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Received 27 January 2006; received in revised form 3 March 2006; accepted 6 March 2006
Available online 18 April 2006

Abstract

The development of a selective palladium catalyzed homoannular conjugated diene formation and its subsequent application to the synthesis of
7-dehydrocholesterol is reported.
© 2006 Elsevier B.V. All rights reserved.
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. Introduction

Polyoxygenated sterols derivatives have been the subject of
umerous studies in the last 10 years due to their potential bio-
ogical activities. Such sterol metabolites have many important
roperties mostly related to the physiological control of choles-
erol biosynthesis [1,2]. In this area, several investigators have
emonstrated for example that oxygenated cholesterol such as
-ketocholesterol and 25-hydroxycholesterol inhibit the activity
f �-hydroxy-�-methylglutaryl CoA (HMG CoA) reductase, the
ate-limiting enzyme in the biosynthesis of cholesterol, in vari-
us in vitro test system [3–7]. Recently, two new polyoxygenated
terols incrustasterol A and B possessing important cytotoxic
ctivities against tumorous cells have been isolated from the
arine sponge Dysisdea incrustans [8]. To date, all the synthe-

is of these products imply the use of 7-dehydrocholesterol 1 as
tarting material (Scheme 1).

Nevertheless, few methods exist for the synthesis of this latter
erivative in quite good yield: the best result (57% yield) hav-
ng been encountered by thermal decomposition of 7-benzyloxy
holesterol in refluxing dimethylaniline under CO2 atmosphere

of synthetic routes such as �-elimination of a 7-bromide [12] and
a 7-tosylhydrazone [13] have been reported for a steroid 5-ene
to a 5,7-diene. However, these processes involved the difficulty
for separations of the desired 5,7-diene from the by-product 4,6-
diene. In 1990, Tsuji et al. reported a highly selective method
for homoannular conjugated dienes synthesis by the palladium
catalyzed elimination of allylic esters [14]. In continuation of
our work on biologically active sterol derivatives [15–17] and
organopalladium chemistry we report herein the scope and lim-
itation of such a method particularly suitable for the selective
formation of 7-dehydrocholesterol.

At first, �-allylic compounds 5a–5c (R′ = MeCO, CO2Me,
COCF3) were prepared from cholesteryl acetate involving a
stereoselective copper allylic benzoyloxylation key step [18] and
the subsequent formation of diol precursor 4 in 61% yield. Syn-
thesis of the corresponding allylic esters 5a–5c was performed
in pyridine in moderate to good yields varying from 55% to 91%
(Scheme 2).

These different �-allylic steroidal derivatives 5a–5c were
involved in a subsequent palladium catalyzed elimination for
the synthesis of homoannular conjugated dienes 7a–7c in the B
9]. The presence of homo- and heteroannular conjugated dienes
n polycyclic systems are important in organic synthesis such as
or 1�-hydroxyprovitamin D3 [10,11] or compactin. A variety

ring under various experimental conditions (solvent, tempera-
ture and palladium source). Thus, �-allylic esters 5a–5c were
treated with Pd2(dba)3/P(n-Bu)3 or Pd(OAc)2/P(n-Bu)3 under
various experimental conditions as outlined in Table 1 [19].

Whatever the experimental conditions the starting materi-
a
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ls were recovered performing the reaction with substrates 5a
nd 5b. On the other hand, palladium catalyzed reaction of the
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Scheme 1. Polyoxygenated sterols incrustasterol A and B issued from 7-dehydrocholesterol 1.

Scheme 2. Stereoselective synthesis of steroidal allylic esters 5a and 5b.

