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The ra te  of the alkylation of the hydroxy groups of f lavones is de te rmined  by the i r  acidity [1]. While 
3-hydroxy groups of flavone compounds exhibit acidic p rope r t i e s  and are  capable  of being methyla ted  [1,2], 
the same groups in the f lavanones have an aliphatic nature  and do not undergo methylat ion [3]. However,  
no quantitative evaluation of the acidity of 3-OH groups of flavonoid compounds has been given in the l i t e r a -  
t u re .  

The p re sen t  paper  gives the resu l t s  of a spec t ropho tomet r i c  de te rmina t ion  of the ionization constants  
of the 3-hydroxy groups in flavonol and 7- and 4 ' -hydroxy- subs t i t u t ed  f lavonols .  The magnitude of the 
ionization constant  of flavonol (Table 1) shows that the hydroxyl  has  a f a i r ly  high acidity, comparab le  with 
that  for  the phenolic hydroxyls  in phenol, the c r e so l s ,  and the monochlorophenols .  The high acidity of the 
3-OH group, which is p resen t  not in an a romat ic  but in a ~ - p y r o n e  r ing can be explained by the assumpt ion  
that  it is jus t  the introduction of this group into the flavone skeleton which p romotes  the s tabi l izat ion of the 
pseudoaromat ic  (pyrylium) s t ruc tu re  (I) of the f lavonoh 

÷ 

F r o m  the point of view of this assumpt ion,  it is in teres t ing  to cons ider  the resu l t s  of IR spec t roscopy  
and of a luminescence  study of f lavonol.  The band of the s t re tching vibra t ions  of the carbonyl  group of 
flavonol is shifted sharp ly  in the di rect ion of low f requencies  and falls  into the region of the v ibra t ions  of 
a romat ic  sy s t em s :  1610 cm -t  (in KBr) [4] and 1613 cm -1 (in KBr) (our own m e a s u r e m e n t s ) .  At the s ame  
t ime,  the f requency of the s t re tching vibra t ions  of the carbonyl  group of the ~ - p y r o n e  sy s t em is found at 
1659 cm -1 (in KBr) and that  of chromone at 1655 cm -~ (in KBr) [4]. Consequently,  the cons iderable  shift  in 
the low-frequency direct ion in flavonol may  be connected with an i nc rea se  in the s ize of the conjugated s y s -  
t em due to the introduction of an a romat ic  subst i tuent  into posit ion 2 (for example ,  in y - p y r o n e  ~C=O is 
1680 cm -1, in CC14, while in 2 - p h e n y l - y - p y r o n e  ~C=O is 1658 cm -1, in CC14 [517 and to the s tabi l izat ion of 
the pyry l ium s t ruc tu re  through the protonat ion of the oxygen atom of the carbonyl  group by the hydrogen 
atom of the 3-hydroxy group.  In the luminescence  spec t rum of f lavonol t  the intensi ty of the emiss ion  band 
cor responding  to the ~ - -  ~ * t rans i t ion  r i s e s  tenfold as compa red  with the s p e c t r a  of a whole s e r i e s  of 
mono- ,  d i - ,  and polyhydroxyflavonoids.  All this conf i rms  the exis tence  of a comple te  s y s t e m  of high con-  
jugation in the flavonol molecule  which, mos t  probably,  is e x p r e s s e d  by the pyryl ium s t ruc tu re .  

The i nc r e a s e  in the nucleophilie p r o p e r t i e s  of the a romat i c  r ing A due to the introduction of a hydroxy 
group in the p a r a  posi t ion with r e s pec t  to the carbonyl  (7-hydroxyflavonol) leads to a smal l  dec r ea se  in the 
acidity of the 3-OH group (pK = 11.3 ± 0.1) as compa red  with flavonol (pK = 9.6 ± 0.1). With a dec rease  in 

The luminescence  s p e c t r a  of the flavonoids were  obtained in our l abo ra to ry  by K. I. Lapteva;  they are  the 
subject  of d iscuss ion  in a s epa ra t e  paper .  
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TABLE 1. The Constants  K for  a Ser ies  of Flavones  Obtained by 
Calculat ion 

Compound ] x. nm 

7-Hydroxyflavone 

4 '-Hydroxyflavone 

3-Hydroxyflavone 

260 
270 
310 
360 

330 
340 
3'10 
390 

270 
275 
305 
340 
410 

I Mean No. of 
] square deg, of 

3,08 

D,lO 

3-Hydroxy-7- meth- t 
oxyflavone ( 

( 
I 

3,q-Dihydroxyfla-vone 

I ! 
t 

0,17 

280 • 
325 0,0~ 
345 
400 

250 
310 
405 0,10 
42O 
250 
4 ~ 5 0,10 
420 

pKav*~ 

8,12±0,05 

9,14±0,06 

9.6±0,1 

9,8±0,05 

8,3±0,1 

11,3+0, i  

9,44.10 -9 

8,81.10 -1~ 

2,51-10 - ~  

1,58.10 -1~ 

5,01.10 -~ 

5,01.10 -13 

TABLE 2. Values of D and pH Used to Calculate  the Constants  K 1 
and K 2 of 3 ,4 ' -Dihydroxyf lavone 

Expt. l NO, pH D ~o D~o D~o L ~4~ ~ .  

