
S T R U C T U R E S  OF F L A V O N E  AND F L A V O N O L  G L Y C O S I D E S  

V. A. B a n d y u k o v a  a n d  ]~. T .  A v a n e s o v  UDC 547.972 

Flavonoid glycosides form a very  large group of phenolic glycosides II]. At the present  time, flavone 
and flavonol glycosides have been studied most thoroughly. We have separated the known O-glycosides of 
flavones and flavonols into three groups: monoglycosidated and diglycosidated compounds and acylated 
glycosides. 

The monoglycosidated flavones may contain two or three free hydroxy groups and One or two methoxy 
groups (as a rule, polymethoxylated flavones are not glycosidated). In Table 1, we have given the structures 
of several  known natural monoglycosidated flavones. In these glycosides, the most widely distributed ca r -  
bohydrate component is D-glucose, and then glucuronlc acid. Glycosides containing D-galactose and L- 
rhamnose are found considerably more rarely.  Pentoses (xylose and arabinose) are  present  only in bio- 
sides, and in this case arabinose is never attached directly to the aglycone. An exception is the glycoside 
salicaprin, in which arabogalactose is attached to chrysoeriol  through the arabinose (see Table 1) [68]. 
The biosides most frequently contain rutinose [O-L-rhamnopyranosyl-(1--*6)-fl-D-glucopyranose] [2] and 
neohesperidose [O-~-D-rhamnopyranosyl-(1- '2)-D-glucopyranose] [3, 6]. Biosides containing apioglucose 
[9, 32, 69], pr imeverose  [.1], sambubiose [1], and laminaribiose [42] are found. Glycosides containing 
tr iose and te t rose residues may also be found in plants [1]. 

Table 1 shows glycosides of very diverse aglycones: chrysin, baicalein, wogonin, apigenln, acacetin, 
genkwanin, scutellarein, hispidulin, dinatin, luteolin, diosmetin, chrysoeriol ,  t r icin and others.  The carbo- 
hydrate residue is most frequently attached to these aglycones in the C~ position, and more rare ly  at C 4, 
and C 5. If the glycoside contains a biose, it is predominantly present  on the seventh carbon atom (rhoi- 
folin, apiin, fortunellin, sorbifolin, diosmin, ornanthoside, palustroside, etc.). It is known that in dracoce-  
phaloside the sugar residue is in the C 3, position [56], and in tetuim it is at C 6 [31]. 

The existence of C-glycosides is character is t ic  for luteolin, apigenin, chrysoeriol ,  and diosmetin. 
We shall not consider their s tructure in this communication. 

TABLE 1. Structures of Monoglycosidated Flavones 

R 4 / R s 

R I . O 

R~=R(=Rs=H R3=OH Rt= D-Glucote--todngin [31], 
R2=R,=Rs=H Rt=OH R3= D-Gluco6e--aequinoctin [32], 
R2=R~=Rs=R6=H Rz=OH Ra= Glucumnic acid [32], 
R,=Rs=R~=H; RI=R2=OH R~= Glucumnic acid-baicalin 
R,=Rs"-R~=H; 
R,=Rs=R~=H; 
R,=R~=R6=H; 
R,=Rs=R6=H; 
R2=Rs=Rs=H; 
R==R~=Rs=H; 
R2= R,= Rs=I-I; 
R2=R,=Rs=H; 

[3It, 
Rt=R2=OH R3 = Glucodde--otoxinA. {35]. 
Rt=R2=OH R3=O-DigIucodde--oroxin B [35]. 
R2=OH; R3=OCH3 R~=O-Glucutonodde-palustrodde 
Rz=R3fOH; R2=O-Glucodde--tetuim [31.3g]. 
RI=R,=OH; R3=O-Glucuronide [44], 
R3=Rs=OH; R~=O-- Glucodde[31]. 
RI=R3=OH; R6=O- Glucodde [33.38]. 
Rt=Re=OH; R3=O-P',C;alactopyranoside--thalic(iin [391, 

[37], 
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tTABLE 1 cont inued 

R~=R~=R~=H; 
R~=R,=R~=H; 
R~=R,=R~=H; 
Rz=R~=R~=H; 
R~=R~=R~=H; 
R~=R~=R~=H; 
R~=R~=R~=H; 
R~=R~=R~=H; 
Rz=R~=R~=H; 

R..=R~=R~=H; 
Rz=R,=R~=H; 

R~=R~=R~=H; R~=OH; 
R~=R~=R~=H; R~=OIL 
R~=R~=Rs=H; Rt=OH; 
R~=R,=R~=H; R,=OH; 
R~=R,=R~=H; R~=OH; 

R~=R~=R~=H; RI=OH; 

Rt=Ro=OH; R3=O--~-D-Glucopyranoside--Cosmosiin [32,33], 
R3=R~=OH; Rt=Rhamnogluco~idc-cephalotaxoside [36], 
Rt=R~=OH, R3=O- B-Neohesperidoside -- rhoifolin [40], 
R~=Ro=OH. R3=O-Sambubioside [42], 
R,=R~=OH, Rz=O-Apioglucoside--apiin [32], 
R,=R~=OH; Ra=O-Diglucoside 143]. 
R~=R3=OH: R~ = O-Rhamnoglueo~ide [44], 
RI=R~=OH, Rz=O-Glucuronc~ide [32], 
R~=R~=OH, R3 = O-G lucuronox'v l~ide-- apigenin 7-glucuron - 

