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The specif ici ty of the Chugaev reaction for a ser ies  of compounds of the sterol  ser ies  and the possibi l i ty 
of its use for their  identification and quantitative determination has been repor ted  previously [1, 2]. On investi-  
gating the spec t romet r i c  charac te r i s t i cs  of the products of the Chugaev react ion with ecdysones that we had 
isolated from Podocarpus  andinus, Podocarpus macrophyllus  (State Nikitskii Botanical Garden), Taxus baccata 
(Pechenezhinskoe Fores t ry ,  Ivano-Fraakovo oblast) [3], and also kindly provided by Prof.  N. K. Abubakirov [4- 
6] we found a charac te r i s t i c  X max 380 nm with a high molar  coefficient of absorption E M 4000-6500 for the 
products  of the reaction with a - ecdysone  (I); its 20-hydroxy derivative - ecdysterone (II); ecdysterone 25- 
acetate - v i t i c o s t e r o n e  E (III); and cyas terone  (IV), which differs from ecdysterone by the C24-C25 fragment  of 
the side chain, containing a T- lac tone  grouping. The products of the react ion with 5fl-hydroxyecdysterone - 
polypodin B (V) had a charac te r i s t i c  maximum in the 420 am region (Fig. 1). 

The introduction of a hydroxy group into position 20, and also the presence  of a lactone ring in the side 
chain, obviously favored the appearance of additional chromophores ,  while, by analogy with the major i ty  of 
s terols  investigated [1], ester lf icat ion does not affect the nature of the products of the Chugaev reaction. The 
introduction of a hydroxy group into the r ing at C 5 causes the formation of a qualitatively new chromophore,  
displacing the main absorption maximum at 380 nm into the longer-wave region. 

The Chugaev react ion was pe r fo rmed  in chloroform solutions of the ecdysones (0.2-0.5 mg/ml)  by the 
addition to one volume of the initial solutioq of two volumes of a 20°/o solution of zinc chloride in glacial acetic 
acid and one volume of acetyl chloride, followed by heating at 65°C for 10 min and 10-fold dilution of the initial 
solution with chloroform.  The dependence of the intensity xCHCla 380 nm on the concentrat ions of the ecdysones max 
(I-IV) was l inear  (Fig. 2), obeying the L a m b e r t - B e e r  law. Because of this, we used the Chugaev reaction for 
the quantitative determination of ecdysterone and vi t icosterone E in drawing up a balance of the chromatographic  
columns in the isolation of the ecdysones  af ter  th in- layer  chromatography,  and also for analysis  of the amount 
of ecdysterone in plant raw material .  The sensi t ivi ty of the Chugaev reaction calculated with respect  to ~ max 
380 am is more  than twice that of the L i e b e r m a n - B u r c h a r d  reaction (E M =2400). 

We originally analyzed a model mixture consist ing of solutions of standard samples of ecdysterone and 
vi t icosterone E. The ecdysterone was well separated from the vi t icosterone E on sil ica gel in the chromato-  
graphic sys tem usually used, c h l o r o f o r m - e t h a n o l  (4 : 1) ; the ecdysones were quite sa t i s fac tor i ly  desorbed 
f rom the support.  Below we give the resul ts  of a determination of a model mixture of ecdysterone and vi t ico-  
s terone E af ter  chromatography (means of two determinations):  

Repli- Composition of T a k e n ,  Found, mg Found, % Relative 
cate mixture mg error, % 

I Ecdysterone 0.050 0,052 104,0 +4,00 
Vitie osterone O, 050 O, 048 96,0 -- 4.00 

II Eedysterone 0;200 0,210 105,0 +5,'00 
Viticosterone 0; 100 0,109 100,0 0,00 

III Eedysterone O; 100 0,095 95,0 --5,00 
Viticosterone 0,150 O, 157 104,7 ~.,67 

1V Eedysterone O, 150 O, 142 --94,7 --5,33 
• .Viticosterone 0,200 O, 198 --99:0 --1,00 
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Fig. 1. Abso rp t i on  s p e c t r a  of the p roduc t s  of the Chugaev 
r e a c t i o n  with a - e e d y s o n e  (I), e c d y s t e r o n e  (II), v i t i c o s t e r o n e  
E (III), e y a s t e r o n e  (IV), and polypodin B (V). 
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Fig.  2, Dependence  of the i n t ens i t y  of a b s o r p -  
t ion of the p roduc t s  of the Chugaev r e a c t i o n  
with e c d y s t e r o n e  at 380 nm on i ts  c o n c e n t r a -  
t ion  in the p h o t o m e t e r e d  solut ion.  

Then we d e t e r m i n e d  the amoun t  of eCdys te rone  in the i n f l o r e s c e n c e s  of S e r r a t u l a  x e r a n t h e m o l d e s .  The 
raw m a t e r i a l  was co l l ec ted  at A s k a n i y a - N o v a ,  K h e r s o n  oblas t .  The ob jec t iv i ty  of the method was checked in 
e x p e r i m e n t s  with t h e a d d i t i o n  of pu re  e c d y s t e r o n e  to the ex t rac t .  No v i t i c o s t e r o n e  could be de tec ted  in the 
c rude  ex t r ac t  without the addi t ion  of the pu r i f i ed  m a t e r i a l .  

