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NOVEL REARRANGEMENTS IN THE STEROID SERIES 
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Abh.0uc.t : TWO heantrangmeti in the h&%o.i_d btie.h inwohing a phopynyl nub - 
hAti/tueti ahe. da&bed. One 06 Xhem yielded a ,Jtied cycLobu&nc dmLvtive. 

It has been shown that llB,17B-dihydroxy-l‘la-propynyl-androsta-1,4-dien-3-one I_, 

possesses a remarkable corticoid-like activity (1). When this compound was treated with BF3 

etherate in acetic acid or acetonitrile, the well-known rearrangement of the 18 methyl group 

to the 17-position (2) occurred, yielding 88% of & [MP 182"C, (a)p c 113 + 3.5" (0.5% CHC13) 

'H-NMR 6 (3) : 1.19 (s, 17Me) 1.43 (s, 19Me) 1.73 (s, CH3-C-) 4.60 (m, Hll) 6.07 (bs, H4) 

6.28 (bd, J=lOHz, H2) 7.28 (d, J=lOHz, Hl)]. However, when the solvent was changed to benzene, 

chloroform or CC14, the main reaction product became 3 (65%) as determined by further trans- 

formations, and finally confirmed by independent X-ray analysis (4). The physical character- 
20 

istics of this compound are the following : MP 157"C, (a)D - 1" (0.8% in CHC13). 

'H-NMR 6 : 1.25 (s, 17Me) 1.30 (s, 19Me) 1.80 (s, CH3-Cr) 4.48 (d, J=7Hz, Hll) 6.04 (bs, H4) 

6.23 (dd, J=ZHz and lOHz, H2) 7.08 (d, J=lOHz, HI). 

13C-NMR 6 : 154.2 (d, Cl) 127.1 (d, C2) 185.4 (s, C3) 124.3 (d, C4) 157.0 (s, C5) 73.4 (d, Cll) 

93.5 (s, C17) 79.0 and 79.5 (s, C-C) 24.6 (q, 17Me) 19.0 (q, 19Me) 3.5 (q, CH3-C-). Presence 

of 2 carbons 01 to oxygen (Cl1 and C17). M+ 322. 
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It appears that a non-nucleophilic solvent favours the triple bond participation in 

the rearrangement, whereas nucleophilic solvents favour elimination of the 14a proton. As 

diethylether present in BF3 etherate can be considered as a nucleophilic solvent, it was 

expected that the use of pure boron trifluoride in chloroform should increase the yield of 

compound 3 at the expense of the minor product 2 

giving a 78% yield of 3 
-* This wasindeed the case, this procedure 

_* 

To determine the structure of 3, this compound was treated with BF3 etherate in 

acetic anhydride to effect the opening of the epoxy bridge, giving a 64% yield of the lip 

acetoxy steroid 4a : 

lH-NMR 6 - : 1.08 (s, 19Me) 1.63 (bs, 17Me) 1.73 (s, CH3-Cs) 2.03 (s, OAc) 5.3 and 5.5 (m, Hll 

and H16) 6.07 (bs, H4) 6.28 (dd, J=1.5Hz and lOHz, H2) 7.12 (d, J=lOHz, Hl). The 17Me is 

slightly coupled with the 15 methylene. Presence of two deshielded protons : H16 (ethylenic) 

and Hll (a to oxygen); 

13C-NMR 6 : 153.9 (d, Cl) 127.9 (d, C2) 185.4 (s, C3) 123.2 (d, C4) 167.8 (s, C5) 68.2 (d, Cn) 

122.7 (d, C16) 142.8 (s, C17) 75.0 and 83.5 (s, -CEC-) 12.9 and 19.8 (q, 17 and 19Me) 3.6 (q, 

CH,-CE). 21.5 and 169.9 (OAc : CH3 and 
s 
). Presence of> CH - OAc and -CH = C < . This 

compound could be saponified to the corresponding llg hydroxy steroid 4b (MP 195°C : (a);' - - 
182"). Alternatively, when compound 3 was treated with SnC14 in acetic anhydride, followed - 

by mild saponification, an extensively rearranged product was isolated in 78% yield. The 

structure of this compound was shown by X-ray diffraction analysis to be 5, (see below). The 

physical data are the following : MP 245°C : (a)D 

'H-NMR 6 

2o + 44 + 1" (1% in CHCl ). 

: 1.06 (s, 17Me) 1.53 (s, CH3-CEC) 1.81 (s, OAc) 2.13 (s, CH3 - 0 ) 6.38 and 6.79 
iz> 

(d, J=9Hz, H2 and H3) 6.5 (m, Hl1) 5.86 (bs, OH). Absence of ethylenic proton. Presence of 

one phenolic OH. 

13C-NMR 6 : 153.2 (s, Cl) 112.7 (d, C2) 127.8 (d, C3) 127.4 (s, C4) 140.8 (s, C5) 123.2 (s, 

Clo) 69.9 (d, Cll) 61.7 and 55.4 (s, Cl3 and C17) 123.6 and 139.3 (s, >c=C<) 19.1 (q, 4Me) 

7.9 and 18.3 (q, 17Me and Me on the double bond) 21.7 and 171.3 (OAc : CH3 and C=O). 24 

carbons are observed. Absence of triple bond. Presence of a tetrasubstituted double bond. 
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As can be seen, this product arises from two independent molecular rearrangements : 

- the well-known dienone-phenol rearrangement (5) 

- the formation of a fused cyclobutene via triple bond participation. 

This latter rearrangement most likely occurs through a vinyl cation intermediate of the type 

indicated in the scheme, followed tiy vinylidene-cyclobutene rearrangement. Such a 
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Perspective view of 2 seen along the direction C(15) - middle of C(13) - C(17) 

drawn by the ORTEP pro9ramme (10). 
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