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As we have r epor t ed  p rev ious ly  [1], an ethanolic ex t r ac t  of the f lowers  of Se r ra tu la  sogdiana Bge. 
fami ly  Composi tae  contains not l ess  than five phytoecdysones  according  to t h i n - l a y e r  ch romatography  (TLC). 
The quali tat ive composi t ions  of  ex t r ac t s  of the f lowers  and of the leaves  of the plant a re  different .  

When a methanol ic  ex t r ac t  of the leaves  of S. sogdiana was ch romatographed  on a column of alumina,  
in addition to ecdys te rone  (I) [1] we isolated the leas t  po la r  compound (1I) with mp 197-198°C, the inclusion 
of which in the c lass  of phytoecdysones  is conf i rmed  by its UV and IR spec t r a .  XCm2a~ Ott 245 nm (log ~ 4.00); 
VmK:Ba~ 3400 cm -1 (OH) 1660 cm -1 (C = C - C  =O. The IR spec t rum also shows the absorpt ion  band of an e s t e r  
group at 1725 cm -1. 

The m a s s  s p e c t r u m  has peaks  with m / e  444 (M - 6 0 - 1 8 ) ,  426, 411, 408, 393, 375, 363, 345, 327, 310, 
301, 300, 99, 81, which a re  c h a r a c t e r i s t i c  for  the f ragmenta t ion  of ecdys te rone  [1, 2]. This  shows that c o m -  
pound (II) and ecdys te rone  a re  based on the same  hydrocarbon  skeleton and functional groups.  

The quanti tat ive oxidation of {II) with sodium per iodate  showed that its molecule  contains two free  
diol groupings .  

The NMR s p e c t r u m  of (II), like that of ecdys te rone ,  contains the s ignals  of angular  methyl  groups of 
a s t e ro id  nucleus and methy l  groups  of a side chain (Table 1), and also a t h r e e - p r o t o n  singlet  at 1.82 ppm 
cor responding  to an ace ty l  group.  The absence  of s ignals  of protons  geminal  to an acetyla ted  hydroxyl  
shows the t e r t i a r y  nature  of  the acetyl  group.  A downfield shift of the resonance  s ignals  f rom the C26 and 
C27 methyl  groups  as compared  with those for  ecdys te rone  conf i rms  the p r e sence  of an acetyl  group at C2~. 

The spec t r a l  r e su l t s  p re sen ted  and also the values  of the phys icochemica l  constants  of the substance  
enable compound (ii) to be identified as v i t i cos te rone  E - a phytoecdysone isolated p rev ious ly  [3] f rom 
Vitex m e g a p o t a m i c a  (Spreng.) Moldenke, family  Ve rbenaceae .  

TABLE 
of Corn 

1. Chemica l  Shifts of the Signals of the Protons  
}ounds (I-VII), ppm 

Com- 
pound c, + ca. m c:, br. s c .  s C,~, $ C2,, S C26/27 ' $ 

I 
II 

Ill 
IV 
V 

VI 
VII 

3,90--4,15 
3,90--4,18 
4,05 -4.30 
4,0 --4,30 
3,65--4,0 
4,85--5.29 
4,85--5,24 

6,07 
6,11 
5,74 
5,75 
5.75 
5,80 
5,80 

1,08 
1.09 
0,74 
0,74 
0.74 
0.98 
0,97 

o. 95 
0,94 
0.92 
0,94 
0.91 
0.80 
0,81 

1,45 
1.48 
1.12 
1.10 
1.10 
1,21 
1,21 

1,26 
1,30 1,38 

1.20 
1.27 

1,27 1.35 
1,14 1.17 

1,37 

Notes.  The s p e c t r a  of  compounds (I) and (II) were  taken 
in CsDsN and those of (III) and (IV) in CDC13; m -- mul t i -  
plet;  b r .  s - broadened singlet;  s - s inglet .  
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The s t ruc tu re  of  v i t i cos te rone  E was es tab l i shed  on the bas i s  of s p e c t r a l  c h a r a c t e r i s t i c s  alone. To 
conf i rm the p roposed  s t ruc tu re ,  we have p e r f o r m e d  a pa r t i a l  synthes is  of  v i t i cos te rone  E f rom ecdys te rone .  

oR3! H" 

Rt R~ R3 R, 

I H H 
II H H 

III ~CMe. 

