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Abstract - The stereoselective synthesis of 3-0-methyl-7o-e-toluenesulpho- 

nyl-&r,9u,14D-estradfol(25) and its 11-0x0 derivative (2$) c thennolysis 

of l~-~-butoxy-2cr-[2-(4-metho~Wbenrocyclobutenyl)ethyl]-2~-methyl-~-(2- 

(~-tol~nesulphonyl)ethenylJcyclopen~ne (22) and its 0x0 derivative (e), 

which were derived from condensation product (2) of optically active dlde- 

hyde (E) and l-cyano-4-methoxybenzocyclobutene through g and g to selenides 

x and 2& is described. 

Recent advances in intraumlecular cycloaddition 

of the olefinic ~-quinodi~thane has proven 

such reaction to be one of the most efficient 

methoQlogy for the synthesis of steroids'. 

In connection with our interestlb in the syn- 

thetic development of cycloaddition starting 

from ~-quinodi~thanes based on benzocyclo- 

butenes, we investigated a stereochemical course 

of the thermolysis of the olefinic benzocyclo- 

butenes (z) and (g) giving rise to the estra- 

nes (g) and (g) respectively which could be 

important intermediates for the synthesis of 

various types of 7-substituted steroids, since 

the steroids which have Mstituents at C-7 

position were shown to have biologically im- 

portant activities2. 

The synthesis of the olefinic benzocyclobutenes 

(Q!) and ($4) was straightforward and as follows. 

The cfs-indanone (x) prepared by catalytic hy- - 
drogenation (H2, Pd-C, c-hexane) of I3 was con- 

verted into the keto thioketal (t) through 3 

by successive treatment of % with ethyl for&t, 

in the presence of sodium hydride in benzene 

followed by propane-1,3-dfthfol df-p-toluene- 

sulphonate in the presence of potassium acetate 

in ethanol. The thioketal (I), which was deri- 

ved from the keto thioketal (3) vfa the acid 

(2) and alcohol (&) by successive treatment with 

potassiun hydroxide in t-butanol, lithium alumi- 

nium hydride in tetrahydrofurdn, and dihydro- 

pyrane in the presence of catalytic amount of 

e-toluenesulphonic acid in dichloromthane, 

was hydrolysed with methyl iodide in the pre- 

sence of sodium carbonate in aqueous acetonit- 

rile to give the optically active aldehyde (2). 

Condensation of the aldehyde (j.$ and 1-cyano-4- 

methoxybenzocyclobutene' was effected by sodium 

amide in liquid atwnonia to afford the hydroxy 

cyano compound (1) as a diastereoisomeric mix- 

ture which was reduced under Birch conditions 

by using sodfun in liquid aimionia yielding a 

mixture of 3 and 3. The tosylate (x)) which 

was obtained from x by hydrolysis with 5 % hy- 

drochloric acid in methanol, followed by tosylat- 

ion of the resulting alcohol (2) with p-toluene- 

sulphonyl chloride in pyridine, was converted 

into the sulphone (3) via the iodide (E) by 

successive treatment of z with sodiun iodide 

in acetone and sodium e-toluenesulphinate in 

dimethylformamide. Phenylselenenylation of 8 

was carried out with diphenyl diselenide in the 

presence of lithium difsopropylaafde in tetra- 

hydrofuran to give the selenide (x), conwr- 

sion of which into the olefin ($?) was effected 

by treatment with 30 % hydrogen peroxide in the 

presence of pyridine in dichloromthane. E- 



2548 T. ~~~~ETANI et al. 

orientation of% was apparent from its NMR through ,,lj', ,& ,Q. 8 and R by using the sane 

spectrun in which olefinic protons were ob- reaction sequences described for the compound 

served at 6.0 and 6.25 ppm as a pair of doub- 

lets having J value of 14 Hz. The alcohol 

(.J,$) and the olefin (a) thus obtained was 

(J,(j) was also converted into the olefin (,Q) 

transformed into the ketone (8). 

Chart 1 

(5) R=H2 

(2) R=CHOH 

/s 
(3) R= 

's 

(2, R=C02H 

(@ R=CCi2CM 

(I) R-CH20-THP 

THP 

(@ 

(G) R'=R*=il; R3=OH 

(u) R1=R2=H; R3=OTs 

(x) R1=R3=OH; R2=H 

(M) R'=R2=ti; R3=I 

(Ma, R'-OH; R2=ti; R3=OTs 

(a) R'=R'=H; R3=S02p-To1 

(a) R'=OH; R2=H; R3=I 

(a) R'=H; R'=SePh; 

(a) R'=Oh; R2=li; R3=SC2p-Tel 

R3=S02p-To1 (a) R'=OH; R2=SePn; R3=S02"-fol 

The thermolysis of G was conducted in boiling decene was hydrogenated on palladiun-carbon to 

o_-dichlorobenzene for 6 hr to give the cis- - give ,@, which on oxidation with Jones reagent, 

anti-cis fused estrane (a) as colorless pri- 

sms, In 61.6 % yield which was further con- 

afforded 3-0-methyl-8a.~,146-estrone ($,j) which 

was found to be superimposable in the comparison 

verted into $J to confinn its stereochemistry. 

