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Abstract 4,4-Dimethyl-5

 

a

 

-cholesta-8,14,24-trien-3

 

b

 

-ol (

 

I

 

)
from human follicular fluid and 4,4-dimethyl-5

 

a

 

-cholesta-
8,24-dien-3

 

b

 

-ol (

 

II

 

) from bull testes have been reported to
activate meiosis in mouse oocytes (Byskov et al., 1995. 

 

Na-
ture.

 

 

 

374:

 

 559–562). Described herein are new chemical syn-
theses of 

 

I, II

 

, and the 

 

D

 

8(14),24

 

 analog 

 

XXII

 

. A critical step in
these syntheses was a remarkably high yield side chain oxi-
dation of 3

 

b

 

-acetoxy-4,4-dimethyl-5

 

a

 

-cholest-8(14)-en-15-
one to the corresponding C

 

24

 

 24-hydroxy compound 

 

VI

 

.
Oxidation of 

 

VI

 

 to the aldehyde, followed by Wittig ole-
fination gave 3

 

b

 

-acetoxy-4,4-dimethyl-5

 

a

 

-cholesta-8(14),24-
dien-15-one. Reduction with sodium borohydride to the
15

 

b

 

-hydroxysteryl ester, dehydration with sulfuric acid in
CHCl

 

3

 

, and saponification furnished 

 

I

 

 in high purity. Re-
duction of 

 

VI

 

 with sodium borohydride to the 15-hydroxy-
steroid followed by dehydration gave 3

 

b

 

-acetoxy-4,4-dime-
thyl-5

 

a

 

-chola-8,14-dien-24-ol. Hydrogenation over Raney
nickel gave the monounsaturated 

 

D

 

8(14)

 

 and 

 

D

 

8

 

 compounds.
Oxidation to the corresponding aldehydes followed by Wit-
tig olefination and saponification gave 

 

II

 

 and 

 

XXII

 

. Chro-
matographic, mass spectral, and 

 

1

 

H and 

 

13

 

C nuclear mag-
netic resonance spectral data have been presented for the
synthetic sterols and their derivatives. 

 

I, II, XXII

 

, and their

 

D

 

8,14

 

 and 

 

D

 

7,14

 

 analogs, at 3 

 

m

 

g per ml, caused a resumption
of meiosis in mouse oocytes in the presence of hypoxan-

 

thine (3.5 m

 

m

 

). Under the same conditions, 

 

D

 

5

 

 and 

 

D

 

5,7

 

 ste-
rols were inactive. —
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4,4-Dimethyl-5

 

a

 

-cholesta-8,14,24-trien-3

 

b

 

-ol (

 

I

 

), 4,4-
dimethyl-5

 

a

 

-cholesta-8,24-dien-3

 

b

 

-ol (

 

II

 

), and 4,4-dimethyl-
5

 

a

 

-cholesta-8,14-dien-3

 

b

 

-ol (

 

III

 

) (

 

Fig. 1

 

) have recently
been reported to activate meiosis in mammalian oocytes
(1). 

 

I

 

 and 

 

II

 

 were samples isolated from human follicular

 

fluid and bull testicular tissue, respectively, with chemical
characterization based on gas chromatography–mass spec-
trometry (GC–MS) and, in the case of 

 

II

 

, 

 

13

 

C nuclear mag-
netic resonance (NMR) spectroscopy in the absence of au-
thentic standards. The 

 

D

 

8,14,24

 

-triene 

 

I

 

 and the 

 

D

 

8,14

 

-diene

 

III

 

 are products of a cytochrome P-450-dependent 14

 

a

 

-
demethylation of lanosterol and 24,25-dihydrolanosterol,
respectively (2–7). 

 

I

 

, 

 

II

 

, and 

 

III

 

 represent potential inter-
mediates in the biosynthesis of cholesterol (8). The enzy-
matic formation of 

 

I

 

 from lanosterol in rat ovary has been
recently reported to be under hormonal control (9), and

 

I

 

 has also been reported to be a positive regulator of the
nuclear orphan receptor LXR

 

a

 

 (10).
Described herein are new approaches to the chemical

syntheses of 

 

I

 

 (

 

Fig. 2

 

) and 

 

II

 

 (

 

Fig. 3

 

). Also presented are
chromatographic, mass spectral (MS), and 

 

1

 

H and 

 

13

 

C
NMR spectral properties of 

 

I

 

, 

 

II

 

, and 

 

III

 

, their derivatives,
and related compounds, as well as the results demonstrat-
ing the ability of the synthetic sterols to affect meiosis in
mouse oocytes. Preliminary communications of portions
of this work have been presented (11, 12).

EXPERIMENTAL PROCEDURES AND RESULTS

 

General methods and materials

 

Melting points (MP) were measured in sealed, evacu-
ated capillary tubes using a Thomas-Hoover apparatus. Ul-

 

Abbreviations: Ag

 

1

 

, silver ion; GC, gas chromatography; GVB, ger-
minal vesicle breakdown; HPLC, high performance liquid chromatog-
raphy; IR, infrared; MP, melting point; MPLC, medium pressure liquid
chromatography; MS, mass spectra or mass spectrometry; MTBE, methyl

 

tert

 

-butyl ether; NMR, nuclear magnetic resonance spectroscopy; RRT,
relative retention time; THF, tetrahydrofuran; TLC, thin layer chroma-
tography; UV, ultraviolet.
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traviolet (UV) spectra were recorded on a Shimadzu UV-
1601 spectrophotometer using ethanol as solvent. Infra-
red (IR) spectra were recorded on a Mattson Galaxy 6020
Fourier-transform IR spectrometer with KBr pellets. Low
resolution and high resolution MS were recorded on a VG
ZAB-HF double sector instrument with an electron energy
of 70 eV and direct inlet sample introduction. The com-
position and origins of ion B, ion B-CH

 

3

 

, and ion D in the
mass spectra of C

 

24

 

 (13, 14) and C

 

27

 

 (15–19) 

 

D

 

8(14)

 

-15-
ketosteroids have been presented previously. Ions desig-
nated with an asterisk (*) showed exact mass values on
high resolution MS which were within 3 millimass units of

the calculated values for the proposed ions. GC–MS was
carried out on the same instrument coupled to an HP-
5890-A GC unit using a 60 m DB-5MS column (0.25 mm
ID; 0.1 

 

m

 

m film thickness; J&W Scientific Inc., Folsom,
CA). The column temperature was 250

 

8

 

C and the temper-
atures of the injector and GC–MS interface were 290

 

8

 

C.
Helium was used as the carrier gas with a head pressure of
20 psi. Trimethylsilyl ether derivatives were prepared by
treatment of the steroids with a 1:1 mixture of bis(trimeth-
ylsilyl)trifluoroacetamide and pyridine for 2 h under ni-
trogen at 40

 

8

 

C, followed by evaporation to dryness at 40

 

8

 

C
under nitrogen. NMR spectra were recorded on a Bruker
AMX500 (500.1 MHz, 25

 

8

 

C for 

 

1

 

H, 22

 

8

 

C for 

 

13

 

C) spec-
trometer in CDCl

 

3

 

 solution (5–20 m

 

m

 

 for 

 

1

 

H; 20–100 m

 

m

 

for 

 

13

 

C) and referenced to an internal standard of tetra-
methylsilane (

 

1

 

H) or CDCl

 

3

 

 at 77.0 ppm (

 

13

 

C).
Thin-layer chromatography (TLC) was carried out us-

ing aluminum-backed silica gel 60 plates (EM Science,
Gibbstown, NJ). Components on the plates were visual-
ized after spraying with 5% ammonium molybdate in 10%
sulfuric acid and heating. Unless specified otherwise, me-
dium pressure liquid chromatography (MPLC) was car-
ried out on glass columns packed with silica gel (230–400
mesh), whereas silica gel (70–230 mesh) was used for rou-
tine column chromatography.

High performance liquid chromatography (HPLC) was
carried out using a Rheodyne 7125 or Waters U6K injector
and Waters 600 or 510 pumps with UV detection at 210
nm. Reversed phase HPLC was carried out using a Cus-
tomsil ODS column (250 mm 

 

3

 

 4.6 mm i.d.; Custom LC,
Houston, TX) using methanol as solvent at a flow rate of 1
ml per min. Ag

 

1

 

-HPLC was carried out as described previ-
ously (20). In the current study 5 

 

m

 

m Nucleosil SA cation
exchange (100 Å pore size) columns (250 mm 

 

3

 

 4.6 mm,
300 mm 

 

3

 

 3.2 mm, 300 mm 

 

3

 

 4.6 mm, and 250 mm 

 

3

 

 10
mm) were obtained from Alltech Associates (Deerfield,
IL), and they were charged with silver ion and prepared
for use as described previously (20). Flow rates for analyti-
cal and semipreparative (10 mm i.d.) columns were 1 ml
per min and 3 ml per min, respectively.

4,4-Dimethylcholest-5-en-3

 

b

 

-ol, 4,4-dimethylcholesta-5,7-
dien-3

 

b-ol, 4,4-dimethyl-5a-cholesta-8,14-dien-3b-ol (III), and
4,4-dimethyl-5a-cholesta-7,14-dien-3b-ol (IV) were prepared
as described previously (21) and, after chromatographic
purification, showed purities of .99%, ,97%, ,95%, and
,96%, respectively, as judged by capillary GC and 1H NMR.
(20R,22R)-cholest-5-ene-3b,20,22-triol and (20S,22S)-cholest-
5-ene-3b,20,22-triol were prepared as described previously
(22), and each showed a purity .99% on the basis of TLC,
Ag1-HPLC, and 1H NMR. Samples of (22R)-cholest-5-ene-

Fig. 1. Structure of sterols reported by Byskov
et al. (1) to activate meiosis.

Fig. 2. Conversion of 3b-acetoxy-4,4-dimethyl-5a-cholest-8(14)-
en-15-one (V) to 4,4-dimethyl-5a-cholesta-8,14,24-trien-3b-ol (I):
(a) (CF3CO)2O, H2O2, H2SO4, 228C; Na2SO3, K2CO3; (b) oxalyl
chloride, dimethylsulfoxide, CH2Cl2, 2508C, 1 h; triethylamine,
258C, 5 min; (c) isopropyltriphenylphosphonium iodide, butyllith-
ium, tetrahydrofuran, 08C, 2 h; (d) NaBH4, ethanol, 258C; (e)
H2SO4 (cat.), CHCl3, 258C, 5 min; (f) KOH, ethanol, 708C, 2 h.
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3b,22-diol and (22S)-cholest-5-ene-3b,22-diol, showing mi-
nor impurities on TLC (overloaded), were purchased from
Sigma Chemical Company (St. Louis, MO). Steryl acetates
were prepared by treatment of the free sterols with a mixture
of acetic anhydride and pyridine (1:1). Bovine serum al-
bumin (crystallized) was obtained from ICN Biochemical
(Aurora, OH) and equine chorionic gonadotropin was from
Dyosynth (Oss, Holland).