--, o oX~oside [45], 
R,=OH; R~=OCH3 R3=O-~-D-Glucoside--tilianin [166], 
R~= OH; R~= OCH~; R3= O-G lueuiono-(1--,23-glueuronide-- apigeni~7] ' 

7-glucuronoglucuronide 
R~=OCH3; R3= O-Rutino~ide-linarin (acaeiin) [46]. 
R.=OCHa. Rz=O-Rhamnoglucoside--fortunellin t32], 
Ro=OCHa R3= O-Diglucoside-acaeetin 7-diglueoside [47], 
R~=OCH3; R3= O-Xylosykhamnosylglucoside ,[31], 
R3=OCHz R,=O-Glucoside-.glueogenkwanin [32]. 
R3 =OCH3 R~=O-Glucoside--genkwanin 4- glucoside [48], 

R~=R,=Rs=H; Rt=OH; R3=OCH3 R~=~-D-Glucopyranoside-phegopoUn[38], 
R~=R~=H; R,=Rz=R~=OH; Rz=--7-O-Glucuronoside-scutellarin [49]. 
~,=R~=H; R~=R~=R~=OH; R3=7-O-Glucoside--plantaginin [50], 
R~=R~=H; R~=Rz=R~=OH, Rz=O-Rhamno~ide-sorbarioside [51], 
R,~Rs=H; R,=R:=Rs=OH; R~=O-a-L-Rhamnofuranosyl-(4--*l)-xylopyranoside- [52] 

sorbifottn 
R,=R~H; 
R~=R~=H; 
R,=Rs=H; 
R~=R~=H; 
R,=R~=H; 
R~=R~=H; 

R,=R~=H; 

R:=R,=H; 
R~=R~=H; 
Rz=R,=H; 
R~=R~=H; 
R:=R~=H; 

Rz=R~=H; 
Rz=Ra=H; 
R~=R~=H; 
R~=:R,=H; 
R~=R,=H; 
Rz=R,=H; 
R~=R~=H; 
R~=R,=H; 
R~=R~=H; 
Rz=R,=H; 
R~=R~=H; 
Rz=R~=H; 
R~=R~=H; 

R~=R,=H; 

R~=R~=H; 

Rz=R,=H; 

R2=R~=OH; Ra=OCH3Rs=O'Glucoside-homoplantagnin [53], 
Rt=OH; R..,=Rs=OCH3 R3=O-Rutlnosid¢-pectolinarin [9,32], 
R,=R2=OH, R8=OCII3 R:,= O-Glucoside-dinatin 7-glucoside [54], 
Rx=Rz=OH. R6=OCH3 Rs=O-Glucobioside-dinatin 7-glucobioside [5~], 
R,=R~=OH; R~=OCH3 R3~O-Glucuronoside-dinatin 7-glucuronide [54], 
RI=R6=OH, R2=OCH3, R3=O-Glucobioside-hispidul£n 7-glucobioside 

[54], 
Rt=OH, R2=R3=OCH3, R6--=O-Glucoside--cirsimarin [55], 
R3=Rs=R~=OH; R~- O-Glucoside--galut¢olin [1,39], 
R~=R~=R6=OH; R3=B-D-Glucopyranoside--glucoluteolin [1,32], 
R~=R3=Rs=OH; R6 =O-Glucoside-luteolin 4-glucoside [1], 
R,=R3=R6=OH; Rs-.t3"D-Glucopyran°side--drac°cep hal°side [56], 
R~=Rs=R6=OH; R3 =O-Glucuronide [107], 
R,--R3-R~=OH; R6=O-G lucuronoxyloside [45], 
RI=R~=R6=OH; R3=O-Apioglucoside [9,32], 
RI=Rs=R6=OH, R3_O-G lucolactoside [57.52], 
RI=Rs=R6=OH; R3 -O'8"Laminaribi°side [42], 
RI=Rs=R6=OH; P,~=O-Rutinoside [52]. 
R~=R~=~=OH; R~=D -Neohesperidoside-v eronic astrc~tde [60], 
R,=R~=R~=OH, R~=O-Primeveroside [61], 
R,=R~=R~=OH; Rs--O-Rhamnog lucoside-l°nicerin [62], 
R,=R~=R0=OH; R~=O-Xyloglucoside [1]. 
R~=R~=R~=OH; R~= O-G lucosidoglucuronoside [1]. 
Rt=R~=R0=OH; R~-----O-Glucuronoside [1]. 
RI=Rs=R0=OH; Rs=O-Tetrag luc°~ide [1], 
R~=R~OH; Ra=OCH3, R~=O-c~-D-Glucofuranoside[63], 
R~=R~=OH, Ra=OCH3. R~=D-B-L-Rhamnopyrano~ide--spino~ide[63,147], 
R~=R,=OH; R~=OCH~, Ra=O -Rutinoside-di°smin [32.95], 
R~ =Re=OH; R~=OCH~, Rs=O-Glucoside [148], 
R~=R~=OH; Ro--OCHs, Ra=O-a-L-Arabinofurano~yl-(1--'6)-~-D-glueopyrano~ide- 

e~ reoside 167], 
R~= R~=OH; R~= OCH3, R~=O- B-L-Arablnofuran~yl-(~-~)-l~-D-glucopyran~de-- 

salicapreoside 
R~= R~= O H; R~= O CHs; Rs---O-/3- L-Arabinopyranosyl-( 1-~)-8-D-glucopyranoside-- 

palustroside r64], 
R~=R0=OH; R~OCH3; Rs=O-/~-D-Galactobioside- omanthobioside [i35], 

