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In 1937, Burawoy [1], and then Bar ton and Robinson [2], studied the oxidation of e rgos t e ro l  ace ta te  
(I) with ch romic  acid and showed that this gave 3f i -ace toxy-5~-hydroxyergos ta -7 ,22-d ien-6-one  (II) (Bura-  
woy ' s  ketone), which se rved  as the s ta r t ing  ma te r i a l  f o r  the synthesis  of b r a s s i c a s t e r o l  [2]. 
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In r e cen t  yea r s ,  this compound has  be come  the object  of numerous  invest igat ions on the synthes is  of 
a new c lass  of s te ro id  ho rmones  of insect  ecdysis  (ecdysterones)  because  its molecule  a l ready contains a 
number  of the s t ruc tu ra l  e lements  that a re  n e c e s s a r y  for  the appearance  of hormona l  activity.  In pa r t i cu -  
la r ,  s ta r t ing  f r o m  the ketone (H) it has  been poss ib le  to synthesize  ecdysone and i ts  de r iva t ives  [3]. How- 
ever ,  in spi te  of  the apparent  ease  of the synthesis  of the ketone (II) in one s tage the yield of this i m p o r -  
tant  in te rmedia te  compound is low. Thus, by Burawoy ' s  method [1] (oxidation of e rgos t e ro l  ace ta te  with an 
excess  of CrO 3 in 80% CH s COOH at 80 ° fo r  30 rain) it is 25%, and by Bar ton ' s  method [2] (oxidation with 
CrO s in 80% CH 3 COOH at r o o m  t e m p e r a t u r e  for  a day) it does not exceed 20%. 

In view of this,  it appeared  to us to be  of in te res t  to study the conditions for  the synthesis  of Bura -  
woy 's  ketone {II)more carefu l ly  and to p e r f o r m  the oxidation of e rgos te ro l  aceta te  with chromic  anhydride 
under  var ious  conditions. 

On repeat ing Ba r ton ' s  and Burawoy ' s  exper iments ,  we convinced ourse lves  that the oxidation products  
contained not only the ketone (II) but also a compound with a polar i ty  s imi l a r  to that of e rgos te ro l  aceta te  
(I). Never the less ,  a t tempts  to isola te  the la t te r  were  unsuccessful ,  apparent ly  because ,  during oxidation, 
under  the influence of the acid pa r t i a l  i somer iza t ion  takes  p lace  leading to the fo rmat ion  of B i s o m e r s  of 
e rgos te ro l .  

In addition, it was found that the ketone (II) is unstable in an acid medium. When it was heated in 
glacial  acet ic  acid (80-100 ° C, 5-10 rain) and in dioxane (100 ° C, 5-10 min) in the p r e sence  of t r a ce s  of su l -  
fur ic  o r  ch romic  acids o r  of BF 3 in hexane, it underwent a lmos t  complete  dehydration with the fo rmat ion  
of a l ess  po la r  product  which, however ,  could not be  isolated in the c rys ta l l ine  state.  The UV spec t ru m of 
this compound purif ied by chromatography  on s i l ica  gel showed a strong absorpt ion max imum at  249 nm 
with an extinction e = 19,100, which is cha rac t e r i s t i c  for  a c ros s -con juga ted  sys t em,  On this bas i s ,  we 
a sc r ibe  to the dehydrat ion product  the s t ruc ture  (IV). 
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This induced us to study the oxidation of e rgos te ro l  acetate under milder  conditions with a smal le r  
amount of acetic acid and oxidizing agent. 

On replacing a considerable par t  of the acetic acid by an equal volume of acetone (Table 1, exper iment  
1), we found a marked  accelera t ion of the oxidation process .  Thus, af ter  only 1.5 h, and not after 24 h as 
in Burawoy'  s experiment,  at  room tempera ture  the yield of Burawoy's  ketone (II) was about 25-26%. How- 
ever,  an increase  in the duration of the experiment did not lead to an increase  in the yield of the desi red 
compound and was accompanied by a considerable formation of a mixture of more  polar  products  of fur ther  
oxidation. 