Assays of activation of meiosis

Oocyte-cumulus cell complexes were isolated from the
ovaries of 22–24 day old B6SJLF1 mice 44 h after intra-
peritoneal injection of equine chorionic gonadotropin (5
IU). The culture medium was minimum essential medium

with Earle’s salts supplemented with crystallized bovine se-
rum albumin (5 mg/ml). The medium also contained hy-
poxanthine (3.5 mm) to suppress the spontaneous re-
sumption of meiosis (23). Cumulus cells were removed
from oocytes by drawing the complexes in and out of a
small-bore glass pipet. The denuded oocytes were incu-
bated in 2.5 ml of medium with or without sterols for 15–
17 h at 378C in an atmosphere of 5% O2, 5% CO2, and
90% N2. Sterols were dissolved in ethanol at a concentra-
tion of 1 mg/ml. All sterols were tested at a concentration
of 3 mg/ml. Control cultures received the same amount of
ethanol as the sterol-treated groups. After the incubation
period, the percentage of oocytes that underwent germi-
nal vesicle breakdown, indicative of the resumption of
meiosis, was determined. Approximately 40 cumulus cell-
free oocytes were distributed to each group. Data are pre-
sented as the mean percentage of four independent
experimental replicates; variation among experiments is
illustrated using the standard error of the mean. For eval-
uation of the differences among groups, data were sub-
jected to arcsin transformation and ANOVA. When a signifi-
cant F-ratio was defined by ANOVA, groups were compared
using the Fisher’s PLSD post-hoc test using software; when
P # 0.05, the difference was considered significant.

Syntheses of 4,4-dimethylsterols
3b-Acetoxy-4,4-dimethyl-5a-cholest-8(14)-en-15-one (V). 3b-Acetoxy-

4,4-dimethyl-5a-cholest-8(14)-en-15-one was prepared by
treatment of 3b-hydroxy-4,4-dimethyl-5a-cholest-8(14)-en-
15-one, obtained by minor modifications of a previously
described synthesis (21), with acetic anhydride and pyri-
dine. The crude product was subjected to MPLC on a sil-
ica gel column (50 cm 3 2.5 cm) using 2% ethyl acetate in
hexane as the eluting solvent. Fractions (20 ml) were col-
lected every 4.5 min. The contents of fractions 159–235
were combined and evaporated to dryness to give V as a
white solid; MP 123.5–1268C; single component (Rf 0.9)
on TLC (solvent, 25% ethyl acetate in hexane) and a
single component (tR 9.8 min) on reversed phase HPLC;
MS, 470 (100%; M1), 452* (7%, M–H2O), 410* (20%;
M–CH3COOH), 395* (31%; M–CH3COOH–CH3), 367
(11%; C26H39O), 357* (3%; M–SC), 339* (17%, M–SC–
H2O), 297* (11%; M–CH3COOH–SC), 276* (21%; ion
B), 261* (22%; ion B–CH3), and 135* (91%; C10H15);
high resolution MS, calcd. for C31H50O3 470.3760, found
470.3760; IR, nmax 2963, 2872, 2853, 1732, 1703, 1626,
1466, 1365, 1240, 1084, and 1026 cm21; UV, lmax 259 nm
(« 14,000); 1H NMR, Table 1; 13C NMR, Table 2.

3b-Acetoxy-24-hydroxy-4,4-dimethyl-5a-chol-8(14)-en-15-one (VI). To
a mechanically stirred mixture of trifluoroacetic anhy-
dride (25 ml) and sulfuric acid (10 ml) maintained at
2108C was added a solution of 30% hydrogen peroxide
(2.5 ml) dropwise over a period of 30 min. During the ad-
dition the temperature of the mixture was maintained at
between 248C and 288C. Acetate V (1.00 g; 2.13 mmol)
was, with continued vigorous stirring, added in one por-
tion. The color of the reaction turned to orange and the
temperature of the reaction mixture was increased to –28C.
Within 1 h, the mixture, maintained at 228C, turned to a

Fig. 3. Synthesis of 4,4-dimethyl-5a-cholesta-8,24-dien-3b-ol (II)
and 4,4-dimethyl-5a-cholesta-8(14),24-dien-3b-ol (XXII). (a)
NaBH4, ethanol, 258C; (b) H2SO4 (cat.), CHCl3, 258C, 15 min; (c)
hydrogenation, Raney nickel; (d) oxalyl chloride, dimethyl sulfox-
ide, CH2Cl2, 2508C, 1 h; triethylamine, 258C, 5 min; (e) isopropyl-
triphenylphosphonium iodide, butyllithium, tetrahydrofuran, 08C,
2 h; (f) KOH, 95% ethanol, 608C, 2 h.
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thick slurry. With continued vigorous stirring for 3 h, the
slurry changed to a clear, light yellow-colored, mobile so-
lution. TLC (solvent, 25% ethyl acetate in hexane) of an
aliquot of the reaction mixture indicated completion of
the reaction as judged by consumption of almost all of the
starting material. The reaction mixture was poured into
ice water (100 ml) containing sodium sulfite (200 mg). To
the resulting mixture, potassium carbonate (,20 g) was
slowly added and, after stirring for 30 min, the mixture
was extracted 4 times with ethyl acetate (200 ml portions),
and the combined organic extracts were washed 5 times
with 10% KOH (80 ml portions), once with a saturated
NaHCO3 solution (50 ml), twice with brine (50 ml), and
dried over anhydrous sodium sulfate. The crude product
(1.4 g), obtained upon evaporation of the solvent under
reduced pressure, showing a single component on TLC,

was dissolved in CHCl3 (2 ml) and applied to a silica gel
column (25 cm 3 2.5 cm). Using 5% acetone in hexane as
the eluting solvent, fractions (20 ml) were collected every
3.5 min. The contents of fractions 37 to 47 were combined
and, after evaporation of the solvent under reduced pres-
sure, gave VI (690 mg; 73% yield), MP 218–2208C; single
component (Rf 0.12) on TLC (solvent, 25% ethyl acetate
in hexane) and a single component (tR 3.82 min) on re-
versed phase HPLC, and (as its TMS ether derivative) it
showed one major (,98%) component (tR 48.12 min) on
capillary GC analysis on a DB-5 column (60 m); GC–MS
(TMS ether), 516 (100%; M1), 501 (16%; M–CH3), 498
(3%; M–H2O), 456 (14%; M–CH3COOH), 441 (16%; M–
CH3COOH–CH3), 413 (6%; ion D), 339 (11%), 333
(4%), 322 (8%), 307 (7%), 305 (5%), 297 (7%), 279
(9%), 159 (11%), and 135 (62%); MS (free sterol), 444

TABLE 1. 1H NMR chemical shifts for 3b-acetoxy-4,4-dimethyl-D8(14)-15-oxygenated steroids
and unsaturated 3b-acetoxy-4,4-dimethyl-C24-steroidsa,b,c

4,4-Dimethyl-D8(14)-15-oxygenated Steroids 4,4-Dimethyl Unsaturated Steroids

15-one

V

15-one
24-ol

VI

15-one
24-al
VII

15-one
D24

VIII

15b-ol
D24

IX

15a-ol
D24

X

D8,14

24-ol
XII

D7,14

24-ol
XIII

D6,8(14)

24-ol
XIV

D8(14),15

24-ol
XV

D8(14)

24-ol
XVI

D8

24-ol
XVII

D7

24-ol
XVIII

D8

24-al
XIX

D8(14)

24-al
XX

H–1a 1.333 1.333 1.333 1.333 1.267 1.269 1.390 1.249 1.255 1.261 1.241 1.340 1.263 1.340 1.242
H–1b 1.693 1.693 1.690 1.693 1.686† 1.680 1.844 1.847 1.659 1.677 1.669† 1.746 1.824 1.743 1.667
H–2a 1.714 1.715† 1.717† 1.714† 1.692† 1.693† 1.762† 1.669† 1.757† 1.689† 1.672† 1.715† 1.645† 1.716† 1.674†

H–2b 1.598 1.597 1.597 1.598 1.600† 1.594 1.654† 1.628† 1.676† 1.600† 1.588† 1.623† 1.609† 1.623† 1.589†

H–3a 4.539 4.539 4.539 4.539 4.536 4.535 4.489 4.501 4.559 4.536 4.529 4.494 4.513 4.493 4.528
H–5a 1.249 1.250 1.252 1.249 1.130 1.145 1.302 1.275 1.990 1.127 1.077 1.209 1.236 1.208 1.078
H–6a 1.745 1.747 1.751 1.745 1.720 1.659 1.751 2.04 5.587 1.623 1.602 1.664 1.97 1.666 1.607
H–6b 1.484† 1.481† 1.486† 1.485† 1.377 1.388 1.563 2.05 1.386 1.308 1.508 1.97 1.510 1.310
H–7a 1.557† 1.560† 1.562† 1.560† 1.772 1.967 2.309† 5.817 6.233 1.792 1.721 1.928† 5.206 1.930† 1.723
H–7b 4.184 4.183 4.184 4.181 2.808 2.750 2.188† 2.636 2.443 2.053† 2.051† 2.444
H–9a 1.860 1.865 1.868 1.861 1.674 1.784 1.753 1.921 1.753 1.629† 1.668† 1.633
H–11a 1.578† 1.584† 1.588† 1.580† 1.541† 1.562† 2.17 1.531† 1.545 1.550† 1.525† 2.05* 1.500† 2.05* 1.530
H–11b 1.490† 1.493† 1.492† 1.490† 1.459† 1.513† 2.17 1.461† 1.418 1.484† 1.440† 2.04* 1.433† 2.04* 1.439
H–12a 1.237 1.242 1.245 1.238 1.048 1.219 1.390 1.302 1.247 1.445† 1.110 1.376 1.215 1.382 1.114
H–12b 2.089 2.091 2.083 2.089 1.904 1.976 2.011 2.020 1.997 1.932 1.926 1.953 2.010 1.941 1.915
H–14a 2.029† 1.779 2.038†

H–15a 4.632 5.359 5.512 2.386 5.899 2.183 1.585 1.542 1.603 2.199
H–15b 4.694 2.305 2.248 1.277† 1.396 1.290 2.263
H–16a 2.349 2.357 2.374 2.360 2.352 1.838 2.363 2.324 1.904 6.343 1.826 1.900 1.895 1.920 1.835
H–16b 2.048 2.060 2.094 2.052 1.418 1.673 2.068 1.932 1.447 1.377 1.321† 1.276† 1.350† 1.402
H–17a 1.455 1.471 1.468 1.465 1.070 1.485† 1.529 1.597† 1.192 2.086 1.128 1.154 1.223† 1.156 1.128
H–18 0.969 0.976 0.978 0.969 1.022 0.822 0.811 0.822 0.893 0.973 0.842 0.595 0.524 0.593 0.842
H–19 0.800 0.801 0.801 0.801 0.805 0.834 1.054 0.869 0.700 0.853 0.775 1.006 0.883 1.005 0.774
H–20 1.570 1.614 1.632 1.583 1.550 1.485† 1.651 1.630† 1.509† 1.663† 1.494† 1.422 1.404 1.449 1.526
H–21 0.994 1.020 1.004 1.013 0.942 0.966 0.959 0.948 0.963 0.972 0.951 0.944 0.943 0.934 0.941
H–22R 1.326† 1.458† 1.806 1.396 1.442 1.462† 1.488† 1.478† 1.495† 1.64§ 1.492† 1.452† 1.455† 1.800 1.833
H–22S 1.068 1.143 1.369 1.105 1.092 1.133 1.126 1.120 1.144 1.236 1.145 1.063 1.082 1.318 1.400
H–23R 1.326† 1.478† 2.406 1.887 1.868 1.874 1.484† 1.478† 1.466† 1.509 1.463† 1.450† 1.454† 2.354 2.364
H–23S 1.181† 1.633 2.472 2.019 2.002 2.045 1.664 1.663 1.639 1.675 1.637 1.644 1.645 2.457 2.454
H–24R 1.097† 3.615* 9.776 5.072 5.089 5.091 3.63* 3.627* 3.61* 3.64* 3.61* 3.608* 3.602† 9.770 9.777
H–24S 1.146† 3.632* 3.65* 3.642* 3.64* 3.66* 3.63* 3.627* 3.635†

