
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. 
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C A U L O S I D E  G -  A N E W  

C a u l o p h y l l u m  r o b u s t u m  

L .  I .  S t r i g i n a ,  N. 
a n d  V.  V. I s a k o v  

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 -m e t hy l -D-g l ucos e ,  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 s ence  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 s ence  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 ace h a r id e  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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(X) contain a ca rbohydra t e  chain only at the carboxy group of hederagenin .  Accord ing  to the r e s u l t s  of the 
TLC and PC ana lyses  of the p roduc t s  of acid  hydro lys i s ,  the p rogen ins  contain the suga r s  indicated:  (VI) " 
D-glucose ,  L - a r a b i n o s e ,  and L - r h a m n o s e ;  (VID - D-g lucose  and L - r h a m n o s e ;  ( v m )  - D-g lucose  and L - a r a -  
binose;  and (X) - D-g lucose .  Accord ing  to t h e i r  Rf va lues  on GLC, progenins  (VI) and (IX) a r e  ident ica l  with 
cau los ides  D and A, r e spec t i ve ly .  A mixed mel t ing point  of (IX) and caulos ide  A gave no d e p r e s s i o n  of the 
mel t ing  point .  The progenins  (VD, (VII), (v i i i ) ,  and (X) we re  not methy la ted  by d iazomethane .  

The in t eg ra l  in tens i ty  (35 H) of the s igna ls  of the ace ty l  groups  in the PMR spec t rum of the ace ta te  of 
the progenin  (VII) means  that  this  is  a t r i g lycos ide .  The s igna ls  of the anomer ic  pro tons  of the two glucose 
r e s i d u e s  (6 5.58 ppm, J = 8 Hz and 6 4.60 ppm, J = 7 Hz) show the p r e s e n c e  of f l -g lyeos id ic  bonds, and a b road  
s ignal  at 6 4.80 ppm, J = 1.5 Hz, shows an a - g l y c o s i d i c  l ink of the rhamnose .  In the PMR spec t rum of the 
ace ta te  of the p rogen in  (X) the Signal of the anomer ic  proton of the g lucose  at 6 5.58 ppm, J = 8 Hz shows a 
Ê-g lycos id ic  bond, and the in teg ra l  in tens i ty  (18 H) of the s igna ls  of the acetyl  groups  shows that  this  progenin  
i s  a monoglycos ide  at  C28 of hederagenin .  

The progen in  (VHI) is  a two-cha in  g lycos ide .  It contains  L - a r a b i n o s e  at the C a and D-g lucose  at  the C28 
a toms of hederagenin .  The PtVIR spec t rum of i t s  ace ta te  contains  the s igna ls  of the anomer ic  pro tons  (6 4.41 
ppm, J = 7 Hz, and 6 5.58 ppm, J = 8 I Iz) showing the a and fl conf igura t ions  of the co r r e spond ing  g lycos id ic  
bonds. 

We have shown p rev ious ly  [1] that  the a lkal ine  hyd r o l y s i s  of cau los ide  G f o r m s  a progenin  that  i s  iden-  
t i ea l ,  accord ing  to the absence  of a d e p r e s s i o n  of the mel t ing point  in a mix ture ,  with cau los ide  C(XI). 

The ac id  hyd ro ly s i s  of p e r m e t h y l a t e d  caulos ide  C (XII) gave the methyl  e s t e r  of 2 3 - O - m e t h y l h e d e r a -  
genin, 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e ,  and 3 , 4 - d i - O - m e t h y l - L - a r a b i n o s e  ( ident i f icat ion with authentic 
s amp le s  by PC and TLC). 