When the amount of acetic acid or  oxidizing agent in the react ion mixture was reduced still fur ther ,  
the yield of Burawoy 's  ketone (see Table 1, experiment  2 and 5) reached 30-46%. We also observed some 
increase  in the yield of the ketone (II). 

In 1948, F i e se r  [4] observed for  the f i r s t  t ime that the oxidizing capacity of chromium trioxide r i ses  
with a reduction of the amount of water  in the solvent. Similar resul ts  were also obtained later  [5, 6], and 
it was found that the optimum concentrat ion of water  in the medium is 2-4%. Because of this, we pe r fo rmed  
an experiment  on the oxidation of e rgos tero l  acetate (I) in acetone with the complete absence of acetic acid 
and with a reduction in the water content in the reaction medium to 4%. Under these conditions (see Table 
1, exper iment  9), the yield of ketone (II) was 56-58%, and the time of oxidation shortened to 20-30 min. ~ 

We also studied the oxidation of e rgos te ro l  acetate in heterogeneous media, using for  this purpose 
such solvents as cyclohexane, benzene and ether.  

However, the oxidation of the acetate (I) in cyclohexane or  benzene (see Table 1, experiments  10 and 
11) did not lead to definite resul ts ,  and although the oxidation of the e rgos te ro l  acetate took place complete-  
ly, the oxidation product  contained, according to th in- layer  chromatography,  at leas t  four compounds, two 
of which were  isolated in the crys ta l l ine  state. The ketone (II) was obtained with a yield of only about 8% 
together with a small amount of less  polar compound. 

As the IR spectrttm shows, compound (III) does not contain hydroxyl g roups  (absence of absorption 
band In the 3300-3600 cm -1 region) but it does have an es te r  grouping (1743 and 1253 cm -1) and also an 
a ,  f i-unsaturated keto group (1695 cm-1).  The la t ter  was also confirmed by its IR spec t rum:  kma x (etha- 
nol) 246 nm (e 14,500) and a shoulder at 305 nm (e 130). This is cha rac te r i s t i c  for  compounds of the type 
of desoxyviperidone (3f l-hydroxycholest-7-en-6-one)  acetate [7] and 3f l -hydroxyergosta-7-22-dten-6-one  
[2.]. The lat ter  compound, which we prepared by Bar ton ' s  method [2] of the reduction of the ketone (II) with 

TABLE 1 
---g, 
.i Z Oxidation 
t ~  tempe~a- 

~J tare, *C 

1 20 
2 2O 
3 _20,acc. 

to Ba~on 
4 80,acc. 

to Burawoy 
5 20 
6 20 
7 20 
8 4 
9 20 

10 80 
11 80 
12 100 
13 35 
14 20 
15 20,acc. 

to Fieser 

_ Amount*. 

time, h ,olvent, ml ,~ ~ 
Reaction 

1,3 
4 

24 

3 

1,5 
1,5 
1,3 
4 

0,3--0,5 
I0 

10--12 
1 
1 

Tw~4weeks 

[ 
Acetone 300 

Acetone  300 

Acetone2OO 

Benzer~e100 
C~clohexane 100 
Dloxane 100 
,,Ether 100 
t:'yridme I00 
Benzene. 28 

0,5 
0,5 
0,6 

0,6 

0,5 
0,3 
0,5 
0 ,5  
0,5 
0,5 
0,5 
0.5 
0,6 
.0,5 
1,2z 

Na.oCr~OT.2H~O 

80 20 
80 20 

300 

3OO 

25 

25 

15 

2; 

*All the f igures  a re  calculated to 1 g of e rgoes te ro l  acetate. 