H–25 1.512
H–26 0.864 1.682 1.683 1.682
H–27 0.862 1.596 1.599 1.603
H–28 0.909 0.910 0.911 0.909 0.898 0.892* 0.898 0.869 0.943 0.891* 0.882 0.876 0.875 0.876 0.884
H–29 0.889 0.889 0.890 0.889 0.890 0.894* 0.903 0.967 0.896 0.898* 0.883 0.883 0.970 0.883 0.884
Ac 2.058 2.059 2.059 2.059 2.056 2.055 2.056 2.056 2.063 2.055 2.052 2.051 2.054 2.051 2.053

a Data obtained at 500 MHz in 3–15 mm CDCl3 solution at 258C and referenced to Si(CH3)4. Chemical shifts given to two (three) decimal places
are generally accurate to 60.01 (60.001) ppm except that values marked by † are accurate to about 60.003 ppm. R and S denote pro-R and pro-S
hydrogens. Adjacent assignments marked with an asterisk may be interchanged.

b Data for XIV and XV are based only on 1D and COSYDEC spectra. Assignment marked by § is tentative, as is the structure of XV.
c Coupling constants were very similar to those expected based on data reported for similar steroids. Selected coupling constants for XV: H–3a,

dd, 11.7, 4.1 Hz; H–5a, dd, 12.4, 2.6 Hz; H–6b, qd, 12.9, 4.5 Hz; H–7a, br td, 13.7, 5.2 Hz; H–7b, ddd, 14.4, 4.5, 2.3 Hz, H–15, ddt, 6.0, 1.9, 0.8 Hz;
H–16, dd, 6.0, 2.9 Hz; H–17a, ddq, 10.5, 2.9, 1.3 Hz; H–18, s;H–19, d, 0.5 Hz; H–21, d, 6.6 Hz; H–28, s; H–29, s.
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(100%; M1), 426 (3%; M–H2O), 411 (7%; M–H2O–CH3),
384* (12%; M–CH3COOH), 369 (22%; M–CH3COOH–
CH3), 341* (12%; C23H33O2), 339 (16%), 297 (8%; M–
CH3COOH-SC), 279 (13%; M–CH3COOH–SC–H2O), 250
(22%; ion B), 235 (22%, ion B–CH3), 217 (8%), and 135*
(91%; C10H15); high resolution MS, calcd. for C28H44O4
444.3239, found 444.3247; IR, nmax 3512, 2941, 2870, 1730,
1693, 1620, 1246, 1084, and 1034 cm21; UV, lmax 259 nm
(« 14,400); 1H NMR, Table 1; 13C NMR, Table 2.

3b-Acetoxy-15-oxo-4,4-dimethyl-5a-chol-8(14)-en-24-al (VII ). To ox-
alyl chloride (172 ml; 1.97 mmol) in CH2Cl2 (6 ml) at
2508C under argon was slowly added dimethyl sulfoxide
(310 ml; 4.37 mmol) in CH2Cl2 (1 ml). After stirring for 2
min, VI (320 mg; 0.72 mmol) in CH2Cl2 (2 ml) was added
dropwise. After stirring of the mixture for an additional 1
h at 2508C, triethylamine (1.2 ml) was added. The mix-
ture was maintained at 2508C for 5 min and, after warm-
ing to room temperature, a saturated NH4Cl solution (15
ml) was added. The resulting mixture was extracted with
methyl tert-butyl ether (MTBE; 200 ml) and the organic
extract was washed twice with a saturated NH4Cl solution
(15 ml portions), 3 times with a saturated cupric sulfate
solution (15 ml portions), twice with a saturated NaCl so-
lution (15 ml portions) and then dried over anhydrous so-

dium sulfate. The residue obtained upon evaporation of
the solvent under reduced pressure was subjected to
MPLC on a silica gel column (30 cm 3 2.5 cm). Using 5%
acetone in hexane as the eluting solvent, fractions (22 ml)
were collected every 4 min. The contents of fractions 27 to
60 were combined to give, after evaporation of the solvent
under reduced pressure, the desired aldehyde VII as a
white solid (286 mg; 90% yield), MP 199–2008C; single
component (Rf 0.63) on TLC (solvent, 40% ethyl acetate
in hexane); MS, 442 (85%; M1), 424* (37%; M–H2O),
409 (2%; M–H2O–CH3), 382* (13%; M–CH3COOH),
367* (17%, M–CH3COOH–CH3), 339* (20%; M–SC–
H2O), 297* (7%; M–SC–CH3COOH), 279* (13%; M–SC–
CH3COOH-H2O), 248* (18%, ion B), 233* (16%; ion B–
CH3), 230* (13%; C16H22O), and 135* (100%; C10H15);
high resolution MS, calcd. for C28H42O4 442.3083, found
442.3086; IR, nmax 2944, 2710, 1728, 1697, 1626, 1364,
1246, and 1032 cm21; UV lmax 259 nm (« 14,400); 1H
NMR, Table 1; 13C NMR, Table 2.

3b-Acetoxy-4,4-dimethyl-5a-cholesta-8(14),24-dien-15-one (VIII ). To
a cold slurry of isopropyltriphenylphosphonium iodide
(503 mg; 1.16 mmol) in tetrahydrofuran (3 ml) was added
n-butyllithium (300 ml; 0.70 mmol) at 08C under argon.
The resulting red solution was stirred for 15 min and then

TABLE 2. 13C NMR chemical shifts for 3b-acetoxy-4,4-dimethyl-15-oxygenated steroids
and unsaturated 3b-acetoxy-4,4-dimethyl-C24-steroidsa

4,4-Dimethyl-D8(14)-15-oxygenated steroids 4,4-Dimethyl Unsaturated Steroids

15-one

V

15-one
24-ol

VI

15-one
24-al
VII

15-one
D24

VIII

15b-ol
D24

IX

D8,14

24-ol
XII

D7,14

24-ol
XIII

D8(14)

24-ol
XVI

D8

24-ol
XVII

D7

24-ol
XVIII

D8

24-al
XIX

D8(14)

24-al
XX

C–1 36.63 36.63 36.62 36.63 36.61 35.67 37.29 36.67 35.37 37.67 35.37 36.67
C–2 23.90 23.89 23.88 23.90 24.03 24.19 23.97 24.11 24.18 23.97 24.17 24.10
C–3 80.68 80.68 80.63 80.68 80.91 80.66 81.06 81.12 80.92 81.18 80.88 81.09
C–4 37.84 37.84 37.83 37.84 37.83* 37.90 37.47 37.82 37.80 37.46 37.80 37.83
C–5 54.15 54.14 54.12 54.14 54.35 50.42 49.51 54.31 50.25 50.10 50.24 54.30
C–6 22.27 22.27 22.25 22.27 22.28 18.15 23.44 21.69 18.29 22.67 18.27 21.68
C–7 27.83 27.84 27.83 27.83 29.33 27.65 120.55 29.99 28.25 117.83 28.24 29.99
C–8 150.08 150.33 150.56 150.08 133.08 122.73 133.52 126.06 127.86 138.78 127.77 126.29
C–9 52.71 52.69 52.66 52.70 51.29 141.50 52.16 51.30 135.58 51.84 135.62 51.27
C–10 39.62 39.63 39.64 39.62 37.94* 37.60 34.89 37.60 36.82 35.29 36.81 37.61
C–11 19.08 19.07 19.01 19.08 19.31 21.10 20.43 19.43 22.01 20.97 21.99 19.41
C–12 36.96 36.96 36.93 36.94 37.40 36.92 39.85 37.26 36.85 39.30 36.80 37.24
C–13 42.47* 42.47 42.45 42.49 42.09 44.93 46.33 42.60 42.03 43.25 42.09 42.63
C–14 140.00 139.84 139.60 139.96 145.09 150.92 151.61 142.10 51.77 54.80 51.74 141.76
C–15 208.23 207.90 207.29 208.12 69.92 117.31 119.35 25.70 23.71 22.89 23.69 25.65
C–16 42.45* 42.36 42.17 42.38 38.12 35.87 35.10 27.03 28.78 27.92 28.71 27.01
C–17 50.79 50.76 50.73 50.80 54.69 57.03 58.44 56.72 54.64 55.81 54.44 56.50
C–18 18.97 19.00 19.03 18.97 19.56 15.65 16.45 18.44 11.25 11.80 11.26 18.45
C–19 14.52 14.52 14.51 14.52 14.34 20.49 14.21 14.39 19.86 14.77 19.86 14.39
C–20 34.50 34.37 34.07 34.28 34.19 33.85 33.93 34.22 36.02 35.94 35.76 33.95
C–21 19.21 19.16 18.88 19.13 18.96 18.81 18.88 19.01 18.66 18.78 18.38 18.74
C–22 35.81 31.55 27.50 35.67 35.70 31.78 31.76 31.62 31.75 31.73 27.86 27.71
C–23 23.49 29.12 40.69 24.44 24.53 29.34 29.35 29.28 29.44 29.39 40.95 40.82
C–24 39.35 63.27 202.33 124.53 124.90 63.57 63.58 63.59 63.56 63.58 203.24 203.18
C–25 27.96 131.42 131.13
C–26 22.53 25.70 25.71
C–27 22.74 17.65 17.63
C–28 28.37 28.37 28.35 28.36 28.36 27.98 28.03 28.33 27.92 28.27 27.92 28.33
C–29 16.73 16.73 16.71 16.73 16.79 16.56 16.49 16.77 16.49 16.72 16.49 16.77
Acetate 21.30 21.31 21.28 21.30 21.32 21.32 21.34 21.34 21.33 21.34 21.33 21.33

170.99 171.02 170.98 170.98 171.01 170.98 171.01 171.06 171.02 171.04 171.00 171.04

a 13C NMR chemical shifts (60.03 ppm) measured at 125 MHz in CDCl3 solution (20–80 mm) at 228C. Assign-
ments marked by an asterisk may be interchanged within a column.
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a portion (70%) was added dropwise to a solution of VII
(190 mg; 0.43 mmol) in tetrahydrofuran (THF; 2 ml) at
–788C. After stirring for 2 h at 08C, the mixture was
poured into water and extracted 3 times with ether (100
ml portions). The combined ether extracts were washed
twice with brine (20 ml portions), dried over anhydrous
sodium sulfate, and evaporated to dryness under reduced
pressure. The resulting residue was subjected to MPLC on
a silica gel column (50 cm 3 1 cm) using 2% acetone in
hexane as the eluting solvent (fraction volume, 22 ml).
The contents of fractions 4 to 19 were combined to give,
after evaporation of the solvent under reduced pressure,
VIII as a white solid (150 mg; 75% yield); MP 128.0–
129.58C; single component (Rf 0.90) on TLC (solvent,
25% ethyl acetate in hexane) and single component (tR
8.20 min) on reversed phase HPLC; MS, 468 (100%; M1),
453* (4%; M–CH3), 408* (15%; M–CH3COOH), 393*
(25%; M–CH3COOH–CH3), 365* (9%, C26H37O), 339
(6%), 323 (2%), 297* (15%; M–CH3COOH–SC–2H),
274* (14%; ion B), 259* (8%; ion B–CH3), 243 (10%),
227 (5%), 165* (64%; C11H17O), 135* (80%; C10H15), 109
(35%), and 69 (43%); high resolution MS calcd. for
C31H48O3 468.3603, found 468.3607; IR, nmax2947, 1732,
1703, 1694, 1622, and 1244 cm21; UV, lmax 259 nm («
14,700); 1H NMR, Table 1; 13C NMR, Table 2.

