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SUMMARY 

Antheridiol-(22,23- H) has been prepared by reduction of 3- 

acetoxy-23J23-dihy~xy-22-0xo-5J 24 l28l-ergostadiene-28-car- 
boxylic acid ganmvr - lactone with tritiated sodium borohydride 
follooed by hydrolysis, photo-oxygenation and cupric chloride 
cata Zysed rearrangement. 

3 

The sequence of events leading to sexual reproduction in the water mould, Achlya, 

begins with secretion of the steroidal hormone, antheridiol (k), by female strains. 

This hormone causes the formation of antheridial branches, or male sex organs, in 

male strains and also stimulates the inale to secrete a second hormone (hormone B), 

which induces the female to produce oogonial branches, or female sex organs.") 

theridiol is secreted in minute amounts but it can be detected by biological assay in 

as low a concentration as 6 x lo-'' g/ml of solution. 

fate of antheridiol, we required labelled hormone of high specific activity. 

cent synthesis of antheridiol") provided a straightforward method for introducing 

tritium at C-22 and C-23 of the steroidal side chain. 

An- 

In order to study the metabolic 

Our re- 

The keto-lactol intermediate (5) was synthesized in good .yield by condensation 

of 3-acetoxy-22,23-bisnorchol-5-en-24-al with the anion of 3-isopropylbutenolide 

followed by Jones oxidation and autoxidation, as reported previously. Reduction 

of with tritiated sodium boroiiydride in tetrahydrofuran-methanol (2:l) gave the 

tritiated hydroxy butenolide, (mixture of erytliro isomers). The isomer with 

the natural stereochemistry (a) was isolated by preparative thin layer chromatogra- 
phy. 

stant activity. Hydrolysis with dilute sulfuric acid in dioxane gave &, which was 

o 1975 by John Wiley & Sons, Ltd. 

It was diluted ten times with unlabelled compound and recrystallized to con- 
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3 conve r t ed  t o  22,23- H a n t h e r i d i o l  (k) by photooxygenat ion  and c u p r i c  c h l o r i d e  c a t -  

a l y z e d  rear rangement .  The p u r e  p roduc t  & had mp 238-241" (HeOH), s p e c i f i c  a c t i v i t y  

0 .76 mCi/mmol. 

In a n  a t t e m p t  t o  produce  mater ia l  w i t h  l l i ghe r  a c t i v i t y  t h e  r e d u c t i o n  w a s  r e p e a t -  

e d  u s i n g  t r i t i a t e d  sodium borohydr ide  which had an a c t i v i t y  60X g r e a t e r  t h a n  t h a t  

used  p r e v i o u s l y .  The s o l v e n t  f o r  t h e  r e d u c t i o n  w a s  d i o x a n e - t r i t i a t e d  water. T r i t i -  

a t e d  water w a s  used  t o  e n s u r e  t h a t  i f  any exchange  of hydrogen a t t a c h e d  t o  boron 

were t o  o c c u r ,  i t  would n o t  l e a d  t o  a d e c r e a s e  i n  t h e  amount of t r i t i u m  i n c o r p o r a t e d  

i n t o  u.(3) The a c t i v i t y  of t h e  a n t h e r i d i o l  o b t a i n e d  by t h i s  method w a s  97% high-  

er than  t h a t  of t h e  p rev ious  expe r imen t .  

a R z 3 H  
I b R = O H  2 a 

22S23R 
b 22R23S 

a 2 2 S 2 3 R  
b 22 R23S 

a 22S23R 
3 b 22R23S 
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The propor t ion  of 22s 23R isomer t o  22R 23s isomer was lower (1:4.5) i n  t h e  sec- 

ond reduct ion  then i n  t h e  f i r s t  ( l : Z . ' j ) .  This  d i f f e r e n c e  may be a r e s u l t  of s t e r i c  

f a c t o r s .  The 22-keto group and t o  a lesser  ex ten t  t h e  ( p o t e n t i a l )  23-keto group i n  

- l b  a r e  hindered and a r e  s i t u a t e d  i n  an asymmetric environment. The propor t ions  of 

t h e  a lcohols  formed by reduct ion  w i l l  depend on the  s i z e  of t h e  a t t a c k i n g  spec ies .  

This i n  t u r n  depends on t h e  type of so lvent  used i n  t h e  reac t ion .  ( 4 )  

Removal of the t r i t i u m  atoms i n  & ( s p e c i f i c  a c t i v i t y  0.78 mCi/mmol) by sequent ia l  

ox ida t ion  showed t h a t  t h e  a c t i v i t y  was almost evenly d i s t r i b u t e d  between t h e  C-22 

and C-23 p o s i t i o n s  (0.38 and 0.32 mCi/mmol r e s p e c t i v e l y ) .  

t h e  oxida t ion  product &may he due t o  t r i t i a t i o n  of t h e  hydroxyl group. 

