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SUMMARY 

3 17B-Hydroxy-[lS,2E.- H2]4,6-androstadien-3-one was 

prepared by t h e  s e l e c t i v e  r educ t ion  of  178-hydroxy-1,4,6- 

andros t a t r i en -3 -one  i n  benzene with t r i t i u m  over  5% p a l -  

ladium on carbon. After p u r i f i c a t i o n  by t h i n  l a y e r  

chromatography and high p res su re  l i q u i d  chromatography, 

t h e  s p e c i f i c  a c t i v i t y  was a t  l e a s t  37 Ci/mmol, and t h e  

radiochemical  p u r i t y  was g r e a t e r  t han  96%. 

INTRODUCTION 

Androgen b ind ing  p r o t e i n  (ABP) i s  p resen t  i n  t h e  supe rna tan t  ( c y t o s o l )  of 

homogenized epididymal t i s s u e  of  t h e  r a t  ( 1 , 2 ) ,  r a b b i t  (3 ,4 ) ,  and human ( 5 ) .  

S t u d i e s  on t h e  d i s t r i b u t i o n  and fate of  ABP n e c e s s i t a t e d  t h e  p r e p a r a t i o n  of 

t r i t i u m  l a b e l e d  ABP. 

androgen of  s p e c i f i c  a c t i v i t y  g r e a t e r  t han  10 Ci/mmol was chosen a s  t h e  b e s t  

P h o t o a f f i n i t y  l a b e l i n g  o f  ABP with a t r i t i u m  l abe led  
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method t o  ach ieve  t h i s  g o a l .  No a t t empt  was made t o  u s e  t r i t i u m  l a b e l e d  176- 

hydroxy-4-androsten-3-one ( t c s t o s t c r o n e )  (1 )  a s  a p h o t o a f f i n i t y  r eagen t  due t o  

01 I OH 

1 2 

t h e  proximi ty  of i t s  n -f .n* absorption band (X 305 run) t o  t h e  c u t - o f f  of t h e  

Pyrex f i l t e r  ( looo t r ansmiss ion  a t  305 n m )  used t o  p r o t e c t  t h e  p r o t e i n  chromo- 

phorcs  du r ing  i r r a d i a t i o n .  The s u c c e s s f u l  p h o t o i n a c t i v a t i o n  of t h e  b ind ing  

s i t e s  of rat  ABP us ing  178-hydroxy-4,6-androstadien-3-one ( A  - t e s t o s t e r o n e )  (2) 

(6) promptcd u s  t o  p r e p a r e  2 w i th  a t r i t i u m  l a b e l .  

max 

6 
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P re l imina ry  cxpcr iments  w i t h  as l i t t l e  as  6 ug of i n l a b e l l e d  t e s t o s t e r o n e  

(1)  i n d i c a t e d  t h a t  dehydrogenat ion  wi th  c h l o r a n i l  c a t a l y z e d  wi th  p - t o l u e n e s u l -  

f o n i c  a c i d  (TsOll)  i n  o-x) ' lene a t  120  "C f o r  4 hr (7) gave A - t e s t o s t e r o n e  (2)  i n  

a r easonab le  y i c l d .  Thus,  6 .4  ug of 176-hydroxy-[15,21;- H ld -andros tcn-3-one  

[['H ] t e s t o s t e r o n e )  ( 3 )  of s p e c i f i c  a c t i v i t y  15 .4  niCi/mmol (Scheme I )  gave 
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3 3 6  I:B-hydroxy-[l<- t1]4,6-androstadien-. i-one ( [  t l ] A  - t e s t o s t e r o n e )  ( 4 )  o f  s p e c i f i c  

a c t i v i t y  7.7 mCi/mmol i n  26"" y i c l d ,  t h e  t r i t i u m  atom a t  C - 2  be ing  l o s t  d u r i n g  

t h e  p r e p a r a t i o n .  Khen 6 . 6  p g  o f  of  s p e c i f i c  a c t i v i t y  4 4  Ci/mmol t r e a t e d  



i n  t h e  same "ay, no s p o t  cor responding  t o  4 was v i s i b l e  on a t h i n  l a y e r  chromato- 

graphy ( t l c )  p l a t e .  The combination o f  h igh  s p e c i f i c  a c t i v i t y  and d r a s t i c  con- 

d i t i o n s  promoted r a d i o l y t i c  decay  of t h e  s t e r o i d  (8,9).  

