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At the present  time, when the t ransi t ion f rom cardenolides to a eor t icos te ro id  type of compounds and 
progestogens is well known, the application of cardenolides to the preparat ion of androgens and es t rogens  
has been little studied. The oxidation of cardenolides to etianic acids, followed by the elimination of the 17- 
carboxylic acid group by the Barbier-Wieland react ion,  is a multistep and not ve ry  convenient p rocess  [1]. 

In a preceding publication [2], the possible convers ion of strophantidin (I) into compounds of the andro-  
stane se r ies  was shown. The autooxidation of strophantidin and the oxidation of 10f l -hydroxy-19-norper ip lo-  
genin acetate (II) by splenic acid in boiling dioxane led to the formation of 3fi ,5fi ,10ft ,14fl ,17a-pentahy- 
droxy-19-norearden-(20  : 22)-olide acetate (IV). The NMR spec t rum of this compound showed butenolide 

r ing signals at 4.93 T and 4.48 ~" (I= 18, cps C 2 1 J ~  ) and 3.47 ~" (C22-H), and indicates the appearance of 
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an additional hydroxy group. The absence of the C17-proton signal at 7.3 Z, and the presence of physiological 
activity in the 17a-hydroxystrophant idin  acetate [3], obtained under s imi la r  conditions, conf i rm the 17a-  
position of the hydroxy group introduced. 

The saponification of IV by potassium bicarbonate in an aqueous methanol solution gave 3fl,5fl, 10fi, 
14fi, 17~ -pentahydroxy-19-norcarden-(20  : 22)-olide (V). 

Compound IV served  as an intermediate  in the transit ion f rom cardenolides to the derivatives of 17- 
ketoandrostane with a 14 f l -hydroxy group. 
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Fig. 1. Mass  spec t rum  of 14f i -hydroxyes t rone  
methyl  e s t e r  (XT). 

genic act ivi ty,  c o m p a r e d  to t e s to s t e rone  propionate.  
abolic subs tances .  

The oxidation of IV by po tass ium permangan-  
ate  in acetone and the hydro lys i s  of the product  gave 
3 fl, 5 fi, 10 fi, 14fl - t e t r a h y d r o x y -  19- norandros tane -  17 - 
one (VII). The yield of this compound was 18.4% 
on the s ta r t ing  strophantidin.  VII proved to be 
physiological ly  act ive.  According to the p r e l i m i n a r y  
in format ion* ,  i ts  anaboIic ac t iv i ty  de te rmined  ac -  
cording to H e r s n b e r g e r  [4], is 0.3, and the andro-  
genic, 0.1 (M/A= 3) compa red  with t es tos te rone .  

The catalyt ic  dehydrat ion of VII by plat inum 
in an oxygen a t m o s p h e r e  gave 10ft ,14fl ,dihydroxy-  
19 -norandros t -4 -ene -3 ,17 -d ione  (VIII) [5]. Tes t s  
for  biological  act iv i ty  showed that  the la t ter  has a 
0.61 anabolic act ivi ty  and 0.3 (M/A=2.03 l) and ro -  

This indicates that  VII and VIII a r e  modera t e  an-  

Compound VIII proved to be a convenient in te rmedia te  for  the p repa ra t ion  of e s t rone  types  of c o m -  
pounds. The C10-hydroxy group in A4-3-ketone is highly mobile ,  and even on heating with g lac ia l  acet ic  acid, 
a 14f l -hydroxyes t rone  (IX) is fo rmed .  Aromat iza t ion  of the A r ing in the p r e sence  of smal l  amounts  of 
s t rong acids proceeds  even m o r e  readi ly .  Compound IX is eas i ly  obtained even at r oom t e m p e r a t u r e ,  if 
VIII is shaken with g lac ia l  ace t ic  acid containing 1% of hydrochlor ic  acid. 

If the reac t ion  t ime  is increased ,  3 -ace ta t e  (X) is a lso  fo rmed  together  with hydroxyes t rone .  E the r i -  
f icat ion of the C3-hydroxy group in the a romat iza t ion  p roces s  under  the influence of s t rong acids has a l -  
r eady  been noted in alcoholic solutions of 10-hydroxy-3-ke to -A4-s te ro ids  [6]. 

Compound X was synthes ized d i rec t ly  f r o m  hydroxyes t rone  by the usual method, i .e. ,  acetyla t ion by 
acet ic  anhydride in pyridine.  It was ident ical  with a sample  of X obtained f r o m  the unsaturated dione. 

