
T R A N S F O R M E D  S T E R O I D S  

COMMUNICATION 28. SYNTHESIS OF A4-PREGNENE-17a ,20-DIOL-3-ON-21-OIC 

ACIDS EPIMERIC AT C-20 AND THE DETERMINATION OF 

THEIR STEREOCHEMISTRY 

A.  A .  A k h r e m  a n d  T .  K.  U s t y n y u k  UDC542.91+541 .63+547 .92  

E a r l i e r  in a s e a r c h  for  potential  antagonis ts  of a ldos teroae  we synthesized •4-isopregnene-17#,20-  
d io l -3 -on -21 -o i e  acids ep i m er i c  at C-20 using r e a r r a n g e m e n t  of the 17-acetate  of 21,21-dibromo-zk4-iso - 
pregnene-17f l -ol -3 ,20-dione [1]. This communica t ion  is devoted to the synthesis  and s t e r e o c h e m i s t r y  of 
dihydroxy carboxyl ic  acids having the natural  (p) configurat ion of the side chain. 

At the beginning of our  invest igat ion the re  were  two communica t ions  in the l i t e ra tu re  [2, 3] on the 
synthes is  of acids f r o m  20-ke to -21-a ldehydes  by the Carmizzaro react ion.  Starting f r o m  the aceta te  of 
Re ichs t e in ' s  subs tance  S (I) and using this  method we synthes ized both A4-pregneae-17v~,20-diol-3-on-21 - 
oic acids  (IVa) and (IVb) e p i m e r i c  at  C-20. 
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Saponification of ace ta te  (I) yielded compound (II), which was fu r the r  oxidized with copper  aceta te  by 
the known method [4] to the 20-ke to-21-a ldehyde  (II1); the la t te r  was used in the Cannizar ro  reac t ion  [2] 
without isolat ion.  A mix tu re  of acids  in a yield of ~63% was obtained as a resul t ,  f rom which 17c~-hydroxy- 
et ianic  acid (V), the 20~-ac id  (IVa), and the 20fl-acid (IVb) were  isolated.  Methylation of the indicated 
acids with d iazomethane yielded the i r  methyl  e s t e r s ;  the methyl  e s t e r  of 17~-hydroxyetianic acid ( ~ ) ,  the 
methyl  e s t e r  of the 20~-ac id  (VIIa), and the methyl  e s t e r  of the 20fl-acid (VIIb). The s t ruc tu re  of the 
methyl  e s t e r s  (VIIa) and (VIII)) was es tabl i shed using physical  and chemical  methods.  IR, UV, PMR, and 
m a s s  spec t r a  conf i rmed  the p re sence  in them of A4-3-keto, hydroxy, and carbmethoxy  groups.  

The p r e sen ce  in them of a vicinal  glycol grouping at the 17,20-posi t ions was conf i rmed by oxidation 
of e s t e r s  (VIIa) and (VIib) with per iodic  acid into the known A4-androsten-3,17-dione (VIII). 
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To es tab l i sh  the s t e r e o c h e m i s t r y  of the 20-cen te r ,  both e s t e r s  (VIIa) and (VIIb) were  conver ted  by a 
s e r i e s  of reac t ions  not affecting the a s y m m e t r i c  cen te r  into the known 20,21-diacetate  of A4-pregnene-17a,  
20~ ,21 - t r i o l -3 -one  (Xa) and the 20,21-diaceta te  of A4-pregnene-17~,20fl ,21- t r iot ,3-one (Xb), the conf igura-  
t ions of which were  re l iab ly  es tab l i shed  e a r l i e r  [5, 6]. R e d u c t i o n o f e s t e r  (VIIa) with l i thium a luminum 
hydride yielded te t ro l  (IXa) (mixture of C-3 ep imer s ) ,  which without isolat ion was subjected to oxidation 
with manganese  dioxide [7] to the cor responding  A4-triolone. The l a t t e r  without isolat ion was acetyla ted  
with acet ic  anhydride in pyridine to give the known 20,21-diaeeta te  of A4-pregnene-17(~,20c~,21-triol-3-one 
(Xa), which coincided with all constants  desc r ibed  in the l i t e ra tu re  [6] and did not give a melt ing point 
dep re s s ion  in a mixed sample  with an authentic sample .  

