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Abstract - A total synthesis of optically active 7d (6), 

18-dimethyl-19-nor-testosterones 25 and 26 from the new common 

optically active synthon 5 obtained from acrolein 6 through 

the following sequence of reactions: 6+7~6+9+10+11~12~5, is 

described. 

Introduction of 7-methyl group into the steroid molecule usually causes enhancemer 

and/or modification of parent hormonal activities 1 . For example, 70(,17d-dimethyl- 

19-nor-testosterone 1 has significant contragestative activity and is lack of 

estrogenicity. A great deal of papers on the partial syntheses of these compounds have 

been published in recent years2 , but the paper concerned with the total synthesis 

of 'I-methyl steroids seems dealing only with the syntheses of 'I-methyl aromatic 

steroids 2 by using the optically active indanone derivative 3 as starting material.3 
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In our previous work, we have synthesized a new optically active synthon 4 for 

the total syntheses of steroids4 starting from acrolein through r-keto-sulfoxide and 

microbial asymmetric reduction. It occurred to us that this method could also be 
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used to synthesize the optically active synthon 5 containing an extra methyl group', 

which might be converted to the 'I-methyl steroid molecule by introduction of the 

A,B ring through conjugate addition. We now report herein the synthesis of this 

new chiral synthon 5 and its application to the synthesis of 7nt,18- and 7g,l8- 

dimethyl-19-nor-testosterone. 

5 was easily obtained from pro-chiral compound 10 prepared from -f-keto-sulfoxide 

9 and 2-ethyl-l, 3-cyclopentanedione by microbial asymmetric reduction followed by 

elimination of the hydroxyl group on the side chain. 9 was synthesized by a 5-step 

sequence of reactions: the dithian 7 obtained from acrolein6 in 85% yield was treated 

with 1,2-epoxypropane to give hydroxyl compound 8 in 90% yield. 8 was hydrolysed with 

HgC12-HgO followed by protection with DHP and oxidation with NaI04 to afford f-keto- 

sulfoxide 9 in 73% overall yield. Reaction of 9 with 2-ethyl-l, 3-cyclopentanedione 

under reflux in the presence of Et3N in THF furnished pro-chiral trione 10 in 85% 

A, a(1 
-H 85% EtS 

1) 8. EtSH, Et3N '@, BP3'Et20; b. n-BuLi, &; c. 11HgC12-HSO 

2) DHP, p-T&H 3) NaI04; d. . Et3N-TRP e. S.cerevfsiae 2.346 

f. 11Ac20-Py 2GRP-RAc-H20 (1:Z:l) 8. 1) tleso2c1-py. 2) Et3N-Et20 
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yield6 10 was a mixture of diastereoisomers as shown by the 'H NMR data which gave 

two sets of doublet at 51.16 and 61.26 corresponding to the protons in the termin: 

CH3 group of the side chain, respectively. Since the chiral center at this side 

chain will be destroyed finally, 10 was used directly for the following transformatior 

Thus, 10 was asymmetrically reduced by incubation with Saccharomyces cerevisiae 2.346 

under shaking continuously for 2 days at 28-30°C to furnish the optically active prod1 

11 in 70% yield together with the side product 13 in 4% yield which was deduced to 

be an endocyclic compound4. 11 was also a diastereomeric mixture as shown by its 'H 

NMR spectrum. 

Acetylation of 11 with Ac20-pyridine followed by removal of the THP protecting 

group afforded 12 in 87% overall yield. The new optically active synthon 5 was 

obtained finally by converting 12 to mesylate with methanesulfonyl chloride-pyridine 

at 0“C followed by elimination of mesylate with Et3N in Et20 at room temperature 

in 85% yield. The large coupling constant (16Hz) of two olefinic protons in 'H NMR 

spectrum indicated that this two protons were in trans geometry and the compound 5 

was thus established to be E isomer shown in scheme 1. The absolute configuration 

of 5 was tentatively assigned to be 2R, 3s ([dd6+55.6')in comparison with the 

homologous 2R, 35-4 ([dlc+61.2 1. It is surprising that in contrast with 4, the 

compound 5 is very stable and doesn't deteriorate after a long time storage, though 

it also contains and,g-unsaturated ketone system. So it is an ideal synthon for 

syntheses of steroids. 

