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Abstract

Using stigmasterol as the starting material, 24-methylenecholest-4;6a-3iol (2) was synthesized in eight steps in 13% overall yield.
The introduction of the sterol side-chain was carried out using (3-methyl-2-oxobutyl)-triphenylarsonium brbtided K;COs in a
solid-liquid phase-transfer Wittig reaction. Construction of the steroidal nucleus was finished by oxidation of 24-methylenecholest-5-en-
3p-ol (9) with pyridinium chlorochromate (PCC) in dichloromethane at ambient temperature and by reduction of 24-methylenecholest-4-
en-3,6-dione 10) with NaBH, in the presence of Ce&VH,0.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction Nicolet FT-360 spectrophotometeféd NMR spectra were
recorded on either a JEOL FX-90Q (90 MHz) or a Varian
In our study on the soft corallcyonium patagonicum, Unity|nova 500 NB (500 MHz) spectrometer in CR@Qlsing

a new polyhydroxylated sterol 24-methylenecholest-4-en- tetramethylsilane (TMS) as the internal standard. Mass spec-

3B,6B-diol (1) with cytotoxicity to murine leukemia cells  tra were measured with a VG-ZAB-HS mass spectrometer

(ICs0 = 1pgml—1) was isolated1] and synthesized?]. using a 70 eV electron impact ion source.

As a part of our continuing studies on the relationship

between configuration and physiological activity of poly- 2.2. Stigmast-4,22-dien-38-(2-tetrahydropyranyl)ether (4)

hydroxylated sterols, this paper reports the synthesis of

the C-6 epimer, 24-methylenecholest-4-g)6&-diol (2) To a solution of stigmasteroB) (1.23 g; 3mmol) in 5ml

(Scheme 1 of dihydropyran, one drop of concentrated HCI was added,
and the mixture was stirred at room temperature for 24 h.
Ether (15 ml) was added to the mixture to dissolve the pre-

2. Experimental cipitate. The organic layer was separated from the aque-
ous phase, and the aqueous phase was then extracted with
2.1. General methods ether (3x 10 ml). The combined organic layer was washed

sequentially with water, saturated &0z solution, water

Stigmasterol was purchased from the Merck Co. The a@nd brine, dried over anhydrous 380, and evaporated in
compoundsl1 and 12 were prepared according {a]. All vacuo. EtOAc (1 ml) was added to the residues and the pre-
chemicals and solvents were analytical grade and solventscipitate dissolved again. The solution was put in a refrigera-
were purified by general methods before use. Melting points tor overnight. The white crystals were filtered, washed with
were determined on as¥apparatus and are uncorrected. In- MeOH, and dried under vacuum to yield 1.31 g (88%}of

frared spectra were measured with Nicolet 205 FT-IR and Mp 161-162C. IR (KBr) v: 1651, 1461, 1377, 1207, 1117,
1032, 969, 913, 871, 807 ch.

* Corresponding author. The compoundS and6 were similarly prepared according
E-mail address: cuijg@public.nn.gx.cn (J.G. Cui). to the procedure di2].
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Scheme 1.

2.3. 5a,68-Dibromostigmast-22-en-38-
(2-tetrahydropyranyl)ether (5)

White solid (yield of 76%), mp 117-1T&. IR (KBr)
v: 1651, 1461, 1377, 1152, 1053, 969, 568¢m'H NMR
(CDCl3, 90 MHz)$: 0.70 (s, 3H, 18-CH), 0.79 (d, 3HJ =
6.4 Hz, 26-CH or 27-CH), 0.81 (t, 3H,J = 7.6 Hz, 29-
CHg), 0.84 (d, 3H,J = 6.4 Hz, 26-CH or 27-CH;), 1.01 (s,
3H, 19-CH), 1.02 (d, 3H,J = 6.7 Hz, 21-CH), 3.52 (bm,
2H, THP 6-Ch), 4.30-4.56 (bm, 1H, 3-CH), 4.84 (bm, 1H,
THP 2-CH), 5.08 (t, 1HJ = 5.4 Hz, 6-CH), 5.12 (bm, 1H,
22-CH), 5.35 (bm, 1H, 23-CH).

