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The intermolecular photochemical cycloaddition of ethylenes 

to conjugated systems has recently attracted considerable at- 

tention .(4) We now wish to report the preparation of the hitherto 

inaccessible steroid cyclobutanes, with examples in the progesta- 

tional and corticoid series, by photochemical addition of ethyl- 

ene and tetrafluoroethylene to 16-dehydro-20-keto steroids. 

irradiation(5) of 3@-acetoxypregna-5,16-dien-20-one (I) in 

a benzene solution saturated with ethylene (maintained by bub- 

bling the gas through the solution) afforded 3B-acetoxy-16o,17a- 

ethylenepregn-5-en-20-one [IIa (52%); m.p. 186-187O; [a], +19'; 

v max 1695, 1730 cm-'; n.m.r. 35 (18-H), 62 (19-H) c.p.s. w. 

Calcd. for C25H3603: C, 78.08; H, 9.44; 0, 12.48. Fpund: C, 

78.01; H, 9.12; 0, 12.94]@) and the epimeric 3B-acetoxy-16@, 

17@-ethylenepregn-5-en-20-one [IIb (7%); m.p. 195-196'; (a],, -84"; 

V max 1695, 1730 cm-'; n.m.r. 62 (19-H), 69.5 (18-H) c.p.s. u. 

Found: C, 78.16; H, 9.43; 0, 12.56].(7) 

The stereochemistry of addition follows from the n.m.r. 

frequency of the 18-protons which correlate well with the observed 
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frequencies for the unsubstituted 17a- and 17@-pregnanes. (8) 

The addition is considered to be & in view of Eaton's (9) re- 

sults for the dimerisation of cyclopentenone and the addition 

of cyclopentene to cyclopentenone. In the present instance, 

trans addition would be even less likely due to the rigidity of 

the C/D trans. fused tetracyclic system. 

Hydrolysis of IIa with potassium carbonate in aqueous metha- 

nol afforded the corresponding 3-carbinol [III, m.p. 217-219'; 

[a], +24'; vmax 1680, 3480 cm-'; n.m.r. 35.5 (18-H), 61.5 (19-H) 

c.p.s. Anal. Calcd. for C23H3402: C, 80.65; H, 10.01; 0, 9.34. 

Found: C, 81.05; H, 10.09; 0, 9.111 which on Oppenauer oxidation 

yielded 16a,_7a-ethyleneprogesterone [IV, m.p. 196-197'; [a], 

+162'; h,,, 241 mk (E 16,860); vmax 1695, 1675, 1620 cm-'; n.m.r. 

37.5 (18-H), 73 (19-H) c.p.s. _ Anal. Calcd. for C23H3202: C, 

81.13; H, 9.47; 0, 9.40. Found: C, 81.28; H, 9.56; 0, 9.501. 

Similarly, photochemical cycloaddition of tetrafluoroethylene 

to I yielded 3B-acetoxy-16a,17a-tetrafluoroethylenepregn-5-en-20- 

one [Va (24%); m.p. 172-173'; [a], -109O; Vmax 1730, 1720 cm-'; 

n.m.r. 39.5 (18-H), 60.5 (19-H), 136 (JHF 2.3 c.p.s., 21-H) c.p.s. 

u. Calcd. for C25H3203F4 (MW 456.5): C, 65.77; H, 7.07. Found: 

C, 66.07; H, 7.07. Mass spectrum: 456 (M+), 396, 3811 and 168, 

17&tetraflcoroethylenepregn-5-en-20-one [Vb (11%); m.p. 147-148'; 

[a], -76"; \mmax 1740, 1715 cm-'; n.m.r. 61.5 (19-H), 69 (JHF 3.7 c.P.s., 

18-H), 136.1; ~~~~ 2.6 c.p.s., 21-H) c.p.s. a. Found: C, 65.92; 

H, 6.62. Mass spectrum: 456 (M+), 396, 3811. The assignment of 

stereochemistry is supported by the position of the 19-proton 

frequencies found with Va and Vb and the observation with Vb of 

long range ,coupling(") of the 18-protons with fluorine on the B 

oriented tetrafluoroethylene bridge. 
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The alpha adduct was hydrolyzed to yield VI [m.p. 176-177'; 

