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Summary — An efficient method for the preparation of crystalline la-hydroxy pre-

vitamin D3 is described.

Also the stereoselective reduction of l-keto previtamin

9 is discussed; it was observed that with aluminum hydride 7 is the most abundant
product. This stands in contrast with previously reported LiAlH, and NaBH, me-

diated reductions.

The recognition1 of the importance of la-
hydroxylated vitamin D3 metabolites and ana-
logs for mediating intestinal calcium absorp-
tion and bone calcium mobilization has stimu-
lated the study of various approaches to their
synthesisz. However little attention so far
has been devoted to practical syntheses of 1a-
hydroxylated previtamin D3 (7), the fundamen-
tally important minor isomer in the natural e-
quilibrium vitamin D ¥ previtamin D (20 X pre-
vitamin at 36°C). Among the existing methods
leading to lx~hydroxy vitamin D3, only the
classical fotochemical-thermal isomerization
of la-hydroxy provitamin D3 provides a direct
access to l0-hydroxy previtamin Dy (1)3’4’5.

One important reason for having good access
to la-hydroxy previtamin D3 (7) is related to
the observation of Mazur et al. indicating
that of the two isomers 6 and 7 the latter is
the better substrate for allylic oxidation4'6
to l-keto previtamin Dy (9). The reduction of
9 has been reported to yield predominantly
(vide infra) 18-hydroxy vitamin D3 (after ther-
mal isomerization), which is a serious draw—
back with regard to eventual preparation of
radiolabelled la-hydroxy vitamin Ds.

In this context we wish to report on a mo-
dification of our previously described synthe-

sis7 of 6 (1 + 3~ 4+ 5) which leads conve-

veniently to crystalline la-hydroxy previtamin
Dy (7) and on the stereoselective reduction of
9to7 (and hence to 6).

0f crucial importance in our approach is the
possibility of adequate protection, as a Diels-
Alder adduct, of the 6,8 diene in previtamin D3
(1)(obtained either from vitamin D3 by equilibra-
tion or from provitamin D3 by low temperature
irradiation). This allows selective carbonyl
introduction at C-1 affording the triazoline
adduct 4, followed by stereoselective reduction
to 5. The subsequent one pot (15 N KOH-MeOH,
reflux, 70 hr, Ar) generation of the vitamin
triene system (cf. E) almost necessarily has to
involve four discrete transformations : (1) sa-
ponification to the cyclic hydrazine 10; (2) oxi-
dation to the elusive unsaturated azo deriva-
tiveB; (3) facile stereospecific cycloreversion
to the original previtamin skeleton 7; (4) ther-
mal isomerization to 6 under the conditions
used. In view of this scheme, however, the di-
rect obtention of 6 merely implies that either
the oxidation step (2) occurs in spite of the
"inert" atmosphere or that another pathway is in
fact involveds’g. If the above cited sequence
is operative it is obvious that when the reac-
tion at higher temperature can be stopped at
the stage of 10, subsequent low temperature oxi-

dation would lead exclusively to la-hydroxy
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previtamin D3 (7). Reinvestigation of the re-
action conditions carried out as a model stu-
dy, on 3, has revealed that indeed traces of
oxygen were present.

We have now found that when the hydrolysis
is carried out under enforced oxygen-free con-
ditions (vigorous reflux in carefully degassed
15 N KOH-MeOH, under fast Ar flow) the hydra-
zine 11 is indeed an intermediate which can be
detected after rapid work-up. The highly air
sensitive 11 was difficult to isolate; it was
characterized as the dibenzoyl derivative 12

Consequently, treatment of 5 (as described
for 3) followed by aerial oxidation of crude
10 (diethyl ether, air flow, 0°C) leads af-
ter recrystallization (diethyl ether) in 74 %
to the desired 1o-hydroxy previtamin D3 (1
m.p. 120-122°C).

