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CLEAVAGE OF 3fi, 20-DIHYDROXY-20-METHYLPREGN-5-EN-16-ONES 
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In a p rev ious  communicat ion [1] we desc r ibed  the synthes is  of 3 f l , 20 -d ihydroxy-20-methy l -17a -p regn-  
5 -en -16-one  ace ta te  (IIb) and found that  under  the action of alkali  this ketone undergoes  cleavage e x t r e m e l y  
read i ly  at the C1~- C20 bond with fo rmat ion  of the known 3f i -hydroxyandros ten-16-one (IIIa). This  p roved  
the p r e s e n c e  of a keto group at C-16 in the ketone (IIb) and conf i rmed the s t ruc tu re  of the t r io l  (I) obtained 
by the r e a r r a n g e m e n t  of 16o417a-epoxypregn-5-ene-3f l ,20~-d io l  under  the action of me thy lmagnes ium iodide 
[1]. The s t r u c t u r e  and configuration at C-17 of the ketone (lIa) cor responding  to the ace ta te  (lib) was fu r -  
the r  conf i rmed  by the m e a s u r e m e n t  of c i r c u l a r - d i c h r o i s m  curves  for  the 16-ketones (IIa) and (Va), which 
a r e  i s o m e r i c  with r e spec t  to C-17. We synthes ized  3fl, 20 -d ihyd roxy-20 -me thy lp regn -5 -en -16 -one  (Va) by 
the oxidation of the t r io l  (IV) [2] with 8 N chromic  acid. Because  of the poor  solubil i ty of the t r io l  (IV) in 
acetone,  the oxidation was conducted in dioxane. By the acetylat ion of the oxidation product  (Va) we ob- 
ta ined the ace ta te  (Vb). The i s o m e r  with r e s p e c t  to C-17 - 2 0 - m e t h y l - 1 7 a - p r e g n - 5 - e n e - 3 f l , 1 6 a , 2 0 - t r i o l  
(I) - was  oxidized under  the s a m e  conditions with fo rma t ion  of the ketone (Ha), whose ace ta te  (IIb) was 
ident ical  to the product  which we desc r ibed  e a r l i e r  [1]. 

The low vibra t ion f requency of the carbonyl  group in the f i v e - m e m b e r e d  r ing found in the IR sp ec t r a  
of the ketches  (IIa) and (Va) (1710 and 1735 cm -1 respec t ive ly)  is p robab ly  to be explained by the p r e s e n c e  
of an i n t r amo lec u l a r  hydrogen bond between the 16-carbonyl  group and the 20-hydroxyl .  The s t ruc tu re  of 
the ketones (Iib) and (VB) was conf i rmed  by the PM:R spec t r a  and c i r c u l a r - d i c h r o i s m  curves  of the co r -  
responding keto diols (Ha) and (Va) 
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It is well  known that s t e ro id  16-ketones  show a s t rongly  negat ive  Cotton effect,  de te rmined  in the main 
by the a s y m m e t r y  of the cyclopentane r ing i tse l f  [3]. It was shown e a r l i e r  that an equator ia l  17fi-substituent 
s c a r c e l y  affects  the c h a r a c t e r  and ampli tude of the ro t a to ry  d i spers ion  curve  of 16-keto s te ro ids ,  w h e r e a s  
a 17o~-bromine a tom changes the sign of the Cotton effect  [4]. As we have found, the 17f i - (1-hydroxy-1-  
methylethyl)  group in the ketone (Va), in accordance  with data in the l i t e ra tu re  for  17fl-substituted 16-keto 
s t e ro ids  [4], s c a r c e l y  affects  the ampli tude of the c i r cu l a r -d i ch ro i s ln  curve  of 3 f i -hydroxyandros t -5 -en-  
16-one (Ilia), whereas  the 17c~-(1-hydroxy- l -methyle thyl )  group in theke tone  (Ha), as a resu l t  of its pos i t ive  
contr ibution in the Cotton effect,  r educes  the ampli tude of the c i r c u l a r - d i c h r o i s m  curve  of the 17-unsub-  
s t i tuted ketone {Ilia) apprec iab ly  while not changing the sign of the Cotton effect.  
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Our r e su l t s  a r e  in a g r e e m e n t  with views in the l i t e r a tu re  on the conformat ion of the f i v e - m e m b e r e d  
D r ing of s t e ro ids ,  which depends on the subst i tuents  p r e s e n t  in the r ing [5]. F o r  C / D - t r a n s  s t e ro ids  with 
a keto group at C-16 and a 17fi-substituent the m o r e  favored  conformat ion of the D r ing  is the conformat ion 
of the C-13 envelope (a), in which the 17fl-substituent occupies  the equator ia l  posi t ion and t h e r e f o r e  does 
not influence the Cotton effect.  17c~-Substituted 16-keto s te ro ids ,  as a r e su l t  of 1 ,3- in terac t ion  between 
the 17~-subs t i tuent  and the ~ -hydrogen  at C-14, p robab ly  exis t  in the p r e f e r r e d  ha l f - cha i r  conformat ion 
(b), in which the 17~-subs t i tuen t  R and the 17fi-hydrogen occupy quas iax ia l  and quasi .equatorial  posi t ions ,  
r e s p e c t i v e l y  [6] 