Namely, the styrene (a) obtained by treat- 

of its IR (CtiCl3) spectrum with that of authentic 

sample5. 

ment of @ with 1.8-diatibicyclo-[5.4.0]-I-un- 
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Chart 2 

Ned-j:ii - t,,e&To, 
p-To1 So2 

Figure 1 
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This stereoselectivity of the addition (a -, 

Q,) reflects a transition state with the e- 

toluenesulphonyl group in the unusual exo ori- 

entation (A) releasing the steric repulsion 

between methyl and tbutoxy groups and g-quino- 

dimethane group, as shown in figure 1. The 

thermolysis of #, was also carried out under 

the same conditions for g to give ll-oxo- 

estrane (@)6. Thus we could have Qntonstratrd 

the remarkable effect of e-toluenesulphonyl 

group attached on olefinic carbon for the 

stereochemical course of cycloaddition of 

g-quinodimethanes derived from thenmlysis of 

bentocyclobutenes. 

General. All m.p.s were uncorrected. IR spect- 

ra were obtained with a Hitachi 213 spectrometer, 

NNR spectra with a JNM-PHX-6D instrument (SiMe4 

as an internal reference), mass spectra with 

Hitachi M-526 and JMS-0156-2 spectrarrters, and 

optical rotations with JEA-DIP-4 spectromater 

using CNClS as solvent at 20°C. 

(+)-(l~,Ba~,7a~)-l-tert-Butoxy-Sa.4,7,7a-~- 

he7a-mthyl-5(6N_)-in&one (2). A mixture 
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of (+)-(lS,3aR,7aS)-1-tert-butoxy-7,7a-dihydro- 

7a-methyl-5(6H)-indanone3 ($ (10 g), 10 % od- 

C (1 g), and n-hexane (500 ml) was stirred for 

2 hr in H2 at room temp. After filtration of 

catalyst, the filtrate was evaporated to leave 

a syrup which was subjected to silica gel (200 

g) colunn chromatography. Evaporation of the 

n-hexane-benzene (1 : 1 v/v) eluate, followed 

by crystallization from benzene-E-hexane. gave 

the indanone 4 (8.21 g, 81.4 X) as colorless 

prisms, m.p. 59.5 - 60.0'. [a], t 45.36' (c - 

0.80). (Found: C, 74.79; H. 10.96. C14H2402 

requires C. 74.95; H. 10.78 Ix); IR vmax 

(CHC13) 1715 cm-l; NMR (CC14) 6 1.05 (3H; s. 

Me). 1.12 (9H, s. 0-CMe3); MS m/e 224 (M+). 

(+)-(lJ,3a&7a~)-l-tert-Butoxy-3a,4,7,7a-tetra- 

hydro-[6,6-(propane-1.3-dithio)]-7a-methyl-S- 

Gone (.$). To a soln of the indanone 5 

(11.342 g) and NaH (60 % in oil )(2.657 g) in 

anhyd benzene (100 ml) was added a soln of ethyl 

formate (5.953 g) in anhyd benzene (50 ml) at 

room temp. After the soln was stirred at room 

tenp for 3 hr. water (100 ml) was added. 

The resulting aqueous layer was acidified with 

10 % H2S04 and extracted with ether. The ethe- 

real layer was washed with anhyd Na2S04. After 

removal of the solvent, crude fonnyl derivative 

2 (13.236 g) was obtained and used for the next 

reaction without further purification. Thus. a 

soln of crude $ (13.236 g), propane-1,3-dithiol 

di-J_+toluenesulphonate (26.22 g) and KOAc (25.74 

g) in abs Etch (150 ml) was refluxed for 18 hr. 

After removal of the solvent, water (50 ml) was 

added and extracted with ether. The organic 

layer was washed with satd NaCl aq soln and 

dried over anhyd Na2S04. Evaporation of the 

solvent afforded the crude product which was 

chromatographed on silica gel (200 g) using 

benzene-n-hexane (1 : 1 v/v) for elutlon to give 

the keto thioketal $ (12.975 g, 78.1 % ftom2) 

as a colorless oil; [a], + 45.82' (c = 2.03). 

(Found: C. 61.87; H. 8.67.C17H2802S2 requires 

C. 62.15; H. 8.59 X); IRumax ('Xl,) 1700 cm'; 

NHR (CC14)61.08 (3M, s, Me),.l.ll (9H. s. O- 

Che3); MS m/e 328 (kj+). 

