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Abstract - Zmc(II)-chlonde induced thtoalkylatron of the alummtum enolate 6 generated 

by conlugate reductton of the enone S leads - dtrectly or vta tts mmethylsilylenol ether 

6 - to alkylated hydrunianones 10 whrch are important mtermedrates nt the synthesis of 

19-norstetotds such as the title compound estradrol-3-methyl-17-rert-butyl drether 12 

I. Introduction 

19-Norsterotds such as estmne are attractrve target molecules rn organic syntheses because of then 

hologtcal activity and pharmaceuttcal tmportance 1 In thts communication a total syntbests of 

enanttomertcaIly pure estiol-3-methyl-17-rerr-butyl dtether 12 - a precursor of (+)-estrone - is 

described This synthesis follows the CD -> ACD -> ABCD approach Estabhshmg the &sued trans 

fusion of nngs C and D and alkylatron of the aiummmm enolate 6 to mcoxporate the mrssmg part of the 

seco-sterotdal skeleton are the two mam alms of thrs syntheses Recently Damewskt and Kiegrel 

qmrted2 about the dtastereoselectrve coqugate reductton3 of the enone 5 using a rerc-butylcopper(I) / 

HIWA / DIBAH / reagent whtch afforded the saturated tram-alummtum enolate 6 This enolate reacts 

in moderate yreIds only with very reactrve electrophdes such as aidehydes, acyl chlorides or aIIy1 

bromides 4 In the present studres alkylatton of the alumtmum enolate 6 and its corresponding stlylenol 

ether5 7 1s performed usmg the throalkylatron method a-Throphenylcarbennrm-Ions formed from 
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a-chloro-a-thlophenylalkanes ~th Lewis acids are very strong electrophdes and able to thmalkylate 

various enolatese and sllylenol ethers 7 

II. Results and Discussion 

The zmc enolate 3 was generated by the fBuCu(I) / HMPA / DIBAH - catalyzed conjugate reduction of 

3-methyl-2-cyclopenten-l-one (1) and consecutive transmetallauon wth 2 equwalents zmc chlonde 

Thioalkylahon of the zmc enolate 3 afforded m 67% yield an 80 20 nuxture of rat-4 and the 

correspondmg racemlc CIS isomer In view of thus result the thloalkylanon of the zmc enolate from 

enone 5 formed by transmetallatlon of the alummlum enolate 6 with 2 eqmvalents of zmc chlonde was 

0 tBuCu ~WJ), 

1 
-78’C 

2 

OZnCl SPh 

4”@ 

3 rat4 

The conJugate reduchon of the enone 5 to the alumlmum enolate 6 was performed by DIBAH m the 

presence of one eqmvalent tert-butylcopper and 8 equivalents of HMPA which were necessary as a 

hgand for the copper or alummlum m this reachon It turned out to be of Importance to work under 

extreme exclusion of oxygen m order to achieve the desired products m respectable yields of about 80% 

with a hastereomenc excess of > 98% Otherwise the 1,2-reduction of the starting enone becomes the 

predommant reactlon and the dlastereoselectlvlty of this reactlon decreases dramatically This can be 

explamed by a raped decomposmon of the m situ generated reducing agent Allyhc alcohol as the result 

of 1,2-reductron was also the mam product when cosolvents other than HMPA were used 

Tetramethylethylene&amme (TMEDA), 1,3-dlmethyltetrahydro-2-(lH)-pynmuimone (DIvIPU),~ 

tetraethylsulfamlde (TES) and tnplpendmophosphme oxide (TPPO) Instead of the toxic and 

carcinogenic HMPA were med as cosolvents 
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THFI-76’C H 

5 

Raney-NI 
4 

0 66 - 97% 
f H 

R 

1 Oa-d 9a-d 

Table 1. Alkvlahon of the ~mwm enolate 6 and the silylenol ether 7 

yield(%) 

S-10 R* R2 via 6 via 7 

cH3 H 35 71 

cH3 cH3 60 

cH2c6H5 H 56 

~2(m-~H&H4 H 27 65 

Transrnetallatlon of the alurnuuum enolate 6 wrth 11 equivalents of zmc chlonde afforded the 

corresponding zinc enolate, which was subsequently duoalkylated with the a-chloro-a- 

phenylthioalkanes 8a-d yleldmg the P-phenylthloalkanes 9a-d m 27-35% yield Due to the 11 

equivalents of zmc chlonde the products 9sd partly decomposed under these reacnon conchuons The 

large amount of zinc chlomde was necessary, because the HMPA wluch had to be used for the conjugate 

reduction of the enone 5 had already formed a complex with the zmc chlonde 
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To avoid the presence of great amounts of morgamc salts whrch possibly moated the decomposmon of 

the pphenylthtoalkanes 9a-d, the enolate 6 was trapped as its trrmethylsllylenol ether 7 Therefore 

mmethylsilyl chlonde was added to the reaction mtxture at -40°C after the conjugate reduction of 5 

was completed Then the reacuon tnlxture was allowed to warm up to room temperature After 3 hours 

methylamme was added before the work-up procedure to prevent the hydrolysis of the 

mmetbyl~dyleno1 ether which was Isolated m 76% yield ~11th > 98% d e (determmed by lH NMR and 