3b-Acetoxy-4,4-dimethyl-5a-cholesta-8(14),24-dien-15b-ol (IX) and 
3b-acetoxy-4,4-dimethyl-5a-cholesta-8(14),24-dien-15a-ol (X). To VIII
(75 mg; 0.16 mmol) in ethanol (20 ml) was added sodium
borohydride (120 mg; 3.2 mmol). After stirring at room
temperature for 2 h, the mixture was poured into water
(20 ml) and extracted 3 times with MTBE (100 ml por-
tions). The combined organic extracts were washed twice
with brine (25 ml portions), dried over anhydrous sodium
sulfate, and evaporated to dryness under reduced pres-
sure. The resulting residue was subjected to MPLC on a
silica gel column (50 cm 3 1 cm) using 2% acetone in
hexane as the eluting solvent; 22 ml fractions were col-
lected. The contents of fractions 96 to 105 were combined
and, after evaporation of the solvent under reduced pres-
sure, gave the 15b-hydroxy-D8(14),24-diene IX (61 mg; 81%
yield); MP 138.5-140.08C; single component (Rf 0.72) on
TLC (solvent, 25% ethyl acetate in hexane) and a single
component (tR 7.22 min) on reversed phase HPLC; MS,
470 (0.2%; M1), 452* (100%; M–H2O), 437* (28%; M–
H2O–CH3), 409 (3%), 392* (9%; M–CH3COOH–H2O),
381* (6%; C28H41), 367 (26%), 340* (19%; C23H32O2), 325
(6%), 288 (14%), 257* (11%; C19H29), 227* (6%; C17H23),
145* (15%; C11H13); high resolution MS calcd. for
C31H50O3 470.3760, found 470.3751; 1H NMR, Table 1;
13C NMR, Table 2.

The contents of fractions 108–115 were combined to
give, after evaporation of the solvent under reduced pres-
sure, the 15a-hydroxy-D8(14),24-diene X (4 mg; 5% yield)
which showed a single component (tR 6.83 min) on re-
versed phase HPLC; 1H NMR, Table 1.

3b-Acetoxy-4,4-dimethyl-5a-cholesta-8,14,24-triene (XI). The 15b-
hydroxy-D8(14),24-diene IX (55 mg; 0.12 mmol) in CHCl3
(10 ml) was treated with sulfuric acid (20 ml) at room tem-
perature with stirring for 5 min. Sodium bicarbonate

(,30 mg) was added, and the mixture was diluted with
CH2Cl2 (100 ml) and washed 3 times with brine (10 ml
portions), dried over anhydrous sodium sulfate, and evap-
orated to dryness under reduced pressure. The resulting
residue was subjected to MPLC on a silica gel column (25
cm 3 1 cm) using 1% acetone in hexane as the eluting
solvent; fractions (7 ml) were collected every 2 min. The
contents of fractions 5–7 were combined to give, after
evaporation of the solvent under reduced pressure, a
white solid (50 mg) which showed a single component (Rf
0.79) on TLC (solvent, 10% ethyl acetate in hexane) and
a single component (tR 24.69 min) on reversed phase
HPLC. However, analytical Ag1-HPLC showed one major
component (95%) accompanied by several minor, less po-
lar components (1–2% each). Accordingly, the crude
product was subjected to semipreparative Ag1-HPLC (250
mm 3 10 mm column) using 5% acetone in hexane as the
eluting solvent (3 ml per min) with multiple injections of
,10 mg per injection and UV monitoring (210 nm) to
give the D8,14,24 steryl acetate XI (45 mg; 85% yield); MP
137–1388C (lit. 126–128.58C (3), 139–1408C (24)); MS,
452* (100%; M1), 437* (25%; M–CH3), 392* (4%; M–
CH3COOH), 377* (33%; M–CH3COOH–CH3), 367*
(23%; C25H35O2), 340 (14%), 325 (7%), 288 (17%), 279*
(8%; M–CH3COOH–SC–2H), 265* (7%; C20H25), and
159* (11%; C12H25); high resolution MS, calcd. for
C31H48O2 452.3654, found 452.3653; IR, nmax 2961, 2936,
2676, 1736, 1640, 1464, 1451, 1366, 1246, 1032, 1001, 990,
974, 941, 826, and 801 cm21; 1H NMR, Table 3; 13C NMR,
Table 4. As noted above, the purity of XI was ,95% by
Ag1-HPLC. 1H NMR analysis indicated a purity of ,90%,
with small amounts of its D8,14,25 (3.5%), D6,8(14),24 (1%),
and D7,14,24 (1–2%) isomers and two or three unidentified
components (1–3% each). Repetition of the Ag1-HPLC
(250 mm 3 10 mm column; elution with 5% acetone in
hexane; ,10 mg portions) showed multiple components
with the following tR values (min): 10.8 (1.3%), 11.8
(0.7%), 26.4 (0.2%), 37.6 (0.2%), 49.0 (0.5%), and 58.6
(96%). The major component, corresponding to XI,
showed a melting point (137–1388C) identical to that ob-
tained prior to Ag1-HPLC.

A similar reaction was carried out with sterol IX (190 mg;
0.40 mmol) in chloroform (15 ml) and sulfuric acid (5 ml),
with stirring for 15 min at room temperature. Workup and
MPLC, as described above, gave XI (,180 mg; ,98% yield)
as a white solid which was characterized by 1H NMR. The
purity of XI was ,95%, accompanied by its D7,14,24 isomer
(4%) and ,1–2% of unidentified material. In this case,
none of the D6,8(14),24 or D8,14,25 isomers were detected.

4,4-Dimethyl-5a-cholesta-8,14,24-trien-3b-ol (I). The D8,14,24-steryl
acetate XI (40 mg; 0.088 mmol) was heated with 10% KOH
in 95% ethanol (3 ml) for 2 h at 708C. Water (3 ml) was
added and the resulting mixture was extracted 4 times with
MTBE (20 ml portions). The combined organic extracts
were washed twice with brine (10 ml portions), dried over
anhydrous sodium sulfate, and evaporated to dryness un-
der reduced pressure. The residue was subjected to MPLC
on a silica gel column (50 cm 3 1 cm) using 2% acetone in
hexane as the eluting solvent. Fractions (,20 ml) were col-
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lected. The contents of fractions 29–46 were combined to
give, after evaporation of the solvent under reduced pres-
sure, I (38 mg; 105% yield) as a white solid; ,96% purity
by Ag1-HPLC and ,91–93% purity by 1H NMR (contain-
ing the D6,8(14),24 (1%), D8,14,25 (3%), and D7,14,24 (2%) iso-
mers along with unidentified material (1–2%). Further pu-
rification by Ag1-HPLC (250 mm 3 10 mm column;
elution with 10% acetone in hexane) gave I (tR 47.0 min)
accompanied by three minor components (tR values of
14.2, 36.6, and 140 min). Recrystallization of I gave an ana-
lytical sample; MP 135-1378C (lit. 119–1218C (24)); single
component (Rf 0.80) on TLC (solvent, 40% ethyl acetate
in hexane), a single component (tR 15.5 min) on reversed
phase HPLC, and a purity of 99% on Ag1-HPLC (tR 18.6
min) using 9.1% acetone in hexane as the eluting solvent
and a purity of 98–99% by 1H NMR; MS, 410* (100%; M1),
395* (33%; M–CH3), 377* (19%; M–CH3–H2O), 328*
(11%; C23H36O), 325* (26%; C23H33O), 313* (11%;
C22H33O), 298* (10%; C21H30O), 283 (12%), 265 (4%),
and 246 (18%); high resolution MS, calcd. for C29H46O
410.3549, found 410.3555; UV, lmax 249 nm (e 18,600); 1H
NMR, Table 3; 13C NMR, Table 4.

Partial 1H NMR data for the minor components 4,4-

dimethyl-5a-cholesta-6,8(14),24-trien-3b-ol and 4,4-dimethyl-
5a-cholesta-8,14,25-trien-3b-ol, obtained by the Ag1-HPLC
described above, were as follows.

4,4-Dimethyl-5a-cholesta-6,8(14),24-trien-3b-ol (,80%
purity): d 0.678 (s, H–19), 0.826 (s, H–29), 0.888 (d, 0.6
Hz, H–18), 0.958 (d, 6.6 Hz, H–21), 1.063 (s, H–28), 1.602
(br s, H–27), 1.684 (br q, ,1.2 Hz, H–26), 1.896 (br t, ,2.8
Hz, H–5a), 1.997 (dt, 12.5, 3.4 Hz, H–12b), 3.301 (dd, 11.1,
2.5 Hz, H–3a), 5.095 (br t, ,6.8 Hz, H–24), 5.616 (dd,
10.1, 2.3 Hz, H–6), 6.232 (dd, 10.1, 3.2 Hz, H–7).

4,4-Dimethyl-5a-cholesta-8,14,25-trien-3b-ol (,80% pu-
rity): d 0.810 (d, 0.4 Hz, H–18), 0.832 (s, H–29), 0.945 (d,
6.6 Hz, H–21), 1.017 (s, H–28), 1.033 (d, 0.7 Hz, H–19),
1.217 (dd, 12.5, 2.1 Hz, H–5a), 1.715 (br dd, 1.4, 0.9 Hz,
H–27), 1.848 (dt, 13.0, 3.6 Hz, H–1b), 2.348 (ddd, 16.0,
7.3, 3.2 Hz, H–16a), 3.244 (dd, 11.8, 4.6 Hz, H–3a), 4.667
(m, W1/2 ,5 Hz, H–26), 4.689 (m, W1/2 ,5 Hz, H–26),
5.357 (br dd, ,3, ,2 Hz, H–15).

3b-Acetoxy-4,4-dimethyl-5a-chola-8,14-dien-24-ol (XII ), 3b-acetoxy-
4,4-dimethyl-5a-chola-7,14-dien-24-ol (XIII), 3b-acetoxy-4,4-dimethyl-
5a-chola-6,8(14)-dien-24-ol (XIV), and 3b-acetoxy-4,4-dimethyl-5a-chola-
8(14),15-dien-24-ol (XV ). To the 3b-acetate derivative of the
4,4-dimethyl-D8(14)-15-keto-C24-3b,24-diol VI (170 mg; 0.38

TABLE 3. 1H NMR chemical shifts for unsaturated 4,4-dimethylsterols and acetate derivativesa

D8,14,24

3b-ol
I

D8,24

3b-ol
II

D8,14

3b-ol
III

D7,14

3b-ol
IV

D8,14,24

3b-acetate
XI

D8,24

3b-acetate
XXI

D8(14),24

3b-ol
XXII

H–1a 1.324 1.279 1.324 1.169 1.387 1.340 1.161
H–1b 1.848 1.749 1.848 1.851 1.845 1.745 1.667
H–2a 1.723† 1.688 1.721† 1.638† 1.762† 1.717 1.655†

H–2b 1.632† 1.596 1.631† 1.600† 1.654† 1.622 1.552†

H–3a 3.243 3.239 3.244 3.245 4.488 4.495 3.260
H–5a 1.216 1.125 1.217 1.188 1.302 1.209 0.985
H–6a 1.765 1.678 1.765 2.05 1.750 1.662 1.617
H–6b 1.555 1.504 1.555† 2.05 1.563 1.508 1.304
H–7a 2.307† 1.929† 2.308† 5.825 2.314† 1.936† 1.710
H–7b 2.190† 2.058† 2.192† 2.188† 2.050† 2.449
H–9a 1.736 1.613†

H–11a 2.17 2.06* 2.18 1.528† 2.17 2.05* 1.519†

H–11b 2.17 2.04* 2.16 1.462† 2.17 2.03* 1.444†

H–12a 1.379 1.363 1.378† 1.284 1.389 1.374 1.097
H–12b 2.016 1.960 2.017 2.024 2.013 1.955 1.929
H–14a 2.014† 2.028†