R2=R4=H; RI=R6=OH; Rs=OCH3; R3=O-Glucoarabinoside--bakkoside [66], 
R2=R,=H; RI=R~=OH; R5:OCH3, R3=O-Apioglucoside-graveobio*ide B [69], 
R2=R,=H; RI=Rs=OH; Rs=OCH3; R3=O-15-D-Galactopymnoside--salicap tSin [68], 

412 



T A B L E  1 con t inued  
R2:R4:H; RI----Re----OH; 

salicaprin 
R2=R4=H; RI=R~---OH, R~:OCHa; Ra=O-Glucuronide [107], 
R~=R,----H; R~----Ro=OH; R~=OCH~, Ra=O-Rutinoside [107], 
R~R~=H; R~:=OH; Ra--R~----OCH~, Ro=O-Glucoside-yadorinin 8 [71], 
R~=H; R~:R~=Rs=OH; R~=OCH a, Ra_---O-Glucoside-pedalin [32], 
R~=H; R,:Ra=Ro:OH; Ra=R~=OCH 3, Ra=O-Glucopyranoside-jaceoside [70], 

Rs=OCHs; Ra-~O- B-D-Galactopyranosyl'-(l-~)- a-L-arabinofuranoside- 
[68] 

R2=R4:OH; R3----Rs=OCH3; R,=O-Glucoside [I], 
R2=R4---OH; Ra=R~=OCHj; R,---O-Glucobioside [I]. 
R,=R,=OH; Rs=Rs=OCIIs; R~= O-Glucutonide [I], 
RI=R,=OH; R~=R~=OCH3; R.-=O-Diglucutonide [I]. 

T a b l e  I shows  the  fo l lowing  fac t s :  

P o s i t i o n  of  the  c a r b o h y d r a t e  r e s i d u e  
N u m b e r  of  g l y c o s i d e  s t r u c t u r e s  

C a r b o h y d r a t e  r e s i d u e  

Monoses :  
D - g l u c o s e  
D - g a l a c t o s e  
L - r h a m n o s e  
D - x y l o s e  

Glucuronic acid 

Bioses: 

5 6 7 8 3 '  4'  5'  
8 1 60 - 1 10 - 

P o s i t i o n  of  the  c a r b o h y d r a t e  s u b s t i t u e n t  
5 6 7 3' 4' 

5 1 i0  1 9 

-- -- 2 - - 

1 - 1 - 1 

. . . .  1 

2 . . . .  

R u t i n o s e  - - 5 - - 
N e o h e s p e r i d o s e  - - 2 - 
S a m b u b i o s e  - - 1 - - 
P r i m e v e r o s e  - 1 
L a m i n a r i b i o s e  - - 1 

T o t a l  8 1 23 1 11 

I t  is  a l s o  i n t e r e s t i n g  to note  c h a r a c t e r i s t i c  f e a t u r e s  of  the  f l avonol  g l y c o s i d e s .  T a b l e  2 g ives  the  
s t r u c t u r e s  of s o m e  g l y c o s i d e s  of  d i -  to p e n t a f l a v o n o l s  and  t h e i r  m e t h o x y l a t e d  d e r i v a t i v e s .  In  th is  e a s e ,  
in c o n t r a s t  to the  f l avone  g l y c o s i d e s ,  g l y c o s i d e s  of  t r i m e t h o x y l a t e d  a g l y c o n e s  ( l i m o c i t r i n  and i s o l i m o c i t r o l  
[139 ,142] ,  c e n t a u r e i n  [124], j a c e i n  [125]) a r e  found in p l a n t s .  In  v iew of  the  fac t  tha t  the  s t r u c t u r e s  of the  
a g l y c o n e s  a r e  m o r e  d i v e r s e ,  the  n u m b e r  of  known f l avono l  g l y c o s i d e s  is  g r e a t e r  t han  tha t  of  f l avone  g l y c o -  
s i d e s .  In  the  m o n o g l y c o s i d a t e d  c o m p o u n d s ,  the  c a r b o h y d r a t e  r e s i d u e s  a r e  found m o s t  f r e q u e n t l y  in p o s i -  
t ion  3 (in 80 out  of  the  108 g iven  in T a b l e  2), and t hen  in  p o s i t i o n  7. 

TABLE 2. Structures of Monoglycosidated Flavonols 

~ n ~ R6 

R3=Rs=R6=RT=Rs----H; R:=OH; R~=OCH3 Rl=O-Rutinoside--cannabin [7'3], 
R~=Ra=R6~Rs=H; R~=Rs~RT=OH, Rt=O-B-D-Glucopyranosidd73], 
R3=Rs=Re=Rs=H; R2=R~=R~=OH; R,=O-Xyloside [75], 
R3=Rs=R6=Rs=H; R2=R~RT=OH, R1=O-L-Arabinoside--juglanin [32,74], 
R3=R~=RB~Rs~H; R~=R~=RTOH; Rl=O-B-D-Glucopyranoside--astragalin [32], 
R3=Rs=R6=Rs=H; R~=R,=R~=OH; Rl=O-L-Rhamnoside--afzelin [74,76], 
Ra=Rs=R6~R~--H; R2=R~RT=OH; R1=O-B-D-Galactoside--tfifolin [32], 
R3=Rs=R~----R8=H; R.~=R~=RT=OH; RI=O-a(B)-D-Galactofuranoside--a(fl~.~galactotobin [77], 
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T A B L E  2 continued 

