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Abstract 7a-Phenyl-6a,14a-endo-etheno-tetrahydrothebaine

is an analogue of morphine but with much weaker affinity

and efficacy to opioid receptors. Three compounds with o-,

m- and p-amino substitution on its 7a-phenyl group were

designed and synthesized to evaluate their j-opioid receptor

agonistic activity and antinociceptive effect. The introduc-

tion of amino group greatly increased the binding activity to

j-opioid receptor but only compound with p-substitution

showed agonistic activity with potency similar to the mar-

keted j agonist butorphanol. In vivo antinociceptive test

showed that compound with p-amino substitution displayed

highest antinociceptive activity while compounds with o-,

m-amino substitution showed partial or little analgesia

effects. All these data indicate that p-amino substitution

conferred j agonist activity, suggesting that 7a-phenyl-

6a,14a-endo-etheno-tetrahydrothebaines with a p-amino

substitution may contain a novel pharmacophore compo-

nent and could be considered as a leading compound for

novel antinociceptive agents.

Keywords j-Opioid receptor � Opioid agonist �
Antinociception

Introduction

Narcotics targeting on opioid receptors serve as the main-

stay of treatment of severe pain mostly happened in cancer

and other diseases. However, inconvenience of prescription

and adverse effects seriously limit their use. It is reported

that as many as 50% of cancer patients with pain remain

untreated or inadequately treated (Christo and Mazloom-

doost, 2008). Repeated administration of opiates usually

results in tolerance, dependence and respiratory depression

which are believed to be mainly attributed to the activation

of l-opioid receptor. Increasing evidence shows that

j-opioid receptor agonists may provide strong analgesia

free of those serious side effects (Aldrich and McLaughlin,

2009). Moreover, the activation of j-opioid receptor can

reverse the effects of morphine-induced physical depen-

dence and hyperalgesia (Gallantine and Meert, 2008; Gupta

et al., 2008; Hamabe et al., 2008). These data suggest that

j agonists may have potential advantages over l-opioid

receptor agonists as analgesics. Thus it might be of great

interest to discover structurally novel j agonists.

Morphine (Fig. 1) is a typical l agonist from 4,5-epoxy-

morphinanes with lower affinities to j-opioid receptor.

However, it could be converted to potent j agonists by

substituting 6b-position with conformational constrained
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aromatic groups such as TRK-820 (Fig. 1) (Nagase et al.,

1998), or substituting 7a-position with spaced hydroxyl

groups such as BU46 (Traynor et al., 1999) and diprenor-

phine (Fig. 1). Though it is still unknown how j agonists

interact with their receptors, a model of j agonist binding

was proposed based on the observed structural activity

relationships (SARs), among which an H-bonding site

complementary to 20b-OH was suggested to be crucial for

j-opioid activities (Coop et al., 2000). Similar results were

also found in our previous QSAR investigations (Li et al.,

2006). It is reasonable to consider that an amino group may

substitute this known hydroxy group, since both of them

may function as hydrogen donor/acceptor.

6a,14a-Endo-etheno-tetrahydrothebaine, a derivative of

thebaine, is a structural analogue of morphine (Bentley and

Hardy, 1967; Bentley et al., 1967). The substitution of

7a-position with a sp3 carbon atom (7a-alkyl-6a,14a-endo-

etheno-tetrahydrothebaine series) leads to the finding of a

variety of potent narcotics such as etorphine (Casy and

Parfitt, 1986). However, the 7a-phenyl-6a,14a-endo-

etheno-tetrahydrothebaines with 7a phenyl substitution

have rarely been investigated. Previous investigations

suggested that the activities of initial discovered 7a-phe-

nyl-6a,14a-endo-etheno-tetrahydrothebaines be too low to

be analgesics (Lewis and Readhead, 1973). And recently

almost no binding affinities against opioid receptors for

several analogs have been reported in our previous inves-

tigations (Li et al., 2010). This was initially considered as a

result of unfavorable steric interactions between ligands

and opioid receptors. However, due to the attachment to a

planar and rigid phenyl group, the functional groups

introduced to these morphinanes were different from that

of other typical 6a,14a-endo-etheno-tetrahydrothebaines in

their spatial distributions, which might be an advantage to

discover ligands with novel pharmacological characters

absent in typical 6a,14a-endo-etheno-tetrahydrothebaines.

