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Abstract -- The steroidal ketone (3) gave in high yield the - 
cardenolide (4) and iso-cardenolide (6) by treatment with the 

" - 
lithium derivatives prepared from 4-bromo- and 3-bromo-2-trimethyl- 

silyloxyfuran, respectively. 

1 In previous work we have shown that cardenolides and iso-cardenolides may be 

synthesized by a method which features the reaction of a steroidal ketone with 

3-fury1 lithium and an oxidative and reductive transformation of the furan ring 

into a five-membered unsaturated lactone. 

We now wish to report a novel and far superior method for the conversion of the 
/ 

appropriate steroidal furan derivative into a cardenolide. We have developed new 

organometallic reagents of the type I and 11. The R group may be any removable 

blocking group and in this Communication we shall specifically deal with the 

preparation and use of the trimethylsilyloxy reagents (I and 11, R = -Si[CH313). t 

rhe known 6-bromo-crotonolactone2 (mp 77'C) was stirred under nitrogen for 12 h 

at 65'C in dry tetrahydrofuran with triethylamine, trimethylsilyl chloride and a 

catalytic amount of ZnC12. Distillation of the filtered reaction mixture gave 

the 4-bromo-2-trimethylsilyloxyfuran I11 (bp 60°C/0.05 mm Hg) as a colorless oil 

....................................... 
The synthetic uses of I and I1 with various selectively removable alkyl groups 

as R will be described in separate Communications. 



in a yield of 80%. [pmr (CC1 ) .  7 = 9.74 (s, 9H. -Si[CH3l31, 4.84 (d, J = 1.5 Hz, 4 ' 

1H. C3-HI, 3.20 (d, J = 1.5 Hz, 1H. C5-H) . I  

The 3-bromo-2-trimethylsilyloxyfuran IV was prepared by the same procedure from 

the known a-bromo-crotonolactone2 (mp 58'C). [pmr (CC14): r = 9.70 (s, 9H, 

-Si[CH3I3), 3.80 (d, J = 3 Hz, 1H, C4-H), 3.25 (d, J = 3 Hz, lH, C5-H) . I  
1 The a.6-unsaturated ketone (1) was heated under reflux with acetone and 3N HC1 

" 

for 1 h. The 0.y-unsaturated isomer ( 2 )  (mp 180-1°C) was isolated in a yield 
of [ir (CHCl31: 1740 an-' (C=O): pmr (cDC13): r = 2.66 ( s ,  5H. aromatic 

H), 4.50 (dd, J = 2 Hz, 1H. C15-H), 5.50 ( s ,  2H. benzylic H), 6.28 (broad s, 1H. 

C3-HI, 7.06 (dd, J = 2 Hz, 2H. C -H), 8.88 (s, 3H. 19-CH3), 8.98 (s, 3H. 18-CH3).1 
16 

Compound (2) was hydrogenated in a mixture of benzene, ethanol and 0.1 N aqueous 
" 

in a yield of 90%. Fir (KBr): 1740 cm-I (C=O); pmr (CDC13): r = 2.62 (s, 5H, 

aromatic HI, 5.48 (s, 2H, benzylic H), 6.28 (broad s ,  lH, C3-H), 8.92 ( 5 ,  3H. 

19-CH3), 9.05 (s, 3H. 18-CH3) . I  

The 4-bromo-2-trimethylsilyloxyfuran I11 was dissolved in ether and n-butyl 

lithium was added to the solution stirred under nitrogen at -78'C. A benzene- 

ether solution of ketone (3) was then added and the stirring was continued at 

the same temperature. Work-up gave the cardenolide ( 4 )  (mp 175-7'C) in a yield ,, 

of 94%. [ir (CHCl31: 3600, 3450 (OH), 1785, 1745 cm-' (lactone); pmr (CDC13): 

r = 2.69 ( s ,  5H, aromatic), 4.23 (t, J = 1 Hz, lH, CZ2-H), 5.08 (t, 3 = 2 Hz, 2H, 

CZ1-H1, 6.28 (broad s, lH, C3-H), 9.06 (s, 3H. 19-CH3), 9.16 (s, 3H. 18-CH3). 

