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Abstract: The synthesis of four vitamin D3 analogues, 1a,24(S)- and
la,24(R)-dihydroxy-22-oxa-vitamin D3, (5) and (6), and their 26,27-
dimethylated homologues, (7) and (8), and the preliminary evaluation of
their differentiation-inducing activity in vitro are described.

In recent years, considerable attention has been focused on the
synthesis of analogues of la,25-dihydroxyvitamin D3 (1) [1a,25-(OH)2-D3],
aiming to separate the differentiation-inducing activity of human myeloid
leukemia cells (HL-60) from the regulatory effect on calcium and
phosphorous metabolism.2 During our study of side chain modification of
1, we have initially obtained 1« ,25-dihydroxy-22-oxa-vitamin D3 (2)
(OCT),3:4 which shows high activity in inhibition of cellular proliferation
and stimulation of cell differentiation with remarkably low calcemic
activity.5 OCT is being clinically investigated for suppression of secondary
hyperparathyroidism.6

On the other hand, the recent discovery that la,24(R)-dihydroxy-
vitamin D3 (3)7 and MC-903 (4),8 both hydroxylated at the C-24 position,
exhibit essentially equal cell differentiation activity with reduced
hypercalcemic action in comparison to 1a,25-(0OH)2-D3 (1), stimulated our
interest in 22-oxygenated analogues possessing 24-hydroxy group instead
of 25-hydroxy moiety. Accordingly, in this paper we wish to describe the
synthesis of 1u,24(S)- and 1a,24(R)-dihydroxy-22-oxa-vitamin D3, (5)
and (6), and their 26,27-dimethylated homologues, (7) and (8), in which
enhanced differentiation-inducing effects may be expected as observed
previously in the comparison between OCT (2) and 26,27-dimethylated
OCT#4

(1)X=CHy 1a,25-(OH),- D3 (3) 1a,24(R)-(OH),- D, (5)Ry=OH,R,= H,Ry= M8
(2)X= G 0CT (4)22E-ene-26,27-cyclo; MC-903 (6 ) Ry= H, Ry= OH, R3= Me
(7)Ry= OH,Ry= H,Ry= Et
(8)Ry=H, Ry= OH, Ry= Et

Chart 1
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(11) R = TBS
(12)R=H

HO" OH (5)

(9) (14) R = TBS
(155R=H o'

(17) Ry= OH, Ry = H, Ry = TBS
(18) Ry = OH, Ry = H, Ry = H
(19) Ry = H, Ry = OH, Ry = TBS
(20) Ry = H, Ry = OH, Ry= H (1 Ry=OH, Ry=H
{8) Ry=H, Ry= OH

HOY OH

TBS = tert-butyldimethylsilyl

Chart 2

First, the 20(S)-alcohol (9)3 was alkylated with the (S)-epoxide (10),
prepared from D-valine by 3-step sequence?, in the presence of dibenzo-
18-crown-6 and 'BuQOK at 100°C to give the 24(S)-alcohol (11) in 34%
yield accompanied by the recovery of 9 in 23% yield. Desilylation of 11
with ®Bu4NF provided the triol (12), in 76% yield, which was then
converted to lo,24(S)-dihydroxy-22-oxa-vitamin D3 (5)10 by irradiation
in ethanol at 0°C wusing a high pressure mercury lamp through Vycor
filter, followed by thermal isomerization under reflux in ethanol in 13%
yield.

Next, (R)-epoxide (13), prepared from L-valine, was reacted with the
20(S)-alcohol (9) to afford the 24(R)-alcohol (14) (48% yield based upon
the recovery of 9) which was then desilylated (57%), irradiated and
thermally isomerized to 1a,24(R)-dihydroxy-22-oxa-vitamin D3 (6)!1
(14%).



1a,24-Dihydroxy-22-oxa-vitamin D4 analogues

Finally, the reaction between the 20(S)-alcohol (9) and the racemic
epoxide (16)12 provided a mixture of two products, which were separated
by silica gel preparative TLC to give the more polar isomer (17) and the
less polar isomer (19) in 28% and 20% yields, respectively. By analogy
with the behavior on TLC and !H-NMR spectra of above-mentioned 11
and 14, the more polar isomer (17) was tentatively assigned to the 24(S)-
alcohol and the less polar isomer (19) to the 24(R)-alcohol. Both 17 and
19 were transformed to la,24(S)-dihydroxy-26,27-dimethyl-22-oxa-
vitamin D3 (7)!3 and 1a,24(R)-dihydroxy-26,27-dimethyl-22-oxa-vitamin
D3 (8)14, by desilylation, irradiation and thermal isomerization in
comparable yields with § and 6.

Fig. 1 shows the preliminary results of the differentiation-inducing
activity of HL-60 into macrophages in vitro estimated by superoxide
anion production.!3  Among the four analogues synthesized, 24(S)-
isomers, 3 and 7, showed the comparable activities with OCT (2), whereas
24(R)-isomers, 6 and 8, were less active than 2. In the case of MC-903 (4)
and its 24(S)-epimer, the similar relationships between the configuration
at the C-24 center and the differentiation-inducing activity were also
reported.

As reported previously, 26,27-dimethyl OCT was approximately
threefold as potent as OCT (2) at the EDsg of the differentiation-inducing
activity,4 while clear influence caused by C-26/C-27 homologation was
not observed in la,24-dihydroxy-22-oxa-vitamin D3 analogues. Further
pharmacological studies, including the binding affinity to the chick
embryonic intestinal 1a,25-(OH)2-D3 receptor, are now under
investigation and will be reported elsewhere.

801
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Fig. 1 Comparauve Effect of Vitamin D3
Analogues on the Inducuion of Superoxide
Anion Production of HL-60.
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