1v NMR spectroscopy on the signals of the ‘la-methyi group at 6 = 0 76 ppm and 6 = 10 74 ppm for 

the tram-isomer and at 6 = 1.02 ppm and 6 = 20 7 1 ppm for the crs-isomer) 

This sdylenol ether could be converted with the a-chloro-a-phenylthloalkanes 8a-d mto the compounds 

9a-d mediated by catalyuc amounts of zmc chloride m respectable yields from 56% to 71% (see Table 

1) as 3 1 mixtures of eplmers at C-4 and 1 1 mixtures at C-l’ (detenned by 13C NMR spectroscopy on 

the signals for C-5, C-4 and C-l’) Desulfunzanon and simultaneous equdibratioll of 9a-d with Raney 

nickel m ethanol yielded the saturated ketones l&t-d with the substltuents at C-4 m equatorial positton 

enantmmertcally and dlastereomencally pure 

lad 11 12 

‘The seco-stemKla1 ketone 1Od was converted mto the unsaturated steroid 11 by Frtedel-Crafts 

cychzatmn with dry hydrochlonc acid m methanol at 0°C 9710 Subsequent hydrogenation with 

palladmm on charcoal :n ethyl acetate at room temperature yielded the tlrle compound 12 The optical 

mtations of 11 and of 12 were m agreement wnh the values reported by Wlechert et al 9 and Cohen et 

al lo The 3,17 - protected estrone denvattve 12 can be easily converted by known methodology mto 

pharmaceutxcally Important 19-norsterolds such as norethmdrone I1 

Starting from the CD bullding block 5, wluch was prepared enantlomencally pure m a S-prohne 

catalyzed asymmetnc aldol Condensation accordmg to the praedure reported by Eder, Sauer and 

W~echert12 and by HaJos and Pamsh,13 the title compound 12 was synthesized in 5 steps In an overall 

yteld of 24% This synthesis opens a very short and efficient route towards estrone and other 19- 

norstercnds and use$ easily available and mexpenslve startmg materials 
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NMR spectra were taken on Vanan VXR 200,500 and XL 200 spectrometers IR spectra were taken on 
a Perkm Elmer Mod 298 spectrometer Mass spectra were recorded on Vanan MAT 731 and 311 A 
spectrometers Opt~al rotations were measured on a Perkm Elmer Mod 141 polanmeter TLC analyses 

were performed on Polygram Sd GKJV2.54 slllca gel plates Slhca gel 60 (240-400 mesh) from E 
Merck Darmstadt was used for flash chromatography Combustion analyses were camed out by the 

mlcroanalytlcal laboratory of the Umverslty of Gottmgen All reactlons were camed out under dry and 
oxygen-free argon CuBr SMe2 was recrystallized from Qmethyl sulfide/pentane and dned under 

argon All reagents and solvents were dned and punfied before unng THF, HMPT and the 12M 
DIBAH solution m toluene were degassed by the freeze-pumping method The stamng enone S was 

prepared according to the described procedure 12.13 or afforded by the Schermg AG The 
phenylsulfides, used for the synthesis of the a-chlorophenylsulfides Sa-d were prepared from the 

corresponding mesylates or halides by SN2-replacement with thlophenol/K&Og in acetone 

Preparation of the aluminium enolates 2 and 6, general procedure: To a slurry of CuBr SMe2 (205 
mg, 1 mmol) m THF (10 ml) a tert -butylllthlum solution (1 7M in pentane, 0 65 ml, 1 1 mmol) was 

added at -50°C and stmed for 15 mm Hexamethylphosphonc trlamlde (HMPA) (716 mg, 4 mmol) was 
added to the solution and cooled down to -100°C A mixture of dusobutylalummmm hydnde (DIBAH) 

(1 2M in toluene, 1 25 ml, 1 5 mmol) and HMPA (716 mg, 4 mmol) was slowly added dunng 10 mm A 
solution of 1 (1 mmol, 96 mg) or 5 (1 mmol, 222 mg) In THF (1 ml) was added dropwlse dunng 15 

mm The temperature was allowed to nse up to -8o’C and the reaction mixture was stn-red for 2h 
Dunng two further hours the temperature was allowed to warm up to -4o’C 

Preparation of the cz-chloroalkylphenylsulfides 8a-d, general procedure: To a slurry of N- 

chlorosuccmlmlde (1 47g, 11 0 mmol) m CC14 (20 ml) the alkylphenylsulfide (10 mmol) was added 

dropwtse at -2 “C and the mixture was stirred for 16h at this temperature The solution was separated by 

filtration from succuumlde, the solvent was evaporated and the crude products 8a-d were used w&out 
further punticanon 

trans-3-Methyl-2-(l’-phenylthioethyl)cyclopentanone (4): The enolate 2 was prepared from 
CuBr SMe2 (377 mg, 1 84 mmol), tert -butylhthmm (1 7M In pentane, 1 13 ml, 1 92 mmol), HMPA 
(2 54 g, 14 2 mmol), DIBAH (1 2M m toluene, 8 3 ml, 10 mmol) and 3-methyl-2cyclopenten-l-one (1) 

