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In spite of the advances achieved in the field of the complete industr ia l  synthesis  of hormone prepara t ions ,  
natural  sources  of s te ro id  raw mate r ia l  have not lost  thei r  importance and, as before ,  they r ema in  fundamental. 
In connection with the development  of the industr ial  microbiological  method of obtaining protein substances 
f rom pe t ro leum hydrocarbons ,  the p re requ i s i t e  has been c rea ted  for  obtaining considerable  amounts of e rgo-  
s t e ro l  as a waste  ma te r i a l  f r o m  this production. Work on the convers ion of e rgos te ro l  into key in termedia tes  
in the synthesis  of hormone prepara t ions  began as ear ly  as the fift ies,  and the most  in teres t ing developments  
appeared  in this per iod  [1, 2]. Recent ly ,  work on the chemical  t r ans fo rmat ion  of e rgos te ro l  and its der ivat ives  
has amounted to a t tempts  to improve  individual stages of syntheses  descr ibed  previous ly  [3]. 

The most  widespread  method of oxidizing the side chain of e rgos te ro l  der iva t ives  is ozonolysis  [1, 2, 4]. 
In the p resen t  paper  we consider  the possibi l i ty  of using for  oxidizing this side chain the p e r m a n g a n a t e - p e r i o -  
date method that is widely used in organic  chemis t ry  for oxidizLng double bonds [5]. In s te ro id  chemis t ry ,  it is 
used mainly for  oxidizing r ing  double bonds [6]. 

We have studied the oxidation of the aceta tes  of 5 f i - e r g o s t - 2 2 - e n - 3 a - o l  (VI) and of e rgos ta -5 ,22-d ien-3f l -  
el  (XI). In the la t te r  compound, the &5 r ing  double bond was previously  brominated.  

The initial compounds (VI) and (XI) were  obtained f rom e rgos te ro l  (I) by published methods [1, 7]: the 
oxidation of e rgos t e ro l  by the Oppenauer method, the i somer iza t ion  of the i soergos te rone  (II) obtained into the 
dienone (r[I), hydrogenation of the double bonds in the r ing,  and reduct ion of the keto group at C-3 to a hydroxy 
group. 

At the stage of Oppenauer oxidation, instead of the t radi t ional  cyclohexanone we used 1 ,2 ,5- t r imethyl -  
p iper td in-4-one  as hydrogen accep te r  [8]. This s implif ied the working up of the reac t ion  mixture  but lowered 
the yield of des i red  product  (from 80-85 to 65-77%). 

To obtain compound (IV) we exhaust ively hydrogenated the double bonds of the dienone (Ill). In view of the 
fact that in o rde r  subsequent ly  to c rea te  in the sa tura ted  ketone a &4-3-keto grouping, it is des i rable  to have 
r ings  A and B in eis  l inkage [9] the hydrogenation of the dienone (]I[) was pe r fo rmed  in an alkalfne medium and, 
in agreement  with l i t e r a tu re  information,  the i somer  of the 5t9 s e r i e s  was obtained. 

The reduct ion of (IV) with li thium te t rahydroa lumina te  at r oom t empe ra tu r e  in ether  gave a 90% yield of 
5f i -er  gos t -22-en-3  5 -o l  (V). 

Hydrogenation of the dienone (Ii-[) led to the format ion  of e rgos ta -5 ,22-d ien-3-one  (IX}. We pe r fo rmed  
the reduct ion of the 3-keto group in (IX) under conditions of thermodynamic  cont ro l  by sodium te t r ahydrobora te  
in methanol and isopropanol ,  with l i thium te t rahydroa luminate ,  with l i thium te t rahydroaluminate ,  with l i thium 
t r i ( te r t -bu ty l )hydroa lumina te ,  and with a mixture  of aluminum chloride and l i thium te t rahydroaluminate .  As a 
r e su l t  it was found that the reduct ion of (IV), unlike that of fir[) led to the format ion  of a mixture  of e rgos ta -  
5,22-dien-319-ol and the 3~ i somer .  The smal les t  amount of the 3a impuri ty  (about 10%) was obtained by r e -  
duction with l i thium te t rahydroa lumina te  in ether  at 20°C. The reac t ion  was moni tored by th in - layer  chromato-  
graphy (TLC) [on "Silufol" in the b e n z e n e - m e t h a n o l  (19 : 1) system].  Chromatographing the mixture  on si l ica 
gel yielded e rgos ta -5 ,22-d ien-3f i -o l  (X) and its 35 i somer .  It was also possible to isolate the 3fi i somer  by 
aeetylat ing the mix ture  of i somers  under the usual conditions. In the P1VIR spec t rum of the alcohol (X), the 
proton at Cs gives a signal in the f o r m  of a mult iplet  at 3.443 ppm, the line having a half-width of 25 Hz, which 
conf i rms its axial ,  35 ,  position and, consequently,  the equatorial ,  3fi , pos i t ion  of the hydroxy group. 

