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T h e  B r o m i n a t i o n  of s a t u r a t e d  3 - K e t o s t e r o i d s  
w i t h  N -  Brorno-  I m i d e s  

In  r e c e n t  issues of t h i s  journa l ,  r e p o r t s  h a v e  a p p e a r e d  
on  t h e  r eac t ion  of u n s a t u r a t e d  ke tones  w i t h  N - b r o m o -  
succ in imide .  B u u - H o i  t r e p o r t e d  t h a t  in a l ipha t i c  ke- 
tones  (mesi ty l  ox ide  type) ,  t h e  b r o m i n e  e n t e r e d  t h e  
a -pos i t ion ,  w h e r e a s  ~{EYSTRE a n d  WETTSTEIN 2 f o u n d  
t h a t  in Ad-3-ke tos te ro ids  (e, g. t e s t o s t e r o n e  or pro-  
ges terone)  b r o m i n a t i o n  occur red  p re fe ren t i a l l y  in t h e  
al lyl  pos i t ion .  As far  as we are aware ,  only  two  publ ic-  
a t i ons  h a v e  a p p e a r e d  on t h e  b r o m i n a t i o n  of s a t u r a t e d  
ke tones  w i t h  N - b r o m o - i m i d e s .  V~'OHL a b r o m i n a t e d  ace-  
toace t i c  e s t e r  a n d  S c a m p  a n d  KARRt~R 4 r e p o r t e d  t h e  
successful  b r o m i n a t i o n  of c y c l o h e x a n o n e  a n d  of a ke to-  
pe la rgonic  acid  de r iva t ive .  

W e  were  i n t e r e s t e d  in  s t u d y i n g  t h e  b r o m i n a t i o n  of 
s a t u r a t e d  3 -ke tos t e ro ids  w i t h  t h e s e  r e a g e n t s  because  (a) 
if successful ,  i t  wou ld  a f fo rd  a m e a n s  of b r o m i n a t i n g  
w i t h o u t  t h e  s i m u l t a n e o u s  l ibe ra t ion  of h y d r o g e n  bro-  
mide  w h i c k  m a y  cause  s u b s e q u e n t  r e a r r a n g e m e n t s ,  and  
(b) t o  d e t e r m i n e  w h e t h e r  t h e  c o n v e n t i o n a l  ru les  5 se t  
f o r w a r d  for  t h e  r eac t ion  w i t h  b r o m i n e  ( subs t i t u t i on  
a t  C~ in m e m b e r s  of t h e  allo a n d  a t  C4 in t h o s e  of t h e  
normal series) wou ld  ho ld  also for  th i s  t y p e  of r eagen t .  

I t  was  found  t h a t  by  r e f lux ing  e q u i m o l a r  q u a n t i t i e s  
of  s t e ro id  ke tone  a n d  N - b r o m o s u c c i n i m i d e  or  N - b r o m o -  
p h t h a l i m i d e  in c a rbon  t e t r a c h l o r i d e  so lu t ion  in s t r ong  
l ightL reac t ion  was  c o m p l e t e  a f t e r  one to  t w o  m i n u t e s  
as e v i d e n c e d  b y  s u d d e n  deco lor iza t ion  a n d  q u a n t i t a t i v e  
r e cove ry  of  t h e  haIogen- f ree  imide .  E v a p o r a t i o n  of 
t he  f i l t r a te  to  d r y n e s s  in vacuo a n d  rec rys ta l l i za t ion  
f rom a su i t ab l e  so lven t  y i e lded  the  c o r r e s p o n d i n g  mono-  
b r o m i n a t e d  s t e ro id  ke tone ,  w h i c h  in each  case  was  
found  to  be iden t i ca l  w i t h  t h e  c o r r e s p o n d i n g  s amp le  
p r e p a r e d  b y  t h e  c o n v e n t i o n a l  b r o m i n e - a c e t i c  ac id  
m e t h o d .  T h e  yie lds  o b t a i n e d  b y  e i the r  m e t h o d  are com-  
parab le .  In  t he  absence  of l ight ,  t h e  ref lux t ime  had  to  be 
e x t e n d e d  to  a b o u t  one -ha l f  hou r  to  ob t a in  s imi la r  re- 
sul ts .  Cho les tanone-3 ,  d i h y d r o t e s t o s t e r o n e  h e x a h y d r o -  
benzoa te ,  a n d  m e t h y l  3 -ke toa l l oe t i ocho l ana t e  gave  t h e  
c o r r e s p o n d i n g  2 -b romo d e r i v a t i v e s  whe rea s  eopro-  
s t a n o n e - 3  a n d  m e t h y l  3 - k e t o - 1 2 - h y d r o x y c h o l a n a t e  led 
to  t h e  r e spec t i ve  4 - b r o m o  c o m p o u n d s L  T h e  a b o v e  re- 
su l t s  i n d i c a t e  t h a t  b r o m i n a t i o n  of  s a t u r a t e d  3-ke to  
s t e ro ids  by  th i s  m e t h o d  is feas ib le  a n d  t h a t  t h e  subs t i -  
t u t i o n  t akes  p lace  a t  t h e  s a m e  c a r b o n  a t o m  a n d  in t h e  
s ame  s t e r e o c h e m i c a l  pos i t i on  as  f o u n d  for  b r o m i n a t i o n s  
in ace t ic  ac id  s 