(0 77 g, 8 mmol) A ZnCl2 solution (1 OM m ether, 25 ml, 25 mmol) was added at -4o’C and stnnng 
was continued for 30 mm Finally a-chloroethylphenylsulftde (1 72 g, 10 mmol) was added dropwise 

and the reaction mixture was stmed for 4h at -20°C Wnhm 8h the solution was allowed to warm up to 

roomtemp , extracted five times with Et20 (50 ml each time) and the combmed organic phases were 

washed with 1M HCl (40 ml), saturated aqueous NaHC03 (40 ml) and 3 nmes with Hz0 (20 ml each 
time) The organic phase was dried over MgS04 and the solvent evaporated m vacua Chromatography 
on skca gel with ether/pentane 1 4 afforded 4 ( 1 26 g, 5 4 mmol, 67%) as a pale yellow 011 (Rf = 0 29 
and 0 36) - ratio of dlastereomers 4 4 1 1 - IR (neat): v = 3040 (C-H/phenyl), 1730 (C=O), 1580 

(C=C/phenyl), 735 and 685 cm-l (C-H/monosub phenyl) - *H NMR (200 MHz,CDCl$: 6 = 0 85 - 
2 50 (m, 12H,), 3 87 (dq, J = 2 5 Hz and 7 Hz, lH, Ct,-H), 7 15 - 7 50 (m, 5H, -SCeH$ - 13C NMR 
(50 MHz,CDCI,): 6 = 17 70 (20 62) (C,.-CH3), 20 71 (2108) (C3-CH3), 29 43 (29 71) (C-4), 33 31 
(34 45) (C-3), 38 44 (38 50) (C-5), 41 82 (43 93) (C-2). 59 98 (61 32) (C-l), 126 63 (126 93), 128 92 

(128 78) and 13095 (131 95) (C-H/phenyl), 135 68 (135 32) (C/phenyl), 218 00 (218 31) (C-l) signals 

in brake& for the mmor dlastereomer - MS (70 eV): (m/z) = 55 (1008, C3H30+), 97 (80916, M+ - 
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SC6H5 -C2H4), 125 (80%, M+ -SCgH5), 234 (95%, M+) - HRMS (70 eV): calculated for C13HIsOS 
234 1078, found 234 1078 

~IS3aS,7~l-1-tert-Butoxy-2J~6,7,7a-bexahyd~7a-~thyl-S-t~~thy~loxy-lH-ind~e (7): 
‘Ihe enolate 6 was prepared accordmg to the general procedure from CuBr SMez (0 62 g, 3 mmol), rerr- 
butylhthnun (1 88 ml. 3 2 mmol), HMPA (4 23 g, 24 mmol), DIBAH (3 75 ml, 4 5 mmol) and 5 (0 67 
g, 3 mmol) To the reachon nuxture chlorommethyldane (0 65 g, 6 mmol) was added at -4o’C After 
stnnng for 3h methylamme (2 42 g, 24 mmol) was added at this temperature and the reaction rmxhue 
was allowed to warm up to room temp and was extracted with pentane (200 ml) 1n a perforator for 4h 
After solvent evaporaaon and silica gel chromatography (ether/pentane 14, Rf =O 74) 7 (0 68 g, 76%) 
was obtamed as colourless 01 that sohchfied when refngerated, [a]#) = + 23.2” ( c = 10, CHClj) - 
IR (neat): v = 1650 cm-* (C=C/olefine) - ‘H NMR (200 MHz,CDCI$: 6 = 0 14 (s, 9H, &(CH3)3), 
0 75 - 2 50 (m, 9H, CH, CH3), 0 76 (s, 3H, C7a-CH3), 108 (s, 9H, C(CH3)3), 3 41 (t, J = 8Hz, lH, Cl- 
H), 4 70 (d, J = 4H2, lH, Cd-H) - l3C NMR (50 MHz,CDC13): 6 = 0 20 (S1(CH3)3), 10 74 (C7a- 
CH3), 28 55 (C(p13)3), 25 lo,28 25, 32 04 and 33 22 (C-2,C-3,C-6,C-7), 42 21 (C-7a), 42 79 (C-3a), 
7191 G(CH3)3), 78 80 (C-l), 104 86 (C-4), 150 20 (C-5) - MS (70 eV): (m/z) = 57 (10096, CdHg+), 
73 (858, SW-I&+), 296 (8%, M+) - C17H3202Si (2%.5) talc C,68 86, H,lO 88, found C,69 06, 
H,1102% 

Thioaikylation of the silylenol ether 7, general procedure: The sllylenol ether 7 (0 30 g, 1 mmol) 
was dissolved 1n C&Cl, (4 ml), cooled to -78 “C and 1 1 mmol of the a-chloroalkylphenylsulfides 8 
were added dropwlse A catalync amount of ZnC12 (2 - 25 mol%) was added and the rmxture was 
stmed for 0 5h at -78 ‘C and was allowed to warm up to -20 “C within 4h A saturated NaHCO3 
solunon (25 ml) was added, the aqueous phase was extracted twice with ether (20 ml each rime) and 
the combined organic phases were dned over MgS04 After the solvent was removed in vacua the 
crude product 9 was punfied by chromatography on silica gel 

