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We have p r ev ious ly  [1, 2] r e p o r t e d  the s t r u c t u r e  of ca l endu los ides  A and B. In the p r e se n t  paper  we 
give the r e s u l t s  of the i sola t ion of  two m o r e  polar  g lycos ide s  - ca lendulos ide  C (I) and ca lendulos ide  B (II) - 
and of the d e t e r m i n a t i o n  of the i r  s t r u c t u r e s .  Subs tances  (I) and (II) were  obta ined by c h r o m a t o g r a p h i n g  the 
total  g l y c o s i d e s  f rom the r o o t s  of  C. of f ic ina l i s  L. on a co lumn of s i l ica  gel.  When c o m p o u n d s  (I) and (II) 
w e r e  subjec ted  to comple te  ac id  hyd ro ly s i s ,  D-g lucose  and D - g a l a c t o s e  w e r e  ident i f ied in r a t i o s  of  2 : 1 and 
3 : 1, r e s p e c t i v e l y ,  and oleanol ic  acid was  a lso  found. The fo rma t ion  of  me thy l  o leanola te  on the h y d r o l y s i s  
of  the produc t  of  the e s t e r i f i c a t i on  of (I) with d i azomethane  and of  a pe rme thy l a t e  of  (I) showed that c o m -  
pound (I) has  a s ingle c a r b o h y d r a t e  chain a t tached to the hydroxy  group  of the genin. This  wa s  c o n f i r m e d  
by the fact  that on alkal ine h y d r o l y s i s  (I) r e m a i n e d  unchanged.  When the p roduc t  of the t r e a t m e n t  of (II) 
with d iazomethane  and the p e r m e t h y l a t e  (II) w e r e  hydro lyzed ,  o leanol ic  acid was  identif ied.  The alkal ine 
h y d r o l y s i s  of  (II) gave (I), ident ical  with that i so la ted  f r o m  the roo t s ,  and D-g lucose .  Consequent ly ,  c a l e n -  
dulos ide  D has  two c a r b o h y d r a t e  cha ins  one of which,  as  on ca lendulos ide  C, is a t tached to the hydroxy l  and 
the o the r  (D-glucose)  to the c a r b o x y  group of the genin. 

On pa r t i a l  hydro lyx i s  with Ki l i an i ' s  mix tu re ,  (I) d e c o m p o s e d  into oleanol ic  acid,  D-g lucose ,  D - g a l a c -  
tose,  and a monos ide  (III) ident ica l  with the 3 -< ) - f l -D-g lucopyranos ide  of  ole ic  ac id  obta ined p r e v i o u s l y  [1], 
a bioside (IV) conta in ing  D-g lucose ,  and another ,  l e s s  po la r ,  bioside (V), which h y d r o l y z e d  to f o r m  D - g l u c o s e  
and D-ga l ac to se .  The h y d r o l y s i s  of  (I) with 10 % HC1 gave (IV) and D-ga l a c to se .  On t r e a t m e n t  with K i l i -  
a n i ' s  mix ture ,  ca lendulos ide  D gave oleanol ic  acid,  (I), (III), (IV), D-g lucose ,  and D-ga l ac to se .  

When compound (I) and (II) w e r e  subjec ted  to a c e t o l y s i s  followed by deace ty la t ion  [3], PC and TLC 
showed the p r e s e n c e  not of l ac tose ,  as  in the c a s e  of ca lendulos ide  A, but of  D-g lucose  and D-ga l ac to se .  
On the bas is  of  these  facts  it m ay  be a s s u m e d  that there  is a 1 ~ 4  bond between the D - g l u c o s e  and D - g a l a c -  
tese .  

When compounds  (1), (IIL and (V) w e r e  subjec ted  to per ioda te  oxidation,  the D - g l u c o s e  was  unaffected ,  
while the pe r ioda te  oxidat ion of  (IV) led to the des t ruc t i on  of both D-g lucose  mo lecu le s .  Consequent ly ,  the re  
is a 1 ~ 3  bond between the D-g lucose  and the D - g a l a c t o s e  and a 1 ~ 2  o r  a 1 ~ 6  bond between the two D-  
g lucose  m o l e c u l e s  [4]. 

