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Summary: 5a-Cholest-8(l4)-en-38,9% -diol-15-one has been prepared by chemical
synthesis in two steps from 5a-cholest-8(14)-en-38-0l-15-one. 9a-Fluoro~-5a-—
cholest-8(14)-en-38-0l-15-one was prepared in 91% yield from the corresponding
9a-hydroxysterol. 9a-Fluoro-5a-cholest-8(14)-en-3,15-dione was prepared, in

847 yield, from the corresponding 3B-hydroxy compound. These compounds have been
found to be potent inhibitors of sterol synthesis in animal cells in culture.

The concentrations of the sterolds required to cause a 507 inhibition of the syn—-
thesis of digitonin-precipitable sterols from labeled acetate were comparable

to those required to cause a 50% reduction in the levels of HMG-CoA reductase
activity in the same cells.

A number of 15-oxygenated sterols have been shown to be potent inhibitors
of sterol biosynthesis in animal cells in culture (1-7). Of special importance
was the demonstration that one of these 15-oxygenated sterols, 5a-cholest—-8(14)-
en-38-01-15-one (I), and a number of its derivatives have significant hypocholes-
terolemic activity in intact animals (8-11). The purposes of this communication
are to describe the syntheses of the 9a-fluoro and 9a-hydroxy analogs of com
pound I and to present the results of studies indicating that these compounds are
potent inhibitors of sterol bilosynthesis in animal cells in culture. The chemical
synthesis of the 3B-acetate derivative of 5a-cholest-8(l4)-en-38, % ~diol-15-0ne

by an independent method has also been reported recently by Anastasia et al. (12).
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Materials and Methods

The recording of melting points (m.p.), proton magnetic resonance (p.m.r.),
and mass spectra (m.s.) were carried out as described previously (13) as were
thin layer chromatographic (t.l.c.) analyses. Ultraviolet (u.v.) spectra were
recorded on ethanol solutions of the sterols. High resolution mass spectral
analyses were made on a Varian CH-5 spectrometer. 5c-cholest-8(1l4)-en-38-0l1-15-
one (I) was prepared as described previously (2,8). Perchloryl fluoride was
purchased from Ozark-Mahoning Company (Tulsa, Oklahoma). HF-pyridine (70% HF
in pyridine) was purchased from Aldrich Chemical Company (Milwaukee, Wisconsin).

15-Ethoxy—-5a-cholest—8,14-dien-38-0l (II)

Compound I (6.00 g; 15.0 mmol) in dry dioxane (60 ml) was treated with p-
toluenesulfonic acid monohydrate (480 mg) and triethyl orthoformate (12 ml) and
the resulting mixture was stirred at 25° for 24 h. A mixture of triethylamine
(15 ml1) and water (400 ml) was slowly added and the resulting mixture was poured
into ether (1,000 ml). The ether solution was thoroughly washed with water,
dried over anhydrous MgSO,, and evaporated to dryness under reduced pressure to
give II (5.26 g; 82% yield) as a light yellow glass which resisted all attempts
at crystallization; p.m.r., 0.82 (s, 3H, C-19-CH,), 0.97 (s, 3H, C-18-CH3), 3.62
(m, 1H, C-3-H), and 3.80 (q, 2H, ethoxy); m.s., 428 (92%; M); high resolution
mes., 428,3649 (calc. for CygH,g0y: 428.3655); u.ve, A . 254 nm (¢ = 15,300).
The product showed a single component on t.l.c. in 2 soTeent systems.

