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SUMMARY 

T r i t i u m  l a b e  lZed  7a -hydroxy  and 7$ -hydroxy  dehydro -  
e p i a n d r o s t e r o n e  w e r e  s y n t h e s i s e d  by  t h e  aZZy Zic acy  Zoxy- 
l a t i o n  o f  [ I ,  2- 3 H f n )  ] d e h y d r o e p i a n d r o s t e r o n e - 3 B - a c e t a t e  
w i t h  t - b u t y l p e r b e n z o a t e .  The  7a  e p i m e r  was o f  compar- 
abZe s p e c i f i c  a c t i v i t y  t o  t h e  s u b s t r a t e .  

Key Words: Dehydroepiandrosterone, la-Hydroxy dehydroepiandrosterone,  
T r i t i u m  Ally l i c  acy loxy l a t i o n  

INTRODUCTION 

The hydroxyla t ion  of dehydroepiandrosterone (DHA) a t  t he  C7 carbon 

atom has been demonstrated i n  var ious  human and animal t i s s u e s  i n  

v i t r o  ( 1 ’ 2 f 3 ) .  

compounds, h igh  s p e c i f i c  a c t i v i t y  l a  and 7 8  hydroxy DHA were r equ i r ed  

f o r  radioimmunoassay and metabolism s t u d i e s .  

I n  o rde r  t o  i n v e s t i g a t e  t h e  b i o l o g i c a l  r o l e  of such 

The au thors  have s u c c e s s f u l l y  used t h e  method of S t d r k a ( 4 )  f o r  t he  

s y n t h e s i s  of mi l l ig ram q u a n t i t i e s  of la and ’I$-hydroxy DHA. This  

procedure involves  acyloxyla t ion  of t h e  A 5 - s t e r o i d  3$-ace ta te  wi th  

t -butylperbenzoate  i n  a c e t i c  ac id ,  ca t a lysed  by cuprous bromide. 

Appl ica t ion  of t h i s  same technique was inadequate  when appl ied  t o  t h e  

syn thes i s  of microgram q u a n t i t i e s  of t r i t i u m  and I 4 C  l a b e l l e d  

7a-hydroxy DHA (approximate y i e l d ,  1%) . Major degradat ion products  

w e r e  no t  i d e n t i f i e d .  

The p r e s e n t  i n v e s t i g a t i o n  desc r ibes  t h e  s y n t h e s i s  of h igh  s p e c i f i c  

a c t i v i t y  t r i t i u m  l a b e l l e d  7a-hydroxy DHA (approximate y i e ld , lO%)  from 
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[ 1 , 2- 3H (n)  ] DHA using t h e  acyloxyla t ion  r e a c t i o n  wi th  to luene  a s  t h e  

so lven t .  ['HI 7B-hydroxy DHA w a s  a l s o  produced (approximate y i e l d ,  

1%). The procedure was a l s o  used i n  t h e  s y n t h e s i s  of 1 4 C  l a b e l l e d  

7a and 76-hydroxy DHA. Pre l iminary  experiments us ing  [ 7 (n )  - 3H] DHA 

3B-acetate a s  s u b s t r a t e  produced [7-3H] 7a and 7B-hydroxy DHA. 

MATERIALS AND METEODS 

STEROIDS 

Non-radioactive s t e r o i d s  w e r e  ob ta ined  from S t e r a l o i d s ,  Wil ton,  

New Hampshire, U . S . A .  and Sigma, St Louis ,  U.S.A. The 7-hydroxy 

epimers of DHA were synthes ised  by t h e  method of S t s r k a  ( 4 )  . 
[ 1 , 2- 3H (n)  ] DHA ( s p e c i f i c  a c t i v i t y  58 .6  Ci/mmol) was obta ined  

from N e w  England Nuclear,  Mass., U.S.A. [7(n) -3H]  DHA ( s p e c i f i c  

a c t i v i t y  16.6 C i / m o l )  and [ 4 - '  4 C ]  DHA ( s p e c i f i c  a c t i v i t y  52mCi/mmol) 

were obta ined  from t h e  Radiochemical Centre ,  Amersham, England. 

