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The  synthesis  of  1�,25-dihydroxy-20-epi-vitamin  D3 (1)  by Pd(0)-catalyzed  coupling  between  the
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1. Introduction

Vitamin D3 is not a real vitamin because it can be produced in
the skin by sunlight irradiation of 7-dehydrocholesterol. Vitamin
D3, before eliciting its biological activity, must be hydroxylated
to 1�,25-dihydroxyvitamin D3 [1�,25(OH)2D3], the hormonally
active form of vitamin D3, that interacts with the vitamin D
nuclear receptor (VDR) to control important biological functions
such as mineral homeostasis, cell differentiation, cell prolifera-
tion, cell grow, apoptosis and the immune system [1]. The fact
that VDR has been found in more than 30 target tissues and
cell tumors has led to the consideration that 1�,25(OH)2D3is
involved in a wider array of biological functions including can-
cer prevention [1–4]. During the past few years, a new class of
analogues of 1�,25(OH)2D3characterized by a C20-epi-methyl
group has been identified as potent inhibitors of cell proliferation
and inducers of cell differentiation. Among these analogues,
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1�,25-dihydroxy-20-epi-vitamin D3 [1, 1�,25(OH)2-20-epi-D3],
also known as MC1288, is several orders of magnitude more potent
than the natural hormone in inhibiting cell growth and inducing
cell differentiation with relative low calcemic effects [5,6]. Crystal
structure analysis of the VDR in complex with 1�,25(OH)2-20-
epi-D3 (1) suggests that ligand-VDR complex exhibits higher
stability and longer half-life contributing to prolonged biological
activity [7]. It has been found that 1�,25(OH)2-20-epi-D3 (1)
induces the expression of retinoic acid receptor-�  and p21Cip1 and
down-regulates the expression of cyclin D1 resulting in decreased
phosphorylation of retinoblastoma protein (pRB) [7] (Fig. 1).

A few syntheses of 1�,25(OH)2-20-epi-D3 (1) have been carried
out in the past following the biomimetic classical route or using
triene-containing precursors and mainly they were published in
patents [8]. Also in 2000 Takayama et al. described a convergent
synthesis using Trost’s method (palladium-catalyzed coupling of
the A-ring enyne synthon with the CD-ring portion) [9].

We  disclose here a short and practical synthesis of 1�,25(OH)2-
20-epi-D3 (1) that involves the construction of the triene system by
palladium(0)-catalyzed coupling between the boronate ester 2 and
the enol triflate 3 (Fig. 2) following the convergent strategy recently
developed in our laboratory [10].
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Fig. 1. Chemical structures of hormone 1�,25(OH)2D3 (calcitriol) and C20 analogues: 1�,25(OH)2-20-epi-D3 (1), KH1060 and 20-epi-ED-71.

Fig. 2. Retrosynthetic analysis.

2. Results and discussion

The synthesis of the target 1�,25(OH)2-20-epi-D3 (1) starts with
Inhoffen-Lythgoe diol 4 (Fig. 3), which can be prepared in 85% yield
from vitamin D2 [11a]. Alcohol 4 was converted to 20-epi-alcohol
5 by the sequence: silylation, selective desilylation, oxidation to
the aldehyde, base-epimerization of C20 and reduction to alcohol
5 [9,11]. Alcohol 5 was converted to iodide 6 in 95% yield [12].
Sonication of a mixture of iodide 6 and methyl acrylate in the
presence of NiCl2·6H2O and Zn in pyridine provided ester 7 in 88%

yield [13]. Methylation of ester 7 with methylmagnesium bromide
followed by deprotection with aqueous hydrofluoric acid gave diol
9, which was  oxidized with pyridinium dichromate to produce
ketone 10 in 85%. Wittig reaction of 9 with the ylide Ph3P CHBr
afforded the alkenyl bromide 11 (80%), which was treated with
bis(pinacolato)diboron in the presence of (dppf)PdCl2·CH2Cl2
complex as catalyst and tricyclohexylphosphine as ligand to
give alkenyl boronate 12 in 80% yield. Aqueous K3PO4 (2 M) and
(Ph3P)2PdCl2 (5 mmol%) were successively added to a solution
of boronate 12 (1 equiv) and enol triflate 3 (1.2 equiv) to give,
after deprotection with aqueous hydrogen fluoride, the 1�,25-
dihydroxy-20-epi-vitamin D3 (1), in 75% yield (14% overall yield
from Inhoffen-Lythgoe diol) [14].
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Fig. 3. Synthesis of 1�,25(OH)2-20-epi-D3. (a) I2, Ph3P, Im,  THF; (b) NiCl2·6H2O, Zn, Py, methyl acrylate, rt, 3 h; (c) MeMgBr, THF, 0 ◦C; (d) HF (48%), CH3CN; (e) PDC, CH2Cl2;
(f)  Ph3PCH2Br, KOtBu, toluene, −5 ◦C → rt; (g) B2Pin2 (2 equiv), (dppf)PdCl2·CH2Cl2 (3 mol%), Cy3P (3 mol%), KOAc (3 equiv), DMSO, 80 ◦C; (h) 3, (Ph3P)2PdCl2 (5 mol%), K3PO4

(2 M aq), THF, rt, 1 h; then HF (48%), CH3CN.
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