
Tetrahedron Letters No.@, PP. 5175-5178, 1966. Pergsmon Press Ltd. 
Printed in Great Britain. 

ST&RO~l@)~II(l) . THE EFTHYI.ENATION OF UNSATURATED KETONES 
THE 1:4-ADDITION OF DIFLUOROMETHYLENE TO AN ENONE 

P. Hedge(3) J. A. Edwards and J. H. Fried 
Instiiute of Steroid Chemistry 

Syntex Research 
Palo Alto, California 

(Received 29 July 1966) 

The reactions of carbenes with conjugated dienes usually pro- 

ceed by 1,2-addition to give cyclopropane derivatives (4). The only 

well-authenticated example of a 1,4-addition is the reaction between 

buta-1,3-diene and photochemically produced methylene to afford cyclo- 

pentene in 6-10% yield (5,6). 1,2-Addition and methylene insertion 

products &are also obtained. 

Previous reports from this laboratory have described the re- 

actions between "difluoromethylene" and conjugated dienones to afford 

cyclopropyl ketones (7). We now wish to report a novel reaction in 

which "difluoromethylene" adds to a cisoid enone to give 1,4-adducts 

in high yield. 

Treatment of 178-acetoxy-2-methoxymethylene-5a-androstan-3-one 

(I) in refluxing diglyme (163') (') with twelve equivalents of "di- 

fluoromethylene" generated by thermal decomposition of sodium chloro- 

difluoroacetate (10) , afforded, after column chromatography, two mono- 

adducts, one with m.p. 120.5-121.5'; [aID cHc13 +38' (Found: C, 68.11; 

H, .7.81; F, 8.85) and the other with m-p. 166.5-168'; [aID cHc13 +31° 

(Found: C, 67.87: H, 8.07; F, 8.79) in 42 and 28% yields respectively. 

These have been identified as the 3' epimers of 178-acetoxy-5a- 

androstane-[2,3-dJ-2', 2'-difluoro-3'-methoxy-2',3'-dihydrofuran 

(IIa,b) from the following spectral data. 
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Neither isomer showed significant ultraviolet absorption above 

220 m@ and infrared and optical rotatory dispersion measurements 

excluded the presence of carbonyl groups other than that of the 

17e-acetate. The proton magnetic resonance spectra (11) showed a 

3-n singlet at 207 c.p.8. due to a methoxyl group, and a 1-H mul- 

tiplet ats. 255 c.p.8. due to the proton on the furan ring. This 

proton was coupled to both of the fluorine nuclei. The mass spectra 

of both isomers were very similar and had a prominent peak at m/e = 

- 162 which is attributed to the occurrence of a retro-Diels- 

Seder cleavage as shown(12). 

MASS 162 

The lg F nuclear magnetic resonance spectrum (13) of the higher melting 

isomer showed two quartets centered at +906 (JFF 155 c.p.s., JFH 4 

c.p.8.) and +716 (JFF 155 c.p.s., JFH 12 c.P.s.), and that of the 



NO.42 

lower melting isomer showed 

JFB 5 c.p.s.) and +716 (JFF 
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quartets centered at +908 (JFF 150 c.p.s., 

150 c.P.s., JFH 12 c.P.s.). These d - 

values are in good agreement with those quoted for fluorine nuclei 

in the environment -OCF2-C ( 6+70 to +90 p.p.m.) (14) , but quite dif- 

ferent from those for fluorine nuclei in l:l-difluorocyclopropanes 

( +120 to +155 p.p.m.)(15). 

Each isomer consumed ane equivalent of bromine in carbon tetra- 

chloride. Unlike simple enol-ethers (16) , the enol-ether grouping 

in the adducts IIa,b was stable to boiling 95% acetic acid during 

2.5 hours. This, and the lack of enol-ether bands between 1550 and 

1700 cm 
-1 

in the infrared spectra, is attributed to'the strong 

electron-attracting effect of the CF2 group which probably reduces 

the interaction between the non-bonding electrons of the furan oxygen 

and the T -electrons of the double bond (17) 
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