R~=Rs=R~=Rs=H; R~=R..=R~=OH; R~=O-8-D'g31ucodd¢-populnin [32], 
R~=R~=R0=Rs=H; R~=P..=RT=OH, R~=O-L-Rhamnoside[3i, 167], 
R3=R~=R0=Rs=H; Rt=~2=R~=OH; R~=O-a(8)-L-Rhamnofuranoside-a(B)-rharn~robin 

[77], 
R~=R~=R~=OH; R,----O - a-L°Rhamnopyranoside-- a -rh am noisorobin 

[771, 
Rt=R~=R~=OH Rr=O-D-Glueoside-laminooside [164], 
Rt=R~=R~=OH, R~:O-L-Arabinoside [76], 

R3=R~=R~=R~=H; 

R~=R~=R~=Rs=H; 
R~=R~=R~=R~=H; 
Rz=R~=R~=R~=H; 

Rz=R~=R~=Rs=H; 
R~=Rs =R~= Rs =H; 
R3=R~=Ro=Rs=H; 
Rz=R~=Ro=Rs=H; 

Ra=R~=R~=Rs=H; 

R3:Rs=R~=Rs=H; 
R3:R~=R~:Rs=H; 

R,=R~=RT=OH; 
R~=R~=RT=OH; 
R~=R~=R~=OH; 
R~=R~=R~=OH; 
R~=R~=R~=OH; 
Ra=R~=R~=OH; 
R~=R~=Rr--OH; 

Rt= O-Sophoroside sophoraflavonoloside I32,781, 
Rt= O-Rutinodde [32] 
Rt= O-Gentlobioside [79], 
R~=O-8-D-Glueosylxyloside--mstoside [80], 
Rt = O-Glucogalactoside--panasenoside [81], 
R~= O-Glucuronoside [89], 
Rt = O- 8-D-Galaetofuranosyl-6- B -L-rhamnofuranoside- 

ni~tiflorin [80], 
R:=R~=R~=OH; Rt = O- B-D-Ga lactofuranosyl-6- ~-L-nhamno- 

furanoside biorobin [88]. 
R:= R~= Rz = OH, R~= Rhamnolaminaribioside [84], 
R~=R~=Rr~OH; Rt=O-Glucoap ioside [87], 
Rz=R~=R7=OH; R~-_G alactoglucorhamnoside --virecta floridoside 

I851, 
Ra=R~=R0=Rs=H; R~=R~=RT=OH; Rt=O-Rhamnodiglucoside [39], 
R~=Rr,=R6=Rs=H; R~=R~=OH: RI=OCHz; R~=O-Rutinoside [88], 
R3=Rr,=Ro=Rs=H; R~=R~=OH; RT=OMH3; R~=O..Glucoside- mumenin [31,95], 
R~=Rs=Ro=Rs=H; R:=R~=Rs=R7=OH; R~=O-a-L-Arabinofuranoside-avicularin [32]. 
R3=Rr,=Rs=H; R~=R~=R~=RT=OH; Rt=O-a-L-Arabinopyranoside--guaijaver~ [89], 
R3=Rs=Rs=H; 

R~=R~=Rs=H; 
Rs=R~=Rs --H; 
R3~R~=Rs--H; 
R3=R~=Rs=H; 
R3=Rs=Rs~H; 

R3=R~=Rs=H; 

Rs=Rs----Rs=H; 
R3==R~=Rs=H; 
R3= R~=Rs=H; 
R~=R~=R,--H; 
R~=R~=Rs=H; 

R3= R~=R~=H; 

R3=R~=Rs=H; 
R3=R~=R~=H; 
R3=R~: Rs=H; 
R~=R~=Rs=H; 

R3:R~=Rs=H; 

R3=Rs=Rs=H; 
R~=Rs=Ra=H; 

Ra=R~=Rs=H; 
Rs=R~=Rs=H; 
Ra=R~=Rs=H; 

Rz=Rs--R~=H; 
R~= R~=Rs=I4; 

R~=R4=R6=RT=OH; RI=O- B-L-Arabinofuranoside--polystachoside 
[90,91J, 

R~=R4=R~-R~OH; Ra-- L-Arabinoside--foenieulin [32], 
R2=R~=R~=R2=OH; Rt= O-Glucuronide-- miquelianin [32,110,154], 
R2=R4=R6~RT=OH; Rt =O-Xyloside-rey noutrin [9,32], 
R2~ R~= R6~ RT=OH,Rt = O- 3 -D-.G alactopyranodde--hyperoside [32], 
R2=R,=R~R~OH; RL= O-L-Rhamnoside--quercitrin [32,92,93], 

R2-=R~= R~=RT=OI-I; Rt O- 8-D-G lucopyranoside-isoquercitrin 
[94,168J, 

R~=R2:-RG=RT=OH; R4= O- 3- D-G lucopyranoside--quercimeritrin 
[32, 95], 

R l= R2= R~= R0= OH; R7 = O-Glucoside--spyraeoside [32]. 
RI=R2=R,=Ro=OH; RT=O-Diglucoside [129], 
R~=R~=R~-RT~OH; Rt~=O-Glucopyranoside [168]. 
R2:R~=RG=R;:OH: RI =O-Diglucoside-meratin [32,961, 
R2=Rr-R~-RT=OH; Rz='O-Rutinoside--rutin [82,45], 
R~=R~=R~=:Rr=OH; R~= O-a-L-Arabopyranosyl-(1--"2)-a-L- 

