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Absbuct A synthettc’acces to lO,llg~~lj-p~le~)-~m~ 13 IS dambed K9 sk?ps art? the $$* type wroduct~m 

of snmbly o&o substmted orenes mto vrnyl epomie 4, and rrng closure by an aad catalysed mtramolecular epo.ude 
openmg wuh the correspondtng phenol The remdtmg oxygen brrdged steroldr 13 are tra&med mto pbarmacdogmlly 
relevant progesterone ontagomsts 191~ and 20 

INTRODUCTION 

Wlthm the last decade, progesterone antagonists have become an ObJecnve of Intense chenucal and 

pharmacological research la-’ Among the structural vanaaons of lead compound rmfepnstone (1) (figure 1) 

known so far, one of the most mmgumg changes was the mtroducnon of a methylene bndge between C-10 of 

the steroid skeleton and the lip-aryl residue 2 The resultmg compounds 2a proved equally or even more 

potent and selective antlgestagens3 dependmg upon substltuents R and R’ Consequently, another prormsmg 

synthetic goal was replacement of the methylene bndge m 2a by hetero atoms The correspondmg this 

analogues 2h have been prepared4 following the synthetic scheme (vlde mfra) which had led to compounds 

2a In thus paper we wsh to report a new cychsanon route leadmg to oxygen bndged ll@aryl steroids 

(general formula 3) 

1 

RU 38 486 
m1fepnstone 

2w X=CH2 
b X4 

Fig 1 
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The protocol leadmg to methylene or thta bndged compounds mvolved SN~ opemng of a-epoxtde 4 by a 

benzyl Gngnard reagens5* or a thtophenolate4 (scheme 1) followed by regtospectfic 6-e&o-mg 

intramolecular radtcal cyclisatton 

4 Sa X=CH1 
b X=S 

Z = CH2MSBr. S- 

6~ X=CH2 
b X=S 

Scheme 1 

Pursuing an analogous strategy to synthestse oxygen-bndged steroids would have implied an 

mtermolecular epoxtde opening by the weaker nucleophtle phenolate / phenol, which was not expected to be a 

favoured process Indeed, neither base nor Legs acid medtated attempts to open epoxtde 4 were successful 

Based on tts latent ally1 catton reacttvtty,5ac vmyl epoxtde 4 offers a second synthetic strategy (figure 2) By 

mstalhng an orzho oxygen substmted aryl residue at C-11 first, the desned 0 - C-10 bond fotmauon would 

be turned mto an entroptcally favoured tntramolecular process Therefore, the lO@nucleophtle mtroductton - 

1 IS-cychsatton sequence was reversed into an 1 la-phenyl adhtton followed by nng closure at C-10 

Z = CH2MgBr, S‘ =$ 1 lop-attack, 2 1 lb-cychsauon 

Z-OH * 1 lla-attack, 2 lOj3-cychsauon 

Fig 2 - retrosynthenc approaches 

RESULTS AND DISCUSSION 

The SN~’ type opening of a-epoxlde 4 accordmg to the procedure presented by G Teutsch et al 5b 

succeeded with arenes beanng an orrho-methoxy group (scheme 2) as well as wtth ortho unsubstttuted arenes 

Regardless of stencal congestion, products 7 were obtamed m good yields (78 - 89%) The cychsanon step 

was envisaged to be a 6-exe-trrg or 6-exo-ret process providing the oxygen bndge plus a chemical equivalent 
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of a 4(5)-double bond A A5(lo) -compound appeanzd to be a reasonable precursor for the cychsatton step, that 

concervably mtght be effected by oxypalladatton, 6qb mdocycllsahon,7 or epoxlda&on and subsequent oXlIgne 

cleavage Thus compounds 7 were transformed mto the A 5(10)-denvauves 10 by deketahsation, Birch type 

reducaon and ketahsatton 
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Scheme 2 

81 R=OCH3 

NaSMe I DMF 

lla R=H, R’=H. X=C(CH3)2 

b R=OCH3, R’=H. X=tond 

e R=OH. R’ICH3, X=bmd 

Unexpectedly, concomitant ketal hydrolysis and dehydrdnon (7 + 8) were accompanied by vmylogous 

5,11&hydrat1on gvlng decoqugated henones In an undesired side reaction This IS not observed to that 

extent In the orrho unsubstltuted aryl senes Reactlon of 7a tn 70% HOAc (room temperature / 6 h) yielded a 

mixture of 8a and 8c (7 3, respecnvely), whereas 7b afforded Sb / Sd / 8f m a rat10 of 2 1 3 Under 

essentially mdder condmons (pyndnnum p-toluenesulfonate / EtOH / O’C / 45 mm) 7b produced Sb / 8d / Sf 

m a ratio of 12 3 5 A stencal factor may account for the unusual hydrolyac behavlour of the 

orrho-methoxyaryl senes The orzho subsmuted lip-aryl residue farces the stemd skeleton into a 

conformanon in which 5a-OH and 1 la-H are syn-penplanar, resultmg m favoumble o&al overlap for syn 

ehmmation Moreover, the occurrence of mene ketal8f which is only observed In the dunethoxyphenyl case, 
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suggests a compehtton between dehydratron and deketaluatton. With mcmasmg aryl electron richness the 

vmylogous elimmatton IS enhanced These observauons uuhcate that in the ortho-methoxyaryl serves 

As(10~g(11)-3-ketones am thermodynanucally more stable than the correspondmg A4*g-3-ketones. 