H–15a 5.360 1.578 5.360 5.508 5.363 1.578 2.185
H–15b 1.271† 1.267† 2.245
H–16a 2.360 1.893 2.348 2.307 2.362† 1.895 1.827
H–16b 2.064 1.317† 2.055 1.916 2.063† 1.315† 1.373
H–17a 1.517 1.139 1.502 1.573† 1.526 1.147 1.122
H–18 0.810 0.592 0.808 0.818 0.807 0.590 0.838
H–19 1.034 0.986 1.033 0.847 1.054 1.006 0.752
H–20 1.630 1.398† 1.604† 1.578† 1.629 1.397† 1.470†

H–21 0.955 0.940 0.932 0.921 0.955 0.940 0.947
H–22R 1.444 1.407† 1.372† 1.36 1.443 1.406† 1.452†

H–22S 1.093 1.030 1.044† 1.036† 1.097 1.032 1.106
H–23R 1.880 1.849 1.363† 1.36 1.879 1.849 1.861
H–23S 2.046 2.022 1.175† 1.177† 2.047 2.023 2.017
H–24R 5.108 5.092 1.115† 1.112† 5.108 5.092 5.096
H–24S 1.155† 1.154†

H–25 1.526 1.526
H–26 1.687 1.682 0.867 0.867 1.686 1.682 1.683
H–27 1.607 1.602 0.870 0.871 1.607 1.601 1.601
H–28 1.017 0.998 1.017 0.988 0.898 0.876 1.005
H–29 0.832 0.812 0.832 0.894 0.903 0.883 0.813
Ac 2.055 2.049

a See footnotes for Table 1.
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mmol) in ethanol (40 ml) was added sodium borohydride
(500 mg; 13 mmol). After stirring for 2 h at room temper-
ature, the mixture was poured into water (50 ml) and ex-
tracted 3 times with ethyl acetate (100 ml portions). The
combined organic extracts were dried over anhydrous so-
dium sulfate and evaporated to dryness under reduced
pressure to give 3b-acetoxy-4,4-dimethyl-5a-chol-8(14)-
ene-15j,24-diol, which showed one major (,99%) compo-
nent (Rf 0.67) and a minor (,1%) component (Rf 0.57)
on TLC (solvent, 25% acetone in hexane). The 15,24-diol
was dissolved in CHCl3 (50 ml) and treated with sulfuric
acid (40 ml) for 15 min at room temperature. NaHCO3
(400 mg) was added and, after stirring for 2 min, the mix-
ture was filtered through a short silica gel column (2 cm 3
1 cm) using CHCl3 (50 ml) and acetone (20 ml) as the
eluting solvents. The collected eluate was evaporated to
dryness under reduced pressure, and the resulting residue
was subjected to MPLC on a silica gel column (50 cm 3 1
cm). Using 5% ethyl acetate in hexane as the eluting sol-
vent, fractions (20 ml) were collected every 5 min. The
contents of fractions 62 to 103 were combined to give, af-
ter evaporation of the solvent under reduced pressure, a
white solid (163 mg). The crude product showed one
component (Rf 0.4) on TLC (solvent, 25% acetone in hex-
ane) and it showed a single component (tR 87.2 min) on
capillary GC analysis of its TMS ether derivative on a 60 m

DB-5 column. However, analysis by Ag1-HPLC (300 mm 3
3.2 mm), with 15% acetone in hexane as the eluting sol-
vent, showed 4 components with the following retention
times: 22.0 min (4%), 25.6 min (3%), 41.1 min (82%),
and 45.9 min (10%). 1H NMR analysis of the product also
showed the presence of 4 components as indicated by
methyl and olefinic proton chemical shifts corresponding
to the following isomers: D8,14 XII (87%), D7,14 XIII (9%),
D8(14),15 XV (3.5%), and D6,8(14) XIV (0.5%).

To resolve the individual isomers, the mixture was, in
,4-5 mg portions, subjected to semipreparative Ag1-
HPLC (250 mm 3 10 mm) using 15% acetone in hexane
as the eluting solvent and to apply the sterol mixture to
the column) at a flow rate of 3 ml per min. Elution of the
individual components was monitored by UV (210 nm)
and by analysis of aliquots of fractions (3 ml) on an analyt-
ical Ag1-HPLC column (300 mm 3 3.2 mm) using 15%
acetone in hexane as the eluting solvent. After a total of
40 injections, the following pure products were obtained
(in order of elution): D6,8(14)-steryl acetate XIV (1 mg;
0.6% yield), D8(14),15-steryl acetate XV (5 mg; 3% yield),
D8,14-steryl acetate XII (141 mg; 86% yield), and D7,14-
steryl acetate XIII (14 mg; 8.5% yield). Each of the com-
pounds showed a single component (99%) on analytical
Ag1-HPLC (300 mm 3 3.2 mm; solvent, 15% acetone in
hexane). Retention times for XIV, XV, XII, and XIII were

TABLE 4. 13C NMR chemical shifts for unsaturated 4,4-dimethylsterols and acetate derivativesa

D8,14,24

3b-ol
I

D8,24

3b-ol
II

D8,24

3b-ol
IIb

D8,14

3b-ol
III

D7,14

3b-ol
IV

D8,14,24

3b-acetate
XI

D8,24

3b-acetate
XXI

D8(14),24

3b-ol
XXII

C–1 36.04 35.73 35.8 36.05 37.71 35.67 35.38 37.03
C–2 27.87 27.87 28.0 27.88 27.45 24.19 24.19 27.69
C–3 78.70 78.95 79.0 78.70 79.18 80.66 80.92 79.22
C–4 39.02 38.91 38.9 39.02 38.60 37.90 37.81 38.93
C–5 50.39 50.19 50.2 50.39 49.38 50.43 50.26 54.23
C–6 18.27 18.42 18.4 18.28 23.60 18.15 18.30 21.88
C–7 27.87 28.44 28.5 27.88 120.72 27.66 28.27 30.14
C–8 122.77 127.93 128.0 122.77 133.58 122.73 127.91 126.12
C–9 141.75 135.80 135.8 141.74 52.35 141.48 135.56 51.42
C–10 37.75 36.94 37.0 37.75 35.01 37.60 36.82 37.78
C–11 21.08 22.03 22.1 21.09 20.46 21.10 22.02 19.46
C–12 37.03 36.94 29.7 37.04 39.95 36.94 36.87 37.31
C–13 44.97 42.08 42.1 44.95 46.34 44.94 42.05 42.64
C–14 150.99 51.86 51.9 151.02 151.75 150.93 51.78 142.09
C–15 117.36 23.78 23.8 117.38 119.35 117.45 23.75 25.73
C–16 35.89 28.78 28.8 35.92 35.14 35.89 28.77 26.97
C–17 57.13 54.74 54.8 57.23 58.65 57.07 54.70 56.83
C–18 15.67 11.24 11.3 15.66 16.44 15.67 11.25 18.43
C–19 20.45 19.83 19.8 20.45 14.20 20.49 19.86 14.37
C–20 33.88 36.07 36.0 34.05 34.12 33.86 36.06 34.23
C–21 18.78 18.62 18.6 18.85 18.91 18.76 18.61 18.99
C–22 35.99 36.01 36.1 36.09 36.06 35.98 36.01 35.85
C–23 24.64 24.78 24.8 23.76 23.77 24.61 24.77 24.61
C–24 125.12 125.19 125.2 39.50 39.49 125.11 125.19 125.17
C–25 131.00 130.93 130.9 28.00 28.00 131.00 130.91 130.96
C–26 25.73 25.72 25.7 22.55 22.55 25.73 25.72 25.72
C–27 17.63 17.63 17.6 22.80 22.81 17.63 17.62 17.63
C–28 28.00 27.94 27.9 28.00 28.06 27.99 27.93 28.40
C–29 15.42 15.35 15.4 15.42 15.32 16.57 16.49 15.64
Ac 21.34 21.34
Ac 170.99 170.99

a 13C NMR chemical shifts (60.03 ppm) measured at 125 MHz in CDCl3 solution (20–80 mm) at 228C.
b Data from reference 1 (60.1 ppm).
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22.0, 25.2, 41.1, and 45.1 min, respectively. Compound
XII melted at 172.5-1738C. The MS of each of the com-
pounds showed a molecular ion at m/z 428. High resolu-
tion MS for XIV, XV, XII, and XIII showed exact masses of
428.3288, 428.3294, 428.3291, and 428.3294, respectively;
calcd. for C28H44O3 428.3290. The MS of XIV, XV, XII,
and XIII, shown in Table 5, were similar in the high mass
range, but with notable different relative abundances for a
number of the ions. 1H NMR spectral data for each of the
four isomers are presented in Table 1, and 13C NMR spec-
tral data for XII and XIII are presented in Table 2.

3b-Acetoxy-4,4-dimethyl-5a-chol-8(14)-en-24-ol (XVI ), 3b-acetoxy-
4,4-dimethyl-5a-chol-8-en-24-ol (XVII ), and 3b-acetoxy-4,4-dimethyl-
5a-chol-7-en-24-ol (XVIII ). The D8,14 diene XII (95 mg; 0.22
mmol) in ethyl acetate (20 ml; freshly distilled from
K2CO3) was hydrogenated for 24 h at one atmosphere at
room temperature over a freshly prepared (25) Raney
nickel catalyst (5 g). The mixture was applied to a silica
gel column (10 cm 3 1 cm) which was washed with addi-
tional ethyl acetate (300 ml). The total eluant was evapo-
rated to dryness under reduced pressure to give a white
solid (92 mg) which showed a single component (Rf 0.4)
on TLC (solvent, 25% ethyl acetate in hexane). GC–MS
analysis of the TMS derivative of the crude product
showed three components, each with molecular ions at m/z
502, with retention times of 87.6 min (50%), 92.3 min
(43%), and 98.7 min (7%). Ag1-HPLC (300 mm 3 3.2
mm; solvent, 9.1% 2-propanol in hexane at 1 ml per min)

showed 3 components with retention times of 4.31 min,
6.15 min, and 7.16 min. 1H NMR analysis of the crude
product showed the following chemical shifts for the up-
field methyl region: 0.841 (D8(14); 53%), 0.595 (D8; 39%),
and 0.523 (D7; 8%). The crude product was subjected to
semipreparative Ag1-HPLC (250 mm 3 10 mm) using 5%
acetone in hexane as the eluting solvent at 3 ml per min.
Fractions (3 ml) were collected each min. The elution of
the components was monitored by UV detection (210
nm) and by analytical Ag1-HPLC (300 mm 3 3.2 mm) of
aliquots of the fractions. After 25 injections, the 3 compo-
nents were obtained in a pure state: the D8(14)-24-ol XVI
(45 mg; 47% yield), MP 182.0–182.58C; the D8-24-ol XVII
(35 mg; 37% yield), MP 220.0–220.58C; and the D7-24-ol
XVIII (9 mg; 9% yield), MP 202.0–203.08C. Compounds
XVI, XVII, and XVIII each showed single components on
Ag1-HPLC (300 mm 3 3.2 mm; solvent 9.1% acetone in
hexane) with tR values of 36.5 min, 40.9 min, and 48.9
min, respectively, and purities of 99% by 1H NMR. MS
data for XVI, XVII, and XVIII are presented in Table 6,
and high resolution MS showed 430.3460, 430.3450, and
430.3443, respectively (calcd. for C28H46O3 430.3447). 1H
NMR and 13C NMR data for XVI, XVII, and XVIII are pre-
sented in Tables 1 and 2, respectively.