(1S,1’RS,3aSPRS,7aS)-l-tert-Butoxy-4-(l’-phenylthi~thyi)-7a-methyl-3a,4,7,7a-tetrahydr~5(6)- 
u&n&one @a): a-Chlorocthylphenylsulfide 8a (1 566 g, 9 1 mmol, 91%) was prepared from N- 
chlorosuccmlmlde (147 g, 11 mmol) and ethylphenylsulfide (1 38 g, 10 mmol) The p- 
phenylthioketone 9a (225 mg, 0 62 mmol, 71%) was prepared according to the general procedure from 
the silylenol ether 7 (260 mg, 0 88 mmol), the a-Chloro-ethylphenylsulfide 8a (167 mg, 0 97 mmol) 
and ZnC12 (10 M 1n ether, 0 02 ml, 0 02 mmol) , purified by chromatography on 150 g sthca gel with 
ether/pentane/methylamlne 1 6 0 01 and obtained a an colourless 011 (Rf = 0 39 and 0 33 for four 
diastereomers) - ratio of chastereomers 5 2 2 1 - IR (neat): v = 3050 and 3030 (C-Wphenyl), 1695 
(C=O), 1570 cm-l (C=C/phenyl) - *H NMR (200 MHx,CDC13): 6 = 0 98 (s, 3H, C7&I-13), 1 18 (s, 
9H, C(CH& ), 138 (d, J = 7Hz, 3H, CH3CHSPh ), 0 75-2 60 (m, 9H, CH and CH2 ), 2 64 (dd, J = 2 9 
and 12 8 Hz, lH, Cd-H ), 3 49 (dd, J = 7 5 Hz and 8 5 Hz, lH, Cl-H ), 3 62 (dq, J = 2 9 Hz and 7 Hz, 
lH, CH-SPh ), 7 14 - 7 52 (m, 5H, SC&I, ) - 13C NMR (50 MHz,CDCI,): 6 = 11 27 (CT,-CH,), 18 95 
cH3-CH-SPh), 28 68 (O-CcH3)3), 25 38, 31 89, 35 41, 38 00 (C-2, C-3, C-6, C-7). 42 99 (C-7a), 
42 06 and 46 50 (C-3a and C-l’), 56 11 (C-4), 72 58 (C-9), 126 41 (C-4/phenyl), 128 93 (C-2/phenyl), 
130 64 (C-3/phenyl), 136 96 (C-l/phenyl), 210 62 (C-5), only signals for the major chastereomer - MS 
(70 eV): (m/z) = 57 (lOO%, C4H9+), 194 (60%, M+ -SPh -C4Hs+), 360 (248, M+) - HRMS (70 eV): 
calculated for C22H32O2S 360 2123, found 360 2123 - C22H32O2S (360 6) talc C,73 29, H,8 95, 
found C,74 45, H,9 11% 

(IS,3aS,4S,7aS)-l-te~-Butoxy-4-(l’-methyl-l’-phenylthioethyl)-7a-methyl-3a,4,7,7a-tetrahydro- 
5(6)-mdan-5-one (9b) : a-Chloro-a-methylethylphenylsulfide 8b (315 mg, 1 69 mmol, 85%) was 
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prepared from N-chlorosuccummde (300 mg, 2.25 mmol) and Isqropylphenylsulfide (305 mg, 2 0 
mmol) Accordmg to the general procedure pphenylthloketone 9b was prepared from the sdylenol 
ether 7 (260 mg, 0 88 mmol). a-chloro-a-methylethylphenylsulfide 8b (180 mg, 0 97 mmol) and ZnCl2 
(1.0 M m ether, 0 02 ml, 0.02 mmol) After punficatlon by flash chromatography on 28 g s~ica gel 
(desacuvated with 3 g H20) wtth ether/pentane/tnethylamme 1 20 0 019b (197 mg, 0 53 mmol, 60%) 
was obtamed as a colourless solid (Rf = 0 17) - d e > 95% - m.p. 78 - 81’C - IR (nujol): v = 3050 
(C-Wphenyl), 1685 (GO), 740 and 690 cm-l (C-H/monosub phenyl) - 1~ NMR (ZOO MHa,CDCl& 
6 = 0 91 (s, 3H, CYa-CH3), 1 15 (s, 9H, C(CH,),), 1 30 (s, 6H, PhS-C(CH&), 0 80 - 2 63 (m, 11H; CH 
and CH& 3 51 (dd, J = 8Hz and 8 5H2, Cl-H), 7 20 - 7 56 (m, 5H, SC&-$) - 1x NMR (50 
MHz,CDCI,): 6 = 12 22 (C&H3), 28 72 (CcH&), 28 82 (C-3), 27 83 and 29 62 ( PhS-C(Q-I&), 
32 03 (C-7), 34 72 (C-2), 38 86 (C-6). 43 66 (C-7a), 46 97 and 5101 (C-3a and C-l’), 61 33 (C-4), 
72 54 c(CH3)3), 79 10 (C-l), 128 49 (C-2/phenyl), 128 88 (C-4/phenyl), 131,43 (C-l/phenyl), 137 95 
(C-3/phenyl), 213 79 (C-5) - MS (70 eV) : (m/z) = 57 (59%, C&+), 209 (100% M+ - CdHg+ -SPh), 
265 (308, M+ -SPh), 374 (2446, M+), - HRMS (70 eV): calculated for C23H34OzS 374 2280, found 
374 2279 - C23H&s (374.6) talc C,73 75, H,9 15, found C,73 74, H,9 01% 

