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A method for  monitoring the production of eedysterone f rom the roots  of Rhaponticum car tha -  
motdes (Willd.) and the inf loreseenees of Rh_.. integrifol ium C. winkl, is given. 

Steroid substances - phytoecdysteroids  - have been isolated f rom var ious  species of Rhaponticum [ 1-7 ], 
and also f rom other  plants possess ing  a tonic action [ 8-12] .  Thei r  biological activity, especial ly  the biological 
act ivi ty of ecdysterone,  has been studied [ 13]. 

Eedysterone possesses  tonic and adaptogenic proper t ies  and anabolie activity,  and it s t imulates e ry th -  
ropoies i s  under conditions of exper imental  anemia [ 13-16]. The influence of ecdysterone on the central  ne r -  
vous sys tem of experimental  animals and on their  dynamic capac i ty  for work and adaptation to a high t emper -  
a ture  has been considered.  As a resul t  of pharmacopoeia l  t es t s ,  new medicinal  p repara t ions  have been created 
f rom eedysterone.  

In view of this, the development of methods for  the industrial  isolation of ecdysterone and for de te rmin-  
ing it in substances,  medicinal  forms,  and plant raw mate r ia l  and the monitoring of production over  the stages 
of the industr ial  p roces s  a re  acquiring g rea t  importance.  

we give the resul ts  of the stagewise monitoring of the production of eedysterone f rom the inf loreseences 
of R._h. integrifol ium C. Winkl., and the roots  of R_.h. ear thamoides  (Wflld.) Iljin (family As te raceae ) .  The meth-  
ods of obtaining eedysterone f rom the mate r ia l s  mentioned have been given in the l i t e ra tu re  [ 17, 18 ]. The p ro -  
posed method of analysis  is based on the quantitative determinat ion of ecdysterone in plant raw mater ia l  [ 18 ], 
the essence  of which consis ts  in the chromatographic  separat ion of the combined extract ive substances in a 
thin l aye r  of A lus i l  (a mixture of alumina and si l ica gel) in the c h l o r o f o r m - m e t h a n o l - a c e t o n e  (6 : 2:  1) s01- 
vent sys tem,  eluting the zones containing the eedysterone,  and determining it speetrophotometr ieal ly  in the 
eluate at  a wavelength of 241 nm. 

The ecdysterone was obtained f rom the inf lorescences  and roots  by the following scheme:  The commin-  
uted raw mater ia l  was extracted with ethanol, the ext rac t  was evaporated, the residue was diluted with water,  
and the hydrophobic impuri t ies  were eliminated b y  t rea tment  with chloroform.  The eedysterone was extracted 
f rom the purified aqueous l ayer  with a mixture of ch loroform and isopropanol (1 : 1). After  evaporation, the 
e h l o r o f o r m - i s o p r o p a n o l  res idue was t r ans fe r r ed  to a column of alumina and the ecdysterone was eluted with 

TABLE 1. Dynamics of the Extract ion of Ecdy-  
s terone by Methanol f rom Plant Raw Material  

Object 
analyzed 

Raw material 
Extrac t ion  I 

2 
3 
4 
5 
6 

Amount of eedysterone, % 
roots of Rh. cartha- 
moides 

inflorescences of Rh. 
integrifoHum 

on wt. on amt. 
of raw : i e.cdysterone 
material in raw 

material 

0.490 1oo,oo0 
0.178 36.260 
0.090 18,286 
0,062 12.755 
0.054 ll, [43 
0.043 8,918 
0.016 3,061 
0,443 90.423 

on wt. on amt. 
of raw ecdysterone 
material in raw 

material 

0.160 |00,000 
0.770 48.125 
0,028 17.375 
0.017 10.437 
0,009 5,688 
0,0088 5 .SUU 
0,0056 • 3,500 
0,145 90 625 
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T A B L E  2. Q u a n t i t a t i v e  Ind i ce s  of  the  Con t ro l  of  the  P r o d u c t i o n  of  
E c d y s t e r o n e  a c c o r d i n g  to the  S t ages  of  the  I n d u s t r i a l  P r o c e s s  

Object analyzed 

Amount. of eedysterone % 

inflorescences of Rh. [ roots with rhizomes 
[integrifolium of Rh. carthamoides 
on ~ - " ~ ' ~  on the 
weight of [ amount of 
theYaw [ecdyster- 
material I one in the 
/ r a w  ma- 
[ t e r i a l  

