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A Stereoselective Total Synthesis
of 14-Hydroxymorphinans. Grewe Approach
Sir:

The 3,14-dihydroxymorphinans have been synthesized by
modification of thebaine! and by total synthesis.? Since a
number of these compounds have shown interesting biological
properties, in particular, clinically effective analgesia2> (bu-
torphanol, 1a) and strong narcotic antagonism? (oxilorphan,
1b), a new synthesis in which optical resolution could be ac-
complished at an earlier step was desirable. Thus a modifica-
tion of the classical Grewe synthesis of morphinans** to the
synthesis of 14-hydroxymorphinans, using a common inter-
mediate 1-p-methoxybenzyloctahydroisoquinoline (2a)
(Scheme I) attracted our attention.6
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a) butorphanol R = CHZ-O

b) oxilorphan R = CHZ—Q

We now report on the first successful synthesis of 14-hy-
droxymorphinans via a Grewe synthesis, using 2a as starting
material. An initial attempt was to epoxidize amide 2b (mp
75-78 °C),” to the corresponding trans epoxide (3b), which
would be expected to undergo a direct one-step acid-catalyzed
epoxide opening-cyclization, to give 7b, However, a mixture
of epoxides was obtained in which 4b was the major product,
and thus an efficient direct cyclization was precluded. The
mixture was separated by column chromatography to give 4b
(mp 84-86 °C from petroleum ether) and 3b (mp 102-105 °C)
in 9:1 ratio. Treatment of 4b with sodium borohydride in eth-
anol under reflux for 1 h gave 4a, an oil, in quantitative yield,
whereas 3b required treatment for 20 h under the same reac-
tion conditions to give 3a (mp 69-70 °C). Acid-catalyzed
hydrolysis of 4a gave stereoselectively the product of C-10
opening, the diol 6a (mp 159-160 °C), while the same treat-
ment of 3a resulted in a 7:3 mixture of 5a (mp 156-157 °C)
and 6a, respectively. In contrast to these results, acid-catalyzed
opening of epoxide 3b gave exclusively the product of C-10
opening, the trans diol 5b (mp 103-105 °C), whereas 4b gave
a mixture of 46% 5b and 54% 6b (mp 84-85 °C).

The structure and stereochemistry of the diols was indicated
by the fact that both 5a and 5b upon treatment with phosphoric
acid (5 days, 65 °C) gave 14-hydroxymorphinan (7a), albeit
in yields (4-6%) and with decomposition of starting materials.
However, under the same reaction conditions, 6a and 6b were
completely destroyed. The structural assignments of 5a and
6a were confirmed by an x-ray crystallographic study,® which
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showed that these compounds exist in the conformations shown
in Figure 1. The stereochemistry of epoxides was deduced from
the expected exclusive or preferential C-10 opening by analogy
to previous results in the V-methyl series (3e, 4¢) by Onda et
al.% and in the N-methyloctahydroisoquinoline series by Grob
and Wohl.?

Clearly, for the practical synthesis of 14-hydroxymorphinans
a stereoselective C-9 opening of a suitable cis epoxide 4 to a diol
5 and an efficient cyclization of 5 to 7 were essential. The first
indication that the cyclization step may be improved was ob-
tained in the reaction of borane complex of 5a with phosphoric
acid. This reaction was cleaner (no destruction of starting
material was observed), the reaction time was shorter (4-5 h),
and the yield of 7a was higher (14-16%). Finally, yields in both
the epoxide opening and the diol cyclization were further
dramatically improved with the introduction of various other
substituents on the nitrogen atom as illustrated below for the
synthesis of butorphanol.