The amoun t  of e c d y s t e r o n e  in an e x t r a c t  of the l n f l o r e s c e n c e s  of S e r r a t u l a  x e r a n t h e m o l d e s  with the add i -  
t ion of a s t a n d a r d  s a m p l e  and without it were  as follows (means  of five d e t e r m i n a t i o n s )  : 

Amount of ecdys- 
Repli. terone in 0.4 rnl of Added, mg Calculated, Found,  Relative 
:cat¢ the initial extract, mg mg error, % 

" m g  

1 0.130 0,090 o. 130 o. 130 0.00 
II O. 130 0,050 o. 180 o. 175 --2.78 

If! o. 130 0.100 0.230 0,230 0,00~ 
IV 0.130 0.150 0.280 0.285 ; +1.79 
v o, 130 0.200 0.330 0,315 -4,54 

The amoun t  of e c d y s t e r o n e  in i n f l o r e s c e n c e s  of S e r r a t u l a  x e r a n t h e m o i d e s  co l l ec t ed  in J u l y  1974, was 
0.26-0.31% on the weight of the a i r - d r y  raw m a t e r i a l  in v a r i o u s  ba tches .  

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

The Chugaev r e a c t i o n  was  p e r f o r m e d  in the fo l lowing way. To 0.5 ml  of a c h l o r o f o r m  so lu t ion  of an 
ecdysone  {0.15-0.5 m g / m l )  was added 1 ml  of a 20% solu t ion  of z inc  ch lo r ide  in g lac ia l  ace t i c  ac id  and  0.5 ml  
of aee ty l  ch lo r ide .  The m i x t u r e  was hea ted  on the wa te r  bath at 65°C for  6 min.  Af t e r  cool ing,  the vo lume  of 
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the l iquid was made up with ch lo ro fo rm to 5 ml.  Pho tomet ry  was c a r r i e d  out in a 1 -cm cel l  on a Specord or  
SF--4 s p e c t r o p h o t o m e t e r .  The curves  of the dependence of the opt ica l  dens i ty  on the concen t ra t ions  of solut ions 
of ana ly t i ca l  s amp le s  of e cdys t e rone  and v i t i co s t e rone  E were  obtained at h max 380 nm (see Fig.  2). 

The amounts  of ecdys t e rone  and v i t i co s t e rone  E in the mix ture  were  de t e rmined  by the i r  ch roma tog raph ic  
s epa ra t i on  in a thin l a y e r  of LS 5/40 ~ s i l i ca  gel including 13% gypsum. A 13 x 18 cm g lass  plate  was coated 
with 7.5 g of s i l i ca  gel in 20 ml of d i s t i l l ed  water .  The plate  was dr ied  at room t e m p e r a t u r e  and divided into 
four p a r a l l e l  bands,  one of which s e r v e d  as  a background in photomet ry  while on the o the r s  were  depos i ted  in 
the form of spots  or  continuous lbms  va r ious  amounts  of e thanol ic  solut ions  of the ecdysones  as  d e s c r i b e d  by 
Genkina et  al .  [7, 8]. The amount  of ecdysones  depos i ted  in a sample  was usual ly  50-500 ~g. Af te r  drying,  the 
pla te  with the depos i ted  subs tances  was ch roma tog raphed  in the c h l o r o f o r m - e t h a n o l  s y s t e m  for  2 h. 

The zones for  elution were  marked  out f rom t h e i r  f luo rescence  in UV light or  f rom the r e s u l t s  of s p r a y -  
ing the edges  of the bands with concen t ra t ed  tI2SO 4. The r evea l ed  zones containing the ecdysones  and c o r r e -  
sponding zones of pure  s i l i ca  gel of equal weight were  t r a n s f e r r e d  to cent r i fuge  tubes and were  e lu ted  four t imes  
with ethanol .  The e lua tes  were  combined and evapora t ed  in vacuum. The res idue  was d i s so lved  in 0.5-1.0 ml 
of ch lo ro fo rm.  The background in pho tomet ry  was a sample  obtained s i m i l a r l y  f rom an equal weight of pure  
s i l i ca  gel. The concen t ra t ions  of the ecdysones  (~g/ml)  in the pho tomete red  solut ion were  found f rom a c a l i b r a -  
t ion curve  plot ted for a s t anda rd  solution.  

The amounts  of e e d y s t e r o n e  in the i n f lo r e scences  of S e r r a t u l a  xe ran thamoides  were  de t e r m i ned  by the 
p r e l i m i n a r y  hot ex t r ac t ion  of the comminuted  a i r - d r y  in f lo re scences  (5-6 g) with methanol  {50-60 ml) for  a 
day. Samples  of th is  ex t r ac t  amount ing to 0.4-0.6 ml,  or  s m a l l e r  volumes  of a concen t ra ted  e x t r a c t  (0.1 ml) 
were  depos i ted  on 2-3 bands of a plate  with a thin l a y e r  of LS 5/40 or  LSL254 s i l i ca  gel with a luminescen t  indi-  
ca tor .  The f i r s t  band s e r v e s  as  background,  and s t anda rd  s a m p l e s  of the ecdys t e rone  we re  depos i ted  on the 
second  band. 

Chromatography ,  elution,  and quant i ta t ive  de te rmina t ion  were  p e r f o r m e d  s i m i l a r l y  to the de te rmina t ion  
in the s t anda rd  mix ture .  The a c c u r a c y  of col lec t ion  of the zones containing the ecdysones  was co l l ec ted  by the 
subsequent  t r e a t m e n t  with the v a n i l l i n - s u l f u r i c  ac id  r evea l ing  agent of the r ema in ing  p a r t s  of the e h r o m a t o -  
g ram.  

S U M M A R Y  

The s p e c t r o p h o t o m e t r i c  c h a r a c t e r i s t i c s  of the p roduc t s  of the Chugaev reac t ion  with ecdysones  have been 
s tudied.  Methods have been p roposed  for de t e rmina t i on  of e cdys t e rone  and v i t i cos t e rone  E in an a r t i f i c i a l  m i x -  
tu re  and of e c d y s t e r o n e  in e x t r a c t s  of p lant  raw m a t e r i a l  by t h i n - l a y e r  c h r o m a t o g r a p h y  fol lowed by the Chugaev 

reac t ion .  
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