Yield of ' 
ketone 0 D ,  

% 

25--26 
20--25 

22 

24 

45--46 
4O 
3O 
37 

56--58 
8 

0--12 
39 

'0--75 
Traces 

28 
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zinc in acet ic  acid, p roved  to be  identical in all r e spec t s  with compound (HI). Thus, on slow heterogeneous 
oxidation a compound with a lower  degree  of oxidation is fo rmed  in addition to Burawoy 's  ketone. 

The appearance  of a s i m i l a r  compound (according to TLC) was also observed  in the slow oxidation of 
e rgos t e ro l  by SarretTs method (CrO~ + CsHsN, exper iment  14). Unfortunately, the yield of in te rmedia te  
p roduc t  was ve ry  low. 

Oxidation in ether  [a solvent  capable,  on the one hand, of dissolving a smal l  amount of wa te r  - (up to 
3%) - and, on the o ther  hand, of fo rming  an onium compound with the oxidizing agent  and thereby  serv ing  
as a c a r t i e r  of the HCrO~ ion ] sharply  ra i sed  the yield of Burawoy'  s ketone to 70-75% (with a reac t ion  t ime  
of 45-60 rain), making it  an ex t r eme ly  access ib le  compound. 

In 1953, F i e s e r  et al. [8] showed that in the oxidation of e rgos t e ro l  ace ta te  (I) in a mix ture  of acet ic  
acid and benzene in addition to the ketone (II) e rgos ta -7 ,22-d iene -3 f l ,5~ ,6~- t r io l  3,6--diacetate (V) was also 
formed.  They suggested that the t r iol  (V) is a product  of the acidolysis  of the 5,6-oxide (VI) fo rmed  as an 
in te rmedia te .  

Since in the slow oxidation of the aceta te  (I) in benzene we were  sti l l  able to isola te  the ketone (III), 
we have suggested the following sequence of the mul t i s tage  oxidation of compound (I): 

xO OAt 
H" 1 H' I£ 

• ~,co AcO 
u 

AcO x 

The convers ion  of the d iace ta te  (V) into the ~ ,~-unsa tura ted  ketone (HI) can apparent ly  be  explained 
by the pinacolone r e a r r a n g e m e n t  of substance  (V) o r  (VII), which takes place  readi ly  in an acid medium. 

In o r d e r  to conf i rm this scheme,  F i e s e r ' s  conditions for  the oxidation of e rgos t e ro l  ace ta te  (I) we re  
reproduced,  and the  d iaceta te  (V) was isolated.  As we have shown, when it is heated fo r  a shor t  t ime  (10 
rain) with p- toluenesulfonic  acid in benzene (without the azeot ropic  dist i l lat ion of water)  o r  under  the con-  
ditions of the oxidation, keto ace ta te  (III) is  actual ly  formed,  which suppor ts  the scheme given above. More 
prolonged boiling of the react ion  product  (30 rain and above) leads to a mix tu re  of  the keto aceta te  (III) und 
a m o r e  po la r  productwhich is apparent ly  the 14fl i s o m e r  of ( I I I ) -  (VIII). The ease  of such an i somer iza t ion  
under the influence of acids has  been  es tab l i shed  recent ly  [9]. 