T A B L E  1. R e s u l t s  of  a Ca lcu la t ion  of the Conf igura t ions  of the 
Glycos id ic  C e n t e r s  [7] 

Substanec 

Calenduloside D 
Calenduloside C 
The bioside (IV) 
The. monoside (III) 
Methyl a-D-glucopyranoside [8] 
Methyl 3-D-glucopyranoside [81 
Methyl a-D-galactopyrano~de [8] 
Metayl B-D-galactopyranosicle [8] 

M 

1132,3 
997,2 
817 
618,9 

194,2 

I~ID linD I ~c IForm 
.~of the 

deg Ibond 

+16 
+32 
+32 
+55,7 
+149 
--25 
+16i 
+ 5 

+181,2 
+319,1 
+261,4 
+329,3 
+289,4 
- -  48 , f i  
+312,7 
..[- 9,7 

-137.9 3 
+ 57,7 
-- 57,9 ~q 
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F u r t h e r  in format ion  on the s t r u c t u r e  of  the c a r b o h y d r a t e  chain was  obtained by the methy la t ion  of  (I), 
(II), (IV), and (V) by H a k o m o r i ' s  method [5]. The c o m p l e t e n e s s  of me thy la t i en  was  checked  by IR s p e c t r o s -  
copy.  The p r o d u c t s  of  h y d r o l y s i s  of the methy l  e s t e r  of  (I) was  shown by PC, TLC,  and GLC to conta in  
2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o p y r a n o s e  and 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g a l a c t o p y r a n o s e  in a ra t io  of 1 : 1 ,  
and also 4 , 6 - - d i - O - m e t h y l - D - g l u c o p y r a n o s e  [a sample  of  4 , 6 - d i - O - m e t h y l - D - g l u c o p y r a n o s e  was  kindly given 
to us  by R. T s c h e s c h e  (GFR)]. 

To con f i rm  the pos i t ions  ef  the methy l  g roups ,  the d imethyl  g lucose  was  reduced  with NaBD a. 

The m a s s  s p e c t r u m  of the ace ta te  of  the sorb i to l  obtained had the peak of the m o l e c u l a r  ion with m / e  
379 in low intensity.  The de t achmen t  of a me thoxymethy l  g roup  f r o m  the m o l e c u l a r  ion f o r m e d  an ion with 
m / e  334, and the de tachmen t  of  a CHDOCOCH 3 group  an ion with m / e  305. 

The p r e s e n c e  of  these  peaks  and of  a s t rong  peak with m / e  45 shows the t e r m i n a l  posi t ion of  ano ther  
methy l  group,  i .e . ,  i t s  posi t ion at C 6 of the g lucose  res idue .  The feeble peaks  with m / e  118 and 189, and a lso  
a lso  the s t rong  peaks  with m / e  262 and 161, show that  the r ema in ing  methy l  group cannot  occupy  the c o r -  
r esponding  posi t ion at C 2 o r  C 3 in the d ime thy lg lucose  res idue .  Thus ,  the second methy l  g roup  mus t  occupy  
the posi t ion at C a in the d ime thy lg lucose  res idue .  This  g roup  of  peaks  and the ra t io  of  the in tens i t ies  c o r -  
r e sponds  to l i t e r a t u r e  in format ion  for  1 , 2 , 3 , 5 - t e t r a - O - a c e t y l - - 4 , 6 - d i - - O - m e t h y l - D - s o r b i t o l  [6]. 
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When the pe rm e thy l a t e  of  (IV) was  subjec ted  to me thano lys i s ,  methyl  3 , 4 , 6 - t r i - O - m e t h y l - D - g l u c o p y -  
ranos ide  and methy l  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o p y r a n o s i d e  were  identif ied by GLC, and the m e t h a n o l y -  
s is  of the pe rme thy la t e  of  (V) gave methy l  2 , 4 , 6 - t r i - O - m e t h y l - D - g l u c o p y r a n o s i d e  and methy l  2 ,3 ,4 ,6-Let ra -  
O - m e t h y l - D - g a l a c t o p y r a n o s i d e  in a ra t io  of 1 : 1. 