The s e l e c t i v e  c a t a l y t i c  r e d u c t i o n  of 17B-hydroxy-1,4,6-androstatrien-3-one 

(A1 '6 - t e s tos t e rone )  (5 )  (10) wi th  t r i t i u m  (Scheme 11) was chosen as  a m i l d e r  
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3 mcthod f o r  the p r e p a r a t i o n  of 17B-hydroxy-[ 1 5 , 2 5 -  H ]4 ,6 -andros t ad ien -3 -one  

( [  I I 2 ] G  -testosterone) ( 6 ) .  

2 
3 6  The amount of 6 produced from such  a r e a c t i o n ,  com- 

pa red  t o  17B-hydroxy-[65,75- 3 1l2] l , j - , , id ros tad icn-3-one  ( [ . l l , , ] A  3 1  - t c s t o s t c r o n c )  ( 7 ) ,  
L 
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OH 
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H 
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depcnds on t h e  r e l a t i v e  r a t e s  of r educ t ion  o f  t h e  1 , 2 -  and 6 ,7-double  bonds of 

5 .  D j e r a s s i  and Gu tzwi l l e r  (11) p a r t i a l l y  reduced 

17-d ionc  t o  t h e  A -3-ke tone  bu t  d i d  no t  r e p o r t  t h e  

d u c t i o n s .  No p a r t i a l  r c d u c t i o n  of a t r i e n o n e  l i k e  

Before p a r t i a l  r c d u c t i o n  of A1"- tes tos te rone  

4 

1,4- and 4 ,6 -andros t ad iene -3 , -  

r e l a t i v e  r a t e s  o f  t h e s e  re- 

5 has  been r e p o r t e d .  

(5)  was a t t empted ,  a mix tu re  

6 of 5 and un labe led  p o s s i b l c  r e d u c t i o n  p roduc t s  of 5 ,  t e s t o s t e r o n e  ( l ) ,  A - 

t e s t o s t e r o n e  ( 2 ) ,  A - t e s t o s t e r o n e  (un labe led  7 ) ,  and 174-hydroxy-5a-androstan-3- 

one (5a-dihydrotestosterone) ( 8 ) ,  .was s u b j e c t e d  t o  t l c  (Table  I ) .  As can be seen  

i n  Table  I ,  A - t e s t o s t e r o n e  ( 2 )  i s  e a s i l y  s e p a r a t e d  from a l l  components except  

1 

6 
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t e s t o s t e r o n e  (1). However, 1 and 2 are r e a d i l y  s e p a r a t e d  by high p r e s s u r e  

l i q u i d  chromatography ( h p l c ) .  

In p re l imina ry  s t u d i e s ,  A1'6- tes tosterone (5)  i n  dioxane was reduced with 

hydrogen a t  room temperature  and atmospheric  p r e s s u r e  ove r  10% pal ladium on car- 

bon (12) u n t i l  one e q u i v a l e n t  of  hydrogen had r e a c t e d .  Ana lys i s  of  t h e  mixture  

of p roduc t s  by hp lc  showed i t  t o  c o n t a i n  only 2% of L, - t e s t o s t e r o n e  ( 2 ) ,  t h e  6 

Tab le  I .  Thin Layer Chromatographic Data 
f o r  Unlabeled Androgens 

Compound R f E  

T e s t o s t e r o n e  (1) 

A -Tes tos t e rone  ( 2 )  

A1 '6-Testosterone (5)  

6 

0 .35 

0.30 

0.22 

0.22 1 b A -Tes tos t e rone  (7-) 

5a -Dihydro te s tos t e rone  ( 6 )  0.47 

T T l c  on 60F-254 s i l i c a  g e l  w i th  hexane- 

e t h y l  a c e t a t e - a c e t o n e  (60:35:5)  as develop- 

i n g  s o l v e n t .  - Unlabclcd. b 

1 bulk of t h e  material being A - t e s t o s t e r o n e  (un labe led  7 ) .  Wien t h e  r educ t ion  was 

done i n  benzene, 2 comprised 14% of t h e  r educ t ion  p roduc t .  