IV ~CMe2 

V H H 

Vl Ac Ac 
Vll Ac Ac 

H H H 
H H Ac 
/~,C Me~ H 

~CMe2 Ac 

~ CMe2 Ac 

H Ac H 
H Ac Ac 

Ecdys te rone  was conver ted  into the diacetonide (III) [1, 2], which was then aeetyla ted  at the f ree  
hydroxy group.  In the aceta te  (IV) so obtained, the s ignals  of the protons  of the methyl  groups at C26 and 
C27 were  shifted downfield as compa red  with (III) (see Table 1), showing that  it was in fact the hydroxy 
group at C25 that  had been aeetyla ted .  

As was to be expected,  the constants  of the diacetonide aceta te  (IV) were  identical  with those of the 
diacetonide of v i t i cos te rone  E [3]. 

The diacetonide aceta te  (IV) was hydrolyzed with dilute acet ic  acid to r emove  the pro tec t ive  i sopropy l -  
idene groupings .  A mix tu re  of two subs tances  with Rf  0.20 and 0.32 was fo rmed .  The reac t ion  products  
were  s epa ra t ed  ch romatograph ica l ly .  The less  po la r  compound (V) had in the m a s s  spec t rum a peak with 
m / e  502 (M-60) .  The NMR spec t rum of (V) contained s ignals  at 1.39 and 1.41 ppm, cor responding  to one 
isopropyl idene grouping, and also a broad  two-pro ton  mult ip le t  in the 3.65-4.0-ppm range (see Table  I) r e -  
lating to the protons  of a free diol grouping at C 2 and C 3 [2]. As in the acetonides  (III) and (IV) the signal 
of  the C2i-methyl  group of (V) was shifted downfield as compared  with that of  v i t icos te rone  (17). Consequently,  
compound (V) must  be a s sumed  to be the 20,22-monoacetonide of v i t icos te rone  E. 

As r epor t ed  p rev ious ly  [2], the 20,22-monoacetonide grouping is r e s i s t an t  to acid hydro lys i s .  

The compound with R f  0.20 was obtained in ve ry  sma l l  amount and was shown by ch romatography  to 
be identical  with na tura l  v i t i cos te rone  E (II). 

The hydro lys i s  of  (IV) with dilute (6%) hydrochlor ic  acid also gave a mix ture  of  (V) and (II) in which 
the p ropor t ion  of the l a t t e r  was ve ry  smal l .  The use of more  concent ra ted  solutions of acids may  cause 
the spl i t t ing off of the labile 14~-hydroxy  group [2]. 

We also obtained v i t i cos te rone  E f rom ecdys te rone  (I) by another  method.  Substance (I) was ace ty l -  
ated with acet ic  anhydride in pyr idine.  The resul t ing mix ture  of  the 2,3,22-triacetate (VI) and the 2,3,22r 
25 - t e t r aace t a t e  (VII) [1, 2] was sepa ra t ed  on a column. When the t e t r aace t a t e  (VII) was subjected to p a r -  
t ia l  hydro lys i s  with an aqueous methanol ic  solution of po ta s s ium bicarbonate ,  the acetyl  subst i tuents  of 
the secondary  hydroxy groups  were  saponified.  By separa t ing  the reac t ion  mix ture  on a thin layer ,  v i t i -  
cos te rone  (II), ident ical  with the na tura l  m a t e r i a l  in its Rf  values ,  mel t ing point, and IR spec t rum,  was 
isola ted.  This  method gave a be t t e r  yield of v i t i cos t e ronb  E than that  pass ing  through the diacetonide of 
ecdys te rone  {III). 

