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The enzymatic  reduction of the keto group at C-20 is one of the main routes  for the metabol ism and 
inactivation of cor t i cos te ro ids  in m am mal s  [1]; a s imi la r  p rocess  is widely known also for var ious  m i c r o -  
o rgan isms ,  including ac t inomycetes  [2]. 

We have studied the reduction of cor t i so l  (I) and prednisolone (lI) by a number  of act inomycetes .  Of 
the s t ra ins  tested Act. v i r idochromogenes  3356 ATCC, Act. aureofaciens 10762 VNIIA, Act. variabi l is  526/ 
56, Act. v i r idochromogene 9343~TH, Act. lavendulae 9911eTH, and Act. lavendulae 8664 ATCC do not t r ans -  
form subs t ra tes  (I) and (II); when Act. roseovi r id is  13040 INA was used, the corresponding 20fl-hydroxy 
compounds (III) and (IV) were formed smoothly. The s t ructure  of the compounds obtained and of their  20,21 
diaceta tes  was confirmed by compar ison with l i terature  data. 

In a chromatographic  study of the composit ion of the culture liquids it was found that the te t rols  (lII) 
and (IV) are  the main products,  and other  steroid compounds were present  in only t race amounts. Thus, in 
cont ras t  to many other known cul tures  which per fo rm this reduction, Act. roseovi r id is  13034 INA is c h a r a c -  
ter ized by a high specificity of reduction in the course  of which the other  groupings in the steroid molecule 
are not affected. 

In connection with the considerable biological role of the reduction of the carbonyl and C-20, the de-  
velopment of a method for determining 20-hydroxy s teroids  in the organism is extremely urgent.  It must 
be observed  that 17~ ,20 ,2 I - t r io l s  containing a glycerol  side chain are distinguished by a low stability, and 
therefore  they were analyzed in the form of derivat ives.  Thus, such compounds and, in par t icular ,  Reich-  
s te in ' s  substance E (III) were converted into their  acetonides and were then determined by GLC and mass  
spec t romet ry  [3], the authors  ascribing s t ructure  (V) to the acetonide. The opinion has been expressed  r e -  
cently [41 that in the react ion of compound (III) with acetone in the presence  of p-toluenesulfonic acid the 
acetonide (V} is formed, while in the presence of perchlor ic  acid a mixture of the acetonides (V) and (VI) is 
formed. 

We have studied this reaction with the aid of the TLC method, compound (V) and compound (VI) being 
separated by preparat ive  chromatography.  In contras t  to l i terature information, it was found that when both 
TSOH and HC10 4 were used as ca ta lys ts  and also when the methods descr ibed in the l i tera ture  [3, 4] were 
repeated, a mixture of the acetonides (V) and (VI), readily separable by chromatography,  was always formed. 
Compound (V1), in which the least  s ter ical ly  hindered 21-hydroxy group is free,  possesses  a lower ch ro -  
matographic mobility than its i somer  (V). The s t ruc tures  of these i somers  follow from the ease of acety-  
lation of the acetonide (VI) with the formation of the acetate (VII) and the res i s tance  of the acetonide (V) to 
acetylation under mild conditions. 

It is also interest ing to note that we have observed an interconvers ton of the acetonides: When a solu- 
tion of an individual compound (V) or  (VI) in acetone was treated with acid cata lys ts ,  af ter  only a short time 

S. Ordzhonikidze All-Union Scient i f ic -Research  Institute of Pharmaceut ica l  Chemis t ry .  Translated 
f rom Khimiya Pr i rodnykh Soedinenii, No. 3, pp. 360-363, May-June,  1975. Original ar t ic le  submitted 
January  24, 1974. 

©19 76 Plenum Publishing Corporation. 22 7 West 17th Street. New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval ,wstem, or traltsmitted, in at(v ./Drm or by any means, electronic, mechanical, photocopyh~g, microfilming, 
recording or otherwise, without written permission o f  rite publisher. A copy o f  this article is" available from the publisher for $15.00. 

373 



both i s o m e r s  w e r e  d e t e c t e d  by the TLC method .  Thus ,  b e a r i n g  in mind  the r e v e r s i b i l i t y  of the r e a c t i o n  fo r  
the p r e p a r a t i o n  of the a c e t o n i d e s  in an a c i d  m e d i u m ,  on the b a s i s  of the r e s u l t s  o b t a i n e d  it m a y  be c o n -  
s i d e r e d  that  the p r o c e s s  t a k e s  p l a c e  u n d e r  t h e r m o d y n a m i c  c o n t r o l ,  the r a t i o  of the i s o m e r i c  c o m p o u n d s  
(V) and (VI) be ing  d e t e r m i n e d  by the r e l a t i v e  s t a b i l i t i e s  of the d ioxo iane  r i n g s  f o r m e d  with the p a r t i c i p a -  
t ion of c a r b o n  a t o m s  17 and 20 o r  20 and 21. 