On h y d r o l y s i s  of  the pe rme thy l a t e  of (II), PC, TLC,  and GLC shewed the p r e s e n c e  of  2 , 3 , 4 , 6 - t e t r a -  
O - m e t h y l - D - g l u c o p y r a n o s e ,  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g a l a c t o p y r a n o s e ,  and 4 , 6 - d i - O - m e t h y l - D - g l u c o p y -  
r anose  in a ra t ie  of 2 : 1 : 1. 

Thus,  in ca lendu los ides  C and D the hydroxy  group  of  the genin is subst i tu ted  by D-g lucose  which 
f o r m s  a c e n t e r  of  b ranch ing  of  the c a r b o h y d r a t e  chain.  D-g lucose  is a t tached to the hydroxy  g roup  at C 2 
and D-ga l ae to se  to that at C~. 

Consequent ly ,  the s t r u c t u r e s  of  (I) and (II) can be r e p r e s e n t e d  as:  
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E X P E R I M E N T A L  M E T H O D  

C h r o m a t o g r a p h y  w as  p e r f o r m e d  on type KSK s i l ica  gel,  M [slow] pape r  of  the Volodarsk i i  Len ingrad  
mi l l ,  and the following solvent  s y s t e m s :  1 ) c h l o r e f o r m - m e t h a n o l - w a t e r  { 6 1 : 3 2 : 7 ) ;  2) n - p r o p a n o l - 1 4 %  
a m m o n i a  {8:2) ;  3) b u t a n - l - o l - p y r i d i n e - w a t e r  ( 6 : 4  : 3); 4) b e n z e n e - b u t a n - l - o l - p y r i d i n e - w a t e r  {1 : 5 : 3 : 3 ) ;  
5) e thyl  a c e t a t e - n - p r o p a n o l - w a t e r  (2 : 7 : 1); 6) c h l o r o f o r m - m e t h a n o l - w a t e r  (25 : 10 : 5); 7) c h l o r o f o r m -  
ethyl  ace ta te  (4 : 1); 8) c h l o r o f o r m - e t h y l  ace ta te  {1 : 2); 9) b u t a n - l - o l - e t h a n o l - w a t e r  {5 : 1 : 4}; 10) benzene 
- a c e t o n e  (2 : 1); 11) b e n z e n e - a c e t o n e - w a t e r  {5 : 5 : 1); and 12) c h l o r o f o r m - a c e t o n e  (10 : 1). 

The s u g a r s  were  r evea led  with anil ine phthalate  and with a mix tu re  of ani l ine,  d iphenylamine ,  and 
phosphor ic  acid,  and the g lucos ides  and the i r  de r i va t i ve s  with 20'~c su l fur ic  acid. 

The IR s p e c t r a  were  taken on a UR-10 s p e c t r o p h o t o m e t e r  {paraffin oil} and the UV s p e c t r a  on a Hi -  
tachi  r e c o r d i n g  s p e c t r o p h o t o m e t e r .  

G a s - l i q u i d  c h r o m a t o g r a p h y  {GLC) was  p e r f o r m e d  on a Var i an  model  2740 i n s t r u m e n t  {10 % of C a r -  
bowax 20 M with p r o g r a m m i n g  of  the t e m p e r a t u r e  to 140/2 ° C and on neopentyl  g lycol  succina te  with p r o -  
g r a m m i n g  of the t e m p e r a t u r e  to 150/4 ° C). The m a s s  spec t r a  w e r e  obta ined on a V a r i a n  model  CH-6 m a s s  
s p e c t r o m e t e r .  

Before  ana lys i s ,  the subs t ances  w e r e  r e c r y s t a l l i z e d  f r o m  methanol .  The a n a l y s e s  of  all the c o m -  
pounds c o r r e s p o n d e d  to the ca lcu la ted  f igures .  The mel t ing  points  w e r e  d e t e r m i n e d  on a h o f l e r  block and 
the speci f ic  ro t a t ions  in methanol  {with the avoidance  of heating) on an A I - E P L  p o l a r i m e t e r .  

