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I soquere i t r in  (quercetin 3-glucoside) is widely dis t r ibuted in the vegetable  kingdom [1]. Since the 
p r o p e r t i e s  of this compound as r epor t ed  in va r ious  pape r s  di f fer  somewhat  [2-5], the authors  were  obvi-  
ously dealing with i s o m e r s .  

F r o m  the f lowers  of the cotton plant ot~ va r i e t y  108-F (Gossypium hirsutum) we have p rev ious ly  i so -  
la ted quercet in  3-glucoside and cal led it  "h i r su t r in"  [6, 7]. When the total f lavonols f rom the leaves  of the 
cotton plant of v a r i e t y  108-F were  separa ted  on a column of Capron powder ,  a f te r  elution with 50% ethanol 
a glucoside with s i m i l a r  p r o p e r t i e s  to those of h i r su t r in  (Table 1) and having an identical  IR spec t rum 
(Fig. 1) was isolated.  

Hi r su t r in  is  m o r e  read i ly  soluble in dilute acetone and c r y s t a l l i z e s  in the f o r m  of l ight-yel low ' w a r t s 2  
The glueoside obtained f rom the l eaves ,  which we prev ious ly  descr ibed  as " i soquerc i t r in , "  is r ead i ly  soluble 
in dilute ethanol and c r y s t a l l i z e s  in the f o r m  of br ight -yeUow n s t a r s . '  These  two f o r m s  a re  p re sen t  s imul -  
taneous ly  in the f lowers  and in the l eaves ,  but one of them is p re sen t  in a g r e a t e r  amount in the f lowers ,  
and the other  in the leaves .  

The g lycos ides  differ  in the melt ing points of the i r  acetyl  de r iva t ives  and in the i r  specif ic  ro ta t ions .  
The IR spec t rum of i soquerc i t r in  d i f fe rs  f r o m  that of h i r su t r i n  [8, 9] in the 1100-1010 cm -1 region.  Ab- 
sorpt ion in this region of the s p e c t r u m  is cha r ac t e r i s t i c  for  the sugar  moie ty  of g lycos ides  [10]. 

The r e su l t s  obtained show that  i soquerc i t r in  and h i r su t r in  obviously di f fer  f r o m  one another  only in 
the s t ruc tu re  of the glucose.  To solve this question, we used the proton resonance  spec t ra .  

Since a ma jo r i ty  of the flavonoids found in nature  dissolve poor ly  in the organic  solvents  used in NMR 
spec t roscopy ,  the PMR s pec t r a  of soluble de r iva t ives  of the f lavonoids,  ace ta tes  and methyl  and t r i m e t h y l -  
silyl e the r s ,  a re  usual ly  studied ins tead [11-14]. 
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Fig. 1. IR spec t r a  of: a) h i r su t r in ;  b) i so -  Fig. 2. NMR spec t rum of ace ty l a t edh i r -  
querc i t r in ,  sutr in.  
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TABLE 1. Phys i cochemica l  P r o p e r t i e s  of Hi r su t r in  and I socue rc i t r i n  

P r o p e r t i e s  of the flavonol H i r s u t r i n  I soque rc i t r i n  

E m p i r i c a l  formula 

°C [ ~ ] I '  deg mp,  

Aceta te  of the glucoside 
mp,  °C 
Aglycone 
Sugar 
Posi t ion  of a t tachment  of the sugar  
B u t a n - l - o l -  acet ic  a c i d - w a t e r  

( 4 : 1 : 5 )  
60% Acet ic  acid 
15% Acet ic  acid 
UV spec t r a  with addi t ives,  nm:  

C 2 H~O H 
+CH3COONa 
+H3BO 3 
+A1C13 

Quali tat ive r eac t ions  (coloration) 
Zn + HC1 
FeC13 
ZrO C12 

Enzyme hydro lys i s  
Asperg i l lus  o ryzae  

CuH2oO12 
221-222; 72.4 

(pyridine) 
C37H36020 
156-157 
Querce t in  
Glucose 
C3 

0.69 
0.72 
0.42 

355,255 
365,275 
340,265 
405 ,270  

C21H20012 
218-220; - 1 2 0 . 3  

(pyridine) 

C37H36020 
168-170 
Quercet in  
Glucose 
C3 

0.69 
0.73 
0.43 

360,255 
370,265 
380,255 
405,270 
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Fig.  3. NMR spec t rum  of acetyla ted  i so -  
querc i t r in .  

We have studied ace ty la ted  de r iva t ives  of i soquerc i t r in  
and h i r su t r in  in deu t e roeh lo ro fo rm solution. The s amp le s  
were  p r e p a r e d  at m a x i m u m  concentra t ion (8-10%). Hexa-  
methyldisf loxane was  used as  the in ternal  s tandard ,  i ts  chem-  
ical  shift  in the 6 scale  being taken as 0.05 ppm.  