5a=Cholest—-8(14)~-en—38,9%a~diol-15-one (III)***

Compound II (4.00 g; 9.3 mmol) in dry pyridine (75 ml) was cooled to -35°
to =40° in a dry ice—acetone bath and a slow stream of perchloryl fluoride was
bubbled through the stirred solution for 20 min. After bubbling nitrogen through
the solution for 5 min, the mixture was poured into water and extracted with
ether containing CH,Cl, (10%). The extract was washed successively with water,
cold 5% HC1, 5% NaHCO4, and water and it was dried over anhydrous MgSO,. Evapo-
ration of the solvent under reduced pressure gave a yellow residue which, after
medium pressure liquid chromatography on a silica gel column and recrystallization
from acetone-water, gave III (1.34 g; 35% yield); m.p., 214.5-215.5°; p.m.r.,
0.80 (s, 3H, C-19-CH5), 0.97 (s, 3H, C-18-CH4), 3.64 (m, 1H, C-3-H), and 3.98
(m, 1H, C-78-H); m.s., 416 (l4%; M); elem. anal., C, 77.70, H, 10.55 (calc. for
Cy7H,4053: C, 77.84, H, 10.64); u.v., A ax 254 nm (e = 13,500). The product
showed a single component on t.l.c. in ? solvent systems.

3B-Acetoxy-5a-cholest-8(14)-en-9a-0l-15~one (IV)

Compound III (500 mg; 1.20 mmol) in dry pyridine (15 ml) was treated with
acetic anhydride (15 ml) for 24 h under nitrogen. After standard workup the
crude product was recrystallized twice from acetone-water to give IV (476 mg;
86% yield), m.p. 194.0-195.5° [1it., 194-195° (12)]; p.m.r., 0.8l (s, 3H,
C-19-CHy; calc. 0.82), 0.96 (s, 3H, C-18-CHy; calc. 0.97), 1.90 (s, 3H,
methyl of acetoxy function), 3.96 (m, H, C—78—H), and 4.86 (m, 1H, C-3-H);

*kk
CAUTION: While this reaction was repeated 9 times, on one occasion the re-

action was accompanied by a violent explosion. Accordingly, we
do not recommend the use of perchloryl fluoride for the prepara-
tion of III. The procedure recently described by Anastasia et al.
for the preparation of the 3B-acetate derivative of III (12) or

a new procedure which we have developed (E. J. Parish, M. Tsuda,
and G. J. Schroepfer, Jr., manuscript in preparation) should be
employed.
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m.s., 458 (21%; M); high resolution m.s., 458.3396 (calc. for CogH,e0y4t
458.3396); u.v., Amax 254 nm (¢ = 13,800) [lit., 254 nm (e = 13,808? %12)].
The product showed a single component on t.l.c. in 2 solvent systems.

9a-Fluoro-5a=cholest=8(14)~en-3B8-01-15-one (V)

Compound III (2.00 g; 4.80 mmol) in CH,Cl, (30 ml) was slowly added to a
cooled (-35°) mixture of CH,Cl, (20 wl) and HF-pyridine (20 ml). After stirring
for 30 min, the mixture was poured into water and thoroughly extracted with
ether. The combined extracts were dried over anhydrous MgSO, and the residue
obtained upon evaporation of the solvent was subjected to siiica gel column
chromatography and recrystallization from acetone-water to give V (1.82 g;
90.5% yield) melting at 139.5-140.5°; p.m.r., 0.80 (s, 3H, C—19—CH3), 0.96
(s, 3H, C-18-CH4), 3.70 (m, 1H, C-3-H), 3.90 (m, 1H, C-7B-H); m.s., 418 (12%;
M); high resolution m.s., 418.3247 (calc. for Co7H,40,F : 418,3246); u.v.,
Ana 248 nm (e = 13,600)., The product showed a single component on t.l.c.
in § solvent systems.

9a~Fluoro-5a-cholest-8(14)-en~-3,15—-dione (VI)

To compound V (500 mg; 1.19 mmol) in CH,Cl (40 ml1) pyridinium chlorochro-
mate (1.5 g) and sodium acetate (0.5 g) were added. After stirring for 30 min,
the mixture was poured into a saturated solution of NaCl and thoroughly extrac-
ted with CHyCl,. The combined extracts were dried over anhydrous MgS0, and the
residue obtained upon evaporation of the solvent under reduced pressure was sub-
jected to silica gel column chromatography and recrystallization from acetone-
water to give VI (418 mg; 84% yield) melting at 155.0-156.5°; p.m.r., 0.98 (s,
6H, C-19-CH3 and C-18-CH ), 3.90 (m, 1H, C-7B-H); m.s., 416 (5%; M); high reso-
lution m.s., 416.3090 (calc. for Cy;H, 05F: 416.3090); Amax 248 nm (e = 13,700).
The product showed a single component on t.l.c. in 3 solvent systems.

