6a,8,9,10,11,12,13-octahydro-[l]-benzop~ano- 
[4,3,e]isoquinoline-7-t9aH)-one, an isomer of metopon, 
was synthesized. Compound 1 was derived from a 
photochemical rearrangement of 5&methyhnorphi- 
none that incorporates the 5-methyl group into the 
bemopyran ring (Fig. 1). A derivative of this isomer 
containing a 14/3-p-nitrocinnamoylamino grotip, [6aS- 
(6acr~9aa,10/3)13aS]-1,10-methano4hydroxy-11-meth- 
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Fig. 1. Structures of metopon, compound 1 and compound 2. Com- 
pound 1 is an isomer of metopon tith the methyl group in the C-5 
position of metopon incorporated into the benzopyran ring. Com- 
pound 2 is a derivative of compound 1, containing a p-nitrocinna- 
moylamino group in the C-14fi position. 

yl-6,6a,8,9,10,11,12,13-octahydro-Cl~-benzopyrano[4,3, 
e]-14/3-(p-nitrocinnamoylamino~isoquinoline-7-(9aH)- 
one (compound 2) (Fig. 11, was also synthesized to de- 
termine if this derivative would produce wash-resis- 
tant inhibition of p-opioid receptor binding like the 
14/3-p-nitrocinnamoylamino derivative of metopon, 5@- 
methyl-14&(p-nitrocinnamoylamino)-7,8-dihydromor- 
phinone (MET-CAM01 (Jiang et al., 1994). The pre- 
sent study characterized the affinity and selectivity of 
metopon, compound 1 and compound 2 for the p-, En- 
and K-opioid receptors in competition binding experi- 
ments, as well as characterizing the antinociceptive 
properties produced by metopon and compound 1 in 
the mouse 55°C warm-water tail-flick assay. 

2. Materials and methods 

2.2. Synthesis of metopon, compound 1 and compound 2 

Preparation of compound 1 
To a solution of [6aS-(6aa,9acu,lO/3)13aS]-l,lO- 

methano-4-hydroxy-ll-methyl-6,6a,10,11,12,13-hexahy- 
dro-[l]-benzpyrano[4,3-elisoquinoline-7-(9a H )-one 
(Schultz et al., l994) (51.1 mg, 0.172 nun00 in ethyl 
acetate (10 ml) was added 5% rhodium on alumina (10 
mg). The mixture was hydrogenated at 55 pounds per 
square inch for 17 h and then filtered through Celite 
under vacuum. Flash chromatography on alumina (l- 
10% methanol in chloroform) gave compound 1 (36.5 
mg, 71% semicrystalline solid). ‘H Nuclear Magnetic 
Resonance (deuterochloroform, 500 MHz) S 6.68 (d, 1 
H, J = 7.8), 6.52 (d, 1 H, .? = 8.3), 4.96 (d, 1 H, .J = 11.21, 
4.28 (dd, 1 H, J= 11.3, 3.51, 3.06 (d, 1 H, .I= 14.21, 
3.04 (s, 1 HI, 2.60 (dd, 1 H, J = 12.2,2.9), 2.53 (dd, 1 H, 
J = 18.6, 6.41, 2.44 (s, 3 H), 2.38 (m, 2 HI, 2,28 (m, 1 H, 
J- 12.2, 3.91, I.96 (m, 1 H, J= 12.2, 4.91, 1.88 (d, 1 H, 
J- 12.21, 1.80 (m, 1 H), 1.50 (m, 1 H). 

Prepration of compound 2 
To a solution of SP-methyl-14&[( p-nitro- 

cinnamoy1)aminolcodeinone (250 mg) in dry chloro- 

form, cooled to -2O”C, was added boron tribromide 
(235 ml) in chloroform dropwise with stirring. The 
reaction mixture was slowly brought to room tempera- 
ture and stirred at that temperature for 2 h. To this 
reaction mixture, 1 ml of methanol and sodium bicar- 
bonate solution was added and the organic layer was 
separated. The aqueous layer was extracted with &lo- 
roform : methanol (9 : 1) (3 X 30 ml) and the ccrnbined 
extracts were washed with brine, dried (sodium sulfate) 
and evaporated. The residue obtained was chromato- 
graphed on silica gel using r?loroform : methanol (96 : 4) 
as the eluant. Compound 2 was obtained (20 mg) as the 
minor product, melting point 265-269°C decomposi- 
tion, Infrared Spectroscopy (potassium bromide): 3450, 
3350, 2900, 1690, 1650, 1620, 1590, 145 cm-‘: ‘H 
Nuclear Magnetic Resonance (deuterochloroform) S 
2.43 (3 H, s, NCH,), 4.27-4.29, 5.01-5.03 (2 H, dd, d, 
OCH,-C), 6.62-6.64 (1 H, d, Ar-H), 6.65-6.68 (1 H, d, 
NH-COCH =I, 6.76-6.78 (1 H, d, Ar-H), 7.65-7.67 (2 
H, d, Ar-H), 7.66-7.69 (1 H, d, = CH-Ar), 8.22-8.24 (2 
H, d, Ar-H). The major product was MET-CAMQ 
(Sebastian et al., 1993). 

