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Abstract- A route for synthesis of steroidal 5(10)a-epoxy-9i11)- 

ene from 11B-functionalized estr-5(10)-ene via epoxidation of 

5(10)-ene and then introduction of 9(11)-ene was reported. The 

effect of 118-hydroxy and acyloxy groups on stereoselective 

epoxidation of 5(10)-ene as well as the effect of 5(10)-epoxide 

configuration on some reactions of corresponding 118- 

substitutes were described. A 118-phenyl-4 .9-estradiene compound 

has been synthesized from the 9(11)-ene-5(10)0-epoxide 

intermediate obtained by this route. 

Steroidal SilO)a-epoxy-9(11)-ene (6) is a key intermediate for synthesis of llp-aryl- 

19-norsteroids which was found to he active as anti-progestln agents.2r3 We have 

developed a new method for synthesis of compound ($1  by epoxidation of 115- 

functlonalized S(10)-ene compound (1) and then introduction of 9(11)-ene, rather than 

the already established method by direct epoaldaTion of steroidal 5(10),9(11)-diene in 

which some particular reagents such as CF3COCF3 are required to get high 

regioselectivity for the epoxidation of 5(10)-ene. 4.5 

The new method involves a stereoselective epoxidation directed by 118-functional 

group. It appears to be prospective because different 118-functional group will h a ~ e  
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6 X=ketal: Y=O, ketal - 

different stereoselectivity in the epoxidation of 5(10)-ene. The a:B ratio of the 

epoxidation of compounds (3a.B) was calculated with the following formula: 

[a],: specific rotation of the mixed products of epoxidation; 

[a ln:  specific rotation of the corresponding a-epoxide; 

[BIB: specific rotation of the corresponding 5-epoxide. 

Compound (21 can be epoxidized to the 5(101-B-epoxide in hlgh selectivity with either 

C I ~ C C W H ~ O ~  (a:E about 9:91) or CF3COCFl/H202 (5:95) because of the directive effect 

of 115-hydroxr.1 group. However epoxldation of compound (3) glves a mlxture of 5(10)- 

a- and 5-epoxides in a ratio(a/BI about 55:45 vith Cl1CCN/H2O2 in CH2C12 and 59:41 in 

AcOEt but 16:64 with CFlCOCFl/H202 in CH2C12. To our surprise, the reaction of 

compound (3) with CF3COCFl/H202 in AcOEt at the same conditions resulted in recovery 

of starting material without any perceptible epoxidized product. 

A further preliminary experiment shows a higher a : 8  ratio in epoxidation of compound 

(Icl vith C13CCN/H202 in AcOEt than that of 3 b .  

Another key step in the method 1s the conversion of 118-hydroxy group into 9(lllene 
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without effect on both 5(10)-epoxy and 3-ketal groups which are very sensitive to 

usual conditions for the hydroxy group elimination. Though the known mild reagents (r 

TsCl/PY) can eliminate llp-hydroxy group of compound (3a) it couldn't do well with the 

epoxide (&) .  Fortunately we found that p-dimethylaminopyridine (DUAP) as catalyst 

instead of pyridine can successfully reach this goal in quite high yield. DlZAP can be 

recovered conveniently and recycled. 

We also have examined some different effects of 5(10)a- or B-epoxy group on the 

reaction of 11B-substitute. 11B-Hydroxy group in compound (La) is easily eliminated to 

9(11)-ene or acylated; while that of compound (3) [5(10)8-epoxy1 is reluctant to 

eliminate or acylated at the same condition. 116-Acyloxy group of compound (a) 
[5(10)8-epoxy] can be smoothly hydrolyzed with sodium hydroxide in methanol to 111)- 

hydroxy group at room temperature; while the same reaction with compound ( @ )  

requires heating to complete. These variations obviously showed the considerable space 

interaction between 11B-functional group and 5(10)-epoxy group. 

a: Ac20, Py, DNAP e: P-TsCI, DNAP. CH2C12 
b: MeOH. PPTS, Et20 f : PhYgBr, CuC1, THE 
c: HZOZ, C1,CCN. AcOEt g: MeOH. HC1 
d: KOH. HeOH 
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It is worthy to note that compound (&) can be easily and quite completely 

crystallized from the mixture of S(101-a- and g-epoxide; however, compound (3) is 

difficult to crystallize even though in the quite pure form. This provides a 

convenient separation method of these two diastereoisomers. Compound (6)  had been 

synthesized from compound ( 1  via five steps with overall yield 32.6% and from this 

intermediate l lg-phenyl-19-norsteroid derivative (8) has been prepared. 

