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Abstract—We describe an efficient synthesis of thia analogues of the vitamin D side chain that is based on the in situ generation
of a thiolate anion and its alkylation with electrophiles.
© 2003 Elsevier Ltd. All rights reserved.

1�,25-Dihydroxyvitamin D3 [1, 1�,25-(OH)2-D3, cal-
citriol], the hormonally active form of vitamin D3 (2,
cholecalciferol), promotes cell differentiation,1 inhibits
cell proliferation,1 regulates phosphorus metabolism,
intestinal calcium absorption and bone calcium mobi-
lization,1 and has certain indirect effects on the
immunological system.2 Since its hypercalcaemic effects
limit its clinical utility for treatment of cancers and skin
disorders, there is much interest in the design and
synthesis of analogues of 1 with more selective (or even
different) biological effects,2 and several antiprolifera-
tive analogues with little or no calcaemic activity have
already been prepared.3 One is the oxa derivative
OCT3c–f (3), a broad range of analogues of which
(including compounds with modifications at C25, C21
and ring D) is currently being synthesized in our labo-
ratories for biological evaluation and SAR studies.4

A rapid search of the literature shows that very little
has been done on the synthesis of thia analogues of
vitamin D,5 in spite of the 23-thia analogue of calcitriol
having been reported to be less calcaemic than cal-
citriol.5d We describe here an efficient method for syn-
thesis of the side chains of analogues 4 and 5 (Fig. 1);
our approach has been inspired by the earlier work of
Schmittberger and Uguen6 on the synthesis of side
chains of sterols (Scheme 1).

We started from the Inhoffen–Lythgoe diol (11), which
is easily obtained by degradation of vitamin D2

7

(Scheme 2). Selective tosylation of its primary alcohol
gave tosylate 12 in 93% yield, and protection of the
secondary alcohol of 12 (99%), followed by displace-
ment of the tosylate group by potassium thioacetate,
afforded an 89% yield of thioacetate 14.8 However, all
attempts to reduce thioacetate 14 to thiol 15 failed, the
product obtained being disulphide 188 (in 82% yield
using LAH and nearly 100% using NaBH4); and
although experimental details kindly supplied by Pro-
fessor Uguen suggest that this thiol might be formed if
perfect degasing of the reaction mixture is ensured by
connecting the reaction vessels to vacuum and argon
lines, the high yield of disulphide 18 encouraged us to
pursue our objective by reduction and in situ alkylation
of this latter intermediate, following the procedure
described by Braga and co-workers.9 Gratifyingly, upon
reaction with sodium borohydride and alkylation with
bromide 16,10 18 cleanly afforded thioether 178 in 78%
yield. Furthermore, we found that under the same
experimental conditions reduction and alkylation of
thioacetate 14 itself afforded thioether 17 in one step in
even better yield, 93%,11 a significant improvement with
respect to the two-step procedure employed by Uguen
to obtain an 82% overall yield of 10 from 7 (Scheme 1).
In any case the relative stability of thiol 8 towards
autooxidation as compared to targeted thiol 15 might
be explained by the fact that solid thiols are less prone
to autooxidation than liquid thiols.

To explore the scope and limitations of direct reduc-
tion/alkylation of 14, we carried out the reaction using
a number of different electrophiles, with all but one of
which yields greater than 90% were obtained (Table 1;

* Corresponding author. Fax: +34-986-812262; e-mail: yagamare@
uvigo.es

0040-4039/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.
doi:10.1016/S0040-4039(03)01462-X



Y. Fall et al. / Tetrahedron Letters 44 (2003) 6069–60726070

Figure 1.

Scheme 1. Uguen’s approach.

Scheme 2. Our approach.

the acetylene 25 afforded a 68% combined yield of
isomers 26 and 27). Ester groups were not affected by
the reaction conditions (entries 3 and 4), the Michael
acceptors dimethylacrylamide and ethyl propiolate
underwent sulphur addition (entries 5 and 6), and
epoxide 28 was efficiently opened. These results enlarge
Braga’s procedure since various electrophilic species
could be used (only alkyl halides were used in the
aforementioned procedure). Compounds 29 and 17 are
direct precursors of vitamin D3 analogues 4 and 5, and

compounds 20, 22 and 24 can lead not only to 4 and 5
but also to C25-modified analogues. Furthermore, it
would be possible to use the sulphur atom at C23 to
introduce a double bond with trans configuration
through a Ramberg–Bäcklund rearrangement.6,12 Thus
compound 14 is a very flexible intermediate for the
synthesis of vitamin D side chain analogues.

In conclusion, we have found an excellent (and practi-
cally odourless) method for the synthesis of thia ana-
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Table 1. Formation of the 23-thia side chains
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logues of the vitamin D side chain. Work is in progress
on the synthesis of the corresponding vitamin D’s and
their modification by means of the Ramberg–Bäcklund
rearrangement.
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