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COMMUNICATION 31. SYNTHESIS OF MODEL 20a, 21- AND 20fl, 

21-DIAC ETATES OF Ar 20~, 21-TRIOL-3-ONES 

IN ORDER TO ESTABLISH THE CONFIGURATION OF THE C-20 

EPIMERIC A4-ISOPREG NENE-17fl,  20~-DIOL-3-ON-21-OIC ACIDS 

A .  A .  A k h r e m  a n d  T .  K.  U s t y n y u k  UDC 542.91 + 547.92 

One of the very complex problems in the stereoehemistry of steroids of the pregnane series is the 
determination of the configuration of the 20-carbon center. Previously we had described the synthesis of 
the C-20 epimeric A4-isopregnene-17p,20~-diol-3-on-21-oic acids (la, b) and had established their stereo- 
chemistry via conversion by a series of reactions, not involving the asymmetric center, to the known 20a, 
21-(IIa) and 20fl ,21-diacetates (IIb) of the A4- isopregnene-17f l ,20~,21- t r io l -3-ones  [1]. 
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It should be ment ioned that the s t e r e o e h e m i s t r y  of the 20-cen te r  in d iaee ta tes  (IIa) and (IIb) was a s -  
signed a r b i t r a r i l y  by Reiehste in  [2, 3]. L. F i e s e r  and M. P i e s e r  [4], who made an analys is  of methods for  
the p r epa ra t i on  of 20-hydroxy compounds,  p roposed  a method for  ass igning the eonfigurat ion of the C-20 
cen te r .  The eonfigurat ion ass igned by them to the indicated cen te r  coincided with the configurat ion adopted 
in [2, 3]. The authors  of [4] a t tempted  to c o r r o b o r a t e  the configurat ion of the C-20 hydroxy group on the 
bas i s  of analyzing the inc remen t s  of the angles of rota t ion for  the C-20 ace ta tes .  However,  in [5] it was 
shown that the inc remen t s  of the angles of ro ta t ion  of C-20 of the aeetoxy compounds for  the isopregmane 
s e r i e s  do not eoineide with the s tandard  values  for  the na tura l  s e r i e s ,  and consequently the ass igned con-  
figuration at C-20 in the isopregnane series requires additional proof. 
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Diaceta tes  (IIa) and (IIb) can s e rve  as convenient model compounds in solving the indicated s t e r e o -  
chemica l  p r o b l e m s .  The scheme  for  the synthesis  of these compounds, p roposed  e a r l i e r  in [2], gives low 
yields  of the reac t ion  products  in the s epa ra t e  in te rmedia te  s teps .  The key  momen t  in this synthesis  is the 
chromatograph ic  separa t ion  of the C-20 ep imer i e  3fi ,20~,21-tr iacetates  of the ~- isopregnene-3f l ,17f i ,20~,21-  
te t ro ls ,  which could not be effected on A1203 and other  adsorbents  (SiO 2 and f lor is i l ) .  This  caused us to 
develop a new scheme for  the synthesis  of d iace ta tes  (IIa, b). 

The f i r s t  step in the synthes is  of d iace ta tes  (IIa, b) is a par t i a l  hydrogenat ion of the t r iple  bond in 
17v~-ethynyl-AS-androstene-3fi,17fi-diol (III), and also in i ts  3 -monoace ta te  (IV), in the p r e sence  of pa l lad i -  
um ca ta lys t  deposi ted on ca lc ium carbonate  [6, 7]. Here  we obtained As,2~ (VI) 
and i ts  aceta te  (V). We found that be t t e r  r e su l t s  a re  obtained if this reac t ion  is run with aceta te  (IV) in 
ethanol.  The use  of an eff icient  method [8] for  the hydroxylat ion of the s ide-cha in  double bond in (V) made 
it poss ib le  to g rea t ly  s impl i fy  the workup and obtain a mix ture  of the ep imer i c  3 f l -ace ta tes  of A~-isopreg - 
nene-3fl ,17fi ,20~,21-tetrols (VII) in high yield.  The t r ea tmen t  of the mixed te t ro ls  (VII) with acetone in the 
p r e s e n c e  of pe rch lo r i c  acid as the ca ta lys t  gave a mix ture  of acetonides (VIIIa, b), which could be separa ted  
on a luminum oxide. It should be mentioned that hydro lys i s  of the 3f l -ace toxy group is obse rved  during the 
separa t ion  on A1203. The p r e p a r a t i v e  method developed by us for  the separa t ion  of the C-20 ep imer i c  ace-  
tonides (VIIIa, b) made these model  compounds readi ly  avai lable for  the purpose  of studying the s t e r e o -  
c h e m i s t r y  of the C-20 cen te r .  

