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Abstract: An efficient, straightforward method for construction of
the side chain of (22R)- and (22S)-22-alkyl-1�,25-dihydroxyvita-
min D3 is described. The title compounds were synthesized by Lyth-
goe’s procedure.

Key words: 1�,25-dihydroxyvitamin D3, stereoselective synthesis,
alkylations, nitriles, 22-substituted analogue

It is now well established that regulation of gene tran-
scription is among the mechanisms of action of 1�,25-di-
hydroxyvitamin D3 (calcitriol, 1) (Figure), the hormonally
active metabolite of vitamin D3.

1 This multifunctional
hormone2 controls the expression of various genes in-
volved in calcium and phosphorus metabolism, cell differ-
entiation and regulation of the immune system,3

apparently by binding to the nuclear vitamin D receptor
(VDR)4.

Figure

It is of crucial importance to find out the conformation
that calcitriol must adopt in order to bind to VDR and to
the equally vital transport protein, vitamin D binding pro-
tein (DBP). To that end, Yamada et al.5,6 designed and
synthesized analogues 2a, 2b, 3a and 3b. Structure-func-
tion studies of these compounds then showed that they are
not only useful for studying calcitriol binding, but may
also prove to be of therapeutical value. Yamada’s synthe-
sis of 2 and 3 was based on the stereoselective conjugate
addition of organocuprate to steroidal E- and Z-22-en-24-
ones, and suffers from the usual drawbacks of biomimetic
approaches. Here we describe a convergent synthesis of

2a and 2b, based on the retrosynthetic analysis depicted in
Scheme 1.

The synthesis of the key precursors bearing the 22 substi-
tuted side chains 7a and 7b is detailed in Scheme 2. Nitrile
5,7 readily obtained from the Inhoffen–Lythgoe diol 8,
was deprotonated with 2 equivalents of LDA in THF at –
78 °C, a solution of bromide 48 in THF was added, and the
mixture was allowed to reach room temperature over-
night, affording the cyanoalcohol 99 (89%) as a mixture of
inseparable diastereoisomers. Reaction of 9 with DIBAH
in dichloromethane at –10 °C and subsequent acid work-
up afforded the corresponding aldehyde, which was taken
up in methanol and reacted with excess sodium borohy-
dride, giving a 2:1.5 mixture of alcohols 10 and 11. These
colorless oils were cleanly separated by flash chromatog-
raphy (15% EtOAc–hexanes) in yields of 40 and 24%, re-
spectively; the stereochemistry at C22 was determined by
X-ray crystallographic analysis of the triol resulting from
deprotection of the TES group of diol 10.9

Selective tosylation of the primary alcohols of 10 and 11
gave the corresponding tosylates 12 and 13 in 82% and
76% yield, respectively,10 and treatment of these tosylates
with LAH in ether at 0 °C to room temperature afforded
the 22-methylated alcohols 14a and 14b in 80% and 84%
yield, respectively. Pyridinium dichromate oxidation of
alcohols 14a and 14b then afforded the ketones 15a and
15b in 90% and 91% yield, respectively, so setting the
stage for the Wittig–Horner reaction with phosphine ox-
ide 6.11 This coupling reaction, followed by removal of the
silyl protecting groups, finally afforded the targets
2a12and 2b13 in 72% and 75% yield, respectively. In con-
clusion, we have developed a convergent route to (22R)-
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and (22S)-22-methyl-1�,25-dihydroxyvitamin D3.
14 The

new method is valid for multigram quantities and should
allow convergent synthesis of a large number of vitamin
D3 analogues with restricted side chain conformations.
Work is in progress for the synthesis of a series of such an-
alogues.
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Scheme 2 (i) LDA, THF, –78 °C; 4 (89%); (ii) DIBAH, CH2Cl2, –
10 °C; HCl; NaBH4, MeOH (64% global yield 10+11, two steps); (iii)
TsCl, Pyr, 0 °C, 12 h; (iv) LiAlH4, Et2O, 0 °C to r.t.; (v) PDC, CH2Cl2,
r.t. 5 h; (vi) (a) 6; n-Buli, THF, –78 °C; (b) n-Bu4NF, THF, r.t.

OH

H
HO

CN

H
HO H

HO

OTES

CN

H
HO

OTES

H
HO

OTES

OH OH

OTES

H
HO

OTES
OTs

OTES

OTs

R1
R2

H

OTES

R1
R2

O

2a, 2b

a, R1 = Me, R2 = H
b, R1 = H, R2 = Me

8 5

+

+

9

10
11

12 13 14

15

i
ii

iii

iv

v
vi

D
ow

nl
oa

de
d 

by
: C

ol
le

ct
io

ns
 a

nd
 T

ec
hn

ic
al

 S
er

vi
ce

s 
D

ep
ar

tm
en

t. 
C

op
yr

ig
ht

ed
 m

at
er

ia
l.