3b-Acetoxy-4,4-dimethyl-5a-chol-8-en-24-al (XIX) and 3b-acetoxy-4,4-
dimethyl-5a-chol-8(14)-en-24-al (XX). To a cooled (–508C) solu-
tion of oxalyl chloride (0.5 ml; 1 mmol; 2 m in CH2Cl2) in
CH2Cl2 (2 ml) was added dimethyl sulfoxide (0.15 ml; 2.1
mmol) in CH2Cl2 (0.2 ml) over 3 min under argon. After stir-
ring for 2 min, the D8 24-ol XVII (29 mg; 0.068 mmol) in
CH2Cl2 (1 ml) was added over 5 min. After stirring for 1 h,
triethylamine (0.6 ml; 4.3 mmol) was slowly added. After stir-
ring for 5 min, the mixture was warmed to room tempera-
ture, and a saturated solution of NH4Cl (3 ml) and MTBE
(150 ml) was successively added. The separated MTBE layer
was washed twice with a saturated NH4Cl solution (3 ml por-

TABLE 5. Mass spectral data for 3b-acetoxy-4,4-dimethyl-5a-
chola-8,14-dien-24-ol (XII), 3b-acetoxy-4,4-dimethyl-5a-chola-7,

14-dien-24-ol (XIII), 3b-acetoxy-4,4-dimethyl-5a-chola-6,
8(14)-dien-24-ol (XIV), and 3b-acetoxy-4,4-dimethyl-5a-

chola-8(14), 15-dien-24-ol (XV)

m/z
XII
D8,14

XIII
D7,14

XIV
D6,8(14)

XV
D8(14),15

428 M1 100* 100* 91* 100*
426 M–2H 22* 18* 12* 22*
413 M–CH3 21* 27* 48* 13*
368 M–CH3COOH 22* 12* 54* 11*
353 M–CH3COOH–CH3 78* 28* 86* 19*
351 11 5 13 5
341 M–SC 18* 58* 92* 76*
327 C22H31O2 10 20* 19 34*
325 C23H33O 15 6 11 5*
299 C21H31O 8* 5 25* 5*
297 C21H29O 14 2 12 3*
281 M–SC–CH3COOH 28* 31* 100* 41*
267 C20H27 14 7 20 8*
266 M–SC–CH3COOH–CH3 18* 4 11 3
265 10 4 11 5
259 C18H21O 11* 2 4 3*
255 C19H27 6* 7* 56* 5*
253 C19H25 8* 4 12* 5*
239 C18H23 13* 7* 33* 7*
233 C16H25O 5 6* 6 40*
227 C17H23 14* 14* 93* 6*
225 C17H21 12* 6* 21* 8*
215 C16H23 6* 4 7 9*
213 C16H21 14* 9* 25* 14*
211 C16H19 14* 9* 32* 8*

Ions designated with an asterisk showed exact mass values on high
resolution MS which were within 3 millimass units of the calculated val-
ues for the proposed ions.

TABLE 6. Mass spectral data for 3b-acetoxy-4,4-dimethyl-5a-chol-
8(14)-en-24-ol (XVI), 3b-acetoxy-4,4-dimethyl-5a-chol-8-en-24-ol 
(XVII), and 3b-acetoxy-4,4-dimethyl-5a-chol-7-en-24-ol (XVIII)

m/z
XVI

D8(14)
XVII

D8
XVIII

D7

430 M1 100* 100* 100*
415 M–CH3 32* 36* 22*
370 M–CH3COOH 24* 24* 10*
355 M–CH3COOH–CH3 31* 41* 16*
343 M–SC 24* 24* 12*
327 C23H35O 12* 11 4*
301 11 13 7
288 11 10 3
283 M–SC–CH3COOH 27* 29* 46*
257 C19H29 23* 23* 8*
241 C18H25 34* 39* 18*
235 C16H27O 23* 25* 9*
229 C17H25 10* 13* 14*
221 C15H25O 18* 18* 8*
219 C15H23O 15* 14* 5*
213 C16H21 11* 14* 6*

Ions designated with an asterisk showed exact mass values on high
resolution MS which were within 3 millimass units of the calculated val-
ues for the proposed ions.
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tions), three times with a saturated cupric sulfate solution (5
ml portions), and once with brine (5 ml), and then dried
over anhydrous sodium sulfate, and evaporated to dryness
under reduced pressure. The resulting residue was applied
to a silica gel column (10 cm 3 1 cm) using hexane (10 ml)
and then a mixture (3:10:87) of acetone, CH2Cl2, and hex-
ane (100 ml) as the eluting solvents, and fractions (5 ml)
were collected. The contents of fractions 7 to 10 were com-
bined and evaporated to dryness under nitrogen to give the
D8-C24-24-aldehyde XIX (26 mg; 90% yield); MP 213.5–
214.58C; single component (Rf 0.7) on TLC (solvent, 25%
acetone in hexane), single component (tR 31.2 min) on Ag1-
HPLC (300 mm 3 3.2 mm; solvent, 3% acetone in hexane),
and a purity of 99% by 1H NMR; MS, 428* (100%; M1), 413*
(32%; M–CH3), 400* (23%; M–CO), 368* (28%; M–
CH3COOH), 353* (44%; M–CH3COOH–CH3), 343* (24%;
M–SC), 325 (22%), 301* (12%; C20H29O2), 283 (29%; M–
SC–CH3COOH), 257 (22%), 241 (43%), 135* (71%;
C10H15); high resolution MS, calcd. for C28H44O3 428.3290,
found 428.3286; 1H NMR, Table 1; 13C NMR, Table 2.

Oxidation of the D8(14)-C24-24-ol XVI was carried out in a
similar fashion. Oxalyl chloride (1.05 ml; 2.1 mmol; 2 m in
CH2Cl2) in CH2Cl2 (3 ml) was cooled to 2508C under ar-
gon. Dimethyl sulfoxide (0.31 ml; 4.4 mmol) was added
over 3 min. XVI (38 mg; 0.088 mmol) in CH2Cl2 (1 ml) was
added over 5 min. After stirring for 1 h, triethylamine (1.14
ml; 8.2 mmol) was slowly added. The mixture was worked
up as described above and then subjected to silica gel col-
umn (10 cm 3 1 cm) chromatography using hexane (10
ml) and 5% acetone in hexane (100 ml) as the eluting sol-
vent (fraction size, 5 ml). The contents of fractions 7 to 9
were combined to give, after evaporation of the solvent, the
D8(14)-C24-24-aldehyde XX (35 mg; 92% yield); MP 162.5-
163.58C; single component (Rf 0.7) on TLC (solvent, 25%
acetone in hexane), single component (tR 22.74 min) on
Ag1-HPLC (300 mm 3 3.2 mm; solvent, 3% acetone in
hexane), and a purity of 99% by 1H NMR; MS, 428* (100%;
M1), 413* (28%; M–CH3), 400* (20%; M–CO), 368* (23%;
M–CH3COOH), 353* (32%; M–CH3COOH–CH3), 343*
(23%; M–SC), 325 (18%), 301 (9%), 283* (25%; M–SC-
CH3COOH), 257 (19%), 241 (34%), 135* (65%; C10H15);
high resolution MS, calcd. for C28H44O3 428.3290, found
428.3289; 1H NMR, Table 1; 13C NMR, Table 2.

3b-Acetoxy-4,4-dimethyl-5a-cholesta-8,24-diene (XXI). To isopro-
pyltriphenylphosphonium iodide (840 mg; 1.94 mmol) in
THF (5 ml) was added n-butyllithium (0.6 mmol) in hex-
ane (380 ml) at 08C under argon. After stirring for 15 min,
an aliquot (600 ml) of the resulting mixture was added to
XIX (21 mg; 0.049 mmol) in THF (1 ml) at 2788C. The
mixture was warmed to 08C and, after stirring for 2 h,
poured into water (30 ml) and extracted 4 times with
MTBE (50 ml portions). The combined organic extracts
were washed once with brine (20 ml), dried over anhydrous
sodium sulfate, and evaporated to dryness under reduced
pressure. The residue was applied to a silica gel column (8
cm 3 0.8 cm) and the column was eluted with a 1:1:50 mix-
ture of acetone, CH2Cl2, and hexane (fraction size, 4 ml).
The contents of fractions 2 to 6 were combined and evapo-
rated to dryness under nitrogen to give XXI (23 mg; 103%

yield); MP 137–1398C (lit. 133–1348C (26), 128–1328C
(27)); single component (Rf 0.9) on TLC (solvent 25% ace-
tone in hexane), single component (tR 28.56 min) on Ag1-
HPLC (300 mm 3 3.2 mm; solvent, 3% acetone in hex-
ane), and a purity of 99% by 1H NMR; MS, 454* (100%;
M1), 439 (25%; M–CH3), 394* (7%; M–CH3COOH), 379*
(15%; M–CH3COOH–CH3), 341 (5%; M–SC–2H), 259
(10%), 257 (9%), 245 (6%), 241 (15%), and 135 (30%);
high resolution MS, calcd. for C31H50O2 454.3811, found
454.3809; 1H NMR, Table 3; 13C NMR, Table 4.

4,4-Dimethyl-5a-cholesta-8,24-dien-3b-ol (II ). The D8,24 steryl
acetate XXI (11 mg; 0.024 mmol) was heated with 15%
KOH in 95% ethanol (3 ml) for 2 h at 608C. Water (3 ml)
was added, and the resulting mixture was extracted 4
times with MTBE (12 ml portions). The combined or-
ganic extracts were washed with brine (3 ml), dried over
anhydrous sodium sulfate, and evaporated to dryness un-
der reduced pressure. The residue was subjected to MPLC
on a silica gel column (8 cm 3 0.8 cm) using 4% acetone
in hexane as the eluting solvent (fraction size, 3 ml). The
contents of fractions 3 to 5 were combined and evapo-
rated to dryness under nitrogen to give II (10 mg; 100%
yield) as a white solid; MP 158–1598C (lit. 139.5–1408C
(26), 136–138.58C (27), 128–1298C (24)); single compo-
nent (Rf 0.4) on TLC (solvent, 25% acetone in hexane),
and a purity of 99% by 1H NMR; MS, Fig. 4; high resolu-
tion MS, calcd. for C29H48O 412.3705, found 412.3702; 1H
NMR, Table 3; 13C NMR, Table 4.

4,4-Dimethyl-5a-cholesta-8(14),24-dien-3b-ol (XXII). The D8(14)-
C24-24-aldehyde XX (29 mg; 0.068 mmol) was treated
with the Wittig reagent and the crude product was isolated
and subjected to silica gel column chromatography as de-
scribed above for the preparation of the D8,24 diene XXI
(except for the use of an older sample of the isopropyl-
triphenylphosphonium iodide employed in the prepara-
tion of the Wittig reagent). The crude product, a mixture
of XXII and its acetate and acetoacetate derivatives (as indi-
cated by 1H and 13C NMR), was heated with 15% KOH in
95% ethanol (3 ml) for 2 h at 608C. Water (3 ml) was added
and the resulting mixture was extracted 4 times with MTBE
(12 ml portions). The combined organic extracts were
washed with brine (3 ml), dried over anhydrous sodium sul-
fate, and evaporated to dryness under nitrogen to give XXII
(10 mg; 36% yield) as a white solid; MP 140–1418C; single
component (Rf 0.4) on TLC (solvent, 25% acetone in hex-
ane), and a purity of 99% by 1H NMR; MS, Fig. 4; high reso-
lution MS, calcd. for C29H48O 412.3705, found 412.3701;
1H NMR, Table 3; 13C NMR, Table 4.

