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We have p rev ious ly  [1] i so la ted  a mix ture  of eight g lycosides  of oleanolic acid f rom the roots  of 
Calendula officinalis  L. and have proposed a par t i a l  s t ruc tu re  for the leas t  polar  glycoside - calenduloside 
A (II). In the p re sen t  paper  we give the r e su l t s  of the isolat ion and the de te rmina t ion  of the complete  s t r u c -  
tu re  of (II) and also of a m i n o r  component  of the mix tu re  of g lycosides  - a monoside of oleanolic acid (I), 
which we obtained also by the incomplete  acid hydrolys is  of (II). 

The monoside  (I), with the composi t ion C36H5808, which is p resen t  in the roots  of C__. officinalis in the 
fo rm of t r a c e s  was detected in smal l  amounts when the combined glycosides  were  ch romatographed  on a 
column of s i l ica  g e l  and was also i so la ted  f r o m  the products  of the incomplete  hydro lys i s  of this mix tu re  
(in the l a t t e r  case ,  the yield was 7.5%). The identi ty of the s amples  was conf i rmed by the absence of a de-  
p r e s s ion  of the mel t ing  point of a mix tu re  and by the i r  IR spec t r a .  

Calenduloside A (II), C42H68013 • H20, was obtained by chromatographing  the combined glycosides  on a 
column of s i l ica  gel;  yield 3%. The two glycosides  give a t e t r aace t a t e  C44H660~2 and a heptaaceta te  
C56H82020 , r e spec t ive ly ,  and the pe rme thy la t e s ,  C41H6808 and C50H84013. 

According to the UV spec t rum,  glycosides  (I) and {II) contain a t r i subs t i tu ted  olefinic group (~ 7°%C2H5OH 
max  

204-206 nm, ~ 4514), while the IR s p e c t r a  show the p re sence  of a f ree  carboxy  group (1700 cm -t) and a 
hydroxy group (3440 cm-1).  

The p r e sence  of a ca rboxy  group is also conf i rmed  by the solubil i ty of (I) and (II) in alkal is  (they are  
p rac t i ca l l y  insoluble in water ) ,  by po ten t iomet r ic  t i t ra t ion,  and by the fo rmat ion  of methyl  oleanolate on 
hydro lys i s  of the pe rm e t hy l a t e s .  

When (I) and {II) were  subjected to comple te  hydrolyt ic  decomposi t ion,  in addition to oleanolic acid 
the hydro lysa te  was found to contain D-glucose  in the case  of (I), and D-g lucose  and D-ga lac tose  in the case  
of {II). 

The par t ia l  hydro lys i s  of (II) by  dilute m ine ra l  acids and 10% oxalic acid led to a mix ture  of D-ga l ac -  
tose ,  D--glucose,the monoside (I), and oleanolic acid. No d isacchar ide  (lactose) was found in the products .  
On the ace to lys i s  of (II) and subsequent  diacetylat ion [2], l ac tose  was identified by PC and TLC.  

TABLE 1 

Substance ~Iol. wt. 
[alff, ~ [MI~ ~.C Form 

:methanol d_egrees lof bond 

Methyl a- D-glucopyranosid.e 
Me,y1 B-D-glucopyranosid.e 
Memy~ c~- u- galactopyranosiae 
Methyl B -D-galaetopyranosfde 
C alenduloside A 
The monosid¢ 
Oleanolie acid 

194,2 

799.0 
618,86 
456.7 

+ 149 
-25 
+161 
+5 
+41,4 
+55,7 
+80,0 

I 
+289,4 
- -  48,6 
+312,7 
+ 9,7 
+330,8 
+329,3 +1~5 
+365,3 - 
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The difficulty of the hydro lys i s  with dilute mine ra l  acids [3] shows that the sugars  have the pyranose  
form,  which is also conf i rmed by the fo rmat ion  of 2 , 3 , 4 , 6 - t e t r a -O-me thy l -D-g lucopy ranose  in the hydrolys is  
of the permethy la te  of (I} and of 2 , 3 , 6 - t r i -O- me thy l -D-g lucopy ranose  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 -  
pyranose  in the hydro lys i s  of the pe rmethy la te  of (II). 

Methylation was effected with methyl  iodide in the p resence  of sodium hydride in dimethyl  sulfoxide 

[4, 5]. 