rham nofuranoside--zhea lin [971, 
R2=R4=R~=RT=OH; RI=O-Sop horoside I98, 99], 
R~R4=Rs=RT=OH; R~= O-Gentiobioside [5], 
R2= R~= R6=: R;=OH; RI = O-Glucoglucurortide-- nelumboside [ I I 1 ], 
R2=R,=RG=Rt=OH; Rl=O-Triglu c°side [100], 
R2--R~=R6=Rt=OH: RI= O-Digalactoside [101], 
R~=R~:~R~--R;=OH; Rt = O" B'L'Rhamn°furan°syl" B'D'g luc°furan°side- 

fla~ilin [77l, 
R2=R~=R~-R; =OH; Rj= O-Glucogalacturonide [I02], 
R~=-R~=R~=R~ OH; l~t= O-B-D-Galactofuranosyl-6-/3-L-rhamnopyranodde-- 

bioquercetin [ 103], 
R2=R~=Ro=R¢=OH; Rt-: O-B-D-Xylopyranosyl-<l-"3)-8-D-glucopyranosyl 

g alactofuranoside--hybridin [104]. 
R~=R~=R~=R2=OH; Rt= O-Rhamnoside [106]. 
R:=R,=Rs=R~=OH; Rt= O-a-L-Arabinopyranosyl-(1-'O)- 8-D-galacto- 

pyranoside --rumarin [ I 05], 
Rt=R,=Ra=R~=OH; R2 = O-Rhamnoglueoside [129 ], 
R~=R,=RT=OH; Rz=OCHz, Rt= O-Rhamnoside--azalein [138], 
R~=R~=RT=OH; Ra=OCH,, Rt = O-B-D-Galactoside [109, 117], 
R~=R~=RT=OH; R~=OCH3, Rl=O-Diglucoside [109], 
R~=R~----RT=OH; Rz=OCHz, Rt=O-Glucuronoside [110], 

Rt=R2=R~=OH; R~=OCH3, R~= B.-Glueopyranoside--tramilin [112], 
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T A B L E  2 cont inued 
Ra=Rs=Rs=H; R~=R~=RI=OH; R6=OCH3, Rl=O-a-L-Arabinoside-dis tichin [32], 
~a=Rs=Rs=H; R2=R,=Rt=OH; R6=OCH3, RI ~O'Gentiobiodde-astragaloside [113], 
Rs:Rs=Rs:H; R2=R,=RT=OH; RB=OCH~, Rl=O-Rutinoside--narcissin [114], 
~s=Rs=Rs=H; R2=R,=RT=OH; R~=OCH3, Rt=O-Galactoside-cacticin [115,128], 
R 3=Rs=Rs=H; R:=R~=R~=OH; R0=OCH3, RI=O-Rhamnogalactoside [I16], 
R3=Rs=Rs=H; Ra=R,=RT---OH; R6=OCH3, R1=O-B-D-Galacto-B-D-glucopyr anoside 

[65]. 
R3=Rs=Rs=H; R2=R,=RT----OH; R6-OCH3, R1=~a-L-Arabinopyranosyl-(l~2)-a-L-rhamno - 

fura noside,-- a lliosidin [117], 
R3=Rs=Rs=H; R2--R,=RT=OH; R6----OCH3, R1=O-Glucosykhamnosylgalactosid¢ [32], 
Ra=Rs----Rs=H; R~=R6=RT=OH; R1=OCHs,R:=O-Glucoside--stizoloside [I18], 
R3=Rs=Rs=H; R:=R6--RT~OH; R~=OCH3, Rt= a-L-Rhamnoside-rhamnitrin [141], 
Ra=Rs=Rs=H; Ra=R,=R6=OH; RT:OCHa, R1=O-Glucoside--tamarixin [I19], 
Ra=R~=Ra=H; RI----R:=R0=OH; RT=OCHs, R,=O-Rutinoside [146], 
Ra=R~=Rs=H; R~=Rs=OH; R4=RT=OCH3, Rv=O-Rutinoside-ombuoside [120], 
R3---Rs=Rs= H; R2=R~=Rs=RT=OH; Rt=Trioside from glucose and arabinose-- 

prim flavoside [121], 
Ra=Rs=Rs=H; R2=RT=OH; R4=Rs=OCH3, RI= O-Glucoside--Flavoyadorinin A [123], 
P~=Rs=Rs=H; Ra=RT=OH; R,=R6~OCH3, Rt=O-~-D-Glucoside-alboside [122], 
Ra:R~--Rs=H; R2=RT=OH; R,:R6=OCH3, Rt=O-Rhanminoside [106], 
R3=R~=H; R~:R,=Ro:Rz=Rs:OH; R~=O-Rhamnoside--myricitrin [32,93], 
R~=R~:H; R~=R~:Rs=Rz=Rs=OH; R~=O-8-D-Glucopyranoside-isomyricitrin [31,27] 
Rs==R~=H; R:=R~=Ro=R¢=Rs=OH; Rt=O-Dtgalactoside [145], 
Rs=Rs=H; Ra=R~:R~=Rs:OH; Rz=OCH3, R~:O-Rhamnoside--mearnsitrin[140], 
R~=Ra:H; R~=R~:R3:R~:R~=OH; R,=O-Glucoside--quercetagitrin [108], 
R~=Rs:H; R:=Ra=R,=Ra=R~=OH; R~=O-Glucoside-tagetiin [32], 
R~=Rs:H; RI:R~=Re=R~=OH; Ra=OCHa, R~--O-Glucoside-patuletrin [32], 
R~:Rs:H; R~=Ra:R,=R~:Rz:OH; Rt=O-Galactoside [108], 
Rs=Rs=H; R:=Ra=R~:R~=Rz=OH; R~:O-Gentiotrioside [108], 
Ra=Rs=H; R~=R~:R~=R~=OH; RI=OCHa, R~= O-Glucoside [107], 
R~=Rs----H; R:=R0=OH; R~=Ra=Rv=OCH3, R,= 8-D-Glucoside--centaurein[124], 
R~:Re=H; R~=Rz=OH; R~=Ra=Ro:OCH3, R~:O-/~-D-Glucopyranoside[125], 
R~:Rs=H; R~(R~)=OH; R3--R~:R0=OCH3, R1 (R:)=O-Glucoside-chrysosplenin [32]. 
Ra:Rs:H; Rz:R:=R~-R~=R~=OH; R~:O-/~-D-Glucopyranoside--gossypitrin 