~ - 0  r /I "qjT/H 
-t :I/ - !  ~/  

fi H- H 
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The di f ference  in the configurat ion of the 17-s ide  chain in the e p i m e r i c  pa i r  of 16-ketones studied 
affects  the i r  behav io r  in chemical  reac t ions .  F o r  example,  the 16-ketones (IIa) and (Va) behave different ly 
toward  alkali .  Whereas  the ace ta te  of the ketone (IIa) with the quas iaxia l  s ide chain is  r ead i ly  spli t  at the 
C17 - C20 bond with fo rmat ion  of (IIIa) under  the action of an aqueous methanol  solution of K2CO a e v e n  at 
room t e m p e r a t u r e  [1], the ketone (Va) with an equator ia l  side chain at C-17 is s table,  even to the action 
of KOH at 20 ~ The ketone (Va) r e a c t s  with KOH only at the boil with fo rmat ion  of a mix tu re  of two produc t s  
with c lose  Rf values ,  namely,  the product  of the degradat ion of the 17-side chain (IIIa) and the ~ , f i -unsa tur -  
ated ketone (VI). The s t r u c t u r e s  of these  compounds w e r e  ass igned  on t h e b a s i s  of TLC data and the IR 
spec t ra .  

The e l iminat ion of the 17-side chain in 20-hydroxy 16-ketones  is p robab ly  a r e t r o - a l d o l  react ion,  
i .e. ,  a r eac t ion  that  is the i nve r se  of the aldol condensation. Both reac t ions  appear  to go by analogous m e c h -  
an i sms ,  in which an in t e rmed ia te  enol f o r m  of the 16-ketone is f o r m e d  

CH a CH a CHaCOCHa 
"c. .'~7~-H § e o _  

(IIa) (VII) (IHa) 

Severa l  examples  of the r e t r o - a l d o l  c leavage of fi-hydroxy ketones have been r epo r t ed  p rev ious ly  
in the s t e ro id  s e r i e s  [7], but in the case  of 20-hydroxy 16-ketones  data have been r epo r t ed  only on the e l i -  
minat ion of a 17fi-side chain in the action of yea s t  on the ketols  [8]. The s t e r e o c h e m i s t r y  of the r e t ro - a ldo l  
reac t ion  has been l i t t le  studied, and data on the s t e r e o c h e m i s t r y  of the aldol condensation r e f e r s  in the 
main  to the subsequent  s tate:  the dehydrat ion of the p-ke to l  f o rmed  into an a , f l -unsa tu ra ted  ketone. It is 
known that r e t ro -a ldo l i za t ion  under  alkaline conditions m a y  become  the predominant  course  of reac t ion  
in the case  of hindrance in the s tage of the dehydrat ion of the f i-hydroxy ketone, the in te rmedia te  product  
of crotonic condensation. In the light of these  data, the ketone with the 17~-s ide  chain (IIa), in which the 
approach  of the base  to the p ro ton  at  C-17 f r o m  the f l - region  is s t e r i c a l l y  hindered (as a resu l t  of i n t e r ac -  
t ion with the angular  18-methyl  group), p robab ly  shows a high tendency to undergo re t ro -a ldo l i za t ion .  Also, 
it mus t  p robab ly  be supposed that the el iminat ion of the quas iaxia l  side chain in (IIa) in r e t r o - a l d o l  reac t ion  
will go m o r e  read i ly  than the e l iminat ion of the equator ia l  side chain in (Va) because  of the operat ion of the 
s t e r eoe l ec t ron i c  fac tor .  We have p rev ious ly  [9] obse rved  the e l iminat ion of a 17c~-side chain in a 16-ketone 
of the 18-nor-17f l -methyl -17ce-pregna-5 ,13(14)-d iene  s e r i e s  under  s e v e r e  conditions (boiling with KOH in 
methanol) .  The difficulty of the r e t r o - a l d o l  reac t ion  in this  case  may  be explained by the fact  that  in p r e -  
sence  of the 13(14)-double bond, which makes  the D- r ing  p lanar ,  the c h a r a c t e r  of the bonds at C-17 is p rob -  
ably c lose  to b i sec t iona l  [10], i .e. ,  the 17fl- and 17~-bonds a r e  equally inclined to the p lane  of the ring. 
However ,  in this  case  the p r e s e n c e  of a methyl  group at C-17 may  also have an effect.  