Cell Culture Studies

Mouse L cell (a subline of NCTC clone 929 mouse fibroblasts) cultures and
primary cultures of fetal mouse liver cells were grown in serumfree medium as
described previously (14). The preparatioT4of steroid-containing media, pro-
cedures for assaying the conversion of [l1-""Cl-acetate into digitonin-precipi-
table sterols and fatty acids and methods for measurement of DNA and protein were
as described previously (2,14,15). Studies of the rates of acetate metabolism
to fatty acids were made so as to detect any possible effects of the inhibitors
of sterol synthesis on general metabolism. As noted previously (2,14,15) minor
variations in rates of fatty acid formation in experimental flasks as well as in
control flasks were considered to be due to technical error and to variations in
the metabolic characteristics of individual cultures. Accordingly, in an effort
to correct for these sources of varliation upon estimates of inhibitory potency,
concentrations requiredlgo inhibit stero}asynthesis by 50% were estimated from
plots of the ratio of [~ 'Cl-sterols to [*'Cl-fatty acids as a function of the con-
centration of the inhibitor (2,14,15). In the case of the compounds studied in
this paper, no significant effect on the rate of acetate metabolism to fatty acids
was observed. HMG-CoA reductase activity in the cells was assayed by a minor
modification (16) of procedures described previously (2,14,15).

Results
The effects of 5a=-cholest-8(14)—en—-3 ,%—-diol-15-one on the synthesis of
digitonin-precipitable sterols from labeled acetate in L cells and in primary cul-

tures of fetal mouse liver cells are shown in Figure 1. These results indicate that
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Figure l. Effects of 5a-cholest~8(l14)-en-38,9a-diol-15-one on the synthesis of
digitonin-precipitable sterols from labeled acetate and upon the levels of HMG-CoA

reductase activity in L cells and in primary cultures of fetal mouse liver cells.

the oxygenated sterol caused a 50% inhibition of sterol synthesis in the L cells
and in the liver cells at 0.3 uM and 4.0 uM, respectively. A major site of the
inhibition of sterol synthesis in both cell types appears to be at the level of
HMG-CoA reductase since compound III caused a 50% reduction in the levels of
HMG-CoA reductase activity in the L cells and in the liver cells at 0.4 uM and

5.0 uM, respectively (Figure 1). The effects of 9a~fluoro-5a-cholest=8(14)-
en-38-01-15-one and of 9a~fluoro=-5a-cholest-8(14)—-en-3,15-dione on the synthesis

of digitonin-precipitable sterols from labeled acetate in L cells and on the levels
of HMG-CoA reductase activity in the same cells are shown in Figure 2. Both com

pounds caused a 50% inhibition of sterol synthesis at 0.5 uM. Both compounds
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Figure 2. Effects of 9a-fluoro-5a-cholest-8(14)-en-3B-0l1~15~one (O~——wo0)

and 9a—fluoro-5&-cholest-8(14)-en-3,15-dione (e—————e) on the synthesis of
digitonin-precipitable sterols from labeled acetate and upon the levels of HMG-CoA

reductase activity in L cells.

caused a reduction in the levels of HMG-CoA reductase activity. The concentrations
of the 38-hydroxy compound and the 3-ketosterol required to cause a 50% reduction
in the levels of HMG-CoA reductase activity were the same (0.2 uM).

