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ABSTRACT

7,8-Didehydro-3,4-dimethoxy-17-methylmorphinan-6-one (2) was prepared by reductive opening of
the epoxy bridge of codeinone, followed by methylation with Rodionow's reagent. Reduction
of the title compound with sodium tetrahydroborate in the presence of cerium(IIl)
chloride afforded a mixture of 7,8-didehydro-3,4-dimethoxy-17-methylmorphinan-6a-ol (3) and
-68-01 (4) in a ratio of 4:1 from which the 6a-epimer was crystallized and converted into the
acetate (7).

INTRODUCTION

In our search for new synthetic pathways to wmorphinan-6,8-dienes, we investigated the
synthesis of 3-benzyloxy-7,8-didehydro-4-methoxy-17-methylmorphinan-6-one (l)l. This compound
may be used as starting material for the preparation of morphinan-6,8-dienes via the
reduction of 1 to the morphinan-6a-ol, followed by the introduction of the diene system by
analogy with the synthesis of 6-demethoxythebaine from codeinez.

In order to atudy the regio- and stereoselective reduction of 7,8-didehydromorphinan-6-ones
we used 7,8-didehydro-3,4-dimethoxy-17-methylmorphinan-6-one (2) as a model compound.

We wish to report here a simple synthesis of 2 from codeinone (5), and the results of the
reduction of this model compound by a variety of reducing agents (Scheme 1). Results show the
formation of 7,8-didehydromorphinan-6a-0l 3 and 7,8-didehydromorphinan-68-ol1 4, both of which

are suitable intermediates for further studies on the synthesis of morphinan-6,8-dienes.
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RESULTS AND DISCUSSION

Model compound 2 can be prepared in two steps from readily accessible codeinone (8). The
reductive opening of the epoxy bridge of § was accomplished selectively using zinc dust at
0 °C. The similar conversion of 1 proceeded better when activated zinc dust was used at room
temperature. One can note that compound 5 is more reactive than the corresponding 3-bensyloxy
analogue 1 with respect to both the scission of the 4,5x—epoxy bridge and the hydrogenation
of the C-7/C-8 double bond.
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Scheme 1. Synthesis of 7,8-didehydro-3,4-dimethoxy-17-methylmorphinan-6-ols (3 and 4) from
codeinone (5).

Treatment of 5§ with gzinc dust and equeous asmmonium chloride in acetone afforded
quantitatively 7,8-didehydro-4-hydroxy-3-methoxy-17-methylmorphinan-6-one (thebainone-A, 6).
The free phemolic hydroxyl group of thebainone~A was methylated in order to avoid inter-
ference with hydride reagents and to protect it from oxidation. This was effected with
Rodionow's reagent (trimethylphenylammonium chloride and sodium wethoxide), giving 2 in 92%
yield. To prevent the formation of tarry oxidation products the reaction was carried out in a
nitrogen atmosphere. The reduction of 2, which was purified by recrystallization, was carried
out with sodium tetrahydroborate in absolute sthanol in the presence of anhydrous cerium(III)
chloride, and efforded in 84X yield a mixture of 7,8-didehydro-3,4-dimethoxy-17-methyl-
morphinan—6a-0l (3) and the 6f-epimer (4) in a ratio of 4:1. The major epimer was isolated by
crystallization from ethyl acetate, and it proved to be the 6x-alcohol (3) according to 200

MH:z 1ll NMR data. The most significant structural difference between the 6a-0l and the 68-ol
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is the position of the C-6 proton relative to the C-5 protons. We measured a coupling
constant of 1.4 Hz between the 58 proton and the C-6 proton. Thia is in agreement with the
structure of the «-epimer in which the dihedral angle between H~-58 and H-68 is approximately
60%, as depicted in Scheme 2. In the f-epimer the dihedral angle between H-58 and R-6a is

about 180°, which would correspond with a coupling constant of 5-10 Hz.
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Scheme 2. Newman projections along the C-5/C-6 axis of the epimeric 7,8-didehydromorphinan-6-

ols 3 and 4, respectively.

Using silicagel chromatography only a mixture of 3 and 4, enriched in 4, was isolated from
the mother liquor. Due to the presence of the a—epimer, the coupling constant between H-58
and R-6a of 4 could not be determined unambiguously.