F u r t h e r m o r e ,  i t  was  of  i n t e r e s t  to  us t o  d e t e r m i n e  
w h e t h e r  a d d i t i o n a l  b r o m i n a t i o n  of t h e  b r o m o k e t o n e s  
cou ld  be a c c o m p l i s h e d  w i t h  t h e s e  r eagen t s .  R e f l u x i n g  

1 Buu-Ho~, Exper. 2, 310 (1946). 
2 MEYS'rRE and WETTSTEIN, Exper. 2, 408 (1946). 
a WOHL, Ber. 52, 51 (1919). - VVoHL and JASCHINOWSKI, ib. 54, 

476 (1921). 
4 SCrLmD and KARRER, Helv. chim. aeta 29, 573 (1946). 
5 Cf.: BUTENANDT and VV'OLFF, Ber. 6,~, 2091 (1935). 
s CI.: MTESCHER and co-workers, Helv. chim. acta 28, 1252, 

1497 (1945); lb. 29, 33, 627 (1946). 
r In the latter case the crude bromination product, which was 

difficult to purify, was dehydrobrominated with pyridine to 
give methyI Aa-3-keto-12-hydroxycholenate, m.p. 145-147,5 ° C, 
[c~]~ 3 -- 80-3 0 (acetone), nmx. at 242m/~ (Iog~.. ~ ~ 4.2g in 

cthanol), in ca. 30% overall yield. RIEC, EL and MclsrosiL J. amer. 
chem. See. OO, 1099 (1944) obtained this compound in 35% yield, 
m. p. 144-145 ° C by the conventional bromination method followed 
by treatment with pyridine. BURC~HARD and REICHSTEIN, Heir. 

17 chim. acta 2,5, g21 (1942) reported m.p. 150-152 o C, ]~]D =: 
- 80.9 o (acetone). 

of 2 - b r o m o c h o l e s t a n o n e  wi th  a sI ight  excess  over  t he  
e q u i m o l a r  a m o u n t  of N - b r o m o s u c c i n i m i d e  in ca rbon  
t e t r a c h l o r i d e  so lu t ion  on  e x p o s u r e  to  s t r o n g  l ight  for 
one  m i n u t e  gave  51% of c rude  2, 2 - d i b r o m o c h o l e s t a n o n e .  
T h e  pur i f i ed  p r o d u c t  gave  no dep res s ion  in m . p .  on  
a d m i x t u r e  w i t h  an  a u t h e n t i c  s a m p l e L  I t  is i n t e r e s t i n g  
to  no te  t h a t  on ly  s t a r t i n g  ma t e r i a l  could  be r ecove red  
when  t h e  s a m e  r eac t ion  was  ca r r i ed  o u t  in t h e  a b s e n c e  
of s t r o n g  l ight ,  n o t w i t h s t a n d i n g  t h e  fac t  t h a t  t h e  
reac t iou  t i m e  was  p r o l o n g e d  to  one  a n d  o n e -h a i l  hours .  
This  is in c o n t r a s t  t o  t h e  a b o v e - m e n t i o n e d  m o n o b r o -  
m i n a t i o u  of  cho l e s t anone ,  wh ich  was  essen t i a l ly  com-  
p le te  a f t e r  o n e -h a l f  h o u r  in t h e  dark .  
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Z u s a m m e n / a s s u n g  