Monomethyl ether 1Oa was readrly cleaved by reaction wnh sodium methanethrolate m 

NJV-drmethylformanude @MF)8 yieldtng phenol lla, whereas the same con&trons applied to brsmethyl 

ether 10b afforded a nnxture of regro~somenc monomethyl ethers llb and llc m a rat10 of 3 * 2. Due to the 

electron rtchness of the resultmg phenols (llb / llc) any further reachon even with an excess of nucleophtlic 

sodmm methanethrolate was inhibited Thus no resorcmol was isolated 

Under vanous oxypalladaaon condmons no reaction wrth lla was accomplished Presumably due to 

sterrcal congestron of A5(lo), formatton of the reqtnsrte palladmm complex was disfavoured. An attempted 

mdocychsatron (I2 / sat NaHCOs / CH.$12, wnh lla yrelded only 13% of the expected Sa-todo oxygen 

bndged product As that compound turned out to be rather unstable, no optmusanon of the reactron was 

undertaken Epoxniatton of compound lla with m-chloroperbenzorc acid (MCPBA) tn the presence of 

sodmm bicarbonate (scheme 3) gave nse to a-epoxt& 12a, and as a less polar by-product, cychsed matenal 

13a Attempts to effect cychsatron of 12a under mrld basic condmons farled However, 12a was smoothly 

cychsed m a trans dnxxd manner to 13a upon treatment unth ddute acetx acid In accordance with these 

expenments. MCPBA epoxrdatron of lla without sodmm bicarbonate drrectly led to 13a in 58% yield. Under 

the same condttrons resommol monomethyl ether llb was converted to cychc ether 13b As a side reactron, 

rn this case traces of aryl oxrdatron products were observed Methyl ether cleavage of compound 13b with 

sodmm methanethtolate followed by reactron wrth mflrc anhydnde (TfiO) in the presence of 

4-(drmethylammo)pyndme (DMAP) gave aryl mflate 15, a versatde mem~ate for palladmm-catalysed 

cross-coupling reactrons ga-c 

lla R=H. X=C(CH3)2 

b R=OCH3,X=bmd 

MCPBA 

+ 
H+ 

1Za R=HH, X=C(CH3)2 13~ R=H, X=C(CH342 

-“.sMe,DMP~ : ;;;=:y 
Tf20’DMAP 2 15 R=O.&CF3. X=bd 

Scheme 3 

Next, compounds 13a, 13b, and 15 were ox~d~sed with pynduuum chlorochromate (PCC) to the 

cormspondmg 17-ketones (scheme 4) which, m turn, were allowed to react wtth enher 1-pmpynylhthmm or 

3-[(tetrahydro-W-pyran-2-yl)oxy]-1-propynylhthmm From 17a-propynyl-compounds 17a and 17b the 

cotrespondmg A4-3-ketones 19a and 19b were obtamd by deketahsanon and dehydration with aqueous HCl 

m acetone The trdlate group of 17~ so far having served as an unusual phenol protectmg group was then 

cross-coupled m a palladmm-catalysed reactron wtth tnbutyl( 1-ethoxyethenyl)stannane Without punfication, 

the msultmg enol ether 18 was submtted to acuhc removal of all protecung groups Finally, acetylene 19c 

was hydrogenated with Pd / BaS04 m THF / pyndme to yield Z-olefm 20 
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H2 L 
e R=COCH3. R-OH. Y,ZAmd 

R=(l-ethoxyvmyyl), R”=Ol’HP, X=bond Pd I B&O, 20 R=COCH3. R”=OH. Y,Z=H 

Scheme 4 

EXPERIMENTAL 

NMR General Elecmc QE 300 and Bruker AC 300 spectrometers, 8 m ppm rel to TMS as mtemal 
standard IR. Perkm Elmer PE 621 spectrometer. MS: Fmmgan TSQ 700 spectrometer Combustion analyses 
were camed out by Schenng analyttcal department Opacal rotauons: Perkin Elmer polanmeter mod. 141 
Meltmg points am uncorrected TLC analyses were performed on Merck 60 Pm s&a gel plates. Column 
chromatography was performed on Merck silica gel 60,70-230 mesh, using ethyl acetate / hexane as eluent. 
The stamnfi a-epoxide 4 was prepared from 3-methoxyestm-1,3,5(10)-men-178-01 accordmg to the known 
procedure 
prior to use 

All reacnons were run under posmve argon pressure Solvents were reagent grade and dned 

3~-[2~-Dimethyl-1~-propanediylbis(oxy)l-ll~-(2-~thoxyphenyl)-5u-~tr-9-~~5,l7~-dio~ (7a): 
A Gngnani solunon prepared from I-bromo-2methoxybenzene (99 9 ml, 802 mmol, 6 equtv) with magnest- 
urn turmngs (19 5 mg, 802 mmol, 6 eqmv) 111 THP (1500 ml) was cooled to YC and CuCl(3.3 g, 33.5 mmol, 
0 25 equiv) was added After 15 mm a soluhon of a-epoxlde 4 (50 g, 133 5 mmol) in THP (500 ml) was ad- 
ded and the reactton mtxture was allowed to warm to room temperature overntght. At O‘C saturated NH&l 
soluuon was added carefully and the orgamc layer was separated The aqueous layer was extracted wrth ethyl 
acetate, and the organic portions were combmed, washed wrth brute, drted over Na$O4, filtered, and evapo- 
rated The restdue was punfied by column chromatography to gtve 7a (50 3 g, 78%): mp 196198‘C (ethyl 
acetate), [uI~~~= +16 0’ (c=O 485, CHC13), IR (KBr, cm-‘)- 3520; ‘H NMR (300 MHz, CDC13). 8 7 12 (dd, J 
= 8 Hz and 8.5 Hz, lH, atyl), 7 05 (d, J = 8 Hz, 1H. aryl), 6 81 (d, J = 8.5 I-Ix, lH, aryl), 6.80 (dd, J = 8 Hz and 
8 Hz, lH, aryl), 4 40 (d, J = 9 Hz, lH, H-l l), 4 39 (s, lH, 5a-OH), 3 86 (s. 3H, OMe), 3.59 (dd, J = 9 Hz and 
7 Hz, lH, H-17), 103 (s, 3H, ketal), 0.83 (s, 3H, ketal), 0 52 (s, 3H, H-18), CJOH~~O~ (482 7) calcd C 74 66, 
H 8 77, found C 75 12, H 8 64% 