In the reac t ion  of the ketone (Va) with p e r c h l o r i c  acid in dioxane the only reac t ion  product  was the 
a , f l -unsa tu ra ted  ketone (VI). In the analogous t r e a t m e n t  of the i s o m e r i c  ketone (Ha), apar t  f rom the a,f l-  
unsa tu ra ted  ketone (V-I), the product  of r e t r o - a l d o l  reac t ion  - 3 f i -hydroxyandros t -5 -en-16-one  (IHa) - is 
fo rmed.  The r e t r o - a l d o l  c leavage of the C17- C20 bond is obse rved  also in the ch romatography  of the ketone 
(IIb) on f lor is i i .  It should be noted that in the las t  case  the re  occu r s  also the i somer i za t ion  of the slate chain 
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with fo rma t ion  of the ketone (Vb) with the  m o r e  s table  equator ia l  configurat ion of the side chain 

N~ CH~ 
C--OH 

" 0 

------~ (Vl); 

HO HO 
(Va) (lla) 

H e 
)" (VI) + (Il ia! 

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

Melting points we re  de te rmined  in a Kofler  block. Angles of rotat ion were  m e a s u r e d  with a H i lge r -  
Watts p o l a r i m e t e r .  C i r c u l a r - d i c h r o i s m  (CD) curves  we re  de te rmined  with a Rousse l - Jouan  d ichrograph 
on ethanol solutions of concentrat ion about 1 g / l i t e r  at room t e m p e r a t u r e .  IR spec t r a  were  de te rmined  
with a UR-10 ins t rument  on s am p l e s  pe l le ted  with KBr.  PMR spec t r a  we re  de te rmined  in c h l o r o f o r m - d  
with an RS-60 r a d i o s p e c t r o m e t e r  at 60 MHz with hexamethyld is i loxane  as in ternal  s tandard.  F o r  TLC we 
used  m i c r o s c o p e  s l ides  with a bound l aye r  of KSK s i l ica  gel, gra in  s ize  10-30 rap. 

3 f i -Hydroxyandros t -5 -en-16-one  qIIa) [1]. CD: [0]3500; [0]322-4.850 (shoulder (sh.)); [01315-8.570; 
[0]308-14.300 (sh.); [0]298-18.350 (max.); [0]292 -16 .500  (sh.); [012 ~ -13.200;  [0]250 -43 .  F= 37 m/z. 

3 f i ,20-Dihydroxy-20-methy lp regn-5-en-16-one  (Va). 20-Methylpregn-5-ene-3f i ,16~ ,20- t r io l  (IV)(0.30 
g) was d isso lved  with heating in 350 ml  of dioxane, and then at 20 ~ 1 ml  of 8 N chromic  acid was addeddrop-  
wise  with s t i r r ing .  Af ter  15 min 20 ml  of methanol  was added to the solution, s t i r r i ng  was continued fu r -  
t he r  for  10 rain, and then the solution was poured  into wa te r  and ex t rac ted  with chloroform.  Solvent wds 
r e m o v e d  in a vacuum, and the res idue  was r e c r y s t a U i z e d  f r o m  ethyl acetate .  We obtained 0.082 g of 3/3, 20- 
d ihyd roxy -20 -m e t hy l p r egn -5 -en -16 -one  (Va), mp 197-199 ~ Found: C 76.37; H 9.66%. C22H3403 , Calculated: 
C 76.26; H 9.89%. IR spec t rum:  1735, 3530 cm -i .  CD: [0]3500; [0]320 -10.500;  [0]305 -19 .130 (max.); [0]285 
-10.260;  [0]2500. F= 37 m#. 