Die B r o m i e r u n g  yon ges~it t igten 3 - K e t o - s t e r o i d e n  m i t  
N - B r o m - s u c c i n i m i d  ode r  N - B r o m - p h t h a l i m i d  l iefer t  
die 2 - B r o m - 3 - k e t o - s t e r o i d e  bei V e r b i n d u n g e n ,  die  der  
aUo-Reihe angehi i ren ,  und  die 4 - B r o m - 3 - k e t o - s t e r o i d e  
bei V e r t r e t e r n  de r  normaI-Reihe.  Die we i t e r e  Bromie -  
r u n g  e ines  2 - B r o m - 3 - k e t o n s  zut~'l 2 , 2 - l ) i b r o m - 3 - k e t o n  
ist  m6gl ich.  

1 2,'2-1)ibromocholestanone-3, m.p. 145 1470 C, [~]~2 = ~ lOiO 
(chloroform} was obtained by the recently described method 
(WILD~ and I)JEI~AssL J. amer. chem. So(:. 6S, 21i5, footnote 22a 
(1946). Its structure has been proven by conw,rsion to A l-2-bromo- 
cholestenone-3, m.p. 9I'5.92"50C, [~]~¢ = ] 37"4 o (ehlorofornd, 
nlax. a~ 255"~)lllt~ (tog2. ~ = 3"93 in ethanol). The details will appear 
in a sul)sequent publication fronl this laboratory. 

A c t i o n  d e  l 'eau o x y g 6 n 6 e  s u r  u n  ana6rob ie  s t r i c t  

Au cours  de leurs  t r a v a u x  sur  Fac t ion  t o x i q u e  de 
l 'oxygSnc,  ISLLIOT et  LIm.;TL STADIE 2, D I C K E N S  a, MANN 
et  QUASTEL 4 o n t  m o n t r d  que  c e t t e  ac t ion  s ' e x p l i q u a i t  
p a r  t ' e m p o i s o n n e m e n t  de  ee r t a ines  d ias tases .  Nous  a v o n s  
de n o t r e  c6t6 cons t a t~  que :  

10 L o r s q u e  l 'on  a j o u t e  de faibles  quau t i t~ s  d ' e a u  oxy-  
g6n6e h une  su spens ion  de Cl. saccharobutyricum d a n s  
un t a m p o n  de  p h o s p h a t e  r e n f e r m a n t  du  glucose,  en 
a t m o s p h e r e  d ' a zo t e ,  on c o n s t a t e  n n  a r r &  de  la pro-  
d u c t i o n  d ' H  2 qui  r ep rend ,  apr~s un  t e m p s  de la tence ,  
avec  une  v i tesse  6gale ~ celle du t~moin.  

2 0 P o u r  des  q u a n t i t ~ s  p lus  fo r t e s  d ' e a u  oxygdn6e ,  le 
t e m p s  de l a t ence  a u g m e n t e  e t  la repr i se  de la p r o d u c t i o n  
d ' H z  se fa i t  ~ une  v i tesse  plus  Iaible que  celle du t6moin .  

3 0 E n f i n  ~ p a r t i r  d ' u n e  ce r t a ine  c o n c e n t r a t i o n  en eau 
oxyg6n6e,  Fa r r6 t  de  la p r o d u c t i o n  d ' H ,  es t  d6fini t i I .  

4 a On  a done  une  c o n c e n t r a t i o n  p r o v o q u a n t  un  a r rb t  
r~vers ib le  e t  une  c o n c e n t r a t i o n  p r o v o q u a n t  un arr~t  
i r r6vers ible .  Ceci est  ~ r a p p r o c h e r  des  anc i enes  c o n s t a t a -  
t ions  de Q U A S T E L  e t  S T E P H E N S O N  5 s u r  l ' a c t i on  de l 'eau 
oxyg6nde  d a n s  Ia c ro i s sance  de CL sporogenes. 

50 Les  quan t i t f i s  d ' e a u  oxyg6n6e n6cessaires  pour  pro-  
dui re  le ph~,nom~ne s e n t  f o n c t i o n  du  poids  des bac- 
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