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According to many worke r s  [1, 2], the composi t ion of natural  compounds (alkaloids, flavonoids, etc.) 
in plants  depends on va r ie ty  and spec ies  d i f fe rences  and also on the soil  and c l imat ic  conditions. 

We have previous ly  studied the flavonoids of the f lowers  of the cotton plant of va r i e ty  108-F (G. 
h i rsutum) growing in the nor thern  p a r t s  of Uzbekistan.  I t  was of in te res t  to de te rmine  the composi t ion of 
the flavonoids in va r i e t i e s  cult ivated in the south of the republic .  

Below we give the resu l t s  obtained in an investigation of the flavonoids of the f lowers  of cotton 
va r ie ty  5904-I (G__ barbadense)  collected in August 1967 in the "Surkhan" col lect ive f a rm,  Surkhan-Dar 'ya  
region.  

The total amount of f lavonols was de te rmined  by Wilson 's  method in Guseva and Nes tyuk ' s  modi f ica -  
tion [3], and also g r av i m e t r i c a l l y  (from the aglycone) [4]. The leaves  contained about 2% of flavonoids 
and the f lowers  m o r e  than 5%. A paper  c h r o m a t o g r a m  in the 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) 
sys t em showed that the f lowers  contained four  and the leaves  two flavonols.  

The f lavonols f r o m  the leaves  were  identified as hi rsut in  and hybridin [5, 6], and three  of the 
flavonols f rom the f lowers  were  identified as que rc imer i t r in ,  quercet in  3 ' -g lucoside ,  and h i r su t r in  [7, 8], 
which have been ex t rac ted  f rom other  spec ies  of cotton. All the f lavonols mentioned above were  isolated 
in the individual s tate according to d i f fe rences  in solubili ty in methanol,  acetone,  and pyridine.  About 40% 
of the total f lavonols of the f lowers  was r ep re sen t ed  by a flavonol with Rf 0.22. This flavonol gives  some  

color  reac t ions  for  chalcones,  and we p rev ious ly  e r roneous ly  a s sumed  that it was a chalcone glucoside [9]. 

The r e su l t s  of a study of the phys icochemica l  p r o p e r t i e s  of this compound and of the NMR s p e c t r u m  
of i ts  ace ta te  showed that i t  is a glucoside of gossypetin.  The heptaaceta te  and the heptamethyl  ether of 
the flavonol with Rf 0.22 desc r ibed  p rev ious ly  [9] mus t  be  r ega rded  as the hexaace ta te  and hexamethyl  
ether .  

The mel t ing points of the f lavonol and many  of i ts  de r iva t ives  a r e  s im i l a r  to those for  gossypLa 
(Table 1), which was isola ted by T. R. Seshadri  et al. f r om the f lowers  of the cotton plant Gossypium 
indicum [10] and f r o m  the f lowers  of Hibiscus  vit ifolius [11]. 

I t  can be seen f r o m  the table that the p r o p e r t i e s  of the cotton flavonol differ  slightly f r o m  those of 
gossypim A di f ference  is also shown by the i r  IR spec t r a  (Fig. 1). 

Since both f lavonols a re  monosides  and they have the same  aglycone and the s a m e  sugar ,  thei r  
d i f ference  cons is t s  in a d i f ference  in the posi t ion of the g lucose  in the aglycone or  in a d i f ference  in the 
conformat ions  of the glucose, or  both together .  
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Properties Gossypin Cotton flavonol 

Empirical formula 
mp, °C 
Rf [butan-l-ol-acettc acid - 

water (4 : 1 : 5)1 
UV speetmm (nm) 

, C2HsOH 
+CH3COONa 
+H3BO 3 
+A1CI~ 

rap, °C dr: 
the pentamethvl ether 
the tetramethy.l ether 
the aeetvl derivative 

Hydr_olysis with A. oryzae 
Acid hydrolysis 
Aglycone 
Sugar 

r,% 

5O 

5~ 

10 

~5"0o 

C~IH~00~a 
230 (decomp.) 

0,25 [fluoresces inUV 
Ught) 

385,265* 
400,280 
400,275 
440,255 

196--198 

120-- 

C~IH~oO~a 
228--229 (203) (with- 

[Out decomp.) 
0,~2 ~(does not fluoresce 
in UV light) 

385,260 
395,265 
395,265 
443,270 

191--192 
j 233--234 
j Hydrolyzes 

7% HCI 
:Oossypetin 
Glucose 

*We obtained these f igures in the study of a sample of gossypin 
kindly given to us by T. R. Seshadri. 
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TR spec t ra  of gossypin (a) and gossypetin 
f i -D-glyeopyranoside (b). 

