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Abstract—DD- and LL-Serine have been used for the enantioselective synthesis of tosylates 7a and 7b, useful building blocks for the
synthesis of triols 5a and 5b which have already been obtained via a diastereoselective synthesis and used for the synthesis of 2a,
2b and 2c. We have thus performed a formal synthesis of 24S,25-(OH)2-D3, 24R,25-(OH)2-D3 and 1a,24R,25-(OH)3-D3.
� 2007 Elsevier Ltd. All rights reserved.
1a,25-Dihydroxyvitamin D3 (1a, calcitriol) (Fig. 1) is the
hormonally active form of vitamin D3 (1b). Besides
regulating calcium homeostasis, it is also involved in other
cellular processes, including cell differentiation, immune
system regulation and gene transcription.1 The latter
function, mediated by the nuclear vitamin D receptor
(found in more than thirty different tissues and cancer cell
lines), raises the possibility of developing 1a,25-(OH)2-
D3 analogues for specific therapeutic applications.

1a,25-(OH)2-D3 (1a, calcitriol) and 24R,25-(OH)2-D3

(2a, secalciferol) are the major active metabolites of vita-
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min D3 (1b). However, the biological activity of vitamin
D has generally been attributed to calcitriol leaving
secalciferol’s functions relatively unexplored. In the last
25 years, a great deal of effort has been devoted to the
elucidation of the biological function of secalciferol,
and as a consequence more than 350 papers have been
published about the biological activity of this metabo-
lite.2 Most of the available syntheses of secalciferol use
the lengthy and less efficient steroidal biomimetic route,3

and consequently the price of secalciferol is rather
high (450 €/lg). Recently, Sarandeses and co-workers
described a stereoselective convergent synthesis of
H
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24-substituted metabolites and analogues of vitamin D
in which the stereogenic centre at C-24 was generated
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Scheme 2. Retrosynthetic analysis for 5a and 5b.
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Scheme 3. Synthesis of tosylates 7a and 7b.
through ultrasonically induced conjugate addition of
an iodide to a dioxolanone4 (Scheme 1).
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This approach clearly improves the so far available syn-
theses of secalciferol, but since it is a diastereoselective
approach (5a and 5b are obtained as a mixture of diaste-
reoisomers albeit with a high de), this means that an
enantioselective, flexible and convergent synthesis of
secalciferol is still in need. In Scheme 2 is depicted the
enantioselective synthesis of 5a and 5b from commer-
cially available amino acids DD- and LL-serine 6a and 6b
and nitrile 8.5

Tosylates 7a and 7b were obtained as depicted in
Scheme 3. Nitrous desamination of 6a and 6b gave acids
9a and 9b which were esterified using methanol and HCl
gas to provide ester diols 10a and 10b, which were pro-
tected as acetonides 11a and 11b. Reaction of 11a and
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Scheme 4. Reaction mechanism of a-amino acids with HNO2.
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Figure 2. X-ray structure of 5b.
11b with methyllithium afforded alcohols 12a and 12b,
which on reaction with acetic acid gave triols 13a and
13b. Selective tosylation of 13a and 13b afforded the
desired tosylates 7a and 7b (the yields obtained for both
enantiomers were similar).

It is worth mentioning that the first step of this reaction
sequence occurs with retention of configuration as
depicted in the following mechanism (Scheme 4).5

With tosylates 7a and 7b in hand, the stage was set for
their coupling with nitrile 8 using our previously de-
scribed methodology.6 Nitrile 8 was deprotonated with
2 equiv of LDA in THF at �78 �C and reacted with
tosylates 7a and 7b to afford a diastereoisomeric mixture
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of nitriles 18, which upon treatment with potassium
metal in portions provided triols 5a (39%) and 5b
(33%)7 (Scheme 5).

Triols 5a and 5b have been previously synthesized by
Sarandeses and co-workers and were used for the con-
vergent synthesis of 2a, 2b and 2c via a Wittig–Horner
coupling with the corresponding ring A phosphine
oxide.4 We have thus performed a formal synthesis of
24S,25-(OH)2-D3, 24R,25-(OH)2-D3 and 1a,24R,25-
(OH)3-D3.

Compounds 5a and 5b have been synthesized through
an enantioselective route starting from a chiral amino
acid, hence their structure is unambiguous. Neverthe-
less, recrystallization of triol 5b in hexane and ethyl ace-
tate afforded crystals which were subjected to X-ray
crystallographic analysis,8 thus confirming its structure
to be that shown in Figure 2.

In conclusion, we have performed a formal asymmetric
synthesis of secalciferol and 24-substituted metabolites
and analogues of vitamin D. Tosylates 7a and 7b are
useful building blocks easily obtained from commer-
cially available amino acids. Further investigations on
the synthesis of novel vitamin D thia-analogues using
these synthons will be reported in due course.9
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