The «x-epimer 3 was converted into the acetate 7 with acetic anhydride and triethylamine in
the presence of the acylation catalyst 4-dimethylaminopyridine (MAP)S. The allylic acetate 7
may be an interwediate in an alternative synthetic route to morphinan-6,8-dienes in which
acetic acid is eliminated with the aid of tetrakis(triphenylphosphino) palladiu-(O)A.

For the preparation of the morphinan-6,8-diene according to the procedure described for
oodeinez, 2 should be reduced stereoselectively to 3. Therefore, various reducing agents have
been examined for the improvement of the stereoselectivity. Lithium tetrahydridoaluminate,
aluminium hydride, and diisobutylaluminium hydride gave the above mentioned epimeric mixture
of 3 and 4 in about the same ratio of 4:1. Sodium tetrshydroborate/cerium(111) chloride in
sbsolute ethanol gave the best results, regarding both the stereoselectivity and the
simplicity of the procedure. The advantageous effect of cerium(IIl) ions on this reduction

3+-catalyzed formation of bulky triethoxyhydroborate ion.5 with

can be attributed to the Ce
which the reduction takes place from the least hindered side of the morphinan molecule, i.e.

the p-face. It was expected that increasing the size of the reducing speciea would enhance

the stereoselectivity. However, by employing l-prop 1 or 2-prop 1 as solvent the
conversion was slow and incomplete. Other reducing agents such as lithium tri(teret-
butoxy)hydridoaluminate, lithium tri( sec-butyl Yhydroborate (L-Selectride), 9-bora-
bicyclo[2.2.1)nonane (S-BBN) and diborane did not improve the stereoselectivity either, under

the circumstances examined.
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EXPERIMENTAL

Reactions were wonitored by thin layer chromatography on deactivated silica, Merck F254
Kieselgel, with dichloromethane/methanol/concentrated amsonia 86:15:0.1 as the eluent.
Detection took place with UV light (A = 254 nm) and iodine vapour. Gibb's reagent was used to
detect compounds with phenolic hydroxyl (roupcs. Analytical HPLC was performed on a reversed-
phase column (10 x 0.8 mm, Nucleosil C18, 10 m) using a Waters Associates M-6000 chroma-
tographic pump. Detection took place with an ERMA ERC 7610 RI-detector. Water/methanol/tri-
fluoroacetic acid 50:50:0.1 was used as the eluent. 60 Miz 1
Varian T60 NMR spectrometer, using deuteriochloroform as the solvent and tetramethylsilane as
the internal standard. 200 MHz lIl NMR spectra were recorded by Dr. J.4. Peters, using a
Nicolet NT 200 WB spectrometer. Infrared spectra were recorded on a Beciman IR 4210
spectrophotometer, using KBr discs. Mass spectra were recorded on a Varian MAT 31]1A mass
spectrometer by Mrs. A.H. Anol-Kaliwan, Mr. H.M.A. Buurmans and Dr. 8. van de Graaf. Optical
rotations were measured on a Perkin-Elmer Pl141 polarimeter, using a mixture of
chloroform/ethanol 9:1 as the solvent. Melting points are uncorrected and were determined on
a Biichi 510 melting point apparatus.

H NMR spectra were recorded on a

7, 8-Didehydro—4-hydroxy-3-methoxy-17-methylmorphinan-6-one (thebainone A, 6)
Thebainone A (6) was obtained from codeinone (8) according to ref. 1.

7, 8-Didehydro~3, 4-dimethaxy-17-methylmorphinan-6-one (2)

Trimethylphenylammonium chloride (10.79 g, 62.3 mmol) and sodium methoxide (7.4 g, 138 mmol)
were added to a solution of 6 (9.82 g, 32.8 weol) in 300 ml of anhydrous dioxane in a
nitrogen atmosphere. The wmixture was stirred vigorously and boiled under reflux. After 1 h
the starting material had disappeared (TLC, Gibb’'s reagent and iodine vapour). The reaction
mixture was cooled to room temperature and filtered. The residue was washed with 50 ml of
wars dioxane and the combined filtrates were evaporated to dryness under reduced pressure.
The brownish oily residue was dissolved in 5 m) of methanol. Then 100 ml of water was added
and, subsequently, glacial acetic acid until the precipitate had dissolved again. This
solution was extracted with hexane (5 x 50 ml) to remove the N, A dimethylaniline (TIC, Gibb's
reagent produces a bright blue colour with N, Adimethylaniline). The aquecus layer was
rendered alkaline with concentrated ammonia (pH > 11) and extracted with dichloromethane (4 x
50 ml). The combined extracts were washed with 2N asmonia (3 x 50 ml) and dried over sodium
sulfate. After evaporation to dryness, a brownish oil was obtained which solidified upon
trituration with ether (9.64 g, 30.8 mmol, 94%, pure according to HPIC).