Acylation of 2a by a standard procedure readily afforded
the amide 2¢ (mp 89-91 °C). Epoxidation of 2¢ with m-
chloroperbenzoic acid gave a 1:4 mixture of 3¢ (mp 118-120
°C) and 4¢ (mp 77-78 °C), which was separable by column
chromatography. Acid-catalyzed opening of 3¢ gave stereo-
selectively the product of C-10 opening, the trans diol S¢ (mp
148-150 °C). The same diol was the major product of the re-
action of the cis epoxide 4¢ indicating a stereoselective opening
at C-9. The ratio of Sc to 6¢ (mp 90-92 °C) was 7:3. When the
mixture of epoxides (3¢ and 4c¢) in 2-butanone was treated with
64% sulfuric acid for 16 h, followed by addition of water, re-
moval of organic solvent by distillation, and heating of the
aqueous phase under reflux for 1 h, the trans diol 5¢ crystal-
lized upon cooling in 75% overall yield from 2a. Reduction of
Se with LiAIH, gave 5d (92%, mp 120-122 °C). Treatment
of a solution of §d in THF with slight excess of BH3-THF,
followed by concentration and treatment of the residual solid
borane complex with 15 parts of anhydrous phosphoric acid
at 40-45 °C for 16 h gave, after workup, 7d, in 65-70% yield.
Demethylation of 7d to 1a has been described earlier.2

This synthesis was successfully repeated with optically active
2a,'9 giving the optically active 7d, thus eliminating costly
last-step resolution in the original synthesis.?

The use of amine-borane complex in Friedel-Crafts-type
cyclization, to the best of our knowledge, has not been previ-
ously recorded, although its use as a protective group in in-
termolecular oxidative phenol coupling!! and transformation
of proerythrinodienone to aporphine!2 has been described re-
cently.
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Regio- and Stereoselective ¥ Substitution of

Allylic Alcohols with Alkyllithium Compounds by
Using N,N-Methylphenylaminotributylphosphonium
TIodide. Anti Stereochemistry of Sn2’ Reaction!

Sir.

The carbon-carbon bond formation by direct substitution
of a hydroxyl group of allylic alcohols with a carbon moiety is
one of the most attractive pathways for synthesis of olefinic
compounds, since allylic alcohols are often naturally occurring
key intermediates? and many highly selective, potentially
useful methods for synthesis of allylic alcohols have recently
been explored.?

Previously, we reported that the regioselective synthesis of
olefins by coupling of allylic alcohols with organolithium
compounds using NV,N-methylphenylaminotriphenylphos-
phonium iodide.* We now wish to report that the selective
v-alkylation of allylic alcohols with organolithium compounds
in conjunction with N,N-methylphenylaminotributylphos-
phonium iodide (1) proceeds as depicted in eq 1. The alkylation
provides an efficient single-step process for regio- and stereo-
selective synthesis of olefins from allylic alcohols. It is expected
that the process will find widespread use and that in many in-
stances it will be found superior to current procedures.>-’

3 1. CHgLi 3
1 / OH 2. Cul 1 N\ R4
R\C¢C\C/ 3. RLi R\C/C\C/
RY ;T R + R N 5

R4 4. BugPN(CHyPnI” (1) Y R

Reagent 1is easily prepared by the addition of the equivalent
of phenyl azide to tributylphosphine in ether at reflux, followed
by treatment with excess methyl iodide at reflux in 90% yield,
mp 120-120.5 °C (recrystallized from ethyl acetate). The
following procedure for the preparation of trans-5-undecene
is representative of the alkylation. To a suspension of cuprous
iodide (1.90 g, 10 mmol) in dry THF (20 mL) was added a
solution of the lithium allyloxide, prepared in a separate flask
from 1-hepten-3-ol (1.14 g, 10 mmol) and ethereal methylii-
thium (1.23 M, 8.2 mL) at 0 °C, with stirring at room tem-
perature. After additional stirring for 30 min, the resulting
green-brown solution was cooled to —78 °C, and then a solu-
tion of butyllithium in hexane (1.34 M, 7.4 ml) was added over
a 5-min period. Subsequently, to the resulting brown suspen-
sion a solution of 1 (4.35 g, 10 mmol) in dry DMF (40 mL) was
added at the same temperature, and the reaction mixture was
allowed to warm to room temperature. The brown suspension
became a homogeneous solution. After additional stirring for
3 h, ether and an aqueous saturated NH4Cl solution were
added to the reaction mixture (at 0 °C), which was then fil-
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