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V .  I .  L i t v i n e n k o ,  a n d  N.  K .  A b u b a k i r o v  

Continuing a study of the glycosides  of the seeds  of Vacca r i a  segeta l is  (Neck.) Carcke  (family 
Caryophyl laceae) ,  we have isola ted a new flavonoid compound which we have cal led vaccar in .  

The posi t ive cyanidin reac t ion  [1], the chromatographic  behavior,  and the good solubil i ty in water  of 
this compound show its glycosidic nature .  The a lmos t  identical intensi t ies  of  the m a x i m a  of the sho r t -  
wave and long-wave bands of the UV spec t rum,  and a lso  the distance between them, which is between 50 
and 60 nm p e r m i t  i t  to be ass igned to the f lavones [2]. 

The acid hydro lys i s  of vacca r in  gave a mix tu re  of two substances  of flavonoid nature  and sugars  
(D-glucose and L-a rab inose )  which were  identified chromatographica l ly .  The propor t ion of the combined 
flavoaoid subs tances  fo rmed  on hydro lys i s  amounted to 60% of the weight of the initial glycoside.  Conse-  
quently, on acid hydro lys i s  one molecule  each of glucose and arabinose  was spli t  off. 

The flavonoid products  of acid hydro lys i s  were  separa ted  on a column of polyamide sorbent .  Both 
these  subs tances  (Table 1) also proved  to be glycosides ,  but they were  not c leaved  by the usual  hydro lys i s  
with acids ,  undergoing mutual  i somer iza t ion  to fo rm an equi l ibr ium mix tu re  a f te r  being heated with 10% 
hydrochlor ic  acid for  3 hours .  On hydro lys i s  with Ki l iani ' s  mixture ,  these compounds gave apigenin and, 
as  sugars ,  D-g lucose  with a smal l  amount  of D-a rab inose .  On the bas i s  of these  p rope r t i e s ,  both f lavo-  
noids m u s t  be C-glycos ides .  

In o rde r  to de te rmine  the f ree  hydroxy groups and the position of the ca rbohydra te  subst i tuent  in the 
glycoside invest igated,  we p e r f o r m e d  a spec t ra l  invest igat ion in the UV region using complex - fo rming  and 
ionizing r eagen t s  [3, 4]. The values of the m a x i m a  and their  shifts (Table 2) show that there  a re  f ree  hy-  
droxy groups  in posi t ions 5 and 7. The azo-eoupl ing  reac t ion  [5] for  vacca r in  and for  the two flavonoid 
compounds (II) and (IID obtained by acid and alkaline hydro lys i s  of the glycoside (I) was posi t ive.  Conse-  
quently, only posi t ions C 4' and C 6 r ema in  for the ca rbohydra te  subst i tuents .  

TABLE 1. Phys icochemica l  P r o p e r t i e s  of Vaccar in  and 
I ts  Der iva t ives  

o a  
Composition Mp, "C [a] D, deg (15~ v 

CH,COOH) 
Substance 

% 

Vaccarin (1) 
mearabovaccafin (If) 
Degluco (4')-vacearin 
(In) 

Apigenin 6-C-anti-/~- 
D -glucopyranoside 
(an~i -I V) 

Apigenin 6-C-$yn-t3- 
p - glucopyr anosid e 
tsyn-~v) 

Aplgenin (V) 

C2tH2oO,o 

C2,H~D,o 
C15H,oO5 

209--211 
225--227 

199--202 

230-,-231 

255--257 
343--345 

--49 
-25 

+42 

+21,5 

--43 

0,71 
0.55 

0.66 

0,40 

0.19 
0,05 
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TABLE 2. Spectral  Charac te r i s t i cs  of Vaccar in  and Its Derivative 
in the UV Region (maxima and shifts nm) 

"Substance • I Ethan°l I  thano1 - --log 

Vaccarin (I) 

Dearabovaccarin (II) 

Degluco (4')-vac- 
carin (lid 

Anti form of com- 
pound (IV) 

Syn form of com- 
pound (IV) 

Apigenin (V) 

k ak 

Ethanol+ 
+EtNa 

k Ak 

Ethanol + 
+ZrO(NO~h 

eA 

332 
273 
335 
271 
335 
270l 
3351 
271 I 
335 
2711 
336 
270 

4,21 
4,19 
4,20 
4,18 
4,22 
4,19 
4,20 
4,18 
4,20 
4,18 
4,40 
4,38 

395 

392 

395 

390 

390 

380 

63 400 

57 40O 

60 4OO 

55 402 

55 400 

44 4OO 

68 385 (A) 
360 (B) 