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

Typical  Exper iment  on the Oxidation of the Acetate  (I) in Acetone. A solution of CrO 3 in the amount 
given in the table in 80% acet ic  acid or  wa te r  was added (one port ion) to a solution of 1 g of e rgos t e ro l  
ace ta te  (I) in 300 ml  of acetone (previously t rea ted  with solid CrO 3 a t  room t e m p e r a t u r e  for  2 days  and then 
disti l led).  The react ion  mix tu re  was left  at r o o m  t e m p e r a t u r e  or  was heated (under Burawoy 's  conditions, 
see exper imen t  4) at 80 ° C for  the t ime shown. After  the end of the react ion,  it was poured into water .  The 
product  was ex t rac ted  th ree  t imes  with ch loroform,  and the ex t rac t  was washed with aqueous NaHCO 3 solu-  
tion and with water ,  dr ied o v e r  calcined MgSO 4, and evaporated.  The resul t ing  oil, which par t i a l ly  c r y s t a l -  
lized, was chromatographed  on a column containing 20 g of s i l ica  gel. Benzene and benzene -ch lo ro fo rm 
(1 : 1) eluted compounds c lose  in po la r i ty  to e rgos t e ro l  acetate ,  while elution with pure  ch lo ro form gave the 
ace ta te  of  the ketone (IT) with mp 262-263 ° C (from ethyl acetate),  [ a ~  - 3.1 ° (c 1; CHC13). L i t e r a t u r e  data:  
mp 264°C [1]. UV spec t rum:  Xma x (in ethanol) 252 nm (e 15,800) and a shoulder  at 308 nm (e 123). IR 
spec t rum (KBr tablet,  cm-~):  3428 (OH group), 1737 and 1259 (CH 3 CO0 group), and 1683 (a, ~-unsa tura ted  
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CO group). In experiments 1 and 5 (see Table 1), the formation of a product of the oxidation of the acetate 
(I) more  polar  than substance (II) was found; its s t ruc ture  is being studied. 

Oxidation of the Acetate (I) in Benzene. A solution of 0.5 g of CrO 3 in 25 ml of water  was added to a 
solution of 1 g of e rgos te ro l  acetate in 100 ml of benzene, and the mixture was boiled with s t i r r ing  for  10 h. 
After cooling, the organic layer  was separated off and the aqueous layer  was twice extracted with benzene. 
The combined ext rac t  was washed with aqueous sodium bicarbonate solution and with water  and was dried 
with calcined Na2SO 4 and evaporated. The residue was chromatographed on a column containing 20 g of 
si l ica gel. Benzene eluted 0.36 g of an oil which was treated with cold methanol. The crys ta ls  that depos-  
ited were  fi l tered off and rec rys ta l l i zed  f rom methanol. This gave 150 mg of the keto acetate (III) with mp 
183-184 °, [~]~ _ 15 ° (e 1.5; CHC13). UV spect rum (in ethanol): Xmax 246 nm (e 14,500) and a shoulder at 
305 nm (e 130); UV spect rum (mull in paraffin oil, cm-1): 1743 and 1253 (CH 3 CO0 group) and 1695 (a,fi- 
unsaturated CO group). 

The subsec0aent elution of the column with chloroform yielded 20 mg of a mixture of ketones and 80 

mg of the ketone acetate (II) with mp 261-263 ° (see Table 1, experiment 10). 

The ketol acetate (HI) p repared  by Bar ton ' s  method [2], with mp 183-184.5 ° C (from methanol), proved 
to be identical in all respec ts  with the compound obtained above. 

Oxidation of the Acetate (I) in Ether. A solution of 1 g of ergosterol  acetate in 100 ml of ether was 
boiled with a solution of 0.6 g of CrO 3 in 20 ml of water  with s t i r r ing  for  1 h and was then diluted with 200 
ml of water. The product  was extracted three t imes with ether and was chromatographed on silica gel as 
descr ibed above. This gave 812 mg of the hydroxy ketone acetate (III) with mp 262-263°C (from ethyl ace-  
tate). Yield 72%. 

Oxidation of the Acetate (I) with Sodium Dichromate.  A solution of 1.2 g of Na2CrO 7. 2H20 in 3 ml 
of water  was added (in one portion) to a solution of 1.0 g of e rgos te ro l  acetate in 28 ml of benzene and 28 ml 
of glacial acetic acid. The mixture was left at room tempera ture  for a day. The product obtained after the 
usual working up was washed with cold ethyl acetate, and 0.15 g of the ketone acetate (II) with mp 261.5- 
263 ° C was f i l tered off. The mother  solution was evaporated and the res idue was chromatographed on silica 
gel. Benzene eluted 0.] 6 g of e rgos tero l  acetate, b e n z e n e -  chloroform (2:1.5) eluted 0.143 g of the diacetate 
iV), and ch loroform eluted 80 mg of the ketol acetate (II). 

