
Journal of Labelled Compounds - July-September - Vol. IX, n03 

SYNTHESIS OF A4-3-OXO-STEROIDS LABELLED SPECIFICALL\ 
AT THE &-POSITION 

P . T o f t ,  A . J . L i s t o n  a n d  A.Y.Viau 

R e s e a r c h  L a b o r a t o r i e s  

H e a l t h  P r o t e c t i o n  B r a n c h  

D e p a r t m e n t  o f  N a t i o n a l  H e a l t h  and W e l f a r e  

O t t a w a ,  Canada  

K I A  OL2 

R e c e i v e d  o n  F e b r u a r y  5 ,  1 9 7 3  

S U M M A R Y  

2 3 

- thesized i n  good y i e l d  i n  three s teps:  Treatment of 5a, 6a- 

epoxy-3, 3-ethylene-dioryandrostan-l7~-01 with  label led l i t h i w n  

alunrinum hydride i s  followed by deacetalat ion and dehydration 

under care fu l ly  contro l led  bas ic  condi t ions.  

6p- HI Tes tos temne and [ 6p- HI Testosterone were each syn- 

INTRODUCTION 

4 The 66-posi t ion of A -3-0x0-Steroids i s  one of the  major s i t e s  

of hydroxylat ion i n  s e v e r a l  mammalian s p e c i e s  (1). I n  connect ion with 

some s t u d i e s  on the mechanism of such hydroxylat ions,  a s t e r o i d  l a b e l l e d  

s p e c i f i c a l l y  a t  the 66-position w a s  requi red ,  and no s u i t a b l e  l i t e r a t u r e  

method was a v a i l a b l e  f o r  i t s  synthes is .  The syntheses  of C68- HI and 

t68-  H] t es tos te rone  a r e  descr ibed;  the  method i s  a l s o  appl icable  t o  o t h e r  

A -3-0x0-s t e r o i d s  . 
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EXPERIMENTAL 
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Yelt ing p o i n t s  were recorded on an Electrothermal  apparatus  
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and a r e  c o r r e c t e d .  N . m . r .  s p e c t r a  were determined w i t h  a Varian A-60 A 

spec t romete r  f o r  s o l u t i o n s  i n  deu te roch lo ro fo rm w i t h  t e t r a m e t h y l s i l a n e  

a s  i n t e r n a l  s t anda rd .  Mass s p e c t r a  were determined w i t h  a t i i t ach i -  

Perkin-Elmer RMU-6L spec t romete r .  G.L.C. w a s  c a r r i e d  o u t  w i t h  a 

model 5750 F & M gas  chromatograph. The columns were 5% OV-210 ( t r i -  

f l u o r o s i l i c o n e )  on 60/80 Chromosorb W (8 f t .  x 4 mm i . d . ) ;  c a r r i e r  gas  

helium; f low rate 60 ml/min; column t empera tu re  225'. Tet rahydro fu ran  

was d i s t i l l e d  from l i t h i u m  aluminum hydr ide  immediately b e f o r e  use.  

Li thium aluminum d e u t e r i d e  was ob ta ined  from I n t e r n a t i o n a l  Chemical and 

Nuclear  Corpora t ion ,  I r v i n e ,  C a l i f o r n i a ,  and l i t h i u m  aluminum t r i t i d e  w a s  

purchased from New England Nuclear ,  Boston, Mass. 

2 [68- H I  3,3-Ethylenedioxyandrostane-5a, 178-diol  ( I I a )  : 

5a. 6a-Epoxy-3,3-ethylenedioxyandrostan-l78-ol (1) (2.3) (1.40 g )  

i n  dry t e t r a h y d r o f u r a n  (100 m l )  w a s  hea t ed  under  r e f l u x  w i t h  s t i r r i n g  i n  an 

atmosphere o f  n i t r o g e n  w i t h  l i t h i u m  aluminum d e u t e r i d e  (0 .3  g. 99 acom i! 'H) 

for 1 h r .  G.L.C. a n a l y s i s  of an  a l i q u o t  i n d i c a t e d  t h a t  r e a c t i o n  was 

complete and i t  w a s  quenched w i t h  1% aqueous sodium hydroxide.  The r e a c t i o n  

n ix tu re  was d i l u t e d  w i t h  e t h e r ,  washed w i t h  water, and d r i e d  (Na SO ). The 

s o l v e n t  was evapora t ed ,  and t h e  r e s i d u e  was c r y s t a l l i z e d  from acetone-  

hexane y i e l d i n g  the  t i t l e  compound I I a  ( 1 . 2 1  9) :  

weight  by mass spec t romet ry  351. 