65 385 " " 
355 

65 385 
357 

67 385 
345 

65 390 
356 

64 390 
355 

53 

50 

50 

50 

55 

54 

65 

55 

60 

53: 

57 

103 

TABLE 3. Values of the Chemical Shifts of the Pro tons  in 
Vaccar in  Derivat ives  (6, ppm) 

Substance 

Anti form of (IV) 

Syn form of (IV) 

H~ 

6.75 

6.65 

Ha 

6.15 
(2,5)* 

Proto~ 

H~ H~H6 

6,55 7(:)0 
(2,5) 

- 

H~H5 

o# 
. i  

4.75 
(7,5) 

4.85 
(7,5) 

D gluco VaCcarinactate I oAI3OAcl6OXclOXcIH1 
"'" 2,03 ! .96 1,92 -- 4,85 

(7,5) 

* The values of the s p i n - s p i n  coupling constants (J), Hz are  
given in parentheses .  

The resul t s  of an analysis  of the z i rconyl  complexes in the UV region [6] show that the rat io of the 
intensi t ies of the main  (A) and the  subsidiary  (B) maxima in vacear in  and its der ivat ives  is between 55 and 
65%, which conf i rms  the position of the carbohydrate  substituent at C 8. 

To determine the position and order  of addition of the sugar res idues  we used the resu l t s  of s tep-  
wise alkaline and acid hydrolys is .  Stepwise hydrolysis  with weak acid gave a diglycoside (II) and a C- 
monoglucoside (IV) (anti form). It  was established by chemical  and spectra l  investigations that (II) has the 
s t ruc ture  of 4' ,5,  7- tr ihydroxyflavone 6-C-f l -D-glucopyranoside  4 ' -O-f l -D-glucopyranos ide .  This flavonoid, 
which we have called dearabovaccar in  has the same composition as i sosapoaar in  (isolated f rom the seeds 
of V._. se~etalis [7]) and is chromatographica l ly  identical with it. 

The resu l t s  obtained show that the L-a rab inose  may be attached to the glucose presen t  at  C 4' or that 
p resen t  at C 6. To investigate this, we pe r fo rmed  the alkaline cleavage of the glycoside (I) [8]. This gave 
a bioside - degluco(4 ' ) -vaccar in  (I1D - t h e  ac idhydro lys i s  ofwhichgave a mixture  of the C-monoglycosides  
(IV) and L-arab inose .  

The question of the position of at tachment of the L-arab inose  to the glucose at C 6 was solved on the 
basis of the resu l t s  of the periodate oxidation of vaecar in  and a study of the NMR spect ra  of the acetate of 
the bioside (III). When (I) was subjected to periodate oxidation and the oxidation products  were  hydrolyzed,  
no monosacchar ides  were found. Consequently, a 1 ~  3 bond is excluded. Fu r the rmore ,  the absorption of 
5 moles  of sodium periodate and the isolation of 2 moles  of formic  acid excludes a 1 ~  6 bond. 

The NMR spect rum of the acetate of compound (III) has signals at  2.03, 1.96, and  1.92 ppm (Table 3), 
cor responding to 4 " -OAc ,  3 " - O A t ,  and 6" -OAc  and has no signal at 1.77-1.82 ppm corresponding to 2 " -  
OAc [9, 10]. Consequently, the L-a rab inose  is attached to the 2" -OH group of the D-glucose .  
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I t  was s ta ted above that  the acid hydro lys i s  of vaccar in ,  of dea rabovacca r in ,  and of degluco(4 ' ) -  
vacca r in  fo rms  a mix tu re  of two apigenin C-monoglycos ides .  The phys icochemica l  p rope r t i e s  of the sub-  
s tances  obtained dif fer  f rom those given in the l i t e ra tu re  [9] for saponaret in  and vitexin.  The products  of 
the acid hydro lys i s  of vacca r in  have a higher  specif ic rota t ion (see Table 1). In addition, the posi t ive  azo-  
coupling reac t ion  [5] and the ra t io  of the intensi t ies  of the max ima  [6] in the UV spec t r a  of the z i rconyl  
de r iva t ives  (see  Table  2) shows that  both compounds,  like vaccar in  i tself ,  a r e  6 -C-monog lycos ides  of 
apigenin. According to the rotat ional  theory  of the s t ruc tu re  of C-glycos ides  of f lavones developed by one 
of us (V. I. Litvinenko) [6], the substance with mp 255-257°C mus t  be apigenin 6 - C - s y n - 3 - D - g l u c o p y r a n o -  
side and the compound with mp  230-231°C m u s t  be apigenin 6-C-ant i - /3-D-glucopyranos ide .  The inves t i -  
gations p e r f o r m e d  show that the s t ruc tu re  of vaccar in  can be r ep re sen t ed  as 4 ' ,5 ,7 - t r ihydroxyf lavone  6- 
C- [O-c~-L-a rabopyranosy l - (1  ~ 2)-/~-D-glucopyranoside] 4 ' -O-3 -D-g lucopyranos ide .  The configurat ions 
of the glycosidic  cen te r s  and the s izes  of the oxide r ings  of the sugars  a re  given provis ional ly .  