0 ~' ' - -~. j  .~.--OH 
i. R=H .I.R=R~H 

vrJv.~=A¢ / /  Ix.E=Ac;R~H 
x.B.=H, RI=AC 

OR 

w. R=H 
vn. R=AG 

v 

In the PMR s p e c t r a  of the a c e t o n i d e s  (V)-(VII) t h e r e  a r e  the fo l lowing s ing le t  s i g n a l s :  the p r o t o n s  of 
four  m e t h y l  g r o u p s  (C-18,  C-19 ,  and the a c e t o n i d e  g roup ing)  in the  1-1 .5  ppm r e g i o n  and of the v iny l  p r o -  
tons  a t  C--4 in the 5.7 p p m  r e g i o n .  In add i t ion ,  a c o m p l e x  s y s t e m  of s i g n a l s  can  be s een  in the s p e c t r u m  
with  an i n t ens i t y  of four  p r o t o n  un i t s  in the 3 .5 -4 .5  ppm r e g i o n  f r o m  the p r o t o n s  at  C-11 ,  C-20 ,  and C-21 ,  
whi le  a c e t y l a t i o n  of a h y d r o x y  g r o u p  l e a d s  to a n o r m a l  downf ie ld  sh i f t  of  the  s i gna l  f r o m  the C-21 p r o t o n s .  
In c o n t r a s t  to a c e t y l a t i o n ,  the i nc lu s ion  of the h y d r o x y  g roup  in a d ioxo lane  r i n g  l e a d s  to p r a c t i c a l l y  no 
change  in the c h e m i c a l  sh i f t  o f  the  g e m i n a l  p ro ton  at  C-21 .  Tile two a c e t o n i d e s  (V) and (VI) have p r a c t i -  
c a l l y  i d e n t i c a l  m a s s  s p e c t r a .  

Since the c o n v e r s i o n  of the te t r01 (III) into an ace ton ide  l e a d s  to the f o r m a t i o n  o f a m i x t u r e  of the i s o -  
m e r s  (V) and (VI), the  a n a l y s i s  of  such c o m p o u n d s  by the m e t h o d  d e s c r i b e d  by B a i l e y  [3] is  i n su f f i c i en t l y  
r e l i a b l e .  I t  s e e m s  to us  d e s i r a b l e  for  a n a l y s i s  to s t a b i l i z e  t h e m  in the fo rm of d i a c e t a t e s  o r ,  fo r  e x a m p l e ,  
t r i m e t h y l s i l y l  e t h e r s .  

I t  i s  known tha t  r e d u c t i o n  by c o m p l e x  m e t a l  h y d r i d e s  of the  ke to  g roup  at  C20 in c o r t i s o l  a c e t a t e  (VIII) 
t a k e s  p l a c e  s t e r e o s p e c i f i c a l l y  but is  a c c o m p a n i e d  by s ide  r e a c t i o n s .  In the r e d u c t i o n  of the a c e t a t e  (VIII) 
by NaBH 4 [5] we have o b s e r v e d  the f o r m a t i o n  of  a m i x t u r e  of  the m o n o a c e t a t e s  (IX) and (X) and a l so  of the 
t e t r o l  (III). I t  w a s  found that  the  y i e l d  of  c o m p o u n d s  (III) can  be s u b s t a n t i a l l y  i n c r e a s e d  if the m i x t u r e  of 
a c e t a t e s  (IX) and (X) i s  h y d r o l y z e d  wi thout  p u r i f i c a t i o n .  

E X P E R I M E N T A L  M E T H O D  

The IR s p e c t r a  w e r e  o b t a i n e d  on a P e r k i n - - E l m ~ r  457 s p e c t r o m e t e r  in p a r a f f i n  o i l ,  the UV s p e c t r a  on 
an E P F - 3  (Hitachi)  s p e c t r o m e t e r  in e thano l ,  and the PMR s p e c t r a  on a J N M - 4 N - 1 0 0  i n s t r u m e n t  in d e u t e r o -  
c h l o r o f o r m  ( c h e m i c a l  s h i f t s  g iven  in the 5 s c a l e  f r o m  the s i gna l  of  TMS taken a s  0), and the s p e c i f i c  r o t a -  
t ions  w e r e  m e a s u r e d  fo r  1% s o l u t i o n s  on an L P U - 0 1  p o l a r i m e t e r .  T h i n - l a y e r  c h r o m a t o g r a p h y  was  p e r -  
f o r m e d  on "Si lufo l"  p l a t e s  ( K a v a l i e r ,  C z e c h o s l o v a k i a )  and p r e p a r a t i v e  s e p a r a t i o n  of c o l u m n s  of  type KSK 
s i l i c a  gel .  The  a n a l y s e s  of  a l l  the c o m p o u n d s  o b t a i n e d  c o r r e s p o n d e d  to the c a l c u l a t e d  C and H con t en t s .  