[aID -18”; ‘vmax 3530, 1720, 1700 cm-'; n.m.r. 39 (18-H); 60 

(19-H); 137 (J~F 2.4 c.p.s., 21-H) c.p.s. a. Calcd. for 

C23H3002F4: C, 66.65; H, 7.30. Found: C, 66.82; H, 7.361 and 

converted to 16a,l7a-tetrafluoroethylenepregn-4-ene-3,2O-dione 

[VII, m.p. 271"; [a]b +91"; hmax 237 rnk (E 16,000); vmax 1720, 1675 

-1 cm ; n.m.r. 42 (18-H), 71 (19-H), 137.1 (J 2.2 c.p.s., 21-H) 

c.p.s. _ Anal. Calcd. for C23H2802F4: C, 66.97; H, 6.84; F, 18.43. 

Found: C, 67.05; H, 6.89; F, 18.341 by Cppenauer oxidation. (11) 

Photochemical cycloaddition of ethylene to 3-ethylenedioxy- 

9a-fluoro-llg,2l-dihydroxypregna-5,16-dien-2O-one 21-acetate (12) 

afforded the 16a,17a-ethylene adduct [VIII (40%); m.p. 209-212'; 

[aID +17" (dioxane); vmax 3540, 1750, 1705 cm-'; n.m.r. deuterio-. 

pyridine 51.5 (18-H), 83.5 (19-H) c.p.s. Anal. Calcd. for 

C27H3706F= C, 68.04; H, 7.83; F, 3.99. Found: C, 67.90; H, 7.87; 

F, 3.871 which on hydrolysis with p-toluenesulfonic acid in ace- 

tone yielded 16a,17a-ethylene-9a-fluoro-llg,21-dihydroxypregn-4- 

MeOH ene-3,20-dione 21-acetate [IX, m.p. 206-208'; [Q]b +141°;Amax 

237 rnb (E 15,800); vmax 3470, 1755, 1720, 1660 cm -1 ; n.m.r. 53 

(18-H), 94 (19-H) c.p.s. _ Anal. Calcd. for C25H3305F: C, 69.42; 

H, 7.69; F, 4.39. Found: C, 69.65; H, 7.89; F, 4.551. 

The photochemical addition of ethylene to 9a-fluoro-11@,21- 

dihydroxypregna-4,16-diene-3,20-dione 21-acetate allowed a 

qualitative comparison of the reactivity of the A ring enone 

system with the 16-en-20-one. Irradiation(') for a period of 45 

minutes afforded 60% of 4a,5a-ethylene-9a-fluoro-ll(3,2l-dihydroxy- 

pregn-16-ene-3,20-dione 21-acetate [X, m.p. 178-180'; [U]b +103'; 

R.D. [a]600 +106O, [a]35o +1181°, [a]320 fO", [4]28o -1X7", 

[al253 -20300, [al 233 foOJ 
(dioxane); hmw 241 ITI~ (E 8900); vmax 
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3495, 1755, 1695, 1685, 1585 cm-'; n.m.r. 68.5 (19-H), 71 (18-H), 

407 (16-H) C.P.S. _ Anal. Calcd. for C25H3305F: C, 69.42; H, 

7.69; F, 4.39. Found: C, 69.61; H, 7.74; F, 4.601 in addition 

to small quantities of X and of a 4,5:16,17_hisethylene adduct. 

The 4a,5a-stereochemistry is assigned to X on the basis of the 

n.m.r. and O.R.D. results. The shielding of ca. 18 c.p.s. of the 

19-H reson.lnce as compared to the calculated (8) value of 87 c.p.s. 

for %t-fluoro-11@,21-dihydroxy-5a or 5@-pregn-16-ene-3,20-dione 

Zl-acetate suggests an A ring boat or twist boat conformation, 

bringing the 19-protons within the shielding cone of the 3-ketone. 

The O.R.D. results are consistent with the twist boat conforma- 

tion but cannot be accommodated by a B-adduct. Neither of the two 

possible trans adducts is consistent with both the O.R.D. and -- 

n.m.r. data. 
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Experiment carried out by H. H&ni. 

Prepared from 9a-fluoro-11f3,2l-dihydroxypregna-4,16-diene- 

3,20-dione al-acetate (13) and butanone dioxolane in the 

presence of p-toluene sulfonic acid. 
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