5 could react with a variety of Michael donors such as malonic ester 14, B- 

ketoester 15.7 2,6-lutidine 16 and acetoacetic ester 17 to form the corresponding 

Michael adducts 18 a b c d in good yields. Unfortunately, all our attempts at 

cyclization of 18 un;eC iaiious conditions failed. 
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However,the cyclization of 21 was successful: reaction of a,g-unsaturated 

ketone 5 with m-methoxybenxylmagnesium chloride prepared from m-methoxybenxyl 

chloride and Mg turnings under reflux in THF in the presence of cuprous iodide 

afforded the regiospecific 1,4-adduct 21 in 85% yield. It was a mixture of 

7-methyl epimers in ca. 54:46 ratio as shown in GC, which couldn't be easily 

separated in usual manner owing to their close retention time (7'40" and 7'45" 

respectively). Cyclization of 21 with methanolic hydrochloric acid at room 

temperature gave a complex mixture in which 22 was obtained only in about 10% 

yield separated by preparative TLC , while the reacion carried out with p-TsOH in 

benzene under reflux for 1.5 h, the yield of 22 was increased to 89%. 

In comparison with 18, the cyclization of 21 was 
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much easier and might be considered as a result of the formation 

of the low energetic cation A, in which the positive charge created in the 

reaction might be delocalized to the benzene ring. 

Catalytic hydrogenation of 22 over palladium on calcium carbonate at room 

temperature in THF gave stereoselectively the C,D ring trans compound 23 in 88% 

yield. Birch reduction of 23 at -SOY for 5 h followed by acidic hydrolysis of 

the resulting diene compound 24 gave a 1:l mixture of 70(,18-dimethyl- 

19-nor-testosterone 25 and 7@, 18~dimethyl-19-nor-testosterone 26 in SO% yield 

(from Birch reduction), which was separated by repeated preparative thin layer 

chromatography to the pure components. 

Comparison of the chemical shifts of CH3 group at C-7 in 25 (SO.781 and 26 

(&i.Ol)with the corresponding ' H NMR data of 7-methyl steroid reported in the litera- 

turelb suggested that 25 and 26 have the ?d-CH3 and 78-CH3 configuration, respectively< 

Thus, a new synthesis of optically active 7rrC(@l, 18-dimethyl-19-nor-testoster- 

one was accomplished starting from acrolein 6 through 16 steps in 8% overall yield 

(14% overall yield based on 2-ethyl-1,3-cyclopentanedione). 

BXPERII'WITAL 

The silica gel used for the chromatography was 100-200 or 200-300 mesh in 

size and GFzs4, silica gel H, respectively. Iodine vapour and vanilin were used 

far colour developing. The m.p. and b.p. were uncorrected. The optical rotation 

was measured on WZZ a~topo~a~imeter and Autopol Qi, XII polarimeter. ER spectra were 

measured as thin films or Nujol mulls on polished NaCl plates using UR-10, 751 

and Shimadzu 440 infrared spectrophotometers. UV spectra were obtained from 730 

UV spectrometer. 'H NMR spectra were obtained on Varian EM-360 (60 MHz) and XL-200 

(200 MHz) spectrometers using TMS or HMDS as an internal standard. The unit of 5 was 

ppmf Mass spectra were obtained with JMS-OlU and Finnigan 4021 GC-MS instruments. 

Elemental analyses were performed by Analytical Department of this Institute. 

2-(2'-ethylthio)-ethyl-1,3-dithian 7 

To a stirred solution of freshly distilled acrolein (11.2gf and triethylamine 

(5ml) in chloroform (90 ml), 15g of EtSH was added dropwise at room temperature, to 

which, after being stirred for 3 h, 149 of BF3 Et.20 and 259 of 1,3-propanedithiol 

were added and the mixture was stirred continuously for 3 h. The reaction mixture 

was poured into water. The organic layer was washed successively with water, 7% KOH 

solution and water and dried over anhydrous Na2SO4. Removal of the solvent in 

vacuum followed by distillation afforded 36q of colourless oil of 7 t85%) b,p. 

102-114 Q’9x10”3mm. NMR (X14, HMDS): l.l9(3H,t,J=?Hz), 1.60-2.16(4H,m1,2.10-2.80 

f8H,m), 3.99(1H,t,J=7Hzl; MS(m/e): 208(M+); Found: C‘46.22, H‘7.69, S,45.82; 

Caled. for C8H16S3: C,46.15, H,?.69, S.46.15. 