Methylation of X by a solution of diazomethane in e ther  yields  the methyl  e ther  of 14f l -hydroxyes t rone  
(X1). The hydroxyes t rone  e ther  thus obtained has the natura l  8/~,9a-configurat ion,  and dif fers  in i ts  p r o p e r -  
t ies  f r o m  8a , 9 a -  and 8 a , 9 f l - i s o m e r s  of 14f l -hydroxyes t rone ,  r ecen t ly  synthes ized by Torgov and c o - w o r k e r s  
[7]. A compar i son  of the m a s s  s p e c t r a  of XIt  and its 8a,9fl-  and 8 a , 9 a - i s o m e r s  [8] shows an apprec iab le  
d i f ference  in the in tens i t ies  of the c h a r a c t e r i s t i c  peaks (see Fig.  1): 

H OH~ CH3 0 HO ~ 0  

OHiO 

The bes t  ~information on the var ia t ion  in the s t ruc tu re  of 14/3-hydroxyestrone gives the dehydrat ion 
peak with m / e  282 (M-18) +. Dehydrat ion under an e lec t ron  impac t  in the  i s o m e r i c  14-hydroxyes t rones  
takes  place mainly  at  the expense  of the C14-hydroxy group and the Cg-hydrogen a tom,  s ince under  such 
conditions the 1 ,3-e l iminat ion of the e lements  of wa te r  is mos t  probable  in s t e ro id  s y s t e m s  [9, 10]. Besides  
it has been shown [8] that  in analogous ketols ,  50-94% of the hydrogen lost  in the f o r m  of H~O is r e l a t ed  to 
the Cg-position. 

The degree  of dehydrat ion is ve ry  dependent on the mutual  configurat ion of the Cg-hydrogen a tom and 
the Cla-hydroxy group, and is marked ly  d e c r e a s e d  on t rans i t ion  f r o m  the c i s - l , 3 - d i a x i a l  configurat ion (25% 

in the case  of 8~ ,9f l ,14f l - i somer)  to the t r ans -conf igura t ion  (1% E and 4.5% ~. in the case  of 8f l ,9a ,14f l -  

* Tes t s  on physiological  ac t iv i ty  of VII and VIII we re  c a r r i e d  out by T. I. Barkova (Insti tute of the C h e m i s t r y  
of Natura l  Compounds,  Moscow). 

The m a s s  s p e c t r u m  of XI was m e a s u r e d  by V. I. Za re t sk i i  (Institute of The C h e m i s t r y  of Natura l  Com-  
pounds, Moscow). 
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and 8~ ,9~ ,14f l - i somers) .  The highest degree of dehydration under e lectron impact  is charac te r i s t i c  of the 
hydroxy groups axial with respec t  to the ring, in this case  to the r ing C, which loses a hydrogen atom (4.5% 
E in the case  of 8~ , 9~ , t4 f l - i somer )  [10, 11]. Therefore ,  the low intensity (1%) of the dehydration peak 
(M-H20) + in the mass  spec t rum of XI indicates an equatorial  configuration of the 14fl-hydroxy group, and 
consequently, an  8fl ,9~,14fl-configuration of XI, 

It is known that the introduction of a 17~-alkyl  substituent into androgenic r ings often increases  their  
anabolic activity, especial ly on per os administrat ion.  We found it interest ing to introduce an alkyl radical  
into the 17-position of VIII. However, an attempt to protect  the A4-3-keto grouping by ethyl or thoformate  
in the presence  of pyridine hydrochloride led to a 3-ethyl  ether of 14fi -hydroxyes t rone  (XIII). Another prod-  
uct is obtained together with ether XIII, to which we assigned the s t ruc ture  of 3-ethyl  ether of A14-estrone 
(XlI). 

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

To identify and to follow the course  of the react ion,  th in- layer  chromatography on a fixed aluminum 
oxide layer  (7% calcium sulfate) was used in the sys tems  benzene-methanol  (7: 1, 10: 1) and benzene-ch lo ro -  
fo rm (1 : 1). The ch romatograms  were developed by saturated solution of antimony t r ichlor ide  in ch loro-  
form.  The UV spec t ra  were  measured  in 95% alcohol on SF-4 and EPS-3T (Hitachi) spect rophotometer  and 
the IR spec t ra  on the UR-10 spect rophotometer ,  and NMR spect ra  on the INM-4 H-100 with a working f r e -  
quency of 100 mHz in deuteropyridine.  Hexamethylenedisiloxane was the internal standard,  and its signal 
was fixed a s  10 (T scale).  The shift of the hydroxy group signals was produced by CF3COOH. 

