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Treatment of oxazolidinone carboxylic acid 6 with po-
tassium carbonate gave olefin 7 by a double decarboxyla-
tion reaction. The reaction was proposed to proceed via
decarboxylation followed by E1cB-like mechanism.
15,16-Nornaltrexone derivative 17 prepared from double
decarboxylation product 7 showed strong affinity for the
μ opioid receptor, indicating it to be a new opioid lead
compound.

Three types of opioid receptors (μ, δ, κ) are now well-
established not only by pharmacological studies but also by
molecular biological studies.1 The μ receptor type is believed
to be linked to narcotic addiction, and therefore, δ and κ types
are promising drug targets for analgesics without addiction.A
putative ε receptor, which has not yet been cloned, has also

been proposed as another opioid receptor type, and extensive
pharmacological data support its existence.2 To obtain ideal
analgesics without addiction and without other side effects
derived from theμ receptor,wehave synthesized various kinds
of naltrexone derivatives and have reported selective agonists
for δ, κ, and putative ε receptor.3-5 Moreover, we have also
reported many new reactions using naltrexone derivatives.6

Recently, we reported the 16-17 bond cleavage reaction of
the naltrexone derivative 1 to afford oxazolidinone derivative
2 (Scheme 1).6f This cleavage reaction is the first D ring-
opening reaction in the 4,5-epoxymorphinan skeleton and
prompted us to reinvestigate an opioid receptor-ligand bind-
ing model, the Beckett-Casy model,7 using 4,5-epoxymor-
phinan derivatives cleaved in their D rings.8 In the course of
the investigation, we found a novel double decarboxylation
reaction, and one of the resulting derivatives showed stronger
affinity for the μ receptor than did the classical and clinically
used μ agonist morphine. Herein, we describe a novel double
decarboxylation reaction and its application to synthesis of
opioid derivatives with a novel skeleton.

Naltrexone acetal 1 was treated with 1-chloroethyl chloro-
formate (ACE-Cl) in the presence of potassium carbonate in
1,1,2,2-tetrachloroethane (TCE) to give oxazolidinone chlo-
ride 2 (Scheme 1),6f followed by treatment with sodium iodide
to afford iodide 3 in 94%. Ozonolysis of compound 4,

SCHEME 1. C16-N17 Cleavage Reaction
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prepared from iodide 3 by an elimination reaction, gave al-
dehyde 5. The resulting aldehyde 5 was oxidized with sodium
chlorite (Pinnick oxidation)9 to afford carboxylic acid 6.
When the acid 6 was treated with potassium carbonate in
DMF, surprisingly, two carbon dioxide units (carboxyl group
and oxazolidinone unit) were simultaneously eliminated to
give olefin 7 in 93% yield (Scheme 2). The structure of com-
pound 7 was determined by X-ray crystallography.

The mechanism of the double decarboxylation reaction of
6 was assumed to proceed via four-membered ring inter-
mediate (β-lactone) A (Scheme 3).10-12 However, the treat-
ment of compound 8, which lacks a carboxyl group,
with potassium carbonate in methanol and water also
afforded the same decarboxylated compound 7 in 87% yield
(Scheme 4), while the same treatment in DMF furnished the

recovery of compound 8. This result may suggest an E2 or
E1cB elimination mechanism13,14 rather than a mechanism
that proceeds via a β-lactone. Although the E2 elimination
usually proceeds via an antiperiplanar transition state, the
C-Obond of the oxazolidinone ring and the carboxyl group
in 6, and the hydrogen in 8, respectively, lie in a synclinal
conformation, suggesting that the elimination reaction
would not likely occur via an E2 fashion.15,16 Therefore,
the double decarboxylation reaction would proceed by E1cB
mechanism, in which a carbanion B, arising from the first
decarboxylation of compound 6 or the deprotonation in
compound 8 by potassium carbonate, might be stabilized by
the phenyl ring and/or the carbonyl group in the oxazolidi-
none ring (Figure 1).

The decarboxylation of oxazolidinones 6 and 8 is see-
mingly similar to removal of the well-known amino protec-
tive group, the Fmoc group. Fmoc deprotection occurs

SCHEME 2. Elimination of the C15, C16 Moiety SCHEME 3. Proposed Decarboxylation Mechanism of 6 via

Four-Membered Ring Intermediate A

SCHEME 4. Decarboxylation of Oxazolidinone 8
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through cleavage by a weak base such as an amine via
elimination and simultaneous decarboxylation.17

Compound 7 was also obtained by the treatment of 9a0-
acetyl-N-trichloroethoxycarbonyl derivative 9 with potas-
sium carbonate in methanol and water at 80 �C in 80% yield
(Scheme 5). Compound 7 was proposed to be produced by
decarboxylation of 8 (Scheme 6, path A) because the treat-
ment of compound 9 with potassium carbonate at room
temperature gave oxazolidinone 8 (Scheme 5), which was
converted into compound 7 by the same treatment at 80 �C
(Scheme 4). Another possible route was via respective hydro-
lysis of carbamate and elimination of acetate (Scheme 6, path
B). However, path B can be ruled out by the following results.
First, hydrolysis of the carbamate required harsher reaction
conditions and longer reaction time.6f Second, 9a0-acetate 10

washydrolyzedunderbasic conditions togive only compound
12 (Scheme 7). Finally, treatment of compound 9 with zinc in
acetic acid afforded acetamide 14 by migration of the acetyl
group (Scheme 8), which was never converted into olefin 7

with basic treatment. Taken together, these results strongly
suggest that compound 7 would be obtained via oxazolidi-
none 8 (path A) but not by path B (Scheme 6), indicating that
the oxazolidinone structure may play an important role in the
second decarboxylation reaction. Moreover, treatment of
acyclic carbamate 11 with potassium carbonate gave only
compound 12 by hydrolysis. This result supports the impor-
tance of the cyclic carbamate, oxazolidinone structure in the
second decarboxylation reaction.