[32,126,134], 
Ra=Ra=H; R~=R~:R~=Ro=Rz:OH: Rl=O-/5-D-Glucoside--gossytrin [134,136], 
R~:Rs:H; Rt:R~:R,:R~:R~:OH; R~=O-Glucoside-gossypin [126,129], 
Ra:Rs=H: R~=R~=R,=R~:R~:OH; R~: O-Rhamnoglucoside[129], 
R~=Rs:H; Rt=R~--'--R~=R~:R~=OH; R~=O-Glucoside [129], 
Ra:Rs=H; R~:R;:OH: R~:R,:R~:OCH3, Ra:O-Glucoside-ehrysosplenoside C [132], 
Ra:Rs:H; R::OH; R~R~:R~:R~=OCH~, R~=O-Glucoside-chrysosplenoside 8 [133], 
Rs:Rs:H; Ra=R~=R~=OH; R~:OCHa, Rt=O.-Glucoside--vogeloside [135], 
Rs:Rs=H; R~:OH; R~:R3=Rt:OCHa, R~=O-Glucoside-pendulin [131], 
R3=H; Ra=R~:Rs=Rs:R~:Rs=OH; Rt=O-Glucoside--hibiscitrin [32], 
Ra=Rs:Rs=H; R~=R.~:Rs=R~=OH; R~=O-Glucoside--herbacitrin [143], 
Ra=Rs:H; R~=R,=R~=OH; Rs=R~--=OCH3, Rt---O-/~-D-Glucoside [139], 
R~=Rs=H; R.~:R~:R;OH; R~:R~=OCH~, R~=O-/~-Arabinoglucoside [139], 
Re=H; R~:R~=Rs=OH; Ra:Rs=Rz:OCH3, Rt=O-8-Glucoside [142], 
Rs:H; Rt:R~=R;:OH; R3:R~=Ra=OCH s, R~=O-/5-Glucoside [142], 
Rs:Rs:H; R::R,=R0:R~=OH; R~=OCHs, R~:O-Galactoside--corniculatusin [137], 
Rs:H; R~=R,=Rz=OH; R3=R~=R~:OCHs, R~=O-Arabinodiglucoside [139l, 
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Table 2 shows the following facts: 

Posit ion of the carbohydrate  residue 
Number of glycosidic s t ruc tures  in the given position 

3 5 6 7 8 3' 4' 

84 2 1 13 2 2 7 

The numbers of glycosides containing carbohydrate  residues in different positions of the flavonol 
nucleus are  given below: 

Carbohydrate  residue Posi t ion of the carbohydrate  substituent 

Monoses: 3 5 6 7 8 3' 4' 

D-g lucose  13 2 1 10 1 2 2 
D-galac tose  8 . . . . .  
L - rhamnose  4 - - 1 - - 
L-arab inose  4 . . . . .  1 
D-xylose  3 . . . . . .  

Glucuronic acid 2 . . . . . .  
Bioses: 

Rutinose 5 - - 2 - - - 
Sophorose 3 . . . . .  
Gentiobiose 3 . . . . . .  
Leucoverose  1 . . . . . .  

The carbohydrate  components are found considerably more  r a re ly  in the C 4, and C 3, positions and 
ve ry  r a re ly  at C 5 and C a. Of the monosacchar ides ,  glucose and galactose predominate and of the biosides 
rutinose.  The bioses maltose [8], leucoverose [7], and gentiobiose [5] are found very  rare ly .  

We have not included in Tables 1 and 2 some glycosides in which the position of the carbohydrate  r e s -  
idue has not been determined (for example, moros ide  [130], a laternoside [139], etc.), and glycosides con- 
taining aliphatic radicals  in the nucleus [32]. 

Diglycosidation is more  charac te r i s t i c  for flavonols than for flavones, and usually takes place in 
positions 3 and 7, and rare ly  in positions 3' and 4 ' ,  of the flavonol nucleus. Table 3 gives the s t ruc tures  of 
some diglycosides of kaempferol ,  quercet in,  and isorhamnetin.  Because of the different combinations of 
monoses and bioses,  their  s t ruc tures  are  still more  diverse .  

The complexity of the glycosidic s t ruc tures  of flavones and flavonols is also due to the presence  of 
acyl res idues  in the i r  molecules .  Acyl der ivat ives  were f i rs t  descr ibed  by Willst~itter et al. in 1915 [12], 
and then the s t ruc tu res  of a se r i e s  of acylated anthocyanins was established, their  distinguishing feature 
proving to be the presence  of an acyl residue in the carbohydrate  component of the glycoside [12-18]. 