(+)-(lfJ,2&3?)-3-tert-Butoxy-2-methyl-2-[2,2- 

(propane-1.3-dithio)ethyl]cyclopent-1-ylacetic 

J&J 6). To a stirred soln of the keto thio- 

ketal t(28.323 g) in t-B&i (250 ml) was added 

powdered KOH (14.71 g). The reaction mixture 

was heated at 60°C for 12 hr. After removal of 

the solvent, water (150 ml) was added and the 

aqueous layer was extracted with ether. The 

organic layer was washed with satd NaC14 aq soln 

and dried over anhyd Na2S04. Evaporation of 

the solvent afforded crude product which was 

chromstographed on silica gel (500 g) using c- 

hexane-ether (7 : 3 v/v) for elution to give 

the acid 3 (27.196 g, 91 X) as a colorless oil, 

[a], + 51.76' (c - 1.19). (Found: C. 57.66; H, 

8.48. C17H3003S2.0.3H20 requires C. 58.01; H, 

8.76 X); IRvmax (CliC13) 1705 cm-'; NMR (CC14)6 

1.03 (3Ji, 5. kj. 1.14 (9H. 5, 0-CM3), 11.67 

(lli. br s. -C02H); F(s m/e 346 (M+). 

(+)-(llJ,2&32)-1-tert-Butoxy-3-(2-hydroxyethyl)- 

P-methyl-2-[2.2-(propane-1.3-dithio)ethyl]cy- 

clopentane (4). To a stirred suspension of LAH 

(850 mg) in anhyd THF (40 ml) was added at room 

temp a soln of the acid ,5, (2.683 g) in anhyd 

THF (70 ml). After the solution was stirred 

for 6 hr at room tenp, 10 % HaOH aq soln (30 

ml) was added and the organic layer was se- 

parated. The aqueous layer was extracted with 

ether. The combined organic layer was washed 

with satd NaCl aq soln and dried over anhyd 

Na2S04. After removal of the solvent, the resul- 

ting crude product was chromatographed on silica 

gel (80 g) using E-hexane-ether (4 : 1 v/v) for 
elution to give the thioacetal alcohol 6 (2.357 

g, 91.6 X) as a colorless oil, [a], t 60.42' (c = 

l.l3).(Found: C, 61.13; H. 9.71. C17H3202S2 re- 

quires C. 61.39; H, 9.70 I); IRvmax (QIC13) 

3630 cm"; NMR (CC14)6 0.98 (3H, s. i4e), 1.13 

(9H, 5. o-CMe3); MS m/e 332 (r?'). 

(+)-(l&2&35)-1-tert-Butoxx-2-methyl-2-(2.2- 

(propane-1.3-dithio)ethyl]cyclopentane (2). A 

soln of the thioacetal alcohol & (1.058 g) and 

2,3-dihydropyrane (325 mg) in anhyd CH2C12 (30 

ml) containing catalytic amount of e-toluene- 

sulphonic acid was stirred for 3 hr at room temp. 

After addition of satd NaHC03 aq soln (30 ml), 
the organic ph_ase was separated and the aqueous 

layer was extracted with CH2C12. The combined 

organic phase was washed with satd NaCl aq soln 

dried over anhyd Na2S04, and evaporated to leave 

the crude product which was chronmtographed on 

silica gel (30 g) using n-hexane-ether (9 : 1 v/v) 
as eluent to give the tetrahydropyranyl ether z 

(1.257 g. 94.8 X) as a colorless oil, [a],, + 

46.93' (c = 0.85).(Found: C, 63.21; H, 9.57. 

C22H4003S2 requires C, 63.41; H. 9.68 X); MR 

(CCl,)aO.98 (3H. s. Ha). 1.15 (9H. s. 
.L 
0-CHe3). 

4.47 (lH, br s. O-C&O); MS m& 416 (I?'). 
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(+)-[(lR,2fJ,3~)-1-tert-Butoxy-3-(Z-tetrahydro- 

pyranyloxy)ethylJ-2-mthylcyclonent-2-ylacet- 

(8). aldehyde A sol" of the tetrahydropyranyl 

etherz (835 mq), CM31 (2.85 9). and Na2CO3 

(1.06 g) in water (3 ml) and CH3CN (15 ml) was 

stirred for 8 hr at 50°C. After evaooration 

of CH3CN, water (30 ml) was added. The aque- 

ous layer was extracted with ether. The 

organic layer was washed with satd NaCl aq 

soln, dried over anhyd Na2S04. and evaporated 

to give the crude product which was chromato- 

qraphed on silica qel (20 q) usinq n-hexane- 

ether (9 : 1 v/v) as eluent to afford the alde- 

hyde 4 (497 mg, 76 X) as a colorless oil, [a], 

+ 52.12' (c = 0.66).(Found: C, 68.79; Ii, 10.35 

C1gH3404.0.3H20 requires C. 63.74; H. 10.51 Z); 