(1S,1’RS,3aS~RS,7aS)-l-tert-Butoxy-4-(2’-phenyl-l’-phenylthloethyl)-7a-methyl-3a~,7,7a- 
tetrahydro-S(6)-indan&one (SC) : The a-chloro-P-phenylethylphenylsulfide 8c (425 mg, 1 71 mmol, 
85%) was prepared from N-chlorosucclmmide (294 mg, 2 2 mmol) and D-phenylethylphenylsulfide 
(429 mg, 2 0 mmol) The thloalkylauon of sdylenol ether 7 (200 mg, 0 68 mmol) wtth 8c (195 mg, 0 74 
mmol) and ZnCl2 (1 0 M in ether, 0 03 ml, 0 03 ml) accordrng to the general procedure yielded the p 
thiophenylketone 9c (165 mg, 0 38 mmol, 56%) After chromatography on 65 g s&a gel (desacnvated 
with 6 g H20) with ether/pentane/tnethylarnme 1 6 0 01 9c was obtamed as a colourless 011 (Rf = 0 40 
and 0 36 for four dlastereomers) - rat10 of Qastereomers 8 4 1 1 - IR (neat): v = 3040 (C-Wphenyl), 
1695 (C=O), 1595 and 1575 (C=C/phenyl), 740 and 690 cm-l (C-H/monosub phenyl) - lH NMR (200 
MHz,CDCl$: 6 = 0 87 (s, 3H, C7a-CH3), 1 12 (s, 9H, C(CH3)3), 2 66 (dd, J = 3 Hz and 13 Hz, lH, 
C4-HI, 0 85 - 2 52 and 3 00 - 3 40 (m, 12H, CH and CH2), 3 46 (dd, J = 7 5 Hz and 8 5 Hz, lH, Cl-H), 
7 10 - 7 38 (m, lOH, phenyl-H) - l3C NMR (50 MHz,CDC13): 6 = 11 11 (C7&H3), 28 65 (CGH&), 
24 66,3168,35 29,38 23,40 92 and 42 80 (C-2,C-3,C-6,C-7,C-7a,C-2’), 46 87 and 51 15 (C-3a and C- 
l’), 53 71 (C-4), 72 56 (C-9), 79 26 (C-l), 126 37 and 126 41 (C-4/phenyl), 128 39, 128 79, 129 26 and 
130 72 (C-W-3/phenyl), 137 61 and 139 84 (C-l/phenyl), 21091 (C-5), only signals for the maJor 
diastereomer - MS (70 eV): (m/z) = 57 (888, C4Hg+), 91 (loo%, CH2-Ph), 270 (41%, M+ -SPh - 
C&+), 327 (208, M+ -SPh), 426 (50%, M+) - HRMS (70 eV): calculated for C28H3,O$436 2436, 
found 436 2436 - C28H3602S (436,7) talc CT,77 02, H,8 3 1, found C,78 08, H,8 47% 

(~S,~‘RS$aS,4RS,7aS)-l-tert-Butoxy-4-(2’-m-methoxyphenyl-1’-phenylthioethyl)-7a-methyl- 
3a,4,7,7a-tetrahydroS(6)-indan-5-one (9d) : a-Chloro-P-(m-methoxyphenyl)ethylphenylsulfide 8d 
(797 mg, 2 86 mmol, 95%) was prepared by chlonnatlon of p-(m-methoxyphenyl)ethylphenylsulfide 
(733 mg, 3 0 mmol) with N-chlorosuccmmude (440 mg, 3 3 mmol) According to the general procedure 
the P-phenyltluoketone 9d was prepared from the sllylenol ether 7 (250 mg, 0 85 mmol), 8d (259 mg, 
0 93 mmol) and ZnC12 (10 M m ether, 0 2 ml, 0 2 mmol) Punficatlon by flash chromatography on 29 g 
nhca gel (desacnvated with 3 g H20) with ether/pentane/tnethylamme 1 6 0 01 yielded 9d (256 mg, 
0 55 mmol, 65%) as a colourless 011 with R, = 0 22 and 0 27 - ratio of dlastereomers 12 4 2 1 - IR 

(neat): v = 3050 (C-H/phenyl), 1705 (C=O), 1595 and 1575 (C=C/phenyl), 775 and 745 cm-l (C- 
H/&subs phenyl) - lH NMR (200 MHz,CDC13): 6 = 0 88 (s, 3H, CTa-CH3), 1 13 (s, 9H, C(C&)$, 
2 68 (dd, J = 2 2 Hz and 13 Hz, lH, Cd-H), 0 80 - 2 60 and 2 65 - 3 19 (m, 1 lH, CH and CHZ), 3 36 (td, 
J = 2 2 Hz and 8 Hz, lH, C,q-H), 3 47 (dd, J = 7 2 Hz and 8 0 Hz, lH, Cl-H), 3 76 (s, 3H, 0CH3), 6 62 
- 6 81 (m, 3H, phenyl-CH), 7 09 - 7 39 (m, 6H, -SC6H, and Cg-phenyl) 13c NMR (50 MHz,CDCl$ 
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6 = 11 15 (CT,-CH3), 28 65 (CcH&, 24 64, 31 68, 35 31, 38 26 and 41 00 (C-2,C-2’,C-3,C-6,C-7). 
42 80 (C-7a), 46 90 and 50 87 (C-I’,C-3a), 53 64 (C-4), 55 17 (OCH$, 72 57 KXCH3)3), 79 26 (C-l), 
11186,114 87,12160,126 36,128 79,129 34,130 71,137 60,14139,159 62, (C-phenyl), 210 89 (C- 
5), signals for the maJor dastereomer. - MS (70 eV): (m/z) = 57 (lOO%, CdHg+), 357 (lo%, M+ -SPh), 
466 (2O%, M+) - HRMS (70 eV): calculated for C29H3803S 466.2541 found 466 2542 - C29H3&S 
(466.7) talc c,74 64, H,8 21, found c,74 66, H,8 37% 

