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A p repa ra t ion  has  been obtained f r o m  the roots  of Fe ru l a  tenuisec ta  Eug. Korov.  the bas i s  of which con-  
s i s t s  of e s t e r s  of phenolcarboxyl ic  acids and the sesqui te rpene  diol ferut inol  [1]: ferut in  [2], ferut inin  [3], and 
t e fe r in  [4]. 

The methods of analys is  p roposed  previous ly  [5 ] fo r  this p repa ra t ion  a r e  unsuitable,  in the f i r s t  place,  
because  of the inadequacy of the chromatographic  s y s t e m  ( there is  no sharp  separa t ion  of these  e s t e r s  and the 
accompanying substances ,  which adsorb  intensively in the s a m e  region of the UV spect rum),  and, in the second 
place,  becmase under  the desorpt ion conditions descr ibed  the e s t e r s  a re  desorbed  incomplete ly  f r o m  the s i l ica  
gel. 

To sepa ra t e  the e s t e r s  f r o m  one another  and f rom bal las t  substances  we have used th in - l aye r  c h r o m a t -  
ography on a plate  with a fixed l aye r  of type KSK s i l ica  gel (150-200 mesh) in the c h l o r o f o r m -  ethyl aceta te  
(30:1) sys tem.  The Rf values  of the substances  concerned in this sys t em are :  ferut in  0.42 • 0.05, te fer in  
0.49:~0.05, and ferut inin 0.24=~ 0.05. 

The e s t e r s  were  detected on the c h r o m a t o g r a m  af te r  spraying it with a 1% solution of vaniltin in sulfur ic  
acid (b lue-green spots),  under which conditions the bal las t  substances  were  colored pinkish l i lac.  The s ens i -  
t ivity of the chromatographic  method fo r  ferut inin and te fe r in  was 0.2 #g and for  ferutinin 0.1 #g. 

The ferut inin was eluted f rom the s i l ica  gel with 95% ethanol, and the ferut in  and te fer in  with acet ic  
acid (Fig. 1). 

The e s t e r s  in the eluate were  de te rmined  spec t rophotomet r ica l ly  at 260 nm. The intense absorpt ion of 
ferutin,  tefer in ,  and ferut inin at this wavelength is due to the isovanil l ic  acid, vanill ic acid, and p -hyd roxy -  
benzoic acid res idues  (secondary benzene band). 

Ferut inol  is t r anspa ren t  in the access ib le  UV region of the spec t rum.  Its  p r e sence  in the molecule of 
an e s t e r  causes  only an inc rease  in the intensi ty of absorpt ion and a bathochromic  shift. This co r re sponds  to 
the known fact  that the UV spec t r a  of e s t e r s  differ  l i t t le f rom the spec t r a  of the cor responding  acids if  the 
alcohol moiety of the e s t e r  does net contain mult iple bonds [6]. 

The absorpt ion spec t r a  of ferutin,  tefer in,  and ferut inin in acet ic  acid s ca rce ly  di f fer  f rom the c o r r e -  
sponding spec t r a  in ethanol. 
them a re  given below: 

The spec t ra l  cha r ac t e r i s t i c s  of the e s t e r s  of Fe ru la  and of the acids composing 

95% Ethanol Acetic Acid 

X, nm l g e  E 1% ~ ,nm lg~ E 1% lcm lcm 
Ferut in  260 4.07 318 260 4.08 315 
Isovanil l ic  acid 250 3.97 543 260 4.27 660 
Tefer in  260 4.06 300 260 4.04 291 
Vanillic acid 256 4.02 611 263 4.06 690 
Ferut inin 260 4.25 502 260 4.24 495 

p-Hydroxybenzoic  250 4.18 1071 258 4.25 1262 
acid 
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Fig .  1. Kinetic cu rves  of 
the deso rp t ion  (A) of: 1) 
ferut inin;  2) ferut in;  3 ) t e f -  
e r in .  

Since the va lues  of Rf fo r  fe ru t in  and t e fe r in  a re  c lose  and t h e i r  deso rp t ion  f rom s i l i c a  gel  t akes  p lace  
s i m i l a r l y ,  and, moreove r ,  t h e i r  values  of log e a t  260 nm dif fer  l i t t l e ,  these  subs tances  were  de t e rmined  to -  
gether .  The sens i t iv i ty  of the spec t ropho tomet r i c  method fo r  fe ru t in  is  7 ~g and for  fe ru t in in  3 #g. The ac -  
cu racy  of the method was eva lua ted  by a quant i ta t ive  de t e rmina t i on  of s t anda rd  s a m p l e s  of e s t e r s  and synthet ic  
mix tu res  of them. The r e l a t i ve  accu racy  of the method (confidence level  95%) for  fe ru t in  was * 1.13, for  t e f -  
e r in  e 0.82, and fo r  fe ru t in in  ±1.06. 