The diacetate iV), after crysta l l izat ion f rom 80% methanol, had mp 180-181.5°C, [~]~ + 40°C (c 1.4; 
CHC13). Li te ra ture  data: mp 180.5-181 ° C [10]. [R Spectrum (mull in paraffin o i l ) , cm- l :  3480 (OH group), 
1728, 1735 and 1258, 1247 (two CHaCO0 groups). 

Dehydration of the Ketene (II). A. A solution of 0.33 g of the ketene (II) in 20 ml of glacial AcOH con- 
taining two drops of conc. sulfuric acid was heated at 80-100°C for  5-10 min and was thenpoured into water.  
The product  was extracted with e ~ e r ,  and the extract  was washed with water,  aqueous sodium carbonate 
solution, and water  again, dried over  calcined sodium sulfate, and evaporated. This gave 0.23 g of an oil which 
was percola ted through a column filled with sil ica gel, and chloroform eluted 0.16 g of the yellow oily ketone 
(IV). UV spect rum (ethanol): Xma x 249 nm (e 19,100); IR spectrum (paraffin oil), cm- l :  1728 and 1249 
(CH~ COO group), 1690 (~,fl-unsaturated CO group), 973 (trans olefin). 

B. A mixture of 0.1 g of the ketone (II) and 0.5 ml of BF 3 etherate  was boiled in 20 ml of hexane for  
I h, cooled to room temperature ,  and poured into water.  The product  was extracted with ether, and after 
working up s imi la r  to the preceeding case,  78 mg of ketone (IV) identical with the sample descr ibed above 
was obtained. 

C. A solution of 80 mg of the ketone (II) in 5 ml of dioxane heated to the boil was t reated with 0.5 ml 
of 5% aqueous sulfuric acid, and the mixture was boiled for  10 min and poured into water. Ether  extraction 
and working up as descr ibed above gave 60 mg of the ketone (IV). 

Rearrangement  of the Diacetate iV). A. A mixture of 80 mg of the diacetate iV) and 15 mg of p-  
toluenesulfonie acid in 25 ml of benzene was boiled for 10 rain. The solution was cooled and neutralized 
with sodium carbonate.  The benzene layer  was dried and evaporated. This gave an oil, which was ch roma-  
tographed on s i l ica  gel. B e n z e n e -  ch loroform (1 : 1) eluted 20 mg of the ketone acetate (III), with mp 181- 
182 ° C (from methanol), giving no depress ion of the melting point with the sample descr ibed above. 
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The product  obtained by the m o r e  prolonged heat ing of the d iaceta te  (V) with p- toluenesulfonic  acid 
(1.5 h) was shown by th in - layer  chromatography  to contain a compound somewhat  more  polar  than the ace -  
tate (III). 

B° A mix tu re  of 50 mg  of the diaceta te  (V) in 5 ml of benzene and 15 mg  of CrO 3 in two drops  of 
wa te r  was boiled for  1 h. According to th in- layer  chromatography  [ c h l o r o f o r m - e t h y l  aceta te  (5 : 1) sys tem]  
in a fixed l ayer  of s i l ica  gel, the react ion product  contained both the aceta te  (HI) and the product  of its 
i somer iza t ion .  

S U M M A R Y  

1. The conditions for the oxidation of e rgos t e ro l  ace ta te  with chromic  anhydride have been studied, 
and it has been shown that the yield of the 3 f l - ace toxy-5~-hydroxyergos ta -7 ,22-d ien -6 -one  (Burawoy's  
ketone) so  obtained is a max imum when oxidation is p e r f o r m e d  in ether .  

2. On the bas i s  of the r e su l t s  obtained, a mul t i s tage  m e c h a n i s m  for  the oxidation of e rgos t e ro l  
ace ta te  is suggested.  
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