COOCH 3 COOCH~ 
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~ HIO4 HIO 4 ~ 
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MnO 2 MnO? 
Ac20, Py AC20, P~ 

~ H~OAc CH~OA~. 

H--C--oAr AcO-~---H 

0 0 {xb~ 

A s imi l a r  sequence of t r a n s f o r m a t i o n s  with e s t e r  (VIIb) yielded the 20,21-diaceta te  of A4-pregnene - 
17a ,20f l ,21- t r io t -3-one  (Xb), coinciding in all  constants  with those desc r ibed  in the l i t e ra tu re  [5] and not 
giving a mel t ing  point dep res s ion  in a mixed sample  with an authentic sample .  

On the bas i s  of the obtained data the s t r u c t u r e s  of &4-pregnene-17c~,20a-dio l -3-on-21-oic  acid and 
A4-pregnene-17~,20f i -d io l -3-on-21-oic  acid, r e spec t ive ly ,  should be ass igned to the given pa i r  of acids 
(IVa) and (IVb) e p i m er i c  at C-20. 

The s t ruc tu re  of the methyl  e s t e r  of 17~-hydroxyetianic acid (VD was es tabl i shed using IR, UV, PMR, 
and m a s s  spec t ra .  Spect ra l  data conf i rm the p r e sence  of A4-3-keto, hydroxy,  and ca rbmethoxy  groups in 
e s t e r  (VD. Compar i son  with an authentic sample  definitely conf i rmed  the proposed s t ruc tu re  of e s t e r  (VD. 
An authentic sample  of e s t e r  (VD was obtained by the desc r ibed  method [8] by oxidation of ([D with periodic 
acid and methyta t ion  of the fo rm ed  17a-hydroxyet ianic  acid (V) with diazomethane.  

~H20H 
CO 

, , ~ ~ o a  RIO4 CH2N~ (V) ~ (VD 
o~ ",.r / ~ . /  (Ii) 

The indicated 17a,-hydroxyetianic acid (V) is evidently fo rmed  in the reac t ion  studied by us (see f i r s t  
scheme)  as a r e su l t  of a side dehydrat ion and decarboxyla t ion  reac t ions  of the dihydroxy earboxyl ie  acids 
(IVa) and (IVb), the p r i m a r y  products  of mo lecu la r  r e a r r a n g e m e n t  of the 20,21-ketoatdehyde (IID, A s i m -  
i l a r  f ragmenta t ion  is desc r ibed  in the l i t e ra tu re  for  a - h y d r o x y  carboxyl ic  acids in the p resence  of oxidizing 
agents  [9] and a lso  of dihydroxy carboxyl ic  acids [10, 11] upon heating. The mechan i sm of this react ion  is 
as yet  unclear ,  but it was es tab l i shed  [9, 10] that in this case  the hydroxycarbonyl  compound is formed.  
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It is possible that in our ease the hydroxy aldehyde (XI) formed initially is oxidized further by oxygen 
of the  a i r  u n d e r  b a s i c  cond i t i ons  to  a c i d  (V). 

COOH 
CH(OH) 

---OH 

o ) 

CHO 
---OH 

~ {V) 

E X P E R I M E N T A L  

Al l  m e l t i n g  po in t s  w e r e  d e t e r m i n e d  on a K o f l e r  b lock .  UV s p e c t r a  w e r e  t aken  on an EPS-2_ s p e c t r o -  
m e t e r ;  IR s p e c t r a  w e r e  t a k e n  on a UR-10  s p e c t r o m e t e r ;  PMR s p e c t r a  w e r e  t aken  on a Va r i an  HA-100D 
high r e s o l u t i o n  s p e c t r o m e t e r  hav ing  a w o r k i n g  f r e q u e n c y  of 100 MHz fo r  5-770 s o l u t i o n s  of m a t e r i a l s  in 
CDC13 with  h e x a m e t h y l d i s i l o x a n e  as  i n t e r n a l  s t a n d a r d .  A1203 (act . II) ,  p r e p a r e d  by the me thod  of A k h r e m  
and K u z n e t s o v a  [12], was  u sed  fo r  t h i n - l a y e r c h r o m a t o g r a p h y  (TLC).  Spots  on p l a t e s  w e r e  d e t e c t e d  in  UV 
l ight .  

