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SUMMARY From cholenic acid 24,24-difluoro-25-hydroxyvitamin Dy and 24g-

fluoro-25-hydroxyvitamin D, were prepared.

3

Although it is established that hydroxylation of vitamin D3 at C-1 and C-25
positions is essential for eliciting biological actaivity, the functional role of
C-24 hydroxylation has not yet been fully clarifled.l Blocking of 24-hydroxy-
lation by substitution with fluorine atom2 at this position would give an
important information on this problem. Herein we describe synthesis of 24,24-
difluoro-25-hydroxyvitamin D3 1 and 24g-fluoro-25-hydroxyvitamin D3 2, starting

from A5-cholenic acid §.3
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Treatment of cholenic acid (3) tetrahydropyranyl ether with an excess of
CH3Li in tetrahydrofuran (THF)-ethyl ether(0°, 4 hr) followed by deprotection
[p-toluenesulfonic acid(p-TsOH) in CH2C12—methanol, 20°, 24 hr] and acetylation
gave the methylketone 4 [mp 148-151°, & 2.12(3H, s, C-25), m/e 354(M-60] in 67%
overall yield from 3. Enolacetylation of 4 was effected by refluxing for 7 hr
in acetic anhydride in the presence of p~TsOH to give, in 72% yield, the di-
acetate 5 [mp 109—110°,6 5.02(1H, m, C-23), 1.90(3H, s, C-25), m/e 396 (M-60)].
Reaction of 5 with difluorocarbene generated from sodium chlorodifluoroacetate
in diglyme (1709 0.5 hr)4 furnished the cyclopropane 6 [34% yield, mp 112-115°% &
1.60(3H, C-26),2.02 and 2.05(6H, acetyl), m/e 446(M-60)]. Treatment of 6 with
LiOH in THF-methanol-water at 20° for 2 hr followed by acetylation gave, after
chromatography on silica gel, the difluoroketone 7 [9.3% yield, mp 135-136.5°,

2023



2024 No, 22

§ 2.26(3H, t, JHF=1 Hz, C-26), m/e 404 (M-60)] and a mixture of the 23(E)- and
23(2)-conjugated ketone 8 [the 24 (E)-olefin : 7.7% yield, mp 142-143°, § 5.62
(14, dt, JHF=22 Hz, JHH=8 Hz, C-23), 2.23 (3H, 4, JHF=5 Hz, C-26), m/e 384 (M-
60); the 23(Z)-olefin : 53% yield,mp 169-170°, & 6.03(1H, dt, JHF=34 Hz, JHH=8
Hz, C-23), 2.27(3H, 4, JHF=3 Hz, C-26), m/e 384 (M-60)]. Grignard reaction of
the fluoroketone 7 with an excess of CH3MgI in ethyl ether (0°, 15 min) and
subsequent acetylation furnished, in 85% yield, the 25-carbinol 9 [mp 163-164.5°,
§ 1.28 (6H, s, C-26,27), m/e 420 (M-60)]. Allylic bromination of 9 (N-bromo-
succinimide in refluxing CCl4, 25 min) and then dehydrobromination (s-collidine
in refluxing xylene, 15 min) afforded a mixture of the 4,6-diene and the 5,7-
diene from which the desired 5,7-diene [Amax 263, 272, 282, and 292 nm; m/e 419
(M-59)] was isolated, in 28% yield, by treatment with p-TsOH in acetone, 20°,

15 hr followed by preparative thin layer chromatography [benzene-ethyl acetate
(15:1), 3 times]. The 24,24-difluoro-5,7-diene was saponified (5% KOH-methanol,
20°, 15 hr) and then irradiated (Hanovia 654A36; 200W) in a mixture of ethanol
and benzene for 2.5 min at 0°., After refluxing for 1 hr, the products were
fractionated with thin layer chromatography [silica gel, benzene-ethyl acetate
(5:1), 3 times] and high pressure liquid chromatography (Zorbax SIL, CHZClz) to
give the vitamin Dy 1[A .. 264 nm, A . 228 nm, m/e 436 t*y, 421, 418, 403, 377,
271, 253, 136, 118].

For the synthesis of 24-fluoro analog 2, cholenic acid (3) was successively
treated with dihydropyran-p-TsOH, LiAlH4—THF, and p-TsCl-pyridine to afford the
tosylate 10, which in turn was reacted with KCN/18-crown-6 in dimethylformamide
at 70°, 3 hr to give the cyanide 11 (48% yield, mp 142-143°). Hydrolysis of 11
with KOH in aqueous ethanol (140°, 48 hr) yielded the carboxylic acid 12 (63%
yield, mp 171-172°), which on treatment with CH2N2 gave the methyl ester 13 (79%
yield, mp 159-161°). The enolate of 13 (generated by treatment with lithium
dicyclohexylamide at -78°) was treated with iodine in THF at ~-78° to yield the
iodide 14. sSubstitution of iodine of 14 with hydroxyl was accomplished by reac-
tion with CF3COOAg—Ag20 in CH3CN—ethyl ether (20°, 20 hr) followed by saponifi-
cation (KOH~methanol-THF, 20°, 16 hr). Reesterification with CH2N2 gave the
hydroxyester 15 [mp 114-117°, & 4.16 (1H, m, C-24), m/e 418 (M-84)] in 63%
overall yield from 13.5 The tosylate derived from 15 was treated with KF/18-
crown-6 in dimethylformamide (70°, 15 hr) to give the fluoride 17, which on
deprotection (p=-TsOH in methanol-CH2C12, 0°, 4 hr) afforded the fluoro ester 18
[73% yield, mp 104-105°, 6 4.86 (1H, dm, JHF=48 Hz, C-24), m/e 420 (M+)].
Treatment of 18 with an excess of CH3MgI in ethyl ether (20°, 20 min) followed
by acetylation furnished, in 80% yield, the fluorohydrin 12 [mp 153-154°, & 4.14
(1H, dm, JHF=48 Hz, C-24), 1.20 (6H, s, C-26,27), m/e 402 (M-60)]. Conversion
of 19 to the corresponding vitamin D3 2 was carried out essentially as described
for the difluoro analog 9. Compound 2 showed the expected spectral properties
[A 263 nm, 228 nm, m/e 418 (M+), 403 (M-15), 400 (M-18), 385 (M-15-18),

max min
359, 271, 253, 136, 118].
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Biological activities of 1 and 2 are now being examined by Prof. H. F.
DeLuca, University of Wisconsin.
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