Chromatography of 3b-acetate derivatives
of 4,4-dimethylsterols

Presented in Table 7 are capillary GC and Ag1-HPLC
data for the acetate derivatives of unsaturated 4,4-dimeth-
ylsterols with double bonds in the D5, D5,7, D8,24, D6,8(14),
D7,14, D8,14, and D8,14,24 positions. Also presented are pre-
viously reported (28) TLC data for some of the same com-
pounds on silica gel-AgNO3 plates. Whereas a number of
the compounds showed clearly different retention times
on GC, essentially no separation of the D8,14 and D5,7 iso-
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mers was observed and only partial resolution of the
same compounds from the D7,14 isomer was observed.
Ag1-HPLC was found to be considerably more powerful
for the separation of the concerned compounds with the

exception of the case of the D5,7 and D8,24 isomers. The
value of the Ag1-HPLC over simple TLC on silica gel-
AgNO3 plates is illustrated by the lack of any resolution
of the D8,14 and D7,14 isomers in the latter system.

Fig. 4. Mass spectra of (A) 4,4-dimethyl-5a-cholesta-8,24-diene (II) and (B) its D8(14),24 isomer (XXII).
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As noted previously, Ag1-HPLC also proved extremely
useful in the purification of the 3b-acetate derivatives of
unsaturated 3b,24-dihydroxy C24 compounds. Retention
times (min) for the D6,8(14), D8(14),15, D8,14, and D7,14 diun-
saturated steroids on Ag1-HPLC (300 mm 3 3.2 mm; sol-
vent, 15% acetone in hexane) were 22.0, 25.2, 41.1, and
45.9, respectively. Using 9.1% acetone in hexane as the
eluting solvent, retention times (min) for the D8(14), D8,
and D7 monounsaturated isomers were 36.5, 40.9, and
48.9, respectively.

Effects of synthetic sterols on meiosis

In the first experiment (Fig. 5, panel A), 49% of the oo-
cytes underwent germinal vesicle breakdown (GVB) in
medium containing 3.5 mm hypoxanthine. In contrast,
85% and 73% of the oocytes cultured under the same con-
ditions, but treated at a concentration of 3 mg/ml, with
the 4,4-dimethyl-D8,14 sterol (III) or the 4,4-dimethyl-D7,14

sterol (IV), respectively, underwent GVB. However, two
other 4,4-dimethylsterols, i.e., 4,4-dimethylcholesta-5,7-
dien-3b-ol and 4,4-dimethylcholest-5-en-3b-ol, did not pro-
mote the resumption of meiosis. Moreover, the 20R,22R-
and 20S,22S- isomers of 20,22-dihydroxycholesterol and
the 22R- and 22S-isomers of 22-hydroxycholesterol had no
significant effect on meiosis under the same conditions.
In the second experiment (Fig. 5, panel B), both 4,4-
dimethyl-5a-cholesta-8,24-dien-3b-ol (II) and 4,4-dime-
thyl-5a-cholesta-8(14),24-dien-3b-ol (XXII) were found to
promote GVB. In the third experiment (Fig. 6), the 4,4-di-
methyl-D8,14-sterol (III) and the 4,4-dimethyl-D7,14-sterol (IV),
at 3 mg/ml, had a significant effect on meiosis, as did the 4,4-
dimethyl-D8,14,24-sterol (I). At this concentration, the extent
of GVB was significantly higher with I than with III or IV.

DISCUSSION

In 1995, Byskov et al. (1) reported that four 4,4-dimeth-
ylsterols, i.e., 4,4-dimethyl-5a-cholesta-8,14,24-trien-3b-ol

(I), 4,4-dimethyl-5a-cholesta-8,24-dien-3b-ol (II), 4,4-di-
methyl-5a-cholesta-8,14-dien-3b-ol (III), and 4,4-dimethyl-
5a-cholest-8-en-3b-ol, affected meiosis in cultured cumu-
lus-enclosed and naked mouse oocytes. Compounds I and
II were isolated from human follicular fluid and bull tes-
ticular tissue, respectively (see below). The other two ste-
rols, containing D8,14 and D8 unsaturated moieties, were
prepared by chemical synthesis and were reported to show
purities of 98.5% and 97.8%, respectively, on the basis of
reversed phase HPLC and MS data. These results alone
would not, in our experience, preclude the presence of
closely related double bond isomers. However, it was
stated that 1H and 13C NMR spectral data were those ex-
pected. For evaluation of their actions on the cultured
oocytes, the sterols were reported to have been sonicated
(3 times for 1 min) in culture medium prior to addition
to the cells. This procedure, which could easily result in
the formation of oxidation products of the various unsat-
urated sterols, was used because “the material could not
be dissolved in alcohol,” the latter observation being, in
our experience, unexpected for the concerned sterols (and
confirmed herein). In determination of the meiosis activa-

Fig. 5. The ability of various sterols (3 mg/ml) to promote germi-
nal vesicle breakdown (GVB) in the presence of hypoxanthine (3.5
mm). The bars indicate the mean percentage (6SEM) of oocytes
that underwent GVB in 4 independent experiments. (*) indicates
significant difference (P # 0.05) from the control. Panel A. Cont,
control; A, 4,4-dimethyl-5a-cholesta-8,14-dien-3b-ol (III); B, 4,4-
dimethyl-5a-cholesta-7,14-dien-3b-ol (IV); C, 4,4-dimethylcholesta-
5,7-dien-3b-ol; D, 4,4-dimethylcholest-5-en-3b-ol; E, (20R,22R)
cholest-5-ene-3b,20,22-triol; F, (20S,22S)cholest-5-ene-3b,20,22-
triol; G, (22R)cholest-5-ene-3b,22-diol; H, (22S)cholest-5-ene-3b,22-
diol. Panel B. A, 4,4-dimethyl-5a-cholesta-8,24-dien-3b-ol (II); B,
4,4-dimethyl-5a-cholesta-8(14),24-dien-3b-ol (XXII).

TABLE 7. Chromatography of 3b-acetate derivatives of
unsaturated 4,4-dimethylsterols

Double Bond
Position

Ag1-HPLCa

(RRT)
 GCb

(RRT)
TLC

(silica gel–AgNO3)

Rf

D5 1.00 3.33 0.58
D5,7 1.87 3.49 0.53
D8,24 1.90 3.95 —
D6,8(14) 4.06 3.67 0.46
D7,14 8.67 3.56 0.41
D8,14 9.21 3.48 0.41
D8,14,24 .23c 3.86 —

a Three hundred mm 3 4.6 mm; solvent, 3% acetone in hexane,
RRT, retention time relative to 3b-acetoxy-4,4-dimethylcholest-5-ene
(absolute retention time, 7.48 min).

b Thirty m DB5 column, injector and column temperature, 2508C;
nitrogen carrier gas with head pressure of 1.1 kg/cm2; RRT, retention
time relative to 5a-cholestane (absolute retention time, 13.62 min).

c Not eluted within 200 min.
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tion by the various sterols, considerable experimental vari-
ation was encountered. Lanosterol, cholesterol, and er-
gosterol were reported to result in no activation of meiosis
under the conditions studied. In 1998, Byskov et al. (29)
reported that two other sterols, i.e., 4b-methyl-5a-cholesta-
8,24-dien-3b-ol and 5a-cholesta-8,24-dien-3b-ol, also af-
fected meiosis in oocytes.

The 4,4-dimethylsterols I, II, and III, along with 4,4-
dimethyl-5a-cholest-8-en-3b-ol are potential intermedi-
ates in sterol biosynthesis (8). I and III are products of the
14a-demethylation of lanosterol and 24,25-dihydrolano-
sterol, respectively (2, 4–7). Moreover, and of potential
relevance to the matter of the reported effects of these ste-
rols on meiosis, the conversion of lanosterol to I by rat
ovary has recently been reported to be stimulated by gonad-
otropin of pregnant mare’s serum (9). It should also be
noted that I has been reported to activate gene expression
for the nuclear orphan receptor LXRa (10).

For exploration of these interesting and potentially im-
portant matters, we have pursued the chemical syntheses
of 4,4-dimethylsterols I and II. We (21) and others (30,
31) have previously described the preparation of the 4,4-
dimethyl-D8,14-sterol III. The syntheses of I and II repre-
sent more formidable challenges, requiring the introduc-
tion of the 4,4-dimethyl functionality, the provision of the
D8,14 and D8 double bonds of I and II, respectively, and the
introduction of the D24 double bond. A number of syn-
thetic routes to I and II can be envisioned with different
orders of introduction of the various functionalities. How-
ever, considerations of economy and practicality dictate
evaluation of the availability and costs of potential starting
materials. Cholesterol, available at relatively low cost from
commercial sources, can be readily obtained in a high
state of purity. Ergosterol and various plant sterols are
more costly and more difficult to obtain in a high state of
purity.

Our synthesis of I (Fig. 2) used the 4,4-dimethyl-D8(14)-
15-ketosteryl ester V, obtained from cholesterol, as the
starting material (21). A critical step in the synthesis is
based on our development of conditions permitting a re-
markably efficient and specific oxidation of the saturated
side chain of 3b-acetoxy-5a-cholest-8(14)-en-15-one with a
mixture of trifluoroacetic anhydride, hydrogen peroxide,
and sulfuric acid to give 3b-acetoxy-24-hydroxy-5a-chol-
8(14)-en-15-one (14, 32), a C24 synthon already protected
at C-3 from which the desired C8 side chain with various
substituents in the side chain can be constructed (15, 19,
33). Oxidation of the 4,4-dimethyl-D8(14)-15-ketosteryl es-
ter V proceeded in gratifyingly high (73%) yield to give
the C24 24-hydroxy-D8(14)-15-ketosteryl acetate (VI) from
which the corresponding aldehyde VII was prepared in
high (90%) yield. Wittig olefination of VII with isopropyl-
triphenylphosphonium iodide and butyllithium gave the
D8(14),24-15-ketosteryl ester VIII in 75% yield. Reduction of
VIII with sodium borohydride gave a mixture which was
resolved by silica gel MPLC to give the 15b-hydroxy-D8(14)-
steryl ester IX (81% yield) and the corresponding 15a-hy-
droxy isomer (5% yield). Acid treatment of IX gave, after
semipreparative Ag1-HPLC, the D8,14,24-steryl acetate XI in
85% yield. Saponification of XI gave, after purification by
silica gel MPLC, I in essentially quantitative yield.

The 4,4-dimethyl-D8,24 sterol II was prepared as outlined
in Fig. 3. The C24 24-hydroxy-4,4-dimethyl-D8(14)-15-keto-
steryl acetate VI was reduced with sodium borohydride
to give the corresponding 15j,24-dihydroxy compound
which, upon treatment with acid, gave a mixture of four
dienes XII-XV as judged by Ag1-HPLC and 1H NMR. Puri-
fication by Ag1-HPLC resolved the desired D8,14 acetate
XII (86% yield) and three other components, i.e., the
D7,14 isomer XIII (8.5% yield), the D6,8(14) isomer XIV
(0.6% yield), and the D8(14),15 isomer XV (3% yield). Cata-
lytic hydrogenation of the D8,14 acetate XII gave a mixture
of 3 isomeric components as judged by GC–MS, Ag1-
HPLC, and 1H NMR. Ag1-HPLC permitted the isolation
of the 3 components: D8 isomer XVII (37% yield), D8(14)

isomer XVI (47% yield), and the D7 isomer XVIII (9%
yield). The C24 D8-24-hydroxy compound XVII was oxi-
dized to the corresponding aldehyde XIX (90% yield)
which, upon Wittig olefination, gave the D8,24 steryl ace-
tate XXI in essentially quantitative yield. Saponification of
XXI gave the desired D8,24 sterol II (100% yield). The
overall yield for the conversion of the C27 4,4-dimethyl-
D8(14)-15-ketosteryl acetate V to the 4,4-dimethyl-D8,24-
sterol II was 21%.