An ana lys i s  of the PMR spec t rum of the full  ace ta te  of cau los ide  C showed the f l -g!ycosidic  bond of the 
g lucose  with the a r ab inose  (5 4.73 ppm, J = 8 Hz), and an a - g l y c o s i d i c  bond (5 4.42 ppm, J = 6.6 Hz) of the L-  
a rab inose  with the hederagenin .  
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(VI). R 1 = a - L - a r a b i n o p y r a n o s y l ;  R 2 = H ; R  3 = a - L - r h a m n o p y r a n o s y l - ( 1 - - *  4) - f l -D-g lueopyranosy l - (1- -~6) - f i -  
D-g lueopyranosy l .  

(VII). R 1 = R 2 = H; R 3 = a - L - r h a m n o p y r a n o s y l - ( 1  - -  4 ) - f l -D-g lucopyranosy l - (1  - -  6 ) - f l -D-g lucopyranosy l .  

(VIID. R 1 = a - L - a r a b i n o p y r a n o s y l ;  R 2 = H; R 3 = f l -D-glucopyranosyl .  

(IX). R 1 = a - L - a r a b i n o p y r a n o s y l ;  R 2 = R 3 = H. 

(X). R 1 = R 2 = H; R 3 = f l -D-g lucopyranosyl .  

(XI). R 1 = f l -D-g lucopyranosy l - (1  --* 2 ) - a - L - a r a b i n o p y r a n o s y l ;  R 2 = R 3 = H. 

(XID. R 1 = 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - f l - D - g l u c o p y r a n o s y l - ( 1  -~ 2 ) - 2 , 3 , 4 - t r i - O - m e t h y l - a ' L - a r a b i n o p y r a n o s y l ;  

i~  = R s = Me. 
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Thus, cauloside C is 3 -O-(2- f l -D-g lucopyranosy l -o~-L-arab inopyranosy l )hederagen in  and is identical  
with saponin B i so la ted  p rev ious ly  by Murakami  et al. [8]. 

Since the progenin  obtained by the alkaline hydro lys i s  of eauloside G gave no depress ion  of the melt ing 
point in admixture  with cauloside C (XI), we mus t  a sc r ibe  the fl configurat ion to the (1 ~ 2) bond of the glucose 
with the arabinose  in cauloside G. 

Thus, cauloside G is a new hederagenin  glycoside and has the s t ruc tu re  of 3 -O- (2 - f l -D-g lueopyranosy l -  
a -L -a r ab inopy ranosy l )hede ragen in  2 8 - O - a - L - r h a m n o p y r a n o s y l - ( 1  ~4 ) - f l -D-g lueopy ranosy l - (1  ~ 6 ) - f l - D -  
g!ueopyranoside (I). 

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

The melt ing points of the subs tances  (uncorrected) were  de termined on a Boetius s tage,  and the optical  
rota t ions  of the subs tances  on a P e r k i n - E l m e r - 1 4 1 p o l a r i m e t e r .  The GLC analys is  of the methyla ted  mono-  
sacchar ides  was p e r f o r m e d  on a P y e - U n i e a m - 1 0 4  ins t rumentwi th  a f l ame- ion iza t ion  detector .  We used g lass  
columns (1.5 m x 6 mm) filled with the phase  3% OV-17 on Chromosorb  W (100-200 mesh) .  The ra te  of flow 
of H 2 and of Ar  was 50 m l / m i n ,  and the t e m p e r a t u r e  110-240°C. The following synthetic s tandards  were  used 
for  GLC: methyl  2 ,3 ,4 - t r i -O-me thy l - f l -D-xy lopyranos ide  iT = O), 2 ,3 ,4 ,5 ,6 -pen ta -O-aee ty l -D-ga lac tononi t r i l e  
(T = 100), and methyl  3 ,4 -d i -O-me thy l - f l -L -a rab inopyranos ide .  