RE AGENTS 

Solvents  were of a n a l y t i c a l  grade and chemicals used were of 

labora tory  r eagen t  grade.  

A l u m i n i u m  oxide (Woelm n e u t r a l ,  a c t i v i t y  grade 1) was obta ined  

from I C N  Pharmaceut icals ,  GmbH and Co, West Germany and deac t iva t ed  

with 6 %  water  t o  a c t i v i t y  I I I ( 5 ) .  

( 0 . 2 5  mm) w e r e  ob ta ined  from E.Merck, Darmstadt, Germany. Chroma- 

tography paper  (Whatman Chr.1) and Phase Sepa ra t ing  paper ( i i0 .1  PS) 

w e r e  ob ta ined  from W .  and R. Ba ls ton ,  Kent,  England. 

Precoated s i l i c a  g e l  l a y e r s  

The l i q u i d  s c i n t i l l a t i o n  count ing f l u i d  was 2,5-diphenyl oxazole  

[ 4 gm] and 1 , 4-bis [ 2 (5-phenyloxazolyl)  ]benzene [ 1 0 0  mg] p e r  l i t r e  

of to luene .  

f r e e  n i t rogen .  

A l l  evapora t ions  w e r e  c a r r i e d  ou t  a t  <45O wi th  oxygen- 

CHROMATOGRAPHY , LOCALISATION AND ESTIPlATIOiJ O F  RADIOACTIVE STEROIDS 

The fol lowing systems were used f o r  t h i n  l a y e r  chromatography 
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(t .1.c.)  and paper p a r t i t i o n  chromatography (p.p.c.1 

I. Chlorof orm-e thano l  ( 9  : 1 , v/v) 

11. Development i n  dichloromethane-methanol (93:7, v/v) 

(6) followed by d i e t h y l  e t h e r  . 
The Bush A sys tem(7)  f o r  6% hours .  111. 

IV. Heptane-toluene-methanol-water ( 9  : 11: 1 6 :  4 by v o l )  

f o r  4 8  hours .  

The r e fe rence  s t e r o i d  DHA and i t s  7-hydroxylated epimers were 

v i s u a l i s e d  wi th  phosphomolybdate and antimony t r i c h l o r i d e  reagents  

r e spec t ive ly .  7-Keto DHA was loca ted  by observa t ion  under u l t r a  

v i o l e t  l i g h t .  Rad ioac t iv i ty  was de t ec t ed  us ing  a Radiochromatograph 

Scanner [Packard 72001 and q u a n t i t a t e d  on a Packard Liquid S c i n t i l -  

l a t i o n  Spectrometer  [Model 24251. Methanol [0.5 m l ]  was added t o  

t h e  s c i n t i l l a t i o n  f l u i d  [ l o  ml] when measuring c a r r i e r  7a and 

78-hydroxy DBA dur ing  c r y s t a l l i s a t i o n  experiments.  

(8) 

EXPERIMENTATA 

ALLYLIC OXIDATION OF [1 ,2-3H(n)]  DHA-38-ACETATE 

DHA-38-a~eta te '~)  (500pCi) and cuprous bromide ( 3  mg) i n  to luene  

( 2  m l )  w e r e  gen t ly  r e f luxed  wi th  s t i r r i n g  i n  a n i t rogen  atmosphere. 

t -Butylperbenzoate  (0 .5  m l )  i n  to luene  (1 m l )  was added dropwise t o  

t h e  mixture  over  a per iod  of 15  minutes and t h e  r e a c t i o n  cont inued 

f o r  a f u r t h e r  2 hours .  Af t e r  cool ing ,  t h e  mixture  was washed wi th  

s a t u r a t e d  sodium b i s u l p h i t e  s o l u t i o n  ( 2  m l )  , t h e  supe rna ten t  f i l t e r e d  

through phase sepa ra t ing  paper and t h e  f i l t r a t e  evaporated to dryness .  

The r e s idue  was d i s so lved  i n  2.5% (w/v) methanol ic  KOH ( 5  m l )  and 

hydrolysed a t  3OoC wi th  shaking overn ight .  

