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Letters
Vitamin D and click chemistry. Part 1: A stereoselective route to
vitamin D analogues with triazole rings in their side chains
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Abstract—Efficient preparation of vitamin D CD ring system synthons with triazole rings in their side chains is based on the
formation of the triazole ring from a [3þ2]-cycloaddition of a vitamin D side chain terminal azide with a terminal acetylene.
� 2004 Elsevier Ltd. All rights reserved.
1a,25-Dihydroxy vitamin D3 [1, 1a,25-(OH)2-D3, calci-
triol], the hormonally active form of vitamin D3

1 (2,
cholecalciferol), exerts control over important physio-
logical processes, including calcium and phosphorus
metabolism, cellular differentiation and immune reac-
tions.2 However, the clinical utility of this hormone for
treatment of cancers and skin disorders is limited by its
hypercalcaemic effects. There is accordingly much
interest in the design and synthesis of analogues of 1
with more selective (or even different) biological effects.2

Most of the analogues of 1 synthesized so far show
modifications at the side chain but only a limited num-
ber of these analogues are in use as drugs.2f It is well
known that azasteroids show noteworthy pharmaco-
logical activity,3;4 however very few aza-analogues of
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vitamin D have been reported.3–5 As part of our research
programme on the synthesis of vitamin D analogues
with heterocyclic side chains we previously reported the
synthesis of the side chain of analogue 3 (Fig. 1) con-
taining a pyrazole ring.5c We now report our preliminary
results on the synthesis of vitamin D analogues with a
triazole ring in their side chain based on the use of click
chemistry6 (Scheme 1).

Selective tosylation of the primary alcohol of diol 5 gave
tosylate 7 in 93% yield, and protection of the secondary
alcohol of 7 (99%), followed by azide displacement
of the C-22 primary tosylate afforded a 99% yield of
azide 8,7 which underwent a [3þ2]-cycloaddition with
terminal acetylene 98 to afford triazole 107 in 85% yield.
Removal of the silyl protecting groups of 10 by reaction
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iproliferative.
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Scheme 1. Reagents and conditions: (i) p-TsCl, py (93%); (ii) TBSOTf, 2,6-lutidine, CH2Cl2, �10 �C (99%); (iii) NaN3, DMF, rt (99%); (iv) 9,

CuSO4Æ3H2O, sodium ascorbate, H2O/tBuOH 2:1 (85%); (v) HF, MeCN (86%); (vi) PDC, CH2Cl2, rt (50%); (vii) 13; n-BuLi, THF, �78 �C (50%);

(viii) n-Bu4NF, THF, rt (83%).
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Scheme 2. Reagents and conditions: (i) HF, MeCN, rt (98%); (ii) 16, CuSO4Æ3H2O, sodium ascorbate, H2O/tBuOH 2:1 (99%); (iii) TPAP, NMO,

CH2Cl2, rt (80%); (iv) 13; n-BuLi, THF, �78 �C (75%); (v) (a) MeLi, Et2O, �20 �C; (b) n-Bu4NF, THF, rt (49%, two steps).
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with HF in acetonitrile at room temperature, gave diol
11.7 Oxidation of 11 with pyridinium dichromate affor-
ded ketone 12,7 so setting the stage for the Wittig–
Horner reaction with phosphine oxide 139 leading to the
desired analogue 15.7

Evaluation of the in vitro antiproliferative activity of
analogue 15 was done in murine keratinocytes using
Johns Hopkins’s standard protocol.10 However no
antiproliferative activity was found for 15. We then
designed a more versatile route that would allow not only
the synthesis of analogues 4 and 15 but also a wide range
of analogues of 4 such as compounds 22 (Scheme 2).

[3þ2]-Cycloaddition of azide 167 with ethylpropiolate 17
afforded nearly quantitatively triazole 18.7 Oxidation of
alcohol 18 with TPAP gave key ketone 197 in 80% yield.
Wittig–Horner reaction of 19 with phosphine oxide 13
generated the labile triene unit, affording key interme-
diate 20,7 which leads to 15 upon reaction with MeLi
followed by desilylation. The synthesis of analogues 22
is currently under way in our laboratory with a view to
their biological evaluation.
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