Table 1
Synthesis of homoannular conjugated dienes 7a–7c under various experimental conditions

Entrya Substrate Solvent Pd source Yield of 7 (%)b

1 5a THF Pd(OAc)2 <5
2 5a CH2Cl2 Pd(OAc)2 <5
3 5a Toluene Pd(OAc)2 <5 (55)c

4 5a Toluene Pd2(dba)3 <5 (15)c

5 5a Dioxane Pd(OAc)2 <5
6 5b THF Pd(OAc)2 <5
7 5b CH2Cl2 Pd(OAc)2 <5
8 5b Toluene Pd(OAc)2 <5
9 5b Toluene Pd2(dba)3 <5

10 5b Dioxane Pd(OAc)2 <5
11 5c Toluene Pd(OAc)2 12
12 5c Dioxane Pd(OAc)2 23
13 5c Dioxane Pd2(dba)3 75

a Reactions performed on 13.5 mmol scale in refluxing solvent during 6 h under argon atmosphere.
b Isolated yield.
c Isolated yield mentioned in parenthesis corresponds to by-product.
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Scheme 3. Synthesis of heteroannular triene 8.

Scheme 4. Mechanistic rationale for the formation of heteroannular triene 8.

more reactive �-allylic trifluoroacetate 5c gave the homoannu-
lar conjugated diene 7c in 75% yield performing the reaction
in refluxing dioxane using Pd2(dba)3/P(n-Bu)3 catalyst system
(Table 1, entry 13). Low chemical yield of up to 23% has been
observed using Pd(OAc)2/PBu3 catalyst (Table 1, entry 12). In
these two cases, treatment of the 7�-trifluoroacetate 5c afforded
the 5,7-diene 7c regioselectively and no heteroannular diene was
detected. Thus, in the intermediate complex 6, the �-oriented 7�-
allylpalladium undergoes facile syn-elimination of 8�-hydrogen
to afford 7c exclusively.

As already mentioned, no formation of homoannular con-
jugated diene 7a has been noticed from derivative 5� per-
forming the reaction in refluxing toluene in the presence
of 10 mol% of Pd(OAc)2/P(n-Bu)3 catalyst. Formation of an
unexpected heteroannular triene 8 has been detected and the
product has been isolated in 55% yield and fully character-
ized by NMR and mass spectroscopy (Scheme 3) [20]. Nev-

ertheless, this reaction appears highly solvent and tempera-
ture dependent since no formation of such by-product was
observed performing the reaction in refluxing THF, CH2Cl2 or
dioxane.

The formation of product 8 can be rationalized through
a syn-elimination-isomerisation-syn-elimination process occur-
ring exclusively in refluxing toluene since the isomerisation pro-
cess occurs only at temperature higher than 80 ◦C (Scheme 4).

Finally, the synthesis of 7-dehydrocholesterol 1 was realized
in a three steps synthesis from cholesterylacetate 9 in 42% over-
all yield involving the formation of a homoannular conjugated
diene as key intermediate (Scheme 5) [21].

In order to clarify the scope of the present reaction, we
examined selective palladium catalyzed homoannular conju-
gated diene formation of a series of cholesterol derivatives by
using the best experimental conditions previously encountered.
Results are summarized in Scheme 6.

d2(db
Scheme 5. Synthesis of 7-dehydrocholesterol 1. Conditions: (a) P
 a)3:P(n-Bu)3(1:1) dioxane, reflux, 8 h. (b) LiAlH4, THF, −20 ◦C.
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Scheme 6. Palladium catalyzed homoannular conjugated diene formation of various cholesterol derivatives 11a–11d. Conditions: (i) see Ref. [18], (ii) (a) LiAlH4,
THF, −20 ◦C; (b) pyridine, CF3COOCOCF3, 0 ◦C to r.t. 12 h, (iii) (a) Pd2(dba)3:P(n-Bu)3 (1:1), dioxane, reflux, 8 h; (b) LiAlH4, THF, −20 ◦C. Overall yield 11a
(32%), 11b (21%), 11c (42%), and 11d (52%).

Whatever the considered sterol derivative nature, the reaction
proceeds in moderate chemical overall yields varying from 21%
to 52% but always with a total selectivity [22–25].

In conclusion, the development of a selective palladium cat-
alyzed homoannular conjugated diene formation highly sub-
strate dependent and its subsequent application to the synthesis
of 7-dehydrocholesterol and other sterol derivatives has been
reported.
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