The oxidation of acetonides (VIIIa) and (VIIIb) with a luminum isopropyla te  by the Oppenauer  method 
[2] gave the 3-ketones  (IXa) and (IXb), in which the p r e s e n c e  of the 3-keto-A4-grouping was co r robora t ed  by 
the UV spec t r a .  

A4-Isopregnene-17fi ,  20o~,21-triol-3-one (Xa) and A4-isopregnene-17fi ,20f l ,21- t r iol-3-one (Xb) were  
obtained by the hydro lys i s  of the acetonide protec t ion  in acetonides (IXa) and (IXb), by heating them under  
ref lux in acet ic  acid solution. The acetyla t ion of t r io lones  (Xa) and (Xb) with acet ic  anhydride in pyridine 
gave the 20~,21-(IIa) and 20fl ,21-(IIb)-diacetates  of the t r iolones,  the constants  of which coincided with the 
l i t e r a tu re  data [2]. 

The s t ruc tu re  of all  of the obtained products  was co r robora t ed  by the IR and UV spec t ra ,  and also by 
the p ro ton  magnet ic  resonance  (PMR) spec t r a .  

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

All of the mel t ing  points were  de te rmined  on a Koffler  block; the UV spec t r a  were  taken on an EPS-2 
s p e c t r o m e t e r ;  the IR s p e c t r a  were  taken on a UR-10 s p e c t r o m e t e r ,  and the PMR s p e c t r a  were  taken on an 
INM-4H-100 s p e c t r o m e t e r  with an opera t ing  f requency of 100 MHz, using hexamethyldis i loxane as the in-  
te rna l  s tandard.  The adsorbents  used  for  chromatographing  were  s i l i ca  gel KSK, 6-24 # mesh,  f reed  of 
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traces of iron, and A1203, prepared as described in [9]. The detection of the compounds was done on plates 

containing SiO 2 by spraying with H2SO4, and on AI203 using UV light. 

17c~-Ethynyl-AS-androstene-3~, 17fi-diol 3-Acetate (IV). We acetylated I0 g of diol (Ill), with mp 
246-248 ~ with I0 ml of Ae20 in i00 ml of pyridine at room temperature. Vie obtained 8.5 g of crystals 

with mp 175-176 ~ Rf 0.72, on SiO2, in the system cyclohexane - ethyl acetate (2: i); [c~]~ -103.8 (C 1.196, 
dioxane). 

3fl-Acetoxy-A5,2~ (V). A suspension of 70 mg of Pd/CaCO~ (,-,7%) in 10 
ml of absolute ethanol was saturated with hydrogen, after which a solution of I g of (IV) in 40 rnl of absolute 
ethanol was added (hydrogen ,-~70 rnl). The reaction mixture was filtered, the catalyst was washed with 
ethanol, the filtrate was evaporated, and the residue was dissolved in ether, washed with dilute HCI solu- 

tion, water, NaHCO 3 solution, and again with water, dried over MgSO4, and evaporated. We obtained 820 
mg of crystalline residue with mp 130 ~ After two recrystallizations from methanol, mp 157-159 ~ When 
reerys'callized from hexane, mp 159-161~ Rf 0.74, on SiO2, in the system cyelohexane - ethyl acetate (2:1); 
[ff]~-50.2 ~ (C 1.01, acetone); v, cm-i: 1640, 1670, 1735, 3440, and 3475 (KBr). 

As,2~ 17fl-diol (VI). A suspension of 50 mg of Pd/CaCO 3 (,.~7%) in I0 ml of pyri- 
dine was saturated with hydrogen, after which a solution of 1 g of (Ill), mp 246-248 ~ in 20 ml of pyridine 
and 1 ml of piperidine was added, and the mixture was hydrogenated at room temperature until the cal- 
eulated amount of hydrogen had been absorbed. The catalyst was filtered and washed with methanol. The 
filtrate was evaporated, and the residue was dissolved in ether and the solution was washed in succession 
with dilute HCI solution, water, NaHCO 3 solution and water, after which it was dried over MgSO 4 and 
evaporated. We obtained 0.98 g of crystals (VI) with rnp 174-175 ~ Reerystallization from methanol gave 
720 rng of compound with nap 183-184.5 ~ [oz]~ -68.8 ~ (C 0.95, dioxane). 