ll~-(2~-Dimethoxyphenyl)-3,3-[2~-dimethyl-l~-propa~~ylbis(oxy)]-5u-~tr-9-en~S,l7~-diol 
(7b): Reacuon of a-epoxtde 4 (21.6 g, 57 7 mmol) wtth 3,4&methoxyphenylmagnesutm bromrde, generated 
from I-bromo-2,4dunethoxybenzene (37 5 g, 173 mmol, 3 equtv) and magnesium tummgs (4.2 g, 173 mmol, 
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3 eqmv). and CuCl(143 g, 14 3 mmol, 0 25 equiv) in THF (450 ml) m the manner described above afforded 
7b (26 3 g, 89%) as a colourless foam: IR (KBr, cm-‘) 3500, ‘II NMR (300 MHz, CDCl,): 6 6 90 (d, J = 9 
Hz, 1H. aryl), 6 40 (d, J = 2 Hz, lH, aryl), 6 32 (dd. J = 9 Hz and 2 Hz, 
H-11). 4 38 (s, lH, 5a-OH), 3 82 (s, 3H, OMe), 3.78 (s, 3H, OMe), 3 57 

1H. aryl), 4.30 (d, J = 7.5 Hz, lH, 
(m. IH, H-17), 1.03 (s, 3H, ketal), 

0 84 (s, 3H, ketal), 0 52 (s, 3H, H-18), C31II~06 (512.7) calcd C 72 63, H 8 65, found C 72.56, H 8 48%. 

17~-Hydroxy-l1~-(2-methoxyphenyl)estra-4Q-dien-3-one @a): A solution of 7a (48 g, 99.4 mmol) 
in aqueous aceuc acid (70%, 480 ml) was stmed at ambient temperature for 6 h After neutrahsation with 
saturated NaHCO3 solution and extracuon of the aqueous pomon with ethyl acetate, the combmed organic 
layers were washed ~th water and brme, dned over Na#04, Altered, and evaporated C&unn chromatogra- 
phy gave isomer 17~-hydroxy-ll-(2-methoxyphenyl)estra-5(lO),9(1l)-&en-3-one 8c (9 5 g, 25%) (colourless 
foam IR (KBr, cm-‘) 3500,1705 (C=O), ‘H NMR (300 MHz, CDCl$ 6 7 21 (dd, J = 8 Hz and 8 Hz, lH, 
aryl), 6 90-6 80 (m, 3H, aryl), 3 83 (s, 3H, OMe), 3 76 (dd, J = 9 Hz and 8 Hz, 1H. H-17), 2.77 (s, 2H. H-4), 
0 93 (s. 3H, H-18), C H 03 
compound 8s (23 3 g, 2623 

(378 5) calcd C 79 33, H 7 99, found C 78 97, H 7 91%} and the desued 
as a colourless foam IR (KBr, cm-‘) 3430, 1660 (GO); ‘H NMR (300 MHz, 

CDC13) S 7 17 (dd, J = 8 Hz and 8 Hz, lH, aryl), 6 98 (d, J = 8 Hz, lH, aryl), 6.85 (d, J = 8 Hz, lH, aryl), 
6 81 (dd, J = 8 Hz and 8 Hz, lH, aryl), 5 71 (s, 3H, H-4), 4 54 (d, J = 8 5 Hz, 1H. H-11), 3.87 (s, 3H, OMe), 
3 64 (m, 1H. H-17), 0 58 (s, 3H, H-18), C25H300j (378 5) calcd C 79 33; H 7.99, found C 79 21, H 7.96%. 