The GLC - M S  analys is  of the methyla ted  monosaechar ides  was p e r f o r m e d  on an LKB-9000S ins t rument .  
The PMR s p e c t r a  were  taken on a Bruke r  HX-90 spec t rome te r .  F o r  TLC we used KSK s i l ica  gel ( > 300 mesh).  
The e h r o m a t o g r a m s  were  run in the following solvent sy s t ems :  1) c h l o r o f o r m - m e t h a n o l - w a t e r  (2 : 1 • to 
saturation);  2) c h l o r o f o r m - m e t h a n o l - w a t e r  (25 : 17 : 3); and 3) t o luene -e thano l  (9 : 1). The subs tances  on the 
p la tes  were  revea led  with H2SO 4 or  with a sa tura ted  solution of SbC13 in ch loroform.  

Fo r  column chromatography  we used KSK s i l ica  gel (115-150 mesh)  and the following solvent  sy s t ems :  
4) toluene , b u t a n - l - o l - w a t e r  (4 : 1; to saturation);  5) c h l o r o f o r m - e t h a n o l ;  and 6) b e n z e n e - e t h y l  aceta te  (3 : 
1 - - 2  :i). 

The monosaechar ides  were  chromatographed  on M [slow] p a p e r  and in thin l aye r s  in the following s y s -  
tems:  7) b e n z e n e - p y r i d i n e - b u t a n - l - o l - w a t e r  (1 : 3 : 5 : 3); and 8) n - p r o p a n o l - w a t e r  (85 : 15). 

The par t i a l ly  and fully methyla ted  monosaechar ides  were  analyzed on FN-12 and 15 pape r s  in sy s t em 
9 (methyl ethyl ketone sa tura ted  with 1% ammonia  solution). The substances  were  revea led  with a solution of 
aniline phthalate in n-butanol.  

Isolat ion of (I). The total  glycosidic  f rac t ion  (15 g) was chromatographed  on 1700 g of s i l ica  gel p r e -  
viously sa tu ra ted  with 75% of wa te r  in sy s t em 7. Frac t ions  of s i m i l a r  composi t ion were  combined and evap-  
orated.  This gave 3 g of cauloside G with mp 218-220°C in-butanol), [~]2i~-3° (c 1.0; MeOH). 

Methylation of (1) and (XI). To a solution of 2.0 g of cauloside G in 30 ml  of d imethy l fo rmamide  were  
added 12 g of Ag20 and 30 ml  of CH~L Methylation was p e r f o r m e d  in a cu r r en t  of argon fo r  48 h with two 
fu r the r  additions of half  the init ial  amounts  of reagents .  Af ter  the el iminat ion of the p rec ip i ta te  and the excess  
of CH3I, the solution was washed with sa tura ted  sodium thiosulfate solution, the product  was ex t rac ted  with 
ch loroform,  and the solution was dried with NeeSO 4 and foamed with ethyl aceta te ,  a f t e r  which 1.750 g of the 
substance was methyla ted  th ree  t imes  and isolated under  the s a m e  conditions. Methylation was checked by 
TLC in sy s t em 3. The produc t  of the fourth methylat ion was chromatographed  on s i l ica  gel in s y s t e m  6. The 
yield of (ID was 0.940 g. 

Cauloside C (XI) (1.4 g) was methylated s imi la r ly .  The pe rmethy la te  product  (XII) was chromatographed  
o n s i l i c a  gel in sy s t em 6 (25:1 ~ 5:1), giving 850 mg of (:KID with mp 98-100°C; [(~]2~ + 54.5 ° (c 0.17; CHC13). 

Found %: C 65.87; H 9.46; OCH 3 24.7. C58H96018. 
Calculated %: C 65.2: H 9.46; OCH 3 24.0. 

Methanolysis  of (TT), diD, and (XII). Separately,  0.05 g of (TT), 0.02 g of (TTT), and 0.38 g of (XIB were  
boiled with a mixture  of 42% HC104 and methanol  (1:5) .  The hydrolyzates  were  diluted with wa te r  and the 
aglycones were  f i l te red  off. The aglycones of compounds (Ii) and (XII) were  methyla ted  with CH2N 2. This gave 
the methyl  e s t e r  of 23-O-methylhederagenin .  The aglycone of (TIT) had mp 190-192°C, [oz]2~ + 52" (c 0.46; 
CHCl3). 