TR "max 
(CHCT3) 1705 cm-l; NMR (CC14) 6 1.03 

(3H. s,'Me), 1.10 (9H, s, 0-CMe3). 4.49 (lH, br 

s, 0-CH-O), 9.80 (lH, t, ,I = 3 Hz. CHB); YS m/e - 
326 (E+). 

l-tert-8utoxy_-2-[2-(1-cyano-4-methoxybenrocvclo- 

butenyl)-2-hydroxyethyl]-3-(2-tetrahydrooyranylo- 

xy)ethyl-2-methylcyclopentane (2). To a susoen- 

sion of NaH (60 % in oil) (61 mq) in anhyd BlF 

(4 ml) was added a sol" of l-cvano-rl-methoxy- 

benzocyclobutene4 (162 mq) in anhyd OMF (6 ml) 

at room temp. After the sol" was stirred for 

10 min at room temp. a soln of the aldehyde 4 

(166 mg) in anhyd DMF (6 ml) was added droowise 

at room temp and stirrinq was continued for 1 hr 

at room temp. At this end, the reaction mixture 

was diluted with satd NH4Cl aq soln and extracted 

with ether. The extract was washed with satd 

NaCl aq soln. dried over anhyd Na2S04, and evapo- 

rated to give crude product which was chromato- 

qraphed on silica qel (7 g) usinq benzene-EtOAc 

(95 : 5 v/v) as eluent to afford the hydroxy 

cyano compound 2 (190 mq, 77 %) as a colorless 

oil. (Found: C, 71.20; H, 8.76. C2gH43N0S re- 

quires C, 71.72; H, B-93 9); IR "max (CHC13) 

3660, 2225 cm"; NMR (CC14) 6 0.92 and 0.97 (3H, 

each s, Me), 1.22 (9H, s, O-CMe3), 3.73 (3H, s. 

We), 6.52 - 7.14 (3H, m, ArH); MS m/e 485 (E'). 

Reduction of Hydroxy Cyano Compound (2). Na 

(209 mg) was added to a soln of the hydroxy cyano 

compound 2 (1.1 g) in anhyd NH3 (100 ml) and 

anhyd THF (10 ml) at - 78'C. Stirring was 

continued for 30 min at - 78'C and then NH4Cl 

(120 mq) was added to the reaction mixture. 

After evaporation of NH3, the residue was di- 

luted with water (30 ml) and extracted with 

ether. The organic layer was washed with 
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satd NaCl aq sol". dried over anhyd Na2S04. 

and cvaoorated to leave a yellow oil which was 

chromatoqraohed on silica gel (30 q). Evapo- 

ration of the 1-hexane-benzene-EtOAc (20 : 9 : 

1 v/v) eluate afforded the comoound jJ, (138 mg, 

13.7 X) as a colorless oil. (Found: C, 75.29; 

H, 9.99. C28H4404 requfres C, 75.63; H, 9.97 %); 

NMR (Ccl41 6 0.88 (3X, s, Me), 1.10 (9H, s. O- 

CMe3), 3.69 (3H, s, OMe), 4.49 (TH. br s. O-CH- 

0). 6.50 - 7.02 (3H, m, ArH); MS m/e 444 (E'). 

Evaporation of the C-hexane-benzezEtOAc (20 : 
8 : 2 v/v) as eluate gave the compound ,l$ (720 

mq, 69 %) as a colorless oil. (Found: C. 71.91; 

H, 9.93. C28H4305.0.3H20 requires C. 72.16; H, 

9.43 X); NMR (CC14) 6 0.96 (3H, s, Me), 1.15 ( 

9H. S, 0-CMe3), 3.68 (3H, s. OMa), 4.47 (lH, 

br s, O-CH-O), 6.43 - 7.87 (3H, m, ArH); MS m/e - 
460 (rr'). 