Therefore, in this study, we replaced one of hydrogen

atoms of the 7a-phenyl group in 7a-phenyl-6a,14a-endo-

etheno-tetrahydrothebaine with an amino group to mimic

the structural motif of 20b-OH which is responsible

for additional j activities in BU46 and diprenorphine.

Three 7a-phenyl-6a,14a-endo-etheno-tetrahydrothebaines

with o-, m- and p-amino substitution were obtained,

respectively. Then the j agonistic activities and antinoci-

ceptive effects of these compounds were evaluated. The

results showed that 7a-phenyl-6a,14a-endo-etheno-tetra-

hydrothebaines with p-amino substitution demonstrated

j agonistic activities and potent antinociceptive effects,

suggesting that it may contain a novel pharmacophore

component in its structure and this information will be

helpful to develop novel antinociceptive agents.

Experimental

Methods

All 1H and 13C NMR spectrometer were recorded on

Varian Mercury plus 400-MHz spectrometer. Infrared (IR)

spectra were recorded on AVATAR 360 FT-IR spectrom-

eter as potassium bromide (KBr) disks. Mass spectra were

obtained on Agilent 1100 Series LC/MSD1946D spec-

trometer. Melting points were determined in open capillary

tubes and were uncorrected.

Synthesis

The general procedures for the preparation of nitro-substi-

tuted 7a-phenyl-6a,14a-endo-etheno-tetrahydrothebaines

were prepared as previously reported ((Li et al., 2010).

Fig. 1 The structures of

morphine, TRK-820, BU46, and

diprenorphine
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Typical procedures for the preparation of amino substituted

7a-phenyl-6a,14a-endo-etheno-tetrahydrothebaines were as

follows (Scheme 1): Hydrazine hydrate 4 ml (68.8 mmol)/

Raney Ni (cat.) was added fractionally to a solution of 4 g

(8.68 mmol) nitro-substituted 7a-phenyl-6a,14a-endo-

etheno-tetrahydrothebaine in 100 ml ethanol at 60�C. After

being stirred for about 10–15 min, the reaction mixture was

filtrated to remove Raney Ni. Then the filtrate was evaporated

in vacuo to afford the crude product. It was further recrystal-

lized from suitable solvents (as described in the ‘‘Results’’

section). The free base of product was precipitated by HCl in

diethyl ether to afford its hydrochloride salt.

Cell membrane preparation

Cell membranes from CHO cells stably expressing j-opioid

receptor were prepared as described previously (Tao et al.,

2008). Briefly, cells were detached with phosphate-buffered

saline containing 1 mM EDTA. After centrifugation, the

cell pellet was suspended in ice-cold homogenization buffer

composed of 50 mM HEPES, pH 7.4, 1 mM MgCl2, and

1 mM EGTA. Cells were homogenized with 10 strokes

using a glass Dounce homogenizer and centrifuged at

40,0009g for 10 min at 4�C, pellets were resuspended in

homogenization buffer. Then the homogenization and

centrifugation was repeated three times more. The final

pellets were resuspended in a 50 mM Tris–HCl buffer, pH

7.4. Protein concentration was determined and aliquots

were stored at -80�C.

Radio ligand binding assay

Radio ligand binding assay was carried out with [3H]

diprenorphine as described previously (Tao et al. 2008).

Briefly, Competition inhibition by the synthesized com-

pounds of [3H] diprenorphine binding to j-opioid receptor

was performed in the absence or presence of various con-

centrations of each compound. Binding was carried out in

50 mM Tris–HCl buffer (pH 7.4) at 37�C for 30 min in

triple in a final volume of 0.5 ml with 30 lg of membrane

protein obtained from CHO cells stably expressing j-opi-

oid receptor. Naloxone was used to define nonspecific

binding. Radioactivity was determined by liquid scintilla-

tion counting (Beckman LS6500).