Reductive desulfurizatiun of 9, general prwedure: 5g Raney nickel were washed 10 times ~th 10 
ml 96% ethanol, 5 more times with 10 ml dry ethanol and suspended m 10 ml dry ethanol A soluhon 
of P-phenylthloketones 9a-d (0 5 mmol) m 8 ml ethanol was added at roomtemp After 3h the Raney 
nickel was removed by filtratlon and washed 5 times with 15 ml Et20 After evaporation of the solvent 
the crude ketones lb-d were punfied by chromatography 

(lS~SpS,7aS)-(+~l.lert.Butoxy-4-ethyl-7a-~thyi-~,4,7,7a-tetrahyd~-5(6)-in~n-5~ne (loa) : 
The desulfunzanon was camed out according to the general procedure with P-phenylthloketone 9a (150 
mg, 0 42 m01) and Raney mckel (2 g) After punflcatlon by flash chromatography with ether/pentane 
- 1 6 the ketone 1Oa (98 mg, 0 39 mmol, 93%) was obtamed as a colourless solid (Rf = 0 52) - d e > 
95% - [cx],~~ = + 48 75” (c = 0 8, CHC13) - m.p. 44 - 46°C - IR (neat): v = 1695 cm-l (C=O) - lH 
NMR (200 MHx,CDCI,): 6 = 0 88 (t, J = 7 3 Hz, 3H, CH2-CH3), 1 03 (s, 3H, C,,-CH3), 1 14 (s, 9H, 
C(C&)3), 0 75 - 2 58 (m, 12H, CH and CH$, 3 45 (dd, J = 7 4 Hz and 8 8 Hz, lH, Cl-H) - 1w NMR 
(50 MHz,CDC13): 6 = 11 13 (CH2-cH3), 11 48 (CTa-CH3), 19 28 cHZ-CH3), 24 53 (C-3), 28.66 
(ca3)3), 31 81 (C-7), 35 86 (C-2), 38 00 (C-6), 42 65 (C-7a), 48 96 (C-3a), 5160 (C-4), 72 48 
@XH3)3), 79 48 (C-l), 212 97 (C-5) - MS (70 eV): (m/z) = 41 (50% C3Hg+), 57 (lOO%, M+ -CaHg - 
C$$). 196 (40%, M+ -C4Hg). 252 (23%, M+) - HRMS (70 eV): calculated for C&2802 252 2089, 
found 252 2089 - C16H2802 (252.4) talc C,76 14, H.11 18, found C.76 17, H,l 1 26% 

(1S~S,4S,7aS)-(+)-l-fe~-Butoxy-4iso-pe 
(lob) : Accordmg to the general procedure lob was prepared from 9b (80 mg, 0 22 mmol) by treatment 
wtth Raney nickel (1 5 g) The ketone lob (51 mg, 0 19 mmol, 90%) was obtamed after flash 
chromatography on 27 g slhca gel with ether/pentane 1 20 as a colourless solld (Rf = 0 20) - d e > 
95% . - [cc],~ = + 70 1” (c = 0 9, CHCl,) - m.p. 34°C - IR (nujol): v = 1695 cm-l (C=O) - lH NMR 
(200 MHz,CDCI$: 6 = 0 92 (s, 3H, CTa-CH3), 0 97 (d, J = 7 HZ, 6H, CH(Cu3)2), 1 14 (s, 9H, 
C<C&)$ 0 85 - 2 53 (m, 1 lH, CH and CH2), 3 45 (dd, J = 8 Hz and 8 5 Hz, lH, Cl-H) - l3C NMR 
(50 MHz,CDCI$: 6 = 11 28 (C,,CH,), 19 07 and 19 60 (CHcH3)2), 25 46 (C-3), 26 55 @ZH(CH&), 
28 71 (CcH3)3). 31 88 (C-7), 35 37 (C-2), 38 39 (C-6), 42 87 (C-7a), 46 60 (C-3a), 55 51 (C-4), 72 50 
(L(CH3)3), 79 44 (C-l), 212 83 (C-5) - MS (70 eV): (m/z) = 57 (lOO%, C4H9+), 167 (14%, M+ -C4Hs 
-C3H7), 195 (40%, M+ -C4Hg -CH3), 210 (48%, M+ -C4H8), 266 (34%, M+) - HRMS (70 eV): 
calculated for C17H3oO2 266 2246, found 266 2245 - Ci7H3& (266.4) talc C,76 64, H, 11 35, found 
C,7652,H,ll 31% 