Preparation of metopon 
Metopon was prepared by the method of Gates and 

co-workers (Boden et al., 1982). 

2.2. Opioid receptor binding to bovine striatal mem- 
branes 

Bovine striatal membranes were prepared as de- 
scribed previously (Jiang et al., 1994). The affinity and 
selectivity of metopon and compounds 1 and 2 for the 
multiple opioid receptors was determined by incubat- 
ing the membranes with radiolabeled ligands and 12 
different concentrations of metopon, compound 1 or 
compound 2 at 25°C in a final volume of 1 ml of 50 
mM Tris-HCl, pH 7.5. Incubation times of 60 min were 
used for the p-opioid receptor selective peptide 
[3H][D-Ala2,(Me)Phe4,G1y(ol~s]enkephalin (DAMGO) 
and the fc-opioid receptor selective ligand [3H]U69,593, 
and a 4-h incubation was used with the S-opioid recep- 
tor selective peptide [3H~D-Pen2,pC1-Phe4,D-Pen5]en- 
kephalin (pCl-DPDPE). To determine the IC,, values 
for the inhibition of binding by the compounds, the 
final concentrations of r3H]DAMG0, [3H]pCI-~PDPE 
and [3HlU69,593 were 0.25 nM, 0.2 nM and 1 nM, 
respectively. Nonspecific binding was measured by in- 
clusion of 10 PM naloxone. Binding was termiuated by 
filtering the samples through Schleicher and Schue11 
No. 32 glass fiber filters (Keene, NH, USA) using a 
Brandel 48-we11 cell harvester. Filters were soaked for 
at least 60 min in 0.25% polyethylenimine for [3HJpCl- 
DPDPE and [3HlU69,593 binding experiments. After 
filtration, filters were washed 3 times with 3 ml of coid 



were counted in 2 ml of 

The 14~-~-nitrocinnamoyIami~o side 
pcund 2 could permit it to potentially b 
to the opioid receptor. Experiments measu 
resistant inhibition of opioid receptor binding were 
performed to detect potential covalent binding. To 
determine the concentration of compound 2 needed to 
obtain wash-resistant inhibition of opioid receptor 
binding, bovine striatal membranes, 10 mg of protein, 
were incubated with concentrations of compound 2 
ranging from 20 to 2600 nM at 37°C for 15 min in a 
final volume of 2 ml. The contents of the tubes were 
then diluted to 40 ml with cold 50 mM Tris-HCl, pH 
7.5 and centrifuged at 39000 x g for 15 min at 4°C. 
The washing step was repeated for a total of 4 times. 
Finally, the membranes were resuspended in 2 ml of 50 
mM Tris-HCI, pH 7.5, and opioid receptor binding to 
0.2 ml of membranes was determined as described 
above. The isomers, compound 2 and MET-CAMO, 
were compared in the mash-resistant inhibition of 
[3H]DAMG0 binding experiments. 

2.3. Animals 

AI1 antinociceptive experiments used male, ICR mice 
(20-24 g, Harlan Sprague Dawley; Indianapolis, IN, 
USA). Mice were kept in groups of eight in a tempera- 
ture controlled room with a 12-h light-dark cycle. Food 
and water were available ad libitum until the time of 
the experiment. 

2.4. Injection techniques 

Intracerebroventricular (i.c.v.) injections were made 
directly into the lateral ventricle according to the modi- 
fied method of Haley and McCormick (1957). The 
volume of ii11 i.c.v. injections was 5 ~1, using a lO-/.~l 
Hamilton microliter syringe. The mouse was lightly 
anesthetized with ether, an incision was made in the 
scalp, and the injection was made 2 mm lateral and 2 
mm caudal to bregma at a depth of 3 mm. 