In 1959, the f i rs t  acylated fiavonol glycoside - t i l i roside - was isolated from the flowers of Tilia 
argentea Desf. [19]. According to HSrhammer  et al., this compound was kaempferol  7 -p -coumaroy l  3-fl - 
glucoside [19, 20]. 

In 1964, Harborne [12] established that in this glucoside the acid residue was attached to the ca rbo-  
hydrate residue and that, consequently, it is kaempferol  3- (p-coumaroyl - f l -g lucos ide) .  Birkofer  and his 
co -worke r s  [21-23] have descr ibed the s t ructures  of two more  aeylglycosides: bignoside and petunoside 
(see Table 1) in which the acyi residue is attached to a sugar .  Soviet workers  have isolated a number of 
acylated flavone glycosides.  In some of them the acyl residue is direct ly  attached to the flavone nucleus 
(quinqueloside, piperoside,  menthoside) [24, 25]. C-Glycosides  may also be aeylated. Thus, for example, 
King [26] has shown the existence in wheat germ of compounds s imi la r  to vitexin acylated with sinapie acid. 
F rom Crataegus  curvisepala  Lindm, V. S. Batyuk et al. [27, 28] have isolated the C-glycoside  cratenacin,  
in which the carbohydrate  moiety of the molecule contains an acetic acid residue (we do not consider  their  
s t ructure  in the present  paper).  

Such divers i ty  of glycosides with accurate ly  fixed posit ions of the carbohydrate  residues in flavone 
and flavonol nuclei enables the theoret ical ly possible number of s t ruc tures  to be calculated by the methods 
of combinatorial  mathemat ics .  To find the theoret ical ly  probable number of monoglycosidated flavonoids 
we have obtained the following formula: 

S, = Xmk " - I  , (i) 
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w h e r e  ~, is  the number of pos s ib l e  s t ructures  of  carbohydrates  capable of  forming part of  a g lycoside;  m 
is  the number  of ap ices  (pos i t ions  in the f lavonoid nucleus) at which there  m a y  be carbohydrate  res idues;  
k is  the number of subst i tuents  on the carbon atoms  in the f lavonoid nucleus (H, OH, 0CHa); and n is  the 
total number of apices at which there  can be H, OH, and OCH s substituents and a carbohydrate  residue.  

T A B L E  3 .  S t r u c t u r e s  o f  D i g l y e o s i d a t e d  F t a v o n o l s  

D i g l y c o s i d e s  o f  K a e m p f e r o I  a n a  I t s  M e t h y l  D e r i v a t i v e s  

Rs=R.==H; 
Rs=R.L=H; 
Rs=R,=H; 
R2=R,=H; 
R3=R,,=H; 
Rs=R4---H; 
Rs=R4=H; 
R s = R , = H ;  

Rs-----R~=H; 

R3=R4=H;  

R s = R , = H ;  

R 3 = R , = H ;  

R3=R4=H;  

R s = R , = H ;  

R 3 = R , = H ;  

R 3 = R I = H ;  

R s = R , = H ;  

R3=R~=H; 

R ~ = R s = H ;  

R 3 = R , = H ;  

R3=R~=H; 

Rs=R~=H;  

R3=R4=H;  

084 0 

R 1 = rhamnose ,  R2 = r h a m n o g a l a c t o s e - s w a r t z i o s i d c  [150], 

R1 = r h a m n o g a l a c t o s e ,  R~ = g lucose  [151], 

R 1 = rhamnoglucose ,  R 2 = glucoseI152], 

R 1 = rhamnose ,  R s = arabinose  [153], 

R 2 = P&amnofuranose* [32], 

RI=R2= ¢~-L-Rhamnofuranose-- lespedin  [159], 

R 1 = a -L -a rab ino fu ranose ,  R 2 = a -L- rhamnofu ranose - - t e rnos ide [156] ,  

R 1 = g a l a c t o r h a m n o s e .  R~ = rhamnose - - rob i a in  [32. 149], 

R 1 = rut inose,  R 2 = rhamnose  [149], 

R 1 = a rab inohamnose ,  R 2 = rhamnose  [154], 

R 1 = sophorose, R 2 = g lucose  [1,154]. 

R 1 = g lucose ,  R 2 = rhamnose  [150], 

R 1 = rut inose,  R 2 = g lucu ron ic  ac id  [l],  

R 2 = D-g lucose ,  R 1 = D-g lucose - -peonos ide  [143], 

R 2 = a - L - r h a m n o f u r a n o s e ,  R 1 = ~ o D o g a l a c t o f u r a u o s y l - ( l ~ 6 ) - B - D o r h a m ~ o f u r a n o s e  - 
a -  neorobin [ ~;~l, 

R t = B - D - g a l a c t o f u r a n o s y l - ( l ~ 6 ) - r h a m n o f u r a n o s e ,  R 2 = a-L-rharnnofur .anose--  [155], 
B -neorob in  

R I =R z = D-xy lose ,  R 2 = L - r h a m n o s e - l e p i d o s i d e  [80], 

R t = a - D - x y l o f u r a n o s e ,  R 2 = a -L- rhamnofu rano~e[160] ,  

RI=R 4 Glucose  [157], 

R l = sophorose, R~ = rhamnose  [1], 

R I = rhamnoarab inose ,  R 2 = a rab inose  [1], 

R I = 3 m o l e s  of rhamnose ,  Rv = rharnnose[151] ,  

R 1 = la thyrose ,  R 2 = rhamnose  [1], 

* R  1 n o t  g i v e n  i n  R u s s i a n  o r i g i n a l  - P u b l i s h e r .  
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Table 3 (continued) 