The s t e r o i d  a l c o h o l s  w e r e  a c e t y l a t e d  with a c e t i c  a n h y d r i d e  in p y r i d i n e  (4 h at  ~ 20 ° C), and the a c e -  
t a t e s  w e r e  i s o l a t e d  a f t e r  the r e a c t i o n  m i x t u r e s  had been p o u r e d  into d i lu te  h y d r o c h l o r i c  ac id  at 0 ° C. 

l l f i ,  17oz, 20fl, 2 1 - T e t r a h y d r o x y p r e g n - 4 - e n - 3 - o n e  (III). Method  A [ M i c r o b i o l o g i c a l  R e d u c t i o n  of (I)]. 
The c u l t u r e s ,  which  w e r e  ob t a ined  f r o m  the c o l l e c t i o n  of K a z a n '  S ta te  U n i v e r s i t y ,  w e r e  m a i n t a i n e d  on a 
m e d i u m  c o n t a i n i n g  (%): s t a r c h  - 2; p o t a s s i u m  n i t r a t e  - 0.1 ; d i p o t a s s i u m  p h o s p h a t e  - 0.05; m a g n e s i u m  su l fa te  - 
0.05; s o d i u m  c h l o r i d e  - 0.05; and  a g a r  - 2; pH 7.2. The c u l t u r e  was  g rown  on a m e d i u m  (~):  m a i z e  e x -  
t r a c t  - 0 . 5  (as d r y  weight) ;  s t a r c h  - 3 ;  a m m o n i u m  n i t r a t e  - 0 . 5 ;  p o t a s s i u m  c a r b o n a t e - - 0 . 5 ;  s o d i u m  c h l o -  
r i d e  - 0.4; pH 6.4. An aqueous  s u s p e n s i o n  of a c t i n o m y c e t e s  s p o r e s  was  added  in 2 - m l  p o r t i o n s  to 2 5 0 - m i  
c o n i c a l  f l a s k s  c o n t a i n i n g  100 m l  of  the  m e d i u m ;  the  m y c e l i u m  was  g rown  on a shak ing  m a c h i n e  a t  28°C: 
a f t e r  24 h, a so lu t i on  of 50 m g  of the  s t e r o i d  in 1 m l  of e thano l  was  added .  A f t e r  the  c o m p l e t i o n  of the  
t r a n s f o r m a t i o n  (48 h, c h e c k e d  by  the  TLC m e t h o d ) ,  the  c u l t u r e  l iquid  [3.5 g of the  i n i t i a l  (I)] was  f i l t e r e d ,  
and  the  f i l t r a t e  was  s a t u r a t e d  with 1850 g of NaCI and e x t r a c t e d  fou r  t i m e s  with  e thy l  a c e t a t e  (3.5 l i t e r s  + 
7 l i t e r s  + 7 l i t e r s  + 3.5 l i t e r s ) .  On e v a p o r a t i o n  in v a c u u m  to ~ 2 5  m l ,  the  c o m b i n e d  e x t r a c t s  d e p o s i t e d  
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g (yield 70%) of (HI); mp 120°C (from ethyl acetate),  [ a ]~+  88 ° (0.5O/o dioxane); it was identical in p rop -  2.46 
e r t i es  with the compound obtained by method B. According to the l i terature  [6, 7] - mp 120-126°C (from 
ethyl acetate).  

The 20,21-diacetate had mp 228-230° C (from acetone) [c~]~+ 162 ° (acetone) and was identical in its 
p roper t ies  with the diacetate of the compound obtained by method B. According to the l i tera ture  - mp 228- 
229°C (from acetone); [~]~+165 ° (dioxane) [6]; mp 229-231°C, [o~]~+ 161.3 ° (acetone) [8]. 

