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Abstract—A very short and efficient synthesis of (—)-centrolobine has been achieved by using two successive one-pot reactions. The
first sequence involves a cross-metathesis reaction/hydrogenation/lactonization and the second sequence is a Grignard addition/

reduction.
© 2004 Published by Elsevier Ltd.

The most straightforward synthesis of functionalized
organic compounds would ‘ideally’ require the develop-
ment of one-pot or successive one-pot reactions from
commercially available and inexpensive starting materi-
als. The use of catalysts able to mediate multiple proc-
esses at different rates or under varied conditions
would further simplify these assembly protocols. Re-
cently, we have shown that a one-pot tandem cross-
metathesis/hydrogenation procedure could be achieved
at room temperature under atmospheric pressure of
hydrogen in the presence of the Hoveyda ruthenium cat-
alyst II and PtO, to produce substituted lactones from
homoallylic alcohols.! Furthermore, we have shown
that 2,5-disubstituted tetrahydrofurans were obtained
with good diastereoselectivity from lactones by addition
of Grignard reagents, followed by BF3;-OEt,~Et;SiH
reduction, in a one-pot procedure.? (Scheme 1).

Here, we report a straightforward synthesis of optically
pure (—)-centrolobine that highlights the utility of these
two successive one-pot reactions. (—)-Centrolobine is an
antiprotozoal natural product from the Amazon forest
isolated from the heartwood of Centrolobium robustum
and from the stem of Brosinium potabile.’ (Fig. 1).
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Figure 1.

Although the basic structure of (—)-centrolobine was
elucidated in 1964,3* its absolute configuration was
only established in 2002 by an enantioselective total syn-
thesis.* Since then, two enantioselective syntheses of
(—)-centrolobine have been achieved, one uses a Prins
cyclization,® and the other a reductive etherification of
3-trialkylsilyloxy substituted ketones.®
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Our total synthesis of (—)-centrolobine involves the ini-
tial selective protection of 3-(4-hydroxyphenyl)-1-propa-
nol 1 to the corresponding monobenzyl ether 2 (90%
yield) by using benzylbromide (0.95equiv) [NaH
(0.95equiv), DMF, 50°C, 12h]. Two steps were neces-
sary to transform 2 into the optically active homoallylic
alcohol 3, a precursor of the tetrahydropyran ring of
(—)-centrolobine. After oxidation of 2 with PCC
(CH,Cl,, rt, quantitative), the resulting aldehyde was
treated with the highly face-selective enantioselective
allyltitanium complex (S,S)-I’ (Scheme 2). In this
manner, the homoallylic alcohol 3 was obtained in
61% yield with an enantiomeric excess superior to 95%.8
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Scheme 2. Synthesis of (—)-centrolobine. (a) NaH, BnBr, DMF, reflux
90%; (b) i. PCC, CH,Cl,, rt, quantitative; ii. (S,S)-1, ether, —78°C,
61%; (c) acrylic acid (4.2equiv), IT (3.7mol%), CH,Cl,, two days then
Pd/C (2.2mol%), H,, four days, 56%; (d) i. 4-methoxyphenylmagne-
sium bromide (4equiv) THF, —78°C, 1h; ii. TMSOTS (4equiv) and
Et;SiH (4equiv), —78°C then rt, 1h, 23%; (e) 4-methoxyphenylmag-
nesium bromide (3equiv) THF, —78°C, 1h; (f) BF;-Et,O (3equiv) and
Et;SiH (4equiv), CH,Cl,, —78°C then rt, 1h, 40% from 4.

The transformation of homoallylic alcohol 3 into lac-
tone 4 was achieved according to the one-pot procedure
that we have previously devised' with the modification
of using the more commonly used Pd/C instead of
PtO, in the hydrogenation step. After treating the
homoallylic alcohol 3 with acrylic acid (4.2equiv) in
the presence of the Hoveyda’s catalyst II (3.7mol%) in
CH,Cl, for two days at rt, Pd/C (2.2mol%) was
added and the reaction mixture was placed under one
atmosphere of hydrogen for four days. Lactone 4 was
produced in 56% yield from homoallylic alcohol 3.° This
transformation implies four one-pot reactions, a cross-
metathesis (CM), a hydrogenation, a lactonization and
a debenzylation. The use of Pd/C instead of PtO,
allowed us to improve the in situ debenzylation of the
phenol function. Lactone 4 was then transformed into

(—)-centrolobine in two steps. After treatment of 4 in
THF at —78°C for 1 h with 4-methoxyphenylmagnesium
bromide (3.0equiv), lactol 5 was obtained in equilibrium
with the 5-hydroxyketone. The addition of Et;SiH
(4.0equiv), in the presence of BF3Et,O (3.0equiv)
(CH,Cl,, —78°C then rt, 1h), to the crude lactol 5
afforded (—)-centrolobine with a nonoptimized 40%
overall yield from lactone 4. (—)-Centrolobine was thus
obtained in a 12% overall yield from 3-(4-hydroxyphen-
yl)-1-propanol 1. The analytical and spectroscopic data
of (—)-centrolobine thus obtained including IR, 'H
NMR and '>C NMR as well as the optical rotation
[oc]g) —94.0 (¢ 0.33, CHCIl;) were in perfect agreement
with those previously reported in the literature
([2]3) =92.2 (¢ 1.0, CHCl)).>

It is worth noting that a one-pot transformation of 4
into (—)-centrolobine, implying two successive one-pot
reactions, was also tested. Lactone 4 was transformed
into (—)-centrolobine by addition of 4-methoxyphenyl-
magnesium bromide (1M solution in THF, 4.0equiv,
CH,Cl,, —78°C), followed by the addition at —78°C
of TMSOTT (4.0equiv) and Et;SiH (4.0equiv). After this
successive one-pot reaction (—)-centrolobine was iso-
lated in 23% yield (Scheme 2).

The two reported synthetic approaches to (—)-centrolo-
bine are very short and efficient. By performing two suc-
cessive one-pot reactions, purification of the
intermediates was avoided and this is very attractive
for large scale preparations. As the reactions used are
quite versatile, an expeditious preparation of a small
library of analogues should be achieved in a straightfor-
ward manner. This work is ongoing in our laboratories
as well as the structure—activity relationship of the
libraries.
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