1 M-HC1 t h e  products  w e r e  e x t r a c t e d  wi th  benzene ( 2  x 1 0  m l ) ,  and the  

combined e x t r a c t s  f i l t e r e d  through phase s e p a r a t i n g  paper  and 

evaporated t o  dryness .  

A f t e r  n e u t r a l i s a t i o n  wi th  

ISOLATION AND CHARACTERISATION 

Column chromatography of t h e  r e s idue  on aluminium oxide ( a c t i v i t y  
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111; 6 . 6  gm, h e i g h t  of column 5 cm) was c a r r i e d  o u t  c o l l e c t i n g  

f r a c t i o n s  ( 3  m l )  and examining t h e  e l u a t e s  for  r a d i o a c t i v i t y  by 

s c i n t i l l a t i o n  count ing.  

F rac t ion  

1 -  9 

1 0  - 20 

2 1  - 2 6  

2 1  - 31 

32 - 37 

38 - 43 

4 4  - 51 

52 - 60 

Solvent  

Benzene 

Benzene wi th  0.5% e thanol  

'I wi th  1 .0% 

" with  1 .0% I' 

" wi th  3 . 0 %  " 

'I wi th  3 . 0 %  I' 

I' wi th  4 .0% It 

wi th  5.0% 'I 

Product  Rad ioac t iv i ty  ( p C i )  

- n e g l i g i b l e  

- n e g l i g i b l e  

A 119 .2  

- n e g l i g i b l e  

B 18.2 

C 8 .1  

D 48.6 

E 4.5 

(i) Product  A cochromatographed wi th  DHA i n  systems I (Rf 0 . 6 1 )  

and I11 (migra t ion  d i s t ance  1 9  an) b u t  t h e  ma jo r i ty  of t h e  rad io-  

a c t i v i t y  d i d  no t  c o c r y s t a l l i s e  t o  cons t an t  s p e c i f i c  a c t i v i t y  

wi th  c a r r i e r  DHA (Table I ) .  The i d e n t i t y  of t h e  contaminant is  

unresolved. 

(ii) Product  B ,  i n  system I ,  gave a main peak a t  t h e  l o c a l i t y  of 

I -keto DHA, RDHA 0 .84 .  

reg ion  d i d  n o t  c o c r y s t a l l i s e  wi th  c a r r i e r  7-keto DHA. O t h e r  

u n i d e n t i f i e d  peaks,  of lower magnitude, a t  RDHA 0.93 and RDHA 

0 . 7 0 ,  were no t  examined f u r t h e r .  

However, t h e  r a d i o a c t i v i t y  i n  t h i s  

(iii) Product  C had the  same mobi l i ty  a s  16-hydroxy DHA i n  system 

I1 (Rf 0 . 4 1 )  and system I V  (migrat ion d i s t a n c e  11.3 c m )  . The 

product  p u r i f i e d  i n  these systems (5 .3  V C i )  c o c r y s t a l l i s e d  t o  

cons t an t  s p e c i f i c  a c t i v i t y  wi th  c a r r i e r  7B-hydroxy DHA (Table I ) .  

( i v )  Products  D and E cochromatographed wi th  7a-hydroxy DHA i n  

system II (Rf  0 . 3 4 )  and system I V  (migra t ion  d i s t a n c e  1 4 . 2  c m ) .  

The combined r a d i o a c t i v i t y  from products  D and E was p u r i f i e d  i n  

system I V ,  t o  y i e l d  [1,2-3H(n)] 7a-hydroxy DHA (51.0pCi) .  A 

por t ion  was c o c r y s t a l l i s e d  t o  cons tan t  s p e c i f i c  a c t i v i t y  wi th  
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carrier 7a-hydroxy DHA (Table  I ) .  

Table I .  The S p e c i f i c  A c t i v i t i e s  of C a r r i e r  S t e r o i d s  

a f t e r  R e c r y s t a l l i s a t i o n  

C a r r i e r  

la-hydroxy DHA 

DHA 

Solvent  System S p e c i f i c  A c t i v i t i e s  (d.p.m./rnq) 

co  CR ML 

3172 3337 2922 

3135 3431 

3202 

2 4 1 7  2626 2095 

2561 2292  

2445 

3835 1915 6515 

1531 3458 

1283 1 6 2 2  

B , benzene ; H , hexane ; M ,methanol ; A ,  acetone ; D , d i e  thy  l e t h e r ;  

W,water. C o , s t a r t i n g  m a t e r i a l ;  CR,crystals ;  ML,mother l i q u o r .  