The res idues  of the hydro lyza tes  were  neutra l ized with Dowex 1 x 2 (100-200 mesh,  HCOE form),  evap-  
orated,  and analyzed by PC in sy s t em 9. 
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Prepa ra t ion  of the Methyl Glycosides.  A mixture  of methyla ted  monosacchar ides  obtained in the methan-  
o lys is  of (ID was boiled in absolute methanol  in the p r e sence  of Amber l i t e  IR-120 (H +) and was acetyla ted with 
a mix ture  of Ac20 and pyr idine (1:2)  at  room t empera tu r e .  Methyl a , f l -pyranos ides  of the following sugars  
w e r e  identified by GLC: 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e  (Tfl 2.4; T a  = 5.2), 2 , 3 , 4 - t r i - O - m e t h y l - L - r h a m n o s e  
(Tfl = 8.76; T a  = 11), 3 , 4 - d i - O - m e t h y l - L - a r a b i n o s e  (Tfl = 30; T a  = 37), 6 - O - a c e t y l - 2 , 3 , 4 - t r i - O - m e t h y l - D -  
g lucose  (Tfl = 50; T a  = 59); 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  (Tfl = 54, T a  = 78). 

Reduction of (II). A solution of 0.045 g of (ID in 5 ml  of t e t r ahydrofu ran  was t r ea t ed  with smal l  por t ions  
of LiA1H 4, with the s t i r r ing  and boiling of the solvent,  until the evolution of H 2 ceased  (3 h). Then 1 ml  of 
wa t e r  was added and the mix tu re  was neut ra l ized  with 2 N H2SO 4. Substance (HI) was ex t rac ted  with e the r  and 
(IV) with ch loroform.  This gave 30 mg of (HI) and 10 mg of (IV). The o l igosacchar ide  (IV), [a ]D -27°  (c 0.73; 
CHC13), was aeetyla ted  with acet ic  anhydride in pyridine (1 : 2), and (V) was obtained in the usual  way. 

Enzymat ic  Hydro lys i s  of (I). A solution of 2.0 g of (I) in 100 ml  of w a t e r  was t r ea t ed  with 5 ml  of snail  
digest ive juice and the mix tu re  was incubated at 44°C for  eight days,  with the per iodic  addition of 1 - m l  por t ions  
of the enzyme prepara t ion .  The progenins  we re  e x t r a c t e d  with n-butanol  and chromatographed  on s i l ica  gel 
sa tura ted  with 6% of wa te r  in sy s t em 5 (15 : 1 - - 1  : 3). This  yielded 12 mg of (VI), mp 208-210°C (MeOH); 96 mg 
of (VII) - an amorphous  substance;  100 mg of ( V I ~ ,  mp 210-214°C, [a]D + 34° (MeOH); 80 mg of (IX), nap 225- 
228°C; 60 mg of (X), mp 220-223°C (MeOH), [a]D + 35° (CHC13); and 102 mg of hederagenin.  

S U M M A R Y  

F r o m  the roots  and rh i zomes  of Caulophyllum robus tum Maxim, we have isola ted a new t r i t e rpene  g ly-  
coside  - c a u l o s i d e  G -  which has  the s t ruc tu re  of 3 - O - ( 2 - f l - D - g l u c o p y r a n o s y l - a - L - a r a b i n o p y r a n o s y l ) h e d e r a -  
genin 2 8 - O - a - L - r h a m n o s y l - ( 1  -* 4) - f l -D-glucopyranosyl - (1  --* 6 ) - a -D-g lucopyranos ide .  

I t  has  been es tab l i shed  that  cauloside C is identical  with saponin B isolated prev ious ly  f rom the s ame  
plant.  
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