2-f2*-ethylthio)-ethyl-2-(2'-hydroxyf-propyl-l,3-dithian 8 

A stirred solution of 7 (19g) in THF (180 ml) was cooled to -7O'C in a dry 

ice-bath and 75ml of BuLi(l.48M) was added dropwise under N2. The temperature was 

not allowed to exceed -SOY during addition and then warmed to -2O'C within 2 h. 

To the cold reaction mixture (-?O*C), was added Bml of 1,2_epoxypropane and the 
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temperature was raised to -2O'C within 3 h. Most of the solvent was removed in 

vacuum and 50ml of saturated NH4Cl solution was added and the organic layer was 

separated. The aqueous layer was extracted with CHC13. The combined organic layers 

were washed successively with 5% KOH solution, water, and dried. Removal of solvent 

followed by distillation gave 21.84g of the pale yellow oil 8 (90%) b.p. 130-15O“C/ 

8x10-3mm. IR(pmax ): 3420 cm-'(-OH); NMR (100 MHZ,CClq,TMS): 1.14(3H,d.J=7Hz), 1.25 

(3H,t,J=7Hz), 4.07(1H,m); Found: S, 36.19; Calcd. for CllH22OS3: 36.09. 

Ethyl,3-oxo-5-tetrahydropyranoxy-hexyl sulfoxide 9 

To a stirred solution of HgC12(50g) and red HgO(18g) in 800ml of 80% aqueous 

solution of acetonitrile was added a solution of 8 (21.849) in lOOm1 of 80% aqueous 

solution of acetonitrile. The mixture was refluxed under N2 for 4.5 h. After 

cooling, the mixture was filtered through celite. The residue was washed with CH2Cl2 

and the organic layer was separated. After extraction of the aqueous layer with 

methylene chloride the combined organic extracts were washed with 5H NH4OAc solution 

and saturated NaCl solution, then dried. The solvent was removed in vacuum to give 

12.39 of crude product. The analytic specimen was obtained by preparative TLC 

developed by acetone-petroleum ether (3:7). IR(dmax). 3450 (-OH), 1700 cm-'(-CO), 

NMR (60 MHz,CC14,TMS): 1.17 (3H,d,J=7Hz), 1.26 (3H,t,J=7Hz), 2.74(48,5), 4.20(1H,m). 

To a stirred solution of above crude product (12.39) in THF (30ml) was added 

120mg of p-TsOH. The mixture was cooled on an ice-water bath and 15ml of DHP was 

added dropwise. The mixture was stirred for 2 h at room temperature and poured into 

20ml of ice water. After extraction with ethyl acetate, the organic layer was washed 

successively with saturated NaHC03 and NaCl solution and then dried over anhydrous 

Na2S04. Removal of solvent gave 18.949 of crude oil, which was purified by 

chromatography on 2009 of silica gel (gradient elution, acetone-petroleum ether) to 

give 15.679 of light yellow oil IR(d,,,), 1700 cm-'(-CO); NMR(60 MHz,CCl4,TMS): 

1.10(1.5H,d,J=7Hz), 1.15(1.5H,d,J=7Hz), 1.22(3H,t,J=7Hz), 2.70(4H,s), 4.56(1H,s). 

TO a solution of 3.9g of Na104 in 30ml of water was added dropwise a solution 

of 3.7Og of above product in 30ml of methanol below 30°C. The mixture was stirred 

for 30 min and then filtered. The residue was washed with CH2C12. After extrac- 

tion with CH2Cl2, the organic layer was dried over anhydrous Na2S04. Evapora- 

tion of solvent gave 3.909 of semisolid of 9 in 73% overall yield (from 8). 

IR(J max): 1710(-CO), 1020 cm-'(-SO); NMR (60 MHz,CC14,TMS): 1.17(3H,t,Jz7Hx), 

1.36(3H,d,J=7Hz), 4.58(1H,s), MS(m/e): 277(M++l). 