1-tert-Butoxy-3-(2-~droxyethyl)-2-[2-(4-~tho- 

xy~nzocyclobutenyl)ethyl]-Z-~thylcyclo~ntane 

(x) and 1-tert-Butoxy-3-(2-hydroxyetnyl)-2-[2- 

hydroxy-2-(Q-methoxybenzocyclobutenyl)ethyl]-2- 

methylcyclopentane (a). A sol" of the tetra- 

hvdropyranyl ether ;U (633 mg) in MeOH (12 ml) 

containing 3 drops of 5 X HCl was stirred for 

3 hr at room temp. After addition of satd 

NaHC03 sol" (30 ml). the resultinq mixture was 

extracted with ether. The extract was washed 

with satd NaCl aq sol", dried over anhyd 

Na2S04. and evaoorated to leave the crude pro- 

duct which was chromatoaranhed on silica qel 

(15 q) usinq E-hexane-benzene-EtOAc (3 : 2 : 1 

v/v) as eluent to give the alcohol x (406 m9 

93.9 X) as a colorless oil. (Found: C. 75.73; 

H, 10.33. C23H3603'0.3H20 requires C, 75.49; 

H, 10.08 %),IR umax (CHC13) 3610 cm-'; NMR 

(Ccl41 E 0.87 (3H, s, Me), 1.10 (9H. s. 0-CMe3), 

3.67 (3H, s, OMe), 6.47 - 7.07 (3H. m. ArH); 

MS m/e 360 (M'). By following the same proce- - 
dure for Jj?, the alcohol a was obtained from 

Q in 95.1 % yield as a colorless oil. (Found: 

C, 72.06; H, 9.36. C23H3604'0.3H20 requires 

C._;2.32; H, 9.66 %); IR vmax (CHC13) 3600 

cm ; NMR (CC14) 5 0.94 and 0197 (3H. each s. 

Me). 1.19 (9H. s. O-CMe3). 3.72 (3H, s, OMe), 

6.49 - 7.13 (3H. m, ArH); MS m/e 376 (M'). 

I-tert-Butoxy-2-[2-(4_methoxybenrocyclobutenyl)- - 
ethyl]-2-methyl-3-[2-(~-toluenesulphonyloxy)- 

ethyl]cyclopentane (G) and 1-tert-Butoxy-2-[2- 

hyd~xy-2-~4~thoxy~n~ocyclobutenyl)ethyl]-2- 

ethyl-3-[2-(~-toluenesulohonyloxy)ethyl]cyclo- 

oentane (.j@. A mixture of the alcohol J,$ 
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(530 mg), ~-toluenesulphonyl chloride (421 mg), 

and pyridine (20 ml) was stirred for 4 hr at 

O°C and then the reaction mfxture was diluted 

with water (SO ml) and extracted w3t.h ether. 

The organic layer was washed with 10 % HCl and 

satd NaCl aq soln and dried over anhyd Na2S04. 

After evaporation of the solvent, the residue 

was chrcmatographed on silica gel (15 g) usinq 

n_hexane-benzene-EtOAc (19 : 10 : 1 v/v) as 

eluent to give the tosylate Is;! (604 mq, 79.8 

X) as a colorless oil. (Found: C, 79.71; H, 

8.36. C30H4205S requires C, 70.00; H, 8.23 %); 

NMR (Ccl,) 6 0.83 (3H, s, He), 2.46 (3H. s, 

ArHe), 3.72 (3H. s, Otk), 6.49 - 7.08 (3H, m, 

ArH), 7.28 (2H, d, J = 8 Hz, ArH), 7.77 (2H, 

d, J = 8 Hz, ArH); MS m/e 514 (tj+). By using 

the same procedure for%. the tosylate ,@, 

was prepared from a in 91.8 % yield as a color- 

less oil. (Found: C, 67.67; H, 7.44. C30H42- 

06s requires C, 67.88; H, 7.98 %); IR vmax 

(CHC13) 3680 cm-'; NMR (CC14) 6 0.89 (3H, ;, 

Me), 1.13 (9H, s, 0-CMe3), 2.43 (3ti, s, ArMe), 

3.70 (3H, s, OMe), 6.44 - 7.02 (3H, m, ArH), 7.27 

(2H. d, J = 8 Hz, ArH), 7.72 (2H, d, J = 8 Hz, 

ArH); MS m/e 456 (hi+ - 74). - 
l-tert-8utoxy-3-(2-iodoethyl~-Z-{2-(4-~thoxy~ 

benrocyclobutenylfethyf-2-methylcyclooentane 

(E) and I-tert-Butoxy-2-[2-hydroxy-3-(2-&- 

doethyl)-2-(4-methoxybenzocyclobutenyl)ethyl]- 

2-methylcyclopentane (a!,. A mixture of the 

tosylate a (580 mg), NaI (677 mg), and acetone 

(15 ml) was refluxed for 1.5 hr. After remo- 

val of the solvent, water (50 ml) was added 

and the resulting mixture was extracted with 

ether. The organic layer was washed with 5 % 

Na2S203 aq soln and satd NaCl aq soln and dried 

over anhyd Na2S04. The crude product obtained 

by evaporation of the solvent was chrcmatogra- 

phed on silica gel (18 g) using c-hexane-ben- 

zene-EtOAc (9 : 5 : 1 v/v) as eluent to give 

the iodide ,&$, (4% mg, 93.5 %) as a color- 

less oil. (Found: C, 58.65; H, 7.59. C23H35- 

OS1 requires C, 58.72; H, 7.50 X); NMR (CC14) 