The configurat ions of the glycosidic  cen te r s  were  es tab l i shed  f rom the di f ference in the mo lecu l a r  
rotat ions between the bioside (II) and the monoside (I), and between the monoside (I) and oleanolic acid in 
accordance  with Klyne ' s  rule [6] (Table 1), by compar i son  with the m o l e c u l a r  rotat ions of methyl  a -  and 
fi -D-g lucos ides  and ~ -  and f l -D-ga lac tos ides  given in the l i t e r a tu re  [7]. 

On the bas i s  of the informat ion  given, the complete  s t r uc tu r e s  of the monoside (I) and of calendulo-  
side A (l'[) can be r e p r e s e n t e d  in the following way: 

OH 
I 

c~oh c~oH 
H.OA~.- 0 _ .,A-=-O,,_ ~H 

O~ OH 

II 

The 3 -O- f i -D-g lucopyranos ide  of oleanolic acid in the fo rm of the hydrate  C36H5808 " 2H20 has  been 
obtained synthet ical ly  [8, 9] and has recent ly  been found in Beta  vulgar is  [I0]. 

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

Chromatography  was c a r r i e d  out on type KSK s i l ica  gel and type M ("slow") pape r  of the Leningrad 
Volodarski i  Mill with the following s y s t e m s  of solvents :  1) c h l o r o f o r m - m e t h a n o l - w a t e r  (61:32 : 7); 2) 
c h l o r o f o r m - m e t h a n o l  (9:1);  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 -  
wa te r  (1 : 5 : 3 : 3); 5) ethyl 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 - e t h a n o l  (25 : 1) ; 7) ch lo ro -  
f o r m - e t h y l  aceta te  (10 : 1) ; 8) b u t a n : - l - o l - e t h a n o l - w a t e r  (5 : 1 : 4) ; 9) b e n z e n e - a c e t o n e - w a t e r  (5 : 5 : 1); 
10) c h l o r o f o r m - a c e t o n e  (10 : 1); 11) c h l o r o f o r m - m e t h a n o l - w a t e r  (10 : 2 : 3); 12) c h l o r o f o r m - a c e t o n e  (4 : 1); 
and, 13) c h l o r o f o r m - m e t h a n o l  (7 : 3). 

The sugars  were  r evea led  by aniline phthalate and a mix tu re  of aniline,  diphenylamine,  and phosphor -  
ic acid,  and the glycosides  and the i r  de r iva t ives  with 20% sulfur ic  acid. 

The IR sp ec t r a  of the subs tances  were  taken on a UR-10 spec t ropho tome te r  (paraffin oil) and the UV 
s p e c t r a  on a "Hitachi" record ing  spec t ropho tomete r .  The potent iometr ic  t i t ra t ion  was p e r f o r m e d  on a L P -  
58 p H - m e t e r .  

The gas- l iqu id  ch romatography  was c a r r i e d  out on a "Pye"  ch romatograph  (column filled with C h r o m o -  
sorb  W impregna ted  with 10% of neopentyl glycol succinate  with ni t rogen as the c a r r i e r  gas  at 150°C) and a 
"Chrom 2" ins t rumen t  [Chromosorb  W impregna ted  with 5% of poly(neopentyl glycol succinate)  with argon 
as the c a r r i e r  gas at 169°C]. 

The NMR s pec t r a  were  recorded  on a Var ian  HA-100 s p e c t r o m e t e r  (with deuteropyr id ine  as the so l -  
vent and t e t r amethy l s i l ane  as internal  s tandard) .  

The mel t ing points were  de te rmined  on a Kofler  block.  The analytical  f igures  for  all the compounds 
cor responded  to those ca lcula ted .  

Isolat ion of the Glycosides .  The comminuted  and ch lo ro fo rm-de fa t t ed  roots  of C.  officinalis  (4 kg) 
were  exhaust ively  ex t rac ted  with methanol .  The concent ra ted  methanol ic  ex t r ac t s  deposi ted a prec ip i ta te  
which was f i l t e red  off and washed with acetone.  Yield 100 g. According to TLC on s i l ica  gel in s y s t e m  1, 
the mix tu re  obtained cons is ted  of eight g lycos ides .  
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This mixture (27 g) was t r ans f e r r ed  to a column (7.5 × 80 cm) containing 800 g of si l ica gel and was 
chromatographed in sys tem 1, fract ions amounting to 50-60 ml being collected and examined by TLC on 
si l ica gel in the same sys tem.  Fract ions  with s imi la r  composit ions were combined. This gave 0.05 g of a 
mixture containing a monoside and less  polar  impuri t ies .  After  rechromatography  on a column of si l ica 
gel success ive ly  with chloroform and sys tem 2, 0.02 g of a monoside was obtained which was chromato-  
graphical ly  homogeneous on a si l ica gel plate in syste m 1 (Rf 0.72), mp 240-242°C (methanol), [~]~ + 55.7 ° 
(c 0.5; methanol).  