2-ethyl-2-(3.-0x0-5 g-tetrahydropyranoxy-)-hexyl-l,3-cyclopentanedione 10 

A solution of 9(16.6g), 2-ethyl-1,3-cyclopentanedione(9.5g) and Et3N (5ml) in 

130ml of THF was refluxed under N2 for 24 h. After cooling, the solvent was removed 

and the residue was chromatographed over 200g of silica gel (gradient elutioni 

acetone-petroleum ether) to afford 16.159 yellow oil 10 in 83% yield IR(Smax): 1770, 

1730 cm-' (g-diketone of 5 member ring): NMR (60 MHz,CC14,TMS):0.75(3H,t,J=7Hz)r 1.16 

(l.SH,d,J=7Hz), 1.26(1.5H,d,J=7Hz), 2.75(4H,s),4.62(1H,t,J=4Hz); MS(m/e):325(M++l); 

Found: c, 66.62, H, 8.72: Calcd. for ClSH2805: C, 66.64, H, 8.70. 

(ZR,3S)-(-)-2-ethyl-2-(3'-oxo-5 '-tetrahydropyranoxy)-hexyl-3-hydroxy- 

cyclopentanone 11 

To a solution of lOOOm1 of culture medium containing 3% glycose, 2% corn 

starch,0.2% K2HP04, 0.2% NaN03, 0.1% K2HP04, 0.05% MgSO4,0.02% KC1 and 0.02% FeS04 
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in 5L of Erlenmeyer flask was added 25ml of Saccharomyces cerevisiae 2.346 medium 

which had been cultured for 24 h. After shaking at 28-30°C for 24 h, the pH of 

the mixture was adjusted with 6N NaOH solution to 6.7-7.0 , and a solution of 2g of 

10 in 8ml of 95% EtOH was added. The mixture was shaken continuously for 48 h. 

The mycelia were removed and the solution was extracted with ethyl acetate. The 

organic layer was washed with water and dried. Removal of solvent gave crude 

proudt which was separated by flash chromatography (acetone-petroleum ether (2:8) 

as eluantl gave 1.58g of 11 in 78% yield. [~+5.2~(C 3.97, C6H6); IR(timax): 

3420 (-OH), 1730, 1710 cm-lf-C=O); NMR(60 MHz,CC14,TMS): 0.80 (3H, t,J=‘irHz), 

1.12(1.5H,d,Y=7Hz), 1.20(1.5H,d,J=7Hz), 4.54(lH,s); MS(m/e): 327(M++l); Found: C, 

66.28, H, 9.07; Calcd. for C18H3005: C, 66.23, H, 9.20 and 0.159 of endocyclic 

compound 13. IR(Smax): 3460(-OH), 1760, 1730 cm-l (@-diketone of 5 member ring); NMR 

(60 MHz,CC14,TMSf: 0.73(3H,t,J=7Hz), 1.13(1.5H,d,J=7Hz), 1.17(1.5H,d,J=?Hz), 

4.52(1H,s). 

(2R,3S)-(+)-2-ethyl-2-13'-oxo-S'- hydroxyl-hexyl-3-acetoxy-cyclopentanone 12 

A solution of 11 (0.84g) and acetic anhydride (1.2ml) in pyridine (8ml) was 

heated on a steam bath for 1 h and then cooled. The reaction mixture was poured into 

SOml of ice water and extracted with ethyl acetate. The organic extracts were 

washed successively with 20% HC1 solution, saturated NaHC03 solution and saturated 

NaCl solution. Removal of solvent gave 0.97g of crude acetylated product which was 

used without further purification for the next experiment. 0.979 of this acetylated 

product was dissolved in 25ml of mixed solvent ( HAc:THF:H20=2:1:1 ) and stirred at 
55°C for 6 h. The solution was neutralized with KOH solution and extracted with 

ethyl acetate. The organic extracts were washed with saturated NaHC03 and NaCl 

solution successively and dried. Removal of solution gave 0.889 of crude product, 

which was purified by chromatography over 459 of silica gel (gradient elution, 

acetone-petroleum ether) to afford 0.649 of colourless oil 12 in 87% overall 

yield (2 steps). [o(l~2+49.4" (C 1.25,CHC13); IR($,,,): 3450(-OH) 1730, 1240 cm-l 

(CH3-CO-O-); NMR (60 MHz, CC14,TMS): 0.78(3H,t,J=7Hz), l.l0(3H,d,J=7Hz), 

2.0013H,s), 2.83(1H,br), 4.00(1H,m), 5.08(1H,t,J=4Hz), MS(m/e): 285(Mf+l). 