2.4. Cholest-5-en-38-0l-22-al (6)

White solid (62%), mp 142-14%. IR (KBr) v: 3409,
3029, 2713, 1721, 1461, 1377, 1060, 955, 842, 800'tm
'H NMR (CDCl3, 500 MHz)$: 0.73 (s, 3H, 18-Ch)), 1.02
(s, 3H, 19-CH), 1.13 (d, 3H,J = 6.5Hz, 21-Ch), 2.37
(m, 1H, 20-CH), 3.53 (it, 1HJ = 115 and 5.0 Hz, 3-CH),
5.35 (dd, 1H,J = 2.5 and 3.5Hz, 6-CH), 9.58 (d, 1H,
J = 3.5Hz, 22-CH).

2.5. Cholest-5,22-dien-38-0l-24-one (7)

The compounds (3-methyl-2-oxobutyl)-triphenylarso-
nium bromide 11) (140 mg; 0.30 mmol), KCO3 (70 mg;

0.5mmol) and 0.03 ml of formamide were added to a so-

lution of 6 (73 mg; 0.22mmol) in 4ml of MeCN, and the

2.6. Cholest-5-en-38-0l-24-one (8)

PtO, (7mg) was added to a solution of (80mg;
0.18 mmol) in 15ml of EtOAc. Hydrogen was passed into
the stirred mixture at room temperature. After 30 min, the
reaction was stopped, and the mixture was filtered. The sol-
vent was removed in vacuum and the resulting white solid
was recrystallized from acetone to give 79 md@afs white
needles (98%), mp 136-13C. IR (KBr) v: 3416, 1707,
1640, 1581, 1461, 1377, 1243, 1103, 1053, 1025, 955'cm
1H NMR (CDCl3, 500Hz)$5: 0.68 (s, 3H, 18-CH), 0.92
(d, 3H,J = 7.0Hz, 21-ChH), 1.01 (s, 3H, 19-Ch), 1.09
(d, 6H, J = 7.0Hz, 26-CH and 27-CH), 2.61 (m, 1H,

J = 7.0Hz, 25-CH), 3.53 (it, 1HJ = 120 and 5.5Hz,
3-CH), 5.35 (dd, 1HJ = 3.0 and 2.5Hz, 6-CH).

2.7. 24-Methylenecholest-5,6-en-38-0l (9)

About 42 mg of 80% NaH-paraffin (1.75 mmol of sodium
hydride) mixture was placed in a two-neck flask flushed with
argon. The paraffin was washed away with petroleum ether
(30—60°C) and 5ml of anhydrous dimethyl sulfoxide was
added into the flask after the sodium hydride had been dried
under reduced pressure under argon. The mixture was stirred
at 80°C for about 40 min under the argon atmosphere, and
a dark green solution was produced. After cooling to room
temperature, a solution of 400 mg (1 mmol) of methyltriph-
enylphosphonium iodidel@) in 4 ml of anhydrous dimethyl
sulfoxide was added to the dark green solution, and the so-
lution turned yellow immediately. After 10 min, a solution
of 50 mg (0.13 mmol) o in 4 ml of anhydrous dimethyl
sulfoxide was added, and the resulting mixture was stirred
at 80°C for 4 h. At the end of this time, the reaction mixture
was cooled, diluted with 15 ml of cold water, and extracted
thoroughly with ether. The combined organic extracts were
washed with water and saturated sodium chloride. After
drying over anhydrous sodium sulfate, the solvent was re-
moved under reduced pressure, and the resulting crude prod-
uct was purified by flash chromatography on silica gel using
petroleum ether (bp 60—9C)/EtOAc (5:1) as the eluent to
give 43 mg of9 as white crystals (86%), mp 148-1%40.

mixture was stirred at room temperature for 9h under an IR (KBr) v: 3416, 3078, 1644, 1461, 1377, 1053, 955, 885,
argon atmosphere. Then the suspension was filtered, and42, 800 crml. 'H NMR (CDClz, 500 MHz)$: 0.68 (s, 3H,
the solid was washed three times with EtOAc. The solvent 18-CH), 0.95 (d, 3H,/ = 6.5Hz, 21-CH), 1.01 (s, 3H,
was removed under vacuum, and the residue was purified19-CHg), 1.03 (dd, 6H,/ = 7.0 and 2.5Hz, 26-Ckl and

by flash chromatography on silica gel using petroleum ether 27-CHg), 3.54 (tt, 1H,J = 115 and 5.0 Hz, 3-CH), 4.66 (d,
(bp 60—90°C)/EtOAC (4:1) as the eluent. The product was 1H, J = 1.5Hz, 28-CH), 4.71 (d, 1H/ = 1.5Hz, 28-CH),