Bioassay in isolated rabbit vas deferens

The inhibitory effect of various compounds on the electri-

cally evoked contractions of the rabbit vas deferens (RVD)

was performed as described previously (Wang et al., 2005).

Briefly, vas deferens of male rabbit was placed in Krebs’

solution and was set up for field stimulation as previously

described. The contractions were recorded with a force dis-

placement transducer and power-lab system (Australia, AD

Instrument). Concentration-effect curves for the inhibition

of electrically induced contractions were constructed by

cumulative addition of agonists to the bathing fluid. The

agonist potencies of the compounds were obtained from

dose–response curves by calculating pD2. The pA2 values

were determined by the ratios of EC50 values for agonists in

the absence or presence of antagonist (added 15 min before

the redetermination of agonist concentration response

curves). A regression line was fitted to these points. The

intercept of the Schild regression line on the abscissa is the

apparent pA2 value.

Tail flick assay

Mice weighing 18–20 g at the beginning of the experiment

were obtained from the National Rodent Laboratory Animal

Center of Shanghai Institutes for biological Sciences. Proper

measures were taken to minimize animal discomfort. The

experimental procedures were in compliance with the

National Institutes of Health Guide for Care and Use of

Laboratory Animals (revised 1996). Tail flick response was

elicited by applying radiant heat to the dorsal surface of the

tail of the mouse, which was kept in a special mouse holder.

The baseline of tail flick latencies (TFL) was measured prior

to drug administration and the response latency was mea-

sured 15 min after i.p. drug injection. The cut-off time of

15 s was used to minimize tissue damage. The %MPE was

calculated by the following formula: (measured latency -

baseline latency)100/(cut-off time - baseline latency).

ED50 was computed using Prism (GraphPad Software, San

Diego, CA).

Scheme 1 Schematic synthetic

process of 7a-phenyl-6a,14a-

endo-etheno-tetrahydrothebaine

with o-, m- and p-amino

substitution (compounds 5, 6,

and 7). Reagents and conditions:

(a) thebaine, oxylene, reflux (Li

et al., 2010); (b) Raney Ni,

hydrazine hydrate, ethanol,

40–50�C
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Computational simulations

All calculations were carried out on a R14000 SGI Fuel

workstation using molecular modeling software package

SYBYL v6.9.

The initial structures of diprenorphine, BU46 and

compound 7 were built based on crystal structures of

diprenorphine [http://www.opioid.umn.edu/]. All mole-

cules were set in their protonated states and assigned

Gasteiger-Hückel charges available in SYBYL. Random

searches were performed on additional ring systems to

ensure their conformations energetically favorable before

they were used for further analysis.

Since all three compounds bear similar 4,5-epoxy-

morphinane considered to be conserved among opiates, this

structural motif was superimposed. Known as a functional

group of hydrogen donor/acceptor, the hydroxy group of

diprenorphine and BU46 and the amino group of com-

pound 7 has been compared to each other.

Results

Chemistry

7a-20-Amino-phenyl-6a,14a-endo-etheno-

tetrahydrothebaine (compound 5)

2.4 g (yield 64.1%) white prisms (petroleum ether) m.p.