3fl-Acetoxy-AS,2~ (V). To a solution of 9 g of (VI), mp 181-184 ~ in 90 
ml of pyridine was added 45 ml of acetic anhydride and the mixture was allowed to stand overnight. The 
next day the reaction mixture was heated 2 h at 60 ~ after which it was evaporated, and the residue was 
dissolved in ether, washed in succession with dilute HCI solution, water, NaHCO 3 solution and water, dried 
over MgSO4, and evaporated. We obtained 9.32 g of crystalline precipitate with nap 153-156 ~ Recrystal- 
lization from hexane gave 8.15 g of (V) with mp 161-163~ [ce]~ -50.2 ~ (C 1.009, acetone); Rf 0.74, on SiO2, 
in the system cyclohexane - ethyl acetate (2 : I). Found: C 77.15; H 9.40%. C32H3403. Calculated: C 77.10; 
H 9.50%. 

Hydroxylation of As,2~ 3-Acetate (V). To a solution of 5 g of (V), mp 
161-163 ~ in I00 ml of pyridine was added 5 g of OsO 4 and the mixture was allowed to stand at room tem- 
perature for 48 h, after which were added a solution of 44 g of K2S205 in 180 ml of water and I00 rnl of 
pyridine, and the mixture was stirred for 30 rain. Then the mixture was filtered and extracted with CHCI 3. 
The filtrate was washed well in succession with dilute HCI solution, water, NaHCO 3 solution and water, 
dried over MgSO4, and evaporated. We obtained 5.14 g of crystalline (VII), which represented a C-20 
epimeric mixture of the tetrols with nap 210-220~ Rf 0.26, on SiO2, in the system eyelohexane - ethyl ace- 
tate (2 : I). 

20cG21-(VIIla) and 20fi,21-Acetonides (VIIIb) of AS-Isopregnene-3fi,17fi,20~,21-tetrol. To a selution 
of 3 g of the mixed tetrols in 250 ml of acetone was added 15 drops of HCIO 4 (,~70%) and the mixture was 
allowed to stand at room temperature for 48 h. Then the reaction mixture was diluted with water, extracted 
with CHCI3, washed with water, dried over MgSO4, and evaporated. We obtained 3.45 g of oily product, 1 
g of which was chrornatographed on 60 g of AI203 (If activity). The fractions were taken as 25 ml aliquots, 
and the flow rate was approximately I00 ml/h. The gradient elution was done with a mixt~are (2 liters) 
ranging from hexane - ether (7 : 3) to hexane - ether (1 : 3). From fractions 69-90 we obtained 200 mg of 
(VIIIb). F r o m  f r a c t i o n s  91-116 we obta ined 120 m g  of  mixed  (Villa) and (VIItb). F r o m  f r a c t i o n s  117-151 
we obtained 510 m g  of (VIIIa). 

20f l ,21-Ace ton ide  (VIIIb). R e c r y s t a l l i z a t i o n  f r o m  e the r  - hexane gave (VIIIb) with mp 162-164: ~ (it 
me l t ed  in i t ia l ly  at 130 ~ a f t e r  which need les  c r y s t a l l i z e d  f r o m  the mel t ,  which then me l t ed  at 162-164 ~ ; Rf 
0.27, on A1203 (II act ivi ty) ,  in the s y s t e m  hexane  - wet e the r  (1 : 3); Rf 0.67, on SiO2, in the s y s t e m  hexane 

- e t h e r  (1 : 4), de tec ted  with iodine v a p o r s ;  [oz]}~ - 5 3 . 5  ~ (C 0.812, ace tone) ;  5, ppm:  0.81 (CH~ - 1 8 ) ;  0.94 
(CH 3 - 1 9 ) ;  5.26 (H at h ) ;  4.23 ( H -  C20); 3.90 (2H - C2~ ). Found:  C 73.52; H 10.01%. C2~H~804. Ca lcu la ted :  
C 73.84; H 9~ The mixed  me l t i ng  point with 20oz,21-acetonide (VIIIa) was 125-137 ~ F r o m  [2]: mp 157 ~ 
[~]~ - 6 2 . 7  ~ 
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20a,21-Acetonide (Villa). Recrystallization from ether - hexane gave (VIIIa) with mp 162-164 ~ (the 
crystals melted initially at I00 ~ after which needles crystallized from the melt, which then melted at 162- 
164~ Rf 0.20, on AI203 (II activity), in the system eyclohexane - ethyl acetate (2 : i), Rf 0.18, on AI203 
(II activity), in the system hexane - wet ether (I : 3); Rf 0.62, on SiO2, in the system hexane - ether (I : 4), 
detected with iodine vapors; [o~]~ -59.4 ~ (C 1.054, acetone). 5, ppm: 0.80 (CH 3- 18); 0.95 (CH 3 -19); 5.27 