Initial raw material 
Combined extraction 
Meal 
Chloroform extraction 
Chloroform--isopropa no! extraction 
Chloroform--methanol eluate 
Aqueom mother liquor 
Spent sorbent 
Technical eed_ystemne 
Ecdysterone alter recrystallization 
Mother liquor from the first erystallizatiol 
Unaccounted losses 

0.490 
0.440 
O. 048 
0.0285 
0.355 
0.340 
0,0210 
0.036 
O, 255 
0 248 
0.082 
0.008 

I J0 00 
89.80 
9 89 
5.b5 

72.5'0 

430 
7.35 

52.10 
50.60 
16.7 

t ;66 
5 

[on the on the 
weight of amount of 
the raw ecdyster- 
material one in the 

raw ma- 
terial 

0.169 ] 00,00 
0,14 87,50 
o.012 7.50 
0.015 9,38 
0.124 77.50 
0.110 
0,001 0.69 
0.006 3.75 
0.08 49.~b 
0,076 47.8 
0.037 23.3 
0,003 1.5 

4 

e h l o r o f o r m - m e t h a n o l  (2 : 1).  A f t e r  e v a p o r a t i o n  o f  the  e l u a t e  and r e e r y s t a l l i z a t i o n  o f  the  r e s i d u e  f r o m  e thy l  
a c e t a t e ,  the d e s i r e d  p r o d u c t  was  ob ta ined .  

The  a m o u n t s  o f  e c d y s t e r o n e  o b t a i n e d  a f t e r  s ix  e x t r a c t i o n s  f r o m  the i n f l o r e s c e n c e s  of  Rh. i n t e g r i f o l i u m  
and f r o m  the r o o t s  wi th  r h i z o m e s  o f  Rh. c a r t h a m o i d e s  w e r e  0.44 and 0.14% of  the  we igh t  of  the  r a w  m a t e r i a l ,  
r e s p e c t i v e l y  ( T a b l e  1 ). 

The y i e l d  of  f i n i s h e d  p r o d u c t  in  the  p r o c e s s  o f  p r o d u c i n g  e c d y s t e r o n e  a m o u n t e d  to 50%, the  a c c o u n t e d  
l o s s e s  of  e e d y s t e r o n e  b e i n g  45% and the  u n a c e o u n t e d  l o s s e s  5% ( T a b l e  21. 

The  p r o p o s e d  m e t h o d  p e r m i t s  the  r e l i a b l e  a n a l y s i s  of  the  p l a n t  r a w  m a t e r i a l ,  the p r o d u c t i o n  i n t e r m e d i -  
a t e s ,  and the f i n i s h e d  p r e p a r a t i o n .  

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

The a n a l y s i s  of  the  p l a n t  r a w  m a t e r i a l  was  c a r r i e d  out  a s  d e s c r i b e d  p r e v i o u s l y  [ 19 ]. 

A n a l y s i s  of  the  A m o u n t  o f  E c d y s t e r o n e  in the V a r i o u s  S t ages  of  the  I n d u s t r i a l  P r o c e s s .  The  e x t r a c t i o n  
of  the  e e d y s t e r o n e  was  c a r r i e d  out  wi th  m e t h a n o l ,  s i x  t i m e s  f r o m  20 kg of  the  i n f l o r e s c e n c e s  of  Rh.  i n t e g r i -  
f o l i u m  and f r o m  50 kg o f  the  r o o t s  wi th  r h i z o m e s  of  Rh. e a r t h a m o i d e s .  The l i q u o r  r a t i o s  of  the p r o c e s s  w e r e  
1 : 45 and 1 : 15, r e s p e c t i v e l y .  The  r e s u l t s  of  the  a n a l y s i s  of  the  e x t r a c t i o n s  a r e  g i v e n  in T a b l e  1. 