7 

DISCUSSION 

The use of t h e  acyloxyla t ion  r e a c t i o n  involv ing  peroxides  has  been 

( 9 )  reviewed . The gene ra l ly  accepted mechanism involves  homolysis 

of the peroxyes te r  by cuprous ions  i n  a s u i t a b l e  i n e r t  so lven t .  The 

low y i e l d s  and degrada t ion  observed using a c e t i c  a c i d  i n  t h e  acyl-  

oxyla t ion  r e a c t i o n  prompted a comparison of benzene ( 9 r 1 0 )  and 

toluene as r e a c t i o n  so lven t s .  Toluene was t h e  most e f f e c t i v e ,  

poss ib ly  because of i t s  s i m i l a r  b o i l i n g  p o i n t  ( 1 1 0 O C )  t o  a c e t i c  

ac id  (118OC) 



8 R.A.F. Couch and S. J .  M. Skinner 

Pre l iminary  s y n t h e s i s  w a s  performed us ing  [ 7 (n)  - 3H]  DHA s i n c e  , 
a t  the t i m e ,  t h i s  w a s  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  tritium 

l a b e l l e d  DHA commercially ava i l ab le .  T r i t i u m  nuc lea r  magnetic 

resonance s t u d i e s  of [ ~ ( I I ) - ~ H ]  DHA sugges t  t h a t ,  of t h e  ba tches  
(11) examined, g r e a t e r  than  90% of t h e  t r i t i u m  w a s  a t  t h e  7-pos i t ion  . 

The tritium label w a s  approximately equa l ly  d i s t r i b u t e d  between the 

76 and 7a p o s i t i o n s ,  the 78 p o s i t i o n  being p r e f e r r e d .  I n  one ba tch  

t h e  16a p o s i t i o n  w a s  a l s o  l a b e l l e d .  Acyloxylat ion of t h e  7a 

p o s i t i o n  would cause a l o s s  of t h e  tritium s u b s t i t u e n t .  S i m i l a r l y  

the  a l k a l i n e  hydro lys i s  s t e p  can be expected t o  d i s p l a c e  s o m e  label 

from t h e  l a b i l e  16a pos i t i on .  Thus t h e  m a x i m u m  s p e c i f i c  a c t i v i t y  

l i k e l y  i n  a 7a-hydroxylated r e a c t i o n  product  would be  about  h a l f  

t h a t  of the s t a r t i n g  material. The conversion of t h i s  s u b s t r a t e  

t o  [7B-3H]  7a-hydroxy DHA and [7w3H]  7B-hydroxy DHA was 4.6 and 

0 .6  p e r  c e n t  re . spec t ive ly .  The p o s s i b i l i t y  of a primary i so tope  

e f f e c t ,  caused by involvement of t h e  tritium l a b e l l e d  pro tons  a t  

C7, has  n o t  been s t u d i e d  by t h e  au thors .  

A compet i t ive p r o t e i n  b inding  method us ing  a n t i s e r a  r a i s e d  i n  

r a b b i t s  immunised wi th  3% , 7a-dihydroxy androst-5-ene-17B-carboxy- 

bovine serum albumin (unpublished r e s u l t s )  was used t o  estimate t h e  

s p e c i f i c  a c t i v i t y  of t h e  rH] 7a-hydroxy DHA produced. The 

s p e c i f i c  a c t i v i t y  of t h e  syn thes i sed  [1,2-3H(n) ] 7a-hydroxy DHA was 

49-56 Ci/mmol (84-95% of  t h e  s p e c i f i c  a c t i v i t y  of t h e  s t a r t i n g  

m a t e r i a l ) .  

The s p e c i f i c  a c t i v i t y  of t h e  [78-’H] 7a-hydroxy DHA syn thes i sed  

from [7(n)-’H] DHA ( s p e c i f i c  a c t i v i t y  16.6 C i / m o l )  was 4 . 9  Ci/mmol. 
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