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

Chromatography  was c a r r i e d  out with type-KSK s i l ica  gel and a lumina  (activity grade  IV) p r epa red  
by the usual  method.  The phy toecdys te rones  were  shown up by t r e a t m e n t  with v a n i l l i n - s u l f u r i e  acid [2]. 

The IR s p e c t r a  were  obtained on a UR-20 s p e c t r o p h c t o m e t e r  (KBr), the NMR s p e c t r a  on a JNM-4H-  
100 MHz ins t rument  with HMDS as in terna l  s tandard  (5 scale) ,  and the m a s s  spec t r a  on an MKh-1303 ins t ru -  
ment  fitted with a s y s t e m  for  the d i rec t  introduction of the substance  into the ion source  at an ionizing 
voltage of 40 eV and a t e m p e r a t u r e  of 140-170°C. 
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Isolat ion o f  Vi t icos terone E (II). The a i r - d r y  leaves of S. so ,d iana  (23.5 kg) were  ex t rac ted  with 140 
l i te rs  of  methanol.  The ex t rac t  was concentrated,  diluted with water,  and t r ea ted  with pe t ro leum e ther .  
Then the aqueous layer  was exhaust ively ex t rac ted  with butanol. Distillation of the solvent yielded 850 g of 
a dry  pulverulent  ex t rac t .  Par t  of this ma te r i a l  (45 g) were chromatographed on a column of alumina (1.4 
kg). On elution with a mixture  of ch loroform and methanol (30 : 1) 0.33 g (0.027%) of v i t icos terone E (II), 
C29H46Os was obtained with mp 197-198°C (ace tone-hexane) ,  [~]~+60.0 ° (c 1.31; methanol),  Rf 0.81 [chloro- 
f o r m - e t h a n o l  (4 : 1) sys tem on s i l ica  gel]. L i t e ra tu re  data [3] - mp 198-199°C. 

2,3,20,22-Diacetonide of Ecdys terone  (III) f rom (I). A suspension of 1.7 g of ecdys te rone  in 230 ml 
of anhydrous acetone was t r ea t ed  with 30 mg of phosphotungstic acid, and the react ion mixture  was shaken 
at room t empera tu re  until the ecdys te rone  had dissolved completely.  Then the solution was concentra ted 
in vacuum to smal l  volume, diluted with water ,  and neut ra l ized  with sodium bicarbonate solution. The 
neut ra l  solution was ex t rac ted  with e the r  and the ex t rac t  was chromatographed on a column of s i l ica  gel 
(125 g). Chloroform elution gave 1.38 g of ecdys te rone  diacetonide (III), C33H5207, with mp 232-233.5°C 
( e the r -hexane ) ,  [~]~+40.5  ° (c 0.88; methanol) [1]. L i t e r a tu re  data [ 2 ] - m p  234-236°C, [ot]~+37 ° (methanol). 

Ecdys te rone  Diacetonide Acetate (IV) f rom RID. The diaceton~de (III) f rom the previous exper iment  
(1.19 g) in 30 ml  of pyridine was acetyla ted with 20 ml of acet ic  anhydride at 40°C for  45 h. The product  
was chromatographed on a column of s i l ica  gel (50 g). Chloroformelut ion  yielded 323 mg of (IV), C35H~40 s, 
with mp 206-208°C ( c h l o r o f o r m - e t h e r ) ,  [~]~ + 50.7 ° (c 0.78, chloroform) ( l i terature  data [3] - mp 202-204°C); 
fu r the r  e lut ionwith  ch loroform gave 880 mg of the initial diacetonide (III). 

