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CONVERSION OF A -3-KETOSTEROIDS TO STEROIDAL [ ~ , ~ - ~ ] F u R A N s  AND 

STEROIDAL [6,?-b] I N D O L E S ~ .  

Orqnn l c  (:hemiscry Laboratory ,  C r r v e r - s r r y  of A m s r w ,  
&leuwe Achrerqracht. 129 ,  Ar.srerd.>m, The Netherlands. 

React ions  o f  s t e r o i d a l  n3"-dienamine 4 wi th  r i n g  

s u b s t i t u t e d  phenacyl bromides and r i n g  s u b s t i t u t e d  ben- 

zenodiazonium f l u o b o r a t e s ,  fo l lowed by F i sche r - indo le  

c y c l l z a t i o n ,  l e a d  t o  t h e  format ion of s t e r o i d a l  

[3,4-b] f u r a n s  (Sa-gl and s t e r o i d a l  16.7-b] i n d o l e s  

(7a- j l  , r e s p e c t ~ v e l y .  

S t e r o i d a l  systems c o n t a i n i n g  condensed h e t e r o c y c l i c  moie t i e s  

a r e  o f  p o t e n t l a l  pharmacological  i n t e r e s t .  Although fu rano-s t e r -  

oids3a-g and i n d o l o - s t e r o i d s  have been d e s c r i b e d  i n  t h e  li- 

t e r a t u r e ,  t h e i r  syn theses  have been achieved by e l a b o r a t e  r e a c t -  

i on  sequences.  I n  t h i s  communication we p r e s e n t  procedures  by 

4 which t h e  r e a d l l y  a v a i l a b l e  A -3 -ke to - s t e ro ids  can be  convenient-  

l y  conver ted  i n t o  s t e r o i d a l  [3,4-b] f u r a n s  and s t e r o i d a l  [6 ,?-b] 

i n d o l e s .  

Dienamines ( 1  c 2 cr 3) r e a c t  wi th  e l e c t r o p h i l e s  t o  g ive  

8- and 6 - s u b s t i t u t i o n  p roduc t s  depending upon t h e  n a t u r e  o f  t h e  

e l e c t r o p h i l i c  r eagen t  and t h e  r e a c t i o n  cond i t ionssd .  Thus it 

was shown t h a t  b i c y c l i c  dienamines r e a c t  wi th  a-haloketonessc  and 

diazonium s a l t s s d  i n  DMF t o  y i e l d  p roduc t s  d e r i v e d  from a prima- 
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r y  r e a c t i o n  a t  t h e  0 -  and &ca rbon  atom, r e s p e c t i v e l y .  F u r t h e r -  

more, t h e  l a t t e r  r e a c t i o n s  c o n s t i t u t e  t h e  b a s i s  of  t ransforma-  

t i o n s  i n  which a  new f u r a n  o r  an  i n d o l e  r i n g  i s  c o n s t r u c t e d  on 

4 t h e  s t a r t i n g  m o l e c u l a r  sys tem.  Dienamines d e r i v e d  from A -3-ke- 

t o s t e r o i d s ,  c o n s e q u e n t l y ,  r e p r e s e n t  v a l u a b l e  s y n t h o n s  f o r  t h e  

p r e p a r a t i o n  o f  furano-  and i n d o l o - s t e r o i d s .  

4 A -Androstene-3,17-dione was r e a d i l y  c o n v e r t e d  i n t o  t h e  cor -  

6  r e spond ing  b315-dienamine 4 . Reac t ion  o f  4 w i t h  phenacy l  h a l i -  

d e s ,  i n  r e f l u x i n g  DMF, y i e l d e d  f u r a n o s t e r o i d s  5a-g i n  y i e l d s  

which v a r i e d  w i t h  t h e  n a t u r e  and p o s i t i o n  o f  t h e  r i n g  s u b s t i t u -  

e n t  (Tab le  I). The s t r u c t u r e  o f  t h e  p r o d u c t s  was e s t a b l i s h e d  by 

s p e c t r o a n a l y t i c a l  d a t a .  The uv s p e c t r a  showed a b s o r p t i o n s  a t  

