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Synthesis of opioid ligands having oxabicyclo[2.2.2]octane
and oxabicyclo[2.2.1]heptane skeletons
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Abstract—Two types of novel skeletons were synthesized from morphinan and 4,5-epoxymorphinan derivatives by using stable and
unstable sulfur ylide.
� 2007 Elsevier Ltd. All rights reserved.
Buprenorphine1 and etorphine2 are potent l and e opi-
oid analgesics, and like opiate analgesics in general, they
can cause serious respiratory depression. However, these
two particular analgesics produce an especially danger-
ous form of respiratory depression that cannot be
reversed by the l opioid antagonist naloxone.1 This
resistance to naloxone antagonism is generally attrib-
uted to the high affinity of these opiates for the l recep-
tor and to their high lipophilicity.1,3

TAN-821 is a potent and selective e opioid receptor ago-
nist that produces strong analgesia in vivo.4 However, it
is not selective enough for the e receptor and in fact has
been found to bind in vitro (mouse vas deferens assay)
to the l opioid receptor type.

These three compounds share a common 6,14-endoeth-
anotetrahydrothebaine skeleton with a 7,8-methylene
bridge (1). We hypothesized that the strong affinity of
these compounds for l opioid receptor may derive in
part from the high lipophilicity conferred by this bridge.
If so, introduction of a hydrophilic group should reduce
their affinity for l opioid receptor. We therefore
designed a novel compound with hydrophilicity at its
bridge position, namely, 17-(cyclopropylmethyl)-4,5a-
epoxy-3,6-dihydroxy-8-oxa-6,14-endoethanomorphinan
(2), to improve the e selectivity of TAN-821 in vitro
(Fig. 1).
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On the basis of the above discussion, we have previously
synthesized a novel acetal (3) with a 17-(cyclopropyl-
methyl)-4,5a-epoxy-3,6-dihydroxy-8-oxa-6,14-endo-
ethanomorphinan skeleton.5 However this compound
was not stable, with facile opening of the ether ring that
afforded the corresponding hydroxy aldehyde (4).

Therefore we sought to synthesize stable basic skeleton
2, and in the course of these studies, we developed
new synthetic methods for oxabicyclo[2.2.2]octane (2)
and oxabicyclo[2.2.1]heptane skeleton (5) (Fig. 2).

Here we report the new synthetic methods for the two
skeletons using two types of sulfur ylides.

As 6-keto group of naltrexone is accessible to nucleo-
philic attack from the b side to give an a alcohol deriv-
atives, we tried to obtain 6-a-epoxide of naltrexone
derivative (7) by use of a stable sulfur ylide derived from
trimethylsulfoxonium iodide.6 The a epoxide (7) was
expected to convert to the objective oxabicyclo-
[2.2.2]octane derivative (2), however, only b epoxide
(6) was obtained in 67% yield, but not the objective a
epoxide (7) (Scheme 1).

Although nucleophilic attack occurred from the b side
of naltrexone methyl ether, we speculated that the kinet-
ically formed a hydroxy intermediate (8) was returned to
the original ketone because of the strong dipole–dipole
interaction between 4,5-epoxy ring and the resulting a
hydroxy group. Ultimately, nucleophilic attack of the
reagent occurred from the a side because of reversible
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reaction of stable ylide to afford the resulting stable b
alcohol (9) without the dipole–dipole interaction as
shown in Scheme 2.

If this postulation was correct, 4,5-epoxy ring-opening
compound (10)7 could give the objective a epoxide
(11) by the reaction with the stable ylide. Although com-
pound (10) has a 4-hydroxy group without a 4,5-epoxy
ring, it may be rather more flexible and the 4-hydroxy
group could move to a position which could not partici-
pate in a dipole–dipole interaction with the a hydroxy
group at 6 position. So a epoxide (11) will be expected
to convert to the objective compound (12). However,
surprisingly, when ring-opening compound (10) was
treated with the stable ylide at 55 �C, an unexpected
product (5) was obtained in 58% yield (Scheme 3).