The r e s i d u a l  a c t i v i t y  i n  

- EXPERIMENTAL (5) 

Reduction of 5 with t r i t i a t e d  sodium borohyaride 

The ke to- lac tc l  *") (40 mg) i n  tetrahydrofuran-methanol, 2:l ( 5  ml), w a s  

t r e a t e d  with t r i t i a t e d  sodium borohydeide (40  mg, 87 mCi/mmol) and the  mixture 

kept  ac  room temperature f o r  s i x t e e n  hours .  

of N,, and d i l u t e  I I C l  w a s  added t o  t h e  residue.. T h e  white  inso luble  s o l i d  was co l -  

l e c t e d ,  washed ( l $ O ) ,  d r i e d ,  and chrornatographed by prepara t ive  t h i n  l a y e r  chroma- 

tography on s i l i c a  g e l  wi th  hexane-ethyl a c e t a t e  (3 : l )  t o  give *, 6 mg, 10.5 m C i /  

mmol, &, 1 4  mg, 17.8 mCi/mmol and a mixture  of t h e  corresponding deace ty la ted  com- 

pounds ( l lmg).  

be l led  compounds and r e c r y s t a l l i z e d  t o  constant  a c t i v i t y  t o  g ive  Lc, 38 mg, mp 158- 

160" ( e t h y l  acetate-hexane) ,  0.78 mCi,/mmol; and a, 9 2  mg, mp 204-208", 1 . 1 7  m C i /  

mmol. 

The so lvent  was removed i n  a s t ream 

Both & a n d  a were d i l u t e d  t e n  t i m e s  wi th  the  corresponding unla- 

Repet i t ion  of t h e  reduct ion  with 120 mg of and t r i t i a t e d  sodium borohydride 

(27 mg, 138.9 mCi/mmol) i n  d i o x a n e - t r i t i a t e d  water ,  18:l (9ml) f o r  twenty hours a t  

5°C gave &, 18 mg, 23.5 mCi/mmol, and 2, 83 mg, 32.7 mCi/mmol. 

Conversion of 2 and 2 t o  antheridio:l-(22,23- 10, & and i ts  isomer, 5 3 

A s o l u t i o n  of t h e  a c e t a t e  a (35mg) i n  dioxane (IS m l )  was re f luxed  with 5% 

aqueous H 2 S 0 4  (7ml) f o r  one hour. The so lvent  was removed under reduced pressure  
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and the  r e s i d u e  d i l u t e d  with water .  

30 mg, mp 228-232". 

The i n s o l u b l e  d i o l z w a s  c o l l e c t e d  and d r i e d  

The d i o l  3 ( 2 8  mg) and hematoporphyrin ( 3  mg) were d isso lved  i n  pyr id ine  (5ml) 

i n  a pyrex tube and i r r a d i a t e d  f o r  twenty-four hours with two 15-W f luorescent  

lamps placed c l o s e  t o  t h e  tube  while  oxygen was passed through the  s o l u t i o n .  

dark  brown so lu t ion  w a s  d i l u t e d  with e t h e r  (20 ml) ,  s t i r r e d  with a c t i v a t e d  charcoa l  

and then f i l t e r e d  through C e l i t e .  

t h e  hydroperoxide which was d isso lved  i n  pyr id ine  ( 3  ml) and, a f t e r  adding c u p r i c  

ch lor ide  (1.5 mg), was allowed t o  s tand a t  room temperature for  t h r e e  days. The 

pyr id ine  was removed under reduced pressure  and t h e  res idue  taken up i n  e thyl  

a c e t a t e  a n i  f i l t e r e d  through a s h o r t  column of s i l i c a  g e l .  P u r i f i c a t i o n  was e f f e c t e d  

by prepara t ive  t h i n  l a y e r  chromatography on s i l i c a  g e l  wi th  chloroform-methanol 

(15: l )  which gave &, 1 3  mg, mp 238-241" (MeOH), 0.76 mCi/mmol. 

(10 mg) obtained by t h e  second reduct ion ,  yielded k, 4.5 mg, 15 mCi/mmol. 

i l a r l y ,  2 ( 4 2  mg from f i r s t  reduction)was converted t o  5, 18 mg, mp 255-259" 

(PleOH) , I. 1 mCi/mmol. 

The 

Removal of t h e  so lvent  under reduced pressure  gave 

A sample of 

Sim- 

Oxidation of 2 

The a c e t a t e  a (10 mg, from f i r s t  reduct ion)  d isso lved  i n  ace tone  w a s  t r e a t e d  

with Jones reagent  ( 0 . 1  ml). The mixture was s t i r r e d  a t  0°C f o r  one hour then a few 

drops of methanol were added t o  des t roy  excess  r e a g e n t ,  Nost of t h e  so lvent  w a s  re- 

moved under reduced pressure  and the  r e s i d u e  d i l u t e d  with water t o  g ive  the  c r y s t a l -  

l i n e  ketone & ( 2 3 R ) ,  8 mg, mp 150-155" ,  0.4 m C i / m m l .  

l o s t .  

Thus 49% of t h e  a c t i v i t y  was 

A s o l u t i o n  of (6  mg) i n  3 m l  tetrahydrofuran-methanol (2:l) was s t i r r e d  wi th  

s i l i c a  g e l  ( 0 . 3  g) f o r  twenty-four hours .  The mixture  was f i l t e r e d  and the  so lvent  

removed from the  f i l t r a t e  leav ing  a white  s o l i d  which on p u r i f i c a t i o n  by prepara t ive  

t h i n  l a y e r  chromatography on s i l i c a  g e l  wi th  hexane-ethyl a c e t a t e  (2:1), af forded  & 

4 mg, wi th  an a c t i v i t y  of less than 0.08 mCi/mmol. 

r a d i o a c t i v i t y  was l o s t  i n  t h e  two s t e p  oxida t ion  sequence. 

Therefore ,  more than 90% of t h e  
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