Sapon i f i c a t i on  of the  2 1 - A c e t a t e  of A 4 - P r e g n e n e - 1 7 ~ ,  2 1 - d i o l - 3 , 2 0 - d i o n e  (I). We d i s s o l v e d  1 g of the  
a c e t a t e  of R e i c h s t e i n ' s  s u b s t a n c e  S (I) hav ing  m p  234-238~ in 100 m l  of CH3OH, added  a so lu t i on  of 1 g of 
KHCO 3 in 20 ml  of w a t e r ,  l e f t  the  r e a c t i o n  m i x t u r e  a t  r o o m  t e m p e r a t u r e  fo r  t h r e e  d a y s ,  and then  hea t ed  i t  
f o r  3.5 h on a w a t e r  ba th  a t  40 ~ The m e t h a n o l  was  then  e v a p o r a t e d  in  va c uum,  and the  r e s i d u e  was  w a s h e d  
with  w a t e r  and  d r i e d  in a i r .  We ob ta ined  0.86 g of c r y s t a l s  having  m p  196-200 ~ R e c r y s t a l l i z a t i o n  f r o m  
e thano l  y i e l d e d  A 4 - p r e g n e n e - 1 7 a , 2 1 - d i o l - 3 , 2 0 - d i o n e  (II) having m p  210-216~ Rf 0.21 in  a s y s t e m  of m o i s t  
e t h e r .  IR s p e c t r u m  (v, cm-1) :  1620; 1668; 1712; 3465; and 3515 (KBr).  

Ox ida t ion  of A 4 - P r e g n e n e - 1 7 ~ ,  2 1 - d i o l - 3 , 2 0 - d i o n e  (II). To a s u s p e n s i o n  of 2.4 g of Cu(OAc) 2 in 80 ml  
of CH3OH and 0.4 ml  of CH3COOH was  a d d e d  a s o l u t i o n  of 2 g of R e i c h s t e h l ' s  s u b s t a n c e  S (II) in 80 ml  of 
hot  m e t h a n o l .  The r e a c t i o n  m i x t u r e  was  b o i l e d  with  a r e f l u x  c o n d e n s e r  fo r  30 min ,  then  30 ml  of H20 was  
added  and the  m i x t u r e  was  b o i l e d  an add i t i on a l  20 min ;  the  p r e c i p i t a t e  was  then  f i l t e r e d  and w a s h e d  t h o r o u g h -  
ly  wi th  CH3OH, and the  f i l t r a t e  was  e v a p o r a t e d  in  v a c u u m  to ~30 ml .  The r e s i d u e  was  e x t r a c t e d  with  CHC13. 
The  e x t r a c t  was  w a s h e d  with  w a t e r ,  d r i e d  with  MgSO 4, and e v a p o r a t e d .  We ob ta ined  2 g of A~-p regnene  - 
1 7 ~ - o l - 3 , 2 0 - d i o n - 2 1 - a l  (III) a s  an o i ly  p r o d u c t .  