The brominat ion  of the &s double bond was pe r fo rmed  by analogy with the case  of s t igmas te ro l  [10], and 

the bromide  was analyzed for  its bromine  content. 
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5f l=Ergost -22-en-3~-ol  acetate (VI) was oxidized with potass ium periodate in ter t -butanol  in the presence  
of potassium permanganate at 60°C for 2 h. The react ion was followed by the TLC method and was continued 
until the initial compound had disappeared completely.  As a resul t ,  the acetate  of bisnorli thocholie acid (VII) 
was obtained with a yield of 65%. Trea tment  with diazomethane gave the methyl es ter  of the acid (VIII). The 
s t ruc ture  of the acid and its methyl es ter  agree  well with their  m a s s - s p e c t r o m e t r i c  fragmentation. The mass  
spec t rum of the acid (VII) contains the peak of the molecular  ion with m / e  390. In the spec t rum of the methyl 
es ter  (VIID, the molecular  ion is represen ted  by a peak with m / e  404. The fragmentat ion of the two compounds 
takes place by a common pathway and is determined both by the elimination of the substituents in r ings  A and 
D and by the stepwise degradation of r ing  D. The s t ronges t  peaks in the spec t ra  of (VID and (VIII) are  due to 
the ion ~ - CH3COOH]+, m /e  330 for (VII) [344 for  (HI)I, and also to an ion with m / e  215 formed by the de- 
tachment of r ing  D f rom the [M - CHsCOOH] + fragment.  In the region of high mass  numbers ,  in addition, there  
a re  peaks corresponding to the elimination of the side chain attached to r ing  D: [M - OR] + [373 for (VII) and 
(VIII)l, [M - CH3COOH - CH3] + [315 for (VII) and 329 for (VlII)], [M - CH3COOH - COOR] + [285 for (VII) and 
(VIII)I, and [M - CHsCOOH - ROH] + [312 for (VII) and (VllI)]. Ions with m / e  290,257,  and 230 a re  due to the 
stepwise degradation of r ing  D. The high intensity of the peak of the [M - CHsCOOH - CH3] + ion observed in 
both spec t ra  agrees  well with the presence  of a COOR group in position 20 of the molecule. The co r rec tness  
of the ass ignments  is shown by an increase  of the mass  numbers  of the ions containing the COOR groupby 14 
a.u. in the spec t rum of (VIII) as compared  with that of (VII). 

In the N]V[R spec t rum of the acid (VII), the proton at C-3 gives a signal in the fo rm of a multiplet at 4.637 
ppm with a half-width of 20 Hz. This conf i rms  its axial, 3/3, position and, consequently, the equatorial ,  3a ,  
position of the acetoxy group. 

We oxidized the aceta te  of e rgos t a -5 ,22 -d i en -3a -o l  (X), having previously brominated the A s double gond 
of r ing  B, under conditions s imi la r  to those descr ibed above. However,  in this case  we observed  no format ion 
of products of the oxidation of the double bond of the side chain. 

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

The IR spec t ra  of mulls of the compound in paraffin oil were taken on a UI~-10 instrument,  the NMR 
spect ra  on a JNM-4H-100 instrument in CDC1 s (with hexamethyldisiloxane as internal s tandard,  the signals 
being given in the 6 scale),  and the mass  spec t ra  on a MAT-112 instrument (with an ionizing voltage of 50 V). 
The specific rotat ions were  determined on an ELPU-01 instrument  in chloroform.  The C and H contents c o r -  
responded to the calculated f igures ,  

Ergos ta -4 ,7 ,22- t r i en -3 -one  (II). A solution of 1 g of e rgos tero l  and 5 ml of 1,2,5-tr imethylpiperidinone 
in 100 ml of toluene was boiled with a D e a n - S t a r k t r a p u n t f l t h e  evolution of water  ceased. Then 4 ml of a25% 
toluene solution of aluminum isopropanolate was added and the mixture was boiled in a cur ren t  of ni t rogen for 
15 rain, cooled to 0°C, washed with 10% hydrochlor ic  acid and with water ,  dried,  and evaporated. This gave 0.62 
g of (II} with mp 135-137°C, ~max  242 nm, e 20,000. Yield 67%. According to the l i te ra ture  [1]: mp129-132°C, 
Zmax 242 nm, e 14,800. 
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Ergos t a -4 ,6 ,22 - t r i en -3 -one  ~ was obtained by the method of Shepherd et el. [1], mp 102-103°C (MeOH), 
y ie ld  80%. According to the l i t e r a tu re :  mp 105-108.5°C. 

5B-Ergos t -22 -en -3 -one  (IV) was obtained f r o m  e rgos ta -4 ,6 ,22- t r i en -3 -one  by the method of Johnson et 
al. [7], mp 105-108°C (MeOH). According to the l i t e ra tu re :  mp l l0°C.  