2 4  

m.p. 202-205°; molecu la r  

Un labe l l ed  3.3-ethylenedioxyandrostane-5a,l78-diol (11) w a s  

syn thes i zed  from compound I (1.12 g) u s i n g  l i t h i u m  aluminum hydr ide  

(0.5 9). The r e a c t i o n  was c a r r i e d  o u t  as above,  and t h e  r e s i d u e  

c r y s t a l l i z e d  from acetone-hexane y i e l d i n g  0.92 g; m.p. 202-204°; 

( c ,  1.0, CHC13) ( l i t  (4) m.p. 202-204O; [a]:' -89; n.m.r. 6 0.74 (3H, s ,  

18-H3), 0 .98 (3H, s ,  19-H3), 3.65 (lH, t ,  J - 8 H2, 17-H) and 3.97 (4H, s ,  

ncetal-H p.p.m.; molecular  weight  by mass spec t romet ry  350. 
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2 [68- HlTestosterone (IVa): 

Compound IIa (980 mg) was heated on a steam ba th  f o r  15 min. 

with a c e t i c  a c i d  (15 ml) and water (5 ml). The s o l u t i o n  w a s  e x t r a c t e d  

with e t h e r .  

sodium bicarbonate  and water, and d r i e d  (Na2S04). 

d i sso lved  i n  methanol (60 m l )  and water  (39 ml) and t r e a t e d  with 0.1 N 

sodium hydroxide 1 m l .  

16 hr .  and then t r e a t e d  wi th  a c e t i c  ac id  ( 0 . 5  ml). The s o l u t i o n  was 

evaporated t o  h a l f  volume on a r o t a r y  evaporator ,  and the  product  w a s  

i s o l a t e d  with e t h e r ,  p u r i f i e d  on a column of F l o r i s i l ,  and c r y s t a l l i z e d  

from acetone-hexane t o  y i e l d  [68- H] t e s t o s t e r o n e  (610 mg); m.p. 144-145'; 

[ a x 4  +71° (c. 1.0,  E t O H ) ;  mass spectrum m/e ( i n t e n s i t y )  289 (100) and 

288 (4) ;  n.m.r. 6 0.79 (3H, 6 ,  18-H3), 1.20 (3H, 8 ,  18-H3) and 5.73 (lH, s, 

4-H)p.p.m. 

The e t h e r e a l  s o l u t i o n  w a s  washed with s a t u r a t e d  aqueous 

The product ( I I I a )  was 

The s o l u t i o n  was s t i r r e d  a t  room temperature f o r  

2 

Unlabelled material prepared by the  same route  was i d e n t i c a l  

(m.p., r o t a t i o n ,  i.r. and mass spectrum) wi th  a u t h e n t i c  tes tos te rone .  

r6B-3H] Testos te rone  ( I n )  - w a s  ob ta ined ,  in a manner analogous t o  t h a t  

descr ibed above, from compound I (25 mg) and l i th ium aluminum t r i t i d e  

(1.9 mg, 37.8 mCi/mM). The f i n a l  product  ( I n )  w a s  p u r i f i e d  on t . 1 . c .  

p l a t e s  us in& benzene-ethanol (9 : l )  as e l u a n t  t o  y i e l d  6 mg of pure 

m a t e r i a l ,  which had a s p e c i f i c  a c t i v i t y  of 3.9 mCi/mM. 