EXPERIMENTAL 

General Details 

Melting points were obtained in ca~illary tubes and uncorrected. The ir spectra were 

obtained in potassium bromide discs on a Perkin-Elmer 783 spectrophotometer. The 'H 

and 13c nmr spectra were obtained in deuteriochloroform on JNM-EX-9OQ spectrometer 

with TMS as internal reference. The ms spectra were obtained on JMS-D3OOC instrument. 

The uv spectra were obtained on Shimadzu UV-260 spectrophotometer. Specific rotations 

were determined in ethylene chloride containing 0.5% triethylamine on WXG-4 

instrument. All reactions were monitored by tlc on silica gel plate. The yields were 

not optimized. The starting steroid (i16 was synthesized in our laboratory and 

identified. 

To a solution of 1.00 ml of pyridine, 0.9 ml of acetic anhydride and 25 mg of DMAP, 

17-cyclic ethylenedioxo-llp-hydroxy-3-methoxy-2,5(lO-estradiene) (250 mg, 0.72 

mmol, mp 149-153°C) was added. The dissolved mixture was placed at 8-9'C for 24 h and 

then was poured into 100 ml of cooled aqueous sodium carbonate (4%). The precipitated 

solid was filtered off, washed with water and dried to yield 280 mg of crude product. 

It was crystallized from ethyl acetate to give 2,  253 mg (90.34%); mp 180-185°C. 

Recrystallization from ethyl acetate afforded the sample for analysis; mp 184-186°C; 
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[a ]  : +52.9"(c=0.50 g/10.0 ml); ms: m/z 388, 328, 266, 221; ir: 1725 cm-l. Anal. Calcd 

for C23H3205: C, 71.11; H. 8.30. Found: C, 70.98; H, 8.44. 

To a solution of 2 (1.96 g, 5.05 mmol, mp 180-185°C) in 80 ml of anhydrous ether. 

pyridinium p-toluenesulfonate(PPTS) (75 mg, 0.30 mmol) in 3.00 ml of anhydrous 

methanol was added. The mixture was stirred at room temperature for 8 h, then 100 ml 

ot ether was added, and washed twice with saline water. The ether layer was separated, 

dried with anhydrous sodium sulfate and the solvent was evaporated to give 3, 1.72 g 

(81.07%); mp 106-113°C. It was recrystallized twice from ether for analysis; mp 120- 

122°C; La]: +61.12°(c=0.50 g/lO.O ml); 'H nmr: 6 0.96(~,3H), 2.00(s.3H), 3.16(s,31l), 

3,22(s,3H), 3.8l(s,2R), 3.81(s,2H), 5.31(s,lH); ms: m/zl%) 420(0.001), 388(29), 

328(21), 267(263. 221(29), 99(100); ir: 1125 cm-l. Anal. Calcd for C24H3606: C, 

68.55; 11. 8.61. Found: C, 68.48; H, 8.76. 

General Procedure for Epoxidation of Steroidal 5(10)-ene: 

To a solution of (2.79 g, 6.64 mmol, mp 106-113°C) in 60 ml of ethyl acetate added 

5.00 ml of a freshly prepared solution of aqueous hydrogen peroxide (30%) containing 

1.00 g of dipotassium hydrogen phosphate and then a solution of 1.00 ml of 

trichloroacetonltrile in 10.0 ml of ethyl acetate was added dropwise over 80 min and 

stirred at room temperature for 1 h. The solution was diluted with 100 ml of ethyl 

acetate and washed with 50 ml of aqueous sodium thiosulfate(25%), 50 ml of aqueous 

potassium hydroxide(5%) and water until pH about I. The organic layer was dried with 

anhydrous sodium sulfate and evaperated. The residue was crystallized from ether and 

n-pentane to yield a. 1.74 g (62.36%); mp 105-108°C. Recrystallization twice from 

ether and acetone afforded the analytical sample; mp 176-119DC; 'H nmr: 6 0.96(sr3H), 

2.08(s.3H), 3.08(sG3H), 3 1 6 s 3 H  3.80(sr2H), 3.84(5,2H3. 5.20(s.lH1; ms: m/z(%) 
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436(4), 4040). 386(8). 264(14), 99(100); ir: 1735 cm-l. Anal. Calcd for C24H3607: C, 

66.03; H, 8.31. Found: C, 65.90; H, 8.17. 