(H at E); 4.11 (H -C20); 3.88 (2H- C21 ). Found: C 73.69; H 9.75%. C24H3804. Calculated: C 73.84; H 9.74%. 
The mixed melting point with 20fi,21-aeetonide (VIIIb) was 125-137 ~ From [2]: mp 160~ [c~]~ -59 ~ 

Oppenauer Oxidation of 20c~,21-Acetonide (VIIIa). A mixture of 600 rag of 20e~,21-aeetonide (Villa) 
with mp 162-164 ~ 18 ml of anhydrous acetone, 50 ml of absolute benzene and 1.5 g of aluminum isopropylate 
was heated under reflux for 24 h. Then the mixture was evaporated in vaeuo and the residue was dissolved 
in ether, washed with cone. potassium sodium tartrate solution, sodium carbonate solution and finally with 
water, dried over IVigSO4, and evaporated. We obtained 600 mg of an oily product, which was ehromato- 
graphed on 25 g of A1203 (II activity). The fractions were taken as 25-mi aliquots, and the flow rate was 
approximately 40 ml/h. The gradient elution was done with 2 liters of hexane - ether mixture (ranging 
from 5 to 50% ether). From fractions 6-23 was obtained 300 mg of (IXa). From fractions 24-26 was ob- 
tained 60 mg of a mixture of (VIIIa) and (IXa). From fractions 27-33 was obtained 30 mg of (VIIIa). The 
reerystallization of 300 mg of (IXa), with Rf 0.33, on Al203 (If activity), in the system eyelohexane - ethyl 
acetate (2 : I), from ether - hexane gave a product with nap 171-173~ [~]~ +33.9 ~ (C 0.916, acetone) ; ~max 
240 nm, e 16,000 (ethanol). 5, ppm: 0.86 (CH 3 - 18); 1.12 (CH 3- 19); 5.68 (H at ~-); 4.14 (H - C20); 3.95 
(2Hi~ C21 ). Found: C 74.22; H 9.28%. C24H3GO 4. Calculated: C 74.19; H 9.34%. From [2]: mp 173-175~ 

[c~] D +39.3 ~ 

Oppenauer Oxidation of 20p,21-Aeetonide (VIIIb). Using the procedure described above for (VIIIa), 
we oxidized I00 mg of 20fi,21-aeetonide (VIIIb) with nap 162-164 ~ The obtained product was ehromatographed 
on a plate (13 • 18) on AI203 (II activity), with a layer thickness of 1.5 ram, in the system eyelohexane- 
ethyl acetate (2 : I). We obtained 51 mg of (IXb) with rnp 215-220 ~ After recrystallization from ether- 
hexane: nap 220-221~ [e~]~ +86.4 ~ (C 1.005, acetone); Rma x 240 nm; e 16,200; 5, ppm: 0.84 (CH 3- 18); 1.12 
(CH 3- 19); 5.67 (H at ~-); 4.18 (H - C20); 3.91 (2H- C21). Found: C 74.02; H 9.20%. C24H3604. Calculated: 
C 74.19; H 9.34%. From [2]: nap 220-221.5~ [o~]~ +66.7 ~ 

Aa-lsopregnene-17fi,20o~,21-triol-3-one (Xa). To a solution of 500 mg of (IXa), with mp 171-173 ~ in 
40 ml of CH3COOH was added I0 ml of water and the mixture was heated at 70 ~ for 1 h. Then I0 ml of wa- 
ter was added and the mixture was heated for another hour. The mixture was evaporated to dryness and 
the residue was reerystallized from methanol - ether. We obtained 372 mg of (Xa) with mp 230-233~ [o~]~ 
+50 ~ (C 0.394, dioxane); Xmax 242 nm, e 11,200 (ethanol); 5, ppm: 0.89 (CH3- 18); 0.99 (CH 3- 19); 5.65 

(H at i-); 4.30, (H - C20). 