M o l e c u l a r  R e a r r a n g e m e n t  of A 4 - P r e g n e n e - 1 7 ~ - o l - 3 , 2 0 - d i o n - 2 1 - a l  (III). A s u s p e n s i o n  of 2 g of (III) 
in  52 ml  of H20 was  s t i r r e d  wi th  11 ml  of 2 N NaOH fo r  14 h at  r o o m  t e m p e r a t u r e .  Then the r e a c t i o n  m i x -  
t u r e  was  a c i d i f i e d  with  570 HC1 to a w e a k l y  a c i d i c  r e a c t i o n  and e x t r a c t e d  wi th  e thy l  a c e t a t e .  The e x t r a c t  
was  t h o r o u g h l y  w a s h e d  wi th  a 570 s o l u t i o n  o f  NaHCO 3. The  b i c a r b o n a t e  e x t r a c t s  w e r e  a c i d i f i e d  with  570 
HC1 to a w e a k l y  a c i d i c  r e a c t i o n  and e x t r a c t e d  with  e thy l  a c e t a t e .  The e x t r a c t  was  w a s h e d  with  w a t e r ,  d r i e d  
o v e r  MgSO 4, and  e v a p o r a t e d .  We ob ta ined  1.29 g (y ie ld  6370 of t h e o r . )  of an o i ly  p r o d u c t ,  a m i x t u r e  of 
a c i d s  (IVa), (IVb), and (V), which  was  s e p a r a t e d  by p r e p a r a t i v e  TLC.  

We t r a n s f e r r e d  200 m g  of the  a c i d  m i x t u r e  to  a p l a t e  (20 • 25 cm) con ta in ing  A1203 (act. II), l a y e r  
t h i c k n e s s  2 m m .  S e p a r a t i o n  was  c a r r i e d  out in a s y s t e m  of n - P r O H - N H 4 O H  (67 :33) .  E lu t ion  of the  a m -  
m o n i u m  s a l t s  was  c a r r i e d  with  d i s t i l l e d  w a t e r ,  which  was  then  a c i d i f i e d  with 57o HC1 to a w e a k l y  a c i d i c  
r e a c t i o n  and e x t r a c t e d  wi th  e thy l  a c e t a t e .  The e x t r a c t  was  w a s h e d  with  w a t e r ,  d r i e d  o v e r  M g S Q ,  and 
e v a p o r a t e d .  The u p p e r  band  y i e l d e d  18 m g  of a c i d  (V) having  mp 240-242 ~ (dec . ) ;  Rf 0~ {in the  s y s t e m  
i n d i c a t e d  above) ;  a m i x e d  s a m p l e  wi th  an au then t i c  s a m p l e  of 1 7 ~ - h y d r o x y e t i a n i c  ac id  (V) did  not g ive  a 

m e l t i n g  po in t  d e p r e s s i o n .  

The m i d d l e  band  y i e l d e d  43 m g  of A 4 - p r e g n e n e - 1 7 ~ , 2 0 ~ - d i o l - 3 - o n - 2 1 - o i c  a c i d  (IVa) hav ing  m p  229- 
231 ~ (ace tone  - h e x a n e ) ;  Rf 0.28 (in the  s y s t e m  i n d i c a t e d  above) .  IR s p e c t r u m  (v, cm-~) :  1620; 1638; 1702; 

and  3430 (KBr).  UV s p e c t r u m :  X m a x  243 am,  e 15,000 (ethanol) .  

The  b o t t o m  band  y i e l d e d  93 mg of A 4 - p r e g n e n e  - 1 7 ~ , 2 0 f i - d i o l - 3 - o n - 2 1 -  oic a c i d  (IVb) having  mp 219- 
221 ~ ( a c e t o n e - h e x a n e ) ;  Rf 0.20 (in the  s y s t e m  i n d i c a t e d  above) .  IR s p e c t r u m  (v, c m - i ) :  1612; 1638; 1702; 
and  3435 (KBr).  UV s p e c t r u m :  Xma x 243 rim, e 15,800 (ethanol) .  
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Methyl Es te r  of 17~-Hydroxyetianic Acid (VI). We methylated 50 mg of 17~-hydroxyetianic acid (V) 
with diazomethane. We obtained 50 mg of the methyl es te r  (VI) having mp 214-215.5 ~ ( e t h e r - p e t r o l e u m  
ether);  [~]~ +56.5 ~ (C 0.527, acetone); Rf 0.74 (in a sys tem of moist  ether);  mass  number 346. A mixed 
sample with an authentic sample of the methyl e s t e r  of 17c~-hydroxyetianic acid (VI) did not give a melting 
point depression.  