108–110�C IR (KBr) t 3429.40, 3361.03, 2931.00, 2904.5,

2836.89, 2789.39, 1632.27, 1602.66, 1498.98, 1452.71,

1440.62, 1287.78, 1208.54, 1109.71, 1052.34, 746.16,

523.00 cm-1. 1H NMR (DMSO-d6) d 6.89 (d, 1H,

J = 7.82 Hz), 6.78 (td, 1H, J1 = 7.04 Hz, J2 = 1.11 Hz),

6.60 (d, 1H, J = 8.22 Hz), 6.56 (d, 1H, J = 7.82 Hz), 6.49

(d, 1H, J = 8.22 Hz), 6.38 (t, 1H, J = 7.04 Hz), 5.74 (d,

1H, J = 8.61 Hz), 5.51 (d, 1H, J = 8.61 Hz), 4.97 (brs,

2H, disappear after D2O exchange), 4.79 (s, 1H), 3.68 (s,

3H), 3.26–3.18 (m, 3H), 3.11 (s, 3H), 3.08 (d, 1H,

J = 8.61 Hz), 2.46–2.36 (m, 2H), 2.36–2.26 (m, 2H), 2.27

(s, 3H), 1.67 (d, 1H, J = 10.17 Hz), 0.89 (dd, 1H,

J1 = 7.43 Hz, J2 = 12.56 Hz) ppm. MS (LCMS) m/z

431.5 (M ? H)?. The free base of this compound was

precipitated by HCl in diethyl ether to afford its hydro-

chloride salt. White powder, m.p. 220–224�C. Anal. Calcd

for C27H32Cl2N2O3�H2O: C, 62.19; H, 6.57; N, 5.37.

Found: C, 61.85; H, 6.80; N, 5.15.

7a-30-Amino-phenyl-6a,14a-endo-etheno-

tetrahydrothebaine (compound 6)

3.43 g (yield 91.8%) white needles (ethanol) m.p.

195–196�C IR (KBr) t 3445.98, 3346.36, 3218.30,

3029.87, 2835.16, 2795.11, 2770.54, 1626.02, 1601.58,

1501.57, 1384.40, 1310.27, 1275.96, 1166.93, 1108.36,

1051.68, 967.69, 876.61, 780.73 cm-1. 1H NMR (DMSO-

d6) d 6.81 (t, 1H, J = 7.43 Hz), 6.60 (d, 1H, J = 8.21 Hz),

6.50 (d, 1H, J = 8.21 Hz), 6.38–6.31 (m, 3H), 5.64 (d, 1H,

J = 8.61 Hz), 5.53 (d, 1H, J = 8.61 Hz), 4.85 (s, 2H,

disappear after D2O exchange), 4.75 (s, 1H) 3.67 (s, 3H),

3.16 (s, 3H), 3.15–3.08 (m, 3H), 3.01–2.97 (m, 1H),

2.45–2.21 (m, 3H), 2.26 (s, 3H), 2.07 (ddd, 1H,

J1 = 5.09 Hz, J2 = 12.92 Hz, J3 = 12.81 Hz), 1.72 (brd,

1H, J = 10.96 Hz), 1.12 (dd, 1H, J1 = 6.65 Hz,

J2 = 12.72 Hz) ppm. MS (LCMS) m/z 431.5 (M ? H)?.

The free base of this compound was precipitated by HCl in

diethyl ether to afford its hydrochloride salt. White solid,

m.p. [240�C. Anal. Calcd for C27H32Cl2N2O3�H2O: C,

62.19; H, 6.57; N, 5.37. Found: C, 62.35; H, 6.68; N, 5.16.

7a-40-Amino-phenyl-6a,14a-endo-etheno-

tetrahydrothebaine (compound 7)

2.92 g (yield 77.7%) white needles (methanol) m.p.

200–202�C IR (KBr) 3459.37, 3441.05, 3361.00, 3325.43,

2943.79, 1625.11, 1597.04, 1516.14, 1494.51, 1440.09,

1380.38, 1207.80, 1108.52, 941.33, 824.77, 784.20 cm-1.
1H NMR (DMSO-d6) d 6.80 (d, 2H, J = 8.61), 6.60 (d, 1H,

J = 8.21 Hz), 6.49 (d, 1H, J = 8.22 Hz), 6.38 (d, 2H,

J = 8.22 Hz), 5.59 (d, 1H, J = 8.61 Hz), 5.53 (d, 1H,

J = 8.61 Hz), 4.79 (s, 2H, N–H disappear after D2O

exchange), 4.72 (s, 1H), 3.67 (s, 3H), 3.14 (s, 3H),

3.15–3.07 (m, 3H), 2.98 (dd, 1H, J1 = 6.26 Hz, J2 =

9.39 Hz), 2.45–2.38 (m, 1H), 2.40 (dd, 1H, J1 = 6.65 Hz,

J2 = 18.78 Hz), 2.26 (s, 3H), 2.22 (dd, 1H, J1 = 3.92 Hz,

J2 = 8.60), 2.05 (ddd, 1H, J1 = 5.48 Hz, J2 = 13.10 Hz,

J3 = 12.72 Hz), 1.71 (brd, 1H, J = 10.96 Hz), 1.09 (dd,

1H, J1 = 6.26 Hz, J2 = 12.71Hz) ppm. MS (LCMS) m/z

431.5 (M ? H)?. The free base of this compound was

precipitated by HCl in diethyl ether to afford its hydro-

chloride salt. White powder, m.p.[240�C. Anal. Calcd for

C27H32Cl2N2O3�H2O: C, 62.19; H, 6.57; N, 5.37. Found: C,

62.60; H, 6.73; N, 5.16.