2.5. Tuii-flick assay 

The thermal nociceptive stimulus was 55°C water, 
with the latency to tail flick :r withdrawal taken as the 
endpoint (Vaught and Taxcmori, 1979). After deter- 
mining control latencies, the mice received graded i.c.v. 
doses of opioid receptor agonists. Morphine sulfate, 
metopon and compound 1 were each given as single 
i.c.v. injections with antinociceptive effect measured 20 
min after injection unless otherwise stated. In the 
receptor selectivity studies, either the K-opioid recep- 
tor selective antagonist nor-binaltorphimine or the 6- 
opioid receptor selective antagonist ICI 174,864 were 

ea given with the ago 

P- ~alt~~xarn~~e, thz p-opioid receptor selective an- 
tagonist, was injected 24 h before agonist injection. A 
cut-off time of 15 s was used; if the 
display a tail flick in t he tail was removed 
from the water an assigned a maximal 
antinociceptive sco ice which showed no 
response within 5 s in the initial control test were 
eliminated from the experiment. At each time point, 
antinociception was calculated according to the follow- 
ing formula: % antinociception = 100 x (test latency - 
control latency)/( 15 - control latency). 

2.6. Chemicals 

GO (60 Ci/mmol) and [“H]U69,593 (64 
Ci/mmoi) were pure from Amersham (Arlington 
Heights, IL, USA). Cl-DPDPE (48.6 Ci/mmol) 
was obtained from England Nuclear (Boston, 

USA). Morphine sulfate was purchased 
nckrodt Chemical Company (St. Louis. 
). Nor-bi~altor~himi~e~ ICI 174,864 an 

funaltrexamine were purchased from Research Bio- 
chemicals International (Natick, MA, USA). 

In the mouse tail-flick assay, metopon and com- 
pounds 1 and 2 were dissolved in 20% dimethylsulf- 
oxide, a concentration that did not produce any de- 
tectable behavioral effect. P-Funaltrexamine, ICl 
174,864 and nor-binaltorpkimine were dissolved in dis- 
tilled water. 

2.7. Statistics 

IC,, values were calculated by least sql’ares fit to a 
logarithm-probit analysis. The K, values of urnlabeled 
compounds were calculated from the equation Ki = 
I&,,/(! + S), where S = (concentration of radioli- 
gand)/(K, of radioligand) (Cheng and Prusoff, 1973). 
AI1 dose-response lines were analyzed, using the re- 
gression methods described by Tallarida and Murray 
(1986). Regression lines, D,, (dose producing 50% 
antinociception) values and 95% confidence limits were 
determined with each individual data point using the 
computer program by Tallarida and Murray (1986). All 
data points shown are the means of 7-10 mice. with 
standard error of the mean represented by error bars. 

3.1. Afi& and s&&city of metopovv and its dev-irutires 
fov- the mu/tip/e opioid receptors in borine striaial mevn- 

branes 

The affinity of metopon, compound 1 and com- 
pound 2 for the multiple opioid receptors in mcm- 
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Fig. 2. Time-response lines for single graded i.c.v. doses of metopon (A) or compound 1 (B) in the mouse tail-flick assay. 

branes was measured by determining the I& values 
for the inhibition of CL-, S- and K-opioid receptor bind- 
ing (Table 1). As metopon and compound 1 lack the 
Irlp-nitrocinnJmoylamino group, they cannot bind CO- 

va]ently to the receptor, so respective Ki values are 
compared here. Because the 14/3-nitrocinnamoylamino 
derivative has the potential to bind covalently to the 
receptor, it cannot be assumed to bind at equilibrium 
and therefore only KS0 values are reported for com- 
pound 2. Metopon showed the highest affinity for the 
p-opioid receptor, inhibiting 13H]DAMG0 binding 
with a Ki value of 0.34 + 0.03 nM. Metopon inhibited 
[3H]pCl-DPDPE and [3H]U69,593 binding with Ki 
values of 22.2 + 1.5 nM and 24.3 f 1.0 nM, respec- 
tively. Similarly, compound 1 exhibited the highest 
affinity for the CL-opioid receptor, although at approxi- 
mately 5-fold greater concentrations than metopon, 
inhibiting [3H]DAMG0 binding with a Ki value of 
1.47 + 0.02 nM. Compound 1 inhibited binding to the 
S- and K-opioid receptors, with Ki values of 106 f 14 
nM and 168 + 6 nM, respectively. Compound 2 demon- 
strated similar affinity and selectivity for the multiple 
opioid receptors as compound 1 (Table 1). 