Methyl Es t e r  of A4-Pregnene-17a ,20~-d io l -3 -on-21-o icAc id  (VIta). Methylation with diazomethane 
of 150 mg of acid (IVa) yielded 150 mg of es te r  (VIIa) having rap 183.5-185.5 ~ (acetone -hexane) ;  [~]~ +71.7 ~ 
(C 1.071, acetone). IR spec t rum ( v, cm-l ) :  1613; 1678; 1720; 1738; and 3425 (KBr). UV spect rum:  hmax 
243 ran, e 15,500 (ethanol. PMR spec t rum (6, ppm): 0.805 (CH3-18); 1.12 (CH3-19); 5.66 (H at a double 
bond); 4.12 (H at C-20). Found: C 69.93; H 8.86%. C22H320 s. Calculated: C 70.18; H 8.57%. Mass number 
376. 

Methyl Es t e r  of A4-Pregnene-17c~, 20f l -d io l -3-on-21-o ic  Acid (VIlb). Methylation with diazomethane of 
200 mg of acid (IVb) yielded 200 mg of e s t e r  (VIIb) having mp 174-175.5 ~ i a c e t o a e - h e x a n e ) ;  [~]~ +41.2 ~ 
(C 0.992, acetone). IR spec t rum (v, cm-I) :  1618; 1678; 1720; 1738; and 3425 (KBr). UV spect rum:  Xma x 
243 nm, e 16,500 (ethanol). PMR spec t rum (5, ppm): 0.839 (CH3-18); 1.119 (CH3-19); 5.661 (H at a double 
bond); 4.283 (H at C-20). Found: C 69.86; H 8.51%. C22H3205. Calculated: C 70.18; H 8.57%. Mass num- 
ber  376. A mixed sample  with the 20ce-ester (VIIa) melted at 169-180 ~ 

Oxidation of Es t e r s  (VIIa) and (VIIb) with Periodic Acid. In two small  flasks, each containing 10 ml 
of methanol,  were dissolved 100-mg samples  of e s t e r s  (VIIa) and (VtIb), respect ively.  To each of the ob- 
tained solutions were added 2 ml of H20 and 6 ml of 4% HIO 4 in 0.2 N H2SO4, and the solutions were left at 
room tempera tu re  overnight. Then the solutions were diluted with 100 ml of water  and extracted with 
CH2C12. The ext rac ts  were washed with a dilute solution of NaHCO 3 and water ,  dried with MgSO4, and 
evaporated.  The exper iment  with e s t e r  (VIIa) yielded 91 mg and the experiment  with e s t e r  (VIIb) yielded 
92 mg of A4-androstene-3,17-dione (VIII) having mp 169-171 ~ (acetone -hexane) .  A mixed sample with an 
authentic sample of A4-androstene-3,17-dione did not give a melting point depress iom 

Determinat ionof  the Configuration of Es te r  (VHa). To a suspension of 200 mg of LiAIH 4 in 10 ml of 
te t rahydrofuran  (THF) was added a solution of 150 mg of es te r  (VIIa) in 10 ml of THF. The react ion mix-  
ture was boiled for  30 min, then cooled, and the excess  LiA1H 4 was decomposed with ethyl acetate;  5 g of 
the solid Na2SO 4 and 5 ml of a saturated solution of Na2SO 4 were added. The react ion mass  was filtered, 
the precipi tate  was thoroughly washed with THF and CH3OH , the fi l trate was evaporated,  and the residue 
was dissolved in ethyl acetate,  dr ied over  MgSO4, and evaporated.  We obtained 128 mg of an oily reduc-  
tion product,  which was dissolved in 10 ral of THF; 0.6 g of act ivated MnO 2 was added and the react ion mix-  
ture was s t i r red  for  24 h at room tempera ture .  Next the MnO 2 was f i l tered and the precipitate was washed 
thoroughly with methanol. The fi l trate was evaporated to give 95 rag of an oily product which was acetylated 
with 0.5 ml of (CH3CO)20 in 1 ml of pyridine, then chromatographed on a plate (13 • 18 cm) of At203, layer  
thickness 1 mm, in a sys tem of moist  ether with three passes .  Elution was ca r r i ed  out with chloroform. 
We obtained 38 mg of the 20,21-diacetate o fA4-pregnene-17a ,20~,21- t r io l -3-one  (Xa) having mp 243-245 ~ 
(acetone -hexane) .  A mixed sample with an authentic sample of the 20(~,21-diacetate did not give a melting 
point depression.  