The pmr pattern of compound ( _ 4 )  corresponds to a cardenolide with a normal 

17-8.14-8 configuration. Also the ORD of compound ( _ 4 )  is superimposable with 

the ORD of the 17.a-hydroxycardenolides described by ~ondheimer.~ lltt It is thus 

clear that the stereochemistry of the nucleophilic attack on the C17-ketone 

depends on the configuration of the CL4-center. 

tt All compounds gave satisfactory C/H analyses and molecular ions in mass 

spectrometry. 

An X-ray analysis which corroborated the structure and configuration of 

compound (6) has just been completed by Drs. F. R. Ahmed and M. Przybylska - 
at the National Research Council Laboratories in Ottawa, Canada. 
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Hydrogenolysis  of t h e  benzyl  group i n  compound ( 4 )  a s  desc r ibed  previous ly1 - 
y i e l d e d  90% of compound (5 )  (mp 209-211°C). [ i r  ( K B r ) :  3475, 3375 ( O H ) ,  1800, 

1750 c m - l  (c=o);  pmr ( c D c ~ ~ ) :  r = 4.20 ( t ,  J = 2 Hz, I H ,  c Z 2 - ~ ) .  5.06 ( t ,  J = 2 

Hz, 2H, C - H ) ,  5 .86 (broad s ,  l H ,  C 3 - H ) ,  9.06 ( s ,  3H, 19-CH3), 9.16 ( s ,  3H, 21 
18-CHJ). 

Compounds ( 6 )  and ( were prepared  by t h e  same procedure  s t a r t i n g  wi th  3-bromo- - 
2-trimethylsilyloxyfuran I V  and t h e  ke tone  (?I. The benzy l  d e r i v a t i v e  ( 5 )  (mp 

197-8'C) was ob ta ined  i n  a y i e l d  o f  89%.  F i n a l l y ,  hydroyenolys is  gave 93% of 

t h e  i so -ca rdeno l ide  (7 )  (mp 228'C). Compound ( 0 )  : [ i r  (CHC13) : 3500 ( O H ) ,  1740 - 
cm-l (C=O) ;  pmr ( C ~ c l ~ ) :  r = 2.66 ( s ,  5H. a romat i c  H ) ,  2.90 ( t ,  J = 1 Hz, 1 H .  

C22-H). 5.18 ( d ,  J = 2 H z ,  Z H ,  C Z 3 - H ) ,  5.50 (s, Z H ,  b e n z y l i c  H ) ,  6 .26 (broad s ,  

lH, C3-H), 9.06 ( 5 ,  3H, 19-CHI), 9.18 (6 ,  3H, 18-CH3) . I  Compound (z): [ i r  ( K B r ) :  

3500 ( O H ) ,  1737 cm-' ( C = O ) ;  pmr ( C D C l  ) .  r = 2.92 ( t ,  J = 2 Hz, 1 H .  C 2 2 - H ) ,  3  ' 

5.18 ( d ,  J = 2 H z ,  Z H ,  C Z 3 - H ) ,  5.56 (s, 1 H .  C17-OH), 5.88 (broad s ,  lH, C 3 - H ) ,  

9.06 ( s ,  3H. 19-CH3), 9.18 ( 5 ,  3H. 18-CH3).1 

The same d e r i v a t i v e s  ( 4 ) .  ( 5 ) .  ( 6 )  and (!) w e r e  a l s o  o b t a i n e d  by r e a c t i o n  of t h e  

ke tone  ( wi th  8- fury1 l i t h i u m  followed by t h e  a l r e a d y  d e s c r i b e d  o x i d a t i o n  and 

r e d u c t i o n  procedures .  
1 
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