6 0.90 (3H. s, Me), 1.10 (9H, s, 0-CMa3), 3.75 

(3X, 5. O&t, 6.58 - 7.22 (3X, m, ArH); MS mle - 
470 (21'). From the same reaction procedure 

for &I, the iodide ,$$ was obtafned from @ fn 

90.4 % yield as a colorless oil. (Found: C, 

56.72; H, 6.70. C23H3s031 requires, C. 56.79; 

H, 7.25 X); IR vmax (CHC13) 3675 cm-'; NHR 

(CC14) 6 0.97 (3H, s, Ma), 1.13 (9H, s. 0-CMe3), 

3.68 (3H, s, We), 6.48 - 7.07 (3H, in, ArH); 

MS m/e 486 (f). - 
1-tert-8utox~-2-[2-(4-~thoxybenzocyclobute- 

~~hyl~-2~thyl-3-[2-(~-toluenesulphonyl)- 

ethyllcyclooentane (,j$) and 1-s-8utoxx-2- 

[2-hi-2-(4~thoxy~nzocyclobutenyl)ethyl]- 

f-methyl-3-[2-(ptoluenesulohonyl)ethyl]cyclo- 

pentane (RR,. A mixture of the Iodide M (572 

mg), sodium g-toluenesulphinate (700 mg), and 

anhyd DMF (10 ml) was stirred for 2 hr at SO'C. 

After evaooration of the solvent, the residue 

was diluted with water (50 ml) and extracted 

with ether. The organic layer was washed with 

satd NaCl aq soln, dried over anhyd Na2S04, and 

evaporated to leave the crude product which 

was ~hr~tographed on silica gel (20 g) using 

E-hexane-benzene-EtOAc (9 : 5 : 1 v/v) as 

eluent to give the sulohone a (570 mg, 94 %) 

as a colorless oil. (Found: C, 71.25; H, 8.53. 

C30H4204Sa0.3H20 requires C. 71.47; H, 8.52 %); 

NHR (CC14) 6 0.85 (3H, s. Me), 1.08 (9H. s, O- 

CHe3). 2.43 (3H, s, Art@), 3.71 (3H, s, OMe), 

6.52 - 6.98 (3H. m, ArH). 7.27 (2H, d, J = 8 

Hz, ArH), 7.83 (2H, d, J = 8 Hz, ArH); MS mje - 
498 (111'). The sulphone ,&Q was also obtained 

from ,jj in 93.1 % yield as a colorless oil. 

{Founds C, 69.79; H, 8.31. C3Oh4205S requires1 

C, 70.00; H, 8.23 X); IR vmax fCHC13) 3680 cm ; 

NMR (CC14) 6 0.92 and 0.93 (3H. each s, Me), 1.12 

(9H. s, cl-CHe3), 2.43 (3H. s, ArMe), 3.70 (3H, 

s, Ok). 6.47 - 7.01 (3H. m, ArH), 7.27 (2H, d, 

J = 8 Hz, ArH), 7.70 (2H, d. J = 8 Hz, ArH); MS 

m/e 441 (Mt - 74). 

~2-8en~~neselenylethyl)-l-tert-bu~oxy-2-[2- -- 
(4-~thoxy~nzocyclobutenyl)ethyl]-2-ethyl-3- 

[2-(~toluenesu~ohonyl)ethyl~~yclo~n~ne (a) 

and 3-(2-~enzeneselenylethyl~-l-tert-butox~- 

2-12-hydrox~-2-(4-~thoxybenzocy~lobutenyl~- 

~j-2-methyl-3-[2-(~-toluenesuTohonyl)ethyl]- 

cyclooentane (Q,). To a soln of the sulphone 

g (555 mg) in anhyd THF (12 ml) was added c- 

BuLi (1.6 mol soln in n-hexane) (1.07 ml) at 

- 78'C. After stirrinq for 10 min at the same 

temp, a soln of diohenyl diselenide (417 mg) $n 

anhyd THF (8 ml) was added and stirring was con- 

tinued for 1 hr at the sama temp. At this end, 

the reaction mixture was diluted with satd NH4Cl 

aq soln and extracted with ether. The ethereal 

layer was washed with satd NaCl aq soln, dried 

over anhyd Na2S04, and evaporated to leave the 

crude product which was chromatograohedonsilica 

gel (20 g) using c-hexane-benzene-EtOAc (9 : 5 : 
1 v/v) as eluent to give the selenide $Q (389 mg, 
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53.4 %) as a colorless oil. NHR (CCl4) 6 0.75 diluted with water (12 ml) and extracted with ether. 