A solution of 3 (1.50 g, 3.44 mmol, mp 105-108"C), potassium hydroxide(7.5 g, ,134 

mmol) in methanol(60.0 ml) was stirred at room temperature for 17 h and refluxed for 1 

h, to which 50 ml of water was added. The solution was concentrated to about 45 ml and 

poured into 150 ml of ice-water. The precipitated solid was filtered off and dried to 

give 1.10 g of & (81.21%); mp 179-181'C. Recrystallization from ethyl acetate to give 

t h c  analytical sample; mp 180-18Z°C; [a1 : +59.52'(c=0.50 g/10.0 ml); 'H nmr:  6 

1.10(s.311), 3.14(sZ3H). 3.18(5.3H), 3.80(s.ZH), 3.84(s.1.H). 4.40(s,lH); ms: m/z(%) 

394(2), 362(4), 344(7), 99(100); ir: 3500. 1665(week) cm-l. Anal. Calcd for C22H3406: 

C, 66.98; H, 8.69. Found: C, 66.93; H. 8.78. 

To a solution of gtoluenesulfonyl chloride(3.60 g. 18.88 mmol) and DMAP16.60 g) in 10 

ml of methylene chloride, & (2.50 g, 6.33 mmol, mp 179-181'C) was added. After it was 

dissolved, the solution stood at room temperature for 8 days and then diluted with 

400 ml of ether , washed with 40 ml of a buffer solution of dipotassium hydrogen 

phosphateIZ%) and potassium dihydrogen phosphate(2%) for 3 times. After removal of the 

solvent, the residual solid was smashed in n-hexane and filtered off to give 2.10 g 

(88.0%) of 6; mp 102-109'C. Recrystallization from isopropyl ether afforded the sample 

1 for analysis; mp 116-119'C; H nmr: ti 0.86(s,3H). 3.13(sS3H), 3.19(s93H), 3.88(s,2H), 

3.90(s.2H), 6.00(s,lH); 13c nmr: 6 14.7(q). 22.3(t). 24.3(t), 24.9(t). 32.0(t), 

32.4(t), 33.4(t), 38.0(d), 39.2(t1, 44.3(s), 45.5(d), 47.5(q), 60.4(s), 60.8(s), 

64.3(t), 65.0(t), 98.3(s), 118.7(s). 126.2(d), 135.8(s); ms: m/z(%) 376(3), 344(9), 

282(7), 243(8), 99(100); ir: 1640(week) em-'. Anal. Calcd for C22H3205: C; 70.19; H, 

8.57. Found: C, 69.85; H, 8.62. 
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To a suspension of small pieces of magnesium (80 mg, 3.29 mmol) in dry THE (3 ml), 

under refluxing a solution of 0.4 ml(3.81 mmol) bromobenzene in dry THF (10 ml) was 

added slowly. After refluxing for 0.5 h, the solution was cooled to room temperature. 

Then 20 mg of cuprous chloride was added, stirred for 10 min. A solution of 6 (240 mg, 

0.64 mmol, mp 102-109'C) in 8 ml of THF was added. It was placed at room temperature 

for 3 days, poured into 150 ml of saturated aqueous ammonium chloride and extracted 

with ether. The organic layer was dried with anhydrous sodium sulfate and evaporated. 

The residue was purified by column chromatography with benzene-acetone (9:l) as an 

eluent to give 150 mg (51.8%) of 2; mp 161-164°C. Recrystallization from isopropyl 

ether afforded the analytical sample; mp 166-169°C; 'H nmr: 6 0.49(s,3H), 3.20(s86H), 

3.85(s,4H), 4.20(d, J=7.2 Hz, 1H). 4.45(s,lH). 7.20(5.5H); ms: m/z(%l 454(1), 436(2), 

422(9), 404(55), 343(27), 99(100): ir: 3565, 1600 em-'. Anal. Calcd for C28H3805 : C, 

73.98; H, 8.42, Found C, 71.69; H. 8.68. 

The unpurified residue (1) obtained in previous reaction was dissolved in 15 ml of 

methanol and 5 drops of 2N hydrochloric acid was added. The solution was stirred at 

room temperature for 1 h, neutralized with ten drops of aqueous sodium hydrogen 

carbonate (5%) to pH 6-7, then concentrated to 6-7 ml and cooled. After filtration 60 

mg of 5 (24.14% calculated from&) was obtained; mp 274-277'C. Recrystallization from 

ethanol-chloroform afforded the sample for analysis; mp 277-279'C; 'H nmr: 6 

0.51(s,3H), 3.88(5.4H), 4.40(d, J=7.2 Hz, 1H). 5.75(s,lH), 7.18-7.20(m,5H); ms: m/z(%) 

390(100), 328(48), 99(631: ir: 1650, 1600, 1590 cm-l; uv: (CHC13) 301 ( c :  2560) nm. 

Anal. Calcd for C26H3003: C, 80.00; H, 7.74. Found: C, 80.25; H, 7.88. 
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