I so la t ion  of  the Calendulos ides .  The combined  g lycos ide s  (30 g) were  c h r o m a t o g r a p h e d  on a co lumn 
conta in ing  800 g of  s i l ica  gel  in s y s t e m  1. The elut ion p r o c e s s  was  mon i to red  by the TLC method  on s i l ica  
gel  in the same  sys t em.  F r a c t i o n s  with s i m i l a r  compos i t i ons  were  combined  and evapora ted .  This  gave 
4.5 g of  a mix tu re  of  ca lendu los ides  C and D and 9.4 g of  a mix tu re  of  ca l endu los ides  D and E, the r e c h r o -  
m a t o g r a p h y  of  which in s y s t e m s  1 and 2 y ie lded  3.6 g of (I) and 4.6 g of  0I).  These  ca lendu los ides ,  a f te r  
pur i f i ca t ion  with ac t iva ted  ca rbon ,  w e r e  r e c r y s t a l l i z e d  f r o m  methanol .  Ca lendulos ide  C (I) had mp 226-  
228 ° C, [c~]~+32 ° {c 0.5). IR s p e c t r u m ,  c m - l :  1700 {COOH) and 3450 {OH). 

Found: mol .  wt. 990.4, 980.5 {spec t ropho tomet r i ca l ly )  [9]. C48H78Ot8"3H20. Calcula ted:  mol.  wt. 
997.2. 

Af te r  d ry ing  by azeo t rop ic  d is t i l la t ion  with toluene the subs tance  had the compos i t ion  C48H78Ots • 2H20. 
The mel t ing  point  of  the ace ta te  of  {I), C68H98028 , wa s  183-185 ° C, [c~]~ + 26.7 ° {c 0.3). 

Calendulos ide  D (II) a lso  f o r m e d  a c r y s t a l l i n e  hydra te  with mp 245-247 ° C, [c~]~+ 16 ° (c 0.5). IR s p e c -  
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i ° ) trum, cm-l: 1760 C/~ and 3450 (OH). 

\o-R 
Found:  mol.  wt. 1153, 1130 ( spec t ropho tomet r i ca l ly )  [9l. Cs4HasOza" 1.5 H20. Calcula ted :  mol.  wt. 

1132.3. 

Melting point of  the ace ta te  of (II), C82Hl160~7: 156-158°C,  [~]~ 00 (c 0.4). 

Ident i f ica t ion of  the Aglycone and of  the M o n o s a c c h a r i d e s .  A. Compound (I) (0.96 g) was  h y d r o l y z e d  
with 40 mt of a mix tu re  of  methanol  and 10 ~ HC1 (1 :1)  in a tube (100 ° C, 3 h). The methanol  was  d is t i l led  
off f r o m  the reac t ion  mix ture  and the r e s i due  was  f i l t e red  off  and washed  with w a t e r  to neut ra l i ty .  Yield 
0.45 g, mp 306-308 ° C. F r o m  its c h r o m a t o g r a p h i c  mobi l i ty ,  a mixed mel t ing  point, and i ts  IR spec t rum,  
the subs tance  was  ident ical  with an authentic sample  of o leanol ic  acid.  

The f i l t ra te  was  neu t ra l i zed  with Dowex-3 (OH- form),  and evapora t ed  to d r y n e s s  to give 0.42 g of  a 
mix tu re  of  suga r s .  D-Glucose  and D - g a l a c t o s e  were  identif ied by PC ( s y s t e m s  3 and 4) and TLC (sys tem 
5). C h r o m a t o g r a p h y  in a co lumn conta in ing 20 g of  s i l ica  gel  in s y s t e m  5 yie lded 0.26 g of D-g lucose  with 
[c~]~+ 50 ° (c 1; water)  and 0.11 g of D - g a l a c t o s e  with [ot]~+ 78 ° (c 1; water ) .  L i t e r a t u r e  data for  D-g lucose  
--[(~]~ + 52.7 ° (wa te r )  [I0] and for D-ga l a c t o se  - [c~]2° + 80 ° (c 1; water)  [11] D 

B. Compound (II) (0.5 g) was  hyd ro lyzed  unde r  the same  condi t ions .  This  gave 0.2 g of  o leanol ic  acid,  
0.17 g of D-g lucose ,  and 0.05 g of  D-ga l ac to se .  