Aa_Isopregnene-17fi ,20fi ,21-tr iol-3-one (Xb). Under  the conditions desc r ibed  above for  (Xa), f rom 100 
mg of (IXb), with mp 220-221 ~ was obtained 80 mg of (Xb) with mp 235-238 ~ (methanol);  [~]~ +51 ~ (C 0.269, 
dioxane); v, cm- l :  1620, 1662, 3435, and 3560 (K.Br); Rma x 242 nm, 13,600 (ethanol); 5, ppm: 0.89 (CH 3 

- 18); 0.93 (CH 3 -  19); 5.65 (H at I-); 3.99 ( H -  C20 ). 

A4_Isopregnene-17f l ,20~,21- t r io l -3-one 20c~,21-Diacetate (IIa). To a solution of 300 rag of (Xa) in 4 
ml  of absolute pyr id ine  was added 1 ml  of Ac~O. The solution was allowed to stand overnight  at r oom t e m -  
p e r a t u r e ,  a f te r  which it was heated  at 60 ~ for  1 h. Then the mix ture  was evapora ted  in vacuo to d ryness ,  
and the res idue  was d isso lved  in e ther ,  washed in success ion  with dilute HC1 solution, water ,  NaHCO 3 solu-  
tion and water ,  dr ied  over  MgSO4, and evapora ted .  The res idue  was chromatographed  on A1203 (II activity) 
on a pla te  (20 x 25), with a l aye r  thickness  of 2 ram, in the s y s t e m  cyclohexane - ethyl aceta te  (1 : 2). We 
obtained 260 mg of d iaceta te  (IIa) with mp 175-178 ~ After  r ec rys t a l l i za t ion  f r o m  e ther  - hexane, mp 180- 
181 ~ Re 0.78. in the sys tem:  wet e ther ,  Re 0.30, in the sys t em:  cyclohexane - e t h y l  aceta te  (1 : 1), on A1203 
(III activi ty);  [O~]D +45.3 (C 0.998, acetone);  v, c m -  : 1620, 1680, 1740, and 3430 (KBr); Rma x 240 rim, 
e 20,500 (ethanol); 6, ppm: 0.83 (CH 3 - 18); 1.12 (CH 3 - 19); 5.64 (H at k); 5.12 (H - C20); 4.15, 4.54 (2H - 

Found: C 69.28; H 8.30%. C25H3605. Calculated: C 69.44; H 8.33%. L i t e r a t u r e  data: mp 180-181~ C21). 
[c~]~ +50.2 ~ [2]. 

A4_Isopregnene-17fl ,20fl ,21-tr iol-3-one 20fl,21-Diacetate (Iib). The acetyla t ion of 100 mg of (Xb), as 
desc r ibed  above for  (IIa), gave 95 mg of c rys ta l l ine  (IIb) with mp 159-162% After  r ec rys t a l l i z a t i on  f rom 
e the r  - hexane,  mp 162-164~ Rf 0.52, in the sys tem:  wet e ther ;  Rf 0.39, in the s y s t e m  cyclohexane - ethyl 
ace ta te  (1 :1) ,  on A1203 (III activity);  [c~]~ +18.5 ~ (C 1,899, acetone);  ~', cm- l :  1620, 1660, 1740, and 3380 

118 



(KBr); Xma x 240 rim, e 20,500 (ethanol); 5, ppm: 0.86 (CH 3 - 18); 1.09 (CH 3 - 19); 5.66 (H at L); 5.08 ( H -  
C20); 4.05, 4.58 (2H -C21). Found: C 69.38; H 8.46%. C25H3GO 5. Calculated: C 69.44; H8.33%. F ro m  [2]: mp 
165-166~ [c~]~ +21.6 ~ 

C O N C L U S I O N S  

1. A method was developed for  the synthesis  of the difficultly access ible ,  ep imer ic  at the 20-earbon 
center ,  200z,21- and 20fl,21-diacetates of the A4-isopregnene-17fi,20},21-triol-3-ones. 

2. Conditions were  se lec ted  for  the p repara t ive  separa t ion  of the C-20 ep imer ie  acetonides of A 5- 
isopregnene-3fl,17fi,20},21-tetrol, and also of the acetonides of A4-isopregnene-17fl,20~,21-triol-3-one. 

3. The s t ruc tu re  of all of the synthesized compounds was conf i rmed by chemical  and physical  methods.  
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