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

Thin - l aye r  ch romatography  (TLC) was p e r f o r m e d  with KSK si l ica  gel containing 5% of gypsum and 
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  (65 : 35 • 8); 2) 15% acet ic  acid; and 3) 
b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5). The glycosides  were  revea led  with a 25% solution of phospho- 
tungstic acid and a 2~ solution of zirconyl  chlor ide in methanol .  The UV spec t ra  were  obtained on a SF-  
4A ins t rumen t  and the NMR spec t r a  on a JNM-4H-100 MHz s p e c t r o m e t e r  (with HMDS as in ternal  s tand-  
ard) by G. M. Bulgakov. The r e su l t s  of the ana lyses  of all the compounds co r responded  to the calculated 
f igures .  

Isolat ion of the Glycoside.  A solution of 30.0 g of the combined ex t rac t ive  subs tances  f rom the 
seeds  of V. segeta l i s  in 150 ml  of water  was deposi ted on a column of ]~D~-10P (OH form),  and the column 
was washed with wa te r  to e l iminate  sapenins.  The flavonoids were  eluted f rom the column with 3% acet ic  
acid. The acet ic  acid e luates  were  combined and ex t rac ted  with butanol. The butanol ex t r ac t s  were  evap-  
ora ted  and the res idue  was t r a n s f e r r e d  to a column of s i l ica  gel (300 g) and chromatographed  in sy s t em 1 
with moni tor ing by TLC on s i l ica  gel in the s ame  sys tem.  The f rac t ions  containing the vacca r in  were  
combined, evapora ted ,  and r e c r y s t a l l i z e d  f rom aqueous ethanol. This gave a c rys ta l l ine  powder with m p  
209-211°C, [c~]~ - 4 9  ° (c 0.1; d imethyl formamide) .  Yield 0.20% on the weight of the seeds .  

Vaccar in  Dodeca -O-ace ta t e .  A mix tu re  of 50 m g  of the glycoside,  1 ml  of pyridine,  and 1 ml  of 
acet ic  anhydride was kept  a t  r oom t e m p e r a t u r e  for  48 h. Then the mix tu re  was poured into 100 ml  of 
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cold water ,  and the precipi ta te  that deposi ted was r ec rys t aUized  f rom ethanol. MP 151-152°c, [~]~ -23"6° 
(c 0.93; chloroform) .  

Acid Hydrolys is  of Vaccar in  (I) to (IV). A solution of 2.0 g of the substance in 50 ml of 10% hydro-  
chlor lc  acid in 50% ethanol was hydro lyzed  at  100°C for 3.5 h. After  the end of hydrolys is ,  two volumes of 
water  (100 ml) and 20 ml of ethanol were  added to the mixture .  After  cooling, the hydrolyzate  was deposited 
on a column of polyamide sorbent  and this was washed with water  to a neutral  react ion.  Then the flavonoids 
were  eluted with 20% ethanol, the separat ion p roce s s  being moni tored  on paper  in sys tem 2. The anti fo rm 
of  compound (IV) s e p a r a t e d i n  the f i r s t  f rac t ions ,  and a mixture  of syn and anti fo rms  in the subsequent 
ones. After  evaporat ion of the f i r s t  f ract ions  and recrys ta l l iza t ion ,  we obtained a substance with mp 230- 
231°C, [~]~ + 21.5 ° [c 0.1; d ime thy l fo rmamide -me thano l  (1: 1)]. 