The amounts of fe ru t in  with t e f e r i n  and of ferut in in  in f ive s a m p l e s  of the p r e p a r a t i o n  were  d e t e r m i n e d  
by the given method (%): 

Sample Total  Fe ru t in in  Fe ru t in in  and Tefe t in  

1 88.0 59.7 28.3 
2 80.6 60.2 20.4 
3 81.4 59.2 22.2 
4 84.6 63.7 20.9 
5 80.0 56.1 23.9 

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

The p r e p a r a t i o n  (20 rag, accu ra t e ly  weighed) was d i s so lved  in 4 ml of ch l0 ra fo rm.  The s i l i c a  gel  for  
chromatography  was boi led th ree  t imes  with concen t ra ted  hydroch lo r i c  acid,  washed with wa te r  to neu t ra l i ty  
and then with ch lo ro fo rm and methanol ,  and was d r i ed  at 120"C for  48 h. P l a t e s  (18 x24 cm) with a f i x e d l a y e r  
of s i l i c a  gel were  s e p a r a t e d  into th ree  equal bands.  On each of the f i r s t  and second bands was deposi ted  0.05 
ml (250 #g) of the ch lo ro fo rm solut ion of the p r e p a r a t i o n  under  invest igat ion,  and the th i rd  band s e rved  as  a 
background fo r  spec t ropho tomet ry  (blank sample)  and was ch romatographed  in the s y s t e m  given above (length 
of the run 21 cm). The p la tes  were  d r i ed  to f r ee  them f rom solvent  in the a i r  and the f i r s t  band was s p r a y e d  
with a 1% solut ion of vani l l in  in su l fur ic  acid.  F r o m  the spots  that  had appeared  the co r re spond ing  sec t ions  of 
s i l i c a  gel  in the second and th i rd  bands were  marked.  The sec t ions  of s i l i c a  gel containing the feru t in in  and 
the fe ru t in  with t e f e r i n  we re  t r a n s f e r r e d  into f lasks  and we re  eluted with 10 ml of solvent  (95% ethanol fo r  the 
ferut in in  and ace t ic  acid fo r  the fe ru t in  and tefer in) .  The zones of pure  s i l i c a  gel  f rom the th i rd  band were  
t r e a t ed  co r respond ing ly  (blank samples ) .  The e s t e r s  were  deso rbed  f rom the s i l i c a  gel  by heat ing in a t h e r m o -  
s ta t  at 40-50°C for  3 h. Af te r  the e lua tes  had been cooled to room t e m p e r a t u r e ,  they we re  f i l t e r ed  and were  
subjec ted  to spec t ropho tomet ry  at  260 nm. Standard solut ions of fe ru t in  in ace t ic  acid  and of fe ru t in in  in 95% 
ethanol were  subjec ted  to spec t ropho tome t ry  in pa r a l l e l .  

The pe rcen t ages  of the components  x in the p r e p a r a t i o n  ca lcu la ted  on the absolu te ly  d ry  weight were  
ca lcu la ted  f rom the fo rmu la  

Cst Dr. • V 1 . V 3 • lOt)O0 
/2st a.~'2(lO0-- h) ' 

where  Dx is  the opt ica l  densi ty  of the p r e p a r a t i o n  under  invest igat ion;  Dst  is  the opt ica l  densi ty  of s t andard  
solut ions of fe ru t in  o r  ferut inin;  Cst  is  the concent ra t ion  of the s t andard  solut ion of fe ru t in  o r  ferut in in ,  m g / m l ;  
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V 1 is the volume of eluate,  ml; V 2 is the volume of solution of the p repa ra t ion  of the invest igat ion deposi ted on 
the eh roma tog ram,  ml; V 3 is  the volume of solvent  used to d issolve  the sample  of p repara t ion ,  ml; a is the 
weight  of the sample  of p repa ra t ion  under  investigation,  mg; and h is the amount of mo i s tu re  in the weighed 
sample ,  %. 

The samples  of ferutin,  tefer in ,  and ferut inin were  obtained f r o m  A. L Saidkhodzhaev and G. K. Nikonov. 

