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In r ecen t  y e a r s  s teroid  hydroperox ides  have a t t rac ted  the attention of r e s e a r c h  w o r k e r s  in connection 
with the poss ib i l i ty  of the i r  use  as i n t e rm ed ia t e s  for  the p repa ra t ion  of s te ro id  hydroxyketones ,  diketenes,  
and o ther  compounds ,e .g . ,  in the method for  the 17a-hydroxyla t ion  of p regnanes  [1], the l l f l -hydroxy la t ion  
of A~(i~ [2, 3], in the synthes is  of ecdysone through 2 ,3-d ike tos tero ids  [4, 5], in the p r e p a r a -  
tion of 3 -ke to -6 -hyd roxy -A4- s t e ro id s  [6], in the convers ion  of p regnanes  to andros tanes  [7], etc.  In addition, 
s eve ra l  s teroid  hydroperox ides  have shown high physiological  act ivi ty.  Thus, compounds with fo rmulas  I 
have cont racep t ive  action with a new biological  m e c h a n i s m  [8, 9]. 
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The oxidation of the ketenes by a i r  oxygen (autooxidation) is  p r i m a r i l y  used for  the p repa ra t ion  of 
s teroid  hydroperoxides .  In the p roce s s ,  ketones which f o r m  stable enols a re  read i ly  oxidized to a - h y d r o p e r -  
oxyketones.  Fo r  mos t  ketones,  enolizat ion is  favored under  alkaline conditions, and autooxidation is t h e r e -  
fore  c a r r i e d  out in the p re sence  of alkoxides [1, 4-6] or  amines  [2]. 17~-Hydrope roxy-20-ke tones  of the 
pregnane s e r i e s  [1], 5 a - h y d r o p e r o x y - 6 - k e t o n e s  [1], e t c . ,  which contain a t e r t i a r y  hydroperoxy  group, were  
obtained in th is  manner .  As a consequence of the ease  of dehydrat ion of the secondary  hydroperoxy group 
to fo rm a kete group, autooxidation in th is  case  gives  diketones [4, 5]. 

The oxidation of fi, T -unsa tura ted  ketones is  accompl ished  chiefly by i l lumination with f luorescent  
l amps .  This  route was used to obtain 10-hydroperoxides  (I) f rom AS(i~ (II) [8, 10]. We now r e -  
por t  the unusual autooxidation of 4 -and ros t ene -3 ,17 -d ione -19 -ca rboxy l i c  acid (IVb) and 19-aldehyde (IVa), 
which t akes  place at the qua te rna ry  C10 carbon  a tom bonded to a carboxyl  or  aldehyde group. We have found 
that  acetone solutions of these  compounds a re  read i ly  oxidized by oxygen in the a i r  to fo rm hydroperoxide  
V. This  convers ion  amounts  to 60-80% af ter  7-8 days,  and the hydroperoxide  is  isolated in 50-57% yield. 
The reac t ion  p roceeds  be t t e r  in the dark,  since the poss ib i l i ty  of photoxidation is  excluded. 
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The s t ruc ture  of Y was es tab l i shed  on the bas i s  of i t s  abil i ty to oxidize po tass ium iodide (iodometric 
t i t rat ion) [11] and f rom the UV and IR spec t ra .  The absorpt ion max imum of this  compound in the UV region 
is  shifted to the shor t -wave  side by 8 nm as compared  with the m a x i m a  of the acid and aldehyde (IVa, b). A 
hypsochromic  shift  under  the influence of a hydroperoxy group [10] was o b s e r v e d  for  Ia and lb. The IR s p e c -  
t r u m  of a dilute solution in ca rbon  t e t rach lo r ide  has  an intense band at 3535 c m  -1 ,  cha r ac t e r i s t i c  for  the OH 
group, including hydroperoxides  [12], and cha rac t e r i s t i c  bands for  the carbonyl  groups at 1740 and 1687 
c m  -1 .  Structure  V was conf i rmed  by conver t ing  it to the known 4 -es t r en -10f l -o l -3 ,17 -d ione  (VI) [13] by 
reduct ion of the hydroperoxy group with t r ime thy l  phosphite.  Alcohol VI, obtained in quantitative yield v ia  
the method descr ibed  in [13], was  conver ted  to es t rone  (VII) in 80% yield. The mechan i sm of this  unusual 
nut .oxidation is being studied. 

The tendency for  nut .oxidation of IVa and IVb, which are  used as i n t e rmed ia t e s  in the production of 
19-nors t e ro ids  [14], i s  the r e a s on  for  the dec rea sed  yield in the oxidation of III in the p r e sence  of a i r .  