(2R,3S)-(+)-2-ethyl-2-(3'-oxo-4'K-ene)-hexyl-3-acetoxy-cyclopentanone 5 

A solution of 12 (100mg) in pyridine(l.Sml) was stirred at 0°C on an ice 

bath, to which was added 0.12ml of methanesulfonyl chloride. The resulting 

mixture was stirred at O°C for 2 h and poured into 1Oml of ice water. The solu- 

tion was extracted with ethyl acetate. The organic layer was washed successively 

with 20% HCl, saturated NaHC03 and NaCl solution and dried. Removal of solvent 

gave 140mg of yellowish oil. The analytic specimen was obtained by preparative 

TLC. IR (4 max): 1730, 1250 (CH3COO-1, 1360, 1170 cm-l(CH3S03-1; NMR (60 MHz,CC14, 

TMS): 0.78(3H,t,J=7Hz), 1.40(3H,d,J=7Hz), 2.00(3H,s), 2.90(3H,s), S.lO(lH,t,J=6Hz). 

A solution of 130mg of above mesylate and O.lml of Et3N in 2ml of ethyl ether 

was stirred at room temperature over night. After removing solvent the residue was 

purified by preparative TLC to give 80mg of pale yellowish oil, which became 

crystal on standing at room temperature, in 85% overall yield (from 12). m.p. 

59-59.5Y (petroleum ether - isopropyl ether) [a1A6+55.6'(C 1.08, CHC13): IR(dmax): 

1730, 124O(CH3COO-1, 1670, 1630 cm-'(fi,g-unsaturated ketone); UV(E\iii'): 222nm 

f&12,400),; NMR (60 MHz, CClq,TMS): 0.78(3H,t,J=7Hzf, 1.87(3H,d-d,J=7,1Hzl, 

2.00(3H,s), 5.12(lH,t,J=4Hz), 5.97(1H.d-q,J=16,1Hz), 6.72(1H,d-q,J=16,7Hz); 
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MStm/e) : 267(M++lf: Found: C, 67.67, H, 8.37: Calcd. for ~~5~2204: c, 67.67, H, 

8.27. 

(2R,3S)-(+~-2-ethyl-2-(3'-ox0-5'-wthyl-6'-r-methoxyphenyl)-hexyl-3-acetoxy-cyclo- 

pentanone 21 

A solution of 1.569 of m-methoxybenzyl chloride8*' in 8.6ml of anhydrous THF 

was added dropwise to a stirred suspension of 500mg of magnesium turnings in 2ml of 

anhydrous THF at reflux temperature. The mixture was then stirred for an additiona 

1.5 h under reflux. After cooling to room temperature, 25~111 of anhydrous THF and 

600mg of cuprous iodide were added and the mixture was stirred for 15 min. A solu- 

tion of 530mg of d,k-unsaturated ketone 5 in 4ml of anhydrous THF was added drop- 

wise and the mixture was stirred at room temperature for 10 min. The reaction 

solution was then poured into a cooled solution of 1N aqueous H2SO4. After stirring 

for 5 min. the mixture was extracted with ethyl acetate. The organic layer was 

washed successively with saturated NaHC03 and NaCl solution and dried. After 

removing solvent the crude product was purified by flash chromatography [ethyl 

acetate-petroleum ether (2:8) as eluantl to afford 650mg of 1.4-adduct 21 in 85% 

yield. [~1~'+46.8"(C 1.64, CHC13); IR($max ): 1740, 1710(-C=O), 1610, 1595 cm-' 

(aromatic ring); UVMEi:H f: 227(& 78001, 273(&2015), 280 (& 1gOO)nm; NMR (200 MHz, 

CC14,TMS): 0.72(3H,t,J=7Hz), 0.80(3H,mf, 1.94(3H,sJ, 3.69(3H,s), 5.06(1H,t,J=4Hz), 