Pa r t i a l  Acid Hydro l y s i s .  A. 1) A solution of  1 g of  (I) in 30 ml  of  methanol  and 30 ml of  K i l i an i ' s  
mix tu re  [concen t ra ted  H C 1 - C H 3 C O O H - H 2 0  (10 :35  : 55)] was  boiled for  3 h. Then 50 ml of w a t e r  was  added 
to the r eac t ion  mix ture  and the p rec ip i t a t e  was  f i l te red  off. Yield 0.9 g. On c h r o m a t o g r a p h y  on a co lumn 
conta in ing  50 g of  s i l ica  gel  s u c c e s s i v e l y  in s y s t e m s  6 and 1, 0.02 g of o leanol ic  acid and 0.1 g of a m o a o -  
side (III), mp 240-242 ° C, [c~]~+55 ° (c 0.5), ident ical  with the 3 - O - f l - D - g l u c o p y r a n o s i d e  of o leanol ic  ac id  [1] 
w e r e  obtained.  On h y d r o l y s i s  with 10 % HC1, D - g l u c o s e  ( s y s t e m s  3, 4, and 6) and 0.15 g of  the bioside (IV) 
with mp 272-275 ° C, [o~]~+32 ° (c 0.5), w e r e  identif ied in the hydro lyza te .  

Found: mol.  wt. 789.3, 844.4 ( spec t ropho tomet r i ca l ly )  [9]. C42H68013-2H20. Calcula ted:  mol.  wt. 817. 

On hyd ro l y s i s ,  D-g lucose  and 0.03 g of an a m o r p h o u s  bioside (V) with mp 268-278° C were  obtained;  
the h y d r o l y s i s  of the l a t t e r  y ie lded D-g lucose  and D - g a t a c t o s e .  

2) A solut ion of 0.5 g of  (I) in 45 ml  of  a mix tu re  of methanol  and 10 /c HC1 (1 : 2) was  boiled for  7 h. 
The r eac t i on  p roduc t  was  t r ea t ed  as  d e s c r i b e d  above. Af te r  c h r o m a t o g r a p h y  on a co lumn conta in ing 25 g 
of s i l i ca  gel,  0.1 g of the bioside (V) with mp 273-275 ° C, c h r o m a t o g r a p h i c a l l y  ident ical  with the (IV) i so la ted  
p rev ious ly ,  and 0.31 g of  the initial g lycos ide  (I) were  obtained.  D - g a l a c t o s e  was  found in the hydro lyza te .  

B. Compound (1I) (0.8 g) in 50 ml  of  methanol  was  hydro lyzed  with 100 ml  of  Ki l i an i ' s  mix tu re  (100 ° C, 
5 h), and by the t r e a t m e n t  d e s c r i b e d  0.05 g of o leanol ic  acid,  0.07 g of  the monos ide  (III) with mp 240-242°C,  
0.08 g of  the bioside (IV) with mp 273-275°C,  and 0.48 g of ca lendulos ide  C with mp 224-226 ° C, [ot]~+30 ° 
(c 0.5), w e r e  isolated.  In i ts  c h r o m a t o g r a p h i c  behav iour  and IR s p e c t r u m ,  the l a s t -men t ioned  p roduc t  was  
ident ical  with the (I) i so la ted  f r o m  the roots .  

Alkal ine Hydro lys i s .  A. Compound (I) (0.15 g) was  hyd ro lyzed  with 15 ml  of  a mix tu re  of methanol  
and 5% KOH (1 : 1) (100 ° C, 6 h).- The solution w a s  neu t ra l i zed  with Dowex 50 W 100/200 (H + form).  This  
gave unchanged  ca lendulos ide  C. 

B. The h y d r o l y s i s  of 0.1 g of  (II) w a s  p e r f o r m e d  s imi l a r ly .  This  gave 0.07 g of  a g lycos ide  ident ical  
in c h r o m a t o g r a p h i c  behav io r  and p h y s i c o c h e m i c a l  cons t an t s  with (I). D-Glucose  was  found in the h y d r o l y -  
zate  by PC and TLC. 

