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ABSTRACT

A heteroatom-tethered regioselective ring-closing metathesis reaction was used for the C-19 functionalization of 1r-hydroxy-5,6-trans-vitamin
D2 analogues. Applications of the reaction to form a range of analogues by manipulation of the tether using both organolithium reagents and
Diels−Alder cycloadditions are described.

It has long been established that the hormonally active form
of vitamin D3, 1R,25-dihydroxyvitamin D3 1, acts as a
regulator in calcium and phosphate homeostasis.1 More recent
discoveries that the hormone can promote cell differentiation
while inhibiting tumor cell proliferation led to the speculation
that 1 could be used in the treatment of diseases such as
leukemia and psoriasis.2 However, at the doses of1 required
to produce therapeutically useful results, severe hypercal-
cemia is observed as a side effect.3 Therefore, the synthesis
of analogues that show the required discrimination between

antiproliferation and calcemic activities has been the focus
of much research. Structural changes in the A, C, and D

rings as well as in the side chain region have led to analogues
exhibiting the above discrimination.3,4 Thus far, however,
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Figure 1. Structures of 1R,25-dihydroxyvitamin D3 1 and vitamin
D2 2.
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very few examples of C-19 functionalized analogues have
been reported.5

The use of tethered heteroatoms such as silicon and boron
in ring-closing metathesis (RCM) reactions has been shown
to be synthetically very useful in the preparation of di- and
trisubstituted alkenes.6,7 We considered that this methodology
could be applied to the regiospecific C-19 monosubstitution
of 1R,25-dihydroxyvitamin D3 1. The desired selectivity
should be achieved due to the greater susceptibility of the
terminal alkenes to RCM and the proximity of the tethered
allylic substituent. Removal of the heteroatom tether fol-
lowing RCM should afford a range of functionalized C-19
alkenes. Herein we report preliminary studies of this strategy
(Scheme 1) that are focused on the analogous 1R-hydroxy-

5,6-trans-vitamin D2 6, which can be easily prepared from
commercially available ergocalciferol2.8

Reaction of alcohol6 with allylchlorodimethylsilane in
the presence of triethylamine gave the silyl ether7 in a 76%
yield. Ring-closing metathesis was performed by heating a
solution of7 in dichloromethane at reflux with the ruthenium
carbene8 (20 mol %, Scheme 2). Gratifyingly, the only
isolated product was the desired adduct9 (82%) formed from
reaction between the two terminal alkenes. It is noteworthy
that the delicate triene system of the steroid survived the
reaction without any significant decomposition or rearrange-
ment reactions.

To show that the selective RCM was not limited to the
use of silicon as a tether, the phosphorus analogue10 was
prepared by reaction of sterol6 with the phosphonyl chloride
12 and triethylamine. Subsequent RCM afforded the cyclic
phosphonate11 in an excellent 79% yield (Scheme 3).

With the RCM product9 in hand, several methods were
used to transform the product to afford a variety of C-19
functionalized analogues. We expected that on Tamao
oxidation9 the diol13should be formed as the major product
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Scheme 1. Heteroatom Tethered RCM with 5,6-trans-vitamin
D Derivatives

Scheme 2. RCM with a Silyl Ether Tethera

a Reagents and conditions: (i) CH2dCHCH2SiMe2Cl, Et3N,
CH2Cl2, 25 °C 12 h, 76%; (ii)8, CH2Cl2, reflux, 3 h, 82%.

Scheme 3. RCM with a Phosphonate Ester Tethera

a Reagents and conditions: (i)12, Et3N, CH2Cl2, 25 °C, 12 h,
60%; (ii) 8, CH2Cl2, reflux, 3 h, 79%.
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(Scheme 4). However, when9 was allowed to react with
hydrogen peroxide and a fluoride source in a variety of

solvents, none of the expected product13 was isolated.
Instead, in DMF as solvent, the tetraene15 (50%) was
formed, presumably by a vinylogous Peterson olefination
reaction.10 Consistent with this hypothesis, reaction of the
cyclic adduct with tetrabutylammonium fluoride in THF gave
the deprotected tetraene14 in 64% yield.

While the outcome of the oxidation reaction was not the
expected one, the tetraene14 could still be used to form
C-19-functionalized derivatives via Diels-Alder reactions.
A variety of dienophilies were examined; however, only
highly electron-deficient dienophiles were effective (Scheme
5). Both Cookson’s dienophile11 and tetracyanoethylene19
afforded the Diels-Alder cycloadducts16 and17 in good
yields. In both cases, no significant diastereoselectivity of
reaction was observed and both C-1 isomers were formed
in a 1:1 ratio (Scheme 5). Singlet oxygen, generated using
theseco-porphyrazine sensitizer12 20 (Figure 2), was allowed
to react with the tetraene14 to form the endoperoxide18,
although due to the instability of the product, the isolated

yield was low on chromatographic purification. The reactions
to produce adducts17 and18 were carried out in deuterio-
chloroform to facilitate monitoring by NMR spectroscopy.

The manipulation of the silicon tether was also achieved
using organolithium reagents. Reaction of silyl ether9 with
phenyl- and methyllithium gave, after hydrolytic workup,
the adducts21 and22 (Scheme 6).

In summary, we have shown that heteroatom-tethered
regioselective ring-closing metathesis reactions can be used
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Scheme 4. Tetraene Synthesis via Peterson Olefinationa

a Reagents and conditions: (i) H2O2, KF, DMF, 25°C, 3 h, 50%;
(ii) Bu4NF, THF, 25°C, 15 h, 64%.

Scheme 5. Diels-Alder Cycloadditions of Tetraene14a

a Reagents and conditions: (i) Cookson’s reagent, EtOAc, 0°C,
30 min, 75%; (ii) (NC)2CdC(CN)2 19, CDCl3, 25 °C, 24 h, 67%;
(iii) air, seco-porphyrazine20, CDCl3, 25 °C, 8 h, 8%.

Figure 2. seco-Porphyrazine sensitizer20.
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for the C-19 functionalization of 1R-hydroxy-trans-vitamin
D2 analogues.13 Using this method, both silicon- and
phosphorus-tethered systems have been successfully pre-

pared. Application of the process to form a range of
analogues has been shown by the manipulation of the silicon
tether using both substitution with phenyllithium and me-
thyllithium or by elimination and subsequent Diels-Alder
cycloaddition reactions.
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(13) All new compounds were characterized by spectroscopic data (1H
NMR, 13C NMR, IR, UV, and LRMS) and HRMS except for11 (1H NMR,
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Scheme 6. Ring Cleavage of Silyl Ether9 Using PhLi and
MeLia

a Reagents and Conditions: (i) RLi, PhMe,-30 °C, 2 h.
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