3 6  For p r e p a r a t i o n  of  [ H2]A - t e s t o s t e r o n e  ( 6 ) ,  p u r i f i e d  A 1  ' 6 - t e s t o s t e r o n e  (5) 

was s e n t  t o  New England Nuclear ,  Boston, Mass. 02118, f o r  r e d u c t i o n ,  according t o  

our  procedure,  i n  benzene with tritium over  pal  1:idiuni on carhon.  l h e  r e s u l t a n t  

crude r e a c t i o n  mixture  was r e t u r n e d  a s  a s o l u t i o n  i n  benzene-ethanol .  The bulk 

of t h e  r a d i o a c t i v e  by-products  was removed by t l c ,  and 6 with s p e c i f i c  a c t i v i t y  

of a t  least  37 Ci/mmol was i s o l a t e d  by h p l c .  The i d e n t i t y  of 6 was confirmed by 

c o - c r y s t a l l i z a t i o n  wi th  u n l a b e l l o d  C - t e s t o s t e r o n e  ( 2 ) ,  and t h e  radiochemical  6 

p u r i t y  of 6 was found t o  be g r e a t e r  t h a n  966 by t l c .  
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EXPERIMENTAL 

Radioactive samples were counted i n  a toluene-based s c i n t i l l a t i o n  f l u i d  

using a Beckman (LS-230) s c i n t i l l a t i o n  counter. S i l i c a  gel  (60F-254) with 

hexane-ethyl acetate-acetone (60:35:5) as t h e  developing solvent  was used f o r  

t h i n  layer  chromatography ( t l c ) .  The compounds were v isua l ized  using t h e  long 

wavelength UV l i g h t  from a Mineralight UVS.25 lamp. A Waters Associates ,  Inc. 

PPorasi l  column (0.4 x 60 cm) was used i n  conjunction with a Waters Associates ,  

Inc. high pressure l i q u i d  chromatograph (ALC-202 with Valco i n j e c t o r  and d i f -  

f e r e n t i a l  W detec tor ,  Xmax 254 nm) f o r  high pressure l i q u i d  chromatography 

(hplc) with chloroform-ethanol as t h e  e l u t i n g  solvent .  The chloroform (Fisher  

Cer t i f ied)  was f r a c t i o n a l l y  d i s t i l l e d  and t o  1 L of d i s t i l l a t e  was added 1 mL 

of absolute  e thanol .  A t  a flow r a t e  of 1 .5  mL/min, t h e  hplc  r e t e n t i o n  times 

f o r  tes tos te rone  (1) and A - tes tos te rone  (2) were 18.8 and 20.2 min, respec- 

t i v e l y .  

by c a l i b r a t i o n  of t h e  h p l c  de tec tor  peak areas  (height x width a t  h a l f  he ight )  

by t h e  hplc  of known amounts of t h e  respec t ive  s t e r o i d s .  

a compound e lu ted  from t h e  column during these c a l i b r a t i o n  operat ions may be 

s l i g h t l y  l e s s  than t h a t  charged, t h e  ca lcu la ted  s p e c i f i c  a c t i v i t i e s  f o r  t h e  

labeled compounds a r e  minimum values .  Unless otherwise noted, solvent  evapora- 

t i o n s  t o  dryness were done with a stream of dry ni t rogen.  

6 

The amount of  a p a r t i c u l a r  s t e r o i d  i n  t h e  hplc  e f f l u e n t  was determined 

Since t h e  amount of 

3 17B-Hydroxy-[l€,- H]4,6-androstadien-3-one (4) .  A so lu t ion  of 100 mg of E- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 
toluenesulfonic  ac id  (TsOH) i n  150 mL of toluene was boi led u n t i l  t h e  volume 

reached 100 m L  (13), and 45 p L  of  t h i s  so lu t ion  containing 45 pg (260 nmol) of 

TsOH was t r a n s f e r e d  t o  a g l a s s  tube and evaporated. A so lu t ion  of 65 ~ J L  of 

chloroform containing 6 .4  pg (22 nmol) of [ H2]testosterone (3) of s p e c i f i c  

a c t i v i t y  15.4 mCi/mmol i n  another g l a s s  tube was a l s o  evaporated. To t h i s  l a t -  

t e r  tube was added 180 p L  of o-xylene containing 850 pg (3.46 umol) of chloranil, 

f resh ly  r e c r y s t a l l i z e d  from toluene.  

containing t h e  TsOH. The tube was sealed,  and i t s  contents were heated a t  

120 O C  f o r  4 hr .  

was dissolved i n  1 mL of chloroform. 

3 

This s o l u t i o n  was t ransfered  t o  t h e  tube 

Af te r  hea t ing ,  t h e  so lu t ion  was evaporated, and t h e  residue 

The chloroform so lu t ion  was spot ted  on a 
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t l c  p l a t e ,  and t h e  p l a t e  was developed two-dimensionally. The s i l i c a  g e l  con- 

t a i n i n g  [ H]A - tes tos te rone  (4) was removed from t h e  p l a t e  and suspended over- 

night  i n  2 mL of chloroform. The mixture was f i l t e r e d  through co t ton ,  and t h e  

f i l t r a t e  was evaporated. 

containing 4 was evaporated. 

pg (27%) of 4 of s p e c i f i c  a c t i v i t y  7 .7  mCi/mmol. 