Determination of Configuration of Es t e r  (VIIb). To a suspension of 200 mg of LiAIH4 in t0 ml of THF 
was added a solution of 160 mg of e s t e r  (VIIb) in 10 ml of THF. The react ion mixture was boiled for  30 
rain and then t rea ted  as descr ibed above for  (VIIa). We obtained 123 mg of an oily product,  which was 
oxidized with MnO 2 under the conditions descr ibed  above for  i somer  (VIIa). We obtained 94 mg of an oily 
product  which was acetylated with 0.5 mI of (CH3CO)20 in 1 ml of pyridine and then chromatographed on a 
plate (13 • 18 cra) of A1203, layer  thickness i ram, in a sys tem of moist  e ther  with three passes .  Elution 
was ca r r i ed  out with CHCl~. We obtained 30 mg of the 20fl,21-diacetate of A4-pregnene-17~,20fl ,21- t r io l -  
3-one (Xb) having mp 191-192 ~ ( e the r -hexane ) .  A mixed sample with an authentic sample of the 20fl,21- 
diacetate did not give a melting point depression.  

17c~-Hydroxyetianic Acid (V). To a solution of 500 mg of Reichste in 's  substance S (tI) in 15 ml of 
CH3OH was added a solution of 350 mg of HIQ  in 2.5 ml of H20 and the mixture was left at room tempera -  
ture  for 18 h. Then the CH3OH was evaporated in vacuum and the residue was dissolved in CHC13. The 
ch loroform solution was ext rac ted  with a solution of NaHCO 3. The bicarbonate ext rac ts  were acidified with 
5% HCI and extracted with ethyl acetate.  The ext rac t  was washed with water ,  dried with MgSO4, and eva- 
porated.  We obtained 300 rag of c rys t a l s  of 17~-hydroxyetia.nic acid (V) having mp 210-225 ~ (dec.). The 
mater ia l  was c rys ta l l i zed  from acetone - h e x a n e ,  then f rom methanol, mp 236-238 ~ (dec. 7; [c~]~ + 66.3 ~ 
(C 0.927, acetone). Found: C 68.60; H 8.80%. C20H28Q.H20. Calculated: C 68.57; H 8.57%. 
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Methyl Ester  of 17~-Hydroxyetiaaic Acid (Vt). We dissolved 140 mg of acid (V) in 5 ml of CH3OH and 
added an ether  solution of diazomethane. The reaction mixture was left overnight, then evaporated in vacu- 
um to dryness, and the methyl 17~-hydroxyetianate (VI) residue was crystall ized from acetone-hexane ,  
mp 214-215.5 ~ [~]~ + 56.5 ~ (C 0.527 acetone). IR spectrum (v, cm-1): 1620; 1675; 1720; and 3522 (KBr). 
PMR spectrum (5, ppm): 0.63 (CH3-18); 1.12 (CH3-19); 5~8 (H at a double bond); 3.69 (COOCH3). 

C O N C L U S I O N S  

1. Both A4-pregaene-17~,20-diol-3-on-21-oic acids, epimeric at C-20, and also 17~-hydroxyetianic 
acid are  formed upon the Canaizzaro rearrangement  of A4-pregnen - 17~-ol-3,20-dion-21-al. 

2. The configurations of the 20~- and 20fl-dihydroxy carboxylic acids and their  es ters  were establish- 
ed by their  conversion to the known 20~,21, and 20fi,21-diacetates of A4-pregnene-17~,20,21-triol-3-ones 
by a ser ies  of reactions not affecting the asymmetr ic  20-center and was confirmed using IR, UV, PMR, 
and mass spectra. 

3. The structure and configuration of 17~-hydroxyetianic acid and its methyl e s t e r  were established 
using IR, UV, PMR, and mass spectra,  and also by cotmtersynthesis. 
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