8,66 
8,84 
9,77 
9,92 

10,0 
11,09 
11,6 
11,9 
12,34 

f 0,109 
0,120 
0,166 
0,220 
0,218 
0,245 

0,~2 
0,326 

0,269 
0,256 
0,1~0 
0,166 
0,137 

0,073 
0,120 
0,361 
0,430 
O, 475 

0,~0 
0,516 
0,500 

- 0.023 
-- 0.049 

- -  0 . 1 - 8 8  
o, i9 
0,4~6 

the nucleophil ici ty of the 7-hydroxyphenyl  moie ty  due to the r ep l acemen t  of the hydroxyl  by the l ess  e l e c t r o -  
posi t ive methoxy group (~OH = - 0.36; ~OCH3 = - 0.27 [6]) the re  is a sl ight d e c r e a s e  in the ionization con-  
s tant  of the 3-hydroxyl  as com pa red  with flavenol (see Table  1). 

The bands of the s t re tching v ibra t ions  of the carbonyl  groups in 3 ,7-d ihydroxy-  and 3 -hyd roxy -7 -  
methoxyf lavones  a re  at 1620-1622 cm -~, i .e . ,  they also appear  in the region of the s t re tch ing  vibra t ions  of 
unsa tura ted  s y s t e m s ,  although displaced somewhat  to longer  f requencies  than in flavonol. A s im i l a r  de-  
c r e a s e  in the acidi ty of the 3-OH group is obse rved  with an enhancement  of the nucleophil ici ty of r ing B 
(4 ' -hydroxyflavone) .  

As was shown above, the carbonyl  group in the y - p y r o n e  r ing read i ly  takes  par t  in conjugation with 
the 2-phenyl subst i tuent .  An i n c r e a s e  in the s ize of the sy s t em of conjugation through the introduction of a 
hydroxyl  into the 4' posi t ion leads  to a st i l l  g r e a t e r  reduct ion in the f requency of the v ibra t ions  of the c a r -  
bonyl group (to 1603 c m  -1 in 3 ,4 ' -d ihydroxyf lavone) .  The v C= O absorpt ions  in 7-hydroxyflavone (1632 cm -1) 
and in 4 ' -hydroxyf lavone*  (1633 cm -1, in KBr) are  at higher f requencies  than in the cases  where  a 3-hydroxy 

* 7 -Hydroxy-  and 4 ' -hydroxyf lavones  were  synthes ized  and given to us  by N. G. Devyatko,  of our  l abo ra to ry .  



TABLE 3. Values of K 1 and K~ 
Calculated for  3 ,4 ' -Dihydroxy-  
flavone by Means of the Komar '  
Equation and the Figures  of 
Table 2 

Expts. used for x, nm Constant 
calculation 

1 ,2 ,3  
1 , 2 , 4  
1 ,2 ,5  

1 ,2 ,3  
1 , 2 , 4  
1 ,2 ,5  

1 ,2 ,3  
1 ,2 ,4  
1 , 2 , 5  

1 ,2 ,5  

6 , 8 , 9  
7 , 8 , 9  
6 , 7 , 8  

group is present  in the molecule,  which once more  indicates the spe-  
cific stabilizing action of this group with respec t  to the pyryl ium form 
of the flavonols. 

K~=0,63.10 -9 
pKl =9,2 :i: 0,1 

(tot P=0,95) 
f=9 s=O,18 

The acidity of the 7- and 4 ' -hydroxy  groups in the flavone and 
flavonol molecules  is ve ry  high. The 7-hydroxy group has a g rea te r  
capaci ty for  ionization than the 4 ' -OH group (see Table 1). 