Oxidation of the D8(14)-24-hydroxy compound XVI to
the corresponding aldehyde XX followed by Wittig olefi-
nation gave, after saponification, the previously unde-
scribed 4,4-dimethyl-D8(14),24 sterol XXII.

The starting material V and the intermediates and ma-
jor byproducts in the syntheses of D8,14,24-, D8,24-, and
D8(14),24-4,4-dimethylsterols (I, II, and XXII) were charac-
terized by melting point, MS, high resolution MS, 1H and
13C NMR, and, when appropriate, UV spectral analysis.
Minor byproducts were, in general, characterized only by
NMR supplemented, in some cases, by MS.

Fig. 6. The ability of 4,4-dimethyl-5a-cholesta-8,14,24-trien-3b-ol
(I; open circles), 4,4-dimethyl-5a-cholesta-8,14-dien-3b-ol (III; solid
circles), and 4,4-dimethyl-5a-cholesta-7,14-dien-3b-ol (IV; solid tri-
angles) to promote GVB in the presence of hypoxanthine (3.5
mm). The solid bar indicates the mean value for the control. The
results (mean 6 SEM for 4 independent experiments) showed that
I, III, and IV (at 3 mg/ml) were significantly different from the con-
trol and that I was significantly greater than III and IV.
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The MS of compounds V, VI, VII, and VIII showed the
expected ions in the high mass region along with ions
characteristic of D8(14)-15-ketosteroids (13–19). The MS of
the 3b-acetates of the isomeric 4,4-dimethyl diunsaturated
C24 24-alcohols containing double bonds in the D8,14

(XII), D7,14 (XIII), D6,8(14) (XIV), and D8(14),25 (XV) posi-
tions were very similar, differing only in the relative abun-
dances of the individual ions with the D6,8(14) compound
XIV being least similar in relative ion abundances to the
other isomers (Table 5). The MS of the 3b-acetates of the
isomeric 4,4-dimethyl monounsaturated C24 24-alcohols
containing double bonds in the D8(14) (XVI), D8 (XVII),
and D7 (XVIII) positions were very similar, differing only
in the relative abundances of the individual ions and with
virtually identical MS for the D8(14) and D8 isomers (XVI
and XVII, respectively). It is also noteworthy that the MS
of the 3b-acetates of D8(14) and D8 isomers of the 4,4-di-
methyl monounsaturated C24 aldehydes (XIX and XX, re-
spectively) were essentially identical as were the MS of the
D8,24 and D8(14),24 isomers of the 4,4-dimethyl C27 sterols, II
and XXII, respectively (Figure 4). These findings clearly
demonstrate that MS alone provides no basis for distin-
guishing between the 4,4-dimethylsterols with double
bonds in the D8,24 and D8(14),24 positions.

Tables 1–4 present high precision 13C and 1H NMR
chemical shift data and assignments for each of the car-
bon atoms and protons of the starting material (V) and of
each of the intermediates and major byproducts in the
chemical syntheses of I, II, and XXII. These chemical shift
data and individual assignments not only provide impor-
tant structural information for the concerned compounds
but also provide a basis for comparisons with previously
reported data and with data to be obtained for isolated or
synthetic sterols in this series.

In 1989, Dolle et al. (24) described the synthesis of I
and II from the benzoate ester of 3b-hydroxy-4,4-dimeth-
ylergosta-8(14),22-dien-15-one which itself can be pre-
pared from ergosterol (34). The D8(14),22-15-ketosteryl es-
ter was converted to I through an eleven-step synthesis,
which involved production of the corresponding C-22 al-
dehyde by ozonolysis, elaboration of the desired C8 side
chain with oxygen functions at C-22 and C-24, removal of
the oxygen functionality at C-22, generation of the D8,14

diene system, and finally, introduction of the D24 double
bond from the trifluoroacetate ester of the 4,4-dimethyl-
D8,14-24-hydroxysterol. The reported overall yield of I
from the 4,4-dimethyl-D8(14),22-15-ketosteryl ester was high
(,53%). However, many intermediates were not isolated
and characterized. Moreover, the melting point of I re-
ported (119–1218C) was notably lower than that reported
herein (135–1378C). Limited spectral data for I were pre-
sented. 1H NMR data, obtained at lower precision than
those described herein (Table 3), were presented for the
following protons: 3a, 15, 18, 19, 21, 24, 26, 27, 28, and
29. The chemical shifts and assignments were in general
agreement with those presented in Table 3 with the excep-
tion of an interchange of the assignments for H-18 and H-
19. The synthesis of II described by Dolle et al. (24) was
also a multistep synthesis in which many intermediates

were not isolated and characterized. The overall yield of II
from the D8(14),22-15-ketosteryl ester was ,18%. The re-
ported melting point for II (128–1298C) was considerably
less than that reported herein (158–1598C). Very limited
spectral data were presented for II. 1H NMR data were re-
ported only for the 3a (d 3.30) and 24 (d 5.21) protons
which were not in good agreement with the data for II
presented herein (Table 3). Maitra, Mohan, and Sprinson
(35) previously described the preparation of labeled II by
incubation of labeled mevalonate with 10,000 3 superna-
tant fraction of rat liver homogenate preparations in the
presence of added arsenite and lanosterol. The isolated
biosynthetic II was characterized as its acetate derivative
by its MS with major ions at m/z 454, 439, 394, 379, and
341 in the high region of the spectrum (as described
herein) and by 1H NMR with reported peaks and assign-
ments at d 0.59 (18–CH3), 0.88 (19–CH3 and 4a–CH3),
0.94 (21–CH3), 1.01 (4b–CH3), 1.60, 1.68 (26– and 27–
CH3), and 2.05 (CH3CO2). Our results (Table 3) indicate
that the assignments of Maitra et al. (35) for H–19 and H–
29 (4b–CH3) should be reversed.

The 4,4-dimethyl-D8,14,24 sterol I (designated by Byskov
et al. (1) as FF-MAS) and the 4,4-dimethyl-D8,24 sterol II
(designated as T-MAS) were reported to have been ob-
tained by n-heptane extraction of human follicular fluid
and bull testicular tissue, respectively, followed by three
HPLC purification steps (two reversed phase and one nor-
mal phase). Evidence for the structure of the 4,4-dimethyl-
D8,14,24 sterol I was limited to presentation of its mass spec-
trum, but with no comparison with that of an authentic
sample. Insufficient material was available for NMR analy-
sis. Evidence for the structure of the 4,4-dimethyl-D8,24 ste-
rol II was based upon the combination of its mass spec-
trum and the results of 1H and 13C NMR, again without
comparisons with data for an authentic sample. The NMR
data for II were reported to indicate the presence of two
impurities (,10% lanosterol and 1% of material of un-
known structure). Only 13C NMR data for II were pre-
sented. The assignment of structure to II was based upon
comparison of its 13C NMR spectral data with our previ-
ously presented data for lanosterol (36) and zymosterol
(5a-cholesta-8,24-dien-3b-ol) (37). The availability of syn-
thetic II, as described herein, permits comparison of the
13C NMR data reported for the isolated sample of II (Ta-
ble 4) with data obtained at higher precision for synthetic
II, prepared in a high state of purity as described herein.
The data for the two samples are in reasonable agreement
with the exception of the signal at d 29.7 which was as-
signed by Byskov et al. (1) to C-12. The signal at d 29.7 cor-
responds to that observed in compounds with a long-
chain alkane moiety.

As noted previously, Byskov et al. (29) reported that 4b-
methyl-5a-cholesta-8,24-dien-3b-ol activated meiosis in
oocytes. This sterol was reportedly isolated after incubation
of a yeast, Kluyveromyces bulgaricus A3410, in the presence
of amphotericin B (29). The sterol in question was iso-
lated by HPLC. Evidence for its identity was based upon
MS, with its MS data reported as “identical with those of
4b-methylzymosterol as recorded in the National Bureau
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of Standards library.” To our knowledge, the only previous
descriptions of the 4b-methyl-D8,24 sterol have been those
concerning a 4-methyl-D8,24 sterol isolated from the skin
of rats treated with triparanol (38–40). It should be noted
that a subsequent study (41) demonstrated that the physical
data presented for the sterol isolated from skin corresponds
to the 4a-methyl isomer, i.e., 4a-methyl-5a-cholesta-8,
24-dien-3b-ol.

The availability of the synthetic 4,4-dimethylsterols with
double bonds in the D8,14,24, D8,24, D8(14),24, D8,14, D7,14,
D5,7, and D5 positions permitted evaluation of their effects
on meiosis in mouse oocytes. The synthetic D8,14,24 and
D8,24 sterols (I and II, respectively) caused a resumption of
meiosis as noted for the isolated sterols by Byskov et al.
(1), as did the 4,4-dimethyl-D8,14 sterol III. We also report,
for the first time, that the corresponding 4,4-dimethyl-
D7,14 and D8(14),24 sterols (IV and XXII, respectively) also
resulted in a resumption of meiosis. The D8,14,24 sterol I
was more potent than the D8,14 and D7,14 sterols (III and
IV, respectively). Not all 4,4-dimethylsterols showed signif-
icant activity; the D5,7 and D5 sterols were inactive under
the conditions studied.

The 4,4-dimethyl-D8,14,24-sterol I has been reported to
be a positive regulator of the orphan nuclear receptor
LXRa (10). This orphan receptor is also activated by sev-
eral oxygenated sterols, most notably by (22R)-22-hydroxy-
cholesterol (10, 22), (20S)-20-hydroxycholesterol (10,
22), and (20R,22R)-20,22-dihydroxycholesterol (22). In
one study (10), the unnatural 22S isomer of 22-hydroxy-
cholesterol was reported to show high potency in activat-
ing LXRa, whereas in another study (22), it had no effect.
These combined findings, coupled with our demonstra-
tion that synthetic I had a significant effect on meiosis in
the mouse oocytes, prompted evaluation of the effects of
the 20R,22R- and 20S,22S-isomers of 20,22-dihydroxycho-
lesterol and of the 22R- and 22S-isomers of 22-hydroxy-
cholesterol on the resumption of meiosis. No effect on
meiosis was observed with any of these compounds.

As noted previously, Ag1-HPLC was found to be ex-
traordinarily valuable in the purification of sterols differ-
ing only in the location of olefinic bonds and in the assess-
ment of purity of the various synthetic sterols. This
methodology should prove valuable in studies of the me-
tabolism of the 4,4-dimethylsterols found to activate meio-
sis (i.e., I, II, III, IV, and XXII). Moreover, the new chemi-
cal syntheses of I, II, and XXII presented herein represent
potentially valuable routes for the preparation of isotopi-
cally labeled analogs (3H and 14C) of high specific activity
through the use of the appropriately labeled Wittig re-
agent. Such labeled analogs could prove valuable for stud-
ies of the metabolism of the sterols as well as for studies of
their possible interaction with potential receptors such as
the orphan receptor LXRa.

In summary, novel chemical syntheses of I and II and
the D8(14),24 analog XXII have been presented. These syn-
thetic 4,4-dimethylsterols, along with their D8,14 and D7,14

analogs, also prepared by chemical synthesis, caused a re-
sumption of meiosis in mouse oocytes in the presence of
hypoxanthine (3.5 mM). Further studies are clearly indi-

cated to extend these findings towards an understanding
of the mechanism(s) and physiological significance of the
in vitro effects of the sterols on meiosis by the concerned
sterols. The availability of synthetic sterols of defined
structure and purity, as well as information regarding
their chromatographic, MS, and 1H and 13C NMR spectral
properties, should facilitate future investigations of these
matters.3 
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