TABLE 1. Physieoehemical  Proper t i es  of Gossypin and the Flavo-  
nol of the Cotton Plant 

NMR spect roscopy proved to be the most  effective method of determining the position of at tachment 
of the glucose to the aglycone molecule in the cotton flavonol. It is known that flavonoid compounds pos-  
sess  a very  low solubility in the usual solvents for NMR, and therefore  their acetyl or  t r imethylsi lyl  
derivat ives are usually used to obtain spec t ra  [12]. The NMR spect ra  of acetylated derivatives of the 
cotton flavonol and its aglycone (gossypetin) in CDCI 3 are  given in Fig. 2. 

By analogy with the spect ra  of related compounds [12, 13], the assignment of the resonance lines in 
the spect rum of gossypefin can be made in the following way. In the 2.3 ppm region (5 scale) there are  
three peaks with relat ive intensities of 1 : 1 : 4 cor responding  to the signals of the protons of acetyl 
groups, while the acetyl groups in the 3, 7, 3',  and 4'  positions a re  magnetically equivalent and resonate at 
2.28 ppm. Because of the descreening action of the carboxy group, the acetyl group in the C-5 position 
gives a peak at 2.38 ppm. The signal at 2.33 ppm relates  to an acetyl group at C-8. Three groups of 
signals are  p resen t  in the weak-field region. The singiet at 6.97 ppm corresponds  to a proton in the C-6 
position of ring A. A doublet at 7.32 ppm (partially masked by t races  of CHC13 ) is due to a proton at C-5 ' 
of r ing B. A multiplet at 7.6 ppm represen ts  the superposifion of the signals of protons at C-2'  and C-6 ' .  
The spin-spin coupling constant (Hs,H v)  is 6.5 Hz. 
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Fig. 2. NMR s p e c t r a  of the aceta te  of gossypet in  7-  
f i -D-glucopyranos ide  (a) and of gossypet in  aceta te  (b). 

T,% 
7O 

50 

3O 

tO 
i j 

3~00 ' 7800 'iO0 ,;00 12OO 'OOO SO0 VO 6)O ~.¢m -~ 

Fig. 3. Different ia l  IR s p e c t r u m  of gossypet in  7-f i -D-  
glucopyr ano side. 

It  can be seen f r o m  the NMR s p e c t r u m  of the cotton flavonol that the signal of the C-6 proton is 
shifted upfield by 0.15 ppm as compared  with the analogous protons  in the aglycone (gossypetin),  while the 
protons  at  C-2 ' ,  C-5 ' ,  and C-6 '  have not changed their  chemica l  shifts.  This fact  shows that  the glucose 
is a t tached at  posi t ion 5 or  7. However,  an acetyl  group at C-5 appears  in the spec t rum of the glucoside,  
and the ra t io  of the in tegra l  intensi t ies  of the s ignals  of the acetyl  groups is  1 : 1 : 3. 

Thus, in con t ras t  to gossypin (gossypetin 8-glueoside),  the g lucose  is at tached to the aglycone in 
posi t ion 7 of r ing A. Because of the inadequate solubility of the flavonol aceta te  it is  imposs ib le  to deduce 
the conformat ion of the sugar  pa r t  of the molecule .  One can only point out the a lmos t  equivalent posi t ions  
of the s ignals  of  the acetyl  groups of the glucoside in the 2.0 p p m  region and the fact  that  the H-1 proton 
of g lucose  gives  a signal at 5.21 ppm. 

In the 1100-1010 cm -~ region,  the di f ferent ia l  IR s p e c t r u m  of the flavonol (Fig. 3) has  three  peaks:  
1018 cm -1 , 1055 c m  -~ , and 1080 cm -1 , which shows the py ranose  f o r m  of the glucose.  The hydro lys i s  of 
the flavonol with the enzyme of Aspergi l lus  o ryzae  shows the f l-glucosidic linkage of the aglycone to the 
sugar  moiety.  

All the p r o p e r t i e s  mentioned p e r m i t  the s t ruc tu re  of gossypet in  7- f i -D-glucopyranos ide  to be put 
fo rward  for  the flavonol.  
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EXPERIMENTAL 

The combined f lavonols were  isola ted by  the usual extract ion with 70% methanol f r o m  cotton 
f lowers  p rev ious ly  defat ted with ch loroform.  

After  15-20 days, the water -d i lu ted  concentra ted  methanolic  ex t rac t  deposited ye l low-green c rys t a l s  
which, on pape r  ch romatography  in the 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) sys tem,  showed the 
p r e s e n c e  of two flavonoids with Rf 0.22 and 0.32. 

They were  sepa ra t ed  by repeated  f rac t ional  c rys ta l l i za t ion  f r o m  50% aqueous ethanol o r  acetone.  
The flavonol with Rf 0.32 ~quercimeri tr in)  was obtained f i r s t ,  and that with Rf 0.22 was isolated f r o m  the 

mothe r  l iquor.  Subsequent puri f icat ion was p e r f o r m e d  by r ee rys t a l l i za t ion  f r o m  aqueous pyr id ine  and 
f r o m  80% acetone. The flavonoid with Rf 0.22 c ry s t a l l i z e s  in two fo rms :  as br ight  yellow needles  and as 

dark  g reen  plates ,  with mp 228-229 ° C and 202-203 ° C, respec t ive ly .  