DISCUSSION 

The r e a c t i o n  sequence followed is shown in the  c h a r t .  Treatment 

of I with l i t h i u m  aluminum hydride r e s u l t s  in d i a x i a l  opening of the  

epoxide r i n g  t o  y i e l d  the d i o l  I1 ( e f .  r e f .  5 ) .  The mass spectrum of 

compound I Ia ,  prepared by us ing  l i t h i u m  aluminum deuter ide .  demonstrates 

the  incorpora t ion  of one atom of deuterium per  molecule. 
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The a c e t a l  group of I I a  w a s  hydrolyzed under mild a c i d i c  condi- 

t i o n s  so  as to avo id  subsequent  a c i d  c a t a l y z e d  dehydra t ion .  

spectrum of t h e  product  IIIa a g a i n  i n d i c a t e s  t h a t  each molecule  c o n t a i n s  

one atom of  deuter ium. 

The mass 

I f  s u i t a b l y  mild b a s i c  c o n d i t i o n s  a r e  used,  dehydra t ion  o f  

s t e r o i d a l  66-alkyl-5a-hydroxy-3-ketones can  be ach ieved  wi thou t  a f f e c t i n g  

tte s t e r e o c h e m i s t r y  o f  t h e  6 - s u b s t i t u e n t  (2 .3 ,6) .  The base  used has  to 

be strong enough to e f f e c t  t h e  dehydra t ion  r e a c t i o n  b u t  s u f f i c i e n t l y  mild 

so as not t o  cause fo rma t ion  of t h e  3 ,5 -d ieno l  from t h e  A -3-ketone 

produced. E n o l i z a t i o n  of 66-alkyl-4-en-3-ones l e a d s  t o  e p i m e r i z a t i o n  of 

the 6 - s u b s t i t u e n t  v i a  l o s s  of t h e  e q u a t o r i a l  6a-hydrogen fol lowed by 

r e p r o t o n a t i o n  of t h e  3,5-dienol .  E n o l i z a t i o n  o f  u n s u b s t i t u t e d  4-en-3-ones 

causes  l o s s  o f  e i t h e r  t h e  6 a - e q u a t o r i a l  or t h e  66-axial  hydrogen, w i t h  t h e  

l a t t e r  be ing  l o s t  p r e f e r e n t i a l l y  (7). 

r e s u l t  t h e r e f o r e  i n  e i t h e r  loss  o f  66 - l abe l  or Its e p i m e r i z a t i o n .  Con- 

sequen t ly  t h e  c o n d i t i o n s  r e q u i r e d  for t h e  dehydra t ion  of compounds IIIa 

and I I I b  a r e  c r i t i c a l .  66-Alkyl-5a-hydroxy-3-oxo-steroids can  be 

dehydrated wi th  complete  r e t e n t i o n  of c o n f i g u r a t i o n  a t  t h e  6 - p o s i t i o n  

by u s i n g  0.00475 N sodium hydroxide ( 2 ) .  i.e. e n o l i z a t i o n  v i a  loss of 

t h e  6 a - e q u a t o r i a l  hydrogen does no t  occur  under  t h e s e  c o n d i t i o n s .  Com- 

pounds IVa and IVb were p repa red  by u s i n g  0.001 N sodium hydroxide.  

Compound IVa had 96% r e t e n t i o n  of deuter ium as measured by mass s p e c t r -  

ometry.  Furthermore t h e  n.m.r. spectrum o f  IVa has  a s i n g l e t  a t  6 5.73 

f o r  t he  o l e f i n i c  p r o t o n  a t  C-4. In t h e  spectrum of t e s t o s t e r o n e  t h e  

corresponding s i g n a l  i s  p r e s e n t  a s  a d o u b l e t  due to a l l y l i c  coup1l;ig w i t h  

t h e  66-proton (8). Under t h e s e  c o n d i t i o n s  f o r  t h e  dehydra t ion  s t e p  

t h e r e f o r e ,  no e p i m e r i z a t i o n  a t  t h e  6 - p o s i t i o n  would have occur red  and a l l  

t h e  l a b e l  is p r e s e n t  a t  t h e  66 -pos i t i on .  

4 

E n o l i z a t i o n  o f  IVa or IVb would 
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