further purified by recrystallization from MeOH to give
61 mg of7 (69%), mp 114-116C. IR (KBr) v: 3423, 1693,
1665, 1623, 1461, 1053, 990ch H NMR (CDClg,
500Hz) §: 0.73 (s, 3H, 18-CH), 1.01 (s, 3H, 19-CH),
1.10 (d, 9H,J = 6.5Hz, 21-CH, 26-CH;, 27-CHg), 2.83
(m, 1H, J = 7.0Hz, 25-CH), 2.21-2.31 (bm, 3H, 7-GH
20-CH), 3.53 (m, 1H, 3-CH), 5.35 (dd, 1H,= 3 and 2 Hz,
6-CH), 6.07 (d, 1H,J = 155Hz, 23-CH), 6.72 (dd, 1H,
J = 155Hz,J = 9Hz, 22-CH).

5.35 (dd, 1H,J = 3.0 and 2.5Hz, 6-CH).
2.8. 24-Methylenecholest-4-en-3,6-dione (10)

Pyridinium chlorochromate (PCC) (240 mg; 1.1 mmol)
was added in one portion to a solution 6f (70 mg;
0.18 mmol) in dried CHCI> (4 ml). The reaction mixture
was stirred at room temperature for 48 h. Ether (15 ml) was
then added to the mixture, and the suspension was poured
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over a silica gel column and eluted with ether. The sol- the 5,6-dibromideX) in a high state of purity, which could
vent was removed under reduced pressure, and the residube subjected to ozonolysis without further purification.
was chromatographed on silica gel using petroleum etherDuring ozonolysis, the debromination and removal of the
(60—90°C)/EtOAC (5:1) as the eluent to give 43 mg (60%) tetrahydropyranyl group in the 5,6-dibromids) ook place

of 10 as pale yellow crystals, mp 122-12d. IR (KBr) simultaneously when the ozonide was decomposed with
v: 3078, 1686, 1602, 1581, 1454, 1377, 1243, 1124, 1025, zinc and acetic acid at room temperature.
948, 892 cmt. 1H NMR (CDClz, 500 Hz)$: 0.73 (s, 3H, For the conversion of aldehydes)(to ketone {), a

18-CHg), 0.96 (d, 3H,J = 5.5Hz, 21-CH), 1.03 (ddd, 6H, solid—liquid phase-transfer Wittig reaction was used. The
J =7.0, 3.0 and 1.5Hz, 26-Ciand 27-CH), 1.17 (s, 3H, reaction was carried out at room temperature using (3-
19-CHg), 2.44 (brs, 1H, B-CH), 2.48 (brs, 1H, B-CH), methyl-2-oxobutyl)-triphenylarsonium bromidé&lj as the
2.52 (dd, 1H,J = 14.8 and 3.5Hz, 2-CH), 2.68 (dd, 1H, reagent and KCOs; as the base in C¥#CN. Addition of

J = 157 and 3.0Hz, &CH), 4.66 (s, 1H, 28-CH), 4.72  a trace of HO or HCONHK to the reaction may greatly

(s, 1H, 28-CH), 6.17 (s, 1H, 4-CH). increase the speed of the reaction. The usdlofjave a
higher yield and required a shorter reaction time than the
2.9. 24-Methylenecholest-4-en-38,6x-diol (2) reaction using triphenylphosphine isobutanonemethylene as

the reagenf3]. From the proton signals of the 22,23-double
NaBH, (16 mg; 0.42 mmol) was added to a solutiorl6f bond @Ju— = 155Hz), we knew that this reaction was