Method B (reduction with NaBH4). A solution of 4.4 g of NaBH 4 in 100 ml of water  was added over  4 h 
(~ 20 ° C) to a solution of 20 g of (VIII) in 800 ml of dimethylformamide,  and then the mixture was cooled to 
0 ° C and 35.7 ml of 30'~ acetic acid was added in drops.  In vacuum, 700 ml of dimethylformamide was 
evaporated off at a bath tempera ture  of 50°C, and the residue was treated with 700 ml of water ,  and was 
left at ~0°C for 2 h. The result ing mixture of (IX) and (X) (0.56 g) was filtered off. The aqueous filtrate 
was extracted with ethyl acetate (5 × 200 ml), and the extract  was washed with water  (2 ×30 ml) and dried 
with Na2SO 4. Fract ional  evaporation of the ext rac t  yielded port ions of a crysta l l ine  mixture of (IX) and (X) 
(total 7.71 g) and then 4.49 g of (III). The aqueous layer  was additionally extracted with ethyl acetate (5 × 
500 ml), and evaporation of the ext rac t  gave 17.51 g of residue la mixture of (IX) and (X)]. To a solution of 
7.71 g of the crysta l l ine  mixture of (IX) and (X) in 386 ml of methanol was added a solution of 3.93 g of po- 
tass ium carbonate in 3.93 ml of water,  and after  2 h (~ 20 ° C) 88 ml of water  was added and the mixture was 
acidified with 30 ~c acetic acid. After 30 min, the methanol was evaporated off in vacuum, the residue was 
extracted with ethyl acetate (5 × 300 ml), and the extract  was washed with water,  dried, and evaporated. 
The residue was recrys ta l l i zed  from methano l -ace tone  (1 : 1), giving 4.57 g of (III). In a s imi lar  manner,  
17.51 g of a mixture of (IX) and (X) was hydrolyzed,  giving 6.49 g of (III), the total amount of (III) therefore  
being 15.55 g, the yield being 86.4% calculated on the (VIII). 

llfl,  17~, 20fl, 21 -Te t rahydroxypregna- l ,4 -d ien-3 -one  (IV}. As in the preceding case (method A), 
after  the t ransformat ion of 0.95 g of (II), 0.95 g of unpurified tetrol  (IV) was obtained. 

20,21-Diacetate,  mp 241.5-243°C Ifrom isoproDanoll, [c~]~ + 109.5 ° (dioxane}. According to the l i t e ra -  
ture - m p  244-247°C (from acetone), [o~]~+110 ° (dioxane) [9]; mp 234.5-237.5°C (from a mixture of acetone 
and petroleum ether),  [~]~ * 114 ° (dioxane) [6]. 

The 20,21-Acetonide (V) and the 17,20-Acetoaide (VI) of llfl,  17o~, 20fl, 21 -Te t rahydroxypregn-4 -en-  
3-one. A solution of 8.33 g o f  (III) and3  m l o f 4 3 . 4 %  HC104in 200 ml of acetone was left at ~20 °C for 12h  
and was then poured into 800 ml of water  and extracted with chloroform;  the ext rac t  was washed succes -  
sively with water ,  5/c NaHCO3, and water  again, and was dried and evaporated in vacuum. The residue 
(11:2 g) was t r ans fe r red  to a column of si l ica gel and eluted with chloroform and then with a mixture of 
ch loroform and acetone (20 : 1). F rom the corresponding portions of the eluate were isolated success ively  
2.81 g (yield 30.4 %) of (V), mp 205-206°C (from a mixture of ethyl acetate and hexane), ?`max 243 n m (  a 
15,800), Vma x 1610 and 1660 cm -1 (A4-3-ketone) and 3460, 3550 cm -1 (OH), [~]~ + 100.0 ° (methanol), and 
2.26 g (yield 24.5 ~7c) of (VI), mp 251.5-253°C (from a mixture of ethyl acetate and hexane), ?`max 243 nm (E 
16,000} ?,max 1610 and 1670 cm -I (~¢-3-ketone) and 3480, 3560 cm -1 (OH), [c~]~ + 78.0 ° (methanol). Accord -  
ing to the l i terature  [4]: (V) has mp 205-207.5 ° C, [c~]~ + 99.4 ° (methanol), and (VI) has mp 257.5-259.5 ° C, 
[~]~ + 83.7 ° (methanol). 

21-Acetate of l l f l ,17~,20f l ,21-Tetrahydroxypregn-4-en-3-one,  mp 188-190 ° C (from a mixture of ethyl 
acetate and hexane), ?`max 243 nm (~ 16,000), ?`max 1615 and 1655 cm -1 (A4-3-ketone), 1735 cm -I (ester  CO), 
and 3415 cm -1 (OH). According to the l i terature [4]: mp 196-197°C. 

S U M M A R Y  

1. It has been established that the reduction of cor t isol  and of pregnisolone with a culture of Act. 
roseovi r id is  forms the corresponding 20fl-hydroxy compounds. 

2. In a study of the preparat ion of acetonides from Roichs te in ' s  substance E the formation of a mix-  
ture of i somers  has been shown. 
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