3 f i ,20 -Dihydroxy-20-methy lp regn-5-en-16-one  Aceta te  (Vb). The mothe r  l iquors  f r o m  the c r y s t a l l i -  
zation of the ketone (Va) we re  ace ty la ted  with 1 ml  of ace t ic  anhydride in 5 ml  of pyr id ine  at r oom t e m p e r a -  
tu re  for  18 h. Af te r  the usual  t r e a t m e n t  we i so la ted  0.200 g of 3 f i ,20-d ihydroxy-20-methy lpregn-5-en-16-  
one ace ta te  (Vb), mp 172.5-173 ~ (mixture of acetone  and hexane). [~]D -169.9~ (C 0.536, ethanol). Found: 
C 74.12; H 9.26%. C24II3604. Calculated: C 74.19; H 9.34%. IR spec t rum:  1250, 1730, 3530 cm -~. PMR 
s p e c t r u m  (5, ppm):  5.48 (H at double bond}; 4.50 (3~H); 3.75 (OH); 1.98 (3fi-OAc); 1.24 (2 CH 3 at C-20); 1.17 

(19-CH3); 0.89 (18-CH3). 

3 f i ,20-Dihydroxy-20-methyl -17o~-pregn-5-en-16-one  (IIa). With s t i r r i ng  at 16 ~ in an a tmosphe re  of 
n i t rogen 8 N chromic  acid was added dropwise  to a solution of 1.85 g of 20 -me thy l -17~-p regn -5 -ene -3 f i ,  
16c~,20-triol (I) in 750 ml  of dioxane (dissolution was effected by heating} until the spot of the or iginal  t r io l  
(D d i sappea red  f r o m  the c h r o m a t o g r a m  (3.2 ml  of ch romic  acid was required) .  Methanol (25 ml) was added 
to the mix ture ,  s t i r r i ng  was continued for  10 rain, and then the mix tu re  was poured  into wa te r  and ex t rac ted  
with ch loroform.  Solvent was dr iven off in a vacuum, and the res idue  was c rys t a l l i zed  f r o m  ethyl aceta te .  
We obtained 0.440 g of 3 f i , 20 -d i hyd roxy -20 - me thy l -17a -p regn -5 -en -16 -one  (IIa), mp 148-150~ [~]D 22 
-179 .8  ~ (C 0.97, acetone}. Found: C 76.08; H 9.81%. C22H3403. Calculated: C 76.26- H 9,89%. IR spec t rum:  
1710, 3410, 3560 cm -i .  [0]3500; [0]328 -5 .280;  [01317 -10 .220 (sh.); [0]3o 9 -12 .090 (max.); [0]3o 3 -10 .750 (sh.); 

[0]290 -6 .600;  [0]2500. F= 39 m/z. 

Acetylat ion of 3 f l , 20 -Dihydroxy-20 -me thy l -17~-p regn-5 -en -16 -one  (iIa). The acetyla t ion of 0.400 g 
of the c rys ta l l ine  ketone (IIa) was effected with 1.5 ml  of ace t ic  anhydride in 6 ml  of pyr id ine  at room t e m -  
p e r a t u r e .  Af te r  17 h the solution was poured  into water ,  and the p rec ip i t a te  f o rmed  was f i l t e red  off, washed 
with water ,  and dr ied in a i r .  We obtained 0.42 g of 3 f i , 20 -d ihydroxy-20 -me thy l -17~-p regn-5 -en -16 -one  
3 -ace ta t e  (IIb), mp 158-160 ~ a f t e r  two c rys ta l l i za t ions  f r o m  a mix tu re  of acetone and hexane. [~]D 24 -162 .7  ~ 
(C 0.519, ethanol}. Found: C 74.14; H 9.46%. C24H3604. Calculated: C 74.19; H 9.34%. IR spec t rum:  1250, 
1730, 3495 cm -i .  PMR s p e c t r u m  (5, ppm):  545 (H at double bond}; 4.50 (H adjacent  to OAc); 4.15 (OH); 1.97 
(OAc); 1.24, 1.18 (2CH 3 at C-20); 1.17 (19-CH3); 0.95 (18-CH3). 