(40mg; 0.10mmol) and CeglFH,O (38 mg; 0.10mmol)  stereoselective and produced only thens-isomer.
in CH3OH (7 ml) over an interval of 3 min at room temper- The catalytic hydrogenation afwas a regioselective re-
ature. After the mixture was stirred for 15 min, the reaction action. When Pt@Q was used as catalyzer and the reaction
was stopped. The reaction mixture was neutralized with was carried out at room temperature, it nearly quantita-
1M HCI. After evaporation of the majority of the MeOH tively produced the dihydro-produd)(which had a hydro-
under reduced pressure,® was added to the residue, genated 22,23-double bond and a 5,6-double bond with no
and the resulting white precipitate was filtered and washed change. This occurred because of the greater stereohindrance
with cold water. The crude product was purified by flash in the 5,6-double bond than those in the 22,23-double bond
chromatography on silica gel using petroleum ether (bp (Scheme 2
60-90°C)/acetone (5:1) as eluent to give 36 mgbhs a Methylenation of8 was completed via the Wittig reac-
white solid (89%), mp 170-17Z. IR (KBr) v: 3282, 1644, tion with methylenetriphenylphosphorane, prepared from
1581, 1447, 1377, 1271, 1068, 1032, 983, 927, 885«cm sodium hydride and methyltriphenylphosphonium iodide
'H NMR (CDCls, 500 MHz) §: 0.68 (s, 3H, 18-CH), (12) in dimethylsulfoxide. It was necessary to increase the
0.94 (d, 3H,J = 6.5Hz, 21-Ch), 1.02 and 1.03 (d, 6H, ratio of sodium hydride and phosphonium to steroid in or-
J = 6.5Hz, 26-CH and 27-CH), 1.05 (s, 3H, 19-Ch), der to insure high yield because the hydroxy group in the
2.22 (m, 1H,J = 6.5Hz, 25-CH), 4.17 (m, 1H, 6-CH), steroid consumed some of the base in the reaction. Longer
4.21 (brt, 1H, 3-CH), 4.65 (s, 1H, 28-CH), 4.71 (s, 1H, 28- reaction times resulted in the formation of an aryl ether of
CH), 5.65 (d, 1H,J = 1.5Hz, 4-CH).13C NMR (CDCb, the steroid. By protecting the hydroxyl group in the steroid,
125MHz) §: 156.69(C-24), 149.13(C-5), 119.91(C-4), this side reaction was avoided. The spectra data of product
106.04(C-28), 68.57(C-6), 67.91(C-3), 55.96, 55.80, 54.20, 9 was consistent with the spectra of natural fucosterol.
42.56, 42.05, 39.66, 37.91, 36.00, 35.72(C-20), 34.58(C- For construction of the steroidal nucleus, compoénd
22), 34.34, 33.78(C-25), 30.95(C-23), 29.03, 28.15, 24.20, was oxidized to its corresponding 4-ene-3,6-dioh@) Ly
22.02(C-26), 21.88(C-27), 21.00, 19.69(C-19), 18.66(C- oxidation with PCC in dichloromethane for 48 h at ambient
21), 11.99(C-18). MS (FABjnWz 414 (M*), 413 (M — 1), temperature and gave a 60% yi¢ld. Shorter reaction times
397, 379, 295, 269, 253, 213, 187, 159, 121, 95, 69, 55. would not improve the formation of0 since the reaction

may proceed by an ionic mechani$bj, and by-products of

4-ene-3-one and 6-hydroxy-4-ene-3-one would be formed.

3. Results and discussion When the reaction was stopped after 24 h, a 53% yield of
10 was obtained.
In this study, stigmasterol3] was chosen as the start- Before the desired compourdwas prepared, diond.g)

ing material for the synthesis of 24-methylenecholest-4- was used as a model compound to study the reduction of
en-3PB,6a-diol (2). First, the B-hydroxy group of3 was a similar steroidal 4-en-3,6 dion&s¢heme B When 13
protected by forming the tetrahydropyranyl ethéy. Then, was reduced with NaBHin methanol, stigmast-4,22-dien-
bromination of 4 was performed by using iodobenzene 3pB,6a-diol (14) and another isomer, stigmast-4,22-dien-
dibromide, which gave off bromine rapidly at room temper- 33,63-diol, were obtained in a ratio of 9:1, according to
ature, but was quite stable at©, using the method of Fry- HPLC analysis. However, in the presence of Gel,0,

berg et al[3]. Because of the greater density of the electron the reaction afforded4 as the sole product.

cloud in the 5,6-double bond compared to the 22,23-double  Preparation of the target produetvas completed by the
bond, bromination ofl using iodobenzene dibromide gave reduction ofl0 with NaBH, in the presence of Ce&IFrH,O
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in MeOH at room temperature. TAel NMR and3C NMR
spectra data of produ@ and 24-methylenecholest-4-en-
3B,6B-diol (1), isolated from the soft corad. patagonicum,
are shown irirable 1

The data inTable 1reveals some differences betwekn
and2. For'H NMR, the difference between the peaks for the
19-CHg groups ofl and2is 0.21 ppm. This shows that there
is a greater deshielding effect o8 80H to 19-CH; in sterol
1 than @x-OH to 19-CH; in sterol2 [6]. On the other hand,
the coupling constant of@H in 2 with 7-H was larger so

O
3 13

its resonance peak split into lower multi-peaks. Since these
resonance peaks overlapped with the resonance peaks of 3
H, the coupling constant of@H could not be confirmed.
For 13C NMR spectra, the chemical shift of 6-C Inand?2
showed different values because the configurations of both
6-C were different.