Quercetin Glycosides 

083 

R3--R4=Rs-- I ' I ;  R 1 = B-D-g lueopyranose ,  R 2 = eL-L-rhamnopyranose-antoside [80] ,  

R2:Ra=R~=H; Rl:R,----Glucose (1], 

Ra----R~=R~=H; R,=R2-----Glucose [1], 

R~=R3=R4=H; Rt=R~--Glacose [I], 
R s=R,=Rs=H;  R 1 = sophorose, Rz = glucose [154], 

Rs=R4=Rs=H; R 1 = a-L-arabofuranose,  R z = B-D-glucopyranose [161]. 

Ra=R,=Rs----H;R 1 = rhamnogalactose,  R 2 = glucose [166], 

R3=R~=Rs=H;R l = xyloglucose, R~ = glucose [154], 
Rs=R4=R~----H; RI=R2= Glucumnic  acid [1,154], 

Ra=R4----Rb=H;R 1 = rhamnoglucose,  R~ = galactose [151], 

Rs-=R.=Rs=H;R l = glucose, Rz = rhamnose--petiolaroside [164], 

Rs=R~=Rs=H;  Rl=Ra=Galac tose  [1621, 

Ra=R~=Rs=H; R 1 -- a -D-xylose ,  R 2 = B-D-glucose[1541, 

Rs----R~=Rs=H; R 1 = a -L- rhamnose ,  P~ : B-D-glucose [164], 

R3=R~,=-Rs=H; R 1 = rutinose, R 2 = glucuronie acid [154], 

Ra=R~--H; RI=CHa, R~ = 2 moles of  glucose, R s = rhamnose [171], 

R,=H;  R~=Rs=CHa, Rl(gs) = glucose,  Rs(RI) = rhamnose-rhodotyposide  [1631, 
R3=Rs=H; R~=CH~, R t = arabinose, R~ = rhamnose -peumos ld¢  [170, 163]. 

I s o r h a m n e t i n  G l y c o s i d e s  

OH 0 
Rs=H; R t = B-D-glucofuranoside,  R s : C~-L-rhamnopyranoside-pasr~rnosid¢ [77], 

Rs=H; R 1 = sophorose, R s = glucose--brassicoside [169], 
Ra=H; R 1 = D-glucose, P~ = a-L-rhamnose--brass id in  [169], 

R,----H; R, -- glucose,  P,¢ = rhamnose-bo ldos ide  [ la3],  

Ra=H; Rt=R~=Glucose- -dac ty l in  [32], 
Ra----H; Rt=R2=Glueose [1]. 
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Let  us a s s u m e  that in the flavone nucleus there  a r e  subst i tuents  (H, OH, OCH3) in posi t ions  C a, C 6, 
C 7, C3,, and Ca,, which is quite poss ib le  according  to Table  1, and that one of the hydroxyls  is glycosidated.  
What is the theore t ica l ly  poss ib le  number  of s t r u c t u r e s  in this case7 

We have )~ = 1, m = 3, k = 3, and n = 5 and, f rom F o r m u l a  (1), S 1 = 243. Since glycosidated t r i -  and 
t e t r amethoxy la ted  f lavones a re  not found in nature  and there  a re  no monohydroxyflavone glycosides ,  the 
number  of theore t ica l ly  poss ib le  s t r u c t u r e s  accord ing  to our  calculat ions mus t  be d e c r e a s e d  by 45, giving 
198. Thus,  there  mus t  be 198 g lycos ides  of different  aglycones  containing one and the s a m e  sugar .  I t  is 
known that f lavones can give monoglycos ides  with different  sugars .  This  leads to a cor responding  inc rease  
in the number  of combinat ions .  He re  we shall  not take into account the s i zes  of the oxide r ings and the 
configurat ions of the glycosidic  bonds.  

F o r  f lavonols we take the s imples t  case  in which there  can be an OH or  OCH 3 group or  a ca rbohydra te  
component  at the C 3 posi t ion and in the o ther  posi t ions H, OH, OCH 3 or  a ca rbohydra te  res idue  of definite 
s t ruc tu re  a t tached only to some  definite "apex."  

In this case ,  X = 1, m = 1, k = 3, n = 8, and S 1 = 2187. Deducting the number  of s t r u c t u r e s  imposs ib le  
for  natural  g lycos ides ,  we obtain 2187-108  = 2079 probable  s t r uc tu r e s .  

To ca lcula te  the total  number  of theore t ica l ly  poss ib le  diglycosidated flavonoids we have der ived  the 
fo rmula  

S ~ : - ~ - ~ , m ( m - - 1 )  , (2) 

whe re  the l e t t e r  symbols  a r e  the s a m e  as  in F o r m u l a  (1}. 

S U M M A R Y  

L i t e r a t u r e  in format ion  on the s t r u c t u r e s  of O-g lycos ides  of f lavones and f lavonols  has been  gene ra l -  
ized, Using the methods  of combina to r ia l  ma thema t i c s ,  the poss ib i l i ty  of a g rea t  d ivers i ty  of the s t ruc tu re  
of the g lycos ides  has been shown without taking into account the i r  aeylationo the d imensions  of the oxide 
r ings of the sugars ,  and the nature  of the glycosidic  bonds. 
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