(3H, s, Me), 1.12 (9H. s, 0-CMe31r 2.45 (3H, s, The orpanic layer was washed with satd NaCl aqsoJn, 

Ark), 3.83 (3H, s, Ok-), 6.52 - 7.03 (3H. m, dried over anhyd Na2SO4, and evaporated to givethe 

ArH), 7.08 - 7.62 (7H. m, SeArH and ArH), 7.75 crude product which was chromatographed on silica 

(ZH, d, J = 8 Hz, ArH); MS m/e 654 and 652 (et). - gel (JO g) using ~-hexane-benzene-EtOAc (9 : 5 : 
The selenide z was also obtained from sulphone 1 v/v) as eluent to afford the keto olefin @, 

20 in 59.2 % yield as a colorless oil. IR vrnax ?I> 
(CHC13f 3680 cm-'; 

(110 mg, 96 %) as a colorless oil. IR vmax 

I&R (Ccl41 5 0.83 (3H. s, &?j. (CYC13) 1710 cm-'; NMR (CC14) 6 0.93 and 0.98 

1.14 (9H. s. 0-CMe3). 2.45 (3H. s, Ark). 3.71 

(3H. s. OMe.), 6.52 - 6.97 (3H. m, ArH), 7.03 - 

(3H, each s. Me), 1.10 (9H, s, 0-CMe3), 2.37 (3H, 

s, AMe), 3.70 (3H, s, O&Z). 6.02 (lH, d, J = 14 

7.55 (7H, m, SeArH and Arh), 7.73 (2H. d. J = Hz, olefinic H), 6.27 (1H. d, J = 14 Hz, olefinic 

8 Hz, ArH); MS m/e 670.2195 (M+) (Calcd. for Ii), 6.47 - 7.06 (3H, m, ArH), 7.17 (ZH. d, J = 8 

C36H460SSSe 8o 670.2230). Hz, Arti). 7.63 (2H, d, J = 8 Hz, ArtI); MS m/e 

l-tert~Butoxy-2[2-(4-~thoxybenzocyclobu~nyl)- 

ethyl]-2-methyl-3]2-(~-tolwnesulphonyl)ethenyl]- 

510.2476 (k-l') (Calcd. for C30H3B055 510.2440). 

3-O-Methyl-7 -p-toluenesulphonyl-8a.9a.l48-estra- 

yclopentane (3) and I-tert-Butoxy-2-[2-m- dial (a) and 3-0-Methyl-11-oxo-7-e-toluene- 

2-(4-methoxybenrocyclobu~yl)ethyl]-2-methyl-3- sulphonyl-8o,9a,l48-estradiol (g). A soln of 

[2-(p-toluenesulphonyl) ethenyl]cyc?opentane (ZJ). the olefin 2?, (135 mg) in g-dichlorobenrene 

To soln of the selenide l$ (193 mg) and pyridine 

(28 mgf in CH Cl (JO ml) was added 30 4; H202 
8 2 

(165 mg) at 0 C and stirred for 20 min. After 

addition of water (10 ml), the resulting mixture 

was extracted with CH2C12. The organic layer 

was washed with satd NaCl aq soln, dried over 

anhyd Na2S04. evaporated to leave the crude 

product which was chromatographed on silica gel 

(7 g) using ~-hexane-~nzene-Et~c (9 : 5 : 1 
v/v) as eluent to give the olefin $$ (126 mg, 

86.1 %) as a colorless oil. (Found: C, 72.41; 

H, 8.31. C30H4004S requires C, 72.54; H, 8.12 

%); NMR (CC14) 6 0.89 (3H, s, Me), 1.10 (9H, s, 

0-CMe3), 2.38 (38, s, ArMe), 3.69 (38, s. OMe) 

6.00 (?H, d, J = 14 Hz, olefinic H). 6.25 (JH, 

d, J = 14 Hz. olefinic H), 6.48 - 7.07 (3H, m, 

ArH), 7.18 (2H, d, J = 8 Hz, ArH), 7.65 (2H, 

d, J = 8 Hz, A&i); MS m/e 496 (!'I. By follow- 

ing the same procedurefor 22, the olefin Q 

was also obtained from 2 in 90.1 % yield as a 

colorless oil. NMR (CC?,) 6 0.93 and 0.99 (3H, 

each s, Me), 1.10 (9H. s, 0-CMe3), 2.35 f3H, s, 

ArMe), 3.67 (3+i, s, OMe), 5.95 (lH, d, J = 14 

Hz. olefinic H), 6.22 (JH, d, J = 14 Hz, olefi- 

nit H), 6.42 - 7.02 (3H. m, ArH). 7.17 (28, d, 

J = 8 Hz, ArH), 7.68 (2H, d, J = 8 Hz, ArH); 

MS m/e 512.2565 (E') (Calcd. for C30H4005S 

512.2595). 