The cytotoxicity of compound4 and 2 against human
gastric carcinoma cells (MGC) and cervical carcinoma cells
(HELA) were studied, and the results are showiTéatle 2
Obviously, compoundl exhibited moderate cytotoxicity

NaBH, , MeOH
CBC13.7H20
HO 61_1
14

Scheme 3.
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Table 1
1H NMR and13C NMR spectra data o2 and 24-methylenecholest-4-ef-8p3-diol (1)
Compounds 18-kl 19-CHg 21-Hg 3-H; 4-Hy 6-H,2 25-H; 28-Hy 26,27-H
1H NMR spectra
1 0.74 1.26 0.93 4.18 5.54 4.23 2.23 4.65, 4.71 1.01, 1.02
2 0.68 1.05 0.94 4.20 5.65 4.17 2.22 465, 4.71 1.02, 1.03
18-C 19-C 21-C 3-C 4-C 6-C 5-C 24-C 28-C
13C NMR spectra
1 11.82 20.81 18.49 67.66 118.33 73.76 147.36 157.05 105.71
2 11.99 19.69 18.66 67.91 119.91 68.57 149.13 156.69 106.04
a6-Hy: 1. brt, J = 25Hz; 22 m, determination ofl was not possible.
Table 2 References

Cytoxocity (EDsougmi~1) of compoundl and 2 against some human
tumor cell lines by the MTT method

Compounds MGC HELA
1 10.0 12.0
2 110.0 130.0

toward MGC and HELA cells and compourti showed
only very weak cytotoxicity towards these two tumor cells.

Acknowledgments

The authors thank the National Natural Science Founda-
tion of China (project no. 29932030) and the Natural Science
Foundation of Guangdong Province (project no. 970154) for
their support.

[1] Zeng LM, Li XQ, Su JY, Fu X, Schmitz FJ. A new cytotoxic
dihydroxy sterol from the soft corahlcyonium patagonicum. J Nat
Prod 1995;58(2):296.

[2] Cui JG, Su JY, Zeng LM, Lu WG. Synthesis of polyhydroxysterols (1):
synthesis of 24-methylenecholest-4-gh&B-diol, a cytotoxic natural
hydroxylated sterol. Steroids 2001;66(1):33.

[3] Fryberg M, Oehlschlager AC, Unrau AM. The synthesis of possible
polyene intermediates in phytosterol biosynthesis. Tetrahedron
1971;27:1261.

[4] Nangia A, Anthony A. Facile synthesis of steroidal*-3,6-diones
from A5-3-ols using pyridinium chlorochromate. Synth Commun
1996;26(2):225.

[5] Korde SS, Udasi RA, Trivedi GK. Oxidation of steroidal 5-en-
3B-ol with pyridinium chlorochromate: isolation of key interme-
diate, steroidal B-hydroxy-4-en-3-one. Synth Commun 1997;27(19):
3419.

[6] Paul VD, Eugene F, David D, Banavara LM, Ernest W. Pyridine-
induced solvent shifts in the nuclear magnetic resonance spectra of
hydroxylic compounds. J Am Chem Soc 1968;90(20):5480.



	Synthesis of polyhydroxysterols (III): synthesis and structural elucidation of 24-methylenecholest-4-en-3beta,6alpha-diol
	Introduction
	Experimental
	General methods
	Stigmast-4,22-dien-3beta-(2-tetrahydropyranyl)ether (4)
	5alpha,6beta-Dibromostigmast-22-en-3beta-(2-tetrahydropyranyl)ether (5)
	Cholest-5-en-3beta-ol-22-al (6)
	Cholest-5,22-dien-3beta-ol-24-one (7)
	Cholest-5-en-3beta-ol-24-one (8)
	24-Methylenecholest-5,6-en-3beta-ol (9)
	24-Methylenecholest-4-en-3,6-dione (10)
	24-Methylenecholest-4-en-3beta,6alpha-diol (2)

	Results and discussion
	Acknowledgements
	References