S U M M A R Y  

A ch romatospec t ropho tomet r i c  method for  de termining  ferut inin and te fe r in  + ferut in  in a p repa ra t ion  
has  been developed. 

1. 
2. 
3. 
4. 
5. 
6. 

LITERATURE CITED 

A. I. Saidkhodzhaev and G. I~L Nikonov, Khim. Pr i rodn.  Soedin., 166 (1974). 
A.  L Saidkhodzhaev and G. tL Nikonov, Khim. Pr i rodn.  Soedin., 559 (1972). 
A. I. Saidkhodzhaev and G. K. Nikonov, Khim. Pr i rodn .  Soedin., 28 (1973). 
T. Kh. Khasanov, A. I. Saidkhodzhaev, and G. N. Nikonov, Khim. Pr i rodn .  Soedin., 529 (1974). 
M. R. Nurmukhamedova  and G. K. Nikonov, Khim. Pr i rodn.  Soedin., 727 (1974). 
O. V. Sverdlova,  Elect ronic  Spect ra  in Organic Chemis t ry  [in Russian],  Moscow (1973). 
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TRITERPENE GLYCOSIDE FROM 

IDENTIFICATION OF CAULOSIDE C 

S. C h e t y r i n a ,  UDC 547.918+547'914 

Continuing a chemica l  study of the glycosides  (caulosides) of Caulophyllum robus tum [1-4], we now r e -  
por t  the resu l t s  of invest igat ions of the s t ruc tu re  of caulosides  G(I) ( ea r l i e r  cal led E [1]) and C. 

The pe rmethy la ted  product  (II) of cauloside G(I) was synthesized by P u r d i e ' s  method [5]. Acid hydro lys i s  
of (12) gave the methyl  e s t e r  of 23-O-methy lhederagen in  and a mixture  of methyla ted  methyl  glycosides .  The 
la t te r ,  a f te r  acetylat ion were  identified by the G L C - M S  method [6] as the methyl  pyranos ide  der iva t ives  of: 
2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e ,  2 ,3 ,4 ,6 - t e t r a -O-me thy l -D-g lucose ,  3 , 4 - d i - O - m e t h y l - L - a r a b i n o s e ,  6 - 0 -  
a ce ty l -2 ,3 ,4 - t r i -O-me thy l -D-g lucose ,  and 4 - O - a c e t y l - 2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o s e .  

The reduet ive  c leavage of (ID with l i thium te t rahydroa luminate  gave a methyla ted  progenin  (HI) and a 
methylated o l igosacchar ide  (IV). The hydro lys i s  of (m) gave 23-methoxyery throdio l  and the methyl  pyranos ide  
der iva t ives  of: 2 , 3 ,4 ,6 - t e t r a -O-me thy l -D-g lucose  and 3 , 4 - d i - O - m e t h y l - L - a r a b i n o s e  ( G L C - M S  method). In a 
hydrolyzate  of (IV) by TLC in the p r e sence  of m a r k e r s ,  2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e ,  2 , 3 , 6 - t r i - O - m e t h y l -  
D-glucose ,  and 2 , 3 , 4 - t r i - O - m e t h y l - D - s o r b i t o l  were  identified. The reduction of the 2 , 3 , 4 - t r i - O - m e t h y l - D -  
glucose showed that  the l a t t e r  was at tached to the carboxy  group of the hederagenin.  

The s t ruc tu re  of the o l igosacchar ide  (IV) was es tabl ished on the bas i s  of the m a s s  spec t rum of the c o r -  
responding aceta te  (V): the p r e sence  of peaks  of ions with m / e  640 (M + -60)  and 567 conf i rmed that (IV) was a 
t r i s accha r ide .  The peaks  of ions with m / e  627, 539, and 117 a re  due to the f ragmenta t ion  of a t r i s aceha r ide  in 
which 1 , 5 - d i - O - a c e t y l ' 2 , 3 , 4 - t r i - O - m e t h y l - D - s o r b i t o l  i s  the reduced end [7]. The peaks  of ions with m / e  189 
(A1), 157 (A2), 125 (A3) , and 72 (Ki) a r e  due to the f ragmenta t ion  of t e rmina l  2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e .  

Hydrolys is  of cauloside G by the digest ive juice of the snail Eulota maacki i  fo rmed  five progenins  (VI-X) 
and hederagenin.  F r o m  the r e su l t s  of acid hydrolys is  and methylat ion with diazomethane,  progenins  (VII) and 
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