(lS~S,4S,7aS)-(+)-l-tert-Butoxy-4-(2’-phenylethyl)-7a-methyl-3ap,7,7a-tetrahyd~-~(6)-~n~n-5- 
one (Hk) : Treatment of 9c (132 mg, 0 30 mmol) wnh Raney nickel (2 g) afforded after punfication by 
flash chromatography on 29 g slhca gel with ether/pentane 1 6 the ketone 1Oc (88 mg, 0 27 mmol, 
88%) as an colourless sohd (Rf = 0 42) - de > 95% - [c&m = +28 42’ (c = 10, CHCl3) - mp. : 
7o’C - IR (am@): v = 3040 (C-Wphenyl), 1695 (C=O), 740 and 690 cm-l (C-H/monosubs phenyl) - 
lH NMR (200 MHz,CDCI1): 6 = 102 (s, 3H, CT,-CH3), 1 13 (s, 9H, C(CB3)3), 0 80 - 2 06 (m, 9H, 
Cl-f and CHz), 2 25 - 2 58 (m, 4H, CH2-CHZ-Ph), 2 73 (ddd, J = 5 2 Hz, 10 8 Hz and 13 4 Hz, lH, C4- 
H), 3 45 (dd, J = 7 6 Hz and 8 6 Hz, lH, Cl-H), 7 11 - 7 32 (m, 5H, phenyl) - 13C NMR (50 
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MHz,CDC13): 6 = 11 14 (QCH,), 28.66 (C(gr,)$, 24 58,28 61,3178,33 5O,35 98 and 38 09 (C- 
2C-3,C-6$-7$-l and C-2’), 42 81 (C-7a), 49 69 (C-3a), 50 05 (C-4), 72 52 c(CH&), 79.41 (C-l), 
125 66 (C-4/phenyl), 128 27 and 128 38 (C-2 and C-3/phenyl), 142 81 (C-Uphenyl), 212.80 (C-5) - 
MS (70 eV): (m/z) = 57 (10096, C&$+), 167 (93%, M+ -C!$$+ -CI$Ph), 181 (85%. M+ -C$$+ - 
CH$H2Ph), 272 (496, M+ -C$%+), 329 (4% M+) - FIRMS (70 eV): calctdated for &H&2 
328 2402, found 328 2402 - C&I3302 (328.5) C~C C,80 44, H,9 82, found, C,SO 72, H,9 87% 

(lS~S,4S,7aS)-(+)-l-tert-Butoxy-4(2’-m-methoxyphenylethyl)-7a-methyl-~,4,7,7a-t~~hyd~ 
5(6)-indan&one (NM) : The seco-steroid lOd9~10 was obtained as a colourless 011 (130 mg, 0 36 
mmol, 9796, Rf = 0 28) from the Pphenylthloketone 9d (175 mg = 0 375 mmol) and Raney mckel(3 g) 
after punficatlon by flash chromatography on 29 g silica gel with ether/pentane 1 6 drastereomencally 
and enanuomencally pure [c&a = + 31 63’ (c = IO, CHCl$, lrt 10 [a],25 = + 27 46’ (c = 10, 
CHCl3) - IR (neat): v = 3040 (CWphenyl), 1705 (C=O), 1595 and 1575 (C=Uphenyl), 775 cm-l (C- 
H/l 3-dlsubs phenyl) - lH NMR (200 MHz,CDCl$: 6 = 1 02 (s, 3H, C7a-CH3), 1 14 (s, 9H, 
C(CH3)3), 0 80 - 2 63 (m, 13H, C3a-H and CH2), 2 71 (ddd, J = 5 2 Hz, 10 8 Hz and 13 4 Hz; lH, Cd- 
H), 3 45 (dd, J = 7 5 Hz and 8 5 Hz, lH, Cl-H), 3 80 (s, 3H, -OCH3), 6 67 - 6 86 (m, 3H, CH/phenyl), 
7 19 (dt, 3Jotio = 7 6 Hz, 5Jpara - - 0 9 Hz, lH, C+l/phenyl) - 13C NMR (50 MHz,CDCI$: 6 = 11 17 
(CTa-CH3), 28 68 (C(a3)3), 24 61,28 50, 31 81, 33 58,36 01 and 38 10 (C-2,C-3,C-6,C-7,C-1’ and C- 
2’), 42 84 (C-7a), 49 74 (C-3a), 50 06 (C-4), 55 14 (OCH3), 72 53 (QCH3)3), 79 43 (C-l), 111 13 (C- 
6/phenyl), 114 04 (C-2/phenyl), 120 83 (C4/phenyl), 129 23 (C-S/phenyl), 144 48 (C-3/phenyl), 159 62 
(C-Uphenyl), 212 85 (C-5) - MS (70 eV): (m/z) = 57 (100%. C4H9+), 167 (828, M+ -CdHg - U-l@- 
C&-C2H4+), 181 (408, M+ - CH30-C&&H,+), 301 (4%, M+ -C,H9+), 358 (2346, M+) - HRMS 
(70 eV): calculated for C23H%O3 358 2508, found 358 2507 