Compound 7 has a novel structure that loses the D ring (see
Scheme 1) from its 4,5-epoxymorphinan skeleton. Therefore,
wenext evaluated the affinity of compound 17, derived from 7,
for the opioid receptor. Compound 17was prepared from 7, as
shown inScheme9.The secondary amino group in olefin7was
protected by a Cbz group followed by oxidation withmCPBA
and subsequent hydrogenation of 15 to provide compound 16.
The stereochemistries of compounds 15 and 16 were deter-
mined by 2D NMR experiments of their analogues.18 Com-
pound 16 was converted into compound 12 by reductive
alkylation, followed by acidic deprotection of the acetal and
subsequent demethylation with BBr3 to give the objective
compound 17. In the competitive binding assay,6h compound
17 showed stronger binding affinity (Ki = 1.17 nM) for the
μ receptor than that of morphine (Ki = 1.98 nM), thus indi-
cating that it could be a new lead compound useful for
designing receptor-type-selective opioid ligands.

FIGURE 1. Possible effect of the carbonyl group in the oxazolidi-
none ring on stabilizing carbanion B.

SCHEME 5. Elimination Reaction of Compound 9

SCHEME 6. Proposed Decarboxylation Mechanism of 9 via

Oxazolidinone 8

SCHEME 7. Hydrolysis of 9a0-Acetate 10 and 9a0-Carbamate 11

SCHEME 8. Removal of the Troc Protective Group and Mi-

gration of the Acetyl Group
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In conclusion, base treatment of oxazolidinone carboxylic
acid 6 led to the double decarboxylation reaction, affording
olefin 7.We examined the reactionmechanism and proposed
an E1cB-like mechanism via carbanion B but not via a
β-lactone intermediate. The double decarboxylation product
7 was converted into compound 17, which showed stronger
affinity for the μ receptor than morphine.

Experimental Section

Double Decarboxylation Reaction of Compound 6. Under
argon, to a solution of compound 6 (4.3 g, 9.7 mmol) in DMF
(80 mL) was added potassium carbonate (2.9 g, 21.3 mmol) with
stirring at 60 �C for 15 h. The reaction mixture was poured into
distillated water and extracted with chloroform, and then dried
over anhydrous sodium sulfate. After removing the solvent under
reduced pressure, the residue was purified by crystallization from

ethyl acetate solution to give compound 7 (3.2 g, 93%) as
white needles.

Decarboxylation Reaction of Compound 8. Under argon, to
a solution of compound 8 (11 mg, 0.028 mmol) in methanol
(1 mL) was added saturated potassium carbonate solution
(1 mL), and the mixture was stirred at 80 �C for 19 h. The
reactionmixture was poured into distillated water and extracted
with chloroform, and then dried over anhydrous sodium sulfate.
After removing the solvent under reduced pressure, the residue
was purified by silica gel column chromatography (CHCl3/
MeOH = 100/0 to 100/3) to give compound 7 (8.5 mg, 87%)
as white needles.

(3a0R,90R,E)-N-(Cyclopropylmethyl)-50-methoxy-10,3a0,80,90-
tetrahydro-20H-spiro[1,3-dioxolane-2,30-phenanthro[4,5-bcd]-
furan]-90-amine (7): mp 122-123 �C; 1H NMR (300 MHz,
CDCl3) δ 0.06-0.24 (m, 2H), 0.42-0.60 (m, 2H), 0.90-1.06
(m, 1H), 1.89 (dd, J = 6.0, 14.1 Hz, 1H), 1.96-2.10 (m, 1H),
2.18-2.34 (m, 1H), 2.47-2.70 (m, 3H), 2.79 (dd, J= 13.2, 14.7
Hz, 1H), 2.93 (dd, J = 6.9, 15.0 Hz, 1H), 3.61-3.73 (m, 1H),
3.86-4.12 (m, 3H), 3.87 (s, 3H), 4.28 (dt, J = 5.1, 6.3 Hz, 1H),
5.26 (q, J= 3.6 Hz, 1H), 6.58 (d, J= 8.1 Hz, 1H), 6.62 (d, J=
7.8 Hz, 1H); 13C NMR (100MHz, CDCl3) δ 3.3, 3.4, 11.7, 26.0,
30.7, 33.1, 51.7, 56.8, 60.7, 65.3, 66.3, 85.6, 107.0, 113.6, 119.7,
123.7, 127.3, 129.1, 133.1, 143.0, 145.5; IR (KBr, cm-1) 3449,
2882, 1509, 1160, 1104, 951; HR-MS (DART) [MþH]þ calcd
for C21H26NO4 356.1856, found 356.1865.
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