/(1.10 -9 E X P E  R I M E  N T A  L 
270 1,19 

0,38 The work was per formed with synthetic flavonoid compounds. 
0,38 The IR spec t ra  of the compounds were taken on a UR-10 spec t ro -  

330 0 , 6 1 9  photometer  (tablets with KBr). 
0,509 
0 , 4 0 3  3-Hydroxyflavone was synthesized by a modified AFO method 

420 0,835 [7], mp 169°C (ethanol). 
0,722 
0.557 Found%. C 75.12; H 4.23. C15H1003. Calculated%: C 75.64; 

450 0,957 H 4.20. 
K2.10 -12 

270 2 , 4 2  3-Hydroxy-7-methoxyflavone.  This was obtained by the con-  
420 2,21 densation of 2-hydroxy-4-methoxyacetophenone (8.9 g) and benzalde-  
440 1,43 hyde (5.7 g) in the presence  of aqueous alkali (7.3 g in 10 ml of water).  

Ku=1.99.10_12 The orange paste was dissolved in 500 ml of water ,  NaOH (5 g in 25 
pK~ll,7:k0,2 ml of water) was added, and the mixture was cooled to room tempera -  

(tor P=0,95) 
f=2 s=0,1 ture and t reated with 30 ml of 15% hydrogen peroxide.  After  3-4 h, the 

mixture was acidified and poured into a large volume of water .  The 
3-hydroxy-7-methoxyflavone that precipi tated was then recrys ta l l i zed  
f rom ethanol, mp 176°C. The yield of crude product was 36~c of theo- 
ret ical  (5.0 g). 

Found %: C 72.09; H 4.58. C16H1204. Calculated %: C 71.65; H 4,47. 

3,7-Dihydroxyflavone. 3-Hydroxy-7-methoxyflavone (2 g) was heated with acetic anhydride (5 ml) and 
hydriodic acid (25 ml) in an oil bath at 150°C for  2 h. The react ion mixture was poured into water,  and the 
precipi tate  was washed with water  until the test  for iodine was negative.  The yield of crude product was 
32% of theoret ical  (0.64 g), mp 236°C (ethanol). 

Found%: C 71.25; H 3.78. CI6HI00 4. Calcula ted%: C 70.88; H 3.93. 

3-Hydroxy-4 ' -methoxyf lavone was obtained f rom o-hydroxyacetophenone (10 g) and p-methoxybenz-  
aldehyde (10 g) under conditions analogous to those for the synthesis of 3-hydroxy-7-methoxyflavone.  The 
yield of crude product was 28% of theoret ical  (5.2 g), mp 232°C (ethanol). 

Found %: C 71.28; H 4.55. C16H1204. Calculated%: C 71.65; H 4.47. 

3,4 '-Dihydroxyflavone was synthesized by the demethylation of 3-hydroxy-4 ' -methoxyf lavone  (2 g) in 
a s imi la r  manner  to the preparat ion of 3,7-dihydroxyflavone. The yield was 82% of theoret ical  (1.5 g), mp 
271°C (ethanol). 

Found%: C 71.15; H 4.15. C15Ht004. Calculated%: C 70.88; H 3.93. 

Determination of the Ionization Constants.  The ionization constants were determined by a method de- 
scr ibed previously  [8] on an SF-4A spectrophotometer  in 1-era cylindrical  cells  at 20 ± I°C. Aqueous ethan-  
olic (1 : 1) solutions of the flavonoids with a concentrat ion of 2.5 • 10 -5 M were used for the spectrophoto-  
met r ic  investigations.  Solutions with different pH values were obtained by means of a 0.095 M aqueous 
ethanolic solution of KOH. The ionic s trength of the solutions, ~ ~ 0.1, was kept constant by the addition of 
a 0.095 M solution of KC1 (water-e thanol) .  

The concentrat ion of hydrogen ions was measured  on a LPU-01 pH-mete r  with flow-through g l a s s -  
s i lver  chloride e lectrodes  filled with a saturated solution of KC1. The pH-mete r  was cal ibrated by means 
of aqueous phthalate (pH 1.68) and borate (pH 9.18) buffers.  The ionization constants for  the monohydroxy-  
flavones and for 3,7-dihydroxyflavone were obtained by calculation [9] {Table 1), and that for 3 ,4 ' -d ihydroxy-  
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fiavone by the Komar' method [10] (Tables 2 and 3). For  each compound, the mean-square e r r o r  was cal-  
culated for the values of the ionization constants obtained, and also the confidence interval of the mean for 
95% probability [11] (see Tables 1 and 2). 

SUMMARY 

1. The ionization constants of the 7-, 4'-, and 3-hydroxy groups in mono- and dihydroxyflavones have 
been determined by the speetrophotometric method. 

21. It has been shown that the 3-hydroxy group of flavonol possesses the fairly high acidity that is 
character is t ic  for hydroxyls of phenolic origin and is capable of stabilizing the aromatic structure of the 
pyrone ring of the flavonol molecule. 
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