Found: tool. wt. 618; 622 (potentiometrically)[11];646 (spectrophotometrical ly)  [12]. C36H5808. Cal- 
culated: tool. wt. 618.9. 

Li te ra ture  data for the hydrate  of the 3-O-f i -D-glucopyranos ide  of oleanolic acid - 247-249°C [8], 
242-244°C [9, 10], [a]~ +56 =~ 2°C (c 4, pyridine) [8]. 

The products  of the incomplete hydrolys is  of the combined glycosides (5.6 g) were chromatographed 
on a column of si l ica gel in sys tems  2, 3, and 1, success ively .  The fract ions were analyzed by TLC in s y s -  
tem 1, and 0.75 g of a monoside with mp 240-242°C (methanol) was obtained. 

When 27 g of the combined glycosides was subsequently chromatographed on a column as descr ibed 
above, after the elution of the monoside 0.85 g of calenduloside A was obtained; it was homogeneous in s y s -  
tem 1 (Rf 0.667 and had mp 260-262°C (chloroform-ethanol ) ,  [~]~ + 41.4 ° (c 0.5, methanol). 

Found: tool. wt. 799.795 (potentiometrically).  C42I-I68013" H20. Calculatedi mol. wt. 799.0. 

Acid Hydrolysis .  The hydrolys is  of 30.6 mg of the monoside was pe r fo rmed  with 8 ml of Kiliani' s 
mixture [conc. HC1-CH3COOH-H20 (10 : 35 : 55)]. Oleanolic acid was identified by TLC on si l ica gel in 
sys tems 1 and 2, and D-glucose  by PC in sys tem 3. 

Calenduloside A (20 rag) was hydrolyzed with 5 ml of Kiliani 's  mixture .  The result ing precipitate of 
oleanolic acid was rec rys ta l l i zed  f rom methanol,  mp 306-308°C. The fi l trate was evaporated to dryness ,  
and D-glucose  and D-galac tose  were identified by PC in sys tems  3 and 4. 

A mixture of 85.8 mg of calenduloside A in 20 ml of methanol and 20 ml of 5% HC1 was heated with 
s t i r r ing  for  9 h. The result ing precipi tate  was f i l tered off and chromatographed on a column of si l ica gel 
and then in sys tems  2 and 13. This gave oleanolic acid and a monoside with mp 240-242°C, identical with 
the samples obtained previously  with respec t  to chromatographic  behavior and IR spect rum.  

Aceto lys is .  A solution of 0.1 g of calenduloside A in 5 ml of acetic anhydride and 5 ml of 2~c H2SO 4 in 
acetic anhydride was left at room tempera tu re  for 48 h. Then 25 ml of water  was added and the mixture 
was neutral ized with Na2CO 3 and extracted with chloroform.  After  the solvent had been distil led off, the 
product was dissolved in absolute methanol and t rea ted  with gaseous ammonia for  30 rain. Lactose was 
identified by PC (system 37 and TLC (system 5). 

Acetylat ion.  The monoside (54 rag) was acetylated with 3 ml of a mixture of pyridine and acetic an- 
hydride (2:1) .  The yield of chromatographica l ly  homogeneous (system 7) acetate,  C44H66012 , was 56.8 mg, 
mp 219-221°C (ethanol) [~]~ + 70 ° (c 0.5; methanol).  

In the NMR spect rum there are  four th ree -pro ton  singlets in the region around 2 ppm (2.00, 2.02, 
2.06, arid 2.11 ppm) due to the protons of an acetoxy group, which conf i rms the presence  of four acetyl 
groups.  

SLmflarly, 53.8 mg of calenduloside A gave 55.8 mg of an acetate with the composit ion C56H82020 , mp 
165-167°C, [w]~ +55.7 ° (c 0.5; methanol).  

In the NMR spec t rum,  in the region of the signals of methyl groups of acetoxy groupings there  is a 
se r ies  of overlapping peaks with a total intensity of 21 proton units [1.93 (3H), 2.00 (6H), 2.02 (3H), 2.17 
(9H)], which shows the presence  of seven acetyl groups.  