5~ -Er ~ os t -22 -en -3~ -o l  (V) was obtained by the reduct ion of 5 f l -e rgos t -22-en-3-one  (IV) with l i thium 
te t rahydroa lumina te  in e ther ,  mp 142-144°C (MeOH), yield 88-90%. According to the l i t e r a tu re  [7]: mp 149- 
150°C. 

The aceta te  of 5 f l - e rgos t -22 -en -3a -o l  671) was obtained by the action of acet ic  anhydride on the alcohol 
(V) in pyridine;  mp 104-105°C (MeOH), yield 85%. According to the l i t e ra tu re  [7]: rap 114°C. 

Ergos ta -5 ,22 -d ien -3 -on  e (IX) was obtained f r o m  e rgos t a -4 ,6 ,22 - t r i en -3 -one  0/D, mp 138-140°C (MeOH). 
The mp is not given in the l i t e ra tu re .  

Ergosta-5 ,22-dien-3f i -o1 (X) and the 3a I somer .  The ketone (IX) (0.5 g) was reduced  with an excess  of 
sodium t e t r ahydrobora t e  in a mix ture  of metl~anol and methylene chloride at 20°C for 30 rain. After  the usual 
working up, 0 . 4 5 g o f a  mixture  of the 3fl and 3a  i so m er s  was obtained with mp 150-151°C. F r o m  this mix ta re  
by chromatography  on s i l ica  gel we isolated ergosta-5 ,22-dten-3(~-ol  with the composit ion C2~I460.0.5MeOH, 
mp 166.5-167.5°C (MeOH). The subsequent f rac t ions  yielded the 3fl i somer  (X) with the composit ion C28H460. 
0.5MeOH, mp 145-146°C (MeOH), [ a iD-65 .6  ° (c 0.05). IR spec t rum:  3320 cm -1. NMR spec t rum,  ppm: 0.640, 
0.737, 0.809, 0.89, 0.952, 0.982 (signals of the protons of the methyl groups),  multiplet  at 3.443 (3H),  quar te t  
at 5.293 (6 H), and multiplet  at 5.113 (22H and 23H). According to TLC on ,,Silufol," the smal les t  amount of the 
3a i somer  (about 10%) is found in the reduct ion of the ketone (11I) with l i thium te t rahydroa lumina te  in e ther .  

Acetate  of Ergos ta-5 ,22-dien-3f~-ol  (XI). A mixture  of the 3fi alcohol (X) and its 3~ i somer  obtained in 
the reduct ion of (Ill) with l i thium te t rahydroa lumina te  (1.4 g) was s t i r r e d  at  20°C with 6 ml of acet ic  anhydride 
in 25 ml of pyridine for  12 h. The reac t ion  mixture  was evaporated in vacuum to one th i rd  of its volume and 
1 g of the acetate  (IX) with the composit ion CsoH4sO2, mp 150-151°C (MeOH) was f i l t e red  off. The aceta te  ob- 
tained f r om the mixture  of alcohols was identical  with that obtained f r o m  the 3fl alcohol (X). 

Acetate  of Bisnorl i thochol ic  Acid (VII). With s t i r r ing  at 20°C, 0.42 g of potass ium hydroxide was added 
to a solution of 0.7 g of the aceta te  of 5f l -ergost-22-en-3(~-ol  in 70 ml of te r t -butanol .  The reac t ion  mixture  
was heated to 60°C, and 2.8 g of sodium per iodate  in 70 ml of water  and 21 ml of an aqueous solution of potas-  
s ium permanganate  (0.38 g of potass ium permanganate  in 25 ml of water) were  added dropwise.  The mixture  
was s t i r r e d  at a bath t e m p e r a t u r e  of 60°C for 2 h. After cooling, a sa tura ted  solution of NaHSO S was added 
until a yellow color  appeared.  Then ether  ex t rac ted  0.4 g of the acid (VII), which, af ter  r ee rys t a l l i za t ion  f r o m  
a mix ture  of e ther  and hexane,  had the composit ion C24H3804, tool. wt. 390 (mass spec t romet ry ) ,  rap 202-204°C, 
la iD+31.8  ° (c 0.05). IR spec t rum,  cm-l :  2500-2750, 1740, 1720, 1640. NMR spec t rum,  ppm: 0.624 (18 Me), 
0.887 (19 Me), t r ip le t  at 1.19 (21 Me), 1.982 (OAc), mult iplet  at 4.637 (3 H). On reac t ion  with dtazomethane,  the 
acid (VID gave the methyl  e s t e r  (VIII) with the composit ion C2,~H4004, tool. wt. 404 (mass spec t romet ry ) ,  mp 
96-97°C (MeOH), in]D+39.9 ° (e 0.04). IR spec t rum:  1740 cm -1. 

S U M M A R Y  

The aceta te  of b isnor l i thochol ic  acid has been obtained with a yield of 65% f r o m  the acetate  of 5 f i -e rgos t -  
2 2 - e n - 3 a - o l  by p e r m a n g a n a t e -  per todate  oxidation. 
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