(8S,~3S,14S,17S)-(+)-17-~~-Butoxy-3-methoxyestra-1J~(10),9(1l)-tetraene (11) : The seco-stemid 
1Od (80 mg, 0 22 mmol) was dissolved at 0 ‘C In MeOH (2 ml) and 10 N HCl(0 2 ml) was added The 
solution was stnred for 4h at 0 “C, allowed to warm up to roomtemp and stu~ed for addmonal4h The 
mixture was kept ovemlght at -28 ‘C to complete the cxystalhzatlon The crude product was separated 
by filtration and recrystalhzatlon from MeOH afforded the unsaturated steroid 119~~~ (60 mg, 0 18 
mmol, 81%) as a colourless solid - [aID 2a = + 107 8’ (c = 1 0, CHC13), lit 9 [alDRT = + 102 3’ (c = 
0 5, CHC13), ht lo [a]$ = + 101 27” (c =l 0, CHC13) - m.p. 129 ‘C, l# m.p 131-133”C, ht lo 
m p 133-134’C - IR (nujol): v = 1625 (C=C/olefme), 1605 and 1585 cm-* (C=Uphenyl) - ‘H NMR 
(200 MHz,CDC13): 6 = 078 (s, 3H, C13-CH3), 1 17 (s, 9H, C(CH3)3), 1 21 - 225 (m, lOH, CH and 
CH2), 2 75 - 2 98 (m, 2H, CgH), 3 54 (dd, J = 7 5 Hz and 8 5 Hz, lH, Ct7-H), 3 78 (s, 3H, OCH3), 
6 12 (m, IH, C,t-H), 6 59 (d, 4J,, = 3 Hz, lH, C4-H), 6 71 (dd, 3Joti = 8 Hz, 4J,e, = 3 Hz,, lH, 
q-H), 7 54 (d, 3Jtio = 8 Hz, lH, C,-H) - l3C NMR (50 MHz,CDCI,): 6 = 1168 (C,3-CH3), 28 80 
(C@ZH3)3), 24 42, 28 26, 30 21, and 31 28 (C-7,C-12,C-lS,C-16), 38 99 (C-8), 39 58 (C-6), 41 17 (C- 
13), 47 38 (C-14), 55 21 (0CH3), 72 25 g(CH3)3), 80 82 (C-17), 112 60 (C-2), 113 25 (C-4), 117 97 
(C-11), 125 09 (C-l), 127 64 (C-9), 13499 (C-IO), 137 48 (C-5), 158 22 (C-3) - MS (70eV): (m/z) = 
57 (44%, C4H9+), 267 (30%, M+ -OC(CH,),+), 283 (45%, M+ -C,H9+), 340 (lOO%, M+) - HRMS (70 
eV): calculated for C23H32Oz 340 2402, found 340 2402 - C23H32O2 (340J) talc C.81 13, H,9 47, 
found C,8121, H,9 50% 

(8S,9S,13S,14S,17S)-(+)-I7-tert-Butoxy-3-methoxyestra-lJJ(lO)-tr~ene (12) : A mixture of 11 (34 
mg, 0 10 mmol), palladium (5 mg, 10% on carbon) and ethyl acetate (1 2 ml) was stmxl under 

hydrogen for 3 h The catalyst was filtered off with suction on Cehte and the Cehte was washed with 
ethyl acetate (20 ml) The ethyl acetate was evaporated m vacua and the crude product punfied by flash 
chromatography on 5 g slhca gel with ether/pentane 1 6 to yield 12 W”lt4 (23 mg, 68%) as a 
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colourless sold (& = 0 53) - [a]# = + 63.3’ (c = 0.9, CHCl$, ht 10 [a],,25 = + 62 20’ (c = 1.0, 
cHc13) - m.p. 89-91-C; bt.l” m.p 90-92’ - IR (nujol): v = 1605 and 1580 cm-l (C=C&henyl) - %I 
NMR (500 MHz, CDCl3): 6 = 0 75 (s. 3H, Ct3-CH3), 1 15 (s, 9H; C(CH&), 0.80 -2 20 (m, 1 lH, CH, 
~dCs-H),2.18(ddd,J=4~,115Hzand115Hz,1H,~-H),228(ddd,J=4Hz,7Hzand13Hz. 
1H, C1z,-H). 2 85 (dd, J = 7 5 Hz and 8 Hz, 2H, C,-H), 3.45 (dd, J = 7 5 Hz and 8 Hz, 1H. +H), 3 78 
(s, 3H, 0(.X3), 6.63 (d, 4J,eta 
7 22 (d, 3Jun,,c 

= 3 Hz, lH, Cd-H), 6 71 (dd, 4Jm1, = 3 Hz, 3Joltho = 9 Hz, 1H; q-H), 
= 9 Hz, lH, Ct-H) - 1w NMR (50 MHz,CDCI,): 6 = 1162 (C13-CH3), 28 77 

(CG2H3)3), 23.50,X40,27 29,29.91,31.23 and 37.24 (C-6,C-7,C-ll,C-l2,C-l5,C-l6), 42 74 (C-13), 
38 75, 44 13 and 5002 (C-8,C-9,C-14). 55 18 (OCH,), 72 19 a(CH3)3), 80 84 (C-17), 11141 and 
113.74 (C-2,(X), 126.35 (C-l). 132 90 (C-lo), 138 06 (C-5), 157 36 (C-3) - MS (70 eV): (m/z) = 57 
(100% C,&+), 286 (68%, M+ -ChHs), 342 (808, M+) - HRMS (70 eV) calculated for C&%02 
342 2559, found 342 2559 
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