In vitro j binding and agonistic activities of synthesized

compounds

Compound 1 and compounds 5, 6, and 7 with functional

amino group were considered for pharmacological assays

since it was the primary objective in this study to examine the

influence of amino attachment on j-opioid receptor profiles

of 7a-phenyl-6a,14a-endo-etheno-tetrahydrothebaine.

Competitive binding assay was carried out to determine

the binding affinities of four compounds in Chinese ham-

ster ovary cells (CHO) stably expressing j-opioid recep-

tors, which were established and successfully used to
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determine the binding affinity of compounds to j-opioid

receptor. The results showed that compound 1 (7a-phenyl-

6a,14a-endo-etheno-tetrahydrothebaine) did not bind to

j-opioid receptor expressed in CHO cells (Table 1). When

hydrogen atom of the 7a-phenyl group was replaced by

amino group, three compounds with different spatial dis-

tribution of amino groups were generated. The binding

activities of these three newly synthesized compounds to

j-opioid receptor were substantially increased. All three

compounds displayed similar binding affinities with com-

pound 7 showed a little bit higher inhibitory effect on the

binding of opioid ligand [3H] diprenorphine (Table 1).

To further determine the intrinsic activity, bioassay in

RVD which is reported to contain j-opioid receptor exclu-

sively (McKnight et al., 1982; Oka et al., 1981) was

employed. As shown in Table 1, compound 7 exhibited

evident inhibitory effect on the electrically evoked contrac-

tions of RVD with a pD2 value comparable to that of

butorphanol (pD2 = 6.49 ± 0.39), an opioid by acting pre-

dominantly at j receptors (Gear et al., 1996). The pretreat-

ment of specific j antagonist nor-BNI (1 9 10-8 M) could

largely antagonize the effects of compound 7 (Table 1;

Fig. 2), suggesting a major mechanism for j receptor in its

effects. However, neither compound 5 nor compound 6

(1 9 10-7–1 9 10-3 M) showed any effects on RVD

assays (Table 1).

In vivo antinociceptive activities of synthesized

compounds

The above data indicated that compounds 5, 6, and 7 could

bind to j-opioid receptor with compound 7 showed intrinsic

agonistic activity comparable to butorphanol. The in vivo

analgesic effects were further examined by using tail flick

assay. As shown in Fig. 3, compound 7 displayed dose-

dependent antinociceptive effects with 10 mg/kg dose pro-

duced 100% MPE, whereas compound 6 only showed partial

analgesia effects with 10 mg/kg dose only produced *65%

MPE. While compound 5 was inactive, the ED50 of com-

pound 7 for tail flick antinociceptive test was 4.88 mg/kg.

The antinoceptive effects of compounds 6 and 7 could be

significantly blocked by opioid antagonist naloxone (data not

shown), indicating that this effect was mediated by opioid

receptor.

Computational simulations

The structural motif of 4,5-epoxymorphinane fitted well

among these three compounds. But for the functional

group of hydrogen donor/receptor, only similar spatial

Table 1 Binding affinity (Ki) to j-opioid receptor in CHO cells and

in vitro intrinsic activity in rabbit vas deferens contraction of mor-

phine analogs (pD2 and pA2 after treatment of nor-BNI)

Ki (uM) pD2 pA2
a

Compound 1 Undeterminable -([10-3M) nd

Compound 5 9.91 ± 0.94 -([10-3M) nd

Compound 6 16.0 ± 0.70 -([10-3M) nd

Compound 7 7.89 ± 0.26 5.89 ± 0.51 8.39 ± 0.14

Data from at least three independent experiments

nd not determined
a Pretreated with nor-BNI

Fig. 2 The inhibitory effects of compound 7 (1 9 10-8–

1 9 10-4 M) on the electrically evoked contractions of rabbit vas

deferens. The effects of compound 7 were antagonized by pretreat-

ment with NOR-BNI (1 9 10-9, 3 9 10-9, 1 9 10-8 M)