Methylation. A solution of 0.48 g of the monoside in 10 ml of dimethyl sulfoxide was t rea ted  with 
0A5 g of sodium hydride and 3.5 ml of methyl iodide. The react ion mixture was s t i r r ed  at room t e m p e r a -  
ture for  14 h, and was then part ial ly evaporated in vacuum, mixed with 150 ml of chloroform,  and extracted 
with water  (8 × 150 ml). In the penultimate extract ion an aqueous solution of Na2S20 3 was added for de-  
colorat ion.  The ch loroform solution was distilled, giving 0.5 g of resinous residue.  By chromatography on 
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a column of s i l ica  gel and elution with s y s t e m  7, 0.22 g of the comple te ly  methyla ted  monoside,  with the 
composi t ion C41H6808, mp  98-100°C, Rf 0.63 (TLC in s y s t e m  7),was obtained. 

The IR spec t rum lacked the absorpt ion bands of OH groups .  

Calenduloside A (0.2 g) was t r e a t ed  in 10 ml  of dimethyl  sulfoxide with 0.3 g of sodium hydride and 
3 ml  of dimethyl  sulfoxide. The reac t ion  was p e r f o r m e d  in a cu r r en t  of ni t rogen.  Af te r  s t i r r i ng  for  4 h, 
3 ml  of methyl  iodide was added at such a ra te  that  the t e m p e r a t u r e  did not r i se  above 25°C. 

The reac t ion  mix ture  was poured into wa te r  and ex t rac ted  with ch lo ro fo rm (5 x 100 ml).  The ch lo ro -  
fo rm ex t r ac t s  were  washed with Na2S203 solution and with wa te r  and were  evapora ted  to d rynes s .  This  
gave 0.15 g of ch romatograph ica l ly  homogeneous ( sys tems  7 and 107, comple te ly  methyla ted  calenduloside A 
with the composi t ion  C50H84013 , m p  109-110.5°Q. 

No absorpt ion  band of OH groups was p re sen t  in the IR s p e c t r u m .  

Acid Hydrolys is  of the P e r m e t h y l a t e s .  A mix tu re  of 0.1 g of the pe rme thy la t e  of the monoside,  10 ml  
of methanol ,  and 0.5 ml  of conc. hydrochlor ic  acid was heated  with s t i r r ing  for  5 h. Then 7 ml  of wa te r  
was added and it  was heated fo r  another  3 h. The methanol  was dis t i l led off and the prec ip i ta te  of methyl  
oleanolate that  had deposited was f i l t e red  off, dr ied,  and r e c r y s t a l l i z e d  f rom ethanol,  mp 198-200°C. A m i x -  
ture  with an authentic sample  gave no depress ion  of the mel t ing  point. 

The f i l t ra te  was neu t ra l i zed  with an anion-exchange r e s in  (Dowex-3, OH- form)  and evapora ted  to 
d ryness .  This gave a methyla ted  monosacchar ide  (0.02 g). By PC (sys tem 8), TLC (system 9), and GLC 
with an authentic sample ,  it was identified as 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o s e .  

A mix tu re  of 0.12 g of the pe rme thy la t e  of calenduloside A, 6 ml  of methanol ,  and 0.4 ml  of conc. 
hydrochlor ic  acid was heated  with s t i r r i ng  for  10 h, and then 2.5 ml  of wa te r  was added and it was heated 
for another  5 h. The methanol  was dis t i l led off and the prec ip i ta te  that deposi ted was f i l te red  off and t r a n s -  
f e r r e d  to a column of s i l ica  gel .  It was eluted with ch lo roform,  giving ch romatograph ica l ly  homogeneous 
methyl  oleanolate,  mp 198-200°C (ethanol). Yield 0.07 g. 

The methyla ted  sugar s  f rac t ion  was neut ra l ized  with an anion-exchange r e s in  (Dowex-3, OH- form)  
and evapora ted  to d rynes s .  Yield 0.038 g. By TLC (sys tems 11 and 12) and GLC with authentic s amples ,  
2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g a l a c t o s e  and 2 , 3 , 6 - t r i - O - m e t h y l - D - g l u c o s e  were  identified. 

S U M M A R Y  

1. The s t ruc tu re  of a new t r i t e rpene  glycoside f rom the roots  of Calendula officinalis  L. - calendulo-  
s i d e  A - h a s  been es tab l i shed  as the 3 - O - [ O - f i - D - g a l a c t o p y r a n o s y l - ( 1 - -  4 ) - f i -D-glucopyranos ide]  of o lean-  
olic acid. 

t ime .  
2. The 3 -O- f i -D-g lucopyranos ide  of oleanolic acid has been iso la ted  f r o m  C. officinalis for  the f i r s t  
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