lla-(2,4-Dimethoxyphenyl)-l7~-hydroxyeste (Sb): Pyr&.uuum p-toluenesulfonate 
(142 g, 5 66 mmol, 0 1 equv) m ethanol (20 ml) was added to a solution of 7b (29 g, 56.6 mmol) m ethanol 
(380 ml) and water (4 ml) at OT After 45 mm the solvent was evaporated m vacua, the residue was 
partmoned between ethyl acetate and half concentrated NaCl solution, the aqueous phase was extracted twce 
wnh ethyl acetate, the combmed organic layers were dned over Na$O,, filtered, and evaporated. Column 
chromatography yielded the ehmmation product 1 l-(2,4-&methoxyphenyl)-3,3-[2,2-dimethyl-1,3-p ane&- 
ylbls(oxy)lestra-5(10),9(11)-&en-17~-ol8f (5.5 g, 25%) (colourless foam: IR (KJ3r, cm-‘): 3490, 1 Y NMR 
(300 MHz, CDCl,) 6 6 83 (d, J = 9 Hz, lH, aryl), 6 42 (d, J = 2 Hz, lH, aryl), 6 36 (dd, J = 9 Hz and 2 Hz, 
lH, aryl), 3 80 (s, 3H, OMe), 3 79 (s, 3H, OMe), 3 62 (m. lH, H-17), 1.06 (s, 3H, ketal), 0 89 (s, 3H, ketal), 
0 75 (s, 3H, H-18), C31H,+20s (494 7) calcd. C 75.27, H 8 56, found C 75 09; H 8 5%), the isomenc ketone 
llfi-(2,4&nethoxyphenyl)-17ghldrox estra-5(10),9(11)-&en-3-one Sd (3 37 g, 15%) (yellowish foam. IR 
(KBr, cm-‘) 3480,171O (C=O), H N&R (300 MHz, CDCl,) 6 6 77 (d, J = 9 Hz, lH, axyl), 6 43 (d, J = 2 
Hz, lH, aryl), 6 36 (dd, J = 9 Hz and 2 Hz, lH, aryl), 3 80 (s, 6H, OMe), 3.77 (m, lH, H-17), 2 78 (m, 2H, 
H-4). 0 92 (s, 3H, H-18); C2sH3204 (408 5) calcd C 76 44, H 7 99, found C 76 97; H 7 89%). and the desired 
benone Sb (13.36 g, 58%) as a colourless foam IR (KBr, cm-‘) 3420, 1660 (C=O), ‘H NMR (300 MHz, 
CDCl,). 6 6.84 (d, J = 9 Hz, lH, a@), 6.43 (d, J = 2 Hz, lH, aryl), 6 33 (dd, J = 9 Hz and 2 Hz, lH, aryl), 
5.70 (s, 3H. H-4), 4.44 (d, J = 8 Hz, lH, H-11), 3 85 (s, 3H, OMe), 3.79 (s, 3H, OMe), 3.63 (dd, J = 8.5 Hz 
and 8.0 Hz, lH, H-17), 0.59 (s, 3H, H-18), MS (70 eV, m/z) 408 (678, M+), 151 (95%), 138 (100%); 
C&-I~O~ (408 5) calcd C 76 44, H 7 99, found C 76 30, H 7 92% 

17~-Hydroxy-ll~-(2-methoxyphenyl)estr-S(lO)-en3-one @a): To a soluaon of 8a (5 0 g, 13.2 
mmol) in THF (90 ml) and tert-butanol (5 ml) llquld ammoma was added at -78’C followed by hthmm wmz 
(500 mg, 72 mmol, 5 5 eqmv) m small pieces After 1 h at -78’C the rmxtuxe was treated with sohd NH&l (8 
g), the ammonia was evaporated, the residue was seated with water, and the aqueous layer was extracted with 
ethyl acetate The combined organic layers were dned over Na$O,, filtered, and evaporated Column chro- 
matography afforded 9a (3 13 g, 62%) mp 97-99’C (dusopropyl ether / hexane), r&22= +75.3O (~~1000, 
CHC13), IR (KBr, cm-‘) 3440, 1718 (GO); ‘H NMR (300 MHz, CDC13). 6 7 38 (d, J = 7 5 Hz, lH, aryl), 
7 12 (dd, J = 8 Hz and 7 5 Hz, lH, aryl), 6.82 (d, J = 8 Hz, lH, aryl), 6 75 (dd, J = 7 5 Hz and 7.5 Hz, lH, 
aryl), 3 68 (dd, J = 6 Hz and 5 Hz, lH, H-11), 3 82 (s, 3H, OMe), 3 64 (m, lH, H-17), 2 78 (d, J = 20 5 Hz, 
lH, H-4), 2 76 (d, J = 20 5 Hz, lH, H-4), 0 42 (s, 3H, H-18), C2SH3203 (380 5) calcd C 78.91; H 8 48, found 
C 78.86, H 8 44% 

11~-(2,4-Dimethoxypheny1)-17~-hydroxyestr-5(10))-en-3-one (9b): Reduction of 8b (13 3 g, 32 6 
mmol) in THF (250 ml), tert-butanol (3 ml) and hquld ammonia (300 ml) with lithium (904 mg, 130 mmol, 4 
equlv) as described above gave 9b (9.1 g, 68%) as white crystals mp 161°C (dusopropyl ether), [a]~~~= 
+62 4’ (c=O 500, CHCls), IR (KBr, cm-‘) 3440, 1718 (C=O), ‘H NMR (300 MHz, CDC13 6 7 24 (d, J = 9 
Hz, lH, aryl), 6 40 (d, J = 2 Hz, lH, aryl), 6 29 (dd, J = 9 Hz and 2 Hz, lH, a.@), 3 80 (s, 3H, OMe). 3 78 (s, 
3H, OMe), 3.63 (m, lH, H-17), 3 58 (dd, J = 6 5 Hz and J = 5 5 Hz, lH, H-11), 2 77 (s, 2H, H-4), 0 44 (s, 3H, 
H-18), C~H3~04 (410 6) calcd C 76 06, H 8 35, found C 75 99, H 8 33%. 