Fig. 3 The in vivo antinociceptive effects of newly synthesized

7a-40-amino-phenyl-6a,14a-endo-etheno-tetrahydrothebaines (com-

pounds 5, 6, and 7) in tail flick assay. Sample sizes = 10 mice per

group
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distributions of the hydroxy groups of diprenorphine and

BU46 have been found. And the distance between the oxy-

gen atom from diprenorphine and BU46 and the nitrogen

atom from compound 7 was determined to be in the range of

3.75–4.61 Å (Fig. 4).

Discussion

7a-Phenyl-6a,14a-endo-etheno-tetrahydrothebaine and the

nitro group substitution of its 7a-phenyl group are reported to

be almost inactive as opioid ligands (Li et al., 2010). How-

ever, the amino group substitution of 7a-phenyl group of

7a-phenyl-6a,14a-endo-etheno-tetrahydrothebaine, which

generated three compounds with different spatial distribu-

tion of amino groups (o-, m-, p-substitution, respectively),

displayed the binding activity to j-opioid receptor, demon-

strating that the amino group conferred the j binding prop-

erty to the compound. Among three compounds, only

compound with p-substitution (compound 7) showed ago-

nistic activity revealed by in vitro bioassay with RVD,

indicating that p-amino substitution, which is structurally

straightforward spatial attachment to the phenyl group,

conferred j agonist activity. These results further suggest

that the non-straightforward spatial attachment of amino

group (as in the situation of o-, m-substitution) does not

interfere with the binding of compounds to j receptor but

hinders the activation of the receptor. Thus, we propose that

the 7a-phenyl group may primarily function as a scaffold to

hold the amino group to interact with j receptor and the

straightforward spatial attachment of amino group (p-sub-

stitution) favors the further interaction with the agonistic

residue(s) of j receptor. This is further supported by in vivo

antinociceptive tail flick test in which compound 7 displayed

highest antinociceptive activity while compounds 5 and 6

showed partial or little analgesia effects.

Since the p-amino substitution is critical to confer j
agonistic activities, this functional group was compared

with that of other known j agonists of orvinols by

molecular modeling approaches. As a hydrogen donor/

acceptor, the amino group was definitely different to the

hydroxy groups of diprenorphine and BU46 with the dis-

tance between the oxygen atom from diprenorphine and

BU46 and the nitrogen atom from compound 7 determined

to be in the range of 3.75–4.61 Å, suggesting that their

pharmacophore models on j-opioid receptors may be

definitely different. More precise roles of this unexpected

pharmacophore component will be investigated further in

works later on.

In conclusion, three 7a-phenyl-6a,14a-endo-etheno-tet-

rahydrothebaines with o-, m- and p-amino substitution at the

phenyl group (compounds 5, 6, and 7, respectively) were

designed and synthesized. Radioligand binding assay

demonstrated that the introduction of amino group greatly

increased the binding activity to j-opioid receptor. Further

in vitro bioassay with RVD revealed that p-amino substi-

tuted analogue (compound 7) is a typical j agonist which

could be antagonized specifically by a j selective antagonist

nor-BNI. And its j agonist potency was similar to butor-

phanol. But the o-, m-amino substituted analogues (com-

pounds 5 and 6) on 7a-phenyl group failed to produce j
agonistic activities in RVD assays. Moreover, compound 7

showed potent analgesia effect in tail flick assay than other

compounds. In addition, the results of molecular modeling

suggested a novel j agonistic pharmacophore component

absent in other known orvinols might exist. All these data

indicate that p-amino substitution conferred j agonist

activity, suggesting that 7a-40-amino-phenyl-6a,14a-endo-

etheno-tetrahydrothebaines with p-amino substitution may

contain a novel pharmacophore component and could be

considered as a leading compound for novel antinociceptive

agents.
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