Discussion
The ethyl enol ether (II; Figure 3) was prepared in 82% yield by treatment of

compound I with triethyl orthoformate and an acid catalyst, an adaptation of
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Figure 3. Chemical synthesis of 5Sa-cholest-8(14)-en-38,9a-diol-15-one (III),
9a-fluoro-5a-cholest-8(14)~en-38-01-15-one (V), and 9a-fluoro~Sa~cholest-8(14)-
en-3,15-dione (VI).

procedures described previously for the preparation of steroidal enol ethers
(17,18). The results of 1.r.,, pem.T., u.v., and high and low resolution mass
spectral analyses were fully compatible with the assigned structure for II.
Treatment of II with perchloryl fluoride gave 5a-cholest-8(l4)-en-38,%-diol-
15~one (III) 4in 35% yield. The results of i.r., p.m.r., u.v., and high and

low resolution mass spectral analyses were compatible with the assigned structure
for III. In addition, acetylation of III gave 3B8-acetoxy=5a-cholest-8(14)-en—
%~0l1-15-one (IV) in 86% yield. The i.r., p.m.r., u.v., and high and low
resolution mass spectral properties indicated the assigned structure. Moreover,
the melting point and p.m.r. and u.v. data compared favorably with those reported

recently for IV prepared by an independent method (12). In addition, the results
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of detailed 13¢ n.m.r. studies of compounds III and IV were fully compatible
with the assigned structuress. Compound V was prepared in 90% yield from compound
III by an adaptation of the method of Ambles and Jacquesy (19). Oxidation of V
with pyridinium chlorochromate gave the corresponding 3-ketone (VI) in 84% yield.
The results i.r., u.v., pem.r., and high and low resolution mass spectral analyses
were fully compatible with the assigned structures for V and VI.

The results presented herein demonstrate that 5a-cholest-8(14)-en-38, 9a-
diol-15-one is an effective inhibitor of sterol synthesis in L cells and in pri-
mary cultures of fetal mouse liver cells. The inhibitory potencies of the 9a—hy-
droxy compound in the two cell culture systems were similar to those of the parent
compound, 5a-cholest-8(l4)-en-38-0l-15-one (2). The inhibitory potencies of the
9a-hydroxy compound on sterol synthesis in the two cell types correlated closely
with its action in lowering the levels of HMG-CoA reductase activity in the same
cells. It is noteworthy that Jda-hydroxylation of a number of C,qg and C, ~steroids
has been demonstrated in microorganisms (20,21, and references cited therein).
However, to our knowledge, 9a—hydroxylation of Cy7 sterols has not been reported.

9a¢~Fluoro-5a-cholest-8(14)~en~3B-01-15~one and Ya~fluoro-Sa-cholest-8(14)-
en-3,15-dione were also found to be potent inhibitors of sterol synthesis in L
cells., The inhibitory potencles of the two 9a-fluoro sterols in inhibiting the
synthesis of digitonin-precipitable sterols in L cells were similar, but not iden-
tical, to the potencies of the two sterols in causing a reduction of the levels of
HMG-CoA reductase in the same cells. It is noteworthy that the concentrations
(0.2 uM) of the two 9a-fluoro sterols required to cause a 50% reduction in the
levels of HMG-CoA reductase activity were comparable to those of their 9a-protio
parent compounds, i.e., Sa-cholest-8(14)-en-38-0l-15-one (2; 0.3 uM) and Sa~cho-
lest-8(l4)~en-3,15-dione (7; 0.4 uM).

Further studies of the biological effects of the new l5-oxygenated sterols

described herein are in progress. The two 9a~-fluoro-15-ketosterols hold promise

§ (These studies will be reported in detail elsewhere along with a discussion of
the mechanism of formation of III from II and the description of an alternative
new method for the chemical synthesis of III; E. J. Parish, M. Tsuda, and G.

J. Schroepfer, Jr., in preparation.)
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of representing new hypocholesterolemic agents of high activity in view of the
fact that their 9a-protio analogs have been found to possess significant hypo-

cholesterolemic activity in animals (8,9,10).
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