Oxidation of 7 (commercial MnO2 in diethyl
ether, Argon, ultrasonic bath) gave (67 %) 1-
keto previtamin 9. With 9 in hand we investi-
gated the possibility for the stereoselective
reduction to 7 using internal hydride delivery
which proved successful in the transformatiom
of 4 to 5. Treatment of 9 with aluminum hy-
dride (prepared in situ) in THF at -60°C yiel-
ded a mixture of 7 and 8 (ratio 4:1; 91 X to-
tal yield) from which 7 was obtained in 72 %
yield by preparative HPLC (Waters Model :

6000 A Solvent Delivery System HPLC; hexane/
aceton; 9:1). This stands in contrast with
previously described results which have shown
the opposite stereoselectivity; a comparison

is given in the table.

R

R'\\
R/N
A\ 7
HO ™y ~
10 R=H; X = OH
1 R=H;X=H
12 R=COP;X=H
R R
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matography (HPLC; hexane/acetone; 85:15) afforded
12 (202 mg; 36 7). Vitamin D, (2), previtamin
Dy (l) and their benzoates were also formed.
Rf (benzene/acetone; 9:1) = 0.25.

. : 12 ¢ UV (CHq0H) : Apax = 213 nm. IR (KBr) :
Reagent Z = B Yield Ref. 37, 3050,°2940, 2920, 2860, 1680, 1635, 1600,

Table : Observed stereoselectivity upon re-

duction of 9

(1a-0H) {18 -OH) 4 1580, 1490, 1460, 1440, 1370, 1330, 1280, 910 em 1,
1H NMR : 0.880 (d, J = 6.5 Hz, 3), 0.882 (d, J =
6.5 Hz, 3), 0.90 (s, 3), 0.94 (d, J = 5 Hz, 3),
NaBHA. CB30H 0 1 70 4 1.26 (s, 3), 3.72 {(m, 1), 4.75 (w, 1), 5.19 (, 1),
0°c 5.61 (m, 1), 7.17 (m, 2), 7.30-7.44 (m, 6), 7.64
(m, 2). MS : m/z 622 (M*-, 9), 394 (63), 106
LiAlHa, ether, 1 2.8 60 4 {44), 105 (100), 77 (1l00), 43 (58).
0°c 1(s)~Hydroxy previtamin Dy (7)
x From l-keto previtamin D3 9:
LiAIH,", ether, 1 b 100 6 A soln of ALCly (128 mg; 0.942 mmol) in dry THF
-20°C (3.2 mL) was added to a suspension of LiAlH
(108 mg; 2.826 mmol) in dry THF (10 mlL) at am-
A1H3, THF, -60°C 4 1 91 bient temp. The suspension was placed in an ul-

trasonic bath for ten min.

A soln of AlH3 (0.942 mmol; 3.3 mL of the prep.
soln) was added dropwise to a soln of l-keto pre~
vitamin Dy (3) (75 mg; 0.1884 mmol) in dry THF
(0.8 mL) at -70°C. After stirring for an addi-
tional 30 min at -60°C 5 Z HCl soln (2 mL) and
THF (2 mL) were added. Extraction with di-
ethylether (3 x 30 mL), work-up and column chro-
matography (HPLC; hexane/acetone; 8:2) afforded

7 (55 mg) and 1(R)-hydroxy previtamin D3 (8)

T14 mg). The total yield was 91.5 % and the ratio
1(S)/1(R) ~ 4/1.

7 : m.p. = 120-122°C (Et,0); Rf (benzene/ace-
Eone; 7:3) = 0.29. UV (EH30H) : Agg, = 234 nm,
offers the possibility for a suitable prepa- Amax * 260 nm. IR (KBr) : 3500, 3040, 3000,

2980, 2960, 1650-1600, 1470, 1390 cm-l. 1N NMR
0.70 (s, 3H), 0.866 (d, J = 6.8 Hz, 3), 0.871

(d, J = 6.8 Hz, 3), 0.94 (d, J = 6.4 Hz, 3), 1.77
(sy 3), 4.05 (m, FWHM = 24 Hz, 1), 4.20 (m, FWHM
= 9 Hz, 1), 5.50 (m, 1), 5.79 (d, J = 12 Hz, 1),
5.91 (d, J = 12 Hz, 1).