By fract ional  c rys ta l l iza t ion ,  the concentra ted  f ract ions  containing the mixture  of i somer s  yielded 
the syn form of compound (IV) with mp 255-257°C, [~]~ - 4 3  ° [c 0.08; d ime thy l fo rmamide -me thano l  (1 : 1)]. 

The aqueous fract ion of the hydrolyzate  was neutra l ized with ]~.D]~-10P (OH form) and evaporated to 
smal l  volume (0.5 ml). Paper  chromatography in severa l  sys tems of solvents showed the p resence  of D- 
glucose and L-a rab inose .  

Acid Hydrolys is  of Vaccar in  (I) to (II). A mix ture  of 0.2 g of the glycoside and 20 ml of a 0.2% solu- 
tion of hydrochlor ic  acid in 50~ ethanol was heated in the water  bath for 1 h. Compounds (II) and (IV), glu- 
cose,  and a rab inose  were  found in the hydrolyzate  by paper  chromatography.  On standing for severa l  days, 
the diglycoside (II) deposited in the fo rm of a lus t rous  yellow crys ta l l ine  powder with mp 225°C, [~]~ - 2 5  ° 
(c 0.1; d imethyl formamide) .  On acid hydro lys i s  (2% sulfuric acid, 1000C, 3 h), compound (II) gave glucose 
and both forms  of compound (IV). 

The mother  l iquors af ter  the separat ion of the (II) were  neut ra l ized  and evaporated,  and the anti form 
of compound (IV) was isolated by p repara t ive  PC in sys tem 2. 

Alkaline Hydrolys is  of Vaccar in  (I) to (III). A solution of 0.7 g of the substance in 50 ml of 0.5% aque- 
ous caust ic  potash was heated in the water  bath for  6 h. After  cooling, the react ion mix ture  was neutra l ized 
with a dilute solution of sulfuric  acid and ex t rac ted  with butanol. The butanolic ex t rac t s  were  disti l led, and 
the res idue  was chromatographed on a column of si l ica gel, with elution in sys tem 1. F rac t ions  containing 
the (III) were  combined and evaporated.  This gave a flavonoid with mp 199-202°C, [~]~ +42 ° (c 0.1; 70% 
methanol);  on hydro lys i s  with 2% sulfuric acid, compound (HI) yielded L-a rab inose  and a mixture  of the 
two forms  of (IV). 

The nonaacetate  of the bioside (HI) had mp 153-155°C, [G]~ -58 .8  ° (c 0.18; chloroform).  

Per ioda te  Oxidation of Vaccar in .  The glycoside (I) (80 mg) was oxidized with a 1~ solution of so-  
dium metaper ioda te .  A blank exper iment  was pe r fo rmed  in paral le l .  The consumption of per iodate  was 
de te rmined  by t i t ra t ion with a 0.1 N solution of sodium thiosulfate,  and the formic  acid l ibera ted  was t i -  
t ra ted  with 0.01 N caust ic  soda. Each mole of glycoside consumed 5 moles  of sodium per iodate  and formed 
2 moles  of fo rmic  acid. 

The amount of res idual  sugars  was de te rmined  in a separa te  par t  of the react ion mix ture  a f t e r  the 
des t ruct ion of the excess  of sodium per iodate  and subsequent hydrolys is .  No sugars  were  detected by pa-  
per  chromatography in var ious  sys tems .  

Acid Hydrolys is  of the Two F o r m s  of Compound (IV). Each of the C-monoglycosides  (the syn and 
anti fo rms  of (IV)) (0.02 g) was hydrolyzed  with Kiliani 's  mixture  for  20 h in the water  bath. The two forms  
gave the same aglycone with mp 343-345°C. On chromatography in sys tem 2, the substance was identified 
as apigenin. Paper  chromatography of the aqueous fract ion of the hydrolyzate  a f te r  neutral izat ion with 
E I ~ - 1 0 P  (OH form) showed the p resence  of D-glucose and a small  spot of D-arabinose .  

CONCLUSIONS 

The structure of the flavone C-glycoside vaccarin, isolated from the seeds of Vaccaria segetalis 
(Neck.) Carcke, has been determined. 
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