1-tert-Butoxy-2-[2-(4-methoxybenzocyclobutenyl)- 

2-oxo-ethyl]-2-methyl-3-[2-(e-toluenesulphonylf- 

cyclopentane (8). To a soln of the olefin 

23 (115 mg) in acetone (8 ml) was added Jones 

reagent (4 drops) at O'C. 

The reaction mixture was stirred for 10 min. 

(10 ml) was itirred for 6 hr at 195'C in a cur- 

rent of N 2' 
After evaporation of the solvent, 

the residue was subjected to chromatography on 

silica gel (5 g). Evaporation of n-hexane- 

benzene-EtOAc (17 : 10 : 3 v/v) as eluate left 

a colorless oil which on crystallization from 

EtOH afforded the compound Q (73.8 mq. 61.6 %) 

as colorless prisms, m.p. 146 - 147OC, (o], + 

18.47' (c = 0.31). (Found: C, 70.42; H, 7.54. 

C26H3204S requires C, 70.87; H, 7.32 X); IR vmzx 

(CYC13) 3610 cm-'; NMR (CDC13) 6 1.00 (3&.5, kj. 

2.38 (3H, s, AtMe), 3.73 (3H, s, OMef, 6.37-7.88 

(7H, m, Art?); MS m/e 440 (!'I. The compound @ - 
was also obtained from the keto olefin e in 36.7 

% yield as a colorless oil by following the same 

procudure for 25 described above. The compound 
-0 

g. [a], + 76.25 (c = 0.16); IR vmx (CHC13) 

3610 and 1710 cm-'; NMR (C0Cl3) 6 0.85 (3H. s, 

Me), 2.41 (3H, s. ArMe), 3.69 (3, s, OMe), 6.33 

- 7.17 (3H, m, ArH), 7.28 (2H, d, J = 8 Hr. ArtI), 

7.72 (2H, d, J = 8 Hz, ArH); MS m/e 454.1775 (y') 

(Calcd. for C 6H3005S 454.1812). 

9 - 3-O-Methyl-66 7)-&.9o.l46-estradiol (a). A 

soln of the sulphone g (27 mg) in IW (7 ml) 

was stirred for 12 hr at 130°C and the reaction 

mixture was diluted with water (10 ml) and then 

extracted with EtOAc. The organic layer was 

washed with satd NaCl aq soln, dried over anhyd 

Na2S04, and evaporated to leave the crude product 

which was chrematographed on stllca gel (5 g). 

Evaporation of benzene-n-hexane-EtOAc (80 : 17 : 

3 v/v) eluate afforded the styrene a (14 mg. 

58.6 X) as a colorless oil. (a], + 100.O" 
(c = 0.14); NXR (COCl3) d 1.09 (3f.l. s, He), 3.77 
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(3H. s. OMe). 5.57 - 6.47 (2H. m, olefinic H), 

3-0-Methyl-Ba,9a,l4B-estradiol (a). A mix- -- 
tuna of a (12 mg), 10 % Pd-C (15 mg), and 

acetone (6 ml) was stirred in H2 at room temp. 

After filtration of the catalyst, the filt- 

rate was evaporated to leave the crude product 

which was chromatographed on silica gel (5 g) 

using benzene-$-hexane-EtOAc (16 : 20 : 1 v/v) 

as eluent to give @_ (11.9 mg, 98.5 X) as a 

colorless oil. [a], - 12.2' (c = 0.164); NMR 

(CDcl3) 6 1.10 (3H, s, Me), 3.75 (3x, 5, Of@). 

6.60 - 7.17 (3H, m, AI+); MS m/e 286 (z+). 

3-O-Methyl-8a.90114B-estrone (a). To a solut- 

ion of a (6.4 mg) in acetone (2 ml) was added 

Jones reagent (1 drop) at O°C and stirred for 

10 min. After dilution with water (10 ml), 

the reaction mixture was extracted with EtOAc. 

The organic layer was washed with satd NaCl aq 

soln, dried over anhyd Na2S04, and evaporated 

to leave the drude product which was chromato- 

graphed on silica gel (3 g). Evaporation of 

benzene-n-hexane-EtOAc (20 : 20 : 1 v/v) eluate 

afforded a colorless oil which was crystallized 

from MeoH to give the compound (a) as colorless 

prisms, m.p. 104 - 105'. IR urnax ((X13) 1725 

cm-'; NMR fCDCl3) 6 1.12 (3H, s, f&f, 3.72 (3H. 

s, OMe), 6.50 - 7.37 (3M. in, ArH); MS m/e 284 - 

(k). 
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