MET-CAM0 has been shown to produce wash-re- 
sistant inhibition of [3H]DAMG0 binding, possibly 

Table 1 
fCsa values for the inhibition of CL-, 6- and K-opioid receptor binding 
lo bovine striatal membranes by metopon, compound 1 and com- 
pound 2 

Radiolabeled ligands KS,, (nM)+ S.E.M. 

Metopon Compound 1 Compound 2 

[“HIDAMGO (KC) 0.85 L-O.07 3.64 + 0.04 2.34&0.11 
L3HlpCCDPDPE (6) 36.5 +2.5 174k22 155 + 19 
[“H]U69,593 (K) 81.Ok3.3 558_+ 19 1090*90 

Bovine striatal membranes were incubated with 12 different concen- 
trations of each opioid in the presence of 0.25 nM [“H]DAMGO, 0.2 
nM [‘HIPCI-DPDPE or 1 nM i3HlU69,593 in 50 mM Tris-HCl, pH 
7.5, at 25°C as described in Materials and methods. Ki values for 
mctopon and compound 1 are reported in the text, whereas only 
ICsu values are reported for compound 2. because compound 2 has 
the Potential to bind covalently. Data are listed as the mean ICsa 
values +_ S.E.M. from at least three experiments, periormed in tripli- 
cate. 

through the covalent binding of the 14/&p-nitrocinna- 
moylamino constituent to the CL-opioid receptor (Jiang 
et al., 1994). Compound 2 is an isomer of MET-CAMO, 
with the 5-methyl group incorporated into the ben- 
zopyran ring. To detect possible covalent binding to 
the p-opioid receptor by the 14~~p-nitrocinnamoyl- 
amino constituent of compound 2, experiments mea- 
suring wash-resistant inhibition of the binding of 0.25 
nM [3H]DAMG0 were performed with compound 2 
and MET-CAM0 for comparison. At concentrations 
of 200 nM, MET-CAM0 reduced the binding of 0.25 
nM [“HIDAMGO by 61 + 1% in a wash-resistant man- 
ner: whereas compound 2 inhibited binding by only 
16 + 2%. A 50% wash-resistant inhibition of binding by 
compound 2 was obtained at 1500 + 160 nM. Taken 
together, these results strongly suggest compound 2 did 
not bind covalently to the CL-opioid receptor. 

3.2. Mouse tail-flick assay 

Both metopon and compound 1 produced a time- 
and dose-dependent antinociception after i.c.v. admin- 
istration in the mouse 55°C warm-water tail-flick assay 
(Figs. 2 and 3). Metopon and compound 1 produced 
maximal analgesic effects 20 min after i.c.v. administra- 
tion of 3 nmol of metopon and 10 nmol of compound 1, 
and the antinociception lasted up to 60 min (Fig. 2). 
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Fig. 3. Dose-response lines of morphine sulfate, metopon and com- 
pound 1 given by i.c.v. injection 20 min before testing in the mouse 
tail-flick assay. 
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Fig. 4. Antinociceptive effects of i.c.v. metopon and compound 1 t 10 
nmol, -20 min) ;rl mice with or without pretreatment with i.c.v. 
/3-funaltrexamine (IJ-FNAUO nmol, - 23 h) or co-administered with 
either ICI 174,864 (4 nmol, - 20 min) or nor-binaltorphimine (nor- 
BNI) (0.6 nmol, -20 min) in the mouse tail-flick assay. - PI NOI. 
significantiy different from the corresponding compound alone. 

The antinociceptivc Dj,, values of metopon and com- 
pound 1 (and 95% confidence limits) were 2.0 W99- 
4.0) nmol and 4.0 (1.7 to 9.i) nmol. respectively (Fig. 
31. In comparison, the antinociceptive D,,, value of 
morphine sulfate was 0.83 (0.23-2.92) nmol. 

Receptor selectivity of both metopon and compound 
1 after i.c.v. administration with selective opioid recep- 
tor antagonists was tested in the mouse tail-flick assay, 
as shown in Fig. 4. Concentrations of the antagonists 
were chosen to insure Gthibition of only one type of 
opioid receptor. Nor-binaltorphimine tvas used at a 
concentration of 1 nmol, a dose shown to inhibit only 
rc-opioid receptor binding (Horan et al., 19921, and a 
concentration of 4 nmol of ICI 174,864 was chosen for 
selective &opioid receptor antagonistic properties 
(Heyman et al., 1987). The CL-opioid receptor selective, 
irreversible antagonist &funaltrexamine was injected 
as a single 20-nmol i.c.v. pretreatment 24 h before 
testing, a time and dose previously established as hav- 
ing the peak antagonistic action at p-, but not S- or 
K-opioid receptors (Heyman et al., 1989; Jiang et al., 
1990). This pretreatment of mice with P-funaltrexa- 
mine before injeciion of metopon or compound 1 
blocked the antinociceptive effects of both compounds. 
Co-administration of the K-Opioid receptor selective 
antagonist nor-binaltorphimine and the Sopioid recep- 
tor selective antagonist ICI 174,864 had no significant 
effect on antinociception produced by either com- 
pound. These results demonstrate both metopon and 
compound 1 produced antinociception through the P- 
opioid receptor. 