Vi t icosterone E 20,22-Monoacetonide (V) and Vit icosterone E (II) f rom (IV). The ecdys te rone  diace-  
tonide acetate  (IV) (132 rag) was hydrolyzed with a mixture  of 11 ml of acet ic  acid, 4 ml of methanol,  and 
3 ml of water  at room t empe ra tu r e  for  3.5 h. Then the mixture  was diluted with water ,  neutra l ized with 
potass ium bicarbonate solution, and ex t rac ted  with ch loroform.  The solvent was dist i l led off in vacuum. 
The dry  residue consis ted of a mixture  of two substances with Rf 0.20 and 0.32 [silica gel; c h l o r o f o r m -  
methanol  (19: 1)]. 

This  ma te r i a l  (113 mg) was separa ted  on a column of s i l ica  gel (45 g). Elution was pe r fo rmed  with 
c h l o r o f o r m - m e t h a n o l  (30 : 1), giving 89 mg of the monoacetonide of v i t icos terone E (V), C82H5008, with mp 
194-196°C ( e the r -hexane ) ,  [o~]~+90.0 ° (c 0.74; methanol),  Vma x'KBr 3340 cm -1 (OH), 1660 (C = C - C  =O), 1730 
cm -1 (CH~O).  

Fu r the r  elution of the column with the same mixture  gave 5 mg of a compound with Rf 0.20 identical  
in chromatographic  behavior  with natural  v i t icos terone  E (II). The yield (calculated on the ecdysterone)  
was 0.27%. 

2 ,3 ,22-Tr iace ta te  (VI) and 2 ,3 ,~2,25-Tetraaceta te  (VII) of Ecdys terone  f rom (D. Ecdys terone  (270 mg) 
in 10 ml of pyridine was acetyla ted with 7.5 ml of acet ic  anhydride at 40°C for  4 h. After  the el imination 
of the solvent in vacuum, the dry  residue was chromatographed on a column of s i l ica  gel (40 g). Elution 
with ch loroform gave 75 mg of ecdys te rone  t e t raace ta te  (VII), C35HszO11, with mp 204-206°C (ace tone-hexane)  
[c~]~+59.6 ° (c 0.89; methanol) [1]. L i t e r a tu re  data [ 2 ] - m p  200.5-201°C, [~]~+60 ° (methanol). Then elu-  
t ion was conttnued w i t h c h l o r o f o r m - e t h a n o l  (19: 1), giving 158 mg of ecdys te rone  t r i ace ta te  (VI), C33H~0010, 
with mp 196-198°C (ether) [c~]~ +57.7 ° (c 0.75; methanol) [1]. L i t e ra tu re  data [ 2 ] -  mp 198.5-199°C, 
[~]~ + 59 ° (methanol). 

Vi t icos terone E (II) f rom the Te t r aace t a t e  (VII). A solution of 51 mg of the t e t raace ta te  (VII) in 6 ml 
of methanol was t r ea t ed  with 65 mg of potass ium bicarbonate in 5 ml of water  and the mixture  was left at 
40°C for  6 h. Then the react ion mixture  was diluted with water ,  neut ra l ized  with acet ic  acid, and ex t rac ted  
with e the r .  The e the r  was dist i l led off and the residue was chromatographed on a thin l aye r  of s i l ica  gel 
in the c h l o r o f o r m - m e t h a n o l ( 9  : 1) sys tem.  This  gave 19.4 mg of v i t icos terone  E ([I) with mp 188-193°C 
(ace tone-hexane) .  Yield (calculated on the ecdysterone)  6.6%. The Rf value in a thin l aye r  and the IR 
spec t rum were identical  with the analogous indices of the natural  compound. 

SUMMARY 

1. A phytoecdysone identified as v i t icos te rone  E has been isolated f rom a methanolic  ex t rac t  of the 
leaves of  Ser ra tu la  sogdiana Bge. 

2. A par t ia l  synthesis  of v i t icos te rone  E f rom ecdys te rone  has been effected by two methods - via 
the 2,3 : 20,22-diacetonide and via the 2 ,3 ,22 ,25- te t raace ta te .  
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