3,3-[2,2-Dimethyl-1J-propanediylbis(oxy)]-11~-(2-methoxyphenyl)estr~5(lO)-en-17~-ol (1Oa): 9a 
(1 65 g, 4 34 mmol) was stured for 4 h ~th 2,2-&methyl-1,3-propau&ol (l 17 g, 11 3 mmol, 2 6 equlv), m- 
methyl orthoformate (0 57 ml, 5 2 mmol, 1 2 equlv) and a catalytic amount of p-toluenesulfomc acid m &- 
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chloromethane (20 ml) The reactton mature was poured into saturated NaHCQ soluhon, the aqueous layer 
was extracted with Qchloromethane, the orgamc pomons were combmed, dried over Na$O,, filtered, and 
evaporated The residue was dtssolved in methanol (40 ml) and &chloromethane (5 ml) and heated at 60 ‘C 
with KZCOs (12 g) for 45 mm to cleave traces of 17-formate formed tn the ketahsahon reactton The solvents 
were evaporated in vacua, the residue was taken up tn Qchloromethane and washed with half concentrated 
NaCl solunon The combined organic layers were dned over Na#O,, filtet& and evaporated. Column chro- 
matography afforded 1Oa (1.62 g, 80%). mp 210-212’C (dtchloromethane / d~tsopmpyl ether), [a]~~~= 
+82 6’ (c=O 500, CHC&), IR (KBr, cm-l) 3460, ‘H NMR (300 MHz, CDCl$: 8 7.41 (dd, J = 8 Hz and 1 Hz, 
lH, aryl), 7 10 (ddd, J = 8 Hz and 8 Hz and 1 Hz, lH, aryl), 6 79 (dd, J = 8 Hz and 1 Hz, lH, aryl), 6.76 (ddd, 
J = 8 Hz and 8 Hz and 1 Hz, lH, aryl), 3 82 (s, 3H, OMe), 3 62 (m, IH, H-17). 3.58 (m, lH, H-11), 103 (s, 
ZHjgtal), 0 77 (s, 3H, ketal), 0 38 (s, 3H. H-IS), C&I4204 (466 7) calcd C 77.21; H 9 07, found C 77.18, H 

11~-(2,4-Dimethoxyphenyl)-3,3-[l~-eth~ediy~bis(oxy)lestr-5(lO)-en-l7~-ol (lob): Ketahsahon of 
9b (7 5 g, 18 3 mmol) with 1,Zethanedtol (2 65 ml, 47.5 mmol, 2.6 eqtuv), tnmethyl orthoformate (2 4 ml, 
21.9 mmol, 1 2 equtv), and a catalytic amount ofp-toluenesulfontc actd tn dtchlommethane (90 ml), followed 
by formate cleavage with I$(.!03 (5 05 g) in methano12$70 ml) m the manner described above yielded lob 
17 24 g, 87%). mp 188-189 C (dnsopropyl ether), [a]~ 
H NMR (300 MHz, CDCl,) 6 7 30 (d, J = 9 Hz, lH, 

= +54 4’ (c=O 500. CHCl$, IR (KBr, cm-‘) 3480; 
aryl), 6 40 (d, J = 2 Hz, lH, aryl), 6 33 (dd, J = 9 Hz 

and 2 Hz, lH, aryl), 3 80 (s, 3H, OMe), 3 78 (s, 3H, OMe), 3 61 (m, lH, H-17). 3 50 (dd, J = 5 5 Hz and 4.5 
Hz, lH, H-11), 2.24 (d, J = 16 Hz, lH, H-4). 2 18 (d, J = 16 Hz, IH, H-4), 0.40 (s, 3H, H-18), C2sH380s 
(512 7) calcd C 73 98. H 8 43, found C 74 00, H 8 29% 

3~-~2~-Dimethyi-l~-propanedrylbis(oxy)l-ll~-(2-hyd~xyphenyl)~tr-5(lO)-en-l7~-ol (11s): 
Methyl ether 1Oa (1 88 g, 4 03 mmol) was heated at 160°C wtth sodmm methanethlolate (1 13 g. 16.1 mmol, 
4 equtv) in freshly d~sttlled DMF (20 ml) for 3 h The reaction mtxture was poured into ice / NaHCOs solu- 
uon, the aqueous layer was extracted with ethyl acetate The organic porttons wem combmed, washed with 
brme, dned over Na#O,, filtered, and evaporated The residue was purtfied by column chromatography to 
@ve phenol lla (165 g, 90%). IR (KBr, cm-‘) 3410, ‘H NMR (300 MHz, CDCl$. 6 7 41 (dd, J = 8 Hz and 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
lH, aryl), 6 66 (dd. J = 8 Hz and 1 Hz, lH, aryl), 5 19 (s, lH, OH), 3 67 (dd, J= 9 Hz and 6.5 Hz, lH, H-17), 
3 55 (tn, lH, H-l I), 1 04 (s, 3H, ketal), 0 77 (s, 3H, ketal), 0 42 (s, 3H, H-18). C2,$-14004 (452 6) calcd C 
76 95, H 8 91, found C 76 88, H 8 79% 

3~-[~~-Ethanediylbis(oxy)]-ll~-(2-hyd~x~4-methoxyphenyl)~tr-5(lO)-en-l7~-oi (llb) and 3,3- 
[l~-ethanediylbis(oxy)l-11~-(4-hydroxy-2-methoxyphenyl)estr-S(lO)-en-l7~-ol (11~): As described a- 
bove, demethylahon of lob (5 2 g, 11 4 mmol) was effected by reacaon with sodtum methanethtolate (3 2 g, 
45 8 mmol, 4 eqtuv) tn DMF (60 ml) Column chromatography gave a mtxture of regotsomers lib and llc 
(4 9 g, 97%, about 3 2) The isomers were separated by fracaonal crystalltsahon from chloroform to yteld 
pure 2-hydroxy denvattve lib (3 16 g, 63%) mp > 115’C dec, [cz]~~~= +46 2’ (c=O 500, MeOH), IR (KBr, 
cm-‘) 3420,3250, ‘H NMR (300 MHz, CD$) 6 7 29 (d, J = 9 Hz, lH, aryl), 6 35 (dd, J = 9 Hz and 2 Hz, 
!H, aryl), 6 29 (d, J = 2 Hz, lH, aryl), 4 80 (s, IH, OH), 3 74 (s, 3H, OMe), 3 64 (m, lH, H-17), 3.48 (dd, J = 
6 Hz and 5 Hz, IH, H-l l), 0 44 (s, 3H, H-18), C27H3605 (440 6) calcd C 73 61; H 8 24, found C 73 43; H 
8 33%, and pure 4-hydroxy denvattve llc (905 mg, 18%) mp > 143V dec, [c&22= +62 4” (c=O 500, 
MeOH), IR (KBr, cm-‘) 3370, ‘H NMR (300 MHz, CDC13 6 7 23 (d, J = 9 Hz, lH, aryl), 6.37 (d, J = 2 Hz, 
lH, a@), 6 24 (dd, J = 9 Hz and 2 Hz, lH, aryl), 4 64 (s, IH, OH), 3 79 (s, 3H, OMe), 3.63 (m, lH, H-17), 
3 49 (m, lH, H-11), 0 40 (s, 3H, H-18), C2,HXOJ (440 6) calcd C 73 61, H 8.24, found C 73 39, H 8 21% 