The subs tance  in the mothe r  l iquor f r o m  the c rys ta l l iza t ion  of the ketone (IIa) (0.836 g) was ace ty la ted  
with 4 ml  of ace t ic  anhydride in 20 ml  of pyr id ine  at r oom t e m p e r a t u r e .  Af ter  16 h the mix tu re  was poured  
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into water  and ext rac ted  with ether.  The extract  was washed with water  and vacuum-evapora ted;  methanol 
was added to the residue.  The residue was chromatographed on 90 g of f lor is i l .  In gradient elution with 
the sys tems  hexane varying to 1:1 hexane + ether  and h I hexane + ether varying to 3:1 hexane + ether we i s o '  
lated: 1) 0.334 g of 3f i -hydroxyandros t -5-en-16-one  3-acetate  (IIIb), mp 131-132 ~ (after three  c rys ta l l i -  
zations f rom hexane), and 2) 0.430 g of a substance with mp 173-174.5 ~ (after th ree  crysta l l izat ions  f rom 
a mixture  of acetone and hexane), which was found to be identical to 3f i ,20-dihydroxy-20-methylpregn-5-en-  
16-one 3-acetate  (Vb). LR spect rum:  1250, 1730, 3530 cm ~i. 

Reaction of 3f l ,20-Dihydroxy-20-methylpregn-5-en-16-one (Va) with Aqueous-Methanolic KOtt Solu- 
tion. To a solution of 0.022 g of the keto diol (Va) in 2 ml of methanol we added 0.3 ml of I N KOH. When 
the solution had been s t i r r ed  at room tempera tu re  for 12 h, the spot of the original  keto (Va) on the chro-  
ma togram was unchanged. The solution was boiled until the keto diol (Va) had disappeared (1 h) and then 
neutral ized with acet ic  acid and vacuum-evaporated.  The res idue was chromatographed prepara t ive ly  on 
a layer  of s i l ica with a 4:1 mixture of ether and hexane as solvent. We then isolated 0.015 g of a mixture 
of two substances with close Rf values, chromatographical ly  identical to (IIIa) and (VI). IR spect rum:  1620, 
1710 (A17(2~ 1720, 1750 (keto group at C-16 in 3f i -hydroxyandros t -5-en-16-one) ,*  3400 (OH) cm -1. 

3~-Hydroxy-20-methylpregna-5 ,17(20)-dien-16-one (VI). Two drops of 72% HC104 were  added to a 
solution of 7.0 mg of the keto diol (Va) in 2 ml of aqueous dioxane~ At room tempera tu re  the spot of the 
original  ketone (Va) on the chromatogram did not change for  12 h. The solution was heated for  1.5 h at 65 ~ 
cooled, and without t rea tment  applied to a thin layer  of s i l ica and chromatographed with a 4:1 mixture of 
ether and hexane as solvent. We isolated 4.0 mg of the ketone (VI), mp 156-161 ~ (after one crysta l l izat ion 
f rom acetone. IR spectrum: 1618, 1705 (A17(2~ 3410, 3500 (OH} cm -1. 

We thank G. A. Kogan for  determining c i r eu l a r -d i ch ro i sm curves and E. P. Prokof ' ev  for determining 
PMR spect ra .  

CONCLUSIONS 

i. 3fl,20-Dihydroxy-20-methylpregn-5-en-16-ones isomeric with respect to C-17 were synthesized 
by the oxidation of the corresponding triols with chromic acid in dioxane. 

2. The retro-aldol cleavage of steroid 20-hydroxy 16-ketones is probably directed by the stereoelec- 
tronic factor. Elimination of the side chain occurs readily under mild conditions in the case of the 17~ 
substituted 16-ketone, but does not occur under these conditions in the case of the 17fi-isomer. 

3. Analysis of the circular-dichroism curves of 17-(l-hydroxy-l-methylethyl) 16-keto steroids which 
are isomeric with respect to C-17 confirms the configuration of the side chain in these ketones. 
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