F r o m  the c o n c e n t r a t e d  e x t r a c t ,  a f t e r  i t  had been  d i l u t e d  with w a t e r ,  t r e a t m e n t  with c h l o r o f o r m  (5 x 10 
l i t e r s }  r e m o v e d  of l s  and tanning,  and  r e s i n o u s  s u b s t a n c e s .  The  to ta l  e e d y s t e r o i d s  w e r e  e x t r a c t e d  f r o m  the  
p u r i f i e d  aqueous  s o l u t i o n  with  a m i x t u r e  of  c h l o r o f o r m  and i s o p r o p a n o l  (1 : 7 } (7 x 10 l i t e r s } .  P i g m e n t s  w e r e  
e l i m i n a t e d  by  c h r o m a t o g r a p h y  on a l u m i n a  ( B r o c k m a n n  a c t i v i t y  g r a d e  :II) .  The r a t i o  of  to ta l  m a t e r i a l  to s o r -  
ben t  was  1 : 12. A m i x t u r e  of  m e t h a n o l  and  c h l o r o f o r m  (1 : 2) was  u s e d  in  a n  a m o u n t  of  30 m l  p e r  1 g of  to ta l  
m a t e r i a l .  The  e l u a t e  was  e v a p o r a t e d  to d r y n e s s  and the r e s i d u e  was r e c r y s t a l l i z e d  f r o m  a m i x t u r e  of m e t h a -  

nol  and  e thy l  a c e t a t e  (1 • 9) .  

Depend ing  on the c o n c e n t r a t i o n  o f  e c d y ~ t e r o i d  in  the  s a m p l e  b e i n g  a n a l y z e d ,  fo r  e a c h  c a s e  the  a m o u n t  of  
s o l u t i o n  d e p o s i t e d  on a g l a s s  p l a t e  wi th  d i m e n s i o n s  of  24 c m  with a f i xed  l a y e r  of  A l u s i l  was  s e l e c t e d  i n d i v i d -  
u a l l y  in  such  a way  tha t  the  a m o u n t  of  e o d y s t e r o i d  was  wi th in  the  l i m i t s  of  the  s e n s i t i v i t y  of  the  d e t e r m i n a t i o n .  

S U M M A R Y  

Cond i t ions  have  b e e n  d e v e l o p e d  f o r  d e t e r m i n i n g  e o d y s t e r o n e  in the  i n t e r m e d i a t e s  of  i t s  p r o d u c t i o n  f r o m  
the i n f l o r e s e e n c e s  o f  R h a p o n t i e u m  i n t e g r i f o l i u m  and f r o m  the r o o t s  o f  Rh. e a r t h a m o i d e s  and f o r  m o n i t o r i n g  

the s t a g e s  of  the  i n d u s t r i a l  p r o c e s s .  
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S Y N T H E S I S  OF A C E T Y L A T E D  G L Y C O S I D E S  OF 

H Y D R O X Y N A P H T H O Q U I N O N E S  

S. G. P o l o n i k ,  A. M. T o l k a c h ,  
a n d  N. I .  U v a r o v a  

UDC 547.656+547.455+616-006.6 

A method is proposed f o r  the synthesis of acetylated glycosides of hydroxynaphthoquinones. 
The condensation of D-glucose and D-galactose (tert-butyl orthoaeetate)s with lawsone and 
lapaeh01 has given the tetra-O-acetyl-f l-D-glucopyranosides of lawsone and of lapachol and 
the tetra-O-acetyl-f l-galactopyranoside of lawsone. The s t ruc tures  of the glycosides obtained 
have been confirmed by IR and 1H and 13C NMR spectroscopy. The structure of the lawsone 
aceWlgalactopyranoside described previously has been corrected.  

The majority of investigation of recent  years  in the field of the synthesis of glycosides of hydroxynaph- 
thoquinones have been connected with the creation of water-soluble hydroxynaphthoquinone derivatives, which 
are  necessary  for studying the influence of the carbohydrate moieties on their biological activity. The tetra-O- 
acetyl-fl-D-glucopyranosides of lawsone (40%) and menoctone (56%) with the o-quinoid structure of the a g l y - -  
cone [ 1], and the tetra-O-acetyl-D-glueopyranosides of lawsone (30%) and of lapachol (16%) and the te t ra-O- 
acetyl-D-galactopyranoside of lawsone (28%) with the p-quinoid structure of the aglycone [3] have been ob- 
tained by using various modifications of the Koenigs-Knorr  method. The acetates of glycosides of lawsone and 
lapachol exhibited antitumoral activity [2, 3]. The reduction of an acetylated D-glucose residue leads to a 
marked increase in the immunodepressive action of lawsone [4]. 

The biological activity of glycosides of hydroxynaphthoquinones makes necessary a search for new and 
more effective methods for their synthesis. 
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