Ace to lys i s .  A. A mix tu re  of  0.1 g of  (I) in 5 ml of  ace t ic  anhydr ide  and 5 ml of 2% H2SO 4 solut ion in 
ace t ic  anhydr ide  was  left  a t  r o o m  t e m p e r a t u r e  fo r  48 h. Then the mix tu re  was  diluted with 25 ml of wate r ,  
neu t ra l i zed  with Na2CO 3, and e x t r a c t e d  with c h l o r o f o r m .  The res idue  a f te r  the evapora t ion  of  the e x t r a c t  
was  d i s so lved  in 5 ml  of  absolu te  methanol ,  and gaseous  a m m o n i a  was  p a s s e d  th rough  the solut ion for  30 
min.  D-g lucose  and D-ga l a c t o se  were  identif ied by PC and TLC.  

B. The a c e t o l y s i s  of  0.1 g of {II) a s  d e s c r i b e d  above led to the de tec t ion  of D-g lucose  and D-g a l a c t e s e .  
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Trea tment  with Diazomethane. A. A solution of 0.05 g of (I) in 5 ml of methanol was methylated with 
2.5 ml of an e thereal  solution of diazomethane. The mixture was left at room tempera ture  for 24 h. Then 
the solvent was distilled off and the residue was hydrolyzed with 2.5 ml of 10 % HC1 in a sealed tube (100 ° C, 
5 h). After the mixture had been cooled, methyl oleanolate was fi l tered off (mp 198-200 ° C). It was iden- 
tical with an authentic sample (TLC in sys tem 7). 

B. Compound (II) (0.05 g) was t reated with diazomethane as descr ibed above, and after  hydrolys is  
oleanolic acid was identified with a marker .  

Periodate Oxidation. A. A solution of 0.05 g of (I) in 50 ml of methanol was t reated with 25 ml of 
acetate buffer (pH 3.6) and 0.2 g of NaIO 4, and the mixture was left in the dark at +6°C for three days. Then 
a few drops of ethylene glycol was added and the mixture was fil tered. The filtrate was evaporated to d r y -  
ness,  the residue was hydrolyzed with 2 ml of 10 % HC1 (100 ° C, 5 h), and oleanolic acid and D-glucose were 
identified. 

B. A solution of 0.1 g of (II) in 70 ml of water  was treated with 0.25 g of NaIO 4 and, as described,  D- 
glucose was found in the react ion product. 

C. When 0.03 g of (IV) was oxidized with 0.08 g of NaIO 4 in 10 ml of methanol, no D-glucose was found. 

D. When 0.03 g of (V) was subjected to periodate oxidation as descr ibed above, D-glucose was found. 

Methylatioa. A. To a solution of 0.4 g of (I) in 8 ml of dimethyl sulfoxide were added 0.4 g of sodium 
hydride and 2.5 ml of methyl iodide. The reaction mixture was s t i r red  at room tempera ture  for  14 h and 
was then concentrated in vacuum. The residue was diluted with water  and extracted with chloroform.  The 
ext rac ts  were washed with Na2SzO 3 solution and with water  and were evaporated to dryness .  Chromatography 
on a column of sil ica gel ~2 x40 cm) in sys tem 8 yielded 0.42 g of the methyl es te r  of (I), C59H100018, with 
mp 176-178 ° C, [(~]~ + 42.9 (c 0.5). 

B. The methylation of 0.5 g of (II) as descr ibed above yielded 0.58 g of the methyl e s t e r  (II), C68Hl180~, 
mp 211-213°C, [c~]~+30 ° (c 0.5). 

C. The methylation of 40 mg of (IV) and chromatography on a column containing 10 g of sil ica gel in 
system 12 yielded 30 g of the amorphous methyl e s t e r  (IV) with mp 101-103 ° C, [~]~ + 16.5 ° (c 0.52). 

D. Similarly,  the methylation of 30 mg of (V) yielded 30 mg of the permethylate  of (V) with mp 82- 
84°C, [~]~+15 ° (c 0.5). 