3fi ,hf i ,10ft ,14fi ,17~-Pentahydroxy-19-norcardene(20 : 22)-olide (V). A solution of 1.9 g of potassium 
bicarbonate in 20 ml of water  was added to a solution of 50 mg of IV in 15 ml of methanol. The mixture was 
left to stand for 24h in a thermosta t  at 50 ~ The solution was neutral ized by 2N sulfuric acid, f i l tered f rom 
potass ium bisulfate and evaporated to dryness  in vacuo. The dry residue was chromatographed on an alu- 
minum oxide column. Thus, ~ 40 mg of V were  isolated f rom fract ions  eluted by a mixture of ch loroform-  
methanol (25: 1). The product was r ec rys ta l l i zed  f rom methanol to yield compoundV. Mp 251-252~ [~]~ 
+7.9 (c 0.76, methanol). UV spectrum: k m a x  218 m p  (log ~ 4.12). IR spectrum: 3460-3380 (u, OH), 
1750, 1625 (butenolide ring) cm -1. NMR spectrum: 8.88 (C18-H), 5.79 (C~-H), 4.92 and 4.48 (I= 18 cps, 

j H  
C21 ~ H  ) ~" values.  Found,%: C 64.50; H 8.05. C22H320 7, Calculated, %: C64.68; H 7.90. 

10f l ,14f i -Dihydroxy-19-norandros t -4-ene-3 ,17-dione  (VIII). A 1 g sample of VII was dissolved in 210 
ml of f resh ly  purified acetone, and s t i r red  with a platinum cata lys t  (prepared by hydrogenating 1 g of Pro2, 
H20 in 160 ml of water) for two days over pure oxygen. The ca ta lys t  was fi l tered,  the solution evaporated, 
and the dry  res idue dissolved in 30 ml of glacial  acetic acid. The solution was boiled for 30 rain while ni- 
t rogen was passed.  The solvent was evaporated in vacuo, and the dry  residue was chromatographed on an 
aluminum oxide column. Compound VIII was obtained in a yield of 0.63 g (67.4%) f rom fract ions  eluted by 
a mixture of benzene-ch lo roform (1:1) .  Mp 238-239 ~ (from acetone); [c~]~+ 80 ~ (c 0.81 methanol). UV 
spectrum: k m a x  234, 303 mp (log ~ 4.20, 190). IR spectrum: 3485 (u, OH), 1730 (17, C=0),  1676 (3, C=0),  
1635 (u, C=C) cm -1. NMR spectrum: 8.71 (CIs-H),  4.28 and 4.13 (OH at C10 and C14), 3.6 (Ca-H) 7 values. 
Found, %: C 71.20; H 8.07. Ci8H2404. Calculated, %: C 71.03; H 7.95. 

14fl-Hydroxyestrone (IX). A. A solution of 0.6 g of VIII in 45 ml of glacial  acetic acid was heated for 
12 h at 118 ~ while a weak cur ren t  of ni trogen was passed. The solution was concentra ted in vacuo, and the 
res idue chromatographed on an aluminum oxide column. Compound IX was obtained f rom fract ions eluted 
by ch loroform-a lcohol  (50 : 1) in a yield of 0.45 g (79.8%). Mp 215-218 ~ (from chloroform-alcohol) ;  [~ ]~ + 94.9 ~ 
(c 0.57, methanol). UV spectrum: k m a x  281 m# (log ~ 3.40). IR spectrum: 3500, 3340, 3260 (u, OH), 1734 
(17, C=0),  1615, 1510 (At) cm -1. Found,%: C 75.40; H7.79. C18H220~. Calculated,%: C75.49; H7.74. 

B. A solution of 0.2 g of VIII in 40 mI of glacial  acetic acid containing 0.4 ml of concentrated hydro-  
chloric  acid was shaken for  25 rain at room tempera ture .  The solution was evaporated, and the res idue 
chromatographed as descr ibed above. The yield of IX was 0.12 g (64.3%). 