3,3-~2,2-Dimethyl-1~-propanediylbis(oxy)l-11~-(2-hydroxyphenyl)-5,l0a-epoxy-5a-estran-l7~- 
01 (12a) and 3,3-[2~-dimethyI-l~-propanediylbis(oxy)l3,1la-dihydro[l]benzopyrano[2’~‘,4’:10,9,11]- 
5a-estrane-5,17B-dioi (13a): Phenol lla (100 mg, 0 22 mmol) was stirred wtth 50% MCPBA (76 mg, 0 22 
mmol, 10 equtv) and saturated NaHCOs solunon (0 66 ml) m dtchloromethane (3 ml) for 2 h The reactton 
mture was treated wtth 1 M NaOH (5 ml) The organic layer was separated, washed with water, dned over 
Na#Q, filtered, and evaporated. Column chromatography afforded cc-epoxtde 12a (43 mg, 42%) IR (KBr, 
cm-‘) 3460, ‘H NMR (300 MHz, CDC&) 6 7 36 (dd, J = 8 Hz and 1 HZ. lH, a@), 7 13 (ddd, J = 8 Hz and 8 
Hz and 1 Hz, lH, aryl), 6 78 (ddd, J = 8 Hz and 8 Hz and 1 Hz, lH, aryl), 6 70 (dd, J = 8 Hz and 1 Hz, lH, 
aryl), 5 24 (s, 1X-I, OH), 3 66 (m, lH, H-17), 3 59 (m, lH, H-11), 106 (s, 3H, ketal), 066 (s, 3H, ketal), 0 35 
(s, 3H, H-18). C2&&s (468 6) calcd C 74 33, H 8 60, found C 73 98, H 8 40%, along with cychsed prod- 
uct 13a (10 mg, 10%) mp 213-215’C (ethyl acetate / hexane), [cz]~~~= +2 2” (c=l 000, CHCl.$, IR (KBr, 
cm-‘) 3480, ‘H NMR (300 MHz, CDC13) S 7 33 (d, J = 7 5 Hz, lH, aryl), 7 09 (dd, J = 8 Hz and 7 5 Hz, lH, 
a@), 6 88 (ddd, J = 7 5 Hz and 7 5 Hz and 1 Hz, IH, aryl), 6 82 (dd, J = 8 Hz and 1 Hz, lH, aryl), 4 47 (s, 
IH, 5a-OH), 3 66 (dd, J= 8 5 Hz and 7 5 Hz, lH, H-17). 3 10 (dd, J = 6 HZ and 4 Hz, lH, H-11), 100 (s, 3H, 
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ketal), 0 92 (s, 3H, ketal), 0.28 (s, 3H, H-18), MS (70 eV, m/z) 468 (1002, M+‘), 325 (41%); C&aOs 
(468 6) calcd C 74 33, H 8 60, found C 74 26, H 8 59% 

3d-~2~-Dimethyl-13-propanedlylbis(oxy)l-9,lla-dihydro[ll[2’~’,4~:10~,11]-Sa-w- 
trane-5,17g-dioi (Wa): Phenol lla (890 mg, 1.97 mmol) was sttrred with 50% MCPBA (679 mg, 197 
mmol, 10 eqmv) in dtchloromethane (25 ml) for 45 mm. The reactton nnxture was treated ~nth 1 M NaOH 
(25 ml) The orgamc layer was separated, washed wtth water, dned over Na$04, filte@ and evaporated. 
Column chromatography afforded cychsed product 13a (534 mg, 58%) (see above), along w-tth deketahsa- 
non products (234 mg). 

3,3-[1~-Ethane<lrylb(oxy)]-9,lla-dlhyd~-7’-methoxy[l]~n~py~o[2’,3’,4’:lO~,ll]~a~r- 
ane-5,17@diol (13b): In hke fashion, phenol llb (3 3 g, 7 5 mmol) was ox~dised wnh 50% MCPBA (3.1 g. 
9.0 mmol, 1 2 eqtnv) in duzhloromethane (150 ml) to gve cychsed matenal 13b (1 56 g, 46%). mp 137T 
(dnsopropyl ether), [a@= +8 6’ (~0.500, CHC13); IR (KBr, cm-‘): 3520; ‘Ii NMR (300 MHz, CDCi3). 6 
7 19 (d, J = 9 Hz, lH, aryl). 6.49 (dd, J = 9 Hz and 2 Hz, lH, aryl), 6.37 (d, J = 2 Hz, lH, aryl), 4.38 (d, J = 1 
Hz, lH, 5a-OH), 3 77 (s, 3H, OMe), 3.66 (d, J = 9 Hz and 7 Hz, lH, H-17), 3.15 (dd, J = 5.5 Hz and 5 Hz, 
lH, H-11), 0 32 (s, 3H, H-18); C2,H%Oe (456.6) calcd C 7103, H 7 95, found C 70.91; H 7,69%, and a 
complex mtxture of deketaltsation and atyl oxtdahon products (122 g) 