8 : Rf (benzene/acetone; 7:3) = 0.42. UV (CH3
The m.ps. are uncorrected. IR spectra Xgin = 228 nm, Mpax © 256 nm. 1H NMR 0.71 (s;
were recorded on a Beckman IR 4230 spectro- 3), 0.867 (¢, J = 6.5 Hz, 3), 0.87Z (d, J = 6.5
photometer, UV spectra on a Unicam SP 1750 Hz, 3), 0.94 (4, J = 6.5 Hz, 3}, 1.81 (s, 3),
Ultraviolet Spectrophotometer and mass spectra 4,02 (m, FWHM = 10 Hz, 1), 4.24 (m, FWHM = 11 Hz,
on a AEI MS-50 spectrometer. The lH NMR 1), 5.55 (m, 1), 5.79 (d, J = 12 Hz, 1), 5.95
spectra were recorded at 360 MHz (WH-Brucker) {(d, J = 12 Hz, 1).

in CDCly unless otherwise stated with TMS as
internal standard. Chemical shifts (§) are
expressed in ppm. Rf values are quoted for
Merck silica gel 60 GFy54 TLC plates of thick-~
ness 0,25 mm,

Reaction products were igolated by the ad~
dition of water and extraction with diethyl
ether. The combined extracts were washed with
brine and dried over MgSO;. The solvent was
removed from the filtered solution on a ro-
tary evaporator. Column chromatographic se-
parations were performed on gilica gel, on a
Prep LC/System 500 (Waters) apparatus or on
a Model 6000 A Solvent Delivery System HPLC

x ., cus
inverse addition

Thus, when aluminum hydride is the reducing
agent, faster interaction between the 3-hy-
droxyl group and the aluminum atom assures in-
ternal hydride introduction at C-1.

Because of the obvious advantage of intro-
ducing the label in the last step in the syn-

thesis of a radiocactive compound our result

ration of 18-tritium labelled la-hydroxylated

vitamin D3.

EXPERIMENTAL SECTION

OH)

A soln of KOH in degassed Hy0 (30 mL; 112 g in
84 ml HZO) was added to a soln of 5 (600 mg;
1.0435 mmol) in degassed CH.OH (30 mL) at 11l0°C,
Oxygen—free argon was passea through the soln
at 110°C and the reaction was monitored by TLC.
After completion CH30H was removed upon destil-
lation under argon. Ety0 (30 mL) and CH,oCly (20
nl) were added at 0°C and the water layer was
extracted with Et20-CH2C12 (3:2; 5 x 40 mL).

The combined organic layers were washed with
brine until neutral. At 0°C air was passed
through the soln for 24 h. Work-up and column

(Waters).
Formation of the dibenzamide 12

A soln of KOH in degassed Hy0 (21 wl; 112 ¢
in 84 wlL Hy0) was added dropwise to a soln of
3 (500 mg; 0.89 mmol) in degassed CHi0H (21
ml) at 110°C. Oxygen-free argon was passed
through the soln at 110°C for 70 h. After
cooling, the soln was extracted under argon
with CHpCl1, (5 x 50 mL). After work-up under
argon and evaporation, the residue was dis-
solved in dry Et0 (4 mL) and pyridine (0.07
mL). Benzoyl chloride (0.1 mL) was added
dropwise to the soln at 0°C. After stirring
for 2 h an ice-water mixture was added.
Extraction with Etj0, work-up and column chro-

chromatography (HPLC; hexane/acetone; 8:2) af-
forded 7 (230 mg; 55 %).
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