The compound was recrystallized from ethyl acetate giving 3.47 g of 2. An analytical sample
showed m.p. 168-169 °C, (a]2® -69° (c 1). Ms: M} 313. "W Mem: & 2.39 (s, 30, NCH,), 3.78 (s,
34, 3-00113). 3.90 (s, 3H, 4—ocu3). 5.88 (dm, 2H, J.’ 8 9.7 Hz, H-7 and H-8), 6.72 (m, 2H, H-1
and B-2). IR: 1670 ca ! (vs, C=0). ’

7, 8-Didehydro-3, 4-dimethoxy-17-methylmorphinan-6a-ol (3)

A solution of 5 g (13.4 wmol) of ceriwm(III) chloride heptahydrate in 25 ml of absolute
ethanol and 15 ml of toluene was evaporated to dryness in vacuo to remove the water of
crystallization. Sodium tetrahydroborate (1.0 g, 27 mmol) was added all at once to a stirred
solution of the anhydrous cerium(III) chloride and 1.34 g (4.3 mmol) of 2 in 100 =l of
absolute ethanol. After 20 min the starting material had disappeared (TIC), and the reaction
was stopped by adding 100 ml of 2N asmonia (pH 3> 11). The mixture was filtered over hyflo and
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the residue was washed with dichloromethane (15 ml). The filtrate was extracted with
dichloromethane (3 x 15 ml). The combined extracts were washed with 2N ammonis (3 x 15 ml),
then with saturated sodium chloride (15 ml) and, finally, dried over sodium sulfate. After
evaporation of the solvent, 1.12 g (3.6 mmol, B3X) of a colourless product was obtained,
according to HPIC a 4:]1 mixture of two compounds.

Recrystallization from ethyl acetate yielded pure 3. M.p. 127-128 *cC, [m]§5 +87° (c 1). MS:
M 315, ll!"' §1.71 (2 x d, 1R, Jsa“ 14.6 Hez, 5«6953&’ B-5a), 2.36 (s, 3H, ncns).
3.48 (2 x t, 1H, J, ’“14111, ',5058 14.6 He, B-58), 3.77 (s, 3H, 3-00!13). 3.92 (s, 31,
4—00113). 4.20 (m, 1H, B-6), 5.60 (4, lﬂ. J., 89811: B-8), 5.78 (m, 1H, B-7), 6.74 (2 x d,
28, J10.3 Hz, H-1 and H-2). IR: 3280 cm (br, 6-OH) .

ba-Acetaoxy-7, 8-didehydro-3, 4-dimethoxy-17-methylmorphbinan (T)

Acetic anhydride (250 pl) and triethylamine (250 ui) were added to a solution of 200 mg (0.64
mmol) of 3 in 4 ml of dichloromethane. 4-Dimethylaminopyridine (8 mg, 0.07 mmol) was added
and the mixture was stirred for 24 h at room temperature. The reaction mixture was diluted
with 6 ml of dichloromethane and poured onto 15 g of crushed ice. The mixture was rendered
alkaline with concentrated eammovia (pH > 11) and extracted with dichloromethane (3 x 10 ml).
The combined extreacts were washed with 2N ammonia (3 x 10 wml), then with saturated sodium
chloride and, finally, dried over sodium sulfate. The solvent was evaporated under reduced
pressure yielding 190 mg of a yellowish oil. Crystallization from ethyl acetate yielded 70 mg
(0.2 mmol, 31%) of 7, m.p. 146-148 *C, (al2® +35% (c 1). Ms: ! 367. 'n N@: & 1.80 (s, 38,
ooocna), 2.38 (s, 3H, Ncna). 3.73 and 3.78 (2 x s, 6H, 2 x ocna). 5.27 (m, 1H, B-7), 5.77 (m,
1R, R-8), 6.73 (s, 2H, B-1 and R-2). IR: 1728 (vs, C=0).
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