3 6  

The res idue  was subjected t o  h p l c ,  and t h e  e f f l u e n t  

Two r e p e t i t i o n s  of t h e  h p l c  procedure gave 1 .7  

3 178-Hydroxy-[lS,2S- H ]4,6-androstadien-3-one (6) .  Chromatography of 100 - - - - - - - - , - - - - - - - - - - , - z - - - - - - - - - - - - - - - - - - - - - - -  - 
mg of A1'6-testosterone (5) on a 2-in diameter column (14) of s i l i c a  ge l  (50 g, 

GF-254) using methylene chloride-acetone (93:7) as e l u t i n g  solvent  gave pure 5, 

mp 153-154 "C I l i t .  (10) mp 156-158 "C] .  A sample of 5 was sen t  t o  New England 

Nuclear f o r  reduct ion with tritium. 

The procedure used by New England Nuclear was a s  fol lows:  56.8 mg (200 

pmol) of 3 was dissolved i n  4 m L  of benzene t o  which was added 5 mg of 5% p a l -  

ladium on carbon. 

ing which an uptake of 3.4 cm3 (140 umol a t  25 O C  and 1 atm) of t r i t i u m  was 

noted. 

methanol ( 1 : l )  a s  so lvent .  Af te r  removal of t h e  c a t a l y s t  by f i l t r a t i o n ,  t h e  

reac t ion  mixture was evaporated t o  dryness a t  reduced pressure.  

6 C i ,  was dissolved i n  benzene-ethanol (9:1), and 5 m C i  por t ions  of t h i s  

so lu t ion  were returned f o r  p u r i f i c a t i o n .  

This  mixture was s t i r r e d  under an atmosphere of t r i t i u m  dur- 

Labile t r i t i u m  was removed a t  reduced pressure using methylene c h l o r i d e  

The res idue ,  

One 5 m C i  por t ion  o f t h e  reduct ion product was evaporated and t h e  residue 

was subjected t o  prepara t ive  t l c .  The t l c  p l a t e  was developed twice,  and t h e  

s i l i c a  gel  containing [ HZ]A - tes tos te rone  (6) was removed and suspended i n  1 

mL of chloroform f o r  1 h r .  The mixture was f i l t e r e d  through co t ton ,  and t h e  

f i l t r a t e  was evaporated. The residue was dissolved i n  150 !JL of hp lc  solvent  

and i n j e c t e d  i n t o  t h e  hplc  column. The e f f l u e n t  containing 6 was c o l l e c t e d ,  

evaporated, redissolved i n  hplc  solvent  and rechromatographed. This second 

e f f l u e n t  containing 7 . 2  Vg of 6 (15%) was evaporated, and t h e  res idue ,  s p e c i f i c  

a c t i v i t y  36.9 Ci/mmol, was dissolved i n  7 mL (1  ug/mL) of  absolute  e thanol  and 

s tored  a t  -15 O C .  

3 6  
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A second 5 m C i  p o r t i o n  of  the r e d u c t i o n  mixture  and t h e  same p u r i f i c a t i o n  

scheme gave 9 . 3  ug o f  6 (19%),  s p e c i f i c  a c t i v i t y  38.5 Ci/mmol. 

6 C o - c r y s t a l l i z a t i o n  of  6 wi th  u n l a b e l l e d  A - t e s t o s t e r o n e  (2) from acetone-  

wa te r ,  t h e n  from e thano l -wa te r  and again from acetone-water  gave 6 o f  unchanged 

s p e c i f i c  a c t i v i t y ,  13,815 t 90 dpm/mg. 

A mixture of  2 and 6 was s u b j e c t e d  t o  t l c .  After development,  t h e  p l a t e  

was d iv ided  i n t o  s i x t e e n  10-mm bands wi th  one band cen te red  on t h e  s p o t  co r -  

responding t o  A - t e s t o s t e r o n e  ( 2 ) .  Each band was removed, and t h e  r a d i o a c t i v i t y  

i n  each band was determined.  

found i n  t h e  band cen te red  on t h e  spo t  corresponding t o  2 .  

6 

Grea te r  t han  96% of  t h e  t o t a l  r a d i o a c t i v i t y  was 
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