3,3-[l~-Ethanediylbis(oxy)]-9,llu-~hydro-7’-hydroxy[l]ben~pyrano[2’~‘~‘:l0,9,ll]-Sa-estr- 
ane-5,17S-did (14): The procedure used was the same as for compound lla. From methyl ether 13b (1.5 g, 
3 3 mmol), sodmm methanethtolate (921 mg, 13 1 mn-101~~ eqmv), and DMF (15 ml), phenol 14 (716 mg, 
49%) was obtamed. mp > 295T dec (ethyl acetate), [aln = +2 2” (c=O.500, MeOH), JR (KBr, cm- ) 3540, 
3360, *H NMR (300 MHz, pyndme-d ) 8 1128 (s, lH, phenol), 7 30 (d, J = 9 Hz, lH, a@), 6 86 (d, J = 2 
Hz, lH, aryl), 6 82 (dd, J = 9 Hz and 2 kz, lH, aryl), 5 96 (s, lH, 178-OH), 4 67 (s, lH, 5a-OH). 3.90 (m, lH, 
H-17), 3 19 (dd, J = 5 5 Hz and 5 Hz, lH, H-11), 074 (s, 3H. H-18); C&&O6 (442.6) calcd. C 70.56, H 
7 74, found C 70 69; H 7 65% 

3,3-[l,2-Ethanediylbis(oxy)l-9,lla-dihyd~-7’-[[(trifluoro~thyl)sulfonyl]oxy][l]~opyran~ 
[2’,3’,4’:10,9,111-Sa-estrane-5,17&diol (15): Phenol 14 (690 mg. 16 mmol) and 4-(dtmethylaxmno)pyn- 
dme (952 mg, 7 8 mmol, 5 eqmv) were dissolved m dtchloromethane (26 ml), treated wtth mfhc anhydnde 
(0 333 ml, 2 0 mmol, 1.3 eqmv) m rllchloromethane (3 ml) at -78’C. and stmed for 50 mm at that tempera- 
ture. The macnon nnxtme was poured mto saturated NaHC03 solunon, the aqueous layer was extracted wnlt 
&chloxomethane, the organic porttons were combined, washed with water, dried over Na#O+ filtered, and 
evaporated. Column chromatograph 
[oll$Z= +118’ (c=O 500. CHCl ); Ii 

afforded mflate 15 (625 mg, 68%). mp 200-201’C (dGsopropy1 ether), 

(d, J = 9 Hz, lH, 
(KBr, cm-‘): 3500.1420 (SOZ-0); ‘H NMR (300 MHz, CDCl ). 6 7 38 

atyl), 6.80 (c&i, J = 9 Hz and 2 Hz, lH, aryl), 678 (d, J = 2 Hz, H-I, aryl), 4.4% (s, lH, 
5a-OH), 3 67 (d, J = 8 5 Hz and 7 Hz, lH, H-17), 3.20 (dd, J = 6 Hz and 5 Hz, lH, H-11), 0.27 (s, 3H, H-18), 
MS (70 eV, m/z). 574 (11%. M+), 441 (67%), 99 (lOO%), Cz7HsF30sS (574 6) calcd C 56 44, H 5 79, 
found C 56 14; H 5 72% 

[2’,3’,4’:10,9,11]-5a-&ran-17-one (16a): 178-Alcohol 13a (420 mg, 0.90 mmol) was treated with PCC 
(290 mg, 1 34 mmol, 1 5 eqmv) m &chloromethane (25 ml) at ambient temperature. After 2 h the slurry was 
filtered over stltca gel and evaporated The residue was recrystalhsed from ethyl acetate / hexane to @ve 
ketone 16a (385 mg, 92%) as colourless crystals. mp 286-288T, [u]~~~= +17.4’ (c=O.500, CHC13); IR 
(KBr. cm-t): 3500,1735 (C=O); lH NMR (300 MHz, CDCl$ 8 7 33 (d, J = 8 Hz, lH, aryl), 7 09 (dd, J = 8 
Hzand75Hz,lH,aryl),689(ddd,J=7.5Hzand75HzandlHz,lH,aryl),682(dd,J=8HzandlHz, 
1H. aryl), 4.49 (s, lH, 5a-OH), 3.27 (dd, J = 6 Hz and 4 Hz, lH, H-11), 1.02 (s, 3H, ketal), 0 92 (s, 3H, ketal), 
0 40 (s, 3H, H-18). C&isOs (466 6) calcd. C 74 65, H 8.21, found C 74 55, H 8 18% 