14fl-Hydroxyestrone acetate (X). A. A 0.16 g sample of IX was dissolved in 2 ml of pyridine and 2 
ml of acetic anhydride. The solution was left to stand overnight at room tempera ture .  The solvents were 
evaporated in vacuo, and the res idue ground with a smal l  amount of ice water ,  f i l tered and dried. The prod- 
uct was c rys ta l l i zed  f rom chloroform,  and 0.15 g of X were obtained. Mp 202-203~ [~]~+ 107.6 ~ (c 0.5, 
C = 0), 1225 (u, C = 0), 1610, 1590, 1500 (Ar) cm -I.  Found, %" C 73.50; H7.45. C20H240 4. Calculated, %: C 73.15; 
H 7.37. 
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B. A 0.2 g port ion of crude  VIII was dissolved in 20 ml  of g lac ia l  acet ic  acid containing 0.3 ml  of 
concent ra ted  hydrochlor ic  acid. The solution was s t i r r e d  for  3h at r oom t e m p e r a t u r e .  The mix ture  was 
concent ra ted  in vacuo, the res idue  ch romatographed  on a thin l ayer  of s i l ica  gel.  The product  (0.13 g) was 
isola ted f r o m  the f rac t ions  eluted by ch lo ro fo rm-benzene  (1 : 1, 5 : 1), and was identical  with X in i ts  mel t ing 
point, rotat ion,and passage  through the c h r o m a t o g r a m .  NMR spec t rum:  8.75 (CI8-H),  6.41 (CH~-acetate), 
4.17 (OH at C14), 3.35 ( I=cps ,  C4-H) ,  3.20 (I i=8 cps, I2=3 cps,  C2-H) ,  2.82 ( I=8 cps,  C 1 - H  ) T values .  

Methyl E ther  of 14f l -Hydroxyes t rone  (X1). A 0.04 g sample  of IX was d isso lved  in 5 ml  of a mix tu re  
of ch lo ro fo rm and alcohol (2 : 1), and 50 ml  of an e ther  solution of d iazomethane added. The mix tu re  was 
left to stand for  2 days at r o o m  t e m p e r a t u r e .  The solution was evapora ted ,  and the r e s idue  ch romatographed  
on an a luminum oxide column. Compound XI (25 mg) was obtained f r o m  the f rac t ions  eluted by benzene-  
ch lo ro fo rm (1: 5). Mp 162-163 ~ ( f rom benzene); [~]~  + 88.3 ~ (c 0.41, ch loroform) .  UV spect rum:  X max 
280, 285 mp (log ~ 3.39, 3.34). IR spec t rum:  3505 (v,  OH), 1736 (17, C=0) ,  1620, 1590, 1516 (Ar), 1245 
( A t - O - C )  cm -1. Found, %: C 76.10; H 8.22. C19H2403. Calculated,  %: C 75.97; H 8.05. 

Ethyl E thers  of 14f i -Hydroxyes t rone  (XIII) and Ala-Est rone  (XII). A mix tu re  of 0.3 g of VIII, 4 ml  of 
ethyl o r thoformate ,  0.2 g of pyridine hydrochlor ide  in 50 ml  of d ry  th iophene- f ree  benzene and 2 ml  of ab-  
solute alcohol was ref luxed on a wa te r  bath for  two and a half hours .  The m o r e  volat i le  solvents  were  eva -  
porated in vacuo.  The res idue  was dissolved in 100 ml  of ch loroform,  washed with wate r ,  and dried over  
sodium sulfate.  The solution was evapora ted  to d ryness .  The r e s idue  was ch romatographed  on an a luminum 
oxide column and eluted by diethyl e ther .  F i r s t ,  compound XII was eluted. C20H2402, mp 101-102 ~ ( f rom 
methanol);  [~]~  +287 ~ (c 1.12, ch loroform) .  IR spec t rum:  3070, 3037 (Ar, or  v - C H ) ,  1746 (17, C =0), 1647 
( v , C = C ) ,  1610, 1583, 1510 (At), 1240 ( A r - O - C )  cm -1. NMR s p e c t r u m  in CCla: 8.94 (Cls -  H), 8.68 (I=7 

cps,  CHa-ethoxy group), 7.20 (C16 ~ H  ), 6.13 ( I=7 cps,  CH2-ethoxy group), 4.50 (Cih-H),  3.2 (Ar) T values .  

The yield of XIII, C20H260~ , was  0.16 g, mp 214-215 ~ ( f rom methanol);  [~]~  + 108 (c 0.91, ch loroform) .  UV 
spec t rum:  ~ m a x  222, 282, 288 m p ,  (log ~ 3.95, 3.30, 3.30). IR spec t rum:  3425 (v,  OH), 1722 (17, C=O),  
1611, 1575, 1505 (At), 1250 ( A t - O - C )  cm -1. NMR spec t rum:  8.82 ( I=7 cps,  CH~-ethoxy group), 8.75 
(CIs -H)  6.16 (I= 7 cps,  CHa-ethoxy group), 4.15 (OH at  Cla), 3.32 ( I=3 cps,  Ca -H) ,  3.17 (I1=8 cps,  I2=3 cps,  
C2-H) ,  2.81 (I= 8 cps ,  C 1 - H  ) T values .  
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