6.50-6.60(3H,m), 6.98-7.07(1H,m); Found: C, 71.20, H, 8.35; Calcd. for 

C23H32O5: C, 71.13, H. 8.25, 

(-)-3-methoxyestra-7,18-dimethyl-l7-acetoxy-l,3,5(10~, 8(9f, 14(15)-pentanene 22 

A solution of 370mg of 21 and 150mg p-TsOH in 7ml of benzene was refluxed 

under N2 for 1.5 h. After cooling, the reaction solution was diluted with benzene 

and washed successively with saturated NaHC03 and NaCl solution. After removing 

the solvent, the crude product was purified by flash chromatography [ethyl acetate- 

petroleum ether (0.5:g.S) as eluantl to give 300mg of 22 in 89% yield (,(]A5 -190' 

(C 1.18, CHC13); IR(dmax 1: 1740, 1240(CH3COO-),1600, 1500 cm-l(benzene ring); 

UV(A~~~H): 313nm (&25100); NMR(ZO0 MHz,CCl4,TMS): 0.79-0.93(6H,m), 204(3H,s), 

3.74(3~,s), 5.05(1HIt,J=7Hz), S.lO(lH,br), 6.54(2H,ml, 7.0-7.20(1H,m); MS(m/e): 

352(M+). 

(-)-3-rethoxyestra-7,18~~ethyl-17-aceto~-l,3,5110),8(9)-tetraene 23 

1OOmg of 5% Pdc12/caco3 in lml of THF were treated with H2 at room temperature 

under stirring to form black Pd-CaC03. A solution of 85mg of 22 in 2ml of THF was 

added and the mixture was stirred under H2 until no hydrogen was taken up. 

Filtration and evaporation followed by preparative TLC gave 75mg of 23 in 88% yield. 

[oC]~"-36.80(c 0.63, CHC13); IR(J,,,): 1740, 1240(CH3Co@-), 1600, 1500 cm-l(benzene 

ring); UV(AkkiH ): 278 nm(Ll7,500); NMR (200 MHz, CDC13. TMS): 0.80(3H,t,J'7Hz), 

0.93(1.5H,d,J=7Hzi, 0.98(1.5H,d,J=7Hz), 2.04(3HrsI; 3.78(3H,s), 6.57(2H,m)t 

7.0-7.20(1H,m); MS(m/e): 354(M+f. 

(+)-70(,18-dimethyl-19-nor-testosterone 25 and (+)7e,18-dimethyl-19-nor- 

testosterone 26 

To a solution of 1OOmg of metal Li in lOml dried liquid NH2 was added a solution 

of 0.3ml of aniline in lml of THF and then a solution of 50mg of 23 in 3ml THE'. The 

mixture was stirred at -4O--60°C for 5 h. 2ml of methanol were added carefully and 

the mixture was stirred for additional 1 h. 2ml of 10% aqueous HOAC were added 

dropwise and the temperature was raised to room temperature gradually for removal of 
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Nli3. The residue was diluted with H20 followed by extration with ethyl acetate. 

The organic layer was washed with saturated NaCl solution and dried. Removal of 

solvent gave 45mg of crude diene 24 which was dissolved in 2ml of mixed solvent 

(CH3COCH3:HC1:H20=75:5:4) and stirred at room temperature for 1 h. The resulting 

solution was extracted with ethyl acetate and the organic layer was washed 

successively with saturated NaHC03 and N&l solution. After removal of solvent, the 

crude product was separated by preparative TLC to give 20mg of 25 and 26 which was 

further separated by preparative TLC, developing successively for 3-4 times in ethyl 

acetate-petroleum ether (3:7) to give 1:l ratio of 'Id-methyl steroid 25 to(li5+43.20 

(C 0.426, EtOH); IR($,,,): 3400(-OH), 1660 cm-'(@,p -unsaturated ketone); UV(AiE:H ): 

242nm (c-14,200) NMR (200 MHz, CDC13,TMS): 0.76(3H,d,J=7Hz), l.O2(3H,t,J=7Hz), 

3.76(1H,t,J=7Hz), 5.83(1H,~); MS(m/e): 302(M') and 7&methyl steroid 26 [&lg5+46.4" 

(C 0.112, EtOH); IR(Jmax): 3400(-OH), 1600 cm' Cd,? -unsaturated ketone), UV(qk(;H): 

242nm (& 13,700); NMR(200MHz,CDC13, TMS): 0.97(3H,t,J=7Hz), l.O4(3H,d,J=7Hz), 

3.83(1H,m), 5.93(1H,s); MS(m/e): 302(M+). 
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