3J-[l~-Ethanediylbia(oxy)I-qll~-dihydro-5-hydrox~7’-methoxy[l]benzopyro- 
[2’,3’,4’:10,9,111-ia-e&ran-l’l-one (16b): 17@Alcohol 13b (398 mg, 0.87 mmol) was treated wtth PCC 
(282 mg, 1.31 mmol, 1 5 eqmv) in d&lommethane (25 ml) at ambient temperature. After 2 h the slurry was 
filtered over stltca gel and evaporated The restdue was recrystalllsed from ethyl acetate to give ketone 16b 
(375 mg, 95%) as colourless needles mp 223°C; [a]$2= +20 4’ (c=O 500, C!HC13), IR (KBr, cm-‘) 3490, 
1738 (C=O), ‘H NMR (300 MHz, CDC13) 8 7 20 (d, J = 9 Hz, lH, aryl), 6 49 (dd, J = 9 Hz and 2 Hz, lH, 
aryl), 6 37 (d, J = 2 Hz, lH, aryl), 4 39 (s, lH, 5a-OH), 3 77 (s, 3H, OMe), 3.22 (dd, J = 6 Hz and 5 Hz, lH, 
H-11), 0 44 (s, 3H, H-18), CnHs106 (454.6) calcd C 71 34, H 7 54, found C 70 47, H 7 53% 
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ether), [al “5 +33 0’ (c=O 500, CHCl,); IR (KBr, cm-‘). 3460, 2240 (C&), 1678 (0); ‘H NMR (300 
MHz, CDC!l$. 8 7 23 (d, J = 9 Hz, lH, aryl), 6.53 (dd, J = 9 Hz and 2 Hz, lH, aryl), 6.41 (d, J = 2 Hz, lH, 
aryl), 5 96 (s. lH, H-4), 3.78 (s, 3H, OMe), 3.38 (dd, J = 6 Hz and 5 Hz, lH, H-11). 1.90 (s, 3H, H-17(3)), 
0.46 (s, 3H, H-18); ‘jc NMR (75 MHz, C!DCl$: 6 199.3 (C-3), 160.2 (C-8a’), 159.0 (C-7’), 153.0 (C-5), 
128 7 (C-4), 126 9 (C-S’), 116 3 (C-4a’), 108.1, 102 1, 82 5 (C-17(1)), 82.5 (C-17(2)), 80.3 (C-17), 73.8 
(C-lo), 55.2 (OMe), 49 2. 48 7, 46 8 (C-13), 39.0, 34.7, 33.7, 33.2, 32.0, 30.1, 29 5, 29 3, 22.8, 15.0 (C-18), 
3.8 (C-17(3)); MS (70 eV, m/z)* 432 (lOO%, M+), 137 (47%). HRMS (70 ev): calcd. for QsH& 
432 2301, obsd 432 2310, CZSHs204 (432.6) calcd C 77.75, H 7.46, found C 76.98; H 7 44%. 

7’-A~tyl-9,lla-dihydrl7~-hyd~xy-l7~-(3-by~ox~l-p~p~yl)[l]~~py~~ 
[2’,3’,4’:10,9,llleatr-4-en-3-one (19c): Tnflate 17c (400 mg, 0.56 mrrml) in dioxeue (5 mi) was heated at m- 
flux wrth tnbutyl(l-ethoxyethenyl)stannane (0.25 ml, 0.74 mmol, 1.3 equiv), l&mm chloride (48 mg, 1.13 
mmol, 2 equiv), and tetrakts(mphen~hosphme)palladmm(0) (33 mg, 29 ttmol, 0.05 eqmv) for 2 h. The reac- 
non nuxture was filtered over Cehte , the soltd was rmsed wrth ethyl acetate, and the filtrate was evaporated 
in vacua to give enol ether 18 The raw material was mstantly hydrolysed with aqueous HCI (4 hi, 3 mi) in ac- 
etone (10 ml) according to the above procedure to yield 19c (153 mg, 59%) IR (KBr, cm-*): 3450, 1670 
(C=G), ‘H NMR (300 MHz, CDCls) 6 7.52 (dd, J = 9 I-ix and 2 I-ix, HI, aryl), 7.46 (d, J = 9 Hz, lH, aryl), 
7 46 (d, J = 2 Hz, lH, aryl), 5 99 (s, lH, H-4). 4 38 (m, 2H, H-17(3)), 3.48 (dd, J = 6 Hz and 5 Hz, H-I, H-11), 
2 58 (s, 3H, AC), 0 42 (s, 3H, H-18), C&zOs (460 6) calcd C 75 63, H 7.00, found C 75.49; H 6.98% 

(Z)-7’-Acetyl-9,lla-dihydro_17B-hydroxy-17a-(3~hydroxy-l-propenyl)[l]benzopyrano 
[2’,3’,4’:10,9,11lestr-4-en-3-one (20): Pmpargyl alcohol 19c (150 mg, 0.33 mmol) m THF (3 ml) and pyn- 
dme (0 3 ml) was hydrogenate&over Pd / BaS04 (lO%, 33 mg) unttl one eqmvalent of Hz was consumed. The 
slurry was filtered over Cehte , and the filtrate was evaporated m vacua. Column chromatograph afforded 
20 (100 mg, 66%). mp 185-186’C (dtchloromethane / dusopropyl ether); [a]~“= +68.8” (c=O.5 08 
IR (KBr, cm-‘) 

, CHCl$, 
3420,1682 (C-O), 1670 (C=O); ‘II NMR (300 MHZ, CDCls): 6 7.53 (&I, J = 9 I-Ix and 2 I-Ix, 

lH, aryl), 7 47 (d, J = 9 Hz, lH, aryl), 7 46 (d, J = 2 Hz, lH, aryl), 5 99 (s, lH, H-4), 5 75 (ddd, J = 12.5 Hz 
and 6 Hz and 6 Hz, lH, H-17(2)), 5.66 (d, J = 12 5 Hz, lH, H-17(1)), 4.34 (m, 2H, H-17(3)), 3 42 (dd, J = 6 
Hz and 5 Hz, lH, H-11), 2 58 (s, 3H, AC), 0 49 (s, 3H, H-18), MS (70 eV. m/z): 462 (346, M+‘), 444 (52%, 
M+ - HzO), 95 (92%) C2sH34O5 (462 6) caIcd C 75 30, H 7 41, found C 75 11, H 7 34% 
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