The spec t r a  were  taken on a Hitachi H-60 s p e c t r o m e t e r ,  
the a c c u r a c y  of the m e a s u r e m e n t  of the chemical  shift being 
±0.01 ppm. An ana lys i s  of the PMR spec t r a  of h i r su t r i n  
(Fig. 2) and of i soquerc i t r in  (Fig. 3) in the weak- f ie ld  region 
conf i rms  the identi ty of t he i r  aglycone moie t i e s .  The p a r a -  
m e t e r s  o f t h e s p e c t r a  (chemical  shifts  and s p i n - s p i n  coupling 
constants)  coincide with g r ea t  accuracy .  The ass ignment  of 
the s ignals  of the a roma t i c  protons  has  been made and con-  
f i rmed  for  numerous  flavonoid de r iva t ives  [11-14]. 

The pro tons  of r ing B re sona te  in weake r  f ie lds  than those of r ing A, and the signal of the proton at 
C 6 is  located in weake r  f ie lds  than that of the proton at C 8. 

The mult iplet  in the 7.8-8.1 ppm region r e p r e s e n t s  a superposi t ion  of the s ignals  of the protons  at 
C 2' and C6'; the s ignals  of the pro tons  at C 5' and C 8 and the doublet at 6.84 ppm c h a r a c t e r i s t i c  for  the proton 
at C 6 a re  located in the region of the ch lo ro fo rm signal .  The s p i n - s p i n  coupling constant ,  J6,8 = 2 Hz, c o r -  
r e sponds  to the usual value of the me ta  constant  in benzene sy s t ems .  

The s ignals  of the acetyl  groups  appea r  in the 1.8-2.5 ppm region.  A compara t ive  study of the PMR 
spec t r a  of the acetyl  de r iva t ives  of f lavonoids and the i r  aglycones  [14, 15] has  es tabl i shed that the acetyl  
groups  of an aglycone resona te  in a weake r  field than those of the sugar  moie ty .  The acetyl  groups  of the 
aglycones  of h i r su t r i n  and i soquerc i t r in  give identical  s ignals  in the 2.2-2.5 ppm region,  the acety] group 
at C 5 giving the signal in the weakes t  f ield (2.41 ppm) [14]o 
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The protons of the acetyl groups of the sugar moiety resonate in stronger fields, at 1.8-2.2 ppm,and 
the shapes of the spectra in this region are different for hirsutrin and isoquercitrin, which confirms the 
hypothesis that these compounds differ only in the sugar moiety. If the sugar is not attached to the aglycone 
in position 3, the acetyl groups of the sugar moiety would be almost equivalent in the PMR spectra,  which 
is not true in the spectra of hirsutrin and isoquercitrin.  This can be explained by the anisotropy of the 
neighboring phenyl radical,  which extends the spectrum of the acetyl groups. The value of the chemical 
shifts of the signals of the acetyl groups in the PMR spectrum of hirsutrin are 2.08, 1.96, and 1.86 ppm 
with integral intensities of 1 : 2 : 1 ,  respectively,  and for isoquercitrin they are 2 : 1 : 1 ,  i.e., one of the acetyl 
groups has changed the value of its chemical shift. This information can be interpreted by assuming that 
the sugar residues consist of the pyranose and furanose forms of glucose. In the acetate of the furanose 
form, two of the acetyl groups are exocyclic, and in the acetylated pyranose form only one of them is exo- 
cyclic, which facilitates the identification of the structures of these forms in the compounds under study. A 
comparison of the spectra of hirsutrin and acetylated fi-D-glucopyranose [15] in the region of the methyl- 
ene and methine protons confirms this hypothesis. In spite of the coincidence of the spectra of acetylated 
hirsutrin and fi-D-glucopyranose (with the exception of small changes in the chemical shifts), the param- 
eters  of the spectrum of acetylated isoquereitr in clearly differ. In the spectrum of acetylated isoquercitrin 
the signal in the 4.9-5.7 ppm region gives an integral intensity of 4 and the signal in the 3.82 ppm region, 
one of 3. Such values of the chemical shifts relate to the protons of the glucose. The combination of the 
signals of the protons at C1, C 2, C 3, and C 4 corresponds to the chemical shift in the 4.9-5.7 ppm region and 
the signals of the protons at C 5 and C 6 to the shift at 3.82 ppm. 

On the basis of their  chemical propert ies  and IR and NMR spectra,  the structure of quercetin 3-fi-D- 
glucopyranoside may be proposed for hirsutrin, and that of quercetin 3-fl-D-glucofuranoside for isoquer- 
citrin. 

Consequently, the isoquercitr in widely found in nature consists either of a mixture of such isomers 
or of one of these forms,  which have been described by various authors under the same name. 

C O N C L U S I O N S  

1. Two isomers  of quercetin 3-glucoside are present in the flowers and leaves of the cotton plant of 
var ie ty  108-F: hirsutrin,  quercetin 3-fl-D-glucopyranoside; and isoquercitrin,  quercetin 3-fi-D-gluco- 
furanoside. 

2. The quercetin 3-glucoside described by various workers  under the single name "isoquercitrin" is 
a mixture of the pyranose and furanose forms,  or is one of these two forms.  
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