The structure determination of compound (5) was exam-
ined by NMR and mass spectroscopy, and its stereo-
chemistry was elucidated by 1H NMR and NOE
experiments.8 NOE was observed between the methyl-
ene and C5-equatorial protons, and the methylene
and C7-equatorial protons. Long-range coupling was
also observed between the C5-equatorial and C7-equa-
torial protons (J = 3.0 Hz). In the HMBC spectrum of
5, the proton signals at 3.86 ppm and 3.94 ppm (each
methylene proton) showed a correlation with the carbon
signals at 88.78 ppm (C6), respectively (Fig. 3).
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To investigate the source of the unexpected cyclization,
a compound with oxabicyclo[2.2.1]heptane skeleton
(15) was obtained from a precursor without a 4-hydr-
oxy group (13),7 employing the same stable ylide via
a epoxide (14). The reaction of morphinan methyl ether
(13) with the stable sulfur ylide derived from trimethyl-
sulfoxonium iodide was effected at room temperature
and the definitive intermediate, a epoxide (14), was iso-
lated, and then treated with sodium hydride in DMF
at 80 �C to afford objective bicyclic compound (15)
(Scheme 4).

Cyclization of 14 may proceed via boat conformation.
The distance between the 14-hydroxy group and the 6-
quarternary carbon would be closer than the distance
between the 14-hydroxy group and methylene carbon
of the a epoxide, which might lead to the cyclization
to afford 15 as shown in Scheme 5. On the other hand,
Baldwin’s rule could explain this selective cyclization.

This reaction was also conducted using the unstable
ylide derived from trimethylsulfonium iodide to give a
epoxide (14) in 65% yield, which was treated with
sodium hydride in DMF at 80 �C to give the objective
compound (15) (Scheme 6).

On the other hand, when naltrexone methyl ether was
treated with the unstable ylide at 0 �C in THF–DMSO,
initial objective product (2) was obtained in 62% con-
comitant with the methyl ether derivative (16) (Scheme
7).

The structure of 2 was confirmed by NMR, mass spectra,
X-ray crystallographic analysis, and its stereochemistry
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was elucidated by 1H NMR spectrum.9 Long-range cou-
pling was observed between the 7- and 7 0-axial protons
(J = 3.0 Hz), and the 5- and 7 0-equatorial protons
(J = 1.5 Hz), respectively. In the HMBC spectrum of



Scheme 5.

Scheme 6.

Scheme 7.

H. Nagase et al. / Tetrahedron Letters 48 (2007) 2547–2553 2551
2, the proton signals at both 3.78 ppm (C7–H) and
3.84 ppm (C7–H) showed a correlation with the carbon
signals at 72.66 ppm (C14) (Fig. 4).

In this case, once this unstable ylide attacked from the b
side of 6-ketone, this ylide cannot be displaced because
of irreversible reaction, and the presence of the 4,5-
epoxy ring may disturb formation of ideal boat form
of the resulting compound (14), which may bring the
14-hydroxy group and the methylene group of the
Figure 4.
methyl sulfonium portion into closer proximity than
the corresponding 6-carbon of 17 to give the oxabicy-
clo[2.2.2]octane skeleton (Scheme 8).

Demethylation of 2 using 1-propanethiol afforded 18
(Scheme 9).10 The structure of 2 was also confirmed by
the X-ray crystallographic analysis of 18 (Fig. 5).11

In summary, we successfully obtained two types of novel
skeletons from morphinan and 4,5-epoxymorphinan
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derivatives by using stable and unstable sulfur ylides.
The ring strain of the 4,5-epoxy ring led to oxabicy-
clo[2.2.2]octane skeleton by the reaction with unstable
ylide, but not with the stable ylide. On the other hand,
morphinan derivative without the 4,5-epoxy ring affor-
ded the oxabicyclo[2.2.1]heptane skeleton independently
by stability of the ylide.
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