.Hydr° lys is  of the Methyl E thers  and Identification of the Methyl Glycosides.  A. The permethylate  
of (I) (0.3 g) in 40 ml of methanol was boiled with 6 ml of concentra ted HC1 for 6 h, and then 18 ml of water  
was added and the mixture was boiled for another 3 h. After cooling, 0.12 g of methyl oleanolate was fi l-  
tered off. The filtrate was neutral ized with Dowex-3 (HCO~" form) and evaporated to dryness ,  giving 0.15 g 
of methyl glycosides.  By PC (system 9), TLC (systems 10 and 11), and GLC, 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D -  
glucopyranose,  2,3,4,6-tetra--O-~methyl-D-galactopyranose, and 4 ,6 -d i -O-methy l -D-g lucopyranose  were 
identified (in the presence of markers ) .  Chromatography on a column containing 40 g of sil ica gel in sys -  
tem 11 yielded 38 mg of 2 ,3 ,4 ,6- te t ra--O-methyl-D-glucopyranose with [a]~+ 80 ° (c 1; water) ( l i terature 
data: [o~]~÷ 79 ° (water) [12]); 12 mg of a mixture of 2 ,3 ,4 ,6- te t ra -O-methyl -D-glucopyranose  and 2,3,4,6- 
t e t ra -O-methy l -D-ga lac topyrano  se; 30 mg of 2 ,3 ,4 ,6 - te t ra -O-methyl -D-ga lac topyrano  se with [o~]~ + 105 ° 
(c 1; water) (li terature data: [a]D ~" 117"8° (water) [13]); and 27 mg of 4 ,6 -d i -O-methy l -D-g lucopyranose  
with mp 160-162°C, [a]~+65 ° (c 1; water) (l i terature data: mp 158-160°C (methanol -e thyl  acetate), [a]~+ 
63.7 ° (water) [14]). 

4 ,6 -Di -O-methyl -D-glucopyranose  (13 mg) was dissolved in 2.5 ml of methanol, and 2 ml of water  
and about 3 mg of NaBD 4 were added and the mixture was left at +6°C for 10 h. Then it was neutralized 
with Dowex-3 (H + form) and evaporated to d ryness  with the addition of 5-ml port ions of methanol four t imes.  
The residue was acetylated a n d w a s  purified on a column of silica gel. The m a s s  spectrum contained the 
followingpeaks: 43 (1105,45 (75), 71 (25), 74 (20), 85 (10), 86 (27), 87 (425, 88 (12), 98 (12), 99 (22), 101 (67), 111(5), 
112 (105,113 (5), 115 (7), 116 (75,117 (75,118 (5),128 (375,129 (I00),130 (135,143 (7), 157 (6), 159 (4), 160 (7), 161 
(82), 185 (3), 189 (5), 202 (7), 203 (3), 217 (1), 218 (1, 5), 220 (1), 232 (2), 243 (1), 245 (i),261 (4), 262 (30), 305 (0.37), 
320 (0.75), 334 (0.37), 379 (0.07%). These peaks and the ratio of their intensities correspond to literature in- 
formation for 1,2,3,5-tetra- O- acetyl-4,6-di- O-methyl-D- sorbitol [6]. 

B. When 0.2 g of the permethylate of (If) was hydrolyzed, 2,3,4,6-tetra-O-methyl-D-galactopyranose, 
2,3,4,6-tetra-O-methyl-D-glucopyranose, and 4,6-di-O-methyl-D-glucopyranose were identified (with mark- 
ers) by PC, TLC, and GLC. 
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C. The permethyla te  of (IV} (25 mg) was hydrolyzed with 2.5 ml of 5 % HC1 in methanol in a sealed 
tube (100°C, 7 h). In the p resence  of marke r s ,  methyl 2 ,3 ,4 ,6- te t ra -O-mcthyl -D-glucopyranos ide  and methyl 
3 ,4 ,6- t r i -O-methyl-D~glucopyranoside  were  identified by GLC. 

D. After the hydrolysis  of 25 mg of the permethyla te  of (V), as descr ibed above, methyl 2 ,3 ,4 ,6- te t ra -  
O-methyl-D-galactopyranoside and methyl 2 ,4 ,6- t r i -O--methyl-D-glucopyranoside were  identified by GLC. 

S U M M A R Y  

The s t ruc ture  of new t r i te rpene  glycosides f rom the roots  of potmarigold calendula (C. officinalis) 
has been established: oleanolic acid 3-{[galactopyranosido-(1--3)]  [g lucopyranosido-(I - -2)] - f l -D-glucopy-  
ranoside} (calenduloside C) and the 28-acyl-f l -D-glucopyranosidc of calenduloside C (calenduloside D). 
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