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

The specific rotat ion in ch lo ro fo rm was  de termined,  and the UV spec t r a  in 96% ethanol and the IR spec -  
t r a  of mine ra l  oil suspensions  were  obtained. The NMR spec t r a  were  obtained with an IMC-100 s p e c t r o m e t e r  
with an opera t ing  frequency of 100 MHz. 

10fl -Hydrope roxy -4 -e s t r ene -3 ,17 -d ione  iV). a) A suspension of 2 g of IVa in 5 ml  of acetone was a l -  
lowed to stand in the da rk  at r oom t e m p e r a t u r e  with acce s s  to the a i r ;  acetone was added per iodica l ly  to 
keep the suspension at i t s  or iginal  volume.  After  3 days all the aldehyde had dissolved.  After  7 days  no 
more  than 20% of the s ta r t ing  compound remained ,  according  to t h in - l aye r  ch romatography  [fixed l aye r  of 
s i l ica  gel, b e n z e n e -  methanol (25:2)]. The solution was evapora ted  in vacuo,  and the res idue  was c r y s t a l -  
l ized f rom 8 ml of benzene to give 1.14 g of V. Recrys ta l l i za t ion  f rom b e n z e n e - m e t h a n o l  (3:1) yielded 0.7 g 
of V with mp 165-166 ~ (dec.). Recrys ta l l i za t ion  f rom methanol gave an analyt ical ly pure  sam~.le with mp 
166-166.5 ~ (dec.) and [~]D +146~ UV spec t rum:  Xmax 236 rim, log e 4.2. IR spec t rum (cm-) . -  3340 (0OH}, 
1740 (CO), 1687 (=C-CO),  1635 (C=C). NMR spect rum" 0.853 ppm (18 CH3), 5.91 ppm (4 H). Found%: 
C 70.813 H 7.75. C18tt2404. Cale. %" C 71.05; H 7.94. 

The mothe r  l iquors  were  evapora ted ,  and the res idue  (1.2 g) was ch romateg raphed  on 30 g of s i l ica  
gel; 0.4 g of the s ta r t ing  compound was f i r s t  eluted with b e n z e n e - e t h e r  (9:1), followed by 0.46 g of V with 
mp 163-165 ~ (dec.}. The overa l l  yield of V was 57.2% based  on !Va. 

b) A suspension of 16 g of IVb in 160 ml of acetone was allowed to stand at r oom t e m p e r a t u r e  in the 
da rk  for  8 days (the acid dissolved comple te ly  a f te r  3 days}. The solvent was r emoved  by vacuum d i s t i l l a -  
tion, and the res idue  was dissolved in b e n z e n e - c h l o r o f o r m  (4:1). The solution was ex t rac ted  with 5% sodium 
carbonate ,  washed with wa te r  until it gave a neutra l  react ion,  and evapora ted  in vacuo. Crys ta l l iza t ion  of 
the res idue  (9.6 g} f rom benzene gave 6.5 g of V with mp 164-165.5 ~ (dec.}. 

The mother  l iquors  were  evapora ted ,  and the res idue  (3.1 g) was chromatographed  on 90 g of s i l ica  
gel; elution with b e n z e n e - e t h e r  (9:1) gave f i r s t  1.16 g of V and then 0.5 g of a compound with mp 198-200 ~ 
and ~ ]D+147  ~ imP 204-206 ~ and [~]D+147 ~ according to the l i tera ture}.  IR spec t rum (cm- t )  �9 3440, 1730, 
1680, 1630. Found %" C 74.85; H 8.46. C18H2403. Cale. %" C 74.94; H 8.38. 

Acidification of the sodium carbonate  ex t rac t  yielded 6.5 g of s t a r t ing  acid IVb. The overa l l  yield of 
V was 50% based on acid IVb and 84% based on the r ecove red  acid. 

4 - E s t r e n - 1 0 f l - o l - 3 , 1 7 - d i o n e  (VI). T r ime thy l  phosphite (0.5 ml) was added dropwise  to a suspension 
of 1 g of V in 5 m l o f  methanol .  The reac t ion  mix ture  was s t i r r ed  for  30 min and poured into a mix ture  of 
ice and water .  The resu l t ing  prec ip i ta te  was f i l te red  to give a quantitative yield of VI with mp 197-199 ~ and 
[~]D + 148~ (el, chloroform},  the IR spec t rum of which was identical  to that  of the sample  obtained previously .  

Es t rone  (VIII}. A solution of 0.2 g of VI in 10 ml of acetone containing 4 drops  of concentra ted hydro -  
chlor ic  acid was refiuxed for  1 h, vacuum evapora ted  to 5 ml,  and 5 ml of wa te r  was added to give 0.16 g of 
VII with mp 255-256 ~ the IR spec t rum of which was identical  to that  of an authentic sample .  
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