4. Discussion 

The present study investigated the binding charac- 
teristics of metopon, an isomer of metopon and a 

-~itr~~i~~amoylamino derivative of the isomer of 
metooon. All three cajmpounds bound with bigb affin- 
ity to the P-opioid binding site, as determined by their 
Ki and EC,,, vahes for the inhibition !~f ~~~~~~~~~ 
binding. %nilar preferences for binding to the p-opioid 
receptor were rcportcd with the 14~a~ko~~~~t~p~~n 
derivatives 16methoxymetopon. l4-etho.xymetopon and 
14methoxy-5-methylmorphinone (Fiirst et al., 1993). 
suggesting the presence of a C-5 methyl group en- 
hances selectivity for the p-opioid receptor. Here, 
metopon had approximately 5-fold er affinity for 
all three receptor types than compo 1 and 2, with 
the 5methyl group incorporated into the benzopyran 
ring. 

Experiments testing the ability of compound 2 to 
produce wash-resistant inhibition of [‘MIDAMCO 
binding demonstrated that micromolar concentrations 
were rcquircd. This is in marked contrast to carlicr 
work performed with an isomer of compound 2. MET- 
CAMQ (Jiang et al., 19941. h4ET-CAM0 produced ;i 
wash-resistant inhibition of the binding of 0.25 r&l 

IDAMGO in a concentration-dependent manner. 
with a 50% wash-resistant inhibition of binding pro- 
duced with 82 + 33 nM MET-CAM0 (Jiang et al.. 
1994). Because the only difference between these two 
compounds is the location of the methyl group in the 
C-5 position (MET-CA&IO) or it: the benzopyran ring 
(compound 21, these results suggest the presence of the 
S&methyl ccnstituent is important to the development 
of wash-resistant inhibition of binding. itself suggestive 
of covalent binding. 

The present study further characterized the activity 
and receptor selectivity of metopon and compound 1 in 
vivo, using the mouse WC warm-water tail-flick assay. 
Initial determination of analgesia in cats and respira- 
tory depression in rabbits found mctopon to be IO 
times more effective than morphine when administered 
orally or parenterally (Eddy, 1948). Eater, 74 post-op- 
erative patients given alternating subcutaneous injec- 
tions of morphine and metopon to relieve pain re- 
ported 3.7 mg of metopon produced analgesia equiva- 
lent to 10 mg of morphine, suggesting mctopon had 
only 3-fold greater efficacy than morphine (Keats and 
Beecher, 1952). Since the 95% confidence intervals for 
the D5,, values for antinociception produced by meto- 
pon and morphine sulfate overlap. the present results 
suggested metopon was only as effective as morphine 
at producing an analgesic response when administered 
by i.c.v. injection in the mouse 55°C warm-water tail- 
flick assay. However, like morphine, metopon and corn--Ð 
pound I had the highest affinity for the p-opioid 
receptor. Other derivatives of metopon, such as MET- 
CAM(-), which contains a 14@p-nitrocinnamoylamino 
group (Sebastian et al., 1993: Jiang et al., 1994). and 
MET-Cl-CAMO, which contains a 14p-p-chhocin- 
namoylamino group (McLaughlin et al.. 19941, have 
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shown similar preference for the CL-opioid receptor. 
Antinociception produced by the lbalkoxymetopon 
derivatives in the mouse tail-flick test was antagonized 
by low doses of naloxone, suggesting the derivatives 
interacted with the CL-opioid receptor (Fiirst et al., 
1993). Furthermore, ll-methoxymetopon generated 
similar PA, values to morphine in mouse tail-flick tests 
in the presence of na!oxone, suggesting the two com- 
pounds probably interact with the same p-opioid re- 
ceptor population (Fiirst et al., 1993). All of this evi- 
dence suggests the presence of a C-5 methyl con- 
stituent increases selectivity for the p-opioid receptor 
without significant increases in antinociceptive effect. 
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