Found %: C 52.65; H 4.45. C21H20013. Calc.  %1 C 52.50; H 4.16. 

Nonaacetyl  der iva t ive :  white c rys ta l s ,  mp 233-234°C (from 80% aqueous acetone). 

Te t r ame thy l  Ether .  A mix tu re  of 0.3 g of the flavonol, 50 ml  of  dry  acetone, 3 ml  of dimethyl  
sulfate,  and 3.5 g of calcined p o t a s s i u m  aceta te  was heated in a f lask  with a ref lux condenser  f o r  6 h. 
Then the mix tu re  was f i l tered,  the acetone was dist i l led off, and the res idue  was diluted with water .  
C r e a m - c o l o r e d  rhombic  c ry s t a l s  with mp 191-192 ° C were  obtained f rom 80% acetone; with f e r r i c  chloride 
they gave a g reen  colorat ion,  which shows the p r e s e n c e  of a phenolic hydroxyl.  

Pentamethyl  Ether  of Gossypetin.  A mix tu re  of 0.3 g of the flavonol, 50 ml  of dry  acetone,  4 ml  
of d imethyl  sulfate, and 3 g of calcined po t a s s ium carbonate  was heated for 30 h (until the react ion  with 
f e r r i c  chloride was negative).  F r o m  dilute ethanol, c r y s t a l s  deposited in the f o r m  of br ight  yellow 
needles  with mp 245-246°C. The sugar  had been spli t  off. 

Monoace ty l  de r iva t ive  of  the pentamethyl  e ther  of gossypetin:  c ry s t a l s  in the f o r m  of c r e a m - c o l o r e d  
needles  with mp 169°C ( f rom 80% acetone).  

Acid Hydrolys is .  A m i x t u r e  of 0.5 g of the f lavonol and 3 ml  of conc. HC1 was heated in a f lask  
placed in a boiling water  bath fo r  15 min.  The ye l low-green  mic roc rys t a l l i ne  aglycone with mp 304- 
306°C (decomp.) was obtained f r o m  80% ethanol; Rf0.34 (BAW). 

Hexaacety l  de r iva t ive  of gossypetin:  C rys t a l s  in the f o r m  of c r e a m - c o l o r e d  needles  (80% acetone, 
mp 229 ° C). 

Hexamethyl  e ther  of gossypet in:  C r e a m - c o l o r e d  c r y s t a l s  (80% ethanol), mp 169 ° C, giving no co lo r -  
ation with f e r r i c  chloride.  

Enzymat ic  Hydro lys i s .  The f lavonol (0.1 g) was hydrolyzed by the enzyme of Aspergi l lus  o ryzae  
in a t he rmos ta t  at 36-38 ° C for  three  days.  Af ter  r ec rys t a l l i z a t i on  f r o m  80% acetone, the ye l low-green  
aglyeone had mp 306-308 ° C (decomp.).  The sugar  was de te rmined  by p a p e r  ch romatography  in the ethyl 
a c e t a t e - p y r i d i n e - w a t e r  (2 : 1 : 2) s y s t e m  using o-toluidine sa l icy la te  as the reveal ing  agent. One spot 
was fo~]d, identical  with that of glucose.  

Quantitative Dete rmina t ion  of Gossypet in  and Glucose.  A mix ture  of 0.0988 g of the flavonol and 3 
ml of conc. HC1 was heated in the boiling water  bath fo r  12 min and was then diluted with water ,  and the 
aglycone that had deposi ted was t r a n s f e r r e d  quanti tat ively to a weighed Schott No. 3 f i l te r ,  dr ied  to 
constant  weight at 130-140 ° C, and weighed. 

Found:  0.0647 g C15HllO 8. Calc.:  0.0655 g. 

The acid mothe r  l iquor a f te r  the separa t ion  of the aglycone was t r a n s f e r r e d  quanti tat ively into a 10- 
ml  m e a s u r i n g  f lask.  Two 1 - m l  s am p l e s  were  taken; these  were  neut ra l ized  with sodium ace ta te  and the 
g lucose  was de te rmined  by B ] e r r i ' s  method. 

Found: 35 mg C6H1206. Calc.: 37 mg. 
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SUMMARY 

The flowers of the thin-Ieaved cotton plant of variety 59044 (Oossypium barbadense) contained 
more than 5% of combined flavonols consisting of quercimeritr in,  hirsutrin, quercetin 3'-glucoside, and a 
flavonol with mp 228-229 ° C. The lat ter  has the structure of gossypetin 7-fl-D-glucopyranoside. 
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