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a b s t r a c t

A synthesis of the vitamin D3 metabolite 24R,25-dihydroxyvitamin D3 (1) by Lythgoe’s Wittig–Horner
approach is described. The key step of the synthesis is the stereocontrolled introduction of the 24-
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hydroxyl group by a palladium(0)-induced [3,3]-sigmatropic rearrangement on a 22R-allylic acetate (7).

© 2010 Elsevier Ltd. All rights reserved.
atalytic palladium(0)

. Introduction

The principal pathway of vitamin D3 metabolism involves
ydroxylation of vitamin D3 (Fig. 1) in the liver and a
econd hydroxylation of the resulting 25-hydroxyvitamin D3
25(OH)D3] either at C1 or C24 in the kidney to produce 1�,25-
ihydroxyvitamin D3 [1�,25(OH)2D3] or 24R,25-dihydroxyvitamin
3 [1, 24R,25(OH)2D3] [1–5]. While 1�,25(OH)2D3 is considered

he hormonally active form of vitamin D3 responsible for the
egulation of gene transcription in over 30 target organs, only a
ew biological actions have also been attributed to 24R,25(OH)2D3
6–9], namely activation of extracellular signal-related kinase
hosphorylation [10], regulation of bone fracture healing [6,10],

nhibition of rapid actions of 1�,25(OH)2D3 on stimulation of cal-
ium transport in perfused duodena, as well as activation of protein
inases C and A [11], mediation of rapid non-genomic responses
n intestinal cells [12,13], regulation of cartilage and bone via
utocrine mechanisms [14], and inhibition of colon carcinogene-

is [15]. 24R,25-Dihydroxyvitamin D3 (1) are also intermediates on
catabolic pathway finally leading to excretion of calcitroic acid

4].
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A few syntheses of 24R,25-dihydroxyvitamin D3 have been car-
ried out in the past by the biomimetic classical route [16–26].
In 1998 Stepanenko and Wicha [27] described the synthesis
of this metabolite using an optically active hydroxylactone to
build the side chain. Shortly afterwards, an alternative route to
24R,25(OH)2D3 was completed by Kütner and co-workers [28]
using a diastereoselective �-hydroxylation of a side chain ester as
the key step. In 2002 Sarandeses described a synthesis of 24R,25-
dihydroxyvitamin D3 using an ultrasonically induced aqueous
conjugate addition of an iodide to a dioxolanone or oxazolidinone
to generate the stereocenter at C24 [29a,30] and Fernández et al.
developed a method to construct the side chain using aminoacids
[31].

We disclose here a short and practical synthesis of 24R,25-
dihydroxyvitamin D3 (1) that involves the construction of the
vitamin D triene system employing Lythgoe’s Wittig–Horner
approach [32] (coupling between ketone 2 and the phosphine oxide
anion 3) (Fig. 2).

2. Results and discussion

Our synthesis of 24R,25-dihydroxyvitamin D3 (1) uses aldehyde
4, which can be prepared in 50% yield from commercially avail-
able vitamin D2 [33]. The addition of alkenyl lithium reagent 5 [34]

to aldehyde 4 proceeded stereoselectively to afford, after medium
pressure liquid chromatography separation from the minor iso-
mer, the known alcohol 6a in 75% yield (Fig. 3) [34]. Alcohol
6a was then acetylated in the usual way to the corresponding
acetate 7 in 93% yield. Treatment of 7 with a catalytic amount
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Fig. 1. Biosynthesis and metabolism of vitamin D3.
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Fig. 3. (a) THF, −78 ◦C (75%); (b) Ac2O, Et3N, DMAP, CH2Cl2, 0 ◦C, 30 min (93%); (c)
(CH3CN)2PdCl2 (8 mol%), THF, rt, 48 h.
f bis(acetonitrile)palladium(II) chloride in THF [35] afforded an
nseparable mixture of acetates 8a and 8b in 75% yield (ratio 85:15)
ogether with the elimination products 9a and 9b in 15% yield
ratio 80:20) (Fig. 3). A formal [3,3]-sigmatropic-type rearrange-

ent has been previously proposed for the palladium(0)-assisted
earrangement of allylic acetates [36].

Catalytic hydrogenation of mixture of acetates 8 followed by
urification by flash-chromatography provided alcohol 10a (85%),
hich was desilylated with hydrofluoric acid to diol 11 (93%).

yridinium dichromate oxidation of 11 gave the desired ketone 2
92%), which was coupled with phosphine oxide anion 3 to afford

32], after desilylation and saponification, the desired metabolite
4R,25-dihydroxyvitamin D3 (1) [29b] in 82% yield (Fig. 4).

Fig. 2. Synthetic strategy (Wittig–Horner approach).
Fig. 4. Synthesis of 24R,25(OH)2D3. (d) H2, PtO2, EtOAc (85%); (e) HF (48%),
CH3CN–CH2Cl2, 72 h (93%); (f) PDC, CH2Cl2 (92%); (g) THF, −78 ◦C (96%); (h) TBAF,
THF; NaOMe, THF (88%).
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