2 2 6  + 2 ( E  7,300-15,000),  s h  237 + 2 (E 8,800-15,600) and 314 + 
4 nm ( E  11.600-16.400) , t y p i c a l  o f  c o n j u g a t e d  f u r a n s 7 .  F u r t h e r -  

more, two v i n y l  p r o t o n s  were obse rved  a t  6 6.5-6.7 ( s ,  C;-H) and 

6 5.65-5.7 ( t ,  C 6 - H I ,  (Tab le  I). The f o r m a t i o n  o f  t h e  f u r a n o s t e -  

r o i d s  (5a-g) can  b e  r a t i o n a l i z e d  i n  terms o f  t h e  s equence  o f  r e -  

a c t i o n s  d e s c r i b e d  i n  Scheme A.  R e a c t i o n  o f  d ienamine  w i t h  t h e  

h a l o k e t o n e  ( s t e p  a )  fo l l owed  by n u c l e o p h i l i c  a t t a c k  by t h e  eno l -  

i z e d  ke tone  on t h e  iminium f u n c t i o n  ( s t e p  c )  r e s u l t s  i n  t h e  d i -  

hyd ro fu ran .  Loss o f  p y r r o l i d i n e  comple t e s  t h e  f o r m a t i o n  of  t h e  

f u r a n  moiety.  



Scheme A 

Reaction of 4 with  benzenediazonium f l u o b o r a t e s  i n  DMF ( - 4 5 ' )  

yie lded  t h e  c r y s t a l l i n e  hydrazones 6a-j. Their  s t r u c t u r e s  were 

a t t e s t e d  by t h e i r  nmr s p e c t r a .  Treatment of the  hydrazones wi th  

POC13 r e s u l t e d  i n  (Fischer- indole)  c y c l i z a t i o n  t o  t h e  p y r r o l i d i -  

nium s a l t s  of t h e  corresponding i n d o l o s t e r o i d s 8 ,  which i n  t u r n  

were hydrolysed wi th  methanolic sodium hydroxide ( 2 % )  t o  g ive  

t h e  ketones  7a-j (Table 11). Evidence f o r  t h e  s t r u c t u r e  o f  t h e  

i n d o l o s t e r o i d s  was der ived from s p e c t r o a n a l y t i c a l  d a t a . .  A l l  com- 

pounds showed i r  bands i n  the  region 3280 (N-HI, 1740  (fivemem- 

bered r i n g  carbonyl)  and 1640 cm-' (cr.8-unsaturated carbonyl)  and 

a v i n y l i c  proton (C4-H) i n  the  nmr spectrum. I n  a d d i t i o n ,  t h e  

mass s p e c t r a  of the  compounds e x h i b i t e d  t h e  expected molecular,  

i o n  i n  each case .  

While ex tens ion  of t h e  abovementioned approach t o  t h e  modifi- 

4 c a t i o n  of o t h e r  A -3-ketos teroids  i s  obvious,  the  p r i n c i p l e  re -  

a c t i o n  can,  - s t a r t i n g  from s u i t a b l e  p r e c u r s o r s ,  - a l s o  be ap- 

p l i e d  t o  t h e  t o t a l  s y n t h e s i s  of h e t e r o c y c l i c  s t e r o i d s .  
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TABLE I 

5 
17-Keto-5'- (halophenyl) -A -androsteno [3,4-b] furans and 17-Keto- 

5 5'- (trifluoromethylphenyl) -A -androsteno[3,4-b] furans (5) . 

Compound m.p. yield Chemical Shift, 6 

TABLE I1 

4 17-Keto-A -androsteno[6,7-b ]haloindoles (7) 

Compound Chemical Shift, 6 
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